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Preface

This compilation of Application Notes, Engineering Bulletins, Design Concepts,
etc. was originally published by the European Literature Centre of Motorola Ltd.
in Milton Keynes, England, and has subsequently gained worldwide acceptance.

Because of the worldwide popularity of the Application Manuals Seriesitisimpor-
tant for the reader to take note of the following:

The various Application Notes, Engineering Bulletins, Design Concepts, etc.
which are included were developed at Design Centres strategically located
throughout the global community and many. were originally written to support a
local need. Whilst the basic concepts of each of the publications included may
have broad global applicability, specific Motorola semiconductor parts may be
referred to that are currently available for limited distribution in a specific region
and may only be supported by the country of origin of the document in which it
is referenced.

Also included in the series for completeness and historical significance are
documents that may no longer be available individually because obsolete
devices are referenced or perhaps, simply, the original document is out of print.
Such items are marked in the Table of Contents, Cross Reference, Abstracts and
on the first page of the document with the letters ‘HI’ to indicate that these
documents are included for Historical Information only.

All the Application Notes, Engineering Bulletins, Design Concepts, etc. are
included to enhance the user's knowledge and understanding of Motorola’s
products. However, before attempting to design-in a device referenced in this
Series, the user should contact the local Motorola supplier or sales office to
confirm product availability and if application support is available.

Thank you.



Other books in this series include:

DL408/D Rev. 1 8-bit MCU Applications Manual
DL409/D Rev. 1

DL410/D Rev. 1 Power Applications Manual
DL411/D Rev. 1 Communications Applications
DL412/D Rev. 1 Industrial Control Applications
DL414/D FET Applications Manual
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Abstracts

AN438

AN448

AN460

AN463

AN479

300W, 88-108MHz Amplifier Using the
TP1940 MOSFETs Push-Pull Transistor

Provides the design of an efficient 300W amplifier with
high power gain, compact physical layout and opera-
tion on a 50V power supply. It uses the TP1940, a high
power, high gain, broadband push-pull Power MOS-
FET with low Reverse Transfer Capacitance. Includes
circuit, parts list, PCB artwork and component layout.

“FLOF” Teletext using M6805
Microcontrollers

The *-T" members of Motorola’s M6BHC05 MCU family
provide a cost-effective method of adding On Screen
Display (OSD) to TVs and VCRs. This note describes
an example of Full Level One Feature (FLOF) Teletext
control software written forthe MC68HCO05T7 to control
type 5243 Teletext chips. Around 3K bytes of ROM are
used, allowing the code to fit with tuning, OSD and
stereofunctions intothe 7.9K bytes of the MC68HCO5T7.
The example software includes the Spanish implemen-
tation of Packet 26; Packet 26 allows for the substitu-
tion of specific characters for a particular country.

An RDS Decoder Using the
MC68HCO5E0

The Radio Data System (RDS) adds digital data capa-
bility to VHF FM transmissions on band Il (87.5 to
108MHz). The systemis in use inthe UK and in several
other European countries, and it is intended that it will
be adopted eventually by most of Western Europe; it is
defined by EBU Technical Document 3244. Informa-
tion is transmitted in groups of four 26-bit blocks on a
supressed 57kHz sub-carrier. This note describes an
MC68HCO5E0-based clock/radio application;itincludes
a complete software listing.

68HCO5KO Infra-Red Remote Control

In addition to the same CPU and registers as other
members of the M6BHCO5 family the MC68HC05K0
has a 15-stage multi-function timer and 10 bidirectional
1/0 lines. A mask option is available for software pro-
grammable pull-downs on all the I/0 pins; 4 of the pins
are capable of generating interrupts. It is ideally suited
for remote-control keyboard applications because the
pull-downs and the interrupt drivers on the port pins
allow keyboards to be built without any external compo-
nents except the keys themselves. This application
makes use of many of the on-chip features to control a
TV infra-red remote control.

Universal Input Voltage Range Power
Supply for High Resolution Monitors with
Multi-Sync Capability

This note describes an easy-to-build, high performance,
low cost 100W flyback power supply, able to work on
any mains supply from 85Vac to 265Vac, and from
40Hz to 100Hz. It is automatically synchronised to the
horizontal scanning frequency for minimum screen
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AN749

AN756

AN790

AN879

AN925

interference on a multi-sync colour monitor. It uses a
low cost MC44602P2 current mode controller—designed
specifically for driving high voltage bipolar transistors —
with an MJH18010 switchmode power transistor.

Broadband Transformers and
Broadband Combining Techniques for RF

This application note provides a number of practical
examples of broadband transformers for RF applica-
tions. It includes detailed design formulae and perfor-
mance data, and discusses power combining techniques
that are useful in designing high power RF amplifiers.

Crystal Switching Methods for MC12060/
MC12061 Oscillators

This report discusses methods of using diodes to select
series resonant crystals electronically. Circuit designs
suitable for use with crystal frequencies from 100kHz to
20MHz are developed, with emphasis on minimizing
frequency pulling. Although developed for use with the
MC12060 and MC12061 integrated circuit crystal oscil-
lators, the techniques will generally be useful in any
application where itis necessary to select electronically
one of agroup of crystals with minimum disturbance to
the series resonant frequency of the selected crystal.

Thermal Rating of RF Power Transistors

Reliability is of primary concern to most transistor
users. The degree of reliability achieved in practice is
controlled by the device user because he determines
environmental conditions and the stress levels applied.
Knowledge of the basic physical properties of the
materials, and the methods used to calculate thermal
resistance, will assist the user in transistor selection
and equipment design. This note clarifies and corrects
some long-standing industry-wide assumptions about
thermal resistance and high temperature derating.

Monomax: Application of the MC13001
Monochrome Television Integrated Circuit

This application note presents a complete 12" black
and white line-operated television receiver including
artwork for the printed circuit board. It is intended to
provide a good starting point for the first-time user.
Some of the most common pitfalls are overcome and
the significance of component selections and locations
are discussed.

UHF Preamplifier Centers on Budget
Dual-Gate GaAs FET

The signal-to-noise ratio of a communications system
can be improved by increasing the power of the trans-
mitter, increasing the gain of the antenna, or improving
the sensitivity of the receiver. A low-noise preamplifier
is an economical solution for receiver enhancement
and this note describes the design, construction and
performance of a 400-512MHz preamplifier using Mo-
torola’s dual-gate GaAs FET.
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AN932  Application of the MC1377 Colour

Encoder

The MC1377 is and economical, high quality, RGB
encoder for NTSC or PAL applications. It accepts RGB
and composite sync inputs, and delivers a 1V p—p
composite NTSC or PAL video output into a 75 load.
It can provide its own colour oscillator and burst gating,
or it can easily be driven from external sources. Per-
formance virtually equal to high-cost studio equipment
is possible with common colour receiver components.

AN1019 Decoding Using the TDA3330, with

Emphasis on Cable In/Cable Out Operation

The TDA3330 is a Composite Video to RGB Colour
Decoder originally intended for PAL and NTSC colour
TV receivers and monitors — so its data sheet concen-
trates on picture tube drive. This practical application
note supplements the data sheet by providing circuits
forvideo cable drive as used in video processing, frame
store and other specialized applications, and expands
on TDA3330 functional details. Includes PCB artwork
and layout of an evaluation board.

AN1020 A High-Performance Video Amplifier for

High Resolution CRT Applications

This note describes a state-of-the-art video amplifier
making use of the superior performance characteristics
of Motorola CRT driver transistors. In particular, it
shows the high speed obtainable with low DC power
consumption. The circuit is insensitive to load varia-
tions and interconnect methods.

AN1021 A Hybrid Video Amplifier for High

Resolution CRT Applications

Many of the 1024 x 1024 and 1280 x 1024 pixel, 64kHz
horizontal sweep rate CRTs used in CAD/CAM and
high resolution graphics applications have not realized
their potential performance because of the speed of
their video amplifiers. The CR2424 and CR2425 video
amplifiers are hybrid circuits designed for high resolu-
tion CRT applications. They feature lessthan 2.9nsrise
and fall time for a 40V output swing, and provide a low
power dissipation solution to the problem.

AN1022 Mechanical and Thermal Considerations

in Using RF Linear Hybrid Amplifiers

Motorola’s thin film hybrid ampilifiers are medium power
(0.2W to 2.0W power output) broadband devices (1 to
1000MHz) that are biased in a class A mode for linear
operation. To ensure a proper electrical and mechani-
cal interface with adequate RF and thermal character-
istics, certain guidelines are presented here so that the
design engineer can obtain maximum electrical per-
formance and the longest operating life.
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AN1025 Reliability Considerations in Design
and Use of RF Integrated Circuits

RF integrated circuits — located at strategic points in a
CATV system — feature prominently in the overall
reliability assessment. Low noise and distortion require
state-of-the-arttransistor structures. Gold metallization,
thermal equilibrium and automated process control
have resulted in transistor lifetimes of over 100 years.
Anoverview of the physics of construction involved with
the die and interconnects is discussed, together with a
definition of major reliability terms and an introduction
to hardware and software microcircuit reliability tools.

AN1027 Reliability/Performance Aspects of
CATV Amplifier Design

Discusses the reliability advantages offered by the RF
hybrid amplifier used in CATV applications. The active
part of the hybrid is the transistor — metallization,
ballasting and ruggedness are reliability-related factors
that must be considered by the device engineer when
designing a high performance CATV transistor. Vertical
and horizontal geometry and device distortion are per- .
formance-related factors that must also be taken into
account. The relationship between these factors is
examined, and life test datais presented toiillustrate the
advantages gained by careful device design.

AN1028 35/50 Watt Broadband (160-240MHz)
Push-Pull TV Amplifier Band Ill

The main design aim for this broadband ultra-linear
push-pull amplifier was to keep the design as simple as
possible, in order to obtain the best performance from
the two TPV375 transistors and to minimise the cost. A
further target was to obtain the maximum gain by
reducing input matching circuit losses. Includes circuit,
background description, Smith charts and PCB layout.

AN1029 TV Transposers Band IV and V
Po = 0.5W/1.0W

Describesthe performance of a 470-860MHz broadband
ultra linear amplifier designed for use in band IV and V
TV transposers. The design is based on the TPV596,
and is intended to be as inexpensive and straightfor-
ward as possible: the load line is defined to provide the
correct match for peak power; VSWR at the collector is
lessthan 2:1; input matching is designed to provide flat
gain with decreasing frequency; and the design is
optimized with a CAD program.

AN1030 1W/2W Broadband TV Amplifier
Band IV and V

Describesthe design and performance of a 470-860MHz
broadband linear amplifier for use in band IV and V TV
transposers, based on a TPV597 transistor. The de-
sign uses a reflection technique to achieve an insertion
loss of 6dB per octave with 0dB for the highest fre-
quency. Two amplifiers are connected together with
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3dB quadrature hybrids to create a balanced amplifier
avoiding the inconvenience of needing a good match of
reflected power.

AN1032 How Load VSWR Affects Non-Linear

Circuits

If your amplifiers pass lab tests but fail QC testing, the
testing environment — not the product — is most likely at
fault! Often the culprit is correlation of test systems — RF
Correlation occurs only when target error limits are
adhered to on a continuous basis among two or more
testing stations. Such correlation is essential for non-
linear RF and microwave power amplifiers, whose
circuits are extremely sensitive to the impedance of
their loads. It is easy to compensate for the insertion
loss errors in an attenuator, but much more difficult to
compensate for load VSWR.

AN1033 Match Impedances in Microwave

Amplifiers

The key to successful solid-state microwave power-
amplifier design is impedance matching. In any high-
frequency power-amplifier design, improper imped-
ance matching will degrade stability and reduce circuit
efficiency. At microwave frequencies, this considera-
tion is even more critical, since the transistor’s bond-
wire inductance and base-to-collector capacitance be-
come significant elements in input/output impedance
network design. Includes table of characteristic imped-
ance and velocity factor for various width/height ratios
and various materials.

AN1034 Three Balun Designs for Push-Pull

Amplifiers

Single RF power transistors seldom satisfy today’s
design criteria; several devices must be coupled to
obtain the required amplifier output power. The push-
pull technique is often chosen because it allows input
and output impedances to be connected in series for
RF operation. Balun-transformers provide the key to
push-pulldesign. This note developsthree balun-trans-
formers, culminating with a microstrip version. None of
the baluns was tuned nor were the parasitic elements
compensated. In this way, their deviation from their
theoretical performance could be evaluated more eas-
ily.

AN1037 Solid State Power Amplifier,

300W FM, 88-108MHz

A solid state power amplifier in a high efficiency FM
transmitter can be made by operating a number of
building block amplifiers in parallel. This note describes
such a building block amplifier with high output power,
high gain, good collector efficiency and broadband (88-
108 MHz) frequency response. The design is simple,
reproducible and reliable, and is suitable for several
architectures. The amplifier has been developed using
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a pair of TP9383 transistors in push-pull configuration;
TP9383 is a double-diffused silicon epitaxial transistor
using gold metallization and diffused ballast resistors
for long operating life and ruggedness.

AN1039 470-860 MHz Broadband Amplifier 5W

This note describes an ultra linear broadband (470-
860MHz) amplifier developed for TV transposer appli-
cations. The amplifier incorporates two TPV593 tran-
sistors. Each transistor is used to build a separate
broadband amplifier which are combined with 3dB
hybrids. Includes circuit, parts list and PCB layout.

AN1040 Mounting Consideratfons for Power
Semiconductors

The operating environment is a vital factor in setting
current and power ratings of a semiconductor device.
Reliability is increased considerably for relatively small
reductions in junction temperature. Faulty mounting
not only increases the thermal gradient between the
device and its heat sink, but can also cause mechanical
damage. This comprehensive note shows correct and
incorrect methods of mounting all types of discrete
packages, and discusses methods of thermal system
evaluation.

AN1041 Mounting Procedures for Very High
Power RF Transistors

High power (200-600W) RF semiconductors such as
the MRF153... and MRF141G... series dissipate an
abnormally large amount of heat within a small physical
area. Heat sink material, surface finish, mounting
screws, washers and screw torque are extremely im-
portantfactors in ensuring reliability. This note explains
why.

AN1044 The MC1378 — A Monolithic Composite
Video Synchronizer

The MC1378 provides an interface between a remote
composite colour video source and local RGB. On-chip
circuitry can lock a local computer to the remote source,
switching between local and remote signals to gener-
ate composite video overlays. This detailed note de-
scribes local and remote operation, picture-in-picture
applications and the design of test fixtures to help
system development. Printed circuit artwork for an
evaluation board is provided. The NTSC/PAL colour
encoder is similar to the MC1377, discussed in detail in
AN932.

AN1047 Electrical Characteristics of the CR2424
and CR2425 CRT Driver Hybrid Amplifiers

Describes the circuit and thermal characteristics of the
CR2424 and CR2425 CRT driver hybrid amplifiers, and
discusses three different methods of protecting against
damage by a tube arc. Provides details of bandwidth
and rise and fall times.
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AN1061 Reflecting on Transmission Line Effects

In recent years, microprocessors and digital logic have
seen substantial increases in line drive capability. The
fast rise and fall times of modern devices make an
understanding of transmission lines and their effects on
system reliability a necessity. Includes a procedure for
assessing possible transmission line problems in prac-
tical designs.

AN1080 External-Sync Power Supply with

Universal Input Voltage Range for Monitors

As the resolution of colour monitors increases, the
performance and features of their power supplies be-
comes more critical. EMV/RFI generated by switching
power supplies can adversely affect resolution if switch-
ing frequency is not synchronised to horizontal scan-
ning frequency. This 90W flyback switching supply
demonstrates the use of new high-performance de-
vices in alow-costdesign, and includes anew universal
input voltage adapter.

AN1092 Driving High Capacitance DRAMSs in an

ECL System

In systems where speed and efficiency are of utmost
importance, designers often mix technologiesto achieve
the right combination of speed, power, cost and process-
ing capability. Motorola’s Emitter Coupled Logic (ECL)
makes it possible to operate up to 1GHz clock rates.
However, ECL speeds are not necessary in memory
that is not accessed every clock cycle — a large CMOS
DRAM is cheaper and uses less power and board
space than ECL memory. The MC10H/100H660 4-bit
ECL-TTL Load Reducing DRAM Driver was designed
as a translator for such applications.

AN1106 Considerations in Using the MHW801

and MHW851 Series RF Power Modules

The MHW801 and MHW851 series of power modules
are designed for use in cellular portable radios. A
considerable amount of applications information is in-
cluded in the data sheet; this note provides additional
information concerning general electrical considera-
tions, noise characteristics, gain control, circuit consid-
erations and mounting.

AN1107 Understanding RF Data Sheet

Parameters

The data sheet is often the only source of information
about the characteristics and capability of a product.
This is especially true of RF devices, which have many
unique specifications. It is therefore important that the
manufacturerand designer speak acommon language.
This paper reviews the significance of the quoted
values and highlights critical characteristics. Descrip-
tions cover the procedures used to obtain impedance
and thermal data, the importance of test circuits, low
noise considerations and linearity requirements.
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AN71122  Running the MC44802A PLL Circuit

The MC44802A provides the Phase Locked Loop (PLL)
portion of a tuning circuit intended for TV, FM radio and
set-top converter applications up to 1.3GHz; a com-
plete tuning circuit is formed by adding a Voltage
Controlled Oscillator (VCO) and mixer. The data sheet
recommends use of an MCU for sending the control
bytes thatsetthe tuning frequency. This note describes
aserial (IIC) interface with an MC68HC11E9 in a tuner
design —the information is sufficiently general to allow
almost any MCU to be used. Includes M68HC11 pro-
gram listing.

AN1207 The MC145170 in Basic HF and VHF
Oscillators

Frequency synthesisers such as the MC145170 use
digital dividers which are typically under MCU control.
Tuning in less than a millisecond can be achieved, and
the device can generate many frequencies from a
single reference source;the overallfrequency capability
rangesfrom afew Hertzto 160MHz. Typical applications
include the carrier oscillator in transmitters, local
oscillator in receivers, cellular phones, and multiple
synchronised clocks in computers and other systems.

AN1306 Thermal Distortion in Video Amplifiers

Thermal distortion is a problem in many high resolution
video amplifiers. It occurs when there are instantane-
ous power changes in the transistor stages, and if the
problem remains uncompensated it leads to the visual
effect known as smearing. This note discusses what
smearing is, what causes thermal distortion, how to
measure it, and how to compensate for it.

AN1401 Using SPICE to Analyze the Effects
of Board Layout on System Skew when
Designing with the MC10/100H640 Family
of Clock Drivers

lllustrates the complex influences of board layout on
the total skew of a system when designing with the
MC10H/100H64x family of clock drivers. Discusses
transmission line theory and the various termination
techniques, and presents guidelines to assist design-
ers in analyzing board layouts and loading schemes
using SPICE simulations to predict and minimise the
total skew of a system.

AN1402 MC10/100H00 Translator Family 1/O
SPICE Modelling Kit

The difficulties of designing high-speed, controlled-
impedance PC boards — and the expense of reworking
them — makes it essential for designers to model circuit
performance prior to committing to a layout. This note
provides sufficient information for basic SPICE analy-
sis onthe interconnect traces driving or being driven by
the 'H600, 'H601, 'H602, 'H603, 'H604, 'H605, 'H606
and 'H607 translator chips. It includes schematics of
the input, output and ESD structures, and package
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models which may affect the waveforms. A SPICE
parameter set for the referenced devices is provided.

AN1404 ECLInPS Circuit Performance at Non-

Standard VIH Levels

When ECLInPS devices are interfaced to other tech-
nologies there may be times whenthe input voltages do
not meet the specification detailed in the ECLinPS data
book. This application note discusses the conse-
quences of driving ECLIinPS devices with an Input
Voltage HIGH level which is outside the specification.

AN1405 ECL Clock Distribution Techniques

Clock skew —the time difference between supposedly
simultaneous clock transitions within a system —is one
of the main factors limiting system performance at high
frequencies. If clock skew can be reduced, designers
can increase performance without using faster logic or
more complex and more expensive architectures.
Emitter Coupled Logic (ECL) technologies offer a
number of advantages over the CMOS and TTL alter-
natives; this note describes the advantages, the three
skew problem areas, and methods of clock distribution
to minimise skew.

EB27A Get 300 Watts PEP Linear Across 2 to

30MHz from.this Push-Pull Amplifier

Includes circuit, PCB artwork and layout for a 300W
push-pull linear amplifier based on two MRF422s, de-
signed to operate over the 2 to 30MHz band. An
MC1723 voltage regulator is used as a bias supply.

EB29 The Common Emitter TO-39 and its

Advantages

The Common Emitter TO-39 package differs from con-
ventional TO-39s or TO-5s in that the emitter — not the
collector — is connected to the metal case. With NPN
transistors this configuration allows direct connection
of the canto RF and negative DC ground in many class
B and C circuits. There are two important advantages:
by connecting the case to RF ground, emitter induct-
ance is reduced and gain increased by 3 to 5 dB over
that of comparable, conventionally wired transistors.
And the case may be directly pressed, clipped, or
soldered to the heat sink with no effect on RF perform-
ance.

EB59 Predict Frequency Accuracy for

MC12060 and MC12061 Crystal Oscillator
Circuits

Crystal oscillators are used to generate a precise and
highly stable signal. Such circuits typically provide this
signal at afrequency close to the resonant frequency of
their crystal. However, circuit components and other
factors external to the crystal influence its natural
resonance to some degree, an effect often referred to
as “pulling” or “warping”. This bulletin discusses the
variation in crystal frequency as a function of ditferent
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ICs, temperature and DC supply voltage to help the
designer to predict the amount of frequency pull in a
particular design.

EB77 A 60 Watt 225-400MHz Amplifier —
2N6439

This bulletin describes a 60 watt, 28 volt broadband
amplifier covering the 225-400 MHz military communi-
cations band. The amplifier may be used singly as a 60
watt output stage in a 225-400 MHz transmitter; by
using two of these amplifiers combined with quadrature
couplers a 100 watt output amplifier stage may be
constructed. The circuit is designed to be driven from a
50 ohm source and work into a nominal 50 ohm load.

EB89 A 1 Watt, 2.3GHz Amplifier

This S-band amplifier features simplicity and
repeatability, delivering 8dB minimum gain at 1 watt
output on a 24V supply. It uses an MRF2001 transistor
inacommonbase, class C configuration, and istunable
from 2.25 to 2.35GHz. Applications include micowave
communications and other systems requiring medium
power, narrow band amplification. The Bulletin stresses
the importance of physical construction as well as
electrical design.

EB90 Low-Cost VHF Amplifier Has Broadband
Performance

This bulletin presents two VHF amplifier designs in-
tended for FMor CW service inthe 136-174 MHz band.
Both feature the MotorolaMRF260 and MRF262 plastic
encased VHF transistors which are rated at 5.0 W and
15 W power output respectively. The devices are pack- -
aged in a standard T0-220 silicone epoxy case with the
emitter wired to the metal tab and centre lead of the
device. This common emitter configuration results in
good RF performance, improved thermal conductivity,
and ease of mounting in an RF amplifier by connecting
the transistor mounting flange to RF and DC ground.

EB93 60 Watt VHF Amplifier Uses

Splitting/Combining Techniques

Proven combining techniques can be used to obtain
higher output power and added reliability at VHF.
Simple matching networks and power transistors with
moderate gain can produce performance comparable
to that of a single-stage amplifier with a larger, more
expensive device. Though not the ultimate answer, the
splitter/combiner method has distinct advantages over
designs that force transistors into a parallel configura-
tion. This 60 W amplifier operates from 150 to 175 MHz
and features two low-cost MRF264 transistors. The
design uses a modified Wilkinson combiner technique
to produce 60W output with a drive level of 15W.



Abstracts (continued)

EB107  Mounting Considerations for Motorola
RF Power Modules

The packaging used for Motorola RF Power Modules
consists of a copper flange on which the ceramic
substrates are soldered, and a non-conductive cover
which is either a snap-on design or attached by epoxy.
The substrates are either 96% Alumina, 95.5% Alumina,
or 99% Beryllium Oxide, and are attached to the copper
flange using lead-tin orindium based soft solders. This
bulletin discusses the mechanical factors that should
be considered when mounting these modules in equip-
ment.

EB411 A Digital Video Prototyping System

This bulletin describes a Digital Video Prototyping
System (DVPS) developed using Motorola’s latest multi-
mediadevices, together with aPC-based Field Program-
mable Gate Array (FPGA) development system. It is
designed to provide a fast and effective means of
prototyping and demonstrating digital video processing
functions. A Reference Section lists datasheets and
user manuals containing detailed descriptions and
information on the devices. The DVPS has been suc-
cessfully used to implement two TV sub-systems,
namely a Picture-In-Picture Processorand a4:3t0 16:9
Picture Processor, which are also described.
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AN438

300W, 88-108 MIHz Amplifier using the
TP1940 MOSFETs Push-pull Transistor

By Georges Chambaudu
Motorola Semiconducteurs Bordeaux SA

INTRODUCTION

The TP1940 is a high power, high gain and broadband
device with low Reverse Transfer Capacitance, C .
It makes possible fully solid-state transmitters of
above 5 kW for FM broadcasts.

Like allMOS devices, it is susceptible to damage from
electrostatic discharge. Observe reasonable
precautions in handling and packaging it.

The 300 W amplifier described in this Application Note
has these features:

* Operates from a 50 V supply
¢ High power gain

e Compact physical layout

¢ High efficiency

Typical data for the circuit in Figure 2 are given below.

FUNCTIONAL TESTS (Vpyp = 50V, P, = 300 W, Iy, = 2 x 200 mA)

Option 1 (with C9p and without C9s) Option 2 (with C9s and without C9p)
f (MHz) G, (dB) n (%) Gy (dB) n (%)
108 19.2 62 18.3 65.4
98 19.7 62.6 191 68
88 19.4 64 19.6 66.6
Note:

1. Bias increases counter-clockwise with R4.
. Bias shown is set for 200 mA at 50 V.

o WN

. Drain efficiency can be increased by:

. A copper heat spreader must be mounted on, or laid on top of, a heat sink with thermal grease interface.

a. Lowering Drain Idle current (power gain will be reduced by 1-2 dB).
b. Increasing the value of feedback resistors R8 and R9. This will change the Gain—-Frequency slope and

Input VSWR. The value of C1 must be raised.

5. Inaddition to the normal cooling of the units, some air flow is recommended over the top side of the amplifier

boards.
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Figure 1. Component layout of 300 W amplifier
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INPUT

RS

= (Z)e

L1

C9s*
OUTPUT

s

77 ¢

C1
C2

C3, C10,
c1

C4,Cs
Cc7
cs

C9p
C9s
Note 1:

Note 2:

R1
R2
R3
R4

Cop*

G
e

C5
;; * see Table on page 1

1_l. % FIET
RE =
L /;?2 L;< ’:

24pF Ceramic Chip
1000pF Ceramic Chip

0.1uF Ceramic Chip
1000pF Ceramic Chip
5000pF Ceramic Chip

0.47uF Ceramic Chip or lower values in parallel
to reach the value indicated.

ARCO 404, 8-60pF or equivalent
ARCO 425, 40-200pF or equivalent

All ceramic capacitors of 5000pF or less in
value are ATC type 100 or equivalent.

The Table on Page 1 shows the effect of
operating with C9p only or C9s only.

1KQ1/2W
1.5KQ 1/2W
1.5KQ 2W

1KQ Trimmer Potentiometer

R5
R6
R7
R8, R9

L2

L3, L4
FET
T

T2

6.8 - 8.2 KQ 1/4W (depending on FET gq,)
Thermistor, 10KQ at 25°C/2.5KQ at 75°C
2KQ 1/2W

KDI Pyrofilm PPR515-20-3 or EMC Technologie
model 5310 or equivalent 100Q

10 turns AWG #16 enamelled Wire, 0.2"1.D.
Ferrite beads, 1.5 uH Total

Lead lengths of R8 and R9, 0.6" total.
TP1940

9:1 impedance ratio (input transformer)
25, 0.062" O.D. semi rigid co-ax., with
L =28mm, | =11 mm (see Figure 3)

4:1 impedance ratio (output transformer)
259, 0.090" O.D. semi rigid co-ax., with
L =19 mm, | =9 mm (see Figure 3)

(T1 transformer must be loaded with ferrite
toroids of suitable dimensions and pi of 35-40,
or other type ferrite cores, such as Fair-Rite
Products Corporation E and | types 9467012002
and 9367021002 respectively.)

Figure 2. 300 W, 88-108 MHz amplifier schematic and parts list
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ANA448

“FLOF” Teletext using M6805 Microcontrollers

By Peter Topping
MCU Applications
Motorola Ltd, East Kilbride

1. INTRODUCTION

The “T" members of the MC68HCO5 family of MCUs provide a convenient and cost effective method of adding
on-screen-display (OSD) to TVs and VCRs. As well as the 64-character OSD capability, they include 8 Kbytes of
ROM (adequate for Teletext, frequency-synthesis, stereo and OSD), 320 bytes of RAM, a 16-bit timerand 8 pulse-
width-modulated D/A converters. The MC68HCO05T7 also includes 1IC hardware and, by using a 56-pin package,
4 ports of /O independent of the OSD, serial and D/A outputs. It is thus suitable for large full-feature chassis.
The MC68HCO5T1 is in the middle of the price/performance range and includes most of the features of
the MC68HCO5T7 but in a 40-pin package. This is achieved by sharing I/O with the other pin functions (SPI, OSD,
D/A). Even if all these features are used, there is sufficient /0 for most applications.

The MC68HCO05T2 is a 16K upgrade of the MC68HCO5T1 and the MCE68HCO5T3 a 24K version with increased
RAM (512 bytes) and enhanced OSD (112 characters and 2 rows of OSD buffer). The low cost MC68HC05T4
has 5 Kbytes of ROM and 96 bytes of RAM making it suitable in simpler (eg mono, non-Teletext) applications.
The T4 and T7 also include a 14-bit D/A converter to facilitate voltage synthesis tuning. There are EPROM (and
OTP) versions of the T3 (including T1 and T2 emulation), T4 and T7.

This application note describes an example of Teletext control software written for the MC68HCO5T7 which
directly controls Teletext chips of the type 5243. Spanish FLOF Teletext (level 1.5) is handled using packet X/26.
If no CCT teletext chip is present on the |IC bus (as indicated by the lack of an acknowledge), all Teletext functions
are disabled in software. About 3Kbytes of ROM are used allowing the code to fit into the 7.9K bytes available
in an MCB8HCO5T7 along with tuning, OSD and stereo functions.

The software in the included listing has been written for the MC68HCO5T7 but could, with a little modification,
be implemented on other M6805 microcontrollers. A microcontroller without IIC hardware can be used as long
as additional software is included to facilitate the IIC bus using I/O pins. An example of [IC master 1/O driven
software can be found in application note AN446.

2. “FLOF” TELETEXT FEATURES

Full Level One Feature (FLOF) Teletext utilises “ghost” packets to provide features in addition to those available
with the original CCT Teletext. The primary enhancement is the provision of a menu with a choice of four linked
pages selectable by the user with a single press of one of four coloured buttons on the remote control. The menu
itself is sent in the ghost page using packet 24 while the linked page numbers are contained in packet 27. In
addition to linked pages, packets 26 and 30 are used. Packet 26 allows for the substitution of selected characters
in the display by special characters specific to a particular country. This example application includes the Spanish
implementation of packet 26. The broadcast service data packet (8/30) is used to get the initial (index) page for
each channel and to display station identification information.
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“Ghost” packets handled
X/24 :

The FLOF menu information contained in this page extension packet is transferred by the microcomputer to
row 24 of the display chapter. When links are disabled because there is no packet 27 (destination code 0) or when
bit 4 of byte 43 is 0, row 24 is blank.

X/26 :

Optional handling of modes 1xxxx, 01111 and 00010 in accordance with the Spanish Teletext specification. All
the additional characters which are available in the 5243 CCT chip are handled. The feature can be disabled with
a hardware link on an I/O pin (see figure 1) so that the software can be used at level 1.0 in non-Spanish countries
also using packet 26.

X27 :

This packet contains the linked page numbers for the red, green yellow, blue and index (black) keys. Bit 4 on the
link control byte (byte 43) is used to determine if these links are enabled (1) or disabled (0). When enabled, the
Spanish specification requires that bits 1, 2 and 3 be used to enable the green, yellow and blue links respectively.
This use of these bits is not defined in the World Teletext Specification. For this reason their use is selectable by
a hardware link (see figure 1). If these bits are not used, all links (if enabled by bit 4) will be taken from packet 27-
but will be automatically disabled if the broadcast links are default (FF3F7F) or invalid.

8/30 :

The broadcast service packet is used to supply the index page number on exit from standby and (if teletext is not
stopped) after a channel change. Bytes 10-30 of this packet are displayed for 5 seconds on exit from standby and
(if teletext is not stopped) after a channel change.

3. IMPLEMENTATION

The software listingis in two parts. The first part contains the “idle” loop and l1C routines from the main TV control
part of the MCB68HCO5T7 application. The idle loop controls the timing of everything performed by the
microprocessor, scans the local keyboard, checks whether or notan IR command has been received, etc. It also
monitors the relevant flags in the Teletext chip and performs the tasks (eg fetching linked pages) which have to
be performed independently of requests for the user.

The second and main listing is the Teletext module itself. It contains all the subroutines required to carry out
automatic and user requested Teletext activity. Both modules use the same RAM allocation file (RAMT8.505)
which is included in the listing of the Teletext module. This listing also includes a symbol cross-reference table.

Figure 1 shows a simplified circuit diagram of the application. Most of the MC68HC05T7's I/O is used for purposes
other that Teletext andis not shown in detail. Communication with the 5243 Teletext chip is via an {IC bus in which
the T7 is always the master. The function of the three I/O pins used for Teletext is described under “ Ghost packets
handled” and “Inputs and Outputs”.

A version of this Teletext software has been implemented on an MC68HCO05C4 for use in a TV where the other
control functions were handled by a separate microcontroller. The signal from the IR pre-amp was fed into the
C4 which used Teletext commands to control a 5243 via a software |IC bus. Non-Teletext commands were re-
generated by the C4 and sent to the other microcontroller. This arrangement allows Teletext to be added to a
chassis which was originally designed without considering Teletext.
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Figure 1. MC68HC(7)05T7 - Teletext application circuit

4. IDLE LOOP

In the example application the idie loop code is in the main TV control software module rather than in the teletext
module. Listing 1 shows the relevant parts of this module. The loop time is 12.8mS and it is at this rate that the
timing counters used by Teletext (CNT1 and CNT4) are incremented. The standby condition is checked first; if
the TV set is in standby then there is no [IC activity and hence no reading from, or writing to, the 5243. If the TV
has just exited from standby, as indicated by the flag 3,STAT2, then Teletext is initialised using the sub-routine
RESTRT. This sub-routine writes to the 5243's control and mode registers (R5, R6 and R7) and checks that the
1IC acknowledge is present. If there was no acknowledge, as indicated by flag 6,STAT7, then no further Teletext
activity is attempted.

If an acknowledge is present, Teletext polling goes ahead, although it is suspended if there is a mute or time
display. A mute indicates that the channel has just been changed, or no channel is tuned. During time display,
all other Teletext activity is suspended. Re-initialisation using sub-routine START2 is performed if flag 7,STATS
is set by a change of the tuned frequency.

27



Counter CNT4 is used to delay the transfer of packets 24 (page extension — FLOF menu), 27 (links), 26 (enhanced
display characters) and the control bits from row 25 (display page) after the initial arrival of a page. When row 24
is read the 5243 FOUND flag is set to indicate that the arrival has been acted upon. If UPDATE is on then an update
indicator appears if the update control bit (C9) is set or if the sub-page has changed or if it is the first arrival of the
page. The update display is performed by the sub-routine ARRVD which clears the transient flags and enables
the required display, i.e. page no. in normal mode and the whole of row 0 in sub-page mode. Any boxed
information (eg sub-titles or newsflash) in the current page is also displayed. The last Teletext function performed
by the idle loop is the checking of the FOUND flag in the 5243. This is accessed via the IIC bus; it is on the last
(not displayed) row of the display page along with the current page and sup-page numbers and the control bits.

If there is a current Teletext transient (time, row 0 box or packet 8/30), the transient control branch from the idle
loop is executed. This routine checks to see if it is time to end the transient. If it is, the subroutine OSDLE is
executed. It resets transients for both the OSD generated by the MC68HCO05T7 and Teletext. The sub-routine
RSTMD?2 performs this function for Teletext. It is called from within the sub-routine OSDLE (not listed).

5. REMOTE CONTROL FUNCTIONS

TV/TXT

Toggle between TV & Teletext mode.

0-9

Number keys for entry of page and sub-page numbers
Red, Green, Yellow, Blue

Linked page access keys. The decoder stores four pages of text. These are the display page and the three pages
corresponding to the red, green and yellow links. The blue linked page is not acquired in advance. In the absence
of FLOF data or if the links are disabled by the control bit in packet 27, the red key is page+1 and the green key
page-1. Under these circumstances the requested page and the next three pages are acquired.

PC+/-

These keys always select page+1/page-1 regardless of the availability of FLOF information. As with the red, green
and yellow keys, the page is displayed immediately if it is already in RAM.

INDEX

This key operates as an additional link with the difference that if the link is invalid the initial page from packet 8/
30 is selected.

SUB-PAGE/TIME

Text mode: Enter sub-page mode, (max. 3979). TV mode: Display time in top-right-hand corner for 5 seconds.
Pressing this key during a station identification display (packet 8/30 bytes 10-30) can be used to extend this display
beyond the five seconds it appears for, after a channel change.

STOP

Halt acquisition, “STOP" is displayed instead of page number. Press again to restart. If acquisition has been
stopped by partially entering a new page number then this key can be used to return to the original page.
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MIX/NO-MIX

Toggle between Teletext and mixed display. Use of this key causes the display of the top status row for 5 seconds
ifitis notbeingdisplayed because the current page is a newsflash or a sub-title. 5243 contrast reduction is enabled
in mixed mode.

FULL/TOP/BOT

Selects one of the three display formats, normal, top half enlarged, bottom half enlarged.
REVEAL

Reveal hidden text, toggle action.

UPDATE

Return to picture until a new version of the requested page arrives. When it arrives, its page no. is displayed in
the top-right-hand corner, the key operates in both TV and Teletext mode, set is put into TV mode. Any boxed
information (alarm clock, newsflash or sub-title) will be displayed. In sub-page mode the complete header is
displayed so that both page & sub-page numbers can be seen. Cancel update by entering Teletext mode and then
going back to TV mode by pressing the TV/Text key twice.

6. TELETEXT SUBROUTINES

6a. Subroutines: TVTX, UPDATE, DIGIT0 and GETIT

The Teletext module (listing 2) comprises various sub-routines which are used both by the idle loop and to perform
any Teletext actions initiated by commands from the IR remote control. They are described in the order in which
they appear in the listing.

TVTX is executed when the TV/TEXT button is pressed. Its function is to toggle between TV mode and Teletext
mode. The flag 0,STAT indicates the current mode. This flag routes the microprocessor to execute either TXTOFF
or TXTON according to the current mode. TXTON checks that Teletext hardware is present and does nothing if
there has been no |IC acknowledge. If, however, a 5243 is present in the TV, it clears all transients (OSDLE) and
sets up the Teletext mode. It initialises the control registers (RS and R6) to display text and background both in
and out of boxes. For newsflashes the set-up is text and background within boxes and picture outside. TXTOFF
also resets transients but forces TV mode and sync. Polling and updating continue as a background activity.

When the UPDATE key is pressed the update flag 4,STAT2 is set and TXTOFF executed so the TV is forced to
TV mode. If there is a current transient hold (eg time), the hold is cleared before TXTOFF is executed.

The number entry sub-routine DIGITO branches to DIGITS in sub-page mode but otherwise accepts any number
key as a page number input. Three digits are required, the pointer PDP holding the current position (0, 1 or 2 for
hundreds, tens or units). During entry the flag 2,STAT is set to stop Teletext activity. The numbers have to be
written to the top-left-hand corner of the display page as well as saved in RAM. Once all three digits have been
entered the page is requested and page acquisition restarted.

The code atlabel GETIT makes this request after first checking whether or not the selected page has already been
requested (it could be the current display page oran already requestedlinked page). If it has, thena switch is made
to the chapter associated with the appropriate acquisition circuitand no new requestis generated. If not, the new
request is made and the FOUND flag set.
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6b. Subroutines: Colours, INDEX, NPAGE and PPAGE

The four colour keys (Red, Green, Yellow and Blue) are primarily intended for selecting Teletext linked pages.
When pressed the chapter which corresponds to the appropriate acquisition circuit is selected for display. If links
are disabled (by the link control bit or because there is no packet27), then the RED and GREEN keys select current
page +1and-1respectively. This choice is taken according to the state of flag 3, STAT3 which reflects the condition
of the link control bit in packet 27. The code executed by RED, if links are not in use, is the same as that executed
by the “+" function (NPAGE) which always selects the next page. Similarly the alternative GREEN function
(PPAGE) is the same as for the “-" key. The YELLOW and BLUE keys do nothing under these circumstances. In
Spanish Teletext the GREEN, YELLOW and BLUE links can be individually inhibited, but the RED link is only
inhibited if all links are off.

The chapter associated with the selected page is displayed immediately if it has already been requested. This will
normally be the case if a linked page (red, green or yellow) has been selected. The code at label LPT is executed
if the page has already been requested. If not, a jump to CLRPD is performed. CLRPD is a label within DIGITO;
the code at CLRPD requests a new page just as if the page number had been entered manually. If the required
acquisition circuit is the one already current, then the “unstop” code is executed. This causes the green page-
being-looked-for header to roll as though the page number had just been entered. This means that something can
be seen to happen in the case where the linked page differs only from the current page in its sub-page number.
Linked sub-pages are not fully supportedin thisimplementation as they are rarely used by broadcasters and would
significantly increase the size of the software. When the chapter is changed the Teletext PBLF (page being looked
for) flag is checked. If it is low the FOUND flag is cleared. This forces the fetching of the links associated with
the new display page. If the page is not already in, this will automatically happen when it arrives so the FOUND
flag does not need to be cleared.

The BLUE (or cyan) key is different in that its page will not normally be immediately available (the four pages:
display, red, green and yellow occupy the four acquisition circuits and RAM chapters).

The INDEX (or black link) function is similar to BLUE except that if its link is not valid it defaults to the initial (index)
page number supplied by packet 8/30 (see sub-routine GIP).

6c. Subroutines: LINK, GLP1, GLP2, SRCH, CHCK1 and NOTOKx

The sub-routine LINK allocates the three linked pages (RED, YELLOW and GREEN) to the three free acquisition
circuits (not in use by the display page). To do this it checks the page numbers in turn to see if they have already
been requested. If so they are left in their current acquisition circuit. If they have not already been requested the
page number is putinto a LIFO. Only 0-9 are regarded as acceptable digits for page numbers; this is consistent
with the Spanish specification although the additional HEX numbers (A-F) may be used experimentally or by
Teletext page generators. Within this firstloop the sub-routine GLP1 is used to get the linked page numbers from
packet 27, perform a decode of the Hamming encoded data and calculate the new magazine number (page
hundreds) if different from that of the display page. GLP1 uses sub-routine SRCH to check if the page has already
been requested. If there are no links, or if links are disabled, then displayed page +1, +2 and +3 are requested.

The second loop in LINK allocates new page numbers to the remaining unused acquisition circuits. It uses GLP2
to clear the relevant chapters in the Teletext memory and make the new requests. Subroutine CHCK1 is used
to check whether or not an acquisition circuitis in use before itis loaded with a new page number from the LIFO.

This method of organising new page requests prevents unnecessary requests being made for pages already
requested. This is particularly important when links are disabled and pages are being requested using the “+"
or “-" functions. Under these circumstances when the page number is incremented (or decremented) only one
new page has to be requested (new display page+3), while page, page+1and page+2 do not need to change and
can be left in their current acquisition circuits.
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NOTOK3 and NOTOK2 handle the RED and GREEN functions when links are disabled. They are disabled if the
link control bit (packet 27 bit3, byte 43) is zero or if there is no packet 27. These subroutines respectively increment
and decrement the current page number (units and tens). The current magazine number (page hundreds) is
not affected.

6d. Subroutines: ROW24, W2B, R2B, GCYI, CLINK and DECODE

ROW?24 is used to transfer ghost row 20 (packet 24) into the display chapter. This has to be done via the IIC bus.
The loop reads two bytes via the IIC (sub-routine R2B) bus from the ghost page and writes it to the display page
(sub-routine W2B). The FOUND flag is then set to indicate that the arrival of the page has been recognised and
acted upon. This sub-routine is only called by the idle loop and is used along with the other sub-routines which
get information from the ghost page (CLINK, LINK and GET25).

R2B and W2B use |IC routines READ and SEND which are outwith the Teletext module. These subroutines will
differ according to the microprocessor in use. An MC68HC05C8 implementation would need to use I/O lines (see
reference for suitable software) while the MC68HCO5T7 can use its IIC hardware. The routines used in this
example are included in the listing extract from the TV control software module (listing 1).

The sub-routine GCY! is used by LINK to store the data associated with the BLUE an INDEX links. As explained
above, these pages will not be acquired in advance, the page number only being sent to an acquisition circuit if
requested by an IR command.

CLINK fetches the link control byte from packet 27 if the destination code is OK and, after decoding the Hamming
encoded data, transfers the bits to STAT3.

The Hamming decode sub-routine DECODE corrects for single bit errors. This is done with in-line code using the
table HAM (at the end of listing 2) as this uses less ROM than an algorithmic method.

6e. Subroutines: MIX, TRANx, TXTx, HOLD, and NOHOLD

The mixed display capability of the Teletext chip (5243) is toggled using an IR key which calls the sub-routine MIX.
When mixed mode is entered, interlaced broadcast sync. (312/313) is selected because the non-interlaced sync.
used for teletextis not suitable ifa TV picture is presenton the screen. This is set up via the 5243 mode register R1.
The control registers R5 and R6 are updated to provide the mixed display.

When returning to a non-mixed display, the code at NOMIX is used to re-configure the control registers and to set
up a Teletext only 312/312 non-interlaced sync. This sync. reduces adjacent line flicker in a pure Teletext display.

The subroutine TRAN2 sets up a transient which retains a black background on the top row so that the page
number, time etc. can be seen clearly. This type of transientis also started if the page number or sub-page number
is being entered in mixed mode. Sub-routines TRAN1, TRAN2 and TRANS are used to initialise the various
transient displays. These displays are cancelled as discussed above by actions taken within the idle loop controlled
by the free-running timer within the MC68HC05T7.

The TXTx sub-routines are used in conjunction with the IIC SEND routine to write to various sub-sets of the
registers within the 5243.

If the Teletext STOP function is requested by an IR command the routine HOLD is executed. This is a toggled
function when requested in this way. HOLD displays the word "STOP" in place of the page number and stops
the display acquisition circuit by clearing the 5243 HOLD flag accessed via its page request register R3.

NOHOLD is executed to restart the display acquisition circuit. It returns the page number to the top-left-hand
corner. If a new page number has been partially entered, a press of STOP (executing an UNHOLD) will allow a
return to the most recent page request. This takes only a single press as the start of the entry of a new page
number cause a HOLD. The completion of a page number entry (3 digits) causes a NOHOLD.
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6f. Subroutines: REVEAL, EXPTB and TIME

The REVEAL function causes any hidden display information to appear. Itis controlled by a bitin the display mode
register (R7). The software example leaves any revealed information permanently displayed. If, however, it is
required that such information disappear when the page is updated (this may be better for a quiz page), then the
two commented out lines (80 and 81) in the idle loop should be enabled.

The display expand facility is controlled by another two bits in R7. The EXPTB sub-routine cycles through normal,
top-half double height and bottom-half double height.

The example application uses a single IR key (subroutine TIME) for both the display of the Teletext clock and the
entry into sub-page mode. IF the setis in TV mode then the time is displayed for 5 seconds. If the TV is in Text
mode then sub-page mode is selected. Sub-page number entry is described in the following section. When the
Teletext clock is requested it appears (boxed) at the top-right-hand corner. Itis removed by the idle loop 5 seconds
after the last press of the time button. When the time is being displayed all other Teletext activity is stopped
using UCHOLD.

6g. Subroutines: DIGITS, SUBPG, GET25 and GET26

DIGITS is the sub-page version of DIGITO and uses similar code. More checks on the input data are required as
the four digits of the sub-page number have different maximum values. These maximums are 3 for thousands,
7 for the tens and 9 for the hundreds and units. These values reflect the sub-page number’s original use as a time
(24hr format). For tens and thousands a keyed 8 becomes a 0 and a 9 becomes a 1; for thousands only 4, 5, 6
and 7 become 0, 1, 2 and 3 respectively.

The code at the label SETIT is the sub-page equivalent of GETIT, described above. It requests the new sub-page
and sets the FOUND flag.

The sub-routine SUBPG is called when the TIME (or clock) key is pressed (TV in Teletext mode). It toggles
between normal mode and sub-page mode. When sub-page mode is entered the page number display (P—) is
replaced with **** to indicate the mode change and to prompt for the entry of a sub-page number. Once all four
digits have been entered the new sub-page is requested by SETIT. The code at the label RSTR is used to exit from
this mode back to the normal (page number) mode, restoring the page number display to the top-left-hand corner.

GET25 is used by the idle loop to get the information stored in row 25 of the display chapter. This row is not
displayed but contains various information used by the control microprocessor. The current page number,
magazine number, sub-page number, Teletext control bits and the FOUND and PBLF flags are available. GET25
gets the required information and stores it in the RAM of the MC68HCO05T7.

At the end of this sub-routine the I/O line 7,portB is checked. If it is low, packet 26 is handled. If it is high, this
packet is disabled. This would be required if this application were to be used in a country other than Spain which
used packet 26. It would require to be switched off as the enhanced display feature uses different characters
depending on the country. In countries which do not use packet 26 (eg the UK) it does not matter whether or not
packet 26 is enabled.

If packet 26 is enabled, GET26 processes all packet 26 data present in the ghost page. The tables G2TAB, G3TAB
and CTAB contain the characters used to replace the character at the display location defined by each packet.
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6h. Subroutines: GIP, R24T and SR24T

The sub-routine GIP gets the initial (index) page from packet 8/30. It will be doing this as the set is brought
out of standby or just after a channel change. It may thus initially get a poor signal (or there may be no
Teletext) so it tries repeatedly until it finds a valid packet 8/30 format 1. If this is not found after 96 tries it
gives up and sets the flag 6,STAT2 to indicate that there is no packet 8/30 (or no Teletext). In this
circumstance it defaults to an index page number of 100.

R24T transfers bytes 10-30 of the broadcasting service data packet (8/30) into the display chapter. Itis called once
asecond for five seconds after power-on or a channel change. The data is transferred to row 0 of the display page
which can be displayed either at the bottom or, as in this example, the top of the screen. This transient display
is setup using the sub-routine SR24T if Teletext is present. If the flag 6,STAT2 has been set by GIP as described
above then SR24T does nothing. The transient display is terminated by code executed at the appropriate time
from within the idle loop.

7. INPUT AND OUTPUTS

Apart from the IIC bus, only three pins on the controlling microprocessor are relevant to Teletext. Two inputs
select the usage of packets 26 and 27 and one output can be used to control any hardware which requires to be
changed according to whether or not there is a TV picture currently being displayed. In many applications some
or all of these functions will not be required and could be eliminated from the software thus freeing up the pins
for other uses.

PB3)

This pin is active (high) during a pure (no-mixed, no-boxed) teletext display, otherwise it is low.

PB6)

When this pin is low, Spanish use of link control bits 1, 2 and 3 is enabled. When it is high, these bits are ignored.

PB7)

Packet 26 control. When low, packet 26 is enabled and handles all the Spanish alternate characters which are
available in the 5243. When PB7 is high, packet 26 is ignored.

8. REFERENCES

Application note AN446, MCM2814 Gang-programmer using an MC68HCO05B6.

33



00000000
00000003
00000005
00000007
00000009
0000000c
0000000f
00000011
00000013
00000016
00000018
0000001a
0000001c
0000001f
00000022
00000025
00000028
0000002b
0000002e
00000031
00000034
00000037
0000003a
0000003c
0000003f
00000042
00000044
00000046
00000048
0000004b
0000004e
00000051
00000054
00000057
0000005a
0000005¢
0000005e
00000060
00000062
00000064
00000066
00000068
0000006b
0000006e

00000070
00000072
00000075
00000078

€000C07b
0000007d
0000007¢
00000081
00000084
00000086
00000088
0000008a
0000008d
0000008f
00000091
00000093

00000096
00000099

$0000C09¢c
0000009f
000000a2

000000a4
000000a6
000000a8
000000ab
000000ad
000000af
000000b1
000000b3
000000b6
000000b9
000000bc
000000be
000000cl
000000c3
000000c5
000000c?

0d13fd

>040044
>0a0041
>06003e
>0c003b
>0£0005
>1f00
>cd0000
>01001c
>b600
al3o
252a
>cd0000
>cd0000
>cd0000
>cd0000
>090005
>0b0002
adée

>1000

>3f00

>04008b
>060088
>090085

>b600
also
2403

>cc0000

>b600
alo4

>cc0000

>cdC000
>cc000C

>010003
>cd0000
>1500

>1900
>1900
>0b0011
>1b00
a603
>b700
>b700
>cd0000
>040003

>3f00
>cc0000

LISTING 1

T

. «
. Idle loop. -
N .

T T L T T T T T T T e

ILp BRCLR 6, TSR, * OUTPUT COMPARE FLAG
INC CNT1 TELETEXT TRANSIENT
INC CNT4 ROW 24 DELAY
INC CNTS MUTE TRANSIENT
JSR KBD KEYBOARD & TIMERS
BRCLR 1,PORTB, FON STANDBY ?
BSET 3,STAT2 MAKE SURE FLAG AGREES
BRA F1 AND IDLE WITH NO IIC ACTIVITY
FON BRCLR 3,STAT2, ALRON NO, JUST ON 2
BCLR 3, STAT2 YES, RESTART
BCLR 2, STAT2 CLEAR THIS FLAG ALSO ?
BCLR 7, STATS RE-INITIALISATION NOT NECESSARY
JSR RESTRT
ALRON JSR VCRPOLL POLL SCART LINES
BRSET 1,STAT2,F1 REMOTE REPEATING 2
BRSET 1,STAT4,F1 LOCAL REPEATING ?
BRSET 6,STAT7,F1 TELETEXT CHIP ON BUS ?
BRSET 2,STAT2,F1 SEARCH/STANDBY ?
BRSET 5,STAT,F1 TIME DISPLAY HOLD
BRSET 3,STAT4,F1 TRANSIENT MUTE ?
BRSET 6, STAT4,F1 COINCIDENCE MUTE ?
BRCLR 7,STATS, DNTRS TO BE RE-ITIALISED ?
BCLR 7,STATS YES, CLEAR FLAG &
JSR START2 RE-INITIALISE TELETEXT
DNTRS BRCLR 0, STAT2,NO24
LDA CNT4 PAUSE WHILE PACKET 24
CMP +48 (PAGE EXT.) ARRIVES
BLO Fl
JSR CLINK CHECK LINK CONTROL BYTE
JSR LINK FETCH LINKS
JSR ROW24 FETCH ROW 24 AND SET FOUNDB
JSR GET25 GET ROW 25 & PACKET 26
BRCLR 4, STAT2, NOUP UPDATE ENABLED ?
BRCLR 5,STAT2, NOUP DIFFERENCES ?
BSR VD
NOuP BCLR 0,STAT2
NO24 LDA ACC
STA R8
LDA i8 COLUMN 8 (FOUNDB & PBLF)
STA R10
LDA 25 ROW
JSR R2B
BRSET 4,I0BUF+1,F1l FOUNDB FLAG SET ?
BSET 0, STAT2 NO, SO FETCH GHOST ROWS
* BCLR 5,R7 KILL REVEAL
* JSR TXT2
CLR CNT4
Fl BRSET 2,STAT2, ILP SEARCHING 2
BRSET 3,STAT2, ILP STANDBY ?
BRCLR 4,STAT, ILP TRANSIENT 2
AR AR AR R R AR KRR R AR KK ANRRRAANAR R AR RN RRR
B *
. Transient control. *
. *
R AR R AR KRR AR KRR AR KA AR R R KRR AR R ANR R AR AR R R K ANRRR R KK
LDA CNT1 YES
CMP 480
BHS NILP
JMP ILp 1S TIMER
NILP LDA R4
CMP 4
BNE NOTE IF PAGE 4 THEN IT’S
JSR R24T THE 8/30 TRANSIENT
NOTE CLR CNT1 CLEAR 1S TIMER
DEC TMR DECREMENT SECONDS COUNTER
BEQ DNILP TRANSIENT FINISHED 2
JMP ILp NO
DNILP JSR OSDLE OSD TIMEOUT (INC RSTMD)
IMp e
AR AR R A AR AR A KRR AR AR KRR AR AR AR R KRR RRAR AR AR R AR AN
* *
* End Teletext transients. *
B *
. Clear mode bits (channel mode, 2-digit -
. prog. no. entry etc.) *
AR AR AR AR AR RAAA R AR R AT ARRAARKKRRR R AR RRRRARRR

RSTMD BRCLR 0, STATS, SOS2 2-DIGIT Pr. No. ENTRY ?
RES

JSR YES, RESTORE DISP
s0s2 BCLR 2,STAT4 MAKE SURE ITS PROGRAM MODE
RSTMD2 BCLR 4,STAT4 RESET OSD TRANSIENT FLAG
RSTMD3 BCLR 4,STAT RESET MAIN TRANSIENT FLAG

BRCLR 5, STAT, TXTR1 TIME HOLD 2

BCLR 5, STAT YES, CLEAR IT

LDA #503

STA RS

STA R6

JSR STOP TIME EXIT FLASH

TXT2
BRSET 2, STAT, TXTR1 OTHER HOLD ?
JSR NOTTH NO, SO CLEAR HOLD
TXTR1 BCLR 0,R7 BOX OFF ROW 0
BRSET 0, STAT, TXTR2 TELETEXT ?

LDA ACC

STA R4

CLR R7 NO, ALL BOXES OFF
TXTR2 JMP TXT2 YES
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000000ca
000000cc
000000ce
000000d0
000000d2
000000d3
000000d6
000000d9
000000db
000000de
000000e0
000000e2
000000e4
000000e6
000000e9
000000eb
000000ed

000000£0
000000£2
000000£4
000000£6
000000f8
000000fa
000000fc

000000ff
00000102
00000104

00000105

00000108
0000010a
0000010c
0000010e

0000010f

00000111
00000113
00000115
00000117

00000119
0000011b
0000011d
0000011f
00000121
00000123

00000125
00000127
00000128
0000012a
0000012¢c
0000012e

00000130
00000132
00000133

00000134
00000135
00000137
00000139
0000013b
0000013d

0000013e
00000140
00000143

00000144
00000146
00000148

>b600
>b700
>1900
>1b00
4af
>cd0000
>0c0005

>cc0000

a6l0
>b700

a606
>b700
>b700
>3£00
>cd0000

013c03
>1c00
81

>cc0000

>b600

>b700

>1100
81

adlb
>3c00

>be00
fé
adl4

>3c00

>3a00
26e9

1b3b
9a
81

9b
3f3c
3f3a
aébo
b73b
81

b73d
0f3cfd
81

adc9
a602
>cd0000

A AR AR AR R AR AR AR R AR R AR AR R AR R AR AR AR AR R R AR AR KRR AR R RO RN

.
.
*

ARRVD

RESTRT

ACKOK

RES

.

Updated page has arrived. -
N

PN

LDA ACC

STA R4

BCLR 4,STAT KILL TRANSIENTS

BCLR 5,STAT

CLRA

JSR BOX0ON

BRSET 6,STAT, SPMD SUB-PAGE MODE ?

LDA 46 NO, SMALL BOX

JSR BOXO0OF

LDA 4546

STA RS

STA R6

LDA #503

BRCLR 2,C3,NNF NEWSFLASH ?

LDA 4502 YES, NO ROW 0

STA R7

JIMP TXT2

LDA #510 BROADCAST SYNC.

STA R1

LDA 46

STA RS

STA R6

CLR R7

JSR TXT2 SWITCH PICTURE ON

BRCLR 0, MSR, ACKOK ACKNOWLEDGE ?

BSET 6,STAT?7 NO, SET FLAG

RTS

JMP INITXT

LDA PROG YES, RESTORE PROG. NO.

STA DIsp

BCLR 0, STATS

RTS

ABS

AR AR AR R AR R AR AR AR AR R AR R AR R AR RN RR AR AR R RN

.
.

IIC write.

*
.
-

I Iy

SEND

WRB.

IICsSU

SHIFT

WRITE

BSR

STX
BCLR
LDA
BSR

LDA
CMP
BNE
LDA
BSR
INC

LDX
LDA
BSR
INC
DEC
BNE

BCLR
CLI
RTS

SEI
CLR
CLR
LDA
STA
RTS

STA
BRCLR
RTS

BSR
LDA
JSR

1ICSU

DPNT
0, ADDR
ADDR
SHIFT

ADDR
#580
WRB
SUBADR
SHIFT
SUBADR

DPNT
0,x
SHIFT
DPNT
w1
WRBU

5, MCR

MSR
FDR
#3BO
MCR

MDR
7,MSR, *

SEND
42

TPAU

35

SAVE X
SET-UP TC WRITE

SEND CHIP ADDRESS

STEREOTONE 2

YES, SO ENABLE AUTO
SUB-ADDRESS INCREMENTING
DATA BUFFER POINTER

SEND DATA

DONE ?

STOP

1I1C SET-UP

90 KHz

ENABLE IIC AS MASTER
TRANSMITTER & START

WAIT 10mS (EEPROM WRITE)



0000014b
0000014d
0000014f
00000151
00000153
00000155
00000157

00000159
0000015b
0000015d
0000015¢
00000161
00000163
00000165

00000167
00000169
0000016b
0000016d
0000016f
00000171
00000173

00000175
00000178
0000017a
0000017c
0000017e
0000017f

00000180
00000182

adO0c
>b600
>b701
>b600
alal
2602
>3c00

add9

bé63d

0f3cfd

1b3b

b63d
>b700

9a

81

3f3c
80

A AR AR AR R R AR R AR AR RN AR R AR AR A RN RARRRRRRR R RRRR AR

.

* IIC read.

.
*
*

DT LT LT TP PP TN

READ BSR
LDA
STA
LDA
CMP
BNE
INC

READ1 BSR

BSET
BSET

LDA

PR
w
1
4]
a3

READ1
IOBUF
IOBUF+1

#$A1
READ1
SUBADR

11CSU
0, ADDR
ADDR

SHIFT
SUBADR
SHIFT
5,MCR

5,MCR
0, ADDR
ADDR

SHIFT
4,MCR
3,MCR
MDR

7,MSR, *
3,MCR
MDR
I0BUF+1

7,MSR, *
5, MCR
MDR
IOBUF

GET FIRST BYTE

MOVE IT UP

NVM 2

YES, NEXT SUB-ADDRESS

RW = 0 ALWAYS WRITE (SUB-ADDRESS)

SEND CHIP-ADDRESS

SEND SUB-ADDRESS
NO STOP BUT

A RESTART
SET BIT 0 FOR READ

RE-SEND CHIP ADDRESS
CHANGE TO RECEIVER
SWITCH OFF ACK.
INITIATE RECEPTION

WAIT FOR IT

SECOND LAST SO SWITCH OFF ACK.

GET FIRST BYTE
AND SAVE IT

WAIT FOR IT

LAST BYTE SO STOP
GET BYTE

AND SAVE IT

D T T L

* 1IC interrupt.

*

*
*

AR R R AR R AR R AR AR AR AR R R AR R RN AR R RN AR

MBINT CLR
RETURN RTI

MSR
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00000000
00000001
00000002
00000003
00000004
00000005
00000006
00000007

00000008
00000009
0000000a

0000000b
0000000c
00000004
0000000e

00000012
00000013
00000014
00000015
00000016
00000017
00000018
00000019
0000001c

00000020
00000032
00000033
00000034
00000035
00000036
00000037

00000039
0000003a
0000003b
0000003c
0000003d

0000003e
0000003f

LISTING 2

A A A AR AR AR AR R AR AR AR AR AR AR RN R R AR R AR R R AR AR AR R RN A

TV/Teletext/OSD/Stereo program (MC68HCOST7) .
CCT Teletext control module (Spain).

Used with RAMT8.S05, OST.S05 & TMT7.S05

P. Topping 19th October ‘90

.
.
.
.
.
.
.
.
.
.
.
.

EXPORT DIGITO,RED, GREEN, YELLOW, CYAN
EXPORT NPAGE, PPAGE, REVEAL, EXPTB, UPDATE, TVTX, GIP
EXPORT TIME,MIX, INDEX, HOLD, SR24T, START2, INITXT

EXPORT CLINK, LINK, ROW24,GET25,R2B, TXT2
EXPORT R24T,NOTTH, BOXOON, BOX0OF

IMPORT SEND, READ, OSDLE, TPAU2

LIB RAMTS.S05
P T
. .
. RAM allocation for OST.S05, TMT7.S05 & TXT7.S0S. .

.
AR R AR R AR A AR R AR R R R R AR AR AR AR AR AR AR AR IR AR KRR R RARRARRRNNAA Y

SECTION.S .RAM, COMM

AR R R AR KA AR R KRR AR AR AR KRR AR RAENNARR KRR R AR AN AN
. *
* Equates. *
B .
AR AR AR R KRR AR AR AN AR R AR R A RARKRARRR RN AR RR R ARR R A N

PORTA  EQU $00 Port A address

PORTB  EQU $01 Port B N

PORTC  EQU $02 Port C N

PORTD  EQU $03 Port D -

DDRA EQU $04 Port A data direction reg.
DDRB EQU $05 Port B N N
DDRC EQU $06 port ¢ ™ N N
DDRD EQU $07 port D " ~ -
LED1 EQU 508 D/A 0 STEREO LED

LED2 EQU $09 D/A 1 BILINGUAL LED

LED3 EQU $0A D/A 2 FM =/= NICAM LED
*VOLU  EQU SoA D/A 2 JP08 IN T1 EVB
CONT EQU $0B D/A 3 JP09 IN Tl EVB
BRILL  EQU soc D/A 4 JP10 IN T1 EVB
SATU EQU $0D D/A S JP11 IN T1 EVB
VOLU EQU $OE D/A 6

TCR EQU $12 Timer control register.

TSR EQU $13 Timer status register.

ICRH EQU $14 Input capture register, high.
ICRL EQU $15 Input capture register, low.
OCRH EQU $16 Output compare register, high.
OCRL EQU $17 Output compare register, low.
TDRH EQU $18 Timer data register, high.
TDRL EQU $19 Timer data register, low.
MISC EQU sic Misc. register

0sD EQU $20 18 OSD data registers

CAS EQU $32 Color & status register

c34q EQU $33 Color 3/4 register

RAD EQU $34 Row address & character size
WCR EQU $35 Window/Column register

CCR EQU $36 Column/color register

HPD EQU $37 Horizontal position delay
MADR EQU $39

FDR EQU $3A

MCR EQU $3B

MSR EQU s3c

MDR EQU $3D

TR1 EQU $3E Test 1, OSD/Timer/PLM

TR2 EQU $3F Test 2, EPROM

37

This software was developed by Motorola Ltd. for demonstration purposes.
No liability can be accepted for its use in any specific application.
original software copyright Motorola - all rights reserved.

AR AR RN R R AR R KRR RN RN R AR AR AR AR NN AR AR AR RO R AR R A

T r e



00000000
00000001
00000002
00000003
00000004
00000005
00000006
00000007
00000008
00000009
0000000a
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0000000c
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0000000e
0000000f
00000010
00000011
00000012
00000013
00000014
00000015
00000016
00000017
00000020
00000027
0000002a
0000002d
00000030
00000033
00000036
00000039
0000003a
0000003e
0000003 f
00000040
00000041
00000042
00000046

00000047

00000048
00000049
0000004a
0000004b
0000004c
0000004d
0000004e
0000004 f
00000050
00000051
00000052
00000053
00000054
00000055

00000056

00000057
00000058
00000059
0000005a
0000005b
0000005¢
0000005d
0000005e
0000005¢

00000060
00000061
00000062
00000063
00000064
00000065
00000066
00000067
00000068
00000069
0000006a
0000006b

MaeasnsasrnRaRRRnn Ry

AN RN NN AR RRARRRARS

. N
* Teletext RAM allocation. *
. .

A AR R AR R AR R R AR A AR R R AN AN AR NARANNNRNNRARRARARS

SUB1 RMB 1

R1 RMB 1 mode register

R2 RMB 1 page request address register

R3 RMB 1 page req. data reg. col. 0 : mag.
cl RMB 1 - - " - - 1 : pgt.
c2 RMB 1 - - - - ~ 2 : pgu.
c3 RMB 1 - - - - - 3 : ht.
c4 RMB 1 - - - - - 4 : hu.
cs RMB 1 - - - - - 5 :mt.
cé RMB 1 - - - - - 6 : mu.
SUB2 RMB 1

R4 RMB 1 display chapter register

RS RMB 1 display control register (normal)
R6 RMB 1 display control register (news/sub)
R? RMB 1 display mode register

SUB3 RMB 1

R8 RMB 1 active chapter register

R9 RMB 1 active row register

R10 RMB 1 active column register

R11 RMB 1 active data register

PH RMB 1 2nd - -

PT RMB 1 3rd N -

PU RMB 1 4th - -

LIFO RMB 9 LINKED PAGE No. LIFO BUFFER

PAGE RMB 7 PAGE No. INPUT BUFFER

PAGO RMB 3 ACO PAGE No.

PAG1 RMB 3 AC1 PAGE No.

PAG2 RMB 3 AC2 PAGE No.

PAG3 RMB 3 AC3 PAGE No.

PAGC RMB 3 CYAN PAGE No.

PAGI RMB 3 INDEX PAGE No.

PDP RMB 1 PAGE DIGIT POINTER

ACC RMB 4 DISP, RED, GREEN, YELLOW AC. CIR.
WACC RMB 1 WORKING ACC No.

ADDR RMB 1 IIC ADDRESS

DPNT RMB 1 I1IC DATA POINTER FOR WRITE
SUBADR RMB 1 I1IC SUB-ADDRESS

IOBUF RMB 4 IIC BUFFER, +2 & +3 RSRVD FOR PLL
STAT2 RMB 1 0: ROW24 FETCH FLAG

. 1: REMOTE REPEATING

- 2: SEARCH/STANDBY IIC LOCK
* 3: STANDBY STATUS
* 4: UPDATE PENDING
* 5: DIFFERENCE FOUND
* 6: NO TELETEXT TRANSMISSION
- 7: MIXED
STAT3 RMB 1 0: CYAN LINK ON
* 1: YELLOW LINK ON
* 2: GREEN LINK ON
- 3: LINKS/ROW24 ON
AR R AR AR AR R AR AR AR AR KRR AR AR AR AR AARRRRA AR
* N
- General RAM allocation. *
. .
AR AR AR R AR AR A KA AR AR R R R RR KA AR A KRR R A RKRRKA KRR AR
PLLHI RMB 1 PLL DIVIDE RATIO MSB
PLLOW RMB 1 PLL DIVIDE RATIO LSB
Wl RMB 1 WORKING
w2 RMB 1 -
w3 RMB 1 -
COUNT RMB 1 LOOP COUNTER
KOUNT RMB 1 LOCAL KEYBOARD COUNTER
CNT RMB 1 12.8ms (inc, free running)
CNT1 RMB 1 12.8mS (inc, reset every 1S during transient)
CNT3 RMB 1 3.25 S (dec, automatic standby timeout)
CNT4 RMB 1 12.8mS (cleared for row24 delay when page arrives)
CNT5 RMB 1 12.8mS (inc, transient mute)
TMR RMB 1 TRANSIENT DISPLAY SECONDS COUNTER
STAT RMB 1 0: TV/TELETEXT
1: IIC R/W
2: HOLD
* 3: IR REPEAT INHIBIT
* 4: TRANSIENT DISPLAY ON
* S5: TIME HOLD
* 6: SUB-PAGE MODE
. 7: IR TASK PENDING
STAT4 RMB 1 0: KEY FUNCTION PERFORMED
* 1: LOCAL REPEATING
* 2: P/C PROG : 0, CHAN : 1
" 3: MUTE (TRANSIENT)
* 4: OSD STATUS TRANSIENT
* 5: MUTE (BUTTON)
* 6: COINCIDENCE MUTE
* 7: SEARCH
PWR RMB 1 $55 AT RESET, $SAA NORMALLY
PROG RMB 1 CURRENT PROGRAM NUMBER
CHAN RMB 1 CURRENT CHANNEL NUMBER
DISP RMB 1 CURRENT DISPLAY NUMBER (PROGRAM)
DISC RMB 1 CURRENT DISPLAY NUMBER (CHANNEL)
FTUNE RMB 1 FINE TUNING REGISTER
AVOL RMB 1 VOLUME LEVEL
BRIL RMB 1 BRILLIANCE LEVEL
KEY RMB 1 CODE OF PRESSED KEY (LOCAL)
*NUMO RMB 4 LED DISPLAY RAM
IRRAL RMB 1 IR INTERRUPT TEMP.
IRRA2 RMB 1 - - -
IRRA3 RMB 1 - - -
IRRA4 RMB 1 - - -
DIFFH RMB 1 IR TIME DIFFERENCE
DIFFL RMB 1 - - -
IRH RMB 1 IR CODE BIT
IRL RMB 1 COLLECTION
IRCODE RMB 1
IRCNT RMB 1
IRCMCT RMB 1
OLDIR RMB 1
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0000006d
0000006e
0000006f

00000070
00000071
00000072
00000073
00000074
00000075
00000076
00000077

00000078

00000079

0000007a

0000007b
0000007c
0000007d
0000007e
0000007f
00000080
00000081
00000082
00000083
00000084
00000085
00000086
00000087
00000088
00000089
0000008a
0000008b
0000008c
0000008d
0000008e
0000008f
00000090
00000091
00000092

00000093
00000094
00000095
00000096
00000097
00000098

00000099
0000009a

0000009b
0000009¢c

0000009d
000000a9
000000bf

00000000

AR A AR RN RN AN AR RN RN AR an

.
.
"

*

RAM allocation for Stereoton. *

.

AR AR AR RN AR RRRR AR AR AR AR RN AR RN R Rn

:
:

STAT6

TR

STAT?

T

TSI

§ EBBEEEEE EEE

RMB 1

TEMPORARY MATRIX
Loudspeaker balance variable

SOUND MODE 0:ST, 1:DA, 2:DB, 3:W, 4:M,

5:FM

SCART SOUND MODE 0:STEREO, 1:DUAL A, 2:DUAL B

K1l level

Loudspeaker left volume
Loudspeaker right volume
Headphone volume left
Headphone volume right
Tone variable (Bass/Treble)
Current matrix

K2 level

2-DIGIT PROGRAM ENTRY
ANY MUTE REQUIRED ?
OSD NAME TABLE

0SD DEFAULT P/C NUMBER
ANALOGUE OSD ON
NAME-TABLE STANDARD
STANDARD CHANGED
RE-INITIALISE TELETEXT

NaUvsawNEO

: AV MODE BIT 0 (0:TV, 1:S-VHS)
AV MODE BIT 1 (2:SCRT1, 3:SCADT2)

: SCART INPUT #1
: SCART INPUT #2

0: AV MODE CHANGE

1l: FORCE FM SOUND

: €5 : TELETEXT NEWSFLASH
: C6 : TELETEXT SUBTITLES
: LANGUAGE A/B (TV)

: WIDE-PSEUDO

: NO TELETEXT ACKNOWLEDGE
: POWER UP IN STANDBY

AR AR AR AR AR AR AR R AR R R AR AR R KRR AR R R AR AR

.
*

OSD RAM allocation.

*
*
.

R R AR AR AR AR AR R RN AR AR AR AR R AR AR AR A

CAS1l
RAD1
CCR1
CAS2
RAD2
CCR2
CAS3
RAD3
CCR3
CAs4
RAD4
CCR4
CASS
RADS
CCRS
CAS6
RAD6
CCR6
CAS7
RAD?7

. CCR7

CAS8
RADS
CCR8

e e b e i e

g EEE

§

RMB 12

RMB 22
RMB 1

SECTION .RAM2,COMM
RMB 128

SECTION .ROM2

39

ROW 1, colour 1/2 & outline enable
Row address & character size
Window colour & end column

ROW 2, colour 1/2 & outline enable
Row address & character size
Window colour & end column

ROW 3, colour 1/2 & outline enable
Row address & character size
Window colour & end column

ROW 4, colour 1/2 & outline enable
Row address & character size
Window colour & end column

ROW 5, colour 1/2 & outline enable
Row address & character size
Window colour & end column

ROW 6, colour 1/2 & outline enable
Row address & character size
window colour & end column

ROW 7, colour 1/2 & outline enable
Row address & character size
Window colour & end column

ROW 8, colour 1/2 & outline enable
Row address & character size
Window colour & end column

CURRENT OSD ROW POINTER
ROW TABLE INDEX

CHARACTER FLASH ROW
CHATACTER FLASH COLUMNS
WINDOW FLASH ROW

FIRST ROW No. (NAME TABLE)

UNUSED

23 BYTES USED FOR STACK
(1 INTERRUPT AND 9 NESTED SUBS)

(reg
(reg
{reg
(reg
(reg
(reg
(req
(reg

0)



00000000
00000003
00000006
00000008
0000000b
0000000d
0000000f
00000011
00000013
00000015
00000018
0000001a
00000014
00000020
00000022
00000024
00000026
00000028
0000002a
0000002¢c

0000002f
00000032
00000034
00000037
0000003a
0000003c
0000003f
00000041
00000043
00000045
00000047
00000049
0000004b
0000004d
0000004 f
00000051
00000054
00000056

00000059
0000005b
0000005d
0000005¢
00000061
00000063
00000065
00000067
00000069
0000006b
0000006d
0000006f
00000071
00000073
00000075
00000077
00000079
0000007a
0000007b

>000037
>0c0074
>1000
>cd0000
a616
>b700
>1900
>1900
>1£00
>0b0008
>1b00
>040003
>cd0000

>b700
>cc0000

>0c0048
>1800
>090003
>cd0000
>1100
>cd0000
>1100

a602
>cc0000
>e602

.
.
D T T T TTTTrYTY

TVTX
TXTON

NOTT

UPDATE

TXTOFF
TXTOF

RST

TEST

PANIC

sessstanenntnnren

restssserntttsencatunane

Teletext/TV switching.

BRSET
BRSET
BSET
JSR
LDA
STA

BRSET
BSET
BRCLR
JSR
BCLR
JSR
BCLR
LDA
STA
BCLR
BCLR
LDA
STA
STA
CLR
JSR
LDA
JMp

0, STAT, TXTOFF
6, STAT?, PANIC
0, STAT

OSDLE

516

R1

4,STAT

4, STAT2

1, STAT2

5, STAT, NOTT
5, STAT

2, STAT, NOTT
NOTTH

6,STAT7, PANIC
4,STAT2
4, STAT, TXTOFF

TELETEXT CHIP ON BUS 2
TELETEXT MODE

ccT, 312/312 SYNC
ENABLING GHOST ROWS
ABORT TRANSIENTS
KILL UPDATES

NOT MIXED

TELETEXT CHIP 2

UPDATE

ON

TRANSIENT HOLD ?
YES, RESTART

TV MODE
TV MODE

BROADCAST, 312/313 SYNC
ENABLING GHOST ROWS
ABORT TRANSIENTS

ABORT TIME TIMEOUT

$06 FOR TRANSIENTS

OK, CARRY CLEAR

NOT OK,

40

CARRY SET




97 Ty

98 . .
99 . Number entry routines. .
100 . .
101 PO T T L T L T T T T I I TIT TIT Y rrOuaes
102

103 0000007c >0d0003 DIGITO BRCLR 6,STAT,DIGIT

104 0000007f >cc0000 IMp DIGITS

105 00000082 >1700 DIGIT BCLR  3,R3 HOLD DURING

106 00000084 >b600 LDA ACC ENTRY

107 00000086 >cd0000 JSR 3

108 00000089 2604 LDA #

109 0000008b >cd0000 ISR SPM

110 0000008e >1400 BSET  2,STAT SET HOLD FLAG

111 00000090 >b600 LDA w2

112 00000092 2010 suB 30

113 00000094 >be00 LDO LDX PDP

114 00000096 2606 BNE NOCH NOT HUNDREDS SO DON’T CHANGE
115 00000098 a107 cMP 7 YES, MORE THAN 7 2

116 0000009a 2302 BLS NOCH NO, SO DON’T CHANGE

117 0000009c a008 suB 8 YES, 8->0 & 9->1

118 0000009 ab30 NOCH  ADD 530 CONVERT TO ASCII

119 00000020 >e700 STA PAGE, X

120 000000a2 a302 CPX 4?2 UNITS 2

121 000000a4 270e BEQ CLRPD YES, SO CLEAR PDP

122 000000a6 a62d LDA #52D DASH

123 00000028 a301 cPx " TENS 2

124 000000aa 2702 BEQ TEN YES, SO LEAVE TENS

125 000000ac >b701 STA PAGE+1 CLEAR TENS

126 000000ae >b702 TEN STA PAGE+2 CLEAR UNITS

127 000000b0 >3c00 INC PDP

128 000000b2 2002 BRA DPGN

129 000000b4 >3£00 CLRPD  CLR PDP

130 000000b6 >b600 DPGN LDA R4

131 000000b8 >b700 STA RS

132 000000ba >3£00 CLR R ROW 0

133 000000bc 2602 LDA #°?

134 000000be >b700 STA R10 COLUMN 2

135 000000c0 2650 LDA #550 »

136 000000c2 >b700 STA R11

137 000000c4 >b600 LDA PAGE

138 000000cé >b700 STA PH

139 000000c8 >b601 LDA PAGE+1

140 000000ca >b700 STA PT

141 000000cc >b602 LDA PAGE+2

142 000000ce >b700 STA PU

143 000000d0 >cd0000 ISR TXT38

144 00000043 >cd0000 JSR TRAN1

145 000000d6 >b600 LDA PDP

146 000000d8 269 BNE ABO

147 000000da 2606 LDA 6

148 000000dc >cd0000 JSR NOBX

149 000000df >b600 LDA PAGE

150 000000el >b700 STA PH

151

152 AR AR AR R RN R RSN R R RSN Ea AR
153 . .
154 - Get requested page. .
155 . .
156 N
157

158 000000e3 >cd0000 GETIT  JSR SRCH IS PAGE ALREADY IN 2
159 000000e6 2545 BLO LPT2 YES

160 000000e8 ad23 BSR INDX DISPLAY CHAPTER

161 000000ea >b600 LDA PAGE PAGE HUNDREDS

162 000000ec >e700 STA PAGO, X SAVE IN RAM

163 000000ee >b601 LDA PAGE+1 PAGE TENS

164 000000£0 >e701 STA PAGO+1, X SAVE IN RAM

165 000000£2 >b700 STA c1 PAGE REQUEST TENS

166 000000£4 >b602 LDA PAGE+2 PAGE UNITS

167 000000£6 >e702 STA PAGO+2, X SAVE IN RAM

168 000000£8 >5700 STA 2 PAGE REQUEST UNITS

169 000000fa >b600 LDA PAGE PAGE HUNDREDS

170 000000fc 2018 suB 4518

171 000000fe >b700 STA R3 . PAGE REQUEST HUNDREDS
172 00000100 >b600 LDA R4

173 00000102 >cd0000 ISR up

174 00000105 >cd0000 JSR TXT1 REQUEST IT

175 00000108 >1500 BCLR 2,STAT RESET HOLD FLAG

176 00000102 >cc0000 IMP SFND WRITE ONE TO FOUND

177

178

179 0000010d >b600 INDX  LDA Acc

180 0000010f 48 LSLA x2

181 00000110 >bb00 ADD Acc x3

182 00000112 97 TAX

183 00000113 81 Yip RTS

184

185 00000114 48 up LSLA

186 00000115 48 LSLA

187 00000116 48 LSLA

188 00000117 48 LSLA

189 00000118 >b700 STA R2

190 000001la 81 RTS
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0000011b
0000011d

00000120
00000123
00000126
00000128
0000012b
0000012d

0000012f
00000131

00000134
00000137
0000013a
0000013c
0000013f
00000142
00000145
00000147

00000149
0000014c
0000014f
00000152
00000154
00000156
00000157
00000159
0000015a
0000015d
0000015¢
00000161
00000163
00000165
00000167
00000169
0000016c
0000016f
00000172
00000174
00000177
0000017a
0000017¢c
0000017e
00000180
00000182
00000184
00000187
00000189

0000018c
0000018e
00000191
00000193

00000196
00000199
0000019c
0000019f
000001al
000001a4
000001a6

000001a?7
000001a9
000001ab
000001ad
000001af
000001b1
000001b3
000001bS
000001b7
000001b9
000001bb
000001bd
000001bf
000001c2
000001c4
000001c6
000001c8
000001ca
000001cc
000001ce
000001d0
000001d2
000001d5
000001d?
000001d9
000001db
000001dd

000001df
000001el
000001e4
000001e?
000001lea

>3f00
>06000b

>cd0000

>3£00
>06000b

>cd0000

>07005a
0c0103
>030054
>b603
>b700
48
>bb00
97
>cd0000
2547
>b600
>b100
2604
>1400
2009
>0d0003
>cd0000
>cd0000
>3£00
>050003
>cd0000
a60f

>cc0000

ae0f
>cd0000

2414
>cc0000

>07000d
0c0103

>050007
aelc

>cd0000
2401
81

>1d00
>3£00
>e602
>b700
>b700
>e601
>b700
>b700
>e600
>b700
a0ls
>b700
>cd0000
>b600
>e700
>b600
>e701
>b600
>e702
>b600
>b700

>b700

>1500

>cd0000
>cd0000
>cd0000
>cc0000

A A A R RN R AR RN R R AR AR R R AR R R AR AR AR ARG R AR RN

.
.
.

Red, Green & Yellow keys. *

.

B Ty

RED

NPAGE

RED2
LPT2

GREEN

PPAGE

YELLOW

161
LPT

NTSAC
SKosp
CARO
COK

NOTHLD

CLR
BRSET
JSR
JSR

PDP
3, STAT3, RED2

INDXP
NOTOK3
LPT
CLRPD
ACC+1
LPT

PDP
3, STAT3, GLOK

INDXP
NOTOK2

LPT

CLRPD

6, PORTB, IGO0
0, STAT3, ABC
ACC+2

LPT

3, STAT3, ABC
6, PORTB, IG1
1, STAT3,ABC
ACC+3

w3

w3

2, STAT

CARO

6, STAT, SKOSP
OUTSP

RSTR

DP
2, STAT, NOTHLD
NOHOLD

CFND
2,STAT
TXT2

LINKS ON 2

NO, SO FORCE AN INCREMENT
ALREADY REQUESTED ?
NO, GETIT

LINKS ON ?

NO, SO FORCE A DECREMENT
ALREADY REQUESTED ?

NO, GETIT

GYC BITS ENABLED ?

GREEN LINK ON 2

LINKS ON 2
GYC BITS ENABLED ?
YELLOW LINKS ON 2

X2
X3 FOR PAGE POINTER

IS PAGE No. OK 2
IF NOT ABORT

ACC No

IF SAME ACC CCT
THEN FORCE UNSTOP

SUB-PAGE MODE ?
YES, ABANDON IT
PUT PAGE No. BACK

IF OLD PAGE ON HOLD
CANCEL HOLD
CORRUPT C6 FOR UPDATE

CHECK PBLF, IF HIGH DO NOTHING
IF LOW (PAGE FOUND) CLEAR FOUNDB

TO FORCE FETCHING OF LINKS.

A A R AN AR AR ARA AR AR AR R AR AR AR AN AR R R AR R R R RS

-
*

AR AR AR A ANANNARARAARRRAR AR R AR AR

INDEX

CYOK

Index & Cyan keys.

LDX
J:

#15
TEST
IAC
GIP

3, STAT3,ABC
6,PORTB, I1G2
2,STAT3,ABC

TEST
IAC

6, STAT
PDP
PAGO+2,X
PU

c2
PAGO+1,X
PT

c1
PAGO, X
PH

#3518

R3

INDX

PH
PAGO, X

PAGO+1,X
PU

2,STAT
TXT38
TRAN1
SFND
TXT1

LINKS ON ?
GYC BITS ENABLED ?
CYAN LINK ON 2

RESET PAGE MODE

RESET HOLD FLAG

DISPLAY TOP ROW
SET FOUNDB
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000001ed
00000lef
000001£1
000001£3
000001£5
000001£7
000001£9
000001 fb
000001fd
000001ff
00000201
00000204
00000206
00000208
0000020a
0000020c
0000020e
00000210
00000212
00000214
00000217
00000219
0000021b
0000021d
0000021f
00000221

00000223
00000226
00000228
0000022a

0000022¢c
0000022e
00000230
00000232
00000234
00000236
00000239
0000023b
0000023e
00000240
00000242
00000245
00000248
0000024a
0000024c

6
0000024e
8

0000024 £
00000251
00000253
00000255
00000258
0000025a
0000025d
0000025f
00000262
00000264
00000266
00000269
0000026b
0000026d
0000026 f
00000272
00000274

00000276
00000279
0000027¢c
0000027f
00000281
00000283
00000285
00000288
0000028b
0000028e
00000290
00000292
00000294
00000297
0000029a
0000029c
0000029e
000002a0

000002a3
00000226
000002a8
000002ab
000002ad
000002af
000002b2
000002b4

000002b6
000002b9
000002bb
000002bd
000002bf

>b600
ab04
>b700
>3100
a601
>b700
a6ff
>b701
>b702
>b703
>cd0000
>3co0
>b600
>b700
ad43
2406
>be00

>cd0000

>3f00
a604

>b700

>3a00
>be00
>e600

>cd0000

>cd0000

>b600
alol
22de

81

>b600

>b700

>cd0000
>070009
>000004
>1000
2002
>1100
>cd0000
>050009
>020004

>070009
>040004
>1400
2002
>1500
>cc0000

>cd0000
>b601
>cd0000
>b700
>b600
>cd0000
>b700
20c0

>cd0000
a0l8

>b700
a604

>cc0000

L Ly

.
.
.

Get linked page nos & allocate to ACCs.

»

AN A AR AR AN RN R RN AR RN RNy

LINK

NOTFND
NEXTC

LLOOP

LDA
ADD
STA
CLR
LDA
STA
LDA
STA
STA
STA
JSR
INC
LDA
STA
BSR
BHS
LDX
STA
BRA
JSR
LDA
ADD
STA
LDA
CMP
BLO

JSR
CLR
LDA
STA

PULL
WACC
CHCK1
COUNT
ACC, X

GLP2
COUNT
#501
LLOOP

CHAPT]

ER
ADD 4 FOR GHOST ROWS

LOOP ROUND RED, GREEN & YELLOW

GET LINKED PAGE No.
ALREADY IN RAM ?
YES, SAVE ACC No.
AGAINST COLOUR

NOT IN RAM, SO SAVE
PAGE NUMBER IN LIFO

NEXT LINK

ALL DONE ?

GET CYAN AND INDEX

IF STILL AN ACC AT $FF THEN
RECOVER PAGE No. FROM LIFO

ALREADY USED 2 IF SO INCREMENT

LINKS

ey

*
*

Fetch linked page & magazine numbers.

«
*

AR A A AR AR AR AR R AR AR AR AR AR AR A AR RRRRRRRRRRARNRA R AR RN

GLP1

R2BJ1

H1
OKO0

PT1
OK1

PUL
OK2

R2BJ2

NOTTH

LDA
CMP
BHI
BRCLR
LDA
JSR
LDA
JSR
STA
LDA
JSR
STA
LDA
STA
JSR
LDA
STA

JSR
BRCLR
BRSET
BSET
BRA
BCLR
JSR
BRCLR
BRSET
BSET

BCLR
BRCLR
BRSET
BSET

BRA
BCLR
JIMP

JSR
LDA
JSR

LDA
JSR
STA
BRA

JSR
SUB
STA
LDA
JMP

R10
419

COR
3,STAT3, NOTOK
416

R2B
IOBUF+1
DECODE
W2
IOBUF
DECODE
PT

RADIO
3, IOBUF, OKO
0,PH, H1
0,PH

oK

0,PH

RADIO
2, IOBUF, OK1
1,PH,PT1
1,PH

OK1

1,PH

3, IOBUF, OK2
2,PH,PUL

43

IF INDEX IGNORE LINK CONTROL

LINKS OK ?

YES, ROW 16 FOR LINKED PAGES

FETCH 2 LINK BYTES

DECODE UNITS

DECODE TENS

CHECK FOR ZERO 2
FETCH CURRENT MAG.
PAGE HUNDREDS

MAG BIT 2ERO OK ?

NO, SO TOGGLE

MAG BIT ONE OK ?
NO, SO TOGGLE

MAG BIT TWO OK 2
NO, SO TOGGLE

FETCH 2 LINK BYTES

DECODE UNITS

DECODE TENS

NO.



000002c2
000002c4
000002¢?
000002c9
000002cb
000002cd
000002ce
000002d0
000002d2
000002d4
000002d6
000002d8
000002da
000002dc
000002de
000002e0
000002e2
000002e4
0000C2e6
000C02e8
00C002ea
000002ec

Co0CC2ee
000002£0
000002£2
00000254

0000026

£0CC0330
0000332
£0000334
£0000336
00000338
0000033a
$000033c
$000033e
00000340
80000342
20000344
CC00C346
30000348

0C0034a
€000034c
£000034e
£000035¢

20000351
00000354
00000356
00000359
0000035b
0000035e
00000361

00000364
00000366
00000368
0000036a
0000036b
0000036d

>1d00
>cd0000
>e600
>b700
>b602
4c
>b700
>b702
al3s
2312
a630
>b700
>b702
>3c01
>b601
al3s
2304
a630
>b70:
>b6C1
>b700
20pb2

>1d00
>e600
>b70¢
>b6C2
4a
>b700
>b702
alic
24e9
2639

1 >b700

>b702
>3adl
>b601
al3d
24db
a639
20d5

a6l2
>b700
>b60C
allo
2206
>b63C
ai3g
2301
81

>cd000C0

>cc0000
ae08

>e600

>e700

Sa
2af9
81

DR LT LLLLLLRLTLrI Ty

.
.e

NOTOK3
NOTOK

NOVSA
NOV9

NOTOK2

New bits for default (+1 & -1) links.

BCLR
JSR
LDA

LDA
INCA
STA
STA
CMP
BLS
LDA
STA
STA
INC
LDA
CMP
BLS
LDA
STA
LDA
STA
BRA

BCLR
LDA
STA
LDA
DECA
STA
STA
CMP
BHS
LDA
STA
STA
DEC
LDA
CMP
BHS
LDA
BRA

6, STAT
INDX
PAGO, X

H
PAGE+2

PAGE+1
PAGE+1
PT
OK2

6, STAT
PAGO, X

H
PAGE+2

B P PP PP Ty

CANCELL SUB~PAGE

CANCEL SUB-PAGE

N A AR AN AR AN AR AR R AR AR RN RNRAARARRR AR AR AN

Request new linked page.

.
.
.

AR AR AR AR R R KRR ARRARARARRRARRR AR AR R AR

PUSH
PSHL

LDX

DECX
BPL
RTS

R2

c2
c2

134

c2
PAGO+2,X
PT

c1
PAGO+1,X
PH
PAGO, X

4518
R3

44

x2

x3
X <= 3 x ACC No.

AcC

CLEAR CHAPTER
INTO IIC

ROW 0

COLUMN 2

CLEAR CHAPTER
WAIT
FOR IT

DON’T CLEAR THIS TIME

PUT PAGE NUMBER IN
SET FOUND FLAG
AND REQUEST IT

CHAPTER



0000036e
00000370
00000372
00000373
00000375
00000376
00000378
0000037a
0000037¢c
0000037e
00000380
00000382
00000384
00000386
00000388
0000038a
0000038c
0000038e

00000390
00000392
00000394

00000395
00000397
00000398
0000039%a
0000039¢c
0000039%e
0000039f
000003al
000003a3

000003a4
000003a6
000003a8
000003ab
000003ad
000003b0
000003b2

000003b3
000003bS
000003b7
000003b9
000003bb
000003bd

000003bf
000003cl
000003c3
000003c5

000003c8
000003ca
000003cc
000003ce
000003d0
000003d2
000003d4
000003d6
000003d8

000003da
000003dc
000003de
000003e0
000003e2
000003e4
000003e6

000003e9
000003ec
000003ee
000003£0

000003f2
000003f5
000003£7
000003£9
000003fb
000003fd

000003fe
000003£f
00000401
00000403
00000404
00000406
00000408

>3£00
>b600
48
>bb00
97
>e600
>bl00
260c
>e601
>b100
2606
>e602
>bl100
2708
>3c00
>b600
alo4
25e0

>b600
alosg
81

>3c00
5f

>b600

>el00
27€7
sc
a304
25€5
81

>3c00

>3c00

>cd0000

>b600

>cd0000

>bf00
81

>3f00
>b600
ab04
>b700
a6l4
adSa

a620
>b700
>b700
>070008

>b601
>b700
>b600
>b700
>b600
>b700
a6l8
ad3l
23db

>1800

>cc0000

>cd0000

>cd0000

>e601

>b701

>e602

>b702
81

St
>e600
>e700

5¢c

a309

257

81

P T PP T T PP PPNy

*
.
.

*

Is page already in RAM ? .

P R T P PP P Y

SRCH
LOOPS

FINI

FND2

CLR
LDA
LSLA
ADD
TAX
LDA
CMP
BNE
LDA
CMP
BNE
LDA
CMP
BEQ
INC
LDA
cMP
BLO

LDA
CMP
RTS

WACC
WACC

WACC
PAGO, X
PH

FINI
PAGO+1,X
PT

FINI
PAGO+2,X
PU

FND2
WACC
WACC
+
Loors

WACC IF MATCH THEN CHECK FOR
44 SUB-PAGE MATCH (SHOULD
DISPLAY PAGE BE DIFFERENT)

AR AR AR AR N AN AR NN N RN NN N AR AN A RANA AN A RN a Rt n

.
*
.

Is Accquisition circuit in use 2 .

h AR KA A AR A RN R AR A R AR AR AR RARR AR AR AR RN R R AR R AR AR R a

SAM
CHCK1
CHCK2

RADIO

DDI

INC
CLRX
LDA
CMP
BEQ
INCX
cPX
BLO
RTS

INC
INC
JSR
LDA
JSR
STX
RTS

WACC

WACC
ACC, X
SAM

13
CHCK2

R10
R10
R2BN9
IOBUF
DECODE
I0BUF

P PR T

.
»
.
.

Transfer ghost row 20 to display row 24. .
& set found flag. »

AR AR AR AR AR AR RN AR AR RN AR RN R AR R AR AR RS

ROW24
MRE

SFND
SFND2

CFND

INDXP

ABCF

PULL
PLLL

BSET
LDA

LDA
STA
LDA
JMP

JSR
BCS
BCLR
BRA

JSR
LDA
STA
LDA

STA
RTS

CLRX
LDA
STA
INCX
CPX

RTS

R10

ACC CHAPTER

+4 ADD 4 FOR CHOST ROWS
RE

420 ROW 20

R2B

#520 SPACE

R11

PH
3,STAT3, BLANK ROW24 ENABLED ?

IOBUF+1 YES, SO USE DATA
11

R

IOBUF

PH

ACC BACK TO

RS DISPLAY CHAPTER
24

W2B

MRE

4,R11 SET FOUND FLAG
#25 WRITE IT
R9 ROW

R10 COLUMN

CPBLF
ABCF
4,R11 CLEAR FOUND FLAG
SEND2

INDX
PAGO+1,X
PAGE+1
PAGO+2, X
PAGE+2

LIFO,X

PH, X

PLLL

45



00000409
0000040b
0000040d
00000410
00000412
00000414
00000416
00000418

00000419
0000041b
0000041d
0000041f
00000421
00000423
00000425
00000428
00000429
0000042a
0000042¢c
0000042e
00000430
00000432

00000435
00000437
00000439
0000043¢c
0000043e
00000441
00000443
00000445
00000448
0000044a

00000444
0000044 £
00000451
00000453
00000455
00000457
00000459
0000045¢
0000045e
00000460
00000462
00000464
00000466
00000468
0000046a
0000046c
0000046e

0000046f
00000471
00000472
00000475
00000477

00000479
0000047b
0000047e
00000480
00000482
00000484
00000487

00000489
0000048¢c
0000048e
00000491
00000493
00000495
00000497
00000499

0000049b
000004 9e
000004a0
000004a3
000004a5
000004a7
000004a9
000004ab

000004ad
000004b0
000004b2
000004b5
000004b7
000004b9
000004bb
000004bd

>b700

>3¢c00

>b600
al2e
81

>b700

>cc0000

a6l3

>cc0000

>b600

>b700

Sf
>d60000
>bl100

2732

>b700
>000004
>1000

>d60000
>b700
>020004

>d60000
>b700
>040004

>d60000
>b700
>060004

B T T T T T T T T TN

.
B
.
.
.
.

w2B

vs

R2B
R2BN9

READ22

GCYI

CLINK

NPK27

LTI Y

»
*

Read and write subroutines.

Cyan & Index links & link control byte.

STA
LDA
JSR
INC
INC
LDA
CMP
RTS

JMP

LDA
ADD
STA
CLR
CLR
LDA
JSR
LDA

anannanene

.

R

#SUB3
SEND22

411
SUBADR

anne

ROW 24

ROW

DELAY TO SATISFY
IIC TIMING

INDEX

DESTINATION BYTE
IF NOT ZERO, NO PK27
CHAIN CONTROL BYTE

AR AR AR AR RN AR R R AR RN AR NGNS

Hamming decode.

.
.
.

A A A A A A AR R AN R AR AR RN AR AN RN NN NSO A e

DECODE

TRA

TRZE

TRON

WL
FNDJ

TRTH

TH1

STA

Wl

FNDJ

suB2
0,5UB2, 2E1
0,5UB2
ZE1+2

0, SUB2
SSUB

ENDJ

HAM, X
SuB2
1,S5UB2,0ON1

HAM, X

SUB2
3,5UB2, TH1
3,5UB2
TH1+2
3,5UB2
ssuB

FND
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000004bf
000004c2
000004c4
000004c7
000004c9
000004cb
000004cd
000004cf

000004d1
00000444
000004d6
000004d9
000004db
000004dd
000004df
000004el

000004e3
000004e6
000004e8
000004eb
000004ed
000004ef
000004 f1
000004f3

000004€£S
000004f8
000004fa
000004 fd
000004ff
00000501
00000503
00000505

00000507
00000508
0000050a
0000050c
0000050f
00000512

00000513
00000515
00000517

00000518
0000051b
0000051d
00000S51f
00000521
00000523
00000526
00000528
0000052a
0000052¢c
0000052e

00000530
00000532
00000534
00000536
00000538
0000053a
0000053c
0000053e

00000540
00000542
00000545
00000547
0000054a
0000054b
0000054e
00000550
00000552
00000554
00000556
00000558

0000055a
0000055¢c
0000055e
00000560
00000562
00000564

00000567
00000569
0000056b
0000056d
0000056f
00000571
00000573
00000575
00000577

>d60000
>b700
>080004
>1800
2002
>1900
ad44
273e

>d60000
>b700
>0a0004
>1a00
2002
>1b00
ad32
272¢c

>d60000
>b700
>0c0004
>1c00
2002
>1d00
ad20
271a

>d60000
>b700
>0e0004
>1e00

>cc0000
>d60000
81

>b600
>bl00
81

>0e0015

>1e00
a6l0

>b700

a606
>b700
a607
>b700

a605
>b700

a604
>b700
>ae00
>cc0000

a6l9
>b700
a606
>b700
>b600
>b700

>cc0000

AR AR AR A AR AR AR AR AR AN AR RN AR AN AR AN AN A

«
«
.

More Hamming decode.

.
*

AR A AR AR AR AR AN AR AR AN AN AR AR AR NN AR R R RS h b aRR

TRFO

TRFI

TRSI

TRSE

SSUB

LDA
STA
BRSET
BSET
BRA
BCLR
BSR

RTS

LDA
CMP
RTS

HAM, X
sUB2
4,5UB2, FO1

HAM, X
SUB2
5,SUB2,FI1
5, SUB2
FIl+2
5,SUB2
ssuB

FND

HAM, X
sUB2
6,5UB2,SI1
6,5UB2
SIl+2
6,5UB2
SSUB

FND

HAM, X
suB2
7,SUB2, SE1
7,SUB2
SE1+2
7,SUB2

SSUB
FND

#50F
FND
TRA
NUM, X

SuUB2
Wl

A A AR AR R AR A AR AR AR AR AR ARANAN RN AR AR AR

Mix/nomix.

.

AR AR A AR AR AR RN AR AR R AR R AR ARk E AR AR AR kR R

MIX

NOMIX

TRAN1

TRAN3

TXT2

BRSET
BSET
LDA
STA
LDA
JSR
LDA
STA
LDA
STA
BRA

LDA
STA
LDA

LDA
STA
CLR
LDA
JMP

7, STAT2, NOMIX

7,STAT2
#510

R1

4506
NOBX
4$6E

RS

#517

R6
TRAN2
7,STAT2
#516

R1

#scc
RS

#546
R6
TRAN2

+6
BOX0OF
t2

SPM

BOX0ON
4,STAT
FRO

+6

TMR
507
R7

#5UB2

47

ALREADY MIXED ?

NO, SO MIX IT
BROADCAST, 312/313 SYNC
ENABLING GHOST ROWS

$46 FOR NOMIX FLASH/SUBT.

MIXED, SO NOMIX
CCT, 312/312 SYNC
ENABLING GHOST ROWS

SET-UP SYNC

FORCE HEADER DISPLAY
5s TIMER
ENABLE ALL BOXES

DISPLAY CONTROL

FORCE DISPLAY OF HEADER



0000057a
0000057¢c
0000057¢
00000581
00000583
00000585
00000588
0000058a
0000058¢c
0000058d
0000058¢f
00000591
00000593
00000596
00000598
0000059a
0000059¢
0000059e

000005a0
000005a3
000005a5
000005a7
000005a9
000005ab
000005ad
000005af
000005b1
000005b3
000005b5
000005b7

000005ba
000005bc
000005be
000005bf
000005c1
000005¢c3
000005¢c5
000005c6
000005¢c8
€00005ca
000005cd
000005cf
000005d2
000005d4
0000C5d?
000005d9
000805dc
000005de

000005el
000005e3
000005e5
000005e?
000005e9
000005eb
00000Sed
000005ef
000005f1
00000S£3
000005£5
0000058
000005fb

000005fe
00000600
00000603
00000606
00000608
00000609
0000060b
0000060d
0000060f
00000611
00000613
00000615
00000617
00000619
0000061b

000006le
00000620
00000622
00000624
00000626
00000628
0000062b
0000062c
0000062f
00000630

T T T TP TP P P P P P TP Y

>3£00 HOLD
>040062
>1400
>b600
>b700
>cd0000
>3£00
>1d00
St
ad2b
>b600 UCHOLD
>b700
>cd0000
>3£00
>1700
a604
adll
20ae

>0c000a TXT1
>3£00 TXT1L
>3£00

>3f00

a60f

>b700

a60a SPM2
>b700 SPM
a60l

>b700

>ae00

>cc0000

>bf00 DISP8
>3£00

4f

ado0?

>b600

ab04

97

a604

>b700 DIsP4
>d60000
>b700
>d60001
>b700
>d60002
>b700
>d60003
>b700
>cc0000

Hold.

PDP
2, STAT, NOHOLD

2, STAT

SPM
TRAN3

6, STAT, SPM2
c3

c4
cs

SEND22

W3
R9

DISP4

w3

"

"

R10
LHOLD, X
R11
LHOLD+1, X
PH
LHOLD+2, X
T
LHOLD+3, X
PU

TXT3

Ty

ROW 0
RESET SUB-PAGE MODE

DISPLAY CHAPTER

ROW 0
HOLD

WAS TXT1

CORRUPT C6 SO THAT NEXT
ARRIVAL IS SEEN BY UPDATE

MMM aeNAtsINERRRAIRRAREEARARAeRRRARARARARRRR SRR RN AR,

.
.

arrrrrenrnnn

>1500 NOHOLD

>cc0000

>b600 REL1
>cd0000

>cd0000

>e600

8l
>b700 REL2
a0ls
>b700
>e601
>b700
>b700
>e602
>b700
>b700
>cc0000

>b600 CPBLF

>b700
a609

81 HIGH

Nohold.

BCLR
LDA

easrnnnenne

ROW 0

COLUMN 2

P

5, IOBUF+1, HIGH

48



956

1005
1006

1012
1013

1015

00000631
00000634
00000636
00000638
0000063a
0000063c
0000063f
00000642
00000644
00000646
00000648
0000064a
0000064c
0000064e

00000651
00000654
00000657
0000065a
0000065d
0000065f
00000661
00000664
00000666
00000668
00000669
0000066b
0000066d
0000066f
00000672
00000674
00000676
00000679
0000067b
0000067d
0000067f
00000682
00000684
00000686
00000687
00000689
0000068b
0000068d
00000681
00000691
00000693
00000695
00000697
00000699
0000069b
0000069d
0000069f
000006al
000006a3

>0a0004
>1a00

>cc0000

>0c00dc
>010003
>cc0000
>0a0025
>b600
>b700
>cd0000
>1800
>1a00
4af
adlc
aéle

2004
>b700

a60a
>b700
>b700
>b600
>b700
>3f00

a606
>cc0000

Iy

.
.
.

REVEAL

REV

EXPTB

BOT

CLOCK

NOBX

BOX0ON

BOX0OF

BOX

*

Reveal,top/bottom & clock. .
e

BRSET 5,R7,REV

BSET 5,R

BRA OUT

BCLR 5,R7

BRA ouT

BRCLR  3,R7,EXP

BRCLR  4,R7,BOT

BCLR 3,R SINGLE HEIGHT

BRA out

BSET  4,R? BOTTOM

BRA our

BSET 3,R7

BCLR  4,R7 TOP

JMp TXT2

BRSET  6,STAT7, HIGH TELETEXT CHIP ?

BRCLR  0,STAT,CLOCK  TELETEXT MODE ?

Jmp SUBPG YES

BRSET 5, STAT, TAO NO, TIME ALREADY ON 2

LDA ACC

STA R4

JSR UCHOLD

BSET 4, STAT

BSET S, STAT

CLRA

BSR NOBX

LDA #30

BSR BOX0ON

JSR FRO

LDA #509

STA R7

JSR TXT2 STOP FLASHES ON FIRST PRESS

LDA 546

STA RS

STA R6

JSR TXT2

LDA 16

STA TMR

RTS

STA R10

LDA 520

BRA BOX

STA R10

LDA 4508

BRA BOX

STA R1O

LDA #50A

STA R11

STA PH

LDA R4

STA R8

CLR R9

LDA 6

IMp TXT32
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000006a6
000006a3
000006ab
000006ad
000006af
000006b1
000006b3
000006b5
000006b7
000006b9
000006bb
000006bc
000006be
000006c0
000006c2
000006c4
000006c6
000006c8
000006ca
000006cc
000006ce
000006d0
000006d2
000006d4
000006d6
000006d8
000006da
000006dc
000006de
000006e0
000006e2
000006e4
000006e6
000006e7
000006e9
000006ec
000006ee
000006£0
000006£2
000006£4
000006f6
000006£8
000006fa
000006fc
000006fe
00000700
00000703
00000706
00000708
0000070a
0000070c
0000070f
00000711
00000713
00000715

00000717
€0000719
0000C71b
0000071d
0000071 f
00000721
00000723
00000725
00000727
00000729
0000072b
0000072d

0000072¢
00000731
00000733
00000735
00000737
0000073a
0000073d
0000073f

00000742
00000744
00000746
00000748
00000742

0000074c
0000074e
00000750
00000752
00000754

00000756
00000758
0000075a

0000075d
0000075€
00000761
00000763
00000766
00000768
0000076b

D T T PP T PP T PP P PP PP PP T PP RN

.
.

Sub-page number entry routine.

P P P P PP PP PP TP PP YTy

>cd0000 DIGITS
>b600

a010

>be00 SDO
2704

a302

260f

alo? THOU
2302

a008

5d SOCH
2606

al03

2302

a004

ab30 SORTD
>e703

a303

2714

a62a

a3o0l

2706

a302

2704
>b704

>b705 HUN
>b706 SEN
>3c00

2002
>3f00 SLRPD
>b600 SPGN
>b700

af
>b700
>cd0000

2602
>b700
>b603

>b700
>b604

>b700

>b605
>b700
>b606
>b700

>cd0000

>cd0000
>b600

2661

a606

>cd0000

>b603

>b700

>b604

>b700C

JSR
LDA
SUB
LDX

BEQ
CPX

TPSTP
w2

R11
PAGE+4
PH
PAGE+S

PAGE+6

THOUSANDS OR TENS
NO, SO DON’T CHANGE
YES, 8->0 & 9->1
WAS' CPX 40

MORE THAN 3 2
NO

YES, 4->0 THRU 7->3
CONVERT TO ASCII

UNITS 2

YES, SO CLEAR PDP
ASTERISK
HUNDREDS ?

YES, SO LEAVE HUNDREDS

TENS 2

YES, SO LEAVE TENS & HUNDREDS

CLEAR HUNDREDS
CLEAR TENS
CLEAR UNITS

ROW 0
COLUMN 0

COLUMN 2

AR AR A AR AR AR AR R R AR R AR RARRARNANARRRRRARRR

Get requested sub-page.

A RN AN AR AN NN RN AR AR AR AR AR AR AR

>b602 SETIT
>b700C
>b602
>b700
>b603
>b700
>b604
>b700
>b60S
>b700
>b606
>b700

>b600
a0l8
>b700
>b600
>cd0000
>cd0000
>1500
>cc0000

>b600 TXT38

>b700

a608 TXT3
>b700 TXT32
a608
>b700
>ae00

2622 SEND22
>b700
>cc0000

>b600 TPSTP
>b700
>b600
>cd0000
2604
>cc0000
81 SBO

PAGE+1

cl

PAGE+2

c2

PAGE+3
3

PAGE+4

c4

PAGE+5
S

PAGE+6
6

PAGE
4518
R3

ACC

up
TXT1
2,STAT
SFND

50

PAGE HUNDREDS
PAGE REQUEST HUNDREDS
REQUEST IT

NOHOLD
WRITE ONE TO FOUND

WRITE CCT RAM VIA IIC

HOLD DURING
SUB-PAGE NUMBER
ENTRY

2



0000076c
0000076f
00000771
00000773
00000775
00000778
0000077a
0000077¢c
0000077e
00000780
00000782
00000784
00000786
00000788
0000078a
0000078c
0000078e
00000790
00000792
00000794
00000796
00000798
0000079a

0000079d
0000079f
000007a1
00000724
000007a6
000007a9

000007ac
000007ae
000007b0
000007b2
000007b4
000007b7
000007b9
000007bb
000007bd
000007bf
000007cl
0000073
000007cS
000007c?
000007c9
000007¢cb
000007cd
000007cf
000007d1
000007d3
000007d5

000007d8
000007da
000007dc
000007de
000007e0
000007e2
000007e4
000007e7
000007e9
000007eb
000007ed
000007ef
000007f£1
000007£3

000007£5
000007£7
000007£9
000007£fb
000007fe
00000800
00000802
00000804
00000806
00000808
0000080a
0000080c
0000080e
00000810

00000812
00000814
00000816
00000818
0000081a
0000081c
000008le
00000820
00000822
00000825
00000827
0000082a
0000082c
0000082e
00000830
00000832
00000834

00000836
00000839

>0c002e
>1c00
adea
>3f00
>cd0000
>e600
>b700
>e601
>b701
>e602
>b702
a62a
>b700
>b700
>b700
>b700
>b600
>b700
>3f00
a602

>cc0000

adod
>b600
>cd0000
>1500
>cd0000
>cc0000

>1d00
>3f00
a650
>b700
>cd0000
>e600
>b700
a0l8
>b700
>e601
>b700
>b700
>e602
>b700
>b700

>cc0000

>b600
>b700
>1b00

a602
>b700

2704
>1a00
>b700
>b600
>bl00

2704
>1a00
>b700

a40c
>1500
>1700
>ba00

>cd0000
>1700
>030102
>1600
>b600
>bl100
2704
>1a00
>b700

0£0101
81

e

.
.
-

Sub (timed) pages.

.
.
.

A AR AR R AR AR R AR AR AR R AR A AR AR AN AR AN AR AR NN NN NN NN RN RN

SUBPG

OUTSP

RSTR

BRSET
BSET
BSR
CLR
JSR
LDA
STA
LDA
STA
LDA
STA
LDA
STA
STA
STA
STA
LDA
STA
CLR
LDA
STA
BSR
JMP
BSR
LDA
JSR
BCLR
JSR
JMp

BCLR
CLR
LDA
STA
JSR
LDA
STA
SUB
STA
LDA
STA
STA
LDA
STA
STA
CLR
LDA
STA
LDA
STA
JMP

6, STAT, OUTSP
6, STAT
TPSTP

TXT38

RESET HOLD

FLAG

AR AR AR RN AR RN AR RN AR AR R AR AR AR AR

.
*

Read in

Row 25 information.

.

AR AR KA KA AR R KA AR AR KRR R AR AR IR AR AR ARR AR R AR

GET25

CGET26

LDA
s

LDA
STA
LDA
JSR
LDA
CMP
BEQ
BSET
STA
LDA
CMP
BEQ
BSET
STA

AND
BCLR
BCLR
ORA
STA
LDA
STA
LDA
JSR
BCLR
BRCLR
BSET
LDA
CMP
BEQ
BSET
STA

BRCLR
RTS

ACC

R8
5,STAT2
2

R10

425

R2B
IOBUF+1
cé

SM6
5,STAT2
cé

IOBUF
suB2

+4
R10
25

R2B
I0BUF+1
ca

SM4

5, STAT2
c4
10BUF
c3

SM3
5,STAT2
c3

+50C
2,STAT?
3,STAT?

STAT?

STAT?

6

R10

425

R2B

3,5UB2

1, I0BUF+1, TRS
3,5UB2

suB2

cs

CGET26

5, STAT2

cs

7,PORTB, GET26

51

CLEAR DIFFERENCE FLAG
COLUMN 2 (MINUTES)

ROW

MINUTES UNITS

MINUTES TENS & CBIT 4

COLUMN 4 (
ROW
HOURS UNIT

HOURS)

s

HOURS TENS & CBITS 5 & 6

SAVE CBITS 5 & 6 IN STAT7
CLEAR NEWSFLASH BIT
CLEAR SUBTITLE BIT

COLUMN 6 (CONTROL BITS)

ROW
XFER CBIT8

(REPLACING

PACKET 26

(UPDATE)
TO BIT 3 OF MINUTES TENS

CBIT4

ENABLED

(ERASE) )

2



1247 B T T T Iy

1248 . .
1249 . Process packet 26 info. .
1250 . .
1251 P T
1252
1253 0000083a a6ff GET26  LDA ¥SFF
1254 0000083c >b700 STA LIFO
1255
1256 0000083e >3f01 LOOP26 CLR LIFO+1 START NEW ROW
1257 00000840 >b600 LDA Acc
1258 00000842 ab04 ADD " GHOST CHAPTER
1259 00000844 >b700 STA RS
1260 00000846 >b601 LDA LIFO+1
1261 00000848 >b700 STA R10
1262 0000084a >3¢00 NG LIFO
1263 0000084c >b600 LDA LIFO
1264 0000084e alle cMP 414 STILL PACKET 26 2
1265 00000850 2303 BLS OKROW
1266 00000852 >cc0000 mp END26
1267 00000855 >b600 OKROW  LDA LIFO
1268 00000857 >cd0000 JSR R2B
1269 0000085a >b601 LDA IOBUF+1
1270 0000085¢c >b100 cMp LIFO IS BYTE 2ERO OK ?
1271 0000085e 26de BNE LOOP26 NO, TRY NEXT ROW
1272 00000860 >3a01 DEC LIFO+1
1273
1274 00000862 >b600 LOOP62 LDA Acc
1275 00000864 ab04 ADD #
1276 00000866 >b700 STA RS
1277 00000868 >3c01 INC LIFO+1
1278 0000086a >3c01 INC LIFO+1
1279 0000086c >b601 LDA LIFO+1
1280 0000086e >b700 STA R10
1281 00000870 al26 cMp 438 PAST END OF ROW 2
1282
1283
1284 00000872 230d BLS NXTCH
1285 00000874 >3f00 CLR R10 YES, BLOW AWAY ROW
1286 00000876 abff LDA #SFF
1287 00000878 >b700 STA R11 CORRUPT SEQUENCE No.
1288 0000087a >b600 LDA LIFO
1289 0000087c >cd0000 ISR w2B
1290 0000087f 20bd BRA LOOP26 NEXT ROW
1291
1292 00000881 >b600 NXTCH  LDA LIFO
1293 00000883 >cd0000 ISR R2B GET 2 BYTES
1294 00000886 >b601 LDA IOBUF+1
1295 00000888 >b708 STA LIFO+8
1296 0000088a >b600 LDA IOBUF
1297 0000088c >b707 STA LIFO+7
1298 0000088e >3c01 INC LIFO+1
1299 00000830 >b601 LDA LIFO+1
2330 00000892 >b700 STA R10
2301 00000894 >cd0000 JSR R2BN9 GET THIRD BYTE
544
2303 00000897 >b600 LDA I0BUF
1334 00000899 >b706 STA LIFO+6
1305 00CCC89b >b607 LDA LIFO+7
1306 0000089d adlc AND #$7¢C
1307 LSRA
308 LSRA
39 STA LIFO+2 SAVE MODE
< JSR EXAD
LDA LIFO+5
cMp 440 ROW 24 2
BEQ RW24
BLO NOTROW
suB #40 SUBTRACT 40 FOR ROW
BRA SKIP
RW24  LDA +24
SKIP STA LIFO+4
s BRA LOOP62
1323 0CCCC8D8 >D604 NOTROW LDA LIFO+4
1324 00CUCBDa >b700 STA R9
1325 500CC8bc >b600 LDA ACC
1326 000C08be >b70C STA RS
1327 5500280 >b60S LDA LIFO+5
1328 2005082 >b700 STA R10
1329
1337 500008c4 090241 BRCLR  4,LIFO+2,NOTD  DIACRITICAL ?
1331 550308¢7 >b6C2 LDA LIFO+
1332 55050869 aii cMp #510 NULL 2
333 £52508ch 2775 BEQ NULD YES, JUST SEND IT (BIT7=1)
1335 500008sd S CLRX
1336 $50l8ce >106 BCLR  7,LIFO+6
1337 £05008a% >d60000 TRNCH  LDA CTAB, X
1338 55000843 >bl06 cmp LIFO+6
1339 500008dS  27%a BEQ CHFND
1345 05050847 9f TXA
1341 000008d8  abl? ADD 7
1342 Cos008da 97 TAX
1343 00520840 aiSo cMp 91
1344 000008de 23f% BLS TRNCH
1345 207008df 2063 BRA CHNF
1346
1347 500%C8el >b602 CHFND LDA LIFO+2
1348 000008e3  a4df AND #SO0F
1349 000008e5 >0703 STA LIFO+3
1350 000008e7 275b BEQ CHNF NULL DIA.
1351 000008e9 ald4 cMP 44
1352 000008eb 2312 BLS GTT
1353 000008ed al08 CMP "
1354 000008ef 2604 BNE NOTCF
1355 000008f1 a003 suB 3
1356 000008£3 2008 BRA voc
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1358 000008f5 alOb NOTCF CMP 411

1359 000008£7 2702 BEQ CEDI
1360 0000089 2049 BRA CHNF ILLEGAL MODE

1361 000008fb a005 CEDI suB s

1362 000008fd >b703 voc STA LIFO+3

1363 000008ff Of GTT TXA

1364 00000900 >bb03 ADD LIFO+3

1365 00000902 97 TAX

1366 00000903 >d60000 LDA CTAB, X

1367 00000906 203e BRA GOTCH

1368

1369 00000908 >b602 NOTD  LDA LIFO+2

1370 0000090a alOf cMp #SOF

1371 0000090c 271c BEQ G2BIT

1372 0000090e al02 cMp 4502

1373 00000910 263e BNE END26

1374

1375 00000912 >1£06 G3BIT BCLR  7,LIFO+6

1376 00000914 5S¢ CLRX

1377 00000915 >d60000 ™32 LDA G3TAB, X

1378 00000918 2603 BNE STRM

1379 00000912 >cc0000 Imp LOOP 62

1380 0000091d >bl06 STRM  CMP LIFO+6

1381 0000091f 2704 BEQ G32F

1382 00000921 Sc INCX

1383 00000922 5c INCX

1384 00000923 20£0 BRA ™32

1385 00000925 >d60001 G32F  LDA G3TAB+1,X

1386 00000928 201c BRA GOTCH

1387

1388 0000092a >1£06 G2BIT BCLR  7,LIFO+6

1389 0000092c Sf CLRX

1390 0000092d >d60000 TN23 LDA G2TAB, X

1391 00000930 2603 BNE STMR

1392 00000932 >cc0000 JMP LOOP 62

1393 00000935 >b106 STMR  CMP LIFO+6

1394 00000937 2704 BEQ G23F

1395 00000939 Sc INCX

1396 00000932 Sc INCX

1397 0000093b  20£0 BRA TN23

1398 0000093d >d60001 G23F LDA G2TAB+1,X

1399 00000940 2004 BRA GOTCH

1400

1401 00000942 >1e06 NULD  BSET  7,LIFO+6

1402 00000944 >b606 CHNF  LDA LIFO+6

1403 00000946 >b700 GOTCH  STA R11

1404

1405 00000948 a605 LDA s

1406 00000942 >cd0000 ISR TXT32

1407 0000094d >cc0000 IMp LOOP 62

1408

1409 00000950 81 END26  RTS

1410

1411 A A AR AR AR R AA AR AR AR R AN
1412 . .
1413 . Packet 26 character look-up table. .
1414 . .
1415 A AN AR AR A AR RN R A AR AR EAA AR AR AR AR AR IR AR AR
1416

1417 00000951 202021e02383 G2TAB  FCB $20, 520, $21, SEO, $23, $83

1418 00000957 248426932740 FCB 524,584, 526,593,527, $40

1419 0000095d 289429a72aa2 FcB 528,594,529, SA7, $2A, SA2

1420 00000963 2cbc2dSe2ebe FCB $2¢, $BC, $2D, SSE, $2E, SBE

1421 00000969 2£7630ch37c? FCB S2F, $76, 530, SCB, $37, $C7

1422 0000096f 388a39a73aa2 FCB $38, S8A, $39, SA7, $3A, SA2

1423 00000975 3c823d8c3e89 FCB $3C, $82, $3D, $8C, S3E, $89

1424 0000097b 3fel61£963e5 FCB S$3F, SE1, $61, SF9, $63, SES

1425 00000981 69fdébe66cte FCB $69, SFD, $6B, SE6, $6C, SFE

1426 00000987 71f879fcTcff FCB $71,SF8,$79, SEC, $7C, SFF

1427 0000098d 7£7£00 FCB STF, $7F, $00

1428

1429 00000990 51815b8dSc8b G3TAB  FCB $51,581,$58, $8D, $5C, $8B

1430 00000996 5d8e5£2000 FCB $5D, SBE, $5F, $20, $00

1431

1432 0000099b 6leaebd2c59261 CTAB  FCB $61, SEA, SEB, $D2, SC5, $92, 561

1433 00000922 41£1£041d59b4l FCB $41, SF1, SF0, $41,$D5, $9B, $41

1434 000009a9 65e9ecdc65db6S FCB $65, SE9, SEC, $DC, $65, SDB, $65

1435 000009b0 45£29045454545 FCB $45,SF2,590, 545,545, 545, 545

1436 000009b7 6969edde69d469 FCB 569,569, SED, SDE, $69, $D4, $69

1437 000009be 4949£34949£449 FCB $49,549, SF3, 549,549, SF4, $49 z
1438 000009c5 6fcBeed8c6986f FCB S6F, $C8, SEE, $D8, SC6, $98, S6F c
1439 000009cc 4ff6£5d8d69c4f FCB S4F, SF6, SFS, SD8, SD6, $9C, S4F c
1440 000009d3  75clefd975e275 FCB $75,$C1, SEF, $D9, $75, SE2, S75 z
1441 000009da 5555£755559e55 FCB $55, 855, SF7,$55,555, $9E, $55

1442 000009el 6ebe6ebeeBbebe FCB S6E, S6E, S6E, S6E, SE8, S6E, S6E

1443 000009e8 4edededeeldede FCB S4E, S4E, S4E, S4E, SE7, S4E, S4E

1444 000009ef 6363636363633 FCB $63,563,563,563,563, 563, SE3

1445 000009f6 434343434343d7 FCB $43,$43,543,543,543,543, 527 <
1446

1447 000009£d >3£05 EXAD  CLR LIFO+5

1448 000009ff >030702 BRCLR 1, LIFO+7,N032

1449 00000202 >1a05 BSET  5,LIFO+S

1450 00000a04 >010702 NO32 BRCLR 0, LIFO+7,NO16

1451 00000a07 >1805 BSET  4,LIFO+S

1452 00000209 >0d0802 NO16  BRCLR  6,LIFO+8,NO8

1453 00000a0c >1605 BSET  3,LIFO+5

1454 00000a0e >0b0802 NO8 BRCLR  5,LIFO+8,NO&

1455 00000all >1405 BSET  2,LIFO+S

1456 00000al13 >090802 NO4 BRCLR  4,LIFO+8,NO2

1457 00000al6 >1205 BSET  1,LIFO+S

1458 00000218 >050802 NO2 BRCLR 2, LIFO+8,NOl

1459 00000alb >1005 BSET  0,LIFO+S

1460 00000ald 81 NO1 RTS
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1462 A AR R AR S AN AR AR R AR R AR R AR AR R AR AR R AR RAR AR AR AR R AR RAA RS

1463 . *
1464 . Fetch initial page from 8/30 format 1. *
1465 . .
1466 AR AR R R AR AN AR R RN AR A RAAR KA AR AR RN AR AR RAR
1467
1468 00000ale >1b00 GIP BCLR 5,STAT CLEAR TIME HOLD
1469 00000a20 >1d00 BCLR 6, STAT CLEAR SUB-PAGE MODE
1470 00000a22 >1d00 BCLR 6,STAT2 CLEAR NO TXT FLAG
1471 00000a24 >3£00 CLR PDP
1472 00000a26 a602 LDA 2
1473 00000a28 >cd0000 JSR SPM TXT1 1 BYTE ONLY
1474 00000a2b a604 LDA 4
1475 00000a2d >b700 STA R8 CHAPTER 4 (GHOST)
1476 00000a2f a660 LDA 496 96 TRYS
1477 00000a31 >b700 STA w3
1478 00000a33 >3a00 TRYAG DEC W3
1479 00000a35 2735 BEQ IPNF AGAIN ?
1480 00000a37 a601 LDA +
1481 00000a39 >cd0000 JSR TPAU2
1482 00000a3c >3f00 CLR R10
1483 00000a3e a6l7 LDA #23
1484 00000240 >cd0000 JSR R2B
1485 00000a43 >b601 LDA IOBUF+1 8/30 FORMAT 1 FOR INITIAL PAGE
1486 00000a45 26ec BNE TRYAG
1487 00000a47 a60l LDA 41 COLUMN 1
1488 00000249 >b700 STA R10
1489 00000a4b a630 LDA 4530 RESET PAGE HUNDREDS
1490 0000%a4d >b700 STA PH
1491 00000a4f a617 LDA 423 LINE 23 (PACKET 8/30)
1492 000C0a51 >cd0000 JSR R2BJ2
1493 000C0a54 >b600 GETIND LDA PH INITIALISE INDEX (BLACK)
1494 0C000a56 >b700 STA PAGI
1495 0000Cas58 >b700 STA PAGE
1496 0000CaSa >b600 LDA PT
1497 000C0asSc >b701 STA PAGI+1
1498 000CCaSe >b600 LDA PU
1499 C0CCCa6C >b702 STA PAGI+2
P 0CC0Ca62 LDA ACC
STA WACC
JSR UP
JIMP GLP2
IPNF LDA IOBUF+1
CMP 4510
BLO P8300K
BSET 6, STAT2
P8300K LDA 531 REQUEST
STA PH PAGE 100
DECA IN CASE
STA PT INITIAL PAGE
STA PU NOT FOUND
BRA GETIND
A R AR AR KRR R AR AR AR RRRRARRERRRA KRR RRAR
. .
. Row 24 transient. *
. .

A AR A RN AR AR AR A AR AR AR R AR AR KRR AR KRR AR AR AR AR R

R24T LDA 4
STA R8 CHAPTER 4
LSLA
STA R10 BOX ON AT 8 & 9
LDA #50B
STA R11
STA PH
LDA 424 ROW 24
STA R9
LDA #6
M JSR TXT32 WRITE BOX ON
< LDA #31 BOX OFF AT 31 & 32
< STA R10
ssce LDA #S0A
ciLtt STA R11
0ot STA PH
ool LDA 46
st JSR TXT32 WRITE BOX OFF
PR LDA #20
oLt STA W3 START READING & COLUMN 20
i EA STA R10
“lll%a LDA #23 ROW 23 - PACKET 8/30
tillza JSR R2B
Zt%%ca LDA IOBUF+1
505 %ast AND #$TF
Siitlaz STA R11
ti%%taz LDA IOBUF
Sooitlaz AND #STF
tilllaz STA PH
55%%%aD: LDA w3
%05%%an SUB 10 START WRITING AT COLUMN 10
“%i%%ae STA R10
5%5%%ac LDA 424 WRITE TO ROW 24
So%%%ac JSR W2B
5%%%%ac) INC w3
50%%%ac INC w3
$C0%%ac LDA w3
S0C0%Saz CMP 439 ALL DONE ?
1559 0CC%%ac 23d8 BLS EA
1560 0035%%ad 8l NOTR RTS
1562
1562 00000adl >cdGG00 START2 JSR TXTOF
1563 CC0CCads 2614 LDA 420
1564 CCOC0adé >cd00C2 SDLY JSR TPAU2
1565 00000ad9 aé0c NIICD LDA 4s0C
1566 000C0adb >b700 STA R8
1567 00000add >cd00090 JSR TXT3 CLEAR CHAPTER 4
1568 00000ae0 a606 LDA 46
1569 00000ae2 >cd000C JSR TPAU2
157C 00000QaeS >cd00QGC INITXT JSR GIP GET PAGE No. FROM 8/30
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00000aed
00000aee
00000afl
00000af3
00000ats
00000afs
00000afa
00000afc
00000afe
00000600
00000002
00000004
00000b06
00000b09
00000b0b
00000b0d
00000bOf

00000b10
00000b21
00000b29
00000b31

>0c0022
>1a00

L14
>cd0000
>1700

3031323334353637
0b0bS53544 500402
1502495e6473302¢
doc78cSbalbéfdea

.
Set up Row 24 transient. :
seesene

Symhol cross-reference

27

*27

29

27

216 220
614  *623

*93 146
491 502 *

27 sS4
343 3so
1153 1162

.27 662
345 353

.27

.27

27

27

593  *599
968 *971
1003 1006
22 022
22 026

27

27

27 165

.27 168

27 (3]

27 79

27 280

27 242
234 23

27

*27

27

*27

27

27

27

27

27

27

27

.27

27

27

27

27

1359 +1361
46  *613
1240 *1244
27

348 *559

*560 568
1339 *1347
1345 1350
21 *676
978  *980
121 *129

27

1009
1007
989

276
213
1090
1092
1094
(1}]

1360

204

SR24T BRSET 6, STAT2, NOTXTX
BSET 5,STAT “TINE HOLD"
CLRA
ISR ur ACC 0
BCLR 3, r3 sTOP 1T
LDA ” 3 BYTES
ISR L]
LDA "
STA R4
LDA ”
STA ns
STA Rré
LDA (111 PUT 24 AT TOP {344 FOR CURSOR)
STA Ly
JSR TXT2
LDA (13
STA ™R
NOTXTX BSET 4, STAT
RTS
. h N .
. Tables for HEX-ASCII converaion, “STOP® .
. and Hamming decode. .
. .
csoes
NUM FCC ~0123456789ABRCDEF 2"
LHOLD  FCB 30'.30..35).350.80!‘.350 SOA, SOA
HAM FCB 15,302, $49, $5E, $64, 573, 338, S2F
HANS FCB SM.“-"' 3.‘.‘. $98, SAL, $B6, $FD, SIA
END
229 261 263 267
179 101 208 217 23 231 245 288 309
se4 599 €76 e (12 (1] £ 213 929 945
1196 1287 1274 1325 1500
1004 1087
483 503 239 1006 1179
475 477 480 500 42 1008 1102
1221 1224
1216 1219
1239 124
1096 1204 1207
*1402
214

55

316
981

317
1053

3le
1101

326
1125



LIND
LINK
LLOOP
LLOP

LOOP26
LOOP 62
LOOPS
LPT
LPT2
LVL
LVR

Symbol cross-reference

27
*27

*369

*945
1366
*261

*954
*858
*1048

266
*217
*223
*264
*256
*179

211
*1570

371

1215
*1504

320
*1432

*1409

*761
*543
739
*730
*752
990

*1417

*1429

*1468
667

669
1399

723

*269

281
319

374
1220

1290
1379

213

1570
672

674
*1403

379
*618

384
1236

1392
218

763

1503

747

424

390
1269

*1608

1407

*224

156

618

395
1294

931

403

1296

1262
1309
1388
1459

342

785

774

1141

406
1303

1263
1311
1393

56

*787

*1609

1172

571
1485

1267
1320
1401

573
1504

1270
1323
1402

595

1544

1272
1327
1447

597

1547

1277
1330
1448

683

1278
1331
1449

1203

1292
1347
1452



MATRIX
Ix 19
MRE *584
NEXTC 327
NIICD *1565
NOl 1458
NOl6 1450
NO2 1456
NO32 1448
NO4 1454
NO8 1452
NOBX 148
NOCH 114
NOHOLD 240
NOMIX 800
NOTCF 1354
NOTD 1330
NOTFND 324
NOTHLD 239
NOTOK 368
NOTOK2 212
NOTOK3 202
NOTR *1560
NOTROW 1314
NOTT 46
NOTTH 22
NOTXTX 1578
NOv9 432
NOVOA *441
NPAGE 18
NPK27 684
NTSAC 232
NULD 1333
NUM 787
NXTCH 1284
OKO 384
OK1 390
OK2 395
OKROW 1265
OLDIR *27
ON1 716
0sDL *27
OSDLE *24
ouT 964
OUTSP 236
P8300K 1506
PAGO *27
481
1180
PAGL *27
PAG2 *27
PAG3 *27
PAGC *27
PAGE *27
436
1062
1495
PAGI *27
PANIC 38
PDP *27
1471
PH *27
448
1490
PLLHI *27
PLLL *626
PLLOW *27
PPAGE 18
PROG *27
PSHL *517
PT %27
PT1 391
PU *27
1181
PUL 396
PULL 346
PUSH 328
PWR *217
R1 *27
R10 *27
686
1285
R11 *27
1287
R2 *27
R24T 22
R2B 21
R2BJ1 *383
R2BJ2 *402
R2BN9 570
R3 *27
R4 *27
RS *27
R6 *27
R7 *27
R8 *27
1154
R9 *27
1324
RAD1 *27
RAD2 *27
RAD3 *27
RAD4 *27
RADS *27
RAD6 *27
RAD7 *217
RADS *27
RADIO 383

*800
603
*329

*1460
*1452
*1458
*1450
*1456
*1454

805

116

859
*812
*1358
*1369
*328
*241
*424
*446
*423

484

92
437
1064

389

987
*118
*915

*50
61

*442

*389
*395
*400
*719
63
970
*1161

82
486

119
441
1066
1497
79
127
150

1509

272
1512

*568

Symbol cross-reference
7

*1001

*411
454

972

534

125
442
1074
1499
81
129
278

1527

286

588

280

807
809
962
311
1259
497

1073

*975

162
537

126
449
1076

145

282
592

1536

378

814
365
948
1488
591
1546

*650

413

816
818
963
496
1276
€07

164
540

137
452
1085

86
198
381

1549

499
1001
1524
596

682

488

995
996
965
51

1326
641

167
619

139
457
1087

89
208

385
627

429

568
1004
1533
605

872
1011
1588
1589
967
58
1475
650

57

271
621

141
458
1089

91
238

386
902

434

569
1007
1541
615

936
1586

968
600
1522
843

274
932

149
459
1091

*94

270

388
934

538

451

1202

1100

969
678
1566
864

277
937

161
620
1093

858

391
1010

456

609
1157

1214

1124

971
847

871

283
940

163
622
1095

1026

392
1063

644
1185

1234

1176

973
862

285
1142

166
1039
1098

1050

394
1077

1065

645
1200

1009

1268

1582

974
869

287
1144

169
1047
1123

1052

396
1107

1151

646
1212

1061

1293

992
917

1013

380
1146

427
1048
1143

1070

397
1111

1178

666
1232

1075

1484

1591
946

1056

425
1173

430
1049
1145

1140

399
1150

1496

1067

671
1261

1149

1543

1012
1155

447
1177

435

1147

426
1174



SEND22

SETIT

TXTOF
TXTOFF
TXTON
UCHOLD
uoc

up
UPDATE

Symbol

24

*661
17
199
411

*198
*208

923
*934
*965
*962

*583

1161
*1318

*1129

830
1384

510
*1123
*1238

786

299

810
875

1344

*929

*1168

*779

513

*77¢

1036
415

*529
729

39
247
1137

45
209
58

887
707
749
837
655

257
*737

1481

1139
*821

819

*728

*877
248
1068
850
512

*62

*185

cross-reference
663

*1119
*605

*1038

824

1138
216

1594

1564

1069

*823

943

*834
1109
1015
925

290

926

874

297
1164
800
220

1227

710
752
1209
1117

1569

1159
927

1103

975

*1113
*1114
*1107

1108

*884

1228

715
1235

1166

1165

993

1158
1406
1188

863

1128

1229

716
758
1237

997
1567
1531

870

1473

780

60
827
1469
1198
263

1230

717
1238

1592
1538

930

58

1584

*790

368

719
761

1102

860
1595
1218
593

724
766

1126

67
865

1223
679

725
767

1163

68
877

1241
691

726
768

1502

103
915

1470

728
770

1581

110
978

1507

733
775

175
980

1578

734
776

233
984

735
777



Symbol cross-reference

V5 *648

Wl *27 654 700 703 791 835 884 1114

w2 *27 111 373 377 1024

wW2B 602 *641 1289 1554

W3 *27 224 226 230 243 314 321 329 331 890 894 1477 1478 1540 1550 1555
1556 1557

WACC *27 337 347 494 529 530 532 543 544 548 558 560 1501

WROW *27

YELLOW 17 *220

YIP *183

2E1 707 709 *710
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AN460
An RDS Decoder using the MC68HCO5EQ

Peter Topping,
MCU Applications Group,
Motorola Ltd., East Kilbride

INTRODUCTION

The Radio Data System (RDS) adds a digital data capability to the FM VHF transmissions on band Il (87.5
to 108 MHz). This capability is in use in the UK and several other European countries, the intention being
that most of western Europe will eventually adopt it. The specification is defined in EBU Technical
Document 3244 (see reference 1).

To transmit the data, a sub carrier is added at 57 KHz. This sub carrier is amplitude modulated with a shaped
bi-phase coded signal. The sub carrier itself is suppressed to avoid data modulated cross-talk in phase-
locked loop stereo decoders and to maintain compatibility with the German ARI system which uses the
same sub carrier frequency. Information is sent in groups of four 26-bit blocks. Each group of 104 bits is
one of several types containing different information. It is up to the broadcaster which features are
transmitted. The only constraints are that the specified format must be adhered to and that PI, PTY and TP
should always be included. Each group contains a different sub-set of the RDS features; table1 lists all
currently defined RDS features.

Table 1. RDS features

Feature Information

PI Program identification
PTY Program type

PS Program service name
RT Radiotext

CT Clock time and date

AF Alternative frequencies
TA Traffic announcement
TP Traffic program

MS Music/speech switch

DI Decoder identification
PIN Programme item number
EON Enhanced other networks
TDC Transparent data channel
INH In-house data

The retrieval of data is carried out by a demodulator circuit which generates clock and data signals that can
be used by a microprocessor. Suitable demodulators which can perform this function include SAA7579T,
TDA7330, LA2231 and RDS hybrids. The block diagram of a typical application is shown in figure 1. The
microprocessor, in this case an MC68HCO5EOQ, decodes the RDS data using the clock and data signals from
one of these demodulators and sends selected data to dot-matrix display modules.
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Display(s)
Data
MPX 5
FM tuner RDS demodulator | clock Micro.
<
Keyboard &
Audio amp. control switches

Figure 1. Typical application

This application incorporates an alarm clock which, if permanently powered, can be used to switch on the
radio supplying the RDS data, at the required alarm time. There is a second alarm output intended to sound
an alarm. This output is cancelled when any key is pressed, leaving the control output active. The control
output could be used to switch the power supply of the radio or the audio stage. If an audio mute is used,
RDS information can be updated even when the radio is “off”. Alternatively the decoder can be used simply
to display RDS data with its power being supplied from the radio and manually switched on and off.

RDS FEATURES

This application supports PI, PTY, PS, RT, CT, TP, TA, MS, DI, PIN and EON (see table 1). These features
facilitate permanent display of the 8-digit station name (PS) and time (CT) and, on request, can display
program type (PTY), radiotext data (RT) and the status of the other RDS features. EON data can be
displayed, but the retuning features associated with AF and EON are not supported as there is no capability
to control the tuned frequency. In a car radio EON data would be used to switch the radio to a station which
is broadcasting local traffic information and AF data to tune the radio to the strongest signal carrying the
selected service.

Pl is a two byte number which identifies the country, coverage area and service. It can be used by the
control microprocessor but is not normally intended for display. A change in Pl code causes the initialisation
of all RDS data as it indicates that the radio has been retuned. This application also facilitates the display of
the current Pl code.

PTY is a 5-bit number which indicates the current program type. At present 16 of these types are defined.
Examples include “no programme type”, “Current affairs” and “Pop music”, although the actual syntax
which is displayed is determined by the software of the controlling microprocessor. In this example PTY
can be displayed on request. Table 2 shows the display used for each PTY code.

PS is the eight character name of the station and is permanently displayed (except in the standby mode).
RT is radiotext and constitutes a string of up to 64 characters which give additional information regarding

the service or programme currently being transmitted. In this application, RT is displayed on request on the
16-digit dot-matrix displays using scrolling.
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Table 2. PTY Types

PTY Display
0 No program type
1 News
2 Current affairs
3 Information
4 Sport
5 Education
6 Drama
7 Culture
8 Science
9 Varied
10 Pop music
11 Rock music
12 Easy listening
13 Light classics
14 Serious classics
15 Other music
16-31 No program type

The data often contains extra spaces to centre the text on a 2x32 character display. As this is not suitable
for a 16-character scrolling display the software reduces all sequences of two or more spaces to a single
space.

CT data is transmitted every minute on the minute and provides a very accurate clock, traceable to national
standards. The (Modified Julian) date and local time variation are also transmitted. Time is permanently
displayed. In standby mode (see below) the date is displayed instead of the PS name. The MJD number,
which is the form in which the date is received, can also be displayed. The microprocessor converts this
number into day-of-week, day-of-month, month and year.

AF would be used by a car radio to retune to the strongest signal carrying the selected service. AF data,
along with TDC and INH, is not used in this application.

TA and TP are flags. TP is set if the transmitter normally carries traffic information and TA is set if a traffic
announcement is in progress. The combination, TA=1 and TP=0, is used to indicate that EON data is being
used to supply information on other networks including traffic announcements. The status of these flags
can be displayed and the combination, TA=TP=1, is brought out to a pin and can be used to control a LED
or external hardware. An example of this could be to demute the radio or switch from cassette when a
traffic announcement is taking place.

MS is a single bit indicating either music or speech and is intended to be used to make a tone or volume
adjustment to a radio’s audio stage. The MS bit is displayed on request.

Decoder information (D) constitutes four bits indicating the type of transmission (mono, stereo, binaural,
etc.). Itis not currently in use in the UK but can be displayed as a number between 0 and 15.

Programme item number or PIN is used to identify the programme currently being broadcast. The format
is a 2-byte number which includes the scheduled time and date (day-of-month) of the start of the
programme. It can be displayed as four hexadecimal digits or fully decoded to day-of-month and time.
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EON (Enhanced Other Networks) replaces the older ON format. If type 14 groups are used to provide EON
data then type 3 groups (ON) will not be used (table 6 shows the currently defined group types). Type 14A
groups are used to send information about other networks. The PS name and principal frequency of up to
11 other networks can be displayed. Type 14B groups are intended to be used to switch to traffic
announcements in a radio in which the microprocessor can control the tuned frequency.

DECODING

Each 26-bit block contains 16 bits of data and 10 extra bits which are used for synchronisation and error
detection. There are no gaps between blocks or groups, the synchronisation being done by looking for
specific checkwords in the incoming data. In order to look for a checkword a stream of 26 consecutive data
bits has to be multiplied by the fixed 10x26 matrix shown in figure 2.

The result of this multiplication is a 10-bit word which is compared with allowed values. There are 5 of these
10-bit “syndromes”, one for each of the blocks 1, 2 and 4 and two for block 3 (see table 3). The alternative
syndrome for block 3 is used in the B version of a group. In this version the Pl code is sent in block 3,
replacing what would be sent in the A version of the same group type. This is done to increase the
frequency of sending the PI code so that it can be acquired more quickly.

10 0000 0000 ($02,%00)
01 0000 0000 ($01,%00)
00 1000 0000 ($00,%80)
00 0100 0000 ($00,%40)
00 0010 0000 ($00,%20)
00 0001 0000 ($00,%10)
00 0000 1000 ($00,%08)
00 0000 0100 ($00,%04)
00 0000 0010 ($00,%02)
00 0000 0001 (%00,%01)
10 1101 1100 ($02,%DC)
01 0110 1110 (401, $6E)
00 1011 0111 (%00, %B7)
10 1000 0111 ($02,%87)
11 1001 1111 ($03,$9F)
11 0001 0011 ($03,%13)
11 0101 0101 ($03,5%55)
11 0111 0110 ($03,%76)
01 1011 1011 ($01,$BB)
10 0000 0001 ($02,%01)
11 1101 1100 ($03,3DC)
01 1110 1110 ($01,S$EE)
00 1111 0111 ($00,%F7)
10 1010 0111 ($02,%Aa7)
11 1000 1111 ($03,$8F)
11 0001 1011 (4$03,%1B)

Figure 2. 10x26 decoding matrix
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Table 3. Syndromes

Block Syndrome Binary Hex
1 A 11 1101 1000 $03,$D8
2 B 11 1101 0100 $03,8D4
3 C 10 0101 1100 502, $5C
c 11 1100 1100 503, $CC
4 D 01 0101 1000 501,458

This syndrome test has to take place after each bit is received. The test inspects the last 26 bits received,
until a valid syndrome is found. In this application, only syndrome A is accepted during the bit-by-bit
syndrome check and the data is used only after four valid syndromes have been acquired. A more complex
algorithm could allow all syndromes to be accepted during initial synchronisation and require less than four
valid syndromes before the data is used. This can reduce the time taken to acquire the Pl code, which is
also included in block 3 of type B groups, but increases the likelihood that random data, giving a valid
syndrome, will be used in error. The bit rate is 1187.5 Hz so the control microprocessor has a lot to do
during this initial synchronisation. Once the first valid syndrome has been found, subsequent syndrcme
checks need be done only after the next 26 bits have been received, as this is when the next valid
syndrome would be expected. If it is not found, then the bit-by-bit synchronisation check is re-started. Once
consecutive A, B, C (or C') and D syndromes have been detected, a complete group has been acquired and -
the data can be used.

Four bits in block 2 determine the group type. Block 2 also contains TP and PTY data. The use of the other
bits in blocks 2, 3 and 4 depends upon the group type while block 1 always contains the Pl code. Table 7
shows the structures of the group types which are handled in this application.

CIRCUIT

Figure 3 shows the circuit diagram. As different demodulator devices can be used, the circuitry for the
demodulator is not shown. The clock from the demodulator interrupts the microprocessor on each positive
edge. At this time a data bit is available and is read on bit 2 of port B. Both an LCD and a VFD module are
shown but normally only one will be used. If the LCD module is not connected, a pull-down resistor should
be connected to bit 7 of port C, as the microprocessor uses this bit to check that the controller in the
module is ready to receive a command. If this bit is left open circuit, it may cause the software to hang up.
Alternatively the LCD drive software could be removed, allowing the use of port C for other purposes.

With more 1/O available, additions to the software would allow access to the other control bits intended for
controlling external hardware. These include the MS bit, DI data (4 bits) and PIN (match with current time
and date). They could be brought out to port pins in a manner similar to that used for the TA=TP=1 signal.
The unused port A and D pins could also be used for this purpose but in this application they were used
during debug by the EOBUG monitor (reference 2). The application could make use of the port A and D pins,
if debugging was done on a development system which did not have this limitation.
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SOFTWARE

The complete software is listed. The reset routine (START) sets up the I/O ports including the enabling of
some of the special functions available on port D. These signals (A15, A14, R/W and the P02 clock) were
used during debug. The pins are not used in the final application. This also applies to all the port A pins which
are configured as outputs. External interrupts are enabled on positive edges so that the RDS clock can
interrupt the microprocessor when each data bit is available. Timer B runs as a real-time clock with interrupts
every 125 ms. Correct operation of this clock in the absence of an RDS signal requires that a 4.194 MHz
crystal be used (the trimmer on pin 6 should be adjusted for accurate timekeeping). Timer A's pre-scaler is
set up to divide by 64; this causes the idle loop to cycle at 64Hz. The reset routine also initialises the LCD
module (the display shows Mon 0 inv 00:00 until a valid group 4A is received), clears the RAM and calls a
subroutine (INITD) to initialise the RAM locations used for displaying data.

Lines 114-118 and 193-208 are commented out as they are only relevant when de-bugging using the
EOBUG monitor (reference 2).

The idle loop (IDLE) regularly checks the local keyboard for a keypress, compares the current time with the
alarm time and performs other time-dependent functions related to the display modules and the sleep timer.

The keyboard software (KBD) scans the 4-key matrix for a keypress every 16ms. If the same key is held
pressed for 3 successive scans, it acts on this key function by calling the relevant subroutine (ALARM, *
ONOFF, SLEEP or RDS). This software also controls the repeat rate of the SLEEP and RDS keys. This rate
is set at 6Hz (after an initial 750ms delay) when the keys are used to change the alarm time and 1Hz for
their normal function. The other keys do not repeat if held down. Table 4 shows the functions available in
each mode.

Table 4. Key functions

KEY
MODE
On/Off Sleep Alarm RDS
Standby (Off) mode normal (On) —
de al
mode alarm T
Normal (On) P;Y
TATP
de stndby (Off
mode stndby (Off) mode sleep (On) PIN()
Alarm OFF mode alarm ON PIN(d)
MJD
MS/DI
EON 1
Alarm ON mode alarm set-up
mode alarm OFF EON 11
Alarm SET UP toggle hr/min dec. hr/min inc. hr/min
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The On/Off key uses the subroutine ONOFF to toggle between ON and standby. A port pin (3,PORTE) can
be used to control the power to the VHF radio and/or other external hardware. In standby mode, with the
alarm disabled, the time and date are displayed. If the alarm is enabled, the alarm time is displayed. In the
ON mode the time is displayed along with the current RDS PS-name. Table 5 shows these display formats.

Table 5. Display formats

Display mode Format
Standby Alarm off Thu 30 Apr 18:05
(Off) Alarm off, no CT Mon O inv 0:00
Alarm on 0659 ALARM 18:05
Normal With RDS PS name BBC R4 18:05
(On) Without RDS |  ——---m-- 18:05
Alarm Alarm off Alarm - OFF
Alarm on Alarm - 6:59
Sleep Sleep 60 min.
RDS RT BBC Radio 4 ....
PTY News
PI PI code - C204
TA&TP TP -0 TA -1
PIN(hex) PIN no. - F480
PIN(decod) 30th at 18:00

MJD MJ day - 48742
MS & DI M/S M DI 15
EON 1 BBC R3  92.10
2 BBC R.Sc 103.60
3 BBC Nwcl 96.00
4 BBC Scot 94.30
5 BBC Mtme 92.50
6 BBC Twed 93.50
7 BBC RS 909kHz
8 BBC Eng. 100.00
9 BBC R1
0 BBC R2
1

99.50

1 89.90
1

The Alarm key calls the subroutine ALARM which displays the current alarm status. A second press
changes the alarm armed status. When the alarm is armed, the alarm time is displayed. In this mode the
On/Off key can be used to select either hours or minutes (indicated by flashing) and the Sleep and RDS
keys used to increment and decrement the settings. If the alarm has triggered then the first press of any
key cancels it. The alarm display has one of the two alarm formats shown in table 5 according to whether
or not the alarm is armed. As all the keys have a special function in the alarm mode the only way to exit
this mode is to wait for a timeout. If no keys are pressed for 5 seconds, the mode returns to normal.

The Sleep key controls the sleep timer. If the decoder is in the standby mode the first press of Sleep
switches it on and initialises the sleep time to 60 minutes. When the sleep timer is running, this is indicated
by a flashing decimal point in the right-most character of the display modules. Subsequent presses of the
Sleep key decrement the time remaining by 5 minutes. When the sleep time has elapsed, the decoder
returns to standby. In the alarm set-up mode this key decrements the alarm time.
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The RDS key uses subroutine RDS to step through the various RDS data which can be displayed. Holding
down this key steps through the displays at 1Hz. The displays are RT (scrolling), PTY, PI, TA/TP, PIN (hex),
PIN (decoded), MJD, MS/DI and EON (11 networks) as shown in table 5. In the alarm set-up mode this key
increments the alarm time.

The timer interrupt routine (TINTB) updates the RT scrolling pointers (DISP1 and DISP2). These pointers are
incremented regularly whether or not an RT display is active. In this way, the software can be easily
converted to using a 2-line LCD module in which the top line is the normal display of PS-name and time and
the lower line a permanent display of scrolling RT. The timer interrupt also decrements the sleep timer and
updates the RAM locations used to store hours, minutes, seconds and eighth-seconds. All RDS data
(except date and time) is cleared by this routine if no valid RDS data is detected for a period of 10 seconds.

SYNDROME AND CONFIDENCE

Hardware interrupts are vectored to jump to SDATA where serial data is received from the RDS
demodulator. The clock edge causes an interrupt and the first instruction reads the data into the carry bit
of the condition code register. The bit is shifted into a 4-byte RAM register and the matrix multiplication
performed. The state of flag 0,STAT2, determines if the multiplication is to take place after every bit or only
after all 26 bits have arrived. The multiplication is performed using two EOR instructions for every bit (two
are required as the 10-bit syndrome requires two bytes). As the top of the matrix (see figure 2) is the unity
matrix, the first 10 bits are transferred directly into the syndrome RAM locations (SYN). This, the omission
of any EOR #300 instructions, the reordering of the bits and the use of the index register for temporary
storage help to reduce the length of inline code in this routine. The routine could be shortened by using a
loop but this would incur an unacceptable penalty in execution time. Microprocessors with two
accumulators would find this task a lot simpler and quicker but an MC68HCO5EQ, at half its maximum
speed, can easily perform the calculation in the required time.

After the multiplication has been performed the resultant 10-bit number is compared with the allowed
syndromes (see table 3). The variable LEV records the current block level. It is initially zero but incremented
each time a valid syndrome is found. When it is zero only syndrome A is accepted, if this is found then
syndrome B is expected 26 bits later so when LEV is one only syndrome B is accepted. If an invalid
syndrome is found LEV is cleared, the syndrome confidence level CONF is decremented and the interrupt
ended.

When a valid syndrome is found, CONF in increased by 4 and the 16 data bits saved in the relevant bytes
of TMPGRP. If the valid syndrome is type D then a complete group has been received and all 8 bytes are
transferred to the 8 RAM locations at GROUP. This double buffer means that the data in GROUP can be
used while interrupts are overwriting TMPGRP with new data.

The confidence level CONF is used to decide what should be done if the data becomes unreliable due to a
poor RF input to the receiver. When the first valid syndrome is found it is initialised to 42. Subsequent valid
syndromes increment it by four and invalid ones decrement it by 1. If CONF falls below 41, then it is
assumed that synchronisation has been lost and a bit-by-bit re-synchronisation is carried out. If it falls below
10, the signal is deemed unacceptable and the displays are re-initialised. The confidence level is not
incremented by the detection of a valid syndrome if it is higher than 56.
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GROUPS HANDLED

If a complete group has been received the data can be processed. The buffering used would allow this to
be done outside the interrupt but in this case there is sufficient time to do it within the interrupt. The Pl
code is checked to see if it has changed. If it has changed the displays are initialised. In an application using
the AF capability of RDS, more use would be made of the Pl code.

Next PTY and TP are updated and the group type identified. Group types 0A, OB, 1A, 1B, 2A, 4A, 14A and
15B are handled. Table 6 shows the type of information contained in each group and table 7 shows the
detailed structure of the groups actually used.

Table 6. RDS Groups

Group Features
All Pl, PTY, TP
0 TA, DI, MS, PS, AF
1 PIN
2 RT
3 ON (replaced by EON)
4A CcT
5 TDC
6 INH
14 EON
15B TA, DI, MS

Group 0 & 15B

As AF data is not handled, there is no difference in the treatment of groups OA and OB. PS data is extracted
and placed in RAM according to the address bits in block 2 (see table 7). TA, DI and MS data are then read,
Dl is sent a single bit at a time and uses the same address bits as the PS name to determine which of the
four bits is being updated. Groups of type 15B also contains all this switching information. They are used
to increase the repetition rate of this data but contain no PS or AF information.

Group 1

Group types 1A and 1B contain the same data except for the repetition of the Pl code in type 1B. The PIN
data is recovered and saved in RAM. This is intended for future use to control external hardware, for
example a tape recorder. This would facilitate the unattended recording of a pre-selected program. At
present this application simply allows the display of PIN data both in its raw hexadecimal form and fully
decoded to day-of-month and time. Full use of PIN data would require continuously comparing the PIN day-
of-month and time with the current day-of-month and time enabling an 1/O pin to be switched when there
is a match.

Group 2A

RT data from blocks 3 and 4 is written to RAM according to the address included in block 2. There are
four address bits and four ASCIl encoded bytes giving the possibility of 64 characters. If the Text A/B flag
changes state, the RT area in RAM is cleared, indicating that the message has changed. Group 2B is not
handled as it is rarely, if ever, used.
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Group 4A

Two of the more complex tasks to be performed are required by the CT calculations for group 4A. These
are for the local time difference and the conversion of the MJD number into a recognisable date.

The broadcast time is Universal Coordinated Time (UTC), effectively the same as GMT. Time differences

from UTC, including summer (daylight saving) time, are sent as an offset of up to +/- 12 hours in half-hour
increments.

The software includes 4-function, 9-digit integral BCD arithmetic which is used to decode the date from the
MJD number using the formulae:

Y = int{(MJD-15078.2)/365.25]
M’ = int{(MJD-14956.1-int{Y'x365.25})/30.6001]
Day =  MJD-14956-int(Y'x365.25)-int(M'x30.6001)
If M'=14 or M'=15,

then K=1;

else K=0
Year = Y'+K
Month = M*-1-12K

Group 14A

This group contains EON data. A large amount of information can be sent using this group, and it can take
up to two minutes for all the data to arrive after the radio has been retuned. This application saves the Pl
code, PS name and principal frequency of up to 11 networks although more networks, each with many
frequencies, and other data (e.g. PTY(ON), PIN(ON), TA(ON) etc.) may be sent. Table 5 shows the format
of the EON display. All the information shown is real data from the Black Hill transmitter in central Scotland.

Displays

The software drives both a parallel LCD module (based on an HD44780 driver with or without an HD44100)
and a serial VFD module (based on an MSC7128 driver) to give a choice of display types. The displays show
the same data (within the limitations of their character ROMs).

The display routine (MOD) is executed in the idle loop if flag 3, STAT2 is set. Itis set every 125ms by timer
B interrupts. If flag 4,STAT2 is set, the display is initialised, indicating no valid RDS data. The LCD module
is then updated with new data. Each time anything is written to the module, the subroutine WAIT is used
before the write is executed; this checks that the controller in the module is not busy. This is indicated by
alow onbit 7, so bit 7 on port C should have a pull-down resistor to satisfy this condition if an LCD module
is not being used.
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Table 7.

Block 1

Block 2

Block 3

Block 4

Group 0 and
158

P
code

chck A

bit(s)

15-12:
11
10:

9-5:

. TAflag

: M/S bit

: Dl bt

. PS/Dl addiess

use

group no.
group type
TP flag
PTY code

chck B

AF

(Pl code in type OB and 15B)

chck

or

PS name

{as block 2 for 15B)

chck

Group 1

Pl
code

chck A

: 0001

: group type
. TP flag

. PTY code
: not used

chck B

not used

(Pl code in type 1B)

chck

or

PIN data

15-11: day-of-month
10-6 : hour
5-0: minute

chck

Group 2A

P
code

chck A

15-12:
. 0

. TP flag
9-5:
1 text A/B flag
3-0:

0010

PTY code

text address

chck B

RT

2 ASClI characters

chck

RT

2 ASCII characters

chck

Group 4A

Pl
code

chck A

15-12:
11
10

. PTY code

4-2

1-0:

0100
0
TP flag

not used
MJD (16-15)

chck B

CT

15-1: MJD (14-0)
0 : hour (4)

chck

cT

15-12: hour (3-0)
11-6 : minute (5-0)
5 : offset sense
4-0: offset (4-0)

chck

Group 14A

PI
code

chck A

15-12:
. 0

. TP flag

: PTY code

: TP (On) flag
: usage code

1110

chck B

EON information
code: 0-3: PS
4: AF
5-9: AF (map)
10-11: not used
12-15: not imp.

check

PI (On)

chck




The listing is shown for use with a divide by 8 multiplexing LCD module. This module will normally contain
an HD44780 and an HD44100.

If a divide by 16 module (HD44780 only) is to be used then line 1294 should be replaced by line 1293 and
line 1371 commented out to include the execution of the code on lines 1379 to 1392.

The different display formats are selected by checking the various flags and the relevant routine executed.
The normal display permanently shows PS name and time. As the locations in RAM used for hours and
minutes contain binary numbers they are converted to BCD before being written to the relevant bytes in
DISP. Once all 16 bytes in DISP have been loaded, a loop is used to send the data to the LCD module.

The VFD routine sends the same data as is shown on the LCD module to the serial VFD module. The display
driver used has a different character set from the standard ASCl set used by the LCD module. The table
VTAB is used to convert ASCII data into the required character in the VFD module. The small table INITF is
used to send the required initialisation bytes to the VFD module. This module does not require a busy check
but does require a delay between successive bytes. This is satisfied by the wait loop within the serial
output loop VFDF.

Alarm functions

The alarm time can be entered as described above. If the alarm is enabled (alarm time displayed on first -
press of the ALARM key, and permanently displayed in standby mode) then, at the alarm time, the auxiliary
control line will go high. This can be used to control external hardware, for example to switch on the VHF
radio supplying the RDS data. If the auxiliary line is already high (decoder fully on or on via the sleep timer),
then it simply stays high. The operation of the sleep timer is not affected if bit 0 of port E is high. If this
1/0 line is low at the alarm time, then the sleep timer is activated for an hour. This takes place whether the
decoder was previously on, off, or running the sleep timer, and has the effect of switching the auxiliary line
low an hour after the alarm time, regardless of its condition prior to the alarm.

At the alarm time the alarm output will also be activated (active low) as long as it is enabled by bit 1 of port
E being held low. This is intended to drive an alarm sounder. When this output is active, a press of any key
cancels it until the next alarm. This cancellation does not affect the auxiliary output.

REFERENCES

1 EBU Technical Document 3244, Specifications of the Radio Data System RDS for VHF/FM Sound
Broadcasting.

2 AN459, A Monitor for the MCB8HCO5ED.

APPENDIX (listing) follows
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eb 6c

Ob
Oc

ORG ZEOUN
SSTRST  JMP START RESET VECTOK oaun DURING DE-BUG)
IR JMp SDATA TR 0403 DURING DE-BUG)
STIMEKA  JMP START TIMEK A INTERKUPT (NUT USED, suaoe DURING DE-BUG)
TIMERE M TINTH TIMER B INTERKUPT (30409 DURING DE-BUG)
SSERINT  JMP START SERIAL INTERRUPT  (NOT USED, $040C LUKING DE-HUG)
. .
. Reget routine - setup forts. .
T T T LT T LT T T Y PP T PR PPN
STAKT  LDA a5cs ENABLE FORTD SPECIAL FUNCTIONS

STA FORTDSF P02, R/, Al4 & Al5 (0.1,6.7)

LDA 1545 ENABLE POSITIVE EIGE/LEVEL

STA ICK INTERKUPTS

LDA " TIMER B SCALER

STA T8S 125 1S Immrws (4.194 MHz XTAL)

DA 1% TIMER A PRE-SCALER: /64

STA TAP 64Hz IDLE LOOP

CLK FORTA

LOA 1EE EOBXG DISPLAY/KEYBUARD 1/0

STA FOKTAD NOT USED IN RDS APPLICATION

CLK FURTE 0. 1. SERIAL CLLCK AND DATA

LDA [12e9 2: RDS DATA IN, 3: VFD_SELECT

STA POKTED 4. 5: EYBOARD IN. 6, 7: VEYBUAKD OUT

CLK FORIC

LDA VIFF ALL QUT. LCD DATA BUS

STA FORTCD

A [ BITS 2, 3 & ¢ QUI, LCD

CLR FORID) 2: KS, 3: R/W, 4: CLLCK, 5: LED (TA=TP=1)

STA FORTDD 0. 1, 6 & 7 USED DURING DE-BUG

LDA 150C BITO: INPUT, ENABLE SLEEP TIMI-‘_R AT ALARM TIME

STA PORTE BIT1: INFUT, ENABLE ALARM OUT!
. LDA 1500 BIT2: ALARM CUTRUT (ACTIVE w

STA FORTED BIT3: RADIO N OUTRUT (ACTIVE HIGH)
. Initialise LD .

Lo 100

TSR CULK INITIALIZE LCT

3H CLEEH ‘LEAR B [ATA

IR LRFON

ISR LRE N 4 TIMES TO PROVIDE A “uS DELAY

J5K Lk Ful U0 MODULE INITI2LISATION

Loa 1580

ISK LK INITIALISE WL

INITIALISE RAM

cuop Ll
PROVIDES A 1n$ DELAY PR LT

ISTACK
LUop
1530

JSk CLOTK INITIALISE WD
WAIT
1530 1-LINE DISPLAY

SWITCH DISPLAY UFF
LATCH IT

CLEAR DISPLAY
T™CH IT

Lam:

- Vectors tor Je-bug using EOBUG nonitor .
LoA ENAFLE EXTERNAL RAM WKITE
STA

. LA VECTOKS FOR EO MONITOR

. STA

* STA USING JUMP TABLE AT $0400

. STA

. STA (LINES 126-130)

. LoA

. STA RO (50403)

. LIA

. STA TIMER A (50406)

. LDA

. STA TIMER B (§040%)

. LoA

. STA SERIAL (5040C)

Bidble internate

LA ¥30E EE SENSITIVE IRI
STA ™F SUB-SYS CLK = Hz {4 19,
N DISSARLE D'N)-NA' RAM WRITE

<Ll
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el0c
el0e

0d ca
02
9d

11
6f

. Idle loup -
DR DD D P RPN
1DLE BRCLR 4, ICR.* 64 Hz

BCLR 4. ICR

- NozD BRCLR 0, STAT4, NOPS DISPLAY TRANSIENT ?
LoA DIST

BNE NOPS YES, TIMED OUT ?

JSR CLTR YES. CLEAR TRANSIENT DISPLAYS
NOPS BRCLR 3, STATZ, SCAN DISPLAY UPDATE RBQUIRED ?

JSR MOD YES, DO IT

BCLR 3. STATZ2 AND CLEAR FLAG
SCAN BRULR 4, STAT4.CHSLP  ALARM ARMED ?

LDA AR YES. COMPARE ALARM HOURS

P QR WITH TIME

BE CHSLP SAME ?

LDA AMIN YES, COMPARE ALARM MINUTES

™MP MIN WITH TIME

CHSLF SAME T

LDA SEC ONLY ALLOW WAKE-UP IN FIRST SECOND

BNE HSLP TO PREVENT SWITCH-OFF LOCKOUT

BSET 3. FORTE YES. SWITCH QN

BRSET 1, FOKTE. FULON2  ALARM ENABLED (SWITCH) ?
BCLR 2, KURTE YES. SUUND ALARM

FULON2  BRSET 0. PORTE.CHSLP  SLEEP TIMER AT ALARM TIME ?
JSR INSLP YES. START SLEEP TIMER

CHSLP  BRCLR 1, STAT4.FLN SLEEF TIMER RUNNING >

LDA SLEFT YES
BNE L TIME TO FINISH ?
BCLR 1. STAT¢ YES. CLEAR FLAG
BULR 3, FORTE AND SWITCH OFF
FN JSR READ KEYBOARD
JSR EXECUTE KEY
DA
AN
MP TA AND TP BOTH HIGH *
BB
BRSET NO. 1,0 LINE ALREADY HIGH ?
BSET NO. MAKE IT HIGH
BRA
TATH BRULK RARTD. ok TA=TPz1. 1.0 LINE ALREADY L& ©
ECLR 5. RURTD ne T LW

TOOK BRCLR o, STATY, [DLEJ  UPDATE DATE ?
BSK MIDAT YES. CONVERT FROM MJD
IDLE]  BRA 1IDLE

Bxtract MIC and convert to decimal .

TLEAR MID
17 BITS TO CONVEKRT

MWVE OUT
FIRST (L&) BIT
2ERO 2

WNE, A
CURRENT VAUJE
OF R

AL R

™
ITSELF
ALL
DONE 7
MID UPDA'

76
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el98
el99
eldc
el9d
elal
elal
elad
elaS

a6

el

98

Keyboard routine.

mS

LDX ”?
KEY1 LSLA SELECT ROW
AND 15C0 BITS 6 & 7 ONLY
ORA 1508 VFD ENABLE HIGH
STA FORTB
ROW LDA FORTB READ KEYBOARD
BIT 1530 ANY INPUT LINE HIGH ?
L1
DECX NO, TRY NEXT COLUMN
BNE KEY1 LAST COLUMN ?
CLR KEY YES, NO KEY PRESSED
BRA EXIT
L LDA FORTB READ KEYBOARD
AND 15F0
™MP KEY SAME AS LAST TIME ?
BEQ EXIT
STA KEY NO, SAVE THIS KEY
CLR KOUNT
EXIT INC KOUNT YES. THE SAME
LDA KOUNT
BRCLR 4, STAT3, NRML REPEATING ?
P 1o YES, REFPEAT AT 6 Hz
BRA GaN2
NRML P LX) NO, 3 THE SAME ?
BLO KL IF NOT DO NOTHING
BEQ eee ) IF 3 THEN PERFORM KEY FUNCTI
™P 448 MORE THAN 3, MORE THAN 48 (750
GoN2 BHI GOaN2 TIME TO DO SCMETHING 2
LDA KEY NO
BEQ RKEY KEY PRESSED ?
CLC
RTS YES BUT DO NOTHING
GON2  LDA KEY
P 4550 SLEEP (DEC.)
BEQ GOON3
P 1590 RDS (INC

BNE

BSET 4, STAT3 YES. SET REPEAT FLAG
KOUNT

CLR
GOON LDA KEY
BEQ RKEY SOMETHING TO DO 2
SEC YES. SET C
RTS

RKEY BCIR S, STAT3
DNT2 BCLR 4. STAT3

NO. CLEAR DONE FLAG
CLEAR REPEAT FLAG

CLR KOUNT CLEAR
KCLC  CLC

RTS
D L R LT P
* Execute key function. .

KEYP BCC DNT

KEYP2  LDA KEY YES, GET KEY
awp 1550 SLEEP (DEC.)
BEQ
P 1590 RDS (INC.)
BEQ RPT
BRSET 5. STAT3.INT NOT A REPEAT KEY, DONE FLAG SET ?
RPT CLRX
R LDA CTAB.X FETCH KEYCODE
P KEY THIS ONE ?
BEQ [ YES
P LAST NO. LAST CHANCE ?
BEQ INT YES, ABORT
INCX N
INCX ‘TRY
INCX THE
INCX NEXT
BRA KEY
M BSET 5, STAT3 KEY FUNCTIQN DXNE
INCK
JSR CTAB.X
NT RTS
. Keyboard jurp table. .
CraB FUB 560 ALARM
Mp ALARM
FCB ) N/OFF
MP QOFF
FCB $50 SLEEP TIMER START
P SLEEP
LAST  FCB 590 RDS DISPLAYS
Mp RS
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INT2 IF NOT A REPEAT KEY, DO
GOON3  BRCLR S, STAT4.[INT2 REPEAT KEY, BUT IS MODE ALARM SET-UP ?

NOTHING



ela8
elab
elae
elbl
elb3

elbs 1

elb?
elby
elbc
elbe
elco
elc2
elcd
elcé

elc7
elca

eld0d
eldd
elds
eld?
eldy

eldd

elde
elel
elel

ele?

eled
elec
elee
elfl
elf3
elfd
elf6
elf7
elf9

fa
03
79

06

areeasraraieaniniairaais Ry

. Alarm key .

ALARM  BRCLR 2, PORTE, ALRG ALARM RINGING ?
BRCLR 3, STAT4, ADIN NO, N..ARH DISPU\‘{ N 2
BRCLR 4, STAT4, ALOF YES,

BCLR 4. STAT4 YES, WI'KIH G-'F‘
BRA UDONT

ALOF BSET 4, STAT4 NO, SWITCH ON
BRA UDONT

ADON JSR CLTR

BSET 3, STAT4 ALARM DISPLAY FLAG

UDCNT  BCLR S, STAT4 CANCEL SET-UP
LDA 12! 3 SECOND T IMEDUT
STA DIST
BSET 0, STAT4 SET DISPLAY TRANSIENT FLAG
ABGA  RTS
N .
. On/off key (alarm set-up). .
. N

BTy T T T TTTIT T T s oy

CNOFF  BRCLR 2, PORTE, ALRG ALARM RINGING ?
BRCLR 3, STAT4,NOTALR NO, ALARM DISPLAY ?
BRCLR 4, STATd,NOTALR YES, ALARM ARMED ?
BRSET 5, STAT4, AISM YES, ALREADY SET -UP MODE ?
BSET 5. STAT4 NO, ENTER SET-UP MODE

BSET 6, STAT4 WITH HOURS
ASSD LDA 980
STA DIST
BSET 0. STAT4 SET DISPLAY TRANSIENT FLAG
NTE2  RTS
AISM  BRSET  6.STAT4,MSM  SET-UP HOURS
BCLR 5, STAT4 NO, CANCELL SET-UP
BRA A58D
MSM  BCLR 6, STAT4 YES, MAKE IT MINUTES
BRA SD
. On/off key (nommal function) .
NOTALR JSR CLTR CLEAR DISPLAY TRANSIENTS
BCLR 1, STAT4 CANCEL SLEEP TIMER
BRSET 3, PORTE,ALRON N ?
S0 BSET 3, FORTE NO, SWITCH ON

KTS
ALRON  BCLR 3. FORTE YES. SWITCH OFF
RT.

S
ALRG BSET 2. FORTE CANCEL ALARM
RTS

crravrrrrrarseary
. Sleep key *

SLEEP  BRCLR 2, FORTE,ALRG  ALARM RINGING ?
LR 5, STAT4,NUTAL m ALARM SET-UP 7

PDEC
NOTAL ~ BRSET 2, STAT4,DECS m ALREADY SLEEP DISPLAY ?
BRSET 1, STAT4, STR2 NO, SLEEP TIMER ALREADY RUNNING ?

INSLP LDA 160 NO. INITIALISE SLEEP TIMER
STA SLEPT
BSET 1, STAT4 START SLEEP TIMER
STR2  JSR CLTR YES, CLEAR DISPLAY TRANSIENTS
BSET 2, STAT4 SLEEP DISPLAY
BRA SLPTOK NO DECREMENT IF FIRST TIME
DECS  LDA SLEPT DECREMENT SLEEP TIMER
15
STA SLEPT
INSLP IF UNDERFLOW WRAP ROUND TO 60
SLPTCK  LDA 125
A DIST
BSET o . STRT4 START DISPLAY TRANSIENT
BRA
. RDS display key. .
. .
RDS BRCLR 2, FORTE.ALRG  ALARM RINGING

BRSET 5, STAT4, PINC NO, ALARM SET-UP ?
BRCLR 3, PORTE, SRT3 NO, STANDBY ?

BRSET 7, STAT4,NOTRT ~ ALREADY RDS ?

BRCLR 2, STAT2, NORT ALREADY RT DISPLAY ?
SET RDS DISPLAY FLAG
MOVE ON

LDA RTDIS

INCA

Mp 1233

BEQ NORT

STA RTDIS

LDA 4100 12 SECOND TIMECUT

STA DIST

0. STAT4 RE-STAKT TRANSTENT T IMEOUT

SRT3 RTS
NORT JSK CLEAR DISPLAY TRANSIENTS

BSET 2 S'FATZ SET RT DISPLAY FLAG

LDA

STA NSP)

LDA

STA DISP2

RTS
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309

wrrrenes
.
.

v
waverees

PINC

TOOH

HTOH

araewane

PDEC

TINTB

CLCK

N14B

RDSOK

NOTS

NOTD

TST AMIN NO, MINUTES
BEQ 1
DEC AMIN
BRA  TSSD
LDA 159
STA  AMIN
BRA  TSSD
TST ACUR
i3
DEC ACUK
LDA 180 10 SECOND TIMECQUT
STA DIST
BSET  0,STAT4 SET DISPLAY TRANSIENT FLAG
RTS
LDA 123
STA ACUR
BRA TSSD
Timer interrupt routine. .
N DISPL DISF1  DISPZ  DISPLAY
LDA DISP1 N 0 - 8 ¢ PTY
P "5 9 - 7% 1-70 MOVING RT
BLS NAR 78 - 88 70 END OF KT
oMp 178
BHI NAR END OF RADIOTEXT ?
NG DISP2 NO. MOVE RADIOTEXT ONE CHARACTER
P 188 2 SECONDS AT END OF RADICTEXT
BLO  NWR2
BCLR 2, STAT2 RETURN TO NORMAL DISPLAY
ECLR 5. ICR CLEAR TIMER B INTEKRUFT FLAG
BSET 3. STAT2 UPDATE DISPLAY
INC ‘TH8 UPDATE EIGHTHS OF SECONDS
DEC DIST DECREMENT TRANSIENT DISPLAY TIMER
NC RDSTO
LDA RDSTO
P 180 105 WITHOUT A GROUP 0 OR 15 °
BLO RDSOK
ECLR  2.STAT3 YES. CLEAR TA FLAG
CLR oTY PROGRAM TYPE
CLR Pl AND
CLR 1.1 PI_CODE
CLR PIN AND
CLR PIN.1 PIN
CLR AND [
R 0.STATA M/S
LDA THE EIGHTHS OF SEUONDS
P 18
BE NOTC PAST 7 7
CLR THS YES, CLEAR
NC SEC UPLATE SECONDS
LDA SEC
ap 156
BNE  NOTS
DEC SLEPT DECREMENT SLEEP TIMER MINUTES
ap 160
NOTC PAST 59 7
CLR SEC YES. CLEAR
e MIN UFIATE MINUTES
LDA MIN
P 160
NOTC PAST 59 2
CLR MIN YES. CLEAR
NC QUR UPDATE HOURS
LDA QUR
oMp 124
BNE NOTC BAST 23 7
CLR W YES CLEAK
™NC BMID. 2 AND ADD A DAY
BNE KOTD
INC BMID. 1
BNE  NOTD INC EMID only ever executes once. at mudiignt
INC D i the night ot Thu/Fri 22/23 April 203
BSET 6, STAT} UFTATE DATE
RTI

Increment alarm tine N

BRSET 6, STAT4, IHR SET-UP HOURS ?
LDA AMIN NO. MINUTES
P 159
BHS ‘TOOH
INC AMIN
TS5S
CLR AMIN
TSS
LDA AQUR
P 123
BHS HTOH
INC ACUR
LDA 180 10 SECOND TIMEOUT
STA DIST
BSET 0, STAT4 SET DISPLAY TRANSIENT FLAG
RTS
CLR ACUR
BRA TSS

Decrement alarm time .

BRSET 6, STAT4. IHRD SET-UP HUURS ?
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e30a

30f
e311
e313
e315
e318
ella
e3lc
elle

e3lf

B R R R L R R LT L L T T IO O p O e

SDATA

TRY2

s03

s23

843

853

s73

802

s12

S22

842

RDS clock interrupt (IRQ).
Get a bit and calculate syndrome.

«

Ceetrersrerriisarretant et eesrnrtanreny

BRSET 2, FORTB, *+3
ROL

DAT+3
ROL DAT+2
ROL DAT+1
ROL DAT
BRCLR 0, STAT2, TRY2
DEC BIT
BEX TRY1
BCLR 3. ICR
RTT
LDA 126
STA BIT
LDA DAT
AND 13
TAX
LDA DAT+1
STA SYN« 1
BRCLR  0,DAT+3,813
LDA SYNs+ 1
EOR 1518
STA SYN+1
TXA
EOR 1503
TAX
BRCLR  1,DAT+3,823
LDA SYNs+ 1
EOR 158F
STA SYN+ 1
TXA
EOR 4503
TAX
BRCLR  2,DAT.3.843
LDA SYN+ 1
EOR 15A7
STA SYNs 1
TXA
EOR 1502
‘TAX
BRCLR  4,DAT+3,853
LDA SYN+ 1
EDR 1SEE
STA SYN«1
TXA
EDR 501
TAX
BRCLR 5, DAT+3,563
LDA SYN+ 1
EOR 500
STA SYNs 1
TXA
EOR 1503
TAX
BRCLR 6, DAT+3,873
LDA SYN+ 1
EOR $501
STA SYNs 1
TXA
BOR 1502
TAX
BRCLR  7,DAT+3,802
LDA SYN+1
EOR 5BE
STA SYN+1
TXA
EOR 501
TAX
BRCLR  0,DAT+2,812
LDA SYN+1
EOR 1576
STA SYN+1
TXA
EOR 1503
TAX
BRCLR 1, DAT+2,S22
LDA SYN+1
EDR 1555
STA SYN+1
TXA
EOR 1503
TAX
ERCLR 2, DAT+2,832
LDA SYN+ 1
EOR 1513
STA SYN+ 1
TXA
EOR 45058
TAX
BRCLR  3,DAT+2,542
LDA SYN+ 1
EOR 159F
STA SYN+1
TXA
EOR 503
TAX
BRCLR  4,DAT+2, 562
LDA SYNs 1
EOR 1587
STA SYN+ 1
TAA
EOR 1502
TAX

BIT BY BIT CHECK ?
NO, WAIT FOR BIT 26

MSB (2 BITS

LsB

)

e3c8 0d
elcb bé
e3cd a8
edcf b7
eidl 9f
eld2 a8
e3dd 97
e3ds 0f
e3d8 bé
elda a8
eddc b7

80

S62

6.DAT+2,872

7,DAT+2.833
SYN.1

1500
SYN+1

1502

SYN

SYN+1
3.DAT.3,852
SF
5,DAT+2,FIN
1587

SYN+ 1



DD D P PP R P PP PP PP PPN

.

. Check for syndromes A, B, C & C'. .
BCIR 3. ICR CLEAR IRQ INTERRUPT FLAG
LDA LEV
P 3
BEQ TRYD
P °2
BEQ TRYC
op 10
BEQ TRYB
CLR LEV
TRYA  LDA SYN. 1 BLOCK 1
oM 1508
BNE
LDA SN
o™~p 1503
BNE NOTV
BRA VALID
TRYB  LDA SYNu1 BLOCK 2
M 15D4
BE NOTV
LDA SN
o 1503
BNE NOTV
BRA VALID
TRYC ~ BRSET  3.TMFGRP+2,TRYCD  BLOCK 3 TYPE A
LDA SYN. 1
cMP 155C
BNE NOTV
LDA SN
oM 1502
BRA Ve
TRYCD  LDA SYN.1 BLOCK 3 TYPE B
MP 15cC
BNE NOTV
LDA SN
CMP 1503
v BEQ VALID
crreretcestitatieitaes tetrrreserertieanre
. Invalid syrdrome handling. check for .
. block 4 and save growp data if valid. .
NOTV  CLR LEV RESTART AT BLOCK 1
LDA CONF
P 1 CONFIDENCE 41 OR GREATEK >
BHS DECC
BCLR v, STAT2 BIT BY BIT SYNDROME CHECK
P 40
BLS SKPOC CONFIDENCE 10 OR LESS
DEC BIT
BNE NN USE BIT COUNTER TO SUW CONFIDENCE
LDA 26 DROP DURING BIT BY BIT ATTEMPT TO
STA BIT RE-SYNCRONISE
DECC  DEC CUNF
NVOW  RTI
SKPDC  BSET 4, STAT2 10 OR LESS, INITIALISE DISPLAY
NOT¢ RTI
TRYD  LDA SYNe1
o 1558
BNE NOTV
LDA SYN
oMp 1502
BNE NOTV
BSET 1. STAT2 GROUP COMPLETE
VALID BRSET 0, STAT2,VLD VALID SYNDROME FLAG ALKEADY SET ?
LDA 138 NO,
STA CONF INITIALISE CONFIDENCE (3844242)
BSET  0.STAT2 AND SET FLAG
viD LA CONF
P 156
BT N
ADD 1
STA Cavp
NR D% eV
ROLX
N EV
LDA 126
STA BIT
ROR DAT
ROR DAT.1
ROR DAT.2
ROR DAT
ROR DAT+1
FOR DAT42
LDA DAT+2
STA TMFGRP+ 1, X
LDA DAT4 1
STA TMEGRP. X
BRCLR  1,STAT2,NOT4  GROUP COMPLETE ?
XFER DX 18
TXLP  LDA TMEGRP-1.X
STA GROUP-1.X
DECX
BNE TALP
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8c
cl

<2
79
89

ca

. Update PI code. initialise if changed .
: All block ls used. block 3s not used. .

PROC LDA GROUP
P PI

DIFFERENT, SAVE NEW Pl

CLEAR EDN,
TRANSIENTS

tessvereritiiatiense

. Update PTY and TP. .
. All block 26 used. ncx block 4 (grp 19B). *
. .

PTYL LDA GRCUP+2

I™P1
BRCLR 2, ITMP1.TPL) TP HIGH ?
BSET 3. STAT3 YES. FLAG HIGH
BRA TPL
TPLL ECLR 3, STAT3
TPL LDA GROUP+3

NO., FLAG LOW

ROR P

RORA

LSKA

Lska

LSRA

LSRA

STA Y
. Groups handled. .
. .
. All PI, PTY & TP .
. 0OALWB TA. PS. DI & M/S e
* 1AuB PIN .
. 2 A RT .
M 4 A CT .
. 14 A BON .
. 15 B TA. DI & M/S .
. Process grougs 0 & 15B (PS & TA). .

LDA GROUP 2

AD 15F8

BEQ GRPO GROWP 0A

P 1508 GROUP 0B

BEQ GRPO
TGRP1S QMP 15F8 GROUP 15B

BE  TACK

BRA PROCL
GRPO LDA GROUP+3 GROUP 0 - PS & TA

AND 1503

LSLA

TAX

DA

STA

LDA

STA PSEN. 1. X

TACK CLR RDSTO RDS OK, FRESET TIME-OUT
BRSET  4.CROUP+3.TAH  TA HIGH ?
ECLR 2, STAT3 MO, TA FLAG Liw
BRA NTD

TAH BSET 2. STAT™ YES. TA FLAG HIGH

82

COMPARE P1 WITH PREVIOUS

AND INITIALISE DISPLAY DATA



e53b
e53d
e53f

e541
4

e543
545
€547
e549

9
eSdb
1

eSde
€550

1
552

e555
e558
e55a
eS5¢

e561

e572

577
e57a
e57c
e57f

10
04
18
Ob

8c
91

92
eb

20
30

89
ca

tasseervenas

arerenns

. .
. Process group 0 & 15B (DI & M/S) . .
NTD LDA GRQUP+ ) DI
AND LE)
TAX
LDA GROUP+ 3
AD 1540
TSTX
BNE NOTO
BCLR 0.D1
TSTA
BEQ NOTO
BSET 0.0
NOTO CPX L33
BNE NCT1
BCLR 1,p1
TSTA
BE)  NOTI
BSET 1.p1
NOTL  CPX 2
BNE NOT2
BCLR  2,DI
TSTA
BEQ NOT2
BSET  2.DI
NOT2 CPX Lk}
BNE NOT3
BCLR  3.DI
TSTA
BEQ NOT3
BSET 3.p1
NOT3 BCLR 0. STAT3 M/S
BRCLR  3,GRUUP+3,MSZ
BSET 0. STAT3
Msz JMP ourl
. Process group 1 (PIN) .
PROC1  OMP 1510 GROUP 1A
BED  GRPL
o013 1518 GROUP 1B
BE  PROC2
GRPL  LDA  GROUP:6
STA  PIN
LDA GROUP+ 7
STA PINs 1
JMP ourl

. Process group 2A (RT) .
. Group 2B nct handled. .
PROC2 o™pP 1520 GROUP 2A

BNE PROCYE

GRP2 BRSET  4.GROUP+3, TEXTB

TEXTA  BRSET 1, STAT3.NCH
BSET 1. STAT3
BRA LCDINI

TEXTB  BRCLR 1, STAT3.NCH
ECLR 1, STAT3

LCDINI  JSR INITD

NCH LDA GROUP+ 3 GROUP 2A - RT
AND 150F
LsSLA
LSLA
TAX
LDA GROUP+ 4
STA RT+5.X
LDA GROUP+S
STA RT+6.X
LDA GRCUP+ 6
STA KT+7.X
LDA GROUP.T
STA RT+8.X
JMP QUT1
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8d

Se
32

1b

R TR LT T

.
.

erairessisetrn

PROC4

GRP¢

LOCAL

LT60

TT1
TT2

FOS

NOTHP

ADDON
QuT1

LSRA
LSRA
LSRA
STA QUR
LDA ‘GROUP+ 5
STA BMID+2 MJD LSD
LDA GROUP+ § 30005432 %
Lsu GROUP+7 2000¢5432 1
ROLA xxx54321 x
LsL GROUP+7 xxx54321 0
ROLA xx543210 x
AND ¥$IF --543210 x
STA MIN
CLR SEC
CLR THB
BSET €. STAT3 UPDATE MJD
B T DT T T T
local time difference adjustment . .
D T LTI T T TP T P PPN
LDA GROUP+T
LSLA
QT ADJUSTMENT 2
BCC POS YES. POSITIVE ?
LSRA NO, NEGATIVE
LSRA
LSRA
LSRA
TRX HOURS IN X
BCC 1/2 HOUR 7
LDA MIN S
SuB 130 SUBTRACT 30 MINUTES
BPL LT60 UNDERFLOW 7
ADD 160 YES. ADD 60 MINUTES
QUR AND SUBTRACT 1 HOUR
STA MIN
NEGATIVE HOUR CFFSET
SUB QUR MINUS UTC HOURS
COMA WRONG WAY ROUND SO CQMPLEMENT
INCA AND INCREMENT
BPL oM UNDERF'! ?
ADD 124 YES. ADD 24 HOURS
STA R
TST BMID+2 AND SUBTRACT A DAY
BNE TT2 LSB WILL UNDERFLUW ?
TST BMID+1 YES
BNE TT1 MSB WILL UNDERFLOW ?
DEC BMID YES DECREMENT MS BIT
DEC BMID+1 DECREMENT MSB
DEC BMID+2 DECREMENT LSB
BRA ourl
STA QUR
BRA our1
LSRA POSITIVE ADJUSTMENT
LSRA
LSRA
LSRA
TAX HOURS IN X
BCC NOTHP HALF HOUR ?
LDA 130 YES. ADD 30 MINUTES
ADD MIN
o™pP 159
BLS HDON OVERFLOW 2
SUB 160 YES, SUBTRACT 60 MINUTES
INC QUR AND ADD AN HOUR
STA MIN
TXA HOUR OFFSET
ADD QUR ADD UTC HOURS
o™p 123
BLS ADDON OVERFLOW ?
SUB 124 YES, SUBTRACT 24 HOURS
INC B4ID.2 AND ADD A DAY
BE ADDON
INC BMID+ 1
BNE ADDON
INC BMID
STA AUR
BCLR 1., STAT2 GRCUF HANDLED., CLEAR FLAG
RTI

Process group 4A (CT).

P 1540
BEQ GRP4
JMP PRCC14

LDA GROUP+ 3

RORA
AND 1501
STA BMID

LDA GROUP+4
RORA
STA BMID: 1

LDA GROUP+ 6
ROR GROUP+S
RORA

Crsebarueraiienrtrien

GROUP 4A - CT
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e0
e6
95
95
01
8c
01

62

cc

95
95

b0
03
e6

af

45
46

. Process group 14 (EON) .
.

PROC14  CMP 1SE0
BEQ GRP14A
JMP our2
GRP14A CLR IT™MP1
LPIL LDX ITMPL
LDA EON, X
P GROUP+ 6
BNE NOTH
LDA EONe1, X
P GROUP+7
BNE NOTH
. LDA GROUP+3
* AND 1510
. LDX IT™P1
hd STA EON+11.%
LDA GROUP+ 3
AND $S0F
o 13 L
BHS NPS
LsLA
ADD IT™P1
TAX
LDA GROUP+ 4
STA BONe2, X
LDA GROUPs &
STA EON+3, X
BRA ourl
NPS ™P "
BNE TRYPIN
LDA GROUPs 4
oMP 1250
BNE NMLA
LDA EON+ 12X
P ISFF
BEQ auT2
LDA BON+ 14X
ap 4SFF
BE 2
LDA 1250
STA EON+14,X
LDA GROUP+5
STA BON+15,X
BRA our2
NMUW ™MP 0?24
BLO
CMP 1249
BHI TOOLS
LDX ITMP1
STA BONs 12X
LDA GROUP &
STA EON+13.%X
TOOLS  BRA our2
*TRYPTY CMP 150D
. BNE TRYPIN
* LDA GRCUPs 4
* LSRA
* LSRA
. LSRA
* Lox ITMP1
N STA BON-10.X
* BRA ourz
TRYPIN CMP 1S0E
BNE ouT2
DX ITMP1
LDA
STA EON+10,X
LDA GRQLIP+5
STA EDN+11.X
BRA our2
NOTH ™P ISFF
BNE NOTH1
LDA GROUP+
STA BON, X
LDA GROUP+7
STA BONe 1, X
BRA ur2
NOTH1  LDA ITMP1
ADD 116
STA IT™PL
P 1SBO
BEQ our2
JMP LPIL
T2 ECLR 1, STAT2
RTI

LOOK FOR PI CODE IN TABLE

TP ((N). NOT USED
P1 CODE FOUND

Ps 2

YES

SAVE 2 PS-NAME CHARACTERS

AF 2
YES, METHOD A

MEDIUM OR LONG WAVE ?

YES
FIRST 2 BYTES ALREADY IN ?
IF NOT. DO NOUTHING

NO, STORE FIRST FREQUENCY
ARRIVAL OF INITIAL BYTES

™
LEGAL ? (No. OF FREQUENCIES)

YES, SAVE No. OF FREQUENCIES
AND FIRST FREQUENCY

FTY (ECN), NOT USED

PIN

END OF PI LIST ?
YES. ADD THIS PI CODE

TO E(N TABLE

NOT END, TRY NEXT ENTRY

END OF TABLE (11 ENTRIES) 7

GROUP HANDLED, CLEAR FLAG
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e6bé

el5e

09 c9 05
cd eb aa

19
od
a6
od
od

20

20
05
20
05
cd
20

06

<9

<b
03

6c
65
6c

65
6c

TRYRT

NPIN1

NPIN2

SLPD

1CDd1

COK2

Display type selection.

JSR
BRA

™MP

JSR
BRA

P
JSR
BRA
oMpP

JSK
BRA

P

JSR
BRA

™P

JSR
BRA

JSK
BRA

BRCLR
JSR
BRA

BRCLR
JSR
BRA

BRSET
JSR
BRA

3., PORTE, TRYRT
2, STAT4, SLPO
3, STAT4, ALRMJ
STBYD

ROW1

DEDN

2. STAT2, SLPD
RO

2. STAT4, NRMD
SLEEPD

ROW1

3., STAT4, ALRMJ
NORMD

ROW1

SHOULD DISPALY BE
YES, DO IT

AND CLEAR FLAG
SWITCH DISPLAY ON
LATCH IT

/16 DISPLAY

/8  DISPLAY
LATCH IT

INITIALISED ?

ADDRESS DISPLAY RAM
LATCH IT

STANDBY ?

YES, SLEEP DISPLAY ?

NO, ALARM DISPLAY

NO. NORMAL STANDBY DISPLAY

RDS DISPLAYS ?

PTY

Pl

TA & TP
PIN - HEX

>

PIN - DAY AND TIME

MID

M/S & DI

DISPLAY ?

SLEEP TIMER DISPLAY ?

ALARM DISPLAY 2

WRITE DATA
GET A BYTE

SEND IT TO MODULE

DONE *

REMOVE FOR /16 LCDs

Additional bits for /16

WAIT
1588
CLUCK

WAIT

LCD nodules

TO 4u
SEND IT TO MODULE

WRITE DATA
GET A BYTE

SEND IT TO MODULE
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e7cc
elce
e7d0
eld2
e7dd
€7d6
e7d9
e7dc

elde
erdf

3 evel

e7e3
eled
e7e6

eTed
elea
eled
elef
e7f1
e7f3
e7fs
e7f7
e7f9
elfc
elfe
e800
e802
€805
807
809

e8la
e80c
e80e
e810
e812
e81ld
eB16
818

Of

b0 00 80 00

DR T L LTI T LTI TT TR ORI R P RN

. VFD. .
D I LI LT T TT T avpopreN teranararrarennan
VFD ECLR 1, PORTB DATA LOW ?
BSET 0, PORTB CLOCK HIGH ?
BCLR 3, FORTB ENABLE LOW
SEND VFD SET-UP BYTES
DISS LDA INITF. X
STX w1 SAVE INDEX
BSR VFDL
CPX "
BNE DISS LAST BYTE 2
CLRX SEND 16 CHARACTER BYTES
VFD3 STX w1 SAVE INDEX
LDA DISP.X ASCIT
CMP 1SFF
BNE NOTFF
LDA 1520 REPLACE $FF WITH "-*
NOTFF  AND 157F IGNORE BIT 7
TAX
LDA VTAB, X CONVERT TO VFD CHARACTER SET
BSR VFDL
CPX 16
BNE VFD3 LAST BYTE ?
BSET 3, FORTB ENABLE HIGH
BCLR 0, FORTB CLOCK LOW 2
RTS
VFDL DX 8
DIS3 LSRA GET A BIT
BCC DIS¢
BSET 1, FORTB DATA HIGH
DIs4 BCLR 0, FORTB CLOCK
BSET 0. PORTB IT
BCLR  1.FORTB CLEAR DATA
DECX COMPLETE ?
BNE DIS3 NO
LDX 164
DEL DECX WAIT 200uS
BNE DEL
LDX W7 RESTORE INDEX
INCX
KTS
INITF  FCB $A0, $OF. $BO, $00, $80, $00, 590
. Normal display (PS and time) . .
NORMD  LDA 1520
STA DISP
STA DISP+9
STA DISP.15
LDA 152E
BRCLR 1, STAT4, TYP1 DP TO INDICATE SLEEP TIMER RUNNING
BRCLR 2, TH8.TYP1 FLASH IT
STA DISP.15
TYPL CLRX
MPS LDA PSN. % GET PS NAME
STA DISP+1.%
SONG INCX
CPX v
BLS MPS
o LDA QUR GET TIME
JSR CBCD
CPX 1530 LEADING ZERO 7
BNE ™Z
LD 1520 YES, MAKE IT A SPACE
™Z STX DISP+10
STA DISP+11
MIN LDA MIN
JSR CECD
STX DISP+13
STA DISP.14
CSEC LDA 1520
BRCLR 2, TH8, DDC
LDA 1S3A 0.5 Hz FLASHING COLON
DDC STA DISP+12
. Clear display transient flags .
CLTR BCLR 0, STAT4 CLEAR DISPLAY TRANSIENT FLAG
BCLR 2. STAT2 NOT RT DISPLAY
CLR KRTDIS CLEAR RDS DISPLAY INDEX
BCLR 3. STAT4 NOT ALARM DISPLAY
BCLR . STAT4 NOT ALARM SET-UP
ECLR 7. STAT4 NOT RDS DISPLAYS
BCLR 2, STAT4 NOT SLEEP TIMER DISPLAY
RTS
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e83b

e83f
e84l
e843
846
e848
e8da
e8dc

850

€852
854
e856
€858
e8Sa
e85b

e85¢
€860
e862
e864
e866
e868

e8b9

EF8%8

87
88

. PTY display .
PTYD LDX PTY prY

CPX 116

BLO XOK2

CLRX
XOK2 LDA 116

ML

STA w8

CLR Wl
w3 DX w8

LDA PTYT. X

DX w7

STA DISP.X S MOD2

INC w8

INC w7

LDA w7

MP 116

BLO wo

RTS
. RDS display. .
CeterEerieesetart ettt itEatiter vttt aany
NXTC LDX DisP2

LDA RT-1.X RT

ow™P 4520

BNE NOTSP SPACE ?

BRCLR 5, STAT2, FSP YES., FIRST ONE 7
NO. SKIP THIS QNE

INC DISP1
INC DISP2
RTDS LDA DISP2
SKP1 P 169
BHI e END: OF RT BUFFER
BRA NXTC NG, GET NEXT CHARACTER
Fsp BSET ©. STAT2 FIRST SPARCE. SET FLAG
BRA CANT
NOTSP  BCLR 5. STAT2 NUT A SPACE. CLEAR FLAG
STh W SAVE NEW CHARACTER
CLRA
ILP1 LDA DISPe1.X MOVE
STA DISP.X FREST
LEFT
%) NE
LR PLACE
Wi
DISP+15 ADD NEA CHAR. (WAS MULZ)
wn
. .
. Standby display. .

STBYD BRSET  4,STAT4 ALRMA  ALARM ARMED ?

LDA oW N, GET LAY OF WEEK
LELA

ADD js22]

TAY

LDA INAME. %
STA Digp

LDA INAME. 1. ¥
STA DISP.1
LDA INAME+ 2. X
STA DISPe2
LDA 1520

LDA M. 1 LATE

ADD 1330

STA DISP+5

LDA oM

BEQ ADD20 IF ZERO USE A SPACE
ADD 1510 1F NOT MAKE ASCII

DX MVTH. | MONTH, LSD
LDA MNTH MONTH, MSD
BED MTHZ
THA
ADD "o
TAK
MIHZ  STX e
TXA
LSLA
ADD W8
TAX
LOA MIAME - 5. 3
STA DISP.?
LDA MUAME-2. X
STA DISPe8
LA MNAME- 1, X
STA DISP+Y
BRA STIME
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e8bb
e8bd
e8c0
e8c2
e8cd
eBcb
e8c9
e8cb

e8f9

e9la
e91b
e9le
920
e921
e923
€925
€928
€92a
e92c
e92e
€931
€933
€935
€937
€939
e93b
e93d
940
942
e94¢
947
ed%a
e94c
e94f
951
953
€955
957
€959

e95a
e95b
e95e
€960
€961
€963
965
967
e96a
e96c
e96f
971

b6
od
bf
b7

12
of

D R R L R L T T T LT T T T T P,

N .
. Standby (alann armed) display. .

aerteererieaean

ALRMA  LDA AOUR

GET ALARM HOURS

JSR CECD
STX DISP
STA DISP+1
LDA AMIN
JSR CECD
STX DISP+2
STA DISP+3
CLRX

ALOP2  LDA ALARMS+1,X%
STA DISP+d.X
INCX

cpx 1

BLS  ALOP2
STME WA OR GET TIME

JSR CECD

cPX 1530 LEADING ZEFO ?

BNE

DX 1520 YES. MAKE IT A SPACE
nME STX  DIseell

STA  DISP.12

LA MIN

JSR CECD

STX  DISP.14

STA  DISPel5

LA 1520

BRCLR 2, THS,DTF FLASH 2

DA 153A 0.5 Hz FLASHING COLON
DIF  STA  DISPs13

RTS
. PI display .
DIPI  CLRX
DLOP LDA PIST.X

STA  DISP.X

INCK

cex s

BLS  DLOP

DA PI

BE) PNV

JSR SPLIT

STX  DISPell

STA  DISP.12

LA PL1

JSR SPLIT

STX  DISP.13

STA  DISpeld
PINV TS
N Alarm display .
. .
ALRD  CLRX YES
ALOP LDA ALARMS , X

STA  DISP.X

INCK

CPR "

BLS  ALOP

BRCLR  4.STAT4 ALOF2  ALARM ARMED ?

LDA 1532 YES

STA  DISP.12

A AGUR GET ALARM HOURS

JsR CECD

cpx 1530 LEADING ZERO *

BNE ™

D% 1520 YES. MAKE IT A SPACE
™3 STX  DIsF.10

STA DISP+11

LLA AMIN

JSR CECD

ST DISP.13

STA  DISPsl4

BRCLR  §,STAT4 ALOF2  SET-UP ?

BRCLR 2, THS, ALOF2

LDA 1520

BRSET 6, STAT4, FH HOURS

STA  DISP.13 NO. FLASH MINUTES

STA  DISP+14
FH STA DISP+10 YES. FLASH HOURS

STA  DISPell
ALOF2  RTS
. TA & TP flags display .
DITAP  CLRX
BLOP  LDA  TAPST.X

STA  DISF,X

X

CPx [

BLS BLOP

531
BRCLR 3, STAT3,TPLUW TP FLAG HIGH ?
STA DISP+6 YES, DISFLAY A 1
TPLOW  BRCLR 2, STAT3,TALOW  TA FLAG HIGH ?
STA DISP+14 YES, DISPLAY A 1
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e9d9y

e9df

e9el
eSe2
e9ed

e9e8
eYea
eYec
eYee
e9fl
e9f3
e9fs

ealy
eala
eald
ealf
ea20
ea2?
ea2d

ec
bl

f6

PIN displays

PR R T T T T Ty

DPIN1
PLOP

PINNV

DPIN2
PLOP2

DTNO

NCTND

CLRX

LDA PINSTI.X

STA DISP.%

INCX

CPX 15

BLS PLOP

LDA PIN

BEQ PINWV

JSR SPLIT

STX DISPs11

STA DISP+12

LDA PINe1

ISR SPLIT

STX DISP+13

STA DISP.14

RTS

CLRX

LDA PINST2. X

STA DISP.X

cPX 1

BLS PLOP2

LDA PIN

BEQ PINWV

LSRA

LSRA

LSRA

ISR

<P

BNE

L

STX

STA

cPx

BEQ

™

BNE

LDA

STA

LDA

STA

oM

BE

LoA

STA

oA

STA

M

HE

LA

STA

LDA

STA

DA

AND

LDX

ASLX

ROLA

ASLA

ROLA

JSR <ECD

STX DISP.10

STA DISPe11

LDA PING1

AND 1SIF

JSR CECD

STX DISPaid

STA DISPel14

TS

MID display.

BSR SMID

DA MID

BEQ MIINV

ADD 1530

STA DISP+10

LDA D1

ADD 4530

STA DISPs11

LDA MIDs2

ADD 1530

STA DISP.12

LA MID3

ADD 4530

STA DISP+13

LDA MIDe 4

ADD 1530

STA DIEPe14

RTS

CLRX

LDA MIDST, £

STA DISP.X
&3 ¥15

BLS MLOP

RTS

DATE

HOURS

MINUTES

T
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52

52

52

DECN

FOK2

TYPE3

NZ1

Nz2

FNOK2

NZ3

EON display

JSR D
LDA RTDIS
suB 8

DX e
MJL

TAX

LDA 1520
STA DISP+8
STA DISP+9
LDA EDNe2, X
STA DIsp
LDA EON. 3, X
STA DISPs1
LDA DN+ 4, X
STA DISps2
LDA EDN. 5, X
STA DISP.3
LDA EON. 6, X
STA DISP.d
LDA EON. 7, X
STA DISPsS
LDA 8,
STA DISP+6
LDA EON. 9, X
STA DISP.7
LDA EDNe 13X
awp 1205
BE NFIL
INCX

LDA EON. 13, X
P 1250
BED MU
P 1204
BHI FNOK2
DX 7o
MUL

ADD 152E
STA W1

TXA

ADC 1522
STA W2

JSR DCON2
LDA Q4
BNE NZ1
LDA 15F0
ADD 1530
STA DISP.10
TAX

LDA [
BNE NZ2
cpx 1520
BNE NZ2
LDA 15F0
ADD 1530
STA DISP+11
LDA 6
ADD 1530
STA DISP412
LDA 152E
STA DISP+13
LDA 7
ADD 1530
STA DISP+14
LDA >+ 8
ADD 1530
STA DISP+15
RTS

INCK

LD EON.13.X
awp 115
BLS d
ADD 127
ADD 116
LDX 9

MIL

STX W2

STA Wi

ESR N2
LDA [
ENE N2}
LDA 15F0
ADD 1530
STA DISP+9
LDA 006
ADD 1530
STA DISP+10
LDA Q7
ADD 1530
STA DISP+11
LDA 8
ADD 1530
STA DISP+12
LA ke
STA DISP.13
LDA

STA DISP+14
LDA ‘2
STA DISP41S
RTS

CLEAR FREQUENCY CHARACTERS

DISPLAY PS (EDN)

FILLER ?

YES, TRY AGAIN

MEDIUM/LLNG ?

NO, FREQUENCY OK ?

VHF

CALCULATE FREQUENCY (BINARY)

CONVERT TO DECIMAL

DISPLAY VHF BON FREQUENCY

DISPLAY M/L BON FREDVENCY

M~ OFFSET
M/L OFFSET

CONVERT TO BCD IN ¢

IF THOUSANDS OF kHz A ZERO
DISPLAY AS A SPACE
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eaee
eaef
eaf2
eafd
eafs
eaf?
eaf9
eafb
eafe
b00
02

SE

dé ec
e7 bl
Sc

a3 of
23 f6
bé 78
od eb
bf b9
b7 ba

52

seresrarecees

Cetaiestetstiientiiirastiiseteiiians
.

. Sleep display. .
. .
T TN
SLEEPD CLRX
SLOP  LDA  SLEST.X

STA  DISP.X

NCX

cPx ms

BLS  SLOP

DA SLET

JSR  CECD

STX  DISP8

STA  DISP.9

RTS
S PN
. .
. M/S & DI display. .

.

.

. trsanearues

IMSD  CLRX
ILOP  LDA  MSDST.X

STA  DISP.X

INCX

CPX ns

BLS ILoP

BRCLR  0,STATI.MSM2  M/S FLAG SET

LDA VN YES. MUSIC

STA DISP+6
MSM2  LDA DI

JSR CECD

STX DISP413

STA DISP+14

RTS
. .
. Convert binary to unpacked BCD in Q. .
. .

R T T ST T T

DCaN2  LDX IR CLEAR

STX NUM1

JSR CLRAS RR

NG Re§ R<-1

JSR cw CLEAR FQ

LDA "0e 14 BITS TO CONVERT

STA We
LooP2 LR w2 MOVE OUT

ROR Wl FIRST (LS) BIT

BC YT 2EFO

LDX 0 ONE, ADD

STX N CURRENT VALUE

JSR ADD OF R
NXT LDX IR ADD R

STX N2 T

JSR ADD ITSELF

DEC W6 ALL

BNE LooP2 DONE 7

RTS
T S
. Split A nibbles into A (LS) and X (MS) .
N and convert to ASCII. N

.
arberereanere

SPLIT  TAX MSD INTO X. LSD INTO A
SEC
RORX
SEC
RORX
LSRX
LSRX
CPX 1539 530-539 <= 0-9
BLS HOK
INCX
INCK
INCX
INCX
INCX
INCX
INCX
XOK AND ¥SOF 541-546 <~ A-F
ADD 1530
4 1539
BLS AOK
ADD "
AOK RTS

rhrerareeaviearitaaey
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eb65

b7

ad
b7
ad
Sa
2a
cc
28
ab
81
ab

a0
81

97

54
54

ad
81

.

CLOCK

Send and clock data to ICD nedule

Check to see if LCD rodule is busy

FORTC
4. PORTD
4, FORTD

7, W1, WLOOP
PORTCD
3, FORTD

I T L R LT P P P P YRR PP PR TP NY

CLCK IT

READ LCD MODULE BUSY

INFUT (N PORTC
CLOCK HIGH

CLOCK LoW

BUSY ?

QUTPUT ON PORTC

Hex->BCD conversion (& decimal adjust).

FLAG

AraEerraAesreraieeas i terariineniy

.

UPX
ADJT
W1
1516
ADJU
BD
'd
SPLIT

16

DECIMAL ADJUST
SAl

ADD $16 (BCD 1
ADJUST

TO0 FAR ?

YES, RESTORE A
OVERFLOW 2
YES

NO, BUT IS LS

BICGER THAN 9
NO. RESTORE

SB IN X
LSB IN A

0)

DIGIT
2

-

LCD initialisation.

INITD  LDA

CLREON CLRX
LDA

15A0

D1

0. STATS
3. STAT3
2, STAT2

152D
PSN. X

18
PLOP3

¥SFF
BON. X

176
ELOP

SPACES BETWEEN PTY & RT

DASH BETWEEN EXISTING DISPLAY & RT
INITIALISE RADIOTEXT TO SPACES
AFTER CONF LOSS OR TEXT A/B CHANGE

INITIALISE SCROLLING POINTERS

CLEAR PTY
AND

PIN

AND DI

AND M/S
CLEAR TP FLAG

CANCEL KT DISPLAY

CLEAR PS NAME

EON RAM CLEAR
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2140 e eeeeeaereetaiieietteiitiaitietiiitiietttritenbies

2141 . M

2142 . Display strings. .
2143 . .
214 e eeeeeee e e ie ettt ettt asreaeas
2145
2146 ebf2 20 20 41 6c 61 72 ALARMS FUC Alam OFF

6d 20 2d 20 20 4f

46 46 20 20
2147 ec02 20 50 49 20 63 of PIST e Pi code -

64 65 20 2d 20 20

20 20 20 20
2148 ec12 20 54 50 20 2d 20 TAPST FRUC TP -0 TA -0

30 20 20 54 ¢1 20

2d 20 30 20
2149 ec22 20 50 49 de 20 ve PINSTI FRUC PIN o -

6f 2e 20 2d 20 20

20 20 20 20
2150 ec32 20 20 20 20 74 €8 PINST2 FU that --.-

20 61 74 20 2d 2d

2e 2d 2d 20
2151 ecd2 20 d4d 4a 20 64 61 MIDST  FCC MJ day -

79 20 2d 20 20 20

20 20 20 20
2152 ec52 20 53 6c 65 65 70 SLPST  FuUC Sleep 0 min.

20 20 2 30 20 6d

69 6e 2e 20
2153 ec62 zo 4d 2f 53 20 20 MSDST  FCC Me s DI O

53 20 20 20 44 49

20 20 30 20
2154
2155 BT T T T R TR R R R AR A TR A T T RTTTTYSTRTOus
2156 . M
2157 . MID day and month strings .
2158 . .
2159 T T LT T P PPN
2160
2161 €c72 4d 6f e 54 75 65 INAME FUC MoaiTushedTHUF L 1 Sat Sun

57 65 64 54 68 75

46 72 69 53 61 4

53 75 e
2162
2163 ecB? 69 6e 76 258 s
2164
2165 ecBa da 61 e 46 65 62 MUME  FC SanFerMarhpiMay JunlulAugSepstNovbes

d 61 72 41 70 72

4d 61 79 da 75 e

4a 75 6c 41 75 67

53 65 70 4f 63 74

de 6f 76 44 65 63
2166
2167
5168 T T T T P PR
2169 . .
2170 N Programme Type (PTY) O N
2171 M M
2172 PP TIN .
2173
2174 ecae e 6f 20 70 72 &f PTYT P e program type

67 72 61 6d 20 74

79 70 65 20
2175 ecbe 20 20 20 20 20 20 jake lisws N

4e 65 77 73 20 20

20 20 20 20
2176 ecce 43 75 72 72 65 ée 28 Sarrent affairs

74 20 61 66 66 61
69 72 73 20
2177 ecde 20 20 49 6e €6 6f ec Informatio s

6¢
2178 ecee 20 20 20 20 20 53 Fec Sport 4
0

2179 ecfe 20 20 20 45 64 7S FCcC Educat 1on 5
63 61 74 69 6f e

20 20 2

2180 edOe 20 20 20 20 20 44 FCC Inama
72 61 6d 61 20 20
20 20 20 20

2181 edle 20 20 20 20 43 75 FCC Culture R
6c 74 75 72 65 20

20 20 2

2182 ed2e 20 20 20 20 53 63 FCC Stience 8
69 65 be 63 65 20
20 20 20 20

2183 edle 20 20 20 20 20 56 oC Varied K
61 72 69 65 64 20
20 20 20 2

2184 edde 20 20 20 50 6f 70 FeC Pop music v
20 64 75 73 69 63
20 20 20 20

2185 edSe 20 20 20 52 6f 63
€b 20 6d 75 73 69
63 20 20 20

2186 ed6e 20 45 61 73 79 20 FoC Easy listening = 12
6c 69 73 74 65 be
69 6e 67 20

2187 ed7e 20 4c 69 67 68 74 Fee Light classics * 13
20 63 6c 61 73 73
69 63 73 20

2188 edBe 53 65 72 69 6f 75 e ‘Serious classics’ 14
J 20 63 6c 61 73

7

Feck music 1

2189 ed9e 20 20 df 74 68 65 FCC Other mugiz 15
72 20 6d 75 73
63 20 20 20
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2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206 edae
2207 edb2
2208 edbé
2209 edba
2210
2211 edbe
2212 edc2
2213 edcé
2214 edca
2215
2216 edce
2217 edd2
2218 eddé
2219 edda
2220
2221 edde
2222 ede2
2223 edeb
2224 edea
2225
2226 edee
2227 edf2
2228 edfé
2229 edfa
2230
2231 edfe
2232 ee02
2233 eel6
2234 eela
2235
2236 eele
2237 eel2
2238 eel6
2239 eela
2240
2241 eele
2242 ee22
2243 ee26
2244 ee2a
224
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261 ee2e
2262 eel0
2263
2264
2265
2266
2267
2268
2269
2270
2271
2272 eell
2273 eed5
2274 ee37
2275 eely
2276 eelb
2277 ee3d
2278 eeldf
2279 eedl
2280 eed3
2281 eedS
2282 eed?
2283 eed$
2284 eedb
2285 eedd
2286 eedf
2287 eeS1
2288 eeS3
2289 eeS5
2290 eeS7
2291 eeS9
2292 eeSb
2293 eeSd
2294 eeSt
2295 eebl
2296 ee6l
2297
2298 eebd
2299 eebb
2300 eeé8
2301 ee6a
2302 eeéc

Te

bf

Te

ae
ef

Te
Te
Te
Te

Te

DI L R R R R T TR O PR P PP P PP PP PP PP

.
M VFD character set .
N Fosition in table is ASCII value. .
. Entry is the VFD character used .
. Last colunm shows characters replaced N
N by spacec. $00 to $IF are ASCII control — *
. characters and shouldn't occur .
. : has been entered as - .
. / has been entered as - N
. * has been entered as .
P
VTAB  FCB $7E.$7E. STE. STE all
FCB $TE.SIE. $TE, STE all
FCB S7E, $TE, $TE, STE all
FCB $7E. $7E. $7E. STE all
FCB $7E.$7E, $7E. S7E all
FCB $7E.STE. $7E. STE all
FCB $7E, $E, STE. STE all
FCB $7E. $7E, $7E. §7E all
FCB $7E.$7B, STA, STE [ R |
FCB $TE.STE.STE.STA 6 % & °  S%
FCB STELSTE.STELSTE () *+ . all
FCB $3F. $7D, $3E. 7D - /
FCB $00,$01.502.503 0 1 2 3
FCB $04.505.806.607 4 S 6 7
FCB 508.509.87D.87E 8 9 :
FCB STE.STE.STE.$7C <« = = 2 <=
B S7E.G0A.$0B.S0C ¢ A B C @
FCB $0D.SOE.$OF.510 D E F G
FCB $11.612.813.514  H I J K
FCB $15.516.817.618 L M N C©
FCB $19.S1A.81B.SIC P Q R S
FCB SID.SIE.SIF.$20 T U V W
FCB $21.622.823.87E % Y 2 | {
FCB $TE.STE.STELSTD N\ | © - A"
FCB STA.$24. a b c
FUB £27.528. d et g
FCB $28. 52C, h 15 k
FCB $2F. §30. 1 mno
FCB $33.§34,635.836 p g r s
FCB $37.$38.839.83A £t u v w
FC8 $3B.SIC.8ID.$7E  x y z ( ¢
B STE.STE.STE.STE | ) - all
* MCEBHCISED functions .
. Add. Subtract. 1y Divide, .
. MID - day. date. month and year .
. P Tepping th December 41 .
. Transfer of BCD nuncers .
. () <= (M1}, X preserved .
TRA STX CLEAR DESTINATION
JSR AND ADD IT TG No. AT NUML
. Addition of BCD numbers .
. (X} <= (NUM1 « 'NUM2'. X preserved .
ADD
AD ANSWER POINTER
Ne  FOINTER
Ne. FOINTEK
Loop
AT
AN OVERFL
RESULT SUBTRACTION
ADJUST
SAVE ANSWER
ONE 2
IS) suB (3 YES. SUTRACT 10
e CARRY AND RECORD CARRY
ADJ P 1o
BHS 5] 10 OF MORE ~
RTS N
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Subt ract ion, camplement ing and 1ncre-
ment ing (X=REG-ND) of BCD nunbers

(X) «- (NUMI} - (NUM2), X preserved. .
(X and NUM2 should net be equali N

SUBR STX W ANSWER POINTER
BSR coMe SECND NUMBER
CLR CARKY
INC ARRY ADDING
BSR A ADD FIRST NUMBER
oM LDX UM 95 COMPLIMENT
BSR oM SEQOND NUMEER
LDx We RESTORE ANSWEF POINTER
RTS
COMP DA IND 5 YMPLIMENT
STA OUNT
WOP3 DA 1509
suB ND-1.%
STA ND-1.X
DECX
DEC QULNT
BNE LOP3
RTS

NINES YMPLIMENT THEN
ADU 1 FUR TENS COMPLIMENT
ENTER WITH X = REG-ND
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eféd

efée

ef8d
ef86
ef8g
ef8a
efsc
ef8d
ef8e
ef90
ef92
ef9q

ae

N Division of ECD numbers. .
. .
. R <- P/ Q. remainder in TMP .
M oo exit X = IR, TMQ used. .
DIV DX [ CLEAR
JSR CLRAS RESULT
LDX 13 TRANSFEK
STX NUM1 P TO
DX ITMP WORK ING
JSR TRA P THR)
DX 10 TRANSFER
STX  MOM1 Q10
DX IT™M) WORKING
JSR TRA Q (TMQ)
POSS DA IND NUMBER
STA  CONT DIGITS
LOOP§  LDX 1T FIND LEAST SIGNIFICANT
A 0.X NON-ZERO DIGIT
BNE  NOSH 26RO ?
JSR SHIFT YES. SHIFT Q
BNE  LOOP6 UP ONE PLACE
20 BRA  RTRV Q WAS ZERO
NOSH DA
STA Wl No. DIDITS - No. SHIFTS
SUBB  LDX TP SUBTRACT Q
STX  NUML FROM
JSR suB P
DA CARRY T00 FAR ?
BEQ  NEXTD IF YES, GO TO NEXT DIGIT
LDX W1 INCREMENT RELEVANT
IC RLX DIGIT IN RESULT
BRA  SUBB CNCE AGAIN
NEXTD DX ITMP TOO FAR, ADD
JSK ADD O BACK ON
ROR DX 1T SET UP TO
LDA IND-1 SHIFT BACK
STA  CGANT WORKING Q@
RRR DA ND-2.X MOVE ALL
STA  ND-1.X DIGITS
DECX oy
DEC  COWNT ONE PLACE
BE  RRR DONE 2
CLR ND-1.%4 CLEAR MS DIGIT
N W INCREMENT FOINTER
LDA WL
ap IND- 1 FINISHED 2
BE  SUBB NO. NEXT DIGIT
RTRN DX ]
RTS
.
. shift
SHIFT STA
JSR W1: MSD, W2: LSC
LDX
S LDA MOVE ALL DIGITS
STA Ub ONE PLACE
INCK
cPX W
ACS DONE 2
LDA W3 YES. RECOVER NEW DIGIT
STA 0.X AND PUT IT IN LSD .
DEC  COWNT
RTS
DR1 STX Wi STCRE PUINTERS
LDA IND-1 (USED IN DIGIT AND DQ)
AXL INCK
DECA
BNE AL
STX W
RTS
rereeee
M Clear .
Lo WX CLEAR @
CLRAS  STX
LDA CLEAR No. DIGITS
STA STARTING AT X%
R CLR
™NeX
DEC
BE [ONE
DX
RTS
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ef9s
ef97
ef99
ef9b
efve
efald

efal
efas
efas
efaa
efad
efaf

efbd
efbb
efb9
efbb

4
efbd

efbf
efcl
efc3
efcS
efc8
efca
efod
efdo
efd3

efd?

£047

MIDC DX
STX

day ot week and year . .
(MID+2)MOD? (= WD-1) (OW) N
INT( (MID-15078.2)/3652500) (YR) N

1MID

NUM1

"®

TRA P <= MTD

IMID

TI0K MID <~ MID TIMES 10.000

1P-ND

ADDL Pa- MID 4L

1P-ND

ADDL Pa- MID 4 2

0

CLRAS

17

QoND-1 <7

DIV R <= (MIDe2) /7

TMP4ND- 1 REMAINDER (WD-1) IN TMP

]

M0

NUM1

10

NUM2

TRCY Q <- CY (150782000}

w®

SUB P <~ 10K(MID-15078.2)

TRDY 0 - 3652500

DIV K <= Y ((MID-15078.2)/365.25)

NUML

YR

TRA Yhooo Y

oAy

MID - nouth and day

INT!'MID-14955  1-IND 1Y 2466 . 265 /sy
MID-14956- INT(Y

TRIM
MULTI
NUM1
™
TRE
o
NUM2
IT™O
NUM1
ADD
NUM1
"w
NUM2

SIR5 255 - INTIM * 30 600

Foo- LOKIINT(Y *365.20))

P <- 149561000

T o<- 10K(MID-149%6.1}

P <~ 10KIMID-14956 . 1-INT(Y'*365.25))
o 306001

LR MID- 14956 1-INTOY t365 200
mroo--- - -
306001
- M
SAVE M

N
FOINT s buul)

SELIT
15,250

M, - LOK{INTIM
R 10K (CINT (Y

TMQ <~ LOK(INT(Y *365.25)« INT(M *30.6001;"

P - 149561000
P oe- 149560000

Roe- 10K(14956¢INT(Y *365 25)« INT(M *3u 65010

D oe- MID-R CI0FTDOM

MID-249G6-INT Y *5@h 25, ~INTIM *4y

98



6
£049

£04b
£04d

b6

00
9d
00
Oa

00

00
03
09
00

07 08 02
06 05 02
05 06 01
03 00 06

R T T T T T Ry D T TR

MID - final correction of year & mouth and subs.

If M = 14 or 15, then K = 1. else K = 0

. .
* Y=Y + K N
.
.

M=M -1-K'12

L L L T ITT T rseaepaaws

Aravesttetrearteeeetainen

ADJU2  LDA MNTH MONTH, MSD
BEQ KE02 2
LDA MNTH. 1 NO. M'= 10 THRU 15
BEQ KEOL [
P " NO. M'= 11 THRU 15
BLO KEO02 LESS THAN 14

KE1 DX 1YR-ND NO, M'= 14 OR 15, K=1
JSR ADD1 Y <- Yol
CLR MNTH MONTH, MSD (-10)
DEC MNTH+ 1 DEC. M(NTH
DEC MNTH. 1 AND AGAIN (-2)
BRA KE02 -12

KEOL LDA 1o M= 10
STA MNTH+ 1 PUT 10 IN LSD
CLR MNTH CLEAR MSD

KEO2 DEC MNTH+ 1 9<-10. 1.2<-14.15, 3-8<-4-9, 10-12<-11-13
RIS

INT DX YR
STX NUM1
LDX 113
JSR TRA P<-Y
JSR TRDY Q <- 10K*365.25

R <- 10K*Y'*365.25
CLR ReND-4

CLR R+ND-1 R <- LOK(INT(Y ' *365.25))
RTS
T10K TYA TIMES 10,000
ADD
STA
SLP LDA
STA
INCX
CPX W1
ENE SLP
CLR 0.%
CLR 1.X
CLR 2. %
CLR o
RTS
. MID constants. -
‘TRCY LDX
cYL LDA
STA
DECX
BNE
RTS
TROY LDX
DYL LDA
STA
DECX
BNE
RTS
TROM LDX IND
ML LDA IM-1.%
STA 0-1.%
DECY
BNE ML
RTS
TROO1  LDX IND
DolL LDA DO1-1.X
STA P-1.X
BNE DO1L
RTS
cY FCB 1,5.0.7.8.2,0.0.0
oY FCB 0.0.3.6,.5.2.5.0.0
Dol FCB 1.4.9.5.6.1.0,0.0
™ FCB 0.9.0.3.0.6.0.0.1
. Vectors .
ORG SFFF4
FDB START SERIAL
FDB TINTB TIMER B
FDB START TIMER A
FDB SDATA EXTERNAL INTERRUFT & RTI
FDB START SWI
FDB START RESET
END
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AN463

68HCO05KO0 Infra-red Remote Control

Tony Breslin,
MCU Applications Group,
Motorola Ltd., East Kilbride, Scotland

The MC68HCO5K0 is a low cost, low pin count
single chip microcomputer with 504 bytes of user
ROM and 32 bytes of RAM. The MC68HCO05KO is
a member of the 68HCO5K series of devices which
are available in 16-pin DIL or SOIC packages.
It uses the same CPU as the other devices in the
68HCO5 family and has the same instructions and
registers. Additionally, the device has a 15-stage
multi-function timer and 10 general purpose
bi-directional 1/0 lines. A mask option is available
for software programmable pull-downs on all of
the 1/0 pins and four of the pins are capable of
generating interrupts.

The device is ideally suited for remote-control
keyboard applications because*the pull-downs and
the interrupt drivers on the port pins allow
keyboards to be built without any external
components except the keys themselves. There is
no need for external pull-up or pull-down resistors,
or diodes for wired-OR interrupts, as these features
are already designed into the device.

This application makes use of many of the device
features to control an infra-red television remote
control. The application could be very easily
modified to control any device with a similar
transmission protocol. It will run on any of the ‘K’
devices without modification.

Remote Control Specifications

The basic purpose of a television remote control is
to transmit a control instruction to the television.
The instruction is generated by a keystroke on the
remote control keyboard. The detection and
decoding of a key press and the transmission
encoding is carried out by the remote control micro
controller.

When a key on the remote control keypad is
pressed, the micro controller must first determine
what key is being pressed and generate an
individual code for the key. The key code is then
converted to a instruction code that is inserted into
the transmission command which, using a defined
protocol, is transmitted to the television receiver.
The command is continually transmitted as long as
the key is being held down.

As the remote control is battery powered it needs
to use as little power as possible. This is achieved
by entering STOP mode when no keys are being
pressed and effectively switches off the device.
The micro controller comes out of STOP mode
upon receipt of an interrupt request that is
generated when a key is pressed.

Remote Control Keyboard

The 68HCO05K0 has ten general purpose 1/O pins.
One of these is used for the transmission signal
output leaving nine pins for the keyboard control.

‘Of these, four pins on PortA have internal interrupt
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request hardware. Using these four pins as inputs
allows key presses to be detected without any
external interrupt hardware. This leaves the five
remaining pins for outputs.

Using the internal pull-down facility and the rising
edge interrupt request on the four inputs permits
interrupts to be generated. If the five outputs are
set to logic ‘1’, so driving an input from logic ‘0’
to logic ‘1’ when a key is pressed, an interrupt
request can be generated. Using this
arrangement a five by four keyboard matrix can be
used. An extra four keys can be controlled if the
Vdd line is used to drive one row of four keys to
logic ‘1". Therefore the maximum amount of keys
controllable becomes twenty four.



™/ owix | time || cone
YEARE b s G

e e
sTO! _CON-
STOP|| 3aGe | NOEX | con-

31 32 34 38|
vDD
D 11 12 13 00
71 72 74 78
A7 14 15 16 01
b1 b2 b4 b8
A6 17 18 19 06
A5 d1 d2 d4/ d8
10 2¢ 2d 07
1 e2 e4 eg
A4 e
39 3b 3a Oc
f1 f2 f4 f8
80 3e 3d 3c od

A0 A1 A2 A3

Figure 1 Keyboard layout with associated scanned and transmitted codes

A depressed key will set one of the input columns
to logic ‘1'. By scanning the columns, and setting
each row output to logic ‘0’ and then checking if the
inputs all become logic ‘0", the associated row for
the key can be determined. If rotating the logic ‘0’
through the five output pins fails to identify a key
column, then the key must be connected to the
Vdd line. This process gives an individual code for
each key which is a combination of the code from
the column inputs and the row outputs. This can
then be decoded to an instruction that is inserted
into the output signal for transmission.

Figure 1 shows the layout of the keyboard on the
left and the scanned and transmitted codes on the
right. The keyboard layout incorporates the various
television controls plus controls for TELETEXT. On
the left hand side the codes returned from
scanning the keyboard are shown in the upper
right-hand corner of each key and the code sent for
transmission for that key instruction are shown in
the bottom left-hand corner. The I/O pins for each
row and column are also shown for each key.

Transmission Protocol

The transmission protocol in this application is that
used by the MC144105 IR Remote Control
Transmitter. It uses a binary coded 9-bit data word
with the LSB being transmitted first. Each bit of the
transmitted signal is in the form of a bi-phase pulse
code modulated (PCM) signal, whose bit coding is
shown in figure 2. For a transmitted ‘0’ there is a
512us pause followed by a 32kHz pulse train for
512us. For a transmitted ‘1" there is 32kHz pulse
train followed by a 512us pause. This gives a bit
time of 1024ps for all bits. This is shown as figure 2.

bit-n

| 1024ys

| ~—P| 512us

|

I

|

Figure 2 Bit coding of PCM signal
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A complete transmission command consists of
several messages. Each command begins with a
start message of nine 1's followed by the message
appropriate to the key pressed. This message is
repeatedly transmitted until the key is released.
The transmission is terminated after the key is
released by a end message of nine 1's.

Every message consists of a pre-bit, a pre-bit
pause, a start bit and nine data bits. The pre-bit and
the start-bit are always logical ‘1. The pre-bit allows
for the set up of the automatic gain control in the
receiving preamplifier. Figure 3 gives the exact
timing relationships for the transmissions.

The command timing in figure 3 shows that after the
start transmission the message is continually
re-transmitted at intervals of 131ms (approximately
8Hz) until the key is released. This is shown as time
(c). The control timing shows the nine bit instruction
111001110 being transmitted starting with the LSB.
The pre-bit pause is equal to two bit periods and is
followed by a start-bit of logical ‘1’. The pulse train is
continuous during the transition between
transmitting a logic ‘0’ and a logic ‘1. The modulating
pulse train has a frequency of approximately 32kHz
with @ mark-to-space ratio of one to three.

The signal for transmission is output through one port
pin and is used to drive an IR diode amplifier circuit.

(a) () () COMMAND TIMING
() ~ ~(b)
1L rm - — — _ne—  ri_
11
i START TRANSMISSION

U B AU RN
@@ —d ~—W
I'; T (@) (€)

- L AN ] p—
() M ‘
@i
Command timing (a) = 32.8ms start transmission
(b) =13.3ms start command 13 * bit time
(c) =131ms control transmission
Message timing (d) = 512us (half-bit time)
(e) = 1.024ms (bit time) 16/fcarrier
(f) = 3.072ms (pre-pulse time)
Modulation (g) = 8us
(h) = 32us (fcarrier) 16/fcarrier
(i =512us (half-bit time)
Figure 3 Circuit timing
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Remote Control Operation

Figure 4 is a flow diagram showing the operation of
the remote control on power-up or reset. After the
initial set-up of the ports as inputs or outputs the
remote control goes into STOP mode. It will remain
in STOP mode as long as the device is not reset or
a key is not pressed. When a key is pressed an
interrupt request is generated. A short time delay
rnakes sure that it is a true key press and not noise
and also allows time for any switching effects on
the inputs to pass prior to checking the inputs.

The keyboard is then read to find which key has
been pressed and the code for the key is decoded
into an instruction and transmitted to the television.
If the key is held down the instruction is
re-transmitted until the key is released. This is
useful for the instructions which count through the
television channels or adjust the volume, colour or
brightness controls.

When the key is released a terminating instruction
is sent to the receiver to inform it that the next
message received is a separate instruction. This is
useful in the case of a one time instruction like
sending a channel number. In this example the
receiver will tune to a channel only once; to tune to
another channel the key must be released and a
new instruction sequence received.

After terminating the transmission the ports are
reset ready for the next key press and the
processor returns to the STOP mode.
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setup ports
for keybrd

read
keybrd

send start
command

r__

send
message

key still
pressed

send end
message

Figure 4 Flow diagram



Hardware

The remote control circuit is shown in figure 5. The
hardware consists of the keyboard, the oscillator
and the infra-red amplifier. The oscillator can be a
crystal or a ceramic resonator with a frequency of
2MHz. The oscillator frequency is important since
the transmission timing is based around a 1TMHz
internal clock frequency.

The infra-red amplifier uses two transistors and two
standard diodes to limit the current through the IR
diodes to approximately 1A. There is a need for a
large capacitor close to the IR diodes because of
the high switching current of the circuit.

5v
‘_ 5v
| RESET osct | 2MHz oM, 2200 T
== D I GND o i e,
| pB1 osc2| —T1— I I Ug H; IE u
220pF ! ! = XZ Q
—PBO @ VsS v o
x ¥ #0949 — =
L IRQ (:% VDD A ol P L
o ol 5 of
- PAO % PA7 4 % f A
o o d d g
PAT PA6 70/ 3 % /g 3
of o s by
PA2 PAS SIS £ ~
o 5o o o .
o0 me | 2 20 A % =
d gl 4/ o
IS AE

Figure 5 Infra-red remote control
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Software

The listing of the remote control assembler code is
contained at the end of this application note. The
first section of the listing sets up the ports prior to
going into STOP mode and waiting for a key to be
pressed. PortA bits 0-3 are set up as inputs with the
pull-downs enabled. Bits 4-7 are set up as outputs
logic 1" as is PortB bit 0. PortB bit 1 is set-up as
output logic ‘0’ to switch off the IR amplifier before
going into STOP mode.

The next section of code named ‘presd’ is the
routine pointed to by the interrupt vector and is
entered when a key is pressed. This routine first
calls the keyboard scanning routine to determine
which key has been pressed. It then calls the
decoding routine to convert the code from the
keyboard to a code that will be accepted by the
television. The start message is then transmitted
and is followed by the instruction message. There
is then a check to see if the same key is still being
pressed. If it is then the instruction message is
re-transmitted until the key is released and the end
message is transmitted.

As the transmission protocol requires nine data bits
and only one byte instructions are being decoded a
flag has to be set for the ninth bit of the
transmission routine. For the start and end
transmissions this flag is set to 1 to give the nine
1's message. For all instructions the ninth bitis 0 so
the flag is cleared.

The decoding routine compares the code from the
keyboard scan routine with data array ‘keydat’. On
a match it takes the corresponding element from
the array ‘tvdat’ as the instruction code for
transmission.

The values of the instruction codes shown in the
right-hand side of figure 1 are specific for the
receiver application. Each receiver using the same
communications protocol will receive the same
nine bit instruction but what the instruction does is

dependent upon the receiver software. In this
example the eight bit instruction ‘14’ changes the
channel to number four. In another receiver
application the receiver may interpret the
instruction code ‘14’ as increase volume.

The transmission routine is entered with the
instruction for transmission in ‘keyst3'. After the
pre-bit and the start-bit are transmitted the
instruction byte is rotated (LSB first) into the carry
flag. A logic '1" is sent for transmission if the flag is
set after rotation and a logic ‘0’ is sent for
transmission if the flag is cleared. Each bit is
transmitted as shown in figure 1. The routines
‘send0’ and ‘sendl’ send a pause of 512us
followed by a 32kHz pulse train for 512us and a
32kHz pulse train for 512us followed by a 512us
pause respectively. In the situation when a ‘1’
follows a ‘0" then a pulse train of 1024us is
required. To avoid breaks in this pulse train the
‘send0’ routine checks the next bit to be
transmitted to see if a double length pulse train
must be transmitted. The ‘send1’ routine then has
to check that a double length pulse train has not
been sent in the previous one and a half bit periods
before sending a pulse train.

The routine ‘burst’ produces the 32kHz pulse train for
a duration set by a count in the accumulator. As the
instruction time for setting the PortB bit 1 pin high or
low is five clock cycles then the minimum processor
clock period is derived by dividing the minimum
output state time, which is 8us when the output is
high, by the minimum number of clock cycles to
change this state. This gives an internal clock period
of 8us/5 equalling 1.6us. Adding a three cycle delay
will require an internal clock period of 8us/8 = 1ps,
allowing a 2MHz oscillator to be used.

The code size is approximately 300 bytes, leaving
memory space for more features to be added to the
controller.
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Debug

On applying power to the circuit the RESET vector
will initialise the program counter at the beginning
of the software. When examining the output at
PortB bit 1 with an oscilloscope or logic analyser it
should be noted that when trying to capture the
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signal by pressing a key the first signal out will be
the start message of nine 1's. To capture the
instruction the key should be held down and as the
instruction will be continually re-transmitted then
the capture can be initiated at this point.



0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077

0000
0001
0004
0005
0008
0010

00e0

00e0
00el
00e2
00e3

0200

0200

201
5203
0204
q205

0207
0209
020b
G204
020f
6211
0213
0215
0217

ad
9c
8e
20

a6
b7
b7
b7
a6
b7
as

81
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Listing

B T T

* INFRA RED REMOTE CONTROL FOR KO, K1

R T T e R T T I R I T T T AT ST T T AT

* WRITTEN BY A.BRESLIN

13.1.92

*

*

R e e T e T T T T a2

* THIS PROGRAM READS AND ENCODES A KEY FROM A 24 KEY KEYBOARD *
* TO A FORM OF BIPHASE PULSE CODE MODULATION (PCM) FOR INFRA

* RED TRANSMISSION.

IT USES THE TRANSMISSION PROTOCOL OF THE

* MC144105 IR REMOTE CONTROL TRANSMITTER

LR T T

porta
portb
ddra
ddrb
tesr
papd

keystl
keyst2
keyst3
dflag

equ
equ
equ
equ
equ
equ

00
01
04
05
$08
$10

e e

initial code from keyboard
keycode

code transmitted

flag for last and 9th bits

*
*

-

B e TR e Y

* THE PORTS ARE SET UP USING PORTA 0-3 AS INPUTS MAKING USE
* OF THE INTERNAL INTERUPT GENERATION ON THESE I/0 LINES.
* STOP MODE IS ENTERED UNTIL A KEY IS PRESSED

B e

start
wpres

setup

org

cli
bsr
rsp
stop
bra

lda
sta

$200

setup

wpres

#S£0
ddra
porta
papd
#503
ddrb
#501
portb
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porta 0-3 inputs
4-7 as outputs
set outputs high
0-3 pulldown
portb 0-1 outputs

set portb 0 high

*



0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152

0218
021a
021c
021le
0220
0222
0224
0226
0228
022a
022c
022e
0230
0232
0234
0236
0238
023a
023c
023e
0240
0241
0243
0245
0247
0249
024b
024d

024e
0251
0253
0255
0257
0259
025b
025¢c
025e
0260
0262
0264
0266
0268
0269
026a
026¢c

026e
0270
0272
0274
0276
0278
027a
027c
027e
0280
0282
0284
0286

ad
bé

80

20

bé
a4
27

a4
b7
10
81

02
00

of
a7
ef

fc

B e e
THE KEY READ IS DECODED FOR TRANSMISSION. *
THE TRANSMISSION PROTOCOL REQUIRES A START MESSAGE OF 9 *
ONES FOLLOWED BY THE KEYPRESSED CODE. THIS CODE IS *
CONTINUALLY RETRANSMITTED IF THE KEY IS HELD DOWN. AN END *
CODE OF 9 ONES TERMINATES THE TRANSMISSION AND THE DEVICE *
RETURNS TO STOP MODE. *

*

I R iR R R R R R e L R A e s

IR

presd bsr keyscn i get key pressed
lda keyst2 ; save key to check
sta keystl ; if key held down
bsr decode ; decode key pressed
bset 1,dflag ; set nineth bit to 1
lda #SEE ; send start data
sta keyst3 ; to transmission routine
bsr tromit nine one's
sndagn lda keyst2 send key press message
sta keyst3 ; byte
bclr 1,dflag ; set nineth bit to 0
bsr tromit
lda porta ; check if key still pressed
and #S0f ; end if no key pressed
bne endtrn
bsr keyscn ; else check if same
lda keystl ; key pressed
cmp keyst2
bne endtrn ; end if not
1dx #Sc8 ; delay
tloop decx before next
bne tloop ; transmission
bra sndagn
endtrn bset 1,dflag ; send end message
lda #SEE ; of nine ones
sta keyst3
bsr tromit
rei ; re-enter stop mode

B R e R R AR R R R R R S T

* WHEN A KEY IS PRESSED THE DEVICE COMES OUT OF STOP MODE *
* THE KEYBOARD IS SCANNED TO SEE WHICH KEY IS PRESSED *

L e e R R T R R e )

keyscn  jsr datwt ; wait for debounce
lda porta ; check if key press
sta keystl ; store inputs
and #$0f ; mask outputs
beg start ; stop if no key pressed
lax #Sef ; set one row low
nxtrow txa ; read ouput lines
and keystl ; combine with inputs
sta keyst2 ; store key code
stx porta ; to find row which clears inputs
lda porta ; check for inputs cleared
and #S0f ; mask outputs
beq gotit ; zero in key-press row clears inputs
lslx ; check if last row
incx set 1lsb to 1
bce tryb try portb output if not porta
bra nxtrow ; try next porta output row
tryb lda keystl
sta keyst2
ldx #$£0
stx porta ; set all porta outputs high
bclr 0,portb ; set portb 0 output low
lda porta ; check for inputs cleared
and #S0f ; mask outputs
beg gotit ; zero in key-press row clears inputs
1lda keyst2 ;
and #$3f ; set individual code since last row
sta keyst2 ; store code
gotit bset 0,portb ; set portb column high again
rts
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0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215

0287
0289
028¢c
028e
0290
0291
0293
0296
0298

0299
029b
0294
02a0
02a3
02a6
02a9
02ab
02ad
02af
02bl
02b3
02b5
02b7
02b8
02ba
02bd
02bf
02c1
02c¢3
02¢c5
02¢7
02c9
02¢cb
02cc
02ce

02ct
0242
02d4
02d6
0248
02da

ae
dé
bl
27
Sa
26
13
b7
81

10

01
aé
ad
ad
10
81

18
03
el
03

f6
03
el

e3
32
02
02
02
02
24
08
e2
04
28
02
18

£3
el
10
02
18
18
35
33
31

£7

e3
10
15
24
e3

fc
fc
fc
fc

04

04

D T T T Y
* THE DECODE ROUTINE USES TWO ARRAYS. IT COMPARES THE KEY *
* VALUE WITH THE ARRAY KEYDAT AND WHEN A MATCH IS FOUND THE *
* CORRESPONDING ELEMENT IN THE ARRAY TVDAT BECOMES THE *
* TRANSMITTED CODE. *

B I T T T R T T T T T T T T T e T 2

decode 1dx #3518 ; data array offset to zero
nxtel lda keydat, x ; look at each element of array
cmp keyst2 ; compare with key read
beq match ; decode if match
decx ; else try next element
bne nxtel ; norm if no match found
match 1lda tvdat, x ; get key code
sta keyst2 ; store code to transmit
res

B e T

* THE TRANSMISSION PROTOCOL REQUIRES A PRE-BIT, A PRE-BIT *
* PAUSE, A START BIT AND NINE DATA BITS, WHERE THE PRE-BIT *
* AND THE START BIT ARE LOGIC '1'. *

P R e R T I T S T R R T T T T T R S R R T

trnmit bset 0,dflag initialise for first bit

bsr sendl ; send pre-bit
jsr datwt ; pre-bit pause
jsr datwt i equalling four half data periods
jsr datwt :
jsr datwt i
bsr sendl ; send start bit
lax 508 ; transmit 8 data bits
nxtbit 1lsr keyst3 ; get next bit
becs datal ; send 1 if carry set
bsr send0 ; send O if carry clear
bra bitsnt
datal bsr sendl
bitsnt decx ; countdown bits sent
bne nxtbit ; send next bit if count not zero
brelr 1,dflag,send00 ; if flag set
bsr sendl ; send 1 as nineth bit
bra endend H
send00 bsr send0 ; else send 0
endend 1ldx 4518
loopw bsr datwt ; delay between successive
bsr datwt ; transmissions
bsr datwt
decx
bne loopw
res

R e e

* TO TRANSMIT A LOGIC 'l' A 32kHz PULSE TRAIN FOR 512us IS *
* FOLLOWED BY A 512us PAUSE. *

R I g T R T T A e T e e e 22

sendl brclr 0,dflag,last0 ; check if last bit was zero
1da #3510 ; burst if last bit was 1
bsr burst i 32kHz pulse for 512us
last0 bsr datwt ; wait 512us
bset 0,dflag ; set flag as 1 sent

rts
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0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270

02db
02dd
02e0
02e2
02e4
02e6
02e8
02ea

02eb
02ed
02ef
02f1
02f£3
02£5
02f6
02£7
02f9
02fb

02fc
02fe
02ff
0301

0302
0308
030e
0314

031la
0320
0326
032c

0332

03fa

03fa

03fc
03fe

13
21
12
21
13
9d
4a
27
20
81

aé
da
26
81

31
32
34
38

11
12
13
00

02
03

01
fe
01
fe
01

02
f0

52

fd

f1
f2
f4
f8

3e
3d
3c
0d

18
32
00

04

di
dz
d4
ds

10
2¢
2d
07

bl
b2
b4
b8

17
18
19
06

B e T T RS Y

* TO TRANSMIT A LOGIC '0' A 512us PAUSE IS FOLLOWED BY A
* 32kHz PULSE TRAIN FOR 512us.
* THE 32kHz IS CONTINUED FOR 1024us TO AVOID A PROCESSING

* DELAY

IF A LOGIC

*

*

*

*

B Y

send0 bsr
brset
lda
bra

nextl lda

datset bsr
bclr
rts

datwt ; wait 512us
0,keyst3,nextl ; check if next bit is 1
#3$10 ; single burst if 1
datset ; data set

#520 i

burst i

0,dflag ; clear flag as 0 sent

double burst required
32kHz pulse for 512us
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