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MESSAGEHANDLING 
ELECTRONIC MAIL SERVICE 

Electronic Mail 

'Electronic mail' is an exciting development 
for the business environment of the 1980s. In 
its most general form, electronic mail denotes 
the exchange of messages over 
telecommunications networks or computer 
systems. It is distinguished from interactive 
communications in that messages typically do 
not require an immediate response. 

Electronic mail takes some diverse forms in 
today's world. Three examples are: 
• Teletex - a development of Telex ( one of 

the earliest forms of electronic mail) 
providing for the reliable exchange of 
office documents at high speed and with 
word-processor qua! i ty. 

• Facsimile (telecopying)-a service for 
transferring already existing material 
through a process of scanning, 
transmission and remote printing. It is 
very important in specialized 
applications, its chief advantages being 
that text material need not be retyped prior 
to transmission and that diagrams 
(graphics) are easily sent. 

• CBMSs (Computer-based message 
systems)-systems that allow 
subscribers to send typically short and 
informal messages to one another through 
the agency of electronic 'mailboxes'. 
Messages are usually entered and 
retrieved by the end-user and are rarely 
printed out as hardcopy. 

These individual forms of electronic mail 
generally do not permit interworking, i.e. 
sending a message from one service form to 
another (e.g. CBMS to Teletex). Moreover, 
not all CBMS systems can interwork with 
each other. 

Message Handling 

Telecommunications providers and CBMS 
operators have combined in recent years to 
attempt to develop a forward-looking 
electronic mail environment known as 
Message Handling. This environment is 
intended to support the interworking of 
existing systems and to provide the 
framework for the introduction of powerful 
new capabilities in future systems to the year 
2000. Among the capabilities that Message 
Handling systems will offer are: 
• access via a large range of terminals, 

including Telex and Teletex equipment, 
'dumb' terminals, personal computers 
and even ordinary telephones, 

• ability to handle a wide range of message 
content types: text, image, voice etc., 
even within the one document, 

• conversion (where practical) between 
message forms, to a fofm that can be 
delivered to the recipient's terminal, e.g. 
conversion of text input for delivery to a 
facsimile printer or an ordinary telephone, 
and 

• ability to specify recipients by name, 
rather than a Telex or network address and 
associated with this, an on-line directory 
service to help identify the intended 
recipients or their capabilities. 

This development of a global Message 
Handling system is far from complete, 
despite considerable effort on the part of 
those bodies involved in the development. 
Efforts to date have taken place on two fronts. 
Standardization bodies such as the CCITT 
(International Telegraph and Telephone 
Consultative Committee) have been 
developing standards for the model of a 
Message Handling system, the service 
features of such a system and the data 
communications protocols required to 
support such a system across international or 
administrative boundaries. Also, CBMS 
operators have attempted to upgrade their 
systems and implement the CCITT protocol 
standards. 

It is in the standardization area that the 
Research Department has been directing its 
activities. The success of any new electronic 
mail service depends strongly on the number 
of users it can connect. Telecommunications 
organizations have regarded the international 
interconnectivity of Message Handling 
systems as a high priority and the key to 
future success for the service. 

Model ofa Message Handling 
System 

The first step in developing standards for the 
service features and protocols for Message 
Handling was to devise a model for the 
system. A well constructed model can 
improve the generality and regularity of a 
concept and is particularly important when 
planning for future extensions. which can 
only be partially foreseen. The CCI TT model 
(Fig. I) separates the functions of a Message 
Handling service into those concerned with 
pure message routeing and those concerned 
with interactions between users. At its kernel 
is a network of Message Transfer Agents 
(MTAs) for reliably passing a message 
between the MTAs of originator and 
recipient. Interacting with the MTA kernel on 
behalf of the service users are User Agents 
(UAs). UAs support the user in the 
preparation, examination and archival of his 
message. They interact with the MTA for 
such things as message submission and 
delivery and with other UAs (through the 
MT As) for such interpersonal messaging 
services as auto forwarding, receipt 
notification and so forth. 

The model is a conceptual one and does not 
constrain actual implementations so long as 
their external behaviour matches that of the 
model in regard to their protocols and 
message formats. Fig. 2 shows a possible 
mapping onto a combination of public and 
private administrative domains. 
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Protocols for Message Handling 
The problem of interconnecting Message 
Handling systems is complicated by their 
service requirements. Messages are 
transferred on a fully automatic store-and 
forward basis, with the recipient taking full 
responsibilty for the message, whether it is an 
MTA or a UA. Totally reliable message 
transfer is therefore a necessity. 

Three new protocols have been developed for 
Message Handling. They are the Pl or 
Message Transfer Protocol, the P2 or 
Interpersonal Messaging Protocol and the P3 
or Submission and Delivery Protocol. 
Message Handling has been placed within the 
Application layer of the CC!TT/International 
Standards Organisation (ISO) Open Systems 
Interconnection (OSI) Reference Model, so 
standard OSI protocols operate at layers 1 to 
6. In particular, Message Handling can be 
implemented over any network, as OSI layer 
4 hides network differences. 

The Research Department has been closely 
following these international developments, 
through participation in CCI TT and the ISO. 
Projects are implementing aspects of a 
prototype Message Handling system as a 
means of studying the protocols and service 
features. The MAIL system on display uses a 
subset of the new Message Handling 
protocols, though this is not visible to the 
user, and demonstrates a possible text-only 
User Agent terminal. 

Contact: Eng Clzew03-54/ 6283 
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ELECTRONIC DIRECTORY 
SERVICE 

Naming and Addressing 

The successful offering of any 
telecommunications service requires and 
depends on the support of an efficient 
directory system. Traditionally, as 
exemplified in the well known telephony 
service, the directory assists customers and 
users in finding the network location or 
address (i.e. telephone number) of the person 
with whom they wish to communicate. This 
address is then used to initiate the setting up 
of a communication path between the two 
parties. Other services such as telex and data 
will use addressing schemes different from 
that of telephony. Separate directories are 
provided for these services. 

Network addresses are generally specified in 
a machine-oriented fashion ( comprising a 
string of numerical or alpha-numerical digits) 
because they arc devised to be used directly 
by network processing nodes for setting up 
communication paths. As a result, addresses 
are not meaningful to human users and are 
difficult to remember. With the emergence of 
a range of new service offerings, e.g. 
videotex, teletex and computer-based 
messaging, it becomes inconvenient if a 
business user has to remember different 
addressing schemes for accessing or 
communicating in different service 
environments. 

Instead of using addresses, it would be far 
more convenient if customers were able to 
use human names to denote the persons with 
whom they want to communicate. This is 
particularly desirable from the standpoint of 
electronic messaging- a means by which a 
great deal of future text communications 
between business offices may be conveyed. 
For this to be possible, however, a 
standardized naming convention needs to be 
developed internationally and a network 
based on-line electronic directory service 
provided that will perform the automatic 
translation of user-specified names to 
appropriate network addresses. The 
translation process would be entirely invisible 
to the users. 

Service Interworking 

Telecommunication networks worldwide are 
evolving towards a multiservice 
environment, in which a multiplicity of 
different services will be supported over 
different network types and accessed by a 
variety of terminal types. In order to allow 
customers with terminals of different types 
and different service access capabilities to 
intercommunicate, network-based service 
interworking facilities will be needed. Since 
an electronic directory may also contain 
information pertaining to the basic properties 
and service access capabilities of users' 
terminals, it can also be used to assist in 
terminal compatibility checking and service 
interworking activities. Other more general 
information retrieval services will also be 
provided to the users, as discussed later. 

International Standards 

The need for a global directory service to 
support the above and other applications, 
especially in the context of message handling 
and telematique services, has been 
recognized worldwide by major 
telecommunication network providers and 
terminal and network equipment 
manufacturers alike. To this end 
standardization bodies such as CCITT 
(International Telegraph and Telephone 
Consultative Committee) have recently 
commenced work to attempt to define a set of 
standards covering the following aspects of 
the directory service: 
• architecture model, 
• standard name forms to be used, 
• relationship of directory services to 

naming authorities and their operating 
rules, 

• facilities offered and 
• communication protocols for user 

directory and directory-directory 
interactions. 

Telecom Australia Research Department, like 
most other advanced telecommunications 
administrations, is pursuing research in these 
areas. The scope of work is summarized 
below. 

Functional Model 

Functionally the directory service consists of 
a collection of distributed Directory Service 
Agents (DSAs) that, when necessary, co 
operate with each other in order to provide the 
services to the Directory User Agents 
(DU As) (Fig. I). The DUA acts on behalfof 
the user to access the distributed directory 
databases provided by DSAs using a set of 
standard access protocols. One DSA may 
serve more than one DUA and one DUA may 
interact with more than one DSA. 

Basic Service Elements 

A DSA maintains a database consisting of a 
set of names and, for each name, a set of 
properties or directory entries such as 
network address, password, terminal type 
etc. to be associated with that name. The 
directory service (DS) assists users, strictly 
upon request, with retrieval of database 
information in a flexible manner; e.g. either 
an item (such as the network address), a 
specific subset or the full set of properties 
associated with a name may be retrieved. 
This is known as a name-to-properties 
mapping service. The DS also offers a 
property-to-set-of-names mapping service. 

The DS will allow privileged users to modify, 
maintain or update various parts of the DS 
database. Strict authentication and access 
control procedures and database update 
mechanisms must therefore be defined in 
order to ensure the reliability, integrity and 
accuracy of the DS. 

Naming Convention 

The naming convention being defined is 
intended to be general. It can be used to 
provide names for a wide variety of 
communication entities, including human 
users and service types etc. These names 
must be easily derivable by human users. A 
name validation service will be provided to 
the DS to assist the users. 

A hierarchically structured name form has 
been adopted initially for business 
applications, comprising three components: 
• the user's personal name, 
• the organizational name and 
• the name of the country. 
Name forms for other applications have yet to 
be developed. 
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Fig. J: Functional Model of Directory Services 

Communication Protocols 

The necessary communication protocols 
required for accessing directory database 
cannot be defined until the service elements 
and associated primitives to be supported by 
the DS are specified-a task currently being 
undertaken by the international standards 
bodies. 

Summary 

Extensive research work is needed before an 
on-line electronic directory service can be 
fully specified and standardized. In this 
regard the international standardization 
bodies provide a good forum for the sharing 
and exchange of research ideas. 

Contact: Eng Chew03-54! 6283 
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ISDN TERMINALS & 
INTEGRATED SERVICES 
DELIVERY 

Present Terminals 

Currently there exist several proprietary 
'integrated terminals' that can support more 
than one service, e.g. voice and data. These 
terminals use a combination of several 
separate sets of standardized interfaces and 
procedures to access various service 
dedicated networks, e.g. the public switched 
telephone network and data networks. 
Examples of these interfaces and procedures 
include telephony signalling such as the dual 
tone multi-frequency (DTMF) arrangement 
and the CCITT (International Telegraph and 
Telephone Consultative Committee) V-series 
and X-series interfaces. 

ISDN Terminals 

With the emergence of the new 1984 CCITT 
ISDN (Integrated Services Digital Network) 
access interface recommendations or 
standards, a new breed of terminals is 
expected to become available. These 'ISDN 
terminals' will be able to support a range of 
services, e.g. voice, data, text and image, 
using an integrated user-network access 
interface, e.g. the ISDN basic access 
interface consisting of two B-channels at 64 
kbit/s and a D-channel at 16 kbit/s. The new 
ISDN interfaces will have a multi-channel 
access arrangement together with an out-of 
band common channel signalling scheme for 
controlling circuit-switched user traffic 
channels. 

New Communication Capabilities 

With the expected capabilities of the 
emerging ISDN sand associated access 
protocols, ISDN terminals will provide users 
with new ways of using present and new 
telecommunications services. Examples of 
these communication capabilities include: 
• circuit-switched connections under the 

control of common channel signalling; 
once established, these connections can 
support any user traffic, e.g. voice and 
non-voice, including traffic in packetized 
form, at compatible bit rates, 

• packet-switched communication over the 
user traffic channels, e.g. B-channels, 
and the (mainly) control traffic channel, 
e.g. D-channel, 

• compatibility checking of terminal 
capabilities, prior to and during call 
establishment, e.g. wiQi respect to 
communication and application-oriented 
characteristics, using the out-of-band 
common channel signalling facilities, 

• signalling between end-users and 
network-based facilities, e.g. data bases 
such as electronic directories, 

• end-to-end signalling between users in the 
out-of-band control facility, e.g. to change 
mode of communication over an already 
established connection and 

• a combination of the above as in multi 
media communication, whereby several 
simultaneous modes of communication 
can take place under common signalling 
control. 

More importantly, ISDN terminals will 
facilitate the integrated delivery of multiple 
services to the end-users, for both 
information carriage, or 'bearer services' and 
user-oriented applications, or 'teleservices '. 
The latter will include the new out-of-band 
end-to-end signalling facility or 'order wire' 
facility, allowing a range of new 
communication capabilities to be exploited. 

Experimental ISDN Terminal 

Indeed, ah experimental ISDN terminal and 
associated protocol testing arrangement are 
being implemented within the Research 
Department. This experiment will serve as a 
vehicle for investigating various aspects of 
the new ISDN communication capabilities 
mentioned earlier, in particular those of the 
integrated services delivery concept. 

The experimental terminal involves the 
design and construction of an ISDN Access 
Unit. An ISDN Access Unit is that part of an 
ISDN terminal that allows the user to access 
and control the communication capability 
offered at the ISDN user-network interface. 

The experimental ISDN Access Unit is 
designed around a processing module that 
features a 16-bit microprocessor and dual-port 
memories. Individual modules can be 
'stacked' together to provide a multi 
processing system. The dual-port memories 
provide adjacent processors (in this 'stacked' 
arrangement) with an 'open window' into 
each other's address space. That 'window' 
enables the processors to observe each other 
and exchange messages. This approach 
allows for the addition of extra processing 
power to the ISDN Access Unit in a 
systematic manner with minimal impact on 
the existing system. 

Early versions of the experimental ISDN 
Access Unit will support Layers 2 and 3 of the 
D-channel protocol hierarchy defined in 
CCITT Recommendations 1.441/Q.921 and 
1.451/Q.931 respectively. Initially the 
protocol of each Layer will be assigned to a 
single module, making the ISDN Access Unit 
a two-processor system. However, if the need 
for more processing power becomes 
apparent, e.g. to boost throughput or to 
support new services, extra modules will be 
added to share the load. 
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Modular Design 
ln keeping with the flexible modular 
approach adopted for the hardware, the 
software is also modular. Each processing 
module has its software partitioned into two 
parts namely 
• a Control Program, which is protocol 

independent and 
• one or more Protocol (dependent) Data 

Structures. 

The Control Program co-ordinates message 
passing between modules and accesses the 
Protocol Data Structure in order to determine 
the module's response to those messages. The 
Protocol Data Structure or table completely 
defines the protocol supported by the module. 
It is derived from CCITT Specification and 
Description Language (SOL) descriptions of 
the protocol to be implemented. To alter the 
protocol supported by a particular module, no 
specialist's knowledge of the module's 
hardware architecture or the intricacies of its 
communications software, i.e. Control 
program, is necessary. Only the Protocol 
Data Structures need to be changed. 

The ISDN Access Unit could provide an 
independent means to test ISDN Customer 
Access SignaUing Protocols both in the 
Research Experimental ISDN Exchange and 
the Headquarters Ericsson AXE ISDN field 
trial. Further it is expected that it will support 
studies in the area of Local Area Network 
(LAN) to ISDN interworking and in the 
continuing area of integrated services 
delivery in an ISDN environment. 

Contact: NguyenDuc03-54! 6374 

I 
( 

Handout (CS4/HJ Page No. 2 ~ Telecom Australia 



11111111111111111111111tITt~t~t~~1~~~tntnt1 1111111111111111111111 

FROM TELECONFERENCING TO 
COMPUTER-BASED 
TELECOMMUNICATIONS 

Human Communication Research 

'Human Communication Research' is 
presently a small but important part of the 
Research Department's activities. It has 
changedfrom an historical concern with the 
psychophysics of telecommunications - 
hearing and vision - to a broader research 
view encompassing all aspects of people 
using telecommunications. During the 1970s, 
the Research Department recruited its first 
professional psychologist thus 
complementing the interests of some 
technical researchers seeking to understand 
the customer's view of telecommunications. 
New questions were asked and the research 
went out from the laboratory into the field, 
amongst the customers in their own 
environment. Instead of asking only whether 
people can hear effectively over the 
telephone or what characteristics a 
videophone should have to match human 
visual processes, questions began to be asked 
about how people organize themselves using 
telecommunications. 'What aspects of 
individual and organizational communication 
needs were not being adequately satisfied by 
current telecommunications services? How 
could new uses of existing or prospective 
technology be designed to meet these needs?' 
These questions have been asked in the 
context of group communication and more 
recently in the context of computer based 
telecommunication services. 

Teleconferencing 

Modern society is complex with individuals 
belonging to many different but often 
overlapping groups. Individual decisions are 
frequently taken only after discussion with 
group members-work groups, social 
groups, formal committees. For 100 years, 
the telephone was essentially a two-person 
communication medium and did not match 
people's group communication requirements 
very well. An awareness of this fact provided 
motivation for the Research Department's 
human communication research in the 1970s, 
namely research into the processes of group 
communication using telecommunications. 
Associated technical research into 
teleconferencing complemented the 
psychological studies of group 
communication. 

In 1979, the number of psychologists in the 
Department was increased to three. The 
psycholcgists joined with the engineers and 
technical staff to form an effective 
interdisciplinary team. The research into 
group communications continued. The 
results of social psychological research in the 
field and laboratory studies of people's 
behaviour in teleconferences influenced the 
exploratory development of three 
experimental teleconference systems. 'The 
Electronic Chairman' was a system for group 
to-group audio teleconferences. Its design 
enabled a number of ideas to be evaluated and 
it served as a tool in a number of laboratory 
experiments. 'The Convenor Controlled 
Conference Bridge' is a digital system for 
multi-point conferences on the switched 
telephone network. A convenor, using a 
Touchfone 12 tone-signalling telephone, can 
control the bridge automatically to set up a 
telephone conference. 'The Small Group 
Teleconference Terminal' is a novel device 
for group-to-group teleconferences. The 
techniques used overcome the problems of 
audio feedback endemic to loudspeakers 
working with open microphones. 

Telecom offers the Small Group 
Teleconference Terminal for audio 
conferencing and Australian companies have 
been licensed to manufacture the system for 
export markets. Telecom has also made 
licence agreements with Australian 
companies to manufacture and market the 
Convenor Controlled Conference Bridge. 

Computer-Based 
Telecommunications 

Computers have affected 
telecommunications as much as any other 
activity. New services have become 
economically feasible for both business and 
domestic use but the question has been posed 
with greater force than previously, 'What new 
telecommunications services do Telecom 's 
customers want, when the possibilities 
appear limitless?' 

This question is multi-faceted. One view 
reflects the customer's needs to communicate 
extensively both within his organization and 
with the world beyond, using many different 
modes-voice, image, text and data. This 
view requires research to be oriented toward 
the structure of organizations and the way that 
they operate. What effects will the 'office 
automation' have on the organization and its 
needs for communication? Our human 
communication research activity in this 
dimension has, as a general aim. the 
understanding of the fundamental forces 
within organizations that lead to 
communication needs. Within this general 
aim, the results of a series of related research 
projects will be provided to service designers 
and marketers to use in planning Telecom 's 
new service offerings. 

Another view of the question is that of the 
individual user of telecommunications 
services. The new computer-based services 
potentially offer customers opportunities to 
satisfy many of their communication needs. 
However, the new services could be 
considerably more complex to operate than 
the existing telephone service. Experience 
has shown that people are reluctant to take up 
new, potentially-beneficial tools if they need to 
spend considerable effort on learning new 
skills. Thus telecommunications service 
providers must design services and facilities 
so that users can quickly learn to operate them 
efficiently. The complexity must not be a 
barrier to acceptance. The services must be 
simple, pleasant and efficient to use. 
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The problem is to know how to m eet this 
requirem ent. Our research into the human 
factors that are im portant in using computer 
contro lled telecommunications is to this end . 
W e want to understand how to design 
technical system s to be best suited to the users 
and our custom ers' purposes. Research 
results provide guidelines for Telecom people 
evaluating and designing new services for 
Australia and influence in ternational 
equipm ent suppliers through contributions to 
stud ies of the international 
te lecommunications standardization body , 
theCCITT . 

The Why and How of Human 
Communication Re search 

Our human communication reseach is an 
important source of information about our 
customers' needs for new 
telecommunications services and facilities. It 
rests on the precept that the user comes first 
and the technology second, whether the user 
is seen as an individual, an organization or a 
community. It is not that technology is 
unimportant. Efficient, cost-effective 
technology is an essential element of service 
but the technology is to serve the needs of our 
customers and these come first. 

The pursuit of human communications 
research requires special skills that cannot be 
found in a single disciplinary profession. 
Telecommunication is people using complex 
technical systems. Knowledge and 
perspectives from the social and technical 
sciences are necessary attributes for the 
research. The Research Department has a 
team of people whose skills and capabilities 
collectively meet the criterion for good 
human communication research. Such 
reseach is increasingly important in helping 
Telecom to meet its customers' needs. 

Contact: Des ClarkOJ-5416711 
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HUMAN FACTORS RESEARCH: 
MAKING NEW SERVICES EASY 
TOUSE 

TheNeedfor Human Factors 
Research 

Human factors research, which studies the 
characteristics of people interacting with 
complex machines, is a means of helping 
Telecom to provide services that its customers 
will find easy and convenient to use. In the 
past, the services offered were fairly simple 
and consequently there was not too much 
trouble also keeping them simple to use. 
These days, many telecommunications 
services can be offered economically but 
many of these services will be a good deal 
more complex than the existing telephone 
service. The latter is well established for 
people to use. Unfortunately, designing a 
computer system that is easy to use, whether 
the system is for telecommunications or for 
some other application, is more difficult than 
it sounds. One need only look around to see 
that many systems fall far short of this ideal 
and that therefore there is still a lot to learn. 

Aims of Human Factors Research 

What it is hoped to gain from Human factors 
research is a set of general guidelines for 
designing or selecting new services so that 
they match the capabilities and preferences of 
the people that have to use them. Traditional 
human factors research has included classic 
ergonomic studies investigating, for 
example, legibility of print on screens. The 
area in which the Research Department is 
working however concentrates on more 
complex studies of how machines can be 
tailored to match people's learning and 
memory abilities. The central question here 
is, 'How do people develop an understanding 
of what the computer system does and what 
they must do to use it?' There main sources of 
information will be the computer system itself 
and the documentation that accompanies it. 

The Research Department has to learn how to 
design both of these to make the user's task as 
easy as possible. The sorts of specific 
questions that are studied therefore should 
include: 
• How much information should be 

presented at once? 
• What words or symbols should be used? 
• Under what circumstances should the 

interaction be user-initiated, e.g. 
command driven, or computer-initiated, 
e.g. menu driven? 

• What information should be included in 
'on-line' help and in accompanying 
written documentation? 

• How should information be laid out? 

Telecom' s Human Factors Research 
Program 

It should be apparent that, '!!though general 
principles are being sought, the sorts of 
questions that are being asked cannot be 
answered in the abstract. They rely on 
observing people actually interacting with 
computer systems. The Department's 
approach is to program computers to simulate 
some of the possible new 
telecommunications services, then to invite 
people into the Department to try out these 
'new services' under various conditions. 
With simulation methods, people's 
interactions with potential services can be 
studied before the services actually exist. The 
nature of the service can be varied simply by 
changing the computer program and 
observing any resulting changes in 
performance. By experimenting with several 
different kinds of potential new services, the 
Department can also test how far its results 
can be generalised. 

The first 'service' that the Department has 
studied in this way is a form of electronic mail 
where people enter a typed message at one 
computer terminal and send it through a 
messaging network to another terminal. In 
order to send a message, a person must 
specify a number of details, such as whom the 
message is from and to whom it is to go, and 
may also choose between a large range of 
other available options, for example to send 
the message at an express rate, to send 
multiple copies, to inform each recipient of 
whom else has received the message and so 
on. This simulated service incorporates some 

of the large number of options defined by the 
international telecommunications body of the 
International Telegraph and Telephone 
Consultative Committee (CCITT) for their 
Interpersonal Messaging Service (IPMS). In 
the future, the CCITT IPMS should form the 
basis of an internationally standardized and 
highly complex service, which will handle 
messages including a mixture of text, graphic 
and voice information. At this stage only text 
messages are being investigated by the 
Research Department. 

The Department's initial experiments with 
the messaging system deal with the names 
chosen for the various options. It is generally 
known that particular words may mean 
different things to different people, 
depending on the context in which they are 
used, the past experience of the person and 
many other factors. The major clue to a new 
user in deciding what a particular option of a 
computer systen does is, of course, that 
option's name. It is expected that some names 
will give users a clearer idea of what the 
system does than others and that having 
clearer names will lead to better performance 
on the system for new users. To test these 
assumptions, a set of three names was 
generated for each of the options in our 
simulated Message Handling Service, always 
including the name originally defined by the 
CCITT. Then these names were given, along 
with a description of the associated service 
elements, to a number of people in a pencil 
and-paper test that asked them to rate how 
well each name matched the service. Another 
group of people were asked to send and 
receive messages on the Department's 
computer system, where the prompts given 
by the system were either the most preferred, 
intermediate of least preferred names 
according to the pencil-and-paper ratings. 
Both the ratings given in the pencil-and-paper 
tests and the performance on-line with the 
system confirmed that some option names 
were much easier than others for subjects to 
understand and to use. See Fig. I. The CCITT 
names, which were chosen originally for 
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technical purposes, proved decidedly inferior 
on both these measures. A second 
encouraging finding was that the pencil-and 
paper tests gave a good indication of later 
perform ance on the system . This suggests 
that such tests, which are quick and easy to 
adm inister, w ill, under certain 
circum stances, be useful in assisting the 
Departm ent to m ake decisions about human 
factors aspects of new system s. 

So far, the Departm ent's sim ulated messaging 
system has also been used to study the effects 
of : 
• the amount and type of instructions given 

to people before they use the new service, 
• the order in which inform ation is 

presented , 
• whether or not the order of inform ation on 

the screen is consistent w ith the order of 
inform ation in any w ritten instructions 
and 

• having previous experience w ith the 
system . 

Future experim ents w ill exam ine still more 
aspects of messaging and , as explained 
above, also extend investigations to other 
new serv ices to increase the range of 
applicability and the generality of the 
findings. 

Contact: Loris PerryOJ-5416727 

Originator indication: 
Authorizing users indication: 
Submission time stamp indication: 
Reply request indication: 

Which System is Easier to Use? 

Sender's name: 
Sent on behalf of: 
Time sent: 
Reply requested: 

Fig 1: A Comparison of Two Screens with 
Different Option Names 

Handout (CS6/H) Page No.2 ~ Telecom Australia 



11111111111111111111111rnt~t~~~ri~~~~tntn11111111111111111111 m 

SUBJECTIVE TESTING OF 
SPEECH QUALITY 

Facilities 

This area of the Research Department 
provides the facilities required to assess 
subjectively the speech transmission 
performance of telephones, the equipment 
associated with providing speech connections 
and overall speech quality, including 
digitized and synthesized speech. Three 
separate studios enable various test 
configurations for conversing or listening to 
speech. The studios provide acoustic isolation 
between the occupants and from outside 
noise. Their interiors are acoustically damped 
to minimize acoustic reflections and 
reverberation. 

The two smallest studios are used for 
conversational testing of equipment as 
required in performance testing of echo 
suppressors, digital speech interpolators and 
digital speech storage devices. They are most 
frequently used for rating the transmission 
performance of new telephones, which 
involves comparing the loudness of a test 
telephone system. The large listening studio 
provides facilities for group (up to six 
persons) listening to samples of speech that 
may have been processed in a variety of ways. 

Digitized Speech 

One of the future requirements is for the 
quality assessment of speech generated by 
digital processes that is used in many new 
services or for the enhancement of existing 
services. Examples of the use of digitized 
speech include: 
• speech transmitted over data networks, 
• synthesized speech output from a 

computerized information service and 
• services using speech storage. 
The use of digitized speech in such services 
introduces new quality impairments to speech 
such as variable transmission delay times, 
spectrum and pitch errors and compounding 
quantization distortion. 

Method Categories 

The assessment of overaJl quality must take 
into account all the impairments present in 
reproduced speech and combine the effects of 
all the impairments into a single figure of 
merit for quality. Methods for doing this 
broadly fall into three categories: objective, 
subjective and hybrid (those between 
objective and subjective). 

Objective methods of measurement are 
applicable if certain impairments are known 
to dominate and they then provide a 
measurement of quality on a relative scale. If 
many significant distortions are present, 
objective measurements become difficult to 
use as the interrelationships between the 
impairments cannot be assessed. 

Subjective methods usually involve listeners 
rating the perceived quality of a speech 
sample on a five point rating scale: excellent, 
good, fair, poor or unsatisfactory. Sometimes 
listeners may be asked to concentrate on 
certain aspects of the speech, which are 
defined using descriptors such as 'hissy', 
'nasal', or 'thin'. The testing procedure is 
usually large or lengthy to reduce the inherent 
variability in the raw results. 

Test Displayed 

The type of test on display here is an example 
of a 'hybrid' test (partly objective and partly 
subjective in nature). The block diagram 
(Fig.I) shows the interconnection of the 
equipment. The computer generates in text 
form a word to be spoken into a telephone by 
a person in the speaking studio. This speech 
signal is then passed through a digital encoder 
and decoder (codec). The output of the codec 
is thus a degraded form of the original speech 
signal. Electrical noise is then added to the 
codec output. This increases the sensitivity of 
the test and is also a condition that may occur 
in practice. The listener hears the incoming 
speech and noise on the telephone, together 
with some added room noise. At the same 
time the listener is presented with a list of 
several rhyming words on a visual display 
unit. The listener then chooses the word that 
was thought to be heard. For the purpose of 
this demonstration the computer displays on a 
visual display unit the spoken word and 
perceived word and also a running average of 
the percentage of correctly perceived words 
for the last ten results. 

Contact: Stephen SpicerOJ-541 6767 
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VOICE ACTIVATED TELEPHONE 
SYSTEMS 

Spoken Directives 

The advent of new technology has made it 
possible to enhance the basic telephony 
(voice) service by providing many new 
facilities to increase its usefulness. A 
consequence is that there will be a greater 
need· for the telephone user to communicate 
directives to the central processor in the 
exchange, which controls these facilities. The 
standard rotary dials or key pads (usually 
about 12 buttons) normally available are 
limited in their ability to signal the central 
processor without complicated sequences of 
digits that have no inherent relationship to the 
directive being given and hence would be 
difficult for people to give directives by 
means of spoken words, necessitating the use 
of automatic speech recognition. Such a 
facility could easily be extended to provide 
handsfree dialling, which would not only be a 
convenience to normal telephone users but 
also a boon to certain handicapped people. 

Effect of the Speaker 

Automatic speech recognition is related to 
two other fields, viz. speaker verification and 
speaker identification, because a speech 
signal is the composite of what was said and 
the speaking characteristics of the person who 
said it. The variability between speakers (or 
even the same speaker under different 
conditions) for the same utterances, detracts 
from the ability of a machine to recognize 
speech reliably. Many relatively simple 
speech recognition systems are available for 
use where hands free control of the processes 
are required but usually these involve prior 
'training' of the system to recognize key 
words spoken by a particular speaker. In 
order to apply speech recognition in the 
telephony service, the central processor 
should respond to a general talker without 
prior 'training' of the system being necessary 
and should also cope with typical telephony 
impairments such as ambient or circuit noise, 
limited bandwidth, carbon transmitters, etc. 

Although regional accents are markedly 
different within countries such as the United 
Kingdom and the United States, such marked 
differences are not found in Australia. 
Therefore the aim of speaker independent 
speech recognition may be more readily 
achieved for people that have been brought up 
in Australia. However, recent immigrants 
would be at a strong disadvantage, unless the 
system was extended firstly to identify the 
ethnic group and then to take this into account 
by normalization of the basic speech elements 
(phonemes) or other techniques. 
Normalization may also be applied to reduce 
the effect of specific physiological causes 
such as differences between men, women and 
children in the length of the vocal tract. 

Analysis of Speech 

Automatic speech recognition of words or 
short phrases usually involves analysing the 
utterance for distinctive features as a function 
of time and comparing these features against 
a reference template, for each utterance to be 
recognised. Differences in speaking rate are 
accomodated in the simpler systems by 
having perhaps ten different templates for the 
same utterance that differ mainly in the 
talking rate. More advanced systems use time 
warping (i.e., nomalization of time) to 
optimize the match between an utterance and 
the corresponding template. Dynamic 
programming is a powerful mathematical 
technique that has been used to limit the 
number of alternatives in seeking the 
optimum. 

Since the ear is not very sensitive to phase, a 
significant amount of phase shift is permitted 
in telephone circuits and waveform features 
are therefore not very robust. The main 
waveform feature that is commonly used is 
the number of zero crossings per unit time, 
which is an indication of whether the speech 
segment is voiced (as in vowels) or unvoiced 
(as in fricative consonants such as /s/, /sh/, 
If/, etc). 

Frequency analysis is particularly useful 
because it closely models the behaviour of the 
ear. Depending on the phoneme being 
uttered, the speech spectrum will show 
several resonant peaks known as formants. 
The locations of the first two or three 
formants are strongly correlated with the 
phoneme and therefore are very good features 
to include in the feature vector from which the 
template is constructed. 

Finally the short term average signal energy 
(varying at a syllabic rate) provides a means 
for determining the beginning and ending of 
an utterance. This is not a trivial exercise if 
considerable background noise is present. 

Constraints 

The problem of automatic speech recognition 
for a general talker is so formidable that 
certain constraints must be applied. Firstly, 
the vocabularly must be limited to a few key 
words only and therefore many synonyms 
will be rejected. Secondly, the person 
machine dialogue should be highly 
interactive, so that verification of correct 
interpretation by both the user and the system 
may be carried out as much as practicable. 
Finally, some useful facility must be provided 
that is not readily available by other means, in 
order that customers will accept these 
constraints. 

The simpler speech recognition systems 
require the key words to be separated by a 
short pause. In handsfree dialling, for 
example, the talker is likely to run the words 
together and so the system should be able to 
cope with what is termed connected words. 
Work is also going on in laboratories around 
the world on so-called continuous speech 
recognition systems that permit much more 
freedom in the spoken phrase. In some cases 
the aim is speech understanding, in which 
100% recognition of all words is not required 
but merely a correct response to the spoken 
phrase. 

Contact: Peter Duke 03-541 6758 
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ACOUSTIC CHAMBERS 

Standardized Environments 

Two quite different acoustic chambers are 
used for acoustic measurements by the 
Research Department. Each provides a 
simple standardized environment as 
described below. 

Anechoic Chamber 

This _chamber provides a quiet reflection-free 
environment having a working volume of 
about 21 m3 (2.4m x 3.6m x 2.4m high) for 
free field acoustic measurements. It has been 
designed to meet stringent performance 
standards in the frequency range from 200 Hz 
to 10 kHz but is useful for less critical 
measurements from 150 Hz to 20 kHz. 

It comprises a heavy inner room, with 
masonry walls and a concrete floor and 
ceiling all 340mm thick, resiliently supported 
on a special fibreglass mat to isolate it from 
ground and building vibration, and fully lined 
with acoustically-absorbing tapered rock 
wool wedges, each 600mm in length and with 
a 300mm square base. The wedge surfaces 
are lightly sprayed with acrylic paint to 
minimize fall-out of surface fibres. An outer 
room constructed from 120mm thick masonry 
walls and concrete roof assists in providing 
good isolation from external noise for the 
internal working volume. 

The inner room has a tensioned-cable 
trampoline-type floor that allows occasional 
access with a minimum of acoustic 
reflections from the floor. In addition, mesh 
grating modules can be fitted to support 
heavy test objects or for use as a more stable 
floor when the highest room performance is 
not required. The chamber is equipped with 
force ventilation to control air temperatures 
for tests involving heat-dissipating equipment 
and to allow lengthy tests with human 
subjects. 

The main applications for the anechoic 
chamber include free-field frequency 
response calibrations of microphones (an 
example being the sensitivity and frequency 
response checking of the microphone of the 
NOSFER telephone transmission reference 
system), sensitivity and frequency response 
measurements on loudspeakers, directivity 
measurements on electro-acoustic 
transducers generally and particularly on 
unidirectional microphones, loudspeaking 
telephones and noise sources. Other 
applications are attenuation tests on models 
of noise-attenuating screens and psycho 
acoustic tests on human subjects relating to 
speech generation and sound perception 
processes, including comparisons of sound 
pressure level distributions around artificial 
voices and human speakers. 

The measurement of the directivity 
characteristics of a microphone suited to a 
specific teleconferencing application will be 
demonstrated. The test microphone is 
mounted on a rotating turntable so that the 
direction of the axis of the microphone can be 
varied through 360 degrees relative to a sound 
source. The directivity at any frequency, ( or 
the relative sensitivity with angle of 
inclination to the source) is plotted as a polar 
response. By selecting the frequency of the 
source, the directivity can be measured for 
any frequency of interest. 

Reverberant Chamber 

The reverberant chamber is a room specially 
constructed with hard reflecting surfaces and 
non-parallel walls, floor and ceiling to 
provide multiple reflections of sounds 
generated within the room. This creates a 
sound field in which, at any point within the 
chamber distant from the source, the sound 
power coming directly from the source is 
small compared to the sound power which has 
been reflected one or more times. The 
resultant sound field for this chamber, which 
has an enclosed volume of about 35 cubic 
metres, is nearly uniform in intensity and 
random in direction throughout most of the 
room for frequencies greater than about 200 
Hz. 

The diagram (Fig. 1) shows the general 
shape and construction of the chamber, which 
is built on a separate heavy concrete 
foundation to isolate building structural 
vibrations from it. A 150mm thick heavy door 
and a double-glazed window are provided, 
each having a 60 dB sound transmission loss 
rating. The walls and ceiling are constructed 
from 100mm thick high density concrete cast 
in situ and are painted internally with gloss 
enamel. 

The reverberation time of the chamber, which 
is the time for the sound energy to decay by 60 
dB ( one millionth of its original energy), is 
typically about 5 seconds, being higher at the 
lower frequencies and slightly lower at the 
higher frequencies. 

The diffuse nature of the sound field 
produced by the chamber is useful for 
calibrating sound level meters for random 
incidence sound. It is also used for generating 
high level random fields for investigating 
unwanted microphonics in sound level 
measuring equipment and for measuring and · 
comparing total acoustic power outputs and 
acoustic spectra of sound sources such as 
loudspeakers, teleprinters, rotating 
machinery and telephone calling devices. 

The use of the room to compare the sound 
pressure level spectra (in one-third octave 
bands) of two telephone calling devices (a 
standard bell and an electronic caller) will be 
demonstrated. 

Contact: Eric Koop 03-541 6756 
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Fig. I: Dimensions of the Reverberant Chamber 
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VIDEOTEX SERVICES 

Videotex 

Videotex provides a means for a customer to 
access data bases interactively through a 
standard television set and a keypad or a 
keyboard terminal. The connection is by a 
pair of telephone lines over the normal 
telephone network or through a data 
transmission network. 

Encoded information to generate text, 
graphics, image or sound can be sent from the 
host to the terminal using graphic elements of 
the categories: Alphanumeric, Mosaic, 
Dynamically Redefinable Character Set 
(DRCS), Geometric, Photographic and 
Musical notes. 

Types of Videotex System 

Videotex services are available or are under 
development in different countries and 
regions. The main existing Videotex Systems 
employ different techniques to encode the 
information, e.g. the pioneering Prestel 
(England) uses alphanumeric and mosaic 
graphic elements; the Canadian Telidon uses 
alphanumeric, geometric and a smaller set of 
mosaic graphic elements. The different 
encoded categories of Videotex systems 
hamper their interworking. A terminal 
designed for one service cannot access the 
other services unless a facility (gateway) for 
transcoding or conversion is available. 
Likewise, one service cannot use the facilities 
of the other service if a gateway is not 
provided. 

Ability to Interwork 

The ability ofVideotex services to interwork 
not only allows a terminal to access a larger 
number of databases but also allows for the 
services to communicate with each other to 
enhance their services so that, for instance, 
one service can access a database of another 
service. It may also be valuable for the 
Videotex services to interwork with other 
telematique services, such as Teletex, Telex, 
Facsimile etc. 

Currently, the Research Department is 
studying conceptual models that may be 
applied to the problems ofVideotex service 
interworking. These techniques, which may 
be extended to the general implementation of 
electronic documents, including text, script 
and images, will be applied to the 
development of videotex-style database 
services of the future. The-Research 
Department has a significant role in assisting 
Telecom 's new Commercial Services' 
planning in these various respects. 

Benefits to Customers 

Customers will benefit from these 
developments as a result of: 
• greater freedom of access to multiple data 

bases, 
• greater level of compatibility between 

originally disparate terminals and 
information databases and 

• longer term, higher quality graphics 
associated with videotex images. 

Telecom introduced its own videotex 
system, Viatel, in February, 1985. Viatel, 
based on the English Prestel system, will 
allow both business and private users 
access to large amounts of information 
using relatively inexpensive terminal 
equipment. Viatel users will also be able to 
access services provided by commercial 
services organizations. 

Typically, the Commonwealth Bank 
introduced Australia's first home banking 
service on Viatel in March, 1985. Fig. 1 
outlines the structure of the new service. 
(See diagram over) 

Contact: Do PhietOJ-5416717 
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Fig. 1: Viatel Videotex System 
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NETWORK DESIGN & 
OPTIMIZATION 

Background 

Telecom Australia annually spends many 
millions of dollars in installing new switching 
equipment and circuits in its telephone 
network. The process of determining the size 
of circuit groups in a network is known as 
dimensioning. Research being carried out in 
the Research Department involves 
determining suitable mathematical models 
for optimally designing networks for 
minimum cost. whilst satisfying particular 
performance objectives. These objectives 
have been established for the network in order 
to provide a satisfactory level of service for 
customers. Over the past decade. a number of 
sophisticated mathematical models for 
network design have been developed in 
Australia and these models have now been 
adopted in many overseas countries. 

New technologies have affected the ways in 
which telephone networks are designed and 
therefore new systems of dimensioning must 
be developed. 

About this Display 

The display demonstrates one of the latest 
computer-aided design systems. which has 
been developed in the Research Department 
to assist network planners in this very 
complex task. It has a number of special 
features that have been designed to enable a 
planner to investigate closely any desired 
section of a network. They will be described 
shortly. 

In order to illustrate the features of this 
network design facility. the Melbourne 
Telephone Network has been modelled as 
envisaged for the year 1990. The network at 
that time is expected to be evolving from an 
analogue to a digital form, with some sections 
possibly still retaining older equipment types. 
During the demonstration. it can be seen what 
circuit allocations have been made by the 
network design and optimization process so 
far, as well as the effects on traffic 
distributions when circuits are altered on 
prescribed routes in the network. 

Melbourne Telephone Network-~ 
1990 

Fig. I gives a simplified picture of a typical 
routing pattern for traffic flows in the 
Melbourne Network of 1990. It should be 
noticed that the analogue section of the 
routeing pattern has been separated from the 
digital part for greater clarity. Roughly 
speaking. this figure illustrates how the new 
digital network is going to 'overlay' the older 
analogue network. As mentioned previously. 
the task of designing a telephone network is a 
very complex task and requires some 
particularly sophisticated techniques in order 
to obtain the minimum cost network design. 
In order to give some appreciation of the 
magnitude of the task facing our planners. 
some statistics on the Melbourne Network 
Study should be considered. 

The network is expected to include 160 
exchange locations. which will support 
nearly 900 different traffic switching points. 
These switching points will be connected 
together by nearly 25000 different circuit 
paths called 'links'. 

The data required for the design task arc often 
very substantial and. for a project of this size. 
amount to over 96 MBytes of storage on a 
powerful mainframe computer. The data 
needed by planners includes: 
• forecasts of traffic demands. which must 

be specified for each pair of exchanges in 
the network, 

• a set of potential routeing plans showing 
how traffic may be sent from one 
exchange to another. 

• a set of performance standards that spccitv 
the congestion levels that can be tolerated 
in the design process. 

• cost information for all types of 
transmission media that can be used. cg. 
analogue ( VF) or digital systems ( PCM l. 
and 

• module sizes for circuit groups that 
employ digital transmission media. 

The Network Design Package 

The total network design package that has 
been developed involves two processing 
phases: 
(a) An interactive phase in which a skilled 

network planner. seated at a suitable 
computer terminal. studies the current 
network design and prepares a I ist of 
changes based on the information 
displayed. local knowledge. or 
administrative policy. Once the list of 
changes has been completed. it is passed 
to the next processing phase. 

(b) A batch processing phase in which the 
changes arc implemented. the traffic 
flows arising from these alterations arc 
computed and the network is costed for 
the new configuration. 

The second phase requires very substantial 
computer resources and may frequently take 
several hours to complete; hence the 
demonstration today will only be able to 
illustrate the first ( interactive) stage of the 
process. 

Contact. Richard Harris03-541 6380 
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'Overlay' 
Digital 
Network 

Analogue 
Network 

Fig. I: Melbourne Network Study-Simplified 
Overall Trunking Scheme (Dashed lines 
(--1>) indicate how traffic overflows in this 
network) 
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PERFORMANCE TESTING OF 
PACKET SWITCHED DATA 
NETWORKS 

Introduction 

If a customer desires to send varying amounts 
of data to a number of different locations at 
different times, packet switching is a very 
cost effective method of providing the 
required data service. 

A packet switched data network is composed 
of: 
(a) exchanges where data packets are 

switched, 
(b) high capacity digital transmission links 

between the exchanges and 
(c) digital links to customers' packet mode 

equipment. 
Such networks provide a means of switching 
and transmitting data between any two 
customers with the capability of making 
multiple simultaneous calls on a customer's 
link. The structure of a typical packet 
switched network is shown in Fig. 1. 

TheX.25 Interface 

The International Telegraph and Telephone 
Consultative Committee (CCITT) 
Recommendation X.25 specifies the 
interface between a public packet switched 
data network and the customer's equipment. 
X.25 is a three level layered protocol. The 
packet level provides the means of call set-up 
or cleardown and the multiplexing of several 
calls onto a single network access link. The 
link (frame) level provides packet transfer in 
the correct sequence and with no duplication. 
Each frame contains a single packet and 
frames associated with different calls are 
transmitted serially on the link. Error 
protection is provided at the link level through 
cyclic redundancy checking of each frame. 
Frames with errors are not accepted and must 
be retransmitted. The physical level provides 
a bit serial full duplex point-to-point circuit 
for digital transmission. The structure of the 
X.25 interface is shown in Fig. 2. 

(See diagrams over) 

Performance 

It is most important to ensure that the 
performance characteristics of public packet 
switched data networks are within the 
requirements specified by the network 
administrators and expected by the network 
users. 

The Research Department is currently 
investigating data network performance 
testing techniques. The objectives of this 
work are: 
(a) to develop testing techniques that will 

enable packet switched network 
performance, including capacity and 
delay, to be quantified, 

(b) to develop traffic generators to load data 
networks under various connection 
conditions and 

(c) to contribute to the definition and 
extension of international standards on 
the performance aspects of packed 
switched networks. 

The quality of service of a packet switched 
data network can be quantified by the 
following performance parameters: 
• call setup, packet processing and packet 

transfer delay distributions, 
• probability of call failure due to network 

congestion, 
• transmission performance including 

throughput and residual error rate, 
• probability of call failure due to network 

malfunction and 
• probability of loss of service. 

Standards 

International standards that specify the 
performance parameters for data switched 
networks are only now being developed by 
the CCITT. Standards for the delay (CCITT 
Recommendation X.135) and the congestion 
(CCITT Recommendation X.136) aspects of 
grade of service for public data networks have 
been drafted. Many of the parameters 
specified are only interim suggestions with 
further study required. Although the 
standards refer to networks providing 

international packet switched data services, 
the performance of that portion of the 
connection in the national networks is also 
specified. 

Met hods of Measurement 

In addition to specifying the quality of service 
parameters, methods for their measurement 
must be developed. A general measurement 
methodology involves setting up a call and 
generating a known and sufficient quantity of 
traffic. The protocol and user information 
signals transferred across the user-network 
interfaces are observed in real time and a 
chronological event history is compiled. This 
event history can then be analysed at a later 
time to provide various performance 
parameters. This method is particularly 
suited to throughput measurements and delay 
measurements. However end-to-end transfer 
delay measurements are further complicated 
by the requirement for synchronized real time 
clocks at each end of the call. 

Initial Tests 

In relation to the measurementof throughput, 
work has involved the development of a suite 
of computer programs to run on a super 
minicomputer that has a connection to 
AUSTPAC (Telecom 's packet switching 
network service). These programs utilize a 
proprietary packet switching interface 
software package and are capable of 
generating traffic for various connection 
configurations between the super 
minicomputer and the AUSTPAC Network. 
Using these programs in conjunction with a 
software facility that records all protocol 
exchanges with the network, tests have been 
conducted from which capacity parameters 
have been calculated. 
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Typical Results 

For particular connection configurations, it 
has been possible to achieve throughput 
figures of32 packets per second using a 9600 
bit/s line. For a data packet size of 128 octets 
the effective data transfer rate can approach 
90% of the line speed while achieving a line 
utilization of 99%. 

These initial tests have demonstrated the 
versatility of the event history methodology 
for testing packet switched networks. As a 

Fig. 1: Packet Switched Data Network. 
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Computer 

D 
Packet Mode 
Terminal 

Packet Mode 
Terminal 

result of the experience gained in the testing 
of the AUSTPAC Network, the Research 
Department will be in a strong position to 
contribute to international standards on the 
subject of quality of service parameters for 
packet switched data networks. 

Demonstration 

The demonstration shows a typical 
throughput performance test. Having 
estalished a call to a data sink, 50 packets of 
known (set) size are transmitted to the sink. A 

Packet Switched 
Data Network 

Packet 
Switching 
Exchange 

throughput figure can be calculated from the 
time taken to send the 50 packets. An average 
figure can be calculated from the results of a 
number of runs. The average throughput 
result of a large number of tests is compared 
to the theoretical maximum throughput on the 
display. The results clearly show that for large 
packet sizes (i.e. above 64 octets of user data) 
the throughput is limited by the line speed of 
the link. 

Contact: Peter Hicks 03-541 6308 
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Fig. 2: The X.25 Interface. 
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PROTOCOL VERIFICATlON 
USING 'PROTEAN' 

Protocols 

Protocols are the rules and conventions used 
in the conversation between communicating 
systems. Protocols are needed for accessing 
networks and for communication within and 
between networks. 

The complexity and sophistication of 
signalling schemes and data protocols is 
increasing as communications equipment is 
becoming more complex and as new facilities 
are being introduced. The interconnection of 
different facilities requires new protocols to 
allow information to be exchanged. 

At present these protocols and signalling 
schemes are designed using engineering 
intuition. Many have been relatively 
successful. However. almost all have failed in 
unforeseen circumstances owing to logical 
errors in their procedures. Thus there is a need 
for formal design rules that can guarantee the 
proper functioning of protocols. Before these 
design rules can be derived. there is also a 
requirement for general methods of 
specifying. modelling. analysing and 
verifying protocols. If a protocol can be 
verified before it is put into service. there will 
not be a need for expensive remedies for 
faults that are only discovered when the 
protocol is actually used. 

Methodology 

Within the Research Department a 
methodology that can be used to specify. 
analyse and verify the operations of 
communications protocols has been 
developed. A summary of the methodology is 
shown in Fig. I. This methodology considers 
the logical operation of protocols. It docs not 
address performance issues. 

Usually a protocol is only specified by its 
designers in a narrative form. The 
methodology requires protocols to be 
formally specified. This is done using 
Numerical Petri Nets (NPNs). a 
generalization of Petri Nets. Once formally 
specified the protocol is analysed using an 
automated tool. If there are any faults the 
specification is changed and the protocol re 
analysed. This process is repeated until the 
protocol is fault free. 

Protocol Analysis 

The analysis of practical protocols is too 
complex and error prone to be done manually. 
PROTEAN. a PROTocol Emulation and 
ANalysis computer aid. has been designed to 
automate the analysis. PROTEAN is a user 
friendly system. On-line help is always 
available and there are meaningful error 
messages. 

NPN s are entered into PROTEAN textually. 
They can be stored for later use. Once entered 
the NPN can be displayed graphically. 
PROTEAN 's graphics have been designed 
for use on a simple graphics terminal and an 
inexpensive printer. 

Given an initial condition. the NPN can be 
executed. The results of PROTEAN 's 
analysis are the NPN's reachability set and its 
Computation Flow Graph ( CFG). The 
reachability set is the set of all possible global 
states. also known as 'rnarkings". of the 
system that can be reached from a specified 
initial state. The CFG shows the relationship 
between these states. PROTEAN can then 
detect faults such as deadlocks and livelocks 
in the protocol's operation. A deadlock is a 
state from which no other state can be 
reached. A I ivelock is a group of states from 
which no states not in the livclock can be 
reached. 

Once the CFG has been produced it can be 
displayed graphically. PROTEAN makes a 
first attempt at laying out the CFG. The user 
can then alter this using an editor. Deadlocks 
and loops in the CFG can be highlighted. It is 
also possible to highlight any livelocks. 

The CFG is often very large. If the user 
wishes to check sequences of events with 
some property it is extremely difficult to find 
all of these sequences manually. The 
REDUCE feature tackles this problem by 
reducing the CFG to show only the sequences 
of events of interest. This allows the user to 
verify specific features of any protocol. such 
as verifying in a data protocol that data arc 
never lost or duplicated. 

PROTEAN allows moderately complex 
protocols to be analysed and verified. The 
graphics facilities greatly enhance its power. 
Further work on both the methodology and on 
PROTEAN should allow more complex 
protocols to be verified. 

Narrative Description 
of the Protocol 

l 
Partition 
into Subsystems 

l 
Specification using NPNs 
a) Subsystems 
b) Communication Mechanisms 

Between Subsystems 

! 
Link Together to form 
Total System Model 

l 
Execute NPN 
a) Reachability Set 
b) Computation Flow Graph (CFG) 

l 
CFG Analysis 
a) Deadlocks 
b) Livelocks 
c) Loops 

! 
Reduce CFG to Examine 
Event Sequences 

Fig. I: The Protocol veritication Methodo/ogr 

Contact: Michael Wi!hur-Hum 03-541 6417 
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'MELBA' 

Definition 

The MELBA system provides automated 
generation of compilable programming 
language code from graphical, flowchart-like 
system specifications for a wide variety of 
telecommunications applications. It results 
from work begun in 1979 by the Department 
of Communication and Electronic 
Engineering and the Department of 
Computing of the Royal Melbourne Institute 
of Technology (RMIT) under research and 
development contracts with Telecom 
Australia. 

Features 

Features of the MELBA system are: 
• Automatic production of implementation 

from specification-reduces manual 
programming effort. 

• Input is via the International Telegraph 
and Telephone Consultative Committee 
(CCITT) Specification and Description 
Language (SDL), a graphical language 
based on state transition diagrams. See 
Fig.I. 

• Output is the CCITT High Level 
programming Language (CHILL). See 
Fig.2. 

• Three-tiered team of specialized users 
works together on a single software 
project. 

• High-level, self- documenting interface 
presented to the users. 

• Modifiable library of data types allows 
MELBA to be used for a wide variety of 
applications, e.g. packet switching nodes 
and computer-controlled telephone 
exchanges, without changing the MELBA 
software. 

• Well suited to rapid prototyping. 
• MELBA system coded in Pascal 

language. 

S1 I idle 

state 

S1 
idle 

next-state 

yes 

out_message 
FROM message 
details 

output finished 

task 
GET NEXT 
sequence_nr 
frame_expected 

S1 
idle 

Fig) Example of SDL!nput (Specification) 
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S1 : /*idle*/ 

RECEIVE CASE 
(in_frame IN rnessaqe.Jrame.r): 

/* good frame received from physical layer */ 
CASE IS_message_frame_EXPECTED_ACCORDING_TO_sequence_Jlr 
(rnessaqe.frame.r , sequence.nr.Jrame.expected ) OF 

(no): 
GOTO send.ack; 

(yes): 
CALL GET _NEXT .sequence.nr (sequence.rir.Jrame.expected ); 
CALL GET .rnessaqe.Fj+Olvt.messaqe.frame (message_details, messaqe.frarne.r ); 
/* extract message from frame * / 
SEND out.rnessaqe (message_details ); 
/* send to higher protocol layer (network) * / 
send.ack : 
SEND finished; 
/* return positive acknowledgement to physical layer * / 
GOTO S1 /* idle * /; 

ESAC; 
(bad.frame): 

/* physical layer encountered corrupted frame*/ 
/* ignore bad frames*/ 
GOTO S1 /*idle*/; 

ESAC; 

Fig.2 Chill Code Output (Implementation) 

Contact: Colin Fidge 03-54! 6323 
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PROGRAMMABLE ARRAY 
LOGIC DEVICES 

Introduction 

A characteristic feature of microelectronics 
technology has been the explosive growth in 
the capacity for performing an increasing 
number of functions in a single Integrated 
Circuit (IC) chip accompanied by a 
decreasing cost per function. There is now a 
number of alternative paths that designers can 
take to realize a 'customized' circuit. Fig.l 
shows these alternatives and their basic 
features and Fig.2 shows theirrelative costs 
as a function of production volume. 
Reference I, below, discusses these 
alternatives in more detail. The subject of this 
article is the Programmable Array Logic 
(PAL) family of devices, which is one of the 
field programmable device families. 
Reference 2 discusses the PAL family in more 
detail. 

Fig. 1: Alternative Design Met hods 

What is 'PAL'? 

Programmable Array Logic (PAL) devices 
are mass-produced 'general purpose' devices 
that can be programmed by the user to suit his 
particular application. They are highly 
suitable for realizing low to medium 
complexity logic circuits and are most 
economical for small number of production 
runs, up to around 1000 units depending on 
circuit complexity. 

Pal Structure 

Internally, a PAL device consists of an array 
of AND gates that perform Boolean product 
operations on the inputs and an array of OR 
gates that perform Boolean sum operations of 
the Boolean terms formed by the AND array. 
The user can program the interconnection of 
the inputs to the AND array, thus forming the 
desired Boolean terms. The fixed internal OR 
gates enable the formation of Boolean Sum of. 
the Product Terms. Since any logical function 
can be expressed in Boolean Sum of Product 
terms, the PAL can be used to realize any 
logical function provided the expressions do 
not exceed the capacity of the PAL. 

Microelectronic Industry 
Design & Production Expertise 

PAL Features 

Features of PAL are: 
• The easy to use and to customize PAL 

programming facility is available on most 
popular PROM Programmers. 

• Promotes methodical approach to logic 
design, hence the potential for design 
automation. 

• Flexible, the same device type can be 
customized to perform different functions 
thus reducing inventory of devices. 

• High speed propagation delay of25 ns 
(typical) 

• Small board space. PAL devices are 
packaged in 20 or 24 pin 'Skinny' DIP 

• Compared to standard TTL devices, a 
PAL solution requires a smaller number of 
chips, up to 12: 1 reduction. 

• Compared to custom and semicustom 
devices, PAL circuits require much less 
development time and they are more cost 
effective for small production quantities. 

• Standard 
Products 

l 
Full Custom Design 
Lengthy & Expensve 

l 
Large Volume 
Production & Packaging 

! 
General Distribution 
& Sales 

' 

• 
Multi-Project Chip 

• Field Programmable 
Chips 

• User Design ! 
User Design 

• Specialized 
Products 

! 
Semi Custom Design 
Fast & Cost Effective 

! 
Small Volume 
Production & Packaging 

l 
Distribution to 
Specific Customers 
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Fig. 2: Unit Cost Versus Production Quantity 
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PAL Design 

The PAL design process involves translating 
the required logical functions into Boolean 
expressions. As PAL devices directly 
implement logic functions expressed in 
Boolean Sum of Product form, a computer 
program can be used to generate appropriate 
fuse patterns for a specific PAL. The fuse 
pattern can then be automatically entered into 
the PAL program to realize those functions. 

Computer programs can also be used to aid 
designers in forming and optimizing Boolean 
expressions that represent the required 
functions. An 'Expert' system being 
developed in the Research Department can 
help designers to design PAL circuits 
methodically. 

REFERENCES I. Court, R.A. et.al. 'The 
New Microelectronics 
Revolution', 
Telecommunication 
Journal of Australia 
Vol.34, No.1, 1984, 
pp73-83. 

2. Tirtaatmadja, E. 
"Programmable Array 
Logic Design 
Techniques", Telecom 
Australia Research 
Laboratories Report 
No. 7591, Feb. 1983. 

Contact: DavidHarsant 03-541 6384 

Handout (SS7/H) Page No.2 

PAL 

10 100K 1M 
No. of 
Systems 

1000 10K 100 

= Telecom Australia 



11111111111111111111111t~t~t~TI1Tit~tntntnr1 1111111111111111111111 

HOW COMPUTERS CONTROL 
TELEPHONE EXCHANGES 

Introduction of SPC Exchanges 

Over the last twenty years computer 
controlled telephone exchanges have been 
gradually introduced into world networks. 
They are usually called Stored Program 
Control (SPC) exchanges. Telecom Australia 
operates several different types of SPC 
exchange. The number of SPC exchanges 
installed in the network will rapidly increase 
in the future. 

Principles 

A computer controls the actions of the SPC 
exchange in SWITCHING and 
SIGNALLING. Switching involves the 
connection of items of equipment to the 
customer or to each other with the 
instructions for the connection being issued 
by the computer. Signalling is the receiving 
and sending of information concerning the 
progress of the call. For example. the calling 
customer must be connected at various stages 
of a call to different equipment which 
• sends dial tone. 
• receives dialled digits and 
• sends ring tone. 
Finally the calling customer must be 
connected to the called customer. Signalling 
may occur not only between the exchange and 
the customer but also between exchanges. 
when the called customer is not connected to 
the same exchange as the calling customer. 

In controlling the switching and signalling 
functions. the computer directly replaces 
electromechanical equipment. such as relays, 
used in older exchanges. In addition, the 
computer can provide facilities not previously 
feasible or economically possible. These may 
benefit the customer directly (e.g. the 
provision of itemized call accounting) or 
improve the efficiency of the 
telecommunications network. One of the 
particular advantages of SPC exchanges is 
that many changes to the operation of the 
exchange or the network can be made by 
altering only the data in the computer while 
the computer is still running. There is no 
interruption to the service to the customer. In 
electromechanical exchanges. extensive re 
wiring may be necessary. causing possible 
service interruptions. 

Distributed Processing 

The computer has to perform a large number 
of tasks for many different calls at different 
stages of progress. The computer therefore 
has to be very fast in operation. In the past. 
special computers were used for SPC 
exchanges but the trend now is to share the 
workload among many co-operating 
computers. This allows conventional 
microcomputers to be used since. although 
they may not be very fast. there are many of 
them to share the work. This technique of 
·distributed processing' may also increase the 
reliability of the exchange. 

Software 

The specification, design, coding, testing, 
documentation and later alteration of SPC 
computer programs are complex tasks. 
requiring highly skilled software engineers. 
A complete system is far too large to be 
understood by one person. There is much 
research being done worldwide to develop 
formalized engineering techniques for 
specifying and implementing software. The 
International Telegraph and Telephone 
Consultative Committee (CCITT) of the 
International Telecommunication Union has 
produced recommendations for 
• a "Functional Specification and 

Description Language .. called SDL 
• a high-level programming language called 

CHILL 
• a man-machine language (MML). which 

specifies how a user communicates with 
the computer. 

Thus a system can be specified using SDL 
and implemented using CHILL. while the 
operations staffcommunicate with the system 
using MML. The Research Department has 
contributed extensively to the development of 
SDL and is currently investigating the use of 
CHILL 

Contact: Ron Hurlock 03-541 6373 
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AUSTRALIAN DEVELOPMENT 
OF DIGITAL TRANSMISSION 
TEST EQUIPMENT 

Background 

One of the functions within the transmission 
area of the Research Department is to 
investigate new concepts for the 
measurement and testing of digital 
transmission systems. In many cases these 
concepts have been developed into laboratory 
prototype equipment to explore the concepts 
and to carry out investigations and 
measurements both in the laboratory and in 
the field. These concepts have in some cases 
resulted in international recognition and 
acceptance, e.g. the crosstalk noise figure as 
a measure of the performance of a digital line 
system regenerator. 

Development Contracts 

In some cases there is a requirement to 
develop a more advanced instrument than the 
laboratory prototype. It has been found 
appropriate to let contracts to Australian 
firms under the Telecom Industrial Research 
and Development (IR&D) Program for the 
further design, development and refinement 
of such equipment. This often entails a 
significant amount of microprocessor 
development and it has been advantageous to 
use firms with skills in this area as well as in 
general electronic equipment development. 
This has permitted Research Department 
staff to remain working mostly in 
measurements and investigations of digital 
transmission systems, rather than in areas that 
are secondary to the major activities of the 
transmission area. 

In several cases, the instruments developed 
under contract have been further developed 
into commercial products with sales to 
Telecom and, in one case; to an overseas 
Telecommunications Administration. 

The development of the instrumentation, 
initially for the requirements of the Telecom 
Research Department, has led to an increase 
in the telecommunication skills in local 
industry within Australia, especially with 
respect to specialized instrumentation for the 
measurement of digital transmission systems. 

Instruments 

On display we have instruments associated 
with two areas, viz., 
(a) the investigation and measurements of 

crosstalk interference between digital line 
systems in multi pair cable and 

(b) digital transmission system error 
performance measuremlnt. 

The display shows prototypes developed by 
the Research Department and then progresses 
to some instruments developed by firms 
underthe IR&D program. Finally, some 
commercial products that are based on the 
instruments developed under the IR&D 
prograris are shown. 

Q 

The IR&D program is a continuing program 
and further instruments are being developed, 
which may lead to further commercial 
products. 

Con/Clef: Rick Coxhi/103-541 6428 
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COMPUTER MODELLING OF 
CUSTOMER ACCESS 
NETWORKS 

The ISDN Concept 

The economic advantages of digital 
transmission and switching ensure that a 
growing proportion of links between local 
exchanges in telephone networks will become 
fully digital during the 1980s. Questions of 
the benefits of extending digital transmission 
from the local exchange to the customer have 
led to the concept of an integrated services 
digital network (ISDN). This concept is 
attracting considerable interest within 
telecommunications administrations around 
the world, including Telecom Australia. 

Digital Transmission Path 

An important element in the evolution 
towards an ISDN is the two-way digital 
transmission path linking customer and local 
exchange. It is imperative that such paths 
should initially be provided over the existing 
network because it represents a significant 
investment. In Telecom Australia's case, it is 
30% of the total network asset. 

Considerable overseas resources have 
already been devoted to this area of 
investigation and a number of alternative 
digital transmission techniques, capable of 
operating on existing local cable networks, 
have been proposed. 

Computer Package 

To facilitate the assessment and comparison 
of the various digital transmission techniques 
proposed, the local loop must be accurately 
known in terms of its physical and electrical 
characteristics. Within Telecom Australia, 
information of this type has been obtained 
from a local loop survey recently conducted 
by the Engineering Department. In addition, 
the Research Department has developed a 
versatile computer package that combines 
(a) network composition data obtained from 

the survey, 
(b) transmission parameters of various 

cables obtained from open and short 
circuit measurements on short lengths of 
each cable type and 

(c) parameters of various components of 
digital transmission equipment such as 
transmission rate, line code, equalizer 
frequency response, mode of 
transmission, etc. to produce a number of 
important outputs. 

These include: 
• customer to exchange impulse and 

frequency response, 
• customer end and exchange end echo 

impulse and frequency responses, 
• eye patterns and 
• near end and far end crosstalk noise 

figures. 
The outputs from the model have been 
verified by measurements performed in the 
laboratory and they make it possible to 
predict the percentage of existing customers 
that could obtain direct digital access to their 
local exchanges for the transmission method 
employed. 

Contact:NickDemytko03-5416402 
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INTERFERENCE FROM 
DECADIC DIALLING 

Required Interference Tolerance of 
Systems 
Digital transmission systems that are installed 
in the customer network will have to tolerate 
for the rest of this century the interference 
caused by decadic dialling on rotary dial 
telephones. This interference is 
electromagnetically coupled from the pair of 
wires carrying the analogue telephone circuit 
into all nearby pairs in the cable. The 
interference may result in errors on digital 
transmission systems on these nearby pairs. 

Fig. 1: Measurements of Noise Waveforms and 
Error Rates 

Electromagnetic 
Coupling 

WITH EQUIPMENT 

Quantifying the Effects of 
Interference 
The extent to which the interference would 
affect various proposed digital transmission 
systems may be assessed using a statistical 
model for the electromagnetic coupling paths 
within the cable. The model enables the 
expected numbers of errors per dial pulse 
disturbance to be predicted. That number is 
multiplied by the rate of occurrence of the dial 
pulses on the nearby telephone circuits to 
obtain an estimate of the rate of occurrence of 
errors on the digital system. 

When the receiver or a hardware model of the 
receiver filter is available, a direct 
measurement of the number of errors per 
event is possible. This measurement (see Fig. 
I) uses the noise waveform at the decision 

point in the digital receiver. A level 
distribution meter samples the noise and 
compares the samples with a number of 
thresholds to obtain a histogram of the 
numbers of samples between each pair of 
levels. (See Fig. 2). 

Following a measurement, the counts in each 
level may be scanned to provide the data for 
this histogram. 

The noise level that would cause an error 
depends on the signal level and the location of 
the thresholds in the digital receiver. For 
longer lines the signal level is lower and the 
threshold noise level that results in an error is 
lower. The number of errors for a given noise 
threshold can be obtained by adding the 
counts in all of the classes to the right of that 
threshold in the histogram. 
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able Interference Waveform 

After Equaliser 

Level Distribution Read Out 

I 11- 
counts 
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Observe Level Distribution 
Errors Meter (L.D.M.) 

Functions: 
1. Dial and Watch Error Light Flash 
2. Change Range on L.D.M. to Eliminate Errors (Equivalent to Reducing Cable Length) 
3. Recall 1 Setting on Waveform Recorder to Observe Dial Pulse Train and Noise Spikes 
4. Recall 2 Settings on Waveform Recorder to Observe a Single Level Transition and Noise Waveform 
5. Set Continuous on L.D.M., Dial Several Times, Stop L.D.M., Check Counts in Levels 
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Fig. 2: Example of a Noise Level Histogram 
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Fig. 3: Comparison of Predicted and Sample 
Noise Level Distributionsfor O'l Errors 
perEvent, 
(for dialling 0110.64 mm copper pair 
cable where the disturbing waveform is 
modelled as the multiple event shown). 

-30 >-30 -31 

.01 .99 

.02 .98 
Increasing Noise Level 

.05 .95 

.1 .9 

~ .2 .8 ~ 
(f) (f) 
(f) Cl) 
0 .3 .7 0 
(f) (f) co co 
<( 

.6 <( 
V .4 I\ 
Q) 

.5 
Q) 

iii .5 > 
(I) _J _J - .£ .6 . .4 >, . :!::: 

:n . i:i _g .7 . co . .3 .0 
0 . 0 •... . •... 
CL . CL 

. 8 . 
.2 

.9 

.02 

.1 

Predicted Distribution 

•··•·••••· Samples 

.05 .95 

.98 

.99 I I 4 I I I I I I I I I I I .01 
-30 -32 -34 -36 -38 -40 -42 -44 -46 -48 -50 -52 -54 -56 

Noise Threshold Level (dBV) 

Performance Objective 

The rate of occurrence of errors in a system 
installed in the network should be less than 
the limit specified in the performance 
objective. This means that the number of 
errors per dial pulse is restricted (to a value of 
about 0.1 errors per dial pulse on average) and 
we may determine the noise threshold for 
which a specified number of errors per event 
occurs. 

The noise threshold varies from one 
disturbing pair to the next (all 
electromagnetic coupling paths are different) 
and the statistical distribution of these noise 
thresholds may be obtained by measuring a 
large number of pair combinations. In Fig. 3 
this is compared with the distribution 
predicted by theory. 

This shows reasonable agreement between 
the theoretical model and the measured. 
performance. 

Contact: Philip PotterOJ-541 6424 
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THEORETICAL STUDIES OF 
DIGITAL TRANSMISSION 
SYSTEMS 

Line Transmission Systems 

In addition to the work of simulation and 
evaluation of transmission systems, the 
Research Department devotes considerable 
effort to theoretical studies of line 
transmission systems. These studies are 
directed towards a better understanding of 
some of the fundamental limitations of line 
transmission, such as, the study of mutual 
interference between digital line systems 
sharing the same cable. Studies are also 
directed towards developing new techniques 
for digital line transmission. 

The carrying out of these studies is a 
necessary step in establishing a strong 
theoretical understanding of digital line 
systems. Our objective has been to develop 
this expertise to the highest possible standard 
so that, firstly, when Telecom evaluates 
digital transmission equipment and systems 
from manufacturers it has available a sound 
theoretical basis on which to make its 
assessment and, secondly, it may introduce 
this equipment in the network in the optimum 
manner. In some cases our studies have led to 
new techniques, which have been accepted 
internationally. 

The papers on display illustrate some of our 
studies and all have been published in 
overseas journals. 

·· Crosstalk in a Synchronous Network 

One paper proposes a new technique to 
characterize the performance of digital line 
systems with respect to crosstalk by the 
crosstalk noise figure. This technique has 
received international recognition by being 
adopted by the International Telegraph and 
Telephone Consultative Committee (CCITT) 
in its recommendations. Another paper 
addresses the problem of the effect of 
synchronization on the mutual interference 
between digital line systems. In the early 
stages of development of a digital 
transmission network, individual digital line 
sections are not mutually synchronized. 
However, an integrated digital network 
requires that all links be synchronized. This 
work examines the effect of synchronization. 
In particular, it has required the use of 
cyclostationary statistics of the digital data 
signals and a very careful modelling of the 
various modern processes involved. 

· ImpulseNoise 

Introducing digital transmission into the 
existing analogue telephone network means 
that there is interference between analogue 
and digital services. Dialling pulses from the 
analogue telephone are coupled via cable 
crosstalk and interfere with the digital 
services. Whilst some measurements have 
been conducted, this is the first theoretical 
study of this problem. 

Timing Recovery 

In some digital line receivers there is a desire 
to perform all of the receiver operations using 
digital operations. This is particularly so for 
Integrated Subscribers Digital Network 
(ISDN) customer access over existing 
subscriber lines. In this paper a new method 
of timing recovery using only baud rate 
samples is described. 

Contact: Andrew Jennings 03-541 6394 
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HIGH CAPACITY SINGLE MODE 
OPTICAL FiBRE 

Increasing Requirement for Capacity 

The Telecom Australia transmission network 
will progressively require more digital 
transmission capacity at a continually 
increasing rate over the next ten or so years. 
This trend stems from the introduction of an 
Integrated Digital Network (IDN) for 
telephony, the Digital Data Service (DDS) 
and other networks and services such as the 
Special Services Network (SSN) and leased 2 
Mbit/s services. 

Provision for Higher Capacities 

To meet this increasing demand for digital 
transmission capacity, high capacity single 
mode optical fibre systems will be used, 
augmenting the high capacity digital radio 
systems, to connect together the nodes of 
Australia's long distance digital trunk 
network. Fig.I illustrates the proposed use of 
single mode optical fibre in the long distance 
trunk network into the mid-l990s. 

The transmission bit rate on the initial long 
distance routes will be 140 Mbit/s and 565 
Mbit/s depending on traffic requirements. 

For both of those rates, conventional intensity 
modulation line transmission equipment will 
be used. On these long links with many 
repeaters it is more economic to increase the 
digital transmission capacity by using time 
division multiplexing rather than the 
alternative technique of wavelength division 
multiplexing. Looking further into the future 
it may be possible to use, in place of 
conventional intensity modulation line 
transmission equipment, the more sensitive 
heterodyne or homodyne line transmission 
equipment. This equipment will allow longer 
repeater section lengths to be achieved or, 
over shorter distances, the digital 
transmission capacity to be increased. 

Increasing Bit Rates 

With these developments in the future, it is 
clear that single mode optical fibre systems 
will carry digital information at increasingly 
higher bit rates. At present, systems 
operating at l.2 Gbit/s, l.6 Gbit/s and 2 Gbit/s 
are being investigated both here in Australia 
and overseas. 

As the bit rate is increased the technology of 
the electronic circuitry associated with the 
line transmission and measurement 
equipment must change significantly. At bit 

Alice Springs 

Brisbane 

o - 
0 
Melbourne 

C7 Hobart 

-· rates in excess of 500 Mbit/s, microwave 
semiconductor devices including silicon 
bipolar and Gallium Arsenide (GaAs) field 
effect transistors, high speed Emitter 
Coupled Logic (ECL) and GaAs digital 
integrated circuits will be used in conjunction 
with thick and thin film microelectronic 
circuit construction techniques. 

Specific Investigations 

To prepare for the future the Research 
Department is currently investigating various 
aspects of high bit rate digital transmission 
over single mode optical fibre as shown in 
Fig.2. Specific areas of work include: 
• the characterization and effect of laser 

diode mode partition noise in intensity 
modulation (IM) systems, 

• the modulation of semiconductor laser 
diode sources at very high bit rates, 

• specialized test equipment to characterize 
the performance of single mode optical 
fibre systems operating at very high bit 
rates, 

• wide-band and band pass low noise optical 
preamplifiers and 

• theoretical analysis of the bit error rate 
performance of different types of 
transmission equipment. 

Fig. I: Proposed Optical Fibre Systems 
Network for Mid-1990s. 

Handout (TS5/H) Page No.I = Telecom Australia 



RESEARCH DEPARTMENT OPEN DAYS 19&5 

Typical Repeater 
Section Length for 
Commercial Equipment km 

80 

70 

60 

50 

40 

30 
Present Day 
Systems 

20 

34 140 2 8 560 

Bit Rate: MbiVs GbiVs 

Fig. 2: Current Areas of Research in High Bit 
Rate Systems. 

Contact: Tom StephensOJ-5416538 
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OPTICAL FIBRE ELONGATION 
AT CABLE PLOUGH-IN 

Single Mode Optical Fibre Systems 

Single mode optical fibre systems are soon to 
be introduced into Australia's inter-city trunk 
network. A field trial involving the 
installation of75 km of single mode fibre 
cable is under way and plans for the first 
major system ( 1000 route-km) are well 
advanced. Single mode optical fibre systems 
are also favoured as a means of providing 
digital transmission facilities into and 
between small rural centres. 

Single mode fibre systems are attractive for 
major trunk routes because they offer high 
transmission capacities and long repeater 
section lengths. Even on routes between 
small rural centres, single mode optical fibre 
systems are still attractive because of the long 
repeater section lengths available. The use of 
optical transmission is also attractive because 
it offers the possibility of a metal-free cable 
that is immune from lightning-induced 
damage. 

Installation of Cables 

In comparison with other transmission 
media, optical fibre cables and transmission 
systems are competitively priced. However, 
cable installation costs are substantial and, in 
order for optical systems to remain 
competitive on an overall cost basis, it must 
be possible to install optical fibre cables using 
similar methods to those used for other 
cables. In rural areas of Australia, as in many 
other countries, cable ploughing techniques 
have been established as the most attractive 
method of installing cables. 

Comparison with Metal Conductor 
Cables 

In general, cable ploughing equipment and 
techniques have been developed with robust 
metal cables in mind. However, optical fibre 
cables are very much smaller and lighter than 
metal cables of similar capacity and have a 
lower tensile strength. Thus, there is a 
possibility that conventional cable ploughing 
equipment and techniques may create 
excessive cable tension and lead to excessive 
strain levels in the fibres. Optical fibres are 
proof-tested during manufacture to strain 
levels oftypically0.5% to0.8% and may fail 
instantaneously if exposed to strain levels in 
excess of the proof-test value. A more 
insidious problem also arises, in that optical 
fibres within a cable are susceptible to failure 
through static fatigue if they are subjected to 
even small strain levels over a long period of 
time. This raises some concern as to the 
lifetime of an optical fibre cable installed by 
ploughing, using the techniques developed 
for the more robust metal cables. 

Cable Ploughing Trials 

In order to evaluate the effects of installation 
by ploughing on optical fibre cables, a series 
of cables has been installed in preliminary 
ploughmg trisfs. During these trials, fibres 
within the cables were monitored to detect 
changes in length arising from applied 
tension. The results of these trials have 
assisted in identifying features in cable 
construction and installation techniques that 
can be employed to minimize both transient 
and residual strain levels in the fibres of a 
cable thus installed. 

Details of Measurement 
Equipment 
A block diagram of the equipment used to 
measure fibre elongation is given in Fig. I. 
The cable to be tested contains a loop of two 
fibres spliced at the far end. An optical signal 
from a modulated laser source is coupled to 
one fibre and the signal returning on the 
second fibre is coupled to an avalanche 
photodiode detector. 

The vector voltmeter measures changes in the 
phase difference between the transmitted and 
received signals and the calculator calculates 
the equivalent elongation. The calculator 
records this information, together with the 
received signal magnitude, time of day, 
length of cable installed and any comments 
entered by the operator on magnetic tape for 
later analysis. 

The equipment thus described is capable of 
measuring the fibre elongation. In order to 
determine the strain it is necessary also to 
know the length of cable installed. This is 
measured by a follower wheel mounted on the 
plough, over which the cable passes. As each 
extra metre of cable is ploughed, a data word 
is relayed to the measurement station and 
entered into the calculator's data record. After 
the initial setting-up, the measurement 
system is capable of unattended monitoring 
and can be used to generate a number of 
records, such as fibre elongation and strain of 
either steady-state or transient nature, 
changes in attenuation, length of cable 
installed at various times and cable ploughing 
speed. Operator-entered comments can be 
used to identify particular events or features. 
In addition, a real-time plot of average strain 
against length of cable installed is displayed 
so that the installation progress can be 
monitored and installation techniques 
modified ifneccssary. 

Results ofTrials 

These trials have confirmed that optical fibre 
cables can be satisfactorily installed using 
cable ploughing techniques similar to those 
developed for metal cables. Details of the 
trial results are available in published 
Research Department Reports: 
RLR 7681 "Measurement of Longitudinal 

Strain in Optical Fibre Cable" 
RLR7733 "Measurement of Elongation of 

Optical Fibre Cables During 
Installation: Report on 
Ploughing Trials May 1984'' 

Contact: Robert Ayre 03-541 6733 
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. JOINTINGOFOPTICALFIBRE 

Increasing Importance of Low Loss 
Joints 

As the loss of signal per kilometre of optical 
fibre has decreased (from 3 dB/km to 0.5 dB/ 
km) owing to new developments and 
increased purity of the fibre materials, the 
loss in a joint between two lengths of fibre has 
become a significant factor in determining the 
length over which a system can operate with a 
safe margin, without needing regenerating. 

Arc-Fusion Joints 

One of the most effective ways of jointing 
fibres with little loss (less than 0.1 dB), 
compared with a demountable connector (0. 5 
dB to 1.0 dB), is to fuse or weld the fibres 
together. The ends of the fibres are heated 
until the glass just melts and the two sections 
flow together. 

Alignment of Ends 

To achieve a low loss joint, the fibre central 
cores must be precisely aligned so that the 
light in the core of the first fibre passes 
directly to the core of the other fibre (Fig.I). 
Any misalignment of these cores will cause 
an increase in the loss of the joint. 
To align the ends, the fibres are clamped in 
two Vee shaped grooves to hold them straight 
and steady (Fig. 2). The Yee blocks can be 
moved around by micrometer manipulators to 
position the cores for minimum loss. In more 
sophisticated machines small motors 
manipulate the Vee blocks under the control 
of a computer which has been programmed to 
position the fibres so that maximum signal is 
passed to a receiver at the far end of the fibre 
cable. 

Temperature of Fusion 

When the ends are aligned and butted 
together a high voltage is applied to the 
electrodes, which are positioned in the centre 
of the joint area (Fig.3). The amount of power 
in the arc determines the temperature of the 
arc. This temperature can be varied to cater 
for different types of fibre, as typical types of 
glass used to manufacture fibres melt in the 
range of 900°C to 2200°C. The temperature 
of the arc is thus an important factor in 
making a good joint. 

Good Alignment 

125µm 10µm 

Vee Blocks 

Bad Alignment 

Adjustable 

_,._ _,. core 

Fig. I: Good and Bad Joint Alignments 
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Stabilized 
Light Source z 

A 
X y 

Fixed 

Fig. 2: Method ofAlignment 

The joint is visually inspected to see that there 
have been no malfunctions then removed 
from the splicer and protected in a heatshrink 
sleeve that covers the exposed fibres. 

Testing of Joints 

Optical testing of the joints can be done with 
an Optical Time Domain Reflectometer. This 
device makes use of the effect of Rayleigh 
Scattering (scattering of light by variations in 
composition of the glass). A high intensity 
optical pulse is launched periodically into an 
optical fibre and the level of back-scattered 
light provides information from which a 
number of fibre parameters can be derived. 

Computer Modem 

These include fibre attenuation as a function 
oflength,joint insertion loss, reflection 
coefficients at discontinuities and the location 
of faults (Fig.4). 
The back-scattered light is collected on a 
photodetector which converts the light levels 
to electrical signals. These signals are 
amplified and processed by the computer to 
reduce the noise levels, then analysed by 
different programs to determine the 
characteristics desired. These are displayed 
on the visual display unit or plotted on paper 
as a permanent record (Fig.5). 

Contact: John Gil/iesOJ-5416539 
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Fig. 3: Arc Welding of Joint 

Fig. 4: Measurement of Fibre Characteristics 
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Characteristics 

mV 

Time (µs) 
Linear Display of 
Back-Scattered Light 
From Fibre 

Loss 
in 
dB 

Loss 
in 
dB 

Distance (km) 
Log Plot of Cumulative 
Loss Measurement 

~ 

Joint Rejection Level 

~ 

I • I 

Distance (km) 
Plot of Joint Loss 
Measurement 

Handout(TS8/H) Page No.2 = Telecom Australia 



I I I I I I I I I I I I I I I I I I I I I I ITnt~t~t~fflfflfflnll I I I I I I I I I I I I I I I I I I I I I I 

DIGITAL MICROWAVE RADIO 

Errors 

For all types of transmission systems, 
information can be passed from end to end 
without corruption for a very large part of the 
time. Sometimes, however, disturbances to 
the transmission medium can occur, which 
may result in the receiver being unable to 
correctly receive what was sent by the 
transmitter. In digital systems this results in 
errors in the output digital information. 

Optimizing System Design by 
Predicting the Loss of Performance 
due to Intermittent Signal Fading 

A principal cause of errors in digital 
microwave radio systems is intermittent 
multipath signal fading. This intermittent 
fading results in distortion of the received 
signal and the receiver does not correctly 
detect the transmitted signal. The data from 
the output of the receiver thus sometimes 
contain errors. 

Fig. 1: Microwave Radio Path Configuration 
showing how the Same Signal Can 
Arrive at the Receiver at two slightly 
different times 

During the design phase of digital radio 
systems, it is necessary to predict the amount 
of time that the data will suffer from errors 
due to intermittent multipath fading. This 
information is required to fix parameters such 
as the radio path length ( typically 40 to 60 
km) and the type of equipment to be used on 
any particular path. Through this process a 
complete radio system can be designed to 
meet international performance objectives. 

During still summer nights, stable layers form 
in the atmosphere. These stable layers have 
the ability to refract microwave radio signals 
and cause two signals to arrive at the radio 
receiver instead of one signal, which is 
normally the case. 

The original signal arrives at the receiver at 
two slightly different times with a different 
amplitude at each. Depending on the relative 
phase of the two signals at a particular 
frequency, the amplitude of the signal at the 
receiver will vary and cause intermittent 
multipath fading. 

Small variations in the relative delay and 
amplitude of the two rays will cause the 
amount of distortion of the radio signal to 
vary and consequently the number of errors in 
the detected signal will also vary. 

Refracting Layer 

· Multipath Fading Formulae 

From a radio point of view, the multipath 
fading can be characterized by : 
• a multipath activity factor Tl (time) and 
• a mean relative echo delay T0 
The time for which a Bit Error Ratio (BER) 
threshold is exceeded can be predicted from 
the formula: 

time BER equals or exceeds threshold 

-"(: }' 
where K is an equipment dependent 
parameter and T is the baud period of the 
system. 

The effects of multipath fading can be 
reduced by using space diversity at the 
receiver. The time for which the BER 
threshold is exceeded is then given by the 
formula 

time BER equals or exceeds threshold 
4 

(diversity)= T (T: )13K2 

The use of the above two formulae enables 
digital microwave radio systems to be 
economically designed to meet international 
systems performance objectives. 

Contact: Andrew Martin 03-541 6362 
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Fig. 2: Amplitude Effects of Multipath 
Propagation 
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POINT-TO-POINT 
ATMOSPHERIC OPTICAL 
COMMUNICATlONS 

Introduction 

An infrared beam, propagating through the 
atmosphere, can be used to transmit 
information over short distances. Point-to 
point systems based on this principle have 
been developed in recent years with the aid of 
optoelectronic semiconductor devices used in 
optical fibre technology. Fig. I illustrates the 
concept for a data link application. 

Advantages 

Atmospheric optical systems are of interest 
for a variety of reasons: 
• The systems are simple and relatively 

inexpensive. 
• High bit rates for computer I inks or wide 

bandwidth for video links are readily 
provided. 

• Demand for short-haul data links is 
becoming great. particularly for computer 
equipment. 

• Installation and alignment are relatively 
simple. which assists the rapid provision 
of services. 

• The narrow beam (0.25°) provides secure 
communications. 

Applications 

Potential applications exist within the 
Telecom network and for private on-site 
installations. 

Clear 

I 
I 
I 
I 
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w ·- - -~ et 
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Within the network, Telecom currently uses 
low cost microwave radio links, e.g., as 
digital PABX tic lines, where the provision of 
service is required at short notice or in 
locations difficult for cable installation. For 
short path lengths, atmospheric optical links 
provide an alternative to these microwave 
radio systems. Optical systems are less 
expensive than equivalent microwave 
systems and are less bulky. Furthermore, they 
do not have the same licensing requirement 
and their use conserves the radio spectrum. 

Examples of on-site applications for 
atmospheric systems include communication 
links for computer equipment. video 
surveillance or monitoring and video 
conferencing. They can be used for inter and 
intra-office communications ( Local Area 
Networks). 

Fig. I: An l nfrared Point-To-Point Data Link 

Other applications that have been proposed 
for atmospheric optical links are as a backup 
for microwave radio systems and as a quickly 
set up emergency communication link. 

Field Experiment 

The performance of atmospheric optical 
systems is dependent upon meteorological 
conditions which affect atmospheric 
visability. For system planning and design 
purposes, it is necessary to quantify these 
effects. For this reason. the Research 
Department recently conducted a field 
experiment using commercially available 
equipment. similar to the optical data link of 
Fig. I. 
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Fig. 3: The Effect of Scintillation During Warm 
Still Air Conditions 
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The system shown in Fig. 4 was operated 
over a 350 metre long path in the Clayton 
North area and carried pseudo-random binary 
data. at a rate of two megabits per second. 
Weathereonditions, system parameters and 
transmission performance (bit error rate) 
were monitored over a ten month period. 
Figs. 2 and 3 show chart records of some of 
the propagation phenomena encountered. 

Analysis of results of this kind has established 
that, for distances of less than I km, 
atmospheric optical systems can provide 
reliable communications in most weather 
conditions, with the exception of dense fog. 
Operational hands-on experience has been 
gained and quantitative data on system 
parameters have been analysed. providing the 
means to make performance predictions and 
assess the viability of planned services. 

In conclusion, infrared links can offer 
customized solutions for special 
requirements. The emergence of these 
systems has provided Telecom with another 
tool from which to choose in the planning and 
design of the telecommunications network. 

Contact: Tony ThomasOJ-5416247 
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SINGLE MODE OPTICAL FIBRE. 
MEASUREMENTS 

Transmission Performance 

The Research Department has developed 
methods of characterizing the transmission 
performance of single mode optical fibres. 
The characterization methods are an 
important aspect of a fibre specification that 
is required for the introduction of single mode 
fibre systems into the Australian 
telecommunications network. The 
transmission parameters of a single mode 
fibre which are identified as being important 
to specify include: 
• the attenuation of the cabled fibre, 
• the effective cutoffwavelength, 
• a mode field diameter, 
• a geometrical description of the cladding 

and its relation to the mode field location 
and 

• the dispersion or bandwidth. 

Optical Fibre 

Core 

Cladding 

• 

Using Parameters in Design 

To illustrate the use of these parameters in 
designing a single mode optical fibre system, 
consider the example of jointing optical fibres 
(sometimes called splicing). The parameters 
which are most important in determining the 
fibre joint loss are: 
• the mode field diameter, which is a 

convenient measure of the width of the 
field propagating in the optical fibre at its 
operating wavelength (Fig. I) and 

• the concentricity error, which is the radial 
distance between the centre of the 
cladding surface and the centre of the core 
or equivalently the centroid of the mode 
field (Fig. 2). 

An optimum value for the mode field 
diameter at 1300 nm wavelength in a single 
mode optical fibre is in the range 9-10 urn, 
depending on the shape of the fibre's 
refractive index profile. The concentricity 
error should be as small as possible. 
However, manufacturing techniques for 
optical fibres give a range in the concentricity 
erroruptoamaximumoftypically I urn. 

Near Field Optical Power Distribution 
(In Plane of Fibre Endface) 

r 
1/e2 Relative Intensity 

. Joint Loss 

The minimum joint loss is achieved when the 
mode field diameters in each fibre are 
identical and they are spatially aligned. For 
jointing, a common practice is to align the 
outside cladding surfaces of each fibre, so 
that alignment of the two mode fields is best 
achieved with minimum concentricity error in 
each fibre. 

The joint loss, i.e. the fraction of the optical 
power lost at the joint, can be numerically 
predicted by considering the overlap between 
the mode fields at the joint. A typical joint 
loss, with proper attention to the mode field 
diameter and concentricity error, is about 2% 
(0.1 dB). 

Contact: Grant Nicholson 03-541 6733 

Fig. 1: Concept of Mode Field Diameter 
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Cladding 
(a9,b9) 

Concentricity Error = v' ( a9 - a0)2 + (b, - b0)2 
(shown exaggerated in this example) 

Fibre 1 

------ 
Core 

Cladding 

a9,b9 - Co-ordinates 
of Cladding Centre 

ac,bc - Co-ordinates 
of Core Centre 

Fig. 2: Concentricitv Error 

Mode Field Distributions 

Fibre 2 

Core 

Concentricity 
Error 

Cladding 

Overlap Region of Mode Fields 
Fig. 3: Fae/Ors Affecting Joint or Splice Loss 
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CELLULAR MOBILE RADIO 
SYSTEMS 

Concept 

Cellular mobile radio telephone systems can 
provide service to large numbers of customers 
without placing inordinate demands upon 
available space in the crowded radio 
frequency bands. This important advantage is 
achieved through the re-use of the radio 
channels in a co-ordinated manner throughout 
the service area. The concept is illustrated in 
the diagram, (See over) depicting a number of 
contiguous cells, each with its own base 
station, covering a service area. Present 
systems of this type employ analogue 
transmission of information between the 
mobile units and the base stations. However, 
systems using digital transmission are being 
intensively investigated, by both 
telecommunications authorities and 
equipment manufacturers, because of the 
advantages they offer. 

Examples of Systems 

Examples of analogue systems include the 
Public Automatic Mobile Telephone System 
(PAMTS) presently operating in most 
Australian cities and a proposed new high 
capacity system, scheduled for introduction 
in 1986-87. The current PAMTS system, 
operating at 500 MHz, has limited capacity 
(about 8000 customers in a large metropolitan 
area), whereas the proposed new system, 
operating at 800-900 MHz, will be capable of 
expansion to serve 100000 or more 
customers. Later in the 1990s, the 
introduction of an Australian digital system is 
foreseen. 

In Fig. 1 below, the indicated non-uniform 
cell size reflects a corresponding non 
uniformity of customer density throughout 
the service area. Large cells serve regions of 
low customer densities while small cells are 
employed where the density is high. 
Furthermore, in order to accommodate 
customer populations of 100000 or more, the 
new systems will be designed so that cells 
may be split as the customer base grows. 

(See diagram over) 

Advantages to Customers 

From the customer's viewpoint, one of the 
main advantages of a digital system is that it 
will be able to operate with the same variety 
of customer service options that is being 
developed for the fixed network. That is, it 
will provide compatibility with the future 
Integrated Services Digital Network (ISDN). 

One important feature of the proposed ISDN 
is that advisory, monitoring and control data 
will be able to be conveyed between the 
customer equipment and the network, 
simultaneously with the main information 
signal (voice or user related data). By this 
means it will be possible, for example, to 
inform customers of the progressively 
accumulated call charge or the existence of a 
calling third party, without interruption to the 
progress of an existing call. 

Another important advantage of the extra 
advisory, monitoring and control data stream 
is that it will improve the operation of various 
automatic functions performed within 
cellular systems. A good example is provided 
by the so-called 'hand off' function, which is 
performed as a mobile travels out of the 
coverage area of one cell and into an adjacent 
cell. This function requires that the mobile 
should cease operating with the base station 
in the cell that it is leaving and commence 
operation with the base station of the cell that 
it is entering, without appreciable disruption 
to a conversation. 

With present analogue systems, which do not 
have a separate control data stream, hand off 
action can attimes cause noticeable breaks in 
conversation continuity. However, future 
digital systems will facilitate the design of 
procedures to minimize such effects, 
including the potentially more serious impact 
of breaks upon future mobile high speed data 
dependent services. 

Security and Versatility 

In addition to these advantages, digital 
systems can enhance security, since they 
readily accommodate encrypted voice 
signals. Furthermore, they allow the use of a 
range of transmission techniques, unique to 
digital signals, that offer the potential to 
combat the so-called 'multipath effects' that 
are so pronounced on land based mobile radio 
channels. 

Multipath effects arise because the antennas 
on the mobile and hand-held units are almost 
always below heights which would permit 
direct line-of-sight propagation to and from 
the base stations. Thus the communication 
takes place via a generally large number of 
indirect signal components, resulting from 
the random diffraction and reflection of the 
radio waves by buildings and other objects. 
These random components add to form an 
interference pattern in the space through 
which the mobile travels, generating severe 
multipath fading on the currently used 
narrowband channels and frequency 
selectivity on potential future wideband 
systems. 

It is expected that certain digital transmission 
techniques used with wideband systems will 
be able, for example, to resolve individual 
multipath components and so mitigate against 
their effects. Improved system performance 
and a reduction in the power requirements 
(and hence the mass) of hand-held units are 
two of the potential benefits that may result 
from the use of these techniques. 
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Investigations in Pr;gress 

In view of the above-mentioned expected 
advantages of digital mobile systems, the 
Research Department is pursuing 
investigations in the area. The work in 
progress includcs:- 
(a) modelling and comparison of the various 

possible systems, i.e., narrowband 
digital. time division multiple access 
(TOMA) systems and spread spectrum or 
code division multiple access (CDMA) 
systems, 

(b) wideband channel modelling and 
( c) support and liaison for an industrial 

research and development contract to 
supplement the Research Department's 
own work. 

Scheduled future work will cover- 
• wideband channel measurement. 
• laboratory and field evaluation of 

experimental transmission systems and 
• participation in the activities of the 

International Telecommunications Union. 
which is seeking to standardize future 
digital mobile systems. 

Through this program, the Research 
Department will gain experience and develop 
expertise in the field and so place itself in a 
position to supply well-founded technical 
advice on future digital mobile systems to 
Telecom 's planning. marketing and design 
groups. 

Contact: Stan Davies 03-541 6390 

Mobile Unit in Cell Site 14 
Operates on Channels A and M 
(Conventional Narrowband Systems) 

To Telephone 
Network , , , 

Ce11s;1e ~ 
No. 3 12.l) 

Fig. I: C ellulnr Svstetn Lavout 

Mobile Unit in Cell 1 
on Channels A and M 
(Conventional Narrowband Systems) 
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WIDEBAND INTEGRATED 
SERVICES EXPERIMENT 

Local Area Networks 

Local Area Networks (LANs) are currently in 
a state of very active development and 
standardization. They are primarily designed 
for data transmission between computers and 
associated devices (e.g. terminals, 
workstations), are generally confined to an 
area of, say, 10 km radius and are privately 
owned. Although these networks are 
frequently employed to serve a single 
building, their use in covering several 
buildings is becoming widespread. Two 
classes of LAN are emerging, viz. baseband 
and broadband LANs, classified according to 
the technology used to implement the 
network. These networks are increasingly 
being used in businesses, administrations and 
universities to provide communication 
facilities for the sharing of resources such as 
central processors, data bases and high speed 
printers. 

'Wise net' 

The equipment on display is part of a 
Wideband Integrated Services Experimental 
Network ('Wiscnet') used for exploratory 
investigations. It is a broadband LAN based 
on a synergistic combination of analogue and 
digital communications technologies. The 
network employs a Cable Television (CTV) 
system and a mid-frequency-band-split single 
coaxial cable to support full-duplex 
communications of various analogue (e.g. 
video) and digital communications services 
on the network. In this system, transmission 
in each direction is achieved in a separate 
frequency band, but both share the single 
cable. 

A simplified schematic diagram of Wisenet is 
presented in Fig. I. The network currently 
serves three buildings in the Research 
Department at Clayton - two at 22 
Winterton Road and one at 770 Blackburn 
Road. A total of five underground repeaters 
and about 2 km of 12. 7 mm coaxial CTV 
cable has been used in existing Telecom 
manholes and ducts along Winterton, 
Dandenong and Blackburn Roads. The 
headend ofWiscnet is situated at 22 
Winterton Road. Here, a frequency translator 
converts incoming signals in a low band of 
frequencies to another higher frequency band 
for retransmission downstream. In this way, 
full-duplex transmission with a potential total 
bandwidth of 105 MHz may be supported on a 
single coaxial cable. A further 100 MHz or so 
of bandwidth is available on Wisenet for a 
significant number of wideband channels 
(such as those from video cassette recorders) 
to originate at the headend and be broadcast 
downstream to all users. 

Services Available 

With appropriate interface equipment on 
Wisenet, some of the services which can be 
supported include: 
• packet communication between host 

computers and workstations, 
• full-duplex analogue video (5 MHz each 

way), 
• full-duplex data transmission at 2 Mbit/s 

or higher on dedicated frequency bands. 
(These could also be used as tie-lines for 
digital PABXs) and 

• in-house video originating at the headend 
and broadcast to all users. 

Packet Communication 

The multiple access technique employed for 
packet communication on Wisenet is Carrier 
Sense Multiple Access with Collision 
Detection (CSMA-CD). Using this 
technique, a Packet Communication Unit 
(PCU) that has a data packet to send must first 
listen to the channel to ensure that it is idle 
before transmitting its packet. It is possible, 
however, for two or more PCU s to sense an 
idle channel and transmit almost 
simultaneously. This results in packet 
collision, rendering errors in received 
data, but it can be detected by CD circuitry in 
each PCU. The PCUs resolve the contention 
problem by waiting a random time (within 
some limits) before attempting 
retransmission. Should another collision 
occur, the limits on this random delay are 
extended, and so on, until transmission is 
successful. 

Display 

On display are two computer terminals 
attached to separate PCUs. These terminals 
may communicate (via PCUs) either with 
each other, with any other terminal attached 
to the network or with a multi user 
microcomputer resident at the head end. Each 
PCU has RS-232C (V.24) interface ports 
supporting port speeds ofup to 19.2 kbit/s. 
Data packets arc transmitted by the PC Us at 
128 kbit/s over a pre-selected channel of 300 
kHz bandwidth on the CTV cable. Also on 
display are analogue video channels co 
existing on the same CTV cable with the 
channels used for packet data 
communication. 

Contact: Alex Quan 03-541 6420 

Handout (TS 14/H) Page No.I = Telecom Australia 



RESEARCH DEPARfMENf OPEN DAYS 1985 

Fig. I: Wideband Integrated Services 
Experimental Network 
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SPREAD SPECTRUM 
COMMUNICATION 

Original Application 

Spread Spectrum communication, originally 
developed for military use, involves 
techniques that deliberately use very high 
bandwidths for each individual channel, 
these being much higher bandwidths than are 
normally employed or required. 

Different Spread Spectrum 
Techniques 

There are a number of quite different 
techniques of Spread Spectrum 
communication, some of them providing a 
single communication channel and others 
providing multi-channel capacity. Some of 
these techniques are: 

(a) Frequency Hopping. A pseudo-random 
binary sequence (code) is used to vary the 
transmitted frequency in a pseudo 
random manner. 

(b) Direct Sequence. Binary digital 
information is directly modulated (using 
modulo 2 addition-the Exclusive OR 
function) by a higher speed pseudo 
random binary sequence (code). 

(c) Time Hopping. A pseudo-random binary 
sequence is used to vary the instant of 
transmission time (time-slot) of 
information digits in a pseudo-random 
manner. 

Transmitter 1 

Transmitter 2 

• 
• 
• 

(d) Chirp (Pulse Frequency Modulation). 
Use of short bursts of signals, each burst 
being a sweep in frequency - typically 
used in radar systems. 

(e) Hybrid Systems. Combinations of the 
above methods, e.g. combined 
Frequency Hopping and Direct Sequence 
or combined Time and Frequency 
Hopping. 

lt is possible to have Spread Spectrum codes 
that are nearly orthogonal, implying that 
many data channels can occupy the same 
frequency spectrum, simultaneously in time. 
In such cases, the code becomes the 'key' to 
decoding the required message, i.e. 
separating it from other channels. This leads 
to the name 'Code Division Multiple Access' 
(CDMA). This CDMA technique represents 
another alternative to the well-known Time 
Division Multiplex and Frequency Division 
Multiplex techniques. 

Direct Sequence Code Division 
Multiple Access 

Investigations of one particular CDMA 
Spread Spectrum technique, viz. Direct 
Sequence Code Division Multiple Access. 
are being undertaken. Direct Sequence 
techniques utilize special near-orthogonal 
pseudo-random binary sequences (from shift 
registers) to 'modulate' the source data 
stream, thereby widening (i.e. spreading) 
their spectra. A family of binary sequences is 
used, each channel having a unique 
sequence. 

Advantages of Spread Spectrum 

Although Spread Spectrum initially appears 
wasteful of bandwidth, a number of benefits 
are gained: 
• Immunity to jamming: An interfering 

signal has its corrupting effect 
significantly reduced. 

• The transmitted signal usually requires 
lower power spectral densities. This can 
give a degree of privacy of transmission. 
Further. the reduced power level may be 
beneficial in reduced interference to other 
users sharing the same band. 

• In order to decode the transmission. the 
receiver needs know ledge of the 
transmitter's code sequence. Thus, 
Spread Spectrum systems have a 
rudimentary element of secrecy or 
encryption inherent in the transmission 
technique. 

• Because Spread Spectrum techniques use 
large bandwidths, they are less prone to 
multipath radio effects. where sharp 
frequency nulls cause difficulties. 

• In a number of areas, Spread Spectrum 
techniques appear highly cost 
competitive. This is because the shift 
register. the basic hardware associated 
with spreading the spectrum. is very low 
in cost. 

Fig. l:CDMAS_rs1em 

Receiver 1 (uses 
same code as Transmitter 1) 

Receiver 2 (uses 
same code as Transmitter 2) 

• 
• 
• 
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Fig. 2: Direct Sequence Transmitter 
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Applications 

Possible future applications could include 
Local Area Networks (cable, radio or optical 
fibre media), local subscriber digital 
reticulation, satellite access, cordless 
telephones and multiple allocation of existing 
radio bands. 

Contact:JohnHollow03-5416347 
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POINT-TO-MULTIPOINT 
ATMOSPHERIC OPTICAL 
COMMUNICATIONS 

Basic Forms 

Infrared communication systems operate in 
the near infrared band of the electromagnetic 
spectrum, i.e., from 750 nm to 1500 nm. The 
optical sources employed are either Laser 
Diodes (LO) or Light Emitting Diodes 
(LED), while the detectors are PIN Diodes or 
Avalanche Photo Diodes (APO). 

There are two basic forms offreespace 
infrared communications. The first is a point 
to-point system which is suitable as a secure 
outdoor link for data and digital voice 
transmissions. The second system is for 
point-to-multipoint communications which 
form the transmission medium for a Local 
Area Network (LAN). Point-to-point systems 
are the subject of a related display. 

Point-To-Multipoint 
Communications 

In an open office or a factory environment, 
conventional communication links are over 
copper wires. This is acceptable if the 
communication units (e.g. telephones, data 
terminals, robots) are fixed but, if there is a 
need to move these units about within the 
office space or factory, cabling becomes a 
major problem. Point-to-multipoint infrared 
communication links provide a potential 
solution to this problem. 

A unit wishing to transmit some information 
broadcasts its data to all other units using a 
wide infrared beam and diffuse reflections 
from the ceiling and walls. This provides an 
infrared bus which is accessible to all units. 
Selection of the data from the bus is 
controlled by the access method employed. 
This access method requires all data to be 
preceded by the address of the unit to which it 
is being sent. Only that particular unit 
receives the information from the bus. 

This system allows communication units to 
be moved about within the area served by the 
infrared bus, without the cabling problems 
that currently exist. Access to other infrared 
systems, separate data networks or digital 
voice networks can be provided by an access 
unit that performs the infrared to cable 
network interfacing. 

Research Areas of Interest 

Work is being commenced in the following 
areas: 
• infrared device characteristics, 
• infrared modulation techniques, 
• infrared properties of offices and open 

indoor areas, 
• point-to-point infrared link availability 

and 
• access methods for infrared point-to 

multipoint systems. 

Contact: Mark Hayes 03-541 639X 
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ELECTROMAGNETIC 
INTERFERENCE FROM 
INFORMATION TECHNOLOGY 
EQUIPMENT 

Scope of Interference 

The rapid proliferation of Information 
Technology Equipment (ITE) into 
commercial and residential environments has 
led to concern for the fact that 
electromagnetic interference (EMI) radiated 
and conducted from ITE has caused 
annoyance to, or even catastrophically 
interfered with, the reception of many forms 
ofradio broadcast services. Victims of such 
interference can include those concerned with 
mobile communications, safety and 
emergency services as well as more 
widespread systems like AM and FM radio 
and television broadcasting. Examples ofITE 
involved are home computers, video games, 
Small Business Systems (SBS telephones), 
desk-top calculators, computer terminals and 
PABX. 

Development of Standards 

The development of standards, national and 
international, for the control of EM! 
emissions from ITE is in its infancy. In some 
cases (for example, FCC and CISPR 
standards) it can be argued that the standards 
will not provide sufficient protection of 
radiocommunication services in Australia. 

The problem arises primarily because the 
desired signal strengths that determine the 
primary broadcast service areas in Australia 
are generally lower, by from 2 to 20 dB, then 
the desired signal strengths that are to be 
protected in many other countries. Therefore, 
to provide in Australia the necessary 
protection margins (the ratio of desired signal 
strength to be protected relative to interfering 
signal) the permissible EMI at the required 
protection distance must be 2 to 20 dB or 
more lower than that allowed by the standards 
of other countries, where they exist. 

A common characteristic of the physical 
realization ofITE is the distributed nature of 
the equipment. As distinct from the stand 
alone nature of some devices that produce 
emanations from a single cabinet and power 
supply cable only, many ITE are composed of 
numerous peripheral devices that are cable 
connected to each other and a host or host 
units, thus greatly increasing the number of 
potential EMI emitting devices and cables. 
This leads to a consequent extreme increase 
in the complexity of the systems' 
electromagnetic compatibility (EMC) 
considerations and increased difficulty in 
devising realistic EMI test and measurement 
techniques to ensure conformance to 
specified emission standards in a real-world 
environment. 

Electromagnetic Spectrum 

A principal feature of the EMI emissions from 
ITE is the large range of the electromagnetic 
spectrum that can be affected, up to I GHz 
and higher. The predominantly digital 

technology.employed in ITE and the fact that 
most logic.system timing is derived from and 
controlled by quartz crystal oscillators, 
means that emissions consist largely of 
harmonically related spectral lines having 
relatively stable frequencies. The wide EMI 
spectrum arises from the impulsive logic fast 
switching transitions occurring in the ITE. 
Depending upon the impulse repetition rate, 
and thus the spectral line spacing, relative to 
the receiver bandwidth or passband of the 
affected radiocommunication service, 
interference can be manifested as either just 
one interfering carrier (Fig. 1) or as impulsive 
noise when a number of EMI spectral lines in 
the receiver passband coherently add at a 
timing rate equal to the repetition rate of the 
originating impulsive EMI source (Fig. 2). 

One of the most common communication 
services affected by EM! from ITE is 
Television reception. Subjective impairment 
of perceived picture quality caused by the 
relatively stable interference patterns 
produced by ITE emissions can be 
particularly annoying, especially if the 
interference is present for lengthy periods of 
time. Since many items of !TE are operated 
virtually continuously, the protection margins 
imposed to limit ITE emissions should be 
greater than the margins that may be applied 
to offending items of equipment that are 
operated very intermittently or are normally 
mobile, for example, motor car ignition 
systems. 

(See diagrams over) 
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TV Screen 

EMI Bars 

Fig. l:SingleCarrierEMI 

Repetitive Pattern EM I Dots 

Fig. 2: Impulsive EM/ 

Contact: Ian Macfarlane 03-541 6296 
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AUTOMATED RF SOURCE 
CONTROL UNIT FOR AN 
ADVANCED ANTENNA 
TEST RANGE 

The Test Range 

A modern antenna test range, such as 
Telecom operates at Caldermeade in Victoria, 
relies on a variety of sophisticated equipment 
to position and measure antenna patterns 
accurately. Generally, an antenna test range is 
made up of a transmitting site, which contains 
a radiating source and antenna, and a 
receiving site, at which the antenna-under 
test is mounted on a rotator. At Caldermeade, 
the range-length, the distance between these 
two sites, is 2.4 km. Measurements are 
carried out by firstly setting the source power 
and frequency, as well as the source antenna 
height and polarization, and then rotating the 
antenna-under-test at the receiving site. 
Receiver equipment attached to the antenna 
under-test measures the response of this 
antenna with angular rotation. 

Operation of Measurement and 
Control System 

The operation of this system of instrument 
setting, antenna positioning and 
measurement is computer controlled and fully 
automated. It allows highly efficient and 
accurate measurements to be made of co 
polar 'and cross-polar radiation patterns for 
example. The control system is based around 
the IEEE-488 interface bus and a computer. 

Basically, this central system facilitates the 
two-way exchange of information between 
the computer and the equipment being 
controlled. At the receiving site one section of 
the controller, which is located in the 
measurement cabin, converts commands in 
IEEE-488 format into serial format and sends 
these off to intelligent equipment on the 
receiving tower and vice versa receives data 
from monitoring devices on the tower and 
relays these back to the computer in the 
proper format. 

Remote Source Control Unit 

For information to be relayed back and forth. 
between the receiver and transmitter sites, as 
shown in this demonstration, the commands 
and data, in IEEE-488 format, are sent from 
the receiver site by telephone line. At the 
transmitter site these signals are received by 
an automated intelligent terminal 
(ARTSACE) and either passed directly on to 
instruments connected to the IEEE-488 
interface bus format or converted into a 
microprocessor bus format and sent out on a 
parallel input-output bus to the source antenna 
polarization positioner, the source antenna 
height adjustor and other devices. 
Information about the height and orientation 
of the source antenna is monitored by 
ARTS ACE and this information is used to 
control the appropriate drive motors and is 
also fed back to the receiving site computer 
by the telephone line. 

The heart of ARTSACE is a single 6800 
microprocessor controlled by software stored 
in read-only memory. The incorporation of 
software into hardware decreases the 
complexity of the circuit design and increases 
the intelligence and flexibility of well 
designed equipment. Taking a broader view, 
the ultimate benefit is a much more cost 
effective way of carrying out antenna 
measurements. 

Contact: Sasti Sastradipradju 03-5416254 
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EXPERIMENTAL SATELLITE 
EARTH STATIONS 

Classes of'Terminal 

The various experimental earth terminals in 
use within the Telecom Research Department 
over the past years and those expected to be in 
use in the near future can be classified into 
two broad categories, those associated with 
propagation research and those serving as a 
'test bed' for satellite link studies. 

Radiometers and satellite beacon receivers 
can be classed in the first category and a 
television receive-only and two (two-way) 
terminals to be implemented in the near future 
satisfy the latter category. The two-way 
terminals, envisaged as 'test beds', will 
comprise a large 6 .4 m terminal for most 
studies involving access to the AUSSAT 
satellite and a general purpose smaller 
terminal that is portable and easily installed 
anywhere in Australia. 

Radiometer 

A radiometer measures incoherent thermal 
radiation and when pointed at the sky 
measures sky noise or sky 'temperature'. A 
measure of the antenna 'temperature' can be 
directly related to the excess earth-space path 
attenuation relative to clear sky that one 
would experience during rain at frequencies 
above approximately 10 GHz. These 
radiometers have been used extensively in 
earth-space propagation studies where a 
satellite signal was not available for direct 
measurements. 

Beacon Receiver Terminal 

When a satellite signal is available, usually as 
a fixed stable beacon transmission, a beacon 
receiver terminal employing two orthogonal 
channels is used to measure propagation 
characteristics. Whereas the radiometer can 
measure only attenuation, a beacon receiver 
can measure attenuation, cross-polar 
discrimination and scintillation effects. 
These terminals usually employ small 
antennas for transportability and state-of-the 
art narrow band receivers with sensitivities 
better than -140 dBm. 

Propagation Research Installations 

A dual channel beacon receiver and a 12 GHz 
radiometer have been purchased by AUSSAT 
and lent to the Research Department as part of 
a collaborative effort to continue propagation 
studies in Australia. The beacon receiver will 
initially be installed in the Perth area and 
monitor transmissions at 12. 75 GHz from the 
AUSSAT satellite. The 12 GHz radiometer 
will be co-sited with the beacon receiver to 
allow measurements of frequency and 
elevation angle dependencies. 

A 30 GHz radiometer that is similar to 
previous radiometers used in initial 11 and 14 
GHz rain attenuation studies will also be co 
sited in the Perth area to measure rain 
attenuation statistics for the 20-30 GHz 
(millimetre-wave) satellite bands, which have 
applications for future generation satellite 
systems. Again, the radiometer has been 
chosen as the measurement system since 
there are no satellites in the view of 
continental Australia with transmissions in 
the 20-30 GHz bands. 

Test Bed Installations 

An experimental 'test bed' earth terminal 
installed several years ago at the Research 
Department is a 6.5 m television-receive only 
terminal similar to those used in the 
Australian Remote Area Television Service 
(RATS). The terminal allows reception of 
television transmissions at 4 GHz from the 
INTELSAT IVA satellite located over the 
Pacific Ocean. The received signal is capable 
of being rebroadcast locally with good 
quality. This terminal allowed engineers in 
the Research Department to get first hand 
experience in characterizing earth station 
performance and in evaluating television 
baseband receiver characteristics. It has also 
been used many times to measure 
characteristics of the INTELSAT satellite 
transmissions into Australia. 

Two experimental 'test bed' earth terminals, 
which will both transmit and receive signals, 
are planned for installation at the Research 
Department in the near future. The larger 6 .4 
m station will be a general purpose system 
capable of high capacity services through the 
AUSSAT satellite. This terminal will also 
serve as the 'hub' or gateway station for 
experimental studies involving very small 
terminals. The second 'test bed' earth 
terminal planned for use in the Research 
Department is a small portable system with a 
dish size less than 500 mm diameter. This 
terminal will be designed to operate to any 
AUS SAT transponder with radiated power 
levels low enough to satisfy the interference 
limits imposed by AUSSAT. Small terminal 
satellite services such as paging, two-way 
telex and low bit-rate telephony will be 
theoretically and experimentally evaluated 
using these 'test bed' facilities. 

Contact: Dick Flavin 03-541 6264 
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RESEARCH ACTIVITIES IN 
SATELLITE COMMUNICATIONS 

Satellite System - General 

All communications satellites are in orbit 
around the earth. Most of them are placed in 
what is called the geostationary orbit, which 
is a circular orbit in the same plane as the 
equator at a height of about 36000 km. 

In this orbit, the satellite circles the earth once 
every 24 hours and thus, if travelling in the 
same direction as the earth's rotation, appears 
stationary from the earth - hence 
'geostationary' orbit. 

The satellite can be envisaged as a 'radio 
repeating station in the sky' that receives 
radio signals from individual sources on 
earth, transmitting earth stations, and then 
retransmits those signals back to earth to be 
received by the appropriate earth stations 
within the areas covered by the satellite's 
transmit antennas, sometimes called the 
satellite 'footprints'. The process of repeating 
the signals requires both amplifying the 
signal to overcome the loss of signal strength 
due to the distance it has to travel and altering 
its frequency to avoid mutual interference 
between the signals being sent up to the 
satellite and those being sent back. 

The radio signals repeated by the satellite are 
normally in the microwave frequency range 
and use much of the technology employed in 
terrestrial microwave telecommunications 
systems. 

The Australian domestic satellite system 
(AUSSAT) uses the frequency band 14.0-14.5 
GHz for transmissions from earth stations to 
the satellite ( uplink) and the frequency band 
12.25-12. 75 GHz for transmissions from the 
satellite to earth stations (downlink). 

A particular benefit of the 12-14 GHz bands is 
that they are distinct from the frequencies 
currently used in terrestrial microwave 
systems in Australia. Earth stations will 
therefore be able to be located almost 
anywhere, including heavily populated 
centres, without danger of radio interference 
to other services. 

Accompanying this benefit is the drawback 
that signals in this band are attenuated by 
heavy rainfall much more than signals at the 
lower frequencies. This fact must be allowed 
for in the design of earth stations. 

Some Satellite Services 

A geostationary satellite system has several 
unique features that make it particularly 
suited for certain communications 
requirements. 

The cost of providing a communications link 
via satellite is distance independent. It thus 
costs the same to provide a satellite link 
between, for example, Perth and Brisbane as 
between Melbourne and Gee long. This 
contrasts with the distance dependent cost of 
providing equivalerit links by terrestrial 
means. Satellite technology can therefore 
offer an economically attractive alternative to 
terrestrial provision for certain long distance 
point-to-point links. Because of this distance 
independence and wide coverage, a satellite 
system can also be used to provide services in 
sparsely populated remote areas where the 
distances between customers are large and the 
costs of providing a service by terrestrial 
means would be very high. 

A satellite system is especially suitable for 
broadcasting purposes, whether radio or 
television. Any location within the transmit 
beam can receive the signal by using a 
relatively cheap receive-only earth station. 
Earth stations can be added and removed 
from the broadcast network at any time 
without disruption to the service. 

Another feature of a satellite system is that it 
permits almost immediate provision of 
service. All that is needed is to install and 
align the required capacity earth station and 
associated equipment. No other terrestrial 
support is needed. When a particular service 
is no longer required the earth station can be 
recovered and is ready for immediate re-use 
elsewhere. 

In addition to the normal services of 
telephony, telegraphy, TV broadcast, 
telematique (teletex, videotex, etc.) and data 
distribution, the unique features of satellites 
allow such diverse services as mobile (land, 
sea, air), disaster relief, law enforcement, 
defence, remote areas, private networks, 
man-portable and transportable terminals and 
school-of-the-air. 

Some Research Department 
Activities 

For over twenty years the Telecom Research 
Department has been involved in many 
diverse satellite communication research 
activities. These activities have been 
analytical, theoretical, and experimental in 
nature. A few of the activities that are 
currently under investigation are outlined 
below with a brief description of each. 

Satellite Simulation 

All satellites use either a travelling-wave tube 
(TWT) or a solid-state power amplifier 
system (for their transponders) that is non 
linear when operated close to saturatior1, i.e. 
the output phase and amplitude are not 
proportional to the input for all input levels. 
When one reduces the input signal level or 
'backs off' from saturation, the non-linear 
characteristic is reduced. Because it is 
desirable to extract the maximum radiated 
power from a satellite, some degree of non 
linear operation is expected. However, this 
non-linear operation has serious 
consequences that must be known and 
controlled. 

The effects of non-linear amplification are 
mainly signal distortion, increased noise due 

. to intermodulation products, spectral 
spreading, and reduction of usable output 
power. Signal distortion and spectral 
spreading can lead to adjacent channel and 
co-channel interference (ACI and CCI) and 
intersymbol interference (ISI) of digital 
signals. 

When more than one signal is passed through 
a non-linear amplifier there is power lost in 
intermodulation products resulting in unequal 
power sharing and unwanted interference 
components. It is important to be able to 
simulate this none linear behaviour in order to 
predict the best 'backoff" level for a 
particular performance requirement. 

The Research Department is engaged in both 
software ( computer) and hardware (TWTA) 
satellite simulation studies. The non-linear 
behaviour of a satellite transponder is 
approximated theoretically and then 
simulated on a computer. An actual satellite 
transponder is simulated experimentally by 
the use of a travelling-wave-tube amplifier 
tube (TWTA) and filters, which closely 
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approxim ates the operating characteristics of 
the AUSSAT TWTAs. The experim ental 
(hardware) sim ulation allow s a check on the 
softw are sim ulation assumptions thus 
creating a self-consistent approach to the 
understanding of this problem . The final 
results of this satellite sim ulation are then 
used for tota l satellite link analyses ( earth 
station-satellite-earth station) of various 
assum ed transm ission modes. 

Earth-Space Propagation 

For transmission to and from a satellite at 
frequencies above approximately 10 GHz 
there are many propagation effects which 
need consideration. The most important of 
these are rain attenuation (fading), 
depolarization, and scintillation effects. 
Water droplets (hydrometeors) will not only 
reduce the level of signal received, either 
through absorption or scattering, but will also 
couple energy from one polarization to 
another resulting in interference in satellite 
systems that use orthogonal polarizations to 
increase usable bandwidth. A smaller effect, 
but one that needs consideration, is the 
modulation of a signal (scintillation) due to 
turbulence effects in the troposphere. This 
effect is more pronounced at low elevation 
angles where the path length through the 
atmosphere is increased. 

Jn order to measure these propagation effects, 
one usually monitors a signal transmission 
from a satellite, if a satellite is available. In 
the absence of an appropriate satellite ti-Je 
more important rain attenuation effect can be 
measured using passive radiometry 
techniques. A radiometer measures the 
thermal radiation from the sky and that 
radiation can be related to an equivalent 
signal loss on the earth-space path being 
monitored. Since 1971, the Research 
Department has used 1l and 14 GHz 
radiometers, built in-house, to measure rain 
attenuation statistics in tropical areas of 
northern Australia, and more temperate areas 
in Victoria. Based on these many years of 
measurements, a rain attenuation prediction 
model has been proposed for Australia (ATR, 
Vol.16, No.2, 1982). 

With the availability of the INTELSAT V 
satellites and the AUSSAT satellites, it will 
now be possible to monitor beacon 
transmissions at frequencies above JO GHz 
with an appropriate receiving earth terminal. 
Telecom is entering into a collaborative 
program with AUSSAT to continue earth 
space propagation measurements in the Perth 
area. AUSSAT is purchasing a beacon 

receiver terminal, and a 12 GHz radiometer, 
both of which will be lent to the Research 
Department to measure, for the first time, 
cross-polarization discrimination and 
scintillation effects. This collaborative 
project is aimed at enhancing the body of 
knowledge and data available in Australia to 
upgrade the present rain attenuation 
prediction model. 

The Research Department has also designed 
and built a 30 GHz radiometer, which for the 
first time in Australia will provide rain 
attentuation measurements in the millimetre 
wave band. This band has potential 
application for future generation satellites. As 
with previous radiometer results the new 
Australian data will be submitted to the 
International Radio Consultative Committee 
(CCIR) for use in establishing an 
international model for predicting earth 
space propagation effects. 

These propagation results can be correlated 
with rain intensity statistics. In that way 
propagation effects due to rain can be 
predicted for an area by referring to long term 
rain rate data available from the Bureau of 
Meteorology. The two types of rain rate 
measuring equipment that have been used by 
the Research Department are tipping-bucket 
rain gauges and distrometers. The first 
measures precise amounts of rain 
accumulation versus time and the second 
measures the impulses of individual 
raindrops. The latter can also give a measure 
of the raindrop size distribution, which is 
important in theoretical studies of rain 
effects. 

Small Earth Terminal Technology 

There is a trend worldwide toward smaller 
earth stations for satellite services. In the 
past, where major (large) earth stations were 
used with antenna diameters in excess of 30 
m, the emphasis was on reducing the cost of 
the satellite since the ground segment was 
relatively inexpensive. However, for services 
requiring a very large number of earth 
stations, more attention is now being paid to 
minimizing the cost of the ground segment. 
The limit of very small terminals is seen by 
many as the Dick Tracy wristwatch 
communicator' More realistically, one can 
perceive a land-mobile terminal that is hand 
held and employs some form of car-mounted 
antenna. Whatever the small terminal 
configuration, there will be a concentrated 
effort worldwide to reduce the cost, as well as 
size, because of the potential large quantities 
involved. In summary, the basic 
characteristics of very small terminals used 
for certain satellite services, such as land 
mobile telephony, are - 

• ground segment costs comparable to or 
greater than the space segment, 

• very large number of ground stations, 
• low-cost, 
• small size and weight, 
• mobile, portable or easily transportable 

and 
• easily installed anywhere. 
The Research Department is presently 
looking at small earth terminal technology 
and the potential services that can be 
economically provided by them. While the 
limit for small terminal services may be some 
form of mobile communication, slightly 
larger portable terminals and still larger easily 
transportable terminals are under 
investigation. To put antenna size for these 
various terminals in perspective, consider 
arbitrarily that antenna sizes less than 
approximately 2 m diameter are easily 
transportable, those Jess than 0.5 m diameter 
are easily portable and those less than the size 
of a car roof can be mobile. 

Initially, the Research Department will be 
directing its attentions to services that can be 
provided via the AUSSAT satellite systems. 
These include paging, two-way telex and low 
bit-rate telephony and data distribution. The 
results of these studies are applicable to the 
final goal of a land-mobile satellite service. 

The use of very small terminals with 
relatively large antenna beamwidths creates 
the problem of interference to and from other 
satellite services. This problem of an 
appropriate multiple access scheme is one of 
many problems being addressed in these 
studies. Cost will also be a predominant 
consideration as well as size and weight. 

In parallel with theoretical studies of small 
terminal satellite services, an effort is 
underway in the Research Department to 
establish an experimental 'test bed' facility 
with which one can demonstrate total link 
performance using the AUSSAT satellite. 
This facility would include a large earth 
terminal, which would serve as the 'hub' or 
gateway station for a small terminal network, 
and an appropriate small terminal designed 
for easy portability to any location in 
Australia. 

Contact: Dick Flavin 03-541 6264 
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DIGITAL TRANSMISSION FOR 
THE LOCAL CABLE NETWORK 

Digital Transmission 

Over the past decade Telecom Australia has 
been steadily extending digital transmission 
throughout its telecommunications network. 
Many advantages accrue to the customer and 
Telecom from this progressive development. 
It provides for cheaper transmission and 
enables integration of services. By 
introducing digital transmission over existing 
cables, Telecom can expand its services at a 
lower cost than by the expensive replacement 
of cables. 

In the existing telephone network, digital 
information can be transmitted via modem 
devices that couple the digital information to 
the analogue channel. These devices 
modulate and demodulate the digital 
information, hence the name modem. Also, 
Telecom provides leased line digital 
transmission via the Digital Data Service. So 
there are now means of transmitting digital 
information across the national and 
international telecommunications network 
but only at low rates and not in an integrated 
manner. 

Increased requirements for digital 
transmission of information leads to 
advantages in integrating digital transmission 
into the entire network. Telecom has begun 
this process by introducing 2 Mbit/s 
transmission in the inter-exchange network 
and by introducing 140 Mbit/s digital 
transmission to the inter-city network, 
initially by radio and later by optical fibres. 

Use of digital exchanges to switch the digital 
transmission completes an integrated digital 
network where digital transmission direct 
from customer to customer without the use of 
a modem becomes a possibility if some form 
of digital transmission over the existing cable 
network can be provided. 

ISDN 

In the future it is likely that the 
telecommunications network will evolve into 
a digital network supporting a wide range of 
services in a unified manner- the integrated 
services digital network. At present 
customers have access to the 
telecommunications network via a 2-wire 
copper line to the local exchange. The 
Research Department is actively involved in 
work aimed at exploiting that existing line to 
connect to an ISDN, which is preferable, as 
this results in substantial economies. The use 
of existing lines means that any new 
equipment must be compatible with the 
existing network and must be capable of 
operation in a transmission environment 
originally designed for services with less 
demanding transmission requirements. 

Use of the existing pair of wires to support 
digital transmission in both directions 
simultaneously (full duplex operation) 
requires the application of sophisticated 
technology. The presence of two signals 
simultaneously on the pair of wires leads to 
echoes at the transmitted signal in one 
direction interfering with signals transmitted 
in the reverse direction. An echo canceller 
forms a replica of the echo path and cancels 
the echo signals. The echo canceller must 
adapt to each different line echo path. In a 
sense it 'learns' each line characteristic. 
Digital transmission in the customer network 
involves a coupling of old technology (the 
cable pair network) to new technology (LSI 
echo cancellation). 

Simulation 

The existing customer network is 
complicated. It has lines of widely differing 
length and composition. To assess the 
performance of various items of transmission 
equipment by measurement is a prohibitively 
costly exercise so the Research Department 
has developed a large simulation program that 
enables rapid assessment of a wide range of 
customer line configurations and different 
transmission system techniques and 
parameters simply by assembling a computer 
model of the line. In this way measurements 
that would take weeks to perform can be 
simulated in a few minutes on a computer. 

Analysis - Crosstalk 

When digital transmission systems share the 
same cable, a small proportion of the signal 
transmitted by each system is coupled via the 
cable and interferes with the other systems 
sharing the cable. This mutual interference 
between systems is called crosstalk. The 
presence of crosstalk means that the more 
systems that are placed in a cable, the more 
crosstalk is present. The Research 
Department has conducted extensive 
theoretical studies of this problem and the 
results of these studies are used for the 
engineering of the digital transmission 
network. 

In the early stages of digital network 
development, the digital transmission 
systems are operated by independent clocks, 
i.e. they operate in a plesiochronous fashion. 
However, in an integrated digital network all 
of these clocks must be tied together, i.e. the 
network operates in a synchronous fashion. 
The Research Department has been at the 
forefront of the world in the analysis of the 
effect the synchronization has on the 
crosstalk between systems sharing the same 
cable. 
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Analysis-Impulsive Noise 
When digital transmission systems share the 
same cable with analogue transmission 
systems at local exchanges, compatibility 
between the two services is of concern. The 
normal telephone service uses signalling that 
can interfere with the digital transmission 
system. Dialling from the ordinary telephone 
is usually the worst problem. The dial pulses 
from an ordinary telephone are coupled 
within the cable and can interfere with the 
digital transmission system. Theoretical 
studies of this problem have led to design 
guidelines. 

Hardware 
Evaluation of prototype hardware enables the 
Research Department to assess developments 
leading to new technology introduction to the 
telecommunication network. This enables the 
Research Department to keep abreast of 
developments of importance to Telecom 's 
operations. 

Through this process of evaluation, 
simulation and analysis, the Research 
Department, in conjunction with other 
Telecom departments, is actively involved in 
the introduction of digital transmission 
connecting the customer to an integrated 
services digital network. 

Contact: Bruce Clarke 03-5416416 
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COMMUNICATION WITH LIGHT 

The Laser 

The use of I ight to transmit 
telecommunications signals on a large scale 
was only seriously considered with the 
invention of the laser in the early 1960s. This 
coherent, monochromatic optical source 
allows a large amount of information to be 
transmitted because of the very high 
frequency of the optical carrier (above 100 
THz). 

Glass Fibres 

Initial optical communication systems were 
free space systems where the light propagated 
freely through the atmosphere. Many 
methods for providing a means of suitably 
guiding the light beam were suggested but 
glass fibres were soon recognized as the most 
favourable transmission media. 

Since 1966 when glass fibres were first 
proposed as transmission media, much effort 
has been expended to reduce the loss and 
dispersion ('pulse spread') of optical fibres 
sufficiently to provide a viable 
communication system. Research into optical 
sources and detectors and other components 
for optical fibre systems has been undertaken 
concurrently with fibre development during 
the last 20 years. 

Unique Features of Fibres 

Optical fibre communication systems have 
several unique features that make them 
versatile communication media. Two 
characteristics giving rise to the great 
potential of optical fibres in communication 
systems are their low transmission loss and 
large transmission bandwidth. These allow 
long repeater spacings and high data rates, 

i.e. large information capacity. The optical 
cables are also small and light in weight 
leading to ease of installation and efficient 
use of duct space. Optical fibres are immune 
to electromagnetic interference. When used 
in a metal-free cable, they are unaffected by 
lightning strikes. This immunity enables 
optical fibres to be used in harsh 
environments. Optical fibres also offer a 
secure communication medium since the 
information being carried cannot be tapped 
without breaking the fibre itself. 

Telecom Australia is actively involved in the 
installation of optical fibre transmission 
systems, exploiting the advantages of this 
exciting new technology. 

Contact: Jenny Adams03-54! 6737 
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STEERABLE MICROSTRIP 
ARRAY ANTENNAS 

M icrostrip Antennas 
Microstrip array antennas usually have a low 
profile, are compact and light in weight, have 
easy to manufacture radiative elements and 
can have a steerable beam. These features 
make them well suited to applications that 
require signal acquisition or signal following 
capabilities or interference rejection or that 
require the antenna to be mounted flush with a 
surface. 

In the telecommunications area such antennas 
may be used as transportable or mobile earth 
terminal antennas for satellite services or as 
beam steerable antennas for terrestrial point 
to-point services. As well, these microstrip 
arrays may be used as feed elements for 
reflector antennas. 

What are M icrostrip Antennas? 

In their most common form micros trip 
antennas look very much like double-sided 
printed circuit boards where one side of 
copper has been left entirely intact and the 
other has been etched into a pattern that acts 
as an efficient radiator or receiver of radio 
frequency (RF) or microwave energy to and 
from free space. The pattern itself is of a 
special shape, usually a rectangular or 
circular element. That shape is repeated to 
form the grid-like pattern. Technically, each 
element and the copper on the other side of 
the board act as a leaky resonant cavity when 
fed with a signal. The radiation into free 
space is due to the electric fields that occur at 
the edges of each rectangular or circular 
element. 

Method of Operation 

If each of the individual elements is properly 
fed with an RF or microwave signal, the 
radiated patterns of each of the elements 
combine in effect to produce a well defined 
composite pattern. The antenna is then called 
an array antenna. 

A further level of sophistication occurs when 
the signal to each of these elements is 
manipulated in a set fashion. It is then 
possible to make the main beam of the array 
antenna point in different directions without 
physically moving the antenna itself. When 
the RF or microwave signal is changed under 
computer control the array antenna can be 
made to seek out or follow desired signals or 
to reject unwanted interference. 

Beam Steering Display 

The display illustrates beam-steering, which 
is controlled via a computer. Each array 
element is fed with a signal whose relative 
phase is adjusted according to a set formula. 
The antenna main beam can be swung up to 
30 degrees off the axis perpendicular to the 
plane of the antenna surface. 

Contact: Sasti Sastradipradja 03-541 6254 
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TELECOM AND SATELLITE 
COMMUNICATIONS RESEARCH 

The Creation of AUSSAT 

Since the establishment of a Government 
Task Force in November 1977 to inquire into 
all aspects related to a national satellite 
communication system for Australia, there 
have been many considerations by various 
government departments and commercial 
enterprises about the form that a domestic 
satellite system should take. This has 
culminated in the AUSSAT satellite system 
due for launch in mid-1985, which will be 
owned and operated by AUSSATPty. Ltd., a 
separate government company. AUSSAT has 
responsibility for the management and sale of 
the Australian domestic satellite's capacity 
and for the provision of the space segment of 
the various services to its customers. Telecom 
has taken up 25% ownership of AUS SAT and 
will be leasing satellite capacity to offer a 
wide range of telecommunications services. 
Many of these services will be especially 
designed and constructed to meet customers 
individual requirements. 

Initial Telecom Involvement 

Telecom engineers have followed the 
development of satellite communications 
technology since its inception. An early 
opportunity for significant hands-on 
involvement in that technology in Australia 
arose in 1967 when the then Australian Post 
Office (APO) Research Laboratories carried 
out three experiments using the US National 
Aeronautics and Space Administration's 
(NASA) transportable earth station located at 
Cooby Creek, near Toowoomba, in 
Queensland. While participating in the US 
Applications Technology Satellite (ATS-1) 
Program, Telecom engineers gained valuable 
experience in satellite techniques and 
practices. 

Early Use for Traffic in Australia 

In 1969, to provide extra capacity between the 
eastern states of Australia and Western 
Australia before the terrestrial microwave 
radio system was completed, the APO leased 
24 telephone circuits between Sydney and 
Perth from the Australian Overseas 
Telecommunication Commission (OTC(A)). 
These circuits were routed via OTC earth 
stations at Moree and Carnarvon using the 
satellite system of the International 
Telecommunications Satellite Consortium 
(INTELSAT) of which OTC was, in 1964, a 
founding member. For its time, this use of 
satellite circuits for domestic traffic by the 
APO was considered to be a novel and 
imaginative technological advance. 

Task Group 

In order to keep abreast of satellite 
communication technology and to assess the 
technical feasibility, likely use and economic 
viability of a satellite communication system 
for Australia, the APO formed an internal 
task group in 1972, comprising members 
from both the Engineering Planning Sub 
Division and the Research Laboratories. For 
a period of approximately five years a wide 
range of tasks was undertaken. The major 
results of those years of effort are 
summarized in a final report, 'National 
Satellite Communications System Studies', 
which was released in November 1977. 

Remote Area Experiment 

Another opportunity arose in August 1979 for 
Telecom to participate actively in a satellite 
communications experiment involving the 
use of small earth terminals to provide 
telephony to remote areas of Australia. This 
occasion involved the use of the joint 
Canadian-US experimental satellite known as 
'Hermes'. For the purposes of the 
demonstration the satellite was positioned 
over the Pacific at longitude 140° E so that it 
could be simultaneously viewed by the 
eastern states of Australian and Ottawa, 
Canada, for tracking and command purposes. 
Two small transmit-and-receive earth stations 
were provided by the Canadians for 
demonstrations of telephony to remote areas. 
Telecom undertook responsibility for the 
organization and conduct of the telephony 
demonstrations and the implementation of 
any new equipment needed to interface with 
the terrestrial system. The demonstration was 
totally successful in allowing Telecom to 
provide, for the first time, an automatic 
telephone customers' connection to remote 
areas by integrating a satellite link into the 
terrestrial system. The results of this 
demonstration were reported in April 1980 
(Research Laboratories Report 7318). 

Consultancy Work 

In 1981 the Telecom Research Department 
carried out comparative measurements 
between its satellite transponder simulator 
uid an operational satellite tt • I C . The 
Department was engaged under a consultancy 
arrangement with OTC(A) to verify 
conclusions drawn from the Research 
Department's experimental simulation of 
sound carriers combined with a television 
carrier in a non-linear satellite transponder. 
The European Space Agency (ESA) made the 
Orbital Test Satellite (OTS) available and the 
measurements were carried out at the OTS 
control station at Fucino, Italy. The OTS trials 
provided useful validation of the Research 
Department simulator. 
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Rain Attenuation 

Starting in 1971 and still continuing, 
propagation studies have been carried out by 
the Research Department to study the effects 
of rain on earth-space paths at frequencies 
above 10 GHz. Initially, because of the lack of 
appropriate satellites to transmit signals to 
Australia, radiometers were used to measure 
sky radiation (thermal noise), which can be 
related to the magnitude of rain attenuation 
(fade) of a signal on the earth-space path 
being monitored. Measurements were carried 
out at 11 and 14 GHz in tropical areas of 
Australia and the Melbourne area using 
radiometers designed and built in the 
Department. Future measurements will be 
made at 30 GHz using a Research Department 
built radiometer, which will be initially 
located in the Perth area. Based on past 
experimental results a rain attenuation 
prediction model, which is published in ATR, 
Vol.16, No.2, 1982, has been proposed for 
Australia. 

Propagation Studies 

Future satellite propagation studies will 
employ a beacon receiver terminal to monitor 
satellite beacon transmission from either the 
INTELSAT V satellite or the A USS AT 
satellite due for launch in mid-1985. A 
collaborative program between Telecom and 
AUSSAT has been initiated, which will allow 
the Research Department, for the first time, 
to measure such propagation effects ascross 
polarization discrimination and scintillation. 
AUSSAT is purchasing a beacon receiver 
terminal and a 12 GHz radiometer, both of 
which will be lent to the Research 
Department for the continuing propagation 
measurements in the Perth area. This 
collaborative project is aimed at enhancing 
the body of knowledge and data available in 
Australia to upgrade the present rain 
attenuation prediction model. 

Some Present and Future Research 
Activities 

Satellite communication research activities 
within the Research Department have been 
analytical, theoretical and experimental. This 
is reflected in the planning of present and 
future investigations. Some of the activities 
are listed below with a brief description of 
each. 

Satellite Simulations 

The amplifer system (transponder) in a 
satellite is non-linear, i.e. the output is not 
proportional to the input for all input levels. 
As a result there is distortion of the signal and 
increased noise due to intermodulation 
products. The Department has developed 
both a software and hardware simulation of 
this non-linear amplifier to better predict 
satellite link performance. 

Satellite Link Analyses 

Satellite communications systems will 
increasingly use digital techniques in the 
future. To evaluate satellite link performance 
for the full range of data rate transmission 
requires a comprehensive total link analysis 
(earth station-satellite-earth station). The 
Research Department is continuing to add 
software and hardware to its satellite 
simulator program to better predict total link 
performance for various digital modes. 

Portable and Mobile Earth Stations 

There is a trend worldwide toward smaller 
earth stations for satellite services. The 
ultimate goal is a small, inexpensive land 
mobile terminal that can operate through a 
satellite. The Department is presently 
studying the means of achieving this goal and 
the comparable problem of very small 
portable terminals that might be used for two 
way low-data-rate services from any point in 
Australia via the AUSSAT satellite. 
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Antenna Technology 

Antenna performance is extremely important 
in most earth station designs. To achieve that 
last little bit of margin requires efficient 
antennas and to prevent interference both to 
and from other services requires good 
polarization discrimination and low side-lobe 
radiation. All of these aspects are under study 
in the Department both from an analytical and 
experimental point of view. In addition, 
microstrip planar arrays are under 
experimental investigation for use in low cost 
portable and mobile terminals. 

Future Satellite System Studies 

In order that Telecom can plan efficient and 
reliable low cost satellite services, engineers 
at the Research Department keep abreast of 
newly emerging technology and perform 
analytical studies of future systems. Some 
important aspects that are considered include 
the performance objectives associated with 
particular services, the potential interference 
within and between services, the use of the 
precious electromagnetic spectrum and the 
co-ordination requirements to maximize that 
spectrum utilization. 

Contact: Dick Flavin 03-5416264 
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AGATE ARRAY AND CUSTOM 
INTEGRATED CIRCUITS 

Implementation 

An early consideration in the design of an 
Integrated Circuit (IC) is whether the system 
implementation is to be either gate array, 
standard cell, or fully-customized . Here 
factors such as design time, design cost, 
system complexity, system performance, 
chip size (and, hence, yield and 
manufacturing cost), fabrication house, the 
experience of the chip designer and Computer 
Aided Design support will influence the 
choice made. 

Gate Array 

Gate array technology has been established 
for over 15 years but has become popular in 
the last 5 years or so. At present there are a 
large number of arrays and array 
manufacturers, with the arrays varying 
widely in the processing technology and in 
the array size offered. Gate arrays consist of 
regular arrangements of transistors and 
interconnect channels surrounded by power 
supply buses and interface circuits that have 
been previously defined so that the designer 
only has to define the interconnections 
between the transistors. This imposes a 
limitation on (a) the circuit topology that can 
be implemented, e.g. Read-Only 
Memories(ROMs) and Random Access 
Memories(RAMs) are difficult to implement 
efficiently, (b) the number of transistors that 
can be placed on the one chip and (c) the 
performance that can be obtained. However, 
design time and manufacturing cost are 
reduced since only the interconnect levels are 
specified. Most gate array manufacturers 
have libraries of standard functions such as 
flip-flops, logic gates and 1/0 circuits that 
have been previously designed and verified 
and the designer builds his system from this 
library in the same way that he would ifhe 
were designing with standard TTL or 
Complementary Metal Oxide 
Semiconductor(CMOS) parts. 

Standard Cell 

With the standard cell approach, libraries of 
standard functions are also used but the 
layouts are not array based. Once the system 
is specified in terms of the library cells, the 
physical layout of the mask levels for the chip 
can be assembled by positioning the cell 
fayouts and then interconnecting them as 
required. Although this technique is more 
costly than the gate array since all mask levels 
for the chip need to be specified, the design 
time can be very short. Standard cell chips 
offer higher performance than gate arrays 
since it is possible to optimize cells for speed, 
chip area or power dissipation. This allows 
significantly smaller chips to be produced or 
alternatively more transistors to be placed on 
the one chip. 

Fully-Customized Approach 

The alternative is the fully-customized 
approach in which all process mask levels are 
defined but the designer is not constrained by 
previously defined cells and can optimize 
each. As a result, the design time for such 
chips can be very long and it is more usual for 
library cells to be used where possible and for 
new circuits or layouts to be as regular as 
possible to allow their design to be assembled 
from smaller optimized cell designs. To offset 
long design time and the high fabrication 
cost, the chip is highly optimized in terms of 
system performance and chip size and has the 
smallest per unit cost of all 3 design styles for 
large quantities. 

Choice of Technology 

Another decision that must be made early in 
the design of an IC is that of the processing 
technology to be used for chip fabrication. 
The choice is determined by the application 
since each technology has its own 
performance advantages and complexity 
limitations. Once determined, the technology 
then strongly influences the circuit design and 
the circuit layout. 

Bipolar Technology 

Bipolar technology is the oldest technology 
and in different forms produces Transistor 
Transistor Logic (TTL), Integrated Injection 
Logic (Ill) and Emitter-Coupled Logic 
(ECL) families. The relatively low realizable 
complexity of bipolar technologies means 
that they are only used when the high speed 
potential of the technology is required. For 
designers away from the fabrication site. 
bipolar designs are usually done on gate 
arrays since this simplifies the otherwise 
considerable difficulty of producing optimum 
high performance bipolar designs. 

NMOS Technology 
N-channel Metal Oxide Semiconductor 
(NMOS) technology appeared in the early 
1970s and has been used for the most complex 
chips since the logic circuits are simple and 
the basic transistor is small. As a result. the 
number of transistors that can be placed on 
the one chip of manufacturable size is 
significantly increased. Compared to bipolar 
logic the design process is easier, since the 
main factors that need to be considered in the 
design of the logic gate are the speed-power 
tradeofffor a given load capacitance and the' 
transconductance ratio of the depletion and 
the enhancement FETs (Field Effect 
Transistors) ( called 'ratioed logic· l. Logic 
design is also easier in NMOS owing: to the 
ability to use a single FET as a switch ( a 
'pass' transistor) and the use of 'dynamic· 
logic. which allows circuit simplification by 
storing logic levels on gate capacitances. 

NMOS has become the most widely used 
logic technology for large integrated digital 
systems, although most designs are either 
fully-customized or standard cell. Few simple 
standard products are available. although 
most LSI and VLSI designs are NMOS at thi 
stage. 
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CMOS Technology 

CMOS technology has also been available 
since the early 1970s, initially as a standard 
product range, and later as gate array 
products. CMOS gate arrays have become 
well established and a large number of 
manufacturers offer a wide range of products 
varying in size and in the sophistication of the 
processing technology. There is a growing 
trend for the use of CMOS in VLSI 
applications as the new generation of CMOS 
technology becomes established. Early 

CM OS used a metal gate FET process 
resulting in slow operation and poor area 
utilization when compared with NMOS. The 
use of self-aligned silicon gates and the 
'oxide-isolation' of devices improved both 
NMOS and CMOS, with CMOS 
performance and size improving to a point 
where it could be considered for VLSI. With 
only P-or N-channel devices being on at the 
same time, the inherent advantage of very 
low static power dissipation of CMOS means 
that it will be used more often in the future for 
VLSI where the higher power dissipation of 
NMOS is starting to be a limit to the 
complexity that can be achieved with 
conventional packaging. 

CMOS has the advantage of not being a 
ratioed logic family but, like NMOS, it 
allows flexible designs through the use of 
transmission gates, which act as switches. 
Dynamic logic circuits can also be used, as 
can many of the techniques used in NMOS. 

Contact: Chris Rowles 03-541 6244 
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PHOTO ELECTROCHEMICAL 
ENERGY CONVERSION & 
STORAGE 

PECCells 

In recent years, thin film 
photoelectrochcmical (PEC) cells have been 
developed with solar energy conversion and 
storage properties that suggest them as 
promising large scale devices for useful 
energy production. A PEC cell is formed by 
immersing a semiconductor electrode and a 
metal counter-electrode in an electrolyte 
solution as shown in Fig. I. If the electrolyte 
contains a suitable "redox " couple, the 
current generated by light incident on the 
semiconductor surface can flow to the 
counter electrode and thence via an external 
load back to the semiconductor. 

Advantages of PEC Cells 

The advantages of PEC cells over 
conventional solid state cells are that no 
expensive front metal contact is needed to 
collect the current and. since the liquid 
contact conforms to the entire surface of the 
semiconductor. it is possible to use cheaper 
lower grade thin film materials in place or 
higher quality single crystal material. 

However. the major advantage of PEC cells 1s 
that it is possible to generate chemical 
products via the redox reactions. as well as 
electricity. Hence. it should be possible to 
integrate energy storage into the cell design. 
reducing the cost of photovoltaic power 
systems that use separate batteries for energy 
storage. 

Three-Electrode Storage Cell 

The simplest method of obtaining in-situ PEC 
storage is by using a three-electrode storage 
cell, shown in Fig. 2. This cell consists of a 
semiconductorphotoelectrode (S) connected 
via loads to a counterelectrode (C) and a 
storage electrode (A) that are immersed in 
different electrolyte solutions. The two 
electrolytes are separated by a membrane that 
allows a current to flow but prevents the 
solutions from contaminating each other. 
When the photoelectrode is illuminated, light 
energy is simultaneously converted into 
electrical energy and stored chemical energy. 

The load resistors R I and R" are chosen so 
that, during illumination, part of the current 
generated flows across R 1 from S to C and can 
be used, while part flows over R" to the 
storage electrode (A), where it is stored as 

e-f 

chemical energy. In darkness, current flows 
from A to C across R 1 and R 2. The storage 
electrode must be able to undergo a reversible 
chemical change. as shown in Fig. 3. 

The electrode reactions at Sand Care the 
same as those for an ordinary two-electrode 
PECcell. 

Present research is directed toward 
developing improved semiconductor 
photoelectrodcs. Tandem heterojunction thin 
films. which have higher conversion 
efficiencies and develop larger photovoltagc 
than single electrodes. are being used to 
increase the overall efficiency of the three 
elec trodc storage cc II. 

(See diagrams over) 

Electrolyte 
Solution 

At the Photoelectrode: 
y - v= + ne- 
At the Counterelectrode: 
yn+ + ne- - y 

Reversible 
Metal 
Counter 
Electrode 
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Fig. 2: A Three-Electrode PEC Storage Cell, 
showing the Direction of Current Flow 
During Charging ( C) and Discharging 
( D) Processes. 

Metal 
Counter 
Electrode (c) 

AX + ne-~A + Xn- 
Where X is the Solute Present in the Electrolyte. 

Metal 
11111 1 Storage 

Electrode 
(A) 

Membrane 

Fig. 3: Storage Electrode Reversible Chemical 
Change 

Contact: Steven Hinckley 03-541 6778 
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INFRARED IMAGING SYSTEMS 

The Trend Towards Mid-I nfrared 
Optical Fibre Communications 

Light propagating in optical fibres is affected 
predominantly by two loss mechanisms, 
Rayleigh scattering and infrared (IR) 
absorption. 

Rayleigh scattering is caused by light 
scattering from small particles and it 
increases its effect as the wavelength of light 
decreases. This phenomenon can be seen 
every day. Blue light, being at the shorter 
wavelength end of the visible spectrum, is 
scattered by the small particles present in the 
atmosphere, hence the sky appears blue. The 
small particles in optical fibres are not 
impurities but rather local fluctuations in 
refractive index of the glass material'. 

Infrared absorption occurs in a material if 
optical energy causes significant vibration of 

Fig. I: Optical Loss Mechanisms in Glasses 

Rayleigh Scattering 
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the atoms. The frequency or wavelength of 
light at which this resonance effect happens 
depends on the mass of the atoms and the 
strength of the bond between the atoms. 

In silica glass fibres, which are used at 
present, the silicon and oxygen atoms are 
both rather light and the bonding between 
them is strong. Therefore the resonance 
frequencies in silica are at relatively short 
wavelengths around 2 µm. 

Other glasses, where infrared absorption 
starts at longer wavelengths, are therefore 
being investigated. This will allow the 
operating region for optical fibres to move 
further down the Rayleigh scattering curve 
and achieve a much lower total fibre 
transmission loss as shown in Fig. l. 

However this means working at longer 
wavelengths than the present 1.3 - l. 5 µm 
band used in silica glass fibre 
communications systems. Initial results 
indicate that 3-Sµm will be the new band of 
wavelengths where the losses of new fibre 
materials will be at a minimum. 

Fortunately, there are laser sources that can be 
made to operate at various wavelengths in the 
mid-IR band, but there are only a few 
different types of detectors and imaging 
systems available. 

Fibre Testing 

When new types of optical fibres are 
manufactured, a detailed process of testing 
the fibres to determine their suitability for 
communications will be required. With 
optical fibre research moving to the mid-IR 
Band, problems arise because suitable 
sources and detectors that operate at these 
wavelengths are not readily available. 
Therefore new equipment is needed to test 
these fibres. 

One method of testing a fibre that gives an 
indication of its properties, is to look at the 
near and far field images of an illuminated 
fibre as shown in Fig. 2. 

1-R Absorption 

Wavelength 
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Imaging Systems 

There are three basic methods of viewing or 
measuring near and far field images. They 
are: 
(a) single detector scanned across a fixed 

image, 
(b) image scanned across a fixed single 

detector and 
(c) television camera tube systems. 
Unfortunately detectors that operate at mid 
IR wavelengths are affected by the ambient 
temperature of the surroundings. To 
overcome this, liquid nitrogen cooling is 
employed. This makes it very difficult to 
move the housed detector across an image. 
Therefore only techniques (b) and ( c) above 
are viable. Both techniques, i.e. 
mechanically scanning an image across a 
fixed detector cooled by liquid nitrogen or 
alternatively a specialized IR television 
camera, are used in practice, e.g. for thermal 
imaging (temperature mapping of objects). 

In order to assess the suitability of these 
techniques for the Research Department's 
particular application, a system, using 
mechanical scanning and a fixed detector as 
shown in Fig. 3. has been built. 

This imaging arrangement works in the 
following way. The far field image from a 
fibre is reflected via two mirrors, one 
vibrating in the X-plane, the other in the Y 
plane, onto a fixed detector. The X and Y 
mirrors are moved so that all parts of the 
image scan the detector. Mirror position 
information and intensity levels from the 
detector are fed into the video frame store. 
The data is then available in standard video 
format for display on a television monitor. 
The frame store can be accessed by a 
computer so that the data can be analysed and 
the characteristics of the fibre determined. 

Viewing systems using IR television camera 
tubes are simpler to manufacture because 
there are no intricate moving mechanical 
parts. Television signals can usually be 
obtained directly from the camera head 
without the need for further processing. 
However, IR television camera tubes 
generally have relatively low sensitivity and 
often have 'shading' problems. Shading is 
caused by different parts of the detector target 
having different sensitivities. 

Fig. 2: ObservingNearFieldandFarField 
Images of Fibre Outputs 
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Fig 4: Commercially Available Mechanically 
Scanned/R Imaging Unit 
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The mechanically scanned fixed detector 
system appears to offer the best solution to the 
Department's IR imaging requirements. It 
allows liquid nitrogen cooling, which 
improves the sensitivity of the detector. 
Various single-element detectors optimized 
for particular wavelengths can be readily 
installed into the scanner head. Another 
benefit is an improvement in the accuracy of 

quantitative results, because the data 
obtained from scanned near and far field 
images is measured by the same single 
detector and not an array of detectors as with 
IR television camera tubes. 

Fig. 4 depicts a commercially available 
scanner from the U.S. A. that uses the 
principles described and costs in the vicinity 
of$50000. 

Contact: Paul ElliottOJ-5416705 
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FIBRE DRAWING TOWER 

Around 100 years ago fibres of fused silica 
were sometimes created by drawing 
near-molten glass behind a flying arrow. 

Nowadays, in the interests of staff safety and 
far better product quality control, 
communication fibres are produced on 
specially designed fibre drawing towers. In 
the most common form of drawing tower, a 
silica rod called the preform, is slowly 
driven down through a furnace which uses an 
electrically heated carbon element. The 
strand that emerges from the furnace is 
drawn at a particular speed to produce a fibre 
of the required diameter. 

No die is used. Instead, a laser gauge located 
close to the furnace outlet continuously 
monitors the diameter of the fibre and 
provides the necessary information to control 
the drawing speed. 

On Friday, 8 March, a ceremony was held at 
Telecom 's Research Department in Clayton 
to mark the installation of a fibre drawing 
tower, Telccorn's first such unit. 

This unit was designed by the AW A 
Research Laboratories (under a Research and 
Development contract placed by the 
Telecommunications Technology Branch) 
and is constructed in a special modular form 
to allow for adapt ion to a variety of research 
projects. 

In the long term the tower will be used to 
draw fibres from materials other than the 
silica used in present day optical fibres. 

Although the silica-based fibres have 
succeeded far beyond even the most 
optimistic expectations of a few years ago, 
the material limit of these fibres has now 
been reached. In other words, we have gone 
as far as we can with silica materials from 
the transparency point of view. 

Now that the transmission of light through 
glass is generally better. understood, glass 
scientists in many laboratories throughout 
the world are striving to devise new glass 
materials which they hope will be more 
transparent and have a wider optical window 
(i.e. cover a wider range of optical 
wavelengths). 

This would provide significant benefits for 
Telecom as it would mean fewer repeaters 
required to boost the optical signals and 
more channels per fibre. 

Compared to many other more closely 
settled countries this possibility is very 
significant for Australia where wide band 
signals are transmitted across remote 
expanses. 

Remote power is difficult to provide and the 
fewer repeaters the better. Recent tests 
overseas (in the UK and USA) have shown 
that silica fibres can transmit wide band 
signals over 200 kms without the need for 
signal boosting along the way. An order of 
magnitude improvement which seems 
possible with the new glass materials would 
mean increasing this figure to 2000 kms. 

Alternatively, some of the distance could be 
traded for increased channel capacity, i.e. 
putting more channels, each at a different 
optical wavelength, on the fibre. 

There is however, much research to be done 
before this can 'become a reality. Firstly, the 
new glass materials must be refined to an 
extraordinary degree of purity and the right 
sort of refractive index structure built into 
the preform so that the light is guided 
properly. Then the fibre must be drawn 
without any recrystallation taking place. 
This is a very real problem with many of the 
new materials which do not form such a 
stable glass as silica. 

However, the potential rewards are so great 
that Telecom has given a contract to a team 
at the Chemistry Department of Monash 
University, which will be fabricating glasses 
based on heavy metal-halides such as 
zirconium tetrafluoride. These will be drawn 
into fibres on the new drawing tower. 

In the meantime, the drawing tower is 
available for experiments with silica fibres, 
and was used in a project for the Applied 
Science Branch, while still at the A WA 
Laboratories, to investigate aspects of fibre 
coating, including controlled surface 
damage. This was done by introducing 
measured amounts of grit into the coating 
material. 

The Materials Engineering Department at 
Monash University is also interested in 
applying their expertise in polymers to the 
coating of fibres. As well as providing a 
research tool for studying the feasibility of 
new glass materials, the fibre tower will thus 
enable researchers in a variety of fields to 
turn their theories and ideas into reality. 

Contact: Gavin Rosman 03-5416682 
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OPTICAL TECHNOLOGY 

The Properties of Light 

All the known properties of light can be 
described in terms of the experiments by 
which they were discovered and the many and 
varied demonstrations by which they are 
frequently illustrated. Numerous though 
these properties are, these demonstrations 
can be grouped together and categorized 
under one of three headings: 
(a) geometrical optics where the paths taken 

by light signals can be represented by 
rays, 

(b) wave optics where phenomena are 
described by considering the wave-like 
nature oflight, 

( c) quantum optics where phenomena are 
described by considering the particle-like 
nature of light (photons). 

Some of the most important properties within 
these categories are listed below. 

Many advanced research projects, e.g., 
investigating optical fibres, laser technology, 
holography, aimed at achieving the timely 
introduction of optical transmission and 
signal processing techniques into the national 
telecommunications network, rely upon the 
successful exploitation of these fundamental 
properties of light and the matter with which 
it interacts. 

Geometrical Optics 

• Rectilinear (straight-line) propagation 
• Finite speed 
• Reflection 
• Refraction 
• Dispersion 

Wave Optics 

• Interference 
• Diffraction 
• Electromagnetic character 
• Polarization 
• Bi-refringence 

Quantum Optics 

• Atomic structure of matter 
• Energy levels 
• Quanta (photons) 
• Photoconductivity (optical detectors) 
• Stimulated emission (lasers, coherence) 

Photons-The Most Efficient 
Messengers of All 

What is meant by 'telecommunications'? It is 
the means whereby two or more people or 
groups of people separated by a considerable 
distance are able to communicate, i.e., to 
exchange messages in various forms. 

The earliest methods required humans to be 
the messengers. Perhaps the most famous is 
Pheidippides who ran 40 kilometres to seek 
assistance at the battle of Marathon ( 490 BC) 
and whose feat is remembered in the 
endurance race on today's athletic programs. 
To avoid such strenuous exertion, humans 
trained other creatures to deliver written 
messages and hence to become substitute 
messengers. Ghengis Khan used pigeons 
during the later 12th Century and dogs carried 
military information in World War I. 
Advances were made also in the original 
message transfer medium of sound- drums, 
hollow tubes and megaphones. 

The idea ofusing light to send messages is a 
very old one. The news of the Greek victory 
in the Trojan War, about three thousand years 
ago, is said to have been communicated to 
Greece by a chain of bonfires on the tops of 
neighbouring hills. 

There were a number of other methods of 
using light to communicate, for example, the 
heliograph, where a mirror was used to flash 
the light of the sun in a particular direction to 
send a message in code. Semaphore 
signalling using flags, wooden arms or light 
was also quite common in the early 1800s and 
has continued in use in some special 
situations. 

But all of these methods of communication 
had the same deficiencies: they took a very 
long time to send information, they could be 
interrupted by bad weather and they required 
a large number of observers within sight of 
each other who could take down the message 
and repeat it to the next observer in the chain. 

With the invention of the electric telegraph in 
the 1840s, communication by means of light 
signals seemed to become obsolete. 
Electricity surging through metal wires was 
not interrupted by weather and repeating 
stations could be hundreds of kilometres 
apart, instead of needing to be within sight of 
each other. 

In a very real sense, particles of electricity 
which came to be called electrons ( when their 
properties were thoroughly investigated in 
the latter half of the 19th Century) had 
become the most efficient messengers. After 
the invention of radio around the tum of the 
century, such communication could be 
carried on even without wires. Indeed, today 
much of Australia's telephone traffic is 
carried across long distances by microwave 
radio beamed from one repeater tower to 
another. 

Yet in one way it could be said that the wheel 
had turned full circle, for microwaves are 
closely related to light waves, both being a 
form of electromagnetic radiation. Light 
waves, however, have much shorter 
wavelengths (and therefore higher frequency) 
than microwaves. 

Communication scientists have Jong known 
that, in theory at least, the amount of 
information that can be carried by radio 
waves increases as the wavelength becomes 
shorter and the frequency increases. 
Microwaves, with wavelengths around half a 
metre, can carry much more information than 
broadcast radio with wavelengths typicalJy of 
hundreds of metres. But light waves have 
wavelengths in the order of one millionth of a 
metre ( I m). It was therefore obvious that 
light should be able to carry a vast amount of 
information, far more than could be carried 
by the equivalent radio channel or on a copper 
wire. The problem was how to utilize this 
potential. 

The 'Photophone' 

The first device to allow conversations to be 
transmitted over moderate distances using the 
medium of light rather than telephone wires 
was the 'photophone', demonstrated by 
Alexander Graham Bell in 1880 and in later 
years described by him as his 'greatest 
invention'. In the photophone, a thin mirror 
flexed in response to sound waves. A bright 
light focussed on this mirror was deflected to 
a varying extent by the sound waves. The 
reflected beam was transmitted through the 
atmosphere and at the receiving end was 
brought to a focus on a photo-sensitive 
selenium cell by a parabolic mirror. 
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As the strength of the beam changed because 
of the vibrations of the m irror, more or less 
light reached the selenium and so allowed 
more or less electrical current to pass through 
the selenium cell, which was in circuit w ith a 
battery and a pair of Bell telephones. The 
varying current in the circuit created sound in 
the telephone, a sound exactly like that 
vibrating the m irror. 

But, rem arkable as it was, the photophone 
was before its time. The light beam could 
only be used reliably over relatively short 
distances and the receiver and transm itter had 
to be w ithin sight of each other. Fog or smoke 
would interfere w ith its operation . So its uses 
were really quite lim ited . 

It was to take nearly another hundred years 
before communication by light beam became 
really practical and useful. 

Photons 

Up until the beginning of this century a great 
argument raged as to whether light was made 
up of waves or particles. This mystery was 
largely resolved by Einstein in 1905 when he 
showed that light waves could, in appropriate 
circumstances, be considered as a stream of 
individual particles which he called photons. 
Einstein was careful to point out that this new 
idea of light as photons did not conflict with 
the use of a wave theory for investigations of 
optical behaviour on a large scale. However, 
when the interaction of light with matter 
required small scale considerations, perhaps 
involving only one or a few atoms of the 
material, the photon approach was essential. 
Out of this concept came a deep 
understanding of the atomic structure of 
matter which could explain how vision 
works. why the sky is blue, the ruby red and 
the grass green and which paved the way for 
such inventions as atomic energy and the 
laser. 

Lasers 

The invention of the laser in 1960 was the first 
real breakthrough. 

A laser is a source of very intense, non 
spreading light rays, all of exactly the same 
wavelength. Scientists were quick to see that 
the laser could be used for communications 
and some preliminary experiments were done 
in firing a laser beam through the air between 
two towers many kilometres apart. But just as 
with the photophone, fog and rain often 
blocked communication. The only solution 
seemed to be to try to send light along some 
kind of pipe or cable. 

Optical Fibre 

Eventually it was found that light entering a 
solid fibre of glass surrounded by a suitable 
cladding can be confined within the glass, 
even though it is bent, because rays which 
strike the sides at a shallow enough angle are 
reflected back within the glass. 

Although it was found possible to pipe light in 
this way, there were still great difficulties in 
trying to send light through kilometres of 
such fibre. Imagine how much light would be 
absorbed by a kilometre-thick pane of 
ordinary window glass. The basic problem, 
then, was to find a way of making optical 
fibres with very low absorption of light. 

The answers lay in the appropriate properties 
of silica glass and the development of suitable 
fibre fabrication methods to achieve very 
high purity material that would provide very 
low absorption and scattering of light. This 
development process saw the loss of optical 
fibres fall from 10,000 dB/km (i.e., the light 
intensity was reduced by 50% for every 300 
mm of glass through which it travelled) in 
1966, to 20 dB/km in 1970, I dB/km in 1976 
and0.2dB/kmin 1979. 

Today the theoretical minimum loss of0.16 
dB/km at a near-infrared wavelength of 1.55 
urn has been achieved in practical silica glass 
fibres. Light can travel 19 kilometres through 
such a fibre before its intensity is reduced by 
50%. Present research efforts with these 
fibres are aimed at maximizing their 
information-carrying capacity (or 
bandwidth). Commercially available systems 
can provide information transmission rates of 
140 million bits (pulses) per second over 
distances of about 50 kilometres without the 
need for repeaters to amplify the signal. In the 
research laboratory, transmission rates in 
excess of 1000 million bits per second have 
been demonstrated over fibre lengths of 100 
km. 

Future Developments 

The story of optical communications 
technology does not end here. In the process 
of developing low loss silica glass fibres, a 
great deal was discovered about the physical 
mechanisms and material properties that 
contribute to losses as light propagates along 
an optical fibre. This knowledge indicates 
that new types of glass, such as those made 
from the so-called heavy metal fluorides, 
e.g., zirconium tetrafluoride, offer the 
potential for extremely low loss optical fibre 
transmission at longer wavelengths in the 
mid-infrared region of the spectrum. Losses 
of0.01 dB/km or even 0.001 dB/km at 
wavelengths of 3-4 urn have been predicted. 
Just imagine! A loss of0.01 dB/km would 
allow light to travel 300 kilometres before its 
intensity was reduced by half. An optical 
fibre system that could span continents 
and oceans without the need for repeaters 
would be feasible. At present, practical 
optical fibres made from fluoride glasses 
cannot approach these ideal limits, the best 
reported result being a loss of7 dB/km. 
However, there are many indications that this 
new fluoride glass fibre technology, given the 
similar intensive research effort to that 
required to bring silica glass fibres to their 
current level of sophistication, will develop 
rapidly to approach ideal performance early 
in the 1990s. 

The laser and silica glass optical fibre 
research of the 1960s and 1970s saw the 
photon clearly re-established as the most 
efficient telecommunications messenger of 
all. Current research efforts on new fibre 
materials will ensure that this remains the 
case during the 1990s and into the 21 st 
Century. 

Contact: Harvey Sabine 03-541 6682 
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MULTIPROJECT CHIP 
IMPLEMENTATION 

N eedfor Simpler Met hods 

During the latter half of the 1970s it was 
recognized by researchers and academics in 
the USA working in the area of integrated 
circuit design that new and simpler methods 
of teaching and implementing designs were 
necessary to take full advantage of the rapidly 
advancing technology. One of the most 
significant developments in this area was the 
introduction of a new design methodology for 
VLSI systems by Carver Mead at Caltech and 
Lynn Conway of the Xerox Palo Alto 
Research Centre. This Mead-Conway design 
methodology was taught at a number of 
leading research institutions in the USA from 
1978 onwards. As part of this course, 
students were required to implement small 
circuit designs on silicon, so that their ideas 
could be tested in real circuits. The resultant 
chips, each of which contained a number of 
student projects, became known as 
Multiproject Chips, or MPCs. 

Multiproject Chips 

The MPC is a way of producing 
designs,usually digital logic circuits, in 
integrated circuit form, at a relatively low 
cost per circuit. Under this scheme (Fig. I). a 
number of small circuit designs are merged 
onto a single silicon die, forming one chip 
type containing several independent circuits. 
This die is repeated over a single silicon wafer 
together with several different die types. 
After fabrication and packaging, each circuit 
designer receives several integrated circuits 
in which only his circuit is bonded to the 
package pins. This approach enables the total 
mask making and wafer fabrication costs to 
be spread over a number of different projects, 
giving a much lower cost per circuit than is 
possible with conventional custom integrated 
circuits. 

MPC Fabrication 
The technology used to fabricate MPCs is 
usually a silicon gate NMOS depletion load 
process, using six mask levels. It is a 
relatively straightforward process, used by 
many manufacturers. The minimum line 
widths used in MPCs range from about 5 to 3 
um, which are from four to two years behind 
the current state of the art processes, but quite 
adequate for typical MPC applications. This 
technology, which forms the basis of the 
Mead-Conway design methodology. was 
chosen because of its maturity and design 
simplicity. The design techniques are based 
upon a simplified set of conservative design 
rules and very basic transistor models that arc 
used to produce geometric layouts for each of 
the six process masks. Computer aided design 
tools are widely used to design MPC circuits. 
In fact, MPCs have proved to be of great 
value in developing and evaluating many of 
the sophisticated design tools now available 
around the world. 

Introduction to Australia 

The Multiprojcct chip concept was 
introduced to Australia by the CSIRO VLSI 
Program in 1982, with the first Australian 
MPC. dubbed AUSMPC 6/82. This event has 
proved to be a catalyst for the teaching of 
VLSI design techniques within Australian 
academic institutions and for their use within 
many research laboratories. MPCs are run on 
a fairly regular basis by a number of 
Australian institutions, using both local and 
overseas integrated circuit fabrication 
facilities. While they arc not suitable for use 
as commercial products, owing to the highly 
simplified approach taken to design and 
testing, they serve three important functions. 
Their main application is as a teaching tool 
for introducing circuit designers to VLSI 
design principles and techniques. However. 
they are also highly useful for testing 
integrated circuit design ideas and for 
developing prototype circuits where the 
performance and size advantages of custom 
integrated circuit technology is required. 

(See diagram over) 

Contact: Da1·id Har.rnmOJ-541 6405 
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AMORPHOUS SILICON SOLAR 
CELLS 

Crystalline Silicon Solar Cells 

Since the world oil crisis in the early 1970s, 
scientists and engineers have quickened the 
pace of their search for alternative energy 
resources and means for harnessing sunlight 
for heating and electricity generation. The 
crystalline silicon solar cell, which is a 
product of earlier space research, appears to 
be an obvious choice for converting sunlight 
into electricity. However, the crystalline solar 
cell remains a novelty, even to this day, 
because of the high cost and high wastage in 
the manufacturing process. 

Amorphous Semiconductors 

Amorphous semiconducting materials, 
particularly amorphous silicon 
semiconductors, have emerged as promising 
candidates for utilizing sunlight. Japanese 
and U.S. researchers are intensely interested 
in amorphous semiconductor technology 
because it offers a much cheaper and simpler 
method of producing silicon alloys for use in 

solar cells. Amorphous silicon 
semiconductors are also found to be 
extremely useful in many other products of 
the 'electronic revolution', such as computer 
chips, integrated circuits and light sensing 
devices for video cameras and photocopiers. 

Overseas Research 

The Japanese Government has distributed 
funds amounting to many millions of dollars 
over the past five years to universities, 
government institutions and industrial groups 
for research into amorphous semiconductors. 
Significant support has also been provided by 
the U.S. Government to its researchers. 

Giant Japanese corporations, such as Sanyo 
and Sharp, have already begun to reap the 
benefits of their research efforts by marketing 
amorphous solar cell powered calculators and 
wristwatches. However, solar panels for 
electricity generation are still in th~ 
experimental stage because amorphous solar 
cells are not yet as efficient or as long-lasting 
as the crystal-based solar cells. More research 
into this technology is urgently needed. 

HT 

Gas Mixing Chamber 

Remote Area Power Systems 

In view of the current significant contribution 
by crystalline solar cells to the powering of 
the telecommunications network in remote 
areas and the imminent availability of the 
much cheaper amorphous solar cells, a 
comprehensive understanding of these new 
materials is of paramount importance. 
especially with regard to the planning and 
design of future power supply systems. 

The Research Department has initiated a 
research program to study the properties of 
amorphous semiconductors and solar cells 
made with these materials. Of particular 
interest are the aging characteristics of this 
type of solar cell and its suitability for 
incorporation into remote area power supply 
systems. 

The experimental glow-discharge deposition 
system used for preparing amorphous 
semiconductors is shown in Fig. I. A typical 
amorphous silicon solar cell structure is 
shown in Fig. 2. 

Contact: Noel Teede 03-541 6673 
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Fig. I. An Experimental Glow-Discharge 
Deposition System 
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Fig. 2: Typical Amorphous Silicon P-l-N Solar 
Cell Structure 
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THE OPTICAL FIBRE FUTURE 

Silica Glass 

The experimentally measured attenuation in 
optical fibres made from silica glass has been 
reduced to essentially the theoretical limit 
(0.16 dB/km at a wavelength of I.SS um in the 
near-infrared region of the spectrum). Fig. I 
shows the spectral loss curve of such a fibre. 

Present research efforts with silica glass 
fibres are now being directed mainly towards 
the maximum utilization of the fibre 
bandwidth, e.g. by using narrow-linewidth 
laser diode sources and heterodyne detection. 
Over the last 15 years, practical transmission 
losses in silica fibres have been reduced by 
nearly 4 orders of magnitude. In the process, 
a great deal has been added to the knowledge 
of intrinsic optical loss mechanisms in 
materials. 

As illustrated in Fig. 2, only 2 fundamental 
loss mechanisms are important over the 
wavelength range of practical interest for 
long-distance communications. The better 
known of these is Rayleigh scattering, which 
dominates at the shorter (visible and near 
infrared) wavelengths. Rayleigh scattering is 
caused by microscopic changes in the density. 
and hence refractive index. of the glass and is 
inversely proportional to the fourth power of 
the wavelength. 

This wavelength dependence of Rayleigh 
scattering is one reason for the progression of 
fibre system operating wavelength from the 
initial 0.85 urn, where convenient sources 
and detectors were available, to the present 
1.3 urn and soon to I.SS urn. Beyond this 
wavelength the loss in silica glass increases 
owing to the second mechanism, infrared 
absorption, which occurs when optical 
energy is absorbed by the glass causing the 
atoms of the material to vibrate. The 
frequency or wavelength of light at which this 
resonance effect takes place is determined by 
the mass of the atoms and the strength of the 
bond between the atoms. lnfrared absorption 
loss increases exponentially with wavelength 
e.g. for silica glass the total loss rises from 
0.16dB/kmat 1.55 um, to23dB/kmat2.0 
urn and 2.9xl03 dB/km at 2.5 urn. 

Fig. 2: The Potential/or Optical Fibre Svstems 
at Near and Mid-Infrared Wavelengths 
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Fluoride Glasses 

To further improve the performance of optical 
fibre systems, it is necessary to research new 
types of fibre materials that exhibit a 
Rayleigh scattering loss comparable to or 
lower than silica glass and in which the onset 
of the infrared absorption is transferred to 
wavelengths greater than 2 urn in the mid 
infrared region of the spectrum. This latter 
consideration suggests that materials formed 
by heavier atoms that are loosely bonded 
should be investigated-the new families of 
heavy metal fluoride glasses, such as 
zirconium tetrafluoride (ZrF4), are promising 
candidates. 

As shown in Fig. 2, extrapolated 
experimental results for glasses based on ZrF4 

indicate a minimum attenuation of about 0.01 
dB/km at a wavelength of2.8 urn (region B). 
Calculated results, based on chemical and 
physical properties, suggest that a loss of 
0.001 dB/km at 3.4 urn (region C) is possible 
in the longer term. For the purpose of 
comparison and to highlight the trend towards 
longer wavelength systems to achieve 
reduced transmission loss. the optimum 
performance of silica fibre is also indicated in 
region A. 

To date practical results for mid-infrared 
fibres fall a long way short of theoretical 
limits. However, as illustrated in Fig. 3, 
steady progress comparable to that achieved 
in the development of low-loss silica glass 
fibres during the 1970s is being made. The 
lowest loss yet recorded in a fibre made from 
ZrF4 is 6.8 dB/km at a wavelength of 2.55 
urn. 

As was also the case with silica glass 
technology, a great deal of research effort 
must be put into the establishment of 
techniques for materials purification, 
preform fabrication and fibre drawing 
techniques that are compatible with these new 
materials. This effort is now under way. 
Recent predictions by Dr Charles Kao, who 
in 1966 accurately forecast the emergence of 
lower-loss silica glass fibres, suggest that this 
mid-infrared fibre technology will mature in 
the early 1990s. See Fig. 4. 

It should be noted from Fig. 3 that losses in 
practical rnid-infrared fibres are already low 
enough for special applications where 
transmission of laser light at these 
wavelengths is essential viz. industrial 
machining, surgical and military. Losses are 
also already below the 20 dB/km I imit set 
more than a decade ago in relation to silica 
glass as the performance level required for 
telecommunications needs. 

Despite technological obstacles that must be 
overcome in the next few years, there is every 
reason for cautious optimism that losses in 
fluoride glasses can be reduced to near the 
theoretical minimum of0.01 to 0.001 dB/km 
-nearly 2 orders of magnitude lower· than 
the intrinsic limit of silica glass fibres The 
intriguing possibility that optical fibre 
transmission (without repeaters) can be 
extended to thousands of kilometres. thus 
allowing oceans and continents to be 
spanned. is the goal that will encourage the 
telecommunications industrys continued 
involvement in mid-infrared fibre systems. 

Co11wc1: Harvev Sabine 03-541 6682 
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THE MICROCHIP 

Circuit Design 

Complex integrated circuits, or 'microchips', 
are becoming commonplace in the 
telecommunications network and are helping 
to revolutionize telecommunications. 
Systems that use integrated circuits (!Cs) 
have been part of the network for some time, 
but it is only recently that very complex 
circuits or Very Large Scale Integration 
(VLSI), with tens of thousands of transistor 
switches, have become the basis of these 
systems. Rather than being general purpose 
or standard components, such complex 
circuits can be specially designed to meet 
specific needs of the network. 

Initial Simulation 

Like any electronic system, an integrated 
circuit begins as an electrical circuit designed 
to perform a certain function. For complex 

digital I Cs, the circuit or logic-gate diagram is 
designed interactively on a computer terminal 
using Computer Aided Design (CAD) 
software. Using computer aids, the designer 
is able to design the circuit more quickly since 
he can use libraries of previously designed 
circuits. The circuit can be simulated during 
its design to ensure that it operates according 
to the specification. This is quicker and 
cheaper than building a prototype of the 
system. 

Physical Layout 

Once the designer is satisfied that the circuit 
operates correctly, it must then be translated 
into a physical layout so that the IC can be 
fabricated. The layout consists of several 
layers of geometrical patterns that define the 
structure of transistors and their 
interconnections, and it forms the basis of the 
IC. Since the generation of the layout is very 
time consuming, CAD software is used in the 
form of geometrical editors and the finished 
layout is checked by the computer to ensure 
that it is correct. 

Volume Production 

The layout data is then converted into 
photographic masks that are 20 times the final 
size of the IC using a pattern generator at the 
IC fabrication plant. These masks are then 
photographically reduced to the final size of 
the IC and the patterns are repeated many 
times to form the production masks so that 
large numbers of I Cs can be made at the same 
time, all on the one waferof silicon. 

The various layers of the transistors are 
formed sequentially according to the 
particular processing technology at the 
fabrication plant, with all of the !Cs on a 
wafer and many similar wafers being 
processed at the same time. Once the wafers 
are finished, the !Cs on the wafer are tested by 
a computer controlled wafer prober, sawn into 
separate 'chips' and packaged. Afterfurthcr 
testing the !Cs are then ready for assembly as 
parts of equipment in the telecommunications 
network such as telephones and exchanges. 

Contact:ChrisRowles03-5416244 
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REDDER THAN RED-THE 
NEAR INFRARED 

Likewise, medicine uses far infrared 
radiation for observing hot and cold spots on 
the body to detect tumours or circulation 
deficiencies. Satellites such as Landsat look 
at relative emissions to judge the health of 
crops or detect the presence of underground 
ore deposits. 

Why the Generallnterest? 

Any object that is warmer than absolute zero 
temperature (-273°C or OK) emits radiation, 
with a spread of wavelengths from very long 
wavelengths down to a cut-off point that is 
uniquely determined by the object's 
temperature, as shown in Fig. I. 

An object can be 'seen' by the radiation that it 
emits. That is why military authorities have a 
great interest in detectors that respond to: 
• near infrared radiation - for jet engines 

and rockets, 
• far infrared radiation - for people and 

vehicles or 
• near to mid infrared radiation - for 

receipt of line-of-sight transmission of 
signals. 

Silicon Detector 

This is a target that is a thin disc of silicon in 
the form of a two-dimensional diode array 
with one side exposed to the light and the 
other to a scanning beam of electrons. The 
varying charge on each diode, corresponding 
to the varying light falling upon it, repels 
varying proportions of electrons in the beam. 
These repelled electrons are collected and 
converted into a time varying voltage and 
displayed on a television monitor. 

The same principle is used in most television 
cameras. The main difference is in the 
material used for the target since this 
determines the range of wavelengths that are 
seen. 
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MCT Detector 

Mercury Cadmium Telluride (MCT) is a 
newer material that has not yet been fully 
developed, particularly for 
telecommunications applications. As a 
consequence, arrays that perform like the 
silicon camera tube are not yet practicable, 
although some research groups are close to 
achieving this goal. 

Single element detectors have been available 
for some time and so a mechanical scanning 
of the optical image across this detector can 
be used to form a picture. Although this 
means that the detector response is uniform 
across the entire optical view, the detector is 
only exposed to a small part of the image at 
any one time. This contrasts with the use of 
the large two dimensional (Silicon) detector 
array that is exposed all over. Many military 
systems use arrays oflimited size, 
mechanically and electronically scanned- a 
half-way house. 

Telecom's Interest 

Telecom 's interest in infrared radiation is 
because of its potential in signal 
transmission. Glassy materials offer very 
much lower attenuation to infrared radiation 
than to visible light, which has much shorter 
wavelengths. The attenuation of infrared 
radiation is so low that signals can be carried 
for 100 km in an optical fibre without the need 
to reamplify them. 

Fig 1: Peak & Cut-off Radiation Versus 
Temperature 
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In order to work on developing these highly 
transparent materials, some means is needed 
to detect and display the light fields that 
surround the light sources and fibres. 
Potential detector materials are: 
• Near infrared wavelengths: Silicon- up 

to 1 um 
• Near and mid-infrared wavelengths: 

Gallium Arsenide compounds 
(GaAs) 1-2 um 

• Mid and far-infrared wavelengths: 
Mercury Cadmium Telluride compounds 
(MCT) 1-30 urn. 

As longer and longer wavelengths are used, 
the background radiation from the camera 
itself and the air becomes progressively more 
significant and some form of cooling of the 
detector must be employed, such as thermo 
electric (Peltier), refrigeration or liquid 
nitrogen and helium. 

Contact: Allan Duncan 03-5416708 
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LIGHTNING LOCATION 

Background 

The introduction of new technology materials 
has seen a significant change in the potential 
for lightning damage to the telephone 
network. Solid state devices, designed to 
operate at very low power levels, can be 
subjected to extremely large voltage surges, 
causing disruption to services. In order to 
provide protection for such equipment, 
lightning prone areas must first be identified, 
preferably prior to damage being caused. 

Until recent! y, the on! y information on 
lightning activity has been from isokeraunic 
maps. These maps are based on data acquired 
from meteorological observers and indicate 
the number of days thunder was heard within 
a region per year. The limitations of that 
approach are: 
(a) the small number of observers used, 
(b) their inability to classify lightning strikes 

(i.e. cloud to ground, inter-cloud or intra 
cioud) and 

(c) their practice of recording on a day 
merely whether one or more strikes 
occurred rather than recording the total 
number of strikes for that day. 

Because of those limitations, isokeraunic 
maps do not accurately depict the level of 
lightning activity likely to be experienced by 
Telecom equipment. 

Lightning Location System 

The lightning location system is capable of 
providing the location and intensity of 
lightning strikes from cloud to ground at the 
time they occur, thereby producing accurate 
information on the location and number of 
strikes occurring over areas several hundred 
kilometres wide. 

Each system consists of a number of 
Direction Finding stations (DFs), located 
throughout the area of interest. These DFs are 
connected to a central Position Analyser 
(PA), which coiJates all of the available data 
and produces the location and time of 
occurrence of each individual lightning 
strike. 

Direction Finder 

The Direction Finder station has two 
antennas, which monitor disturbances in the 
electric and magnetic fields. These signals 
are fed to electronic circuitry, which is able to 
discriminate between cloud to ground strikes 
and all other forms of disturbance, including 
inter-cloud and intra-cloud strikes. When a 
strike is detected, its bearing is computed by 
means oftwo orthogonal loops in the 
magnetic field antenna. The bearing and a 
measure of the strength of the strike is then 
transmitted to the Position Analyser. 

Position Analyser 

The Position Analyser receives all available 
data concerning the strike and selects data 
from two DFs. Using the process of 
triangulation, the PA computes the 
intersection of the two bearings and hence the 
location of the strike. This location is 
displayed on a terminal and plotted on a map 
of the region, to give real time access to 
lightning activity. In addition the location is 
stored in a computer, to enable the 
investigation of long term trends in lightning 
activity. 

By utilizing a computer to generate density 
patterns of strikes, based on data collected 
over long periods, an accurate description of 
the true level of ground strike activity can be 
presented, thereby replacing the isokeraunic 
maps. 

Contact: /a11 Stevenson 03-54! 6603 
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From 11: 0 29-1-1984 To 2: 0 30-1-1984 
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Total No. of Strikes Within Time Period = 2169. 
Total No. of Strikes Within Region= 1585. 

Fig. 1 Lightning Reprocessing-Strike 
Locations 
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ELECTRICAL SAFETY OF 
CUSTOMERS, STAFF AND 
EQUIPMENT 

Hazards 

There are a number of sources which can 
induce or inject harmful voltages and currents 
into communication networks. These could 
be equipment malfunctions, power 
distribution lines, radio transmitters, natural 
and user generated static electricity and of 
course electrical storms. 

Of these the most common and harmful 
source is lightning discharges generated by 
electrical storms. At any one time there are 
about two thousand electrical storms in 
progress around the world. These generate 
several hundred lightning discharges per 
second out of which about ten million 
terminate on the earth in a period of 24 hours. 

A storm that lasts for an hour can generate 
about ten million megajoules of electrical 
energy. This energy is then dissipated in 
amounts averaging about ten thousand 
megajoules with dissipation rates in the 
vicinity of several thousand million 
megawatts. 

In some instances the damage to lightning 
struck objects has been estimated to be 
equivalent to that produced by several 
hundred kilograms of TNT. 

Lightning strikes therefore can and do cause 
considerable damage to property and to 
communication networks. · 

Development of Protection 

Protection of telephone line equipment and its 
users from the effects oflightning and other 
sources of high voltage was an integral part of 
the early telephone network. As the network 
evolved its switching and terminal equipment 
became electrically more robust and also 
capable of providing an adequate barrier 
between the operator or the user of the 
equipment and the parts which could acquire 
harmful potentials. The original overhead 
lines were also gradually replaced with 
underground cables. The underground cables 
were predominantly lead-sheathed with 
paper-insulated conductors. 

This led to the breakdown potentials of the 
equipment being generally higher than the 
potentials which could pass along the cables 
and hence protection of at least the equipment 
had becomeredundant in the majority of 
installations. 

This situation started to change when the 
lead-sheathed cables began to be replaced 
with plastic-sheathed and plastic-insulated 
cables and the electromechanical switching 
and terminal equipment was replaced by solid 
state electronic switching devices. The need 
for protection also increased with changes to 
the environment in which the network 
operated. These included the use of non 
metallic pipes for water and sewerage 
services, the use of concrete slabs for floors 
and walls and the use of metallized thermal 
insulation in house construction. 

These changes increased the levels of 
potentials that could pass along the cables, 
removed the shielding and current sinks 
provided by metallic water and sewerage 
pipes and reduced the tolerance levels of 
equipment to over-potentials. 

The impending introduction of optical fibre 
cable and cordless telephones into the 
network will, however, again change the 
character of the telecommunication network. 

In view of this evolving change, protection 
policies and practices are periodically 
reviewed to meet any new requirements of the 
network. 

Factors in Protection 

Some of the parameters that determine the 
need, the level of the protection required and 
the effectiveness of that protection in today's 
network are: 
• the location of the building housing the 

telecommunication equipment i.e. city, 
suburban or rural, in hilly or flat terrain, 
on what type of soil, etc, 

• the type and constructional features of the 
building, 

• the type and location of the equipment 
within the building, 

• the type and lengths of the external cables, 
• the topography and the soil resistivity of 

the areas through which these cables run, 
• other services that come into the building 

and 
• the frequency and duration for which the 

equipment is in use and, in the case of 
lightning strike problems, the frequency 
and duration of electrical storms and the 
number of strikes they generate. 

Means are now available which allow 
reasonably accurate measurements to be 
made of the number and location of ground 
strikes generated by electrical storms. A 
lightning location system used by Telecom 
appears as a related display. 

The ability ofunderground cables to resist 
damage by a given level of electrical stress 
can be controlled by the way the cables are 
installed or by their design and construction. 
For example, armoured cables or cables with 
metallic screens sandwiched between plastic 
insulation will be less susceptible to damage 
than ordinary plastic insulated cables. 
Another example is ordinary plastic cable 
which may have a comparable performance 
with a sandwiched cable when it is installed in 
a plastic duct or buried with a guard wire or 
have a superior performance to an armoured 
cable if it is installed in a galvanized iron 
pipe. 

The resistance of equipment to damage can 
also depend on equipment design or added 
external protection. 
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The protection of term inal equipment which 
does not com e into contact w ith local earth or 
requires a local earth for som e of its functions 
is relatively sim ple and inexpensive- a 
combination of gaseous arrestors w ith 
resistors and varistors or zener diodes would 
protect the equipm ent in most situations. 
Sim ilar protection can be applied to the 
sw itching equipm ent but in th is case the 
protection is also referenced to earth . 

Typical protective devices used by Telecom 
are disp layed . 

The protection of term inal equipm ent 
requiring local earth for its operation and the 
protection of equipment users from electric 
shocks is more difficult and costly . In som e 
situations this protection is not very effective 
and is also capable of transferring the problem 
to other parts of the system or causing other 
problem s such as noise , distortion , loss of 
signal and other faults on the system . 

The protective device in the case of user 
protection need not have well defined and 
stable parameters. W hat, however, is very 
important in th is situation is equalization of 
the electric potentia l between the equipm ent 
protection earth and all other earths on the 
prem ises. 

The required degree of potential equalization 
can be achieved only by metallically bonding 
the equipm ent protection earth to the power 
distribution earth , all m etallic pipes and any 
other m etallic structures and fix tures on the 
prem ises. 

Safety Considerations 

Today, with most of the past restrictions on 
bonding the various earths removed, the 
telecommunication service is, where 
necessary, fitted with an effective protection 
system. Nevertheless, in common with other 
telecommunication authorities, Telecom 
Australia recommends that all users of the 
service observe some simple rules as set out 
in the Telephone Directories when using the 
service during local electrical storms. 

In the course of their duties, Telecom staff 
also can be subjected to harmful potentials. 
This may occur, for example, during cable 
jointing, work in or near power installations 
or excavation areas containing buried power 
cables or installation work in domestic or 
commercial premises that involves drilling 
into ceilings or walls and also when power 
tools develop faults. 

In these situations prescribed work practices 
and the use of protective apparel such as 
rubber gloves, boots and mats together with 
devices that test power outlets and devices 
that disconnect power to tools when they 
develop faults have been very successful in 
preventing injuries to staff. Some of the 
protective apparel and devices are displayed. 

The involvement of the Research Department 
in the protection field, frequently with 
assistance and collaboration from the 
Standards Association of Australia and 
various Telecom Departments, State 
Electricity Commissions, 2nd Industry and 
Tertiary Institutions, has been in the areas of 
component and systems testing, in field tests, 
measurements and data collection and in the 
development of new or the modification of 
existing protection methods to best meet the 
demands of the constantly evolving 
telecommunication network and the changing 
environment in which it operates. 

Contact: Edward Bondarenko 03-541 6600 
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TEMPERATURE CALIBRATION 
(NATA) 

'NAI'A' Registration 

In order to support the large temperature 
measuring workload of the Research 
Department a progressive upgrading of the 
standard and accuracy of measurements has 
occurred over recent years. The major task in 
this operation was the acquisition of suitable 
standards and measuring equipment to meet 
both the short and long term needs of the 
Department. A significant outcome was the 
achieving of NATA (National Association of 
Testing Authorities, Australia) accreditation 
in several classifications relating to 
temperature measurement. An additional 
outcome was that the Department now 
possesses a range of certified standard 
thermometers, one of which has an 
uncertainty of only ±0.005 K (±0.005°C) 
over the range of temperatures normally used 
for environmental testing. The standard 
thermometers are supported with a range of 
measuring equipment whose resolution 
directly complements their accuracy. 

Standardization 

All of this measuring equipment and the 
standard thermometers are directly traceable 
to the National Standards held by the CSIRO 
Division of Applied Physics. Their primary 

use is to enable the calibration of the 
thermometers used in the routine work of the 
Department. The usual method of 
accomplishing this is to use a very stable 
source as a transfer medium. For the majority 
of our applications a precision oil bath is 
utilized. The sensors to be used for the routine 
measurement task are immersed in the oil 
bath simultaneously with an appropriate 
standard thermometer and the variations in 
measured output or temperature arerecorded 
for use as a correction factor which may need 
to be applied to the routine measurements at a 
later date, depending on the accuracy 
required. 

Type ofThermometers 

It should be realized that these thermometers 
and sensors are not the glass thermometers 
that one normally envisages but are devices 
that give changing electrical parameters in 
response to changing temperature. The type 
of device used for a standard is called a 
resistance thermometer and consists of a coil 
of fine platinum wire whose resistance 
changes as a function of the wire temperature. 
A cheaper form of resistance thermometer as 
well as a thermocouple is used for routine 
measurements. A thermocouple is a device 
constructed from two lengths of dissimilar 
metals which arc joined together as a single 
point at one end. A voltage is developed 

across the open end which essentially 
represents the temperature difference 
between the joined end and the connection 
point to the measuring instrument. For the 
majority of our applications thermocouples 
give the best combination of accuracy and 
economy. 

lee Point Reference 

In practice a measuring thermocouple 
thermometer system consists of a group of 
three thermocouples, only one of which is in 
the environment being measured. The other 
two, one in each leg of the thermocouple in 
the environment being measured, are held at a 
fixed reference temperature, usually 0°C, · 

. and are utilized to enable the measuring 
instrument to be connected via copper 
conductors. Since an ice point reference is 
0°C by definition the measured voltage is a 
"direct function of the measuring 
thermocouple temperature in °C. Twogeneral 
methods of obtaining 0°C are in common 
use. These are a mixture of finely crushed ice 
and water and an electronically controlled ice 
point reference. A typical thermocouple and 
ice point measuring system is explained in 
Fig.I, whilst Fig. 2 explains the operation of 
an electronic ice point. 

(See diagrams over) 

Contact: Michael Hooper03-54! 6618 
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Thermocouple Material "A" 
Copper 
Conductors 

Thermocouple Material "B" 

Thermocouple Sensor 
in Environment to 
be Measured 

Ice Point Reference 
(Finely Crushed Ice in Water 
or "Electronic" Ice Point) 

Fig. 1. Measurement System for Thermocouple 
Sensors 

Solid State 
Cooling Modules 

Four Stainless Steel Wells Set in A Common Copper Bar 
And Suspended Inside Hermetically Sealed Ice/Water Well 

HEAT 
SINK 

POWER SUPPLY 
Regulated 
by Microswitch 
in Contact With Bellows 
Triggers Current to 
Cooling Modules 
as Needed 

Thermal Insulation 

The expansion of water as it turns to ice activates 
the microswitch giving a control function directly related 
to a physical property. 

Fig. 2. Operation of an 'Electronically' 
Controlled Jee Point 

Measuring 
Instrument 

Pilot 
Light 
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PARROT DAMAGE TO 
MICROWAVE FEEDS 

Microwave Feed Windows 

Telecom Australia operates microwave 
telecommunications systems throughout 
Australia. These systems carry telephone 
calls, telex messages and other kinds of 
communications across long distances. The 
microwave beams travel between large dish 
shaped metal antennas on high towers at 
intervals along the telecommunications route. 
The microwave beam is fed onto the dish 
surface via metal tubes placed at the centre of 
the antenna. 

The beam in these systems leaves or enters 
the feed tube through a plastic window 
because such beams cannot pass through 
metal. A sealed window is necessary because 
the tube is kept pressurized with dry air to 
avoid corrosion and other undesirable effects 
of moist, external air. 

Need for a Stronger Window 

The antenna-feed windows in normal use 
around the world are very thin (0.15 mm) and 
are made of 'teflon ' plastic. However, a 

problem has arisen in Australia because 
parrots have taken a liking to pecking and 
damaging these windows. There is thus a 
need to find a stronger bird-proof window. 

Telecom has experimented with thicker ( 1. 5 
mrnj-windows in six differentplastics 
materials that have been selected because 
they transmit microwave beams with 
negligible disturbance and have promising 
weather-resisting properties. 

Exposure toParrots 

The various windows were exposed for 12 
months to attack by five species of cockatoos 
in an aviary to obtain information on the 
performanceof each windowmiterial and the 
behaviour of the cockatoos towards them. 
Cockatoos were chosen as they are among the 
most destructive of Australia's parrots. The 

. window type that has been used to date was 
included forcornp~rison. All t_he rriaterials are 
non-toxic to parrots. 

.. .Anywindow damaged was replaced several. 
- >times after it had been damaged so that the 

. frequency and pattern of attacks could be 
assessed. · 

The tests did not require the use of 
microwaves and none were used. 

The rack oti.displa:y was ori.(ofthret! placed in 
the avia~y to holdsirnµia,t~d.fe.edtub~s:during 
the trial'. -Fig:lshowsaPinkor ,Major . 
Mitchell Cockiit9Q (ciea!Uit Ieadbeateri) 
damaging the e1(isting type qf thin. w!t1d6w. 

(See photograph over) 

Results 

The tests resulted in two of thematerials 
being recommended for use and the others 
being recommended against. 

The outcome otthis investigation should 
increase the reliability of microwave 
telecommunications systems in many parts of 
Australia. It should also produce worthwhile 
savings by avoiding thehigh costs of refitting 
the present windows every time they are : 
damaged by parrots. 

' ... . 

Acknowledgemenr-- 

The assistance of the:SirCohn IvfacKerl~ie 
Zoological P~rk ~t Healesville, \Tictoria, 

. is gratefullyacknowledged. . 

ConfaccGeoffrey~Goode03-5416604 

Handout (AS6/H) ~No.I ~-Telecom :Austnilla 



RESEARCH DEPARTMENT OPEN DAYS 1985 

Fig J: Major Mitchell (Pink) Cockatoo 
Damaging the Existing Type of Thin 
Window 
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ANALYSIS OF VAPOURS FROM 
INDUSTRIAL PROCESSES 

Hazard Surveillance 

The application of new analytical techniques 
to the surveillance of telecommunications 
plant and practices has resulted in several 
areas of Research Department input to guard 
against hazardous exposure of workers and 
plant. 

Examples of these applications are discussed 
below. 

Polyurethane (PUR) 

PUR materials may be used in 
telecommunications for a wide variety of 
purposes. For example: 
(a) as rigid foams to seal occupied and 

unoccupied cable ducts, thus preventing 
unwanted vapour and liquid migration 
between sections of underground plant 

(b) as air-cured elastomeric encapsulants for 
cable 'joints' which can be stripped and 
remade 

(c) as resilient foams for cushioning delicate 
electrical parts in transit and 

(d) for foam-in-place packaging, wire 
varnishes, coating applications and in 
fact anywhere where the item increases 
engineering efficiency and economical 
advantage. 

This increased potential usage has required 
the preparation of safety assessment data 
owing to the possible presence of 
diisocyanate monomer in urethane curing 
processes. 

Vapours of low molecular mass di isocyanate 
have a documented history of producing toxic 
respiratory effects in sensitized workers at 
very low exposure levels. 

Analysts have found quantitative methods 
based on colour development to lack 
sensitivity for monitoring pilot scale trials of 
PUR applications. By use of reverse phase 
high pressure liquid chromatography 
(HPLC), values one-tenth of the 
recommended safety standard levels for any 
diisocyanate monomer may easily be 
detected in a40 litre air sample. 

The experimental procedure involves 
drawing workplace air through an all-glass 
absorption system. This air stream is brought 
into intimate contact with the absorbing and 
complexing solution, which may be a simple 
alcohol or a more complex structure, e.g. 
'nitro reagent'. Any diisocyanate present 
rapidly forms a chemically stable derivative 
that can then be analysed in solution by HPLC 
with detection by molecular absorption of 
ultraviolet radiation at 254--r1anometres. 

This analytical procedure also enables a 
mixed diisocyanate system to be separated 
and ailows simultaneous quantification. 

Polychlorinated Biphenyls (PCBs) 

These constitute an eco-toxicological hazard 
that could, in some circumstances, be 
encountered in certain types of 
telecommunications equipment. These 
chemical materials are encountered as heat 
transfer media in transformers or capacitors 
that are normally sealed systems at the time of 
manufacture. 

Since leaks may occur, a rapid analytical 
procedure for the identification of any 
spillage was found necessary to guide staff 
taking'remedial action. A laboratory method 
that depends on the analytical technique of 
capillary column separation, followed by gas 
chromatography coupled with mass 
spectrometry (GC-MS), was developed. The 
coiled capillary columns used for this work 
were of flexible silica and were 25 metres in 
length with an internal diameter of0.3mm. 
The inner wall of the column was coated with 
a methyl silicone compound to enable the 
separation ofthc chlorinated bi phenyl 
mixture. 

A range of commercial PCB compounds have 
been analysed using this technique and the 
resulting mass spectra have been stored on 
computer disc. These stored data have 
enabled the collection of a comprehensive 
reference library of the mass spectra of PCB 
compounds. Mass spectra obtained from the 
GC-MS analysis of an unknown sample can 
be quickly compared with the reference 
spectra using a computer program to give 
unambiguous identification of the many 
specific types of PCB in the sample. 

Encapsulants 

When making external terminations of 
conductors or jointing cables, the connection 
or joint is frequently protected from the 
environment and electrically insulated by 
encasing it in a special resin encapsulant. 

Ingredients used in combination to form 
encapsulants of the epoxy type need to be 
carefully checked for low residual levels of 
intermediate processing chemicals that arc 
unacceptable in the working environment of 
the ultimate Telecom user. 

Epichlorohydrin is one such material that the 
chemical analyst must determine in very 
small amounts. 

A new technique that enables these trace level 
measurements to be made routinely using fine 
bore, flexible tubes of silica as 
chromatographic separating columns is now 
in use. 

Contact: Frank BakerOJ-541 6570 
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BATTERY TEST FACILITY 

Mechanical and Electrical Systems 

Telecom Australia has a large investment in 
secondary storage batteries in the no-break 
power supplies of exchanges and other 
equipment stations throughout the network. 
The stationary lead-acid batteries, which are 
the basis of the emergency power supplies, 
must combine long service life with 
reliability. The Research Department has 
therefore for some years undertaken test 
programs to monitor the qua! ity of these 
batteries. 

In order to improve the efficiency of this 
testing, an automated, fully instrumented 
battery test facility has been designed and 
constructed within the Rcseach Department. 

Fig .I: Discharge Curves 

1000 

mV 

The test programs, conducted in accordance 
with Australian Standard AS 1981, provide 
for cyclic charge and discharge routines to 
determine battery capacity of six types 
ranging in capacity from 25 to 3200 ampere 
hours. The facility provides six distinct test 
bays. one for each type of exchange battery. 
arranged so that each type can be tested 
readily at its ten. three and one-hour 
discharge rates. 

Each battery under test is provided with its 
own set of resistive loads, which arc 
terminated on an insulating panel above the 
battery. Charging and discharging arc 
achieved by the controlled operation of a 
contactor, the change-over contacts of which 
interconnect the battery with the load or 
charger by means of heavy cables or bus bars. 
depending on the required current level. 

950 

mV 

Electrical mains power supply to the battery 
chargers totals over 50 kV A. If simultaneous 
discharge tests are conducted on all bays at 
the one-hour rate, the power dissipated in the 
load resistors exceeds 26 kW. Thus, most 
loads are water cooled with an externally 
located, chilled, cooling water system. The 
plant is sized to handle 22 kW. The smaller 
load resistors arc air cooled. 

A comparison between a new cell and an old 
cell, during a 3h discharge test. shows 
changes in cell potentials and positive and 
negative plate potentials with respect to time: 
as well as positive and negative plate 
polarization differences during discharge. 

By comparing the relevant charge curves. it 
can be seen that the older cell accepts much 
less capacity during charge. Its positive plate 
polarization is also considerable. 

900 t 
~ 

1900 

I +ve Plate Potentials 
Cell Potential 

850 I I I I 1800 
1 2 3 Hours 1 2 3 Hours 

-ve Plate Potentials 1. Old Cell 

2. New Cell 

-1050 

Positive and Negative Plate Potentials Versus Mercury-Mercury Sulphate 
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Fig.2: Charge Curves 
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Automated Control and Data 
Analysis System 

Control software and hardware is essentially 
identical for all bays. The facility comprises 
seven sub-controllers, each of which controls 
the test program for batteries of a particular 
capacity. The seven sub-controllers are 
themselves controlled by a desk-top computer 
type via an IEEE Standard 488 bus. This 
computer can commence a series of tests via 
any sub-controller individually, as well as 
process the collected test data. 

Because battery testing is a continuous 
process over many days, a special multi 
tasking software program was written for the 
computer, which would collect the data from 
the sub-controllers when necessary, while 
allowing the operator to obtain results of 
current or previous tests in either tabular or 
graphical form. The data received from the 
sub-controller contains header information 

2000 

1800 Cell Potential 

about the test, measurements of cell voltages, 
positive and negative half cell voltages and 
cell temperature for each cell being tested, as 
well as battery ampere hours and circuit test 
current. The data block, containing some 500 
to 3000 bytes, is stored into a selected file on 
the Winchester disc memory ( 16 Mbytes 
capacity). A separate file (containing up to 
2000 data blocks on O. 5 Mbytes of disc 
storage) is used for each particular test run. 

Program operation is by means often 
different sets of special function key 
overlays. The eight key definitions for each 
overlay in use can be displayed on the 
computer screen. Other elements of the 
program are operated either by menu 
selection, form filling or the special input 
routine. Provision has been made for utility 
programs, in the form of sub-programs, to be 
loaded into memory as required to perform 
non-standard tasks. 

While data are being collected, other data that 
has been collated and analysed from current 
or past tests can be presented as a graphical 
display either on a computer screen or by 
using a multi-pen plotter. The screen image 
can be modified using the digitizing facilities 
of the computer to home in on any particular 
part of the test of special interest. 

The Research Department's battery test 
facility has now been automated to a degree 
that allows an extensive program of battery 
testing to be performed. This automation is 
expected to permit data on the service 
behaviour of re-chargeable batteries to be 
collected and analysed more systematically, 
to assist in the development of more efficient 
operating practices and, hopefully, of better 
battery design techniques. 
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Positive and Negative Plate Potentials Versus Mercury - 
Mercurous Sulphate 
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Fig.3: Typical Cell Voltage Characteristics of 
Five Batteries During Discharge-Charge 
Tests: 

(a) Over one complete discharge-charge 
cycle 

25 

{b) Expanded portion of (a) showing 
discharge cycle in greater detail. 

Contact: Joe Der03-5</l 656! 

Handout (AS9/HI ~ Telecom Australia Page No. 3 



11111111111 l I I I IJ I I I I I IT~mt~t~ffl~t~ffitntl I I I I I I I 111111111111111 

EFFECT OF CHEMICAL 
CONTAMINANTS ON LEAD 
ACID BATTERIES 

Organic Contaminants 

Another contaminant occasionally found in 
battery electrolyte is organic acid. Organic 
acids are produced in a lead-acid battery by 
hydrolysis and by the oxidation of organic 
substances at the surface of the positive plate. 
A common end product from the degradation 
of organic materials is acetic acid, because it 
is relatively stable to oxidizing conditions. 
Contamination can occur by the use of acid or 
topping-up water containing organic 
material. Wood products, sugar contained in 
beverages or alcohol (accidentally used 
instead of distilled water) are examples or 
materials responsible for battery failure. 

Chloride Ion 

The chloride ion is a common contaminant in 
battery acid. The introduction of 
contaminated acid or topping-up water or the 
breakdown of chlorine containing 
components within the battery are the most 
frequently encountered sources. Some' of the 
chloride ion may be converted, by chemical 
oxidation at the positive plate, to gaseous 
chlorine and subsequently expelledfrom the 
battery. However, the remaining chloride will 
be converted to perchlorate ion, which is 
quite stable and eventually builds up to a 
damaging concentration. 

Effects of Contamination 

The observed effects of the perchlorate ion 
and organic acid on the lead-acid battery are 
similar. Severe corrosion of the positive grid 

Electrode Potential (mV) 
-100 0 

- 0.5 

- 1.0 

occurs and may continue to the point where 
cracking of the case, due to expansion of the 
positive plate, will terminate the life of the 
battery. 

Analysis of Chloride and Perchlorate 
Ions in Battery Acid 

The battery acid sample is refluxed in a· 
40% sulphuric acid medium containing 
titanous ions, with metallic zinc pellets also 
being present to maintain the concentration 
oftitanous ions. The perchlorate ion is ·. 
reduced to chloride ion and the titanousion 
is oxidized to titanic ion. The total chloride 
concentration is determined 
potentiornetrically (See Fig. 1, with a silver/ 
silver chloride electrode using a mercury/ 
mercurous sulphate reference electrodejby 
titration with standardized silver nitrate 
solution. 

100 200 
i 

Inflexion point indicates 
that the total chloride 
concentration is 48 µg 
of chloride ion per 
1 ml sample 

Fig. 1: Potentiometric Determination 
of Total Chloride Ion 
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Hydrogen ion reading (pH) 

3 6 7 11 12 13 8 9 10 4 5 

Sulphuric Acid 

Inflexion points 
show neutralization 
states 

Fig.Z: Titration of Organic Acid 

14 

A separate sample of the battery acid is 
titrated to determine the concentration of 
chloride originally present The difference 
between the first titration (total chloride) and 
the second titration gives the amount of 
chloride derived from the reduction of 
perchlorate. 

Analysis of Organic Acid in Battery 
Acid 

The battery acid is distilled to separate the 
volatile organic acids from the extreme 
excess of the sulphuric acid. A sample of the 
distillate is then titrated potentiometrically 
with alcoholic alkali in an alcoholic medium 
using a glass pH sensing electrode so as to 
utilize the difference in ionization constants 
exhibited by the strong and weak proton 
activities of the acids in non-aqueous media. 

A titration curve (See Fig. 2) with organic 
acid present will show two well defined 
inflexion points: 
(a) the first indicates the neutralization of 

sulphuric acid (and any other strong 
mineral acids such as hydrochloric or 
nitric), 

(b) the second indicates the neutralization 
of the weaker volatile acids such as 
acetic acid. 

Contact: Joe Der 03-541 6561 
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METAL SERVICE FAILURES & 
DEVELOPMENT PROJECTS 

Range of Exhibits 

Metallurgical work performed by the 
Research Department in part incorporates 
both developmental and failure analysis on a 
wide range of components and metals. 
Examples of these include microwave and 
radio frequency masts, automotive plant, 
tools, small electronic components and 
telephone exchange equipment. 

The display comprises a demonstration of 
typical metallurgical microstructures, a 
selection of components that have been 
examined for failure analysis and several 
components that involved developmental 
work. 

Metallurgical Microscope 

The display demonstrates the use of a 
metallurgical microscope for the examination 
of microstructures. The information gained 
plays a vital part in determining aspects such 
as heat treatment, method of manufacture and 
service effects such as corrosion, fatigue 
work hardening and the initiation and growth 
of cracks. 

Metal Whiskers 

Metal whisker growth has been widely 
repurted in a variety of metals. These fine 
filamentary growths have occurred in low 
current capacity electrical equipment, such as 
telephone exchange relay sets, telephone 
handset dials and transistors, causing short 
circuits. Measurements made on typical zinc 
whiskers indicate the fusing current is of the 
order of 2 to 8 milliampere. 

Typical whiskers can be 3 mm long with a 
diameterofupto 1 µm. 

Cavitation Erosion of a Cylinder 
Liner 

The cavitation of these cylinder liners has 
been caused by the 'implosive' force of 
bubbles formed within the cooling water by 
engine vibration. 

Strain Age Embrittlement 

Certain types of steel when cold worked and 
then reheated within a critical temperature 
range can become brittle. 

Fractures Due to Fatigue Cracking 
in Steel Components 

Fatigue failures are associated with high 
alternating stresses. The excessive stress is 
usually caused by incorrect design, poor 
surface finish, incorrect balancing or. 
misalignment of components. 

Towing Eyes for P Lant Trailers and 
Caravans 

Failures have been experienced with 
fabricated towing eyes owing to inadequacies 
in design and material strength and 
deficiencies in fabrication. The redesigned 
towing eyes are forged from steel conforming 
to Australian Standard A. S. 1444-1981 Grade 
4140 and then heat treated. Sharp notches in 
high stress areas and the welding operation 
are avoided. 

Pneumatic Excavation Tool Bits 

These tools have been redesigned to give 
higher impact and wear resistance using a 2% 
silicon shock-resisting steel in place of the 
traditional plain carbon steel. Field trials are 
currently being performed. 

Ditch Digging Teeth 

These items have long had a poor service 
history of wear and failure. This has resulted 
in costly down time. A specification of 
material, heat treatment and hard facing has 
been developed to improve their 
performance. 

Contact: Timothy Keogh 03-541655! 
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TESTING OF MT. WELLINGTON 
RADOME 

The Need for aRadome 

Telecom Australia is responsible for technical 
servicing of Australian Broadcasting 
Corporation broadcasting installations. For a 
number of years problems have been 
experienced with the ABC television antenna 
on Mt. Wellington (1300 m above sea level) 
near Hobart, Tasmania. During winter, ice 
builds up on the antenna and, unlike more 
severe climates where the ice remains frozen 
until spring, it may thaw out a number of 
times through winter. Blocks of ice, some 
weighing as much as two tonnes, break off 
and fall to the ground, sometimes damaging 
the antenna, the tower and coaxial feeder 
cables. Various methods have been tried, 
unsuccessfully, to overcome the problem and 
when the decision was made to upgrade the 

old TV antenna and to install an FM radio 
transmitter on top of the TV tower, it Was also 
decided that a protective radome should be 
constructed around the two antennas to 
prevent ice forming. 

Scientists in the Research Department 
provided technical support for the project. 
Initially, advice was given on material 
selection, properties and methods of 
fabrication, which was followed by _prototype 
testing and quality assurance surveillance on 
the raw materials used for manufacture. 

The Radome Shell 

The radome is positioned on the tower 74 m 
above ground and the shell consists of two 
hollow cylinders built up from sandwich 
panels of Fibreglass Reinforced Polyester 
(FRP) laminate and polyurethane foam, 

manufactured using the hand lay-up 
technique. Fig.I shows cross-sectional details 
of a panel and joining web. The lower 
cylinder is 19 m high and 7 .6 m in diameter 
and comprises 40 interlocking panels each· 
weighing 250 kg, which had to be hoisted 
from the ground and fitted into place. This 
was completed early in 1982. Fig. 2 shows 
that stage of the work in progress. The upper 
cylinder, which comprises 12 panels, is 7.6 m 
high and 2 m in diameter. The 12 panels were 
lowered into position from a helicopter early 
in 1983, to complete the project. The 
completed radome is shown in Fig. 3. The 
space between the two cylinders is enclosed 
by a 3 m high sheet steel truncated cone, with 
acrylic windows to provide natural lighting 
for staff inside the radome carrying out 
maintenance on the antenna. 

(See photographs over) 

Fig. 1 Cross Section of Sandwich Panel of FRP 
and Polyurethane Foam used in 
Construction ofthe Radome 

/; 0.5 mm Gel & Surface With Ultraviolet 
Inhibitor no Pigment 

ri/" 0.3 mm Surface Veil 
)f ~{ 1.5 mm CS MAT d 7 2 mm Woven Roving 800 g 
11. l.5 mm CS MAT 

/. '1 I .. V '/ 1.5_ mm Foam (Rigid Polyurethane) 
I ·~ 1.5 mm CS MAT 
~ 2 mm Woven Roving (600 g) 

( 1.5 mm CS MAT 
I ~ 0.3 mm Surface Veil 

,'I~ .:..~ 0.5 mm Gel & Surface With Titanium Dioxide 
Ultraviolet Inhibitor 

~---------------- Built up Area Consists of 
2 mm CS MAT 
2 mm Woven Roving 
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L 
f 

15 mm RAD 

----------+-------tl t 17 mm 

f 5mm 
Pultruded Web Section 
for Joining Panels 
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Support Structure for the Shell 

The support structure for this shell comprises 
a number of 'pultruded' beams with U 
channel, right angle and I-beam cross 
sections. 'Pultrusion' is a continuous process 
where reinforcement (typically glass rovings) 
is impregnated with resin (usually polyester) 
and pulled through a heated die to produce the 
required profile. The I-beam used was of 
special interest, having approximate cross 
sectional dimensions of 300 x 150 x 13 mm, 
and was produced by pultrusion as a special 
mill-run in the USA. lt is the first time that 
such a large plastics beam has been used by 
Telecom. 

Testing of Support Structure 

The design for the support structure of the 
radome was based on the manufacturer's data 
but, in the absence of previous field 
experience with this material, it was 
considered worthwhile to determine certain 
engineering properties by full scale testing. 
Special jigs were constructed for use in a 60 
tonne tension and compression testing 
machine. Bearing forces around bolt holes in 
the pultruded sections were determined and 
found to be well in excess of the figures 
allowed for in the design. Deflections of the 
I-beam under three-point bending were 
measured and were found to be greater than 
the theoretical values calculated using the 
manufacturer's data. Nevertheless they met 
design requirements. 

Test of Shell Panels 

During its expected working life of at least 30 
years, the radome will need to withstand the 
extremes of temperature and wind gust speed 
to be found at the site. Gusts can reach 230 
km/h, which would produce a positive 
pressure of2.4 kPa and a negative (suction) 
pressure of 5. 75 kPa on the radome. A 
prototype panel mounted on a special test jig 
was subjected to these pressures over the 
temperature range -6 to 29°C. The panel 
deflections that were measured confirmed 
that the design was satisfactory. 

During fabrication of the panels, quality 
assurance testing was necessary to ensure that 
design parameters were achieved. This 
involved measuring the exothermic reactivity 
of the resin used for lay-up and mechanical 
tests, such as hardness, flexural modulus and 
inter-laminar shear, on sample laminates 
prepared concurrently with the main panels. 

To date, the radome has withstood the rigours 
of three winters. It can confidently be 
expected to do so for many years to come. 

Contact: Ray Boast03-541 6645 

Fig. 2 Construction of Lower Section of 
Radome, Early 1982 

Fig. 3 View of Completed Rado me on Tower at 
Mt. Wellington, Tasmania 
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FIRE-RESISTANT WIRE & 
CABLE 

The Need to Replace PVC 

Wires and cables currently used in telephone 
exchanges throughout Australia are insulated 
and sheathed with flexible polyvinyl chloride 
(PVC) compounds. As well as being 
relatively cheap, with an ability to be 
formulated and compounded at the cable 
manufacturing site, they were historically 
used because of their resistance to fire due to 
the presence of chlorine atoms in the structure 
of the polymer. Unfortunately, once a fire is 
established they will burn and give off 
hydrogen chloride gas which, with water, 
forms hydrochloric acid. This corrosive acid 
affects personnel, switching apparatus and 
even the structural steel in the buildings. 
Hence replacement materials for insulation 
and sheath have been pursued in recent times. 
An additional reason for finding an 
alternative to PVC for insulation is that 
modern telephone exchanges demand a 
thinner wall thickness which PVC cannot 
provide. 

Fire-Resistant Wire Insulation 

A material that is currently favoured for 
insulation on wires is a modified 
polyphenylene oxide (PPO), which does not 
contain any halogens (chlorine, fluorine, 
bromine or iodine). For insulated wires, a 
combustion test that measures the 
concentration of oxygen required just to keep 
the insulation burning shows that a typical 
value for the PPO wire is approximately 33% 
oxygen, compared to the not Jess that 28% 
oxygen currently specified for PVC insulated 
wire. The concentration of oxygen in the 
normal atmosphere is 21 %. 

Fire-Resistant Sheath 

For the sheath, a polyolefin, filled with up to a 
60% loading of aluminium hydroxide 
(Al (OH)}), is being considered. In a fire, the 
filler is reported to act as a fire retardant by 
the following method. Firstly the high filler 
loading significantly reduces the amount of 
plastics in a given length of sheath and hence 
reduces the amount of combustible material. 
Secondly, Al (OH)3 endothermally 
decomposes to give A1203.3H20 and thus 
absorbs heat that would, in the case of many 
other plastic materials, be decomposing the 
plastics. Thirdly, the A I (OHh is eventually 
consumed. The water of crystallization in the 
Al203.3H20 is given off as steam and that is 
also a process that absorbs heat. Fourthly, the 
steam dilutes the gaseous combustion fuels 
and restricts the availability of oxygen from 
the atmosphere. 

Contact: David Adams 03-541 6661 
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OUTDOOR WEATHERING OF 
SAFETY HELMETS 

The Need for Weathering Tests 

Plastics safety helmets are issued to Telecom 
Australia's staff in a variety of work 
situations in accordance with the overall 
policy on occupational safety and health. The 
majority of helmets are worn by staff working 
outdoors and therefore exposed to the 
weather. Generally speaking, exposure of 
plastics to sunlight (ultraviolet and infrared 
radiation) initiates degradation mechanisms 
that ultimately lead to the embrittlement and 
failure of the plastics. Such embrittlement 
reduces the impact strength of the plastics, 
one of the key properties required in a safety 
helmet. 

However information gathered from 
industrial sources and literature, up to 1979, 
revealed that no comprehensive long-term 
evaluation of the weathering properties of 
plastics industrial safety helmets had been 
reported either in Australia or overseas, 
although the relevant Australian Standard at 
that time, A.S. 1800-1975, advised that 
helmets be checked for compliance with the 
standard after 5 years use outdoors. This 
period was later reduced to 3 years in A. S. 
1800-1981. It was obvious that reliable data on 
the outdoor weathering of plastics industrial 
safety helmets was needed and in 1979 a 
project was commenced to: 
• study the effects of outdoor exposure 

upon plastics industrial safety helmets and 
select the material most suited for this 
purpose and 

• determine the 'safe working life' of a 
helmet manufactured from this material. 

The Outdoor Testing Program 

A total of2500 helmets was manufactured 
from the plastics listed below and some 1700 
were mounted on foamed polystyrene head 
forms, in the grounds of the Research 
Department at Clayton, Victoria. The 
remainder were stored indoors as 'control' 
helmets. The plastics were: 
• ABS-Acrylonitrile butadiene styrene 
• ASA-Acrylonitrile styrene acrylic 

elastomer 
• HDPE-High density polyethylene 
• PP- Polypropylene 
• PC- Polycarbonate 

At half-yearly intervals, helmets were 
withdrawn from the racks and subjected to the 
following tests in accordance with AS 
1801-1981: 
• Stiffness - assessed by stressing the 

helmet with forces applied to the sides and 
noting the maximum deflection. 

• Shock absorption-assessed by 
measuring the maximum deceleration of a 
striker impacting a helmet fitted to a 
rigidly mounted headform. 

• Penetration - assessed by impacting a 
helmet fitted to a rigidly mounted 
headform, with a specified striker and 
noting whether or not contact is made 
between the headform and the striker. 

• Electrical insulation resistance - assessed 
by applying a specified test voltage to a 
helmet that has been conditioned in brine 
and noting the maximum leakage current. 

• Colour change- additional to tests listed 
in AS 1801. Colour expressed in terms of 
Hunter's L, a, b co-ordinates. 

Unexposed helmets being used as the control 
specimens were tested on an annual basis 
over the test period. 

Results of the Tests 

After the five years continuous outdoor 
exposure, only helmets manufactured from 
ABS and polycarbonate met the requirements 
of AS 1801-1981. Since the helmets used by 
Telecom Australia, all of which are of ABS, 
are withdrawn from service 3 years after their 
date of manufacture, which is stamped on 
them, a useful safety margin is apparent. 

The final stage of this project is now in 
progress with ABS helmets.exposed in a hot, 
dry climate at Cloncurry in Queensland. 
Helmets will be removed annually and 
subjected to the series of tests previously 
described. Data will be compared against that 
obtained from the Clayton site to determine 
the extent by which service life is reduced by 
more severe climatic conditions. 

Contact: Ray Boast 03-541 6645 
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IC CHARACTERIZATION & 
FAILURE ANALYSIS 

Reverse Engineering of Integrated 
Circuits (!Cs) 

A wide range of integrated circuit 
technologies is currently in use in 
telecommunications equipment and I Cs may 
fail in a number of different ways .. When 
failures occur it is essential to discover the 
reason in order that corrective measures may 
be taken. The process of taking the circuit 
apart one layer at a time, to discover how it 
was designed and fabricated, is an essential 
prerequisite for failure analysis. Technology 
is advancing continually and individual 
failure analysis and reverse engineering 
techniques may have to be varied in particular 
cases but there are many common features in 
the process. 

Removal of Encapsulant 

The first step is to expose the IC chip in an 
undamaged condition so that it may be 
examined. !Cs in ceramic packages may be 
opened by applying mechanical pressure if 
they are of the frit-seal type or desoldered if of 
the lidded type but, for plastic packaged I Cs, 
the encapsulant, which usually consists of a 
thermosetting mixture of resin and glass, is 
selectively removed from over the chip by 
applying hot fuming nitric acid. With care, 
this severe chemical treatment does not 
damage the IC and enables it to be inspected 
optically. The chip at this stage appears a 
uniform colour, usually green or light brown 
when viewed under a vertically illuminated 
microscope, with components delineated by 
dark lines on the surface. A colour contrast 
between layers in the circuit, which allows 
positive identification of all individual 
features, may be obtained by removing the 
one micrometre thick glass passivation layer 
protecting the surface of the chip. 
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Metallization Layers 

This layer is removed using buffered 
hydrofluoric acid and etching is continued 
until the top metallization layer is exposed. 
The features formed during each processing 
stage will now have different colours because 
of interference effects occurring in the 
different thicknesses of transparent silicon 
dioxide covering them and they thus may 
each be distinguished and identified. Thus, in 
a simple bipolar integrated circuit, the 
isolation, transistor collectors, transistor 
bases and resistors formed by base diffusion 
and transistor emitters, may be identified and 
components electrically characterized by 
microprobing to the exposed metal 
interconnection layer on the surface of the 
chip. In addition, sensitive electrical 
measurements used in conjunction with 
mathematical models may be used to obtain 
details of the diffusion processes used to form 
components in the silicon substrate and 
information on the vertical structure of the 
device may be obtained using a sectioning 
technique known as lapping and staining. 

Lapping and Staining 

Vertical distances in the chip can be amplified 
by mounting the chip, which has been 
removed from its package and carefully 
prepared, on a glass block and lapping it away 
at a shallow angle using an abrasive paste. A 
suitable preferential etch or stain isthen 
applied to the chip which causes the p type 
layers to be differentiated from then type 
layers. Vertical junction depths and 
important features such as transistor base 
width may then be measured directly with an 
optical microscope. 

File of Information 

By applying these step by step analysis 
processes, a remarkably complete file of 
information concerning the design, 
processing quality control, etc. of the device 
can be prepared and may be used as an aid in 
maintaining a high standard of reliability in 
!Cs supplied to Telecom. 

Fig 1: TTL Device after Removal of the Glass 
Passivation and Metallization Showing 
Contrasting Oxide Colours. 

Fig 2. Lapped and Stained Section ofa 
Transistor on a TTL Integrated Circuit 
Showing Base, Emitter and isolation 
Diffused Regions. 

Contact: Jim Thompson 03-541 6606 
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MECHANICAL LIFE TESTING 
OF DIP SWITCHES 

Dip Switches 

Dual In-line Packaged Switches (DIP 
switches) are used for logic firmware, i.e. 
setting wired logic that may be periodically 
changed, such as the data transfer rate for a 
printer or the tariff rate in a coin telephone. 
As such, the main requirements are reliable 
switching for tens to hundreds of operations 
spread over a few years. 

Most DIP switches are relatively cheap, 
costing about a dollar for a bank of 8 
switches. In some cases the very basic 
switching mechanism combined with cheap 
contact materials results in a poor quality 
switch. 

Indicators of Reliable Design 

Testing conducted by the Research 
Department has shown that the indicators of a 
reliable switch design are: 
(a) a good quality gold plating on all contact 

surfaces, 
(b) a pronounced wiping action of the switch 

contacts and 
( c) mechanical integrity of the switch. 
The cross-sectional views shown in the 
accompanying display indicate the variety of 
internal design features of DIP switches. 
Externally the switches are either a 'slide' or 
'rocker' type. 

Testing Jigs 

Two custom-designed computer-controllable 
jigs have been produced to mechanically test 
the switches and are shown in the display. 

Contact: Geoffrey Mitchell 03-541 6602 
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KEYPAD TECHNOLOGY 

Background 

Present day keypads are extremely simple in 
design compared with the complex 
assemblies typical of early keypad designs. 
An indication of the extensive changes in 
keypad technology can be seen from the two 
Touchphone keypads displayed. The new 
keypads are not only simpler but many have 
greater mechanical life (more than I million 
operations compared with 50, OOO - 200, OOO 
operations for the earlier complex mechanical 
designs). Failures in the early keypad designs 
were usually due to breakages of the leaf 
spring or rod contacts, with these breakages 
often preceded by intermittent contact 
operation. 

Rubber Membrane Keypads 

In the elastomer membrane type of keypad 
shown in Fig .I, pads of conductive, carbon 
filled rubber are vulcanized to a sheet of non 
conductive elastomer at the contact points. 
The non-conductive mat lies flat against a 
printed circuit board except at the contact 
points where raised domes are formed to 
accommodate the conductive pads. These 
domes will collapse when a button is pressed 
forcing the conductive pad onto a gold plated 
printed circuit grid. The shape of the domes 
determines the tactile feedback to the user. 

Although the contact resistance of the 
conductive rubber is much higher than metal 
contact designs, being typically 10 to lOOQ 
depending on the applied force, the use of 
Metal Oxide Semiconductor (MOS) devices 
for keypad encoding allows contact 
resistances ofup to nearly 100 kQ before a 
contact closure fails to be detected. 

Mechanical life testing has shown these 
keypads to be extremely reliable with a useful 
life in excess of one million operations. In 
addition, very little degradation of the initial 
tactile feedback to the user has been 
observed. 

Bezel 

Plastic 
Key Top 

Fig 1: Schematic Diagram of a Typical Rubber 
Membrane Keypad 
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Printed Laminate Keypads 

The other basic type of membrane keypad 
incorporates polyester or polycarbonate 
laminates with conductive tracks screen 
printed onto them. As shown in Fig. 2, the 
keypad is constructed as a sandwich of two 
layers of polymeric film with a spacer 
between them. Conductive pads and tracks 
are deposited on the inner side of each film. 
To activate a contact, pressure is applied to 
the.top sheet, which flexes through a hole in 
the spacer and establishes electrical contact 
between the conductive pads of the upper and 
lower sheets. If tac tile feedback is required, 
the top sheet will have bubbles moulded at the 
contact points, otherwise the top sheet will be 
flat. 

Laminated membrane contact sets are often 
combined with push button actuators into a 
moulded assembly that can be used as a 
keypad insert, as in the keypad displayed. 

The main failure mode of laminated keypad 
assemblies has been breakage of the button 
actuators at their hinge points. Degradation of 
the keypad, such as cracking of the domes or 
flaking of the conductive tracks also occurs 
when the actuators have sharp edges. Similar 
designs without sharp-edged actuators can 
achieve more than 1 million operations 
compared with 50,000-200,000 operations 
for those with sharp edges. 

Laminated membrane keypads are a viable 
alternative to the rubber membrane types 
because of their cheapness and greater 

RESEARCH DEPARTMENT OPEN DAYS 1985 

suitability for low profile applications. Like 
the rubber membrane keypads, they can have 
labels or markings printed on the top surface 
or they may be covered with a protective 
printed sheet, which also renders them splash 
proof. 

Meta/Dome Keypads 
Metal dome keypads are similar in design to 
conductive rubber keypads except that the 
dome is metal. The domes are made from 
either stainless steel, beryllium copper or 
phosphor bronze and are usually gold plated, 
either totally or with a 'stripe' across the 
contact area. The metal domes are much 
lower in profile than the rubber domes and 
their contact resistance is much lower being 
some tens of milliohms. 

Failures of these keypads during testing by 
the Research Department have resulted from 
misalignment of the metal domes and from 
collapse of the domes due to relaxation or 
metal fatigue of the spring material. 

Keypads with metal dome contacts are 
capable of reliable operation and long 
mechanical life. Through the refinement of 
these simple designs, keypad reliability has 
been substantially improved and the current 
generation of Telecom telephones has 
keypads which may be expected under 
normal circumstances to last beyond the· 
useful life of the telephone as a whole. 

Contact: Sandra Charles 03-541 6616 

Fig .2: Schematic Diagram of Printed Laminate 
Keypad 
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Reference Solar Cell 
and 
Temperature Sensor ---- ---- -- I -- 
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PULSED SOLAR SIMULATOR 

Performance Rating 

The primary performance rating of a solar 
photovoltaic module is the electrical output 
generated when the module is irradiated with 
sunlight. This is usually presented as a 
current-voltage operating curve (I-V curve) 
from which the basic solar module parameters 
of peak power, short circuit current and open 
circuit voltage can be derived. 1-V curves can 
be measured outdoors with sunlight when 
conditions are suitable or indoors with either 
continuous or pulsed light sources. A pulsed 
solar simulator is being used for this project. 

Fig. 1. Schematic Diagram of Pulsed Solar 
Simulator 

Irradiation System 

HV Supply 

Trigger 
System Energy Storage 

Pulse Forming 
Network 

Lamp 
Housing , _ 

• 

Irradiation System 

':'he pulsed solar simulator shown in the 
schematic diagram (Fig .1) can be considered 
as two interacting parts: the irradiation and 
data acquisition systems. The irradiation 
system is a pulsed xenon arc light source 
capable of irradiating a 1. 2 m by 1. 2 m test 
plane with simulated solar radiation of 
intensity equivalent to that outdoors on a clear 
sunny day, i.e. 1 kW/m2• The uniformity of 
the irradiance across the test plane is ±2%. 
Because the pulse duration is only 20 
milliseconds, negligible heating of the solar 
module occurs and measurement can be made 
at a constant and known temperature. 

Variable 
Load 

Data Acquisition System 

During the pulse, the solar module is 
connected to a varying electrical load that 
takes the module from open circuit to short 
circuit. There are 128 sets of current and 
voltage data recorded in memory by analogue 
to digital converters, enabling an 1-V curve to 
be plotted by the computer. Accurate absolute 
measurements are produced by referring each 
module current reading to a short circuit 
current reading obtained simultaneously by 
the data acquisition system from a calibrated 
reference solar cell also mounted in the test 
plane. This reference cell, whose spectral 
response matches that of the module being 

Data Acquisition System 

Graphics 
Plotter 

1-V Curve 
Storage 
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m easured , has been previously calibrated in 
standard sunlight conditions. The reference 
cell readings are used by the computer to 
compensate for differences between the 
spectral irradiance distributions of the pulsed 
solar sim ulator and sunlight and for temporal 
variations from the 1 kW /m 2 lightoutputfrom 
the pulsed solar simulator. The excellent 
repeatability obtained using this method 
allows small changes in module performance 
to be readily detected. 

The I- V curve of a typical solar module is 
shown in Fig.2 below. The 'raw' data 
measured has been corrected to standard 
conditions of I kW/m2 irradiance by the 

Fig. 2. Typicall-VCurve 

Current 
(A) 

3.0 
Module 31/01 on 09/09/83 

2.5 

simulator's data acquisition system as 
explained above. The measurement was 
made at room temperature (23°C). If the 
temperature coefficients of open circuit 
voltage and short circuit current and the 
internal series resistance of the module are 
known, the system can also modify the data to 
produce I- V curves for the module at other 
temperatures of interest and for different 
irradiance levels. 

The temperature coefficients for a module 
are calculated from solar simulator 
measurements made on a number of cells of 
the same type as those used in the module. 

lsc 2.30 A 
Voc 20.68 V 
Peak Power 34.2 W at 16.2 V 
Fill Factor .72 
1 kW/m2 AM1 .5 23 C 

2.0 

1.5 

1.0 

.5 

Cells rather than modules are used because it 
is less difficult to hold them at known 
temperatures above and below room 
temperature during the measurements. 
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LABORATORY TESTING OF 
SOLAR MODULES 

Test Plan 

The accelerated stress testing program for 
solar modules used in this laboratory 
generally follows the United States Jet 
Propulsion Laboratory's program for 
evaluating terrestrial solar modules intended 
for medium-size system applications. The 
detailed flow plan for the test is shown as 
Fig.l. 

(See diagram over) 

Aim 

The aim of the tests is to subject modules to 
stresses of the kind that they would 
experience in ordinary use, in a controlled 
and reproducible manner and to a much 
greater degree, in order to induce degradation 
or failure much faster. Accurate performance 

measurements and visual inspections are 
made before and after tests, to assess the 
effect of each test on a module. 

Test Details 

The main tests performed are: 
(a) Temperature Cycling Test: 200 cycles 

between +90°C and -40°C with a 
temperature rate of change of 
approximately 100°C/h. 

(b) Relative Humidity Test: 10 cycles of20 h 
at 85°C, 85% relative humidity followed 
by rapid cooling to -40°C. 

( c) Wind Loading Test: 10 OOO cycles of 2. 5 
kPa pressure applied alternately to the 
front and back of the module, to simulate 
the effect of 160 km/h wind gusts. 

( d) Twisted Mounting Surface Test: A test to 
simulate mounting onto a non-flat plane. 

(e) Hail Impact Test: Artificial hailstones 
(ice-balls) of25 mm diameter are-fired to 
strike the module at 23 m/s (approx. 80 
km/h) at 10 selected points. 

(f) Hot Spot Test: A test to determine the 
ability of a module to withstand hot spot 
heating due to, for example, cracked or 
mismatched cells, interconnection 
failures or partial shadowing or soiling. 

Two further longer term tests that will be 
performed are a Dry Heat Test to accelerate 
thermal degradation of module materials and 
a Weathering Test, in which the combined 
influences of high temperature, water spray 
and high intensity ultraviolet radiation are 
used to accelerate the breakdown of polymer 
materials in particular. 
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SURFACE CHARACTERIZATION 
STUDIES 

The N eedfor Surface Studies 

The characterization and analysis of surfaces 
is vitally important in studies of electrical 
contacts, corrosion, adhesion, wear and 
lubrication, oxidation, passivation, catalysis, 
etc .. Unfortunately, no single analytical 
technique provides the complete answer for 
the scientific study of the surface and 

Fig. 1: Schematic Representation of 
SEM,EDX,BSE & SIMS Techniques 

Gun 
Supplies 

Specimen , • 

chemical composition of materials. The real 
capability for effective problem solving relies 
on the concerted application of a wide 
spectrum of advanced techniques. 

Major Techniques 

Scanning Electron Microscopy (SEM), 
Energy Dispersive X-Ray Analysis (EDX), 
Back-scattered Electron Imaging (BSE) and 
Secondary Ion Mass Spectroscopy (SIMS) 

are currently the major techniques available 
within the Research Department for the 
solution of surface related problems. These 
techniques are utilized in the one vacuum 
chamber such that any or all of them may be 
applied during an investigation, depending 
on the information sought, e.g. SEM for 
visual examination of sample artifacts, BSE 
for surface composition inhomogeneity, EDX 
for X-Ray analysis of the near-surface region 
and SIMS for surface layer identification. 
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Scanning Electron Microscopy 
(SEM) 

In SEM, a beam of energetic electrons is 
rastered across a sample surface in 
synchronization with a television raster. The 
number of secondary electrons generated by 
the incident primary beam depends largely on 
the topography of the surface, thus the 
intensity and contrast of the television image 
is directly related to the topography of the 
surface. 

Energy Dispersive X-Ray Analysis 
(EDX) 

In EDX, the primary beam of energetic 
electrons excites surface atoms, which 
subsequently de-excite by the emission of 
characteristic X-rays. The X-rays are then 
collected and displayed according to their 
energy, thus forming a 'finger-print' 
spectrum of the elements present in the near 
surface region of the specimen. 

EDX can also be used to display the spatial 
position of a particular element. 

Back-Scattered Electron Imaging 
(BSE) 

In BSE, the contrast of the television image is 
directly related to the atomic numbers of the 
individual elements in the near-surface region 
of the specimen and can thus be used to depict 
spatial inhomogenities of the various 
elements present in the specimen. 

Secondary I on Mass Spee troscopy 
(SIMS) 

In SIMS, the specimen is irradiated by a beam 
of energetic argon ions, which causes atoms 
on its surface to be ionized and liberated from 
it. These 'sputtered' ions can be mass 
analysed, resulting in a characteristic mass 
spectrum that can be used to identify the 
elements and compounds on the specimen 
surface. 

Fig. 2: Secondary Electrons. (Contrast is 
directly related to surface topography). 

Fig 4: X-Ray Map of Tin (Contrast due to the 
EDX signal i.e. a 'map' of the spatial 
distribution of tin). 

Fig. 5. Back-Scattered Electrons (Contrast is 
directly related to atomic number, Sn = 
50 (bright area) Cu= 29 (dark area)). 

Handout (AS20/HJ Page No. 2 ~· Telecom Australia 



RESEARCH DEPARTMENT OPEN DAYS 1985 

Cl) - C ::i 
0 
0 

Copper 

Tin 

___. L./ --- 

Fig. 3: Energy Dispersive X-Ray Spectrum of 
Copper with Tin 

Fig. 6: Secondary Ion Mass Spectroscopy 
Spectrum ofMolvbdenum . 

Contact: John Lowing 03-541 6613 
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ELECTRICAL OVERLOAD 
TESTING OF TRANSISTORS 

Electrical Overload of'Iransistors 

Under conditions of severe electrical 
overload, it has been found that some plastic 
packaged transistors have a susceptibility to 
bursting into flame. In the evaluation of two 
types ofT0237 transistor, the failure 
mechanism that causes the transistors to 
ignite and burn was investigated. It was found 
that the restrictive nature of the encapsulation 
material would often not allow the emitter 
bonding wire to fuse open circuit. Electrical 
continuity can thereby be maintained until 
temperatures sufficient to ignite the 
encapsulant material and melt the lead frame 
are reached. 

Testing Procedure and Results 

Preliminary overload testing of the 
transistors, at an overstress current of 5 
ampere (voltage limited to 35 volts), resulted 
in two distinct modes of failure. Either the 
transistors failed open circuit with no external 
damage (designated Type I failure) or they 
would smoke and usually burst into flame 
whilst continuing to draw current (designated 
a Type 2 failure). To study the progress of the 
failure mechanism, overload conditions were 
applied to a specimen of each transistor type 
for approximately I second. 

Type I Failure 

Decapsulation and subsequent Scanning 
Electron Microscope (SEM) examination of 
the transistor chip showed that in each case 
the emitter bonding wire had fused. This was 
accompanied by a flow of molten gold.which 
alloyed with silicon on the chip surface. The 
gold-silicon eutectic temperature is 370°C. 

Type 2 Failure 

Decapsulation of specimens that suffered the 
Type 2 failure after the first short ( I second) 
overload revealed that a conductive bead of 
black material had formed around the gold 
emitter bonding wire. The bead was dissected 
to reveal the nature of the conduction path. 
This showed that remnants of the fused gold 
wire had been trapped by the surrounding 
carbonized encapsulant to form a conductive 
element. 

No bead structure could however be found in 
the remains of some specimens that suffered 
the Type 2 failure only after they had been 
subjected to multiple electrical overloads. 
Although a conductive path between the 
collector and emitter still existed, SEM-EDX 
(Energy Dispersive X-Ray) examination 
revealed that a significant concentration of 
copper and silver was present between the 
collector flag and the emitter lead. The 
melting of the lead frame and the ensuing 
copper-silver migration had created another 
conductive path. This represents the final 
stage of the failure process. 

Contact: Geoffrey Mitchell 03-541 6602 

Handout (AS 16/H) Page No. I = Telecom Australia 



I I I I I I I I I I I I I I I I I I I I I I ll~~ffl~ffltttnffltl I I I I I I I I I I I I I I I I I I I I I I 

STABILIZATION OF 
POLYETHYLENE CABLE 
INSULANT 

' 

Early use of Polyethylene 

Polyethylene insulated and sheathed cable 
was introduced into the Australian 
telecommunications network in 1956. It 
featured solid low density polyethylene 
(LDPE) insulated copper conductors and a 
black low density polyethylene sheath. In 
1976, 'filled' cable with (petroleum jelly) was 
introduced to overcome the cable's 
vulnerability to water penetration and 
infiltration over long distances. To overcome 
the increase in dielectric constant caused by 
the change from an air-filled core to ajelly 
filled core the insulation was foamed (35%), 
using medium or high density polyethylene to 
improve the toughness of the cellular 
structure. 

Discovery of Deterioration 

The oxidative stability of polyethylene 
insulation was considered to be satisfactory, 
until the mid-1970s, when a small number of 
faulty cable joints were returned from the 
field for examination. Inspection of the cable 
revealed cracking and embrittlement of the 
insulation (see Fig. 1) in that section from 
which the sheath had been removed for 
jointing. These observations raised doubts 
about the long term stability of polyethylene 
insulation. The subsequent rapidly increasing 
number of reported failures of solid insulation 
from many areas throughout Australia 
indicated that a major problem existed. 

Thermo-Oxidative Degeneration 

Preliminary investigations revealed that the 
failures, observed in cables manufactured in 
the period 1965- 7 4 and located in above 
ground joint enclosures, were a direct result 
of thermo-oxidative degradation brought 
about by the early depletion of the sole 
stabilizer, Santonox R, used during that time. 

Stabilizer Losses 

A comprehensive laboratory investigation 
was undertaken to determine the causes and 
extent of stabilizer losses in both failed 
insulation and in current cable production. 

Jl.:f igration of Stabilizer 
The premature loss of antioxidant has been 
attributed to a number of competing and 
interacting factors, such as process losses, 
reaction with colourants, high temperatures 
in joint enclosures and more importantly the 
migration of antioxidant to the surface. 

Migration is dependent on specific properties 
associated with the stabilizer, in particular its 
solubility and diffusion in the polymer, hence 
the investigation was directed towards 
finding highly soluble non-migratory 
stabilizers for use in both solid and cellular 
polyethylene insulation. 

Numerous stabilizers were examined to 
determine the relationship between both 
migration and temperature and migration and 
time for each base polyethylene. The results 
indicated that a number of stabilizers behaved 
in a non-migratory manner in both types of 
insulation. 

Investigations were then commenced to 
provide information relating to the life 
expectancy of the insulation, that is, the 
effectiveness of any of the non-migratory 
stabilizers to protect against oxidation under 
normal service conditions. 

Protection for Solid Insulation 

Of the materials evaluated to date, it has been 
shown that Permanax WSP together with 
Eastman Inhibitor OABH offer the best 
protection as a primary antioxidant and metal 
deactivator respectively for solid insulation. 

Protection for Cellular Insulation 

Further studies are underway to determine the 
optimum stabilizing system for cellular 
insulation in both filled and air-core cables. 

Fig J: Cracked Insulation from Above Ground 
Jointing Enclosure 

Contact: Peter Latoszynski 03-541 6647 
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FIELD TESTING OF SOLAR 
PHOTOVOLTAIC MODULES 

Investigations 

For solar photovoltaic modules to be a cost 
effective means of power generation they 
must have a low purchase price and a 
reasonably long service life. Over the past 
few years the lifetime goal has risen from 10 
years to 20 years and recently 30 year 
lifetimes have been considered feasible. 

Telecom Research Department is 
investigating the reliability and expected 
service life of solar modules by both: 
(a) accelerated environmental and 

mechanical testing in the laboratory and 
(b) field site exposure. 
The closely-monitored field site exposure 
trials will enable an early assessment to be 
made of module degradation and failure 
mechanisms in conditions that closely 
reproduce actual working conditions. By 
correlating the field and laboratory test 
results, better estimates will be made of 
laboratory test acceleration factors. 

Field Site Locations 

The four field test sites below and shown in 
Fig .I , were established to represent some 
Australian climatic extremes: 
• Innis fail- a tropical climate with 

high rainfall and periods of 
high relative humidity. 

• Cloncurry- a hot and dry climate. 
• Sydney- on the coast, at North Head, 

which has a salt mist laden 
atmosphere and is subjected 
to periodic high winds. 

• Clayton- on the roof of building M2 of 
the Research Department. 
This location provides 
exposure to a moderately 
polluted environment and is 
a convenient site to 
prototype test 
modifications, etc. 

Solar Module Loads 

At each of the Innisfail, Cloncurry and 
Clayton field sites, five pairs of modules are 
operating into their own solar power systems 
which comprise lead-acid batteries, a 
regulator and a constant current load. This 
also enables the assessment of batteries 
operating with solar module charging and 
provides data that will assist in future solar 
power system sizing calculations. 

The other modules at these sites and all the 
modules atthe Sydney site are connected to 
constant-voltage loads that simulate battery 
charging conditions. It is expected that peak 
power-tracking loads will also be used in a 
future extension of the sites. 

Data Logging 

At each field site a computer controlled data 
logger records information relating to module 
output, battery performance (where 
applicable) and meteorological conditions. 
The parameters measured are shown in Table 
l. 

Parameters which can vary rapidly, e.g. 
global irradiance and module current, are 
measured each second whereas more slowly 
varying parameters such as air temperature 
are measured each 5 minutes. Some 
averaging of data is done on-site and these 
reduced data and the other raw data are stored 
on a tape data cartridge which has the 
capacity for 3 days' data. The system is 
interrogated daily by a computer at the 
Research Department and the stored dataare 
transmitted to this computer by telephone 
line. 

Data Analysis 

The received data are checked to ensure that 
the readings are within reasonable limits. The 
data are then stored in a compact format on 
magnetic tape. There are several data analysis 
programs, the most important being the 
plotting program and those that produce the 
monthly reports for each site. Solar module 
parameters such as peak power, short circuit 
current and fill factor can be plotted against 
time to detect small real changes in module 
performance. 

Meteorological 
Air Temperature 
Relative Humidity 
Rainfall 
Wind Speed 
Wind Direction 
Global Irradiance (Horizontal) 
Global Irradiance (Inclined) 

Battery Data 
Current into Batteries 
Current from Batteries to Load 
Battery Cell Potentials 
Battery Electrolyte Temperatures 

Module Data 
Current into Battery or Constant Voltage 

Load 
Module Temperature 

Daily I- V Curve 

Table 1: Parameters Measured at Field Sites 
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Maintenance Visits 

The remote field sites are visited at 3 monthly 
intervals to enable: 
(a) visual inspection of the solar modules, 
(b) cleaning and calibration of sensors, 
( c) maintenance of the data logger and 
( d) repairs to the site as necessary. 

Test Duration 

The field site test program will definitely 
continue until December 1986 and will 
probably run beyond that date. 

-----. 
Cloncurry • 

--- 

-- . 
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Fig. 1 Location of Field Test Sites in Australia 
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SPECIFIC OPTICAL FIBRE 
APPLICATIONS 

Adjustable Fibre Optic Directional 
1 Couplers 

Optical fibre systems using multimode and 
single mode fibre are finding increasing use 
in high bandwidth transmission systems and 
sensor applications. The advantages oflarge 
information rates and small physical size 
make them ideally suited for digital data 
communication in general and the specific 
application oflocal area networks (LANs). 

Optical fibres bring to the LANs the now 
familiar advantages they have brought to 
other transmission systems: 
• immunity from interference, 
• electrical isolation, 
• small size, 
• low weight, 
• flexibility and 
• low attenuation. 
Fibre optic LANs also offer increasing range 
bit rate products of around 500 Mbit/s.km, 
compared to flexible coaxial cable systems in 
the region of 10 Mbit/s.km. 

Unfortunately the couplers and connectors 
needed to interface the fibres to the various 
stations on the LAN are less well developed. 
Although passive taps on coaxial cables are 
easily fitted and have low insertion loss, their 
fibre counterparts have been difficult to fit, 
expensive and quite lossy. 

The Research Department has been 
investigating new techniques for the 
fabrication of cheap, easy to install, low loss 
fibre optic directional couplers. Previous 
attempts elsewhere to manufacture optical 

Input 
Port 

fibre tap couplers using fibre fusion processes 
and butt joints have had some success, 
however the excess insertion loss (the ratio of 
output to input power) for a desired tap ratio 
(tap to input power) can lead to problems. As 
couplers are usually cascaded in LANs, their 
accumulated insertion losses essentially 
determine the number of customer terminals 
that can be accommodated on the LAN. 

The fibre optic directional couplers 
developed by the Research Department and 
illustrated in Fig. 1 off era numberof 
advantages over tap couplers and include the 
following features: 
• afourportjunction, which preserves 

propagation direction, 
• absence of need to break the main fibre, 
• low excess insertion loss (approx. 0.1 dB 

for a20 dB coupler), 
• high directivity (of the orderof 60 dB), 
• field installation becoming practical 

owing to low cost components and 
• full adjustability over a large coupling 

range. 

Prototype couplers have been fabricated 
using a moulding process followed by careful 
lapping and polishing to expose an elliptical 
area of the fibre. The two prepared fibres are 
brought into close contact using an adjustable 
jig with index matching oil between the 
polished faces. Coupling of optical power 
between the two parallel fibres is made 
possible owing to the evanescent fields that 
extend outside the fibre cores, however much 
of the cladding must be removed to allow 
sufficient overlap of the field. 

Through 
Port 

Polished Surfaces 
Exposing Elliptical 
Area of Fibre Inner 
Cladding or Core 

Reflected 
Port 

Coupled 
Port 

These couplers offer the designer of a LAN 
the increased flexibility of using conventional 
wire pair and coaxial cable topologies in a 
fibre optic LAN. Previous fibre optic LAN s 
have employed duplex fibre cables and a 
'star' topology, resulting in complicated 
cable runs and increased cost. The fibre optic 
directional couplers will allow full duplex 
operation and implementation of the fibre 
optic LAN using 'bus', 'ring' and 'tree' 
topologies, resulting in cheaper, efficient 
solutions to the growing acceptance of LAN s 
for telephone extensions, data processing and 
digital data transmission systems. 

A Specialized Optical Fibre Bundle 
to Aid Semiconductor 
Characterization 

The Research Department, having conceived 
of an original application for optical fibres, 
has constructed a special-purpose optical 
fibre bundle to aid the optical characterization 
of semiconductor materials. 
Photoluminesccnce spectroscopy is a proven 
method for measuring some of the important 
properties of semiconductor materials. In 
particular, the Department routinely uses 
photo luminescence to characterize layers of 
gallium arsenide grown in its Molecular 
Beam Epitaxy growth facility. 

Photoluminesccnce spectroscopy requires 
that a specimen of the semiconductor material 
be irradiated with laser light, e.g. from an 
argon ion laser of wavelength 514 nm. The 
luminescence resulting from this excitation is 

Fig. 1: Side View and Front View of a 
Directional Coupler 
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co llected and transferred to the input slit of a 
monochrom ator for spectral analysis . In a 
typical experim ental arrangement, a series of 
lenses, m irrors and optical filters is used to 
achieve input coupling of laser light to the 
sem iconductor specim en and output coupling 
of the broad-spectrum photo lum inescence 
from the specim en to the monochrom ator slit. 
Problem s such as vibration , large spot size on 
the specim en and the need for constant 
readjustm ent to maintain light levels lead to 
difficulties in achieving repeatable 
measurem ents. The lens, m irror and filter 
system also requires a large number of 
expensive optica l components. 

Fig. 2: Schematic Illustration-Optical Fibre 
Bundle.for Photoluminescence 
Characterization 

Monitor 

Excitation Fibres 

114 Fibres 
Cryostat+ Sample End 
(Circular Array) 

The specialized fibre bundle illustrated in 
Fig. 2 overcomes many of these 
disadvantages and introduces a number of 
unique features. These are: 
• a central fibre in the bundle providing the 

laser light excitation as a small spot on the 
semiconductor sample, 

• a surrounding close-packed circular array 
of fibres collecting the luminescent 
emission, 

• one fibre near the centre of the array 
providing monitoring of the laser power 
incident upon the semiconductor sample 
and the resulting luminescence and 

• the fibre array configuration transforming 
from circular at the specimen end to linear 
at the monochromator slit, providing 
efficient coupling of the luminescence 
into the monochromator. 

From Argon Ion 
Laser 

Excitation ! 
Fibre 
and One 
Spare 

I 
If 
I 
I 
I 
I 
I 
I 

Monitor 
Fibre 

In contrast to the conventional arrangements, 
the fibre bundle allows an experimental 
arrangement that does not require frequent 
realignment and is insensitive to vibration 
and in which components such as the 
monochromator, laser and cryostat specimen 
holder can be located with a high degree of 
flexibility. 

A prototype bundle was fabricated using 114 
fibres of2 m length. The fibre was a 
communications-type multimode graded 
index design, chosen because of its 
availability rather than its particular 
suitability in this application. Practical 
measurements have shown that, even in this 
sub-optimum form, the bundle provides 
greater light coupling efficiency than the 
common lens, mirror and filter system, as 
well as the benefits detailed above. The 
overall result is photo luminescence 
spectroscopy measurements that are more 
accurate, more repeatable and less tedious. 

Contact: Gavan Rosman 03-5416682 

111 Fibres 
(Including One Spare 
Fibre) 

= Telecom Australia 

110 Fibres 
Monochromator End 
(Linear Array) 

1.8 m 
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LIBRARY USE OF MICRO FORMS 

Microforms 
All libraries are short of storage space. Space 
is saved by using microform records such as 
microfilm and microfiche. 

Standards 

Standards are an important source of 
information for engineers but they present a 
particular problem to librarians because of the 
difficulty of keeping up to date with the 
frequent amendments. 

In order to solve this problem partially and to 
supplement the collection of standards in 
traditional printed form, the library 
subscribes to a number of standards on 
microfilm. These standards are updated every 
two months with the latest issues and 
amendments. 

In addition, there is a subject index which 
groups together all standards on a particular 
topic, regardless of the issuing body, thus 
allowing comparisons to be made. 

The service includes the following standards: 
• SAA (Standards Association of Australia) 
- Complete set 

• ASTM(American Society for Testing and 
Materials)- Complete Set 

• IEEE(Institute of Electrical and 
Electronics Engineers)-Complete Set 

• IPC (Institute for Interconnecting and 
Packaging Electronic Circuits) 
Complete Set 

• FIPS (Federal Information Processing 
Standards)-Complete Set 

• ANSI (American National Standards 
Institute)- Information Processing Only 

• ISO (International Organisation for 
Standardisation)- Selected Sections 

• IEC (International Electrotechnical 
Commission)- Selected Sections 

• ECMA (European Computer 
Manufacturers Association)-Complete 
Set 

• Videotex standards from the U.K., 
France, CEPT and Canada. 

The ECMA and Videotex documents are 
updated every six months. 

Electrical and Electronic 
Components Information 

Telecom HQ Library has recently acquired a 
new source of information on electrical and 
electronic components handbooks. All 
information is stored on microfilm cartridges, 
from which good quality paper copy can be 
produced. 

The VSMF (Visual Search Micro File) 
System has a number of features which make 
it useful for electronic engineers rnd 
technicians, particularly when tli!e 
manufacturer of the item concerned is not 
known. 

(a) Semiconductor Devices 
The following indexes are available: 
• Devices listed by device type number and 

cross reference type number (military 
devices listed by MIL-SPEC slash sheet 
number). 

• Diodes and rectifiers listed by parameters 
such as forward current, frequency, 
switching time, etc. 

• Transistors listed by parameters such as 
power dissipation, collector current, 
switching time, etc. 

(b) Integrated Circuits 
The following indexes are available: 
• Circuit type number. 
• Original circuit number. 
• Function listing e.g. photo sensors, digital 

gate elements, memory or storage 
circuits. 

(c) Instruments and Equipment 
A detailed subject index is provided. 

(d) Suppliers' Directory 
If the manufacturer is known, items can be 
identified using the suppliers' directory 
which is also a useful source of information 
for addresses and phone numbers. 

Files 

When the required item has been identified it 
can be located in one of the two files below: 
• The Design File. This contains 

manufacturers' data, circuit diagrams, 
etc, arranged so that similar products are 
on the same cartridge and detailed 
comparisons can be made. 

• The Vendor Catalogue File. This contains 
catalogues arranged by a manufacturer. In 
many cases it contains items which cannot 
be located in the Design File. 

The entire system is updated every two 
months with the latest product information. 

Contact: MoyraMcAllisterOJ-5416607 
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ON LINE INTERACTIVE 
RETRIEVAL SYSTEMS 

Range Covered 

These services, with over 300 databases, 
contain in excess of 100 million records. The 
units of information range from a directory 
type listing of specific manufacturing plants 
to a citation with bibliographic information 
and an abstract referencing a journal, 
conference paper or other original source. 
The databases cover a very broad range of 
subjects and include such sources as 
COMPENDEX (the machine-readable 
version of the Engineering Index), 
Economics Abstracts International, lnspec 
and Management Contents. 

Services 

Computer terminals located in the 
Headquarters Library have direct on-line 
access to a number of local and overseas 
information retrieval services. 

These are: 
• AUSINET 
• DIALOG 
• ORBIT 
• ESA/IRS 
• NEWSNET 
• EMIS 
• I.P. SHARP 
• BRS 
• INKA 
• PERGAMON INFOLINE 

Sources can be searched to create 
bibilographies in most subject fields of 
interest to library users, especially in cases 
where manual searches of published 
information services are inadequate or where 
recent information is required. 

Contact: Moyra McAllisterOJ-541 6607 
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MICROCOMPUTERS IN THE 
LIBRARY 

The Impact of Microcomputers 

Many authors have compared the 
development of the microcomputer to the 
invention of movable print. Certainly, the 
impact on the information handling industry 
has been no less dramatic than that associated 
with Gutenberg's invention nearly 600 years 
ago. 

The computer greatly simplified complex 
information handling tasks. Unfortunately, 
large mainframe machines or even 
minicomputers are expensive devices 
available only to larger organizations in 
which the size of the operation can Justify the 
cost of the machine itself and the expense of 
the specialist support staff required for its 
operation. 

The development of the microcomputer has 
dramatically changed the situation. making 
computer power widely available, at 
relatively low cost. and without the need for 
costly support facilities or staff. 

Many of the tasks performed in libraries are 
ideally suited to computerization and the 
library community has long been involved in 
the development of computer-based systems 
to handle some of these routine operations. 
Computer-controlled book and magazine 
circulation and machine-produced catalogues 
are commonplace in Australian libraries 
today. Huge numbers of references to books 
and periodical articles are stored in massive 
centralized databanks which librarians can 
access from terminals iii their libraries to 
locate material sought by their users. 

Because of the costs involved. these 
operations were confined to large libraries or 
to applications that were of interest to the 
widest possible range of users. With the 
advent of the microcomputer, however, 
smaller libraries such as the Telecom HQ 
Library, which is based within the Research 
Department could develop specialized 
systems tailored to their own requirements. 

Applications of microcomputers in three 
major areas of library operation are 
summarized below. 

Reader Services Applications 

The two major applications in this area are the 
support of in-house databases and the 
reprocessing of data retrieved from the large 
centralized databases supplied by outside 
vendors. 

In-house data bases can store information on a 
wide variety of subjects, offering at the same 
time improved methods of record keeping and 
increased ease of access and therefore greater 
use of the material stored. They can be easily 
updated and designed to meet the 
requirements of the library's users. Some 
possible applications include: 
• Local bulletin boards, 
• Information and referral files, 
• Calendars of events, 
• Corporate services, 
• Library policies. hours of service. etc., 
• Ready reference files, 
• Specialized indexes to newspapers. 

magazines and reports. 
• Catalogue of special collections and 
• Bibliographies on various topics. 
The use of microcomputers in conjunction 
with large commercial information retrieval 
systems is increasingly common. The 
microcomputer can be used as an 'intelligent' 
terminal to download information from the 
larger system. editing. sorting and generally 
reformatting the information prior to 
distribution to the end user. Local information 
can be added, search strategies stored for 
future use and statistics for analysis of 
patterns of system use collected. 

One such application in the Telecom HQ 
Library Service uses a microcomputer to 
maintain a locally developed list of 
forthcoming conferences of potential interest 
to Telecom. Records for each conference 
include details of name, location, date held. 
contact address and subject. Information may 
be retrieved under any of these headings. 
either individually or in combination. 

Technical Services Applications 

Microcomputers are being used in most of the 
library operating areas in which mainframe 
systems have already been developed, from 
acquisitions, through cataloguing and 
circulation to periodicals control. 
Development has in some areas been 
relatively slow, as highly sophisticated 
systems are required to handle the complex 
tasks involved, but the increasing power 
available to users of the microcomputer is 
rapidly providing solutions to the problems 
involved. 

Perhaps the most interesting development in 
this area is the increasing use of 
microcomputers in conjunction with systems 
based on mini-and mainframe machines to 
provide a degree oflocal autonomy in system 
operation. 

Management Applications 

In addition to the two areas outlined above. 
microcomputers may be applied to exactly 
the same range of management tasks in a 
library as they are in a standard office 
environment. This would include. for 
instance, word processing tasks. $UCh as 
preparing letters and reports, as well as 
storage of text for frequently updated library 
publications such as guides and 
bib! iographies. The use of' spreadsheet· 
packages for analysis of times and costs 
associated with various library operations ,md 
the use of other packages to develop 
databases for maintaining statistical and 
financial reporting systems are all examples 
of the application of microcomputers to 
library management. 

Contact: Moyra McA/listerOJ-541 6607 
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CALIBRATION OF THERMISTOR 
MOUNTS 
The measurement of power at radio 
frequencies (r.f.) is as important as the 
measurement of voltage and current at low 
frequencies. Power meters are used 
extensively throughout Telecom for system 
performance testing. 

Microwave 
Source 

1 1 1 Power . 
Stabilizinq 

The thermistor mount is the most common 
device for measuring r. f. power. It consists of 
a power sensitive resistor (thermistor) 
mounted at the end of a length of transmission 
line. In the operation of the power meter, 
direct current (d.c .) power is substituted to 
obtain the same heating effect. In practice the 
substitution is not perfect and to account for 
the error a term called "Calibration Factor" 
(C.F.) is employed. 

Dummy 
Load 

1-T. I Slotted 
• -~ I Line 

I I_ .... - 

The computer controlled measurement 
system shown in Fig.I determines the C.F. of 
the thermistor mount under test by 
comparison with the known C. F. of the 
reference power transfer standard. The 
results are shown on the printer. 

Measurements are made over a power range 
of! to !OmWatfrequenciesupto 18GHz. 
The uncertainty ranges from 0.5 to 2.5%. 

Contact: John Erwin 03-541 6117 

Thermistor 
Mount 
Under 
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I 
Power 

I I Transfer 
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Frequency I 
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Precision Precision 

Counter 
Power Power 
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\1 

Controlling 
Computer 

~ 

Printer 

Figl: Computer Controlled Measurement 
System 
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ATTENUATOR CALIBRATION The calibration of a precision 75 ohm 
resistive attenuator in an electromagnetically 
shielded room is shown in this exhibit. 

The attenuator in Fig.I is being compared 
against a reference attenuator operating at 30 
MHz by a parallel substitution method using a 
30 MHz tuned receiver. 

With this system measurements are made 
over a range of 100 dB with a resolution of 
0. 002 dB up to 500 MHz. The uncertainty 
ranges from 0.02 to 0.5 dB, depending on 
value. 

Contact: John Erwin 03-54161/7 

One of the most important measuring tools 
used in measurements on communications 
systems in Telecom to evaluate plant and 
system performance is the attenuator. 

An attenuator is a device for introducing a 
power loss in a circuit and, for the most 
critical applications. it is necessary to know 
the actual loss. 

50 MHz 
Oscillator 

I 
50-75 0 

80 MHz Matching 1 kHz 
Network Local Oscillator 

Oscillator 

I I 
75 0 75-50 0 .- ... -. Attenuator ,..... Matching ~ Mixer 30 MHz Synchronous I - • 1-- Under Network • Amplifier Detector Test 

•-1- -· 
Reference 

._ _ 
Attenuator 

30 MHz 
Reference 
Oscillator 

Fig. I: Measurement Svstem 
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CALIBRATION OF A.C. 
THERMAL CONVERTER 

A thermoelement thermal converter consists 
of a straight wire heater through which a 
current is passed, with a thermocouple to 
measure the mid-point temperature. The 
converter has the virtue of responding, apart 
from small errors, equally to a.c. and d.c. 

The computer controlled system shown in 
Fig .I determines the error of the thermal 
converter by comparison with a calibrated 
reference thermal converter, with the results 
being displayed on the printer. 

Precision alternating current (a.c.) voltage 
measurements are generally made using a 
transfer device called a thermal converter 
(thermoelement type), which allows an a.c. 
voltage to be determined in terms of a direct 
current (d.c.) voltage. 

Measurements are made over a frequency 
range of 50 Hz to 100 kHz and voltages from I 
Vto 1000 Y. 

Accuracy of measurements is limited to the 
uncertainty in the reference converter, which 
is about 30 parts per million (p.p. m.) at 1000 
Hz but measurement resolution is better than 
0.1 p.p.m. 

Contact: John Erwin 03-5416/17 
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STANDARDS& 
MEASUREMENTS 
TRACEABILITY 

Measurement Traceability in 
Telecom 

In a large organization such as Telecom there 
is a need for reference standards to ensure 
compatability of measurements within the 
organization and with its suppliers. Such 
standards must be provided on a sound 
scientific basis and be nationally and 
internationally compatible. The Research 
Department maintains for Telecom, on a 
national basis, the reference standards for 
electrical quantities. frequency and time 
interval and is responsible for disseminating 
these throughout Telecom. 

Dissemination is achieved by calibration of 
reference standards for State Calibration 
Centres, which calibrate working standards 
for Instrument Calibration Centres, which in 
tum calibrate field instruments. Calibrations 
are also performed for the Research 
Department, Headquarters. Tasmanian 
Administrations, Telecom Contractors and 
areas requiring highly specialized 
measurement capabilities. 

Measurement Traceability in the 
Reference Measurements Section 

To provide traceability to Australian 
Standards. the Research Department has its 
transfer standards directly calibrated in terms 
of the national standards by the Division of 

Applied Physics, CSIRO. These transfer 
standards are used to maintain reference 
standards from which a wide range of 
measurement capabilities are derived. 

The Reference Measurements Section of the 
Research Department is a National 
Association of Testing Authorities (NATA) 
registered laboratory for a wide variety of 
tests and issues test reports in accordance 
with NATA's requirements of accuracy and 
traceability. 

Table I shows examples of the type of 
standard calibrated. the measured quantity. 
frequency and measurement uncertainty. 

(See table over) 

Table I: Examples ofthe Type oiStandard 
Calibrcucd 

Contact: John Erwin 03-541 6117 
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Standard Uncertainty Measured Quantity Frequency 

Kelvin Varley Divider 
Volt Ratio Divider 
Potential Transformer 
Inductive Voltage Divider 
Potentiometer 

Attenuator 
Directional Coupler 

Impedance Bridge 
Slotted Line 
Impedance Standard 
Reflection Bridge 

Capacitance Standard 
Capacitance Bridge 
Capacitance Meter 

Inductance Standard 
Inductance Bridge 
Q Meter 

Resistance Standard 
Resistance Bridge 
Ohmmeter 

Thermometer 

Ammeter 
Current Shunt 
Thermal Converter 
Current Transformer 

Voltmeter 
Voltage Multiplier 
Thermal Converter 
Reference Voltage Source 
Selective Voltmeter 
Signal Generator 
Receiver 

Wattmeter 
Power Meter 
Level Meter 
Power Transfer Standard 
Level Transfer Standard 

Frequency Standard 
Counter 
Oscillator 

Ti me Interval Meter 
Counter 

Voltage Ratio 
Oto 1 0.2 p.p.m. Up to 10 kHz 

Attenuation 
Up to 120 dB 

Impedance 
2 to 2 kO 
-so'to +9Q° 

Up to 18 GHz 0.001 to 1.5 dB 

Up to 18 GHz 0.3% 
1.2° 

Capacitance 
Up to 1 nF 

1 nF to 1.1 µF 
1.1 to 11 µF 
Up to 1 nF 

Inductance 
Up to 1 H 
1 to 10 H 

50 to 2 kHz 10 p.p.m. + 0.03 pF 
0.01 % 
0.05% 
0.1% Up to 1 MHz 

50 Hz to 10 kHz 0.03% + 0.1 µH 
0.2% 

Resistance 
Up to 100 kO 

100 kO to 10 MO 
10 MO to 100 TO 
Temperature 
0 to 10Q° C 

Current 
Up to 100 A 

Up to 10 A 

Voltage 
Up to 1 kV 
Up to 300 V 
300 to 1 kV 
Up to 20 V 

Zero 2 p.p.m. + 1 no 
10 p.p.m. 

0.01% to 1% 

0.003' C 

Zero 
50 Hz 

Up to 1 kHz 

0.002% 
• 0.01% 
0.01% 

Zero 
Up to 100 kHz ,, 

100 kHz to 1 GHz 

5 p.p.m. + 1 nV 
30 to 300 p.p.m. 
30 p.p.m. to 0.1 % 
0.05% to 0.5% 

Power 
Up to 10 kW 
Up to 10 W 

Zero & 50 Hz 
Up to 18 GHz 

0.05% 
0.5% 

Frequency 
Up to 18 GHz 4 X 10-12 

Time Interval 
From 1 ns 1 ns 

Note 1. The uncertainty shown above is that which is the best measurement 
capability and is not necessarily realizable over the full measurement or frequency range. 
Where a requirement exists for a measurement outside that shown above, special techniques 
and standards may be devised and employed, but the uncertainty may be greater. 

Note 2. 
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GENERATION OF STANDARD 
FREQUENCY & TIME INTERVAL 

Basic Definition 

The basis of all frequency and time 
measurements is the second, which was 
defined by the 13th General Conference of 
Weights and Measures (CGPM) as the 
duration of 9,192,631,770 periods of the 
radiation corresponding to the transition 
between two hyperfine levels F=4, mF=O 
and F=3, mF=O of the fundamental state 
2S .1/2 of the atom of caesium 133 undisturbed 
by external fields. The modern approach to 
the generation of time interval is to produce 
an electrical signal of known frequency and 
measure elapsed time by maintaining an 
accumulated total of the number of cycles of 
this signal. The commonly used methods of 
generating standard frequencies and time are 
described below. 

Fig. J. Simplified Diagram of Caesium Beam 
Frequency Standard 

Caesium Beam Frequency Standard 

This device is the practical embodiment of the 
current definition of the second and is capable 
of realizing the definition to a fractional 
accuracy of less than± 1 x 10-11_ 

It may be seen from Fig. I that the caesium 
beam frequency standard consists of a 5 MHz 
quartz crystal oscillator whose electronic 
(varactor) tuning is determined by a control 
loop containing a caesium beam tube. A 
microwave signal (9192.6 ... MHz) is 
synthesized from the 5 MHz signal and is 
applied to an atomic beam spectrometer 
where the magnetic component of the 
microwave field reacts with a beam of 
caesium atoms to produce atomic resonance. 
The electronic tuning loop is arranged so that 
the 5 MHz oscillator is automatically tuned to 
the frequency that produces maximum 
resonance indication. The beam tube detector 
output signal varies with applied microwave 

Beam 
Detector 
Output 

I 

NM 
I 

signal frequency as shown in Fig. I. The 
largest peak is the one that corresponds to the 
required atomic resonance. The control loop 
seeks maximum b,'i'1m tube detector output by 
varying the tuning current to the 5 MHz 
quartz crystal oscillator's varactor. The sense 
of the required tuning correction is 
determined by frequency modulating the 
microwave signal at a small deviation. When 
the microwave signal differs from resonance, 
the beam tube detector output signal contains 
a component of the low frequency 
modulation signal. This component will have 
a certain phase relationship to the modulating 
signal when the microwave frequency is less 
than resonance and the reverse phase 
relationship when the microwave frequency 
is higher than resonance. The magnitude and 
phase of this component is determined by a 
phase detector, shown in Fig. I, and the 
resultant loop error signal, after integration is 
applied to the crystal oscillator's tuning 
varactor. 
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r Detector 
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Handout (SE91H) Page No. I = Telecom Australia 



RESEARCH DEPARTMENT OPEN DAYS 1985 

Fig. 2 represents, in simplified form, the 
internal arrangement of the caesium beam 
tube. An oven provides a source of neutral 
caesium atoms that effuse through the tube. 
The mechanism of state selection of atoms 
and interaction may be demonstrated by 
reference to Fig. 3. This figure, which shows 
the energy levels of caesium 133 in.the 2S. V2 
ground state as a function of the applied 
magnetic field, indicates that the (3, 0), i.e. 
F=3, m-=O, and the (4, 0) states are least 
affected by magnetic fields (in the small field 
region). It is these two states that det~rmine 
the atomic resonance of this device and at 
zero field the frequency corresponding to the 
difference in these energy levels is defined as 
9,192,631,770 Hz. If the beam tube were 
operated at zero field, all energy states would 
enter into the interaction. Since this is 
undesirable, the tube is magnetically shielded 
to remove the earth's field and operated with a 
small, constant field, known as the C-field, 
which ensures that atoms preserve their state 
identity. Although the (3, 0) and (4, 0) energy 
states are the least field dependent, there is 
still a small shift in the energy levels due to the 
presence of the C-field, which causes a 
frequency increase of approximately l. 7 x 
ID° in the atomic resonance frequency for the 
C-field intensities used in modern 
commercial beam tubes. This output 
frequency offset is removed in the synthesizer 
section of the frequency standard by 
arranging it to generate a microwave 
frequency that is l. 7 x 10-10 higher than the 
defined frequency. 

Caesium atoms effusing from the oven are 
formed into a beam by the collimator and 
enter the intense magnetic field of the 'A' state 
selector magnet. Here the atoms undergo a 
deflection whose direction is dependent on 
both the strength of the field and the sign of 

Fig. 2. Diagrammatic Representation of 
Caesium Beam Tube 

'A' 
State 
Selector 
Magnet 

Collimator 

Caesium 
Oven 

the atom's effective magnetic moment. That 
sign may be determined by the negative 
derivative of the energy curves, shown in Fig. 
3, at the point corresponding to the particular 
field strength. The approximate strength at 
the state selector magnet is indicated on Fig. 
3. Those states whose curves have positive 
gradients at this field strength are deflected 
downwards, in Fig. 2, while those states 
whose curves have negative gradients are 
deflected upwards. 

Thus the F=4 states, with the exception of the 
(4-4) state, are deflected into the 
interaction area, which contains the C-field 
and two regions of microwave field as shown 
in Fig. 2. It can be shown that two microwave 
field regions separated by a region of uniform 
C-field gives a narrower resonance line width 
than a single microwave cavity of the same 
overall length and is easier to construct. 
Atoms in other states are deflected upwards 
and miss the microwave cavities. Atoms 
whose states are not changed by passage 
through the microwave fields will be 
deflected downwards at the 'B' state selector 
magnet and thus miss the detector. If the 
microwave field is of frequency 
corresponding to the ( 4, 0)---> (3, 0) 
transition, atoms in the former state will emit 
a quantum of energy and 'flip' to the (3, 0) 
state with a maximum probability. Since the 
effective magnetic moment of atoms in the 
(3, 0) state is opposite, as shown in Fig. 3, to 
the moment of all the other states now in the 
beam, the (3, 0) states are the on] y ones to 
reach the detector and the number of such 
atoms reaching the detector is proportional to 
the accuracy with which the microwave 
frequency equals the atomic resonance 
frequency. 

The detector consists of a hot wire ionizer, a 
mass spectrometer and an electron multiplier. 
The ionizer imparts surface charge to those 
atoms that impinge on it, the spectrometer 
separates caesium ions from impurity ions 
and the electron multiplier detects the ionized 
caesium atoms and generates a current 
proportional to the intensity of the ionized 
beam of atoms. This current is therefore a 
measure of the atomic resonance and is used 
to control the electronic tuning of the quartz 
oscillator so that the synthesized microwave 
field produces a maximum of ( 4, 0)---> (3, 0) 
transitions. 

It has been mentioned above that the C-field 
has a small effect on the atomic resonance 
frequency. It is necessary therefore to set the 
C-field intensity precisely to a specific value 
in order to generate the correct output 
frequency. The C-field is generated by current 
through a coil wound around the interaction 
space, the current being provided by a 
precisely regulated source. The field 
dependent transitions, such as (4, 1)---> (3, I), 
(4,-1 )---> (3,-1) etc., are used as a means of 
setting the C-field. The frequency at which 
these transitions are excited is a function of 
the magnetic field intensity in the tube. 
Therefore, if the microwave frequency is 
modulated with a known frequency and the 
C-field intensity is adjusted by varying the 
current regulator, a field intensity will be 
reached where the sidebands generated 
around the main signal frequency will excite 
the field-dependent transitions. This 
excitation will increase the number of atoms 
that are in F=3 states with a resultant increase 
in detected beam current. 

Microwave 
Frequency 

li 'B' Beam 
State Detector Detector 
Selector /;;L Output 
Magnet Signal 

<, ~ 

). .L Hot-Wire 
Ionizer 

L.J 
Interaction: I F=4 
(4.0) - (3.0) 
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Fig. 3: Energy Leve/Diagram of Caesium 133 in 
the 2S. 1/2 Ground State as a Function of 
the Applied Magnetic Field 

l 
(4, 1) 

(4, 0) 
(4, -1) 

(4, -2) 
(4, -3) 

6.W 

Typical 
C-Field 
Intensity 

Typical State 
Selector Magnet 
Field Intensity 

Magnetic Field • 

Rubidium Vapour Frequency 
Standard 

This type of frequency standard utilizes the 
(2, 0)- (1, 0) transition of rubidium 87 gas 
to control a quartz crystal oscillator. The 
peripheral equipment is basically similar to 
that used in a caesium beam standard, viz. a 
synthesizer to produce 6,834.6 ... MHz, 
which is frequency modulated to a low 
frequency rate, and a phase detecting system 
to provide a control signal for the quartz 
crystal oscillator varactor. 

The interaction cell is a pyrex gas-tight 
container, within a resonant cavity, 

containing rubidium 87 atoms and a buffer 
gas (a mixture of inert gases) at low pressure. 
The buffer gas produces an increased 
interaction time (for rubidium atoms with the 
field), which results in an atomic resonance 
that is proportionately narrower than that for 
the case of no buffer gas. Interaction time is 
increased because the rubidium atoms collide 
elastically with the buffer gas atoms and take 
longer to reach the cell walls. Initial state 
selection is accomplished by optical pumping 
using light from a rubidium 87 lamp filtered 
by a cell of rubidium 85 gas. Filtering 
removes the portion of the radiation that 
could be absorbed by those rubidium atoms 
that are in the F=2 states. Atoms in the F= 1 

6.W h = 9,192,631,770 Hz 

states absorb a photon from the pump 
radiation and thereby raise their energy levels 
to optical states. 

Relaxation, accompanied by the release of a 
photon, occurs from these optical states to 
both the F= 1 and F=2 ground states. Since 
atoms in the F= 1 states are immediately 
pumped back to optical states, the overall 
effect of optical pumping is to convert F= 1 to 
F=2 states. With the F= 1 states depopulated, 
photons of the pump radiation are able to pass 
through the cell to a photodetector. If then a 
microwave field of frequency equal to the (2, 
O)- ( 1, 0) transition is applied to the 
interaction cell, atoms in the (2, 0) state will 
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release energy and flop to the (I, 0) state in 
which state they will absorb photons of pump 
radiation and be raised to optical states. On 
relaxing to ground states, these atoms will 
emit photons in a random direction so that the 
overall effect will be to reduce the amount of 
light reaching the photocell. Minimum light 
transfer through the cell therefore occurs 
when the microwave field frequency equals 
the required atomic resonance. The control 
circuitry is arranged to change the frequency 
of the quartz crystal oscillator to maintain this 
condition. 

The rubidium vapour frequency standard 
cannot be regarded as a primary frequency 
standard because of the effect of rubidium 
atom collisions with the buffer gas and 
changes in the pump light intensity. 
Collisions with buffer gas atoms cause the 
atomic resonance frequency of the rubidium 
atoms to be raised in proportion to the rate of 
collision, i.e. in proportion to pressure and 
temperature. The pressure and temperature 
dependence of the output frequency is 
minimized by a suitable mixture of two inert 
gases. Slight variations in buffer gas 
pressures between cell. make it necessary to 
calibrate each unit against a primary 
standard. After calibration, however, small 
dimensional changes in the cell, resulting in 
pressure changes, and temperature variations 
in the cell oven contribute to frequency 
errors. Variations in frequency due to changes 
in the intensity of the pump light are 
minimized by a suitable choice of buffer gas 
pressure. The final pressure and mixture of 
inert gases as normally used in commercially 
available units, causes an increase in 
frequency of approximately 2 x 10-7 in the 

atomic resonance with respect to the zero 
field value of 6,834,682,605 Hz (this 
frequency offset is removed in the design of 
the synthesizer). Such units serve well, 
however, as secondary standards, which 
generate frequencies having short term ( one 
second average) stabilities of approximately 1 
x 10-11 (standard deviation) and long term 
stabilities of 5;.: 10-11 per month (standard 
deviation). 

Quartz Crystal Frequency Standards 

Modern quartz crystal standard frequency 
oscilJators generate frequencies with short 
term (one second average) stabilities of 
approximately 1.5 x 10-11 (standard deviation) 
and long term stab ii ities of approximately I x 
10-11 per day (standard deviation). Because of 
their high reliability they are useful as tertiary 
standards in conjunction with the more 
complex atomic standards. The long term 
stability mentioned above is one that is fairly 
constant and is therefore additive with time. 
Thus, after three months, for example, a 
quartz oscillator's frequency would have 
changed by approximately Ix 10-9. This 
phenomenon, known as 'aging', requires that 
the quartz oscillator be retuned frequently by 
reference to a primary or secondary 
frequency standard. 

Generation ofTime Interval 

To produce standards of time interval it is 
necessary to accumulate cycles of standard 
frequency so that the total number of 
accumulated cycles is a measure of elapsed 
time. Accumulation is normally done in a 
digital clock that consists of a series of digital 

dividers whose total count capacity is equal to 
the number of input cycles necessary to 
produce the required time interval. For 
example, if the available standard frequency 
is 5 MHz and the clock has a count capacity of 
5 x 106, it would deliver one output cycle for 
every 5 x 106 input cycles, i.e. the time 
interval between output pulses would be one 
second. Such a clock can, of course, be 
extended to provide time-of-day information 
in hours, minutes and seconds. Digital 
dividers, when used for this purpose, have 
provision for accurately changing the phase 
of their output signals to alJow their epoch 
(i.e. time-of-day) to be set to known phase 
relationships with respect to other clocks in a 
time standard installation. 

Such clocks not only provide standards of 
time interval but also a Jong term method of 
rating frequency standards. The changing 
time difference between output pulses of 
clock systems driven by different frequency 
standards provides a convenient means of 
determining the average frequency difference 
between standards. 

Accumulation of pulses to form a time scale 
requires that no interruptions occur to either 
the frequency standard or its clock systems. 
This places stringent requirements on 
reliability and requires the use of standby 
systems to continue the accumulation should 
the main system fail. In practice, a number of 
independent systems, each with adequate 
emergency power systems, are operated and 
compared to provide the required reliability 
and hence accuracy and continuity of time 
scale. 

Contact: Robert Harris 03-541 6122 
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MICROELECTRONIC 
DISCHARGE MACHINING 

Principles of Operation 

In Electro Discharge Machining (EDM) or 
spark erosion, a series of electric discharges 
is used to remove material from a metal 
workpiece. These discharges are produced by 
applying a voltage between the electrode and 
the workpiece separated by an insulating fluid 
(known as a dielectric). When the voltage 
breaks through the insulation it creates a 
conductive channel along which a current is 
established. This current creates high 
temperatures and pressures, which heat the 
surface of the material. On the interruption of 
this current the metal is vapourized to a 
certain depth. As one discharge follows 
another, a number of craters are formed 
resulting in the workpiece being eroded away. 

The dielectric fluid also plays an important 
part in removing the microscopic metal 
particles and gas bubbles produced during the 
erosion process. 

The cutting tool or electrode is made of an 
electrically conductive material. From 
experience the most suitable materials used 
are usually copper, tungsten, tungsten-copper 
or graphite. 

Capabilities of the Micro EDM 
Machine 

With the Micro EDM machine it is possible to 
erode very small holes (down to 0.04 mm 
diameter) as well as slots or complex shapes. 
Obviously for such small holes an electrode 
of the same diameter is required. These 
electrodes can be produced by various 
methods such as turning on a small precision 
lathe or using wire as an electrode. It is 
possible to produce electrodes of about 0.08 
mm diameter on the lathe. These electrodes 
are usually made of brass, as copper and 
tungsten copper are difficult to turn to such 
small diameters. 

If wire is used as an electrode, it is necessary 
to use some method of straightening the wire. 
This is usually achieved by heating and 
stretching the wire, which also reduces its 
diameter. The failings in this technique are 
the uncertainty of the eventual diameter and 
tapering and misalignment of the wire in its 
holding collet. 

Another more sophisticated method, which 
allows the production of very small 
electrodes (0.04 mm diameter), is to use the 
Micro EDM machine to erode its own 
electrodes. With this method it is possible to 
turn down a copper or tungsten-copper 
electrode to approximately 0.5 mm diameter 
and then erode it down to the desired size. 

Contact: William Hancock 03-541 620X 
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INSPECTION OF SPACES USING 
ENDOSCOPES 

Purpose of Endoscopes 

Sometimes it is necessary to inspect. in 
equipment or machines, areas that have 
restricted access. The opening might be far 
too small for an inspection mirror. or the 
desired side to be viewed might be at right 
angles to the entrance. 

One of the items produced in-house is a 
wave guide resonator cavity. This consists of a 
wave guide with a number of spaced 
partitions. which are normally soldered into 
place. It is important that there is a good 
solder flow around each of the partitions. See 
Fig.I. 

Fig.I shows a typical situation where an 
endoscope is ideal. because it provides a 
quick and simple visual check of the interior. 

Fig J: Use of Endoscopes in Inspecting Cavities 

Endoscopes may also be used partially 
submerged in liquids. 

Types of Endoscope 

Endoscopes fall into the following two 
categories of construction: 
(a) Rigid body construction 
The endoscope is a sturdy optical instrument 
that is simple to use. Its layout is shown in 
Fig.2. The area to be viewed is illuminated 
from a remote light source that is transmitted 
via a flexible fibre cable to the instrument's 
own built-in fibre bundle. The view is then 
obtained through a matched set of lenses. At 
the objective end. the image is focussed and 
reduced to a transmittable size. It is then 
relayed along the matched series of lenses to 
the eyepiece where the ocular lens rebuilds a 
sharp and precise image. 

In addition to different viewing directions. as 
shown in Fig.3. the angle of coverage can be 
chosen to suit the situation. The viewing 
angles can vary from 10 to 80 degrees. on 
most probes. 

Soldered 
Partitions 

(b) Flexible body (fibrescope) construction 
Basically the fibrescope consists of thousands 
of precisely aligned glass fibres with an 
objective lens at one end and a magnifying 
eyepiece at the other. The objective focusses 
the image which is then transmitted. via 
internal reflection. up the fibrescope to the 
eyepiece where it is magnified for viewing. A 
second bundle transmits light down the 
fibrescope to illuminate the area. As this is 
purely light. neither significant heat nor 
electricity is introduced to the area under 
inspection. 

This type of probe is also used in medical 
applications. where the probe is inserted into 
a patient's body for internal examination. 
Further applications can be found in the 
aeronautical. motor and machining 
industries. 

Contact: David Kishr 03-5416208 

Endoscope 
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90° View Probe 
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Fig.2 Layout of an Endoscope Objective 
End 

Eyepiece -<{ -- =---- k 
! 

Micro Endoscope 

Fig.3 Some of the Common Viewing Directions 
Possible with Endoscopes 
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Fig .4 Details ofa Fibrescope 
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MACHINE FOR IMPACT 
TESTING OF TELEPHONE 
CASES 

Impact Testing 

Telecom over a number of years has been 
studying the effects of sunlight on plastic 
telephone cases. Impact testing is used to 
measure the degree of strength reduction 
which occurs on the telephone cases. 

Methods of impact testing vary. Some 
involve dropping a telephone from a fixed 
height onto a hard surface. Another method 
involves clamping the telephone, without the 
handset, to a rigid support. The telephone is 
then struck by a free falling, guided mass. 

This latter method was used in an earlier 
testing machine but was found to give 
inconsistent results owing to energy losses 
caused by friction. 

Design of Machine 

In the latest type of testing machine, 
developed by the Research Department, the 
falling mass is guided by a pendulum similar 
to that used in standard Izod and Charpy 
testing machines. This pendulum type testing 
machine is designed so that the velocity of the 
striking face and the kinetic energy on impact 
is each equivalent to that of a 1.18 kg mass 
falling freely from a height of750 mm. 

In the addition the design is such that: 
• the energy lost in the downs wing is less 

than 0.25% of that available at release of 
the pendulum, 

• the machine is self-calibrating and 
• about 99% of the energy available at 

impact is transferred to the telephone case 
under test. 

Previous test results and field surveys 
indicate that the most vulnerable weak spots 
in the telephone casings are the comers. 
Consequently all measurements are made 
having the pendulum strike the case at those 
points. 

Contact: Frank WolstencroftOJ-5416213 
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EXTERNAL FACILITIES FOR 
EQUIPMENT ENGINEERING 

Range ofFacilities 

The equipment engineering facilities of the 
Research Department are located externally 
to the site at which the 1985 Open Days are 
being held. 

As much of the extensive range of equipment 
used is not suitable for short term relocation 
for display purposes, a videotape has been 
produced showing the selected items of 
equipment that are described below. 

Equipment Produced 

Examples of the equipment produced by the 
equipment engineering staff using these 
facilities are presented in a related display. 
Some of them are included in the above 
videotape. 

Thermal Cutting of Plate Metal 

Flame or Thermal Cutting is a process that 
has been used over the past hundred years. It 
is a method of cutting steel plate by the use of 
a very hot flame. The cutting torch is supplied 
with oxygen and acetylene as a fuel gas and a 
separate supply of oxygen as a cutting 
medium. The steel plate is heated to its 
melting point of approximately 800°C and the 
cutting gas is then forced through the centre 
of the cutting tip at high pressure thus cutting 
the steel by blowing the molten steel away. 

This process, depending upon the size of the 
cutting tip, can cut through thicknesses of 
between 3 and 300 mm. 

The principles of the process have been 
incorporated in the very modern design of the 
Department's cutting machine. Fig.I shows a 
photograph of the machine. 

The cutting heads are driven by a chain drive 
along the X and Y axis and are able to cut 
sizes up to I m by 2 m. With the aid of the 
X- Y tracing unit the machine can cut out 
shapes from a profile drawn on paperto a 
tolerance ofO. 9 mm. The photoelectric 
detector reacts to the contrast between light 
and dark and follows the outline of the drawn 
shape. The profiles can be black on white or 
white on black. Silhouettes with the light and 
dark contrast may also be used. The templates 

Fig .I: Thermal Cu11i11g Mochine 
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Fig.2: Diagram Showing a Tvpical Axial Flow 
C02 Laser Configuration 
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are held on a metal back board of magnetic 
strips. The back board is in a vertical 
position, which saves considerable floor 
space compared with the conventional 
horizontal position. 

As the photoelectric detector follows the 
pattern, the shape is duplicated at the cutting 
head or heads. This machine can be fitted 
with up to four cutting heads, which will 
operate simultaneously, thus saving time in 
mass production. 

With the aid of the plasma cutting unit this 
machine can also cut metals such as stainless 
steel and aluminium. This process is very 
similar to the conventional process but a 
plasma gas replaces the oxygen. Also the 
cutting torch is different. An arc is created at 
the torch head, which is surrounded by a 
plasma. A high velocity plasma from the 
centre of the torch blows away the molten 
metal as in normal thermal cutting. 

Carbon Dioxide Laser Processing 

Most people arc aware of!asers through the 
media or science fiction films. They are 
portrayed as destructive or used for 
entertainment. Lasers fall into four 
categories: gas, solid state, chemical and 
semiconductor. Each is suited for different 
applications, e.g. helium-neon for 
holography and surveying and carbon dioxide 
(C02) for cutting materials. The Research 
Department has a Coherent Radiation Carbon 
Dioxide Laser. which extends capabi I ities in 
welding, cutting, drilling and heat treatment 
processes for specialized application in the 
manufacture of experimental hardware 
prototypes. 

In the continuous wave mode. the laser 
operates at between 100 and 600 watts but 
peak output powers ofup to 3500 watts can be 
achieved when it is operated in a pulsed mode 
at a very low pulse rate and a short pulse 
duration. 

The C02 I aser operates at an in frarcd 
wavelength of 10.6 urn, which is in a non 
visible part of the electromagnetic radiation 
spectrum. The application of' the laser 
therefore requires special attention to 
operator safety aspects. 

The useful feature of the laser is that its beam 
can be focussed onto a small area of pinpoint 
dimensions (typically 0.12 mm diameter) 
above, on or below the surface to be worked 
upon. This results in a very high, controlled 
power density that either heats or vapourizes 
the material being worked upon. 

The power density of the sun's radiation at the 
surface of the earth on a clear summer day at 
noon is about 1.4 kW/m2

, which produces the 
commonly experienced sunburn and suntan 
effects. By comparison, the C02 laser can 
produce a power density in excess of 1 million 
kW/m2. Its applications are as follows: 

(a) Cutting. Because a contact free transfer 
of energy is used, precluding any wear of 
the tool, high quality cutting of both hard 
and brittle materials as well as soft 
materials such as rubber or foamed 
plastics is possible. In addition to being 
contact free, the operation is clean and 
pollution free and produces no 
contamination of the work piece. 

Laser 
Beam 

Fig. 3 shows a typical gas jet system used for 
cutting. The nozzle outlet is in the region of 
focus and is larger than but is comparable 
with the diameter of the focussed beam. The 
gas jet also assists in removing vapour and 
particles that might condense in the cutting 
region or on the focussing lens. 

(b) Welding. The main advantage of laser 
welding is that the beam can be focussed 
to a small pinpoint on the work piece to 
provide a minimal but adequate heat to 
fuse two surfaces together. Distortion of 
the material is thereby reduced and the 
ensuing heat-affected zone is minimized. 
The result is often a stronger weld than 
that obtained with conventional methods. 

45° Degree 
Mirror 

Gas -,.:.:4 • i::;:;r ---- Lens 
Inlet 

Gas Jet 

Axial 
Nozzle 
Adjustment ~W-,l... Nozzle 

Fig.3: Typical Gas Jet System Used for Culling 
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( c) Drilling . Because laser drilling is a 
contact-free process, there is no risk of 
breakage or slippage of the work-piece. 
The drilling of holes in irregular or curved 
surfaces and at any angle to the surface, 
which would be virtually impossible by 
conventional drilling methods, is readily 
achieved . 

( d) Heat treatment. The ability to focus the 
beam directly onto the actual areas to be 
specially hardened, while leaving 
adjacent areas untreated , is an important 
feature. W ith localized and controllable 
heating there is no surface distortion , 
alleviating the usual need for grinding the 
heat treated component to final tolerance. 

An X-Y numerically controlled table allows 
movement of the workpiece. The controller is 
programmed in numerical control (NC) 
machine language, which consists of codes to 
set the traversing speed of the table, the mode 
of movement (arcs, lines, etc.), incremental 
or absolute co-ordinates and m iscellaneous 
codes to operate the laser. For example, the 
program to cut a 20 mm square with a 3 mm 
hole in the centre is as shown in Table 1. 

The programming for a simple job can be 
very long and is subject to error. To aid in the 
production ofNC programs, a desktop 
computer is used to allow a graphical input of 
a job with visual confirmation of the 
correctness of the data entered. Co-ordinates 
may be entered freehand on a graphics tablet 
or, if precision is required, on the keyboard. 
The computer displays each move as it is 
entered on its graphics screen making any 
incorrect entries immediately obvious. 

The computer also has the facility for creating 
menus of commonly used shapes, e.g. 
various brands of connector. Each shape can 
be selected and placed on its location with the 
stroke of a pen. It can also be rotated or scaled 
as required and the job plotted on paper for 
confirmation when complete. Text can also be 
entered as part of the job. The final NC 
program can then be punched on paper tape if 
it is short or, if it is long , it can be dumped 
directly into the controller memory. 

The complete system ( computer controller, 
table and laser) makes the production of 
complex shapes from materials as diverse as 
steel, wood, perspex or foam rubber easy to 
program and modify, while making errors 
easy to correct. 

Micro Plasma Arc Welding 

Development of Micro Plasma Arc Welding 
originated from the need to provide a stable 
arc at low currents for high quality welding of 
foil thicknesses of dissimilar and exotic 
materials. 

A schematic diagram of a Micro Plasma 
Torch is shown in Fig.4. The basic elements 
of the torch are the tungsten electrode, the 
orifice insert through which the plasma 
emerges and a gas cap, which provides the 
passageway for the shielding gas. 

A plasma is created by passing a small 
amount of argon gas through an internal low 
current pilot arc struck between the tungsten 
electrode and the orifice insert. This internal 
arc heats the argon gas to a very high 
temperature, 10 OOO to 20 000°C, whereupon 
electrons are removed from their orbits within 
the gas atoms, thus ionizing them to produce 
positive ions and free electrons, which form a 
plasma. The plasma issuing from the orifice 
insert is electrically conductive. 

The Research Department has a Micro 
Plasma Arc Welder with the specifications 
shown in Table 2 below. 

The Micro Plasma Welder can be used to weld 
materials ranging in thickness from O. 025 to 
1. 6 mm. Welded joints can be made in thicker 
materials when special edge preparation 
techniques are employed. Materials that can 
be welded by the Micro Plasma Welder 
include mild steel, brass, titanium, copper 
and various grades of stainless steel. 

The two modes of operation of the Micro 
Plasma Welder are the transferred mode and 
the non-transferred mode. The transferred 
mode can only be used on conductive 
materials because the main arc is struck 
between the tungsten electrode and the 
workpiece. The Torch can be held up to 20 
mm away from the workpiece and still have 
good stability. Heat input also is not 
dependent on torch to workpiece distance. 

M42 
G4X5. 
G91G71FIOOO. 
Ml3 
Gl2Rl.5 
Ml4 
GlX-10. Y-10. 
M13 
X20. 
Y20. 
X-20. 
Y-20. 
Ml4M43M2 

Turn on the cutting gas. 
Wait 5 seconds for gas to flow. 
Set incremental metric mode and cutting speed of 1000 mm/min. 
Turn the laser on. 
Cut a hole with a radius of 1.5 mm. 
Turn the laser off. 
Set straight line mode and move to one corner oftbe square. 
Turn the laser on. 
Cut out the square. 

Turn the laser and cutting gas off and end program. 

Table I: Program to Cut a 20 mm Square with a 
3 mm Central Hole 

MAIN ARC: 
OPEN CIRCUIT 
D.C.VOLTAGE 
LOW CURRENT RANGE 
HIGH CURRENT RANGE 

PILOT ARC: 
OPEN CIRCUIT 
D.C.VOLTAGE 
HOT START CURRENT 
RUNNING CURRENT 

TORCH: 
CURRENT RANGE 
PLASMA GAS 
SHIELDING GAS 

INPUT VOLTAGE: 
200- 250 V single phase 50 Hz 12 A 

TORCH COOLING WATER SUPPLY: 

100 V nominal 150 V peak DC 
0.1 to 2.0A 
0.1 to 15.0A 

100 V nominal 150 V peak DC 
6Aat28 V 
2.5 Aat24 V 

0.1 to 15 A 
ARGON 
ARGON or ARGON WITH 5-10% HYDROGEN 

3. 7 litres per minute at 690 kPa 

Table 2: Specifications of the Research 
Department Micro Plasma Arc Welder 
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Tungsten Electrode 

Work Piece 

Transferred Mode 

Fig 4: Schematic Diagram of a Micro Plasma 
Torch 

In the non-transferred mode, the main arc is 
struck between the tungsten electrode and the 
orifice insert and is used for welding non 
conductive materials. Heat input is dependent 
on Torch to workpiece distance. Fig.4 
shows both modes. 

The Micro Plasma Torch is small and light in 
weight and can be operated by hand or used 
with manipulators for high quality welds. For 
such welds on vacuum equipment, gas 
backing, which involves shielding the back 
side of the weld with an inert gas, is used. 
This procedure prevents porosity and scale 
forming, which may cause outgassing and 
eventual loss of vacuum. 

A major advantage of using this welding 
method is that, because of the concentrated 
heating, the heat affected zone is kept to a 
minimum. This helps to prevent distortion, 
especially when welding materials of foil 
thickness. 

The Micro Plasma Welder also lends itself to 
hard and soft soldering. When used in the 
non-transferred mode, it can take the place of 
an oxy-acetylene torch. 

Computer Numerical Controlled 
Machining 

A Computer Numerical Controlled 
Machining Centre has recently been 
established. The machine is 'state-of-the-art' 
in numerical control technology. The 

Tungsten Electrode 

Shielding 
Gas 

Gas Cap 

controller incorporates Interactive 
Conversational Programming, which leads 
the operator, step by step, through the 
programming procedure. A display can be 
called up on the computer screen in coloured 
graphics to show the sequence of operations 
and cutter paths, thus enabling the operator to 
check that the program is producing the 
desired effect before commencing the actual 
work-piece machining. A data file in memory 
storage automatically determines the spindle 
speed and feed rates for the material specified 
by the operator during programming. 

The role of this type of machine within the 
Research Department is to provide a wider 
range of complex machining capabilities of 
high accuracy for the more complex projects 
that are generated within the Department. It 
provides high reliability and significantly 
improves the performance-to-cost ratio 
relative to conventional machining methods. 

Programs can quickly and easily be altered 
and new components produced when minor 
design changes are required. All features of 
the new components. except for the design 
changes, are identical to the original 
components thus ensuring, as far as possible, 
that interchangcabilily requirements are 
maintained. 

Contact: Frank WolstencroftOJ-54! 6213 
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TRANSDUCER MONITOR FOR 
GAS PRESSURE IN CABLES 

The Need for Gas Pressurization 

To maintain the integrity of its underground 
trunk, junction and main subscriber cables, 
Telecom Australia uses cables that are 
positively pressurized with air. The 
advantages of this approach are that, if there 
is a sheath fault, ingress of moisture is 
restricted by the escaping air and that a 
pressure profile of the cable can be used to 
locate the fault. 

Existing System 

Until recently the pressure alarm network has 
been confined to indicating simply that a fault 
existed. This network consisted of contactor 
alarms, in which contacts, connected in 
parallel on a dedicated pairof wires, close 
when the pressure drops below a pre 
determined level. These alarms are spaced at 
approximately 2 km intervals. When a 
contact is closed, an alarm sounds at the 
telephone exchange and the loop resistance is 
measured to obtain an approximate location 

of the fault. Then the lines staff will measure 
the cable pressure at test points around the 
approximate location. There are several test 
points between each contactor alarm. A 
pressure profile of the cable around the fault is 
drawn up and from this a more accurate 
location can be established (to within a couple 
of hundred metres). To locate the fault more 
accurately, another technique, such as using 
Freon gas and a halide detector, is used. This 
method of fault detection is labour intensive, 
slow and costly. 

Addressable Monitors 

Recently a program has commenced to 
replace the contactor alarms with addressable 
pressure monitors. These monitors respond, 
to an enquiry from a central station 
(exchange), with the cable pressure at the 
location of the monitor. The advantage of this 
method is that the pressure profile of the cable 
can be determined more quickly. The system 
that is being implemented uses a variable 
resistance pressure transducer and thus it only 
has a resolution of 3 .5 kPa. Although this 
might seem to be adequate. it could, because 
of the 'inertia· of the system. take several 
hours before a drop in pressure is noticed. A 

further disadvantage is that the transducer is 
mounted on the cable pit wall with a plastic 
tube connected to the cable. similar to the 
contactoralarm. 

Improved Digital Monitor 

A digital pressure monitor has been 
constructed by Telecom in South Australia 
using Large Scale Integration (LSI) devices 
and an integrated pressure transducer. This 
monitor uses the same container and 
mounting techniques as the previous monitor. 
This monitor is being redesigned by the 
Research Department with state-of-the-art 
components, especially the pressure 
transducer and the analogue to digital 
converter and will initially be constructed as a 
hybrid with the aim of installing it in the 
actual cable joint. The monitor is being 
partitioned so that a transducer of any type 
e.g. temperature or humidity. could be used 
to provide a small monitor capable of being 
powered by the telephone line. Eventually, as 
experience of in-joint installation is gained. 
most of the monitor could be produced as an 
integrated circuit using Very Large Scale 
Integration (VLSI) techniques. 

Co11taC1: Neil Leister03-54/ 6746 
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COMPUTER TERMINAL 
RESPONSE TIME 
MEASUREMENT 

The Need for Response Time 
Measurement 

The response time of the LEOPARD (Local 
Engineering Operations Processing 
Analysing and Recording of Data) fault 
reporting system is important to Telecom. 

The LEOPARD computerized fault reporting 
system provides Telecom with on line access 
to subscriber service records, real time 
reporting and allocation to repairers of 
service faults. In order for Telecom to assess 
the performance of this system, expecially 
while it is in its formative years of growth, it 
is necessary to measure the 'response times' 
accurately. To facilitate these measurements 
the Research Department has designed and 
constructed a microprocessor controlled unit 
that will automatically measure and record 
these times. 

Measurement Unit 

This unit is self-contained, transportable and 
easily connected to a terminal. For 
installation it requires the following 
connections: 
• 240 volt power, 
• RS232 connection to the rear of the 

terminal and 
• data connection to the keyboard. 
Once the unit is connected, it is only 
necessary for the terminal address to be 
dialled up on the front panel and the RESET 
button to be pressed. As soon as a message is 
sent from the terminal, the keyboard interface 
circuitry recognizes that the SEND key has 
been depressed and initiates a routine to 
measure the response times. This information 
is then entered into the display and also stored 
onto a microcassette ready for subsequent 
processing and evaluation. 

With the ALERT unit monitoring a terminal, 
the response times will be continually 
measured and recorded along with the 
message code and time of day. This will not 
only provide Telecom with more accurate 
details of LEOPARD 's performance but also 
cut down on the manhours used in collecting 
the data. 
Contact: Ian DresserOJ-54/ 6744 
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Fig I: Diagram of Response Time Measurement 
Unit 
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A COMPUTERIZED 
INSTRUMENTATION RECORDS 
SYSTEM 

The Need for a Computerized System 

The existence of an efficient records system is 
vital in maintaining information related to 
equipment assets with respect to 
procurement, costing. depreciation. auditing, 
maintenance and history. The data must be 
capable of being modified to account for 
changing circumstances of asset equipment 
from procurement, through the period of its 
useful life, to disposal by various means. The 
database consists of some 15000 items, with 
an annual increase in size of about 300-400 
items worth about $2 million (at current 
values). 

Inadequacy of Manual Systems 

Manual recording systems have numerous 
inherent problems. By their nature, they are 
not user-friendly. data and effort are often 
duplicated and control and security are much 
reduced owing to loss of management 
control. Consequently. the integrity of these 
manual systems is severely diminished. In 
addition, relevant information for timely and 
regular decision making is not readily 
available. 

The computerized records system on display 
has been specifically designed to facilitate 
efficient handling of all records associated 
with the Research Department's asset 
equipment. It replaces a cumbersome file 
card based system and related hard-copy 
filing systems. The system inherently has 
software-based checks to evaluate input data 
to an internal standard and to comply with 
auditing regulations. Summary reports can be 
produced for review and evaluation. Lines of 
responsibility are clearly indicated and this 
delineation leads to enhanced responsibility, 
accountability and control. 

Databases Employed 

The system utilizes a Nova ill computer, with 
terminals for use of the staff, strategically 
placed throughout the Instrumentation 
Engineering Section. It is capable of 
accessing a number of databases. The 
following are examples of the databases and 
their functions: 
(a) Test Sheet Database: contains data from 

time of delivery of equipment. Utilized, 
before incorporation into asset database, 
for acceptance test purposes. 

(b) Asset Database: contains data relevant to 
equipment description, nominal section 
owner, pertinent history and 
documentation. Used as general 
reference throughout the working life of 
equipment. 

(c) Service Contract Database: contains data 
of all asset equipment for which a 
maintenance contract has been 
negotiated. 

(d) Disposal Pending Database: data of asset 
equipment for which disposal action has 
been initiated but not finalized. 

(e) Deleted Asset Database: contains all data 
of deleted asset equipment disposed of 
via the normal disposal procedures. 

(f) Museum Database: contains data of 
deleted asset equipment that has been 
allocated to the Research Department 's 
Museum Collection. 

(g) Personal Allocation Database: data of 
asset equipment where it is more 
expedient to allocate on a personal rather 
than section-owner basis. 

Use of the Databases 

The databases may be accessed by any staff 
member but, to safeguard against database 
corruption, built-in software protection 
ensures that only authorized personnel with 
the appropriate 'password' can modify the 
database or databases for which they are 
responsible. Back-up facilities are built-in to 
enable recovery of original records on a last 
transaction basis. 

The design of the system is based on several 
levels of menu, which clearly indicate the 
options available to the operator. Displayed 
messages inform the operator as to the 
legality of the input data, subsequent options 
or the barring of access to certain functions or 
areas of the operating system. 

The system has extensive search and sort 
facilities. Data may be searched for by 
designated Research Laboratories Number. 
Owner Section, Title, Make. Type, Purchase 
Date, Contract Number. Cost or any inherent 
characteristic field desirable. Data may also 
be sorted with priority to any one of these 
fields. 

In general Jay to Jay operation. the Asset 
Database is the most frequently referenced 
database. Together with the search and sort 
facility. this database contains data related to 
a documentation 'register· which is vital in 
determining what documentation, for 
operational and maintenance purposes, exists 
for all asset equipment. This Asset Database 
also forms the basis for all annual stocktaking 
operations, an instance where search and sort 
is vital. 

As with all computer-based recording 
systems. protection against database 
corruption and catastrophe must be taken into 
account and databases must be regularly and 
systematically backed-up. 

Overall Value 

The computerized records system in 
operation substantially reduces arduous and 
time-consuming manual procedures and, at 
the same time, enhances overall 
responsibility and control. This leads to a 
recording system that has significant 
advantages and integrity over the equivalent 
manual system. 

Contact: Peter Dawson 03-541 6745 
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TECHNIQUES FOR SERVICING 
ELECTRONIC EQUIPMENT 

Video Displays 

This subject is illustrated by two video 
presentations that are typical examples of 
training media used throughout the Research 
Department for the purposes of instructing 
trainee staff in the recommended techniques 
to be adopted for electronic servicing. Whilst 
service staff will adapt and modify techniques 
to suit the application at hand, certain 
standards must be observed and precautions 
taken where necessary. No hard and fast rules 
exist for any servicing problem. Good service 
staff will adopt an attitude consistent with 
basic rules. 

Desoldering 

The first video presentation broaches the 
subject of de-soldering. Its title' High 
Reliability Hand De-Soldering' implies the 
damage-free removal of components from 
printed circuit boards. Damage-free removal 
is important to preserve either the device 
being removed, which may be in working 
order and expensive, or the printed board 
itself, which also may be valuable and indeed 
re-usable. Several de-soldering methods are 
described from the simplest, a solder 
absorption technique using a flux 
impregnated braid, to the expensive 
desoldering stations using a vacuum system 
combined with a specially-tipped soldering 
iron. 

For electronic service staff, good soldering is 
vital but, owing to the introduction of printed 
circuit board construction, de-soldering has 
assumed an equal importance. 

A useful reference is "Interconnection Repair 
Techniques for Electronic Equipment". 
Volume I, produced by the RAAF and RAN. 

Microprocessor-Based Systems 

The second video presentation, 
'Troubleshooting Microprocessor-based 
Systems', is a valuable insight into the way 
modern intelligent systems operate and the 
associated servicing techniques 
recommended for maintenance. Much of 
today's instrumentation is processor 
controlled and service staff are required to 
utilize techniques that enable a service 
problem to be rectified. This video uses an 
analogous situation to explain how a 
microprocessor operates and how the 
requirements for its input, output and control 
lines are configured. After the structure and 
organizational aspects have been 
demonstrated, a practical service problem is 
examined. 

A useful reference is 'Practical 
Microprocessor Theory' by William 
Cardwell for Hewlett-Packard, 1978. 

Contact: D01.1fi DawsOJ-5416177 
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THICK FILM HYBRID 
MICROELECTRONICS 

Hybrid Microelectronics 

Hybrid microelectronics represents one of the 
several possible approaches !~electronic 
interconnection and packaging. As the term 
'hybrid' implies. this approach encompasses 
multiple technical disciplines that sometimes 
require compromises among layout design, 
process flow, component selection and final 
package configuration. 

Developing a successful hybrid circuit design 
usually follows an optimized sequence of 
steps. This allows optimum ordering of the 
compromises to be made and the adoption of 
available options for the design concept. 

Hybrid circuits represent a packaging 
approach for electronic components that is an 
intermediate between the conventional 

printed board assembly of discrete 
components and monolithic integrated 
circuits. The hybrid circuit approach 
substantially reduces the total volume of the 
packaged circuit as compared to printed 
board assemblies and retains the flexibility of 
being able to utilize and interconnect a variety 
of circuit components without the extensive 
design and tooling effort required for 
integrated circuits. 

Hybrid circuits have many components such 
as resistors, capacitors and conductors 
deposited on the substrate, while other 
components such as transistors. integrated 
circuits and diodes are mounted there. The 
latter discrete components can be either cased 
devices, such as those used in a printed board 
assembly or, for increased packaging density. 
they can be uncased devices such as 
transistor. diode and integrated circuit chips. 

•... 

Thick Film Circuit Elements 

Thick film circuit elements are formed by 
sequentially screen printing. drying and then 
firing (850°C) conductive, resistive and 
dielectric pastes on a substrate. Multilayer 
interconnections are formed by the layering 
of conductor and dielectric pastes. 
Conductors. resistors and capacitors can be 
formed with this technology. while discrete 
components can be electrically joined to this 
interconnect system by solder or adhesive 
attachment. Both miniature. individually 
packaged. components and uncased 
components can be used in this technology 
depending on the degree of environmental 
protection required. 

The advantages of the thick film hybrid 
process include relatively low capital 
equipment requirements. a wide selection of 
resistor resistivities and cost-effective 
multilayer techniques. 

Contact: Angelo Brunelli 03-541 6476 
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Fig. 1: Thick Film Hybrid Technology 
(Shown approximately 8 times real size) 
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PRINTED BOARDS 

Background 

The Research Department has a continuing 
requirement for prompt deli very of a 
considerable variety of printed boards for 
experimental and prototype electronic 
circuits. The artwork necessary for 
fabricating a printed board is either produced 
manually or with the aid of an Interactive 
Design System (IDS). 

Artwork Production 

Manual artwork is prepared at four times full 
size using a clear sheet of mylar onto which 
opaque tapes arc added in the required 
conductor pattern. These artworks are made 
as either single sided or double sided and are 
subsequently photoreduced to obtain the 
production masters. However. the majority of 
artwork is achieved using an interactive 
design system. This system allows 
interaction between the layout designer and a 
library of information (data base) held in the 
computer system. This database has been 
developed over a period of many years and 
contains all the likely elements required to lay 
out even the most complicated circuits. 

In operation the database is accessed by the 
designer from either a plotter and digitizer 
terminal or a Visual Display Unit (VDU). 
This allows the designer to create and view 
the layout as it progresses. On completion, a 
verification plot is drawn and checked against 
the original circuit requirements. Following 
any modification, the layout is produced on 
photographic film by means of an X- Y 
controlled light pen (photoplotter) to create 
the original production masters. Also. a paper 
tape is produced for a Numerically Controlled 
(NC) drilling machine. which is used to drill 
the hole pattern in copper-clad base material. 

Afterthe N.C. drilling operation. the non 
plated-through-hole boards are processed to 
obtain the required conductor pattern. These 
processes involve photosensitizing. 
exposing. developing and finally etching to 
remove the unwanted copper to form the 
required conductor pattern. 

Plated-Through-Hole Boards 

On the other hand, plated-through-hole (PTH) 
boards are more complex to produce, 
requiring about 80 distinct operations. Some 
of these operations are necessary to deposit 
copper on the non-conductive interior wall of 
the drilled holes. The remaining operations 
are necessary to produce the plated-through 
hole and the conductor pattern. The plated 
through hole is provided where necessary to 
interconnect the conductive patterns. 

Many of these chemical and electroplating 
processes are automated. Briefly. the plated 
through-hole processing sequence is: 
(a) drill the metal clad base material. 
(b) deposit electro less and electroplated 

copper (panel plate) over the entire 
board. 

(cl laminate photopolymer resist. expose 
and develop. 

(d) electroplate copper and tin-lead alloy to 
form conductive pattern (pattern plate). 

(e) strip photopolymcr resist. 
(f) etch away unwanted copper. 
(gl melt tin-lead plate to form solder layer 

and 
(h) conduct inspection. 

The final inspection is to ensure that the 
boards comply with the national I Standards 
Association of Australia) and international 
(International Electrotechnical Commission l 
standards necessary for their end use. 

Contact: Mike Crarev 03-541 6489 
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THIN FILM HIGH SPEED 
HYBRID TECHNOLOGY 

Uses 

Thin film hybrid technology is being 
introduced into the Research Department for 
producing high speed digital and wideband 
analogue circuitry. Thin film hybrids have 
achieved wide acceptance in high frequency 
applications because of their excellent 
electrical performance and cost 
effectiveness. The high accuracy required in 
the microstrip transmission lines is easily 
realized in this technology. 

Thin film hybrid technology is associated 
with vacuum. photo lithographic and etching 
techniques. Either by sputtering or 
evaporation. the substrates are blanket coated 
with the relevant resistive. barrier and 
conductive layers. which are subsequently 
etched to produce the circuit pattern. 
Resistors are integrated into the circuit. 
Nickel-chromium resistors are extremely 
stable with temperature and may exhibit 
almost zero temperature drift. Trimming to 
0.1 % of value can be achieved. 

Evaporation Techniques 

In Telecom 's facilities at the Research 
Department. both flash and electron beam 
evaporation techniques are used to coat the 
undrilled substrate. See Fig. I. The substrate. 
which is normally 99 .5% alumina. is placed 

in a high vacuum chamber where the material 
of the film to be deposited is heated until it 
evaporates as an atomic or molecular stream. 
This stream then condenses on the exposed 
substrate where it forms a film of that 
material. Control of the deposition rate and 
thickness of the film is accomplished by a 
microprocessor acting on information from a 
quartz sensor inside the chamber. Thickness 
of layers that may be deposited range from a 
few tenths of a nanometre up to thousands of 
nanometres depending on the material and 
purpose of the layer. 

Patterning 

A coated substrate having been produced. 
patterning the surface to form a circuit can 
then proceed. Photoresist is applied. 
selectively exposed to ultraviolet radiation 
and developed to form a pattern where thicker 
gold conductors are required to achieve 
optimum transmission properties. These 
conductors are built up by electroplating gold 
to a thickness of 8 to 10 urn. The photoresist is 
then removed. Repeated processes of 
photoresist spinning. ultraviolet exposure 
through masks. developing to remove 
unwanted photoresist and etching follow for 
each layer. Etching may be performed 
chemically or by sputter etching where the 
substrate is placed in a vacuum chamber and 
bombarded with high velocity ions. Sputter 
etching is used where extremely fine 
tolerances are necessary. as no undercut 
occurs. 

The etched circuit is baked in a furnace to 
stabilize the resistors. which are subsequently 
laser trimmed to the tolerance required. Holes 
to connect the conductor pattern to the earth 
plane are then diamond drilled. Components 
that may then be mounted include chip and 
active devices in microrniniaturc packages or 
with beam leads. 

Vacuum Coating 

At present. research is being carried out into 
techniques of vacuum coating laser drilled 
alumina-substrates to produce a connection 
between the two sides. The resistive layer. 
nickel-chromium. is the first layer. which is 
then overlayed with titanium and palladium 
barrier layers before the gold conductor layer 
is deposited. Further work envisages the use 
of tantalum nitride resistive films. 

A current project is the manufacture of two 
prototype circuits. A 4-channcl multiplexer 
and a 4-phase-divide-by-2 clock generator 
have been designed and implemented as 
printed board assemblies working at bit rates 
up to I.I Gbit/s. Fabrication of the circuits as 
thin film hybrids is presently being 
undertaken and the finished products arc 
hoped to achieve bit rates up to 2 Gbit/s. The 
work involved has been instrumental in 
gaining experience and refining techniques 
for high speed thin film hybrid processing. 

(See photograph over) 
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. Fig. l: High vacuum Evaporation Svstem Contact: Gordon Barker 03-541 6471 
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CALIBRATION OF POWER 
LEVEL TRANSFER STANDARDS· 

One of the most important requirements in the 
efficient operation of the national 
telecommunications network is the accurate 
measurement of power level. Power level 
meters used for testing must be calibrated 
against reference standards if system 
performance is to be maintained. 

Power level meters are calibrated at O dBm ( 1 
mW) by the use of power level transfer 
standards designed and developed in the 
Research Department. 

A power level transfer standard consists of a 
thermal converter (see CALIBRATION OF 
AC THERMAL CONVERTER display) and 
a radial resistive network, both of which 
operate equally well on high frequency (H.F.) 
and low frequency (L. F.) power apart from 

small errors. This permits the generation of 
H.F. power in terms ofL.F. power at a 
specific impedance. 

The computer controlled measurement 
system shown in Fig .I utilizes a network 
analyser and a reference level meter to 
calibrate power level transfer standards. 

Measurements are made on power level 
transfer standards up to a frequency of 300 
MHz with an uncertainty ranging from O. 02 
to0.05 dB. 

Contact:JohnErwin03-5416117 
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Fig 1: Computer Controlled Measuring System 
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CUSTOM-DESIGNED 
INTEGRATED CIRCUIT 

Fabrication Considerations 

Whilst information on integrated circuit (IC) 
design for participation in MPC is readily 
available from various educational 
institutions, the design for production 
requires close co-operation with a fabrication 
house. To find out the pitfalls and the 
considerations required for production of 
ICs, the Research Department has 
undertaken a project to fabricate chips by 
emulating production requirements. The 
following broad considerations summarize 
the findings: 
• the design should be preceded by a 

complete system specification, 
• circuit cells should be simulated and 

characterized to meet performance 
specification, 

• design must be insensitive to processing 
parameter variations with simulation and 
verification at every stage of the design 
being necessary, 

e IC production can rarely be multi-sourced 
remembering that the advantages of a 
particular fabrication-house in terms of its 
design rules, test equipment, processing 
features, mask requirement and yield 
statistics should be fully considered and 
desirable features exploited with 
consultation with the fabrication-house 
early in the design stage to prevent back 
tracking, 

• test circuits for automatic wafer testing 
should be incorporated during the design 
stage and input and output pads allocated 
for the purpose with consideration being 
given to any limitation of the test 
equipment, particularly when dynamic 
circuitry is used in the design, 

From Multiproject Chip to 
Production 

The Multiproject Chip (MPC) is an excellent 
method for bread-boarding a circuit in 
silicon. By sharing the cost of fabrication 
among a few designers, the chips can be 
produced at a reasonable price. However, the 
finished products cannot be used in real-life 
environments for the following reasons: 
• the unsealed packages do not meet 

reliability requirements, 
• the quantity received from MPC is too 

small and the chip is cluttered with other 
unrelated circuits, 

• many of the circuit cells used in the design 
have not been characterized and tested, 

• the adoption of simplified and 
conservative design rules in MPC reduces 
efficient area utilization and achievable 
performance, 

• inoperative chips have not been weeded 
out before packaging and each returned 
chip has to be tested individually thus 
incurring high costs and 

• no means is.provided to exploit a 
particular fabrication-house processing 
speciality. 

• test specifications including test vectors, 
leakage current, temperature 
performance, supply voltage tolerance, 
input and output circuits logic levels, 
drive capability, current drain, operation 
speed and power consumption should be 
prepared, 

• alignment marks on all mask levels and 
scribe-channels on levels specified by the 
fabrication-house must be included in the 
layout, 

• packaging considerations should include 
cost, operating environment, reliability, 
chip size, number of pins, mounting 
techniques, substrate connection, 
identification of the design and orientation 
of the chip relative to the package pins, 

• bread-boarding the design by 
participating in MPC is highly desirable 
for small designs or a small portion of a 
large design if simulation tools are not 
available but, ideally, simulation of the 
design covering process parameter 
variations is more effective, 

• some factors may seem trivial but have 
significant effect on yield, thus bonding 
pads should be sufficiently large and well 
placed relative to the package bonding 
pads and active circuitry should be well 
spaced from the pads as well as from the 
scribe-channel to avoid damages during 
sawing or bonding operations and 

• the designer should be prepared to allow 
two or even three design cycles before full 
production can begin and should also 
expect to change some portion of the 
circuit during the production stage to 
improve yield. 

Contact: Siang Tjio 03-541 6466 
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PHASE LOCKED OSCILLATOR 

Design 

A phase locked oscillator has been designed 
and built by the Research Department as a 
second level standard for the provision of 
precise phase and frequency throughout the 
Telecom Australian network. 

Three versions of this oscillator have been 
produced for various applications including 
that of a Master Clock for Precise Time 
keeping, a Trunk Carrier Control Frequency 
source and a Main Clock in future digital 
networks. 

The oscillator is phase locked to the Caesium 
Frequency Standards operated by the 
Research Department at Clayton, Victoria, 
via the low frequency 2-Tone Distribution 
system. 

This 2-Tone Reference signal has phase noise 

directly as a standard source. It consists of 
two frequencies (tones) transmitted within 
one voice channel and separated by precisely 
one kilohertz. In the Phase Locked Oscillator, 
the I kHz control signal is recovered from this 
reference with a filter and demodulator circuit 
and fed to one input of the phase comparator. 

This method of distributing the reference 
signal avoids any frequency translation errors 
resulting from its transmission over the 
existing frequency division multiplexed trunk 
network. 

Precision Quartz Crystal 

The oscillator itselfuses a Precision Quartz 
Crystal in the range 4 to 6 MHz. It is vacuum 
mounted in a temperature stabilized oven 
inside a dewar flask and its frequency is 
voltage controlled by means of a varactor. 
This oscillator has an aging rate of less than I 

x W-10 per day. Figs. I and 2 show a block 
diagram and front panel photograph of the 
oscillator. 

(See photograph over) 

Loop Control Circuit 

The oscillator forms part of a Second Order 
Phase Locked Loop Control Circuit. The 
Main Store consists of a 20-bit binary up 
down counter chain, which serves as a 
'memory' during periods of failure of the 
2-Tone Reference signal, to maintain output 
phase. The control circuit has been designed 
to produce a minimum oscillator frequency 
step upon both the loss and restoration of this 
reference signal. 

Performance tests have shown that the output 
signal phase will follow that of the reference 
source to within 500ns, with a short term 
oscillator frequency stability of better than Ix 
10-11 
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Fig J Phase Locked Oscillator 
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Fig .2 Phase Locked Oscillator Front Panel 
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CIVIL TIME CODE RECEIVER 

Standard Time 

Telecom Australia is the principal distributor 
of Civil Time in Australia-i.e. it makes 
Standard Time available for the various 
requirements of the community. A system has 
been developed for the more efficient 
distribution of standard time information over 
the national telephone network and has 
advantages in reliability, flexibility and 
precision. 

A time code generator at the Research 
Department encodes the time signal 
information under the control of inputs from 
Telecom 's Time and Frequency Standard. 
The timing accuracy of the signals as 
transmitted is similar to that of the Time 
Standard. The data format is generated each 
second and contains complete Australian 
Eastern Standard time of day, day number and 
time signal information in a VF channel as a 
pulse width modulated binary coded decimal 
signal using a 300 baud frequency shift keyed 
(FSK) data modem. Provision is made for 
automatic Daylight Saving Time adjustments 
in each of Australia's time zones. 

The Receiver 

At a distant location a receiver decodes the 
information and produces the time signal 
required for each particular second as 
determined by its decoding instruction 
without dependence on previous timing 
history. The integrating concept inherent in 
many timing systems is thus removed and the 
reliability of the time signals is improved. 
The system also offers good flexibility as the 
decoder can be designed to produce any 
desired time code or sequence of outputs. The 
digital display and Binary Coded Decimal 
(BCD) output can indicate local time if 
required. 

The receiver design permits individual 
compensation for propagation delay for each 
receiver location by use of the timing pulse 
following each data stream. Delays up to 40 
milliseconds can be compensated to maintain 
a uniform accuracy of± 500 microseconds at 
all locations in Australia. The system is thus 
capable of higher accuracy than can be 
obtained from existing services such as VNG 
or speaking clocks. It also gives a better 
signal-to-noise ratio. 

The system will have application wherever 
precise and reliable time of day information 
or particular coded time signals are required, 
e.g. hourly radio time signals, TV operating 
centres, airline operations, master clock 
systems and scientific and industrial 
applications. 

Fig. I. Photograph of a Civil Time Code 
Receiver 

Options 1 and 2 

Civil Time Receivers are manufactured 
commercially and are available as two 
models, Option l and Option 2. Option l 
provides all outputs and these are on the front 
panel. This unit is made for rear mounting. 
Option 2 provides only a digital display and a 
serial output, the serial output being on the 
rear panel. This unit is made for front 
mounting. Fig. I is a photograph of a Civil 
Time Receiver. Table l shows outputs from 
an Option l receiver. 

(See table over) 

Contact: Robert Harris 03-541 6122 
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I. Digital Display 
Days Hours Minutes Seconds 
One of the following time zones may be selected: 
a. Eastern Australian Standard Time 
b. Central Australian Standard Time 
c. Western Australian Standard Time 
d. Co-ordinated Universal Time (UTC) 
Either a 12 hour or 24 hour format may be selected for any of these time zones except UTC as 
well as Daylight Saving when in operation. 

2. BCD Output 
30 line parallel BCD output with standard TTL level of Days, Hours, Minutes and Seconds 
plus signal fail and I ms duration seconds pulse outputs. 

3. Standard Time Signals 
Relay contact closure outputs are provided for: 
a. Seconds pulse, 100 ms duration ( 10 outputs) 
b. 8 pips per minute, 100 ms duration ( 10 outputs) 
c. 8 pips per hour, 100 ms duration ( 10 outputs) 

4. Serial Output 
RS232 Output is provided by the receiver on the receipt of an ASCII "S" character in the 
form of: 
CR, 0100, 010. D. H 10, H. M 10. M, S 10, S. CR. 
The leading CR is coincident with the seconds epoch corresponding to the time data 
represented in the data stream. The trailing CR is coincident with the next seconds epoch. 

5. Supervisory and Control 
This output provides the following functions: 
• Serial data output (Inverted) 
• Receiver disable input 
• Seconds pulse output 
• 8 pips/hour output (Inverted) 
• 8 pips/min output (Inverted) 
• Inverted seconds pulse output 
• Signal fail output 

6. Delay 
The seconds epoch produced by the receiver may be delayed over a range of 40 ms in 256 
binary steps of 199 ms. 

7. Power 
240 V AC. 50 Hz 

Table I: Outputs/ram an Option I Civil Time 
Receiver 
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SOLID STATE SPEAKING CLOCK 

The Need for a New Clock 

A prototype announcing system for a new 
speaking clock has been produced within the 
Research Department to replace the speaking 
clocks presently operated by Telecom 
Australia. The existing clocks in Melbourne 
and Sydney were designed by the British Post 
Office and purchased in 1955. This old 
system consists of a number of glass discs 
with voice tracks recorded on them as a 
photographic print. The recording is read by a 
light source transmitted through the disc to a 
photo-detector. Different tracks are accessed 
by a series of rods and cams that shift the light 
source and photodetector to the required 
tracks on the glass disc. This clock has given 
an extremely long life with the mechanical 
pieces still operating and giving good service, 
however the optical discs have deteriorated to 
a point where the signal to noise ratio of the 
voice output is approaching a point where 
replacement is necessary. Rather than an 
optical disc replacement it has been decided 
to consider a completely new installation. 

The new clock will feature the same phrasing 
and voice quality as the original but in a 
completely solid state form. The system will 
consist of two controlled oscillators, one civil 
time receiver, two local clocks, one 
supervisory system and two announcing 
systems. Operation is as follows. 

The Civil Time Receiver (CTR) will provide a 
reference for commencement of the whole 
system giving local time in parallel Binary 
Coded Decimal (BCD) code. The two 
controlled oscillators will be of the type, 
shown in the display 'A Phase Locked 
Oscillator', that phase locks precision quartz 
oscillators to the two tone reference and 
provides an output of I MHz. The CTR, 
which is also shown in another display, 
decodes a frequency shift keyed time code 
generated at the Research Department and 
produces parallel BCD time information, 
hours, minutes and seconds and a seconds 
pulse (as well as control signals). 

On startup, the local clocks are 
resynchronized to the civil time receiver 
seconds pulse and time information latched. 
After synchronization, the local clocks, 
driven by the controlled oscillators, are used 
as the timing source. Periodically this reading 
is compared against the CTR. The local clock 
produces a parallel BCD code of time 
information in the same format at the CTR for 
use as a source of data for the announcing 
system. This procedure occurs on both local 
clocks and announcing systems. 

Announcing Systems 

The announcing system decodes the 'time 
code' into hours, minutes and seconds and 
then uses this information to set up a sequence 
table of phrases for final output as the 
complete phrase. 

The supervisory system compares the time 
code information from the CTR and the local 
clocks and the analogue outputs of the two 
announcing systems. It decides which 
announcing system, if any, can be utilized. In 
an emergency the announcing systems can be 
run directly from the CTR alone. Manual 
switching between announcing systems is 
possible. 

The announcing system is based on a 
microprocessor for the control of the 
announcement sequence and involves the 
direct storage of speech. The requirement is 
for an announcing system with a voice quality 
that does not sound artificial and has an 
acceptable signal to noise ratio. The system 
uses a dedicated delta-modulator chip for 
voice encoding and decoding with a sampling 
rate of32 kilobits per second to achieve the 
required voice quality. The voice occupies 60 
kilobytes of memory and the control program 
800 bytes 

Contact: Robert Harris 03-541 6122 
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TILT ALARM FOR TRACTORS 

The Need for the Alarm 

The need to develop the Tilt Alarm for 
Tractors arose from a request for a tilt angle 
warning device for plant operators using field 
vehicles such as bulldozers, tractors, four 
wheel drive vehicles, etc., in undulating 
terrain. This request was made by the 
Automotive Plant and Transport Section of 
Telecom Australia following discussions with 
the Forests Commission of Victoria. 

The alarm, which is set to activate at a preset 
safe working angle in the vehicle's sideways 
tilting planes, is triggered by an inclinometer 
which measures angles from the horizontal. 
The need for such a device is high] ighted 
when operators are working on the side of 
steep hills. In conditions such as these an 
inclinometer would warn the operator that the 
vehicle had approached its maximum safe 
working angle. 

Design of the Alarm 

The inclinometer uses a two tone, high 
power, audible alarm that can be heard over 
the noise of the engine by an operator wearing 
earmuffs. In addition, an amber light in front 
of the operator provides a visual alarm. 

Because of the harsh environments in which 
the inclinometer will be used, the detection 

system must be robust with few moving parts. 
A square PVC block houses a light emitting 
diode and a phototransistor, which are placed 
on eitl.er side of a glass tube containing a steel 
ball. When the preset angle of tilt is reached, 
the ball moves along the glass tube and breaks 
the light beam, activating an electronic 
circuit to trigger the audible and visual 
alarms. See Fig .1. 

(See diagram over) 

The inclinometer has an automatic system 
check, when the vehicle is switched on. 

Owing to severe vehicle vibration, damping 
of the motion of the ball is necessary. That can 
be achieved either by placing a shock 
absorbing material e.g. felt, at each end of the 
ball's travel or by use of a silicone damping 
fluid. 

PVC was chosen for the block in the 
prototype units because of its machinability, 
low cost and adequate corrosion resistance. 
Glass tubing was chosen because of its low 
co-efficient of friction for the rolling surface 
of the ball. 

Presetting the 'Safe Working Angle' 

The inclinometer alarm is activated within 
one degree of the preset angle and remains on 
until the safe working limits are regained. 
The Safe Working Angle is preset at the 
assembly stage to suit the characteristics of 
the particular vehicle. 

The mounting bar for the two PVC blocks has 
two reference holes which are used when 
presetting the angle and as a datum when 
attaching the unit to the vehicle. 

Housing and Warning Light 

The die cast box used not only houses the 
circuit, triggering mechanism and alarm but 
also protects them from the natural elements 
of direct sunlight, rain, heat and dust, which 
could affect the performance of the 
inclinometer. 

The two main considerations for the selection 
and positioning of the amber alarm light 
were: 
(a) the direction of maximum light output 

from commercially available light units 
of various shapes and the availability and 
cost factors in their initial purchase, 
repair and replacement and 

(b) the best position to obtain maximum 
attention of the operator as determined by 
photometer experiments and field trials. 

The result of these experiments led to the 
choice of a square light positioned on the front 
of the inclinometer unit with the unit placed 
approximately in front of the operator. 

Overall the unit developed is compact, easy 
to manufacture and reasonably cheap. 

Handout (SE28/H) Page No.I = Telecom Australia 



RESEARCH DEPARTMENf OPEN DAYS 1985 

Damping 
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Fig 1 PVC Block Assembly 
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Contact: Peter MeggsOJ-541 6214 
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THE TELECOM AUSTRALIA 
HEADQUARTERS LIBRARY 

Functions 

The functions of the Headquarters Library 
are: 
• to provide a comprehensive library 

service to all Departments and 
Directorates at Telecom Headquarters 

• to co-operate with State Administrations 
and provide consultative services in 
regard to common standards and systems. 

The Library aims at providing information in 
anticipation of demand and on request to 
support the activities of Telecom 
Headquarters and at providing services to all 
officers in connection with Telecom 
Headquarters work and related studies. 

Organization ofH eadquarters 
Librarv 

The Headquarters Library is located within 
the Research Department. 

A Library Committee determines policies 
and objectives and provides high level 
support to ensure that the Library is meeting 
its objectives. 

The Telecom Library operates as a single 
unit. although there are a number of 
collections and access points. The two main 
collections are located at: 
(al 770 Blackbum Road .. Clayton. This 

collection primarily serves the Research 
Department. The Principal Librarian is 
also located here. together with the 
centralized Technical Services Unit. 

(b) 199 William Street. Melbourne. Some of 
the areas served by this collection are the 
Engineering. Commercial Services. 
Human Resources. Information 
Systems. Accounting and Supply 
Departments. Finance and Business 
Development Directorates. the 
Secretary's Office and the International 
Branch. 

Librarv Services 

• Purchase of materials on request from 
officers and selection by professional 
library staff. 

• Loans and Inter-Library Loans. 
• Reference and Information. 
• Literature Searches. 
• Selective Dissemination of Information 

(SDI). 
• Current Awareness Bulletins. 
• Translations. 

Subjects 

The primary subject of the Library is 
telecommunications. Support subjects 
include management. computers. industrial 
relations. occupational health and safety and 
public administration. 

Librarv Publications 

These are: 
(a) Telecom Library News. A monthly 

selective list of new library acquisitions. 
together with notes and articles keeping 
users up to elate with the library 
developments and services. It also 
includes lists of bibliographies compiled 
by library staff. 

(b) Daily News Bulletin. Topical and general 
information from daily newspapers. 
Hansard and other sources. 

(c) Telecom Library Topics. Current 
awareness tool provided to officers on 
request listing articles in sixteen broad 
subject areas from new periodicals. 

(cl) Conference List. A quarterly listing 
noting International and Australian 
conferences designed to assist officers 
planning overseas trips or submission of 
papers and to facilitate the purchase of 
conference proceedings for the Library "s 
collection. 

(e) Periodicals List. A list ofall periodical 
titles held with information on title. 
country of origin. frequency. holdings 
and location. 

Forms of M aterial 
The collection includes a variety of materials 
from which information can be obtained as 
shown in Table I. 

(See diagram over) 

Telecom needs to be aware of current research 
and developments both in Australia and 
overseas to continue to provide modern. 
efficient telecommunications services and 
facilities to the people of Australia. 

The Headquarters Library provides Telecom 
Personnel with access to world information 
sources as well as the human and technical 
resources to identify and disseminate relevant 
material. 

Thus Telecom Headquarters Library exists as 
an essential component of Telecom 
Australia's current acti vitics and services to 
the public and its goals and objectives for the 
future. 

Contact: Movra McA/lisrer/J3-5.JI ()(J/J7 
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Books 
Periodicals 
Pamphlets 
Reports 
Patents 
M icroforms 

Standards 
Theses 
Translations 
Trade Catalogues 
Handbooks 
Manuals 

Cassettes (Audio & Video) 
Films 
Slides 
Press Cuttings 
Reprints 
Maps 

Table I: Some of the Forms of Material 
Available 

Telecom Australia Publications 
Overseas Telecommunication Authorities 
International Documents 
Publications (including British Telecom and 
BBC Reports) 
Census and Statistics Materials 
Government Publications 
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DEVELOPMENTS IN 
INSTRUMENTATION 
SERVICING 

Broad Change: I960s to the I980s 

Instrumentation over the last quarter century 
has undergone considerable change due to the 
great advancement in new technology in the 
electronics industry. Today's instruments are 
more compact, inherently more efficient and 
considerably more versatile. Much of this 
change has been due to the accelerated 
development of miniaturization techniques in 
the semi-conductor field. To accommodate 
these changes. appropriate servicing 
techniques have been developed. which 
differ vastly from the techniques used 25 
years ago. 

This display attempts to illustrate those 
changes in digital voltmeter technology. the 
associated instrumentation and the 
techniques required. over a period of two and 
a half decades. The active displays contrast 
the techniques and equipment and the static 
displays illustrate the changing technology 
from the early digital voltmeters to the high 
precision. multi-function units in common 
laboratory use today. 

Servicing Instrumentation in the 
I960s 

Observation of the 1960s exhibit shows that 
servicing techniques were. compared with 
today's procedures. quite simple. The test 
equipment was adequate to maintain the 
comparatively low level of complexity of 
instrumentation in those days. These 
servicing systems. commonly using vacuum 
tube technology. consisted of a series of 
discrete items. Each item had a specific 
application and was. by today's standards. 
functionally limited. Most instrumentation 
was analogue-based and. as such. required 
analogue test equipment and techniques. In 
today's terminology. these systems were 
"hardware" oriented. 

The Transition to the I980s 

The period up to the 1980s saw the 
introduction of digital technology using. 
initially. discrete components and 
progressing logically. through small scale 
integration to Large Scale Integration (LSI) 
techniques. The exhibits illustrate this 
progression and it can be noted that over the 
last several years the rate of application of 
new technology has increased. Even today's 
most simple instruments use LSI techniques. 

Complexity ofModern 
Instrumentation 

Modern instrumentation. whilst being far 
more user-friendly. has achieved a degree of 
complexity that is significantly above that of 
the 1960s. The introduction of LSI techniques 
has resulted in 'intelligent" instrumentation in 
which the facilities of the instrument are 
controlled by a processor. Coupled with this 
has been the development of 'custom 
Integrated Circuits ([Cs) or Programmable 
Read Only Memories (PROMs). commonly 
called 'firmware". This firmware retains 
programmed information for use when called 
upon by the various functions of the 
instrument. As can be seen by observing 
various exhibits. this application of new 
technology has led to miniaturization. 
compactness. functional versatility and an 
increase in ease of operation. However. to 
cope with this technological advancement. 
special servicing techniques and complex test 
equipment are required to perform remedial 
maintenance on this new generation 
equipment. 

Servicing Instrumentation in the 
I980s 
Today's servicing personnel have been 
required to encompass this new technology. 
Wider disciplines. a greater number of 
variables, environmentally sensitive devices 
and the mere fact of miniaturization have led 
to a drastic change in the servicing 
procedures. The 1980s test system illustrates 
the use of instruments such as logic analysers 
and emulators to assist in the diagnosing of 
faults in new generation instrumentation. 
These diagnostic instruments. usually used in 
conjunction with a set of programmable 
instructions or 'software", act as data 

gatherers to amass the large bulk of digital 
information transmitted within the 
instrument. 

Once this great array of data from data-lines 
and BUS-lines has been collected. complex 
analysis of the output data is required to 
establish where inconsistencies are apparent. 
The exhibit demonstrates remedial 
maintenance on a modern digital voltmeter. 
All test instruments arc under the control of a 
central controller and the data is readily 
displayed for analysis. You are invited to 
observe. for yourself. the routines associated 
with this particular system. 

In general. most measurement 
instrumentation has been greatly affected by 
the revolution of new technology. 
Instruments such as voltmeters. audio and 
radio frequency ( r. f. ) generators. anal yscrs. 
general purpose and precision bridges. 
reference sources. even cathode ray 
oscilloscopes. are all now relatively complex 
in nature. In addition. non-measurement 
instrumentation such as computers. computer 
peripherals and controllers. most of which arc 
maintained within the Research Department. 
all require this revised approach to 
maintenance. 

The implication of the above is that remedial 
servicing has become more complex in 
nature. Typical aspects that warrant 
consideration arc: 
• theory and application of digital 

techniques including micro-processors. 
PROMs and EPROMs 

• operation of complex analytical test 
equipment 

• associated analysis of test data 
• clean environment servicing of printed 

circuit boards , 
• servicing of miniature components and 

associated printed circuit boards. 
including multi-layer types 

• servicing involving environmentally 
sensitive components including 
electrostatically sensitive devices. 

Today's servicing personnel are required to 
adopt an approach that is in keeping with 
these advances in instrumentation and 
consequently must possess a working 
knowledge and the practical skills necessary 
to enable servicing of this equipment. 

Contact: Dannv Wilson 03-541 6190 
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RESEARCH DEPARTMENT 
MUSEUM COLLECTION 

Communications Equipment 

To maintain a hissory of the Research 
Department's involvement in Australian 
communications, a local museum is being 
established to provide both storage and 
display facilities for a wide range of 
communications-related equipment. 

Such items include: 
• Specimens of early telephone cables 
• Examples of recording instruments: 

Edison cylinder players, record players, 
wire recorders, tape recorders and video 
recorders 

• Radio transmitters and communication 
and domestic receivers. 

Research Equipment 

As the Department is concerned mainly with 
research and prototyping, a great deal of time 
is spent in testing and measurement. A 
representative range of measuring 
instrumentation has been collected. This 
includes: 
• Voltmeters. From early galvanometers to 

modern digital voltmeters 
• Calculation. From abacuses and slide 

rules to calculators and computers 
• Oscilloscopes. From early oscillographs 

to modern multi-trace CROs. 
An important aspect of the museum 
collection is that it is being continually 
updated. The historical value of equipment 
no longer required within the Department is 
also being continually assessed. 

It is hoped that in the near future an area 
within the Department will be reserved to 
allow a permanent display of museum items. 

The number of items ih the current display 
represents only a small portion of the 
collection, most of which is held in storage. 
Unfortunately, a great many items require 
restoration before they can be exhibited. The 
cost of restoring all items would be 
prohibitive, hence only a few items can be 
restored at any one time. A great deal of 
restoration work is done by volunteer staff 
from within the Department. Those who have 
an interest in the 'by-gone era' donate their 
time to help restore some of the items. 

As previously indicated, the Museum caters 
for all types of instrumentation. old and new. 
If you have an item you may wish to donate. 
please contact the person below. 

Contact: Sel/11Curli.103-541 6747 
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HANDICAPPED PERSON 
ACCESS DIALLER 

The 'Access Dialler" is an instrument 
originally developed to meet the needs of 
people with manual dexterity problems. Its 
simple operation and built-in features enable 
it to be of benefit to users with other 
disabilities when they are making a telephone 
call. 

The Basic Concept 

The concepts and system were developed 
over several years by 'Cornskill. a dedicated 
volunteer group. who arranged with Telecom 
Australia for the instrument to be developed 
and made available to customers as 
requested. It would provide an alternative 
solution to the problem of using a 
conventional telephone. with a standard 
rotary or keypad dial. 

For persons with limited or spasmodic muscle 
control. the task of dialling can be an obstacle 
sufficient to prevent them initiating a 
telephone call. Likewise the demands on 
others to carry out the dialling process may 
place psychological limitations on the use of 
the telephone for social contact. 

The Research Department was asked to 
investigate the concepts and prepare a 
feasibility model based on the "Comsk ill ' 
specifications and then produce a pre 
production model. Several alternative shapes 
and styles were considered with appropriate 
circuits. operator pads and display 
configurations before the pre-production 
model was supplied to Telecom 's 
Headquarters Engineering Department for 
adaptation and production manufacture. 

Operational Techniques 

The Access Dialler is part of a 
communication system. used in conjunction 
with standard telephones. loudspeaking 
telephones, light-weight headsets or remote 
operating controls. 

The Access Dialler is operated by hand. chin. 
elbow or with a mouth or head-stick via two 
rubber pads. sensitive to a light touch but also 
capable of withstanding a heavy blow without 
damage. 

For normal operation. the number to be 
dialled is recalled from one of the memory 
locations and displayed using the · S · (Select) 
pad. Dialling or re-dialling is commenced by 
the ·c (Call) pad. 
The user is able to enter new numbers or 
change existing numbers by using the · S · and 
·c pads. 
The speed with which individual digits arc 
displayed when setting a number can be 
controlled to suit the individual customer. 

Special Facilities 

Provision has been made for the addition of 
special extra facilities such as external 
activating devices and remote triggering of 
emergency dialling. 

The dialler has a memory for fifteen numbers 
including a special simply-activated 
emergency number. The number being called 
or set up by the user to be called is displayed 
on a large liquid crystal display. The memory 
and the display arc both powered from the 
telephone circuit. The dialler has internal 
batteries to sustain the memory and the 
programmed numbers while the dialler is 
briefly disconnected from the telephone 
circuit. as may be necessary. for example. 
when it is being relocated. 

The unit can be mounted vertically on a wall 
or cabinet for bed patients or horizontally on a 
table or shelf. 

Local. STD and ISD calls can be initiated 
either from the internal memory. for regular 
numbers. or by setting up an individual 
number as a once off call. or for storage in the 
memory for later use. 
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