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CHAPTER 1

NATURE QF VARIQUS PUBLIC TELECOMMUNICATION NETWORKS &
RVI RENTLY IN 1 WORLD

1.1 Introdugtion

There is a wide variety of public telecommunication services. and the
networks to provide them. currently in use in the world. However. there are four
basic services of universal application and ot particular interest 1o the developing
countries These are:

: The piain old public telephone service (POTS,
The public text or telex service

The Facsimile (FAX, service

The data service

The message transter service

1.2 The Plain_old telephone service

1.2.1 The subscriber leases a telephone connection from the service provider
and using the teiephone instrument can establish a call to other subscribers almost
anywhere in the world and speak to them at will. The service providers buitd up a
herarchical network of switcning nodes and t.ansmission systems with international
inkages o permit this service. The network is known as the public swiiched telephone
natwork <PSTN). The basic function of such networks is establisment. through the
lransmissicn systems and switching nodes. al the wilt and commang of the subscriber,
of a two wire physical or electronic circuit. from end to end. for each call. 10 any
other suhscriber any where in the world. tor exchange of voice communicaton.

1.2.2 The POTS service is used not only by ihe business.
mdustry and administrations but also by householders. The number of main telephone
connections working from public networks in the world exceeds 530 milhion. an
overwhelming majority of them however in the developed countries. The: availabilty of
telophon: services in most of the developing countries has. been very meaqre.

1.2.3 Table 1.1 ndicates the distribution of main telephone
cnnnechans an different continents and & few of the most developed countries 1 them,
a5 on 11988 The lable shows that the availability of telephones per 100
mhabitanis in Africa and Asia is very low. Whiie: the position in Asia appears better
than in Africa, fact is that in Asia also most of the telephones are in Japan and Korea.
Further. even in Americas. and Oceania most of ‘he available teiephones are in a few
highly developed countries viz USA and Canaca in Americas. and Australia and New
Zoaland in Oceania. Of late the rates of qrowih in the developing countries have shown
v oupward rend.
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1.2 Th lex rvi

1.21 The telex service is similar to the public telephone service except that
the subscriber uses a teleprinter (or teletype as some call it) to exchange written
iext communication instead of the voice communication. They lease & teleprinter
connection and the service provider builds a hierarchical telex network using
ransmission systems and switching nodes with international linkages. In this case
also a two wire physical or electronic ciruit is built up from end to end with the
diiference that while for effective voice communication in a PSTN such a circuit
should be capable of effective transmission of 2 band width of 4 KHz, a telex circuit
uses a much smaller bandwidth usually about 120 t0 240 Hz.

1.2.2 This service is used largely by business, industry and administrations
who have to exchange large volumes of text communications. The service is however
being supplanted by the daia communication on one hand and facsimile service on the
other. The number of main telex connections in the world is about 1.8 million. The
growth of demand has been slowing down very significantly in recent years.

1.4 Facsimile service

1.4.1 In facsimile service any writlen text or skelches or even pictures can
be transmitted and received using special facsimile machines in place of a telephone
instrument. on a connection established on the PSTN network. Unlike the telex machine
where the text has to be transmitted character by character as in typing and there
are problems of language and script. in facsimile a true copy of the original document
is reproduced at the receive end. It is faster and free from restrictions of script  elc.
The service is basically used on the existing PSTN networks.

1.4.2 This service is becoming very popular among business. industry and
administrations.

1.5 rvi

1.5.1 With the advent of computers, it has become necessary to transmit and
transfer large volumes of information, (text. numerals, sketches, and graphs etc)
rapidly. This is done in digital form. A variety of data services have come up provided
through a variety of networks. However the public data network services can
generally be divided into following categories:

’ Small and moderate speed data service uplo 9600 bps on
existing PSTN rietworks, with use of modems at the two ends.

: Medium speed data service upto 64 Kbps using either special
data networks based on packet switching concepls of newly
emerqing Integrated services Digital Networks.

: High speed services of over 64 Kbps over special broadband
networks being built in some of the developed countries.

Chapter 1 Page 2/5




1.5.2 Data on PSTN: The subscriber establishes a physical (or electronic
circuit) through the PSTN and then exchanges digital data via the modems at the two
ends. The connection can be used both for voice communication with the telephones
and for data communication via the modems, using suitable change over arrangements.
This is an economical method for exchange of data communications at moderate
speeds, since it does not call for a seperate connection from the subscriber premises
to the network and also does not cawm 0r establishing a seperate network. However
when large volumes of data have to be exchanged and higher speeds are tequired,
seperate networks become necessary.

1.5.3 Data on seperale PSDN: Seperate special networks based on Packet
Switching Concepts have been established in many countries providing a whole range
of speeds upto 64 Kbps. The start up cosis tended to be high. Apart from a separate
special network, separate subscriber lines are needed for access to the networks.
They however became highly economical once the demand built up for higher speed
data services. The development of inlegrated seivices digital networks (ISDN) holds
promise of integrating the separate PSTN ang PSDN into a cost effective integrated
network.

1.5.4 Dala on ISDN: Over the years digital technology has been applied both
for transmission and switching. PSTN's with digital switches and trunks have
become highly cost effective compared to analog ones. As a next step digitalisation of
subscriber line 1o handle both voice and non voice services has been developed. Each
subscriber line is suitably multiplexed at the subscriber terminal inlo two 64 Kbps
voice/data channels and one 15 Kbps signalling/data channel. Use of common channel
signalling and linkages between PSDN and PSTN permit the three channels to be used
simultaneously, the first two for voice or data, or high speed facsimile and the third
for signalling and data. This has brought about an integration of the voice and non
voice networks and has eliminated the need for separate subscriber lines for PSTN and
PSDN.

1.5.5 ISDN service has been introduced on various scales in most of the
developed countries, basically by building up ISDN networks as an overlay on the
existing PSTN and PSDN networks. Though the demand even in these countries has
developed only slowly and the cost has been substantial, continuous developmenls are
taking place. Eventually the establishment of ISDN networks may cost no more than
setting up the PSTN. The demand could also be expected to grow not only in the
developed countries bul in also the developing countries. Keeping this in view, as an
ample precaution against absolosence. PSTN networks are being expanded and renewed
using the digital switches and transmission media with provision for upgradation 1o
ISDN.

1.6 The M Transfer rvi

Telecommunication service basically started as a message transfer
service in the form of publiz telegraphs. While eventually it was overtaken by the
telephons service, it still has substantial utility as a form of business, adminisirative
and personal communication. While seperate public telegraph networks have suffered
a significant decline, need for a message service has been clearly recognized. The
PSTN and ISDN networks are capable of supporting highly effective message transfer
service by way of range, quality and cost of service. They can handie not only the
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traditional textual but aiso voice messages on a store and forward basis, through
special computer based “user agents’. "message stores” and “physical delivery
access units”. CCITT has made comprehensive recommendations on the subject.
Electronic text and voice mail services have a significant potential and are ol special
interest to developing countries where public telegraph service is expected 1o
continye to play an important role particularly in rural areas. They have the potential
of integraling this service with the other communication services.

1.7 Observation

For the present, public switched telephone networks, based on fully
digital switching and transmission systems, capable of supporting the plain old
telephone. the facsimile, the data at moderate (upto 9600 bps). and in some cases
medium (upto 64 Kbps) speeds, and the message transfer services, with potential for
upgradation to ISDN, may be of the greatest interest to the developing countries.

The structure and the main components of such a network are discussed
in somewhat greater detail in the text chapter.

Annexed:

TABLE 1.1 : DISTRIBUTION OF MAIN TELEPHONE LINES
BETWEEN DIFFERENT CONTINENTS
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Table 1.1 : Distribution of main telephone connections in
different continents.

As on lst January 1988
Coatinent No. of Main % gxowth over per 100
Lines previous year
Africa 6,856,000 1.9 1.i6
Americas* 163,520,000 4.1 23.70
USA 126,725,000 3.7 51.99
Canada 13,444,317 3.2 52.4°
Japan 49,247,000 S. 4G.34
Keorea, R. 8,785,165 14.7 20.8%2
Oceania* 8,644,000 4.0 20,57
Australia 7,031,549 .0 53.63
tiew Zeaiand 1,370,781 3.7 51.93

[Source: Siemens International Telecom Statistics:1989]

* In Americas out of about 163 million main lines nearly 120 million were accounted
for by USA, and about 13 million by Canada.

* In Asia out of aboul 89 million main lines over 49 million were accounted for by
Japan, and another about 9 million by Republic of Korea.

* In Oceania out of about 8.6 million main lines, about 7 million were accounted for by
Australia and about 1.4 miliion by New Zealand.

Thus in these three continents also, if the figures for these highly developed countries

are taken oul.the availability of main lines, in absolute numbers as well as per 100
inhabitants is at present extremely low.
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Chapter 2

BASI TRUCTURE AN MAJOR PONENT F
NATIONAL PUBLIC SWITCHED TELEPHONE NETWORKS

2.1 Intr ion

2.1.1 National public switched telepione networks consist of a hierarchical
system of swilching nodes or exchanges interconnected by groups of trunks or
junctions over suitable transmission media. Appropriate user terminals at customer
premises or public places are connected to this network over subscriber lines. Under
the aegis ol the International Telecommunication Union and specially its Commitiee
concerned with Telephony and Telegraphy, tre  CCITT, taere has been considerable
standardization in regard 1o the structure, the compenent systems and the interfaces.
The Public Switched Teiephone networks designed, constructed and operated in
accordance with agreed CCITT recommendaiions will give highly satisfactory world
wide telephone. facsimile and moderate speed data transmission service.

212 The switching .nodes and transmission media have evoived through a
variety of analogue systems to the present fully digital ones. A combination of the
digial switching and the digital transmission systems provides the most reliable and
cost effective networks and has been assumed in all further consideration.

2.2 Networ mponen n T r

Fig. 2.1 illustrates the basic concepl and structure of a national
hierarchical Public switched telephone network. The network is essentially designed to
establish. on demand. a physical circuil between the calling and called subscribers, 10
enable the transmission of communication: voice. facsimile and moderate speed dala,
with reasonable level of privacy. and to breakdown the circuit when no more required.
It consists of following main functional components:

2.2.1 Subscriber apparatus
2211 Indicated by a telephone instrument symbol in tig 2.1, it is the

apparatus used by the subscriber 10 signal his requirements to the network and
communicate with the called partly. It may consist of a telephone instrument, a
facsimile machine or a modem interfacing between the subscriber line and a data
terminal #.g. a personal computer.

221.2 The basic function of the apparatus is to transmit and receive signals to
indicate the connection requiremenis to the nelwork and 1o converl the voice, of
oplical scan of a document or the digital data inlo elecirical signals capable of
transmission on electrical circuis and vise versa.
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2.2.1.3 Private Branch Exchange (PBX's) : While strictly not a subscriber
apparatus as defined above, PBX's are an imporiant piece of equipment at the
subscriber premises particularly for the institutional subscribers, business or
otherwise. They meet the need for considerabie internal and external communication
in such establishments. They are basically a switching node with certain special
features and have deveioped in parallel with public switching nodes. Digital PBX's
kave now become universal and are rapidly replacing the existing instaliations of
earhier equipment. Besides handling the traditional internal and external
communication. they are able to support a whole range of voice and non-voice
servic2s and have become an important tool in office automation.

222 Th ri line.

2221 This consists of an exclusive. dedicated, 2 or 4 wire physical or
equivalent circuit connecting the subscriber apparatus to the first switching node
known as the subscriber exchange (SE in figure 1) or 1o a remote switching unit (RSU)
which 1s a part of the subscriber exchange. located remotely.

2222 The ftunction of the line is to provide a path for the signalling and
communication currents belween the subscriber apparatus and the network. It may be
provided physicaliy on a pair of wires or on an equivalent circuit derived through
muitiplexing on a pair of metalic conductors. symmetrical or coaxial. on optical
fibres or on a radio system. As a physical pair it may consist of an open wire line. or
a twistec insulated pair of conductors in a cable carrying many such pairs. The cable
may be l2id underground directly burnied or pulled in a duct or may be siung aerially on
poies.

2223 While the continuously rising costs. problems of rehability. the
electromagnetic interference and the aesthetics have made the open wire lines totally
obsolete. in general, physical copper pairs in cables continue to provide a highly cost
eftectrve alternative. for subscriber lines for fixed installations. particularly in
urban areas of high density. When using such physical pairs of wires, good
transmission and signaling require a2 low resistance. usually @ maximum of 1000
ohms. and a high insulation. usually a minimum of about 20 Kohms. The line has to be
protected trom deterioration due lo adverse weather conditions elc. It also needs
protection from lightning strikes and contact with power lines. and a reasonable
treedom from electro-magnetic & electro-static interference from other circuits,
which could give rise 1o noise andor cross-talkk. These requirements are met by
choice of the conductor gauge. isulaling materials & practices, moisture barriers.
elactrostatic balancing and twist of ditferent pairs in different lays eic.

2224 In many situations particularly in rural and remole areas of low
densily. radio based systems. lerresinal or via the satellites. particularly the
demand assignment multiple access systems, provide a more cost eflective and
reliable alternative.  For the mobile service they are the only feasible allernative.
Considerable experimential and development work 1S also in progress for the use of
ophical fibres for subscriber hnes.
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223 Subscriber exchange (shown as a circle marked SE in figure 2.1))

2231 Every subscriber's line is connected to a subscriber exchange which is
known as his parent exchange. All outgoing and incoming calls {irom and to the
subscriber are routed through this exchange. The subscriber exchange has a small
element exclusively dedicated to each suktscriber line, which provides the interface to
the rest of the network. The main functions ot a subscriber exchange are:

aj Continuously monitor the subscriber line, promptly detect the calling signal
whenever the subscriber wants to originate a call and acknowledge the signal (by
transmitting a distinctive tone known as dial tone).

o] Accept from the subscriber. signals indicating the called line number. These
used to be in the form of decadic dial pulses but of late, are. more and more
frequently. in the form of dual tone multi-frequency signals. These are generated
using electronic networks by operating appropriate swilches by pressing alternative
push butions.

C) Determine : ' most appropriate direct route through the network to establish a
throagh connectic~ between the called and calling subscribers and monitor its
establishmeant. In _ise of any congestion enroute. check successive alternate routes
uii a final choice or back-bone route is reached. If there is congestion even on this
route. transmit to calling subscriber a route congestion signal. either a distinctive
tone or a recorded 2nnouncement.

(o]} In case of an incoming call. test whether the called subscriber is free or
engaged on another call. If engaged. indic2te this 1o the calling subscriber’'s exchange
which then transmits a called subscriber engaged signal to the calling subscriber. i
the called subscriber is free. transmit a calling signal which is a distinclive ringing
current and results in a bell or buzzer sounding at the called subscriber's apparatus.
A tone is also fed back to the calling subscriber indicating that the called subscriber is
free and 1s being rung.

e When the called subscrber answers by lifting his hand set which automatically
gives a signal 1o his exchange. eslablish the through connection for the calling and
called subscribers to communicale.

fy The calling subscriber’'s exchange notes the call particulars suiiably and
monitors the call. When the calling subscriber signals the end of call by replacing his
hand sel. it iniliates release of the connection through ail the nodes. and also notes
down the duration of the call. It may store full details of the call.that 1s. calling
number. called number, time of commencement and completion of the call: or it may
record only the chargeable call units 1o 1o the account of the calling subscriber,
depending on the sysiem of billing i.e. detailed or bulk.

(o] The calls between subscribers connected 1o the same exchange are handled
entirely vathin the exchange. Calls between two Ssubscribers connected 1o 1wo
different exchanges in the same local o1 urban network may be routed direclly
between the two exchanges or via a tandem ( shown in fig 2.1 by a rectangle marked
TDM ). The calis belween 1two subscribers connecied to two exchanges nol formir~
parl of the same local network will be routed via one or more transit exchanges and
the connecting trunks beilween them.
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2232 The number and location of the subscriber exchanges is determinea by
techno-economic considerations, such that the overall investiment and operating cosls
of the local network consisting of the subscriber lines, the subscriber exchanges, the
tandem exchanges and the junctions between all these exchanges is the least.

2233 Mention has been made of Bemote swilching unitls. These are parts of
the subscriber exchange located remolely and used to concentrate traffic from a
number of subscribers and carried to the main exchange on a comparatively smaller
number of junctions. They are used. to effeclively reduce the average length of the
subscriber line and thus its cost. On the other hand they add to the network cost by
way of junctions and separate infrastructure: building, power, air conditioning etc.
The number and location of Remote switching Units is decided so as to ensure tnat the
overall cos! of subscriber cables plus the addilional cost of providing the RSU's is
optimised. With the economies possible in provision of junctions through various
digital media such units have beccme highly cost effective to serve fringe areas of
low density in large urban centres and for serving a ciuster of a number ot small
townships each with its own remote switching unit controlied by a centrally located
tull subscriber exchange.

224 Tandem Exchange indicated by a rectangle marked TDM in fig 2.1
2241 Tardem exchange accumulates small outgoing traffic from a number of

exchanges and distributes incoming traffic from a number of exchanges into them.
The basic justification for tandem exchanges arises from the fact that groups of small
number of junctions are highly inefficient. Merging smali volumes of traffic to and
from a number of exchanges helps build up larger more efficient groups of jurictions.
The number and location of tandems is decided by balancing the increase in invesiment
and operaiing costs because of introduction of another switching stage and their
reduction by substituting a large number of small groups of junctions. to a smaller
number of larger groups of more efficient junctions. thus ensuring the most
economical configuration.

225 Transit (Trunk) exchange: indicated in fig. 2.1 by a triangle and a
square marked 1T and 2T

2251 Trunk transit is an exchange which basically handles transit traffic
from and to other exchanges. subscriber and/or other transit. The economic
justihcation for such exchanges is the same as for the tandem exchange. except thai
they handie longer distance traffic. Depending on size and topography of the
country.there may be a rumber of levels of transit exchanges in the hierarchy.

2252 The lowest or first level of iransil exchanges are called primary
iransits. They switch traffic belween subscnber exchanges or between subscriber
and second level transit exchanges also known as secondary transit exchanges. in
very large nelworks there may be even higher levels of transit exchanges known as
ternanes.
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2253 The basic function of transit exchanges is to transit tratfic between
other exchanges. For this purpose these exchanges receive signals indicating the
called number, find the most appropriate route to the called subscriber exchange,
either direct or through other transit exchanges and exchange further signals aboutl
the progress of the call. Eventually a through communication channel is eslablished
from the calling subscriber. through his parent subsciiber exchange, through one or
more transit exchanges. finally to the called subscriber through his parent subscriber
exchange.

2254 in addition to the basic transit function, 1st level or primary transit
exchanges are sometimes also entrusted the task of determining and transmitting to
subscriber exchanges the call charge information or centrally recording the detailed
billing information for a number of small subscriber exchanges, whose size may not
justify the cost of these features. In these cases the control and monitoring of the
long distance or trunk calls is transferred from subscriber exchange to the primary
transit exchange. These exchanges are therefore also sometimes called trunk
automatic exchanges.

2255 With the adoption of stored programme fully digital technology and
functional modularity, a large part of the hardware as well as sofiware of subscriber.
tandem and trunk transit exchanges has become identical. Different exchanges can be
suitably engineered with the same basic building blocks.with suitable additional
modules to serve the special function for particular application. Further, the same
exchange can also be configured to work partly as a subscriber exchange & partly as
a tandem and / or transit exchange to route traffic from and to other exchanges
permitting significant economies in building up networks. Such exchanges are
appropriately called Integrated Local cum Transit Exchanges (ILT's).

2256 The number and levels of transit exchanges in a national network .3
decided on the one hand by the country’s size. the densities of population. telephones.
and traffic in different regions, and on the other by comparative costs of switching
and transmissicn systems. Till recently the per channel cost of transmission systems
compared to the per termination cost of swiiching equipment, was significantly
higher. particularly in case of very long trunks. In the larger countries therefore. the
national networks had been configured with 3 or sometimes even four levels of trunk
transit exchanges. With digitalization of transmission systems, and in particular
advent of optical fibre and satellite transmission systems, per channel cost of
transmission systems has come down considerably and is becoming fairly independent
of distance. The general trend now is to configure national networks with only two
levels of trunk transit exchanges namely the primary and the secondary. as shown in
Fig 2.1.

2257 Besides the functions of establishing through circuits for
communication. exchanging signals for that purpose, and keeping an account of the
usage by the subscribers for billing, the subscriber, tandem and trunk transit
exchanges have also elaborate facilities for !raffic measurement. for supervision of
cais and for maintenance and operation. The facilities include continuous monitoring of
the various pieces of equipment. observing any failures and identifying the faully
module with suitable alarms and print oults. They also include the monitoring and
testing of the conditions of the subscriber lines and inter-exchange Irunks.
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226 International Galeway Exchange (Indicated by a star marked IG in fig 2.1)
2261 The international gateway exchange is another trunk transit exchange,

with the speciality that all internalional traffic trom and to subscribers in other
counlries is routed wia the international gateway. Apart from the noriaal function ot
providing a through circuit belween the calling and called subscribers in the two
countries. the gateway exchanges have facililies 10 record elaborate data and
statistics for calls to and from different countries, 1o help settle accounts between
the admmistrations of different countries and any international transit exchanges
enroute.

2262 The number of international gateway exchanges is generally determined
by the size of the country. Most countries except the very large ones, or with very
high international traffic. are able to do with only one.

227 Operator Services Switchboards (Indicated by a symbol of a desk
marked OSS)
2271 The trend basically is towards a fully automatic operation of the

network under the control of the subscribers. However, occasionally operator
assistance becomes inevitable, e.g. for failure reporting, directory inquiry. reverse
calt charging. and emergency services etc. It is usual to provide for subscriber access
1o operators by dialing short standard codes. The access circuits are terminated on
suitable swilchboards with a variety of facilities 1o provide the necessary assistance.
The operators have special access to the network and computerized information data
banks. test faciilies eftc.

2272 The number and location of operator seni~es switchboard centres in
the network is decided on techno-economic considerations, and is essentially a
judicious balance between economies arising from cenitralization of manpower and
common facilities and the additional costs of switching and transmission in switching
ali operator assistance tratfic to a central point.

2238 inter-node or inter-exchange trunks
2.2.8.1 Various exchanges ( or swilching nodes) are suitably connected 10 other

exchanges by groups of circuits called trunks. In modern networks these are
invanably digital four wire circuils derived through digital multiplexing on a wide
variely of transmission media. symmetrical pair cables, coaxial pair cables. optical
fiore cables, and radio relay systems, lerrestrial and satellite based. working in
difterent frequency ranges

2.2.8.2 The provision of trunks between any lwo exchanges is decided by the
community of interest, i.e. the anlicipated traffic between them. However every
subscriber exchange is essentially connected to its parent primary trunk transit
exchange, every primary Iransit exchange is essentially connected 1o ils parent
secondary trunk transit exchange and every secondary trunk transit exchange is
connected to every other secondary transut exchange in a Iwo level transit hierarchy.
These essenual trunks are known as the last choice or back-bone routes. In addition 10
these. depending on the community of interest and traffic anticipation. direct roules
are provided belween cerlain  subscriber exchanges. from subscriber exchanges 10
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primary trunk transit exchanges other than their paremt, and similarly from primary
transit exchanges !¢ secondary transit exchanges other than their parent. Such trunks
are known as high usage trunks and are provided only if the traffic justifies a
sufficiently large high efficiency trunk group.

229 A practical network
2291 Fig 2.1 basically illustrates the concept of a hierarchical PSTN. It

shows only two subscriber exchanges and only two each of the primary and
secondary transit exchanges. It shows only one RSU from each of the subscriber
exchanges and only one subscriber from each subscriber exchange and RSU. In
practice a subscriber exchange may serve from a few 1o many thousands of
subscribers. Similasly a RSU may also serve from a few to a few thousand
subscribers and there may be a number of RSU's parented to a subsciiber exchange.
The network may have from a few to thousands of subscriber exchanges. Each
primary transit exchange will parent many subscriber exchanges and n turn a
secondary exchange will parent many primary exchanges. There may be many
secondary exchanges. In a very large network there might be even higher level (i.e.
lerliary) exchanges.

2292 Fig 2.2 gives a typical distnibutior and location of various levels of
swilching nodes in an imaginary small country with five secondary level transit
exchanges. Each of these secondary level transit exchangeshas a co-located primary
and even a subscriter exchange. One of them marked A. has also co-located an
international gateway exchange.

Each secondary exchange A. 3. C. D. and E. has parented 10 1t @& number
of primary exchanges and in turn each prinary has a number of subscriber exchanges
parented 10 il

Every secondary is connected 1o every other secondary and 1o its
dependent primary exchanges by the backbone trunks. Every subscriber exchange 1s
connected to its primary. In addition some of the exchanges parented lo the same or an
adjacent primary exchanae have also direct trunks.

23 Network plans

For effective and efticient operation. the design of network calls for
consideration of many aspects. The service provider has 1o ensure that an access
ronneclion is provided 10 any prospechve subscrber within 2 reasonable hme after
. quest. Further the nelwork has 1o be so designed as to permil estabhshment, on
demand. of a through circull, physical or sunably denved on varnous alternative
ransmission  systems or a combination thereot. between the calling ang the called
subscriber apparatus, from any where 10 any where. to enable transmission of
communication - voice. tacsimile. and moderate speed data. with a reasonable level pf
privacy: and to breakdown the circut when no more required. This has to be achieved
re-hably and at minimum cost.  Some of the: 1ssues 10 be considered are’

a) A realistic forecast over a reasonable penod. of likely
subscribers,  their location and the trafhic between them.
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b) A numbering plan. such that each subscriber has an iriernational
unique number on which he can be called.

C) Selection of optumum number and locations for subscriber
exchanges and a subscriber line network plan to ensure an economic access from all
praspectlive subscribers to the network.

d) A switching and routing plan, to enable establishment of through
connecticns from any subscriber to any other subscriber economically and reliably
with adequate redundancy to take care of any failures, or temporary route
congestions. .

e) A plan for internode and subscriber to network signalling.

f) A transmission plan to ensure high quality of error tree
transmission from end to end. irrespeclive of length of the connection and number of
intervening nodes.

Q) A charging plan i.e. method of charging for use ot network,
according to length ot connection, duration. time of day etc. and the system of
recording i.e. by periodic pulse metering for bulk billing or detailed accounting with
details of each connection established.

h) Choice of appropriate technologies and products for subscriber
apparatus. subscriber lines. switching nodes and transmission trunks (© ensure
economy with reliability and maintainability in different types of situations like
subscriber density. terrain. disiances elc.

i) Dimensioning the nodes. irunk groups elc. to handle the
anticipated traffic with a target grade of service.

1) Choice of sources of power particularly in rural and remote
areas.

k) Plans for maintenance and nperation of equipment and network.

All these and many other issues besices the direct cost ot equipment
and matenals have to be iaken into consideration 10 achieve nverall economies.

These plans are an essential input for proper planning, configuring and
operaling the network. While not directly affecting the manufacture of hardware. they
are required to engineer the functional modules in the swilching nodes and
transmission media, and the software. Eventually they affect the network costs,
future expandability. and introduction of new evolving services withcut major cosl
penalties

These plans are thus of vital importance for the successful operation a
notwork. Thewr more detailed treatment 15, however. outside the scope of this survey.
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24 Maj . . . he buildi i PST
network

The above is basically a very briet and elemetary description ot the
major functional components of a PST network. Each of these functional components is
built up using a very large variety of products. k is impossible to list all of them in
any briet report. However a brief list of products that go 1o build up the network is
given in Table 2.3.

25 Aver r i ‘

The end product of the neiwork can be cosidered a subscriber
connecticn at the subscriber premises which can be used by him for communication
with any other subscriber any where in the world. Such connections are variously
referred to as main line. main connection or direct exchange line. The average
investment cost of the network per main connection or direct exchange line is quite
substantial and has been one of the inhibiting factors in adequate growth of
Telecommunication networks in developing countries. In the next chapter the averag2
investment cost per line for a national public switched telephone network and its
breakdown to ditferent compdnems is discussed briefly with a view ‘0 gain insights
into the possibilities its reduction.

Annexed:

Figures

2.1. Conceptual block diagram of a hierarchicat PSTN
2.2: Typical mode: network topology for a smali country
Table

23 A brief indicative list of systems and products going into a PSTN
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Telephone instruments

° Standard single line

: Extension plans

: Multi-line & key systems
* with cordless extensions
’ MARR & Celiular mobile

Telex instruments

* Teleprinters

° P.C.'s with telex cards

Modems for different data rates tor use with data terminals

Facsimile terminals

Private Branch Exchanges

Subscriber i

Multi- pair cables

- For underground ducts, jelly filled polyethylene insulated unit
win  polyethylene sheathed unarmoured.

° For direct burial, as above but armoured with with galvanized
steel tape.

: For aerial suspension

Jointing materials

: In line jointing modules
: Jointing closures
Ducting
. PVC. HDPE pipes & accessories
‘ RCC malerials

Main distribution frame for cable termination at exchange:

: Iron work frame

: Terminal strips for mounting gas discharge tubes and
terminating  cables and jumpers

. Gas discharge tubes for lightning & power contact protection.

) Jumper wire
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Table 2.3 (continued)
Subscrit Line . I

5. Cabinet, pillars & D.P.'s (flexibility points)

: Steel or plastic housings
° Insulation displacement type terminal strips.
6. Line Jack Units for terminating lines at Subs premises
7. Single pair cable {Drop wire), for leading in subscriber line from a D.P.

to the Line Jack Unit.
8. Subscriber line carrier systems
9 Subscriber line radio systems e.g. single channel VHF

10. Multi channel demand assignment radio systems e.g MARR and Cellular
mobile.

witching n s
1. Subscriber Exchanges. various sizes
2. Remote Switching Units

3. Transit & Tandem Exchanges of various sizes

4. Integrated subscriber and transit exchanges
Trunk nctions
1. Optical fibre systems

: Optical fibre cables

: Digital multiplex systems &

Optical line transmission systems of various capacities

- 2 Mbr/s, 30 channels

: 8 Mbr/s, 120 channels

. 34 Mb/s, 480 channels

: 140 Mb/s, 1920 channels

: 565 Mb/s, 7680 channels
and even higher order

: Various accessories
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Table 2.3 (continued)

Irunks & Junctions (continued)

2. Terrestrial Digital radio relay systems, various {requency bands &
capacities e.g.

: 4 & 6 Ghz 140 Mb/s 1920 channel,

- 11 & 13 GHz 34 Mb/s 480 channels,

* 2 GHz 8 Mb/s 120 channel,

° 400 & 600 Mhz 2Mb/s 30 channel and 10 channel systems.
3. Satellite based digital and analogue systems of various capacities in

various frequency bands

iy Large capacity muiti channel systems
: Single channel per carrier syslems
- Demand assignment systems. Analogue & TDOMA

4 Accessories for radio relay systems. terrestrial & satellite based:
: Antennas of various types
° Wave guides. cables & feeders of various types

- Steel and other towers of various heights and load capacities

Acc ri r ipment for all ms:
1. Main Power plant for swilching nodes and transmission stations :
: Float chargers from mains to 48 or 60 volts D.C. various
capacities.
: Standby batteries: Lead acid various sizes
2. A whole range of Test insiruments. some of general application, others

specialized for each type of equipment

3 Air conditioning plants of various sizes for exchanges & transmission
stations

4. Fire detection and fire fighting equipment

5. A wide veriely of equipment, Iransport, matericl handiing, winches,

and a wide range of tools for construction, installation and
maintenance & operation
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Chapter 3

Aver r_lin f national PST
network & ‘items and factors going into it
3.1 E ntial mponen f PST N rk

The main components of a national PSTN have been briefly discussed in
chapter 2. The cost of each of these components spread over all the working
subscribers’ lines determines the average network cost per line. The network cost
per line varies very widely from country 1o couniry and at different stages of
development of the network in the same country. The aclual cost of a specific line
within the same network varies very widely from the average, depending upon the
density of population and telephones. traffic, geographical topology and the location
of the subscriber vis a vis existing network facilities.

3.2 Start up costs of a PST Network
3.21 The two essential requirements of an eifective and efficient national
PSTN are:

Ability to provide access by way of a subscription service within a
reasonable time after receipt of request for such service, to every citizen who
wants such access and is willing to pay for it at reasonable tariffs, and

- prompt and effective establishment of a through channel for communication
with any other subscriber anywhere in the world. at the will and command of the
subscnber.

3.2.2 These requirements call for establishment of at least a skeleton
hierarchy of switching nodes and an international gateway, with transmission trunks
cennecting them, again at least the basic backbone routes, very early in the
development. In addition in urban areas it is neccessary to construct the
underground cable ducts along at least the main thoroughfares with certain minimum
subscriber cables to provide for connections anticipaled within a reasonable period.

The start up costs of a network therefore tend 10 be high. This makes,
the nitial per hine cost high. which, however comes down as the start up costs get
distributed over more and more subscribers.

3.3 Factor flecti h r_line i re P work

3.3.1 In a malure nelwork with a substantial base of subscribers and a
farrly stable growth rate, the cost per line depends on the telephone density, size and
topnioqgy ol the country, and the calling habits of the users i.e. busy hour
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tratfic in terms of simultaneous calls anticipated in different parts of the network
which in turn depends on the busy hour calling rate and average duration of the calls.
The network cost also depends on the target grade of service. All these are basic
inputs for the engineer. g and configuration of the network. Good engineering and
configuration, and proper selection of component systems can significantly reduce
cosl per line.

This brings out the importance of availabiity ot well trained and
competent network engineers, independent of the suppliers of equipment.

3.3.2 Apart from the above, the cost per line will naturally depend on the
input costs per unit (by way of equipment and services) which the counlry can
command. This in turn will depend on the extent of competition the country can
secure in its purchases.

3.4 i i i i W n
i i f ri

3.4.1 Table 3.1 summarizes typical per line cost and its breakdown under
major components. for a typica! national PSTN at an intermediate level of
development and maturity, with a base of between 500,000 to 1000,000
subscribers. The cost has been given for three types of areas in the network, high
density. medium density and low densily, the latter combined with difficult
geographical topology such as hilly & mountaneous regions or a collection of low
population density isiands. The table gives per line cost for each component in US$
and as a percentage of total.

3.4.2 The cost have generally been based on the average international prices
for equipment and supplies without any significant local government import duties or
other taxes, prevailing during the period 1987-90. Tre networks have been assumed
1o have been engineered and constructed using digital switching and transmission.

The cost of infrastructure namely land and buildings, takes into
account the relatively less expensive land and construction costs in developing
countries.

In regard to construction and installation costs, while on one hand the
significantly lower manpower costs prevailing in developing countries, have been
taken into account, on the other, higher costs of engineering & supervision from
suppliers. who in most cases. belong to the developed countries, and therefore
rather costly, have also been kept in view.

3.4.3 The figures in table 3.1 indicate that the overall nelwork cosis will be
of the order of 1000 US$ per line in high density areas, 1200 US$ in medium densily
areas and will be substantially higher of the order of US$ 2500 per line in very low
density and geographically difficult areas.

Chapter 3 page 2/8




3.5 Possibilities of reduction of network costs

35.1 The basic question before the proposed Bangalore meeting relates to
the possibility of reducing the network investment cosis in developing countries
through:

* Joint action and cooperation among developing countries in procurement of
telecommunication equipment

Local or regional manufacture of equipment & components going into them

3.5.2 Before going into these aspects perhaps it will be appropriate 1o
reiterate three points which have already emerged:

1) A good network engineering & configuration can significantly reduce
the average network costs per line. For this. availability of competent network
engineers independent of suppliers of equipment. is essential.

2) The unit manpower costs in developing countries are significantly
lower than in developed countries. Availability ol adequately trained and competent
local manpower to undertake all the engineering, construction, installation.
maintenance and operation will significantly reduce the average network cost.

3 Ability to secure adequate competition in purchase of equipment and
services will help reduce the cost of essential inputs to the network.

353 Network segments requiring priority consideration:

While reduction in ccost of every segment of the network will
contribute to overall reduction of costs, it stands to reason that areas contributing
the maximum to the average cost, need priority consideration. To help identify such
priority areas, the per line network costs have been summarised in table 3.2 under
six broad headings:

1y Subscriber instruments

2) Subscriber Lines

3) Switching systems

4) Transmission media

5) Operalor services boards
6) Construction & installation

These costs have been further rearranged in tables 3.3, 3.4, & 3.5 in
descending order seperately for high, medium and low densily areas. The tables
indicate that:

In high density areas, swilching system costs lead with a 38.8% share
followed by subscriber lines with a 21.4% share.
: In medium densily areas the swilching system costs still lead though with a
smaller share of 32.3%. The Subscriber line cosls are still next but with a much
larger share of 30.9%
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* In very low density areas the transmission media costs overtake and become
dominant with a share of aboi' 60%.

The above analysis indicates the possibilities of somewhat different
priorities among the developing countries according to their geographical topology
and population distribution.

354 1 _or regional nyfactur f m n :

To help the Bangalore meeting to consider the possibilities ot reduction
ot costs through iocal and regional manufacture of some of the equipment. a more
detailed survey of important component systems and products going into the network
has been undertaken in the following chapters. This includes a survey of the systems
currently in use and being produced, their brief description, and an analysis of the
essential inputs required for their production. by way of components and raw
materials: machines, tools & testers: and manpower. Some idea of their
international costs has also been given. In a seperate chapter., a similar analysis of
inputs required for some of the more important components themselves has also been
undertaken.

Annexed: Tables:
3.1 Per line component wise costs for a typical national PSTN.
3.2 Per line costs for a typical PSTN summarised under a few broad headings.

33 Per line coslts for a typical PSTN. headings rearranged in descending order of
costs in high density areas.

3.4 Per line costs for a typical PSTN. headings :earranged in descending order of
costs for medium densily areas.

35 Per line costs for a typical PSTN. headings rearranged in descending order of
costs for low density areas.
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IYPICAL AVERAGE INVESTMENT COST PER LINE
Areas of>>> High Density Medium Density Low Density
Network component Uss % Uss 0¥ USS %

1.Electronic telephone with

push button dialler,dial

pulse/dtmf 25 2.4 25 2.1 25 1.0
«._Suybscriber line on jelly filled copper conductor cables involving:

a) Terminal jack at subs.

premises 4 0.4 4 0.3 4 0.2
b) Drop Wire & fittings 15 1.4 20 1.7 25 1.0
¢c) Dist'n point 5 0.5 8 0.7 8 0.3
d) Cable duct PVC 50 4.8 80 6.6 0 0.0
e) Distribution cable * 80 7.7 150 12.4 150 6.C
f) Cable pillar 5 0.5 7 0.6 0 C.C
g) Primary cable 60 5.8 100 8.3 0 0.C
h) Main Dist'n Frame 4 0.4 4 0.3 4 0.2
Total subscriber line 223 21.4 373  30.9 191 1.6
3._Switching nodes

a) Subscriber exchange 250 24.0 225 18.6 225 9.0
b) 1st transit exchnage 60 5.8 70 5.8 80 3.2
c) 2nd transit exchange 25 2.4 25 2.1 25 1.0
d) International Gateway 20 1.9 20 1.7 20 0.8
e) Infrastructure: buildings,

air-conditioning, :

power plant etc 50 4.8 50 4.1 35 1.4
Total switching nodes 405 38.8 390 32.3 385 15.4
Total carried over

to next page £33 82.6 188 62.2 601 24.0
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Areas of>>> High Density Medium Density Low Density
Network component Uss & Uss % USS %

Brought forward from
previous page 653 62.6 788 65.2 601 24.0

4._Transmission media (equipment, cables, antenna, feeders etc)

a) Trunks/junctions between Subs. Exchanges, and

lst. transit exchanges * 70 €.7 100 8.3 1,500 60.0
b) Trunks between lst and second

transit exchanges * 30 2.9 30 2.5 30 1.2
c) Trunks between 1lst & 2nd transit and

International gateway . 30 2.9 30 2.5 30 1.2
d) International trunks 20 1.9 20 1.7 20 0.8
e) Infrastructure, ducts,buildings, air conditioning, antenna,
power plant etc 20 1.9 20 1.7 20 0.8

Total transmission media 170 16.3 180 14.9 1,880 £3.2

5. Operator services

Boards etc 20 1.9 20 1.7 20 0.8
6. Construction & installation

costs 200 19.2 220 18,2 300 12.0
Total investment per line 1,043 100.0 1,208 100.0 2,501 100.0
say 1,050 1.200 2,200

Notes:

* Items 4(a) to (c¢) also include cost of direct trunks
among the subscriber, 1lst transit, and 2nd transit exchanges
themselves.

* Some trade-off is possible between items 2({e) and

4(a) in case of low density areas. There is an alternative of
providing service from a more centrally located exchange close
to the parent primary transit node, using higher cost single
channel VHF subscriber radio or multi-access radio relay systems
for subscriber line in place of copper cables and thus reducing
the <nst of trunks to the 1st transit exchange. Such trade offs
have = be considered to optimise the overall network costs in
individual cases.
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TYPICAL AVERAGE INVESTMENT COST PER LINE

Areas of>>> High Density Medium Density Low Density
Network component Us$s % Us$ % Us$ %
1 Electronic telephone 25 2.4 25 2.1 25 1.0
2 Subscriber lire total 223 21.4 373 30.9 191 7.6
3 Switching nodes total 405 38.8 390 32.3 385 15.4
4 Transmission media total 170 16.3 180 14.9 1,580 63.2
S5 operator services boards 20 1.9 20 1.7 20 0.8
6 Construct'n & installat'n 200 19.2 220 18.2 300 12.0
Total 1043 100.0 1208 100.0 2501 100.0

Table 3.3

Identifi . £ L) n {but i he ,

line inv : cal national public switched telepl
network (PSTN) to provide plain old telephone service (POTS) with
capability to support low speed(upto 2400 bps) data transmission and
facsinile (FAX) service

(high density areas)

TYPICAL AVERAGE INVESTMENT COST PER LINE

Areas of>>> High Density Medium Density Low Density
3 Switching nodes total 405 38.8 390 32.3 385 15.4
2 Subscriber line total 223 21.4 373 30.9 191 7.6
6 Construct'n & installat'n 200 18,2 220 18.2 300 12.0
4 Transmission media total 170 16.3 180 14.9 1,580 63.2
1 Electronic telephone 25 2.4 25 2.1 25 1.0
5 operator services boards 20 1.9 20 1.7 20 0.8
Total 1043 190.0 1208 100.0 2501 100.0
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TYPICAL AVERAGE INVESTMENT COST PER LINE

Areas of>>> High Density Medium Density Low Density
Network component Uss % Uss$ 5 uss %
3 Switching nodes total 405 38.8 390 32,3 385 15.4
2 Subscriber line total 223 21.4 373 30.9 191 7.6
6 Construct'n & installat'n 200 19.2 220 18.2 300 12.0
4 Transmission media total 170 16.3 180 14.9 1,580 63.2
1 Electronic telephone 25 2.4 25 2.1 25 1.0
5 operator services boards 20 1.9 2Q 1.7 20 0.8
Total 1043 100.0 1208 100.0 2501 100.0
Iable 3.5
Id £y . f 1] {but i l . ar 1j
investment costs for a typical pational public switched telephope notwork
v . . i .
1B5INL_LQ_QﬁQ_1d2_QLﬁ1n__Qld_leﬁthn§_§§£!199TJ£QHﬁl__XLL%_Qﬁgép?;iﬁ%?ELQ
su9nQ:L_lQ__5Qged_1upLQ_25QQ_bpsl_da;a_Lzansmgaszg
] IS£I¥LCE |
IYPICAL AVERAGE INVESTMENT COST PER LINE
Areas of>>> High Density Medium Density Low Density
Network component uss % uss % Us$ %
4 Transmission media total 170 16.3 180 14.9 1,580 63.2
3 Switching nodes total 405 38.8 390 32.3 385  15.4
6 Construct'n & installat'n 200 19.2 220 18.2 300 312.9
2 Subscriber line total 223 21.4 3732 30.9 191 1.6
1 Electronic telephone 25 2.4 25 2.1 25 1.0
5 operator services boards 20 1.9 20 1.7 20 0.8
Total 1043 100.0 1208 100.0 2501 100.0
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HAPTER 4

WITCHIN YSTEM

4.1 Introduction

The analysis in chapter 3 indicates that in a Public Switched Telephone
Network (PSTN), the switching nodes contribute the maximum to the cost per line in
both the high and medium density areas, and are a major cost component even in case
of low density areas. In any consideration to reduce the network costs, switching
systems naturally take priority. In this chapter a brief survey is undertaken of the
switching systems now in use worldwide. This is follawed by a brief generalised
description of a typical system, and the major inputs required for an assebmbly plant
for its manufacture viz. the major components that go into the production of a typical
switching sysiem, the machines, tools, testers and plant and the manpower required
for such production. Rough estimates of costs are also indicated.

4.1 witchin ms _in worldwi

A wide variety of switching systems have been developed over the
years and most are still in use, starting with manual switchboards. through
elecromechanical step by step and common control systems, through SPC analogue
systems to the fully digital systems.

4.1.1 Manual switchin ms:

Ever since the invention of the Telephone by Alexander Graham Bell in
1876, there has been a continuous striving towards a cost effective network which
will enable every person in the world eventually to have a telephone and converse on
the same to anybody else anywhere. The service requires, besides ihe teicphone
instrument itself, a pair of conductors between the two parties for such conversation.
It immediately became obvious that we could not run a paif of conductors from every
telephone to every other, and some form of a switching network was inevitable. A
beginning was made with the manual switching, in which subscriber lines were
terminated on jacks suitably numbered with connections between desired lines
established through patching cords by telephone operators. A hierarchy of switching
nodes all manually operated. with appropriate signalling, routing and transmission
plans soon developed and provided a fai.ly effective service in the beginning.
However. apart from suffering from lack of secrecy, such manual systems became
quite cumbersome as the number of users grew. Search for some means of automatic
swilching Dy various pioneers was on.
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4.1.2 Step by step electro-mechanical swilching systems:

Strowger switching system based on a two motion (vertical tollowed by
rotary) switches was one of the earliest to be developed. in 1889, by Sirowger, an
undertaker, whose major motivation was diversion of his business through an
operator, spouse of a competitor.The first practical exchange was instalied in 1892.
The system was perfected by various manufacturers and quite a few exchanges based
on various versions of this technology are slili in use, particularly in developing
countries. In fact in India both manual swilchboards and strowger step by step
exchanges are still being produced and installed in small quantilies because of their
simplicity and low cost for quick provision of service in low density areas. However,
they fall short of the requirements of modern neiworks by way of quality and
reliability of service, and because of their lack of flexibility in numbering & routing
add substantially to the overall network costs.

4.1.3 _Common control electromechanical systems:

The need for some form of common control systems, which dislinked
the numbering and routing of calls was felt very early. Efforts were made in this
direction using the available eletromechanical switches. Nctable examples are the the
Director system developed by the British Post Office using the basic Strowger
swilches. the Panel system developed by AT&T in USA and the Motor Uniselector
system of Siemens. Some of these were introduced as early as 1920's.

A real breakthrough in this direction became possible with the
development of crossbar switches intially in USA and Sweden and later by others. The
first crossbar exchanges under the name ~ No. 1 Crossbar system’' were instalied by
AT&T in USA in late 1930's. Using the crossbar swiiches higly effective, efficient
and reliable common control networks with nation and world wide subscriber dialing
were built up in 1950's and 1960's. Millions of lines of subscriber exchanges and
hundreds of thousands of trunks of transit exchanges were installed in almost all the
developed countries and some in developing countries.

4.1.4 Stored Program Controlled switching systems

Reliable, effective and efficient as the common control systems using
crossbar switches were. they consumed very large quantities of precious materials
and required considerable effort in instaliation, maintenance and administration of the
network. The mechanical components were subject to considerable wear and tear.
They also needed large amount of accomodation, particularly at a premium in large
urban centres. On the other hand the newly emerging electronics and computer
technoliogies promised newer swilching systems with minimum of moving parts,and
considerablly less effort in mainteance and administration wilh possibilities of a whole
range of new facilities. Soon after the invention of the transistor, in 1950's, work
started simultaneously, in many countries on what came to be known as stored
program conirolled (SPC) switching systems. For the switching nelwork two
alternatives were considered, one based on highly minitiaturized and hermitically
sealed relay matrix and the other based on the newly emerging digital technology.
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First trial installations started in USA in the beginning of 60°'s and the practicability of
ihe 1dea was well established by mid 60's. By mid seventies 2 number of systems
were being manutactured and installed by the leading Telecommunications
manutacturers, most of them based on analogue switching matrix. A few million lines
of these SPC Analog swilches were installed in various parts of the world and are
giving + xcellent service.

415 tor Program P Digital Switchin

4.1.5.1 While the SPC analogue systems using highly reliable relay matrices
were being installed, work was concurrently going on for developing fully digital
switches with the intention of elimininating all electro-mechanical moving parts and
maich with the highly successfull development of digital transmission systems.
Millions of doliars were being invested in 1970's by all the leading telecommunication
manufacturers to develop fully digital systems. and devices for them. The
development of the integrated circuits gave a real filip to this development, and this
development in turn gave a real filip to the development of eletronics.

4.1.5.2 By mid 70's France had made a real breakthrough with its digital
swilching systems being devioped by CIT Alcatel and Thomson CSF in close
cooperation with French PTT. These switches laid the foundation for the remarkable
transformation of the French network during late 70's and early 80's.

4153 By early 80's most of the leading manufacturers had successfully
completed and proved their digital swilches. Since then each has won its own
adherents based on various features including the cost and specia! efforts to woe
particular markets. Each claims to have sold and instalied millions of lines of local and
thousands of trunks of transit exchanges. Most are manufacturing their switches to
varying degrees in more than one country. Intense work is on 10 minitiaturise the
devices, improve their reliability and build in new features. Everybody is working
towards making his switch most modular and versatile for PSTN, for ISDN, for
Cellular Mobile, and for what have come to be known as Intelligent networks. and
make it cost effective for the entire range and size of applications.

4.1.6 Current situation

The current situation thus is that in different paris of the world a
varying mix of earlier electro-mechanical systems, both step by step & common
control. and SPC analogue swilches are still working. The new installations are
dominantly of the SPC digital type. Some of the administrations are even taking up
programmes of replacing the existing older switches irrespective of whether they
have completed their ucseful We

As iar as sefling up of new produclion capacities is concerned it is

today fotally inconceivable to think of anything but the latest SPC digital swilches.
Accordingly in this report only these types of switching systems are being cosidered.
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4.2 World's major SPC digital swiiches

4.2.1 Following are some of the major SPC digital swiiches (arranged in
alphabetical order) and their original developers and manufacturers:

a) AXE Ericsson of Sweden
b) DMS Northern Telecoms of Canada
¢) E-10-B8 Alcatel of France
d) ESSS American Telephone Telegraph Corporation of USA
e) EWSD Siemens of Germany
fy FETEX 150 Fujitsu of Japan
g} NEAX 61 NEC of Japan
h) System 12 Bell Telephone Manufacturing Cc of Belgiym
i) System X Plessey & GEC of UK
4.2.2 Besides tha above major systems, laltel of ltaly, Nokia of Finland,

Oriental Telecom Co of Korea and ITI and C-DOT cf India have also developed SPC
D:gital Switches, under the names tinea UT, DX 200, TDX, iLT and C-DCT RAX & MAX
respectively. In most cases they are available for small and medium size exchange
applications. Work is going on in some other countries also towards development of
their own switching systems.

4.23 p igital itch for PBX lication

The above is by and large the current position in regard to switching
systems for public networks. Many more systems have been developed and are being
successfully produced and markeled by a large number of companies for the special
application as Private Branch Exchanges. However, the Private Branch Exchanges
have not been listed as a component under the PSTN in chapter 3, because in most
countries there is a growing trend for the subscribers to directly buy these rather
than lease them from the public service provider.

43 i ripti igi itchin

(This is necessarily a very elementary and general description meant
as a brief Introduction for the non-technical readers).

431 High Level of commonalily among various systems

Because of close international cooperation in the ITU and its CCITT towards
standardization. and the nature of the digital angd SPC 1echnologies, there is a
considerable conceptual commonality between different SPC digital switching
systems. In most cases the hardware and construction practices have developed along
parauel lines and many of the electronic devices used are similar if not the same.
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4.3.1 Block Schematic

Fig 4.1 is a very generalised block schematic of a typical SPC digital
exchange. All modern SPC digital systems are necessarily a highly sophisticated
combination of hardware and software. However.in all systems, an attempt has been
made to minimise complexilty through adoption of functional modularity both in
hardware and software. As figure 4.1 indicates at the overall level a digital
exchange consists of three basic functional blocks.

* Subscriber Line and Trunk Block (SL&TB)
* A Digital Switching Nziwork Block (DSNB)
° A Central or" Coordinating Processor Block (CPB)

Each block in turn consists of a number of functional modules. For
purposes of control each block and some of the modules have their own dedicated
microprocessors thus ensuring a highly distributed control & effective modularity.
The block & module level microprocessors, of course, continuously communicate with
and are contiolled by the central or coordinating processor.

The three blocks are interconnected by physical and logical links or highways.

43.2 Subscriber Line & Trunk Block (SL&TB)

The Subscriber Line and Trunk block consists of a number of Line & Trunk Groups of
varying capacities in different systems. The Line and Trunk groups basically provide
an interface between, on the one hand, subscriber lines and analogue and digitat inter
exchange (or node) trunks with different signalling systems, ané on the other, a
digital switching netwoik. It scans the lines & trunks for on/off hook conditions,
receives and transmits signals, and continuously monitors the correct functioning of
its own modules.It also provides a point for concentrating (essentially low) traffic
from the subscriber lines and when warranted from trunks.

Figure 4.2 gives a block diagram of a typical Subscriber line and Trunk
block in a typical system. As can be seen it consisis of:

- Subscriber Line Units (SLU),

’ Analogue Trunk Line Units (TLU-A)

: Digital Trunk Line Units {TLU-B)

: Dual Tone Multi Frequency signalling, sending and receiving Unit
(SU-DTMF).

Tones/ Announcements / ringing current generating and sending
Unit (SU-T&R)

A Subscriber & Trunk line Group Switch (GS-SL&T)

A Link Interface Unit(SL&T-LIU)., and

A Group Processor {SL&T-GPU)

4.3.2.1 A subscriber line unit (SLU) serves to connect upto 32
subscriber line interface circuits mounted on four modules or cards, serving 8
subscriber lines each. Each subscriber line interface circuit contains two miniature
relays. a hybrid transformer and a codec per subscriber line. The circuit provides for
ine condition and off-on hook detection.ring feed. ring trip and analogue to digital and
digital to analogue conversion for each subscriber line.
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4.3.2.2 An analogue trunk line unit (TLU-A) serves upto 16 analogue trunks,
mounted on four modules or cards. Each card mounts devices similar tc those for
subscriber line card for signal detection, signal intertace,2 wire/4 wire , and
analogue to digital and digital to analogue corvers.on.

4.3.2.3 A digital trunk line unit (TLU-D) provides an in}erface between the
exchange and 32 digital (A-law) trunks, giving a 2 Mb/s channel.

43.2.4 The two SU's or signalling units provide for signal generation and
sending on to the Subscriber lines and trunks, one for DTMF signals and the other for
fring current and other tones and announcements. :

4.3.2.5 The subscriber and trunk line group switch (GS-SL&T) iS a non-
blocking one stage time switch designed to interconnect 512 channels. On one hand it
connects the subscriber lines and trunks to the switching network for connection to
subscribers and trunks served by other S&TL Blocks, on the other it interconnects the
SU's to the Subscriber & Trunk line modules for transmission of necessary signals
under control of central processor.

4.3.2.6 The subscriber and trunk hine link unit (SL&T-LIU) provides the
interface between the group switch (GS-SL&T) of the SL&T Block and the switching
network block on a duplicated 8 Mb’s 128 channel PCM path.

4.3.2.7 The SL&T Group Processor, typically a processor with 64 Kbytes
memory for data and program storage. adapts information arriving from the
Subscriber lines and trunks 1o the internal standard interface of the exchange and
controls the SL&T Group switch. It preprocesses some of the switching information
e.g. the called subscriber number signals received from the calling subscriber and thus
reduces the load on the central processor. Some of the more important functions
pertormed by this drocessor are:

1) Scan the line for on hook’ off hook conditions
2) Control subscriber line & trunk circuils and group swilch
3) Control signallig procedures
4) Perform timing operations e.g. for supervision & metering
5) Convert external line/trunk signals to internal standard
messages for central processor & vice versa
6) Routine test line and trunk circuils, code generators, senders &
receivers
7) Monitor swilching network functions
8) Measure bit error rates
9) Scan alarm indications on PCM transmission systems
433 Switching Netwok Block
4.3.3.1 The switching network provides for digital interconnection between

subscriber lines and trunks terminated on different Subscriver Line & Trunk blocks.
Each such block is typically connected to the switching network through an 8 Mb/s
path (128 channels of 54 Kilobits/s). For a voice path two such 64 Kb/s channels have
10 be through-connected from calling to called subscriber module, one each for each
direction of transmission.
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4.3.3.2 The switching network consists of a combination of two time and a
space swilch stage. and a network controlier. The time switch stages serve to
through connect the associated offering and serving channels by changing the time
slots. The space switch stage on the other hand connects several time switches
through space. It changes the position ot the time division multiplex signals in space
while keeping them in the same time slots.

4.3.3.3 The switching network consists of uniform time and space switch
modules. whose number is decided by the size of the exchange and the traffic in
erlangs. for example as shown in fig. 4.3, a swilching network for interconnection of
8192 channels of 64 Kb/s will require two stages of 16 time swilches each with a
capacity to switch 4 channels of 8Mb/s and 4 space switches capable of switching 16
channels of 8 Mb/s.

4.33.4 The switching network controllers control the time and space swilches
to establish and release connections according to instructions trom the central
processor.

4.3.4 Central Processor
4.3.4.1 Functions

The central processor. somelimes also called coordination processor,
performs three categories of functions:

a: Switching functions, e.g.:

iy Number analysis for fouting and zoning
: Path finding including alternative routing
’ Evaluating and generating line/trunk messages

b Exchange operation & maintenance including man-machine commurnications. e.g.:

: Installing & disconnecling subscriber lines
: Changing trunk group allocations

Reading out call charge data

Traffic measurements

Testing. faull diagnosis

c Sateguarding functions. e.g.

Locating & blocking faulty equipment
Chageover

Recovery. alarm and fault recording
Selective or total automatic restarl
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43.4.2 Component modules

The Central processor consists of a number of modules. each duplicated
for rehability. Typically there are the following modules:

: Memory Unit (MU)
. Processing Unit (PU)
: Input/output processor (IOP)

Also associated are:

* Message Buffer (MB)

. Back up memory(BM)

y Centra! Clock Generator (CCG)

Operaticn & maintenace devices (OMD’s)

Modems for remote Operation & maintenace functions

4343 Information paths

The cenlral processor has duplicated digital data paths to the
Subscriber line & trunk block processor. the switching controller in the switching
network. and to time swilches for exchange of data and instructions.

4.3.4.4 Various manufacturers have developed their own switching processors
for use as central processors. Some have deleloped a range of such processors with
different capacities in terms of maximum number of BHCA (Busy Hour Call Attempts)
they can handle, for use as a duplicated pair in different sizes of exchanges. Othe:s
have adopted multiple processor configuration (n+1), with one single design of
processor. to achieve the same result.

435 fi i ifferen iz f _exch nd for
different applications

in the paragraphs 4.3.1 to 4.3.4 above a very briet survey has been
undertaken of the hardware of a typical digital switching system. The sysltems consisi
of three distinct functional blocks and each block consists of a number of functional
modules. These modules can be suitably put together to obtain exchanges for different
applications and sizes.

4.3.5.1 Application-wise there can be three different classes of exchanges:
: Subscriber
Transit
: Integrated subscridber cum transit.

The three versions can be achieved by suilably equipping the subscriber
ine and trunk blocks.

4.3.5.2 Capacity wise there are three paramelers to consider

The number of subscribers or trunks, which will determine the number
of Subscriber line & trunk blocks and their modular content.
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The traffic in Erlangs, i.e. simultaneous number of calls during the busy hour,
which will determine the number of tme and space switch modules in tb2 switching
network block and the maximum number of lines or trunks that can be connected to a
subscriber hne and trunk block.

- The busy hour call attempts, which will determine the type of central
processor in systems in which different duplicated processors have been developed
for ditterent capacities or number of central processors in systems in which n+1
configuration has been adopted.

4353 It has been claimed for almost every switching system on the world
market that it can be suitably configured to be cost effective for practically any size,
as a subscriber exchange from less than 100 lines to 100,000 lines and as a transit
exchange from a few trunks to as many as 60,000 with BHCA anything upto 600,000
10 800.000. Very high reliability has also been claimed for the system as a whole and
for individual modules.through choice of components and duplication of all critical
functional modules.

43.6 fiwar
Paragraphs 4.3.1 1o 4.3.2 have briefly covered the hardware of a
typical digital swilching system. In parailel and integral to the functioning of the

system is the software, a sort ot decision matrix and instruction set.

4.3.6.1 Software modules

As in the case of hardware. the software in modern digitai swilchnig
systems has been developed in functional modules. The software can be broadly
divided into two classes:

The execulive programs
: Data

4.3.6.2 The executive programs can be divided into three functional categories :
: Switcning programs
Operating programs
Safequarding programs

Under each of these heads will be tasks simiar to those described under
para 4.3.4.1 for the central processor. There are separate program modules for
processors in each functional block 10 cover each of these categories of funclions,

4.3.6.3 Exchange data can be divided into equipment and funclion related. as
also permanent, semi-permanent and variable.

Some idea abcut the exlent of software, program & data can be guaged
trom the tact that a typical 20,000 line subscriber exchange with a BHCA of about
240,000 calils for a central processor memory of about 8 Mbytes, equal to about
40,000 pages of A-4 size typed matter in single space.
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4.4 Prevailing prices for switching systems

441 As mentioned in paragraph 4.3.5 swilching nodes are built up by putling
together a large number ot functional modules along with the necessary software. The
traffic capacity in erlangs and BHCA and the network configuration vary very widely.
It is therefore not possible to indicate a very precise per line cost for switching
systems. Further the quotations given by difterent suppliers in the same tender tend
to vary widely, as also quotations of the same supplier in different tenders. Thus in
International competitive bids, on an overall basis, quotations have diflered from
about 150 US$ per line to 450 US$ per line. However in general the actual orders
placed in difterent countries seem to lie in the range of 180 to 250 US $ per line FOB
country of origin. '

4.5 Manufactlure of a typical digital switching system
451 As indicated in paragraph 4.3 above the basic hardware unit of a digial

switching system is a module or printed card with a number of electronic
components,aclive and passive mounted on it and interconnected to each other
through conducting metal lines printed on the board. 1o perform a specific tunction in
the system.

A number of these cards can be mounted in a frame. The connections
between different cards are made through male/female connectors through a mother
board or back plane, which is another printed circuil board. with suitable connectors
mounted and interconnected.

A number of these frames are mounted on a rack. The connections
between frames on the same rack and on other racks are made by means of
connectorised cables. Each rack has its own power 48 or 60 volts D C supply
distribution for the various frames and cards.

The manufacture of the switching system hardware can thus be
considered in two parts.

Procurement of various components and their assembly on cards, trames and
racks and their testing.

Manufacture of components.

4.5.2 In general. the assembly line produclion of difterent types of elecironic
systems has become a farly standard process with standard manual, semi-automatic
and automatic machines for card assembly., and wave soldering and semi-automatic
and automatic test set ups. On the other hand the manufacture of components involves
a very wide variety of processes. some of them highly complex and critical. The high
reliabilly and performance repeatabilily requirements of components require a very
high deqree of automation and control.

In the remaining paragraphs of this chapter production process and

wnputs required for assembly produclion of a typical digital switching system are
cosidered. Production of some typical components is considered in another chapler.
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453 Production process

Chart 4.4 gives a typical assembly production process chart for a
typical digital switching system

454 Ihe essential inputs for the assembly line manufacture ot a
digital switching system :

These can be considered under three categories as follows:

) A very wide variety and types of electronic components.

A tairly well standardized range of testing and assembly equipment and the
necessary intrastruciure.

A set of well trained and competent operators, testers, software and
hardware engineers and managers etc.

-

4.5.4.1 Components and their cost

Table 4.5 lists the different categories of components, the number of
lypes. and the quantity of each category of components used in a typical switching
system for an annual production of about 200.000 lines of a mix of small, medium,
and large sized subscriber exchanges. Also included is an indicative internationa! unit
price for each component and an estimate of total cost of components per line. in view
ot the importance. and wide variations in prices of one category of components viz.
I.C.’s table 4.6 undertakes a more detailed analysis of the types & their prices and
arrives at an average price adopted in table 4.5.

The prices are based on certain budgetary quotations for component kits
tor a particular type of switching equipment during 1990. Significant discounts upto
10 to 15% may be feasible when purchased in bulk on regular basis. in respect of
certain items particularly the IC's, prices tend 1o be high initially when a new device
1s infroduced, but drop quickly with increase in sales volume.

454.2 i in | n

Table 4.7 gives a typical list of the testing and assembly equipment for
two sets of assembly plants to produce 200,000 and 500,000 lines of a similar mix
ot small. medium and large subscriber exchanges per annum. A rough estimate of
average international prices for such equipment has also been indicated. Table 4.8
summarises the cost of difterent classes of testing and assembly equipment and the
infrastruclure in a developing country.

4543 Manpower:

A swilching system assembly plant requires the services of operatives
for the assembly work, testers and supervisors for detailed testing of modules in
production and for system integration as a working exchange before shipment,
technical staff for maintenance of machines tools & testers and engineers for both
the hardware and software. In addition as in any other plant, it will require managers.
accouniants. sales force and buyers.

Table 4.9 gives an estimale of the manpower requirements and annual
costs involved for the 200.000 and 500.000 lines p.a. plants in typical developed and
developing countries.
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4.5.5 Summary of Input requirements
4551 Componen

. Table 4.5 shows that the component requirements for assembly line production
ot 200.000 lines per annum of a mix ol subscriber line exchanges will cost about US $
13.8 milion or about US $ 69 per line. This is a very rough estimate on the basis of
prevailing international prices. FGB country of origin in small lols. Some discounts
might be possible for large lots. Some additional expense will have 1o be incurred on
freight and insurance. The two may balance out.

: The table covers basically the main exchange equipment only. It does not cover
the main distribution frame which has been included under subscriber line in table 3.1,
as also the standby baiteries and float and charge rectifiers for the main 48 or 60
volts DC supplies. which have been included in the exchange cosls.

: A turther analysis ot compcnent costs will indicate that the
following items contribute the maximum to the component cosls:

Integrated Circuils roughly contribute about 28 to 30% ot the
total component costs

) Conneclors of various types roughly coniribute about 20 to
23% ot the total component costs

- Transistors of various types contribute roughly 12 to 13% of
the total component costs

: Printed circuit boards, hybrid micro circuils and cables are
other large cost items each accounting for between 5 to 8% of
the total component cosis.

This analysis indicates need for priority attention 1o these items in any
scheme of regional cooperation for production of components.

4.55.2 Plan machiner T r

Table 4.7 indicates that:

the investment required for setting up plants with 200.000 and 500.000 lines
per annum assembly level production on plant. machinery and tools and testers will
work out 10 about 7 and 11 million US$ respectively i.e. about 35 and 22 US$ of per
line production per annum of this:

: the nvestment on basic infrastructure. land, buildings,
environmenial control.water & power works ou! roughly at 2.5
and 3.8 million US$ respectively.

: the investment on procurement of machinery.tools & lesters
works oul at about 3.6 and 5.9 million US$ respectively, FOB
country ol origin. The treight. insurance eiC may work out at
20% and erection, instaliation and tes! runs may involve
another 20% of the procurement coslts.
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: Bulk of the costs are in testing and software generation equipment rather than
in assembly and production machines. In general,lo take advantage of inexpensive
manpower costs in developing countries. simple machines, semi-automatic & manual
have been indicated. except where automation is essential to ensure quality and
reliability.

: The capital recovery requirements @ 33% per annum (assuming a life of 4
years and a compound interest of 12% )work out to roughly 2.3 and 3.6 miliion US$
respeclively for the 200,000 and the 500,000 lines p.a. planis i.e. about 11.5 and 7.2
US$ per line.

4543 Manpower costs

Table 4.9 indicates the manpower requirements and their annuai cost,
in a developed and a developing country respectively. it has been assumed that number
and leve: of personnel required will be same but the Unit manpower costs will vary
very significanrtly between the developed and developing countries. The table
estimates the figures at US$ 42 and 3.6 for production of 200,000 lines a year and
USS 30 and 2.5 for production of 500.000 lines a year.in a developed and a devlopn:g
country.

This points to a significant potential tor cost reduction by seiting up
plants in developing countries. At 200,000 lines per annum plant capacily the
potential for saving works out to about 38 US$ per line and at 500,000 lines per
annum at 27 US$ per line. which could be almost 30% and 22% respectively of the
tolal production costs, in a developing country.

In practice. margin gets significantly reduced by resort 1o greater
automation and increase in the size of production facilities in developed countries.

) The advantage has also tended tc be lost in many developing countries due 1o
tairly heavy local tax imposts on imported inpuls by way of capital equipment as well
as components.
- Another important element of cosl is the amount charged by the original
developing company by way of knowhow and royally to reimburse it towards the cost
of development.

Annexed:

Figures:
4.1 Basic functional blocks of a typical SPC digital swilching system

42: Biock schematic ot a typical subscriber line and trunk block.
4.3: Typical duplicated TST switching network
Chart:

4.4:  Typical process flow chart for assembly level production ot a typical digiai
switching system
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Tables:
45 Typical component requirements for proguction of 200.000 lines of a typical

digital switching system

46: Typical distribution of various types of Integrated circuits (IC's) for production
of 200.000 lines of a typical digital switching system.

4.7: Typical plant (machines, tools and testers) required for 200,000 and 500,000
lines a year of a typical digital swilching system.

4.8: An indicative estimate of total investment required in a ptant for assembly level
production of a typical digital switching system

4.9. An indicative estimate of manpower reguired tor assembly level production of

200.000 and £00.000 lines per annum oi a typical digital switching system and an
estimate of manpower costs pe- line in a developed and a developing country.
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FIG 4.1 BASIC FUNCTIONAL BLOCKS OF A TYPICAL SPC DIGITAL SWITCHING SYSTEM
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FIG 4-3 TYPICAL DUPLICATED T.ST. SWITCHING
NETWORK FOR INTER CONNECTING 8192
CHANNELS OF 64 kb/s
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CHART 4.4
TYPICAL PROCESS FLOW CHART FOR PRODUCTION OF A TYPICAL SPC DIGITAL SWITCHING SYSTEMS
(BASED ON ASSEMBLY FROM ENTIRELY BOUGHT OUT COMPONENTS)

N e AR B0 e B D B D B 0.2

PROCURE  COMPONENTS
[ [ ] | 1 [ [
ELEC TRONIC PCB'S CONNECTORS CABLES SOLDER ,FLUX | |METAL PARTS OTHERS
{ I 4 t i { b
INSPECT & STOCK
PROCESS
EEEE— | | 1 EQUIPMENT | I
PREFORM & XIT (OMPO- MOTHER NE CARDS OTHERS M2 FRAMES &
NENTS FOR 50 -150 BOA%TDSEKIT ; :”c © e KIET goﬁfnﬂr?g MACHINES CABLES RACKS
DIFFERENT TYPES OF
CARDS ACCORDING TO
STSTEM
1
LOAD COMPONENTS INTO SEMI AUTO CONVEY -  |CONNECT -
PCB. : : * . ORISED STATIONS ERIZE ASSEMBLE
) LOADED PCB
CHECK LOADED P CB'S e o o L OMPAR ATO R TEST
1 ! 1 WAVE SOLDERING
SOLDER ¢ MACHINE
! ! L AQUDUS CLEANING
CLEAN * 00 MACH!INE
IR} ] i
NECESSARY-
1 1 1
. . e MACHANICAL ASSEMBLY
FINAL CARD ASSEMBLY. STATION.
1 t 1
FUNCTIONAL TEST. ¢ o o IN CIRCUIT TESTER
t i 1 ASSEMBLED
HoARDS FUNCTIONAL CARDS STOCK CABLES RACKS
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CHART 4-4 ( CONTINUED)
SYSTEM INTEGRATION
ASSEMBLED ASSEMBLED FUNCTIONAL CONNECTORISED ENGINEERING
MOTHE R SOF TWARE
RACKS BOARDS CARDS CABLES GENERATION

(1) FIT MOTHER BOARDS e e e — S ﬁ ______ —

ON RACKS i
(2) INTERCONNECT FRAMS

ON SAME RACKS
{3) JACK IN FUNCTIONAL e - —— - —— d—————————— e —_———— J

CARDS ;
(4) INTERCONNECT PR ———mmmmmm—mmmm - — e e -

RACKS T
(3) CONNECT POWER & e e e —

LOAD SOFTWARE
{6) FUNCTIONAL ,TRAFFIC e e e CALL

LOAD TEST 8 HEAT RUN SIMULATORS

DISASSEMBLE
AND RA‘CK
DESPATCH
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Table 4.5
TYPICAL COMPONENT REQUIREMENTS PER 200,000 LINES
QF A TYPICAL DIGITAL TELEPHONE SWITCHING SYSTEM
{FOR A MIX OF SMALI MEDIUM & LARGE EXCHANGES)

Types OQty. ------ Average Price -----

Used Used Total
COMPONENT pno. {00000) USS per uss S
1._Capacitors
Ceramic 15 20.8 30 /0G0 62,400 0.5
Cermet Trim Pot 2 1 35 /000 3,500 0.0
Electrolytic 23 2 60 /000 12,000 0.1
Metalised Polyester 2 2.4 60 /900 14,400 0.1
Polystyrene 3 0.19 75 /000 1,425 0.0
Tantalum 5 0.79 150 /000 11,850 0.1
2._Coils & Transformers
Crokes 7 0.2 250 /CG 50,000 0.4
Line Transformers 1 2 250 /090 500,000 3.6
Power Transformers 9 0.37 250 /00 92,500 0.7
3._Connectors
Backplane (set of) 8 0.0241000 /set 2,400,000 17.40
IC Sockets 6 0.89 100 /000 8,900 0.06
Reverse Euroc 64 pin 1 0.84 5900 /CC 420,000 3.05
Reverse Euro 96 pin 1 0.16 600 /33 96,000 0.70
Single row strip 1 1.14 760 /CCC 8¢, 640 0.63
4._Crystals
Oscillators 4 0.15 500 /0C 75, 000 0.54
5._Diodes
Fast recovery 9 1.6 40 /030 6,400 0.05
General purpose 4 8.4 20 /030 16,800 0.12
Zener 8 10 50 /CaC 50,000 0.36
o._Ferrites
Pot Cores 8 0.51 100 /CO 51,000 0.37
Rods 1 0.04 100 /G3GC 400 0.00
Torroidal Cores 1 0.04 200 /000 800 0.01
7._Hybrid Micro circuits
HMC's 1 2 400 /00 800,000 5.80
Resistor Networks 7 0.69 300 /250 20,700 0.15
8. _IC's
SSI,MSI & LSI's 207 44 884 /030 3,889,600 28.20
* (Illustrative range
indicated in table 4.¢)
9._LED's & LCD's 8 1.2 80 /€50 9, 600 0.07
10.Mechanical Hardware
Racks/Cabinets 1 0.603 100 /g 30,000 0.22
Frames T 0.016 50 /. 80,000 0.58
Total carried over to next page 8,789,915 €3.73
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TABLE 4.5 (Continued)
TYPICAL COMPONENT REQUIREMENTS PER 200,000 LINES
QF A TYPICAL DIGITAL TELFPHONE SWITCHING SYSTEM

(FOR A MIX OF SMALL MEDIUM & LARGE EXCHANGES)

Types Qty. -——--- Average Price -----

Used Used Total
CCMPONENT no. (00000) US$ _per uss _S
Total brought forward from previous page 8,789,915 6€3.73
11.PCB's
Double Layer (VARIOUS) V 0.6l 15 /pc 915,000 6.63
Four Layer 1 C.1 35 /pc 350,000 2.54
Mother Board 1 0.024 5C /pc 120,000 0.87
12 _Relays Miniature
2-changeover contact 1 2 800 /000 160,000 1.16
4-changeover Contact 1 2 180 /00 360,000 2.61
13.Resistors Metal film.75 48 .5 /000 72,000 0.52
Wire wound 7 0.32 25 /000 800 0.01
14 .Transistors 10 8.8 200 /00 1,760,000 1z.76
pcs
15.Drives Winchester 1 600 200 /pc 120,008 .87
Cartridge 1 600 100 /pc 60, 000 0.44
Omti Contrcller 1 600 80 /pc 48,000 0.35
Monitors 1 600 60 /pc 36,000 0.26
16 .Miscellaneous
~ables, cable connectors, fuses,
screws, washers etc lot s ‘line 1,000,0CC 7.25
Total cost of components for 200,000 i:ines 13,791,713 163.0C
Zost of Components per line Uss 09

CTae e
L LN2S .

1. The above analysis of component:s etc required for 200,000

liries is based on the following product mix:
Nominal capacity of No of Total
gxchange, in lines Units Capacity
10500 6 60,000
5G40 12 50,000
2600 25 50,000
LH’)(A ‘AIO 20, OOO
Ve 160 10,000
Toral 183 200,000
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Table 4.5 (continued)
‘\'Q‘ps f“r‘\'_]. t+ 1 n]ed .

2. The types and quantities of components etc indicated above
are essentially only typical and illustrative. The details of
actual components used and quantities are a fairly closely
quarded confidential information, and 1is available only
through formal commercial/technical coliaboration agreements.

3. The prices of components in this and in next table are
based on certain buddetary quotations for component kits for
production of a particuler switching system during 1990.

Sianificant discount upto 10 to 15 m:y be feasible for purchase
in bulk on a reguliar basis.

4. In case of certain components, particularly IC’s, prices of
new devices tend to be high initially but drop rapidly with
increase in sales voliume.
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Table 4.0

Tvpical Distribution of various types of IC's used
D \‘?L‘ w
(approximate quantities for 200,000 lines production)

Category QTY. Unit Total
of used price cost
integrated (no.'s) Uss uss
Circuits

A.TTL FAST
Type 1 10,068 0.125 1,259
2 6,712 0.125 839
3 16,780 C.1ZIt 2,008
4 25,170 ¢.12% 3,146
5 6,712 0.123 839
6 3,356 .12t 420
1 10,068 0.220 2,215
8 28,526 C.lkz 3,937
9 52,018 S.l7u 5,843
10 16,780 0.27¢ 3,356
11 6,712 €.37°¢ 2,014
12 6,712 C.Zet 1,913
1,007 0.240 242
14 12,585 0.5i0 0,418
15 2,517 0.500 1,259
16 10,068 0.3zC 3,524
17 10,068 6.35C 3,524
18 3,356 0.33¢C 1,275
1¢ 25,170 0.330 9,5¢5
20 67,120 0.33% 25,506
i 13,424 3.3%0 5,101
22 3,356 .47 1,644
23 35,238 G.5z 13,388
2¢ 839 4.8 4,027
25 26,848 0.4t 12,082
26 8,390 0.2> 2,937
T-o~al TTL FAST 409,600 0. 121,37C
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' Table 4.6(continued)
' Tvpical Distribution of various types of IC's used
ONE
(approximate quantities for 200C, 000 lines production)
l Category QTY. Unit Total
of used price cost
Integrated (no.'s) Uss Uss
' Circuits
B: TTL -High Speed -
' Type 1 33,560 0.120 4,027
2 12,585 ¢.120 1,510
3 5,034 n.120 604
' 4 58,730 $.128 7,048
5 125,850 C..2C 15,102
6 8,390 ¢..z20 1,007
l 7 79,705 .120 9,565
8 92,290 ¢..80 16,612
9 1,678 £.124 208
10 8,390 G.124 1,040
l 11 1,678 C.124 208
12 58,730 $.124 7,283
13 151,020 G.124 18,72¢
l 14 218, 140 .1 33,812
15 16,780 0.220 3,692
16 8,390 0.180 1,510
l 17 8,390 £.2:0 1,762
18 117,460 5.200 23,492
19 12,585 T.010 2,643
20 8,390 0.250 2,098
' 21 159,4:0 .20 33,476
22 1,678 $.270 453
23 8,390 ¢.o6G0 5,034
l 24 285,260 0.228 65,039
25 58,730 6.27 15,857
26 12,585 .245 3,083
27 8,390 0Lz 2,685
l 28 12,585 RS 3,020
29 20,136 Y 4,633
30 20,978 R 8, 600
l 3] 1,678 755
32 37,755 CLend 11,327
33 58,730 AN 19,381
l 34 4,195 A 1,384
35 1,678 DLl 03
36 1,67 ST 755
37 1,67 RN 7:5
l 38 226,530 Lo 63,428
g 50, 340 RN 20, 13¢
40 2,517 JRRPRY 856
l Tatal CF 2,002,693 413,309
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Table 4,6 (continued)

Tunical Distribution of various types of IC's used

IN A TYPICAL DIGI

(approximate quantities for 2000,000 lines production)

Category QTY. Unit Total

of used price cost

Integrated (no.'s) Uss Us$

Circuits

B. TTL -High Speed (continued)

3.F. 2,002,693 413,309

Type 41 4,195 £.240 1,007

42 4,195 C.285 1,196
43 1,678 0.400 671
44 12,585 £.320 4,027
4% 20,975 £.280 5,873
46 4,195 0.320 1,342
47 3,356 0.550 1,846
48 4,195 0.550 2,307
49 12,585 0.700 8,810
50 1,678 0.700 1,175
51 16,780 0.125 2,098
52 1,678 0.380 638
53 8,390 0.240 2,014
54 3,356 0.200 671
55 6,712 0.950 6,376

total TTL KS
iC series 2,109,246 £.215 453,359
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vical Di {but.i £ ious types of IC's used
IN A TYPICAL DIGITAL TELEPHONE SWITCHING SYSTEM
(- . o for 2000, 000 1i LCE i

Category QTY. Unit Total
of used price cost
Integrated (no.'s) Uss$s Us$
Circuits

Type 1 1,678 0.126 211
2 1,678 0.126 211
3 5,034 0.120 604
4 4,195 0.120 503
5 1,678 0.126 211
6 1,678 0.126 211
7 1,678 0.126 211
8 1,678 0.250 420
9 4,195 0.200 839
10 1,678 0.250 420
11 1,678 0.750 1,259
12 2,517 0.250 629
13 1,678 0.380 638
14 1,678 0.300 503
15 6,712 0.250 1,678
16 20,975 0.260 5,454

1,678 0.350 587

67,120 0.225 15,102
19 1,678 0.200 336
20 1,678 0.200 336
21 8,390 0.135 1,133
22 4,195 0.210 881
23 30,204 0.400 12,082
24 12,585 (¢.650 8,180
25 4,195 0.250 1,049
26 6,712 0.250 1,678
27 1,678 0.250 420
28 16,780 0.225 3,776
29 58,730 0.225 13,214
30 6,712 0.420 2,819
31 16,780 0.750 22,585
32 4,195 3.600 15,102
33 6,712 2.800 18,794
34 25,170 0.620 15,605

tczal TTL HS
HCT series 335,600 0.410 137,680
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Table 4,6 (continued)

Typical Distribution of various types of IC's used
W

(approximate quantities for 2000,000 lines production)

Category QTY. Unit Total
of used price cost
Integrated (no.'s) Uus$ uss
Circuits
D.TTL 7400 series
Type 1 29,365 0.160 4,698
2 8,390 0.160 1,342
3 25,170 0.160 4,027
4 1,678 0.400 671
5 1,678 0.500 839
6 6,712 0.155 1,040
7 6,712 0.155 1,040
8 1,678 1.50C 2,517
9 6,712 0.400 2,685
10 3,356 1.5GC 5,034
total TTL
7400 series 91,451 0.2¢1 23,895

E. VOLTAGE REGULATORS

Type 1 54,535 0.180 9,816
2 26,848 0.180 4,833
3 62,925 0.180 11,327
4 12,585 0.180 2,265
total V.R.'s 156,893 0.18¢C 28,241
F. QP AMPS
Type 1 168 0.590 99
2 25,170 0.550 13,844
3 25,170 0.4C7C 10,068
4 33,560 0.160 5,370
5 18,458 0.120 2,215
6 1,678 0.75C 1,259
total OP AMPS 104,204 0.315 32,854
G. TIMERS
Type 1 4,195 0.11C 461
2 2,517 0.24¢C 604
3 1,678 0.5C" 839
Timers 8,390 0.22° 1,905
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: <t ribution of various sypes of IC's used

W

(approximate quantities for 2000,000 lines production)

Category
of
Integrated
Circuits

QTY.
used
(no.'s)

H. INTERFACE CIRCUITS

Type

oo da W

10
11

12,585
10, 907
1,678
1,678
1,678
1,678
16,780
16,780
1,678
1,678
1,673

total interface

circuits

68,798

I. TELECOM CIRCUITS 12,585

J. MURS

Type

O 0 IO LN

0
Total MUPS

K. Microprocessors
Type

O ~J U SN

tot.al micro-
processors

8,390
4,195
6,712
5,034
1,678
25,170
3,356
1,678
1,678

58,730

NWOOOOoOOOUNMNOO

1

BN WwWwwh

36
42
20

Unit
price
Uss

.275
.300
.000
.50¢
.7GC
.7eC
.5C¢C
.50¢
.20¢C
.300
.00¢C

.350

.007
.4070
L7880
.20¢
.25¢
.30¢
.00¢
.ooc
.000
.00¢C

8.371

L8010
L6005
.700
.150
.0GZ
.15%
L0006

50"

Total
cost
Us$

3,461
3,272
3,356
9,229
1,175
1,175
8,390
8,390

336

503
8,390

47,676

15,990

100, 680
14,263
25,371
16,109

8,810

108,231
70,476
60,408
70,476
16,780
491,604

6,376
38,594
9,061
21,143
104,875
158,571
315,464
5,877

659, 957
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Tabl 1.6_(C . 1)
Typical Di :} . i : ou £ IC! !
A I W

(approximate quantities for 2000,000 lines production)

Category QTY. ur.it Total
of used price * cost
Integrated (no.'s) Us$ Uss$
Circuits
L. RAMS ;
Type 1 5,034 2.000 10,0068
2 16,780 3.000 50, 340
3 16,780 8.000 134, 240
4 8,390 7.C20 58,730
5 1,678 3.000 5,034
6 469,840 1.130 516,824
7 2,517 3.CC0 7,551
8 2,517 3.CCa 7,551
9 6,712 5.5C0 36,916
1C - 4,195 5.500 23,073
11 29,365 5.830 161,508
Total RAMS 563,808 1.795 1,011,834

M. PROMS/EPROMS

Type 1 3,356 7.000 23,492
2 8,390 0.600 5,034
3 1,678 5.100 8,558
4 1,678 10.GC0 16,780
5 16,780 2.400 40,272
6 11,746 3.300 38,762
7 8,390 2.400 20,136
8 6,712 2.400 16,109
9 6,712 2.400 16,109
10 6,712 2.400 16,109
11 6,712 38.000 255,056
12 1,678 10.000 16,780
total
PROMS &
EPROMS 80,544 5.87 473,196
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Table 4.6 (continued)
 a) Distribution of vari - Ict i

W

(approximate quantities for 2000, 000 lines production)

Category QTY. Unit Total
of used price cost
Integrated (no.'s) uss$ Uss
Circuits
N. Other IC's
Type 1 67,120 0.420 28,190
2 5,034 4.200 21,143
3 17,451 5.500 95, 982
4 6,712 5.000 33,560
5 839 10.500 8,810
6 83,900 0.270 22,653
7 6,712 0.280 1,879
8 20,975 3.000 62,925
9 839 29.000 24,331
10 1,678 0.500 83¢
11 16,7780 0.370 6,209
12 839 1.000 839
13 20,975 1.000 20,975
14 16,780 1.000 16,780
15 8,390 0.700 5,873
16 25,170 1.500 37,755
Total 300,194 1.295 388,742
SUMMARY
Type of IC No of Qty Total
Types Used Cost
No.’s Us$
A. TTL Fast 26 409,600 121,370
B. TTL HS HC Series 55 2,109,246 453,362
C. TTL HS HCT series 34 335,600 137,680
D. TTL 7400 series 10 91,451 23,895
E Veoltage regulator 4 156,893 28,241
F OP AMPS 6 104,204 32,855
G Timers 3 8,390 1,905
H Interface (CMOS) 11 68,798 47,672
I Telecom circuits 1 12,585 16,998
J MUPS 10 58,730 491,604
K Microprocessors 8 99,841 659,957
L RAMS 11 563,808 1,011,834
M Proms/Eproms 12 80,544 473,196
N Others 16 300,194 388,742
Total 207 4,399,884 3,889,310

U IEFAOHEOOOOOOOO0O

o

Overall

A '~ 13ge

Unic Price
Uss

.296
.215
.410
.261
.180
.315
.227
.693
.351
.371
.610
.795
.875
.295

.884
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s : .

Required for Total Cost for
200K SO00K Cost/ 200K S00K
MACHINE/TESTER Unit
no. no. Uss Uss uss$s .
A. INCOMING INSPECTION
1. RLC Meter 9 18 7,500 67,500 135,000

2. Device testers for

a) Active discrete devices 8 14 15,000 120,000 210,000
b) Transformers 2 5 15,000 30,000 75,000
c) Relays 2 5 5,500 11,000 27,500
d) Hybrid Micro Circuits 3 6 1,300 3,900 7,800
e) IC's TTL & CMOS 7 16 600 4,200 9,600
f) IC's-Universal 1 1 60,000 60,000 60,000
g) Codec (P) 1 2 25,000 25,000 50,000
F) 2 2 1,500 3,000 3,000
n) LSI's 3 8 3,500 10,5C0 2&,000
i) Memories 4 4 1,500 6,000 6,000
j) Crystals 2 3 7,000 14,000 21,000
k) Linear IC's 2 3 20,000 40,000 60,000
1) IC handlers 7 16 7,000 45,000 112,000
3. Miscellaneous 2 3 15,000 30,000 45,000
Total 474,100 849,900
B. Card Assembly-Kitting

1. Lead Forming Machines

a) IC Preforming Machines 2 3 3,000 6,000 9,000
b) Axial type comp. crop/

form machines 2 3 2,000 4,000 6,000
c) Radial type comp. Crop/

Form machines 2 3 2,000 4,000 6,000
d) Universal Comp Preparat-

ion Machines 2 3 3,000 6,000 9,000
e) Radial super jig for (d) 2 3 1,000 2,000 3,000
2. Comp. Counting M/c's 2 3 1,000 2,000 3,000
3. Tape Dispensers 9 10 500 3,000 5,000
4. PCB Offset Marking M/c's 2 2 1,000 2,000 2,000
5. Others Lot Lot 3,000 5,000
Total 32,000 48,000
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Required for Total Cost for

200K S00K Cost/ 200K 500K
MACHINE/TESTER ~ Unit
no. no. Us$ Uss Us$

C. Card Assembly & Wave soldering

1. Semi Auto Machines 30 38 20,000 600, 000 760,000
2. Manual Stations 66 72 1,500 99,000 108,000
3. Conveyor belt systems
per 10 stations 9 11 2,000 18,000 22,000
4. Loaded PCB Comparators 8 10 3,000 24,000 30,000
5. Vacuum Forming Machines 6 8 7,000 42,000 56,000
6. Wave Soldering Machines 2 2 15,000 30,000 30,000
7. Aquous cleaners 2 2 15,000 30,000 30,000
8. Main Lead Trimming M/c's 4 5 7,000 28,000 35,000
9. DI Water Plant 2 2 7,500 15,000 15,000
10.Rework Station 15 18 1,200 18,000 21,600
11.0thers lot 1lot 22,000 31,400
Total 990,000 1,235,000
D._Final Card Assembly
1. Automator Lever Press 3 5 200 600 1,000
2. Rivetting Gun 2 3 250 500 750
3. Insert Machine 1 2 200 200 400
4. Power Screw Drivers 5 8 200 1,000 1,600
5. Flat Cables/Connector
crimps 1 2 150 150 300
6. Thermal strippers 2 3 100 200 300
7. Pneumatic vices 20 20 150 3,000 3,000
8. Manual Torque Screw
drivers 2 2 50 100 100
9. Hot Air Blowers 2 2 100 200 200
10.0thers Lot Lot 1,000 1,500
Total 6, 950 9,150
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Table 4.7 (conti X

: IXPICAL PRODUCTION
PLANT REQUIREMENTS FOR 200,000 & 500,000 LINES P.A,

OF A TYPICAL DIGITAL TELEPHONE SWITCHING SYSTEM
B l bl ti .

Required for Total Cost for
200K SO0K Cost/ 200K 500K
MACHINE/TESTER Unit
no. no. Uss Uss Uss

E._IN-PRODUCTION TESTING & SOFTWARE PROGRAMMING
1. Dedicated H/W Tester 64 110 3,000 192,000 330,000
2. Logic Probes & Pulsers 35 50 725 25,375 36,250
3. Oscilloscopes 35 75 3,000 105, 000 225,000
4, Multimeters 60 120 150 9,000 18,000
5. Gang Programmers & Eraser 3 3 7,000 21,000 21,000
6. Terminals 70 110 500 35,000 55,000
7. PSU's 30 60 300 9,000 18,00
8. BM Testers 9 18 10,000 90,000 180,C00
9. CM Testers 1 2 10,600 10,000 20,000
10.BM Soak Testers 3 4 50,000 150,000 200,000
11.Multi BM Soak Testers 1 2 50,000 50,000 100,000
12 .MICE 8 16 7,000 56,000 112,000
13.MDS 1 1 50,000 30,000 30,000
14 .Rework Stations 6 12 1,500 9,000 18,000
15.IBM PC's 100 160 1,200 120,000 192,000
16.IBM PC/XT's 18 36 1,500 27,000 54,000
17.IBM PC/AT's 16 26 4,000 64,000 104,000
18.132 column printers 22 44 800 17,600 35,200
19.80 column printers 22 36 400 8,800 "14,400
20.CAD stations & accessorie 3 6 8,000 24,000 48,000
21.1IBM PC Software 1 1 5,000 5,000 5,000
22 Micro Vax II cluster or

equivalent 2 5 100,000 200,000 500,000
23.Micro Vax accessories 2 5 12,000 24,000 60,000
24 .Micro VAX Software 1 1 75,000 75,000 75,000
25.Televideo systems 6 6 20,000 120,000 12C, 000
26.UPS (50 KVA) 1 1 30,000 30,000 30,000
27.Miscellaneous (set) 1 1 100,000 100,000 100,000
Total 1,606,775 2,700,850
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Required for Total Cost for
200K SO0JK Cost/ 200K 500K
MACHINE/TESTER Unit
no. no. US$ Us$ UsS

F._Rack Assembly kitting
1. Power cable cutter 1 1 250 250 250
2. Pressfit inserting M/c's 1 2 1,000 1,000 2,000
3. Insertion force controlle 1 1 500 500 500
4. Retention force contoller 1 500 0 5090
5. Connector repairing

tool set 1 1 500 500 500
6. Sleeve marking machine 1 1 25C 250 250
7. Wire prefeed system 3 5 250 750 1,250
8. Auto twisted pair cut/

strip machines 1 1 500 500 500
9. Crimping tool 1 1 106 100 100
10.Crimping jaws 1 1 100 100 100
11.Auto feeding crimping M/c 1 1 1,000 1,000 1,000
12.Hot air blower Gun 2 2 250 500 500
1. Others Lot 2,005 4,000

Total 7,450 11,450

G._Einal Assembly & Wire wrapping
1. Power screw drivers

of sorts 6 10 150 900 1,500
2. Automator Lever presses 2 2 200 400 400
3. Torque control device 1 2 250 250 500
4. Rivetting gun 1 2 250 250 500
5. Soldering gun 1 2 250 250 500
6. Torque screwdrivers of

sorts 2 4 150 300 600
7. Air controlled wrapping

guns 20 40 100 2,000 4,000
8. Cable set testing machine 1 1 350 350 350
9. Wrapping Pull off tester 1 1 200 200 200
10.Test Unit for Cords

& plugs 1 1 400 400 400
11.Rack trolleys 10 25 400 4,000 13,000
12.0thers Lot Lot 2,000 5,000
Total 11,300 23,950
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Total Cost for
200K 500K Cost/ 200K 500K
MACHINE/TESTER Unit
no. no. Uss$s Uss Uss

H A . . .
?¥SLemElgLg9;aL?Qn‘il?ul%f?gn_IesLs&_a_ﬂeaL

1. System Integration

Platforms 2 5 100,
2. Trunk Call generators 2 S 10,
3. Subscriber Call gener-
ators 2 S 10,
4. Burn-in equipment 2 3 10,
5. Interface cables & Misc
Equipment lot lot
6. Test equipment, software,
p.c.'s,printers etc 2 3 100,
Total
1. INFRASTRUCTURE
Required for
200 K 500 K
Area
Sq.m. Sq.m.
(000) (000)
1. Land 50 50
2. Building 12 20
3. Electrical Instn 12 20
4., Environmental Control 12 20
5. Compressed Air distribution System lot
lot 100,000 150,000

6. Water Supply

7. Others including handling
and transport equipment,
overhead cranes etc

lot

lct

Total

000 200,000 500,000
000 20,000 50,000

000 20,000 50,000
000 20,000 30,000

20,000 50,000
000 200,000 300,000
480,000 980,000

Total cost for

200 K 500 K
Cost/
Sq.m.
Uss Uss$ Uss$

10 500,000 500,000
100 1,200,000 2,600,000
20 240,000 400,000
20 240,000 400,000

100,000 150,000

50,000 50,000

200,000 300,000

4,530,000 3,800,000
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Table 4.8
" TYPICAL PRODUCTION
PLANT REQUIREMENTS FOR 200,000 & 500,000 LINES P.A.
OF A TYPICAL DIGITAL TELEPHONE SWITCHING SYSTEM
. (FOR A MIX OF SMALL MEDIUM & LARGE EXCHANGES)
Based on pure assembly & testing basis
(| INVESTMENT SUMMARY
' Total Investment
Cost for
200K S00K
Lines P.A.Lines P.A.
l Machines & Testers us$ Us$
A. Incoming Inspection 474,100 849,900
' B. Card Assembly-Kitting 32,000 48,000
C. Card Assembly & Wave Soldering 990,000 1,235,000
D. Final Card Assembly 6,950 9,150
E. In-Production Testing & Software
& Data Generation 1,606,775 2,700,850
F. Rack Assembly Kitting 7,450 11,450
G. Final Assembly & Wire Wrapping 11,300 23,950
W H. System Integration,Simulation tests etc 480,000 980,000
J. Total Machines & Testers (A to H) 3,608,575 5,858,300
! K. Incidental expenses, Erection &
Test runs @ 40% of J . 800,000 1,200,000
lp 1. Infrastructure, land,buildings etc 2,530,000 3,800,000
v Grand Total (J+K+T) 6,938,575 10,858,300
' Notes:
1. Above assumes international competitive prices with no
local import duties and other tariffs.
' 2. For infrastructure comparatively lower costs prevailing in
developing countries have been assumed.
': 3. Incidental & erection expenses include about 20% on account

of freight, and 20% on account of erection, installation and
trial runs latter mostly carried out by local staff under
supervision of suppliers® engineers.
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Table 4.9

IYPICAL MANPOWER PEQUIREMENTS FOR
PRCDUCTION PLANT FOR 200,000 & 500,000 LINES P.A.
OF A TYPICAL DIGITAL TELEPHONE SWITCHING SYSTEM
{FOR A MIX OF SMALL MELIUM & LARGE EXCHANGES)
Based on pure assembly & testing basis

A: IN A DEVELOPED CQUNTRY

1.Managing Director
2 .Managers
3.Engineers

4 _.Testers &
Supervisors
5.5killed operatives
6.Mat'l Handlers -
7.Sales

8 .Buyers

9 .Accounts

Total

Per line

Manpower
Required for
200K S00K
lines lines

no. no.
1 1
3 5
30 50
40 70
150 275
10 20
5 8
5 8
8 12
251 448

B:_IN A DEVELOPING COUNTRY e.g. INDIA

.Managing Director
.Managers
.Enginecers

.Testers &
Supervisors
.Skilled operatives
.Mat'l Handlers
.Sales

.Buyers

.Accounts

Wb

O oo JdovWw

Total

Per line

Manpower
Required for
200K 500K
lines lines

no. no.
1 1

3 5
30 50
40 70
150 275
10 20
5 8

5 8

8 12
251 448

Total
Cost/ Cost p.a. for
Unit 200K S00K
Us$ Lines Lines
(000) Uss Uss
100 100, 300 103,000
60 180, 000 300, 000
45 1,350,000 2,250,000
35 1,400,000 2,450,000
30 4,500,000 8,250,000
25 250,000 500, 000
45 225,000 360, 000
35 175, 000 280, 000
35 280, 00C 420,000
8,460,000 14,910,000
42.30 29.82
Total
Cost/ Cost p.a. for
Unit 200K 500K
Uss$ Lines Lines
(000) Us$ Uss
12 12,000 12,000
8 24,000 40,000
6 180,000 300, 000
3 120, 000 210,000
2 300, 000 550, 000
1 10,000 20,000
5 25,000 40,000
4 20,000 32,000
4 32,000 48,000
723,000 1,252,000
3.62 2.50
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CHAPTER 5
ELLY FIL PPER NDUCTOR T PHONE CABLE
5.1 Introduction:
511 The analysis in chapter 3 tables 3.2 to 3.5, indicates that the

contribution of the subscriber line to the average overall per line cost ot PSTN is
substantial. In case of high and medium densily areas it is only second to the total cost
of switching nodes. The subscriber line contributes rouhgly 20 to 22% to the overall
cosls in high density areas and about 27 to 31% in case of medium density areas.

5.1.2 Table 3.1 gives a somewhat more detailed break up of the elements
going inlo subscriber line costs. It will be seen that in case of high density areas
distribution and primary cables are estimated to account 13.5% out of about the 21%
of the tota! share of subscriber line. In case of medium densily areas they account for
about 21°% out of roughly 31% of the total share. in modern practice. both these
cables are usually of the jelly filled type. though large quantities of older type paper
insulated lead sheath cables are stl! working.

The reduction in cost of jeliy filied cables is therefore of considerabie
importance.

5.2 nstruction of jelly fill lephon i

Fig 5.1 illustrates the construction of a typical jely-filled
polyethylene insulated unit twin telephone cable.

5.2.1 Conductors

The low resistance conductors for telephone cables are predominantly
of solid copper. round in cross section and usually of 0.4, 0.5. 0.63 and sometimes
of 0.9 mm diameter. They are drawn 10 required diameter from annealed bright
copper rods.

522 Con tor insulation
Each conductor is individually insulated with suitably ccloured (tor

identification) solid or foam polyethylene p:astic insulation of uniform thickness to
snsure: igh insulation.

523 Twinning
Two insulated conductors are twisted together with a uniform lay to

form a pair. The length of the lay of any pair has to be different from the lay of the
adjacent pairs to reduce cross 12k to the minimum.
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524 Formation of core
5240 A number ot pairs are arranged together to form a circular core. In

cables ot 5. 10 and 20 pairs, the required number of twisted insulated pairs are
stranded together to form the circular core.

5242 In 50 and 100 pair cables, 10 and 20 twisted insulated pairs are
stranded together to form units of 10 and 20 pairs. Each unit is suilably wrapped in a
polyester. polyethylene or polypropylene tape in an open helical 1apping. The tapes are
suitably coloured to identify the units. 5 units of 10 and 20 pairs each are then
suitably assembled together to give the circular core of the 50 and 100 pair cabies
repectively.

5243 In 200. 300 and 400 pair cables. 5 units of 10 pairs each are stranded
together and wrapped in 3 suitably coloured plastic lapping to form a super unit of 50
pairs. The requisite number of these super units are then assembled together to give
the 200. 300 and 400 pair cable cores.

5244 In cables ot 600 pair or higher size. 5 units of 20 pairs each are
stranded together with an additional spare pair added and wrapped in suitable coloured
plastic lapping to give super units of 100 pairs each. appropriate number of which are
assembled together to give the core for required sized cables

5245 Because of this practice of forming 10, 20, 50 and 100 pair units to
give higher sizes of cables, such cables are known as "Unit twin cables’. The formation
of the units and their identification by coloured lapping is of considerable assistance in
the field in jointing and branching cables as needed.

525 Petrolium _jelly

The intersticial space ot the cable core formed as above is filled with a
suitable water resistant compound, main constituent of which is petrolium jelly. The
main requirements of the compound are high resistance to water penetration.
neutrality to copper conductor, polyethylene insulation, sheath and lapping tapes, and
poly aluminium tape. non obscuring of insulating compound colours, freedom from
unpleasant ndour and any toxic or dermatic hazards, and ready wipeability from the
insulated conductors for reliable jointing.

526 Poly-Al screen

To hold the petroleum jelly in place, the filled core is wrapped either
longitudinally or in a2 closed helical lap with either a non-hygroscopic jelly
impregnated paper or pilastic tape.

The core is then wrapped either longitudinally or in a closed helical lap
with a Poly-Al (aluminium coated with polythene/copolymer on both sides) tape to
provide electro-magnetic screening/ shielding. To be effective it must be electrically
continuous throughout the length of the cable.
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52.7 Sheath

Immediately over the Poly-Al screen, a black polyethylene sheath of
appropriate thickness is extruded to provide mechanical protection and a moisture
proof barrier.

Above covers the construction of the basic jelly-filled, polyethylene
insulated unit twin cables for use in cable ducts.
Chapter 5 page 3/11

528 Steel Tape Armouring

In very low density and rural areas, cables are often laid directly
buried. In such cases it is usual to provide additional protection against mechanical
damage. by way of two helical wrappings of galvanized steel tape, first one with a
gap and the seccnd evenly covering the gap. As a protection against damage during
armouring process two closs lappings of waterproof cotton or plastic tape are applied
over the sheathed core before armouring. The armoured cable is finally provided a
polyethylene jacket or sheath.

52.9 _Cable lengths

Cables are supplied on drums in suitable lengths convenient for
handliing. However in the field it is necessary to have a continuous pair from the
exchange 1o the subscriber apparatus. For this purpose the individual cable lengths are
laid in the ducts or directly buried end to end. The ends of the cable pairs are suitably
joined (earlier with twist jointing., tater by soldering and now using in-length
connectors). The joints are enclosed in suitable water tight sleeves or closures.

53 Cable prices and suppliers

Table 5.2 gives the international prices for a few typical sizes of cables
based on information obtained regarding certain globai tenders. Cables are being
manufactured by a very large number of companies internationally. Most of the
recognized manufacturers of telecommunication equipment also manufacture telephone
cables. Besides, a number of companies specialize in production of cables both for the
telecommunication and power seclors, and stlill others produce only
telecommunications cables.

54 iy fill I r ion _and in r ir

Production of jelly-filled cables is a comparatively simple, and fairly
well standardized process.

Table 5.3 gives a list of the important raw materials, their unit prices

and quantiiies required for an annual cable production of 500,000 conductor Km in
4500 Km of sheath.
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Chart 5.4 gives the basic process flow for the cable production.

Table 5.5 gives the basic machinery,tools and testers for a jelly-filled
cable tactory for an annual production as indicated above. Also indicated are the basic
infrastructural requirements and an estimate of total investment.

Table 5.6 gives the manpower requirements for the above factory and
likely annual manpower cosls in a developed and a developing country.

Annexed:
Figure 51: Typical construction of polythene insulated jeily filled cable
Figure 5.2: Typical International prices for jelly filled cables of various sizes.

Figure 5.3: Typical Raw materials required for production of 500,000 conductor
Km in 4.500 Sheath Km of armoured jelly filled cables

Figure 54: Typical process flow chart for production of Jelly filled cables

Table 5.5: Typical machinery, tools and testers elc. required for an annual
production of about 500.000 conductor Km in 4,500 sheath Km of jelly
filled cables

Table 5.6: Typical manpower requirements for an annual production of 500.00
conductor Km in 4,500 sheath Km of jelly filled cables
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INSULATED HIGH CONDUCTIVITY COPPER

A CONDUCTOR

UNIT/SUPER UNIT

_JELLY FILLED CORE

POLY- AL TAPE

POLYTHENE SHEATH

BEDDING

STEEL TAPE ARMOUR

TYPICAL _CONSTRUCTION OF POLYTHENE

INSULATED JELLY FILLED CABLE
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Table 5.2

Tvpical International Prices for JELLY-Filled Telephone Cables

Sl. Particulars of cables Unit Price
No. Cond. Diam. in mm No. Of Prs. USS/Km

1. 0.4 20 914

2. 0.4 400 9,050

3. 0.4 800 17,500

4. 0.4 1000 20,500

5. 0.4 1800 35,700

6. 0.5 400 13,800

7. 0.5 800 18,200

8. 6.5 1000 22,000

9. 0.5 1800 48, 400

10. 0.6 50 3,170
Note : Above prices are based on quotations in certain

international bids during 1990-91 and are subject to
significant variaions on the pasis of international

copper prices.
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Table 5.3
Raw materials required for production of
About 500,000 conductor Km in 4500 sheath Km
f delly fiiled cabl

Qty Unit Total
Sl. Reqd Price Cost
No. Particulars M.T. USS/M.T. Uss
1. Annealed Bright Copper Rods 930 3,000 2,790,000
2. High Density Polyethylene 360 1,500 540,000
3. Colour Master Binder 18 10,000 180,000
4. Colour Binder 5 3,500 17,500
5. Filling Compound 375 1,000 375,000
6. Polyester Film(core wrap) 31 4,000 124,000
7. Aluminium Laminate (Poly-Al) 170 3,000 51¢, 000
8. Waterproof insulation tape 30 3,000 90,000
9. Low Density Polyethelene (LDPE) 1,000 2,000 2,000,000
10. LDPE Tape 112 2,006 224,300
11. Galvanized steel tape 1,900 700 1,330,000
12. Flooding compound 40 1,500 60,000
Total 8,240,500

Above requirements are based on following product mix.

Cable Size Sheath Length Conductor
No. of Conductor Km. Km.
Pair Guage
20 0.5 mm 250 10,000
50 0.5 mm 4,200 420,000
400 0.5 mm 3% 24,000
600 0.5 mm 40 48, 000
Total 4,520 502,600
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MACHINE/EQUIPMENT USED

MATERIAL USED PROCESS
BRIGHT ANNEALED I. ORAW COPPER WIRE ROD BREAXDOWN
COPPER ROADS 8- 9 mm TO 2-4mm OJAMETER MACHINE
OIAMETER N
2. ORAW WIRE TO REQD. WIRE DRAWING PART OF
ODIAMETER(0-4,0-9, TANDEM ORAWNG &
. 0-63 OR O-9 mm INSULATION LINE
HIGH DENSITY POLY - 3.COAT COPPER WIRE WITH EXTRUDER PART OF
ETHYLENE 8 COLOUR POLYE THYLENE INSULATION | THE ABOVE LINE
BINDER N DIFFERENT COLOURS

SPARK TESTER

4. SPARK TEST THE
INSULATED WIRE

4A.OEFECTIVE WIRES HIGH SPEED
REPAIR & REWIND 1o REPAIR & REWINOING
MACHINE

GOOD WIRES

1
5. TWIST TWO INSULATED
CONDUCTORS OF DIFF ERENT
COLOURS TO FORM PAIRS, TWINNING MACHINE
DIFFERENT COLOURED PAIRS,
TWISTED IN DIFFERENT LAYS

6. TEST TWISTED SPARK TESTER
PAIRS
6A.DEFECTIVE PAIRS | REPM:liNRSEPWElz%lNG
REPAIR 8 REWIND MACHINE

GOOD PAIRS
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CHART 3-4 (CONTINVED)
PROCESS FLOW CHART FOR PRODUCTION OF JELLY FILLED CABLES

MATERIAL USED PROCESS MACHNE /EOIPMENT USED

¢00D PAIRS

NON HYSROSCOPIC CORES FOR 8, 10 ] STRANDING AND

FILLING COMPOUND, ._J TASTRAND & FiLL
WRAPPING TAPE @ 20 PR CABLES ) FILLING LINE

TB.STRAND & FILL
10 AND 20 PAIR UNIT |
- JFOR HIGHER SIZED
CABLES

8A.STRAND & FILL
10 @ 20 PR UNITS INTO
CORES OF 30, 100
AND 130 PR CABLES

)

8B8.STRAND & FiLL
IG & 20 PR UNITS INTO

TepE  cRoscopic S.WRAP & SCREEN
POLs"AL TAPE COResS g'c'ggu.u a
SHEATHING LINE
POLYETHYLENE "10.SHEATH THE CORE
LACK
—{ 1. TEST SHEATH SPARK TESTER
12 A- COMPREHENSIVE e AUTOMATIC CABLE
TEST TEST SET
1
s —
BEDDING TAP !
GALVANIZED :TEEL 128. ARMOUR ARNOURING LINE
TAPE CABLE
I1I3B.SHEATH
ARMOURED CABLE SHEATHING LINE
14 B.COMREHENSIVE || | AUTOMATIC CABLE
TEST TEST SET

ISB.ARMOURED
CABLE OESPATCH

ya—
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Table 5.2

about 500,000 conductor Km in 4500 sheath Km

Qty Unit Price Total

; Reqgd Cost

No. PRarticulars po.'s Uss/pc.  USS
A Machines
1 Rod Breakdown Machine 1 100,000 100,000
2. High Speed Wire Drawing Machines 2 100,000 200,000
3. Tandem Insulating Machines 2 600, 000 1,200,000
4 Twinning Machines with Pay Offs 3 110,000 330,000
5 High Speed repair & rewinding

Machine 1 100,000 100,000
6 Stranding (Drum twist)M/c 1 950,000 950, 000
7 Sheathing, filling & Jacketing M/c 1 685, 600 685, 600
8 Jelly Filling equipment 1 500,000 500,000
7 Cable repair line 1 100,000 100, 000
8 Armouring Machine 1 150,000 150,000

Total A: Machines 4,315,600

B: Testing equipment
1. Automatic Cable test centre 1 330,000 330,000
2. Resistance Unbalance Meter 1 3,000 3,000
3. DC Resistance Bridge Meter 1 12,000 12,000
4. Insulation Tester 1 1,000 1,000
S. Multimeters 2 1,000 2,000
6. Thermal Analyser 1 30,000 30,000
7. Optical Micrometer 1 7,000 7,000
8. Extrusion Plastometer 1 7,500 7,500
9. Density Gradient Meter 1 5,000 5,000
10. ECSR Notching Jig with

Accessories 1 4,000 4,000

Total B: Testing Equipment 401,500
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s fable 5.5 (cont ined)
Machi Tool T ired f : . e
l About 500,000 conductor Km in 4500 sheath Km
f delly filled cabl o
oty Unit Price Total
. Reqgd Cost
No, PRarticulars a0.'s  USS/Pc, uss
' C: Miscellaneous equipment
1. Fork Lift Trucks ’ 2 10, 000 20, 000
' 2. Mobile Cranes 2 10,000 20,000
3. Process drums (Assorted sizes) 1020 Various 50, 000
4. Mobile welder 1 5,000 5,000
5. Air Compressor 1 10,000 10, 000
' 6. Weigh Bridge ’_ 3,000 3,000
7. Misc(bins,trolleys,reels etc) il 100,000 100, 000
. Total C: Miscellaneous Equipment 208,000
D: INFRASTRUCTURE
Lrzz Unit cost Total Cost
Se. M, USS/Sq M __Uss
1. Land 162,220 1 10§, 000
' 2. Building 10,¢C¢C 120 1,200,000
3. Electric Power 10,00 25 250, 000
4. Environmental control 10,206 40 400, 000
. 5. Water Supply 10,200 10 100, 000
¢. Misc(transport,Furniture etc) Lot 250, 000
‘ Total D: Infrastructure 2,300,000
l SUMMYARY QF LIKELY T:7ESTMENT
A: Machines 4,315,600
‘ B: Testers etc 401,500
C: Misc. Equipment 208,000
D: Infrastructure 2,300,000
. E: Handling,Installatisn & Erectic:
and trial runs @ 40 of A to C 1,970,040
' Tctal estimated investment 6,195,140
Noutes:
1. All prices are estimates of International Prices rOB country of
. origin; no frieqght, insurance, local taxes etc have Leen included.
?. Frieght, insurance, installation & rrial runs under supervision of
suppliers have boeen included under E.
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C Selly filled cabl

All inclusive Annual
Personnel Costs
Developed Developing
Country Country
No. Unit Total Unit Total
Reci Cost Cost Codt Cost
Uss  UsS Us$ USS Us$
_.na. Particulars nc. (000) (000) (000) (0OQ)

tn
w3
b

Wholetime reguiar personnel

: Managing Director bt 100 100 12 12
z Managers 4 6C 24C 8 32
3 Supervisors & Testers 10 35 350 3 30
4. Operatives-Highly skilled 3G 36 S0C 2.5 75
s Operatives Skilled 30 25 750 2 60
€ Handlers 3¢ z5 750 2 60
7 Sales 5 45 225 5 25
g. Accounts 8 35 280 4 32
3. Buyers 5 35 175 4 20
10. Others 10 30 300 2.5 25

Total Annual cost 133 4,070 371
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h r 6
Transimission systems
6.1 Introduction '
6.1.1 The analysis in chapter 3 tables 3.2 to 3.5, indicates that transmission

systems used primarily for inter switching node trunks, also constitute a substantial
element in the overall cost of the PSTN. They rank after Switching nodes and
subscriber line components in case of High and Medium density areas with 16.3 and
14.9 <, share in the overall network costs, predominate in case of low densily areas
with a share of about 60%. In very low density areas, they can also be used, as 3
trade off. 10 provide substantial part of the subscriber line to serve the subscribers
trom a more central point and reduce the cost ot switching and that of trunks between
the subscriber and the first transit exchanges.

6.1.2 Unlike switching systems and subscriber line cables, there is a very
wide variety of transmission systems in use and being produced worldwide. This is
inherent 1n their very function. Transmission systems are used to provide links
between switching nodes over diverse geographical terrain. They are used to provide
trunks of various lengths trom as low as one or two kilometers or sometimes even
less 10 a few thousand kilometers hall way around the globe. They are used to provide
from a few circuits from a smali rural exchange to its parent transit exchange, tc
tens of thousands between large transit exchanges serving large predominantly urban
communities. Naturally, over the years many different systems have developed using
different media. and technologies. each oplimised for a2 particular apnlication.

6.1.3 Initially the trunks were built on open wire lines with bare conductors
ot copper slung on insula-ors fixed on poles. Each pair of conductors provided a single
circuit. From the beginning. to reduce costs., atlempts were made 'o derive larger
number of circuils from the physical pairs. As a first step. three cucuils were
denved from two pairs of wires using the phantom circuit concept. With the advent of
electronics. multiplexing on the open wire lines was evolved. Due tc cross talk and
noise considerations only a few circuils could be derived. The normal practical
maximum was about 16 (12+3+1). Open wire: lines were also subject to serious
damage: and detenoration of performance from weather, storms etc. An effort was
made 16 use underground cables. Certain carrir systems giving upto a maximum of
about K0 crcuils on a few test selected pairs in special quad cables became feasible.

6.1.4 A real break through came with the development of coaxial cables on
the: one hand and radio transmission on the other.  With the coaxial cables,
multiplexing uplo a few thousand circuits on a pr of coaxial tubes became feasible. In
case of radic, inmally with the development of H.F. systems, it became possible to
have: direct global communicatiori  Later. with the development of systems in higher
Irquency ranges multiplexing of A larqe numbe:r of circuils became practical. capacity
(penerally matching what had becerne teaaible o coaxial cadles. These were all based




on the analog frequency division muitiplexing. Duning the late 40's. and 50's and 60's
a very large number of coaxial cable systems in the 4, and 12 Mhz bands giving 960
and 2700 channels were installed world wide anc are working satisfactorily.
Similarly radio relay systems of vanous capaciies 'n the VHF. UHF and Microwave
bands have been installed dunng late 50°s uptill ~arly 70's.

6.1.5 The digital technology came to transmission systems in late 50's in the
torm ot 24 and 30 channel 2Mo/s PCM systems for junction working over test
selecled pairs in symmetrical cables. This was a major break through in bringing down
the costs and improving the quality of junctions within large urban nelworks.
Eventually it led to the development of the much more powerful digital systems both
for transmission and switching. The development of digital switching has already been
considered in chapter 4. In transmission. higher order multiplex systems of 8, 34.
140. and 565 Mb’s to give 30. 120. 480. 1920. and 7680 channels have been
developed to work initially on coaxial cables and later. on optical fibre cables. Digital
systems upto 140 Mb/s have also been usea ntfectively for radio transmission
svstems. For the optical fibre apphcations even n:gher capacily systems of 2.26 Gb/s
with a canacity of over 30.000 cnanneis have bewr geveloped.

6.1.6 The advent of sputniks and sateliits. brought about another major
breakthrough in deveiopment of radio based transnission systems. The establishment
ot mircowave radio repeaters in space enabled .ery large coverage and freed the
transmission systems from the problems of distances. earth’'s curvature and terrain.
Satelite based systems provide from one to thousands of circuils from almost any
point to any other point on ihe earth either direct or in combination with terrestriai
media. While the systems intally were analog. digital systems are coming more and
more 1nlc use.

6.1.7 A further development of special signficance has been the concept of
sharing of radio channels on demand assignment basis. The concept has been applied
succesiully to provide service economically to remote areas with low traffic, through
Multi Access Radio relay systems. nitially analcg and later digital. The concept has
been applied usefuily 1o satellite based channels also. The concept has also led to
developement of an economic mobile service in the form of celiular syst>ms. bringing
closer 1o fulfillment the dream of every telecommunication =igineer of devaiopment of
a personal pocket telephone tor every one

6.2 The more imporiant and cost effective lransmission
systems working and being produced:

For the mulli-channel apphcat .t tor nter node trunks.digital
mchnology has now been universally, adopted ' s COSt elfective and gives much
beter qually and reliabilty than anaiog systere on any media. be they coa 1ai
cablen optical fibres or radio sys'ems Among e media the choce depends 1o a

Gareres cxtent on the specific situatnn and applicanor,




6.2.1 Optical fibre systems

For new installations. transmission systems on optical fibres are
generally most cost eifective, partcularly n normal flat terrain. For optical iibre
applications. digital systems are available in 2Mb/s, 8Mb/s. 34 Mb/s. 140 Mb/s and
565 Mbrs giving 30, 120. 480. 1920 and 7680 voice/data channels of 64 Kb/s each.
Very large number of these systems both land based and underwater. latter for
inter-continental traffic. are being installed. 2.26 Gb/s systems capable oi giving
over 30.000 channels on a single pair of fibres. are aiso being installed in a few
developed countries. Even higher order systems are under development.

6.2.2 Coaxial cable Systems

By and large no new coaxial cables are being laid. However, in
situations where spare tubes alread; exist. or where it is intended 1o replace the
existing analog coaxial cable systems. use of digital systems on the existing tubes
provides a cost effective alternative 1o bulding up an entirely new infrastructure
whether aptical fibre or radio.

6.2.3 Terrestrial Radio systems

Augmentaion and upgradation of existing Radio based systems by
instaling digital systems using the existing infrastructure like towers and antenna is
again cost effective compared to building up a totally new infrastructure even for
optical fibre cables. Radio based systems. both terrestrial and satellite, also have an
edge. even for new instaliations. in certain lerrains and for certain appdcations. e.g.,
where very long distances are involved or lhere are features like high mountains or
oceans to be crossed.

For radio relay applications. digital systems are available upto 140
Mbs. The smaller capacity ones are working in the VHF and UHF bands while the
larger capacity ones e.g. the 34 Mb's anc 140 Mb/s in the microwave range. The
smaller capacity ones are of particular :nterest 1o developing countries. since they
are specially cost effective for low density applications.

6.24 Satellite based radiosystems

Satellite based systems have proved very cost effective 10 provide
runks over large distances and to lnk remote areas with iow tratfic or difficult
geograptucal terrain. Satellite based syst:ms using the internationally owned Intelsat
salelltes are being used for bulk of the ntercontinental traffic. They are also being
used effectively tor mantime mobile servics: using another group of nternationally
owned Inmarsat Satellites. Satellite based systems have also been used very
nttective!, by a number of geographically spread out developing coulries 1o provide
nter tranad trunks and to hink remote areas. and islands. either through their
cxclusive national satellites. or through reqonally owned mult: national satellites or
throuqgh - ircuits or transponders hired fron. the Intelast. While bulk of the existing
aystems e analog, dignal technoicay (s anw baing increasingly adopted on satellite
based Sy 1S A4S0




6.2.5 Special radio based systems for subscriber line
application

Single channel radio systems in VHF range have been found useful tor
providing a few remote subscnber connections. from an exchange. However, for a
larger number of conneclions spread over in a well defined area. demand assignment
multt access systems, both analog and digital are more cost effective and are being
installed m many countries. Cellular radio system i1s a special appiication of muiti
access systems specially designed and optimised for mobile and roaming service.
Some developing countries. have effectively used the cellular radio/switching
systems effectively for the pfovision of subscriber lines in rural areas in combinaion
with mohile service. Demand assignment sateilite based radio systems have aiso
proved cost effective to provide subscriber connections in remote areas and have
been used in mountaneous regions. islands and large plantation areas.

6.3 Manufacturers and suppliers of transmission systems:

Aimost all the world's leading manufacturers of telecommunications
2quipmert have developed and are manutfacturing and supplying the entire range of
fransmission equipment. In addition many other firms, large and small, who do not
produce Oother ilems of telecommunication equipment like switching, telephone
instruments etc.. have also developed and produce transmission equipment. Annexure
5.1 gives an indicative non- comprehensive list of various producers of different
types of transmission equipment. The hst is largely based on the catalogue of
exhibitors at Telecom 87.

6.4 Description, international prices and essential components
going into 23 mbl level r ion f typical

transmission systems.

As indicated above a very large number of transmission systems of
wanous capacites for different applications are being produced and instalied. It i1s not
possinie to cover even tynical systems of each type in this report. Only a few
syste:ms have been selected for discussion in this report. A generalised description of
these systems follows in the following chapters. along with an approximate idea of
therr internationa! prices and the essential components going into their production

Cnaoter 7: A typical 140 Mb s optcal tibre system
Crapter 8 A typical 8 Mb s dipitar radio system

=ince the: optical fibre cables are essential for optical fibre transmission systems
w~hich aree of special interest to developing countries. because of their cost
oftechoeniess for new instaliations. coupled aith the potential for high reliability and
auabty ¢ tervice, they have also bacn !ken yp on chapter 9 tor a more detailed
tro:alrneg.t
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6.5 Infrastructure by way of plant and machinery for
r ion of transmission systems

The infrastructure required by way of plant and machinery ftor
assembly ievel production from bought out components and subsystems, for aimost
the entire range of electronic equipment particularly the transmission systems is
almost identical. What ditters are the set up and instruments required for the testing
of different systems.

The basic common infrastructure consists of arrangements tor
procurement of the different types of components, their testing and preparation and
kitting for loading on PCB's: automatic. semi-automatic or manual stations for loading
the PCB's: comparator jigs for loaded PCB's: facilities for wave soldering, and
cleaning of the soldered PCB's: visual and in-circuit testing of the PCB’'s and their
repair when needed: and certain basic test facilities. These are listed for 2 medium
sized operation in table 6.2.

The special test facilities call for test set ups for the detailed functional
ltests on various functional modules and the integrated systems. For reliability it is
desirable that the testing is autematic and microprocessor based with test results
uisplayed on suitable display panels. stored or made available as print outs as needed.

Annexed:
Annex 6.1: A partial list of manufacturers of Transmission equipment

Annex 6.2: A typical list of plant and machinery for production of
transmission equipment




ANNEX €.1

A Partial list of manufacturers of different
Telecommunication Transmission Systems

E

OO JoOyUd W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
4%
49
50

51

ABRC Teleinformatica S/A

Alcatel CIT

Amalgamated Wireless (Australasia)
Andrew Corp

ANT Nachrichtetechnik GmbH

AT&T

AT&T & Philips
Bharat Electronics Ltd
BTM

Budavox Telecommunication Co
Dateno

Ericsson

Fujitsu Ltd

GCEL

GEC Telecommunications Ltd
Gf~ller AG

GTE Telecommunicazioni SpA
Harris .

Hasler Ltd

Indian Telephone Industries Ltd
Iskra

Italtel

Japan Radio Co

kabekmetal electro GmbH
Karkar Electronics

Kokushal Electric Co Ltd

rone Aktiengesllschaft

MET

Mctornla Inc

Murray Telecommunications Group
NEC

NKT

Nokia Telecommunications
Northern Telecom Ltd

PCL

Philips Kommunikations Industrie
Samsung S & T Co Ltd

Siemens AG

SF Ttelecom

Standard Electrica SA
Standard Elektrik Lorenz
Standard Telefon og Kabelfahrik
3TC plc

Tadiran Ltd

Taihan Electric Wire Co
Telegsystemes

Tror son CSFE

Thorn EMT Technnlogy Group
Toshibha Corporation

TET

Varian AG

Country
Brazil
France
Australia
UK
Germany
USA
Netherlands
India
Belgium
Hungary
France
Sweden
Japan
India
U¥
Switzerland
Italy
USA

-Switzerland

India
Yugoslavia
Italy
Japan
Germany
USA
Japan
Germany
France
USA
Ireland
Japan
Denmark
Finland
Canada
India
Germany
R.Korea
Germany
Canada
Spain
Germany
Norway
UK
Israel
F. Korea
France
France
9]¢
Japar;
France
Switzerland

types of
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Annex 6.2

: — :

Based on pure assembly & testing basis

Unit Total
MACHINE/TESTER no. Cost cost
reqd. Uss$ _Uss

A. INCOMING INSPECTION

1. RLC Meter 2 7,500 15,000
2. Device testers for
a) Active discrete devices 2 15,000 30,000
b) Transformers 1 15,000 15,000
c) Relays 1 5,500 5,500
d) Hybrid Micro Circuits 1 1,300 1,300
e) IC's TTL & CMOS 2 600 1,200
f) IC's-Unjversal - 1 60,000 60,000
g} LSI's 1 3,500 3,500
h) Memories 1 1,500 1,500
i) Crystals 1 7,000 7,000
j) Linear IC's 1 20,000 20,000
3. IC handlers 2 7,000 14,000
4, Miscellaneous Z 15,C00 30,000
Total A: 204,000
B. Card Assembly-Kitting
1. Lead Forming Machines
a) IC Preforming Machines 1 3,000 3,000
b) Axial type comp. crop/
form machines 1 2,000 2,000
c) Radial type comp. Crop/
Form machines 1 2,000 2,000
d) Universal Comp Preparat-
ion Machines 1 3,000 3,000
e) Radial super jig for (d) 1 1,000 1,000
2. Conp. Ccunting M/c’'s 2 1,000 2,000
3. Tape Dicpensers 3 500 1,500
4. PCB Offset Marking M/c's 2 1,000 2,000
5. Others Lot 3,000
Total B: 19,500

(cont i nuad)
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Annex 6.2 (continued)
| ar .
' Based on pure assembly & testing basis
Unit Total
' MACHINE/TESTER no. Cost cost
reqd. Us$ Us$
' C. Component insertion & Wave soldering
1. Semi Auto Machines 10 20,000 200,000
l 2. Manual Stations 20 1,500 30,000
3. Conveyor belt systems
per 10 stations 3 2,000 6,000
4. Loaded PCB Comparators 3 3,000 9,000
' 5. Wave Soldering Machines 2 15,000 30,000
6. Aquous cleaners 1 15,000 15,000
7. Main Lead Trimming M/c's 2 7,000 14,000
I §. DI Water Plant 2 7,500 15,000
9. Rework Stations 4 1,200 4,800
10.0thers lot 20,000
' Total C: 382,800
' D. Card Assembly
1. Automator Lever Press 2 200 400
2. Rivetting Gun 1 250 250
' 3. Insert Macnine 1 200 200
4., Power Scraw Drivers 3 200 600
5. Flat Cables/Connector
crimps 1 150 150
l 6. Thermal strippers 2 100 200
7. Preumatic vices 5 150 750
8. Manual Torque Screw
' drivers 2 50 100
9. Hot Air Blowers 2 100 200
10.0thers Lot 1,000
' Total D: 3,850
(cont.inued)
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Adnnex 6.2 (continued)

memuwoﬂmmmw: o e

Based on pure assembly & testing basis

Unit Total
MACHINE/TESTER no. Cost cost
reqd. Uss Uss$
E. Rack Assembly kitting
1. Power cable cutter 1 250 250
2. Pressfit inserting M/c's 1 1,000 1,000
3. Insertion force controller 1 500 500
4. Retencion force contoller 1 500 500
5. Connector repairing
tool set 1 500 500
6. Sleeve marking machine 1 250 250
7. Wire prefeed system - 3 250 750
8. Auto twisted pair cut/
strip machines 1 500 500
9. Crimping tool 1 100 100
10.Crimping Jjaws 1 100 100
11.Auto feeding crimping M/c's 1 1,000 1,000
12.Hot air blower Gun 2 250 500
13.0thers lot 2,000
Total E: 7,950
F. Final Assembly & Wiring
1. Power screw drivers
of sorts 6 150 900
2. Automator Lever presses 2 200 409
3. Torque control device 1 250 250
4. Rivetting gun 1 250 250
5. Soldering gun 1 250 250
6. Torque screwdrivers of
sorts 2 150 300
7. Air controlled wrapping
guns 2 100 200
8. Cable set testing machine i 350 350
9. Wrapping Pull off tester 1 200 200
10.Test Unit for Cords
& plugs 1 400 400
11.Rack trolleys 3 400 1,200
12.7hers Lot 2,000
Total F: &, 700

{¢ontinued)
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Annex 6.2 ({(contipued)

z — - vari

Based on pure asserbly & testing basis

Besides the above equipment, additional investment will! be needed
fnar certain special tools and testers specific to the different
g, for rardio systems, Opticsal fibre systems etc.

Chapter 6 Page 10/10

Unit Total
. MACHINE/TESTER no. Cost cost
reqd. US$ Us$
' G: Common testing equipment
1. Logic Probes & Pulsers 2 725 1,450
l 2. Oscilloscopes 20 3,000 60,000
3. Multimeters 10 150 1,500
4. Gang Programmer & Eraser 1 7,000 7,000
5. Terminals 10 500 5,000
' 6. PSU's 10 300 3,000
7. MICE 8 7,000 56,000
8. MDS ] ’ i 30,000 30,000
l 7. IBM PC's 20 1,200 24,000
8. 1IBM PC/XT's 6 1,500 9,000
9. 1IBM PC/AT's 4 4,000 16,000
' 10. 132 column printers 6 800 4,800
11. 80 column printers 24 400 9,600
12. CAD stations & accessories 2 8,000 16,000
13. IBM PC Software 1 5,000 5,000
. 14. UPS (50 KVA) 1 30,000 30,000
16. Climatic Chambers 5 10,000 50,000
' Total G: 328,350
!' SUMMARY
A: Inward goods inspection 204,000
B: Card kitting 19,500
l C: Component insertion & wave scldering 382,800
D: Card Assembly 3,850
E: Rack assembly kitting 7,950
' F: Final Assembly 6,700
G: Common test equiment 328, 350
' Total 353,150
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71 intr tion

As discussed in chapter 6, transmission systems are an important
component of the PSTN, and among the transmission systems, digital optical fibre
systems are today the most cost effective for normal fiat terrain. Optical fibre cables
and the electronic systems consisting of the optical line terminals and regenerative
repeaters together constitute the digital optical transmission systems. A general
description of a typical system, an approximate idea of the international cost of a
typical system, and an analysis of the inputs required for the production of a typical
optical line terminal follow.

7.2 General description of a typical optical fibre transmission
system

Fig 7.1 gives a block schematic of a typical 140 Mb/s digital optical
fibre system, connecting two stations A and B with a repeater in between. While an
140 Mb’s has been shown, the 2 Mb/s, 8 Mb/s, 34 Mb/s and higher order systems
are essentially similar. As can be seen. the system consists of:

- Line terminal equipment, essentially identical, at the two end stations:

The connecting optical fibre cable

. A repeater. While only one repeater is shown, depending on the length of the
route there can be as many as needed. Typically for a 140 Mb/s system the
repeater spacing is of the order of 50 Km.

7.2.1 Line Terminal equipment

The line terminal equipment essentially consisis of «wo parts:

a) A Digital multiplex section
b) An optical line terminal
7.211 Digital multplex section:

In a typical modern digital switching system, the nter node/exchange
trunks emerge as a number of 2 Mb/s digital streams consisting of 30 digital channels
of 64 Kb's. each capable of supporting a single voice channel. For transmission over
A 140 Mb-s optical fibre transmission system, these are mulliplexed into a single 140
Mb s channel and at the recewving end demultiplexed back into 2 Mb/s channels. This
1S done in a series of muluiplexers and demultiplexers. The fig 7.1 shows three slages
of multplexersdemuitiplexers. first one mulliplexes 4 channeis of 2 Mb's into a
single channel ot 8 Mb's. the second one multiplexes 4 such 8 Mb/s channels inio one
34 Mb -~ channel and the third and final one multiplexes 4 channels of 34 Mb's into
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one of 140 Mb’s. Demultiplexing of one 140 Mb/s channel into 64 channels of 2
Mb’s takes place through the same series of multiplexers/demultiplexers in reverse
order. Alternatively. skip multiplex systems are al!so available in which 16 channels
of 2 Mb’s are multiplexed’ demultiplexed in a single stage to and from a 34 Mb’s
channel.

Channels of various bit rates pass through a digital distribution frame
from one stage of mulliplex’demultiplex to another. This provides a point of
flexibility and facility to drop and insert channels to ditferent routes in a large
station.

7.21.2 Optical line terminal

The optical line systems consists of 6 functional modules:

1) Transmitter Convertor (XMT CONV): The basic function of this
module is to accept the nominal 140 Mb/s in CMI (Coded Mark Inversion) code,
convert it into mBnB e.g. 5B6B ccde. and add the additional digital channels for, order
wire working, for transmitting supervisory information and signals for n + 1 channel
switching. collectively known as service data channels. The output from the
Transmitter convertor is nominally 168 Mb/s in mBnB code.

2) Electrical to Optical Convertor (E/O CON): The basic function
of this moduie is to convert the 168Mbis electrical signai into a 168Mb/s optical
signal suitable for transmission on an optical fibre. The module basically consists of a
suitable light source (a light emitting diode or a laser diode) whose output is suitably
modulated by the electrical signal. The 168Mb/s optical signal is then fed to the
optical fibre through a fibre distribution frame, which provides a flexibility point to
enable connection of an optical line terminal to any fibre terminated on the frame. The
connection 1s made by suitable optical paich cords.

3) Optical to Electrical Convertor (O/E CONV): The basic function
of this module is to receive ihe 168Mb/s oplical signal transmitted from the other end
on another optical fibre. convert it into 168Mb/s electrical signal ana suitably
equalise and amplify it. The heart of this mcdule is a photodetector device usually a
photodiode.

4) Receive Convertor (RCV CONV): This module receives the 168
Mb s electrical signal from the Optical to Electrical convertor, seperates oul the
service data signals. and converts from 168Mb/s mBnB coded signals into the CMI
coded 140 Mb/s signal and delivers the same to the demultiplexers.

5) Service Data Interface (SD INTF): This module interfaces
between the transmit and receive paths and the cervice channels viz. order wire
phone circuit, supervisory signals and n+1 line swiiching signals. In the transmit
direction 1 receives the signals from vanous service channels, and multiplexes and
leods them to transmilter convertor. On the recewve side it recewves the service dala
i cheptal form from the recewe convertor.  demuitipiexes it and delivers it to the
dfterent service channels
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6) Alarm Control and Remote data interface (ACU & RMT
INTF) This module acts as an interface between the transmission and receive paths
and display devices for system alarms and service data received from remote
stations and repeaters. it receives signals from various devices locally and at remote
stations, about their health etc and after suitable processing delivers them to an
alarm display panel and 10 a central supervisory system panel when equipped and 1o a
portat.le control terminal. It also delivers it to the tranmitter convertor for
transnxssion and display at other stations.

The line terminals are essentially the same at both ends with the
different modules performing the same functions in opposite directions.

7.2.2 Optical fibre cable

Optical fibre cable consis's of a suitable number ot optical fibres in pairs enclosed in a
suitable sheath. The fibres are hair thin glass fibres fabricated to exiremely close
tolerances to a specification which permits light waves to travel in them. The
construction of fibres and cables is discussed in greater detail in one of the foilowing
chapters. One fibre is needed for transmission in each direction.

723 Optical repeaters

The light waves suffer attenuation while travelling in the fibre and at
joints, bends etc. For error free transmission it is necessary thai the signal does not
fall below a certain level. A repeater is inserted before that limit is reached. The
repeater converts the received attenuated signal to electrical signal, checks it for any
errors and regenerates the optical signal for further transmission. The repeater thus
essentially consists of two line terminals back to back without the code conversion
function. As can be seer the repeater equipment consists of optical to electrical and
electrical !'o optical convertors in either direction. These are essentially identical to
the corresponding modules in the terminal equipment. Between the two convertors is
the Branch module. This module has an error detector and a seperator and a combiner
fur the service data signals. The Service data and Alarm control and remote data
interfaces are identical to those at the terminal equipment.

7.3 Manufacturers of Optical fibre {ransmission systems

A very large number of companies are producing optical fibre
rransmission systems. These include almost all the leading manutacturers of
comprehensive range of telecommunications equipment and certain others. Table 7.2
ists some of the leading ones largely based on hst of exhibitors a1 Telecom 87 at
Gennva.
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7.4 International prices

As brought out in chapier 4 in connection with the swilching systems, it
is extremely difficull to quote a standard international price tor the
telecommunications equipment. Prices quoted by different suppliers vary widely by an
order of 2 to 3 times in the same tender, and by the same supplier in ditferent
tenders. Anrex 7.3 summarises typical average prices at which orders have been
placed for a typical 140 Mb/s equipment on the basis of an international tender.

7.5 mponen r ir for ical 140 Mb/ ical line

As seen in fig 7.1 giving the block diagram of a typical 140 Mb/s
optical transmission system, the system consists of a number of subsystems each of
which in turn consists of a number of modules. For purposes of illustration. table 7.4
gives the typical component requirements for a typical optical line terminal consisting
of the Transmit. Electrical to Optical, Optical to Electrical. and Receive convertors;
the Service Data and Alarm Control and Remote Data Interface Units. and the
associated power supply unit modules.

Though consisting of only 8 modules. the equipment calls for a large
number and variety of components.

Annexed:

Annex 7.1: Fig 7.1 giving a block diagram of a typical 140 Mb/s
optical fibre transmission system

Annex 7.2: A partial list of leading manufacturers of optical
fibre transmission equipment

Annex 7.3: Typical prices for a 140 Mb/s Optical fibre
transmission system

Annex 7.4: Component requirements for a typical optical line

terminal forming part of the optical fibre
transmission system
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Table 7.2

A partial illustrative list of manufacturers of

oy O W G A NS S ¢ = @ A% W Sp W S N W W

optical fibre equipment

Name of Manufacturer

O oo Jounbd whe

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ABC Teleinformatica S/A
AT&T .
AT&T & Philips

Alcatel CIT

BTM

Ericsson

Fujitsu

GEC Telecommunications Ltad
GTE Telecommunicazioni SpA

Gfeller AG

Hasler Ltd

Indian Telephone Industries Ltd
Iskra -

Italtel

kabekmetal electro GmbH

Krone Aktiengesllschaft

Murray Telecommunications Group
NEC

NKT

Nokia Telecommunications
Northern Telecom Ltd

Optel

Philips Kommunikations Industrie
STC plc

Siemens AG

Standard Electrica SA

Standard Elektrik Lorenz
Standard Telefon og Kabelfabrik
Tadiran Ltd

Taihan Electric Wire Co
Telesystemes

Thomson CSE

country

Brazil

USA
Netherlands
France
Belgium
Sweden
Japan

UK

Italy
Switzerland
Switzerland
India
Yugoslavia
Italy
Germany
Germany
Ireland
Japan
Denmark
Finland
Canada
India
Germany

UK
Germany
Spain
Germany
Norway
Israel

R. Korea
rrance
France
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Table 7.3

Typical international price of a typical 180 Km
Optical fibre System (Equipment & cables)

Sub-total transmission equipment

8.

OO WD
Ny —

10.

10,1
0.2
10.3
10.4

sub-Tot al Fibre-optic cable & accessor:i.:

ltem

OPT LINE TERM 140 MB/s

Order Wire equipment

one for each terminal &
repeater station

Repeater regenerator
equipment

Digital Multiplex equipment

4th order (140 Mb/s) Mux
3rd and 2nd order (4 of 34

Mb/s and 16 c¢f 8 Mb/s at
each end)

Fibre Distribution Frame

Digita: Distribution frame

Installation material
Terminal stations
Repeater stations

Fibre optic cable, 12 fibre,

jelly filled,metalless
Splicing material
Closures

Splice trays

Termination sets

Wall mountable splice centre

rack mounting kit
splice trays

Fan out cord with D4
connector

Total Cable & Fquipment

M
HA

for

channel material
s fully equipped system

investment cost

140 Mb/s
Unit Qty Total Cost
Price Reqd.
uss MNo.) uss - i
3,250 2 6,500 1.00
1,500 5 7,500 1.16
2,800 3 8,400 1.29
2,200 2 4,400 0.68
15,000 2 20,000 4.01
500 5 2,500 0.39
3,300 2 6,000 0.92
3,000 2 6,000 0.92
2,000 3 6,000 0.92
73,300 11.29
2,900 18C 522,000 80.44
150 200 30,000 4.62
50 400 20,000 3.08
38 5 500 0.08
32 5 160 0.02
50 20 1,000 0.15
50 40 2,000 0.31
575,660 88.71
648, 260 100.00

Us5 338
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Notes:

The above table does not include cost of infrastructure like
bu1ilding, environmental control, and maia power supply equipment,
as well as cost of laying of cable & installation of equipment.

In addition to equipment and cables, for installation and
maintenance, following tools & testers will also b=
needed. These can however be used in common for a number of
systems ii the same network.

Item Unit Cost Total Cost
uss_ __Uss
1. Special tools for equipment
Installation 2,225 1 set 2,225
2. Splicing machine &
accessories 0,000 1 set 40,000
3. Test Instruments 52,000 1 set 80,000
Total 122,225
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Table 7.4

Component requirements for a typical
140 Mb/s Optical fibre System Terminal

Types QOty.
used Rad.
Component {no.}; (no.)
1 Avlanche Photodiode Modules 1 5
2 Capacitors fixed v 506
3 Capacitors variable v 6
4 Coils 6 32
5 Connectors
6 Delay lines 3 3
7 Diodes 38 143
8 Dip Switches - 3
9 Hybrid Circuits 4 6
10 Integrated circuits 96 147
11 Laser Diode Modules 1 5
12 Oscillators Voltage ccntrolled 2 2
13 PCB's ’ 7 10
14 Photo couplers 3 3
15 Relays 2 2
16 Resistors fixed \Y ©85
Resistors network \ 20
18 Resistors variable 4 30
19 Switches 2 2
20 Transformers v 7
21 Transistors 26 82

Iin addition to above, iron work and connectors and cables of
various types will also be required.

V = various
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8.1 intr ion

In chapter 6, various telecommunication transmission systems have
been briefly discussed. Digital systems have become highly cost effective and provide
high quality transmission. They are available for application on various media like
symmetrical & coaxial cables, optical fibre cables and radic. For radio application,
both terrestrial and satellite, a whole range of systems from a few channels, as few
as 10. to as many as 1920 are available in different frequency bands. In this chapter
a simple description is altempted of a typical 8 MB/s radio sysiem for 120 channels
using PSK (Phase shift Keying) modulation in 600 Mhz (UHF) band, followed by a brief
idea of international prices and an analysis of the main components required for the
manufacture of the system.

6.2 Simplified Functional description

Fig 8.1 is a simplified block schematic of an 8Mb/s PSK radio system.
Together with the appropriate digital multiplex system, it provides 120 two way
voice/data grade 64 Kb/s channels. On the transmission side, the system accepts
nominal 8Mb/s 120 channel PCM stream from a digital multiplexer. adds to it
additional bits for order wire supervision. BER measurement elc, PSK modulates it
with a 600 MHz carrier frequency, amplifies the signal and delivers it to the antenna
through a channel duplexing module. On the receive side, it receives the PSK
modulated radio signal from the antenna through the channel duplex module, amplifies
it. and demodulates it to give two parallel 4.352 Mb/s streams. It then combines the
two parallel streams into a single 8Mb/s signal. extracts out from it the order wire
and supervisory bits, changes the speed to 8.448 Mb/s and delivers the signal 1o the
demultiplex equipment.

Both the transmit and receive paths are fully duplicated and are
available in hot standby for change over in case of any failure of serious deterioration
of performance of the working channel.

As can be seen from the fig 8.1 the system consists of toliowing
functional blocks:

1) Trans Hybrid & Receice Switching (TR HYB) Unit

2) Bipolar/Unipotar Conversion (B/U Conv) Unit
3) Multiplex (MUX) Unit

4) Up Convertor (Up Conv) or Transmitter Unit
5) Channel Duplexer (DX CH) unit

6) Down Convertor (DN CONV) or Receiver Unit

7) Synchronistion (SYNC) Unit
8) Demultiplex (Demux) Unit
9) Digital Order Wire & Supervisory Interface (SV INTF) Unit

10) Controi (CON) Unit
Chapter 8 Page 1/9
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Each of these units in turn consists of one or more modules mounted on
suitable Printed circuit bcards.

8.2.1 Trans hybrid & Receive switching unit{TR HYB):

This is a unit common to the two transmitters and receivers, main and
standby.

On the transmit side. this unit receives the nominal 8Mb/s (actual
8.448 Mb/s) digital signal from second order digital multiplexer and and using a
hybrid transformer divides the signals in two halves to feed the two parallel transmit
paths. main and standby.

On the receive side it connects one of the two receive paths, main or
standby. through a mercury switch to the digital demultiplexer, under control of a
control signal from Controt CPU.

8.2.2 Bipolar/Unipolar Cornvertor Unit (B/U CONV):

This is a duplicated unit. one for main and the other for standby
system. but serving both the trans and recewve paths.

On the trans side. it converts the 8.448 Mb/s bipolar signal to a
unipolar and a clock signal and delivers the two 1o the Multiplex untt.

On the receive side il converts the unipolar signal received by it from
demultiplex unit into a bipolar signal and delivers it to the TR HYB unit for finally
passing it on to the digital multiplex system.

8.2.3 Multiplex (MUX) unit:

MUX unit is exclusive to the trans path. one for each transmitter. It
receives the 8.448 Mb/s unipolar signal from B.U CONV and performs the following
functions on the signal before deliverng 1t to the UP Conv Unit:

Al SPD Convertor module, converts the signal speed from 8.448 Mb/s 10
8.704 Mb/s to enable insertion of additional bits.

Al BITS INS module. inserts additional bits for order wire. supervision,
parity check etc into the data stream.

Al Serial 10 Paraliel (S/P Con) Convertor module, rearranges the 8.704 Mb/s
single stream into two parallel 4352 Mbis streams for PSK modulation.

8.2.4 uUP CONV UNIT:
This again is a unit exclusive 1o each transmi path and performs the following

functions on the two parallel 4.352 Mb's signals received from the MUX unit before
delivening a radio frequency signal 1o the: Channel Duplexer unil for feeding 1o antenna:
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At the T logic module performs the logics for differential modulation and signal
wivetorm shaping.

At the Modulator module. an RF linear 4 PSK modulator. modulates the signal
with @ 600 Mhz RF carner.

The 600 MHz carnier is generated using a synthesizer oscillator and butfer
multipher module.

- A1 the Power Amplifier (PA) module. the modulated RF signal is amplified by a
inear amplifier. The output is typically 2 walts. The signal is now passed 0a 1o
th-+ Channel duplexer unit. ‘

8.2.5 Channel Duplexer unit:

This is a unit common 1o both the main and the standby transmitters and
feCeryer

In the transmit paih it receives the modulated and amplified signals
from the two transmit channels. main and standby. and at the diode switch switches
one of them to the antenna through a oand 2dass filter. under the the control of trans
content signal received from the CPU control module of the Control unit. The output of
the antenna s typically 1 watt plus.

In the recewve path. the umt receives from the antenna. the Radio
frequency signal received from the other ena.  The signal is seperated trom trans
signal hy a band pass filter and ts ted to the twe receive channels via a RF Hyoria.

8.2.6 Down Convertor:

This is a unit exclusive to each receive path and performs the following
functicns on the received radio frequency signal to deliver two parallel 4.704 Mb's
stream s ' the Synchronisation umt:

A: 1ne RF module. the received signal 1s amplified by a low noise amphtfier, and
mixed in an image cancel type mixer with 3 signal generated using a
svnthesizer oscillaioi. © give an intermediate frequency (IF) signal in 70 MHz
hand. The signal passes through a band pass filter and is amplified by an
automatic gain cotrol (AGC) amplifier. The amplified IF signal then passes on 10
e gemodulator module.

A1 the demodulator module, the signal 1s demadulated by synchronous detection
and then fed to the Rx logic module.

Al the Rx Logic module. two parallel 4.352 Mb/s signals are regenerated and
passed on to the synchronisation unit

8.2.7 Synchronisation unit

This 15 also a umt exclusive 1o each receive path. The umit recewves the
signal tram the down convertor umit and  performs the foliowing functions before
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delivering it to the Demultiplex unit:

At the P'S Conv module arranges the two 4.352 Mb/s parallel streams into a
single. series 8.704 Mb's stream

At the Synch module recovers the frame synchronizing pattern which is used
in Descram module for descrambling the data stream and generating timing
pulses for seperation of auxialary bits n the demultiplex unit.

8.2.8 Demultiplex unit

This unit is also exclusive to each receive path. It receives the 8.704
Mb s signal and timing information from synchronous unit and performs the following
funclions before delivering a 8.448 Mb/s unipolar and a clock signal to the B/U unit.

Extract the auxialary bits. Order wire. supervisory. parity check eic. trom
thae 8.704 Mb’'s signal

Convert the speed to 8.448 Mbs

The 8.448 Mb:s unipolar and clock signals are passed on to the B/U unit.
which, as already noted. is a common unit to the trans and receive paths. In
the B/U unit the Unipolar 8.448 Mb’s signal is converted back to bipolar signal
and fed to the TR HYB Unit

The parity check bit is used to monitor the bit error rate.
The digital order wire and supervisory signals are passed on 10 the Control
unit.

As already noted the TR HYB unit is common to the trans and receive
paths. The 8.448 Mb's regenerated signal from both the receive channels 15 fed 10
thie umit and at a mercury swiltch. one of them is selected and passed on 1o the digital
multiplex system. under the control of a coniroi signal from the the supervisory unit.

8.2.9 Orderwire and supervisory interface

The order wire telephone speech is converted in the PCM Codec module
o 64Kb « siream and fed to the MUX unit in the trans via the control unit path for
insertion in the trans channel. The 64 Kb's voice signal from distant end is received
from the gemuluplex unit and converted to analog speech and fed to the order wie
telephon:: crcull.

The supervisory informanon consisting of various parameters (uplo
12) abou! the various equipments i1s collected and converted into a 64 Kb/s digital
channel and fed 1o the MUX umit in trans path for transmission o remote slation. The
64 Kb s supervisory information channel receved from remote station 1s seperated
al the DEMUX unit and processed and dispiayed at the the display panel. Itis also fed to
the: control CPLU for control of switching of the trans and receive paths trom main o
standby and vice versa.
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8.2.10 Control unit

The unit provides an order wire telephone circuil. a change over contro!
circuil. an indicator and alarm circuit and a monitoring meter circuit and works in
comunction with the Digital orderwire & Supervisory intertace unit.

8.3 Application as a repeater

The above system with a terminal at each end. and antenna mounted at
an uptimym height can provide direct communication between two stations about 50 to
60 Km apart in z %at terrain. For communication between stations situated further
apart this can be done using repeaters each consisling 0 two terminal equipments
connected back to back. Since the signa!s are regenerated at each repeater. 2 fairly
large number of such repeaters could be used wilthout any significant deterioration in
qualty of communication from end to end.

To provide ceniralized control and maintenace. of both the terminals
and the repeaters. a centralised supervisory system is incorporated with a master
unit at the designated central station and slave units at the repeaters and the distant
station. Typically one master umit can control about 1€ slave units. The supervisory
information is processed by the supervisory interface module of the Digital orderwire
§ supervisory interface unit for transmiss:on 2nd reception over the radio system
via the MUX and DEMUX units in the trans and receive paths.

84 Manuyfacturers

Many of the companies lsted in table 6.1 n chapter 6 are
manufactunng and supplying the equipment.

8.5 Pricing

The ditticulties in quoting any specific figure for international pricing
brought out In connection with swilching equipment prices apply equally :n this case.
However 10 give a general idea typical prices at which some orders have been placed
against certain international bids are indicated in Table 8.2 for a typical 200 Km route
with three repeaters.

8.6 Components required for production of equipment as an
assembly operation

To give a general idea about the the complexity of the system and
assenntal inputs required for its manutacture an analysis has been made of ditferent
types of components going nto the different units tor a single terminal with one
tfransmilter and one receiver . A summary 1S gven in (able 8.3
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Annexed:

Fig 8.1: A simplified block diagram for a typical 8 Mb/s (120
channel) radio system terminal.

Table 8.2: Typical prices for an 8 Mb/s radio relay system in
600 MHz band with duplicated transmitters and
receivers as main and standby for a typical 200 km.
route with 3 repeaters.

Table 8.3: List of components required for different units of a

typical terminal of 8 Mb/s radio system.
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Table 8.2

Typical prices for an 8 Mb/s radio relay systam in 600 Mhz band

with duplicated tranmitiers and receivers as main and standby
for a typical 200 Km route with 3 repeaters

Item Qty. Unit Total
Regd. Price Price
(Mo.i  USS uss

Radio relay terminals .

one each at two terminal
stations and two each at

3 rereaters 8 10,311 82,489
Supy Master unit . 1,345 1,345
Supy slave units : 899 3,5¢¢
’it insercion & SV intf? 5 1,082 8,652
3ranching cir. for O.W. 3 227 €82
‘nstallaticn materials o} 263 2,1G¢
Tocls & accessories s 73 365
3 M Antennas s 2,185 17, 488
reeder Cable sets 5 1,498 11,888
ital 128,63¢
channel 1,072
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b

Component requirements

3N
)b

item

Capacitors, fixed
Capacitors, variable
Coils

Connectors
Couplers

Crystals

Ciodes

rFilters

Tuse holders

; Tuses

- Heat Sinks

HIF's

Hybrid Circuits
7.C. Sockets
Integrated Circuits
Jacks

. LED's

.z —ocks

Mixers

PCB's
Photocouplers

PWR Units

Relays

Resistors, fixzed
Resistors Variable
Snhort Plugs
Speakers

Switches

Terminals

Test Jacks
Transformers
Transforrers, pulse
Transistors
U-Links
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Table 8.3

of a single typical 8 MBps UHF
Terminal

Qty Reqd
_(No.)

762 .
3

57

114
1

12

210

1

W o W

(IC's) 279
23
33

4

7
46
13
3
30
1076
37
193
1
28
309
1

5

6
83
14

wste: The above requirements are for an unduplica=ed system i.e.

inr

13
. § -
UNInsG.,

single transmitter and receiver with the necessary common
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Chapter 9

9.1 Introduction

It was noted in chapter 6 that digital transmission on optical fibre
cables offers the most cost effective means of providing inter node trunks. Chapter 7
covered a typical transmission equipment for fibre optic application. In this chapter it
is proposed to cover the basic construction and inputs required for the production of
fibre opuc cables.

9.2 Construction and production processes for_optical fibres
[ I . .. licati

9.2.1 Optical fibre for telecommunications applications consists of extremely
thin solid fibres of silica/glass with a central core of about 50 micro meter diameter
for multimode and of about.8 micro meter for single mode fibres, and an outer
cladding of an overall diameter of 125 micro meter . The fibres are provided with a
suitable protective coating lo avoid ingress of any impurities including moisture aid
provide mechanical strength. Both the core and cladding are glass but core has a
higher refractive index. The relative refractive indices are such that most of the rays
of light travelling in the core that may escape into the cladding layer sulfer toial
refelection and are returned to the core, thus minimising the loss of light energy.

9.2.2 The reliability and repeatability of performance of fibres calls for
ensuring accuracy in diamelers and circularity and concentricly of the core, the
cladding and the primary protective coal. The tolerances generally specufied for the
tibre are

: Core diam: Plus Minus 6%
Cladding diam: Plus’Minus 2.4%
Core non-circularnty: 6%
Cladding non-circularity: 2%
Concenlricity Error: 6%
9.2.3 Production of glass fibres involves highly sophisticated processes. In

the first instance. a preform consisting ot a solid cylinder with a central core and the
outer cladding. of appropriate quality of glasses is fabricated by one of the several
alternative processes. The preform is then drawn into thin fibres which are
immediately provided with a primary protective coating. A number ol leading
companies have contributed 1o the development of the production technology, among
them. STL Laboratories in UK. Nippon Sheet Glass Co..Nippon Electric Company, and
Nippon Telegraph and Telephone Corporation in Japan. Corning Glass Works and Bell
Talnphone Laboratories in tISA, and Philips Industries in Holland.
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924 Bulk of the optical fibres, at present being produced use ofe of the ftour
vapour deposition processes viz.:

Modified Chemical Vapour Deposition (MCVD) Process
Outside Vapour Phase Oxidation (OVPO) Process

- Vapour Axial Deposition (VAD) Process

: Plasma Chemical Vapour Phase Deposition (PVCD) Process

9.25 Fig. 9.1 gives a schematic diagram of the Modified Chemical
Vapour deposition (MCVD) process which involves:

. Heating of a rotating quariz lube from the outside by a number of gas burners
moving along the length of the tube.
Feeding of a number of gasses (Silicon Chloride. GeCl4, POCI3 and Argon)
through the quartz tube.

) Oxidation of the gasses by high temperatures and deposition of glass soot on
the inner surface of the tube.

- Deposition of 60 to 70 layers of glass soot by repeated passing of the burners.

. Finally collapsing of the tube under high teraperature (of the order of 2000
degress centigrade) to form a schid cylindrical preform.

Thus, the core glass is deposited from the gasses by vapour deposition
process while the tube acts as the cladding.

9.2.6 Fig 9.2 gives a schematic of the Outside Vapour Phase Oxidation
(OVPO) process. which invoives:

A rotating seed rod
Feeding of raw materials through a set of burners.

. Coliection by the rotating seed rod. of glass soot. formed by the flame
hydrolysis process. at every pass of the burners.

: Forming layer by layer first the core and then the cladding.

: Removal of the hollow cylindrical preform from the seed rod and its
consolidatior and formation of the solid preform under dry high temperature
conditions.

9.2.7 Fig 9.3 gives a schemalic of the Vapour Axial Deposition Process
which involves:

A rotating seed rod which is gradually pulled up.

Feeding through two sets of buiners the core and cladding materials.
Deposit below the rotating seed rod first of the core and later the ciadding.
Drying. consolidation and elongation of the preform.

Overcladding by the rod-in-tube process.

The process permits larger size preforms.
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9.2.8 Fig. 9.4 gives the schematic of the Plasma Chemical Vapour
Deposition process. which is a variation of the Inside Vapour Phase deposition
process. The process substitutes the gas burners for heating the gases and formation
of glass deposit inside the tube, by a plasma turnace. The furnace resonator creates
microwave plasma in the tube with frequencies around 2.5 GHz. The process permits
deposition of a large number, of the order of 1000, of very thin layers resulting in
an extremely smooth refractive index profile from centre outwards.

9.2.9 Fibre drawing

The preform made through one of the vapour deposition processes as
above is used to draw the fibre of the required diameter on a fibre draw tower. Fig.
9.5 gives a schematic of the draw tower. The process involves:

: Feeding of the preform into an induction furnace.

Melting of the preform at its bottommost end under high temperatures
developed in the furnace.

Molten pzriion dropping down by gravity and being drawn intc the thin fibre by
a oulling force applied by the pulling drum.

Close control of the process 1o ensure uniformity of diameter. The diameter is
closely and continuously monitored by a laser based mechanism. The
information collected is used to control the preform feed mechanism, the
temperature of the furnace and the speed of the pulling drum.

Maintenance of ultra pure environment and application of primary p.utective
coating immediately to avoid ingress of impurities. Primary coating consists
either of acrylates or silicone ard is cured either by ultraviolet curing or
thermal drying.

9.2.10 There is considerable competition in the fibre market. Typically, high
quality fibre is at present quoted at about US 10 Cents per meter. The quantity and
therefore the cost of raw materials going into the production of fibres is quite small.
However. the processes ior production of preform and for drawing of fibres, call for
a high level of sophistication and auotmation by way of close control of chemical
inputs. temperatures, speeds eic. 1o obtain the fibre of acceptable quality. The cos! of
process machines, Vapour Deposition Lathes and Draw Towers, is thus very high. Use
of chemicals also requires significant control measures for environmental protection.
The fabrication of optical fibre therefore is cost effective only at substantial
production levels. usually over a hundred thousand fibre kilometers per annum. Tables
9.6 and 9.7 give typical figures for the inputs required for fibre faorication by way of
chemicals etc and the plant and machinery.
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9.3.1 Primary coated fibres, by themselves lack body and strength for
practical application. To provide the necessary body and strength, the required
number of fibres from one to 100 or more are put together in cable form. According
to the application and requirements of strengtn, level of protection etc, cabling may
irvolve provision of a secondary jacket, one or more strength members, water
protection by way of jelly filling or provision for gas pressurization, sheathing,
fillers. cushion materials, armouring etc. ’

9.3.2 Fibre Jacketing: As a first step the individual primary coated fibres
are provided a secondary jacket usually of nylon, for further mechanical protection
and strength. Two types of jackets, loose or tight, are used. Both have comparative
advantages and disadvantages, and adherents. An extruding machine is used for the
purpose.

9.3.3 Strength Members: To increase the strength, particularly the
tensile strength of the cables to permit long lengths being pulled within ducts etc,
strength members are added either at the centre of the cable or siranded along the
periphery. The strength members may be in the form of steel wires or for metal free
construction in the form of plastic monofilaments or special fibres like kelvar.

9.3.4 Water protection: Protection against moisture takes the form of
either the jelly filling of the stranded cable core, enclosed in a suitable waterproof
tape lapping or gas pressuriztion through addition of suitable perforated pipes.

9.3.5 Sheathing: Sheathing, usually of plastic material, provides a covering
for the cable and holds its elements. fibres, strength members and water protection.
An overall external sheath is essentially provided. In addition there might be an inner
sheath as well, particularly when cables are armoured for direct burial in ground.

9.3.6 Armouring: Armouring in the form of steel tapes or wires or
corrugated sieel tubes provides exira protection for direct burial of cables in ground.
It alen provioes the only fully reliable protection against rodents. It is generally not
provided when cables are to be laid in ducts.

9.3.7 Fillers: Fillers are provided in the cable structure when necessary 10
achieve: an overall round cross section.

9.3.8 Overall structure: Many variations have been devised in the overall
structure of optical fibre cables and there are many adherents of each. Figures 9.8 to
9.10 illustrate three most! frequently used structures, Layer, Tight jacket in V-
Groove and Ribbon, first two being generally used for small fibre count cables and the
thurd for larger ones.
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9.4 Iypical international prices of optical fibre cables

There is quite a keen competition in the optical fibre cables market.
Depending on the overall structure desired the prices for metalless cables of an
average of 10 libres vary between 3 to 4 US $ per meter.

95 Pr ion of ical fibr \ from pr r fibr

94.1 Chart 9.11 gives a typical process flow and the machines and materials
required for production of small count, metalless cable of tight jacket in V-groove
structure shown in fig. 9.9 without the armouring. Typical figures for raw material
and plant and machinery requirements for an annual production of 2,500 sheath Km of
optical fibre cable and international prices thereof are indicated in tables 9.12 and
9.13.

Annexed:

Figure 9.1 Schematic drawing illustrating the Modiftied Chemical
Vapour Deposition process.

Figure 9.2 Schematic drawing illustrating the Outside Vapour
phase oxidation process

Figure 9.3 Schematic drawing illustrating the Vapour axial
deposition process

Figure 9.4 Schematic drawing illustrating the Plasma Chemical
Vapour deposition process

Figure 9.5 Schematic drawing illustrating the working of a fibre
draw tower

Table 9.6 Raw material Inputs required for production of
preform by MCVD process and drawing the fibres.

Table 9.7 Plant and machinery required for production of
preform by MCVD process and for fibre drawing

Figure 9.8 Cross section of an optical fibre cable with ‘layer
structure’

Figure 9.9 Cross section of an optical fibre cable with "Tight
Jacket in V-Groove structure”

Figure 9.10 Cross section of an optical fibre cable with 'Ribbon
structure’

Chart 9.1 Process flow chart for production of cables from
bought out fibres

Table 9.12 Raw material inputs for production of optical fibre
cables from bought out fibres

Table 9.13 Plant and machinery required for production of

optical fibre cables from bought out fibres
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Raw Materials etc. required for production of

Iable 9.6

25,000 Km of optical fibres by MCVD process

) Qty. Regd. Unit Total

Unit Qty Cost Cost

Item Uuss Js$
(000)

1. Substrate (quartz) tube Kg 2,250 222.22 500
2. Exhaust Tube Kg 625 48.00 36
3. Silicon Chloride Kg 2,375 29.47 70
4. Ge Chloride Kg 100 350.00 35
5. PO Chloride Kg 25 60.00 2
6. Freon litres 1,875 2.67 5
7. Chlorine litres 312,500 0.08 25
8. Helium litres 875,000 0.34 300
9. Argon Cu.m. 12,500 2.00 25
10. Hydrogen Cu.m. 87,500 0.11 10
11. Oxygen Cu.m. 150,000 0.33 50
12. U.V.Acrylate Kg 3,750 226.67 850
Total 1,902

Per Km of fibre 0.08

Thus the raw material

0.8 US Cent per meter of optical fibre.

cost works out to about 80 US$ per Km or

Chapter 9 Page 11/19



Iable 9.7

Plant & Machinerv required for an annual Production of about
25,000 Km of optical fibres per annum

Item Qty. Unit Total
Reqd. Cost Cost
(no.) USS US$S
(000)
A: Laboratory for testing raw
materials Lot 40
B: Instruments for Fibre testiag
1. Optical Time Domain Reflectometer 1
2 Geometry Test set 1
3. Mode Field Dia test set 1
4. Chromatic dispersion test set 1
5. Attenuation test set 1
6. Others . Lot
Total B 400
C: Production Machinery
1. MCVD Lathes 6 100,000 600
2. Fibre Draw Towers 2 200,000 400
Total C 1,000
D: Reels,Drums,carriages etc 400
E: Total plant & Machinery (A to D) 1,840
F: Infrastructure
1. Land 10000 1 10
1. Buildings 2000 160 320
2. Power supply & standby 2000 32 64
3. Gas Storage Tanks 12 5,000 60
4. Water Supply lot 10
5. Ventilation lot 1
6. Environmetal protection lot 200
Total F 674
Total investment required (E+F) 2,514
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Table 9.12

Raw Materials etc. required for production of
2,500 sheath Km of metalless optical fibre cables
with an average of 10 fibres each

Qty. Reqd.
Reqd.

Item Unit Oty

1. Optical fibre Km 30,000
2. Strength Member (FRP) Kg 31,250
3. Polypropylene Kg 37,500
4. Filling Jelly Kg 25,000
5. Polyester Tape K3 2,500
6. High Density Polyethelene Kg 75,000
7. Nylon Kg 43,750

Total

Unit Total

Cost Cost
uss  Uss

£000)
0.10 3
24 .00 750
3.33 125
4.00 100
16.00 40
1.67 125
22.86 1,000
2,143

(2] ] bout 2,143/2.5 = 856 USS

per Km or 86 US cents per meter,
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Iable 9.13

Plant & Machinery
required for an annual production of about 2000 Sheath
Kilometers of optical fibre cables of average 10 fibres each

Qty. Unit Total
Sl Reqd. Cost Cost
No. Item {no)  UssS 0 WSS
000)
A: Inward goods inspection (other than fibres):
1. Melt flow index tester 1 -
2. VISIO meter 1
3. Colour analyser 1
4. Differential Scanning
Calorimr~ter 1
5. Others Lot
Total A 100
B: Instruments for Fibre testing
1. Optical Time Domain.Reflectometer 1
2. Geometry Test set i
3. Mode Field Dia test set 1
4. Chromatic dispersion test set i
5. Attenuation test set H
6. Others Lot
Total B 400
C: Production Machinery
1. Fibre rewinder 1 100
2. Cable Rewinder 1 200
3. Extrusion Line no 1 1 680
4. Extrusion Line no 2 1 640
5. Stranding & filling line 1 680
Total C 2,300
D: Reels,Drums,carriages etc 200
E: Finished Goods inspection
1. Walk-in Environmental chamber 1
2. Torsion tester 1
3. Impact tester 1
4. Crash tester 1
5. Flexibility tester 1
Total E 400
F. Total plant & Machinery (A to E) 3,400
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Iable 9.13 (Coptinued)

Plant & Machinery
required for an annual production of about 2000 Sheath
Kilometers of optical fibre cables of average 10 fibres each

Item Qty. Unit Total
Reqd. Cost Cost
(no.) Us$ Us$
(000)
G: Infrastructure
1. Land 10,000 Sq m 1 10
2. Buildings 2,000 sSq m 160 320
3. Power supply & standby plant 64
4. Compressed air supply 16
5. Chilled water 20
6. Ventilation 20
Total G . 450
H. Total investment required (F+G) 3,850
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hapter 10

Telephone sets
10.1 Intr ion

Telephone instrument, though forming only a small fraction of the total
cost of the PSTN, still constitutes a substantial investment. it is also the most visible
part of ihe network. its production from bought out components is comparatively
simple and cost effective even at comparatively small volumes. It can therefore form
the nucleus in a small way of the local production of telecommunications equipment-in
many small developing countries.

10.2 Block diagram and functional ription

Figure 10.1 gives a simple block diagram of a modern electronic
telephone instrument. It has the following functional units:

a) Line switch : it operates by the weight of the handset
incorporating the transmitter and receiver. When the hand set rests on the hook, the
switch disconnects the dial and the speech circuit from the exchange line. When the
hand set is liflted it connects them to the line.

b) Tone Ringer : On receipt of Ringing signal from the exchange, a
ringing tone generator produces an output signal that drives an electoacoustic
transducer. which emits the alerting tone.

C) The electronic dial generates either the dual tone muiti-
frequency or decadic pulses. A set may be equipped with one or the other or both with
a common push button pad and a switch to change over from one to the other.

d) An integrated active network for coupling and decoupling the
transmit and receive speech signals. for transmission on a two wire line, amplifying
the transmitter output and sending it on the line, amplilying the receive speech signal
and feeding it 1o the receiver.

e Electro accoustic transducers serving as transmitter, receiver
and ringers.

Above s the functional description of a basic telephone set used by a large majority of
the subscribers. There are many other models with various features like hands free
dialling. loud speaking, memory and abbreviated dialing etc.

10.3 Manufacturers of Telephone Instruments

Apart from ail the major international manufacturers of
telecommunication equipment, telephone instruments are being manufactured by a
very large number of others. both on small and large scale, many of them in some of
the developing countries.
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10.4 Prices

The prices and quality of telephone instruments vary very widely.
Quality wise, there are sets fully meeting the CCITT transmission standards and high
reliability with MTBF of 10 years or more and there are others with poor
fransmission quality and a rather poor record of reliability. In general, a basic but
quality electronic instrument meeting the CCITT transmission standards and a
satisfactory level of reliatility is quoted at around 25 USS.

105 i T ion of an electroni

telephone instrument

Table 10.2 gives a list of various components going into the production
of a telephone set and typical prices for the same.

10.6 Process flow chari

Chart 10.3 indicates the process flow for assembly and testing of the
telephone sets from bought out components.

10.7 Plant and machinery for produclion of telephone
instruments from bought out components

Table 10.4 gives a list of various machines, jigs, tools and testers
required for assembly and testing of telephone instrumentis from bought out
components with manual operations as far as possible, except where quality and
reliabilty calls for automation, e.g. use of a wave soldering machine rather than hand
soldering.

10.8 Economic level of productiop

With a reliable supply back up of components, an assembly plant couid
be economic for an annual production of about 50,000 to 100,000 sets. Production of
some of the moulded components could become economic at an annual production of
100.600 to 200,000 sets.

Annexed:

Figure 10.1 Block Scematic of a basic electronic telephone

Table 10.2 Component requirements for Decadic Pulse/DTMF
switchable telephone instrument.

Chart 10.3 Process fiow chart for assembly and testing of an
electronic telephone instrument from bought out
components.

Table 10.4 Requirements of machines,jgs and tools for

assembly & testing of electronic telephone from
bought out components.
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Chapter 16 Page 477

' Iable 10.2
COMPONENT REQUIREMENTS PER SET
' TELEPHONE INSTRUMENT DTMF/DIAL PULSE SWITCHABLE
T
I Y -—-———-—-- Price---———-
P
E qty Total/set
. compopnent s S no, UsS per USS %
1. Capacitors, Metalized Plastic Fiim 10 12 50 /000 90.60 4.58
2. Capacitors, Electrolytic Aluminium 4 6 80 /000 0.48 3.66
' 3. Cords, Hand set, coiled 1 1 S00 /000 0.506 3.82
4. Cords, Instrument, Straight 1 1 300 /000 ¢C.30 2.29
S. Diodes 5 9 25 /000 0.23 1.72
' € FET 1 1 100 /0QC
7. Hoox Switches 1 1 100 /00 1,00 7.63
§. Housing Farts Set of 13 1 1 2.5 /set 2.50 19.08
9. IC's Dialler 1 1 500 /000 0.50 3.82
' 10.1IC's Speech 1 1 1006 /00C :1.0C 7.63
11.IC's Ringer 1 1 500 /000 C.5C 3.82
12 .Keybooard Pusnh cutton 1 1 100 /00 1.6 7.e3
l 13.PCB's Single layer 1 1 600 /000 0.60 4.58
14.Quartz CrystalQOscillator 1 1 300 /000 90.30 2.2¢9
15.R. Button 1 1200 /000 0,20 1.83
16.Resistors, Metal film (0.25w) 28 28 6 /000 0.17 1.28
n 17.Resistors, Metal film (U.50w) 2 2 6 /000 0.01 0.09
18 .Transducers, Transmitter 1 1 850 /000 G.85 &£.49
19.Transducers, Receiver 1 1 850 /000 (.85 6.49
I 20.Transducers, Ringer 1 1 200 /000 0.2¢ 1.53
21.Transistors 4 5 120 /000 0.6C 4.58
22.Varistors 1 1 120 /000 0.12 0.92
. 23.Miscellaneous set of screws,washers
rerminals, rubber shoes
etc 1 1 0.6 /ser 0.6C &.5°
' Totals/set 70 79 3011




CHART 10.3
TYPICAL PROCESS FLOW CHART FOR PRODUCTION OF ELECTRONIC TELEPHONE SETS (OTMF /DP SWITCHANLE)
(ASSEMBLY FROM BOUGHT COMPONENTS )
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Table 10.4

PRODUCTION EQUIPMENT REQUIREMENTS
TELEPHONE INSTRUMENT DTMF/DIAL PULSE SWITCHABLE
ASSEMBLY LINE ONLY, ALL COMPONENTS BOUGHT OUT

Following table gives the requirements of machines, tools, jigs and

testers for a pure assembly plant with manual operations as far as

possible, with an annual production of 100,000 to 200,000 sets on a

single shift basis. All components have been assumed to be bought out
as per the list at table 10.2

Typical prices
Machines & Accessories Qty unit total
no, Uss Uss$

A: Han I ion of el roni moonen

1. Cutting & bending jig & tocls for

axial components belted 1 200 200
2. Cutting & bending jig & tools for

components, singles 1 100 100
3. Cutting device for transistors 1 200 200
4. Straightening device for IC's 1 200 200
. Counting device for compcnents

belted 1 200 200
€. Wire link cutter 1 50 50
7. Component testing & preparation

tables 2 500 1,000
B: m in ion in PCB

1. Conveyorised stuffing staticons with
stuffing jigs 10 800 8,000

C; Wave Soldering

1. Wave soldering machine 12" size

with cleaning & cutting facility 1 15,000 15,000
2. Soldering frames for above 10 50 500
3. Inspection & Repair table 1 200 200
4. Soldering iron (temp. ccntrolled) 1 50 50

-

e Tnet » o

1. Conveyorised Telephone st Assembly

stations 10 800 8,000

72. Pneumatic Screwdrivers 6 100 600

3. Soldering irons 4 50 200

Total carried forward ‘ 34,500
Charter 10 pane 6771




Table 10.4 (continued)
PRODUCTION EQUIFMENT REQUIREMENTS
TELEPHONE INSTRUMENT DTMF/DIAL PULSE SWITCHABLE
ASSEMBLY LINE ONLY, ALL COMPONENTS BOUGHT OUT

Typical prices

| Machines & Accessories oty unit total
1 no uss yss
|
‘ Brought forward 34,500
1
1 E: Testing, labelling & packing
|
| E: Test equipment
1. Digital LCR meter 1 1,060 1,000
2. Digital capacitance meter 1 1,000 1,000
3. Digital precision ohmmeter for low
resistance measurement 1 1,500 1,500
4. Insulation resistance tester 1 1,000 1,000
5. High voltage test equipment 1 1,500 1,500
6. IC,Transistors & Diodes tester 1 25,000 25,000
7. In-circuit board tester taking upto
2048 points 1 15,000 15,000
. Key board tester 1 10,000 10,000
. Hook Switch life tester 1 1,000 1,000
10.Cord life tester 1 1,000 1,000
11 .Ringer life tester 1 1,000 1,000
12.Tone Pulse Telephone analyser 1 5,000 5,000
13.Telephone tester with accessories
including testing of transducers 1 35,000 35,000
14.General purpose multi-meters 2 500 1,100
15.Testing & labelling table 1 500 500
Total 135,000
Infrastructure: Land, buildiryg,
electric power, dust filtering,
office equipmet & furniture 250,000
Total initial investment 385,000
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Chapter 11
Components
1.1 intr i
11.1.1 A broad analysis of various types of components going into the

production of a few of the important systems forming part of National Public Switched
Telecommunication networks has been undertaken in chapters 4, 7, 8. and 10. The
analysis, though necessarily limited to only a few systems, gives some idea of the
very wide variety and range of components going into the telecommunication systems.
Components generally appear to contribute about 30% of the total cost of production
of the systems, actual figures varying somewhat from system to system. The cost of
components is thus an important issue to be considered towards reduction of the cosl
of networks.

11.1.2 To bring the issues involved into better focus an attempt has been made
to draw up a fairly comprehensive list of different types of components and classify
them on a scale of 1 to 5 for the frequency of use and complexily of production
processes. The results are presented in Annex 11.1

In regard to frequency of use, 1 represents infrequent use in a few
systems, 5 represents use in large numbers. Klystrons are an example of components
classified 1 and resistors. capacitors. integrated circuits and accoustic transducers
are typical examples of class 5.

In regard 1o complexity of production processes, 1 represents very
simple: production processes while 5 represents highly complex and closely controlled
ones. Moulded parts are an example of 1 and the integrated circuits of 5.

in either case, the classification represents basically a subjective
judgement of the editors. There could be some differences of opinion in regard to the
classification.The editors however believe that the table will still be found useful as a

starting point for the deliberations of the conference in respect of strategies for
production of components, devr:loping countries.

11.2 Sources of supply for components

The variety of comporents calls for a large variety of raw malcrials
and processes for their manufactur:- A very large number of companies in difterent
countries are manufacturing compinents. Almost all the major manufaclurers of
telecommunication equipments h.i.. component divisions. They manufacture
components partly for their own us.: and also sell internationally. There are also a
fairly large number of independent manufacturers producing only components. Lany
specialize in specific types Among e developing countries, Korea and Taiwan have
bullt up a major electronics comprnents industry. They also have a numtr of
companies specializing in projects .- manufacture of the more common compon.nts.
The:y ungeriake 1o design plants anct -ipply the manufacturineg equipment.
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Electronic componert market which aiso embraces the components tor
telecommunications is a mulli-billion dollar one.  With such a farge market a number
of international and national directonies and catalogues of electronics components are
publisned by independent publishers. and industry and business associatons. A
number of magazines and journals ca!-:ring to the electronics components and systems
industry are aiso being published. In .:adition. most of the major manufacturers publish
catalogues giving the specifications and operating characteristics of their products
and prices. A number of business houses specialize in procurement and supply of
components. They also undertake to form component kits fer systems on the basts of
bill of materials prepared by the designer or manufacturer.

Annex 11.2 gives a very brief illustrative list of international
airectories of eiectronic components.

11.3 Typical processes, cco<t_of raw materials and plant and
machinery for production »f components

Purely for purposes of illustration hapters 12 to 15 present typical
process flow charts, raw material anc plant and machinery required for 4 of the most
trequently used components in telecommunication systems namely carbon metal film
resistors. ceramic capcitors, printed circuit boards and integrated circuils. The
information is necessarily somewhat sketchy and figures of costs purely illustrative
based on budgetary quoles. They however serve o give an idea of the complexity of
processes and the oider of investments invoived.

Annexed:
Annex 11.1 List of components classified as above
Annex 11.2 A brief list of international directories of electronic

components.
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Annex 11.1 List of comporents classified as abcove
l- ANNEX 11.1
An alphabetical list of frequently used components in
systems going intoc telecommunication networks
l also indicating on a scale of 1 to 5 the comparative
frequency with which the component is used and the
complexity involved in its manufacture from raw materials
' Rating ¢cn a scale of 1 - S
Sl no, Name of component Frequency Complexity
of use ~f production
' .. Acoustic Signalling devices, buzzers 5 2
2. Accustic transducers 5 "
' 3. Backplanes, motherboards 5 z
4. Batteries,
lead acid,maintenance free 3 2
rechargeable Ni Cd 1 3
' 5. Bubble Memory devices 1 4
6. Cable glands, locknuts, st>pping plugs 1 Z
7. Cable markers, sleeves, ties 5 i
. 8. Capacitors:
ceramic 5 2
chip 3 3
electrolytic 2 2
. high voltage 1 z
metallised paper film 1 z
mica 1 2
' plastic(metallised polyesterine etc) 5 2
precision 1 4
radio frequency 3 z
. sub-miniature 1 E
tantaluam 3 3
trimmer 2 K
variable 2 i
. 9. Card frames 5 g
13, Toronectors
circular i
' zraxial 4
flat cable 3
insulation displaceme:.” 4
optical fibre 4
‘ printed circuit board 5
rack and panel 4
rectangqular 4
' radio frequency inter:orence shieided 2
sub-miniature 1
surface mount 1
l 11. Contactors 2
2. Counters .
1%, 7rystals, oscii.ators 3
' 14. Delay Lines 3
Chapter 1] it iqe 3/7




ar alphabetical list of frequently used components in
systems going intc telecommunication networks

also indicating on a sc
frequency with which
olexity involved in its

varactors

eeniel

i<, “‘so-=y contrcllers

9 Cisplays
a-pna numeric (LZD)
3;3 tal

L. Tlllers
Ceramic
Crystal
22. T.se holders
Z23. ruses
24. Headphones
25. Heat sinks
26. Hybria circuits
7. Impatt oscillators
25. Iinducrtances
chokes & coils
chi
?,. Integrated
pplicati~n specii!
'\,U sLom
Digital
Linear/ar.:.oque
Microwave
Genreral
3G, Interference ‘ilter:
31 Keyboards
32. Xlysrnrons
3. Kncbhs & dialg
54, Lamps
“ 5 Laser diodes
1 Magnenic cors
PRI T

ale of 1 to 5 the comparative

the component is used and the
canufacture from raw

materilals

Rating on a scale ¢ I

Frequency xﬁmﬂ.ﬂu“;
of uyge cf prodn

1 4

3 K

4 3

2 3

2 3

3 3

Z 5

MU R RO R RO NI SN NN )

Pl
™
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ANNEX 11.1 (Continued)
hn alphabetical list

z1s0 indicating on &

freguency wi

th which

ne

~F

ite S
~he ccmponent

szale of

the comparative

is used and th

frequently used ccmponents in
telecommunicaticr networxs

lexity

involved in its

~

.ame of component

Microwave component:s
rassive
semi-conductcr

Moulded plastic par:.:

Panel meters

Permanent magnets

-notodlodes

tcelectric cell

P;JQS, sockets &

'ometers

mer

e wouna

inted

s0lid state
Resistor networks
Resistors

carbon film

compositicr,

nigh voltage

retal film

mecval oxide

precision
lable

voltage dep

wire weund
SoCcKets

IC's

LED's
Solar cellis
3:

!

(55N
Jal

ndent

epper moto: s

rge arrest  rs

\J v.‘.tC .v

~orr
Ll

AT CurY

y
riohbunr
Tz
roiary
slide

sub-minla’
toygle

il

manufacture from

raw materials

Rating on a scale of . - 5

:weqwemﬁ: Coarplesi-os

of use of proguztion
2 5
2 4
5 1
3 3
5 2
3 4

Tutes 2 3
s 3
3 3
2 3
5 3
i 4
5 4
3 3
2 3
4 3
2 2
R 2
1 2
5 2
i 2
1 3
3 3
N 2
3 K]
G4 3
3 3
2 4
2 4
5 4
2 3
3 2
2 3
2 3
2 4
Z B
2 3
i 4
2 7
Croapter HE




ANNEX 11.l1 (Continued)
An alphabetical list of frequently used components in
systems going into telecommunication networks
also indicating on a scale c¢cf 1 to 5 the comparative
frequency with which the comporient is used and the
complexity involved in its manufacture from raw materizals

Rating on a scale ¢ 1 - 5§
Zo o, liame of compopepnt Frequency  Copplesity
of use af nrosiassisn
. Te:rminals 5 2
3. Thyristors 2 G
S Transformers
Auototransformers 1 2
constant voltage- 1 %
current 1
hybrids 5 <
isolatison 1 z
power 3 2
pulse 3 2
toroidal 2 I
variable 1 :
G Transistors
chip 3 4
Darlington 1 4
field effact : 4
low power 4 4
power 3 4
radio frequency 3 4
60. Triacs 3 4
61. Tubes
Travelling wave 1 5
o vive guides & components 3 4
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ANNEX 11.2

A brief illustrative list of international/national
directories of electronic component producers and agents
etc

Sl no Publishers Name of publication

1 Elsevier Advanced International Electronics

Technologies Directecry
a) The guide to European
Manufacturers, Agents
Applications
b) Who's Who in Electronics

(USA)
2. Electronic Industries
Asscciation of Japan Electronic Parts Catalogue
3. Hearst Business IC Master

Communications Inc.

JChépter 11 pange
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Chapter 12

Outline of production process, raw material, plant and machinery and
manpower requirements for production of 250 million pieces a year of
Resistors, carbon and metal film

12.1 Introduction

As seen in the analysis of component requirements for various typical
telecommunications systems, a very large number of resistors carbon or metal film
go into these systems. The annual consumption runs into billions of peices. The quoted

prices vary between 12 to 20 US$ per thousand pieces.

12.2 Production process

Chart 12.1 gives a somewhat simplified process flow for production of
these r-oators from ceramic rods and other raw materials. The repeatability and
reliabiity r-:quirements call for some automation ang in-process testing and control.
Table 12.3 gives the requirements of machines and test equipment for an annual
production of about 250 million pieces. on two shift basis. Table 12.4 gives the
manpower requirements for this plant along with approx manpower coOsis in a
deveioped and a developing country.

13.3 Raw material requirements

Table 12.2 gwes the quantities and estimates of cost for 250 million
pieces. abnut 50 million of carbon film and 2C0 million of metal film.

13.4 Observation

The cost of raw materials per thousand pieces works out to about 2
JS$. Th. capnal recovery factor for the plant and machinery for an assumed hfe ot
four ye:ar. wworks out at about 1.3 USS. The manpower cost in a developing ccuntry 1s
lnss than 1 dollar but substantially higher in a3 developed country.

Annexed

Charr Typical process flow for production of resistors, carbon and
me-al film,

Tatwe L Raw matenal requirements for production of resistors. carbon
and metal film

Taple .o Reyuirements  of Plant & Machinery for an annual production ot
250 milion piecos of resistors, carbon and metal film, on two
shift hasis.

Tabbke Manpower ri:quiremants for annual production of 250 nuthon
pieces a year of carpbon and metal film resistors. on two shift
basis

Chapter 12 page 1/5
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TYPICAL PROCESS FLOW FOR PRODUCTION OF

MATERIALS USED

CARBON/METAL FILM RESISTORS

INWARD GOODS

NPERATION

INSPECTION & TESTING

CERAMIC RODS

MACHINES/ FACILITY

!

STORE

ME THANE

C ARBONIZE
FOR CARBON FiLM

NICKEL CHROMIUM

TEST LABORATORY

METALLISE

METAL CAPS

FOR METAL FILM

C ARBONIZATION
CHAMBER

T
b 1

LEAD WIRES

C AP

METALLISATION
CHAMBER

1

SORT

CAPPING MACHINE

1

GRIND HELICAL
GROVES

SORTING MACHINE

I

EPOXY

WELD LEADS

HELICAL GROVING
MACHINE

i

PAINT EPOXY

WELDING MACHINE

¥

BAKE

3-STAGE COATING ANO
BAKING LINE

1

REPAINT EPOXY

1

BAKE

1

REPAINT EPOXY

]

BAKE

MARKING INK

?

P

PAINT AND PRINT
MARKING

TAPES

1

- — - —p
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Iable 12.2

M&n&lm;mﬂ.ﬁnr.mdummmﬁzsgn_“. o/ ] fil ,

Item Qty. Reqd. Unit Total
Ur .t oty Cost Cost

uss rUss
(330)

1. Ceramic Rods Million 252 175/M 43.1
2. CRC Caps ¥illion 504 102/M £1.41
3. Tirned copper Wire Tonne 40 3.2/Kg 128.0C0
4. Methane Kg ¢.50
5. Nickel Chromium Powder Kg 250 600/Kg 150.00
0. Epoxy Paint Tonnes 40 1.7/Kg 68.00
7. Paper Tape Tonnes 30 1.4/Kg 42.00
8. Marking Ink Kg 2.5 10/Kg 0.03
Total 484.03
A

pove 1z for a production 57 abcut S0 millicn carbon and 200
millicn metal film resistors

interraticnal selling price 5f about USS$S 15 per thousand pieces.

e

ost ¢I raw materials werxs out to about USS 1.964 against an

Chapter
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' Iable 12.3
Planr & Machipnerv required for an annual Production of about 230
l million carbon/metal film resistors per annum
Isen Qty. Unit Total
Regd. Cost Cost
l (no.) USS  USS
{000)
A Lazroratory for testing raw
' maerials Lot 10
3 Instruments for final testing
. 1. LCR meter 1
2. Insulation Tester 1
3. righ Voltage Tester 1
l 4. Ciimatic Chambers 1
5. Nslise tester 1
Total B 20
. 2 Prcducticn Machinery
1 Carponization champer 1 15,000 15
' 2 Metallization chamber 2 150,000 300
3 Capoing Machines 4 10,000 40
4 Scrting Machines 3 12,000 390
5 Helical grinding Machines 12 6,000 72
' ) Lead Welding Machines 8 12,0400 S6
7 Epoxy ccating & baking line 3 40,000 1z20
8 Marking Machines 3 6,000 18
l 9 Tacing Machines 2 5,000 10
Toral C 707
. = T-oral Machines & testers 737
£ Infrastructure
l 1. Lan 5000 5 25
2. Buildings 1000 160 160
3. Power supply & standby lot 32 32
' G Ventilation lot 10
Total E 227
l T2al investment required D + E 964
' Uateltal recovery for oa life of 4 years
. B33 per oannum 322
’ nital recovery Tost for (600 pleces 1.288
say UGS 1.3
l Chapter 12 Page 4/5




nT v D
developing country.
Annual costs in a
A: Developed Country developed country
no. USS$S(000) Uss (€00)

Manpower requirements

1. Managers 1 60 G
2. Technicians 3 40 120
3. Quality Controllers 2 45 90
4. Material controller 1 40 4
5. Production Controller 1 45 45
6. Supervisors 2 40 80
7. Operators:
Carbonization/metallization 1 30 30
Capring 4 30 120
Sorting 4 30 120
Grinding 4 30 120
Welding 4 30 120
Epoxy painting & marking 4 30 120
Paper taping & packing 2 30 00
8. 3al«s & Shipping 2 40 30
Total : 35 1205
Manpswer cost per 1000 pieces : Us$ 4.82
B: Deyeloping country
Annual costs in a
developing country
no. Uss$ (GQ0) JS$(000)
Manpower requirements
1. Managers 1 5 S
2. Technicians 3 3 9
3. Quality Controllers 2 3.5 7
4. Material controller 1 3 3
5. Prodiction Controller 1 4 5
6. Supecrvisors 2 3.5 !
7. Operators:
Carbonization/morallization 1 2 2
Capping 4 2 i
Sorting 4 2 8
Grinding 4 2 3
Welding 4 2 3
Epoxy painting & marking 4 2 8
Paper taping & packing 2 2 4
8. 3Sales & Shipping 2 3.5 E
Total : 35 -3
annowier cost per 1000 pieces : Uss 0.3
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Chapter 13

Outline of production process, raw malerial, plant and machinery and
manpower requirements for production of 100 million pieces a year of
Capacitors. Ceramic disk type

13.1 Intr ion

As seen in the analysis of component requirements for various typical
eircommanications systems. a very large number of ceramic capacitors go into these
waletna. Tne annual consumption runs o billions of pieces. The quoted prices vary
aetwas 27 10 30 USS per thousand pieces.
13.2 Pr ign pr

Chart 13.1 gives a somewhat simplified process flow for production ot

‘heso cipacitors from pasic raw matenals. The repeatability and reliabiiity
-eqi -memts cal tor considerable autornation and in-process testing and control.
Tudee 13 gwes the requirements of machines and lest equipment for an annual

210 .ohion of about 100 mulion piece:s. Tabie: 13.4 gives the manpower requirements
*0r Laie1n ON two shift basis.

13.3 Raw material requirements

Table 13.2 gives the quantities and estimates of cost for one million
pieces 0! capaciors.

13.4 Observation

The cost of raw materials per thousand pieces works out to about 2
USS. Tne capital recovery factor for the plant and machinery for an assumed life of
rcur years works out at about 3 USS. The manpower cost in a developing country 1s

somparable but substantally higher in @ developed country.

Anne.a. !

Cnart Typical process tiow for production of capaciors. ceramic disc
type.

Tabt: 20 Raw material requirements for production of capacitors.
ceramic disc type.

Fant. 171 Requirements of Piant & Machinery for an annual production of
100 million piece:s of capacitors, ceramic disc type. on 170 shift
basis

Tane T Manpower requirements for annual production of 100 million
pieces a yrar of capacitors. ceramic disc lype. on two shifl
basis
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PROCESS FLOW CHART FOR PRODUCTION OF CAFACITORS .

CHART 131

CERAMIC DISC TYPE

A. PRODUCTION OF CERAMIC DISC ELEMENTS

MATERIAL USED PROCESS
'}
METOLOSE, 1. MIX & BOIL BINDING
GLY CERINE, WATER MIXTURE
2. (oot

CERAMIC POWDER

3.MIX BINDING MIXTURE ¢
CERAMIC POWDER

\

L.ROLL TO ADJUST PARTICLE
SIZE

5 coot

6.EXTRUDE TO 100 mm WIDE
0.1 TO 0.2mm THICK STRIPS

!

7 DRY & ROLL TOGE THER

8.PUNCH DISCS OF APPROPRIATE
SIZE

9.FIRE DISCS AT 1400 DEG.C TO

SINTER
1
10. SEPERATE SINTERED DISCS
I
11. DRY DISCS
3

12.SORT OUT BENT OR
UNSEPERATFED DISCS

COUNT & PACK CERAMIC
OISC ELEMENTS

MACHINE USED

BOILER 7/ MIXER

COOLING C(HAMBER
FABRICATING MACHINE
ROLLING MACHINE
COOLING CHAMBER
VACUUM EXTRUDER
DRYING CONVEYOR

DISC FORMING. MA CHINE

ELECTRIC KILN

ULTRASONIC SEPERATOR

(ONVEYOR OVEN

SORTING MACHINE

ELECTRIC WEIGHING MACHINE

(HAPTER 13 PAGE 2/8




PROCESS FLOW CHART FOR PRODUCTION 0QF CAPACITORS .

CHART 131 (CONTINVED)

CERAMIC DISC TYPE

B. SILVER SCREEN PRINTING

OF DISC ELEMENTS

MATERIAL USED

PROCESS

MACHINE USED

DISC ELEMENY
SILVER SOLVENT >

FREPARE SILVER PASTE & APPLY
APPROPRIATELY TO DISC ELEMENT

Y

DRY

¥

HEAT TO 800 C EVAPORATE
RESIN & RFDUCE SILVER OXIDE

v

COUNT & PACK

(. ASSEMBLE CERAMIC CAPACITORS

FORM LEADS OF APPROPRIATE SIZE

SOLDER £ FLUX

COPPER WIRE £ SHAPE
¥
SILVERED DISCS
COPPER WIRE LEADS ATTATCH LEADS TO DISCS
¥

SOLDER LEADS To DISCS

ORGANIC SOLVENT
COATING POLYMER
POWDER CUINSUL ATING)

PREPARE (OATING PASTE

3

SOLDERED DISCS
COATING PASTE

APPLY COAT OF INSULATING
POLYMER

¥

INK

PRINT APPROPRIATE MARKS

¥

WAX

WAX ELEMENTS TO MAKE
SURFACE GLOSSY & WATERPROOF

R

TEST

!

PACK IN BOXES OR ROLL

AUTOMATIC PRINTER

DRYER

ELECTRIC FURNACE

AUTO LEAD FORMING
MACHINE

AUTO ASSEMBLING
MACHINE

AUTO SOLDERING
MACHINE

COATING MIXER
MACHINE

AUTOMATIC COATING
MACHINE

AUTOMATIC MARKING
MACHINE

AUTOMATIC WAXING
MACHINE

AUTOMATIC TEST
EQUIPMENT

PACKING MACHINE

CHAPTER
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Iable 13.2
- i3] . E i . 1 milli
i f itor rami i
S1l. Raw material particulars Qty Likely cocst
no. reqd Unit Total
(Kg) Price US$ Uss
1. Adresive paper (*1000 sg.m.) 13* 15 195.00
2. <Ceranmic Powder 40.00 6.50 260.00
3. Copper wire 150.00 3.25 487.50
4. Durez(coating powder) 75.00 1.75 131.25
5. Glycerine 2.25 2.50 5.63
3. Ink 0.01 10.00 .10
7. Hetclose (binding powder) 1.6C 7.00 11.20
3 Pap=r tap 120.00 1.4 168.00
2. Silver 2.00 200.00 400.00
10. Silver paste solvent 0.03 1,700.00 51.00
11. Solger 20.00 10.00 200.00
12. Scolgering flux 2.00 15.00 30.00
13, Wax 20.00 3.75 75.00
Total for one million pieces uss 2,014.68

Tpe raw material requirements work out to about US$ 2, against
~ne selling price of finished product of about US $ 20 to 30 per

13070 pisces.

Chapter 17 page 4/8
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| Tabla—tad
- ' aa]

FAr an 2 C

i ” =
S1. Machines, tools & testers oty Likely ccst

. no reqd Unit Toral

(no.) Price USS$S Uss

A: Machines

‘ i Auto Assembly Machines 4 7,000 28,000
2 Auto Coating machines 2 5,600 11,200
3 Auto lead forming machines 4 8,000 32,000

" 4 Auto Marking Machines 2 6,700 13,400
5] Auto Printers 2 7,000 14,000
5 Auto Soldering Machines 2 12,000 24,000
7 Auto Testing Machines 4 15,700 62,800
5 kuto Waxing Machines 2 4,000 8,000
3 22iling & Mixing Machine 1 2,100 2,100
10 Crating Mixer 1 2,300 2,300
i1 Cooling chamber 1 4,500 4,500
2 2isc Forming Machine i 5,400 5,400
i3 Zryer for seperator 1 4,700 4,700
i4 Dryer for printer 1 4,700 4,700
15 Drying conveyor for

seperator 1 14,700 14,700
16 Electric Furnace (small) 1 23,500 23,500
17 Electric Kiln 1 84,000 84,000
18 Fabricating Machine 1 11,200 11,200
19 Ovens 2 6,700 13,400
20 Packing Machines 4 2,250 9,000
21 Roller Mixer 1 10,800 10,800
22 Sorting Machines 3 1,800 5,400
23 Ultrasonic Seperator 1 8,400 8,400
24 /acuum Extruder 1 30,000 30,000
Total A: 427,500

(cont inued)
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Table 13.3(continued)
: ucti £ a 100 milli

Capacitors, Ceramic disc type on two shift basis

Sl. Machines, tools & testers Oty Likely cost
no. reqd Unit Total
(no.) Price US$ Us$

B: Accessories for machines
1. For Kiln (lot) 1 19,000 19,000
2. For disc former 30 4590 13,500
3. Screen for printer 200 35 7,000
4. Templates 600 35 21,000
6. For Ceramic Capacitor

Ass=mbly M/c (lot) 1 7,300 7,300

Total B: 67,800

C: Test Equipment for Q.C.

1. Temperature Coefficient 1 28,000 28,000
chamber
2. Puncture Test set 1 2,300 2,300
3. Insulation resistance 1 5,000 5,000
Tester
4, LCR Meter 1Khz 1 4,000 4,000
5. LCR Meter 1 Mhz 1 15,000 15,000
6. Q meter 1 5,000 5,000
Total C: 59, 300
D: INFRASTRUCTURE
sSl. Item Area Unit cost Total cost
no. Sg.m. Us$/Sqg.m. Us$
1. Land ) 5,000 2 10,000
2. Building 500 100 50,000
3. Electrical Installation 500 20 10,000
4, Water supply lot 5,000
5. Environmental control 500 20 10,000
6. Others lot 20,000
Total D: 105,000
(continued)
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SUMMARY QOF INVESTMENT REQUIREMENT

Item Jss
A: Machines 427,500
8: Accessories for machines 07,800
C: Test Equipment for Q.C. 59,300
D: Infrastructure 105,000
= Freight, Insurance, Installation & trial runs

@ 40% of A+B+C+D 263,847

Tntal estimated investment 823, 440

Annual capital recovery factor for a life of 4 years with cost of
meney at 12% (@ 33%)

307,813
Per 1000 pieces on annual production of 100 miliion 3
Chapter 17 tage 7/8




Iable 13.4

{cal . E i . £ 100 milli
Capacitors of Ceramic disc type, in the plant t1i {_j
Table 13,3 and typical annual costs in a developed and a
developing country.

Annual costs in a
A: Developed Country developed country
no.'s US$(000) Uss (000)
Manpower requirements

1. Managers 2 60 120
2. Technicians 3 40 120
3. Quality Contollers 2 45 90
4. Material controller 1 40 40
5. Production Controller 2 45 90
€. Supervisors 3 40 120
Operators:
7. Disc Element 16 30 480
8. Silver screen Printing 15 30 450
9. Capacitor Assembly 32 30 960
10. Sales & Shipping 2 40 80
Teotal : 78 2,250
Manpower cost per 1000 pieces : US$ 25.5
B: A developing country
Annual costs in a
developing country
Manpower requirements no.'s UsSS (000) USs$ (000)
. Managers 2 5 10
2. Technicians 3 3 9
B Cuality Contollers 2 3.5 7
4. Marerial controller 1 3 3
5. Prcduction Controller 2 4 8
6. Supervisors 3 3.5 10.5
Operators:
7. Disc Element 16 2 32
8. ©Silver screen Printing 15 2 30
9. Capacitor Assembly 32 2 64
10. Sales & Shipping 2 3.5 7
Total : 78 180.5
Manpow. - cost per 1000 pleces : UssS 1.8
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Chapter 14

Outline of production process, and raw material, and plant and
machinery requirements for fabrication of about 30,000 sq. m. of
double sided, through hole, glass epoxy printed circuit boards

13.1 Intro ion

As seen in the analysis of component requirements for various typical
‘elecommunications systems, printed circuit boards are an essential input tor the
producticn of almost every module for every telecommunication system. Printed
circwit boargs are used to mount and interconnect the various components reliably.
The annuai consumption runs into millions of sq. meters of printed circuit boards. For
ampie szt modules single sided boards are usual. For more elaborate ciruits. double
sded one are used. Mull layer boards are often employed for large circuits. In this
chapter @ brief outline of processes involved. and materials and machines and plant
required for production of about 30,000 sq. meters of double sided boards has been
wemptad Such boards are quoted at about USS$ 125 per sq. meter.

14..2 Pr ion r

Chart 14.1 gives a somewhat simplified process flow for production of
hase Printad circuit boards. The repealability rehability aad high precision call tor a
mignodever of automation and in-process testing and control. Table 14.3 gives the
.queremle 215 o machines and test equipment for an annual production ct about
140.CC0  sg. meters of these boards. [t will be seen that the investment requirement
Sorather faah evan though only one machine of each type has been included.

14.3 Raw _malerial reguirements

Table 14.2 gives the quantites and estimates of cost for 1200 sq.
meter of thase boards 1o work out the cost per sg. meter.

13.4 Observation

The cost of raw materials per sq. meter works oui to about 73 US$
wmchas rather high for a tinished product being quoted at US$ 125 per sa. meter The
sapi rincuery factor for tne plant and machinery for an assumed hfe of four years
aornc oat 4t aboul 16 UST per sq. meter.

Annexed:

Chart 141 Typical process flow for production of double sided
through hole printed circuit boards for professional
equipment.

Table 14.2 Raw material requirements for production doubie
side through hole PCB'S capacitors, ceramic disc
type.

Tabie 11.3 Requirements of Plant & Machinery for an annual
production of 30,000 Sq. meters of double sided
boards.
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MATERIALS USED

HOT AIR LEVELLED

INWARD GOODS

CHART 14-1
TYPICAL PROCESS FLOW FOR PRODUCTION OF
DOUBLE tLAYER PRINTED CIRCUIT BOARDS

OPER

ATION

MACHINES/ FACILITY

DOUBLE SIDED
COPPER LAMINATE

INSPECTION & TESTING

TEST LABORATORY

CNC PROGRAMME
TAPE

e e

ELECTROLESS PLATING
CHEMICALS

STORE
SHEARING MACHINE /
CUT BLANKS CIRCULAR SAW
‘
BAKE OVEN
A
DRILL TOOLING HOLES PIN ROUTER

8 PIN BLANKS

PHOTO RESIST
DRY FILM

DRILL HOLES CNC DRILL MACHINE
25:::“8 oRY DEBURRING MACHINE
\
$a:p§§A:;QTE PLATING LINE
\
TAPE TEST

FOR PEEL OFF

TEST STATION

A

BRUSH CLEAN 8 DRY

1

APPLY DRY FILM
PHOTO RESIST

DRY FILM HOT
ROLL LAMINATOR

EXPOSE BLANKS

DOUBLE SIDED
EXPOSE UNITE

DEVELOP

BL ANKS

ADF DEVELOPER

INSPECT CIRCUIT

ON BLAN

K

VISUAL INSPECTION
STATION

CONTINUED SHEET 2
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CHART 14-1 (Sheet 2)

TYPICAL PROCESS FLOW FOR PRODUCTION OF
DOUBLE LAYERPRINTED CIRCUIT BOARDS

MATERIALS USED

HOT AIR LEVELLED

OPERATION

' FROM SHEET 1

PLATING CHEMICALS

PLATE (QPPER AND

mcmuts/nc ILiTY

TIN— LEAD

1

TAPE TEST fOR

AU TOMATIC PLANTING

PEEL OFF

i ]

STRIP PHOTO

TERE STATION

RESIST FROM BLANKS

1

ADF STRIPPER

TTCHING CHEMICALS

ETCH AWAY UNWATED

OPPER FOIL FROM BIANK

ALKALINE/ACIDETCH
SYSTEM

1

STRP TIN- LEAD

(OMPLETE BLANK

TiN STRIPPER

INSPECT WITH ATEO

ATEO

i

COLD PLATE

AUTO_MICROPROCESSOR

CONTACL AREA

(ONTROLLED PLATING

1

BLOCK OXIDE

BLACK OX!DE COPPER
AREA OF BLANK

DO

SOLDER RESIST

APPLY SOLDER RESIST

MA SK

SCREEN PRINTER

t

UV CURE HASK

UV CURING MACHINE

1

SOLDER

PRE CLEAN AND HOT

AIR LEVEL THE I3LANK

HOT AIR LEVELLER

1

INK[ PAINT

APPLY (OMPONENT

REFERENCE

SCREEN PRINTER

1

PROFILE CIRCUIT
OUT LINE (PUNCH)

X

INSPECT

PUNCH AND BEVEL

ATEO

i

PALKING MATERIAL

PACK

FACKING STATION
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Pr { Ciruit E ’
Item Qty. Reqd. Unit Total
Unit oty Cost Cost
uss$ Uss$
(000)
1. Dcukle sided glass epoxy
ccoper laminate sq. m. 1,250 27.00 33,750
Z. Dry film photoresist sqg. m. 1,250 12.00 15,000
3. Electroless & electro-
plating chemicals lot - 20,000
4. Echant lot - 4,000
5. Solder Mask lot - 4,000
6. Drill bits & routers lot - 3,000
7. Others lot - 8,000
Total 87,750

The material costs work out to about US$ 73 per sq. meter which
is rather high compared to internationally quoted price of
finished preduct of about USS 125 per sg. meter.
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Iable 14.3
' 3 1 P i
about 30,000 sq. meter of double sided through hole
Item Qty. Reqd. Unit Teotal
Unit Oty Cost Cost
' Uss  US$
(000)
Al Lzboratory for testing raw
. matarials Lot 20
B: Instruments for in process and final testing
l 1. Plating Thickness meter 1 8
2 Tnhrough hole tester 1 9
3. Nickel thickness tester 1 4
. 4. Visual Inspection i 6
Total B 27
l C: Prz.iiction Machinery
b Srearing & fabrication
#) Plate shearing machine 1 :
' 7y Tircular saw 1 10
C) Pin router 1 6
d) Pcwer press 1 2
' 2 Drilling & routing
a) 2 Head CNC (large) 1 80
b) 2 Head CNC (small) 1 75
l c) Single spindle 1 60
d) Manual optical drill 1 12
€} Stack pinning machine 1 9
. 3. Soiirring
Denirring machine 1 25
' 5. Electroless automatic mp
controlled plating line 1 175
. 5. Imaging
a) Pumice cleaning 1 18
b) Hot roll laminator 1 8
¢) Double sided exposure unit 1 8
l d) ADF developer 1 18
€. Electroplating
' a) ~utomatic mp controiled
“onroaytic plating line 1 17s
‘ Surivping & Etching
' ¢) fADE stripper 1 18
£) snlkaline etching system 1 40
) Acidic etching 1 36
' (continued)
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Table 14.3 (Contipnued)

~omical Tlant & Machinery required for an anpual Producticon oF
~~~a- 30 000 sq. meter of double sided through nole

Printed Circuit Rgards

Ioem {zy. Read. Unit Toral
Jnit Qry Cost Jost
S35 B
{300
Z: Machines continued
3. Sirrace treatment
&) Tin Stripping i s
) Hot air levelling 1 =G
3. “"‘ren printing
&) Jlamps (screen stretching) 1 set 0.5
©) JY -lght source 1 5
> i Lz
0. Mizcellareous
2} Roller drye: 2 z
3 Punches, tools etc set -t
v Jigs, fixtures etc set “
Total C BTz
o Tcral Plant & Machines (A to Q) 917.3
. r.irastructure
i g.m. 10000 z 50
. (sg.m.) 2000 150 320
3. system & stand: 64
G upplv 16
5. mental control 50
+ral B 500
= Tctzal investment  (D+E) 1,417

~apital recovery for a life of 4 years @ 12 % cost of money

34 per annum 472
anita. recovery per 1600 sa. o,
o oapoan 16 USS per sa. meter,
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Chapter 15
Integrated circuits

15.1 Introduction

The analysis of components going into the switching systems carried
out in chapter 4 indicated that integrated circuits contributed the maximum to the cosl
of components in the system, over 25%. For a normal mix of 200,000 lines capacity
4.4 million IC's of over 200 types are used in a typical system. The analysis in
chapters 7 and 8 indicates that {C's play an equally important role in Transmission
systems. Though called a compoent, an IC is in effect a susbsystem or functional
block. perizrming a complete function in the system. The complexitities of IC's range
trom the eguivalent of a few transistors and diodes to the equivalent of thousands of
component parts and they perform functions which vary from simple logic gates to
amplifiers to complex central processing units. The equivalent component parts are
not made seperately but share with each other the same processing. being fabricated
on the same piece of silicon crystal.

The development of IC's has revolutionised electronics,
telecommunications and computers. It has made possible the modern digital systems,

improved h2 reiiability, and brought about tremendous economies in use of materials.
15.2 Fabrication of IC's

Basically IC’s consist of a single crystal of silicon, on which, through
the procisses of diffusion, ion implantation, metallization, and epitaxial growth, a
complex structure is fabricated with areas which can be functionally identified as
diodes. transistors, resistors, field effect devices, capacitors and interconnection
wires. Fabrication involves extensive use, a! highly sophisticated level of diverse
scientific processes from physical chemistry, solid state physics, optics.
photography. and metallurgy. The result is a higly miniaturised production of entire
subsystems on chips as small as 2mm by 2mm. A large number, upto 2000, of these
are producad simultaneously on a single slice of pure silicon, known as wafer. about
100 mm tc 150 mm diam. Al some stages of the processing as many as 50 of such

wafere ar nandied together, with a possible output of from 50,000 to 100,000 chips
at a time:
15.2.1 Production of masks

The production process of an iC starts with the production of a set of
masks called tools in the ndustry. which in turn starts with the design of the circuit.

The essential steps in the production of the masks and the nature of the masks 15 as
follows:

1) Creation of a circuit design and schematic diagram indicating clearly
vdarious devices and their interconnection. This is nowadays carried oul on a computer
aided deccin facility and the final output is available on a tape.
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2) The tape is then used at a mask production facility, 1o produce a large
map. several sq. feet in size, defining accurately locations of various devices to be
formed into the crystal. Each such device takes its own unique design and shape e.g.:

: muitiple layers form transistors
) two layers form diodes

: other structures form field effect devices

: interconnection pads are formed by a layer of positive metal or polycrystalline
silicon

3) The drawing is transferred onto a series of rubyliths. Rubylith is a

very rigid. perfectly clear plastic carrying a surface o' ruby red fim which can be
removed by a cutling process. Layers of the IC are defined as layers on the series of
rubylith.

4) Through a series of photo-reduction this rubylith map is reduced from
several sq. feet to a photographic pattern 10 to 20 times the actual size of the silicon
crystal. A final photographic process reduces the pattern accurately to the actual size
of the crystal.

5) Using a step and repeat photographic process, the map s reproduced
many times. (as many as the number of chips on the wafer which may be upto 2000)
on a shde equal in size to the silicon wafer.

6) The end product is a set of photo masks of chrome or conventional
emulsion on glass. Each mask is used o produce one of the layers that form the IC on
the silicon wafer.

This set 1s used as a master from which copies are taken
photographically for use in fabr. ation process. The production of these masks is a
highly sophisticated process and is generally entrusted to a few dedicated mask shops
specialing in this work. The prices quoted for a set of masks, which may consist of
anything from 10 to 20 depending on the nature of circuils, range between 50,000 to
100.000 USS.

15.2.2 Fabricati i

The actual fabrication of chips starts with silicon wafers of high purity
of 100 to 150 mm diameter. The steps in fabrication are indicated in chart 15.1 and
are briefly as follows:
1) The silicon wafer is cleaned and polished in a polishing machine.

2) A thin layer of silicon dioxide is tormed on the surface of the wafer in a
controiled process in a furnace in presence of pure oxygen.

3) A thin layer of photo-resist material is applied uniformly over the
sflicon oxde layer in a spinning machine.

4) An appropriate mask is accurately aligned with the wafer and
photographically exposed in @ machine known as ‘aligner.
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5) The photo resist is now developed in the photolitho equipment.

6 An ectchant is now used to eliminate the silicon dioxide from the areas
not detined by the above photolithographic process.

7) A chemical clean up tollows which removes the photolithographic
matenils and leaves the basic silicon with a silicon dioxide pattern on its surtace.

8) In a diffusion turnace. dopant gases are now diftused at high
temperatures, into the silicon areas not protected by silicon dioxide. Alternatively an
ion implanting machine is used for achieving the same objective.

9) Atter each diffusion, the process starts over again with reoxidation ot
the surface. application ot photoresist. exposure using the next mask, developing,
etching. clean up and next diffusion. As many cycles as the masks follow, the last
being the metallization and widow masks which are used to provide the connection
pads and define the boudaries of each IC chip. Chart 15.1 shows the reiterative
process with 6 basic masks. As already mentioned the actual number may vary from
about 10 to 20.

Throughout the processing. continuous monitoring and control is
undertaken. optically. chemically and electrically to maintain a high level of accuracy.
For this purpose the masks have a few strategically located test patlterns.

At the end of the process. wafers are ready with the necessary IC's. Belore being
passed on for assembly. each IC is tested 100% on the wafer, and any defective ones
are inked over. This is done using a prober.

15.2.3 A mbl

Chart 15.2 gives simplified process flow chart for assembly of IC's in
moulded plastic packages. The steps are:

1) Probe testing . if not aiready done.
2) Dicing and seperation of IC's. This is done in scribling and dicing saw.
The IC's are sorted out to seperate the defective ones and those carrying the test

patterns. Latter are sent for further tests & evaluation of the process.

3) Each chip is too small for handling. It is therefore mounted on a
substrate by a die bonding process.

4) For external connection, aluminium microwires (1 mil i.e. 0.001

diameter: already connected to external leads in a frame, are bonded. either by the
ultrasonic or thermal compression process. one ¢n each connection pad.
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5) The chip mounted on the substrate and carrying the external lead
frame. 1s moulded into a plastic package. in a transfer moulding machine.

6) The external leads are now tinned to ensure high solderability.
7) The external lead frame is then cut away.
The chips are now ready. They are finally tested and packed for despatch.

15.2.4 Raw_material requirements

Table 15.3 gives a skeleton list of raw materials with an overall
approximat:: estimate of cost, for production of about 40 million IC’'s with an yield of
ahocut &

15.2.5 Piant and mahinery required

Table 15.4 gives a skeleton list of plant and machinery required for an
ainual production of about 40 million IC's of mixed complexity. Price estimates are
highly approximate and give only an idea about the order of investments involved.

15.3 rvation

Tne fabrication of the IC's is a higly sophisticated process. It requires
substanti.' investments. For an annual production of 40 million IC's whose selling
pnce will oo of the order of 40 million US $. the investment may be of the order of
about 53 muhon USS. At this level the plant may just about break even. A number of
major manufacturers are turning out IC's in billions.

Annexed:

Chart 15.1 Typical simplified flow chart for production of
Integrated circuit wafers.

Chart 152 Typical simplified process flow chart for assembly
of IC chips.

Table 15.3 A skeleton list of raw material requirement.

Table 15.4 A  skeleton list of plant and machinery required for

an annual production of 40 million IC's of mixed
complexity
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CHART: 151
TYPICAL SIMPLIFIED PROCESS FLOW CHART FGR

INTEGRATED CIRCUIT WAFERS:

PRODUCTION OF
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(FROM SILICON| FURNACE
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PHOTO Resist| SPINNER

PHOTO RESIST

CONTINUED NEXT PAGE
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CHART : 15.1 (CONTINUED )
TYPICAL SIMPLIFIED PROCESS FLOW CHART FOR PRODUCTION OF
INTEGRATED CIRCUIT WAFERS.

BASE
MASK

MATERIALS
CHEMICALS

DEVELOPING

CHEMICALS

ETCHING

CHEMICALS

CHEMICALS

8 WATER

‘BASE

DOPANT

OXYGEN

EMITTER
MASK

PHOTO RESIST

DEVELOPING
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ETCHING

CHEMICALS

CHEMICALS

OPERATION MACHINE
FROM PREVIOUS
{ PAGE
EXPOSE MASK
PHOTO RESIST| ALIGNER
r
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{
ETCH SILICON | ETCHING
OXIDE MACHINE
. 1
REMOVE
PHOTO RESiST| PHOTO LITHO
1
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A
REOXIDIZE
SILICON FURNACE
\
APPLY
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Y
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9
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PHOTO RESIST | PHOTOLITHO
91
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y
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PHOTO ResIgT| PHOTO LITHO

8 WATER

l CONTINUED NEXT PAGE
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CHART: 15.1 (CONTINUED )
TYPICAL SIMPLIFIED PROCESS FLOW CHART FOR PRODUCTION OF

INTEGRATED CIRCUIT WAFERS!

MATERIALS
CHEMICALS

FROM ( PREVIOUS PAGE)
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L CONTINUED TO NEXT PAGE
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CHART. 151 [CONTINUED)

TYPICAL SIMPLIFIED PROCESS FLOW CHART FOR PRODUCTION OF
INTEGRATED CIRCUIT WAFERS:

5
MASKS OPERATION | MAGHINE MATERIALS _
CHEMICALS
FROM PREVIOUS
PAGE
DEVELOP PHOTO LITHO DEVE LOPING
PHOTO RESIST CHEMICALS
ETCHING ETCHING
TCH
erc MACHINE CHEMICALS
REMOVE PHOTO LITHO | LITHO CHEMICALS
PHOTO RESIST AND WATER
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DEPOSITION CHEMICALS
1
RE-OXIDIZE | FURNACE OXYGEN
)
APPLY
INNER PHOTO RESI
PHOTO ResiST | SF OTO RESIST
v/ INDOW EXPOSE MASK
MASK PHOTO RESIST | ALIGNER
DEVELOP PHOTO LITHO DEVELOPING
PHOTO RESIST CHEMICALS
ETCH ETCHING ETCHING
GLASS MACHINE CHEMICALS
REMOVE CHEMICALS
PHOTO RESIST [PHOTO LITHO AND WATER

CLEAN A DRY

OVEN

1 TEST AND DESPATCH FOR ASSEMBLY
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CHART: 15.2
TYPICAL SIMPLIFIED PROCESS FLOW CHART FOR ASSEMBLY/

PACKAGING OF INTEGRATED CIRCUITS .

DESPATCH
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PACKAGE — : PLASTIC
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' LEAD TINNING L I
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LEAD CUTTING
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1. Silicon Wafers Approx cost US4
1¢0 mm diam 50,000 400, GO0
2. varicus chemicals Lot 1,000,000

z)

b)
z)

“

=)

Cleaning agents
Hydrochloric acid
iydrofluoric acid
Sulphuric Acid
Ammonium Hydroxide

Photo litho chemicals

Polymer

Dopants
Arsene
Phosphine etc
Boron
Gallium

Merallization chemicals
Aluminium Silicon
Aluminium Aluminium Copper

Vapour deposition
litrous oxide
Polysilicon

Oxygen
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i form 1o
1 5 +
faciliry to produce about 40 million IC's of different complexities
per anpnum
' Unit Total
No. Price Cost
S1 no Michine/equipnent reqd. Uss$ Uss
' (000) (000)
A: Fabrication
H Diffusion furnaces 32 27 853
2 Ion Implantors 3 1,000 3,000
. 3 Chemical vapour deposition
system 12 167 2,000
4. Metal deposition system 3 833 2,500
l 5. Etch System,dry 4 333 1,333
0. Etch system, wet 8 167 1,333
7. Cleaning line 12 167 2,000
3. Lithography
. a) Mask aligner 8 167 1,333
b) Wafer stepper 3 833 2,500
c) Wafer track (photo-res-
' ist coat'g & devel'q) § 200 1,200
1) Oven 6 17 100
l Total A: fabrication 18,153
£: In process control & monitoring
< In-process control &
' monitoring lot 3,333
10. other Testing 10,000
Wafer mapping 3
I Resistivity
Thickness
Elipsometer
Device characteristics
' Scanning electron microscope
Z: Assembly
' 0. wWafer prober 1 167 167
11. Assembly equipment lines ) 1,667 10,000
' each with:
a) Dicing saw 3
h) Die bonding 2
' ) wire bonding 2
i) Packaging
ceramic 1
' plastic 1
¢:) lead cutting 3
7y lead tinning 3
l TP Functional testing set up 1+1 1,000
. Total C: Assembly 11,167
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Unit Total
No. Price Cost
S1 no Mx:hine/eguipment reqd. Us$ Us$
(000) (000)
D: Inzrastructure
1 Land 125000 50
2 Euilding
a) Clean area 4000 2 8,000
b} Air conditioned 5000 2,000
c) services 15000 2,400
3. Power supply Lot 3,200
4. Pure gas supply
5. DI Water supply
6. Yaihaust
7. Fire protection Lot (4,5,6 & 7) 1,200
Total D 16,850
SUMMARY
A: Fabrication 18,000
B: In process control & monitoring 13,000
C: Assembly 11,000
D: Infrastructure 17,000
Total 59,000
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Chapter 16

Summary, observations & issues

16.1 Summary
16.1.1 In chapters 1 and 2 a quick survey has been undertaken of the

structure of, and the major components systems that go into a national Public
Switched Telephone Network, capable of supporting the plain old teiephone. the
facsimile. the low to moderate and even medium speed data and message transfer
services. In Chapter 3 an analysis has been undertaken of the cost per line and major
items that contribute to the cost. in chapters 4 through 10. a functional analysis has
been made of a few typical systems, digital switching, a few digital transmission
systems. a telephone set. and the jelly filled telephone and optical fibre cables,
followed by an analysis of the raw materials, components , the processes and
machines and plant involved in their production. In chapters 11 through 15 a similar
survey of the components that go into the systems has been underiaken.

16.1.2 The survey indicates that the network essentially uses five broad
categones of systems viz. the subscriber apparatus. the subscriber line network, the
swilching nodes. the transmission systems. and the operator services boards. The
materials elc required for these constitute 80 to 85 % of the total cost of network.
The engmneering. and the construction and installation, which mostly consist of the
manpower efforts, coninbute the remaining 15 to 20% of the network cost. The
actual costs and their distribution between different component systems vanes
Tables 3.3 to 3.5) from an overaill about 1000 US$ per line in high density areas to
over 2500 US$ per line in low density areas with difficult terrain.

16.1.3 The overail network investment costs in developing countries have
thus been substantial and have inhibited their effective growth commensurate with the
infrastructural needs of the concerned countries. Given the important role the
telecommunication services play in overall economic development there is need to
reduce these costs and promote development of the national networks.

16.1.4 There can be considerable uniformity in the technology and products
throughout the network in respect of the switching systems, the operator services
boards. the subscriber apparatus and the subscriber line network. However the choice
of transmission systems in different parts of the network will vary significantly
according to the traffic and terrain.

16.1.5 Reduction in network costs calls for a number of strategies at various
fevels:

Readuction in procyrement cosls through better compelition among suppliers.

Optmisation of nelwork engineering
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: Taking advantage of low manpower cost in developing countries, both for
network engineering and construction and for production of systems and
componeints

16.1.6 Some of the systems and products are simple, easy to produce, and are
used in large quantities e.g. telephone sets, jelly filled telephone cables, and certain
hardware used in subscriber line networks. Some of the other systems are complex
and call for substantial investments for production. Even in these, certain modules are
simple, comparatively easy to produce and are needed in large numbers e.g.
subscriber iine module in switching systems.

16.1.7 Among the components, some are used in very large numbers, an
average ot 1 to 12 or more per line, while others are used only in small numbers.
Among thuse used in large numbers some are comparatively simpie to produce e.g.
resistors, capacitors and coils, others are extremely complex to produce e.g. 1.C.'s
and transistors. Processes vary very widely, some involve simple mechanical
operations like plastic moulding, metal forming etc. Others involve highly complex
chemical. metallurgical, and photographic processes.

16.1.8 Construction practices and processes for assembly line production of
electronic systems including telecommunication systems, have been fairly
standardise:d. So are the plant and machinery required for this work. The investment
required for basic assembly operations is also moderate. However the systems
involve ¢::v:icd testing at the board and integration levels. The test instruments, and
the test st ups vary very significantly and are comparatively highly costlier.

16.1.9 There are around 10 major multi-national corporations which produce
aimost the entire range of telecommunications systems generally of their own design
and many of the more important components. There are however a significant number
of others who produce various ranges of equipment and components. There are a
number of major independent manufacturers of components. A number of developing
countries have manufacturing industries of their own, produc ng some systems and

components under licence frem the multi national corporations and a few of their own
design.

16.1.10 Because of the many independent manufactures of components, there is

a reason:zie competition and many components are available internationally at
competitis.  prices.

16.2 Observations and issues

All through the survey the basic objective of the conference to discover
opportunitins for economy and reduction in cost in building up and expanding the
networks in developing countries through mutual cooperation by way of coordination in
procurement and industry was kept in view. On the basis of this survey following

observations are made and issues brought out for further examination and
consideration by the conference.
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1) A variety of systems go to build up the national networks. There are
trade ofts possible between them to achieve marimum economy in the overall
investment. Careful design by way of number and location of subscriber and transit
exchanges. the traffic routing. choice of systems etc. can contribute significantly to
the overall economy.

2) Manpower costs in developing countries are significantly less than
those in developed countries, by a factor of 10 or more. Substantial manpower costs
are involved in the design. engineering and construction of national networks, and
production of systems and components. Maximizing the use of local manpower, and
that trom sister developing nations could lead to significant economies. What
stralegies could be adopted towards this objective?

3) There are large material input costs in the network. by way of
swilching. transmission. subscriber line. subscriber station and other equipment. in
many developing countries these have to be entirely imported, largely from developed
countries. The costs depend to a very large extent on the level of competition between
the suppliers a country is able to generate. The competition depends somewhat on:

the magnitude of order or the size of the market.

the terms of payment

competence of the local engineers in drawing up the specification and
evaluation of offers

in general. smaller developing countries are handicapped on all these
counts. Cooperation in procurement could possibly increase competition by way of
increase n the size of market and of pooling the technical and finacial expertise. How
far is this feasible? What strategies could be adopted to promote this?

4) The alternative of local or regional manufacture of systems and
components can be considered. The major cost elements in manufacture are:

Cost of raw materials and components

Capital recovery costs on investment in plant and machinery
Manpower costs

Intrastructural costs, power, water. communications etc
System and process knowhow fees

a) The brief analysis of a few typical systems indicates that the raw materials
and components are available internationally at competitive prices, in particular

where these are not controlled by the manufacturers of systems or ccmponents
themselves.

b) Tre capital recovery costs depend on the cost of capital goods. The capital
goods appear 1o be available internationally at competitive prices.
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) In developed countries manpower COsls appear to account for about 20 to 25%
of the total cost of production. With their comparatively lower manpower costs.
develop ng countries have a natural edge. What strategies could be adopted to take
advantaye of this edge?

d) in respect of infrastructure. developing countries are somewhat at a
disadvantage. However a number of them have demonstrated that with a wili they
could build it up to support the modern industry at least on a selective basis.

e) The issue of system and process knowhow is however an imponderable one.
Excluding this element of cost the developing countries appear to be in a position to
eftect signiticant economies by local or regional manutacture on a cooperative basis.
In the short term there is no alternative but to negotiate with the manufacturers in
developed countries. One needs 1o deliberate whether regional cooperation could help
in securing better terms in such negotiations.

fy In the long term, the surest way to get around this problem is to develop own
competence and knowhow. Again one needs to deliberate whether regional cooperation
could be effective in the development of systems, devices and process knowhow and it
so what form it should take and how it should be institutionalised.

5) Quite apart from the benefit of reduced costs for own network, the analysis
ot the production requirements of both the systems and the components. seems 10
point to an opportunity, for the developing countries offering their services. for such
manufacture in developing countries to the traditional multinational manufacturers.
Some countries in East Asia have already taken advatage of this.

6) The analysis of manufacturing processes and plants for the systems shows
that the modern technology has significantly simplified and standardized the assembly
of systems from components. The investments in purely assembly line production
seem 1o be quite smalil. There are however very significant costs in regard 10 testing
setl ups. Firslly the cost of soine test instruments appears to be large, and secondly
there seem 1o be substantial costs involved in proprietary software of automatic test
set ups. Developing countries could contribute by reducing these costs by developing
their own software for such test set ups.

7) The analysis of manufacture of systems and components clearly shows that
with capital equipment and raw materials and components procured at international
prices. the local manufacture could result in produciion at significant savings
compared to the prevailing international prices even after paying for the system and
process knowhow. However the experience in some countries has been that local
production costs have been significarntly higher. Could some of the following factors be
responsible for this?

Significant taxes on import of both the capital goods and the .aw materials and
components
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Employment of much larger number of operatives and support hands than
needed, treating the industry as a soft option to generate employment

<complicated procedures and delays in regard to procurement from abroad of
raw materials and components leading to failure of the “just in time’
procurement and delivery systems and econoniies flowing from them.

Much higher costs of borrowings

Any proposals for regionai cooperation in industry will perhaps need to
address these issues.

8) With a back up for assured and timely supplies of component kits, .he
assembly level production of a number of systems appears to be simple and cost
effective even at moderate levels of production. Could this possibly become the
nucleus of regional cooperation in production of components and klting o ivcas
manutacturte of systems in participating countries?

9) There have been usetul achievements in regard 10 development of
systems of special application to developing nations in some of the developing
countries. How can other developing nations take advantage of the same? How could
there be a freer exchange of informatior and pooling of knowhow tor mutual
advantage?

10) Many of the countries in the region have been procuring systems and
e2quipment through international or limited international competitive bids. It is well
xnown that different countries are paying significantly different prices. However
there is very little authentic information available. Could there be a suitable data base
for exchange of information not only on prices but also the perfcrmance of various
systems? Will there be any legal problems in this regard? Could this become the
beginning towards closer cooperation in procurement?

11) The analysis in regard to requirement of components and their
manutacturing processes indicates that there is fairly large demand for some
components and possibilities exist tor their economic production in some of the
developina countries. Could a bank ot skeleton project reporis  help entrepreuners in

the: countrie:s in the region to evauate the same for taking them up? Could a reqional
dala tase help?

12) A number o! systems and components ar. being produced in soms: of the
developing countries of the region. While international directories of components and
products being produced in developed countries are fairly readily available. same is

not true for production in the developing countries within the region. Could a reqional
¢21a bank help?

13) The quality and reliability of components and systems in a network 15 of
paramount importance. In local or regionai production qualty has to be mamtained.
Could there be some regional cooperation in reqgard 1o “nsunng the quality of products

produced within the region and also 1o share the intor * Ation and speriences o this
regard?
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14) Any joint procurement action presupposes common standards and
specifications and an agreement to use the same systems. Is it feasible? How can it
be achieved?
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