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INTRODUCTION

The’ Hungarian telecommunioation industry prepered this background paper
for the Consultative Meeting to be held in Budapest, 7-11 March 1977. The
paper consists of a number of briof descriptions of the technclogies of products
now being manufactured in Hungary. This small samplc of product technologies
is expected to provide the participants of the meeting with some baokground
before they visit plants and to offer a basis for discussions on possible indus-
trial oc-operation between Hungary and devoloping oountries.




I. TRODUCTION 0™ TELEPHONE EYCH'NGES IV HUNG..RY

The invention of the tclephonc was commemorated all over the world in
the last yenr e, the workcre ~nd omployeces of the BHG Tclecommunication
Haorks celebrat=d alrecdy in 1974 the centenary of the foundation of our
entorprisc.  Of coursc, it was at the beginning a small privatc workshop
for the maintcnance of contemporary telegraphic cquipment, The dovzlopment
of teleccommunication has been fellowel by the continuouc growth of this
industrial plant (inc.rporated into th: famous Tungsram Worke) which started
at duc time with the producticn of now teleccmmunicaticn equipment such as
telephones and manual telephone cxchanges, repecaters and line fittings. The
production of aut~metic tclephone cxchanges and radio receivors started in
the 19208 followed by transmitters for radi> broadcasting. The Works meved
to its main plant under the name Standard Zlcetric Co., as an ITT affiliate
in 1938. 1In tho 15408 it took up the production of carrier wave VHF and
microwave cquipment despite the forcc majour compelling it to war production
and aftor thc war, rcoonstruction of the scverely damaged Humgarian tele-
commmication network. By nationalization in 1949, the Works became inde-
pendent . It has ite prescnt name since 1952.

Limiting the soope >f this paper to tclephone exchanges, we are proud
in olaiming that all tclcphone exchanges ever used in Hungary have been pro-
duced herc except some foreign-made sample oquipment. The first automatio
system introduced was tlic Rotary system. The firet public automatic cxchange
was inaugurated in 1928. The Rotary eystom has been used for decades, and
its produoction is now being terminated. In 1956 a State decision was t.a.ken
to introduce the crossbar techniques into Hungary. .\ gonuine Hungarian
orossbar switch has been patended followed by an assortment of crossbar and
full relay P.BY¥s.

At that time muoh exverienoc and skill had been gained by the workers,
many of whom alrcady belonged to thc second generation of the BHG worker
“dynasties''. So tr y mastered the got casy task of the introduction of all
new production processcs, including/higher level of automatization. Sinoe
that time, they havc produced some 740,000 lines of oroesbar P.i-Xs.

The family of orossber PABXs produced by BHG Telecommunication Works
consists of 4 types covering the capacity range from 20-2000 ext:mionl. They
are uniformly composed of thc same Hungarian crossbar switch already méntioned
and of the well-known flat type relay. Common control, uniform facilities
and possibly the same or similar circuitry is used. This includes semi~

conductor dicdes from the very beginning to simplify reiay contact networks.
4 fully eleotronic control has been developed for the highest capacity PABXs

(over 700 extensions) to provide the required call handling capacity of the
oommon control.



& wWire-spring reclay has also becn claborated which is the main component
of the full-relay FABXs ranging from 6 to 20 extensions. Thesc form the Rl
family specified by the cxclusive feature that an -utgoing cxternal communi-

oation can be "ordered", i.c. the uscr may push the carthing-button on the

telephone set with depressed cradle A ringing indicates immediately that .
8 frec outgoing line has buen connccted to the cxtension. .8 far as we know
no other product offers this facility. o

Tie-lines, in~dialling, t°1ll restriction, etc. are the common facilities

also offered by these tw> groups of P.BXs.

Concurrently, ->r e little bit earlier, crossbar techniques have been
introduced on ancther line. Thc USSR placed a long-term order for orossbar
rural exchang: according to its own design. Sincc 1965, we have produced
more than 100,000 lines yearly of this type. This period witnessed the
increase of thc production to more than twice the earlier Rotary production,
following an extonded rcconstruction of the producing plant. The mass pro-
duction is highly mechanized or automated. Single-purpose machines and

automatic test cquipment took over the job of the earlier technologies.

The penctration of electronic control has continued in rural exchanges.
A family of electroniocally controlled rural oxchanges has been developed, using
genuinc Hungarian crossbar switches, wire-spring relay and third-generation
semiconductor devices. This family has continued to practice common control
by including a common processor accesscd on a time-sharing basis, cover the
oapacities from 20 to 2,000 lines. .1 completec rural network on the Balaton
lake has been in operation sincec 1966.

Ancther dzcisivc step forward was the establishment of technigal co-
operation with LM Ericssun, Swcden, in the ficld of public orossbar exchanges.
The well-proved 'R system has been introduced together with an advanced tech-
nology, using pneumatic automation, computer-controlled testing etc. Based
on this technique, th: installation of puwblic crossbar exchanges started in
Hunknry in 1969. This type of exchange inoreased up to now to the yearly
production of 80,000 equivalent lines. 4 broad export market opened for our
products. .llmost 70% of the whole production is exported.

The axport markets includc Czechomlovakia, the German Demooratic Republio,
Poland and the USSR. PABXs are also exported to such developing countries v
as Algeria and Iraq. Greece and the United Kingdom of Great Britain and
Northern Ireland have been customers for a long time. For the United Kingdom
a specially developed private exchange (PAX) has been delivered, making it
possidble for enterprises owning plants all over thc island to install a nation-
wide private network.



The nroductisn capacity for .R type (public crossbar) oxchangss is now
devoted to furnishing cquipment for Hungary, Czechoslovakia, the German
Demooratic Republic and Pcland. The biggost job completed was the equip-
ment of the 24,00C line Belvéros cxchange t> serve downtown Budapest,
replacing worn out Rotary equipment used since 1929. .. dynamic reconstruc-
tion programme is under way to provide additional capacity to cover the neods

of developing countries. First dcliveries arc expected in 1578,

among crossbar »ublic oxchenges, ..RF 107 typc is intended for local
exchanges, applicable a8 main, satelite, tundem and singlc exchange to serve
any number o>f subscribers with a specific traffic up to 0.2 erl. Stage-by-
stage control aided by MFPC signalling is uscd. Otncr mucih-pought types are
ARM 20 and RN 50 transit exchanges for four-wire interconnexicn of local and
long-distance trunx lines. This system offers all facilities rcquired in
ﬁi—to-date automatic and semiautomatic long-distance service. Full availa-
bility of outgoing trunk groups, alternative routing, pad control, selection
by analysing up to 5 digits and extended possibilitics for interworking with
other local, transit and rural systems are th2 main featurcs of this system.
Call-handling capacity surpasscs 70,000 calls/hour (4,000 incoming multiple
points).

The ARM systems / ARM 20 for medium and high capacitics up to nearly
16,000 multiplc points, ARM 503 for smell capacitics can be uscd at any level
of the hierarchy in the national or even international network. & temporary
international exchange was put into service in Prague in 1976. This system
has been delivercd for the nntional networks in Czechoslovakia, the German

Demooratic Republic and Hungary.

Rural automatic is another fizld in whioh manual exchanges have finally
been eliminated. System RK 50 is produvccd for this purpose. In close
oco-operation with system .RM 20 or .\RM 50, rural exchange typc ARK, with a
oapacity of 30-4,000 subscribers, fitted with sophisticated remote testing and
alarm transferring facilitics operates unattonded and oan be maintained easily
by a central staff. Several areas in Hungary and abroad are fitted or under
installation with this kind of rural system. The application of the mentioned
local, traneit and rural systoms is well elaborated. Owing to the full
oompatibility of these systoms, and to the modular design, projecting a network
is very easy and yioclds the maximum performance of the equipment. To obtain
the economic optimum, the switohing and transmission part of the network oan
be designed parallel with the aid of a computer.
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The BHG Works employcd some £,000 workers in the mid-1960s, in
Budapest. The further expansion of the producing capacity resulted in the
subgequent eraecticn of new plants in addition t» the main nlant. Now the
Works is composed of 6 factorics, 2 »f them in Budapest. The total number
of employecs has increased to slightly over 9,000 whilc the productivity has
almost doubled This is helped by extcendad automation as the recent
installation of & fully automatic finishing workshop (printing and
galvanization).  BHG rescarch institutc and training centre is being esta-
blished.

The main task of the rescarch institute is to develop a quasi-eloctronic
switohing system capablc of covering all sizes and whiches applications may
ooour when executing switching jobs. The basic step has alrcady been takeng
& quasi-clectronic PiBX for 96-384 extensions with stored programmec control
will be put on field trial soon. The elaboration of a higher capacity
(up to 4,000 exten-iums) PABX and fully eloctronic telex switohing equipment
is envisaged.

The ongineers of the Works participate intensively in the work of the
oompetent international organizations such as the Permanent Committec for
Radioeleotronios of CME. and the relevant study groups of CCITT. This
activity has contributed to thc internationel recognition of the Works and
enables the Works to observe th. newest trends and developments.

The activity of the Works docs not end when the ready-made equipment
leaves the factories. Several hundred skilled workers and others stay home
or abroad on many sites installing or supervising the installation of BHG-made
exchanges.  Advisory services and maintonance of equipment alrecady installed
are also provided to oustomers who need them. In this way, contact with
oustomers never ceases.
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II. VHF TECHNIQUES

The Budapest Radio Enginecring Factory (BRG) has had for a long time
- four established produot lines:

VHF radio equipment

Entertrinment tape recorders

Professional multichannel tape recorders

Nagnetic tape equipmeat for preparation and acquisition of data

Of these, the VHF radiotelephone line will be dealt with in this paper.

Of the above-mentioned product lines, the VHF radio equipment has been
included in the BRG range for the longest time. .lready in 1953, the year
in whioch BRG was founded, VHF broadoast tranamitters were manufacfured, then,
before long, VHF transceiver units. dccording to the state of the art at
that time, these latter were, of coursc, electron valve equipment and the
present modern equipment built of semioonductors and integrated circuits is
& result of a gradusl development work.

At present, all types of the basic equipment -hand-held, portable,
vehicle-mounted and fixed-installation units - are manufactured. Concerning
frequency band, equipment is available for all authorized VHF frequency bands,
such as 80 MHz, 100 MHz, 160 MHz, 200 MHz, 300 MHz and 450 MHz, for all modes
of operation. The technical characteristios of the equipment generally con-
form to those of units available in the world market, as well as to various
postal and international standards and recommendations.

Besides *he basic equipment, VHF applioations have also been expandod
to & large extent. To users' demand the various locelly and remotely
ocontrolled VHF oentres, control units with selective ocalling ocapsbilities,
industrial signalling networks and VHF radiotelephone networks of idle channel
scanning capable of performing oomplex funotion have been develcped.

" For suoh communication networks, BRC also produces the various filters,
.n'«nnu and antenna systems required. Thus, it is able to meet demand for
the simplest single unit or for highly sophisticated VHP systems.

/hdiotolophone equipment is manufaotured at the BRG factory in Salgs-
tarjdn.  The factory capabilities ensure & high teohnioal standard of the
equipment nroduction. Special attention is paid to the testing of parts,
subunits and subassemblios; consequently, the end product also oonforms
%o very stringent requirements. For exanple, piece-by-picce cheoking is
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accomplished with the quartz crystals determining the frequenoy stability
of the transoeiver unit, which is also tested at the extreme temperature

limits and is passed to assembling only if performance is satisfactory.

The individual circuit units are mounted on printed-circuit boards.
Special care is cxercised in the preparation of these PC boards, and also
in the testing of the c-mponent parts to be mounted. The parts are
soldered on the PC boards by means of an up-to-date wave-soldering machine.
To test the circuit units, specific-purposc instruments are used. These
specific-purpose measuring instruments are made in a scparate BRG labora-
tory and the testing possibility with a specific-purpose instrument is
already a development objective in the circuit design period. Thus the
manufacture of larger lots is rendered possible and a uniform technical level

is ensured.

Each aligned PC unit is subject-d to cold-warm stress, and only there-
after does it proceed to the assembly section, where the units are assembled

to form & complete itom of equipment.

Of the circuit units, the so-called hybrid integrated circuits, which
are made with thin- or thick-film technology should bo mentioned. These
integrated circuits have found application primarily in portable and mobile
units where size reduction is essantial. These circuits are partly assembled
in a special plant section of BRG, where appropriate conditions are provided
for the production of micro-circuits. Recently, the hybrid circuits have
apneared not only in portable but in vehicle-mounted and fixed-installation

equipment, too, cspecially for meeting the enhanced reliability requirements.

The final teeting of the ready-assembled units takes place in separate
premises, where, besides the spccific -purpose instrumer-s, special meesuring
gear is a.so available. The checking or compliancc with the mechanioal and
climatic requirements is an intogral part of the final tests. For this
purpose each piece of basic equipment (transceiver, control unit) is subjected
tc a vibration and olimatic stross test and it may be tested in a complete
station oonfigupation only after compliance with these requiremeats has been
verified. In this latter test position the omphasis is laid on the test of
the various features, and the equipment/station may be packed only after
these functional tests have proved it satisfactory. On request, BRG puts
the supplied ocommunications network into operation and installs the antennas.
As already mentioned, BRG produces for its units a complete range of
antennas, in addition even antonna systems of special radiation-pattern to
moet special requirements.
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The Network Design Seotion of BRG can render assistanoe to the users
by undertaking, if required, the overall design of the VHF system in question.

The VHF cquipment of BRG is exported to many oountries, and also sold
on the domestio market. The foreign customors may be the and-usersj in
this oase BRG supplies the equipment and the oustomer installs it. However,
it is also feasible that the suporvision of the installation and ocooasionally
even the preparatory work (ereotion of antenna masts, installation of
antennas, preparation of equipment sitcs) is performed by BRG experts. For
some oustomers, this latter arrangement may be advantageous, sinoe they are
given a oomplete, oommissioned oommuniocations network.

There is an evident need for making oustomers acquainted with the con-
struction and operation of the oequipment, whioh may bc acoomplished by using
the BRG training facilities. The customer may, for example, send his
technioians to BRG for a period of 3-4 weeks. They can follow in practioce
each teohnologioal phare of production, thereby acquiring the neoessary
knowledge about the equipment and its oirouitry. For major oustomers, a
BRG expert may stago on-site training on a limited soale. To maintain the
satisfactory operation of equipment installed abroad, it is neoessary to
establish & repeir service. BRO may help in providing this service with the
nRecessary measuring instruments, even by supplying speoifio-purpose instru-
ments,

As mentioned above, the foreign oustomers may be end-usersj however,
BRG may also grant a lioence to a oustomer for tho manufaoture of some types
of equipment. The introduction of the production, is, of oourse, a step-
by-step prooess; first, it oovers only a single equipment type, and even .
here, the agscmbly of subunits; then the scope of production may be gredually
expanded.

Naturally, the case differs if the liocence is restrioted to a single
uger or if the produbtion under lioence is to be introduced in an existing or
nevwly established factory. BRG can furnish a complete offer in both oases,
which oovers, besides & feasibility study, the required manufacturing equip-
mont and tools, the reoommended production area, the nocessary staff, the
requirements for test instruments eto, Thus, BRG is fully prepared to
mect various user requirements for the supply of equipment or for the ocomplex
realisation of a communioations network. In addition, BRG is prepared %o
lay the foundations of VHF technology in countries where it may be required,

by grenting manufecturing rights.
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IIT  ELECTRO.COUSTICS

The particular featurcs of the Hungarian electroacoustio industry's

quick development are in brief the following:

(a) It cngaged in rescarch on telecommunications. The Hungarian
results were published at the beginning of the 19th century and received

international approval;
(b) It has disposed of its own roscarch and development
(¢) It bocamc specialized in complete profcesional systems.

It is engagod in rcscarch, decveloping, manufacturing, system~designing
and installing work in the following lincs:
Programme-making and transmitting systems, electroacoustic
equipment of studios

Sound systems for covered and open-air arcas and their oleo-
troacoustic equipment

Audio-visual systems for cducational institutions

Glass teohnological equipmont for chemical laboratorics as
well as for institutes of cduoation

Furniture with built-in electroacoustical equipments

Besides tho above-mentioned fields, BEAG (electroacoustical company)
has joined the noise abatement programme, developing a module system of sound-
absorbing panel clements.

BEAG, employing more than 3 000 workers, has its contre in Budapest, and
specialized workshops in the country, whosc productional activities are based
on the resear h and development made n the centre. Oving to the relatively
high number - 600 - of engineers and technicians, approximately 100 patents,
which are protected by laws in the industrial countries of the world are put
into practise of production more than 75 per cent.

The grouping within tho individual lines - especially in the eleotro-
aooustioal ones - is as follows: |

I. Programme-making and transmitting'syutem, eleotroacoustio equipment
of studios

Eleotroacoustic equipment of radio-studios, TV studios, sound-rocording
studios, record-conier-studios, film-studios and othgr studios
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Some typical products

Nixing desks, 4-30 channel (mono, stereo) in portable and

stabile construction

Announcing dcesks

Teochnical monitoring desks

Distribution commutating racks and tables

Line and power amplifier racks

Studio central desks

Studio microphones

Miorophone stands

Monitoring loudspcakers

Volume indicators

The volume in production and trade of the studiotechnical equipment has
reached and oxceocded the loevel of some international oompanics. It delivers
Yearly not less than 8 - 10 complete sound systems for broadcast and TV
Houses in the Sovict Union and in othcr countries. It issues the largest
number of mixing desks in Europe. Bosides the regular delivery at home,
there is a large export to tho Sovict Union; constant buyers are Bulgaria and
Romania as well.

The factory has for years engaged in rescaroh anl development in semi-
automatic systoms with computer control. The mass produotion of the studios
has given the reason to usc the group-clements of this produot on the other
fields, too, so has formed its second sidc face, the sound systems of oponed
and clcsed-space establishments.

II. 8ound systems and elcctroacoustic equipment for opon-air and covered
arcas
Eleotricacousitc equipment for cultural and educational imstitutioms, sport
establishmonts, national communal,” political and scientific establish-
ments, comez:cisl and tourist ostablishments, industrial and agricul-
tural ostablishments, sanitary institutions, establishments ocnocerned
with means of communication.

Some products.

Amplifior racks 5 x 200 W
Sound eentre with amplifiers, record players, wireless
; Nlorophone and line distributing blackboards and racks

Niorophones, joint parts, cables; reocrd-player and tupo
recoxrders in professional oconstruction

Cabinet loudspeakers with volume control to information m
with transformer or without them, 05, to 3 W
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High-powor cabinct loudsnecakersystems for large halls,
theatros etc. up to 1.6 k¥

Sound columns for closcd and opened space & -~ 100 W
Horn loudspeakers for strects, squarcs, stations atc,

Sound-absorbing modular units

II1. JAudiovisual systems for oducational institutions (publio, adult, special)

Some products

4-V audio-visual ground set, which is combincd with diatape
reoorder and it porforms the material

Teacher feodback equipment, measuring tne effoctiveness
of the teaching

Programmed ccllective and individual teaching machines
Language laboratorics

Individual and collective teaching cquipment for hard-of-hearing

students.

The oompany offers aleo its help in solving problems in the following fields:

Projeoting ncw cstablishments

Reconstructing and complcting existing studios

Partiocipating in direction of mounting

Drilling operators, servicemen ~j
Establishing of service staotions

Buyors of Hungarian eloctroacoustic oquipment include

Radio housecs in the Soviet Union

Radic house of Havana, cuba

Radioc nouse of Cairc, Fgypt

Radio housc of 3ofia, Bulgaria

Radio house of Bucharest, Romania

Sport stadium, Djakarta, Indoncsia

Sport stadium, Tunis, Tunosia

S8port complex, Banioca, Yugoslavia

Sport stadium, .\lgiors, .\lgeria

8port oomplex, Bagdad, Iraq

8port stadium, Leirzig, German Demooratic Republio
Stadthalle, Karl Marx Stadt, Gorman Demooratic Republioc
National Theatre, Weimar, German Demooratic Reopublioc
National theatre, Buoharest, liomania

Thomaskirche, Leigzig, German Demooratic Republioc

Teaching as well as public address systoms of Karl Marx
University, Leipsig, German Demooratic Republic
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Teaching Centres in Peru

Technical equipment for persons in teaching instruotion

Hard-of-hearing persons in Czechoslovakia

Teaching as well as public address systems

of "Town of Physicians" near Moscow, USSR

The company is now producing electroacoustical equipment of the third

gmeration, equipped with monolithically integrated semiconductor elements
a8 well as some other types of secona ‘goneration siliocoi. semiconductors.
BEAC has its own electroacoustioal research laboratory, three developing,
oonstructing and technology departments, according to the taree main fields
of activity mentioned. It is to be noted that our products and our systems
are compatible with the international standards as well as with international
practise. Therefore our products are able to be used with other parts of
systems mamfaotured by others. '

i
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IV. TETRA TRANSMISSION EQUIPMENT

Introduction

The monufacturing programme of Telefongydr (TERTA), Budapest, includes the
followings tr asmission equipment:

Voice-frequency (VF) equipment
Carrier telephone equipment for open-wire lines
Carrier telephone cquipment for symmetrical cables

Carrier teclephone equipment cocxial cables with smell and normal
diameter :

Various multiplex equipment for radio-relay links

Pulse-code modulation (FCM) telephonc equipment as well as
tolegraph and data tra:ismission equipment compatible with FCM

VF telegraph transmission equipment

The main equipment and fcatures of the systems given cbove are given below.
generally, it can be said that the systems comply fully with the relevant

International Telegraph and Telephone Conaultative Committee (CCITT) recommend-
ations.

In addition, the more severe specifications required by specific geographic
oconditions for certain equipment are also satisfied; e.g., in the case of a

partioularly long connexion or in extreme climates.

Our equipment has two structural forms:

Cabinet-drawer desicn (mark S). This consists of a 2600 x 660 x 250 mm
oabinet with cabling and drawers containing the functional cirouit units in

the supporting shelves of the oabinet. For the electrical oonnexion betwéen
the oabinet and the drawers short-circuiting plugs on the front are used.. The

station cabling is connected by soldering at the terminal strip on the upper
oabinet part.

Uniform rack design (Sub-rack design type E2 mark K). This consists of

a 2600 x 600 x 225-mm supporting raok frame and of sub-racks with one or
several rows. The cabling between the rack and sub-racks and the station
cabling is conneoted by plugging into the rack-side. The sub-racks form
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complote, self-contained assemblies comprising plug-in printed cirouit
(FC) ‘cards.

VF Systems

2/4 wire amplifiers with variaule balancing netw.rk

'2/4 wire teminating units with compromise or precisely
adjustable balancing network

Ringing repeater (signalling tone roceiver and sendor)

Systems for open-wire lines

The 312 ohanncl system meets CCITT recommendations G-361 A, B, and recomm—
endation G.311, Fig. 3 variant, in respect both of the line-frequency band and
the transmitting level and other principal parameters. ‘

¥-channel system, type BO-3

Cebinet for terminal stations. it is equipped with one or two teyminal
repeaters or with one terminal repeater and four frequency modulation (M)
telegraph channels. The repeater station can be of an attended or of a
remotely-supervised dependent type. A variant for steel open-wire lines is
also available.

Ag-chanpe] systes fypo, BO-12
Lonz-distance variant

The system parameters moet tho requirements for both the 12,500-km reference
oirouit and extreme olimatcs. The cabinet accomodates the equipment for one
terminal station. An attended intermediate repeater equipment is also available.

Short-distance variant

Because of climatic effects or other disturbing influsnges the adove system
is completed with a remotely-supervised dapendent repeater for shorter rouses.
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12-channel system, type BO-12 E2

The system with design E2 mentioned earlier is under dovelopment and would
accomodate the equipment suitablc for the long-distance (7500-km reference

circuit) and nommal (2500-km reference circuit) variants.
The terminal rack is equipped for four systems.

Also, a small rack equipped for one system would be manufactured (cabinet
for wall mounting).

The rack for intermediate repcaters is equipped for three or four systems
depending on the required se.vices. The intcrmediate repeater would also be

manufactured in a small rack for one system or in a cabinet for wall mounting,

Systems for symmetrical cables

Our manufacturing program includes a 12 channel system with a cabinet-
drewer design which meets CCITT recommentation G.325, scheme 2, and recommendation _
G.326, "low-gain" varient, The 60-channel system is of E2 design and is in j
compliance with CCITT recommendation G.322, and within this, with the "low-gain"
variant.

) stem, 1 BK-12
Small-station layout

The oabinet for terminal stations is completed with all the units of one
wystem from the voioe-frequency to the line-frequency band.

At the terminal station an additional through group filter rack can be used.

The cabinet for terminal stations oan be equipped for one system and the
oquipment for attended, dependent stations for 8 systems.

Large-station layout .

The variant comprising the following ensures a more economioal layout for
larger teminal stations:

VF teminating oabinet HZ8-60/120
Channel-translating cabinet CM8-60, 5 primary groups
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System-translating cabinet RMS-12, suitable for 10 systems
Through group filter cabinet GTS-12, for 6 systems, if required.

Linc section equipment

Cabinet “or attended intermedia* - repeater station FBK-12, can be
equipped for 3 systems

Equipment for remotely-superviscd dependent repeaters NBK-12 (can be
equipped for 8 systems), accomodated in a hermetically clhosed steel container
with ocable tails.

Cable-termination cabinet KZS-12, can be equipped with cable heads containing
4 x4 or 12 x 4 quads. :

\4

Service and power supply cabinet SZT8-12.

[ el able oquipment, t 2

(See separate description)

¥

$0-chayne) system, type BK-60

The principal paramecters of our system comply with the wvariants in CCITT
recommendation G.322, schome 2 and 2 bis and with the CCITT "low=gain" variant.

As regards the design, we are producing two different sorts: A special
variant for cables with one quad and a 10rmal variant for cables with sevaral

quads.

BK-60-2 svstem for one cuad

Terminal-station equipment

The rack for terminal stations KMVK-60 is of combined design and contains
the channel, group and system translating stages as well as the carrier supply
and the group pilot regulating units. If required, the 2/4-wire hybrids oan de
acoommodated in the separate reck HzS-60/120. .




Line-section equipment

Combined rermeater cabinet Ki5-60 containins the transmitting amplifiers for
one quad, i.e. for two systems, ~nd the receiving ~ud line nilot resulating

circuits (3 line pilots).

Equipment for remotely-suncrvised dependent repeater stations NBK-60-2,
aocommodated in hermetically closed, cylindrical steel containers with cable

tails: the container can be directly buried.

Branohing-type contciner through which ornc of the two G0-channel systems
can be dropped off from the line section.

-
BK-00-3 system for several quads
Teminal-station equipment
Aooording to the large-station layout principles the functionally identiocal
equipment parts are accomodated in separate racks: |
VF 2/4-wire terminatins wits (in n HzS 60/120 cabinet) -;

Channel translatin-s equipment CMI{-300 the rack comprising

25 primary ~roups the equipment contnins electromechanical

ohannel filters meetins the specifications of the Bundespost

of the Federnl Republic of Germany and employs 40 kHz premodulation

Group-transelatin; sub-rock (MB-12/60-2° can be equipped for
two systems

System—translating sub-rack RMi-60/60° can be equ’ pped
for § systems

Master oscillator sub rack MOB-60: supplies the control
and group pilot frequencies to the stntion

Group and supergroup pilot receiver sub-rack PVB-G4/411;
ensures central control for the group regulators
accommodated in the rnok,

The sub-recks referred to ahove can be acoommodated in homogeneous recks

or in common recks with_/,ébmbined layout (e.g., KWK 12/60/50 ocombined trenslating
and carrier supply raock). .
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Line section equipment

Combined repeater rack equipped for 8 systems KEK-60 (transmitting and
receiving amplifiers, pilot regulators)

Equipment for remotely-supervised dependent repeateor stations NBK-60-3:
consists of an angular cast stecl cont-iner with cable t~ils and can be equipped
for 8 systems and placed in o man-hole

Cable~termination cabinet KZS 60-3- contains cable heads with 4 x 4 or

12 x 4 quads and o set of capacitors for cross-talk balancing

Separate equipment for cross-talk balancing AKB/F; contains a set of
oapaoitors for cross-talk balancing and a phase shifter set in a closed oontainer

Conxial systems

Types BK-300, BK-300/G, BK-960 and BK-2700

. Our system operating on CCITT normal and small diameter coaxial cables
oonsists of 300-, 960- and 2700-channel complexes. The currently manufactured
variant meets CCITT recommendations C.341, PFig. l.a' G.343, Plan 1, G.338:
G.344; and (.332, Plan 2.

The 300-channel system type BK-300/g suits special requiremcnts and can be
operated in a 7500-km reference circuit at a load higher than thet reoommended
by CCITT (see below).

-gtati n equipment

Common eguipment

VP terminating cabinet H2S-60/120

Channel-irenslating reck CMK-300 (see above under BK-60-3 system)
Group~-translating sub-rack GMB-12/60-5/-2/ equipped for 5 (2) seoondary
groups

Master osoillator sub-rack MOB-300/960/2700: for oentral supplying to
the station the group pilot frequenoies, the synchronizir.g frequencies
and the 12- and 124- kHs control frequencies

Centrel pilot receiver sub-reck PVB-84/411; for checking the primary
and. seoondary group pilots of the translating equipment mounted in the
same reck .
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Through group and supergroup filter sub-racks TSB-G, -3G

Additional racks (Suite end-rack SLK, cable termination rack KVE,
distributor rack NRK, power nacks)

Svstem-dependent equipment

300-channel system-tronslating sub-rack RMB~60/300
960-channel system transloting sub-rack RMB~60/960
Super group translating sub-rack SGMB~-50/15x60
2700-chamnel system tronslating sub-rack RMB-15x60/2700

The above sub-racks are monufactured in the uniform E2 design mentioned
earlier and can be arranged in different locally required combinations composing

-
homogeneous or combined racks in great variety.

Line-section equipment

Two different types of line section equipment are available: one for
teminal and attended intemmediate repeater stations and one for remotely-
supervised dependent repeater stations. As regards the structural design the , i
equipment types are uniformly composed irrespective of the channel numbers.

Rack-mounted repeater for temmin~1 and attended intermediate stations
ETX-300, -960, -2700 containing:
In go-direction:stop filters, injection of line ptlots, pre-emphasis,
tranemitting amplifier and de power supply

In return-dircction: a receiving line amplifier with automatic pilot
regulating, de-emphasis, fix and variable line equalizers, adjusting
and compensating pilot receivers and regulators, a frequency comparison
pilot receiver, stop filters

The rack comprises a remote power supply, a® well as a service channel
and fault location circuits for servicing the line section

The rack-type ETX is manufactured in the uniform E2 design mentioned
earlier and can be equipped for two systems.

Remotely-supervised dependent repeater station NBK-300, -960, -2700,
oontaining:

In both directions: power-separttion and over-voltage proteotor

devices, amplifiers and fault location circuits. 1In the 300- and a
960- ohannel systems all of the amplifiers have an automatio

pilot regulation while in the 2700 ohannel system, only every

fourth of the amplifiers is adjustable and the others have a

fixed gein.




The equipment consists of -~ corrosion-resistent cylindrical steel
contoiner with a hermoeticelly closed cover and the container can
be directly buried. TFor conmacctiag the cables, cable tails are
available. The usc of over-pressurc 18 possiblo. The container
- can accommodote six wanlifiers for throe connexions.

Combined rndio-cable systoem t79c Br-300/C
J J; /

Since this sysiem type differs frem tie athers, o bricf description
of its unparallelzd featurcs has been made separately.

Multiplex equinment for radio-rel-y liunks

The terminal multiplex equipment of the systems above can also be used for
radio-relay links when inserting the matching units manufactured by TERTA in
variants convenient for the frequency band and suitable for bridging verious

small distanccs between the multiplex and radio-relay wquipment.

POl systems and their supplementary equipment

The primary order PCM equipment, togcther with the supplimentary equipment,
is already included in our manufacturins programme and the secondary order FCM
equipment is in the experimental production stzpe. The primary system complies
fully with CCITT rccommendations G.711, 712 and 732.

Moreover, the matching units for signalling are suited to a great variety
of different type exchanges ranging from the ocrly rotary exchanges through
cross-bar systems to the most up—to-date types of cxchanges. From the line of
the supplementary equipment the tclegraph and data-multiplex systoms compa.tible
with PCM are still to be mentioned.

Equipment of a primory FCM system

Multinlox equinment type BD-30/32

Meots the above CCITT rocoma_ndat_ionl. The rack accommodates four systems.
A line-terminating unit oan also bé placed in tho rack.
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_ Line-terminating unit

Can be accommodated in the above rack or in a separate rack. It is suitable
for various types of cables or can be matched to radio-relay links in acoordance with

oustomer specified and CCITT recommcnded line code modifications.

Remotely-supervised .dependent repcater
station type NBD 30/32

Delivered in hermetically closed container and equipped to various degrees.
Te system has fault location circuits and various testing units in accordance

with up-to-date demands.

Simalline matching cquipment (translator)

The principal variants adapted to the technical requirements to be specified

by authorities are as follows

Signclling matching equipment with IM system
BElectronic matching cquipment with a central proccssor

Electronic matching equipment with a simple central control

The matching equipment can be accomodated in a rack alone (e.g+y for 2 x 30

channels) or combined with FCM equimment in a common rack.

Telegraph/data transmission equipment compatible with ICM

The actual equipment group is avialable in two ferms with different system
engineering characteristics and in two different application variants:
With an internationally normalized 64 kbit/s interfrce for FCM systems
With a 64 kbit/s signal rate for direct line transmission

Por telegraph trensmission with simple sampling (without coding, with
31 telegraph channels, type TMB-31/32)

For transition coding normalized by CCITT (type TMB-240)

Note: Several variants of the different sub-multiplex equipment
suitable for this type are under development.

VF_telegraph equipment

The telegraph transmission system type BT-50/200, constructed in the unifom
E2 design, ensures the transmission of telegraph channels with rates of 50, 100
and 200 bands and a quality required by the CCITT R series recommendationsi The
reck accommodates a maximum of 120 channcls.




V. LIQUID-CRYSTAL DISPLAY

The manufacturing technology of liquid-crystal displays (LCDs) can be

divided into four ;rocedures:

Cleaning
Thin-film technique
Orientation

Mounting and sealing

In the following some solutions for these procedures will be outlined, as
they have been worked out in our Institute in its laboratory production of liquid-

crystal displays based on dynamic scattering.

Cleaning
The fabrication of liquid-crystal displays requires strict technologioal

disoipline and extreme cleanliness, not only of the environment (air, instruments
eto.),'but also of the &pplied substrate and other meterials. The optical quality
and reliability of liquid-crystal displays is basically determined by the effective-
ness of the cleaning process.

Thin-film technique

After cleaning, the next most important operation is the formation of the
glassy conductihg layer The surface resistance of the conducting layer should
not be greater than 500 ohm, and its light transmittance must be good. The applied
layer is tin dioxide with a few per- cent antimony pentoxide. It is made by
chemical layer deposition. The basic material is tin tetrachloride; out of this
the tinoxide layer is developed by hydrolysis above 400°C:

Sn(-14 + 2H20-—-) Sno2 + 4HCX

After the depositiom, the layer is heat-treated at 300-400°C to remove the
traces of hydrogen chloride and to stabilize the layer. The pat%orn neocessary for
the display is made by photolithography adapted to the thin-film technique.
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Orientation

The selection of the orientation depends on the mode of ojeration of the
display. For displays working on the principle of dynamic scattering, the
perpendicular orientation is used (tho liquid crystal molecules are placed on
the surface of the substrate pernendicularly). This orientation can be achieved
by the deposition of an orientcd chemisorbed lzyer. The orientinz material
is a silane molecule, which has cnc end of a long aliphatic carbon chein strongly
attached to the surface of the substratc. The carbon chain perrendicular to
the surface assures the orientation of thc liquid-crystal molecules. The
realization of the twisted nematic ficld effect mode of operation needs a
parallel orientation. (molecules parallel to the surface of the substrate). The
orientation is assured by a vacuum-evaporated silicon monoxide layer laid down at
10.-5 torr The vacuum evaporation must be realized with a geometrical arrange-
ment with the angle between the beam of vapour and the substrate .s 50-100. The
thickness of the layer is about 100 The assymmetrically shaped silicon monoxide

molecules form parallel grooves that ensure the right orientation for the liquid

crystal molecules,

Mounting and sealing

The mounting cnd 'sealing procedure depcnds on the rogquired construction., In
our Institute, the displays are first fabricated aocording to the special wishes
of the orecision engineering department, The thickness of the liquid orystal
layer is 9-15um The thickness and the scaling is ensured by a polyester layer.
The polyester do2s not react with the liquid crystals. For filling with liquid
crystal, there is 2 1-mm hole on the display. (The glass substrate is punotured
with an ultrasonic drilling machine before the conducting layer is formed.) After
filling, the hole is closed mechanically with a tin alloy.

~
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VI  HYFRID INTEGRATED CIRCUITS

Integratzd circuits oxist in twe basic technological variations. Tha
generally known semiconductor int:grated circuits src fabricated in great numbers
and variety. Besidos this, hybrid integrated circuits technology is first of a1l
developed from thc working vrocessce of the passive elenments, oreferably to meet
the users concrete requircments, in smell serics. Hybrid integrated circuits have
in common that they are fabricated on some kind of insulator substrate, usually
glass or ccramic. Semiconductor devices and capacitors are mounted and the

ready-made circuits are encansuleted after neisuring.

Every kind of technology excrts an influence on the increasing reliability and
the decreasing dimensions of the integrated circuits, making nossible the agsembly

of equipment with moduler elemcnts. Tho hybrid circuits, resresenting about

S -

15" of the market value of all the integrated circuits in those countries where
the electronic industry is highly developed, have in turn been produced in two
basio technological variations, tnin-film and thick-film types. The thin-film

hybrid integrated sipcuits, being a relatively smaller part of the hybrid circuits,

are made up of conductor and recsistor layers produced by vacaum operations suoh
as oathode sputtering.

The thick--film technology has been morc widely accepted. In this oase, the
oonduotor, resistor and dielectric layers and systems made up of them can be pro-
duoed with viscous an thixotropic pastes scree‘n printed on ceramio alumina
(A1203) substratcs.

The printed layers ere bumcd in % aigh temperatures (800°- 1000?0). The
thiok-film tochnique is widely accepted because of its relatively low investment
oosts compared to other types of integrated circuit toohnolbgy. The handling of
the (quipment is delicate, but it can be learned quiokly'. The requirements for
environmental cleanliness are not extremely strict and are limited ohiefly to the
procedures of layer produotion (soreen printing, burning-in and the auxiliary
procedures), whioh form a small part of the whole prooess. The influenoe of the
environment to the burned integrated networks is extremely small sinoe the surfaoce
is protected by a glass layer. The procedures of mounting, measuring and paok-
aging do not require special environment, only the usual conditions ffr precision
equipment,
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Thick-filin resistors rcach the quality of discrete metal layer resistors.
They can be produccd with a +207% tolerancc without a subscquent adjustment and
are made in the range from a fow ohmn to several tons of millions of ohms. The
value of the print:d rceistors can be adjusted subscquently by sand blast or

by laser trimming tc +1%, ia special cascs to +o.5%
S 7 - -

During trimmiang, thc structure of the layor is damaged, which, however,
does not influence the narametcrs of the rosistance disadvantagcously. Thc
8 (deg c) 11

depending of the type of the anplicd nastces. The stability of the resistor is

temperature cocfficicnt of the resistore varics from 1x 107"8 to 2.9 x 10-

better than 17 during storage or loading. The noisc factor is better than
1"VV’V. The built-in resistors do not rcquire any special covering. The aim of

the applied covering is prot:ction ag-ingt mechanical and chemical damage.

The thick-film conductor systcms ar: made up of alloys containing noble
metals adhering firmly to an alumina ceramic substratc. They can be easily

soldered and some typcs arc of good bonding charactcrs. The resistance of the

layer is in the range (2-100) x 106 ohm_/cm2 The conductor and rcsistor layers are

completed with printcd insulator layers having thrce fields of anplication. Be-
tween crossing wires, insulator laycrs can be mode to nssure & small capacitance
together with good insulating rroperties. Capacitors of a diclectric constant of
10-500 and 2000 can also be made. Furthermorc, covering and insulating layers

can be produced in order to protcct delicatcly printed systcms.

Recently, besides the conductor systems of noble metal-based conductor
pastes, nickcl- a:d copper-bascd pastes have been proposcd; for these burning-in
requires a nitrogen atmosphere. Hoble--metal systcms to be burned-in in air are
under development. By mcans of properly “ormcd and deposited conductor and
insulator layers, multilayer conductor networks can be produced whiok perform the
funotion of a multilayer rrinted circuit board of smaller dimensions. Encapsulated
Or mon-encapsulated semiconductor integrated circuits, transistors and diodes of
subminiature or chip-tyoe ceramic, and tantal capacitors can be mounted incorpora-
ted in printed and burned networks, depending on demand. This technology allows
the combination of most different integrated circuits and special elements. The
mounted circuits can bo adjusted for the output parameters by means of varying the
values in the printed state by tha subaequent adjusting of some selected parameters.

The realization of the cirouit covering to protect against external effects
can be chosen within wide limits to meet the requirements of the user.
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Thick-film hybrid intograted circuits cen be applied in all fields of
eleotroniocs, from resistor networks of averages complexity or of high acouracy
to large-scale integreted circuits. Differsnt circuits can be economically
realized in small serics as wcll  Thick-film technology is suitable for
manufacturing other dectronic doviccs, among which displays operating on the
principle of gas discharge should be emphasigzed.

The development of the tochneclogy made the elaboration of different
measuring instruments and technological equipment necossary. The serial pro-
duotion of numerous modern cquipment has been realized, for example, thick-film

technology measuring instruments of general purpose and computer-aided equipment.




VII. COMPUTER-AIDED DESIGY AND MAIUFACTURING OF
ELECTRONIC CINCUITS - THE AUTTR SYSTTM

Background
The us: of zomputers in the design, mamfacturing and testing of up-to-

date electronic circuits and systems is a basic trend in the electronic

industry. This kind of automatic system containing computers, NC machines, .
automatic manufacturing and test equipment, has been developed and is used in -—
large electronic laboratorics. The specially designed operating systems and

the computer-aided design applications programmes together with the hardware

elements comprise the complete know-how for the design and manmufacuuring of

eleotronic circuits.

These CAD systems are highly independent c¢f the actual technology or they
oan be matched quite easily for specified technological ecuipment. They are '
independent also of special applicatien e.g. computing equipment, telecommu-
nioation systems, elecironic measuring instruments, industrial control systems,
medical electronice).

Since more than a decade, intensive research and development have been
carried out in this field by TKI. The result of this activity is the AUTER
system solving the design, mamuracturing and testing problems in an integral
system. The AUTER system is used for printed circuit board and integrated
cirouit technologies.

The AUTER system ~ in the hand of a designer - ig a tool for sclving the
algorithmizable problems of the electronic circuit design process starting from
the specification and terminating at the produotion. testing,. The result of
the design process, on the other hand, is a production documentation appro-
priate also for serial production.

The main parts of the AUTER system are as follows:

Modeling of devices and simulation of electronic circuits and .
systems, as well as the design of circuits for standard functions
(e.g. filters)

The layout design of printed circuit boards and integrated cirocuits
The control of the mamufecturing and testing equipment
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The standards of the technologies, the parameters of the electronio
devioes (electrical and geometrical data) and the standards of the dooumen-
tation are stored in a data bank. These data will be sutomatically used
during the design process. Most of the hardware equipment of the computing
system - exoept the universal larger computer - are the products of the
Hungarian electronic industry. They are cperating in TKI in an integrated
system. Some important features of the AUTER system are described below.

The main charactorigtice of the AUTER system

The elements of the AUTER system are CAD programme systems, whioh:

(a) Are user-oriented (i.e. no progranming knowlcdge of the user is
required; effective interaction between user and computer guarantees effeo~
tive use of the system): -~

(b) Help the user in the whole design process, starting with the speoi-
fication and terminating at the generation of manufacturing documents or at
the experimental (prototype) production;

(o) Cover the design process of devices, circuits and systems as wol'}

(d) Are matched to the up—to-date (third and fourth generation)
technologies.

The purpose of the AUTER system is to solve autometically all of the
algoritmizable design phases that do not require intuitive decisions of the
engineer. Thus, the AUTER system helps to increase the effeotiveness of
engineering. The elements of the AUTER system adopt themselves to the up-to-
date teohnology (pr'oduction equipment and production lines with or without
C oontrol, automatio measuring and testing instruments etc.), and to the
automtio testing capabilities and equipment for printed oircuit boards afd
integrated oircuits. The AUTER system is implemented on several computer
oonfigurations inoluding alphanumeric and graphic terminals., The AUTER system
makes possible to check the specification of devices, oircuits and systems
before realization (simulation program systems), and increases the speed and
effectiveness of primted oircuit board and integrated oirouit design (layout
design and dooumentation program systems). Thu-, by the use of the system,
oonsideradle decrease in total development time and cost oan be achieved in
the design and mamufacturing of electronio and miorowave oircuits, devices and
systems, inoluding telecommnication, teleprocessing and oomputing systems.




- %2 -

The design process can be divided into threc main sections: electrical
design (design of the nircuit schematic tepology and parameter values),
layout design (dcsign of circuit geometry), and documentation and prototype
production (generation of the dccuments for producticn of the circuit verified

by prototype preduciion).

During the electrical design phase, the designer’s purpose is to deter- .
mine or adjust the parameters of the nciworik for ensuring the specification.
This task is uelpcd by medelling prosram swsteme, model data banks and simu-

lation program systcems.

The layout design starts with thc electrical cirenit schematics. On
the basis of the sclecied type of the realization and the type of technology,
the result is the layout (geomeiry) of tne circuit (for printed circuit boarde,
integrated circuite and complex units containing printcd circuit boards the

ometrical parametere are the component arra ements, wiring etc.).
P '

In the documentation phase, starting with the resulte of the electrical
and layout design phase, the results are the documentation materials (con-
taining alphanumeric and graphic documents, master films, rubylith masks, NC
tapes for controlling the produstion gnd test cquipments). Using these
documents the prototype marufacturing and testing of the circuits check the
quality of the documeantation.

In accordance with the purposes of the AUTER system mentioned above, the
main olements and services of the system arc as follows (in parentheses: the
name of the appropriatc program system element): checking the specification
for analog circuits (simulation).

DCy AC, noise end tolerance analysis of linoar circuits, taking

into account the effects of thc temperaturc as we:l (AMAL-7,6,11)
Distortion analysis of circuiv. with small non-linearities (ANAL-11)
DC, transient and spectral amalysis of nonlinear circuits (ANAL-3,8)
Analysis of nonlinear circuits under periodic excitations (ANAL-12)
S8imulation of analog systems (ANAL-16)

8imulation of digital circuits and systems (ANAL-17)

Modelling and model date bank of semiconductor devices: discrete

diodes, transistors, special semiconductor devices and funotional

units, analog and digital integrated cirouits, building elements - .
oells - of integrato circuits (DATBK: a program for date handling)

The AUTER system is developed by TKI in co-operation with other
Hungarian laboratories /SaTAKI, MIKI, HIKi, SeKI, KFXI eto.
Here, only the resulis of TKI arc ligted.
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Hodell:;.ng and model data bank of microwave passive devices ([ FINDIF,
CBATER

Layout design ( arrangement, path routing) and documentation (mester
films, assembly drawings, NC tapes for drilling etc.) of analog and
digital-printed circuit boards; double-sided (KONSTR-4) and multi-
layer (KONSTR-6) printed cirouit boards

Backboard wiring of oomplex units containing printed circuit boards
and other cable connectors: design and documentation (KONS'I'R—S)

Documentation of clectrical circuit schematics f r cireuits composed
of discrete and integrated circuit elements (KONSTR-7)

Data bank for the layout design and dccumontation: discrete elements,
electromechanical components, IC elements, standard PCB parameters,
technological parameters etc.

Generation of rubylith masks and documentation of monolythic (bipolar
and MOS), hybrid (thick and thin film) and microwave integrated cir-
ouits; checking the mask layout data aocording to the electrical and
technologioal prescriptions (design rules) (MASK-3)

Jeometrical data bank of integrated circuit building elements ("ocells")
and standard details of integrated circuit layouts

On the basis of the AUTER system, a CAD service aide the design works of
engineers of marmny laboratories. The service provides the designers with a
background of thousands of cirouit-design problems already sclved recently in

the TKI CAD service. ‘ ‘
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VIII. MEASURING GEAR SYSTEM CF TELEVISION RECEIVER PRODUCING FACTORIES

Television has bocome a subject of enormous dcvelopment in the second
half of the twentioth century; in the develcped countries practically every
family has its own television receiver. The second otage of the development
is the possibility of introducing colour transmission systems. Althcugh
there are manv cclour television sys*sms in the world, ~nc thing is common to
all, oompatibility in thc mencchrome recepticn.  Tolevieicn can only come up
to its task, when television broadcasting really oxists in the glven area:

but suitable receivers are also necessary.

Opinions may differ on what is a receiver. One thing is fixed, the
television receiver has tc be produced cheaply and quickly. A rcliable
apparatus is needed, cne that can be easily repeired in the casc of breakdown.

To fulfil the above requirements, a technological system, modern and
well oonstructed, is necessary, but this technclogical system needs alsc a
measuring systom. In the early periods of manufacturing television receivers
the system of the individual measuring instruments is used, i.e. in this case
on the benoh of each worker there are standing the measuring instruments
necessary for producing the measuring signals and enabling the display of
the measured results.

This method is disadvantageous, at first in the relation of the costs.
Clearly a oomplicated instrument is niore expegeive than a measuring systen,
which inoludes the complicated parts only once or several times at a central
place and oheap indicators are set up on the measuring benches. The indi-
vidual measuring system has some other disadvantages, e.g. tochnical super-
vision is complicated, the energy consumption ie greater, a large store is
requested for the repair materials, more place is needed, and so on.

The advantages of the central television measuring system can be indi-
cated by the following example:

Let us amsume the forming of a measuring working-place for adjusting the
IF. section of the televieion receiver. The minimum demand is a good—~
quality sweeper, which gives adequate level in the IF band, and delivers
possibilities for marking the characteristic frequencies. The costs can be
assumed as follows: |

Individual sweeper, without indiocator: x
Indicator: y

Certral equipment, with distribution system and accessories: k
Indicator: y

. - . il e e et e b—————"
P




-.36 -

Since indicatcrs are necessary in both cases their cost can be dig-—

regarded in the estimetion. Costs of the sclution with individual equipment:

a = nx
where n is the number of the werking places
Costs of the central equipment: a' = I
The central equipment is advantageous, when
nx)k
respectively
k/x :> n
It means that the ratic of the central and individual equipment costs
equals the mumber of working places. If the number cf working places
feedable from one cential equipment is - accerding to the reality - 30C, it
means that the ratio of the costs of the central and individual equipment can
be the same, i.e. 300 by identical cost factors. In real situations, the T

central system is advantagecous when there are mere than 10 working places.

The co-cperative Hiraddstechnika in Budapest fulfils all demands of the
producers of tclevision rcceivers in respect of technelogical measuring and
testing systems, further in respect of instruments and equipment requested for
servicing purposes. The icchnolegical system of the factery instruments is
based on thc centrai system, but deviates from this principle when the wanted ' .'
technical characteristics cannot be realized in the central system.

The steps of manufactvring a television receiver can be ag fellows:

Setting into cperation
Tuner adjustment
IF section adjustment

Adjustment of the video and coiour parts

8etting into operation itself needs ro moasuring instruments, only in-
dicators for rather indicating and nct measuring voltages, currents, and
resistance. Some of the working places need an oscilloscope tec.

With this set of equipment each atep can be performed between the first
switohing-on and having the lighting raster on the picture tube.

The adjustment of the tuncr needs much effort because several ohannéle have ) '
to be adjusted, the transmission characteristics tuned up, the gain and input
impedance measurad and the accurate frequency of the cscillator checked. Be- '

cause of the multiple tasks and of the high froquencies (up to 1,000 MHz),
the oentral solution for this task is not advantageous beceuse of the oable
network, which cannot tiansfer the sweep signals to the individuallworking
places within the striot tolerances.

- ——— 5 P
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The tuncr adjusting cquipmont of Hiradastechnika, called Crom, satisfies
all the tuner adjustment and moasurement demands in individual layout. The
essential in this is the following: the cscillator veoltage from the tuner
under test geles intc a mixer stage which shifts this with the value of the
used intermediate frequency. This frequency after regeneraticn gives the
centre frequency which will be swept and as input signal given tc the input
of the tuner under test. So frequency respcnsc and gain can he measurcd.

The cquipment is autemated in that it preducces automatically the optimum
centre frequency cf the sweeper frem the set escillator frequencies by
shifting these with the frequency of the IM. In this way, the sweecper is nct
to be set by changing the tuncr oscillator frequencies: the cscillator
frequency can be measurcd. Alsc the tuner input impedance, which is the
input impedance cof the whole receiver, is swept by the automatic swoeps in the
given band and can be displayed on the indicater. Furthermore the cquipment
enables the gain and the rcgulation properties tc be measured. The operating
of this equipment needs ne skilled workor. In technical respocts, it is
interesting that the indicating picture tubc is net of mere boams: it works
on the point-raster principle. Sc there is a pessibility to display an
unlimited mumber of events (boams), with individually set brilliance.

The equipment Signal is of central systcm. In the centmal part the
equipment generates the swept IF signal (according to the opticnal standard),
the sweep signals of small doviation requested for measuring the SECAM colour
system-receivers for adjusting the colour discriminaters, furthermore the
video sweep, necessary for adjusting the video parta. These signals can be
tranemitted to the working places over a switching and distributing cable
system.

The feeding of the HF gignals to the individual working places is dcne
from directional couplers, so defects at thc working place do not affect the
parameters of thce entire system.

The sweeper gives thc sweep signal during the forward poriod, but the
froquency markers can be mixed in during fly-back. The amplitude of the
pulse markers can bo set individudlly, so a possibility exists for not only -
setting the corner frequencies of the transmission characteristics, but also
for moasuring the amplitude. The adjustment of the IF section is easy, no¢
soale or othor is required, the measured curve must oenly be brought into
oovering with the marker pulses. The receiver so ad justed has to be con-
trolled, and the operation of the whole set is measured. For this purpose,
the Central Méasuring and Controlling System is used, which is a central
television transmitter system. It can be split into three parts, as video
signal sources, by which the HF-transmitters can be modulated and the control
system used for checking the system paramoters.
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In a maximum layout this cquipment includes 10 moncchreme and celour
video signal scurces, which can be switched to the transmitters in any com=-
bination. In the standard layout there arc 10 transmitters, but this
number can be enlarged. The transmitter cperatcs with up-tc~-date PLL-
gystem oscillators, resulting in costs savings,higher ctability and greatcr
versatility. This enables, for cxample,the simultancous transmissicn cf
signals cf different tclevision standards. The centrol instruments are
visicn and sound demcdulatcrs standaruized in the transmittor techniques,
colour and monochromec picturc mcniters with studio-quality parameters,
oscilloscope, control audic amplifier, noise meter, and so on. It is a great
advantage of the equipment system, that it can bc crdered in opticnal confi-
guraticn, e.g. with only an HP-channcl. . In this case the electronic test
pattern generator is an optimum signal source hecause it delivers practically
all the measuring signals in onc picturc, c.g. an clectrenically produced
circle, without lincarity crror, toc. The latest innovation is the so-called
word-inserter, which clectrenically inserts the number of thc chamnel for the
easiest identification of the reccived channel, espccially necessary for
testing roceivers with touch control.

This equipment in its full layout enables all the measurcments on the
television roceivers (geometrical and luminance linearity, pulse transmission,
pulse tilts, clamping static and dynamic cenvergence, white balance, and so on).
The measuring signal can be used generally for visual evaluation: the quality
paramcters are professional, so the colour encoders are of studio quality,
the specificaticn of the channel transmittcrs is identical to that of the
television transmitters, and sc on.

The signals can be transmitted as video signals or as HF-gignals to the
working place. For the demands of the service shops the co-operative
Hiradastechnika offers a wide scalc of instruments. The tclevisicn complex
generator gives monochromec and colour signals in all of the VHI and UHP
channels, the tclevision tester with very small dimensions delivers simple
signals for the im mitu repairs of television receivers.




- 35 -

IX. STUDIO TAPE RTCORDERS

After the Second World War, a basic change tcok place in recording techni-
ques., Magnetic recorders developed and nerfected before the war became indus-
trial products and their quelity increae.d rapidly. Impr--rement was possible
because industry started to producc magnetic tapes of increasing quality. The
improvement of rccorders and tapes is still geing on.

In Hungary, the advantages cf magnetic recording becamo obviocus rather early.
In the early 1550s thc laboratories of the Hungarian Radio started dcveloping a
recorder of their own. Reccrder production was transferred to Mechanikai
Laboratérium (ML) in 1954 and in spite of a provisional interruption, development
and prcduction have been carried out there ever since. ' —

The successful beginning (1955-1958) was followed by a sudden stop affecting
both quality and reliability. This was due to some administrative measures re-
sulting in the subsequent transfor of the production of tape reccrders from
factory to factory four times between 1959 and 1962, Development suffored a loss
of faur years' time, and the succeeding producors found it difficult to continue
to improve technology. ML regained production rights in 1963. Since that time
the = dovolopmont of recorders has steadily increased and passed beyond expec-
tations.

Many parameters cf a studio recorder are identical with those of a domestic
one. There are, of course, parameters usually not referred to when considering
& dqomestic appliance. Parameters of 2 studio recorder are, however, weighted on
a tacit understanding, by - reliability factory, and a long-term comstancy of
parametors of each applinnce is guaranteed by the mamufacturer.

Let us examine how quality and rcliability of studio tape reccrders produced
in Bungary have improved in the past 20 yoars as shown by parometers such as:

Design principles, facilities
Stability and acouracy of tape driving
Velume range’

Frequenocy response

Distortion
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Pour types of rocerders werc gubjected to cxamination.  Development
having taken place for the past years can easily be assessed by considering
recorders

M ~ 4,/56

STM - 10

STM - 200 /210/

ST - 500/510/

SM 4 / 56 type studio tape recorder

1. The appliancc was developed in the 1aboratories of the Hungarian Radic,
improved and manufactured by ML.

Speed of tape driving - 76.2 and 38.1 cm/s (early variants)
' 33.1 and 19.05 cm/s (later variants)

Equipped with vacuum-tube amplifiers

Direct operation by push buttems cennected to Bowden cables

Scund-axis provided by the main shaft of a hysteresis synchroncua‘motor

One single high-voltage relay used

Ne remote control except prepared distance start of play-back or recording
Tape drive, when switched in, speeds up at a rather low ratio as main drive
starts only when o definite operation is switched. This makes construction
simple but it is a disadvantage in cperation.

There is no tape tonsion contrcl. The enorgy crginating in the tape changes
at a ratio of 1 to 2.5, npproximately (80-200g) when coil diameter is 290 mm

This has several disadvantages such as:

Distortion towards the end of the coil

Relatively big differonce in spood between the beginning and the end
of the tape (slip)

Different high frequency response at the boginning and the end of
the tape

More wear of reproducing head

The last factor was important because in the 19508 reproducing heads were
made of permalloy, which is magnetically soft and has little resistance to abrasion.

The appliance oan easily be serviced. Beth amplifiers and trolley can be
removed and are acoessible from both sidos. The recorder ie reliable, mainly be—

cause of its simplicity. Tt ocan be mended easily, even without taking it to a
speoial workshep.

it o ot I i . AR S . o >
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2. The uso‘of direct tape drive (by the main shaft of a2 hystoresis synchronous
motor) is simple and highly rclinble.  Unfertunately, it dees not provide
sufficiont statility in tape driving.  Distorticn is + 0.157 at a specd of

76.2 cm/ 8 and + 0.2," at n speod of 35.1 cm/ s. The accuracy of tapc speed de-
pends on, and is related to, frequency stability ¢f mains vcltage.

3+ Veolume range is specificd as 50 d3. This value is due tc tho sum of
noise produced by the amplifiers and tlic premignetized tape.

The vacuum~tube omplificre caused problems and affected that parameter of the
appliance ncgatively. The low-necise penthcde used in the input stage became
noisy for several rcascns (e.g. cwing te a leakage cn the cathede filament).

Owing to physicnl characteristics of magnetic scanning by moving elcments,
the reproducing hend gives lower vcltage towards low frequencics. The cutput
voltage of the head is

d-f -8

Uout = =y -a'-; . 10 v

The vnluc of d. is proportionate .to the growth of wave longth and U out tend
to reach 0. This means in practice that the sensibilit ty of the play-back
amplifier of a studic recorder is botwecn 50 - and 100 microvelts at frequencies

below 50 c/'s.

Hum sensibility is inorcased by the high input impodance of vacuum tubes.
This paramcter is decisively influenced by the noise of the promagnetized tape,
resulting from twe factors:

Characteristios of the tape
Characteristiocs cf the appliance

The latter one being oxaminoed with SM 4 / 56 the follewing factors should be
oonsidored:

(a) The distortion of premgnetiziinc ourrent is of some percentage. Tape
noise is increased by distorted ‘premagnetizing current containing d.o. component.
A better value oannct be roached owing to the low Q@ of the reproduoing heads mado
of laminated pormalloy.
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(b) The finensss c¢f the part of reoproducing heads dircctly touching the
tape strongly affects tape neise. In a tape running on an unequal surface,
premagnetizing field strongth changes periedically, This fluctuation of field
strength causcs tnpe ncisc of low pericdicity. With SM 4 /56 the reprcducing

head madc of lamimted permnllcy cannct be polished up te have superfinished
surface because it is toco soft.

(¢) It is also duc tc the heods uscd that the frequency of premagnetizing
cwing 1 bad Q. This rcsults in
a disadvantage, as premagnctizing can mix new scunds in the audible range with

harmenics of high-pitched scunds, and the new sounds are recorded as well,

(d) The large slit width cf c¢ld tapcs and i'eproducing heads requires rela-
tively big high clevaticn in the amplifiers, which leads tc¢ an incrcase of ncise. 1
In studio techniques this is cne of the parameters that has seemingly nct im- o
proved significontly for the last 20 years. Transmissieon range of SM 4 / 56
comprises 40 t- 15,000 c/s. Mcst up-to-date recorders dc not provide much

larger frequency ranges cither. '

The improvement of this naramcter can, however, bec asscesed by cther features:
(2) Tape specd was rcduced from 76 cm/s tc 19.05; |

(v) Recently developed tapes require smaller high clevaticn. So does the
reduction of thc slit of the reprcducing hoad.

With SM 4 /.56 band width of the reproducing hcad was 10 pm. Amplitude
contraction caused by the finite slit-width of a rceproducing head at a definite
frequency can bc detcrmined as '

20 log sin O¢ w.r

————— Q= ===

where
r = slit width
A = wave longth

The tablc below indicates high-elevaticn ratio at 16 ko/a'relat:lve to some
speed and slit-vidth values:

TAPE SPEED

SLIT WIDTH 3 /2 10 /2 ' )

76.2 om/s 0,06 dB 0,8 4B |
38.1 om/s . 0:2 4B 2:7 dB '

19.05 om/s 1 4B 15 dB
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As a conclusicn it can b2 stated that frequency range of SM 2,56 ~ is fairly
identical with that ¢f orescnt day recerdors.  The same ronge was, hcwever,
recorded at speced valuacs of 76.7 und 0.4 cm/s with bizger high clevaticn then
that todoy. The diencdvantage «f tids phencmenen dces net affoct this parameter,

but rather velume ranze and dielerticn are iffocted.

Econemic effcet of hish tepe speed--76.2 nad 22.1 em/s-- is ~ consumption

of tape twc cr threce times larger than with modern »ccerders.

In studic tochniques nen-linea» disgterticn of 1 cne kc/s signal recorded
and played back is measurcd cr indicatcd as roquired. This parameter is of great
significance in rocerding techniques. By tho time 2 recerd is breadcast on radio1
it is reprcduced or translated many times, and distertien can accumulate. There- ‘
fore, it is desirable that master tapes shculd have minimum disterticn. —

B | 4/56 has a distcrtion ratic of 2 specified by recerding tape. But it
must be noted that tic distorticn caused by the amplificrs of SM 4/56 repre-
~ sonts only som. tcnth of 1,0 f noise cver the whele range of‘fransmission. The
2% distortion was mainly duc tc the tape. Waturclly tapc quality has improved
since tho 1950s and SM 4/56 oan be specificd more favcurably if a modern tape
is used. ' ' |

ST 10 type
STUDIO TAPE RECORDER

1. The recorder provides two spceda: 38.1 om/s and 19.05 om/s

The trolley is contrelled by a logical cemtrel device with rolays. This makes
operation easy. The cpcrator is not suppesed te make hig efforts when speoific
operations are to be switchod by push buttcns. ¥With SM 4/56 a push butten was
pressod by onc to twe kilograme pewer and passed o 20 =30 mm way. Moeohanical
olaments (brakes, rubber rells) arc operated by clectromagnets. The trolley is
controlled by relays, ond remcte contrel is also provided for. A new Hungarian
patent was first applicd hcres +the cptionmal use of tapes cciled with intericor
or exterior magnetic layers. Speed up of tape drive is high, owing tc the
rubber roll which presses the tape to the rotating sound axis. It has vacuum-
tube amplifiers. The trclley camnct be turned cut as with SM 4/56, but it oan
be lifted. The amplifiers can be drewn cut and are interchangeable. The trolley
controlled by rclays, makes cporaticn ocasy, providee a wide range of fecilities,
but relay defcots which cocur from time tc timo affect reliability negntively.

1/ Or recorded on a disc.




The appliancc can be scrvicead casily, All cleetric units arc changoable.
The changeability cf the trelley - as comparcd with the previcus type - was not
Justificd sufficicrtly.

2. To provide thc steadiness ¢f tapc driving, the scund axis is attached to

the main shaft c¢f thc motor thr-ugh a mechanical filter. Thc mechanic filter !
comprises a bulky fiywheel ind rubber fricticn. This madc it pessible teo reach

a distortion ratimg 0,15,: at 33,1 cm/s and \< 0,75 nt 13,05 cm/s respectively.

The accurzcy of tapc spced is determined by thc accuracy of the frequency
of the mains veltage. There is nc tape-tension centrel in the appliance. As a
consoquence the same disadvantage anpears as in SM 4/56.

3. Velume rarge is hy 2 dB bettor than that of SM 4/56 (52 dB). The vacuum-
tube amplificrs are rather sensitive to hum. Peaturcs menticned in items SM 4/56
- 3(ay b, c¢) arc valid fer STM 10 as well.

4. Frequency band is unchanged but tape speed is lewer:

38.1 and 15.05 om/s -- 40-15,000 ¢/s. Its Telefunken type reproducing heads
are made of permallev. The sl1it width of the hoad is 6—7/um. That is why there
is no ncod tc have a big high—elcvaticn in the cutput amplifiers in spite of
lower speed (bettor ncise ratic).

5. This parameter as with SM 4/56 depondes on the type of tape used. Specified
value is of 2,

ST™ 200 type
STUDIO TAPE RECORDER

1. This devicc was develcred at ML in 1963/64.

As to sclutions of dosign, this equipment was much mere advanced as compared
with former cnes. lhile in previcus medels designers tricd, with more or less
succese, tc adopt soluticns existing in actual fereign makes, they embodied quite
a mumber of original and ingonicus scluticns in the STM 200. These solutions
are now protected by patents in 2 numbor of Buropean countrics. One of the most
significant techrical inncvations was the facility to build up the trolley as a
mechanical bleck unit (7 main units), cach cf which constitutes an independont unit

and can be readily remcved from the device.  The advantages of this feature appear
in favour of both mamufacturer and ond-user. |
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The quality cf the high-prccisicn trelley improves in the coursc of the
production, if the mechanical units arc measured independent of the trclley by
means of single-purncse irstruments, rather than if measurced in an assembled
- trelloy. Prem the peint of vicew o f the cnd-uger, the rendily interchangeable
units improve the reliability and permit casier scrvicirg. The trelley is
oontrolled by lcgicnl cenirel circuits with relays. The advanccd quality in the
oontrol unit is churacticrized by:

The number of relay contacts is reduced tc 20 - 30, of the usual
Relays ccatain cnly main contacts, all rclays arc similar (4 x a):

Relays arc prcvided with plug connecters and o. interchangeable.

The breakdcwn ratic of main centacts is better by a facter of 10 than that
of break contacts ¢r switching contacts.

The servicc life of the feow UK made (ITamlin type) rocd rclays built in the
trolley of the device amcunts te 107 - 108 switching (20 ~ 30 years).

-In this device tubce arc replaced by semi-cenducter clements (transistors

and diodes). This alcne results in a sudden improvement in operaticnal safety.

A uniferm tension cf the socction of tho tape befeore the scund axis is por-
formed through clcetronic control, The entirely new eclectronic contrel system

(ML patent) contributes to a great extent te the stability and good values of cer-
tain parametars, e.g.

Unifcrmity of tape temsicn
Disterticn

PFrequency response

Slip of the tape

The cperaticn switch is tho mcet strossed unit cof theetape recorder. The
contact clements hare are reed cartridges actuatod thrcugh a permanent magnet
(operaticnal safcty).  Similar reod contacts perform the switchover ¢f the re-
quired correoticns in the amplifiors when ohanging the speed. Based on the
experience of the past 10 years it can bc laid down as a faot that as few as some
10 of thc built-in oartridge'a amounting tc approximately 100,000 became defective.
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Remcto contrel is availablc within the entire rangce cf operations. This
was the first mcdel cf demostic make adepting ferrite play-back and recerding
heads (Philips).  Thc scrvice life of these heads is by a magnitude longer than
that of the conventicnnl cnes. Threugh their apnlicaticn it was pessible to
securc unchanged paramecters o~f *he dovicce fer 4 - 5,000 hcurs of cperaticn. {(Vith
Permalley heads readjustmert was ncecseary cvery 200 hours and rcplacement after
approximately 1,000 hcurs.) 3cth mechanic~l and slcetrical gervicing of model

STM-200 ie very ecasy.

Operaticnal eafely is olsc very gred, which is me gtly due tc the simple and
well-reascned design ond te ihe purpescful sclecticn of high-gradc ccmponents

(ferrite heade; Pepst mctors, reed rclays, transisters ete.).

2. The design of the main metor unit as cempared with the previcus medel STM-10

turned out much more¢ successful.

The jeint of ihz irertia mass and the hysteresis synchrencus meter dees not
permit any slip. The accuracy ¢f the bearing supperts and of the scund axis, and
the very high quality driving mcter results ir a very reduced distortien. With
30 - 40% of thc scries-prcduced devices the value of distortion is less than
0.03% at 38.1 om/s.

The factory warrants a distorticn ratic of

L 0,057 at 3.1 cm/s
L0.17 2t 19.05 cm/s

The main motcr unit requires hardly any maintcnance, has high operatiocnal
safety. The above-menticncd parameters are warranted eve: after many thousand
service hours. The accuracy of tapc spoed is determined, the same as in pre-

viously specified mcdcls, by the accuracy cf frequency «f the mains voltage.

3. As to the voclume range of the cequipment, thc development is colessal. High
impedance electron tubes in the input stage do nct cause trcuble any mere. The
preamplificr constituted cf low-neise transistors /f € 1 - 1,5 dB/ rosults in a
signal/noise ratio better than 76 4B. As ccmpared with the specificd value of

68 dB, this rcpresonts a viry considerable reserve.  The vclume range of the
device is now determined tc a great oxtont by the noise of the tape. The combined
intograted sigm.l/ noise ratic is better than 62 dB, which mecans an improvemont by

10 dB a& compared with model SM4/56. The imprcvement in tho signal/ncise ratio
of amplifiers amcunts ~t least to 16-17 4B,
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The following foatures also contribute to the improvement of the signal/
ncise ratio (see points 3/a and b concerning SM4/56.):

(a) The high quality ("Q"))of the ferrito rocording heads permits the
realization of a low distcrticn of the premagnetizing current;

(b) The special forrite material of the heads is polished for high lustre
and keeps this finish for a long time:

(c) The small slit width cof the reproducing heads (3 /um) and the up-to-date
tapes require less high-elevation.

4. The transmissicn range of the device comprises 30 - 16,000 o/s. (At a speed
of 19.05 cm/s as well.)

5 With up~to-date tapes (e.g. BASF LR-56, AGPA PER-555, 525) the low distertion
(0.1 - 0.15%) of the amplifiers is well utilizable. In the case of uesing such
tapes and standard tape magnetization a non-linear distorticn can be reached below
1%. (The specified value is still 24.)

STH-500 type
STUDIO TAPE RECORDER

By the time a mumber of protypes have been built as yet by ML, series produc~
tion has not Yot been started and development work is still going on. Develcpment
work was based on three fundamental conceptions:

Solutions of the design of the uelll-approved medel STM-200 should be
utilizged; '

Electronic components had undergone meanwhile very considerable progress,
which should be adepted in the new equipment;

As many mechanical structural elements as possible should be replaced by
electronios (with a view to improving operational safety). '
Designers have built up the control unit of the trolley of elements of TTL |
loglioal integrated circuits. '

This solution offers an optimum of the control of the ‘trolley:
(a) Palse switohing is completely excluded;
() Individual operations can be ‘propaa'md;
(o) No relays are needed;
(4) Maximum oprrational safety is provided
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For .ewitching on and centrelling of motors, magnets, amplifiers, correcticn-
is performed by transistors, triacs, diodcs and reed cartridges. Thus the

doevice dces nct centain woaring eclectric switching clements.

The mechanical bleck system well approved in mcdel STM-200, as well as the

solution of the contrcl of tape tensicn has been adopted here as well,

Tape tonsion contrel is extended here alsc to the section of the tape after
the sound axle, whioh has a favcurable effoct upen the distorticn and slip para-
meters.  From the pcint of view of operatiomal safety, it is essenticl that
mechanical vibration damper cloments (pncumatic pump in STM=200) be replaced by
electronic dampers.

Amplifiors are built up of elemeonts ¢f intcgrated circuits and low-ncise

gilicon transistors. -

For the first time with this equipment the very high precieicn, digital
signalling electronic "™ape length time" indicator has becn adcpted.

Servicing the equipment is very easy (intorchangoablc mechanical and
electrical components). On the cther hand, the intricacy of circuits will set
striot roquirements against maintenance instruments.

1. The characteristic feature of tape driving systems uscd up tc now was that
the acouracy of the tape specd was determined by the accuracy of the frequency of

the mains vecltage (synchronous motors). In extrome cases the fault might have
reached 1-2/.

In Model STM-510 a special elcctronic unit provides for keeping the motor
speed at the ex~ot value. Specified s ecd tolerance is t.otter than 10-5/00.
This means an improvement by several mognitudes as compared with the proeviocus
device. Distortion of the device amcunts to 0.04% at 38.1 om/s and 0.06% at

19.05 om/s.

2. There is no imbrovement regarding vclume range as compared with Model STM-200,
since this is limited so far by the noise of the tape. Spooified combined signal/
noise ratic is 63 dB at a tape speed of 30.1 om/s and 62 dB at 19.05 om/s. The
noise level of amplifiers is identiocal with that of Model STM-200. What has been
said in this relation is valid for this casec as ‘well,, with tho exception that the
amplifiers of Model STM-510 are executed with integrated oircuits and: silioon
transistors. | |
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3. The transmission range is identical with that of Model STM-200, comprising
30 - 164000 c/s. Tolerance range, however, is somewhat stricter.

4. Data are similar as qucted under peint 5. regarding STM-200.

Recapitulating the foregeing, the investigation of the qualitative develop-
ment oxperionced during the last 20 years, and of the relinbility of the
equipment has been performed analysing the soluticns of design of four different
mcdels and of four sclected paramcters cf the same.

It can be stated that greatest progress is observablc in respect of the
design of the devicos, thoir solutions and execution. They became easior to be
attended, the range of operaticns was expanded. The usual mechanical actuating
and centrol clements werc mostly replaced bysclectronic cempenents.  Consequently,
the probability of breakdowns of mechanical parts has been reduced tc a minimum.

The introduction cf ferritc heads was of great significance, resulted in a

sudden improvement of operaticnal safcty, and quality was improved as well.

The trolley with a completely electronic contrel "knows" much more, beyond

comparison, and has higher operational safety than those centrolled by relays.
On the other hand, its intricate build-up required more qualificd maintenance
staff,

The distortion parameter has improved fivefold (0.2 - 0.04%). It is:notable,
however, that the method of measurement of distorticn alsc has changed in the
meantime. Initially distorticn measurement had been performed in the linear
froquency range between 0.2 and 50 c/s, later by means of a standardized instrument
of non-linear cl.iractoristics within the range of 0.2 - 20C c/ 8 (hea.ring - correct
method of measurement). The accuracy of tape speed had been initially propor-
tional to the variations of the mains frequency (max. fault 1 — 2%)., Today the
speed of the motor has a orystal cscillator st‘ability (10-5/00). In aspite of
this, the high accuracy can be utilized but to a fracticn, since the actual speed
of the tape is susceptible to slip along the entire reel length owing to the
friction of the rubber roll against the sound axle (in fact an acouracy of 0.03 -
0.1 . 1072 is available).

Already in Mcdel STM-200 a tape driving mechanism could be dosigned, which
had o very good operational safety (3 - 5 years). The very high speed stability

(10-5/C°) of tho sound axle in STM-500 requires on the other hand rather intricate
electronios.
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As to the improvement of the veclume range of the cquipment, a most important
par't: is played by modern tramsistors and integrated circuits. The improvement
in the signa.l/noise ratio of the amplifiers amounts at least to 16 dB. The
introduction of semi-cenductors had a great significance in respect of increased
operational safety as wcll.

The frequoncy response parameter has apparently nct changed very much
during these 20 years. The tolerance range became somewhat stricter, on the
other hand the tape speed was rcduced frem 76.02 om/s tc 19.05.

The improvement in the field of ncn-linear distortion can be attributed
almost totally to the tapes usecd. However, distorticn orginates even ncw mostly
from the ﬁon-linearity of the tapes rather than that of the amplificrs. What
development can be fcreseen for the future concerning quality and reliability?

It may sound strange, but should be said that fcr the sake of one main
cbjectiva, the autcmation of studios, a ‘further imprevement of certain qualita-
tive featurecs (frequency rospense, volume range, distortions etc.) will be
dispensed with for the time being. A fundamental condition cf automation is,
namely, the tape carrying cassette (e.g. NART, Philips, Unisette ctc.). The
cagsette will almost in every casc interfere with the paramoters connected with
a uniform tape speed (distortion etc.). On the other hand, the control signals
indispensable for the control of autcmatic equipment take the place of useful

information on a part of the tape and oonsequentlly the signal/noise ratio is
reduced.

Even through the application of the most up-to~-date ncise attermation
olectronics only the losses can be rogeined, especially i” the tape width is

reduced at the same time (e.g. in the case of the Philips Contact Cassette from
6.25 mm to 3.81 mm).

A further improvement of reliability is tc be expected as a consequence of
the intograt'icn of electronic eclements and of a ‘further oclipsing cf mechaniocal
functions in favour of electronics.. A very good example of this davel'opment is
the new ML device, the Model STM~500.
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