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EDITORIAL

fiber communications result from major improvements

of past decades in semiconductor lasers, light emitting
diodes, detectors and fibers. The present revolutionary
progress in optical communication is a consequence of the
lucky concurrence of the increasing economical need for
high capacity, high data rate transmission technologies
and the abilities of optoelectronic solutions. Inversely, the
development process requires the rapid evolution of
optoelectronic devices.

The new components and technical solutions utilized in
optical communications proved widely applicable in the
sensing and measuring technology as well. These new
fields of application inspired further efforts in device en-
gineering to meet user’s requirements. A result of these
endeavours established the rapidly progressing technol-
ogy of photonics which now penetrates all areas of optical
communications.

Hungarian scientists and engineers sensed the above
depicted evolutionary trends in time. In the Research In-
stitute for Technical physics of the Hungarian Academy
of Sciences, research, development and manufacturing of
semiconductor lasers, LEDs and detectors working in
several wavelength windows has started. Measuring
equipments were designed and fabricated for qualifica-
tion of fibers and optical links. In the Research institute
for Telecommunication, the Research Institute of the
Hungrian PTT and the Telephone Factory “TERTA”, a
wide-range program was carried out for development and
application of varions optical communication links. Re-
search has been started for discovering basic physical phe-
nomena of photonics in the Central Research Institute for
Physics of the Hungarian Academy of Sciences and at

The advances which have led to the maturity of optical

Istvan Habermajer was born in Budapest. He
graduated in electrical engineering from the
Technical University of Budapest in 1959. He
received the “dr. techn.” degree in 1964, and
the Candidate of Technical Sciences degree in
1989. From 1959 to 1963, he worked at the
Hungarian Television Company. Since then he
has been at the Technical University of Buda-
pest, and became an Associate Professor at the
Department of Electron Devices. He is a tech-

several departments of the Technical University of Buda-
pest. The teaching of subjects relating to these topics has
been also introduced at the Technical University of Buda-
pest.

This activity is illustrated by some high level products
and numerous international and Hungarian papers,
scientific reports and books. The whys and wherefores of
the poor economical success of these efforts are well
known. However, the main profit of pioneer’s work is em-
bedded in the brain of the engineering society. This mani-
fests itself in the sensitivity to photonic problems, the
treasury of ideas, and the world-wide work of the well
educated new generation of optoelectronic engineers. My
firm conviction is that these values will be fruitful among
the challenges and new possibilities of the future.

The initiator of this special issue of the Journal on Com-
munications was one of the most talented pioneer of Hun-
garian optoelectronics, my friend, the late Edmund Lend-
vay. His tragic death hindered him to continue his exten-
sive scientific work and to complete the editing of this
issue. His memory obliged me to follow his initiatives ac-
cording to the best of my knowledge.

Two survey papers intend to keep the reader informed
in the wide variety of optoelectronic devices. The first is
based on an URSI Review and looks over the components
of optical communications, the second original survey
sums up the fiber optic sensors. The selected problems of
optical electromagnetic waves discussed in other two con-
tributions are related to the topic of integrated optical sys-
tems.

The guest editor hopes these papers will be found inter-
esting and useful by the readers.

I. HABERMAJER

nical advisor at the Research Institute for Technical Physics, and di-
rected several R&D projects in the field of semiconductor device
measurements. His current education activities are related to electron
devices, semiconductor physics and optoelectronics. His main interests
are analysis and design of semiconductor lasers and photodetectors. He
is a member of several technical committees.
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ADVANCED OPTOELECTRONIC DEVICES —
A SURVEY

The paper provides a survey of recent results in the field of optoelec-
tronic devices. The selected topics are in the forefront of optical com-
munication, optoelectronic sensing and measuring technics. The survey
is based on a recent URSI review.

1. INTRODUCTION

The first optical links have been installed nearly two
decades ago. On the base of their economical and techni-
cal success, optical links are now widely used both in long-
haul and local communications. These two branches of
telecommunications impose different requirements upon
optoelectronic devices. The long-haul links require de-
vices for handling the high information speed and the high
span-length. For the optical data path of local area net-
works, complex mass produced devices and optoelec-
tronic IC-s are needed. The optoelectronic sensing and
measuring systems open up a wide field of applications
but expect some new features of devices. To reach these
targets, the results of physics, material sciences and more
effective design methods are required.

The selected topics of this deal with the latest trends,
based on an URSI Review [Ref A., 1990].

2. DEVICES AND APPLICATIONS
2.1. Semiconductor Lasers and Light Emitting
Diodes

Extensive research and development efforts in semi-
conductor lasers have been devoted to improving relia-
bility, reducing threshold current and increasing band-
width. In the past two decades, lasers have become highly
reliable devices with projected lifetimes of over 100 years.
Threshold currents as low as submilliampere have been
reported [Marclay et al., 1989] and thresholds below 10
mA are now common. Bandwidths have increased from
tens of MHz to greater than 20 GHz /Bowers and Pollack,
1988]. The energy distribution between different longi-
tudinal modes of laser diodes has been explained by Join-
dat and Boisrobert [1987]. In recent years, the continued
evolution of fiber optic systems toward higher and higher
bit rates, and the emergence of coherent transmission
techniques have placed stringent performance demands
on semiconductor lasers /Bowers and Pollack, 1988,
O’Mahony, 1988] as well as requirements for single fre-
quency operation with narrow linewidth and wavelength
tunability /Kobayashi and Mito, 1988]. These demands
have required more sophisticated and complex device
structures such as multiple-quantum-well active layers
and/or integrated grating feedback.

Several of the performance characteristics of semicon-
ductor lasers have been enhanced by the use of quantum-
well laser structures /Arakawa and Yariv, 1986]. These in-
clude low threshold current density, high-power capa-
bility, low chirp width, narrow spectral linewidth, and
higher resonance frequency. The high differential gain

due to arestricted density-of-states function is responsible
for improvements in resonance frequency [Arakawa and
Yariv, 1986], linewidth [Koch et al., 1988; Sasaki et al.,
1989] and chirp [Spano et al., 1988].

For fiber optic transmission, a major research thrust has
been the development of lasers capable of dynamic single
frequency operation, i.e., lasers that exhibit single longi-
tudinal mode oscillation during high-speed modulation.
Lasers that incorporate an integrated distributed Bragg
grating, the distributed feedback (DFB) laser /Nishimoto
etal., 1987; Baryshev et al., 1988; Kakimoto et al., 1989)],
and the distributed Bragg reflector (DBR) laser /Koch et
al., 1988] are rapidly being developed for single-fre-
quency applications. Several structures designed to in-
crease mode discrimination and achieve narrow linewidth
have been reported, including coupled cavity resonators,
external feedback elements, surface emitters, and dis-
tributed resonators /[Bowers and Pollack, 1988; Amann et
al., 1989]. Surface-emitting laser diodes and light-emit-
ting diodes have been fabricated and operated, including
new types based on a coaxial transverse junction structure
[Yamada et al., 1988]for various future applications, such
as monolithic two-dimensional arrays for optical image
processing as well as optical interconnections for inte-
grated optics.

MO—CVD (metal organic-chemical vapor deposi-
tion) technology has been successfully established for the
growth of the InGaP/InGaAlP double heterostructure on
GaAs substrates. New visible lasers have been realized
emitting at 660—680 nm with output powers of 3 to 5
mW. Long-term reliability has been confirmed by accel-
erated aging [Okuda et al., 1989]. These lasers will find
wide applications in point of sales (POS) scanners, laser
beam printers, and optical disk systems.

Recently a wide range of high-power semiconductor la-
sers has emerged. One of the most rapidly developing
applications is pump sources for solid-state lasers. Others
include optical recording, high-speed printing, database
distribution systems, free-space communication, local
area networks, doppler optical radar, and optical micro-
wave sources. Higher output power has been achieved
from phase-locked laser arrays /Reinhoudt and Van der
Poel, 1989] using quantum-well structures grown by using
the MO—CVD technique. One-dimensional arrays of
100 lasers have exhibited peak pulse powers as high as
134 W and CW power levels of 8 W, and even higher
powers may be achieved with two-dimensional arrays.

2.2. Photodetectors

Research and development of photodetectors have
been primarily directed toward fiber optic transmission
systems and various sensor applications. Fiber optic app-
lications have concentrated on p-i-n photodiodes and
avalanche photodiodes (APDs) for transmission at 1.3
and 1.55 wum. Recently, metal-semiconductor-metal
(MSM) Schottky barrier photodiodes have received con-
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siderable attention because of their potential for integra-
tion into integrated receivers. The most widely used
photodetector for lightwave communication has become
the InGaAs/InP p-i-n photodiode, and efforts have fo-
cused on reducing the dark current, optimizing the re-
sponsivity, reducing the capacitance, and maximizing the
bandwidth /Forrest et al., 1988]. Some of the techniques
used to achieve low capacitance are small area junctions
[Tuckeretal., 1986, air bridges, thick insulators, semi-in-
sulating substrates, and detector-waveguide coupling
[Bowers et al., 1986; Bornhold et al., 1987]. Tunable
superlattice p-i-n photodetectors in waveguide configu-
rations for dual-wavelength demultiplexing at a data rate
of 1 Gbit/s have been fabricated and analyzed /Larsson et
al., 1988].

Planar p-i-n photodiodes have also been realized with
InGaAs/InP crystals grown on semi-insulating InP sub-
strates. By reducing the capacitance, a maximum cut-off
frequency of 14 GHz has been achieved [Miura et al.,
1987]. High-speed InGaAs and GaAs photodetectors
have been fabricated, and response times of 2 ps were
measured [Loepfe et al., 1988]. An array of balanced
mixer circuits for coherent detection, consisting of an
InGaAsP waveguide 3-dB directional coupler integrated
with InGaAs p-i-n photodiodes, has been demonstrated
[Chandrasekhar et al., 1988].

The internal gain of APDs provides higher sensitivity
than p-i-in photodiodes but APDs cost more and require
more complex bias circuitry. Since the sensitivity margin
increases with bit rate, a major thrust in APD research has
been to increase the bandwidth and the gain-bandwidth
product. High-speed APDs have been fabricated using
InGaAs/InGaAsP epitaxial wafers, and a Be-implanted
guardring has been found to achieve a reproducible and
uniform avalanche gain. Thus a gain-bandwidth product
of 75 GHz has been obtained [ Torikai et al., 1 988]. By op-
timizing the structure of APDs with separate multiplica-
tion and absorption regions, maximum bandwidths
of 8 GHz have been reported with a gain-bandwidth
product of 70 GHz [Campbell et al., 1989]. Morevoer,
a a-Si/SiC:H superlattice APD with a high optical gain
has been demonstrated by plasma-enhanced CVD [J/wo
etal., 1988].

Work on GaAs MSM photodiodes has been stimulated
for optical transmission systems and integrated optical
switching /Prank et al., 1989]. In order to extend this ap-
proach to longer wavelengths, MSM structures have been
investigated and wide bandwidth (> 11 GHz), low capa-
citance, and acceptable responsivity have been achieved
[Soole et al., 1989]. High-efficiency photodiodes with in-
dium tin oxide/GaAs structure have been fabricated with
bandwidths over 110 GHz [Parker et al., 1987]. To test
the possibility of deriving special properties such as strong
electro-optic and nonlinear effects by molecular engi-
neering technology, integrated planar photoconductive
detectors have been studied using organic and polymeric
materials /Reuter and Franke, 1989].

2.3. Integrated Optics

According to the original concept of integrated optics,
the advantages of optical information processing are
combinned with the advantages of integrating many de-
vicesinto a single chip. Integrated optics has subsequently
evolved into two relatively distinct technologies: one
based on guided wave devices, and the other utilizing op-
toelectronic devices as interfaces between ICs and optical

signals. These technologies are often referred to as
photonic integrated circuits (PICs) and OEICs, respec-
tively.

The optical modulator is one of the fundamental
guided wave devices. Recently, as the materials technol-
ogy of III—V compounds has matured, high-speed wave-
guide modulators have been fabricated in AlGaAs/
GaAs [Wang and Lin, 1988]and InP/InGaAs [Koren et
al., 1987]. A significant breakthrough for [II—V com-
pound modulators has been the development of multiple-
quantum-well modulators based on the quantum con-
fined Stark effect /Wood, 1988]. A variety of guided opti-
cal wave devices such as focusing and dispersive planar
components [Smit, 1988], grating and holographic inte-
grated-optical elements [Miler et al., 1989], and inte-
grated nonlinear optical devices for frequency conversion
[Sohler, 1989] have also been proposed and demon-
strated. A study of electro-optic polymers has been
presented for integrated optics applications [Horsthuis
and Krijnen, 1989].

Currently, guided-wave structures have become more
complex, combining more than one type of device on a
substrate. A LiNbO; guided-wave device has been fabri-
cated for an optical coherent receiver [Heidrich et al.,
1989]. There has also been a shift toward III—V com-
punds due to the possibility of integrating emitters and de-
tectors with the waveguide devices. Monolithic integra-
tion of a GalnAs photoconductor with a GaAs/GaAlAs
optical waveguide on a GaAs semi-insulating substrate
has been reported /Mallecot et al., 1988]. A distributed
feedback laser with a Y structure waveguide integrated
with a front-face photodiode has also been reported /Liou
etal., 1989].

Optoelectronic circuits have also progressed rapidly in
the past few years, both in number of circuit elements and
performance relative to hybrid circuits. Monolithically in-
tegrated transmitter and receiver chips for the 1.5 xm
wavelength region /Winzer et al., 1989], fabrication tech-
nology for long-wavelength receiver OEICs [Spear et al.,
1989/, and an optical amplifier module for single-mode
fiber optic systems /Luc et al., 1989]have been reported.
Optoelectronic logic devices using quantum-well struc-
tures have been studied, including a hard limiting logic de-
vice with an optical gain of over 10 [Wheatleyetal., 1987].
For optical interconnection and information processing, a
new class of low-power-consumption electro-photonic
functional devices has been proposed and 1-kbit monoli-
thic integration successfully achieved /Kasahara et al.,
1989].

2.4. Optical Fibers And Applications

Optical fiber techniques or fiber-optics are now widely
applied in telecommunications, sensors, medicine, data
transmission, and measurements in adverse environ-
ments. The progress in optical fibers for telecommunica-
tions is aimed at economical fiber production, and at dis-
persion shifted or dispersion flattened single-mode fibers
employing complex index profiles and requiring a high-
precision preform fabrication. Further research in trunk
communications systems resulted in multi-Gbit/s data
transmission, based particularly on coherent transmission
and detection techniques.

As for basic properties of various optical fibers, a non-
destructive measuring technique has been reported for
polarization maintaining fibers based on stress induced
birefringence /Calvani et al., 1987]. It has also been re-
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ported that a fiber can be utilized as a distributed com-
pressor for a weak pulse due to the cross-phase modula-
tion from an intense pump pulse which chirps a weak
pulse propagating simultaneously in a fiber [Jas-
korzynksa and Schadt, 1988]. Sub-threshold flaws in op-
tical fibers, which figure more quickly than cracks, have
been shown to be the critical flaws determining the failure
lifetime of proof-tested optical fibers in long-haul com-
munications cables [Donaghy and Dabbs, 1988]. A statis-
tical method of treating these flaws in real applications is
indicated to be more realistic than current analytic meth-
ods based on an alternative theory of crack growth.

The exploration of various nonlinear effects in optical
fibers continues to be a fruitful area of research and devel-
opment /Dianov et al., 1 988]. These include semiconduc-
tor crystallite-doped fibers with picosecond response
times, soliton compression in Raman ring fiber lasers, and
linewidth narrowing in a diode-laser pumped, all-fiber
Brillouin ring laser /Bayvel et al., 1989]. Progress in opti-
cal fiber sensor technology and applications has also been
reported in a variety of fields, and this technology is now
recognized practically. As a good example, an all-optical

‘remote sensing system for low-level CH, and other gases
has been developed using 20-km-long optical fiber links
and near infrared LED/laser diodes /[Chan et al., 1987].

For optical communications, two tpyes of transmission
systems have been implemented: incoherent and coher-
ent transmission. The primary research and development
thrust for incoherent transmission systems, which utilize
direct detection, has been for higher bit rates. Coherent
transmission systems are still relatively immature and a
significant effort has been expended to investigate various
modulation formats and optimize the system compo-
nents.

In direct detection systems, transmission quality and
performance of injection locked laser (ILL) repeaters em-
ployed in optical frequency shift keying (FSK) communi-
cations have been reported /O’Byrne and O’Reilly,
1988]. Transmission bit rate-span length has been in-
creased to 10 Gbit/s-100 km by using a multi-quantum-
well (MOQ) DFB laser diode and a high-speed APD,
together with dispersion shifted optical fibers /Fujita et al.,
1989]. Optical FSK transmission with pattern-independ-
ent receiver sensitivity and arbitrary polarization control
has also been demonstrated /Noe’ et al., 1989]. Further-
more, with the use of Er-doped optical amplifiers as pre-
amplifiers and post amplifiers, the span length has in-
creased over 210 km at 1.8 Gbit/s in a direct detection
system [Takada et al., 1989]. The Er-doped fiber ampli-
fiers have also been used as repeater amplifiers in a 904-
km transmission link at 1.2 Gbit/s [Edagawa et al., 1989].
A transimpedance/p-i-n receiver with high-transcon-
ductance HEMT FETs has been operated at bit rates as
high as 16 Gbit/s for 64-km fiber transmission /Gnauck
etal., 1989].

Coherent detection systems offer increased sensitivity
compared to direct detection and the prospect for very-
high-density frequency multiplexing. Coherent optical
multicarrier systems have been discussed /Bachus et al.,
1989/, and a scheme for phase and polarization diversity
reception in coherent fiber communication systems has
been implemented by 3-way or 4-way directional
couplers /Siuzdak and Van Etten, 1989]. A coherent star
network providing six SFK channels at 200 Mbit/s,
spaced 2.2 GHz apart, with a receiver sensitivity of 74
photons/bit at a bit-error ratio of 10~7, has been demon-
strated recently /Glance et al., 1989].

3. PHYSICS AND MATERIALS

The growing interest in high-performance devices re-
sulted in material research all around the world. New
structures and technologies are now emerging and be-
cause of shrinking dimensions, new problems have to be
solved.

3.1. Physics

Rapid progress in microelectronics and optoelectro-
nics requires a sound physical background and increasing
knowledge of ultimate properties of solids to provide for
new communications needs. There are still three import-
ant research areas for physicists: optics, heterostructures
and superlattices, and ultrafast phenomena.

Significant development has occurred in quantum op-
tics during this period. It is now possible to explore non-
classical properties of radiation. Reynaudetal. [1987]de-
scribe how a two-mode optical parametric oscillator can
generate nonclassical states of light with a large average
number of photons, while Yamamoto and Haus [1986]
propose a new scheme for generating an amplitude-
squeezed state. With computer simulation, Mollenauer et
al. [1986]have studied soliton propagation in an all-opti-
cal, long distance communications system where fiber loss
is periodically compensated by Raman gain. They dem-
onstrate that, in the gain-compensated system, multiplex-
ing can yield rate-length products greater than 300,000
GHz.km!

The success of photonic switching depends on the de-
velopment of materials and devices able to process light
signals without converting them into electric form. There-
fore, nonlinear optics, bistability, and the photorefractive
effect have seen intense activity in research laboratories.
A recent review of photonic materials has been published
by Gunter and Huignard [ 1986]. Optical nonlinearities in
semiconductors have many potential advantages for ap-
plications in optical logic due to wavelength compatibility
with optical communications systems. The photorefrac-
tive effect in semi-insulating seminconductors has been
studied by Gravey et al. [1989] who demonstrated great
interest in InP: Fe for two-beam coupling at wavelengths
in the near infrared region. Work on the sillenite family,
such as BGO and BSO, is always of great interest. De-
generate four-wave mixing strongly depends on the po-
larization characteristics of the interacting waves. Erd-
mannetal. [1988]present theoretical calculations and ex-
perimental measurements which characterize this de-
pendency.

A better understanding of the behaviour of light also
requires the development of a large variety of measure-
ments and modeling. Francois et al. [1989] have
presented a universal measurement procedure of chro-
matic dispersion, birefringence, and nonlinear suscepti-
bilities in optical fibers. Three possible uses of the inter-
ferograms have been illustrated, depending on the spec-
tral width of the source illuminating an interferometer.
Van de Velde et al. [1988] have extended the effective
index method to calculate the physical characteristics of
arbitrarily shaped inhomogeneous optical waveguides.

In solid-state physics, heterojunctions are always the
topic of one of the fundamental research areas stimulated
by the wide applications in micorelectronics and op-
toelectronics. A general description of electronic states in
semiconductor heterostructures has been given by Bas-
tard and Brum [1986]. Numerous theoratical and ex-
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perimental studies have been made on multi-quantum
wells and superlattices due to the progress of epitaxial
technology. The physics of tunneling in quantum well
heterostructures and its device applications have been
discussed by Capasso et al. [1986]. Interesting device ap-
plications ranging from novel transistors to lasers and de-
tectors are made possible with these new structures. Lo-
calization and oscillatory electro-optical properties of
semiconductor superlattices have also been intensively
studied. Mendez et al. [1988] have shown that a strong
electric field in a superlattice produces a “blue” shift of its
interband optical transitions, whereas at moderate fields,
additional transitions reflect the presence of a Stark lad-
der.

A new area in physics derives from the possibility of
generating short optical pulses. It is now possible to im-
prove the temporal resolution of kinetics meausurements.
The world record for producing short optical pulses seems
to be 6 fs as described by Fork et al. [1986]. It is obtained
by compressing 30-fs pulses from a colliding pulse mode-
locking (CPM) laser. Double barrier resonant tunneling
diodes have been studied by using these short pulses. The
most remarkable result has been obtained by Whitaker et
al. [1988]. In this experiment, a double barrier tunnel
junction was biased with a CW voltage just at the limit of
the negative differential region. A short pulse was sent to
the device and switching was observed to occur within less
than 3 ps. Beckeret al. [1988]have used ultrashort pulses
to determine time variations of interaction with injected
carrier density in GaAs.

Very interesting information can be obtained on verti-
cal transport in superlattices by analyzing the shape of the
luminescence spectrum as a function of time delay. De-
veaud et al. [1987] have used this technique to study the
transport in superlattices of different graded composi-
tions. Finally, the potential use of the soft-mode fer-
roelectric effect in electrooptical devices has been de-
scribed by Andersson et al. [ 1988]. Notable features and
possibilities are fast electrooptic switching, linear modu-
lation of transmitted light, spatial modulation, and gener-
ation of continuous gray-scale by an applied voltage.

3.2. Materials

There is always extensive research activity in materials
for electronics and photonics. Although most of the pub-
lications concern I1I-V semiconductors and related com-
pounds, today we see literature on new classes of materi-
als such as organic molecules or polymers, glasses, and
dielectrics with some interesting properties for explora-
tory devices.

Vogel [1989] presents a detailed review on glasses as
nonlinear photonic materials. Confinement of light in the
small core area, and diffractionless propagation over long
distances in optical fibers increase the efficiency of the
nonlinear interaction and allow the use of relatively weak
nonlinearities. Monerie et al.! 1989] show the wide possi-
bilities arising from the use of rare earth doped fluorozir-
conate fibers for lasers or optical amplification. The possi-
bility of designing new optical materials at the molecular
level has created substantial interest in recent years.
Badan et al. | 1986] have developed a new molecular or-
ganic crystal for highly efficient quadratic nonlinear op-
tics.

Exceptional progress in epitaxial growth techniques,
such as MBE and MOCVD, has stimulated wide investi-
gations of the epitaxy, homoepitaxy or heteroepitaxy of
III-V and II—VI compounds. Nakwaski [1988] has

presented a phenomenological approach to calculate the
lattice thermal conductivity of binary, ternary, and
quaternary systems. Marzin et al. [1986] have compared
properties of 11—V superlattices on GaAs or InP sub-
strates, Novvak et al. [1989] describe technological con-
ditions for the preparation of epitaxial layers for high-
speed photodetectors. New materials and graded inter-
faces have also been actively studied. Guivarc’h et al.
131989] show that metallic compounds such as ErP and

rSb can be epitaxially grown on InP and GaAs. These
rare earth monoarsenides with an NaCl crystal structure
may be an interesting class of compounds giving both
thermodynamically stable and epitaxial contact metalli-
zation on III—V semiconductor substrates. Epitaxial
group Ila fluoride layers (CaF,, SrF,, BaF,, and mixtures
thereof) have now been grown on common semiconduc-
tor materials with uniform composition. However, by
grading the composition across the thickness of the layer,
further general applications become possible. Using
BaF,—CaF, graded buffer layers, Zogg et al._l[1987 have
demonstrated the possibility of growing CdTe on Si.

Finally, amorphous siliconcarbon hydrogen alloy has
been prepared by Chang et al. [1987] and used in amor-
phous Si/SiC heterojunctions. The structure of this de-
vice is glass/ITO/a-Si (n*-i) /a-SiC(p*-i-n*)/Al. Very
high optical gain is obtained under weak light illumination
and hence the device is suitable as a sensitive light detec-
tor.

4. DEVICE MODELING AND CAD

Semiconductor device models are required by engi-
neers primarily to give accurate predictions of perfor-
mance for new devices, operation under unusual condi-
tions, and/ or realization of new functions. Moreover, de-
vice modeling is systematically used for the design and op-
timization of discrete devices, to determine the influence
of technological parameters on device characteristics, and
to predict expected performance. Finally, device modell-
ing is very useful for device physicists to increase the
understanding of device behaviour and to study the in-
fluence of various physical effects.

During the past few years, research activities in device
modelling and CAD have undergone extensive develop-
ment for several reasons. First, a great number of new de-
vice structures have been proposed and realized, prima-
rily based on III—V materials and heterostructures. As a
consequence, it becomes more and more difficult to
determine the optimum values of technological parame-
ters and to define the best one for a specific application.
On the other hand, the dramatic increase in computer
power and speed allows the systematic use of device and
circuits models in the semiconductor industry.

Semicondustor device models can be classified as
physical device models and equivalent circuit models.
Physical device models are based on the device physics
and usually describe the carrier transport process. Alter-
natively, equivalent circuit models can be used to describe
the electrical and optical properties of the device; they are
derived from theoretical considerations of the device
operation or from an empirical approach. They have been
the foundation of electronic circuit design, and the ma-
jority of existing CAD software uses the equivalent circuit
model as the basis of the design work.

Significant progress has been achieved for each model,
mainly in terms of accuracy, but the most important as-
pect of their evolution is their improving capability to ac-
commodate numerous new devices, and to account for
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new physical effects that occur mainly in submicronic
structures or in very high frequency ranges, for instance.
Of course, this improvement is offset by an increase in
software complexity.

We will now describe for each kind of optoelectronic
device the significant aspects of this evolution during the
past few years.

4.1. Photodetectors

The use of photodetectors resulted in optoelectronic
components in the high-frequency range: hence, new
applications such as microwave optical links have ap-
peared thanks to the dynamic characteristics of these op-
toelectronic components. For microwave applications,
high-intensity optical signals can be used, and nonlinear
effects can occur under intense illumination. New nu-
merical modelling has been proposed for such a purpose.
The pioneer theoretical work of Dentan and de Cre’moux
[1989] shows that nonlinear effects are minor phe-
nomena for a III—V PIN photodiode under intense il-
lumination.

For high-speed applications, another component
which is being intensively studied is the III—V MSM
photodetector. Its main feature is its technological com-
patibility with the MESFET reducing the technological
difficulties of monolithically integrating the photodetec-
tor with an amplifier. Therefore, thoretical analysis of
III—V MSM photodetectors is now being proposed for
deducing the speed from the design of a photodetector
[Koscielniak et al., 1989].

For the more classical optical communications system
applications (digital signals), III—V APDs are promising
devices. Two types of research can be distinguished: use
of a superlattice to improve performance and planariza-
tion of the device.

For the former, the theoretical work of Brennan et al.
[1988] is well-known. For device planarization, it is im-
portant to predict the electrical field behavior under the
guard-ring, for example to overcome breakdown occur-
ing from the tunneling effect caused by an anomalous
electric field increase under the guard-ring. The corres-
ponding theoretical studies have been developed simulta-
neously with technological and experimental ones, such
as the typical work of Chi et al. [1987]. Finally, for coher-
ent applications, monolithic integration of the photode-
tector with an optical waveguide is required. Two types of
techniques based on III—V materials have benn pro-
posed: the butt coupling and the evancest field coupling.
However, it is still necessary to predict the coupling effi-
ciency between the photodetector and the optical wave-
guide, i.e., the fraction of light absorbed by the photode-
tector. From a theoretical point of view, the works of
Erman et al. [1988] and Vinchant et al. [1989] based on
the beam propagation method should be noted.

4.2. Lasers

In the past three years, the growing importance of semi-
conductor lasers has stimulated intense modelling of
these devices, However, most properties of semiconduc-
tor lasers are analyzed by specific models, depending on
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REAL TIME R. F. SPECTRUM ANALYZER
USING A FIVE-CHANNEL
ACOUSTO-OPTIC BRAGG CELL

L. JAKAB, P. RICHTER, 1. SZONYI

TECHNICAL UNIVERSITY OF BUDAPEST, INSTITUTE OF PHYSICS,
DEPARTMENT OF ATOMIC PHYSICS,
1521 BUDAPEST, BUDAFOKI UT 8. HUNGARY

A phase sensitive acousto-optic Fourier processor with a five-
channel Bragg cell is described. The advantage of a periodic
transducer segment structure for radio frequency application is
shown. The phase difference sensitivity of the system is improved
by special output optics containing commercially available prisms
and lens.

1. INTRODUCTION

The basic acousto-optic signal processing system is
realized by a power spectrum analyzer with a Bragg cell
producing light intensity spectrum vs. diffraction angle
from the incident light beam as a function of input fre-
quency. The angular intensity dirstribution is converted
by a Fourier lens to spatial intensity distribution which can
be measured by a detector array in the back focal plane of
the Fourier lens. The system gives a one dimensional Fou-
rier spectrum of the input electric signal with the advan-
tages of good resolution and very high speed [1].

On the other hand, it can be easily extended to produce
a two-dimensional Fourier transform applying a multi-
channel Bragg cell and a detector matrix [2]. This system
is capable to determine simultaneously the frequency
spectrum of the input signal and the phase difference be-
tween the input channels. Combining the system with an
antenna array, the direction of electromagnetic waves in-
cident on the antenna can be determined from the phase
differences produced by the array characterizing the angle
ofarrival [2]. Experimental and theoretical analysis of this
system was given in [2] and [3] for microwave applica-
tions.

The total phase difference produced by the antenna
array is

oM = &xd sin & (1)
Ae
where
d is the base distance of the array
A is the wavelength of the electromagnetic
wave
a is the angle of arrival for waves propagating

in the horizontal plane
Oy 1s the phase difference.

The phase difference produced by an antenna array is in-
versely proportional to the wavelength of the electromag-
netic wave and is proprotional to the basis distance of the
antenna array. The length of the array is limited in practi-
cal applications, therefore it will be shown that the phase
sensitivity of the optical system must be improved tq
achieve the desired 1 to 2° resolution in azimuth in the
radio frequency range below 100 MHz.

In this paper, analysis of such a system is given for radio
frequency application (30 to 60 MHz). The advantages of
the periodic array structure will be shown, and a simple
output optical system will be experimentally examined to
improve the phase difference sensitivity of the system.

The achieved resolution with a five-element antenna
array on 10 m base distance is 70 kHz in frequency, and 1
to 2 degrees in azimuth in the 30 to 60 MHz frequency
band.

2. DESCRIPTION OF THE SYSTEM

The basic arrangement of the system is shown in Fig. 1.
The ultrasound transducer of the multichannel Bragg cell
is driven by the signals of the antenna array. The ex-
panded laser beam is diffracted by the Bragg cell in such a
way that in the z direction, the angle of diffraction de-
pends on the input frequency, and in the x direction, the
angle of the maximum intensity diffracted light beam is
determined by the phase difference between the input sig-
nals. The angle distribution of the diffracted beam is
transformed by the Fourier lens into an intensity distribu-
tion in the back focal plane of the lens. Here both the fre-
quency and the direction of the incident wave can be
determined from the position of the intensity maximum.

For the analysis of the system diffraction properties in
the x direction where the position of the intensity maxi-
mum is a function of phase differences, we use the com-
plex transmission function of the Bragg cell for Bragg dif-
fraction [3]:

(ai — L/2)

N
T(z,t) = Y jrect (2= ” )W p exp(—jwat+®;)
n=1

2

where @)

T(x,t) is the complex transmission function for the
maximum first order diffracted beam, ne-
glecting the accoustic attenuation and the
effect of transient signals,
is the number of segments,
is the aperture of the Bragg cell,
is the height of the segments, and the acous-
tic profile, is assumed to be uniform in the x
dimension,
yg is the efficiency of the cell, usually < 1,
is the angular frequency of the acoustic
beam,
3 is the phase of the input channels,
is the position of the segments on the x axis.

=<1 et

a

VOLUME XLII NOVEMBER 1991



> >};\% amplifiers

light intensity !
/ '

1
trensducers l‘ 2 bl
| i -__%;
% 4] frequency ~¢ ?:
] 4l 177,

(x_2) detector plane
lens

beam expander /
phase aperture
/
Bragg cell

\

frequency aperture

Fourier
acoustic

waves

Fig. 1. The basic arrangement of a multichannel two dimensional
acousto-optic Fourier transforming system

The electrical field in the back focal plane of the Fourier
lens is

1 ) —jkzx
U(Xp,t) = E—XF_/EO exp(—jwt)T(z,t) exp —-JF—D
(3)

where

E, is the incident field

F is the focal length of the Fourier lens

k is the wave number of the light wave

A is the wavelength of the light wave.

Substituting (2) into (3), the light intensity distribution in
the focal plane, U(xp, t)? can be easily determined. As-
suming that the phases ¢, of the input signals are propor-
tional to the position of the segments a, (i.e. the antenna
array has the same segment distribution as the Bragg cell),
the effect can be explained as a reconstruction of the inci-
dent eletromagnetic wave by a light wave. The direction
of the incident wave can be determined from the direction
of the diffracted light beam, i.e. from the position of the
intensity maximum

oM

D=

which depends on the phase difference between the first
and last segment.

3. NUMERICAL CALCULATIONS

In our calculations, the acoustic (electrical) frequency
is 45 MHz which is the center frequency of the 30 to 60
MHz band, the light wavelength is 633 nm, the Bragg cell
phase aperture, L is 10 mm, the base distance of the an-
tenna array is 10 m, the focal length of the Fourier lensis 1
m which proved to be feasible.

The calculated light intensity curves from (1), (2) and
(3) for 0° and 60° angle of incidence are shown in Fig. 2
and in Fig. 3, with aperiodic and periodic segment struc-
ture, respectively. The aperiodicity of the transducer
(a,=0, a,/a,=.56, a;/a,=.75) was chosen to minimize
the first order peak intensities gwhich are out of picture),
as usual in the literature [2], [3]

The input voltage dynamic range of the system for one
frequency channel can be determined as the ratio between
the maximum background sidelobe level and the peak in-
tensity. It is 7 dB for the aperiodic and 13 dB for the peri-
odic arrangement, so the periodic structure was chosen.

Fig. 2. The light intensity distribution for a four element aperiodic
structure at (° and 60° angle of incidence

Fig. 3. The light intensity distribution for a five element periodic
structure at (° and 60° angle of incidence

4. EXPERIMENTAL RESULTS

The maximum change in the position of the intensity
maximum can be derived from (4). We use the system pa-

W,

| |

object
plane

B prisms

/

Fourier lens

— Objective

image plane

Fig. 4. The output optical system to match the frequency and phase
axis to the detector matrix
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Fig. 5. The measured light intensity distribution for a 45 MHz signal
at (¥ angle of incidence

Fig. 6. The measured light intensity distribution for a 45 MHz signal
at 10° angle of incidence
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remeters above limiting the examined angle range to
+ 45° in order to use the quasi-linear part of (1). In this
case,

Axl)m;n=0' I mm

This is very small compared to the length of the frequency
axis (30 mm for the 30 to 60 MHzrange). A simple optical
arrangement was used to increase AXppay @s can be seen in
Fig. 4. The length of the phase axis was magnified by
prisms that do not influence the deflection along the fre-
quency axis, and then the complete frequency-phase
image was matched to the detector matrix area (CDD
videocamera using an F/1.6 objective). One line of the
measured image is shown in Figs. 5 and 6, for 45 MHz fre-
quency, 0° and 10° direction. Comparing the pictures
with the numerical results of Fig. 3, it can be seen that the
small maxima around the peak disappeared because of
the Gaussian apodization of the expanded input beam,
further decreasing the optical noise limiting the dynamic
range. Complctmg the measurement with an IBM PC/
AT, image processing card and maximum finding soft-
ware, and simulating the 10 m long antenna array with
coaxcables in the laboratory, 1 to 2° angle resolution was
achieved within the + 45° range from the video output
curves of Figs. 5. and 6. The measured 70 kHz frequency
resolution was limited by the number of lines of the detec-
tor matrix.

5. SUMMARY

A five channel acousto-optic Fourier processor was de-
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quency range. The effect of the periodic and aperiodic
transducer segment arrengement was examined showing
the dynamic range limiting effect of the aperiodic struc-
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tivity of the system, a simple output optics was used,
reaching a good 1 to 2° angle resolution with a CCD
camera and maximum finding software.

2] R. A. Coppock and R. F. Croce, Proc. SPIE 214, 124—129
(1979).

[3] J. P. Y. Lee, Appl. Opt. 22, 876—872, 15, March (1983).

Istvan Szdnyi received his B. S. degree in elec-
trical engineering from the Technical Univer-
sity of Budapest in 1949. From 1949 to 1988,
he was engaged in the R&D of radiocommuni-
cation and navigation systems while employed
in military institutes, the Research Institute for
Telecommunciation and the Mechanical La-
boratory. He has been twice awarded the State
Prize. Since 1988, he is scientific advisor in the
Physical Institute of the Technical Unviersity
of Budapest, engaged in acousto-optical re-
search.

11

VOLUME XLII NOVEMBER 1991



FIBER OPTIC SENSORS IN TECHNICAL PRACTICE

J. TURAN

DEPARTMENT OF RADIOELECTRONICS, TECHNICAL UNIVERSITY, KOSICE, CSFR

Fiber optic technology is applied for sensor and measurement systems
for automation in industrial production, and is a result of the develop-
ment of fiber optic communications. In the last twenty years, there has
been considerable development in the use of fiber optic sensors for the
monitoring of physical (and also chemical or “hiological”) parameters,
and fiber optic telemetry systems are readily available. The classifica-
tion and hasic properties of fiber optic sensors are first presented, fol-
lowed by the discussion of sensor systems, together with typical appli-
cations and future development trends.

1. INTRODUCTION

The stormy development of automation in industrial
production demands an increasing use of special sensors,
sensor systems, or intelligent sensors. In these systems, the
components of fiber optics and partially integrated optics
find ever increasing applications. Thus, a new class of sen-
sors have come into existence — the Fiber Optic Sensors
(FOS) 4], [121]1 [15], [17], [18], [20], [21].

During the short period since the discovery of the first
FOS, there has been a rapid development in this field.
FOS use opens up qualitatively new possibilities in sensor
technology. The universality of their design principles has
attained a level at which practically any physical quantity
can be sensed by FOS’S (the only problem is that of price
reduction) [6], [24]. It is often required in industry to
sense position (20%), force (20%), flow (20%), pressure
(15%) and temperature (15%), and all these quantities
may be sensed by FOS. A FO dlsplay has a number of
advantages over the corresponding classic sensors: higher
sensitivity, geometrical adaptability (FOS generation in
different shapes, sensing a point, a surface etc.), a com-
mon technological base for sensors of various physical
quantities (acoustic, electrical, magnetic, mechanical,
thermal etc.), possibilities of application in aggressive
conditions, high voltages, under the effect of electromag-
netic interference, and high temperatures. They are also
advantageous due to their compatibility with the trans-
mission of primary measurement signals by optical fibers,
i.e. fiber optic telemetry [18], [21].

2. CLASSIFICATION AND BASIC PROPERTIES OF FIBER
OPTIC SENSORS

A FOS has an input source of optical radiation — the
light (LED, semiconductor laser, or some other laser
source of radiation) which injects a continuous or pulsat-
ing optical signal into the optical fiber. At the output of
the FOS, there is a photodetector (PIN diode, APD, or
PIN-FET structure) which receives the optical signal
modulated by the sensor. Active parts of the FOS are the
electronic components and circuits which control the
source and light detector, and process the detected signal.
The sensor itself is an electrically passive component (i.e.
there is no need for electrical energy), connected by one
or more optical fibers to the source and photodetector.
The principle of a FOS is the physical (optical) phenome-

OPTICAL FIBRE

SOURCE
MEASURAND
OPTICAL FIBRE DETECTION
p——h
SYSTEM OUTPUT
a)
SOURCE
OPTICAL
. FIBRE "
MEASURAND
BEAM SPLITTER DETECTION
SYSTEM =
OUTPUT

b)
Fig. 1. Transfer type (a) and reflex type (b) fiber optic sensors

non produced by the sensed quantity effective between
the source and the photodetector, and the resulting
changes (modulation) in the transferred optical signal,
corresponding to the sensed quantity.

The optical fiber sensor is called transfer sensor if it is
possible to physically distinguish between the input and
the output optical fibers (Fig. 1a). On the other hand the
optical fiber sensor in which it is impossible to physically
distinguish between the input and the output optical fibers
is called reflex sensor (Fig. 1b).

Fig. 2is a schematic diagram of three types of FOS con-
struction. Fig. 2a illustrates the variant using the optical
fiber itself as a sensing device. In Figs. 2b and 2c, optical
fibers are used only as input/output components. The
fiber optic sensor in Fig. 2b utilizes the optical effect out-
side the optical fiber. The FOS in Fig. 2c utilizes a non-op-
tical phenomenon, and the optical fiber is used only for
measurement signal transmission. By the type of the opti-
cal fiber used, FOS’s may be classified as follows:

a) Single-mode sensors using single mode operation
optical fibers and coherent sources of optical radiation.

b) Multi-mode sensors using multi-mode opera-
tion optical fibers and incoherent sources of optical radia-
tion.

The FOS classification has recently been configured on
the basis of the modulation of optical signals
characterizing the construction of the sensor itself and its
electronic detection system [24].

A) Amplitude FOS’s use intensity (amplitude) modu-
lation of the light propagating through the optical fiber.
Optical signal amplitude modulation in these FOS’s may
be carried out in the following ways [24]:
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Fig. 2. Fiber optic (a), optical (b) and non-optical (c) construction of
fiber optic sensors

. direct attenuation of light in optical environment,
caused by changing of the attenuation coefficient;

. cross-sectional changes in the optical channel;

. changes in the reflective properties, caused by the

changing of the reflection coefficients and not meeting

the condition of total internal reflection in the optical
fiber core;

optical signal control in the optical fiber (e.g. by in-

fluencing the waveguide link);

generation of additional radiation.

B) Phase FOS’s are based on phase modulation of a

light wave propagating in the optical fiber [19] due to the

sensed quantity on the optical fiber material. The phase
changes of the light wave are measured by interferometric
methods (Fig. 3). As these methods allow the measure-
ment of phase changes of the order of 10~ to 10~ rad,

the phase FOS’s are extremely sensitive [4], [S], [13],

[ 19], ,}% 1],[22],[23], [24]. This principle is applied in op-

tical fiber interferometers which may be divided into three

basic groups:

1. Double-arm single mode interferometer (Mach-
Zehnder or Michelson) based on the phase compari-
son of the light waves propagating in the sensor optical
fiber and in the reference optical fiber. A homodyne or
heterodyne method of detection is used. Fig. 4 is a
schematic diagram of a construction of FOS using
Mach-Zehnder interferometer.

. Inter-mode interferometers utilize the interference be-
tween two or more modes of the light wave propagat-
ing in a given optical fiber. Its advantage is the possi-
bility to use multimode optical fibers while the disad-
vantage is the difficulty of evaluating the interference
pattern.

. Single fiber interferometer with a two-way optical link
(Sagnac interferometer), comparing the phases of two
light waves propagating in opposite directions in an op-
tical fiber coil.

C) Polarization FOS’s utilize the effect of the sensed
quantity on the polarization state of the light wave trans-

4.
o]
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Fig. 3. Interferometers. Top line: optical components. bottom line:
fibre equivalents. (a) Fabry Perot, (b) Mach Zehnder, (c) Michelson

and (d) Sagnac
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DETECTOR 1
SIGNAL
PROCESSOR DETECTOR 2
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Fig. 4. Construction of sensor using Mach Zehnder interferometer

ferred by the optical fiber [2], [4], [19], [22]. The polari-
zation of light passing through the optical environment
may change under the influence of various physical quan-
tities (intensity of the magnetic and electric fields, pres-
sure, etc.). The sensed physical quantity can cause either a
rotation of the polarization ellipsoid without a change in
its shape, or the ellipsoid may be deformed. Accordingly,
polarization FOS’s can be classified as follows:

1. Polarization plane rotation FOS’s. These include, for
example, Faraday effect sensors (i.e., polarization
plane rotation due to magnetic field, Fig. 5), used as a
sensor for magnetic field intensity and electric current.
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VOLUME XLII NOVEMBER 1991



2. Induced double refraction FOS’s. These are based on
the formation of an additional double refraction in the
optical environment (it may occur e.g. by winding the
optical fiber into a coil).

FARADAY CELL

WOLLASTON
PRISM

POLARIZER
= E E 4
FIBRE LENS FIBRE
CONDUCTOR
LED

PHOTODETECTOR 2 PHOTODETECTOR 1

Fig. 5. Polarization plane rotation modulation sensor using Faraday

effect
Table 1.
SENSED QUANTITY . FOS RANGE  ACCURACY
A 300  2000°C +1°C
TEMPERATURE —50  +150°C +0.2°C
B 0 100°C  +0.001°C
PRESSURE X 0 35MPa  +0.5%
A  ROTARY:
0 40° +0.04°
POSITION
DISPLACEMENT:
0 15 cm +0.003 cm
P A 00L g +0.1%
(VIBRATION) 5 el e
E 6 8 +0.02
pH
7 12
0.5 20ms™! *+1%
FLOW
D 10—° 10°ms™! 1%
LIQUID LEVEL N
EWITCH) A +0.05 mm
(CONTINUOUS) SEVERAL METERS + 1 mm
ELECTRIC CURRENT C 20 5000 A +0.24%
ACOUSTIC SIGNAL &
(PRESSURE) B \13 170 dB/ uPa
MAGNETIC FIELD T
o S B 04 05T  +0.1%
RATE OFROTATION B  10=°  10°/h  +0.1%
OIL CONCENTRATION
IN WATER A 0 1000 ppm +20%
METHANE
CONCENTRATION  E 2 2600 ppm &

D) Frequency FOS’s utilize frequency modulation of
optical signals (e.g. Doppler effect) propagating in the op-
tical fibers [2], [4], [19].

E) Wavelength distribution (e.g. spectral) modulation
FOS’s based on the detection of spectrum dependent
changes in absorption, light emission or refractive index
(4], 8], [9], [11] [18].

Table 1 is a review of parameters of some FOS types.

3. FOS SYSTEMS

FOS systems [6], [24] utilize more than one sensor.
Some examples include: hydroacoustic aerial systems of
ships and submarines (formed by hundreds or thousands
of sensors-hydrophones), monitoring and complex con-
trol of airplanes, ships, automobiles, automated manufac-
turing systems, robots, etc.) applying a great number of
sensors for various physical quantities. It is reasonable to
build FOS systems utilizing the primary measurement sig-
nal transmission by means of optical fibers, i.e. using opti-
cal fiber telemetry. In FOS systems, it is possible to use
various multiplex methods: WDM, FDM, TDM, and to
use multi-core fibers [24].

Recently, there has been a widespread development in
FOS systems based on the methods of optical reflecto-
metry (OTDR) [14], allowing the implementation of
multi-component (discrete) as well as distributed FOS
systems. These systems may be used in many applications
such as distributed sensing of temperature, electric field
intensity, pipeline defects (gas lines, oil pipelines), se-
curity systems, etc. [12], [15], [16], [17], [18], [21].

4. SOME APPLICATIONS

In the following, some industrial applications of com-
mercially available FOS’s [7], [17] will be summarized.
Fig. 6 shows typical industrial applications of simple am-
plitude FOS. The most widely used FOS’s are for dis-
placement, vicinity, pressure, force and other quantities
that can be transformed into displacement [7], [15]. The
displacement sensitivity of the optimized microbending
FOS (Fig. 7) is 102 m. Based on this sensor, it is possible
to develop sensitive sensors of pressure (~ 60 dB/ uPa),
temperature (~ 4.107° °C), acceleration (~ 3.1077 g),
electric field intensity (~ 0.17 Vm™'), and other quan-
tities.

For some years now, temperature FOS’s have been
commercially available [10], [12], allowing the measure-
ment of wide temperature ranges, from cryogene up to
2000 °C, with a relatively high accuracy. They find appli-
cations under laboratory conditions, in medicine, air-
plane engine monitoring, gas turbines, induction fur-
naces, gas burners, etc.

FOS’s are industrially applied in spectrometric systems
(Fig. 8) for chemical analysis of gases and liquids [9],
[11]. They may be used to measure the concentration of
methane, O,, CO,, H,, CO, SO,, etc., even in distant
areas (several kilometers). Similar FOS systems may
be used in laboratory practice, in chemical and mining in-
d;stries, environmental monitoring, etc. [4], [9], [11],
[21].

There are FOS applications for measuring voltage, cur-
rent (Fig. 9), electric and magnetic field intensity. They
present very sensitive magnetometers capable of moni-
toring high voltages and power lines [19], [22].

There has been wide industrial use of various types of
coding disks using optical fibers. These rotation and dis-
placement coding devices may be used in systems for opti-
cal control of servo-valves [12].

FOS’s are also used in robotics [1], (7], [12], [15]. Let
us mention tactile sensors and special visual systems of ro-
bots. To sense pattern information, optical fibers are used
which transfer optical signals proportional to the bright-
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Fig. 6. Some applications of simple amplitude fiber optic sensors
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Fig. 7. Microbending pressure sensor

ness intensity of the corresponding picture element. For
scene illumination, it is also possible to use optical fibers.
Such visual systems of robots (Fig. 10) have a number of
advantages over the visual systems using cameras such as
allowing the spatial separation of the optical and elec-
tronic systems and thus increasing the resistance against
electromagnetic interference, aggressive environmental
effects, radioactive radiations and insuring the low weight
of the sensor head (fine manipulation, possible mounting
on the arm, etc.). By selecting the shape of the illumina-
tion and observation area, it is possible to perform a pic-
ture pre-processing.

INPUT OF
MEASURAND
GAS

|

SENSOR HEAD

INPUT OPTICAL FIBRE o
LASER s rotd el -
e _© o
OUTPUT OPTICAL FIBRE b=l
PHOTODETECTORS l
‘\ OUTPUT OF
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DETECTION SPECTRAL it
SYSTEM FILTER
QUTPUT

Fig. 8. Remote fiber optic spectrometric system for chemical analyses
of gases
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Fig. 9. A device for current measurement using single mode optical
fiber

SIGNAL
— ! PROCESSING
OPTICAL
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Fig. 10. Fiber optic visual system of robots

5. CONCLUSION

In spite of certain conservatism avoiding the intro-
duction of new technologies into industrial practice,
FOS’s present a revolutionary change in measurement
technology utilizing optical fiber telemetry. The main
directions of further research and deelopment in this
field are oriented to the research into new FOS
construction, special fibers designed for FOS’s, signal
processing methods, and integrated optics applica-
tions.
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A PLANE WAVE SPECTRAL ANALYSIS
OF REFLECTANCE IN
INTEGRATED OPTICAL WAVEGUIDE PROBLEMS

J. Pavo

DEPARTMENT OF ELECTROMAGNETIC THEORY, TECHNICAL UNIVERSITY BUDAPEST
* H — 1521 Budapest, Hungary

A method for three-dimensional analysis of reflection problems in inte-
grated optical devices is presented. The propagating optical beams are
represented as a two-dimensional angular spectrum of electromag-
netic plane waves. The connection between the plane wave spectrum
and the electromagnetic field is given by two-dimensional Fourier-
transformation. Using the discrete approximation of the Fourier spec-
trum, a set of linear equations yields the relation between the plane
wave components of the electromagnetic field in different planes per-
pendicular to the direction of the propagation. The inhomogeneous
waveguide can be taken into consideration with the presented method.
The results of the reflectance calculation of an optical waveguide-end-
ing is compared in two different approximations. In the first case, the
waveguide is replaced by a homogeneous medium, and in the second
case, the inhomogenity of the waveguide is taken into consideration
through the weakly guiding waveguide approximation. The modal re-
flectance of an optical waveguide ending terminated by a tilted antire-
flection coating is finally presented.

1. INTRODUCTION

Good quality antireflection coatings have great im-
portance in different integrated optical applications. The
nature of antireflection coatings deposited on semiconduc-
tor laser facets is important e.g. in short pulse generation,
optical amplification, or external cavity design applications
[1]—[7]. For the calculation of radiation properties of
semiconductor lasers, the laser is usually modelled by an
optical waveguide [3]—[7 . Different approximations are
used to determine the modal reflection, and numerical re-
sults are presented when the laser mode is approximated
by asingle plane wave [ 2]. For other calculations, the laser
is represented as a medium with homogeneous refractive
index [3]—[6]. Results are presented for reflectance calcu-
lation of parallel antireflection coatings that take into con-
sideration the inhomogenity of the laser structure [7f]. In
this papar, a method is presented that can treat the refrac-
tive index variation not only in one direction but in three
dimensions as well. The presented method is useful for the
analysis of antireflection coating.

The theory is based on the following considerations. The
known electromagnetic field distribution of the waveguide
modes is represented as the angular spectrum of electro-
magnetic plane waves.The relation between the electro-
magnetic field and the plane wave spectrum is given by a
two-dimensional Fourier-transform [8]. The plane wave
spectrum is approximated by its discrete representation. A
linear equation system is obtained by fulfilling the bound-
ary conditions at the interfaces of the materials with differ-
ent refractive indices. The solution of this linear equation
system gives the discrete represeritation of the reflected
field. The matching of the reflected field to the guided
mode of the waveguide determines the reflectance.

The theory of the calculation is presented in Sec.2 In
Sec.3, examples are presented. The first example is the
comparison of the reflected fields of a plane waveguide
end,

1(3 when the waveguide is considered as a homogeneous
medium, and

2) when the inhomogeneous material of the waveguide
is taken into consideration by using the weak guidance ap-
proximation.

The difference between the calculated electric fields re-
sulting from two approximations is plotted depending on
the refractive index step between the film and the cover
material, and depending on the refractive index step be-
tween the two films and the reflecting layer. As a second
example, the reflectance of a tilted antireflection coating is
calculated. The modal reflectivity versus the angle of the
coating and versus the wavelength of light is plotted.

2. THEORY

The investigated structure is shown in Fig. 1. The wave-
guide medium of refractive index n; is embedded in a ma-
terial with a lower refractive index n.. The refractive index
distribution of the waveguide is described by the function
ny(x,y). The direction of propagation in the waveguide is
parallel to the co-ordinate axis z, and the waveguide is as-
sumed to be infinite in the negative-z direction. The optical
waveguide is terminated at the z=0 plane with a medium

= ‘o —
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/
waveguide /
BT //
g iR T X
Ny
o (VP /") J
/
m+1
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Fig. 1. The investigated geometrical arrangement
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which has layers perpendicular to the z axis. The layers
and the waveguide are made of linear isotropic materials,
the layers are homogeneous with different thicknesses
and refractive indices (£, n;, i=1, 2, ... m). The waveguide
ending is referred to with i=0. The (m+1)-th layer is infi-
nite in the positive-z direction, and its refractive index dis-
tribution n(x,y,z) is arbitrary. The electromagnetic wave
travelling in the waveguide in the positive-z direction is
assumed to be given. Analytical or numerical descriptions
of this wave are given for most of the arrangements in the
literature.

The electromagnetic field can be represented as the an-
gular spectrum of TE and TM plane waves (perpendicu-
lar to the z direction). For calculating the propagation of
the two polarizations, the separation of the TE and TM
wavespectrum is required. This can be done for arbitrary
electromagnetic fields in the following way.

The time dependence of the wave is sinusoidal. Using
the complex notation and suppressing the exp(jwt) time
variation, the transverse electric field travelling in the
positive-z direction in the z=0 plane (i.e. the known
transverse electric field of the propagating mode) is given
in the following form:

EX(z,y,2=0)=E}(z,y,z= 0)-Q,+E;';(:c,y, z=0)¢,

1)
where e, and e, are the unit vectors of the x and y coordi-

nate axes, respectively. The following wave amplitude
functions can be calculated:

Uo,(k,,-, ky, 2= 0) =

oo (o]
1
ST [ [ Brenz=0): explitbez + bypbaz dy

—00 —00

Uoy(kz, ky,z = 0) =

E,";(a:, Y,z =0) - exp{j(ksz + kyy)}dz dy
(2

It can be shown that from these functions, the ampli-
tude functions of the TE and TM modes travelling in the
positive-z direction can be expressed, at the plane z=0, as

Elﬁ\.g

UgTE(kz,ky7z=0)=(kz'U(;;_ky‘U(;t.)/ k;",+k§

Ustulkes by, 2 =0) = (ks - U, +ky - U) / \/R2+ K3
3)

The Uty (ko ky, 2), Uipg (K, Ky, 2), Uiy (K, ky, Z) and
Uiu (ks ky, 2), functions will be used in the calculation of
the electromagnetic field. These functions are the wave
amplitude functions (or, in other words, the plane wave
spectrums) of the electromagnetic field in the ith layer
(i=0, 1, 2,...m+1) of the TE and TM waves that are
travelling in the positive-z and negative-z directions, re-
spectively. The wave amplitude functions are evaluated
by using the analysis method described later in this

paper.

Using these wave amplitude functions, the transverse
electric field in the ith layer at the z= 1 plane can be writ-
ten as

Ex(z,y,1) =
(o <l o}
_ / / kz - Uitm — ky - Uite emikss k) gk di,
—00 —00 \/kg + k:
Ey(z,9,1) =
o0 o0
i / / ks - Uite + ky - Uitm e~ ik=z+kyV) gk d,
-0 =00 \/kg + kg

Uite(kz, ky,z=1) =
= [Ui:!,rE(kf’ky)z - 1) =+ Ui_TE(kraky’z — 1)]

Uitm(kz, ky, 2 =1) =
= [Uhm(kz, by, 2= 1) + Uirm(kz, ky, z = 1)]
: 4)

The electromagnetic field in the waveguide and in the
layered medium is well concentrated within a finite areain
any cross section. Considering this fact, it can be seen that
using the connection between the discrete and continuous
Fourier transformation, (2) and (4) can be evaluated by
FFT [9].

For the numerical evaluation of the electromagnetic
field, the discrete approximation of the plane wave spec-
tra are used. The calculus is made for the TE and TM
mode separately. The notations used in the calculations
will be the followings. U* vector contains the discrete
values of the plane wave spectrum of the electromagnetic
field:

0,1,...m
0,1y-~-40
0 1,...po

©)

where Uj(p * kg, q * kyo) is the value of the plane wave
spectrum at k,=p - k,o and k,=q - k,, in the plane separ-
ating the ith and the (i+1)th layer. The + and — sings rep-
resent the waves travelling in the positive-z and negative-z
directions, respectively. U,,,=0 and U, are defined in
the (m+1)th layer at the plane separating the mth and the
(m+1)th layer. p, and g, are the number of the sampling
points in the space window used for the discrete Fouriér-
transformation in the x and y direction. k=2 - 7/,
k=2 7/l where [ and [ are the size of the space win-
dow in the x and y directions, respectively.

+
Uit Uia | 5 (Ua':f:q pr= Uit(p'kanQ'kyo)'

oo e,

The propagation matrix is a diagonal matrix defined in
the ith layer as a supermatrix in the following way:

, P=<..PL.> ;i})’i" "q'; ©)
. — -. ,q. ¢ -— y PRCICEE
Pl=<...exp(j-kD} -5)...> § 1 Pl
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where
B = (= K= g )
if kg > p* - k2o + ¢ 'kgo
Kl =—i(0® ko + q° - kjo — k3;)/?
if k§; <p?-k2o+q? k

()

ky=n; - 27/ A, where n, is the refractive index and / is the
length of the ith layer; Ais the wavelength of light in va-
cuum.

The admittance matrix is a diagonal matrix defined in
the ith layer as a supermatrix in the following way:

Yi=<...Y‘-q...> ’=(1),2, ..m
.q_—. P.q g=V,1,...9
Ve . M oS e
p | 4ERD)
Y".q=?-1r-c-1ro for TE mode  (8)
5. gxinl
P _
% _m for TM mode

where cis the speed of light in free space, and g, is the per-
meability of the vacuum.

The Y, matrix can be calculated by considering that the
Y, - Ujproduct gives the magnetic field component of the
wave in the z=0 plane, perpendicular to the z coordinate
axis, travelling in the positive-z direction:

Mo 2l N o] q=0,1;::200

9
Yd=[..Y20..] ¢=0,1,...p0 o

Utilizing the weak guidance approximation (small refrac-
tive index differences in the waveguide structure), the Y§4
vector contains the two-dimensional discrete Fourier-
transform of the following discrete function:

¥a,b] = fP[a,b]-exp{—j(p-kz0-a-zo+p-kyo-b-yo)}

k23(a- 20,6 -y0) - A

P4a,b] = e for TE mode
T-c- o
2-7-nd(a-z0,b-yo)
P[q b] = 0 0,%-Y
fPa, 8] kf:g(a'lo,b'yo)-/\-c-;to for TM mode
(10)
a,p=0,1...po; b,¢g=0,1,...q0

where xy=£,/p, and k; §* 9(a - x,,b * y,) is defined in (7) by
considering that k,,(a‘xy,b-y,) = ny(a*x,b-yy):
<2 7/A.

The relation between the plane wave spectra of the
electromagnetic waves travelling in the positive-z and
negative-z direction in the ith layer is given by the R, re-
flection matrix (U =R, * U]). When R, is given, R; ma-
trices can be calculated recursively. The R, matrix, to be
given for the particular geometrical arrangement, has the
following structure:

Rn=[..R,..] ¢=01,..q

11
R!,,:[...Rf,;"...]T p=0,1,...p0 (L

where the number of the elements of the R, vector is
Po * 9o, and this vector contains the discrete representa-
tion of the plane wave spectrum of the wave reflected
from the plane separating the mth and (m+1)th layer (see
Fig. 1), assuming that the exciting field is generated by the
following plane wave:

E(z,y,2) = exp{~j-[p-kz0-z+q -kyo-y+ k0% - (2= 1o)]}
(12)
where E is the electric field of the given plane wave. The

reflected field for a plane wave excitation can be deter-
mined in most cases analytically.

Once Uj is known, the plane wave spectrum of
the electromagnetic field can be calculated by fulfilling
the boundary conditions at the planes separating the
layers:

Ut + U7 = P - U + PR3 Uy

Y - U =Y U7 =Yip1 - P - Uy = Yo - P33 - Uy
1=0,1,...m-1;
Ul 40 =U2
Un=R} Uz
(13)

where I is the unit matrix.

Solving the linear set of equations (13), U; can be cal-
culated by evaluating R, matrices recursively in the fol-
lowing way (R, is assumed to be known):

Ri-y = 2.(P+P'R;):
[(H+Y,21Y) P+(I-Y, 1 Yi)-P R -1
i—1,2,...m

(14)

where the dimension of the matrices in equation (14) is
Py qo - Utilizing the orthogonality of the propagating
modes, the modal reflectance can be determined [8].

3. EXAMPLES

Example 1: The effect of homogeneous waweguide ap-
proximation

The investigated structure is seen in Fig. 2. The dimen-
sion of the waveguide in the direction perpendicular to the
plane of the paper is much greater, so it is considered infi-
nite (dielectric slab waveguide). In this case, one-dimen-
sional Fourier-transform is to be used. The waveguide-
end is terminated by a homogeneous medium with refrac-
tive index n,. The modal reflectance of the Oth order TE
mode is investigated. First, the reflectance is calculated
using the approximation of replacing the waveguide with
a homogeneous medium with a refractive index equal to
the index of the film layer. Next, the inhomogeneous mat-
ter of the refractive index of the waveguide is considered,
using the Y, matrix as given in (9). For the numerical cal-
culation, 128 sampling points represented the plane wave
spectrum, and the space window was 32 um.

In Fig. 3, the relative error of the homogeneous ap-
proximation depending on the refractive index step be-
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1.6 um I nr= 3,52
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Fig. 2. The geometrical structure considered in Example 1
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Fig. 3. The normalized error (E) in the An,, An_ plane
a)forE < 1%
b) for the range of 1% < E > 10%
c)forE > 5%

tween the film and cover material (4n,=n;—n_) and on
the refractive index step between the film and the reflect-
ing layer (4n,=n—n,) is shown. The error is defined as
the square integral absolute value of the difference be-
tween the reflected electric field, calculated by the weak
guidance approximation, and the homogeneous approxi-
mation, normalized to the square integral absolute value
of the reflected electric field, calculated by the weak guid-
ance approximation. The lines of constant error are

Nc=3.46

16].1m nf=3.52

Fig. 4. The geometrical arrangement of the tilted antireflection coat-

ing investigated in Example 2
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plotted in Fig. 3. It is seen that the error is considerable
when Zn, is comparable to 4n,.

Example 2: Calculation of the reflectance of tilted antire-
flection coatings

The investigated two-dimensional geometrical ar-
rangement is shown in Fig. 4. The integrated optical slab
waveguide-end is covered by a tilted antireflection coat-
ing. The geometrical sizes and refractive indices are given
inFig. 4. The R =R, matrix will have the following form:

R1=[R§] p=0,l,...po (15)

where R} contains the discrete values of the plane wave
spectrum of the following electromagnetic wave in the
z=() plane:

i < BB
Kt 4 +E .,
~exp{—2-j- (kf‘1 -sina+p-kzo -sina - cos a) -2}
-exp{j[k} , -sin(2- @) + p - kz0 - cos(2 - )] - 7}

(16)
where
K, =k2dsina+p-ko-a (p=0,1,...p0; s=1,2)

kP, is defined in (7)and « is the angle of the tilted layer.

y 8

An, € An,, and subsequently, the homogeneous approxi-
mation is used for the calculations.

Considering that P,=I and using equation (14), R, can
be determined. When the arrangement shown in Fig. 4 is
investigated, the space window has to be chosen to fulfill
the following additional requirement: [ < 2 -z, tana.
In this example, 128 points were again used for the dis-
crete representation, and the space window was 12.8 um.
The
calculation process being fast enough, a simple optimizing
procedure was used to find the optimal thickness and re-
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fractive index of the tilted antireflection coating. The
Downhill simplex method in two dimensions [10] was
used for the minimization of modal reflections.

The dependence of the modal reflectance versus the
angle of the tilted layer is shown in Fig. 5. Fig. 6 shows the
modal reflectance vs. the wavelength of light for tilted
layers with different angles.

4. CONCLUSION

A method is presented for the analysis of the reflected
field supplied by an optical waveguide ending that is sep-
arated by a layered medium from a three-dimensional ob-
ject. The method is based on the representation of the
electromagnetic field as a superposition of TE and TM
plane waves. The electromagnetic wave propagating in
the waveguide is assumed to be given. Formulas are
presented giving the relation between this arbitrary wave
and its TE and TM plane wave spectrum. For further cal-
culations, the discrete approximation of the spectrum is
used, and the propagation of plane wave components are
analyzed. If the electromagnetic field, reflected by the
three-dimensional object, can be given for each plane
wave component of the waveguide, the relation between
the electromagnetic wave supplied by the waveguide and
the reflected field is given by a linear equation system. The
modal reflectance is calculated using the orthogonality of
the waveguide modes.

Two-dimensional examples are also presented. The
first example is for the estimation of the error caused by
the homogeneous approximation of the waveguide in the
reflectance calculus. In the second example, the reflect-
ance of tilted antireflection coatings is calculated.
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H—1521 BUDAPEST, HUNGARY

This paper presents a power density meter developed by the Depart-
ment of Microwave Telecommunications of the Technical University of
Budapest, and deals with both the theoretical and developmental as-
pects of this instrument.

1. INTRODUCTION

In the past ten years, equipments utilising the ther-
mal effect of microwave radiation (microwave ovens, in-
dustrial heaters and dryers) have been istalled in Hun-
gary. Most of them operate at 2450 MHz, and their RF
power range is between 500 watts and some kilowatts. In
general, because of their imperfect shielding, the micro-
wave radiation in the vicinity of these equipments may be
hazardous to the operating persons.

When characterizing hazardous electromagnetic fields,
a distinction should be made between emission levels and
exposure levels. In most cases where an emission standard
is applied, the sources of radiations are small apertures,
giving rise, for example, to leakage around the periphery
of a microwave oven door. In this case, the intensity of the
radiated power emission will be approximately inversely
proportional to the squared distance from the source.
However this rapid decay of emission may not be appli-
cable to exposure levels near a typical microwave oven, if
the leakege is due to a large radiating aperture, for
example the viewing window. In general, the potential
level of exposure to personnel will not be equivalent to the
emission level.

The Hungarian National Standard MSZ 22013/1,
similarly to the IEC standard 325-25/1976, allows an
emission level of 5 mW/cm? at a distance of 5 cm from the
surface of a microwave oven.

Safety levels with respect to human exposure to RF
electromagnetic fields significantly differ from each other
in individual countries [1]. For example the Hungarian
_ National Standard MSZ 16260-86 allows a value of 10
uW/cm? for the power density in the safety zone for a
fixed source of radiation, while this value in the American
National Standard ANSI C.95. 1-1982 is 5 mW/cm? in
the frequency range of 1.5 GHz to 100 GHz.

The effects of RF fields on biological systems depend
on the differential rate of energy deposition, hence mod-
ern RF exposure standards are expressed in terms of spe-
cific absorption rate (SAR), i.e the power absorbed per
unit mass. The International Radiation Protection Asso-
ciation (IRPA) recommends an exposure limit of 0.4
W/kg for frequencies above 10 MHz when averaged over
any 6 minutes over the whole body. This limit, expressed
in tg:rms of equivalent plane wave power density, is S mW/
cm?.

In general, the upper end of the most sensitive
measurement range of commercial power density meters
is about 0.2 mW/cm?’. These power density meters can
measure the value of 10 xW/cm? only with a very large
uncertainty so a more sensitive power density meter has
been developed.

2. MEASUREMENT PROBLEMS OF HAZARDOUS RF
RADIATON

Radiation leakage from microwave equipment pre-
sents special problems because the source of energy may
not be clearly defined. The polarization of the electro-
magnetic field and the location of the leak are not gener-
ally known and can only be found by trial and error. Radi-
ation leakage is usually measured in the near field region.

In general, the near fields of RF sources comprise both
reactive and radiation components. These components
will exhibit both temporal and spatial variations which
will depend on the type of the radiation source and the
physical environment.

In the region immediately surrounding the equipment,
reactive components of the field predominate over the
radiating near field and far field components. Although
the reactive components do not contribute to the net flow
of radiated energy they can still affect energy absorption.

Multipath interference due to the reflection and scat-
tering of energy from other objects or surfaces is an addi-
tional complicating factor, and is nearly always present to
some degree. Multipath interference can also affect the
field polarization.

Because of above mentioned effects, several measure-
ments carried out carefully are needed to obtain sufficient
information on the temporal and spatial variations of the
electromagnetic field. However, the radiation monitor
immersed into the field to be measured and the monitor-
ing personnel will perturb the electromagnetic field.

In the near field, there are no plane waves, so the the
power density is difficult to evaluate. In fact, no existing
instrument actually measures power density directly, they
all measure one or more components of the electrical field
or magnetic field, or both, and then infer the power den-
sity from the far field plane wave relationship. This is the
so called equivalent plane wave power density.

3. RELATIONSHIP BETWEEN E, H AND POWER DEN-
SITY

The power density is the magnitude of the Poynting

vector:
S=EH [W/m? (1)

Taking into account that in case of plane waves, E/ H isa
constant (the free-space characteristic impedance) given

by
n=E/H =120 [Ohm] (2)
expression (1) can be written as
S=E%n oo S=nH? [W/m’ (3)

where
E —magnitude of the electric field vector [V/m
H—magnitude of the magnetic field vector [A/m]
In case of plane wave propagation, power density can
be calculated from E? or H? in a very simple manner.
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4. PRINCIPLE OF POWER DENSITY METERS

As may be seen from Eqs. (1) and (3), there are three
possibilities for the determination of power density:
jointly from E and H (the measuring antenna is an aper-
ture antenna), from only E or only H (the measuring an-
tenna is a small dipole or loop). In all the three cases, a
square law detector or power sensor is needed.

Power sensors utilize either thermosensitive elements
(bolometric, thermometric devices) or semiconductor
diodes. Thermosensitive elements are used as loads of
measuring antennas or, in some cases, the electromag-
netic wave impinges directly on the thermosensitive de-
vice. In both cases, a thermal conversion of electromag-
netic energy takes place, and the true RMS value is
measured. But this transfer is intrinsically slow, the time
constant being some seconds. The point contact diodes
and the low barrier Shottky (zero bias Shottky) diodes are
applicable as power sensors in the square law region of
their I vs V characteristic because they have low forward
voltage. The square law region is limited by the tangential
sensitivity of the diode (tipically —55 dBm) and the tran-
sition between square and linear law region (tipically —20
dBm).

Ch)osen the diode as power sensor, it can be shown that
in case of an input RF power close to the tangential sensi-
tivity the detected voltage will be some times ten uV.
However, offset, drift and noise problems will arise in the
amplification of low DC voltages. To solve these prob-
lems, AC amplifiers have to be used instead of DC ampli-
fiers. To obtain an AC voltage, either the DC voltage or
the RF voltage has to be chopped as can be seen in Fig. 1.
Chopping the DC voltage is simpler and cheaper, because
availability of choppers in integrated circuit form.

A)

Measuring antenna Meter
Power - 0C
RF D sensor[ | [T amp
radiation
B)
Measuring antenna Meter
B 3 AC< Sync =
RF =D (. [Chopper P defector| —|DC amp
radiation
AF
oscilatos
0
Measuring antenna Meter
PIN e AC< Sync <
RF =D switch[ | ()2 % [ |detecto] —|DCamp
radiation
AF
joscilator]

Fig. 1. Principle of the power density meter

In the developed power meter a very simple arrange-
mentis used: a chopper stabilized DC amplifier is applied
in the measuring probe, working as preamplifier.

5. DESCRIPTION OF THE DEVELOPED POWER METERS

The first developed power density meter has been used
for the measuring the radiation of microwave ovens, as
commissioned by the Hungarian Institute of Commercial

Quality Control (KERMI). This power density meter
consists of an aperture antenna made of an open ended
R32 type waveguide, wo calibrated attenuators (30 dB
and 50 dB), a power measuring head with four point con-
tact diodes operating in the square law region, a low-noise
preamplifier, and a signal processing unit with the meter.
Main technical data: power density range of 3.16 nW/
cm? to 100 mW/cm?, accuracy of measurement + 0.8 dB
in the frequency band 2415 MHz to 2485 MHz. Its main
disadvantage is the large weight of the antenna, attenua-
tor and the power measuring head.

The new power density meter developed in 1990 elimi-
nates the above disadvantage: it has light-weight measur-
ing probes, each of them functioning as an electrical field
Sensor.

5.1. Measuring Probe

A) Measuring probe with single dipole antenna

Fig. 2 shows the shematic of the measuring probe. In
case of a continuous-wave incident electrical field parallel
to the dipole, the received voltage U, will be given by

Ur = ELeﬂ' (4)
where
1—cospfl .
=
Ly =2 Bl sin Gl (5)

is the effective length of the dipole, and f=27/1

Dipole antenna

/

R
EL Lossy }——Low noise —o
2l R ‘| ftransm chopper

ine | 1 DCY

—

Fig. 2. Shematic of the measuring probe with single dipole antenna

When the diode is operating in its square law region, a
direct current component is also present, in addition to
fundamental and harmonic components. This current is
passed through the low-pass filter formed by the lossy
transmission line to the chopper stabilized preamplifier.
Thus the output signal of the preamplifier is proportional
to the square of the received RF voltage, i. e. proportional
to the power density. The lossy transmission line consist-
ing of discrete resistors reduces the signal received di-
rectly by the line and transmitted to the diode. Addition-
ally, it reduces the scattering of the incident field by the
transmission line. The values of resistances of the lossy
transmission line are decreased gradually towards the
preamplifier. The highest two resistances nearest the
diode are shown separately in Fig. 2.

Design features of the measuring head:

e application of an electrically and physically small an-
tenna,

e choice of an LBS diode with wide dinamic range and
low temperature dependence,

® choice of a lossy transmission line with a minimum
value of the resistances providing an acceptable scatter-
ing of the incident field and a sufficiently low noise
level,

e choice of a preamplifier having low noise, drift and off-
set.

If the half length of the dipole is smaller than 4/ 10, the
frequency dependence of the effective length will be neg-
ligible. From equation (5), L ;= /, so the received voltage
is given by

U, = El (6)
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The input impedance of the electrically.short dipole is ap-
proximately capacitive [4]:

Tt 2%

i ]wC b ]wC A
Choice of a small dipole is also of advantage because it
provides high spatial resolution of the field and because it
receives lower RF voltage for a given power density.
There is a practical limit in the reduction of the dipole
length. Generally, the halflength of the dipole is chosen to
be equal to or larger than two times the length of the diode
case. In case of /=10 mm, both conditions are satisfied.

The response of the measuring probe (the ratio of the
output voltage to the power density as function of fre-
quency) may be determined from the equivalent circuit
shown in Fig. 3.

VAN (7)

HIGH FREQLUENCY PART
g e e e

Zy

amplifier
Ay

|
|
|
|
4
1 28

DIPOLE

ANTENNA AND‘

LOSSY TRANSM
LINE

Fig. 3. Equivalent circuit of the measuring probe

In the high frequency part, the dipole is represented by
its Thevenin equivalent. The open-circuit voltage and the
internal impedance are equal to the received RF voltage
and the input impedance of the dipole.

R;, C, and Ry, are the junction resistance, capacitance
and the bulk re51stance of the diode. The case capacitance
and the lead inductance are represented by C_ and L.

The input impedance of the lossy transmission line is
Z, . This impedance, in series with resistance 2R, appears
across the diode. The role of these discrete resistors is to
isolate Z, from the diode. At high frequencies, Z; repre-
sents a low impedance.

In the low frequency part, the diode is modelled by the
voltage source in series with the video resistance Ry:

Ui = Yo Pj (8)
where y, is the voltage sensitivity at low RF frequencies
and P; is the time average of the high frequency power ab-
sorbed by the junction resistance R; of the diode. The re-
sistane R, is the sum of two resistors nearest the diode, the
resistors of the lossy transmission line and the input resist-
ance of the preamplifier.

The element values used for the design of the measur-
ing probe are summarized in Table 1.

Table 1. Parameters of the developed measuring probe

l mm 10
R ohm 10 DIPOLE ANTENNA
Cy pF 0.162
R kohm 1 RESISTOR
12 nH 3.6
o5 pF 0.06
Ry ohm 9.5 ZERO BIAS
% kohm .75 SHOTTKY DIODE
; pF 0.15 (HP HSCH 3486)
Y mV/
uW 53
R, kohm 2.75

Atthe operating frequency, some of the elements in the
equivalent circuit may be omitted (R, 2R, L, C.and Ry).
The equivalent circuit without these elements is shown in
Fig. 4.

C
51(5404 R,

Based on the simplified equivalent circuit and using
equations (3) to (8), the response of the measuring probe
is given by

Ideal
DC
amplifier
Ay

Fig. 4. Simplified equivalent circuit

7)512 (ijCA)2 RvAu (9)
R; 1+ [wR;j(Ca + Cj)]2 R, + R,

The frequency dependence of the output signal is
+0.01 dB in the frequency band of 2450 MHz + 500
MHz. Eq. (9) is not valid if P, is higher than —20 dBm, so
itisnecessary to determine the power density correspond-

ing to this limit value. The relationship between P;and S is
given by

Uout = 70

RJ 1+ [wRj(Ca+Cj))?
e (wR;Ca)?

Substituting P;,,,=0.01 mW and the circuit element
values into Eq. ( 110) results in a maximum power density
of S,,,,=276.7 uW/cm?. From the dynamic range of 35
dB, the maxnmum power density is calculated to be 87.5
nW/cm?>.

For measuring power densities beyond S, ,,, it is
necessary to decrease the RF power reaching resistance
R;. A capacitance shunting the diode is the generally used
tosolve this problem. The other possibility is to reduce the
electrical field reaching the antenna. This may be
achieved by means of absorption or shielding. Because of
simpler realizability, shielding was chosen.

The circuit of the above described measuring probe has
been accomodated in a cylindrical metal tube opened at
both ends as shown in Fig. 5. One of the opened ends of
the metal tube is an aperture antenna, the incident E field
exciting a wave in TE,,; mode. The diameter of the tube is
chosen so that the tube as a waveguide works as a cutoff
attenuator. Based on the waveguide theory, the attenua-
tion constant (a) can be given by

S'=

(10)

31 984
D (1 D)
where 0 is the skin depth in mm,
D is the diameter of the waveguide in mm.
From the knowledge of the required attenuation, the
dimensions of the metal tube and the distance d can be
calculated.

1)

[dB/mm] (11)

,TEn

Cylindrical metal tube

L:r):nonse
chopper
DC amp

Lossy
transm
line

Fig. 5. Shematic drawing of the measuring head placed inside a metal
tube
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The measuring probe with a single diode was designed
by utilizing the above considerations. It has a power den-
sity range of 10 uW/cm? to 10 mW/cm?, an output volt-
age of 1V for 10 mW/cm?, and a frequency band of 2450
MHz + 100 MHz. The accuracy of measurement of the
power density is * 0.8 dB, including the indicator.

B) Measuring probe with two dipole antennas

It may be convenient not to rotate the dipole antennas
during the measurement of power density. This require-
ment may be satisfied by using a measuring probe com-
prising two perpendicular dipole antennas.

The shematic drawing of this measuring probe is shown
in Fig. 6. The operation may be understood by referring to
the probe with single dipole antenna. If the diodes operate
in the square law region of their characteristics, the cur-
rents of the diodes have DC components proportional to
E? and EZ These currents flow through the input resist-
ance of the preamplifier and produce an input voltage
proportional to the sum of E; and E;. Hence the output
voltage is proportional to the power density.

v | Cossy |[lownoise
transm. chopper
line [—{DC amp.

Fig. 6. Measuring head with two dipole antennas

Following additional requirements had to be satisfied
in the design stage of the two-dipole antenna:

e to apply two antennas with identical geometrical
dimensions,

e to insure that the axis of the two dipole antennas be
exactly perpendicular to each other,

e to use two diodes with identical electrical and geometri-
cal parameters,

e toinsure that the two connecting resistor pairs be identi-
cal,

¢ to minimize the ovality of the shielding tube.

Any departure from the above ideal conditions results
in a smaller crosspolarization attenuation and the
measured value of the power density will change with the
rotation of the measuring probe for a constant, linearly
polarized electrical field. This change is less than + 0.3 dB
for the realized measuring probe, and the rest of the elec-
trical parameters are identical with those of the measuring
probe with a single dipole antenna.

5.2. Metering Assembly

The block diagram of the metering assembly, together
with the measuring probe and power supply adapter, is
shown in Fig. 7. It consists of three functional parts: DC
amplifier with the meter, comparators with light emitting
diodes, power supply with charger for storage batteries.

The main part of the metering assembly is the DC am-
plifier with the meter. This part comprises a low noise,
band limited amplifier, range switch, integrating amplifier
and indicator. The input voltage range is 60 dB (1 mV to 1
V), corresponding to the power density range from 10
uW/cm? to 10 mW/cm?. The output voltage is 3 V at full
meter deflection.

The first stage is an active low-pass filter with a cutoff
frequency of 10 Hz and with an amplification of 10 dB.

Fast

2
MEASURING PROBE | -o—|
\ | Zero 4008 Slow,
pot meter o

!
\\: ) 38 x| 3068

Zera bias| [Cow noise Active oc L[ Ranae
S=10uW/cm? -10mW /cm? Shot tky thopper [9= low pass PN
detector oC amp filter amplifier pttenuato amplifier
|

|
Dipole | | 1008, f=10H2| \
antenna [ | A d
| ]

Output het © 1

Out

.SV :
power |- o—a-o
-5V supply On/, y
7
> &
Switch of the
adapter connector

,,,,,,,,,,,, =
Power
220V 4 supply
S0Hz adapter

Fig. 7. Block diagram of the power density meter
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The next stage has an amplification of 0 dB or 40 dB de-
pending on the the input voltage. If the input voltage is
lower than or equal to 10 mV, its amplification is 40 dB
(the switch connected in parallel to the DC amplifier is
linked to the range switch). The range attenuator has atte-
nuations of 0 dB, 10 dB, 20 dB or 30 dB. The integrating
DC amplifier has an amplification of 30 dB, and the time
constant of the integration can be switch-selected to be
either about 20 msec or 1 sec.

Each of the comparators activates light emitting diodes

(LED). A red LED is turned on as soon as the power den-
sity exceeds 100 xW/cm?. This limit value is declared to
be a hazardous exposure level in MSZ 16260-86. A yel-
lov&; LED is turned on at power densities exceeding S mW/
cm”.
The power supply provides a stabilized DC voltage of
* 5V for the circuits of the instruments. The power sup-
ply is fed from two storage batteries (each 9 V, 100 mAh)
or from the rectifiers. The charger charges the storage bat-
teries with a constant current of 10 mA. The rectifiers are
fed from the power supply adapter with an AC voltage of
2X10.5 V 4.

The photograph of the developed power density meter
is shown in Fig. 8.

Fig. 8. Photograph of the power density meter

6. CALIBRATION

Existing calibration methods are based on the assump-
tion that a known field strength can be established
through measurement, calculation, or a combination of
both. The power density meter to be calibrated is then
placed in this known field, and the meter indication is
compared with the known field value.

There are three basic methods of producing the stan-
dard field:
¢ free-space standard-field method,

* guided wave method (for example the Crawford cell),
e transfer-standard or standard-antenna method.
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The choice depends on the type and size of measuring
probe, frequency range, available equipments, and the ac-
curacy requirements.
For the calibration of the developed power density
meter, the free-space standard-field method was chosen.
It is known that the power density S at a distance r from
the transmitting antenna is given by

_ PG )
T 4mr?
where Py is the radiated power from the transmitting an-
tenna, and G is the gain of the transmitting antenna. The

transmitting antenna gain is determined in advance, and P
and r are measured as part of the calibration procedure.

2

L

Directional

- coupler G G -
: Matching tching] | Power
Ss:’gur:_a[le ) element] element| meter_
[ 0], [
r
Power
meter

Fig. 9. Principal arrangement of the gain measurement

The antenna gain was measured by using the so-called
two-antenna method (Fig. 9). The dimensions of the trans-
mitting and receiving antennas are identical, hence their
gains are equal.

The gain of the probe antenna can then be calculated by
the equation

47xf0 DEOPY
G=101g 3 5lg Pr [dB] (13)
where

r is the distance between antennas,

A is the free-space wavelength,

P, is the radiated power from the transmitting antenna.
The accuracy of the determination of antenna gain is a
function of the distance. The gain approaches a constant G,
as r approaches infinity, that is, G is the far-field gain. The
gain reduction factor is —0.5 dB if r=2a?/ A, and only —0.1
dB if r=8a%//, where a is the aperture dimension [6]. In
case of large distances, G approximates the far-field gain
G,, but large distances require higher transmitter powers,
and the measurement errors due to multipath interference
are greater [7].

Two identical pyramidal horns with aperture dimen-
sions of 245 mm X 162 mm and lengths of 267 mm have
been applied. Their connecting waveguide is a rectangu-
lar waveguide type R 32 (72 mm X 34 mm). The calculated

gain was 14 dB, and the distance between horn antennas
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Fig. 10. Calibration of the power density meter

was 1.5 m. The measured gain was 13.83 dB at a frequency
2450 MHz. The frequency dependence of the gain is
of£0.08 dB in the frequency band of 2450 MHz =+ 100
MHz. One of the pyramidal horns was applied for the cali-
bration of the power density meter. The photograph of the
calibration set-up is shown in Fig. 10.

The calibration was achieved in the previously men-
tioned frequency band at a power density of 100 4W/cm?.
The required distance between the pyramidal horn and the
aperture of measuring probe of the power density meter is
98 cm at Pr,=500 mW. In the case of this distance and the
aperture dimension of D=28 mm, the amount of energy
reflected back into the transmitting system is insignificant.
Additional errors caused by backscattering from cables
and equipments holding the measuring probe was reduced
by means of absorbing materials placed in front of all re-
flecting items (see Fig. 10).

At the frequency of 2450 MHz the power density meter
was adjusted to 100 «W/cm? by means of adjusting the dis-
tance d at the measuring probe. Frequency dependence of
the indicated power density is & 0.3 dB in the frequency
band of 2450 MHz + 100 MHz.

Calibration of the power density meter was controlled by
means of a NARDA radiation monitor of model 8321
(transfer standard method). Depature of the measured
values was smaller than 0.4 dB in the previously mentioned
frequency band.

7. CONCLUSION

Theoretical and experimental aspects of a power density
meter have been discussed. It has been shown that the main
characteristics of a power density meter are basically deter-
mined by the measuring probe. Two different types of
measuring probes designed on the basis of this theory have
been presented. In addition to the design aspects of
measuring probes and the description of the power densi
meter, its calibration procedure has also been described.
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RECOGNITION OF PRINTED MULTIFONT
CHARACTERS
BASED ON A NEURAL NETWORK ARCHITECTURE

B. TAKACS

TECHNICAL UNIVERSITY OF BUDAPEST, FACULTY OF ELECTRICAL ENGINEERING
H—1526 BUDAPEST, HUNGARY

A simple neural network capable of high speed recognition of two
dimensional patterns is described. Based on this architecture, com-
puter simulation of a new generation optical character reader (OCR) is
presented.

1. INTRODUCTION

Real time optical pattern recognition (OCR) devices
would find many applications e.g. in paperless offices and
desktop publishing. Present systems read approximately
200 characters in a second that takes about half a minute
to process one page. Traditional recognition algorithms
like contour analysis [1], [2], statistical methods, etc. use
several features to describe and distinguish the incoming
patterns. The recognition time strongly depends on the
quality of the test and the number of patterns contained in
the data base. To fulfill the requirements for a faster (500
cps) and accurate ((99,99% ) device a new architecture is
needed. In the last decades, several neural models were
developed to solve pattern recognition tasks [3].

In this paper the computer simulation of a neural net-
work based OCR system, capable of robust reading of
poor quality texts at a high speed, is presented. Section 2
describes the overall methodology. In Section 3 and 4, re-
sults and conclusions are presented.

2. METHODOLOGY

Neural networks are mathematical models based on
our present understanding of biological nervous systems.
They have some special characteristics, like associativity,
generalization, fault tolerance, adaptibility and learning,
which make them desirable for pattern recognition.
Nevertheless, practical limitations arise due to huge com-
putational power needed for the simulation of densely in-
terconnected real systems. The goal of this work is to re-
duce the number of steps executed by a computer in order
to find the correct classification for an incoming pattern.
After performing classical preprocessing steps, like posi-
tion and size normalization, the pattern is processed by a
heteroassociative neural network.

The main features of the network are the following:

® The proposed net contains as few interconnections as
possible.

® To solve the problem of convergence and prescribed
settling time, the architecture is feedforward.

® In order to achieve high speed mapping, two state neu-
rons are used.

Input layer (N pattern neurons)

CELLLL T TTTT TSI IT T

Tik

OTTTel]

Output layer (log,P code neurons)
where Pis the number of learned patterns

Fig. 1. Network structure

The operation of the system shown in Fig. 1 can be de-
scribed by :

N
sign( ] Ty* )
k=1
where S, C and T are the pattern vector, the code vector

and the weighted interconnection matrix, respectively (.S,
i 1y G L)

A certain input pattern is assigned to a code defined
earlier during the learning process. Each codebit can be
computed independently. Due to the structure of this
model N * log, P additions are needed to recognize the
stored patterns.

Ciyi=
i

In the experiments a resolution of N=20 * 20 neuros
was used. To store P=26 English lowercase letters the
network contains C=5 codebits. During the relaxation
process the system executes 2000 additions. In compari-
son, a Hopfield net of the same number of neurons would
contain /60 000 interconnections.

3. RESULTS

As the input patterns are highly correlated the network
was trained using iterative learning rules [4], [5]. The
training set contained 12 noisy versions for each letter of 3
different font styles. The 12 noisy versions were produced
from 4 scanned samples using a contour noise superposi-
tion method. During the learning process each bit had a
zero threshold. To improve the recognition rate, an addi-
tional threshold modification mechanism was proposed.
In the second phase, numbers of noisy versions of known
patterns were shown to the network. When the classifica-
tion was not correct the threshold of wrong code neurons
was modified according to the error. The system was
tested on scanned versions of texts. Retrieval errors were
about 1%.
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Fig. 2. Correctly recognized poor quality letters with the correspond-
ing confidence values
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Based on the local stability of the code neurons the pro-
gram produces a confidence value. The highest the con-
fidence the safer the correct classification. Fig. 2 shows
some examples for correctly classified poor quality letters
indicating the confidence value (CF).

4. CONCLUSION

A neural network capable of handling poor quality
texts using minimum recognition time has been de-
veloped using computer simulation. The recognition
speed is independent of the number of patterns stored
in the network. The learning process being supervised,
the overall performance of the net is strongly affec-
ted by proper code selection. Recognition rate can
be improved by training with noise. Multifont recogni-
tion can oe achieved using a training set of several font
styles.

The average overlap of the letters is about 70%, thus
pattern recognition is a hard task for this network archi-
tecture. To improve the performance of the structure,
the possibilities to use the net itself in finding an optimal
code set and a hierarchical classification method is now
under investigation.
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Products — Services

OPTOELECTRONICS R&D
FOR COMMUNICATION AND
INFORMATION TECHNOLOGY

Communication Technology

Systems

RF acousto-optic Fourier processors:

® power spectrum analysers

e interferometric spectrum analysers

® scanning spectrum analysers

¢ five channel power spectrum analyser

Acoustooptic spectrofotometer

Elements
Acousto-optic elements:
e deflectors (1D,2D)

e modulators

e (Q-switches

® mode lockers

e tunable filters

¢ Bragg cells

Surface acoustic wave elements:
o filters
e despersive delay lines

Integrated optical elements:
¢ 10 Bragg cells

Information Technology

Systems

CD optical pick-up

Optical storage system
(capacity: 2 GByte)

Elements
Plastic precision aspheric lenses
Cube beam splitters
Diffractive optical elements
Diffraction limited

collimators and objectives
Polarizing cube beam splitters
Magnetooptical disk

(capacity: 625 MBytes,

ISO standard)

Examples

Optical signal processing

-

Fig. 2. Eight channel acousto-optic light intensity modulator

Optical data storage

Fig. 4. MO disc

Department of Atomic Physics,
Technical University Budapest
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"~ Business — Reseach — Education

REGULATORY TRENDS IN HUNGARIAN

TELECOMM

UNICATIONS

1. INTRODUCTION

Hungary, along with other East European countries,
is in the midst of a fundamental process of change affect-
ing both political life and economy. It is now realized that
restructuring in telecommunications exerts an influence
on nation-wide reform programmes since the speedy flow
of information, via telecommunications, is vital for mar-
kets and democracy to function. In this report, it is in-
tended to present a picture of this rapidly evolving and
complex process as it affects the legal and regulatory as-
pects of telecommunications.

2. POLITICAL BACKGROUND TO REGULATION OF
TELECOMMUNICATIONS IN A POST-COMMUNIST
COUNTRY

In the emerging East and Central European democ-
racies, there are specific forces and determinants not
found in Western or developing countries as they are re-
lated to their history.

After the recent political turnover there is a common
agreement between almost all forces, people and parties
in favour of the removal of old things, laws, institutions,
etc. although there is far less agreement on the nature and
direction of these supposedly radical changes.

Due to the prevailing role played by the state in the old
times there is a strong opposition to any state regulation
and intervention. The forces of the marketplace might
substitute state regulation but these have just started to
emerge.

The fast pace of evolution calls for a rush in the work of
parliament which is enacting an amount of legislation un-
precedented in Western countries. This also means that in
preparing the telecommunications law, one has some-
times to rely on other laws which are similarly under prep-
aration or discussion.

Having European legislation in view, the pace of re-
structuring processes could be faster, assisting thus the es-
tablishment of a comprehensive legal infrastructure for
adjustment of our social and economic regime.

3. PRESENT STATUS AND PROSPECTS OF TELECOM-
MUNICATIONS IN HUNGARY

The telecommunications sector in Hungary is at a level
far below that of the developed nations. The gap between
Hungarian and European telephone coverage can be il-
lustrated by the fact that in order to reach 40% coverage
by year 2000, we would have to implement an expansion
rate of 20% per year, on average, during the whole
period. Excess demand is experienced not only in univer-
sal service but also in enhanced services while the spec-
trum of service offerings is poor.

Hungarian Telecommunications Company has pre-
pared a 3-year plan for establishing a digital overlay trunk
network and increasing the number of main lines by about
50%. The necessary pace of upgrading the network can

be financed only by heavily relying on external resources
(loans and privatisation) since the national budget is ex-
hausted. It will call for a specific evolutionary path with re-
gard to both finance and institutions.

Pressure coming from local governments, would-be
foreign investors and the business sector for the enhance-
ment of the telecommunications network, and dissatisfac-
tion with a monopolistic service provider which is insensi-
tive to their needs, are shooting up to the political arena.

4. LEGAL BACKGROUND TO THE TELECOMMUNICA-
TION REGULATORY REGIME IN HUNGARY

Itis stated in the Hungarian Constitution that basic rights
and Huties can be imposed only by the force of laws or gov-
ernmental orders. Ministerial orders can be prepared only
for implementing the above-mentioned rules. This also
means that
¢ all rights and duties related to players in the telecom sec-

tor (service providers, consumers and regulators) have to

be included in rules stated in the before mentioned laws
and orders, consequently,

¢ the ministries have much more responsibilities than those
in Western countries, so there is greater political in-
fluence on telecommunications,

e the bottom-up control of society over public utilities has
no specific legal basis as found, for example, in American
public utilities,

e there is very little place for solving problems emerging
from affairs not included in the rules. This could be dan-
gerous in the coming transitional period.

The new telecommunications law due to be enacted later
in 1992 will replace the so-called Post Law of 1964 which
was a traditional PTT law. In accordance with the Euro-
pean directives, the new legislative regime for the Hunga-
rian telecomms sector will, similarly to other sectors, be
ruled by a number of general laws. The major governing
laws are as follows:
¢ The Civil Code provides the framework for terms and

conditions of contracts and for the use of private

property by public utilities.

¢ The Concession Law is about activities which can be run
exclusively on the initiative of the state.

¢ The Competition Law and the Price Law are generally ap-
plicable for telecommunications but specific tasks are as-
signed to the minister of communications in Telecom Law.

¢ The Criminal Law will penalize vandalism against public
telecommunications facilities.

¢ The Enterprise Law, the Company Law and the Law
About Transformation of Enterprise into Company and
the emerging State Budget Law are bases for regulat-
ingon operational entities, and legislative means for the
state to exercise its property right.

¢ The Frequency Law, currently under preparation, will gov-
ern spectrum management and radio communications.
Telecommunications policy and process of restructur-

ing will be formulated by the parliament. The competence

of the parliament in this issue is a general rule in countries
with developed democracies.
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Although the policy-making process has not yet come
to an end, a significant liberalization is envisaged through
the implementation of the ONP (Open Network Provi-
sion) concept of the EEC as the principle governing a
multi-player telecom sector. Unlike in most of the coun-
tries, it is expected that the ownership of the so-called
“digital highway” will remain the exclusive right of the
state but specific rules for exercising this property right
have yet to be finalized.

5. INSTITUTIONAL FRAMEWORK OF TELECOMMUNI-
CATIONS REGULATIONS

In Hungary, similarly to the European German-speak-
ing countries, telecommunications have been run as a
PTT embracing both operation and regulation of post and
broadcasting in one single government entity, although
since 1968, operations have been accounted as a business
activity.

Out of the post-communist countries, Hungary was the
first one to launch a restructuring process, essentaially
consisting of the following steps:

e regulation and operation were split in 1989, leaving
regulation for Ministry of Transport, Communications
and Construction (from 1990 on Ministry of Transport,
Communications and Watermanagement),

e the operational entity was split into three companies:
post, telecommunications and broadcasting in 1990,

e telecommunications will be transformed into a share-
holding company in 1991,

e regulatory functions of the government will be split
when those of property rights are separated from those
of the telecommunications-specific regulation in 1991,

e privatization of the Hungarian Telecommunications
Company is going to be undertaken in 1992,

e floating of shares of the privatized Hungarian Telecom-
munications Company is going to be started in 1993.

6. FUNCTIONS OF TELECOMMUNICATIONS: FORMS
OF EXECUTION IN LEGISLATION

6.1. Creating an Entrepreneurial Environment and
Removing the Obstacles to Entering the Market

According to Hungarian legislation, free competition is
limited by concessions which are the tool for regulating
entry to, and operation in the market. The purpose of con-
cessions is to give special rights and obligations in order to
provide universal service or public utilities. Geographical
barriers to concessions are subject to the principle that
they must be economically viable.

The concessions have a civil contract nature where one
party is the Minister of Transport, Communications and
Watermanagement (hereinafter referred to as the Minis-
ter). Public bidding is compulsory before contracting.

There are only a few limitations of ownership rights.
The basic network (which in practice will probably be the
overlay digital network) is the exclusive property of the
state. There are no other constraints except that for voice
telephony, the service provider has to be the owner of the
network infrastructure as well.

The clauses of the Hungarian Competition Law are
fully applicable to telecommunications where abuse of
monopoly power is of particular interest. Additionally,
the Minister has the right to put limitations on entry in

cases where this is justified by considerations of security of
the network and services, and economic viability.
Accounting, and the organisational principles for sep-
arating the competitive and non-competitive sectors,
have to be laid down by the Minister. Free entry is limited
to the operation of the digital overlay network, voice tele-
phony, public paging, mobile services, country-wide
package switched data transmission, and broadcasting.

6.2. Correcting Defects of the Market: Keeping Tight
Control of the Dominant Service Provider

A dominant service provider is in a position, due to its
size and/ or activity, to influence the operation of the mar-
ket fundamentally instead of the market determining its
own operation.

Keeping tight control over telecommunications organi-
sations enjoying exclusive rights can be executed by
means of concessions or via statute of state enterprise and
price control. The Minister has the right to initiate modifi-
cations of a concession if the interests of users and effi-
cient operation so require.

6.3. Consumer Protection

Protection of the telecommunications user is a con-
siderably structured task which, in a wider sense, per-
meates almost the entire regulatory activity.

In the new draft of the Telecommunications Law, the
relation between the service provider and the subscriber is
transformed into a business contract. Major terms and
conditions of public services are contained in the Law
while others will be contained in government statements.
In the competitive sphere, the terms and conditions of ser-
vices are subject to the general rules relating to contracts
in the Civil Code. This is true also for responsibility for
damages caused by service providers.

For example, according to the new provisions, the ser-
vice provider has an obligation to fix and keep to the time
limit for connecting the subscriber to the network. If it
fails to do so, it must pay a penalty. In case of claims for re-
payment of the bills, the obligation for proof lies with the
service provider.

It is the general obligation of the Minister to ask for the
opinion of the associations of users in cases where his
order under preparation is going to affect the services pro-
vided.

Cases where a large circle of subscribers is hurt and the
behaviour of a service provider has to be stopped and
users compensated can be handled on the basis of the
Competition Law if consumers are misled. In other cases,
related to the terms and conditions of the contract, the
Minister has the right to file a procedure in the Court.

6.4. Provision of public utilities

Although, according to he ideology of socialism, all
needs of people are taken care of by the state, we have a
very poor legislative framework for provision of public
utilities. The existing Civil Code clause providing for pub-
lic utilities has to be supplemented with a specific provi-
sion in the Telecommunications Law.

According to the Telecommunications Law, the gov-
ernment has the obligation to determine the required level
of service coverage. According to present plans, in 1995
waiting time for a main line must not exceed one year. It is
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the obligation of the Minister to implement these obliga-
tions in the concessions.

In case the concessioner fails it is the obligation of the
Minister to take on the responsibilities for public services,
but practical means for doing so are still being elaborated.

Public utilities have special rights of way. According to
the provisions of the Act, there has to be room for net-
work infrastucture in any new settlement and building.

6.5. Connecting to Europe

The intention of the Hungarian telecommunications
policy is to follow the directives of the EEC. The reason
for this is not only because it is a political aim but also be-
cause EEC directives are based on large scale com-
promises between the various players, especially the pro-
and anti-competitive ones.

Hungary would like to implement the ONP (Open Net-
work Provision) concept so that the digital overlay net-
work would have the function of a highway, and regional
networks and service providers could connect to it
through standardized interfaces. The problem is that im-
plementing ETSI standards will take time and money—
both of which are lacking.

6.6. Ensuring the Network’s Interoperability and
Integrity

The public telecommunications network is suitable for
providing various telecommunications services and
bearer services. The quality of the service provided to the
user depends on numerous factors (operating characteris-
tics, usefulness of the service, etc).

The key issue in ensuring the integrity of networks is the
distribution of responsibilities between the players (regu-
lator, network operators, sevice providers). The Law de-
crees the establishment of conditions of network integrity
and interoperability to be the general obligation of the
Minister while other participants are obliged to co-oper-
ate. The player failing co-operation should compensate
for the total damage caused in consequence.

The problem is that implementation of standards takes
some time, and in the mean time, the network would be
practically without approved standards and conditions.

6.7. Determining Quality Requirements

In an environment where there are requirements im-
posed on a service provider as to efficiency, service obli-
gations and prices, the circle of regulation can be closed if
there are certain obligations for service quality as well.

According to Hungarian legislation, regulation of
quality is the duty of the ministers in a process which is
very similar to that of standardization. This ensures equal
chances for every service provider and consumer.

6.8. Determining Prices

In Hungary, according to the Price Law, the ministers
have the right to determine the so-called fixed prices
(where only a very limited proportion of goods are subject
to fixed prices). Indirectly, this is also the tool for regulat-
ing resources for financing investments.

According to the draft of the Telecommunications

of cross subsidizing local network operation. By the force
of this law, the Minister has the right to liberalize the prices
of services having some sort of competition or excess sup-

ply.

6.9. Publicity and Interest Reconciliation

Telecommunications have proved to be a politically sen-
sitive field. This is no accident since some groups strongly
involved in it (large users, multinational firms, the energy
sector) are able to assert their interests very effectively. The
situation is complicated by the unquestionable existence of
public interests which cannot be related directly to any
single group but which, according to social needs, have to
be taken into consideration.

Telecommunications. at the same time, isitself a particu-
larly intricate technological system where technical issues
dictate some aspects of progress, and the most important
interests are often wrapped up in technical issues.

Although we were keen to establish a process for the rec-
onciliation of interests, this has proved to be very difficult.
We have realized that there is no generally applicable legis-
lative framework for such actions. We have not had the op-
portunity, up till now, to learn the difference between the
top-down hierarchical regulation of state administration
and the bottom-up democratic control of society.

According to the Telecommunications Law, the Minis-
ter has the obligation in given cases to ask for the opinion of
users associations. There is a Council to be made up of rep-
resentatives of consumers, service providers and ministries
operating for the government. We did not find it possible to
establish a public hearing-like process which could have
ensured true democratic rights for interested parties.

6.10. Maintaining Operability of the Existing Network

There is no doubt that the transformation of the tele-
communications regime implies building on entirely new
foundations. However, such a radical change in the regula-
tory framework of telecommunications puts the operability
of the whole network at risk. Redistribution of rights and
duties will inevitably result in unclear situations where net-
work operation is at stake.

Due to the time-consuming process of preparing the
regulatory framework needed for secure functioning of the
network, Hungarian Telecommunications Company, as
provided by the Telecommunications Law, maintains its
position until 1994 in that it will not need a concession. In-
stead, the government has special rights to influence its ac-
tivity in case it doesn’t cope with the general requirements
of the Law.

/. CONCLUSION

According to the emerging legislation, telecommunica-
tions in Hungary will be regulated by a series of laws, the
most important being the Telecommunications Law which
is going to be presented to the Parliament in 1992 for final
decisions and contributions.

NOTE

This study is a teamwork under the financing of the Min-
istry of Transport, Communications and Watermanage-

Law, we are going to implement a “price cap” mechanism | ment. K. HELLER
accompained by an access charge which will be the means HUNGARIAN TELECOMMUNICATIONS COMPANY
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B CENTENNIAL SCIENTIFIC DAYS OF PKI

In November 1991, the Postal Experimental Institute,
recently named PKI Telecommunication Institute cel-
ebrated the 100-year anniversary of its foundation, and
on this occasion, organized the traditional PKI Scientific
Days. The meeting was supported by the Hungarian Tele-
communications Company and the Scientific Society for
Telecommunications, under the auspices of the Interna-
tional Telecommunication Union and the Universal Pos-
tal Union.

Following the opening address of P. Horvdth, general
director of HTC, 48 papers in 12 Sessions have been
presented in course of the 3-day conference. During the
conference and informal meetings, technical and strategic
issues of telecommunication development have been
widely discussed by Hungarian and foreign experts. From
the 49 foreign delegates pariticipating, 26 presented
papers, while from Hungary, the number of participants
was 450.

During the conference, the 100-year history of PKI,
firmly linked to the devolopment of Hungarian telecom-
munications. was recalled, and trubute was payed to the
memorable achievements of outstanding PKI scientists as
contributors to the development of Hungarian telecom-
munications. Gy. Lajtha presented an interesting paper
about PKI research schools, and professor J. Szentdgothai
recollected the contributions of Nobel prize winning GYy.
Békésywho wasactive in PKIfrom 1917 to 1947 in the re-
search of the hearing mechanism.

In 1881, the Hungarian Royal Post and Telegraph Ex-
perimental Station has been established in Budapest,
being the second of such institutions in the world.
Throughout many decades, this Station was active in pos-
tal research work, telecommunications and broadcasting.
In 1954, the Station was re-organized and became the
Postal Experimental Institute.

Due to the continuity by the research schools and the
early recognition of trends by the institute management, a
well-educated staff of experts was available at the Hunga-
rian PTT during the recent technical development phase.
The achievements of this staff were manifested in the
fields of optical communication, stored program con-
trolled switching, cable TV, satellite communication,
speech recognition and synthesis, computer aided net-
work analysis and optimization procedures.

The year 1990 witnessed a re-structuring of the Hunga-
rian PTT organization, resulting in three successor com-
panies. As a consequence of this process, PKI functioned
as a limited company for a year before becoming a mem-
ber of the Hungarian Telecommunications Company
(HTC) as PKI Telecommunications Institute.

Gy. Sallai, director of HTC’s strategic department,
emphasized that in this new configuration, PKI activities
will be concentrated on telecommunications and broad-
casting, but with additional reseach and development
background activities focused on design and operational
support, thus becoming a fundamental technical back-
ground institute. This concept requires activities for
monitoring telecommunication world trends, processing
the acquired information and feeding it to the company
management for decision making and choice between
technological options. Other activities of the institute
cover investment support, operational support and net-
work design. PKI strives to obtain internationally ap-
preciated results, thereby maintaining international rela-
tions and reputation.

Gy. Perlaki, director of PKI, emphasized that the in-
stitute is now providing technical support for the entire
telecommunication development process. Research acti-

Events

vities are concentrated in the institute, while in other fields
such as network development, a coordinating function is
implemented. Institute activities are supporting regional
telecommunication authorities, thereby intending to pro-
mote the development of the entire Hungarian telecom-
munication. By applied research and development, the
domestic introduction of modern telecommunication
technologies will be accelerated, and the quality of tele-
communications will be improved by introducing up-to-
date services.

Within the framework of the Centennial Scientific
Days, the presented papers successfully illustrated the
diverse achievements and international relations of the
100-year old institute, simultaneously outlining issues
and challenges of this long-standing institution. L3

I HUNGARIAN TELECOMMUNICATIONS COMPANY
JOINS THE INTELSAT GLOBAL SATELLITE NETWORK __

Overseas telephone communication of the Hungarian
PTT or its successor, the Hungarian Telecommunications
Company HTC is, at present, mainly implemented via
foreign earth stations of the Intelsat global satellite net-
work. In order to eliminate expenses resulting from the
use of foreign earth stations and transit connections, HTC
decided to establish its own earth stations, and to this end,
issued an international tender call early 1991. Answering
this call, nine foreign companies submitted delivery pro-
posals from which HTC selected the proposal of NEC,
Nippon Electric Company. Another tender call was is-
sued to set up a microwave link connecting the site of
these earth stations with the East-West fibre optic link,
and the winner of this tender call was the Japanese Fujitsu
company. End of September 1991, the delivery contracts
have been signed by representatives of the Japanese
Sumitomo and the Hungarian Elektroimpex foreign trad-
ing companies, further by representatives of NEC and
HIC.

The new Hungarian earth stations will be installed at
the site of the Intersputnik earth station which is already
operating near the village of Talidandorogd in Western
Hungary. The two stations will cover the Atlantic Ocean
region (AOR) and the Indian Ocean region (IOR) ac-
cording to the “modified A” standard, with following
main technical data:

3625 to 4200 MHz
5850 to 6425 MHz

Receive frequency range
Transmit frequency range

G/ T 35 dB/K°

Antenna diameter 18 m

Preamplifier uncooled, noise tempera-
ture 55 K°

Telephone transmission according to Intelsat IDR
system (Intermediate
Digital Rate)

2 Mbps, with 5 carriers
assigned for the AOR
station, and some lower
speed carriers assigned

for the IOR station

Transmission rate

Output amplifier for tele-
phone transmission:

AOR station

IOR station

Output amplifier for TV
transmission, AOR station

I'WT, 700 W
TWT, 400 W

klystron, 3 kW
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In order to allow for future expansion, both stations will
be capable to operate at both polarizations. Digital chan-
nel multiplication equipment (DCME) will be applied for
the transmission of telephone channels in order to make
better use of the rented space segment capacity.
According to plans, the telecommunication equipment
will be delivered by NEC while the site preparation and
the station assembly (under Japanese control) will be the
responsibilities of HTC. At the station site, the necessary
ground and infrastructure are available, with the excep-
tion of the uninterrupted power supply and the air condi-
tioning of the new telecommunication equipment. An-
tennas will be supported by steel structure on reinforced
concrete foundation at ground level, with adjoining con-
tainers holding the radio frequency equipment. All other
station parts will be accomodated in the central Intersput-
nik building, and will be controlled by a computer aided
central supervisory system.
Time schedule for starting operation:
® AOR station: 4th quarter, 1992,
® |OR station: 1st quarter, 1993.
G. HEGYI
HTC

M 215" EUROPEAN MICROWAVE CONFERENCE
STUTTGART, SEPTEMBER 1991

This was the third occasion that after Hamburg and
Nirnberg, the European Microwave Conference was
held in Germany. Stuttgart is the highly industrialized
capital of Baden-Wirttemberg, with a record number of
companies specialized in electrical engineering, in RF and
microwaves. Parallel to the Conference, there was a major
exhibition where approximately 350 companies were ex-
hibiting hardware and software products. Conference
and exhibition took place at the International Congress
Centre.

The call for papers solicited 456 summaries, the second
highest number ever; this shows the increasing import-
ance of the microwave field and of the topics chosen. By
arranging three parallel oral sessions each day, com-
plemented with four poster sessions, 229 papers in all
have been presented. The topics dealt with range from an-
tennas, submillimetre receivers, CAD and modelling to
MMICs, field theory, passive components, microwave
propagation, satellite communications, optical/micro-
wave interaction and microwave measurement. Special
sessions on the medical applications of microwaves and
on microwave education have been arranged.

Invited papers are keystones within the architecture of
any conference, and during the EuMC, they presented a
general survey of the ever expanding field of microwaves.
There were 15 invited papers, 6 of them delivered in the
special USA and Japan sessions, with emphasis on the
millimetre waves field. As a first speaker, David Olver
(Queen Mary and Westfield College, London) gave an
overview on millimetre wave antennas, reflectors, lenses,
horns, planar antennas, travelling wave antennas and in-
tegrated antennas. In the field of mm-wave solid-state de-
vices, E. Kollberg (Chalmers University, Goteborg) dis-
cussed the quantum well diode, back-to-back barrier
n—n" doped varactor diode multipliers, and the newest
achievements in the fabrication of Schottky diodes. With
array oscillators, these can generate some Watts of power

in the 20 to 200 GHz frequency range. Peter Russer
(Technische Universitat, Miunchen) discussed silicon
monolithic mm-wave ICs. Complete receivers and trans-
mitters may be integrated using IMPATT and Schottky
diodes. He presented some experimental results in the
frequency range up to 100 GHz. In the field measurement
technique in the mm-wave range, Horst Groll (Techni-
sche Universitat, Muinchen) presented an overview. He
discussed network analyzers, spectrum analyzers and sig-
nal generators, and a coaxial connector with 1 mm O.D.
which has an upper frequency limit of 100 GHz.

Other invited speakers discussed microwave devices
(Pons et al, Thomson CSF) and MMICs (Ali, Pacific
Monolitics, USA). O. G. Vendik (Electrical Engineering
Institute, St. Petersburg, USSR) discussed the use of
superconduction films as microwave transmission lines.
He was dealing with the surface resistance of such films
and showed experimental results of switches and limiters.

“Industrial applications of microwave imaging” was
the topic covered by J. Detlefsen (Technische Universitét,
Miinchen). Current and potential future industrial appli-
cations, inciuding the fields of robotics, microwave vision,
biomedical applications, nondestructive testing and ve-
hicular guidance were discussed.

Very interesting was the lecture of H. Brand (Universi-
tat Erlangen-Niirnberg): “Microwave technology in the
Terrahertz region”. He reviewed the state of the art of
sub-millimetre wave technology with emphasis on mole-
cular gas lasers as sources, and quasioptical waveguides
for signal processing.

Because of the limited place for this review, only one
paper is mentioned from the session papers: “Fully inte-
grated 18 to 20 GHz phase locked DRO signal source for
digital radio systems using chip and wire technology.” It
was presented by W. Konrath from the ANT Nachrich-
tentechnik GmbH, Backnang, Germany. The RF assem-
blies comprise the DR-VCO, a balanced amplifier, a fer-
rite isolator and a sampling phase detector. The control
circuitry includes a PLL amplifier, voltage regulators and
filters. The experimental results show that the chip and
wire technology reaches the lower Ka-band with excellent
results. For this paper and the excellent presentation W.
Konrath received the 1991 EuMC Microwave Prize from
the Management Committee of the Conference.

Following the Conference, three Workshops were or-
ganized:

1. Microwave optoelectronics dealing with interaction
between the microwave and optical frequency range,
taking into account system aspects as well as the
properties of particular components.

. Advanced car electronics and future traffic control sys-
tems related to microwaves. This workshop was useful
for the engineers working in the microwave communi-
cation and automotive business.

. CAD and modelling of microwave devices and cir-
cuits. Tools and models were discussed aiming at the
accuracy of microwave devices to avoid lengthy and
costly experiments.

The Conference and workshops were well organized
due to F. M. Landstorfer and W. Mahler, the chairman
and secretary of the Conference. The next EuMC will be
held in Finland, August 1992.

M. KENDERESSY
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B INTERNATIONAL CONFERENCE ON
INTELLIGENCE IN
TELECOMMUNICATIONS NETWORKS

The second edition of ICIN (International Conference
on Intelligence in Telecommunications Networks? will
take place in Bordeaux, France, from 3 to 5 March 1992.

This eventisbeing held under the patronage of the ITU
and the French Ministry of Posts and Telecommunica-
tions as well as several scientific societies including IEEE/
COMSOC which are acting as sponsors.

The international Steering Committee, chaired by John
S. RYAN of AT&T Bell Labs, met in Geneva during
TELECOM ’91 and approved the programme and the
campaign to launch this event.

The Programme Committee, chaired by Michel TRE-
HEUX from the General Directorate of FRANCE
TELECOM, has seledted 58 papers from the 130 that
were proposed in reply to the call for papers. These
papers, of which 44 originate from 14 countries other
than France, have been divided into 11 sessions centred
on the following themes:

® Network user needs.

e Intelligence in public networks.

o Intelligence in private/corporate networks.

@ Intelligent network management.

® Personal telecommunications and mobility.

® Intelligent network applications.

Senior representatives from FRANCE TELECOM,
NTT and BELLCORE will take part in the opening ses-
sion, and to close the conference a round table has been
organised with delegates from regulatory bodies on the
theme of ONA/ONP.

The very high quality of the papers selected has led the
organisers to propose a “tutorial” day. This day of initia-
tion for newcomers, which has been prepared by Sup
Telecom, will take place in Bordeaux on 2 March.

This conference is composed in such a way that its
members represent different components in the field of
intelligent networks: telecommunications operators,
telecommunications and data processing equipment
manufacturers, university researchers and teachers and
network users. Many eminent foreign speakers have
agreed to participate, thereby adding a representative in-
ternational dimension to the conference.

In order to give a certain prestige to the conference the
Program Committee wished to invite a few keynote spea-
kers.

The conference will therefore be opened with speeches
by S. SUSUKI, head of IN laboratories at NTT, D. P.
WORRALL, Vice-President of the Network Control
Technology Division at Bellcore, and J.J. DAMLA-
MIAN, Marketing Director at FRANCE TELECOM.

To close the Conference program there will be a debate
led by J.P. ROY from the DIEBOLD Agency where rep-
resentatives from regulatory bodies (FCC, OFTEL,
DGXIII, ...), ministries and large companies will be in-
vited to talk about intelligent networks, thereby posing
fundamental questions concerning the structure of public
networks.

This program brings together all the ingredients that
are likely to make it a great international success. |

M LIGHT EMITTING SILICON CHIPS MAY
SPEED COMPUTER LINKS

Specialists working in the UK have devised a way to
modify silicon wafers that enables them to emit light
when excited by a laser, a capability that could be used to
provide high speed communication between computers
and possibly bring nearer the day of the viable optical
computer. It also offers the prospect of reducing the cost
of connecting telecommunications equipment to the
fibre optic cables that greatly increase network capacity
compared with the traditional wires.

In.curent technology, gallium arsenide chips are used
as light-emitting diodes to convert electrical signals into
light. This relatively exotic material is, however, much
more expensive than silicon, and in addition, chips made
from it cannot have the same degree of circuit density.

Now researchers at the Royal Signals and Radar Es-
tablishment (RSRE) at Malvern, Western England,
have been able to demonstrate for the first time that very
thin filaments of silicon will emit light when excited by a
laser. The team is now concentrating on developing the
concept to enable light to be emitted when an electric
current is applied to the silicon.

Dr Leigh Canham, one of the project scientists, said
that their aim was to design what would be the first sili-
con light-emitting diode, and later possibly to create a
silicon solidstate laser. The researchers have already
succeded in modifying an ordinary silicon chip into a
network of strands of silicon, known as quantum wires,
some 15,000 times thinner than a human hair, by using a
type of etching process.

Quicker and less costly than methods involving epi-
taxy (depositing a thin layer) or lithography (another
form of etching), their innovative approach involves dis-
solving most of a very thin surface layer in a bulk silicon
wafer, to leave a network of isolated ,wires” of the
desired thickness. In this process, the silicon chip is ex-
posed to hydrofluoric acid within an electrochemical
cell. Small holes are thus eroded into the material, which
can then be enlarged by further chemical dissolution
until they inctersect, leaving the remaining wafer ma-
terial in the form of strands.

The frequency of the light emitted by the silicon can be
selected by varying the thickness of the wires. Mesopor-
ous silicon layers (material in which the holes are 20—25
Angstroms wide) of about 80 per cent porosity (air:sili-
con ratio) has been shown to emit visible red light at
room temperature when excited by unfocused blue or
green laser light, said Dr Canham. He explained this was
due to two-dimensional quantum size effects which do
not occur in the case of bulk crystalline silicon.

Information from London Press Service
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International Workshop

will be organized by the IEEE Joint Chapter of Societies Communication and Microwave
Theory and Techniques and the Scientific Society for Telecommunications, on the topic of

PERSONAL COMMUNICATIONS AND INDOOR AND MOBILE RADIO

in Siéfok, Hungary, 26—27 May, 1992

The workshop belongs to a series of regular Symposia in this topic; the previous was organized in
London, September 1991, the next will be in Boston, October, 1992.

The subject of the Workshop covers any aspect of the topic, including networking, services,
propagation phenomena and equipment design, problems of modulation, coding, etc.
International Technical Program Committee:

Frigyes, Fazekas, Aghvami, Baal-Schem, Berceli, Blake, Kato, Ohrvik, Pahlavan

A formal call for papers, including registration fees, accommodation possibilities, transport to Siéfok
and others, can be asked from the Scientific Society for Telecommunications,
Budapest, Kossuth Lajos tér 6—8, 1055. Hungary,
(Mrs. Katalin Mitdk, phone: +361-153-1027, fax: +361-153-0451).

In the year 1992 we are continuing to publish the JOURNAL ON COMMUNICA-
TIONS alternately in English and Hungarian, focusing each issue on a selected signi-
ficant topic guest edited by an outstanding expert in the field. The planned issues are
the followings:

Reliability in electronics — Computer aided circuit design — Speech processing —
Personal communications — Optical communications — Medical electronics (in
English)

Acoustics — IC testing — Telecommunication services — Telecommunication sof-
twares — Digital audio broadcasting — Digital satellite communications (in Hun-
garian)

The subscription rates will not be changed in 1992.

Subscription orders can be sent to the publisher Typotex Ltd. H-1015 Budapest, Bat-
thyany u. 14., phone: (361) 201-3317. Transfers should be made to the Hungarian
Foreign Trade Bank, H-1821, Budapest. Account number: 203-21411

Informations for authors

JOURNAL ON COMMUNICATIONS is published monthly, alternately in English and Hungarian. In each issue a signifi-
cant topic is covered by selected comprehensive papers.

Other contributions may be included in the following sections:
¢ INDUVIDUAL PAPERS for contributions outside the focus of the issue,

e PRODUCTS-SERVICES for papers on manufactured devices, equipments and software products,

* BUSINESS-RESEARCH-EDUCATION for contributions dealing with economic relations, research and development
trends and engineering education,

e NEWS-EVENTS for reports on events related to electronics and communications,

e VIEWS-OPINIONS for comments expressed by readers of the journal.

Manuscripts should be submitted in two copies to the Editor (see inside front cover). Papers should have alength of up to 30
double-spaced typerwritten pages (counging each figure as one page). Each paper must include a 100—200 word abstract at
the head of the manuscript. Papers should be accompanied by biographies and clear, glossy photographs of the authors.

Contributions for the PRODUCTS-SERVICES and BUSINESS-RESEARCH-EDUCATION sections should be limited
to 16 double-spaced typewritten pages.

Original illustrations should be submitted along the manuscript. All line drawing should be prepared on a white background
in black ink. Lettering on drawings should be large enough to be readily legible when the drawing is reduced to one- or two-
column width. On figures capital lettering should be used. Photographs should be used sparingly. All photographs must be
glossy prints. Figure captions should be typed on a separate sheet.

For contributions in the PRODUCTS-SERVICES section, a USD 110 page charge will be requested from the authof's com-
pany or institution.
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KONTRAX TELEKOM: A NEW DYNAMIC COMPANY
ON THE TELECOMMUNICATION MARKET

DEAR READER,

Welcome by the new company Kontrax Telekom. We hope we shall not
only meet on the pages of this magazine but can also become business
partners.

Perhaps you will find this letter peculiar because you have heard of Kontrax
before. The explanation is simple.

Kontrax was founded in 1987. During a dynamic expansion period, in ad-
dition to traditional office techniques, new activities such as telecommunica-
tion and optics have been started. Therefore company management decided
to create new independent companies for each of the profiles.

Kontrax Telekom Company has been registered this May. It follows from
our name that our intention is to take part in the development of domestic
telecommunication.

This kind of activity has not been unfamiliar for us. Besides the PTT, we
have been the first dealers of telecommunication equipments such as phones,
fax machines and PABX’s.

But our aim is more than simple trading. One of our important tasks is to
participate in organizing local phone companies. Besides, we intend to in-
itiate the development of other telecommunication services.

Because perfect communication is essential for all of us, we are sure one
day we shall be able to give you a specific offer. Perhaps we can help you al-
ready now by introducing Kontrax Telekom’s acitivities and product ranges.

Ericsson BCS 90 digital PABX’s are offered in
two versions by Kontrax Telekom.

The BCS 90/24 handles 8 trunk lines and 16 ex-
tensions, and should be operated with Ericsson type
phones. :

The BCS 90/66 system can be extended up to 18
trunk lines and 48 extensions. It can handle tradi-
tional phones too but the special services are avail-
able only by phones developed for this system. The
system can be applied as a partner system for an-
other exchange, and is also suitable for computer
data transfer.

The Ericsson BCS 150 digital system can handle
up to 40 trunk lines and 150 extensions. The services
can be established in a flexible way, taking into ac-
count the activity of the user, type and direction of
internal information flow etc. The system is capable
of transmitting voice, written text and data, and can
be classified from the viewpoint of calls, trunk line
usage and tariff counting, further the services avail-
able for all subscribers.

The Ericsson BCS 150/Hotel version is recom-
mended by Kontrax Telekom for hotels. This system
includes a special software and guest room phones.

The exchange systems of the world famous com-
pany Ericsson provide a wide selection of conveni-
ent services meeting even professional require-
ments.

For customers requiring only few lines, the Soolo
8 and Soolo 16 electronic systems of the Finnish
company Nokia are recommended by Kontrax Tele-
kom.

The Jazzi is a digital exchange with stored pro-
gram control and has two versions. One has a maxi-
mum capacity of 4 trunk lines and 12 extensions
while the other offers 10 trunk lines and 32 exten-
sions.

The Soolo and Jazzi systems with their small space
requirement, elegant outfit, reliability (assured by
up-to-date components) and wide range of services
are especially suitable for smaller offices, bureaus,
agencies, motels, further for educational, health and
cultural institutes.

The Nokia Dixi is a totally electronic, digital,
stored program controlled system suitable for voice
and data transmission so that computer devices can
also be connected. It is offered in 3 versions. The ca-
pacity of MINI DIXI is 192 line endings. DIXI 700
can handle 150 trunk lines and 704 extensions while
DIXIREMOTE handles 196 lines and connects to a
central DIXI via PCM trunks.

Optimum configuration can be established by
special software and hardware matched to the user
requirements such as a stand-alone small system, a
DIXI programmed for hotels, hospitals, or used by
several companies.

A DIXI network of as many as 2400 lines can be
established by interconnecting more PABX’s. All
extension users may benefit by the advantages of a
digital system.
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