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SLOVENIAN PROJECT "YOUNG RESEARCHERS"

As early as in the 1985 Slovenian Ministry for Science and Technology started a project "Young
researchers”. The main scope of the project was to stimulate the introduction of young industrial
researchers in the scientific field of Slovenia. This project, after nearly 10 years, is probably the most
successful project in Slovenia.

Ministry grants to the scientific organisation in which the young researcher makes his stage the
expenses of his salary. After the scientific stage the researcher is supposed to work for the company
where he came from.

There are three different levels of the stage. A two year stage in a scientific or research organisation
with no academic title reached after the stage. Only an internal "specialist” nomination is given. A three
year Slovenian master of science stage is the next possibility related also to formal study on one of the
faculties, with reaching the Slovenian title "magister of science”. Another two year stage in connection
with the university can bring the researcher to the title of "doctor of science”.

In the field of Electronic components and technology, 61 researchers participated in the project. 34 of
them reached their goal, no one missed it. 7 researchers were given the doctor’s title, 20 the master’s
one and 7 specialist nomination. 27 stages are still running.

Where are working the researchers who finished the project? 19 remain in the research institute, 13
are employed in the industry and 2 are abroad. This means 50% of the final scope was reached but it
is to mention that this result is influenced by the crises in Slovenian industry which is not able to receive
all researchers back. (For example Iskra reduced employment from 36.000 units to less than 12.000).

There are four research institutions acting on the project in the electronic components and technology
field: Faculty for Electronic and computer sciences with five laboratories (FER), Faculty for machine
engineering, Institute for electronic and vacuum technology (IEVT) and Mikroiks (a private research
company). Most of the young researchers are doing or they made their stage in the laboratories leading
by L. Trontelj and J.Furlan on the FER and B.Jenko on the IEVT.

The data given here are published for the first time and | hope you find them at least interesting.
Personally | hope the project will continue with the same success.

MIDEM Society President
Dr. Rudolf Rocak
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OPTICAL AMPLIFIER IN COMMUNICATION NETWORKS.
CURRENT APPLICATIONS AND PERSPECTIVES

S. Cecchi, G. Randone and S. Rotolo
ltaltel, Central Research Laboratories
Castelletto di Settimo Milanese, Milano (ltaly)

Keywords: communication networks, optical networks, optical technologies, optical amplifiers, basic principles, state of the art, practical applications,

EDFA ampilifiers, SOA amplifiers

Abstract: Optical amplifiers may be considered one of the most significant innovation in the field of optical communication technologies, as they
will allow to overcome in principle several current bottlenecks in the evolution of optical networks. In this paper, basic aspects of optical amplifier
operation will be reviewed, and their use in different network applications will be discussed.

Optiéni ojaCevalnik v komunikacijskih omrezjih.
Uporaba in bodo¢nost

Kljuéne besede: omreZja komunikacijska, omreZja opti¢na, tehnologije opti¢ne, ojadevalnik opti¢ni, osnove, stanje razvoja, aplikacije praktiéne,

EDFA ojagevalniki, SOA ojacevalniki

Povzetek: Opticni ojacevalniki so ena najbolj pomembnih inovacij na podrodju optiénih komunikacijskih tehnologij, saj bodo v principu omogodéili
premagovanje nekaj ozkih grl pri razvoju opti¢nih omreZij. V tem prispevku smo opisali osnovne principe delovanja opti¢nih ojadevalnikov, kakor

tudi njihovo praktiéno uporabo v razliénih komunikacijskih omreZjih,

1. INTRODUCTION

After more than 20 years of continuous progress, optical
fibre transmission systems have become the dominant
technology for telecommunication networks. At present,
more than 50% of long haul traffic in high developed
industrial countries is routed through optical cables; the
overall volume of optical fibres already installed world-
wide is approximately 50 million-km.

In spite of the fact that optical communications can be
considered a well established and mature technology, a
strong evolution is still taking place both as regards new
devices development and proposals for new system
concepts; the reason is that, for the time being, only
Long Distance Transmission, among the main sectors
of a communication network, has been fully involved in
taking advantage from optical technology; while the
others (Switching and Customer Access) still remain
quite far from achieving similar results, and strong inte-
rest exists to bridge this gap.

'"This paper is the first of a series, which will be
presented on MIDEM during 1994, concerning ad-
vanced topics in optical technologies and systems.
The next contribution will deal with optical intercon-
nections and integrated optics, and the last one will
discuss a specific application to multiwavelength
transport networks
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Extending the penetration of optical technologies to
switching functions and access systems may in fact
trigger a potential revolution in the network performance
and effectiveness, resulting from a very high increase in
data throughput and from an overall optical compatibility.
in particular, penetration of optical fibres in the local loop
will create access for everybody to a cost-effective al-
most unlimited bandwidth.

The ultimate objective of a fully optical network cannot
be considered of course within easy reach of currently
available technologies: optical switching, for instance,
still requires some fundamental advance in optical pro-
cessing to become a practical opportunity. Other con-
straints, not less important than technical problems, are
limiting the growth of optical technologies in the access
network, as cost, market competitions, lack of interna-
tional standards, and it is beyond the scope of this paper
to discuss these aspects in more detail.

Even if the progress route may be still very long, the
development of the optical amplifier can be considered
a major milestone along this route, similar in nature to
other fundamental breakthrough, like the CW operation
of the semiconductor laser and the development of a low
loss optical fibre, at the beginning of years '70. The use
of the Erbium-Doped-Fibre-Amplifier (EDFA) high gain
and low noise properties result in a dramatic improve-
ment in performances of optical links; but in addition the
optical amplification principle makes possible to forecast
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the practical implementation of a number of optical
network architectures, which were considered until now
only in terms of theoretical or laboratory feasibility.

In the following, operating characteristics, design criteria
and different applications for optical amplifiers will be
reviewed.

2. OPTICAL AMPLIFIER CHARACTERISTICS

Optical gain in an inverted population medium is a
well-known process; when the gain is controlled by the
optical feedback of a resonant cavity, a laser oscillation
sets up; when the feedback mechanism is suppressed,
the active medium is able to amplify an incoming optical
signal. The amplification process depends on several
parameters: the spectral gain profile, the optical signal
wavelength, the structure and relaxation time of excited
levels in the active material and the excitation mecha-
nism for the population inversion.

The structure of a very high power laser (in nuclear
fusion research, for instance) is based actually on a
master laser oscillator and a cascade of several bulk
amplifier stages, which are able to reach optical pulse
power in excess of GWatts.

The optical amplifier for communication applications is
based on the same principles, but includes a specific
important feature, which makes possible to control very
precisely the amplification parameters like gain and
noise with high overall efficiency. This result has been
obtained by using a dielectric waveguide for optical
confinement of the active medium. In particular the
waveguide can be realised by an optical fibre or by the
active region of a semiconductor laser. The optical con-
finement in the core region of the waveguide is very
effective in allowing a high degree of control in the
design parameters of the amplifier, like the active mate-
rial volume, the overall gain, the coupling of the excita-
tion pump. Moreover, the nearly ideal matching of the
active fibre with the fibre used in the communication
network makes almost straightforward the add-on of this
new device into the existing equipment.

The careful optimisation and matching of these parame-
ters, which has been the subject of an intense develop-
ment activity in the past 5 years /1//2/, has given finally
to the communication engineers the real opportunity to
achieve, for the first time, the control of the optical carrier
in the electromagnetic regime, without being obliged to
step back and forth to the low frequency scalar compo-
nents of the field (voltage and current) for signal ampli-
fication purposes. This is the real meaning of the con-
ceptual innovation introduced by the guided optical am-
plifier, which opens the way to implement a wide range
of new data processing methods in the optical domain.

To discuss the amplifier characteristics in more detail let
focus on the fibre structure first.
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2.1 Fibre amplifier

The structure of an Optical Fibre Amplifier (OFA, Fig. 1)
is very simple in principle; it includes a short length (a
few meters) of active fibre, a wavelength division multi-
plexer to couple into the active fibre the signal optical
carrier and the pump intensity, an optical isolator on the
output port, in order to avoid any parasitic light reflection
which may cause spurious laser oscillation in the active
medium and a pump source; due to the high gain
available, isolation in the range of 50 + 60 dB is usually
required, and therefore the isolator is quite critical for a
correct operation of the ampilifier.

optical  wom EDFA

isolator  coupler
" o ()
> -l r%]
[I:P, _____ I

Pump source

Pout

ASE

Fig. 1: Optical fibre amplifier: schematic block diagram

Let discuss in some detail the OFA components:

— active fibre

The principle of using a guided structure for increasing
the efficiency of the optical gain in an inverted medium
is indeed very old. As early as in 1963 /3/, for instance,
well before the introduction of fibres for communication
purposes, a Nd doped fibre was realised to demonstrate
the possibility of high optical gainat A = 1060 nm.

At present, two wavelength bands are considered for
optical amplifiers, at A = 1300 and 1550 nm; a number
of so called Rare Earth Elements in the Periodic Table
can have the appropriate electronic levels structure to
allow for stimulated emission at the required wave-
lengths: most popular examples are Praseodymium for
the 1300 nm band and Erbium for the 1550 nm band.
Efficient doping with Er has been achieved in silica-ba-
sed fibre /4/, while fluoride glasses /5/, of the so called
ZBLAN family, have been investigated for Praseody-
mium doping. Optical amplifiers with Erbium doped fi-
bres have become available commercially since 1991,
while Praseodymium doped fibres still remain at the
stage of a research product. Only very recently (at the
Optical Fibre Communications Conference, February
1994) Hewlett-Packard has announced the first com-
mercial amplifier for the 1300 nm optical band. In the
following discussion only Erbium doped amplifiers will
be considered.
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Even for the relatively well known Erbium Doped Fibre
Ampilifier (EDFA), quite a work for optimisation of fibre
material characteristics and structure is currently under
way; the objectives of this work are the increase of the
saturated power and saturated gain, a wider and flat
spectral gain profile and a better pump efficiency. Me-
thods to achieve these results may involve the use of
co-dopants, like Al and Yb, to increase the spectral
bandwidth and the pump energy transfer, anincrease of
the fibre Numerical Aperture and a reduction of the core
diameter in order to increase the power density along
the signal path. Process technology still needs definite
improvements to control these effects (In particular co-
doping), in order to satisfy design specifications and
achieve a good level of reproducibility .

— WDM coupler

To couple into the active fibre the pump power, a wave-
length sensitive coupler is required to achieve a mini-
mum signal loss at Asig , and a maximum power transfer
at the pump wavelength. In the most widely used confi-
guration, the coupler is based on the directional coupler
principle /6/; two fibres are fused together and pulled
apartin orderto bring in a close proximity the fibre cores
for a well defined coupling length. A coupled mode
propagation regime takes place, which causes a peri-
odic power transfer back and forth between the fused
fibres. As the transfer period (beat length) depends on
the wavelength, it is usually possible to find a coupling
length at which the required power transfer takes place
with defined transfer ratio for two selected wavelengths.

Very good and reproducible results are usually obtained
by a real time monitoring of the power transfer at the
specific wavelengths during the fibre fusion process.
The fused fibre Wavelength Division Multiplexer is a
simple, reliable and inexpensive solution, fully adequate
for 1550 nm EDFA amplifiers operating with 980 nm
pump wavelength, with insertion loss of the order of 0,2
dB and extinction ratio better than 20 dB. Less satisfac-
tory performance is available for operation with 1480 nm
pump, rather close to the signal wavelength:inthis case,
to achieve the required extinction ratio a cascade of two
or more identical WDMs may be necessary.

— opticalisolator

Optical isolation is increasingly important in many fiber
applications, as laser sources may show instabilities and
intensity noise, if even a negligible fraction of the optical
power is reflected back into the laser optical resonator.
To avoid these parasitic effects, optical isolators are
needed with an isolation ratio ranging from 30 to 60 dB.

The Faraday rotation (e. g. the non reciprocal rotation of
the polarisation plane whenthe light propagates through
certain crystals placed in a magnetic field, with the
Poynting vector aligned to the field) is the effect onwhich
most of optical isolators are based. The isolator basic
structure includes at the input port a linear polariser, a
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Faraday rotator which rotates the polarisation plane by
45° and an output polariser aligned with this direction;
any reflected light will be polarised at 90° with respect
to the input polariser and not transmitted. The actual
structure of an optical isolator is much more complex, in
order to compensate for the dependence on temperatu-
re, wavelength and input light polarisation state. Other
critical parameters are the extinction ratio of the polari-
ser, the Verdet constant of the material for the Faraday
rotator and finally the permanent magnet for the magne-
tic field. Therefore, a good isolator still remains quite an
gxpensive component, and its cost account for a sizea-
bie part of the full cost of the amplifier.

= pump sources

High power laser diodes are used as pump sources for
optical amplifiers. Pump wavelengths can be chosen at
800, 980 and 1480 nm for the Er doped amplifier. Initially
the 1480 pump wavelength was preferred because laser
diode reliability was better assessed for the already
developed InGaAsP/InP heterostructure system. Betier
performance may be achieved with pumping at 980 nm,
as far as noise figure and efficiency are concerned /7/;
moreover, 980 nm InGaAs/GaAs quantum well strained-
lattice laser diodes with output power in excess of 250
mW are becoming available with increasing confidence
about their reliability. Both 980 and 1480 nm pump
wavelength are still used with increasing interest for the
980 nm operation.

At present, the choice of a specific pump wavelength
imposes a number of compromises on other parameters
of amplifier components (for instance, on the WDM
coupler and on the fundamental mode cut-off of the
active fibre and related bend losses), and a comprehen-
sive evaluation of the best compromise is still under
investigation.

2.2 Semiconductor optical amplifier

The Semiconductor Optical Amplifier (SOA, Fig. 2) is a
basically different device with respect to the OFA, both
in terms of its fabrication technology, and for its rather
long term application potential.

Current

input facet

Pin Output facet
—
Poul
Metallization ASE

Galn region

InGaAsP-active layer

Fig. 2: Semiconductor optical amplifier: schematic

block diagram
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In practice, a semiconductor optical amplifier is basically
built with the same technology required for a semicon-
ductor laser, with one non trivial addendum: the need for
a full suppression of the optical cavity feedback, which
may be obtained by an efficient AR coating and by a
tilting of the cavity axis with respect to the mirror facets.
At present the SOA can not be considered as a practical
alternative to the fibre amplifier, due to several disadvan-
tages in its operation: among them the gain sensitivity
to the polarisation of the input signal, the ripple in the
spectral gain profile due to the residual reflectivity of the
chip mirrors, which still can not be controlied to the
required extent, and the high insertion losses due to the
fibre pig-tailing, which negatively affects the amplifier
noise figure. Moreover, the SOA may be affected by
cross-talk effects from different wavelength channels
and in the case of high speed modulation data transmis-
sion, due to the very short ( 1 ns) carrier lifetime. (In the
case of the OFA, the equivalent parameter is of the order
of several ms). A comparison between the two devices’
characteristics is reported in the following table (Tab.1):

SOA EDFA
GAIN >30dB >40dB
PUMP EFFICIENCY | »0,5dB/mA 10 dB/MW | @ 980 nm
5dB/mW | @ 1480 nm
EXCITED STATE 1ns 10 ms
LIFETIME
WAVELENGTH 700- 1600 | 1520 - 1580 nm
RANGE nm
INSERTION LOSS 5-6dB 0,5dB
OPTICAL > 40 nm > 20 nm
BANDWIDTH
NOISE FIGURE 5-6dB 3dB @ 980 nm
6dB @ 1480 nm
SATURATION > 10 dBm > 27 dBm
POWER
POLARISATION YES NO
SENSITIVITY
CROSS-TALK YES NO
SENSITIVITY
OEIC CAPABILITY YES NO

Tab. 1 - Performances of Semiconductor Optical Ampli-
fier and Erbium Doped Fibre Amplifier

Perhaps, the most interesting potential feature of the
SOAs its full integration compatibility with a monolithic
Opto Electronic Integrated Circuit (OEIC); even if this
potential could only be exploited in the long term, the
possibility of optical signals amplification is a necessary
condition for considering photonic circuits a feasible
target. Otherinteresting intrinsic features of the SOA are
the high speed direct current modulation capability
(which may be used for optical signal processing), the
wide band (0,5 GHz) photodetection capability, which
may be used to sample the data of the optical carrier
being amplified. By using a diffraction grating on the
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active region (like in a DFB laser structure) a narrow
band active optical filter can be also implemented.

Feasibility of all these features has been already expe-
rimentally demonstrated and offers a wide range of
interesting opportunities in the future development of
advanced optoelectronic components and system, not
only for telecommunication applications, but also for
optical sensors and measurement’s techniques. More
details on SOAs can be found in /8/.

2.3 Operating characteristics and noise propetrties

One of the distinct advantages of optical amplifiers is
their full transparency to the optical carrier modulation
format, and the possibility to operate in a multiwave-
length environment (Fig. 3). This flexibility is a key factor
for understanding the impressive growth of commercial
applications, in a very short time with respect to the R&D
results. In fact, the EDFA is suitable for immediate
upgrading of an existing optical communication link, and
can easily accommodate future upgrading of the link as
far as bit rate or data format are concerned. These are

- Transpsrency with reapsact 1o data format

Ansiog APV
eV S S——— .

Digitat J—L_J"l_‘ I N (s WO

- Trenapsracy with raspect to data bil rete

[P o N e T ,>_.~__> . >____," i e U
sruts UL~ P i

- Multlchannel systsm using Wavelangth Dhasion Muttiplexing (WOM)

c s (spiitters)
) —
2>
Fig. 3: Some peculiar characteristics of optical amplifier

valuable assets for Telecommunication Operators, that
are always very conservative about any innovation that
may cause a premature obsolescence of the huge inve-
stments already made in a network.

The EDFA can be designed for several specific functions
in an optical link. It can be used as a booster on the
transmitter side, to achieve high fibre input power, not
available by standard semiconductor laser sources, as
high gain preamplifier in front of a PIN photodetector on
the receiver side, or as a line repeater. The noise figure
is the relevant parameter that set a limit to the amplifier
performance, at least as optical preamplifier or as line
repeater.



S.Cecchi, G.Randone, S.Rotolo: Optical Amplifier in
Communication Networks. Current Applications and ...

Informacije MIDEM 24(1994)2, str. 87-94

Factors affecting the noise figure of an optical amplifier
are due to the spontaneous emission, to the population
inversion mechanism and to the signal losses (for cou-
pling, residual reflectivity, absorption and scattering in
the active medium). In particular, the amplified sponta-
neous emission (ASE), due to its wide spectral ban-
dwidth, is causing a beat-noise in the optical detection
process, due both to the signal-ASE beat and ASE- ASE
beat, which set a fundamental limit of 3 dB for the noise
figure of the amplifier /9/.

The noise figure (NF) is defined as the ratio between the
amplifier input and output signal to noise (SNR) ratio,
and is always greater than unity; in the limit of large
amplified signals, NF can be written /10/ as

2 N(vs) + Imcnon vl
G(vs)

NF =

where ne, no and nr are the fibre-detector coupling
efficiency, the detector quantum efficiency and the tran-
smission (at vs) of an optical filter placed in front of the
detector to limit the ASE spectral bandwidth; G is the
EDFA gain and N the ASE noise, that can be written as
a function of the spontaneous emission

N(vs) = Nsp (vs) (G (vs) — 1)

where the spontaneous emission factor ns, can have
different expressions depending on the excitation me-
chanism, but it is unity when a full population inversion
is achieved.

in ideal conditions for the detection process (¢, no and
nF = 1), and in the high gain regime (G >> 1), from the
above expressions results NF = 2ngp; therefore, as much
as full population inversion is achieved, as in the case
of 980 nm pumping, the noise figure is near its limit of 3
dB. The simple concepts outlined here are very useful
as practical amplifier's design rules for specific applica-
tions.

3. TECHNOLOGY AND DESIGN

A fiber optic amplifier can be designed with different
criteria depending on the specific application. For digital
communications saturated power is the main parameter
for a booster amplifier, while small signal gain and noise
figure are most important for a preamplifier and all these
characteristics are relevant for a device used as line
amplifier. Polarization sensitivity and polarization mode
dispersion (PMD) shall also be considered, specially for
analog applications, where distortion becomes the limi-
ting factor. Gain equalization across the optical spec-
trum is evidently of primary importance for multiwave-
fength applications.

Some of these characteristics, as for example gain
equalization, depend on the intrinsic properties of the
active fiber. In aluminosilicate fibers for instance, due to
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homogeneous line broadening, the saturation spectrum
is substantially broader and flatter than in other kinds of
fibers /11/.

Amplifier’s different architectures essentially reflect dif-
ferent pumping schemes (Fig. 4). Co-propagating pum-
ping gives the best performances in terms of noise
figure, as gain is higher in the first portion of the active
medium, while counter-propagating and bidirectional
pumping provide higher output power. With counter-pro-
pagating pumping moreover, especially in the case of
1480 nm pump wavelength, the residual pump power
does not need to be filtered out from the signal line.

More sophisticated architectures can also be implemen-
ted: as an example, cascading of two stages with diffe-

Ao M B

24 0=

(0]
P. Pus
= "_E B_JT — o

Fig. 4: Pumping schemes for EDFAs.

a) co-propagating; b) counter-propagating;
c) bidirectional

rent gain and insertion of filters and optical isolators
within the amplifying stages allow for shaping of the gain
spectrum and provide improvement to the noise figure.

There are some technological limiting factors to the
performances attainable from fiber optic amplifiers to
date. Forinstance, even though it is possible in principle
to increase the saturated power by cascading several
amplifying stages, reliability assessments require to limit
the number of pump sources, which are the most critical
components from this point of view. With the most widely
used pumping techniques, based on single mode laser
diode sources which can provide about 150 mW from
the chip at most, this sets a limit of 15-17 dBm to the
power attainable from an amplifier. Losses in efficiency
are caused essentially by the pigtailing of the laser with
the fiber, with almost 50% coupling loss, by the intrinsic
fiber efficiency (around 50% with the most recently
developed active fibers) and by the insertion losses of
passive components like couplers and isolators.

For high power amplifiers, a cladding pumping techni-
que has been recently developed /12/. The radiation
from the pump source is injected into a large diameter
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(50 um or more) guiding cladding sorrounding the active
core. In this way high power (half watt or more) laser
sources can be used.

To increase the absorption of pump radiation, Ytterbium-
Erbium codoping has also been developed /13/. Ytter-
bium ions show a strong absorption band around 980
nm, more than 100 nm wide and excitation in this band
is followed in phosphate glasses by efficient energy
transfer to the resonant level of Erbiumions. The Erbium
absorption cross section is therefore substituted by an
effective cross section proportional to the ratio of Yiter-
bium to Erbium concentrations.

This mechanism is not effective in pure silica or alumi-
nosilicate glasses, therefore a compromise between
spectral characteristics and power shall be accepted. In
addition the broad absorption spectrum allows for less
stringent requirements on pump wavelength stability.

A4

A .
\\4\
®80nm) 980nm
1680 nm 1480 nm
Yo * Er >

Fig. 5: Sensitization by Ytterbium-Erbium co-doping
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4. APPLICATIONS AND TRENDS

4.1 Long haul

Afew application schemes for long haul communication
networks are illustratedin Fig. 6. Application of the EDFA
to end functions (booster or optical preamplifier, Fig. 6b),
in a point to point link, does not change the system
design criteria. Only the use of the EDFA in a multi-
repeater network application (Fig. 6d.f) affects the fun-
damental system characteristics and design rules. In a
conventional (3R) electronic repeater technique, resha-
ping, retiming and regeneration functions are necessary
which strictly depends on modulation formats and bit-ra-
te. The 1R (Reshaping with available bandwidth up to
15 GHz) characteristics of the optical repeater make
possible the direct handling of a fullrange of signals, with
some care (optical band pass filters) to avoid the accu-
mulation of ASE noise and saturation effects in a casca-
de of line repeater. In fact the noise figure optimisation
may become the critical parameter for optical line repea-
ter design, since for this application, both low noise and
high output power capabilities are required. Other im-
portant system design aspects concern the position of
the repeater along the link, which should be selected
according to the best compromise between linear and
saturation regime, in order to take the best advantage
from the available NF of the amplifier. In the following
table (Tab. 2) are reported resuits of a few experiments
on long distance transmission with optical repeaters.

Lina terminal
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Fig. 6: Examples of application of OFAs in long haul links
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Fig. 7: Example of application of OFAs in a multi-repeater system operating at 10 GBit/s

Bit Rate Link length N. Repeaters Laboratory for commercial applications of optical repeaters are the

(Gbit/s) (km) undersea communications: two sub-marine links
25 1316 o6 ALCATEL equipped with EDFA both in the Atlantic (TAT-'12) and

Pacific (TPC-5CN) oceans, are already plannedin 1995-

2,5 2500 24 NTT 96
2,5 4500 48 NTT
5 14300 47116 (loop) AT&T 4.2 Distribution network
10 1500 22 KDD

Tab. 2- Transmission experiments with optical repeaters
Atypical layout for a multi-repeater system is presented

inFig. 7, with total link span of 505 kmand 5 intermediate
repeaters 80 km spaced/14/. The most likely candidates

22 Gb/l_)l l

Characteristic topology of a distribution network is based
on a point to multipoint architectures, which are sche-
matically shownin Fig. 8. In many cases thisimplies that
the ‘signal power is splitted during transmission and
distributed to each receiver. Therefore the available
optical power is the factor which limits the maximum
number of subscribers.
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fibre EDFA fibre
PRBS = =
e lor [:}f— _/\___Q_{}>__<..€_Q~é<m<~—#{j
Lo 1*7 17! 1*7 1*7 1*3! tunable
[ | I b fitter
155 Mb/s DFB Lasers 1 i ! I
video | | H
Remote Head-End ! Exchange Local Loop Recelver
220 T T T T

-47.0

Optical Power (dBm)

§ WS S S SN W N

160 PAL video channeis
7203 network users

AM. Hill et al,

LECTRON. LETT., Apr '80)

1650

1575

Wavalangth (nm)

Fig. 8:
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Example of application of OFAs in a broadband distribution network
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The high power EDFA is the natural solution to remove
this limit; in principle, a 20 dB gain amplifier can increase
the number of subscriber by a factor of 100, and it can
be applied many times in the network when required.
The low harmonic distortion and cross-modulation di-
stortion characteristics of the EDFA are also very intere-
sting for multiwavelength and multichannel transmission
formats, which would be implemented in the future bro-
adband distribution network. The combination of WDM
techniques and multistage optical amplification has be-
en already demonstrated /15/ potentially suitable for
distributing more than 600 TV channels to more than 40
million users. Even if practical implementations of these
applications still remain a quite long term target, a bright
future is foreseen for the optical amplifier in the local
loop.

5. CONCLUSIONS

A broad survey on optical amplifier characteristics and
application features in telecom-munication networks
has been presented. A wide range of very appealing
opportunities for upgrading existing system performan-
ce have been already well demonstrated by field trials
and laboratory experiments, but also are strongly sup-
ported by an increasing number of commercially availa-
ble equipments.

While a basic understanding of optical amplifier opera-
tion has been achieved, many improvements in the fibre
materials and guiding structure and in passive optical
components are still actively under investigation, which
may allow better performances, new design criteria and
overall cost reduction. Cost is actually a limiting factor
for a widespread use of optical amplifier in communica-
tion networks.

Still in the background, as far as practical applications
are concerned for the time being, the semiconductor
optical amplifier should not be neglected; in the medium
term it may offer the right solutions for optical switching
systems, where the monolithic integration of complex
optical functions could be the only way for a practical
system implementation.
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Abstract: Device modeling at low temperatures is performed for several basic semiconductor devices (resistors, PN diodes, MOS capacitors). For
the purpose of validation of calculated results, test structures were fabricated and characterized. The comparison of measured and calculated results

indicates certain disagreement at low temperatures (< 30K).

Modeliranje elementov pri nizkih temperaturah

Kljuéne besede: naprave polprevodniske, modeliranje elementov, upori polprevodniski, diode junction, MOS kondenzatorji, temperature nizke,
vrednotenje rezultatov, rezultati izraduna, rezultati meritev, rezultati preskusanja, primerjava rezultatov

Povzetek: V prispevku je predstavljeno modeliranje elementov pri nizkih temperaturah za nekatere osnovne polprevodnigke strukture (upori, PN
dioda, MOS kondenzatorji). Izracunani rezultati so bili preverjeni z meritvami na izdelanih testnih strukturah. Primerjava izmerjenih in izradunanih
rezultatov kaZe na dolo¢eno odstopanje v podrodju nizkih temperatur (< 30 K).

1. INTRODUCTION

Low temperature operation of semiconductor devices is
gaining more and more attention in the semiconductor
community. This is the consequence of several impro-
ved material properties at low temperatures that are
crucial for the forthcoming solid state circuits with sca-
led-up complexity and performance.

At low temperatures, reduced carrier scattering results
in higher carrier mobility and consequently in faster
circuits. Better thermal conductivity allows greater po-
wer dissipation and therefore higher packing density and
complexity. Degradation processes are scaled down
many orders of magnitude leading to improved reliability
and higher circuit complexity. Integration with supercon-
ducting structures is a challenge.

Excellent review papers were published recently /1,2/
giving insight into the important effects that determine
device properties at low temperatures. Incomplete im-
purity ionization at low temperatures is still a demanding
problem, especially in the case of high doping /3-8/.
Carrier mobility variation with temperature is important
effect for accurate modeling /9-12/. Several carrier ge-
neration-recombination effects, not very influent at room
temperatures, should be taken into account at fow tem-
peratures to explain device behavior /13-16/. Internal
barrier effects appearing at low temperatures are beco-
ming important /17/. Selfheating effects can explain
anomalies in electrical characteristics /18/.
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In this work, the possibilities for device modeling at low
temperatures were studied. For this purpose, basic test
structures (resistors, junction diodes, MOS capacitors)
were fabricated and measured from room temperatures
to 20K. Device modeling was performed with device
simulator MEDICI1.1 and process modeling with pro-
cess simulator SUPREMS, both provided by TMA. Cal-
culated results are compared with measurements and
discussed.

Il. RESISTORS

Resistors are interesting semiconductor devices for low
temperature studies because they are relatively simple
devices (Fig.1), revealing therefore clearly the important
effects such as temperature dependence of mobility and
impurity freeze-out.

Experimental. To study low temperature effects test
resistors with three different doping leveis were fabrica-
ted, measured and modeled: low-concentration (/) resi-
stors, transition- concentration (&) resistors and high-
concentration (hg) resistors. Resistor impurity profiles
are shown in Fig.2.

Resistors with /c and hc profiles were made on P-Si
substrate, <100>, 16€2cm Boron doped. Low concentra-
tion N-type resistors (/c) were made by ion implantation
(Phosphorus, Energy 180keV, Dose 2.0e12¢m-2), follo-
wed by drive-in (T = 1150°C, t=15h, ambient O2 dry).
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Fig. 1: Resistor structure and modeling grid

High concentration P-type resistors (hc) were made into
previously described /¢ profile by an additional ion im-
plantation (Boron, Energy 60keV, Dose 4.0e15cm-2),
followed by drive-in (T = 975°C, t = 85min, ambient N2).
Both profiles were measured by spreading resistance
technique. The input profiles for device modeling, calcu-
lated and fitted by SUPREMS3, are shown in Fig.2 as I
and hc profiles.

Transition-concentration P-type resistor (&) was made
on N-type Si substrate, <100>, 10 Qccm Phosphorus
doped. Predeposition (BN975 solid diffusion source, T
= 830°C, t=120min, ambient N2) was followed by drive-
in (T = 1075°C, t = 120min, ambient O2 dry). The input
profile for device modeling, obtained by SUPREM3 and
fitted to the measurements (surface profile, sheet resi-
stance), is shown on Fig.2 as { profile.

3l

tWonsentranior x omtt)

ing

Distar. »

(M) rons)

Fig. 2: Resistor impurity profiles

Mobility model. Resistance vs. temperature for different
mobility models from room to low temperatures was
calculated and compared with measured results (Fig.3).
Different mobility models applied were /19/: concentra-
tion dependent mobility (CONMOB), analytical model
introduced by Caughey and Thomas and improved by
Selberherr (ANALYTIC), analytic model of Arora, et al.
(ARORA), carrier- carrier scattering mobility model by
Dorkel, et al. (CCSMOB), interface and bulk mobility
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model of Lombardi, et al. (LSMMOB), and Phu mobility
model (PHUMOB).

The influence of different mobility models on the calcu-
Jated resistance vs. temperature dependency can be
observed from Fig.3. Variation of modeling results for
different mobility models is considerable, illustrating the
importance of good low temperature mobility model. It
is concluded that the resistance variation with tempera-
ture (Fig.3) is best described with the model of Selber-
herr /20/, as shown separately in window on Fig.3a
(scale unchanged). This mobility model will therefore be
adopted for future calculations in this work.

Impurity freeze-out effect. The limitations of incomplete
impurity ionization model is the next question of impor-
tance. Since the temperature dependency of incomplete
jonization model directly influences the carrier freeze-
out, it seems to be most important model for accurate
device modeling at low temperatures. Therefore a brief
description of possibilities for the incomplete impurity
ionization modeling is given. Standard expressions for
ionized impurity concentration ND*, NA"in the incomple-
te impurity ionization model are /19/

Np
1+ GCBexp—E—F"k._r—EQ

Nb (1)

D)
1+ GVBexp

Na 2
A Er_Er (2)
KT

where Np, Na are total donor and acceptor impurity
concentrations, Ern, Erp Fermi electron and hole levels,
Ep, Ea donor and acceptor energy levels, and GCB,GVB
degeneracy factors for conduction and acceptor bands,
respectively.

It is well known /3/ that (1) and (2) do not describe the
deionization of impurities in the heavily doped regions
correctly. Application of (1) in the heavily doped N*
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region modeling leads to significant discrepancies be-
tween actual Nps and calculated ND+ 722/, Regions of lower doping
concentration (< 1e18cm-3) can be described adequately with (1) and have
therefore semiconductor nature of freeze-out. Regions of higher doping concen-
tration (> 1e18cm-3) are metallic in nature, not revealing any impurity freeze-out
even at low temperatures, and therefore are better described with the total
jonization assumption/8,21/. Modeling in the transition region (1e18 - 1619 cm-3)
is not straightforward. Actual ND+ probably lies somewhere between ND+ as
calculated by (1) and ND. By decreasing the temperature, the
uncertainty of Np. in the wansition region even increases. Simitar
conclusions hold for P* r€gions. This model inadequacy resuits
in inaccurate low temperature modeling of devices with
dominant transition concentration region.

It can be seen from Fig.3 that for lower doping concen-
trations standard model for incomplete impurity ioniza-
tion (1,2) performs well resulting in reasonable agree-

100 150
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Measured and calculated resistance vs. temperature for lc(a), te(b) and he(c) resistor

ment between measured and modeled values (Fig.3a).
For transition region of doping concentrations (1e18-
1e19 cm-3), the model forincomplete impurity ionization
(1,2) fails to give adequate results (Fig.3b). The model
fails completely at high doping concentrations above
1e19cm-3 where the only possibility to get correspon-
dence between measured and modeled results is to
assume total impurity ionization (Fig.3c).

HI. JUNCTION DIODES

Experimental. To study low temperature behavior of
junction diodes, N'P structures with impurity profile
shown in Fig.4 were fabricated. Impurity predeposition
step (BN975 solid diffusion source, T=930°C, t=40min,
ambient N2) was followed by drive-in (T=850°C,
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t=60min, ambient O2 dry). Input impurity profile for
device modeling was obtained by SUPREM3 simulation
fitted to measured values (junction depth, sheet resisti-
vity, surface profile).

Modeling. Simulation of PN junction at low temperatures
with standard ionization model (1) was performed. Cal-
culated free carrier concentrations are shown on Fig.4.
Strong carrier freeze- out effect calculated in highly
doped region is unrealistic as described in ch.Il. There-
fore the device was divided into two regions: high con-
centration region (> 3.8e18cm-3) with total ionization
assumption and low concentration region (< 3.8e18cm-
3) where standard impurity ionization model (1) was
preserved. Transition concentration between regions
(3.8e18cm-3) suggested in /21/ was applied.

Resulting free carrier concentrations, based on regional
impurity ionization approach, together with standard
calculation result for comparison, are given in Fig.5.
Regional approach gives more reasonable profiles and

V, = 0.1V
TOILION. 0o T o 300K
INCOMPLION,
stanciard :
reglonal o .
H

CONCENTRATONS (&. 1. coping)
ks & h H

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

Distanco (Mikcronsd

Incomplete impurity ivnization (regionai
approach)
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Incomplete impurity ionization at low temperatures (freeze-out)

seems to be the best solution in absence of exact model
for impurity ionization.

Forward I/V junction diode characteristics was
measured and modeled from room to low temperatures
{Fig.6). The correspondence is reasonable for higher
temperature (> 50K) and lower current (< 1mA). The
reason for disagreement at higher current, where ohmic
drop due to the series resistance plays most important
role, is probably in inaccurate modeling of series resis-
tance. This is the consequence of simplifications related
to the front contact topology of the device, influencing
accurate modeling of series resistance significantly.

Disagreement at low temperatures (< 50K) seems to
arise from the underestimated carrier concentration cal-
culated by simulator. This leads to the necessity for the
improvement of incomplete ionization model or for the
addition of other carrier generation models at such low
temperatures /16/.

10
1o’
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T
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-
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PN diode forward IV characteristics

Fig. 6.
(measured,modeled)
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IV. MOS CAPACITORS

Experimental. Test MOS capacitors (tox=96nm) were
fabricated on P-type 16Qcm Si substrate. Necessity for
front contacting of the bulk region led to high series
resistance of the bulk even at room temperatures. High
frequency (1MHz) CV plots were measured by HP
4280A C meter. Even at temperatures not much bellow
300K true high frequency CV curves could not be ob-
tained due to the extremely slow formation of inversion
layer under the gate. Therefore, deep depletion (DD)
curves were measured even at slow sweep rate (< 0.1
V/s).

Modeling. Modeling DD CV plots with Medici is not
possible since AC analysis cannot be performed in
conjunction with transient analysis. Therefore direct
comparison of whole calculated and measured curves

1.6e~010 . -

is not possible as well. Measured and calculated
capacitance and conductance in strong accumulation as
atfunction of temperature are presented in Fig.7. Incom-
pleteionization model (2) and ANALYTIC mobility model
/19/ were applied for the simulation. Since the tempera-
ture dependence of bulk series resistance is a dominant
mechanism that affects capacitance and conductance
of the sample /23/, reasonable agreement between cal-
culated and measured curves is obtained.

Another comparison between experiment and simula-
tion is related to the majority carrier freeze-out at the
edge of depletion region. In order to determine the
majority carrier concentration at the edge of depletion
region, 1/C2curves with slope directly proportional to the
majority carrier concentration /24/ were plotted for dif-
ferent temperatures /23/. Even at temperatures bellow
70K, the same carrier concentration was obtained as at
roomtemperature. This result, suggestingthat no carrier
freeze- outis presentinthe depletionregion, has already
been observed by other authors /25/. In contrast with

oo | PR BSOS B, B experiment, lower (regularly frozen-out) majority carrier
2e-010 / > ®o, concentration was calculated at the edge of depletion
T Loe-010 : region (Fig.8). Since this is an indirect comparison be-
» *F’g‘“g:: ! O NG LA TED tween experiment (capacitance) and simulation
e o oMb (majority carrier concentration) the question remains
200011 whether the extraction of majority carrier concentration
SRR —— T ey from measured capacitance at low temperatures can be
100 00 /o adequately described by conventional formulae /24/. If
— aue oon ' ' these formulae for doping profiling still hold at low
2 e ’ , temperatures, then the incomplete ionization model
oo moe ot L&, ’O/()/,o:;i’ , (1,2) seems not to be valid at the edge of depletion
Y g"ffg,..«f’ region, or some other carrier generation mechanisms
0 e~ G0 S e o are important. However, additional work on this subject
L O Y is necessary for answering these questions.
Fig. 7: Measured and calculated MOSC capacitance
and conductance
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V. CONCLUSION

Several basic semiconductor devices (resistors, PN
junction diodes, MOS capacitors) were fabricated,
measured and modeled.

For devices with sufficiently low doping concentrations
(low concentration resistor) reasonable agreement was
obtained down to 20K. Lack of a general model for
incomplete impurity ionization, valid for all doping con-
centrations, causes several problems for low tempera-
ture modeling of devices with highly doped regions.

Modeling of PN junction diodes with properly selected
models is in reasonable agreement for temperatures
down to 50K. At lower temperatures calculated currents
are lower then measured that is probably due to inade-
quate low temperature behavior of impurity ionization
model and possibly to additional carrier generation
mechanisms present in measured device.

In MOS capacitor, regularly frozen-out majority carrier
concentration was calculated at the edge of the deple-
tion region. Assuming the validity of expressions for
doping profiling at low temperatures points to the inac-
curacy of incomplete ionization model or presence of
additional carrier generation mechanisms at the edge of
depletion region.

Finally, due to ohmic drops in the frozen-out regions,
increasing importance of actual device geometry for low
temperature modeling was detected.
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superconductors, YBACUO supercondustors

Abstract: The series of high-Tc superconducting layered cuprate compounds, related with YBCO and/or LABACUQ, were investigated by electron
microscopy and electron diffraction. These studies showed that the superstructural ordering usually took place mainly in the "CuO-chain” layers.
Partial or complete replacements of Cu atoms by Ga, Al, ..., or S, C, ... atoms in the "chain"-layers induced commensurate superstructures or
incommensurate modulated structures in the investigated cuprate compounds without profound modifications of their basic crystal structures.

Superstrukture visokotemperaturnih supravodica; elektronsko
mikroskopsko istrazivanje

Kljuéne besede: superrprevodniki visokotemperaturni, kuprati, strukture kristalne, superstrukture, mikroskopija elektronska, difrakcija elektronska,

LABACUO superprevodniki, YBACUQO superprevodniki

Sazetak: Niz slojevitih kupratnih spojevas visokim temperaturama supravodljivosti, poput YBCOili LABACUQ, istraZivano je kori§tenjem elektronske
mikroskopije i difrakcije. IstraZivanja su pokazala da se superstrukturno uredjenje uobidajenc dogadja uglavnom u slojevima "CuO- lanaca”.
Djelomi¢ne ili potpune zamjene atoma Cu u ravninama "lanaca", atomima Ga, Al, ,ili S, C, ... uzrokovale su sumjerljive nadstrukture ili nesumjerljivo
modulirane strukture istraZivanih kupratnih spojeva, bez znacéajnijih modifikacija njihovih osnovnih kristalnih struktura.

1. Introduction

The onset of the discovery of a series of cuprate com-
pounds was given in 1981, with the synthesis of the
LazxSrCuOy4 (usually called LABACUO)", anisostruc-
tural variant of the compound La>CuQ4, known since
19732, After the discovery of a superconducting state
with the relatively high transition temperature in these
compounds (Te = 30K®), the material YBa>CusOs,
usually termed YBACUO (or "1-2-3", or "Cu-1212"), was
synthesized in 1987; it displayed the superconducting
properties at Tc =~ 93K, These materials are all layered
compounds, based on the ordered stacking of a limited
set of structural units, with the perovskite cube (general
formula ABO3) as the most dominant one. The basic
crystal structure of all superconducting cuprates is char-
acterized by the two-dimensional CuOg-layer, which is
generally believed to be crucial to superconductivity.

Since 1987., a large number of derivative cuprate com-
pounds were synthesized by doping or by substitution
of isovalent and oliovalent ions in the prototype LABA-
CUO and YBACUO materials.

An overview of structural features induced by these
element substitutions is presented here. The features
were studied®'% by High-Resolution Electron Microsco-
py (HREM) and Electron Diffraction (ED) which provided
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powerful insight into the structural changes at the level
of crystal lattice unit cell.

2. Basic crystal structures of superconducting
cuprates

The properties of new cuprate phases can be investiga-
ted by inducing some structural modification in the well
known phase and then, by correlating it with the effects
on the properties of interest; in the present case, the
properties related to the superconducting behaviour.
Besides a more physical way of modifying a phase of
material (by changing temperature, pressure, magnetic
or electric field, ..), a rather chemical way to modify a
compound is: the element substitution. This comprises
complete or partial substitution of the paricular element
at the selected crystallographic sites, as well as co-sub-
stitutions by isovalent or oliovalentions. It was found that
oxygen atom can be substituted by vacancy, or F, or S;
that Barium can be substituted by La or Sr; Yitrium by
Ca or La-group of elements; while Copper can be repla-
ced by transition metals, or Ga, Al, Hg, or even by the
anion groups such as COz or SOa.

Figure 1. presents the HREM imaging of crystal structu-
re of (Nd.gsCe.15)2Sr2GaCu20g phase, an YBACUO de-
rivative compound which reveals general feature of la-
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Fig. 1: High resolution image of the Ga-2212
compound along the ap' " direction. The atom
columns are imaged as dark dots. Unit cell is
indicated by full lines; the open dots represent
Sr, the squares represent rare- earth atoms in
the fluorite-like lamella; the large and small dots
represent Ga and Cu atoms, respectively;
Oxygen atoms are not imaged.

Pl

yered cuprates; each layer consists of one of the follo-
wing basic structure-type units'":

(i) perovskite structure-type - units labeled "P1" to
"P5"in fig.2; the single layer composition CuOa2.
depends on oxygen deficiency (0 < x £ 2);

(i)  rock salt structure-type, labeled "RS" in fig.2; the
single layer composition is BO (B= Ba, Sr, Tl,
Nd,);

(i} fluorite structure-type, labeled "F" in fig.2; the
double layer composition is A-O2-A (A=Y, Ca,
rare-earth).

The combinations of stacking of these basic structure-
types generate a number of derivative structures. All
structure-types are related to the perovskite lattice by
having a quasijsciuare mesh with the a%(u"ap(z{,pa'a"‘me's
within the layer; the third lattice parameter along the stacking direction depends

on the number of layers constituting one unit slab ¢ n

, as shown in
f p(m) = Ndp(g)
ig.3.

The basic crystal structures of two prototype materials
can thus be represented by the following stacking se-
quences:

-~ ...~ (LavBa)O - CuO2 - (La/Ba)O - ..., for LABACUO,
with the unit slab consisting of two basic structure-
types: -RS-P1- (the slab thickness: 1/2¢p ~ 2ap) and,

— ...-Cu01.5-Ba0-CuO2-Y - CuOz2-Ba0O- ..., for
YBACUOQ, with the unit slab consisting of four basic
structure-types: -P4-RS-P1-P5-P1-RS- (the slab
thickness: cp =~ 3ap), respectively.

®A eCu 0O

Fig. 2: Basic structure-type units: perovskite - P1 to P5; rock salt - RS; fluorite - F. Each unit characterizes layer structure

in the (axb) plane; layer stacking along the c direction.
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(a) Cu-1212 (YBasCusOy) phase; (b) Ga-1212 (RESr2GaCuz07) phase; (¢) Ga-2212 (RE2Sr.GaCuz0g) phase.

The chains of CuOs-squares run along the bp direction, while he chains of GaOs-tetrahedra run along the bo= ap-bp

direction;

The basic structure of the derivative compound
{Nd gsCe 15)28r2GaCu2Qg, which is imaged in fig.1, can
therefore be represented by the layer stacking sequen-
ce:

- ...-Ga0-8rO-CuO2-RE-O2-RE - CuO2-SrO- ...

3. Electron microscopy of basic structures and
superstructures of superconducting cuprates

3.1. Superilattices of CuO-chains in "pure”
YBACUO compounds

Animportant structural feature of the YBa>CusOy.5 com-
pounds, whose structure is schematically shown in
tig.3(a), is its variable oxygen content. For 6 = 0 half of
the oxygen sites in the CuOy.s layer are vacant (structu-
re-type "P4"in fig.2), so that the "CuO-chains" of corner
sharing "CuQs-squares” in the BaO-CuO-BaO lamellae
(fig.4(a )’ run along the !01(”5 ap(2) direction; the lattice is
orthorhombic "ORTO |" (fig.3(a)); the YBa20u307 phase exhibits
superconductivity below Tc = 93K. For 6 = 1 all oxygen
sites in the CuQ1.5 layer are vacant (structure-type "P5"
in fig.2.), so that no "CuO-chains" are created in the
BaO-Cu- BaO lamella; the lattice is tetragonal; the
YBa2CusOs phase exhibits no superconductivity down
to T=0K. For § = 0.5 the "CuO-chains" are created at only
half of the potential sites; each "chain" is succeeded by
a row of vacancies so that the YBa>CuzO6 s phase has
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the so-called "ORTO HI" superlattice'?: ay=2ap(),

bi=ap@)’ “1=Cp, Which is schematically shown in fig.5(a).

A series of YBACUO phases were discovered by
now''®; the so called "1-2-3.5" and "1-2-4" phases with
the corresponding compositions: Y2BasCu;045 and
Y1BazCusQg, respectively. They were found to contain
the "zig-zag" chains in a double (CuO)2 layers''® so that
a slab of the "1-2-4" structure can be represented by the
stacking sequence:

- ..-CuQ-Cu0-BaO -CuQ2-Y -Cu02-Ba0O- ...

Besides incorporation of multiple (CuO)n "chain"-layers
and oxygen deficiency in the single CuO4.5 layer, the
YBACUO compound is highly tolerant in accepting va-
rious substitutions which affect the superstructural orde-
ring significantly®'®, without profoundly modifying its
basic structural features. A number of dopants: Ga, Co,
Al, which are incorporated in the "chain"-layers, were
found to induce superlattice formation, orincommensu-
rate structure modulation.

3.2. The diagonal "GaO-chains" in the
(RE)2Sr2GaCu209 compound

The title compound is the second member of a series of
polysomatic phases:

RESr2GaCu207,(RE)2Sr2GaCuz0g,(RE)sSrGaCuz011,
...commonly called Ga-n212, fig.3.; they are related to
the prototype YBACUO structure in the following way'”:
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Fig. 4: Spatial view of coordination of oxygen atoms around a metallic atom M in the BO-MO-BO lamella:
(a) the CuOs square planar coordination around a Cu atom;
(b) the GaOs tetrahedral coordination around a Ga atom.

(*) the Ga atoms substitute the Cu atoms in the
"CuO-chain" layer, while Sr substitutes for Ba in
the adjacent "RS" layers. Due to the strong ten-
dency of Ga atoms to be tetrahedrally coordinated
by oxygen, the basic structure type "P4" (fig.2), is
modified as shown in fig.4(b). A configuration of
comner sharing GaOas-tetrahedra®” in the SrO-
GaO-SrO lamellae, forms the "GaO-chains”
which run along the diagonal perovskite direc-
tions (fig.5(b));

(*) the Y layer is substituted by the single RE, or
double RE-O2-RE, or triple RE-O2-RE-O2-RE
lamellae having the fluorite-like structure "F"
(fig.2); RE stays for the solid solution RE=
NdgsCe 1s.

The basic structures of the Ga-n212 compounds can
thus be represented by the layer stacking sequences:

— ...-Ga0-S8r0- CuOz - RE-(02-RE)n.1 - CuO2- SrO b
- Fig. 5: Plane arrangements of chains in the
BO-MO-QO /azgye//a: (a) plain CuO-chains on
thhe (2ap X ) O/RGT% Il cell of YB?)QCLQOe,s
. . . . b) di -chail 1l
The basic lattices are related to the perovskite unit cell ‘(’fogp(x\)@—a'ifggﬁ of 7RE?Sr2ag:COLZO73 phase;
with variable c-parameter: ap = 0.38 nm, bp =0.38 nm, (c) meandering AlO-chains on the (4apVx2ap\?)
¢y (= 1.14, 1.41, 1.68 nm for n= 1,2,3, respectively); cell of RE2SrAlCu20g phase;
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Fig. 6: High resclution image of an area of Ga-1212

crystal containing two orientations of diagonal
chains; in the right part - the pairs of dark dots
forming horizontal bars represent the
GaO4-chains viewed along their length; in the
left part - the GaOs-chains, which run
perpendicular to the viewing direction, can not
be resolved out of the basic structure, The
changing of chains’ orientation by 90° in a
single SrO-GaO-SrO lamella is marked by A.
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High resclution images of an area of coherently
intergrown slabs of three Ga-n212 phases (n=1,
2,and 3).

(a) the dark dot arrays reveal atomic positions
of the basic layered structures; the GaO planes
which separate unit slabs are marked by the
arrowheads on top margin;

(b) vertical rows of bright dots separated by
0.24 nm represent GaO layers of the
S§rO-GaO-5r0 lamellae; the dof separation of
0.48 nm (marked by the pair of horizontal
arrows) reveals the alternating GaOs-chain
directions’ arrangement schematized in fig.5(b);
the frames A and B are enlarged in (c)

(c) the positions of Ga atoms in the
GaOy-chains are resolved as bright dots; the
chain-layers are marked by arrowheads; the
digits on the top display the numbers of RE
layers in the intergrown slabs.
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the superlattice cell has parameters®: as = 22,2, bs =
apV2, ¢s = ¢!, as shown in fig.5(b).

The HREM imaging of the RESr-GaCu»QOy7 structure in
fig.6. discloses "GaO-chains” running along two perpen-
dicular orientations in the basic perovskite lattice. The
pattern of bright dots in the right part of fig.6 reveals the
basic structure where the "chains” are oriented edge-on
along the imaging direction, while the pattern in the left
part of fig.6. represents the same basic structure where
the "chains" are oriented perpendicular to the viewing
direction. Orientation of the "chains" may change by 90°
within a single SrO-GaO-SrO lameila, marked by A in
fig.6. For a single orientation of the "GaO-chains" two
opposite chain directions: L-left, and R-right (fig.5(b)),
may alternate regularly causing the doubling of the
superperiod; this two time larger periodicity is locally
imaged by bright dots with the spacing of 0.48 nm,
marked by the pair of arrows in fig.7(b). The HREM
imaging of fig.7. shows also a sequence of coherently
intergrown slabs of the Ga-n212 phases with n= 1, 2,
and 3 (indicated by the digits: 1, 2, and 3in fig.7(c)). The
positions of Gallium atoms in the SrO-GaO-SrO lamel-
lae of these slabs, are visible as bright dots with the
spacing of 0.24 nm in the vertical rows of well resolved
dots in fig.7(b&c). The superstructure arrangements of
the GaOs-chains within the SrO-GaO-SrO lamellae was
found to be the same for all Ga-n212 phases regardless
the number of RE layers in their unit slabs”.

3.3. The meandering "AlO-chains” in the
RE2Sr2AlCu207 compound

The (Y 75Ce.25)28r2AICu207 compound, termed here Al-
2212, has the same basic structure as the Ga-2212
phase since the Alions favour a tetrahedral coordination
by oxygen, like the Ga atoms. The corner sharing AlO4
tetrahedra (fig.4(b)), exhibit different superstructural or-
dering termed "meandering chains”" arrangement!'?,
however. This superstructure is based on a 4ap(1) x 2ap(2)

xcp superlattice, fig.5(c).

The HREM imaging of an Al-2212 crystal along the
principal zone direction 1010| in fig.8, discloses all
relevant features of the basic structure (fig.8(a)), as well
as of the superstructure (fig.8(b)&(c)). The bright dot
pattern in fig.8(a) represents the channels between the
atomic columns, while the dark dots point to the projec-
tions of metal atoms. The horizontal rows of black dots
correspond with the layers indicated in the inset legend
of fig.8(a). The superstructure of the AlO; tetrahedra,
which correspond with the formation of meandering
chains in the SrO-AlO-SrO lamellae, can be revealed
under slightly differentimaging conditions in fig.8(b). The
bright dots here point to the positions of the AlQ4 tetra-
hedra. The spacing between the bright dots in some
rows which represent the AlO-layers reveals the period
doubling in accordance with the separation between the
meandering "chains", shown in fig.5(c). The imaging of
fig.8(c) shows that the superstructural ordering is not
restricted to the AlO-layers only, but also modulates the
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Fig. 8: High resolution imagings of a wedge-shaped

Al-2212 crystal under different thickness and
defocus conditions;

(a) thin area, Scherzer defocus - dark dot
pattern reveals basic structure so that each
layer can be easily identified (legend in the
inset);

(b} thicker area, low underfocus - horizontal
rows of bright dots represent the AlQ layers;
two levels of dot brightness and the indicated
double periodicity confirm the meandering
AlO-chain arrangement as it is schematized in
fig.5(c);

(c) thicker area, high underfocus - two levels of
dot brightness in the double hoorizontal rows
show that the meandering AlO-chain
arrangement modulates also the adjacent SrO
layers in the SrO-AlO-SrO lamellae.

adjacent SrO-layers inthe SrO- AlO-SrO triplet lamellae
marked by the arrows.

3.4. The modulated structure due to the
*S0-chain" in the RESr2(Cu.78S.22)Cu207-5
compound

It was reported recently® that Sulphur atoms in the form
of SOs-groups could partially substitute for copper inthe
CuO1.5 planes of the Cu-1212 phase, thus creating the
S- 1212 phase. The basic structure of this S-1212 phase
is represented by the layer stacking sequence:

— ..-(Cu.788.22)0 - SrO - CuO2 - RE - Cu02-SrO - ..,
where RE stays for solid solution: Y .74Ca.16Sr.10.

The electron microscopy investigations!® revealed the

aggregation of the SOq-tetrahedra in the "chains" along
direction. The higher brightness of clusters of dots in fig.9, was

Etgibautgfgzhe ositions of these "SO . :
P 4-chains”. Due to the ordering

of "chains" in a way that along ap(1) the seguences of two to three
"0u0, chains” are succeeded by single "SOs-chain”,
fig.9, the average separation between the "SOs-chains”
is close to the harmonic mean of 4ap and 3ap i.e, am =
3.43 ap. The interpretation of the observed incommen-
surate modulated structure in terms of concentration
"S04-chain" waves®, is emphasized in fig 9(b) by two
families of parallel lines which cross close to the highest
"S04-chain" concentration.
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Fig. 9: High resolution images of S-1212 phase:

(a) horizontal rows of dots reveal layered basic
structure while the modulation is marked by two
sets of heavy lines in (b). Clusters of four
brighter dots centered in the (Cu/S)O layers
correspond with the positions of SOs-chains
viewed edge-on;

(b) high magnification image - the maxima of
modulating wave, can be easily seen under
grazing angles. The separation between the
clusters of brighter dots (the SO4-chains) in
each (Cu/S)O layer is either 3ap or 4ap.

3.5. The CO3-"loops” in the Sra2Cu02(CO)3
compound

The HREM imaging of the SroCu02(COs) compound,
shown in fig.10, reveals three levels of its crystal struc-
ture: the basic structure (which is based on the LABA-
CUO lattice: ap =0.38 nm, ¢, = 2ap); the modulated
-Sr-Cu02-Sr- block-layer structure; and the superstruc-
ture due to long range ordering of COs units inthe planes
ensandwiched by the block- layers®, fig.10. This basic
structure is related with the prototype LABACUO struc-
ture in a way that one out of the two CuO: layers is
replaced by the CO layer® so that the corresponding
stacking sequence is:

e ...~ Cu02-8r0-CO-SrO - ...

In fig 10(a), which images the very thin area of the
crystal, the bright dot pattern represents the projected
basic structure; the rows corresponding to the basic
structure-type layers are marked by horizontal arrows
onthe left margin. The features of the superstructure are
only weakly discernible by two levels of dot brightness
and two times larger periodicity, indicated by the arro-
wheads around the vertical line in fig.10(a). Fig.10(b)
shows the same crystal under the slightly different ima-
ging conditions, where the bright dot pattern only reveals
two times larger spacing of 0.34 nm, due to the super-
lattice ordering of the COzs units. They are ordered on a
"closed loop” arrangement® within each triple-layer
SrO-CO-SrO lamella.

Two modes of the "COg-loops" ordering correspond with
two types of Bravais superlattices®. The computer si-
mulation of HREM imaging of these two types of super-
lattice unit cell are shown in fig.10(c)&(d) (with three
times larger magnification than the experimental ima-
ging in fig.10(b)). By comparing the computed images
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Fig. 10:

Fig. 11:

High resolution images of a wedge-shaped
SroCuO2(CO3) crystal:

(a) thin area where the bright dot array
corresponds to the projected basic structure
{legend on the left margin: a triangle, two open
arrows and two small arrows indicate the COs,
Sr, and CuOs layers. Brightness modulation,
representing the superstructural ordering in the
CO;s layers, is marked by the arrowheads
around vertical line;

(b) thicker area of the same crystal where only
the positions representing the superlattice
nodes due to the "COs-loops" arrangement are
imaged as bright dots; (c)&(d) computer
calculated images of the superlattice cells for
two types of "COs-loops"” ordering
{magnification is three times larger than in (b).

(a)

versus the observed one, we can conclude that the
model of the "COgs-loops" arrangement which corre-
sponds with the calculated image in fig.10(d) is more
likely to represent the superstructure than the model-ar-
rangement corresponding to the calculated image in

fig.10(c).

3.6. The CuO2-"ribbons" in nonsuperconducting
Ca.gsCuC2 compound

The structure of non-stoichiometric CagsCuQzis remar-
kable because of two reasons:

(i) the way in which the complicated non-
stoichiometry was found to be accommodated in
a rather simple crystal structure!'*9;

(i) the way in which this structure is related to the
so-called "parent structure"® of Ca gsSr.1sCuQy,
fig.11(b). The basic structure can be represented
by the layer stacking sequence:

~ ..-CuO2-Ca-..

The HREM imaging in fig.12(a) reveals the position of
Ca and Cu atoms in the projected structure of
CagsCuOg; such imaging provided an interpretation of
this structure in terms of two constituent sublattices!®:
the "CuOz-ribbons" based on the face-centred orthor-
hombic cell', and the interstitial array of calcium
atoms: the "Ca-chains" with the oblique monoclinic
cell"indicatedinfig. 11(a), respectively. The framework
of this "CuOg-ribbons” in the structure of CagsCuQs
phase, is different when compared either to the arran-

(b)

Schematic projections of two calcium cuprate structures:
(a) the non-stoichiometric Ca.gs CuO2 monoclinic phase a long two directions: | 010| (top{ and | 100! (bottom);

{b) the "parent"” (Ca gsSr.15)CuO; tetragonal phase along two directions: | 001] (top) and

110l (bottom);

Larger and smaller open dots represent Cu and O atoms, while full dots represent Ca or Sr atoms. CuOs squares

are shaded; the unit cells are indicated by full lines.



Informacije MIDEM 24(1994)2, str.101-109

O.Milat: The Superstructures of High-Tc Superconductors;
an Electron Microscopy Study

"
$ k4

4

S Lttt

20 oA

SHREpR IS IRNIR
A s eivhns

A Bk
e

i3
i

Fig. 12:  (a) High magnification high resolution image of

CagsCuO» phase revealing well resolved
positions of Cu atoms (marked by smaller dots)
and Ca atoms (marked by larger dots). Note
that six Cu-Cu separations correspond with five
Ca-Ca separations as in the top drawing of

fig. 11(a). Unit cells of the basic structure and
the modulated superstructure are indicated; the
modulation is emphasized by arrowheads on
the right margin;

(b) Low magnification image revealing
superlattice modulation fringes in twinned
domains.

gement of the "CuO-chains" in the prototype structure of
YBACUO phase, or to the arrangement of the supercon-
ducting "CuO»-sheets" of the corner sharing CuO4 squa-
res, in the "parent structure"'® of (Ca gsSr.15)CuO2 pha-
se, fig.11(b).

Due to non-stoichiometry (Ca/Cu = x = 0.85 =~ 5/6), the
actual structure in fig.11(a) is a modulated array with the
average Ca-Ca spacing 20% larger than the Cu-Cu
spacing along the "ribbon" direction so that 5aca nearly
coincides with 6acy = 6a., as itis indicated in the left part
of fig.12(a). The modulated structure with the period of
0.82 nmis revealed as the modulation of dot brightness,
indicated by the arrowheads on the right margin of
fig.12(a). The modulation was found along two equiva-
lent basic lattice directions!'”, with the sharp boundaries
between the twin domains, fig.12(b).

4. Conclusions

The presented high resolution electron microscopy stu-
dies provided structural features of a number of cuprate
phases on the scale of crystal lattice unit cell.
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The superstructure of high-Tc superconducting cuprates
can be tailored at the atomic level by the aliovalent ion
substitutions and/or the suitable oxygen stoichiometry
control in the basic multiple-layer perovskite structures.
The prototype YBACUO and LABACUO compounds are
highly tolerant in accepting various substitutions without
profoundly modifying their basic structures. The super-
conducting properties, as well as the superstructural
features are drastically affected, however. A number of
metallic and metalloid dopants: Ga, Al, and C, S, ...
which are preferentially incorporated in the "chain"-la-
yers when Ba is sumultaneously replaced by Sr, were
found to induce superstructures orincommensurate mo-
dulated structures. This points to the conclusion that the
Sr atoms in the adjacent rock-salt type layers are more
adoptable to the varieties of arrangements in the SrO-
MO-SrO lamelia of high-Tc superconducting cuprates.
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IMPEDANCNA SPEKTROSKOPIJA

Damir Metelko, Stane Pejovnik
Kemijski institut, Ljubljana

Kljuéne besede: lastnosti materialov, lastnosti elektricne, podrogja frekvenéna, obmotja Siroka, spektroskopija impendancna, plasti tanke,
alektrokemija, povrsine mejne, prevajanje elektriéno, sistemi vedfazni, transport elektronov, prehod elektronov, delci nabiti

Povzetek: Impedan&na spektroskopija je postala ena od pomembnejsih metod za preiskovanje strukture faznih mej (interfaces) in proutevanje
slektrokemijskih reakcij na mejnih povréinah, V tem prispevku so predstavijene osnove, potrebne za tiste inZenirje, ki metode ne poznajo. Tehnika
omogoda tudi prougevanje elementarnih procesov elektriénega prevajanja v vedfaznih sistemih. Sistem vzbudimo z elektri¢nim signalom (tokovnim
ali napetostnim) in opazujemo odziv. V odzivu so zajeti vsi mikroskopski procesi, ki potekajo v merjencu po vzbuditvi. To je lahko: fransportelektronov;
prehod elektronov na fazni meji na nabite in neviraine atome, ki izvirajo iz preiskovanca ali okolice (oksidacije, redukcija); tok nabitih delcev v
elektrolitu in podobni procesi. Posamezne procese lahko identificiramo s fenomenoloskim pristopom ali z uporabo osnovnih fizikalnih in kemijskih

principov.

Impedance Spectroscopy

Keywords: material properties, electrical properties, frequency domains, broad ranges, impendance spectroscopy, thin films, electrochemistry,
interfaces, electrical conduction, polyphase systems, electron transport, electron transfer, charged particles

Abstract: The impedance spectroscopy has become an important method for investigation of interfacial electrical structures and electrochemical
reactions. Additionally, the impedance technique is frequently used for studying fundamental processes of electrical conduction in polyphase
systems. In this contribution the basics for those not acquainted with the method are given. The system under investigation is excited by a current
or a voltage signal and the corresponding response is measured. The response includes all microscopic processes taking place in the system after
the excitation, e.g. electron transport in bulk, electron transport across an interface - including the electrochemical charge transfer (oxidation,
reduction), ion transportin electrolytes, and other related processes. Individual processes may be identified by using a phenomenological description

or by applying basic physical and chemical principles.
a) I(‘:L /-—— Vibujanje 5 FUNKCUKA

1. Teoreti¢ne osnove

Osnovna pogoja, da lahko nek sistem preiskujemo z 0 t
impedanc&no spektroskopijo sta, da sistem zadovoljuje
principa linearnosti (odziv sistema na vsoto posameznih

vzbujanj je enak vsoti odzivov na posamezna vzbujan- " Ocih: ODZIVNA FUNKCHA

ja) in ¢asovne nespremenljivosti (odziv sistema na pol-

juben vzbujalni signal se s dasom ne spreminja).

Ce preiskovanec vzbudimo z delta funkcijo, se na to 0 T
vzbujanje odzove z znacilnim odzivom, ki ga imenujemo

odzivna funkcija h(t) (Slika 1a). b) Vibularjs: VSOTA 5 FUNKCU

s

Ker lahko poljubno vzbujanje vedno predstavimo z vsoto
posameznih delta funkcij razli¢nih amplitud ob razlicnih
&asih, je (po principu linearnosti) tudi odziv preiskovanca
vsota odzivov na posamezna vzbujanja z delta funkcijo P ' :
skozi ves &as vzbujanja (sl. 1b)

Vsoto odzivov predstavimo s konvolucijskim integralom
/1/, ki povezuje odziv i(t) in vzbujanje u(t) prek odzivne
funkcije (1). Ob poznavanju odzivne funkcije lahko torej
vedno enoliéno dologimo odziv sistema na poljubni
vzbujalni signal. Odzivna funkcija popolnoma doloca
preiskovani sistem, zato jo ob karakterizaciji tega sis-
tema poizkusamo doloiti.

Slika 1:  a) Vzbujanje z delta funkcijo in pripadajoca
odzivna funkcija, b) Vzbujanje z vsoto delta
funkcij in pripadajodi odziv kot vsota odzivnih

u(h = [ iir)-hety e (1) funkcij
° 110
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Enoli¢na karakteristika sistema - odzivna funkcija - je
torej resitev integralske enacbe - konvolucijskega in-
tegrala. Integralske enacbe so v splodnem teZko
redljive. Pri iskanju reSitve integralskih enacb kon-
volucijskega tipa si pomagamo z zelo udinkovito metodo
reevanja: na konvolucijskem integralu izvr$imo
Fourierjevo transformacijo /2a/.

Xw) = [ x(t e'at (2a)

o]

Xt =5 | Xw) &' / (2b)
0

Fourierjeva transformacija /2a/ preslika neodvisno
spremenljivko €as (t) v frekvenco (o) - iz ¢asovnega nas
prestavi v frekvenéni prostor. Odziv sistema u(t) preide
v U(w), vzbujanje i(t) pa v l{w). Fourierjevo transfor-
miranko odzivne funkcije h(t) imenujemo frekvengni
odziv sistema - Z(w). Seveda so sedaj spremenljivke
(o), U{w) in Z(w) kompleksne {tipa a + jb), medtem, ko
je frekvenca w realna (1). Po Fourierjevi transformaciji
preide konvolucijski integral /1/ v produkt frekvenénega

odziva in vzbujanja /3/.

Uw) = Zw) (w) 3)

Glede na to, da v ¢asovnem prostoru sistem enoliéno
definira odzivna funkcija, analogno tudi v frekvenénem
prostoru njena transformiranka - frekvenéni odziv -
popolnoma karakterizira preiskovani sistem.

2. Dolotanje frekvenénega odziva

Z(w) je razmerje med odzivom in vzbujanjem v frek-
vencnem prostoru. Eksperimentalna dologitev frek-
vencnega odziva je enostavnej$a kot vzbujanje merjen-
ca z delta funkcijo in snemanje odzivne funkcije.

Frekvenéni odziv ponavadi dolo¢imo tako, da merjenec
vzbujamo z monokromatskim sinusnim napetostnim sig-
nalom ter opazujemo amplitudo in fazo tokovnega od-
ziva. Kvocient med vzbujalno napetostjo in odzivnim
tokom, podan pri to€no dolo&eni frekvenci, imenujemo
impedanca. Ce merimo impedanco prek dolodenega
frekvenénega obmogja, dobimo frekvenéni odziv sis-
tema na tem obmocju.

Frekvencni odziv je kompleksna veliina. Ponavadi ga
grafino predstavimo v kompleksni ravnini - v t. im.
Nyquistovem diagramu. Na realno os nanadamo realni
del, naimaginarno os paimaginarni del impedance. Vrh
vektorja, ki povezuje koordinatno izhodisée z im-
pedancno tocko, opise prek doloenega frekvenénega
obmodja krivuljo, ki ji pravimo frekvenéni odziv.

Seveda dolocitev frekvenénega odziva kljub temu ni
tako enostavna. Realni sistemi (baterije, akumulatorj,
tanki filmi ...) imajo v splodnem zelo omejeno obmogje
linearnosti. Ponavadi je treba vzbujati realni sistem z
napetostmi, ki imajo amplitudo od nekaj do nekaj deset
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milivoltov. Ce ima merjenec poleg vsega $e napetost
odprtih sponk (OCV), je treba tako vzbujalnemu signalu
pristeti Se OCV.

Pri nizkih amplitudah napetostnega vzbujanja so ustrez-
no nizke tudi amplitude tokovnih odzivov. V takih
primerih sta tako tokovni kot napetostni signal v veliki
meri prekrita z motnjami in Sumom. Ko merjenec
vzbujamo s periodi¢nim signalom /4/, ki ima amplitudo
Uo, ima odziv v sploSnem obliko /5/

u(f) = Up-sin(wd) (4)

it = losin(e (@) + Y, Ko sin(n-o — gn) + SO (5)

Prvi &len v /5/ predstavija harmonicni tokovni odziv z
amplitudo lo in faznim premikom ¢(w), v drugem je
vsebovanih n vi§jih harmonikov osnovnega tokovnega
odziva, ki imajo amplitude K, in fazne premike ¢n, tretji
élen (S(t)) pa predstavija Sum.

Za dovolj natanéno dolocitev impedance pri dani frek-
venci moramo iz odzivnega signala izsejati motnje -
drugi in tretji Clen zgornje enacbe. Merilni postopek je
prikazan na sliki 2. Dejansko gre za razvoj odzivnega
signala v Fourierjevo vrsto pri vzbujalni frekvenci.

Na opisanem principu zgrajeni instrumenti pokrivajo
frekvencno obmocje meritve od 0.1mHz pa do nekaj
MHz z natanénostjo meritve pod 0.5%.

Generator
U, sinwt
r_, .
sinwt coswt
i) '
Testna celica
SO Bl | l
X X
I{t)sinwt l(t)c'osu)t
. 1

| '

Re(Z(w) IM{Z())

Fig. 2 Blokovna shema instrumenta za merjenje
impedance: odzivni signal i(t) mnoZimo prvié z
normiranc vrednostjo vzbujalnega signala
{u(t)/Uo) s faznim premikom 0 (sin wt) in drugié
s faznim premikom normiranega signala za /2
(cos wt). Dobljena produkta integriramo preko
periode vzbujalnega signala, pri Gemer
odpadejo visfe harmonske komponente, ostane
samo osnovni harmonik, ki je popacen s
gumom. Ce integriramo preko veé period
vzbujalnega signala, se proporcionalno $tevilu
integracijskih period zmanjsa tudi um.
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Dobra stran opisane merilne metode je velika neobcu-
tljivost na motnje, sama meritev pa je dolgotrajna, saj
merimo frekvendéni odziv po posameznih frekvencah.
Meritev lahko skraj$amo tako, da vzbujamo merjenec z
vsoto monokromatskih sinusnih signalov, vendar pos-
tane v tem primeru izloéanje motenj tezje.

Merjenec lahko vzbujamo tudi s poljubnim aperiodicnim
signalom in merimo njegov odziv. Na vzbujainem inna
odzivnem signalu nato izvedemo Fourierjevo transfor-
macijo ter tako dobimo frekvenéna spektra obeh sig-
nalov. Komponente frekvenénega spektra obeh sig-
nalov, ki pripadajo enakim frekvencam, med seboj
podelimo (izraunamo impedanco) in na ta nacin
dolo&imo frekvendéni odziv. Postopekimenujemo dekon-
volucija, vse osnovne meritve paizvedemo v asovnem
prostoru.

1.50 1.7% 2.00
/1073

1.00 1.25

u/10-2y
&
w

i i } } I } 4 i
T ¥ T T

Y T T T T
™ 0.25 9.50 0.75 1.00 1.25 1.50 1.75 2.00
IS t/10 3%
>
-2H
-3
-4}
...51!
Fig. 3 Vzbujanje s tokovnim pulzom (1) in pripadajoci

odziv (U)

Ponavadi vzbujamo merjenec s kratkim tokovnim pul-
zom in merimo napetostni odziv (slika 3) /2/.

Tezav pri takem nacinu dolo¢anja frekvencnega odziva
je vec.

Vzbujalni in odzivni signal imata zaradi zagotavljanja
linearnosti nizke amplitude in sta zato zelo obcutljiva na
motnje. Motnje lahko ucinkovito zmanjsamo z veckrat-
nim vzbujanjem in snemanjem odziva, kar pa podaljsa
¢as meritve.

Ce vzbujamo merjenec s pravokotnim pulzom, postane
dologanje frekvencnega odziva v poljubnih frekvencah
nemogode. Frekvencni spekter pravokotnega pulzaima
namreé obliko sin (x) / x, kar pomeni, da nekatere
komponete v frekvenénem spekiru niso zastopane,
nekatere pa imajo zelo nizko amplitudo. Tezavo lahko
redimo tako, da spreminjamo dolzino pulza, s katerim
vzbujamo merjenec.

Z opisanim nacinom dolo¢anja frekvencnega odziva
dosezemo natandnosti znotraj 10%, kar je dovolj za
rutinska merjenja (3).
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3. ldentifikacija frekven€nega odziva

Elektrotehnika obravnava tri osnovne elemente: upor,
kondenzator in tuljavo. Tok in napetost na teh elementih
povezujejo enacbe /6/ (upor R), /7/ (kondenzator C)in
/8/ (tuljava L).

u = RicH (6)

t

u =< o de ™
0

_, g
un=L-% ®)

Enadbe /6/,/7/in/8/ preslikamo v frekvencni prostor (na
njih naredimo Fourierjevo transformacijo) in dobimo
njihove transformiranke /9/, /10/in /11/

Uw) =R w) 9)

Uw) = < Kw) (10)

i
joC
U(w) = jol - (w) (11

Frekvenéni odziv teh treh elementov (razmerje U(w) /
l(w) ) za osnovne tri elemente podajajo enacbe /12/,/13/

in/14/:
Im(Z)I
0) < €O

Z (wy—p®

-
-«

Z(w)

P 0
Z{(w)—»0

i

Re(2) i
W 0O
Z (w30

E—-—-——» ®

3

< Z(w)
©—p 0
() o

Frekvenéni odzivi upora (Zr(w)), kondenzatorja
(Zo(w)) in tuljave (2 (w)). Impedanca upora je
neodvisna od frekvence in je tako to¢ka na
realni osi. Impedanca kondenzatorja je pri
nizkih frekvencah visoka (skozi kondenzator
enosmerna napetost ne poganja toka), 2
rastoéo frekvenco pa pada. Kondenzator suce
fazo za konstantnih -r/2. Tuljava ima pri nizkih
frekvencah nizko impedanco (pri enosmernih
razmerah je idealna tuljava kratki stik), ki s
frekvenco naraséa. Fazni zasuk tuljave je
konstantnih /2

Fig. 4
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Zr(w)=Zr=R (12)
1

Ze(w) = —jZ)—é (13)

Zi(w) = joL (14)

Frekvencni odzivi posameznih elementov, narisani v
Nyquistovem diagramu, so podani na sliki 4.

A
im(Z)
Re(@) ,
R
R
Ej w
— l I — L)
||
C
u)p:I/'c:l/ RC

Fig. 5

Vzporedna vezava upora in kondenzatorja in
pripadajocf frekvenéni odziv.

Z razlicnimi vezavami opisanih treh elementov je
mogoce ponazoriti poljuben frekvendi odziv. Ce je im-
aginarni del izmerjenega frekvenénega odziv pretezno
pozitiven, pravimo, daima merjenec induktivni karakter,
¢e pa je v veCini negativen, pravimo, da je karakter
merjenca kapacitiven.

V kemiji imajo realni merjenci ponavadi kapacitivni
karakter, kar kaze na to, da v neki obliki akumulirajo
naboj.

4. Primer identifikacije: vzporedna vezava upora in
kondenzatorja

Ce sestavljamo posamezne elemente z znanimi frek-
vencnimi odzivi (npr. Zy in Z), izraunamo skupni frek-
vencni odziv po enachi/15/ za zaporedno in enachi/16/
za vzporedno vezavo dveh elementov.
Zi(w) zap. Zx(w) = Zi(w) + Zo(w) (15)
Zi(w) - Zo(w)

Zi(w) + Zo(w) (16)

Zi(w) vzp. Zo(w)=

V primeru vzporedne vezave R in C dobimo frekvenéni
odziv /17/

Z(w) = ; 1=RC (17)

1+t
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Frekven&ni odziv vzporedne vezave upora in konden-
zatorja, predstavijen v Nyquistovem diagramu, vidimo
na sliki 5.

Rezultat je polkrog v kompleksni ravnini. Ce imamo ved
zaporedno vezanih paralelnih RC elementov, dobimo v
kompleksni ravnini veé polkrogov - lo¢ili smo
posamezne elemente vezja.

Ce poznamo ali predpostavijamo posamezne procese,
ki akumulirajo naboj v realnem merjencu, lahko
pripidemo izmerjenemu frekvenénemu odzivu dolo€eno
elektri¢no vezje - nadomestno shemo - in zimpedanéno
spektroskopijo dolo¢imo elemente nadomestne sheme.
Na ta nacin smo dologili in lo€ili tudi fizikalne (kemijske)
procese, ki smo jih predvideli v nadomestni shemi.

5. Zakljucek

impedanéna spektroskopija je edina metoda, ki pokaze
elektriCne lastnosti materialov v Sirokem frekvenénem
obmocju. Komercialni meriini sistemi pokrivajo frek-
vence med mHz in nekaj MHz, so pa relativo dragi. Ce
se zadovoljimo z nizjo toCnostjo, lahko s pomocjo
spominskega osciloskopa in PC radunalnika, ocenimo
frekvenéni odziv merjenca na nekaj % natanéno ob
bistveno nizji vrednosti aparaturne opreme.

Posebna tezava impedancne spektroskopije je inter-
pretacija meritve. Procese v merjencu moramo dobro
poznati, dalahko s pomocjo impedancne spektroskopije
pridobimo o njem dodatne informacije. Opisana metoda
je zato predvsem dopolnilna metoda pri dolo¢anju
elektricnih lastnosti materialov, ki pa lahko ob pravilni
uporabi in skrbni interpretaciji veliko pove o procesih, ki
se dogajajo v materialu.
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TIME PROPERTIES OF THE NEURAL NETWORK CELLS

_lgor Beli¢
VSNZ, Ljubljana

Keywords: neuronics, neural networks, neural cells, time properties, neural cell models, neural systems, system responses, time constants, input
signals, time functions

Abstract: The article describes the basic neural cell model. The time properties of the single neural cells are introduced and the influence of the
various time constants of the neural cells on the neural system response is studied. The different time constants of the neural cells lead to the
completely different time responses of the system. It is clear that the neglecting of the cell time constants can lead to the completely unpredictable

resuits when the analogue neural cell models are used.

Casovne lastnosti nevronskih celic

Kljuéne besede: neuronika, omreZja nevronska, celice nevronske, lastnosti ¢asovne, modeli celic nevronskih, sistemi nevronski, odzivi sistema,
konstante ¢asovne, signali vhodni, funkcije éasovne

Povzetek: Prispevek opisuje osnovni model nevronske celice. Studiran je vpliv razliénih éasovnih konstant nevronskih celic, s katerimi se le te
odzivajo na vhodne signale. Ce upostevamo razliéne ¢asovne konstante celic v nevronskih sistemih, potem se sistem pri spreminjanju Casovnih
konstant, povsem drugade odziva na enake vhodne signale. Zanemaritev razli¢nosti ¢asovnih konstant nevronskih celic lahko vodi pri analognih
nevronskih sistemih do nepredvidijivih posledic. Pri digitalnih simulacijah ta zanemaritev ni tako pomembna.

NEURAL CELL MODEL

So far it is not completely understood how biological
neurones functionate. Only the complete knowledge of
neural cells functionality makes it possible to develop
the adequate artificial model of the neural cell.

G

Fig. 1: Model of the neural cell

it is also very important that the neural cells are under-
stood as the elements that functions only in the interac-
tion among the vast number of neurones. One neurone
alone has no sense.

The artificial neurone is the element with following pro-
perties:

1. It receives the set of input signals denoted by x;; (i =
1,2,..,n). ltis an ninput element. Input signals can come

114

from the external or internal (within the neural system)
source.

2. Neurone summates the input signals. Prior to sum-
mation, input signals are multiplied by the adequate
weight constants wi. Therefore neurone performs the
cumulative weighted sum of the input signals.

3. Neurone has only one output. The output value is
calculated with the so calied activation function f(u). It
performs the mapping of the cumulative sum into the
output cell value.

Cell activation function

Fig. 2:
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u=y wixi-h (1)
i=1

x; - signal on the i - th cell input
wi - weight on the i - th cell input
h - cell activation threshold

The function f(u) is typically some continuous non-linear
function. In most cases the following function is used:

f(u) = tanh(Au) (2)

lambda - the activation function slope parameter

Time Propetties of The Cell Cumulative Sum
Formation

The input signals cumulative sum development can be
described with the differential equation

. du(t)

at (3)

=-u(t) +.i (wixi - h)

=1
T - Cell time constant.

The solution of this differential equation is the group of
parametric functions of the type

u) = Ces + K (4)

where

K =i§ (Wi Xi— h) ()

The solution of the differential equation tells that the
neural cell responds to the input signals with atime delay
proportional to the cell time constant 1.

In the literature authors usually make some simplifica-
tions of the neural cell models in order to make the
computations simpler and faster. One of the commonly
accepted simplification sets the value of tto 0. The first
consequence is that artificial neural cells summate the
input signals without the time delay. This simplification
neglects the fact that the time properties of the neural
cells can be different. The difference in cell time con-
stants introduces the time dependant response in the
neural networks and the adaptation of the cell time
constants can be denoted as the learning of the time
response.

Following is the example of the time response for the
small neural network system where the cells have the
different time constants.
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________________________________

M)y = (B~ A ST+ A

Fig. 3: Transition of the cell output state from the value

AtoB

The cell output state transition is represented by the
function plotted on the fig. 3.

Changing the cell time constants together with the cell
input weights adaption is the process of learning. The
effect of the cell time constants becomes far more
important in a very large neural networks with feedback
loops.

Examples
.
wy
ze—~)_ N
uy wy
Y e ( 7 Ta
wg
}
Ws ~ we LD K]
- N Ho) Ta
2
Wy S\ ) Wi4
- 10 £t
v O~ " )
Wiy
w, Wiz
x y 7 1

Fig. 4: Test neural network system

The strict proof of the stated effect can only be done with
the mathematical tools. Let us make only a short exam-
ple where the small neural network system is observed.

The test neural network system consists of three input
cells, two hidden cells and one output cell. The output
time function was observed for the various input signals,
for the different weight and time constant sets.
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Case 1: Inputs signals z and y are sinusoidal functions.

Fig. 5: Input signals

1.0 10

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

Output time function for randomly chosen time
constants with weight set 1.
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constants with weight set 2.
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Case 2: Input signals z and y are impulses.
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constants with weight set 5.

Fig. 12:
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From the examples it is perfectly clear that the neural
cell time constants can contribute to the different system
time responses. Al this point the architecture of the
neural networks can be proposed in the way described
on the following figure.

~ A1)

T L

B Py

T |

F(t)

IR

P1, P2,... Pn - Time independent neural network

subsystems
Fig. 13:  The structure of the neural network system with
the time dependant and time independant
subsystems.
CONCLUSION

Authors usually neglect the influence of the various
neural cell time constants. The impact on the behaviour
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of the neural network is strong when the large, analogue
systems with feedback connections are used. In such
systems the neglecting of the fact that cells have diffe-
rent time constants can lead to unpredictable system
time responses. Furthermore when different cell time
constants are used, the learning process consists of two
steps. The first step is the adaption of the cell weights
and the second is the adaption of cell time constants.
The examples showed that the influence of the various
time constants can not be neglected.
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RAZVOJ SMPS ELKO S POUDARKOM NA IZBIRI
NJEGOVIH SESTAVNIH DELOV

Josipina Cernetié
ISKRA Elektroliti, Mokronog, Slovenija

Kljuéne besede: kondenzatorji elektronski, prikljucki radialni, SMPS napajainiki komutacijski, ESR upornost serijska ekvivalentna, elektroliti
kemijski, vreli$¢e visoko, napetost enosmerna, tok izmeniéni, temperature viscke, frekvence visoke, obremenitve visoke, doba trajanja

Povzetek: Nove napajainike izdelujejo v stikaini tehniki (SMPS), temu morajo biti prilagojeni tudi elektronski sestavni deli.

Cilj nadega dela je razviti elektrolitske kondenzatorje (ELKQ), ki ustrezajo uporabi v stikalnih napajalnikih (SMPS ELKO) in jih v Iskri, tovarni Elektroliti
tudi proizvajati. Dodatne zahteve za SMPS ELKO so predvsem dovoljena visoka obremenitev z enosmerni napetosti superponiranim izmenidnim
tokom (lef) in moZnost delovanja pri frekvencah do prek 500KHz. V ¢lanku so opisani vplivi delovnega elektrolita in anodne folije na vigino ESR in
na segrevanje ELKO zaradi prikljuitve dolo¢enega lef. Za ugotovitev intenzivnosti segrevanja ELKO smo merili temperaturo na ohigju ELKO.
Prikazana je odvisnost med ESR in visino lef, ki segreje ohisje ELKO za 1°C. Omenili smo problem ESR elektrolitov, ki vsebujejo gama-butirolakton.

SMPS Elektrolytic Capacitors Developments Aim to Select Their
Constituent Parts

Key words: electrolytic capacitors, radial connections, SMPS, switch mode power supply, ESR, equivalent series resistance, chemical electrolyts,
high boiling point, dc voltage, AC current, high temperatures, high frequencies, high loading, lifetime

Abstract: New series of power supplies are produced as switch mode power supplies (SMPS), therefore all contained electronic parts must suit to

new requirements,
The aim of our work is to develop and to produce SMPS electrolytic capacitors in ISKRA ELEKTROLITI factory. Extra requirement for SMPS

capacitors is mainly allowed high load with ripple current and ability to operate by frequencies above 500KHz. In present article are described
influences of working electrolytes and anode foil on ESR height and heating of capacitors caused by load with lef. We had been measuring
temperature on surface (case) of capacitors to find out temperature changes. Chart is showing dependence between ESR and lef which heats the
surface of capacitors for 1°C to 3°C. We have mentioned the problem of resistance of electrolytes which contain gamma-butyrolacton.

1. UVOD danca nara3cati, kar onemogo&a dobro delovanje
SMPS. Zato razvijamo tudi v tovarni Elektroliti nove
ELKO, ki bodo izpolnjevali velike zahteve za delovanje
v stikalnih napajainikih. To nalogo sofinancira tudi MZT,
prvi rezultati tega dela so opisani v tem prispevku.

V letu 1990 je bila na Japonskem celotna produkcija
kondenzatorjev 119 bilijonov kosov, od tega 26 bilijonov
kosov aluminijevih elektrolitskih kondenzatorjev (v na-
daljevanju ELKO). Poleg tega je opazen trend po-
veCevanja porabe teh elektronskih sestavnih delov, kajti
njihova uporaba se $iri na nova podroéja: v procesno

kontrolo, avtomatizacijo obratov, avtomatizacijo uradov, 2. IMPEDANCA, ESR IN SUPERPONIRAN

informacijsko tehniko, zabavno elektroniko itd. /1/ IZMENICNI TOK
Kritina enota, ki dobavlja mo¢ celi napravi, je napajal- Dodatne zahteve za ELKO, ki je primeren za vgradnjo v
nik. Cedalje ve¢ proizvajajo napajalnike, ki uporabljajo SMPS, so naslednje:

stikalni sistem. Ti napajalniki se imenujejo (switch-mode
power supply, v nadaljevanju SMPS). Ti napajalniki so
mnogo ucinkovitejsi od prejsnjih. Ugotovili pa so, da je
napajalnik lahko precej manjsiin s tem cenejsi, Ce deluje
na visoki frekvenci. V bliznji prihodnosti zanimive frek-
vence so v obmocju od 200 KHz do prek 500 KHz. Ker
- je eden od sestavnih delov SMPS tudi ELKO, velja zanj
enaka zahteva in sicer da mora biti sposoben dobro
delovati v obmod&ju visokih frekvenc s precej$njimi eno- impendanco sestavljajo kapacitivni, ohmski in induktivni
smerni napetosti superponiranimi izmeniénimi tokovi. /2/ upor:

1. nizka ESR in impedanca

2. visoko vrelisCe elektrolita

3. dolga Zivljenska doba pri visoki temperaturi

4. dopustma visoka obremenitev s superponiranim iz-
menic¢nim tokom pri visokih frekvencah

Obi¢ajnim ELKO zagneta pri visokih frekvencah ekviva- \/ 1 ¥
lentna serijska upornost (v nadaljevanju ESR) in impe- Z="VESR?+ [m L - w—E)
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J. Cerneti¢: Razvoj SMPS ELKO s povdarkom na izbiri
njegovih sestavnih delov
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Slika 1:

Frekvenéna odvisnost impedance

kar je predstavljeno na sliki 1.

Pri nizkih frekvencah {cca 100Hz) je mocno previadu-
joga kapacitivna upornost:

1
Z~Z1-—w_C

Pri srednjih frekvencah (cca 10°Hz) je prevladujoca
ohmska upornost:

Z=22=ESR

Pri visokih frekvencah (> 1.10° Hz) je previadujola
induktivna upornost:

Z=Z3=0 -L
iz povedanega sledi, da je v za nas zanimivem frek-

venénem obmodju previadujo¢a ohmska upornost. Vpli-
vi na chmsko upornost so razvidni iz naslednje enacbe

(3):

ESR=r-Re- d/2F

r - upornostni faktor

Re - upornost delovnega elektrolita

d - debelina papirja

F - povrsina anodne folije

Ohmsko upornost torej lahko zmanjSamo z zmanjsan-
jem upornosti elektrolita, s tanjSim in manj gostim papir-
jemin z uporabo manj jedkane folije.

Nizek ESR ELKO in visoko vrelis€e delovnega elektro-
lita sta potrebna zato, da ELKO lahko obremenimo z
visokim enosmerni napetosti superponiranim izme-
ni¢nim tokom (v nadaljevanju lef). Za prikaz parametrov,

ki vplivajo na visino dovoljenega lef, navajamo enacbo
iz standarda DIN 41240:

lef = VK - SESR

120

lef - maksimalno dovoljen izmeniéni tok pri 100Hz, 40°C
(A)

K - faktor, odvisen od povrsine ELKO
S - povréina ELKO (cm?)
ESR - ekvivalentna serijska upornost ()

Ta izratun velja za temperaturo ELKO 40°C. Ce zelimo
priklju¢iti ELKO na visjo temperaturo, ustrezno
zmanj$amo ler, glede na to, za koliko °C dopustimo
segrevanje ELKO zaradi prikljucitve le pri dolo¢eni tem-
peraturi okolice. Torej, na viSino maksimalno dovoljene-
ga ler vplivajo ESR, velikost ELLKO in dovoljeno segre-
vanje ELKO zaradi prikljucitve let.

3. EKPERIMENTALNI DEL

Glede na velik vpliv delovnega elektrolita na parametre
ELKO smo najve¢ ¢asa posvetili prav razvoju in izbiri
le-tega. Kot impregnante smo uporabili 5 eletrolitov, ki
imajo naslednje osnovne komponente in parametre:

Oznaka Setava Rao (Qem) | Twei (°C)
1 TMAP, ~-butirolakton 100 > 150
2 maleinat, m. formamid 130 >150
3 adipat, et.glikol (1) 135 122

4 zmes soli, et.glikol 240 135

5 adipat, et.glikol(2) 95 115

Rao - specificna upornost delovnega elektrolita
Twrel - vrelis€e delovnega elektrolita

Kot je razvidno iz sestave, imajo elektroliti razli¢na topila
in prevodne soli. Iz literature nam je znano dejastvo, da
topilo bistveno vpilva na permeabilnost papirja in s tem
na prevodnostne karakteristike ELKO. V te elektrolite
smo impregnirali radialne ELKO razli¢nih vrednosti in
dimenzij. Za ELKO enakih vrednosti smo uporabili ra-
zlicno predformirane ali razlicno jedkane folije. Glede
papirja nismo eksperimentirali ampak smo uporabili
nase izkusnje in vse vzorce navili z nam dostopnim
najbolj§im papirjem.

Vzorci ELKO:
ELKO Upt(v) dxl ELKo
1500 F/40V 16 8x11
150uF/10V 22 8x11
100pF/40V 70 10x15
100uF/40V 49 10x15

Upr - predformirana napetost uporabljene anodne folije

dxl - dimenzije ELKO v mm
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Zacetne meritve ESR so razvidne iz slik 2in 3.

Za ugotavljanje obremenljivosti nadih ELKO z le smo
merili segrevanje ELKO zaradi prikljucitve ler. Preizkus
smo izvrsili v komori, termostatirani na + 105°C + 0,1°C.

Segrevanje kondenzatorja smo merili s pomocjo poseb-
nega merilnega sistema, na ohidje ELKO smo pritrdili
merilno sondo. Registrirali smo tokove, ki so segreli
povrsino ELKO za 1°C in 3°C.

4. REZULTATI

Odvisnost ESR od vrste elektrolita in predformirne na-
petosti anodne folije je prikazana na slikah 3 in 4.

ESR (€2)
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Slika 2:  ESR v odvisnosti od vrste elektrolita in visine
ESR ()
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Slika 3:  ESR v odvisnosti od vrste elektrolita in vidine

predformirne napetosti anodne folije

Ce primerjamo upornosti elektrolitov z ESR ustreznih
ELKO vidimo, da dobimo glede na Rso nesorazmerno
visok ESR pri elektrolitu 1, ki vsebuje kot topilo gama-
butirolakton. Japonci ta problem resujejo s posebno
vrsto papirja.

V naslednjih diagramih prikazujemo segrevanje ELKO
v odvisnosti od viine prikljuéenega let.,
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Slika 5:  Segretje povriine ELKO v odvisnosti od

prikljucenega lef

Temperatura komore = +150°C + 0,1°C
Merilna frekvenca = 50Hz

S slik 4 in 5 je razviden velik vpilv elektrolita in upora-
bljene folije na intenzivnost segrevanja kondenzatorja
ob prikljuditvi na ler. Vidina dovoljenega lef, ki segreje
povrdino ELKO za 1°C ali 3°C, je v obratnem sorazmerju
z ESR ELKO. Zanimivo pa je, da ELKO z elektrolitom 3
dovoljuje vidjo obremenitev z lef za enako segretje
povrdine kot ELKO z elektrolitom 2. Elektrolit 3 je klasi¢ni
glikol-adipatni elektrolit, elektrolit 2 pa brezvodni elektro-
lit, topilo je metilformamid.

5. POVZETEK IN ZAKLJUCEK

Nasi rezultati kazejo na to, da so sestavni deli ELKO,
kot sta folija in papir, prikrojena klasi¢nim glikol-adipat-
nim ali glikol-boratnim elektrolitom. Pri brezvodnih elek-
trolitih nastopi problem specifi¢ni upornosti elektrolita
nesorazmerno visok ESR ELKO. Resitev tega problema
je v novih materialih, predvsem v tem elektrolitom prila-
gejenem papirju. Klasicni glikolni elektroliti imajo tudi to
veliko pomanjkljivost, da imajo prenizko vreli§ée za do-
seganije velikih lef pri temperaturi +105°C ali veg. Brez-
vodni elektroliti imajo visoka vrelis¢a, zato lahko dopu-
stimo viSje segrevanje ELKO. Poleg tega so pri teh
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temperaturah ¢asovno zelo stabilni in mnogo manj ko-
rozivni kot glikolni elektroliti. Nasi preliminarni preizkusi
Zivljenske dobe ELKO z elektrolitom 1 so te dobre
fastnosti potrdili.
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KARAKTERIZACIJA V VAKUUMU NAPARJENIH
TANKIH PLASTI ALUMINIJA NA SILICIJEVE REZINE.

B. Pracek, S. Mustra
Institut za elektroniko in vakuumsko tehniko, Ljubljana, Slovenija

Kljuéne besede: mikroelektronika, tehnclogija polprevedniska, plasti tanke, rezine silicijeve, naparevanje vakuumsko, nanasanje aluminija,
oksidacija termi¢na, AES Auger spektroskopija elektronska, C-V metoda kapacitivno napetostna, interferometrija

Povzetek: Ze dolgo ¢asa predstavija nanasanje tankih plasti aluminija na silicijeve rezine pomemben dei poiprevodniske tehnologije. V &lanku so
prikazani rezultati karakterizacije teh plasti s spektroskopijo Augerjevih elektronov, C-V metodo in interferometrijo. Prikazani rezultati so dobljeni s
preiskavo Sestih karakteristicnih vzorcev. Na tri vzorce so bile tanke plasti aluminija nanesene s pomogjo elektronskega topa, na preostale tri vzorce
pa z indirektnim uporovnim ogrevanjem na volframski Spirali. Na po enem vzorcu od obeh skupin je bila, pred nanosom aluminija, na silicijevih
rezinah s termino oksidacijo izdelana samo tanka plast silicijevega dioksida, oba vzorca pa sta bila n-tip. Na drugih dveh je z difuzijo bora izdelan
np spoj ter na preostalih dveh z difuzijo fosforja pn spoj. Debelina, kemiéna sestava in elektronske lastnosti tako naparjenih plasti aluminija se
razlikujejo: najvedje raziike so v plasteh, ki so nanesene na silicijev dioksid, zaradi znane redukcije tega z aluminijem. Prav tako smo opazili, da so
plasti naneene z elektronskim topom veliko bolje glede na gibljive in negibljive naboje, katere vnasajo v oksid.

Characterization of Thin Aluminium Films Vacuum Evaporated on
Silicon Substrates

Key words: microelectronics, semiconductor technology, thin films, silicon wafers, vacuum evaporation, aluminium deposition, thermally grown
silicon oxide, AES, Auger electron spectroscopy, capacitance-voltage method, interferometry

Abstract: For a long time vacuum evaporation of thin aluminium films has been a constitutive part of semiconductor technology. This article presents
some results on characterization of these films by Auger electron spectroscopy, capacitance-voltage and interferometric methods. The results
presented have been obtained by examining six characteristic samples. On three of them aluminium has been evaporated by electron beam
technique; other tree were coated with aluminium by evaporation from tungsten spiral. In each group of samples one of samples has been previously
covered by thermally grown silicon oxide; second sample has been doped by boron and third by phosphorus. Thickness, chemical composition and
electronic properties of these films are different; films deposited on the silicon dioxide show the most prominent differences because of the well
known reduction of silicon dioxide by aluminium. Also, it has been confirmed that electron beam evaporated samples show better characteristics

concerning the contents of fixed and mobile charges in the underlining oxide.

1. Uvod Plast aluminija je na vzorec §t.1 naparjena iz volframske
Spirale na vzorec $t.4 pa nanesena s pomodijo elektron-
skega topa. Vzorca §t.2 in 8t.5 sta imela za podlago

Vakuumsko naparjene plasti aluminija so ze dolgo ne- [ o9e Ppd. Vel : . 4
silicijevi rezini p-tipa, upornost je znasala 3-5 ohmcmin

pogresljiv sestavni del polprevodnike tehnologije. Do-
bro nanasanije in legiranje, dobra elektri¢na prevodnost,
moznost fotolitografskega postopka in nizka cena so
zelo zazelene lastnosti v proizvodnji polprevodnikov.
Aluminij se uporablja tako za vmesne plasti kot tudi za
kontaktiranje silicija z ohigji (ozi¢enje). Uporabne lastno-
sti naneSenih plasti aluminija bodo odvisne od njihove O
konéne kemicne sestave in strukture. V ¢lanku podaja-
mo rezultate karakterizacije tankih plasti aluminija, ki so
nanedene v vakuumu z dvema razli¢nima metodama: @
naparevanjem iz volframske Spirale in nanasanjem s
pomocjo elektronskega topa.

Naparevane K/?}/SZ{'re vanje
vz.stl W o-spirala vz St) elektron. fop

““‘_'_"1"_7“""

®

®

2. lzdelava vzorcev

LEGENDA DAl @ASi0, 3Si ~— simer AES analize.

Vsi vzorci so izdelani na podiagah iz silicijevih rezin z
orientacijo <111> in premera 2". Vzorca §t.1 in §t.4 sta
termi¢no oksidirana do debeline silicijevega dioksida Slika 1:  Shematski prikaz prereza vzorcev
okoli 0.4 um in sta bila n tipa z upornostjo 3-5 ohm cm.
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sta bili oksidirani do debeline SiO2 okoli 1 um. S fotoli-
tografskim postopkom sta bili pri obeh vzorcih v oksidu
narejeni odprtini, sledil je postopek dopiranja s fosforjem
in nato nanasanje aluminija. Plast aluminija je na vzorec
§t.2 naparjena iz volframske 3pirale na vzorcec §t.5 pa
nanedena s pomocjo elektronskega topa. Vzorca §t.3 in
§1.6 sta imela za podlago silicijevi rezini n-tip oksidirani
in pripravijeni na enak nacin kot vzorca §t.2 in §t.5 sta
pa po odpiranju odprtin dopirana z borom pred nanasan-
jemaluminija. Piast aluminija je navzorec 8.3 naparjena
iz volframske Spirale na vzorec §t.6 pa je naneSena s
pomocjo elektronskega topa. Shematski prikaz preseka
na opisani nacin izdelanih vzorcev z ozna¢eno smerjo
ionskega jedkanja pri AES profilni analizi kaze slika 1.

3. Interferenéna in opti¢na karakterizacija

InterferometriCne meritve so pokazale, da je pri vseh
Sestih vzorcih debelina nanesenih plasti aluminija dokaj
enaka in da zna3a okoli 0.4 um. Prav tako je optic¢na
interferometrija pokazala, da je debelina termi¢no izde-
lanega silicijevega dioksida na podiagah vzorcev §t.1in
§t.4 pred nanasanjem aluminija, znasala okoli 0.38 um.
Preiskave z opti¢nim mikroskopom pri 500 kratni po-
vedavi niso pokazale bistvenih razlik v izgledu in struk-
turi plasti.

4. AES karakterizacija

Vzorce smo pritrdili na nosilec vzorcev z nagibom 60
stopinj in vgradili v spektrometer Augerjevih elektronov
(Phisical Electronics Ind. SAM 545 A). Vakuumski si-
stem je nato evakuiran do tlaka pod 2.5x107 Pa. Za
analizo je uporabljen stati¢ni curek primarnih elektronov
energije 3keVintok elektronov 0.5 pA. Vpadni kot curka
primarnih elektronov glede na normalo na povrdino je
znadal 30 kotnih stopinj. Vzorci so jedkani z dvema
sovpadajodima curkoma ionov argona z energijo 1 keV,
ki sta rastrirala na povrsini 5mm x 5mm pri vpadnemkotu
47 kotnih stopinj. Hitrost jedkanja Cr/Ni standarda je bila
okoli 3 nmymin. Podatki dobljeni iz spektrov Augerjevih
elektronov posnetih med profilno analizo so uporabljeni
za izdelavo profilnih diagramov prikazanih na slikah 2-7.
Na ordinati diagramov so nanesene intenzitete Augerje-
vih vrhov in na abscisi Cas ionskega jedkanja. V legendi
zraven diagrama je za vse detektirane elemente oz-
nafeno pri kateri energiji se v spektru Augerjevih elek-
tronov nahaja njihov vrh.

4.1 Rezultati AES profilne analize

Profilni diagram vzorca §t.1 (slika 2.), plast aluminija
debeline 0.4 um naparjena iz volframske $pirale na 0.38
um debelo plast silicijevega dioksida, kaze na povrsini
prisotnost tanke oksidne piasti. Vrh aluminija pri energiji
54 eV pripada aluminiju vezanemu v Al2O3. Na povrsini
in deloma tudi v tanki oksidni plasti zaznamo manj$o
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koncentracijo ogljika kot kontaminanta. Tanka povrSin-
ska oksidna plast, debeline okoli 10 nm izgine Ze po
tirih minutah ionskega jedkanja. Vse do 130-te minute
jedkanja se nahaja plast Cistega aluminija, ko se pojavijo
vrhovi: Si(78eV), ki pripada siliciju vezanemu v SiOy, vrh
Si(92eV) pripada elementarnemu siliciju in vrh kisika
0O(510eV). Mejo med Al in SiO2 dosezemo po 150-tih
minutah jedkanja (debelina okoli 0.45 um).
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Slika 2:  Profilni diagram vzorca $t. 1

Profilni diagram vzorca §t.2 (slika 3.), plast aluminija
debeline 0.4 um naparjena iz volframske 3pirale na
silicijevo rezino dopirano z fosforjem kaze, da je na
povrdinitegavzorca skoraj dvakrat debelej$a plast AlO3
kot na vzorcu §t.1, kontaminacija povrsine in oksidne
plasti z ogljikom pa je temu zelo podobna. Po 140-tih
minutah ionskega jedkanja se pojavi vrh elementarnega
Si(92eV). Mejo med Cisto plastjo Alin Si dosezemo po
155-tih minutah jedkanja (okoli 0.46um). Fosforja kot
dopanda nismo zaznali, ker je v koncentracijah pod mejo
obcutljivosti AES metode.
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Slika 3:  Profilni diagram vzorca $t. 2

Profilni diagram vzorca §t.3 (slika 4.), aluminij naparjen
iz volframske Spirale na silicijevo rezino, ki je bila dopi-
rana z borom. Na povrsini vzorca §t.3 je oksidna plast
aluminija za malenkost tanj$a kot pri vzorcu §t.2 in tudi
kontaminacija z ogljikom je nekoliko manj3a. Cas ion-
skega jedkanja, ko zaznamo pojav elementarnega
Si(92eV) in Cas, ki je potreben, da dosezemo mejo Al/Si
pa je polnoma enak. Bora prav tako ne zaznamo zaradi
koncentracije, ki je pod mejo detekcije.
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Slika4:  Profilni diagram vzorca ét. 3

Profilni diagram vzorca §t.4 (slika 5.), plast aluminija
debela 0.4 um nanesena na 0.38 um debelo plast silici-
jevega dioksida s pomocjo elektronskega topa kaze, da
je na povrdini tega vzorca plast AlbOs skoraj trikrat
debelej$a, koncentracija ogljika pa dvakrat vecja kot pri
vzorcih 8t. 1, 2in 3. Po 165 minutah jedkanja zaznamo
vrhove Si(78eV), Si(92eV) in O(510eV). Mejo med Alin

Si02 dosezemo po 185 minutah jedkanju (okoli 0.56
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Slika 5:  Profilni diagram vzorca $t. 4

Profilni diagram vzorca $§t.5 (slika 6.), plast aluminija
debela 0.4 pm naneSena na silicijevo rezino dopirano z
fosforjem ima na povrsini tanko plast aluminijevega
oksida, ki izgine Ze po 10-minutnem jedkaniju {okoli 30
nm). Tudi tanka plast Al.O3 tega vzorca je kontaminirana
Z ogliikom vendar dosti manj kot plast na vzorcu $t.4 in
nekoliko manj, kot na vzorcih §t.1, 2 in 3. Vrh elemen-
tarnega kisika se pojavi po 160 minutah jedkanja, mejo
med Al in Si pa dosezemo po 185 minutah jedkanja
(okoli 0.54 um).

Profilni diagram vzorca §t.6 (slika 7.), plast aluminija
debela 0.4 um nanesena na silicijevo rezino dopirano z
borom s pomogjo elektronskega topa je zelo podoben
diagramu vzorca §t.5 (slika 6.) razen, da je priblizno
enako debela tanka plast AloOz dosti bolj kontaminirana
z ogljikom.
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Slika 7:  Profilni diagram vzorca $t. 6

5. CV karakterizacija

Vzorca §t.1 in §t.4 smo uporabili tudi za meritve kolidine
gibljivih in negibljivih nabitin delcev s pomodjo TBS
metode /1/. Vzorec 3t.1 na katerega je bila 0.4 um
debela plast aluminija naparjena iz volframske $pirale
na 0.38 um debelo plast SiOz je v oksidu vseboval Q =
3.41 x 10E"" g/cm? negibljivih in Q = 5.37 x 10E"" g/em?
gibljivih nabitih delcev.

Vzorec §t.4 na katerega je bila 0.4 um debela plast
aluminija naneSena s pomocjo elektronskega topa na
0.38 um debelo plast SiOz, pa je v oksidu vseboval Q =
2.05 x 10E"" g/cm negibljivih in Q = 1.83 x10E"" g/em?
gibljivih nabitih delcev.

5. Diskusija

Znano je, da se na povrsini aluminija takoj po nanasanju
v vakuumu, tvori tanka plast Al203 /2/. Proces oksidacije
povrSine poteka v dveh fazah: prva je kemisorbcija
kisika in za to kemiCna reakcija, ki tvori oksid. Vsi z AES
metodo analizirani vzorci so imeli na povrsini tanko
oksidno plast aluminija na in v kateri smo zasledili
razlicno vsebnost ogljika. Medsebojne raziike v debelini
tanke oksidne plasti aluminija na povrsini, pri vzorcih na
katere je naparevan aluminij iz volframske 3pirale in
tistimi na katere je nanasan s pomodjo elektronskega
topa so posledica ved vzrokov: razli¢ni tlak (vakuum) pri
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vensko nemskega komiteja za znanstveno sodelovanje
in ¢lan slovenske UNESCO komisije ter od 1994 pred-
sednik slovenskega UNESCO odbora za naravoslovne
vede.

Kot direktor Kemijskega instituta je pomembno prispeval
k temu, da je indtitut postal doma in v svetu cenjena
raziskovalna ustanova. Mednarodne povezave, ki so
nastale na njegovo pobudo, poudevanje na uglednih
tujih univerzah, poznavanje problemov raziskovalne po-
litike v razliénih drzavah in vodenje enega od projektov
COST Evropske unije so nedvomno mocno prispevali k
uveljavijanju Slovenije v svetu.

Priznanje AMBASADOR REPUBLIKE
SLOVENIJE V ZNANOSTI je prejel za
dolgoletne raziskovalne dosezke
prof.dr. ZVONKO FAZARINC

Diplomiral je s podrogja elektrotehnike, doktoriral v ZDA,
Kjer je z disertacijo o sintezi radioastronomskih merjen;j
leta 1965 doktoriral na Stanford University. Istega leta
se je zaposlil v laboratorijih firme Hewlett-Packard v Palo
Altu, Kalifornija. Firma je ena izmed najuglednejsih
druzb za elektronsko in procesno merilno tehniko v
svetovnem merilu.
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prof.dr. ZVONKO FAZARINC

Profesor Fazarinc je Ze leta 1966 izdelal radunalniski
program, ki je simuliral nelinearna elektronska vezija.
Ken Van Bree, sodelavec iz laboratorijev Hewlett-Pac-
karda, se spominja, da je bil takrat profesor Fazarinc
edini na svetu, ki je to znal in zmogel. Njegovo delo je
bilo temelj programa SPICE, ki so ga kasneje na Kali-
fornijski univerzi v Berkeleyu povzdignili na raven indu-
strijskega standarda.

V letu 1978 je profesor Fazarinc postal direktor novou-
stanovljenega laboratorija za obsezno podrodje elek-
tronskih instrumentov, integriranih vezij, ultra-hitrih ana-
logno/digitalnih pretvornikov, procesiranja signalov, di-
stribuiranih sistemov, nacértovanja programske opreme
in orodij ter komunikacijskih protokolov. Vsi, ki se ukvar-
jajo s temi podrogji vedo, da so instrumenti in protokoli,
Ki so nastali v laboratorijih Hewlett-Packarda, svetovni
standard. V tistem Casu je vpeljal sistem elektronske
poste, ki je povezal vse laboratorije v okviru Hewlett-
Packarda, nacrtoval je opti¢ne komunikacijske poveza-
ve. S svojim vizionarskim talentom, tehnoloskim zna-
njem in znanstveno suverenostjo, je bil profesor Faza-
rinc vedno nekoliko pred svojim ¢asom. Njegove zamisli
in nacrti se uresniCujejo Sele v zadnijih letih.

Pomemben je prispevek profesorja Fazarinca na po-
drocju sistemov za globalno dologanje lokacije z visoko
locljivostjo. Leta 1980 je bil ¢lan sveta direktorjev firme
Trimble Navigation, ki uspesno trzi dvanajst izdelkov za
globalno pozicioniranje. V letu 1980 je bil vodja projekta,
s katerim so v Hewlett-Packardu naredili prvi osciloskop,
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hibridni sistem vrhunskega instrumenta in radunainika.
Ta instrument je istega leta revija Electronic Products
proglasila za produkt leta.

Od leta 1987 daije se profesor Fazarinc ukvarja s pro-
moviranjem izvirne zamisli o konceptnem uéenju nara-
voslovnih ved. Jedro njegove zamisli je, da je temeljne
naravne zakonitosti mogoce poudevati s pomocjo
raunalniskih simulacij. Uspelo mu je izdelati nazorne
simulacije najzahtevnejsih problemov iz teorije elektro-
magnetike in relativnosti. V ta projekt se je doslej
vklju€ilo dvanajst evropskih univerz, na katerih je profe-
sor Fazarinc vedno zazelen predavatelj. Za sodelovanje
v projektu, ki se imenuje COLOS (Conceptual Learning
of Science), se sedaj poteguje tudi enajst amerigkih
univerz. V projekt je vkiju€ena tudi Republika Slovenija,

za Kar ima najvecje zasluge prav profesor Zvonko Fa-
zarinc.

V vseh letih plodnega raziskovanja je profesor Fazarinc
promoviral svojo domovino, jo predstavijal v svetu in
prispeval k temu, da je firma Hewlett-Packard sponzor-
sko opremila tevilne laboratorije na Univerzi v Ljubljani
z vrhunsko raziskovalno opremo.

Profesor Zvonko Fazarinc je objavil vrsto znanstvenih in
strokovnih &lankov v uglednih revijah in je solastnik
patenta digitalne kontrole analognih vezij, podeljenega
v ZDA.

Je ustanovni &lan uredniS$kega odbora strokovne in
znanstvene revije Computer Application in Engineering
Education, ki je bila v letu 1993 proglagena za najbolj$o
revijo na podrocju znanosti, tehnologije in medicine v
ZDA.
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Brane Kren, Slovenia
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GENERAL INFORMATION

The 22nd conference on microelectronics MIEL 94 con-
tinues the tradition of the annual international conferen-
ces organized by MIDEM, Society for Microelectronics,
Electronic Components and Materials, Ljubljana, Slove-
nia. For the third time, the conference is organized jointly
with the 30th Symposium on Devices and Materials, SD
94, another annual meeting of the same Society.

Both Conferences are well known through the distingui-
shed guest speakers. Aswell, several hundred scientists
from all over the world took partin these conferences in
the past. The goal of connection and building of the
friendship between the scientists and their companies
remains the keystone of the organizer.

This year, special session devoted to presentation of
microelectronics laboratories and enterprises will be
held. The aim of the presentation is being acquainted
with the work and possibilities of different research
groups, companies and their projects.

The conference will be held in TERME ZRECE - RO-
GLA, Slovenia, a picturesque tourist resort, SEPTEM-
BER 28th - 30th.

PREPARATION OF THE PAPERS

The papers have to be prepared on maximum 6 pages
A4 format, ready for reproduction in the Proceedings.
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RECEIPT DEADLINE

Deadline for the manuscript of the paper is September
1st.

CONFERENCE PROCEEDINGS

invited papers and accepted papers will be published in
the conference proceedings distributed at the conferen-
ce registration.

LANGUAGE AND PRESENTATION

Official conference language is English.

Each author will have 10 minutes to orally present his
paper. 5 minutes are reserved for discussion.

REGISTRATION

The registration fee is US$ 300. MIDEM Society, as well
as Conference sponsor members have 20% discount
while MIDEM members have 30% discount. The fee
includes free access to all conference events, including
welcome cocktail party and the conference dinner on
September 29th.

Aninformation and registration desk will be opened from
Wednesday, September 28., to Friday, September 30.,
from 8:00 to 19:00 and also Tuesday, September 27.,
from 17:00 to 20.00.

CONFERENCE VENUE

The Conference will be held from September 28th to
September 30th, at Hotel Planja, Rogla, Slovenia.

TRAVEL AND ACCOMMODATION

You can arrive to Rogla, Slovenia, first by plane to the
airport of Ljubljana or Maribor.

By car, take exit from the main road between Celje and
Maribor, following signs for Zre¢e and Rogla. You need
about half an hour of slow drive to reach Hotel Planja on
Rogla from Zrecée town.

We strongly recommend accommodation in Hotel Plan-
ja, where Conference takes place.

The room reservation has to be made directly to :

TURIZEM UNIOR ZRECE

Hotel PLANJA, MR.SANDI PLAUSTEINER
Cesta na Roglo 15, 63214 Zrele, Slovenia
TEL. +386 - (0)63 - 762 451

FAX. +386 - (0)63 - 762 446

SOCIAL EVENTS

The cocktail party will be organized on Wednesday,
September 28th and the Conference dinner on Thur-
sday, September 29th.
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Program and oi’ganizing committee :

MIDEM

Dunajska 10

61000 Ljubljana, SLOVENIA
TEL.+386 - (0)61 - 312 898,
FAX.+386 - (0)61 - 319170

Secretary of the conference:
Mrs.Meta Limpel

CONFERENCE PROGRAM

WEDNESDAY, SEPTEMBER 28

9:00 WELCOME AND OPENING CEREMONY

9:30 INVITED PAPER
J.TRONTELJ : Trends in Mixed Signal Asic Design

10:30 COFFEE BREAK

10:45 MIEL SESSION ON INTEGRATED CIRCUITS
D.STRLE : On the Low Voltage, Low Power Analog CMOS
Circuit Design

S.0ZBOLT, J.TRONTELJ, L.TRONTELJ : High Voltage Tran-
sistors in Integrated Analog Stages

A.PLETERSEK, J.TRONTELJ : Low Noise Design Using
Compatible Lateral Bipolar Transistors in CMOS Technology
S.STARASINIC, J.TRONTELJ : Two Channel ASIC for Im-
planted System

V.KUNC, J.TRONTELJ, L.TRONTELJ : A Study of Resolution
Limitation for Integrated Picoampere Measuring System
M.JENKO : Stochastic Phenomena in the Design of High
Speed VLS| Circuits - The Dumand Chip
K.LUTHER,T.KRISTOFFERSSON, H.SCHLEIFER, W.REC-
ZEK : Design Concept fora5V/3.3V DRAMin a5V Technology

12:30 LUNCH

14:30 INVITED PAPER
H.VIEFHAUS : Surface, Interface and Thin Film Analysis in
Material Science

15:30 MIEL SESSION ON INTEGRATED CIRCUITS
W.KAUSEL, H.LKREMSER : 4-Channel CMOS Subscriber
Line Interface Kit

T.KRISTOFFERSSON, W.RECZEK, J.RIEGER: Address
Chain Optimization for Low Voltage Drams

R.OPARA : 1/f Noise Parameter Identification

J.TRONTELJ : Methodology for Automatic Schematic Gene-
ration from IC Layout

D.RAIC : Towards a Faster and User Friendly Schematic
Capture System

R.PORENTA, J.TRONTELJ : Methods for Handling Special
Circuit Properties When Comparing Scheme and Layout Cir-
cuits

17:00 COFFEE BREAK

17:15 MIEL SESSION ON TECHNOLOGY
P.BELLUTTI, M.BOSCARDIN, A.LUI, G.SONCINI, M.ZEN,
N.ZORZI : Bird's Beak Reduction by Dry Locos Technique
M.MACEK, AL V.KORDESCH : Comparison of Thin Oxide
Charge to Breakdown Measurement Techniques

D.RESNIK, P.POPOVIC, D.VRTACNIK, S.AMON : Charac-
terization of Thermal SiO2/LPCVD SisN4 Double Layer Anti-re-
flective Coating
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G.U.PIGNATEL, G.F.DALLA BETTA, G.SONCINI : Materials
and Fabrication Technologiss for Nuclear Radiation Detectors
T.ATHANAS, 1.50RLI], Z.BELE, LNEDEV : High Resistancs
Polysilicon Resistors for Analog-digital Design

U.ALJANCIC, D.RESNIK, D.VRTACNIK, S.AMON : Temps-
rature Dependencies of Silicon Piezoresistive Pressure Sen-
sor

M.MOZETIC, M.KVEDER, M.DROBNIC, A.PAULIN: Atomic
Hydrogen Processing of Magnetron Surfaces

19:00 PRESENTATION OF LABORATORIES
20:00 COCKTAIL

THURSDAY, SEPTEMBER 29

08:30 INVITED PAPER
N.SETTER : Ferroelectric Thin Films for Microelectronics And
Micromechanics Applications

09:30 SD SESSION ON THIN FILMS

M.GODEC, P.PANJAN, A.CVELBAR, B.NAVINSEK, A.ZA-
LAR : A Study of Titanium Silicide Growth

A.CVELBAR, P.PANJAN, B.NAVINSEK, A.ZALAR, Z.SMIT,
M.BUDNAR, D.MANDRINQO: A Comparative Study Of Ni/Si
Interaction by Means of AES, XRD, RBS and Electrical Resi-
stivity

A.CVELBAR, P.PANJAN, B.NAVINSEK : In Situ Continuous
Electrical Resistivity Measurement as an Analytical Method for
Nickel Silicide Formation During Heating at a Constant Rate
U.DELALUT, M.KOSEC : Effect of Chemical Composition on
Crystallization and Microstructure Development of Alkoxide
Based PLZT Thin Films

A.KANDUSER, P.PANJAN, D.MANDRINO, C.FILIPIC,
M.KOSEC, B.LAVRENCIC : Dielectric and Crystallographic
Properties of Sputtered LiTaOs Thin Films on Conducting and
Semiconducting Substrates

M.STUBICAR, G.BITELLI, S.LUGOMER, M.STIPANCIC :
Formation of Ta-nitrides by High Power Pulsed CO2 Laser in
Pressurized N2 Atmosphere

F.BRECELJ, M.MOZETIC, K.ZUPAN, A.PREGELJ : Study of
Barium Evaporation From Impregnated Cathode

11:15 COFFEE BREAK

11:30 SD SESSION ON CERAMICS, METALS AND
COMPOSITES

R.KUZEL, J.STEJSKAL : Electrical and Dielectric Properties

of Polyanilline Composites

D.KUSCER, M.HROVAT, J.HOLC, Z.SAMARDZIJA, S.BER-

NIK, D.KOLAR : Investigation of Novel Sofc Cathode Mate-

rials

1.ZAJC, M.DROFENIK : New PTCR Ceramics

M.VALANT, D.SUVOROV : Microwave Dielectric Propetties of

the Bi-doped Baa.sNdgTi1gOs4 Phase

12:30 LUNCH

14:30 INVITED PAPER
Z.SITAR : MBE in Ferroelectrics, Technique and Analysis

15:30 SD SESSION ON CERAMICS, METALS AND
COMPOSITES

F.VODOPIVEC, B.BRESKVAR, B.ARZENSEK, M.TORKAR,
J.ZVOKELJ : Effect of Deformation by Wire Drawing on Ma-
gnetic Properties of a Fe2gCrieCo Alloy

M.JENKO, FVODOPIVEC, M.GODEC, D.STEINER-PETRO-
VIC : Surface Activated Recrystallization of Non-oriented Elec-
trical Steel Sheet
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G.DRAZIC, S.KOBE-BESENICAR, B.SAJE : A TEM-EDXS
Study of Zirconia Doped Nd-Dy-Fe-B Magnets Fabricated from
the HDDR Processed High Coercitivity Powders
B.SUSTARSIC, B.BRESKVAR, V.LESKOVSEK, A.RODIC :
Microstructural Characteristics of Water Atomized Cu-based
Powders for Brazing

16:30 COFFEE BREAK

16:45 MIEL SESSION ON PHOTOVOLTAIC
DEVICES

P.POPOVIC, E.BASSANESE, J.FURLAN, F.SMOLE : Calcu-

lating the Transient Response in Multilayer a-Si:H Structures

1.SKUBIC, J.FURLAN : Small Signal Capacitance of a NIN

a-Si:H Structure

E.BASSANESE, P.POPOVIC, J.FURLAN : Transient Dark

Currents in A-Si:h NIN and PIN Devices

M.TOPIC, F.SMOLE, J.FURLAN, W.KUSIAN : Front TCO/a-

Si:H Contact Heterojunction in p-i-n a-Si:H Solar Cells

F.SMOLE, M.TOPIC, J.FURLAN : Effects of n(a-Si:H)/TCO

Heterojunctions on p-i-n a-Si:H Solar Cell Performance

J.TOUSKOVA, D.KINDL, J.KOVANDA, J.TOUSEK : Charac-

terization of CdS/CdTe Photovoltaic Cells

A .SUHADOLNIK : Distance Measurements Using Optical Fi-

ber Sensors

A.BABNIK, A.SUHADOLNIK, J.MOZINA : Fiber Optic Micro-

phone

18:45 MIEL SESSION ON DEVICE PHYSICS AND
MODELING

|LZELINKA, J. TRONTELJ ;: Simulation of Large Scale Integra-

ted Circuits with Spice

D.KRIZAJ, S.AMON : Analytical Optimisation of Resurf

LDMOS Transistor Breakdown Properties

S.SOKOLIF, 8.AMON : Inconsistencies in Treatment of Heavy

Doping Effects in General Purpose Device Simulators

20:00 CONFERENCE DINNER

FRIDAY, SEPTEMBER 30

08:30 INVITED PAPER
R.DELL’AQUA : Sensors : A Great Chance for Microelectro-
nics Technologies

09:30 SD SESSION ON THICK FILMS

J.HOLC, J.SLUNECKO, M.HROVAT ; Temperature Charac-
teristics of (Ba, Sr)TiOz Ceramics Thick Film Sensors
M.HROVAT, G.DRAZIC, J.HOLC, D.BELAVIC : Microstructu-
ral Investigation of Thick Film Resistors for Strain Sensor
Applications by TEM

D.ROCAK, V.STOPAR : New Fluxes and Organic Solvents for
Hybrid Circuits Cleaning to Replace CFC Solvents
J.MACEK, D.ARZENSEK, M.MARINSEK : Nickel Disper-
sions in Zirconium (Titanium ) Dioxide Prepared by Gel Preci-
pitation in Nonagueous Media

J.MACEK, A.DEGEN, B.NOVOSEL : Preparation of Metal
Powders in Nonaqueus Media for Thick Film Applications
M.HROVAT, J.HOLC, D.KOLAR : An Evaluation of Thick Film
Ruthenium Oxide Based Electrodes for Solid Oxide Fuel Cells

11:00 COFFEE BREAK
11:15 LATE PAPERS
12:15 CLOSING OF THE CONFERENCE
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PREDSTAVLJAMO PODJETJE Z NASLOVNICE

Iskra Stevci

Iskra Stevci je samostojna druzba, ki v zadnjih letih
dosega izredno dobre rezultate. Uvr§¢a se med vodilne
evropske proizvajalce na podroju merjenja in upra-
vijanja z elektritno energijo. Izrazita je usmerjenost
podjetja v izvoz. Od lanskoletnega prihodka v vidini 100
milijonov DEM je okrog 90 odstotkov izvoza v 34 drzav.
Najvel izvaza v Nemcijo, Benelux, Spanijo, Malezijo,
Kolumbijo in v Veliko Britanijo.

Proizvodni program obsega Stevce elektricne energije,
tarifne naprave, staticne precizijske §tevce, nove elek-
tronske monolitne Stevce in sodobne merilne sisteme za
merjenje, registracijo, obdelavo in prenos podatkov.
Program je v celoti rezuitat domacega znanja in dolgo-
letnih izkugenj strokovnjakov v Iskri Stevci.

Iskra Stevci uspegno izpolnjuje visoko postavljene zah-
teve domacih in tujih kupcev po kakovosti merilne cpre-
me. Poslovanje in sistem zagotavljanja kakovosti sta
prilagojena mednarodnim standardom SO 9001.

Razvojna strategija Iskre Stevci temelji na nenehnem
uvajanju novih tehnologijinizdelkov, ki s0 nujno potrebni
za obstanek na zahtevnih tujih trgih. Med take novosti
sodijo tudi novi elektronski monolitni $tevci za gospo-
dinjstva in industrijo.

Predzgodovina sedanjih elektronskih $tevcev se je
zacela Ze v zgodnjih sedemdesetih letih, ko so bili v Iskri
Stevci razviti pvi precizijski elektronski &tevai. Zelo velik
tehnoloski izziv, zlasti na podrogju mikroelektronike, je
motiviral proizvajalce Stevcev, da so iskali moznost za

razvoj novega Stevca za gospodinjstva prav v kombina-
ciji z elektronsko tehnologijo.

Ob sovlaganiju v Iskrino tovarno mikroelektronike v 70.
in 80. letih so strokovnjaki prili do neprecenljivih znanj,
ki so bila predpogoj, da je sploh pridio do izvedijive
zamisli 0 monolitnem Stevcu in da sta bili v nadaljevanju
mozZni tudi raziskava in realizacija projekta, ki je pripeljal
do proizvodnje elektronskih monolitnih Stevcev.

Specifika merilne smart senzorske tehnike je nare-
kovala razvoj lastne proizvodne linije za profesionalno
inkapsulacijo CER- PACK. Proste zmogljivosti nudimo
tudi zunanjim zainteresiranim uporabnikom.

lzvozna uspesnost Iskre Stevci je vedno temeljila na
licenéni in patentni neodvisnosti iastnih izdelkov. Tudi
originalna zasnova enoéipnega merilnika elektriéne
energije na osnovi Hallovega senzorja potrjuje tak3no
generiCno sposobnost firme, ki se rezuitira v uspednem
uvajanju novih izdelkov v monolitni tehniki.

S celovito ponudbo indukcijskih in elektronskih $tevcev
ter sistemov za merjenje, registracijo in obdelavo podat-
kov o elektriCni energiji Iskra Stevci uspe$no nastopa na
domacem in tujem trgu. Njen glavni kapital je v inovativ-
nem znanju in ljudeh, ki svoje delo prilagajajo ¢asu in
novim zahtevam.

Pripravil: Alojz Boc, Iskra Stevci,
TrZno komuniciranje

Industrija merilne in upravijalne tehnike Kranj,
d.o.o.

Savska loka 4, 64001 Kranj

Tel. 064 221-321, faks: 221-312

POROCILA

SEMICON EVROPA 94
PALEXPO, ZENEVA, SVICA 11.-14.APRIL

Ze drugo leto zapored je bil ta izredno pomemben, de
ne najpomembnejsi dogodek za proizvajalce mik-
roelektronske procesne opreme in uporabnike v Zenevi
na razstavnem prostoru Palexpo, kjer se odvijajo tudi
mnoge druge razstave svetovnega pomena. Za razliko
od prejsnjih let, ko je bila ta razstava v Zirichu v veéih
loCenih paviljonih, je na Palexpu vse zdruzeno v enem
velikem pavilionu. Glavni organizator te prireditve je
SEMI (Semiconductor Equipment and Materials Interna-
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tional), ki vsako leto zelo dobro poskrbi za informiranje
obiskovalcev s svojimi brosurami.

Razstavni prostor je tematsko razdeljen v tri podrogja:
— testiranje in montaza

— kemikalije in plini

— procesnaoprema
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Struktura obiskovalceyv je predvsem sestavljena iz ljudi,
ki so neposredno vpleteni v delo na podro¢ju mikroelek-
tronike in pridejo na razstavo z dolodenimi vprasaniji
tehni¢ne narave, ki jih potem v neposrednem stiku s
predstavniki proizvajalcev poskusajo skupno reevatiin
ustvariti temelje za nadaljnje sodelovanje. Vsekakor je
tak sejem tudi vir povratnih informacij od uporabnikov k
proizvajalcem. Nadalje je veliko obiskovalcev, ki se za-
nimajo za najnovej$e dosezke na podrocju testirne ali
procesne opreme in se na podiagi informacij iz prve roke
nato laze odlogijo za nabavo specifiéne opreme.

IstoCasno s samo razstavo pa potekajo aktivnosti tudi
na znanstveno strokovnem podrocju.

Tako so se letos Ze prvi dan sestale SEMI komisije za
standarde v mikroelektroniki in pricele delo pri uskiaje-
vanju Cedalje stroZjih norm, ki naj bi bile temelj za
vnaprej.

Obenem pa so vse tri dni potekala tudi strokovna posve-
tovanja iz naslednjih podrodij:

— trendi v CVD

-~ moderni fotolitografski postopki

vix ¥

~ CidCenje silicijeve povrsine, ultradisto procesiranje

LoCeno so potekale tudi takoimenovane delavnice na
naslednje teme:

problemi varovanja okolja in varnosti v mikroelek-
tronski industriji

komunikacije pri koordiniranju SEMATECH in JESSI
projektov

standardizacijski procesi pri identifikaciji in kontroli
mikroelektronskih materialov

Potekala pa je tudi okrogla miza na temo mikroelektro-
mehanskih sistemov (MEMS), ki predstavija danes
ogromen potencialni trg, zato mu posvecajo cedalje ved
pozornosti.

Naslednja okrogla miza je bila na temo prikazovalnikov
Z ravnimi zasloni.

Ob opremi, ki jo uporabljamo v laboratoriju za elektron-
ske elemente na Fakulteti za elektrotehniko in racunal-
nistvo in pri naSem delu v polprevodniski tehnologiji se
pojavljajo vCasih tezave tehniCnega tipa, za Kkatere je
potrebno dostikrat konzultirati tehniCno osebje proizva-
jalcev dolo&ene opreme in si pomagati z njihovimi iz-
kusnjami. Obenem pa se je potrebno vedno znova spoz-
navati z novostmi, ki jih vpeljujejo v mikroelektronsko
procesiranje, kot tudi nove meriine metode ininstrumen-
te za karakterizacijo elementov. Zato je bil obisk te
razstave izpolnjen z mnogimi razgovori, na katere se je
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potrebno Ze vnaprej dobro pripraviti, da se v kratkem
¢asu izmenja ¢imved koristnih informacij.

Pri merilni opremi smo se najve¢ zadrzali pri novem HP
parametricnem analizatorju HP 4155a, ki predstavija
korak naprej od predhodnega modela HP4145, ki ga
uporabljamo sedaj v nasem laboratoriju in pri posebno
prirejeni in oklopljeni merilni mizi firme Cascade Inc., ki
vijuéno z izpopolnjenimi merilnimi konicami dopusca
ponovljive meritve tokov v razredu femtoamperov. Po-
dobno smo se zanimali pri firmi MDC za kvazistatiCne
CV meritve in ekstrakcijo parametrov, ki jo ponujajo s
svojim programskim paketom. Take renomirane firme so
pripravijene nuditi tudi brezplacno meritev vzorcev, kar
je izredno dobrodoslo kot referenca v lastnem laborato-
riju. Precej ¢asa smo se zadrzali tudi pri proizvajalcih
opreme za Ciscenje silicijevih rezin in sicer s postopki
megasonic ¢is€enja in z recirkulacijskimi posodami za
florovodic¢no kislino. Poleg razgovora smo bili delezni
tudi detajinih razlag prednosti tega nacina, podkreplje-
nih z rezultati mnogih neodvisnih eksperimentov, gesar
po pravilu ne dobi§ v nobeni literaturi. Ker je danes
mnogo dilem o ucinkovitosti razliénih tehnik Cis¢enja
povrsine silicija, so bile informacije zelo koristne, dasi-
ravno skoraj vse v prid proizvajalca. Nadalje so bili
zanimivi razgovori o ozonatorjih, vgrajenih v sisteme
superCiste vode za redukcijo TOC in bakterij z UV sve-
tlobo, ki jihimamo namen vkljuciti v obstoje¢ sistem.Prav
tako deluje tu tudi trg rabliene opreme in kar nekaj
znanih "second hand" firm je bilo prisotnih s svojo po-
nudbo. Tencor je predstavljal novo serijo detektorjev
delcev na rezini (surface scan serija 5000). Ravno tako
smo se lahko pozanimali tudi za nabavo nekaterih re-
zervnih delov za starejSe modele opreme, silicijeve re-
zine in za kvarcne izdelke, predvsem difuzijske cevi in
pribor firm Heraeus in GE.

Poleg stalnih razstavijalcev je bilo opazno tudi nekaj
predstavnikov evropskega vzhoda, predvsem institutov
iz Rusije, ki so predstavljali svoj program, najveckrat
omejen na ponudbo eksoti¢nih materialov.

To je torej razstava, ki utrjuje stare stike, pomaga rese-
vati tekoce tehni¢ne prepreke, ki se pojavljajo pri deluin
omogoca vpogled v trende in najnovej$o opremo oziro-
ma postopke v svetu mikroelektronike in je kot taka
izredno koristna in potrebna.

mag. Drago Resnik, dipl.ing.

Laboratorij za elekironske elemente
Fakulteta za elektrotehniko in racunalnistvo
Trzaska 25, 61000 Ljubljana
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VESTI

China: technology’s new
frontier

in The Book of Messer Marco Polo of Venice, pub-
lished at the end of the 13th century, Marco Polo descri-
bed his travels in China: an enormous land with a thriving
trade, full of exotic goods. Suddenly, the world Europe
knew had doubled in size.

China, a nation of 1.2 billion people, is similar in size to
the U. S. Geographically, the nation resembles the U. S.
It lies between the same latitudes as the U. S., and, from
Beijing to China’s western border, the distance is about
the same as from New York to San Francisco.

China’'s 1993 gross national product was around
US$400 billion, growing at 8. 5% per year, according to
the U. S. Department of Commerce. The top three
investor nations are Honk Kong/Macao, Japan and Tai-
wan.

Inareportissued by the U. S. Department of Commerce
International Trade Administration, China-Country
Marketing Plan FY’93, computers and peripherals, and
communications were ranked fifth and seventh in the
"China’s best market prospect” listing.

According to the account, the Chinese spent around
$1.3 billion in 1992 on computers and peripherals, an
amount that it predicts will grow 10% per year.

Just what are the Chinese buying? Mostly workstations,
personal computers and printers, the Commerce Depar-
tment reports.

"China’s imports of computer equipment increased by
50% in 1992 compared to 1991, to almost $1 billion, " a
dispatch from the U. S. Embassy in Beijing in spring
1993 states. "We believe that the market for personal
computers alone is worth about $750 million this year
{1993) on the sale of about 300,000 units. Several
domestic manufacturers offer Intel 386- and 486-based
machines. "

Most PCs soldin China enter the country as components
that are then assembled into final systems. Many com-
ponents are smuggled. The U. S. Embassy dispatch
notes, "Ministry of Machinery and Electronics officials
admitted that 50% of all integrated circuits entering
China are smuggled. "

Besides buying, China is also selling computer equip-
ment. The February research study Information Te-
chhology Market Opportunities in China, from San
Jose, Calif. -based Dataquest Inc., reports that China
supplies floppy disks, PC motherboards, monitors, disk
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drive heads, mice, keyboards and more. The Dataquest
report declares telecom to be the fastest growing sector
of China’s economy. Total revenue from postal and
telecom services increased 40% in 1992 and 59% in
1993.

The research study expects the Chinese government to
continue its heavy investment in communications infra-
structure. More than 10 million phone lines were added
to its communications infrastructure in 1993. The goalis
for 400 million lines by 2010.

According to a dispatch issued by the American Embas-
sy in Beijing on 24 Jan., China’s Ministry of Posts and
Telecommunications is building a national fiber-optic
network to support that goal. As part of the eight five-year
plan (1991-1995), the network will contain 22 trunk lines
totalling 32, 000 kilometers by the end of 1995. Ten trunk
lines were completed during 1993, and work began on
another 10 trunk lines.

The number of cellular-phone subscribers jumped 200%
since 1991, reaching 570,000 last year, reports Data-
quest. Pager sales grew an amazing 1,500% from 437,
000 in 1990 to 7 milionin 1993.

By all accounts, China is the frontier for high technology
capitalism. Procrastinators risk loosing big.

(ELECTRONICS, 28.2.1994)

Siemens grabs growing share
of chip-card market

Within the last year, the Semiconductor Group of Mu-
nich-based Siemens AG has significantly increased its
market share inthe chip-card market. According to Peter
Bauer, the new head of the Siemens chip-card depar-
tment, his company currently serves about 28% of the
world market for chip cards.

In this area, Siemens directly competes with SGS
Thomson Microelectronics NV of Agrate Brianza, ltaly
and Motorola Corp. of Schaumburg, lll. Together, these
three companies are said to satisfy 83% of the world
chip-card demand.

Bauer claims to be the market leader in the intelligent
memory card industry, with a market share of 56%.
At an average annual growth rate of 30% in the
intelligent memory card business, Bauer said Sie-
mens expects to grab sales worth over DM500 mi-
lion (US$294 milion) by the year 2000.
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He said Siemens is a technology leader in the crypto-
controller market. Ulrich Hamann, senior marketing ma-
nager of Siemens’ chip- card department, said Siemens
"will massively enter the controller-card market, " the
fastes growing segment of the chip- card marketinwhich
Motorola leads.

TYPES OF CHIP CARDS

Intelligent memory cards contain security and access
control logic, and an EEPROM of up to 8 kbytes. They
are used as phone cards (less than 100-bit EEPROM)
and health cards (256-byte EEPROM).

Microcontroller cards are comprised of an entire com-
puter system with CPU, RAM, ROM, EEPROM, security
logic and I/O. They are used as GSM network access
cards and bank cards. A potential application is the
"electronic purse"-cards that allow instant payments of
small amounts for bus rides and at automated vending
machines. The first field trial is the "carte bancaire” in
France that allows banking transactions as well as shop-
ping with the chip card.

Cryptocards are microcontroller cards with an additio-
nal math co- processor for cryptographic applications.
They are used when a very high level of security is
needed, such as for an electronic signature.

Identsystem cards are used for general access con-
trol-mainly as a contactless chip card. Main applications
will be with public transport systems and for toll hi-
ghways. -AV

(Electronics, 28.2.94)

Sony develops world’s first UV
solid-state laser

Sony Corp. of Tokyo has developed the world’s first far
ultraviolet, solid-state, high-power laser. The break-
through by researchers at Sony Corporate Research
Laboratories in Tokyo's Shinagawa ward was reported
fast week at the Advanced Solid State Lasers meeting
in Salt Lake City, Utah. The experimental device can
generate a 1-watt continucus wave beam at a wave-
length of 266 nanometers. The resuit is achived by
resonant doubling the 2. 7 W green output of a diode-
pumped, intra-cavity-doubled neodymium yttrium-alu-
minum-garnet laser.

Commercial applications are between one and two
years away. A. J. House in Sony’s Tokyo headquarters,
says the development couid replace costly excimer
lasers in steppers for semiconductor production.
Sony researchers believe, says House, "that UV laser
(steppers) would be capable of a design rule in the
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region of 0. 25 microns" at far lower instaliation and
operating costs than excimer laser steppers.

Other possible applications cited by House include mi-
crosurgery or other high-precision etching or cutting
operations. Consumer applications are unlikely because
of the size of the equipment required for second harmo-
nic generation lasers.

(ELECTRONICS, 28. 2. 1994)

Intel dedicates Fab 10 in Ireland

Long criticized for exporting U. S. -made semiconduc-
tors to Europe with no European presence, Intel Corp.
of Santa Clara, Calif., early this month silenced its critics.
On a 180 acre site in Leixlip, Ireland, where the Rye
River joins River Liffey, Intel dedicated a 600,000 square
foot fab.

With a 60,000 ft? classone clean room processing
8-inch wafers using 0.6-micron BiCMOS process
rules, Intel will produce the Pentium and, eventually, its
P6 processor.

Fab 10 wili contribute to Intel's plan to manufacture over
6 million Pentium chips this year. it will also make the
new 486DX4 the 3.3 volt, 100-MHz CPU with 16-kbyte
cache for high-end notebook computers.

AUS$750 millioninvestment, Fab 10is one of many Intel
is building. Andrew S. Grove, Intel's president, says the
company will make $2.4 billion in capital investment
in 1994, 26% more than 1993 - and again the largest
in the industry. The investments are part of a $7 billion
five-year expansion program.

The facility is highly automated using an overhead mo-
norail and floor-based robots to transport wafers during
processing, and an automated on-line statistical and
quality control system to monitor every step in the ma-
nufacturing process. Intel-based PCs act as station con-
trollers for the wafer processing equipment in the fab.

(ELECTRONICS, 28. 2. 1994)

At IDEM, future ICs reach
limits of theoretical physics

The International Electron Devices Meeting (IEDM)
held last week (5-8 Dec.) in Washington was a showca-
se of integrated circuits with features sized of 0.1 micron
and below. Such developments promise circuits able
to run on 1.5-volt power. Three presentations illustrate
the point.
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AT&T Bell Laboratories of Holmdel, N. J., reported on
a conventional silicon manufacturing process that can
build an integrated circuit with a 0.1 micron feature size
that operates at room temperature. Such devices pre-
viously had to be coocled.

Toshiba Corp.’s Research and Development Center in
Kawasaki, Japan has succeeded in producing an IC with
an even smaller feature size. At IEDM, it described its
n-channel MOSFET with a gate length that is a mere
0.04 micron. It, too, operates at room temperature.

Finally, Texas Instruments Inc. went even further. At
the conference, the Dallas-based company demon-
strated the first integrated circuits containing transi-
stors with feature sizes of 0.02 micron. At these
dimensions electrons stop acting as particles and begin
acting like waves.

MAKING 0.1 MICRON ICS
WORK AT ROOM
TEMPERATURE

Fabricating ever-smaller transistors in silicon is limited
because of the chemical dopants, typically arsenic and
boron, implanted in silicon to make it function as a
transistor. At smaller feature sizes, the amount of do-
pants required would cause the transistor to act like a
resistor.

The conventional solution has been to reduce the
amount of dopants used. However, with this approach,
the transistor leaks unwanted current and overheats the
device. Until now, the solution has been to cool the
transistor.

AT&T Bell Laboratories of Holmdel, N.J., solved the
probiem using a patented technique called vertical do-
ping engineering. AT&T believes the technique will allow
feature sizes as small as 0.05 micron.

Speed is another benefit of the technique. With vertical
doping engineering, the 0.1-micron device can run at
116 GHz for n-channel MOS or 51 GHz for p-channel
MOS. By contrast, cooled 0.1-micron circuits ran at 90
GHz for n-channel and 23G Hz for p-channel.

Changing the chemistry makes
0.05 micron transistors
possible

in looking at the problem of creating sub-0.1 micron
devices, Toshiba Corp.’s Research and Development

Center in Kawasaki ,Japan, determined that changing
the dopants used to create transistors was the best
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solution. Where conventional processes used boron,
Toshiba substituted phosphorus.

The company has fabricated an n-channel MOSFET
that has a gate length of 0.04 microns. The device is
fabricated using phosporus source and drain junctions
that are a mere 0.01 microns wide. Moreover, the gate
functions at room temperature.

Tl transistors obey quantum
mechanics laws

Texas Instruments Inc. of Dallas has been experimen-
ting with quantum effect transistors (QETs). Using a
molecular beam epitaxy (MBE) process, more typically
used in gallium arsenide manufacture, the company
produces QETs using compounds of indium, phospho-
rus, gallium, aluminum and arsenic. The company is
also trying to apply MBE to silicon.

Using MBE, Tl researchers produce multiple layers of
semiconductor materials each only a few atoms thick.
Sandwiching the layers together creates barriers that
stop the flow of electronics. Applying a voltage to a
control terminal causes electron waves to tunnelthrough
the barrier.

The technique works because electrons at these feature
sizes behave like waves not particles. An electron de-
monstrates wavelike behavior when the barrier contai-
ning it has one dimension that approximates the electro-
n's wavelength.

At roomtemperature, gallium arsnide - a semiconductor
compound Tl uses to build quantum effect transistors -
has electrons whose wavelengths measure 0.02 mi-
crons. This is sufficiently close to the thickness of the
barrier to allow the electron waves to tunnel through.

The logic circuit developed to demonstrate the viability
of the process is a 1-bit adder that contains both bipolar
and QETs. The adder has 17 transistors, two QETs and
15 bipolartransistors. The circuit replaces 40 conven-
tional transistors.
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QETs BOOST PERFORMANCE

Applications for Quantum-effect transistors includes:

- Communications: QETs in X-band analog-to-digital
converters will boost performance of digital cellular
telephones.

Computers: will drive high-end computers to even
higher performance.

Consumer electronics: will provide high-bandwidth
digital-video processing in high-definition television.

Test equipment: will be used for high-speed trigger-
ing in instruments, such as oscilloscopes.

(ELECTRONICS, 13.12.1993)

Quantum-effect device called
key to terabit memories

Fujitsu Ltd. of Tokyo has demonstrated a quantum-ef-
fect transistor which, according to the company, is "ex-
pected to pave the way for the development of 1-terabit-
level memory and logic devices." Shown for the first time
at this month’s International Solid-State Circuits Con-

ference in San Francisco, the transistor is a second-
generation ME (multi-emitter) RHET (resonant- tun-
neling hot electron transistor) that can execute com-
plex logic functions. The use of muitiple emitters and
the elimination of base electrodes makes this possible
and also simplifies the fabrication process.

As an example of the potential of the new technology,
Fujitsu researchers have formed a 3-input AND/NOR
gate using only a single multi-emitter RHET and a resi-
stor (see illustration). The two components replace the
conventional configuration that requires a total of 18
transistors and resistors.

Although project scientists are convinced of the long-
term potential of their research, Dr. Naoki Yokoyama,
manager of the Quantum Electron Devices Laborato-
ry in Atsugi, Japan, where the work is being carried out,
concedes that commercial applications are stili years in
the future.

The RHET research is partially funded by the Ministry of
International Trade and Industry’s Quantum Device Pro-
ject, which is also supporting the research efforts of five
other firms, including Motorola Corp. of Schaumburg,
1.

(ELECTRONICS, 28.2.1994)

M6805 compatible microprocessor core targetting a variety of
ASIC processes

A process independent M6805 compatible ASIC micro-
processor core, targetting a variety of double metal
processes with geometries ranging from 0.8 to 2 microns
has been launched by Austria Mikro Systeme Internatio-
nal AG (AMS).

Similar to other AMS cores, the M6805 compatible de-
vice is implemented as a Microcore Design Kit, an
approach welcomed by designers looking for more fle-
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xibility than is provided by the traditional "hardwired"
approach. The kit consists of a six layer PCB featuring
a fully scanable bond-out M680S5 compatible micropro-
cessor core including interrupt controller, breakpoint
logic, JTAG-TAP interface, system PGA (Programmable
Gate Array), usrer PGA, 128kB RAM, 64kB flash memo-
ry, 32k x 32 Bit signal recorder, PC TAP interface and
PC paraliel interface. By means of the user PGA, the
developer can design his/her own peripherals and cu-
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stom blocks. On completion of system evaluation, the
microcore, together with the user’s custom digital and
analogue circuitry, is committed to silicon in a process
and geometry selected by the user.

The M6805 compatible microprocessor core generated
by the AMS design kit is based on the standard 8-Bit
architecture and utilizes 100% compatible machine co-
de. ltfeatures abyte efficient instruction set, with bit test
and branch instructions, true bit manipulation, ROM-
BIST, RAM-BIST and powerful indexed addressing mo-
des. 8x8 multiplication is supported in many addressing
modes. Other hardware features include a fully-static
logic implementation, providing clock frequencies from
DC to MHz.

The AMS M 6805 compatible microprocessor core is the
latest exampie of an ASIC standard ceil implemented by
the company as a generator. These complex program-
mes automatically provide mask layout and simulation
models, and allow the user considerable specifications
flexibility. Generators are independent of the process
technology used.

For further details please contact

Dr. Conrad Heberling, ext. 277
SchloB Premstatten

A-8141 Unterpremstétten, Austria
Telex 312547 ams a

Fax (03136} 52 501, 53 650

tel: (03136) 500-0*
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NAVODILA AVTORJEM

Informacije MIDEM je znanstveno-strokovno-dru-
Stvena publikacija Strokovnega drustva za mik-
roelektroniko, elektronske sestavne dele in ma-
toriale-MIDEM. Casopis objavija prispevke do-
madih in tujih avtorjev, Se posebej clanov MIDEM,
s podrodja mikroelektronike, elekironskih sestav-
nih delov in materialov, ki so lahko:

izvimi znanstveni ¢lanki, predhodna sporodila,
pregledni danki, razprave z znanstvenih in stro-
kovnih posvetovanj in strokovni clanki.

Clanki bodo recenzirani.

Casopis objavija tudi novice iz stroke, vest iz de-
lovnih organizacij, institutov in fakultet, obvestila o

akcijah drustva MIDEM in njegovih &lanov ter

druge relevantne prispevke.

Strokovni prispevki morajo biti pripravijeni na na-

slednji nacin

- 1. Naslov dela, imena in priimki avtorjev
brez titul.

- 2. Kljuéne besede in povzetek (najved
250 besed).

- 3. Naslov dela v angleséini.

- 4. Kljuéne besede v anglescini (Key wor-
ds) in podaljsani povzetek (Extended
Abstract) v angleséini.

- 5. Uvod, glavni del, zakljudek, zahvale,
dodatki in literatura.

- 6. Imenain priimki avtorjev, titule in nas-
lovi delovnih organizacij, v katerih so
zaposleni.

Ostala splosna navodila

1.V &lanku je potrebno uporabljati Sl sistem enot
oz. v oklepaju navesti alternativne enote.

2. Risbe je potrebno izdelati s tuSem na pavs ali
belem papirju. Sirina risb naj bo do 7.5 0z. 15 cm.
Vsaka risba, tabela ali fotografija naj ima Stevilko
in podnapis, ki oznacuje njeno vsebino. Risb, tabel
in fotografij ni potrebno lepit med tekst, ampak jih
je potrebno lo¢eno priloZiti tlanku. V tekstu je
potrebno oznaciti mesto, Ker jih je potrebno
vstaviti.

3. Delo je lahko napisano in bo objavijeno v ka-
teremkoli jugoslovanskem jeziku v latinici in v an-
gleslini.

Uredniski odbor ne bo sprejel strokovnih &lankov,
ki ne bodo poslani v dveh izvodih.

Avtorji, ki pripravijajo besedilo v urejevalnikih be-
sedil, lahko posljejo zapis datoteke na disketi (1.2
ali 1.44) v formatih ASCIl, wordstar (3.4, 4.0),
wordperfect, word, ker bo besedilo oblikovano v
programu Ventura 2.0. Grafi¢ne datoteke so lahko
v formatu HPL, SLD (AutoCAD), PCX ali
IMG/GEM.

Avtorji so v celoti odgovomni za vsebino objav-
lienega sestavka. Rokopisov ne vraéamo.

Rokopise posljite na naslov

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana

UPUTE AUTORIMA

informacije MIDEM je znanstveno-stru¢no-drus-
tvena publikacija Struénog drustva za mikroelek-
troniku, elektronske sestavne dijelove i materjale
- MIDEM. Casopis objavijuje priloge domadih i
stranih autora, narocito lanova MIDEM, s podru-
&a mikroelektronike, elektronskih sastavnih dije-
lova in materijala koji mogu biti:

izvomi znanstveni dandi, predhodna priopéenja,
pregledni ¢&lanci, izlaganja sa znanstvenih i
struénih skupova i struéni ¢land.

Clanci ée biti recenzirani.

Casopis takoder objavijuje novost iz struke, oba-
vijesti iz radnih organizacija, instituta i fakulteta,
obavijesti o akcijama drustva MIDEM i njegovih
dlanovai druge relevantne obavijesti.

Strucni ¢lanci moraju biti pripremijeni kako slijedi

- 1. Naslov ¢&lanka, imena i prezimena
autora bez titula.

- 2. Kljugne rijeci i sazetak (najviSe 250
rijedi).

- 3. Naslov ¢lanka na engleskom jeziku.

- 4. Kljuéne rijeéi na engleskom jeziku
(3Key Words) i produzeni sazetak (Ex-
tended Abstract) na engleskom jeziku.

- 5.Uvod, glavnidio, zaklju¢nidio, zahvale,
dodaci i literatura.

- 6.lmenai prezimena autora, titule i nas-
fovi institucija u kojima su zaposleni.

Ostale opste upute

1. U prilogu treba upotrebljavati Sl sistem jedinica
od. u zagradi navesti alternativne jedinice.

2. CrteZe treba izraditi tuSem na pausu ili bijelom
papiru. Sirina crteza neka bude do 7.5 odnosno
15 cm. Svaki crtez, tablica li fotografija treba imati
broj i naziv koji oznaduje njen sadrzaj. CrteZe,
tabele i fotografije nije potrebno lijepiti u tekst, ved
ih priloziti odvojeno, a u tekstu samo naznaditi
mjesto gdje dolaze.

3. Rad moze biti pisan i biti ¢e objavljen na bilo
kojem od jugoslavenskih jezika u latinici i na en-
gleskom jeziku.

Autori mogu poslati radove na disketama (1.2 ili
1.44) uformatima tekst procesora ASCIl, wordstar
(3.4. 1 4.0), word, wordperfect posto ¢e biti tekst
dalje obraden u Venturi 2.0. Graficke datoteke
mogu biti u formatu HPL, SLD (AutoCAD), PCXiili
IMG/GEM.

Urednicki odbor ¢e odbiti sve radove koji neée biti
poslani u dva primjerka.

Za sadrZaj ¢lanaka autori odgovaraju u potpu-
nosti. Rukopisi se na vracaju.

Rukopise Saljite na adresu:

Urednistvo Informacije MIDEM
Elektrotehni¢na zveza Slovenije
Dunajska 10, 61000 Ljubljana
Slovenija
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INFCRMATION FOR
CONTRIBUTORS

informacije MIDEM s professional-scientific-so-
cial publication of Professional Society for Micro-
electronics, Electronic Components and
Materials. In the Joumnal contributions of domestic
and foreign authors, especially members of
MIDEM, are published covering field of
microelectronics, electronic components and
materials. These contributions may be:

original scientific papers, preliminary communi-
cations, reviews, conference papers and profes-
sional papers.

All manuscripts are subject to reviews.

Scientific news, news from the companies, insti-
tutes and universities, reports on actions of
MIDEM Society and its members as well as other
relevant contributions are ailso welcome.

Each contribution should include the following
specific components:

- 1. Title of the paper and authors’ names.

- 2. Key Words and Abstract (not more
than 250 words).

- 3. Introduction, main text, conclusion, ac-
knowledgements, appendix and referen-
ces.

- 4. Authors’ names, titles and complete
company or institution adress.

General information

1. Authors should use Sl units and provide alter-
native units in parentheses wherever necessary.

2. lllustrations shouild be in black on white or trac-
ing paper. Their width should be up to 7.5 or 15
cm. Each illustration, table or photograph should
be numbered and with legend added. lllustrations,
tables and photografphs are not to be placed into
the text but added separatelly. Hower, their posi-
tion in the text should be clearly marked.

3. Contributions may be written and will be pub-
lished in any Yugoslav language and in english.

Authors may sendtheir files on formatted diskettes
(1.2 or 1.44) in ASCII, wordstar (3.4 or 4.0), word,
wordperfect as text will be formatedin Ventura 2.0.
Graphics may be in HPL, SLD (AutoCAD), PCX
or IMG/GEM formats.

Papers will not be accepted unless two copies are
received.

Authors are fully responsible for the content of the
paper. Manuscripts are not retumed.

Contributions are to be sent to
the address:

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana,
Slovenia
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MIKROIKS d.o.0. telefon: +386 (0)61 312 898
Dunajska 5 1332310
61000 Ljubljana ' fax: +386 (0)61 319 170
SLOVENIJA odzivnik: 1332310

UGODNA PONUDBA RABLJENE OPREME IN KEMIKALIJ

Po zelo ugodni ceni in pod ugodnimi pogoji nudimo nasiednjo rabljeno opremo:

1. Pec za temperaturno obdelavo vzorcev, Tempress M280
2. Kemic¢no odporna jedkalna postaja z enim koritom, MicroAir
3. Delovna postaja z larminarnim pretokom zraka, 4", 6" in 8", MicroAir
4. Sistem za temperaturno staranje integriranih vezij, Marin Controls, System 25
5. Naparjevalinik za zlato in aluminij na silicijevih rezinah, MIPOT
6. Merilnik TOC (Total Organic Carbon) v vodi, Anatel A-100P
7. Elipsometer, Rudolph AutoEL Il
8. Detektor vodika z ustrezno elektroniko in sondami, Auer
9. Aviomatski detekior arsina in fosfina, Matheson M8040
11. Rocni detektor strupenih plinov, Drédger
12. 572 Bayard Alpert lonization Gauge
13. AVtomatski in ro¢ni poravnalnik rezin (FLAT FINDER), H2CO
14. Cistilnik plinov, Matheson 460 z viozki
15. Merilnik upornosti vode s sondo, Balsbaugh 900

16. Kemikalije in plini po seznamu

V kolikor se zanimate za katerega od nastetih izdelkov nas, prosim, poklicite!!!



