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ABOUT STATE STIMULATIONS OF R&D IN SLOVENIA

In the last issue of the Journal the data on Slovenian state stimulation for the study of young researchers
was published. Ministry for Science and Technology of Republic Slovenia is financing also otheraspects
of R&D activities in Slovenia.

First of all Ministry is financing completely the fundamental research and the public scientific and
research institutes. To the research institutes Ministry is paying 75% of the cost of a R&D project which
is ordered by at least two companies or if the research is performed by a mixed group composed of
researchers from an institute and research department of a company at maximum 50% relation, 50%
of the project cost for the projects ordered by a company if this company guaranties the transfer of the
project result in the industrial application.

Ministry is covering 50% of an R&D project cost to a company in the case of a research group with
researchers from two different companies and 25% if the researchers are from only one company. For
hired researchers the Ministry covers 50% of the labour cost for these researchers.

50% of the interests for the bank loans for R&D equipment and infrastructural investments are also
subject of Ministry stimulation. A company can get 50% of labour cost for a new Phd applicant in the
company for the first year of employment, and 25% for the second year.

Ministry is willing also to finance a part of cost for technology centres or parks.

In spite of all goodwill of the Ministry there is a question if enough money for the need of Slovenian
R&D is available. In any case the actual experience of the applicants for the state stimulation in Slovenia
shows that any bigger industrial project can expect drastically financial reduction by a lack of financial
7 possibilities.

Great surprise in the R&D area was caused by the Slovenian Ministry of Finance. This Ministry interprets
the R&D activity as a technical service with a 5% tax on income (financing). So, the money given by
the Ministry of Science and Technology is in 5% value immediately taken by the tax office. Although
logic for state income this is an absurd. All proclamations of state incentives for R&D expenses of a
company are false. In the balance tax declaration the company can detract the R&D expenses but in
this case this can not be accounted for as company’s outcome, on the other hand it can not be detracted.

And what is the sense of such tax stimulation? It will be interesting to learn something on this subject
from other countries. | am asking our members from abroad to give a comment or their experience on

the subject.

MIDEM Society President
Dr. Rudolf Roéak

Db d-t
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GLASS ON SILICON TECHNOLOGY FOR OPTICAL
INTERCONNECTIONS AND OPTOELECTRONIC HYBRID
INTEGRATION

A. Fincato, S. Lorenzotti, P. Nugent,G. Parafioriti and G. Randone,
ltaltel, Central Research Laboratories
Castelletto di Settimo Milanese, Milano, Italy

Key words: optoelectronics, glass on silicon, optical interconnections, optoslectronic integrations, hybrid integrations, optical communications,
optical telecommunications, information processing, optical guides, self aligning procedures, cost reduction

Abstract: Optoslectronic integration has been widely recognised as a very important step to further increase the competitiveness of optical
technologies in communication and information processing. Despite the impressive development effort on a monolithic technology, based on
semiconductor InP and GaAs substrates, which has been carried out until now with quite promising feasibility results, it is still quite farin its present
implementation from being suitable for economic product development. Therefore, a less ambitious target may be set by choosing an hybrid
approach, where optical interconnects can be realised on a specific substrate and active components (Lasers and PINs) are mounted on this
substrate by a die attach process, eventually aligned to the optical guides with self aligning procedures. The Glass on Silicon technology developed
by ltaitel, which will be described in this paper, is an example of this approach, and could be applied very quickly to the development of specific
components and modules for optical telecommunications system, with many clear advantages in terms of cost reduction and mass production
capability, with the support of very efficient CAD tools for the design of complex, multifunctional optical subassemblies’

Tehnologija stekla na silicijevem substratu za izvedbo optinih
povezav in optoelektronske hibridne integracije

Kljuéne besede: optosiektronika, steklo na siliciju, povezave opti¢ne, integracije optoelektronske, integracije hibridne, komunikacije optiéne,
telekomunikacije opti¢ne, procesiranje informacij, vodi optigni, procedure samonastavijive, zmanj$anje strogkov

Povzetek: Veliko ljudi Ze priznava optoelektronsko integracijo kot zelo pomemben korak k povecanju konkurencnosti optiénih tehnologij v
komunikacijah in obdelavi informacij. Navkljub preprigljivernu razvoju monolitne tehnologije na osnovi polprevodniskih inP in GaAs substratov, ki je
potekal do sedaj z obetajocim uspehom, je le-ta na sedanji stopnji razvoja %e dokaj daleé od tega, da bi bila primerna za razvoj ekonomignega
proizvoda. To pomeni, da siv tem trenutku lahko zastavimo manj ambiciozen cilj, to je hibridni pristop, kjer optiéne povezave izdelamo na specifiénem
substratu, dodamo pa aktivne komponente (laserje in PIN diode) v &ip obliki, ki jih pritrdimo na ta substrat in poravnamo z opti¢nimi vodniki s
samonastavijivimi poravnalnimi postopki. Tehnologija stekia na siliciju, ki jo je razvila firma ITALTEL, in ki jo opisujemo v tem prispevku, je primer
takega hibridnega pristopa. To tehnologijo lahko hitro uporabimo za razvoj specifiénin komponentin modulov za optiéne telekomunikacijske sisteme
z jasnimi prednostmi glede zmanjsevanja stroskov in moZnosti velikoserijske proizvodnje ob uporabi zmogljivih CAD orodij za nadrtovanje zamotanih

vedfunkcijskih optiénih podsestavov.

1. INTRODUCTION time a main research and development road to overco-

me these difficulties, by considering the analogy with the
Packaging and assembly processes still make up alarge microelectronics case. Unfortunately, until now, encou-
part of the manufacturing cost in the fabrication of op- raging results are still largely confined to laboratory
toelectronic components and subsystems. Besides high feasibility, due to the intrinsic complexity and low yields
cost, which is limiting the penetration of optical fibres in of the required technologies, which put the economic
the distribution network, available technologies do not convenience of the huge investments needed to imple-
efficiently support the batch fabrication of complex opti- ment a true high volume manufacturing capability for
cal interconnection schemes, which are increasingly optical integrated circuits somewhat at risk. Even from
needed for optical switching and multiwavelength net- a conceptual point of view, it became clear that a funda-
works in order to become practical applications. Mono- mental difference exists between integrated optics and
lithic integrated optics has been considered for a long electronic integrated circuits: for a VLSI chip only one

basic building block is required (a silicon transistor),
PR - . : . which relies on a well known and mature substrate

L‘;’:nﬁsgirn ISI\/tITS é&czn(:;r?f i;%lesé::gg?n\i'w”a%? technology;instead, the substrate for an integrated optic
P o v during S g device may be chosen from a large variety of options
vancgd topics in o_p’ucal technologies and syster_ns. {(GaAs, InP, Silicon, glass, LINbO3, to mention the most
The first contribution has been devoted to optical popuilar choices), and the building blocks may include

amplifiers and the last one will discuss a specific X : ;
application to multiwavelength transport networks light sources and photodetectors, optical waveguides,
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passive optical components and light modulators, each
one realised with a specific design and technology,
generally with very limited, or none at all, mutual process
compatibility. Therefore, apart from a very limited num-
ber of cases (the PIN photodetector with integrated FET
preamplifier, forinstance), the performance of integrated
optoelectronic devices is generally worse than their
discrete assembled equivalent version. In fact, elemen-
tary optical functions integrated on a monolithic chip are
far less optimised due to process compatibility reasons,
with respect to the same functional result achieved with
discrete devices.

By considering the above aspects, a more realistic and
practical approach than monolithic integrated optics
may be based on the choice of a substrate material
optimised for optical passive waveguide fabrication, on
which discrete active optoelectronic devices may be
mounted by a suitable hybrid assembly procedure and
easily selected for a specific application. In our case, a
silica layer deposited on a silicon substrate by a chemi-
cal vapour deposition technique was selected for wave-
guide formation; on the same silicon substrate, well
known dry and wet eiching, dielectric and metallic thin
films deposition processes and photolithography can be
used for waveguide patterning and metallic mounting
pads formation. The final result is an hybrid assembly
platform, suitable for a large variety of optical and elec-
trical interconnection schemes and micromechanical
alignment for efficient optical coupling, which could give
to the photonic applications the same flexibility in pro-
duct development, which was allowed by the introduc-
tion in the electronic design and manufacturing by the
well known printed circuit board.

The Glass on Silicon technology (GoS), which will be
described in the following, has been developed by Itaitel
in cooperation with AT&T-Bell Laboratories, during atwo
years joint development agreement which has been just
terminated in June 1994. in the framework of this agree-
ment, Maltel holds a full manufacturing license for pro-
ducts based on the glass on silicon process technology,
including those processes which were originally develo-
ped by AT&T alone. Most of the work described in this

I N

Upper-Cladding 7. um;
Upper. Cladding. .7 um; j ) «— Core 5 um

Lower’ Claddings 5 umj

Fig. 1:

Cross-section of silica waveguide grown on
Silicon substrate
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paper has been carried out by a joint team from ATT and
italtel, in the ATT- Microelectronic and Bell L.aboratories
research facilities, in Breinigsville (PA) and Murray Hill
(NJ}.

2. GLASS ON SILICON TECHNOLOGY

2.1 Waveguide depoesition

A typical waveguide structure is formed on a 4" silicon
substrate 0.5 mm thick; a 10 um thick SiOz buffer layer
is deposited first, by an high pressure oxidation process
(High Pressure Oxidation, HIPOX), to avoid any optical
leakage into the silicon substrate. The first cladding layer
of the planar waveguide (5pm, P doped SiOz) is depo-
sited next, by a low pressure chemical vapour deposi-
tion, followed by a 1000°C annealing for densification
and to remove the residual stress in the layer. The core
waveguide layer (5um) is then deposited by a similar
process; the required refractive index for the core layer
is controlled by varying the Phosphor doping and the
deposition temperature. The silicon wafer is then pro-
cessed through a photolithography and a dry etching
process for two dimension rectangular waveguide pat-
terning, followed by a 900°C annealing which rounds the
waveguide corners and improves the layer optical char-
acteristics. Finally, an upper cladding layer is deposited,
which completes the waveguide structure (Fig. 1)

The waveguide shape is roughly a semi-circle, with a
5um diameter; the refraction index step is of the order
of 0.5 %, and intrinsic losses as low as 0.01 dB/cm have
been measured; other typical waveguide parameters
are reported in Table 1.

Table 1: Glass on Silicon waveguide parameters

index of refraction step, An/n (%) 05
core size diameter (pum) 5
waveguide loss (dB/cm) 0.03
fiber coupling loss (dB) 0.1
bend radius (mm) 15
coupler excess loss (dB) 0.2
Coupling length (mm) 2+03

2.2 Wafer processing and micromachining

In addition to the waveguide fabrication, other wafer
processes have been developed, in order to obtain a
number of basic building blocks for a flexible implemen-
tation of complex functionalities. Most of these proces-
ses are readily available with little or no modifications
from silicon microelectronics technology, and can be
implemented on high throughput processing machines.
In particular, current development work is under way on
4" silicon wafers, but all the machinery is already
equipped with jig adapters suitable for handling 6" wa-
fers. In addition to the already mentioned CVD process,
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which will use two 4-stack BTU furnaces for doped SiOp
and polysilicon deposition, standard processing facilities
include Reactive lon Etching, Plasma Enhanced CVD,
for thick and low temperature oxide deposition, dielectric
and metal thin film sputtering and metal deposition
equipment.

Micromachining of the silicon substrate by using selec-
tive and anisotropic wet etching allows to reach submi-
cron fabrication tolerances for the creation of 3D featu-
res on the substrate (steps, recesses, holes and V-
grooves forinstance), which may be used as mechanical
references for self- alignment of various optical compo-
nents (lasers, photodetectors and opticalfibres) with the
waveguides grown on the substrate. Afew simple results
already achieved in this area will be described below, as
a good example of the potential of this process techno-
logy. It should be noted that, since the eiching depth
generally required for these applications is an order of
magnitude larger than in the microelectronic case, litile
or no help is available from established specific silicon
technology, and therefore new process development
has been carried out.

2.3 Packaging

Packaging issues have always been a critical factor in
optical and optoelectronics devices development, inpar-
ticular with respect to cost targets and volume produc-
tion capability. Therefore, an imporiant long term objec-
tive for the GoS technology is to achieve complete
automation in the assembly and packaging procedures,
in particular without any need for active alignment for
optical coupling; as a necessary condition for high pro-
duction volume and low manufacturing cost. While sub-
stantial development work is still required to achieve this
goal, some guidelines have already been established
and tested with an encouraging degree of success; in
particular:

1. abatch procedure has been defined, by a selective
metallisation scheme, which allows the self-position-
ing of a semiconductor chip (Laser or photodetector)
on the silicon substrate during the die attach, with
better than 1 um tolerance in position and fess than
10 mrad misalignment of the chip edge with respect
to a selected direction, starting with a relatively loose
tolerance of the initial placing (20- 30um in position,
and 20° - 30° degree for the chip edge)

2. aquite complex procedure has been developed to
etch a 45° degree mirror for vertical extraction of
optical radiation from planar waveguides; in combi-
nation with the above process 1., then it has been
possible to self-align a PIN photodetector directly
with the waveguides by a batch process at the wafer
level, as a good example of a truly hybrid optical
integration.

3. a simple and economic lid cover technology has
been developed to fabricate by etching specific re-

cesses in Silicon to be placedin correspondance with
chip positions on the substrate. The lid cover is then
mounted in place by a selective die attach process
onthe hybrid optical circuit to achieve an high optical
and electrical crosstalk immunity. The lid also allows
for an hermetic seal of active devices and reduces
outside electromagnetic interference. Moreover,
most of the remaining work on the hybrid circuit (the
fiber attachement for instance) can be carried out
with delicate components on the circuit well pro-
tected and safeguarded, in such a way as to achieve
high yield in testing and packaging operations.

4.the use of a plastic housing, allowed in conjunction
with the hermetic silicon lid, as a final package, may
further reduce the cost and increase the possibility of
using different standard packages while mantaining
the quality and reliability level mandatory for telecom-
munication applications.

The above mentioned steps clearly indicate that the
glass on silicon technology holds the potential for achie-
ving a breakthrough in optoelectronic assembly and
packaging technologies; in particular, the intrinsic high
yield batch process technology could be used to obtain
a very low cost high volume production capability for
simple devices (A packaged laser or photodetector), or
{o achieve anindustrial standard for manufacturing com-
plex multifunctional optoelectronic modules, with high
yield and reasonable cost. A simple sketch of the poten-
tial described above is illustrated in fig. 2, which refers
o a bidirectional optical transceiver, capable of using
two carrier wavelengths for sending and receiving data
signals simultaneously on the same optical fibre; all the
functions described in fig.2, with the exception of the
integral mounting of the laser source, are already avai-
lable as engineered building blocks for the implementa-
tion of GoS hybrid integrated optic devices.

SIUCON LD
- ETCHING
- SHIELCING

TWAVEGUIDE
TERMINATION

S

PR DETECTOR
« PRE-AMPLIFIER
- SELF-AUGNMENT

Fig. 2: Example of a Glass on Silicon integrated
optoelectronic module
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3. PASSIVE COMPONENTS DESIGN

Key functions in integrated optic devices are supported
by passive optical components; in fig. 2 for instance the
wavelength demultiplexing function, by which the incom-
ing wavelength is sent to the photodetector, is im-
plemented by the use of a planar waveguide structure”
well known in classical optics as a Mach-Zehnder inter-
ferometer. Complex passive components may be re-
alised starting from several elementary optical ele-
ments: the straight and curved waveguide are the sim-
plest examples of elementary passive optical compo-
nenttogetherwith 3db Y couplers and splitters. it should
be noted that the bending radius of a curved waveguide
is a critical design parameter "/?, since (for a fixed
refractive index step between core and cladding in the
waveguide) the radiation losses increase exponentially
with decreasing bend radius. Therefore a compromise
should be found between the optical circuit dimensions
and the acceptable radiation losses; in our case, a bend
radius of 15 mm is sufficient to keep radiation losses
below 0.1 dB/cm. An important development issue
therefore is how to increase the refractive index step in
the guiding structure. Typical measured losses as a
function of the bending radius for a curved waveguide
are reportedin fig.3, and the advantage of a higherindex
step may be clearly seen.

6

5
£
O 4
& . — e+ high Indox stop (0.75%)
E o p e fow Index stop (0.50:/0)
2 2
Q
-

l.

[ + -

[} 2 4 [} 8 10 12 14 16 18 20
Radius of curvature (mm)

Fig. 3: Bend losses of curved waveguides measured at

the 1550 nm wavelength (TM mode)

Even with simple elements it is possible to design quite
complex optical interconnection schemes, which may
offer relevant advantages in terms of quick design,
simple manufacturing, reliableloperation and very low
cost. An example is shown in fig 4, which illustrates a 2
X 4 splitter for four fibre ribbon cable, designed and
developed by ltaltel for the Italian Public Operator TELE-
COM ltalia, to be used in Passive Optical Network field
trials, currently under way in Turin and Rome.

The integrated splitter will replace a bulky and fragile
distribution box using fused fibre couplers and fusion
splices manually assembled. Itis interesting to note the
use of waveguide intersections, which does not causes
any measurable signal cross-talk, provided that the in-
tersection angle is higher than a minimum value, which

154

Fig. 4:

2X4 splitter for ribbon cable

depends on waveguide parameters (around 30° de-
grees for this specific example)

3.1 Directional couplers

When two waveguides come into close proximity (at a
distance of the order of magnitude of the guided wave-
length) for a certain length, an energy transfer takes
place between the waveguides; the effect is the optical
equivalent of the directional coupling well known to
microwave engineers, and is controlled (Fig. 5) by the
operating wavelength, the coupling length L, and the
waveguides spacing d. In a directional coupler the input
and output waveguides should be single mode while the
central zone should be bimodal at the wavelengths of

Al L Port 3
P R — » AR o Xl
Le Port 4
Fig. &: Schematic of a directional coupler

interest. Due to the small branching angle, light is adia-
batically coupled from the input branch into the double
waveguide section. The two modes excited at a particu-
lar wavelength have different effective refractive indices
and thus propagate at different velocities in this section.
As these two modes interfere with one another the
energy in the central zone oscillates from one wave-
guide to the other as the resulting phase difference
between the two modes changes. Taking account of the
distributed coupling inthe input and output sections , this
phase difference is given by:

Ad = Ad central zone + AQ branching zones

= AL+ AR dz (1)
By ignoring the second term in this equation we can
derive an expression for the coupling length in the
central zone:
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Multi/demuitiplexing between two wavelengths may be
achieved by choosing the length of the two waveguide
section to be an even multiple of Lc at one wavelength
and an odd multiple of L at the other.

Lc O\«) =

The spectral characteristics of a directional coupler
WDM are shown in fig.6, where excellent agreement is
obtained between design prediction and experimental
results.

3.2 Wavelength Division Multiplexers

The directional coupler principle can be used in a more
complex structure (Fig. 7) based on two input ports, two
3-dB directional couplers, and a central section where
one of the waveguide is longer by AL, in order to give a
wavelength dependent phase shift between the two
arms, and two output ports. The resonance conditions
required for the multi/demultiplexing of two specific
wavelengths are (at the output of the interferometer):

n(A1). AL = m. A1

n(A2). AL = (m £ 0.5). M

where n(A)is the refractive index and mis aninteger.(the
order of the interferometer).

1.45

Design prediction and experimental results of a WDM
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Al

Al Port 3

P e A
22

/ m — A2

Port 4

3 dB couplers
Fig. 7: Mach-Zehnder interferometer

The power from the input port divides between the two
output ports in such a way that a specific wavelength
can be adressed o each pont. Therefore, the transmis-
sion characteristic of the Mach Zehnder interfferometer
allows the realisation of a wavelength division multiple-
xer or demultiplexer (WDM) where many optical carriers
are being transmitted on a single fibre in a transmission
network. While this principle was well known and applied
for quite a long time, the new opportunity offered by the
glass on Silicon technology is the full support from a
computer aided design capability, which directly gene-
rates the photolitographic masks needed to implement
the required design, with high accuracy and reproduci-
bility. Moreover, the use of CAD tools would make it
relatively easy to implement complex structure starting
from more simple building blocks aiready designed and
tested; for example, a four channel multiplexer, shown
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e

Fig. 8: Four channel WDM schematic

in fig. 8, is composed of three Mach Zehnder interfero-
meter elements. The power from the input port divides
among the four output ports, as a function of the selected
wavelengths. the spectral characteristic of the four chan-
nels WDM is shown in fig.9.

The precise differences in path length required for the
multiplexer design is easily controlled by the the mask
fabrication process. With normal tolerances available in
microelectronic masks, it would be possible to design
multi channel WDM with channel spacing as low as 0.1
nm, the only limitation in channel number being the
available wafer size.

The Mach-Zehnder interferometer is a basic building
block inthe design of a variety of optical control functions
based on the splitting and combining of optical beams,
normally as a function of their wavelength, which is
controlled by the different optical length of the two inter-

Relative cutput power (dB)

ferometer arms. If this difference could be varied exter-
nally, a tuning capability would be added to the interfe-
rometer. In the case of devices built on an electrooptic
material such as LiNbOs, this effect is achieved by
applying an electric field. In the GoS case, similar results
has been experimentally demonstrated by NTT by using
a thermo-optic effect ¥ In practice, a thin film NiCr strip
heather is metallised on top of one interferometer arm,
whose optical path length can be controlied by a ther-
morefractive effect due to current heating of the NiCr
strip. Even if this effect is relatively slow, with response
time of the order of milliseconds, it can be very useful in
the development of complex multiwavelength networks
as it would provide an economic solution to many wave-
length control and routing problems, where only low
speed processing capability is generally needed.

3.3 Muitifunctional devices

More complex passive optical devices are at present
under study to be implemented in the GoS technology;
two examples will be shortly described here in order to
give a simple demonstration of the potential of the
approach. Both devices have already been tested in
terms of feasibility in the ATT and NTT Laboratories.

With glass on silicon technology it is possible to imspie~
ment waveguide patterns of NxM star couplers”5”® (N
and M up to 256) as shown in fig 10. The input power
from any one of the 256 channel waveguides in the input
array is radiated to a slab region and received by the

output array. The uniformity of the optical power distri-

1630 1635

540 1545

Fig. 9:

Wavelength (nm)

Measurement of a 4 channel WDM with 5 nm channel spacing
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Fig. 10:

NxN star coupler

bution was obtained by optimising the coupling condi-
tions between adjacent waveguides in the input wave-
guide array. This device has the added advantage of
being wavelength independent if properly designed.

Another complex device which has been realized using
this technology is the NxN (N < 8)switching matrix, as
developed by NTT " and illustrated in fig 11.

This device allows the routing of an optical signal to any
one of N output fibres. The routing is realised using a
composition of N° elementary switches each of which is
based on a symmetric Mach-Zehnder interferometer
thermally tuned by an electrode. Both arms of the inter-
ferometer are of equal length (no geometrical path dif-
ference) and the optical path difference is varied by
modifying the effective refractive index in one of the two
arms by means of the thermooptic effect. This effect is
generally slow (= 1 ms) but still quick enough for most
routing applications.

PIN diod

silicon
submount

Fig. 12:  PIN-PAC integrated photodetector
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Fig. 11:  NxN switching matrix

4. HYBRID ACTIVE INTEGRATED COMPONENTS

Assembly of active devices, such as lasers and photode-
tectors, on the Silicon substrate, with self alignement
features with respect to passive elements (Fibres and
planar waveguides) is another critical step to achieving
a practical optical integration capability. Therefore, two
basic processes have been established to develop the
elementary building blocks for such functions.

4.1 Integrated photodetector (PIN-PAC)

The basic version of the integrated photodetector con-
sists of a PIN photodiode mounted on a silicon submount
and coupled to an optical fibre pig-tail (fig. 12).

fibre pigtail



Informacije MIDEM 24(1994)3, str. 151-159

A. Fincato, S. Lorenzotti, P. Nugent, et. al.: Glass on
Silicon Technology for Optical Interconnections and ...

The basic characteristics of the PIN-PAC are:

1. the use of a 45° degree mirror to reflect the incoming
light from the fiber pig-tail to the bottom illuminated
photodetector soldered above it .

2. the use of anisotropic etching through a thick SiN or
Si02 mask to form deep "V-grooves" in the Silicon
substrate to house and fix the fibre pig-tail, with process
reproducibility capable of achieving a 1um tolerance in
the position of the fibre, without any active alignement
procedure.

3. the use of a particular metalisation pattern on the
Silicon substrate and on the photodiode which makes
possible the self-centering of the photodiode die with
respect to the turning mirror position during the die-at-
tach soldering process. This process can be done in a
single step at the waferlevel for hundreds of PIN devices
simultaneously.

Therefore the PIN-PAC device is made without the need
for individual optical alignement; the process is suitable
to achieve both high production volume and very low
cost. The assembly shown in fig 12 is a discrete device,
which offers a very competitive trade-off between per-
formance, cost and overall quality, with respect to cur-
rently available standard alternatives. In the case of an
integratable photodetector, a similar but somewhat
more complex process technology has been developed,
in which the turning mirror is directly etched in the glass
waveguide. In conclusion, the optical receiver function
can be considered fully available for an hybrid integra-
tion in a Glass on Silicon optical IC.

4.2 Integrated photoemitter (Laser-PAC)

Intermediate results have been achieved so far in the
case of the optical transmitter. A similar structure for a
discrete device (Laser-PAC) (Fig. 13) has been de-
veloped, which already offers distinct advantages in
terms of performance and manufacturing procedures
with respect to standard laser modules, (the use of an
integral microheather for the soldering of a metallized
fibre pig-tail to the silicon submount, forinstance) but still

Laser PAC

Fig. 13:
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requires an active alignement procedure. Moreover, the
Laser-PAC structure is not suitable for hybrid integra-
tion, even if a very simple coupling procedure can be
used to join a fibre pig-tail of a few millimeters from the
Laser-PAC to a "V-groove" on a separate Silicon sub-
strate.

5. OPTOELECTRONIC MODULES APPLICATIONS

While most of the effort under way on the Glass on
Silicon programis still focused on implementing process
technology, and on achieving a good control of design
tools and characterisation of basic building blocks de-
scribed above, a few optoelectronic module prototypes
have already been developed for specific applications,
by using a combinations of available active and passive
optical functions

5.1 Integrated optical transmitter and front-end
receivers

The compact and reliable structure of PIN-PAC and
Laser-PAC is ideally suited for realising an hybrid op-
toelectronic IC, by mounting on the same substrate, or
on a ceramic support, the required electronic circuits. In
the case of the receiver, the structure (fig.14) inciudes a
PIN-PAC photodetector and a custom IC for preampli-
fier, AGC and clock recovery functions:

SDH receiver

Fig. 14:

Housing is provided by a 2 x 1 cm packdge with a pig-tail.
The transmitter includes a Laser-PAC mounted on a
ceramic substrate with a custom IC for laser driver and
supervisory and control functions, in the same housing
as above. Both units’ specifications are compatible with
STM1 Synchronous Digital Hierarchy standard for 155
Mbit/s operation. For stand alone PIN- PAC and Laser-
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Fig. 15:  Bidirectional operating module

PAC devices bandwidths in excess of 1 GHz have been
measured, essentially identical to the laser and PIN
original bandwidth characteristics.

5.2 Bidirectional optical transceiver

Bidirectional transmission of two carrier wavelengths on
the same optical fibre has been considered by several
RACE projects to be a viable solution for reducing cost
in the implementation of the Broadband Access Net-
work. Bidirectional transmission may be considered as
a specific case of WDM principle, and therefore the
development of an integrated bidirectional module has
been chosen as a significant test vehicle to validate the
Glass on Silicon technology with respect to the process
capability of hybrid integration of several functions. At
present, these functions are the wavelength demulti-
plexing, the monitor photodiode, the line receiver photo-
diode, the "V-groove" coupling of the output/input optical
fibre and do not include the laser transmitter. A Laser-
PAC equipped with a very short (a few mm) pig-tail can
be coupled to a "V-Groove" etched into the module. The
structure of the bidirectional module (apart from the
transmitter side), is very similarto the scheme illustrated
infig. 2, and it is shown in fig. 15.

The optical bidirectional link is equipped with two com-
plementary transceivers for each line termination. In
particular data from the network (upstream) side should
be transmitted at 1300 nmwavelength and data from the
customer access (Downstream) side at 1500 nm wave-
length. Also the data rate may be asymmetrical. (622
MBIt/s upstream and 155 MBit/s downstream)

The WDM function is realised by a Mach-Zehnder inter-
ferometer, which provides enough isolation from optical
cross-talk (>20 dB) to achieve the required Bit Error Rate
on the line terminal; one of the WDM branches also
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provides the signal for the monitor photodiode. Electro-
nics functions (Laser driver, PIN preamplifier and control
circuitry) are realised with bare IC chips, mounted near
the optoelectronic module on a ceramic thin film sub-
strate. Layout design to mount these ICs directly on the
Glass on Silicon substrate is under study, in particular
to evaluate electrical cross-talk problems. The hybrid
integrated circuit, including electronic functions, is
housed in a 24 pin Dual in Line package.

6. CONCLUSIONS

Features of a new approach to the development of
hybrid integrated optical circuits have been presented,
taking into account material deposition processes, pack-
aging and assembly aspects, and preliminary results on
prototype design and characterisation. Main achieve-
ments reported to date include the simulation and design
of several passive optical components, whose perfor-
mance has been experimentally tested with good overall
results. A sufficient set of CAD rules and basic building
blocks have been established and experimentally as-
sessed to make possible quick end efficient design of
more complex functionalities. On the other hand, the
high degree of process reproducibility, tested with good
statistical accuracy, makes us confident that the tech-
nology is sufficiently stable and controlled to allow a pilot
production line deployment, which would be in full oper-
ation by mid 1995. To our knowledge, this is the first
industrial initiative in Europe for a product development
which may lead to a significant breakthrough in the field
of optoelectronic component manufacturing and optical
communication system technology.
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A MULTILAYER CHIP VARISTOR: THE FUTURE IN THE
LOW VOLTAGE TRANSIENT SUPPRESSION
Part I: Fabrication and Characteristics

_ Z.Zivig
KEKO, Zuzemberk, Slovenia

Keywords: voltage transients, protective devices, protection components, SMT, surface mount technology, multilayer chip varistors, MLV chip
varistors, ZNO varistors, thin sheet laminating technology, ceramic technology, leakage currents, surge currents, response times, nonlinear
coefficients, surge absorptions, electrical breakdowns, fabrication processes, electrical properties

Abstract: A low voltage ZnO mulltitayer chip varistor for surface mounting was developed using tape casting and green sheet laminating ceramic
technology. Differently sized chip varistors with breakdown voltage ranging from 4 V to 100 V were realised, featuring low leakage current, high
nonlinear coefficient in a wide current range, very high surge current withstand capability (> 2000 A) and response time shorter than 5 ns. Very
good stability on repetitive pulse of high amplitude and high energy level was also recorded. All these characteristics make muitilayer chip varistor
a very promising low voltage protection device.

Vecplastni Cip varistor: Prihodnost zas¢ite proti prehodnim
pojavom in napetostnim sunkom
I del: Izdelava in lastnhosti

Kljuéne besede: pojavi prehodni napetostni, naprave zas¢itne, elementi zaséitni, SMT tehnologija montaze povr§inske, MLV chip varistorji veéslojni,
chip varistorji, ZNO varistorji, tehnologija nalivanja plasti tankih, tehnologije obdelave keramike, tokovi uhajavi, tokovi udarni, dasi odzivni, koeficienti
nelinearni, absorpcije udarov, preboji elektriéni, procesi proizvodni, lastnosti elektriéne

Povzetek: Nizko napetostni ZnQ vecplastni €ip varistor za povrsinsko montaZo je bil razvit s pomogjo keramiéne tehnologije nalivanja tankih plasti.
Narejeni so Cip varistorji razli¢nih dimenzij, s prebojnimi napetostmi v obsegu od 4 V do 100 V, z naslednjimi lastnostmi: nizki tok puséanja, visoki
nelinerni koeficient v Sirokem tokovnem podrocju, sposobnost absorpcije tokovnih sunkov vigjih od 2000 A in &as odziva krajdi od 5 ns. Zelo dobra

stabilnost proti tokovnim sunkom visoke amplitude ter visokih energij je tudi bila ugotovljena. Vse te lastnosti kaZejo da je veéplastni &ip varistor
zelo obetavna nizko napetostna zasditna komponenta.

1. Introduction CMOS IC’s performances as: speed, density, complexi-
ty, reliability and cost. The dimension lowering is follo-
wed by operating voltage lowering as well. At the same

Electronic anq electrical ircuits can pe subjectto severe time, internal protection devices buiit into IC’s (typically
gnd s'udden. lmpu!se voltage traqsnepts generated by containing monolithic connected diffused resistor with
lightning, switching and electrostatic discharge accumu- two or four Zener diodes) have been reduced in size to
lated on the human body. minimise their impact on speed and circuit area. There-

fore, protection efficiency of the internal protection de-
A contemporary development in the field of electronics crease, so CMOS IC's become more sensitive to dama-
and especially microelectronics requires miniaturised, ge or malfunctions caused by supply voltage transients
highly integrated and low power consumption devices. and electrostatic discharges.

As aresult of this, the requirements for reducing device
sizes and operation at low voltages are becoming extre-
mely important for all electronic components including
protective or surge absorbing devices.

As a solution, electronic designers can either overspe-
cify the circuits or use external protection. Final stability
and quality of systems as well as economic balance call
for the use external protection, not only of the whole
systems or subsystems but of the individual sensitive
components as well.

Namely, lowering of the device geometrical dimensions,
or scaling down principle, is widely used to improve

* - This paper presents a part of the results accom-

plished within the project titled "Mukilayer Electronic Transient voltage overstress protective devices can be
Ceramic Components”, no. B-669, which was par- divided into three categories: filters ( R-C, R-L-C, etc.),
tially financially supported by Slovene Ministry of crowbars such as gas discharge tubes or thyristors and
Science and Technology from 1991-93. low voltage clamps like varistors and Zener diodes. As
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far as low voltage surface mount devices are concerned
only muitilayer chip varistor (MLV} and Zener diode will
be discussed. Both exhibit the necessary voltage - cur-
rent relationship: at low voltages the current is very
small, but when the applied voltage exceeds some
predefined vaiue (threshold), the device impedance de-
creases drastically and dissipates the excess energy
which would be absorbed by the active component being
protected. AZnO MLV as well as Zener diode have this
property although the operating physical principles and
technology are different as shown in Table 1.

Both planar Si processing technology and pn-junction
physics as a basis of Zener diode functioning are very
well covered in literature 2. Shallow pn- junction deple-
tion region directs the operation of Zener diode. lts
breakdown mechanismis tunnelling and avalanche mui-
tiplication one. Zener diode breakdown voltage is regu-
lated by the depletion layer width, i.e. by the charge
carrier concentration on both sides of pn-junction as well
as by its geometry. When the diode is in breakdown, the
greatest part of the energy is dissipated exactly in the
shallow depletion layer.

Inthe case of varistor the physical model of its operation
is not so "clear’, which will be one of the subjects of the
discussion to follow.

Table 1: General differences between Zener diodes and
multilayer varistor

General Charac- Zener Diode MLV
teristics
Basic material Si Zn0
Structure Monocrystal Polycrystal

Tunneling & avalan- | Thermoionic emission
che multiplication & hot carrier injection

Physical mechanism

effect
Barrier type Abrupt junction Double Shotky barrier
Technology Planar Si Ceramic - thin sheet
laminating

2. Fundamental Characteristics of ZnO Varistors

2.1. Basic material

While Zener diode is semiconductor component made
on monocrystalline Si, varistor is polycrystalline semi-
conductive electronic component on ZnO. Semiconduc-
ting ZnO of wurzite crystallographic structure is basic
varistor material amounting to more than 90 % wt. This
structure is relatively ‘open’ allowing easy building-in of
dopants and influencing the nature of defects and diffu-
sion mechanism®. The most common defect in ZnQO is
the metal ion in the open interstitial site, leading to a
nonstochiometric metal excess N-type semiconductor
with band gap of 3.3 eV. Within the band gap there are
donor and acceptor levels occupied by thermally indu-
ced intrinsic defects as shown in Fig. 1.

315‘ * E

—_— . X3 x C
S78 Vi 005 eq_vo A

> 2eV

g 5 goV _ 32eV

g 1.2 VO

S 0.7 .

E nYa7ev Y
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Figure 1: Energy - band diagram of ZnO®

2.2. Varistor Microstructure

Varistor is realised by homogenisation of ZnO powder
with the oxide additives of Bi, Sb, Mn, Co, Cr, Ni, Al, etc.
Forming of such a composite is performed by one of the
ceramic procedures (dry pressing for example). After
sintering, final polycrystalline ceramic structure, charac-
terised by unique grain boundary properties that contri-
bute to the nonlinear I-V varistor characteristics is obtai-
ned. As the flow of the electric current is controlied by
electrostatic potential barrier of the grain boundaries, its
electrical activity and microstructure can be adapted to
provide the desired special properiies of the material.
For this reason many material scientists have been
extensively studied ZnO varistor mictrostructures, espe-
cially those of the grain boundaries*®. Their main con-
cern was to investigate various crystalline phases, their

pm

L)
E§ Pyrochiqre
Spinel

Bsmuth oxige

Figure 2: Actual structure of ZnO varistor’
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Figure 3: Microstructural components of the ZnO varistor®

chemical formulation and dopants in various phases
comprised in varistor structure on the one hand, and
their influence on electrical characteristics on the other
hand. Schematic view of the real ZnO varistor micro-
structure is shownin Fig. 2., which illustrates ZnO grains
surrounded by spinel, pyrochlore and several Bismuth
phases including intra- and intergranular porosity. The
major findings of the microstructure analyses are sum-
marisedin Fig. 3.. Whenthe grainis etched out with acid,
intergranular phases appear as a three dimensional
network, which is electrically conductive under certain
conditions (high field, high temperature, etc.)

Microstructural study resulted in a vary important con-
clusion. The primitive varistor or basic building block of
a ZnO varistor is a boundary between two grains, being
formed during sintering. Different chemical elements
and ZnO intrinsic defects are being distributed during
sintering so that the gram boundary region becomes
highly resistive (Rgo =~ 10'? Qcm) and the grain interior
highly conductive (Rg = 1-10 Qcm). Abrupt conductivity
change on the grain boundary suggests the existence
of the potential barrier and the depletion layer on both
sides of the boundary inside the ZnQO grain. It should be
pointed out that each grain boundary in doped ZnO
shows a nonlinear |-V characteristics, except in the
cases, where one of the grains has high symmetry {e.g.
basal plane), showing special electrical properties®. Se-
veral studies have indicated the presence of a thin
(<20A) and homogeneous Iagfer of Bi*® and excess
oxygen at the grain boundary'® as shown in Fig.4.

The role of Bi in grain boundary activation is very inte-
resting. On the one hand, no varistor effect is obtained
without Bi doping. On the other hand Bi concentration at
the grain boundary stays unchanged in the cases of
postsintering annealing or electric loading, when |-V
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Figure 4:  ZnO varistor grain boundaries AES chemical

analysis

charactenstlc in the prebreakdown region changes its
shape'®. Similarly, no correlation has been found be-
tween net charge stored at the grain boundary and Bi
concentration. That's why it is generally assumed that
absorbed Bi ions create some intrinsic interface defects
which are capable of capturing an excess electron.

Unlike Bi ions, O ions are completely mobile'®, their
concentration on the grain boundary being in the direct
correlation to the I-V characteristic change, i.e. to the
potential bamer helght and the net charge stored at the
grain boundary''.

2.3. Varistor Physics

Several physical models have been proposed |n the past
to explain conductive mechanism in varistor'>'®. Their
inadequacy was in the fact that they could explam just
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some of the experimental results. Advances in micro-
structural analysis at the atomic level and a wide range
of electrical and sPectroscopical measurement techni-
ques helped Pike'” to establish the most comprehensive
model, being later refined by Greuter and Blatter'"'°,

The model is based on the fact that a net interface
charge at the grain boundary results from the trapping
of an excess electron {or hole) by the appropriate inter-
face states. The interface charge Qi is screened by the
ionised bulk defects No, associated with intrinsic defects
such as Zinc interstitial or Oxygen vacancies, in order to
establish the overall charge neutrality. Visualising this
process in an energy band diagram corresponds to the
formation of a double Schottky potential barrier at the
grain boundary as shown in Fig. 5. The current flowing
across the grain boundary is controlled by the applied
bias and the temperature dependent height of the po-
tential barrier @y (V, T). Solving the Poisson equation,
several authors'®'%"% obtained that the potential barrier
height is 0.9-1.0 eV. It should be pointed out that an
increase in Q results in a larger &y, whereas a higher
No reduces @. Applying thermoionic emission model,
current flow through the grain boundary can be descri-
bed by the equation:

J=AT?exp (-(es - en)/KT) (1 - exp(-eV/KT)),

? i“l“ h
EV:i;innnuimmll*“’ Kl
/eN1
\e N 0
1 1 X
=X10 =X 10 Xry Xro
-Qid (x)

Figure 5: Double Schottky, barrier at a negatively charged
grain boundary
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where Ais a constant containing Richardson’s constant,
en= Ec - Erand V is the applied voltage.

The existence of the following four current components
on the interface is obvious: the thermally emitted elec-
trons travelling from the left to the right and backwards
(being suppressed by the factor exp(-eV/KT)) and small
current of the electrons being trapped and remitted from
the interface states. The two last currents are responsi-
ble for the updating of Qi, and actually control the main
current flowing over the barrier's.

When a bias is applied to the junction (V< 3 V), & will
rapidly decay for a fixed Q. However, if through the
lowering of Js new empty interface states can be filled,
Qi increases and @y is efficiently stabilised keeping the
leakage current low. This is usually referred to as a
pinning of b by the interface states. The strong pinning
leads to a concentration of the voltage drop within a
1000A wide region on the positively biased side of the
junction. Near the top of the barrier, electric fields as high
as 1 MV/cm can build up. Under this condition some
electrons can get enough kinetic energy (became "hot")
{o create minority carriers by means of the impact ioni-
sation. The holes created in this way, diffuse back to the
interface (Tt < 107'%s), partly compensate Qi and abruptly
lower @y initiating the breakdown. Energy-band diagram
of "hot" electron-hole induced varistor breakdown, diffe-
rent trajectories of "hot" electrons and the creation by
impact ionisation are shown in Fig. 6.

As the optical-phonon scattering at low energies (0.1-0.4
eV) is the dominant loss mechanism in ZnO, a high
starting field near the interface is the most important to
overcome this critical energy range. On the basis of the

I | L lex
-Xi0 0

Figure 6: Energy-band diagram of a grain boundary

barrier illustrating the hole induced breakdown'*
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Figure 7: MLV fabrication process steps

data on threshold energy for electron-hole pair creation
inZn0O (En = 3.7 eV) and the yield of the hole production
and using the described mode! Greuter et. al.'® esti-
mated single grain boundary junction breakdown to be
Vb =3.3-3.8 V, which is in a very good agreement with
the experimental results.

Besides, "hot"-electron-hole induced avalanche break-
down model can explain most basic experimental obser-
vations such as: high coefficient of nonlinearity (o > 40)
and its dependence on doping, small negative signal
capacitance at large bias, voltage overshoot effect
under the excitation with fast pulses, electrolumines-
cence phenomena observed at grain boundaries and
many other'".

3. Multilayer Chip Varistor

Ceramic tape casting and especially green sheet lami-
nation technology have been very intensively develo-
ping during the last twenty years, in the first place owing
to the development of the multilayer ceramic capacitor
and hybrid integrated circuit substrates. These techno-
logies set the basis for the development of the multilayer
chip varistor.

Although the first article was published by Shohata et.
al.”® in 1981 there has been little published about this

TERMINATING

ﬁ?ﬁgﬁ?!

30+ 1 yum

|

L

TESTING |

new protection component, which became commercially
available not more than two years ago.

3.1. Technology

3.1.1. Fabrication Process

Green sheet lamination process applied in presented
MLV production experience is shown in Fig. 7. Varistor
processing was based on fine particle high purity ZnO
and other dopants. They were mixed in a nonaqueous
system based on an acrylic binder in a ball mill for 15-20
h. The homogeneous low viscosity ceramic slip was tape
cast into 30-100 um thick sheets. Tape cutting was
followed by AgPd internal electrode screen printing and
their stacking into 10 x 10 cm large green ceramic
blocks. Ceramic blocks were then laminated and cut into
chips sized 2.5 x 1.5 mm, 3.2 x 25 mm and 5.7 x 5.0
mm, which are popular SMD dimensions. After binder
burn out, chips were sintered in an air atmosphere
furnace at the temperature of 950-1100°C. Finally, ex-
ternal AgPd electrodes were attached and fired to make
contact with comb-like inner electrodes as shown in Fig.
8.. Fig. 9illustrates the outside view and final dimensions
of realised chips while Fig. 10 shows optical microscope
photographs of the microstructure of the cross sectioned
MLV.
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Figure 8: A cross sectional illustration of a MLV
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Figure 9: Outside view of differently sized MLVs

Figure 10: Microstructure photographs of a cross section
of an MLV

3.1.2. Varistor Compositions

Shohata et. al.” concluded that the utilisation of Bi2Os
in MLV ceramic system is not possible because it easily
reacts with any metal used for internal electrodes, de-
stroying the multilayer structure. That's why, instead
Bi»Os, they especially developed and suggested the
usage of borosilicate-lead-zinc glass. Microstructural
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analysis of the ceramic- electrode interface'® showed
increased concentration of Biinthe case of low sintering
temperatures (950°C), while at higher temperatures
(1100°C) a lamelar reaction product, identified as
PdBi,04, was observed only in the "pockets” of a melt
at the interface. TEM/EDS studies of the interface con-
firm that the reaction layer is neither continuous nor
monophase. Due to that and opposite to the statements
in'7_ it was shown in '® and it will be shown in this paper
that usage of Bi2Os is possible in varistor system without
consequences either to the electrical characteristics or
varistor reliability. Having this in mind, special varistor
composition was designed®*?', comprising ZnO (>92 wt
%) and oxide additives such as Bi20s, MnO, Co0,
Sby0s, etc. As the composition presents one of the
design parameters, the care was also taken of the fact,
that some differences exist in the case of the bulk
varistors and MLV, the final ceramic layer thickness
being both small and comparable to the grain sizeinthe
later. Two such examples are illustrated in Fig. 11. and
Fig. 12.. They show the dependence of nonlinearity
coefficient and specific voltage on sintering temperature
in the case of MLV (layer thickness = 17 um) and bulk
varistor (d = 1 mm), realised with the same composition.

MLV

Nonlinear coefficient { o )

1000 1050 1100 1150

T(°0)

950

Figure 11: Nonlinear coefficient - o Versus sintering
temperature '

Disc

(V/mm)
(%]
3

K

MLV

1000 1050 1100

T(°0)

950 1150

Figure 12: Specific voltage versus sintering temperature
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3.1.3. Ceramic Foil

Presently, it is possible to use two processes for thin
ceramic foil formation: extrusion & stretching process
and doctor-blade tape casting process. We applied both
processes to form varistor ceramic foil. The results of
the second process will be shown in this paper. Nona-
queous tape casting system, containing acrylic binder,
solvents, defloculants, plasticiser and some other addi-
tives, was used, enabling formation of homogeneous,
stabile, low viscosity slurry, during homogenisation of
varistor ceramic system. After homogenisation, the
slurry travels on the carrier surface beneath the blade of
the knife, that controls the thickness of the out-coming
layer. When the solvent evaporates, the fine solid par-
ticles coalesce into a relatively dense flexible film that
may be stripped from the carrier surface in a continuous
sheet. Foils obtained in such a way have good mechan-
ical firmness (enabling simple manipulation) and no pin
hole defects. Besides, in the whole range of thicknesses
no "skin" effect has been observed as illustrated in Fig.

Figure 13: SEM photograph of the tape cast foil surface

13., showing the appearance of the surface of the vari-
stor tape cast foil.

3.2 Chip Design and Struciure

Based on considerations in #2.3. the overall varistor
breakdown voltages could be calculated asnx 3.6 V, n
being the mean number of grain boundaries along the
shortest iinear path between electrodes. Following this
principle a low voltage MLV can be designed combining
the ratio of the ceramic foil thickness and ZnQ grain size.
However, this procedure is limited by the opposing
requirements for certain electrical characteristics, pro-
cessing and surface mount technology.

Fig. 14. shows the breakdown voltages (at 1 mA) de-
pendencies on sintering temperature with green sheet
thickness as a parameter, while Fig. 15. shows the
photograph of a) 4 V and b) 56 V sectioned MLV at the
same magnification.

40
351
304 120 ym
— 257
>
— 207 90 ym
=
” 151
60 pum
104
54 30 um \
9 . . . T
900 850 1000 10590 1100 1150

T(°C)

Figure 14: Breakdown voltage versus sintering
temperature for different sheet thicknesses

As seen in Fig. 8. inner electrodes are set parallel to
each other, where each second electrode is displaced
to the same side, so that one group of electrodes is
electrically connected to the end termination on one side
and the other to the end termination on the other side of
the chip. This finger- or comb-like electrode structure
gnables optimum usage of material volume and shows
the whole array of other advantages. Inner elecirodes

Figure 15: Photograph of cross-sectioned 4 V and 56 V
MLY
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are encircled with varistor ceramics, so that there are no
parasitic structures between adjacent electrodes, mea-
ning that there are no paths causing surface leakage
currents or enabling flash-over breakdown. Moreover,
this way of electrode design enables their relatively large
active surface with respect to chip volume. This is espe-
cially evident when compared with the buik varistor. This
electrode disposition enables very uniform current and
energy volume distribution, avoiding "hot" spots in the
structure, which is of greatimportance when stability and
reliability are concerned.

Beside inner electrode surface, their periphery is impor-
tant as well. Being very long it facilitates peripheral
electrode current injection, similarly as with high current
power transistors and acts as an "amortiser” of extreme-
ly high current surges.

Being good heat conductors inner electrodes have dual
positive role. In the case of ambient heating, they mini-
mise large temperature differences between chip sides,
helping uniform microstructure formation and prevent
defect diffusion and electrical characteristic degrada-
tion. In this case they act as ideal internal heaters. On
the other hand, during internal heating due to DC, AC or
pulse loading, they conduct heat outwards and act as
coolers. This provides fast varistor heat dissipation
through the volume, shifting failure mechanism toward
highertemperatures. Thisis one of the reasons that MLV
is the only varistor capable of operating at +125°C,
whereas the maximum operating temperature of other
varistors is +85°C.

3.3. Electrical Properties
3.3.1. Current-Voltage Characteristics

MLVs with breakdown voltage in the range from 4 V to
100 V were realised in the above described way. It
should be emphasised, that 4 V breakdowniis practically,
the lowest theoretically possible breakdown in ZnO va-
ristor (see #2.3.). Achieved result illustrates that, it is
possible to realise controllable microstructure, such, that
in the cross section between the adjacent large surface
electrodes there is only one grain boundary on the
average, i.e. the whole structure acts as one large
equivalent monobarrier.

Fig. 16 a) and b) shows symmetrical AC I-V charac-
teristics of 4 V and 56 V varistor respectively. The sharp
breakdown knee is typical for these high devices with a
clearly defined threshold voltage. This is even more
evident in Fig. 17, presenting measured |-V relation-
ships. Wide current range measurements were provided
using DC technique up to 10 mA and the pulse (8/20 us)
technique above this value. Inboth cases characteristics
show distinct difference between the prebreakdown and
breakdown region, which extends over six ( for 4 VMLV)
to seven (for 56 V MLV) orders of magnitude of current.
Typical values of the nonlinear coefficient o measured
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Figure 16: AC current-voltage characteristics of the a) 4 V
and b) 56 VMLV

by the ALPHA meter in the current range from 1-10 mA
usually exceeds 25 and in some cases reaches values
over 50. It is especially important that o has so high
value within the whole breakdown region. Fig.18. illu-
strates the example of 33 V MLV (5.7 x 5.0 mm), where
o has the value >15 in the current range up to 1000 A,
above which its value decreases and correlates with up-
turn region on the |-V characteristics. Protection level
coefficient, defined as the ratio of clamping voltage for
any specified current and the breakdown voltage at 1
mA, has the value < 2.5 up to the current value of 1000
A, increasing for the higher currents. It means that MLV
provides very effective protection in the wide current
range.

In the prebreakdown region MLV shows very low leak-
age current (typically < 5 tA), meaning atthe same time,
alow DC watt loss upon steady state operating voltage,
typically set between 75-85 % of the threshold voltage.
Although the leakage current increases with tempera-
ture, as shown in Fig. 19., for the case of 4 V MLV
measured at Vde = 3 V, it holds relatively low value even
for the temperatures as high as +125°C, enabling its
normal operation in that temperature range as well (see
#3.2.). The linear relationship between current and tem-
perature in semilogarithmic scale confirms the ther-
moionic emission mechanism, i.e. the validity of physical
model described in #2.3.. The measured threshold volt-
age temperature coefficient is much lower than 0.01
%/°C in the temperature range from +25°C to +85°C.
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Figure 17: Current-voltage characteristics of 4 V (3.2 x 2.5
mm) and 56 V (5.7 x 5.0 mm) MLV
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Figure 18: Temperature dependence of DC stand-by
current (Ve = 3 V) of the 4 V MLV

3.3.2. Capacitance and Response Time

Dielectric constant of ZnO is relatively small (= 10), while
the effective dielectric constant of the varistor ceramics
is about 100 higher as the conseguence of intergranular
barriers and their naiure (see #2.3.). Capacitance of
MLV with different breakdown voltages measured at 1
kHz, ranged from 0.5-40 nF, depending on the chip
dimensions, layer thickness and their number. MLV
capacitance is relatively stable over a wide frequency
range, up to 1 MHz, as shown in Fig. 20.. The same
figure shows bell shaped frequency-loss factor charac-
teristics with the minimum value typically at 10 kHz. ,
The capacitance temperature change, in the tempera-
ture range from +25° 1o +85°C, is < 15 %,

Such a medium MLV capacitance value, which to a
certain extent can be designed is especially desirable in
specific applications to be discussed in the Part Il
Advantages and Applications.

MLV chip has very low inductance, typically < 1.5 nH.
The voltage response overshoot effect, being controlled
by inherent parasitic lead inductance, is typically not
observed in the case of 8/20 us pulse, as illustrated in
Fig. 21.. This figure shows 54 V pulse response charac-
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5 — f S
1 E-Q8 - Tt e 1 £-02
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Figure 20: Capacitance and loss factor variation with
frequency of the 8 V MLV
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TR pesdiv

Figure 21: Pulse absorption characteristics of 33 V MLV
(8/20 us, 20 A; Hor. : 10 ps/div, Ver. : 351 x 256
mV/div)

feristics of a 33 V MLV after triggering with 20 A of 8/20
us pulse. Our present equipment has enabled us to
estimate the response time of MLV to be definitely < 5
ns, being adequate for protection in electrostatic dis-
charge environment.

3.3.3.Stability and Reliability

MLV stability and reliability are especially important
regarding the fact that it is intended to be protective
device. To estimate its stability and reliability a number
of tests were performed. The result of high current
amplitude and high energy surge withstand capability
tests are shownin Fig. 22 and 23.. Standard surge pulse
shapes of 8/20 us and 10/1000 ps were used. The
relative threshold voltage change is plotted as a function
of the number of surges. It is evident in Fig. 22. that in
the case of 8/20 us pulse threshold voltage increases
somewhat faster during the first 10 surges, the change
being slower afterwards. The change is lower than 5 %,
even after 500 surges. The value of this result can be
fully evaluated, having in mind that threshold voltage
change of 33 V standard 20 mm disc varisior is higher
than 10 % already after 100 to 150 surges. Similar
results were obtained in the case of 10/1000 s pulse as
shown in Fig. 23. ltillustrates excellent stability of MLV

[ pulse = 500 A

SV (%)
L o

Vn =33 V T =25 o
Pulse 8/20 ps
1o T T e

Number of surges

b b b

Chip sie = 5.7 x 9.0 mm

1000

Figure 22: Repetitive pulse capability (30 s between
pulses)
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Figure 23: High energy repetitive pulse capability (30 s
between pulses)

evenin the case of 12.5 J pulses. During this test 33 V
MLV was cumulatively absorbing the energy of more
than 6 kJ in the period of 4 h, without substantially
changing its characteristics. Similar threshold voltage
change in the cases of different MLV pulse loading,
suggests activation of the same failure mechanism, with
no regard to the pulse duration or its shape.

As, varistors are, generally speaking, very sensitive to
DC loading in the prebreakdown region, a continuous
power dissipation life test was performed on 4 V MLV.
The DC applied voltage was higher than the threshold
voltage, i.e. the 4 V MLV was subjected to a 10 mA and
30 mA current. A stability that can not be obtained with
any low voltage disc varistoris apparentin Fig. 24. Even
after 80 min of loading with current of 30 mA, the
threshold voltage change was not higherthan 15%. This
result, as well as all the others, again confirms the
consideration in #3.2. and proves the possibility of rea-
lising of a very homogeneous and ordered mictrosiruc-
ture by means of thin ceramic layer technology.
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Figure 24: Continuous power dissjpation life test of 4 V
MLV. The marks (+) and (-) indicate the Vn
change In the same and the opposite polarity
with DC bias.
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4. Conclusion

A low voltage MLV was deveioped using tape casting
and green sheet lamination technology. Obtained elec-
trical characteristics showed that the utilisation of Bi»O3
is possible in MLV ceramic system. Namely, MLV has
high nonlinearity coefficient in the whole breakdown
range, i.e. low clamping level, providing high protection
efficiency. It was also shown that with respect to its
planar surface MLV can withstand pulse density loading
higher than 7000 A/cm?, being far higher than in any
protective device known today. Besides, leakage current
in prebreakdown region has relatively small value even
in the temperature range around +125°C. Very low
inductance of chip MLV enables response time shorter
than 5 ns, eliminating to a great extent voltage response
overshoot effect.

Life test results, and especially repetitive pulse capabi-
lity tests show MLV excellent capability to withstand
great number of short high voltage surges as well as long
high energy surges. Practically all static and dynamic
characteristics as well as MLV stability lead to the con-
clusion that and MLV is favourable low voltage protective
device.
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PLANAR LC OPTICAL SWITCH FOR OPTICAL
COMMUNICATIONS

J. Pir§, S. Kopad, R. Luka€ and B. Marin
JozZef Stefan Institute, Ljubljana, Slovenia

Key words: optical communications, optical switches, LC planar technology, liquid crystals, LC, nematic liquid crystals, electronical fields, refractive
indexes, optical waveguides

Abstract: A planar siectrooptical light switch and crossbar interconnection network specifically designed for optical fiber communications is
described. It is based on the use of the homogeneously aligned nematic liquid crystals acting as the active elements for light beam splitting and
redirecting. Several possibilities based on electrically controlied birefringence in nematic L.C are described and the estimate on the dimensional
limitations based on the calculations of the electric control field are given. The presented LC optical crossbar can be addressed electrically and can
be miniaturized. This makes it particularly interesting anywhere where large number of interconnecting switching of optical light signals is required
(i.e. telephone centrals,...)

Planarno tekoce kristalno opti¢no stikalo za opticnhe komunikacije

Kijuéne besede: Komunikacije optiéne, stikala optiéna, LC tehnologije planarne, LC kristali tekagi, LC kristali tekodi nematiéni, polja elektricna,
koliéniki lomni, valovodi optiéni

Povzetek: Opisano je planarno teko&ekristalno optiéno stikalo, ki je posebej primerno za optiéne komunikacije. Stikalo uporablja homogeno urejeno
plast tekodega kristala, ki se mu z elektriénim poljem lahko spreminja lomni koli¢nik - elektri¢no kontrolirana dvolomnost. Opisane so razli¢ne
moZnosti uporabe tega efekta v nematskih tekodih kristalih.Na osnovi izratuna elektri¢nega polja znotraj tekoSekristalne celice je podana ocena
maksimalnih moznih dimenzij takega optitnega stikala. Prednosti tekocekristalnega optiénega stikala so predvsem v majhnih dimenzijah in moZnosti
elektricnega krmiljenja z nizkimi napetostmi, zato je posebej zanimiv za uporabo povsod, kjer je zahtevano veliko Stevilo optiénih stikalnih elementov

(npr. telefonske centrale,...)

INTRODUCTION solutions require the use of expensive optic elements
(prisms, polarization beamsplitters,..), their construction

A number of different technical solutions using liquid is nonplanar and they cannot be miniaturized.

crystals for switching the light signals between different

optical fibers has been made so far'>%* They are based In this paper we propose a construction of an LC swit-

on different electrooptic mechanisms in liquid crystals ching device based on the fact that LC itself can be used

from electrically controlled refractive index variations as a waveguide as first pointed out by Giallorenzi et al®

causing light coupling between optical waveguides®, and later by M.Kawachi et al.*. Moreover, using a light,

total light reflection®, electrically controlled birefringence the electrically controlled birefringence of LC can be

and electrically controlled light scattering’. Most of these used to generate electrically induced light guide be-

Figure 1: Schematic presentation of the electrically induced optical waveguide in the homogeneously aligned nematic LC
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tween the properly shaped electrodes (see Fig. 1) in a
standard, homogeneously aligned nematic LC cell. in/out

X
X

If the polarization of the propagating light is perpendicu- [ . - \ BT
lar to the boundary glass plates of the homogeneously \ /

aligned nematic LC (positive dielectric anisotropy!) cell, \ \
than the applied electric field between the electrodes on \ Y
the boundary plates causes, that the refractive index (ne) . , _/ N ) \
of the LC between the electrodes becomes greater than
inthe area without the electrodes as well as greater than
the refractive index of the boundary glass plates. So the A
conditions for optical waveguiding are met and an elec- /
trically induced waveguide is formed within the LC layer [
between the electrodes. The difference between the R ¥
ordinary and extraordinary refractive index determines

|><|
1><|

—
|

the numerical aperture of this waveguide and imposes \ /
the limitations on its maximum curvature. N /){

,‘;\ Y. ':\
With the appropriate design of the electrodes different /’ \ 7
electrooptical switching devices can be made consisting [ >—< / >—Z ' - >~< e
of several electrically induced optical LC waveguide Qe D L g

segments. 8o electrooptical directional elements, cros-
spoints and even a complex matrix of such switches can
be made (see Fig. 2, 3, 6).

Figure 3:  LC matrix 8x8 crosshar switch

P

-
e |
P |
. - /”/
1L2,6,7 etectrically induced
ght guides |
10 '
3,45 switching light guide
segments

8,910 etectrodes for inner
tght guide segments

Figure 2:  2x2 Optical cross-bar switch
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EXPERIMENTAL

The concept of electrically induced optical waveguide
switches was verified by means of different homogene-
ously aligned LC cells with appropriate electrode con-
figurations. The cells were made in a more less conven-
tional way. ITO covered glass plates were used. After
photolithografic formation of the required electrode pat-
tern, the glasses were covered with thin Nylon orienting
layer and rubbed to provide forthe homogeneous orien-
tation. Ten micron thick cells were made and filled with
F.Hoffmann-La Roche nematic liquid crystal ROTN
0530 (no=1.513, ne=1.718). The following electrode pat-
terns were used:

1.Half plane electrodes - determination of the angle of
total reflection (see Fig. 4a,b,c)

2.Straight 50-micron wide lines - basic concept of the
electrically induced optical waveguide; numerical aper-
ture determination (see Fig. 5)

3.Directional switch (see Fig. 6a,b,c) - evaluation of the
switching performances, light losses, efc...

The signal light beam was simulated by a He-Ne laser
that was coupled to the LC optical switch by a focusing
lens and a precision x-z stage. The traveling of the light
signal within the LC optical switch was monitored by
observing the light scattered by the order parameter
fluctuations under the low amplification microscope by:
means of the CCD camera coupled to a PC computer.

RESULTS AND DISCUSSIONS

The results of the evaluation of the electrically induced
optical waveguide switch concept are shown on figures
4 through 6.

Figure 4:
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Signal light beam reflection on the electrically induced "refractive index barrier”:
a.) Schematic presentation of the light beam and half plane electrodes

b.) Signal light beam propagation without electric field
¢.) Signal light beam reflection at the electrically induced refractive index barrier
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Figure 5:

Figure 6:

Electrically induced optical waveguide: the
signal light beam is traveling along 50 um wide
straight L C waveguide. Since the incidence
angle is different from zero but smaller than the
one determined by the angle of total reflection,
the light beam is reflected back and forth, but
stays within the waveguide.

LC optical directional switch:
a.) Schematic presentation of the electrode pattern
b.) Signal light beam propagation with the switching segment turned off
c.) Signal light beam propagation with the switching segment turned on
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In order to evaluate the limitations and performances of
this optical signal switching concept, a detailed compu-
ter analysis of the average refractive index variations
based on the computer simulation of the nematic direc-
tor fields within the LC optic waveguide switch was
made. The refractive index was calculated for the bire-
fringent medium according to the formula:

Ne No
Vng + (nﬁ —~ ng) sin“@”

Nef (O) = (1)

The nematic director fields were obtained as a result of
the numerical solution of the relaxation equation for the
director fields:

P PP ] :
y—ni=K|—5+— ﬂi+A8Ei§ Ein+ Ani , (2)
af [axg ay2 =1

where E is the electric field, Ae dielectric anisotropy and
A is a normalization constant.
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This relaxation equation was coupled to the equation for

the electric field:
E= -gradV; div(g(x,y) gradV(x,y)) = 0, (3)

where:

-

in LC and g = go outside.

Assuming strong anchoring conditions at the boundary
surface, this relaxation equation was sclved numerically
using SOR method (Simultaneous over-relaxation)™

The results for a segment (Fig. 7) between two parallel
electrically induced wave guides are shown on the Fig,

8 and Fig. 9.

Figure 7: Shematic presentation of the waveguide
segment

These results, which are also well confirmed by the
experimental data (see Fig 4, 5, 6), clearly show, that:

1. The electrically induced waveguides are well separa-
ted if the electrode distances are more than two LC cell
gaps apart. In this case one cannot expect much of the
crosstalk between them.

2. Ifthe electrodes are closer than one LC cell gap apart,
the light signal passes from one waveguide to another

almost without any light loss.

3. The switching waveguide segments of the LC light
switch have to be wider thantwo LC cell gaps and should
be located closer than one cell gap to assure good
switching.

The anisotropy of the refractive index (ne -no) in modern
nematic LC materials can be as high as = 0.25. This
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Plot of the director fields for different spacing of
the electrodes:

a.) spacing is equal to four LC cell gap

b.) spacing is equal to two LC cell gaps

¢.) spacing Is equal to one LC cell gaps

Figure 8:

imposes a limit to the maximum curvature of the electri-
cally induced optical waveguides. So an optical cross-
bar switch (Fig. 2) has to be = 200 um long. Since order
parameter fluctuations in nematic LC are causing relati-
vely strong light scattering (light loss!), the area of the
total optical switching array is limited to 600x600 pum.
This means that the 8x8 switch array (Fig. 3) is the
maximum, that one can expect from the nematic optical
switches as described in this paper.
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SENZORJI TLAKA REALIZIRANI S POMOCJO
DEBELOPLASTNE TEHNOLOGIJE

S. Soba, D. Belavig, M. Hro;\iat*, B. Pavlin, A. Simongié
. Iskra Hipot d.o.0., Sentjernej, Slovenija
Institut Jozef Stefan, Ljubijana, Slovenija

Kljuéne besede: senzorji tlaka, senzorji piezoupornostni, senzorji industrijski, mikroelektronika, tehnologije debeloplastne, pretvorniki tiaka, senzorji
multipleksni, NTC termistorji, inovacije tehnoloske, doravnavanje, doravnavanje lasersko, tolerance ozke

Povzetek: Zastavljeni namenski cifj razvojnega projekta - povedanje trznega deleZa na podrodju senzorjev tlaka - je doseZen. Razvili smo skupino
industrijskih senzorjev tiaka. Posebej bi omenili multiplex senzor in druZino senzorjev ter pretvornikov za razliéna tlagna podrogja. Poleg tega smo
osvojili razliéna znanja in razvili nove tehnoloske postopke, ki so uporabni tudi za druge izdelke. Poudarili bi tehnologke inovacije pri debeloplastnem
senzorju sile, doravnavanju debeloplastnih NTC termistorjev do ozkih toleranc in zapiranja mehansko obéutijivih debeloplastnih vezij v plasti¢na

ohigja.

Pressure Sensors Realized by Thick Film Technology

Keywords: pressure sensors, piezoresistive sensors, industrial sensors, microelectronics, thick film technologies, pressure transducers, multiplex
sensors, NTC termistors, techological innovations, trimming, laser trimming, narrow tolerances

Abstract: The purpose of research and development project - an increased pressure sensor market share - has been achieved. The group of
industrial pressure sensors (multiplex sensor, the family of sensors and transducers for different pressure etc.) was developed. The various
"know-how" were acquired and new technological processes usable also on other fields, have been developed. As examples thick film strain gauge,
laser trimming of thick film NTC thermistors to narrow tolerances and encapsulation of stress sensitive thick film circuits could be mentioned.

Uvod in redne velikoserijske proizvodnje senzorja za merjenje
krvnega tlaka za enkratno uporabo (slika 1).

V letih 1991 - 1993 je potekal projekt "Senzoriji tlaka

realizirani s pomocjo debeloplastne tehnologije”, ki ga
je z 20% delezem sofinanciralo Ministrstvo za znanost
in tehnologijo Republike Slovenije. Naro¢nik projekta je
bila ISKRA HIPQT, Tovarna elektronskih elementov in
opreme, d.0.0., Sentjernej, Trubarjeva 7, izvajalci pro-
jekta pa Institut Jozef Stefan in Iskra Razvojno razisko-
valni institut IEZE RO HYB Sentjernej ISKRE HIPOT.
Projekt je bil zastavljen na podlagi uspedne realizacije

Omenjeni senzor je aplikacija piezoupornostnega silici-
jevega senzorja tiaka (slika 2) na debeloplastnem kom-
penzacijskem vezju, narejenem na keramicnem sub-
stratu (slika 3). Dobro obvladovanje proizvodnje senzor-
ja krvnega tlaka je dajalo utemeljeno podlago za raz-
misljanje o uporabi podobne in 8e bolj dodelane tehno-
logije za razvoj novih izdelkov s podrogja senzorjev
tlaka. Zastavljen je bil projekt, gigar konéni cilj je bil

Slika 1;  Senzor za merjenje krvnega tlaka za enkratno

uporabo

Slika 2:

Piezoupornostni silicijev senzor tlaka na
debeloplastnem kompenzacijskem vezju
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Slika 3:

Keramicna ploséica s 16 piezoupornostnimi
silicijevimi senzorji tlaka na debelo- plastnem
kompenzacijskem vezju

raz8iriti trzni delez na podro¢ju senzorjev tlaka. Na
podlagi analize trga smo se odlodili za naslednje seg-
mentne cilje projekta:

— industrijski senzorji in pretvorniki z uporabo debelo-
plastne tehnologije

kompenzirani senzorji tlaka za uporabo v procesni
industriji v razli¢nih izvedbah

aplikacije senzorjev in pretvornikov za uporabniska
vezja ,
debeloplastni senzor sile z razliénimi aplikacijami

medicinski senzorji tlaka (mozganski senzor tlaka,
senzor krvnega tlaka nove generacije

Predstavljamo rezultate raziskovalnega dela, ki se
kazejo v osvojitvi novih trgov, novih proizvodih in novih
proizvodnih postopkih, tehnoloskih inovacijah in paten-
tih.

Predstavitev rezultatov projekta

Rezultate projekta lahko uvrstimo v tri skupine glede na
doseZeno stopnjo uporabe in prenosa v proizvodnjo. V
prvi skupini predstavijamo raziskovaline dosezke iz vseh
segmentnih ciljev projekta, ki so pridli v redno proizvod-
njo in ki jih uspesno trzimo. S temi izdelki je bila do-
sezena

Osvojitev novih trgov

Na podrocju industrijskih senzorjev je bil za proiz-
vod multiplex senzor narejen kompleten razvoj proiz-
voda od ideje do trzne realizacije. Proizvod je v redni
proizvodnii. Multiplex senzor je aplikacijsko vezje, ki
se sestoji iz 8 silicijevih senzorjev tlaka za tladno
podrocje do 1 bar in dveh 4-kanalnih CMOS multi-
plexerjev (slika 4). Namenjen je upcrabi v sistemu,
kjer je potrebno hitro preletavanje tock merjenega
pritiska. Krmilienje (CMOS logika) in kompenzacija

f?%if{i?iigHHxiHHEHH

|
o 1 2 3

il

Slika 4:

Multiplex senzor (modul z 8 silicijevimi senzorji
tlaka za tlacno podrodje do 1 bar in dvema
4-kanalnima CMOS muitiplexerjema)

Slika 5,6: Ploséa s 15 moduli multiplex senzor s skupno
120 senzorji tlaka, plosca vkijuéno z vsemi
cevkami in prikljucki

merjenih vrednosti iz senzorjev se opravlja racunal-
nisko oz. mikroprocesorsko.

Za kupca smo razvili tudi plo$éo s tiskanim vezjem, na
katerem je 15 modulov multiplex senzor s skupno 120
senzorji tlaka. Tiskano vezje je nalrtovano tako, da

179



Informacije MIDEM 24(1994)3, str. 178-181

S. Soba, D. Belavié. M. Hrovat, B. Pavlin, A. Simon&i&:
Senzorii tlaka realizirani s pomoc¢jo debeloplastine ...

fﬂf

W}}TE}}F{W@UHQ{HE{W%EPHWH?W
5 3 4 5. 6

Senzor tlaka za diferencialni tlak 0-1bar oz.
0-5bar

Slika 7:

omogoca hitro preletavanje vseh senzorjev in zapis
meritev v radunalnik. Tudi to plos¢o vkijuéno z vsemi
cevkami in prikljucki redno proizvajamo (slika 5, slika 6).

Na podrogju kompenziranih senzorjev tflaka za up-
orabo v procesni industriji je v redni proizvodnji sen-
zor tlaka za diferencialni tlak 0-1bar 0z. 0-5bar (slika
7). Gre za sorazmerno cenen kompenzirani senzor
narejen iz podobnih materialov kot velikoserijski sen-
zor krvnega tlaka. Senzorski element tega senzorja
je na sliki 2.

Med kompenziranimi pretvorniki tlaka za uporabo
v procesni industriji smo s pomocjo racunalniskega
modeliranja vezja razvili za nemskega partnerja
druzino pretvornikov tlaka v tiaénem podrodju
20mbar - 5bar (20mbar, 50mbar, 100mbar, 350mbar,
1bar, 2bar, 5bar - vsi relativni in 1bar absolutni). Vsi
pretvorniki so v redni proizvodnji (slika 8). Skupna za
vse pretvornike je enaka napajalna napetost
(najmanj 4.8V) in enak elektri¢ni odziv (0.5 - 4.5V)
glede na izbrano tla¢no podroéje in majhno ter ro-

HCXMO20D8Y.
%
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Slika 8:  DruZina pretvornikov tlaka v tlacnem podroéju
20mbar - 5bar (20mbar, 50mbar, 100mbar,
350mbar, 1bar, 2bar, 5bar - vsi relativni in 1bar

absolutni)

bustno chisje. Vsi pretvorniki so kompenzirani v tem-
peraturnem podroéju 0 - 70°C.

Od faze ideje do prototipa so bili razviti naslednji proiz-
vodi, ki jih iz razli¢nih razlogov zaenkrat Se ni v redni
proizvodnji, nekatere rezultate iz razvoja teh izdelkov pa
Ze uporabljamo v drugih proizvodih iz redne proizvodnje
senzorjev.

Novi proizvodi in novi proizvodni postopki

Pretvornik tiaka 0-150mbar je podoben prej omen-
jenemu kompenziranemu pretvorniku tlaka, le da je
narejen s cenejdimi materiali (slika 9). V njem je
uporablien senzor, ki ga uporabljamo za velikose-
rijsko proizvodnjo krvnega tlaka. Namenjen je upo-
rabi v izdelku za trg Siroke potrodnje.

Sl
§ )

G
9

Slika 9:  Pretvornik tlaka 0-150mbar

V okviru projekta smo imeli nalogo razviti tudi senzor sile
za tehtnico z merilnim obsegom od 10 g do 3 kg in
to¢nostjo +-2% polnega obsega. Glede na zahteve smo
razvili in izdelali prototipe senzorja sile ter jih testirali in
izmerili njihove lastnosti.

Medicinski senzor tlaka - nova verzija glede na obsto-
jeGega v redni proizvodnji. Za ta senzor so bila v sode-
fovanju z domadim partnerjem razvita vsa orodja za
ohidje, izbolj$ani pa so bili postopki zapiranja mehansko
obcutljivega senzorskega dela.

MoZganski senzor tlaka - z miniaturnim silicijevim sen-
zorjem v kovinskem ohidju. Namen pri tem senzorju je
bil ohraniti ¢im vel dobrih lastnosti senzorja krvnega
tlaka ob hkratni maksimalni miniaturizaciji vezja.

V toku izvajanja projekta je prislo do razvoja veé tehno-
logko razli¢nih postopkov, ki predstavljajo

Tehnoloske inovacije

tehnologija izdelave relativnih kompenziranih sen-
zorjev tlaka v podrocju pritiskov 100 - 5000 mbar, 0
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-70°C v debeloplastni tehnologiji z uporabo piezou-
pornostnega silicijevega senzorja tlaka;

tehnologija izdelave pretvornikov tlaka v podrogju
pritiskov 20 - 5000 mbar, 0 -70°C, v debeloplastni
tehnologiji, z razli¢nimi aktivnimiizhodi (0-5V, 0-12V,
4-20mA, itd.);

tehnologija zapiranja mehansko obgutljivih debelo-
plastnih vezij v plasti¢no ohigje;

tehnologija izdelave medicinsko atestiranega ko-
nektorja in kalibracijske tipke na medicinskem sen-
zorju tlaka za enkratno uporabo;

patentiran postopek laserskega doravnavanja de-
beloplastnih NTC termistorjev do ozkih toleranc:

tehnologija izdelave senzorja sile na osnovi piezou-
pornostnega efekta debeloplastnih uporov z dopust-
no deformacijo 1000 pm/m. MoZne so aplikacije
elementa senzorja sile za merilno podrogje od 10g -
500kg (odvisno od nosilnega elementa) 0z. za meri-
tev pritiska od 1 bar navzgor, odvisno od dimenzij
membrane.

ZAKLJUCEK

Zastavljeni cilj projekta - povecanje trznega deleza na
podrodju senzorjev tlaka - je doseZen. Na podrogju
medicinskih senzorjev smo najmanj ohranili trzni delez
navkljub povecani konkurenci. Uspesno pa smo vstopili
v trg industrijskih senzorjev, za vedji prodor na ta trg pa
moramo vzpostaviti redno velikoserijsko proizvodnjo in-
dustrijskih senzorjev, kar planiramo za leto 1995. Na-
rodila za te senzorje Ze imamo.

Rezultati projekta so plod skupnega dela raziskovalne-
ga dela raziskovalcev Instituta Jozef Stefan, iskra RRI
IEZE RO HYB in ISKRA HIPOT Tovarna hibridnih ve-
zij,d.o.0. Delrezultatov je Ze prenegenv proizvodnjo, del
rezultatov je pripravljen za prenos v proizvodnjo. Prenos
rezultatov v proizvodnjo je delo raziskovalcev Iskre Hi-
pot.
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TESTNE KARTICE - POMEMBEN DEJAVNIK PRI
TESTIRANJU DANASNJIH KOMPLEKSNIH
MIKROELEKTRONSKIH VEZIJ

Z. Bele
MIKROIKS d.o.0., Ljubljana, Slovenija

Kljuéne besede: mikroelektronika, vezja mikroelektronska, 1C vezja integrirana, preskusanje vezij, kartice preskusne, BLADE kartice preskusne,
EPOXY kartice testne, sonde preskusne, konice sond, impedance karakteristi¢ne, prilagajanje impedanc, rezine polprevodniske, preskusanje rezin,
vernost signalov

Povzetek: Clanek podaja problematiko testnih kartic pri testiranju kompleksnih mikroelektronskih vezij in osnovne znagilnosti obeh izdelavnih
tehnologij.

Probe Cards - an Essential Factor in Testing of Today’s Complex
Integrated Circuits

Key words: microeletronics, microelectronic circuits, integrated circuits, IC, circuit testing, testing cards, BLADE testing cards, EPOXY testing cards,
testing probes, probe needles, characteristic impedances, impedance matching, semiconductor wafers, wafer testing, signal fidelity

Abstract: in the paper, main technical characteristics,advantages and disadvantages of two main probe card types are presented. BLADE probe
cards are more robust while EPOXY probe cards are less susceptible to different naise, their characteristic impedance can be easier matched, as

well as they can be built with more pins.
Company MIKROIKS d.o.0. is a manufacturer of BLADE and EPOXY type probe cards. At the same time these probe cards are used in its test

center for R&D and production testing of LS! and VLS integrated circuits on silicon wafers.

uvobD Tip testne kartice

Testne kartice postajajo, Ceprav velikokrat neupra- V splognem lo¢imo dva tipa testnih kartic: BLADE in

viéeno zapostavljene, bolj in bolj klju¢nega pomena pri EPOXY.

testiranju danasnjih kompleksnih mikroelektronskih

vezij, ko se le-ta nahajajo Se na rezini. S hitrim Testne kartice obeh tipov, ki jih izdelujemo v Testnem

nara$&anjem stopnje integracije in hitrosti delovanja teh centru Mikroiks in njihovi sestavni deli so prikazani na

vezij, postaja obvladovanje izdelave in ustreznega sliki 1.

vzdrzevanjatestnih karticimperativ, ¢e zelimo zagotoviti

zares kvalitetno testiranje mikroelektronskih vezij na Pri testnih karticah tipa BLADE gre za posebno obliko-

rezini. Tega se zavedamo tudi v podjetju Mikroiks, ki v vane konice, ki se posami¢no prispajkajo na nosiino

svojem Testnem centru v Stegnah obvladuje tako tehno- tiskano plo&cico, seveda tako, da s predpisano silo

logijo izdelave obeh tipov testnih kartic (BLADE, sedejo toéno na kontaktne blazinice mikroelektronskega

EPOXY), kot njihovo vzdrzevanje in uporabo tako za vezja, ki ga testiramo. Pri karticah tipa EPOXY pa

lastne potrebe kot tudi za zunanje narocnike. najprej konice, ki imajo obliko navadnih iglic na koncih
ustrezno ukrivimo in nato pritrdimo na poseben obrocek

OSNOVNI PARAMETRI TESTNIH KARTIC z epoxy lepilom. Tudi pri teh morajo seveda biti konice

. . ) . . zelo natanéno pozicionirane na kontaktne blazinice tes-
Osnovni paramettn testnih kartic so: tiranega vezja.
— {ip testne katice

— vernost signala V zadnjem &asu vedno bolj prevladujejo testne kartice

tipa EPOXY zaradi nekaterih bistvenih prednosti, ki jih

— Sumna nagajalnih §ponkah imajo v primerjavi s karticami tipa BLADE, kot so:

B vrtc.?a mate.nala konic L ) — bistveno manjda susceptibilnost za motnje. BLADE
- pl’mSk konic na kontaktne blazinice in sila na konico konice namrec de]uieio kot majhne antene, ki spre-
- kontaktna upornost jemajo RF dum tako od svetilnih teles kot raznih

instrumentov in podobno. Se pomembneije pa je, da
so kapacitivnosti med prevodnimi linijami na tiskani
plos&ici za BLADE testne kartice tudi do 1.5-krat
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Slika 1:

Testne kartice tipa BLADE in EPOXY

vecje kot pri EPOXY Kartici in to Se merjeno brez
pritrjenih konic.

moznost prilagoditve impedanc. Zaradi neuniformne
Sirine prevodnih linij pri BLADE karticah je prilagodi-
tev impedanc pri teh karticah prakti¢no nemogoda.
EPOXY testne kartice potrebujejo bistveno manj op-
reme za popravilo in vzdrzevanje (za BLADE testne
kartice potrebujemo npr. posebno postajo).

bistveno vecja gostota konic. BLADE kartice so ome-
~ jene na maksimalno 60 konic, pretezno zaradi pros-

torskih omejitev pa tudi upogibanja same tiskane

ploscice.

z EPOXY testnimi karticami je mod testirati vezja s

precej bolj kompleksnimi vzorci kontaktnih blazinic.

vecja stabilnost samih konic.

Kljub temu pa imajo predvsem zaradi fleksibilnosti izde-
lave inlazjega vzdrzevanja v posameznih primerih pred-
nost testne kartice tipa BLADE.
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Vernost sighala

Testna kartica ima zelo pomemben vpliv na vernost
signala med testnim sistemom in testiranim mikroele-
ktronskim vezjem. Prvi moment je vsekakor impe-
dancna usklajenost oz. neusklajenost med testno karti-
co in testnim sistemom, kar lahko povzroéi refleksijo
signala. Refleksija signala na adresnih in/ali urinih spon-
kah pa lahko povzrodi, da testni sistem merjeno vezje
izloCi kot slabo. Amplituda reflektiranega signala je od-
visna od velikosti neusklajenosti karakteristine imped-
ance med testnim sistemom in testno kartico ter
frekvence oz. frekvenéne vsebine signala. Glede na to,
da gre razvoj mikroelektronskih vezij v smeri vedno
hitrejSih vezij, postaja ta problem akutnejsi, resitev pa je
v ¢im vedji usklajenosti karakteristiGnih impedanc test-
nega sistema in testne kartice. Karakteristi¢na imped-
anca Z, prevodne linije na testni kartici je odvisna od
dimenzij te linije (visina, Sirina), oddaljenosti linije od
ozemljitvene povisine in dielektri¢ne konstante osnov-
nega materiala (glej sliko 2 1).

Odvisnost karakteristicne impedance in kapacitivnosti
med prevodno linijo in ozemljitveno povrsino od §irine
prevodne linije prikazujeta sliki 3 in 4. Iz omenjenih
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CONDUCTOR

PWB
DIELECTRIC

_ 87 n 598 H
[e,+ 1.41]"2 08W+T

Kjer so:

Zo ... Karakteristi¢na impedanca v ohmih

€r ... dielektriéna konstanta osn. materiala (PWB)

W,H,T ... dimenzije prevodne linije

Slika 2:  Karakteristicna impedanca prevodne linjje na

tiskani ploséici
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Slika 3:  Karakteristiéna impedanca kot funkcija Sirine

linije, er=4.7, T=38.1pum

krivuljiahko enostavno dolo¢imo potrebne parametre za
dologeno karakteristicno impedanco.

Drugi degradacijski faktor za vernost signala je vsekakor
presluh med dvema prevodnima linijama, bodisi sosed-
njima ali prekrivajo¢ima, zaradi kapacitivne povezave,
kot je 1o prikazano na sliki 5.

Presluh med prekrivajo¢ima linijama lahko ucinkovito
znizamo ali celo odpravimo z vmesno ozemljitveno
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Slika 4:  Kapacitivnost med prevodno linijo in
ozemijitveno povrsino kot funkcija Sirine
prevodne linije, er=4.7, T = 38.1um
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Slika 5:  Kapacitivna povezava med sosednjima linjjama
(zgoraj) in prekrivajodima se linjjama (spodaj)

CONDUCTOR

povrsino, katera tudi precej poenostavi impedancno pri-
lagoditev in zmanj$a prehodne efekte na ozemljitveni
sponki (slika 6 zgoraj).

Stranski presluh med sosednjima linijama pa lahko
zmanjdamo, ¢e povecamo (¢im bolj je mozno) razdaljo
med obema linijama, ali $e bolje, ¢e med vsako signaino
linijo vstavimo $e ozemljitveno linijo (slika 6 spodaj).
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Slika 6:  Odprava presluha med linjjama

Seveda sta obe resitvi prostorsko omejeni.

Najboljsi uCinek pa seveda dosezemo s kombinacijo
prve in tretje resitve.

Sum na napajalni in ozemljitveni sponki

V splodnem je ta problem najteze resljiv, vsekakor pa je
eden najpomembnejdih. Sumje vedji, Gimvedjaje hitrost
vezja. Pridanasnjih vezjih pa gre trend ravno v tej smeri.
Primer vezij, pri katerih je ta problem 3e poudarjen so
npr. dinami¢na spominska vezja, pri katerih je genera-
cijaSuma pogojena predvem z nabijanjenin praznenjem
notranjih kapacitivnosti. Pri teh vezij lahko opazimo tudi
zelo hitre tokovne konice reda nekaj 100 mA na napa-
jalni in ozemljitveni sponki, kar vsekakor pomeni pre-
cejSnja nihanja napajalnih napetosti v vezju.

Poleg primernega nacrtovanja izdelave testne kartice pa
je relativno enostaven nacin odprave $uma na napajal-
nih sponkah uporaba "bypass” kondenzatorja. Vrednost
takega kondenzatorja je izkustveno v obmod&ju med
0.001in 0.1 uF, njegovo to¢no vrednost pa je najbolje
doloCiti na podlagi opazovanja signala in efekta "by-
pass" kondenzatorja na Sirokopasovnem osciloskopu.

Vrsta materiala za konice

Konice za testne kartice so v splo$nem iz treh vrst
materiala: volframa, zlitine baker-berilij (Cu-Be) ali pa-
ladija. Dale¢ najve¢ uporabljan material je volfram, ki
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ima nekaj pomembnih prednosti nasproti Cu-Be in pa-
ladiju. Predvsem je izredno odporen proti oksidiranju in
zelo trden, kar pomeni dalj$o Zivijensko dobo konic.
Njegova najvecja pomankljivost pa je v relativno visoki
kontaktni upornosti. Volframova konica zaradi svoje
strukture med testiranjem "pobira" silicijev oksid s kon-
taktnih blazinic tako, da lahko kontaktna upornost
preseze 5 ohmov, kar lahko obéutno vpliva na kvaliteto
testiranja in sevedaizplen rezine. Nasprotno ima Cu-Be
izredno nizko osnovno kontaktno upornost, ki pa se
prakti¢no ohranja med testiranjem, saj se silicijev oksid
nanj ne prijemlje. Je pa bistveno mehkejsi kot volfram,
kar pomeni, da potrebujejo testne kartice s konicami iz
tega materiala ve¢ vzdrzevainih posegov pa tudi njihova
Zivljenska doba je precej kraja. Po drugi strani pa jeto
mo¢ kompenzirati z ve¢jimin ponovijivej§im izplenom na
racun nizje kontaktne upornosti.

Pritisk na kontaktne blazinice in sila na konico

Pritisk na kontaktne blazinice ima vsekakor velik vpliv
naizplen pri testiranju. Od njega je odvisno, kako dober
kontakt ustvarimo med konico in kontaktno blazinico, pri
tem pa ne sme priti do morebitnega preboja zelo tanke
aluminijeve plasti, ki tvori kontaktno blazinico. Velikost
pritiska dolo¢ata tako dodatni pomik mizice navzgor
(overtravel) od tocke, ko konice dotaknejo rezino, kakor
tudi povrdina oz. premer same konice.

Sila na samo konico pa je odvisna od vrste materiala iz
katerega je konica, dolZzine vrha konice in dodatnega
pomika.

Kontaktna upornost

Kot Ze reCeno, kontaktna upornost je predvsem odvisna
od vrste materiala iz katerega je konica in dodatnega
pomika (overtravel). Pri tem je seveda dodatni pomik
omejen, saj e je prevelik poskoduje povrdino kontaktne
blazinice, zaradi upogibanja pa lahko konica celo zleze
izven kontaktne blazinice.

Obstajajo posebniizraduni, s pomogjo katerih je mo¢ kar
se da toCno dolociti potrebni dodatni pomik, ki je obidaj-
no med 50pumin 100um.

OVERDRIVE fum}

s 10 15 20 25 » 35
Lo 1 I ' 1

26 L O

CONTACT RESISTANCE (OHMS)

T T v d T T T T v y T T T v ¥
0 81 02 02 04 05 06 07 08 03 10 I 12 13 44 15
OVERCRIVE (mils}

Slika 7: Odvisnost kontaktne upornosti od dodatnega

vertikalnega pomika mizice
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Odvisnost kontaktne upornosti od dodatnega pomika za
tipiéno konico premera 50um in dolZine 500um podaja
slika 7.

Osnovne znadilnosti tehnologij izdelave testnih kar-
tic v Testnem centru Mikroiks

Osnovne znadilnosti obeh tehnologij, ki jih uporabljamo
pri izdelavi testnih kartic v Testnem centru Mikroiks so:

a) Tehnologija EPOXY:
material konic: volfram (99. 99%)
razdalja med konicama: 0. 005" (127um)

velikost kontaktne blazinice: 0. 0025"-0. 0030"
(63.5-76.2 um)

sila na konico: 2-4 g/mils (2-4 g/ 25.4 um)
planarizacija: +- 0. 0007" (17.8 um)

premer konice: 0. 0015"-0. 0025" (38.1 - 63.5 um)
oblika vrha konice: raven

dolzina konice: 0. 007"+-0. 001" od krivine

(177.8 £ 25.4 um)

tiskane ploscice:

C48-1 (dolZina 4. 5" (114.3 mm), 48 konic, pravokot-
naj

C70-1 (dim. 4. 5"X7. 35" (114.3 x 186.7 mm),

70 konic, pravokotna)
C70-2 (premer 2" (50.8 mm), 70 konic, okrogla)

b) Tehnologija BLADE:
— material konic: volfram (99. 99%)
— razdalja med konicama: 0. 005" (127 um)
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velikost kontaktne blazinice: 0. 0025"-0. 0030"
(63.5-76.2 um)

sila na konico: 2-4 g /mils (2-4g/ 25.4 pm)
planarizacija: +- 0. 0007" (17.8 um)

premer konice: 0. 0015"-0. 0025" (38.1 - 63.5 um)
oblika vrha konice: raven

dolZina konice: 0. 007"+-0. 001" od krivine

(177.8 £ 25.4 um)

tiskane plo3cice:

C48-1 (dolzina 4. 5", (114,3 mm), 48 konic, pravokot-
na)

ZAKLJUCEK

Testne kartice postajajo vedno pomebnejsi dejavnik pri
testiranju komplieksnih mikroelektronskih vezij, sajlahko
pomembno vplivajo na kvaliteto testiranja s tem pa prek
izplena na celotno stroSkovnost izdelave vezja. Zato so
proizvajalci mikroelektronskih vezij praktico prisiljeni te-
mu segmentu posvelati vedno ve¢ pozornosti, tako v
smislu vlaganj v vedno bolj sofisticirano opremo za
izdelavo in vzdrzevanije testnih kartic in tudi kadre, ali pa
se posluZevati profesionalnih uslug specializiranih firm
za to podrocje.

Zlatko Bele, dipl. ing.
Mikroiks d. 0. o.
Dunajska 5

61000 Ljubljana

tel. + 386 61 312 898
fax + 386 61 319 170
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KARAKTERIZACIJA V VAKUUMU NAPARJENIH
TANKIH PLASTI Al NA Si REZINE

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

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

Povzetek: NanaSanje tankih plasti aluminija na silicijeve rezine je pomemben del polprevodniske tehnologije. V &lanku so podani rezuitati
karakterizacije tankih plasti aluminija s spektroskopijo Augerjevih elektronov v kombinaciji s C-V metodo in interferometrijo. Prikazani rezultati so
dobljeni s preiskavo Sestih karakteristi¢nih vzorcev. Tanka plast aluminija je bila nanedena na tri vzorce z elektronskim curkom, na preostale tri pa
zindirektnim uporovnim ogrevanjem na volframski spirali.Na enem vzorcu iz obeh skupin je bila pred nanosom plasti aluminija, na silicijevih rezinah
s termi¢no oksidacijo izdelana samo tanka plast silicijevega dioksida. Na drugih dveh je pred nanasanjem Al plasti 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 najbolj
razlikujejo pri tistih plasteh, ki so nanesene na silicijev dioksid, zaradi redukcije tega z aluminijem. Prav tako smo ugotovili, da so Al plasti nanesene
z elektronsim curkom veliko boljge v pogledu gibljivih in negibljivih nabitih delcev, katere vnasajo v silicijev dioksid.

Characterization of Thin Al Films Deposited on Si 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 with thermally grown silicon oxide; the second two samples have been doped by boron and the third two by phosphorus. The 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 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 silicon dioxide.

1. UVOD upornostjo 3-5 chm cm. Plast aluminija je na vzorec $t.1

naparjena iz volframske spirale na vzorec $t.4 pa je
Vakuumsko naparjene plasti aluminija so ze dolgo ne- nanesena z elektronskim curkom. Vzorca §t.2 in 8t.5 sta
pogresljiv sestavni del polprevodnigke tehnologije. Do- izdelana na silicijevih rezinah p-tipa z upornostjo, ki je
bro nanasanje in legiranje, dobra elektri¢na prevodnost, znasala 3-5 ohm cm, ki sta bili termi¢no oksidirani do
moznost fotolitografskega postopka in nizka cena so debeline silicijevega dioksida okoli 1 um. Z fotolitograf-
zelo zazeljene lastnosti v proizvodnji polprevodnikov. skim postopkom sta bili najprej pri obeh v oksidni plasti
Aluminij se uporablja tako za vmesne plasti kot tudi za izdelani odprtini, sledil je postopek dopiranja s fosforjem
kontaktiranje. Uporabne lastnosti nanesenih plasti alu- in nato nanasanje aluminija. Plast aluminija je na vzorec
minija bodo odvisne od njihove konéne kemiéne sestave §t.2 naparjena iz volframske spirale na vzorcec $t.5 pa
in strukture. V ¢lanku podajamo rezultate karakterizacije nanesena z elektronskim curkom. Podlaga za vzorca
tankih plasti aluminija, ki so nanesene v vakuumu z §t.3 in 81.6 sta bili silicijevi rezini n-tipa s povrsino pripra-
dvema razliénima metodama: naparevanjem iz voifram- vlieno na enak nadin kot za vzorca §t.2 in §t.5, le da je
ske 3pirale in nanadanjem s pomocgjo elektronskega po izdelavi odprtin v plasti silicijevega dioksida sledilo
curka. : dopiranje z borom pred nanasanjem aluminija. Na vzo-

*  Prispevek je bil objavijen ze v prejsnji Stevilki

2. EKSPERIMENTALNO DELO Informacij MIDEM, 2(94), vendar ga ponovno objavi-

jamo in se opraviCujemo avtorju zaradi napak, ki so
2. 1. 1zdelava vzorcev se prikradle med tiskom prej3nje Stevilke.

** This article has already been published in the last
Vsi vzorci so izdelani na podlagah iz silicijevih rezin z issue of Informacije MIDEM, 2(94). Due to some
orientacijo <111> in premera 2". Silicijevi podlagi sta bili unfortunate mistakes which appeared in the text
za vzorca §t.1 in §t.4 termi¢no oksidirani do debeline during printing, we are publishing it again with our
silicijevega dioksida okoli 0.4 um in sta bila n tip z apologies to the author.
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Slika 1:  Shematski prikaz prereza vzorcev

rec 5t.3 je plast aluminija naparjena iz volframske spira-
le, na vzorec $t.6 pa je Al plast nanesena z elektronskim
curkom. Shematski prikaz preseka na opisani nacin
izdelanih vzorcev z oznaéeno smerjo AES profilne ana-
lize kaZze slika 1.

2. 2. Profilometriéne meritve in opti¢na
karakterizacija

Meritve s profilometrom so pokazale, da je na vseh
estih vzorcih debelina nanesenih plasti aluminija dokaj
enaka in da zna3a okoli 0.4 um. Prav tako so meritve
pokazale, da sta debelini termi¢no izdelanega silicijeve-
ga dioksida na podlagah vzorcev $t.1 in §t.4 pred
nanadanjem aluminija, znasali okoli 0.38 um. Preiskave
z opticnim mikroskopom pri 500 kratni povecavi niso
pokazale bistvenih razlik v izgledu in strukturi plasti.

2. 3. AES karakterizacija

Vzorce smo pritrdili na nosilec vzorcev z nagibom 60
kotnih stopinj in jih ugradili v spektrometer Augerjevih
elektronov (Phisical Electronics Ind. SAM 545 A). Za
analizo smo uporabili stati¢ni curek primarnih elektronov
energije 3keVintok elektronov 0.5 1A, Vzorci so jedkani
z dvema sovpadajodima curkoma ionov argona z en-
ergijo 1 keV, ki sta rastrirala na povrsini 5mm x Smm pri
vpadnem kotu 47 kotnih stopinj. Hitrost jedkanja Cr/Ni
standarda je bila okoli 3 nm/min. Podatki dobljeni iz
spektrov Augerjevih elektronov, posneti med profilno
analizo, so uporabljeni za izdelavo profilnih diagramov
prikazanih na slikah 2 in 3. Na ordinati diagramov je
nanesena koncentracija v relativnih enotah in na abscisi
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das ionskega jedkanjav minutah. V legendi diagramov
je za vse detektirane elemente oznaceno pri kateri en-
ergiji se v spektru Augerjevih elektronov nahaja njihov
vrh.

3. REZULTATI IN DISKUSIJA

3.1 Rezuliati AES profilne analize

Profilni diagram vzorca §t.1 (slika 2a), prikazuje koncen-
tracijski profil 0.4 um debele plasti aluminija, ki je bila
naparjena iz volframske spirale na 0.38 um debelo plast
silicijevega dioksida. Na povrsini Al plasti se nahaja
tanka oksidna plast debela okoli 9 nm (okoli 3 min
jedkanja). Augerjev vrh pri energiji 54 eV, ki pripada
aluminiju vezanemu v Al2Oz ne zaznamo vec Ze po $tirih
minutah jedkanja. Na povrSini in deloma tudi v tanki
oksidni plasti najdemo kot kontaminacijo manjSo kon-
centracijo ogljika. Vse do 130-te minute jedkanja se
nahaja plast Cistega aluminija (Augerjev vrh pri energiji
68 eV), ko se ze pojavijo vrhovi: Si(78eV), ki pripada
siliciju vezanemu v SiOz, vrh Si(92eV) pripada elemen-
tarnemu silicijuin vrh kisika O(510eV). Fazno mejo med
Al in SiO2 dosezemo po 150-tih minutah jedkanja (de-
belina okoli 0.45 um).

V profilnem diagramu vzorca §t.2 (slika 2b), je prikazan
koncentracijski profil 0.4 um debele plasti aluminija, ki
je bila naparjenaiz volframske spirale na silicijevo rezino
dopirano z fosforjem. Nastala oksidna plast na povrsini
tega vzorca je priblizno enake debeline (okoli 9nm) kot
na vzorcu 3t.1, le da je meja med Al oksidom in kovino
manj izrazita. Krivulja vrha Al(54eV), ki pripada oksidir-
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anemu aluminiju namreé po¢asneje pada s ¢asom jed-
kanja in izgine Sele po 7-mih minutah jedkanja. Enaka
ugotovitev velja tudi za koncentracijo ogljika. Po 140-tih
minutah ionskega jedkanja se pojavi vrh elementarnega
Si(92eV). Fazno mejo med d&isto plastjo Al in Si
doseZzemo po 155-tih minutah jedkanja (okoli 0.46 um).
Fosforja kot dopanda pa nismo zaznali zato, ker je
njegova koncentracija pod mejo obcutljivosti AES
metode.

Profilni diagram vzorca §t.3 (slika 2c¢}), kaze profit 0.4 um
debele plasti aluminija, ki je bila naparjena iz volframske
spirale na silicijevo rezino dopirano z borom. Na povrsini
vzorca $t.3 je nastala oksidna plast aluminija, ki je po
sestavi in izgledu meje med oksidom in kovino bolj
podobna tisti na vzorcu §t.1. Oksidna plast na vzorcu
$t.3 je tanj3a (okoli 7nm) od plasti na vzorcih §t.1in 2in
vsebuje najniZjo koncentracijo ogljika. Cas ionskega
jedkanja, ko zaznamo pojav elementarnega Si(92eV) in
¢as, ki je potreben, da dosezemo fazno mejo Al/Si pa je
polnoma enak kot pri vzorcu §t.2. Zaradi koncentracije,
ki je pod mejo detekcije ne zaznavamo bora.

Profilni diagram vzorca 5t.4 (slika 3a), predstavlja profil
0.4 um debele plasti aluminija, ki je bila z elektronskim
curkom nanedena na 0.38 um debelo plast silicijevega
dioksida. Opazimo, da je na povrsini tega vzorca oksid-
na plast debela okoli 18 nm (6 min jedkanja). Na povrsini
in tudi globlje vsebuje oksidna plast veliko koncentracijo
oglika. Po 165-tih minutah jedkanja zaznamo vrhove
Si(78eV), Si(92eV) in O(510eV). Fazno mejo med Al in
SiO; dosezemo po 185-tih minutah jedkanju (okoli 0.56

pum).

Profilni diagram vzorca §t.5 (slika 3b), predstavlja profil
0.4 um debele plasti aluminija nanedene z elektronskim
curkom na silicijevo rezino dopirano z fosforjem. Na
povrsini vidimo priblizno enako debelo oksidno plast
(okoli 18 nm) kot je tista na vzorcu §t. 4. Koncentracija
ogliika pa je na povrsini in v oksidni plasti tega vzorca
najmanjsa. Vrh elementarnega Si(92eV) se pojavi po
160-tih minutah jedkanja, fazno mejo med Al in Si pa
dosezemo po 185-tih minutah jedkanja (okoli 0.54 um).

Profilni diagram vzorca §t.6 (slika 3¢}, kaze profil 0.4 um
debele plasti aluminija, ki je bila z elektronskim curkom
nanesena na silicijevo rezino dopirano z borom. Kon-
centracijski profil fega vzorca je zelo podoben profilom
vzorcev §t.4 in 5 (slika 3b in 3¢) le da je koncentracija
ogliika v priblizno enako debeli oksidni plasti nekoliko
manj3a kot pri vzorcu §t.4

3. 2. CV karakterizacija

Vzorca §t.1 in §t.4 smo uporabili tudi za meritve koliCine
gibljivin in negibljivih nabitih delcev s pomocjo TBS
metode (1). Vzorec $t.1 na katerega je bila 0.4 um
debela plast aluminija naparjena iz volframske 3pirale
na 0.38 um debelo plast SiO2 je v oksidu vseboval Q =
3.41x 10E11 o/cm? negibljivihin Q =5.37 x 10E11 g/cm?
gibljivih nabitih delcev. Vzorec $t.4 na katerega je bila
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0.4 um debela plast aluminija nanesena z elektronskim
curkom na 0.38 um debelo plast SiOz, pa je v oksidu
vseboval Q = 2.05 x 10E11 g/cm? negibljivih in Q = 1.83
x10E11 q/cm2 gibljivih nabitih delcev.

3. 3. Diskusija rezuitatov

Znano je, da se na povrsini aluminija takoj po nanasanju
v vakuumu, tvori tanka plast Al203 (2). Proces oksidacije
povrdine poteka v dveh fazah: prva je kemisorbcija
kisika in na to kemi¢na reakcija, ki tvori oksid. Vsiz AES
metodo analizirani vzorci so imeli na povr$ini nastalo
tanko oksidno plast aluminija, kjer smo razen aluminija
in kisika ugotovili razli¢no vsebnost ogljika. Debelina
tankih oksidnih plasti na povrsini aluminija, ki je bil
naparevan iz volframske spirale je priblizno dvakrat
tanj3a od tistih na katere je aluminij nana$an z elektron-
skim curkom. Razlike so posiedica vecih vzrokov: razli-
ke v sestavi preostalih plinov pri nanasanju v vakuumu
inrazlike v energiji delcev, ki prihajajo na podlago (nekaj
eV pri naparevanju iz W-spirale in nekaj deset eV pri
nanasanju z elektronskim curkom) (3). Kot smo pri¢ako-
vali so oksidne plasti na vzorcih §t.1, 2 in 3, ki so bili
istocasno v vakuumskem sistemu in naparevani iz W-
spirale priblizno enake debeline (okoli 9 nm). Dvakrat
debelejSe (okoli 18 nm) so nastale oksidne plasti na
vzorcih §t.4, 5 in 6 ko je Al nanasan z elektronskim
curkom. Debeline plasti Al so medsebojno enake na
tistih vzorcih ko je nanadan na enako podlago in na enak
nacin (vz. §t.2 in 8.3 ter vz. §t.5 in §t.6). Vrh elementar-
nega silicija Si(92eV), katerega zaznamo na fazni meji
med Al in SiO2 tako pri vzorcu $t.1, kot pri vzorcu §t.4 je
posledica redukcije SiOz z aluminijem (4). Daljsi ¢asi
jedkanja plasti Al, ki so na podlago nanesene s pomogjo
elektronskega curka, v primerjavi s ¢asi jedkanja plasti
Al naparevanega iz volframske 3pirale lahko pojasnimo
s tem, da imajo plasti nanadane z elektronskim curkom
bolj kompaktno strukturo zaradi vecje energije delcev ko
prihajajo na podlago in se zato pocasneje jedkajo (5).
Pri vzorcih, kjer je plast Al nanasana z elektronskim
curkom smo opazili, da je manj izrazita tudi fazna meja
med Alin podlago. Plasti, ki jih nanadamo z elektronskim
curkom imajo verjetno tudi zaradi tega boljSo adhezijo
na podlago. Kot smo pri¢akovali, to so potrdile tudi CV
meritve, je bolj primerno nanasanje Al z elektronskim
curkomtudi zato, ker daje manjSe koli¢ine nabitih delcev
v silicijevem dioksidu pod plastjo Al

4. ZAKLJUCEK

Rezultati preiskave Sestih tipicnih vzorcev plasti alumi-
nija nanesenih na razliéno obdelane podlage na silicije-
vih rezinah so pokazali, da med plastmi Al, ki so napar-
jene iz W-spirale in tistimi, ki so nane3ene s pomocjo
elektronskega curka obstojajo razlike v kemiéni sestavi
povrsin in faznih mej Al/Si-rezina in tudi v elektronskih
lastnostih. Na plasteh aluminija, ki so naparjene iz W-
spirale so nastale tanj$e in manj kontaminirane oksidne
plasti. Postopek nanadanja iz W-spirale povzro¢a tudi
vedjo koliCino gibljivih in negibljivih nabitih delcev v SiO2



Informacije MIDEM 24(1994)3, str. 187-192

B. Pracek: Karakterizacija v vakuumu naparjenih tankih
plasti Al na Sirezine

plasteh pod naneSenim aluminijem. Plasti Al, ki so na-
nedene z elektronskim curkom imajo bolj kompaktno
strukturo kar kaze daljdi ¢as ionskega jedkanja enako
debelih plasti. Na povrdini Al z elektronskim curkom
naneSenega Al nastajajo sicer debelejSe oksidne plasti,
nekoliko vedja pa je tudi kontaminacija z ogliikom. V
plasti SiO2, ki se nahaja pod plastjo Al pa se zato nahaja
manj3a koli¢ina gibljivih in negibljivih nabitih delcev.
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ELEKTRONSKE KOMPONENTE

VISOKOVOLTNI ALUMINIJASTI ELEKTROLITSKI KONDENZATOR

Proizvajalci elektronskih komponent za audio in video
naprave so visokovoltni elektrolitski kondenzator za 350
V delovne napetosti zaceli zamenjevati s kondenzator-
jem delovne napetosti 385 V. Ob tem so zahteve po
Zivljenski dobi 2000 ur in temperaturni kategoriji -40°C
do +85°C povsem nekaj normalinega, ki jih zahtevajo ze
vsi kupci v svetu. Poleg tega se pojavlja 3e zahteva
posebne izvedbe prikljuénih usesc, to je "SNAP IN"
izvedba. Prvo povpraevanje po takih kondenzatorjih
smo dobili iz tovarne Gorenje, v letu 1992 pa $e iz
Ceske, Nemcije in Francije. To je bil glavni razlog za
naso odiocitev, da naredimo nov korak na podrogju
proizvodnje visokovoltnih aluminijastih elektrolitskih
kondenzatorjev. Zato smo se odlodili za razvoj visoko-
voltnega aluminijastega elektrolitskega kondenzatorja
(ELKO) za nazivno napetost 385 V za temperaturno
obmocje delovanja od -40°C do +85°C z Zivljensko dobo
2000 ur. Kondenzator se uporablja v napajalnih modulih,
Vv proizvodnji audio in video naprav ter v merilni in
regulacijski tehniki.

Za izvedbo naloge smo celoten projekt razdelili na tri
faze, ki so obsegale naslednja poglavja dela:

1. faza:

a) sinteza delovnega elektrolita

b) konstrukcija zvitka

¢) dolocitev tesnilnih materialov
d) konstrukcija ohigja

e) izdelava laboratorijskih vzorcev
f) interni preizkus

[zolirna
podloZka

Al ohidje Venti)

2. faza:

a) optimiziranje Al ELKO

b) izdelava novih laboratorijskih vzorcev

¢) izvajanje poskusov laboratorijskih vzorcev
d) izdelava vzorcev za interni tipski preizkus
e) interno testiranje tipskih vzorcev

3. faza:

a) razvojna dokumentacija za poskusno proizvodnjo
ELKO

b) tehnoloSka dokumentacija za poskusno proizvodnjo
¢) tehnoloske preureditve

d) poskusna proizvodnja

e) izdelava vzorcev za tipsko preizku3anje

f) testiranje tipskih vzorcev

g) izdelava dokumentacije za redno proizvodnjo

h) izdelava zak]juénega porogila

1. faza:

Najprej smo se lotili izdelave delovnega elektrolita in
laboratorijskih vzorcev, da smo lahko dologili osnovne
elektricne parametre ELKO. Na osnovi tega smo dologili
materiale za izdelavo zvitka (Al folije) in materiale za
tesnenje. Vzporedno smo konstruirali tudi izvedbo
ohisja. § tem so bili izpolnjeni osnovni pogoiji za izdelavo
vzorcev za interni laboratorijski preizkus.

Spajkalno
Zvitek udesce

\
\

\

:

!
f\_‘:‘ ______________

Slika: Kostrukcija ELKO v "SNAP-IN" izvedbi
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2. faza:

Na osnovi rezultatov 1. faze dela smo opravili dologene
korekture pri delovnem elektrolitu in pri izbiri Al anodnih
folij. Preizkusili smo tudi nov tip Al ohigja z ventilom na
steni strognice. Napravili smo vzorce v "SNAP-IN" izved-
bi in opravili interni tipski preizkus. V obeh fazah je
potekala izdelava zvitkov na napravah redne proizvod-
nje. Ostalo kot: sinteza delovnega elektrolita, impregna-
cija, montaza in elektriéna obdelava pa smo opravili v
laboratoriju. Na ta naéin smo izdelali po 50 kosov vsake
vrednosti 60 uF, 100 uF, 150 uF in 220 uF. Zaceli pa smo
se pripravljati tudi na redno proizvodnjo.

Konstrukcija ELKO v "SNAP-IN" izvedbi je prikazana na
sliki.

3. faza:

Izdelali smo dokumentacijo za poskusno proizvodnjo in
izvedli dolodene tehnoloSke preureditve na napravah za
impregnacijo, montaZo in elektricno obdelavo. Na ta
nadin smo brez vegjih investicijskih vlaganj zaceli s
poskusno proizvodnjo. Na proizvodnih linijah smo izde-
lali 300 kosov vsake vrednosti. Vzorce smo preizkusili

na Zivljenski dobi 2000 ur pri napetosti 385 V in tempe-
raturi +85°C.

Rezultati preizkusov so pokazali, da vzorci ustrezajo
naslednjim zahtevam:

DIN 45910 T12
IEC 384-4
CECC 303000

Redna proizvodnja:

Na osnovi teh rezultatov smo izdelali kompletno doku-
mentacijo za redno proizvodnjo. Ustreznost vzorcev so
potrdili tudi nasi kupci iz Gorenja in na CeSkem. Zaradi
velikega povprasevanja smo zaceli z redno proizvodnjo
in v letu 1993 izdelali 45.000 kosov 220 pF/385 V. Na
osnovi narodil pa predvidevamo za leto 1994 350.000
kosov redne proizvodnje.

Matija Zdesar dipl. ing.
ISKRA ELEKTROLITI
Proizvodnja elektrolitskih
kondenzatorjev, d.o.o.
Mokronog, Stari trg 36

PREDSTAVLJAMO PODJETJE Z NASLOVNICE

Grajski Trg 15, Zuzemberk, Slovenia
tel. (+386 68) 87-230,
faks (+386 68) 87-315

Tradicija na podrocju proszvodnje keramiénih elektron-
skih komponent se pncenja v Zuzemberku leta 1960, ko
se v obratu Iskre zaénejo proizvajati keramicni disk
kondenzatorji. Na podlagi stalnega razvoja tovarne v
programskem in statusnem smislu obstaja danes KEKO
delnidka druzba, ki v svojih programih ponuja $iroko
paleto:

keramiénih enoplastnih in vecplastnih kondenzator-
jev (SLC in MLC),

pozitivno temperaturno odvisnih uporov (PTC ter-
mistor),

enoplastnih in vecplastnih napetostno odvisnih upo-
rov (varistorjev) in

konstrukcijo in izdelavo opreme za proizvodnjo na-
vedenih elementov in opreme po narocilu
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Z navedenimi programi dosegamo trenutno 10 mio DM
letne prodaje od tega prek 80 % na zahodnih trgih.
Distribucijo opravljamo prek prodajne mreze distributer-
jev in agentov kot tudi z direktnimi kontakti.

Nas$e komponente se uporabljajo tako v Sirokopotrosnih
izdelkih kot tudi v sistemih telekomunikacij, avtomobil-
ske industrije, krmiljenja, skratka na vseh podrogjih upo-
rabe elektronike.

V KEKO obvladujemo v osnovi dve kerami¢ni tehnologiji
- pradno tehnologijo suhega stiskanja in tehnologijo
nalivanja keramicnih plasti. To nam omogo¢a proizvod-
njo Sirokega spektra keramiénih komponent, kakrSnega
lahko nudijo le redke firme v svetu. Druga prednost
tovarne je lastna izdelava opreme za proizvodnjo ome-
njenih keramicnih komponent. To nam omogoca neneh-
no izboljavo tako opreme, njene avtomatizacije, kakor
tudi tehnologije ter razvoj kvalitativno novih komponent
ali komponent po narodilu. Tak$ne rezultate omogoca le
interdisciplinarno delo nasih izredno kakovostnih
inzenirjev vseh tehni¢nih strok, kakor tudi uspesno so-
delovanje s strokovnjaki z In8tituta Jozef Stefan in Ke-
mi¢nega indtituta Boris Kidri¢ na podrocju fizikalno-ke-
mi¢nih analiz materialov ter komponent.

Nasi osnovni cilji so:

— postati korikurenéni po kakovosti, spektru kompo-
nent ter ostalih komercialnih merilih na evropskem
trgu ter v ZDA in trajno obstati na teh trgih



Informacije MIDEM 24(1994)3, Ljubljana

— razdiritev proizvodnega programa v smeri SMD
vecplastnih elektronskih keramiénih komponent, kot
so PTC, NTC ter mikrovalovne komponente

Najstarejsi program je program enoslojnih keramiénih
kondenzatorjev (SLC), ki jih proizvajamo s tehniko su-
hega stiskanja do 12 mio. kosov na mesec. Pri nekaterih
vrstah SLC kondenzatorjev (serije cevnih, skoznih, tra-
peznih) smo med zadnjimi proizvajalci v Evropi. Za
zadZitne ter kondenzatorje proti motnjam imamo prido-
bljene VDE, CSA, S, N, D ter Fl ateste.

lzdelek vedplastni keramiéni kondenzator je novejsi
predstavnik v verigi kerami¢nih elektroskih elementovin
je logi¢no nadaljevanje programa kiasi¢nih enoplastnih
kolutastin kondenzatorjev. Element je tehnolosko zah-
tevnejSi in ima, v primerjavi z drugimi predstavniki v
druzini keramiénih kondenzatorjev, nekaj bistvenih
prednosti. Ena glavnih-je vsekakor miniaturizacija di-
menzij in hkratno doseganje visokih kapacitivnosti.
Veéplastni kerami¢ni kondenzator je sestavljen tako, da
predstavlja sestevek mnozZice kondenzatorjev z izredno
tankimi dielektri¢nimi plastmi. Na ta nacin se dosezZe
relativno zelo visoke kapacitivnosti tudi na miniaturnih
dimenzijah. Nacin vgradnje elektrod v keramiéni Cip
zagotavlja visoko zanesljivost elementa ter dobro izola-
cijo in za3dito pred zunanjimi vplivi. S proizvodnjo teh
kondenzatorjev smo zaceli pred priblizno desetimi leti.
Ker je MLC kot izdelek tehnolosko zelo zahteven, smo
tehnologijo in proizvodne zmogljivosti dograjevali po-
stopno. Velina opreme je bila izdelana v sami tovarni.
Sedaj imamo zanesljivo in avtomatizirano proizvodno
linijo s kapaciteto okrog 10 mio kosov mesecéno.

Asortiman izdelkov s podroéja MLC je relativno Sirok. V
osnovi obstajata dve izvedbi: izvedba "SMD &ip”, na-
menjena za vgradnjo v vezja s povrsinsko montazo ter
izvedba z ZiCnimi kontakti, namenjena za vgradnjo v
klasi¢na tiskana vezja. Nadalje se asortiman deli glede
na keramiéne mase z razli¢nimi temperaturnimi karak-
teristikami: NPO, 2R1 (X7R) in 2F3 (Z5U). Tudi spekter
nazivnih delovnih napetosti je obsiren. Izdelujemo kon-
denzatorje standardnih napetosti 50 in 100 V, srednje-
napetostne kondenzatorje 20-500 V ter visokonapeto-
stne kondenzatorje 1-10 kV. Glede na dimenzije, izde-
lujemo vse najpogostejSe dimenzije, ki so stand-
ardizirane v mednarodnih standardih. Poleg kondenza-
torjev s podrocja standardnih MLC lahko na Zeljo strank
izdelamo tudi elemente s specialnimi lastnostmi ali zah-
tevami.

Trenutno poteka razvoj nizjenapetstnih veéplastnih kon-
denzatorjev na dielektri¢nih plasteh debeline 5-10 um,
kar pomeni dvakrat, oziroma §tirikrat tanjSe plasti v
primerjavi z dosedaj standardnimi plastmi. To nam bo
omogocalo za ravno tolikokrat povecati obseg najvigjih
kapacitivhosti, zmanjSati dimenzije in hkrati zniZati
proizvodne strodke. Osnova za te kondenzatorje je nova
tehnologija, ki jo razvijamo skupaj z nizozemsko firmo
DSM. Predvidevamo, da bo poskusna proizvodnja ste-
kla v zaCetku leta 1995. Razvoj v smeri miniaturizacije
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se bo na tej tehnologiji nadaljeval tako, da bo v konéni
fazi mogoce uporabljati dielektri¢ne plasti okrog 1 um.

Temperaturno odvisen upor, 0z. termistor je kpt elektron-
ski pasivni element poznan Ze od zadetkov elektronike.
Razdeljen je na negativno odvisen upor oz. NTC in
pozitivno temperaturno odvisen upor oz. PTC. Pravo
veljavo v elektroniki dobiva Sele v zadnjem obdobju, ko
se njegova uporabnost moéno $iri v podrodje za3dit,
senzorjev in dodatno PTC upori na podrodje grelcev.
Temu je vsekakor prispeval razvoj termistorjev v smisiu
vecjih temperaturnih odvisnosti, skratka dizajniranju ka-
rakteristik s ciljem pribliZzati se uporabnosti v &im $irsem
pomenu besede.

V KEKO se je razvoj PTC termistorja priel z odkupom
dolocene faze razvoja od Iskre Feriti in prenos v KEKO
v letih 89-90. Nadaljni razvoj tehnologije proizvodnje
PTC termistorjev je pripeljal danes do proizvodnje 10
mio kosov letno, kar se trzi 95 % na zahodne trge.
Glavne uporabe so na podrodju grelcev in senzorjev.
Nastopajo v glavnem v obliki kolutov in plos¢ic premerov
od &2 do 925 mm z metaliziranimi elektrodami. Trenut-
no dosegamo nazivne upornosti od 60 Qecm do 10 kQem
in Curiejeve temperature od 70°C do 250°C, kar omo-
goc¢a od nekaj W do desetin W disipirane mog&i, odvisno
od dimenzije grelnega telesa.

V uporabi kot grelec omogo&a PTC termistor priklop
direktno na omrezno napetost in temperaturo povrsine.
S tem se minimizira regulacijska vezja in razne termo
zasdite ter eventuelne vzige, kot je problem pri uporov-
nih greicih. Vsekakor predstavlja PTC termistor elek-
tronski element, ki si bo obdrzal svoje podroc¢je uporabe
in se s svojim razvojem $e okrepil na podroc¢ju za3cite
in senzorike.

Najnovejsi program, ki smo ga pred $tirimi leti samostoj-
no zaceli razvijati je program zagditnih komponent -
varistorjev. Zahvaljujo¢ dinamié¢nemu razvoju in tehno-
loSko bogatemu okolju KEKA smo uspeli razviti ze 7
razli¢nih za3citnih komponent z varistorsko funkcijo, ki
obsegajo tako enoslojne kakor tudi vecplastne kompo-
nente.

Ena od prvih serij, ki smo jo pri¢eli proizvajati je serija
standardnih disk varistorjev CV. Z njo pokrivamo 3iroko
napetostno podrocje od 18-1000 V, pri ¢emer je njihova
zdrZljivost na tokovne udare v obsegu od 100-6500 A.
Izdelujemo 5 standardnih velikosti (5, 7, 10, 14, 20 mm).
Trenutno smo v fazi pridobivanja CSA, UL in VDE ate-
stov.

Druga serija v okviru enoslojnih varistorjev je SV serija
specialnih, kvadratnih , ozZi¢enih, v epoksi zalitih vari-
storjev, predvidenih za srednjenapetostno obmodje
(100-1000 V), z zdrzljivostjo na tokovne udare v osegu
od 400-12000 A. Ta serija ima dve veji. Eno tvorijo
standardni tipi, ki jih izdelujemo v 7 standaradnih veliko-
stih (5, 7, 10, 14, 18, 20 mm). Standardni del SV serije
je nalrtovan z namenom da zamenja standardne, na

trziscu obiCajne disk varistorje, nude¢ kupcu bolj$e elek-
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triéne lastnosti (nivo zascite, tok pudcanja, zdrzljivost na
tokovne udare, itn.) na nominalno manj$ih dimenzijah.
Ena od nagih posebnosti, po kateri smo edini na svetov-
nem trgu, so varistorji s karakteristikami po Zeljah na-
roénika, Ki tvorijo drugo vejo SV serije. Kupec lahko sam
ali z nado pomodjo dizajnira optimalni varistor z minimal-
nimi dimenzijami tako, da zadovolji svojo specificno
aplikacijo. Kupec se tudi lahko odlo¢i, daima standardne
elektriéne parametre na nestandardni obliki in v dimen-
zijah, ki najbolj ustrezajo predvidenem ohiSju. Nasa
popolna strokovna pomo¢ je kupcu vedno na razpolago.

V vedplastni tehnologiji izdelujemo dve seriji izdelkov:
nizkonapetostne ZV varistorje ter AV "automotiv" vari-
storje. Oba izdelka nudimo v "SMD &ip" in oZiCeni izved-
bi. ZV varistorji pokrivajo napetostno obmogje od 4-50
V, z zdrzljivostjo na tokovne udare v obsegu od 25-1000
A. V Evropi smo prvi in edini proizvajalec, ki v svojem
proizvodnem programu ima 4 V varistor, ki predstavlja
optimalno zas¢ito sodobnih CMOS in BICMOS integri-
ranih vezij z napajalno napetostjo do 3 V. AV varistorji
s0 predvideni za napetostno obmocje, ki se pojavija v
avtoelektroniki (12, 14 V) in za izredno visoko zdrZljivost
natokovne udare (500-4000 A) ter energetske obremen-
tive (2-100 J) in so zato idealna zasCita za elektronske
sisteme v vozilu.

Posebno vrsto kvalitativno novih za3citnih komponent
predstavijajo komponente z dvojno zascitno funkcijo
VARICONIi, ki &itijo proti napetostnim sunkom in viso-
kofrekvenénim oziroma radiofrekvenénim motnjam.
imamo dve setiji VARICON-ov. MV serija je predvidena
za napetostno obmocje od 4-50 V in ima kapacitivnosti
v obsegu od 10-100 uF, kar §Citi obdutijiva elektronska
vezja proti napetostnim sunkom ter visokofrekvencnim
motnjam. OV serija je predvidena za napetostno po-

drogje avtoelektronskih aplikacij in ima kapacitivnosti v
obsegu od 0.17-1.5 uF.

Setrijo, s katero zaokroZujemo na$ spekter zasCitnih
komponent, tvorijo visoko energetski ZOV varistorji za
moc&nostne aplikacije, ki pokrivajo napetostno obmocje
od 200-1000 V z zdrZljivostjo na tokovne udare v obsegu
od 15000-70000 A. Izdelujemo jih ali kot metalizirane
bloke namenjene za montazo pri uporabniku ali v epok-
sirani izvedbi s kovinskimi prikljucki. V okviru standardne
veje ZOV serije ponujamo 4 velikosti (25, 32, 40, 60 mm)
ZOV varistorjev. Drugo vejo ZOV varistorjev predstavija-
jo varistorji s karakteristikami po zeljah naroCnika, pri
katerih so dosegtjivi tudi visji nivoji zdrzljivosti na tokov-
ne udare (do 100000 A).

Program izdelave opreme za proizvodnjo elektronskih
keramiénih komponent smo razvijali od samega zacet-
ka. Prvotni impulz so bile lastne potrebe firme. Pozneje,
ko smo z razsiritvijo tipov opreme pokrili vse operacije
tehnologije nalivanja dielektri¢nih plasti smo postali
trzno zanimivi. Do sedaj smo opremo ter tehnologijo
nalivanja dielektricnih plasti trzili na Kitajskem, v Belo-
rusiji ter v Indiji.

Sesutje ruskega trga v preteklih letih je pomenilo hud
udarec za proizvodnjo opreme in tudi za ekonomiko
tovarne v celoti.L.astno znanje na izdelavi opreme, kakor
tudi na vseh ostalih programih je prispevalo preokretu
tovarne v smislu optimiranja lastnih rezerv brez od-
puécanja delavcev in doseganju svetovnih trznih zahtev.
Opiranje na lastne kadre nam je dalo osnovo za uspeh,
da smo za proizvodnjo opreme v obdobju pol leta poi-
skali nadomestne trge in znova dosegli ekonomiko to-
varne, ki nam omogoca lazje prebroditi tezave pri
vijutevanju v svetovne trge in transformacijo tovarne v
postopkih lastninjenja.

PROIZVODNI PROGRAM

KERAMICNI KONDENZATORJI

Pakiranje
Atesti

Kapacitivni obseg

Razsuti ali trakani

T Serija - Trapezni
2.2pFt03.9nF

Razsuti ali trakani

S Serija - Skozni
56pFto2.7nF

Razsuti ali trakani
VDE

C Serija - Cevke
06pFto18pF

MLC Vp Serija - Srednjenapetostni  HV Seija - Visokonapetostni
Kapacitivni obseg 1pFto3.3uF 100 pF to 470 pF
Nazivna napetost 50,V 100V, 200 V, 300V, 1-10 kV

500V
Temperaturnakarakteristka NP0, X7R, Z5U NP0, X7R
(zvedba Radialno ozi¢eni ali &ipi Cip
Zaddita Epoksi
Pakiranje Razsuti ali trakani Razsuti
SLC K Setija - Disk KV Serija - Visokonapetostni  KZ Setija - Za3Citeni KM Setrija - Proti motnjam
Kapacitivni obseg 0.56 pF do 18 nF 2.2pFdo10nF 33pFdo4.7nF 1nF doi0nF
Nazivna napetost 10V, 500V 1-10kV 400 V/50 Hz 250 V/50 Hz
Temperaturnakarakteristka | Tip1, Tip2 Tip1,Tip2 Tip2 Tip2 (X1,Y)
Zakdita Durez Durez Durez/epoksi Durez/epoksi

Razsutiali trakani
VDE, CSA,S,N, D, Fl
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Nazivna napetost 500V 350V 500V
Temperaturnakarakteristka  {Tip 1, Tip 2 Tip2(X1,Y) Tip1

izvedba &ip Aksialno oZiceni Radialno oZiceni
Pakiranje Razsuti Razsufi Razsuti

VARISTORJI

SLv CV Serija - Disk SV Serija - Standardni SV Serija - Po narodilu
Napstost praga 18V do 1000V 100 V do 1000 V 100 Vdo 1000V
Najvi§ji tokovni impulz 100 A do 6500 A 400 A do 12000 A > 5500 Alem?

Najvisji energetski impulz 0.3 Jdo 200 J 22Jdo280J > 400 Jiem®

Zaddita Epoksi Epoksi Epoksi

Najvisji tokovni impulz
Najvi§ji energetski impulz
lzvedba

25 Ado 1000 A
0.05Jdo6.0J
Radialno oZigeni ali gipi

Pakiranje Razsuti ali trakani Razsuti ali trakani Razsuti ali trakani
Atesti C-UL, VDE v testiranju

MLV ZV Serija - Nizkonapetostni AV Serija - Avtomobilski

Napetost praga 4Vdo33V 18V, 22V, 27V, 33V

250 A do 4000 A
1Jdo454
Radialno oZiceni ali gipi

Izvedba

Metalizirana ploscica ali
za¥diten

Zasdita Epoksi Epoksi

Pakiranje Razsuti ali trakani Razsut ali trakani
Mo&nostni Z0V Setija - Standardni ZOV Serija - po narodilu
Napetost praga 200V do 1000 V 200 Vdo 1000 V
Najvi&ji tokovni impulz 15000 A do 40000 A > 5500 A/em?

Najvigji energetski impulz 140 J do 1100 J > 400 Jem®

Metalizirana plod¢ica ali
za8diten

lzvedba

Metalizirane tablete

Zaltita Epoksi Epoksi

Pakiranje Razsuti Razsuti

VARICON MV Serija - Nizkonapetostni OV Setija - Avtomobilski
Napetost praga 4Vdo33V 18V,22V,27V,33V
Najvisji tokovni impulz 50 Ado250 A 1000 A

Najvisji energetski impulz 0.05Jdo1.3J 32Jdo6.0J
Kapacitivni obseg 10 do 100 nF 047 do 1.5uF
Zadsita Epoksi Epoksi

Pakiranje Razsuti ali trakani Razsuti ali trakani
POZISTORJI

Grelci Visokonapetostni Nizkonapetostni
Naziva temperatura 70°C do 220°C 40°C do 80°C
Nazivna upornost 200 Q. do 1700 Q 4Qdo25Q

Najvedja dovoljena napetost {160 V, 240V, 260 V 30V, 50V

Metalizirane tablete

Pakiranje

Epoksi ali brez
Razsuti

Pakiranje Razsuti Razsuti -
Pretokovna zastita High voltage

Naziva temperatura 80°C

Nazivna upornost 1200 Q10 3500 Q

Najvedja dovoljena napetost {360V

lzvedba Radialno oZiceni

KEKO d.d., Grajski trg 15, 68360 Zuzemberk, SLO, tel. (+ 386 68) 86-230, fax (+ 386 68) 87-315
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————

KONFERENCE, POSVETOVANBA,E_EM]NARJI, POROCILA

NATO Advanced Workshop on "Advances in Ceramic MCM and
High Performance Electronic materials”
21. - 23. 5. 1994, Islamorada, Florida, USA

UdelezZil sem se konference oz. delavnice (workshop) o
(predvsem) kerami¢nih multichip modulih (MCM) in ma-
terialih za elektroniko, ki sta jo sponzorirala NATO in
ISHM (International Society for Hybrid Microelectro-
nics). Konferenca je trajala tri dni, od 21. do 23. maja v
hotelu Cheeca Lodge na otoku Islamorada, kakih 150
km juzno od Miamija. Delo je potekalo v naslednjih
sekcijah:

Kerami¢ni MCM

Uporaba kerami¢nih MCM

Debeloplastni senzofji

Nadértovanje in modeliranje

MCM - "megane" tehnologije

"Napredni" (advanced) debeloplastni materiali

Udelezenci:

Zdruene drzave Amerike

Francija

Neméia

Velika Britanija

MadZarska

Poljska

Svedska

Avstrija

Belgiia

Cegka

halija

Litva

Slovaska

Slovenija

Spanija

PP DO O O S pure pera e S VR S A - .

V porogilu bom na kratko opisal vsebino nekaterih zani-
mivejsih predavanj, na razpolago pa je zbornik razsirje-
nih povzetkov. Zbornik referatov bo izdel predvidoma v
prvi polovici naslednjega leta.

Multi Chip Moduli (MCM) so komponente z zelo visokim
&tevilom funkgij, pri katerih se na vecplastne substrate
z veliko gostoto povezav pritrdi gole silicijeve tabletke.
Multichip moduliimajo precej prednosti pred konvencio-
nalno inkapsuliranimi silicijevimi tabletkami z velikim
$tevilom vhodov/izhodov (single chip modules), predv-
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sem v primerih, ko primanjkuje prostora v vezju in, ¢e je
takt ure "hiter". Nekateri predavatelji so povedali, da
bodo za zahtevne aplikacije postali MCM nujno potrebni,
ker zaradi naras¢ajogega $tevila transistorjev na silicije-
vih tabletkah in hitrosti "delovanja" konvencionalne teh-
nologije ne bodo ve¢ ustrezale zaradi predolgih pove-
zav.

Ena od prednosti MCM pred ASIC (Application Specific
Integrated Circuits) je v hitrejSem designu MCM. Pri
ASIC traja na¢rtovanje tudi do dve leti, v MCM pa se
povezejo obstojece tabletke. ASIC je v velikih koliCinah
lahko precej cenejsi in bolj funkcionalen, vendar je za
izdelke pomembnejsi kratek ¢as razvoja. Gostota kom-
ponent je lahko podobna na MCM in pri ASIC, pri tem
pa se lahko v MCM kombinirajo tudi razlicne polprevod-
ne tehnologije, na primer silicij in GaAs.

Na konferenci so obravnavali predvsem keramicne
MCM. Za za&etek bom na kratko definiral "osnovne tipe"
Multi Chip Modulov, izdelanih v razli¢nih tehnologijah:

MCM-L so zahtevnaveéplastnatiskanavezja z linijami
minimalne §irine, to je navzdol do 25 pm.
* Relativna cena: 1
MCM-D so moduli, ki imajo nane$ene tankoplastne
vedplastne kovinske povezave (veCinoma
aluminij ali baker), lo¢ene s polimernim ali
naprsenim tankoplastnim (SiOz) dielektrikom.
Kot substrat se najveé uporablja AlOs ali
silicij. Silicij dobro prevaja toploto, njegov tem-
peraturni razteznostni koeficient pa je seveda
isti kot razteznostni koeficient silicijevih ta-
bletk. V tem primeru se del elektronike izdela
lahko Ze na substratu. Ta tip MCM omogoca
najvedje gostote komponent oz. funkgij.
* Relativna cena - Al203 : 3
* Relativna cena - silicij: 8
MCM-C so "keramiéni" hibridi visoke gostote, navadno
vedplastni keramiéni substrati, v katerih je tudi
prek 50 nivojev prevodnika, ali pa kompleksna
debeloplastna vecplastna vezja. Velplastni
keramiéni substrati so narejeni iz zelenih folij,
potiskanih s prevodnimi linijami in so lahko na
osnovi Al,Os ali AIN z visjo toplotno prevod-
nostjo (HT- MCM-C - kerami¢ni MCM z visoko
temperaturo zganja) ali pa na osnovi kristali-
zirajogih stekel (LT- MCM-C - kerami¢ni MCM
z nizko temperaturo Zganja). V sam substrat
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so lahko vgrajeni, v glavnem v primeru ker-
amike s temperaturo Zganja pod 1000°C, tudi
upori ali kondenzatorji.

* Relativna cena: 2

Moja (povsemosebnal) ocena je, da bodo zaradi njihove
visoke cene, kljub neizpodbitnim prednostim, MCM upo-
rabljani Se precej ¢asa predvsem za vojaske in vesoljske
aplikacije. Mimogrede, $e anekdota iz uvoda &lanka o
MCM; avtor je napisal, da, ¢e isto vezje, izdelano v
vedplastni debeloplastni tehnologiji, imenuje veéplastno
vezje, bo zanj dobil 1003, ¢e pa ga imenuje Multi Chip
Modul, pa 1000%.

Veg avtorjev je predstavilo uporabo MCM za uporabo v
satelitih, tako komunikacijskih kot "opazovalnih”, ki mo-
rajo spraviti velike koli¢ine podatkov. Zahteve po spomi-
nu v nekaterih primerih presegajo nakaj 100 Gbit, predv-
sem za geostacionarne satelite. MCM zacenjajo tako po
karakteristikah (lahki, kompaktni in odporni na sevanje)
kot po Stevilu podatkov, ki jih lahko "spravijo”, tekmovati
z magnetnimi spomini (trakovi ali diski) ali opti¢nimi
diski. Njihova prednost je predvsem v tem, da so brez
gibljivih delov. Bododi trendi so, kot so podali nekateri
avtorji, med ostalim tudi tridimenzionalno zlaganje MCM
drugega na drugega ali drugega poleg drugega tako, da
dobimo tridimenzionalno "$katlico” - MCM cube - z viso-
ko volumsko, ne samo ploskovno gostoto funkcij, ki e
vedno zavzame majhen del povrsine plosée, na kateri
se montira. N. Sinnadurai (Middlesex University, Anglija)
je v svojem prispevku povedal, da bi morali predvsem
za "vesoljske" aplikacije pretestirati in uporabljati organ-
ske polimerne zascitne materiale, zaradi nizkih dielek-
tricnosti in predvsem zaradi niZje teZe tako enkapsulira-
nih MCM, eprav to nasprotuje sedaniji filozofiji o uporabi
hermeticnih, to je kovinskih ali keramiénih ohigij. Omenil
je zahtevo za te vrste aplikacij, to je nobene odpovedi v
25 letih.

A. M. Hirscherg (Coors Electronic Package Comp.,
ZDA) je zatrdil, da so keramicni MCM trenutno najbolj
razviti. Ta razvoj je bil financiran vedinoma od komercial-
nih firm, medtem ko je viada vlagala denar v glavhem v
razvoj MCM-D in MCM-L. Prednosti MCM-C so predv-
sem v tem, da se lahko "zgradi" veliko $tevilo, tudi prek
100, prevodnih nivojev. Omenil je MCM na osnovi AIN z
93000 povezavami (vias) med nivoji in 800 m (skorgj
kilometer!) pokopanih, to je zapecenih v kerami¢en sub-
strat, prevodnih linij. H. Hentzell (IMC, Svedska) je
govoril 0 MCM na tako imenovanih aktivnih ali pametnih
(smart) substratih. Pri teh MCM je substrat silicijeva
plosdica, na kateri so poleg povezav izdelani tudi logika
in spominski elementi, zato je potrebno pritrditi man;
silicijevih tabletk. Na ta nacin lahko zmanj$ajo dimenzije
MCM za vec kot 50% v primerjavi s pasivnimi subsirati,
na katerih so samo povezave. Povedal je, da bi se
teoretitno lahko spravila vsa elekironika na silicijev
substrat, vendar bi vezje postalo tako kompieksno, da
bi bili izkoristki nesprejemijivo nizki. (Pripombe; pred
nekaj leti je vojska oz. letaistvo ZdruZenih drzav pripra-
vilo projekt za razvoj takih integriranih vezij, pri ¢emer bi
bile posamezne tabletke velike tudi do 50 mm - wafer
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scale integration -, vendar ga zaradi problema izkoristka
niso izpeljali. Se prej, v drugi polovici osemdesetih let,
je imel isto idejo Sinclair, izumitelj in proizvajalec hisnih
racunalnikov, od katerih je bil verjetno najbolj znan in
prodajan Spectrum).

W. K. Jones (Florida Int. University, ZDA), D. Lambert
(Bull SA, Francija) in E. Bihler (IBM, Nemgija) so govorili
0 "mesanih” MCM, kjer se na veclplastnih keramiénih
substratih izdela velplastne tenkoplastne strukture na
osnovi polimerov kot izolatorjev in bakra oz TiW/Au kot
prevodnika (kombinacija MCM-C in MCM-D tehnologi-
je). Pri tem da keramiéna podloga trdnost in dobro
odvajanje toplote, polimerni dielektrik pa omogoé&a visjo
frekvenco signalov zaradi nizke dielektricnosti. Nekaj
referatov je porocalo o karakteristikah debeloplastnih
uporov ali kondenzatorskih dielektrikov, ki so pokopani
in Zgani v vedplastnih kerami¢nih strukturah. Zanimiva
(in nenavadna) je bila uporaba laserja za "risanje" pre-
vodnih linij na AIN keramiki, o ¢emer je porolal Z.
lllyefalvi-Vitez (Technical University of Budapest,
Madzarska). AIN razpada na aluminij in dusik, ko je
obsevan z laserjem. Po poti laserskega zarka se pod
primerno nastavitvijo parametrov laserja Al izloéi na
povtsini keramike in tvori tenkoplastno prevedno sled s
plastno upornostjo do 200 mohnv . Sirina teh linij je, vsaj
teoretiCno, omejena samo z ostrino fokusa laserskega
zarka. (Pripomba: to je isti efekt, ki oteZuje lasersko
doravnavanje debeloplastnih uporov na AIN substratih.
Kovinski Al, ki lahko ostane v rezu, do neke mere kratko
skiene prerezan del upora, kar povzrodi nestabilnost
uporovne vrednosti). G. Harsanyi (Univerza v Budim-
pesti, MadZarska) je obravnaval probleme zaradi elek-
tromigracije v vecplastnih MCM. Migracijo kovinskih io-
nov skozi diglektrik povzro&a vlaga, ki lahko ostane na
vezjih ali pa je absorbirana v polimerih. Ta problem se
bo verjetno $e poslab3al, ko bodo namesto CFC topil za
CisCnje ostankov organskih fluksov po spajkanju zadeli
uporabljati topila na osnovi vode za vodotopne flukse.

V sekciji 0 debeloplastnih senzorjih je bil predstavijen
tudi nas referat, ki je obravnaval preiskave komercialnih
debeloplastnih materialov z namenom, da bi nagli ma-
teriale z optimalno kombinacijo karakteristik za uporabo
v senzorjih temperature (termoelementi, narejeni z de-
beloplastnimi prevodniki) in upogiba (debeloplastni upo-
11 z visoko odvisnostjo spremembe upornosti od defor-
macije). R. Dell'Acqua (MiTeCo, halija) in 8. Mergui
{Florida University, ZDA) sta prikazala pregled debelo-
plastnih senzorskih materialov tako na osnovi keramike
kot organskih polimerov. Poudarjena je bila predvsem
potreba po velji zanesljivosti, ponovljivosti in ceni, pri-
stopni za splo$no uporabo. L. J. Golonka (Technical
University of Wroclaw, Poljska) je porocal o debelopla-
stnem elekirolitskem sonzorju za detekcijo Zveplovega
dioksida. Trdni eiekirolit je bil KoSCs, referendéna elek-
troda pa Ag/AgeSQ4/. M. Somora (Technical University
of Kosice, Slovasdka) je porocal o uporabi debeloplastnih
uporovnih materialov na osnovi RuQ; za sekundarne
temperaturne senzorje za zelo nizke temperaiure, pod
1 K. J. Minalgiene (Hibridas Enterprise, Litva) in S.
Achmatowicz (Institute of Electronic Materials Techn.,
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Poljska) sta predstavila razvoj fotoobCutljivih debelopla-
stnih materialov, ki omogoc&ajo s postopki foto litografije
izdelavo zelo gostih vedplastnih vezij z lodljivostjo pre-
vodnih linij pod 50 um in lukenj (vias) v dielektriki okrog
ali pod 100 um. Pri tem razvoju sodelujejo trije "vzhodni”
indtituti iz Litve, Ukrajine in Poljske, poleg tega pa e
firma Mozaik Technology Ventures iz Anglije. (Pripomba:
take materiale je firma Du Pont ponudila prvi¢ Ze v
sedemdesetih letih pod imenom FODEL, nato pa ponov-
no pred okrog tremi leti. Ker pri omenjenem razvoju teh

materialov sodeluje tudi S. Muckett - firma Mozaik iz
Anglije -, ki je "povezana” z Electro Science Labs.,
znanim proizvajalcem debeloplastnih materialov, skle-
pam, da bo te materiale po konanem razvoju priela
prodajati ESL).

Dr. Marko Hrovat, dipl. ing.
Institut JoZef Stefan
Jamova 39, 61000 Ljubljana

VESTI, NEWS

KOREA’S SEMICON INDUSTRY WILL
CONTINUE STRONG GROWTH

The Seoul based Korea Semiconductor Industry As-
sociation (KSIA) predicts the industry will show a
healthy 37% growth over 1993, reaching US$7.24
billion this year. Last year, it registered $5.26 bitlion in
sales, a 61% increase over the previous year.

"Among the U.S. dealers, Korean DRAMs are recog-
nized as No. 1 in terms of quality and price,” said Kim
Chi-Luck, KSIA's president. This reputation, he added,
should enable Korean chip makers to enjoy a favorable
business environment, for some time to come. Also, he
said, the Korean makers’ strong commitment to mass
production could give them an edge over Japanese
rivals, especially in the memory business, where the
key selling point is low unit price.

Kim dismissed the possibility that trade friction with
foregin countries could result from a sharp rise in ex-
ports, "because Korean memory producers do not sell
their products under production cost and do not have a
monopoly in over-seas markets".

To avoid other possible trade conflicts, Korea’s govern-
ment is preparing details of the Korea Chip Protection
Law enacted last year and is studying ways to improve
the tariff structure in the sector, Kim said.

He also noted that KSIA and its counterparts in the U.S.
and European Union have agreed to eliminate tariffs on
semiconductor devices and equipment for five years
after the Urugay Round Tariff accord. He said the pact
should increase the industry’s exports.

Electronics, March 1994

Tl Europe attacks electronic money
chip market with encryption protocol

Texas Instruments Europe is challenging market
leaders SGS Thomson Microelectronics SA of Paris
and Motorola Inc. of Schaumburg, Ill., in an effort to
capture half Europe’s sales of electronic money micro-
controller chips. The chips are usedinfinancial transac-
tion cards which enable banks and credit card firms to
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identify the legitimate user through a personal code that
is scanned before any payment is authorized.

The Villeneuve Loubet - based firm has been working
with Paris’ Schlumberger SA to develop the non-vo-
latile EPROM memory chip family that is the basis of its
pay card technology in which secure data encryption is
a key element, said Sghaier Noury, TI’'s microcontroller
manager for Europe.

He said that within 18 months, Tl will have a hew,
even more sophisticated encryption protocol ready
that will provide a higher degree of secutrity for the
user.

"Data encrypted transaction is going to be the driving
force in tomorrow’s payments cards,” said Noury. "The
business personis becoming increasingly nomadic. Just
as he wants to use his mobile phono wherever he

WORLD SMART CARD MARKET
by end-user application
in millions of U.S. dollars
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The smart card markers for pay phone, financial
and healthcare applications will grow at
compound annual growth rates of 22%, 32.5%
and 27.6%, respectively, according to Girish
Rishi, a senior analyst at Frost and Sullivan
Market Intelligence in Mountain View, Callf.
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happens to be, he needs to access confidential data -
from an office database or his personal bank account -
at any time or place. That's why encryption is so impont-
ant."

He added, "The pay card market is developing much
fasterin Europe then elsewhere. (The U.S. market) has
regarded a switch to the microprocessor-memory chip
on a 'smart card’ (from magnetic strip cards) as too
costly. But now, losses due to forgery are so huge that
the mood is changing."

Electronics, March 1994

Semiconductors allow 25-GHz tran-
sit frequencies

The semiconductor group of Munich-based Siemens
AG has introduced a new process technology named
B6HF, which allows transit frequencies of more than 25
GHz. Unitl now these extremely high frequencies were
a domain of gallium arsenide (GaAs).

B6HF offers gate delay times of 25 picoseconds at 1.2
microAmperes and 70 ps at 100 pA. In this technology,
structures of 0.8 - microns can be realized with noise
factors of 1.1 dB at 1.8 GHz, making them suitable for
fiber-optic transmission systems running at 10 Gbits/s.

The effective emitter width is said to be 0.4 micron.

"B6HF is the only silicon technology in the world
that offers a transit frequency of more than 25 GHz,"
said Rolf-Juergen Bruess, head of marketing for com-
munications ICs at Siemens.

The company plans to develop ECL gate arrays with
complexities of 3.000 and 6.000 gates this year.

Siemens handles its bipolar B6HF process onits CMOS
process lines. Except for the precipitation of the Epi
layer, the B6HF process is fully compatible to the 0.8 -
micron CMOS process.

Electronics, March 1994

Siemens sees high demand for com-
munications ICs

Communication ICs for mobile communications, trunk
switches, public branch exchanges and integrated ser-
vices digital networks (ISDN) have become leading
sellers in the Munich headquarters of Siemens AG’s
semiconductor group.

While other divisions of the semiconductor group
struggle to make a profit, the communications ICs divi-
sion has been in the black since the last fiscal year
(ending in September), said Rolf- Juergen Bruess, sen-
ior marketing manager of communication ICs at Sie-
mens. He said that within the last two years, the
company’s communications ICs sales will have
more than doubled to DM400 million (US$235 mil-
lion) by the end of this fiscal year. "Our strong growth
is based on our structural strength,"” Breuss asserted.
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"Thereis no other manufacturer who offers such a broad
spectrum of communications 1Cs."

Siemens will sell more than 500.000 chip sets for global
system for mobile communications (GSM) standard ter-
minals and between 25 to 30 million high-frequency ICs
this year. Due to the high demand for third-gener-
ation GSM ICs, there are shortages in this sector.

Within the next four to five years Siemens plans to get
a GSM market share of 17%. At the beginning of 19986,
the next GSM chip set generation will be presented to
the market. The whole GSM phone will then consist of
only tree high-frequency ICs and two digital ICs, plus
EEPROM and RAM.

Another major growth market is in digital European
cordless telephones (DECT), where Bruess expects a
steep increase by mid- 1994:"1995 will be the year of
DECT. We are preparing to sell 250.000 DECT chip
sets per month next year."

The trunk switch, PBX and ISDN chip markets are also
good business forthe German semiconductor manufac-
turer. It expects to sell "several houndreds of thousand”
of its IEC-Q, a single-chip solution for the ISDN-U inter-
face with echo cancellation. The demand seems to be
higher than Siemens’ delivery capacity, and Bruess
wants to expand the IEC-Q production volume to several
million units per year in 1995. However, even though
Bruess reports an "annual increase of more than 500%
in chips for ISDN PC cards,” the IEC-Q is not used for
ISDN but mainly for digitally added main line (DAML)
applications, which enable the transmission of two
phone calls via one twisted pair cable.

" SIEMENS COMMUNICATIONS IC SALES
in millions of deutschemarks .~ -

Electronics, March 1994

Sanyo solar cell sets efficiency
standard

Sanyo Electric Co. Ltd of Osaka is expanding its
expertise in solar technology on two fronts - advanced
technology and consumer marketing.

At the cutting-edge of solar-energy conversion technol-
ogy, Sanyo has announced what it claims to be the
world’'s most efficient solar celi - a 1-cm-square, thin-film
device of polycrystalline silicon that has achieved an
energy conversion rate 8.5%. When the device is used
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in conjunction with conventional amorphous silicon
cells, the conversion ratio can be increased to 13%.
Sanyo said the technology used is capable of a
conversion ratio of as much as 20%, but further
development is needed.

Already developed and ready for shipment next month
are Sanyo solar power generation panels for the
Japanese residential market.

The shipping date is timed to coincide with a 1994
Japanese government subsidy program for home-
owners upgrading their homes to solar power. Up to half
the upgrade costs will be shouldered by the Japanese
taxpayer.

A typical system costs approximately Y6 million
(US$57.000). That-includes solar cell module, solar
inverter, electric power distribution panel, switches, in-
stallation hardware and dual kilowatt-hour meters: one
to record power consumption, the other to track surplus
power generation. Since passage of a 1992 law, surplus
power can be sold by the homeowner to the local power
company. Similar laws have been in effect in the U.S.
for a number of years.

Electronics, March 1994

AMS joins ESPRIT Project "FAB
2000"

Austria Mikro Systeme International, together with ES2
in France, GEC-Plessey inthe UK, Gressi of France and
Siemens Germany will participate in the joint European
ESPRIT project "FAB 2000", the aim of which is to
develop new and refined fabrication methodologies for
next generation of application specific integrated circuits
to be implemented by the year 2000. The ultimate goal
is to guarantee the competitiveness of the European
semiconductor industry into the next century.

Although allthe participants of the ESPRIT project come
from full member states of the European Union (Austria
will be full member as of January 1, 1995 after a re-
sounding yes to jointhe EU), AMS has also beeninvited

because of its profound IC manufacturing experience
since the company is one of the few European semicon-
ductor manufacturers that houses all necessary fabrica-
tion facilites "under one roof": Research and develop-
ment, design, mask lithography, wafer fabrication, as-
sembly and test.

Dr. Humbert Noli, head of the AMS research and devel-
opment department:"As a result of the participation in
the ESPRIT project AMS will provide highly specialized
and valuable know-how and thus further strengthen its
leading position in the field of mixed analogue/digital
integrated circuits."

For more information, call: Schloss Premstétten
A-8141 Unterpremstétten, Austria

Telex 312547 ams a

FAX (03136) 52 501, 53 650

(03136) 500-0*

Dr. Conrad Heberling, ext. 277

Microtip technology: the LCD marke-
t's next leader?

Microtip technology proponents hail the field-emission
display (FED) technology as a high-performance, light-
weight, low-power consumption FPD.

Pixel International of Rousset, France, is an active
advancer of microtip technology, originally developed by
Laboratoire d’Electronique de Technologies et d’in-
strumentation (LETI) of France.

"Based on the preliminary work of Pixel and LETI,
{microtip) is outstanding," said David Mentey, director of
display industry research with Stanford Resoutrces inc.
in San Jose, Calif. "lt's sort of the dark horse (FDP
technology) right now."

Pixel has lincensed its technology to Futaba Corp. of
Mobara, Japan and Texas Instruments ing. of Dallas.

Mentley also cited microtip work done by Boise-based
Micron Display Technology Inc. It has three patents
for cold-cathode FEDs, with 15 patents pending for its
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technology (see illustration). Micron estimates that a
10-inch, 50 fL, full-color FED would consume less than
5 watts of power.

Electronics, April 1994

MOTIF BRIDGES AM/PM LCD GAP

ACTIVE ADDRESSING LCD
PERFORANCE VS, COST

i~ Performance -

Ve a0 Costrgs Motit Inc.

Motif Inc. of Wilsonville, Ore., is producing prototypes
of its "active addressing" {(AA) LCD technology and may
begin production for OEMs by 1995, said Thomas Mills,
marketing manager for Motif, a joint venture of Motorola
Inc. in Schaumburg, lll., and In Focus Systems Inc. of
Tualatin, Ore. He said units will be evaluted in late Q2
or early Q3.

AA applies electrical signals to LCDs in a way that, Motif
says, improves response time and contrast without limi-
ting resolution or display size: AA-LCDs enable STN-
LCDs to nearly achieve the performance of TFT-
LCDs at a reduced cost (see chart). AA-LCD signals
all pixels constantly and simultaneously using AA-ICs
located off screen - cicuit complexity is in silicon to
simplify manufacture.

The initialdevelopment phase of AA-LCD targeted high-
end use, such as notebook computers. In March, In
Focus announced it will inject new capital into the ven-
ture - US$ 1.5 million to $3.5 million - to cover ongoing
costs, increase plant capacity and begin development
of a second-phase AA-LCD for handheld game, enter-
tainment and wireless applications.

Electronics, April 1994

EU alliance hopes to crack LCD mar-
ket

A consortium of European companies, led by Flat Panel
Display, a subsidiary of Philips NV of Eindhoven, have
allied in a European Union Esprit program to develop
ferroelectric LCD technology.
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The companies - Thomson-LCD, Thomson Con-
sumer Electronics, Sagem, IBM France, DRA, Merck
and Barco - hope to improve the EU’s dismal position
in the the market for liquid crystal devices, components
and sub-assemblies for panels.

The project aims to develop a customized integrated
circuit, a touch input system and a ferroelectric LCD
which, when combined, will provide a low-cost, low-
power module for use in a series of information
technology products.

The project is using two key advantages of ferroelectric
technology: memory, the ability to retain an image with
no power, and extremely low voltage.

Use of the memory capability will reduce the power
consumption of the display and greatly prolong battery
life. The use of low voltages will reduce both the size and
cost of the ICs used in the drive electronics. These two
key advantages make the proposed display modules
ideally suited for a wide range of new and emerging
portable IT products.

The project will also try to provide analog gray levels on
ferroelectric LCDs, so the display can be used in video
applications. Analog gray scale has not yet been suc-
esstully demonstrated in a passive ferroelectric LCD.

The project was launched in January 1994 and is ex-
pected to take two years to complete.

Electronics, April 1994

Hyundai begins construction of 64M
DRAM plant

in mid-July, Hyundai Electronics Industries Co. of
Seoul began construction of an 8-inch wafer fabrication
plant for 64-Mbit dynamic random-access memory, in
Ichon, Korea.

A US$ 1.24 billion investment, the plant is projected to
be completed in June 1995. Featuring 0.35 micron pro-
cess rules and a Class 1 cleanroom with less than 0.05
micron particles, the plant will be optimized for the
production of 64-Mbit DRAMs. However, it will produce
16-Mbit DRAMs until late 1996 or 1997, when the market
for 64-Mbit DRAMs is expected to mature. When the
plant is completed, Hyundai’s combined monthly pro-
duction capacity of 16- Mbit DRAMs will reach 9.9 million
units.

Hyundai expects to ship $930 million worth of 16-Mbit
DRAMs to take 11% of the world's market share next
year.

Electronics, July 1994
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KOLEDAR PRIREDITEV 1994

SEPTEMBER

28.09.-30.09.1994

22nd INTERNATIONAL CONFERENCE ON MICROE-
LECTRONICS, MIEL '94

30th SYMPOSIUM ON DEVICES AND MATERIALS,
SD 94 .

TERME ZRECE, Rogla, Slovenija

(Info.: Meta Limpel, Tel.: 386 61 312 898)

OCTOBER

04.10.-06.04.1994

FIRST EUROPEAN DEPENDABLE COMPUTING
CONFERENCE

Berlin, Germany

(info.: Dr.David Powell, Tel.:(33) 61 33 62 87)

04.10.-07.10.1994

ESREF '94

5th EUROPEAN SYMPOSIUM ON RELIABILITY OF
ELECTRON DEVICES, FAILURE

PHYSICS AND ANALYSIS

Glasgow, Scotland

(Info.: G.M.Brydon, Tel.: 44 604 408647)

10.10.-11.10.1994

BIPOLAR/BICMOS CIRCUITS & TECHNOLOGY MEE-
TING

Minneapolis, MN, USA

(Info.: John S.Shier, VTC Inc., Tel.:(612)853-3292)

10.10.-13.10.1994

INTERNATIONAL CONFERENCE ON COMPUTER
DESIGN:VLS! IN COMPUTERS & PROCESSORS
Cambridge, MA, USA

(Info.: IEEE Computer Society, Tel.:(202) 371-0101)

11.10.-13.10.1994

INTERNATIONAL DISPLAY RESEARCH CONFEREN-
CE

Monterey, CA, USA

(info.: Ralph Nadel, Pallisades institute (212) 620-3379)
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16.10.1994
GALLIUM ARSENIDE RELIABILITY WORKSHOP
Philadelphia, PA, USA

(info.: Antony Immorlica, GE Co., (315) 456-3514)

16.10.-19.10.1994

GALLIUM ARSENIDE INTEGRATED CIRCUITS SYM-
PHOSIUM

Philadelphia, PA, USA

(Info.: Donald D'Avanzo, Hewlett-Packard, CA, Tel.:
(707) 577-2644)

31.10.-04.11.1994

INTERNATIONAL CONFERENCE ON COMPUTER Al-
DED DESIGN

Santa Clara, CA, USA

(Info.: IEEE Computer Society, Tel.: (202) 371-0101)

NOVEMBER

14.11.-16.11.1994

TOPICAL CONFERENCE ON THE SYNTHESIS &
PROCESSING OF ELECTRONIC MATERIALS

San Francisco, CA, USA

(Info.: Tim Anderson, Tel.: (904) 392-0881)

15.11.-16.11.1994

SEMICONDUCTOR MANUFACTURING CONFEREN-
CE & WORKSHOP

Cambridge, MA, USA

(info.: Margaret Bachmeyer, Tel.: (202) 457-9584)

DECEMBER

05.12.-09.12.1994

INTERNATIONAL CONFERENCE ON PHOTOVOL-
TAIC ENERGY CONVERSION

Waikoloa, Hi

(Info.: Dennis J.Flood, Cleveland, Ohio, Tel.: (216) 433-
2303)
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NAVODILA AVTORJEM

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

izvimi znanstveni &anki, predhodna sporodila,
pregledni élanki, razprave z znanstvenih in stro-
kovnih posvetovanj in strokovni Slanki.

Clankd bodo recenzirani,

Casopis objavija tudi novice iz stroke, vesti iz de-
lovnih organizacij, indtitutov in fakultet, obvestila o
akeijah 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 Kljugne besede in povzetek (najved
250 besed).

- 3. Naslov dela v angles¢ini.

= 4. Klju¢ne besede v angleséini (Key wor-
ds) in podaljSani povzetek (Extended
Abstract) v anglesdini.

- 6. Uvod, glavni del, zaklju¢ek, zahvale,
dodatki in literatura.

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

Ostala splo$na navodila

1.V ¢lanku je potrebno uporabljati S! sistem enot
0z. v oklepaju navesti alternativne enote.

2. Risbe je potrebno izdelati s tuSem na pavs afi
belem papirju. Sirina risb naj bo do 7.5 oz. 15 cm.
Vsaka risba, tabela ali fotografija naj ima $tevilko
in podnapis, ki oznaduje njeno vsebino. Risb, tabel
in fotografij ni potrebno lepiti med tekst, ampak jih
je potrebno lo¢eno priloZiti Elanku. V tekstu je
potrebno oznaditi mesto, kjer jih je potrebno
vstaviti.

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

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

Avtorji, ki pripravijajo besedilo v urejevalnikih be-
sedil, lahko posijejo 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. Grafiéne datoteke so lahko
v formatu HPL, SLD (AutoCAD), PCX ali
IMG/GEM.

Avtorji so v celoti odgovomi za vsebino objav-
lienega sestavka, Rokopisov ne vradamo.

Rokopise posiljite na naslov

Urednidtvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana

UPUTE AUTORIMA

Informacije MIDEM je znanstveno-strudno-drus-

tvena publikacija Struénog drudtva za mikroelek-

troniku, elektronske sestavne dijelove i materijale

- MIDEM. Casopis objavijuje priloge domadih i

stranih autora, naro€ito &lanova MIDEM, s podru-

&ja mikroelektronike, elektronskih sastavnih dije-

lova in materijala koji mogu biti:

izvomi znanstveni Clanci, predhodna priopéenja,

pregledni &lanci, izlaganja sa znanstvenih i

strucnih skupova i struéni danci.

Clandi ée biti recenzirani.

Casopis takoder objavijuje novosti iz struke, oba-

vijesti iz radnih organizacifa, instituta i fakulteta,

obavijesti 0 akcijama drustiva MIDEM i njegovih

¢lanovai druge relevantne obavijest.

Struéni danci moraju biti priprem{jeni kako slijedi

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

= 2. Klju¢ne rijeci i saZetak (najvise 250
rijeci).

- 3. Naslov ¢lanka na engleskom jeziku.

= 4. Klju¢ne rije¢i na engleskom jeziku
(38Key Words) i produZeni saZetak (Ex-
tended Abstract) na engleskom jeziku.

- 5. Uvod, glavni dio, zakljuéni die, zahvale,
dodaci i literatura.

- 6.Imenai prezimena autora, titule i nas-
lovi institucija u kojima su zaposleni.

Ostale opste upute

1. U prilogu treba upotrebljavati S! sistem jedinica
od. u zagradi navest alternativne jedinice.

2. CrteZg treba izraditi tuSem na pausu ili bijelom
papiru. Sirina crteZa neka bude do 7.5 odnosno
15 cm. Svaki ortez, tablica il fotografija treba imati
broj i naziv koji oznaduje njen sadrZaj. CrteZe,
tabele i fotografije nije potrebno lijepiti u tekst, veé
ih priloZiti odvojeno, a u tekstu samo naznadit
mjesto gdje dolaze.

3. Rad moZe biti pisan i biti ée objavijen na bilo
kojem od jugoslavenskih jezika u latinici i na en-
gleskom jeziku,

Autori mogu poslati radove na disketama (1.2 il
1.44) u formatimatekst procesora ASCIl, wordstar
(3.4.i 4.0), word, wordperfect posto ée biti tekst
dalje obraden u Venturi 2.0. Grafitke datoteke
mogu biti u formatu HPL, SLD (AutoCAD), PCX il
IMG/GEM.

Urednigki odbor ée odbiti sve radove koji nede bit
poslani u dva primjerka.

Za sadrzaj ¢lanaka autori odgovaraju u potpu-
nosti. Rukopisi se na vraéaju.

Rukopise $aljite na adresu:

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

Informacije MIDEM is professional-scientific-so-
cial publication of Professional Society for Micro-
electronics, Electronic Components and
Materials. In the Journal 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.

Alt manuscripts are subject to reviews.

Scientific news, news from the companies, insti-
tutes and universities, reports on actions of
MIDEM Sodiety and its members as well as other
relevant contributions are also 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 Si units and provide alter-
native units in parentheses wherever necessary.

2. llustrations should 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. fiustrations,
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 send their files on formatted diskettes
{1.20r1.44} in ASCII, wordstar (3.4 or 4.0), word,
wordperfect as textwill be formatedin Ventura 2.0.
Graphics may be in HPL, SLD (AutoCAD), PCX
or IMG/GEM formats.

Papers will not be accepted unless two capies 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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