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Collaboration of Society MIDEM with similar Societies

In compliance with its general activity orientation the Midem society has begun to form connections
with similar societies in Slovenia and Europe.

In this sense traditional liaison of Midem with the Association of Electrical engineering of Slovenia
EZS is to be mentioned, the Midem society being one of the most important organisational
constituent parts of this Association. The liaison is to be formally confirmed when the new Society
Rules will have been adopted.

Our Jurnal readers have had many opportunities to notice Midem’s publishing of Slovene
vacuumist professional society items of information, many of members being affiliated to both
societies. Spheres of interest will become even more connected within the field of Electronic
components and technology under the auspices of Ministry of Science and Technology of Republic
of Slovenia, even if no formal connection exists between the two.

A suggestion for collaboration has been passed by Czech and Slovakian Section ISHM on the
initiative of one Czech member of Midem. Negotiations are being in course and it is hoped that it
will be first foreign country liaison.

On the territory of Croatia the function of Croate ETAN society has been to a large extent taken
over by the Society KOREMA. The two presidents have reached an agreement on closer
collaboration, mutual organisation of one of the future conferences MIEL-SD being one of such
tasks. This agreement is to be formally confirmed by respective Societies’ bodies.

In the latest copy of Journal you will get acquainted with more detail about Society KOREMA having
set forth similar aims as MIDEM, maybe on a larger scale but with the same tendency for
internationalisation.

In Slovenia there are a lot of MIDEM members being at the same time also the members of
Slovenian Section IEEE. It would be advisable to pay some more of our attention also to this section
activity in our future Journal copy.

All MIDEM liasions that have been mentioned above could be of benefitto all its members therefore
I summon all those who can contribute to them in any possible way to contact me and thus help
me realise our common scope.

MIDEM PRESIDENT
Dr. Rudolf Rocak

Dot 2L
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SECOND-ORDER EFFECTS IN JUNCTION BIPOLAR
TRANSISTORS

Zvonko Fazarinc

Keywords: semiconductors, bipolar transistors, bipolar junction transistors, transistor models, computer analysis, Ebers-Moll model, Gummel-Poon

model, Early effect, Kirk effect, C language

Abstract: The Gummel-Poon model of bipolar transistor is derived with inclusion of Early and Kirk effects.

/

Efekti drugega reda v bipolarnih tranzistorjih

Kljuéne besede: polprevodniki, transistorji bipolarni, BJT transistorji bipolarni junction, modeli transistorjev, analiza ratunalniska, Ebers-Moll model,

Gummel-Poon model, Early efekt, Kirk efekt, C jezik

Povzetek: V prispevku je izveden Gummel-Poon model bipolarnega tranzistorja, ki vklju¢uje Earlyjev in Kirkov efekt.

1. Introduction

The first model of the bipolar junction transistor (BJT)
was published in 1954 by J.L . Moll and J.J.Ebers from
Bell Laboratories /1/. The model quickly became the
workhorse of the industry because it captured the state
of the art of the transistor technology of that time in a
most elegant way. The modelwas simple and sufficient-
ly accurate to allow prediction of transistor circuit beha-
viour based on a few physical parameters.

The transport of charges in a semiconductor is governed
by diffusion, drift and recombination. The early transis-
tors hadrelatively longbases and low current gains, both
resulting in a considerable recombination in the base.
High level injection and other phenomena associated
with drift were hardly a problem of that period. The
Ebers-Moll model was based on the diffusion and re-
combination mechanisms only, and was as such intune
with the technological state of the 50-s and 60-s.

The semiconductor technology was making big strides
in the subsequent decades and the BJT bases have
shrunk down to below a micrometer. Due to this and in
conjunctionwith constantimprovementof material purity
the recombination rates were suppressed to theoretical
minima. At the same time the quest for ever higher
current gains called for high base resistivities and the
high-level injection became the limiting mechanism of
current gain.

It was until 1970, that H.K.Gummel and H.C.Poon also
of Belllaboratories published their Integral Charge Con-
trol model of the BJT /2/ which captured the high-level

injection mechanism as parn of its physical basis. Again
the model was a reflection of the state of tehnology.
Gummel and Poon have correctly concluded that re-
combination played a minor role in physical behaviour
oftransistors and have ignored itin favor of including the
drift mechanism in addition to the diffusion. The base
current in the Ebers-Moll model was a natural conse-
quence of recombination in the base. With no recombi-
nation considered the Gummel-Poon model requires a
separate theory for the base current.

Both models, the Ebers-Moll and Gummel-Poon must
treat the Early effect /3/, the Kirk effect /3/, the emitter
crowding /5/ and other second-order effects as separate
problems. This paper integrates the Early and the Kirk
effect into the Gummel-Poon model derivation and the-
reby avoids the present conflict of first deriving the
Gummel-Poon model under the assumption of a fixed
base length, and then adding the Early and Kirk effect
which both arise from a variation of the base length.

2. Definition of Model Parameters

We arbitrarily choose an NPN bipolar transistor as the
basis forour analysis. The results are easily expandable
to PNP structures. Extensive approximations are neces-
sary to arrive at the basic Gummel-Poon model. A real
transistor is a three- dimensional structure while the
Gummel-Poon model possesses no spatial dependence
at all. We start with a one-dimensional approximation of
the transistor and demonstrate how the spatial depend-
ence is integrated out. In process we make the user of
the model aware of the many necesary approximations.
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Transistors

At the top of Fig.1 is a schematic depiction of an NPN
transistor. The polarities of externally applied biases are
in agreement with normal operation while the junction
biases at xs and x2 are defined in agreement with
convention,

Na P o Ny,
¢+ | —{Re 1+
\ +
e \I/,e/ VCF/Y/ [hamadil
+Ve Ve
n(x)=Nde
p(x)=Ng Je
L W n) = Nae
F,
&
px)
p(X)/
X1 X2

Fig. 1: NPN Transistor Schematic

Below the transistor and in relative position to it are
shown the internal concentration of electrons n and of
holes p as functions of x. The concentrations shown
correspond to a positive Ve and a negative Veer The
junction at xz is therefore back-biased.

3. Modeling of High-Level Injection

The high-level injection or the Webster effect is an
integral part of the Gummel-Poon model but we will
rederive it here in order to lay ground for inclusion of
additional second-order effects. The Webster effect ori-
ginates in the base voltage drop near the emitter junc-
tion. This directly reduces the effective bias across the
junction from the full value Ve. It happens when the
number of minority carriers injected into the base ap-
proaches that of the background concentration and re-
sults in a significant drop of current gain. The absence
of neutrality which accompanies this phenomenon re-
quires that the model include the electric field. We start
therefore with the transport equations /6/ in terms of
electron and hole flux densities Fp and Fp, respectively,
which contain in addition to the diffusion term the drift
term as well.

Fo(x) = DM 4D B @) () (1)

Fye) = - D, 2 "kT" E(x)p ) )
In (1) and (2) D stands for the diffusivity of respective
carriers and E(x) for the electric field. g is the electronic
charge, k is the Boltzmann’'s constant and T is the
absolute temperature. fp in the base’s P-region is the
majority carrier flux and as such negligible compared to
Fn. We take advantage of this, set it to zero, and find
from it the electric field E(x). This field is, of course,
commonto both carriers and we substitute it into the first
equation to obtain

Fa) = -0, L) p B @) nx)
& px)

Multiply both sides by p(x) and obtain

F)p () = -y | 28 p )+ LD )

The term in brackets is recognized as the derivative of
the product p(x) n(x) so the integration of the above
equation between the two junctions yields

X2

[Fa(x)p&)dx = -Dyn(x)p (X)l (3)

X1

The product n(x) p(x)is given by the mass action law /7/
everywhere except near the two junctions where the law
of the junction applies. Therefore the following must be
true

n(X,) p(X;) = n2i quS/'kT (4)

n(xz) p(xz) = n: e9VeeT s

where njis the intrinsic concentration of the host mate-
rial. Substitute (4) and (5) into (3) and end up with the
following integral equation

*2

fF )y &) dx = - Danf (6)

[ ch(ﬁ/kT an/kT]

A computer solution of (6) for any arbitrary distribution
of p(x), given the other parameters, is quite feasible and
may prevail in the future as a means of circuit analysis.
Atthistime the computational effort stiltbecomes exces-
sive if thousands of transistors are involved even in view
of the present day computer performance level. There-
fore, we are forced to eliminate the last remaining spatial
coordinate, i.e., xfrom our model. This we do by making
the assumption of space charge neutrality which is in
direct conflict with the initial goal of deriving a model
subject to internal electric fields. The fact is that we
cannoct solve the integral in (6) for the general case by
any known means. A consoling circumstance is that a
very small charge unbalance is sufficient to maintain the
electric fields in the region of interest and the neutrality
condition can be justified on that basis. This says that
sum of all charges inthe region of interest must be equal
to zero. In addition to mobile charges n(x) and p(x) we
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must consider the ionized impurities which results in the
commonly encountered neutrality condition

Na(x) - Na(x) + p(x) - n(x) = 0 (7)
An alternative expression for the minority carrier flux

density Fp(x) is in the terms of their density n(x) and
velocity va(x)

Fa(x) = n(x) va(x)

A combination of (7) with the above produces

Fa(x)
P&) = SHSHNa(e) - Note) ®)

Before we substitute (8) back into (6) we recognize that
the donor density Ny in the base P-region of our NPN
transistor must be zero and that in absence of recombi-
nation the minority flux density inthe base Fa(x) must be
independent of position x and equal to the collected flux
density /.. Consequently (6) translates into the following
quadratic equation

X2

%2
Fgf-——df«— +Fc [Ny(x)dx +D, n} Ve /AT -eqy‘/”] =0
X1 V”(x) Xy

The solution of the quadratic yields

X2

;(NH(X)dx 4D} (e gt /iTy T2
n
= o 1 {1+
Fe EP) 1-/1 X3 : ;l;v,,(x)
N
) ) e

The integral of dx/va(x) is the transit time from xs to x»
which we denote by 1, The transit time in the base is
primarily controlled by diffusion despite the electric field-
presence. We will therefore use the diffusion aproxima-
tion of the transit time (8)

- (x2 'xl)z N w
= ~———-—2Dn )

Finally we are forced to assume that the concentration
of acceptors in the base Na(x) is independent of x,
admittedly not a good approximation. All of this results
in the highly simplified expression for the collector flux
density

D, N, . :
Fe=-—= [1- V14201 /N, T o 8eaAT

The collector current density Jc is the negative of the
electron flux density multiplied by g

_ gb. N,

Je [1- V 14201 /N, (/T - @04y 1(9)

Equation (9) is the principal result of the work by Gum-
mel and Poon if w is replaced by the unbiased base
length wso and the effective collector junction bias Vees
is raplaced by the applied collector-base voltage V.. We
will give this expression an interpretation later.

4. Base-Width Modulation

Parameters w and Veey can be expressed in terms of
some physical parameters illustrated in Fig.2. This de-
picts the electric field for our idealized structure from
Fig.1 with the unbiased case shown in dashed lines.

Wbo

/ \ ¢e -1bo~*~—/cow
/ AN —stlp) Lopa—
LA\ )
i NI
¢~ Ve N'"/eo \\¢C'VCfﬁ /

le W ! \Y

X1 X2

Fig 2: Electric Field Inside the Transistor.

The areaunderthe field curve equals the voltage across
the particular junction. For the unbiased case we have
in the emitter and collector junctions, respectively, the
following built-in voltages

kT, NueNa kT, NaNa
= —| and =—1In 10
¢€ q n n‘z ¢C q NIZ ( )

Interms of these itis easy to extract by simple geometric
considerations for similar the following expression for
the diffusion width of our transistor

W =W 'Ieo\/l'Ve/‘nbe ”Iw\/l'Vceﬂ/¢c
(11)
leoz\/ ¢e€/q(Na+Nde) and Ibo’_‘V ¢c5/q(Na+Ndc)

Expression (11) contains the base length modulation
caused by the emitter and collector voltage. The latter
is, of course, the Early effect and if we substituted (11)
back into {9) we would have included the Early effect in
the Gummei-Poon model. But we have promised to
include the Kirk effect as well so we must now focus on
it before we finalize the model.

As the readers might know, the Kirk effect is also refer-
redto as "base push-out", i.e., abase lengthening effect.
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It has its origin in the resistive drop in the collector region
for high currents. As the collector current rises some of
the applied collector voltage V. is expended in the
collector resistance and the remaining junction voltage
Veer may be diminished to the point where no more
collection of the arriving electrons takes place in the
junction. The electrons start accumulating and the diffu-
sion length of the base increases. This is illustrated in
Fig.3.

NI

Fig.3: fllustration of the Base Push-out.

In it we see the shape of the electric field for moderate
collector current at the top and for high current on the
bottom. What the two cases have incommon is the area
underthe field onthe collector side which represents the

collector voltage. One can observe the lengthening of

the base regionthrough which the electrons must diffuse
as the current increases. The net effect of this is a
reduced current gain but more importantly a quadratic
increase of transist time, which reduces the hihg fre-
quency cutoff of the transistorininverse proportion. With
this much physical insight we should be able to drive the
effective collector junction bias Veerr and the diffusion
base length w. We focus on the collector side and try to
find the lengths /p or / as the case may be.

The top sketch in Fig.3 which representes a moderate
current case suggests that most of the applied collector
bias appears across the collector-base junction. The
resistive drop in the coliector region of resistivity pcis

Jepo(Weo-le) = JepcWeo

with we, defined in Fig.3. The approximation is justified
for all cases of interest. The remaining collector junction
bias is therefore

Vieett = -(Ve - JepcWeo) (12)

From (11) we get for the length /p

ly = lyo V 14 (Ve -JepeWeo) /e (13)

Expression (13) applies as long as /p remains real. it
attains a zero value for

M V.+é,
Ve -JebeWeo = = ¢ or Joo = e (14)
PcWeo

Hence (13) applies for Jec < Jeo. When Jc gets larger we
have at hand the second case in Fig.3 which is easily
solved for /as

VC+¢C
I =we - T . for
cre

Jo>Jeq (15)
We can now summarize this discussion by expressing
the effective base width wand the eftective collector bias
Veerr applicable to (9) as follows

Case: J. <J.g (16)
W = W lbo \/1 +(Ve ']cPcho)/¢c

Vceﬂ”= - (Vc 'jcpcwco)

Case: J. > Jqp (17)
W = Wpo tWeo - (Vc+¢c)/-,cpc
chf:O

Let us return now to expression (8), multiply and divide
it by

1 +\/1 + Z(Izi/Na)2(qu¢/kT i qu«ﬂ’/kT)

and obtain

Ve /KT qVeeg /KT
Wpo e IVe/KT _ jaVeet!

W14V 1420n, /N, (T - ey (18)

Jo=2J;

In (18) we have introduced the reverse saturation cur-
rent density Js

9D nf. (19)
Weo Na

L1

5. Base Current Model

To complete the model we must add the base current.
For our NPN example this consists of holes flowing in
the emitter-base diode and is made up of two compo-
nents. One is due to carriers injected from the base into
the emitter and the other has its origin in the transition
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region where considerable recombination takes place.
The reverse injection into the emitter is simply expres-
sed as the diode current

(23

2 .
i qV./kT qVe/KT
—_ D=7 -1
w, Nde (e ) 1(6 )

J1 is best determined experimentally because of ill defi-
ned parameters Nge and particularly we. The second
component of the base current arises fromthe recombi-
nationinthe junction. The Shockley-Read-Hallmodel /9/
relates the net recombination current J, to some more or
less known parameters

8J,(x)/q _ pn-n

ax Tpn+7,p

Furthermore, within the junction the product of p and n
must obey the law of the junction

p(x)n(x) = nIZ quekT

it we make the assumption that p = n in the transition
region (not readily justifiable) we obtain

n=p=n que/ZkT

Substitute this into the differential equation for J;, inte-
grate over the transition region width w;, and up with the
following expression for the recombination component
of the base current

npe? " 1)

n,-qu'/ur(Tp +1,)

J, =qw

Because many of the parameters in the above are not
well known we lump them into a measurable parameter
J2. We also recognize that for normal forward biases the
exponential is much larger than 1 and the latter can be
neglected. This produces for the recombination compo-
nent of the base current the expression

Jr=ds que/ZkT
=

The base current is then composed of the sum of the
two components

]b =J, (qu,/kT_1)+12 qu,/?J(T (20)

6. Model Interpretation

Table 1 below lists the set of parameters used for model
evaluation.

Table 1
Parameter Value Physical Meaning
ni 1.45x10"%m® Intrinsic Concentration
Na 1x10"%cm® Base Impurity Density

Nac 1x10"%cm’ Epi Concentration

Dn 36 cm®/s Electron Diffusivity

Who 1x10™ em Metallurgical Base

Weo 1x10° om Epi Thickness

Bmax 100 Maximum Current Gain
Va-1 0.1 Volt L.ow End Bias for B=1

All the necessary quantities can be calculated from the
eight parameters given in the table. The reverse satura-
tion current density from (19) evaluates to Js=1.2x10°
A/cn?. The base current component Jy can be defined
in terms of the maximum current gain Bmax which can
be measured. Js is then simply equal to JsBmax as is
evident from Fig.4. Also evident from Fig. 4 is the fact
that the second component of the base current deter-
mines the value of the emitter-base bias V- for which
the current gain passes through unity. For the chosen
value of 0.1 Volt we get from the intercepts of Fig.4 the
value Jz = Js €927 Allthe other quantities are compu-
ted from formulas (10), (11), (14), and (16) through (20)
while the large signal current gain § is evaluated as the
ratio of Jeto Jp.

The results are plotted in Fig.4 versus the emitter-base
bias Ve for Vi = 0. Intercepts of currents and of biases
indicated in the graph have proven useful in determina-
tion of model parameters from measurements.

i
A /C(I)?% {

4

-8

Fig. 4: Modeled Currents and Current Gain.

The collector current density and the current gain have

been calculated once from (18) using (16) and (17) for
w and a second time using W = Wso - o V(1 4 /&)
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which ignores the Kirk effect. Dashed lines have been
used in this latter case. A slight degradation of current
gain is noticeable at high currents when Kirk effect is
considered. As the collector bias is increased the degra-
dation is still there it only occurs at higher currents. In
Fig.5 the current gain is graphed for three different
collector biases once with inclusion and once without the
Kirk effect. The latter is plotted in dashed lines.

2 4 6 8 v,

Fig. 5: Current Gain and Base Width for Different Vc.

- The main problem caused by base push-out is not the
current gain degradation but the degradation of high
frequency performance. In Fig.5 the base width w is
plotted for the same three collector biases as {3 and the
dramatic effectis inescapable. The highfrequency cutoff
is inversely proportional to the square of the base width
across which the carriers must diffuse and consequently
the inclusion of the Kirk effect is of crucial importance
where the high frequency performance is atissue. Final-
ly in Fig.6 the common emitter characteristics of our
sample transistor are shown for moderate bias condi-
tions to ilustrate the Early effect.

0 i
2 4 6 8 V.

Fig. 6: Common Implementation in C

7. A Computer Implementation in C

C-language is gradually making inroads into scientific
computing and it seems appropriate to show one imple-
mentation of our Gummel-Poon model in this language.
The notation used is adhered to as closely as permitted
by the language. Dots are used to mark those variables
whose values may be assigned by the user.

//Part 1: Assigned parameters
gpsilon = 1e-12; g = 1.6e-19; wbo = 1e-4;
wco = 1e-3; Na = 1e16; Ndc = 1e15;

ni=1.45e10; mun = 1450;

Ve = ... (positive); Ve = ...... (positive);
temperature = ... (positive in Kelvin);
decimator = ..... (.03) used in the example.

//Part 2: Computed Variables
KT = 1.38e-23" temperature;
Dn = mun*kT/q;

phic = log(Na*Ndc/(ni*ni)y kT/q; e

rhoc = 1/(g*mun*Ndc); pe

tbo = agrt(phic*epsilon/(q*(Na+Ndc}; Hlpo

b = Ibo*sqrt{1+V/phic); My
Jeo = (phic+Ve)/(rhoc*wco); Jeo

Js = 2*Dn*ni*ni/(wbo*Na); s

J1 = Js/betamax; 1y

J2 = Js*exp(g/(2°KT)"Vbeta0); 2

niNaSquared = 2"ni*ni/(Na*Na); //2(n,/Na)2

//Part 3: Tentative evaluation with
approximate values
tentativeW = wbo-ib;
Veeff = - V¢,
A = exp(Ve}-exp(Vceff);

Je = 2*Js*wbo/tentativeW* A
/(1+sgrt(1+niNaSquared*A));

Jo = J1*exp(q Ve/kT) + J2*exp(q*Ve/(2*KT));

//Part 4: Final evaluation with filtred feedback
if(Jec <= Jco)
{Vceff = - (Vc-de*rhoc*weo);
W = wbo - ho*sqrt(1-Vceff/phic);
§
else
{Vcetf = 0{;
tentativeW = wbo+wco-(Vc+phic)/(Jc*rhoc);



Z. Fazarinc: Second Order Effects in Junction Bipolar
Transistors

Informacije MIDEM 23(1993)1, str. 3-9

w = (tentativeW-w)*decimator + w;

}
A = exp(Ve)-exp(Vceff);

Je= 2%Js*wbo/w*A
/(1+sqrt(1+niNaSquared*A));

One may wonder why so many steps for a relatively
simple set of equations. If the transistor is embedded in
reactive circuitry, nothing can change abruptly and one
can evaluate the model equations without any compli-
cations. But atrue DC model presented here experience
sudden changes of parameters. The transition from
normal operation {o Kirk state, for example, is very
abrupt and is dependent on the collector current. The
collector current, on the hand, is exponentially depend-
enton Veer. We are consequently faced with a high gain
feedback system of essentially infinite bandwidth. The
behaviour of such systems is well known and therefore
we have introduced a filter into the feedback loop. The
"decimator” has a value less than unity and provides a
bandwidth limitation to the system. If the Kirk effect is of
no consequence Part 4 can be omitted all together
resulting in dashed curves of Fig. 4 and 5.

8. Conclusion

The Gummel-Poon model has been revisited with the
purpose of including the Early and Kirk effects earlier in
the derivation. The result is a simpler model with fewer
parameters that can be derived from the process and
from simple measurements. The Kirk effect sets in
abruptly and calls for softening of the response unless
the external circuitry provides the cushion. If the high
frequency response is not of importance, only the base-
width modulation associated with the Early effect should

be retained. The current gain deterioration due to the
Kirk effect can be neglected in such cases. A sample
computer program cast in C-like language shows how
one or both base modulation effects can be implemen-
ted in the model.
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SURFACE SMOOTHNESS OF ANISOTROPICALLY
ETCHED (100) SILICON

Drago Resnik, Uro$ Aljanc¢i¢, Danilo Vrtacnik, Slavko Amon

Keywords: microelectronics, silicon, presure sensors, piezoresistive sensors, thin membranes, squared forms, surface quality, surface machining
surface smoothness, micromachining, wet etching, anisotropical etching, KOH kalium lye, water solution, crystal orientation

Abstract: Preferential etching of (100) oriented silicon in aqueous KOH solutions with special emphasis on surface roughness was performed and
results are presented. The surface quality is of great importance for devices utilizing thin membranes, cantilevers and other micromachined
structures. The final surface smoothness is strongly dependent on parameters such as etching temperature, molarity and stirring of the solution as
well as initial surface condition of silicon wafers. The influence of iso-propyl alcohol (IPA) and n-propanol additives is also shown. Resulting data
were applied to the fabrication of the thin, square silicon diaphragm suitable for piezoresistive pressure sensor.

Gladkost anizotropno jedkane povrsine (100) silicija

Kljuéne besede: mikroelektronika, silicij, senzorji tiaka, senzorji piezouporovni, membrane tanke, oblike kvadratne, kakovost povrsine, obdelava
povrsine, gladkost povréine, obdelava najfinejéa, jedkanje mokro, jedkanje anizotropno, KOH lug kalijev, raztopina vodna, orientacija kristalov

Povzetek: V &lanku je predstavijena problematika anizotropnega jedkanja silicija kristalne orientacije (100) v KOH vodni raztopini s posebnim
poudarkom na doseganiju gladke jedkane povriine. Konéna kvaliteta povrine tanjsanegas silicija je mono odvisna od naslednjih parametrov jedkanja:
temperature jedkala, molarnosti raztopine, mesanja raztopine in od zacetne kvalitete silicijeve povrine. Prikazan je tudi vpliv dodatka izopropil-
alkohola in n-propanola v KOH vodno raztopino na gladkost povrsine. Konéna aplikacija raziskave je izdelava tanke silicijeve membrane, uporabne
za piezoresistivni senzor tlaka.

INTRODUCTION the final silicon wafer surface. For very thin structures
(silicon diaphragms for pressure sensors, mass flow
sensors or microphones, cantilevers or bridges for ac-

Th_e micromachining of silicon has become a large field celerometers) the surface roughness is of great impor-
of interest for many .researches and produp.ers of sen- tance because it can cause false response or severely
sors and actuators in the last decade. Silicon single damage the sensor device. To avoid this, it is desirable
crystal exhibits diverse physical and chemical properties to fabricate sensor structures with very smooth surtace.
along different crystal planes. Certain etching solutions

attgck diff'erent crys'tal planes with various etph rate;. The most commonly used bath for anisotropic etching
Anisotropical behaviour of (100) and (110) oriented si- of silicon nowadays is still aqueous KOH solution which
licon is one of the fundamental properties that enables represents the best compromise between etching ani-
the micromachining of silicon single crystal /1/. Along sotropy, (100) etch rate, dopant dependency of etch rate
with conventional microelectronic technologies it leads and most of all it is much safer to handle compared to
toward fabrication of numerous (nlnlatur'lzed $ensors, the others /3/. By some authors we can achieve even an
actuators and other micromechanical devices like gears etch rate ratio 200:1 between (100) and (111) planes /2/.
and micromotors /1,2,5,6,8,9/. Most of these sensors Backdraws are perhaps in the first place the possible
are integrated with supporting on-chip interface circuitry process contamination with potassium and the fact that
enabling temperature compensation, linearization and SisN4 is inevitable as an etching mask for deep grooves.
other functions /9/. The etching anisotropy also differs SiOz etch rate is about ten times higher thanthat of SisN4
with a typg of the etching SOIU“,O,” as well.as VY'm . therefore SiO2 mask is suitable only for short etching
concentrations of etchants and additives /2/. Orientation times. Emphasis were put onits influence on the surface
dependent etch solutions are numerous such as ethyle- smoothness regarding the concentration and bath tem-
nediamine- pyrocathechol-water (EDP), hydrazine, perature. The work conducted is mostly experimental
KOH or similar alkaline solutions and recently reported and provides some observations on the behaviour of
anisotropic etching behaviour of NHz-H202 solution with (100) silicon material thinned in KOH solutions.

low H20» content. The difference between themis in the
etch rate, anisotropy, operating hazard and masking
materials. Different initial surface preparation of the
silicon after long etching leaves various roughness of

10
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EXPERIMENTAL DETAILS

All work presented here was performed on CZ grown
silicon wafers, [100] crystal orientation, 3” in diameter,
phosphorus doped, resistivity of 8-10 Qcm, with mecha-
nically mirror polished front side and caustic chemically
polished back side. The wafers were RCA cleaned and
prior to each test the dip of 30 seconds in 5% HF was
carried out on the samples to remove a thin layer of
native grown oxide. With same step equal initial condi-
tions were established for each etch start. The thinning
of silicon large samples was first done in four different
aqueous KOH solutions (concentrations 20, 27, 35, 42
wit%). The etch rate and the surface quality were recor-
ded every 30 minutes and the sample was then reinser-
ted. After completing the trials, evaluations were made
and the results were compared. Primarily from optical
observations ithas been concludedthat samples etched
in 35% KOH were superior concerning smoothness.
Based on these results and on the fact that anisotropy
is the highest at concentrations around 35 wi% /7/, we
have chosen the concentration of 35 wi% to further
investigate the impact of temperature and bath agitation
on surface quality and etch rate. To sustain a sufficient
mixing of the solution and between the sample and the
solution, stirring of the solution was provided by N2 gas
bubbling through a single nozzle at rate 200 sccm/min.
The samples were exposed to the etch solution at
50°,60°,70°,80° and 85°C. The temperature of the bath
was held within 1°C what is hardly sufficient due to the

high sensitivity of the etch rate on the temperature.
Schematic drawing of the experimental setup is presen-
ted in Fig.1. The thickness of thinned samples was
measured with a micrometer, visual control was provi-
ded by optical microscope Olympus and the surface
roughness was determined with surface profiler Tencor
Alphastep 200. The influence of organic additives on
silicon surface roughness (IPA and n-propanol) was also
observed by optical microscope and by SEM.

Finally, test patterns of square geometry defined by
LPCVD 8SisNs mask were exposed to the etchant. The
square windows (1x1mm) were defined by wet etching
into 74nm thick SisNs via thermally cured SiO; spin-on-
glass mask. Some difficulties appeared when photoli-
thography was accomplished on the chemically polished
back side due to very rough initial surface (5-10um). The
wafers were mounted in a polypropylene holder to pro-
tect one side from etching. The problem of mask pattern
misorientation from [110] wafer primary flat was pro-
nounced as well as the effect of insufficient exchange of
etching species between the sample and the solution at
deep groove etching. The quality of the silicon dia-
phragm surface was investigated by transmitted light
optical microscope Olympus, SEM and by cleaved cross
sectioned diaphragm sample observation . Thickness of
diaphragmwas measured by determining the difference
of the focal planes between the wafer surface and the
bottom of the groove as well as on cleaved samples
mentioned above.

POLYPROPYLENE HOLDER THERMOMETER
o /
NITROGEN GAS "O"RING
e T — o I
UD/CONDENSER\ Y . +— NI/CINI CONTROLER }
EZL.Z:l:.::.::iiZ::ifif.?:Zfiiiiiiii! YT 1
|
PYREX |
BEAKER —
- T
|7 _ || - ] HEATING MANTLE
STIRRING .
NOZZLE — T

< TEFLON COATED

VESSEL

Fig. 1: Schematic diagram of system designed for anisotropic etching of silicon structures
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RESULTS & DISCUSSION

The results of thinning large area silicon samples are
presented first from the point of surface quality and etch
rate. The effect of different KOH concentrations on the
etch rate of (100) plane at temperature 80°C is shown
in Fig.2. The results from Fig.2 are in good agreement
with the work of Seidel et al. /4/.

100 ; e T

90

80 -

this work

70 +

50 b S.eydellv et al.

40 L -

20 b oo . . . .

<100> SILICON ETCH RATE [um/h]

10 b : i

0 ; ; ! ! !
15 20 25 30 35 40

45

KOH concentration [WT %}

Fig. 2: Dependence of (100) etch rate vs KOH

concentration at 80°C without stirring the
solution

The highest etch rate obtained among selected concen-
trations was at 20 wt% KOH, but we observed that at
this concentration the surface smoothness was spoiled
by formation of micropyramides. This tendency de-
creases with increasing KOH concentration (Fig.5) and
increases with etching time for mentioned concentra-
tions . Due to the initially rough surface the cellular
surface appears as can be seen from Figures 5,6. At
high concentration (42 wt%) KOH the inside cell surface
became rougher than at 35 wt% KOH (Fig.5) as was
observed under incident light inspection although no
micropyramides were formed. The dependence of the
thickness of removed silicon versus etch time at four
different temperature of KOH 35 wt% is presented in
Fig.3. it is obvious from the diagram that the etch rate of
the stirred solution was higher than that of unstirred for
up to 10%, what is in agreement with Seidel /4/, but not
with the work of Palik et al./5/ who noticed negligible
effect of stirring on the etch rate. The slope of the lines
represents directly the (100) etch rate. The activation
energy of 0.593 eV for (100) orientation and 35wt% KOH
was determined from Arrhenius plot in Fig.4 with etch
rates at five different temperatures. Thus it is very im-
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portant to maintain the temperature of the bath very
constant to avoid etch rate variations, particularly in the
case when we rely only on the etch time recording to
control the thickness of removed silicon.

250 | T T T ’
KOH 35 WT % 3
S0
200 |- = STIRRING _ i
w—— NO STIRRING
§ g
:: 150 |- R P ,Fjooc -
= ,
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a K .
e 100 {_ . . '.' e, . . -
& A -4
© .
I3 60°C
50 } - '," o . =
/ 50°C
0 { { L I l
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Fig. 3: Etched depths vs etching time at different

temperatures without stirring (full lines) and
pronounced stirring effect (dashed lines)
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Fig. 4: Temperature dependence of [100] oriented

etch rate for 35wt% KOH solution

In Fig.6 we present the micrographs of initial chemically
polished (100) surfaces out from different bath tempe-
ratures after 90 min of etching with stirring of the solu-
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original surface
Fig. 5.

20%

Optical micrographs of initial chemically polished

E o

3591 429

- B 5

surface after 90 minutes in the following KOH concentrations at

80°C. Tendency for the formation of micropyramides is seen for the concentrations below 30 wt%

original surface 50°
Fig. 6:

tion. The area of the cells on the surface increases with
etch time as well as with temperature. Within cells
roughness increases when the solution is not stirred
while this is improved with stirring the solution and
heating it up to 80°C (Fig.6). It was observed that
smoothness is strongly dependent on the thickness of
the removed silicon i.e. the cell area is increasing with
time and the boundaries are not so much pronounced,

02 @) initial mechanically polished sample

stirred

o

N IS S S,

0.2

0.0

70°

Samples etched at different temperatures after 90 minutes in 35 wt% KOH with stirring

meaning that cells at different initial heights of (100)
planes are approaching one another /5/.

[nitial mechanically polished surfaces exhibit minor
changesinroughness at mentioned conditions and were
thus difficult to evaluate by means of optical microscope
or SEM. The evaluation was done by profilometer Ten-
cor after 80 min of etching at 80°C with stirring and
without stirring. The roughness of initial mechanically

om

b) initial chemically polished sample o
: - ')

!
stirred | !

s ' A s e fein s

Fig. 7: Tencor surface profiling scan showing the effect of stirring the 35 wt% KOH, 80P C:
a) initial mechanically polished sample, b) initial chemically polished sample
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polished surface remained within few hundred Angs-
troms (Fig.7a), while the initial chemically etched sur-
face after 90 minutes still showed roughness of approxi-
mately 3 um (Fig.7b).

Alcohol as an additive does not participate in the reac-
tion when added to the binary KOH-H20 mixture /4/. The
alcohol plays more the role of a moderator and chelating
agent /4/. White residues of etching products were col-
lected within alcohol-rich top layer of ternary mixture.
Etching in ternary mixtures of KOH-H20-IPA with ratio
312g KOH : 1000mi H20 : 250ml [PA /4/ led us to the
results presented in Fig.8. From the initial chemically
polished surface, first small pyramides were tormed until
after 120 min all the surface was covered with them and
the etch rate of (100) silicon decreased by 30%. In a
similar way acted the solution with added n-propanol in
ratio 250g KOH : 800g H20 : 200g n-propanol /6/. The
same was observed also oninitial mechanically polished
side. Because other authors have not reported these
appearance, we have suspected that a probable cause

SEM at 50° specimen tilt, KOH-IPA after 90
minutes at 80°C: a)initial chemically polished
sample (500x), b)initial mechanically polished
sample (200x)
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for miropyramids formation could be our PA grade che-
micals.

In our experiments the quantity of added alcohol was
also changed and it was found that lower contents
{below solubility limit of alcohol in KOH-water solution)
improve the roughness but only if KOH concentration in
water is at least 35 wt%. Change in anisotropy was
noticed as shown on micrograph in Fig.9. In this case
(50 ml/l of n-propano! added to the 35wt% KOH) the
surface was free of micropyramides. The (110) etchrate
has decreased significantly, while (100) etch rate
change was negligible. Micrograph in Fig.9 is presenting
this influence.

Fig. 9:

Micrograph of initial chemically polished sample
with addition of n-propanol showing changed
anisotropy (lower (110) etch rate)

Based on the results presented above, the work was
continued on patterned wafers. The square windows in
SisNs mask were fabricated by lithographic step and
inverted pyramidal cavities were subsequently etched
down in stirred 35 wt% KOH solution at temperature
80°C. A typical etch rate was 1,2-1,3 um/min. As one
can see in Fig.10 the fast etching (100) plane is bounded
by four slow etching (111) convergent self-limiting
planes, reaching the surface at an angle of 54,7°.

[ —— A
SELF STOPPING POINT

A sllicon nitide mask
il

- t sticon oxide butter ioyer

(7 sicon

Fig. 10:  Anisotropic etching for (100 silicon through a

patterned SigNa mask. A buffer layer is usually
used to compensate interface mechanical
stresses

When defining the mask pattern on SisNa, essential care
must be taken to align the mask parallelto [110] primary
flat of the wafer. In the case of misalignment of approxi-
mately 3°, the undercutting of mask occurs andthe (111)
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planes are etched in step-like way. As a consequence
the edge of the fabricated diaphragm will show saw tooth
pattern as shown.in Fig.11.

80um
prommre}

SEM, 200x, showing the step like (111) planes
due to misorientation of mask to 100} wafer
primary flat

After this severe problem was overcome by more pre-
cise mask alignment, the (111) planes were smooth and
the etching proceeded down to the depth desired by
controlling only the etching time. The diaphragms of
thickness 20 um were easily achieved and we have
estimated the variations of the thickness on cleaved
cross- sections to 2-3 um if etching has started from the
chemically polished side of the wafer (Fig.12).

In diaphfagm etching experiments conducted without or
insufficient stirring the peculiar patterns were observed
on diaphragm surface across all the wafer as shown in

S0um ‘
i

Micrograph showing diaphragm cross section at
the edge. Thickness variations seen are from
24-27um. The inset is showing cleaved cross
section of neighbouring devices on the wafer
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Fig. 13:

Optical micrograph of 20 um thin diaphragms
showing the pattern left on (100) surface due to
insufficient stirring of KOH

Fig.13. This was solved by selecting proper stirring of
the solution.

The repeatability of this method was poor and we have
not found the reliable method to detect the desired
etching endpoint. The method of determining the colour
of the transparent light through the diaphragm visually
was-insufficient for professional use.

It must be mentioned that at the present stage of our
work all the results presented apply to the etching of
uniformly doped silicon. Research toward optimised
electrochemical etching or so called etch-stop methods
is in progress. These methods utilize N/P epitaxial wa-
fers and offer more consistent results regarding the
surface smoothness and uniform thickness of the dia-
phragm.

CONCLUSIONS

The observations of initial chemically or mechanically
polished (100) silicon surface smoothness and etch rate
after long etching in different concentrations of aqueous
KOH solution as well as temperatures in the range of
50-85°C were made. A strong temperature dependence
of the (100) etch rate was determined with activation
energy of 593 eV. The smoothness achieved was opti-
mal between 30-35 wt% KOH solution at 80-82°C accor-
ding to the evaluation made by optical microscope, SEM
and Tencor surface profiler. It was observed that the
agitation of bath increases the etch rate and provides
smoother surface. At lower concentration (<27 wt%)
micropyramides are formed although the etch rate is
higher. When adding IPA or n-propanol to low concen-
tration KOH the formation of pyramidal textured surface
is even more obvious. Only at higher KOH concentra-
tions and small amounts of alcohol a pyramid free
surface was obtained. The square mask patterns on
SisN4 should be closely aligned parallel to [110] orien-
ted wafer flat to achieve smooth (111) planes and thus
the perfect square diaphragm. The diaphragm fabrica-
ted in this way exhibits thickness variations within 2-3
um .
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A STUDY OF THERMALLY FORMED REACTION
PRODUCTS IN A Ni/Cr/Si MULTILAYER STRUCTURE

A. Zalar, F. Pimentel, S. Hofmann, P. Panjan, D. Kohl and B. Pra¢ek

Key words: semiconductors, microelectronics, thin films, multilayer structures, ditfusion, nickel silicides, differential scanning calorimeter, Auger
electron spectroscopy, transmission electron microscopy

Abstract: The preparation of well characterized multilayer structures by controlling the interfacial reactions and diffusion processes is a key to a
device fabrication in modern microelectronics. Silicides find widespread applications and interest since they have the appropriate electrical
characteristics and together with diffussion barriers formed relatively high thermodinamic stable systems. in this work, a model multilayer structure
composed of Ni, Cr and Si thin films was sputter deposited onto smooth silicon (111) substrates, having the individual film thicknesses between 20
and 60 nm in order to study the reaction products formed by thermal treatment in a differential scanning calorimeter (DSC). After the deposition
one sample was examined by AES depth profiling before heat treatment, in order to control the original interfaces. The other samples were depth
profiled after heating at rate of 40°C/min from room temperature to 380°C and 550°C, respectively. The AES depth profiles and TEM investigations
of the samples before and after DSC measurements showed a strong reaction between the Si and Ni layers and a much less pronounced reaction
between Crand Si. The two types of Ni-silicides, i.e. NizSi and NiSi, were clearly recognized. Their formation strongly depends on the reaction time
and temperature and on amounts (thin film thicknesses) of Si and Ni which are on disposal for the reaction.

Preiskava reakcijskih produktov v termi¢no obdelani veéplastni
strukturi Ni/Cr/Si

Klju¢ne besede: polprevodniki, mikroelektronika, plasti tanke, strukture vecslojne, difuzija, silicidi nikijevi, DSC kalorimetri diferencialni, AES Auger
spektroskopija elektronska, TEM mikroskopija elektronska

Povzetek: Priprava dobro karakteriziranih vecplastnih struktur s kontrolo dituzijskih procesov in reakcij na faznih mejah je posebnega pomena za
proizvodnjo vezij v mikroelektroniki. Silicidi so nasli siroko uporabo v mikroelektroniki zaradi primernih elektriénih karakteristik in, ker skupaj z
difuzijskimi barierami tvorijo termodinamiéno stabilne sisteme. V tem delu smo modelno veéplastno strukturo Ni/Cr/Si, sestavijeno iz napréenih
tankih plasti, debeline od 20 j1m do 60 um, ogrevali v diferencialno rastrskem kalorimetru (DSC). En vzorec vecslojne strukture smo s hitrostjo 40°
C/min ogrevali do 380°C in drugega do 550°C. Na sveZih in termicno izpostavlijenih veéplastnih strukturah smo s profilno analizo z metodo AES in
presevno elektronsko mikroskopijo (TEM) ugotovili, da v termi¢no obdelanih vzorcih moéno reagirajo plasti niklja in silicija, medtem |, ko je bila po
pricakovanju reakcija med kromom in silicijem $ibkejsa. Identificirali smo dve vrsti silicidov, Ni2S in NiSi, kateri od njiju nastane pa je razen od &asa
reakcije in temperature odvisno tudi od razpolozljivega silicija in niklja.

1.INTRODUCTION tial scanning calorimetry (DSC) measurements were
studied. The silicides formation and structural changes
due to interfacial reactions and diffussion processes in

r"]"e“r“g%e;q ?::Cég:ﬁslg)’(’ %ﬁ;oelceoc,:ogf: dbsfcfn”;fvi‘dhlg} the Ni/Cr/Si multilayer were studied by DSC, AES and
P1eX, 9 P TEM investigations. The combination of all three men-

thin films which may function as Schottky barriers,ohmic tioned techniques yielded a new insight on the type and

contacts, dielectrics, etc.(1,2). Silicides find widespread . . ; . .
N ’ ; ; extend of thermally activated interactions taking place in
applications because they are compatible with standard this ternary multilayer system.

integrated circuit processing, possess low electrical re-
sistivity and acceptable thermodynamic stability (3,4).
The formation of silicides in thin films of tipically some
hundred nanometers (5,6) or for nearly bulk material
(7,8) has been extensively studied with different techni-
ques. Auger electron spectroscopy (AES) is a very

2. EXPERIMETAL

useful method for the characterization of silicide thin The Ni/Cr/Si multilayer was sputter deposited onto
films with a thickness of some ten nanometers or even smooth silicon (111) substrates in a Balzers sputron
less (9,10,11). A model multilayer structure composed plasma chamber (12, 13). The multilayer consisted of
of Ni, Cr and Si thin films with individual layer thi- twelve thin films with thicknesses given here in nanome-
cknesses between 20 nm and 60 nm has been develo- ters: Ni20/Cr20/Si20/Ni20/Cr20/Si50/Ni20/Cr20/
ped(12), and in this work the reaction products formed Si60/Cr20/Ni20/Cr20/Si substrate, as shematically
by a thermal treatment of the multilayer during differen- shown in Fig.1 and in Ref.12 (TEM micrograph in Fig.2,
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Ref.12). After deposition, one sample was AES depth
profiled before heat treatment in a Perkin-EImer DSC-7
instrument. The other two samples were heated in an
argon atmosphere at rates of 40°C/min from room tem-
perature to 380°C and 550° C, respectively, and quen-
ched with 340° C/min in a Perkin-Elmer DSC-7 instru-
ment.

Ni/Cr/Si Multilayer

Fig. 1: Schematic cross-section of the sputter

deposited Ni/Cr/Si multilayer

The samples were analysed with a Scanning Auger
Microprobe (Physical Electronics Industries, SAM 545
A) at abase pressure in the vacuum chamber below 1,3
x 107 Pa. A primary electron beam of 3keV, 1uA and a
diameter of about 50 im was used. Sputter depth profi-
ling was performed on stationary samples using two
1keV Ar* ion beams at an incidence angle of 47°. The
Ar pressure was about 7,3 x 10”° Pa and the samples
were ion sputtered over an area not smaller than 4x4
mm. Auger peak-to- peak heights of Cr (529 eV), Ni (848
eV), Si (92 eV) and 0 (510 eV) were quantified in the
AES depth profiles using the relative elemental sensiti-
vity factors given in the PHI handbook (14). For structu-
ral and chemical investigations with a transmission elec-
tron microscope (JEOL 2000 FX) and energy - disper-
sive spectroscopy (EDS), the sample heated to 550°C
were cross- sectioned and thinned by 6 keV Ar ion
milling on a liquid nitrogen cooled cold stage to a thi-
ckness transparent for 200 keV electrons.

3. RESULTS AND DISCUSSION

The AES depth profile of as deposited Ni/Cr/Simultilayer
shows the sharp interfaces, without the interdiffusion
between the thin films (Fig.2a). This is in agreement with
erlier depth profiling studies and TEM investigations
{12). The other two depth profiles were obtained on the
multilayers heated at rate of 40°C/min from room tem-
perature to 380°C (Fig.2b) and 550°C (Fig.2c), respec-
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tively. In both profiles, considerable changes of the
in-depth distribution of the elemental composition are
recognized. The depth profile of the sample heated to
380°C shows that strong reactions between the nickel
and silicon layers took place: the Nifrom the fourth layer
(from the top) reacted almost completely with the third
Silayer of originally 20 nm thickness. Due to the thicker
(sixth) silicon fayer (50 nm) only about a half amount of
the Sifromthis layerwas consumed for the reaction with
the adjacent seventh Ni layer. In both reacted regions
the formed silicide has the nearly stoichiometric compo-
sition of Ni»Si silicide. At 380°C, the ninth silicon layer
near the substrate did not react with the neighbouring
chromium layers due to the much lower diffusivity of
chromiumin silicon as compared with Niand to the lower
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Fig. 2a,b,c. AES sputter depth profiles of the Ni/Cr/Si
multilayers not subjected to heating (a) and
after DSC heating at a rate of 40°C/min (b)

to 38(0°C and (c) to 55¢°C.
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formation enthalpy of chromium silicide (15). The
cencentration of chromium in the Ni thin film nearest to
the substrate (Fig.2b) apparently shows the diffusion of
chromium in the nickel layer. However, this interface
broadening is mainly ascribed to the loss of depth reso-
lution at the applied sputtering conditions (12) at the
respective depth of the sample and not to diffusion
processes.

As expected, the diffusion processes are more intensive
in the Ni/Cr/Si multilayer heat treated to 550°C. In this
case end silicon layers reacted completely with the
neighbouring Nilayers resulting in two different silicides
{(Fig.2c). In the region close to the surface, mainly the
Ni>Si was formed and in the region in the middle of the
multilayer, where a larger amount of silicon was on
disposal, the NiSi with some excess of Ni was found
(Fig.2, at a sputtering time of about 30 minutes). Both
silicides were confirmed with two other methods: with
EDS analysis of the mentioned regions on a cross-sec-
tioned, heat treated Ni/Cr/Si multilayer shown in Fig.3

Oxidized Surface

)

N’:Z Si

binary and ternay alloys

Nisi
IS
@
S
=
Q
-~ : — ,S .
: !
2000 K288 26 2 pstrate
Fig. 3: Bright field TEM image of the Ni/Cr/Si multilayer

after heating at a rate of 40° C/min from room
temperature to 550°C with marked regions of Ni
silicides. For a detailed explanation of the other
reacted regions see the Ref. 20.
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Fig. 4: DSC trace for the Ni/Cr/Si multilayer heated at

scan rate of 40°C/min (the lower curve) and its
respectively first derivate (the upper curve) with
the peaks attributed to the formation of
crystalline NioSi, amorphous NiSi and to the
growth of crystalline NiSi.

and with DSC measurement from room temperature to
550°C (Fig.4). The firstderivate of the DSC trace in Fig.4
shows three typical peaks which can be attributed to the
formation of crystalline Ni> Si, amorphous NiSi
(11,16,17,18,19) and to the growth of crystalline NiSi. In
the sample heated to 550°C, the diffusion of Cr in Ni
layers and interfacial reactions between Si and Cr took
place and the formation of Cr silicides started too. How-
ever, probably due to exothermical and endothermical
reactions occuring at the same time and due to a small
amount of reaction products, the Cr silicides cannot be
recognized by DSC measurements, and the AES and
TEM investigations are more convincing for the identifi-
cation of smalireacted regions and broadened interface
regions where binary and ternary solid solutions were-
present (20).

4. CONCLUSIONS

The combination of DSC, AES and TEM investigations
was used to study the interfacial reactions, diffusion
processes and silicides formation in the thermally trea-
ted Ni/Cr/Si multilayer structure. Inthe sample heated in
a DSC instrument at rate of 40°C/min from room tempe-
rature to 380°C the reaction between Ni and Si results
in the formation of Ni2Si. The heat treatment of the
multifayer to 550°C accelerated the reaction between
Ni2Si and Si resulting in NiSi silicide, and the diffusion
processes between Si and Cr and Cr and Ni were also
observed. However, the reaction regions with small
amount of Cr silicide and broadened interface regions
with a composition corresponding to binary and ternary
solid solutions can be recognized from AES depth pro-
files and TEM investigations only, and cannot be disclo-
sed with DSC measurements. The type of the formed
Ni-silicide (Ni>Si or NiSi) depends beside the reaction
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time and temperature also on the amounts of Si and Ni
which were available for the reaction.
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Red Ferrite Technology-Dream or Reality

A. Zivié, Z. Zivié

Keywords: soft-ferrites, production, cost reduction, environment, pollution minimization, red ferrites, technology, high-permeabilta ferrites, MN-ZN
ferrites, input raw materials, homogenization, powders, raw material preparation, electromagnetic properties, physical properties, compressibility,
shrinkage, patent applications .

Abstract: Search for the answer to the question, if good initial homogenization of row materials can substitute all classic ways of homogenization
such as dry mixing, pelletizing, calcination and milling brought us to the revival of the so called 'red’ ferrite technology. It has been proved that it
can be successfully applied in high permeability ferrite production.

Rdeca feritna tehnologija - sanje ali resni¢nost

Kjuéne besede: feriti mehki, proizvodnja, zmanjsanje stroskov, okolje, minimizacija onesnazenja, feriti rdeci, tehnologije, feriti visoko-permeabilni,
MN-ZN feriti, surovine vhodne, homogenizacija, prahovi, priprava surovin, lastnosti elektromagnetne, lastnosti fizikalne, stisljivost, skréenje, prijave
patentne

Povzetek: Iskanje odgovora na vprasanje, ¢e dobra zaletna homogenizacija vhodnih surovin lahko zamenja vse klasiéne nacine homogenizacije,
kot so suho medanje, peletiranje, kalcinacija in mletje, je naju pripeljalo do ozivitve ti. ‘rdece’ feritne tehnologije. Pokazano je, da jo je mozno
uspesno uporabiti v proizvodnji visoko-permeabilnih feritnih izdelkov.

Introduction to lower or eliminate the influence of row materials;
number of operations is to be minimum in order to have
powerfull line production control loop; ease of material
rework and waste material recycling is desirable; pollu-
tion by either toxic agents or dust released in the proces
is to be minimum; finally in the area of granulate proper-
ties - superior physical and chemical homogeneity is a
must and powder compressibility should be minimum.

in order to be competitive on the nowadays soft ferrite
market one has to fulfill certain general demands: elec-
tromagnetic properties must be in specified limits being
more stringent and demanding from day to day; exact-
ness and repeatability of core dimensions is a must;
yield over all parameters must be high ensuring high
quality products; products must have price as low as
possible; delivery time must be exact and as short as
possible. Powder prepration is a part of a ferrite core
production which can crucially affect the fulfillment of
most of the above mentioned demands. It has pronoun-

ced influence on all of these production process proper- All these demands are not easily accomplished.
ties. Compromises are usualy made between high magnetic

properties and quality on the one side and costs, simpli-
city and delivery time on the other. The questionis: Is it
possible to set up a ferrrite powder preparation techno-
logy that produces high quality products that are cheap,
produces high quality products in a short time, produces
high quality products in a simple and elegant way?

New 'red’ ferrite technology objectives and set up

There are two main branches of soft ferrite powder
preparation technologies - conventional ceramic pro-
cess (1-4) and wet chemical process (5-8). In the first
one, dry oxide or carbonate powders are mixed, calci-
ned, milled and dried after appropriate binder/lubricant
addition. In the second one, salts such as chlorides or
nitrates are soluted, coprecipitated, usually calcined
aferwards, milled and dried after appropriate binder/lu-
bricant addition. However, in both cases the general
scheme is homogenization-calcination-milling-drying.

There is atechnology which is simple enough and cheap
enough, which could be the starting point for answering
that question. it is so called 'red’ technology. To our
knowledge almost everything about that technology was
denoted as poor (2):

Each of these technologies can be judged not only on 1. poor electromagnetic properties,
the basis of above mentioned general requirements but
on the basis of the requirements tied to some special
aspects of powder preparation such as: process ability 3. high shrinkage,

2. poor dimension exactness,
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4. impossibility to produce complicated shapes,
5. high granulate compressibility,

6. sintering equipment corrosion.

Onthe basis of allthese statements it would never occur
to anyone to even try to use this technology in high
permeability ferrite production. However, this is exactly
what was done and presented in this paper. Why?

In the sixties, when conventional ceramic process was
developed, based on the metal oxide and carbonate
production development, the quality of the iron oxide
was rather poor. The impurity content of both anion and
cation impurities was rather high. Specific surface area
(8SA) was not reproducible, as shown in Table 1. Orga-
nic additives were not such as to provide low granulate
compressibility for the powders of the average particle
size < 0.5 um. Calcination was the the only logical
answer to these problems.

Table 1. History of raw material properties - calcination
conditions relation

Properties of Time period
Fes03 1960 - 1970 - 1980 - 1990 - trend
1970 1980 1990

PSSAT +2 t2 +1 +05 +05

(mPig)

Purity (%} 97-98 | 99.0- 99.1- 99.4- | 99.96-
99.5 99.4 99.7 §9.995

Anion content 1-2 | 01-06]01-061| 010- { 0.005-

(%) 0.40 0.09

Calcination

Temperature 900 - 900 - 900 - 1000- 750

c) 1150 1150 1100 1100

Duration 2-4h | 2-4h | 30min | <1imin 15s

Kiln type tunnel | tunnel |rotational| spray spray

Millingtime (h)| 12-24 | 12-24 3-12 =1 =

*PSSAT - particle specific surface area tolerance

What happens during calcination? Release of all volatile
products of red-ox reactions such as COp, Cl, SOs. The
calcinate is free from corrosive gases and all other
volatile compounds that could cause cracks during sin-
tering. Through the reaction of sintering and the reaction
of spinel crystal structure formation all physical and
chemical parameters are homogenized, assuring uni-
form microstructure and composition during sintering.
Due to hihger calcinate particle dimensions, granulate
compressibilities approach user-friendly values of < 200
MPs.

Is there something unfavorable about calcination? Yes,
it is the fact that it must be followed by milling, in order
to recover calcinate reactivity by decreasing its particle
size and increasing its specific surface area. What is
wrong about milling? Milling introduces composition
change through the iron pick-up, due to the steel ball
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abrasion. The quantity of the iron pick-up changes in
time as the intensity of steel ball abrasionincreases. The
iron pick-up can be as high as 1.3 wt % (10). Another
effect of abrasion is the change of steel ball dimensions
and eventually shapes, which causes the powder phy-
sical parameters not to be repeatable in time. It is very
well known how deteriorating the change of composition
andpowder physical properties affects ferrite electroma-
gnetic properties. So, shortly speaking, the shortco-
mings of conventional ceramic ferrite powder prepara-
tion include limitations on compositional control (3,10},
incomplete chemical homogenization, introduction of
impurities from milling, relatively coarse particles lea-
ding to pressed bodies with large and inhomogenous
porosity.

In order to surpass these problems and answer to
constanly higher demands regarding electromagnetic
properties of ferrite materials novel powder preparation
techniques (3-8) were developed as well as clean raw
materials. The tendency of lowering calcination tempe-
ratures and decreasing calcination time is evident in
Table 1. The direct consequence of this are shorter
milling times, partially eliminating its negative effects.

The challenge we wanted to face is to produce high
permeability ferrite material with the nowadays commer-
cial row materials by means of the simplest, shortest and
cheapest process ever known. This process avoids the
problems present in alt technologies which incorporate
calcination and subsequent milling. The main objectives
of this process are to achieve sufficient composition
homogeneity during the first wet mixing step, leaving
spinel crystal lattice formation, grain growth and densi-
fication to sintering step and transferring everything else
to the raw material and binder system level. Flow chan
of the new 'red’ ferrite technology, we used to produce
high permeability ferrite cores is presented in Fig. 1. As
evident, itfollows the old 'red’ ferrite processing, with the
special attention paid to wet mixing optimization and the
choice choice and content of organic additions (9). Sin-
tering is another step that should be especially adjusted,
due to its additional function. In this paper sintering was
not adjusted to these requirements. Standard sintering

NEW ’'RED’ FERRITE
TECHNOLOGY
I
Weighing
Raw materials
(Fe203, Mn304, Zno)
]
Wet mixing
{(binder system addition)
I
l Spray dryingJ

Fig. 1: Flow chart of the new 'red’ ferrite process
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procedure normally used in our production facilities has
been used,leaving free space for future improvements.

Experimental procedure

The starting materials of commercial purity were spray
roasted iron, manganese oxide and zinc oxide. Their
properties are given in the Table 2.. Ferrite composition
to be realized was MnQOo.40Zn0Op 43Fe2.07304. The dry
premixed starting materials are suspended in water and
underwent technically superior wet-mixing step. At this
stage the appropriate binder/plasticizer combination (9)
was added. The slurry was then spray dried. Powder
compressibility was measured as a function of a green
density.

Table 2. Raw material properties

Rawma-| Particle Particle SSA | Purity (%) | Anion
terial shape size (um) (mz/g) content
(%)

Fe203 spherical 0.25 35+05] 2994 | <0.100
+0.05

Mn304 spherical 0.07 15-20 2707 | <0.027
+0.01

Zn0 spherical 0.50 4-8 2999 | <0.001
+0.10

To study magnetic properties ring cores of different
dimensions (FT 36/23 20, FT26/1420, FT 26/14 10, FT
22/14 07, FT 10/06 04 and test toroid FT 26/17 06) and
cores RM 4 and RM 8 were dry pressed to a green
density of 3.00 g/cm®. The samples were heated to
300°C to remove binder. Sintering was carried out in a
tunnel and chamber kiln at 1350°C for about 9 h in air.
In a tunnel kiln sintering was followed by cooling main-
taining the stochiometry achieved by 90 - 99 % disinte-
gration of excess iron (11). In a chambre kiln sintering
was followed by a stabilization at 1300°C for5hina 0.1
% Oz + N2 atmosphere maintaining stochiometry achie-
ved by 90 - 99 % disintegration of excess iron and after
that by cooling. Small ring cores sintered in a chambre
kKiln were buried in raw ferrite powder of the same
composition. After sintering, RM cores were grinded and
-polished to improve the quality of mating surfaces.

Ring cores were subjected to initial permeability - i, loss
factor value - tgd/u, hysteresis material constant - "B,
disaccommodation factor - Df and it - T dependence
measurements. Besides magnetic propenrties, dimen-
sion shrinkage dependence of ring cores on their green
density was recorded as well as RM core shrinkage and
worpage.

Results and discussion

Fig. 2 shows the dependence of red ferrite powder
compressibility on green body density. it is evident that
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Fig. 2: Powder compressibility dependent on green

body density

green densities in the range of 3.00 + 0.05 g/cm3 can be
achieved with the pressures well below 200 MPa, which
is considered to be the user friendly limit for the dry
pressing. Without that condition ‘red’ ferrite powder
would not be considered usable. We suppose that one
of the main reasons for such a low compressibility is
spherical particle shape of the used raw materials, ma-
King the fact that their dimensions are well below 1 um
unimportant. Proper choice and content of binder/plasti-
cizer/lubricant combination is the second one. Low red’
powder compressibility obtained by new 'red’ process
discards the 5th of the ‘poor’ statements about red ferrite
processing.

With different sintering procedures we achieved ditfe-
rent high-permeability levels such as 4600+ 20 %, 6000
20 % and 10000 + 30 %. Typically achieved values of
tgd/ @ 100 kHz are 12E-6 for permeability levels of
4300 and 6000 and < 30E-6 for permeability level of
10000. Hysteresis losses are < 1.25E-3/T for the per-
meability levels of 4300 and 6000 and < 0.8E-3/T for the
permeability level of 10000. Disaccommodation factoris
< 3.6E-6 for the permeability levels of 4600 and 6000
and <0.2E-6 for the permeability level of 10000. Fig. 3.
shows respective ring core permeability - temperature
dependence. Elelctromagnetic properties of RM cores
are given inthe Table 3. It is evident that all parameters
both of ring and RM cores are in the world- wide accep-
ted limits. So the 1st of the 'poor’ statements is discar-
ded. At this point we can answer the question given at
the very beginning of this paper, if good initial homoge-
nization of row materials can substitute all classic ways
ot homogenization such as dry mixing, pelletizing, calci-
nation and milling. The answer is positive. We expect
even better results after adjusting the sintering to the
noncalcined powder requirements.

Achieved dimension exactness and its repeatability is
illustrated in Fig.4., where the largest dimension g of RM
8 core was measured at the bottom and at the top of the
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Fig. 3: Permeability dependence on temperature for different ring cores
RM core magentic properties
Core of R 04 RV 04 RN 08 Rivi 08
permeability level 4600 10000 4600 10000
Catalogus| New process|Catalogue| New process | Cataiogue New process |Catalogue| New process
Parameter data data data data data data data data
+30 +20 +30 +20 +30 +20 +30 +20
Al (nH) 1700 1900 3690 3700 6700 8320 12800 10000
-20 -20 20 -20 -20 20 -30 -20
yeff 2610 2900 6000 5030 3200 3400 6870 5600
g8/ u@100 vHz(f-€) 14 14 14 30
na (E-3/7) 1.18 1.19 1.12 0.98
Table 3:  Electromagnetic properties of RM cores for 19G, 22G and 12G quality
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------ Bottom-distr. —— Requlrement E=3 dit.-hyst.  ----- dift.-distr. BB upper limit
Fig. 5: Warpage of RM 8 outer walls; measurement of
RM 8 length -q

Dimension exactness and repeatability RM 8

Fig. 4:
length -q
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| TECHNOLOGY
CRITERIA New 'red’ | Conventional | Conventional | Spray firing Co-spray [Coprecipitation
(9) dry mixing(1) |l wet mixing(2) (3,4 roasting (5,6) {7,8)
RAW MATERIAL
INFLUENCE
Particlo physical
properties = ] ) = L] ®
Cationm [ ] ] B [ ] L L
Anions B - e ] " =
| PROCESSING |
Number of 3 [ -] 5 58 6-7
processing stops
Line preduction 0 [ [ 0 0 0
control loop .
Yield of toxic agents ] a L] ] z
Recycling of waste O o 0 o] o 0
matsrlala
Rework poasibllity O [ [+ [ o 0
Reduction of duat O 0 0 0 0 0
Addaptation with O Q O O 0
conv, ferrite prod.
POWDER
Homogenelty
physlcal ] =
chemlcal 5 v i
Workability 0 0 0 0 0
CORE PROPERTIES | = m |[ = i
) cosT e o 0 0 0 :
Ed [} " "
more, better less, worse
O 0 0 0 o

favorable

Table 4:

RM outer walls on arbitrarily chosen 80 out of the series
of 3000 pieces. It is obvious that dimension exactness
is satisfactory, process capability measure Cp being
>1.33 for both of the measuring points. This proof dis-
cards the 2nd of the 'poor’ statements.

Warpage of complicated ferrite cores might be the rea-
son why complicated cores can not be successfully
produced as stated in the 4th of the 'poor’ statements.
One of the ways to estimate the warpage is to measure
the difference of the largest RM dimension ¢ at the
bottom and at the top of the RM outer wall. The frequen-
cy distribution of this difference is shown in Fig. 5. The
average difference is 0.18 mm being sufficiently below
the tolerance of 0.45 mm. Such an extent of warpage is

25

unfavorable

Comparison of new 'red’ ferrite processing with the other ones

usual with standard calcined ferrite RM cores. The 4th
of the 'poor’ statements is discarded as well.

Finally, Fig. 6 presents the dependence of ring core
dimension shrinkage on its green density. Shrinkage of
the ring core height is 15.0 + 0.5 %, while shrinkage of
its outer and inner diameter is 16 £ 0.5 % for the green
density in the interval 3.00 + 0.05 g/cms. This shrinkage
is exactly the same as the one corresponding to the
calcinedferrite powders with approximately equal binder
content, being sintered under approximately the same
conditions. The 3rd of the 'poor’ statements is discarded.

The 6th of the 'poor’ statements concerns sintering
equipment corrosion. This one holds, but let us see to
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what extent and if that problem can be solved. Iron oxide
we use incorporates CI™. According to U. Wagner (12)
chlorides completely evaporate in the temperature
range from 400 - 1000°C. This means that probable
corrosion problem can be solved on the furnace hard-
ware levelinthat range of temperatures, using corrosion
resistant and gas tight ceramic insullation, stainless
steel exaust piping and finally corrosion resistant hea-
ting elements, all available in the market. Using higher
purity materials for reliable production of ferrite materials
of permeabilities > 10000 the 6th of the 'poor state-
ments practically disappears.

Letus considerother aspects of the new 'red’ technology
- the economy and pollution related aspects. Even a
glance thrown on the new 'red’ process flow chart re-
veals the following. It is the shortest, the simplest, the
cheapest and the best controlable ferrite core proces-
sing ever used. Dust pollution is minimal. Comparison
of the new 'red’ ferrite powder preparation technology
with the other ones taking into consideration all of the
criteria given in the Introduction is given in Table 4.
Judgement of other techologies has already been given
by U. Wagner (3).

Conclusion

With the example of high permeability ferrite ring and
RM core production by new 'red’ technology, all of the
‘poor’ features of old 'red’ ferrite technology are shown
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to be nonexistent, such as poor electromagnetic proper-
ties, high shrinkage, high powder compressibility etc, or
easily solvable such as corrosion. New ’red’ ferrite pro-
cessing is the simplest, the shortest and the cheapest
ferrite productiontechnology everknown. Moreover, this
technology overcomes classical shortcommings of the
conventional ceramic ferrite technologies. Are we ente-
ring the new era of 'red’ ferrite processing? The time will
show whether this orientation is the right one !
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CORROSION RESISTANCE OF VACUUM CHROMIZED
IRON PARTS FOR HERMETICAL RELAYS

L. Koller, M. Jenko, E. Perman

Keywords: electromagnetic relays, hermetical relays, miniature relays, components, vacuum chromizing, corrosion properties, corrosion resistance,
professional electronics, testing, experimental results

Abstract: Corrosion resistance of vacuum chromized layers on pure iron to the defined corroding medium of synthetic sea water (3% NaCl solution)
was studied. Two different temperatures (25°C and 93°C) and three different times (48, 100 and 200 hours) of testing were used. An attempt was

made to define the coating thickness and the content of chromaum which will assure optimal corrosion resistance of surface alloys. Chromizing was
performed in medium and high vacuum (3x10° 2 mbar and 2x10°% mbar, respectively). Vacuum chromlzed iron parts (both sintered iron Vacofer S2
and the relay iron ReFe80) with the layer thickness of 70 um (obtained in high vacuum at 2x10° ® mbar at the temperature of 1100°C in 12 hours)
showed very good corrosion resistance.

Korozijska obstojnost vakuumsko kromanega zeleza za
miniaturne hermeti¢ne releje

Kljuéne besede: releji elektromagnetni, releji hermeti¢ni, releji miniaturni, deli sestavni, kromanje vakumsko, lastnosti korozijske, odpornost
korozijska, elektronika profesionalna, preskusanje, rezultati eksperimentalni

Povzetek: Studirali smo korozijsko odparnost vakuumsko kromanih plasti na éistem Zelezu proti korozijskem mediju sinteticne morske vode (3%
raztopina NaCl). Delali smo pri dveh razliénih temperaturah (25°C in 83°C) ter pri treh &asih (48, 100 in 200 ur). Poskusali smo tudi doloéiti debeline
plasti in vsebnost kroma, ki bi zagotavljala obstojnost povrdinskih nanosov. Vakuumsko kromanje je potekalo pri srednjem in visokem vakuumu
(3x10° 2mbarin 2x10°® mbar). Zelo dobro korozusko odpomost so pokazali vakuumsko kromani Zelezni deli, tako tisti iz smtranega 2eleza VACOFER
S2 kot tudi tisti iz relejnega Zeleza ReFe80, pri katerih je bila debelina plasti = 70 um (dobljena v visokem vakuumu 2x10°® mbar pri temperaturi
1100°C in ¢asu 12 ur).

INTRODUCTION zed steels. Weight decrease per square cm (mg/sq.cm)

and time unit is the measure of the degree of corrosion.
When studying the properties of vacuum chromized Most steels and irons resist corrosion in destiled, river
layers (2, 5, 7, 13) on pure iron we found out that they and tap waters while the corrosion in salt water is more
cannot be tested by the methods suitable for the galva- severe, since dissolution enhancing the electrolytic ef-
nic or chemically deposited layers. An attempt was fects are predominant. The results give agoodindication
made to define the coating thickness and the content of fairly quickly of the general corrosion resistance of the
chromium which will assure optimal corrosion resi- above mentioned materials. In our investigations corro-
stance. Besides, there was the open question of the sion resistance in the defined corroding medium (syn-
appropriate method for testing the corrosion resistance thetic sea water (16), often 3% sodium chloride solution)
(1,3,4,6,8-12, 14, 15) to the defined corroding medium was studied for vacuum chromized test pieces of very
(16, 17). Vacuum chromized layer on very pure sintered pure sintered iron VACOFER 52 (dimensions 50mm x
iron VACOFER S2 VACUUMSCHMELZE and the relay 20mm x 1.2mm) and relay iron REFe80 USAB-MUNK-
iron REFe80 USAB-MUNKFORS were studied. FORS (dimensions 50mm x 20mm x 0.8mm). The test

samples were vacuum chromized at the temperature of

1100°C for 3, 6,9 and 12 hours in a vacuum 3x10"2 mbar

and2x107° mbar (Table 1). The corrosiontesttimeswere
EXPERIMENTAL 48, 100 and 200 hours at the temperature 93°C. For the
vacuum chromized sintered pure iron the weight de-
crease per square cm is listed in Tables 2, 4 and plotted
in Figures 1-4. The corresponding data of the vacuum
chromized relay iron are also given in Tables 3, 5 and
Figures 1-4.

The resistance to attack from salt water is often accep-
ted as a sufficient indication of the corrosion resistance
of stainless steel and vacuum chromized iron against
the milder and normal atmospheric conditions. This and
similar corrosion tests in water and/or difterent saline
solutions are frequently used for stainless and chromi-
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Fig.1: Rate of corrosion of vacuum chromized parts Fig. 2: Rate of corrosion of vacuum chromized parts
(3x10“ mbar, room temperature, 3% NaCl (3x10° mbar, 93 C, 3% NaCl solution)
solution) ___pure sintered iron VACOFER 52
pure sintered iron VACOFER 52 - - --relay iron REFe80
- - - - relay iron REFe80 1, 2,3, 4 types of layers (Table 1)
1,2, 3, 4 types of layers (Table 1)
type of Cr layer | time of chromi |pressure (mbars)| thickness (m) type of layer | time (hours) weight decrease (mg/sq.cm)
zing (hours) (3% NaCl room tempera- 93°C
1 3 3x1072 20 solution) ture
5 6 1102 4 1 48 0.210 0.185
3 9 3y1072 39 100 0.985 1.360
4 12 3x1072 50 200 1.935 2130
1 3 %107 og 2 48 0.205 0.175
5 6 2410 70 100 0.725 1.195
g 9 3510 71 200 0.995 2.105
4 12 %10 90 3 48 0.080 0.020
A 100 0.690 1,015
Table 1:Parameters ofthe vacuum chromized parts and 200 110 1995
the definition of types : :
4 48 0.105 0.160
100 0.235 1.045
200 0.285 2.100
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Table 2. Corrosion of vacuum chromized pure iron VA-
COFER S2 (3x10° mbar)
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Fig. 3:  Rate of corrosion of vacuum chromized parts Fig. 4. Rate of corrosion of vacuum chromized parts
(2x107 mbar, room temperature, 3% NaCl (2x107 mbar, 9F°C, 3% NaCl solution)
solution) , _ pure sintered iron VACOFER 52
pure sintered iron VACOFER 52 - - - -relay iron REFe80
- - - -relay iron REFe80 1,2, 3, 4" types of layers (Table 1)
1,2, 3, 4" types of layers (Table 1)
type of layer |  time (hours) weight decrease (mg’sg.cm) type of layer | time (hours} weight decrease {mg/sqg.cm)
(3% NaCl  |room temperature 93°C (3% NaCl  |room temperature 93°C
solution) solution)
1 48 0.405 0.235 1 48 0.200 0.050
100 1.770 1.155 100 0.215 0.125
200 2615 1.900 200 0.420 0.540
2 48 0.205 0.175 2 48 0.295 0.050
100 0.890 1.065 100 0.295 0.050
200 1.435 1.885 : ) 200 0.410 0.460
3 48 0.200 0.200 3 48 0.050 0.060
100 0.530 0.995 100 0.280 0.025
200 0.795 1.795 200 0.290 0.440
4 48 0.205 0.075 4 48 0.105 0.085
100 1.040 0.815 100 0.195 0.100
200 1.320 1.440 200 0.245 0430
Table 3: Corrosion of vacuum chromized relay iron Table 4. Corrosion of vacuum chromized pure iron VA-
REFe80 (3X1O'2 mbars) COFER S2 (2x107 mbar)
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type of layer | time (hours) | weight decrease (mg/sq.cm)

(3% NaCl  |room temperature 93°C

solution)
1’ 48 0.635 0.200
100 0.655 0.180
200 0.945 0.565
2' 48 0.200 0.165
100 0.290 0.150
200 0.580 0.395
3 48 0.255 0.155
100 0.315 0.135
200 0.545 0.350
4 48 0.055 0.055
100 0.260 0.070
200 0.430 0.310

Table 5: Corrosion of vacuum chromized relay iron
REFe80 (2x10°° mbars)

RESULTS AND DISCUSSION

Corrosion of metals in solutions can be described with
the laws of electrochemistry. The electrode potentials of
metals and ions as well as the pH of agueous solutions
must be known to understand the corrosion processes
taking place. When the corrosion properties are in ques-
tion the vacuum chromized soft iron may be compared
with a stainless steel containing 13% content of chro-
mium. The standard electrode potential of this steel is
-0.32 eV. In the medium of neutral salt water with a
slightly negative electrode potential of iron some various
parallel anodic reactions can take place. lron is ionized
into ferri and ferro ions according to the following reac-
tions:

Fe -----> Fe" 4+ 3’ -0.036 V
Fe --——> Fe’* 4 26 -0.440 V
Fe?* —-->Fe¥ +e 0771V

Ferro and ferri hydroxides react with the oxygen dissol-
ved in water giving Fe'"' hydroxide.

in the neutral salt solution hydrolysis that gives a dilute
solution of HCI is obtained which reacts with the ferro
ions giving the chioride of bi-valent iron.

Fe?* + 2 HoO -----> Fe(OH)2 +2 H*

Fe?* 4+ 2 HCl -----> FeClo + 2 H'

Our experiments undoubtedly show (see Tables 2-5 and
Figures 1-4) that vacuum chromized layers obtained in

high vacuum on both substrates have better corrosion
resistance than the layers obtained in medium vacuum.
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CONCLUSIONS

— Strong corrosion effects were found when studying
the properties of vacuum chromized layers obtained
in medium (3x10°2 mbar) and high (2x10°° mbar)
vacuum for the layers of type 1 and 1’ with the layer
thickness of 20 um and 28 um, respectively. It is
evident that the thickness of these vacuum chromi-
zed layers was less than 50 pm.

— Corrosion resistant layers of type 2 and 3 (layer
thickness of 34 um and 39 um, respectively) obtained
in medium vacuum are better but the pitting corrosion
was detected at points where profile analysis showed
that the concentration of Cr under the surface was
less than 13%. The layers of type 2, 3', 4 and 4" with
a thickness greater than 50 um showed excelient
corrosion resistance in all mediums bothwhen depo-
sited on very pure sintered iron VACOFER 52 and
when deposited on the relay iron REFe80.

— It was shown that for the vacuum chromized corro-
sion resistant layers obtained in high vacuum 2x10°
mbar (layers of types 1', 2', 3’ and 4) the thickness
was greater than for the layers obtained during the
same deposition time in medium vacuum 3x10°2
mbar (layers of types 1, 2, 3 and 4). The corrosion
resistance of the former are therefore better.
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MIKROVALOVNI KERAMICNI MATERIALI

Matjaz Valant, Danilo Suvorov, Drago Kolar

Kljuéne besede: komunikacije mobilne, difuzija satelitska, vezja mikrovalovna, miniaturizacija, keramika dielektri¢na, keramika mikrovalovna,
resonatorji dielektriéni, frekvence resonancéne, faktorji kakovosti, perovskiti, ZrTiO3 keramika mikrovalovna, SnTiOs keramika mikrovalovna, NdoOs
keramika mikrovalovna

Povzetek: Zaradi miniaturizacije in optimizacije mikrovalovnih integriranih vezij se je pojavila potreba po mikrovalovnih komponentah, ki morajo biti
kompaktne, zanesljive in poceni. V ta namen se je razvilo nekaj mikrovalovnih materialov, ki se danes uporabljajo kot dielektriéni resonatorji,
mikrovalovni filtri, substrati... Vgrajujejo se v satelitske antene, mikrovalovne pecice, radarje, mobilne telefone, pagerje ter ostalo mobilno
telekomunikacijsko opremo. Zahtevane dielektriéne lastnosti za tak$ne materiale so: primerna dielektri¢nost (>25), visok faktor kvalitete (>4500) in
nizek temperaturni koeficient resonanéne frekvence (+1.5 ppm/°C). Mikrovalovni materiali z dielektricnostjo od 30 do 40 so vetinoma keramike na
osnovi (Zr,Sn)TiOs ali perovskiti, kot na primer Ba(Sn,Mg, Ta)Os. Visje dielektricnosti dosegamo s keramiko iz sistema BaO - Nd2Og3 - TiOa.

Na Institutu J. Stefan smo razvili mikrovaloven material iz sistema BaO - Nd2Os3 - TiO2 z dodatkom BizO. Lastnosti tega materiala so primerne za
njegovo komercialno uporabo. Dielektriénost znada 85, faktor kvalitete 4800 ter temperaturni koeficient resonanéne frekvence 0 + 2 ppm/°C.

Microwave Ceramic Materials

Keywords: mobile communications, satelite broadcasting, microwave circuits, miniaturization, dielectrict ceramics, microwave ceramics, dielectric
resonator, resonant frequency, quality factor, perovskites, ZrTiO3 microwave ceramics, SnTiOs microwave ceramics, Nd2O3 microwave ceramics

Abstract: Recent advances in mobile telecommunications and satellite broadcasting have created the need for new frequency channels. From the
viewpoint of applications lower frequency bands are already heavily occupied, and therefore a further move up to higher frequencies is necessary.
This fact is stimulating progress in microwave integrated - circuit technology. Miniaturization and optimization of such circuits creates demands for
new components which have to be compact, reliable and of low cost. Microwave dielectric ceramics represents such a group of components. Satellite
antennas, radar, mobile telephony, pagers, microwave ovens etc. are some of our everyday devices which include microwave ceramic parts. Band
stop and band pass filters, microwave substrate and dielectric resonators for frequency stabilization of microwave oscillators (fig. 1) have been
developed. The quality of such devices depends primarily upon the dielectric properties of the material. These properties include a suitable permittivity
(>25), a high unlcaded Q (>4500) and a low temperature coefficient of resonant frequency (1.5 ppm/°C) (fig. 4). A number of ceramics have been
developed for different applications. Microwave components based on (Zr,Sn)TiO4 (fig. 5) and BazTigO20 ceramics wnh permittivity from 30 up to
40 represent one group of materials, developed in the past. New materials with significantly higher unloaded Q {>1 0%} or with very high permittivity
(90) have been developed in the last decade. Examples are perovskite - type oxides (Ba{Sn,Mg,Ta)Os) and ceramics based on the BaO - NckOg3
- TiO2 system (fig.6) with high permittivity.

Extensive studies in development of materials from the BaO - Nd2O3 - TiO2 system with different additives have been made at the J. Stefan Institute
in the last years. Optimization of composition, chemical processing and sintering parameters lead us to ceramics which satisty commercial demands.
Three different processing routes were explored as well as the effect of few additives. Final properties obtained were a permittivity of 85, an unloaded
Q of 4800 and a temperature coefficient of resonant frequency of 0 £ 2ppm/K (fig. 7 ,8).

uvobD temperaturne stabilnosti dielektricne konstante v ob-
modiju £ 30 ppnvK, faktor kvalitete pa ne preseze 500.

Moznostiuporabe mikrovalovnih dielektricnihmaterialov
zajemajo Siroko podrocje saj se kot npr. mikrovalovni
resonatorji, filtri ali substrati uporabljajo v satelitskih
antenah, mobilni telekomunikacijski opremi (mobilni te-
lefoni, pageriji), mikrovalovnih pecicah, radarskih detek-

Mikrovalovni dielektricni materiali so materiali s poseb-
nimi dielektri¢nimi lastnostmi, primernimi za uporabo v
mikrovalovnem frekvenénem obmodju. Zahtevane die-
lektricne lastnosti teh materialov so predvsem primerna
dielektri¢na konstanta, kije navadno med 25 in 90, nizke

dielektriéne izgube oziroma visok faktor kvalitete, ime- torjin itd.

novan tudi faktor dobrote {(od 5000 do 200000 pri 1 GHz)

ter zelo dobra temperaturna stabilnost resonancne frek- Izraz dielektricni resonator je prvi uporabil Richtmyer
vence (pri vecini komerciainih izdelkov se resonanéna feta 1939 za nemetalizirane dielektricne elemente, ki so
frekvenca spreminja s temperaturo le za 1.5 ppm/K). funkcionirali podobno kot do takrat Ze znani votlinski
Zahtevnost razvoja tak$nih materialov nam kaze poda- resonatorji (1). Sele konec Sestdesetih let se dielektricne
tek, da imajo temperaturno najbolj stabilni dielektriki, ki resonatorje prvi¢ uporabi kot resonantne elemente,
se uporabljajo za kerami¢ne kondenzatorje, koeficient konec sedemdesetih pa je sledil pravi prodor mikrova-
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Resonancna frekvenca je funkcija:
— dielektricnosti materiala,

—~ dimenzij resonatorja in

— vrste vzbujenega roda.

Az

SI1: Osnovne konfiguracije mikrovalovnih
oscilatorjev z dielektriénim resonatorjem

keramike. Razvoj prvega temperaturno stabilnega mi- \
krovalovnega dielektricnega materiala z nizkimi dielek-

triCnimi izgubami na osnovi BaTisOg je omogodil minia-
turizacijo mikrovalovnih vezij in jih hkrati pocenil. Danes
je razvit Sirok spekter mikrovalovnih materialov za upo-

rabo v frekvencnem obmocju od priblizno 1 GHz do vet Sl 2 g/{agnet(le silnice resonatorskega roda TEo1s v
ielektricnem resonatorju
kot 10 GHz.
Delovanje mikrovalovnega dielektricnega Lastnosti mikrovalovnega dielektri¢nega materiala
resonatorja
Keramicni element funkcionira kot resonator zaradi in- Za praktiéno delo je podanih ve& pribliznih zvez, ki
terne refleksije elektromagnetnih valov na meji med omogocajo dokaj dober vpogled v relacije med lastnos-
visokodielektri¢nim materialominzrakom (2, 3, 4). Pojav tmi materiala. Njihova veljavnost je omejena na cilin-
povzroci omejitev energije na notranjost in neposredno dri¢ne resonatorje z vzbujenim TEg+s rodom, zato se z
blizino resonatorja ter tudi specificno obliko elektroma- debelino resonatorja prilagodimo ¢imbolj selektivnemu
gnetnegapolja. V notranjostiresonatorja z dielektricnos- vzbujanju tega rodu. Frekvenéni interval med TEoss in
tjo nad 30 se nahaja priblizno 80% energije, oblika polja ostalimi rodovi je najvedji, ko je razmerje med vidino in
pa je odvisna od vrste vzbujenega rodu. Vsako elektro- premerom resonatorja okoli 0.4, zato bo ravno to raz-
magnetno polje vzbujenega rodu je na dolo¢en nacin merje najugodnej$e za merjenje mikrovalovnih lastnosti
polarizirano kar nam oznacujejo oznake rodov: dielektricnih resonatorjev.

TE ... transverzaino elektri¢no valovanje
Prva od teh pribliznih relacij je zveza med resonanéno
frekvenco (f;), dielektricno konstanto in premerom (D)

EH in HE ... hibridne oblike polarizacije resonatorja :

fr=c/(DVe) (1)

TM ... transverzalno magnetno valovanje

Vsak rod ima svojo karakteristi¢no frekvenco, imenova-
no resonanéna frekvenca. Pritej frekvenci se v resona-
torju tvori stojno valovanje, ki bi se moralo ohraniti
neskoncno dolgo, ¢e bibilresonatoridealen (brez izgub)

¢ .... hitrost svetlobe (mv/s)

inpolje brez radiacije. V resnici se polje ohranja le nekaj {z enalbe vidimo, da lahko dobimo nadeloma vsako
¢asovnih period. resonancéno frekvenco samo s spreminjanjem dimenzije

resonatorja. Tako npr., ¢e potrebujemo niZjo reso-
Resonator z zelo majhnimi dielektri¢nimi izgubami ima nancéno frekvenco, zve¢amo premer. Ker pa je za izde-
zelo ozko definirano resonanéno frekvenco. To nam lavo elektronskih elementov potrebna tudi primerna ve-
omogoca izbor zelo ozkih resonanénih pasov, kar je likost resonatorja, moramo najprej z dielektri¢nostjo ma-
posebej pomembno pri telekomunikacijskih napravah. teriala grobo dolociti velikostni razred resonanéne frek-
Velikost resonancne frekvence je neposredno pogojena vence, $ele nato pa jo to¢no definirati z dimenzijo reso-
s frekvencnim delovnim cbmodjem doloCene aplikacije. natorja.
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Temperaturnikoeficient resonancne frekvence (Ti) poda
relativno spremembo resonanéne frekvence pri spre-
membi temperature za 1K:

f1 — fo03x

Ti= (T -293K) fogsk

(@)

Pri standardnih proizvodih Tt ne presega 1.5 ppm/K
oziroma ima za posebne namene natan¢no dolocen Tt

Ce ena&bo za resonanéno frekvenco odvajamo po tem-
peraturi (upostevamo, da sta tudi dielektriCnost in pre-
mer funkgciji temperature) in dobljen izraz delimo z izra-
zom za resonancno frekvenco, dobimo zvezo:

Ti=-(a + 0.5 Tx) (3)

o.... linearni temperaturni koeficient raztezka
Tk.... temperaturni koeficient dielektricnosti

Ker izhajamo iz priblizka, podaja zveza slabo kvantita-
tivno sliko, je pa zato kvalitativno toliko bolj pomembna.
Vidimo, da moramo pri zmanjSevanju Ty uporabljati do-
datke, ki ustrezno zmanjdujejo Tk z nasprotne strani.

Faktor kvalitete, imenovan tudi faktor dobrote, nam daje
razmerje med shranjeno energijo in izgubljeno energijo
v enem ¢asovnem ciklusu (12). Definiran je:

Q = 2n x (maksimalna shranjena energija / povpre¢na
izgubljena energija v enem ciklusu)

Neobremenjen taktor Q (Qo) podaja samo delez lastnih
energijskih izgub sistema in je definiran z enacbo:

1/Qo = 1/Qc + 1/Qq + 1/Qx (4)

Qc ... faktor Q prevodnika
Qq .... faktor Q dielektrika
Q .... radiacijski faktor Q

Obremenjen faktor Q (Qy) izraza izgubo energije vgraje-
nega resonatorja:
Q = Qo + Qext (5)

Qext ...
opremi)

zunanji faktor Q (izguba energije na zunaniji

IzkazZe se, da lahko visje faktorje kvalitete dobimo pri
materialih z nizjo dielektricnostjo (5). Hkrati vidimo, da
se faktor Q niza z resonanéno frekvenco resonatorja.
Priblizno velja celo zveza Q x f; = konst (slika §t. 3).

Poleg same narave dielektricnega resonatorja je faktor
Q odvisen $e od mnogih drugih dejavnikov. Ce je
povréina resonatorja polirana, je sipanje EM polja
manjSe. Tudi mikrostrukturne analize so pokazale nekaj
mehanizmov, ki zmanjsujejo faktor Q. Talina prisintran-
ju povzroci koncentracijo necisto¢ na meji med zrni, kar
seveda znizuje Q. Nasledniji, zelo vazen mehanizem, je
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posledica nehomogenostimateriala. Podroéja z razliéno
sestavo imajo po sintranju razli¢en lokalni termiéni koe-
ticient raztezka. Pri ohlajanju se podrocja razliéno kréijo
in pritem se tvorijo mikrorazpoke. V njih prodira viaga,
ki zmanijsuje faktor Q.
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Sl 3: Faktor kvalitete v odvisnosti od resonanéne
frekvence in dielektri¢nosti
MATERIALI

Ker je od dielektricnosti odvisna resonanéna frekvenca
in s tem tudi lastnosti in uporaba mikrovalovnih kera-
mi¢nih materialov, so v rabi razliéni mikrovalovni mate-
riali z dielektricnostmi od 25 do 90 (slika §t.4).

Prvi material, ki so ga preiskusali kot dielektri¢ni reso-
nator je bil TiO2, ki ima pri dielektricnosti 104 odlicen
faktor kvalitete (14600), vendar zelo visok temperaturni
koeficient resonantne frekvence (427 ppm/K). Ti so
poskusali znizati z razlicnimi dodatki, vendar zaZeljenih
rezultatov niso dosegli (9).

V zadnjem casu je bil dosezen izreden napredek pri
razvoju mikrovalovne keramike z visokim faktorjem kva-
litete, ki presega 10* in je uporabna pri frekvencah od
10 - 30 GHz. Ti kerami¢ni materiali imajo predvsem
kompleksno perovskitno strukturo s strukturno formulo
A(BxB'1x)03 (A = Ba, Sr, Ca; B = Mg, Zn, Nd, La, Sm;
B’= Ta, Nb). Temperaturni koeficient resonanéne frek-
vence je mogoce uravnavati z zamenjavo kationov tipa
B in B’ z oktaedricnimi substituenti kot so npr. Ni, Co, Zr,
Sn. Dopiranje z Mn dvigne faktor kvalitete, medtem ko
nadielektritnost in temperaturno stabilnost resonanéne
frekvence bistveno ne vpliva v kolikor je dodatek majhen
(10).

Trdnaraztopina ZrTiOs - SnTiOa ima dielektricnost okoli
40, nizke dielektri¢ne izgube in temperaturno odvisnost
resonancéne frekvence, ki jo je mozZno dobro kontrolirati.
Za izbolj3anje sintranja in kompenzacijo elektri¢nih las-
tnosti navadno uporabljajo dodatke kot npr. ZnO, NiO,
La»03 ali Fex03 (11). Nadaljnje raziskave se osredo-
tocajo predvsem na zmanj$anje vsebnosti necisto¢ in
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100h  BsO=PLO~Nd,0,-TIO,
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38’_ (Zr, SnITIO,
BalZe, Zn, To10,
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SI. 4: Frekvencna odvisnost dielektricnosti in (Q x f)

za razlicne mikrovalovne dielektriéne materiale

mreznih defektov v keramiki. Fazna transformacija
ZrTiOs, Ki je bila opazena pritemperaturah pod 1200°C,
je transformacija tipa urejeno-neurejeno. Prehod iz viso-
kotemperaturne faze z nakljuéno ureditvijo kationov v
nizkotemperaturno fazo je pocasen in zdruzen s post-
opnimzmanjSevanjem c-osi zaradi delne ureditve katio-
nov. Zmanjsanje c- osi je vzrok manjsi ionski polarizaciji,
kar povzrodi nizjo dielektri¢no konstanto. Faktor kvali-
tete je odvisen predvsem od primankljaja kisika v kris-
talni mreZi. Substitucijsko vgrajen kositer v trdni raztopi-
ni delno stabilizira visokotemperaturno fazo, kar omo-
goca, da s sistemati¢nim spreminjanjem sestave trdne
raztopine dobimo mikrovalovno keramiko s kontrolira-
nim temperaturnim koeficientom dielektri¢nosti in reso-
nancne frekvence.

Mikrovalovna materiala BaTisOg in BazTigOzo sta kmalu
po razvoju (Zr,Sn)TiOs keramike izgubila pomembno
vlogo zaradi prenizkega faktorja kvalitete (12). Novejse
raziskave so pokazale, da je mogoce faktor kvalitete
izboljati s kemi¢no in termi¢no obdelavo prahu in z
dodatkomMnO2 ter WO3. OvrZena je bila predpostavka,
da faktor kvalitete kontrolirajo intrinsiéni izgubni meha-
nizmi, povezani s kristalno strukturo. Vzrok za nizek
taktor kvalitete je v surovinah, ki so se uporabljale za
pripravo keramike te vrste. 99.5% TiO,, navadno ana-
tas, vsebuje okoli 0.1% SiO2 ali fosfatov, ki nizajo faktor
kvalitete. Ce uporabimo 99.9% rutil je faktor kvalitete
znatno boljsi. Dodatka MnO2 in WOs le eliminirata vpliv
necisto¢, na keramiko iz zelo Cistih surovin pa nimata
posebnega vpliva. V primeru BazTigO20 na faktor kvali-
tete zelo vpliva tudi primankljaj kisika. Posebno pozor-
nost je zato potrebno posvetiti procesu termicne obde-
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Sl 5 Odvisnost dielektri¢nih lastnosti od x v keramiki

tipa (Zr1-xSnx) TiOa (merjeno pri 10GHz)

lave, saj se je mogoce z ustrezno oksidacijsko atmosfe-
ro izogniti redukciji Ba2TieO20. Po kalciniranju surovin za
izdelavo keramike tega tipa lahko loka!no dobimo tudi
druge barijeve polititanate. Posebno motedi so politita-
nati z visoko vsebnostjo barija (npr. BasTii7Oa0), ki pa
so v mineralnih kislinah dobro topniin jih lahko uspesno
izluZimo iz slabSe topnih polititanatov z nizjo vsebnostjo
barija. Temperaturno stabilnost resonanéne frekvence
uravnavamo s tvorbo zmesne keramike BaTisOg in
BaxTigOz20 in z dodajanjem SnOo.

Razvoj mikrovalovnih elektronskih sistemov, ki delujejo
v obmocju frekvenc 0.4 do 3 GHz, je povedal zanimanje
za mikrovalovno keramiko z visoko dielektri¢no konstan-
to, s katero lahko ohranimo primerno majhno dimenzijo
resonatorja. To je predvsem keramika iz sistema BaO -
TiO2 - Re203 (oksidi redkih zemelj). Kolar s sodelavci
(13, 14) je okarakteriziral dielektricne lastnosti sistema
BaO-Nd203-TiO2 ze leta 1978 in nato tudi dokazal, da
dobimo z dodatkom BisTisO12 k sestavi 1:1:5
(BaO:Nd203:TiO2) in 1:1:4 keramiko z nizkim tempera-
turnim koeficientom dielgktri¢nosti. Kot dodatek za iz-
boljSanje temperaturne stabilnosti se lahko uporablja
tudi PbO (oziroma PbTiOs) in Bi2O3 (oziroma Bi-titanat).

Tabela 1: Mikrovalovne karakteristike osnovnih kompo-
nent sistema BaO-PbO-Nd203-TiO» (15)

spojina € Q Ts
{(pri3GHz) | (ppm/C)
BaNdpTi4O12 80.8 3500 93
{Bai, Pbi2)NbaTigO12 89.9 1900 55
Nd2TioO7 36.5 1100 -118
NdoTisO14 39.3 3800 60
TiOp 1041 14600 427
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BaNd:TisO43 ima visoko dielektricno konstanto ter visok
faktor kvalitete, vendar previsok temperaturni koeficient
Tr. Zaradi tega temperaturni koeficient BaNdzTisO12
kompenziramo s tvorbo spojine NdaTizO7, ki ima v tem
sistemu edina negativni temperaturni koeficient. Dodat-
no izboljdanje dielektri¢nih lastnosti je mozno z
vkljuéevanjem Pb na mesto Ba, torej s tvorbo doloéen-
ega deleza spojine (Ba12Pb1/2) TisO12. 7moi% PbO za-
dostuje, da so lastnosti taksne keramike povsem pri-
merne za izdelavo dielektricnih resonatorjev.
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Sl 6: Deilni fazni diagram sistema BaO-NcbO3-TiC»

Razvoj mikrovalovnih keramié¢nih materialov na
IJS (odsek za keramiko)

Na Odseku za keramiko Instituta JoZef Stefan poteka
razvoj mikrovalovnih materialov predvsem na materialih
z dielektriCnostjo od 85 do 90. Razvoj mikrovalovne
keramike iz sistema BaO - BizOz - Nd2O3 - TiO2 je v
zakljucni fazi, medtem ko je razvoj mikrovalovnih mate-
rialov iz nekaterih drugih sistemov, od katerih pri¢akuje-
mo predvsem visoko dielektricno keramiko, $ele v zadet-
ni fazi.

Povod za zaletek raziskovalnega dela na mikrovalovnih
dielektricnih materialih je bil uspesgen razvoj NPQ kon-
denzatorske keramike iz sistema BaO - Nd203 - TiOy, iz
katere se Se danes izdelujejo temperaturno zelo stabilni
kondenzatorji, ter vse ved&je zanimanje za naprave, ki
delujejo v mikrovalovnem frekvenénem podro&ju (mobil-
ni telefoni, pagerji, mikrovalovne pedice...).

Prva faza dela je zajemala prilagajanje sestave osnov-
nih treh komponent (BaO, Nd2Os, TiO2) in dodatka
(Bi2Og), ki izboljSuje temperaturno stabilnost keramike.,
Optimalno sestavo je bilo potrebno dologiti na 0.1%
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natan¢no. Hkrati je bilo potrebno tudi dologiti optimalne
pogoje sintranja. Zacetni rezultati so nakazovali zahtev-
nost razvoja mikrovalovne keramike tega tipa, saj so bili
nasi materiali znatno slabsi od komercialno dosegljivih
vzorcev.

Tabela 2: Primerjava mikrovalovnih dielektriénih las-
tnosti

Murata S
{BaO-PbO-Ndx03-Tiog) (BaO-Bin03-Nd203-TiOz)
£ 88 80
Ti(ppm/K) 0+2 15
Q(1GHz) 4500 <1000

Vzrok za to je predvsem v nehomogenosti izhodner

prahu, ki je bil dobljen z mesanjem titanatov. Nehomo-
genost povzroCi lokalno razliéne produkte kemijskih
reakcij pri sintranju. Ti produkti imajo navadno slabse
mikrovalovne dielektriéne lastnosti zate smo morali
zmanjiati njihovo prisotnost v sintrani keramiki. Po
kon¢ani reakciji lahko takéne produkte izluzimo iz zrea-
girane zmesi ali pa z vecjo homogenostjo izhodnega
prahu preprecimo lokalni nastanek nezazeljenih spojin.

Vecjo homogenost prahu smo poskugali dosedi z obar-
janjem raztopine BaClz, NdCls in TiCls in naknadnim
dodatkom Bi2O3. Obarjanje je potekalo tako, da smo
najprej naredili emulzijo raztopine in parafinskega olja.
TakSna emulzija vsebuje kapljice raztopine, ki niso vedje
od nekaj mikronov. Tako omogo&imo bolj homogeno
obarjanje. Emulzijo kapljamo v vroée parafinsko olje,
kjer voda v trenutku odpari. 1zobori se zelo homogen
prah z velikostjo delcev okoli 1 um.

Raziskave taksne priprave prahu $e niso konéane, med-
tem ko smo s pripravo prahu, prikateri se iz zmesi iziuZi
nezaZeliene produkte, Ze dobili dobre rezultate. V ta
namen izhodno mesanico titanatov najprej kalciniramo.
Kalcinat zdrobimo in ga luzimo v HNO3;. Predvsem z
barijem bogati neodimovi titanati, ki imajo slabe dielek-
tricne lastnosti, so bolje topni in jih na ta nacin uspesno
lo¢imo od ostale zmesi. Tako pripravijena keramika s
sestavo, ki je v faznem diagramu (slika $t.6) blizu ses-
tave BaO - Nd203 - 5TiO2 in ki vsebuje priblizno 6 ut%
Bi»Qg, je imela naslednje mikrovalovne dielektriéne las-
tnosti:

£ =83
faktor Q (pri 1 GHz) = 4100
Ti=2 ppm/K

Dopiranje te sestave z 0.15ut% MnO je $e izboljsalo
lastnosti, tako da je tak$na keramika ze komercialno
uporabna.

£ =285
faktor Q (pri 1 GHz) = 4800
Tr=01 2 ppm/K
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POVZETEK

Razvoj mikrovalovne keramike na Odseku za keramiko
InStituta JoZef Stefan je do sedaj potekal v dveh smereh.

Za Karakterizacijo mikrovalovnih lastnosti je bilo potreb-
no razviti merilni sistem. Izbrali smo metodo zaprte
resonancne strukture, kjer postavimo dielektri¢en cilin-
derv votlinskiresonator in z mikrovalovnimi frekvencami
vzbujamo dolocen rod. 1z povratnega signala dobimo

558 81492 1JS

Mikrostruktura kerarmike 1z sistema
Bb0O3-BaO-Nab Oy -Tiokn

S 7

Microwave components

Sl. 8:

Mikrovalovni resonator in mikrovaloven substrat
(izdelana na IJS Odsek za keramiko)

informacijo o resonancni frekvenciin o faktorju kvalitete.
Dielektricnost izraCunamo iz resonanéne frekvence ter
dimenzij dielektricnega valja.

Razvoj mikrovalovne keramike iz sistema BaO - Nd2O3
- TiO2 z dodatkom Bi2O3 je prakti¢no kon¢an. Z optimi-
ziranjem sestave, primerno mnozino dodatkov za iz-
boljSanje temperaturne stabilnosti in zvi$anje faktorja
kvalitete ter ustrezno kemijsko in temperaturno obdela-
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vo prahu lahko dobimo mikrovalovni keramiéni material,
ki povsem ustreza vsem komercialnim zahtevam. Hkrati
smo tudi Ze nakazali moznost razvoja novih, v svetu $e
nepoznanih, mikrovalovnih materialov, s katerimi bi radi
posegli v do sedaj Se nepokrite diglektriéne razrede.
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FERROELECTRIC LIQUID CRYSTAL-POLYMER GEL
DISPLAYS

J.Pir§, B.Marin, S.Pirs

Keywords: television displays, television projectors, LCD displays, ferroelectric liquid crystals, FLC molecules, electrooptical properties, memory
properties, molecular ordering, ordering stabilization, mechanical stability, novel technology, gel solution, gel monomer, polymerizing, switching
times, short times

Abstract: Complex molecular ordering in ferroelectric liquid crystals(FLC), unlike in simple, standard nematic liquid crystals, enables the
manufacturing of liquid crystal displays (LCD) with inherent memory properties and standard TV compatible electrooptic switching speeds. However
under the present state of the art FLC displays are unstable against mechanical shock and therefore still unreliable. This paper presents a novel
technological solution that enables the stabilization of the FLC molecular ordering through entire volume of the FLC cell. Volume stabilization is
achieved by the LC/polymer gel dispersion which is prepared by polymerizing a gel monomer solution in suitably aligned ferroelectric display cell.
The volume stabilized LC cell gives mechanical stability to FLC displays with internal memory and provides for high contrast, high speed shuttering.

Prikazovalnik na osnovi feroelektricnih tekoc¢ih kristalov in
polimernih gelov

Kljuéne besede: zasloni televizijski, projektorii televizijski, LCD zasloni, FLC kristali teko¢i feroeleklri¢ni, FCL molekule, lastnosti elektroopticne,
lastnosti pomnilniske, urejenost molekularna, stabilizacija urejenosti, stabilnost mehanska, tehnologije nove, raztopina Zelatine, Zelatina monomer-
na, polimerizacija, ¢asi preklopni, ¢asi kratki

Povzetek: Za razliko od standardnih nematskih tekogih kristalov omogoéa kompleksnej$a urejenost molekul feroelektriénih tekocih kristalov (FLC)
izdelava tekodekristalnih prikazovalnikov (LCD) s spominskimi lastnostmi in hitrostjo preklopnih ¢asov, ki je kompatibilna s standardnimi TV signali.
Na #alost standardni FLC prikazalniki e niso mehansko dovolj stabilni in zato niso primerni za prakti¢no uporabo. Clanek podaja novo tehnolo$ko
resitev, ki omogoda stabilizacijo urejenosti molekul FCL po vsej prostornini FCL celice. Volumsko stabilizacijo urejenosti molekul zagotavija v kristal
vgrajena urejena polimerna mreza, ki nastane pri feroelektriénem tekocem kristalu. Vakuumska stabilizacija zagotavlja mehansko stabilnost FCL
prikazalnikov hkrati pa ohranja spominske lastnosti ter hitre preklopne ¢ase.

Introduction the appearance of the net spontaneous electric polari-
zation.

Since 1980 when N.Clark and S.T.Lagerwall'? introdu-

ced the surface stabilized ferroelectric LC cell (SSFLC), During the display manufacturing process the FLC is
a number of improvementsa""5 of this technology has placed between two glass walls with transparent elec-
been made, to the point, where commercial flat-panel trodes covered with adequate orienting layers (typical
displays are being announced. The principal advantage display configuration!). The FLC is than cooled down
this device brings is a significantly faster switching rate through various phase transitions from the isotropic,
and even more important, a memory effect which makes through nematic, smectic SmA into the terroelectric
it possible to use greatly simplified electronic driving smectic SmC phase. The FLC molecules orient them-
schemes. All requirements are met by a passive matrix selves in layers perpendicular to the glass surfaces and
ratherthan by an active one, whichis requiredfor twisted to the direction of the orienting layers. if the thickness of
nematic (TN) liquid crystal cells. the display glass cellis smalt enough (1-3 um), the FLC

molecules due to their tilted orientation in the SmC’
layers can assume only two orientations: +0 or -© with
The basic operating principles of the FLC displays are respect to the smectic layer normal (see fig. 1).
demonstrated in figures 1 and 2!"). Unlike in standard
nematic liquid crystals (NLC), the FL.C molecules are not

just oriented parallel, but they tend to form monomole- The electrical polarization {(P) corresponding to these
cular layers within which the FLC molecules are parallel two allowed molecular orientations is perpendicular to
and tilted for an angle © from the layer plane normal. the display cell walls and can either point "UP" (+0) or
Since FLC molecules don't have a center of symmetry "DOWN" (-0). Both orientations are equivalent as far as
(chiral molecules), such molecular orientation allows for energy is concerned and therefore bistable ( memory!!),
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celt
plates

smectic C*
layers

Fig. 1: Schematic presentation of the smectic FL.C

molecular layers and molecular orientation in
the "Surface stabilized FLC displays”

but can be switched from one to another by means of
the pulses of electric field.

These two allowed molecular orientations can be opti-
cally distinguished by means of the crossed polarizers,
where the polarizing axis of one polarizer is parallel to
one of the allowed molecular orientations (+ © or -0) -
see fig 2. If the FLC molecular tilt angle is 22.5° and if
the display cell thickness is chosen so that the FLC layer
acts as a half- wave plate, such a sandwich of FLC
display cell between crossed polarizers acts as electri-
cally switchable optical light shutter with internal memo-

ry.

S~ "'7
e ~~—
/A,,H,_.w e —

down state  Liight

Fig. 2: Operating principle of the FLC display
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A major drawback of the present state of art of the above
described surface stabilized ferroelectric liquid crystal
(SSFLC) displays is, that they are unstable against
mechanical shock. The origin of this problem is the
shrinking of smectic layers at the SmA to SmC’ phase
transition due to the molecular tilt in the ferroelectric
SmC phase. In order to avoid a dilation in the confined
geometry of the cell, a well known chevron structure
appears >'%"" This structure critically depends on me-
chanical stresses causing local flow which results in an
irreversible breaking of the smectic planes.

Here we propose a solution to the problem of the insta-
bility in the SSFLC cell by the addition of gel polymers
to stabilize the cell geometry as well as to volume
stabilize the FLC order.

The concept of "volume stabilization" of the molecular
ordering in FLC is based on the polymerization of a small
amount of gel monomer added to the FLC. The amount
of the added monomer is small encugh so, that it does
not significantly affect molecular ordering or alignment
of the FLC material. The polymerization of the monomer
is "initiated” when the molecules of the FLC acquire the
desired orientation determined by the boundary condi-
tions and/or interactions with orienting magnetic/electric
field. Under these conditions they polymerize in a highly
anisotropic texture. Such a polymer forms a network
through the entire LC and volume stabilizes the LC cell
geometry as well as the microscopic ferroelectric orde-
ring of the LC molecules. It is also important, that the
polymer network formed in the LC, hinder the mechani-
cal flow of the LC under mechanical stress. Volume
stabilization of the cell can be achieved with a relatively
small concentration of the monomer additives = 0.5-3%.

Experimental

The sample "volume stabilized" FLC (VSFLC) display
cells were made in almost the same way as the conven-
tional surface stabilized ferroelectric liquid crystal
(SSFLC) displays (- ITO covered flat glass plates with
rubbed nylon orienting layer separated by = 3 um spa-
cers, sealed with UV curable epoxy sealant and vacuum
filled with E.Merck ZLI 4237-100 FLC mixture and 0.5-
3% addition of acrylate Desolite DO44 of DSM Resins
International). The cells were filled at an elevated tem-
perature = >95°C (- isotropic phase) then slowly cooled
through nematic and SmA phase into the SmC phase.
As the FLC ZLI 4237-100 experiences a pitch of 10 um
in the SMC’ phase, the cell thickness was sufﬂcuentlay
small in order to unwind the helical SmC" structure’

Together with the homogeneous boundary condmons
caused by rubbed nylon, this resulted inahomogeneous
chevron SSFLC molecular ordering. Using strong (80
V), slowly alternating (3Hz) electric field pulses a well
known stripe texture was obtained (fig 3). The competing
effects of the molecular tilt on the nylon orienting layer,
chevron structure and the electric field induced stripe
texture resulted in a very small angle (few degrees)



Informacije MIDEM 23(1993)1, str.38-42

J. Pir§, B. Marin, S. Pir$: Ferroelectric liquid
crystal-polymer gel displays

between the molecular layer orientation in the consecu-
tive stripes (see fig 3) allowing for high contrast = 20 in
the transmisive mode. Due to a "bookshelf structure” in
the stripe texture a very good bistability as well as very
high angle between both optical states (> 40°) was
obtained.

Schematic presentation of the electric field
induced stripe texture in thin layer of FLC

As the FLC/monomer dispersion was filled in the FLC
display cell at an elevated temperature {-in the isotropic
phase of FLC component), it had to be cooled down into
the ferroelectric SmC phase.

The cooling of the FLC/monomer dispersion and espe-
cially the structural changes due to phase transitions
reduced the solubility of the monomerinthe FLC so, that
it partially phase separated in the form of microdroplets.
Most of these microdropiets formed predominantly on
the celi walls were very small (< 1 um), however some
ofthese droplets grew as large as= 10 um. These “giant”
microdroplets linked both boundary glass plates of the
L.CD cell and after polymerization acted atthe same time
as sealant and spacers. This polymer droplet formation
efficiently stabilized the "geometry"” of the LC cell.

When the FLC/monomer dispersion was cooled down
inthe ordered liquid crystalline phase, the photopolyme-
rization of the the monomer was induced using the 150
W UV light source (360 nm) for few minutes. The applied
UV light caused the polymerization of the monomer
microdroplets as well as the phase separation of the rest
of the monomer molecules, that were until that time still
"dissolved” in the FL.C material. These monomer mole-
cules polymerizing in the ordered FLC medium, formed
a well ordered polymer network that refiected the mole-
cular ordering (see fig.4). The chevron defect walls
between the consecutive stripes (see fig. 3) acting as
polymerization centers induced the polymer phase se-
paration during the UV polymerization process. So the
oriented polymer network was formed predominantly
along the chevron defect walls (see fig 4) efficiently
stabilizing the stripe texture orientation of the FLC. This
structure remained preserved even when the FLC was
heated above the isotropic phase transition and then
cooled back into the ferroelectric SmC phase.
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The best results were obtained when the polymerization
was induced in the ferroelectric SmC phase, however
the ordered polymer texture was formed in the SmA and
in the nematic phase as well. The results were not
significantly different, except that the amount of polymer
microdroplets was much smaller /negligible inthe nema-
tic phase due to significantly higher solubility of the
monomer in the nematic phase.

The ordered phase separated polymer network struc-
ture in the ordered FLC layer was reasonably well
confirmed by the electron microscopy. Figures 4 and 5
show TEM micrographs of the polymer network in an
FLC/polymer gel containing 98% of ZL1 4237-100 and
2% of Desolite D 044 acrylate.

Fig. 4: TEM micrograph of the ordered polymer texture
formed during UV aciivated polymerization
process in the 2% FLC/polymer gel

(magnification 2400)

TEM micrograph of the detail of the polymer
texture on Fig.4 (magnification 40000}

Fig. 5;

The TEM micrograph clearly shows the ordered polymer
texture and the small polymer microdroplets that
"condensed” on the cell walls during the cooling down
process. The "giant microdroplets” can be seen (Figure
6) under polarizing microscope. TEM micrograph as well
as polarizing microscope analysis give only a qualitative
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Fig. 6: Polarizing microscope picture of the stripe
texture in FLC showing "giant microdroplets” .
(dark dots) as well as the regular microdroplets

picture of the polymer network since the ordered poly-
“mer texture is very fragile and could be easily partly
flushed away during the sample preparation.

As fong as the polymer concentration was kept low
(£4%), the ordered polymer network in the FLC/polymer
gel oriented layer did not appreciably affect the FL.C
molecular order. Therefore the electrooptical properties
of these composite ferroelectric materials remained al-
most identical to the properties of the pure FLC mate-
rials. These properties were measured using crossed
polarizers in the same configuration as with standard
FL.C displays (see fig. 2). A 3 um thick oriented FLC/po-
lymer gel layer was oriented so that one of the polarizing
axis was oriented along the "symmetry” axis between
the orientations of the molecules in two parallel stripes
(see Fig.3).

0.0 1 e
-1.00000 s

0.00000 § 1.00000

time

Fig. 7: Time dependence of the transmission T of the
volume stabilized FLC display showing fast
switching (upper oscilloscope trace)as well as
excellent bistability of both optical states (lower
oscilloscope trace).

The results show high contrast, excellent bistability (=
100%), as well as high switching rates (<300 us) and
high optical contrasts (see Fig.7).

Conclusion

The FLC/polymer gel displays maintain the electrooptic
properties of the standard SSFLC cell but with substan-
tially improved stability against mechanical stress. Due
to extremely fast switching times (-compatible to the
standard TV signals!) and inherent memory effects the
electronic driving circuitry can be significantly reduced
and simplified compared to the standard active matrix
nematic liquid crystal displays, that presently offer the
only acceptable solution for the flat, low power, high
detinition TV screen. Since these displays do not require
the sophisticated active matrix driving, the density of
information can be substantially improved (thin film ac-
tive elements on each pixel take a lot of space!), which
is especially important for large screen high information
content projection devices.
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METALOKSIDNI (ZnO) VARISTORJI

Janez Benda

Kljuéne besede: varistorji kovinooksidni, ZnO varistorji, varistorji visokoenergijski, uporaba, zaséita prenapetostna, elementi zad&itni

Povzetek: V ¢lanku so nastete nekatere pomembnejse prednosti metaloksidnih (ZnO) varistorjev pred ostalimi zascitnimi elementi. Opisane in
prikazane so tudi nekatere najpogostej$e aplikacije ZnO varistorjev.

Metal Oxide (ZnO) Varistors

Keywords: metal oxide varistors, ZnQO varistors, high energy varistors, applications, high voltage protection, protection elements

Abstract: The most important a dvantages of metal oxide varistors over other protection elements are given in the present article. Some frequent
applications are described.

One of the few disadvantages of the semiconductor is its sensitivity to overvoltages. Since more and more electronic components are used in all
fields of electrical engineering, optimum surge voltage protection has become an aspect of fundamental importance In this respect, metal oxide
varistors have proven to be indispensable protective elements owing to their virtually universal range of applications and their high reliability.

ZnO varistors are symmetrical voltage-dependent non-linear resistors that are made primarily of zinc oxide and in formed disc configurations which
are sintered at high temperatures.

Varistors are voltage-dependent resistors with symmetrical voltage / current characteristics. Their impedance is a nonlinear inverse function of
applied voltage. At rated voltage their impedance is high. When a higher voltage transient appears across the varistor, its impedance sharply
decreases to a low value. This transient voltage is clamped to a safe level and the energy in the transient is dissipated in the varistor,

Metal oxide varistors are very widely used in appliances connected to 110 V or 220 V AC for their protection.

Typical applications include:

- Protection of semiconductors such as diodes, transistors, thyristors, triacs, IC’s etc.

- Protection of equipment connected to telephone or signal lines such as security systems, fire alarm systems etc.

- Protection of instrument input terminals from accidentally connected high voltage.

- Arc suppression across relays and switch contacts.

- Industrial equipment vulnerable to transients on the AC power lines such as computers, traffic controls, motor controllers etc.

- Stabilization of the circuit voltage in various equipment.

Metaloksidni (ZnQ ) varistor je napetostno odvisen, torej potrodnji. Pritem pa tudi zaradi svojih izrednih lastnosti

nelinearni upor z U-1 karakteristiko, ki je podobna karak- uspedno nadomesca druge zascitne elemente (zlasti

teristiki Zenerjeve diode v zaporni smeri, s to razliko, da plinski odvodnik in SiC varistor).

je karakteristika varistorja simetricna. Tok skozi varistor

foe eksponencialno odvisen od na;')etoih Gf vka'lrxstprjt:{ Plinski odvodniki imajo sicer relativno visoko sposob-

kdwsnost.Je po?ana -’tk‘zﬁ‘?‘?m K: tori ‘}J(er 1€ nost energijske absorbcije, vendar paimajo izredno dolg
Of‘St?”‘? Ina nefinearni Koé 'C'ep.t' af%,‘ef's“ avaris- odzivni Cas, kar pa je za sodobne elektronske elemente

torja je izrazitejsa (strmejsa), ¢im vecja je vrednost in naprave, Zal, neuporabno. Ti zasg&itni elementi se zato

nefinearnega koeficienta . uporabljajo najveckrat le v kombinaciji z drugimi (predv-

} sem z metaloksidnimi varistorji).
Ce se pojavi visokonapetostni impulz, se upornost va-

ristorja naglo zmanjsa z zelo velike vrednosti na nivo SiC varistorji imajo visoko sposobnost energijske ab-
dobre prevodnosti. Varistor tako absorbira energijo sko- sorbcije, njihova velika slaba lastnost pa je izredno
dijive vrsokopapetostne kOf]IE:.e. in zniza napetost na majhna vrednost nelinearnega koeficienta o. To pa
gzﬁ;ﬁ{:?nnr:éo r:/reta‘:gdzasécgdoé):n‘fi“'Ve elektronske povzrota velike preostale napetosti na teh elementih in
P predp i uporabo teh varistorjev le v seriji z iskris¢i ali plinskimi

odvodniki. SiC varistorje so Ze skoraj popolnoma za-

Metaloksidni (ZnQO) varistor se odlikuje zlastipo relativno menijali boljsi metaloksidni varistoriji.

kratkem odzivnem Casu, veliki energijski absorbciji, ve-

likem koeficientu nelinearnosti c,... Supresorske diode imajo veliko vrednost nelinearnega
koeficienta, kar pomeni relativno nizko preostalo nape-

Zaraditeh dobrih lastnostiin vse nizje cene se ta varistor tost na teh elementih. Imajo pa tudi slabo lastnost, ker

vse ve€ uporablja tako v profesionalni, kot tudi Siroki ne prenesejo velikih tokov, s tem pa tudi energij.
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Uporabniki nasih metaloksidnih varistorjev se ukvarjajo
z najrazlicnejso elektroniko pa tudi elektrotehniko.

Velik odjemalec varistorjev so proizvajalci telekomuni-
kacijske opreme (zlastitelefonskih central). Tu je potreb-
no omeniti, da so uporabniki varistorjev poleg proizva-
jalcev telekomunikacijske opreme tudi poste.

Drugo veliko podroc¢je uporabe nasih varistorjev pa je t.
i. zabavna elektronika, oz. neprofesionalna elektronika,
kamor $tejemo tudi razli¢ne gospodinjske aparate,...

Tudi uporabniki nasih varistorjev v profesionalne na-
mene so zelo Stevilni.

Glavna in zelo Siroka podroé¢ja uporabe metaloksidnih
varistorjev so zlasti :

telekomunikacije
mocnostna elektronika
usmerniska elektronika
merilna in regulacijska tehnika
procesnatehnika
racunalnistvo
industrijska elektronika
medicinska oprema
gospodinjska tehnika
avtomobilska elektronika
zabavna elektronika
kontaktna tehnika
elektricna vozila

Telekomunikacije

Na tem podrocju je zlasti pomembna zaséita v telefoniji.
Tu je posebno potrebno omeniti zasdito telefonskih cen-
tral in telefonskih aparatov pred prenapetostnimi koni-
cami, ki so lahko razli¢nih vzrokov (atmosferske praz-
nitve, vplivi energetskih vodov,...). Tako lahko na raz-
licne nacine (odvisno od lokacije telefonskih naroénikov
in telefonckih central) izvedemo tako zas¢ito. Najucin-
kovitej3a varistorska prenapetostna zaséita je povezava
ustreznih varistorjev med linijo a in b, med linijo a in
ozemiljitvijo ter med linijo b in ozemljitvijo. Za posebne
primere pa dodamo Se hitre bidirekcionalne diode. Na
samem zacetku zascite je priporodljivo ustrezno monti-
rati $e plinske odvodnike. Taka zas¢ita je zelo primerna
na strani telefonskih central, na strani telefonskih apa-
ratov (telefaxov,...) paje tudipotrebna podobna zaséita,
ker z njo Scitimo svoj telefoski aparat.

Take zascCite so nujno potrebne zlasti pri elektronskinh
telefonskih centralahin elektronskihtelefonskih aparatih
(telefaxih...).
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Mocnostna elektronika

Problem, kitu izstopa, je vsekakor zad&ititi sam element
in okolico pri delovanju tiristorjev. To lahko uginkovito
storimo z ustreznim metaloksidnim varistorjem, ki ga
priklju¢imo med anodo in katodo tiristorja.

Usmerniska elektronika

Varistorsko zasdcito namestimo takoj za transformator-
jem, oz. pred diodnim mostickom za usmerjanje. Pri
enofaznemusmerniskem vezju namestimo varistor med
fazni in ni¢elni vodnik, pri trifaznem pa med posamezne
fazne vodnike.

Merilna in regulacijska tehnika

Tudi merilna in regulacijska tehnika je izredno obéutljiva
na prenapetostne konice. Tudi tu pride do izraza podob-
na zascita kot pri moc¢nostni elektroniki (zadéititi je
namrec potrebno tiristorje pri razliénih regulacijah).

Procesna tehnika in racunalnistvo

Tu je izredno pomembna zaséita takih sistemov pred
prenapetostmi, ki prihajajo prek napajalnega dela, torej
prek omreZja. Zato je potrebno poleg kvalitetnega RF
filtra namestiti tudi dobro prenapetostno zaséite. To
izvedemo tako, da priklopimo ustrezen varistor med
fazni in nicelni vodnik, med fazni in ozemljitveni vodnik
ter med nicelni in ozemljitveni vodnik. Priporodljivo je
poleg varistorjev na enak nacin vgraditi $e tranzientne
diode.

Prav tako je tudi pomembna zas¢ita podatkovnih linij.
Nacin zascite je podoben ukrepom, ki so bili opisani pri
zasciti pred prenapetostmi, ki prihajajo prek omrezja, s
to razliko, da je potrebno v tem primeru izbrati ustrezne
elemente (varistorje, diode, tuljave).

Kontaktna tehnika

Znano je, da se pri vklapijanju in izklapljanju induktivnih
bremen pojavljajo visokonapetostne konice na kontaktih
relejev in kontaktorjev, ki med drugim povzroéajo hitro
unicenje kontaktov. Zato je potrebno namestiti varistor
paralelno k tuljavi ali paralelno h kontaktu. To je Se
posebno pomembno, kadar namesto stikal uporabljamo
tranzistorije.

Stabilizacija enosmernih napetosti

Varistor je zelo primeren za stabilizacijo vi§jih enosmer-
nih napetosti, kjer navadno ni na razpolago Zenerjevih
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Stabilizacija enosmernih napetosti

. Varistor je zelo primeren za stabilizacijo visjih enosmer-
nih napetosti, kjer navadno ni na razpolago Zenerjevih
diod. Moznabibila le povezava velikega $tevila Zenerje-
vih diod v serijo, kar pa se odraza na visoki ceni in veliki
porabi prostora.

Varistorji so tudi nepogresljivi v televizijski tehniki. Tako
ga lahko izredno uspes$no uporabimo v vertikalnem sis-
temu v televizorju, kjer z njim prepreéujemo visokona-
petostne konice, ki lahko unicijo tranzistor, ki med dru-
gim napaja odklonske tuljave. Transistor zavarujemo

tako, da mu veZzemo med emitor in kolektor ustrezen
varistor.

Pomembna je tudi zas¢ita radijskih in TV aparatov,
videorekorderjev, gramofonov, skratka vse zabavne
elektronike, razlicnih instrumentov (osciloskopi, razni
merilniki, funkcijski generatorii,...), gospodinjskih apara-
tov,... Vtanamen je izredno u¢inkovita naslednja zaséita
pred prenapetostmi iz omrezja: med faznim in ni¢elnim
vodnikom namestimo varistor. Varistor prav tako pri-
kljuCimo tud med fazni in ozemljitveni vodnik ter med
nicelni in ozemljitveni vodnik.

Nekateri konkretni primeri uporabe metaloksidnih varistorjev

~ NAPAJANJE NAPRAV I1Z ENOFAZNEGA OMREZJA

t 1
) NAPRAVA, KI
Uac MoV
: Jo 5CI1TIMO
F
—
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Uge F MoV
3 JO SCITIMO
F S Py
S—
MOV MOV
1 \
F
J ——|
| S—
(1
Lo MOV
\\- e / g . 1 NAPRAVA, K1
Ugae _—{g' {] MOV
. 1 -y JO 8CITIMO
‘H MOV T\ MOV
F - k
=1 [ l e
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Razlicni nacini zadcite naprav pred prenapetostmi iz enofaznega omreZja
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— NAPAJANJE NAPRAV 1Z TRIFAZNEGA OMREZJA
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S 2: Zasdéita naprav pred prenapetostmi iz trifaznega omreZja
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Si.3: Prenapetostna zascita tristorja
— TRANZISTORSKI VKLOP IN IZKLOP INDUKTIV- Sl 5: Prenapetostna zasdita z vezavo varistorja na
NIH BREMEN breme
l L
MOV S R
b
<)
— Qﬁ L
Sl 4: Zasdéita elementov pri vklapljanju in izklaplanju Sl 6. Prenapetostna zascita z vezavo varistorja med
induktivnih bremen kontakte releja
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— PODATKOVNE LINKE
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Sl 9: Zascita podatkovnih linij

— TELEKOMUNIKACIJSKE LINIJE
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Primer zasdite komunikacijskih linif

S1.10:

— VEZJA ZA STABILIZACIJO VISJIH ENOSMERNIH
NAPETOSTI

R
th X
MOV Uizh
(o2 Q

Sl11: Primer uporabe varistorja za stabilizacifo visjih

enosmernih napetosti

Nekaj o aplikacijah visokoenergijskih varistorjev

Zelo pomembna je zamenjava SiC varistorjev serijsko
povezanih z iskris¢iz mnogo boljsimi visokoenergijskimi
metaloksidnimi (ZnO) varistorji. Omenjena uporaba
ZnO varistorjev je najpogostejsa v elektroenergetiki in
povsod tam, kjer to narekujejo potrebe po zasciti ele-
mentov in naprav pred vplivi visokonapetostnih konic
vigjih energijskih vsebnosti.

Visokoenergijski (ZnO) varistorji so nepogresljivi v t.i.
mocénostni elektroniki, kjer ucinkovito resujejo zascito
samih elementovinokolice pridelovanjutiristorjev. Take
probleme resujemo z ustreznimi visokoenergijskimi me-
taloksidnimi varistorji, ki jih prikljuc¢imo med anodami in
katodami tiristorjev.

Zanimivo podrocje uporabe visokoenergijskih varistor-
jev je tudi usmernisSka elektronika. V takih primerih na-
mestimo varistorje med tazni in ni¢elni vodnik takoj za
transformatorii, oz. pred diodami za usmerjanje.
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Visokoenergijski metaloksidni varistorji so tudi izredno
uporabni za za3¢ito ob&utljivih naprav v razli¢nih objek-
tih (stanovanjske hise, delavnice, razni objekti, ...} pred
Skodljivimi vplivi visokonapetostnih konic, ki so lahko
najrazlicnejsih vzrokov (atmosferske razelektritve, ...). V
takem primeru vsak fazni vodnik in ni¢elni vodnik
povezemo prek ustreznega varistorja na ozemljitveni
vodnik,

Varistorje uporabljamo tudi v kontaktni tehniki. Znano je,
da se pri vklapljanju in izklapljanju induktivnih bremen
pojavljajo visokanapetostne konice na kontaktih kontak-
torjev, ki med drugim povzrocajo hitro uni¢enje kontak-
tov. Zato je potrebno namestiti ustrezne varistorje para-
lelno k tuljavam ali paralelelno h kontaktom. To je $e
posebno pomembno, kadar namesto stikal uporabljamo
polprevodniske elemente.

Podjetje Iskra VARISTOR proizvaja razliéne izvedbe
metaloksidnih (ZnO) varistorjev z radialnimi prikljucki
(modeli K5, K7, K10, K14 ter K20) in visockoenergijske
varistorjie.
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Nazivne napetosti U varistorjev z radialnimi prikljucki
se gibljejo od 18 V pa vse do 1800 V. Efektivne sinusne
napetosti, ki so lahko trajno priklju¢ene na omenjenih
varistorjih pa znasajo od 14 V do 1465 V.

Pri standardnih izvedbah visokoenergijskih varistorjev
pa nazivne napetosti Uy znasgajo do 1200 V.

Poudariti je potrebno, da na kupcevo Zeljo lahko izdela-
mo vse prej omenjene varistorje tudi z drugaénimi na-
zivnimi napetostmi, kot jih zajema standardni program
proizvodnje.

Janez Benda, dipl.ing.
Iskra VARISTOR, d.o.o.
Stegne 35

61000 Ljubljana

Prispelo: 19.1.93 Sprejeto: 10.2.93
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INDUSTRIJSKA LASTNINA

Kljuéne besede: lastnina intelektuaina, lastnina indus-
trijska, izumi, patenti, vzorci, modeli, znamke blagovne,
znamke storitvene, oznacbe porekla blaga, informatika

Povzetek: Podani so osnovni pojmi o intelektualni las-
tnini, avtorskem pravu in industrijski lastnini s posebnim
poudarkom na patentih in patentni informatiki.

Keywords: intellectual propenty, industrial property, in-
ventions, patents, designs, models, trade marks, service
marks, appellations of origin, informatics

uvoD

Znanje kot nematerialna dobrina je v gospodarskem
Zivljenju pomembno kot trzno blago le, Ce je ustrezno
zavarovano. Samo tisto znanje, ki ni vsakomur brez-
pla¢no dostopno, ima trzno vrednost. Pravna zasCita
znanja kot intelektualne stvaritve je vsebovana v pravi-
cah, ki jih dolo¢a pravo intelektualne lastnine s pravnimi
normami za zasdito stvaritev ¢lovedkega duha, torej
nematerialnih stvaritev. Pravo intelektualne lastnine
sestavljata dve veji prava: pravo industrijske lastnine in
avtorsko pravo.

Aviorsko pravo sestavljajo pravne norme, katerih na-
men je zascita netehniskega podrocja ¢lovedke ustvar-
jalnosti, kiv pretezni meri zadovoljuje Clovekovo potrebo
za lepim, torej avtorska dela.

Industrijska fastnina je pojem, ki je bil uveden v prvem
francoskemzakonutegapodroCjaizleta 1871. Odtakrat
je sCasoma postal generiéna oznaka za mnozico inte-
lektualnih vrednot, proizvodov ¢loveskega duha, ki se
uporabljajo v gospodarskem Zivljenju. Pravo industrijske
lastnine s svojimi pravnimi normami $Citi tisti del
¢loveske ustvarjalnosti, ki je prakticno koristen, to je
tehnigki del ustvarjalnosti. Pravna oblika zascite po pra-
vu o industrijski lastnini so: patenti, vzorci in modeli,
blagovne in storitvene znamke ter oznacbe porekla bla-

ga.

Ta sestavek ima poudarek na patentih, ki pravno 3¢itijo
tehniske dosezZke Cloveske ustvarjalnosti.

PATENTI

Pojem patenta izhaja iz latinske besede patens, ki po-
meni odprt, javen. Prvotno je bilo to javho pismo ali
listina (lat: literae patentes od latinske besede litera,
literae, ki pomeni slovensko ¢rka. Plural v l1atindCini je
literae: vse, kar je napisano, rokopis, spis, listine. Po-
dobno kot v latinéini je patent poimenovan tudi po
anglesko letters patent od angledke besede letter ki
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pomeni ¢rka, pismo, v mnozini pa angleska beseda
letters pomeni: uradno pismo, listina, dokument).

Sedanji pomen besede patent je zascitno pismo, listina,
ki daje nosilcu (titularju) izkljuéno pravico do uporabe
izuma. Pravni pomen izkljuénosti pravic je v tem, da s
pravicami, ki jih daje patent, lahko razpolaga samo
nosilec (titular) teh pravic, ostali pa samo s privoljenjem
nosilca pravic. Imetniku patenta dajejo te pravice do-
ioéen privilegiran, imenovan tudi monopolen polozaj,
nasproti tistim, ki teh pravic za dolo¢en izum nimajo. Ta
ustvarjalni monopol se nanasa samo na stvaritve, ki so
v svetovnem merilu nove, je omejeno uporaben in kon-
kurira s prej$njimi stvaritvami tako, da predstavlja glede
na nje izboljSave, pocenitve, s tem pa vzpodbuja konku-
renco. To pa je bistveni namen patenta, saj predstavlja
prisilo k razmisljanju, kar ima za posledico mobilizacijo
ustvarjalnosti, ki edina zmore nuditi nove stvaritve. Te
pa so gonilo tehniSkega napredka.

Poudariti je potrebno, da patentne pravice podeljujejo
posamezne drzave po svojih zakonodajah in samo na
podrodju svojih drzav. Patent daje torejtitularju teritorial-
no omejen monopol. To pa pomeni, da je potrebno za
uveljavitev pravic po patentni zakonodaji prijaviti izum v
vsaki posamezni drzavi, v kateri bi izumitelj Zelel dosedi
za$cito svojega izuma, posebe;j.

lzum, ki naj bi dobil pravno varstvo s patentom, mora
biti nova resitev opredeljenega tehnidkega problema,
doseZena z ustvarjalnim delom na ravni izumiteljstva,
industrijsko in tehnisko izvedljiv ter uporaben v in-
dustrijski ali drugi gospodarski dejavnosti.

Navedeni kriteriji povedo, da je s patentom opisano
novo, konkretno znanje, ki do prijave izuma, imenovane
patentna prijava, ni bilo nikjer v svetu dotlej publicirano.
Pomembna je tudi tehniska izvedijivost prijavijenega
izuma v tem smislu, da lahko povpreéen strokovnjak
podroéja, v katerega je mozno Steti prijavijeni izum, v
patentni prijavi opisano napravo realizira, da deluje tako,
kot je navedeno v prijavi.

Da bi izum dobil pravno zascito, mora biti po predpisa-
nem postopku prijavljen pri pooblaséenem drzavnem
organu, pri nas Uradu Republike Slovenije za varstvo
industrijske lastnine (v nadaljnem besedilu Urad). Ta
organ po predpisanem postopku ugotovi, e izumustre-
za dolocenim kriterijem za pridobitev pravice zascite kot
patent. Od formalne prijave izuma Uradu do podelitve
patenta mora ta izum iti skozi faze tako imenovanega
preizkusa, ki jih predpisujejo zakoni o patentihposamez-
nihdrzav. V postopkih preizkusa ugotavlja preizkuSeva-
lec Urada predvsem novost izuma v svetovnem merilu
zlasti za tiste lastnosti izuma, za katere je v prijavi
zahtevana zascita. Ta del prijave se imenuje patentni
zahtevki. Vsak patent vsebuje izum, vsak izum pa ne
ustreza kriterijem za podelitev patenta.
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Odkritja, znanstvene teorije, matemati¢ne metode,
raunalnigki programi in druga pravila, na¢rti, metode in
postopki za duhovno aktivnost neposredno kot taki ne
Stejejo zaizume.

lzum je nov, ¢e do datuma vlozZitve zahteve za priznanje
patenta (v nadaljnem besedilu patentna prijava) ni bil
obseZen s stanjem tehnike v svetovnem merilu.

Steje se, da je izum obseZen s stanjem tehnike, ¢e je
postal dostopen javnosti z objavo, razstavitvijo, prikazo-
vanjem ali uporabo na nacin, ki omogoc¢a strokovnja-
kom, da ga lahko uporabljajo oziroma Ce se ne razlikuje
odizumov, Ki so bili prej prijavljeni ali so bili pred vioZitvijo
patentne prijave dostopni javnosti, razen od tistih izu-
mov, za katere je bila prijava umaknjena pred objavo
odlo¢be o priznanju patenta. Drzavni urad, pri katerem
je bilizum prijavijen, po dologenem obdobju (v Republiki
Sloveniji nacelno po poteku osemnajstin mesecev, na
zahtevo prijavitelja patenta pa po preteku treh mesecev)
oddatuma, ko je bilavloZenaprijava oziroma od datuma,
ko je bila zahtevana prednostna pravica, v svojem urad-
nem glasilu (v Republiki Sloveniji je to glasilo imenovano
Bilten za industrijsko lastnino), objavi izvleCek patentne
prijave z morebitnimi skicami. Po tej objavi je prijava
izuma dostopna vsaki zainteresirani osebi, ki jo lahko
legalno uporablja vse dotlej, dokler drzavni urad za pri-
javljeni izum ne izda patentne listine. Od tega trenutka
dalje pa lahko uporablja izum samo nosilec patenta
(titular) in pa tisti, katerim nosilec patenta dovoli uporabo
s patentom zascCitenega izuma.

Patentna glasila posameznih drzav so vir podatkov za
ustanove, ki se poklicno ukvarjajo z zbiranjem in urejan-
jem podatkov o prijavah izumov in podeljenih patentih.
Te ustanove te podatke objavljajo v obliki razli¢nih infor-
macijskih sredstev, od katerih omenimo le: mikrofilmske
kartice (anglesko: mikrofishe), CD (ang: Compact Disk),
ON-LINE prek podatkovnih omreZij na racunalnidkih ter-
minalih. Nekaj takih patentno informacijskih ustanov:
DERWENT, INPADOC, US CLAIMS.

Glede na dejstvo, da je namen razvoja nekega izdelka
njegova poznej$a prodaja na trziscu, je treba pred zacet-
kom razvoja preveriti s pomogjo patentne informatike,
e nitak izdelek Ze opisan s patentno prijavo ali pa je za
ta izdelek Ze podeljen patent in e je, v katerih drzavah
je to. Ta postopek se imenuje patentna poizvedba in jo
izvajajo za to usposobljeni strokovnjaki in ustanove. V
kolikor se izkazZe, da je novi izdelek sicer prijavijen ali pa
je zanj Ze podeljen patent v drzavah, kjer tega izdelka ne
bi nudili na trzis¢u, je lahko izdelan po opisu v taki
patentniprijaviinponujen natrzis¢u, kjernima zascite kot
patent. MoZno ga je tudiponuditinatrzis¢u drzave, kjerje
prijavljen kot izum (anglesko: patent pending), vendar z
rizikom, da bodo sledile sankcije, ¢e bo podeljen patent
zata izdelek. Tezko je predvideti, ali bo v neki drzavi za

izum patent podeijen ali ne.

Razvojno delo pri novem izdelku naj bi bila predvsem
nadgradnja obstojeega stanja tehnike, ki ga pokaZe
patentna poizvedba. Tudi pri takem nacinu razvojnega
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dela so potrebni ustrezni ukrepi, da ne pride do tega, da
tak izdelek prijavi konkuren&na ustanova, preden bi ga
prijavila ustanova, ki ga razvija, s ¢imer onemogoci
plasma takega izdelka svoji konkurenci. Zato je potreb-
no razvijati izdelek v najvecji tajnosti in ga v primernem
trenutku prijaviti patentnemu uradu vsajv lastnidrzavi. S
tem je izdelek zapopaden s stanjem tehnike in ga ni vec
mogoce na ta nadin izriniti s trzid¢a. Sele po opravijeni
prijavi je mozno publicirati razvojni doseZek, Kije izum, v
nepatentnem javnem glasilu (reviji, knjigi in podobno) ali
prikazati (narazstavah), sajv nasprotnem primeru lahko
pride do tega, da konkurenca prijavi ta izdelek kot izum
in pridobi vse pravice, ki iz tega izhajajo. Zato izumitelji
v svetu, ¢im je le mozno, prijavijo svoj izum pri nacional-
nem patentnem uradu, s ¢imer si zagotovijo prednostno
pravico na vsem svetu.

Primer: japonski izumitelji od sto na Japonskem prijavi-
jenih izumov zahtevajo prednostno pravico v drugih
dezelah izven Japonske samo za dva ali tri izume in to
samo v industrijsko najrazvitejdih drzavah sveta.

Prijave istega izuma v vel drZzavah tvorijo patentno
druzinotega izuma.

Iz doslej navedenega sledi logiCen sklep, da so najno-
vejsirazvojni dosezki najprej objavljeni v patentnih infor-
macijskih medijih. Sele po ¢asovnem zamiku najmanj
dvehletsotidosezkiobjavljenivrevijah, po priblizno petih
letih pa v knjigah.

Navedena naj bosta samo dva primera, ki zgovorno
ilustrirata pomembnost uporabe patentne informatike:

— O prvihdosezkih prirazvoju kompaktnih diskov (ang.
CD=Compact Disk) so se prvi izumi pojavljali v pa-
tentnih prijavah ve¢ kot pet let pred objavami v
revijah in drugod. Tisti, ki so spremljali ustrezno
patentno literaturo tega podrocja, so se lahko pra-
vocasno pripravili na novost, ki se je najavljala.

— V Svicarski industriji ur niso dovolj budno spremljali
patentnih informacij o novostih na podrocju urarstva,
zaradi Cesar so postali Japonci vodilni proizvajalci
digitalnih ur, v Svici pa so zamudili tehnologijo za kar
desetlet. Mnogo tovarn ur so zaprli in veliko delavcev
je bilo ob zaposlitev.

Patentne listine so torej na podrocju tehnidkih informacij:

— najzgodnejsivir informacij, ker so hitro publicirane,
do dve leti pred objavo v specializiranih revijah.

— okrog 70% vseh tehniskih informacij objavljajo
samo patentni dokumenti

— kvaliteten vir informacij. V njih je v zgosceni in
urejeni obliki podan rezultat ustvarjalnega dela

— vir standariziranih informacij, ker so informacije v
njih:

* kodirane, sgj je pred vsakim bibliografskim podatkom pa-
tentne listine vpisana $tevilcna standardna INID (ang: Intet-
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nationally agreed Numbers for the Identification of Data)
koda

* klasificirane. Ve¢ina pooblaséenih drzavnih patentnih usta-
nov uporablja MPK (Mednarodno Patentno Klasifikacijo)
(ang: IPC=International Patent Classification), s katero je
kar se da natangno opredeljeno podroje tehnike, na katero
se nanasaizum.

— centralizirane, ker jih publicira samo en urad v po-
samezni drzavi, pri nas Urad Republike Slovenije za
varstvo industrijske lastnine.

— nove, kar velja predvsem za patentne informacije,
vsebovane v Ze podeljenih patentnih dokumentih.

Reference: Bilten za industrijsko lastnino (BIL) Repu-
blike Slovenije

Milo§ KOGOVSEK, dipl.ing.,
patentni zastopnik

NACIONALNI CENTER ZA MIKROSTRUKTURNO IN POVRSINSKO
ANALIZO

Pomembnost mikrostrukturne karakterizacije izhaja iz
spoznanja vede o materialih, da so lastnosti materialov
odvisne od karakteristik mikro in celo nano podrocij ter
od narave procesov v njih. Vzporedno z razvojem zna-
nosti o materialih se kot njeno glavno orodje razvijajo
metode mikrostrukturne karakterizacije. Te metode ob-
segajo kemic¢no, strukturno in stereolosko analizo. Sku-
pnotem metodam je, da zahtevajo drago instrumentalno
opremo. To so vseh vrst mikroskopi, opti¢ni in elektron-
ski ter spektrometri. To podro¢je se v svetu zelo hitro
razvija. Najzmogljivejdiinstrumentiomogocajo vrhunska
znanstvena odkritja, manj zmogljivi - standardni instru-
menti ustrezno racunalnidko podprti so nepogresljivo
orodje na Sirokem podrocju aplikativnih raziskav, razvo-
jain kontrole.

V Sloveniji obstajajo skupine, povedini v ustanovah, ki
se ukvarjajo z mikrostrukturno analizo materialov v ok-
viru lastnih raziskovalnih in razvojnih nalog ter delno
izvajajo tudi usluge. Na podrogju materialov so to Labo-
ratorij za mikrostrukturno analizo in Laboratorij za elek-
tronsko mikroskopijo na Institutu JoZef Stefan ter Labo-
ratorij za analizo povrsin in tankih plasti na Institutu za
elektroniko in vakuumsko tehniko. Tu so elektronski
mikroskopi in mikroanalizatorji za strukturno in kemiéno
analizo materialov ter tunelski mikroskop in Augerjev
spektrometer za analizo povrdn, ¢e omenim samo
najvecje instrumente. Oprema je bila ob nabavi vredna
prek 3 milijone dolarjev. Pogon in vzdrzevanje je drago
in zahteva visoko usposobljene delavce. Vedina instru-
mentov je starih, kot novejde velja omenitianaliznitrans-
misijski mikroskop Jeol 2000fx in vrsticni elektronski
analizni mikroskop Jeol 840A ter tunelski mikroskop.

Sodelavci v omenjenih laboratorijih so vkljuceni v prek
Stirideset raziskovalnih in razvojnih projektov na po-
dro¢ju materialov, kemije, fizike in elektrotehnike ter v
Stevilne naloge iz industrije. Raziskovalci so specializi-
rani za analizne metode, povezane z instrumenti. Za
kvalitativno in kvantitativno kemicno in stereolosko ana-
lizo mikrostrukturnih podrocij ali prostih delcev velikih
nekaj mikronov in vel, uporabljajo metode valovne in
energijske disperzije rentgenskih Zarkov na mikroanali-
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zatorju ali vrsti¢énem elektronskem mikroskopu. Za
strukturno in kemic¢no analizo podmikronskih podrocij ali
delcev, kot so na primer medfazne povrsine, meje med
zrni, kristaliti, azbestna vlakna in drugo, uporabljajo
metode, vezane na transmisijski elektronski mikroskop.
To so transmisijska elektronska mikroskopija, elektrons-
ka difrakcija in energijska disperzija rentgenskih Zarkov.
Za analizo povrsin in tankih plasti uporabljajo spektros-
kopijo Augerjevih elektronovin profiino analizo. Tunelski
mikroskop odpira nove eksperimentalne moznosti razis-
kav atomske in elektronske strukture povrsin z atomsko
loCljivostjo.

Sodelavci se trudijo izvajati analize z obstojeo opremo
na ¢im vigjem strokovnem nivoju. V ta namen uvajajo
razne racunalnisko podprte metode in razvijajo instru-
mentalne dodatke, kiizboljSujejo zmogljivostiinstrumen-
tov. V nekaterih primerih omogoca vrhunske analitske
rezultate Siroko razvejano sodelovanje s podobnimiins-
titucijami v tujini.

Pomembna dejavnost je tudi izobrazevanje. V laborato-
rijin se pri vajah Studentje seznanjajo s sodobnimi ana-
litskimi metodami in instrumenti. Sodelavcipredavajo na
FNT in sodelujejo v seminarjih za strokovnjake iz indus-
trije, kot na primer v seminarjih iz osnov vakuumske
tehnike in iz metod karakterizacije kerami¢nih materia-
fov.

Del dejavnosti predstavija tudi servisna dejavnost. Ce
pogledamo samo pretekli dve leti, ugotovimo veliko
Stevilo obc¢asnih ali stalnih uporabnikov uslug.

Strokovnjaki, ki defajo zunaj omenjenih skupin in ki
potrebujejo tovrstne usluge, se sredujejo s problemi, kot
sta zasedenost ekipe z lastnimi nalogami in zato
najveCkrat premajhna zainteresiranost za temeljito
reSevanje problema naro¢nika in visoka cena usluge, ki
jo v glavnem dolo¢ajo visoki stroki amortizacije in
vzdrzevanja.

Analiza stanja nam je pokazala, da je dejavnost, ki jo
predstavlja mikrostrukturna analiza materialov in
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povrsin, koristna dovolj Sirokemu podrodju raziskav in
razvoja, da bi jo bilo smotrno v Sloveniji centralno orga-
niziratiinfinancno podpreti zunajraziskovalno-razvojnih
projektov. S tem bi se dejavnost odpria tudi drugim
podroCjem npr. analizam onesnazenosti okolja in drage
instrumente bi nabavljali v skladu s potrebami $irokega
zaledja. Cena storitev bi postala dostopnej$a za uporab-
nike.

Pobudo Instituta J. Stefan in Instituta za elektroniko in

vakuumsko tehniko za ustanovitev infrastrukturnega

centra je Ministrstvo za znanost in tehnologijo sprejelo

in sklenilo, da bo zagotovilo del sredstev za ustanovitev

in delovanje Nacionalnega centra za mikrostrukturno in

povrsinsko analizo. Upamo, da bo Center, financiran na
nov nacin, lahko deloval Ze letos.

dr. Marija Trontelj

NN

Jamova 29, Ljubljana

TESTNI CENTER - MIKROIKS

Konec leta 1992 je podjetje MIKROIKS iz Ljubljane v
industrijski coni v Stegnah postavilo in zagnalo neodvis-
ni proizvodno-razvojni Testni center za testiranje mi-
kroelektronskih vezij tako na silicijevih rezinah (Wafer
probing) kot zaprta v razli¢na ohisja (Final testing), z
mozZnostjo inZenirske analize in karakterizacije.

Velikost Testnega centra je priblizno 100 m?, pri ¢emer
odpade dobra polovica na takoimenovano belo sobo s
kontrolirano CistoCo, temperaturo in vliago in v kateri se
nahaja vsa testna oprema. Klasa Cistosti bele sobe je
100 000, kar pomeni, da se v kubi¢nem Cevlju zraka
nahaja najve¢ 100 000 prasnih delcev velikosti > 0. 5
mikrona. Omenjena Cisto€a zagotavlja kvalitetno testi-
ranje mikroelektronskih vezij na silicijevih rezinah, ko so
le ta takoreko¢ "nezavarovana” in §e niso vgrajena v
raznorazna ohisja (znacilne "gosenice"). Konstantna
temperatura v obmocju 21 £ 2 stopinji C in viaga v
obmodju 35-45 % pa zagotavijata ustreznost in stabil-
nost vseh tehni¢nih parametrov testne opreme.

Od druge polovice Testnega centra pa odpade priblizno
zopet polovica na Laboratorij za izdelavo testnih kar-
tic in ostalih testnih pripomockov ter inZenirske aktiv-
nosti v podporo testiranju, ostalo pa na ¢isto garderobo
in lastno strojnico za klimatizacijo bele sobe.

OPREMELJENOST TESTNEGA CENTRA
MIKROIKS

— Univerzalni digitalni testni sistem SENTRY Vi
Univerzalni digitaini testni sistem SENTRY VIl je vseka-
kor najpomembnejsi del opreme Testnega centra M-
KROIKS. Omogoca hitro in celovito testiranje katerega-
koli digitainega mikroelektronskega vezja ne glede na
izdelavno tehnologijo in stopnjo integracije. Omejitev je
le hitrost (do max. 20 MHz - MUX mode) in Stevilo testnih
prikljutkov {max. 60). Testni sistem SENTRY Vi je
proizvod enega vodilnih svetovnih proizvajalcev testnih
sistemov ameriske firme SENTRY/SCHLUMBERGER
(prej FAIRCHILD) in je vsekakor sistem s najvegjim
Stevilom instalacij v svetu.

Konfiguracija testnega sistema SENTRY Vil instalirane-
ga v Testnem centru MIKROIKS je zelo bogata, saj
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poleg osnovnih tehni¢nih karakteristik in modulov, kot
SO :

— FST 2 testni radunalnik z diskom in traéno enoto

- 2 HV (High voltage) testni glavi s po 60 prikljucki
vsaka

— 3 DPS (Device Power Supplies) napajalniki z
moznostjo forsiranja napetosti do 40 V z resolucijo
do 2 mV oziroma toka do 1 Ain resolucijo do 100 nA

— 6 RVS (Reference Voltage Supllies) napajalnikov z
nastavitvijo do 30V in resolucijo do 2mV

— 8 TG (Timing Generators) ¢asovnih generatorjev od
tega dva kot komparatorja

— 1 PMU (Precision Measurement Unit) zelo natanéna
merilna enota za meritev napetosti do 40V z resolu-
cijo do 2mV ali toka do 100 mA z resolucijo do 1nA

vsebuje Se dodatne module in sicer:

— 1PPM (Pattern Processor Module) modul specialno
namenjen za testiranje spominskih vezij

— 1 SPM (Sequence Processor Module) modul, ki
omogoca znatno vecjo flexibilnost pri manipulaciji s
preskusevalnimi vzorci, pomembno za zelo kom-
pleksna vezja kot so mikroprocesorji in podobna
vezja

— 1 IEEE 488 paralelno vodilo, ki omogoca prikiop
raznoraznih dodatnih zunanjih modulov (dodatni for-
sirni ali merilni instrumenti), krmiljenih s stranitestne-
ga sistema in sinhroniziranih z ostalimi testnimi
sekvencami.

Obsezna sistemska programska oprema obsega poleg
osnovnega operacijskega sistema in testnega jezika
FACTOR, ki sluzi za pisanje aplikacijksih testnih progra-
mov, $e vrsto podprogramov, ki omogocajo selekcijo,
shranjevanje in razvri¢anje pcsameznih testnih rezulta-
tov, izpis le teh med samimtestiranjem, analizo delovan-
jatestiranega vezja s spreminjanjem posameznih para-
metrov vezja med samim delovanjem v dolo¢enem opa-
zovanem obmocju (SHMOO PLOTS), statisti¢no obde-
lavo vecjega Stevila testnih rezultatov in diagramski
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prikaz le teh (histogrami, trend diagrami. . ), vse v smislu
&im hitrejse in kvalitetnejSe priprave testnih programov
ter celovite inzenirske karakterizacije testiranega vezja.

- Avtomatski podajalnik rezin (Wafer Prober)
ELECTROGLAS EG 1034X

Avtomatski podajalnik rezin omogoca v principu dve
stvari: ustrezno povezavo testnega sistema z mikroelek-
tronskim vezjem na silicijevi rezini prek posebne testne
kartice, katere konice nalegajo na kontaktne blazinice
omenjenega vezja in jo je potrebno izdelati za vsako
vezje posebej in zelo natanéen (v obmocju +- 5 mikro-
metra) ter hiter premik konic testne kartice z enega na
drugo vezje ob zakljucku vsake testne sekvence v skla-
du s testnim programom in pod kontrolo testnega siste-
ma. Slaba vezja se takoj avtomatsko oznacijo s poseb-
nim &rnilom. Tako je mo¢ v zelo kratkem ¢asu in popol-
noma avtomatsko stestirati celotno rezino z obiajno vec
sto mikroelektronskimi vezji.

Avtomatski podajalnik rezin ameriske firme ELECTRO-
GLAS, vodilnega svetovnega proizvajalca tovrstne
opreme, EG 1034X, ki se nahaja v Testnem centru
MIKROIKS pa vsebuije $e dodatno opcijo, tako imeno-
vano temperaturno mizico (HOT CHUCK), ki omogoca
testiranje rezin tudi na poljubni povisani temperaturi z
zelo natan¢no nastavitvijo temperature, vse do 150 sto-
pinj C, kar je zelo uporabno orodje pri inZenirski karak-
terizaciji vezij, pri nekaterih vezij pa kar reden proizvodni
postopek.

— Avtomatska temperaturna podajalnika zaprtih

vezij THERMONICS T-3005 in T6005.
Drage testne naprave in obsezen inZenirski angazman,
ki je potreben v fazi razvoja in postavitve testnih proce-
dur, kakor tudiv fazi proizvodnega testiranja, postavijata
pred proizvajalce mikroelektronskih vezij in druge upo-
rabnike imperativ maksimalne izkori§¢enosti testnih na-
prav. Le to v znatni meri omogocajo avtomatski podajal-
niki zaprtih vezij, ki poleg hitrega podajanja vezij testne-
mu sistemu, opravijo $e ustrezno selekcijo teh vezij na
razliéne kategorije v skladu s testnim programom, 0mo-
godajo pa tudi testiranje zaprtih vezij na povisani tem-
peraturi vse do 125 stopinj C.

V Testnem centru MIKROIKS se nahajata dva tempera-
turna podajalnika zaprtih vezij in sicer eden za ohija
manjsih dimezij ($irine do 300 milsov) in eden za vecja
ohisja (8irine do 600 milsov).

- Stati¢ni BURN-IN sistem MARIN CONTROL

Kakovost in zanesljivost mikroelektronskih komponent
postajata prakticno najpomembnejsa inklju¢na momen-
ta pri uporabi le teh. Se posebno to velja za sisteme
profesionalne elektronike in elektronskih naprav za upo-
rabo v vojaske namene. Zato je potrebno Ze takoj na
zadetku izlogiti mikroelektronska vezja, ki funkcionalno
sicer ustrezajo zahtevam, vendar pa vsebujejo dolo¢ene
skrite defekte, ki bi $ele v uporabi povzrocili odpoved. S
pomogjo takoimenovanih BURN-In sistemov je moC z
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istodasno kombinacijo napajalnih napetosti in povisane
temperature pospeseno simulirati realne pogoje inpovz-
ro&iti predéasno odpoved "problemati¢nega” vezja.

O merilna in ostala oprema
visokofrekvencni osciloskop
profesionalni digitalni voltmeter
metalurski mikroskop

zaslonski mikroskop

veCbarvni risalnik

O oprema za izdelavo testnih kartic

goooan

PREGLED AKTIVNOSTI IN MOZNIH USLUG TES-
TNEGA CENTRA MIKROIKS

Poleg razvojnih in proizvodnih aktivnosti za lastne po-
trebe fahko firma MIKROIKS na osnovi lastnega znanja,
veéletnih izkudenj in povezav z domacimi in tujimi stro-
kovnjaki s tega podro¢ja, ponudi domacim proizvajal-
cem elektronskih sistemov in podsklopov, razvojnim in
raziskovalnimter pedagosdkim institucijam naslednje us-
luge Testnega centra MIKROIKS:

[0 Razvoj testnih programov in postavitev kompletnih
testnih procedur tako zatestiranje Cistih digitalnin kot
tudi (v omejenem smislu) digitalno-analognih mi-
kroelektronskih vezij

[0 100% testiranje rezin ali zaprtih vezij na sobni ali
povisani temperaturi v smislu vhodne kontrole

[0 InZenirska karakterizacija in evaluacija mikroelek-
tronskih komponent za doloCitev primernosti le teh
za dolocene aplikacije

(3 Diagnostika in celovita analiza odpovedi posamez-
nih komponent z ugotovitvijo mehanizma odpovedi
in podprta z ustrezno dokumentacijo kot podlago za
korektivne akcije ali morebitno reklamacijo dobavite-
lju komponent

O Dodatna testiranja v smislu Zivljenskih testov in za-
gotavljanja visje kakovosti in zanesljivosti

[7 Posebne razvojno-raziskovalne aktivnosti za posa-
mezne sistemske hise, institute in fakultete

O lIzdelava testnih kartic za testiranje rezin. Tu je vse-
kakor potrebno izpostaviti lastni laboratorij v okviru
testnega centra za izdelavo testnih kartic z vso po-
trebno opremo in tehnolo$kim znanjem, tako za iz-
delavo Kartic tipa BLADE kot tipa EPOXY. Oblika
osnovne ploécice testne kartice je lahko ali pravokot-
na, ki je tudi primerna za ro¢ne testne postaje, ali
okrogla. Maksimalno $tevilo konic je pri karticah tipa
BLADE 48, pri karticah tipa EPOXY pa 70.

[ lzdelava testnih plod¢ za SENTRY VIl in ostalih
specialnih testnih pripomockov po potrebi
1 %olanje kadrov in druge pedagodke aktivnosti

Zlatko Bele, dipl. ing.
MIKROIKS d. 0. o.
Dunajska

61000 Ljubljana
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KoREMA - Hrvatsko drustvo za komunikacije, racunarstvo,
elektroniku, mjerenja i automatiku

KoREMA, novo medustrukovno drustvo, nastalo je sje-
dinjenjem JUREMA-RH i ETAN-RH kao odgovor
drustvene, politicke i gospodarske promjene na prosto-
rima bivde Jugosalvije, a sukladno demokratskim
stremljenjima i preobrazbama u Republici Hrvatskoj. Na
osnivaCkoj Skupstini odrzanoj 24. sije¢nja 1992. godine
na ElektrotehniCkom fakultetu u Zagrebu usvojen je
Statut KoREMA te izabrani ¢lanovi organa KoREMA:
Predsjednistva, Savjeta i Nadzornog odbora. Naistoj su
Skupstini izabrani ¢lanovi Savjeta znastveno-stru¢nog
Casopisa "Automatika", koja ée u buduéem radu biti
prisno spregnuta s radom KoREMA.

Zadaci KOREMA prema Statutu jesu:

— unapredenje znanosti i struke te poticanje stvara-
lastva u podrucjima komunikacija, racunarstva, elek-
tronike, mjerenja i automatike te drugim relevantnim
podruéjima;

— sudjelovanije u stvaranju i provedbi politike razvoja iz
svojega djelokruga u Republici Hrvatskoj;

— pracenje razvoja suvremenih tehnologija i poticanje
njihove primjene;
— potpomaganje obrazovne i gospodarske suradnje;

- poticanje i suradnja u tehnickoj provedbi;

- Qrganiziranje savjetovanje, konferencija, simpozija,
seminara, izloZzaba, rasprava i drugih znanstveno-
strucnih skupova o suvremenim problemima struke;

- izdavanje i pomoé pri izdavanju zbornika, stru¢nih
radova, ¢asopisa, knjiga i drugih tiskovina iz podrucja
svoje djelatnosti;

— suradnja sa srodnim drustvima i organizacijama u
Republici Hrvatskoj te s nacionalnim i medunarod-
nim drustvima, udruZenjima i tjelima od interesa Ko-
REMA,;

— druge aktivnosti koje spadaju u podrucje interesa
KoREMA.

Da bi ostvarila prethodno navedene zadatke KoOREMA
se poblize bavi:

-~ telekomunikacijama i radiokomunikacijama;
— raéunarstvom i informatikom;

— informacijskom i energetskom elektronikom te elek-
tronickim tehnologijama:
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— industrijskim i drugim mjerenjima te obradom signa-
la;

- automatskim upravijanjem i kibernetikom,

§to ukljucuje i:

— pogonske sustave i pretvotrbu energije;

— robotiku i fleksibilne proizvodne sustave;

— racionalno koristenje energije i zastitu okolisa;
— prometne sustave;

— biomedicinsku tehniku.

Navedene zadatke u dvogodidnjem mandatu provodit
¢e Predsjednistvo KOREMA u slijedetem sastavu:
prof. dr. Petar Crnosija, ETF Zagreb,

prof. dr. KreSimir Cosi¢, Glavni stozer Hrvatske vojske
Zagreb,

prof. dr. Franjo Jovi¢, ETF Osijek,

prof. dr. Vojislav Kecman, FSB Zagreb,

dipl.ing., Marin Klari¢, Pliva, Zagreb

prof. dr. Mladen Kos, ETF Zagreb,

prof. dr. lvica Mandi¢, FESB Spiit,

prof. dr. Neven Mijat, ETF Zagreb,

prof. dr. Borivoj Modic, ETF Zagreb,

prof. dr. Branko Novakovié¢, FSB Zagreb,

prof. dr. Nedjeljko Peri¢, Koncar - Institut za elektro-
tehniku Zagreb,

Slobodan Prpi¢, dipl. ing., Termoelektrana "Rijeka", Ri-
jeka,

prof. dr. Slobodan Ribari¢, ETF Zagreb,

mr. Aleksandar Szabo, ETF Zagreb,

dr. Dinko Sinci¢, Chromos Zagreb,

doc. dr. Mate Smajo, FESB Split,

doc. dr. Zoran Vukié¢, ETF Zagreb,

Mirko Vukovié, dipl. ing., ATM Zagreb,

prof. dr. Sejid TeSnjak, ETF Zagreb.

Na prvoj sjednici Predsednjistva KOREMA, odrzanoj 7.
veljaCe 1992. g. u Zagrebu, za predsjednika Predsed-
nistva izabran je prof. dr. Nedjeljko Peri¢, a za dopreds-
jednika prof. dr. Neven Mijat.

Clanstvo u KOREMA

Prema Statutu (¢l. 6-9.) ¢lanovi KOREMA mogu biti
punoljetnigradaniodgovarajuéih stru¢nih spremakojise
zanimaju stru¢nom djelatnodcu iz podrucja KoOREMA i
koji prihvacaju odredbe Statuta te pravne osobe zainte-
resirane za djelatnost KoOREMA. Clanom KoREMA se
postaje potpisivanjem pristupnice s izjavom da se prih-
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vacaju odredbe Statuta KoREMA koju nakon prihvada-
nja Predsjednidtva potpisuje predsjednik Predsjednidtva
te uplatom ¢lanarine.

Clasnovi KOREMA imaju pravo:

— sudjelovati u svim djelatnostima KoREMA,;

— birati i biti izabrani u sve organe KoREMA;

— upravljati poslovima i ostvarivati ciljeve KOREMA na
Skupstini i drugim oblicima izjasnjevanja i u izabra-
nim tijelima;

— na popust na kotizacije i publikacije KOREMA.

Duznosti ¢lanova KoREMA su:

— da svojim radom pridonose ostvarivanju ciljeva i
zadataka KoREMA;

— daplacaju Clanarinu. Studenti i umirovljenici placaju
povlastenu Clanarinu.

Povlastenje ¢lanovima KoREMA

Clanovima KoREMA imaju slijedeca poviastenja:

— popust na kotizacije na svim skupovima koje organi-
zira KOREMA u iznosu 20% nominalne kotizacije;

— popust na sve publiakcije koje izdaje KoOREMA u
iznosu 20% nominalne cijene;

— popust na pretplatu za znastveno-strucni &asopis
"Automatika” u iznosu 40% nominalne cijene;

— pravne osobe imaju popust na sve oblike prezenti-
ranja (oglasi, reklame, izlozbe) u iznosu 20%.

Clanarina za 1992. godinu iznosi:
DEM 15, -...... za pojedinca,
DEM 300. -....... za pravnu osobu

u dinarskoj protivrijednosti po srednjem tecaju Narodne
banke Hrvatske na dan uplate.

Studenti imaju popust na ¢lanarinu u iznosu 70% nomi-
naclne Clanarine.

Umirovijenici imaju popust na &lanarinu u iznosu 50%
nominalne Clanarine.

Clanovi KoREMA dobivaju ¢lansku izkaznicu.

KONFERENCE, POSVETOVANJA, SEMINARJI, POROCILA

Mednarodna koferenca o elektronskih komponentah in materialih -
ICECM’92

Od 11. do 14. 11. 1992 sem se udelezila Mednarodne
konference o elektronskih komponrentah in materialih -
ICECM 92, ki je bila v Hangzhou na Kitajskem.

Tja so me povabili kot ¢lana programskega odbora in
predsednika sekcije "Karakterizacija kompozitov za
elektronske komponente". V sekciji "Anorganski mate-
riali za elektroniko" pa sem imela vabljeno predavanje
"Alkoxy - Derived Ferroelectric Ceramic Powders and
Thin Films".

Konferenca postaja tradicionalna. Pred tremi leti je bilo
prvo tovrstno sreanje v Pekingu, naslednje bo Cez tri
leta v Xi'anu.

Konferenca je bila zelo obsezZna, tako po Stevilu
udeleZencev kot po vsebini. Med udelezenci (Cez pets-
to) so bili seveda dale¢ spredaj po Stevilu domadini,
nemalo pa je bilo tudi Japoncev, nekaj Ameri¢anov in
Evropejcev. Kot sem omenila je bila konferenca vse-
binsko zelo bogata. Obsegala je prispevke s podroéja
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raznovrstnih materialov ter elektronskih in optoelektron-
skih komponentin tehnologij. Na njej je ¢lovek dobil zelo
dober pregled, kaj se vse na posameznih prejomenjenih
podrocjih novega dogaja, kaj so "vrode" teme, ker so se
organizatorji potrudili in za plenarna predavanja dobili
raziskovalce iz vodilnih, pretezno japonskih in ameriskih
firm in univerz. Vecina plenarnih predavanj se je na-
nasala naraziskave materialov npr. "pametni" materiali,
"inteligentni” materiali, SrTiO3 kot materiali za konden-
zatorje z zapornimi plastmi, materiali na bazi silikonov
za zaScCito komponent, materiali za kerami¢ne nosilce,
keramicni polprevodniki za termoelektricno pretvarjanje
energije, nano kompoziti, elektroaktivni kompoziti kera-
mika - polimeri. Nadalje smo v plenarnih predavanijih
slisali 8e o plinskih senzorjih za zasc&ito okolja, napredek
in pogled v bodoce na podrogju optiénih komunikacij ter
mnenje o trendih miniaturizacije v elektroniki.

Sicer pa so bili prispevki razvrééeni v vec sekcij. Za

spodaj navedeno Se njihovo Stevilo in Stevilo prispevkov.
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Pregled prispevkov konference po sekcijah

Nove sekcije Stevilo Stevilo prispevkov
Elektronski materiali 5 42
Piezoelektriéni materiali in 2 15
komponente

Feroelektricni materiali in 2 14
komponente

Senzorii 5 35
Diskretne komponente in 2 18
zanesljivost

Hibridna mikroelektronika 2 16
Optoelektronika 2 14
Novosti na podrogju elektron- 2 9

skih komponent in materialov

UdeleZevala sem se predavanj v sekciji za elektronske
materiale in sekcije za piezoelektricne materiale in kom-
ponente.

V prvi sekciji "Elektronski materiali" je bilo precejSen del
referatov posvedenih keramiki, med temi predvsem ne-
konvencionalnim metodam sinteze in pripraviter fastno-
stim kompozitov keramika - polimeri.

Sekcija o piezoelektriCni keramiki je seveda pokrivala
dosti oZje podrocje. Raziskovalna sfera se zanima

pretezno za materiale, za pripravo elementov pri eks-
tremnih pogojih delovanja (visoka temperatura, pritisk,
frekvenca, deformacija). Med materiali, ki so zmozni
velikih deformacij so se prebili tisti na osnovi sistema
xPb{Mg1aNb2/3)Os, +yPb(Ni1sNbz/3)O3 + z Pb(Zr, Ti)Os
ali kratko PMN - PNN - PZT. Primerni naj bi bili npr. za
pripravo piezokeramicnih motorjev. Ze dolgo pa Se ved-
no zelo aktualen problem je zniZanje temperature sin-
tranja PZT in po sestavi njej podobne keramike. Namen
je zmanjdati probleme zaradi odparevanja PbO. Eden
od nacinov je sinteza aktivnih prahov, drugi pa modifi-
kacija sestave z dodatki, kitvorijo prehodno tekoco fazo,
ki omogoca zgoscevanje pri niZji temperaturi. Taki do-
datki so npr. CdO, LiCOa, BixOs.

Ob koncu je vredno omeniti $e nekaj manj strokovnih
plati konference. Prvi¢ izredno zanimanje Kkitajskih
udeleZzencev za stroko, kar se manifestira v stalnem
"obleganju” predavateljev, zelo visok nivo referatov ne-
katerih Kitajskih skupin in pa izredno gostoljubnost orga-
nizatorjev.

Udelezbo na konferenci je financ¢no podprlo Ministrstvo

za znanost in tehnologijo (placalo je potne stroske), za
kar se mu lepo zahvaljujemo.

dr. Marija Kosec

S

Jamova 39, Ljubljana

KONFERENCA MICROTECH-93, LONDON, 9.-10. FEBRUAR 1993

Konferenco o hibridni mikroelektroniki MicroTech prirgja
v Angliji vsako leto konec januarja ali zacetek februarja
angleska sekcija ISHM (International Society for Hybrid
Microelectronics).

Letosnja konferenca MicroTech-93 je bila 9. in 10. fe-
bruarjé' 1993 v Londonu v hotelu Penta pri letaliscu
Heathrow. Hkrati s konferenco je bila tudi razstava
opreme, materialov inkomponent za hibridno mikroelek-
troniko.

Vodilna tema oziroma moto konference 9. februarja je
bilo "Manjse, lazje, hitreje", naslov tehnoloskega semi-
narja 10. februarja pa "Aliima debeloplastna tehnologija
prihodnjost ?". V porocilu bom na kratko opisal vsebino
nekaterih zanimivej$ih predavanj, na razpolago pa je
zbornik razsirjenih povzetkov in nekaterih referatov.

Precej predavateljev je govorilo o zahtevah, ki jih vedno
bolj kompleksna integrirana vezje predstavljajo za tehno-
logije izdelave povezav. Takt ure bo do leta 1995 presegel
100 MHZ, Stevilo /O izvodov pa doseglo oziroma preseglo
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1000 za nekatera logi¢na vezja. Kratek pregled "zgodo-

vine" teh trendov je predstavljen v tabeli I.

Tabela |
Obdobje 1975-1980  1980-1985  1985-1990  1990-1995
Integracija MS! LSt VLS| ULSI
Minimalne 4 um 2um 1,25 um 0,5um
dimenzije
Stevilovrat ~ 10-100 Tk-4k 10k-50k  100k-200k
Takt ure 1 MHz 10 MHz 25MHz 100 MHz
Vhod/izhod 14-40 48-120 84-200 148-200
Mot 0,2-04W 05-1W 1-2W 2-4 W

G. Jackson {(Multitone) je v referatu z nasiovom Interco-
nection Compression govoril o zmanjsevanju dimenzij
povezav. V drugi polovici 80-tih let so bile standardne
dimenzije linij na tiskanih vezjih 125 um, sedaj so 100
um, proizvajalci pa za 50% visjo ceno ponujajo tudi 50
um linije. Za spajkanje komponent na substrat je za
pastozne spajke meja gostote prikljuckov ckrog 0,4 mm,
kar je verjetno meja za idustrijsko proizvodnjo. Pri gos-
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tejsih prikijuckih se lahko uporablja lasersko spajkanije,
Ki pa je drago (en spajkalni spoj za drugim) in zaenkrat
neprimerno za mnozicno proizvodnjo. Vedno ved se
bodo uporabljali MCM (Multi Chip Modules), v katerih so
povezane gole silicijeve tablete. Multichip moduli imajo
precej prednosti pred konvencionalno inkapsuliranimi
silicijevimi tabletkami z velikim Stevilom vhodov/izhodov
(single chip modules), predvsem v primerih, ko primanj-
kuje prostora v vezju in, Ce je takt ure "hiter". Prednost
MCM pred ASIC (Application Specific Integrated Cir-
cuits) je v hitrejSem designu MCM. Pri ASIC traja nacrto-
vanje tudi do dve leti, v MCM pa se povezejo obstojeCe
tabletke. Kot je bilo povedano Se v vecl referatih, je ASIC
v velikih kolic¢inah lahko precej cenejsiin bolj funkciona-
fen, vendar je za izdelke pomembnejsi kratek ¢as raz-
voja (Time to Market).

Ker bodo MCM, izdelani v razli¢nih tehnologijah, Se

veckrat omenjeni, bomo na kratko definirali "osnovne

tipe":

O MCM-L so zahtevna vecCplastna tiskana vezja z lini-
jami minimalne Sirine, to je do 25 um.

O MCM-Cso "keramicéni" hibridi visoke gostote, navad-
no vedplastni keramicni substrati, v kateri je tudi prek
50 nivojev prevodnika, ali pa kompleksna debelo-
plastna vecplastna vezja

O MCM-D so moduli, ki imajo nanesene tankoplastne
veéplastne kovinske povezave (aluminij ali baker),
lo€ene s polimernim ali tankoplastnim (SiOz) dielek-
trikom. Kot substrat se najve¢ uporablja Al203 al
silicij. Silicij dobro prevaja toploto, njegov tempera-
turni razteznostni koeficient pa je seveda isti kot
razteznostni koeficient silicijevih tabletk. V tem pri-
meru se del elektronike izdela lahko Ze na substratu.

Priblizne cene za multi chip module iste velikosti, izde-
lane v razli¢nih tenologijah, so od 8 do 35 GBP za
MCM-C, 2-5 GBP za MCM-L in 20-35 GBP za MCM-D.
Te Stevilke so seveda zelo okvirne.

Leta 1992 so na svetu izdelali okrog 46*10° tablet, leta
2000 pa naj bi jih 100*10°. Od tega je bilo 1992 v Multi
Chip Module vgrajeno 0,6%, leta 2000 pa predvidevajo
5,5%. Porazdelitev po posameznih "tipih” MCM je prika-
zana v tabeli Il

Tabela I}
Stevilo posameznih tipov MCM
MCM 1992 2000
MCM-L 27*10° 390*10°
MCM-C 1,2"10° 90"10°
MCM-D 03'10° 195*10°

E. Schmidt (BMW) - Technology trends of automotive
electronic systems - je govoril o elektroniki v avtomo-
bilih. Elektronika mora biti predvsem robustna in poceni.
V nekaterih danasnjih avtomobilih je ze prek 40 mikro
procesorskih sistemov. Zahteve so po eni strani kratek
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¢as razvoja, ker se sistemi spreminjajo oziroma iz-
boljSujejo na 3 do 4 leta, po drugi pa mora elektronika v
avtomobilu zdrzati do 17 let. Pri firmi BMW so vezja,
zaradi cene, na tiskanih vezjih in zas¢itena s plasti¢éno
inkapsulacijo, ker je hermeticna predraga. Uporabljajo
debeloplastne ali polyimidne MCM, ker so tankoplastni
predragi. Zanje kot proizvajalca avtomobilov je zelo
pomembno, da so vse komponente v standardnih
ohigjih. Pri izboljSavah oz. inovacijeh morajo paziti, da
uporabljajo samo tisto, kar je kupec pripravljen placati.

R. Jones (Sony Manufactoring Comp.) - Technology
and infrastructure in the next decade - je povedal, da
v Angliji izdelajo okrog 6500 televizorjev na dan. Proiz-
vajajo vel kot 150 modelov, za kar rabijo 60000 razli¢nih
komponent oziroma sklopov. Sony meni, da bo "kla-
sicen” televizor s katodno cevjo ostal §e nekaj deset let
v prihodnje stoletje, medtem ko bodo ceneni del trzis¢a
pocasi zasedli zasloni s tekodéimi kristali. Projekcijski TV
seti, ki sliko projecirajo na steno ali platno, so zaenkrat
Se predragi in preve¢ nezanesljivi za splo$no uporabo
90% komponent nabavljajo v Evropi, ker tiste z daljnega
vzhoda zanje niso dovolj kvalitetne. Imajo okrog 120
dobaviteljev, ki morajo sami skrbeti za kvaliteto kempo-
nent, ker jih pri Sonyju ne kontrolirajo. Dobavitelj, ki
poslie komponente z napako, pa¢ odpade.

S. Williams (Digital) je v uvodu referata z naslovom
Simple chip packages resolve a komplex dilemma
povedal, da Multi Chip Moduli (MCM) izpoinjujejo skoraj
vse zahteve moderne mikroelektronike, na primer velika
gostota funkcij in povezav, modularnost, majhna teza
{povecana "portability”), razmeroma majhna poraba en-
ergije in zanesljivost. Vendar je cena MCM razmeroma
zelo visoka, kar je razlog, zakaj se ne uveljavljajo tako
hitro, kot so pred leti predvidevali. Visoka cena MCM je
posledica predvsem visoke cene testiranih golih silicije-
vih tabletk, ki so obiCajno drazZje kot inkapsulirane. Cena
opreme za testiranje posameznih tabletk je zelo visoka.
Po drugi strani, Ce se uporablja netestirane tablete, pa
je zelo slab izkoristek izdelanih MCM. Kot primer je
navedel, da je (kumulativni) izkoristek MCM z desetimi
tabletkami, od katerih je lahko 10% slabih, pod 40%.
Njihova predlagana resitev problema testiranja posa-
meznih tabletk je, da se tabletko pritrdi na sredino z
laserjem zarezane AlOs; keramike. Od sredine proti
robu keramike so natiskane zlate debeloplastne pre-
vodne linije, na katere se pribondira tabletko. Tabletko
se nato testiratako, da so kontaktirane blazinice narobu
keramike. Po testiranju se "odvelni" del substrata odlo-
mi, tako da ostane samo srednju del, na katerem je
tabletka. Tabletka na tem substratu se nato naprejvgra-
juje enako kot gola tabletka.

J. Berry (Toshiba) je v referatu Addresing user needs
through semiconductor alliances porocal o prednos-
tih, Ce ved velikih firm, drugaée konkurentov, skupaj
razvijajo novo tehnologijo. O tem je govoril na primeru
razvoja 256 M DRAM, ki so ga razvijali skupaj Toshiba,
Siemens in IBM. Za ilustracijo je povedal, da se na 256
M DRAM lahko "spravi” celotna Shakespeareova dela.
Razvoj] komponente je zahteval tudi razvoj linij s Sirino
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0,25 um. Dogovor je bil, da je tehnologija skupna, izdelki
pa so seveda stvar vsake posamezne firme. Prednosti
skupnega razvoja so zmanj$ano tveganje, visoki stroski
(razvoj 256 M DRAM je ocenjen na vel kot miljardo
dolarjev) se delijo, na razvoju je lahko hkrati delalo vec
kot 200 raziskovalcev. V prihodnjosti bo podobnih sode-
lav vedno veC zaradi visoke cene novih tehnologij. Na
vprasanje, kdo bo "posedoval” 0,25 um proces, je odgo-
voril, da verjetno samo najvecje firme, ker je ta tehnolo-
gija zelo draga. Racunajo, da bo gostota vrat v integri-
ranih vezjih do leta 2000 narasla do 8000/mm?.

M. Terasawa (Kyocera) - Small, thin, short - ho prob-
lem! - je govoril o trendih pri razvoju veéplastnih tehno-
logij, ki so potrebne za vezja z veliko gostoto funkcij in
povezav. Veéplastna keramika je zelo zanesljiva in ce-
novno sprejemljiva. Ocenil je, da postane cenejsa od
velplastnih tiskanih vezij nekje med 6 in 8 nivoji. Pri
tiskanih vezjih se cena priblizno podvoji za vsak nas-
lednji nivo, pri veCplastni keramiki pa naraste samo za
okrog 10%. V vecplastnih substratih so lahko "vgrajeni”
kondenzatoriji, uporiininduktivnosti. Sirinalinij, izdelanin
z debeloplastno tehnologijo na zelenih Al2O3 ali AIN
folijah (Kyocera zaenkrat ne uporablja nizkotempera-
turne keramike na osnovi kristalizirajocih stekel), je v
desetih letih padla od 400 pm na manj kot 100 um.
Veclplastne Al2O3 substrate s prevodniki na osnovi mo-
libdena ali volframa izdelujejo do 60 nivojev, lahko pa
gredo prek 100.

J. Cicogniani (Du Pont) je v referatu z naslovom Cera-
mic solution for interconnect requirement predstavil
moznosti, ki jih ponuja "izboljsana" debeloplastna teh-
nologija za izdelavo gostih povezav. Trendi, ki zahtevajo
vedno bolj gosta vezja, je ilustriral s prihodnjo generacijo
elektronike za avtomobile, kjer so zahteve do leta 1995
tri krat vecja funkcionalnost in 30% redukcija v dimenzi-
jah, pri Cemer naj bi cena narasla samo za 40%. Debe-
loplastna tehnologija omogoca v velplastnih vezjih tis-
kanje linij do 125 um. Luknje (vias), ki se jih lahko Se
razmeroma "udobno” izdela s sitotiskom, so okrog 300
um. Eden razlogov za to je vakuum, Ki pri odmiku sita
od substrata potegne pasto v luknjo. Pri Du Pont-u so
razvili na¢in izdelave manjsih lukenj z metodo "difuzijs-
kega oblikovanja" (diffusion patterning). Na tiskano in
suseno dielektritno plast se natiska na zazeljenih mes-
tih posebna pasta, ki vsebuje topilo, ki difundira v die-
lektrik in ga raztaplja. Na tem mestu se plast dielektrika
fahko izpere. Na ta nacin se lahko tudi v pogojih proiz-
vodnje vecplastnih hibridnih vezij dela povezave z di-
menzijami do 150 um. Proizvajalec avtomobilov, ki upo-
rablja to tehnologijo, je zmanjsal dimenzije vezja za
faktor 2,5. Drug nacin so prevodne in dielektriCne paste
na osnovi foto oblutljivega polimera. S foto postopkom
se lahko izdelajo debeloplastne prevodne linije $irine
pod 50 um (v laboratoriju 25 umj) in luknje s premerom
50 do 75 um. Druga moznost za izdelavo vecplastnih
vezij visoke gostote je keramika s sestavo, podobno
dielektrikom za velplastnavezja (kristalizirajoca stekla),
ki se Zge pri nizkih temperaturah 850°C do 950°C. Na
zeleno folijo se natiskajo navadni debeloplastni prevod-
niki, folije se nato zloZijo in razrezejo v "pakete”, ki se jih
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Zge. Razvijajo tudi materiale, s katerimi se bodo lahko
izdelali upori in kondenzatorji v tej veCplastni strukturi.

R. Kirkpatrick (DEK Printing Machines) je v referatu
Co-fired ceramic; printing and handling for volume
production predstavil polavtomatsko in avtomatsko
opremo za izdelavo vecplastnih vezij na osnovi nizko
temperaturne keramike. Ker so zelene keramicne folije
tanke in mehansko neodporne, so predvsem nacini
rokovanja razli¢ni od tistih pri izdelavi debeloplastnih
hibridnih vezij. Povedal je, da se ta tehnologija v Evropi
zaenkrat ni "prijela”, razen na laboratorijskem nivoju. V
ZDAjo naindustrijskem nivoju uporabljata dve vegjifirmi
{predavatelj ni povedal, kateri, vendar je bilo v diskusiji
nakazano, da je ena od njih verjetno I1BM). Tudi na
Japonskem se ta tehnologija zaenkrat uporablja le za
manjse serije. Razlogi za po¢asen razvojtehnologije so
predvsem neustreznot obstojecih naprav pri firmah, ki
imajo debeloplastni tehnologijo in razmeroma visoki
strodki za prehod na nizko temperaturno keramiko, prav
tako pa tudi "previada” vecplastnih tiskanih vezij, izde-
fanih s povrsinsko montazo.

Predstavniki proizvajalcev debeloplastnih past so
predstavili nove materiale. B. Sjoling (Ferro EMD, prej
Thick Film Systems) je predstavil prevodnike na osnovi
Ag in Al za metalizacijo soncnih celic in debeloplastne
paste, tako visoko temperaturne kot na osnovi polimerov
za izdelavo tekoce kristalnih, LED, elektro luminiscent-
nih, plazma in vakuumskih zaslonov. To so predvsem
stekla za hermeti¢no zapiranje, dielektriki z visoko die-
lektricnostjo in prevodniki na osnovi Ni, ki se lahko zge
na zraku ali srebra.

S. Muckett (Electro Science Labs.) je govoril predvsem
o novih dielektricnih materialih z visoko dielektri¢nostjo,
od 2000 do 12000. StarejSe "kondenzatorske" paste so
bile na osnovi zmesi stekia in BaTiOs. Plasti so bile po
Zganju pri temperaturah, ki se uporabljajo pri debelo-
plastni tehnologiji, to je pod 1000°C, porozne. Novi
materiali so po zganju gosti z malo porami, ki med sabo
niso povezane. Zato so karakterististike debeloplastnih
kondenzatorjev, izdelanih s temi pastami, zelo stabilne,
Eeprav so zas&iteni samo s steklom z nizko temperaturo
zganja. Neka (neimenovana) firma bo zacela proizvajati
diskretne RC ¢lene v "chip" izvedbi, kjer sta na majhnem
keramicnem substratu, primernem za povrsinsko mon-
tazo, debeloplasten upor in kondenzator, izdelana s to
novo pasto.

Q. Reynolds (Heraeus Silica and Metals) je predstavil
debeloplastne paste za izdelavo vezij na jekienih subs-
tratih. Osnova tega sistema materialov je dielekirik, ki
po Zganju tvori gosto in neporozno plast na jeklu. Zaradi
goste plasti ne pride med zganjem do baterijskega efek-
ta (nabrekanje in lusCenje zgornjih plasti). Na tej osnovi
se potem "zida" vezje s kompatibilnimi prevodniki in
upori. lzolacijska upornost dielektrika je pri povisani
temperaturi za tri razrede visja kot pri "starih” dielektri-
kih. Predstavil je nekaj aplikacij tega sistema, predvsem
tam, kjer se zahtevajo robustna vezja ali substrati kom-
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zorjev za razli€ne meritve v osebnih avtomobilih je
prikazana v tabeli llI.

Tabela lll
Vrednost senzorjev v osebnih avtomabilih (v 10° GBP)
1991 1996 Letna rast (%)

Pospedek 183 503 224 %
Pretok zraka 196 312 9,7 %
Koncentracija kisika 102 153 84 %
PoloZaj 317 539 112 %
Hitrost 355 699 145%
Temperatura 278 412 8,2 %
Ostalo 158 151 -1,0%
Skupaj 1754 3131

Priizdelavi velikih serij senzorjev je cena debeloplastnih
senzorjev visja kot senzorjev na siliciju, pri srednjih ali
manjsih koli¢inah pa so debeloplastni senzoriji cenejsi.
Trenutno se debeloplastni senzorji, ali kot "klasi¢na”
debeloplastnavezja ali paizdelani nakovinskih sustratih
ali kot vecplastni substrati, uporabljajo ali testirajo za
uporabo pri meritvah pritiska, koncentracije kisika v
izpudnih plinih, pospeska, pretoka zraka in obremenitve,
torej praktitno vseh parametrov, navedenih v tabeli 1l
Primerjava razli¢nih tehnologij za izdelavo senzorjev je
podana v tabeli IV, primerjava senzorja tlaka, izdelane-
ga v debeloplastni tehnologiji ali na siliciju, pa v tabeli V.

Tabela IV
Primerjava karakteristik senzorskih tehnologij
Silicij Tanko  Debelo Integrira-  Opticna
plastna plasina  optka naoptika vlakna
Proizvodna li- 1-2 0,5 0,2 0,51 0.2
nija (10° GBP)
Proizvodnja 100k 20Kk 5k 20k 0,5k
senzorjev na
leto
Cenasenzor-  0,1-1 0,3-3 1-10 5-50 5-500
ja (GBP)
Miniaturizacija  Visoka ~ Srednja  Nizka Nizka  Zelo nizka
Integracija Monolitno  Hibrid Hibrid Hibrid  Diskretne
kompo-
nente
Fleksibilnost Nizka ~ Srednja  Visoka  Nizka  Visoka
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Tabela V

Primerjava parametrov senzorjev tlaka izdelanih v debeloplastni tehnolo-
giji in na siliciju. Podatki so normalizirani za debeloplastni senzor = 1.

Parameter Debeloplastni Silicij
Dimenzije 1 0,02
Casrazvoja - senzorski element 1 3
- naprava i 10
Investicija za proizvodnjo
100 k senzorjev/ leto 1 5
1000 k senzorjev / leto 1 i
5000 k senzorjev / leto 1 0,7

Avtor ocenjuje, da bodo na podrolju meritev koncentra-
cije kisika v izpusnih plinih in temperature previadovali
debeloplastni senzorji, pri meritvah ostalih parametrov
pa bodo morali tekmovati z drugimi tehnologijami. Nji-
hove prednosti so velika fleksibilnost, kratki razvojni ¢asi
inmoznostfunkcionalnegadoravnavanjaspremnihvezij.

J. Atkinson (University of Southampton) je v referatu
Thick tilm technology for sensors porocal ¢ debelo-
plastnih senzorjih za meritve koncentracij plinov in ke-
mic¢ne senzorje za tekocine, Kijih razvija s sodelavci. Na
AlO3 substratu so natiskane zlate elektrode, pretiskane
z razlicnimi organo-metalnimi spojinami. Upornost teh
plasti je odvisna od vrste plina (na primer razli¢ni alko-
holi, ogljikov monoksid, SOz, benzenitd.), od koncentra-
cije plina in od temperature. Na vsakem substrati je veé
senzorjev, ki jih grejejo platinski grelci, natiskani na
hrbtni strani, tako da se lahko vzdolZ substrata vzpostavi
temperaturni gradient tudi do 100°C. Substrati so zaradi
nizje toplotne prevodnosti v vzdoiZni smeri zarezani z
laserjem. Ker spremembe upornosti senzorskih plasti v
odvisnosti od sprememb ali kombinacij parametrov niso
linearne, se senzorje "trenira”. Racunalnik si zapomni
odzive prina primer razlicnih zmeseh plinov prirazli¢nih
temperaturah, Kijih potem prepozna - avtor je to imeno-
val "baza podatkov prstnih odtisov plinskih zmesi”. Za
detekcijo snovi, raztopljenih v vodi, so razvili senzor, pri
katerem je ena elektroda vec vzporednih tankih zlatih
linij, pravokotno pretiskanih s pasovi dielektrika, tako da
simulirajo tockaste elektrode. Druga, referenéna elek-
troda je na osnovi srebra, na katero elektro kemijsko
nanesejo AgCl. Na osnovitakega senzorja Zelijo izdelati
prenosno napravo, ki bo v vodi merila kislost oziroma
pH, koncentracijo raztopljenega kisika, specifi¢no upor-
nost in temperaturo.

Marko Hrovat
IJS, Jamova 39,
Ljubljana
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PREDSTAVLJAMO PODJETJE Z NASLOVNICE

SIQ - SLOVENSKI INSTITUT ZA KAKOVOST IN
MEROSLOVJE

SIQ - SLOVENIAN INSTITUTE OF QUALITY AND METROLOGY

Abstract: The recent foundation of the Slovenian Institute of Quality and Metrology (SIQ) is the embodiment of the idea of a national institution for
quality testing and certification as conceived by the Institute of Quality Testing and Metrology (IKM) in the late Eighties to provide for harmonization
and compatibility with similar institutions in Europe. Thereby, new prospects for our participation in relevant existing and developing international
associations have been created. The founders of the SIQ are: IKM, as the predecessor of the SIQ, the Republic of Slovenia, the Slovenian Chamber
of Commerce, Triglav Insurance Company, and two greatest Slovenian companies in the domain of electronics, Iskra and Gorenje. In future we will
try to encourage more representatives of industry and large national economic systems, as well as institutions like the Slovenian Consumers’
Association to join us. In this way the fulfilment of three basic attributes of a testing and certification institution organised in accordance with the
criteria of European standards EN 45000 - impartiality, independence and non-profitability - will be assured. However, in the decision to found the
SIQ, the possibility of taking over a wider role was essential: not only product testing, and not just in the field of electrotechnics, which has been
the Institute’s domain up till now. The following slogan best describes the development vision of the SIQ: "Let the majority of questions in the quality
domain in Slovenia find their answers within the SIQ." The article gives an overview of existing and future fields of activity of SIQ, with special
emphasis on the presentation of its technical competence and achievements in international co-operation.

SIQ - nacionalna institucija za podrogje Neodvisnost in nepristranost sta tesno povezana
preskusanja in certificiranja kriterija. Izpolnjuje ju samostojna institucija, ki ima
v upravnih organih zastopnike tistih, ki so zaintere-

Z ustanovitvijo zavoda "Slovenski institut za kakovost in sirani za njeno dejavnost, na primer predstavnike

meroslovje” (SIQ) - pogodba o ustanovitvi je bila podpi- industrije, viade, zavarovalnic. Pri tem noben od
sana v decembru 1992 - se uresniéuje zamisel o nacio- ustanoviteljev (oziroma lastnikov) ne sme prevla-
nalni instituciji za podroéje preskusanja in certificiranja, dovati, zato je dobro, da jih je ¢im ve¢ in da so
ki smo jo v Institutu za kakovost in metrologijo (IKM) razprSeni. Ustanovitelji zavoda SIQ so poleg njego-
oblikovali po vzoru sorodnih institucij v evropskem pros- vega predhodnika, Instituta za kakovost in metro-
toru. S term se odpirajo nove moZnosti za vkljuéevanje logijo, $e Republika Slovenija, Gospodarska zbor-
Slovenije v ustrezne obstojece in nastajajoce medna- nica Slovenije in Zavarovalnica Triglav ter Iskra in

rodne asociacije, katerih poglavitni namen je olajsati in

vzpodbujati mednarodno trgovanje. Gorenje. VbodoCe bomo poskusali pritegniti $e vel

predstavnikov industrije, velike poslovne sisteme,

, . _ o Zvezo potrodnikov Slovenije, ... . V Svetu zavoda,
Formalni pogoj neodvrsr}osltl, kx_ se zah?eva za tavko najvigjem upravnem organu SIQ, so e zdaj poleg
mednarodno sodelovanje, je bil izpolnjen z izlocit- predstavnikov vseh ustanoviteljev predvideni tudi
vijo IKM iz Iskre leta 1987. Pomen institucije, v predstavniki velikih poslovnih sistemov ter Zveze
kakrSno se je tedaj razvijal IKM, za Slovenijo in potrognikov Slovenije.

mozne ureditve je obdelala in prikazala ekspertiza,
ki je bila pod vodstvom pokojnega prof. Fran-
ca Mlakarja, dolgoletnega direktorja IKM, izdelana
za Ministrstvo za industrijo in gradbenistvo v maju
1990. Ekspertiza je definirala obrise bodoce insti-
tucije izhajajoC iz treh osnovnih atributov pres-
kuSevaliSca in certifikacijskega organa, organizira-
nega po kriterijih evropskih standardov EN 45000:
nepristranost, neodvisnost, neprofitnost.

Kriterij neprofitnosti zahteva, da je SIQ zavod in ne
podijetje. Niti institucija kot celota niti njeno osebje
ne sme biti pod nikakrsnimi komercialnimi, finan¢ni-
mi ali drugimi pritiski, ki bi lahko vplivali na tehni¢no
razsojanje. To je v pogodbi o ustanovitvi zavoda
posebej poudarjeno: "SIQ pridobiva sredstva za
tekoCe poslovanje s prodajo svojih storitev in z
opravljanjemdejavnostinaosnovijavnih pooblastil.
Presezki prinodkov nad odhodki se po sklepu sveta
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zavoda SIQ uporabijo za vlaganje v SIQ (razsiritev
in obnovo dejavnosti)."

Odlogitvi o ustanovitvi zavoda SIQ je poleg nave-
denih formalnih pogojev za mednarodno sodelo-
vanje botrovala zlastiideja o SirSem delovanju - ne
samo na preskusanju proizvodov in ne samo na
podroc¢ju elektrotehnike, kar je bilo torisCe dejav-
nosti Instituta doslej. Vizijo razvoja SIQ danes
predstavljamo z geslom: "Naj vecina vprasanj s
podrogja kakovosti v Sloveniji najde odgovor v
SIQ”.

Tehniska podroc€ja delovanja

Nase geslo zahteva najprej udejstvovanje na dovol
Sirokem polju tehniskih podrocij. Tako smo dejav-
nost preskusanja proizvodov, kiima v Institutu dol-
goletno tradicijo, v zadnjih dveh letih dopolnili z
dejavnostjo presojanja sistemov kakovosti. V
nacrtu imamo vrsto novih usmeritev: certificiranje
osebja, tehnicna pomoc izvoznikom, preverjanje
kakovosti storitev, preverjanje ekolosko prijaznih
proizvodov. Tudi v okviru posameznih dejavnosti
stalno osvajamo nova podrocja.

Osnovne dejavnosti - iz pogodbe o ustanovitvi

S1Q kot nepristranski zavod opravija na podrocju
meroslovja in kakovosti naslednje osnovne dejav-
nosti:

- raziskovalno-razvojna dejavnost na podrocju
kakovosti, preskusanja in metrologije;

— preskuanje in certificiranje izdelkov na osnovi
nacionalnih, mednarodnih in drugih standardov
ter predpisov, izdajanje certifikatov in drugih lis-
tin o ustreznosti ter podeljevanje nacionalnih,
mednarodnih in drugih znakov ustreznosti in
kakovosti;

— presoja in certificiranje sistemov kakovosti na
osnovi nacionalnih, mednarodnih in drugih
standardov ter predpisov in izdajanje nacional-
nih, mednarodnih in drugih certifikatov terdrugih
listin o ustreznosti;

— opravljanje dejavnosti nacionalnega metro-
logkega laboratorija in izdajanje ustreznih listin;

— opravljanje dejavnosti zakonskega meroslovja,
kalibracija etalonov in meril v okviru akredita-
cijske sheme in tudi SirSe;

— izobraZevanje, organizacija posvetov in semi-
narjev ter svetovanje s podrocja dejavnosti Ins-
tituta.
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Preskusanije proizvodov

Preskusanje proizvodov zajema tako preskusanje
ustreznosti standardom za Sirok razpon proizvodov
s podrocij elektrotehnike, elektronike in telekomu-
nikacij, kot tudi pripadajoCe raziskave in razvoj
preskusnih metod. Institut ima dolgoletne izkusnje
na naslednjih podrocjih:

— Preskusanje kon¢nih izdelkov, sestavov, kom-
ponent in materialov v pogledu varnosti in na-
membnosti;

— Preiskave radiofrekvencnih motenj in elektro-
magnetne kompatibilnostiterizvajanje zadevnih
preskusov;

— Raziskave in preskusanje klimatske in me-
hanske odpornosti;

— Preiskave na podrocju elektroakustike in vibra-
¢l

— Raziskave in preskusanje zanesljivosti.

V teku je razsiritev tega tehniskega podrocja na:
- Preskusanje protieksplozijske zascite;
- Raziskave in izvajanje meritev neionizirnih se-

vanj;
— Preverjanje ustreznosti programske opreme.

Metroloska dejavnost

Metroloski laboratorij Instituta, ki je bil eden od
segmentov jugoslovanskega metroloSkega siste-
ma, se kot Siroko usposobljen laboratorij vkljuCuje
v slovenski metroloski sistem. Njegove aktivnosti
zajemajo:

— vzdrzevanje etalonov osnovnihinizpeljanih enot

~ zaelektricne in druge fizikalne veliCine;

— vzpostavljanje metroloSke sledljivosti etalonov
Instituta do primarnih slovenskih oz. mednarod-
nih etalonov;

— raziskave s podroc¢ja metroloske dejavnosti;

— pregledin zigosanje delovnih etalonov, merilnih
instrumentov in naprav za elektricne in neelek-
tricne velicine;

— umerjanje in justiranje merilnih instrumentov in
naprav.

Presoja sistemov kakovosti

Tej dejavnosti se priznava vse ve&ji pomen pri
ustvarjanju zaupanja kupca v kakovost proizvodov.
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Razvoj in uveljavlijanje zadevnih standardov
(ISO 9000) in sistemov za certificiranje, ustanavl-
janje nacionalnih institucij za certificiranje sistemov
kakovosti ter mednarodnih asociacij za medseboj-
no priznavanje rezultatov presoj kaze na to, da bo
certificiran sistem kakovosti podjetja v prihodnje
neizogibna zahteva trga.

Cilj Instituta je dose¢i mednarodno veljavo in priz-
nan status napodrocju certificiranja sistemov kako-
vosti. Akcija za vkljuCitev v EQNet (evropskamreza
institucij za certificiranje sistemov kakovosti), ki
smo jo pricelivietu 1991, je v oktobru 1992 obrodila
prve sadove: Institut je sprejet - v prvi fazi s statu-
som opazovalca - kot prva organizacija iz drzave,
ki ni ¢lanica EGS ali EFTE, v mrezo, ki omogoc¢a
medsebojno priznavanje certifikatov za sisteme ka-
kovosti.

S posameznimi ¢lanicami EQNet sodelujemo tudi
na osnovi dvostranskih dogovorov. Koristi takega
sodelovanja so vecstranske: slovenskim proizva-
jalcemje natanacin pridobitev mednarodno veljav-
nih certifikatov laze dosegljiva, nasim strokovnja-
kom - presojevalcem pa se nudi moznost, da raz-
vijajo in usklajujejo strokovne kriterije. Z usmeritvijo
v mednarodno menjavo Institut slovenskemu gos-
podarstvu priblizuje cilie mednarodnih sistemov
preskusanjain certificiranja: pospesevanje medna-
rodne trgovine, olajsanje certificiranjananacionalni
ravni na podlagi medsebojnega priznavanja, stro-
kovno uveljavljanje in napredovanije preskusanjain
certificiranja ter pomoc¢ proizvajalcem in izvozni-
kom pri dokazovanju varnosti in kakovosti.

Usposobljenost

— Institut je v 30-tih letih delovanja dosegel visoko
raven ekspertnega tehnicnega znanja ter prido-
bil vrsto pooblastil pristojnih drzavnihinstitucij za
izvajanje preskusanja in certificiranja proizvo-
dov ter verifikacije meril.

— Institut redno sodeluje pri izmenjavi izkugenj
med laboratoriji (CTL, EXACT), prirazvoju pres-
kusnih metod, kot tudi pri mednarodnih medla-
boratorijskih primerjalnih preskusih (v okviru
CTL).

— Institutje opremljen z najsodobnejso preskusno
in merilno opremo, ki se redno preverja v last-
nem metroloSkem laboratoriju.
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— Institut ima vzpostavljen sistem kakovosti, s
Cimer zagotavlja dosledno kakovost svojih stori-
tev.

— Institut je pionir v izpolnjevanju kriterijev nas-
lednjih, pred kratkim sprejetih slovenskih stan-
dardov:

- SLS EN 45001 Splosni kriteriji za delovanje pres-
kusnih laboratorijev

- SLS EN 45011 Splosni kriteriji za certifikacijske
organe za podrocje certificiranja proizvodov

- SLS EN 45012 Splosni kriteriji za certifikacijske
organe za podrocje centificiranja sistemov kako-
vosti

Mednarodno sodelovanje

Na osnovi usposobljenosti Instituta ter nasih priza-
devanj za kompatibilnost slovenske ureditve na
podrocju preskusanja, certificiranja in metrologije
smo v zadnjih nekaj letih uspeli vzpostaviti Siroko
sodelovanje na mednarodnem nivoju:

— Od leta 1991 delujemo v CB shemi - programu
za medsebojno priznavanje rezultatov presku-
sov po standardih za varnost elektri¢nih izdel-
kov.

— V letu 1992 smo podpisali pogodbo o sodelo-
vanju s VDE-PZI.

— Napodlagi bilateralnih dogovorov sodelujemo s
TUV, CESIin DQS.

— Prakticno sodelovanje poteka z SQS, SEMKO
in BSI.

— V letu 1992 smo bili sprejeti - v prvi fazi s
statusom opazovalca - v EQNet.

Bilateralni dogovori zajemajo preskusanje izdelkov
v nasih laboratorijih za tuje preskusevalisce, priz-
navanje preskusov, opravljenih v IKM, s strani tu-
jega preskusevalisca, izvajanje postopka inspek-
cije proizvajalcev za tuje preskusevali§ce in podob-
no.

Institut daje pobude in sodeluje pri aktivhostih
vkljuCevanja Slovenije v vrsto evropskih asociacij:

— EQNet - evropsko zdruZenje organizacij za
certiticiranje sistemov kakovosti

— Eurolab - evropska organizacija nacionalnih
zvez laboratorijev

— WECC - zahodnoevropska zveza za kalibracijo

— EOTC - evropska organizacija za preskusanje
in certificiranje.
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Ce primerjamo nase sposobnosti, usmeritve in ure-
ditve s sodobnimi trendi v Evropi, ugotavljamo da,
je organizacijadejavnosti certificiranjav Institutu
podobna kot v ekvivalentnih institucijah v Evropi
(zamik manjsi od 1 leta);

osvajamo novo podrocje presoje in certificiranja
sistemov kakovosti (zamuda za vecCino evrop-
skih drzav ni vecja kot 5 let);

osvajamo ocenjevanje in certificiranje pro-
gramske opreme (kjer marsikatero evropsko
drzavo celo prehitevamo);

osvajamo podrolje nadzora neionizirnega se-
vanja, kjer smo tudi pred marsikatero zahodno-
evropsko drzavo.

VDE-PZI VDE Prif- und Zertifizierungsinstitut

CESI Centro Elettrotecnico Sperimentale
ltaliano

TOV Technische Uberwachungs-Vereine

DQS Deutsche Geselischaft zur Zertifizierung
von Qualitatssicherungssystemen

SQs Swiss Association for Quality
Assurance Certificates

SEMKO The Swedish Institute for Testing
and Approval of Electrical Equipment

BSI British Standards Institution

EXACT international Exchange of Authenticated
Electronic Component Performance
Test Data

CTL Committee of Test Laboratories

(v okviru sistema |IECEE)

Razvojna pot SIQ

od oddelka za metritve in kvaliteto do nacionalne
institucije za preskusanje in certificiranje

1964  Oddelek za meritve in kvaliteto( v Iskrinem
Zavodu za Avtomatizacijo)

Merilni in preskusni center Iskre

1974 Institut za kakovost in metrologijo (IKM)
(v okviru zdruzenega podjetja Iskra)

Preskusevalisce elektrotehnicnih proizvodov

1987  lIzlolitev IKM-a iz Iskre
Mednarodno priznan neodvisni preskusni

laboratorij

1992  Ustanovitev Slovenskega instituta za kakovost
in meroslovje (SIQ)
Nacionalna institucija za preskudanje in

certificiranje
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Zacletki Slovenskega instituta za kakovost in me-
roslovje segajo v pozna petdeseta leta. V Zavodu
za aviomatizacijo, ki je tedaj predstavljal centralno
razvojno institucijo Iskre, je bila preskusnim in me-
rilnim tehnikam posveCena posebna pozornost.
Vzporedno z raziskovalno-razvojnimdelom se je ta
dejavnost razvijala kot specifi¢na tehniska discipli-
na, ki je v svoje vrste zajemala vedno vecje Stevilo
specialistov.

lLeta 1964 je bil zato oblikovan poseben oddelek za
meritve in kvaliteto, ki so mu bile poverjene naloge
v zvezi s kakovostjo: sistematitne preiskave kako-
vosti proizvodov, tipsko preskuSanje in izvajanje
preskusov proizvodov v vseh fazah njihovega nas-
tajanja ter metroloske aktivnosti. Oddelek je bil
zasnovan kot nevtralni preskusni in metrologki cen-
ter Iskre: neodvisnost, nepristranost in postenost
njegovih aktivnosti so bile temeljne predpostavke
Ze od vsega zacetka, zato lahko leto, v katerem se
je oblikoval, Stejemo kot ustanovno leto neodvisne-
gapreskusnega in metroloskega laboratorija, ki se
danes po evropskih merilih oblikuje v nacionalno
institucijo za preskusanje in certificiranje.

V samostojno organizacijo, Institut za kakovost in
metrologijo (IKM), se je oddelek za meritve in kva-
liteto oblikoval leta 1974, ob reorganizaciji razisko-
valno-razvojne dejavnosti Iskre.

V osemdesetih letih, tj. v letih intenzivnega razvoja
mednarodnih sistemov za preskusanje in certifici-
ranje, je postala organizacijska povezanost IKM z
Iskro formalna ovira za vstop v te asociacije. Neod-
visnost preskusnega laboratorija oziroma certifika-
cijskega organa je namreC osnovna zahteva za
sodelovanje na mednarodnem nivoju. S privolitvijo
vseh zdruzenih organizacij Iskre je IKM aprila leta
1987 postal necdvisna organizacija.

l.eta od 1987 do
1992 so leta obliko-
vanja in ures-
nicevanjanovih vse-
bin Instituta s
kon¢nim ciljem: po-
statiusposobljena, v
skladu z evropskimi
in svetovnimi merili
urejena nacionalna
institucija za pres-
kusSanje in certifici-

ranje.

Iov en sI Ins H
kakovost in merosiovje

Slovenlan Institute of
Quality and Metrology

Triadka 2, 61000 Ljubljana
Slovenija / Sltovenia
tel.: +38 61 /7 158212/ 150200
telefax: +38 61/218020
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PRIKAZI MAGISTRSKIH DEL, LETO 1992

Naslov naloge: Integrirani sistem za procesiranje si-
gnhala mosti¢nega uporovnega senzorja pomika
Avtor: JoZe Vojkovi¢, dipl. ing

Mentor: prof.dr. Janez Trontel]

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V magistrskem delu je opisana zasnova arhitekture monolit-
nega integriranega vezja za merjenje, kalibracijo in tempera-
turno kompenzacijo mosti¢nega uporovnega senzorjapomika.
Integriran sistem ima nalogo sprejeti informacijo o pomiku, ki
ga zazna mostiéni uporovni senzor. Informacija, ki jo sistem
dobi v obliki analognega signala se nato procesira v posamez-
nih delih, kjer pride do realizacije zahtevane funkcije.

V prvem delu so opisane zahtevane funkcije sistema, ki opi-
sujejo kako mora integrirano vezje delovati. V tem delu je tudi
opisan koncept na¢rtovanja sistema od zgoraj navzdol, kon-
cept ki omogoda nalrtovanje hierarhi¢no po blokih. Vsak blok
predstavilja naslednji korak za realizacijo elektronike. Integri-
rano vezje mora imeti moZnost digitalnega procesiranja signa-
la, kar pomeni da nastopa v vezju sistem za analogno digitalno
pretvorbo. Kot najbolj primeren, se je izkazal sistem, ki deluje
na principu dvosmerne integracije. Ta princip je bolj podrobno
opisan na koncu prvega dela magistrske naloge.

V drugem poglavju delo opisuje realizacijo posameznih funkcij
integriranega sistema. Pri realizaciji je upostevana mejna
obcutljivost sistema, ki je pogojena z motilnimi signali. Med
motilne signale spadata $um sistema, ki nastane zaradi ope-
racijskih oja¢evalnikov in uporov ter signale vhodne napetosti
v operacijski ojacevalnik. Poleg realizacije zahtevanih funkcij
so v tem poglavju predstavlijene metode za kompenzacijo
motilnih signalov. Prikazan je tudi nadin za temperaturno kom-
penzacijo sistema. Sistem za analogno digitalno pretvorbo da
naizhodu binarni signal, ki ga sistem za digitalno procesiranje
signala preoblikuje do Zelene oblike. Ta sistem je opisan v
zadnjem delu drugega poglavja.

V naslednjem poglavju je opisan zadnji nivo naértovanja. Tu
so opisani predvsem osnovni analogni in digitalni gradniki, iz
katerih je sistem sestavljen.

V zadnjem delu je opisana simulacija sistema za odjem in
analogno digitalno pretvorbo in podan prikaz dobljenih rezul-
tatov simulacije.

Pri samem nadrtovanju smo stremeli k ¢imbolj enostavnim
reSitvam zahtevnejsih funkcij obratovanja. Tako smo uspel
realiziratiposamezne funkcije Ze v analognem deluin se stem
izognili kompleksnej$im digitainim vezjem, oziroma uporabi
mikroprocesorja.

Naslov naloge: Nizkonapetostni analogni in digitalni
integrirani sklopi CMOS

Avtor: Andrej Crepinsek, dipl.ing.

Mentor: prof.dr. Janez Trontelj

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunainistvo

Nacrtovanje vezij, kjer deluje transistor v podpragovnem po-
drodju, poteka ob zahtevi po zelo nizki porabi oziroma napa-
jalninapetosti. Posebnosti pri nartovanju vezij vtem podrogju
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se poznajo predvsem pri nacrtovanju analognih vezij. Le ta
normalno delujejo v podrocju nasiéenja, zato je zanimiva
primerjava teh dveh podrodij.

— Vpodrodju nasi¢enja je odvisnosttoka od krmilne napetosti
kvadrati¢na, v podpragovnem pa je ekspotencialna,

— Transkonduktanca v nasi¢enju je sorazmerna korenu iz
toka, v podpragovnem pa je sorazmerna s tokom.

— Pri enaki krmilni napetosti, kot je pri tokovni preslikavi, je
najvelja sprememba toka v podpragovnem podro&ju in
najmanjSa v podrodju nasicenja.

- Pri enakem toku v ponar, kot je v diferencialnem paru, je
razlika krmilnih napetosti najvecja v nasienju, najmanjsa
pa v podpragovnem podrocju.

— Termiéni $um je za enako velike transistorje vedji v pod-
pragovnem podrocju, ker je manj$a transkonduktanca
(gm). 1/f 8um pa je odvisen le od dolZine in irine transis-
torjain je zato v obeh podrodjih enak.

Model MOS transistotja v podpragovnem podrodju, ki ga po-
navadi uporabljajo naértovalci, dobimo, ¢e upostevamo nas-
lednje predpostavke:

— Transistor deluje v nasi¢enju, kanal pa je tudi dovolj dolg,
da lahko zanemarimo pojav modulacije kanala.

— Generacijatoka v izvoru in ponoru je zanemarljiva, tako da
lahko re¢emo, da je tok v izvoru in ponoru enak.

— Gostotahitrih povrsinskih stanjin spreminjanje povrinskih
potencialov sta zanemarljivi.

Kapacitivnost vrat je konstantna (4 - Ut + ¢ + Vs < We< 2- 0 +
Vs - 2*Ur), zato je v tem podrodju relacija med povrsinsko
napetostjo (*'s) in napetostjo med (Vg) lineama.

Z upodtevanjem modulacije kanala, ki je potrebna za izradun
izhodne upornosti, dobimo naslednjo odvisnost toka skozi
ponor od krmilne napetosti in napetost med izvorom in pono-
rom:

=S8 Ipo - eH'Ur'

Ip = tok, ki te¢e v ponor

S = razmerje med $irino kanala in dolZino

7%
_[)

kanala (S =
Ipo = mirovni tok

Ut = termi¢na napetost

VG = krmilna napetost

Vs = napetost med izvorom in substratom transistorja

Vp = napetost med ponorom in substratom transistorja

n = naklon krivulje Ip (Vg)
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¢ = Fermijev potencial substrata transistorja

(0=Ur-in (58

A = faktor modulacije kanala

[z te enadbe lahko dobimo Se enacbe za:
— transkonduktanco:
dlp Ip
gm = —_—=
oVe n-Ur

— izhodno upornost:

e JdUps 1
S W
— izvorno transkonduktanco:
dio Ip
Oms = “—a Ve = U;

Naslov naloge: Zasnova arhitekture programljivega
integriranega analognega merilnega vmesnika
Avtor: Bogdan Seliger, dipl.ing.

Mentor: prof.dr. Janez Trontelj

Univerza v Ljubljani, Fakulteta za elekirotehniko in
racunalnistvo

Tehnologke moZnosti izdelave integriranih vezij zelo visoke
stopnje integracije in uporaba enostavnih kontrolerjev do zelo
zmogljivih procesnih sistemov sta omogocila drugacen nacin
razvoja, kot izdelave elektronskih naprav. Novi tehnoloski in
funkcionalni pristopi pomenijo tako veclje Stevilo funkcij na
enoto prostornine, manjSe Stevilo sestavnih delov, veje za-
nesljivosti, niZjo potro$njo energije, vi§jo hitrost obdelave,
enostavnejSo proizvodnjo, drug nacin obdelave signalov ozi-
roma podatkov.

Poleg algoritemskega dela obdelave podatkov, ki je normalno
vgrajen v programski opremi in zdruzuje najvi§jo moZnost
to¢nosti, kompleksno obdelavo in odlodijivost, je zelo po-
membna povezava z zunanjim svetom, od koder prihajajo
razne informacije v poljubni obliki signalov. Signale se dolo¢a

NP RAYR

PROCE SN
CALEOR L TEMS» i
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NOTRONIL

e STGNALL

Slika 1:  Predstavitev naprave po splosnih funkcijah
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s pomocjo meritev ali ugotavljanja stanj. Informacije, stanja ali
signali se tudi vragajo kot rezultati obdelave.

Na sliki 1 je prikazana zasnova glede na omejeno delitev
funkcij. Poljuben podsklop, naprava ali sistem dela tako z
lokalnimi - notranjimi spremenljivkami kot z zunanjimi.

S stalid¢a vgrajene elektronike je algoritemski del dokajenoten
zarazlitne naprave, tako se od naprave do naprave spreminja
le vsebina programiljivih delov, ki jih vsebuje: programljivibralni
spomin (PROM), programljiva logika in podobno. Generator
rezultatov, kot izhodna enota in merilni del, ki je vhodna enota,
sta zelo podvréena funkciji naprave kateri pripadata. Kljub
razli¢nosti funkcij je moZno tako za eno kot za drugo enoto
zbrati posamezne znacilne gradnike. Osnovne lastnostiteh in
moznosti razliénih povezav v vezju omogocajo razli¢nost v
uporabi.

Veliko analognih vezij je sedaj sestavljeno iz mnoZice posa-
meznih sestavnih delov, le zelo mnoZi¢na vezja, na primer za
telefonijo, uporabljajo pristop naro¢nisko zasnovanih integrira-
nih vezij z vedjim &tevilom na isti rezini. Jedro te naloge je
arhitekturna zasnova splo$nega vezja, ki bi bilo s programlji-
vostjo prilagodljivo posamezni uporabi. V zaletem delu so
podana razna vezja s podroc¢ja analogne elektronike in znacil-
nosti za razli€éne namene uporabe. |z teh izhodis¢ je priprav-
liena zasnova merilnega vezja. Od posameznih gradnikov so
predstavijene arhitekiurne resitve vhodnih enot, sestevalni-
kov, povezav in posebnih analognih funkcij. Arhitektura upo-
rablja podoben, vendar razsirjen princip, kot je poznan pri
vezjih programljive logike.

Naslov naloge: Analiza podsklopov za integrirani me-
rilnik elektri¢ne energije

Avtor: Janez Peternel, dipl.ing.

Mentor: prof.dr. Janez Trontelj

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V tem delu je opisan eden izmed moznih nadinov merjenja
elektricne energije po principu ¢asovnega deljenja (time divi-
sion).

V prvem poglavju je opisano delovanje sistema po podvezjih.
Za vsako podvezje je razloZeno delovanje. Prikaz delovanja
je podkreplien s ¢asovnimi diagrami signalov na vhodih in
izhodih posameznih podvezij.

Drugo poglavje vsebuje raziskovanje vpliva faznega kota na
toCnost sistema. Obdelani so fazni koti 0 st., 20 st., 40 st., 60
st.in 90 st. Poleg tega so upostevana tudi tritokovna obmodja,
ki jih dolocajo tri napetosti Vi, in sicer 1V, 100 mV in 10mV.
To€nost sistema pri razliénih faznih kotih je prikazana kot
procentualna napaka glede na pogoje, pri katerih je sistem
umerjen. Vsirezultati so prikazani kot diagrami procentualne
napake.

V tretjem poglavju je prikazan vpliv ni¢elne (offsetne) napetosti
na integratorju na to¢nost sistema. Raziskave so narejene pri
faznem kotu O st. in pritreh razliénih nicelnih (offsetnih) nape-
tostih 2 mV, 4 mV in 6 mV. Tudi tu so rezultati pokazani kot
procentualna napaka glede na pogoje pri katerih je sistem
umerjen.

V zadnjem poglavju je omenjen en izmed moZnih nacinov za
odpravljanje ni¢elne napetosti in s tem za izbolj$anje procen-
tualne napake zaradi le-te.
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Naslov naloge: lzgube v feromagnetnih materialih pri
nesinusnem magnetenju

Avtor: lvan Bozi¢, dipl.ing.

Mentor: prof.dr. Antorn Pozhe

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Delo obravnava preizkudnije in analizo feromagnetnih ploGevin
pri sinusnem in nesinusnem magnetenju na osnovi merjenja
specifiénih izgub z avtomatiziranimi digitalnimi merilnimi post-
opki.

Na zadetku so opisane glavne lastnosti feromagnetnih mate-
rialov. Podrobneje je podana razdelitev mehkomagnetnih ma-
terialov in klasi¢na wattmetrska metoda merjenja specifi¢nih
izgub.

V tretjem poglavju sta podrobno obdelana zgrajena avtomats-
ka meriina sistema z AEG jarmom in Epsteinovim aparatom.
Podrobno so opisani postopki za izradun posameznih velic¢in.

Sledi natanéna analiza merilnih pogreskov s primerom podaje
merilnega rezultata. Posebna pozornost je posvecena postop-
kom zaradi odstopanja vplivnih veli¢in od nazivnih oziroma
referenénih obmodij. Dosledno so analizirani merilni pogreski
digitalnih merilnih postopkov.

V nadaljevanju so obdelane in preizkusene tri metode loceva-
nja specifiénih izgub na histerezne in vrtintne. Veliko prostora
je namenjenega metodi merjenja tock na stati¢ni histerezni
zanki. Uporabljeno je izmeni¢no vzbujanje z dvema harmon-
skima komponentama.

Locitev izgub na posamezne komponente omogoc&a izpeljavo
izkustvenih enacb za ugotavijanje izgub pri nesinusnem ma-
gnetenju. Opisana metoda je praktitno preizkuSena in potrje-
na.

Naslov naloge: Nastavljanje delovne tocke magnet-
nih krogov s trdim magnetom

Avtor: Nenad Mederal, dipl.ing.

Mentor: prof.dr. Rafael Cajhen

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Trajne magnete uporabljamo v razli¢nih napravah, kjer potre-
bujemo stalno magnetno polje bodisi zaradi doseganja boljsih
izkoristkov in manjsih dimenzij (elektrini stroji), zaradi kvali-
tete magnetnega polja (inStrumenti, mikrofoni, zvoénikiipd.) ali
dolo¢enih funkcijskih prednosti, ki jih imajo v primerjavi z
elektromagnetom vzbujanim poljem. Za nas je zanimivo ma-
gnetno polje, ki ga trajni magneti vzdrzujejo v zraéni reZi,
Velikosti gostote magnetnega pretoka ali poljske jakosti v
zragni reZi sta odvisni od notranje energije magneta. Ta je
doloéena z gostoto magnetne energije, ki jo lahko sprejme
magnet pri magnetenju in je lastnost trdomagnetnega mate-
riala in volumna trajnega magneta. Ti dve postavki sta izho-
did&e za nadrtovanje krogov s trajnimi magneti, kar pomeni, da
za izbrani material, ki je namagneten do nasic¢enja, na velikost
gostote magnetnega pretoka v zraCni reZi lahko vplivamo
samo z geometrijo trajnega magneta.

V praksi se najpogosteje sreamo z oksidnimi magneti, ki so
znanitudi pod imenom keramiéni magneti. lzdelani so iz zmesi
magnetnih oksidov Zeleza in barija, stroncija ali svinca.
Koné&ne oblike magnetov se dobijo s postopkom sintranja. Med
sintranjem se magneti skréijo od 13% do 20%, tako da je
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kon¢ne dimenzije magneta brez dodatne mehanske obdelave
tezko obdrZati v oZjih tolerancah kot so +3%. Ta odstopanja
poleg pomanjkljivosti v materialu, ki nastanejo med postopkom
sintranja, povzro¢ajo odstopanja gostote magnetnega polja v
zratni rezi od nacrtovane. Ker so sintrirani oksidni magneti
zelo trdi, jih je mogocge brusiti le z dragimi brusnimi materiali.
S tem odpravimo le napake zaradi dimenzijskih odstopanj.
Odstopanja gostote magnetnega polja v zraéni rezi, ki so
posledica pomanikljivosti v materialu, z brugenjem ne moremo
odpraviti.

V pri¢ujodem delu je podana analiza vpliva teh odstopanj na
poloZajdelovne to¢ke trajnega magneta ali magnetnih sklopov
s trajnim magnetom. Raziskane so moZnosti nastavljanja
delovne tocke trajnega magneta s pomodjo delnega razma-
gnetenja. Opisan je nadin generiranja impulznih magnetnih
polj. Tega potrebujemo bodisi za magnetenje do nasi¢enja
bodisi za delno razmagnetenje. Nadalje so teoreti¢no razis-
kane moZnosti meritve gostote magnetnega pretoka in poljske
jakosti znotraj trajnega magneta in primerjane po tehnoloski
izvedljivosti.

Pridusilki, izdelani iz mehkoferitnega tuljavnika, ki je predma-
gnetizirana s trajnim magnetom, so raziskane moZnosti nas-
tavljanja delovne to¢ke magneta, ki je sestavni del magnetne-
ga sklopa. Analiziran je vpliv prej omenjenih pomanjkljivosti
trajnega magneta na induktivnost predmagnetizirane dusilke.
Opisani so trije preizkuSeni nacini nastavljanja delovne tocke
magneta: vizmeni¢nem polju, venosmernem polju in vimpulz-
nih poljih. PoloZaj delovne to¢ke trajnega magneta je merjen
posredno s pomoc¢jo merjenja induktivnosti. Nastavijanje de-
lovne tocke trajnega magneta je potekalo v smislu doseganija
Zelenih induktivnosti. V konéni fazi so obdelane moZnosti
optimizacije proizvodnje, ki jo omogocda postopek nastavijanja
delovne to¢ke trajnega magneta s pomodjo delnega razma-
gnetenja. Postavljeni so osnovni principi avtomatskega nas-
tavljanja delovne tocke trajnega magneta s pomocjo postopka
delnega razmagnetenja.

Naslov naloge: Priprava in analiza plazemsko reak-
tivho naprSenih superprevodnih tankih plasti
YBaCusO7.

Avtor: Andrej Cvelbar, dipl.ing.

Mentor: prof.dr. Lojze Trontelj

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Namen magistrske naloge je bil preizkusiti primernost
napr$evalnika Sputron Il tovarne Baizers za pripravo super-
prevodnih tankih plasti YBasCuzO7.x. Plasti so bile priprav-
liene po ex situ metodi (napréeno v naprsevalniku, pregreto v
pedi) ter in situ metodi(napr$eno na vro¢e podloge). Pokazala
se je tehni¢na neprilagojenost naprdevalnika za in situ depo-
zicijo superprevodnih tankih plasti. Z ex situ metodo smo
dosegli na MgO podlagah superprevodno stanje (Tco) pri 80
K, na safirju pa pri 52 K. Te plasti so bile naprene pri delnem
tlaku argona 0.5 Pater delnem tlaku kisika 5 10 Pa. Napetost
natarcije znasala 800 V, tok skozitarco pa 0.65 A. Napr3evali
smo iz stehiometriéne tarce, Ki je z zaporednimj naprievaniji
spreminjala lastnosti. Plasti smo po naprevanju pregreli v
cevni pedi. Segrevali smo s hitrostjo 10°C/min, pregrevali 10
minut pri temperaturi 850°C, oboje v dusiku, nato pa ohlajali v
kisiku s hitrostjo 1°C/min. Uporaba dusika v prvem delu pre-
grevanja je okrepila kristalizacijo in izbolj$ala temperaturo
prehoda v primerjavi s pregrevanjem v kisiku, Rentgenski
spektri so pokazali, da so pregrete plasti polikristalne ter da v
njih poleg YBaxCuzO7.x nastopa tudi BaCuOs. Meritve ener-
gijske porazdelitve karakteristiénih Zarkov (EDS) kaZejo, dase
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razmetje Y, Bain Cu v plastirazlikuje od razmerja teh elemen-
tov v tar¢i. Ramanski spektri plasti potrjujejo velik del vgraje-
nega kisika v najboljgih plasteh. Augerjeva (AES) globinska
analiza kaze, da se razmerje elementov z globino, razen v
blizini spoja s podlago, ne spreminja. Na spoju MgO podlage
in YBA2Cu3O7.x je nastalo 0.15 um debelo podrogje, kjer je Mg
iz podlage difundiral v plast, elementi plasti pa v podlago. To
podrocije je veliko tanj8e od debeline celotne plasti (1 um). S
profilmetrom in vrsti€nim mikroskopom (SEM) smo analizirali
povrdino in ugotovili, da je plast po pregrevanju moé&no krista-
lizirana. Opazili smo veliko razliéno usmerjenih kristalov, kar
se ujema z razultati rentgenskih spektrov.

Naslov naloge: Lateralni procesi pri sonénih celicah
in sorodnih elementih

Avtor: Sasa Sokoli¢, dipl.ing.

Mentor: prof.dr. Slavko Amon, dipl.ing.

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Za delovanje polprevodnigkih elementov so v vedini primerov
odlocilniprocesi prek polprevodnigkih spojev. Usmernigkikon-
takt, ki tako bistveno lo¢i polprevodnike od drugih materialov,
je doseZen na metalurskem stiku dveh razliénih tipov polpre-
vodnika. Zaradi tehnologije polprevodnigkih elementov se to
najpogosteje dogaja v vertikalni smeri elementa. Vertikalna
smer pri tem pomeni tisto, ki je pravokotna na rezino in
lateralna tisto, ki je vzporedna s povrdino rezine. Tudi pri
sonéni celici tvori mo¢no dopiran emitor skupaj s $ibkejse
dopiranim substratom usmerni$ki spoj. Elektriéno polje loduje
prek usmerniSkega spoja svetlobno generirane nosilce elek-
tritnega toka ter jih pospeduje proti povréinama. Spodnja
povrdina, e je v celotimetalizirana, zelo uspedno zbira nosilce
toka. Ker imamo lahko tako povréino za ekvipotencialno, se
nosilci toka prebijejo do kontakta vertikalno. Pri tem se jim
upira le upornost substrata. Zbiranje toka na zgornji povréini
je veliko bolj zapleteno. Nasproti si stojita dve Zelji:
— na powvrini naj bi bilo ¢im ved kovine, ki bi &im uspesneje
zbirala svetlobno generirani tok in ga odvajala k porabniku
in

— ¢im ve¢ povrdine naj bi bilo osvetljene, torej nepokrite s
kovino, da bi se lahko generiralo &im ve& nosilcev toka.

V praksi se izkaZe, da je pri sonénih celicah dele? povrsine,
pokrite s kovino, razmeroma majhen, tipiéno 5-10% celotne
povrSine. Zato se v sonéni celici pojavijo nekateri, drugim
elementom tuji efekti: v emitorju te¢e lateralni tok, zaradi
neniCne plastne upornosti pride do padca napetosti in izgube
mo¢i. Zaradi padca napetosti povréina polprevodnika ni ekvi-
potencialna. To pomeni, da za sonéno celico ne veljajo eneke
razmere po vsej njeni povrsini, saj se s spreminjanjem poten-
cialapo povrsinispreminjatudiprevodna polariziranost usmer-
niskega spoja. Nehomogenost razmer na povrsini se lahko
pojavi, &e je del povriine mocéneje osvetljen kot drugi. Moéneje
osvetlien del celice generira vec toka kot slabo osvetljen, kar
vpliva na porazdelitev potenciala po povrini celice. Strukturni
defekti so lahko naslednji vir nehomogenosti, saj povzrodajo
lokalne ponore za tok. Vsiti pojavi, ki jih lahko poimenujemo
kar lateralni pojavi, bistveno vplivajo na izhodno tokovno na-
petostno karakteristiko celice. Ce spodnja povréina ni v celoti
metalizirana, tudi za njo veljajo podobne ugotovitve kot za
emitor.

Lateralni efekti so v splo$§nem dvodimenzionalen (2D) pojav.
Ce upo$tevamo, da na lateralne efekte bistveno vplivajo tudi
vertikalni procesi, lahko govorimo o trodimenzionalnih (3D)
problemih. Resevanje vseh polprevodnigkih enadb (treh v

68

najosnovnej$em primeru) v treh dimenzijah je najsplo$nejsi
pristop k analizi polprevodniskih elementov, ki lahko zajame
tudi lateralne efekte. To je zelo zapleten pristop, ki se v praksi
pri simulaciji sonénih celic in podobnih elementov ne upora-
blja. Komercialnih 3D simulatorjev (npr. DAVINCI podjetja
TMA) je na razpolago razmeroma malo. Bolj obiajni so 2D
{npr. MEDICI podjetja TMA) in 1D simulatorji polprevodnigkih
elementov. Medtem ko z 1D simulatorji polprevodnigkih ele-
mentov lateralnih efektov ne moremo opazovati, z 2D simula-
torji lahko opazujemo 1D lateralne efekte. K sredi je problem
v dologenih primerih moZno poenostaviti brez prehudih ome-
jitev. Ta poencstavitev privede do re$evanja nelinearne Pois-
sonove enacbe za porazdelitev potenciala po povréini emitorja
v dveh dimenzijah.

V nadaljevanju sledi prikaz poenostavijenega matemati¢nega
pristopa k modeliranju lateralnih procesov pri son&nih celicah
in drugih scrodnih elementih ter pogojev, ki za veljavo tega
pristopa morajo biti izpolnjeni. Sledi vrednotenje uporabe poe-
nostavljenega modela pri realnih monokristainih in amorinih
soncnih celicah. Vpeljani so splodniizrazi za tok in mo&nostno
bilanco celice, za katero velja poenostavljeni matematiéni
model lateralnih procesov. Predstavljen je SIMCELL (SIMula-
torfor solar CELLs), rac¢unalnigki program za analizo laterainih
efektov pri sonénih celicah, ki je bil razvit v Laboratoriju za
elektronske elemente (LEE), Fakultete za elektrotehniko in
racunalnistvo (FER) v Ljubljani. Bolj ali manj podrobno so
raziskani 8tevilni prakti¢ni problemi pri soné&nih celicah, pove-
zani z lateralnimi efekti. Sem sodijo problemi, kot so vpliv
geometrije, plastne upornosti in jakosti osvetlitve na izhodno
karakteristiko celice. Naslednje pomembno vpraganje, tesno
vezano na lateralne efekte v sonénih celicah, je serijska upor-
nost soncne celice. Sledi $tudij optimizacije kontaktne geome-
trije, ki jo je moZno izvesti le ob natan¢nem upostevanju prav
lateralnih efektov. Zadnji lateralni pojav, ki se ga v delu lote-
vam, je vplivdelnega sendenjanakarakteristiko sonéne celice.

Za zakljutek kratkega preleta lateralnih efektov pri son¢nih
celicah in sorodnih elementih lahko omenimo $e dva proble-
ma, s katerima se natanéno nisem ukvarjal, sta pa v tesni
povezavi z omenjeno problematiko. Gre za problem nehomo-
genosti substrata, oziroma napak v rezini. Take napake se
obnasajo kot lokalni ponori za tok, kar privede do problema
lateralne porazdelitve potenciala. Metode, ki s podobnimi
orodji kot SIMCELL karakterizirajo napake v substratu, je
mozno najti v literaturi. Kot zadnji problem lahko navedem &e
analizo senzorjev pozicije. Priteh elementih iz tokov na posa-
meznih kontaktih lahko dolo¢imo pozicijo zarka. Osnovna
analiti¢na teorija uposteva pravokotno strukturo in homoge-
nost tokov, ki so proporcionalni upornostim od 2arka do kon-
taktov. Ker homogenosttokovnic prireainih elementih ne velja,
prihaja do napak, kot je nelinearnost pozicije, kar je tipiden
lateralni efekt. K temu sodijo $e problemi kot so  obd&utljivost
senzorja na spremembo pozicije Zarka, nacrtovanje take kon-
taktne geometrije, ki bo zagotovila &im bolj homogene raz-
mere, itd. Zavedati se je treba, da so za senzorje velikokrat
Zanimive tranzientne razmere, kar analizo dodatno zaplete.

V prilogah A-C se nahajajo nekatera izvajanja, ki sluZijo
boljemu razumevanju doloc¢enih laterainih efektov. V Prilogi
D skuSamo izvajanja in notacijo, narejeno za celico NP tipa,
posplositi na bolj obi¢ajno notacijo, ki velja za PN tip celice. V
prilogi E se nahajajo publikacije, ki so plod dela na podrogju
analize lateralnih efektov in v katerih sem skupaj s sodelavci
natancneje raziskal doledene pojave, vezane natematiko tega
dela.
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Naslov naloge: Toki, omejeni s prostorskim nabojem
v amorfnem polprevodniku

Avtor: Ivan Skubic, dipl.ing.

Mentor: prof.dr. JoZe Furlan

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Z razvojem mikroelektronike, ki se kaZe v izboljgevanju tehno-
logije, izdelavi novih elektronskih elementov ali celih vezij,
uporabi novih materialov, izkori§&anju novih fizikalnih efektov
ter vedno boljfem nadzoru kakovosti, postaja prav slednje -
kontrola kakovosti ena bistvenih zahtev. Sem spada tudi ka-
rakterizacija lastnosti elektronskih elementov ter $teviine me-
tode, ki jih pri tem uporabljamo. Lahko gre za merjenje na
konénihizdelkih ali pa kar je e pomembneje, za merjenje med
samim tehnologkim postopkom izdelave. Sem spadajo tudi
merjenja lastnosti materialov, ki jih uporabljamo za izdelavo
elektronskih elementov. Eden takih dokaj novih materialov, Ki
pa se zaradi lastnosti tudi vedno bolj uporablja, je amorfni
silicij. V nadaljevanju se bomo ozirali zlasti na ta material,
Ceprav bodo $tevilni rezultati tudi dosti bolj splo$no uporabni.
Obicajno Zelimo amorfni silicij (a-Si) nanesti v tankih plasteh
na ¢im vedje povréine. Pridobivamo ga skoraj vedno z do-
loCenim odstotkom vodika (a-Si:H), ker mu ta zelo izboljga
elektri¢ne lastnosti. Obstaja pa kar nekaj tehnologkih naginov
za njegovo pridobivanje: RF razelektritev s tlenjem (ang. "RF
Glow Discharge”), DC razelektritev s tlenjem (angl. "DC Glow
Discharge”), napr8evanje (angl. "sputtering"), kemijska depo-
zicija iz pame faze (angl. "Chemical Vapor Deposition") in
drugi.

Lastnosti amorfnega silicija so zelo odvisne od vrste tehno-
lodkega spostopka s katerim ga pridobivamo ter od disto
konkretnih pogojev pri nanasanju, kot so temperatura, tlak,
pretoki plinov, mo¢ plazme, &istost komore in e mnogi drugi.

Ker je za kvaliteten amorini silicij za uporabo v elektroniki ena
osnovnih zahtev po &im dalj$ih Zivljenskih dobah minorskih
nosilcev elektri¢énega toka, se to odraZa v zahtevi po &im nigji
gostoti lokaliziranih stanj v mobilnostni rezi amorfnega silicija.
Ta zahteva pa je velikokrat prisotna tudi pri drugih polprevod-
nigkih materialih. Tu imamo v mislih volumsko gostoto stanj,
Ceprav je dostikrat pomembna (kot omejujod parameter) tudi
gostota povrsinskih stanj - zlasti na meji med dvema materia-
loma. Tako za eno kot za drugo vrsto stanj obstajajo razli¢ne
metode merjenja, ¢eprav Zal niti enih niti drugih stanj zaradi
narave metod na moremo popolnoma lo&iti med samo. Kako
nam metoda lahko izlogi vpliv enih stanj in s kak&no to&nostjo
lahko merimo pa je Ze lastnost posamezne metode v&asih pa
tudi merjenje vzorca, ¢e z gotovostjo lahko trdimo, da je
dolocenih stanj zares zanemarljivo malo. Obstaja kar nekaj
metod za merjenje gostote stanj in med njimi ni ostre meje za
uporabo na amorfnih ali kristalnih polprevodnikih. Tudi bi jih
teZko oznadili kot bolj$e in slabse, ampak jih izberemo glede
na konkretne zahteve. Najveckrat pa se izkaZe, da nam gele
merjenja z uporabo razliénih metod dajo vpogled na pravo
strukturo materiala. Tudi tu obstajajo problemi, saj razliéne
metode najveckrat zahtevajo tudi drugadno strukturo vzorcev.
Najbolj uporabljane metode za dolo¢anje stanj so FE (angl.
"Field Effect”), DLTS (angl. "Deep Level Transient Spectrosco-
py"), TSC (angl. "Thermally Stimulated Current"), TSCAP
(angl. "Thermally Stimulated Capacitance"), SCLC (angl.
"Space Charge Limited Current") in druge, ki so vedinoma le
variante omenjenih metod ali pa nam dajo manj popoino
informacijo o gostoti stanj (C-T-» metoda). V nadaljevanju se
bomo ukvarjali predvsem s SCLC metodo. Zanimale nas bodo
fizikalne osnove te metode, njenatoénost ter moZnost za njeno
izboljdanje. Ze sedaj pa lahko povemo, da je SCLC izrazito
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metoda, ki glede na svoja fizikalna izhodié&a meri volumsko
gostoto stanj. Zanjo je znacilno e, da gre v primerjavi z
ostalimi metodami za dokaj nezahtevna merjenja tokovno-na-
petostnih karakteristik in da je &as, potreben za eno meritev
kratek. O to¢nosti metode pa je Zal teZje razpravljati, ker prave
gostote stanj ne poznamo. Pomagali bi si Jahko z merjenjem
po ostalih metodabh, ki pa spet zahtevajo drugace pripravijene
vzorce in tako nimamo opravka s predvsem istim materialom.
Zato je bil poudarek tudi na analizi rezultatov ragunalniske
simulacije a-Si:H n*-i-n" strukture s programom ASPIN, ki je
omogocila, da smo pri vnaprej znani gostoti stanj - izbrani
model, analizirali pripadajo¢e tokovno-napetostne karakteris-
tike z SCLC metodo in primerjali dobljene rezultate z modelom.

V nadaljevanju naloge je $e nekaj poskusov izbolj$anja SCLC
tehnike, zlasti kar se ti¢e teoretidnih izhodidé. Izkaze se, da
nam v izhodiS¢nem sistemu enacb Poissonova enadba pri
transformaciji problema iz krajevno odvisnih na "efektivne"
vrednosti lepo preide v enatbo Q = CV. Tako preoblikovan
izhodiS¢ni sistem enatb nas privede do skoraj povsem nove
metode za merjenje stanj, kjer je poleg merjenja SCLC po-
membno tudi merjenje C-V karakteristik pri visokih in nizkih
frekvencah.

Naslov naloge: Fotolitografski modul

Avtor: Igor Macarol, dipl.ing.

Mentor: prof.dr. Lojze Trontelj

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Vtotolitografiji se prepletajo znanja z mnogih podrogij znanosti
in tehnologije. Odpeljalo bi me predaleg, ée bi v tem delu
skusal raziskati vse, kar je danes na tem podrogju aktualno.
Mnogo tega, kar je danes novega na podrodju litografskih
postopkov, je zaradi potrebe po velikih materialnih viaganijih
teZko dostopno. Opiral sem se na izkusnje pridobljene med
Studijem in prakti¢nim delom, ki sem ga opravil v oddelku
Razvoj tehnologije druzbe International Microelectronic Pro-
ducts iz San Jose v Kaliforniji. Temu so dodane e pozneje
razvite metode za simulacijo ter smeri za izbolj$avo procesa,
za katere verjamem, da bodo posebno kotistne v specifiénih
razmerah nasega novega Laboratorija za mikroelektoniko na
Fakulteti za elektroteniko in radunalnistvo v Ljubljani, ki je
trenutno 8e v fazi postavljanja.

Med izdelavo integriranih vezij spreminjamo elektri¢ne las-
tnosti substrata tako, da mu v izbrana podrogja vnagamo
majhne koli¢ine primesi ali pa nanasamo druge tanke plasti.
Omenjena podrogja dolo¢imo z litografijo, ki jo na grobo lahko
razdelimo v dve fazi. V prvi preoblikujemo fotopolimer, ki je
tanka plast na UV svetlobo obcutljivega polimera nanegena na
substrat, v zeljeni vzorec. Tak fotopolimer v drugi fazi selektiv-
no §¢iti dele spodnje plasti pred nadaljnimi procesi. To delo se
bo posvecalo izkljuéno prvi fazi. To se poudarja, ker ima
fotografija kot pojem §irgi in 0Zji pomen. Tu bo obravnavana v
njenem oZjem smislu. V nadaljevanju bomo govorili izklju&no
0 prenosu vzorca s fotomasko v reljefno preoblikovan fotopo-
limer.

Obstaja vec tehnoloskih pristopov: UV fotolitografija. litografija
z rentgenskimi Zarki, litografija z elektronskim snopom in lito-
grafija z ionskim snopom. Vsaka od njih ima svojo prednost
in slabost, lahko pa re¢emo, da danes vecino integriranih vezij
izdelajo z UV fotolitografijo, ki pa vse bolj zahteva fotomaske
narejene po postopkih litogratije z elektronskim snopom. Vtem
delu je poudarek na fotolitografiji, kjer osvetljujemo fotopolimer
obcutljivna UV zarke v podrogju 450 nm do 350 nm. Posebna
pozornost bo dana koraénem naravnalniku tipa Ultratech
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Stepper 1100, na katerem sem imel priloZnost delati med
razvojem fotolitografskega modula za 1.2 um CMOS tehnolo-
gijo v IMP in moZnim resitvam specifi¢nih problemov, s kate-
rimi lahko radunamo, da jih bomo Se srecali v nasem Labora-
toriju za mikroelektroniko.

Poglavja na nek nadin dokumentirajo razmisljanje, na podlagi
katerega je nastal program FOLIS, ki je skrajSano ime za
FOtolLtografski Simulator. Prvo poglavje se posveéa fotopoli-
meru in je namenjeno orientaciji med postopki v fotografskem
modulu. Podani so osnovni principi delovanja fotopolimera,
najznadilnej$i postopki in cilji posameznih procesnih korakov
v fotolitografskem modulu, ki temelji tudi na praktiénem delu.
Na koncu je podan §e model pozitivnega fotopolimera, ki je
temelj za radunalnigko simulacijo. Drugo pogiavje sledidogod-
kom med projekcijskim osvetljevanjem in jedkanjem fotopoli-
mera. Prepletajo se teoreti¢ni in prakti¢ni pogledi, ki so
uglageni na skupni imenovalec sestavljanja algoritmov, pri-
mernih za racunalni$ko simulacijo prenosa vzorca s foto-
maske v fotopolimer na rezini. Nasteti algoritmi so temelj
programa FOLIS. Tretje poglavje je pogled prek osnovenga
postopka procesiranja pozitivnega fotopolimera. V podpoglav-
jih so obravnavane metode, s pomocjo katerih se lahko spo-
primemo z najrazli¢nejSimi problemi, ki nastopijo v mejnem
obmodju projekcijske fotografije. Program FOLIS je bil grajen
dovolj prilagodljivo, da bo v simulacijo mozno vkljuciti tudi
naprednej$e metode procesiranja. Menim, da je posedovanje
programske kode za tako simulacijo velika prednost, saj se
lahko program po Zelji sprotiprilagaja gradnji procesa. V prilogi
je poleg seznama literature podano $e nakaj drugih informacij
o programu FOLIS.

To delo je po obsegu omejeno in vanj ni bilo mogoCe vkljuciti
mnoga spoznanja, s katerimi sem se sre¢al priprakticnem delu
in teoreti¢nem proucevanju na podrocju fotolitografskega mo-
dulaali z njim povezanih tehnologij. Mislim predvsem narazne
metode karakterizacije procesa, kiso namenjene nadzorovan-
ju procesa in nimajo pravega pomena za simulacijo FOLIS.
Podobno velja za karakterizacijo pravilnosti delovanja ko-
racnega naravnalnika in razli¢cne druge meritve in kalibracije,
ki so tudi povezane s fotolitografskim modulom in sem jih v
praksi mnogokrat izvajal. Ne glede nato lahko na koncu ali pa
zacetku izrazim zadovoljstvo, da mi je to magistrsko delo, ki je
boljteoreti¢ne narave, ¢e izvzamemo programiranje, ponudilo
nova in utrdilo stara, tudi prakti¢na spoznanja s tega podrocja.

Naslov naloge: Dopiranje silicija z difuzijo v submi-
kronskih MOS tehnologijah

Avtor: Bostjan Gspan, dipl.ing.

Mentor: prof.dr. L.ojze Trontelj

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V magistrskem delu je opisan poskus dopolnitve obstojeCega
proizvodnega procesa (osnovni gradnik vezja je par n in p
kanalnegatranzistorja) integriranih vezij CMOS, v proces BiC-
MOS (CMOS vezjem dodamo $e bipolarne tranzistorje). Je-
droproblemaje izdelava kolektorskega vloZzka zabipolarninpn
tranzistor, ki se pojavlja kot element v vezjih BICMOS. Ker v
faboratoriju ni epitaksijskega reaktorja, je bil kolektorski viozek
izdelan s postopkom difuzije. Za kolektorski vioZek se zahteva
¢im nizja upornost (1.5do 2.5 Qcm ) silicija in &im vec&ja globina
(okrog 5 um) spoja med n in p tipom polprevodnika. Za
merjenje profila porazdelitve primesi v siliciju in globine spoja
med p in n plastjo silicija je bilo potrebno izbrati primerno
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merilno metodo. Uporabili smo metodo porazdeljene upornos-
ti. Na osnovi rezultatov meritev, smo dolocili parametre za
ra¢unalni$ko simulacijo procesa in primerjali rezultate simula-
cije z merjenimi. Dobro ujemanje rezultatov simulacije in me-
ritev dopudda razvijanje procesa s simulacijami.

Primesi so bile vnesene v rezino na vec nacinov. Najprej smo
uporabili implantacijo fosforja. Po implantaciji fosforja smo na
rezino deponirali plast polikristalnega silicija, ki smo ga dopi-
rali. Polikristalni silicij je sluZzil kot izvor primesi pri difuziji z
omejeno koli¢ino primesi.

Meritve so pokazale, da je metoda C-V neprimerna za mer-
jenje profila porazdelitve primesi v rezinah s tako visoko
povrsinsko kancentracijo primesi kot so jo imeli nasi vzorci.
Zato smo izbrali za merjenje profila porazdelitve primesi me-
todo porazdeljene upornosti. Meritve kaZejo, da so globine
spojev med 5.2 in 5.4 HmA Koncentracija primesi na povrsini
rezine je bilaod 4 x 10 9do 1x10°% em™.

Simulacija difuzijskega postopkaje bilanarejena s programom
Suprem-4. Suprem-4 je dvodimenzionalni simulator procesa
proizvodnje integriranih vezij. Dvodimenzionalnost pomeni, da
program upostevatudilateralno difuzijo, kije ne Zelimo, vendar
obstaja. Lateralna difuzija postaja problem v vezjih, ki imajo
majhne kriticne dimenzije. Simulacije s procesnimi podatki
izdalave rezin so dali rezultate, ki se dobro ujemajo z izmerje-
nimi globinami in koncentracijami. Globine p-n spoja simulacij
in meritev se ujemajo, koncentracije pa so prvega reda veli-
kosti.

Naslov naloge: Ve&plastna opti¢na viakna in perio-
di¢ne strukture

Avtor: Ljubisa Tanc€evski, dipl.ing.

Mentor: prof.dr. Josko Budin

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V magistrski nalogi je podana obravnava velplastnih viaken.
Ta viakna imajo poloZzno disperzijo v sirokem spektralnem
podroc¢ju. Disperzija je izracunana z upostevanjem spektralne
odvisnostilomnegakoli¢nika. Razvita stabila dva postopka za
sintezo takdnih vlaken. Prvi temelji na Powellovi veéparame-
trski optimizaciji z minimiziranjem srednjega kvadratnega
odstopanja disperzije od Zelenega poteka. Drugi postopek
temelji na reSevanju sistema nelinearnih enac¢b po Newtonu,
kjer zahtevamo ni¢no disperzijo pri dolocenih valovnih
dolZinah in vnaprej predpisano velikost svetlobne pege. Poda-
na je tudi korelacijska analiza med velikostjo svetlobne pege
in disperzijo pri A = 1,55 um za ta vlakna. Obravnavane so
filtrske lastnosti smernih sklopnikov v planarni in viakenski
izvedbi. 1zratunani so spektralni diagrami sklopnikov sestav-
ljenih iz dveh enakih vlaken in sklopnikov sestavljenih iz na-
vadnega in veCplastnega vlakna. Pokazano je, da to uéinkovito
zmanjduje pasovno $irino. Filtre s precej manjSo pasovno
&irino realiziramo z uporabo periodi¢ne korugacije, ki skaplja
napredujodi in odbiti val. 1zradunan je sklopni koeficient perio-
di¢ne korugacije z razvitjem v Fourierovo vrsto. Podana je
izpeljava pasovne $irine. Narisani so spektralni diagrami filtra
s korugacijo. Razvit je tudi postopek za analizo aperiodi¢ne
korugacije. Postopek orhogoca izradun odbojnosti korugacije
poljubne oblike in periode. Postopek je uporabljen za izradun
odbojnostifiltra z linearno spreminjajoco se periodo korugacije
in za filter z /4 premaknjenima resonatorjema.
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Naslov naloge: Studij sinteze multialkalijske antimo-
nidne fotokatode NaxKSb(Cs)

Avtor: Bojan Erjavec, dipl.ing.fiz.

Mentor: izr.prof.dr. JoZze Gasperi¢

Univerza v Mariboru, Tehniska fakulteta p.o.

Visokoobcutljiva polprepustna multialkalijska antimonidna fo-
tokatoda NapKSb(Cs) je sestavijena iz p-tipa homogenega
polikristalnega osnovnega sloja NazKSb s &im vegjimi in teks-
turiranimi kubiénimi kristali ter tankega filma elektro- pozitivne-
ga Cs, kemisorbiranega na povrsini osnovnega sloja zaradi
znizanja fotokatodne elektronske afinitete. Sinteza spojine
NaoKSb se izvaja s kemijskimi reakcijami pri povisanih tempe-
raturah v ultra visokem vakuumu med naparjeno plastjo Sb in
kovinskimi parami Na in K. Tanek adsorbiran film Cs se
nanese z izmeni¢nimi naparevanji Sb in uvajanji Cs.

Sinteza fotokatode poteka in situ na podlago iz steklene
vlaknaste optike, ki je sestavni del 25 mm elektrostatskega
slikovnega ojacevalnika prve generacije. Foto oblutljivost ras-
to¢e fotokatodne plasti se spremlja neprekinjeno. Dinamika
parnih tlakov alkalijskih kovin se nadzira z Langmuirjevo ioni-
zacijsko diodo, ki je povezana z elektronko s cevjo znane
prevodnosti.

Narejena je termodinamska ocena adicijskih in substitucijskih
reakcij nasi¢enih monoalkalijskih in bialkalijskih spojin, ki po-
tekajo med sintezo homogenega osnovnega sloja. Identificira-
ni in pojasnjeni so sintezni koraki, s katerimi se izvaja p-

dopiranje osnovnega sloja, ustvarjajo n-tipa povrsinska stanja
na osnovnem sloju in ustvarja povrsinski dipolni sloj Cs-Sb ali
vgrajujeta Cs in Sb v n-tipa povr8insko spojino na osnovnem
sloju. Na koncu so navedene ¢asovne spremembe parnih
tlakov alkalijskih kovin, ki neugodno vplivajo na sintezo viso-
koobcutljive fotokatode.

Nalsov naloge: Karakterizacija nizkotla¢nih plazem z
Langmuirjevimi sondami

Avtor: Miran Mozeti€, dipl.ing fiz.

Mentor: red.prof.dr. Alojz Paulin

Univerza v Mariboru, Tehniska fakulteta

Prikazujem metodo karakterizacije nizkotladne plazme z
Langmuirjevimi soondami. lzdelal sem standardne enojne in
dvojne elektriéne sonde. Z njimi sem izmeril temperaturo elek-
tronov, gostoto nabitih delcev v plazmi, potencial plazme in
Debyjevo dolZino v nizkotlaéni ibkoionizirani vodikovi plazmi,
ki jo generiram v razelektritveni komori visoko vakuumskega
sistema prek induktivno vezanega RF generatorja. Razvil in
izdelal semtudispecialne Langmuirjeve sonde, s katerimisem
izmeril koncentracijo atomarnega vodika iz plazme in parcialni
tlak atomarnega vodika v mesanici atomarnega in molekular-
nega vodika.

V naslednji stevilki Informacij MIDEM bomo objavili
povzetke doktorskih del v letu 1992

VESTI

ELEKTRONICKA INDUSTRIJA

EKONOMSKI INDIKATORI

Poluvoditka industrija

Poluvodicka industrija - svijet
Isporuke 1 kvart 4.kvat 1kvant Ukupno godisnje
poluvodica
Ukupna 1991, 1691, 1992, i 1991. 1992, 1993
prodaja
-Svijetukupno 1347 1378 13.83 | 5461 5802 6504
-USA. 378 389 420 | 1538 1732 1978
- Japan 514 5.26 4.57 | 2094 2062 2296
- Evropa 268 245 274 | 1031 1023 1143
Ostatak 185 2.16 230 | 818 974 1087
svijela
Integrirani 1096 1130 1142 | 4464 4868 5420
sklopovi
Diskretni 2.51 2.48 2.41 997 1054 1145
elementi
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Zaposienost u poluvodickoj industriji SAD (u tisuéama)
April  Mart  April Prosjecno godinje
1990. 1991, 1992, | 1991. 1992. 1993,
Zaposleno 2341 2235 2234 | 2335 2230 2244
radnika
Isporuke elektronicke idustrije SAD (10g $)
1991 g. 1992.g 19939
1. kvartal 67.5 715 76.5
2. kvartal 68.0 718 772
3. kvartal 68.5 725 79.0
4. kvartal 712 745 815
sveukupno 2752 290.3 3142

¥ Predvidanje prema "Cahners Economics”
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Rastu cijene integriranih sklopova

Srednje prodajne cijene integriranih sklopova na svjetskome
trZidtu bile su porasle u prvome tromjesedju 1992. godine na
prosje¢no 1.47$ po komadu, $to je znatno vie od cijena u
posliednjem kvartalu 1991. i prosjeéne cijene tokom cijele
1991. U drugome i tre¢em tromjesecju 1992. cijene su pale na
prosjetno 1.40$ po komadu, ali ne za dugo. U Cetvrom
tromjeselju 1992. cijene integriranih skiopova bile su vige
nego u prvome tromjesecju. Predvida se da e se na tome
nivou cijene zadrZavati i tokom 1993. godine. (Izvor: SIA)

INDUSTRIJSKE NOVOSTI

New Eureka Project Will Boost European GaAs
Work

All of seven European producers of GaAs devices have ex-
pressed strong interest in a new Eureka initiative that is des-
igned to promote European work on gallium arsenide. This
initiative, which was aproved for funding from the European
Commission (EC) at Eureka Ministerial Conference at Tam-
pere in Finland in May, is the result of detalied talks beetwen
the participating companies and a working party of govern-
ment officials from the U.K., France, Germany, The Nether-
lands and ltaly, as well as from the EC. Atotal funding between
$27 and $37 million per year will be required from the partici-
pants, their respective governments, and EC.

The work is to be led by GEC Marconi Materials Technology
Lid. of Caswell, Northamptonshire, England. The other parti-
cipiants are Deimler Benz and Siemens in Germany, Thomson
TCM in France, Philips Microwave in UK. and France, and
Alcatel Telettra and Alenia in ltaly.

The discussions, which also took into account user views, held
lastyear, were initiated by areport commissioned by the British
government’s Department of trade and Industry on the techni-
cal and commercial capabilities of the European gallium arse-
nide electronics companies. This report argued that GaAs,
with its distinct advantages over silicon in a number of areas,
likely to form the basis of many highly specialized components
in a range of applications ranging from personnel communica-
tions to collision warning products.

The Eureka project is aimed at identifying a number of percei-
ved weaknesses within the European industry and at impro-
ving links between equipment, materials, and user companies.
The British government's Minister for industry, Baroness Den-
ton, said, "Under The Eureka initiative, gallium arsenide will
have a chance to shine and Europe to become a keen compe-
titor for Japan and America in this field". (Preuzeto iz Semico-
ductor International).

German Industrialist Calis for European Industry
Policy

Franz-Josef Wissing, chairman of the Zentralverband Elektro-
technik und Elektronik Industrie (the German electrical and
electronic industry association) has called for the development
of a European policy for semiconductor production. He said
that nearly 45% of his country’s gross national product de-
pends on microelectronics products and that German compa-
nies will increase their purchases of microelectronic devices
from about $ 3.0x10% to more than $ 8.9x10° by the turn of this
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century, when some 60% of manufacturers will rely on integra-
ted circuits.

"A new policy is required for unified Europe to compste in
todays global economy”, said Wissing. "There is no assurance
that free- market mechanisms will lead to a sufficient solution.
Some goverment subvention will be neded”. Wissing expres-
sed of JESS|, and felt that leading chip producers should
collaborate with medium-size manufacturers. (Preuzeto iz Se-
miconductor International)

French to Make Vacuum Array Displays

The Franch venture capital-backed group Pixel International
is to commercialize field emission vacuum displays. The te-
chnology employs arrays of micron-sized vacuum devices
manufactured in silicon to form flat panel color displays. The
technique was demonstrated some two years ago by the
French Leti company, part of the French nuclear center. Leti
has been seeking a partner from Europe or from the Far East
to develop the technology.

Pixel is led by Jean-Luc Grand-Clement, formerly chairan and
chief executive officer of European Silicon Structures. It will
develop the technology. The Pixel consortium is expected to
make the displays in small volumes for prototyping and small
quantity requirements and to license companies around the
world forlarge volume production. (Preuzeto iz Semiconductor
International).

TEHNOLOSKE NOVOSTI

JOSEPHSON-JUNCTION FLIP-FLOP TOGGLES AT
A RECORD 144 GHz

A recently developed flip-flop, based on Josephson-junction
technology, toggles at a record- breaking speed of 144 GHz.
The device, demonstrated by Hypres Inc., Elmsford, N.Y.,
works at a 4.2K, the temperature of liquid helium.

Builton a3.5um niobium process, the flip-flop is a power miser,
using just 1.6uW. Moreower, It's been cascaded to build 4-and
32-bit shift registers operating at 60 and 45 GHz, respectively,
The complete 32-bit register doesn't require much power
either. It needs a more 100 uw of power.

These results were obtained using the RSFQ (Rapid Single-
Flux Quantum) superconducting logic family. The concept of
RSFQ was developed at Moscow University by Konstantin
Likharev, V.K. Semenov, Sergei Rilov, and Oleg Mukhanov
(Likharev and Semenov are currently at the State University
of New York at Stony Brook; Rylov and Mukhanov work at
Hypres Inc.). It represents logic ones and zeros as the pre-
sence or absence of a quantized magnetic fluxon.

The fluxon takes the form of a voltage pulse with an amplitude
of 1 mV and a width of 2 ns. Nonlatching Josephson junctions
generate, transmit, and logically combine these ultra-short
pulses. The nonlatching junctions are 30 times faster and
require 1/10 the power of previously used latching designs.

The technology also combines the advantages of low power
dissipation with natural self-timing as well as insensitivity to
power supply voltage changes. The nonlatching junctions
have been successfully fabricated using newer high-tempera-
ture superconducting (HTS) materials, allowing designers to
build RSFQ logic circuits at the temperature of liquid nitrogen.
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The togle flip-flop or prescaler circuit the fastest RFSQ cell
represents the key of the family's logic-gate design. As aresult,
the operating frequency of the togle flip-flop circuit is critical for
projecting the performance of arbitrary RSFQ-based circuits.

Because its said to be simple to test and is easily expandable
to high gate-density levels, the shift register is being offered
as an ideal circuit to "prove the technology”. There are many
applications for the circuit. These include transient digitizers,
low-power satellite correlation receivers, and digital signal
processors.

The extremely fast switching speeds of the RFSQ cells and
their short aperture time can be traded off for an ADC design
with either a higher accuracy or a larger signal frequency band.

Two types of RFSQ Josephson-junction ADCs have been
developed over the last decade: parallel-input and serial-input
types. Though the parallel-input RFSQ Josephson-junction
ADCs deliver the highest-frequency performance, they do
require a simultaneous delivery of ultrafast input sampling
wave-forms. (Preuzeto iz Electronic Design dy 1992.)

CAD Vendor Helps Educate Eastern Europe

As part of its participation in a program aimed at sharing
technology research with Eastern European engineers, Te-
chnology Modeling Associates (TMA) Inc. Palo Alto, Calif., will
contribute its technology computer-aided-design {TCAD) soft-
ware to a Homanian university. TMA will also send company
specialists to Eastern Erupean companies. The program is
part of the Trans- European Mobility Scheme for University
Studies (TEMPUS) project, which is designed to bring advan-
ced semiconductor-related aducation ant training from Wes-
tern Europe to partners in Eastern European nations. Tempus

partners include leading European academic and goverment
research groups who plan to develop an up- to-date curricu-
lum, focusing on electron devices, at Romanias Polytechnical
Institute of Bucharest, as well as build a supporting a state-of-
the-art laboratory. Two TMA researchers will teach a course
called "Curriculum development in the field of analysis and
modeling of VLS! structures". ( From "Electronic Design®)

Electrolysis Technique Improves Micromachining

Researchers at Sandia National Laboratories, Albuquerque,
N.M., developed an improved process for uniformly etching
michromachined silicon structures. The process involves the
electrolysis of silicon in hydrofluoric acid to make a porous,
very thin layer of silicon on top of a silicon wafer. This interme-
diate porous phase enables silicon to be etched away with no
more than a 0.03% variance in results, according to Sandias
Terry Guilinger, amember of the research team that developed
the process. Because the etching rate of silicon is directly
proportional to the current passed in the electrochemical cell,
the depth of the porous silicon can be regulated by controlling
the charge through the electrochemical cell. After being immer-
sed in the acid, the silicon wafer is removed and the porous
cell is etched by bathing in a hydroxide solution at room
temperature. A mirror, rather than matte, finish is achieved due
to the uniformity of pore depths. Sandia claims that the new
method is completely compatible with standard wafer-fabrica-
tion procedures. A patent on this process has been issued to
the U.S. Department of Energy, which operates Sandia Labo-
ratories. The DOE has also filed a patent application for a
humidity sensor that is also fabricated by new process. The
sensor is to be used inside IC packages. (From "Electronic
design”)

1993: More process tehnologies with frequent departures of AMS’
Multi-Product Wafer Train

Austria Mikro Systems International (AMS) announces its new
1983 Multi-Product Wafer (MPW) Train Service Schedule for
0.81,1.2 1, 2 and 3 u CMOS processes. this capabiltiy, also
known as shared silicon technology, allows the parallel pro-
cessing of several devices on one wafer for engineering sam-
ples.

JThe benefits of AMS' MPW Train Service for customers is that
development charges are reduced by about 50 percent due to
reduced mask shop and fabrications costs. Span times are
also kept at a minimum. Furthermore, MPWs allow at a very
Iittle extra cost the parallel study of design options at once
without lengthening development times.

AMS groups devices with compatible processes on a wafer.
AMS receives a tape input from the customer and delivers
packaged parts. More runs are now available for each 3 1, 2
i, 1.2 and 1u plus one for the new 0.8 | process. The "Wafer
Train" will depart at the following schedules:

Processes: Tape In: Engineering Samples
Out:
31 CMOS May 7, 1993 June 25, 1993
September 10, 1993 October 29, 1993
2 it CMOS March 19, 1993 May 14, 1993
May 21, 1993 July 15,1993
July 23, 1993 September 24, 1993
November 12, 1993 January 7, 1994
1.2n CMOS April 23, 1993 June 17, 1993
June 18, 1993 August 19, 1993
August 20, 1993 October 28, 1993
Qctober 15, 1993 December 9, 1993
December 13, 1993 February 4, 1994
1.0 CMOS: March 4, 1993 May 6, 1993
June 4, 1993 July 29, 1993
August 27, 1993 October 21, 1993
November 26, 1993 January 21, 1994
0.8u CMOS: July 30, 1993 October 1, 1993
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Participation is guaranteed provided customer's data input
arrives on time.

The practical implementation of MPW runs has succeeded in
the recent past due to the significant efforts initiated in data
preparation, mask making and assembly and the coordination
of these activities. AMS' successful installation of a MPW
service was made possible because of AMS' flexible and

integrated facilities, which provide the necessay in-house
mask making, data preparation, water fabrication, assembly
and test.

Note: AMS is believed to be one of the only MOS facilities in
Europe currently handling and providing full in- house services
for Multi-Product Wafer Projects.

New Digital Signal Processor with Analogue Frontend

Austria Mikro Systeme International announces the AS3501,
a versatile application specific digital processor (DSP) that
combines a 13 bit Sigma Delta analogue frontend with a
reduced instruction (RISC) DSP and a mask ROM.

The new device, inasingle 5V 1.0 CMOS design, is specifically
tailored for battery powered operation in handheld mobile
telephones and ideal due to its unique power saving modes
and very low power consumption.

The AS3501 is a preprogrammed application specific standard
product that complies to all GSM speech processing re-
commendations. The new device is AMS’ first for the low
power digital signal processing market that is growing rapidly
with the introduction of digital mobile telephony. Key features
of the AS3501 include: a 2k x 42 bit programme ROM contai-
ning alt GSM 6.XX functions, an on-chip 13 bit Sigma Delta
Codec with bandlimiting filters; an analogue frontend for hand-
set and handfree operation; a frequency synthesizer for alert,
call progress, monitoring, tone and DTMF generation; a hard-

wired /O with dual port RAM for zero DSP overhead; 13MHz
masterclock frequency with 77ns cycle time; a 16 bit paralle!
host interface port and a highly flexible serial channel codec
port.

The product was designed with generator design tools and can
be specifically customized for different ROM/RAM sizes, diffe-
rent peripheral building blocks and even alterable instruction
sets. These building blocks allow the rapid design of versatile
ASIC products with mask programmable ROMs to cover all
speech processing tasks like preprocessing, analysis, synthe-
sis and recognition used in all new mobile communication
systems and in new man machine interfaces that use the
human voice.

Samples of the new device willbecome available ina PLCC-68
or QFP-100 package from the second quarter onwards. For a
free data sheet and further information please contact your
local SMS Sales Office or AMS Corporate Communications,
Schloss Premstétten, A- 8141 Unterpremstatten, Austria.
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Note to the Editor:

Conventional methods of digitizing speech in wire based tele-
phony use pulse code modulation techniques which require a
transmission rate of 64kbit/sec for adequate quality. CMOS
PCM codecs are widely used today in all digital switching
equipment,

To reduce the amount of spectrum used for coding in the new
digital cellular telephony arena ways sought to reduce the
B4kbit rate to below 16kbits. The Pan European GSM standard
has defined a speech vocoder which uses complex digital
signalling techniques to compress speech information into a
manageable data rate with a superior quality. The coder cho-
sen for GSM reduces the bit rate to 13kbits/sec.

Planned improvements in the area of speech coding to in-
crease system capacity include an advanced speech vocoder
to help speech channels to work at half rate (6.5kbits/sec).

The same vocoders will be used for the Personal Communi-
cation Network (PCN) that will level off mid of the decade by
providing a microcell topology for a mass market portable
phone system that will even further fill the need for such
vocoders.

Europe has now taken the lead in Digital Cellular Telephony
with the introduction of GSM end of 1992. The new US Digital
Cellular Standard has adopted similar approaches by using a
VSELP based algorithm that reduces the bit rate to 8kbits.
Japan is currently also working on a similar standard.

Key Features:

O Single Chip GSM Vocoder based onthe AMS 16-Bit RISC-
Core DSP

O 2k x 42 bit Programm ROM contains all GSM 6.XX Func-
tions

Low Power Design for Cellular Pocket Phone Applications
On Chip 13-Bit Sigma Delta Codec with Bandlimiting Filters
Analogue Fronted for Handset and Handsfree Operation

0O00o

Frequency Synthesizer for Alert, Call Progress Tone and
DTMF Generation

Hardwired I/O with Dual Port RAM for Zero DSP Overhead
13 MHz Masterclock Frequency with 77ns Cycle Time

DSP Activity For the Full Set of GSM 6.XX Recommenda-
tions is <« 25%

16-Bit Parallel Host Interface Port

Highly Flexible Serial Channel Codec Port

Digital Audio Interface for Type Conformance Testing
Emulation and Boundry Test with IEE 1149.1 JTAG Port

Ooog

oogoag

Contact: Dr. Conrad Heberling, ext.277
SchioB Premstatten

A-8141 Unterpremstatten, Austria
Telex 312547 ams a

fax (03136) 52 501, 53 650

tel.: (03136) 500-0*

AMS Presents New Telephone Chip Set Concept

AMS presents a new range of chip set resulting from the AMS
telecom philosophy, the foremost aim of which is to provide
telephone manufacturers with overall cost-efficient concepts
based upon flexible telephone ICs. Flexible, because the
concepts can be stripped down or up-graded by deleting or
adding circuits without a complete redesign.

The ICs of the various chip sets - the total number of compo-
nents varies depending on PTT requirements, type of handset,
customer demands, etc. - are modular building blocks which
can be combined to form complete telephone concepts from
low end to high end comfort feature telephone sets. Individual-
ly composed chip sets can be obtained through selecting
devices from the following ASICs:

The AS2502, the basis of all AMS concepts, includes line
adaptation and line supervision - precise monitoring of the
supply voltage, complete handset functions and power and
system management. This circuit extracts the necessary po-
wer for supplying peripheral circuits from the telephone line.

The AS2575 and AS2577 are combined pulseftone dialler
circuits with varied features: the AS2576 and AS2578 are
pulse/tone diallers which include tone ringer functions.

The AS2562 performs all tone ringer functions which include
programmable melody generation, ring frequency discrimina-
tion and programable attenuation.
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The AS2510 contains a combined loudspeaker amplifier for
both listening-in facility and tone ringing. It also incorporates a
switching converter for extracting dc supply from the ringing
signal.

The AS2512 combines the functions from the AS2510 and
AS2562, providing "on-hook" dialing (call progress monito-

ring).
The AS2514 adds handsfree to the functions of the AS2512.

All circuits are solely powered by the telephone line and each
of the above devices can be adapted to national PTT rules and
regulations.

Comprehensive system know-how combined with new ideas
and technologies have been implemented at AMS to create
the above circuits which provide the telephone manufacturer
with the possibility to build his own unique telephone system.

For further information please contact your local AMS Sales
Office or AMS Corporate Communications, Schioss Premstat-
ten, A- 8141 Unterpremstatten.

Note to the Editor:
What makes the AMS telephone chip sets unique?

Complete concepts including all necessary ICs from AMS
(EEPROMs can be added if appropriate) are available for the
telephone manufacturer. This means that all circuitry in the
telephone has been considered and all components defined
with type and value. All ICs (except for EEPROMSs) have been
or are being designed, developed and manifactured by AMS.
Existing telephones on the market usually include ICs from
differrent semiconductor manufacturers making more discrete
components necessary to facilitate closer compatibility to one
another. This in turn makes the telephone far more expensive
- up to 30%!

A higher degree of integration usually results in lower overall
costs since the total component count is reduced by an ave-
rage of 80%, which in turn cuts the total costs by up to 30%:

For the medium to high end telephone currently utilizing
approximately 310 external components a reduction of at
least 200 components can be achieved! And, this approach
increases system relability and drastically reduces design
span times and efforts by 50%.

Ancther challenge was to achive a high degree of integration
and allow the telephone manufacturer to maintain his own
design style, to put his own "label" on the telephone and to
adapt it to different PTT requirements in an ever changing
market, The adaption to different PTTs is realized by changing
the values of a few discrete components and by choosing
between a wide range of plug-in compatible IC-versions.

All'ICs are in the same advanced CMOS technology which
allows partitioning of the functions of the ICs for reasons of
modularity rather than of limiting technological capabilities.
Furthermore, the functional blocks or macro cells be taken
from the same library and can be used in differentt ICs.

Direct wake-up is an AMS patented solution providing line
seizure with a telephone, entirely powered by the telephone
line, by pressing a key matrix connected to a dialler/controller
that is constantly connected to the line by means of a line
voltage limiter and yet maintains a high dc isolation resistance
(>10MQ) in idle state (on-hook). The wake-up feature allows
the user to go off-hook by presing a direct memory key or a
loudspeaker key; so-colled on-hook dialing or call progress
monitoring which thereby siezes the line.

The same overall ground potential of the AMS telecom devices
ensures reduced RFI (Radic Frequency Interference) and an
easy and uncomplicated interface between sub-circuits, ICs
and discrete circuitry.

The AMS chip sets are compatible to new and old analogue
telephone systems world wide. They can be used in any
telephone instrument or telephone related equipment connec-
ted to an analogue telephone line.

To the knowledge of AMS there are no competitors, since
no other semiconductor manufacturer offers complete
telecom solutions!

MIEL-SD 93
ANNOUNCEMENT AND CALL FOR PAPERS

21" CONFERENCE ON
MICROELECTRONICS, MIEL93
29 SYMPOSIUM ON DEVICES AND

MATERIALS, SD93

September 29 - October 1, 1993
BLED, SLOVENIA

ORGANISERS

MIDEM - Society for Microelectronics, Devices and Materials,
Ljubljana, Slovenia

SPONSOR

Ministry of Science and Technology of Republic Slovenia
Iskra Stevci, Kranj, Slovenija
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Igor Orel, Slovenia
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GENERAL INFORMATION

The 21°' conference on microelectronics MIEL93 continues
the tradition of the annual international conferences organised
by MIDEM, Society for Microelectronics, Electronic devices
and Materials, Ljub!é‘ana. The conference is organisedthis year
jointly with the 29" Symposium on Devices and Materials,
SD93, another annual meeting of the same Society.

Both conferences are well known through the distinguished
guest speakers. Several hundred scientists from all over the
world took parts on the MIEL conferences inthe past. The goal
of connection and building of friendship between the scientists
and their companies remains the keystone of the organiser.

The conference will be held in Bled, Slovenia, a mundane
turistic village, well known also as conference centre, SEP-
TEMBER 29" - OCTOBER 1%

ORIGINAL PAPERS IN THE FOLLOWING AREAS ARE
SOLICITED:

Novel monolithic and hybrid circuit processing techniques
New devices and circuit design

Process and device modelling

Semiconductor physics

New electronic materials and applications

Electronic material science and technology
Optoelectronics

Reliability and failure analysis

Microelectronics education

Marketing and commercial presentation for material and
equipment analysis will be accepted in a special confe-
rence section

ooocoogooao

INVITED PAPERS:

The following speakers will present introductory review papers
before sessions;:

1. B. Murari, SGS Thomson microelectronics:
"BICMOS technology and devices"

2. 1. R. Harris, University of Birmingham, School of metallur-
gy and materials, Edgbaston, Birmingham:
"Rare earth - Transition magnets: Their processing, pro-
perties and applications”

3. H. Salemink, IBM Res. division Z{rich:
"Tunnel microscopy in semiconductor characterisation”.

4. J. Furlan, Fakulteta za elektrotehniko in radunalnitvo,
Univerza v Ljubljani, Ljubljana, Slovenia
W. Kusian, Siemens AG, Corporate research and deve-
lopment, Miinchen, Germany
G. Konte, ENEA, Centro ricerche fotovoltaiche, Portica -
Napoli, ltalia:
"Tandem amorphous silicon solar cells",

5. J. W. Cicognani, E. Gramegna, Du pont de nemours int.
SA, Sisse
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N. Eilbeck, Du pont, UK:
"An overview of recent developments in ceramic and
polyimids technologies for multichip modules”,

PREPARATION OF SUMMARY AND ABSTRACTS

A summary not longer then 60 lines is required for review. This
summary must state clearly what new results have been
obtained and what techniques have been used.

RECEIPT DEADLINE:
Deadline for receiving the summaries is May 15,
PREPARATION OF THE PAPERS:

The papers have to be prepared on maximum 6 pages A4
format, ready for reproduction in the Proceedings. Other infor-
m?tion will be given to the authors of accepted papers by June
1%,

RECEIPT DEADLINE:
Deadline for the manuscript of the paper is September 1",
CONFERENCE PROCEEDINGS

Invited papers and accepted papers will be published in the
conference proceedings distributed at the conference registra-
tion.

LANGUAGE
Official conference language is English.
REGISTRATION

The registration fee is USD 300. Members of MIDEM sponsors
have a 20% discount, society members 30%. The fee includes
free accesstoall conference events, including welcome coctail
party and the conference dinner on September 30",

IMPORTANT DATES

Summary deadline: May 15"

Natification of acceptance: June 15
Advanced programme: August 1%

Paper deadline: September 15!

Final conference programme: at registration,
September 29"

Programme and organising committee:
MIDEM

Dunajska 10

61000 LJUBLJANA (Slovenia)

tel.: (61)312898, fax.: (61)319170

Secretary of the conference:
Meta Limpel
tel.: (61)551609
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KOLEDAR PRIREDITEV 1993

MARCH

24.03.-31.03.1993 CEBIT'93
HANNOVER,Germany

30.03.-01.04.1993 SEMICON SHOW ON
SEMICONDUCTOR TECHNOLOGY
GENEVA,Switzerland

APRIL

14.04.-16.06.1983 INTERNATIONAL CONFERENCE AND
EXIBITION ON MULTICHIP MODULES
DENVER, Colorado, USA (ISHM tel. +1 703 471 0066)

18.04.-21.04.1993 COUMPOUND SEMICONDUCTOR
DEVICE MODELLING
HARROGATE, UK (info. B. Miles +44 532332081)

19.04.-24.04.1993 EUROPEAN TEST CONFERENCE
ROTTERDAM, Holand (info. A. Kunz +49 89 930 8201)

21.04.1993 PRVI SUSRET VAKUMISTA HRVATSKE |
SLOVENIJE
ZAGREB, Hrvatska

22.04.-23.04.1993 GALLIUM ARSENIDE DEVICE
SIMULATION GROUP MEETING
HARROGATE, UK (info. B. Miles +44 532 332081)

22.04.-28.04.1993 INTERNATIONAL INDUSTRIAL
EXIBITION
HANNOVER,Germany

26.04.-28.04.1993 38th ANNUAL GATHERING
KOREMA
ZAGREB, Hrvatska (041-611944)

MAY

17.05.-22.05.1993 TELECOM ASIA
SINGAPUR,Singapur

24.05.-28.05.1993 MIPRO 93
RIJEKA, Croatia
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JUNE
02.06.-04.06.1993 TECHNOVA INTERNATIONAL
GRAZ, Austria

15.06.-19.06.1993 BIOWASTE
HERNING, Danmark

SEPTEMBER

05.09.-09.09.1993 IMEKO XIIl FROM MEASUREMENT TO
INNOVATION

TORINO, Italy

06.09.-09.09.1993 EUMC'93 EUROPEAN MICROWAVE
CONFERENCE MADRID, Spain

06.09.-10.09.1993 VLSI 93
GRENOBLE, France

13.09.-17.09.1993 EPE'93 5th EUROPEAN CONFERENCE
ON POWER ELECTRONICS AND APLICATIONS
BRIGHTON, England

29.09.-01.10.1993 MIEL-SD 93 21th INTERNATIONAL
CONFERENCE ON MICROELECTRONICS BLED, Slovenia

OCTOBER

05.10.-09.10.1993 SODOBNA ELEKTRONIKA 93
LJUBLJANA Slovenia

07.10.-08.10.1993 ISEP 93 INTERNATIONAL
SYMPOSIUM ON ELECTRONICS IN TRAFFIC
LJUBLJANA, Slovenia

07.10.-08.10.1993 VAES 93 INTERNATIOANL
SYMPOSIUM ON CONTROL AND AUTOMATION OF
ELECTROENERGETIC SYSTEMS

19.10.-23.10.1993 SITEF, TOULOUSE, France
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NAVODILA AVTORJEM

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

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

Clanki bodo recenzirani.

Casopis objavija tudi novice iz stroke, vesti iz de-
fovnih organizacij, indtitutov in fakultet, obvestila o
akcijah drustva MIDEM in njegovih ¢lanov ter
druge relevantne prispevke.

Strokovni prispevki morajo biti pripravijeni na na-

slednji nacin

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

- 2. Klju¢ne besede in povzetek (najvec
250 besed).

- 3. Naslov dela v anglesgini.

- 4. Kljuéne besede v anglescini (Key wor-
ds) In podalj$ani povzetek (Extended
Abstract) v anglescini,

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

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

Ostala splosna navodila

1.V ¢lanku je potrebno uporabljati Si sistem enot
oz. v oklepaju navest alternativne enote.

2. Risbe je potrebno izdelati s tuSem na pavs ali
belem papinju. Sirina risb naj bo do 7.5 0z. 15 cm.
Vsaka risba, tabela ali fotografija naj ima $tevilko
inpodnapis, ki oznacuje njeno vsebino. Risb, tabel
in fotografij ni potrebno lepiti med tekst, ampak jih
je potrebno loceno priloziti ¢lanku. V tekstu je po-
trebno oznaditi mesto, Ker jih je potrebno vstaviti.

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

Urednigki odbor ne bo sprejel strokovnih ¢lankov,
ki ne bodo poslani v dveh izvodih.

Avtorji, ki pripravijajo besedilo v urejevalnikih be-
sedil, lahko posliejo zapis datoteke na disketi (360
ali 1,2) vformatih ASCII, wordstar (3.4, 4.0), word-
perfect, word, ker bo besedilo oblikovano v pro-
gramu Ventura 2.0. Graficne datoteke so lahko v
formatu HPL, SLD (AutoCAD), PCX ali IMG/GEM,.

Avtorji so v celoti odgovorni za vsebino objav-
lienega sestavka. Rokopisov ne vracamo.

Rokopise posljite na naslov

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana

UPUTE AUTORIMA

Informacije MIDEM je znanstveno-stru¢no-drus-
tvena publikacija Stru¢nog drustva za mikroelek-
troniku, elektronske sestavne dijelove i materijale
- MIDEM. Casopis objavijuje priloge domacih i
stranih autora, narocito ¢lanova MIDEM, s podru-
¢ja mikroelektronike, elektronskih sastavnih dije-
lova in materijala koji mogu biti:

izvorni znanstveni ¢lanci, predhodna priopéenja,
pregledni ¢lanci, izlaganja sa znanstvenih i
strucnih skupova i struéni ¢lanci.

Clandi ée biti recenzirani.

Casopis takoder objavijuje novost iz struke, oba-
vijlesti iz radnih organizacija, instituta i fakulteta,
obawvijesti o akcijama drustva MIDEM i njegovih
¢lanovai druge relevantne obavijest.

Struéni danci meraju biti pripremljeni kako slijedi

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

- 2. Kljuéne rijedi i sazetak (najvise 250
rijeci).

- 3. Naslov ¢lanka na engleskom jeziku.

- 4. Kljuéne riject na engleskom jeziku
(3Key Words) i produzeni saZetak {Ex-
tended Abstract) na engleskom jeziku.

- 5. Uvod, glavnidio, zakljuénidio, 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 Sl sistem jedinica
od. u zagradi navest alternativne jedinice.

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

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

Autori mogu poslati radove na disketama (360 ili
1,2) u formatima tekst procesora ASCII, wordstar
(3.4.1 4.0), word, wordperfect posto ée biti tekst
dalje obraden u Venturi 2.0. Graficke datoteke mo-
gu biti u formatu HPL, SLD (AutoCAD), PCX ili
IMG/GEM.

Urednicki odbor ¢e odbiti sve radove koji nece bit
poslani u dva primjerka.

Za sadrzaj Slanaka autori odgovaraju u potpu-
nosti. Rukopisi se na vracaju.

Rukopise Saljite na adresu:

Urednistvo Informacije MIDEM
Elektrotehniéna zveza Slovenije
Dunajska 10, 61000 Ljubljana
Slovenija

79

INFORMATION FOR
CONTRIBUTORS

Informacije MIDEM is professional-scientific-so-
cial publication of Professional Society for Micro-
electronics, Electronic Components and Mate-
rals. 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.

All manuscripts are subject to reviews.

Scientific news, news from the companies, inst-
tutes and universities, reports on actions of Mi-
DEM Society 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, tittes and complete
company or institution adress.

General information

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

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

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

Authors may send their files on formatted diskettes
(360 or 1,2) in ASCI, wordstar (3.4 or 4.0), word,
wordperfectas textwillbe formatedin Ventura 2.0,
Graphics may be in HPL, SLD (AutoCAD), PVX
or IMG/GEM formats.

Papers will notbe accepted unless two copies are
received.

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

Contributions are to be sent to
the address: :

Urednidtvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana,
Slovenia
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