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STORY ON SUCCESS

More than 10 years ago | worked for the-then ambitious company Iskra Microelectronics and col-
laborated with another microelectronics company that was just being created at Unterpremstatten near
Graz, Austria. At that time both companies had the same license partner that was American Microsys-
tems Incorporation - AMI, Santa Clara, USA. Both companies started their work on the basis of similar
technology, with only slight difference in their approach.

Couple of years before the production actually started in Iskra Microelectronics, its technologists were
trained in the AMI factory - Pocatello, Idaho, USA. As well, Iskra continued to have connection
technologist working with the license partner even in the time it started its production with own staff.

On the contrary, the factory in Austria that was also connected to Americans financially through capital
began to work with American experts who were training their Austrian colleagues on the spot.

Collegial and business relationship between Iskra and Austrian Microelectronics were established
during many-year-long fruitful and pleasant collaboration that was interrupted only by Iskra
Microelectronic’s ruin.

However, there has always been basic difference between the "Slovene” and the "Austrian”
microelectronics approach. On one side, Iskra Microelectronics had support of the-then relatively strong
electronics industry materialized in the company of ISKRA employing 36 000 people at that time, as
well as support of the Yugoslav civil and military electronics on the other side. At first sight those were
outstanding conditions to begin with !

The Austrian Microelectronics - AMS, was built by Austrian iron industry. At that time Austrian
electronics industry development stage was far beyond the Yugoslav one. However, building the new
microelectronics factory the Austrians already took into account the fact of rapid development in
microelectronics. It was built bigger to what they needed initially and also later they continued to invest
into new installations, equipment and technologies.

What a contrast to our impoverished and short-term orientation !

As distinguished from ISKRA that did not construct and invest into microelectronics in order to be
exploited by outside users (an argument that | have often heard from "old true” members of ISKRA) the
Austrians have quickly oriented their production onto world markets.

Despite my personal disappointment at the Slovene microelectronics production disintegration, I am
nevertheless very happy to see AMS company, Austria, succeeding and becoming a great, prosperous
and famous "forge" of application specific integrated circuits. Despite its relatively small size, itis among
the greatest silicon foundaries in Europe.

And what about the financial aspect ? Their stocks list on the stock Exchange. 10% dividends were
distributed for the year 1994.

They have so many orders that their responding time extends even to some months.

Every "true” microelectronics-ist should share his joy with them.
MIDEM Society President
Dr. Rudolf Rodak

Dot d-L
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REACTIVE COATING TECHNOLOGIES FOR
DIELECTRIC LAYERS

Hans K. Pulker
BALZERS AG, FL-9496 Balzers, Liechtenstein

Keywords: reactive coating, RPVD reactive physical vapour deposition, coating technologies, thin films, dielectric layers, planar waveguides,
optoelectronic sensors, telecommunication systems, optical interference, reactive gases, discharge plasma, stoichiometry, PVD physical vapour
deposition, film properties, film stability, gas discharge, 1BS, lon beam sputtering, IAD ion assisted deposition

Abstract: High quality dielectric films are required today for planar optical wave quides used in opto-electronic sensors and telecommunications.
Many inorganic chemical compounds which were difficult to deposit by conventional techniques in form of well adherent, dense, hard and stable
low-loss films are now routinly synthesized by reactive gas discharge plasma and energetic ion and/or coating material atom processes. The plasma
provides an in-situ source of increased ionization and energetic deposition species. This is suitably used to enhance various chemical and physical
processes that influence stoichiometry and growth properties of deposited films. A burvey over such PVD coating technologies and on the resulting
film properties is given. Among others TaxOs, ZrOz, TiOz, SiOz2and SiaN4 single films and multilayers ware deposited in the new reactive low-voitage
ion plating system Balzers BAP 800. The properties of the individual films and spectral filter characteristics of multilayers were investigated particularly
with respect to time, humidity and temperature. The observed stability is correlated with film density, water vapour content and intrinsic film material

properties.

Reaktivne tehnologije nanasanja dielektriénih tankih plasti

Klju¢ne besede: nanasanje reaktivno, RPVD naparjevanje reaktivno fizigno, tehnologije nanasanja, plasti tanke, plasti dielektri¢ne, valovodi
planarni, senzorji optoelektronski, sistemi telekomunikacijski, interferenca optiéna, plini reaktivni, plazma razelektrilna, stihiometrija, PVD nanasanje,

lastnosti plasti, stabilnost plasti, razelektritev plinska, IBS naprsevanje ionsko, IAD nanaganje

Povzetek: Tehnologija izdelave optiénih valovodov v optoelektronskih senzorjih in telekomunikacijskih sistemih, kakor tudi druge uporabe v
interferen¢ni optiki zahtevajo nanasanje zelo kvalitetnih dielektriénih plasti. Mnoge anorganske kemiéne sestavine smo véasih s konvencionalnimi
metodami nanasanja zelo tekéo nanadali v obliki trdih, gostih, stabilnih fimov brez izgub in z dobro adhezijo na podiago. Danes uspemo z uporabo
nekaterih novih tehnik, kot so reaktivno plazemsko nanasanje in energijsko ionsko nanaganje atomov tarde, pospesiti razline kemiéne in fizikalne
procese, ki vplivajo na rast, stohiometrijo in lastnosti tankih plasti.

V prispevku podajam pregled zgoraj omenjenih PVD tehnik nanosa, kakor tudi lastnosti tako dobljenih tankih plasti. Enojne in vecplastne strukture
Taz0s, ZrO2, TiOz, SiOzin SigNa smo nanesli v novem sistemu za reaktivno nanasanje plasti Balzers BA 800. Zanimale so nas lastnosti posameznih
plasti ter spektralne karakteristike vedslojnih struktur zlasti éasovna stabilnost ter ob&utljivost na temperaturo in relativno viago. Stabilnost plasti

smo korelirali z njihovimi notranjimi lastnostmi, vsebnostjo viage in gostoto.

moisture adsorption. Anything filling the voids increases
their refractive index so that the film index and conse-
quently the optical thickness increase. Thus, whenever
the environmental conditions change the films exhibit a
shift in their properties. In view of the importance of
dielectric films in optical coatings, itis not surprising that

1. Introduction

The properties of thin oxide films deposited on glass
substrates by evaporation and subsequent condensa-
tion or by sputtering under vacuumwere generally found

to be different from those of the bulk materials. Dissocia-
tion is a problem with many compound films. Even in
evaporation, which is the -gentlest physical vapour
deposition process, chemical compounds are dis-
sociated to a certain extent. Due to their low sticking
coefficient, gaseous components can be pumped off,
resulting in substoichiometric composition of the
deposit. Optical films produced in processes without ion
bombardment show properties associated with low
mobility of the condensing atoms and molecules as
consequence of their low energies of about 0,2eV. Most
films evaporated conventionally have a columnar
microstructure with large void volume. Silica films have
aless dense spongy microstructure. This leads to devia-
tions of the optical and mechanical properties fromthose
of the bulk materials. The voids enlarge the internal
surface of the coatings and encourage gas, particularly

considerable work has been devoted to these materials.
Attention has been paid how to make stoichiometric, low
absorbing, stable and hard oxide, nitride and oxynitride
films for various filter and mirror applications and for
optical wave guides. Special reactive higher energetic
deposition techniques have been developed to improve
optical and mechanical properties of compound films.
Among them, processes that retain as much of the
traditional techiques as possible seem the most attrac-
tive ones. Work along these lines showed exciting
results. The important reactions in plasma supported
PVD processes are ionization, dissociation, radical for-
mation, electron impact excitations and the ion energies
involved. In this review most of these powerful ion or
plasma supported techiques, particularly the new reac-
tive low-voltage ion plating, will be discussed.
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2. Reactive Evaporation Techniques

The loss of oxygen and nitrogen that usually occurs
during evaporation or sputtering of transparent metal
oxides and nitrides may cause optical absorption in the
films. The effect could be appreciably corrected par-
ticularly in the case of oxides in the reactive deposition
process /1,2/ by adding oxygen to the residual gas: MeO
+ 1/202 ~--> MeO2 |, Me + Oz ~-- >MeOz il

The partial pressure of the reactive gas component is
usually few 10 mbar. Reactive evaporation is applied
in all cases where direct evaporation of a chemical
compound is not possible because of degradation. In
practice, oxide films are produced using suboxides as
starting materials. Basically itis also possible to produce
other compounds in this manner. The low reactivity of
nitrogen (N2}, however, prevents the applicability of con-
ventional reactive evaporation for metal nitride film syn-
thesis.

When evaporating under reactive conditions, care must
be taken that the gas components consumed during the
chemical reaction are continucusly replenished. This is
frequently carried out through a pressure controlled gas
inlet valve. The average mean free path at 10 mbaris
still only 50 cm, which is somewhat less than the dis-
tance from boat to substrate. Reactions from collisionin
the gas space between gas molecules and metal atoms
are only possible to a small percentage, althought the
collision probability is often more than 50 %. The reac-
tion takes place to a far greater extent on the substrate
surface.

Formation of a metal-oxide film by reactive evaporation
takes place in the foliowing stages:

1) The substrate surface is exposed to the coating
material vapour atoms and gas molecules which
impinge at a certain rate.

2) A portion of these atoms and molecules is ad-
sorbed on the substrate surface, and another
portionis either reflected or, after a short dwell on
the surface, again desorbed. The ratio of the
actually adsorbed quantity to the number of inci-
dent particles is given by the condensation coef-
ficient. The condensation coefficients of metal
vapours are frequently near to unity; large rates
of incidence are chosen in the vacuum evapora-
tion, so that they correspond to pressures which
are much larger than the equilibrium pressures at
the usual substrate temperatures.

3) In the adsorbed phase, in which the particles are
mobile because of surface diffusion, the chemical
reaction of the metal- oxide formation takes place
via dissociative chemisorption of the oxygen. This
means that, since the reaction takes place in the
adsorption phase and the various reaction
partners can have different condensation coeffi-
cients, the ratio of the rates of incidence is a

necessary but not adequate criterion. It is as-
sumed /3/, that the chemisorption rate of oxygen
is the critical step for the completion of the reac-
tion.

The need thus arises to select all parameters for the
relevant process so that the film obtained fulfills the
demand upon in the best possible way. For all that,
however, oxide coatings produced in this way are often
still slightly understoichiometric and slightly absorbing.
Compound films approach asymptotically to
stoichiometry and it should be considered that, for ex-
ample, the composition of silica films correspond to
SiO2x whereby x is between 10° and 10°°.

Concerning structure, evaporated films are disordered
polycrystalling, amorphous or polymeric. They show
rough surfaces and have columnar or spongy
microstructures with large void volume and great inter-
nal surface area /4/. Their adhesion to the substrate is
poor and their abrasion resistance and hardness are
low. As a consequence of the low density the film refrac-
tive indices are considerably lower than the values for
the bulk oxides. They absorb water vapour on wet
atmosphere and other gases which change their refrac-
tive index and other physical properties.

Heating the substrates to about 250 to 350°C during
reactive evaporation improved a number of film proper-
ties including stoichiometry, purity, density, refractive
index and adhesion. ‘Therefore substrate heating be-
came the standard procedure in this process, although
it favours generally undesirable coarser film microstruc-
ture and surface roughness. Because of the high reac-
tivity of oxygen and the low reactivity of nitrogen only
oxide films have been successfully produced industrially
by reactive evaporation.

3. Activated Reactive Deposition

Films for highly sophisticated optical applications, such
as for special laser mirrors, should have extremly low
absorption losses because these obviously decrease
the reflectivity and lower the damage threshold for high
power radiation. It is very important in the deposition of
such films to achieve more complete oxidation, since
traces of metal atoms or substoichiomietric species
cause absorption. It has been found by various re-
searchers that better stoichiometric films can be
achieved with activated and ionized reactive gas. The
process is shown schematically in the left branche of
Fig.1.

Reactive evaporations performed under the above men-
tioned standard conditions, but with additional activation
of the reactive gas, further improved film quality /5/.
Better stoichiometry and rather low absorption values
have been obtained when films were prepared by ac-
tivated reactive evaporation (ARE) /8/. These coating
experiments with ions and excited molecules clearly
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Fig. 1: Schematic of plasma and ion supported

reactive evaporations

showed that chemical reactivity is enhanced in the
presence of a gas-discharge plasma. To generate
oxygen ions for activated reactive evaporation cold gas
discharge ion sources with a hollow cathode inside a
quanz tube are used /6/. With this technique it became
possible also to deposit metal oxynitride films.

Inthe case of TiO2 films, the partial ionization of oxygen
reduces the absorption by a factor of 10 for TiO starting
material, or by factor of 100 for Ti2O3 or TisOs starting
materials compared with the values of films obtained
with ordinary oxygen /7/. It was found that negative
oxigene ions produced the best oxidizing effect/7/. They
were therefore used to produce all the films.

4. lon Assisted Deposition

Most properties of evaporated films are highly deter-
mined by the lack of mobility of the condensing atoms
and molecules due to their low thermal energies be-
tween 0.1 and 0.2 eV. The activation energy necessary
for physical and chemical processes is supplied by
energetic ions, which replaces the requirement of
elevated substrate temperature as discussed further
above. This is shown schematically in the right branche
of Fig.1. Controlled bombardment of a growing film by
argon or/and oxygen ions with energies up to several
hundred electron volts has been shown to improve
density and stoichiometry and therefore optical proper-
ties of oxide coatings /8,9/. To make sure stoichiometry
energy values below 100 eV are to prefere. Adding

energy to the film growth process also appears to im-
prove adhesion /10/ and to modify stress /11/. Similar
effects are observed when the ad- atoms of thin film
materials have increased energy as is the case in sput-
tering. lon beam techniques can be applied, however
also before and after film deposition. Substrates can be
ion beam cleaned with inert or reactive gas ions,
depending upon substrate materials involved and fresh-
ly deposited films can be bombarded to further improve
their properties.

Hot-cathode Kaufman-type /12/ ion guns are used
usually in ion assisted deposition processes (IAD), but
also other installations have been applied. It is impos-
sible to discuss and compare here all the variants of this
technique. Considerable efforts have been directed to
the analysis of plasma conditions and their correlation
with deposited film properties. The mechanism respon-
sible for densification seems to be momentum transfer
as was shown recently by molecular-dynamics calcula-
tion /13/.

5. Gas Discharge and lon Beam Sputtering

In sputtering atoms or molecules from a target are
ejected by momentum transfer processes caused by
noble gas ion bombardment. Various possibilities are
shown schematically in Fig.2. The initially relatively high
energetic coating material atoms with energies between
1 and 40 eV pass through a more or less dense gas
phase lose energy by collisions and condense at sub-
strates which, in case of gas discharge sputtering, are
arranged oposit the target at a small distance.

SPUTTERING

gas discharges ion beams

p< 104 mbar
non reactive, reactive

p-10"-10"° mbar
non reactive, reactive

single beam sputtering
dual beam sputtering

normal cathodes
magnetrons

Fig. 2: Schematic of sputtering

fons stem from a dc of rf gas discharge or from special
ion guns. In the first case the typical working gas pres-
sure is in the 10 to 10™ mbar range whereas with ion
beam sputtering lower background pressures and there-
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fore a larger distance target to substrate can be applied.
Many variants of sputtering processes are known /14/.
With all of them reactive gas processes can be per-
formed. Conventional gas discharge sputtering is a
rather slow process. The speed of deposition is in-
creased, however, by magnetrons where, in addition to
the electric field, a magnetic field enables, by keeping
the electrons in trajectories close to the target surface,
to increase the number of ionizing collisions in the
bombardment-ion generation. Such devices are used
for the deposition of large flat substrates, e.g. architec-
tural glass and plastic foils /15,16/.

With reactive sputtering, one has to distinguish between
a compound film synthesis under the actions of a diluted
reactive gas atmosphere starting from pure metal, alloy
or multi-element targets on the one hand, and the
making up for the lost constituent when using compound
targets on the other. The main difference is found in the
dependence of the deposition rate on the partial pres-
sure of the reactive gas. Generally the reactive gas
component, which can be for example Oz, Hz0 for the
formation of oxides, Nz, NHz for nitrides, Oz + Nz for
oxynitrides, H2S for sulfides, CaHz, CHas or other
hydrocarbons for carbides and CF4 or HF for fluorides,
is added to the sputtergas - mainly Ar* - in small
amounts, between 10° and 10" mbar. In ail gas dis-
charge sputter arrangements, the added gas is in an
activated state and therefore highly reactive.

Reactionsinthe gas phase, ignoredin reactive evapora-
tion, are here also generally negligible; the heat of
reaction liberated cannot be dissipated in a two-body
collision. Conservation of momentum and energy lead
to heterogeneous reactions on the substrate surface but
are unfortunately also possible on less eroding areas of
the target surface. Reactions of the target surface are
often called target poisoning when the reaction product,
a chemical compound, is dielectric and leads to charging
of the target surface. The compounds also frequently
have a lower sputter rate. To overcome this disad-
vantage an interesting technical solution exists by alter-
nating dc-magnetron sputtering of 2-3 monolayers metal
film and subsequent oxidation in a separate reactive
plasma zone /17/. A highly intense reactive plasma is
present in a long narrow zone, isolated physically from
the metal deposition zone by a region of relatively low
pressure. A reactive ion source with a high intensity ion
flux generates an intense reactive plasma of highly
energetic oxygen adjacent to the periphery of the sub-
strate, keeping the time required for the reaction very
short. As a further advantage of this technique, com-
pounds can be formed using a less reactive gas than
oxygen, such as nitrogen and other, to form metal
nitrides, or other compound films. The cyclic depos-
tion/oxidation sputtering process seems to overcome all
disadvantages of the prior art in reactive sputtering. The
use of multiple stations affords a further advantage with
a considerable increase of deposition speed. The pos-
sible film deposition rates are comparable with those in
reactive evaporation. The elimination of the prior re-
quirement of tight baffling allows for the coating of

curved substrates. It is, however, impossible to coat
lager flat surfaces.

In ion beam sputtering (IBS) the target erosion is
produced by a mono-energetic argon ion beam usualy
from a Kaufman-type ion gun, but also high frequency
ion sources should be considered/18/. In dual ion beam
sputtering a second.ion gun is used with the beam
directed at the growing film similar to ion assisted
deposition e.g. /19/. With the IB-sputtering techniques
dense, well adherent and stoichiometric films of low
optical absorption and with stable properties can be
obtained. In all variants care must be taken to avoid
unwanted sputtering of plant installations by high ener-
getic neutral atoms what could cause film contamina-
tion. Unfortunately, the process has several practical
limitations. It is relatively slow, and to deposit a thin film
of one quarterwave optical thickness (visible range)
takes 15 to 20 min. The area to be uniformly coated
rarely exceeds a diameter of about 10 cm.

6. Reactive lon Plating

In a conventional ion plating process /20/ evaporationis
performed in the presence of an argon gas discharge.
n collisions and electron impact reactions, coating
material ions are formed and accelerated in the electric
field of biased substrates so that condensation and film
formation take place underthe influence of ion bombard-
ment. it can invclve ions of the working gas, of the
film-material vapour or of a mixture of both. In addition,
the higher energetic neutral atoms of vapour and gas
are also very important for the deposition process. This
complex actionis typically forion plating. Alarge number
of process variants is possible and different components
can be combined to more complex triode and tetrode ion
plating systems. It is furthermore remarkable that also
high-speed sputtering cathodes are used as vapour
sources in special ion plating arrangements. Bias sput-
tering and some types of piasma CVD also fall under the
definition of ion plating. In conventional ion plating the
degree of ionization is low and so the accelerating
voltage must be rather high, generally between 3 and 5
KV, to supply the necessary energy for the formation of
well adherent and dense films. The small number of
ions, however, is also disadvantageous for a reactive
gas process. Therefore, to overcome this problems a
new form of reactive ion plating, shown schematicatly in
Fig.3, has been developed in our laboratory /21/.

6.1. Reactive Low-Voltage ion Plating

The new reactive ion plating process (RLVIP) /22/ per-
formed in the specially designed automatic box type
plating system BALZERS BAP 800, shownin Fig.4aand
4b, can be used for the deposition of single layer and
multilayer oxide coatings onto unheated glass and other
substrates. All evaporations are made by two special
270°-type electron beam evaporators.
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REACTIVE LOW-VOLTAGE ION PLATING

Fig. 3. Schematic of reactive low-voltage ion plating

The starting materials, metals or suboxides, form electri-
cally conducting melts. Very effective ionisation and
activation of the evaporating coating material atoms and
the admitted reactive gas molecules occur by a low-volt-
age high-current argon plasma beam (hot cathode type)
directed to the crucibles (anode). The substrate holder
is electrically insulated. In contact with the formed plas-
ma cloud the substrates receive a relatively high nega-
tive self-biasing potential of 15-20 V with respect to the
plasma, which acts as accelerating voltage for positive
ions. The repulsive force of the anode, gas phase col-
lisions and the negative substrate bias determine the
kinetic energy of the impinging positive ions. The total
pressure in the plant’is in the low 10 mbar range. Film
deposition is started and stopped by opening or closing
a moveable shutters in front of the electron beam
evaporators. Film thickness and deposition rate are
controlled by an oscillating quartz crystal monitor /23/.
Optical thickness monitoring can be used too. Quarter-
wave films in the visible are deposited within 3 to 4
minutes. Uniformity in thickness distribution of £ 1 %
over the whole substrate holder of 800 mm diameter can
be achived by the use of a static correction shield. The
BAP 800 can be tooled for both reactive ion plating and
conventional reactive evaporation allowing alternating
processes without requiring any changes in the plant.

80V
200 A

Fig. 4a:  Schematic of the reactive low voltage
high-current dc ion plating system Balzers

BAP 800

Front view of the BAP 800

Fig. 4b:

6.2. Structure, Microstructure, Non-Optical
Properties

Electron optical investigations of plated oxide films onto
unheated substrates showed amorphous and fine
grained polycrystalline structures. Substrate tempera-
tures of about 200° C seem not develope a coarser
structure. All the films are very dense and generally
without columnar microstructure. The surfaces were
found to be very smooth compared with films deposited
by conventional evaporation /24/.

Infrared, ultraviolet and Rutherford backscattering
measurements of plated deposits showed stoichiometry
and absence of incorporated water. The high density
prevented water vapour sorption at humid atmosphere.
The films are therefore also interesting as protective
layers /25/.
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Excellent adherence of single films and film systems on
glass substrates was foundin scratch adhesion test. And
with the exception of TiOp, film indentation hardness
(Knoop) and abrasion resistance values (eraser test) of
all other coatings were found to be very high. lon plated
films are generally under compressive intrinsic stress
/26/. Their environmental stability according to US MiL.-
specifications shows a remarkable degree of quality.
Some data are listed in Tab.1.

6.3. Optical Properties

lon plated oxide films are very good oxidized. No absorp-
tion could be measured in the high transmittance range
of well prepared single films with simple photometric

intensity methods. Photothermal deflection spectros-
copy /27/ and loss measurments in optical waveguides
/28/, showed very low values of k between 10 and 10°°.

Film refractive index determinations from photometric
and ellipsometric measurments showed values close to
the bulk materials. In ali cases measured indices were
much higher than those of evaporated films. For com-
parision the various values are listed in Tab.2. The index
values of single films could be reproduced within an
accuracy of better than 1 %.

Homogeneity of the refractive index was good for films
up to thicknesses of 7 A/4 (A=550 nmy). Thicker films were
found to be slightly inhomogeneous. As a consequence
of the intrinsic compressive stress the films showed

Film (depositedon  Structure (electr.  Microstructure (SEM, Water Vapour Adhesionto Glass  Indentation Intrinsic Mechan.
unheated glass) diffr.) TEM) Sorption (Scratch Test) Hardness / Stress
Abrasion
Resistance
TiO7 amorphous dense, homogeneous
Nb20s amorphous dense, homogeneous . N =4 8 9 N
2 5 % . = 5T
Taz0s amorphous dense, homogeneous & e 2 8 = o8
Zi0p finest grained dense, spheroidal % 3w 5872 éf;:‘j é
polycrystalline 5 £5 g £8% B2 EB
8 @ Q 9 .c 5= A
HfO2 amorphous dense, homogeneous é %; e § g ; k= S :‘E % i
Y203 amorphous dense, homogeneous o 3 éE é‘% 3 3 @ e %
L D0 5] =
Al2O3 amorphous dense, homogeneous € g g = E < 3 % 2 332E S5
= O [S3 U - . 4 R =
Si02 amorphous dense, homogeneous =a = %’ 8 £8%2 E T g ‘é%.ﬁ £
o _— S AE S O < o
SiOxNy amorphous dense, homogeneous &2 & 5o oo 2oSs 8
Table 1: Non-Optical Properties of lon Plated Oxide and Oxynitride Films
Film/(Starting Material) Refractive Index Homogeneity of Absorption Coefficient  Stability on Wet Stability at High
Glass Substrates nsso n ks46 Atmosphere Temperature
Ts = 50°C PTDS (a)
Photometric (b)
TiO2 (Ti) 255 excellent 177 10* (a)
uptond =7 W4
TiO2 (TiO) 2.55 excellent 70 10%) o
uptond =7 A4 §
Nb2Os (NbQy) 2.40 excellent >5 107 () o e
uptond =7 M4 £ g
Taz0s (TaOy) 2.26 excellent 4.0 10 (a) 3 2
uptond =7 M4 E k=
2102 (Z10y) 2.19 excellent 23 10%(a) T 2
Q.
uptond =4 A4 = >
H{O2 (Hf) 2.17 - <10 (o) 8 £
S 2
Y203 (Y) 195 <10 (b) 5 &
= s
L 5
Al203 (Al) 166 excellent <10% b) 2 ®
uptond =7 A4 2 &
SiO2 (Si) 1.485 excellent <10* (b) ) o
uptond =7 A4
SiONy (Si) 15-20 - <10* (b)

Table 2:  Optical Properties of lon Plated Oxide and Oxynitride Films
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slight birefringence. Avoidance of water vapour sorption
and desorption phenomena by the dense microstructure
resulted in very stable film refractive indices. This is
important for firm spectral system characteristics. The
effect could be demonstrated with ion plated all-
dielectric multilayer long-pass edge filters. Examples
are shown in figures 5a and 5b. During controlied heat-
ing of such filters in a photometer to at least 130°C there
occured either no measurable or only an extremly small
shift in the position of the edge or of the transmittance
band. The optical characteristics remained constant
even during repeated heat treatment cycles. The mar-
ginal shift of 0.1 to 0.2 nm is not caused by water
desorption/sorption phenomena but by the intrinsic
material properties i.e. the change in refractive index
with temperature dn/dT and the change in thickness by
the expansion of the material with temperature dt/dT.
Baking ZrO2/Si0Oz and Ta20s/Si0O2> multilayers on glass
during a few hours at 400°C and subsequent storage
tests in liquid water for three days produced no failure in
optical and mechanical properties.

100
80 /\Tuoz/s.o,
2 e /
Q
g /
g 40 v
P: - 23.0
- —120'C
20 7
ol /
610 620 630 640 650
Wavelength (nm)
100
80
~ $i0,_ /]
g -/
o 60 -
g
£
@ 7,
R / — 25'C
: ——125'C
20 2
/
0
600 605 610 615 620

Wavelength (nmj

Figs. 5a and 5b:Transmittance versus wavelenght curve of
the edge of ion plated long pass edge
filters, each consisting of 23 layers of
TiC2/Si0o, TapOs/SiO2 or ZrOx/Si02
including two matching layers. The
dashed lines indicate the extrernly small
spectral edge shifts during heating to
125°C inside a photometer.

7. Discussion and Conclusion

The possibility to improve film performance in conven-
tional reactive and even in activated reactive evapora-
tion is rather limited. It is very effective, however, with
the more recent developed higher energetic ion proces-
ses such as ion assisted deposition, sputtering, par-
ticularly ion beam sputtering and low- voltage reactive
ion plating. Important features of coatings made by
these techniques are: dense homogeneous microstruc-
ture resulting in relatively high refractive indices, low
optical losses, insensitivity to changes in humid environ-
ment, high hardness and abrasion resistance and
stability at high temperatures. A comparison of optical
data is givenin Tab.3.

Film Conventional Reactive Reactive Reactive
Reactive IAD Sputtering  lon Plating
Evaporation
Si0z 1.46 1.485 1.48 1.485
SiaNg 1.93 1.95 2.05
AlxO3 1.63 1.68 1.67 1.66
ZrOs 2.08 2.15 2.15 2.18
Ta20s 2.10 2.30 2.15 2.26
TiO2 2.30 2.43 2.51 2.52
Table 3  Refractive indices (=633 Jim) of various

compound films (k << 10 °} obtained with
different coating techniques

Bombardment of growing films with noble or reactive gas
ions inion assisted deposition and generation of ener-
getic coating- material atoms in ion beam sputtering are
powerful tools for basic parameter investigations in high
energetic ion process developments and optimization
studies.

The techniques are very effective for the deposition of
low-loss oxide films on few small to medium size sub-
strates.

Upscaling of directed ion beam processes for production
purposes, however, is difficult and requires for IAD and
IBS large size ion guns and highly efficient pumping
systems. In film production the deposition time is impor-
tant. Particularly with ion beam sputtering the low
deposition rate of 15-20 minutes for a quarterwave thick
film (visible range) is extremly time consuming in multi-
layer depositions. The new reactive low-voltage ion
plating technology in the BAP 800 is an optimized and
fast process for high volume production. Energetic con-
ditions in the film formation are similar to those in IBS.
The resulting film properties are similar with those ob-
tained by ion assisted deposition. For comparison the
typical energetic conditions of the mentioned processes
are listed in Tab. 4. A slight deficit of the oxygen content
in single films can occur /29,30/ depending on prepara-
tion conditions. The kinetic energy transferred to the
atoms of the growing deposit should never exceed the
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Technology Gases lon Current Density Film Properties Known Since
Vapour lons (Subslrate)
Reactive Evaporation (RE) Oz-neutral coaling Columnar microstructure, close to Aufwarter 1952
material stoichiometry
Activated Reactive Evaporation Oo-ions and 310 mA/cm? Reduction in opt. losses, improved ~ Heitmann 1971
(ARE) activated states < 100eV stoichiometry Bunshah 1972
coating mat. aloms Ebert 1982
lon Assisted Deposition (1AD) Ar-and Og-ions 310" mA/em® 50-500eV  Densification by lon bombardment, ~ McNeil 1982
coating mat. atoms good adhesion Macleod 1983
Reactive Gas Discharge Energetic Power density ontarget 2-  Dense microstructure, good Coleman 1974
Sputtering (RGS) activated neutral 15 Wiem? stoichiometry and adhesion Pawlewicz 1978
Reactive lon Beam Sputtering Energetic atoms Target: = 4 mA/em? Wei 1979
(RIBS) and ions Substr.; 0.5-1 mA/em? :
Beam energy: 500-2000 V
lon Plating (IP) Coating material = 1-5.10 mA/em? Very dense microstruct. improved, Berghaus 1937
and Ar-ions 21000 eV adhesion Mattox 1964
Reactive Low-Vollage lon Plating  Coating material =1 mA/em? 550 eV Very dense microstruct. smooth Pulker 1985
(RLVIP) Ar-, O2- and Ne- surface, improved stoichiometry and ~ Moll
jons adhesion
Table 4  Reactive PVD Coating Technologies
displacement energy to avoid chemical damage that References

produces optical absorption in the films. This effect is
even more criticalin multilayers. To lower particle energy
of the condensing and bombarding species seems to be
an important requirement /31/. RLVIP is not a cold
technology. In multilayer production processes the sub-
strate temperature rises from ambient values to ap-
proximately 200 ° mainly due to heat radiating from the
large evaporation sources. There is, however, no in-
fluence on the film microstructure. It seems that RLVIP
in the BAP 800 wiill become an extremly useful produc-
tion technique for high quality optical coatings with many
applications.

It is impossible to discuss and compare all the ion and
plasma techniques currently used for optical film deposi-
tion. Plasma assisted CVD, plasma polymerization,
plasma etching and the non- reactive energetic PVD
techniques have been omitted intentionally. For the mo-
ment there is also little experience available about reac-
tive ion beam deposited films produced by filtered arc
evaporation/32/. Because of theirimportance, however,
it should be mentioned here that some fluorides, par-
ticularly AlFs,CeFs and LaFs, have also been success-
fully deposited by ion assisted deposition and low-volt-
age ion plating. Many rare earth metal fluorides as those
of Sm, Gd, Tb, Ho, Er and Y have been successfully
processed by 1AD /33/. MgF2 is more critical because of
slight impact dissociation. Only few results are available
on plated sulfide films. ZnS-films on Ge substrates
deposited by dc ion plating /34,35/ improved consider-
ably humidity resistance and adhesion compared to
films obtained by conventional evaporation. Clearly fur-
ther work is required on this topic. Extensive literature
on modern reactive and energetic coating technologies
using gas discharge plasma or ions has been published
in form of review papers by Holland /36/, Bunshah /37/,
Macleod /38/, Moll at al. /39/ and Martin /40/.
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INHOMOGENITY OF LASER-DRIVEN TECHNOLOGICAL
PROCESSES
|. BEAM RELATED INHOMOGENITIES

S. Lugomer
Ruder Boskovic Institute, Zagreb, Croatia

Keywords: laser-driven technological processes, process inhomogenity, laser beam inhomogenity, inhomogene tempreatures, pressure fields,
material surfaces, laser material deposition, laser chemical reactions, metal surfaces, semiconductor surface, laser treatments, laser glazing,

beam-plasma

Abstract: Inhomogenity of laser-driven technological processes caused by inhomogenity of the laser beam is considered. Inhomogeneous beam
induces the inhomogeneous temperature and the pressure fields on the material surface, thus dividing it into domains of the solid response, liquid
response, and of the vapor/liquid response regime. The set of the gradient pairs & T.i7 A P!} give rise of 16 possible subdomains (basins) everyone
of which is origin of characteristic dynamics. Depending on a dominant gradient pair combination, a number of physical phenomena is derived.
They may simultaneously appear in various basins of the interaction space, generated in the single shot.

Inhomogenost laserski-iniciranih tehnoloskih procesa

Kljuéne besede: procesi tehnoloski laserski, nehomogenost procesov, nehomogenost Zarkov laserskih, temperature nehomogene, polja tlakov,

povriine materialov, nanadanje materialov lasersko, reakcije kemiéne laserske, povrsine kovin, povrsine polprevodnikov, postopkilaserski, lo$&enje
lasersko, Zarki plazemski

Sazetak: Razmatrana je nehomogenost laserski iniciranih tehnoloskih procesa, uzrokovana nehomogeno&éu laserskog snopa. Nehomogenost
snopa indicira nehomogeno polje, pritiska i tamperature na povrsini materiala i tako generira bazene razliéitih responsareZima: reZim solida, tekugina
i reZim karakteristi¢an za prijelaz tekucina/para. Skup gradijentnih parova A T'i; A Ry1 daje 16 mogucih subdomena (bazena) od kojih svaki ima
drukéiju dinamiku. Ovisno o dominantnoj kombinaciji gradijentnih parova, moguce je dobiti niz fizikalnih fenomena. Oni se mogu simultano pojavljivati
u razli¢itim bazenima interakcijskag prostora, generirani jednim jedinim laserskim pulsom.

Introduction determined by the maximal temperature reached in the
L-M interaction. "

This paper deals with very common phenomena appear- Forthe L-M interaction with Ts < Tmeting, i.€. for the "solid
ingin many (if not all) laser-driven technological proces- response regime”, the inhomogenity may appear in the
ses, i.e. the process inhomogenities. They have been form of plastic and superplastic deformations some-
observed in: times accompanied with various kinds of cracks.!”

— laser material deposition

— laserchemicalreactions onthe surface of metals and
semiconductors

Forthe L-M interaction with T = Tinening, i.€. for the "liquid
response regime”, the inhomogenities may appear as
2D turbulent flow, vortices, viscous fingering, 1D and/or
— lasertreatment of metal surfaces 2D supersonic jets, the convection phenomena etc..

— laserglazing,

For the L-M interactions exceeding Tg, i.e. in the
presence of the surface ablation, or in the "vapor/liquid
response regime”, the inhomogenities may appearinthe
form of Rayleigh-Taylor R-T instabilities, various kinds

of cr?ters, transition from planar to nonplanar ablation
(1

on both, thin films and plates. They are important for the
surface processing technology on the microscale but in
the engineering of the surface properties, surface
protection, alloying and cladding on the macro- scale as

well. These inhomogenities originate from laser-material etc.

(L-M) interaction, depending on the wavelength-scale

{(A-scale), on the power- scale (P-scale), and the pulse Here we should mention a very complex case of the
duration (t-scale), i.e. on the "beam related scales". high-power laser-metal interactions in the gaseous at-
Besides, they depend on the experimental conditions mospheres when (in addition to the above types of
like the beam size, and the scan velocity, but also on the response), one finds the surface chemical reactions.
type of the material. Inhomogenities may be charac- The inhomogenity appears in the form of different reac-
terized with respect to "regime” of the surface response, tion rates, different types of reaction and consequently
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of different composition on various places of the interac-
tion space. In the high-power pulsed L-M interactions,
the inhomogenity is observed as a fingerprint of the
surface dynamics frozen in the interaction space. The
pattern is of the compliex nature, consisting of individual
separated basins of the surface response dynamics.

iInhomogenities in the high-power L-M interactions have
been mentioned in the literature many times. Their
origins have been very seldom discussed, and in
general, they are not well understood. Interest for these
interactions was recently wellincreased because of their
importance in the laser-driven technological processes
on one side, and because of purely fundamental
reasons on the other side. Up to now there is no sys-
tematic overview of inhomogeneous L-M interactions,
and of physical phenomena simuitaneously taking place
in the interaction space.

This paper, on the phenomenological basis, and in a
scatchy way, connects a number of these phenomena
with their source in the laser beam.

Origins of inhomogeneity in the L-M interactions

Inhomogeneity in the L-M interaction may be caused by
two type of sources: those (i) beam related, and those
(i) material related.

The beam-related sources are:

(i)  laser beaminhomogenity ¢ %%

(i)  inhomogeneous beam-plasma interaction
above the material surface, while the material

-related sources are:
(i) ablation instability®

(iv) structural /compositional surtace disorder.

In this paper we consider the beam-related-sources.
(i) Laser beam inhomogeneity

Laser beam inhomogenity appears in the surface muiti-
mode processing {laser transformation hardening, laser
glazing, laser alloying...). Multimode processing is
strongly recommended because of the "top hat" profile
and optimal surface covering.®® In such a case the first
few modes are dominant, and the beam structure (in the
transversal cross-section) is approximately homoge-
neous and constant in time.

However, in the multimode, high repstition pulsing, the
laser operation may become unstable. Multimode oscil-
lations change the beam structure and cause the inten-
sity space-time oscillations. These phenomena belong
to the class of nonlinear optics and bring the analogy
with the nonequilibrium phase transitions.®3
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Spontaneous mode-mode transitions are common in
nonlinear optical systems (variously called self-focus-
ing, fillamentation or profile instability) and lead to the
formation of complex spatial structures, whenever the
2
Fresnel number F, F=£E, is small, (po= mirror radius, L
= laser cavity length, A = wavelength). It may be under-
stood as the ratio between the geometric angle po/L of
view of one mirrorfromthe other, and the difractive angle

Mpo.?

The new features leading to increasing complexity of
multimode spatial patterns appear when nonaxially sym-
metric modes are present. They can be described as a
number (and dynamical motion) of defects in the pat-
terns (where the intensity is zero, about which the
electric field phasors!” circulate and through which the
electric field changes sign.(3) Defect in the optical field
can appear for only a two modes present (for example
with the combination of two Hermitte-Gaussian modes
of indices n, m and m, n with a phase shift of n/2).
Complex patterns can appear when the number of active
modes is as many as five.®

The study of these problems was recently intensified
from a few standpoints. Theoretically, one can look for
the numerical solutions of the full set of Maxwell-Bloch
equations describing the multimode laser operation and
analyze the results in terms of the appearance and
motion of defects in the intensity patterns.®

Alternatively, one can start from defects in the intensity
field, and make the analogy with defect-mediated tur-
bulence, by the study of influence of the singularities on
the correlation of intensity fluctuations at spatially
separated points and on the existence of different tem-
poral and length scales in the system.® Here we con-
centrate onthe time scales of fluctuations equal or larger
than the pulse duration, so that the instantaneous mode
pattern is the actual (pulse) pattern structure.

D'Angelo at al.”® have shown that for small values of
gain, C, and small Fresnel numbers (C = 1.1, a= 0.1) the
intensity patterns are radially symmetric and the total
intensity is time independent.

(Parameter a is related to the Fresnel number through:
4-8

T
mirror radius)

tan™ [—L’-F-ZJ where T = oscillation period and po =
4npo

More than 1 mode are present in the cavity, but the
intensity is stationary in time - representing the coopera-
tive frequency looking.

Upon increasing C(C = 1.2, a = 0.1) periodic pulsations
in the laser intensity appear.®¥

Further increase of C leads to the appearance of com-
plex spatio-temporal structures, each bifurcation invol-
ves the simultaneous appearance of a new frequency in
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Pattern a single defect of periodically pulsating
intensity with for C = 2.5 and a = 0.1. Isophase
and brightness plot the instantaneous intensity
distribution. Darker shading corresponds to
higher intensity. In this graph crossed (dotted)
lines in the x-y space are the locus where the
real (imaginary) part of the field vanishes. The
point marked in the fixture is a topological
defect. The solid circle marks the nominal
boundary of the laser. p = po (where the losses
rapidly increase) while the solid line is an aid to
identifying the center of the patternp = 0. From
ref. 3.

Fig. 2:

Pattern of quasiperiodically pulsating intensity
with two defects for C=3.5and a=0.1. From
ref. 3.

the intensity power spectrum and a spontaneous sym-
metry breaking of the spatial structure.®

Increasing the gain (C = 2.5, a = 0.1) the intensity
becomes time dependent but the pattern at any par-
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Pattern with on average of 9 moving defects.
Instantaneous equiphase lines showing the
presence of mine defects. From ref. 3.

Fig. 3:

ticular time has an asymmetric profile. Oscillations of the
intensity in time at each point of the pattern are periodic
and are locked to the ratio 1;19.%) The equiphase lines
corresponding to this pattern show the existence of a
point near the center where both real and imaginary
parts of the field are zero simultaneously. This point is
called "defect” in the beam structure.® Fig. 1. This
defect can also be viewed as a phase vortex as the
electric field phases have a net circulation around this
point which when measured in mitts of 2x is called its
topological charge. In this case the defect has a topologi-
cal charge +1. Analysis of equiphase lines shows that
the location of the defect is rotating around the center of
the beam. This motionis in the form of a traveling wave
of the type cos (I¢ - ut).®

Increasing the gain further on (C = 3.5, a=0.1) a more
complex pattern appears. It contains two "defects"
present in the beam, rotating around the center of the
beam at different speeds.® Fig. 2.

Even more complicated patterns are obtained for C =
3.5, a = 0.4, in which many "defects” are present. In fact
we get locally chaotic behaviour of intensity. Fig. 3. This
pattern has (in average) nine defects of various topologi-
cal charge. The number of defects is not constant, as
pairs of opposite topological charge can annihilate and
pairs can be also created.”® These phenomena were
recently discussed by Arecchi®®. The transverse (x, y)
intensity pattern and its autocorrelation function (right)
are shown. Fig. 4a. For low F (F = 5) one single mode
at the time oscillates and the wavefront is wholly corre-
lated, and the correlation length & is of the some order
or the cross lie D of the beam.(2) Fig. 4b. For high F (F
= 70) many modes oscillates simultaneously yielding a
speckle-like pattern (C), whose correlation length £ is
very small. Fig. 4¢.
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Fig. 4:
=20,8D =025 (c) F=70,8D=0.1. Fromref. 2.

The low-limit F, corresponds to a periodic alternation of
afew modes of the diffraction limit propagation followed
by a dark period.® Technically, transition to the unstable
multimode laser operation is sensitive on a number of
operating parameters and conditions. It is sensitive on
the variation of the laser pump profile (which adds
spontaneous emission noise) and affects the beam in-
tensity structure.

Itis sensitive on the variation on the cavity loses (which
may be important for the larger cavity radius). It is
sensitive on the environmental influence on laser opera-

15

Intensity distribution on the wavefront (left) and space autocorrelation function (right) for increasing Fresnel number.
(a) F = 5, one single mode at a time is present, ratio between coherence length £ and frame size D is &¢D=1.(b) F

tion through the temperature oscillations, vibrations etc.
which may influence the resonator parameters.

Itis sensitive on the gain variation, which may appear if
the processing conditions put the requirement for the
high power at high pulse representation rate, etc.

Finally, it is sensitive on the back reflection of the beam
from the metal surface. Radiation traveling in opposite
direction enters resonator under small angle - and chan-
ges population emission. (The effect is equivalent to the
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variation of the Fresnel number F and appearance of the
asymmetric gain in the cavity.)

Whenever we have multimode laser operation every
mode is a Hermitte- Gaussian (HG) or Laguerr-Gaus-
sian (LG) function. The set of all these functions repre-
sent the topological, muitidimensional space X, i.e.

Xi = Amn mn=20,12
and X o {x1, X2, Xi...}, (1)

where Amn stays for the HG or LG functions. Projection
of the space X into the physical space, represents the
optical intensity tield I(x,y), for which we can simply write

I(x, y) e Zmn Amn (X.Y) (2)

(ii) Inhomogeneous beam-plasma interaction

At the high laser-power densities exceeding 10° W/em?
applied for the laser shock hardening or similar proces-
ses, generation of the vapor/plasma cloud above the
material surface is the basic phenomenon. The plasma
cloud is created by the leading edge of the pulse, while
the rest of the pulse is partially absorbed in the cloud,
and partially transmitted to the metal surface. Plasma
density oscillations (as observed for the high power
Nd:YAG and CQz lasers) are the common processes. In
addition, arise of the plasma turbulence, in-
homogeneous pair recombination etc., may cause the
inhomogeneous beam scattering, absorption, or other
complex photonic phenomena. Consequently, the sur-
face will be (inhomogeneously) irradiated as to be
stochastically screened. It receives less energy below
the highly absorption regions of the plasma cloud, and
more energy below the nonabsorptive regions.

in short, the homogeneous single mode laser beam,
passing through the inhomogeneous material (plasma)
cloud becomes inhomogeneous, just before it reaches
the material surface. inthis case the scattering functions
amn also give rise of multidimensional space X, whose
projection into the real space gives the beam intensity

Hx.y)-
Generation of the Stochastic fields

The L-M interaction represents the mapping of the vec-
tor space X (beam related space) into the vector spaces
Y and Z {material related spaces):

4o X e Y
lp: X =-> Z. (3)

Supposing that the L-M interaction occurs in very short
time so that dissipation processes are not significant,
both imaging processes |1 and |2 represent nearly
isomorphous mapping of X into Y and Z spaces. It
means that the vector fields may be expressed by the
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Fig. 5.

Mapping process which transforms the
stochastic optical intensity field into the
stochastic temperature intensity field.
(Schematically).

a) inhomogeneous optical intensity

b) inhomogeneous temperature intensity on the
surface Dark lines are convolutes of the
domains D(T < Tm), Di(T > Ti) and Dg(T > Tp)
c) Definition of subdomains (dashed lines)
inside domains Ds, Ds and Dg.
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representing solution of diffussion equation (Bessel
functions). Projection of the X space into the physical
space represents the optical intensity, while the projec-
tions of Y and Z spaces, represent the temperature
intensity and the pressure intensity, respectively (in-
duced by the laser on the material surface). In this
interaction the maps of the temperature and the pres-
sure fields are similar to map of the optical field. (This,
in fact, is well known for the lowest order mode TEMgo).
Forthe long pulses, and for the significant role of thermal
diffusivity, convection, etc. the mappsinY and Z are very
different from the mapps in X becouse of dissipation
processes. The mapping process representing the L-M
interaction is schematically givenin Fig. 5. The stochas-
tic optical intensity field is given in Fig. 5a. Nearly
isomorphous mapp of the temperature field is given in
Fig. 5b. The temperature field is obviously the stochastic
field in which contours (Fig. 5b) represent the isotherms.

Further analysis of L-M interaction requires some char-
acterization of this field to be introduced.

In the next step one can make the convolution of the
isothermal curves by taking the convolute equal to Twm
(melting temperature of the system), and Tg (boiling
temperature). Thus, all these isothermal curves will be
convoluted into 3 groups; one, which convolutes all
isothermal curves Ts > Tg, one which convolutes all the
curves Tm < Ts < Tg, and the third one in which stay all
the isotherms outside the above two, i.e. those for which
Ts < Twm. Fig. 5b.

Therefore, comparing the temperature intensity with the
system transformation temperatures the three response
regimes can be identified: the solid one (Ts < Twm), the
liquid one (Ts > Twm) and the boiling one (Ts < Tg) or the
vapor/liquid. The region inside any of the above con-
volutes is called a domain D. The interaction space
therefore, consists of domains which may be of the solid,
fiquid or the vapor/liquid type. Further characterization
of domains is based on the directional first-derivative
operators. The directional operation yield a good
localization of the intensity changes.

Following this idea we concentrate on the first-direction-
al derivatives of stochastic temperature and pressure
fields, AT and AP, inside the domain D. A part of domain
in which AT and AP change only slightly from a given
value (in module and direction), is called a subdomain
D. A domain space D is supposed to consists of sub-
domains represented by the pair of AT, AP gradients.
Assuming that subdomain has the coordinate R, the
local gradients will be denoted by AT(R), AP(R). Fig. 5d.
Therefore, any point in the interaction space satisfies:
(x,y) € D < D, with

[At (R), AP(R)] € D. (4)
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Local gradient field classification

Representation of subdomains can be made more
precise by decomposing the thermal gradient field with
respect to the surface, into two components:

AT(R) = ATL(R) + ATu(R) (5)

as well as the pressure gradient field:

AP(R) = APL(R) + APu(R). (6)
Considering the subdomain with the solid surface
response, all the possible cases characterizing any sub-
domain may be represented by the combination of
gradient pairs: AT (R) APL(R); ATiu(R) API(R); ATL(R)
AP1(R) and ATi(R) AP (R).

The situation is more complex for the subdomain with
the liquid response regime. However, the most complex
and most general case occurs for the subdomain with
the surface ablation, i.e. for the vapor/liquid interface
dynamics. In the case of ablative interaction, one should
take into account the fact that vertical temperature and
pressure gradients AT1(R) and APL(R), have either (+)
or (-) sign.

The (+) sign will be attributed to the case when the
temperature is the highest on the surface and decreases
toward the metal interior. The negative (-) sign will be
attributed to the case when the highest temperature is
below the surface and the lowest on the surface.

The negative vertical temperature gradients AT (R)
may appear because of subsurface superheating in the
evaporation of the target. The surface is being cooled by
the latent heat of evaporation, while the finite amount of
faser energy is deposited within a certain depth from the
surface of the target. This depth is characterized by the
inverse of the absorption coefficient of the target for the
incident laserbeam. In contrast to the surface latent heat
cooling mechanism, the only cooling mechanism inside
the target is the conduction of heat into the bulk.(8) This
results in internal temperatures being higher than the
evaporating surface temperature, thus generating nega-
tive temperature gradient, AT, (R).

The degree of superheating or | AT,| moduleis depend-
ent on the puise duration Tt and was observed on the
nanosec. time scale. As a pulse duration is decreased
to about 10 ns, the degree of superheating shows almost
linear increase®. As the pulse duration increase for
example above 120 ns, the superheating effects vanish,
thus meaning that AT, is transferred into the positive
one, i.e. AT,". This is a direct influence of the beam
parameters (P, 1) onthe structure of the thermal gradient
fields.

The pressure field in the above case especially AP (R)
component is also reversed. Namely, the inverse ther-
malgradient AT, (R) causes (because of the subsurface
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Fig. 6: Schematic illustration of the inhomogeneous L-M interaction:
a) in the case of inhomogeneous solid-solid phase transformation on the surface of composite materials (alloys).

b) in the case of inhomogeneous appearance of plastic and superplastic basins, accompanied by different types of
cracks

c) in the case of inhomogeneous appearance of subsurface superheating and glazing

d) in the case of inhomogeneous appearance of glazing and thermal convection

e) in the case of inhomogeneous appearance of 2D turbulence and glazing

f) in the case of inhomogeneous surface chemical reaction (in alloying/cladding) accompanied by thermal

convection and glazing. (See text.)
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gas phase nucleation) a strong, inverse AP, (R) gradient
component.

Thus, both gradients AT (R) and AP1(R) may, in general,
have (+) or {-) sign. For the reason of completeness one
should allow (+) and (-) signs for the horizontal gradients
of ATi(R) and APii(R), too. (As a matter of fact the two
neighbour subdomains with either AT, "(R) or AT, (R) of
different modules automatically induce the horizontal
AT|I'(R) or AT|1*(R) gradients). The reference point for
‘the (+) or (-) ort orientation of horizontal components is
the center of the particular subdomain. In this respect
(+) sign of APi(R)and AT (R) will relate to the ort orien-
tation from the center of the subdomain toward its
periphery, and vice versa for the (-) components sign.

Onthe basis of the above gradient field notation one can
realize the mathematical construction as a repre-
sentation of all possible cases of the local gradient
field(s} configuration, given in the TAB. 1.

This representation gives a 16 subdomains with specific
configuration of the process-driving fields capable to
generate a number of physical phenomena in the inter-
action space and in the single shot.

Local field characteristics and arise of physical
phenomena

Dominant components of the local gradient field initiate
a specific kind of phenomena in the particular sub-
domain.

Since the term subdomain is more familiar with mathe-
matical consideration, we shall use the term "basin”
which is more familiar with the physical description of
dynamical processes. The list of physical phenomena
(which is not complete) characteristic for various basins
is given in TAB. 11

In the complex pattern of inhomogeneous L-M interac-
tion, various basins are, firstidentified in the micrograph.
Then, they are classified according to physical
phenomena on the basis of TAB. II. Finally, local field
configuration is identified. This procedure should be
repeated for every basin in the micrograph.

Table Ii:

Local field representation and arrise of physical phenomena

A few characteristic examples appearing on refractory
metals (Ti, Ta, Mo, W), are described below, and
schematically illustrated in Fig. 6.

The "solid type response” represents the case appear-
ing in the laser- transformation hardening of composite
materials. These materials may have a complex phase
diagrams with transitions of solid-solid type. The L-M
interaction which establishes the inhomogeneous
temperature distribution may cause inhomogeneous
transformation, or appearance of the small zones of
phase {3 (ory) inside the matrix of the o phase. Schemati-
cally, this phenomena is illustrated in Fig. 6a.

Another example of the "solid type response” was ob-
servedin the Q-switched Nd:YAG high power multipulse
treatment of refractory metals, (Ti, Ta, Mo, WZ with the
high degree of beam focusing (2o = 90 um). Fig. 6b.
All the basins are of the solid type response. Different
types of the surface breakdown (cracking) appearing
above the critical power density - were obtained in every
basin. Different crack growth mechanisms and the crack
organization are obtained by the specific stress field
configuration and by the symmetry of defects which

TAB. |: Representation of th local gradient fields

Symbolic notation Local field configuration
1. ATi*(R)APLY(R)
2. ATLY(R) APL(R)
3. ATL(R) APL'(R)

4. AT, (R) APL(R)

5. ATL(R) AP|I*(R)
6. ATL*(R)AP||(R)
7. AT (R) AP{*(R)
8. ATL(R) APII(R)

9. ATII*(R) APL*(R)

10. AT}}*(R) AP (R)
1. AT|'(R)APL* (R)
12. AT|I'(R) APL(R)

13.AT|1*(R) AP|1*(R)
14. AT|["(R) APII(R)
15. ATI(R) AP{[*(R)

FERT BLELE PRKFE Beske

16. AT||'(R) AP|[(R)

local field represent.

The set of material parameters taking place in physical phenomena:

APLT(R) e {&&EkD.}

AP
AT Y (R) AP (R)

- Spallation of metal grain

& = strain amplitude, € = strain rate, E = Young module, k = thermal conductivity, D = vacancy diffussion coef.

- plastic behaviour controlled by €< 2; AP, * component is origin of the strong shear waves which travel in all directions
because of reverberations from the sample boundaries.

~ generation of vacancies and cavitation at grain boundaries (GB); {

9.10)
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~ cavity aggregation at GB junctions of "triple junction” type (Y-type) generating the "wedge crack” equilateral triangular
crack and "isoscales triangular” crack.(10) The other cavity aggregation centers are "twin boundary", "ledge" and the
"cusp", every one generating different type of crack,

~ "the bull eye" structure, osberved on the surface of Cu, Al and Tal" 1), not well understand.

ATL*(R) APH¥(R)

- Superplastic behaviour controlled by € < 2 AP 1™ components generate the shear waves which deposite the stress o
on the Y-sites (triple junction sites). Assymetric loading of 3 GB of the Y-site - one compressive, one tensile and one
sliding-leads to the grain rotation with cleavage appearing on the tensile GB.""? (Paidar and Takeuchi model)
symmetric loading of 3 GB of the Y-site leads to the grain rotation with uncompensed tension at the center of the Y-
site, thus generating the triangular crack in the center.!'? {The model of Beere). The other types of the grain rotation
seems to be also present,

TAB. II: (continued)

LIQUID RESPONSE REGIME

local field represent.

The set of material paramelers taking place in physical phenomena:

AP1"(R)

AT Y RIAPIF(R)

ATYR)
APY(R)

ATL'(R) (AP1T)

ATLY(R)

ATLHR)APIH(R)

AT'RAPI*(R)

Do € {v,y.k Ra, P,N..}

v = kinematic viscosity, y= surface tension, k = thermal difussivity, Ra = Raynolds number, P = Prandtl number, N =
Nusselt number.

~ hydrodynamic 2D flow

— shear flow in the micron size regions or larger. Appearance of regular structures (regular solutions), and very irregular
ones {transition to turbulence). In the high power laser-metal intreractions turbulent structures are dominant.

- viscous fingering {equivalent to directional solidification), caused by the horizontal thermal gradient.

— convection instability appearing for R, =V‘Td 2 10%, (v is temperature induced vertical fluid motion, d = fayer thickness).

They appear as: a) regular roll structures (Benard structures for steady conditions) of circular symmetry taking form of
rings. b) irregular, disturbed rings, and ¢) chaotic, or turbulent patterns. In many cases, especially on Ta, the
convection waves were observed."">'¥ The other (mixed type, structures found on Ti seems to indicate the
nonvariational principle i.e. the non- potential nature of the problem.(15

~ Benard-Marangoni convection in the presence of surface tension v.

~ 1D andfor 2D supersonic jels of liquid metal traversing one or more liquid basins. {AP| |* induces the strong vii
component).

TAB. Il: (continued)

VAPOR/LIQUID RESPONSE REGIME
local field represent. The set of material parameters taking place in physical phenomena:
pe {v,v,Ra,P,N,p,A.}
v,v, Ra, P, N = as defined before, A = Atwood number, p = density.
APHHR) — viscous fingering
AT HRIAP L (R) ~ Rayleigh-Taylor instability: vertical temperature gradient AT, " induces strong Ap.* density gradient, this generating
the two layer structure with prigH and prow. For the laser-induced R-T instability, the ratio A:%:{—p%’ called the
Atwood number = 1. The two types of bubles, appearing in (+) and (-) pairs as smal! 2D structures, or large 3D ones
were found. These structures are the scale selected."®
AT (R)AP L (R) — subsurface superheating: vertical temperature gradient causes subsurface boiliing, and the buble generation on the
surface. The exploded bubbles leave the craters on the surface. (Gas phase expelled). In some cases, the hot liquid
metal comes to the surface, where APi1 causes its 2D flow. This flow is irregular, organized into the structure of
"dragon” (spiral) type, which can only be obtained by mathematical construction called the Barnsley collage. {Liquid
phase expelled). For the subsurface superheating which ocurs in time shorter than time for the void formation, the
small metal grains or their parts are expelled from the metal interior. Very irregular craters sometimes accompanied by
melting are generated. (solid phase expelled),
play the role of the organizing centers. Surface break- In another case relating to the "liquid type response”
down structures were separately treated and their sys- obtained by the Q- switched Nd-YAP laser (P =
tematization was given with respect to the level of their Perovskite) again on the surface of refractory metals

topological complexity."

(especially on Ta plates), a different kind of in-
homogeneous response was observed. The interaction
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space consists of basins showing the superheating ef-
fects in the form of craters (regular), or of hillocks (still
unexploded), and of basins showing pure glazed
zones " Fig. 6c.

Examples of inhomogeneous "liquid type response”
may appear in the laser solidification hardening based
either on the

— grain size strengthened alloys
- dispersion strengthened alloys
metastable substitutional alloys
— amorphous, or glassy alloys,

where different new phases may appear inside the
matrix of the old one, in the form of localized basins.

Another class of effects appear in the pulsed CO2 laser
treatment of Ti and Ta plates in the gaseous atmos-
pheres of N2 or Oz under pressure. By changing the
number of pulses, power density ... various kinds of
phenomena appear in the basins of the inhomogeneous
response.(”) Fig. 6d, e, f. Inhomogeneous interaction on
the above figures contains two or three types of physical
phenomena, located in separate basins. Every of these
phenomena is established under specific conditions, or
the field gradient representation which can be identified
on the basis of TAB. Il

Plastic behaviour with cavitation cracking is estab-
lished inthe basin with Ts < Tmin particular with Ts < 0.3
Tm-0.4 Ty, and € < 2. The component AT, " establishes
the layer of the above temperature of the thickness d (=
to the grain size), while AT defines the size of the
basin on the surface in which the effects take place. The
driving field represent the AP1™ components which es-
tablish the "shear waves" and cause the cavitation
based "plasticity". The cavities aggregate on the point
defects like triple junctions (Y-sites) giving rise of the
wedge crack, isosceles triangular and equilateral trian-
gular crack, depending on the aggregation symmetry.!'®

Superplastic behaviouris establishedinthe basin with
Ts < Twm, in particular with 0.7 Tm < Ts - 0.9 Twm, and with
£ = 2. The component AT, " establishes the layer of the
above temperature, and AT:" establishes the (surface
size) of the basin. The components AP:* induce the
shear waves, which on the Y-sites generate the super-
plastic behaviour of the grain- rolling type.!'?

Subsurface superheating is established in the basin
with dominant AT, in the presence of ablation, as men-
tioned previously. Various kinds of craters, bubbles or
irregular flow which is combination of v; motion of sub-
surface liquid to the surface, and vu i.e. flow on the
surface may also be observed.®

Surface glazing is established in the basins in which
maximal temperature Ts > Tm. A very fast quenching to
the room temperature, associated with the strong sur-
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face tension v, makes the frozen surface smooth, and of
the amorphous structure.

2D turbulent flow is established in the basins Ts > Tum

with dominant ATy and AP components, which induce
the vii shear flow, with the Rayleigh number Ra:v'—iij (d
= basin size, v = kinematic viscosity) which can take a
large scale of the Ra values. Various kinds of turbulent
patterns are generated on 10 ns t-scale on Ta surface
with Nd:YAP laser-spanning the range of purely periodic
vortex-type patterns, to the merged-vortex pairs of «
type, elongated and finally purely chaotic ones. At the
basimt)mundaries they show tenderadency to stratifica-
tion.

Thermal convection instability is established in the
basin with Ts > Tm. Dominant role has the thermal
gradient component AT,* which generates vertical con-
vection velocity vi. The convection appears for the

Rayleigh number Ra =4 (d = surface layer thickness)

v

equal or higher than 10°.

Rayleigh-Taylor instability is established in the basin
with Ts > Tg. Dominant role has the thermal gradient
component AT1" which induces a vertical gradient den-
sity Api. It is responsible for appearance of two layer
system of low density pi and the high density pn. Vertical
pressure gradient component AP, * pushes the low den-
sity layerinto the lower high density one, thus generating
the R-Tinstability, which appears forthe Atwood number
_DHEPL o (18)
pL+ PH

The arise of various phenomenais derived from various
configurations of the first-directional derivation of the T
and P stochastic fields. In the second approximation
every basin may be distinguished with respect to the
dominant component of the material parameters, and
consequently with respect to the symmetry of related
kinetic coefficients. This would lead to the basin division
into subbasins. Obviously, this division would not give a
new classes of phenomena, but the pattern structure
(geometric and topological characteristic) as a different
subclasses of the same phenomena (different pattern
symmetries).

This is a necessary step to study of dynamics on the
basis of various models (linear and nonlinear) in the
particular basin.

Conclusion

We considered inhomogeneity in the L-M interaction
which manifests as a number of localized physicai
processes (phenomena), simultaneously taking place in
the interaction space. The concept of inhomogeneity
discussed here is based on the beam related reasons.
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The stochastic optical field establishes the stochastic
field in the interaction space, which initiate various kinds
of (stochastic) processes. The interaction space is
devided in to the isolated domains and subdomains
(basins) of the characteristic, localized response.
Various classes of dissipative, dynamics processes may
simultaneously appear in these basins existing in the
close vicinity.

This problem is of a complex nature; it has a few
complexity levels represented by the hierarchical tree
introduced previously."” The concept of domains and
subdomains (basins) represented by different combina-
tions of AT and AP gradient components is a valuable
one, since it includes a great deal of phenomena really
observed in the experiments or in the technological
processes. On this basis a number of inhomogeneous
patterns observed in laser technological applications
may be understood, classified, or possibly modified
according to the requirements. Further development of
the concept requires a more basic treatment and the
exact mathematical approach, which to our knowledge
was not yet done.
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TEORIJSKE OSNOVE FOTOELEKTRICNOG
TENZOMETRA

Zvonimir Ogorelec
FiziCki odjel Prirodoslovno-matemati¢kog fakulteta Zagreb, Hrvatska

Kijuéne besede: osnove teoretitne, trak raztezni merilni, senzorji raztezka, deformacije mehanske, deformacije male, merjenje deformacij,
tenzometrija, merjenje elektriéno, merjenje fotoelektriéno, napetosti mehanske, polprevodniki, pretvorniki

Saietak: U radu je opisana nova vrsta senzora za elektri¢no mjerenje malih mehanigkih deformacija. Senzor se sastoji od prozirne plastiéne plogice
te poluvodi¢kog izvora i dvaju detektora svjetlosti. Geometrijski odnosi odabrani su tako da jedna od svjetlosnih zraka, koju emitira izvor, pada na
povrsinu nedeformirane plocice pod kutem vrlo bliskim kutu totalne refleksije. U tim uvjetima reflektancija granice dvaju optickih sredstava jako ovisi
0 upadnom Kutu, a posredno i o deformaciji senzora. To ujedno znadi da tok reflektiranog zragenja, odnosno elektriéni signal detektora postaje
mjerom te deformacije. Radun na osnoviizvedenih jednadzbi ukazuje navrlo visoku osjetljivost novog senzora (mnogo vi$u, na primjer, od osjetljivosti
Siroko rasprostranjenih otpornih tenzometara), ali u relativno uskom mjernom intervalu. Stoga bi (po predvidanju komplicirana) eksperimentaina

istrazivanja imala smisla poglavito u slu¢aju ako se Zele razviti novi i ekstremno osjetljivi detektorimehanickih naprezanja.

Theory of a Photoelectrical Strain Gauge

Keywords: theoretical foundations, strain gauge, strain sensors, mechanical deformations, smail deformations, deformation measurements,
tensometry, electrical measurements, photoelectrical measurements, mechanical stresses, semiconductors, converters

Abstract: A new type of strain gauge is described. It is composed of a transparent plastic plate, a light emitting diode (LED) and two photodiodes.
These components are placed in such a mutual position that the incident angle of a light ray from the LED is nearly equal to the angle of total internal
reflection. Under this condition the reflectance of the surface between two optical media is strongly dependent upon the incident angle, and, in turn,
upon the sensor’s deformation. Thus the flux of reflected light, i.e. the signal of the detectors, becomes a measure of this deformation. Calculations
according to derived equations point at a very high sensitivity of the new sensor (much higher than the sensitivity of, e.g. the resistance strain
gauges), butin relative narrow measuring intervals. Therefore, complicated exsperimental investigations would be of interest especially if extremely
sensitive strain detectors are to be developed.

1. UVOD Siroj porodici senzora kojoj je autor pridijelio zajednicki
naziv "Fresnelovski senzori” /3/.

Pod izrazom tenzometrija krije se skup metoda za
mjerenje dinamickih i statickih naprezanja ili deformacija
koje se javljaju u razli¢itim mehanickim konstrukcijama. 2. GEOMETRIJA SENZORA
Mjerenja te vrste vrlo su ¢esta i smatraju se nezaobilaz-
nim prilikom testiranja strojevnih dijelova, elisa, mos-
tova, spremnika, kotlova i drugih slicnih tvorevina.
Svede li se mnostvo po detaljima razli¢itih postupaka na
najjednostavniji primjer, zadatak tenzometrije jest
mjerenje sitnih produljenja, recimo, mjerenje elasti¢nog
produljenja neke grede koje se pri opteredenju opaza na
njenoj konveksnoj strani. U posredne zadatke ten-
zometrije spadaju jo§ i mjerenja sile, tlaka, akceleracije,
brzine i tako dalje, sve na osnovi mjerenja upravo
spomenutih sitnih deformacija.

Novi senzor prikazan je na SI.1A, a sastoji se iz prozirne
kvadraticne plasti¢ne plocice debljine D i indeksa loma
N. Plohe su joj visoko polirane i u dodiru su s drugim
optickim sredstvom (zrakom) indeksa loma n. Na lijevoj
strani uévréena je poluvodicka emisijska dioda ED &ije
zraCenje nakon visestrukih refleksija osvjetljava dvije
fotodiode FD1i FD2. One su postavljene simetri¢no pod
pravim kutem i nalaze se na jednakim udaljenostima L
od diode ED. Pogledajmo najprije situaciju u nenapreg-
nutom senzoru (SL.1B). Iz slike se vidi da na FD1 padaju
Iz razumljivih razloga najveéu pozornost veé odavna 5armo one ;rake svietiosti (1, 2, 3.... k) koje ED emitira
priviage elektridna mjerenja mehanickih deformacija, pa pod ovim nizom kuteva: osi = arctg (L/2D), azi = arctg
ool : : L S (L/4D), osi = arctg (L/8D) ..... Taj niz izrazava se
su do danas razvijeni podjednako i raziiciti senzori (ten- A
. X ) . . A opcenitom formulom
zometri, strain gauges) i sklopovi za mjerenje njihovih
elektriénih signala /1,2/. To, naravno, ne znadi da
traganje za novim, mozda boljimi osjetljivijim senzorima o = arctg 71; (1)
naprezanja ne traje i dalje. Ovaj preliminarni rad, na 2"D
primjer, ukazuje na to da se jedan od takvih senzora
mozZze zasnivati i na do sada neiskoridtenim Lako je uociti da je broj refleksija na povr§inama senzora
fotoelektriCnim mjerenjima. On, inace, pripada mnogo to veci $to je ou manji. Za k = 1 imamo jednu refleksiju
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%
Slika 1:  Nedeformirani i deformirani senzor naprezanja.

Radi jednostavnostiizvor svjetlosti i njeni
detektori prikazani su kao tocke.

(r=1),zak=2tn refleksijke (r = 3) i tako redom. Opcenit
broj refleksija iznosi r = 2" -1. Treba jod pripomenuti da
u nenapregnutom senzoru potpuno isti odnosi vrijede i
za fotodiodu FD2 te da su kutevi refleksije u tom slucaju
egzaktno jednaki kutevima emisije. Ta jednakost,
medutim, gubi se u napregnutom senzoru (SL.1C).

Predpostavljeno je da je senzor priljepljen na gredu i da
se ona zajedno sa senzorom deformira cirkularno. Zbog
jednostavnosti nacrtana je samo zraka 1. Dok za diodu
FD2 kutevi (1) ostaju nepromijenjeni, za diodu FD1 oni
se mijenjaju. Na nju vise ne pada zraka svjetlosti inicijal-
no emitirana pod kutem oy, veé zraka emitirana pod
manjim kutem o1. Ona se reflektira pod kutem 1 veéim
od oyite pada na FD1 ponovno pod kutem 4. Za neku
k-tu zraku vrijede, dakle, ovi opceniti odnosi: zraka k
emitira se pod kutem o, reflektira se ukupno r = 2% 1
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puta, od &ega p = 25" puta pod kutem Bxi g = 2 -1 puta
pod kutem ox.

Daljnji zadatak jest pronadi meduovisnost kuteva o i Bk
te ih izraziti uz pomoé veli¢ine, kojom se najtesce
karakterizira deformacija senzora, a to je relativna prom-
jena duljine X = AL/L. Pritom ée pripomodéi poopcena
SL.1C iz koje je vidljivo da vrijede ove zakonitosti:
sinusov poucak, P/sin ok = (P+D)/sin Bk , poucak o sumi
kuteva, ok + 2I1-Bk + ©/2% = 21T te formula koja regulira
duljine lukova, (L-AL)/L = P/(P+D/2). Jednostavnom
transformacijom ovih izraza dobivaju se Cetiri relacije
neophodne za analizu signala senzora. To su relacije za
polumijer zakrivljenosti P, za sredidnji kut Q te za kuteve
ok i P

1-X 2L X
X @—D1—X

[Sk:ak+—2@;

P= (2)

(Ml

1-

(k= arct _L
R L

XX

Tijekom izvodaiskoriStena je jo§ i Cinjenica da je central-
ni kut cak i kod maksimalne deformacije (obicno se
uzima X = *+ 0.001, ili 1 milistrain} toliko malen da su
dozvoljene aproksimacije sin @ = @icos ®= 1. Nakraju,
ako se senzor deformira u suprotnom smijeru (zak-
rivienost na SL.1B prema gore), X prelazi u (-X},
predznaci u formulama za P i Q se mijenjaju, a Kutevi
ok | Bx jednostavno zamjenjuju uloge.

3. SIGNAL SENZORA

Za analizu signala senzora potrebno je najprije
izraunati tokove svjetlosti koja nakon niza refieksija
pada na obje fotodiode. To posljedi¢no znali da treba u
prvom redu poznavati kutnu raspodjelu toka
upotrebliene emisijske dicde ¢e = ¢eo Fe (€) te kutne
raspodjele toka obiju fotodioda: ¢1 = ¢1oF1 (§) i d2=
d20 F2 (E), pri cemu je s & oznacen neki opéenit kut.
Pored toga nuzno je poznavati i reflektanciju R(§)
granice dvaju optiCkih sredstava u svim toCkama reflek-
sije. U njima se, naime, u senzor vraca samo dio R(E)
svjetlosnog toka. Drugi dio (nakon loma) izlazi iz sen-
zora i nepovratno se gubi. Trazenu reflektanciju
odreduju Fresnelova relacija /4/ koja za naravnu
(nepolariziranu) svjetlost, kakvu emitiraju poluvodicke
emisijske diode, daje:

2 2
R(E)) — l 5.2_9:___*__.._ VA" -B + 9.:.._____ VA"~ B (3)
S 2[|A%C + VAT B? C+VAZ-B?

U ovoj formuli iskoristene su kratice A = n/N (omjer
indeksa loma), B =sin&i C = cos &. Ako poznajemo sve
te veliCine tok svjetlosti ¢ps koja pri napregnutom sen-
zoru pada na diodu FD1 dobiva se sumacijom tokova
pojedinih zraka:
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do1 = ¢eo Fe {o1) R B1 10 F1 (o01)

+ 0eo Fe (02) R ([ 2) R{o2) 10 F1 (02)

+ ¢eo Fe (03) R* (Ba) R® (013 ) ¢10 Fy (0ta) +
ili potpunije:

¢01 = d€0 d10 Y, Fe(ow) Fi(ow) R® (B) RO (o) (4)
K

Pods‘;eUmo se da su eksponenti p i g dani relacijama: p

iq= 2%1 1. Izraz za tok svjetlosti koja pada na
diodu FD2 nesto je jednostavniji, jer se u popre¢nom
smjeru senzor ne deformira, pa vrijedi ok = fx = o .
Umijesto relacije (4) dobivamo:

002 = ¢E0 P20 Z Fe (oi) F2 (o) R" (o) (5)

k

U obje posljednje relacije nisu uradunati eventualni in-
terferencijski efekti. No, na njih ni ne treba racunati, jer
pojedine zrake svjetlosti sasvim sngurno ne zadovol-
javaju uvjet vremenske koherencije: D < A%/A\, u kojem
je Avalna duljina upotrebljene svjetiosti, a AL odstupanje
od njene monokromati¢nosti /5/. Bududi da je kod
General Electricove /6/ GaAs emlsuske diode, na prim-
jer, A=950 nm, a AL = 50 nm, A%/AX iznosi oko 0.02 mm.
PloCice pak senzora moraju biti otprilike za dva reda
veliCine deblie od te vrijednosti. To znadi da pojavu
interferencije zaista ne treba razmatrati.

Kao signal senzora moze u najjednostavnijem slucaju
posluZiti napon Vps koji se uslijed toka svjetlosti
¢p1 generira na diodi FD1. No, radi kompenzacije even-
tualnih fluktuacija toka emisijske diode bolje je mjeriti
razliku napona AV = Vp2 - Vps od kojih Vp2 odgovara
signalu nedeformiranog senzora. Radi li se nadalje o
linearnim diodama, naponi su proporcionalni tokovima,
pa je njihova razlika AV = C1 ¢pz - C2 ¢o1, gdje su Cy i
C2 konstante. Kao $to je uobiGajeno u tenzometriji,
signal ¢emo u daljnjim relacijama izrazavati u refativnim
jedinicama, to jest, kao omjer AV/Vpo. U stvari, prikazat
¢emo ga za idealni sluéaj kad su diode FD1 i FD2
identine ("uparene”). Tada vrijedi C1 = C2, ¢10 = dooi
F1=F2z =F, §to daje konacnu relaciju

by [FE(‘in) F (i) R(0otki) = Fe (o) Fom) RP(Br) quk)}
AV Lk (6)
D" Fetos) Flong) R0y
k

S obzirom na &injenicu da su prema formulama (2)
kutevi o i f odredeni relativnom promjenom duljine, X =
AL/L, upravo ispisan izraz daje ovisnost relativne prom-
jene napona o relativnoj promjeni duljine, pa predstavlja
karakteristiku novog senzora naprezanja.

4. RACUN

Racun je proveden za senzor nacinjen iz prozirmne plas-
ticne ploCice indeksa loma N = 1.5, $to otprilike
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odgovara polimetil metakrilatu (pleksi staklu). Senzor je
po pretpostavci u dodiru sa zrakom indeksa loman =1,
pa je parametar A= n/N, koji se javlja uizrazu (3), jednak
0.6667. Pretpostavljeno je nadalje da i emisijska dioda
i obje fotodiode imaju kuglastu raspodjelu toka Fg (£) =
F(€) = cos &. Za radun je odabrana ploCica takve duljine
L i takve debljine D da omjer L/D iznosi 14.3108. To je,
naime, vrijednost za koji je kut refleksije &etvrie zraka
041 upravo jednak kutu totalne refleksije or = arcsin
(n/N). U tom se slucaju pokazuje da su refleksivnosti
R(E) za zrake petog i viSeg reda mnogo manje od
jedinice, Sto zbog relativno velikih eksponenatapiqu
relaciji (6) znali da je tok tih zraka na mjestu obje
fotodiode zanemarivo malen. Pokazuje se pored toga,
da je tok trede i nizih zraka ugrubo konstantan s obzirom
na deformaciju. Pod tim uvjetima racun karakteristike (6)
senzora daje krivulju prikazanu na SL.2. Vidi se da je to
krivulja sastavijena od dvije grane centrirane oko

1.0 1
] e
L, 08 ] _—
Q ]
z ] /
z :
z 3
W 0.6 2 /
2 '
- 3
8 3
> 1
$ 049
% 3
& ; L/0=14.3108
0.2 3
]
1
4
i
0.0 trrrrr e e e
-0.0010  ~0.0005 0.0000 0.0008 0.0016
RELATIVE LENGTH CHANGE
Slika 2: Relativna promjena napona senzora u ovisnosti

o relativnoj promjeni duljine za slucaj kad je
zraka 4 sa Sl. 1 emitirana iz izvora pod kutem
totalne reflaksife.

ishodista deformacije AL/L = 0. Njihov analiti¢ki oblik vrio
je kompliciran, no za daljnju analizu dobro ¢e posluZiti i
priblizni izrazi dobiveni nelinearnom regresijom. Ona za
pozitivnu (desnu) granu daje izraz:

AL

AV
N (7)

- —={2.13+0.01) +

(0.187 £0.002) In
Vb2

a za negativnu (ljevu) granu izraz:

AV 2104001 +

0.189 £ 0.001) In(-
Ve (0.189 £ 0.001) In(- £5)

(8)



Informacije MIDEM 24(1994)1, str. 23-27

Z. Ogorelec: Teorijske osnove fotoelektri¢nog tenzometra

Senzor je, dakle, nelinearan, sto - opéenito receno - nije
njegova odlika. Odlika mu je, medutim, izrazito visoka
osjetljivost S. Ta vazna veli¢ina definira se kao derivacija
signala (7) i (8) po relativnoj promjeni duljine, $to za obje
grane daje priblizno S = 0.19/(Al/L). Osjetljivost je,
dakle, hiperboli¢ki ovisna o relativnoj deformaciji, $to
znadi primjerice da S neograni¢eno raste u blizini
ishodista, da kod ekstremno sitne deformacue AL = +
0.00001 ima vrijednost oko 2. 10% a kod maksymatne
deformaci- je AL/L =+ 0.001 vnjednost 2.102. Premdate
vrijednosti nisu do kraja vjerodostojne (zbog toga sto su
formule (7) i (8) samo priblizne) rije¢ je svakako o vrio
velikim brojkama. Kompletan radun osjetljivosti prikazan
je na SL.3.

2000

1500
L/0=14.3108

1000+

SENSITIVITY

(o))
o
(&
KL\_L_J—L.LJ.X—LJLLLLLLLL.L Lt
.

O e T T T T T
~0.0010 —OAO)OOS a. OO’OO 0.0605 0.0(])‘C
RELATIVE LENGTH CHANGE
Slika 3:  Osjetljivost senzora za slucaj prikazan na SI.2.

Kao primjer za usporedbu moZe se uzeti $iroko
rasprostranjeni piezootporni tenzometar koji na relativ-
nu promjenu duljine reagira promjenom otpora p.
Njegova karakteristika je linearna i glasi Ap/p =y AU/L.
Mijeri li se otpor V-l metodom uz konstantnu struju, ta se
karakteristika pretvara u AV/V = y AL/L $to omoguduje
usporedbu s relacijama (7) i (8). Osjetljivost piezootpor-
nog tenzometra dana je, dakle, konstantnim faktorom y
koji za Philipsove senzore /7/ iznosi oko 2. To je za
nekoliko redova velitine manje od osjetljivosti
fotoelektriénog senzora u bliziniishodista i barem za dva
reda velidéine manje od njegove osjetljivosti pri mak-
simalnoj deformaciji AL/L = £ 0.001.

Na zalost, tako visoku osjetljivost u blizini ishodista
moguce je posti¢i samo uz veliku preciznost izrade
senzora. Radun, naime, pokazuje da ve¢ mala
odstupanja od vrijednosti omjera L/D = 14.3108 (koja je
kao jedna od bezbroj mogucnosti koristena u racunu)
uzrokuje dramati¢ne promjene u karakteristici senzora
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(S1.4). Posebno su nezgodna odstupanja prema vecim
vrijednostima L/D, jer ona u blizini ishodista potpuno
"umnvljuju” senzor. Ve¢ za odstupanje u drugoj decimali
(L/D = 14.3200) "mrtva zona" prostire se od AL/L = -
0.0004 do AL/L = + 0.0008. Jo$ vele odstupanje moglo
bi senzor udiniti neaktivnim u ¢&itavom podrucju raz-
matranih deformacija.

Na sredu, odstupanja prema nizim vrijednostima od
zadane nisu tako fatalna. Dapade, ona senzoru daju
sasvim nove karakieristike (donji dio Sl.4). Doduse,
osjetljivost u blizini ishodista ima i u tom slucaju male
vrijednosti, ali ona vrlo brzo raste te poprima mak-
simalne vrijednosti pri nekim kriticnim pozitivnim i
negativnim deformacijama, koje se omjerom L/D mogu
unaprijed odrediti. S lijeve i desne strane ishodista,
dakle, karakteristika senzora ima oblik slican onom Koji
je prikazan na Sl.2. Jedna dvogranska krivulja,
centrirana oko ishodista, rascijepila se na dvije,
centrirane oko nekih kritiénih, pozitivnih i negativnih
deformacija.
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Slika 4:  Utjecaj odstupanja omjera L/D od unaprijed
zadane velidine na signal senzora.
ZAKLJUCAK

Ovaj preliminarni, boljereci eksplorativni rad pokazuje
da se na osnovi jednostavnih opti¢kih zakonitosti te uz
koristenje komercijaino dostupnog fotoelektrickog
pribora moze konstruirati nova vrsta senzora
mehanickih deformacija. lzvedena teorija ukazuje na
njihovu izrazito visoku osjetljivost, makar uz evidentnu
nelinearnost signala. lako se na njegov oblik moze
utjecati upotrebom emisijske diode te obiju fotodioda
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razliCitin kutnih raspodijela toka Fe(€) i F(E), nelinearnost
se zacijelo ne bi mogla izbjedi. To sugerira, dakako, da
bi u eventualnom eksperimentalnom razvoju ovog sen-
zora valjalo misliti na elektroni¢ku linearizaciju signala.
No evidentno je da se senzor i bez ikakvog kon-
dicioniranja signala moze upotrijebiti ili kao vrlo osjetljivi
detektor poCetka deformacije (S1.2) ili kao jednako os-
jetljivi detektor neke kriticke deformacije (S1.4).

Medu dobra svojstva novog senzora treba svakako
ubrojiti i njegovu neosjetljivost na temperaturne prom-
jene. Buduci da se u svim relacijama dimenzije L i D
javljaju kao omjer, toplinska dilatacija ili kontrakcija sen-
zora ne utjeCe naiznos njegova signala. Eksperimental-
na istrazivanja, medutim, trebala bi ustvrditi kakav ut-
jecaj na signal ima toplinsko Sirenje predmeta na koji je
senzor tijekom mijerenja uvrséen. U eksperimentu,
nadalje, valjalo bi ispitati kako na signal utjece svjetlost
reflektirana na boénim stranama senzora koju radun u
ovom radu nije uzimao u obzir. Eksperimentalni senzor,
na kraju, morao bi se prekrivanjem nekom neprozirnom
se mozda pokazalo da je konstrukcija troslojnog sen-
zora sastavljenog od razlicitih opti¢kih sredstava mnogo
pogodnija od konstrukcije jednosiojnog senzora u dodiru
sa zrakom. Sve u svemu, rezultati teorije izloZene u
ovom preliminarnom radu sugeriraju eksperimantaina
istraZivanja barem u slu¢aju potrebe za vrlo osjetijivim
detektorima mehani¢kih naprezanja.
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MICROSTRUCTURAL ENGINEERING OF POWER
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ABSTRACT: The correlation between the high frequency power loss of MnZn ferrites and microstructure was considered. It was shown that when
the grain boundaries in MnZn ferrites are permeable to eddy currents during the ferrite core operation in the MHz range, the power loss is proportional
to the average grain size. From this interpretation it follows that the most effective way to decrease the power loss of MnZn ferrites is to reduce the
average grain size during sintering. A nanosized MnZn ferrite powder would be promising for the preparation of dense and fine grained ferrite cores.

Krmiljenje mikrostrukture moc¢nostnih feritov

KLJUCNE BESEDE: materiali magnetni, Mn-Zn feriti, izgube mocnostne, tok vrtinéni, mikrostrukture materialov, velikost zrn, prahovi feritni, sinteza
prahov feritnih

POVZETEK: Prougevali smo odvisnost mo&nostnih izgub v MnZn feritih v odvisnosti od mikrostrukture. V primeru, ko so meje med zrni ferita
propustne za elektriéne tokove pri frekvencah okoli 1 MHz, je moZno pokazati, da so mognostne izgube sorazmerne povpreéni zrnavosti MnZn

ferita.

Introduction parameters; however, the hindernice to the domain wall
displacements®, which takes part at high induction
The use of MnZn ferrites in power electronics is con- levels'®, play the major role.
stantly increasing. Particularly the growth of the com-
mercial market for Switch Mode Power Supplies (SMPS) The factors governing the hysteresis loss are the mag-
places demands on the ferrite industry to produce high netocrystalline anisotropy Ki, magnetostriction A, stress
performance ferrite cores capable of operating at in- o, porosity p and saturation magnetisation Ms. For low
creasingly higher frequencies'”. In SMPS the switching hysteresis loss Ki, A, o, and p should be low. These
frequency is related to power output, making It possible parameters are composition dependent and can be
for smaller core volumes to transform the same amount controlled by the chemical formulation; however, the
of power as a larger core would at lower frequencies. porosity (p) and mechanical stress (o) are controlled
This is a direct challenge for the miniaturisation of mostly by the microstructure and impurities. The ferrous
SMPS and related power devices. content, which is essential in MnZn ferrites for achieving
low magnetocrystalline anisotropy and magnetostriction
MnZn ferrites exhibit a relatively high electrical resistivity and thus low hysteresis loss, give rise to a high electrical
in comparison to alloys, and a saturation magnetisation conductivity due to the thermally activated hopping
which is the highest among ferrites. These properties mechanismbetween Fe?* and Fe>* in spinelferrites. The
make MnZnferrite very suitable for use inpower applica- relatively low electrical resistivity, pouk, influences the
tions®®. eddy current loss, P = d°Bmzi2’ pouk where d° is the core

cross section, B is the maximal flux density, and fis the
frequency. In the case of very pure MnZn ferrites where
the grain boundary resistivity is low, the resistivity of the

Power loss and intrinsic properties bulk pouk is roughly equal to the grain resistivity. The

. L ) most effective way to suppress electron hopping and
The main core characteristics are core losses which thus the electric conductivity inside the ferrite grains, is
contribute the major part of the total electrical loss. In by the substitution of Ti** “which occupies the B site
general the core loss can be divided into residual loss, adjacent to Fa2+ 6

hysteresis loss and eddy current loss. The residual loss
is important only at low induction levels and can be

ignored in power application of MnZn ferrites. The At higher operating frequencies the contribution of the

eddy current loss to the total loss strongly increases and

hysteresis loss Py = Wif, where W = JHdB is the energy above 500 kHz it dominates all other losses. Therefore
represented by the area of the hysteresis loop measured in order to increase the performance of MnZn ferrites for
under the maximum flux density, depends on many power applications at high frequencies, the eddy current
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losses must be suppressed to the greatest possible
extent.

However, in considering the eddy current loss, the extent
of the eddy current in the magnetic core must be con-
sidered and correlated to the microstructure.

in general, two extreme cases regarding the eddy cur-
rent in the magnetic core can be considered. In the first
case, when the magnetic grains are isolated and the
eddy current in this hypothetical case is localized inside
the grains, Fig. 1, the core behaves as an assembly of
individual magnetic grains in which each grain con-
tributes to the eddy current loss.

) ferrite grains D
! =
ST RIERIERERE,
%g@@ %% nEEEERE
%iﬁ7 C N 000000
dﬁﬂé ¢ 1000000
T8 A S O000a00
&s IS P OO0000
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grain boundaries
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Fig. 1: Schematic picture of a real (a) and an ideal (b)

microstructure of a material with isolated
magnetic grains exposed to micro eddy currents.

In this case the parameter d loses its original meaning
of the core dimension, and stands rather for the "size"
of the micro eddy current in individual grains, repre-
senting their average diameter D. Thus, using these
arguments the core cross section, d? in the Eq. for P,
becomes the average grain cross section of an in-
dividual grain and written D?. In the limiting case when
the grain boundaries are thick enough to substantially
decrease the electric capacity of the grain boundaries
and eliminate the frequency dispersion of the electrical
resistivity, the bulk electrical resistivity pouk becomes the
pure ohmic resistivity and does not depend on the
material’s microstructure, i.€. pouk = pgrain. IN this case
the total power loss at higher frequencies is proportional
to the square of the average grain size;

P= Pg = szszm/pgrain.

Such a dependence was indeed observed when Fe-
based soft magnetic particles were separated by insulat-
ing layers of metal oxides!”.

A different dependence between the total loss and the
microstructure holds when the grain boundaries are
permeable to the eddy current.
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In MnZn ferrites the grain boundary shows different
chemical and physical properties from the ferrite grains.
The segregation of impurities and partial reoxidation of
Fe®* during cooling on the grain boundaries makes the
MnZn ferrite grain boundaries highly insulating in com-
parison to the grain interior. These insulating layers are
in practice very thin and therefore exhibit a relatively high
electrical capacity (C).

For such a ferrite core the equivalent electrical circuit of
the semiconducting grain and the insulating grain boun-
daries are a parallelly connected resistance and
capacitance whose impedance is proportional to 1/QC.
This property causes a dispersion of the electrical resis-
tivity with respect to the frequency!®.

In order to elucidate the dependence of power loss (P)
on the average grain size U, we will divide the ferrite
material into small cubes. In this hypothetical model the
grain boundaries will lie in directions perpendicular and
parallel to the principal axis, i.e. to the electric field
direction. The grain boundaries which are parallel to the
principal axis will be electrically bypassed by the bulk
material. Therefore the small cubes can be ap-
proximated by bulk material separated by high ohmic
layers - the grain boundaries - which are perpendicular
to the principal axis. Each layer can be represented by
a resistance-capacitance (r - ¢) lumped circuit of high
ohmic layers. When the resistivity of the bulk is much
lower in comparison to the grain boundary layers, the
equivalent circuit of the ferrite can be represented by a
series of lumped r - ¢ circuits of the grain boundary
layers. The resistivity of the ferrite material is in this
simplified approach proportional to the number of grain
boundaries per unit length. Inferrite core with the dimen-
siondthe bulk resistivity is then given by ppuk = &/D (pgrain
+ Pgrboudary). IN MNZn ferrites where pgrbound. > pgr. WE
obtain for bulk resistivity pouk = d/D pgr.bound.

[‘6*1 “ferrite grains D
! = W
| \
| Y
d d
H
| LSS
! \ L1
grain boundaries
a b
Fig. 2: A sketch of an actual (a) and an idealised (b)

ferrite microstructure with grain boundaries
permeable to the eddy current.

In a real material, Fig. 2, the grains have the shapes of
irregular polyhedra. In this case only the components of
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the grain boundaries which are perpendicular to the
principal axis can effectively block the electric current.

At higher frequencies where the eddy current loss
predominates the total loss is proportional to the
average grain size U;

P=Pg= Ddszmz/ Pgr.bound..

At frequencies where the grain boundaries are not short
circuited by a high displacement current, the power loss
can be effectively suppressed by a decrease in the
average grain size.

To achieve a fine grained, homogeneous and dense
microstructure, a small grained and equisized MnZn
ferrite powder must be used. There are several non-con-
ventional methods for producing a powder which ex-
ceeds the performance of conventionally prepared pow-
ders®,

When engineering MnZn ferrites ceramics with the ob-
jective of forming fine grained, homogeneous and dense
ceramics, one must proceed from a nonconventionally
prepared ferrite powder. Among chemically prepared
ferrite powders, those, prepared by the hydrothermal
method offer enough advantages to realize this objec-
tive.

With ever increasing energy costs, the hydrothermal
method could possibly become very attractive for the
preparation of fine powders because of the low tempera-
ture involved during synthesis and their good
sinterability. During hydrothermal syntheses equisized
nanosized powders with a narrow grain size distribution
can be achieved!'®'" These samples sinterto a relative
high density. In order to engineer the MnZn ferrite
microstructure fromthe nanosized ferrite powder with an
average grain size of 10 nm and a green density of 55%
T.D., and prepare a ferrite core with an average grain
size of around one um, the average grain size should
increase during sintering by a factor 10? and the density
by 40%. So if we assume that the typical power loss of
a ferrite core with an average size of 10 um and 95 %
T.G. at 50 mT, 80°C and 1MHz is about 10° mW/cm®,
then a ferrite core with an order of magnitude smaller
average grain size and with all other parameters of
similar magnitude, will have a power loss of an order of
magnitude lower as well. By using hydrothermally
prepared powder a fine grained ferrite core (d = 1 um)
can be prepared by conventional sintering '?. Such a
microstructure can drastically decrease the high fre-
quency power loss of MnZn ferrites.

Conclusions

— The powerlossinMnZnferrites at higher frequencies
close to 1 MHz is mostly due to the eddy current loss,
PE.

— The average grain size is the most important
microstructural parameter governing the power loss,
P.
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— The relationship between the eddy current loss and
the average grain size is dependent on the extent of
the eddy current and is governed by the microstruc-
ture of the ferrite.

— The most effective way to decrease the power loss
in MnZn ferrites is to decrease the average grain
size, provided that all other intrinsic properties stay
constant.

— In order to prepare a fine grained and dense micro-
structure, ananosized ferrite powder should be used.
This offers the possibility of finding a compromise
between a fine grained microstructure and a high
density during sintering.
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Abstract: The microstructure and magnetic properties of the SmzFe17.xTax (O< x <2) cast and annealed alloys were investigated by means of the
microstructural, X-ray diffraction and thermomagnetic analysis. A process for obtaining the SmaFe17 phase free of iron in the as-cast state is
described. The method consists of adding 5 at % of Ta in the melt. By this addition of Ta to the basic alloy two phase structure of the as-cast ingots
consisting of the SmzFe17 phase and Pauli paramagnetic TaFez hexagonal Laves phase can be obtained. Less than 0.5 wt.% of free iron in the
cast ingot with 5 at.% of Ta addition was determined with isothermal magnetic analysis.

X-ray diffraction showed an increase of the lattice spacing dependent upon the tantalum concentration in the alloy which indicated some possible
solid solubility of Ta in the SmaFe17 phase. Quantitative electron probe microanalysis confirmed the solid solubility of tantalum in the SmoFe17 phase
up to 2.3 at %. This resulted in an increase of the Curie temperature of the SmaFe17 phase which was determined by means of thermomagnetic

analysis.

Nova generacija trajno magnetnih materialov na osnovi
Sm-Fe nitrida

Kljuéne besede: magnetli trajni, magneti zemelj redkih, Sm-Fe-N magneti, mikrostrukture materialov, analiza termomagnetna, analiza mik-
roelektronska, X-Zarki analiza, zlitine kovin

Povzetek: Z elektronsko mikroanalizo mikrostrukture in termemagnetno analizo so bile preiskane zlitine s sestavo SmoFe17.4Tax (0< X < 2). Opisan
je postopek priprave Smafes7 faze, ki se uporablja za pripravo trdomagnetne spojine SmaFe 7Ny, v litem stanju z nizko vsebnostjo prostega
mehkomagnetnega zeleza. Fazna modifikacija je bila dosezena z dodatkom 5 at% Ta, ki v nominalni sestavi SmaFes7 zamenjuje Zelezo. Tako
dobljenazlitina je v litem stanju dvofazna in vsebuje SmaFe17 fazo in Pauli paramagnetno TaFez heksagonalno Lavesovo fazo. Vsebnostpreostalega
prostega Zeleza v liti strukturi se giblje okoli 0.5 ut. %, kar je bilo ugotovljeno z izotermalno magnetno analizo. S termomagnetno, x-Zarkovno in
mikroelektronsko analizo vzorcev je bilo tudi ugotovljeno da obstaja obmogje trdne topnosti Ta v SmzFe17 fazi (do 2.3 at.%) zaradi esar se Curiejeva

temperature te faze zvisa.

. INTRODUCTION These materials possess a unique combination of high
Curie temperature, strong uniaxial anisotropy and large
iron moment. The comparison of intrinsic magnetic

The RoFeq7 compounds with most of the rare earths (R) properties between NdoFeisB and SmaFessNy is the
have been found to absorb large quantities of nitrogen following; NdoFe14B: Te= 588 K, Ms = 1.60 T, Ha = 7.5
when treated at about 500°C in gaseous NHsz or Na(1). T, BH max (teor.) = 509 kJ/m®: SmaFessNy: Té = 749 K,
The structures of the interstitial nitrides are related to Ms =1.55T, Ha =14 T, BH max (teor.) = 472 kJ/m®. This
those of the hexagonal TheNis7 (for compounds with is the reason that permanent magnets based on the
heavy rare earth) or rhombohedral ThoZns7 (for com- SmaFeq7Ny ternary interstitial phase with rhombohedral
pounds with light rare earth) parent compounds (Fig. 1). ThaZny7 - type structure are considered to be competi-
tive with the well-known Nd-Fe-B based magnets, espe-
The RoFe17Ny with y = 2.8 have Curie temperatures that cially because of the higher Curie temperature which is
are in the range from 678 to 758 K, compared to those the main disadvantage in Nd-Fe-B based magnets.
fory = 0 which are in the range from 214 to 477 K. This
increase in Curie temperature in the nitrides is due to Unfortunately the SmzFe;7 binary phase which is used
more than doubling of the Fe-Fe exchange interactions, for production of the SmzFes7Ny interstitial ternary com-
associated with an increase in cell volume of about 7% pound via the gas-phase interstitial modification process
(2). The R-Fe exchange interaction is slightly reduced in (2), is formed through a peritectic reaction between
the nitrides. All compounds exhibit easy c-plane primary crystallised iron and Sm-rich liquid (3). This
anisotropy at room temperature, except for R = Sm, process always leads to considerable amounts of free
which is easy c-axis. The negative sign of the Fe sublat- iron (up to vol. 25 %.) and some Sm-rich phases in the
tice anisotropy constant K1 is unchanged after as-cast state. Free iron especially, unless removed by a

nitrogenation.
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subsequent isothermal homogenization treatment,
reduces the coercivity of the subsequent SmaFe7 nitride
when used for permanent magnets.

Known methods for creating an alloy without soft mag-
netic phases are either high temperature-long term an-
nealing of samarium-rich cast alloy or addition up to §
at.% of Nb (4) which modifies crystallization and leads
to two phase structure consisting of SmzFet7 phase and
NbFe2 paramagnetic intermediate Laves phase.

From other transition elements it was shown that also
Zr, Mo, Hf, V, Ti and Ta form intermediate Laves phases
of ABz - type (5). HfFe2 and ZrFe: are ferromagnetic (6)
and thus inappropriate due to their magnetic interaction
with demagnetising field, WFe2 and MoFe2 do not melt
congruent but are formed through peritectoid reaction
thus making formation kinetics unsuitable (7). Ti forms
TiFez, antiferromagnetic Laves phase with Neel
temperature of 272 K (8) but work in Sm-Fe-Ti system
showed that SmyFe7 and TiFez are not in the equi-
librium at melting temperature (9).

Tantalum forms Pauli paramagnetic TaFez intermediate
hexagonal Laves phase with iron (6). While it is possible
in Sm-Fe-Nb to obtain two-phase as cast struc-
ture,similarity of Nb-Fe and Ta-Fe binary phase
diagrams and while Nb and Ta form isomorphic system
(5), we choose Ta as a promising candidate for addition
element which would lead to a two phase structure in
the as cast state consisting of SmaFes7 and TaFez
without presence of soft magnetic free iron. This
modification would lead to an precursor alloy suitabie for
producing SmaFeq7Ny ternary interstitial phase without
isothermal annealing treatment of the cast ingots prior
to nitrogenation.
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We also expected some enhancement of the Curie
temperature due to possible existence of solid solubility
of Ta in the SmyFeq7 phase as it was reported for
Sm-Fe-Ti (9) and Sm-Fe-Nb (10) systems.

Il. EXPERIMENTAL WORK

As-cast alloys were prepared by arc-melting of 2 g
samples in a Ti purified Ar atmosphere using elemental
Sm (99.9 %, Johnson Matthey), Fe (99.9 %, Ventron)
and Ta (99.9 %, Plansee). Excess Sm was added to a
nominal composition of SmaFes7xTax (0< x <2) to
counterbalance Sm evaporation losses during melting.
The samples were remelted four times to improve
homogeneity.

Cast ingots were sealed in the evacuated quartz tubes
with some addition of elemental Sm to counterbalance
Sm vapour pressure at annealing temperature. Sealed
samples were annealed at 1200°C for 5 hours and
subsequently water-quenched.

Microstructural analysis was performed on a JEOL 840A
SEM/EPMA electron probe microanalyser. Phase con-
tents were calculated using digitised SEM micrographs
and image analysis software.

XRD measurements of the powders were conducted on
Phillips 1710 diffractometer using CuK a radiation.

Thermomagnetic analysis of the bulk samples (upto 100
mg) was carried outin vacuum in the temperature range
from 300 to 1000 K at an applied field of 2 kOe , and
isothermal magnetic analysis was performed at 550 Kin
an applied field from 0 to 15 kOe by means of sensitive
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magnetometer- susceptometer (Manics) based on a
Faraday principle.

Ill. RESULTS AND DISCUSSION

The microstructural analysis showed phase composition
changes dependent uponincreasing of Ta content of the
investigated alloys. From Fig. 2, which shows
microstructure of tantalumfree alloy, we can observe the
normal appearance of as cast state of nominally
stoichiometric SmaFeq7 alloy. Dendrites of primary crys-
tallised iron are surrounded by peritectically formed
SmgFes7 phase with some Sm-rich phase which was
identified as SmFez. This is consistent with previous
findings (3) that formation of SmFes (which would be
expected from the phase diagram) was suppressed due
to its sluggish formation kinetics.

After annealing the nominally stoichiometric SmaFe 7
‘as-cast samples the microstructural image analysis

Fig. 2:

SEM micrograph (SE/BSE Comp. Image) of the
SmpFe7 as cast alloy showing dendrites of
primary Fe (dark), SmaFes7 (grey), and SmFez
(white) phases.

revealed that the microstructure is still multiphase con-
sisting of approximately 97 vol. % of SmzFeq7 phase, 2
vol % of Sm-rich phase and 1 vol. % of iron.

Microstructural analysis (supported by thermo magnetic
analysis) also showed, that proportion of free iron
dendrites as well as Sm-rich phases diminishes progres-
sively with increase of Ta content (Fig. 3), and ap-
pearance of some TaFe, phase was identified which
indicates some non- equilibrium solidification due to fast
cooling.

The microstructure significantly changed for an alloy
with 5 at % of tantalumwhich replaces ironinthe nominal
composition of SmaFeq7.xTax as it is shown in Fig. 4.
Image analysis of the digitised SEM micrograph showed
that microstructure consists of approximately 85 vol %
of SmaFeq7 phase and 15 vol % of TaFes phase. it should
be noted that due to the relatively large amount and
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SEM micrograph (SE/BSE Comp. Image) of the
cast Sm-Fe-Ta alloy with 2 at. % of Ta showing
SmpFey7 (grey), Fe (dark), SmFe (light grey)
and TaFeo (white) phases

Fig. 3.

Fig. 4:

SEM micrograph (SE/BSE Comp. Image) of the
cast Sm-Fe-Ta alloy with 5 at. % of Ta showing
SmaFey7 (grey) and TaFez (white) phases

dendritic appearance of the TaFe, phase optimal
amount of Ta addition for preparation of SmaFe+» precur-
sor alloy for nitrogenationis somewhat lowerthan 5 at. %
of Ta.

For qualitative confirmation of the present phases in as
cast alloy we additionally used thermomagnetic analysis
of the samples for Curie temperature determination of
the existent phases.

The magnetic difference between the tantalum free alloy
and 5 at% Ta materialis evident from Fig. 5. The analysis
of Ta free alioy showed three characteristic steps on M
= {(T) curve, corresponding to the Curie temperature of
SmaFeq7, SmFe2 and Fe respectively. Thermomagnetic
curve of the 5 % Ta material shows only one large step,
consistent with Curie temperature of SmoFes7 phase. As
expected, thermomagnetic scan of TaFez phase showed
the paramagnetic nature of the phase. It has to be noted
from Fig. 5 (curve B) that after the Curie temperature of
the SmoFeq7 phase a paramagnetic state of the alloy
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Fig. 5:
Ta and C) TaFep as cast alloy.

with 5 at. % was not attained. Therefore for quantitative
determination of free iron dendrites or iron precipitates,
which still might be present in the cast ingot, due to
suspected inhomogeneous distribution induced by non-
equilibrium solidification, isothermal magnetic analysis
(ITMA) was used. The principle is originally based onthe
method of Honda (11) and Owen (12) for determination
of ferromagnetic impurities in paramagnetic samples
and applied in Rare-Earth -Transition Metals systems in
work of Liu et all.(13).

Fig. 6 shows a typical M = f(H) curve of the as cast ingot
with 5 at.% of Ta measured at 550 K. The measuring
temperature is above the Curie temperature of SmaFes7
phase therefore making its contribution to measured
magnetisation paramagnetic. To estimate the amount of
remaining free iron we separated the ferromagnetic and
paramagnetic contribution from the measured M = f(H)
curve. The ferromagnetic contribution (curve C on Fig.5)
shows that the saturation magnetisation of residual fer-
romagnetic component in the alloy is 1.04 emu/g. As-
suming this is free iron then this value divided by the
value of saturation magnetisation of pure iron at measur-
ing temperature gives 0.5 wt.% of remaining free ironin
the alloy.
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Normalized thermomagnetic curves for A) as cast Ta free SmzFer7 alloy, B) as cast Sm-Fe-Ta alloy with 5 at. % of

Quantitative electron probe microanalysis of the an-
nealed samples revealed the existence of solid solubility
of tantalum in SmaFe+7 phase as is shown in Table 1.

phase element concentration of the element (at %)
Oat%Ta Sa%Ta 8at%Ta
SmayFei7 Sm 10.85 10.55 10.83
Fe 83.15 87.14 87.88
Ta 2.31 1.29
Sm-rich Sm 38.13 -
Fe 61.87 -
TaFer Fe 71.64 70.39
Ta 28.36 29.61
Fe Fe 100 99.35
Ta - - 0.65
Table 1:  Quantitative electron probe microanalysis of the

phase composition of the phases present in the
samples of the Sm-Fe-Ta alloys with different
tantalum concentration
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Fig. 6: Magnetization as a function of applied field of as cast Sm-Fe-Ta alloy with 5 at. % of Ta measured at 550 K. Shown
curves represents A) measured magnetization of the sample, B) paramagnetic contribution, C) free iron contribution.
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Quantification of the elemental analysis showed that
Sm-rich phase in the sample is not purely stoichiometric
SmFe; phase.

It has to be noted from Table 1 that TaFe2 phase should
be attributed to nearly stoichiometric TasFe7 phase.
Deviation from the stoichiometry of TaFe: originates
from the homogeneity range of about 28 - 36 at % Ta
which is consistent with the Fe-Ta phase diagram (7). it
should also be noted from Table 1, that Fe is not pure
iron, but solid solution of Ta in Fe which is also in good
agreement with Fe-Ta phase diagram (7).

To confirm the solid solubility determined by quantitative
electron probe microanalysis X-ray diffraction was used
for measuring the changes of lattice spacings as a
function of Ta concentration. The shift of the strongest
diffraction lines ((220), (303) and (006) for SmaFes7
phase and (110) for Fe) was measured to study the
lattice expansion due to Ta solid solubility in the phases.

It is evident from Fig. 7 that the largest expansion
appeared at 5 at % of Ta for the SmzFes7 phase. How-
ever, it has to be noted, that maximum shift of d spacings
is not uniform for all three reflections which may indicate
some anisotropic deformation of the SmaFeq7 unit cell
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Thermomagnetic curves normalized with respect to SmaFei7 phase for Sm-Fe-Ta annealed alloys with different Ta

due to possible preferential substitution of the Ta into Fe
sites.

Also it should be noted from Fig. 7 that there is some
solid solubility of Ta in the Fe as well, which resulted in
the shift of the d spacing corresponding to the (110)
reflection.

Since the volume expansion of the unit cell in the Rare
Earth Transition Metal systems usually results in the
change of the Curie temperature thermomagnetic
analysis was applied to study the effect of Ta concentra-
tion on the Curie temperature.

The thermomagnetic scans of the samples with tantalum
concentration from 0 to 10 at %, normalised with respect
to the SmoFeq7 phase (Fig. 8) showed increase of the
Curie temperature of the SmoFeq7 phase by about 40 K.
This enhancement is most likely attributable to changes
of the Fe-Fe molecular field coefficient.

IV. CONCLUSIONS

We have described a process by which SmaFe17 phase
nearly free ot iron dendrites oriron precipitates in as cast
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Abstract: Systematic investigations of vacuum outgassing for hermetic relays with AgCdO/AGPHOR and PdAg30 Au electroplated contacts were
done. The experimental vacuum system constructed and built at our institute was additionally equipped with quadrupole mass spectrometer for

residual gas analysis. Prior to the final encapsulation the relays were baked at the constant temperature of 125

mbar for several hours. The residual atmosphere was analysed every
water vapour and remanents of cleaning chemical agents {ethanol, trichlorethylene) and hydrocarbons were found. Resi

that the concentration of impurity gases depends on materials and their treatments in different technological phases.

°C and outgassed in vacuum 1x10°
hour; in residual gas mixture, hydrogen, carbon monoxide, carbon dioxide,
dual gas analysis showed

Karakterizacija razplinjenega kontaktnega materiala
za miniaturne releje

Kljuéne besede: releji miniaturni, releji elektromagnetni, releji hermeti¢ni, deli sestavni, razplinjevanje vakuumsko, lastnosti kontaktov, pozlatitev
elektrokemijska, upornost kontakina, elektronika profesionalna, preskudanije, rezultati eksperimentalni, AES Auger spektroskopija elektronska

Povzetek: Sistematiéno smo raziskovali hermetiéne releje z AgCdO (AGPHOR lot folija) in PdAg30 elektrokemijsko poziagenimi kontakti.

Eksperimentalni vakuumski sistem, ki smo ga uporabljali, je bil konstruiran in narej

masnim spektrometrom za analizo preostale atmosfere v relejih, Pred dokonéno inkapsulacij
konstantni temperaturi 125°C v vakuumu 1x10°® mbar. Vsako uro smo analizirali atmostfero v relej
ogliikov monoksid, ogljiikov dioksid, vodno paro, ostanke kemijskih Cistil (etanola in trikloretilena) in klorovodike. Analiza je pokazala, da je

koncentracija plinskih negisto& odvisna od materialov samih pa tudi od njihove obdelave v razli¢nih tehnoloskih postopkih.

1. INTRODUCTION

Contamination film formed on the surface of electric
contacts is one of the most serious causes of failure of
hermetic relays. It deteriorates the contact resistance
and device reliability. The most common types of con-
tamination films are oxides and other corrosion products
particles, layers formed by thermal diffusion processes,
debris produced by mechanical wear and fretting, further
evaporation outgassing, and condensation on contact
surfaces of volatiles from isolation materials and those
originating from manufacturing processes (1-9). Sys-
tematic investigations of vacuumoutgassing of hermetic
relays are done. The experimental vacuum setup was
designed and assembled at Institute for Electronics and
Vacuum Technique, Ljubljana. It has been additionally
equipped with quadrupole mass spectrometer for
residual gas analysis.

2. EXPERIMENTAL

The experimental set up, designed and assembled
specifically for vacuum outgassing of hermetic relays is
shown in Fig. 1. The vacuum system consists of rotary
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en na nagem indtitutu. Dodatno smo ga opremili s kvadrupolnim
o smo preiskovane releje razplinjevali nekaj ur pri
ih. V izmerjeni mesanici plinov smo odkrili vodik,
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Fig. 1a:

Experimental vacuum system (scheme) for
outgassing process for hermetic relays:
1-vacuum chamber, 2-vacuum system, 3-PNG
head, 5-mass spectrometer, 6-plate valve, 7-N
chamber for final hermetic relays incapsulation
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Fig. 1b:

Experimental vacuum system (photograph)

vane pump and turbomolecular pump enabling to attain
a vacuum of at least 1x10® mbar. The vacuum chamber
which can be baked up to 300°C is equipped with a
resistive heater. A thermocouple Fe-CuNi, 0.5 mm in
diameter, is in thermal contact with one of the outgassed
relays in the middle of the vacuum chamber. For residual
gas analysis the quadrupole mass spectrometer Leisk
1000 M with AMU 2-100 has been used. Prior to the final
hermetic incapsulation the relays are baked at constant
temperature of 125°C in a vacuum of 1x10°° mbar for
several hours. The residual atmosphere has been
analysed every hour.

3. RESULTS AND DISCUSSION

The first analysis of residual atmosphere was made in
an empty and unbaked stainless steel chamber after a
few days of continuous pumping. The base pressure in
chamber was 2x10® mbar. Mass spectrum in Fig. 2
shows the outgassing products in the empty chamber.
This spectrum is typical for a standard vacuum system
with very small air leaks and no unusual gas sources; it
shows that the most prominent outgassing productinthe
empty vacuum chamber is a mixture of water vapour,
CO and Ng; small quantities of hydrogen and some
hydrocarbons are also released in the empty chamber
at this temperature as expected.

The spectrum in Fig. 3 was obtained after one hour’s
baking of the empty chamber at 125°C. This spectrum

39

i
I TR [ T
re’ ,_.// e
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Fig. 3: Mass spectrum of the outgassing products of

the empty chamber after one hour baking

shows the main outgassing product consisting of water
vapour, CO and Nz and unusual peaks typical for
ethanol, trichlorethylene (mass 31, 45, 60) supposedly
remanents from cleaning processes; some hydrocar-
bons are also released.

The spectrum in Fig. 4 was obtained after 24 hours
baking of the empty chamber at the same temperature.
Total pressure attained was 1.3x10® mbar. This
spectrum is similar to that shown in Fig. 2, which shows
the empty chamber without baking.

Finally, the mass spectrum represented in Fig. 5 shows
the outgassing products of miniature relays baked at
125°C. The system pressure in this case was 1x10°
mbar. The spectrum was registered 30 minutes after
bringing the miniature relays up to the temperature. In
the spectrum considerable partial pressures of ethanol,
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Fig. 4: Mass spectrum of the outgassing products of
the empty chamber after 24 hours baking
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Fig. 5. Mass spectrum of the outgassing products of

miniature relays (confacts PdAg30/Au) at 125°C
in a vacuum of 1x10°> mbar after 30 minutes

hydrocarbons, oxygen and COz can be seen. Other
spectra indicate also appreciable concentrations of
water vapour, CO and No.

Residual atmosphere was analysed every hour. After 24
hours of relay outgassing process the spectrum in Fig.
6 was registered. The background system pressure was
3x10°® mbar. A comparison of this spectrum with that
shownin Fig. 4 forthe empty vacuum chamber at 1 25°C,
reveals that both spectra are quite similar, indicating that
the baked relays are ready for final incapsulation. The
most useful and often the simplest method for detecting
contamination on an electric contact surface is to deter-
mine its contact resistance.

Contact resistance of vacuum outgassed relays with
PdAg30/Au contacts was measured immediately after
hermetic incapsulation and later in constant time inter-
vals of 7, 14, 21 and 42 days. For a comparison the
contact resistance of nonoutgassed relays was
measured. The results are collected in Table 1. Initial
contact resistances of nonoutgassed and outgassed
relays were very similar. However, the difference in
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Fig. 6: Mass spectrum registered after 24 hours of the

relay (contacts PdAg30/Au) outgassing process
Sample no. 1t 2 3 4 5 6 7 8 9 10
nonoutgassed
relays
R (m€) after
incapsulation 65 70 55 60 70 55 65 70 60 55
R (m<)
after 7 days 120 130 110 140 100 90 120 145 100 90
R (m€2)
after 14 days 205 180 175 250 200 150 170 220 205 195
R (m€)

after 21 days 230 190 175 255 205 160 170 230 210 205

R (mg2)
after 42 days 250 300 210 280 250 210 180 245 230 220

Sample no. 11 12 13 14 15 16 17 18 19 20
outgassed

relays

R (m<2) after

incapsulation 70 60 55 75 70 60 60 50 60 65
R (m2)

after 7 days 70 60 55 80 70 60 60 50 60 65
R {mQ)

after 14 days 70 60 55 85 70 60 65 50 60 65
R (m<)

after 21 days 70 60 55 85 70 60 65 50 60 65
R (mQ)
affer 42 days

70 60 60 85 70 60 65 50 65 65

Contact resistance of nonoutgassed and
vacuum outgassed relays (contacts
PdAg30/Au) measured immediately after
hermetic incapsulation and in constant time
intervals after 7, 14, 21 and 42 days

Table 1:
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Fig. 7a:  Mass spectra of éhe outgassing products of contaminated miniature relay (contacts AgCdO/AGPHOR) at 125°C in a
vacuum of 1x10™ mbar after 24 hours
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Pictures of the contaminated contact after
outgassing

Fig. 7b:

contact resistance was as early as after 7 days enor-
mous. In relays which were not treated with vacuum
outgassing contact resistance increased higher than it
is qualified in current standards for miniature hermetic
relays (0.1 ohm max).

When contact resistance of miniature relays with AgCdO
contacts was measured after outgassing considerable
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increase was noticed. Therefore some relays were
opened and their contacts analysed (Fig. 7a and 7b).
Dark spots found on the contacts probably caused the
increase of contact resistance. It seems that the relays
mentioned were not sufficiently outgassed. Detailed ex-
amination of the phenomenon is planed in the near
future.

4. CONCLUSIONS

The experimental vacuum system set up was designed
and assembled specifically for vacuum outgassing of
hermetic miniature refays. Systematic investigation of
vacuum outgassing of hermetic relays were done.
Residual gas analysis shows that outgassing products
consist of remanents of cleaning chemical agents
(ethanol, trichlorethylene), a mixture of water vapour,
CO, N2 and some hydrocarbons originating from rotary
pump oil.

The results of experiments described above show clear-
ly that the outgassing process is indispensable and
should be included in the technology for producing of
reliable hermetic relays gqualified to MiL-R-3906 and
MIL-R- 5757 standards.
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Key words: semiconductors, MOSFET transistors, threshold voltage, thecretical analysis, Poisson's equation, strong inversion, weak inversion,
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Abstract: Theoretically MOSFET threshold voltage is defined with the surface inversion and can be calculated using the MOS structure technological
data. Device current-voltage characteristics are used to define threshold voltage in practice. In this paper both definitions are described and the
connection between them has been determined in the example of real MOS structure,

Usporedba razli¢itih definicija napona praga MOSFET-a

Pripremi}'eno prema referatu prezentiranom na Savjetovanju MEET '93 (MIPRO),
Opatija, Svibanj 1993.

Kljuéne besede: polprevodniki, MOSFET transistorji, napetost pragovna, analiza teoretiéna, Poisson enacba, inverzija moéna, inverzija Sibka,
karakteristike odzivne

Sazetak: Teorijski se napon praga MOSFET-a definira inverzijom povréine silicijai moze se radunati iz poznatih tehnoloskih podataka MOS strukture.
U praksi se napon praga odreduje iz strujno-naponskih karakteristika elementa. U radu su opisane obje definicije napona praga i odredena je njihova
veza na primjeru realne MOS strukture.

1. INTRODUCTION MOS structure, between two n* regions of source (S)

and drain (D), consists of silicon substrate, thin silicon
Electrical characteristics of integrated circuits can be oxide layer (SiO) and the gate (G) material. For MOS-
designed by fitting the individual electronic devices’ FET operation, silicon surface under the oxide layer
parameters. One of the most important parameters, in must be inverted and n-channe! between source and
MOS integrated circuits’ design, is MOSFET threshold drain must be formed. This is obtained electrically, by
voltage Ugse. Theoretical analysis of MOS structure connection the voltage Ugs between gate and source.
determines the threshold voltage U'aso. As the operation The voltage Ugs needed for surface inversion is the
of integrated circuits is defined with the threshold voltage threshold voltage Ugso.

Casoobtained from the MOSFET current-voltage char-
acteristics, connection of this parameter with the value
of theoretically calculated threshold voltage U'gso is
needed. Both threshold voltage definitions are com-
pared in this paper in the example of n-channel MOS-
FET.

p-substrate

2. THEORETICAL CALCULATION OF THRESHOLD
VOLTAGE

Figure 1 shows the cross-section of the n-channel MOS-

FET. The device substrate (B) is a p-type silicon. The
Fig. 1: Cross-section of n-channel MOSFET

* This paper is part of the scientific project "2-07-266
Electronics and Microelectronics" supported by "Min- Before channel formation, voltage Ugs decreases
istry for Science” of the Republic of Croatia. majority concentration of holes on the substrate surface,
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producing the thin depletion layer under the oxide.
Potential distribution in the depletion layer, along the x
coordinate perpendicular to the substrate surface (Fig.
1), determines the Poisson’s equation /1/

(1)

where u is the normalized electrostatic potential y, u =
w/Ut, n, p and N are electron, hole and net doping
concentrations, q is the elementary charge, esi is the
silicon permittivity and U is the thermal voltage. If Fermi
potential is chosen as reference potential, ¢ = 0, thenin
the case of low injection the majority hole concentration
is
p=n-exp(-u) (2)
The minority electron concentration n is changed with
the external potential /2/
n=n;-exp(U+ W) (3)
At the source end of the channel, normalized external
potential uy is the result of the voltage Uss applied

between bulk and source, uy = Uss/Ur. In the previous
equations ni is the intrinsic carrier concentration.

Generally, net doping concentration N is the difference
between donor Np and acceptor Na concentration and
corresponds to the difference between equilibrium car-
rier concentrations of electrons np and holes pp in the
bulk, far from the surface

N =Np - Na=np-pp=nj- exp(up) - ni- exp (-ub). (4)

The doping concentration in the substrate of the n-chan-
nel MOSFET with homogeneously doped channel is
acceptor concentration N = - Nag, and this concentration
is equal to the bulk majority hole concentration pe.
According to (4), normalized bulk potential is

__n [Nas
Up= In( n j

Depletion layer surface charge per unit area Qsp is
defined with Gauss’s law

Qsp=-tsi- Ur (%)%j

()

(6)

?
S

where index s designates the silicon surface. Integration
of Poisson’s equation (1) yields

Qsp=-V2-q-¢es- Ur-nj iexp (u5+ UV)—

— exp (Up+ uy)— exp (~Us) ~ exp (<up) —

-2. (us - ub>~ sh (ub)r.

The voltage Ugs is the result of potential distributions in
the MOS structure,

)
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Qss + Qsp

Uas =~ —¢=

+ Ys+ Ay + Ups. (8)

In (8) Qssis the fixed surface charge per unit areainthe
oxide layer, and s is the surface potential, ys = us Ur.
The term Ay = ¢ms - Y includes the work-function
difference between gate and bulk ¢ms and the bulk
potential ywp = Us - Ur. C'ox is the oxide capacitance per
unit area, C'ox= €ax / tox, where gox is the permittivity of
SiO2 and tox is the oxide layer thickness.

Theoretically, the threshold voltage U 'asois defined as
the voltage Ugs that produces surface minority electron
concentration equal to the bulk majority hole concentra-
tion, ns = pp. That is the case of strong inversion. The
values of surface potentials us = Uso = - Up - Uy @nd ys =
Wso=-Yb - Upsincluded in (7) and (8), define the surface
charge Qspo and the threshold voltage U ‘aso.

Surface inversion begins when surface minority electron
concentration reaches the intrinsic carrier concentra-
tion, ns = n;. This case of weak inversion determines the
surface potentials and us= Usi=-uUy, and ys= Ysi= -Uss,
corresponding charge Qspi and voltage U 'csi are ob-
tained from (7) and (8).

3. THE THRESHOLD VOLTAGE FROM
CURRENT-VOLTAGE CHARACTERISTICS

In practice, the threshold voltage ’agso is determined
from the MOSFET current-voltage characteristic. The
voltage Fasois defined as the voltage Ugs that breaks
the flow of drain current /p and can be read easiest from
the MOSFET transfer characteristic Ip= f(Uas)| Ups. The
problemis that the current Ipflow break s the continuous
change and does not appear sharp at voltage Ugs =
Ugso. Namely, in subthreshold region, for voltages Ugs
< Ugso, there is a finite current Ip flow between source
and drain that decreases exponentially with the voltage
Uss. Because of that the threshold voltage Uaso is
determined graphically, from extrapolation of the trans-
fer characteristic and the coordinate with Ip = 0/3/.

If the MOSFET operates in linear region, for voltages
Ups < Ugs - Uaso, the drain current is

U
Ip=K- (UGS— Ugso - "Ls]' Ups, 9)

2

where Kis the proportionality constant. At smallvoltages
Ups, the term Ups /2 can be neglected. The current I
changes linearly with voltage Uas, and the transfer
characteristic Ip = f (Uas)| Upsis the line.

In saturation region, for voltages Ups < Ugs - Uaso, the
current is

Ip= LS (UGs= Ueso)z, (10)

2
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and the transfer characteristic /Ip = 7 (Ugs)| Ups is the
parabola.

4. THE RESULTS OF CALCULATIONS

The comparison of two different definitions of the
threshold voitage has been performed on the example
of n-channel MOSFET. The homogeneously doped
MOS structure, with the substrate acceptor concentra-
tion Nag = 10"® cm™® and the oxide thickness toy = 0,1
um, has been chosen. The oxide layer charge Qss = 5
10" cm? and n-type oxide polysilicon layer have been
supposed. Besides for those parameters, the threshold
voltage has been calculated as the function of the con-
centration Nag, the oxide thickness tox, and the bulk
voltage Ugs .

The two values of threshold voltage have been deter-
mined with the theoretical approach: U'aso for strong
inversion and U'gsi for weak inversion. Current-voltage
characteristics have been calculated numerically, using
the MINIMOS device simulator /4/. The MOSFET with
described MOS structure, and with the sufficiently large
channel dimensions (the length L = 10 um and the width
W= 10um) has been analyzedto avoid short and narrow
channel effects. The definition of the threshold voltage
Uaso, for the chosen parameters of MOS structure, is
represented in Fig. 2a and 2b. Fig. 2a shows the transfer
characteristics in linear region, calculated for small volt-
age Ups = 50 mV. The transfer characteristic in satura-
tion region (Fig. 2b) has been determined for voltage
Ups =5 V. Inorder to maintain the linear relationship, as
in the linear region, the square root of the current Ip,
versus the voltage Ugs, has been drawn in Fig. 2b. In
both Figures the straight line has been pulled through
the MINIMOS data minimizing the root mean square
error. The threshold voltage Ugso has been determined
by extrapolation of transfer characteristics to the current
value Ip= 0.

31
=)
24
1 -
+ +« + MINIMOS data
extropolation
O ¢ T T ¥ /L T 1
OUCSO 1 Z 3

i Ugs, V
(o)

Fig. 2:
cm™, tox = 0,7 um and Ugs = OV.
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The results of threshold voltage calculations, as the
function of several technological and electrical quan-
tities, are represented in Figures 3-5. According to Fig-
ure 3, the threshold voltage Ugso increases with the
substrate concentration Nag. In the bulk the equilibrium
majority hole concentration pp increases and the equi-
librium minority electron concentration np decreases
with increase of concentration Nag, so higher voltage
Ugs is needed to equalize the surface electron con-
centration ns with the hole concentration py. The enlar-
gement of the oxide layer thickness f,x increases, ac-
cording to Figure 4, the threshold voltage Ugse. The
thicker oxide reduces the effectiveness of the gate
electrode. The results of threshold voltage change with
the bulk voltage Ugs are shownin Figure 5. As the higher
voltage Upsdecreases the electron concentration np, the
higher voltage Ugs is needed for channel inversion.

In all three Figures 3-5 the results of theoretical calcula-
tions U'gso and -U'gs are compared with the voltages
Faso obtained from current-voltage characteristics. As
the smaller voltage Ugs is needed to increase the sur-

U'sso

-- - Ul
44 ©° @ ° Ucc,so Tohnear region
- L saturation region
>
’
(O/’_’ rd
g
D
-2 S— , —
10“ IO:: » g 1O|7
NABA cm
Fig. 3 Threshold voltage Ugso versus bulk acceptor

concentration Nag

« + « MINIMOS dato
extrapolation

v 1 2
Uts

G50 ch. v
(b)

MOGSFET transfer characteristics: (a) in linear region, (b) in saturation region. MOS parameters are: Nag = 10'°
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Fig. 4: Threshold voltage Ugso versus oxide thickness
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Fig. 5: Threshold voltage Ugso versus bulk voltage Ugs

face electron concentration ns to the value of intrinsic
concentration n;, than to the equilibrium hole concentra-
tion py, the theoretical threshold voitages U'cso in weak
inversion are lower than the threshold voltages U'aso in
strong inversion. The voltages (Fgso agree mutually
regardiess as they are obtained from transfer charac-
teristics inlinear orin saturation region. Also the voltages
Faso show the better agreement with the values of the
theoretical voltages U'aso in strong inversion.

In Fig. 3 and Fig. 5 the voltages Ugso are higher than
the voltages U'aso for practical the same value of 0,24
V. Onthe other hand, the voltage difference Ufaso- U'aso
in Figure 4 changes proportionally with the oxide thick-
ness tor. The obtained values of voltages Ugso can be
calculated theoretically, including the correction factor

46

Uiso = Ulsso + K - toy = 255 Qom0 _
Cor

*‘\Vb"f‘A\‘U‘Fk' tox,

with the constant k=2,4 V/um.

5. CONCLUSION

The threshold voltage values U'gso from theoretical
analysis of MOS structure and U gso from current-volt-
age characteristics have been compared for typical ex-
ample of n-channel MOSFET. The changes of threshold
voltage Ugse with basic technological and electrical
guantities have been determined. Although the voltages
Usso and U’aso have been calculated for the same
structure and with the application of the equal physical
constants, the difference between the values U'gso and
(Fgso has been observed, and the dependence of the
difference on the oxide layer thickness tox is described
with the equation (11). The obtained relation is useful,
because the threshold voltage can be technologically
adjusted in accordance with the results. U'gso from
theoretical analysis, and the value U°aso from current-
voltage characteristics is essential for circuit application.
More different examples must be analyzed to prove the
generality of the equation (11).
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PARALELNI ULAZNO-IZLAZNI MEDUSKLOP-PUI*

Pripremljeno prema referatu prezentiranom na Savjetovanju MEET’93 (MIPRO),
Opatija, Svibanj 1993.

Goran Zeli¢, Krunoslav Martin¢i¢, Mladen Skypala
Elektrotehnicki fakultet, Zagreb, Hrvatska

Kijuéne rijei: polprevodniki, VLSI vezja, projektiranje vezij, celice standardne, PIO vmesniki vhodno-izhodno paralelni, PLA moduli, vodila
mikroprocesorska, mikroprocesorji 8-bit, mikroprocesorji 16-bit

SaZetak: U ovom je radu opisan pristup projektiranju paralelnog ulazno-izlaznog skiopa (PU| sklop) kompatibilnog s 8 i 16 bitovnom sabirnicom
mikroprocesora, koriste¢i modernu VLS| metodologiju projektiranja (standardne ¢elije i PLA moduli). Opisan je koncept od razrade ideje do
arhitekture koja je realizirana do razine maski.

Parallel Input-Output Interface-PUlI

Prepared from the paper presented on the Symposium MEET'93 (MIPRO), Opatija, May 1993.

Key words: semiconductors, VLS circuits, circuit design, standard cells, PIO parallel input-output interfaces, PLA programmable logic arrays, PLA
modules, microprocessor buses, 8-bit mikroprocessors, 16-bit microprocessors

Abstract: This paper describes an approach to the design of parallel input-output interface (PUl device) compatible to 8 and 16 bit microprocessor
buses using a modern VLS! design methodology (standard cells and PLLA modules). Concept from idea to architecture, that is mask implemented,
is described.

1. Uvod — postavijanje zahtjeva za prekid (posebnom linijom
zahtjeva za prijenos podataka, pojavom stanja na
vanjskim linijama koje odgovaraju stanju maske koja
se moze programski postaviti ili bilo kakvom prom-

Namjena PUI medusklopa je da olak3a izgradnju ; . AN .
Jenom stanja na vanjskim linijama u odnosu na stanje

razliCitih sklopova za upravijanje i nadzor industrijskih

procesa koji su upravljani pomocu mikroprocesora. maske) te

Premda za svaki mikroprocesor koji se koristi u takvim = nezavisno programiranje odvojenih pristupa.
sklopovima postoji i paralelni medusklop za

komunikaciju s vanjskim svijetom, poveéani broj pris- PUI meduskiop projektiran je pomodu automatiziranih
tupa za prijenos podataka i upravijanje, mogucnost jed- topologija: standardnih Gelija tvrtke AMD u 2
nostavnog uklapanja na sabirnice postojeéih 8 i 16 pum SCMOS tehnologiji i PLA struktura.

bitovnih porodica mikroprocesora (tipi¢ni predstavnici
su: Intel /1/ i Motorola /2/) te ograni¢enje broja nacina
rada na Sest koji se pretezno koriste u aplikacijama za

industrijske potrebe, opravdava realizaciju PUI 2. Organizacija PUI medusklopa

medusklopa. . ) o

PUI' medusklop se sastoji od pet 8 bitovnih pristupa (AL,

AH, BL, BH i C), upravijacke logike i internih sabirnica
Opisani medusklop ima slijedeée karakteristike: - podataka (slika 1). U 8 bitovnoj konfiguraciji svi pristupi
programirljiv smijer prijenosa podataka (ulaz, odnosno rade neovisno jedan o drugomi koriste samo osam nizih
izlaz) i nacin prijenosa (programski upravljan ili bitova mikroprocesorske sabirnice podataka (D0-D7).
sklopovski upravljan preko upravljackih linija); Gornjih osam bitova (D8-D15, odnosno C0-7) koristi

— organizaciju perifernih linija u grupe od 8ili 16 (ovisno por'ftLI'p th'z'a k‘otmunik.acij'u S p%rifernir:w s?;lop:_oyljem.
o Sirini mikroprocesorske sabirnice, radi optimalnog k:n?uamckealgijﬁns(;a%J?a}iﬁ\g??englfoa-i“ eBIir-]iIJOeJZ)a
iskoristenja ulazno izlazne propusnosti sustava); Prikljucenjem PUI medusklopa na 16 bitovni mik.

roprocesor pristup C se gubi (njegova je uloga da is-

* Ovaj rad je dio znanstvenog projekta 2-07-266 koristi osam podatkovnih linija koje se ne koriste kada
Elektronika i mikroelektronika financiranog od Mini- je medusklop priklju¢en na 8 bitovni mikroprocesor), a
starstva znanosti Republike Hrvatske pristupi AL i AH te BL i BH se stapaju u dva 16 bitovna:
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De-15/ @
o7 ALD-7
e STBAL
sabimidki —— !BFAL
A 1 > prstup A
medjuskiop |, IBFAH
te— STBAR
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w B e
[ il :: ) | IBFC
te—f — |} pristup C
M L] le—— 578G
M3 —> — :—>
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m — e ||| [ = oo
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RSt ™
—— IBFBL
RS2 —> e pristup B
RSy ———> |y IBFBH
RESET ——> |-~ STBBH
OTACR L— > D sHor
IRQAL iRQC

{RQAH IRQBH

1RQBL

Slika 1:  Blok shema PUI meduskiopa.

Ai B. U ovoj konfiguraciji signalne linije pristupa AL i BL
(zahtjev za prekid i linije za upravijanje prijenosom
podataka sa perifernog sklopa, odnosno na periferni
sklop) zadrzavaju svoju funkciju, dok se one vezane uz
pristupe AH i BH ne Kkoriste.

Upravljacka logika, na temelju odabranog tipa mik-
roprocesora s kojim komunicira PUI medusklop i stanja
upravljackih signala na vanjskoj sabirnici, generira inter-
ne signale kao $to su signali ¢itaj, odnosno pidii aktivira
pristupe na koje se ti signali odnose. Interne sabirnice
podataka sluZze za prijenos podataka izmedu vanjske
mikroprocesorske sabirnice podataka i pojedinih pris-
tupa. U 8 bitovnoj konfiguraciji PUI medusklop Koristi
&etiri linije (RS0-RS3) za odabir pristupa ili upravijacke
rijedi, dok u 16 bitovnoj konfiguraciji koristi samo dvije
(RS1-RS2). Adresni prostor 8 i 16 bitovne konfiguracije
prikazan je u tablici 1, odnosno u tablici 2. Svaki pristup
ima lokaciju za podatke (AL, AH, BL, BHiC, odnosno A

RS3 RS2 RSt RSO Lokacija
0 0 0 0 AL
0 0 0 1 AH
0 0 1 0 BL
0 0 1 1 BH
0 1 0 0 C
0 1 i 0 CWAL
0 1 i 0 CWAH
0 1 i 1 CWBL
1 0 0 0 CWBH
1 0 0 i CWC

~
=

Tablica 1: Adresni prostor 8 bitovne konfiguracije.
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i B) i lokaciju za upisivanje upravijacke rije¢i (CWAL,
CWAH, CWBL, CWBH i CWC, odnosno CWA i CWB}),
kako bi se omogudilo neovisno programiranje pojedinih
pristupa.

Tablica 2. Adresni prostor 16 bitovne konfiguracije.

RS2 RS Lokacija
0 0 A
0 1 B
1 0 CWA
1 1 CWB

Upravijacka rije¢ koristi Cetiri bita (vidi tablicu 3): B3
odreduje nacin komunikacije sa mikroprocesorom (0
programski, 1 s zahtjevom za prekid); B2 odreduje da i
se koriste upravljacke linije za komunikaciju s periferijom
(0) ili se radi o usporedivanju s maskom (1); B1 odreduje
nadin usporedivanja s maskom (0 na pojavu, 1 na
promjenu); BO odreduje smijer prijenosa podataka (0
ulaz, 1 izlaz).

Tablica 3. Upravijacka rije¢ 8 i 16 bitovne konfiguracije.

[ ne koristi se l B3 [ B2 ] B1 ] Bo [
157 ]

Postoji est nacina rada koje PUI medusklop podrZzava
i oni su dani u tablici 4. Kada se koriste nacini s
usporedivanjem na masku potrebno je prvo upisati
masku u Zeljeni pristup pa tek onda promjeniti
upravijacku rije¢. Prilikom ukljuCenja i reseta, svi bitovi
upravljacke rijec¢i prelaze u stanje 0 (programski
upravljiv ulaz).

Tablica 4. Nacini rada PUI medusklopa.

Nadin rada

0 programski upravljiv ulaz
i programski upravljiv izlaz
0 ulaz (prekidni nadin rada)
1 izlaz (prekidni nagin rada)
X

X

B3 B2 B1 B0

prekid na pojavu stanja
prekid na promjenu stanja

U P UGS PSS P X E )

X
X
0
0
1
1

—, O DD X I

PUI medusklop moZe se povezati sa Cetiri tipa mik-
roprocesora: Intel 8080 i 8086 te Motorola MC6800 i
MC68000. Dvije signalne linije PUl meduskiopa
odreduju ¢ kojem se tipu mikroprocesora radi: Mi (1
Motorola, 0 Intel) i M8 (1 8bitovni, 0 16bitovni). Ove linije,
ovisno o tipu mikroprocesora, spajaju se na napajanje
odnosno masu. Upravijacka logika na temelju stanja na
navedenim linijama tumadi dvije dodatne linije (INOiINT1)
koje su spojene na vanjsku upravijacku sabirnicu mik-
roprocesora. Nacin spajanja pojedinih signala mik-
roprocesora na linije INO i IN1 prikazan je u tablici 5.
Linije zahtjeva za prekid (IRQ} i linija RESET razlikuju
se u aktivnom nivou za porodice Intel (aktivno visoko) i
Motorola (aktivno nisko). Te linije se interno dekodiraju
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u samom Cipu (ovisno o stanju linije Mi) tako da nije IVWH - L;«‘K

potrebna dodatna logika. =

Tablica 5. Povezivanje PUI medusklopa na upravijacku

sabirnicu procesora.
Mi M8 INO IN1
0 0 RD WR
0 1 W/ RD - i porte
1 0 S R /W T
1 1 ENABLE R /W '
3. Realizacija PUI medusklopa conPla
Za realizaciju PUI medusklopa koristene su automat- =l o b

cPx right

izirane topologije: standardne ¢éelije i PLA strukture. Na B
topoloskom prikazu PUI medusklopa (slika 2) vidijive su =
makrocelije od kojih se ¢ip sastoji te veze izmedu njih.
Makrodelije he, irg, cData i xnormux realizirane su =
standardnim Celijama; conPlai cPla realizirane su PLA |
strukturama, dok potta, porth i portc koriste oba pris- |
tupa (slika 3). Na obodu &ipa nalaze se vanjski prikljudci
koji su razmjesteni u makrocelije left, right, top i bot-
tom. Razmjestaj celijai povezivanje unutar makrocelija :
provedeno je ru¢no. Razmjestaj makrocelija proveden 11 covin
je takoder ru¢no, dok se za povezivanje koristio program
za globalno povezivanje TimberWolfMC i program za
kanalno povezivanje YACR2 /3/

Upravljacka logika, komparatori i dodatna logika u pris- -
tupima opisana je u jednoj varijanti jezika za opis = r T S
ponadanja BDL (engl. behavioral description language) Vi bottom Véss
iz kojega se automatski generira PLA struktura za

opisanu logicku funkciju. Jedan takav primjer dan je na Slika 2: Topoloski prikaz PUI medusklopa

slici 4 i predstavija opis makrocelije conPla. U opisu su

T

TR

Slika 3:  Topoloski prikaz makrocelije portc, koja se sastoji od standardnih celija i Pla struktura.
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model con Pla

PSAL, PSAH, PSBL, PSBH, PSC, SCWAL, SCWAHM, SCWBL, SCWBH, SCWC, DCTACKB, RD, WR =

INO,IN1,Mi, M8, CS, RS3, RS2, RS1, RSO;

routine PostSel <9:0 > (rs < 3:0 >, mikro < 0>, cs < 0 >);
state 0 <>, ps < 9.0 >;
for i from 0 to 9 do ps <i>= (rs EQL i} AND mikro;
forifromOto 3do
begin
ps<i>=ps<i>OR{(rs<2:1>EQL(i SRO 1))AND(NOT mikro));
dps<5+i>=ps<5+i>OF§((rs<2:1> EQL((4+)SR0 1))AND(NOT mikro));
end;
for i from 0 to 9 do ps<i>=ps<i> AND cs;
return ps<9:0>;
endroutine PortSel;
routine ReadWrite<1:0>(in1<0>,in0<0>,mib<0>,mikro<0>,c5<0>);
state temp<1:0>,svar<1:0>;
temp=0;
svar=2"mib+mikro;
select svar from
{0]:begin
temp<0>=NOT in1;
temp<1>=NOT in0;
end,;
[1]:begin
temp<0>=in0;
temp<1>=NOT in0;
end;
[2]:begin
temp<0>=(NOT in0)AND(NOT in1);
temp<1>=(NOT in0)AND int1;
end;
|3]:begin
temp<0>=in0 AND(NOT in1)
temp<1>=in0 AND int,
end;
endselect;
temp=temp AND(3*cs);
return temp;
endroutine ReadWrite;

routine main;
state temp<9:0>;
temp<1:0>=ReadWrite(IN1,IN0,Mi,M8,CS);
WR=temp<0>;
RD=temp<1>;
temp<9:0>=PortSel(8*RS3+4*RS2+2*R51+RSO,M8,CS);
PSAL=temp<0>;
PSAH=temp<1>;
PSBL=temp<2>;
PSBH=temp<3>;
PSC=temp<4>;
SCWAL=temp<5>,
SCWAH=temp<6>;
SCWBL=temp<7>;
SCWBH=temp<8>;
SCWC=temp<S>;
DTACKB=dont_care;
if (Mi EQL 1)AND(M8 EQL 0) then
DTACKB=NOT(WR OR RD);
endroutine main;

endmodel conPla;

Slika 4:

Ponasajni prikaz upravljacke PLA strukture.
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Topoloski prikaz upravljacke PLA strukture
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navedene ulazne i izlazne signaine linije, te dvije proce-
dure (PortSel i ReadWrite) koje opisuju interne signale.
Nakon prevodenja prikazanog opisa u PLA format
zapisa, te naknadne optimizacije logickih funkcija, kreira
se PLA struktura conPla &ija je topologija prikazana na
slici 5.

4. Zakljucak

U ovom je radu opisan projekt paralelnog ulazno-iziaz-
nog medusklopa i njegova realizacija upotrebom
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moderne VLS| metodologije projektiranja. Upotrebom
automatiziranih topologija (standardne ¢elije i PLA struk-
ture), te programa za automatsko povezivanje, znatno
je smanjeno vrijeme potrebno za projektiranje topologije
Sipa. GrafiCko sucelje i jezik za opis ponadanja takoder
su pridonijeli udtedi vremena. Najvecu teskocu prilikom
realizacije topologije &ipa predstavijao je razmijestaj
standardnih Celija i PLA struktura. Buduéi da nam nije
bio na raspolaganju odgovarajuéi programski modui za
automatski razmjestaj, on je proveden ru¢no. Trenutne
moguénosti dozvolile su realizaciju PUI medusklopa
samo do razine topologije ali ne i do konkretne
realizacije u siliciju.

Reference:
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Peripheral, 1987.
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Testiranje polprevodniskih in mikroelektronskih komponent

TESTIRANJE KOMPLEKSNIH MIKROELEKTRONSKIH
VEZIJ ZA UPORABO V MODERNIH
TELEKOMUNIKACIJSKIH SISTEMIH

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

Kljuéne besede: mikroelektronska vezja z mesanimi funkcijami, codec, digitalno procesiranje signalov, modem, PCM (Puise Coded Modulation),

A/D konverzija, Fourier transformacija

Povzetek: Clanek podaja osnovne znadilnosti kompleksnih mikroelektronskih vezij z mesanimi funkcijami za uporabo v modernih
telekomunikacijskih sistemih in problematiko povezano s kvalitetnim testiranjem takih vezij.

Testing of Complex Integrated Circuits for Use in a Modern
Telecommunications Systems

Keywords: mixed-signal integrated circuits, codec, digital signal procesing, modem, PCM (Pulse Coded Modulation), A/D conversion, Fourier

transformation

Abstract: Article deals with the typical characteristics of complex mixed- signal integrated circuits for use in a modern telecommunications systems
and the problems encountered with the comprehensive testing of such devices.

uvoD

Pri danasnjih telekomunikacijskih sistemih gre za pre-
nos raznovrstnih informacij na zelo velike razdalje.
Poleg, lahko bi rekli obi¢ajnega prenosa govornih sig-
nalov, pa se Ze takoreko¢ rutinsko s pomocjo satelitov
prenasajo TV signali prakti¢no po celotni zemeljski obli,
poslovni, znanstveni in tudi domadi racunainiki pa ze
komunicirajo med sabo na razdaljah, ki gredo v tisoce
kilometrov. Da ne omenjamo prenosa posebnih podat-
kov v vojaske in druge namene kot npr.vesoljske razis-
kave.

Izredno hiterin dinamicen razvojtelekomunikacijskih oz.
teleinformacijskih sistemov je vsekakor posledica nes-
lutenega razvoja na podrocju polprevodniskih tehnologij
inizdelave izredno kompleksnih mikroelektronskih vezij.
Tipi¢ni predstavniki takoimenovanih "telecom” mik-
roelektronskih vezij, ki jih najdemo prakticno v vsakem
modernem telekomunikacijskem sistemu so codec
(koder/dekoder za pretvorbo analognega signala v
digitalnega in obratno), SLIC (Subscriber Line Interface-
povezava med telefonskim naro¢nikom in telekomuni-
kaciskim sistemom), digitalni filter, telefonsko vezje,
tonski pozivnik, DTMF (Dual Tone Multi Frequency)
generator in sprejemnik, modem (modulator/demo-
dulator), delta modulator in dusilec odmeva. Skupna
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znadilnost prakticno vseh teh vezij je poleg same
kompleksnosti in visoke integracije tudi vsebovanost
tako digitalnih kot analognih funkcij. To pa postavlja
proizvajalce telecom mikroelektronskih vezij in seveda
testnih sistemov pred izredno zahtevno nalogo, kako
&im kvalitetneje in celoviteje stestirati omenjena vezja
ter s tem zagotavljati tako funkcionalnost kot zelo ozke
tolerance vrste parametrov, zahtevane po mednarodnih
standardih.

TESTNE ZAHTEVE ZA TELECOM
MIKROELEKTRONSKA VEZJA

Zailustracijo si oglejmo telecom vezje "codec”, katerega
vioga v okviru telekomunikacijskega sistema je podana
na sliki 1, ki prikazuje tipi¢no telefonsko linijo. Codec
mora biti sposoben sprejeti analogni signal iz enega
telefonskega aparata, ga pretvoriti v digitalno obliko in
prek digitalnega komunikacijskega kanala posredovati
drugemu ter obratno.Torej mora dvosmerna telefonska
linija vsebovati po eno codec vezje na vsaki strani.

Ceprav gre pri testiranju codec vezja prvenstveno za
preverjanje, kako kvalitetno je bila izvedena konverzija
signala iz analogne v digitalno obliko in obratno, torej
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Slika 1:  Tipidna dvosmerna telefonska linija

preverjanje funkcionalnosti koderja in dekoderja, pa
lo¢imo Se takoimenovane "transmisijske" ali "PCM"
teste, ki se morajo ravnati po zahtevah, ki so postavljene
najprej s strani mednarodnega komiteja CCITT, nato pa
Se posameznih drzavnih institucij. S transmisijskimi testi
preverjamo vpliv vezja na kvaliteto prenosa govornih in
podatkovnih signalov glede na celotni komunikacijski
kanal.Ti testi tako vkljuCujejo meritev parametrov kot so
ojaCanje, razmerje signal/Sum, nelinearno popacenje in
drugi. Pri vezju codec so ti testi zelo zahtevni saj je
potrebna visoka tocnost meritev, prisotni so interaktivni
efekti vzorCenjain kvantizacije, kanal je delno analogen,
delno digitalen in ne nazadnje test ne sme biti predolg.
Poleg transmisijskih pa lo¢imo Se digitalne funkcionaine
teste, s katerimi preverimo npr. signalno funkcijo, izbiro
kodiranja, izklop napajanja, izbiro testnega nacina in Se
parametricne DC in AC teste kot so kontaktni test (kratki
stik, odprte sponke), meritev logi¢nih nivojev, meritev
impedance itd.

Drugi tipi€ni predstavnik telekom mikroelektronskih vezij
je modem, ki je kljuéni element pri prenosu racunalniskih
podatkov prek telefonskih linij.Modem sprejema
digitalne signale, ki mu jih posreduje racunalnik in jih
pretvori v analogne, ki so primerni za prenos prek
telefonske linije. Hkrati poteka proces tudi v obratni
smeri.

V splodnem lahko razdelimo testno proceduro za
modem v naslednje segmente:

— DC parametriéni testi kot so meritev porabe pri
razlicnih pogojih delovanja, meritev tokov puscanja,
zmogljivosti izhodov itd.

karakterizacijo oddajnika, ki vsebuje meritev DC of-
fseta, osnovne amplitude in frekvence signala, celot-
no razmerje signal/Sum, meritev popacenja od druge
do pete harmonske in energije zunaj pasu

funkcionalni preizkus oddajnika;modem deluje v ved
nacinih. Izbira vrste modulacije je odvisna od nacina,
ki diktira hitrost prenosa. Odvisno od uporabljene
tehnike (FSK, PSK ali QAM), izhod digitaliziramo in
analiziramo ali gre za pravilno frekvenco, amplitudo

Digitai..
multisn:
prakliop

preucs
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in fazo izhodnega signala glede na digitalno kom-
binacijo na vhodu.

funkcionalni preizkus sprejemnika; modem lahko
prepozna vel kot 15 razli¢nih frekvenc in amplitud
vhodnega signala. Zato je potrebno sprejemnik
preveriti na vsako frekvenco posebej, kakor tudi na
spremembo frekvence. Prav tako je zelo pomemben
preizkus dela vezja za detekcijo nosilnega signala.
Za natanéne rezultate je potrebno izmeriti tako vhod-
ni nivo histereze kot ¢asovne parametre.

karakterizacija sprejemnika; to je vsekakor najzah-
tevnejsi test modema, saj zahteva izredno natancno
sinhronizacijo analognega in digitalnega dela
vezja.Pri karakterizaciji sprejemnika ugotavijamo
naprimer koliko napak naredi sprejemnik pri detekciji
posameznega bita pri razlicnih nivojih vsiljenega
suma. Potem preverjamo tendenco modema, da
traja stanje logi¢ne enke dalj ¢asa kot logi¢ne nicle.
Nato merimo takoimenovani "jitter" in isohrono
popacenje. Pravimo, da sta dva signala isohrona, ¢e
sta identi¢na v ¢asovni domeni. Ischrono popacenje
paje razlika oz. stopnja variacije med signaloma. Le
to konkretno dobimo, da odstejemo digitalni vzorec,
ki ga dobimo iz modema od idealnega izhodnega
vzorca in gaizrazimo v procentih.

funkcionalnost Self-testa; velina danasnjih mode-
mov vsebuje samopreizkus. To pomeni, da lahko
delujejo v takoimenovanem "analog- loopback"
nacinu, kar kontroliramo prek podatkovnega ter-
minala. Pri tem se digitalni vzorec vsili v oddajnik, ki
generira analogni signal, tega pa sprejemnik ponov-
no pretvori v digitaini signal. Obi¢ajna zakasnitev
med obema signaloma je tipicno med 3-3.5 msek.

|z zgoraj povedanega sledi, da je testna procedura za
telekom mikroelektronsko vezje v sploSnem izredno
kompleksna in zbir mnozice zelo zahtevnih segmen-
tov(pripravljalnih, forsirnih, merilnih), ki morajo biti med
seboj natan¢no sinhroniziraniin usklajeni. To pa pomeni,
da za to potrebujemo zelo kompleksne in s tem seveda
tudi drage testne sisteme (tudi 1-2 mio. $), ki poleg
visoko profesionalnega merilnega inStrumentarija,
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uporabljajo posebna dodatna programska orodja in teh-
nike ter seveda kar precejdnjo racunalnisko moc.

TESTNI SISTEM ZA TELEKOM
MIKROELEKTRONSKA VEZJA

V grobem lahko re¢emo, da testni sistem za testiranje
telekom mikroelektronskih vezij sestavljajo:

— zmogljiv radunalnik nivoja miniracunalnika z vec
uporabniskim operacijskim sistemom in
takoimenovanim array procesorjem

~ programska oprema (splosna, posebna)

— analogni del z vrsto posebnih modulov

— digitalni del za generacijo in komparacijo digitalnih
vzorcev

~ testna glava, za kontakt med vezjem in testnim sis-
temom

Primer takega univerzalnega testnega sistema,
ameridkega proizvajalca SCHLUMBERGER-TECH-
NOLOGIES, je prikazan na sliki 2.

Testna glava

UporabnisSki terminal

Testni sistem za Telekom mikroelektronska
vezja

Slika 2:
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Kljuéni moduli

Pri podrobnejsem opisu je potrebno vsekakor omeniti
naslednje testne (strojne) module, ki so prakti¢no
nepogresljivi pri vsakem takem sistemu, in sicer:

— programsko nastavljivi napajalniki (tako napetosti
kot toka)

— funkcijski generator, ki na podlagi poljubnega
digitalnega vzorca na vhodu generira poljuben
analogni signal na izhodu

— signalni digitalizator, ki poljubni analogni signal s
pomocjo sistemskega racunalnika pretvori v digitai-
no obliko in shrani v poseben spomin, Tako je mo&
pozneje ta signal temeljito analizirati.Poleg lastne
ure, lahko digitalizator krmilimo tudi z zunanjim
urinim signalom.

— precizni merilnik napetosti in toka za zelo
natancne meritve napetosti in tokov, tako pri samem
testiranju kot kalibraciji in diagnostiki sistema.

— audio izvor, ki mora biti sposoben generirati zelo
"giste" sinusne signale s popacenjem manjsim od
0.02%.

— -array processor, dodatni racunainik za izvajanje
izkljuéno matematiénih (matri¢nih)operacij v
povezavi s tehniko digitalnega procesiranja signalov,
kar je opisano v nadaljnem tekstu.

Vsi omenjeni moduli so seveda v celoti programsko
krmiljeni in popolnoma vkljueni v programsko opremo
sistema.

Sinhronizacija

Kot Ze receno vsebujejo telekom mikroelektronska vezja
tako digitaine kot analogne funkcije. Za kvalitetno tes-
tiranje je zato kljuénega pomena popolna sinhronizacija
med temi funkcijami, kar je zagotovljeno z dvosmernimi
vodili med CPU in digitalnimi moduli, CPU in analognimi
moduli, analognimi in digitalnimi moduli in analognimi
oz. digitalnimi moduli in vezjem, ki ga testiramo.
Vsekakor pa je potrebno zagotoviti tudi asinhrono
delovanje kot moznost prozenja testnih dogodkov s
strani vezja samega.

Zato ima obi¢ajno generator digitainih vzorcev kristalni
oscilator, ki ga uporabimo ali samo za digitalni del, lahko
pa tudi kot urin signal celega sistema. Prav tako ima
svojo uro tudi analogni generator, obi¢ajno pa imamo Se
tretji zelo precizni referencni urin signal.

Digitalno procesiranje sighalov ( DSP )

Digitalno procesiranje signalov ali krajse DSP (Digital
Signal Processing) je tehnika, ki je prakticno postala
nepogresljiva na podrocju testiranja telekom in tudi 0s-
talih analognih oz. vezij z mesanimi funkcijami.
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Osnovna ideja DSP sloni na Fourierovih enaclbah, po
katerih je mo¢ vsako periodiéno funkcijo predstaviti kot
vsoto posameznih viSjeharmonskih frekvenc. Vsaka
periodi¢na funkcija ima tako svoj diskretni frekvencni
spekter. S pomocjo Fourierovih enacb lahko dologimo
amplitudo in fazo vsake posamezne frekvence oziroma
izvedemo transformacijo funkcije iz asovnega v frek-
vencni prostor in obratno.

DSP tehnika tako omogoca, da pri testnih sistemih za
testiranje kompleksnih telekom mikroelektronskih vezij
nadomestimo konvencionalne merilne instrumente in
signalne izvore z racunalniskimi modeli. Kakor pri
Klasi¢nih aplikacijah pogosto uporabljamo DSP za
analizo relativno neznanih signalov in umetno
obogatitev signalov kot npr.slik, pa gre pri testnih sis-
temih predvsem za sintezo stimulus signalov in analizo
odzivnih signalov pod stroge kontroliranimi in koor-
dinirami pogoiji.

DSP omogoca vrsto prednosti pred konvecionalnim in-
strumentarijem. Ena prvih je vsekakor dosti krajsi testni
¢as, saj DSP “instrumenti" ne potrebujejo nobenih prek-
lopnih in nastavitvenih ¢asov, kot je to primer pri
resni¢nih instrumentih.,

Ker odziv vezja shranimo v spomin je zadosti, da test
izvedemo samo enkrat, odziv pa naknadno poljubnokrat
obdelamo pac glede na iskane lastnosti vezja.

Druga velika prednost pa je dosti velja toénost in
ponovijivost rezultatov. To pa zato, ker pri meritvah, ki
slonijo na DSP tehniki v splodnem uporabimo manj
reainih komponent, ki same po sebi vnesejo v rezultat
doloCen pogresek, ali pa jih uporabimo na mestu, kjer je
ta kontribucija manj zaznavna, poleg tega pa lahko pri
ra¢unalnidkih modelih uporabimo izradune z dosti vedjo
to¢nostjo.

DSP meritve omogocajo tudi bistveno veéjo fleksibilnost
pri analizi odziva. Predpostavimo, da nas zanima tudi
vsebovanost visje harmonskih frekvenc v merjenem
signalu, ali pa enosmerni nivo oz. maksimalna (konica)
vrednost signala. V tem primeru nam ni potrebno ponov-
no izvesti meritve, temveé samo zaukazemo testnemu
sistemu, naj ponovno obdela shranjen odziv. Pritem ne
rabimo nobenih dodatnih modulov, ki jih je potrebno,
najprej seveda kupiti, potem pa tudi kalibrirati in
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vzdrzevati. DSP merilniki nam po navadi posredujejo
tudi bistveno ve¢ informacij kot konvencionalni merilniki,
kot je na primer faza ali zakasnitev ovojnice signala, pri
detekciji konice signala pa nam npr. povedo ne samo,
kaksna je ta konica, ampak kje v signalu se tudi nahaja.

Poleg omenjenega nam testni sistem, ki uporablja DSP
pristop lahko simulira ne samo instrumente, ampak tudi
samo vezje, ki ga testiramo. To je zelo uporabno pri
karakterizaciji vezij in korelacijskih analizah. Tako ima
obi¢ajno programska oprema DSP testnega sistema ze
"vgrajene" modele osnovnih gradnikov telekom vezij, ki
jin lahko pri taki simulaciji uporabimo.

Seveda DSP pristop testiranja zahteva znatno radunal-
nisko moc¢ in seveda tudi ¢as. Zato imajo testni sistemi
poleg osnovnega rac¢unalnika, ki nadzira in izvaja vse
testne korake tudi dodatni rac¢unalniski modul,
takoimenovani "array processor”, ki izvaja izkljuéno
matemati¢ne operacije (Fourier transformacija,
matricne in vektorske kalkulacije) in to seveda zelo hitro,
ki so potrebne pri simulaciji merilnega instrumentarija. S
tem izredno pospesimo samo racunalnisko modeliranje
kakor tudi celotno testiranje, saj lahko osnovni radunal-
nik med delovanjem array procesorja istoCasno izvaja
ostale testne in druge podporne funkcije.

ZAKLJUCEK

Iz vsega povedanega sledi, da postaja problematika
testiranja telekom mikroelektronskih vezijvedno zahtev-
nejsa naloga, kljub novim in vedno moénej$im orodjem,
ki so na voljo zaradi skokovitega razvoja racunalnike
tehnologije.

Hkrati pa lahko reCemo, da DSP testiranje ni samo
dodatna testna tehnika, ampak kar drugacéna filozofija
oziroma nov nacin razmisljanja, ki je in bo verjetno $e
znatno vplivala na sam pristop in tudi zasnovo testnih
sistemov za testiranje kompleksnih mikroelektronskih
vezij.

Zlatko Bele, dipl.ing.
MIKROIKS d.o.o.
Dunajska 5

61000 Ljubljana
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PREDSTAVLJAMO PODJETJE Z NASLOVNICE

MIL Radovljica d.o.o.

Podjetje MIL Radovijica, d.o.0. je bilo ustanovijeno v
zadetku leta 1990. Podijetje je 100 % v druzinski lasti.
Glavno podrogje dela je mikroelektronski inZeniring,
montaza in testiranje tankoplastnih hibridnih in in-
tegriranih vezij (P-MOS, N-MOS IN C- MOS). Us-
tanovitelji podjetja so strokovnjaki z dolgoletnimi
izkunjami na podro¢ju montaze integriranih vezij in
nadértovanja ter izdelave tiskanih vezij.

Sedez podjetja je v Radovljici, proizvodnja pa se odvija
v prostorih bivie ISKRA Mikroelektronike v Ljubljani.
Poleg $estih redno zaposlenih sodelavcev v montazi,
sodelujemo e z vecjim Stevilom zunanjih strokovnjakov,
predvsemiz ISKRE, IJS, MIPOT, MIKROIKS in LMFE iz
Ljubljane.

Na razpolago imamo 250 m? proizvodnih prostorov od
katerih je 160 m? prostorov v kiasi 100.000 (lokalno
10.000), ki so kompletno opremijeni z vso infrastrukturo
intehnolodko opremo za montazo intestiranje. V pretek-
lih dveh letih smo namrec uspeli kupiti vso potrebno
opremo za montazo v CERDIP in KERAMICNA ohisja,
ter proizvodne prostore.

Podjetje smo prvotno ustanovili z namenom, da
finaliziramo nedokoncéano proizvodnjo, ki je ostala po
stedaju ISKRE Mikroelektronike, pozneje pa so se
pokazale potrebe po nadaljevanju montaze nekaterih
vezij po narocilu za znane kupce kot so: ISKRA Stevci,
ISKRA AVI, ISKRA TELTIM, ISKRA Transmission itd.
Tudi manjda nova zasebna podjetja so se zaradi
konkurenénosti ze pricela zanimati za montazo in-
tegriranih vezij, tako da smo prvotno najemno pogodbo
za opremo in prostore z likvidacijskim upraviteljem
podalj$ali do konca leta 1992.

Cipe na silicijevih rezinah, ki jih uporabliamo v montazi,
nam procesirajo v AMS v Gradcu, kjer $e vedno
vzdrzujejo 5 in 3 | procese, tako da lahko uporabljamo
vsa orodja (maske in testne programe) za vezja, ki so
bila razvita v Mikroelektroniki ali na Fakulteti za
elektrotehniko.

Nage proizvodne kapacitete v montaZi so naslednje:

— montaza v CERDIP, CERPAC ochisja (8 do 10-pin)
200.000 kosov/leto

- montazav kerami¢naohisjain CHIP-CARRIER (8 do
64 pin) 100.000 kosov/letno

- montaZa tankoplastnih hibridov (8 do 200-pin) 5.000
kosov/letno

Te kapacitete lahko z minimalnimi viaganji podvojimo.
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Nasa ponudba obsega:

— Nacrtovanje tankoplastnih hibridnih vezij, izdelava
filmov in MASTER ter delovnih mask

— testiranje-sortiranje ¢ipov na silicijevih rezinah {(do
premera 125 mm), digitaino in delno analogno na
testnem sistemu Sentry VIl (katerega lastnik je MiK-
ROIKS, d.0.0.)

— Montaza integriranih vezij v . CERDIP, CERPAC
(SMD), CHIP CARRIER in KERAMICNA ohi$ja

— Montaza tankopiastnih hibridnih vezij v kerami¢nain
kovinska ohisja do velikosti 80x80 mm.

— Zagotavijanje kvalitete integriranih in tankoplastnih
hibridnih vezij z izloCilnimi testi v skladu s standardi
MIL STD 883. Na zahtevo kupcev pa vezja preiz-
kusamo $e po drugih postopkih in parametrih.

— Funkcionalno testiranje integriranih vezij na testnem
sistemu Sentry VII

— Funkcionalno testiranje tankoplastnih hibridnih vezij
na aplikacijah

— lzdelava raznih kartic za parametri¢no in funkcional-
no testiranje <ipov na silicijevih rezinah ali ze zaprtih
v ohisju

— |zdelava testnih programov

— Usposabljanje kadrov za montazo in svetovanje na
podroc¢ju montaze

— lzdelave tehnolodkih projektov in elaboratov za
montaze

Poleg nastetih dejavnosti na podrocju mikroelektronike
pa se nade podjetje ukvarja tudi z nacrtovanjem (CAD
PCB), izdelavo filmov in mask za tiskana vezja (od ene
do 20 plasti in debeline 5 mm) ter samo izdelavo tiskanih
vezij v vseh tehnologijah po zahtevah naro¢nikov. Smo
pooblasceni predstavnik za prodajo CAD programov
amerigke firme WINTEK CORP, za nacrtovanje tiskanih
vezij za podrocje Slovenije, Hrvaske in drzav Vzhodne
Evrope. Ti programi so zaradi svoje preprostosti in
cenenosti primerni predvsem za dijake in Studente
elektrotehnike in nadrtovalce v manjsih podjetjih, ki
maloserijsko izdelujejo elektrotehni¢ne izdelke.
Programi so nastali Zze pred 20 leti in se sproti
dopolnjujejo vsako leto tako, da so res izredno zmogljivi
in kvalitetni (autoruter je 100%). Vsi uporabniki so
evidentirani in program lahko dograjujejo z minimalnimi
doplacili.

Naslednja dejavnost v nasem podjetju pa je zastopanje
ameriSke tovarne za izdelavo helikopterjev THE
ENSTROM HELICOPTER CORP. Smo pooblaséeni
predstavnik za prodajo in servisiranje njihovih lahkih 3
in 5 sedeznih helikopterjev za Slovenijo, Hrvadko in
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drZave Vzhodne Evrope. Prek servisa prodajamo tudi
vse rezervne dele za vse modele. Pri nas se lahko $olajo
piloti helikepterjev, nudimo pa tudi vse vrste komercial-
nih prevozov potnikov in blaga, snemanja iz zraka,
nadzor prometa, daljnovodov in drugih energetskih sis-
temov. Z veljavnim pilotskim dovoljenjem lahko pri nas
helikopter tudi najamete. Prodajamo tudi vse vrste
rablienih helikopterjev, urejamo certifikate potrebne za
registracijo itd.

Imamo tudi lastno trgovino, kjer lahko poleg ostalega
kupite tudi vse naSe izdelke. Na zalogi imamo vedje
koli¢ine integriranih vezij kot so:

— matrike 1005 ABinC

— 4-bitne mikroprocesorje 1001 K

~ casovnavezja 1002 B,D,E,F in 1150
— pulzniizbiralec 2560

— Stevec 1315

= smerni diskriminator 1317

— vezje za merilne letve 1201

— vezje MTK 1404, 1405in 1406

Vsa vezja imajo potrdila o kakovosti, cene pa niso
pretirane.

Tako 8iroko paleto uslug in izdelkov vam lahko nudimo
predvsem zaradi lastnega znanja in sposobnih sodelav-
cev ter dobrega poznavanja tujih partnerjev in trdne
povezanosti z nasimi zunanjimi sodelavci. Vedno smo
vam pripravijeni svetovati in nuditi strokovno pomog in
podporo v trenutkih, ko je potrebno resiti kak VAS prob-
fem.

Vsinasiizdelki in ponujene usluge so priznane svetovne
kvalitete najvecjih in najbolj poznanih svetovnih proiz-
vajalcev.

Na podrocju mikroelektronike se mislimo v bodode e
bolj povezovati s sorodnimi podietji doma, predvsem pa
v tujini, pa ne samo v smislu Siritve znanja in strokov-
nega dopolnjevanja ampak tudi v proizvodnem in teh-
noloSkem navezovanju. Zato smo Ze priceli s pogovori
0 prenosih montaZe v naso tovarno, kar se bo odrazilo
tudi skozi posodobitev nase obstojete opreme in
povecanju kapacitet. V bodo¢nosti raGunamo tudi na
kaksno pomo¢ Ministrstva za znanost in tehnologijo, ki
se sedaj do mikroelektronike dokaj macehovsko
obnasda.

Referencna lista nasih kupcev:
— ISKRA Stevci

— ISKRA AVI, TELAVI, TELTIM
— ISKRA Transmission

— [SKRA Elektooptika

— [SKRA Avtoelektrika

— ISKRA Telkom

— ISKRA Mehanizmi

— S

— Siemens Nemcdija

— RSF Avstrija

— Avtotehna Canon

- REPRO

- TIPRO

— GALLILEO halija

direktor lvan Milatovic, ing.
MIL Radovijica, d.o.o.
Gradnikova 121

64240 Radovljica

Tel/fax: (061) 573 007

h.c. (061) 1591 133/37

PRIKAZ MAGISTERSKIH DEL IN DOKTORATOV, LETO 1993

Naslov naloge: Naértovanje analognih aktivnih
filtrov za realizacijo v CMOS tehnologiji in-
tegriranih vezij

Avtor: Stanislav Gruden, dipl. ing., Ljubljana
Mentor: prof. dr. Baldomir Zajc

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

To delo se ukvarja z realizacijo linearnih analognih vezij
v CMOS tehnologiji integriranih vezij. Kot sestavni deli
vezja so uporabljeni elementi, ki jih je vse mogoce
izdelati z obstojeco tehnologijo. To so transkonduktanéni
ojacevalniki, kondenzatorji in tokovna zrcala. Prikazali
smo zgradbo vezja, s katero lahko realiziramo Zelene
prenose funkcije.
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Izdelani postopek nadrtovanja omogoca izradun tokov-
nih prestavnih razmerij za tokovna zrcala vezja tako, da
je dinami¢no podrocje izdelanega filtra optimalno. Sledi
nacrtovanje transistorskega vezja, ki uposteva
izraCunana tokovna prestavna razmerja.

Celoten postopek je vgrajen v racunalnidki program, ki
zahteva v vhodni datoteki opis grafa pretoka signala,
katerega prenosna funkcija je enaka Zeleni, v izhodni
datoteki pa vrne opis vezja v formatu, ki ga podpira
programski paket SPICE. Opisali smo delovanje
programa, nacin, kako program oznaduje sestavne ele-
mente in vozlisCa vezja v izhodni datoteki in uporabo
programa. Obdelali smo vplive neidealnosti sestavnih
elementov na delovanje vezja in mozne kompenzacije
teh neidealnosti. Neidealnosti, na katere je mozno ucin-
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kovito vplivati, so predvsem nenatanéno preslikovanje
prek tokovnih zrcal in odvisnost vrednosti transkonduk-
tanc ojacevalnikov in kapacitivnosti kondenzatorjev od
zunanjih vplivov.

Podana ocena je omejitev obmodij vrednosti, v okviru
katerih je mozno izdelati sestavne elemente vezja in
ocena obmogja prenosnih funkcij, ki jih lahko izdelamo
ob upostevanju teh omejitev.

Naslov naloge: Deljenje digitalnih vezij za izved-
bo z FPGA vezji

Avtor: Roman Kuznar, dipl. ing.

Mentor: prof. dr. Baldomir Zajc

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V tem magistrskem delu obravnavamo problem deljenja
logi¢nega vezja v ve¢ manjsih podvezij, kjer bo vsako
izmed njih izvedljivo z izbranim FPGA (Field Program-
mable Gate Array) vezjem.

Osnovni kriteriterij delitve je doseganje &im nizje cene
izvedbe celotnega logitnega vezja. Vsako FPGA vezje
je doloGeno z naborom parametrov, ki so shranjeni v
knjiznici: logi¢na zmogljivost FPGA vezja, Stevilo vhod-
nih/izhodnih prikljuénih sponk in njegova cena. Motiv za
magistrsko delo izhaja iz potrebe po orodju za av-
tomatsko deljenje obseznejSih logi¢nih vezij, ki jih ne
moremo izvesti v enem samem FPGA vezju. Av-
tomatizirano radunalnisko orodje za deljenje vezijolajsa
naértovalcu veliko nadértovalnih naporov ter prihrani
mnogo nacdrtovalskega Casa.

Osnovni rezultat nasih raziskav je delitveni algoritem, ki
temelji na rekurzivni uporabi delitvene hevristike, katero
sta predlagala Fiduccia in Matheyses. To hevristiko smo
raz&irili tako, da (a) je dosezena najnizja cena izvedbe
logiénega vezja in (b) so upoStevane omejitve, ki nas-
tajajo pri deljenju vezja zaizvedbo z FPGAvezji. Ceprav
je opis in zasnova algoritma splosna, smo ucinkovitost
in uporabo metode prikazali na pestrem izboru logi¢nih
vezij, ki so bila deljena za izvedbo s Xilinx FPGA vezji.

Eksperimentalni delitveni program imenovan k-way.x, i
smo ga razvili skozi raziskovalno delo, je pokazal zelo
spodbujajode rezultate. Za mnoga testna vezja je
konéna cena izvedbe deljenega logicnega vezja zelo
blizu teoreti¢no dologljivi najnizji ceni izvedbe.

Naslov naloge: Studija uporabe nevronskih
mreZ na podroé&jih senzorjev in metrologije
Avtor: Rok Rape, dipl. ing.

Mentor: prof. dr. DuSan Fefer

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Magistrsko delo predstavlja sistemati¢no Studijo aplici-
ranja nevronskih mrez na podrocCjih senzorjev in
metrologije. Nevronske mreze je smotrno uporabiti kot

58

dopolnilo in nadgradnjo k ustaljenim in preizkusenim
orodjem za obdelavo signalov in podatkov. Do izraza
pridejo v primerih, ko z njimi reSimo probleme bolje,
enostavneje, ucinkoviteje. Osnovni namen in cilj
vijuevanja nevronskih mrez v senzorske, merilne in
metrolodke sisteme je zato bil povedati kvaliteto in
zanesljivost metroloSkih parametrov teh sistemov ter
zagotoviti njihovo sledljivost. Ker je ta tematika $e dokaj
neraziskana, teoreticnih moznosti za uporabo nev-
ronskih mrez pa je veliko, je s tako majhnim obsegom
dela nemogoce predstaviti celovit pregled mozZnosti,
raziskav in rezultatov. PriGujoce delo zato predstavija le
skromen poskus obravnave treh s stalid¢a omenjenih
podrodij najzanimivejsih problemov: posrednega mer-
jenja veligin, kvalitativne obdelave signalov in predikcije
gasovnih signalov. Vsako poglavje nudi nov pogled na
prakti¢no uporabo nevronskih mreZ. Vse raziskave so
vezane na realne probleme, ker je le tako mogoce
oceniti njihovo uporabnost.

V uvodu so najprej opisani motivi za uporabo nevronskin
mrez. Nakazane so njihove splo$ne prednostiin slabos-
ti. Nadalje je predstavljena kratka zgodovina nevronskih
mrez od zadetka do osnovne prelomnice v razvoju -
odkritja uéilnega algoritma za vecnivojske perceptrone.
Na koncu uvoda so opisane domene znanosti intehnike,
kjer je mreze mogocCe s pridom uporabiti.

Drugo poglavje je posveceno uporabi nevronskih mrez
pri posrednem merjenju veli¢in. Raziskave in rezultati
raziskav so vezani na primer dolo¢anja relativne
vlaznosti zraka. Ker je to znacilen primer, raziskave s
tem ne izgubijo na splodnosti. Nakazani so problemi v
zvezi z izbiro topologije nevronske mreze, predstavitvijo
realnega problema in doloditvijo parametrov mreze.
Posebno pozornost zasluzi razdelek o nadinu
predstavitve ucilnih vzorcev, saj odlogilno vpliva na
to¢nost preslikave in hitrosti konvergence. Rezultati
raziskav so zelo zadovoljivi in podajajo splodne smer-
nice pri re§evaniju tovrstnih problemov.

Tretje poglavje obravnava uporabo nevronskih mrez pri
razpolavijanju in razvrs¢anju signalov. Kot realen prob-
lem je bilo izbrano ugotavljanje prisotnosti skupin Pc-
2-5 geomagnetnih mikropulzacij v signalu geomagnet-
nega polja. Pri problemih takegatipa je predprocesiranje
$e vedjega pomena, zato je tej temi namenjenega precej
prostora. Spet so predstavljene primerne topologije
mreZ in rezultati, ki smo jih z njimi dosegli. Z naucenimi
mrezami smo lahko uspedno izvedii analizo transfor-
macije geomagnetnega polja pri prehodu v moderno
stavbo.

V Getrtem poglavju je govora o predikciji signalov. Za
obravnavo je bil izbran netipien primer - sledenje
obnasanja referenénih napetostnih elementov v DC
modulu AC/DC transfer etalona. Orisali smo, kako bi bilo
nevronske mreze mogoce v kombinaciji z ostalimi
klasiénimi metodami uporabiti za ocenjevanje trenut-
nega in napovedovanje bodo¢ega stanja napetostnega
etalona. Rezultati so pokazali, da je tudi v tem primeru
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nevronske mreze mozno uporabiti kot dodatno orodje
za obdelavo informacij.

Zadnje, peto poglavje je namenjeno fiziCnim implemen-
tacijam nevronskih mrez. Lo¢ena razdelka sta namen-
jena implementacijama, ki sta bili tudi dejansko preiz-
kuseni. V prvem primeru je $lo za implementacijo z
diskretnimi komponentami, v drugem pa z digitalnim
signalnim procesorjiem. V ostalem delu poglavja so
bezno prikazani moderni pristropi in tehnologije, ki si
prizadevajo doseci ¢im visjo stopnjo paralelizma pri
obdelovaniju informacij.

Naslov naloge: Funkcijska verifikacija in diag-
noza napak v programabilnih vezjih

Avtor: Andrej Zemva, dipl. ing.

Mentor: prof. dr. Baldomir Zajc

Univeza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V delu je predstavijen pristop k testiranju, funkcijski
verifikaciji in diagnozi napak v FPGA (Field Program-
mable Gate Arrays) vezjih. FPGA vezja se danes zaradi
hitre, enostavne in cenene realizacije vse pogosteje
uporabljajo pri na¢rtovanju digitalnih integriranih vezij.
Delez napak, ki se pojavija v teh vezjih, je spri¢o novih
tehnologijizdelave vezij $e nadpovprecno visok, zato se
je v praksi pojavil problem zanesljivega in ucinkovitega
testiranja FPGA vezij.

V delu so najprej opisane napake do katerih lahko pride
v postopku realizacije FPGA vezij. Studij napak obsega
napake v osnovnih logi¢nih gradnikih (logi¢nih modulih)
vezja in napake v povezovalni arhitekturi. Vzrok napak
je lahko tudi v nepravilnem vrstnem redu programiranja
programabilnih elementov. V delu smo pokazali, da s
kiasi¢nim modeliranjem enojnih napak ne dobimo
zadovoljivega podatka o pravilnosti delovanja vezja.

V naslednjem poglavju je predstavljen nas pristop
modeliranja napak, s katerim lahko funkcijsko preverimo
delovanje vsakega logi¢nega modula. Za logiéni modul
z N vhodi s predstavljenim modelom preiskusimo izhod-
no vrednost logiénega modula za vse 2" vhodne kom-
binacije. Osnova modela je v predstavitvi logi¢ne
funkcije v najbolj osnovni obliki, to je v PDN (popolni
disjunktivni normalni) obliki in PKN (popolni konjuktivni
normalni) obliki (1). Napake, s katerimi funkcijsko
preverimo delovanje logi¢nega modula, so enojne
napake v 0 naizhodu vseh vrat v IN ravnini pri PDN obiliki
in vse enojne napake v 1 na izhodu vseh vrat v ALl
ravnini pri PKN obliki zapisa logi¢ne funkcije. Nadalje je
prikazano, da s tem nacinom modeliranja napak
odkrijemo tudi vecino napak v povezovalni arhitekturi
vezjain sicervse napake na vhodih logi¢nih modulov ter
napake, ki nastanejo kot posledica stika dveh ali ved
vhodov posameznega logi¢nega modula.

Predstavljeni model napak smo uporabili v hierarhi¢nem
generatorju testnih vzorcev, kjer se vsi koraki v postopku
generiranja testnih vzorcev izvajajo na nivoju logi¢nih
modulov. Funkcija posameznega logi¢nega modula je
predstavljena v obliki glavnih in zaznavnih logi¢nih
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vsebovalnikov. V fazi testiranja vezja je v PDN in PKN
obliki predstavijen le logiéni modul, ki ga funkcijsko
testiramo. Vsi ostali logi¢ni moduli so predstavijeni
hierarhi¢no, s dimer poveéamo ucinkovitost generiranja
testnih vzorcev. Osnova hierarhi¢nemu algoritmu so
metode na katerih temeljijo algoritmi za testiranje vezij,
ki so predstavljena z osnovnimi logi¢nimi vrati.

Algoritem smo realizirali v programskem jeziku C ter
preizkusili na vezjih realiziranih z Actel FPGA vezji.
Rezultati, ki smo jih dobili na testnih vezjih, so obetajodi.
Pokazali smo, da je delez funkcijskih napak odkritih s
testnimi vzorci dobljenih na osnovi modela enojnih
napak med 75% do 95%. Stevilo napak, s katerimi
preverimo funkcijsko delovanje vezja, ni bistveno vedje
od Stevila enojnih napak v vezju, kjer so logi¢ne funkcije
posameznih logi¢nih modulov predstavijene v minimalni
obliki z osnovnimi logi¢nimi vrati. Hkrati v postopku
testiranja odkrijemo tudi morebitne redundantne napake
ter na ta nacin zmanjSamo Stevilo uporabljenih logiénih
modulovinizboljS$amo dinami¢ne lastnosti vezja. Pristop
k testiranju FPGA vezij je splosenin ga lahko uporabimo
tudi za FPGA vezja ostalih proizvajalcev.

Naslov naloge: Testiranje analognih vezij z
uporabo metod umetne inteligence

Avtor: Marina Santo Zarnik, dipl. ing.

Mentor: prof.dr. Dusan Kodek

Komentor: doc.dr. Igor Mozeti¢

Univerza v Ljubljani, fakulteta za elektrotehniko in
racunalnistvo

V magisterskem delu je obdelana moznost testiranja
analognih vezij z uporabo orodja umetne inteligence.
Opisana je splosna problematika testiranja analognih
vezij in podan pregled stanja podroéja, ki vkljucuje
klasifikacijo razli¢nih diagnosticnih metod. Poseben
poudarek je na problematiki testiranja in naértovanja
testiranja aktivnih RC filtrov. Omenjeni razred analognih
vezij je izbran kot problemska domena, v kateri sem
predstavila postopek avtomatskega testiranja z uporabo
CLP(R). Naloga vsebuje kratko predstavitev CLP (R)
sistema in opisuje moznost uporabe pri analizi analog-
nih vezij (modeliranje in simulacija). Omenjeno orodje
omogoc¢a tudi preprosto diagnosticiranje napak v vezju,
kar sem ponazorila pri opisu osnovne ideje diagnos-
ticnega postopka. Osrednji del naloge opisuje metodo,
ki zdruzuje postopek nacrtovanja testiranja in mozZnost
diagnosticiranja aktivnih RC filtrov z uporabo CLP (R).
Podani so eksperimentalni rezultati in nakazane smer-
nice za nadaljni razvoj.

Naslov naloge: Prehodni pojavi v amorfnem
siliciju pri svetlobnem vzbujanju

Avtor: Elvis Bassanese, dipl. ing.

Mentor: prof. dr. Joze Furlan

Univerza v Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

V zadnjih letih je bilo vlozeno veliko truda v iskanje

alternativnih virov energije, ki bi zadostili dvema
pogojema. ekoloSki neoporecnosti in nizki ceni. Sonéna
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energija je ena najbolj obetajodih virov, ker je enostavno
dostopna in nima kvarnih vplivov na okolje.

Za pretvorbo sonéne energije v elekricno so danes v
uporabi t.i. son¢éne celice, izdelane iz razlicnih
materialov. Med njimi je tudi amorfni silicij (a-Si). Za
dosego Gim vidjega izkoristka pri pretvorbi energije je
potrebno zaradi optimizacije &im bolje poznati lastnosti
tega materiala.

Najpomembnejdi parameter kvalitete a-Si je gostota
lokaliziranih stanj (‘density of states’ = DOS) v mobil-
nostni rezi. Zaradi porudene kristalne zgradbe
amorfnega silicija obstajajo vecja ali manj$a odstopanja
v dolzinah in kotih valenénih vezi, kar povzroca
lokalizirana stanja v energijski rezi. Ta stanja odlociino
vplivajo na njegove elektriCne lasnosti v stacionarmnem
stanju med prehodnim pojavom.

Vedina spoznanj s podrocja fizike polprevodnikov in
izolatorjev je izpeljana iz transientnih eksperimentov.
Transientne Kkarakteristike imajo v delovanju vecine
polprevodniskih elementov bistveno viogo, tudi
stacionarni pojavi so pogosto natan¢neje analizirani s
pomodjo predhodnih pojavov. Transientni eksperimenti
nam dajo manj dvomljive rezultate kot stacionarni, ki so
vedno povprecja na daljsi Casovni interval.

Interpretacija transientnih eksperimentov je v sploSnem
zelo zahtevna in je zato grajena na osnovi vecjih
poenostavitev in enostavnih modelov. Problem tran-
sientnih analiz je ociten tudi v analizi hidrogeniranega
amorfnega silicija (a-Si:H). Veliko vpradanjin kontraver-
zij glede fizikalnega ozadja tega pomembnega
polprevodnika izvira iz nase omejene sposobnosti za
interpretacijo rezultatov, dobljenih s pomocjo tran-
sientnih eksperimentov. PopoinejSa razlaga teh
eksperimentalnih rezultatov pa ima velik pomen pri
nacrtovanju boljsih elementov na osnovi amorfnega
silicija.

Za lazje razumevanje rezultatov transientnih ekspe-
rimentov si ponavadi pomagamo tako, dajih primerjamo
s tistimi, ki smo jih dobili z reSevanjem ustreznega
fizikalnega modela materiala. To reSevanje je lahko
popolnoma analiticno ali pa vkljuduje tudi numeri¢no
reevanje. Z uporabo numeriénih metod je mozno resiti
cele sisteme integro - diferencialnih enach, ki opisujejo
trasientne eksperimente na polprevodnikih. Na ta nacin
lahko koreliramo eksperimentalno merljive koli¢ine z
mikroskopskimi, ki niso direktno merljive. To nas vodi do
boljSega razumevanja procesov, ki potekajo v
poiprevodniskem vzorcu med eksperimentom, in
njihovega vpliva na dobljene eksperimentalne rezuitate.
Vsaki¢ pa se moramo vpradati, kaj je vzrok za transport
nosilcev naboja in kaj nam eksperimentalni rezultati
dejansko povedo o materialu.

Z opisovanjem merilnih rezultatov transientne
fotoprevodnosti poskusamo pojasniti mikroskopske raz-
mere v mobiinostni rezi med predhodnim pojavom nosil-
cev naboja. lzhodisce vecine teoretiCnih del sloni na
poenostavljenem modelu veckratnega lovljenja, ki sta
ga opisala Tjedje in Rose ter neodvisno od njiju
Orenstein in Kastner (TROK model). V tem modelu je
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uveden ¢asovno odvisni demarkacijski nivo Eq(t), ki ob
vsakem casu deli mobilnostno rezo na dve energijski
podrogiji. Predpostavijeno je, da so plitva stanja nad Eq(t)
v kvazi-ravnovesju s prevodnim pasom,zasedenost
globokih stanjpodto energijo pa je enakomerna. Osnov-
na MT teorija zanemarja vse prehode nosilcev naboja
med lokaliziranimi stanji in valenénim pasom zaradi
majhne koncentracije vrzeli v nedopiranem a-Si. S
pomogjo teh predpostavk so izpeljali poenostavijene
analiticne izraze, ki opisujejo prehodni pojav fotoprevod-
nosti. Najvedje Stevilo experimentalnih in teoretinih del
je bilo izvedenih z impulznim svetlobnim vzbujanjem. Z
analizo prehodnih pojavov koncentracij nosilcev naboja
pri stopnicastem vzbujanju z uporabo MT pristopa sta
se ukvarjala Kastner in Monroe /3/, ter kasneje Men-
doza, Pickin in Alonso /4-7/.

V tem delu sem numeri¢no analiziral prehodni pojav
nosilcev naboja pri razli¢nih svetiobnih vzbujanjih brez
vnaprej vnesenih poenostavitev. V nasprotju z drugimi
pristopi, ki zanemarijo prisotnost prostih vrzeli, sem v
analizo vkljucil tudi verjetnosti prehodov nabojev med
valenénim pasom in stanji v mobilnostni rezi. Za model
gostote stanj sem uporabil model stanj z akceptorskimi
in donorskimi lokaliziranimi stanji. sestavljajo ga stanja
na repih prevodnega in valenénega pasu ter stanja
bingljajocih vezi, ki se nahajajo bolj v sredini mobil-
nostne reze in so opisana z Gaussovo iunkcijo poraz-
delitve. Iz ¢asovnih sprememb koncentracij nosilcev
naboja sem sestavil sistem Stirih nelinearnih diferencial-
nih enacb, ga razresil numeriéno za razlicne primere
svetlobnega vzbujanja in dobljene rezultate fizikalno
razlozil.

Z analizo izracunanih prehodnih pojavov prostih in ujetih
nosilcev naboja sem za razli¢ne ¢asovne intervale vpel-
jal specificne poenostavitve, ki so vodile do analiticnin
reditev prehodnega pojava. Tako dobljene resitve raz-
meroma dobro opisujejo prehodne pojave nosiicev
naboja. Cilj izpeljave analiticnih izrazov za prehodni
pojav je enostavno ugotavljanje odvisnosti med mikros-
kopskimi koli¢inami, ki jih lahko izmerimo z dolo¢eno
merilno metodo. Uvajanje specificnih poenostavitev v
analizo omogoca izpeljavo izrazov za ekstrakcijo
nekaterih znacilnih parametrov materiala, kot je na
primer porazdelitev gostote stanjv mobilnostni rezi a-Si.
Pri tem lahko za vhodne podatke uporabimo rezultate,
dobljene z meritvami prehodnih pojavov fotoprevodnos-
ti.

Naslov naloge: Uporaba mikroobdelave za
realizacijo 3D silicijevih struktur

Avtor: Drago Resnik, dipl.ing.

Mentro: prof.dr. Slavko Amon

Univerza v Ljubljani, Fakultta za elektrotehniko in
racunalnistvo

Vzporedno z razvojem visoko integriranih mik-
roelektronskih vezij so se nekako bolj v senci v osem-
desetih razvijale tudi periferne enote, kot so senzorji,
aktuatoriji in pretvorniki, ki pretvarjajo fizikalne velicine v
elektriéne , oziroma obratno. Vse te enote so bile $e pred
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leti diskretnega znacaja, v zadnjih nekaj letih pa so
dozivele izredno hiter in nesluten razvoj v povsem novih
dimenzijah.

Tak razvoj je omogodil novo podrogje mikroelektronike,
takoimenovana mikroobdelava silicija (micromachin-
ing). Pri mikroobdelavi silicija se posluzujemo vseh
orodij, ki s0 na voljo dandanes v mikroelektronski in-
dustnji z dodatkom novih ali izpopoinjenih tehnik, pov-
sem specificnih za podrocje mikroobdelave. Pomemben
pogoj pa je , da so vse te dodatne tehnike zdruzijive z
mikroelektronskimi procesi, saj se izvajajo v istih okoljih.

Silicijeve mikrostrukture izdelamo ponavadi z jedkanjem
kristala prek definiranih oblik maskirnih materialov ali pa
s tehnikami nanaSanja. Predvsem prva je danes $e
najve¢ v uporabi. Take 3D strukture, ki jih izdelamo v
silicij zaobjemajo celo paletc membran, vpetih peres,
mosti¢ev, vse do prosto gibajolih (rotirajoéih)
mehanskih delov. Pri tako izdelanih mikrostrukturah se
izkoris¢ajo poleg elektriénih tudi izredne mehanske
Isnosti silicija, svojstvene dolo¢enim kristalnim orien-
tacijam, posebej orientaciji (100).

Dve glavni lastnosti silicija, ki omogocata danasnjo
stopnjo 3D prostosti v mikroobdelavi silicija sta
anizotropija (smerno odvisna hitrost jedkanja) in samo-
ustavitvene tehnike jedkanja, ki zelo natan¢no dolocajo,
kje se bo jedkanje ustavilo v z smeri.

Razvoj mikreelektronskin struktur, kot jih danes radi
poimenujejo, je usmerjen na takoimenovane "smart"
strukture. Pod temi pojmi razumemo integrirane sis-
teme, kjer so na istem substratu realizirani eden ali veé
perifernih enot, ki pretvarjajo elektricne veli¢ine v
neelektricne ali obratno, skupaj z vsem krmilnim vezjem
in vezjem na procesiranje zajetih signalov. Tako zas-
novani sistemi dopuscajo nadaljno miniaturizacijo, kar
je ob niZji ceni, povecani zanesljivosti in zmogljivosti
gibalo razvoja te veje znanosti.

Vsekakor mikroobdelava silicija skriva neslutene
moznosti, kar lahko sodimo Ze po bogatih objavijenih
dosezkih zadnjih dveh, treh let.

V magistrski nalogi, ki je razdeljena na osem poglavij,
$O predstavljeni osnovni pojmi mikroobdelave, orodja,
tehnike, vse do konkretne izdelave senzorske strukture.

Prva tri poglavja nas uvedejo v specificnosti kristalne
zgradbe silicija in njegovih kristalografskih lastnostih. Te
specificnosti nam v konéni fazi omogodijo izdelavo 3D
mikrostruktur s pomocjo orodij, ki se jih posluzujemo.
Poznavanje teh orodij, posebej mokrega jedkanja,
njegove aplikacije za izdelavo specificne strukture, je
bistvenega pomena.

V naslednjem poglavju smo pristopili k razlagi mehaniz-
ma, ki vodi reakcijo mokrega anizotropnega jedkanja
(100) silicija v KOH anizotropnem jedkalu. Eden od
parametov, ki doloCajo kvaliteto 3D strukture, je tudi
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gladkost jedkane povrsine. raziskali smo parametre, ki
na to vplivajo.

Nadalje smo pozornost usmerili na odpornost raznih
maskimih materialov na jedkanje ter na anomalije, ki
nastopajo, ¢e so robovi, ki obdajajo strukiuro konveksni.

Jedkalne tehnike, ki omogoc¢ajo samoustavitev jedkanja
na vnaprej definiranih plasteh, so podane v naslednjih
dveh poglavjih, s tem da je najvecji poudarek tega dela
na tako imenovanem elektrokemijskem anizotropnem
jedkanju silicija s samoustavitvijo na zaporno
polariziranem spoju N/P silicijeve rezine. Za primer te
samoustavitvene tehnike smo izvedii Stevilne eksperi-
mente, ki so izredno zadovoljivo pojasnili sliko dogajan;
okrog napetostno tokovnega obnasanja silicija, ko se
jedka pri prikljuenih zunanijih potencialih. Razdelana je
bila tvorba pasivacijskega oksida, ki je glavni vzrok za
samoustavitav jedkanja in sicer eksperimentalno in
teoreticno.

Ob vseh spoznanjih, zdruzenih iz zgornjega dela smo
zasnovali zadnje poglavje, ki predstavlja realizacijo
nase mikrostrukture, to je izdelavo tanke silicijeve
membrane. Orisani so uspesni eksperimenti izdelave
membrane za silicijev piezorezistivni senzor tlaka s
tehniko samoustavitve na N/P in N/P* epitaksijskih vzor-
cih.

V dodatku je predstavijen polprevodniski del izdelave
senzorja Ylaka, ki zaobjema vse tehnologke korake s
podrobnejsimi opombami na mestih z uvedenimi
moditikacijami in posebnim poudarkom na spremljanju
procesnih parametrov na testnih rezinah z meritvami
med procesom.

Naslov naloge: Simulacija odzivain optimizacija
tehnologije silicijevega piezoresistivhega sen-
zorja tlaka

Avtor: Uros Aljancié, dipl. ing.

Mentor: prof.dr. Slavko Amon

Univerzav Ljubljani, Fakulteta za elektrotehniko in
racunalnistvo

Silicij je zelo uporaben material za izdelavo senzorjev,
saj:
— ima dobre mehanske lastnosti;

-z veliko natancnostjo se ga da oblikovati v razli¢ne
geometrijske oblike;

— zahvaljujo¢ mikroelektronski industriji je dosegljiv na
trgu v izredno Cisti obliki in v pravilnih kristalografskih
strukturah;

— jeobCutljiv navrsto fizikalnih veli¢in, med drugimi tudi
na mehanske napetosti.

Slednjo lastnost - obCutljivost na mehanske napetosti -
se ze vrsto let uporablja za izdelavo silicijevih piezo-
resistivnih senzorjev tlaka. Le-te lahko najdemo v celi
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vrsti aplikacij, tako v avtomobilski in letalski industriji kot
tudi v robotiki in medicini.

Fizikalne veli¢ine, na katere je silicij obCutljiv lahko
razdelimo na: :

svetioba - fotoelektriéni efekt, fotoupornost;
mehanske sile in napetosti - piezoresistivni efekt;
magnetno polje - Hallov efekt, magnetoupornost;
temperatura - temperaturno odvisna upornost;

kemikalije - ionsko ob&utljiv poljski efekt.

Silicijev senzor tlaka, o katerem govori to delo, je sestav-
ljien iz tanke membrane in v Wheatstoneov mostic pove-
zanih uporov na membrani. Za pretvorbo mehanske
napetosti v elektriCni signal izkoris¢a piezoresistivni
efekt.

Naloga je razdeljena na $tiri poglavja. V prvem poglavju
si bomo pogledali osnovne enacbe, s katerimi lahko
opisemo matemati¢ni model senzorjatlakain numeriéno
metodo, s katero bomo enacbe tudi resili.

Racunalniski program, s katerim izratunamo poraz-
delitev mehanskih napetosti po tanki neenakomerno
debeli silicijevi membrani predstavlja drugi del naloge.
Poznavanje porazdelitve mehanskih napetosti na
membrani je osnova za pravilno nadrtovanje senzorja
tlaka in za oblikovanje novih elementov.

V tretjem poglavju so opisani optimizacijski postopki na
tehnoloskih korakih, s katerimi smo zmanjsali
temperaturno odvisnost odziva senzorja tlaka, izbolj3ali
homogenost izhodnih karakteristik izdelanih senzorjev
ter zmanjsali izmet.

V zadnjem delu je opisana primerjava rezultatov racu-
nalniskih simulacij in rezultatov meritev, ki smo jih
opravili na izdelanih senzorjih.

Naslov naloge: Polprevodniski senzor svetiob-
nega spektra

Avtor: Zarko Gorup, dipl.ing.

Mentro: prof.dr. JoZe Furlan

Univerza v Ljubljani, Fakulteta za elektrotehniko
in racunalnistvo

Delo zajema fizikalno zgradbo, analizo in realizacijo
polprevodniskega senzorja svetlobnega spektra. Teorija
delovanja temelji na odvisnosti absorbcijskega
koeficienta od valovne dolzine pri prehodu svetlobe
skozi kristal polprevodnika in selektivhem zbiranju svet-
lobno generiranih nosilcev v podroéju zunanjega
elektricnega polja. Poznavanje absorbcijske funkcije
omogoca izracun poteka svetlobnih generacij prek
strukture in povezavo fotonskega fiuksa s tokovnim
odzivom senzorja. Senzor, ki je predmet predstavitve, v
integrirani obliki zdruZuje dve Kklasicni funkciji: detekcijo
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in filtriranje svetlobnega fluksa. V osnovi deluje kot
dvojni optoFET, modulacija debeline kanala pa
omogoca dolocitev podroc¢ja svetlobnih generacij,
katerih tok je neposredno merjen. Delovanje elementa
zahteva nesimetriéno zaporno plast v kanaly, ki je s
pomogjo zunanje zaporne napetosti zvezno nastavljiva.

V Laboratoriju za elektronske elemente FER je bil sen-
zor projektiran in procesiran. Struktura je dala
pri€akovani odziv na spremembe valovne dolzine mer-
jene svetlobe v nekaj intervalih valovnih dolzin. Uvodne
meritve so bile zadovoljive in prvi rezultati kazejo pot, ki
lahko pripelje doizboljSav ter prakti¢ne uporabe opisane
strukture za manj zahtevne spektralne meritve.

Naslov naloge: Postopki meritev debeline in
oblike materiala z laserskim merilnikom

Avtor: Darjan Gradisnik, dipl.inz.el.

Mentor: red.prof.dr. Dali Donlagié

Univerza v Mariboru, Tehniska fakulteta Maribor

V magistrski nalogi "Postopki meritev debeline in oblike
materiala z laserskim merilnikom” je opisan prototipno
izdelan merilnik debeline in simulacijsko opisan meriinik
oblike. Meritev debeline je postopek, ki ga sreCujemo v
vseh panogah industrije. Kvaliteten merilnik je nujen pri
kontroliin regulaciji valjanja, vieCenja, stiskanja, kovanja
itd. raznih materialov.

V avtomatski regulaciji debeline (AGC) nas zanimajo
zvezne meritve, ki pa so lahko stiCne ali brezsti¢ne.
Zaradi doseganja vecjih pretokov materiala se vse bolj
uveljavijajo brezsticne meritve, pri katerih tudi ne prihaja
do podkodb na merilnem mestu. V ta razred sodi tudi
laserski merilnik debeline, ki ima pred ostalimi tudi to
prednost, da je merjenje debeline njegova primarna
funkcija, medtem ko ostali podobni merilniki merijo
debelino posredno prek drugih fizikalnih velicin.

Naslov naloge: Analiza vodenja indukcijskega
motorja

Avtor: Ludvik Kumin, dipl. inz. elektrotehnike
Mentor: prof. dr. Karel Jezernik

Univerza v Mariboru, TehniSka fakulteta Maribor

V delu je obdelana problematika vodenja pogona z
indukcijskim motorjem. Predstavijeni so modeli induk-
cijskega motorja v razlicnih koordinatnih sistemih in
model uporabljenega bremena. Opisan je postopek za
dolocitev parametrov modela motorja iz rezultatov
meritev praznega teka in kratkega stika ter postopek za
verifikacijo tako dobljenih parametrov. Na primeru
nelinearnega SISO sistema je predstavljena input-state
linearizacija nelinearnega modela objekta vodenja.
Enak postopek je nato uporablien za linearizacijo in
razklopitev modela indukcijskega motorja. Obdelana sta
dva algoritma vodenja indukcijskega motorja, zas-
novana na modelu motorja v koordinatnem sistemu
rotorskega magnetnega polja: indirektna vektorska
regulacija in algoritem vodenja z uporabo input-state
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linearizacije. Opisan je eden od moznih nadinov za
diskretno realizacijo omenjenih algoritmov vodenja.
Obnasanje reguliranega pogona je ilustrirano z rezultati
simulacij zveznega in hibridnega simulacijskega modela
z digitalnim racunalnikom.

Naslov naloge: Modeliranje in vodenje elektron-
sko komutiranega motorja s permanentnimi
magneti

Avtor: Marko Lutar, dipl. inz. elektrotehnike
Mentor: Prof. dr. Karel Jezernik

Univerza v Mariboru, Tehniska fakulteta Maribor

Delo vsebuje predstavitev elektronsko komutiranega
motorja s permanentnimi magneti (EKM s PM) in primer-
javo s podobnimi motorji {enosmerni motor in sihronski
stroj). lzpeljan je model v naravnih koordinatah,
primeren za rac¢unalni$ke simulacije, in model v d-q
koordinatah, na osnovi katerega je opravljeno
nacrtovanje vodenja z mikrokrmilnikom. Zasnovana je
veczanéna regulacijska struktura z notranjo tokovno
zanko in zunanjo zanko za vodenje gibanja. Predlagana
sta dva razli¢na algoritma za vodenje navora oz. toka,
Ki zmanjSujeta valovitost, ki jo vnasa digitalna
realizacija. Predstavijen je princip pulzno-Sirinske
modulacije in narejena primerjava med sinusno in iz-
boljano modulacijo, ki poveduje izkoristek napetosti
razsmernika. Opravljene so simulacije tako zgrajenega
servo pogona. Na osnovi rezultatov simulacij je
opravljen pregled vplivov perturbacije parametrov na
obnasanje regulacije. V laboratoriju smo na EKM s PM
preizkusili vodenje navora oz. toka s krmilnikom, ki mu

je za povecanje hitrosti izraCunavanja dodan transputer.
Rezultati simulacij in eksperimenta so potrdili teoretiéno
delo.

Naslov naloge: Numeri€¢no raéunanje tridimen-
zionalnih problemov s permanentnimi magneti
po metodi kon¢nih elementov ob uporabi
reduciranega skalarnega potenciala

Avtor: mag. Igor Ti€ar, dipl.inZ.el.

Mentor: red.prof.dr. Bozidar HRIBERNIK
Univerza v Mariboru, TehniSka fakulteta Maribor,
Elektrotehnika, ra¢unalnistvo in informatika

Delo predstavija prikaz izboljSav pri radunanju stati¢nih
magnetnih polj z metodo kon¢nih elementov, ob uporabi
reduciranega magnetnega skalarnega potenciala.
IzkaZe se, da se lahko izognemo racunskim napakam v
podrocju visoke permeabilnosti z uporabo t.i. "robovnih"
elementov. Z njihovo pomocjo opisemo vrtinéni del mag-
netnega polja. Prikazane so metode za reSevanje
problemov stacionarnega magnetnega polja, vsebujoce
predstavitev z robovnimi elementi. Posebej je nakazana
moznost reSevanja v primeru, ko je poznana tokovna
porazdelitev. Podan je model permanentnega magneta,
ob predpostavki konstantne remanentne gostote ter
poznanih krivuljah magnetenja v direktni in preéni smeri.

Dana sta dva tridimenzionalna problema, v prvem
primeru s permanentnimi magneti, v drugem pa tudi z
dodatnim vzbujanjem. Pokazana je primerjava med
racunalnisko resitvijo in med merjenimi vrednostmi.
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GENERAL INFORMATION

MIEL-SD'94 is aninternational conference organized by
MIDEM, uniting two meetings with long tradition: 20"
International Conference on Microelectronics and 30"
Symposium on Devices and Materials.

Both conferences are well known through the distin-
guished guest speakers. Several hundred scientists
from all over the world took part in the MIEL-SD con-
ferences inthe past. The goal of connection and building
of friendship among the scientists and their companies
remains the keystone of the organizer.

The conference will be held in TERME ZRECE -
ROGLA, Slovenia, a picturesque tourist resort,
SEPTEMBER 28" - 30",

ORIGINAL PAPERS IN THE FOLLOWING AREAS
ARE SOLICITED:

— Novel monolithic and hybrid circuit processing tech-
niques

- New device and circuit design

— Process and device modeling

— Semiconductor physics

— New electronic materials and applications

— Electronic materials science and technology

— Optoelectronics

- Reliability and failure analysis

— Microelectronics education

Presentation of microelectronics companies and
laboratories will be held after afternoon sessions.

INVITED PAPERS:

The following speakers will present introductory review
papers before sessions:

1. N. SETTER, Ecole Polytechnique Federal de
Lausanne , Switzerland:
"Ferroelectric Thin Films for Micro Electro

Mechanical Applications”

2. J.TRONTELJ, Faculty of Electrical and Computer
Engineering, Ljubljana, Slovenia:
"Trends in Mixed Signal ASIC Design"

3. R.DELL" AQUA, MiTeCo Microelectronics Tech-
nology Consultants, Pavia ltaly:
"Sensors: A Great Chance for Microelectronics

Technologies”

4, Z. SITAR, Institute of Quantum Electronics, ETH,
Zuerich, Switzerland:
"MBE in Ferrolelectrics, Technique and Analysis”

5. H.VIEFHAUS, Max Planck Institute flr Eisen-
forschung GmbH, Diisseldorf, Germany:
"Surface, Interface and Thin Film Analysis in
Material Science"
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PREPARATION OF SUMMARY AND ABSTRACTS

A summary not longer than 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 15M,

PREPARATION OF THE PAPERS

The papers have to be prepared on maximum 6 pages
A4 format, ready for reproduction in the Proceedings.
Further information will be given to the authors of ac-
cepted papers by June 1%,

RECEIPT DEADLINE

D?adline 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 con-
ference registration.

LANGUAGE

Official conference language is English.

REGISTRATION

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

IMPORTANT DATES

Summary deadiine: May 15"
Notification of acceptance: June
Advanced Program: August 1
Paper deadline: September 1
Fir}é}l conference program: at registration, September
28

-’ST

Program and organizing committee:

MIDEM

Dunajska 10

61000 Ljubljana, SLOVENIA
tel.+386-61-312 898, fax.+386-61-319170
Secretary of the conference:

Mrs.Meta Limpel
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Vesti

SAJMOVI | KONFERENCIJE

EXPONET VIENNA 94

U Bec¢u je u vremenu od 8. do 10. februara ove
godine odrzan "Exponet Vienna 94"-medunarodni
sajam i konferencije. Evo $to o sajmu kaze Angela
Rummel, Project Manager of "Exponet Vienna 4"":

The secret of the exponent success is its concentration
on the market. Companies require a professional plat-
form for the high tech products and services. Exacting
fair visitors desire competent consultation, convincing
demonstrations and complete solutions. By utilizing this
concept, exponet has become the largest and most
successtul trade fair for networking, enterprise comput-
ing and telecommunications in Germany and Europe.

"Exponet Vienna 94" adapts the valued principles of this
successfull concept to a highly specific market situation:
Not only does itfill the needs of the Austrian and eastern
neighboring countrie’s trade fair demands, but also of-
fers the Austrian and European information and com-
munciations industry its first international trade forum in
order to raise the level of discussion concerning the
eastern market’s investment demands for information
and communications technology to the decision-making
level.

"Exponet Vienna ", as turntable of trade for the informa-
tion and technology transfer between West and East, is
the ideal event to pave the way to valuable business
relations in various levels. The "East/West Cooperation
Talks" not only offers first hand to all those interested in
East-West business through economic institutions and
chambers of commerce of Eastern European countries,
information concerning business partnerships, business
locations etc., but also brings potential partners at the
fair into first talks and makes contacts happen.

Vienna being international market place, gateway to the
East, and geographical and historical mediator of
western economic power, inventiveness and technol-
ogy, is certainly predestined for an international market
event such as "Exponet Vienna 94."

Na sajmu je ucestvovalo 78 izlagaca iz 11 drzava.
Zastupljenost izlagaca iz pojedinih drzava bila je:

Austrija 38 izlagaca
Belgija 2 izlagaca
Engleska 3izlagaca

Holandija 1 izlagaé
Hrvatska 5izlagacéa
Izrael 1 izlagaé
Luksemburg  1izlagad
Madarska 5izlagaca
Njemacka 15 izlagaca
Slovenija 4 izlagaca
Svicarska 3izlagada

Posebno je jod na "East/West Cooperation Talks" bilo
prijavljeno 19 u€esnika i to iz:

— Austrije 5 uéesnika
— Ceske 2 uéesnika

— Hrvatske 3 ucesnika
— Poljske 2 ucesnika
- Rusije 3 ucesnika

— Slovacke 1 ucesnik
— Slovenije 1 uesnik
— Ukrajine 1 u€esnik

Nemogude je u kratkome prikazu opisati i spomenuti $to
se sve nudilo na sajmu. Da bi se dobila priblizna slika o
raznovrsnosti ponude dovoljno je spomenuti da je sajam
bio podijeljen u 12 tematskih sekcija:

1. INFORMATION AND COMUNICATIONS

SYSTEMS
2. COMUNICATIONS NETWORKS
3. TERMINALS
4. NETVORK MONITORING SYSTEMS
5. TRANSMISSION TECHNOLOGY/
SYSTEMS
6. TRANSMISSION ACCESSORIES
7. UNITS AND MODULS
8. SOFTWARE
9. CONSULTANCY
10. SERVICES
11. INFORMATION SERVICES
12. OTHERS

Prisustvo izlagaca iz Hrvatske i Slovenije na sajmu bilo
je zamjeceno, iako Cudi da, obzirom na blizinu Beca, broj
izlagaca iz Hrvatske i Slovenije nije bio vedi.
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NAJBOLJE PRODAVANE KNJIGE U KALIFORNIJI

ELEKTRONIKA

1. Art of Electronics, 2. izdanje
Pisci: Paul Horowitz i Winifield Hill.
jzdavad: Cambridge University Press, 1990.
Cijena: $27,95.

2. Art of Electronics Student Manual
Pisac:Paul Horowitz
Izdavaé: Cambridge University Press, 1992.
Cijena: $47,95

3. Basic Electronics, 7. izdanje
Pisac: Bernard Grob.
lzdavacé: Glencoe
Cijena: $47,95

4. JPEG Still Image Data Compression,
Pisac: William Pennebaker,
lzdavad: Van Nostrand Rinehold, 1992
Cijena: $59,95

KOMPJUTERSKE ZNANOSTI

1. TCP/IP Network Administration,
Pisac: Craig Hunt
lzdavaé: O'Reilly & Associates, 1992
Cijena: $29,95

2. Nanosystems Molecular Machinery,
Pisac: Eric Drexler,
lzdavac: John Wiley & Sons, 1992,
Cijena: $24,95

3. Ciberats
Pisac: Linda Jacobsen,
lzdavad: Publisher's Group West, 1992.
Cijena: $22,95

4. Nanotechnology Research
Pisac: B.C. Crandall,
lzdavad: MIT Press, 1993
Cijena $39,95

Ovu listu je sastavila, za Casopis "Electronic
Design",knjizara "Stacey’s Bookstore", Palo Alto,
Kalifornija.

POSLOVNO TEHNOLOSKE NOVOSTI

E-MAIL HELPS ENGINEERS DO
HIGH-LEVEL DESIGN

Engineers can get quick help with their high-level design
problems through aninnovation that exploits both e-mail
and advanced information-retrieval technology. The
solv-It! customer-support system, developed by Synop-
sys inc, Mountain Wiew, Calif., consist of a large
knowledge base that users access through e-mail to find
answers at any time of the day or night. Solv-It! includes
more that 1000 articles with about 200 additional articles
expected to be added every month. All articles are
indexed and ranked for their relevance to solving users’
questions. It also includes information directly from
Synopsys' technical staff, such as answers to questions
frequently asked of the company’s hotline engineers.
Excerpts from documentation, application notes, and
release notes; bug fixes and workarounds; information
on library development; and system-administration is-
sues can all be accessed without delay through the
e-mail syste. Response time averages between two and
five minutes.
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MODEL REPLACE POWER DEVICE
PROTOTYPES

Atechnology agreement between Analogy Inc., Beaver-
ton, Ore., and Motorola’s Semiconductor Products Sec-
tor, Phoenix, Ariz., aims to eliminate hardvare
prototypes of new power components and reduce
design-cycle time. Under the terms of the agreement,
Analogy and Motorola will jointly develop virtual
prototypes (software models) of components that will
replace actual hardware samples for customer evalua-
tion. Ultiately, by eliminating an often lengthy prototype-
evaluation phase, time to market will be shortened sub-
stantially. Motorola will provide proprietery process-
technology information, and Analogy willthen create the
models with its Saber mixed- signal simulator. Analogy’s
Mast analog hardware-description language is the ena-
bling technology behind the virtualparts. It can accurate-
ly model electrical, mechanical, and hydraulic behavior.
And because native units are employed rather than
electrical egivalents, the models are intuitive drive. The
library will ultimately comprise 50 parts ranging from
IGBTs and MOSFETS to fluorescent ballast drivers.



informacije MIDEM 24(1984)1, Ljubljana

AGREEMENTS SPURS ZINC-AIR
BATTERY DEVELOPMENT

A licensing agreement between AER-Energy Resour-
ces Inc., Smyrna, Ga., and Westinghouse Electric Corp.,
will accelerate the development of long- running and
rechargeable zinc-air batteries, potentially doubling or
even quadrupling the run time of portable computers.
Run times for portable notebook and pen-based com-
puters of 8 hours or more are being pursued by AER.
The agreement is exclusive for portable computers and
non-exclusive for all other portabie products. The
proprietary technology licensed from Westinghouse - an
air cathode that absorbs oxygen from air to charge -
allows the batteries to achieve a high energy-density-to-
weight ratio. This is partly de to the fact that zinc-air
batteries don't require heavy metal electrode like nickel
or lead. The technology was orifinally developed at
Westinghose's Science and Technology Center,
Youngwood, Pa. This past august, AER began
manufacturing zinc-air batteries.

SILICON ICs TO CUT NOISE POLLUTION

Signal-processing I1Cs and highly efficient power
amplifiers developed by Harris Semiconductors, Mel-
bourne, Fla., are expected to aid in the war on noise
pollution. Harris and Noise Cancellation Technologies
NTC), Stamford, Conn., will yointly develop and
manufacture proprietary silicon ICs that can implement
NTC’s active noise-reduction technology. The basis
noise- cancellation technology involves using a
michrophone to pick up the noise sources, digitizing the
noise signals, and then applying those signals to a DSP
IC. The processor analyses the signal in real time and
"calculates” a train of digital words equal and opposite
to the noise signal. This so- called "anti-noise" signal is
convenrted to analog form, amplified for both amplitude
and power levels, and applied to one or more
loudspeakers whose outputs cancel (nul out) the original
noise. Harris brings its analog signal-processing iC tech-
niques to the project along with its on-chip high- frequen-
cy (1-MHz) power pulse width-modulation (PW) IC
process. Harris’ wide-band op aps, multiplexers, and
data converters will handle the analog signals between
the microphone and the DSP circuit, and between the
DSP circuit and the power amplifier. The PWM circuits
can be used in class-D switching power amplifiers with
efficiencies topping 0%.

NEXT-GENERATION GAMES TO USE
64-BIT MUSCLE

A 3D-capable game for under $250 is the ultimate goal
of designers at Nintendo Co. Ltd., Tokyo, Japan, and
Silicon Graphics Inc., Mountain View, Calif., who will
collaborate to develop a 64-bit chip set for the game
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console. The joint agreement couples the game exper-
tise of Nintendo and the visual computing technologies
of Silicon Graphics (used it such movies as Jurassic
Park and Terminator 2). Together, they will produce
Reality Immersion Technology (RIT) to allow players to
step inside real-time 3D worlds. At the heart of the
system will be the MIPS multimedia Engine chip set-a
64-bit MIPS RISC micro processor, a graphics
coprocessor, and one or more custom chips. The chip
set’'s computing power will exceed the throughput of
most workstations. For instance, at a 100-MHz clock,
the CPU executes over 100 mips and 100 MFLOPS. The
graphics subsystem also matches most moderate-per-
formance more workstations. it handles 24-bit color
images and generates more than 100,000 polygons
(50-pixel meshedtriangles) per second while performing
real-time antialiased 3D texture mapping to produce
realistic graphic iages. The set will also handle CD-
quality audio and provide video resolution better than
NTSC or PAL. Graphics’ graphic library. The
technology’s firs implementation will debute this year as
an arcade-style game, and is expected in a hoe game
console by late 1995.

3D DISPLAY USES POSITION SENSING,
FAST GRAPHICS

Engineers at NEC Corp.’s Central Research
Laboratories in Tokyo, Japan have come up With a novel
3D graphic viewer that doesn’t require special glasses
or viewing screens. The system consist of very fast 3D
graphics software, a sophisticated 3D position sensor,
and a conventional 2D LCD screen mounted on a
mechanical arm that can move in any direction. When
the user moves the screen into a new orientation, the
position sensor reports the new orientation to the
graphic software, which calculates the new perspective
of the object from the user’s point of view. in addition to
the basic ability to obtain a new view of the object by
moving the screen, the real- time graphics software also
supports zooming for closer observation, section cutting
for internal views of the object. recording and playback
of viewpoint-position data, and data conversion to third-
party CAD software tools. NEC expects the technology
to find applications in CAD-tool environments, educa-
tion, entertainment and a presentation device.

COLOR PRINTER CONSORTIUM FORMED

A newly formed industry consortium, the Assocation of
Thermal Transfer Technology (ATC), will help supply
more advanced color-printer-based products while
promoting the technologi's application-specific ad-
vantages. The color termal-transfer printers are based
on ink-jet technology, which is responsible for the high-
quality output. They're suitet for such applications as
CAD, imaging, graphic arts, and electronic publishing.
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The ACT consortium consists of color termal-transfer
printer manufacturers and suppliers, including Armor
Nantes, Calcop, Diafoil, Fujicopain, International Imag-
ing Materials, Mitsui Plastics, and Tektronix. Head-
quartered in Buffalo, N.Y., the group will serve as an
umbrela for the effort and will work with members on
technology-advancement seminars and other pursuit.

SILICON BIPOLAR FTs CHASE GaAs
FETs

For two decades, Galium Arsenide has been
"tomorrow’s" technology. As ever- faster silicon bipolar-
junction transistors (BJTs) arrive from R&D labs, this
may remain true. At the LS| Lab of NTT developped a
0.5 pum, double- polysilicon bipolar process SST1C),
builds npn transistors providing an fi of 40.7 GHz at a
collector-emitter voltage (Vee) of 1V. When employed in
an ECL circuit, gate delays run 23 ps at a collector
current of 2.4mA. 8:1 frequency dividers were made that
handled input signals of 22 GHz. The developers say
combining trench isolation with a "damage free" dif-

fusion technique, which creates the shallow base, is the
key to SST1C's performance. the technique consists of
jon implanting a thin oxide with boron, following it with
rapid thermal annealing (RTA), which form the active
base region, and the removing the thin oxide. After an
emitter opening is created, an arsenic-doped polisilicon
emitteris formed and drivenin with more RTA. The result
is a BJT with minimum base resistance and parasitic
capacitance so that fmax approaches fi . Hitachi re-
searchers come up with a biCMOS process that com-
bines very small npn transistors (9.47 pmz) with CMOS
FETs with a gate lenght from 0.4 to 0.6 um. The npns
employ a sidewall polycide-base technology, which
builds npns needing less silicon area that the FETs.
These npns achieved an frof 38 GHz at a Vee 3 V. The
use of low-energy base implantations followed by RTA
helps the achieve the performance. In a comparasion of
gate delays between CMOS and biCMOS gates on the
process, the biCMOS gates showed delays about haif
that of the CMOS gates. For example , while driving 0.6
pF, the biCMOS gate delay run 0.5 ns; the CMOS gate
delay ran 1 ns. The BCTM covers a wide range of
analog, digital, circuit design process, and simulation
technologies.

New CMOS Process for up to 35V at AMS

AMS announces the availability of a new CMOS process
suited for high voitage ASIC solutions. Besides the
standard low voltage MOS transistors also high voltage
N and P MOS transistors up to 35V, N-junction FETs up
to 35V, isolated bipolar transistors and DMOS transis-
tors can be realized on the same ASIC through the new
AMS technology; until recently products in CMOS could
be implemented only for applications ranging from 5.5
to 10V, depending on the process. The 2u single-poly
double-metal CMOS process (designated as "CBK" at
AMS) was primarily developed for ASICs incorporating
complex digital parts with high speed, high density ele-
ments.

Lower power consumption, fast switching capabilities
and applicability to a wide range of automotive and
industrial performance requirements are further key
benefits of this advanced AMS process, being especially
suited to withstand high voltage spikes which typically
occur in such environments.

AMS, with its in-house research and development
department and state-of-the-art manufacturing equip-

ment, now can provide more than 40 proven BiCmos
and CMOS processes.. Because of AMS’s parallel
suport of new, traditional and mature process tech-
nologies, AMS’ process flexibility guarantees the dura-
tion of any one process as long as a specific product is
required.

Afurther advantage for the AMS customer is the
availabilityof 2, 1.2 tand 1 © AMS CMOS celllibraries.
Since all three libraries are functionally equivalent, the
customer can easily migrate with an existing design to
more advanced technologies. Together with the proven
2m digital library the new 2m process represents the
ideal solution for high voltage ASICs.

SchloB Premstétten

A-8141 Unterpremstétten, Austria
Telex 312547 ams a

FAX (03136)52 501, 53 650

TEL (03136) 500-0

Dr. Conrad Heberling, ext. 277

1993: AMS sucessful in the international telecom market

As in the past years, AMS - the No. 1 in the European
market in the field of analogue/digital ASICs - has suc-

ceeded to continuously increase its order entry: from
735 MAS 1992 to more than one billion AS (1,066.8



Informacije MIDEM 24(1994)1, Ljubljana

MAS-) 1993. Gross sales were increased from 734.4
MAS 1992 to 823 MAS- 1993 with 600 employees.

A reason for the further positive development of AMS -
45% growth in the order entry 1993 relative to 1992 -
results in the use of ASICs in the strongly growing
telecommunications market, mainly mobile phones. Ac-
cording to Dataquest, the market for mobile phones has
increased at a rate of 650,000 units sold 1993 in Europe
and will grow at a rate of 212% per year to 4.3 milion
units till 1997. Outside of Europe higher growth rates will
be expected, though in smaller markets. It is especially
for this market segment that AMS develops and
produces taylor made solutions and product innovations
which are today state-of-the- art.

In the field of telecommunications AMS is not only
furnished with relevant concepts and specific products
for the segment mobile communications but also serves
the analogue and strongly evolving digital markets with
innovative products: single chip telephones, diallers, line
adapters, modems, codecs, filters, ringers and speech
amplifiers.

Important market segments which AMS serves:
Automotive (electronics for safety belt tensioners, igni-
tion and motor controls, airbags and lighting) and in-
dustrial electronics (ICs for analogue and digital con-
trols for civil aviation, advanced instrumentation, en-
hanced robotics and environmental protection).

Further reasons for the continued dynamic growth of
AMS are:

— the continuity in its internationalization process:
Worldwide cooperations with universities and com-
panies as well as the securing of international
markets and partnerships under the aspect of new
technologies and products;

— the fact that AMC houses IC design and production
"under one roof". Full production is in Unterpre-
mstatten, i.e. from the concept up to the finished
product; the advantage - shortest lead times and
highest quality.

Note: Only recently AMS has introduced the first single
chip featuring all the functions required of an electronic
telephone and reducing the component count of the
average telephone by 80%! (Licencing of this AMS
product to SAMES, South Africa)

« preliminary figures
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South African Micro-Electronic Systems Ltd. (SAMES) and Austria
Mikro Systeme International AG (AMG) announce first Product
Licence and Wafer Foundry Agreement

South African Micro-Electronic Systems Ltd.
(SAMES), currently the only commercial manufacturer
of integrated circuits in Southern Africa and Austria
Mikro Systeme International AG (AMS), the Number
One mixed signal ASIC (application specific integrated
circuits) manufacturer in Eurpoe, announce the first
major international licence and wafer foundry agree-
ment.

The terms of the agreement are that SAMES will, for a
lincencing fee, endeavour in the production and sale of
the AMS Single Chip Telephone Circuit - recently
developed by AMS - and that SAMES will engage in the
sale of this product for the entire region of South Africa:
The Single Chip Telephone is programmable for use
worlwide and utilizes new speech amplifier and reper-
tory functions,a melody generator and dialler all on a
single chip - an integrated circuit that performs all the
functions required of an electronic telephone. The ad-
vantage of this new product is its simple use and high
comfont, the very low operating power consumption, the
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optimum high integration and the fact that it drastically
reduces the external component count by 80%. The
announcement of the AMS single chip has spun off a
worldwide demand for this highly innovative product.

SAMES was established to bring the benefits of
microelectronics technology to industries on the
Southern African subcontinent. SAMES and AMS are
both privately owned companies and have, both in their
fields, become international players offering state-of-
the-art technology from design through all aspects of
manufacturing and test, to field support of its inter-
nationall customers.

"The agreements between SAMES and AMS represent
a further important strategic goal in the internationaliza-
tion of SAMES' activities”, said Mr. Heinz Fellinger,
Managing Director and CEQ of SAMES, when announc-
ing the deal. SAMES has established itself as a major
vendor for telephone ICs in the international market
place. The innovative single chip telephone circuit
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developed by AMS is a logical extension of the SAMES
product range for telephony and cements SAMES'
leadership in this market.

SAMES has recently commissioned its state-of-the-arnt
6 inch wafer fabrication facility with submicron fabrica-
tion capabilities at the cost of $50 000 000 and can thus
offer AMS very competitive silicon foundry manufactur-
ing services. Backed by major multinational concerns in
the electronics field, e.g. Siemens Ltd. and Altech,
SAMES is the ideal partner for AMS.

According to AMS President and CEO, Mr. Horst Geber,
the agreement between SAMES and AMS represents a
new accomplishment and milestone in the history of the
company inthatit sets the startforthe worldwide transfer
of Austrian know-how, R & D and engineering in ASIC
technology - the proof that AMS has successtully in-
vested its resurces.

This product licence agreement follows a number of
highly successful cooperations and agreements be-
tween AMS and a number of international partners inthe
recent past such as with Pioneer Semiconductor Cor-
poration, USA and Semiconductor Complex Limited,
India.

AMS has invested a figure equivalent to 20% of
1993 first half sales in capital equipment to increase
capacity following a 31% increase in bookings over
the same period. The investment gives the company
a strong platform for growth during 1994.

The results for the first half of 1993 - the first everto
be released since thr company was floated on the
Vienna Stock Exchange and the SEAQ in London
ondJuly 12, 1993 - reveal a growth to 359 million ATS
(Austrian Schiling) in sales (from 346 million ATS),
a significant achievement in the current recession-
ary climate. Earnings have also incresed by more
than 10% over the same period of the last year.

Particularly strong in the telecommunications,
automotive and industrial sectors, AMS is anticipat-
ing that the growth in bookings will be considerable
increase over the target set at the beginning of the
year.
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1994: More process technologies with more freqruent departures of
AMS’ Multi-Product Wafer Train' ™

Austria Mikro Systeme International AG (AMS) an-
nounces its new 1994 Multi-Product Wafer (MPW) Train
Service Schedule forthe 0.8, 1, 1.2 nand 21 CMOS
processes and now also for the 1.2m BICMOS process.
This capability, also known as shared silicon technology,
allows the parallel processing of several devices on one
wafer. AMS is believed to be one of the only semicon-
ductor fascilities in Europe currently handling and
providing full in- house services for Multi-Product Wafer
Projects.

The benefits of AMS’ MPW Train Service for customers
is that circuit development charges are reduced by up
to 50% due to reduced mask shop and fabrication costs.
Span times are also kept at a minimum. Furthermore,
MPWs allow at a very little extra cost the parallel study
of design options which lowers the risk of redesign; the
customer can evaluate the performance of several
design options at once without lengthening development
times.
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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
fromeach 0.8, 1, 1.2 and 21 CMOS process and for
the new 1.2 1t BICMOS process.

Participation is guaranteed provided customer’s data
input arrives on time. The practical implementation of
MPW runs at AMS has succeeded in the recent past due
to significant efforts initiated in data preparation, mask
making and assembly and the coordination of these
activites. AMS’ successful installation of a MPW service
was made possible because of the company’s highly
flexible and integrated facility which provides the neces-
sary in- house mask making, data preparation, wafer
fabrication, assembly and test.

For the "Wafer Train" schedules please contact your
local sales office or AMS, Corporate Communications,
Schlof3 Premstatten, 8141 Unterpremstatten, Austria.
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AMS MPW runs 1994/95

2.0 4 CMOS 25.03.94 20.05.94

CBA/CBB/CBE

CBH-CBM.ICBO: 03.06.94 29.07.94

CBQ/CBR-/CBS: 12.08.94 07.10.94
21.10.94 16.12.94
06.01.95 03.03.95

SRRRRERASK

1.2 BICMOS: 25.02.94 20,05.94
BAE 25.05.94 19.08.94
30.09.94 23.12.94
270195 21.04.95

"These processes share only the mask set with the
MPW, but are processed on a seperate wafer run. ES
are available two weeks later than shown in the calen-
dar. There is also an extra charge.

SchloB Premstétten

égg/gglEo 5 04.03.94 29.04.94 A-8141 Unterpremstétten, Austria
01.07.94 26.08.94 Telex 312547 ams a
04.11.94 30.12.94 FAX (03136)52 501, 53 650
TEL (03136) 500-0
10.02.95 07.04.95 Dr. Conrad Heberling, ext. 277
KOLEDAR PRIREDITEV 1994
APRIL 15.05. - 18.05. 1994

10.04. - 15.04. 1994

PHOTOVOLTAIC SOLAR ENERGY CONFERENCE AND EX-
IBITION

Netherlands

(Info.: Robert Hill, Tel.: 44 91-227-4594)

11.04. - 14.04.1994
1994 INT. RELIABILITY PHYSICS SYMPOSIUM
San Jose, California, USA

12.04. - 14.04.1994

SEMICON EUROPA

International Conference and Exibition
Geneva, Switzerland

21.04. - 24.04.1994

CONFERENCE ON SEMI-INSULATING IHl-V MATERIALS
Krakow, Poland

(Info.: William Ford, Tel.: (408) 433-2222,CA)

39th Annual Gathering KOREMA
ZAGREB, Hrvatska
(info. 385 41 611 944 Ext.127)

MAJ

01.05. - 04.05. 1994

44th ELECTRONIC COMPONENTE AND TECHNOLOGY
CONFERENCE

Washington DC, USA

(Info.: Dr. Rao Tummals, Tel.: (914) 894-5647)
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CCIC '94 CUSTOM INTEGRATED CIRCUITS CON-
FERENCE

San Diego, CA, USA

(Info.:Melissa Wilderkehr,Tel.:(202) 986-1137)

23.05. - 27.05. 1994
MIPRO 94

OPATIJA, Hrvatska
(Info. 385 51 211 051)

30.05. - 03.06. 1994

ESREL '94 EUROPEAN SAFETY AND RELIABILITY
La Baule, France

(Info.: Claude Salmon (33) 61 27 34 72)

JUNIJ

06.06. - 08.06.1994
MICROTECH 94
Anugrana, ltaly

07.06. - 10.06. 1994

ICRMS '94 INT. CONFERENCE ON RELIABILITY, MAIN-
TAINABILITY AND SAFETY

Beijing, China

(Info.: Xu Fu Rong, Tel.: (861) 838 1147)

07.06. - 09.06.1994

VLSI TECHNOLOGY SYMPOSIUM
Honolulu, Hawai

(Info.: James T. Clemens {908) 582-2800)

12.06. - 15.06. 1994
TTFS 94 (WORKSHOP ON THICK AND THIN SENSORS
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AND THEIR APPLICATIONS IN EKOLOGY
Szklaska Poreba, Poland

21.06 - 23.06. 1994

INT.CONFERENCE ON APPLIED SYNERGETICS &
SYNERGETIC ENGINEERING

Erlangen, Germany

(Info.: Thomas Wagner Tel.: 49-9131-776-544)

21.06 - 24.06.1994

INT.CONFERENCE ON NUMERICAL ANALYSIS OF SEMI-
CONDUCTOR DEVICES & INTEGRATED CIRCUITS
Dublin,Ireland

(info.: Paulene McKeever Tel.: 353-1-679-7655)

JULY

04.07. - 07.07.1994

INTERNATIONAL VACUUM MICROELECTRONICS CON-
FERENCE

Grenoble, France

{Info.: D: Celier, Tel.:33 1 42 78 15 82)

13.07. - 15.07. 1994

INTERNATIONAL ELECTRON DEVICES & MATERIALS
SYMPOSIUM

Hsin Chu, Taiwan

(Info.: Chien Ping Lee, Tel.: 886-35-726100)

AUGUST

23.08. - 26.08. 1994
INTERNATIONAL CONFERENCE ON SOLID STATE
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DEVICES AND MATERIALS
Yokohama, Japan
{(Info.: SSDM '94 Business Center, Tel.: 81-3-5814-5823)

SEPTEMBER

05.09. - 07.09. 1994

ELECTROCERAMICS IV

INTERNATIONAL CONFERENCE ON ELECTRONIC
CERAMICS & APPLICATIONS :
RWTH Aachen, Germany

28.09. - 30.09. 1994

22nd INTERNATIONAL CONFERENCE ON MICROELEC-
TRONICS, MIEL '94

30th SYMPOSIUM ON DEVICES AND MATERIALS, SD '94
TERME ZRECE,Rogla, Slovenija

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

OCTOBER

04.10.-07.10. 1994

ESREF '94

5th EUROPEAN SYMPOSIUM ON RELIABILITY OF
ELECTRON DEVICES, FAILURE

PHYSICS AND ANALYSIS

Glasgow, Scotland

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

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

izvimi znanstveni ¢lanki, predhodna sporogila,
pregledni 8lanki, razprave z znanstvenih in stro-
kovnih posvetovanj in strokovni &lanki.

Clanki bodo recenzirani.

Casopis objavia tudi novice iz stroke, vesti iz de-
lovnih organizacij, institutov in fakultet, obvestila o
akcijah drustva MIDEM in njegovih &lanov ter
druge relevantne prispevke.

Strokovni prispevki morajo biti pripravijeni na na-

slednji nacdin

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

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

- 3. Naslov dela v angleséini.

- 4 Klju¢ne besede v anglescini (Key wor-
ds) in podalj$ani povzetek (Extended
Abstract) v anglesdini.

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

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

Ostala splo$na 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 papirju. Sirina risb naj bo do 7.5 0z. 15 cm.
Vsaka risba, tabela ali fotografija naj ima tevilko
in podnapis, ki oznacuje njeno vsebino. Risb, tabel
in fotografij ni potrebno lepiti med tekst, ampak jih
je potrebno lodeno priloziti Elanku. V tekstu je
potrebno oznaciti mesto, Kjer jih je potrebno

vstaviti.

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

Uredniski 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 (1.2
ali 1.44) v formatih ASCII, wordstar (3.4, 4.0),
wordperfect, word, ker bo besedilo oblikovano v
programu Ventura 2.0. Grafiéne datoteke solahko
v formatu HPL, SLD (AutoCAD), PCX ali
IMG/GEM.

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

Rokopise posljite na naslov

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana

UPUTE AUTORIMA

Informacije MIDEM je znanstveno-struéno-drus-
tvena publikacija Struénog drustva za mikroelek-
troniku, elekironske sestavne dijelove i materijale
- MIDEM. Casopis objavijuje priloge domadih i
stranih autora, narodito clanova MIDEM, s podru-

¢ja mikroelektronike, elektronskih sastavnih dije-
lova in materijala koji mogu biti:

izvomi znanstveni ¢langi, predhodna priopéenya,
pregledni ¢lanci, izlaganja sa znanstvenih i
strucnih skupova i struéni Elanci.

Clanci ée biti recenzirani.

Casopis takoder objavijuje novost iz struke, oba-
vijesti iz radnih organizacija, instituta i fakulteta,

obavijesti o akcijama drustva MIDEM i njegovih
¢lanova i druge relevantne obavijest.

Struéni &lanci moraju biti pripremljeni kako slijedi

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

- 2. Klju¢ne rijedi i saZetak (najvise 250

rijeéi).

- 3. Naslov ¢lanka na engleskom jeziku.

- 4. Kljuéne rijeci na engleskom jeziku
(8Key Words) i produzeni saZetak (Ex-
tended Abstract) na engleskom jeziku.

- 5.Uvod, glavnidio, zakljuéni dio, zahvale,
dodaci i literatura.

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

Ostale opste upute

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

2. CrteZe treba izraditi tusem na pausu ili bijslom
papiru. Sirina crteZa neka bude do 7.5 odnosno
15 cm. Svaki crte, tablica ili fotografija treba imati
broj i naziv koji oznacuje njen sadrzaj. Crtese,
tabele i fotografije nije potrebno ljepit u tekst, ved
ih priloZiti odvojeno, a u tekstu samo naznadit
mjesto gdje dolaze.

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

Autori mogu poslati radove na disketama (1.2 if
1.44) u formatima tekst procesora ASCII, wordstar
(3.4. 1 4.0), word, wordperfect posto ée bit tekst
dalje obraden u Venturi 2.0. Grafitke datoteke
mogu biti u formatu HPL, SLD (AutoCAD), PCX ili
IMG/GEM.

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

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

Rukopise Saljite na adresu:

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

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

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

Al manuscripts are subject to reviews.

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

Each contribution should include the following
spedific components:

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

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

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

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

General information

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

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

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

Authors may send their files on formatted diskettes
(1.20r1.44)in ASCII, wordstar (3.4 or 4.0), word,
wordperfectas textwill be formatedin Ventura 2.0.
Graphics may be in HPL, SLD (AutoCAD), PCX
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 retumed.

Contributions are to be sent to
the address:

Urednistvo Informacije MIDEM
Elektrotehniska zveza Slovenije
Dunajska 10, 61000 Ljubljana,
Slovenia
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TERMINOLOSKI STANDARDI

Intemal equivalent temperature 2.5.4
l-type (intrinsic) semiconductor 2.1.5

Junction 2.1.6
Junction, alloyed 2.1.8
Junction, diffused 219
Junction, grown 2.1.10
Junction, PN 2.1.7

L
Layer, depletion 2.1.14
M

Majority carrier (i.n a semiconductor region) 2.1.12
Minority carrier (in a semiconductor region) 2.1.13

N

Network capacitance, equivalent thermal 2.4.7
Network, equivalent thermal 2.4.6

Network resistance, equivalent thermal 2.4.8
N-type semiconductor 2.1.3

l)

Photoconductive cell 2.2.19
Photodiode 2.2.8
Photo-electric effect 2.1.25
Photo-transistor 2.2.17
Photovoltaic cell 2.2.20
Photovoltaic effect 2.1.26
PN junction 2.1.7

P-type semiconductor 2.1.4

R

Rectifier diode, avalanche 2.2.11

Rectifier diode, controlled avalanche, 2.2.12
Rectifier diode, semiconductor 2.2.5
Reference diode, voltage 2.2.3

Regulator diode, voltage 2.2.4

Resistance, equivalent thermal network 2.4.8
Resistance (of a semiconductor device), therma
Reverse direction (of a PN junction) 2.3.4
Reverse voltage 2.4.1

74

S

Selenium transient overvoltage suppressor 2.2.21
Semiconductor 2.1.1

Semiconductor device: 2.2.1
Semiconductor diode 22.2
Semiconductor, extrinsic 2.1.2
Semiconductor, I-type (intrinsic) 2.1.5
Semiconductor, N-type 2.1.3
Semiconductor, P-type 2.1.4
Semiconductor rectifier diode 2.2.5
Semiconductor rectifier stack 2.2.6
Signal diode 229

Storage temperature 2.5.2

T

Temperatuse, case 2.5.1

Temperature, internal equivalent 2.5.4
Temperature, storage 2.5.2

Temperature, virtual 2.5.4

Terminal (of a semiconductor device) 2.3.1
Thermal breakdown (of a semiconductor PN juncti-

~on) 2.1.18°

Thermal capacitance (of a semiconductor deviée) 245
Thermal derating faktor 2.5.3

Thermal impedance, transient 2.4.9

Thermal impedance under pulse conditions 2.4.10
Thermal network capacitance, equivalent 2.4.7
Thermal network, equivalent 2.4.6

Thermal network resistance, equivalent 2.4.8

“Thermal resistance (of a semiconductor device) 2.4.4

Thyristor 2.2.18

Transient thermal impedunce 2.4.9
Transistor 2.2.13

Transistor, bipolar 2.2.14

Transistor, field-effect 2.2.16
Transistor, photo 2.2.17

Transistor, unipolar 2.2.15

Tunnel action (in a PN junction) 2.122
Tunnel diode 2.2.7

Tunnel effect 2.1.21

U

1 244 Unipol:u transistor 22.15

Unitunnel diode 2.2.10
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TERMINOLOSKI STANDARDI

4.2

v

Virtual temperature 2.5.4
Voltage, avalanche 2.1.17
Voltage, breakdown 2.4.3
Voltage, floating 2.4.2
Voltage reference diode 2.2.3
Voltage regulator diode 2.2.4

Abecedni seznam izrazov v francoskem jezi'ku
A
Action tunnel (dans une jonction PN) 2.1.22
B

Bloc de redressement a semiconducteurs, 2.2.6
Borne (d'un dispositif 4 semiconducteurs) 2.3.1

C

Capacite thermique (d’un dispositif 4 semicondui-
cteurs) 2.4.5

Capacite thermique d* un reseau thermique équi—
valent 2.4.7 v

Cellule &  effet photovoltaique 2.2.20

Cellule photoconductrice 2.2.19

Claguage (d'une jonction PN polarisee en inver-
se) 2.1.1S

Clagu;gc par avalanche (d'une jonction PN semi-

‘conductrice) 2.1.16

Claguage par effet thermique (d’une jonction PN
semiconductrice) 2.1.18

Claquage par effet Zener (d’une jonction PN semi-
conductrice) 2.1.19 '

Coefficient de Hall (d’un semiconducteur) 2.1.24
Constante de Hall 2.1.24

Couche dielectrique 2.1.14

D

Diode 3 semiconducteurs 2.2.2

Diode de redressement 4 avalanche 2.2.11

Diode de redressement i avalanchie controlée 2.2.12
Diode de redressement a semiconductcurs 2.2.5
Diode de signal 2.2.9

Diode de tension de reference 223

75

Voltage, reverse 2.4.1
Voltage, Zener 2.1.20

z

Zener breakdown (of a semiconductor PN juncti-

“on) 2.1.19

Zener voltage 2.1.20

Diode regulatrice de tension 2.2.4
Diode tunnel 2.2.7

Diode unitunnel 2.2.10
Dispositif 2 semiconducteurs 2.2.1

E

Effet Hall 2.1.23

Effet photoelectrique 2.1.25

Effet photovoltaique 2.1.26

Effet tunnel 2.1.21

Electrode (d’un dispositif 4 semiconducteurs) 2.3.2

F
Facteur de reduction avec la température 2.5.3

Frequence de coupure 2.6.1

I

Impedance thermique en régime d‘impulsions 2.4.10
Impedance thermique transitoire 2.4.9

Jonction 2.1.6

Jonction par alliage 2.1.8
Jonction par diffusion 2.1.9
Jonction par tirage 2.1.10
Jonction PN 2.1.7

L

- - . . . ’ .
Limiteur dz surtensions transitoires au scleni-

cum 22721
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TERMINOLOSKI STANDARDI

P

Photo<iode 2.2.8

Photo-transistor 2.2.17

Porteur 2.1.11

Pucizur de chage (abreviation: porteur) 2,111
Porteur majoritaire (dans un region semicondu-
ctrice) 2.1.12

Porteur minoritaire (dans une region semicondu-
ctrice) 2.1.13

R
. ’ .
Reseau thermique equivalent 2.4.6
Resistance thermiqur -3 ui dispositif dsemicondu~
cteurs) 2.4.4

. . T i . . R
Resistince thermique {¢f v reseau thenaique equi—

valent) 2.4.8

Semiconducteur 2.1.1
Semiconducteur extrinseque 2.1.2

Zveza z drugimi standardi

JUSN.RL.321

Semiconductzur type [ (intrinseque) 2.1.5

Semiconducteur type N 2.1.3
Semiconducteur type P 2.14

Sens direct {1une jonction PN) 2.3.3
Scus inverse (d'une jonction PN) 2.3.4

T

Température de stockage 2.5.2
Temperature du boitier 2.5.1
Temperature equivalente interne 2.5.4
Temperature virtuelle 2.5.4

Tension d’avalanche 2.1.17

Tension de claquage 2.4.3

Tension de Zener 2.1.20

Tension flottante, 2.4.2

Tension inverse 2.4.1

Thyristor 2.2.18

Transistor 2.2.13

Transistor d effet de champ 2.2.16
Transistor bipolaire 2.2.14

Transistor unipolaire 2.2.15

Polprevodniski elementi. Diode. lzrazi in definicije

JUSN.R1.322 — Polprevodniski elementi. Tiristorji. Izrazi in definicije
JUS N,Rlv.323‘ ~ Polprevodniski clementi. Bipolamni in poljski transistorji. lzrazi in definicije
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