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Volitve v organe drustva MIDEM

V PortoroZu, oktobra 1992, smo izvolili organe drustva v sedanji sestavi. Leta so se hitro zavrtela
in zopet smo pred novimi volitvami, saj je v skladu s statutom drudtva mandatna doba vseh
organov in funkcij tri leta z moZnostjo ponovne izvolitve.

Glede na to, da je MIDEM mednarodno drustvo (okoli 30% &lanov ni drZavijanov Republike
Slovenije), in ker Izvrsilni odbor Zeli tudi tujim ¢lanom omogociti aktivno udelezbo na volitvah,
se je na svoji seji dne 26.10.1995 odlocil izvesti pisne volitve.

Volili bomo ¢lane naslednjih organov drustva MIDEM:
» Predsednika drustva
e [zvrsilni odbor (15 ¢lanov)
» Nadzorni odbor (3 &lani)
s Castno razsodisée (3 ¢lani)

Na strani 249 pricujocega izvoda revije “Informacije MIDEM “ boste nasli volilni listi¢ s seznamom
imen kandidatov za posamezne funkcije in ¢lane organov drustva MIDEM. Prosimo, da listic
izpolnite in ga vrete na naslov drustva.

Obvesc¢amo tudivse tiste Clane, ki Zelijo prebrati STATUT drustva MIDEM, da je le-ta na vpogled
pri Iztoku Sorliju (MIKROIKS d.o.0., Dunajska 5, Ljubljana, tel. 061 312 898), oz. je bil v celoti
objavijen v reviji “Informacije MIDEM" 22(1992)4.

Elections of MIDEM Society Bodies Members

In Portoro?, in October 1992, the present members of MIDEM Society Bodies were elected.
Years pass and again, new elections are to be held before the end of this year. According to
MIDEM Statute all functions and mandate duration is being 3 years by the possibility of reelection.

MIDEM is an international Society (about 30% of its members are from abroad) and since
Executive Board wishes to give the opportunity of vote also to the foreign members, it decided
to perform written elections.

The following MIDEM Bodies Members will be elected:
MIDEM Society President

» Executive Board (15 members)
» Supervisory Board (3 members)
s Court of Honour (3 members)

On page 249 of this issue of Journal “Informacije MIDEM" You can find electoral leaf with the
list of candidates for MIDEM Bodies. Please, return the leaf to MIDEM address.

Those who want to read the STATUTE of MIDEM Society are welcome to call Iztok Sorli
(MIKROIKS d.o.0., Dunajska 5, 61000 Ljubljana, tel.+386 61 312 898) who will make it available
for You. As well, in Journal “Informacije MIDEM" 22(1992)4, full text in Slovene and English
language was published.

MIDEM Society
President

Dot ol

Dr. Rudolf Rocak
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RADIATION EFFECTS IN SILICON COMPONENTS
FOR SPACE APPLICATIONS

C. Claeys, E. Simoen and J. Vanhellemont
IMEC, Leuven, Belgium

Keywords: semiconductors, radiation effects, silicon components, space applications, device physics, radiation hardness, material science, MOS
devices, CMOS devices, submicron CMOS, bipolar components, CCD, Charge Coupled Devices, SO, Silicon-On-insulator, JFET transistors, defect
engineering, gettering, noise performance, ionization damages, displacementdamages, semiconductor technologies, bipolar technologies, bipolar
devices, Si-Si0; interfaces, threshold voltage, silicon technologies, burnout, SEB, Single Event Burnout, MOSFET deficiencies, JFET transistors,
TEOS, Tetra-Ethil Ortho-Silicate glass

Abstract: Radiation effects are of crucial importance for space applications, which are a growing niche market of microelectronics. This paper
reviews the impact of both ionising and bulk damage effects on the electrical performance of microelectronic silicon components, including
Silicon-on-Insulator technologies (SOI), Charge Coupled Devices (CCDs), submicron CMOS, and standard and advanced bipolar components.
Beside an overview of the general device characteristics, information wil! also be given on the underlying physical models. Some measures for
obtaining radiation-hard devices are briefly addressed.

Ucinki sevanja na silicijeve elektronske sestavne
dele namenjeni uporabi v vesolju

Kijuéne besede: polprevodniki, ucinki sevanja, deli sestavni silicijevi, uporabav vesolju, fizika naprav, odpornost proti sevanju, znanost o materialih,
MOS naprave, CMOS naprave, CMOS submikronski, deli sestavni bipolarni, CCD naprave, SOI tehnologije silicij-na-izolantu, JFET transistorji,
inzeniring hib, getranje, zmogljivost Sumna, pogkodbe ionizacijske, po$kodbe premestitve v mrezi atomski, tehnologije polprevodnikov, tehnologije
bipolare, naprave bipolarne, Si-SiOz plasti vmesne, napetost pragovna, tehnologije silicija, izgoretie, SEB izgoretje posami¢no, MOSFET
poskodbe, JFET transistorji, TEOS steklo

Povzetek: Ucinki sevanja na silicijeve elektronske sestavne dele so bistvenega pomena za uporabo komponent v vesolju, kar postaja vse bolj
rastoéi trg uporabe mikroelektronike. V prispevku pregledno opisujemo efekte jonizirajocCih in notranjih poskodb na elektriéne karakteristike
mikroelektronskih sestavnih delov na siliciju vkljucujod tehnologije SO (Silicon-on-Insulator), CCD (Charge Coupled Devices), submikronski CMOS
ter standardne in napredne bipolarne tehnologije. Poleg pregleda splodnih elektridnih karakteristik komponent podajamo tudi ustrezni opis fizikalnih
mehanizmov. Na kratko opi§emo korake, s pomocio katerih lahko izdelamo komponente, ki so odporne proti sevanju,

1. INTRODUCTION in combination with the influence of well-known space
phenomena such as the Von Allen belts, solar flares,
About 25% of the Military/Aerospace integrated circuit and the South Atlantic Anomalies /1/. Therefore the
market is taken by radiation-hard devices, with an in- on-earth simulation of the space environment remains
creasing importance of the space applications. Major very difficult and is mainly restricted to the simulation of
microelectronics applications in a spacecraft are related the impact of some dedicated irradiation particles.
to telecommunications, scientific instrumentation, data
handling, imaging, earth observation, and teledetec- Depending on the type of the irradiating particles one
tion. The general microelectronic trends to increase the has to differentiate between respectively ionising irra-
packing density, to enhance the circuit functionality, diation (e.g. vy irradiations), mainly causing irradiation
and to reduce the power consumption are also becom- damage in the silicon dioxide layer and at the Si-SiO»
ing important in this field. However, it is well-known that interface, and irradiation resuiting in displacement dam-
advanced processing steps used in submicron silicon age (e.g. protons, neutrons and electrons) in the semi-
technologies make these technologies more vulnerable conductor lattice. In general, the impact of irradiation on
to radiation effects so that the required hardness levels the electrical performance will be revealed by a change
can only be obtained by both the implementation of of the threshold voltage, a reduction of the mobility, a
radiation hard process modules and the optimisation at degradation of the transconductance, a reduction of the
the design level. This paper will mainly focus on the charge transfer efficiency, a degradation of the current
impact of the technological parameters on the radiation gain, an increase of the leakage current, a reduction of
hardness. the carrier minority lifetime, single event upsets, latch-
up, and an increase of the low frequency noise. Exten-
The space environment consists of a large variety of sive information on these topics is published in the
particles such as electrons, neutrons, protons, heavy proceedings of the annual IEEE Nuclear and Space
particles, X-rays, y-rays ... with energies ranging from a Radiation Effect Conference and of the bi-annual Euro-
few keV to GeV. The amount of irradiation encountered pean RADECS Conference. A comprehensive compila-
by the devices depends on a variety of parameters such tion of the relevant literature in this field till 1992 can be
as the amount of shielding, the altitude of the polar orbit foundin /1/.
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This paper will briefly discuss some basic physical
phenomena, before discussing more in detail the radia-
tion hardness of different technologies such as Silicon-
on-Insulator (SOI), Charge-Coupled Devices (CCD),
submicron CMOS, and bipolar technologies. Some al-
ternative technologies will also be briefly addressed. It
is an update and extension of a previous review paper
by the authors on this topic /2/. Due to space limitations
only general trends and some special phenomena will
be discussed. Some challenges and future trends will
also be highlighted.

2. PHYSICAL IRRADIATION MODELS

lonising irradiations lead to the formation of defects in
the silicon dioxide and at the Si-SiOz interface resulting
into the generation of the oxide trapped charge and of
the interface trap density. This damage will cause a shift
inthe threshold voltage of MOS devices. A huge amount
of publications are dealing with a possible explanation
for the involved defect creation mechanism. Presently,
two different schools exist /3-4/. On one hand it is
believed that due to the irradiation electron-hole pairs
are formed in the oxide, whereby the electron is very
mobile and the hole moves towards the interface. It is
generally accepted that interface traps are trivalent sili-
con atoms with a dangling bond. After device process-
ing these dangling bonds are saturated due to the
hydrogen passivation, so that for modern technologies
the interface trap density is very low and in the 10%-107°
cm? eV range. The irradiation-generated holes will
lead to broken bonds once they reach the interface,
thereby increasing the interface trap density. The oxide
traps are believed to be trivalent silicon atoms with an
oxygen vacancy and have been identified by electron
spin resonance studies. This model is called the
trapped-hole model. Another theoretical model, called
the hydrogen diffusion model, is based on the fact that
during irradiation hydrogen ions throughout the oxide
are formed which under positive gate bias may diffuse
to the interface and thus creating interface traps accord-
ing to the following radiochemical reaction /5/

=Si-H + H' + e & =Si-H + H° & =Si- + Hp 1)
Due to the electron tunneling from the substrate through
the oxide, the hydrogen ion is transformed into a hydro-
gen atom. The hydrogen atom is very reactive and
reacts with a saturated silicon bond in order to form an
interface trap (dangling bond) and a hydrogen molecule
that diffuses away. Although there still exists a lot of
controversy about the exact model, more and more
experimental evidence is given for the validity of the
hydrogen diffusion model.

Detailed studies by Fleetwood and co-workers /6-7/
resulted into a generally accepted nomenclature for the
irradiation induced oxide defects. Dependent on the
location of the generated traps, distinction is made
between bulk oxide traps, border traps and interface
traps. This is schematically illustrated in Fig. 1. The
reaction time of the generated traps allows a further
classification into ‘fixed’ and ‘switching’ states. The
switching states are those which have an impact on the
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dynamic operating conditions (e.g. low frequency
noise) of the devices. Both states will have an influence
on the threshold voltage. Special measurement tech-
nigues have been proposed to separate the influence
of the oxide and interface trapped charge.

Gate Oxide 8i
(a)
¥ U + ¢
tect E -
(37 B + 7
Location <‘:—---“Oxsde Traps . *7‘
. s o7 I t
-
“Border Traps™ : Intertace Traps
(b) 2]
//
7
"Switching Slates"%
Electrical //
Response -+ "“Fixed S(ales"*—*’-g
7 l |
Gate Oxide Si
Figure 1: Schematic illustration of the used nomencla-

ture to differentiate between the physical lo-
cation and the electrical response of the
irradiation induced charges, after Fleetwood
et al. /7/. ‘Border traps’ are located in the
oxide near the interface and can exchange
charge with the Si substrate on the time scale
of the measurement.

Dependent on the irradiation conditions a certain
amount of energy will be deposited into the silicon
material and may therefore result into so-called dis-
placement damage, as reviewed recently /8/. The dis-
placement damage will mainly consist of a variety of
defects such as isolated intrinsic defects (self-intersti-
tials and/or vacancies) and defect complexes and de-
fect clusters. In recent years, the authors have used a
large variety of electrical and structural analysis tech-
niques (such as TEM, DLTS, infrared spectroscopy,
laser scattering tomography, photoluminescence, elec-
trical I-V and C-V measurements, lifetime measure-
ments, low frequency noise spectroscopy) in order to
identify and to characterize the electrical behavior of
these defects after proton, electron and neutron irradia-
tions /9-11/. Special attention has been given to the
impact of the quality of the starting silicon material, i.e.
Czochralski (Cz) Siwith different interstitial oxygen con-
centrations - Float Zone - Epitaxial wafers - high resis-
tivity silicon, on the hardness against displacement
damage. This study also included the influence of the
implementation of gettering treatments, originally in-
tended to reduce the amount of process-induced de-
fects.
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3. IRRADIATION HARDNESS OF SILICON
TECHNOLOGIES

This section is intended to give an overview of some
general features of the radiation hardness of different
silicon technologies. Although the irradiation behaviour
of several electrical parameters has been extensively
studied during the last decade, less attention has been
given to the low frequency noise behaviour of devices
in a space environment. This topic has recently been
reviewed by the authors /12-13/ and will also briefly be
mentioned here.

3.1 Silicon-on-Insulator (SOI) Technologies

To improve the total dose irradiation hardness of MOS
technologies, Silicon-on-Sapphire (SOS) technologies
were introduced around the mid-sixties. The thin silicon
film on the insulating substrate (Al203), in which mesa
transistors are fabricated, has a reduced carrier lifetime
due to the interfacial lattice mismatch. Although these
technologies still have a beneficial irradiation behaviour
from a viewpoint of single event upset (SEU) and resis-
tance against so-called gamma-dot upsets caused by
solar flares or nuclear explosions, for many space ap-
plications SOl technologies have gained a larger market
share. It is even so that at the annual IEEE SOS/SOI
Technology Workshop only a few papers are still deal-
ing with SOS. For SOl wafers the thin silicon film, which
is separated from the silicon substrate by a buried
insulator layer, can be obtained by oxygen implantation
(SIMOX), wafer bonding and etch back (BESOI) and
zone melting recrystallisation (ZMR). The main advan-
tages of using a thin silicon film are latch-immunity,
reduced leakage currents, increased SEU thresholds,
and the elimination of leakage currents associated with
parasitic transistors /14/. For space applications radia-
tion levels between 50 and 100 krad(Si) are sufficient.
In addition to several microprocessors, radiation hard-
ened 256k and 1 Mbit SRAMs have also successfully
been fabricated on SIMOX material. The trend in device
scaling is surely making SOl a winner compared to SOS
as for the latter the end-of-life is mentioned to be around
the 1.2 um level.

In SOl devices the irradiation sensitivity is mainly related
to the different Si-SiO2 interfaces associated with the
gate oxide, the buried oxide and the isolation oxides
respectively. Therefore attention has been given to the
impact of both the gate oxide temperature and the
isolation scheme used /15/. Hardened devices are ob-
tained by lowering the gate oxidation temperature and
by implementing a MESA-LOCOS isolation, whereby a
deep trench is etched in the Si film before the sidewalls
are oxidized, instead of a standard LOCal Oxidation of
Silicon (LOCOS). This is clearly illustrated in Fig. 2,
showing that for hardness levels up to 100 krad(Si) a
maximum threshold voltage shift of 100 mV is obtained.
Also the post-irradiation low frequency noise behaviour
is strongly influenced by the isolation scheme as can be
seen in Fig. 3 /16/. In strong inversion no difference is
observed, while in the subthreshold region the noise
strongly increases for the LOCOS device. For the
MESA-LOCOS device the noise increase is much
smoother. The observed noise spectra are 1/f" like with
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Figure 2:  Threshold voltage shift of a SOl nMOST as a
function of the total irradiation dose for differ-
ent isolation schemes and gate oxidation
temperatures (W 17: MESA-LOCQOS/850°C;
W 12: MESA-LOCOS/975°C; W16: LO-
CO0S§/850°C: W18: LOCQOS/975°C). Irradia-
tions are done for worst case biasing

conditions.
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Figure 3: Low frequency noise spectral density of irra-
diated MESA-LOCOS (dashed lines) and LO-
COS nMOSTs for three different frequencies.

n slightly larger than 1. Investigations also pointed out
that irradiations have a negligible impact on the excess
noise in the kink region of the devices. Hardened SO!
technologies are often using an additional boron im-
plantation at the bottom of the silicon film in order to
compensate for the irradiation-induced positive charge

build-up in the buried oxide as otherwise an inversion

fayer would be formed /15/. This can only be done for
partially depleted devices as fully depleted devices are
processed on rather thin silicon films which implies that
there is a coupling between the front- and back inter-
faces.
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Other measures to increase the irradiation hardness of
SOl devices are either design related, such as e.g. the
use of body ties and/or edgeless transistors, or modify-
ing the transistor concept. An example of the latter is to
use Gate-All-Around (GAA) or dual gate MOSTs,
whereby there is a thin oxide all around the gate /17/.
These GAA devices allow total dose levels up to 30
Mrad(Si) /18-19/. An interesting feature is that while the
threshold voltage shows a serious rebound after
Mrad(Si) irradiations, the low frequency noise has a
turn-around behaviour for increasing irradiation doses.
The maximum transconductance is a decreasing func-
tion of the total dose. The rebound effect is associated
with a compensation of the near-interface oxide traps
by the interface traps and can be reduced by optimizing
the radiation hardness of the gate oxide /19/.

3.2 Charge Coupled Devices (CCD)

CCDs are frequently used for imaging purposes on
board of spacecrafts and orbital satellites, so that exten-
sive research has been performed during the last dec-
ade. For these devices not only ionizing irradiation but
also irradiation-induced bulk damage have a strong
impact on the electrical performance and reliability of
the devices. In Europe extensive research in this field
has been performed by EEV (UK), Thomson (F), IMEC
(B) and research groups such as e.g. SIRA, Brunell and
Leicester University (UK). For reducing the dark current
a dithering technique, a multiphase pinned (MPP) or a
virtual phase CCD technology are often used. The ioni-
zation damage causes charge build-up in the gate oxide
layers resulting in a shift of the threshold voltage, while
the generation of interface traps leads to an increase of
the surface dark current. In addition transient effects
may be observed. Displacement damage produces
trapping centres in the silicon substrate, which in turn
leads to a reduction of the charge transfer efficiency and
the production of dark current spikes and a Random
Telegraph Signal (RTS) behaviour.

Systematic studies have been performed in order to
investigate the impact of technological parameters on
the total dose radiation hardness /20-22/. The standard
IMEC n-type buried channel, triple poly and double
metal 3 pm CCD technology was evaluated up to 73
krad(Si) and it was observed thati) there is a 3x increase
of the dark current density, ii) a high hole trapping factor
of 0.6, iii) a high subthreshold leakage, and iv) severe
reverse annealing effects after irradiation /20/. By tech-
nological modifications such as replacing the solid-
source doping at 950°C by an ion implantation,
reducing the thermal budget after gate oxidation by
restricting the maximal temperature to 800°C, and
changing the plasma enhanced CVD reflow oxide in the
back end by a tetra-ethyl ortho-silicate glass (TEOS),
the radiation hardness level has been increased to 100
krad(Si) /21/. Some typical results are shown in Fig. 4.
The modified process is characterized by a threshold
voltage shift of 14 mV/krad(Si), a hole trapping factor of
0.04, a dark current increase of less than 2 timeg, ang
an increase ininterface trap charge of about2x 10” cm

eV, A different behaviour of the storage and image
region of a Frame Transfer CCD has also been observed
/22/. Due to the presence of a metal light shield on the
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Figure 4: Typical subthreshold (a) and threshold volt-

age shift (b) as a function of irradiation dose
level for the standard and the radiation-hard-
ened CCD process.

storage region, the sintering step in forming gas leads
to a large amount of active hydrogen-containing spe-
cies in the oxide layers. The latter results in a pre-irra-
diation reduction of the interface trap density, but is at
the same time responsible for a higher interface trap
density build-up during ionizing irradiation, in agree-
ment with the hydrogen model discussed in section 2
and characterized by eq. (1). This phenomenon is illus-
trated in Fig. 5, giving the evolution of the average
interface trap density during irradiation and subsequent
annealing for a CCD device with the sintering step
before or after etching the Al light shield.

As already mentioned, CCDs are also very sensitive to
irradiation-induced bulk damage. Therefore the authors
have studied in detail the impact of the quality of the
substrate material and some technological parameters
on the radiation hardness of the devices /9-11/. Avariety
of proton, 252Cf and electron irradiations resulted into
the following main conclusions. The oxygen content of
the starting material has a strong impact on the radiation
resistance, and the best results are obtained for low
oxygen wafers and epitaxial material. The degrading
impact of the oxygen content has been confirmed by
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Figure 5:  Average interface trap density determined
from charge pumping measurements on gate
oxide transistors of the radiation hardened
CCD process as a function of the accumu-
lated dose level and the subsequent anneal-
ing time. A difference is made between a
sintering step before or after etching of the Al
light shield.

electrical characterizations of diodes, TEM analysis,
photoluminescence measurement, and DLTS analysis.
The SiOx precipitates and their associated dislocations
are responsible for minority carrier traps in p-type sili-
con, characterized by two deep levels at Ec-0.17 and
Ec-0.43 eV, leading to an increase of the leakage cur-
rent. While in irradiated p-type silicon the majority traps
related with carbon (interstitial carbon-substitutional
carbon CiCs or interstitial carbon-interstitial oxygen CiOi
complexes) dominates the leakage current, in n-type
irradiated silicon this is the case for majority traps asso-
ciated with vacancies (E-centres or di-vacancies). The
implementation of an internal gettering step may also
have a beneficial impact on the radiation hardness. The
technological importance of these conclusions are for
the moment being validated by evaluating the radiation
hardening of a 1024x1024 CCD processed ina 1.25um
CCD-CMOS technology.

Reduction of the bulk damage is important for the use
of CCDs in a near-Earth space environment. A system-
atic study by Hopkinson /23/ concerning the radiation-
induced dark current increase points out that the
surface dark current increase due to ionization damage
is bias dependent and shows a large reverse annealing
effect, while the bulk damage generates dark current
spikes and may introduce temporal fluctuation similar
as RTSs. These RTSs, which have time constants up to
1 hour, are believed to be due to bistable lattice defects,
i.e. defects with two stable configuration, corresponding
to a different charge state.
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Itis also important to mention that beside technological
modifications the radiation hardness can further be
improved by optimizing the design. In addition, the
radiation sensitivity also depends on the device operat-
ing conditions (e.g. operating bias, operating tempera-
ture, in-situ annealing affects).

3.3. Submicron CMOS Technologies

Bulk CMOS technologies are inherently more radiation
sensitive than SOl technologies. However, typical fea-
tures of commercial bulk CMOS devices are: total dose
hardness >1 x 108rad(SiO2), dose rate upset hardness
to 1 x 10° rad(Si)/sec, dose rate survivability to 1 x 1012
rad(Si)/sec, SEU hardness for flip-flops and SRAMSs to
1 x 109 -1 x 100 upsets/bit/day, and neutron fluence
hardness to 1 x 101* cm™ /24/.

A further scaling of the devices to the deep submicron
region requires the implementation of several advanced
processing steps which will have an impact on the
radiation hardness. Some of these technological proc-
ess modifications are briefly discussed. The switching
to so-called ultraclean processing in order to maintain
the stringent material specifications concerning defects
and contamination of the starting silicon has a beneficial
impact on the radiation hardness. The use of thinner
gate oxides results in a strong improvement of the
radiation hardness as in general the irradiation-induced
threshold voltage shift AVt follows a power law with the
gate oxide thickness tox /1/:

AVi = 1Moy @)
with nranging between 1 and 3, depending on the oxide
growth conditions. Ultrathin oxide (10-30 nm) have been
reported to be harder than predicted by eq. (2), which
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Figure 6: Comparison of the X-ray irradiation sensitivity

of a standard and a N2O-nitrided oxide. The
normalized degradation ofthe peak transcon-
ductance is shown as a function of the effec-
five device length /26/.

(dose rate 10 krad(SiOz)/min).
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might be due a compensation of the oxide trapped
holes by tunnel electrons. For a complete picture one
also has to take into account the impact of additives to
the oxide growth ambient (e.g. Cl, F, Ar, N ..}, the oxide
growth temperature and the post-oxidation anneal con-
ditions. Recent work even seems to indicate that thresh-
old voltage shift due to oxide trapped charge is less
oxide thickness dependent (n = 2.8) than the shift
caused by the interface trapped charge (n = 4.3) /25/.
Another beneficial influence on the radiation hardness
of the gate oxides is the use of N2O-nitrided (NO) /26/
or reoxidised nitrided (RNO) structures /27/, as illus-
trated in Fig. 6 for a NO oxide. Field oxides can be
hardened by sandwich structures such as a P- or As-
doped deposited oxide on a thin thermal oxide /28/.
Modern transistors concepts such as Lowly Doped
Drain (LDD) surely impacts the radiation hardness. Es-
pecially in the spacer regions irradiation-induced
charge can be trapped.

3.4 Bipolar Devices

Irradiations degrade the common emitter current gain 3
of bipolar junction transistors by increasing the base
current without significantly impacting the collector cur-
rent This is caused by either displacement damage in
the bulk reducing the minority carrier lifetime or by
ionizing irradiation of the oxide covering the emitter-
base junctions, whereby the oxide trapped charge re-
sults in a spreading of the field induced depletion layer
in the base region and the interface traps increase the
minority carrier surface recombination velocity /29/. The
decrease in effective doping of the base of NPN transis-
tors will be less pronounced for relatively heavy base
doping as well as a very narrow base width. The effec-
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Figure 7:  Variation of the effective surface recombina-

tion velocity calculated ata 0.6 V base emitter
voltage versus the dose rate and for various
total dose levels, after Wei et al. /30/.
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tive surface recombination velocity versus the ionizing
doserate isillustrated in Fig. 7 /30/, showing very clearly
that the surface recombination velocity not only in-
creases with the total dose but also depends on the
dose rate. While the highest values are observed for a
low dose rate, there is a tendency to level off at high
dose rates. A similar behaviour is noticed for the excess
base current. Fig. 8 gives a typical behaviour of the
current gain characteristics for various total dose levels
/31/.
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Figure 8: Typical common emitter current gain charac-
teristics for various levels of total dose. The
post-irradiation current gain is normalized to
the peak pre-irradiation current gain Ppk, after
Nowlin et al. /31].

A systematic study of different modern bipolar technolo-
gies leads to the following conclusion /31/: i) NPN
transistors degrade more severe than PNP transistors,
due to the build-up of positive charge in the oxide
covering the base region, i) devices with small emitter
perimeter-to area ratios are less radiation sensitive than
devices with a larger ratio, iii) the collector bias has no
impact on the gain degradation, iv) the worst case
irradiation condjtion is with a reverse bias on the emitter,
v) large base-emitter voltages give a smaller increase in
base current, and vi) poly emitter devices are initially
harder than standard emitter devices, but are becoming
worse at larger total doses. During the last years there
is also a strong interest in SiGe HBTs because of their
excellent electrical behaviour and their potential for
cryogenic applications /32/. Recently, initial irradiation
studies have been reported, indicating that up to a total
dose of 1 Mrad(Si) these devices are radiation hard both
at room temperature and at liquid nitrogen temperature
/33/. However, at 77 K the behaviour of the base current
is influenced by Poole-Frenkel trap assisted tunneling.
Irradiations initially increase the tunnel base current,
while there is a decrease for higher dose levels. Irradia-
tions only have a limited influence on the low frequency
noise behaviour by a slight increase of the generation-
recombination centres resulting in a Lorentzian hump
on the 1/f noise.



C. Claeys, E. Simeon, J. Vanhellemont:

Radiation Effects in Silicon Components for Space Applications

Informacije MIDEM 25(1995)3. str. 181-189

The authors have performed a systematic study of the
impact of the quality of the starting silicon on the radia-
tion hardness of junction diodes after a variety of proton,
252G, electron, and neutron irradiations (see e.g./9-11,
34-36/). Some important conclusion have already been
mentioned in section 3.2. The impact of different kinds
of irradiation on the gated diode characteristics of one
particular type of Cz n*p junction diode is illustrated in
Fig. 9. The shift of the gated diode step towards more
negative gate voltage indicates a shift in the flatband
voltage of the 100 nm thick gate oxide, due to the
creation of ionization damage, i.e., trapped holes. The
increase in the reverse current step after irradiation
indicates the creation of interface traps, while the in-
crease in the back-ground reverse current is mainly due
to displacement damage in the substrate. From this
figure, one can conclude that y-irradiations predomi-
nantly cause ionization damage and negligible bulk
damage, while the high energy particle irradiations (e",
H*) cause both.
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Figure 9: Gated diode characteristics before (full line)
and after irradiation with; 14 krad(Si) v- (dash);
10 MeV 2x10'° H jem? (circle) and 2 MeV
10" & /em®. The reverse diode bias 1s -3 V.

In addition it can be stated that 25Cf irradiations have
a much higher defect generation efficiency than proton
irradiations, but for the interpretation of the data one has
to take into account the defect profile in silicon sub-
strate. Detailed noise studies pointed out that the pre-
and post-irradiation low frequency noise spectra can be
described by a semi-empirical model

IB
S| = C‘F“

: ©)

with for proton irradiations 1.5 <B<2 and 0.65<vy<1.2
for the diode current noise Si. More information on the
correlation between the irradiation-induced bulk dam-
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age and the LF noise performance can be found in /12/.
It has to be remarked that the observed noise behaviour
can not be explained by the standard available noise
models.

The LF noise characteristics of electron irradiated di-
odes are somewhat peculiar as for FZ material the LF
noise at low forward current levels decreases after irra-
diation. A theoretical model is under development and
will take into account the relative importance of the
surface G-R noise component and the noise associated
with oxygen-related bulk G-R centres.

3.5 Other Technologies

There are still other silicon based technologies which
are used for space applications and which have not
been discussed here due to page restrictions. Junction
field-effect transistors (JFETs) are less sensitive than
MOSFETs as it is a bulk type device, with current con-
duction based on majority carriers. They are less sensi-
tive to ionization bulk damage than bipolars. These
devices are of special interest for detector front-end
electronics in colliders as they are radiation tolerant and
allow monoilithic integration. Gamma irradiation levels
up to 100 Mrad(Si) and neutron fluences in the range
4x10' nfcm? have been reported /37/. Another prom-
ising approach for the fabrication of fully integrated pixel
detectors is the use of high-resistivity (5-10 kQcm) SOI
wafers whereby the detector diodes are fabricated inthe
high resistivity substrate, while the CMOS read-out and
amplification electronics are located in the thin silicon
top layer /38/. A schematic cross-section of such a
device is shown in Fig.10.

ol OSFET

Figure 10: Schematic cross-section of the monolithic
integration of CMOS electronics and particle
diodes in high-resistiviy SOI wafers.

Special attention should be paid to the use of Power
MOSFETs in radiation environments. Beside the stand-
ard MOSFETs deficiencies, an important phenomenon
is the occurrence of Single Event Burnout (SED) result-
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ing in a drain-source and drain-gate short. Important
parameters to control are the operating voitages, the
operating frequency, the applied voltage in the off state,
and the operating temperature. It is essential to differ-
entiate between the static and the dynamic operation of
the devices and to take into account the irradiation
parameters (e.g. type of particle, energy, stopping
power, incident angle ...).

Finally it should be mentioned that there exists an in-
creasing interest in the radiation hardness of sensor
and/or microsystems due to their increasing functional-
ity and fields of applicability. A discussion of that topic
is out of the scope of the present paper.

4. CONCLUSIONS

It may be stated that silicon components remain the key
electronic elements for space applications. This is
mainly due to a better understanding of the physical
mechanisms underlying the radiation hardness so that
radiation resistant devices can be fabricated. This paper
has only discussed the impact of technological parame-
ters, but also on the design side there are plenty of
measures that can be implemented. Only for dedicated
applications, |-Vl and [lI-V technologies are a competi-
tor of the silicon technologies. During the last years the
research efforts concerning radiation hardened tech-
nologies has been triggered and Europe is playing a
more important and leading role.
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OSNOVE RACUNALNISKEGA MODELIRANJA
PROCESNEGA KORAKA PLANARIZACIJE

Bostjan Gspan, Radko Osredkar
Fakulteta za elektrotehniko in racunalnistvo, Ljubljana, Slovenija

Kljuéne besede: polprevodniki, IG vezja integrirana, tehnologije mikroelektronske, osnove fizikalne, modeliranje ra¢unainisko, modeliranje
numeriéno, modeliranje procesov, simulacije procesov, simulacije korakov procesnih, procesi planarizacije povrSine, planarizacija topografije,
plasti planarizacijske, BPSG stekla boro-fosfo-silikatna, SOG steklo tekoce naneseno centrifugalno, difuzija povrsinska, metode fizikalne, metode
tekodinske, Navier-Stokes enacébe, oprema programska

Povzetek: V pregiednem ¢lanku so predstavijene fizikalne osnove razliénih modelov za simulacijo procesnega koraka planarizacije pri proizvodnih
postopkih izdelave integriranih elektronskih vezij. Podrobneje sta opisana modela planarizacije s tanko plastjo moéno dopiranega silicijevega
dioksida in tanko plastjo tekocega stekla.

Physical Foudations of Computer Modeling of
Planarization Processes

Keywords: semiconductors, IG, integrated circuits, microelectronic technologies, physical foundations, computer modeliing, numerical modelling,
process modelling, process simulations, process step simulations, planarization processes, topography planarization, planarization layers, BPSG,
Boro-Phospho-Silicate Glasses, SOG, Spin-On Glass, surface diffusion, physical methods, liquid methods, Navier-Stokes equations, software

Abstract: In this review paper physical foundations of planarization process computer models are discussed. As planarization is becoming of
crucial importance for processes with small lateral dimensions (. e. <1.2 um), the need for a reliable computer model of this process is increasing.
One approach to process modelling is to start from “the first principles”; at later stages of modelling this, approach usually requires extensive
simplifications and omissions of the relatively small terms in the equations in order to keep the model within computing power of present day
computers. The other approach is to fit parameters of a model as to match the result of simulation to experimental data.

One of the possible classifications of planarization techniques is to physical and to liquid methods. Based on our experimental investigations
described elsewhere we focused on finding a model for planarization with borophosphosilicate glass (BPSG) layer among physical methods, and
for planarization with spin-on glass (SOG) among liquid methods, therefore the two are treated in more detail. Different models of planarization are
compared and evaluated with regard to possibility of their incorporation into existing process simulation software packages.

We conclude that the most promising model of physical planarization at present time is the model of “surface diffusion”; also, it is already a module
in the process simulation program SAMPLE, and therefore easily accessible. in this model free surface energy is considered as the driving force
that forms the topography of planarization layer. Planarization layers are regarded as layers of liquids with different viscosities. When viscosity of
a liquid is appropriately low, liquid can flow in such a manner as to minimize the surface energy. This flow is called surface diffusion. Material
properties, environment and other parameters are implicitly defined in variable diffusion coefficient.

Lubrication model of planarization can very accurately predict form of a topography planarized with liquid methods, but is less useful for predicting
the results of planarization with physical methods. The essence of this model is solving the Navier-Stokes equations. In spite of the accuracy of
predictions for cases within model limitations, the model is not yet incorporated in commercially available process simulation software.

As an example of a model which is based on fitting parameters to experimental data, a model is described that regards planarizing layer as a low
pass filter. The starting topography of an IC with many steps and trenches is regarded as a high frequency signal and on the planarized surface
only low frequencies are aliowed. When the values of parameters in this model are based on large numbers of experimental data, the model can
be very accurate and used for predicting the forms of planarized surfaces. Even though the model is computationally very simple it is not yet
integrated in a process simulation program as a module.

in spite of different approaches and many attempts to validate simulation results with experimental data, simulations can not yet accurately predict
the form of planarized surface, therefore new work and investigations of planarization processes are still necessary.

1. Uvod navadno dobro ujemajo. Kadar pa se pojavi neskladje
med rezultati meritev in napovedmi modela je potrebno
Programi za simulacijo procesnih korakov lahko pri popraviti parametre, ki nastopajo v modelu in navadno
razvoju in modifikaciji procesa proizvodnje integriranih je nastajanje dobrega modela tega tipa iterativen po-
vezij prihranijo veliko ¢asa in stro$kov. Vzporedno z stopek. Za dober model na osnovi rezultatov meritev
razvojem procesnih korakov zato obicajno razvijajo tudi potrebujemo statisticno signifikantno $tevilo merilnih
matemati¢ne modele za njihovo simulacijo. Dva pristo- rezultatov, kar je lahko drago in zato opraviijivo le za
pa sta k izgradnji simulacijskih modelov: izdelavo modelov, ki bodo koristili velikoserijski proiz-
vodniji.
Prvi pristop izhaja iz obstojecih rezultatov meritev. Pri Drugi pristop izhaja iz podrobnega poznavanijafizikalnih
takem modelu se rezultati meritev in napovedi modela osnov procesnega koraka. Priizdelavi modela tega tipa
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najprej poskusimo dolociti vse veli¢ine relevantne v
nekem procesnem koraku in nato ugotoviti njihovo
medsebojno delovanje. Za kontrolo tako nastalih mode-
lov procesnih korakov nam sluzijo merilni rezultati. Po-
gosto je pri modelih, ki izhajajo iz fizikainih osnov,
problem v tem, da zaradi zapletenega dogajanja v njih
nastopajo poenostavitve in je od poenostavitev odvisno
kako dobro simulacije nekega procesnega koraka la-
hko opisuje realno dogajanje. Razlog za poenocsta-vitve
je seveda omejena zmogljivost ra¢unalnikov. Po drugi
strani pa je res, da so danasnji racunalniki, kfjub ome-
jitvam, ze povsem primerni za simulacije na osnovi
fizikalnih modelov.

Obstoja ve¢ programov za simulacijo procesnih
korakov proizvodnje integriranih elektronskih vezij
(SAMPLE, SUPREM, SUPRA, DEPICT2, SPEEDIE) /1,
2/. Za nove modele je ugodno, ¢e jih lahko vgradimo v
obstojece programe in zato modeli za nove procesne
korake navadno nastanejo v obliki modulov. Seveda je
pogoj za uspedno vgradnjo novega modula za simu-
lacijo nekega procesnega koraka v obstojeci program,
da je zdruZljiv z njegovimi vhodnimi in izhodnimi.

Med izdelavo integriranega vezja na silicijevi rezini na
njeno povréino na raziiénih mestih nanagamo prevod-
ne, izolacijske in druge plasti; zato dobiva povrsina
rezine, ki je bila spoCetka sicer ravna, vse boljrazgibano
topologijo, ki otezuje izdelavo integriranega vezja. Pos-
topek planarizacije pa zniza prehode med ravni-nami na
povr$ini tabletke (Cipa). Najvecje visinske razlike na
povrsini tabletke integriranega vezja nasta-nejo proti
koncu njegove izdelave in za sledece fotolitografske
postopke ter postopke naprdevanje je ugodno, pri
majhnih kriticnih dimenzijah integriranih vezij (< 1,2 um)
pa celo nujno, da je povrsina vezja uravnana.

2. Numeritno modeliranje planarizacijskega
postopka

Pri re$evanju problematike planarizacije se je izobliko-
valo ve¢ pristopov /3/. Razliéni pristopi se razlikujejo po
nastanku in sestavi plasti za planarizacijo. Ena od
moznih delitev je na fizicne in fluidne metode. Pri fiziénih
metodah planarizacije na povrsino silicijeve rezine na-
iprej nanesemo dielektricno plast z ostrimi prehodi, ki
jo nato z drugim fizi€nimi procesi zgladimo (na primer
nataljevanjem dopiranega silicijevega dioksida nane-
Senegaiz plinske faze). Prifluidnih metodah dielektriéna
plast nastane iz suspenzije ali raztopine reaktantov v
ustreznem topilu, zato ima izhodi$¢na snov nizko visk-
oznost. Zaradi nizke viskoznosti lahko povrginska nape-
tost uravna powvrsino dielektricne plasti. Povrsinski
napetosti pomagamo $e s centrifugalnim nanasanjem
planarizacijskega materiala. Taksna planarizacija je, na
primer, nanasanje tekocega stekla ali organskih plana-
rizacijskih materialov.

Poznavanje fizikalnih dogajanj pri planarizaciji je Ze
dovolj dobro, da ne predstavlija ve¢ bistvenih omejitev
v primerjavi z zmogljivostmi radunalnikov.

Kljub pomembnosti tankih plasti iz teko¢ega stekla za
planarizacijo v proizvodniji integriranih vezij $e vedno ni
natanCnega opisa prav vseh dogajanj pri nastajanju teh
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plasti, ker se pri tem srecujemo s prevelikim &tevilom
pojavov, ki bi jih morali upostevati. Primer do pred
kratkim zanemarjenega vpliva je vpliv topologije preho-
dov v okolici obravnavanega prehoda na izravnavanje.
Sprememba polozaja in velikosti elementov vezja v
okoliski topografiji prehoda ter spremembe kemijske
zgradbe plasti pod tanko plastjo iz tekocega stekla,
lahko spremenijo debelino nanesenega polimera pri
planarizaciji s tanko plastjo iz tekocega stekla.

2.1 Model difuzije povrsine

Model difuzije povrsine je uporaben za napovedovanje
oblike planarizirane povrsine vezja po teéenju modno
dopiranega stekla (boro-fosfo-silikatno stekio, BPSG),
nanesenega iz plinske ali tekoc¢e faze. Osnovni mehan-
izem pri uravnavanju povrsine, ki je prekrita z dopiranim
steklom, je delovanje povrsinske napetosti pri povisani
temperaturi. Kot vsaka tekocina, tudi nataljeno steklo
tezi k temu, da biimelo ¢im manj$o povrsinsko energijo.
Pri tem modelu podrobna kinetika spreminjanja oblike
povrsine ni pomembna, privzeta pa je difuzija materiala
iz podrocij z visjo povrsinsko energijo v podrodja z nizjo
energijo. Na ta nacin se povrsinska energija celotne
povrs$ine zniza /4/. Na tem mestu ne bomo obdelovali
natancnega mehanizma tega procesa, ampak le poka-
zali, da se da s sprejetimi predpostavkami narediti
model, ki dobro opi$e konéno obliko povrsine vezja po
planarizaciji.

Prednost tega modela pred drugimi je tudi v tem, da se
njegovi vhodni in izhodni podatki zelo lahko prilagodijo
obliki, ki jo uporablja priljubljeni program za simulacijo
procesnih korakov SAMPLE. V programu SAMPLE so
mnogi modeli za druge procesne korake, zato lahko
enostavno simuliramo celoten kompleksen postopek
planarizacije, ki vkljuCuje tudi fotolitografske, depozicij-
ske in korake jedkanja.

2.1.1 Osnovne predpostavke modela

Prosta energija povrsine je proporcionaina velikosti
povrsine, kar opisuje naslednja enadba:

F=7A (1
kjer je F prosta energija povrsine, y povrsinska energija
na enoto povrsine (povrsinsko napetost) in A povrsina.
Lokalno ukrivijenost povrsine v izbrani tocki (x, y)
opisemo z dvema glavnima krivinskima radijema Ry in
Ro, ki leZita v ravninah glavnih normainih presekov (sta
negativna pri konkavnih in pozitivna pri konveksnih
povrsinah) /5/. Osi x in y lezita v oskulacijski ravnini v
izbranitocki (x, y) in 0s z paralelno z binormalo. Povrgina
infinitezimalno majhnega dela ukrivijene povrsine je
torej dxdy. Ce povréini v tocki (x, y) dodamo majhen del
snovi se povrina premakne v normalni smeri, to je v
smeri z, krivinska radija v tej toCki pa se spremenita.
Kemijski potencial u je definiran kot:

dF
H:m:QY(1/R1+1/R2)
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kier je N stevilo delcev in Q molekularni volumen. V
sploénem se krivinski radiji spremlnjajo od toéke do
todke na povrsini tekocine, kar pomeni da so gradlentx
kemi¢nega potenciala na povrélm razlicni od ni¢ in
delujejo kot sile, ki povzrocajo pretok materiala, kar
opisuje enacba:

_ [owe?
J_w V_(1/Ry(P)+ 1/Ro(P)

kT (3

kjer je J volumski pretok materiala (na enoto dolzine),
v povréinska koncentracija molekul, D difuzijski koefi-
cient povrsine, k Boltzmannova konstanta in T tempe-
ratura. Enacba (3) opisuje transport materiala po povr-
sini kot posledico sil, izvirajocih iz povr8inske energije.
D in vy v enadbi nastopata le kot produkt in enacbo
poenostavimo:

Dl
KT

J==V_(1/R(p)+1/Rz(p)) 4

kjer je D' = DvaZ in predstavija efektivni difuzijski
koeficient povrsine. V limitnem primeru ravne povrsine,
ko gresta krivinska radua proti +oo, & p.etok materiala
po povrsini oditno enak ni¢. Robne Pogoj je lahko izbere-
mo poIJubno parameter(D/kT)t pa je neodvisen, kjer je

t celoten das pretoka, Imenujejo ga “koli¢ino pretoka”

in v njem so implicitno upostevani vplivi temperature,
sestave tanke plasti in drugi vplivi okolice.

Kot omenjeno, je model difuzije zdruzljiv s programom
SAMPLE. Posebej enostavno v sicer pogostem prak-
titnem primeru, ko je eden od obeh krivinskih radijev
mnogo vedji od drugega (cilindricna simetrija).

2.1.2 Modifikacija modela za planarizacijo s tanko
plastjo teko¢ega stekla

Gornji model lahko do neke mere prilagodimo tudi za
simulacijo planarizacijskega postopka s tanko plastjo iz
tekoGega stekla, ¢e upostevamo izhlapevanje topila
med postopkom /11/. Opis izhlapevanja zahteva dva
parametra. Tak model je omejen na simulacijo planari-
zacije gostih prehodov med ravninami vezja, kajti le pri
taki topologiji lahko zanemarimo vplive rotacije silicijeve
rezine. V simulacijskem modelu sta upo$tevana dva
procesa, ki imata nasprotne udinke na stopnjo planari-
zacije: ker je skréek v grobem propocionalen volumnu
tekodega stekla, je skréek plasti iz tekoCega stekla vedji
v nizjin delih povrsine. Nasproten vpliv paima teznja, da
zapolni niZje dele povrsine. Za natancen izracun vpliva
izhlapevanja topila iz tekocega stekla bi morali resiti
dvodimezionalno difuzijsko enacbo na neplanarni
geometriji s premiénimi mejami. Problem je poenostav-
ljen tako, da model predpostavlja s casom eksponen-
cialno upadajo¢o hitrost kréenja volumna tekocCega
stekla. Poleg tega je zanemarjeno tudi lateralno kréenje
plasti. Simulacija oblike povrgine planariziranega vezja
s tanko plastjo iz tekoCega stekla se zacne s predpo-
stavko, da je povrsina takoj po nanosu tekocega stekla
ravna.
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2.1.3 Modifikacije modela za opis ponovnega tecenja
BPSG

Ponovno tecenje je postopek, pri katerem s povisano
temperaturo zaoblimo ostro izjedkane prehode kon-
taktnih odprtin. Model za simulacija tega postopka
uposteva posebne robne pogoje, ki so za ta proces
znadilni. V kontaktnih odprtinah se stikata substrat ter
rob plasti stekla in kot omakanja med njima je parame-
ter, ki dolo¢a dinamiko procesa. Simulacija poteka v
dveh korakih: najprej z nespremenljivo toc¢ko stika in s
spremenljivim kotom ter nato z nespremenljivim kotom
in pomi¢no sti¢no to¢ko. Taka simulacija se dobro uje-
ma z merjenimi rezultati /6/. Se posebej spodbudno je
dobro ujemanje dejanskih rezultatov in simulacije raz-
mer pri slabo poravnani kontaktni maski. V takih razme-
rah so stranice kontaktne odprtine izrazito nesimetricne.

2.1.4 Ocena uporabnosti modela

Model difuzije povrsine, kljub potrebnim poenostavit-
vam, dovolj natanéno opisuje dogajanje na povrsini, ki
jo zelimo planarizirati. Uporaben je pri studiju geome-
trije planarizirane povrsine s tanko plastjo BPSG kot tudi
s tanko plastjo iz tekocega stekla. Posebna prednost
modela pred drugimi je to, da upoéteva podatkovno
strukturo komercialnega programa za simulacijo pro-
cesnih korakov SAMPLE in je zato takoj prakticno upo-
raben.

2.2 Reoloski model

Simulacijski modeli planarizacije, ki slone na teoriji
mazanja, obi¢ajno opisujejo le dogajanje v radialnem
prerezu povrsine (torej dve dimenziji) in opisujejo
razmere za nehlapljive tekocine, vendar se jih da dopol-
niti, da upostevajo tudi topoloske lastnosti povr-gine v
tangenciaini smeri. Zaradi velike viskoznosti do-pira-
nega silicijevega dioksida, nane$enega iz plinske faze,
model ni uporaben za simulacije tega nacina pla-nari-
zacije, pa¢ pa je zelo uporaben za opis nanasanja
mnogo manj viskoznega tekocega stekla. Posebno do-
bro opise tanjsanje plastitekocega stekla prinana-sanju
/7/. Na obliko povrsine nanesenega tekotega stekia
vplivajo povrsinska napetost, centrifugalna silain debe-
lina plasti tekocega stekla. Znacilno je, da pri teh mode-
lih na rezultate simulacij vplivajo tudi razlicne smeri
prehodov med ravninami v radialni smeri (iz nize lezece
ravnine na visjo ali obratno). Novi, v nadaljevanju
opisani model, do nekoliko uposteva tudi hlapnost pla-
narizacijskega materiala, uporaba starej$ih tovrstnih
modelov pa je nekoliko vprasljiva, ker niso podrobno
raziskali njihovih omejitev in veljavnosti.

2.2.1 Osnovne predpostavke modela

Model simulira stopnjo planarizacije (SP), ki je defini-

rana kot:

Ad

SP= (1 - m)m 00% (5)
\%

kjer je Ad najvecja deviacija od nominalne debeline
plasti planarizacijskega materiala (n. pr. tekoCega
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stekla) in v visina prehoda med plastmi (glej sliko 1). Za
kvantitativno oceno prevliadujocega vpliva pri obliko-
vanju povréine je v modelu definiran brezdimenzijski
parameter w°, razmerje med centrifugalno silo (F¢) in
povrsinsko napetostjo (Fy), ki delujeta na del planari-
zacijskega materiala:

Fo  poil’rh

2_.¢
FY vy

o =

6)

kier je p gostota tekocine, w kotna hitrost, L &irina
prehoda, ro razdalja prehoda od osi vrtenja rezine in o
povrsinska napetost raztopine planarizacijskega mate-
riala.

Z reoloskim modelom simuliramo tudi znadilno brazdo,
ki se pojavi v plasti planarizacijskega materiala nekoliko
za prehodom iz visje na nizjo ravnino vezja ter grbo, ki
sledi obratnemu prehodu. Oba pojava so opazili pri
raziskavah, kjer so plast tekoGega stekla opazovali med
nanasanjem /8/. Ujemanje rezultatov simulacije in me-
ritev je dobro pri prehodih, ki so bili iroki glede na
njihovo pogostost.

P x

To

Slika 1. Znacilni prehod med ravninami, ki ga je

potrebno planarizirati,

P je $irina presledka, s visina prehoda med ravninama
vezja, dn nazivna debelina plasti planarizacijskega ma-
teriala, Ad maksimalna deviacija debeline plasti od naz-
ivne debeline in ro radialna oddaljenost prehoda med
ravninama od sredisc¢a rezine (osi vrtenja).

Opomba: Radibi opozorili, da je koordinatni sisterm v tem primeru
orientiran, glede na povrsino, drugace kotv prejsnjem.

2.2.2 Fizikalna izhodi$éa za model/

Tok planarizacijskega materiala po povrsini rezine v
reoloskem modelu planarizacije opisujeta kontinuitetna
enacba in momentna enacba (Navier-Stokesova enaé-
ba):
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V.v=0 (7)

n—[zX =-Vp+ng+ V3

Dt ®)

kjer je v vektor hitrosti v tekocini, p je tlak v sistemu, g

je vektor sile teZe in n je viskoznost tekodine /9/.

Ker so opazovani prehodi med ravninama vezja obi-
¢ajno ozki v primerjavi z njihovo oddaljenostjo od osi
vitenja (L << rg), lahko enacbi poenostavimo in ju
resujemo le v dveh dimenzijah. Poleg tega zaradi
ozkega prehoda med ravninami vezja lahko zane-
marimo spreminjanje centrifugainega pospeska po &ir-
ini prehoda - torej predpostavimo, da se centrifugalna
sila po celi girini prehoda ne spreminja /10/. Dobimo
sistem diferencialnih enadb:

c J
Sy ZY o)
X oy
v av ov
p b + v, +V, Yol=
ot ox dy
op ?v, 0%y
B NWH[ 9x2y “wé;,“?*y- +por’ry (10)
Iy +v QXLJFV W |
ot T Ty )T
op ’azvx 0%V,
=—— 1 + + 11

Pred resevanjem enacbe transformiramo v brezdimen-
zijsko obliko. Hkrati z normiranjem ocenimo tudi vpliv
posameznih &lenov enadb za tipicne vrednosti, ki se
pojavijajo pri simulaciji nanasanja tekocega stekla;
nekateri Cleni v enacbah so namre¢ dovolj majhni, da
jih v nadaljnjem obravnavanju lahko zanemarimo.
Razdalje v smeri x so normirane z s, ki oznaduije visino
prehoda med ravninama vezja. V starejsih modelih so
bile razdalje v normalni smeri na ravnino rezine normi-
rane z nazivno debelino plasti tekocega stekla (dn). Po
razmisleku hitro vidimo, da vpliva na tok tekogega stekla
visina prehoda med ravninama vezja in ne njegova
nazivna debelina, zato je za normiranje bolj primerna
visina prehoda med ravninama. Zaradi drugaéneganor-
miranja je izraz za kvocient med centrifugalno in
povrsinsko silo nekoliko drugacen kot v enaébi (6) - v
novi obliki je to rotacijsko Bondovo:
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_pfrl®
s

B (12)

Reynoldsovo $tevilo (Re), ki izraza relativni vpliv vztraj-
nostnih sil glede na viskozne, je:

 p?o’rydis®

Re
n°L

(13)

Ce v izraz vstavimo tipi¢ne vrednosti (podane v tabeli 1)
za planarizacijo prehodov med ravninama integriranih
vezij s tekodim steklom, ugotovimo, da so vrednosti
Reynoldsovega $tevila mnogo manjse od 1, kar pome-

ni, da je tok tekodega stekla po povrsini rezine silicija
laminaren.

Tabela 1: Tipicne vrednosti parametrov za reoloski
model planarizacije mikroelektronskih vezij

Spremenljivka oznaka tipicna vrednost
visina prehoda med s 1-5 um
ravninama vezja
Sirina prehoda med L 1-100 um
ravninama vezja
gostota tekocega 3
stekla P ! giem
kotna hitrost ® 3000-8000 vrt./min
oddaljenost pre.hoda 0 2510 cm
od osi vrtenja
nazivna debelina
plasti tekocega stekla on 1-10um
viskoznost n 01-10kgm”s”
koeficient povrsinske v 0,02-0,04 kg 52
napetosti

2.2.3 Ocena uporabnosti modela

V primerjavi s starejsimi modeli, pri katerih je za nor-
malizacijo razdalj v normalni smeri glede na povrsino
rezine sluzila nominalna debelina plasti planarizacij-
skega materiala, je nova normalizacija dala dobre re-
zultate v Sirsem podrodju pogojev nanasanja tekocega
stekla. Model zelo natan¢no opisuje dogajanje pri
nanasanju tekoc¢ega stekla, njegovo utrjevanje pa le
priblizno. Huda pomanijkljivost sicer obetavnega pristo-
pa je, da (po dostopnih podatkih) e ni doZivel potrditve
kot osnova simulacijskega modula kakega programa za
modeliranje procesnih korakov. Druga pomanjkljivost
predstavljenega modela je, da ni uporaben za simulira-
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nje planarizacije s tanko plastjo dopiranega silicijevega
dioksida, nanesenega iz plinske faze.

2.3 Model nizkega sita

Omenimo $e tretji pristop k modeliranju planarizacijske
plasti, ki planarizacijsko plast obravnava kot nizko sito
za prehode. Tak pristop je e najblizji elektrotehniskemu
pristopu analize vezij z metodo “Crne $katle”. Pri pro-
blemu poznamo vhodne podatke (topografijo vezja) in
Zelene rezultate (planarizirano topografijo vezja). S pla-
narizacijsko plastjo moramo priti od vhodnih podatkov
do zelenega rezultata. Lastnosti planarizacijske plasti
so ekvivalentne prevajalni funkciji pri redevanju proble-
mov v vezjih /11/.

2.3.1 Osnovni princip modela

Planarizacijske lastnosti tekoCega stekla modeliramo z
dvema parametroma. Prehodi med ravninama vezja
imajo, glede na njihove razlicne gostote, tudi razlicne
prostorske frekvence in zaporedje prehodov lahko
obravnavamo kot periodi¢en signal. Planarizacijska
plast je namenjena filtriranju visokih frekvenc tega sig-
nala. En parameter predstavlja planarizacijske last-nosti
tekodega stekla pri tecenju, z drugim pa modeliramo
gostoto prehodov /11/. Konkretne vrednosti parametrov
dobimo po primerjavi merjenih rezultatov in rezultatov
simulacij. S spreminjanjem vrednosti parametrov prila-
gajamo in izboljsujemo ujemanje napovedi modela z
meriinimi rezultati.

2.3.2 Ocena uporabnosti modela

Pri tem modelu je bistveno prilagajanje parametrov
modela na eksperimentalne podatke. Zaradi takega
dolodanja parametrov je to empiriéni model, ki se lahko
izkaze $ele vrazmerah, ko je navoljo veliko eksperimen-
talnih podatkov. V takem primeru je model primeren tudi
za razvijanje novih postopkov. Model je uporabljen kot
samostojen program, ki simulira postopek planarizacije
in bi se ga verjetno dalo hitro vkljuciti v obstojece
programe, ki simulirajo tudi druge procesne korake. Po
drugi strani pa model, ki temelji na prilagajanju parame-
trov, ni zanesljiv v vseh primerih. Ce nek empiri¢ni mo-
del za procesni korak vkljuéimo med modele za ostale
procesne korake, med katerimi je $e kaksen empiricen
model, je izredno tezko ugotoviti napovedi katerega
modela se ne ujemajo z meritvami.

2.4 Prihodnost modelov procesa planarizacije

Primerjava vseh treh pristopov kaze, da so rezultati
simulacij po vseh treh metodah uporabni, vendar ne
brez zadrzkov in omejitev. Trenutno ni modela, ki bi bil
splogno uporaben za simuliranje vseh nacinov planari-
zacije. Zaradi velikega zanimanja mikroelektronske in-
dustrije v zadnjem letu (1994) nastaja ve¢ modelov za
kemo-mehansko poliranje. Modeli, ki temeljijo na fizi-
kalnih osnovah kemo-mehanskega poliranja se bistve-
no razlikujejo od modelov za planarizacijo s tankimi
plastmi tekoCega stekla ali dopiranega silicijevega diok-
sida. Zaradi novega nacina planarizacije, ki deluje na
povsem drugih mehanizmih, se je podrocje za simu-
lacije planarizacije razsirilo in ostaja $e naprej odprto.



B. Gspan, R. Osredkar: Osnove racunalniskega modeliranja
procesnega koraka planarizacije

Informacije MIDEM 25(1995)3, str. 190-195

Ta prispevek temelji na delu doktorske disertacije, ki jo
je prvi avtor predlozil Fakulteti za elektrotehniko in
raunalnistvo v Ljubljani.
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THERMALLY STIMULATED INTERACTIONS IN
BILAYERS AND MULTILAYERS CONTAINING Ni AND
Si DURING A TEMPERATURE RAMP

A. Cvelbar, P. Panjan, B. Navinsek, B. Zorko and M. Budnar
“Jozef Stefan” Institute, Ljubljana, Slovenija

A.Zalar and B.Pracek
Institute for Electronics and Vacuum Technique, Ljubljana, Slovenija

Keywords: silicides, silicide layers, microelectronics applications, thin films, bilayers, multilayers, Ni layers, Si layers, layer interactions, thermally
stimulated interactions, dependability of layers thickness ratio, bilayer structures, multilayer structures, constant rate heating, temperature ramps,
electrical resistivity, electrical resistivity measurement, XRD, x-ray diffraction, Seeman-Bohlin x-ray diffraction, Bragg-Bretano x-ray diffraction,
Rutherford backscattering, RBS, Rutheford Backscattering Spectra, Auger Electron Spectroscopy depth profiling, Ni-Si overall stoichiometry,
interdiffusion phases, oxygen contamination

Abstract: Interactions between Ni and Si films in different types of bilayers and muitilayers during constant heating rate of 3 °C/min in ArorNasa
function of starting Ni and Si thicknesses with overall stoichiometry ranging from Nig.78Si0.22 to Nig 28Sio.72 was systematically studied by in-situ
electrical resistivity, x-ray diffraction, Rutherford backscattering and Auger depth profiling up to 500 °C. Two different phase sequences observed
depend on initial Ni/Si thickness ratio. Diffusion in multitayers is detected above 150 °C. Additionally, bilayers contaminated with different oxygen
contents during deposition were analyzed during heating. Several per cent of incorporated oxygen in either Ni or Si layer suppresses the
interdiffusion strongly.

Toplotno vzpodbujene interakcije v dvoplastnih in
veéplastnih zgradbah, vsebujocih nikelj in silicij med
enakomernim segrevanjem

Kijuéne besede: silicidi, plasti silicidne, uporaba v mikroelektroniki, plasti tanke, dvoplasti, vecplasti, Ni plasti niklja, Si plasti silicija, vplivi med
plastmi, interakcije toplotno vzpodbujene, odvisnost od razmerja debelih plasti, strukture dvoplastne, strukture veéplastne, segrevanje enakomerno,
klancine temperaturne, upornost elektriéna, merjenje upornosti elektriéne, XRD uklon Rentgen zarkov, Seeman-Bohlin XRD uklon Rentgen Zarkov,
Bragg-Brentano XRD ukion Rentgen Zarkov, Rutherford sipanje povratno, RBS spekter Rutherford sipanja povratnega, AES Auger Spektroskopija
elektronska - profiliranje globinsko, Ni-Si razmerje sestavin povprecno, faze dituzije medsebojne, kontaminacija s kisikom

Povzetek: S sprotnim merjenjem elektriéne upornosti med segrevanjem s stalno hitrostjo 3°G/min do 500°C ter s kasnejsimi meritvami rentgenskega
uklona, Rutherfordovega povratnega sipanja ter spektrov Augerjevih elektronov smo sistematiéno $tudirali mesanje plasti niklja in silicija v razli¢nih
dvoplastnih ter veéplastnih zgradbah s povpreéno sestavo med Nio.785i0.22 in Nip 26Si0 72. Zaporedje nastajanja faz je odvisno od razmerja zacetnih
debelin obeh elementov. V vedplasteh smo zaznali difuzijo ze nad 150°C. Dodatno smo opazovali tudi dvoplasti z razli¢no vsebnostjo kisika v
posameznih plasteh. Nekaj odstotkov vgrajenega kisika v plasti moéno omeji medsebojno difuzijo.

1. Introduction these results have been obtained on two different struc-

tures only. In this paper we present a systematic analy-
Silicides have been a subject of research for many sis of reactions in different structures made of Ni and Si
years. Their attractiveness has certainly been triggered layers.

by the characteristics of the metal/Si reaction, which
have made the metal/Si diffusion couple a standard

research subject for thin film reactions /1,2/. The se- 2. Experiment

quence of the formation of phases from metal and Structures to be analyzed were deposited as 2.5 mm
silicon layers during heat treatment has only been es- wide and 8 mm long strip onto polished (Ra = 25 nm)
tablished in a few silicide systems. Perhaps the most ceramic alumina substrates between two previously
extensively studied of these is the Ni-Si system /3/. The printed and annealed (at 850°C) thick film golden con-
potential microelectronics applications have widened tacts which were bonded to the pads on a ceramic
the scope of research and have brought new charac- sample holder to enable the in-situ electrical resistivity
terization methods. Among other methods in-situ elec- measurement /6,7/. The sample was connected in se-
trical resistivity measurement /4,5/ has been used to ries with a large resistor to the lock-in amplifier which
characterize interactions in Ni-Si system. However, measured the voltage drop on a film during heat treat-
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Table 1. Description of the as deposited state of various types of films used in this study

sample | Charge | No. of [dy | dp A B overall RRT
type No. layers stoichiometry

(nm) | (nm) (Ohm)
A 1361 2 53 27 Ni Si Nig 78Sig 99 | 14.8
B 1362 2 53 55 Ni Si Nig 4510 26 | 14.2
C 1363 2 53 82 Ni Si Nig 545i0 46 | 12.6
D 1310 2 53 91 Ni Si Nig 59Sig 48 | 14.4
E 1311 2 53 157 Ni Si Nig 18Sig g2 | 15.2
F 1367 2 53 75 Ni Si+0 14.3
G 1309 2 53 53 Ni Si+0 17.2
H 1364 2 53 55 Ni Si+0 15.1
| 1366 2 52 55 Ni+0 | Si+O 68
J 1365 2 68 55 Ni+O | Si+O 560
K 1300 2 200 | 152 Ni Si Nig 71Sig 29 | 4.1
L 1256 11 25 30 Ni Si Nig 56510 44 | 4.9
M 1259 11 25 95 Ni Si Nig 22Sig 79 | 5.1

ment. The resistivity of the film was typically four orders
of magnitude lower than that of the resistor.

Silicon and nickel layers were sputtered in a RF mode
ata power of 1000 W and ina DC mode at 1700 V/ 0.6A,
respectively, at the argon pressure of 0.2 Pa. During the
deposition substrates were covered by masks to form
strips of the measured film. In the as-deposited state
transmission electron microscopy revealed that Si lay-
ers were amorphous and Ni layers were fine-grained
polycrystalline with an average grain size of 20 nm.

As deposited samples were inserted into a tube furnace
with argon or nitrogen gas flow at the atmospheric
pressure. The temperature of the sample was moni-
tored by athermocouple levitating above it. The furnace
was heated up at a constant rate of 3°C/min in all
experiments and the resistivity was measured continu-
ously in situ through the bonded contacts.

Measurements were done on various bilayers and mul-
tilayer samples with alternating Si and Ni layers of
different thicknesses (Table 1). Some samples were
contaminated with oxygen during deposition by inlet-
ting oxygen gas into the chamber.

Bilayers and multilayers of all groups were first heated
at constant rate of 3°C/min while resistivity was continu-
ously measured in-situ. After the determination of inter-
esting temperatures, samples with the same structures
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deposited onto a silicon wafer with grown native oxide
layer (Si monocrystal for easier X-ray spectral analysis
and oxide layer to prevent from film-substrate interac-
tion) were heated in the same way, but were taken out
of the furnace at such temperature values to be later
(ex-situ) analyzed by other techniques. On cooled sam-
ples X-ray diffraction (XRD) (Huber G600 diffractometer
with Seemann-Bohlin (SB) geometry or Philips PW1710
diffractometer with Bragg-Brentano (BB) geometry),
Rutherford backscattering spectro-metry (RBS) (Van de
Graaff accelerator) and Auger electron spectroscopy
(AES) sputter depth profiling (PHI 545A scanning Auger
microprobe) were done to be compared with the resuits
of the resistivity measurement. In x-ray diffraction of thin
films classical Bragg-Brentano geometry (Read cam-
era) /8/ is used for oriented samples with crystall planes
parallel with the surface while Seemann-Bohlin geome-
try is best suited for randomly oriented polycrystaliine
samples.

3. Results and discussion

Results of the in-situ electrical resistivity measurement
of bilayer types A, B, C, D, E and K during heating are
presented in Figure 1.

It can be seen that in all those samples there is an
influence of the temperature coefficient of a resistivity at
low temperatures which is followed by an increase
which is more pronounced for bilayers with thicker Si
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layer. The behaviour at higher temperatures depends
on Si content as well. In curves A and B and K the
increase is temporarily interupted by a decrease, con-
tinues again and becomes saturated. In curves Dand E
with the highest Si/Ni thickness ratio the increase is
followed by an even more abrupt drop which later
saturates at lower values. The curve C represents an
intermediate case.

Samples of groups A, B, C, D and E with the same Ni
thickness of 53 nm exhibit aimost the same resistivity
behaviour at low temperatures in Figure 1. At 260°C their
resistivity already deviates from a linear increase.
Rutherford backscattering spectra (RBS) in Figure 2
reveals that this is due to the interaction between both
layers as the right edge of Ni signal and the left edge of
Si signal are changed at this temperature in comparison
with the as-deposited state. During the exponential in-
crease of the resistivity both Ni and Si layers are being
consumed while new intermediate silicide layer is grow-

7
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Figure 1: In-situ temperature dependence of electrical

resistivity for bilayers with Ni and Si thick-
nesses of 53 nm/27 nm (A), 53 nm/55 nm (B),
53 nm/82 nm (C), 53 nm/91 nm (D),

53 nm/157 nm (E) and 200 nm/152 nm (K},
respectively, heated up at 3°C/min in argon.
Crosses mark temperatures to which XRD
and RBS measurements correspond.

ing. The overall conductivity of the bilayer is mostly
determined by parallel resistivities of Ni and silicide
layers. The consumed nickel appears in the form of the
silicide which exhibits larger specific electrical resistivity
than the pure metal. Therefore the resistivity is increas-
ing as the silicide layer is growing at the interface.

RBS of the sample A in Figure 2 shows that resistivity
increase between 220 and 260°C can be attributed to
the interdiffusion at the interface between both layers
which consumes all Silayer below 260°C. This diffusion
is then temporarily limited between 260 and 300°C
where resistivity exhibits a peak, probably due to a
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crystallization of Ni2Si like it will be later shown for
sample B. Next Ni diffusion into the silicide is taking
place which is becoming slower as the depth distribu-
tion of nickel is becoming more homogenous.

in the sample B thicker Si layer is consumed at higher
temperature (below 300°C) than for the sample A as can
be seen in Figure 2. The resistivity of the sample drops
slightly and then rises again up to the saturated value.
The drop corresponds to the crystallization of Ni25i as
its peaks appear in the XRD spectrum at 300°C (Figure
3). According to RBS spectra crystallization of the
newly-formed silicide can start only after the limitatation
of the diffusion. The following resistivity rise is due to the
diffusion of Ni into the silicide layer (and therefore Ni
layer consumption). The ending silicide stoichiometry is
defined by the starting content of both elements in a
bilayer. XRD spectra indicate that between 370 and
450°C recrystallization is taking place yielding a mixture
of Ni2Si and Nig1Sit2.

& 600
2
cC
3
o
K
> 300
Ni31Si12 o _
) Ni2Si ™ [gea).
C (1383) Si NiSi — f . :
Nisi2 335 deg.Cl
M W\ 450 deg.C
o] Y ¥ T T T Y T
400 450 500 550 600 650 700 750 800
Channel
136123RB
Figure 2: Ex-situ 1.45 MeV *He™ Rutherford backscat-

tering spectra of samples A, B and C with Ni
and Sithicknesses of 53 nm/27 nm, 563 nm/55
nm and 53 nm/82 nm, respectively, heated at
3°C/min. up to different temperatures in ar-
gon and then cooled rapidly. The signal of Ni
layer appears at higher channels (ener-gies)
than the signal of Si layer due to larger mass
of Ni atoms in comparison with Si atoms
although Ni layer is located below Silayer.

The sample C, exhibits strong initial increase. Here the
difference between RBS spectra (Figure 2) obtained at
room temperature, 260 and 300 °Cis easy to notice. The
intermixing in samples A, B and C is more rapid for
thicker Si layers as Si atoms seem to diffuse more
rapidly than do the Ni atoms. In X-ray diffraction spec-
trum of the sample C (Figure 4) at 300°C only broad and
weak Nipeak is present which seems to get a neighbour
of the growing Ni2Si phase. Namely, at 335°C peaks of
this new phase appears. Obviously resistivity detects
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well the consumption of initial layers and the crystal-
lization of Ni2Si. Moreover, while RBS spectra remain
almost constant above 335°C in Figure 2, the resistivity
of the sample C in Figure 1 drops obviously around
395°C and this agrees well again with XRD spectra in
Figure 4 where additional peak of the NiSi phase ap-
pears at 395°C which is more pronounced at 450°C.

intensity (arb.units)

as-deposited

O 15 16 17 18 13 20 21 22 23 24 25 26 27 28
Theta (degrees)
B (1362); a=Ni, c=Ni2Si, d=Ni31 Si12

Figure 3:  Ex-situ  Seemann-Bohlin x-ray diffraction
(XRD) spectra of the sample B (563 nm Ni/65
nm Si) after deposition and after heating at
3°C/min up to different temperatures and then

cooled rapidly.
500
C g
4 .C ¢ ©
400+
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] 395 geg.C o ﬂ e
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1004 a
260 deg.C }\ a
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Figure 4. Ex-situ Seemann-Bohlin x-ray diffraction
(XRD) spectra of the sample C (63 nm Ni/82
nm Si) after deposition and after heating at
3°C/min up to different temperatures and
then cooled rapidly.

At this point it shall be explained that the sequence of
the phases formed depends on the starting Ni/Si thick-
nessratio. The formation of nickel silicide between a film

199

and a Si wafer exhibits a sequential growth of three
phases: Ni2Si, NiSi and NiSiz /9/. In a bilayer where Si
layer is thinner than Ni layer Canali /10/ found different
sequence: Ni2Si, Nig1Si12 and NizSi. Tu /11/ added this
result to his results obtained on bilayers with thicker Si
layer than Ni fayer and suggested phase formation
sequences for both cases: If Si layer is thinner than Ni
layer Ni2Si, Nig1Si12 and NigSi wiil form sequentially. On
the other hand if Si layer is thicker than Ni layer NioSi,
NiSi and NiSiz2 will appear with increasing temperature.
It shall be noted here that references /10,11/ talk about
NisSiz as the existence of such phase was earlier re-
ported by Saini /12/ and included with its characteristic
peaks into reference x-ray diffraction pattern /13/. Later
a correction of the stoichiometry to Niz1Si12 was in-
cluded into this pattern /14/.

Samples D and E with high silicon content, like the
sample C, exhibit strong initial resistivity increase. XRD
spectra in Figures 5 and 6 show that the resistivity drop
afterthe already explained increase (Figure 1) can again
be correlated well with the crystaliization of the NiSi
phase as for the sample C.-As can be seen in Figure 1
this process appears at lower temperatures for films with
thicker initial Si films. It is interesting that peaks of both
Ni2Si and NiSi appear in the same temperature range
between 305 and 335°C which differs from the sample
C where peaks of only Ni2Si appeared first and those of
NiSi were added later. This may be caused by a Si
diffusion which is rapid in comparison with sample A.
However, RBS spectra of the sample E in Figure 7 reveal
that after quite homogenous silicide layer with a
stoichiometry close to NiSi is formed, the diffusion of
remaining Silayer is limited. Evidently even temperature
of 450°C is not high enough to enable the formation of
homogenous layer with higher silicon content (e.g.
NiSiz).

750 5
C @ 450degC © e o ©
600 e
c
e
) ® 400deg.C ¢ 2 e
[
3 4504 i
& ° 336 degC o o ¢
< e eg. ec ¢
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g 300_‘ J\‘ e v W
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150- MMWW
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[ S e T e e e s A Ao base

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30
Theta (degrees)

D (1310) ; a=Ni, c=Ni2Si, e=NiSi

Figure 6. Ex-situ Seemann-Bohlin x-ray diffraction
(XRD) spectra of the sample D (53 nm Ni/91
nm Si) after deposition and after heating at
3°C/min up to different temperatures and
then cooled rapidly.
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Figure 6: Fx-situ Seemann-Bohlin x-ray diffraction
(XRD) spectra of the sample E (53 nm Nif157
nm Si) after deposition and after heating at
3°C/min up to different temperatures and
then cooled rapiglly.
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Figure 7. Ex-situ 1.45 MeV 4He™ Rutherford backscat-

tering spectra of samples D, E and K with Ni
and Si  thicknesses of 53nm/91nm,
53nm/167nm and 200nm/152nm, respec-
tively, heated at 3°C/min. up to different tem-
peratures in argon and then cooled rapidly.

Up to this point bilayers with the same thickness of Ni
layer were presented. This was done to enable the
comparison between different bilayers with various
thicknesses of Si layer as initial resistivity is determined
mostly by nickel. Now we shall examine the effect of
thicker Ni layer in the sample K. Its resistivity depend-
ence is similar to that of the sample B which possesses
similar starting Ni/Si thickness ratio. The resistivity
curve Kin Figure 1 is shifted to higher temperatures as
it can be expected that it takes more time for thicker
layer of Ni to be consumed during temperature ramp. A
comparison between XRD spectra in Figure 3 (sample

200

B) and Figure 8 (sample K) shows that in both cases at
temperatures below the resistivity peak traces of Ni are
present only. Above the peak beside traces of remain-
ing Ni other peaks are present as well. In the case of
sample K beside Ni2Si peaks, visible in spectra of sam-
ple B, signs of Nig1Sit2 and NiSi are present, too. It is
possible that last two phases are also present in thinner
bilayer samples with similar thickness ratio, but their
quantities may be below the detection limit for XRD
which is about 20 nm /11,16/. Another possibility is that
higher temperatures needed in thicker bilayers for one
of the layers to be consumed have effect on a process
of the crystallization of the silicide layer which is trig-
gered by this consumption. A presence of Ni2Si,
Ni31Si12 and NiSi in the sample K heated up to 350°C
was noticed in XRD spectrum obtained in Bragg-Bren-
tano geometry as well.
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Figure 8: Ex-situ Seemann-Bohlin x-ray diffraction
(XRD) spectra of the sample K (200 nm
Ni/152 nm Si) after deposition and after heat-
ing at 3°C/min up to different tempera-tures
and then cooled rapidly.

The sample K is thicker than other samples and signals
from Ni and Si layers partially overlap in RBS spectra.
At the same time larger thickness makes the observa-
tion of changes in depth profiles easier. At 300°C we can
see that nickel atoms are detected at higher channels
than after deposition - they are moving into the silicon
layer, producing a step in a Ni signal which means that
the growing silicide layer is rather homogenous. We
analyzed RBS spectra by two different computer pro-
grams /17,18/ and found that the stoichiometry is be-
tween NizSi and NiSi. At 350°C, after the resistivity peak,
Ni atoms spread all the way to the surface of the film -
all Si layer is consumed. Another evidence for this is
smaller height of the right shoulder of Si signal. The
second rise of the signal is due to remaining pure Ni
layer near the substrate. The silicide layer exhibits
stoichiometry close to NigSiz2 which can be a mixture of
Ni2Si and NiSi as it was already observed in similar films
/19/. If we heat the sample higher up to 450°C, Ni atoms
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diffuse into the silicide and result in a homogenous film
on a substrate. Its composition is defined by the starting
overall composition of the bilayer. Nickel is not reacting
with the substrate up to 450°C as can be seen from a
non-moveable left edge of the Ni signal of other bilayer
samples. The main reason for this comes from native
oxide as oxides are known to limit interactions between
films /20/.

To compare situation in samples A, B, C, D, E and K
after heating at 3°C/min up to 450°C their x-ray diffrac-
tion spectra are presented in Figure 9. It can be clearly
seen that situation depends on starting Ni/Si thickness
ratio as well as on absolute values of thicknesses. For
sample A nickel peak is the strongest and beside it small
peaks of Ni2Si and Nig1Si12 appear. If we increase the
thickness of silicon, nickel peaks disappear and only
peaks belonging to other two phases remain in sample
B. Sample C possesses no traces of Niz1Sit2. Instead,
NiSipeak grows up beside peaks of Ni2Si. [f we increase
Si content furter, peaks of NiSi become dominant. As Si
layer is amorphous we do not detect it although there is
some remaining Si layer in sample E. Situation in sam-
ple K is similar to the state of sample B except the
number of phases detected is larger.
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Figure 9:  Ex-situ  Seemann-Bohlin x-ray diffraction
(XRD) spectra of bilayers with Ni and Si thick-
nesses of 53nm/27nm (A), 53 nm/55 nm (B),
53nm/82 nm (C), 83nm/ 91nm (D), 53nm/
187nm (E) and 200nm/152nm (K), respec-
tively, heated up to 450°C at 3°C/min in argon
and then cooled rapidly.

As can be seen in Table 1 several samples were con-
taminated with oxygen during deposition to study its
influence on interactions between nickel and silicon.
Depth profiles of samples F, G, H, | and J are presented
in Figure 10. As AES is not an absolute analytical
method several standards would be needed to calibrate
these measurements. Therefore, Auger peak-to-peak
height is used for presentation which enables relative
comparison of similar samples. We applied RBS

201

method which is absolute, too. It is not best suited for
light elements, but as an estimation it gives the
stoichiometry of SiOz in oxidized Silayer of the sample
F and Nio,80o.2 in oxidized Ni layer of the sample J.

Intensity (arb.units)

20 25 230 35
Sputter tims {minutes)

6 5§ 10 15
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Figure 10: Auger electron spectroscopy (AES) depth
profiles of as-deposited bilayer samples F, G,
H, I and J, contaminated with oxygen during
deposition.
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Figure 11: In-situ temperature dependence of electrical

resistivity for bilayers without oxygen con-
tamination (type B) and with oxygen included
into Si layers (types F, G and H with decreas-
ing oxygen content) heated up at 3°C/min in
argon and then cooled rapidly. Crosses mark
points to which RBS and XRD measurements
correspond.

As can be expected /20/ oxygen limits interactions.
In-situ dependence of resistivity for samples with con-
taminated Si layers is given in Figure 11. Resistivity
dependence of sample B which was not intentionally
contaminated is shown for reference. It can be seen
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clearly that several per cent of incorporated oxygen can
strongly limit interactions in sample G. In sample F,
where SiO2 was grown on Ni, we can see the Currie
point of nickel at 260°C - resistivity dependence similar
to one we get if nickel is deposited only. There is good
correlation between resistivity measurements in Figure
11 and RBS spectra in Figure 12. The lesser the
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Figure 12: Ex-situ ‘Het Rutherford backscattering

spectra for bilayers without oxygen contami-
nation (type B), with oxygen included into Si
layers (types F, G and H with decreasing
oxygen content) and with oxygen included
into Ni layers (types | and J with increasing
oxygen content) heated up to different tem-
peratures at 3°C/min in argon and then
cooled rapidly. The energy of the incoming
jonswas 1.45 MeV (F, H, l and J) and 1.5 MeV

(G).
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Figure 13: Ex-situ  Seemann-Bohlin x-ray diffraction
(XRD) spectra of bilayer samples F, G, H, |
and J, contaminated with various amounts of
oxygen during deposition, heated up to 400
or 500°C at 3°C/min in argon and then cooled
rapidly.
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changes in resistivity the more constant RBS signal is.
X-ray diffraction spectra of those samples in Figure 13
heated up to 400°C or more confirms observations of
both techniques that the formation of new phases is
strongly suppressed if oxygen is present.

If silicon layer is contaminated, mostly conducting
nickel layer is unaffected. Resistivity measurements can
be normalized with room temperature values and com-
pared mutualy. On the other side if nickel layer is con-
taminated its resistivity can be increased by orders of
magnitude. Therefore, in such samples absolute values
of resistivity are to be compared as is presented in
Figure 14. Their resistivity during heating alters and
some changes can be seen in RBS spectra in figure 12
as well. Additionally, the state of samples | and J at
400°C is described by their XRD spectra in Figure 13.

1000
B N\
N
s AN NN
> Ny
>
B~
0
i 100 i
L omer AT S »
g Ve
.-E Vot /
s B,/
10
0 50 100 150 200 250 300 350 400 450 500
Temperature (deg. C)
NiOSIR

Figure 14: In-situ temperature dependence of electrical
resistivity for bilayers without oxygen con-
tamination (type B) and with oxygen included
into Ni layers (types | and J with increasing
oxygen content) heated up at 3°C/min in ar-
gon and then cooled rapidly. Triangles mark
points to which RBS and XRD measurements
correspond.

After the analysis of resuits on bilayers we shall focus
on multilayer structures, containing 11 alternating layers
of nickel and silicon. Multilayer samples from the group
L have Si and Ni layer thicknesses of 30 and 25 nm,
respectively. Group M possesses Si and Ni layer thick-
nesses of 95 and 25 nm, respectively. Taking into ac-
count the different volume density of atoms of the two
elements, the Si/Ni ratio of the total number of atoms in
a muttilayer was 0.8 and 2.1 for group A and B, respec-
tively. Obtained resistivity dependencies on tempera-
ture, along with results for bilayers C and E possessing
similar overall stoichiometries, are shown in Figure 15.
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Crosses again mark points to which x-ray diffraction
spectra for the group L and M in Figure 16 and Figure
17, respectively, correspond.

7

Electrical resistivity (arb.units)

150 200 250 300 350 400 450 500

Temperature {deg.C)

0 5 100

Figure 15: In-situ temperature dependence of electrical
resistivity for bilayers with Ni and Si thick-
nesses of 53 nm/82 nm (C) and 53 nm/ 157
nm (E) and for multilayers (11 alternating
layers) with Ni and Si individual layer thick-
nesses of 25 nm/30 nm (L) and 25 nm/95 nm
(M), respectively, heated up at 3°C/min in
argon. Crosses mark tempera-tures to which
XRD and RBS measurements correspond.

As in bilayers temperatures of similar resistivity change
were lower for the sample B than for the sample K, in
multilayers composed of even thinner layers these tem-
peratures are lower than for bilayers. The curves for
bilayers and multilayers are, however, similar.This can
be seen in figure 15. The expectance that similar resis-
tivity behaviour describes processes like those in bilay-
ers is confirmed by x-ray diffraction in Figure 16, where
for the sample L the crystallization of NioSi phase above
resistivity peak was detected. After their appearance, at
higher temperatures these peaks are shifting toward
higher angles - the crystals are ordering and unit cells
are becoming smaller. In sample M peaks of NizSi are
detected in the diffraction spectrum at the resistivity
peak (Figure 17) and the following resistivity drop is
connected with the appearance of crystalline NiSi be-
side still existing Ni2Si. Finally, at 450°C NiSi phase is
detected only by x-ray diffraction. In general for multi-
layer sample M reactions are similar to those in bilayer
sample E. There are, however, differences in details.
XRD spectra for bilayers in Bragg-Brentano geometry
yield up to four times higher signals than in Seemann-
Bohlin geometry while in multilayers the ratio of even
100 was noticed. This indicates that the crystallization
in multilayers yields more oriented structures than in
bilayers. Another difference is that in diffraction spec-
trum of multilayer M peaks of NizSi are much more
obvious than in bilayer E (and peaks of NiSi much less
dominant) although the silicon content in the multilayer
is higher than in the bilayer. RBS measurements in
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Figure 18 reveal that multilayer structure in sample L is
ruined at 250°C yielding a homogenous depth profile.
On the other hand, in multilayer M the alternating struc-
ture is affected but still visible even at 450°C. The reason
for this may be similar as in bilayer E, where the inter-
mixing is limited after a stoichiometry close to NiSi is
obtained in a newly formed silicide layer.
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Figure 16: Ex-situ  Bragg-Brentano x-ray diffraction
(XRD) spectra of the sample L (11 alternating
layers; 25 nm Ni, 30 nm Si) after deposition
and after heating at 3°C/min up to different
temperatures and then cooled rapidly.
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Figure 17: Ex-situ  Bragg-Brentano x-ray diffraction
(XRD) spectra of the sample M (11 alternating
layers; 25 nm Ni, 95 nm Si) after deposition
and after heating at 3°C/min up to different
temperatures and then cooled rapidly.
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Figure 18: Ex-situ 1.5 MeV ‘He't Rutherford backscat-
tering spectra of multilayers (11 alternating
layers) with Ni and Si individual layer thick-
nesses of 25 nm/30 nm (L) and 25nm/95nm
(M), respectively, heated up at 3°C/min in
argon.

4. Conclusions

We analyzed interaction between Ni and Si layers in
bilayers and multilayers with various Ni/Si thicknnesses
ratios on a basis of in-situ electrical resistivity measure-
ments during dynamic heating of the sample. Resuits of
resistivity curves prooved to be efficient starting points
for straightforward use of other analytical methods as
x-ray diffraction, Rutherford backscattering and Auger
electron depth profiling and observations of all methods
were well correlated. Temperatures at which phases
occur after the intermixing of both elements depend on
properties of measured structure.

In literature in the case of Ni on Si wafer Ni2Si, NiSi and
NiSi> were observed after an isothermal anneal at 280,
350 and 750°C, respectively /11/. In bilayers with thinner
Si layer Ni2Si, Niz1Sit2 and NigSi were detected after
similar heating at 280, 400 and 450 °C /10/. Several
authors noticed Ni2Si at 200 °C and NiSiz was found on
amorphous silicon at 400°C /15/.

In our bilayers peaks of Ni2Si were found in the sample
B at 300°C, but according to RBS and resistivity meas-
urements it is present already at 260°C. Additionaly it
shall be noted that in multilayers with thinner layers
resistivity exhibited changes about 50°C lower and simi-
lar temperature difference was found in XRD spectra as
well. Presence of Niz1Si12 was noticed at 450°C in
thinner bilayer B) and at 350°C in thicker bilayer (K). The
formation temperature for NiSi in our bilayers depended
on starting Ni/Si thickness ratio and varied between 335
and 395°C. In multilayers this temperature was again
50°C lower than the lowest temperature for bilayers. For
temperatures up to 450°C NiSiz was firmly detected
neither in bilayers nor in multilayers.

The incorporation of several atomic per cent of oxygen
atoms into silicon or nickel layer suppresses the diffu-
sion strongly. For lower oxygen contents Ni2Si is pre-

sent at 400°C, while for higher contents almost no
changes are visible in x-ray diffraction and Rutherford
backscattering spectra.
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DEBELOPLASTNI KEMIJSKI SENZORJI

Janez Holc
Institut “Jozef Stefan”, Ljubljana, Slovenija

Kljuéne besede: senzorji kemijski, senzorji polprevodnigki, senzorji debeloplastni, senzorji iz materialov trdnih, senzorji elektrokemijski, elektroliti
trdni, merjenje koncentracije plinov, merjenje koncentracije alkoholov, prevodnost ionska, merjenje koncentracije ionov v raztopinah, prevodnost
elektri¢na, senzorji galvanski, senzorji amperometricni, SnOz senzorji, senzorji viaznosti, senzorji vodika, SOz senzorji, CO2 senzorji, Na+ion
senzorji, senzorji ogljikovodikov

Povzetek: V prispevku je podan literatumi pregled nekaterih debeloplastnih kemijskih senzorjev. Opisani so principi delovanja, materiali in
karakteristike kemijskih senzorjev.

Thick Film Chemical Sensors

Keywords: chemical sensors, semiconductor sensors, thick film sensors, solid state sensors, electrochemical sensors, solid electrolytes, gas
concentration measurement, alcohol concentration measurement, ionic conductivity, ion concentration measurement in solutions, electric
conductance, galvanic sensors, amperometric sensors, SnO2 sensors, humidity sensors, hydrogen sensors, SOz sensors, COz2 sensors, Na+ion
sensors, hydrocarbon sensors

Abstract: This paper reviews the area of thick film solid state chemical sensors based on semiconducting and solid electrolyte mate(ial;. Research
and development of chemical sensors are characterised by large gap between new ideas, materials and protopyes on one hand and limited number
of practically reliased sensors which are manufactured in large quantity. Typical examples for commonly used chemical sensors are Lampda prope
based on solid electrolyte to detect oxygen in the car exhaust and SnOz sensor based on conductance measurements to detect reducible gas in

warning system.

Solid state chemical sensors are mainly divided in to two groups: semiconducting and electrochemical. First type of sensors are manufactured
from following materials: SnOz, ZnO, TiO2, Nb20s, SrTiO3 etc. These metal oxide semiconductor based sensors can detect various gases by using
conductivity changes due to absorption or desorbtion of gases. Electromotive force (EMF) from electrochemical galvanic type sensors is related
to electrode reactions which involve gaseous species to be measured.

Chemical sensors may also be produced in thick film technology for producing hybrid circuits. Also, for some applications it provides a relatively
inexpensive and convenient way to produce chemical sensors which can beintegrated in to hybrid circuits. Starting materials for chemically sensitive
layers are prepared from powders and organic vehicle. They are printed onto alumina substrate together with electrodes.

The principles, materials and performance of thick film SnOz, humidity, hydrogen, carbon and sulfur dioxide, hydrocarbons and some other sensors
are covered in this paper.

1. UVOD Kemijske senzorje, izdelane iz trdnih materialov (ang.

solid state sensors) razdelimo v dve skupini: polprevod-
Princip delovanja senzorjev je spreminjanje transport- niske in elektrokemijske. Prvi so izdelani iz teh-le mate-
nin parametrov v senzorskem materialu, ko so ti izpo- rialov: SnO2, ZnO, TiO2, Nb203, WOz, SrTiO3. Pod
stavijeni termi¢nim, radiacijskim, mehanskim, elektric- vplivom kemijskih sestavin se tem materialom spremeni
nim, magnetnim ali kemjiskim spremembam. Kemijski elekiricna prevodnost. Bistveni del elektrokemijskih
senzorji postajajo vse pomembnejsi pri kontroli kemij- senzorjev je ionsko prevoden trdni elektrolit. Elek-
skih procesov, meritvah onesnazenja kot tudi v vsako- trokemijske senzorje delimo e na galvanske in am-
dnevnem Zivljenju. Kemijski senzorji merijo kon- perometriCne. Pri galvanskem tipu je napetost oz.
centracijo plinov v zmeseh, kot npr: Oz, CO2, CO, H20, gonilna sila proporcionalna razliki koncentracije mer-
Hz, NH3, NO, NO2, HaS, AsHg, PHs, alkoholov, aminov, jene komponente na obeh straneh elektrolita. V primeru
ogljikovodikov itd. Uporabljajo se tudi za merjenje kon- amperometricnega senzorja pa na elekiro-kemjisko
centracij ionov v raztopinah kot naprimer: H*, Cu®, celico prikljucimo elektricno napetost in merimo tok
Ag™, NOz™ itd. skozitrdni elektrolit. Mejni tok skozenj je proporcionalen

koncentraciji merjene komponete.

Osnovno vpras$anje, ki nastane ob odkritju novega ma-

teriala za kemijski senzor je, ali ta reagira tudi na spre- c : .
membe drugih sestavin, ki so prisotne v mernem gije. Razvojje usmerjen v debeloplastne in tankoplastne

sistemu. Lep zgled za to je SnOz senzor. Reagira tehnologije, kajti Ce je senzorski material tanek hitreje
namre¢ na veliko vecino reducirajodih plinov. TeZava pa reagira na spremebe koncentaciji merne sestavine. Te
je, kako izdelati tak senzor in dolociti pogoje njegovega tehnologije obenem omogocajo integracijo senzorja z

delovanja, ki bo reagiral le na spremembe koncentracije merno elektroniko. Senzor prihodnosti bo integriran z
dologenega plina. elektroniko v taki meri, da ga bo mogoce prikljuditi

Za izdelavo senzorjev se uporabljajo razli¢ne tehnolo-
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direktno na radunalnik. Debeloplastna tehnologija izde-
tave kemijskih senzorjev je v primerjavi z tankoplastnimi
tehnologijami preprostejsa in cenej$a. V debeloplastni
tehnologiji je mozno izdelovati tako majhne prototipne
serije kot velike serije. Pri izdelavi kemijskih senzorjev
je bistveno tudi to, da je mozno zelo hitro izdelati pasto
novega ali spremenjenega materiala jo natisniti in
preiskusiti, kar pa ne velja za druge tehnologije.

Kemijske senzorje bi lahko locili na dve veliki skupini:

— senzorje, ki se uporabljajo za doloditev primarnih
komponent neke zmesi, kot na primer vsebnost
kisika, COz2, vlage ipd. v zraku, kjer so koncentracije
komponent kot tudi koncentracijsko obmodje, ki jih
mora zaznati senzor, dokaj velike. Na primer senzor
kisika v avtomobilu deluje v obmod&ju 21% in nekaj

ppm.

— senzorje, ki merijo sledi prisotnih komponent (CQO,
ogljikovodiki, kior, fosfin, amonijak itd).

Namen prispevka je na kratko opisati nekatere kemijske
senzorje, ki se jih lahko izdela v debeloplastni tehnolo-

giii.

2. PRIMERI DEBELOPLASTNIH KEMIJSKIH
SENZORJEV

2.1. SnO2 senzor

SnO2 senzor je v zadnjih parih desetletjih najpogosteje
omenjen, raziskovan in uporabljen kemijski senzor. De-
tektira razne pline (ogljikovodiki, vodik, alkoholi,
cigaretni dim, metan, dusikovi oksidi, arzin, fosfin itd).
Kaj detektira, je odvisno od dodatkov in temperature
delovanja /1/. Najpogostej$a uporaba SnOz senzorjev
je za plinske alarme v industriji in gospodinjistvih.

Za izdelavo se uporabljajo prav vse znane tehnologije
med drugim tudi debeloplastna tehnologija. Pasta iz
SnOsin dodatkov se natisne na korundni substratin zge
pri doloCenih pogojih /2/. Sintrane plasti so debele
priblizno 20 um. Zaizdelavo finih prahov SnO2 se zadnje
Sase precej uporabljajo plazemske metode /3/. Prah,
pridobljen po teh metodah, ima nanometrske delce, ki
se sintrajo v obliki paste ze pri 500 °C. Na nasprotno
stran senzorja oz korundne plo&cice se natisne $e grel-
nik, ki segreva senzor na dolo¢eno temperaturo. Prerez
skozi SnO2 debeloplastni senzor je na sliki 1. V primer-

o Sn0, layer

e IR Pt electrodes
4:

= A'203 fitm

Al 05 substrate

™ Pt heater

Slika 1: Debeloplastni SnOz2 senzor [8/
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javi z SnO2 senzoriji, izdelanimi v tankoplastni tehnolo-
giji, ima debeloplastni slabso seiektivnost ter vecjo
obcutljivost na spremembe temperature in relativhe
vlaznosti, je pa zato cenejsi /1/.

2.2 Senzor vlage

Tudi senzorji viage spadajo med kemijske senzorje in
se uporabljajo v klimatskih napravah, rastlinjakih, v
procesih susenja, raznih napravah itd. Na primer, vsak
videorekorder je opremljen s senzorjem vlage, ki pre-
preci vklop naprave, ko je viaznost blizu rosis¢a, saj bi
kapljice vode lahko poskodovale magnetni trak in od-
jemno glavo.

Navadno senzorji viage merijo relativno vlaznost, to je
razmerje med delnim in nasi¢enim parnim tlakom vodne
pare pri doloéeni temperaturi. Signal iz senzorja je pro-
porcionalen relativni viaznosti in ga podajamo v procen-
tih R.H. (relative humidity - relativna vlaznost). Za izdela-
vo senzorjev viage uporabljamo razlicne materiale, npr.
polimerne materiale, Al2Og, LiCl, MgCr204, TiO2 - V203,
(Ba,Sr)TiO3 itd. /4/. Skoraj velina do sedaj razvitih sen-
zorjev vlage je izdelanih iz polimernih materialov. Manj
znana je generacija kerami¢nih senzorjev vlage. Dobri
naj bi imeli tele lastnosti: veliko obdutljivost, reverzibil-
nost, hiter odzivni ¢as, dolgo zivijenjsko dobo, selek-
tivnost ter kemijsko in termicno stabilnost. Tem pogo-
jem v vecini primerov zadostijo keramicni senzorjiviage.
To so porozni keramicni materiali, katerim se zaradi
adsorpcije vodne pare na povraini spreminja elektri¢na
prevodnost ali dielektri¢nost. V velini primerov se za
izdelavo senzorjev viage uporablija debeloplastna
tehnologija. Na interdigitalne elektrode se natisne sen-
zorska plast in zge tako, da ostane po zganju porozna.
Ker lahko pri vedji relativni vlaznosti ali onesnaZeni
atmosferi pride do ireverzibilnih sprememb v porozni
senzorski plasti, imajo kerami¢ni senzorji vdelan $e
grelnik, ki obCasno segreje senzor na okoli 400 do
600°C. Na ta nacin se odstranijo hlapne necistoCe (olja,

saje, tezkohlapne organske spojine itd.).

Z raziskavami keramicnih debeloplastnih senzorjev se
ukvarjamo tudi na Odseku za keramiko na Institutu
“Jozef Stefan”. Potekajo v ve¢ smeri: sinteza novih
materialov, priprava poroznih keramicnih struktur po sol
gel postopku, $tudij interakciji med substratom, sen-
zorsko plastjo in elektrodnim materialom med proce-
som priprave ter procesi staranja keramicnih senzorjev
vlage.

2.3 Senzor vodika

Podobno kot za kisik je tudi senzor vodika elektrokemij-
ska celica s trdnim elektrolitom. Napetost galvanskega
¢lena je odvisna od reakcij na elektrodah. Kot trdni
elektrolit se uporabljata naslednja protonska prevodni-
ka: NASICON (NasZr2Si2P012) /5/ ali BaCeOg /6/. Vse
komponete senzorja (trdni elektrolit, referencna elek-
troda in kontakti) so narejeni v debeloplastni tehnologiji.
Shemati¢no je senzor vodika predstavijen na sliki 2.
Temperatura delovanja takega senzorja je okoli 200°C,
zato je na drugi strani podloge natisnjen grelnik. Senzor
je uporaben za merjenje koncentracij vodika v obmocju
od 100 ppm do 100%.
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Pt Gas NASICON Na WO

porous 3

GClas

Contact Substrate

) 7 ]

Heater Contact

Slika 2:  Debeloplastni senzor vodika. Merni plin pri-

haja skozi porozno platino /5/.

Senzor se uporablja v industriji za detekcijo vodika v
raznih plinskin zmeseh.

2.4 Senzorji CO2 in SO2

Senzorja za COz in SOz sta galvanskega tipa in imata
kot trdni elektrolit NASICON oz. beta aluminijev oksid
za CO2 senzor /7/ . Merilni elektrodi sta Na2COgz oz.
Na2504. Ker sta oba trdna elektrolita ionska prevodnika
Na*, potece na anodi razpad natrijevega karbonata ali
sulfata. Na* migrira skozi trdni elektrolit in doseze ka-
todo, kjer se vzpostavi ravnotezje. Podobno se dogaja
v senzorju SO2, samo da v ravnotezju sodeluje NapSOy4.
Ce je v mernem plinu prisotna voda, senzor ne deluje
pravilno. Drugi problem pa je pocasno izpare-vanje
NagCO3 0z. NapS04 z anodne strani na katodno stran
pri temperaturi delovanja senzorja, to je od 400 do
600°C. Ta pojav povzro¢a senzorju lezenje. Shematsko
je senzor prikazan na sliki 3. Senzor CO2 se uporablja
v skladiscih, rastiinjakih in fermentorjih, senzor SO2 pa
za kontrolo dimnih plinov iz kurigé in izpuhov.

Na,C0,,BaCo,

Nasicon
Pt(Au) Pt(Au}
< Loz 7
i [ { ! /%/Substrate
T T
Heater

Slika 3: Debeloplastni senzor COz2 7/,

2.5. Senzor Na™ ionov

Kot primer senzorja, ki deluje v raztopinah, bi omenil
senzor Na*. Ta senzor in $e ve¢ podobnih senzorjev se
uporablja v industrifi, zdravstvu, kmetijstvu itd. za kon-

trolo vsebnosti ionov v raztopinah.

Ze omenjeni trdni elektrolit NASICON /5/ je bil razvit za
uporabo v Na/S baterijah kot dober prevodnik Na™*
ionov. Zato je uporaben tudi za izdelavo Na* senzorja
/9/. NASICON je natisnjen na korundni substrat, nanj pa
se referenCna elektroda iz Nag.7WOs3. Ta je zasditena se
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encapsulation
Naxw03
NASICOH
BN =5
[ =
[ ~+— substrate
Slika 4:  Debeloplastni senzor Na™ ionov. Raztopina

pride v stikz NASICON trdnim elektrolitom /9/.

s stekleno pasto. Shematsko je senzor prikazan na sliki
4. Senzor je uporaben za merjenje koncentracije Na*
ionov v vodnih raztopinah pri 25°C v koncentracijskem
obmoé&ju od 1 do 102 mol/l.

2.6. Senzor ogljikovodikov

Za detekcijo ogljikovodikov se uporabljajo polprevodni
kovinski oksidi, katerih prevodnost se spreminja med
absorpcijo in desorpcijo ogljikovodikov. Uporabljajo se
sledeCi kovinski oksidi: ZnO, SnO2 in Fex03 /10/. Ti
senzorji so namenjeni detekciji ogliikovodikov, ki so
prisotni v zemeljskem plinu in plinu v jeklenkah, ki se
uporabljajo za ogrevanje in kuhanje v gospodinjstvih.
Zadnje Case se vedno pogosteje za te namene upo-
rablja Fe20g, ki je obcutljiv na propan in butan in nekaj
manj na metan, vendar je ravno detekcija metana
izredno pomembna v primeru uporabe zemeljskega
plina. Zato dodajajo Fe203 dodatke, ki izboljsajo obdut-
livost na metan. Pomembno je, da senzor zazna e
kolicine reda velikosti nekaj deset ppm. Senzor se v
debeloplastni tehniki izdela v obliki upora, tipiéni FeoO3
senzor ogljiikovodikov je prikazan na sliki 5.

1-Fe,03/Pd (100pm)
LRy !

€ - lhowemm A (70004 )
Imm Al,03 substrate
N —mm
e SMIM ey
} 10mm .l
Slika 5:  Debeloplastni senzor ogljikovodikov [11].

Plin prihaja v stik z Fe2O3 med dvema elek-
trodama.

2.7. Ostali senzorji

Vtabeli 1 so navedeni nekateri polprevodni materiali, ki
se uporabljajo za izdelavo kemijskih senzorjev za de-
tekcijo necisto¢ v plinih. Vsi materiali so polprevodnega
tipain se jim v prisotnosti nedistod spremeni elektriéna
upornost.
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Tabela 1: Primeri materialov, ki se raziskujejo ali upo-
rabljajo za kemijske senzorje necisto¢ v

plinih /12/
b ali n tip Temperatura
Material prevodnika del?)\(/:a;nja Necistoca
Zn0O n 450 freoni

WO3 (Pt) n 250 do 400 NHz, H2S
TiOz2 (Ru) n 560 trimetil amin

BaTiO3 n 300 CcO

- Hso, CO,

BaSnO3 n 300 do 500 CHa, SO2

SrFeQ3 p 470 CHa
Cro-yTiyO3 palin 250-500 H2S /13/

3. SKLEP

V prispevku so opisani nekateri kemijski senzoriji, ki jih
je mozno izdelati v debeloplastni tehnologiji. Pomebni
so predvsem zato, ker so preprosti in jih je lahko z
odgovarjajoéo elektroniko vklopiti v merilne in regulacij-
ske sisteme. Tudi na IJS, v Odseku za keramiko, se
ukvarjamo z raziskavami na podrocju senzorjev, in sicer
TiO2 in (Ba,Sr)TiO3 senzorji viage. Nase delo je osre-
dotodeno na uporabo debeloplastne tehnologije izdela-
ve ter na preiskavo reakcij, ki potekajo med pripravo in
izdelavo posameznih senzorskih elementov.
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Keywords: printed circuits, circuits manufacturing, surface cleaning, cleaning after soldering, electronic circuits, organic solvents, CFC,
Chlorofiuorocarbon solvents, “no clean” fluxes, CFC-113, trichlorotrifluoroethane, thick film technologies, ionic contamination, ionic conductivity,
fonic conductivity measurement, insulation resistance, functional reliability, humid environment, Montreal protocol, no-residue fluxes, flux residue
removal, rosin fluxes, water soluble fluxes, synthetically activated fluxes, no clean soldering, agueous cleaning, water cleaning, semiaqueous
cleaning, solvent testing, solder pastes

Abstract: Some "no clean” fluxes and solder pastes containing residueless fluxes were tested by ionic contamination measurements on circuits
after soldering. The influence of ionic contamination on the reliability of circuit functioning was measured by insulation resistance measurements
in humid conditions. The same measurements were used to evaluate some new organic solvents for possible substitution of trichlorotrifiuoroethane
(CFC) solvents in the cleaning of electronic circuits after soldering.

Zamenjava CFC topil z novimi fluksi “brez ostankov”
ali pa z novimi topili za ciscenje elektronskih vezij po
spajkanju

Kljuéne besede: vezja tiskana, proizvodnja vezij, ¢iS¢enje povrdin, &id&enje po spajkanju, vezja elekironska, topila organska, CFC topila
klorofiuoroogljikova, fluksi Cistilni “nedisti”, CFC-113 triklortrifluoretan, tehnologije debeloplastne, kontaminacija ionska, prevodnost ionska,
zanesljivost delovanja, okolje viazno, Montreal protokol, fluksi brez ostankov, odstranjevanje ostankov fluksov, kolofonija fluksi, fluksi vodotopni,
fluksi sintetiCno aktivirani, spajkanje brez ¢icenja, ¢iscenje vodno, ¢istenje polvodno, preskusanje topil, paste spajkalne

Povzetek: Preizkusili smo nekatere flukse “brez ostankov” in pastozne spajke s fluksi "brez ostankov” s pomodjo meritve ionskih ostankov na
vezjih po spajkanju. Vpliv ionskih necisto¢ na zanesljivost vezij smo ugotovili s pomogjo meritve izolacijske upornosti v viazni atmosferi. Enake
meritve smo uporabili za ovrednotenje nekaterih novih topli kot moZne zamenjave za triklortrifluoretan (CFC) v postopku éidcenja elektronskih vezij
po spajkanju.

INTRODUCTION The attention of industry has been focused on four
primary strategies for removing CFCs from use: HCFC
According to theMontreal Protocol the use of CFC-113 as replacements for CFC, semiagueous and aqueous
(trichlorotrifluoroethane) and 1,1,1 trichloroethane is to cleaning and no-clean soldering. These are becoming
be reduced and phased out completely by the year available at increasingly attractive prices. When select-
2000 /1,2/. Possible alternatives for replacing CFC sol- ing a possible solution for circuit cleaning many aspects
vents used for electronic circuit cleaning after soldering must be taken into consideration; material compatibility,
include new fluxes which do not need to be cleaned, or energy consumption and also the selection of solvents,
the choice of solvents other than CFC, Dependent on which are usually in the form of a mixture. Terpenes,
the type of fluxes used for circuit cleaning (rosin flux, water and other solvents are mixed with varying
water soluble, synthetically activated fluxes) suitable amounts of surfactants, detergents, saponifiers or other
cleaning must be applied for flux residue removal. New agents to maximize performance in specific applica-
fluxes, the so called “no residue” fluxes with very low tions.
solid content ( <5%), have been developed which do not
require cleaning, or when necessary it is possible to In our work we have tested two solvents other than CFC
clean with organic solvents other than CFC. When rosin for circuit cleaning after soldering, and which were
based fluxes are used for ciruit soldering, new organic selected onthe basis of previous work on solvent testing
solvents other than trichlorotrifluoroethane must be /3,5,6/. Also five “no residue” fluxes were tested for
chosen. circuit soldering without cleaning in comparision with
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RMA flux, as well as two solder pastes containing “no
residue” flux.

EXPERIMENTAL

lonic residues after the soldering of circuits were deter-
mined by ionic conductivity measurements of the sol-
vent containing dissolved contaminants, and by
insulation resistance measurements on the test sample
between closely spaced soldered conductors in humid
conditions /3/.

The main characteristics of the fluxes and solder pastes
tested are presented in Table | and Table II. The char-
acteristic of RMA fluxes normally used for circuits sol-
dering are also given in Table | for comparision. The
characteristics of the new solvents A and B compared
to Freon (CFC) are given in Table 1.

Table I:  Main characteristics of fluxes used forimmer-
sion or wave soldering
Flux cgr?t!;dnt Flux Malide
(Wi%) activity content
A <2 no residue 0
B 2 no residue 0
C 2 no residue 0
D 2.1 no residue 0
E 2 no residue 0
Alpha 611 37 RMA 0.1
Alpha GR8 40 RMA 0.1
Table /l: Solder pastes characteristics
Solder Alloy Metal Flux
e content S
paste composition (Wi9%) activity
A 62Sn36Pb2Ag 89 no residue
B 625n36Pb2Ag 90 no residue
Table lll: Main characteristics of solvents
Solvent Compo- Mol. Bo(i)lii:tg OoDP*
olven sition weight pc value
G
A CClo F-CHB3 117 32 01
alcohol
B mixture ’8
Freon CCla F-CCiF2 187 48 0.8

* Ozon depletion potential

210

lonic contamination measurement

Samples for ionic contamination measurements were
soldered by circuitimmersion in a solder pot when using
fluxes A,B,C,D and E for hybrid circuit soldering, or wave
soldered with fluxes A and B for printed circuits. Fluxes
were preheated before soldering to the specified tem-
perature, and after soldering circuits were not cleaned.

The dimension of hybrid circuit ceramic substrate were
2.5 cm x 2.5 cm and of the printed circuit 9 cm x 6 cm.
Two circuits were used for each ionic contamination
measurement. lonic contamination on the circuits after
soldering was measured by the static conductivity
method in which the ionic conductivity of a mixture of
50 vol% distilled water: 50 vol% isopropyl alchohol was
measured before and after immersion of the circuit in
the solution for 10 minutes, using an Iskra MA 5964
Conductometer /3/.

The dynamic conductivity method was also used for
ionic contamination measurements using two instru-
ments;an Iskra Conductometer and an Omegameter
600 SMD in which the mixture of distilled water: isopro-
pyt alchohol was circuled in the system after calibration
with NaCl. The ionic contamination value measured is
expressed in ug NaCl/cm? according to Standard MIL-
P-2880SA. To determine the quantity of ionic contami-
nation on a specimen under test, the conductivity of a
fixed amount of test solution used to extract and dis-
solve the contaminants was measured. The system
detects and records the concentration of contaminants
in the test cell at the begining of the test to establish a
base line. Subsequent calculation represents only the
amount of contamination added to the extract solution
during the test. A state of equilibrium is attained when
all the contaminants have dissolved in the test extract
solution. At the conclusion of the test the final contami-
nation level in equivalent micrograms of NaCl/cm? are
recorded. Before running another test, the solution is
regenerated through a built - in deionising system to
establish a clean solution and a new base line for the
next test.

Insulation resistance measurement

The test circuits for insulation resistance measurements
were prepared according to DIN-32513 and IPC-SF-818
as given in Fig.1 and Fig.2. On the DIN-32513 test
sample the distances between lines are 1.3 mm and the
line widths 0.7 mm, and on the IPC-SF-818 test sample
the line spacing is 0.7 mm and the line width is 0.35 mm.

Ten test samples were soldered with the same fluxes on
ceramic substrates and on printed circuits. The insula-
tion resistance between closely spaced soldered con-
ductors was measured before and after testing in a
humid chamber under conditions of 93%RH, at 40°C
with 50V DC applied. Ten samples were also soldered
with a rosin flux for testing and the circuits cleaned with
Freon and solvents A and B.
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Fig.1: DIN-32513 test sample

skl s%%%%%’ ¢

Fig.2: IPC-SF-818 test sample

RESULTS AND DISCUSSION

lonic contamination measurement

The results of ionic contamination measurements are
presented in Table IV for hybrid circuits printed on
ceramic substrates and on printed circuits when the
fluxes given in Table | were used for circuit soldering.
The circuits were not cleaned after soldering. Visual
inspection after soldering showed that the best appear-
ance (clean, bright lines without solder balls) were ob-
tained when fluxes A and E were used for soldering. For
comparision the results when Alpha 611 was used for
hybrid circuit soldering and Alpha GRS for printed cir-
cuits soldering are also given.

The results of ionic contamination measurements when
solder pastes were used for hybrid circuits or Aipha 611
for soldering in the solder pot and cleaned with Freon
and the new solvents A and B are given in Table V. lonic
contamination was measured on hybrid circuits only,
and by static and dynamic conductivity measurements
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using the instruments mentioned ealier. The solvent
volume used to dissolve flux residues from a circuit
surface of 1 cm? after soldering was 3 ml/cm? for static
conductivity measurements.

The results obtained from dynamic conductivity meas-

urements were expressed in ug NaCl/cm?, because the
instruments were calibrated with NaCl.

Table IV: lonic conductivity measurement results

lonic .
conductivity éomﬁ :8,7;?:23
(1LS/cm) HY
Flux I
Iskra Iskra Omega-
Conductometer Conductometer meter
Ceramic | Printed | Ceramic | Printed | Ceramic
A 0.35 0.5 0.6 - 0.5
B 0.3 - 0.8 0.6 0.5
C 0.4 0.6 0.5 - 0.7
D 0.2 - 0.7 - 1.4
E 0.8 - 2.1 - 59
AGit 0.4 - 0.8 - -
A GR8 - 0.6 - 0.7 -
Table V: lonic conductivity measurement results
lonic .
conductivity éﬁgﬁ ao&r;(t;:let)
Solder | (us/cm) e
paste Iskra Iskra Omeqa-
Conducto- Conducto- g
meter
meter meter
A 0.1 1.2 -
0.2 0.8 -
Flux Alpha 611 cleaned with:
Freon 0.2 1.3 1.1
A 0.1 0.8 0.6
B 0.05 0.6 0.3

The results given in Table IV show that fluxes D and E
leave more ionic residues on the ciruits after soldering
than fluxes A, B and C, and the results are comparable
with results obtained for samples using Alpha 611 and
Alpha GRS rosin fluxes.
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The highest of ionic redsidue after soldering was meas-
ured when flux E was used and is greater than the
allowed limit of 1.3 pgNaCl/cm according to MIL-P-
28809A. All other results are lower than the allowed limit
of ionic content on circuits after soldering.

No great difference in ionic contamination left after
soldering on ceramic substrates or printed circuits was
observed. The measurements performed with the Iskra
5964 Conductometer were not so sensitive when the
difference between the ionic contamination on the cir-
cuits were small.

The results given in Table V for solder pastes A and B
containing “no residue” fluxes show comparable ionic
residues on the circiuts after soldering. When hybrid
circuits were soldered with Alpha 611 RMA flux and the
circuits cleaned with Freon and solvents A and B, the
results obtained with three instruments show that high-
est of ionic residue left on the circuits was measured
when the circuits were cleaned with Freon and only a
very small quantity of ionic residues when the circuits
were cleaned with solvent B.

Insulation resistance measurements

The results of insulation resistance measurements after
humidity testing under conditions of 93% RH, at 40°C,
50 V DC are given in Table VI when measured on DIN
32513 test sample and in Table VIl on IPC-SF-818 test
samples.

Table VI:  Results of insulation resistance measure-
ments on the DIN-32153 test sample after
humidity testing

Insulation resistance after humidity testing (ohm}
Flux 168 hours | 500 hours 1000 hours
VCera— Pnn Cera- | Prin- E)era— Prin- ”
mics ted mics | ted mics ted
A | 107 | 10 102 510" sa0' 10"
g lg10" ! g0 51011 210" [610" | 10"
A1 | 510" 510" 10!
AGRS | - 10" o |- o2l
Solder paste
a0 [os10 510" | 10" | 10" | 10"
B - 1" | - 510"

The insulation resistance was measured on DIN 32513
test samples on both substrates when residueless
fluxes and solder paste containing residueless fluxes
were used for soldering. The insulation resistance was
measured only on hybrid circuits when Alpha 611 flux
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was used for circuit soldering and cleaned with the new
solvents and Freon. The insulation resistance on the
IPC-SF-818 test sample was measured orn hybrid cir-
cuits only.

Table VIl: Results of insulation resistance measure-
ments on the IPC-SF-818 test sample after
humidity testing {(only on hybrid circuits)

Insulation resistance in humidity
Flux chamber; 93% RH,40°C (ohm)
Before test 168 hours
A 10" 2.10°
B 1012 100
@ 10" 10'°
D 6.10'° 107
E 5.10'° 10
A 611 102 5.10""
Soldered with Alpha 611 and cleaned
Freon 8.10"" 8.10'°
A 8.10" 510"
B 10" 10"

The results of insulation resistance measurements
given in Table VI after humidity testing in the humid
chamber at 93% RH, 40°C with a voltage applied to the
test circuits show that after 500 and 1000 hours no
significant reduction of insulation resistance was ob-
served on all samples. The minimum value of insulation
resistance measured after 1000 hours on hybrid circuits
and printed circuits was 10'% ohm which is higher than
the allowed value of 10° ohm according to Standard
IPC-SF-818.

The results of insulation resistance measurements
given in Table Vil obtained on IPC-SF-818 test sample
with very small distances (0.7 mm) between soldered
lines (measured only on hybrid circuits) show a signifi-
cant lowering of insulation resistance after 168 hours
testing in the humid chamber. The lowest insulation
resistance of 10’ ohm was measured when samples
were soldered with fluxes D and E. The same tsst
samples soldered with Alpha 611 and cleaned with
solvents A and B and Freon showed an insulation resis-
tance of 10" ohm which is higher than allowed accord-
ing to IPC-SF-818.

CONCLUSIONS

Five “no residue “ fluxes and two solder pastes contain-
ing “no residue “ fluxes and two organic solvents for
circuit cleaning after soldering as substitutes for CFC
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solvents were tested by ionic conductivity measure-
ments of dissolved flux residues and insulation resis-
tance measurements on test samples between closely
spaced soldered conductors in humid conditions.

The results for ionic contamination left on the hybrid and
printed circuits after soldering, measured with three
instruments for measuring the conductivity of the solu-
tion in which the circuits were immersed, show that the
“no residue” flux E contains a higher ionic content than
the other fluxes. The most sensitive measurements were
obtained using the Omegameter 600 SMD instrument.

When using the new solvents A and B for cleaning Alpha
611 flux after soldering, a very low ionic residue was
measured on the circuit.

The insulation resistance measurements show a very
low decrease of insulation resistance when measured
on DIN 32513 test sample in all cases when compared
with the results obtained on IPC-SF-818 test samples.
The lowest insulation resistance of 107 ohm was found
when measured on IPC-SF-818 test sample for hybrid
circuits soldered with fluxes D and E as compared with
10" ohm measured on samples soldered with Alpha
611 and cleaned with the new solvents A and B. This
value was higher than the 10" ohm measured on
samples soldered with Alpha 611 and cleaned with
Freon (CFQC).
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OPTIMIZACIJA PARAMETROV INJEKCIJSKEGA
BRIZGANJA KERAMIKE

Alojz Tavcar
Iskra Varistor, d.o.o., Ljubljana, Slovenija

Kljuéne besede: proizvodnja keramike, CIM brizganje keramike injekcijsko, brizganje vroce, pritiski visoki, oblikovanje keramike, izolatorji elektricni,
proizvodnja mnoZzi¢na, keramika steatitna, smole termoplasti¢ne, brizganje prahov, prahovi keramicéni, veziva termoplasti¢na, odstranjevanje veziv,
sintranje, poliranje

Povzetek: Pripravili smo razli¢ne termoplasticne zmesi, izdelali poizkusno orodje za brizganje in odbrizgali poskusne serije vzorcev. Kritiéne stopnje
v procesu injekcijskega brizganja so bile: mesanje kerami¢nega prahu in termoplasti¢nega veziva, izdelava poizkusnega orodja in brizganje vzorcev
ter odstranjevanje veziva iz brizganih izdelkov. Sintranje in poliranje vzorcev sta bila standardna postopka. 1zdelke smo na koncu izmerili in primerjali
z referenénim vzorcem. Analizirali in primerjali smo tudi mikrostrukture poliranih prerezov sintranih vzorcev. Ugotovili smo, da ima sestava z 20 ut.
% PEG 20000 najugodnejse lastnosti za injekcijsko brizganje, pri sintranju se izdelek manj kréi in zvija.

Parameters' Optimisation of the Injection Moulding of
Ceramics

Keywords: ceramic manufacturing, CIM, Injection Moulding of Ceramics, hot moulding, high pressure, moulding of ceramics, electrical insulators,
mass production, steatite ceramics, termoplastics resins, powder moulding, ceramic powders, thermoplastics binders, binder removal, sintering,
polishing

Abstract: Powder injection moulding is a technology able to produce a new range of components from powders. Development was accelerated
by increasing requirements of the electronic industry for intricate shapes. Thin and uniform walled parts are best suited for injection moulding, no
matter how complicated in shape.

This paper reports about parameters’ optimisation in the moulding process. The most critical steps were mixing of the powder and the binder,
moldmaking and moulding and binder removal. Sintering and consolidation were common processing steps as for all ceramics. Several
thermoplastic mixtures were prepared and different samples were injection moulded with experimental tool.

We used a commercial available Ba-steatite powder. To achieve a proper granulometric composition for the injection moulding we sintered and
then re-milled the Ba-steatite powder. The binder was a water solved PEG 20000. The ceramic / binder compound was prepared with Z blade mixer
at the room temperature. Composition was determined with injection moulding tests to achieve the best compromise between volume ratio of
plasticiser / ceramic powder, injectability and sintered parts quality. Tests were carried out on a 150 g semi - automatic plunger injection moulding
maschine Boy (FRG). First we tested the composition with the 22,5 wt.% PEG 20000 and 2,5wt.% camphor as a plasticiser (total volume part of
binder was 44,4 vol.%). Thermal debinding of green ceramic parts was realised by free standing up to 280°C. After sintering at the 1330°C the
ceramic parts were sectioned perpendicular and parallel to the flow direction of the mixture. After polishing the microstructure was analysed by
optical microscope. We found out, that microstructure was dense and homogenous with fine pores of max. 30 um. The average porosity was 4,3
%. In order to reduce distortion of moulded parts, we made the mixture with 18,0 wt.% PEG 20000 and 2,0 wt.% camphor plasticiser. Total volume
part of the binder was 37,5 vol.%. The microscopic analyses showed fine microstructures with pores under 25 um. Total porosity was 7.5 %. The
distortion of sintered parts was recuced. Continuing reduction of binder amount on 18 wi.% (34,5 vol.%) didn't get dense microstructure.

Finalised samples were compared with the reference sample. It was found out, that the composition with 20 wt.% PEG 20000 has the most suitable
properties for the injection moulding process, has a low shrinkage and distortion at the sintering.

uvobD Kriticne tocke postopka brizganja keramike so: priprava
termoplasti¢ne mase, izdelava kovinskega modela in
Injekcijsko brizganje keramike (CIM) je postopek, ki brizganje izdelka in nazadnje postopna odstranitev ter-
omogota ekonomicno oblikovanje najzahtevnejsih moplasti¢nega veziva iz izdelka /4/. Sintranje in povrsin-
oblik keramike kot so npr.: elektriéni izolatorji kom- ska obdelava kot zadnji stopnji v izdelavi keramike sta
pleksnih oblik, vodila niti, itd. Postopek je primeren tako standardna postopka in sta odvisna od vrste keramike.
za izdelavo unikatov kot tudi za veliko serijsko proizvod-
njo /1,2/. EKSPERIMENTALNO DELO
Vroce brizganje keramike je cikliCen proces, kjer se Uporabili smo komercialen Ba-steatitni keramicni
granulat iz keramiénega prahu in termoplasti¢nega vez- granulat /5/, ga sintrali pri 1320°C in suho zmleli do 2%
iva segreje do zmehdisca, nato pa s pritiskom vbrizga v ostanka na situ 63 um. Porazdelitev velikosti delcev
kalup, kjer se ohladi in strdi, pri cemer nastane izdelek zmlete keramike smo pregledali s SEM mikroskopom
z dolo¢eno obliko. Postopek je zelo podoben brizganju (slika 1) in se tako prepricali, da kerami¢ni prah ne
plasti¢nih mas /3/. vsebuje koloidnih delcev, ki bi slabo vplivali na viskoz-

214



A. Tav€ar: Optimizacija parametrov injekcijskega
brizganja keramike

Informacije MIDEM 25(1995)3, str. 214-217

Slika 1:

SEM posnetek suho mletega Ba-steatitnega
granulata

nostin livnost termoplasti¢ne mase /6/. Termoplasti¢ne
mase smo pripravili v laboratorijskem kolenastem
gnetilcu volumna 1000 ml (Netzsch, ZRN). Keramiéni
prah in 50% vodno raztopino PEG 20.000 (tabela 1) /7,8/
smo gnetli eno uro pri sobni temperaturi, posusili v
susilniku pri 110°C. Posuseno masc smo zdrobili v
kolenastem gnetilcu in tako dobili granulat primeren za
doziranje v stroj za injekcijsko brizganje. Vzorce smo
brizgali na 150 g polautomatskem stroju za brizganje
plasticnih mas Boy (ZRN). Vezivo smo iz oblikovancev
odstranjevali v laboratorijskem susilniku s postopnim
dviganjem temperature (5°C/h) do 290°C. izdelke z
izgnanim vezivom smo sintrali v industrijski pedi pri
1330°C, z zadrzevanjem pri maksimalni temperaturi 2,5
ure. Temperatura v pedi je v temperaturnem obmodiju
od 20 do 650°C narascala s hitrostjo 80°C/uro, od 650
do 1330°C pa s hitrostjo 150°C/uro. Na obrusih sintranih
vzorcev smo analizirali mikrostrukturo  keramike.
Poroznost smo izmerili z linearno mikroskopsko me-
todo tako, da smo izmerili delez por, ki so lezale na
namisljenih ¢rtah. Ta delez por odgovarja volumskemu
odstotku por. Sintrane izdelke smo zbrusili s korundnim
prahom &t. 280 v porcelanskem bobnu in nazadnje
izmerili, kako se geometrija izdelka ujema z nadrtom
izdelka.

REZULTATI

Za preizkuse brizganja smo izbrali zahtevneijsi izdelek,
ki sluzi kot elektricni izolator pri povisani temperaturi
(slika 2). Izdelek ima tanke (1,12 mm) in doige (10,80
mm) stene, zato ga s klasi¢nimi tehnologijami obliko-
vanja ne moremo izdelati.

Preizkusili smo razlicne kombinacije termoplasti¢nih
veziv, od katerih bomo opisali najzanimivejse poizkuse
z vodotopnim vezivom PEG 20.000 prozvajalca
Hoechst (ZRN), (tabela 1). Kot mehé&alo smo dodali
sinteticno, tehniéno Cisto kafro (Hoechst, ZRN) in sicer

10 ut.% glede na dodatek PEG. V nadaljevanju opisu-
jemo poizkuse s 25, 20 in 18 ut.% dodatka termopla-
stiénega veziva.

e 13.594.15

72 1

+.00
15.16_"5¢

-.02

+.30
12,2452

—— 14.48 *+92
1
iJ\

2.36f:&§ e B

2,497 50

Slika 2: nacrt kerami¢nega izdelka za vroce brizganje

Slika 3:

mikrostruktura vroce brizganega izdelka s
25 ut. % PEG 20000 (opt. mikroskop)

Najprej smo odbrizgali termoplasti¢no zmes s 25 ut.%
veziva, ki je bilo sestavljeno iz 22,5 ut.% PEG in 2,5 ut.%
kafre. Vezivo je volumsko predstavljalo 44,4 vol.%. Tem-
peratura brizgalnega polza je bila 160°C, temperatura
orodja 30°C, Cas stiskanja 2 min in pritisk v orodju
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0,5 MPa. Izdelkom smo odstranili vezivo in jih sintrali.
Homogenost mikrostrukture smo preiskali z opticnim
mikroskopom (slika 3). Dosegli smo zelo gosto in ena-
komerno mikrostrukturo, z drobnimi porami pretezne
velikosti 5 do 30 um. Povprecna poroznost vzorca,
merjena z mikroskopom, je bila 4,3%.

Da bi zmanjsali deformacije izdelka priizganjanju veziva
in sintranju, smo zmanjali koncentracijo termoplastic-
nega veziva na 20 ut.% (18,0 ut.% PEG in 2,0 ut.% kafre)
in odbrizgali vzorce. Volumski delez veziva je bil 37,5
vol.%. Vzorcem smo izgnali vezivo, jih odsintrali in ana-
lizirali mikrostrukturo (slika 4). Mikrostruktura vzorca je
bila $e vedno gosta, z mikroskopsko doloceno
povpretno poroznostjo 7,5%. Pretezna velikost por je 3
do 25 um. Deformacija izdelka se je zmanjsala.

Pri nadalnjem zmanjsanju vsebnosti termoplasti¢nega
veziva na 18 ut.% (16,2 ut.% PEG in 1,8 ut.% kafre), pri
enakih pogojih brizganja, nismo ve¢ dosegli goste mi-
krostrukture (slika 5), pore so ostale povezane. Volum-
ski delez veziva je v tem primeru znasal 34,5 vol.%.

Tabela 1: tehni¢ni podatki za PEG 20000 [5/

. vogceni kosmidi krem
opIs barve
rel. molarna masa okoli 20000
temperatura strdisca (°C) .
/DIN 51570/ okoli 60
hidroksiino $tevilo <7
/DIN 53240/
topnost v vodi pri 20 °C nad 50
(ut. %)
viskoznost 50 % razt pri }
20°C (mPa.s) 2200-2800
nad 250°C pri¢ne
piroliza razpadati in do 400°C
razpade brez ostanka

Do
foas
o~

Slika 4:  mikrostruktura vroCe brizganega izdelka z

20 ut. % PEG 20000 (opt. mikroskop)
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Slika 6:  mikrostruktura vroce brizganega izdelka z
18 ut.% PEG 20000 (opticni mikroskop)
ZAKLJUCKI

S kalcinacijo in mletjem smo pripravili steatitno kera-
mi¢no maso za vroCe brizganje pod visokim pritiskom.
S kalcinacijo steatithega granulata in mletjem kalcinata
smo pripravili primerno zrnatost kerami¢nega prahu za
vroce brizganje. Termoplastricno maso smo pripravili s
homogenizacijo kerami¢nega prahu in vodne raztopine
PEG 20000. Za mehcéanje smo dodali kafro. Za
brizganje kompleksnega keramiénega izolatorja z dol-
gimi in tankimi stenami smo izdelali &tiri gnezdno je-
kleno orodje z izmenljivimi videa vloZki. Obliko dolivnih
kanalov smo prilagodili visoki viskoznosti termo-
plasticne kerami¢ne mase tako, da smo dobili brez-
hibno zalivanje kalupov. Na polavtomatskem stroju smo
optimizirali parametre brizganja: vsebnosttermoplastic-
nega veziva, temperaturo brizganja, temperaturo
orodja, pritisk in ¢as brizganja. Mikrostrukturo odzganih
kerami¢nih vzorcev smo spremljali na obruskih z
opti¢nim mikroskopom. Optimizirali smo postopek iz-
gona veziva iz brizganih izdelkov, na zraku, v tempera-
turnem obmodju od 20 do 290°C. Vzorcev priizganjanju
veziva nismo zasipali, ampak so prosto stali v pedici za
odstranjevanje veziva. Izbrali smo najugodnejse para-
metre za celoten postopek izdelave brizgane keramike,
pri cemer so bile kriticne tocke izbira vrste in kolicine
veziva in nacin vmesavanja, izdelava orodja in izbira
pogojev za brizganje ter postopek odstranjevanja vezi-
va iz oblikovancev. Ostale operacije izdelave keramike
so bile standardne.
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UPORABA ELEKTRONSKIH KOMPONENT

PRENAPETOSTNA ZASCITA V TELEFONIJI

Viadimir Murko
Iskra Za&cite, Ljubljana, Slovenija

1. UVOD

Podrodje prenapetostnih zadcit v telefoniji z visokim
porastom elektronskih vezij in podsestavov izpodriva
relejno tehniko ze nekaj desetleti. Z novimi Stevilnimi
funkcijami, ki jih omogocajo sodobne telekomunikagij-
ske naprave, rastejo zahteve v kar najvecjo tehni¢no
tehnolosko integracijo. Cilji vsake nove generacije tele-
fonskih central so ¢imvec funkcij na kar najmanj$em
prostoru, krizne komunikacije, kar najnizji stroSek na
telefonsko linijo, velike spominske zmogljivosti, fleksi-
bilno prespajanje mreze s &im boljSo izrabo zmogljivosti
telefonske mreze in nudenje dodatnih drazjih uslug.

Ker optiéne komunikacije $e niso presegle rentabiinost-
nega praga pri najnovejsi dolgorocni zelji “z opticnim
viaknom do doma”, preostaja klasi¢ni bakreni linijski
telefoniji v nekem delu trase od centrale do naro¢nika
kar dovolj prostora pa tudi zahtev za prenapetostno

zasdito.

Sodobna telefonska centrala povezuje vse vrste mo-
dernejSega prenosa govora, slik in tekstov, ter racunal-
niskih podatkov, mobilno telefonijo, opticne zveze,
radio relejne in radijske zveze, sisteme klicanja oseb,
satelitske zveze, itd. V desetletju se je tehnologija pre-
vesila predvsem na mnozico obcutljivih elektronskih
elementov, pri katerih prednjacijo Cipi s podmikronsko
tehnologijo in mnozico softwarskih vrstic, ki jih uprav-
ljajo.

Tudi predstopnje na glavnih razdeliinikih telefonskih
central so se fizitno zmanjSale. Prej velike sobane z
drdrajocimi centralami z releji in premikajo¢imi se me-
hanskimi deli in predsobanami s prepletajodimi se kabli
ter velikimi telefonskimi letvicami, so zamenijali prostori
z urejeno klimatizacijo, posebnimi vrstami tal in drugimi
prej znanimi zaséitnimi pristopi za velike racunalniske
centre. V sodobni telefonski centrali je 100 krat in vec
raunalniske zmogljivosti, kot je bilo pred leti v raunal-
niskih centrih velikih firm.

Temu ustrezna bi morala biti tudi prenapetostna zascita
in zasc¢ita proti streli, ki jo opredeljujejo Stevilna pripo-
rocila, standardi in predpisi.

Direktne in bliznje razelektritve

Direktni udari strele v zaséitnem razredu | izkazujejo
naslednje najvije parametre:
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ZaScitnirazred: .. ..... ... po |[EC 1024-1 .. visoki
Prvi delni udar strele: ... .. v kKA ... . ... 200
....................... Tivus ......... 10
....................... Tovus .........350
naslednji:............ ... v KA .. .. ... 50
...................... Tt ............. 0,25
....................... To,us ........... 100
dolgitok: ........... ... IVA. oo 400
....................... Tvs............ 05

2. SISTEMSKA ZASCITA TELEFONSKIH
CENTRAL

Sistemska zasc&ita vsebuje mere zunanje in notranje
zascite telefonskih central.

Popolna zascita proti direktnemu udaru strele je mozna
le na energetski strani s postopnim zmanjSevanjem
naletnega vala toka strele preko niza sistemskih mer.

S sistemom zunanjih mer moramo strelo najprej ujeti,
zacensi s strelovodno napeljavo, jo odvesti postopoma
proti zemlji ter prenapetosti spraviti na neskodljiv nivo.
V enem prevodnem kanalu strele je ve¢ delnih udarov.
Tudi nastednji delni udari strele so zelo nevarni, ker se
jim povecujejo, zaradi ze vzpostavijenega prevodnega
kanala oblak-zemlja, hitrosti vzponov amplitude vsake-
ga udara. S tem se povecajo elektromagnetni indukcij-
ski vplivi $kodljivih pojavov. Ve¢ kot polovico Skod iz
prenapetosti in strele povzrocijo drugi izviri motenj, kot
so energetske naprave, elektricna vieka (tramvaj, viak,
podzemna zeleznica) in industrijske motnje.

2.1 Zunanja za&c¢ita proti streli in prenapetostim po IEC
1024

V standardih IEC 1024 previaduje sistem zas¢itnih con.
V coni 0 izvirajo motnje. V coni 1 so naprave, ki lahko
ob&asno tudi izpadejo ali pa so manj obcutljive na
prenapetosti. V coni 2 so najpomembnej$e naprave , ki
ne smejo zatajiti. Cono 3 pa predstavljajo kovinska
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OKLEP 1
CONA O CONAT
Zunanje Notranje okolje
okolje . OKLEE_Z
OMEJEVANJE —~"CONA2 -
/ in filtriranje okalica centrale
CONAQ CONA 1
vstop —
f)u;eko B
voudnikov
~ ozemljitev
CONAD
. CONA1
ozemljitev
ozemiljitev
g o
Slika 1. Oklapljanje in ozemljevanje con pri kom-

pleksnih napravah. Mesto prenapetostnih
elementov je prikazano s kvadratom z di-
agonalnim krizcem.

ohisja le teh (same telefonske centrale in koncentrator-
jev itd.)

Seveda je pri telefonskih centralah bistven $e vnos
moznih nakljucnih motenj preko telekomunikacijskih

vodnikov. Tako so glavni delilniki telefonskih naprav
pogosto v coni 1. Vsaka za$citna cona mora imeti svoj
oklop.

Prva cona ima oklop iz Zelezne armature zgradbe,
druga iz armature sobe, v kateri se nahaja centrala. V
njej bi se moral praviloma nahajati glavni delilnik z
zagcitnimi elementi in centrala ter tretja za$ditna cona
kot ze omenjeno ima kovinski oklop iz samega ohisja
telefonske centrale.

Z leve je prikazana prikijucitev energetske mreze in
zascite na njej, z desne pa telekomunikacijska. Glavni
delilnik in za&¢ita na njem so prikazani s simboli zasdite
Uin LPA. S pomogjo oklapljanja se zagotavija telefonski
elektroniki zaSciteni prostor pred elektomagnetnimi
sevanji in odpravlja moznost, da se preko elektromag-
netne indukcije pojavijo ve¢ tiso¢ voltov visoke prenape-
tosti.

Potrebno je §e zamasiti luknije, ki jih za motilne impulze
predstavljajo poteki vodnikov na prehodih v posamezno
visjo zascitno cono. To se odpravi v ve¢ stopnjah z
zascitnimi napravami razliénih lastnosti,

strelovodni lovilec
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zaséita proti streli, LEMP slektiomagnetni impuiz strele

potencialna zenaditev 1Py notranja zaséita energetska stran
. 1.4 notranja zastita

ggg;%cigav potenciaina t telokomunikacijska stran

prenapelostni odvodnik ~ LPA  zasitni modul

Slika 2:

Primer pravilnega $citenja telefonske centrale z zunanjo in notranjo zagéito. S prelomljeno puscico so

oznacCene za$citne naprave ali elementi za odvod strele. Znak U oznaduje prenapetostne zascéitene naprave

in kompleksne elemente zasdite.
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Stopenjska vgradnja zas&itnih naprav po razredih v skladu z DIN VDE 0675.
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EVO 15

- VGA 100 kA za&cita
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Slika 3.
ozemlijilom.

2.2 Zunanja in notranja za$¢ita na energetski napajaini
strani

Energetska zascita mora odvesti po stopnjah naletnival
strele in prenapetosti na neskodljiv nivo na napajaini
strani.

V predstopnji pred stavbo je energetski odvodnik (na
primer varistorski odvodnik EVO 15V 275), ki ga name-
sti elekrodistribucija. V prvi stopnji v stavbi je obi¢ajno
za $tevecem odvodnik strele v glavni razdelilni omarici,
na primer Blitzduktor ali iskris¢e Dehnguard, nato sledi
v podroéni razdelilni omarici varistorski prenapetostni

odvodnik VM 275.

Sledi prenapetostni odvodnik VM 70 izza napajalnika na
enosmernem napajanju iz centralne baterije in tik pred
samo telefonsko centralo na prehodu iz zasc¢itne cone
1 v cono 2. Centrala sama ima lastno notranjo zascito
na energetski strani v zas&itni coni 3.

Zas¢itna cona 0/Z
oklop naprave

-}\ telekomu-

nikacijski
vodnik

telef. naprava

energetski

vodnik . indukcijska zanka

Slika 4.  Neprimerni poteki vodnikov, elekiromag-
netne zanke povzro¢ajo visoko inducirano

napetost.
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15 kA zasdita

Stopenjsko odvajanje udara strele v energetskem napajalniku. Vgradi se med vsako fazo, nicenjem in

2.3. Ekvipotencialno izenatevanje

Vsak prehod preko ene zasc¢itne cone v drugo mora z
izvedenimi ekvipotencialnimi izenacitvami ustvariti lo-
kalno plavajo¢o mrezo. Prva funkcionalna plavajoca
zemlja naj bo okrog centrale same za cono 3. Druga naj
bo v armaturi prostora, kjer je centralain druge potrebne
naprave, to je okrog zascitne cone 2; tretja v stenski
zelezobetonski armaturi stavbe in okrog cone 1 in Cetrta
na vkopanem ozemijilu celotne stavbe. Priporodljivo je
gimvedje prepletanje vodnikov med ekvipotencialnimi
ozemljili posameznih zasc¢itnih con. Lokalna ozemljila
so vecinoma izvedena v obliki ekvipotencialnih zbiralk.

2.4. Elektromagnetne zanke

NajpogostejSa napaka, ki kljub vgrajeni kompleksni
zasciti z LPA moduli vnese visoke prenapetosti tik pred
vhodom v centralo na telefonskih linijah, so ustvarjene
elektromagnetne zanke med energetskimi vodniki na-
pajanja in tekekomunikacijskimi vodniki. Oboji morajo
potekati paraleino blizu skupaj tako, da se inducirane
napetosti e da obvladati.

Zasc¢itna cona 0/Z

Vv ~

)/ ndukcijska zanka
Z\

/ Z 4
i
A0

i
\\ //%l
- 7

Slika 6. Zmanj8ana indukcijska zanka.
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Slika 6. Alternativna re$itev, odvodniki tik pred tele-

fonskimi napravami. Vgrajeni naj bodo v
kovinskih ceveh ali mreZi.

Dogaja se, da zaradi nepravilnega postavljanja vod-
nikov z zad&itnimi moduli LPA oéisceni telefonski vod-
niki preko elektromagnetne indukcije ponovno prejme-
jo visoke za centarlo skodljive prenapetosti. To se do-
gajav okolju, v prostorih, kjer niso upostevani standardi
zunanje zascite po za$ditnih conah po IEC 1024,

2.5. Stopenjska vgradnja zas¢itnih naprav

Pri stopenjski postavitvi zaéitnih elementov in modulov
je zelo pomembna skladnost razdalj med za$é&itami. Ze
pri impulzu 3 kA 8/20 usek in 1 uH/m induktivnosti
vodnika se pojavi dodatna napetost 1 kV na 1 m. Zato
je priporocijivo, da zascitni moduli na glavnem delilniku
in druge zasdite niso vec kot 5 m oddaljene od $&itenih
naprav.

3. ELEMENTIPRENAPETOSTNE ZASCITE V
TELEFONIJI

Skoraj vse osnovne elemente prenapetostne zasdite se
smiselno uporablja tudi v telefoniji.

ldealnega zascitnega elementa ni. Pogoji posamez-
nega okolja in sCitene naprave zahtevajo poseben izbor
elementov. Projektanti in lastniki telefoskih naprav bi
zeleli ¢im bolj enostavne in splodne resitve. Le kombi-
nacije elementov v prenapetostnih modulih odpravijajo
slabosti posameznih neidealnih lastnosti dolodenega
elementa.

Tehnicni komite TC/SC IEC 37 je doslej izdal ved stan-
dardov in predlogov standardov s podrodja elementov
prenapetostne zasdcite. Specifiéni elementi za tokovne
in prenapetostne odvodnike motenj za za&c¢itne napra-
ve so iskrisce, plinski odvodniki (GDT), kovinski oksidni
varistorji (MOV), avalanche dvosmerne ali enosmerne
diode in tiristorski supresorji za prenapetosti.

3.1. Iskriséa

IskrisCa se uporablja pri direktnem odvodu strele na
energetski mrezi.

NajveC uporabe je bilo pri televizijskih stolpih, v katerih
je obicajno namesc¢ena tudi oprema za mobilno tele-
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Odgovor napetosti
S pri iskriseu
A0

napetost
————— tok

impulzna napstost ; "\ tok strele

R ITERN

/ .

N tok v mrezi
- R

. Mo
~ N

e .
S S B ——
100, i Mrezna
s " Hms - napetost

Slika 7. Obna$anje iskris¢a kot odvodnika strele

ugashitev

fonijo. Druga vedja uporaba je v premakljivih radiorelej-
nih in mobiinih postajah.

Po vzpostavitvi standarda IEC 1024 se uporabljajo iskri-
SCa posebnih izvedb tudi v $iroki mreZi energetske
zasCite kot prvi odvodnik strele na stavbi. Odgovarja
za$citnemu razredu B.

Za posamezni preizkusni odvod strele je potrebno upo-
rabiti v telefoniji na linijah 5% od preizkusnega toka
strele. Zadnji znasa 100 KA oblike 10/350 . sek.

3.2. Plinski odvodniki

Plinski odvodnik je najpogostejsi element prenapeto-
stne zascite v telefoniji. Ko prenapetost prekoraéi nomi-
nalno vrednost in toleranco pri po¢asnem dvigovanju
napetosti z vzponom 100 V na sekundo, se plinski
odvodnik vzge. Pri tem notraniji plin, ki je bil do tedaj
visok dielektrik, preide v ionizirajoce stanje ter iz veé M
ohmske vrednosti postane povsem prevoden.

Plinske odvodnike se vgrajuje paraleine med vodnike
linije in zemljo v telefonski mrezi, v predstopnjah, na
glavnem delilniku in v nekaterih elektronskih telefonskih
napravah.

Plinski odvodniki so obravnavani v standardih CCITT K
12inK 20 ter v ustreznem predlogu standarda |EC 1647,

Velika prednost plinskih odvodnikov je visok odvodni
tok, slabost pa relativna poc¢asnost odpiranja pri zelo
hitrih impulzih strele, pa tudi pri nekaterih industrijskih
motnjah.

Tako hitri motilni impulzi preskocijo obi¢ajno enega od
dvo-elektrodnih plinskih odvodnikov v paru na telefon-
skih paricah in neposredno poskodujejo plosde tiska-
nega vezja ter pripadajoco elektroniko §citene naprave.

BoljSi so troelekirodni plinski odvodniki, $e primernejsi
pa so kompleksni zaséitni moduli LPA (lightning protec-
tion assembly), ki vsebujejo plinske odvodnike v vedsto-
penjski funkcionalni zlozenki, skupaj s hitrej$imi ele-
menti.

Ker tipicni, v telekomunikacijah uporabljeni plinski od-
vodnik z nominalno napetostjo vziga 230 V ne ugasne
pri napetosti 220 V 50 Hz, je potrebno dodajati v za-
sCitne podsestave $e tokovno zasdito.To velja v vseh
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primerih, ko je mozno, da pride energetska linija v stik
s telefonsko. Primeri so redki, vendar povzrocijo visoke
gkode, saj zgori kar cela centrala. Lahko se razvijajo
gkodljivi plini, ki povzrodijo $e dodatno $kodo. Krat-
kostiéno tokovno zaddito se izvaja z raznimi talilnimi
viozki, ki se tale med 90 do 145 stopinjami Celzija.
Prespoje posamezni ogrozeni vodnik preko elektrode
plinskega odvodnika z zemljo. Visoki trajni tokovi proti
zemlji pa $e vedno ogrozajo vodnike in njihovo izolacijo.
Zato so priporocljivi dodatni ukrepi s termi¢nimi odva-
jali, ki prekinejo zelo redki predolgo trajajoci Skodljivi
tokokrog energetske napetosti na telefonski liniji.

3.3 Varistorji

V telefoniji se uporabljajo kovinsko oksidni varistorji
(MOV), tako za za§Cito energetskega napajalnega dela
najvec v zasGitnem razredu C kot tudi na telekomuni-
kacijski strani. Pogosto tvorijo varistorji notranjo zascito
linij telekomunikacijskih naprav. Kristalna struktura
varistorja omogoca sli¢no delovanje kot pri mnozici
bidirekcionalnih diod. Slabost sicer hitrih varistorjev, ki
s éasom reakcije prekasajo plinske odvodnike za 5 do
10 krat, pa je staranje. V kolikor stojijo samostojno ali
brez filtrskih vmesnih &lenov, jih Stevilni Skodljivi impulzi
notranje nacenjajo. Zato morajo biti vgrajeni varistorji v
mrezi 220 V napajanja vedno s termicnimi varnostnimi
varovali, v telefonskin linijah pa v funkcionalnih zlozen-
kah v kompleksnih zaséitnih modulih. Naloga integrira-
nih termi¢nih varoval je, da odklopijo varistorski od-
vodnik od napajalne napetosti, ¢e se varistor segreje
nad dovoljeno temperaturo, kar se zgodi pri preboju
varistorja.

V telefonskih zagditah nastopajo varistorji v funkcional-
nih zlozenkah.

Za zaséite v telefoniji so $e posebno pomembne visoko-
frekvenéne karakteristike. Zato priredimo varistorje v
proizvodnji z inadico zelo nizkega povratnega prepust-
nega toka, visoko chmsko za¢etno upornostjo in hitrim
odzivom na raéun energetskih lastnosti. Zadnje zago-
tavlja plinski odvodnik v funkcionalni zascitni zlozenki
kot je na primer zas¢itni modul LPA.

u
U1 l
uz
. X Y
,‘——
A
I‘ 1 74 ’1
b2
e !. '
b )
U3 ~. { o JOPa—
i3 i1 —;
Ut Istosmerna napetost iskrenja
Uz napetost zarenja
U3 napetost loka
i prehodni tok Zarenja v lok
12 vrhnii tok Zarenja v lok

13 prehodni tok

Slika 8a:  Napetostno tokovne lastnosti plinskih odvod-
nikov

Tokovni impulz

8IS —lQO;Ls ‘

Naprava z enimi vrati

) i t
Slika 8b: Odgovor plinskega odvodnika in varistorfa na
tokovni impulz

3.4. Silicijeve plazovite (avalansche) diode (SAD)

Naloga teh diod je prav tako omejevanje prenapetosti
in odvajanje skodljivih tokov s hitro spremembo prevod-
nosti. Pri Vbr (breakdown voltage) zacne taka dioda
hitro prevajati in pri V¢ (clamping voltage) doseze Ipp

vrhnji impulzni tok.

Na sliki 9 je prikazana karakteristika plazu pri enosmerni
diodi. Ved so v uporabi dvosmerne zascitne diode. Te

3

Vwm nominalna napetost

ld max stand-by tok

Vbr prelomna napetost

lec vrhnji impulzni tok pri Ve

Slika 9: Karakteristika enosmerne zascitne diode.
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diode so lahko zelo hitre in odpirajo v pikosekundnih
gasih. Omejitve uporabe nastopajo zaradi nizkih tokov-
nih odvodnih sposobnosti. V zloZenih variantah samih
elementov je po vec¢ diod paralelno, da izbolj$ajo od-
vodne lastnosti. Se pogosteje se hitre prenapetostne
diode uporabljajo v funkcionalnih zloZzenkah prenape-
tostnih modulov skupaj s plinskimi odvodniki in filtrskimi
vmesnimi ¢leni. Predlog mednarodnih opredpisov, ki jih
bo verjetno prevzela tudi Slovenija, je standard IEC
1647-2.

3.5. Tiristorski prenapetostni odvodniki
(po IEC 1647-4)

o
s | kvadrant
@ V
5 / \‘ 1
)
t SV \
% V@ERr)
®
I Oft-State Region /
D n v
Wb Vorm
Slika 10:  Tokovno napetostne karakteristike tiristor-

skega prenapetostnega odvodnika

anoda

n tip vrat

p-tip vrat

katoda
Slika.11: Nadomestno vezje in tiristorskih ekvivalent.
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Slika.12:  Odziv 230V TTS na prenapetostni dvostranski

impulz izmenicne napetosti 600 V, kratek stik
1,2A

223

Tiristorski prenapetostni odvodniki imajo serijo n in p
plasti v silicijevem ¢ipu. Osnovna gradnja ima tri pn
spoje kar zahteva §tiri polprevodniske plasti (npnp).

Tranzistor TR1 jeizdelan zn™ pn” plastmi. TR2 je izdelan
s pn-p plastmi. Preklopno funkcijo prikazuje plazovita
dioda D1. Upor R2 skupaj s stranskim uporom p plasti
R1 tvori shunt za spoj baza-emitor tranzistorja TR1.

4. PRENAPETOSTNE ZASCITE V FUNKCIO-
NALNIH ZLOZENKAH

4.1 Zascite z dvemi vrati

Potem, ko smo si pogledali elemente prenapetostne
zaslite z enojnimi vrati, poglejmo $e zadéitne kombi-
nacije z dvemi vrati. Na vhodno stran je vsiljen prenape-
tostni impulz. Vsiljene in omejene napetosti na izhodni
strani posameznih sestavov so podane na sliki 13.

LY

HKaprava z dvemf vrati

i

Slika 13:

Tipicne nepopolne in izboljSane zasdite z
dvemi vrati.

Na glavnem delilniku telefonske centrale obstoja veé
pristopov pri uporabi prenapetostne zaséite. Preprosta
zaScCita vsebuije le plinski odvodnik v liniji v smereh vod-
nika a proti zemlji in vodnika b proti zemlji. Taka vrsta
zasCite je umestna le v visoko zascitenih okoljih z vko-
panimi in z zares kovinskimi cevmi oklopljenimi kabli. V
vsakem drugem primeru gredo upravijalci telefonskih
central v rizike z zastoji v prometu, v zahtevnejSe vzdr-
zevanje, z vedjim skladi$éem rezervnih delov in eko-
nomsko vecjo skodo.

Preizkus, ki simulira sekundarne ucinke toka strele z
ustreznim impulznim generatorjem, daje rezultate, ki so
prikazani na sliki 14. Na vhodnih sponkah vsiljujemo 3
kV napetost oblike 0,3 /50 1 sek.
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Slika 14: Prikaz reakcij enostavnega prenapetostnega

modula na vsiljeno hitro napetost.

Tipi¢no je, da prepocasni plinski odvodnik v LPA 01
dopusti preostalo napetost, ki je vi§ja od nominalne
(1kV) prebojne trdnosti centrale. Posebno oditni so
ostanki prenapetosti celo preko 2.000 V med vodniko-
ma a in b na izhodih, ki sta ozna¢ena na slikiza” in b”,
kadar gre za dva dvopolna plinska odvodnika. Ta imata
lahko razliéne statiéne napetosti reagiranja (230 V
+20%), ki v dinamic¢nih razmerah $e bolj povecata
preostalo napetostno razliko med vodnikoma na vhodu
telefonske centrale. Tako povedéanih napetosti centrala
ne vzdrzi ter pride do velikih poskodb. Popolnejsi
zaséitni modul LPA 08 s celotno kompleksno zascito
dopusti cca 410-560 V preostale napetosti, ki jo telefon-
ska centrala s svojo notranjo zaséito zlahka vzdrzi.

Znadilno je, da pride do poskodb centrale, ki ima v
za$dii le plinske odvodnike, ko po ccaletu in pol popusti
notranja za$éita v centrali zaradi poslab$anja zascitnih
lastnosti vgrajenih elektronskih elementov zascite.

Obiéajno se elekironske plo$ce v centralah ne popravlja
ampak se menjajo v celoti. Zamenjave elektronskih
plodé so v drugi vgradnji po garancijski dobi vsaj tri do
Stirikrat drazje, kot so take plosce v prvi vgradnji. Kot
zafciteno

nezasciteno 5 KA

£ } O 8

1620 V|

v Ot} T Olye

|

o} ‘ ‘l— ¢

LI

1080 V¥

Slika 15: Visoke preostale napetosti pri enostavni
zasciti le z dvopolnimi plinskimi odvodniki na

5 kA impulz (8/20 1. sek)
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rezervni deli ob prvem nakupu stanejo zaradi visoke
integracije nekaj tiso¢ nemskih mark, kasneje pa tudi
pet do osem tisol.

Kompleksna prenapetostna LPA 08 (lightning protec-
tion assembly) zasc¢ita ima 13 stopenj zaslite z vel
notranjih plavajoih zemelj. Odziv je Stirikrat hitrejsi kot
pri samih plinskih odvodnikih. Vmesni induktivhosti
zadrzita prvi Skodljivi impulz z visoko induktivno upor-
nostjo, ki je posledica hitrih sprememb elektricnih veli-
¢in na vgrajeni vimesni stopniji s tuljavo. Vedstopenjsko
delovanje nadomesca mnozico dragih ukrepov v zu-
nanji in notranji zasciti. Tako je navidezno visja cena
kompleksne veCstopenjske zasdéite hitro popladana, ker
se Stevilo intervencij povsem zniza in je le malo izpadov
dela centrale. Riziko izpada telefonske centrale je
zmanj$an na minimum.

V primeru redko nastopajote motnje stika telefonske
linije z energetskoe linijo 220 V deluje tokovno izmeniéna
zascita.

nexascitens zastiteno

L

e O Ny SYTTTN o

HSSOV

v
3 kv
EE}‘“' sl H a6 v
LPA 08
Slika 16.  Ostale prenapetosti ob istem preizkusu kot

na sliki 14 na kompleksnem zasCitnem
modulu. Prenapetosti so padle na neskodljiv
nivo.

Prva termic¢na zasdita na plinskem odvodniku stali talilni
vlozek in stakne po nekaj sekundah plinski odvodnik
kratko z zemljo. Tok, ki po predpisih CCITT K20 zahteva
15 minut delovanja ob uporu 10 Ohm, bi pretvoril plinski
odvodnik brez te zascite v ZareC kos keramike, ker
deluje kot 9000 W peé, kar ima za posledico gorenje
plasti¢nih delov na gtavnem delilniku in moznost poZara
v centrali.

Druga termi¢no tokovna zascita s termoodvajali §&iti
vodnike, da se ne smode, cede in da ne zagorijo.
Medsebojna rezporeditev elektronskih elementov
zascite v kompleksnem prenapetostnem modulu §&iti
vsak element v njem in zas¢itni modul tako, da se nekaj
100-krat poveca zivljenjska doba najbolj Sibkih elemen-
tov-Elenov v modulu.

Da bi lahko dosegli zahtevo po visokih nominalnih od-
vodnih tokovih nad 10 kA 20 krat in stopenjsko
zavarovanije elektronskih telefonskih naprav, smo v Iskri
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Zascite razvili novo druzino prenapetostnih modulov v
uporabo vseh navedenih elementov zaséit.

istodasno smo razvili vse sestavne dele za glavni delil-
nik, ki je nosilec zascite. Telefonske ranzirne in delilne
letvice iz te druzine so uporabne tudi v omaricah in
razvodnih dozah.

Osnovne zahteve so bile brezplinsko tesnenje kontak-
tov vodnikov na letvici, sekanje vodnikov brez odstra-
njevanja izolacije in izvedba kontaktov brez lotanja ter
zahteve po PTT predpisih. Dodatne nadstandardne
zahteve so bile: izboljana ozemijitvena upornost, vi-
soka prenapetostna trdnost nad 4 kV za napetostni
udarniimpulz 1,2 /50, vsaj 20 tokovnih udarov nominal-
nega 10 kA tokovnega voda (8/20), konkurenca garan-
tira za zasc¢itne module 5 kA nominalne udare, na-
mestitev ozemljitvene zbiralke v notranjosti letvice, da
se izognemo snemanju vseh modulov pri ponovnih
ranziranjih, oblika zunanjega kontakta za prikljucene
vodnike, ki omogoda vklapljanje stare in nove centrale
brez prekinitve delovanja, izboljfane galvanske last-
nosti kontakinih povrsin, boljsa protioksidacijska
zaddita kontaktnih povréin z dvojnim glavanskim pos-
topkom, povi$ana stopnja samougasnosti plsticnih de-
lov, viSja obstojnost v agresivni atmosferi, hitrejsa
montaza z istoasnim rezanjem dveh vodnikov in zato
posebe|razvite montazne klesce, ostane rezanje enega
vodnika, 8 linijska in 10 linijska oblika letvice.

Mozna je le uporaba enostavnih, vedstopenjskih eno-
linijskih zas¢itnih modulov in zascit za 10 linij hkrati. Za
zasCitne module je Iskra Zascite prejela v maju 1995
odlocbo o podelitvi slovenskega patenta. Za letvico in
izvedenke (ranzirna, loCilna, stikalna, ozemljitvena in
oznacevalna) je patent v postopku.

Slika nove telefonske letvice Iskre, ki skupaj
z zascitnimi kompleksnimi elementi vzdrZi
najmanj 10 kA impulze oblike 8/20 u sek 10
krat.

Slika 17:

S triletnimi razvojnimi prizadevanii na lastnih telefonskih
letvicah in skoraj 10 letnimi na prenapetostnih zasditah
je omogocen kompleten asortiman ponudbe za telefon-
ske centrale in mrezo s prikljuénimi in tranzitnimi omari-
cami ter terminale. Le finanéno zahteven namensko

opremljen laboratorij ter Stevilne izkudnje in znanje
omogocajo konkurenco na svetovnem nivoju kvalitete.

5. ZASCITA TELEFONSKIH TERMINALOV

Raznolikost telefonskih terminalov zahteva raznolikost
terminalnih zascit. Stevilne drzave zahtevajo, da motnje
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Slika 18:  Elementi prenapetostne zaséite v podaljsku
za zasScito telefonskih terminalov v sodobni

pisarni.

iz telefonske merze ocisti organizacija, ki upravija s
telekomunikacijsko mrezo. Telekom drugje predpisuje
zasCite, ki jih mora vgraditi porabnik. To opravijo z
razlicnimi eno- ali vedvratnimi elementi in moduli
prenapetostne zascite. Tretji zahtevajo visoko odporno

notranjo zascito pred strelo in drugimi motnjami.

Stevilne zahteve za zasGito terminalov izpolnjuje ener-
getski podaljsek, v katerega so vgrajeni zadditni moduli
in plavajoca lokalna zemlja. Zasditi lahko istodasno
odvisno od Stevila in vrste vgrajenih zadditnih modulov
ra¢unalnik, monitor, telefon, brezziéni telefon ali malo
telefonsko centralo.

Ena izmed moznosti zas¢it za sodobno pisarno je na
sliki 18.

Uporabljena literatura

— Hasse/Wiesinger EMW Blitz-Schutzzonnen-Konzept Pflaum Ver-
lag 1994

— Use of Dehnport lightning current arrestor, Oct. 1994
— Use of overvoltage protection Dehn&Sohne neumarkt, Oct. 1994

— Protezione contra sovratensioni per apparechi telefonici, Saiet,
Bologna, 1993

— Murko: Za&Citni elementi v funkcionalni zlozenki, Referat v
zborniku - Sistemi neprekinjenega napajanja, Ljubljana, 1994

— Standardi |[EC 1924, |[EC 99-1, CCITT K 12, CCITT K20, DIN VDE
845

~ Predlogi standardov IEC 1647 izvodi 1-4

~— Boris Zitnik: Zunanja in notranja za$dita pred prenapetostmi, Poti,
okt. 1994

— Mueller Peter f. Dehn: Zasdita elektridnin naprav z elektronskimi
podskiopi pred prenapetostmi, tudi pred prenapetostmi zaradi
direktnih udarov strele, Zbornik referatov, Bled, 1995, Poti,
Ljubljana

mag. Viadimir Murko, dipl. ing.
Iskra Zascite, Stegne 35,
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PRIKAZI DOGODKOV,DEJAVNOST! CLANOV MIDEM IN DRUGIH INSTITUCIJ

THE INSTITUTE FOR SCIENTIFIC INFORMATION - ISI®

whether you're a librarian or a department head, a bench scientist or a corperate information
specialist, you need a strong, reliable link to relevant research data.

The Institute for Scientific Information® (ISI°) is that link. For 37 years, we’ve enabled researchers to access
all the scientific and scholarly research information they need. Everything from bibliographic data to full text.
Everywhere from individual workstations and university libraries to corporate information centers and
research laboratories around the world.

¢ DATABASE of DISTINCTION

Our multidisciplinary database encompasses more than 16,000 journals, books, and conference proceedings from
250 disciplines in the sciences, the social sciences, and the arts and humanities. .. totaling over 300 million references
cited in 24 million source items.

But numbers don't tell the entire story. ISI’s database is remarkable for many reasons. It is a collection designed by
experts -— not by chance. Carefully cultivated according to the qualitative and quantitative standards that have been in
place since the company’s inception, it represents the most scholarly, influential, peer-reviewed research journals in
the world.

What's more, our database is the only one that incorporates the cited references — the footnotes — of every article
it indexes, and makes them available for searching. Cited reference searching is a unique, highly productive search
technique that is possible only with IS products.

Our database is further distinguished by its full-length author abstracts, its valuable author and publisher information,
and the comprehensiveness of its current and retrospective data,

PRODUCTS & SERVICES of frcoptional Quality

All of the ISl resources detailed in this catalog give you fast, easy access to comprehensive research information.
Because we meticulously index everything of importance within the journals that we cover, you can find data from the
latest research papers as well as from secondary, but equally significant sources, such as letters, reviews, and editorials.

And for every item indexed, you'll uncover complete bibliographic information — journal name; ISSN, volume, and
issue numbers; article title; author name(s) and address(es); page numbers; etc. — every element that’s relevant to
information retrieval.

Plus, all {S! research tools offer a link to full-text documents through The Genuine Article®, iS!'s full-service document
delivery service.

MULTIPLE Foamats; CONVENIENT Cccessd
For your convenience, our research information is available in a variety of media: print, diskette, CD-ROM, magnetic
tape, online, and microfiche. And we're currently testing the potential of other delivery channels, including the Internet.
But no matter what format you use to tap into ISI*'s database, you can always retrieve the precise information you
need. When you need it.

POWERFUL, USER-FRIENDLY Softwanre

The highly efficient search and retrieval software that drives our diskette and compact disc products serves our
database — and our users — well. Developed by an in-house team of programming specialists, it enables you to access
all the bibliographic data, abstracts, and cited references that are important to your research. Quickly. Easily. Effectively.

With it, you'll be able to take advantage of exclusive ISI search features such as Related Records® and KeyWords Plus®,
innovations that help you uncover additional data you simply would not find any other way.
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& TRADITION of SERVICE

In the more than 37 years that IS has been responding to the information needs of the global research community,
we’ve given extra attention to a special segment: our customers, For them — for you — we provide the educational
training, technical assistance, and friendly, personalized customer service that maximize the efficiency of our research
tools.

No matter where in the world you are, our international network of representatives and agents will quickly respond
to your inquiries. And readily provide customized, full-service information solutions that meet ali of your requirements.

A FUTURE of STABILITY & PROMISE

As a forward-thinking company, ISI is moving aggressively ahead with strategic initiatives that will ensure that we
continue to meet the ongoing information requirements of researchers, scientists, and librarians around the world.

Our ultimate objective? To provide researchers with desktop access to ali the bibliographic data, abstracts, tables of
contents, full text, and full images they need — when they need them.

To that end, we've strengthened our ties with researchers, librarians, and other information industry leaders
worldwide, and expanded our dialog with members of the publishing community.

We've invested in a state-of-the-art, image-based data capture system that enables us to quickly and efficiently scan
bibliographic data and full-text documents into our database.

And we've collaborated with IBM to develop a prototype electronic document management and distribution system
for hands-on exploration of the electronic library of the future.

Aa FIRM Foundation

We know that your present needs dictate that you not only obtain the research tools you need now, but also that
you find a company to support those needs — and you — in the future.

That's why we make the decisions we make — from the initiatives we've already undertaken, to the delivery channels
we are currently testing, to the products and services we are offering you today. So we can continue to be a strong
and reliable link to vital information. And provide you, your colleagues, and those who depend upon you with the high
quality research information you need...when, where, and how you need it.

§' J[(Jwto
CONTACT ISI®

UNITED STATES

Telephone: 115-386-0100;
ask to speak with an

1St sales representative.

B00-334-4474;

press. 2 at the prompt to speak

with an 151 sales representative,

Fax: 215-386-2911

Internat custservivisinet.com

To order or inquire about the following services, please call one of the
nusbers above and-ask for the extensian indicated below:

Research Alert”™ Extension 1453
Medical Documentation Service™ Extension | [8%
Resgarch Services Group Extension 1307 or 141}
The Gonuine Article™ . Extensinn 1145 or 1155

Internet: tgamisinet.com

UNITED KINGDOM

Telephone: +44-1895-270016
Fax: +44. 1895256710
Telex: 933693 UKISH

To write to 18], please refer to the
addresses an the back caver.
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Current Contents®

Current Contents on Diskette®

Current Contents on Diskette®
with Abstracts

Current Contents®
CD-ROM Version

Current Contents Search®

(Current CONTENTS®

<Since its introduction as the world's first table-of-contents database in 1958,
Current Contents® has been the preeminent source of current research informa-

tion from the most highly regarded, scholarly literature in the world.

Published in a number of editions and formats, Current Contents covers more
than 7,000 journals and |,700 books annually. By displaying the tables of contents
from these journals and books each week, CC® keeps you up-to-date on every
article, editorial, correction, meeting abstract, commentary, correspondence,
book review, and book chapter that could affect your work. So you can stay on

top of ALL the important advances, theories, and discoveries of your colleagues.

What's more, you'll receive complete information for each item listed: journal or
book title...1SSN or ISBN number...volume and issue numbers...complete docu-
ment titles...article language...even author and publisher names and addresses,
important information that can only be found within the pages of a journal or book.
In fact, you'll find more information per bibliographic record in Current Contents

than in any other table-of-contents database.

Several other unique features, available in the electronic formats of Current
Contents, serve as a springboard to expand your search — and your search results:

® Full-length, English-language author abstracts enable you to determine if
a particular article is relevant to your work...before you spend time and money

pursuing the full text.

® Searchable author keywords help you locate additional relevant articles via
words and phrases supplied by an article’s author.

" KeyWords Plus®, an exclusive ISI* feature, provides you with additional search
terms that are taken from an article's bibliography. With it, you can identify many
more articles that relate to your search — articles you simply would not find
using conventional descriptors.

Current Contents helps you quickly obtain the full text of articles uncovered in

your research through The Genuine Article®, ISI's fast-turnaround document

delivery service. With its many ordering and delivery options, The Genuine Article
delivers the full-text information you need when you need it. ..in the manner most

convenient for you.
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Citation INDEXES

as rich in search features as they are com-
prehensive in coverage, |SI°’s citation indexes
are indispensable tools for uncovering cur-
rent research and tracking retrospective in-

formation.

Remarkable in many ways, they are most
noted for IS’s hallmark, cited reference
searching. Because IS is the only secondary
information provider in the world that cap-
tures and indexes cited references (the foot-
notes of every article included in the
database), our indexes are the only ones that
enable you to employ this extraordinary

search technique.

Cited reference searching lets you take a
known paper and easily find other, more
recent papers that cite it. It also gives you the
ability to easily:

® Discover who is citing your work

¥ Track the activities of colleagues and
competitors

® Pinpoint the locations of particular
areas of research
® Verify bibliographies

and much more.

Science Citation Index”
Social Sciences Citation Index®
Arts & Humanities Citation Index®
CompuMath Citation Index”

Biochemistry & Biophysics Citation Index™

Biotechnology Citation Index™
Chemistry Citation Index™
Materials Science Citation Index™
Neuroscience Citation Index™

All'of ISI’s citation indexes draw from our multidisciplinary database of the
world’s most highly regarded journals. So you can locate the data you need

from relevant publications within your area of study. And outside it.

You'll find information on every key element from the journals covered
— not simply articles, but letters, editorials, corrections, commentaries,

reviews, short stories, works of art, and meeting abstracts, too.

And for each item indexed, you'll uncover all the bibliographic data you
need: journal titles, ISSN numbers, author names, dates, issue and page
nurhbers, and more...plus unabridged, fully searchable, English-language

author abstracts if you choose an electronic format,

ISI's electronic citation indexes also provide you with exclusive capabilities

fueled by ISI's own search and retrieval software:

* Related Records® is an advanced search mechanism thatincreases your
retrieval of relevant articles while it saves you time. It extends the power
of citation indexing by linking and displaying all of the articles that have
one or more references in common — references that indicate subject
relationships not always evident by article titles, keywords, or even
abstracts.. .references you simply would not find if you relied solely upon

traditional search techniques.

* KeyWords Plus® is yet another one of ISI's revolutionary breakthroughs
in indexing and searching the literature. By giving you additional search
terms directly from an article’s bibliography, KeyWords Plus lets you
identify many more articles that relate to your search — information you

wouldn't locate with conventional descriptors.

Regardless of how you retrieve the data from ISI's citation indexes, you'll
always have fast, easy access to full-text documents. Through The Genu-
ine Article”, ISI's own document delivery service, you can easily order
original tear sheets or high quality photocopies of the articles you uncover,

and have them delivered to you when and where you need them.
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Wultidiscinli Citation Ind
EDITIONS

Available in four separate editions, 1517's Multidisciplinary Citation Indexes
enabie you to uncover the most current information as well as track relevant retrospective data.

SCIENCE CITATION INDEX"

Luvers over 3,300 of the world's Jeading scientific and technical jporaals
in a braad range of disciplines. The magnetic tape and osline formats also cover an
addiioral 1,300 scieatific and rechuical jparnals.

Agriculture Materials Science
Astroromy Hathematics
Bithemistry Hedicine

Biokogy Heurosciences
Bistechnolngy Oncologr
Chemistry Pediatrics
Lomputer Stience Pharmacology
Engineering Physics
Erviconimental Sciences Plant fuences
Foad Science Psychiatry
Geneties Surgery
Groseiences Yetsrinary Sciences
Jmmunology Toology

Science Chation Index” Pring

Published bimonthly. Subscription includes six bimoathly issues and an anrual
cumulation, Back-year annuals are available through 1961

Science Citation Index” Compact Disc Edition

Published quarter’y. Subscription inchdes three quarterly cumulative updates
ané an anaual cumulation. Back-year annvals are available through 1986,
Science Ciration Index” Compact Disc Edition

with Abstracts

Published monthly. Subseription includes eleven cumwative updates and an
annual cumulation. Back-year annuals are avatlable through (991,
SciSearch” Magnetic Tape

{pdated weekly, Back-year issues are avaitable through 1974,

SciSearch” Onfine

Updated weekly.

Science Citation Index (SCI7)
Multi-Year Cumulations

Each provides all the bibliographic data, cited refecences, ard
features of the annuals, plus thousands of recards
not praviously indexed in the annuals,

Five-Year Cumulations
$CL1965-1949 Print

$C11970-1974 Pring
SCLE9T5-1979 Brint
§031980-1984 Prine

{3 1985-1989 Print
Tan-Year Cumulations
01 19451954 Print

$011955-1964 Print

. Lovers over [ 400 of the world's lzading socal sciences journals in 2 broad range of

disciplines, Also covers individually selected, relevant izems from over 1,208 of
the world's feading scientific and technical jourmals.

Anthropaloyy Law

Business Linguistics
Commurication Philasophy
{riminology Political Science
Economics Psychiatry
Education Psychology
Eavironment Public Health
Family Studies Sovial bssues
Geography Social Work
Geriatrics Sociolngy
Health Pelicy Substance Abuse
History Urban Studies

Industrial Relations Women's Stedies

Information Stience & Library Science

Social Sciences Citation Index” Pring
Published triannually. Sebseription includes two triannoal issues and an anneal
cumulation, Back-year annuals are available through 1965,

Social Sciences Citation index” Compact Disc Edition
Published quarterly, Subscription incudes three quarterly cumulative updates and
an annual cemutatien. Back-year annuals are available through 198).
Sacial Sciences Citation Index” Compact Disc Edition
with Abstracts
Published monthly. Subscription includes eleven cumulative updates and anannuat
camutatan. Back-year anauals are avaitable through 1992,
Social SciSearch” Magnetic Tape
Updated weekly. Back-year issues are available through 1972,
Social SciSearch” Online
Updated weekly.

Social Sciences Citation index (SSCIY)

Multi-Year Cumulations

Each provides all the hibliographic data, cited references, and
features of the annuals, plus thousands of records
not previcusly indexed in the ansuals.

Five-Year Cumulations
$5C1 1966-1970 Prim
SSCH 19713978 Print
$SCH1976-198D Print

$§C1 1931-1985 Print, (D-RON

$SCH 19861990 Pring, (D-30M

Ten-Year Cumlation
50119561965 Print
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ARTS & HUMANITIES CITATION INDEX"

Covers over 1110 of the world's teading arts and humanities journals.
Alse covers adividually selected, relevant items from over 5,800 of
the worid's leading science and sucial saignces jpurnals.

Archarology nguistics

Archtectare Literary Reviews

A Literatuee

Ksian Srwdies Husic

{lassics Philasephy

Dance Postry

folklore Radic, Teleyision & Flm
History Religion

tangoage Theater

Exclusive to the
Arts & Humanities Citation Index

* Title enhancements are termy added to titles that are obscore or hard to
categorize. They darify article contents.. . making tithes easier to fiad and
understang,

* Impticit cications are references o works ot farmally fostnoted in jotrnal
aricles, but added to the record by 184" indexers. Eeclusive to 151, they help focare
representations of paintings, photegraghs, architettural drawings, musical
scores, and writtes works in the literature.

s “See Alse” references are (ross references that trace dited suthers 10
pseudonyms .. providing additional access points that stherwise might be
missed.

Arts & Humanities Citation Index” Print

Published semiannually. Subscription includes two hardcover semiannual cumula-

tions. Back-year semiangual cumulations sre available through {976.

Arts & Humanities Citation Index” Compact Disc Edition
Published triannually. Subscription Includes two triansual cumulative updates and
an annual cumulation, Back-year annuals are available thraugh 1990,

Arts & Humanities Search” Magnetic Tape
Updated weekly. Batk-year issues are available through 1980,

Arts & Hurnanities Search” Online
lipdated weekly,

Arts & Humanities Citation Index
(A&HCI") Multi-Year Cumulations

tach provides all the biblingraphic data, cited refersnces, and featurss of
the annuals, plus thowsands of records not previously indexed in the annuals.
Five-Year Cumulation
ABHEL1975-1979 Print

Yen-Year Cumulation
AGHCI 19801989 (D-ROM
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COMPUMATH CITATION INDEX®

Covers over 400 of the warld's leading computer scisnce and mathematics journals.
Also covers individually selected, relevant items from over 4,500 of the world’s
{eatling science, social sciences, and arts and humanities journals.

{amputer Applications in Hathematical Nethods in
Lhemistry & Engineering Social Sciences

Computer Critical Reviewy Hathematics, Applied
Compater Sciences, General Mathematics, General
Computer Sciences, Special Topics Hathematics, Fure
(ontrol Theory & Cyberneties Operations Research &
Information Science & Library Science Hanagement Science

Mashematical Hethods in Statistics & Probability
Biology & Science Systems Sciences
Hathematical Hethods in

Physical Sdences

Exclusive 1o the
CompuMarth Citation Index
* Research Front Speciaity Index, an 1§l exclusive, enables you to retrieys
precise subject biblingraphies of current papers which cite the kay Hterature of
specialty topics.. .even if the antides do rot clearly indicate that they are
refevant,
Published semianmually. Subscription inclades two hardcover semiannual evmala-
tions, Back-year semianoual cumulations are available through 1981,

CompuMath Citation Index (CMCI?)
Multi-Year Cumulation

Provides alt the bibliographic daza, cited references, and features of the
annuals, plus thousands of records not previcusly indexed in the apnuals.
Five-Year Cumulation
(HCEI976-1980 Priot
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Specialty (itation Indexes

EDITIONS

Available in five separate editions, ISI”’s Specialty Citation Indexes provide focused current and
retrospective coverage of the journals, books, and proceedings in their specialties. They also include
individually selected, relevant items from publications outside the core literature...providing you
with additional important information from sources that you might not ordinarily consult.

Foumat

Provides instant, electronic access to bibliographic data, full-length

author abstracts and cited references from specialized areas in the

literature.

Employs 151's own versatile, easy-to-use search and retrieval soft-

ware that enables you to search, retrieve, downlgad, and print with

remarkable flexibility and speed.

« User-friendly help functions enable you to master searching tech-
niques with ease.

« Customized search profiles — which you can create, save, and
modify — enable you to save hours of research time each week.

+ Boolean logic and truncation broaden or narrow the scope of your
search.

B"I"Q'CHEMISTRY e BIOTECHNOLOGY
& BIOPHYSICS Covers more than 2,500 leading publications. Provides over
Coversmore.than 3,000 feading publications. Pravides over 67,000 source items per year on topics such as:
422600 source items per year an topics such as: Antivial & Anticancer Food Microbiology
Bioenergetics Holecular Nicrobiology Biotherapy Human Genome Restarch
Cafhular Chemistry Holecular Pharmacology Biocontrol Molecular & Clinical Genetics
Clinicat Chemistry Heurochemistry Biorecorery Holecular Hicrabiology
Environmental Plant Molecular Biology Biosensors Plant Somatic Celt Culture
Biotechnology ‘ Photosynthesis Fermentation Protein Sequencing
Foud &Madicinal Chemistsy  Tharmobiology
C . CHEMISTRY MATERIALS SCIENCE NEUROSCIENCE
- Coversmore than 1,600 beading publications. Provides over Covers more than 1,700 leading publications. Frovides over Covers more than 2,800 leading publications. Provides over
- {24700 soure items.per year on topics such as: 108,500 source items per year on topics such as: 72,900 source items per year on topics such as:
Analytical Chemistry Organic Chemistry Adhesives Plastics & Polymer Behavioral Neurology Heural Hetworks
(omputational Chemisty  Organometallic Chemistry Biomaterials Engineering Cerebrovascular Heurogenetics
" Blactrochepistry Physical Chemistry Ceramics Powders . Disease & Hmllbohsm Neuroimaging
irorganic Chemistry .~ Polymer Chemistry Coatings Technology Processing & Developmenta Heurosurgery
. Haterials Chemistry Radiochemistry Composite Materials Han.u facturing Neuroscience Molecular Brain Research
. s e Semiconductors Electroencephalography
Huclear Chemistry Fabrics & Fibers : Psychopharmacology
Superconductors Epilepsy Research
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Hethods of Extraction urlace ckence
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FEATURES

» Cited reference searching.

» Related Records” displays all the articles that have one or
more references in common.

» Searchable, complete, English-language author abstracts for
every article that includes one.

+ Author keywords help you locate additional, relevant infor-
mation via words and phrases supplied by an article’s author.

+ KeyWords Plus® provides additional, powerful search terms
from an article’s bibliography.

« Author names and addresses for your reprint requests.

« Works in conjunction with The Genuine Articie®, 1SI's own
document delivery service. Please turn to page I5 for more infor-
mation about it.

For details regarding other I51 products that support your research

efforts, please refer to page 15.

Each Specialty Citation Index is published bimonthly. An annual subscription includes
five bimonthly cumulative updates and an annual cumulation on one disc — plus all
back-year annuals available for that edition.
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THE GENUIN ARTICLE®

Dinect access fo THE FULL TEXT

2 o fully accommodate the information
needs of researchers around the world, 1SI*
provides full-text documents through its own

document delivery service.

Only The Genuine Article” provides five-
year, full-text coverage of over 7,000 journal
titles — as well as many conference proceed-
ings, and selected book series and reviews —
covered in IS!'s multidisciplinary database. All
the publications are kept in our own on-site,
closed stacks collection. ISI also offers an
Extended Service that provides access to
older journalissues...some dating back to the
1880s.

The Genuine Article processes all requests
within 24 hours of receipt — within 30 min-

utes for special-request fax deliveries.

Not only is delivery fast, but ordering is sim-
ple. TGA is now available through more
sources and in more ways than ever be-
fore...through several commercial online
vendors, as well as every IS! database. You

can even send TGA orders over the Internet.

Any way you order from TGA, the results are superior! That's because:

8 |S] seamlessly integrates its unique TGA accession numbers into its
databases, streamlining the ordering process even more. Simply supply
these accession numbers and the articles’ beginning page numbers to
place an order.

® |S| offers many ordering options:
= Fax
= Online*
" Internet
« Phone
« Mail

& || offers several delivery options as well:
= Mail (first-class or airmail)
+ Overnight delivery (U.S.A. and Canada)
» Courier
» Fax
» 30-minute fax (U.S.A., Canada, and Mexico)

Furthermore, IS takes the following steps to ensure your total satisfaction:

= [Sl complies with all copyright regulations by making all royalty payments
to primary publishers or to the Copyright Clearance Center.

ISt offers competitive rates for individual purchases or large-volume
contracts.

ISl sends you original tear sheets or high quality photocopies along with
a money-back guarantee.

= [SI provides, through the British Library Document Supply Centre,
coverage from an additional 2,500 journal titles.

ISI produces helpful management tools, such as usage reports and
charge-back capabilities, for monitoring your account and for controlling
expenses (contract accounts only).

ISt offers professional, accommodating customer service to assist with
questions and account information.

No matter what your area of research is, you can count on ISl and The
Genuine Article for direct access to the full text. For more information or
to speak with a TGA representative, please refer to the phone numbers
on page 27.

* DIALOG, DATA-STAR, OCLC, DIMDI, STN, ISM
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RESEARCH dlent”

Your weekly, targeted alerting service.

]he premiere Selective Dissemination of Infor-
mation (SDI) service available today, Research
Alert is backed by ISI*'s vast muitidiscipinary da-
tabase, providing you with current, complete,

and comprehensive bibliographic information,

Whether you opt to receive a Customized Re-
search Alert® or a more general Research Alert”
Topic, you'll receive a full bibliographic report —
each week — on the contents of recently pub-
lished journals from your specific field of re-

search.

Research Alert searches over 7,000 leading inter-
national science, social sciences, and arts and
humanities journals, item by item, listing com-
plete bibliographic data on every journal article
that's relevant to your subject area. Each listing
provides the full article title, complete biblio-
graphic information, and the author’s address,
when available, for reprint requests. Research
Alert then presents this information to you...ina

format you can scan in a matter of minutes.

CUSTOMIZED
RESEARCH ALERT

A Customized Research Alert is designed to meet
your individual information requiremeats. It's
based on a customized, confidential profile devel-
oped just for you — and with you — by our
search specialists.

Your profile defines, with a precision not available
elsewhere, the exact boundaries of the informa-
tion you seek. We then run it against IS}'s mul-
tidisciplinary database using sophisticated,
flexible search functions that extract only the
bibliographic information you request.

So no matter what type of information you
want...or how specific, diverse, or focused your
research interests may be. .. you'll receive a con-
fidential report every week that mirrors your
subject parameters.

And if your needs change, s can your Customized
Research Alert profile. Our Research Alert staff is
always available to advise you on how to modify
your profile to ensure that you'll continue to
receive the information you need most. Best of all,
your prafile consultation is always free of charge.

RESEARCH ALERT
TOPICS

Research Alert Topics reflect your more general
research interests. They're based on over 200
existing search profiles that cover a wide range of
topics, all of which fall under these subject cate-
gories:

Agriculture, Food & Yeterinary Science

Biotechnology

Chemistry

Engineering & Technology

Environmental Sciences

Life Sciences

Medicine

Pharmacology & Medicinal Chemistry

Physics

Social & Behavioral Sciences

Reports are laser-printed on high qual-
ity, 84" x 1" paper, to keep, to high-
light, to write on, to refer to again and
again,

Formata

The magnetic tape format provides in-
formation identical te the print format.
See page 26 for technical specifications.

THE FULL TEXT...AND MORE!

Research Alert works in conjhncﬁon with The Genuine Article®, 1S1's own full:text document delivery service. Please turn to page {5 for more infarmation about it.
For details about ather IS1 products that support your research efforts, please refer to page 25.
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VENDOR MANAGED SERVICES
“A PARTNERSHIP FOR THE ENVIRONMENT”

Introduction

Hazardous Materials Management is a central issue for
all semiconductor manufacturing operations. The haz-
ards associated with the chemicals and gases used in
the industry are significant, so the protection of employ-
ges, the surrounding community, and the environment
must remain a primary focus. Accordingly, hazardous
materials storage and handling practices are strictly
regulated at the federal, state, country, and city levels.
At SGS-THOMSON Microelectronics, Inc. in Phoenix,
Arizona, an innovative approach to Hazardous Materials
Management has been adopted. The conceptis known
as “Vendor Managed Services.”

What is Vendor Managed Services?

Olin Electronic Materials’ Chemical Management Serv-
ices Group was selected to provide SGS-THOMSON
with a comprehensive Hazardous Materials Manage-
ment System. The mission statement governing Olin’s
commitment to SGS-THOMSON reads as follows:

“To assume total product accountability and ensure total
product integrity for the chemicals utilized in our cus-
tomer’s fab.”

Several basic functions have been identified and agreed
upon as a part of the “Vendor Managed Services”
contract. These functions represent Olin’s responsibili-
ties and can be divided into five major areas - chemical
procurement, inventory management, equipment op-
eration, waste disposal, and regulatory report prepara-
tion.

Olin is tasked with supplying all production chemicals
at a guaranteed level of quality to the “point of use” in
the fab. This includes alternate source selection, mate-
rial delivery, unloading the materials from the truck,
product quality inspection, and transferring the deliv-
ered items to appropriate chemical storage areas.

The chemical inventory is tracked and updated by Olin
to minimize the quantities of chemicals stored on-site.
Ali chemical containers are labeled with a bar code that
is scanned in and out of the inventory system. When
inventory levels fall below a predetermined minimum,
the chemical is automatically reordered. This concept
is known as “Just-In-Time" Materials Management and
is preferred by our regulatory community.

Within their primary work area, Olin Technicians operate
avariety of specialized equipment and respond to emer-
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gency situations, (e.g. chemical spills and leaks). For
example, Chemical Delivery Modules CDM'’s) are used
to pipe selected chemistries to the fab. Olin Technicians
manage and maintain these bulk delivery systems. The
monitoring of critical operating parameters of the plant’s
Wastewater Treatment System and Vent Scrubber Sys-
tems is another essential function performed jointly by
Olin and SGS-THOMSON personnel. A “real time” as-
sessment of the critical parameters is made possible by
a computer software system called Datatrax. The Data-
trax system uses transfer equations to convert data from
analog and digital instruments located throughout the
plant into numeric and graphic displays. In the Waste-
water Treatment Plant, the pH of the neutralization
tanks, total dissolved solids, tank volumes, gallons per
minute of flow, and fluoride levels are tracked and
recorded. Datatrax looks at pump flow, differential pres-
sure, pH and total dissolved solids for the wet scrubber
system. In addition to its monitoring and record-keeping
capabilities, Datatrax is equipped with an automated
alarm and paging function. Predetermined control limits
for a chosen parameter are programmed into the com-
puter. If at any time the control limits are breached, the
computer pages appropriate SGS-THOMSON and Olin
technicians to respond to the area where the problem
was detected. Employing Vendor Managed Services to
monitor these critical parameters affords SGS-THOM-
SON extended coverage essential to our operations.

All activities associated with waste disposal are under
the direction of Olin’'s Chemical Management Services.
An Environmental Services Engineer from Olin has been
assigned to SGS-THOMSON to prepare waste profiles,
arrange for the analysis of samples, select the appropri-
ate Treatment, Storage, and Disposal Facilities (TSDF),
schedule waste shipments, and prepare and maintain
all necessary documentation. The Environmental Serv-
ices Engineer is responsible for the preparation of
waste-related regulatory reports and is available to as-
sist SGS-THOMSON with the preparation of required
programs addressing pollution prevention and waste
minimization. Currently, the Engineer is developing a
comprehensive waste management program to include
the recycling/reuse of targeted waste streams, such as
sulfuric acid, hydrofluoric acid, mixed solvents, empty
glass and poly bottles, drums, as well as packaging
materials. Olin Technicians inspect our waste storage
area on a weekly basis to ensure that our drums are
properly labeled, securely closed, and in good condi-
tion. And finally, personnel from Olin's Corporate Envi-
ronmental Department provide additional knowledge
and resources to SGS-THOMSON whenever a need is
identified.
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Why Choose Vendor Managed Services?

A variety of benefits have been attributed to hiring a
vendor to provide chemical management services.
They include environmental advances, safety enhance-
ments, improvement of quality and financial savings.

Environmental Advances
* Increased recovery/recycling capabilities

° Application of “Best Available Technology” for Waste
Disposal

* Improved auditing of Treatment, Storage & Disposal
Facilities

* Comprehensive monitoring of Pollution Control
Equipment

Safety Enhancements

* Decreased frequency of crisis shipments

» Reduced quantities of hazardous materials on-site

* Avoidance of accidents caused by inexperienced
personnel

» Increased materials handling efficiency

Quality Improvement
» Controlled monitoring of supply streams

s Customer yield improvement

- Line yield from fewer interruptions

- Increased up time of the chemical distribution
system

- Reduced scrap loss

» Enhanced quality control and R & D efforts
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Financial Savings

* Decreased internal labor resources and supervisory
time dedicated to chemical management

* Reduced overhead and shortened cycle time

¢ Elimination of excess costs with the introduction of
“Just-In-Time” inventory methods

¢ Increased efficiency in transportation and handling
functions

Conclusion

SGS-THOMSON Phoenix believes that the benefits of
“Vendor Managed Services” for Hazardous Materials
Management are numerous. Olin Electronic Materials is
a manufacturer of chemicals offering a wealth of expe-
rience, technical information, and resources. Forming a
partnership with Olin’s Chemical Management Services
Group has provided SGS-THOMSON with the ability to
focus on our primary objective - “to be the best 8 inch
wafer manufacturing fab in the world”.

Written by

Peg Goodrich

Environmental Engineering Specialist
SGS-THOMSON Microelectronics, Inc.
and Frances Lupoe

Environmental Services Enginger

Olin Electronics Materials Division
June 1995
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PREDSTAVLJAMO PODJETJE Z NASLOVNICE

SEMCOTEC, Austria

Semcotec’s Quad Channel Line Interface Circuit Kit
QuadCLIC

The Semcotec development is unique worldwide and
represents an integrated complete chip-set for four
channel voice and signalling data generation and trans-
mission based on a QuadCOMBO, QuadSLIC plus two
other chip types: DualPower and RingDriver.

The heart of the chip-set is composed of:

* the 4-channel-Combo or QuadCOMBO on a
single chip
and
* the 4-channel-SLIC or QuadSLIC on a single
chip

combined with DualPower and Ring Driver chips to form
the QuadCLIC.

The name CLIC is the acronym for Complete Line Inter-
face Circuit. Based on the 4-channel-solution it is called
the QuadCLIC.

These chips are shown as core or heart of a wide variety
of most advanced telecom applications, making these
applications easier and by far more cost effective than
using solutions based on standard products or chips
from other manufacturers.

Remote Maintenance and Service Features

The QuadCLIC chip-set interfaces analog telephone
subscriber or corresponding terminal equipment in ap-
plications like Pair Gain, PABX (Private Automatic
Branch Exchanges), Rural Exchanges and Concentra-

Semcotec’s Quad Channel Line Interface
Circuit Kit - QuadCLIC

Core of all Applications
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tor systems with increased technical performance and
reductions in components count and manufacturing
costs compared to other solutions.

The QuadCLIC Kit QK 957 offers advanced control and
maintenance features, providing capabilities to monitor
the subscriber loop and the CLIC status itself.

The maintenance and service communication is han-
died completely digital via the serial control status links
to the QK 957, either directly in analog line cards or
through the ISDN interface D-channel protocol in pair
gain systems.

The respective QK 957 serial protocol has an easy
access to an external controller for remote line status
supervision, analysis and data logging.

The serial control status link delivers continuously infor-
mation about the subscriber loop and the CLIC opera-
tion, up-dated with 8 kHz.

The received digital codes with 8 bits per channel can
be processed by the system control computer as LE-
GAL and ALARM types, depending on the line’s opera-
tional modes like IDLE, RINGING, or TALK.

Multiple usage of existing cabling

The following describes the principles of a state-of-the-
art digital transmission system using just one standard
telephone twisted pair copper wire for four fully inde-

pendent voice and/or data transmissions without any
correlating interference during simultaneous transmis-
sion between the Central Office and four subscribers.

This System - the first application for the QuadCLIC
circuitry - is called PCM-4 (from Pulse Code Modula-
tion).

Principles

1. The system consists of the CENTRAL OFFICE UNIT,
a printed circuit board (pcb) mounted together with
other CO Units in a 19-inch-rack in the Central Office
near to the mechanical or electronic exchanges and

2. the REMOTE UNIT installed in home or office-build-
ings, on poles, or other field mounting possibilities.

3. The CENTRAL OFFICE UNIT can operate with me-
chanical, half-electronic or fully digital exchanges.

4. To the CENTRAL OFFICE UNIT are connected the
four call numbers from the CO exchange and the CO
exchange battery supply.

5. The REMOTE UNIT is a small printed circuit board
mounted in a steel, aluminum or plastic casing for
outside installation.

The choice of casing material and the casing itself
depends on the environmental conditions and the re-
quirements of the domestic PTO’s (Post Telegraph Or-
ganization).

Multiple Usage of Existing Cabling
Principles of Pair Gain Systems (PCM'’s)

Same PCM-4 System
(One Type)

for all kind’s of
Central Office Exchanges

Numbers

Field mounted
Phone

> Fax

up to 4.5 km

PC - 4 QuadCLIC \
i ) ' €38 Ph
Pair Gain up to 8.5 km PCM - 4 / ”aoo‘ FC;T
_ Pair Gain
s Bl oo cocx i 42 Phone
~ Central // Remote Wﬂm‘%@ Fax
~ Office remote power feed NI

Unit

& 4 x 32kBit/sec
transmission rate

Ny, oy
Z Phone
N Fax

- Phone

- Fax Group 3

- PABX

- Pay Phone

- Modem up to 9.6 kBit/s
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The Remote Unit is connected by A SINGLE wire pair
to the CO Unit and by four wire pairs to the four sub-
scribers, phone sets, or faxes as shown.

The Remote Unit does NOT NEED ANY INTERNAL
BATTERY OR OUTSIDE POWER CONNECTION.

The power to the Remote Unit is fed over the same wire
pair used for the voice and data transmission from the
CO Unit.

Operating Details

All transmissions are fully simultaneously bi-directional
and fully digital in accordance to CCITT G.712 and
Q.552 recommendations.

That means all chips used in the data and signal streams
work fully bi-directional with data and signal streams in
both directions at the same time. All chips are strictly
designed in accordance to CCITT.

1. The CENTRAL OFFICE UNIT

1.1. takes the analog signal of the 4 call numbers from
the exchange,

1.2. converts into digital data streams with 64kBit/sec
per channel,

1.3.compresses each of these data streams to 32
kBit/sec using a standard ADPCM algorithm ac-

cording to CCITT G.726,

1.4. and transmits these compressed data streams via
the so-called ISDN (Integrated Services Data Net-
work) U-Interface chip (terminus technicus) to-
gether with signaling information, like ringing,
teletax or callfee impulses, polarity reversal and
loop state (onhook/offhook condition) over just
ONE standard telephone twisted pair copper wire

to the REMOTE UNIT.

2. The REMOTE UNIT

2.1.receives the incoming signals from the CO Unit
through the U-Interface chip,

2.2.de-compresses the channel-signals back to

64kBit/sec via the ADPCM,

2.3. converts the channel data from digital to analog
signals via the QuadCOMBO,

Multiple Usage of Network Cabling

N
Co

3 \\\

/v;//',’:“ AN
= Exchange .

one standard twisted pair copper wire

J—-

FZANRN
/ “

CO Unit

AR
/,//:?'/; co NN
~{ Exchange -
EI 4 upto8.5km
| |
|
| one standard twisted
fL._,‘..A_W..W ™~ pair copper wire
Four individual QuadCLIC
phone numbers Remote Unit

These figures show a comparison between a usual “one cail number, one wire and one subscriber connection” and the expanded
possibilities of four call numbers connected through the CENTRAL OFFICE UNIT and just ONE wire to the REMOTE UNIT - built
with one QuadCLIC circuitry - and from there on to FOUR completely independent subscribers.

In this example are shown: Phone sets, fax, and a public telephone box or pay phone, the latter an important feature in some
installations.
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2.4. refines the analog channel signals assigned to
the respective Central Office call numbers via the
SLIC functions and connect the signal to the
subscriber terminal equipment, for instance tele-
phone sets or fax.

This functionality uses the same principles vice versa for
the data streams from the subscriber to the Central
Office.

Technical and Commercial Details

The distances shown - 8.5 km CO to Remote Unit and
4.5 km, Remote Unit to subscriber - are not only defined
by the CCITT transmission standard used and imple-
mented in the U-Interface chip, but also by the wire
diameter and the physical conditions of the telephone
wires in the connection.

The experience of Semcotec shows no difficulties with
respect to the latter conditions :

PCM-4’s have been installed under worst case condi-
tions in cabling networks, having parts more than 50
years old.

Distances up to 10 km are possible with wire diameters
of about 0.6 to 0.8 mm in good conditions.

In urban areas the average requested distance is
around 2 to 3 km.

The cost saving is clearly given by the possible multi-
ple usage of wires. Only one wire is needed for 4 call
number connections in PCM-4.

PCM-4 Remotie Unit

Schematic

As described previously the QuadCLIC circuitry is the
core of a wide variety of telecom applications, as part of
the PCM-4, in the field of voice and data transmission.
As previously shown, the PCM-4 exists of the CENTRAL
OFFICE UNIT and the REMOTE UNIT.

This figure illustrates the Semcotec Integrated Remote
Unit, designed with the QuadCLIC as the master cir-
cuitry. Shown are the principles with the incoming wire
from the Central Office (right side) and the complete
circuitry of the high integrated Semcotec PCM-4 Re-
mote Unit from right to left:

Typical PCM-4 Application
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In this figure are again connected FOUR subscribers in one building demonstrating the usage of four call numbers for private, and

business applications.
Added is a possible Modem transmission.
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Rural Area with PABX Application
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shows fully assembled printed
circuit board chipside
(two layers only)
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PCM-4 Remote Unit

Schematic

SEMCOTEC Integrated Version

ADPCM
QuadCLIC
2 Q Quad Control
Q@ zle ua ontrol| |
21 P Combo ASIC Uko IO0O<
! B
. DF
PS
..
QuadCombo ADPCM
Uko
Ring g | EINICR | Control | | ,
ey | REREE | BRVE | Asic | SEMCOTEC :
: — Proprietary .
Chips and
Modules
Power __—
Supply

Uko = U-Interface chip

This chip, in accordance to CCITT and {SDN standards
is a modem circuit for full duplex 144kBit/sec transmis-
sion rate and echo cancellation.

ADPCM = Adaptive Digital Pulse Code Modulation
chip

This device performs the function of compressing and
de-compressing the data channels in accordance to
CCITT from 64kBit/sec to 32kBit/sec and vice versa. The
chip works fully bi-directional. The kBit-rate of
64kBit/sec is part of the so-called ISDN standards,
where ISDN means Integrated Services Data Network.

Within this standard either 4 channels with compressed
32kBit/sec can be handled, which means PCM-4 or 2
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with
latter

channels uncompressed
64kBit/sec are possible, the
means PCM-2.

Semcotec offers its own 8-channel
ADPCM chip in 1995.

Control ASIC (Application
Specific Integrated Circuit)

This chip controls the main part of the
data flowing in the Remote Unit.

The Chip is designed and supplied by
Semcotec.

PS means Power Supply Module

This unit, which is designed as a
DC/DC-converter takes the operating
voltage via the telephone wire from the
Central Office Unit - by Remote Power
Feed. It generates - with a very high
efficiency - all necessary voltages and
currents for the operation of the Remote
Unit circuitry as well as the connected
four telephone sets, for complete simul-
taneous parallel ringing and talking.

The Power Supply Module is designed
by Semcotec for this specific applica-
tion.

QuadCLIC

The set consists of QuadCOMBO,
QuadSLIC, Dual Power's and four Ring-
Drivers as explained earlier.

SEMCOTEC,
Seidlgasse 22/13
A-1030 Vienna, Austria
tel. +43-1-714 3485
fax: +43-1-713 5458
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KONFERENCE, POSVETOVANJA, SEMINARJI, POROCILA

m

Poletna Sola o tehnologiji materialov za feroelektriéne mikrosen-
zorje, mikroaktuatorje in mikroelektronske komponente
Lausanne, Svica, 28. 8. - 1. 9.1995

V Casu od 28. avgusta do 1. septembra 1995 sva sode-
lovala na poletni Soli “Summer school on materials
technology for ferroelectric microsensors, microactu-
ators and microelectronic components” na Visoki poli-
tehnicni Soli (Ecole polytechnique federale de Lausan-
ne) v Lausanni, Svica.

Program poletne Sole je bil razdeljen na dva dela, ki sta
vsebovala tako predavanja kot tudi laboratorijske vaje.

Vprvem delu so predavatelji predstavili osnove feroelek-
tricnosti, piezoelekiriénosti in piroelektri¢nosti tako v
keramiki kot v tankih plasteh, osnove meritev ter piezo-
in piroelektri¢ne elemente.

Dr. Enrico Colla je v predavanju o fenomenologiji fero-,
piro- in piezoelekricnosti predstavil fazne prehode, ki so
osnova navedenim pojavom, s stali$¢a termodinamike.
S pomocjo Landau-ove teorije je razlozil, kdaj so izpol-
njeni termodinamski pogoji, pri katerih lahko makro-
skopsko merljiv efekt raziozimo z mikroskopskimi modi-
fikacijami v materialu. Na podlagi rezultatov lahko na-
povemo, v katerih kristalnih razredih lahko pri¢akujemo
simetrije, ki so pogoj za fero-, piezo- in piroelektriéni
odziv v materialu.

Dr. Dragan Damjanovi¢ je v predavanju o piezoelek-
tricnih elementih najprej predstavil sistem piezoelek-
triénih meritev, nato pa razlozil razlike med meritvami
monokristalov, keramike (vpliv orientacije domen) in
tankih plasti (vpetost vzorca na podlago). Poleg tega je
predstavil delovanje piezoelektriénih motorjev, hidro-
fonov in aktuatorjev.

Dr. Aleksander Tagantsev je v predavanju o tankih
plasteh podal pregled fizikalnih pojavov, ki vplivajo na
ferroelektri¢nost tankih plastiin razlozil razlike v obnasa-
nju keramike in keramiénih tankih plasti. Razlozil je
obnasanje feroelektrika v elektricnem polju, pojav di-
elekiricne plasti ob elektrodi, polprevodniski znacaj te
plasti in vpliv defektov na premik domen.

Dr. Christian Wuthrich je imel predavanje o piroelek-
tricnih elementih, v katerem je podal pregled optimi-
ranja in modeliranja piroelekiriénega senzorja ter
priprave vecplastnih struktur z metodo mokrega jed-
kanja in erozije.

Prilaboratorijskem delu so predavatelji pokazali meritve
omenjenih koli¢in pri keramiki in tankih plasteh. Med
demonstracijami je bilo dovolj ¢asa za razgovor o iz-
vedbi meritev, o eksperimentalnih problemih (vpenjanje
vzorca, kontakti) in virih napak.
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V drugem delu poltetne $ole smo se seznanili z razli¢nimi
postopki priprave in s karakterizacijo ferroelektriénih ke-
ramicnih tankih plasti. Poleg tega so predavatelji pred-
stavili tudi postopke izdelave mikroelektronskih kompo-
nent (senzorjev, aktuatorjev, motorjev, ¢rpalk, ...).

Dr. Paul Muralt je v predavanju o pripravi tankih plasti
podal pregled najpogosteje uporabljenih materialov in
njihove lastnosti ter pregled metod za nanasanje kera-
micnih tankih plasti. Poudaril je pomen kompatibilnosti
materialov pri integraciji na silicijeve rezine in nadaljnje
procesiranje vecplastnih struktur.

Dr. Marija Kosec je v predavanju o pripravi tankih plasti
s poudarkom na sol-gel kemiji razlozila potek reakcij v
postopku sinteze in pregled sintez za pripravo P(L)ZT
tankih plasti. Dr. Keith Brooks je v nadaljevanju poudaril,
da na kvaliteto in orientiranost plasti ne vpliva le kemi-
zem pri sintezi sola, paé pa tudi elektrodni material in
termic¢na obdelava.

Dr. Enrico Colia in dr. Andrei Kholkin sta razlozila mo-
dele degradacije in pojav utrujenosti v ferroelektriénih
tankih plasteh.

Dr. Georges Racine je predstavil prototipe mikromotor-
jevin postopke izdelave, Dr. Philippe Lerch pa uporabo
raCunalniskega programa ANSYS za simulacijo de-
lovanja piezoelektri¢nih elementov.

V prakticnem delu je vsak udeleZzenec pripravil kera-
micno tanko plast po sol-gel postopku in izvedel elek-
tricno karakterizacijo vzorca. Ogledali pa smo si tudi
delo v laboratorijih za pripravo elektrod (sputtering) in
obdelavo velplastnih struktur (micromachining).

Prof. Nava Setter je v sklepnem predavanju predstavila
podrocja raziskav in usmeritve pri izdelavi radunalniskih
pomnilniskih elementov. Poudarila je trenutne po-
manijkljivosti, predvsem zanesljivost, zaradi katerih je
uporabnost keramicnih tankih plasti $e omejena.
Nadaljnje raziskave bodo predvidoma na podrodjih pi-
roelekiricnih aplikacij, racunalniskih spominov in pie-
zoelektriénih elementov v mikro- sistemih.

dipl.ing. Uro$ Delalut

dr. Barbara Mali¢

Odsek za keramiko,

Institut JoZef Stefan,
Univerza v Ljubljani

Jamova 39, 61111 Ljubljana
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Osma mednarodna delavnica o steklih in keramiki iz gelov
Faro, Portugalska, 18. - 22. 9.1995

Osma mednarodna delavnica o steklih in keramiki iz
gelov (8th International Workshop On Glasses And Ce-
ramics From Gels) sodi v serijo konferenc o dosezkih in
razvoju znanosti in tehnologije sol-gela. Predhodne
konference so potekale v Padovi (1981), Montpellierju
(1985), Kyotu (1987), Rio de Janeiru (1989), Seuvilli
(1991) in v Parizu (1993). Konferenca je potekala v
mestu Faro na jugu Portugalske, organizirala pa jo je
skupina profesorja Rui Aimeida iz Oddelka za materiale
Tehniskega instituta v Lisboni. Sodelovalo je priblizno
250 udelezencev iz 30 drzav.

V enajstih sekcijah (kemija sol-gel procesov, struktura
in lastnosti gelov, sintranje in kristalizacija gelov in
tankih plasti, prevleke in membrane, hibridi in nanokom-
poziti, biomateriali, elektricno aktivni materiali, aerogeli
in katalizatorji, aktivni opti¢ni elementi, nelinearna in
integrirana optika, nove usmeritve in aplikacije) je bilo
predstavljenin priblizno 300 prispevkov. V sekciji o
strukturi in lastnostin gelov smo sodelovali z delom
Studij alkoksidnih prekurzorjev keramike na osnovi
PbZr03-PbTiOz aviorjev Barbare Mali¢, iztoka Arc¢ona,
Marije Kosec in Alojza Kodreta.

Sol-gel sinteza se je uveljavila na podrocju priprave
stekla, steklo-keramike, monolitov, steklenih in keramic-
nih viaken, za$¢itnih previek, kompozitov in tankin pla-
sti. Bistvene prednosti sol-gel sinteze glede na klasi¢ne
postopke so homogenost, Sistost in nizje temperature
priprave.

Po alkoksidnem sol-gel postopku lahko sintetiziramo
tudi keramiéne prahove. Predvsem za elektronsko
keramiko, ki je tipicno ve¢komponentna, je doseganje
vecje homogenosti in nizjih temperatur priprave, ki so
posledica manjSe velikosti delcev, izredno pomembno.
Zato se precej kerami¢nih laboratorijev ukvarja s sintezo
submikronskih neaglomeriranih prahov za piezoke-
ramiko, superprevodnike, ferite. Na podrocju feroelek-
tricnih tankih plasti, pripravijenih po sol-gel postopku
(PZT, PLZT), so raziskave usmerjene v potek kristali-
zacije in mozne reakcije plasti z elektrodo (Pt) in pod-
lago.

V sklepnem predavanju konference je prof. D. Uhlmann
na podiagi ankete med 50 raziskovalci s sol-gel po-
droc¢ja napovedal, da so “naj” materiali prihodnosti,
sintetizirani po sol-gelu, opticne previeke na osnovi
silicijevih alkoksidov, SiO2 aerogeli kot izolacijski mate-
riali in prahovi za elekironsko keramiko. Problem
keramic¢nih prahov je po njegovem mnenju predvsem
prenos v proizvodnjo.

Naslednja konferencabo Cez dve leti v Sheffieldu, Velika
Britanija, v organizaciji profesorjev Angele Seddon in
Petra Jamesa iz Univerze v Sheffieldu.

dr. Barbara Malic

Odsek za keramiko,

Institut Jozef Stefan,
Jamova 39, 61111 Ljubljana

NEWS FROM AMS

Notification of improvement of the intermetal insula-
tion of 1.2u., 2y, and 3 | processes

As part of the AMS continuous improvement pro-
gramme, the company has revised the intermetal oxide
layer introducing an undoped oxide underlayer. The
advantages are:

e Increased layer uniformity and step coverage

* Perfect sealing of metal-1 lines

* Enhanced stress buffer capability to metal-1

* Unchanged electrical process parameters

The new oxide step is deposited on the same equipment
as before but improved by an undoped oxide layer. The
total thickness of the intermetal oxide remains the same.

For further information please feel free to contact us.
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New Laser Beam now operational at AMS

AMS announces that its new high performance ETEC
Argon scanning laser beam pattern generator was put
into operation this week. The laser beam generator,
made in Oregon, USA, combines innovative hardware
and software advances with high speed raster graphics
and precision optics the result of which is a high per-
formance system optimized to write both the high pre-
cision masks and reticles required by today's high
performance and complex ASICs (Applications Specific
Integrated Circuits).

The advantage for AMS is that this laser beam generator
has the highest throughput currently available in the
industry - with its 8 independent parallel writing split
beams (200mW) it can complete a mask within approxi-
mately one guarter of the time required by the traditional
E-beam generator used by AMS up to now.
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Furthermore, because of its extremely high precision
overlay accuracy of 100 nm and its ultra low defect
density which is 100 times better than that of an E-beam
generator thisis a further step towards increased quality
at AMS. Since this new equipment exposes geometries
of down to 0.5 micron it will be utilized well into the turn
of this century at AMS.

Note: A laser beam is used for writing geometries, the final
layout pattem of an integrated circuit, onto a Chromium
plated quartz glass referred to as mask. The mask in turn
is used for exposing the silicon wafer and thus transferring
this layout pattern onto the wafer. A set of up to 18 masks
are required for the completion of an average wafer.

The Third Quarter 1995

Austria Mikro Systeme International AG (AMS) reports
its third-quarter results (Results of AMS AG without
consolidation of SAMES):

1-9/1995 1-9/1994

in Mill. ATS  in Mill. ATS Change in %
Order Entry 1,326 1,285 +3
Net Sales 1,349 752 +79
Backlog (Sept.30) 724 962 -25
Capital Expenditure 209 240 -18
Employees (Sept.30) 705 647 +9
Profit on Ordinary
Activities 220 73 +201

While the profit on ordinary activities corresponded with
the net income in the first three quarters as well as for
the whole of 1994 AMS will be subjected to taxation in
the course of the second half of 1995 - as discussed in
the shareholder's report for the first half of 1995 - and
this will reduce the OVFA results accordingly.

Mr. Horst Gebert, President and CEO: “Customers have
realized the new potential of AMS and now view the
group as an equal partner to the large international
semiconductor manufacturers because of the participa-
tion with Sames and the reduced delivery times as a
result of this participation. The increase in new engineer-
ing projects of over 50 % in the third quarter secure the
long term competitiveness of AMS and confirm the new
situation.”

AMS is technology partner of the European Union for
the new SHAPE Project (Sub Half Micron CMOS Proc-
ess for European Users) together with SGS-Thomson,
Philips, Siemens, Alcatel-Mietec, GEC-Plessey and Ma-
tra-MHS for the development of the next generation of
integrated circuits with process structures of <0,5 mi-
cron, which will determine the semiconductor technol-
ogy after the turn of the century.

Mr. Johann Stritzelberger, CFO: “Shorter delivery times
for new projects and orders - an important sales argu-
ment in the ASIC business - are reflected in the order
entry and backlog with an increase in sales of 79 % at
the same time. The delivery restrictions of AMS will be
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systematically reduced because of the new possibilities
of the AMS group.”

Austria Mikro Systeme International AG
SchioB Premstitten,

A-8141 Unterpremstétten, Austria

Tel.: +43 31 36 500-0

Fax: 43 31 36 52 501

CMP introducing low-cost microsystems
prototyping

All market studies agree that the market of Mmicrosys-
tems is expected to boom, driven by more and more
applications on automotive, medical, process indus-
tries, and aerospace. One way to make this technology
available to many designers, i.e. to move the technology
from the specialized research laboratories to the com-
mercial market is to offer low cost prototyping and small
volume production by applying the same principles as
those applied 15 years ago for integrated circuits: a
multi-project wafer (MPW) approach, where the cost of
a wafer is shared among multiple users.

CMP is introducing Micro Electro Mechanical Systems
{(MEMS) fabrication based on CMOS 1.0 m. DLM/SLP
front side butk micromachined by EDP at ESIEE. MEMS
like cantilevers, membranes, microbridges, etc... may
be processed together with the electronics. Design
rules have been defined, available to designers upon
signature of a Confidentiality and Licence Agreement
(CLA). A CADENCE OPUS design kit is available to
allow the generation of the layout including electronic
and non-electronic parts. The kit includes an extended
DRC and an extended parameter extractor (from layout
to netlist) distinguishing electronic and non-electronic
parts. A netlist is generated allowing an electrical simu-
lation where bridges, cantilevers and membranes are
considered as a resistance, and a behavioural simula-
tion where these structures are represented by a model
in the language HDLA/ELDO from ANACAD. Other
CMOS processes, surface micromachining, GaAs proc-
esses, LIGA, Quartz micromachining will be introduced
gradually.

The cost of the service is 1500 FF/mm?2, 15 samples
being returned to the user, which is affordable even by
small companies.

The design rules, the design kit including extended DRC
and extended extractor, as well as a basic library are
available.

B. COURTOIS, Director of CMP, said that “introducing
microsystems, CMP will contribute to the development
of this market, as CMP contributed to the development
ofintegrated circuits 15 years ago when CMP pioneered
MPW service for microelectronics. There are 2 condi-
tions to the development of that market: a low-cost
access to prototyping, and CAD tools. CMP is greatly
contributing to both issues, by extending fabrication and
design facilities well known to present IC designers. To
make use of infrastructures that were developed 20
years ago for microelectronics will allow economy of
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scale and thus push microsystems from research labo-
ratories to a massive commercial market. CMP is proud
to represent the European effort in this approach, since
presently only USA have introduced it with ARPA and
MOSIS efforts. CMP is pioneering the efforts here, as it
was a pioneer in Europe 15 years ago".

J. PERRIN, Director of Group ESIEE, said: “The indus-
trial equipment of ESIEE includes 300 m? of 10.000 and
100 class clean rooms fully equipped for IC manufactur-
ing and microsystem technology. That equipment in-
cludes furnaces, LPCVD, PECVD, contact optical
aligners, double-side aligner, anodic bonding, silicon
direct bonding, anisotropic wet chemical silicon etch-
ing, plasma RIE. ESIEE is thus very well prepared to work
with CMP on the development of microsystems by offer-
ing a professional post-processing facility”.

Cost:
+ 1500 FF/mm?, 5 mm? minimum charge.
» 15 samples returned including 5 samples pack-
aged.

Documents and files available upon request:

» CMP Micromachines Program (October 1995).

» ES2 CMOS 1.0 m Front-side Bulk Micromachin-
ing Design Rules, upon signature of a CLA.

 Design kit including extended DRC and ex-
tended extractor, upon signature of a CLA.

« Cell library, being continuously expanded,
upon signature of a CLA.

See samples overleaf.

Next runs:
» 7 December 1995 e 9 April 1996
e 19 February 1996 ° 17 June 1996
layer: 60.
name: N+IMPLANT.
Rule min.
Number Parameter dimen-
sion
M601 width of N+ implant 1.5
spacing between 2 areas
MB02 of N+ implant 2
M603 spacing to microstructure area 5
Me04 margin to microstructure area 1
neither N+ implant pin nor
N+ implant net is allowed inside
M605 microstructure area: N+ implant
must not be used for
interconnections inside
microstructure area
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The micro-bridge obtained by front side bulk
micromachining

CMP is a broker for a number of technologies (prototyp-
ing and low volume production). Since 1981, 140 Insti-
tutions from 30 countries have been served. More than
1600 projects have been prototyped through 130 runs,
15 semiconductor houses have been interfaced.

* Integrated circuits

1.21,1.0 4, 0.7 1 CMOS DLM from ES2

1.2, 0.8 1 CMOS DLP/DLM from AMS

1.2 u, 0.8 1 BiCMOS DLP/DLM from AMS

0.5 1 CMOS TLM from SGS-Thomson/France Tele-
com (JESSI)

0.6 1 GaAs from VITESSE

0.2 n GaAs HEMT from PHILIPS (up to 90 Ghz)

* Micromachining

CAD sofiware:
CADENCE, COMPASS, VIEWLOGIC, TANNER, ...

e MCM and 3D packaging

MCM-L and MCM-LD from Montpeilier
Technologies/IBM

MCM-C (HTCC) from Montpellier Technologies/IBM
MCM-C (PCM, LTCC, Thick/thin film on alumina)
from DASSAULT Electronique/SOREP

3D-MCM (MCM-V) from Thomson-CSF DOI.

¢ Design kits: available from most of the processes to:

ALLIANCE MDS
DOLPHIN SYNOPSYS
MAGIC COMPASS
MENTOR GRAPHICS TANNER
CADENCE VIEWLOGIC
EXEMPLAR

information:

cmp Tel.: +33 76 57 46 20

B. Courtois/J.M Karam
38031 Grenoble Cedex
FRANCE

Fax: +33 76 47 38 14
e-mail: cmp@archi.imag.fr
www: http://ltima-cmp.imag.fr
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Electronics, February 1995

8-Bit MCU market screams for product

In some 8-bit microcontrollers lines, customers face
backlogs up to 50 weeks for product shipments, de-
clared Dataquest Inc. in San Jose. Jerry Banks, princi-
ple analyst at the market research firm, said Motorola
Inc. of Austin, Texas, caused the renaissance with its
68HCO05, priced under US$ 1.

At this low price, many applications using 4-bit micro-
controllers switched to 8-bit units and, in the process,
made the 68HCO5 the leading chip in this market cate-
gory. The 8-bit market is growing 15% a year and
currently outsells 16-bit microprocessors 14 to 1.

The second highest shipping 8-bit microcontroller archi-
tecture is the 8051. It holds 28% of the 1993 market.
Banks credits Philips Semiconductor of Sunnyvale,
Calif.,, for keeping 8051 alive in the market. intel Corp.
of Santa Clara, Calif., who created the chip, now wants
back in the market. Today (13 Feb.), it debuted a new
version (see related story).

Banks said another reason for the popularity of 8-bit
processors is they use fab capacity being abandoned
by products migrating to the next level of process tech-
nology. It is not cost effective to build a new facility to
make the parts.

For example, Intel's new 8051 version is a high-volume
chip for 0.8-micron fab capacity being abandoned by
the 486 and Pentium CPUs. Motorola's problem is not
having excess fab capacity. It is buying existing IC fabs
from other companies to build 8-bit processors.

LOW-END EMBEDDED MARKET
in billions of LLS, dollars and (billions of units)

8-Bity

|0.56) s09
Embadded%g{ >, A
- mMpus| (0-57) 5019

intel aims to take back 8051 market

After long ignoring the 8051 microcontroller market,
Intel Corp. today reentered the market with its new
8xC251SB. Continued strong customer demand for the
8-bit chip that the Santa Clara company invented 15
years ago pulled it back into the market.

The pervasiveness of the architecture in telecom line
cards, phones, modems, printers, copiers, CD ROM
drives, and hard disk drives ensures Intel a ready market
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for the new chip. lts great advantage is an enriched 16-
and 32-bit instruction set at a price of US $6 to $7 in
large quantity.

Yet another strong attraction for the product is its ability
to run existing 8-bit binary programs unchanged with a
five-times performance boost. The 8xC251SB's major
competitor-the 80C51 XA 16-bit upgrade CPU debuted
last year from Philips Semiconductor of Sunnyvale,
Calif.-requires recompiling 8-bit code.

Intel claims rewriting 8bit code for its chip boosts per-
formance 15 times.

Features of Intel's new chip include a three-stage pipe-
line and a register-based CPU architecture, in addition
to an expanded instruction set. A larger 1 kbyte of
on-chip RAM also boosts performance. Available now,
the CPU comes with 16 kbytes of on-chip onetime-pro-
grammable memory or ROM. ROMless versions are
also available.

DECEMBER

04.12.-06.12. 1995

5th INTERNATIONAL SEMINAR ON DOUBLE LAYER
CAPACITORS AND SIMILAR ENERGY STORAGE
SYSTEMS

Deerfield Beach, Florida, USA

info.: + 00 1 407 338 8727

11.12.-15.12.1995

SEMICONDUCTOR TECHNOLOGY SEMINAR
Austin, Texas, USA

Info.: + 00 1 407 941 8272

06.12.-08.12.1995

SEMICON JAPAN 95

Mukuhari, JAPAN

Info.: +00 1 415964 -5111 (USA)

10.12.-13.12.1995

INTERNATIONAL ELECTRON DEVICES
CONFERENCE

Washington DC, USA

Info.: + 00 1 301 527 0900

JANUARY

16.01.-17.01.1996

OSHA LAB STANDARDS SEMINAR
Orlando, Florida, USA

Info.; + 00 1 412 457 6576

22.01.-25.01.1996

REALIBILITY AND MAINTAINABILITY SYMPOSIUM
Las Vegas, Nevada, USA

Info.: + 00 1 708 255 1561

FEBRUARY

04.02.-06.02.1996

EUROPIAN INDUSTRY STRATEGY SYMPOSIUM
Dresden, Germany

Info.: + 00 49 32 2736 2058

KOLEDAR PRIREDITEV
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05.02.-06.02.1996

1st EUROPIAN WORKSHOP ON
MICROELECTRONICS EDUCATION
Grenoble, France

Info.: + 00 33 76 57 46 82

06.02.-08.02.1996
DISPLAY WORKS ‘96

San Jose, CA, USA

INfo.: + 00 1 415 967 5375

12.02.-16.02.1996

EMERGING MICROELECTRONICS &
INTERCONNECTION
TECHNOLOGIES CONFERENCE
Info.: + 00 91 80 662 8091

26.02.-29.02.1996

FAILURE AND YIELD ANALYSIS SEMINAR
Tampa, Florida, USA

Info.: + 00 1 415 941 8272

MARCH

04.03.-07.03.1996

SEMICONDUCTOR PURE WATER AND
CHEM CONFERENCE

Santa Clara, C, USA

Info.: + 00 1 408 734 2276

10.3.-15.03.1996

INTERNATIONAL SYMPOSIUM ON
MICROLITOGRAPHY

Santa Clara, CA, USA

Info.: + 00 1 800 483 9043

11.03.-14.03.1996
EDAG-ETGC-ASIC

Paris, France

Info.: + 00 33 76 57 47 47



