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DEVELOPMENT OF LTCC-MATERIALS AND THEIR 
APPLICATIONS - AN OVERVIEW 
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Abstract: The first Low Temperature Co-fired Ceramics (LTCC) tapes were developed more than thirty years ago. During the past decades, LTCC have 
spread around many different fields of application. This contribution gives an overview of the development of new materials used in combination with 
typical LTCC tapes, as well as on their application for new devices. Besides commercially offered materials like self-constrained tapes, high-k tapes or 
ferromagnetic tapes, newly developed LTCC compositions and their possible applications are presented and discussed. 

Razvoj LTCC materialov in njihova uporaba - pregled 

Kjucne besede: LTCC materiali, pregled, sintranje, debeloplastni prevodniki, uporaba 

Izvlecek: Keramika z nizko temperaturo zganja (LTCC - Low Temperature Co-fired Ceramics) je bila razvita pred vee kot tridesetimi leti. V preteklih 
desetletjih se je njena uporaba razsirila na mnoga podroeja. V tem prispevku podajamo pregled razvoja novih materialov, ki se uporabljajo v kombinaciji s 
tipienimi LTCC folijami in aplikacije v novih napravah. Poleg komercialno dostopnih LTCC materialov, kot so na primer folije, ki se med zganjem ne kreijo, 
folije z visoko dielektrienostjo in feroelektriene folije bomo predstavili in opisali tudi aplikacije novih LTCC folij s posebnimi lastnostmi. 

1 Introduction 

The origin of LTCC development were needs of a multilay­
er technology comparable with already existed HTCC but 
at lower costs with possible application of high conduc­
tives that are well known from thick-film technology. Intro­
duction of glass-ceramics compositions allowed decreas­
ing offiring temperature and thus using almost all precious 
metal pastes (gold, silver, silver-platinum or silver- palladi­
um). Due to cost issues, silver-based inks dominate. 

During the past three decades, LTCC was expanded from 
rather small but profitable military and spacecraft markets 
into the radio frequency and automotive area. Moreover, 
besides already industry-established applications, newar­
eas, most of them micro- or mesosystems were investigat­
ed. Flexibility and easy processing of unfired tapes as well 
as ability to construct three-dimensional ceramic devices 
in one single sintering process opened not only the door 
for new opportunities but also new requirements occurred. 

The development of LTCC-technology can be described 
from different points of view. In this paper, three ways of 
LTCC development were considered. First and very im­
portant is the development of LTCC materials - tapes and 
pastes. Second, technological development like novel 
processing of tapes and pastes or joining of LTCC with 
other materials. And third, the development of LTCC appli­
cations besides radio-frequency applications, like differ­
ent kind of physical and chemical sensors, chemical mi­
cro-reactors and others. 

Detailed describing of above-mentioned kinds of LTCC de­
velopments would go beyond the scope of this paper. Nev­
ertheless, we show you some, in our opinion, milestones 

in LTCC-development, a few very interesting ideas of LTCC 
applications, as well as some trends in R&D of LTCC. 

2 Development of LTCC Materials 
and technology itself 

Typical LTCC tapes mostly consist of glass-ceramics com­
posites. Dependent on the ceramic powder content and 
the sintering mechanism, LTCC tapes can be divided into 
four groups /1/: "glass-free" ceramics (C), glass-bonded 
ceramics (GBC), glass ceramic composites (GCC) and 
glass ceramics (GC). 

The low temperature sintering process is well known and 
well described in the literature (for example in /2/ or /3/. 
Typical for tape technology is the shrinkage of tapes dur­
ing firing. The shrinkage differs dependent on material 
composition, lamination parameters, metallization cover­
age and firing parameters. For typical LTCC tapes, the 
shrinkage varies between 12-15% in x-y direction and 18-
35% in z-direction. The shrinkage of the substrate, espe­
cially in x-y direction, can be disadvantageous for multilay­
er technology. Therefore, zero-shrinkage methods were 
introduced. 

2.1 Zero-Shrinkage Process 
Generally, it is not possible to avoid completely shrinkage 
of the tapes during firing, due to densification process and 
sintering viscosity /4/. At first, methods to join unfired LTCC 
and ceramics like Tape on Substrate (TOS) or LTCC-on­
Metal (LTCC-M) have been introduced. These methods use 
classical LTCC tapes. The LTCC tapes are laminated on 
fired ceramics and the solid part prevents shrinking. There­
fore, the ceramic part has to be bigger than the LTCC tapes. 
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DESIGN OF AN EFFICIENT MICROWAVE PLASMA REACTOR 
FOR BULK PRODUCTION OF INORGANIC NANOWIRES 
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Abstract: We report the design of an atmospheric microwave plasma reactor to produce metal oxide nanowires. The reactor has a custom-made tapered 
waveguide and a 2.45GHz, 3kW (MKS ASTeX) magnetron and power supply unit for generating highly dense microwave plasma. As a result, a high 
temperature microwave plasma flame inside a quartz tube of 2 in. diameter and 1 ft. length was generated to produce metal oxide nanowires and 
nanoparticles. High Frequency Structure Simulator (HFSS) software was used to simulate the electric field distribution inside the dielectric tube. 

Mikrovalovni plazemski reaktor za ucinkovito izdelavo velike 
kolicine anorganskih nanozick 

Kjucne besede: plazma, atmosferski tiak, mikrovalovi, argon, kisik, nanozicke, nanodelci, kovinski oksidor 

Izvlecek: Predstavljamo konstrukcijske resitve pri razvoju in izdelavi plazemskega reaktorja za proizvodnjo nanozick kovinskih oksidov. Reaktor znacilno 
deluje pri atmosferskem tlaku. Z razvojem novega posebej prilagojenega valovnega vodnika, magnetrona z najvecjo mocjo 3kW in frekvenco 2.45 GHz in 
ustreznega mocnostnega napajalnika smo uspeli v razelektritveni komori dobiti izredno gosto mikrovalovno plazmo. Znotraj kvarcne cevi s premerom okoli 
5 cm in dolzino okoli 0.5 m ustvarimo plamen izredno vroce plazme, v katerem poteka sinteza nanozick in drugih nanodelcev kovinskih oksidov. Porazdel­
itev elektricnega polja smo tudi izracunali z uporabo primerne programske opreme. 

1 Introduction 

Plasma has been used for various interesting applications 
particularly with production of nanomaterials /1-5/, quan­
tum dots /6-8/, carbon nanostructures /9-12/, surface 
treatment /13-18/, decomposition /19-21 /, and functional 
treatment /22-26/. One popular process for producing 
metal oxide nanowires is plasma-enhanced chemical va­
por deposition (PECVD) /27/. Inorganic nanowires are an 
interesting set of nanostructures with a lot of potential ap­
plications in the fields such as solar cells /28/, Li-ion bat­
teries /29/, nano-composites /30-32/, gas sensing /33-
35/, and others. In many of these applications, nanowires 
are needed in large quantities. Thus, an efficient method 
for bulk production of nanowires is needed. The methods 
employed so far include catalyst-based Vapor Liquid Solid 
(VLS) /36/, thermal evaporation /37/, laser ablation /38/, 
hydrothermal synthesis /39/, sol-gel /40/, electrodepo­
sition, plasma foil oxidation /41-44/ and others. None of 
these methods, however, are capable of producing na­
nowires in bulk amounts because they are all based on the 
use of a substrate or template which limits the amount of 
material that can be synthesized /45/. A truly bulk pro­
duction system would require a vertical reactor with the 
ability to treat the metal powders continuously in gas phase 
and sweep the reacted species away from the reaction 
zone. 

Design of such a reactor would invariably involve plasma 
or a combustion flame. The system would also require a 
fast, high through-put system, direct reaction (without the 
need of any substrate), highly dense dissociated reactive 

gases, large volume, and a stable and efficient flame sys­
tem. An atmospheric system /46-48/ would be less ex­
pensive than vacuum, and would likewise be easier and 
faster to operate. The combustion flame method has been 
used to produce nanoparticles by completely vaporizing 
the metal powder /49/. However, it is prone to carbon 
contamination with the vapor sources-(e.g from oxygen­
acetylene (or CnHm))-and is not ideal for creating molten 
metal conditions required for nanowires. The plasma em­
ployed in such a reactor could be based on medium fre­
quency (MF), radio frequency (RF), capacitively/inductively 
coupled plasma (C/ICP), microwave (MW), and direct cur­
rent (DC) /50-53/. MF, RF, and C/ICP require the use of 
a co-axial cable, which makes it difficult to produce plas­
ma for bulk production because the cable would melt if 
high density plasma is obtained. 

DC plasma uses electrodes which degrade easily under 
atmospheric conditions because of presence of oxygen in 
the gas species. This requires frequent change of elec­
trodes which causes contamination problems /54-55/. To 
avoid this problem, an electrode-less high temperature plas­
ma can be used to produce metal oxide nanowires under 
atmospheric pressure. RF uses co-axial cables to gener­
ate plasma, which makes it difficult to make large volume, 
high temperature plasma under atmospheric conditions 
with low power (1 to 3 kW). RF can also be used at atmos­
pheric conditions for producing nanowires but at higher 
powers, e.g 30kW /56/. 

Microwave energy can be used to generate large volume 
plasma without electrodes, thus avoiding contamination 
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LOW TEMPERATURE PLASMA TREATMENTS OF TEXTILES 
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Abstract: Textile finishing is the stage at which their final properties are imparted to fabrics, conferring them with one or many functional properties such 
as shrink-resistance, water-resistance, softness, antibacterial, etc. At this stage of the textile chain is where a high number of chemicals are used, and 
often highly polluted wastewaters may be produced, so considering the increasingly strict environmental legislation, low temperature glow discharge 
plasmas (LTP) have emerged as an environmentally friendly technique for the finishing of textiles. Plasma processes need only small amounts of selected 
chemicals (if any) and do not produce waste waters or chemical effluents, so the use of plasma processes in textile finishing can reduce its environmental 
impact. Another advantage of plasma processes is modifying the textile fibre surfaces to a depth of nanometres without altering the bulk properties of the 
fibres, such as mechanical properties, of relevance in textiles. In the present review work, an overview is given on some outstanding plasma treatments of 
natural and synthetic fibres. For instance, the effects of plasmas (radiofrequency plasma, microwave post-discharge) on wool fibres and fabrics are shown 
with respect to their wettability, shrink-resistance, softness and adhesion of polymers. In parallel, the effects of plasma on polyamide 6 fibres and fabrics 
are shown related to their wettability, ageing properties, post-deposition of biopolymers and dyeability. 

Obdelava tekstilnih materialov z nizkotemperaturno plazmo 

Kjucne besede: plazma, razelektritev, porazelektritev, kisik, funkcionalizacija, tekstil, volna, poliamid 

Izvlecek: Zadnja stopnja pri obdelavi tekstilnih materialov doloca njihove funkcionalne lastnosti, kamor sodijo na primer odpornost proti krcenju, prepust­
nost za vodne kapljice in paro, mehkost in morebitna bakteriostaticnost. V zadnji stopnji pri obdelavi tekstilij se obicajno uporablja obilo kemikalij. Poleg 
tega so odpadne vode, ki so posledica spiranja kemikalij pogosto mocno onesnazene, zaradi cesar se iscejo alternativni postopki obdelave. Zaradi vedno 
ostrejsih okoljskih predpisov se vedno bolj siri uporaba okolju prijaznih tehnik, ki temeljijo na uporabi nizkotemperaturne plinske plazme. Pri plazemskih 
procesih uporabimo zelo majhne kolicine kemikalij, pogosto pa njihova uporaba sploh ni potrebna, da bi dosegli dolocene funkcionalne lastnosti tekstilij. 
Pri plazemskih tehnologijah tekstilij ni potrebno spirati z vodo, zaradi cesar se bistveno zmanjsa onesnazevanje okolja. Druga pomembna prednost 
plazemskih tehnologij je moznost modifikacije zgolj povrsinske plasti debeline nekaj nanometrov, medtem ko ostanejo sicersnje lastnosti materiala ne­
spremenjene. V pricujocem preglednem clanku podajamo pregled najpomembnejsih dosezkov na podrocju plazemske modifikacije naravnih in sinteticnih 
vlaken. Najboljse lastnosti tekstilij dobimo z uporabo plazme, ki jo generiramo z radiofrekvencno ali mikrovalovno razelektritvijo, pogosto pa namesto 
plazme uporabimo porazelektritveni del. V prispevku podrobneje predstavimo vpliv plazemske obdelave na volnena vlakna in tekstil. Prikazujemo spre­
membo omocljivosti, odpornosti proti krcenju, spremembo mehkobe volnenega blaga in sposobnost povrsinske vezave polimerov. Prav tako prikazujemo 
vplive plazemske obdelave na sintenicna vlakna in tekstilije izdelane iz poliamida PA-6, kjer poseben poudarek posvecamo pojavu staranja vlaken in 
tekstila,j pa tudi naknadni depoziciji biopolimerov in barvanju. 

1 Introduction 

Wool is a natural fibre mainly constituted by keratins. Mor­
phologically, the fibres are formed by cortical and cuticu­
lar cells and cell membrane complex. Cuticular cells are 
located in the outermost part of the fibre, surrounding the 
cortical cells. The cuticle consists of a layer of flat scales 
of approximately 1 flm thickness overlapping one another 
like tiles on a roof (Fig. 1 a), and forming a ratchet-like struc­
ture, which provokes a directional frictional effect /1 / which 
has traditionally been considered the main responsible for 
felting shrinkage of wool fabrics. Felting shrinkage is a proc­
ess which comprises compacting and entanglement of fi­
bres submitted to mechanical action, friction and pressure 
in presence of heat and humidity, and accounts for the 
undesirable and irreversible reduction of the area of the 
fabrics. From the chemical point of view, the outermost 
part of cuticle cells is of hydrophobic nature due to the 
presence of the "Fatty Layer", a thin layer of 18-methyl ei­
cosanoic acid (18-MEA) covalently bound via a thioester 
linkage to the protein layer of cuticle /2/. It has recently 
been shown that the presence of this fatty layer on the 
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surface influences the shrinkage behaviour of wool fabrics 
during aqueous washing /3/. 

Polyamide 6 is a chemical fibre, also known as nylon 6 (H­
[NH-C5H1O-COln-OH), is an aliphatic polyamide obtained 
through polycondensation reaction of £-caprolactam. It is 
characterized by recurring amide groups (-CONH-) in the 
polymeric chain and amino and carboxylic end groups /4/. 

Low temperature glow discharge plasmas (LTP) are con­
sidered as an emerging technique in the achievement of 
wool with shrink-resistant properties by environmentally 
friendly methods /5/, as well as on the surface modifica­
tion of textile fibres in general, as they modify the fibre sur­
face to a depth of nanometers, without altering the bulk 
properties of the fibre. Plasma processes need only small 
amounts of selected chemicals and do not produce waste­
water or chemical effluents, so plasma is efficient, eco­
nomical, and can reduce the environmental impact caused 
by the use of chemicals in the textile industry, traditionally 
extensive in the consumption of water and chemicals. Plas­
ma is a partially ionized gas generated by an electrical dis­
charge, and consists of neutral particles (molecules, ex-
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PLASMA FLUORINATION FOR IMPROVING OF THE 
PERMEABILITY, WETTING, BIOCOMPATIBILITY AND OPTICAL 

ABSORPTION OF DIFFERENT POLYMERS 
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Key words: plasma, tetrafluormethane, flourine, hydrogen, substitution, polymer, epoxy 

Abstract: Polymer materials are of great interest for many applications due to their easy processing, mass production and low cost compared to other 
materials. However, some of their surface properties are poor and must be improved for the selected application. For example, polymers such as 
unsaturated polyesters, (co)polyolefins are sensitive to water sorption. Reversible phenomena as water diffusion, irreversible phenomena such as chain 
scissions and chemical degradations can be both at the origin. CF4 plasma-treated layer improves drastically the barrier effects. Superhydrophobic 
surfaces, as lotus leaves correspond to hydrophobic surfaces whose water contact angle is higher than 150°. Such surfaces present weak physical 
properties like optical and mechanical ones but good biocompatibility. Two new different approaches of CF4 plasma treatment are proposed leading to 
stable and transparent polymeric superhydrophobic surfaces. Many integrated photonic devices for micro-electro-optical-mechanical system based on 
epoxy polymer present high optical losses at near-infrared (IR) wavelengths mainly assigned to absorption from vibrational overtones of the carbon­
hydrogen bonds. These losses can be reduced by the substitution of hydrogen atoms from C-H bonds with heavier atoms such as fluorine obtained 
through a plasma fluorination. 

Modifikacija polimerov 5 plazemsko flourinacijo za 
izboljsanje prepustnosti, omocljivosti, biokompatibilnosti in 

opticnih lastnosti 

Kjucne besede: plazma, tetrafluormetan, fluor, vodik, substitucija, polimer, epoksi 

Izvlecek: Polimerni materiali so zanimivi za uporabo zaradi preproste obdelave in nizke cene. Nekatere njihove lastnosti pa niso najboljse, zato jih moramo 
pred uporabo spremeniti. Nekateri polimeri, kamor sodijo tudi nenasiceni poliestri in poliolefini, so obcutljivi na absorpcijo vode. V tovrstnih materialih se 
pojavljajo reverzibilni procesi (na primer difuzija vode) in nereverzibilni procesi (na primer trganje polimernih verig in degradacija polimerov). Obdelava s 
plinsko plazmo, ki vsebuje plin CF4, lahko drasticno spremeni tovrstne procese. Po obdelavi lahko opazimo izredno povecanje hidrofobnosti materiala, saj 
lahko kontaktni kot vodne kapljice naraste preko 1500. Taksno stanje povrsine, ki ga vcasih imenujemo pojav lotusovega lista, vodi k zelo dobri biokompat­
ibilnosti materialov. V prispevku prikazujemo dva originalna pristopa k funkcionalizaciji povrsine polimernih materialov s CF4 plazmo, ki vodita k stabilni 
funkcionalizaciji in stem superhidrofobnosti obdelovancev. Mnoge integrirane opticne naprave, ki temeljijo na uporabi epoksi polimerov, imajo visoke 
opticne izgube v bliznjem infrardecem podrocju, kar razlagamo predvsem z absorpcijo na vezeh ogljika z vodikom. Tovrstne izgube lahko zmanjsamo s 
substitucijo vodikovih atomov s tezjimi atomi, kot so f1uorovi. Tovrstno substitucijo najlaZje dosezemo s plazemsko flourinacijo. 

1 Introduction 

Many advances have been made in developing new sur­
face treatments, such as plasma treatment, to modify phys­
ical and chemical properties of polymer surface without 
altering bulk properties /1-7/. One of the applications is 
dealing with the superhydrophobic surfaces. Natural su­
perhydrophobic surfaces /8-9/ as observed with leaves 
of plants (lotus) or feathers of some birds, correspond to 
hydrophobic surface whose water contact angle (Q) is high­
er than 1500 /10/. Such surfaces are sometimes called 
self-cleaning surfaces since a water flux will push away the 
particles of dirtiness /9/. Different methods to prepare 
such surfaces were proposed, some of them devoted to 
inorganic materials /11/, the other to organic materials / 
12-16/. The fabrication of inorganic model superhydropho­
bic surfaces /17-19/ allows studying the influence of the 
roughness on the water contact angle. Therefore, Si wa­
fers were etched by lithography techniques to produce dif­
ferent topographic structures whose shape depends on 
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the mask used. Then a hydrophobic layer of dimethyldichlo­
rosilane, N-octyldimethylchlorosilane or heptadecafluoro-
1,1,2,2-

tetrahydrodimethylchlorosilane was deposited from liquid, 
vapour or plasma phase /20/. The contact angle increase 
with the hydrophobic character of the layer depends also 
on the number of plots but not on their respective heights. 
Other superhydrophobic model surfaces are synthesized 
from successive alkyl ketene dimmer (AKD) and dialkyl 
ketone (OAK) recrystallisations /21 ,23/. The controlled re­
crystallization of such compounds allows producing sur­
faces with a fractal dimension varying from 2.18 to 2.29. 
Sol-gel techniques /24-27/ have also been developed 
through the copolymerization of fluoroalkylsilane with dif­
ferent organometallic precursors /28-29/, on aluminium 
/30-31/, or on titanium dioxide /32/. 

Organic superhydrophobic surfaces are obtained when 
poly(tetrafluoroethylene) (PTFE) /33/ or polystyrene (PS) 
/18-19,34/ spherical microparticles are dispersed in a hy-
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MICROWAVE PLASMAS AT ATMOSPHERIC PRESSURE: NEW 
THEORETICAL DEVELOPMENTS AND APPLICATIONS IN 
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Abstract: Specificity of microwave plasmas created at atmospheric pressure is presented. Plasma is created in a quartz tube placed in a microwave 
cavity. The cavity is powered with a MW generator at the frequency of 2.45 GHz. Interesting results are obtained using a pulsed discharge with the 
frequency of few kHz. New phenomena such as filamentation are presented and described together with possible applications of such sources of reactive 
plasma particles. 

Mikrovalovna plazma pri atmosferskem tlaku: sodobni 
teoreticni pristopi in uporaba za modifikacijo povrsin 

Kjucne besede: plazma, atmosferski tlak, mikrovalovi, niti, argon, kisik 

Izvlecek: Prikazujemo specificne znacilnosti mikrovalovne plazme, ki jo vzbujamo pri atmosferskem tlaku. Plazmo ustvarimo v kvarcni cevi, ki je namesce­
na v mikrovalovni resonator. Resonator vzbujamo z MW generatorjem s frekvenco 2.45 GHz. Zanimive rezultate dobimo predvsem pri uporabi pulzne 
razelektritve s frekvenco nekaj kHz. Prikazujemo nekatere nove pojave, kot je na primer pojav drobnih razelektritvenih niti. Poleg razlage tega pojave 
predstavljamo tudi moznost uporabe tovrstne plazme kot izvira reaktivnih plazemskih radikalov. 

1 Introduction 

Microwave plasmas at atmospheric pressure can be easi­
ly implemented to get sources of active species for sur­
face treatment. Contrary to the Dielectric Barrier Discharg­
es, radiofrequency discharges /1-2/ and other microwave 
surfatrons /3-6/ which operate at low temperature, typi­
cally even at lower pressures, microwave plasmas in con­
tinuous mode make it possible to reach very high treat­
ment temperatures /7-9/. 

In this paper, we will situate the microwave plasmas among 
other sources at atmospheric pressure and describe the 
different aspects, both theoretical and applied, of micro­
wave plasmas, including the micro-microwave plasmas 
newly proposed. 

2 Design of sources 

Several possibilities have been used to design microwave 
sources operating at atmospheric pressure (see Fig. 1). 
Sources like surface wave excited plasmas /11-15/, 
waveguide-based microwave torches /8, 16-21/ and res­
onant cavities /9, 22-26/ are widely used. Even split-ring 
resonator microplasma were recently proposed /27/ to 
create small-scale plasmas (the gap size can be as low as 
45 [Jm). The choice of the microwave frequency (433, 915 
or 2450 MHz among others) affects not only the size of 
the plasma, but also its mean electron density, leading to 
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steeper gradients when the frequency increases. Of 
course, this choice strongly modifies the plasma proper­
ties. For example, it is possible to observe filamentation of 
a neon plasma at 2450 MHz but not at 433 MHz /28/. 

Attention has been paid recently to the linear extension of 
these sources /29/ in order to obtain a plasma "curtain" 
that could be used over large dimension in continuous flow 
process but current solutions only apply under reduced 
pressure. A simpler solution would consist in multiplying 
the number of sources. However, such an approach would 
suffer from the lack of inhomogeneity in concentration at 
the boundary between two adjacent sources. 

3 Theoretical study 

New phenonema, like filamentation and contraction, have 
been recently studied using microwaves sources. In the first 
case, a reduction of the plasma diameter is observed in sur­
face wave driven plasmas. The origin of this contraction is 
yet controversial. In the second case, the filamentation proc­
ess is shown to depend on different time scales. The wave 
propagation conditions are defined by the dispersion equa­
tion and the boundary conditions of the problem. 

3.1 Contraction 
Contraction is defined as the compression of a plasma into 
a filament located at the discharge axis. This compression 
is due to a weaker ionization rate. According to /15/, it 
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Abstract: We conducted a survey-type research of innovation activity and the use of intellectual property instruments in Siovenian manufacturing compa­
nies in the period 2004-2006. The results show that companies in electronics industry have slightly more active innovation policy than companies in other 
industries. The electronic industry companies typically have larger R&D departments, are larger companies, and have on average more new patents and 
products then other companies in Siovenian economy. Other aspects of innovation characteristics and behavior of Slovene electronics companies are 
presented and put into broader perspective by comparison to other Sloven ian companies. 

Inovacije V slovenski elektronski industriji 

Kjucne besede: inovacije, patenti, elektronska industrija, Siovenija 

Izvlecek: Opravili smo raziskavo 0 inovativni dejavnosti in uporabi instrumentov intelektualne lastnine v slovenskih podjetjih med leli 2004-2006. Rezultati 
so pokazali, da imajo podjetja, ki proizvajajo elektroniko znaeilno vee aktivne inovacijske politike kot ostala podjetja. Podjetja, ki proizvajajo elektroniko 
imajo znaeilno veeje RR oddelke, so veeja podjetja in imajo v povpreeju vee novih patentov in produktov kot ostala podjetja v slovenski ekonomiji. Velanku 
so predstavljene tudi ostale inovacijske znaeilnosti in obnasanje slovenskih podjetij, ki proizvajajo elektroniko v primerjavi z ostalimi slovenskimi proizvod­
nimi podjetji. 

1 Introduction 

Innovation is widely recognized as an important factor of 
firm profitability and long-term success. Innovation can be 
implemented in a new product or a new process. In the 
first case, the gains for an innovative firm come from a higher 
quality product (in terms of value added to consumers) for 
which a higher price can be charged. In the second case, 
gains come from input cost savings, which permit higher 
price-cost margins. 

However, new scientific or technological knowledge em­
bedded in innovations can easily spill out and end up in 
someone else's R&D effort. In economics, this property 
of new knowledge is called non-excludability and is typical 
for public goods. Arrow /1 / was the first to show that when 
it is not possible to exclude the use of a good with this 
property by individuals who did not pay for the good, the 
incentive to produce such a good is reduced. Without pro­
tection offered by intellectual property rights (IPR), new 
knowledge is very much like public good: it can be used 
by people or companies who did not originate (or pay) for 
it and the incentive to create new knowledge (in other 
words, to engage in R&D effort) is therefore undermined. 

Legal instruments like patents, trademarks and licences 
(lPR) serve to protect the benefits arising from innovative 
products and processes. For example, Greenhalgh and 
Longland /2/ find empirical evidence for positive returns 
from doing R&D and also from registering patents and trade­
marks in UK. Also, Varsakelis (2001) /3/, Lederman and 
Maloney (2003) /4/, Kanwar and Evanson (2003) /5/, 
Basanini and Ernst (2002) /6/, Bebczuk (2002) /7/, and 
Falk (2006) /8/ empirically investigate the effect of patent 

protection on business R&D intensity and generally find 
some evidence that a stronger patent protection indeed 
has a positive effect on business R&D intensity. However, 
patents do not protect most of innovations and some of 
the reasons why firms decide not to patent are the follow­
ing: innovations are not novel enough to be eligible for 
patent protection, too much information must be disclosed 
in a patent application, the cost of applying and defending 
a patent in court is too high, it is easy to legally invent around 
the patent, technology is moving so fast that patents are 
irrelevant. 

Besides preventing unauthorized imitation, patents are 
used also to secure royalty income. Licensing is a com­
mon method of awarding the right to use a patent to other 
parties and earn additional revenue from innovation. Fur­
thermore, it is also used for more "strategic" reasons such 
as deterring entry of potential competitors /9/, enhancing 
demand /10/, and facilitating collusion /11/. Kim and 
Vonortas /12/ find that licensing is more extensively used 
if a company has more technological knowledge, has used 
licensing before, the growth rate of its sector is higher, IPR 
protection is stronger, and the nature of technology is more 
"complex,,1. However, Levin et al. /13/ find empirical evi­
dence that patents are regarded less as a way to gain ad­
ditional revenue through licensing than they are as a way 
to prevent imitation. Their study also revealed two other 
possible reasons to use patents which are not related to 
protecting returns from innovations: i) patents can be used 
as a measure of performance for R&D employees and ii) 
patents can open access to certain foreign markets which 
require the licensing of technology to domestic industry 
as a condition to enter the market. In addition, Hall and 
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