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The paperdealswith the formationof polycrystallinestructureof depositedYSZ and Si
�lms on Si and YSZ crystals,respectively, dependingon the substratesurfaceorientation
andwith the evolution of the YSZ/Si interfacepropertiesat the initial stageof the plasma
anodization.TheX-ray measurementscon�rmed thatYSZ �lm depositedonSi is amorphous
or polycrystalline.A well developedfacecenteredcubic(fcc) phasewith latticeparameterof
0.509nm is typical for thebestYSZ layers,four intense111,200,220and311diffractions
beingusuallydetected.The polycrystallinestructureof Si-on-YSZlayerswasaffectedby
the orientationof YSZ substratesurface,namely(100) or (111). The surfaceof crystalline
silicon at the interfacewith depositedYSZ layer consistedof large polycrystallineblocks,
their sizebeingreducedby oneorderof magnitudeaftertheplasmaanodization.TheYSZ/Si
interfaceelectricalpropertieswerechangedremarkablyasfoundby DLTS which revealeda
continuousspectrumof interfacestatesoriginatingdueto theanodization.It is attributedto
the formationof a very thin silicon oxide interlayerbetweenthe YSZ layer andSi crystal.
Theotherelectricalandopticalpropertieswereinvestigatedby C-V, capacitance-frequency,
deeplevel transientspectroscopy andre�ectancespectroscopy.
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1 Intr oduction

A low-temperature(< 600	 C) methodof producinghigh-qualityvery thin dielectriclayersof
silicon is the subjectof considerableresearcheffort. The useof plasmasto grow suchSiO2

�lms on Si for electronicapplicationsdatesfrom thevery earlydaysof Si technology. Plasma
oxidation is attractive as it offers a rapid growth of a silicon dioxide �lm of relatively high
quality at the temperaturesfar below thoserequiredfor conventionalthermaloxidation. As a
consequence,thedopantredistributionduringtheoxidegrowth is minimizedandthegeneration
of high-temperature-induceddefects,asstackingfaults, is reduced.Although recentresearch
hasshifted to producingchemicalvapourdepositied(CVD) oxides,the advantageof plasma
oxidationis thatsilicon is consumedduringtheprocessasin thermaloxidationandthereforeit
is believedthatplasmaoxidationoffers thebestway of low temperatureprocessingto provide
nearlyidealthermallygrown Si-SiO2 interface.

Theinvestigationof theZr(Y)O2 [usually labelledYSZ (yttrium stabilizedzirconium)]thin
layersis interestingbecauseof two reasons.Firstly, thepreparationof theYBa2Cu3O7 supercon-
ductingthin �lms onSi whereYSZ is usedasabuffer layer[1,2]; secondly, thelow-temperature
SiO2 growth by the plasmaanodicoxidation processwhich can proceedif a relatively thick
(� 1 � m) ZrO2 coveringoverlayeris depositedon theSi surfacebeforeoxidation[3]. Theex-
planationof the latter effect is basedon the ideathat the negative oxygenion conductivity of
ZrO2 layeris thedominantpropertydeterminingthesiliconoxidegrowth ratewhichis supposed
to beveryhigh. This contribution demonstratesdifferentstructuralandopticalpropertiesof the
YSZ/Si andSi/YSZ structuresandclari�es the evolution of the YSZ ( � 100nm)/ Si interface
propertiesat the initial stageof the plasmaanodozationwhenthe silicon dioxide interlayeris
considerablethin.

2 Samplepreparation

The depositionof � 100 nm thick YSZ layer on (100) orientedsilicon substrate(n-type,1016

cm� 3) wasdoneby electronbeamevaporationfrom theZr(Y)O2 target.Theevaporationprocess
is describedin detail in thepaperof Chromiket al [2]. TheYSZ/Si structureswereannealedat
930	 C for 30minutes.Plasmaanodicoxidationof thesesampleswasperformedfor 20minutes
after the depositionin the apparatuspresentedin the paperof Barto�s et al [4], the oxidation
currentdensityandsampletemperaturebeing3.8 mAcm� 3 and250	 C, respectively. Thin Si
layersweredepositedonthe(100)and(111)crystallineYSZsby molecularbeamepitaxy(MBE)
technique.

3 Kinetic of the plasmaoxidation

In this work, we have �tted the experimentalgrowth curves(for 5, 10, and20 mins oxidation
time) for theanodicoxidationby assumingthat the oxidationrateis limited by the rateof the
ion transportthroughthe oxide, i.e. by the rateat which the ions canmove throughthe oxide
layerundertheassistanceof theelectric�eld. Only a little changeof the�eld with theincrease
of the oxide thicknessis supposedbecausethe constantcurrentmodeof the growth wasused.
Verwey andDewald [5] developeda discretehoppingmodelfor ionic transportin high electric
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�elds, violatingtheOhm`slaw relation.Theessencewasto considertheloweringof thediscrete
potentialbarrierfor forward hoppingof the ionic defects(interstitial vacancy). This approach
wasadoptedby CabrerraandMott wheretheratelimited stepwasconsideredto beentryof metal
ionsinto theoxidelayer. Dewald [5] extendedthemodelof Verwey to includethespacecharge
of diffusingionic species.Themodelwasimprovedby Friedel[6] andTaylor [7]. In thehopping
model,anelectric�eld E (x) lowersthepotentialenergy barrierW by anamountZ qEa where
Z q is the charge of the particleand2a is the separationdistancebetweenthe adjacentenergy
minima.The�eld-modi�ed activationenergy for forwardhoppingwill bethusW � Z qEa.

If � is the singleattempt-to-escapefrequency of the chargedparticlebackandforth in its
potentialwell minimumandn( f ) denotesthenumberof chargedparticlesperunit areain planar
slice of thickness2a, which is perpendicularto the hoppingdirection, and n (r ) denotesthe
correspondingnumberlocatedjust beyondthesamebarrier, thenumberJ of chargedparticles
surmountingthe barrier is the differencebetweenforward and reversehopsover the barrier.
Electric�eld raisesthepotentialenergy barrierby theamountZ qEa in thereversedirection.J
is thusgivenas

J = n( f ) � � � exp
� (W � Z qEa)

kT
� n( r ) � � � exp

� (W + Z qEa)
kT

: (1)

If theconcentrationdifferencen( f ) � n( r ) is supposedto benegligibly small, theequation
(1) reducesto:

J �= 2n( f ) � � � exp
� W
kT

� sinh
Z qEa

kT
: (2)

Supposingthat the oxide/semiconductorinterfacereactionsare very fast comparedto the
bulk migration,we canexpresstherelationfor thecurrentdensityof singlenegatively charged
oxygenions,J i , from theequations(1) and(2) in theform

J i = Z qi
DC0

2a
g(dox ) exp

�
�

Uox

dox E 0 + 1
�

; (3)

whereC0 is the negative oxygenion concentrationon the oxide surface,D is the migration
coef�cient, Z qi is theoxygencharge,2a is thedistancebetweentwo oxygenatomsin theoxide

E 0 = kT/ qi a; (4)

andg(dox ) representsthereductionof theionic currentdueto spacecharge:

g (dox ) = (1 + dox / L 0)� (1+ L 0/ dox ) ; (5)

whereL 0 is thewidth of thespacechargelayer:

L 0 = "" 0kT
.

(Z qi )
2aC0: (6)

By �tting procedureof relation(3), thevalues5x1017 cm� 3 and2x10� 11 cm2s� 1 of oxygen
ion concentration,C0, andmigrationcoef�cient, D , respectively, wereobtained.
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4 Experimental methodsand results.

Threetypesof thesampleswereinvestigatedby electricalmethods[C-V, capacitance-frequency
(C-f) andQDLTS]:

i) asgrown polycrystallinelayerYSZ onsilicon (curve1);

ii) YSZ/Siaftertheplasmaanodicoxidation(curve2) and

iii) ultrathinSiO2/Si (curve3).

i) C-V, capacitance-frequency(C-f) and chargeversionof deeplevel transient spectroscopy
(Q-DLTS)

Fig. 1. C-V curvesof YSZ / Si (1), plasmaanodizedYSZ / Si (2) andvery thin SiO2 / Si (3) structures.The
lastoneis theinitial stadiumof high temperatureYSZ growth onSi.

Deeplevel transientspectroscopy wasperformedby home-madeequipment. As we have
pointedout in [8] thelarge-signalexcitationof theGaAsMOS diodeswith thethin plasmaox-
ide layer yields complicatedsignalswhich seriouslymakesany quantitative analysisdif�cult.
For this reason,the presentstudy is also restrictedto small-signalcharge deeplevel transient
spectroscopy (Q-DLTS), theinstrumentationbeingin principle identicalwith thatdevelopedby
Farmeretal [9]. DLTS is oftenusedto detectdeeplevelsin thebandgapof thesemiconductors.
Weappliedthis typeof measuringsystemto Al-ZrO2-Si structures.Theextremelyhighsensitiv-
ity of theQ-DLTS makesit possibleto detecttheresponseof thestructuresto theexcitationby
smallgatevoltages� U � kT/ q or evenlessasa functionof thedc biasU. Themeasurements
wereperformedchoosingrepetitionfrequency of f r = 40 Hz andrectangularexcitationsignal
of amplitude� U = 50 mV. The preampli�er outputsignalwassampledat times t 1 = 0.5 ms
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Fig. 2. Capacitance-frequency curvesof YSZ / Si (1), plasmaanodizedYSZ / Si (2) andvery thin SiO2 / Si
(3) structures.

andt2 = 1 ms. Thechargedifference� Q = Q (t1) � Q (t2) wasmonitoredwith respectto the
temperatureT .

TheYSZ/Siinterfacepropertieshavedramaticalychangeddueto theanodizationasindicated
by DLTSspectroscopy. Thespectrumof virgin sampleis characterizedby only sharpsinglepeak
lying closeto LN temperatureandby a very low densityof interfacestates.Continuousspec-
trum of the interfacestateshasarisedin the rangeof 100K - 400K after the low-temperature
plasmaanodization.It is attributedto the formationof thin (� 10 nm) silicon oxide-like inter-
layercreatedunderthein�uence of thehigh-intensiveelectric�eld usedat anodizationactingat
extremelylow temperature;andto thechangeof the �atband of thestructure- seetheC-f and
C-V measurementsof threetypesof thesamplespresentedin Fig. 1 andFig. 2, respectively.

C-V andC-f dependencesweremadeusingSOLARTRON SI 1260impedance/gainphase
analyser, interfacedto computerandrun througha LAB-VIEW program.Theimpedancemea-
surementsveremadein the frequency rangeof 100 Hz – 1 MHz at temperature493 K. Alu-
minium dotswereevaporatedontotheoxidelayersthroughmaskasthegateelectrodes.Ohmic
contacton the back side (crystallineSi) of the sandwichcon�guration were obtainedby de-
positionof Au �lm. By this way we preparedMIS structureof the type Al-YSZ-Si-Au. C-V
dependenciesaf above mentionedsamplesmeasuredat 1 kHz areshown in Fig. 1. Frequence
dependenciesof correspondingcapacitancesarepresentedin Fig. 2. Measurementsat 1 MHz
con�rmed that during the anodizationthe thicknessof insulator (YSZ + underlayinganodi-
cally grown SiO2) increased.The SiO2 growth rate correspondsapproximately0.5 nm/min.
(10 nm/20min.) only. C-f dependencescon�rmed strongmobility of ionsinbuilt in theformed
dielectric.This factis moreevidentafteranodizationprocedure.It leadsto suchsituationthatat
about100Hz thecapacitancesbeforeandafteranodizationexchangetheir relative positionson
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capacitancescale.We supposethattheion conductivity propertiesof YSZ layerswereconsider-
ablychanged.TheX-ray measurementsindicatedthattheinterfacebetweenYSZ andcrystalline
siliconhasbeenamorphisedandpolycrystallineYSZ structurehasbeenpartlydestroyed(sizeof
polycrystallineblockswasreduced).

Fig. 3. XRDGI patternmeasuredonpolycrystallineYSZ / Si structureatgrazingincidenceangle� =0.5	 .

Fig. 4. XRDGI patternmeasuredonpolycrystallineYSZ / Si structureatgrazingincidenceangle� =1.5	 .

The insertedgraphin Fig. 2 (line No. 3) con�rmed that alsoat the beginning stadiumof
YSZ formationthe strongfrequency dependenceof capacitanceof MIS structureis observed.
Unfortunately, we do not have AES or SIMS analysis,but C-f dependenceindicatesthat very
thin YSZ layer was formed already. X-ray analysis(seeFig. 7, in comparisonwith Fig. 6)
con�rmed its amorphousstructure.
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ii) X-ray diffraction at grazing incidence(XRDGI)
Wesupposedthatanodizationprocessshouldbestronglyin�uencedby structureof deposited

YSZ layer. In anotherwords,thekineticswill becontrolledby numberdefectsitesin theYSZ.
Thereforewe hadto checkthe structuralstateof YSZ layers. It wasmeasuredon the 12 kW
rotatinganodeRIGAKU generatorwith theCuK� radiation.Thebasicgrazingangleswereset
to 0.5	 and1.5	 . We have analyzedtwo dominantstructurallydifferentYSZ layers,namely
thatonewith polycrystallinestructure(Figs.3, 4) andtheamorphousYSZ layerwhich is shown
in Figs.5, 6. Theshapeof thediffractionpeakat2� = 56:1 	 de�nesthestructuralpropertiesof
thecrystallinesilicononwhichtheYSZ wasevaporated.Thiswell known re�ection comesfrom
311Si plane.TheX-ray diffractionpatternof thestructureof very thin SiO2 / Si is illustratedin
Fig. 7.

Fig. 5. XRDGI patternmeasuredonamorphousYSZ / Si structureatgrazingincidenceangle� =0.5	 .

Figs.3-7 con�rmed that little changesin YSZ depositiontechnologyleadto differentstruc-
tureof thelayer. Wecanpreparepolycrystallineor amorphoustype.For anodizationexperiments
were choosenthe YSZ layerswith polycrystallinestructure. The sametype of the structure
wasusedfor re�ectancemeasurements.All diffractionpatternsillustratedin Figs.37 belongs
to tabelledpatternsof YSZ (seee.g. Powder Diffraction Database(PDF-2)of JCPDS-ICDD
diffractiondata,InternationalCenterfor DiffractionData,NewtonSquare,PA, www.icdd.com).

The structureof YSZ layer is prede�nedby moreparameters– at leastby temperatureof
thesubstrate(crystallineSi), depositiongrowth rate,andby crystallineorientationof theused
substrate.Thelastfactwasveri�ed at thegrowth of Si �lms on100and111YSZ surfaces.

In Figs.8 and9, diffractionpatternsof thin Si �lms depositedby MBE techniqueon (100)
and(111)orientedYSZ crystalsareshown. Thebetterdevelopmentof polycrystallinestructure
wasevidentlyobservedonSi / YSZ (111)structures.

iii) Spectral re�ectance
We have performedalso the spectralre�ectancemeasurementswith the dominantaim to

determinepackingdensityof polycrystallineYSZ layers.This parametercannotbeinvestigated
by electricalor X-ray techniques.Packingdensitycanstronglyin�uence kineticsof anodically
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Fig. 6. XRDGI patternmeasuredonamorphousYSZ / Si structureatgrazingincidenceangle� =1.5	 .

Fig. 7. XRDGI patternmeasuredon very thin SiO2 / Si structureat grazingincidenceangle� =0.5	 . (The
initial stadiumof high temperatureYSZ growth on Si).
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Fig. 8. XRDGI diffraction patternof thin Si �lms depositedby MBE techniqueon (100) orientedYSZ
crystalsatgrazingincidenceangle� =0.5	 .

Fig.9. XRDGI diffractionpatternof thin Si �lms depositedby MBE techniqueon(111)orientedYSZ crys-
talsat grazingincidenceangle� =0.5	 . Thebetterdevelopmentof polycrystallinestructurein comparison
with Fig. 8 wasevidently observedonSi(111)/ YSZ structures.
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grown SiO2 layingunderneathYSZ. Usedopticalmethodandcorrespondingoriginalevaluation
enableto estimatethenumberof dry voidsandthenumberof voidstotally �lled with water.

Re�ectancemeasurementswerecarriedout by a double–beamCarl ZeissJenaspectropho-
tometerSpecordM40 with the slit of 2.5 nm at room temperature.An accessoryfor absolute
re�ectancemeasurementat nearly normal incidencewas usedwith a freshly evaporatedalu-
minium samplein thereferencebeamandspecialcarewastakento provide thereproducibility
of measurements.Thevaluesof n2; k2 weretaken from [10] andcon�rmed by theKramers–
Kronig dispersionanalysisof Si substratere�ectancespectrum.No signi�cant differenceswere
foundbetweenthere�ection spectrafrom differentareasof thesamples.As theprobedareawas
� 0:2 cm2, the�lms canbeconsideredhomogeneousat leastdown to this scale.We have used
anoriginal theoreticalapproachfor theevaluationof there�ectancespectrawhich we describe
in moredetaily.

5 Interfer encere�ection spectrophotometry

The refractive index, extinction coef�cient as well as the thicknessof the �lm can be found
by a transmittanceT (� ) or a re�ectanceR (� ) spectrumof the �lm depositedon a transparent
substrate.When the �lm is depositedon thick absorbingsubstrate,only spectralre�ectance
measurementis possible.

A thin isotropic�lm with theaveragethicknessd is characterisedby thecomplex refractive
index n1 = (n1 � i k1) andthe substrate(with the thickness� d) by the complex refractive
index n2 = (n2 � i k2) wheren1 (n2) is the real part of the complex refractive index andk1

(k2) is theimaginarypartor theextinctioncoef�cient. Theopticalre�ectanceof aparallel–sided
thin isotropichomogeneous�lm on a thick partly absorbingsubstrate,both immersedin air, is
givenas

R =
A + B x + Cx2

D + Ex + F x2 (7)

wherex = exp(� �d ) is the absorbance,� = (4� k1)/ � is the absorptioncoef�cient, � =
(4� n1d)/ � ,

A =
h
(1 � n1)2 + k2

1

i h
(n1 + n2)2 + (k1 + k2)2

i
;

C =
h
(1 + n1)2 + k2

1

i h
(n1 � n2)2 + (k1 � k2)2

i
;

D =
h
(1 + n1)2 + k2

1

i h
(n1 + n2)2 + (k1 + k2)2

i
;

F =
h
(1 � n1)2 + k2

1

i h
(n1 � n2)2 + (k1 � k2)2

i
;

B = 2[A0cos� + B 0sin �] ; E = 2[C0cos� + D 0sin � ] ;
A0 =

�
1 � n2

1 � k2
1

� �
n2

1 � n2
2 + k2

1 � k2
2

�
+ 4k1 (n1k2 � n2k1) ;

B 0 =
�
1 � n2

1 � k2
1

�
(n1k2 � n2k1) � 2k1

�
n2

1 � n2
2 + k2

1 � k2
2

�
;

C0 =
�
1 � n2

1 � k2
1

� �
n2

1 � n2
2 + k2

1 � k2
2

�
� 4k1 (n1k2 � n2k1) ;

D 0 =
�
1 � n2

1 � k2
1

�
(n1k2 � n2k1) + 2k1

�
n2

1 � n2
2 + k2

1 � k2
2

�
:

(8)

Sincetheequationis not reversible,a �tting procedureis necessaryto calculaten1; k1; dand
to get thebest�t betweenthemeasuredre�ectanceRexp andthecalculatedvalueR. Thecal-
culatedre�ectanceR (� i ; ni ; k1; d)is the function of three parametersn1; k1; d accordingto
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Eqs.(7), (8) andcanbe �tted to the measuredre�ectanceRexp by several approachessuchas
leastsquare

P

i
[Rexp (� ) � R (� i ; n1; k1; d)]2minimisationandlooking for a global minimum

or local minimafor eachparameter.

6 Envelopemethod

In theinterferencespectrophotometry,especiallyin thetransmittancemode,theenvelopemethod
is oftenused[11, 12]. Obviously, only oneindependentparametercanbedeterminedfrom asin-
gle re�ectancemeasurement.Whenthe �lm is slightly absorbing,interferenceeffectscoming
from multiple coherentre�ections at the interfacesarepresentin the re�ectancespectrumand
theabovementionedparameterscanbedeterminedfrom theenvelopesRmax andRmin alongthe
interferencemaximaandminima.A widely usedversionof theenvelopemethodhasbeendevel-
opedby Swanepoel[11] for transmittancemeasurement.Theversionsbasedon there�ectance
aloneareseldom[13].

The re�ectanceR canbe expressedfor the envelopesof the interferencefringesusingthe
conditionsfor the interferencemaxima 2n1d = m� and the interferenceminima 2n1d =
(2m + 1) � / 2; jmj = 0; 1; 2 : : : Hence,theenvelopesof the interferencemaximaRmax and
interferenceminima Rmin are given by Eq. (7) with the parametersA; C; D ; F accordingto
Eq.(8) but with thefollowing parameters(for n1 < n2) for Rmax

B = 2
� �

1 � n2
1 � k2

1

� �
n2

1 � n2
2 + k2

1 � k2
2

�
+ 4k1 (n1k2 � n2k1)

�
;

E = 2
� �

1 � n2
1 � k2

1

� �
n2

1 � n2
2 + k2

1 � k2
2

�
� 4k1 (n1k2 � n2k1)

�

Fig. 10. Dispersionof realpartof complex refractive index of polycrystallineYSZ layerdepositedon Si.
ThemeasurementwasperformedonsamplealreadycharacterizedonFigs.3, 4.

andfor Rmin

B = 2
� �

1 � n2
1 � k2

1

� �
n2

1 � n2
2 + k2

1 � k2
2

�
+ 4k1 (n1k2 � n2k1)

�
;

E = � 2
� �

1 � n2
1 � k2

1

� �
n2

1 � n2
2 + k2

1 � k2
2

�
� 4k1 (n1k2 � n2k1)

�
:

(9)
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Fig. 11. Dispersionof extinction coef�cient of thesamepolycrystallineYSZ layerasin Fig. 10.

Equationsfor Rmax , Rmin are non–linearequationsof n1; k1. Expressingx from Rmax ,
Rmin andequatingthem,a polynomial for independentparametersn1; k1 is obtainedat each
wavelength.Theopticalparametersn1; k1 aredeterminednumericallyin severalsteps.

In the re�ectancespectrumwith the interferencefringes,theassumptionn2
1 � k2

1 is valid.
Assumingthis in the polynomial obtainedfrom Rmax , Rmin , we minimize numerically the
residuum

P

i
[Rexp (� ) � R (� i ; n1; k1; d)]2 for n1 andthe initial valueof k1. AssumingRmax ,

Rmin to becontinuousfunctionsof thewavelength,n1; k1 asthefunctionsof � canbeobtained.
The initial valueof k1 is usedin the recalculationof n1; k1 accordingto the above described
procedurewithout theassumptionn2

1 � k2
1 . Theprocedureof successive iterationsis repeated

until thesatisfactoryaccuracy in n1; k1is obtained.Knowing n1 asthe functionof � , we cal-
culatethethicknessd accordingto thestandardequationfor two adjacentinterferencefringesat
wavelengths� m , � n : d = � m � n

2( � m n n � � n n m ) (nm , nn arerefractive indicescorrespondingto these
wavelengths).

The resultsof theoreticalanalysisof theexperimentalre�ectancedataobtainedon YSZ/Si
(sampleZ4 seeFigs.3,4) areillustratedasdependenciesn (� ) ; k (� ) andR (� ) in Figs.10,11,
and12, respectively.

Experimentalre�ectanceandre�ectancespectrumretrieved from determinedn, k differ to
someextentin positionof interferenceextremawhichmaybecausedby the�lm inhomogeneity.
ThermallyevaporatedZrO2 or ZrO2-Y2O3 (YSZ) �lms areoftenreportedto beoptically inho-
mogeneous[14] with columnarstructure.Columndiametersdependonthedepositionconditions
andthedistancefrom thesubstratesurfaceandwith thepores(voids)betweenthecolumns�lled
with wateror beingdry. Theratio of thevolumeof solid partof the �lm to thetotal volumeof
the �lm including voids is calledthe packingdensityp which is a worthy characteristicof the
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Fig. 12. Experimentalre�ectancespectrumof thesamepolycrystallineYSZ layerasin Fig. 10.

�lm.
As thepackingdensitycanbeestimatedusingthevalueof therefractive index of the�lm, it

expressesthecorrelationbetweenstructuralandopticalpropertiesof the�lms. Highervaluesof
therefractive index correspondto moredensi�cated�lms.

Following theBraggandPippardmodel[14], thepackingdensityp canbeexpressesby the
equation

p =
(n2

c + n2
v )(n2 � n2

v )
(n2

c � n2
v )(n2 + n2

v )
(10)

wherenc is therefractive index of columnsatonespeci�c wavelength,nv is therefractiveindex
of voids(voids�lled with waternv = 1.33,dry voidsnv = 1). Thedependencep(n) is in Fig. 13
for nc � 2.16at 590nmcorrespondingcolumnsequalto bulk YSZ [15].

For sampleunderstudy the optical inhomogeneityin�uenced the optical characterization
received by the envelopemethod. Final valuesof refractive index must be taken as average
becauseof theassumptionof thehomogeneityof the�lm in theenvelopemethodof processing
the experimentaldata. No conclusionswere madeconcerningthe in�uence of the thickness
variationof thesampleson theiropticalproperties.

For the correspondingthin �lm refractive index value n = 1.79 at 590 nm the following
packingdensitywas found assumingdry voids p � 0.82. Assumingvoids �lled with water
p � 0.65. Thereforeeithervoids aredry either they are partly occupiedby water, which is
morelikely. Thewatercontentin porous�lms maybecon�rmed by additionalinfraredspectra
measurements.
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Fig. 13. Thepackingdensityversusrefractive index of the�lm with dry voidsor voids�lled with water.

In this paragraphwe have shown thatbefor any plasmatreatmentof YSZ layersthey must
be checked e.g. by optical re�ectancemethodto obtainbasicinformationon suchproperties
as refractive index, extinction coef�cient, packingdensity,. . . They all considerablyin�uence
plasmatreatmentprocess.

7 Conclusions

The XRD measurementscon�rmed that the depositedYSZ overlayercanhave polycrystalline
or amorphouscharacter. OurpolycrystallineYSZ layershaveverywell developedfacecentered
cubic (fcc) phasewith the latticeparametera = 0:509nm determinedfrom the200peak.The
averagegrainsizeD = 16.8nmwasdetermined.

Silicon at the interfacewith YSZ consistsof largepolycrystallineblocks. Thesizeof these
blockswasreducedby oneorderduringtheplasmaanodizationprocedure,whichcouldbechar-
acterizedby thevalues5 � 1017 cm� 3 and2 � 10� 11 cm2s� 1 of oxygenion concentration,C0,
andmigrationcoef�cient, D , respectively.

TheYSZ/Siinterfacepropertieshavedramaticalychangeddueto theanodizationasindicated
by DLTS spectroscopy,. The spectrumof virgin sampleis characterizedby only sharpsingle
peaklying closeto LN temperatureandby a very low densityof interfacestates.Continuous
spectrumof theinterfacestateshasarisedin therangeof 100K - 400K afterthelow-temperature
plasmaanodization.It is attributedto theformationof thin silicon oxide-like interlayercreated
underthe in�uence of the high-intensive electric �eld usedat anodizationactingat extremely
low temperature;andto thechangeof the�atband of thestructure.

Theobservedgrowth rateof theoxide interlayer( � 10 nm per20 minutes)is smallerthan
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thatpresentedby Periereet al [16]. We supposethat thehigh orderedpolycrystallineYSZ thin
virgin layercontainsverylow densityof oxygenvacancieswhichareinevitablefor aremarkable
negative oxygenmigration and thereforethe plasmaanodization�o w measuredby electrical
methodsconsistsmainly of electrons.

For thecorrespondingthin polycrystallineYSZ �lm (sampleZ4), asit wasusedin anodiza-
tion experiments,refractive index valuen = 1.79at 590nm the following packingdensitywas
foundassumingdry voidsp � 0.82.

We have shown thatbeforeanodizationprocedureis necessaryto checkcarefullyelectrical,
structuraland optical propertiesof depositedlayersto be able to evaluateplasmainteraction
process.
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