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The paperdealswith the formation of polycrystallinestructureof depositedYSZ and Si
Ims on Si and YSZ crystals,respectiely, dependingon the substratesurface orientation
andwith the evolution of the YSZ/Si interface propertiesat the initial stageof the plasma
anodization.The X-ray measurementson rmedthatYSZ Im depositedn Siis amorphous
or polycrystalline.A well developedfacecenterectubic (fcc) phasewith lattice parametenf
0.509nmiis typical for the bestYSZ layers,four intensel11,200, 220 and 311 diffractions
being usually detected. The polycrystallinestructureof Si-on-YSZlayerswas affectedby
the orientationof YSZ substratesurface,namely(100) or (111). The surfaceof crystalline
silicon at the interfacewith depositedYSZ layer consistedof large polycrystallineblocks,
their sizebeingreducedoy oneorderof magnitudeafterthe plasmaanodizationThe YSZ/Si
interfaceelectricalpropertiesverechangedemarkablyasfound by DLTS which revealeda
continuousspectrunof interfacestatesoriginatingdueto the anodization.It is attributedto
the formation of a very thin silicon oxide interlayerbetweenthe YSZ layer and Si crystal.
The otherelectricalandoptical propertiesvereinvestigatedy C-V, capacitance-frequenc
deeplevel transientspectroscopandre ectancespectroscop
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1 Intr oduction

A low-temperaturd< 600 C) methodof producinghigh-qualityvery thin dielectriclayersof
silicon is the subjectof considerablaesearcheffort. The useof plasmasto grow suchSiO;
Ims on Si for electronicapplicationsdatesfrom the very early daysof Si technology Plasma
oxidationis attractize asit offers a rapid growth of a silicon dioxide Im of relatively high
guality at the temperaturesar below thoserequiredfor corventionalthermaloxidation. As a
consequencehedopantredistritution duringthe oxide growth is minimizedandthe generation
of high-temperature-inducedefects,as stackingfaults, is reduced. Although recentresearch
hasshifted to producingchemicalvapourdepositied(CVD) oxides,the advantageof plasma
oxidationis thatsilicon is consumediuringthe processasin thermaloxidationandthereforeit
is believedthat plasmaoxidation offers the bestway of low temperaturgrocessingo provide
nearlyidealthermallygrown Si-SiO; interface.

Theinvestigationof the Zr(Y)O, [usuallylabelledYSZ (yttrium stabilizedzirconium)]thin
layersis interestingpecausef two reasonsFirstly, thepreparatiorof the YBa, Cus O7 supercon-
ductingthin Ims on SiwhereYSZ is usedasa buffer layer[1,2]; secondlythelow-temperature
SiO, growth by the plasmaanodicoxidation processwhich can proceedif a relatively thick
(1 m)ZrO, coveringoverlayeris depositedon the Si surfacebeforeoxidation[3]. The ex-
planationof the latter effect is basedon the ideathat the negative oxygenion conductvity of
ZrO, layeris thedominantpropertydetermininghesilicon oxidegrowth ratewhichis supposed
to be very high. This contribution demonstratedifferentstructuralandoptical propertiesof the
YSZ/SiandSi/YSZ structuresandclari es the evolution of the YSZ (1 100 nm)/ Si interface
propertiesat the initial stageof the plasmaanodozatiorwhenthe silicon dioxide interlayeris
considerablehin.

2 Samplepreparation

The depositionof 100 nm thick YSZ layer on (100) orientedsilicon substratgn-type, 10
cm 3) wasdoneby electrorbeamevaporatiorfrom the Zr(Y)O, target. Theevaporatiorprocess
is describedn detailin the paperof Chromiketal [2]. The YSZ/Si structuresvereannealedt
930 Cfor 30 minutes.Plasmaanodicoxidationof thesesamplesvasperformedor 20 minutes
after the depositionin the apparatugpresentedn the paperof Bartcs et al [4], the oxidation
currentdensityand sampletemperaturéoeing 3.8 mAcm 2 and250 C, respectiely. Thin Si
layersweredepositednthe(100)and(111)crystallineY SZsby moleculaheamepitaxy(MBE)
technique.

3 Kinetic of the plasmaoxidation

In this work, we have tted the experimentalgrowth curves(for 5, 10, and 20 mins oxidation
time) for the anodicoxidationby assuminghatthe oxidationrateis limited by the rate of the
ion transportthroughthe oxide, i.e. by the rateat which the ions can move throughthe oxide
layerunderthe assistancef theelectric eld. Only alittle changeof the eld with theincrease
of the oxide thicknessis supposedecausédhe constantcurrentmodeof the growth wasused.
Verwey andDewald [5] developeda discretehoppingmodelfor ionic transportin high electric
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elds, violatingthe Ohm’slaw relation. Theessencevasto considertheloweringof thediscrete
potentialbarrierfor forward hoppingof the ionic defects(interstitial vacang). This approach
wasadoptedy CabrerraandMott wheretheratelimited stepwasconsideredo beentryof metal

ionsinto the oxidelayer Dewald [5] extendedthe modelof Verwey to includethe spacechage

of diffusingionic speciesThemodelwasimprovedby Friedel[6] andTaylor[7]. In thehopping
model,anelectric eld E (x) lowersthe potentialenegy barrierW by anamountZ g a where
Z qis the chage of the particleand 2a is the separatiordistancebetweenthe adjacentenegy

minima. The eld-modi ed activationenepy for forwardhoppingwill bethuswW ZgEa.

If s the single attempt-to-escapequeny of the chaged particle backandforth in its
potentialwell minimumandn(f) denoteghe numberof chagedparticlesperunit areain planar
slice of thickness2a, which is perpendiculato the hoppingdirection, and n(") denotesthe
correspondingiumberlocatedjust beyond the samebarrier, the numberJ of chagedparticles
surmountingthe barrier is the differencebetweenforward and reversehopsover the barriet
Electric eld raisesthe potentialenegy barrierby theamountZ g a in thereversedirection. J
is thusgivenas

(W ZgEa) ()

(W + ZgEa)
kT '

kT @)

J=n"  exp exp

If the concentratiordifferencen(™)  n(") is supposedo be negligibly small, the equation
(1) reducedo:

ZgEa,
kT °

W
— on(f) ;
J=2n exp T sinh (2)
Supposingthat the oxide/semiconductointerface reactionsare very fast comparedo the
bulk migration,we canexpresstherelationfor the currentdensityof single negatively chaiged
oxygenions,J;, from theequationg1) and(2) in theform

DCy Uox ]
2a g (dOX) eXp dox E 0 +1 ’ (3)

Ji=Z2qg

whereCy is the negative oxygenion concentratioron the oxide surface,D is the migration
coefcient, Z g istheoxygenchage,?a is thedistancebetweertwo oxygenatomsin theoxide

E®= kT/qga; 4)
andg (dox ) representghereductionof theionic currentdueto spacechage:

0(dor) = (1+ Ao/ LY (-70), (5)
whereL %is thewidth of the spacechagelayer:

LO= ™ okT (Zg)’aCo: (6)

By tting procedureof relation(3), thevalues5x10'’ cm 2 and2x10 ! cn?s ! of oxygen
ion concentrationCp, andmigrationcoefcient, D, respectiely, wereobtained.



150 E. Pinc’k etal.

4 Experimental methodsand results.

Threetypesof the samplesvereinvestigatedy electricalmethodqC-V, capacitance-frequegc
(C-f) andQDLTS]:

i) asgrown polycrystallinelayerYSZ onsilicon (curve 1);
i) YSZ/Siaftertheplasmaanodicoxidation(curve 2) and
i) ultrathinSiO,/Si (curve 3).

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

300
C
[PF]
200
200
0 | | 1 ] | 1 | | |
5 4 3 =2 -1 0 1 2 3 4 5

Uy (V)

Fig. 1. C-V cunwesof YSZ/ Si (1), plasmaanodizedrSZ/ Si (2) andvery thin SiO; / Si (3) structuresThe
lastoneis theinitial stadiumof high temperaturey SZ growth on Si.

Deeplevel transientspectroscop was performedby home-madesquipment. As we have
pointedoutin [8] thelarge-signalexcitation of the GaAsMOS diodeswith the thin plasmaox-
ide layer yields complicatedsignalswhich seriouslymakesary quantitatve analysisdif cult.
For this reasonthe presentstudyis also restrictedto small-signalchage deeplevel transient
spectroscop (Q-DLTS), theinstrumentatiorbeingin principleidenticalwith thatdevelopedby
Farmeretal [9]. DLTS s oftenusedto detectdeeplevelsin thebandgapof the semiconductors.
We appliedthis typeof measuringystemnto Al-ZrO,-Si structuresThe extremelyhigh sensitv-
ity of the Q-DLTS makesit possibleto detectthe responsef the structurego the excitation by
smallgatevoltages U  kT/gorevenlessasafunctionof thedc biasU. Themeasurements
were performedchoosingrepetitionfrequeng of f, = 40 Hz andrectangulaexcitation signal
of amplitude U =50 mV. The preampli er outputsignalwas sampledat timest; = 0.5 ms
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Fig. 2. Capacitance-frequepcurvesof YSZ/ Si (1), plasmaanodizedySZ/ Si (2) andverythin SiO, / Si
(3) structures.

andt,; = 1 ms. Thechagedifference Q = Q(t;) Q (t2) wasmonitoredwith respecto the
temperaturd .

TheYSZ/Siinterfacepropertiehave dramaticaly}changediueto theanodizatiorasindicated
by DLTS spectroscop Thespectrunof virgin samplds characterizethy only sharpsinglepeak
lying closeto LN temperaturendby a very low densityof interfacestates.Continuousspec-
trum of the interfacestateshasarisedin therangeof 100K - 400K afterthe low-temperature
plasmaanodization.|t is attributedto the formationof thin (10 nm) silicon oxide-like inter-
layercreatedunderthein uence of the high-intensie electric eld usedatanodizatioractingat
extremelylow temperatureandto the changeof the atband of the structure- seethe C-f and
C-V measurementsf threetypesof the samplegpresentedn Fig. 1 andFig. 2, respectiely.

C-V and C-f dependencewere madeusing SOLARTRON S| 1260impedance/gaiphase
analyserinterfacedto computerandrun througha LAB-VIEW program.Theimpedancemea-
surementsere madein the frequeny rangeof 100 Hz — 1 MHz at temperaturet93 K. Alu-
minium dotswereevaporatedntothe oxide layersthroughmaskasthe gateelectrodesOhmic
contacton the back side (crystalline Si) of the sandwichcon guration were obtainedby de-
positionof Au Im. By this way we preparedViIS structureof the type Al-YSZ-Si-Au. C-V
dependencieaf abore mentionedsamplesmeasuredt 1 kHz areshown in Fig. 1. Frequence
dependenciesf correspondingapacitancesre presentedn Fig. 2. Measurementat 1 MHz
con rmed that during the anodizationthe thicknessof insulator (YSZ + underlayinganodi-
cally grown SiQ,) increased. The SiO, growth rate correspondspproximately0.5 nm/min.
(10 nm/20min.) only. C-f dependenceson rmed strongmobility of ionsinbuilt in the formed
dielectric. This factis moreevidentafteranodizatiorprocedurelt leadsto suchsituationthatat
about100Hz the capacitancebeforeandafter anodizatiorexchangetheir relative positionson
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capacitancscale.We supposehattheion conductvity propertiesof YSZ layerswereconsider
ably changedTheX-ray measuremenisdicatedthattheinterfacebetweeny SZ andcrystalline
siliconhasbeenamorphise@dndpolycrystallineY SZ structurenasbeenpartly destryed(sizeof
polycrystallineblockswasreduced).

Fig. 3. XRDGI patternmeasuredn polycrystallineYSZ / Si structureatgrazingincidenceangle =0.5 .

Fig. 4. XRDGI patternmeasuredn polycrystallineYSZ / Si structureatgrazingincidenceangle =1.5 .

The insertedgraphin Fig. 2 (line No. 3) con rmed that also at the beginning stadiumof
YSZ formationthe strongfrequeny dependencef capacitancef MIS structureis obsened.
Unfortunately we do not have AES or SIMS analysis,but C-f dependencéndicatesthat very
thin YSZ layer was formed already X-ray analysis(seeFig. 7, in comparisonwith Fig. 6)
con rmed its amorphoustructure.
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i) X-ray diffraction at grazingincidence(XRDGI)

We supposedthatanodizatiomprocesshouldbestronglyin uencedby structureof deposited
YSZ layer. In anothemwords,thekineticswill be controlledby numberdefectsitesin the YSZ.
Thereforewe hadto checkthe structuralstateof YSZ layers. It was measuredn the 12 kW
rotatinganodeRIGAKU generatomwith the CuK radiation. The basicgrazingangleswereset
to 0.5 andl1l.5 . We have analyzediwo dominantstructurallydifferentYSZ layers,namely
thatonewith polycrystallinestructure(Figs. 3, 4) andtheamorphousy' SZ layerwhichis shovn
in Figs.5, 6. Theshapeof thediffractionpeakat2 = 56:1 de nesthestructuralpropertieof
thecrystallinesilicononwhichtheYSZ wasevaporated Thiswell known re ection comesrom
311Siplane.The X-ray diffraction patternof the structureof very thin SiO, / Siis illustratedin
Fig. 7.

Fig. 5. XRDGI patternmeasure@n amorphousySZ / Si structureatgrazingincidenceangle =0.5 .

Figs.3-7 con rmed thatlittle changesn YSZ depositiorntechnologyleadto differentstruc-
tureof thelayer We canprepareolycrystallineor amorphousype. For anodizatiorexperiments
were choosenthe YSZ layerswith polycrystallinestructure. The sametype of the structure
wasusedfor re ectancemeasurementsAll diffraction patternsillustratedin Figs. 37 belongs
to tabelledpatternsof YSZ (seee.g. Powder Diffraction DatabasgPDF-2) of JCPDS-ICDD
diffractiondata,InternationalCenterfor Diffraction Data,Newton SquarePA, www.icdd.com).

The structureof YSZ layeris prede nedby more parameters- at leastby temperatureof
the substratgcrystallineSi), depositiongrowth rate,andby crystallineorientationof the used
substrateThelastfactwasveri ed atthegrowth of Si Ims on100and111YSZ surfaces.

In Figs.8 and9, diffraction patternsof thin Si Ims depositedoy MBE techniqueon (100)
and(111)orientedYSZ crystalsareshavn. The betterdevelopmenbf polycrystallinestructure
wasevidently obsenedon Si/ YSZ (111)structures.

iii) Spectralre ectance

We have performedalso the spectralre ectancemeasurementwith the dominantaim to
determinepackingdensityof polycrystallineYSZ layers.This parametecannotbeinvestigated
by electricalor X-ray techniquesPackingdensitycanstronglyin uence kineticsof anodically
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Fig. 6. XRDGI patternmeasure@n amorphousySZ / Si structureatgrazingincidenceangle =1.5 .

Fig. 7. XRDGI patternmeasurean very thin SiO, / Si structureat grazingincidenceangle =0.5 . (The
initial stadiumof hightemperaturey SZ growth on Si).
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Fig. 8. XRDGI diffraction patternof thin Si Ims depositecby MBE techniqueon (100) orientedYSZ
crystalsatgrazingincidenceangle =0.5 .

Fig. 9. XRDGI diffractionpatternof thin Si Ims depositedby MBE techniqueon (111)orientedYSZ crys-
talsatgrazingincidenceangle =0.5 . Thebetterdevelopmentof polycrystallinestructurein comparison
with Fig. 8 wasevidently obseredon Si(111)/ YSZ structures.
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grown SiO, laying underneathy SZ. Usedopticalmethodandcorrespondingriginal evaluation
enableto estimatehe numberof dry voidsandthe numberof voidstotally lled with water
Re ectancemeasurementwere carriedout by a double—beantCarl ZeissJenaspectropho-

tometerSpecordM40 with the slit of 2.5 nm at room temperature An accessorfor absolute
re ectancemeasuremenat nearly normalincidencewas usedwith a freshly evaporatedalu-
minium samplein the referencebeamandspecialcarewastakento provide the reproducibility
of measurementsThe valuesof n,; k., weretakenfrom [10] andcon rmed by the Kramers—
Kronig dispersioranalysisof Si substratee ectancespectrum.No signi cant differencesvere
foundbetweerthere ection spectrarom differentareaf the samplesAs the probedareawas

0:2 cn?, the Ims canbe considerechomogeneouat leastdown to this scale.We have used
anoriginal theoreticalapproactfor the evaluationof the re ectancespectrawhich we describe
in moredetaily.

5 Interfer encere ection spectrophotometry

The refractive index, extinction coefcient aswell asthe thicknessof the Im canbe found

by atransmittance ( ) or are ectanceR ( ) spectrumof the Im depositecbn atransparent
substrate. Whenthe Im is depositedon thick absorbingsubstratepnly spectralre ectance
measuremernis possible.

A thinisotropic Im with the averagethicknesd is characteriseddy the complex refractive
index n; = (ny ik;) andthe substratgwith the thickness d) by the complex refractive
index n, = (ny iky) wheren; (ny) is the real part of the complex refractive index andk;
(k) istheimaginarypartor theextinction coefcient. Theopticalre ectanceof aparallel-sided
thin isotropichomogeneoudm on a thick partly absorbingsubstratepothimmersedn air, is
givenas

A+ Bx+ Cx?

" D+ Ex+ Fx2 0
wherex = exp( d) is the absorbance, = (4 kj)/ is the absorptioncoefcient, =
(4 nid)

h ih i

A= h(l n1)2+ kfi h(n1+ n2)2+ (kg + kg)zi ;
C = h(1+ n1)2 + k2 (nl n2)2 + (kl k2)2i ;

1.
i h
D= h(1+ ni)® + kfi h(nl +n2)% + (kp + kz)zi ;
F= (1 nl)2 +kZ (g n2)2 + (kg kz)2 ; (8)

B = 2[A%o0s + B%in] ; E = 2[C%o0s + D%in ];
A%= 1 n? k2 n? nZ+k? K3 +4ki(nika noky) ;
B%= 1 n? k2 (nika npki) 2k n2 n3+ k? kI ;
C’= 1 n? k% n? n3+kP k3 4dki(nika nokg) ;
D%= 1 n? k2 (nika n2ky) + 2k; n2 n3+ k¥ k3
Sincethe equationis notreversible,a tting procedurds necessaryo calculatenq; ky; dand

to getthebest t betweerthe measurede ectanceRey, andthe calculatedvalueR. The cal-
culatedre ectanceR ( i;n;;Kky;d)is the function of three parameters;; k;; d accordingto
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Eqgs.(7), (8)|§nd canbe tted to the measurede ectanceRe,, by several approachesuchas
leastsquare  [Rexp () R ( i;n1;Ka; d)]zminimisationandIooking for a global minimum

I
or local minimafor eachparameter

6 Envelopemethod

In theinterferencespectrophotometrgspeciallyin thetransmittancenode theenvelopemethod
is oftenused11, 12]. Obviously, only oneindependenparametecanbedeterminedrom asin-
gle re ectancemeasurementWhenthe Im is slightly absorbingjnterferenceeffectscoming
from multiple coherentre ections at the interfacesare presentin the re ectancespectrumand
theabosre mentionecharametersanbedeterminedrom theenvelopeR max andRin alongthe
interferencenaximaandminima. A widely usedversionof theenvelopemethodhasbeendevel-
opedby Swanepoe[11] for transmittanceneasurementT he versionsbasedon there ectance
aloneareseldom[13].

There ectanceR canbe expressedor the ervelopesof the interferencefringesusingthe
conditionsfor the interferencemaxima2n;d = m and the interferenceminima 2n;d =
2m+ 1) /2; jmj= 0;1; 2::: Hencetheenvelopesof the interferencenaximaR nax and
interferenceminima R, are given by Eq. (7) with the parameter®; C; D;F accordingto
Eq. (8) but with thefollowing parameter¢for ny < n,) for Ryax

B=2 1 n? k¥ nZ n3+k? kI +4ki(nika noky)
E=2 1 nf k% nf n% + k% k% 4|(1 (nlkg nzkl)

Fig. 10. Dispersionof real partof comple refractive index of polycrystallineYSZ layer depositecon Si.
Themeasuremenvasperformedon samplealreadycharacterizedn Figs. 3, 4.

andfor Rmin

B=2 1 n? k¥ nZ n3+k? ki +4ki(nika noky) ©)
E= 2 1 n?2 k n? ni+ki k3 4ki(nika npky) :
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Fig. 11. Dispersionof extinction coefcient of the samepolycrystallineYSZ layerasin Fig. 10.

Equationsfor Rmax, Rmin are non-linearequationsof nq; ky. Expressingx from Rpyay ,
Rmin andequatingthem, a polynomial for independenparameters1; k; is obtainedat each
wavelength.The optical parametersi1; k; aredeterminechumericallyin severalsteps.

In the re ectancespectrumwith the interferenceringes,the assumptiom? k? is valid.
Assummg;ms in the polynomial obtalnedfrom Rmax, Rmin, We minimize numerically the
residuum [Rexp () R( i;ng; kl,d)] for n; andtheinitial valueof k;. AssumingR max ,

I

Rmin to becontinuoudunctionsof thewavelengthny; ki asthefunctionsof canbeobtained.
Theinitial valueof k; is usedin the recalculationof ny; k; accordingto the above described
procedurewithout the assumptiom?  kZ. The procedureof successie iterationsis repeated
until the satishctoryaccuray in ny; kjis obtained.Knowing n; asthefunctionof , we cal-
culatethethicknesd accordingo the standardequationfor two adjaceninterferencdringesat
wavelengths o, n:d= 3 (nm, nn arerefractive indicescorrespondingo these
wavelengths).

The resultsof theoreticalanalysisof the experimentalre ectancedataobtainedon YSZ/Si
(samplez4 seeFigs.3,4) areillustratedasdependencies( ); k( ) andR ( ) inFigs.10,11,
and12, respectiely.

Experimentake ectanceandre ectancespectrunretrieved from determinech, k differ to
someextentin positionof interferenceextremawhich maybe causedy the Im inhomogeneity
ThermallyevaporatedZrO, or ZrO,-Y,03 (YSZ) Ims areoftenreportedto be optically inho-
mogeneoufl4] with columnarstructure Columndiameterslependnthedepositiorconditions
andthedistancerom the substratesurfaceandwith the pores(voids)betweerthecolumns llied
with wateror beingdry. Theratio of the volumeof solid partof the Im to thetotal volume of
the Im including voidsis calledthe packingdensityp which is a worthy characteristiof the

m
2( mnn



Onstructuralpropertiesof Si/Zr(Y)O, andZr(Y)0O,/Si systems 159

Fig. 12. Experimentate ectancespectrunof the samepolycrystallineYSZ layerasin Fig. 10.

Im.

As the packingdensitycanbe estimatedisingthe valueof therefractive index of the Im, it
expresseshe correlationbetweerstructuralandoptical propertiesof the Ims. Highervaluesof
therefractveindex correspondo moredensi cated Ims.

Following the BraggandPippardmodel[14], the packingdensityp canbe expressedy the
equation

_ (24 nd)(n® nd)
(nZ nZ)(n2+ n2)

(10)

wheren, is therefractive index of columnsatonespeci c wavelengthn, is therefractveindex
of voids(voids lled with watern, =1.33,dry voidsn, =1). Thedependencp(n)isin Fig. 13
forn, 2.16at590nm correspondingolumnsequalto bulk YSZ [15].

For sampleunder study the optical inhomogeneityin uenced the optical characterization
receved by the ervelopemethod. Final valuesof refractive index mustbe taken as average
becausef the assumptiorof the homogeneityf the Im in theenvelopemethodof processing
the experimentaldata. No conclusionswere madeconcerningthe in uence of the thickness
variationof the sampleon their optical properties.

For the correspondinghin Im refractive index valuen = 1.79 at 590 nm the following
packingdensitywas found assumingdry voidsp  0.82. Assumingvoids lled with water
p 0.65. Thereforeeithervoids are dry eitherthey are partly occupiedby water which is
morelikely. The watercontentin porous Ims maybe con rmed by additionalinfraredspectra
measurements.
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Fig. 13. Thepackingdensityversusrefractive index of the Im with dry voidsor voids lled with water

In this paragraptwe have shavn that beforary plasmatreatmeniof YSZ layersthey must
be checled e.g. by optical re ectancemethodto obtainbasicinformation on suchproperties
asrefractive index, extinction coefcient, packingdensity... They all considerablyin uence
plasmareatmenprocess.

7 Conclusions

The XRD measurementson rmed that the depositedY SZ overlayercanhave polycrystalline
or amorphougharacterOur polycrystallineY SZ layershave very well developedfacecentered
cubic (fcc) phasewith the lattice parametea = 0:509 nm determinedrom the 200 peak. The
averagegrainsizeD = 16.8nmwasdetermined.

Silicon at the interfacewith YSZ consistsof large polycrystallineblocks. The size of these
blockswasreducedy oneorderduringthe plasmaanodizatiorprocedurewhich couldbechar
acterizecby thevaluess 10 cm 3and2 10 ! cnPs ! of oxygenion concentrationCo,
andmigrationcoefcient, D, respectiely.

TheYSZ/Siinterfacepropertiehave dramaticalychangediueto theanodizatiorasindicated
by DLTS spectroscop. The spectrumof virgin sampleis characterizedy only sharpsingle
peaklying closeto LN temperatureandby a very low densityof interfacestates.Continuous
spectrunof theinterfacestateshasarisedn therangeof 100K - 400K afterthelow-temperature
plasmaanodization.lt is attributedto the formationof thin silicon oxide-like interlayercreated
underthe in uence of the high-intensie electric eld usedat anodizationacting at extremely
low temperatureandto thechangeof the atband of the structure.

The obsened growth rateof the oxide interlayer( 10 nm per 20 minutes)is smallerthan
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that presentedy Periereet al [16]. We supposéhatthe high orderedpolycrystallineYSZ thin
virgin layercontainsvery low densityof oxygenvacanciesvhich areinevitablefor aremarkable
negative oxygenmigration and thereforethe plasmaanodization o w measuredy electrical
methodsconsistanainly of electrons.

For the correspondinghin polycrystallineYSZ Im (sampleZ4), asit wasusedin anodiza-
tion experimentsyefractive index valuen = 1.79at 590 nm the following packingdensitywas
foundassuminglry voidsp  0.82.

We have shavn thatbeforeanodizatiorproceduras necessaryo checkcarefully electrical,
structuraland optical propertiesof depositedayersto be ableto evaluateplasmainteraction
process.

Acknowledgement: Thesupportof the Slovak grantageny VEGA 2/1119/223s acknavledged.
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