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SIMS profiles of a-Si1 � xNx:H films having different compositionhave beenmeasured.
Thedistribution of hydrogenin nitridedfilms bearsa fluctuatingcharacterandits whole
contentdecreasesat x

�
0 � 06. In all films, Na impurity is observed and its contenton

the film surfaceexceedsthat of all othercomponents.In the region of small contentsof
nitrogen,the positionof the absorptionedgein a-Si1� xNx:H films doesnot changewith
respectto its positionin a-Si:H.Accordingto the analysisof IR spectraof a-Si1 � xNx:H
nearSi-N bonds,differentsurroundingsarerealized.

1. Introduction

It hasbeenestablishedthataddingnitrogencarboninto a-Si:Hfilm causesthechange
in themicrostructureandelectrophysicalpropertiesof a-Si1� xN(C)x:H films [1-3].

Theperspectivesof usingnitridedfilms for theproductionof opto-andmicroelectronic
devicesrequire[4] theinformationonthechemicalelementdistributionoverthethickness
of suchfilms thatarepreparedonSi substratesandtherelationto theirstructureandoptical
properties.By changingtheconcentrationof nitrogenin thematerial,onecancontrol the
valueof bandgapandthedensityof defects[5]. Theinvestigationof featuresof thenitro-
gendistribution in thea-Si:Hfilms mayseemusefulfor creatingthestructureof nitrided
films [6,7].
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In thepresentarticle,theresultsof studiesof a-Si1 � xNx:H films SIMSprofilesandthe
dataon their vibrationalspectraandopticalabsorptionedgearegiven.

2. Experimental procedure

The investigatedfilms were preparedby plasmadischarge depositionof the R =
NH3/(H2+SiH4+NH3) mixture containing0, 2, 6, or 10% of NH3. The parameterswere
asfollows: substratetemperatureT � 220� C, dischargepower of 0.3 W/cm2 (at the fre-
quency of 13.56MHz), total pressureof 50 Pa (0.37Torr) andflow rateof 100cm3/min.
Theelementdistributionprofileover thefilm thicknesswasmeasuredby second-ionmass
spectrometrymethodwith O

�
-ion etching,usingtheCamecaIMS4F instrument.The IR

absorption(400to 1400cm� 1) wasmeasuredby thespectrophotometerIRS-29.Theband
gap(E0) of thefilms wasdefinedat thelevel of a � 104 cm� 1. All films hadnearlyequal
thicknessof 700to 800nm.

3. Results and discussion

Figure1 showsthedepthdependenceof Si,N, H andNadistributionoverthethickness
of a-Si1� xNx:H (x � 0) film. Thedistribution of hydrogensuffers insignificantdeviations
fromaconstantvalueovertheentirefilm thickness.ThesignalintensityduetoNaimpurity
exceedsthesignalintensityduetootherelements,whereasin thecentralparttheintensities
of NaandN impuritiesarecomparable.

Fig. 1. SIMSprofilesof a-Si:H film.

In the a-Si1 � xNx:H film basedon 2% of NH3 in the mixture (Fig. 2), the contentof
hydrogenover thefilm thicknessis lower thanin thea-Si:H(Fig. 1), andthedistribution
bearsa fluctuatingcharacter. It increasesgraduallywhen going from the film surface.
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Si contentdecreasesa little while going from the film surface. The availability of Na
impuritiesin theircompositionis commonfor all films whichwereinvestigated.Moreover,
in thenear-surfaceregion, theconcentrationof Na is very high. Thefixing of Na ions in
SIMS spectrais expected.Accordingto Ref. 8, we know that in theprocessof oxidation
of SiO2 from O2+2(H2O), easilymobile Na ions arealwayspresentin SiO2 film which
worsenthe parametersof electronicdevicesbasedon them. To reducethe influenceof
this factoron thecharacteristicsof thedevices,HCl wasusuallyaddedto O2+2(H2O) that
causedtheformationof Na, bondedinto NaCl, on thesubstrate.Thus,thecharacteristics
of the devicesareessentiallystabilizeddueto the absenceof drift of Na ions in strong
electricfields.

Fig. 2. SIMSprofilesof a-Si1 � xNx:H film at theNH3 concentrationin themixtureof 2%.

With furtherincreaseof NH3 in themixtureto 6%,theconcentrationof nitrogenin the
film increasesasexpected(Fig. 3). ThewholeSIMSprofiledoesnotsuffer deviationfrom
astraightline. Judgingby thesignalintensityof hydrogenion its contentin thefilm based
on 6% NH3 is higherthanthatbasedon 2% NH3. However, in bothcasesthedistribution
of hydrogenover thefilm thicknessbearsa fluctuatingcharacter. In thefilm with 10%of
NH3, theconcentrationof hydrogenremainsthesameasin thefilm with 6% of NH3, and
thefluctuationover thethicknessbecomeslesspronounced.

Estimationof theaverageetchingrate(Ve) of films by O
�

-ionsshowedthatwhenthe
concentrationof NH3 in themixture is 0, 2 and6 %, Ve 	 2 
 2 � 2 
 3 nm/min,whereasin
thecaseof thefilm basedon10% of NH3 Ve, it is almosttwiceaslarge.

According to the analysisof IR spectra(seeFig. 4), nitriding of a-Si:H causesthe
formationof Si:N bonds.The increaseof the intensityat the“weightedcentre”near850
cm� 1 is adirectevidenceto this fact.A similarbandwasobservedin a-SixNyHz films [9].
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Fig. 3. SIMSprofilesof a-Si1 � xNx:H film at theNH3 concentrationin themixtureof 6%.

Fig. 4. IR absorptioncoefficientsof a-Si1� xNx films for differentconcentrationsof NH3 in
themixture:a) 0%,b) 2%,c) 6%andd) 10%.

Adding a small quantityof N (x  0 � 06) resultsin structurehomogenizationof the
material,whereasthe increasein N contentis againaccompaniedby the formation of
grainswith a well-pronouncedstructureof boundaries[2].

Accordingto Ref. 9, a large half-width of bandsin IR spectraof a-Si1� xNx:H films
may be assignedto the availability of different surroundingsnearthe Si-N bond. It is
consideredthatif thesecondneighbourof nitrogenthroughSi is Si only, thentheshoulder
near790 cm� 1 appears,and the bandat 850 cm� 1 is characteristicfor nitrogenwhose
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secondneighbourthroughSi is hydrogen.The characteristicbandsnear3300and2100
cm� 1 indicateto theformationof N-H andSi-H bonds,respectively [9].

A bandof weakintensitynear1100cm� 1 is usuallyobserved in IR spectraof films
coatedwith SiO2 thin layer.

The formationof new bandsconnectedwith nitriding a-Si:H influencesthe position
of theabsorptionedge(Fig. 5). However, if R � 0 � 01, thebandgapE0 andtherefractive
index of thefilm with 2%of NH3 differ verylittle from thevaluefor a-Si:Hfilm (seeTable
1). At R � 0 � 1, theabsorptionedgeof a-Si1� xNx:H films shiftsto a high-energy region.

TABLE 1. Positionsof absorptionedgesandrefractionindicesof a-Si1 � xNx:H films.

Concentrationof NH3 in themixture
Parameters 0% 2% 6% 10%

E0 (eV) 2.05 2.04 2.29 3.08
n 3.7 3.6 2.7 2.3

Fig. 5. Absorptionedgesin a-Si1 � xNx:H films for differentconcentrationsof NH3 in the
mixture:a)0%,b) 2%,c) 6%andd) 10%.

Consideringthe resultsof studiesof SIMS profiles,of optical propertiesandof ear-
lier datafrom electro-microscopicstudies[1–3], onecanconcludethatsmalladditionof
nitrogen,x � 0 � 06, in a-Si1 � xNx:H films causesthedecreasein the entirecontentof hy-
drogen,replacementof Si-H bondsby morestableN-H bondsandhomogenizationof the
structurein thebulk of thematerial.Furtherincreasein thecontentof nitrogen(x � 0 � 06)
is accompaniedby the formationof Si nitride complex that leadsto a markedchangein
opticalcharacteristicsof thefilms (E0 � 3 � 08eV � n � 2 � 3) andof theirmicrostructure.
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4. Conclusions

Smallamountof nitrogenin a-Si1 � xNx:H thin films for x � 0 � 06 doesnot essentially
changetheshort-rangeorderandtheopticalcharacteristicsof thefilms. Thedistribution
of hydrogenin all nitridedfilms fluctuatesover thethickness.At x � 0 � 06,a considerable
transformationof the short-rangeorderin a-Si1 � xNx:H films is observedandthe optical
characteristicsof thefilms changeto a considerableextent.
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KONCENTRACIJSKIPROFILI ELEMENATA I STRUKTURA TANKIH SLOJEVA
a-Si1� xNx:H

Proǔcavali su se SIMS profili tankih slojeva a-Si1� xNx:H različitih sastava. Raspodjela
vodika u nitriranim slojevima je promjenljiva i njegov sadřzaj opadaza x � 0 � 06. U
svim seuzorcimaopazilooněcišćenjenatrijemkoje napovršinamaslojeva nadmǎsujesva
drugaoněcišćenja.Za maledodatke dušika sepoložaj apsorp-cijskog rubau slojevima
a-Si1 � xNx:H malomijenjau odnosunaa-Si:H.PremaanalizamaIR spektaraa-Si1 � xNx:H
oko Si-N vezanja,ostvarujuserazličiti atomioko Si atomau slojevima.
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