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SIMS profiles of a-Si_xNy:H films having differentcompositionhave beenmeasured.
The distribution of hydrogenin nitrided films bearsa fluctuatingcharacterandits whole
contentdecreaseat x < 0.06. In all films, Na impurity is obsened andits contenton
the film surfaceexceedsthat of all othercomponentsin the region of small contentsof
nitrogen,the position of the absorptionedgein a-Si—xNx:H films doesnot changewith
respecto its positionin a-Si:H. Accordingto the analysisof IR spectraof a-Si—xNx:H
nearSi-N bonds differentsurroundingsarerealized.

1. Introduction

It hasbeenestablishedhataddingnitrogencarboninto a-Si:Hfilm causeshe change
in the microstructureandelectrophysicapropertieof a-Sh_xN(C)x:H films [1-3].

Theperspectiesof usingnitridedfilms for theproductionof opto-andmicroelectronic
devicesrequire[4] theinformationonthechemicalelemendistribution overthethickness
of suchfilms thatarepreparedn Si substrateandtherelationto their structureandoptical
propertiesBy changingthe concentratiorof nitrogenin the material,onecancontrolthe
valueof bandgapandthedensityof defectd5]. Theinvestigatiorof featuresof thenitro-
gendistribution in the a-Si:H films may seemusefulfor creatingthe structureof nitrided
films [6,7].
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In the presentrticle, theresultsof studiesof a-Sh_xNx:H films SIMS profilesandthe
dataontheir vibrationalspectreandopticalabsorptioredgearegiven.

2. Experimental procedure

The investigatedfilms were preparedby plasmadischage depositionof the R =
NH3/(H2+SiHs+NH3) mixture containingO0, 2, 6, or 10% of NH3. The parametersvere
asfollows: substrateemperaturd = 220°C, dischage power of 0.3 W/cn? (at the fre-
queng of 13.56MHz), total pressureof 50 Pa (0.37 Torr) andflow rateof 100 cm?/min.
The elemendistribution profile overthefilm thicknessvasmeasuredby second-iormass
spectrometrymethodwith Ot -ion etching,usingthe CamecdMS4F instrument.The IR
absorption(400to 1400cm™1) wasmeasuredy the spectrophotometéRS-29.Theband
gap(Eo) of thefilms wasdefinedat the level of a= 10* cm™2. All films hadnearlyequal
thickneswof 700to 800 nm.

3. Resultsand discussion

Figurel shavsthedepthdependencef Si, N, H andNadistribution overthethickness
of a-Sh_xNx:H (x = 0) film. Thedistribution of hydrogensuffersinsignificantdeviations
from aconstantalueovertheentirefilm thicknessThesignalintensitydueto Naimpurity
exceedghesignalintensitydueto otherelementswhereasn thecentralparttheintensities
of NaandN impuritiesarecomparable.
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Fig. 1. SIMS profilesof a-Si:H film.

In the a-Si—xNx:H film basedon 2% of NH3 in the mixture (Fig. 2), the contentof
hydrogenover the film thicknesds lower thanin the a-Si:H (Fig. 1), andthe distribution
bearsa fluctuating character It increasegyraduallywhen going from the film surface.
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Si contentdecreases little while going from the film surface. The availability of Na
impuritiesin theircompositioris commonfor all films whichwereinvestigatedMoreover,
in the nearsurfaceregion, the concentratiorof Na is very high. Thefixing of Naionsin
SIMS spectrais expected.Accordingto Ref. 8, we know thatin the processof oxidation
of SiO, from O2+2(H20), easilymobile Na ions are always presentin SiO, film which
worsenthe parameter®f electronicdevices basedon them. To reducethe influenceof
this factoronthe characteristicsf the devices,HCI wasusuallyaddedo O,+2(H,0) that
causedheformationof Na, bondedinto NaCl, on the substrateThus, the characteristics
of the devicesare essentiallystabilizeddueto the absenceof drift of Na ionsin strong
electricfields.
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Fig. 2. SIMS profilesof a-Siy_yNx:H film attheNH3 concentratiorin the mixture of 2%.

With furtherincreasef NH3 in themixtureto 6%, the concentratiorf nitrogenin the
film increasessexpectedFig. 3). Thewhole SIMS profile doesnot suffer deviationfrom
astraightline. Judgingby thesignalintensityof hydrogenion its contentin thefilm based
on 6% NHs is higherthanthatbasedon 2% NH3. However, in both caseghe distribution
of hydrogenoverthefilm thicknesshearsa fluctuatingcharacterin the film with 10% of
NHs, the concentratiorof hydrogerremainghe sameasin thefilm with 6% of NHz, and
thefluctuationoverthethicknesdbecomedesspronounced.

Estimationof the averageetchingrate (Ve) of films by Ot -ionsshavedthatwhenthe
concentratiorof NH3z in the mixtureis 0, 2 and6 %, Ve = 2.2 — 2.3 nm/min, whereasn
thecaseof thefilm basedon 10 % of NH3 V, it is almosttwice aslarge.

Accordingto the analysisof IR spectra(seeFig. 4), nitriding of a-Si:H causeghe
formationof Si:N bonds.The increaseof the intensityat the “weightedcentre”near850
cmlis adirectevidenceto thisfact.A similarbandwasobsenedin a-SikNyH; films [9].
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Fig. 3. SIMS profilesof a-Siy—xNx:H film attheNH3 concentratiorin the mixture of 6%.
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Fig. 4. IR absorptiorcoeficientsof a-Sii—xN films for differentconcentrationsf NHs in
themixture: a) 0%, b) 2%, c) 6% andd) 10%.

Adding a small quantityof N (x < 0.06) resultsin structurehomogenizatiorof the
material, whereasthe increasein N contentis againaccompaniedy the formation of
grainswith awell-pronouncedtructureof boundarie$2].

Accordingto Ref. 9, a large half-width of bandsin IR spectraof a-Si—xNx:H films
may be assignedo the availability of differentsurroundingsnearthe Si-N bond. It is
consideredhatif the seconcheighbourof nitrogenthroughSiis Si only, thentheshoulder
near790 cm~! appearsandthe bandat 850 cmi~?! is characteristidor nitrogenwhose
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secondneighbourthroughSi is hydrogen.The characteristiddandsnear3300and 2100
cm~1 indicateto theformationof N-H andSi-H bonds respectiely [9].

A bandof weakintensitynear1100cm™! is usuallyobsenedin IR spectraof films
coatedwith SiO; thin layer

The formationof new bandsconnectedwvith nitriding a-Si:H influencesthe position
of the absorptioredge(Fig. 5). However, if R < 0.01,the bandgapEp andtherefractive
index of thefilm with 2% of NH3 differ verylittle from thevaluefor a-Si:Hfilm (seeTable
1). At R> 0.1, theabsorptioredgeof a-Si—xNx:H films shiftsto a high-enegy region.

TABLE 1. Positionsof absorptioredgesandrefractionindicesof a-Siy—xNy:H films.

Concentratiorof NH3 in themixture
Parameters 0% 2% | 6% 10%
Eo (eV) 2.05 2.04 | 2.29 3.08
n 3.7 3.6 2.7 2.3
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Fig. 5. Absorptionedgesn a-Sii—xNx:H films for differentconcentrationef NHsz in the
mixture: a) 0%, b) 2%, c) 6% andd) 10%.

Consideringthe resultsof studiesof SIMS profiles, of optical propertiesand of ear
lier datafrom electro-microscopistudies[1-3], one canconcludethat small addition of
nitrogen,x < 0.06, in a-Si—xNx:H films causeghe decreasén the entire contentof hy-
drogenreplacemenof Si-H bondsby morestableN-H bondsandhomogenizatiomf the
structurein the bulk of the material.Furtherincreasén the contentof nitrogen(x > 0.06)
is accompaniedby the formationof Si nitride complex thatleadsto a marked changein
opticalcharacteristicsf thefilms (Eg = 3.08 eV, n= 2.3) andof their microstructure.

FIZIKA A 6 (1997)2, 61-66 65



GERASIMOV AND MITSA: CONCENTRATION PROFILES OF ELEMENTSAND ...

4. Conclusions

Smallamountof nitrogenin a-Si_xNy:H thin films for x < 0.06 doesnot essentially
changethe short-rangeorderandthe optical characteristicef the films. The distribution
of hydrogenin all nitridedfilms fluctuatesover thethicknessAt x > 0.06, a considerable
transformatiorof the short-rangeorderin a-Sh_yxNx:H films is obsened andthe optical
characteristicsf thefilms changeo a considerablextent.
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KONCENTRACIJSKIPROFILI ELEMENATA | STRUKTURA TANKIH SLOJEWA
a'Sh__xNX:H

Prowavali su se SIMS profili tankih slojeva a-Si—xNy:H razli€itih sastaa. Raspodijela
vodika u nitriranim slojevima je promjenljiva i njegov sad¢aj opadaza x < 0,06. U
svim seuzorcimaopazilooneistenjenatrijemkoje napovrsinamaslojeva nadm&ujesva
drugaonegistenja. Za male dodatle duSika se poloZzaj apsorp-cijskog rubau slojevima
a-Si—xNx:H malomijenjau odnosunaa-Si:H.PremaanalizamdR spektara-Si—xNy:H
oko Si-N vezanjapstvarujuserazliciti atomioko Si atomau slojevima.
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