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ABSTRACT

Structural, optical and electrical properties of hydrogenated nanocrystalline
silicon (nc-Si:H) films, deposited from silane (SiH,) and helium (He) gas
mixture without hydrogen by hot wire chemical vapor deposition (HW-
CVD) method were investigated as a function of helium dilution of silane
(R.,)- We observed that the deposition rate is much higher (4-33 A/s)
compared to conventional plasma enhanced chemical vapour deposited
(PE-CVD) nc-Si:H films. Raman spectroscopy reveal ed that the crystalline
volume fraction decreases with increasing He dilution of silane whereas
the crystallite size remainsalmost constant (~ 2 nm) for the entire range of
He dilution of silane studied. Furthermore, an increase in the structural
disorder in the nc-Si:H films has been observed with increasing He dilu-
tion of silane. The hydrogen content was~ 9 at. % in the film deposited at
60% R, and decreasesrapidly asR,, increasesfurther. The photoresponse
decreases by order of 1 with increasing helium dilution of silanefrom 60 to
97 %. It has been concluded that adding helium gas to the silane induces
the structural disorders in the hydrogenated nanocrystalline silicon (nc-
Si:H) thin films prepared by HW-CV D method.
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INTRODUCTION

Hydrogenated nanocrystdlinesilicon (nc-Si:H) isa
gructuraly inhomogeneous materia which consists of
nanometer-size Si crystallitesembedded in an amor-
phoustissue, a ong with grain boundaries (GBs) and
microvoids??. Suchmateria exhibitsavariety of mi-
crostructures and physical properties that depend
strongly on the preparation conditions. Thesematerias
show interesting propertiessuch ashigh conductivity,
high chargecarrier mobility and high doping efficiencyt®

%, thusthey have attracted agreat deal of attentionin
recent yearsin many potential applicationssuchasthird
generation solar cellg%7, photodiodes® and thin film
transistorg. Although highhydrogen dilutionfacilitates
themicrocrystdlization of siliconfilms, it also reduces
thedeposition ratedrasticaly whichisaseriousbarrier
towards achieving reasonably cost-effective through-
put inlarge-scalecommercia production of optoe ec-
tronic devices. However, inpreparation of nc-Si:H films
by conventional PE-CV D method, dilution of silane
(SiH,) with noblegasses, high deposition rates can be
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achievedat alow leve of dectricd excitation. Thedilu-
tion of silanewith Argon (Ar), Helium (He), or Xenon
(Xe) hasastrong influence on the structure and mor-
phology of thefilms. For example, it has been reported
that addition of Arin SiH, plasmaintroducesrapid crys-
talization of aSi:H network. However, extremely high
Ar dilution adversdly affectsthe nanocrystdlization pro-
cessand inducesthe growth of columnar structures’®.
A number of effortshave been madetowards prepara:
tionof nc-Si:H filmsfrom SH, plasmausing Hedilu-
tion. In some casesit iseither, amorphous?, polymor-
phous®®, microcrystalline™¥ or nanocrystalline net-
work!*, X e-dilution normally maintainsan amorphous
nature of the network even at avery high power ap-
pliedto silane plasma®?. It hasbeenidentified that hy-
drogendilution of slaneisnot anessentid conditionfor
theformation of nanocrystalinesilicon® andtheinert
gasesdilution of silaneisanother way to produce nc-
Si:H thinfilms. K. Bhattacharyaand D. Dag* have
studied theeffect of rf power onthenanocrystallization
of a&Si:H network by PE-CVD at asubstrate tempera
ture of 200 °C and a gas pressure of 0.5 Torr using
silaneasthe sourcegasand helium asdiluent, without
using hydrogen. They have shown that the structural
transformation fromamorphousto nanocrystdlinephase
accomplished by metastable helium atomsintheplasma
was identified at low rf power of 80 W. With anin-
creaseintheapplied rf power upto 150 W, systematic
improvement incrysdlinity hasbeen achieved with crys-
tallinevolumefraction of ~77 % and grainsizeof ~7
nm. The deposited films showed reduced bonded hy-
drogen content (~ 8 %), enhanced polymerizationin
thenetwork and gradud wideningintheopticad bandgap
(~1.86eV) obtained at ahigh deposition rate (107 A/
min) using 1 sccm of silane asthe source gasand 69
sccm of helium asthe only diluent. Raha and Dag®
have studied the effect of partial hydrogendilutionon
themostly helium diluted silane plasmain controlling
the nano-crystallization processin the Si:H network.
The parametric conditionswere chosen in such away
asto producethe basic matrix asamixed phase het-
erogeneous materia intheneighborhood of amorphous
to nanocrystallinetransition zone, but dominated by the
amorphous component, which could eesily trigger nano-
crystallization on favorable parametric changes. They
have shown that the energy rel eased by de-excitation
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of He* isutilized in breaking up strained and weak Si-
S bondsand remaking strong Si-Si bondsat the bound-
ary of c-Si nucleation centersand the amorphous ma-
trix thereby creating amore rel axed and compact net-
work structure. They havedemonstrated that theinclu-
sion of asmall amount of H,, asacomponent diluent
introducesaradica changeinthematerial properties
andthat continued a higher partial H,-dilutionrelative
tothat of Heintheplasma. Theoptical absorptionwas
reduced; the optical band gap waswidened and sharp
reduction in the bonded hydrogen content was ob-
sarved. Theoverd| crystdlinity inthematerid incressed
sharply, theporosity inthematerid reduced grossly and
thedectrica conductivity increased by several orders
of magnitude. All thishappened at the cost of arela
tively insignificant lowering in the growth rate of the
material because of thetrivia amount of therequired
H,-dilution. Inthisstudy, the detailed investigation of
structural, optical and electrical propertiesof nc-Si:H
filmsdeposited by HW-CVD asafunction of Hedilu-
tion of SH,without hydrogenispresented. Thesynthe-
gsof nc-Si:H thinfilmsusng PE-CV D method hasbeen
extensively studied inthe past. However, tothe best of
our knowledgetill sofar the HW-CV D method hasnot
been studied for the synthesisof nc-Si:H filmsusing
noble/inert gasdilution of SiH, and no reportsexistin
theliterature.

With thismotivation, weinitiate the study of syn-
thesisand characterization of nc-Si:H filmswith Hedi-
lution of SiH, by using HW-CV D method. Webelieve
that theaddition of noblegasesdiluentswill changethe
natureof the deposition mechanism from CVD-liketo
PVD-like process. Thus, the detailed knowledge of the
structural, optical and electrical propertiesof nc-Si:H
thin films deposited under awide range of deposition
conditionsincludingthenoblegasesdilutionof slane, is
of great importancefromtheviewpointsof both funda
mental phys csand technological futureapplications.

EXPERIMENTAL DETAILS

Film prepar ation

Intrinsic hydrogenated nanocrystalinesilicon (nc-
Si:H) thinfilmsweredeposited smultaneocudy on Corn-
ing #7059 glassand ¢c-Si wafers(311) inaHW-CVD
system, details of which have been described else-
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wheré™. Flmswereprepared by using amixtureof pure
SiH, Matheson Semiconductor Gradeand HeUltraHigh
Puregases. Thehelium flow rate was kept constant (30
sccm) while SiH, flow ratewasvaried from 1 sccmto
20 scem. Thetemperature of thetungsten filament was
maintained at 1900 + 5 °C due to reason mentioned
elsewherd™®, Thesubstratetemperaturewasheld con-
stant during the deposition at the desired value accu-
rately using athermocouple and temperature controller.
Other deposition parametersarelistedinTABLE 1.

TABLE 1: Deposition parameter sfor deposition of intrinsic
nc-Si:H films.

1900+ 5°C
50 mTorr

Filament temperature (Ty)
Deposition pressure (Pgep)

Substrate temperature (T ) 450+ 5°C
Hedilution of SiHs (R =— Fre  «10004) 60-97 %
e FHE + SiH 4
Filament to substrate distance (dss) 2.75¢cm
Deposition time (t) |\1/I(|)n_u?egs

Theglasssubstrateswereinitially washed by soap
solution and rinsed well in distilled water followed by
cleaning in ultrasonic bath for 5 minutes. Then four
stages of substrates cleaning weredone: i) Placing the
substratesin acetonebath for 5 minutes, ii) Placing the
substratesin methanol bath for 5 minutes, iii) Placing
the substratesin dilute hydrochloric acid (30 %) bath
for 30 minutesand, iv) Placing the substratesin dilute
nitric acid (30 %) bath for 30 minutes'¥, beforerinsing
themagainindistilled water and flushed them with ni-
trogen. The c-Si waferswere cleaned by a1 minute
dipindilute HF (5 %) to removethe native oxidelayer
fromthewafer surface?”. Theabove cleaning method
provides good adhesion of thefilmsto the substrates.
The substrateswere |l oaded and the deposition cham-
ber was evacuated to a base pressure less than 10°®
mbar. The chamber wasbaked for 4-5 hours at atem-
perature of 200°C prior to each depositionto minimize
the possihility of the contamination of thedepositedfilms.
Then the substrate was heated to the desired tempera-
ture by setting thetemperature controller. The chamber
then was purged by hydrogen beforeintroducing pure
SiH, gas (Matheson Semiconductor Grade) and He
gas(UltraHigh Pure) insde the chamber and starting
the deposition process. The deposition wascarried out
for thedesired amount of time and thefilmswereal-
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lowed to cool down to room temperaturein vacuum. It
isworthy toindicate that using the deposition param-
etersstated in theliterature didn’t produce the same
structure of theresultant films. Thishasled to the con-
clusion that the deposition parameters are system de-
pendent(2-23],

Film characterization

Thedark conductivity (s, ) and photoconductiv-
ity (Gphoto) were measured with coplanar Al eectrodes.
Fourier transforminfrared (FTIR) spectraof thefilms
were recorded by using FTIR spectrophotometer
(Shimadzu, Japan). Bonded hydrogen content (C,)) was
ca cul ated from wagging mode of IR absorption peak
using the method given by Brodsky et al.?4. Theband
gap was estimated using the procedure followed by
Tauc®. Raman spectra were recorded with micro-
Raman spectroscopy (JobinYvon HoribraLABRAM-
HR) inthewave ength range of 400-700 nm. The spec-
trometer has backscattering geometry for detection of
Raman spectrumwith theresolution of 1 cnt. Theex-
citation sourcewas632.8 nmlineof He-Nelaser. The
power of the Raman |aser waskept lessthan 5 mW to
avoid laser induced crystallization onthefilms. The
Raman spectrawere deconvol uted in therange of 400-
540 cmrt using Levenberg-Marquardt method?d. The
crysalinefraction (X ) wasthendeduced usingthe
method proposed by Kaneko et al .. The crystallite

B

S'Ze (dRaman) was Cal CUIated from dRaman =2n (rﬂ)j ,

where Ae is the peak shift for the hydrogenated
nanocrystdlinesilicon (nc-Si:H) compared tothecrys-
tdlineslicon(c-S), and B =2.0nm? cm¥®, Low angle
x-ray diffraction spectra were obtained by x-ray
diffractometer (Bruker D8 Advance, Germany) using
CuK_ line(r =1.54056 A). The spectra were taken
a agrazingangleof 1°. Theaveragecrystdlitesizewas
estimated using the classica Scherrer s formula,

092 . Thethickness of filmswas measured

Oy = e
X% B cosby

by aTaystep profilometer (Taylor-Hobson Rank).
RESULTSAND DISCUSSION

Variation of deposition rate
Thevariation of depositionrate(r ) asafunction of
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Hedilutionof slane(R ) isshowninFigure 1. Asseen
fromthefigure, the deposition rate decreasesfrom ~
33 A/sto~3.9 A/s with increasing Helium dilution of
silanefrom 60 %to 97 %.

Thedecreasein depositionratewithincreasng He
dilution of slane can beattributed to thedecreaseinthe
SiH, density inthegas mixture. Asaresult, the concen-
tration of precursorsthat produce Si:H film decreases
and consequently, the deposition rate decreases with
increasing Hedilution of silane. Thedecreasein the
depositionratewithincreasng Hedilution of Slanewas
reported previously for PE-CVD deposited
nanocrystallineand polymorphous Si:H filmg®. Itis
interesting to notethat under the same deposition con-
ditionstheobserved depogitionrateissgnificantly higher
than that of hydrogen dilution of silane’®¥ and argon
dilution of silang®. Thiscan be attributed to the non-
etching propertiesof HE®,
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Figurel: Variation of deposition rateasfunction of Hedilu-
tion of silane.

Micro-Raman spectroscopic analysis

Fgure 2 showsRaman spectraof nc-S:H filmsde-
posited at variousheliumdilution of silane(R,, ). The
following observations have been made from the
Raman spectrafor thefilmsdeposited at different He
dilutionof Slane:

1) Raman spectraof al filmsconsist of two peaks;
oneiscentred at 480 cm™* corresponding to the
TO, band of the amorphous phase and the other
centred between 500 cm* and 502 cm'* corre-
sponding to the TO, band of crystalline phase
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presentinthematerid. Withincreasein Hedilution
of sllane, adight changein theshapeand intensity
of TO peak has been observed. The TO, peak is
dightly shifted towardslower wave number which
indicatesamild changeincrystdliteszeinthefilm.
2) Thecrystadlinevolumefraction (X ) decreases
from ~ 52 % to ~ 13 % as the helium dilution of
silane increases from 60 % to ~ 97 % while the

crystalitesize(d. . ) remansintherangeof 2.4-

2.1 nmfor theentirerangeof heiumdilution of 5-

lanestudied. Theabrupt dropinthecrystdlinevol-

umefractionfrom52 % for thefilm deposited at 60

% of Hedilution of silaneto 18 % for thefilm de-

posited at 75 % Hedilution of slaneindicatesthe

nanocrystdline-to-amorphoustrangtioninthefilm.
3) Thevariation of full width at half maximum of the

pesk T, (I',,,) isameasure of bond angle devia-
tion (A0) in the amorphous network and taken as a
measureof thedisorder inthefilm®4, Figure3 shows
thevariation of (A0) as a function of helium dilution
of silane. It can be seen from thefigurethat (A0)
increasesfrom 6.4°to 8.2° asthe helium dilution of
silaneincreasesfrom 60 %10 97 % Thisresult in-
dicatesthat with increasing Hedilution of silane,
thestructurd disordersinthefilmasoincreases.

Itisreported that the use of Hedilution of silanein
PE-CVD processisbeneficia in enhancing thegrowth
rateandinitiating the nanocrystdlization within the het-
erogeneous structuree,

Bahattacharya and Das® proposed that with
helium asadiluent gas, alargeamount of energy hap-
pensto betransferred to the growth zone by the bom-
bardment of ionized He* ionsand metastable He* at-
omsfromtheplasma. Thisenergy breaksup theweak
Si-Si bondsand aportion of it may also beutilized in
releasing theloosely bonded hydrogen from SiH, sites.
The dangling bonds produced by breaking the weak
Si-Si bonds, form strong bondswith silicon or areter-
minated by hydrogen. By thisprocessthestrain at the
boundary of crystdline S nucleation centresand amor-
phous matrix will get relaxed. However, it seemsthat
theaboveassumptionisnot vaidin HW-CVD process
sincethehot filament source cannot ionizethehelium
gasbecauseof itshighionization energy (24.6eV) and
the number of excited helium atomsisrelatively small
duetothe high excitation energy (19.85eV). There-
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fore, webdlievethat the addition of heliumgasin HW-
CV D chamber mainly hasadilution effect onthereac-
tant species. Asaresult, theradicalsand atomic H may
haveagrester lifetime(or alarger mean freepath) which
increasestheir concentration at the substrate surface™.
This conjecture is well supported by the enhanced
growth rate obtained in thisstudy (see Figure 1). We
assumethat the energy required for the formation of
nano crystalsin the amorphous network (Gibb’s free
energy for crystallization) isnot avallableinthegrowth
zoneusing Hedilution of silane. Thisismainly dueto
thelow massof He (Heliumistentimeslighter than
Argon) whichresultsininefficient thermd energy trans-
fer tothegrowing surface. Thus, we concludethat the

480 cm” — . 502 cm’”

XRaman d
¢ Raman
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Figure2: Raman spectraof nc-S:H filmsdeposited by HW-
CVD at variousHedilution of silane.
tionin(111) direction. Asseenfromthespectraashiftin
(112) diffraction pesk to alower angleisobserved with
increasing helium of slanesuggestingtheincreaseinthe
compressivestressof thefilmg®. Theaveragecrystd-
Iitesize(dx_ray) fordl filmsis~2nmandthisagreeswell
withtheresultsobtained from Raman andyss.

Fourier transforminfrared (FTIR) spectr oscopic
analysis

TheFTIR spectra(normaized for thickness) of nc-
Si:H filmsdeposited by HW-CVD at different helium
dilutionof slane(R,, ) areshowninFigure5.

Itis clear that the films deposited at R, <88 %
have three major absorption bands at ~ 638 cm?, ~
1990 cnmrt and 2085 cmr corresponding to the wag-
ging vibrational modesof different bonding configura-
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addition of Heto the HW-CV D chamber without us-
ing hydrogenisnot beneficial and hasadeteriorating
effect on the structural properties of the deposited
materid.

L ow anglex-ray analysis

The X-ray diffraction patternsof nc-Si:H filmsde-
positedonc-S at differenthdiumdilutionof silane(R,,)
areshowninFigure4. Theonly feature observedfor al
filmsisabroad peak occurring a 26 = 27° correspond-
ing to (111) crystal orientation and lessintense peaks
occur at 20 ~ 41° and 26 ~ 53° corresponding to (200)
and (311) crysta orientations.

Thedominant peek is(111). Thisresult indicatesthat
thecryddlitesinnc-S:H filmshavepreferentid orienta-

Bond angle devition (deg)
hY
X

S——T——T7T"—7T T T T T

55 60 65 70 75 8 85 9 95 100
He dilution of silane (%)

Figure3: Bond angledeviation (A@) of nc-Si:H filmsdepos

ited by HW-CVD asafunction of Hedilution of silane.

(111

Intensity (Arb. Units) ———

o 2 3 4 s 60
Diffraction angle 26 (Degree)

Figure4: XRD patternsof somenc-Si:H filmsdeposited at

different Hedilution of silane.
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Figure5: FTIR spectraof nc-Si:H filmsdeposited by HW-CVD at different Hedilution of silane. For clarity, the spectrahave

been split horizontally intotwo parts.

tions, the stretching vibrational mode of mono-hydro-
gen (Si-H) bonded species and the stretching vibra-
tional modes of di-hydrogen species(SiH,) and (Si-
H.),, complexes (isolated or coupled) respectively*>
42 |tisclearly seen that the absorption band at 1990
cm* dmost vanishesfor thefilmsdepositedat R > 93
%. Thus, for thefilmsdepositeda highR , thebonded
hydrogen isincorporated mainly in di-hydrogen spe-
cies(SH,) and (S-H,) complexes. Thesefeaturesin-
dicatethat the predominant hydrogen bondingin HW-
CVD deposited nc-S:H filmsshiftsfrom S-H, and (S--
H,) ., complexesto Si-H with decreasein helium dilu-
tionof slane.

Themicrostructure parameter (R*) isdetermined

by using R* =l0g5 /(12085 +l1990) » Where I 4, and
|05 A€ theintegrated absorptionintensities at 1990
cm* and 2085 cm?, respectively. Figure 6(a) shows
thevariaion of microstructure parameter (R*) asafunc-

tionof Hedilutionof silane(R ). Itisclearly seenthat
R* increaseswithincreasein R, indicating the dete-
rioration of thefilm quality withincreasein hdiumdilu-
tion of silane. Theseresultsarein agreement with the
results obtained from Raman spectroscopy analysis.
Figure6(b) showsthe estimated bonded hydrogen con-
tent (C,) innc-Si:H filmsasafunction of heliumdilution
of silane(R ). It can beclearly seenthat the hydrogen
content decreasesfrom~9at. %to~3.7a. %asR
increasesfrom 60 % to 97 %. Thehigh hydrogen con-
tent (~9at. %) inthefilm deposited at 60 % R, may
bedueto high crystallinevolumefraction (~ 52 %) in
thefilm. Thehigh crystdlinevolumefraction withsmdl
crystallite size (~ 2 nm) suggeststheformation of an
increasing number of nanocrystdlinegrainsintheamor-
phous network and hence a large number of grain
boundaries®. Thisincreasestotd surfaceareaof grains
which act asreservoirsof hydrogeninthe materia®™Y.
Infact, the dense hydrogen atomswhich are concen-
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trated at thegrain boundarieslimit thefurther growthof  tallitesizefor theentirerange of Hedilution of silane
small crystallites*? and resultin dmost constant crys-  studied.
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Figure6: Variation of (a) Microstructureparameter and (b) Hydrogen content of nc-Si:H filmsdeposited by HW-CVD asa
function of Hedilution of silane.

Optical properties 350 @

Figure 7 showsthevariation of band gap (E ) asa 1 o
function of Hedilution of silane(R ) for thenc-Si:H 3007 ./
thinfilmsdepositedby HW-CVD. Itcanbeseenthat 2 | /
withincreasein Hedilution of silanefrom 60 %to 97 gm' o
% the band gap decreases from 1.66 eV to 1.54 V. g ] /
Thedecreaseintheband gap may beduetodecrease © 1 &
in hydrogen content inthefilms(see Figure 6). 8 ./
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Figure 8 showsthe Variation of Urbach energy and S
defect density asafunction of heliumdilution of silane. RE BN LB & DS
TheUrbach energy (E, ) of thedeposited fil msincresses He diiution of silane (%)

from 138to 318 meV and the defect density (N ) in- Figure8: (a) Urbach energy and (b) Defect density asa
d function of Hedilution of silane.
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creases from ~1x10" to ~3.8x10"* cm® as R _ in-
creases from 60% to 97%. The typical value of the
defect density for devicequaity aSi:H filmsis< 1x10%
cm¥%, Theseresultsagain indicatethat the properties
of thedeposited filmsdegrade with increasing the he-
liumdilution of slaneinHW-CVD.

Electrical properties

Theeffect of hdiumdilutionof silane(R ) ondark
conductivity (o, ) and photoconductivity (s, ) of nc-
Si:HfilmsisshowninFigure9. Asseenfromthefigure,
thereisadightincreaseinc,, intherangeof ~107SY
cmwhen heliumdilution of silaneincreasefrom 60 %
to 80 % and then decreasesto ~ 10 S/cm asthe he-
liumdilution of slaneincreasesfurther to 97 %, whereas
thes,, . remainsalmost constantintherange 10* &
cmasthehdiumdilution of slaneincreasesfrom 60to
80 % and then decreases to 10° s/cm asthe helium
dilution of silaneincreasesfurther to 97 %. Asaresult,
photoresponse (s, , /o) decreasesfrom ~2.7x10°
to 2x10°whenthe helium dilution of silaneincreases
from 60 % to 97 %. Theseresults support the deterio-
ration effect of heium dilution of slaneonthestructura
aswell astheoptical propertiesof nc-Si:H filmsde-
posited filmsby HW-CVD.

10° £ 10°
107 SPhoto k-10°
o — .
T e
E 1074 k0% 3
2 2
z 8
£ 10°, e (i10°3
= 9Dark e ﬁ
o 8 — @ =
& *o— e R
O 1074 \\ B
= @ 2]
[i+] (2]
o 3
107° 3 107
0 -8

Helium dilution of silane (%)

Figure9: Dark and photoconductivity of nc-Si:H filmsasa
function of Hedilution of silane.

CONCLUSIONS

Intring ¢ hydrogenated nanocrystallinesilicon (nc-
Si:H) thinfilmshave been deposited by HW-CVD tech-
niqueusing SiH, asasourcegasand Heasadilution
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gas. Theeffect of Hedilution of silaneon structural,
optical and electrical properties has been studied in
detail. Thedeposition rate decreaseswithincreasein
Hedilution of silaneand it wasfound that it ishigher
thanthat of Ar and H, diluted films under thesamepro-
cess parameters. From Raman spectroscopic analysis
it hasbeen found that the crystalline volumefraction
decreaseswithincreasing Hedilution of Slanewhereas
thecrystalitesizeremainsa most constant (~2 nm) for
theentirerange of Hedilution of silane studied. Fur-
thermore, anincreaseinthe structural disorder inthe
nc-S:H filmshasbeen observed withincreas ngHedi-
lution of Slane. FTIR anadysisclearly indicatesthat with
increasing Hedilution of silanethe hydrogen bonding
shiftsfrom Si-H bondingto Si-H, speciesand (S-H,) |
complexesconfiguration. Thehydrogen content was~
9 a. % for the film deposited at 60 % R,,_ and de-
creasesrapidly asR , increasesfurther. Thestructure
parameter (R*) hasanincreasingtrend againgt Hedilu-
tion of silane suggesting the degradation of the quality
of films. The band gap decreaseswith increasing He
dilution of silaneand itisattributed tothe decreasein
hydrogen content in the films. The photoresponse de-
creases by order of 1 with increasing He dilution of
silanefrom 60 to 97 %. It has been concluded that He
has deteriorating effect on thefilm propertiesandit in-
duces the structural disorders in hydrogenated
nanocrysta lineslicon (nc-Si:H) thinfilms prepared by
HW-CV D method.
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