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ABSTRACT

In this work we present a detailed structural, optical and electrical
characterization of hydrogenated nanocrystalline silicon (nc-Si:H) thinfilms
grown by hot wire chemical vapor deposition (HW-CV D) as a function of
hydrogen (H,), argon (Ar) and helium (He) dilution of silane. A variety of
analysis techniques such as Raman spectroscopy (RS), x-ray diffraction
(XRD), Fourier transform infrared (FTIR) spectroscopy, UV-Visible
spectroscopy and conductivity measurements were used to characterize
the grown films. We observed that these properties are greatly influenced
by dilution of silane with H,, Ar and He. Characterization of these films by
Raman spectroscopy and low angle x-ray diffraction revealed that the
increasein H, and Ar dilution of silane endorses the growth of crystallinity
in the films whereas increase in He dilution of silane deteriorates the film
properties. An attempt has been made to explain the fundamental differences
in nanocrystallization growth mechanism by addition of H,, Ar and He in
silane. © 2012 Trade ScienceInc. - INDIA
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During the last few years, hydrogenated
nanocrydalineslicon (nc-Si:H) materid shaveattracted
great atention dueto their different potential applica-
tionsin photovaltaics, thinfilmtrans storsand optoe ec-
tronicsdevices¥. Inthefidd of singleor multijunction
solar cells, nc-Si:H thin films have shown an remark-
able enhancement in solar cell efficienciesand intheir
stability!. Several deposition techniques have been
established to prepare nc-Si:H thin films, including

plasma enhanced chemical vapor deposition (PE-
CVD)B anditsvariant very high frequency glow dis-
charge (VHF-GD)™, electron cyclotron resonance-
CVD (ECR-CVD)® and radio-frequency (RF) mag-
netron sputtering, among which PE-CV D appearsto
be apromising deposition method for large-areathin
film technol ogy and has been employed for industria
applicationd®. However, dueto certain material and
processing limitations, other deposition techniqueshave
been deve oped and examined. Among theseisthe hot
wire chemica vapor deposition (HW-CV D) technique,
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first devel oped by Weisman™ and then later refined by
Matsumura®. Thetechnique has been employed suc-
cessfully for thesynthesisof aSi:H®, uc-Si:H, nc-
Si:HM aSiGe:H™, pc-SiC and pe-GeC films for
solar cell applications™® becauseit iscapable of im-
proving film stability!¥ and of achieving higher deposi-
tion rates™®. Thetechniqueisattractivein many ways
and themost important advantagesare: (i) Plasma-free
deposition so that the damaging of the deposited film
and powder formation during the deposition can be
avoided (ii) Itisan easly scalablemethod. (iii) Depos-
ited films haveless stress than those made by conven-
tional PE-CVD method™ (iv) Substratescan easily be
handled asthey do not have arolein the decomposi-
tion process. (v) High flux of atomic H generated in
HW-CVD helpsto remove highly strained bonds and
to decreasestructural disorder etc. Moreover, thetech-
niqueinvolvesvery few deposition parameterswhich
can easily be optimized, and thefilm growth processes
involvesmpleradicaswhich areprimarily atoms(e.g.
Si, H) released from the hot surface*.

InHW-CV D, many authors have reported that the
amorphous-to-nanocrystdlinetrangition occursmainly
dueto hydrogen dilution of silan€*®%2l. To best of our
knowledge, only few reportsexistintheliterature about
using noble/inert gasdilution of silanefor thesynthesis
of nc-Si:H filmsby the HW-CV D method?3. With this
motivation weinitiated the detailed study of synthesis
and characterization of nc-Si:H filmswithhydrogen (H,),
argon (Ar) and helium (He) dilution of silane(SH,) (de-

Diluent

Diluent +FSiH4
method. Here, F_, _andF_ , arethedilution gasflow

raeandsilane gggu?ftow ratz';‘éspecti vely. Inthispaper,
we present the preliminary results of i nvestigation of
structural, optical and electrical propertiesof nc-Si:-H
filmsdeposited by HW-CV D method asafunction of
H., Ar and Hedilution of silane. It hasbeen observed
that these propertiesaregreatly affected by H,, Ar and

Hedilution of dlane.

fined as Roiluent = ¢ ) by using HW-CVD

EXPERIMENTAL

Intringic hydrogenated nanocrystalinesilicon (nc-
Si:H) thin films were deposited simultaneously on
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corning #7059 glass and c-Si wafersinaHW-CVD
system, details of which have been described else-
wherd?, Three setsof filmswere prepared by using a
mixtureof puresilane(SH,) (Matheson Semiconductor
Grade) and H,, Ar and He gases separately. In order
to study theinfluence of the different gasesdilution of
slaneon structural, optical and eectrical propertiesof
thefilms, thediluent gasflow ratewas kept constant
(30scem) and thesilaneflow ratewasvaried from 1 to
20scemsothat R, ., s varied between 60 and 97
%. Thetemperature of thefilament was maintained at
1900 + 25 °C. The substrate temperature was held
constant (450 °C) during the deposition using a
thermocouple and temperature controller with an error
of + 59C. The deposition parameters are listed in

TABLE 1: Depodtion parameter sfor preparation of nc-Si:H
thin films.

Set-| Set-11 Set-111
Filament temperature (T;) 1900°C 1900°C 1900 °C
Subdtrateto filament disgance(dsy) 2.75cm  2.75cm  2.75cm
Silane flow rate (Fsing)

1-20 sccm 1-20 scem 1-20 scem

Hydrogen flow rate (F2) 30sccm - e
Argonflow rate (Fyy)  -—-- 30sccm -

Helium flow rate (Fpg = - - 30 sccm
Substrate Temperature(Tq.p) 450°C  450°C  450°C

50 mTorr 50 mTorr 50 mTorr
10-60 min 10-60 min 10-60 min

Deposition pressure(P)
Time of deposition

TABLE 1.

Thedark conductivity (s ,,,) and photoconductiv-
ity (o photo) weremeasured with acoplanar Al electrodes.
Fourier transforminfrared (FTIR) spectraof thefilms
were recorded by using FTIR spectrophotometer
(Shimadzu, Japan). Bonded hydrogen content (C ) was
cal cul ated from wagging mode of IR absorption peak
using themethod given by Brodsky et al [*!. Theoptica
band gap was estimated using the procedurefollowed
by Tauc?. Raman spectrawere recorded with micro-
Raman spectroscopy (Jobin Yvon HoribraLABRAM-
HR. The spectrometer has backscattering geometry for
detection of Raman spectrum with theresolution of 1
cmr. The excitation sourcewas 632.8 nmline of He-
Nelaser. The power of the Raman laser was kept less
than 5 mW to avoid laser induced crystallization onthe
films. The Raman spectrawere deconvoluted inthe
rangeof 400-540 cm using Levenberg-Marquardt
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method®’.. The crystallinefraction (X ) wasthen
deduced using the method proposed by Kaneko et
al.’®. The crystallite size (d., ) was calculated

B

fromdraman = 27 [A—wj , Where Ao isthe peak shift

for the hydrogenated nanocrystaline silicon (nc-Si:H)
comparedtothecrystalineslicon (c-Si),andB =2.0
nm? e, ow anglex-ray diffraction patternswere
obtained by x-ray diffractometer (Bruker D8 Advance,
Germany) using Cu K_ line (A = 1.54056 A). The
patternsweretaken a agrazing angleof 1°. Theaverage
crystallite size was estimated using the classical

0.9
Scherrer sformula, Ax-ray = mm.Thethicknecs

of films was determined by Talystep profilometer
(Taylor-Hobson Rank).

RESULTSAND DISCUSSION

Variation in deposition rate

Variation of depositionrate(r ) plotted asafunc-
tion of hydrogen (H,), argon (Ar) and helium (He) dilu-
tionof slane(R,, R, andR ) isshowninFigure 1. As
seenfromthefigure, for al dilutionsof silane(R , R,
andR ) thedeposition rate decreaseswithincreasein
dilution of slaneby thediluent gas. Decreasein depo-
stionratecan beattributed to decreasein SH, density
inthegas mixture. Withincreaseindilution of silane
with diluent gas, the concentration of precursorsthat
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Figurel: Variation of deposition rateasa function of dilu-
tion of silaneby H,, Ar and He gases.

produces Si:H film decreases.

Consequently, the deposition rate decreaseswith
increasing thedilution of silaneby thediluent gas. Fur-
thermore, thedeposition of filminvolvestwo smulta-
neous processes, thefirst isthegrowth of film forming
radica sand the second isthe etching of deposited por-
tion. Therefore, the deposition rateisdetermined from
the competiti on between both the deposition and the
etching processes. Thelow deposition rate observed
for hydrogendilution of slaneisundoubtedly related to
amoreefficient etching processin the deposition-etch-
ing competition compared to argon and helium diluted
films. Theetching effect of hydrogen atoms hasbeen
experimentally verified®l. Thehigher depositionrate
observed for argon and helium diluted films compared
to that of hydrogen dil uted filmsunder the same depo-
sition conditions can be correlated to the non-etching
properties of argon and helium®2,

Micro-raman spectroscopic analysis

Figure 2 shows Raman spectraof filmsdeposited
at hydrogen (H,), argon (Ar) and helium (He) dilution
of silane(R, R, and R, ). Each spectrum shownin
Figure 2 was deconvol uted into two Gaussian peaks
and one Lorentzian peak with aquadratic baselineus-
ing Levenberg-Marquardt method to cal culatevolume
fractionof crystallites(X ., ) andcrystallitesize(d, )
inthefilm. Theestimated X andd___ inthefilm
areasoindicated in eachfigure. Asseen from Figure
2(a), thefilm deposited at R , = 60 % shows abroad
rounded peak centered around 480 cn?, whichischar-
acteristicof aSi:H. Thefilm depositedat R, =80 %
showstheonset of nanocrydtalization. TheRaman spec-
trumfor thisfilm showsacombination of two TO phonon
peaks, one centered around 480 cm't and the second
centered at 501 cn?, thelater peak originatesfromthe
nanocrystdlinephasd®. Thisdearly indicatestheamor-
phous-to-nanocrysta linetransition. Thefilm deposited
aR,=80%showsX_ _~303%andd,_ <2
nm. By increasingthe R, t0 88 %, X andd_,
both increases, which inferred from the non-appear-
ance of amorphous phase and shifting of TO phonon
peak to the higher wave number 520 c 34, Thus, the
film depositedat R, =97 % shows X~ 77.6 %
andd,, . ~20.9nm. Theamorphous-to-nanocrystdline
trangition andincreasein volumefraction of crystallite
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anditssizewithincreasein R, inHW-CVD have been
reported by many authorg'®22, However, itisinterest-
ing to notethat in the present case we have observed
amorphous-to-nanocrystalinetrangtion comparatively
alow R . Thus, high hydrogendilution of silaneisnot
necessary to obtain nc-Si:H filmsby HW-CVD tech-
nique. INHWCVD, every silane molecul e upon disso-
ciationyieldsoneS atom and four H atoms. Also, the
hot filament isavery effective source of atomic HI®=,
Thefilament temperature (1900 °C) inHW-CVD de-
composesall hydrogen moleculesinto reactiveH at-
oms. Thus, thedensity of atomic H inthe deposition
chamber increaseswith increasein hydrogen dilution of
slane. Thisincreasestheetching of S alomsfromdis-
ordered and strained bonding sites and giving a
nanocrystalline network!®"#, Asaresult, amorphous-
to-nanocrystal linetransition takesplacewith increase
inhydrogendilutionof silane. Now let usseethe Raman
spectraof nc-Si:H filmsdeposited at Ar dilution (R, )
andheliumdilutionof slane(R,, ). AsseenfromFigure
2 (b), film deposited at R, = 60 % shows a broad
shoulder centred near 480 cm®, whichischaracteristic
of &Si:H whereasthe film deposited at R, =80 %
shows the onset of nanocrystallization. The Raman
spectrum for this film shows a combination of two
peaks, one centred ~ 480 cnt and the second centred
~ 505 cnt originating fromthe contribution of smal S
nanocrystals. Thisclearly indicates an amorphous-to-
nanocrydtdlinetranstioninthefilmwithincreaseinR .
Forthisfilm, X is~29.2%andd___is~2.0nm.
With further increasein R, , the TO phonon peak is
shifted further towardsthehigher wavenumber wherees
its intensity and sharpness are reduced indicating
increaseind,_, __and X inthefilms. Thus, forthe
film deposited at R, = 97 %, the Raman spectrum
shows nanocrystalline phase with the TO phonon pesk
centered at 519 cm™ and an amorphous content init.
Forthisfilm, X is~40.1%andd___is~8.3nm.
Thus, it is concluded that in HW-CVD, similar to
increasein hydrogendilution, anincresseinargondilution
of silanean amorphous-to-nanocrystallinetransition
occursand volumefraction of crystallitesanditssize
increase. Figure 2 (c) shows Raman spectraof nc-Si:H
filmsdeposited at varioushdiumdilutionof slane(R ).
Asseenfromthefigure, for thefilm depositeda R =
97 %, Raman spectrum showsabroad shoul der centred
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~480 cm, whichischaracteristic of a&Si:H and other
centred between 500-506 cm corresponding to
crystaline phase present inthe materia. For thisfilm
Xearen 1592 % and d___is2.4 nm. Withincreasein
Rier Xeara INthefilmsdecreaseswhiled, . remains
intherange of 2.4-2.1 nmfor theentirerangeof R
studied. The abrupt drop in the crystalline volume
fractionfrom 52 % for thefilm deposited at R, .= 60
% to 18 % for the film deposited at R,_ = 75 %
indicatesadverse/deterioraing effect of hdiumongrowth
of crystalinity innc-Si:H prepared by HW-CVD. Itis
reported that the metastable state of Ar and Heatoms
(Ar* and He*) and ions (Ar* and He")*4 plays a
vital role in promotion of nanocrystallization in
conventiona PE-CVD process.

However, in HW-CVD, the hot filament cannot f-
ficiently ionizeargon or hdiumduetothar highioniza-
tionenergy (15.8 €V and 24 eV respectively). Hence,
formation of metastableAr*/He* and Ar*/He* that pro-
motesthestructurd ordering and nanocrystallizationis
negligible. Wethink that in HW-CV D method, Ar and
Heatomscan achievethermal energy from the heater
and electronswhich are emitted by hot tungsten (W)
filament® 2, Withincreasing argon dilution, thedensity
of thermal Ar inthevicinity of growth zoneincreases.
The Gibb’s free energy required for the formation of
nano-crystalitesin theamorphous matrix“¥ issupplied
by thethermal Ar. The energy transferred by the ther-
mal Ar tothegrowth zoneis utilized in breaking weak
Si-Si bonds. The dangling bonds resulting from the
breaking of weak Si-S bondsform strong bondswith
Si or areterminated by H. Thismay helpin structural
reorientation |eading to the formation of amore com-
pact network and hence nanocrystallization. However,
incaseof helium dilution adequate Gibb’s free energy
isnot availablein the growth zone dueto |ow mass of
He (Hdiumistentimeslighter than Argon*4). Thisre-
aultsininefficient thermal energy transfer to thegrow-
ing surfacewnhich attenuatesthe processof crystallinity
inthefilm. Asaresult, thevolumefraction of crystallites
inthefilmsdecreaseswithincreasein heliumdilution of
dlane
Low anglex-ray analysis

Thex-ray diffraction patternsof nc-Si:H filmsde-
posited at hydrogen (H,), argon (Ar) and helium (He)
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dilutionof slane(R , R, andR ) isshowninFigure
3.AsseenfromFigure 3 (a), thefilmdeposited a R, =
75 % shows a broad shoulder centered at 26 ~ 25°
indicating that thefilmisamorphous. Thefilm depos-
iteda R, =80 % showstheonset of nanocrystallization
with apeak at 20 ~ 28.2° and lessintense peaks at 20
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~ 47° and ~ 56° corresponding to (111), (220) and
(3112) crystd orientations.

Thesereaultsindicatethat thecrystdlitesinthefilms
havepreferentid orientationin (111) directions. Itisaso
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observedthat withincreasein R theintensity of (111)
diffraction peak enhanceswheressitslinewidth get re-
duced. Theseresultsindicatethat thecrystalitesize(d
) anditsvolumefraction (X, ) incressewithincrees-
ing hydrogen dilution of silane. Figure 3(b) showsthe
x-ray patternsof nc-Si:H filmsdeposited at different Ar
dilution of silane(R, ). Similar to Figure 2(a), abroad
band centered at 26 = 25° has been observed for the
filmdepositeda R, =75 % indicating amorphousna-
tureof thefilm. Theonly featurecbservedfor dl filmsis
abroad shoulder occurring at 26 = 28.3° correspond-
ing to (111) crystal orientation. Furthermore, abroad-
ening of (111) diffraction peak hasbeen observed with
increasing R, suggesting increase in d,__ of Si

nanocrystalsin films. The other noticeablechange ob-
served inthediffraction patternsisthe enhancement of
(1112) diffraction pesak intensity which can beattributed
toincreaseinX . Theseresultsareconsistent with
Ramanandyss. Thus, withincreaseinargondilution of
slanethevolumefraction of crystallitesaswell asthe
crydadliteszeinthefilmincrease. Theimpact of helium
diluionof slane(R , ) onnc-S:H filmsisshowninHgure
3(c). Theonly feature observed for adl filmsisabroad
peak occurring at 26 = 27.9° corresponding to (111)
crystal orientation and lessintense peaks occur at 20 ~
41° and 20 ~ 53.4° corresponding to (200) and (311)
crystal orientations. The dominant peak is(111). The
perceptible change observedin thediffraction patterns
arethedight broadening and reduction of intensity of
(111) diffraction peak indicating decreaseind, o of S

nanocrystelsand decreasein X, withincreaseinR .

Theseresultsare cons stent with the Raman resultsand
providefurther strong support to adverse effect of He
ongrowth of crystallinity innc-Si:H prepared by HW-

CVD.

Variation in hydrogen content and microstructure
parameter

Torevea thehydrogen bonding configuration and
to estimatethetotal hydrogen content inthefilmand
microstructure parameter, FTIR spectroscopy was
used. It was found that the hydrogen content (C,)) in
Si:H materidscd culated from different methodsisquite
different. However, it has been reported that theinte-
grated intengity of thepeak at 630 cnt isthebest mea-
sure of hydrogen content and other bandsarelessreli-
able€*l, Whatever may be the nature of the hydrogen

= Fyl] Peper

bonding configuration; SH, Si-H,,, (Si-H,) , SiH, etc.,
all typesof thevibrationa modeswill contributeto the
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Figure4: Variation of hydrogen content (C,,) and micro-
structureparameter (R*) asafunction of dilution of silane
using different diluentsfor thenc-Si:H deposited thin films
by HW-CVD.

630 cm'* absorption band“el,

Thus, the hydrogen content has been estimated by
using integrated intensity of the peak at 630 cm by
taking the oscillator strength va ue determined by Itoh
et al.*1, The microstructure parameter (R*) isdeter-
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mined by using R* =15100/(l2100 *+2000) » Wherel,,,and
.00 A€ theintegrated absorption intensities at 2000
cm* and 2100 cm? respectively. Figure 4 showsthe
variaion of hydrogen content (C,,) and microstructure
parameter (R*) asafunction of hydrogen (H,), argon
(Ar)andhdlium(He) dilutionof slane(R,, R, andR ).
Asseenfrom Figure4(a) and (b), the C,, inthe hydro-
gen and argon diluted filmsincreaseswithincreasein
R,andR, . Simultaneously, theR* showsdecreasing
trendwithincreaseinR ,andR, . Itiswell knownthat
innc-Si:H films, mgority of H isbondedto the surface
of thenanocrystallites*. As probed by Raman analy-
sisand x-ray diffraction analysis, increaseinR , and
R, increasesthedensity of nanocrystdlitegrainsinthe
filmduetoincreasein volumefraction of crystallites.
Thisincreasesthetotd surfaceareaof grainswhich act
asreservoirsof H inthematerial“?. Thus, increasein
hydrogen content with increasein hydrogen and argon
dilution of silanecan beattributed toincreasein volume
fraction of crystallites (or decrease in amorphous
fraction) inthefilms Thedecreasingtrend of R* againgt
R, andR, indicatestheenhancement of structural order
and homogeneity of thedeposited filmswithincreasing
R, andR, . Figure4(c) showstheestimated hydrogen
content (C,,) and microstructure parameter (R*) innc-
Si:Hfilmsasafunctionof hdiumdilutionof slane(R,,).
Asseenfromthefigure, C intheheliumdiluted films
decreases with increase in R _ while the R* shows
increasing trend withincreaseinR . Theincreasein
R* withincreasein R, indicatesthe deterioration of
thefilm quditywithincreasingR . Theseresultsarein
agreement with the results obtained from Raman
spectroscopy and x-ray diffraction anaysis.

Optical properties

Variation of band gap (Eg) andUrbachenergy (E,)
asafunctionof hydrogen (H,), argon (Ar) and helium
(He) dilution of silane (R, R, and R, ) isshownin
Figure5. Asseen from Figure 5(a), the band gap for
thefilmsdeposited at various hydrogen and argon dilu-
tionsdecreaseswithincreaseinR , and R, . Conversely,
for R, itshowsgrowingtrend. Itisgenerally accepted
that the band gap is dependent on the hydrogen con-
tent and it increaseswith increasing hydrogen content
inthefilmd®. However, inthe present investigation,
the hydrogen content inthe hydrogen and argon diluted

Woateriolsy Science  mmm——

filmsdecreaseswith increasing hydrogen and argon di-
lutions of silane (see Figure 4aand 4b) whereasfor
helium diluted filmsit decreaseswithincreasnghdium
dilution of silane (see Figure 4c). Thus, only the num-
ber of Si-H bonds cannot account for theband gapin
nc-Si:H films. Inaddition, severa ambiguitiesexist about
the band gap of nc-Si:H filmsbecausethe materia con-
tainsboth phases, anorphousand crystalineand their
propertiesvary with thevolumefraction of these phases.
For the optical band gap estimation, Tauc §°! and
Cody’s® methods are generaly employed. The band
gap of aSi:H isbetween 1.6 and 1.8 eV depending on
the process parameterswhereasthat of c-Siis1.1eV.

Accordingly, inthe case of amixed phaseof crys-
tdlineand amorphous, i. e. nanocrystalline phase, the
band gap should lie between values of aSi:H and c-
Si. Rotaru et al .= have observed arel ation between
band gap and the content of amorphoussilicon using
both Cody sand Tauc smodels. They found that the
band gap increases with increasing the amorphous
content (intherange of 30-100 %) inthefilm. Thus,
we believethat the decreasein band gap with increas-
ing hydrogen and argon dilution of silanemay be due
totheincreasein volumefraction of crystallites (or
decreaseinamorphous content) inthefilm, asreveded
by the Raman spectroscopic and low angle x-ray dif-
fraction analysis. Figure 5(b) showsthevariation of
Urbach energy (E,,) asafunction of dilution of silane
for different diluents. It can be seen from thefigure
that for H,and Ar diluted films, the Urbach energy
decreaseswithincreasing thedilution of silaneand it
hasvauelessthan 100 meV for thefilmsdeposited at
higher dilutionof silaneindicating devicequdity filmg*.
Theseresults arein agreement with the results ob-
tained from FTIR analysiswhich indicatethat R* is
lessthan 0.1 for the films grown at high dilution of
silane (see Figure 5aand 5b).

Thus, weconcdludethat thenc-Si:H filmsdeposited
at high hydrogen/argon dilution of silaneare compact
withlessbandtailswhichischaracterigtic of good quaity
materiads. However, for theHediluted films, theUrbach
energy (E,,) of thedeposited filmsincreasesfrom 138
to 318 meV asR, increasesfrom 60 %to 97 %. This
indicatesthat the properties of the deposited filmsde-
gradewithincreasngthehdiumdilution of slanein HW-
CVD. Thiscondusioniswel supported by theincreasing
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trend of the microstructure parameter against the he-
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Figure5: Variation of band gap and Urbach ener gy asafunction of dilution of silaneusing different diluentsfor thenc-Si:H

deposited thin filmsby HW-CVD.
Electrical properties

Theeffect of dilution of silaneon dark conductiv-
ity (c,,,,) and photoconductivity (o, ) of nc-Si:H
filmsdeposited by HW-CVD using different diluents
isshowninFigure6. Asseenfrom Figure6(a) for the
hydrogendilutedfilms, o, increasesfrom~4.7x10
¥Semto~4.2x10°S/cmand o, , increasesfrom ~
7.4x10° Scmto~ 1.54x10* ScmwhenR | increases
from 60 % to 70 %. Asaresult the photosensitivity
(Cprore/ O ) dECreasesfrom 1.55x10°for R, =97 %
to 3.5x10* for the film deposited at R , = 60 %. For
argondiluted filmsindicatedin Figure 7(b), o, in-
creases by order of 2 (from~10° S/cmto~108Y
cm) when argon dilution of silaneincreasesfrom 60
%10 97 %, whereasthec,, . remainsintherange of
10%-10° S/cm for the entirerange of argon dil ution of
silanestudied. Asaresult, the photosensitivity (. /
o,,) decreasesfrom 10° to 10°when argon dilution
of silaneincreasesfrom 60 % to 97 %. Thisindicates
that thefilms deposited with increas ng hydrogen and
argondilution of silane get structurally modified. We
attribute the drastic reduction in the photosensitivity

totheincreasein crystalinevolumefractionand crys-
tallite sizebecause thenc-Si:H filmsprepared by dif-
ferent methods show high dark conductivity and neg-
ligible photo-responsedepending onthecrystallitesize
and itsvolume fraction®™. Thisinferenceisfurther
strengthened by the observed variation in deposition
rate for hydrogen and argon dilution of silane (see
Figure 1) because lower deposition rate is more
conducivetotheformation of crystalinity inthefilm
structure®™, Theeffect of heliumdilutionof silane(R,, )
ondark conductivity (o, ) and photoconductivity
(Cpo) Of NC-Si:H filmsisshownin Figure 6(c).
Asseenfromthefigure, o, wasfoundintherange
of 107-10® S‘emand 6, , Wasin therange of 10*-
10°withincreasein Hedilution of slaneincreasefrom
60 % to 97 %. As aresult, photosensitivity (o, /
) INcreasesfrom 36 to 2.8x10° when Hedilution
of silaneincreases from 60 % to 97 %. We attribute
the enhancement in the photosensitivity due to the
increaseinamorphousfractioninthefilmwithincrease
in He dilution of silane. This inference is further
strengthened from Raman spectroscopic results.
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Figure6: Variation of dark and photoconductivity asafunc-
tion of dilution of silaneusing differ ent diluentsfor thenc-
Si:H deposited thin filmsby HW-CVD.

CONCLUSIONS

Effect of hydrogen, argon and heliumdilution of -
lane on structural, optical and electrical properties of
nc-Si:H filmsdeposited by HW-CVD has been stud-
iedindetall. Raman spectroscopy and low anglex-ray
diffraction analysis revealed that with increase in
hydrogenand argondilution of slanethecrystdlinity as
well ascrystalitesizeinthefilmsincrease. However,

with increase in helium dilution of silane both, the
cryddlinity and crystdliteszeinthefilmsdecrease. The
microstructure parameter decreaseswithincreasein hy-
drogen and argon dilution of silanewheressitincreases
withincreasein hdiumdilutionindicating that within-
creasein hydrogenand argon dilution of slanethequdlity
of filmsimproves whereas helium dilution of silane
deterioratesthefilmsqudity. Resultsof band gap show
that it isindependent of hydrogen content inthefilm but
itincreaseswithincreaseinvolumefraction of crystdlites
duetoincreasein hydrogen and argon dilution of silane
and decreaseswithincreasein hdiumdilution of silane
dueto reductionof volumefraction of crystalitesinthe
films. The Urbach energy values for nc-Si:H films
deposited a high hydrogen/argon dilution of silaneare
compact with lessband tailswhichischaracteristic of
good qudity materiads. However, for thehelium diluted
films, the Urbach energy increases with increase in
helium dilution indicating the degradation of film
propertieswithincreasingtheheliumdilution of slane
in HW-CVD. From the present study it has been
concluded that theaddition of hydrogen and argonwith
silanein HW-CVD hasbeneficia effect onimprove-
ment of nc-Si:H film propertiesand addition of helium
has an adverseeffect on them.
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