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Hydrogen elimination model of the formation of hydrogen bonding structures during the growth of
hydrogenated amorphous silicon by plasma CVD
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The correlations between the@dihydride#/@monohydride# ratio and the H content in hydrogenated amorphous
silicon (a-Si:H) and alloy materials were studied statistically for data obtained from infrared absorption
spectroscopy. A hydrogen-elimination~HE! model, which is based on the thermally activated elimination of H
atoms from SiH3 precursors, is proposed to describe the formation kinetics of H-Si bonding configurations
during film growth. The experimental results were compared with a continuous random network~CRN! model
and the HE model. It was found thata-Si:H deposited using a low rf power and a low H2-dilution SiH4 plasma
selectively contains Si-H2 structures, while a high H2-dilution method reduces Si-H2 resulting in an almost
random network. The selective Si-H2 formation is probably caused by the larger activation energy for
H-elimination from Si-H2 rather than from Si-H. It is proposed that the H2-dilution effects activate the
H-elimination and reconstruction of the network, and decrease Si-H2 to maximize the entropy of the arrange-
ment of H atoms. The HE model can quantitatively describe the deposition condition dependence of the H
bonding structures. Furthermore, it was suggested that the random H-elimination reactions can cause selective
Si-H formation compared to the CRN model.
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I. INTRODUCTION

Hydrogenated amorphous silicon (a-Si:H) and its alloy
materials deposited by plasma chemical vapor deposi
~CVD! methods are important for large-area semiconduc
devices, such as solar cells. A stabilized efficiency of 9.
for a submodule~1200 cm2! with an a-Si/a-SiGe tandem
cell structure, the world’s highest, was recently achieve1

Incorporated H atoms and H-Si bonding structures in
materials play a dominant role in determining the optoel
tronic properties. A study of the stretching vibrational mod
of H-Si bonding from infrared~IR! absorption spectra pro
vides information about the H bonding configurations. T
absorption peak located at;2000 cm21 is associated with
monohydride~Si-H! structures, and that located at;2100
cm21 is associated with dihydride (Si-H2) or clustered void
structures.2,3 It has often been reported that an increase in
Si-H2 concentration cause a deterioration in photoconduc
ity, increased defect density and poorer photostability.4–10 In
order to control material quality, it is essential to control t
H bonding configurations. Therefore, it is of interest
clarify the formation mechanism of H bonding structur
during deposition.

Hydrogen content,CH , is a factor affecting the H bonding
structures in thea-Si:H network. WhenCH increases, the
probability of a certain Si atom bonding to multiple H atom
increases and more polyhydride structures seem to app
Many research groups have previously reported 1-to-1 p
tive correlations between the Si-H2 content andCH for
a-Si:H deposited by various deposition systems such
plasma CVD or magnetron sputtering methods.6,11–14 Some
PRB 620163-1829/2000/62~24!/16808~7!/$15.00
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research groups have tried to explain these correlations
statistical considerations based on random models of H
Si atoms in thea-Si:H network, and have succeeded
qualitatively explaining the increase in the Si-H2 content
with CH .11,14 However, it has been reported that the use
deposition techniques, such as highly H2-diluted SiH4 plasma
or post H-plasma treatment, can reduce the Si-H2 content
independent ofCH .6,10 Hence, the previous random mode
which do not take into account the deposition mechanis
could not explain the changes in the bonding structures
depend on the process conditions.

The kinetics ofa-Si:H growth is considered to be as fo
lows. SiH3* and H* radicals generated in the plasma im
pinge on and stick to the growing surface. The topmost la
of a growing film is covered by Si-H3 structures, and the
CH(5@H#/@Si#) of this region is ;300 at %. During the
growth of several atomic layers, excess H atoms are relea
and theCH reaches the steady state value of the bulk
10–20 at %. Ganguly and Matsuda have proposed a sur
diffusion ~SD! model to describe the relationship betwe
a-Si:H film properties and the process conditions of plas
CVD. The model assumed that the defect density in the fi
bulk is simply determined by the defect density at the top
the growing film.15 Although the SD model explains the re
lationship among the defect density, growth rate and proc
temperature, it does not quite come to grips with the form
tion of H bonding configurations in the growth zone. Mae
et al. have considered the process condition dependenc
the H bonding structures.16 They assumed two H-elimination
reactions with different rates, and tried to explain the
crease in Si-H2 with an increase in the growth rate. Eve
16 808 ©2000 The American Physical Society
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their model could not quantitatively describe the H bond
configurations in thea-Si:H network. Someab initio ap-
proaches have also been carried out. Satoet al., Nakajima
et al., and Srinivasanet al. have reported the configuratio
dependence of the activation energy for H-eliminati
reactions.17–20 However, the scale of theab initio calcula-
tions is limited to only several Si-atom clusters at the pres
stage, and it has not yet been possible to apply the metho
a large-scalea-Si:H network.

In this paper, a new statistical model is proposed to qu
titatively describe the deposition condition dependence of
H bonding structures ina-Si:H, by simulating the thermally
activated H-elimination reactions in the growth zone. T
CH dependence of the network structures using
H-elimination ~HE! model is compared with the experime
tal results of IR absorption analysis and a continuous rand
network ~CRN! model. The effect of H2-dilution techniques
on the H bonding structures is also discussed.

II. HYDROGEN BONDING STRUCTURES

A. IR analysis of a-Si:H and a-SiGe:H

a-Si:H anda-SiGe:H films with a thickness of 0.2–1.
mm were deposited in an rf plasma-CVD reactor. The de
sition conditions are shown in Table I. The IR absorpti
spectra were decomposed of two~for a-Si:H! or three~for
a-SiGe:H! Gaussian curves centered at frequencies
;1860, ;2000, and;2100 cm21, which were assigned to
the stretched vibrational modes of Ge–H, Si-H, and Si-2,
respectively. The H content (CH) was defined as
@H#/~@Si#1@Ge#). The bonded H content in each configur
tion @CH~Ge-H!, CH~Si-H!, andCH~Si-H2!# was evaluated by
distributing theCH proportional to the product of the calibra
tion factor ~ASi or AGe! and the area under the Gaussi
curve of each mode.12 The details of the experimental pro
cedure are presented elsewhere.9,21

Figure 1 shows theCH(Si-H2)/CH(Si-H) of a-Si:H
(Ra-Si:H) deposited from low-dilution (@H2#/
@SiH4#,2.5) and high-dilution (@H2#/@SiH4#.10) source
gases plotted againstCH . The Ra-Si:H for the low-dilution
a-Si:H samples has a 1-to-1 correlation toCH , as previously
reported.6,11–14The Ra-Si:H ratio can be reduced independe
of CH by the use of high dilution. Figure 2 shows th
CH(Si-H2)/CH(Si-H) of a-SiGe:H (Ra-SiGe:H) deposited
from low-dilution (@H2#/~@SiH4#1@GeH4#!52.5) and high-
dilution (@H2#/~@SiH4#1@GeH4#!520–40) mixture gases as
function of the content of bonded H to Si,CH(Si)
(5(CH(Si-H2)1CH(Si-H))/CSi). The broken line in Fig. 2
indicates theRa-Si:H-CH trend for low-dilutiona-Si:H replot-
ted from Fig. 1. TheRa-SiGe:H-CH(Si) correlation for low-
dilution a-SiGe:H is similar to theRa-Si:H-CH correlation for

TABLE I. Deposition conditions of samples.

Substrate temperature 80–350 °C
Reaction pressure ;20 Pa
Background pressure 1025– 1026 Pa
RF power density 20–300 mW/cm2

Hydrogen dilution ratio 0–30 for a-Si:H
@H2#/~@GeH4#1@SiH4#! 2.5–40 fora-SiGe:H
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a-Si:H. In addition, theRa-SiGe:H can be reduced by a hig
H2-dilution source gas as was the case fora-Si:H. The
Ra-SiGe:H-CH(Si) correlations for both low- and high-dilution
a-SiGe:H samples~Fig. 2! are similar to theRa-Si:H-CH cor-
relations ina-Si:H ~Fig. 1!. This suggests that there exists
common mechanism determining the H-Si bonding str
tures in botha-Si:H anda-SiGe:H.21

B. Continuous random network „CRN… model

Continuous random network~CRN! models22 have been
considered useful for describing the amorphous network,
cause nonequilibrium amorphous structures seem to co
spond to the maximum entropy of atomic arrangement.
this section, H-Si bonding structures in a CRN are cons
ered, on the assumption that Si and H atoms are rando
mixed. The CRN is assumed to be composed ofM four-
valent Si atoms andL mono-valent H atoms. All H atoms
combine with Si atoms, and the number of dangling bond
negligible compared toM andL. The number of H-Si bonds
NH-Si , and Si-Si bonds,NSi-Si, can be represented as

NH-Si5L5MCH , ~1!

NSi-Si5~4M2L !/25M ~42CH!/2, ~2!

where CH5@H#/@Si#5L/M . The probability of a bond,
sampled from the network at random, being a Si-Si bo
pSi-Si, or a H-Si bond,pH-Si , is represented as follows, re
spectively,

pSi-Si5NSi-Si/~NH-Si1NSi-Si!5~42CH!/~41CH!, ~3!

FIG. 1. @dihydride#/@monohydride# ratio for a-Si:H samples
(Ra-Si:H5CH~Si-H2!/CH~Si-H!) plotted against H content (CH) de-
posited from low dilution (@H2#/@SiH4#,2.5) and high dilution
(@H2#/@SiH4#.10) source gases. The arrow indicates a schem
trend for increasing H2-dilution ratios ~H2-dilution effects!. The
solid line indicates the trend of the continuous random netw
~CRN! model fora-Si:H represented in Eq.~9!.
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pH-Si512pSi-Si512NSi-Si/~NH-Si1NSi-Si!

52CH /~41CH!. ~4!

When a H atom is sampled from the network at rando
the probability of the configuration of the H-Si bond bein
the monohydride—in other words, the remaining three
lences of the Si atom connected with the neighboring Si—
pSi-Si

3 . By a similar consideration, the H content in differe
configurations can be represented as

CH~Si-H!5CHpSi-Si
3 5CH~42CH!3/~41CH!3, ~5!

CH~Si-H2!53CHpH-SipSi-Si
2 56CH

2 ~42CH!2/~41CH!3, ~6!

CH~Si-H3!53CHpH-Si
2 pSi-Si512CH

3 ~42CH!/~41CH!3, ~7!

CH~Si-H4!5CHpH-Si
3 58CH

4 /~41CH!3, ~8!

where the factor of 3 in Eqs.~6! and ~7! was obtained by
considering the possible number of atomic arrangements
Si-H2 or Si-H3 configurations. Figures 3~a! and 3~b! show the
H content of SiHn ~n51, 2, 3, and 4! configurations in the
CRN model plotted against the H content described in E
~5!–~8!. Figure 3~b! shows details of the behavior in th
range ofCH50 – 30 at % which can be compared to the bu
data shown in Figs. 1 and 2. The@polyhydride#/
@monohydride# ratio of the CRN can be represented as
function of CH as follows:

FIG. 2. @dihydride#/@monohydride# ratio for a-SiGe:H samples
(Ra-SiGe:H5CH~Si-H2!/CH~Si-H!) plotted against H content bonde
to Si (CH~Si!) deposited from low-dilution (@H2#/(@SiH4#
1@GeH4#)52.5) and high-dilution (@H2#/(@SiH4#1@GeH4#)
520– 40) source gases. The broken line indicates the trend for
dilution a-Si:H samples.
,

-
is
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s.

$CH~Si-H2!1CH~Si-H3!1CH~Si-H4!%/CH~Si-H!

5~12pSi-Si
3 !/pSi-Si

3 52CH~CH
2 148!/~42CH!3.

~9!

The solid line in Fig. 1 shows the result of the CR
model described in Eq.~9!, which is quantitatively consisten
with the results of a statistical computer simulation describ
in Ref. 14. Although the CRN model can explain the positi
dependence of theCH(Si-H2)/CH(Si-H) ratio onCH , there
is a great quantitative disagreement between the model
the experimental results of low-dilutiona-Si:H. One can see
that the low-dilution samples selectively contain polyhydri
bonds, while the high-dilution samples approximately cor
spond to the CRN model. The CRN model could not d
scribe the deposition condition dependence of H bond
configurations, either. This is because the randomness is
evident for materials fabricated by rapid cooling from t
liquid phase. The process temperature duringa-Si:H deposi-
tion by plasma CVD, which is at most;300 °C, is much

w

FIG. 3. Hydrogen content in SiHn ~n51, 2, 3, and 4! configu-
rations of the CRN model plotted against the H content describe
Eqs. ~5!–~8!: ~a! CH50 – 400 at %, ~b! CH50 – 30 at % ~corre-
sponding to bulka-Si:H!.
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PRB 62 16 811HYDROGEN ELIMINATION MODEL OF THE FORMATION . . .
lower than the melting point of Si~;1412 °C!. Under these
nonequilibrium conditions, attention should be paid to a
other factor, the ‘‘deposition mechanism,’’ for a quantitati
comprehension of H microstructures.

III. HYDROGEN ELIMINATION „HE… MODEL

A. Deposition mechanism

In order to explain the process dependence of H bond
structures, the deposition kinetics ofa-Si:H has to be taken
into account. The CRN model assumes the random inser
of H into the Si network or the random mixing of Si and
atoms, as mentioned before. However, in the case of dep
tion from low-dilution or low rf-power SiH4 plasma, in
which the effects of ion bombardment are negligible, t
dominant reaction in the growing surface is the eliminat
of excess H atoms. In this section, we propose a new num
cal model simulating the H-elimination reactions in t
growth zone to analytically describe the formation mec
nism of H bonding structures.

B. Numerical model

Figure 4 schematically illustrates the growth process
a-Si:H film. It was assumed that~a! the top of the growing
film is covered by SiH3 and each Si atom bonds to three
atoms, and~b! the H-Si bonding configurations in the bu
are determined simply by the H-elimination reactions. P
sible H-elimination reactions and corresponding react
rates (r n) can be represented as follows:

Si-Hn→Si-Hn211H ~n51, 2, and 3!, ~10!

r n}exp~2En /kT! ~n51, 2, and 3!, ~11!

whereEn is an activation energy for the H-elimination from
Si-Hn configurations, andk andT are the Boltzmann constan

FIG. 4. A schematic illustration of the H-elimination~HE!
model fora-Si:H film growth. The top surface is covered by Si-H3

structures. Bulka-Si:H structures are formed via H-elimination re
actions in the growth zone represented by Eq.~10!.
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and process temperature, respectively. The change of Sn
content (sn) with a very small amount of H-elimination
(DCH5s11s21s3) can be described as follows:

s1Si-H1s2Si-H21s3Si-H3

→s1Si1s2Si-H1s3Si-H21~s11s21s3!H

~n51, 2, and 3!, ~12!

wheresn is proportional to both the H-elimination reactio
rates (r n) and the H content in Si-Hn configurations, and can
be represented as

sn}r nn@Si-Hn#}r nCH~Si-Hn!, ~13!

where@Si-Hn# indicates the density of Si-Hn structures. The
H-elimination reactions shown in Eq.~12! imply sn of Si-Hn
@which corresponds tonsn of CH(Si-Hn)# is removed while
sn of Si-Hn21 @which corresponds to (n21)sn of
CH(Si-Hn21)# is created simultaneously. Therefore, the d
creasing ratios ofCH(Si-Hn) ~n51, 2, and 3! against de-
creasingCH (2DCH) can be represented as follows, respe
tively,

dCH~Si-H3!/dCH53s3 /~s11s21s3!, ~14!

dCH~Si-H2!dCH52s2 /~s11s21s3!22s3 /~s11s21s3!,
~15!

dCH~Si-H!/dCH5s1 /~s11s21s3!2s2 /~s11s21s3!.
~16!

According to the deposition model described in Fig. 4, t
topmost layer of the growing film is covered by SiH3 radi-
cals. Thus, the boundary conditions atCH53 can be repre-
sented as follows:

CH~Si-H!5CH~Si-H2!50 and CH~Si-H3!53. ~17!

It has been reported that the activation energies
H-elimination reactions duringa-Si:H growth are much
lower than that of simple H-Si detachment reactions.23 This
is probably because the main H-elimination reactions in
growth zone happen together with H-Si or H-H formatio
reactions. Equation~10! can include these multiple reaction
by taking into consideration the difference in the activati
energies among these reactions, although Eq.~10! indicates
simple H-elimination as atomic H.

C. Analysis procedure

1. EnÄconst

If En is independent of the H bonding configurations,
atoms eliminate randomly andr n is constant. In the case o
this random H-elimination~RHE! model, the simultaneous
differential equations, Eqs.~14!–~16!, can be solved unde
the boundary conditions, Eq.~17!. The solutions become a
follows:

CH~Si-H3!5CH
3 /9, ~18!

CH~Si-H2!522CH
2 ~CH23!/9, ~19!
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CH~Si-H!5CH~CH23!2/9. ~20!

The solutions, Eqs.~18!–~20!, are independent ofT, because
the r n’s in the numerators and denominators of Eqs.~14!–
~16! cancel out. Figure 5~a! shows the H content of SiHn
~n51, 2, and 3! configurations in the RHE model plotte
against the H content described in Eqs.~18!–~20!. This fig-
ure corresponds to the changing stages of the H bon
configurations—from SiH3 radicals to the bulk— in the
growth zone during deposition. Figure 5~b! shows the details
in the range ofCH50 – 30 at % to compare with the bul
data shown in Figs. 1 and 2. One can see that the poly
dride content of the RHE model is lower than that of t
CRN model shown in Figs. 3~a! and 3~b! for the entireCH
region. For the RHE model, the @polyhydride#/
@monohydride# ratio can be represented as a function ofCH
as follows:

$CH~Si-H3!1CH~Si-H2!%/CH~Si-H!

52CH~CH26!/~CH23!2. ~21!

FIG. 5. Hydrogen content in SiHn ~n51, 2, and 3! configura-
tions of the random H-elimination~RHE! model plotted against the
H content described in Eqs.~18!–~20!: ~a! CH50 – 300 at %
~corresponding to the growth zone!, ~b! CH50 – 30 at % ~corre-
sponding to bulka-Si:H!.
g

y-

2. EnÅconst

In the case of the RHE model (En5const), Eqs.~14!–
~16! were solved analytically. However,En and r n are gen-
erally considered to vary with the H bonding configuration
Sato et al.18 and Srinivasanet al.20 have each pointed ou
that, based onab initio simulations, the rates of H desorptio
reactions are considered to depend on the network around
H-Si bonds. It was predicted that the activation energy o
elimination from monohydride (E157.2 kcal/mol) is smaller
than that from dihydride (E258.2– 10.8 kcal/mol), based o
the assumption of H-abstraction reactions mediated thro
H2-molecular formation.20

In the case in which the H-elimination rate is depend
on the H bonding configurations, the solutions become m
complicated because they are functions ofT. We solved the
simultaneous differential equations, Eqs.~14!–~16!, by using
computer analysis~Mathematica 2.2.2 for Macintosh b
Wolfram Research, Inc. was used!. Figure 6 shows the
@polyhydride#/@monohydride# ratios of the HE model plotted
againstCH . The arrows and dashed lines indicate the cha
ing stages of the@polyhydride#/@monohydride# ratios during
H-elimination reactions for various process temperatur
which are the solutions of Eqs.~14!–~16!, where, En
2En2153 kcal/mol was assumed althoughE22E1
51.0– 3.6 kcal/mol in Ref. 20. The stages are strongly
pendent on the process temperature, in contrast to the ca
the constantEn shown in Eqs.~18!–~21!.

Now let us turn to the correlation betweenCH and T.
Figure 7 shows theCH of a-Si:H deposited with;1 and;3

FIG. 6. @polyhydride#/@monohydride# ratio @(CH~Si-H3!
1CH~Si-H2!)/CH~Si-H!# of the H-elimination~HE! model plotted
against H content. The arrows and dashed lines indicate the st
of the H-elimination reactions and their extensions during fi
growth at various process temperatures, which are obtained f
Eqs. ~14!–~16!. The bold line indicates the H bonding configur
tions in bulka-Si:H, respectively, which was obtained by conne
ing the end points of the H-elimination reactions~corresponding to
the H content in Fig. 7! for various process temperatures. Whe
En2En2153 kcal/mol and the deposition rate of 1 Å/s were a
sumed.
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Å/s of growth rate plotted against the process temperat
Since the H-eliminations are thermally activated reactio
CH is mainly determined byT despite the slight dependenc
on the deposition rate. The following empirical relation w
obtained by a curve fitting of the plotted data in Fig. 7,

CH5a ln~1000/T!2b, ~22!

wherea andb are 0.32 and 0.10 for 1 Å/s, and 0.40 and 0.
for 3 Å/s, respectively. Therefore,

T51000/exp$~CH1b!/a%. ~23!

By substituting Eq.~23! for T in the solutions of Eqs.~14!–
~16!, the end point of the H-elimination reactions in th
growth zone can be determined for each temperature.
solid line in Fig. 6, which was obtained by connecting t
end points of the H-elimination reactions, indicates t
@polyhydride#/@monohydride# ratio in the bulka-Si:H as a
function of CH .

IV. DISCUSSION

Figure 8 shows the@polyhydride#/@monohydride# ratios of
the HE (En2En2153 kcal) and RHE (En5const) models
plotted againstCH . The dark and bright hatched regions i
dicate the experimental results of the high- and low-dilut
a-Si:H samples, respectively, shown in Fig. 1. The brok
line in Fig. 8 shows the results of the CRN model describ
in Eq. ~9!.

Both HE and RHE models also exhibit positive depend
cies onCH . Although this is qualitatively similar to the CRN
model, quantitative differences exist. Over the entireCH re-
gion, the@polyhydride#/@monohydride# ratio of the HE model
is about 2 times larger than that of the CRN model, wh
that of the RHE model is less than half that of the CR
model.

On the one hand, the HE model is closer to the trend
the low-dilution samples than the RHE or CRN models. T
preferential Si-H2 formation in the low-dilutiona-Si:H is
caused by the selective H desorption from monohydr
structures due to the smaller activation energy, as mentio

FIG. 7. Arrhenius plots of the H content ofa-Si:H samples
deposited with growth rates of 1 and 3 Å/s.
e.
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before. However, in the high-CH region ~.25 at %! larger
@polyhydride#/@monohydride# ratio than the HE model pre
dicts cannot be explained for reasonable differences betw
the activation energies for the different configurations. T
excess SiH2 signal in the IR experiments probably originat
from H-Si bonds in the internal surface of voids or (SiH2)n
chain structures due to suppressed surface reactions a
low temperature. On the other hand, the RHE model appr
mately agrees with the trend of the high-dilution samples
the case of the high H2-dilution process, abundant H* radi-
cals supplied from the plasma might reduce the activat
energies for H-elimination from polyhydrides and hence e
hance the H-elimination reactions. In addition, the hig
dilution deposition processes are thought to supply eno
energy to cause H-elimination and insertion reactions by
radicals or ions impinging on the surface. These reacti
cause an active reconstruction of amorphous network,
result in random H-bonding configurations which give t
largest entropy for the arrangement of H atoms.

One can see that the RHE model causes fewer poly
dride structures than the CRN model in the region withCH
less than 30 at %. It is expected that the rand
H-elimination reactions for appropriate H2-dilution condi-
tions can result in selective monohydride structures, lead
to improvements in both the electronic properties and
photostability of materials.

It is possible that the eliminated H recombines with
again in the growth zone. Under high growth-rate and/or l
H-elimination-rate conditions, the effects of buried H atom
seem to be remarkable. If buried H atoms recombine w
Si atoms randomly, the H bonding configurations may
expected to depart from the HE model and approach
CRN model. As a result the SiH2/SiH ratio should decreas
~Fig. 8!. However, contrary to the expectation, it has be
reported fora-Si:H deposited from nondiluted SiH4 plasmas

FIG. 8. A comparison of the@polyhydride#/@monohydride# ratio
@(CH~Si-H3!1CH~Si-H2!)/CH~Si-H!# among HE (En2En21

53 kcal/mol) and RHE (En5const) models plotted againstCH .
The dark and bright hatched regions indicate the IR experime
results of the high- and low-dilutiona-Si:H samples, respectively
as shown in Fig. 1. The broken line indicates the CRN model r
resented in Eq.~9!.
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that SiH2/SiH ratios increase under process conditions w
low temperatures and high growth rates.6 Buried H atoms are
considered to be captured in hydrogen rich regions se
tively, and form H clusters or polyhydride structures.

V. CONCLUSIONS

The correlations between the @polyhydride#/
@monohydride# ratio and the H content (CH) in hydrogenated
a-Si:H anda-SiGe:H were studied statistically. The expe
mental results of an infrared~IR! absorption analysis wer
compared with a continuous random network~CRN! model
and a H-elimination~HE! model. The conclusions are sum
marized below.

~1! a-Si:H deposited from the low H2-dilution plasma se-
lectively contains Si-H2 structures, while a high H2-dilution
method reduces Si-H2 resulting in an almost randoma-Si
network. The selective Si-H2 formation is explainable by the
larger activation energy for H-elimination from Si-H2 rather
than from Si-H. It is supposed that the H2-dilution effects
activate the H-elimination and reconstruction of the netwo
and decrease Si-H2 to maximize the entropy for the arrang
ment of H atoms.
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