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Thermally induced modifications on bonding configuration and density
of defects of plasma deposited SiO ,:H films
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The bonding configuration, hydrogen evolution, and defect content of rapid thermally annealed
(RTA) SiO,:H films of different compositions were studied. Infrared absorption measurements
showed that all the hydrogen present in the films is lost at annealing temperatures below 600 °C
without any change in the oxygen to silicon ratio of the films. The activation energy of the hydrogen
release is in the 0.21-0.41 eV range independently of film composition, suggesting that the process
occurs via network bond reactions. For annealing temperatures higher than 700 °C, a change in the
Si—O-Sistretching wave number from the initial unannealed value to the 1070—108bramge

was promoted, independently of the initial film composition. Electron spin resonance measurements
showed that all the films contain two type of bulk paramagnetic defects: Ethecenter
(eSE=03) and the silicon dangling bond center (=S8i;). The RTA process promotes a general
decrease of defect concentration for annealing temperatures below 400 °C. At higher temperatures,
E’ center disappears, and the=S$i, center increases its concentration up to th€100® cm™3

range. This suggests that the RTA at higher temperatures promotes the formation of a high-quality,
almost defect-free, SiOmatrix in which highly defective Si nanocrystals are also formed, where the
*SE=Si; centers are located. @002 American Institute of Physic§DOI: 10.1063/1.1495068

I. INTRODUCTION infrared spectroscopyFTIR), high-resolution transmission
electron microscopy, secondary ion mass spectroscopy, x-ray

Thermally grown silicon dioxide (Sif) is the most ex- photoelectron spectroscopgtc., in some promising materi-

tensively used dielectric in the microelectronic industry be-als, like the TaOs/Si systent the TiO,/Si systent or the

cause its excellent electrical characteristics and the higliBaSr)TiO,/Si systent. Also, Lucovsky et al. with their

quality of the SiQ/Si interface. It is well known that the constraint theory deduced the necessity of this interfacial

Si/SiO, interface is composed of stoichiometric $i@ithin  suboxide film to reach good electrical characteristits.

4-6 A of the interface, where Si-rich suboxide (Si® It is also known that during thermal anneals, SiB

<2) layers are preseniThe presence of these suboxide lay- films experiences the following network reactibf:

ers strongly limits the electrical characteristics of devices _ . .

where thg ySi/Si@ interface plays a main role, like field- SiO— (x/2)SI0, +(1=X/2) S, @

effect transistors. i.e., the annealing promotes the formation of both stoichio-
The aggressive scale of integration also leads to higlnetric SiQ and Si clusters of nanometer sie the follow-

gate capacitances, and these high gate capacitances requifg, nanocrystalline silicon nc-$! This network reaction

an ultrathin SiQ film, which is too leaky for device perfor- takes place both at the transition region of the S inter-

mance. Much effort has been invested into finding a Hgh- face and in bulk thin film$. These nanoclusters are highly

dielectric with interface characteristics comparable to therdefective, but by now it is not clearly known where these

mal SiG, and a higher physical thickness to reduce gate leakdefects are present or whether they are in the bulk of the

age. Most of these dielectrics contain oxygen, which usuallgluster or at the interface with the Si@natrix within they

reacts with the silicon of the substrate leading to an interfaare embedded. Much work has been done to study the lumi-

cial suboxide layer. These suboxides put severe limitationgescence properties of such nct&t! On the contrary, only

on the device performance because they lead to a reducticnfew papers dealing with the type of defects present in these

of the total effective relative permittivity of the dielectric, nc-Si can be found in literaturé:*®

being the advantage of the high dielectric constant of these Reaction(1) does not contain information about other

materials eventually lost. These suboxide films have beeprocesses also taking place during thermal treatments: Defect

detected by several different methods like Fourier transfornevolution and hydrogen release, that occurs at moderate

temperature$? In fact, thermal annealing can modify both

3Author to whom correspondence should be addressed; electronic maifl€ type of defect present in the film and also its concentra-

imartil@fis.ucm.es tion. The influence of rapid thermal anneali(igTA) on the
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evolution of defects has been recently analyzed by our group . . . .
on stoichiometric, almost hydrogen free, $ifims.*® 1

The aim of this work is to analyze the thermal behavior
of bulk SiQ,:H films deposited by the electron cyclotron
resonance ECR) plasma method in a wide range of film
composition. The main emphasis will be paid to the analysis
of the hydrogen release and to the changes that the type and
concentration of defects undergo during thermal anneals of
such films.

l
Si-Si-H(b)

Absorbance (arb. units)

Il. EXPERIMENT ; . " . T
4000 3000 2000 1000

Several series of films of 200—300 nm thick were depos- Wavenumber (cm™)
ited onto a Radio Corporation of Amerid®CA) cleaned o _ N o _
nigh-resisiviy sicon iaferB0 .o Si(111] polished on _ (1%, F1 heeie SLER SEER I seeostions Soeiener
both sides. Deposition processes were conducted in a hOMgsye been identified.
made chamber attached with an ECR Astex 4500 reactor.
The deposition chamber was pumped by a turbomolecular
pump, reaching a base pressure of B0’ mbar. Further lowing the papers of the North Carolina State University
details of the deposition system are given elsewhihe  group’*®
precursor gases used were high-purity Si#ghd Q, and Electron spin resonan¢&SR) characterization was per-
films of different compositions were obtained depending orformed at room temperature with a Bruker ESP 300E spec-
gases flow ratio, that we define in this article in the same wayrometer operating in th& band at a microwave power of
that Bulkin et al,!’ i.e., R,=[SiH,]/([SiH4]+[0,]). R, 0.5 mW which is low enough to prevent the saturation of the
values comprised between 0.2 and 0.9 were used in thigignal. In order to enhance the ESR signal, each film used
study. For all depositions, the total gas flow, chamber preswas cut in five pieces of 021 cm after annealing. These
sure, and microwave power were kept constant at 10.5 sccrfive pieces were stacked, so the effective thickness of each
0.7 mTorr, and 100 W, respectively. Substrates were not infilm was between 1000-1500 nm. The density of paramag-
tentionally heated and the deposition temperature was estietically active centers was quantified by comparison with
mated to be in the 50 °C, 60 °C range. the signal of a calibrated weak pitch stand&td.

Low values ofR, (<0.4) give stoichiometric, hydrogen
free SiG films, while higher valuegin the 0.6—0.9 range Ill. RESULTS
produce off-stoichiometric films with high hydrogen content,
that we will refer as SiQ:H (beingx the oxygen to silicon

ratio of films, x<2). In all the cases, film thickness was in . - . .
different as-grown compositions, determined as was previ-

the 2030 nm range. ously detailed in the experimental section by means of the
After the deposition process, the wafers with the subox- Y b y

ide deposited at any particular valueRf were cleaved into 2:;1( ISSOS'E?;i t?;fs ttr;eefﬁge_:\lfviztgegsmegof zﬂgéx-i;heeiﬁar-
several squared pieces X1 cm) to subject the film to RTA ples p P 9

. . o %cteristics: For the lower gas rati®{=0.23) films are sto-
processes at different temperatures. In this way, it is assured, . . . )
that the only difference between the films is the RTA tem-C-l0Metric, hydrogen free SO These will be called from

. now on stoichiometric filmsR,=0.5 produces nearly sto-
perature. As-deposited, unannealed samples were also saveéfv L o :
to be used as a reference. ichiometric films (SiQ:H,x~1.9) with a low hydrogen con-

tent, that we will define in this article as near-stoichiometric

RTA processes were performed in a Modular Processéamples. When the oxygen content in the chamber is low

Technology furnace model RTP-600, equipped with a graph(films with R,=0.67, 0.8, and 0.91the films present a high

ite susceptor. Samples were annealed for 30 s in an argqn drogen content withx values of 1.4, 1, and 0.9, respec-

atmosphere at temperatures ranging between 300 °C angd . ) : i .
1000 °C in steps of 100 °C. tively. We will define these films as off-stoichiometric

Films were characterized by means(BTIR) Spectros- samples. Because they present very similar characteristics

. — ) . and trends, in some parts of the article, we will discuss their
copy in the 400—4000 ciht range with a Nicolet Magna-IR behavior together for the sake of clarity.

750 series Il spectrometer working in the transmission mode . .
L . : In Fig. 1, we present the FTIR spectra without any ther-
at normal incidence. The spectrum of the film was obtained . 7
. . ~“1nal treatment of three representative samp(stichio-
subtracting the substrate spectrum from the total signal

(substrate-deposited film. After subtracting the substrate metrlc: near stq|ch|ometr|c, gnd as a representat!ve of the
; off-stoichiometric set, &~1 film). In Fig. 1, the main fea-

spectrum, the spectra baseline was corrected and the main ;

ures of the spectra have been marked:

characteristics thus measured. The peak position of the main
Si—O—Si stretching band was used as a measure of théa) The stoichiometric film[Fig. 1(a)] presents the well

oxygen to silicon ratio (O/Six) of the as-grown films fol- known vibration modes of the SiO bond: stretching

We have deposited films with five different gas ratios
(R,=0.23, 0.5, 0.67, 0.8, and 0.pwhich lead to films with
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at 1071 cm? with a shoulder at 1123 cni, bending
located at 813 cit, and rocking at 465 cit. No
evidence of bonded hydrogen has been found, either in
the Si—H or in the O—H configuration, so the hydro-
gen content should be lower than 1%, the detection
limit of the technique.
(b) In the near-stoichiometric filmlg=ig. 1(b)], in addition
to the above-mentioned peaks, the presence of hydro-
gen is deduced by a small peak at 2260 ¢rand an-
other one at 881 cit. These two features are, respec-
tively, the stretching and bending mode of the
O;—Si—H bonding configuratioR® 10004
(c) The off-stoichiometric filmgFig. 1(c), corresponding 0 200 400 600 800 1000
to a film with x~1] present a much higher content of RTA Temperature (°C)
hydrogen bonded to silicon, as deduced by the areas of
the two peaks located at 2095 and 645 ¢niThese  FIG. 3. Peak position of the SiO—Si stretching band as a function of
peaks are related to the Stretching and bending mode &fTA ter_npergture for several sample_s of five different initial oxygen to sili-
the Sg—Si—H bonding configuration respectivé]?/. con ratios. Lines are drawn as a guide for the eye.
Due to the low oxygen content of the films, the area of

the Si—O stretching mode, located at 1020 ¢his _ _ _ N
much lower than it was in the stoichiometric and near-2nd the S=0 rocking and bending modes make apparition

stoichiometric films. Also, the SFO bending and &t these temperatures, as can be seen in kd.(& more

rocking modes are not detected in the as-deposite§OMPI€te discussion on the-SIO bonding behavior will be

samples, mainly due to their smaller intensity. given latej. From Fig. Zd), it is clear that the hydrogen

effusion takes place at temperatures between 300°C and
The hydrogen release and film quality improvement with600 °C, being the hydrogen totally released for RTA tempera-

annealing temperature of the off-stoichiometric films can bdures above 600 °C. N
followed from results in Fig. 2, where it is presented the  In Fig. 3, we present the dependence of the peak position
evolution of the FTIR spectrum of a sample witk-1. On  Of the main Si—O—Si stretching band as a function of the
the as-deposited film, the presence of hydrogen is recognizedlTA temperature for several samples of the five different
by a peak at 2095 cit (Commomy associated to the initial compositions. In Fig. 4, we show the FWHM of the
Si;—Si—H stretching vibration modé&* and a more intense Main stretching S-O—Si peak as a function of the RTA
peak at 645 cm' (associated to the $i-Si—H bending temperature for the same films as in Fig. 3. From the results
vibration modg.?* The area of these peaks is in direct rela-Of Figs. 3 and 4, we can deduce the following characteristics
tion to the hydrogen content of the film. The annealing treatof the annealed films: N
ment gives no significant change in the-SD stretching In the stoichiometric Si@film, the peak position of the
wave number of the maximum for annealing temperaturestretching band experiences a minor change with the RTA
below 600°C, nor in the full width at half maximum (from 1072 to 1080 cm?), while the FWHM decreases from
(FWHM). At higher temperature$>900°0, the Si—O 89 to 80 cm?' The behavior of the near-stoichiometric
stretching peak position reach values comparable to stoichio-
metric SiG,. Also a shoulder in the Si-O stretching peak
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FIG. 4. FWHM of the Si-O—Si stretching band as a function of RTA
FIG. 2. FTIR Spectra for an off-stoichiometric filmx£ 1) as deposite¢h), temperature for the same samples quoted in Fig. 1. Lines are drawn as a
annealed at 300 °(h), 500 °C(c), and 900 °C(d). guide for the eye.
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FIG. 5. Maximum wavenumbers of -SiH related peaks for a near-

stoichiometric film[closed squarega) and(b) corresponding to the stretch-  FIG. 6. Hydrogen concentratigiogarithmic scalgversus RTA temperature

ing and bending vibration, respectivglgnd an off-stoichiometric filflopen  for a near-stoichiometric filnfa, x~1.9), and an off-stoichiometric filntb,
squares{c) and (d) corresponding to the stretching and bending vibration x~1.0) (inset: same data in a linear scale. The values or the two samples are
respectively. not in proportion. Lines are drawn as a guide for the eye.

SiO,:H film is very similar to the Si@ sample, as Figs. 3 low RTA temperatures, reaching a maximum when annealing
and 4 evidence, with the main difference that these filmsat 400 °C, as is shown in the inset of Fig. 6, where the hy-
contain hydrogen. The hydrogen is mainly present in the IRdlrogen concentration is presented in a linear scale. For
spectra as Si-H stretching and Si-H bending vibration higher RTA temperatures, the hydrogen is released with an
modes[with peak positions located at 2260 and 881 ¢m activation energy of the process of 0.23 @xtracted via the
respectively, as was shown in Fig(bl]. In Figs. 5a) and  Arrhenius fit of the FTIR Si—H stretching area against RTA
5(b), we present the evolution of the-SiH stretching and temperaturg being almost completely lost for a RTA tem-
bending peak positions during annealing. As can be seen, thgrature of 1000 °C.

wave number of the peaks did not experience any significant The three off-stoichiometric films analyzed undergo a
change. This is an indication that the oxygen to silicon ratiocompletely different behavior with the RTA. The-SiO—Si

(x) of films did not experience modifications during peak position did not change up to RTA temperatures of
annealing? In Fig. 5, we have also included the peak posi-600 °C—700°C. FoiT>700°C, the Si-O—Si stretching
tions of hydrogen related vibrations versus RTA temperaturdand shifts progressively to the Si@alue. At the RTA tem-

for an off-stoichiometric samplgFigs. 5c) and 8d)]. As in  perature of 1000 °C, all analyzed samples exhibited the peak
the near-stoichiometric film, no changes in the-$i peak  position in the 1070—1085 cm range. This margin has been
position are observed, suggesting again that in the offreported to be in the range of the stretching band values for
stoichiometric samples, there are no changes in the oxyge®io, films.*®24The dependence of the FWHM with RTA is

to silicon ratio upon annealing. also completely different from that exhibited for both the
The total concentration of SiH bonds can be extracted SiO, film and the near-stoichiometric one. Up to 700 °C, the
from the Si—H stretching band usidg® FWHM increases with RTA temperature and for higher val-
[H]=Ag y.I ?) ues, the FWHM decreases, but for the range of annealing
SEH temperatures studied the FWHM is always above 110%cm
where Concerning the behavior under annealing of the hydrogen
o present in these off-stoichiometric films, the total amount of
= f —dw, (3 bonded hydrogen for an off-stoichiometric film wika=1 is

depicted in Fig. @). The hydrogen was released in the

where « is the absorption coefficienty is the frequency 400 °C-700 °C range with activation energy of 0.41 eV. The
(wave numberin cm %, and integration is performed over other off-stoichiometric films analyzed presented the same
the entire absorption bandg; _ is a calibration constant behavior, with activation energies between 0.21 and 0.41 eV,
which relates the integrated absorption with the total hydrobut without clear relation between film composition and the
gen concentration. For SiH stretching vibrations above value of activation energy for the H release. As was shown in
2100 cm'}, the value of this constant has been determined irFigs. 5c) and 5d), the RTA process did not change the
literaturé?® to be (2.1 0.15)x 10°° cm™? so this is the value  Si—H stretching and bending peak positions during the hy-
that we have used in this work. drogen effusion for any of the analyzed films.

The total hydrogen concentration versus RTA tempera- In Fig. 7, we present the results of ESR measurements
ture for a near-stoichiometric film is presented in Figg6 for three representative compositiops~=2, 1.9, and 1 cor-
The total amount of hydrogen suffers an slight increase foresponding to Fig. (&), 7(b), and 7c), respectively of as-
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c
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w
deposited samples. Other off-stoichiometric compositions 10" i
exhibited almost quantitative agreement with data obtained
for thex~1 composition, so for the sake of clarity, only the ]
results of this last one are presented. The spectra show twc
clear different lines: 10"+ 7
(i) A narrow line withg ranging from 2.0004 to 2.0010
and width (peak-to-peak first derivatiyeAH ,, about D/\E\j «~1 (C)'
3-5 G. This line can be assigned to the well-known ot . R
E’ center, whose origin is essentially a silicon dan- 0 200 400 600 800 1000

ESR Signal (arb. units)

FIG. 8.

gling bond with-Si=0; configuratior?®2® RTA Temperature (°C)
AnOth?r wider line (Apr around 6-9 G with g FIG. 9. Concentration dE’ and Spg defects as a function of RTA tempera-
value in the range 2.0045-2.0055. There are two "Cure for three significant film compositions: stoichiometag, near stoichio-
ported defects in literature with similar features to this metric (b), and off-stoichiometri¢c). Open square) stand forE’ defects
line: The bulk silicon dangling bond center in and filled onegM) stand for Spg defect concentration. Lines are drawn as
*SE=Si; configuration, that some authors cdll ~ @ 9uide for the eye.
centef® and the well known interfaceP, center
(*SE=Si; at the SiQ/Si interface with ag value of
2.009.2” We will name the defect observed in our The concentration of each defect is strongly dependent
samples as Si; . on film compositior?® as observed in Fig. 7. From the de-
convolution of the spectra in Fig. 7, the concentration of
each defect can be obtained.

The evolution of the ESR signal with RTA temperature is
presented in Fig. 8 for an off-stoichiometric film<£1). The

1 (a) as-deposited

as-grown film presert’ and Sjg defects, but their behavior
with annealing is very different: while th&' center is
present in a low concentration in the as-deposited film, dis-
appearing with increasing RTA temperature, thggSienter

1 (b)300°C *x20 _ concentration decreases when annealing at 300 °C, then in-
)} _ creases with temperature to reach thé®In 3 range for

(c} 500°C x20- RTA temperatures above 800 °C. The RTA did not signifi-
cantly changed neitheg nor AH,,, values for the two types
of defects present in the films.

The results of the concentration of each defect versus
RTA temperature for the three kinds of films studied-2,

(d) 900°

3340 3360 3380 3400 x~1.9 andx~1) are drawn in Figs. @, 9(b), and 9c),
Magnetic field (G) respectively.
In SiO, films [Figs. 7a) and 9a)], both theE’ and Sjg
ESR spectra for an off-stoichiometric film as deposigdannealed defect were present, with a concentration previous to the

at 300 °C,(b), 500 °C(c), and 900 °C(d). RTA treatment in the (2—3¥ 10 cm™2 range for theE’
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and (4—5) 10 cm 2 for the Spg. As can be seen in Fig. At annealing temperatures below 700 °C, films release
9(a), the E’ concentration shows a slight dependence withthe hydrogen without compositional changes, as is deduced
the annealing, but its concentration remains in the range dfom the fact that Si-O—Si peak position remains un-
(3—-4)x10% cm™2 for all temperatures, reaching a mini- changed with the temperatutsee Fig. 3 and the fact that
mum of 1.0<10'® cm™3 for a RTA temperature of 500 °C. the Si—H bonding peaks also remain unchanged in position
Concerning the behavior of thegi, this defect disappears (see Fig. $ The results of Fig. 4 for the FWHNincreasing

at RTA temperature as low as 400 °C. These results are simyalues of this parameter in the 400°C-700°C annealing

lar to the data previously reported by our group for stoichio-fange suggest that, following Ref. 26, SiO bonds are
metric oxidest® formed after the hydrogen release and that this process oc-

In all other film types(i.e., the near-stoichiometric curs with the induction of structural disorder on the films. An
sample, Fig. @), and the off-stoichiometric one, Fig(d, exception to this rule appears for the near-stoichiometric film
bothE’ and Spg centers were present with the unannealedx~1.9), where the small amount of hydrogen present
concentration dependent on the initial film compositicfi ~ seems to be released without significant structural changes.
but the behavior with the annealing was different to the one ~ We explain these results according to the following net-
described herein for SiO The near-stoichiometric samples Work reaction:

[Fig. 9b)] present a continuous decrease in Eecenter, . . .

while the Spg center concentration decreases for the lowest H—Si—0+H—Si—0-H,[ +2(S—0). @)
RTA temperatures reaching a minimum ok30'° cm™* at Reaction(4) accounts for the hydrogen release of both
500 °C and increasing monotonically for annealing temperanear and off-stoichiometric films, that occurs without
tures above 600°C. The behavior of the nonStOiChiometn%hangeS in the oxygen to silicon ratio in agreement with
films has a similar trend: The concentration of thedefect F|gs 3 and 5. Since the hydrogen release occurs via network
decreases with the annealing and vanishes at RTA tempergsactions, the measured activation energy for the process
tures above 700 °C, while the concentration gfgStlefects  (0.21—0.41 eVYis much lower than bonding energy of-SH
decreases when annealing at 300 °C, and then monotonicalonds (3.7 e\).*® The initial decrease in the detectedhSi
increases for temperatures between 400°C-800°C. Adefect concentration for low annealing temperatures may be
higher temperatures thepgi concentration saturates in the due to two different processe§) there may be a thermally
10" cm? range. It should be remarked that for all of the activated charge transfer between the network and the para-
off-stoichiometric samples analyzed, the behavior with themagnetically active defect, making the defect diamagnetic
annealing of the %b defect was similar to that found for the and thus undetectable via ESR measurerﬁ‘-bot,(ii) some
x~1.9 sample shown in Fig.(B), but the saturation value interstitial hydrogen may follow a network reaction with not
was about one order of magnitude higher than the exhibitegbtally bonded silicon as is suggested by the inset of Fig. 6.
for this sample. The behavior upon annealing describethere, the hydrogen concentration versus RTA temperature is
herein is different from recently published results for films Ofshown in a linear scale, and the increase in hydrogen con-

similar compositions? centration in the low-temperature range can be easily ob-
served, which is relatively more important in the near-
IV. DISCUSSION stoichiometric film. In this way, some of this hydrogen may

assivate few $jg defects?® We can not decide whether this

ast process is responsible for the decrease in thg Gefect

concentration or not, because of the different orders of mag-

(i) The behavior of Si@film with the annealing can be nitude of the Si—H bonding concentration increase mea-
explained as reported elsewhérdt is due to a trend  sured by FTIR and of the §j defect concentration decrease,
toward an increase in the structural order induced byas obtained by ESR.
the RTA. Since the main objective of this article is On the other hand, at annealing temperatures higher than
focused on off-stoichiometric SiOH films, we do 700 °C, the results of Fig. 3 suggest the formation of SiO
not offer further explanations hefeee Ref. 1h as the peak position of the-SiO—Si stretching band shifts

(i) From the structural point of view, there are no signifi- to the stoichiometric valukThis is also in agreement with
cant differences between near-stoichiometric film andesults of Fig. 4, where a reduction in the FWHM at this
the SiG film as Figs. 3 and 4 evidence. The only temperature range can be seen. It may also indicate that
difference is a small amount of bonded hydrogen, thabonds with low mode frequencies are decreasing, suggesting
seems to play a major role in the defect behavior withthat SiQ, films experience changes to Si and $i#J The
the annealing. The presence of this hydrogen makegesults of Fig. 9 confirm this hypothesis, since the concentra-
the defect concentration follow a similar trend to thetion of the main defect present in Si@llms, theE’ defect,
off-stoichiometric films, as was quoted in Sec. lll. disappears at this temperature range, suggesting again the
Due to this similarity, the ESR results obtained for formation of high-quality, almost defect-free Si@Im. The
these samples will be explained together with the off-formation of this SiQ matrix occurs without changes in the
stoichiometric films in the next paragraph. whole oxygen to silicon ratio of films, as results of Fig. 5

(iii) Concerning off-stoichiometric films, from the struc- evidence. The very high values of the FWH(/Aig. 4) and
tural point of view, the results of Figs. 3 and 4 can bethe presence of a high concentration of thggSiefect in all
explained as follows: the off-stoichiometric films(Fig. 9), clearly indicates that

We will now discuss all the results described attending t
the initial composition of the different samples analyzed.
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these films undergo structural modifications in such a wayAfter annealing, the off-stoichiometric films experience two
that the formation of Si@is accompanied with the formation different processes, depending on annealing temperature. Up
of highly defective silicon clusters where thepgicenters to 700 °C, films release the hydrogen, without modification
agglomerate. This has been explained in literature by thef the oxygen to silicon ratio of films, as is demonstrated by
formation of nc-St~3 A network reaction similar to Eq(l)  their FTIR spectra. The concentration of defects present in
can explain this process: the films (both E’ and D) experience an initial decrease,

. . . . followed by a significant increase of tHe center and the
S0+ Si—0-SI0, + ne-Si ® annihilation of theE’ defect. Annealing this film at tempera-
Keeping in mind that at high RTA temperatures e tures in the 700 °C—1000 °C range induces the formation of a

center disappeal&ig. 9, and being this center characteristic high-quality SiQ matrix, almost defect free, in which nc-Si
of stoichiometric SiQ, we deduce that the increase ohSi is embedded. The ESR characterization shows that the nc-Si
centers occurs in the nc-Si. The results of Figure 9 also sugds highly defective(the concentration oD centers is in the
gest that these nc-Si act as getters for thg; Siefects. Due  10'° cm™ 3 rangg. Depending on the initial composition of
to the similar characteristics aj value and shape of the SiQ,:H films, the number of these nanocrystals is different,
spectra of bulkD centerd® and interfaceP,, centers’ itis  being higher in the films with lower values &f In this type
not possible to assure whether thggSicenter are located of film, the nc-Si influences the structural characteristics of
only at the interface of the nc-Si with the SiGurrounding  films (high values of the FWHM of the SiO—Si stretch-
matrix (being then the S defect theP, type), as some ing band. On the other hand, on films witk=1.9, the nc-Si
authors propos#, or they are present also in the bulk of the concentration should be low and then the FWHM of the
nc-Si (being now theD defec). Our results suggest that the stretching band is not influenced by the nanocrystals.
measured concentration of gi centers seems to be in a

straightforward relation with the hydrogen release process

that these films experience accordingly with E4]. From ACKNOWLEDGMENTS
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