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We analyze the effect of thermal processes on the optical propéeifeactive index, optical gap,

Tauc coefficient, and Urbach enejgf SiN, :H films. Films with three different nitrogen to silicon

ratios x=0.97,x=1.43, andx=1.55, respectivelywere deposited by a chemical vapor deposition
technique assisted by an electron cyclotron resonance generated plasma. After deposition they were
subjected to rapid thermal annealing at temperatures ranging from 300 °C to 1050 °C. We found
that the percolation threshold for Si—Si boridsx=1.1) separates films with different response to
thermal treatments. The changes of the Tauc coefficient and the Urbach energy at moderate
annealing temperatures indicate a structural relaxation of the network for the films altbve the
percolation threshold, while at higher temperatures the trends are inverted. In the zasel@iv

the percolation limit the inversion point is not observed. These trends are well correlated with the
width of the Si—N infrared stretching absorption band. Additionally the samples with as-grown
=1.43 show a good correlation between the Urbach energy and the density of unpaired spins in
silicon dangling bonds. €1999 American Institute of Physid$§0021-897@9)08016-7

I. INTRODUCTION films if they are to be used in FET devices because H-atoms
and in particular N—H bonding arrangements can serve as
Amorphous silicon nitride &-SiN,:H) is important  precursor sites for defect generation either during the post-
from both a fundamental and a technological point of view.deposition device processing or during device operation via
Fairly extensive literature has been published about its optieurrent or voltage stress.Although H atoms can passivate
cal properties, bonding configuratio’;® electronic  silicon dangling bonds and therefore act to decrease the level
structure}® and about their applications as active compo-of interface and bulk trapping states, they can also participate
nents in thin film transistoP TFTs) and as gate dielectric in in weak electrostatic H-bonds which are components of a
metal—insulator—semiconductor field effect transistorgprecursor site for charge trapping reactions that can lead to
(MISFETS."® defect generation. Near-neighbor Si—H and SiN—H groups
It is well known that amorphous silicon alloys depositedlinked through the H-bonding interaction easily trap ther-
by plasma assisted processes have a high amount of hydr@rally or optically generated holes that will produce a meta-
gen incorporated in the network together with nonbondedtable defect pait?
hydrogen’-* Depending on the application the presence of A postdeposition rapid thermal annd®TA) may have
hydrogen can be beneficial or not. In the case of the TFTsglifferent effects on the films depending mainly on the hydro-
hydrogen is beneficial because the alloy composition thagen content. Moderate annealing temperatures can provide
results has approximately the same average number of bonglse activation energy necessary to promote the passivation of
per atom and bonding constraints per atom as thin filmgefects by the formation of Si—H and N—H bonds together
Si0,,** forming a continuous random network with a low with a general relaxation of bonding constraints and stress,
density of defects that accounts for optimized TFT perfor-and hence produce an improvement in device performéhce.
mance. On the other hand, for the gate dielectric applicatioMigher annealing temperatures may cause hydrogen or nitro-
in field effect transistors the bonded hydrogen in Si—H andyen release. If the evolution of hydrogen brings about Si—N
SiIN-H arrangements is in part responsible for the inferiomond healing then the device may improve its
electrical performance and device instabilities of low tem-characteristics® If, on the contrary, the release of hydrogen
perature plasma-deposited films relative to nitrides producefkaves unpassivated defects or causes a loss of nitrogen at-
by thermal chemical vapor deposition at higheroms, then a degradation of the performance is obsérved.
temperature$” The reduction of bonded hydrogen is impor- A convenient way of studying the effects of the RTAs on
tant for attaining improved electrical properties®SiN,:H  the SiN,:H is to analyze the changes that these processes
induce in their optical properties, particularly in the param-

dAuthor to whom correspondence should be addressed. Electronic maifters related to .the order or disorder of the netyv@?kuc
imartil@eucmax.sim.ucm.es slope, Urbach tail, and band gapn the published literature
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there are few studies about the influence of thermal anneafim thickness. In EDX, the statistical error for the concen-
ing on the optical properties of SjNH.*"*8|n this article we  tration determination was: 0.3%. We found the same sys-
will focus on the optical properties of SiNH deposited by tematic deviation between the N to Si ratix) (determined
electron cyclotron resonan¢ECR) and subjected to RTA at by both methods which was observed and discussed in a
different temperatures ranging from 300 °C to 1050 °C dur-previous publicatiorf* In this study, therefore, we use far
ing 30 s. Films with three different as-grown compositionsthe average of the RBS and the EDX data. The values of
are consideredx=0.97,x=1.43, andx=1.55. In order to before postdeposition treatment for the three different types
obtain complementary information about the thermal behavef films analyzed here aré:x=0.97+0.03 for the films de-
ior of these films we also studied the N to Si ratio and theposited withR=1, x=1.43+0.02 for R=1.6, andx=1.55
infrared spectra. It will be shown that the thermal stability of = 0.04 for those obtained witR=7.5.
the films depends on starting compositions above and below IR absorption spectra were measured with a Nicolet 5PC
the percolation threshold for the Si—Si bonds. FTIR spectrophotometer. The full width at half maximum
(FWHM) of the Si—N stretching absorption band is then ob-
tained from these measurements. This parameter is indicative
Il. EXPERIMENTAL PROCEDURE of the amount of disorder in the film because it is a straight-

We deposited SiNH thin films using an ECR-CVD forward measure of the range of N-Si—N bond angfes.

reactor model ASTEX4500 attached to a high vacuum cham-  FOr the optical analysis we measured the transmittance
ber pumped by a turbomolecular pump. The precursor gasé@d reflectance spectra with a Perkin-Elmer Lamb_da 9 uv-
were N, which was introduced in the resonance regionVlS'NlR sp_ectrometer _and calculated the refractive index
where the plasma is formed, and SiHvhich was injected (N) and extinction coefficientk) Ey a method based on the
downstream through a gas dispersal ring. We used silica su§Tk of Tomlir® and HernadeZ® which involves reversed
strates for the optical measurements of transmission and r&duations of transmittance and reflectance as a function of
flection because it is transparent to the ultraviolet light in the2NdK, with the thicknessd) of the film as a parameter and
range required to characterize the SiN film. For the com-  the wavelengttiz) as independent variable. A test valuedof
position and other characterizations we used high resistivit)s ntroduced in the equations and the resulting values of
(111) p-type silicon polished on both sides. The cleaning ofversush are fitted _to a Cauchy dlspers_lqn rule_. Then a com-
the substrates was done using standard chemical proceduf@d€r program varies the parameteuntil it obtains the best
starting with dips in acetone and methanol which were fol-lit Of N versusk. That value ofd is taken as the thickness of
lowed by drying with nitrogen. This step was common to the sample and the absorption coefficiéaj is calculated

both types of substrates. Then the wafers were successivel{P™ the corresponding values kfasa=4mk/). From the
subjected to  the following  cleaning  steps: ata of the absorption coefficient versus enery)( the

NH,OH:H,0,:H,0 (1:2:5 for 5 min, deionized HO values of the band gafE() and the Tauc coefficier® are

HF:H,0 (1:10 for 1 min and deionizéd $O. Finally th;a calculated in the region of strong absorption according to the
: : . s

substrates were again blown dry with nitrogen. ImmediatelyVe!l known Tauc equatiof?

afterwards they were introduced in the vacuum chamber, (qhp)Y?=B(hv—Eg). (1)

which was pumped down to aboutd0~ ’ mbar before ini- At b ion levels. bel h . fthe T
tiating the deposition process. The films were grown without q t ﬁwer_a sorption eve IS 'Ie' Or\:“ ehr.e?]'(.m ofthe ”auc
intentional heating, although the plasma raised the temper&Jd9€: there is an exponential tailathv) which is generally
ture of the substrate up to around 60°C. Several films Wergssomated with the intrinsic disorder present in an amor-
grown in the same deposition run and were subsequentl hous solid. In this region the absorption coefficient follows
iR
subjected to RTA at temperatures ranging from 300°C t e Urbach relatior’
1050°C for 30 s. A flow of an inert gagrgon was main- a(v)=age/Fo, 2

tained during the RTA cycle. .
The deposition parameter that strongly influences théNhereE0 is the Urbach energy. Among several other expla-

composition of the films is the No SiH, gas flow-rate R), nations of the Urbach edge in amorphous solids, it is widely

ST : . accepted for the case of silicon nitride to discuss the Urbach
which in this study was selected to produce films with three o .
dge as a consequence of transitions between localized elec-

different compositions. Each of these compositions resulte«?

Co ! : - . . tronic states in the valence band tail and extended states in
in films with different characteristic properties that we will .

- . ) . . the conduction band. Therefolg represents the slope of the
explain in the following sections. The nitrogen to silicon

ratio (x) of the films was determined by Rutherford back- valence band tail, which reflects the broadening of the two

scattering spectrometryRBS) and energy dispersive x-ray band edge tails in both Si-rich and N-rich allcs.
analysis(EDX). RBS spectra were measured with 1.4 MeV
He" ions and then fitted by the iterative computer program
RUBSODY.'® The given error limits refer only to the statistical The averagex=N/Si ratio from RBS and EDX data is
error which results from a sequence of eight simulation fitsplotted in Fig. 1. The film with as-grown composition
The EDX analysis was performed with a beam voltage of 5=1.55 does not experience any significant change of compo-
kV and by comparing with a g\, standard sample. The sition with annealing. On the contrary, the films with
EDX spectra were evaluated by using the so-called Proza 1.43 andx=0.97 undergo a significant loss of nitrogen for
method® including a correction with respect to the limited annealing temperatures above 600 °C.

lll. RESULTS
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FIG. 1. Average of the nitrogen to silicon ratio obtained from the RBS andgnd x=1.55 (A) versus annea“ng temperature. Lines are a guide for the

EDX measurements as a function of annealing temperature. The as-grovaye,

composition of the films aréz] x=0.97, ® x=1.43, andA x=1.55. Lines

are a guide for the eye.

atoms (Fig. 1) for annealing temperatures higher than

In Fig. 2 we plot the thicknessd] and the refractive 600 °C, if their thickness remains constant then the structural
index (n) at a wavelength of 633 nm for the samples with andensity must be smaller, and hence it is consistent that the
as-grown compositiox=0.97. These films experience op- optical density(which is given by the value of the refractive
posite variations of both parameters with annealing temperandex) becomes smaller too.
ture. The increase in the refractive index at higher annealing In Fig. 4 we plot the optical gap versus annealing tem-
temperatures may indicate an increase of the density of thgerature as obtained from the fitting of the experimental data
polarizable atoms and bonds, or it can also be due to th#n Eq. (1). The optical gap increases up to a temperature
change inx. As this increase is accompanied by a similarwhich depends on the composition of the films. The samples
decrease ofl, the optical thicknessn(xd) remains almost with an as-grown composition of=1.43 have the larger
constant. On the contrary, the samples with 1.43 andx increase while the variation is small for those withk 1.55
=1.55 do not show densification on annealing. Their thick-and x=0.97. Figures 5 and 6 show the value of the Tauc
ness and refractive index are plotted in Fig. 3 as a function ofoefficient and the Urbach slope parameter, respectively. The
the annealing temperature. In the case of the films with inverse trends between these two parameters for films with
=1.55 both parameters are approximately constant; but idifferent compositions had been previously obseRfe@ur
the x=1.43 case the results of Fig. 3 indicate a decrease in
the refractive index, althoughd does not significantly
change. As the films with as-growt=1.43 loose nitrogen
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FIG. 2. ThicknessM) and refractive index[(J) of the film with an as-  FIG. 4. Optical gap as a function of annealing temperature for the three
grown compositiorx=0.97 versus annealing temperature. Lines are drawntypes of films considered in this studyl x=0.97, ® x=1.43, andA x
as a guide for the eye. =1.55. The lines are drawn to guide the eye.
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FIG. 5. Tauc coefficient versus temperature of annealing for the films withF!G: 7- Full width at half maximum of the Si—N stretching absorption band
as-grown compositio] x=0.97,® x=1.43, andA x=1.55. The lines are qbtamed _from the |n_frared spectra Sf the fllms having as-grown composi-
guides for the eve. tions[0 x=0.97,@ x=1.43, andA x=1.55. Lines are a guide for the eye.

measurements confirm this opposite correlatioBa@ndE,  CON ratio ofx=1.55 maintain a constant composition. The

also for films having experienced structural changes induceg*Planation of the different behavior of the films with

by RTA. =0.97 qnd 1.43 with rgspec_:t to those vmlfr 155is re!ated
Figure 7 shows the Si—N stretching band full width atto the dlffer.ent ways in which hydrogen is bonded in these

half maximum(FWHM) obtained from the infrared spectra S@mples. Films with as-grown compositiors:1.43 show

of the films. This parameter is indicative of the amount ofth€ Presence of both Si—H and N-H bonds. Si-H bonds are

disorder in the network because the range of vibration frePrédominant in the samples with=0.97 and N-H bonds

quencies depends on the distribution of bond an@les. predominate in those witlk=1.43. At annealing tempera-
tures below 600 °C, N—H bonds are replaced by Si—H ones

according to the well known network interchange reaction
proposed by Yin and Smitf?

Si—SiN—H—Si—N+Si—H. 3)

IV. DISCUSSION

In a previous publicaticif we have discussed in detail
the physics that explains the results of Fig. 1, so here we will
only give a summary. Films with as-grown composition At annealing temperatures above 600°C these films lose
=0.97 and 1.43 lose nitrogen at annea"ng temperaturegoth hydrogen and nitrogen through a collective process that
above 600 °C while films with an as-grown nitrogen to sili- involves all bonds present in the network:

Si—H+H-NSi—H—Si—SHNH,T. (4)
° By contrast, in the films witbx=1.55 hydrogen is only fixed
0.30 - to N—H bonds and no Si—H bonds are observed in the IR
1@ spectrum. Therefore this reaction cannot take place and the
0.25 release of hydrogen at high temperatures does not cause a
_ loss of nitrogen. In this case it has been propds&tthat the
E 0.20 reaction that takes place is the following:
‘;& Si—N—H+Si—N—H—2(Si—N)+H,. (5)
2 o187 ¢ The values of refractive index and thickness plotted in
8 Fig. 2 indicate that in the case of the sample with 0.97
g 0-10+ there is a well-defined trend of densification with increasing
] annealing temperature. These parameters behave quite differ-
0.05 4 ~o. ently for the films withx=1.43 andx=1.55, where the
1 thickness remains constant and the refraction index for the
0.00 x=1.43 case decreases at high annealing temperatures.

T T T T T T T T T T
0 200 400 600 800 1000 There are several published results relating composition and
RTA temperature (°C) refractive index’! Knolle® finds a linear correlation between
FIG. 6. Urbach energy as a function of RTA temperature for the filmsn and the ‘T“O”_“C percent of SI.' W.hlle M_akr’ﬁ‘_oep(_)rted that
analyzed in the text] x=0.97,® x=1.43, andA x=1.55. The lines are the refractive index of nonstoichiometric SiNH films can

drawn as a guide for the eye. be represented as the bond density weighted linear combina-
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tion of the refractive indices d-Si:H anda-Si;N,. Evalu- deeper than Si-Sir states, thereby lowering the valence
ating our data by this model we have found a good coinciband edgeE,, while Si—-Ho™ states lie at a similar energy
dence between measured and calculated values for the &S Si—Sio™ states so that the conduction band eneggys
grown samples. However, the calculated values 66r the little changed. The same argument in the opposite sense
RTA treated films move towards the value of amorphousexplains why the process of hydrogen and nitrogen release
silicon (n=3.3) when there is a loss of nitrogen produced bygiven by Eq.(4) produces a decrease of the optical gap. In
the RTA (films with as-grownx=1.43 andx=0.97), while  this case we assume the formation of Si-Si bonds and the
the measured values do not show this shift for the films withoreaking of Si—H bonds, together with the release of nitro-
x=1.43. A qualitative correlation between optical and struc-gen, and it is well knowhthat changes in composition in the
tural density can be realized by a comparison of the opticalange 1.xx<1.4 have a strong influence @ .
refraction indexn with the packing density resulting from The network bond reactions, Eg&) and (4), are not
the quantityNx d determined by RBS, wherid is the total ~ Vvalid for the samples wittx=1.55 because they only have
atomic density including Si and N atontsut not H atoms N—H bonds and not Si—H bonds. Above 900 °C we observe
which cannot be detected by the RB&lIthough it must be @ decrease of the optical gap accompanied by a significant
observed that differences inmay have effects in the bond- loss of N—H bonds from 2%10°?cm 2 at 900°C to 1.2
ing configuration(proportion of Si—Si and Si—N bongsand X 10°?cm ™2 at 1050 °C as it was described by H§). Ac-
therefore in the refractive index, that are not considered irfording to Robertsdhthe reason for this behavior is that in
this correlation. The ratio of the film density to the bulk a-SiN,:H the introduction of=NH groups widens the gap
density is called the packing density, where the film atomiddy raisingE.. E, is not lowered because the valence-band
density (Ng,) is determined comparing the thickness valuesmaximum is still formed by Np states. The raising d,
with the RBS area density\(x d), while the bulk density appears to be due to an admixture of N—H states, which have
(Npui) can be estimated by a linear interpolati@xtrapola- @ wider gap. Therefore this explains the reduction of the
tion) between the bulk densities of silicon and of stoichio-optical gap when the N—H bonds are lost in the samples with
metric silicon nitride assuming that the compound Sisl ~ X=1.55.
free of hydrogen. For the experimental valuexah excess There is a remarkable coincidence in the trends observed
of 4/3 one getN,,,>N(SisN,) and hence the presence of for the Tauc coefficienB and the Urbach slope parameter
hydrogen which has not been taken into account is indicateBo shown in Figs. 5 and 6, respectively. These two param-
indirectly. We calculated the packing density by this proce-eters are indicative of the degree of tailing at the band edges.
dure and we found that the trends are analogous to the caB is the slope of the fit of Eq(1) used to determine the
culatedn, although the values of the packing density wereoptical gap andE, is the inverse slope of the lower exponen-
systematically lower due to the effect of ignoring the hydro-tial part of the optical absorption edge and reflects the slope
gen content. It seems therefore that the refractive index obef the valence-band tail, which is broader than the
tained from the transmittance and reflectance spectra by th@nduction-band tail in both Si-rich and N-rich alloys. Ac-
method outlined in the experimental section is not sensitiveeording to the results pointed out by Robertahe cluster-
to the change of composition caused by the thermal releadsg that occurs around the percolation threshotel.1 pro-
of nitrogen. Nevertheless, further evidence is needed to corduces a strong tailing of band edges: this causes a minimum
firm this conclusion, given the influence that a change in theén the Tauc slope at around=1.0 and a maximum in the
relative densities of Si—Si and Si—N bonds may have.in Urbach energyE, at aroundx=1.4 in agreement with the
Because the increase ofwith annealing temperature for the trends that we obtained for these parameters for the as-grown
films with x=0.97 is lower than what would be expected by compositionsx=0.97, 1.43, and 1.55. Regarding the depen-
the loss of nitrogen, it is more likely to cause the decrease oflence on the annealing temperature we observe two different
thickness that it is observed for these films. No change obehaviors* depending on whether the as-grown composition
thickness is detected for the films widts 1.43, even though is above or below the percolation limit=1.1. The samples
they lose nitrogen in an analogous way as the films with with x=1.43 and 1.55 show a change Bf and B with
=0.97. The films withx=0.97 andx=1.43 differ in the annealing temperature that is controfféty the diffusion of
point thatx=0.97 is below the percolation thresh&idx hydrogen ina-SiN, :H. Hydrogen is the most mobile atom
=1.1) of Si—Si bonds in the lattice of the nitride whi¥e in both a-SiN,:H anda-Si:H and thus is generally consid-
=1.43 is above that limit. The continuous chains of Si—Siered to be responsible for structural changes which occur
bonds that spans throughout the whole network for compobelow the crystallization temperature. When the deposition is
sitions below the percolation threshold may contribute to fa-carried out at room temperature the diffusion coefficient of
cilitate the densification observed for tke=0.97 films. No  hydrogen ina-SiN, :H is so small that every hydrogen atom
percolation occurs fok=1.43 and 1.55 and these films do will remain at that bonding site which it has occupied at the
not experience densification. end of the deposition process. Thus the structure of the de-
The results for the optical gap plotted in Fig. 4 are ex-positeda-SiN, :H film is metastable and essentially deter-
plained by the same Eq§3) and (4) as the process of hy- mined by an effective temperature characteristic for the
drogen redistribution and release for the samples with glow-discharge plasma used for the film deposition. When
=0.97 andx=1.43. The initial increase of the optical gap the films are annealed at temperatures below 600 °C for the
with low annealing temperatures is due to the substitution osamples withx=1.43, and below 950°C for the samples
Si—Si bonds by Si—-H bonds because Si-eHstates lie with x=1.55 the network undergoes relaxation and recon-
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struction which is observed as an increaseBoand a de-
crease oE, and also as an increase of the optical gap men-
tioned before. In the range of these temperatures there is no
release of hydrogen and in the case of the sample with
=1.43 we have observed from the infrared spectra of the
films?? that the nonbonded hydrogen trapped in microvoids
of the structure forms bonds with the atoms of the lattice,
increasing the density of Si—H bonds fronx40*cm™2 for

the nonannealed sample to abouk Z0?*cm™2 for the
sample annealed at 600 °C, therefore saturating defects and
making the increase of order more pronounced than for the
samples withx=1.55. Under temperatures above 700 °C for
x=1.43 and 950 °C fox=1.55, respectively, the diffusion
coefficient for hydrogen is so large that most of the hydrogen ]
will leave thea-SiN, :H sample during the annealing. In this ' ' ' | ' ' !
case,E, will increase and will decrease, because the re- ' ' '
construction process has increasingly to be carried out by the
much slower movement of Si and N atoms. This behavior is:G. 8. Density of unpaired spins in silicon dangling bonds as a function of
in agreement with the trends of Figs. 5 and 6. Additionally,the Urbach slope paramet&, for the films with as-grown nitrogen to
for the Samp|es with as-growr= 1.43 another effect, super- silicon ratio ofx=1.43. The line is a guide for the eye.

imposed to the release of hydrogen, is the loss of nitrogen

Spin density (cm™)

-
o
3
1

E, (eV)

e disorder in the network: the width of the Si—N absorption
"Band. A wider band indicates a higher disorder. The depen-
dence of this parameter with annealing temperature for the

; \/1\/2;‘355 f‘;elojgog {icfgallitrr:ist—tol S]_a|3r/] tthr:s r;?]mgg?tttlaor: rgrc;\fe%ilms with x=1.43 and 1.55 takes the U-shaped form similar
P T g P to those of the Urbach slope parameter, indicating an initial

tres. As the strongest ta!hng of band ed.ges may be % crease of order at low annealing temperatures and a subse-
duced around the percolation threshold, this effect enhance

. . . uent increase of disorder at high temperatures. The onl
the decrease iB and the increase ik, for these samples qS g P Y

ith t 1o th =155 which d ' : difference with respect t&, is that the minimum value of
with réspect {o those with= 1.55 which do not Expenence o e occurs at lower temperatures: 900 °C for the films
any change of composition. In the case B this would

that it . | d b sad 1.1 wh with as-grownx=1.55 (instead of 950°C) and 400 °C for
mean that Its maximum vaiue would be aro -+ WNEN the films withx= 1.43(instead of 600 °C). These differences
the changes of composition are induced by annealing, rath

. ) atgh the optimum temperatures can be understood in terms of
than ldasit was found by Robert_@tﬁnomparmg data with the different stress of the films due to the different substrates
different compositions obtained with different growth pa-

; | auth used for the measuremensilicon for the IR spectra and
rameters from several authors. silica for the optical properti¢sThe samples withx=0.97

The case of the sampbe=.0.97, whose as-grown com- paye again a different behavior, showing no initial decrease
position is below the percolation threshold, is different. BothOf FWHM and an important increase above 300°C. The

B and E, remain almost constant with annealing tempera-p\y1ym shows that the strain of these structures is not re-

ture, with a monotonical and slight increaseBoind a simi- laxed by the RTA, corresponding to the changeB iandE,
lar decrease oE,. We have already noted this different parameters

behavior of the film withx=0.97 with respect to the others Finally, we show in Fig. 8 some preliminary results of

in the refractive index and thickness. It seems clear that thg, dangling bond density measured by electron spin reso-
pgrcolation threshold sepa_rates into two types qf films with,once (ESR versus the Urbach slope coefficient for the
different structural properties. Below=1.1 there is a per- samples with the lower content of total bonded hydrogke
colation of the Si—Si bonds in the lattice and it is known thatg s with as-grownx=1.43). The trend observed for this

3 . . . ape . 0
the sp” hybridization of the silicon atoms forms a tetrahe- 3 mpe series reproduces quite well the general trend found
dron which is a very rigid structure. When the silicon pro-y,,, gytzman#f in amorphous hydrogenated silicon, in which
portion is increased, that i falls below the percolation proposed his weak bond-dangling bond conversion
threshold, the connectivity of the covalent bonds is enhancef,;qel. According to the Stutzmann's model the behavior of
because of the high coordination number4) of silicon,  he gangling bond density with temperature must be parallel

zroducmg a structurehw?_llch IS gic(?g;ore rigid alnd stresseqy that of E, because of the structural transformation be-
s a consequence, the films with-0.97 remain almost un-  yyeen weak bonds and dangling bonds.

affected by the thermal relaxation, as shown in Figs. 5 and 6.
Additionally, these films have very few N—H bonds, and it is
well-knowrr® that a low content ofNH] leads to an increase
in stress because the absence of the N—H bonds reduces the We have described the optical propertiesaefiN, :H
flexibility of the SiN,:H network. films which have been subjected to rapid thermal annealing,
Figure 7 shows another parameter which is indicative oland we have related them with the changes in composition,

aroundx=1.4 at annealing temperatures below 600 °& to

V. CONCLUSIONS
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