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Spectral dependence of lifetime of excited Si-H stretching vibration in hydrogenated
amorphous silicon
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A convenient method for evaluating the relative spectral dependence of the lifetime of a localized vibrational
mode in an amorphous semiconductor is proposed. The energy relaxation of an excited vibrational population
is analyzed on the basis of a two-level system when the system is perturbed by a weak thermal modulation. An
equation is derived, which indicates that the vibrational lifetime, at an arbitrary vibrational ehergys
simply proportional tof AE(hv)/E(hv)]/v*, whereAE(hv) andE(hv) are spectra of the excess radiation
power induced by the thermal modulation and the emissive power in thermal equilibrium, respectively. The
method is applied to several undoped hydrogenated amorphous silicon films. The spectral dependence of the
vibrational lifetime of the Si-H stretching mode is evaluated for these films which are prepared at different
substrate temperatures. The resulting spectra exhibit a tendency for the vibrational localization to increase as
hv decreases.
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[. INTRODUCTION of the Si-H stretching vibration is much stronger in a disor-

dered network than in an ordered lattice. Furthermore,

Hydrogen in a crystalline semiconductor sometimes play®ijkhuis and co-workers proposed a plausible path for relax-

a crucial role in affecting its electronic properties. This is dueing the energy of the excited Si-H stretching vibration based
to the migration of hydrogen within the lattice, and/or the©on the observed temperature dependence of the vibrational
formation of a complex with impurity atoms or vacanctés. lifetime. They concluded that the excess energy was trans-

Hydrogen that is incorporated in amorphous silicon plays aferred indirectly to the sur.roundlngfz, after the vibrational

essential rol2in the effective activation of doping by termi- Mode changed to the wagging maei?Thus a study of the

nating the dangling bonds, which are inherent in a disorderelicroscopic dynamics of the localized Si-H vibration is ex-
network only of Si atoms. However, in contrast to this desir-P€cted to provide some advanced information on the struc-

able effect, there is a well-known problem associated Withtural characteristics ddi-Si:H vis avis the role of hydrogen

e : _In the photodegradation.
Pr}cl)(:]:ggqe::lheyd ;r;og.r:_lot:jseglrlg: dO:si:I;;)r. ;-xhpzic:slj};hteC)eslfr%ng Because of the strong localization of the Si-H stretching
X S e ; ibration, it ti ill be affected, withi limited
light. This is known as the Staebler-Wronski effédulany vioration, 'S properties wil be atected, witin a fimrte

. : X ange, by the local surroundings. In this sense, the vibration
experimental and theoretical studies have focused on the ro[g sensitive to its immediate environment, which differs from

of hydrogen in this effect. . site to site due to the disordered nature of the material.
~ An interesting observation is that the degree of the light-Therefore, the spectral dependence of the vibrational lifetime
induced degradation is reduced when deuterium replaces hyf this mode is expected to reflect such a variation in struc-
drogen ina-Si:H.>~® This difference in the reduction of the tures surrounding the Si-H bond. Such is the case of the Si-H
photo-degradation o&-Si:H anda-Si:D is presently under- infrared absorption, whose bandwidth is broadened by the
stood as due to the difference between the rate of transfer ¢fihomogeneity of the local environments. As noted above, a
excess energy from the wagging vibration of the Si-H andkey factor for clarifying the microscopic dynamics of the
Si-D band to the surrounding lattice phondn&.The Si-H  light-induced degradation is concerned with knowing how
vibration appears to be more localized than its Si-D counterelosely the localized Si-H vibration is energetically coupled
part. In other words, it is much harder for the former than theto its surroundings. It is useful to know how the degree of
latter to transfer an accumulation of excess energy to its sufecalization varies with the vibrational energy within the lo-
roundings. calized Si-H vibrational mode. Such information can be ob-
A more direct evaluation of the degree of localization oftained on the basis of the spectral dependence of the lifetime
the Si-H stretching vibration ia-Si:H has been carried out of a focused vibrational mode.
by Xu etal? and subsequently by Dijkhuis and Itis of interest to determine exactly, the absolute value of
co-workerst®~1? These authors observed a transient changehe lifetime of each oscillator in a composite of oscillators
in the infrared absorption of the Si-H stretching vibration, that constitute a localized vibrational band. The best proce-
after exciting it directly with a pulsed free-electron laser. At dure for measuring the transient response of each oscillator,
low enough temperature, they found the vibrational lifetimeafter selective excitation, is that followed by Xt al® and
to be about 100 p%,'2 which was an order of magnitude Dijkhuis and co-workerd®—'2 However, the particular light
longer than that of the corresponding Si-H vibration in asource as adopted by these authors is not so conveniently
crystalline Si network? This indicates that the localization available. It suffices, for a qualitative analysis, to obtain the
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relative spectral dependence of the vibrational lifetime. Inshown in Eq.(3). The quantityAg(t) is the change in the
this paper, we propose an alternate method for evaluating thgoward transition rate, due to thermal modulation. For a tem-
relative spectral dependence of the lifetime, without requirperature change afT, it can be expressed as

ing any specific light source. To determine the usefulness of

the method, it is applied to several undoge®i:H films that Ag(t)=Ny(T)B[Wp(T+AT)—~Ws(T)]. 4

are prepared at different substrate temperatures. Plank’s distribution of emissive powet/s(T), is given a&*

1. PRINCIPLE OF EVALUATION OF VIBRATIONAL Wa(T)= 8w 1 ®)
LIFETIME 81 =" exphv/kT)—1"

The exploration of any kind of relaxation phenomenonwhere v is the photon frequency, and the other symbols in
usually requires that the system of interest be perturbed. Xgq. (5) have their usual meanings. Approximatinz(T
et al.and Dijkhuis and co-workers determined the lifetime of + AT) by terminating its Taylor expansion at the first non-
the Si-H stretching vibration by exciting an excess vibra-equilibrium term, and using the condition’>kT, as well as

tional population with a wavelength tunable pulsed laser. Im£q (1) andA= rz(hv) %, we can describag(t) explicitly
mediately thereafter, the induced transient bleaching of thgs follows:

infrared absorption was monitoréd? Such an absorption

guenching can be regarded as enhanced radiation during the _,hv

energy relaxation of the excess vibrational population. Ag(t)=Na(T) mp(hv) “ 5 AT. 6
Theoretical consideration of the vibrational relaxation of

the excited Si-H stretching mode will be given in terms of aFurthermore, whed T oscillates with time, as expressed by

two-level system consisting of a pair of bound states, ad\ T(t)=ATexp(wt), the corresponding change &N(t)

adopted in Einstein theoy.Here we analyze the case where Will also reflect the same time dependence. Thus

a system is perturbed by thermal modulation rather than by )

direct optical excitation. The densities of vibrational popula- AN (t) =Nzacexpliot), )

tion, at the ground and first excited states, are denoted aghere AT,, and N,,. are the amplitudes oAT(t) and
N1(T) andN,(T), respectively, wher& is the thermal equi-  AN,(t), respectively. Combining with Eq¢3), (6), and(7),

librium temperature. The upward transition rate is expresse@e can then solve the rate equati®, and the expression
asN;(T)BWg(T), whereWg(T) is the blackbody radiative = for N, . follows as

energy density af, andB is the EinsteirB coefficient. When

stimulated emission is negligible, the downward transition v 1(hv)
rate can be expressed lds(T)A, whereA is the EinsteinA Noac= NZ(T)T,R(hv)’lﬁ ——— AT exp(—i¢),
coefficient, and corresponds to the transition probability of Vit (w7)
spontaneous emissiomg(hv) 1. When the system is in ®
thermal equilibrium, these transition rates are equal: where p=tan Y(w7). Whenwr<1, the absolute magnitude
of N, can be approximated as
N1 (T)BWg(T)=Na(T)A. (o
v 7(hv)
When the vibrational population is perturbed with a weak IN2ac|~No(T) WATmW- 9

thermal modulation, the induced chanydl, in the popula-
tion of the excited state can be described by the rate equation As explained at the beginning of this section, when the
system deviates from thermal equilibrium, only part of the
dANa(t) —Ag(t) - AN,() ()  ©xcess vibrational population of the excited state returns to
dt Teff the ground state radiatively. The excess radiation power in-

. . L ) duced by the thermal modulation can be written as
where 7o is the effective relaxation time, defined as

L . L L AE(hv)=hv|Nyyd rr(hv) 2. (10

= + ~ . (3 On the other hand, the radiation power of the system, in
et Tr(hw) —rthe) - r(hy) thermal equilibrium af, is described as
As the system deviates from thermal equilibrium, various
relaxation processes, other than the direct radiative relax- E(h»)=hvNy(T)7r(hp) . 11
ation, become possible. This is because the condition of dQJsing Eqs(9) and(11), we can rewriteAE(hv) of Eq. (10)
tailed balancing is no longer valid. It has been reported thag o
the observed lifetime of the Si-H stretching vibration is much

shorter than the radiative lifetimeg(hv).?3 This result hy 7(hv)

suggests that the energy relaxation is dominated by some AE(hV)=E(hV)WATmm- (12
competitive indirect relaxation process characterized by a IR

much shorter lifetimegs(hv), in comparison withrgz(hv). By rearranging this equation, we develop an expression for

In the same sense, can be approximated aghv), as  7(hv), namely,

035201-2



SPECTRAL DEPENDENCE OF LIFETIME OF EXCITED. .. PHYSICAL REVIEW &5, 035201 (2002

AE(hv) 1 kT? L e e s B B L L B
E(hv) h_vATmT'R(hV)' (13 -e- Raw spectrum i

[----- Corrected spectrum
The quantity KT?/AT,, is independent ofhv. Since
mr(hv) "1 is equivalent to the Einsteil coefficient, it is
proportional to|M|?v3, whereM is the transition matrix el-
ement between the ground state and excited tatefol-
lows that, if[M|? has no vibrational energy dependence, a
simplified expression for(hv) can be obtained in the form

7(hy)=

System response

/

o
2}

AE(hy) 1
E(hv) »*
This indicates that the relative spectral dependence of the

lifetime of a localized vibrational band can be determined
from the spectral dependence ®E(hv) andE(hv).

7(hy)« (14

i undoped a-Si:H A
oY Ts 300°C . * ¢y |
R N TR N HFIN NN WO SN S B

45 5.0 5.5
Wavelength  (um)

IIl. EXPERIMENT

Thermally Modulated Radiation. (arb. units)

b
o

Specimens used for the measurements were thin films of
undoped a-Si:H. These films were prepared by radio-
frequency, glow-discharge decomposition of Sith intrin-

sic crystalline silicor(c-Si) Wafer_s at substrate tempt_aratures FIG. 1. Spectrum of the thermally modulated radiation from the
of 50, 100, and 300 °C. The thickness of the thin films andSi-H stretching vibration in the undopedSi: H film, which was

wafers was 4—Gum and 0.5 mm, respectively. _ . prepared on a-Si wafer with a substrate temperatur&g) of

In the measurement, a specimen was installed within &yg°c. The spectrum was measured at 296 K by illuminating the
cryostat, and its temperature was controlled in order to mainspecimen from the-Si side with the 647-nm line of a Kr laser
tain an ambient value of 296 K. In this context, a periodic,modulated at 6 Hz. The incident power of the laser was 360 mW at
weak, thermal modulation was added to the specimen byn area of 7.x 1072 cn?. The solid circles connected with the thin
illuminating it from thec-Si side with the 647-nm line of a solid line represent the measured spectrum. The dashed line is the
Kr laser, which was modulated at 6 Hz with a mechanicalspectrum after correcting with the spectral response of the optical
chopper. The laser light illuminated an area of 7.lsystem, which is shown by the solid line.
X 102 cn? with 300 mW of power. The incident light was
partially reflected at the surface, while the remainder washat the specimen’s temperature could not follow instanta-
converted to heat by absorption near the surface otie  neously a modulated illumination of constant intensity, but
substrate. Under these conditions, the thermally modulatedxhibited thet®°-type time dependence. Such a time depen-
radiation from thea-Si:H film could be observed concur- dence is expected for a transient response in one-dimensional
rently with the thermal modulation. After collecting the emit- thermal conductiof® Thus, since the specimen’s tempera-
ted radiation with an ellipsoidal mirror, and after passing itture continued to vary during the modulation period, even
through a grating monochromator in combination with anthough a constant amount of heat was applied to the speci-
optical cutoff filter, it was detected with a cooled mercury men during each half period of the modulation, it can be said
cadmium telluride detector. The detector signal was fed intahat the specimen could not attain thermodynamic equilib-
a lock-in amplifier where the amplitude of the fundamentalrium within the modulation period. The temperature rise
component of the Fourier series of the modulated signal wawithin the a-Si:H film, during the heating period of the

measured. modulation(83.3 m3, was estimated to be about 0.8'K.
In order to examine the thermodynamic state of the speci-
men during the modulation period, it is necessary to observe IV. RESULTS AND DISCUSSION

a transient change in the specimen’s temperature. This

change can be estimated approximately by monitoring the A measured spectrum of the thermally modulated radia-
time dependence of the thermally modulated radiation. Howtion from the Si-H stretching vibration is shown in Fig. 1 by
ever, it was difficult to trace directly a wave form of the solid circles connected with the thin solid line. This undoped
modulated signal of the thermally modulated radiation, bea-Si:H specimen was prepared with a substrate temperature
cause the detector signal was too weak. In principle, thef 300 °C. Under the present experimental conditions, the
lock-in amplifier can measure a magnitude and phase of eaghodulated radiation emitted from the specimen was very
component of the Fourier series of some given periodic sigweak, and it took almost 24 h to obtain the entire spectrum.
nal. The time dependence of the wave form of the modulate&ince the optical system, including the detector, has its own
signal was synthesized after separate measurements of thpectral response, the raw spectrum in Fig. 1 must be cor-
corresponding magnitude and phase of the fundamental comected accordingly. A way of evaluating the spectral response
ponent and the higher harmoniasp to the ninth higher har- of the optical system will be reported in a separate p&per.
monic9 were made with the lock-in amplifier. It was found Suffice it to say here that the spectral response of the optical
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FIG. 2. The solid line represents the spectrum of emissive FIG. 3. Relative spectral dependence of the lifetime of the Si-H
power, E(hv), at 296 K of the undopead-Si:H film prepared at stretching vibration in the undoped-Si:H film prepared atTg
T,=300°C. It was calculated by multiplying the emissivity at ev- =300 °C. It was obtained according to E44), from the ratio of
ery hv times Plank’s distribution of emissive powVg(T), at 296  AE(hv) to E(hv), with a v~ * correction at everjhv. The dotted
K. For reference, the emissivity antlg(T) spectra are shown by and thick solid lines are the measured and smoothed out lifetime
the dashed and dotted lines, respectively. spectra, respectivelAE(hv) andE(hv) spectra are shown by the

solid and dashed lines, respectively. The maximum values of both

- t de to coincide.
system had very weak wavelength dependence within thghectra are made fo coincide

measured wavelength range, as shown in Fig. 1 by the soliven after the long accumulation time, a difference in shape
line. The correctedAE(hv) spectrum is shown by the petween these two spectra is clearly evident. On the basis of
dashed line in Fig. 1, where it is seen that the differencaehese results, the relative spectral dependence of the lifetime
between the raw and corrected spectra is very slight. of the Si-H stretching vibration can be obtained according to
On the other hand, the spectrum of emissive powelEq. (14), from the ratio ofAE(hv) to E(hv), with the v™4
E(hv), in thermal equilibrium at 296 K, can be calculated by correction at evenhv. The outcome is shown in Fig. 3 by
multiplying the emissivity at everfiv timesWg(T) at room  the dotted line. The thick solid curve through this line shows
temperaturé’ The emissivity of a body is a measure of how the smoothed out lifetime spectrum. Identical measurements
well it can emit radiation power in comparison with that of a were performed for other specimens that were prepared at
blackbody'*® The detailed experimental procedure for evalu-100 and 50 °C. The corresponding results are summarized in
ating the emissivity spectrum will be reported elsewHé&re. Figs. 4a) and 4b).
However, since Kirchhoff's law equates emissivity and ab-  Although theAE(hv) spectrum of Fig. 1 was corrected
sorptivity at anyhv,'"!® the spectral dependence of the for the spectral response of the optical system, it should be
emissivity can be obtained alternatively from a spectrum ohoted that this correction has no influence on the resulting
infrared absorption coefficients. This is accomplished in actifetime spectrum. Although the details will be explained
cordance with the absorption expression, 1-exg(-under elsewhere® the present optical setup was used for the deter-
the assumption of a constant reflectivity at the surface of thenination of the emissivity spectrum. The same correction
a-Si:H film irrespective of the value dfiv. In this expres- due to the spectral response of the optical system was ap-
sion, « andd are the absorption coefficient and the thicknessplied to the emissivity spectrum. SinE€hv) is proportional
of the specimen, respectively. We have confirmed that theo the emissivity, the influence of this correction A& (hv)
spectral dependence of the resulting absorptivity actually coandE(hv) cancels out of their ratio in Eq14).
incides with that of the emissivity evaluated with our pro-  Looking at the smoothed out lifetime spectra in Figs. 3
posed method® Figure 2 shows thé&(hv) spectrum that and 4, we can see that the vibrational lifetime exhibits a
was obtained from the corresponding emissivity spectrum agendency to decrease almost monotonically with increasing
296 K. For reference, the spectral curves of the emissivitywibrational energy. Furthermore, the spectra show some dis-
and of Wg(T), at the same temperature, are also shown irtinctive structures{1) a bump is likely to be located com-
this figure. monly at around 1950 cit, and (2) a shoulder appears at
The E(hv) and AE(hv) spectra are compared in Fig. 3, either 2000 or 2100 citt, depending on the particular speci-
where the maximum values of both spectra are made to canen. Such a spectral dependence of the lifetime at 296 K is
incide. Although theAE(hv) spectrum is still quite noisy, consistent qualitatively with the result reported by Rella
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L I AL infrared, absorption coefficientda of the Si-H stretching

1.0 @ E(hv) vibration, that resulted after exposing the material to strong

- AE(hv) 1 light. They deconvoluted thA« spectrum into three Gauss-
w ian components with peaks at 1935, 2000, and 2068'cm
= 1 After normalizing these deconvoluted bands with their re-
5 . spective peak absorption coefficients, it was found that the
8 1935 component was the largéStThis indicates that the

il light-induced change does not take place uniformly within

* 05 - the absorption band, since there is a preference for the in-
= duced change to be enhanced at the lower vibrational ener-
E/ i gies. This result is consistent with the properties oft{iev)
< - spectra in Figs. 3 and 4.
= We now consider several uncertainties and problems re-
£ T lated to the foregoing theoretical analysis. First, we look
w

again at Eq(14). According to this equation, the * term

undoped a-Si:H 7

Ts 100 °C appears to dominate the spectral dependeneétof). How-
R A ever, there exists a clear difference in the spectral shapes of
1900 2000 2100 2200 AE(hv) andE(hv), as illustrated in Fig. 3. Therefore, the
Wave number (cm'1) AE(hv)/E(hv) ratio in Eq.(14) makes a meaningful contri-

bution to r(hv), and causes notable structures in b v)
ol i LI B I I I spectra. A vibrational feature of hydrogenated,®sglass
' tAE(hv) has been observed, which contrasts with the present result for
. a-Si:H. It has been reported that the vibrational lifetime of
the S-H stretching mode in AS; glass increases with in-
creasing vibrational enerdy:?? Finally, this finding demon-
. strates that thes™* term does not dominate the spectral de-
pendence of-(hv).
In reference to the basic assumption made in the theoret-

- ical analysis, namely, that the system is not in an equilibrium
state during the thermal modulation, it may be argued that an
1 equilibrium condition is established within each half period
of the modulation, because the relaxation tinf@v) is ex-
pected to be much shorter than the modulation period. How-
. ever, the difference between the spectraAdi(hv) and
E(hv) surely indicates that the system does not equilibrate
within the modulation period. As a result, the condition of

(arb. units)

0.5

E(hv), AE(hv), ©

undoped a-Si:H
Ts 50°C 3 . . . . .
ook _____ s Vs detailed balancing of Eq1) is no longer valid, within the

-~ '1'9'0'0' ol '2;0'0'0' L '2'1'0'0' — 2900 thermal modulapon, as one of t.he experimental parameters.
» The next point to consider is the neglect of stimulated

Wave number  (cm) emission in the energy relaxation process. As for the direct

adiative relaxation between the excited and ground states of

he Si-H stretching mode, it is reasonable to assume that the
thermally stimulated emission is negligible in comparison

FIG. 4. Relative spectral dependences of the lifetime of the Si-
stretching vibration in other undopesSi:H films: (a) is for the

specimen prepared dt,;=100°C, and(b) for the specimen pre- . .
pared afT ;=50 °C. The dotted and thick solid lines in each figure with the spontaneous emission at room temperdﬁJH})W-

are the measured and smoothed out lifetime spectra, respectivefgVel, according to results reported by Dijkhuis and co-
AE(hv) andE(hv) spectra are also shown. Worke_rs, _the excited Si-H stretphlng_ V|br_at|on relaxe_s into a
combination of the Si-H bending vibrations and Si lattice
phonons. Meanwhile, the relaxation rate at 300 K is en-
et al1° The spectrum in Ref. 10 refers to the geometric mearhanced by a factor of about 2 as compared to the zero-
lifetime measured at 10 K, and exhibits a maximum attemperature relaxation raté!? The r(hv) ! discussed in
around 2000 cm! with a tendency to decrease in value Sec. Il corresponds to the zero-temperature relaxation rate.
slightly in the energy ranges beyond the maximum. Strictly speaking, when such a multiphonon relaxation pro-
The observation that the smaller the vibrational energy theess is operative, it is necessary to take into account the
longer the vibrational lifetime indicates that the localization stimulated emission of the receptor modes and phonons in
of the Si-H stretching mode becomes stronger at lower vithe theoretical analysis, since our measurement was per-
brational energies. At present, only a few reports deal witformed at 296 K. However, keep in mind that here we are
the problem of the degree of the vibrational localization. Re-considering the relative spectral dependence(bl), rather
cently, Zhaoet al® reported on an induced change in the than the absolute values ofhv). Therefore, in so far as the
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same combination of receptor modes and lattice phonons V. CONCLUSION

palrt|C|pr;1tﬁs ”".trf.het;e'a;‘?&"”t p:oEfass,blrr%spect;vet Off the A convenient method for evaluating the spectral depen-
va uel ° dv within e." 'r'] S rl.ef m?f an ,nﬁg ec ?_ dence of the lifetime of an excited localized vibrational mode
stimulated emission will_have little effect on the resulting j5 r5n6sed. Analytical consideration of the thermally modu-

spectra. lated radiationAE(hv) in terms of a two-level system
A limitation of the present method should be noted. Meag\eals  that the lifetime s proportional  to

sur(_ament_of the tem_pera_ture _dep_endenge pf th_e lifetime of N E(hv)/E(hv)]/v*, providing that transition probability is
excited Si-H stretching vibration is of principal interest here,independent ohv. The relative spectral dependence of the
because it may refer to a possible path by which this localyiprational lifetime can be obtained from the spectral depen-
ized excitation loses its excess energy during relaxationdence ofAE(hv) andE(hv). The essence of the method is
However, the determination ef{hv) by our method is based the measurement &E(hv), which is induced in the speci-
on the measurement &fE(hv), whose value depends on men by the application of a weak thermal modulation. The
the emissive power dE(hv) in thermal equilibrium, as Eq. relative spectral dependence of the lifetime of the Si-H
(12) indicates. Consequently, detection of the thermallystretching mode, of several undopeeSi:H films, can be
modulated radiation with good accuracy is impossible wherobtained on the basis of an analytical expression. The result-
the temperature of the specimen is lowered. In this casdng lifetime spectra exhibit some distinctive features: a bump
there is a significant reduction afE(h»), that accompanies commonly appears in the spectra at around 1950'cmind
the reduction ofE(hv) as the temperature is lowered. the lifetime decreases monotonically as a function of increas-
Finally, we address the constancy of the transition probind Vibrational energy, with accompanying a shoulder at
ability [M|2. The hydrogen content in @sSi:H film is often ~ @Pout 2000 or 2100 crt, depending on the specimen. The
estimated from the integrated infrared absorption of the Si-H/iPrational localization of the Si-H stretching mode appears
vibrational modes in conjunction with appropriate propor-to be enhanced at lower valuestob. Furthermore, because
tionality constants, which are inversely proportional to theOf the strong localization of the v!brat|0|jal_mode_, such a
transition probabilitie€® The Si-H stretching band consists spectral dependence of the vibrational lifetime will reflect

_ : the difference, from site to site, of the local structures sur-
of the 2000- and 2100-crit modes, whose respective con- . ¢ !
stants have been treated as fixed. There is disagreement c rounding the Si-H bond. We plan to apply the present method

i hether th for th . hi B a-Si:H related alloys in order to discuss how the Si-H
cerning whether these constants for the two Si-H stretchingy otching vibration is affected by its local environment, such

,25
modes are equal or ndt: However, Beyer and Abo g the presence of alloying elements in the neighborhood of
Ghazald® recently performed a detailed study of the ratios ofthe Si-H bond.

the proportionality constants of the Si-H stretching modes to
that of the Si-H wagging mode and concluded that the con-
stants in question are essentially equal. These authors give
0.97+0.12 as the value for the ratio 0kM|? between the Special thanks go to Dr. G. Ganguly for kindly preparing
2000- and 2100-cim modes. specimens.
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