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Vibrational excitations in thin films studied by spatial dispersion Brillouin spectroscopy
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By combining a tandem multipass Fabryr®e(FP) interferometer with a charge-coupled-devi@CD)
imaging detector, we have successfully observed surface Rayleigh waves, longitudinal guided modes, and bulk
acoustic modes in dilute magnetic semiconductors, Si- and Ge-based films and superlattices. The inelastically
scattered light from acoustic modes is transmitted through the FP off-axis, and is focused on the CCD where
it forms concentric rings. We also have demonstrated that the high sensitivity of our system allows the
observation of weak bulk acoustic modes from opaque a-Si:H/g-$iNuperlattices.
[S0163-182¢06)10348-9

I. INTRODUCTION light is collected, making the CBS inefficient. On the other
hand, CCD area detectdfsare routinely used in Raman
Acoustic and mechanical properties of thin films and mul-instruments to solve this problem, and should accomplish the
tilayers are usually related to low-frequency vibrationalsame purpose in Brillouin spectroscopy.
excitations' In the acoustic region, the transverse and longi- |n reality, spatial dispersion properties of a Fabryete
tudinal modes, which always exist in solid materials, are thestalon allow off-axis light to be transmitted in a certain angle
most prominent excitations. However, the introduction ofrange. This means that if the sample is illuminated over a
surfaces and interfaces for single or supported films and mulgide area, scattered light of different frequencies forms con-
tilayers leads to new acoustic excitations with surface chargentric rings on the focal plane of the detector. Being able to
acteristics. These excitations consist of shear vertical angy|ect o) this light at the same time results in a considerable
longitudinally polarized partial waves whose field compo-,, ijex advantage. Using a CCD area detector we are able
nents propagate pqrallel fo the surface and decay EXDONERY htain spectra roughly 50 times faster than the scanning
tially V\.”th d|stance_|nto tfh € fsubstrate. For a supported f.'lmmethod. This has the advantage that the dark count rate of
for which the velocities ¢; ,v) of the transverse and longi- the CCD, which is of the same order as that of a good pho-
s s . etomultiplier, has much less time to accumulate, with a cor-
.(U‘ ,v|).C.)f the substrate, a number of sgrface acoustic wave esponding improvement in signal-to-noise ratio. The pur-
in addition to the Rayleigh mode exist. These are Ca"ee?ose of this paper is to report the use of a system consisting

Sezawa and longitudinal guided modes, and their numb [
increases with film thickness. The Sezawa modes exist in th f a. sensitive CCD. area detector _and a Sandercock Fan_dem
P interferometer in the observation of acoustic excitation

sound-velocity regime bounded b»f/ andv;. Similarly, the . . L . X
velocities of the longitudinal guided modes are in betweer]SpeTCtra' We are referring to this as a spatial dispersion Bril-
Quin spectrometer, or SDBS for short.

f S H H
and v;. Since these frequency regions are separated, th ) . : . .
U Y a yTeg P This paper is organized as follows. Section Il contains a

modes are experimentally observable. ) ) . )
Traditional ultrasonic techniques are difficult to use with det_alled dlsc_ussmn of th_e o_ptlcs_ used for the SD.BS' Obser-
vation of various acoustic vibrational modes are in Sec. lll.

very thin films; so, Brillouin scattering has become a power- X _
ful tool for the characterization of acoustic and mechanicafR€sults for several film and multilayer systems are pre-
properties of thin films and superlattic®$. In a conven- Sented: ZNSe/GaAs, wheréf’ stands for Mn, Fe, and Co,
tional Brillouin spectroscopyCBS) system, the observation crystalline c-SiGe alloy, hydrogenated amorphous germa-
of the acoustic excitations involves scanning a FP and usingium (a-Ge:H) and silicon @-Si:H) films, and

a photomultiplier tube (PMT) to record the phonon a-Ge:Ha-Si:H anda-Si:H/a-SiN, :H superlattices. Through
spectrun® Only on-axis light is allowed to contribute to integration processing, the observed two-dimensional acous-
the signal, and only a fraction of the inelastically scatteredic spectral patterns are converted to one-dimensi¢ta)
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a b and then collapsed from a Si film. After an additional in-
creasing in plate spacing, the first-order “ghost peaks” rings
are collapsed into the CCD detector, as shown in Fdg).1

The first order elastic scattering in a tandem is double peaked
because each FP in the tandem transmits at a slightly differ-
\ ent plate separation. The phonon rings cannot be seen in Fig.

1 because the elastic light is so strong. In order to collect
phonon spectra it is usually necessary to suppress the elastic
rings. This is accomplished by adjusting the FP plate sepa-
ration so that the zero order light is suppressed, and choosing
the free spectral rangé~SR so that the radii of the first
order ghost peaks are larger than the chip size of the CCD
camera head. The experimental system is somewhat unusual,
and the optics yields some unexpected benefits. While an
initial report has been made in Ref. 12, and a detailed analy-
sis has been presented in Ref. 13, it might be useful to re-
view some important optical parameters here for a better
understanding.

FIG. 1. Two-dimensional spectral patterns of the transmitted A. Maximum frequency range

elastic light from ac-Si film surface, experimentally observed with Since the light contributing to the rings in the pattern is
a 1 sec exposure at a power less than 3 mW. The ringg)#(c)  traveling at an angle to the optic axis, the diameter of the
correspond to the zero-order elastic peak, while the double rings ifing corresponding to a particular spectral feature, say a pho-
(d) come from first-order “ghost peaks.” non, increases along the path. Thus the largest ring that can
be transmitted is determined by the diameter of the FP mir-
spectra which are similar to those obtained by a conventionabrs, and if the FP is multipassed it is limited by the require-
scanning method. ment that the different passes do not overlap. If the maxi-
mum radius of the transmitted beam after the last pass
Il. EXPERIMENT (limited by the allowable aperturés a, then the maximum
angle is tan(a/L), wherelL is the total path length from
The experimental setup of the SBDS system was identicahe focus of the lens in front of the first etalon to the outer
to that described in Ref. 13, which consists of a Sandercockyrface of the second. The difference in frequenty,,ax,
tandem 2-2 Fabry-Peot interferometefTFPI) and a liquid-  petween light transmitted on axisy, and the light in this
nitrogen-cooled 518 512-pixel CCD imaging system. lllu- ring is independent of the FSRv,,,, is calculated in Ref.
mination is provided by the 5145 A line of an Arlaser. 13, and the result is
The incident laser beam was defocused with a Iéasus
lengthf =30 cn) to cover an area about 2Q0m in diameter Yo
on the sample. The scattered light is collected by lehses AvVmax™ 2L
{ahnedI(;Sr\r’]\l:r'cchuggjslfséit:febtﬁzrgf?_';r(?: fg;ger::aztcl%;rtleiss:]z:cg t is obvious that a_lthough the FSR_, which is determined by
sary, the usual pinholes are absent in our system. But tw e plate separation, can be .qwte large, no more than
irises, before and after the TFPI, are necessary to eliminatg ¥max can be acces_s_ed at any time.
stray light which may contaminate the observed spectra. Th% If R |s_the reﬂ.ectlwty of the FP plates, each pass through
polarization of the collected light is chosen through a rotat-N€ FP will cor_ltrlbute alength-0/(1-R) toL. If the num-
ing polarizer. To make the spectral pattern match the chi?®" Of Passes is,, and the focal length of the collecting lens
size on the CCD camera head, another lens w#h0 cmis " front O.f the first FP .'Sf’ L~[d/(1~R)In, +f. When a
used. In addition, the strong Raman component of the trand@ndem is used the d|st_ance between the two FP must be
mitted light is eliminated by using a narrow band filter. And 2dded, and. ends up being 50 cm or more. In our system,

two computers are used to control the TFPI system and th&/L~1/50, and fora=5145 A, the maximum frequency
CCD image processing, respectively. Av,. determined by optic geometry is about 120 GHz.

In such a system, the transmitted light of interest will lie N order to cover a FSR larger thaw,,, more than one

between the two bright concentric rings from adjacent order§XPOSUre is necessary. However, the multiplex advantage of
of elastically scattered lighthe tandem feature of the sys- (e instrument is such that an exposure rarely requires more
tem still allows considerable transmitted intensity of elasticth@n @ few minutes, and this is not a limitation. In fact, we
light at higher ordefs Since the radius of the ring can be limit the angle through our instrument to less than this to
varied by changing the plate spacing of the FP, the Strongjvmlmlze problems caused by walk-off effect of light in be-
zero-order elastic ring can be collapsed and only the inelastitveen the FP mirrors.
light plus the tail of the elastic line is transmitted to form the
image pattern, as demonstrated in Fig. 1.

Figures 18)—1(c) shows how a zero-order elastic scatter-  Since the FP depends on a large number of reflections to
ing ring is progressively reduced from a narrow ring to a dotachieve transmission, when the light is transmitted at an

a 2

@

B. Walk-off effect
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angle off axis, the number of reflections is limited by the The width of the ring recorded by the detector is propor-
walk-off of the beam in between the FP plates. A very roughtional to dv;=Fv,, and Sv; is the width of the spectral
way to estimate this is to assume complete interference deature recovered upon deconvolution. This will be
long as they overlap, and none if they do not. With thisnarrower than that obtained with a scanning instrument
assumption the maximum angle that can be tolerated befongsing the same number of passes and the same FSR because
walk-off effect reduces the intensity of the transmitted lightthe scanning instrument must use pinholes to limit the diver-
to more than 90% of the intensity of the incident beam if itgence of the beam, and the “pinhole finesse” decreases the
had been transmitted on axis is calculated in Ref. 13 to beinstrumental resolutiofwhich, of course, would be virtually
unusable without pinholes Thus the finesse with an area
a(FSRInR detector can be expected to be equal to or higher than that of
tang~ 6~ — 3¢ @ the scanning configuration. It may appear paradoxical that
removing the pinholes results in a higher finesse. In order to
wherec is the velocity of light. From Eqs(1) and (2), if  understand this result it should be noted that when scanning
vg is the frequency of the transmitted beam at normal incithe light collected on axis corresponds to the FP plate sepa-
dence to the FP plates, a beam whose frequeneywdl be  ration, and if no pinholes are used, light of longer wave-
transmitted at an angle o#s (1+Av/vy) '~1—316?, and length can be transmitted at an angle which is only limited
by walk off. Light transmitted at an angle will be attenuated

__vo|a(FSRINR 2 3 by a factor of 2 when the number of reflectiopss at least
=T 3 | 3 p=In@—J0.5)/IR which for a typical reflectivity of 0.93

yields p=17. If the radius of the beam is, and the plate
It is convenient to express this as a fraction of the FSR:  separation isd, the angle between this ray and the central
) beam isa=tan (a/17d)~ a/17d.
(o Av _(FSR(alnR) @ On the other hand, the change in angleorresponding to
FSR 17.6ch a change ofr (corresponding to increasing the order Byirl
) ) _ the phase factof is A=sin '(\/d)~\/d, which is much less
With the FSR in GHz, a typicaR of 0.93,r=0.5 cm, and  than«, and many orders can be transmitted. This will result

N =5145 A, we havef~(FSR)/20. in a broad elastic tail unless pinholes are used to limit the
Thus for a FSR larger than about 25 GHz, a full FSR camheam divergence.

be accommodate@ubject to the limitation discussed in Sec.

Il A), but as the FSR is reduced below 25 GHz, less is avail-
able. The dependence on the FSR is, of course, due to the
increase in plate separation which aggravates the walk-off From Eq.(1) a ring of radiusa on the detector corre-
effect as the FSR is decreased. The light which “walks off” sponds to a frequency differender=v— v, such that

can contribute to the background and reduce the contrast,

and for applications where a low background is essential the Av~Aa?, (8)
maximum acceptance angle should be reduced even further.

This can be accomplished by placing an iris at the exit of thevhereA is constant determined by the optical parameters of

D. Ring width and intensity distribution

last FP. the system. If the width of this ring on the detectoss, it
originates from a corresponding ring of radisand width
C. SDBS finesse &8s on the sample. The width is determined by the finesse of
. . , two FP’s, and if the bandpassds; , the widthés th
Since no pinholes are employed, the finesse of the SDB e(?cect(c))r is S, andrine bandpassdsy, the wi aonthe
system is determined by the reflectivity and flatness of the
FP plates. According to Born and Wdff,the reflectivity
. K . Jda 5Vf C
finesse of a single pass FP is Sa= — Spi=—0— = — (9
av° T 2Aa a’
7R . . :
f,= aA-R) (5) whereC= 6v;/2A is a constant. Thus the light corresponding

to the frequency range = dv; is displayed over a band

This expressions assumes perfect FP plates. For real plate@a C/a. It comes from a corresponding basd C'/sonthe
plate flatness finess&/2, can be specified if the flatness is sample. This means that the changes in the ring radius and its

/M. and the final finesse becomes width are directly correlative to a proportional space scan-
’ ning on sample surface. If the sample is uniformly illumi-
1.2 nated with monochromatic light, the radius of the ring re-

— . (6) corded by an area detector can be changed by changing the
fr plate separation of the FP. Although the increase in width of
the ring is balanced by a decrease of ring radius, the inte-
grated intensity on the detector is independent of the size of

2 2
f_]': (M) +

For a multipass instrument, if the number of passes, isthe
finesse becomes

the ring.
f However, because of the drop off in intensity of the laser
F=eoo (7)  beam it is impossible to obtain uniform illumination. For a

(2 —1) Gaussian laser intensity profile, the irradiance is
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P a b
I(r)= We—rzlwz, (10

whereP is the total power in the beam, amdis the width of

the beam. The exponential drop off in the intensity on the
sample surface will produce a corresponding exponential
drop off on the detector, and a consequent weakening of the
signal. In order to maximize the signal it is best to adjust the
plate separation so that the inelastic light of interest is as
close to the center of the ring pattern as possible. If the
second order elastic ring appears, and must be suppressed, < d
this can be accomplished with an iris.

Unfortunately the nonuniform illumination complicates
the determination of absolute, or even relative scattering in-
tensities. In principle they could be determined by calibrating
the system by measuring the intensity of the elastic light as
the corresponding ring size is changed. In practice, because
the sample contains inhomogeneities, we have found it dif-
ficult to obtain consistent results. In any case, the intensity of

a spectral featurg has not been of interest in our investiga— FIG. 2. Two-dimensional phonon modes of the surface Rayleigh
tions, and a solution to this problem has not been sought witQyave, longitudinal guided acoustic wave, transverse and longitudi-

sufficient dedication. nal acoustic waves from dilute magnetic semiconductor ZnFeSe/
GaAs heterostructures, where data are read out in a binxd 6
E. Phase velocity of acoustic excitations pixels and 2.5 min.

In our experiments a quasibackscattering geometry is
used. The in-plane wave vector component for surfacé>aAs substrate, this structure shows very rich vibrational
acoustic excitations is linked to the wave veckgrof inci-  Spectra as illustrated in Fig. 2 from a ZnFeSe/GaAs sample.
dent radiation by the expressian= ko(sing +sin6), where ~ The two-dimensional2D) spectral pattern in Fig.(2) shows
6, and 6 are the incident and scattered angles normal to thé&vo dim inner rings due to phonons and bright outer rings
surface. The phase velocity of the surface acoustic modedue to first-order transmitted elastic peaks, i.e., ghost peaks,

can be deduced from where a FSR of 24.6 GHz is used. The innermost ring with a
frequency shift of 8.5 GHz is due to the surface Rayleigh
Vsur™= Vsurt! Ko(SiNG; +sindy) , (1)  wave (RW), propagating along the air-film interface. The

where vy is the measured frequency shift. But for bulk p_honon mode at 16.8 GHz, associated with the other inner
L o L ring, shows a strongly wave-vector-dependent frequency
vibrational excitations, the phase velocity is calculated from_, . - . =
i shift. However, similar to the RW, its phase velocity is
the measured frequenay as follows: S
nearly a constant. The calculated velocity is very close to the
vra LA = VBI2nKy, (12) IongltUQmaI sound velocity of_ZnSe film. ?s prewously
_ o . ~ found in the ZnSe/GaAs by Hillebrand al,” this mode
wheren is the refractive index of the material. In our experi- should be the longitudinal counterpart to the Rayleigh wave,

ments the in-plane wave vector component was chosen along., the longitudinal guided mod&GM), with a phase ve-

the [100]- and[110J-axis of lattice(001) planes. locity slightly below the longitudinal sound velocity. The
so-called LGM is also observed as an inner ring in Figp) 2
Ill. RESULTS AND DISCUSSION where a 72.9 GHz FSR is used. The outer ring as well as the

ring in Fig. Ad) are the phonon of transverse acoustié)
modes with a frequency shift of about 26.8 GHz. In addition,
It is well-known that the low-frequency vibrational spec- the longitudinal acousti€LA) mode is also observed at a
tra of a supported film depend strongly on the thickness ofrequency of about 49 GHz. All the data were taken with a
the film under investigation. When the thickndsss com-  2.5-min exposure, but the scattering intensity of each mode
parable to the phonon wavelength, discrete guided longitudiis very different.
nal and transverse acoustic modes are present in the spec-Figure 3 shows the three-dimensiori@D) spectral pat-
trum, whose number increases witfh. For thicker films, terns, which correspond to the LGM and TA modes in Fig.
these modes will form continuous spectra which extend t®(b) and to the LA mode in Fig. (&). Here a bin of &6
the higher frequencies of the bulk phonons in the substratqixels was used and the data in the CCD chip are read out in
Using our spatial dispersion Brillouin spectrometer, thesea dimension of 8% 85 bins. The high scattering intensity
surface and bulk acoustic excitations can be observed bfyom the LA mode, compared with the intensity of the LGM
choosing an appropriate FSR and ring radius. in Fig. 3(a@), should be associated with a large elasto-optic
The dilute magnetic semiconductor Y¥Y8e/GaAs coefficient. We note that due to larger film thicknéss=1.5
(Y=Mn, Fe, or C9 system is a semi-transparent heterostruc-um), the higher-order Sezawa waves and longitudinal
ture. Owing to the phase velocities of longitudinal and trans-guided modes cannot be distinguished from the background
verse acoustic modes in the films being less than those af our samples. Since the phase velocity of the LGM in the

A. Vibrational spectra in transparent films



54 VIBRATIONAL EXCITATIONS IN THIN FILMS ... 17 809

a-Si:H

a-Ge:H/a-Si:H c-SiGe

FIG. 5. Two-dimensional phonon spectra of surface Rayleigh
wave from hydrogenated amorphous germaniarGg:H) and sili-
con (a-Si:H) films, a-Ge:H/a-Si:H superlattice, and-SiGe alloy.
The spectra were observed with a power of 100 mW and at incident
FIG. 3. Three-dimensional phonon structuregafthe longitu-  angles of 75° form-Ge:H andc-SiGe, 80° fora-Si:H, and 85° for
dinal guided mode, transverse acoustic modes in Fig, 2nd(b) a superlattice. The angle between incident and scattered light is 15°.

longitudinal acoustic modes in Fig(d. The discrete small peaks ) ) } )
are due to cosmic rays. excited acoustic modes, which corrugate the nominal plane

surface, produce a small cross section for inelastic scattering.
films can be obtained using E(}.1), this allows us to evalu- Experimentally, the phonon spectra measurements we have
ate the variation and dependence of the elastic properties qrerformed are sufficiently sensitive to such a small cross
doping concentration and ion radius, as illustrated in Fig. 4section.
The results clearly show that the elastic constants increase Figure 5 displays the phonon spectra of a surface Ray-
with both increasing doping concentration and increasing ioeigh wave(RW) from hydrogenated amorphous germanium

radius or atomic number. (a-Ge:H and silicon @-Si:H), a-Ge:HAa-Si:H superlattice
(SL), and crystalline silicon germaniunc<{SiGeg alloy in
B. Vibrational spectra in opaque films and superlattices which the germanium content is 2.3%. Their frequency shifts

) _ .are found at 9.4, 13.8, 17.5, and 12.3 GHz, respectively,
For opaque semiconductors, the surface ripple effect i§hore the angle; of incidence of light is 75° fom-Ge:H
the dominant mechanism for Brillouin scattering. Thermallyand c-SiGe films. 80° for a-Si‘H film. and 85° for

a-Ge:HA-Si:H SL. 1D spectra were obtained by summing
4850 over bins at the same radius, as shown in Fig. 6. We found
. that even though the average intensity in each pixel may only
ZnYSe/GaAs Films be a few counts, the integrated spectrum may have a few
4800 — hundred counts with a good signal-to-noise ratio. Of course,
8 - I phonon spectra are easily contaminated by stronger elastic
7 - Rayleigh wing scattering due to inhomogeneity in the sample
; surface. In order to avoid this, these spectra were taken in an
] -~ appropriate ring radius which is determined by FP plate
4700 ] } y, ’ separation. Based on the incident and scattered angles used

here and Eq(11), the phase velocities of the Rayleigh waves
‘ ZnFeSe are found to be 2620, 3720, and 3260 m/s &Ge:H,
4650 - Y TCose a-Si:H films and fora-Ge:HAa-Si:H SL, respectively. The
phase velocity {g=4850 m/$ of c-GeSi film is about 1%
lower than that of crystalline silicon due to 2.3% Ge concen-
4600 L L L tration.
0.0 5.0 10.0 15.0 20.0 Although the appearance of the phonon spectrum from
Doping concentration (%) a-Ge:H film is different from our previous wofR due to
film thickness, the measured phase velocity in both cases is
FIG. 4. Dependence of phase velocity of the LGM on dopingVery close. Fora-Si:H films, our measured velocity is
concentration in ZMSe/GaAs ¥=Fe, Co, and Mp heterostruc- smaller than that reported in Ref. 16. This can be attributed
tures. to the influence of hydrogen concentration which causes dy-

LGM phase velocity (nvs)

J ZnMnSe
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200 ] RW 2 a-Si:H/a-SiNx:H QSL
] g RW
z =
= =
b=t - Q. .
o) ] a-Si:H film i |
8 2.00
g 2007 E
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> i Q
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<
FIG. 6. 1D phonon spectra from surface Rayleigh warg/), -E‘ ]
converted from Fig. 5, where the spectral intensities are normalized g __
with a magnification of 2.5 times fax-Ge:H@a-Si:H SL. Y
2
= (b)
namical properties of the film to soften with increasing hy- P T e r T
drogen content. In the case of a superlattice, since the modu 100.0 1250 - 150.0 175.0 200.0
Brillouin shift (GHz)

lation period (\) is much less than the phonon wavelength
(~ 3000 A), its physical properties also can be described by
an effectively homogeneous film of thicknelss It follows FIG. 7. Phonon spectra observed usif@ the conventional
that the phase velocity of a surface Rayleigh wave inBrillouin spectrometer, andb) using our spatial dispersion Bril-
a-Ge:HA-Si:H SL can be characterized by the correspondJQUin spectrometer on aa-Si:H/a-SiN, :H quasiperiodic superlat-
ing quantities in the constituents: tice (Ref. 17.

copy, we have successfully observed longitudinal acoustic

—-1/2
—A da 2+ dg ? dadg PA’/Q+ pPuR| |t modes wih a 5 min exposure. A 1D phonon spectrum ob-
VR A B vmB | pBB T pMA ’ tained by scanning a433 tandem FP is shown in Fig(d.

(13) 2D and 1D phonon spectra obtained using our system are
demonstrated in Fig. (B). Although the peak is seriously
broadened, a good line shape and signal-to-noise ratio can be

where A and B representa-Ge:H and a-Si:H_films,  found. However, this mode cannot be seen in Fig) at all.

dy=dg=50 A, A=100 A, p#®&#H=505 g/cn?, and

p¥StH=2 21 g/cn?, respectively. Substituting these values IV. CONCLUSION

into the above equation, the calculated phase veld8ity 0

m/s) is consistent within 3% with the measured velocity. In conclusion, the measurements on acoustic excitations

Note that the above calculation does not include any influhave been carried out to characterize the vibrational proper-

ence from the substrate because the thicknesses of oties of ZrvySe/GaAs ¥=Mn, Fe, and Cp heterostructures,

samples are greater than one phonon wavelength. It is re&i- and Ge-based films, as well as superlattices by means of

sonable to ignore the effect of the substrate on the phonoa newly designed Brillouin spectrometer, which combines a

spectrum. highly sensitive CCD camera detector and a tandem Fabry-

Finally we wish to illustrate the high sensitivity of our Paot interferometer. In contrast with a conventional Bril-
system: although the surface Rayleigh wave can be observelduin spectrometer using a scanning method, we have dem-
the vibrational spectra of bulk acoustic modes fromonstrated that three- and two-dimensional phonon spectral
a-Si:HAa-SiN, :H quasiperiodic superlatticd®SL) are too  patterns can be observed within a short time. Despite the fact
weak to be observed after scanning for two hours with a highhat no pinholes are used, this system has shown high sensi-
contrast and good finesset3 TFPI. In fact, the insulator tivity on a weak phonon signal, and tolerable finesse and
layers in the superlattice cause a dielectric fluctuation muckontrast.

smaller than that in semiconductor layers. Thus, the small Furthermore, the observation of phonon modes in 2D and

cross section due to small dielectric fluctuationarSiN 3D might offer another possibility to do direct space resolved

«-H and opacity ina-Si:H makes it difficult to observe bulk measurements or scanning of the sample surface as in micro-

vibrational modes.” However, using our Brillouin spectros- Raman imaging spectroscopy. This potential application may
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