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We report on the observation of the boson peak in amorphous (@) GaAs formed by high-energy ion
bombardment of the crystalline lattice. The experimental data are analyzed according to the theory of
inelastic light scattering from fractons. The correlation length & and the spectral dimension d of the
fractal are determined. In comparison to a-Si:H the crossover frequency from the phonon to the fracton
scattering regime, @, is lower and scales according to mass law, confirming the vibrational character of
the boson peak. The origin of the fractals in tetrahedral amorphous semiconductors is discussed in
terms of strained nanometer blobs of host atoms whose overcoordination is relaxed through bond per-
colation. The intensity increase of the boson peak relative to the amorphous component during the pro-
cess of amorphization of GaAs, and the increase in the carbon content in ¢-Si:H, shows a composite
structure that consists of a strained fractal region in the relaxed network. Some experimentally observed
anomalies such as low values of the sound velocity in tetrahedral amorphous semiconductors, and trans-
formation of the vibrational spectrum by quenching in As,S; are qualitatively explained by the fractal
model. On the basis of maximum positions of the boson peak and the first sharp diffraction peak ob-
served in the structure factor of inelastic x-ray or neutron scattering of amorphous semiconductors, the
correlation lengths of medium-range order (MRO) are determined and compared for different
tetrahedral and vitreous amorphous semiconductors. The observed three to four times shorter value of
MRO in tetrahedral relative to vitreous amorphous semiconductors is used to explain a number of
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differences between their properties.

I. INTRODUCTION

A great number of experimental results show that
many properties of liquids and amorphous solids (excita-
tion and relaxation kinetics, thermal, optical, and elec-
tron processes) depend on structural features at length
scale from atomic level to a few hundred A.!~!2 This so-
called local or medium-rangle order (MRO) depends on
the material and conditions of formation. The range of
MRO, its relation to physical properties, and its depen-
dence on the kinetics of formation of the solid are ques-
tions of interest in basic solid-state physics, in fabricating
materials for harnessing solar energy, in polymer science,
and in relating the structure of biological molecules to
their function.

The first-order Raman spectrum of disorder form of a
material contains in principle more information than the
first-order Raman spectrum of the corresponding crystal.
The absence of translation symmetry or long-range order
relaxes the selection rules so that all phonons in the Bril-
louin zone participate in the first-order Raman scatter-
ing.!"® Therefore, the low-frequency Raman-scattering
spectroscopy may be an efficient method for the investi-
gation of structural properties at all length scales of non-
crystalline solids. Especially, there is great interest in the
analysis of Raman spectra where the MRO is manifested
through the boson peak.

Recently, it has been estimated that the structural
features of MRO cause the excess of the phonon density
of states (PDOS) in comparison to the expected Debye
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value which is responsible for the observation of the so-
called boson peak.!*"!7 The theory of inelastic scattering
from fractons shows that the excess of the PDOS can be
understood on the basis of strongly localized vibrational
excitation of the self-similar fractal structure.!8”2°
While the theory of fractal vibrations has been strongly
confirmed by a series of experiments on low-density ma-
terials such as silica aerogels, 2! the existence of fractals in
denser systems such as polymers, glasses, and amorphous
solids has not been established. For stronger evidence
more experimental work is needed. In particular, it is in-
teresting to know both the density of vibrational states
and the shape and extension of the localized vibrational
wave functions which determine thermal and transport
properties.

Due to their wide application, the research on amor-
phous semiconductors has attracted considerable atten-
tion. According to their properties they are divided into
the two classes: vitreouslike a-Se or a-As,S;, and
tetrahedral-like a-Si or a-GaAs.?? It is believed that the
origin of their differences lie in MRO, but is still not clear
enough. While the boson peak was observed in the vitre-
ous amorphous semiconductor in its common spectral
form, in tetrahedral semiconductors it was only identified
with a transversal acoustical (TA) phonon vibrational
band.?? On the other hand, the origin of the TA band is
well explained by disorder-induced broadening of the
crystalline phonon density of states, and by the numerical
calculation of PDOS based on the model of periodic con-
tinuous random network (CRN).?* Therefore, the TA
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phonon vibrational band could not be ascribed to the bo-
son peak whose origin is in some unknown structural
features at the length scale of MRO. Recently, one of us
has found the boson peak in amorphous hydrogenated sil-
icon (a-Si:H) with the same spectral form as observed in
glassy solids.”> To show evidence that the boson peak
generally exists in tetrahedral amorphous semiconductors
in its common form, we show here that it also exists in
tetrahedral a-GaAs. The boson peak is analyzed in the
frame of the fractal model. In Sec. II experimental condi-
tions for the sample preparation and Raman measure-
ments are presented. In Sec. III the bosonlike character
of the broad background signal (BBS) and its similarity to
the boson peak observed in glassy solids are shown. In
Sec. IV the theory of Raman scattering from fractal vi-
brations is applied for the explanation of the BBS. The
origin of fractals is discussed in terms of strained
nanometer-sized blobs of host atoms, and some peculiari-
ties observed in amorphous semiconductors are qualita-
tively explained by the fractal model. In Sec. V a
structural correlation determined from the boson peak
and the first sharp diffraction peak (FSDP) observed in
the structural factor of inelastic x-ray or neutron scatter-
ing are compared for different amorphous semiconduc-
tors. A conclusion about the MRO and its reflection on
structural properties of amorphous semiconductors is

drawn. A summary and conclusions are given in Sec.
VI.

II. EXPERIMENT

Commercial undoped GaAs (100) wafers were implant-
ed with 100-keV Si* ions. During implantation the sub-
strate was tilted 7° with respect to the incident beam to
minimize the channeling effects. The applied ion dose
was in the range from 1X 10 to 3X 10’3 cm™2. Accord-
ing to ion channeling measurements,?® the highest ap-
plied ion dose ensures the layer to be completely amor-
phized.

Amorphous hydrogenated silicon thin films with vari-
able carbon content were prepared by means of dc mag-
netron sputtering on a silicon (111) substrate of 200 um
thickness at room temperature. Sputtering was per-
formed in gaseous mixture of Ar, H,, and benzene vapor
with partial pressures of 1.33, 0.5, and 0-0.381 Pa, re-
spectively. Deposition rate was ~ 100 A/min, and film
thickness was ~ 1.3 um.

The Raman spectra of samples evacuated to 10~ Torr
were recorded by means of a DILOR Z-24 triple spec-
trometer in a right-angle-scattering geometry. The spec-
trometer slits were set to 800 um which corresponds to a
spectral width of ~7 cm™'. The excitation light,
A=5145 A, was emitted from a COHERENT INNOVA
100 Ar-ion laser. The laser power of 0.5 W for GaAs and
1.5 W for a-Si;_, C,:H samples was focused to form an
eliptical spot with dimensions 100X400 um? The HH
and HV polarized Raman spectra were taken in a single
scan, and with a signal accumulation time of 3 s. The
HH(V) polarization means horizontally polarized in-
cident light and horizontally (vertically) analyzed scat-
tered light with respect to the scattering plane. The spec-

trum of the background was recorded separately and re-
moved from the Raman spectra of the samples. The
spectra were then radiometrically (for the spectrometer
throughput) corrected and temperature reduced by the
boson occupation number as follows: Ip=I/
[n(w,T)+1], where n(w, T) is the Bose-Einstein factor.

For the low-temperature measurements, the sample
was cooled with a helium closed-cycle CTi CRYODNE
cryostat down to 10 K. In order to avoid undue heating
of the sample the laser power was reduced to 200 mW,
but accumulation time of the Raman signal was increased
to 60 s. The mean temperature of the exposed part of the
sample was determined from the Stokes/anti-Stokes ratio
of the Raman scattering intensity of TO phonon vibra-
tional band at 260 cm .

III. BOSON CHARACTER OF THE BROAD
BACKGROUND SIGNAL

In this section, by the similar methods as presented in a
recent paper,? we show that properties of the BBS are
the same as of the boson peak observed in glassy and vit-
reous amorphous semiconductors. Figure 1 shows Ra-
man spectra of a-GaAs recorded at HH and HV polariza-
tion geometry. Figure 1(a) shows uncorrected, Fig. 1(b)
corrected for the spectrometer response, and Fig. 1(c)
corrected for the spectrometer response and
temperature-reduced Raman spectra. It is evident that
the vibrational bands are superimposed on the BBS. In
the case of the bosonlike character of the excitation, the
Stokes/anti-Stokes ratio of the Raman scattering intensi-
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FIG. 1. Polarized Raman spectra of a-GaAs radiometrically
(a) uncorrected, (b) corrected, (c) corrected and temperature re-
duced.
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ty must obey the following relation:

(L)L—w

Is/IAs((I),t)z kT

exp , (1)

o;to

where w; is the laser excitation angular frequency, ® the
phonon angular frequency, and T the absolute tempera-
ture. Figure 2 shows that Eq. (1) is satisfied for all vibra-
tions in the frequency range up to 700 cm™ !, and as
shown in Fig. 3 in the temperature range from 50 to 370
K for phonon wave numbers at 70 and 260 cm™ !, and
wave number of the BBS at 125 cm ™.

The depolarization ratio spectrum p(w) of the BBS
shown in Fig. 4 as a function of wave number is nearly
constant (=~0.43) in the whole spectral range analyzed.
The observed local minima at ~70 cm™! and at ~260
cm ™! are influenced by the depolarization ratio of TA
and TO phonon vibrational bands. Similar properties of
the depolarization ratio, and also of the asymmetric spec-
tral shape of the BBS as shown in Fig. 5, have been ob-
served on boson peak in liquids?’ and glassy solids.® This
allows us to consider the BBS as a boson peak.

A number of models have been proposed for the ex-
planation of the boson peak: coupled rotation of SiO,
tetrahedra in v-SiO,,!* involvement of local vibrational
modes of nanocrystalline clusters, !® dipolar interactions
between some defects,?® involvement of soft anharmonic
potentials,29 and fractonlike dynamics of fractal struc-
ture. ¥

There are several reasons for the acceptance of fractal
model for the explanation of the boson peak in amor-
phous semiconductors: (a) formation of the fractal struc-
ture during the layer deposition or by high-energy ion
bombardment seems plausible and it is confirmed by re-
cent scanning tunneling microscopy and atomic-force mi-
croscopy experiments’!32; (b) some experimentally ob-
served phenomena in @-Si:H which are fundamentally
difficult to explain by traditional models have been quali-
tatively well explained in terms of fractal geometry;>® (c)
thermal properties, plato in thermal conductivity, excess
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FIG. 2. Stokes/anti-Stokes ratio of the HV-polarized Raman
intensity as a function of wave number. Straight line result
from expected values for the boson character of the excitation.
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FIG. 3. Temperature dependence of the Stokes/anti-Stokes
Ratio of the HV-polarized Raman intensity at different wave-
numbers: (a) 70 and 125 cm™! and (b) at 260 cm ™. The lines
are expected values according to boson character of excitation.

of heat capacity, and boson peak in some of amorphous
and glassy solids have been quantitatively explained by
fractal model;2% 34738 (d) constant value of the depolariza-
tion ratio of the boson peak which is hard to explain by
the homogeneous Euclidian structure in such a large
spectral interval; in fractal structure due to self-similar
anisotropy of the vibrating region it is expected to be
equal at all localization length of the fractal vibra-

tions;*>* (e) an anomalously long-phonon lifetime ob-
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FIG. 4. Depolarization rate of a-GaAs as a function of wave
number: p(@)=Iyy/Iyy.
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served in a-Si:H which is explained by strong phonons lo-
calization whose origin was proposed to be in fractal
structure. *!

IV. INTERPRETATION OF THE BOSON PEAK
IN THE FRACTAL MODEL

The theory of Raman scattering from fractons is based
on the dipole-induced dipole mechanism that has been
recognized as the major source of Raman scattering in
dense systems. **** Considering the continuous transition
from the phonon to the fracton scattering regime, the
phonon-fracton curve of the temperature reduced Raman
scattering intensity, I R(w), is given by*

IR((U)OCwB(m2+w(7;01)[E/D(a+d—D)—5/2] , )

where @, is the crossover angular frequency from pho-
non to fracton scattering regime, d the spectral dimen-
sion, D fractal dimension, d space dimension, and o the
scaling index describing the modulation of density in
embedding space by the vibration.

Figure 5 shows the temperature reduced HV polarized
Raman spectrum decomposed on the phonon-fracton
curve and Gaussian shaped bands: TA at ~70 cm™ !, IT
A at =160, LO at ~230, and TO at ~260 cm™!. The
results of fitting are presented in Table I together with
the corresponding values found in a¢-Si:H.? While the
fracton exponent is approximately the same, the cross-
over wave number together with the wave numbers of the
phonon vibrational bands scale to lower values according
to the mass law by a factor of ~0.5, somewhat lower
value than the expected value of 0.6 (maybe due to a
small contribution of ionic type of bonding in GaAs).
Scaling of w_,; according to the mass law confirms the vi-
brational character of the BBS in tetrahedral amorphous
semiconductors, and rules out the possibility of its origin
as due to photoluminescence.

The correlation length & corresponding to the given
crossover frequency is given by £=v /(w.,c), where c is
the speed of light, and v =2.73 X 10° cm/s is the average

sound velocity in a-GaAs. We used 58% of the mean
value of the sound velocity in the crystalline state as ob-
served for the sound velocities in a-Si and a-Ge.* The
calculated value £=7.6 A, °which is close to the correla-
tion length in a-Si:H (=6 A), shows a small correlation
length of fractals in a-GaAs. We note here that the value
of £ in ion-bombarded GaAs may also be related to the
diameter of damaged region around the path of imping-
ing ions. For Kr*t and Be™ ions, the estimated values are
10.2 and 4 A, respectively.*>*® Therefore, due to the fact
that the size of damaged regions mainly depends on the
diameter of impinging ion, one may expect some value in
between for bombardment with Sit ions.

The fractal exponent is approximately equal to that
found in @-Si:H. Using the same analysis as in Ref. 25,
i.e., theoretical value o =1.1 for the scaling index,** and
theoretical value for the fractal dimension of the per-
colating network D =2.5,%7 we obtain d =0.77 for the
spectral dimension of fractal. It is comparable with the
theoretical value d =0.9 for the spectral dimension of
tensorial elasticity calculated for the percolation clusters
in three dimensions. 43

The existence of fractals in amorphous and glassy
solids sparked a debate that has not ended until now. For
a percolating network the probability p for a bond or site
occupation, the correlation length of fractal exhibits the
scaling relation:*® £~alp —p,|™", where a is the smallest
length scale in the fractal. In case of mass fractal and

TABLE 1. Parameters from fitted phonon-fracton curves.
The correlation lengths were calculated from the relation
§=v/(w¢1¢), and the spectral dimension with the assumption
D =2.5.

@10 Dol _ R
(em™) (m™) (oc+d—D)Md/D R (A) d
a-GaAs 260 120 0.49 7.6 0.77
c-Si:H 476 245 0.54 6 0.84

WDGaas/ Ws; 0.55 0.49
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percolation concentration above critical p., the correla-
tion length £ is determined by the size of the largest
hole.*® In a high-quality a-Si:H film the observed diame-
ters of such holes are between 5 and 10 A,* which corre-
spond to the correlation length we found in a-Si:H.

On the other hand, the fact that the material does not
exhibit a fractal static structure well may be irrelevant for
fractal analysis.?® It means that overall mass distribution
may not be fractal (as it is not for a bond percolation net-
work), but the bond network which contributes to the
elasticity may be. That is, the dynamics are controlled by
spectral dimension, while the total mass distribution may
be equal or lower from Euclidean (D <d). Therefore,
amorphous materials can be regarded as having a fractal
force constant at short length scales. A fractal connec-
tivity can be assumed for the masses which participate in
the vibrational dynamics at length scales smaller than
some characteristic length &.

According to the average coordination number of con-
stitutive atoms (7 ), the amorphous solids can be either
considered as overconstrained or underconstrained.??
When (r) is between 2 and the characteristic value
r, =~2.4, the network is underconstrained and consists of
rigid and floppy regions, but the rigid regions do not per-
colate. For (r) larger than r Tps the material is overcon-
strained and the rigid regions percolate. We suppose that
the origin of fractals in amorphous and glassy solids are
in such rigid regions. In the case of the self-similar frac-
tal in connectivity, one should expect the elastic constant
K to scale with length as K </~ % where a=d —20—D
+2D /d.* With the values 0 =1.1, D =2.5, and d =0.8
(our value for the spectral dimension in tetrahedral amor-
phous semiconductors), one finds a=4.5. Using the
above scaling relation we find that the elastic constants,
defined as the coefficients of strain in the elastic
deformation-energy density, are two orders of magnitude
smaller on the surface of the fractal blobs than in the
center, i.e., K(7 A)=~1072K (2.4 A). Therefore, one may
expect a large gradient of strain from the surface towards
the center, and huge strain in the center of such fractal
blobs. Arguments in favor of this analysis are the results
of He and Thorp?? who calculated the elastic properties
of the random network of tetrahedral atoms with
different average coordination {r). Their results show
that the elastic constants depend predominantly on (r)
and go to zero when {r ) =r,~2.4 according to the rela-
tion K « ({r)—r,)"*. Applying the ratio of elastic con-
stants for the central and surface atoms of the overcon-
strained fractal blobs with assumption of the full coordi-
nation of central atoms ({r)=4), we found that the
mean coordination number of the surface atoms is
(r)=2.48, which is just in a critical region of the relaxed
network. Therefore, the overcoordinations of atoms in
amorphous solids are relaxed through the bond percola-
tion of nanometer-sized fractal blobs. Comparing the re-
lations for the elastic constants on {7 ) and ! dependence
we found that the mean coordination number of atoms in
fractal blobs decreases linearly with volume:
(r)={(r,)+(4—r,)a/D’ Ifitis possible to check this
relation by numerical or by explicit calculation, then our
assumption of the origin of the fractal in the overcon-
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strained rigid bond percolation regions will be strongly
confirmed.

Figure 6 shows the ratio of intensities of the boson
peak and the amorphous phase in ion-bombarded GaAs
as a function of the applied ion dose. The sum of the in-
tensities of the TA, IT A, and LO phonon bands was used
for the intensity of the amorphous phase. The TO band
was not included in the summation due to its overlap
with the crystalline TO(I') band. The procedure for the
Raman spectrum decomposition was published else-
where.®® The fact that the boson peak increases faster
than the amorphous phase with applied ion dose, or by
increasing the C content in a-Si;_,C,:H shown in Fig. 7
is very hard to explain by the model of multiple-order
Raman scattering,51 but confirms the hypothesis of amor-
phous solids as a two-phase composite. The spectra in
Fig. 7 are due to clearness presented without the other
fitted vibrational bands. The incorporation of C atoms in
the silicon network can be considered as alloying. For
concentrations up to 30 at. %, the carbon bonding is
mainly substitutional. > This causes, due to lower C di-
ameter, a local strain and a deformation of the network.
Also, in addition, one may expect a nucleation of rigid re-
gions at locations of carbon bonding. Therefore, the in-
tensity increase of the boson peak with carbon content
can be qualitatively interpreted with increasing number
of nanometer-strained fractal regions whose origin should
be in the homogeneous substitutional bonding of carbon
atoms.

Observation of fractal vibrations at frequencies which
are well above the acoustical phonon vibrations is not
clear enough and needs explanation. According to fractal
theory, the fracton range of vibration is expected from
the frequency w.,; to the so-called fracton Debye fre-
quency: wpp=.,(&/a)P’ 420 The apparent Debye fre-
quency as projected by the low-frequency velocity of
sound is given by wp =w.,(§/a). For the shortest length
scale in the fractal, we useothe distance between identicgl
atoms: in a-Si, @ =2.35 A, while in a-GaAs, a =4 A.
Table II shows the comparison of the calculated values of
op and wgp for a-Si:H and a-GaAs with the crystalline
Debye frequency wp and estimated value for wgp based

Tnose / Tamonen,
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FIG. 6. Ratio of intensities of boson peak and amorphous
phase (sum of TA, II A, and LO phonon bands) in dependence
on applied Si* ion doses.
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FIG. 7. Boson peak in temperature reduced and radiometri-
cally corrected Raman spectra of a-SiC:H.

on observed deviation of experimental data in the Raman
spectra from the expected spectral shape of fracton vibra-
tions. In spite of our crude analysis the apparent agree-
ment is good. As a possible origin of apparent deviation
at wgp we have not ruled out photoluminescence, but
nevertheless, contrary to other models for the explana-
tion of the boson peak, the high-frequency tail of the bo-
son peak is, according to our knowledge, only well ex-
plained by the fractal model.

Experimentally observed anomalies in amorphous sil-
icon such as transient photoconductivity, linear varia-
tions in the density of electronic states, and dependence
of dc conductivity upon the hydrogen content were quali-
tatively explained using the fractal geometry.3® Here, by
applying the fractal model we will explain some other ex-
perimentally observed anomalies in amorphous semicon-
ductors, too.

A. Sound velocity in tetrahedral amorphous semiconductors

An anomalously low value of the sound velocity v, was
observed in tetrahedral amorphous semiconductors.*
For example, in sputtered amorphous Ge and Si thin
films, while the expected sound velocities should be some-
what less than in the crystalline state, the observed values
were only 55-60 % of the c state. In the fractal model v
is scaled with density p according to the relation
Vg OCp(D/‘""_W(d'D).43 With the density of the amorphous

TABLE II. Debye frequency w, and fracton Debye frequency
wgp calculated from the fracton model. For a comparison a
crystalline Debye frequency and the frequency of observed devi-
ation from the fracton scattering regime are presented.

@p wp (cryst.) Wrp wpp (Obser.)
(em™)) (cm™Y) (cm™1) (cm™!)
Si 625 445 3987 =~ 3400
GaAs 228 250 946 =~ 1000
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state of =90% of the ¢ state, and the mentioned values
for fractal and spectral dimensions, we found that the
sound velocity in the a state is 64% of the c state, which
is in good agreement with the observed values.

B. Quenching in As,S;

Changes in the phonon density of states g (), in neu-
tron inelastic scattering, and in the coupling constant
C(w), of Raman-scattering intensity found in As,S; after
quenching, shows a negligible variation of structure on a
short-range scale, but significant influence on the
structural properties at the MRO.** The estimated
changes in Raman scattering intensity I (o) have been re-
lated to changes in g(w) according to the relation
I quen /Tann =8 quen /8ann)"*°- In the fractal model, assum-
ing that changes in phonon density of states are caused
mainly by changes in spectral dimension which is a
reasonable assumption due to its sensitivity on local mi-
crostructure, the ratio of Raman-scattering intensity of
quenched and annealed sample should be
Iquen /Iann z(gquen /gann )2(a+d—D)/D. USing the men-
tioned values for parameters of the fractal, we get the
value 1.3 for the exponent. But if we use D =2.2 instead
D =2.5, we get the same value as observed. Therefore,
the quenching effects on Raman and inelastic neutron
scattering can be qualitatively explained by changes in
spectral dimension of the fractal blobs embedded in con-
tinuous random network structure.

V. MEDIUM-RANGE ORDER
IN AMORPHOUS SEMICONDUCTORS

In contrast to tetrahedral semiconductors, the vitreous
amorphous semiconductors are glasses in the strictest
sense. They can be formed by quenching from the melt,
they possess a glass transition temperature at which
softening occurs, and there is a continuity of properties
from the glassy solid to the true nonviscous liquid. It is
believed that the origin of the structural difference be-
tween vitreous and tetrahedral amorphous semiconduc-
tors is in local arrangements of atoms at a length scale of
few interatomic distance. The correlation length of
MRO can be evaluated from the crossover frequency of
the boson peak using the characteristic length scale
E=v,/(ws;c), and from the position Q, of the first sharp
diffraction peak observed in the structure factor S(Q) of
inelastic x-ray and neutron scattering using the
equivalent distance R =27/Q,.3 %% In Table III we
give the values of Q; and w.,; for a number of vitreous
and tetrahedral amorphous semiconductors together with
the calculated values for the correlation length of MRO
normalized to the first interatomic distance (£'!). Figure 8
shows the comparison of &' obtained from the FSDP and
boson peak. Agreement of &! obtained from the boson
peak with the values deduced from the FSDP in
tetrahedral amorphous semiconductors additionally
confirms our interpretation of the BBS as boson peak.
From Fig. 8 it is evident that the correlation lengths of
MRO in tetrahedral amorphous semiconductors are 3—4
times shorter than in vitreous semiconductors. Shorter
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TABLE III. Experimental values of position of FSDP, Q,, boson peak frequency ., first intera-
tomic distance r;, and velocity of sound v, in some amorphous semiconductors. Values Elspp and Elose
represent the scale of medium-range order which we define as correlation length of MRO normalized

onto first interatomic distance.

[

Material Q, A7) (em™H A v, (msTY  Eppep=2m/(Q1r1)  Epose=Us /(2060171 C)
Si 1.952 245° 2.35° 44004 1.37 1.27

GaAs 1.89° 120° 2.45°¢ 2730f 1.36 1.55

Se 1.48 188 2.258 1050" 1.99 4.32

As,;Ses 1.23¢ 24" 2,558 1440" 2.00 3.92

As,S, 1.268 26" 2258 16508 222 4.70

GesS, 1.04 2b 223 2030" 271 6.9

GeSe, 1.01 20" 2.38 1820 2.61 6.37

SiSe; 1.028 98 2.38 8008 2.68 6.44

2Reference 54.

%Our values.
°Reference 56.
dReference 25.

“Value for Ge, Ref. 55.

correlation length means faster disappearance of
structural order, which should result in larger internal
strain of ordered nanoregions (blobs). As a consequence a
broken bond should appear inside and at boundaries of
such blobs increasing the concentration of the dangling
bonds which are in a large number observed in
tetrahedral amorphous semiconductors. Due to large
strain an impurity atom inside the nanometer blobs will
not be able to rearrange the local environment and, there-
fore, will change its coordination. This will provide the
conditions for appearance of the impurity level and,
therefore, explain the possibility of doping of tetrahedral
amorphous semiconductors. In the melt phase, the large
strain connected with the structure of the blobs will
prevent their formation. This fact is confirmed by inelas-
tic diffraction scattering on Si where in the melt phase
only the presence of short range was observed.>* As a
consequence, it will not be possible to create an amor-

8
IV-VI vitreous
semiconductors
6
a V-VI vitreous
2 4 semiconductors
o,
2 si,GaAs
0 1
0 1 2 3
gl
FSDP

FIG. 8. Correlation of scales of MRO, & 1" obtained from bo-
son peak and FSDP. Line is drawn for a visual aid.

fReference 50.
8Reference 55.
hReference 8.
iReference 3.
iReference 57.

phous phase by quenching from liquid.

Thus, the analysis of correlation length of MRO per-
mits one to conclude that the spatial relaxation of
structural order is sharply different for materials which
fall into two different classes of amorphous semiconduc-
tors. This difference permits one to explain some proper-
ties of tetrahedral amorphous semiconductors that differ
from those of vitreous semiconductors: larger internal
strain, higher concentration of dangling bonds, possibility
of doping, and impossibility of quenching from the melt
phase.

VI. CONCLUSION

The intention of our paper is to give evidence of the ex-
istence of the boson peak in a-GaAs with generalization
to tetrahedral amorphous semiconductors, and to
confirm the applicability of the fractal theory for the ex-
planation of the boson peak as well. The summary of our
results are as follows.

(1) The boson peak in a-GaAs is observed.

(2) The similarity of the boson peaks that are observed
in different tetrahedral amorphous semiconductors and
that are prepared by different methods show their com-
mon origin.

(3) Besides the amorphous phase which is usually con-
sidered as a CRN, a phase which corresponds to the bo-
son peak is found in tetrahedral amorphous semiconduc-
tors.

(4) The properties of the boson peak, such as depolari-
zation ratio, spectral shape, high-frequency tail, and
some anomalies found in amorphous semiconductors, are
explained by the fractal model.

(5) The origins of the fractals in amorphous solids are
discussed in terms of strained nanometer blobs of host
atoms whose overcoordination is relaxed through bond
percolation.

(6) The correlation length of MRO in tetrahedral
amorphous semiconductors is found to be 3-4 times
shorter than in vitreous semiconductors. This fact is
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used for the explanation of a number of differences be-
tween their properties.

The discovery of the boson peak in the form of a phase
in tetrahedral amorphous semiconductors may throw a
new light upon the structure and medium-range order of
amorphous semiconductors.
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