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We report on the resonance of Raman scattering by LO phonons near the ED+ho gap of GaSb.
Whereas the dipole-forbidden Frohlich-induced scattering by LO phonons as well as the two-LO-
phonon scattering are only seen at resonance, the weakly resonant dipole-allowed deformation
potential-induced scattering by LO phonons dominates near the ED+ho gap. The dipole-forbidden
contribution is, however, clearly observed by means of its interference with the dipole-allowed
scattering in the appropriate configurations. Absolute values for the Raman polarizabilities and ef-
ficiencies are displayed. A theoretical analysis yields the position of the ED+ho gap and its
Lorentzian broadening at 100 K, 1.549+0.007 eV, and 6+2 meV, respectively.

I. INTRODUCTION

In spite of possible applications, GaSb has not been as
extensively studied as GaAs and InP. The band structure
of GaSb near the I point is characterized by a small
direct gap (Eo =0.81 eV at 2 K) and a large spin-orbit
splitting (bo ——0.75 eV). The conduction-band effective
electron mass is very small ( m, =0.041m ) and the
conduction-band minimum at the I point lies only 100
meV below that at the I point of the Brillouin zone. The
E

&
and E

& +5
& gaps along the A direction occur in the

visible region ( E, =2.16 eV, E, + b, l
——2.59 eV).

Raman investigations on GaSb have especially dealt
with resonance of optical-phonon scattering near the E&
and Ej +6& gaps, ' although cw dye lasers are available
in the deep-red spectral region close to the ED+60 gap.
Recently, Raman studies in GaSb/A1Sb superlattices near
the E& resonances were reported.

Near the Eo+ Ao gap of zinc-blende —type semiconduc-
tors the theory of resonant Raman scattering by LO pho-
nons has been well established and successfully applied
to experimental data on GaAs, Cd Hg &

Te, and
InP. ' The dipole-allowed scattering results either from
the deformation-potential contribution, the short-range
part of the electron-phonon interaction, or from the
Frohlich interaction, the long-range part due to the elec-
trical field of the LO phonon, via interband matrix ele-
ments (electro-optic contribution). Two mechanisms are
involved in the dipole-forbidden Raman scattering by LO
phonons, acting when the polarizations of the incident
and scattered light are parallel to each other. The intrin-
sic mechanism arises from the intraband matrix elements
of the Frohlich electron-phonon interaction taking the q
dependence of these matrix elements into account. The
extrinsic impurity-induced scattering by LO phonons in-
volves, in addition to the Frohlich electron-phonon in-
teraction, the elastic scattering of electrons (holes) by ion-
ized impurities in fourth-order perturbation theory. "'

Its scattering efficiency becomes comparable with that for
intrinsic forbidden Raman scattering by LO phonons
since momentum conservation is relaxed in this process

II. THEORY

The scattering intensities for Raman scattering by LO
phonons are displayed either as squared Raman polariza-
bilities
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or as Raman scattering efficiencies
dS/dQ (per unit length and unit solid angle fI). In the
case of Raman scattering by one LO phonon they can be
converted into each other by
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and larger q vectors enhance the scattering efficiency.
The intrinsic dipole-forbidden contribution to the Raman
scattering by LO phonon has been shown to interfere with
the dipole-allowed one in GaAs (Refs. 8 and 13) and InP
(Ref. 10). In this manner it can be distinguished from the
extrinsic impurity-induced Raman scattering by LO pho-
nons. The second-order resonant Raman scattering by
LO phonons is formally similar to the impurity-induced
one-phonon scattering: ' the electron-impurity interac-
tion must be simply replaced by the Frohlich intraband
interaction. The Raman scattering by two LO phonons
follows the selection rule of dipole-forbidden scattering.
The fitting procedure adopted in Ref. 10 has shown that
the most accurate information about the gap position and
broadening is obtained from the two-LO-phonon reso-
nance. These parameters can be used to fit the resonances
and interferences for Raman scattering by one LO pho-
non, which are less sensitive to the broadening.

Here we apply this fitting procedure to experimental
data obtained for bulk p-type, unintentionally doped GaSb
near the Eo+Ao gap. In a brief theoretical part we will
summarize the notation and concepts important to this
paper as well as essential features of the different scatter-
ing mechanisms by LO phonons necessary to elucidate the
discussion. For detailed expressions the reader is referred
to Refs. 8—10.
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where cur (cos ) is the frequency of the incident (scattered)
light, c the speed of the light in vacuum, V, the volume
of the primitive cell, M* = (MG,' +Msb' )

' the reduced
mass of the unit cell. A, zo denotes the frequency of the
LO phonon, n (Into) the phonon occupation number, nr
(ns) the refractive index, and er and es are the polariza-
tion vectors of the incident and scattered light, respective-

ly. R is the Raman tensor with matrix elements azo, the
so-called Raman polarizabilities. An expression similar to
Eq. (1) holds for the Raman scattering by two LO pho-
nons. The scattering efficiencies dS/dO, as compared
with the squared Raman polarizabilities, include the co

law for dipole radiation as well as the dependence on the
phonon occupation number.

Dipole-allowed scattering by LO phonons arises from
the deformation-potential electron-phonon interaction and
from the electrooptical contribution of the Frohlich (inter-
band) interaction. Its Raman tensor for backscattering at
a (001) face is given by' ''

0 aDp 0

RDp = aDp 0 0 (2)

0 0 0

CF ——[2~e (e „—eo )A~~t.o]

where e is the free-electron charge, e and ep are the
high- (ir) and low-frequency (rfl dielectric constants,
which are related to the LO-TO —phonon splitting via the
Lyddane-Sachs- Teller relation. ' The intrinsic Frohlich-
induced Raman scattering shows a resonance at all direct
gaps. Its resonance near the Ep +6p gap is symmetric
with respect to Ep+Ap+AA&o/2. The imaginary part of
aF can be obtained from its real part just by reflection
through a mirror plane at Ep+ b,p+AA&o/2, the real part

The deformation-potential-induced Raman polarizability
aDp can be expressed as a function of two- or three-band
contributions from different critical points, such as Ep,
Ep+ Ap, E], and E]+6]. For the detailed expression we
refer to Eq. (4) of Ref. 10. It is important to note that
near the Ep+Ap gap no two-band terms are operative.
Thus, the resonance enhancement is low for deformation-
potential scattering at this critical point. The Ep and
Ep + Ap gaps contribute real and imaginary parts to the

Raman tensor RDp [coefficient At in Eq. (4) of Ref. 10],
whereas the E, E~ + b, ~ gap—s ( A z ), and higher gaps
(A3), corresponding to virtual transitions, yield only real
terms. The coefficients 3

&
and A 2 can be related to

electron-phonon deformation potentials as shown in Eqs.
(5) and (6) of Ref. 10.

The intrinsic dipole-forbidden Raman scattering by LO
phonons results from the q dependence of the intraband
matrix elements of the Frohlich electron-phonon interac-

tion. It can be represented by a diagonal tensor RF with
the Raman polarizability aF. The dependence of aF on
the frequency of the laser light is given by Eq. (9) of Ref.
10. It is proportional to the Frohlich constant:

of a~ peaking at the lower-energy side (see, i.e., Fig. 8 of
Ref. 10).

The deformation potential and the q-dependent
Frohlich-induced scattering are coherent with each other,
since they are intrinsic processes leading to the same final
states in q space. Their Raman tensors have to be added
to account for the coherence of both processes.

The impurity-induced dipole-forbidden Raman scatter-
ing by LO phonons is of extrinsic nature. The final ex-
pression for the squared Raman polarizability

~
aF;

~

de-
rived from fourth-order perturbation theory, assuming
scattering by ionized impurities, is given by Eq. (11) of
Ref. 8. It resonates near the Ep+Ap gap, when the ener-

gy of the incident (incoming) and scattered (outgoing)
light equals the gap (Fig. 2 of Ref. 8), and leads to final
states different from those of the intrinsic processes.
Hence the intensity of impurity-induced dipole-forbidden
scattering add incoherently to the intensity of intrinsic
Raman scattering by LO phonons (q-induced, deforma-
tion potential). The scattering intensity for these extrinsic
processes is, as in the case of intrinsic dipole-forbidden
Rarnan scattering, proportional to CF.

The expression for the resonance of Raman scattering
by two LO phonons is given by Eqs. (2) and (7) of Ref. 9.
It obeys the same selection rules as dipole-forbidden Ra-
man scattering by one LO phonon (es~ er ). From the
iteration or two Frohlich-type electron-phonon interac-
tions a CF dependence of the Rarnan scattering efficiency
results. Near the Ep+Ap gap the Raman scattering by
two LO phonons reveals one distinct peak at the outgoing
resonance (15')g =ED+ 60+2f2Ato). The position and the
sharpness of this resonance is a very sensitive function of
the position and the broadening of the electronic gap, thus
suggesting that a fitting procedure for resonant Rarnan
scattering by LO phonons and its interference should start
with the two-LO-phonon resonance. '

III. EXPERIMENTAL DETAILS

A single-crystal ingot of CsaSb was grown by the Czo-
chralski technique without initial doping. The samples
prepared from it were p type with an estimated impurities
concentration Xz +ND -10' cm . They were cut as
slabs with a (001) face. We denote by x, y, z, x', and y'
the [100], [010], [001], [110],and [110] directions of the
crystal, respectively. The [110) and [110] directions are
physically inequivalent at a (001) face of a III-V com-
pound. Using the earlier convention [the Ga atoms of
(0,0,0); the Sb atoms at (a0/4) (l, l, l) (Ref. 8)], the (111)
face, parallel to [110], is Ga terminated. The [110] and
[110]can be determined by inspection of the etch pattern
developed by preferential etching. ' The Raman measure-
ments were performed at liquid-nitrogen temperature
(=100 K). Four different backscattering geometries at a
(001) face were used in order to distinguish the dipole-
forbidden and dipole-allowed scatterings by LO phonons
and to separate the intrinsic q-induced Frohlich scattering
from the extrinsic impurity-induced one. ' The squared
Raman polarizability

~

es.R e~
~

in each configuration is
given by
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(4)
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Configurations (I) and (II) yield the interference between
the dipole-allowed and dipole-forbidden scattering by LO
phonons. The difference between both configurations re-

sults from the fact that the Raman tensor RDP and RF
have to be coherently added before squaring. The contri-
bution from the extrinsic impurity-induced scattering by
LO phonons, however, must be incoherently added after
squaring. Configuration (III) shows the dipole-forbidden
scattering by one LO phonon as well as its first overtone.
Configuration (IV) gives the dipole-allowed Raman
scattering by LO phonons, only.

We used the cw-dye laser with the dye LD700 (Lambda
Physik, Gottingen) to excite the spectra. The dye was
pumped with all red lines of a Kr+ laser (4.5 W). It lased
in the spectral range 1.5—1.7 eV, close to the Eo+Ao gap
of GaSb. The laser beam was focused onto the sample
with a cylindrical lens, keeping the power density below
10 W/cm .

We chose high-purity silicon as a reference in order to
obtain absolute values for the Raman scattering efficien-
cies and the squared Raman polarizabilities by the
sample-substitution method. ' We assumed

~

a
~

=30 A
for the optical phonon of Si near 1.6 eV
(dS/dII =2.2X 10 sr ' cm '). ' In the case of Raman
scattering by one LO phonon, the counting rates Rz out-
side the crystal were corrected for absorption, reflectivity,
and refractive index according to

o.e' ~S
~ ~ ~

~ g+ re
~ ~

2~&

Eo- ho

0
1.50
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FIG. 1. Squared Raman polarizability of scattering by LO
phonons near the Eo+ Ao gap of GaSb for three scattering con-
figurations (es ~eL). The lines are theoretical fits to the experi-
mental curves (see text).

scattering configurations (I)—(III) near the Eo+ ho gap of
GaSb. In Fig. 1 the z(x', x')z configuration (I) yields the
constructive interference. The intensity of dipole-allowed
deformation-potential scattering (configuration IV, otnit-
ted in Fig. 1) follows the average of configurations I and
II (the structure between 1.54 and 1.60 eV disappears).
The dipole-forbidden scattering by LO phonons (III) is
about a factor of 30 lower than the dipole-allowed one: it
can only be seen near resonance. Its effect is, however, re-

Rs= Ts TL [n ( I„I)h+I]
(aL + as )nsnl M*A

ph V, 2c

(5)

aL (as), TL (Ts), and nl (ns) are the absorption coeffi-
cient, the power-transmission coefficient, and the refrac-
tive index at the frequency coL (cos) of the incident (scat-
tered) light, respectively. AII' and PL denote the collec-
tion solid angle and the power of the incident laser light
outside the crystal; M* the reduced mass of the primitive
cell; V, its volume, Q~h, n(Q~h), and c the phonon fre-
quency, phonon occupation number, and speed of light in
vacuum, respectively.

The expression in large parentheses in Eq. (5) has to be
applied as a correction factor when using the sample sub-
stitution method to obtain squared Raman polarizabilities.
In order to perform this correction we use the absorption
data on Si from Ref. 19 and those of GaSb from ellip-
sometric measurements (a:—6.8&&10 cm ' at 1.6 eV).
Other required values of optical constants were also taken
from ellipsometric measurements.

IV. RESULTS AND DISCUSSION

Figures 1 and 2 depict the resonance curves for scatter-
ing by one and two LO phonons in the three different

GaSb {001}
100 K

lh
co
C)

~ ~ —
in

D 2—

150
hu)L(eV)

1.60

FIG. 2. Raman scattering efficiencies for one-LO and two-
LO-phonon forbidden scattering near the Eo+Ao gap of GaSb.
The solid lines are fits to the experimental resonance curves.
The dashed lines depict separately the intrinsic and extrinsic
contributions to the forbidden Raman scattering by one LO
phonon.
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TABLE I. Parameters used to evaluate the theoretical ex-
pressions of the Rarnan polarizabilities in GaSb.

Ep ——0.81 eV
Ep +Ap = 1.549+0.005 eV
g=6+2 meVb

m, =0.041m'
m„=0.13m'
P /m=11. 8 eV'

q =7.3&10 cm

E& =2.16 eV
El+El ——2.59 eV"
AA, Lo ——29 meV'
M* =81395m'
ap ——6.08 A
CF ——1&10 ' eVcm
XF——0.06

'Reference 23.
Determined from the fit of the resonance curves.

'Reference 24.
References 23 and 25.

'Obtained from the effective masses using k-p theory.
'(nL coL +n~co~ ) /c.
gReference 26.
"Reference 27.
'Reference 28.
'M*=(M~,'+Msb' )

Reference 29.
'See Eq. (3).

See definition in Ref. 8.

vealed by the interference with the dipole-allowed scatter-
ing (I and II). The scattering intensities of configurations
I and II are nearly symmetrical with respect to that of
configuration IV, a fact which indicates that only interfer-
ing cross terms between allowed and forbidden Raman
scattering are important, any noninterfering forbidden
contributions being negligible. The real part must be
larger than the imaginary one, since towards the high-
energy side of the resonance we observe a considerable
enhancement due to the E] gap of GaSb. Virtual transi-
tions above the energy under consideration only contribute
a real part to the Raman tensor.

In Fig. 2 we have enlarged the lower part of Fig. 1 (tri-
angles). The experimental data are displayed as scattering
efficiencies dS/d 0, in order to compare dipole-forbidden
Raman scattering by one and two LO phonons. The latter
can only be detected very close to resonance, remaining
even at resonance one-half smaller than the forbidden
scattering by one LO phonon. This feature differs from
that found in InP, '

Ga& „A1~As, ' and Cd~Hg& „Te.
It can be understood qualitatively by the small ionicity of
the Ga—Sb bonds: The Frohlich constant CF of GaSb
calculated from the TO-LO phonon splitting [Eq. (3)] is
about 3 times smaller than, e.g. , in InP (see Table I in this
paper and Table I of Ref. 10). It enters the Raman effi-
ciency for forbidden scattering by one LO phonon as a
square [Eqs. (9) and (Al) of Ref. 8] and that for two LO
phonons as CF [Eq. (7) of Ref. 9].

The low intensity of the Raman scattering by two LO
phonons renders the fit of the experimental data with the
theoretical expressions (Ref. 10) more inaccurate. The
best fit is obtained with the parameters of Table I ~ From
the resonance of Raman scattering by two LO phonons
we determine Eo +Ao ——1.546+0.004 eV and g =6+2
meV (right solid curve in Fig. 2). The Raman scattering
by one LO phonon (interference in Fig. 1, dipole-

g=g, d'+g a'. (6)

/~a~, the broadening induced by the polar-optical cou-
pling, amounts to 0.3 meV in GaSb, whereas the main
part is due to the nonpolar deformation-potential interac-
tion /~do. The g's are weighting factors which take the
density of states and the k space integration into account
(g~ ——7.4X 10 eV ' for CmSb in Ref. 30). az describes
the strength of the polar-optical coupling, and the optical
deformation potential do describes the nonpolar coupling.
From Eq. (6) and g=6 meV we obtain do=28 eV,
whereas from the magnetoreflectance value of g=8 meV
do ——32 eV is obtained. Within the experimental error
these values agree well with do ——32 eV calculated by the
empirical pseudopotential method (EPM) and also the
linear configuration of atomic orbitals (LCAO) method. '

However, the smaller broadening g =6 meV obtained
from resonant Raman scattering with respect to that from
magnetoreflectance (g = 8 meV) (Ref. 30) is consistent
with the earlier observation in InP (Ref. 10) and

forbidden scattering in Fig. 2) yields Eo+ b,o
——1.552

+0.004 eV and g =6+2 meV (lines in Fig. 1, left curves in
Fig. 2), which is compatible with the valued obtained
from two-LO-phonon scattering within the experimental
error. The discrepancies between the experimental data
and the theoretical curves are likely to be caused by the
low Rarnan-scattering efficiency, in spite of the resonance.
A small amount of DP scattering due to a slight sample
misorientation or depolarization scattering may contribute
to a small nonresonant background ( —1 X 10
sr cm ) in the case of one-LO-phonon dipole-

—1

forbidden scattering. On the other hand both features, the
one- and two-LO-phonon lines, are difficult to distinguish
from the background more than 20 meV away from reso-
nance, thus defining a lower limit of sensitivity (about
1&&10 sr 'cm ').

Eo+ Ao ——1.549+0.007 eV is consistent with results
from stress-modulated magnetoreflectance at 30 K
(1.559+0.002 eV). The broadening q of the Eo+bo gap
has been chosen to be 6 meV, 2 meV smaller than report-
ed in Ref. 25; it is, however, at the upper limit of the error
bars compatible with 8 meV obtained from magneto-
reflectance. For g=6 rneV the calculated scattering ef-
ficiency for two LO phonons at the resonance maximum
(dS/dA ~,h„„——4.6X10 sr 'cm ') equals that found
experimentally (dS/d A

~ „~,=4.5 && 10 sr ' cm ').
The agreement is perfect, but fortuitous, since we must
take into account the total error of the measured Raman
efficiency of GaSb (about 50%), considerable uncertain-
ties of the parameters of Table I, and the neglect of exci-
tonic interaction.

Following the analysis of Lawaetz the broadening q
can be related to the optical deformation potential do. the
broadening of Eo+60 is then mainly due to the lifetime
of the hole in the split-off band. At low temperature the
hole state in the split-off band decays into the heavy- and
light-hole bands by emission of an optical phonon.
Neglecting multiple coupling of phonons to holes, there is
a nonpolar and polar contribution to the broadening g of
the Eo+Ao gap:
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Al„Ga& „As (Ref. 21) that the broadening obtained from
Raman scattering are always lower than those from
modulation spectroscopy. The same conclusion holds for
the optical deformation potentials do determined from
these broadenings.

The solid curve on the left side of Fig. 2 represents a fit
to the dipole-forbidden Raman scattering by LO phonons
assuming a contribution from the intrinsic q-dependent
and extrinsic impurity-induced Frohlich scattering. Both
contributions are depicted in Fig. 2 as dashed lines. The
best fit of the LO-phonon interference in Fig. 1 (solid and
dashed lines) is found for a (30 +7)% intrinsic contribu-
tion, measured by the relative strength of the squared Ra-
man polarizability of the intrinsic contribution with
respect to that of the total forbidden scattering by LO
phonons

I
aF

I
max/(

I
aF

I max+ I
aFI

I
max)

75

50

—25—
U

0—

-25
1.50

Eo+ h, o

~ppL(ev)

Re(QF)

I

1.60

with

2 2IaF Imax=04IaFi fmax.

FIG. 3. Energy dependence of the Raman polarizabilities
aDp for LO-phonon-allowed and aF for LO-phonon-intrinsic
forbidden scattering as calculated for the fit of Fig. 1.

C"d
128m. Eo

(7)

where ao is the lattice constant, Eo the energy of the Eo
gap, and Co' a constant deduced from the piezo-
birefringence for [111]stress. We obtain Cp'dp ——35 eV.
Experimental values for Co' of GaSb can be found in the
literature: Co' =2.5—6.7. The determination of Co' im-
plies large uncertainties. Co between 2.5 and 6.7 yields

The relative contribution of the intrinsic forbidden
scattering is somewhat lower than in high-purity InP
(Ref. 10) and GaAs (Refs. 8 and 21) epitaxial samples. It
is comparable to an ionized impurity concentration
Nz —ND=-10' cm, measured for the ingot at 78 K.
The screening parameter xF =0.06 (for definition see Ref.
8) corresponds to an impurity concentration of about
2 &( 10' cm when interpreted as one-half of the mean
distance between impurities.

The fit of the dipole-allowed deformation potential
scattering in Fig. 1 has been obtained using Eq. (4) of Ref.
10 with A1 ——7, A2 ——50, and A3 ———100 and the parame-
ters of Table I. Figure 3 displays the real and imaginary
parts of the Raman polarizabilities a Dp and aF for
deformation-potential and intrinsic Frohlich-induced
scattering by one LO phonon. The relative signs of A1,
Aq, and A3 are found to be the same as for GaAs (Refs.
8, 14, and 21) and InP (Ref. 10). To account for the
enhancement towards the high-energy side of the reso-
nance (Fig. 1) the real part of aDp must be chosen much
larger than the imaginary one. For this reason A2 due to
the E1 and E1+51 gaps has to be increased with respect
to A

&
( Ep+ Ap contribution). The real part A 3 due to

higher gaps compensates A2 on the low-energy side of
Fig. 1 to fit absolute values. The final result is rather in-
sensitive to the exact value of A1. We chose the contribu-
tion of the Eo —Eo+Ao gaps, A1 ——7, as for GaAs. ' ' '

The parameter A
&

(in A ) can be expressed as a function
of the deformation potential d 0 of the Eo —Eo +Ao
gap+ 10x14

unreasonable deformation potentials do below 15 eV. Co'

of GaSb should not differ much from that of other III-V
or IV-IV compounds. With the best value of Co' of GaAs
( Cp' ——1.5) (Ref. 33) or Ge ( Cp' ——1.9) (Ref. 33), dp
amounts to about 23 and 18 eV, respectively. This value
is still somewhat low when compared with 28—32 eV
determined experimentally from the broadening of the
Eo +Ao gap following the analysis of Lawaetz and
evaluated from band-structure calculations (dp ——32 eV). '

The parameter A2 describing the contribution from the
E] and E1+61 gap can also be related to the correspond-
ing two-(d

& p) and three-band optical deformation poten-
tials (d 3 p) (Ref. 34) by the expression (in atomic units,
e =A'=m =1):14 15 35

v 2ap
A2 ——

2 d3 O+ ~ d1O
9~E1 ' 2~ 2

(8)

In Eq. (8), ap is the lattice constant and E~ is the energy
of the E& gap. Equation (8) assumes PAL E~ to be large—
with respect to the spin-orbit splitting 61. The two-band
deformation potential d1 o introduces only a small correc-
tion to d 3 p. ' From Eq. (8) and A 2

——50 one obtains
d 3 p+ ( I /2~2)d

& p
——53 eV. This value is somewhat

larger than those found in the literature for other materi-
als such as Ge or InSb. For Ge pseudopotential calcula-
tions yield d3 p

——41 eV and d& p ———23 eV (Ref. 36),
d3 p

——48 eV (Ref. 37), or d3 p —40 eV and d i p
———21 eV

(Ref. 38) at the L point [(7r/ap)(1, 1, 1)] of the Brillouin
zone. In the case of InSb, d3 p 38 eV (Ref. 37) or
d 3 p —32 eV and d, p = —14 (Ref. 39) were calculated
from pseudopotentials, whereas d 3 o

——33+8 eV and
d1o ———16+4 eV were determined experimentally from
the resonance of Raman scattering by LO phonons near
the E1 gap. Thus, the values known for Ge yield
d3 p+(I/2W2)d~ p between 33—41 eV; those for InSb
yield 27—33 eV. The experimental determination gives
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d3 0+( I /2M2)d t 0 between 19—37 eV in InSb.
The sign of the interference determined by the relative

sign of aDp and aF (Fig. 3) is the same as that found for
GaAs (Ref. 8) and InP (Ref. 9), thus confirming that the
deformation potential do is positive, provided s, —s~ &0
holds in Eq. (9) of Ref. 10 (which should be the case ac-
cording to k p perturbation theory' ) and the transverse
dynamical charge eT is positive on the Ga ion.

V. CONCLUSION

Measurements of the resonant Raman scattering by LO
phonons and the interference between dipole-allowed and
dipole-forbidden mechanisms in GaSb have been shown to
provide accurate values for the Eo+ Ao gap energy and its

Lorentzian broadening, as well as an estimate of the opti-
cal deformation potentials do, d3 o and d& o. Although
these effects in GaSb behave in a way similar to InP and
GaAs, they exhibit some specific features. The dipole-
forbidden scattering by LO phonons is very weak. The
q-induced intrinsic Frohlich scattering can be clearly ob-
served by means of the interference with the correspond-
ing dipole-allowed deformation-potential scattering. Only
(30+7)% of the dipole-forbidden Raman scattering by LO
phonons seems to be due to the intrinsic q-dependent con-
tributions in the bulk sample studied.

Note added i n proof. The deformation potential
do ——23.4 eV has been recently calculated for GaSb with
the linear-muffin-tin-orbital method (LMTO) by L. E.
Brey, N. E. Christensen, and M. Cardona [Phys. Rev B
(to be published)].
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