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The Raman spectra of optical phonons in InAs, InSb, Inp, and GaAs have been studied
0

via reflection techniques, using 5145-, 4965-, 4880-, 4765-, and 4658-A argon laser ex-
citation. The scattering cross sections in InAs display strong enhancement for laser
photon energies near the 8

&
saddlepoint gap, and two-phonon processes are observed un-

der these conditions. In InSb the laser frequencies are near the & ~+&~ gap, but no strong
enhancement is observed. Inp and GaAs were studied far from resonance with any known

gap and demonstrate that such gap resonance is not essential for reflection studies of di-
rect-gap semiconductors using visible-spectrum lasers.

Reflection Raman spectroscopy has been used
to study small-band-gap semiconductors by Rus-
sell' (Si), Parker, Feldman, and Ashkin' (Ge),
Krauzman, ' and Pinczuk and Burstein' (InSb).
This technique is easier for indirect-gap materi-
als like Si than for the direct-gap III-V semicon-
ductors, because the larger absorption coeffi-
cients in the latter produce much smaller scat-
tering volumes. In the case of InSb, Pinczuk and
Burstein attributed their large cross sections
and anomalous LO/TO intensity ratios at differ-
ent temperatures to a resonance of the incident
photon energy with the E, interband gap. While
the He-Ne laser frequency is relatively near that
of E, gap in InSb, that laser is operative at only
a single frequency, and direct verification of the
inferred &, resonance by varying the laser fre-
quency is not possible. Consequently, in the
present experiment we have examined reflection
Raman scattering in InAs, whose &, gap is at ap-
proximately 2.5 eV, ' using argon ion lasers oper-
ating at -2.40, 2.50, 2.55, 2.60, and 2.65 eV.
We have found that the Raman cross section ex-
hibits a maximum near the E, gap and that two-
phonon scattering is observable only when near

0
resonance (i.e., at 4765 A in InAs). The two-pho-
non processes occur at almost exactly twice the
frequencies of the one-phonon zone-center fea-
tures and have also been seen in CdS near reso-
nance. '&' We believe that they are a phenomenon
characteristic of direct-gap resonances.

Scattering from [111]surfaces in InAs was ex-
amined with incident light at 10 to 40' angles.
Near-normal incidence was avoided in order to
eliminate specularly reflected light from the col-
lection optics. Both Stokes and anti-Stokes lines
were recorded. The observed data show neither
dependence upon the angle of incidence nor on the
angle between the polarization of the incident
beam and the plane of the observing surface.

This is presumably a consequence of refraction
and demonstrates that we may consider all inci-
dent geometries used to be nominally equivalent
to propagation along [111]normal to the observ-
ing surface and polarization in the surface plane.
Both diagonal and nondiagonal scattering were ob-
served. That is, z(xx)z and z(xy)z geometries
were employed. The shorthand notation z(xy)z
designates incident and scattered photons polar-
ized, respectively, along x and y and propagating
along z. In our InAs experiments we had x= [1TO],
a =[111], and y =[112].

It can be shown that for the [111]direction of
propagation considered here, To phonons pro-
duce both xx and xy scattering while LQ phonons
produce only xx scattering. This is consistent
with the InAs data shown in Fig. 1. The weak Lo
scattering for ax& polarization is presumably in-
duced by the surface electric field, as proposed
by Pinczuk and Burstein in the case of InSb,
rather than incomplete polarization discrimina-
tion, since it remained unaffected by changes in
scattering angle and solid angle of the collection
optics. The effects of electric fields on surface
Raman scattering in InAs have been examined in
some detail by Nill and Mooradian, ' and will not
be discussed here. None of our measurements
on InAs was chosen to illustrate surface field ef-
fects, which are best demonstrated at low tem-
peratures with [110]faces (where the LO-phonon
scattering is completely field induced).

We have, however, investigated several other
III-V semiconductors. Scattering from [110]
faces of InSb, GaAs, and InP was carried out as
a comparison with the InAs behavior. None of
these materials exhibited a significant depen-
dence of Raman cross section upon argon laser
frequency. In particular, no enhancement was
observed for 5145-A excitation, although this
wavelength is very near that of the E, +&, spin-
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FIG. 1. Representative data at 300'K for InAs, InSb, GaAs, and InP samples. The InAs data shown are for [111]
faces; the others are [110]. Scattering intensities are plotted versus frequency shift in cm from the 4765-A la-
ser source.

orbit-split interband transition in InSb. We also
observed no surface electric-field-induced LQ-
phonon scattering in InSb near Ez+ +z According
to the theory of Pinczuk and Burstein this is
presumably because of the low carrier concen-
tration (bulk) of our sample: 5&&10" cm

While the absolute cross sections in GaAs were
very large, no two-phonon processes were ob-
served. This is compatible with the band struc-
ture of GaAs, which shows no interband gap near
the laser frequencies used. This suggests that
while direct-gap resonance is required for ob-
servable scattering from multiphonon K= 0 pro-
cesses, no such gap resonance is necessary for
strong first-order reflection scattering above the
band gap. The GaAs and InP spectra. in Fig. 1
demonstrate this. Note the "forbidden" LO-pho-

non scattering in the GaAs sample containing 10'
carriers/cm'.

It is important to realize that for a carrier
concentration of 2.4&10' cm ', InAs should
manifest a strongly coupled plasmon-LO-
phonon excitation whose frequencies differ sub-
stantially from the LO frequency in pure InAs.
This is completely inconsistent with our data,
which show an LO phonon at 241.4 cm ', almost
exactly where it has been assigned from emit-
tance measurements. " This indicates that all of
our scattering occurred in a carrier-free deple-
tion layer, as proposed by Pinczuk and Burstein.
This is also true of the GaAs scattering, and
shows that the depletion layer scattering will be
observed independent of any gap resonance.

Figure 2 shows the InAs cross-section depen-
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to be valid here since the E, exciton is at a sad-
dle point. No theory for resonance Raman effect
at saddle points is available presently. In con-
trast with what was inferred in InSb, the depen-
dence upon laser frequency of the intensities of
LQ- and TQ-shifted Raman lines are almost ex-
actly the same in InAs, as shown in Fig. 2. Note
that the I 0 intensities plotted here are "allowed"
and not field induced; thus direct comparison
with data of Pinczuk and Burstein or Nill and
Mooradian is not possible.
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FIG. 2. Scattering cross sections in IDAs (arbitrary
units) as a function of laser frequency. The data were
obtained with 40 mW in each line and have been cor-
rected for frequency dependent absorption and the v4

law. The largest correction (for 4658 A) was of the
order of x3.

dence upon the frequency of the incident radia-
tion. Correction due to absorption was made by
using Cardona's absorption data. ' together with
I pudon's correctipn formula. ' The shape pf the
resonance curve in Fig. 2 is, however, quite dif-
ferent from that obtained in CdS and ZnSe, where
the results for the LO phonon were accounted for
by means of the theory developed by Ganguly and
Birman. ' One should npt expect the above thepry
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