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Resonant Raman scattering in mixed GaAs& „P„crystals
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Dual aspects of resonant Raman scattering in mixed GaAs~ „P„crystalsdue to band-to-band transitions
at the direct energy gap as we11 as the effect of electron localization due to alloying and disorder are
presented. Also described are resonance effects of the zone-edge phonons due to scattering at the indirect

gap in the mixed crystals.

INTRODUCTION

The vibrational properties of ternary mixed III-V crystals
have been studied at length both theoretically and experi-
mentally for many years. One of the earliest works' was the
study of infrared lattice vibration spectra of GaAs~ „P„in
which two distinct reststrahlen bands were discovered, the
strengths and frequencies of which depend upon x. This
was followed2 by a Raman study of lattice vibrations of
GaAs~ „P„,which confirmed the two-mode behavior of the
mixed crystals, i.e., structures between 250 and 295 cm
associated with GaAs and between 345 and 405 cm ' asso-
ciated with GaP-like behavior. Raman scattering was also
used to study the resonant properties of Al„Ga~ „Asin de-
tail. 3 In this the resonance behavior of the GaAs-like and
A1As-like LO phonons enabled the energy of the direct
band gap to be determined accurately.

This study was extended4~ to cover Al„Gaj „Asand oth-
er ternary alloys like Ga„Inl „Pand GaAsl „P„,where it
was found that in addition to the usual one-phonon scatter-
ing anomalously large second-order amplitudes were seen
under resonant condition with the direct gap. This replica
effect was attributed to a localized exciton-phonon complex
as an intermediate state in light scattering, the localization
being due to alloying and disorder. Configuration model
calculations indicated that large oscillator strengths for the
second-order scattering were possible when localized exciton
interacts strongly with the LO-phonon system. Further
theoretical work7 involved an ensemble of two-level systems
modulated by the optic phonon field coupled to the radia-
tion field to explain phonon replica in mixed crystals.

A recent papers describes how two-phonon processes can
be used to study the effect of disorder in mixed crystal sys-
tems. In this the line shape and linewidth of the zone-edge
phonons were studied for various alloying concentrations.
Off-resonance configurations were chosen to preclude the
phonon replicas, which would otherwise mask the weak
second-order spattering.

Resonant Raman scattering has also been studied at in-
direct gaps of silicon and GaAs (Refs. 9—ll) and in this sys-
tem, selective resonance enhancement of two-phonon am-
plitudes corresponding to phonons of particular symmetry
takes place. It should be mentioned that the phonon densi-
ty of states is high for zone-edge phonons and usually the
two-phonon process consists of contributions from several
zone-edge regions. Ho~ever, selective enhancement takes
phonons of particular symmetry and enables one to dif-

ferentiate between iterative electron —one-phonon and
electron —two-phonon vertices in the two-phonon
processes. "

It is the purpose of the present paper to study dual as-
pects of resonant Raman scattering in mixed GaAs~ „P„
crystals, i.e., resonance effects due to band-to-band transi-
tions at the direct and indirect energy gaps, as well as the
effect of electron localization due to alloying and disorder.
We present resonant Raman scattering data of GaAsp ~~PQ 89

crystal and show that the GaP-like LO-phonon and 2LO-
phonon peaks exhibit different resonant behavior. This
difference is explained quantitatively if one assumes that the
scattering amplitudes consist of two channels —one due to
band-to-band transition and other due to transition to a lo-
calized exciton. Resonance behavior of the 2TA(X) com-
bination modes is also presented and described in terms of
selective enhancement at the indirect gap of the mixed crys-
tal.

EXPERIMENTAL RESULTS

Resonant Raman scattering experiments from mixed
GaAsQ $/PQ 89 were performed in the back-scattering
geometry at room temperature using various lines of the
argon-ion laser, Ramanor double monochromator, and
photon-counting electronics. The GaAsp l~PQ 89 crystal was
grown on a GaP substrate by liquid-phase epitaxy with a
layer thickness —30 p, m.

Figure 1 shows the resonant Raman spectra of
GaASQ $ ] PQ 89 excited by the 4765-A laser line. Two-mode
behavior of the zone-center phonons, one corresponding to
GaAs-like modes (labeled by subscript 1) around 280 cm
and other corresponding to GaP-like modes between 360
and 400 cm ' (labeled by subscript 2) is observed as ex-
pected. The structure around 400 cm ' shows the usual
GaP-like TO and LO modes, in addition to the X mode,
which is seen only in the alloy. This mode, ~hose origin is
still uncertain, has been reported in the literature previous-
ly. ' Combinations of optical zone-edge phonons give Ra-
man peaks in the high-frequency range of the spectrum.
The most important aspect of this end of the spectrum is
the appearance of the Raman replica of the GaP-like modes
between 760 and 800 cm '. Combinations of zone-edge
acoustic phonons are seen at the low-frequency end of the
spectrum, while the structure at 125 cm ' is attributed to
the difference mode (LO2 —LOt).
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FIG. 1. Room-temperature backscattering Rarnan spectrum of GaAsp &&Pp 89. The scattered light is not analyzed. The crystal plane is per-
pendicu]ar to the [1001 axis.

Figure 2 shows the resonant aspect of the replica spec-
trum of Fig. 1. Far from resonance, the strong feature at
800 cm ' disappears leaving behind only the usual second-
order combination band, reminiscent of pure GaP.

The resonance Raman behavior of 2LO2 and LO2 modes
are given in Figs. 3 and 4, respectively. All experimental
points were corrected for absorption. Finally, the resonance
behavior of 2TA(X) combination modes is given in Fig. 5.

Ga As0. 11 P0.89

2LO 2

DISCUSSION

The spectra given in Fig. 1 differ drastically and qualita-
tively from the spectrum of pure GaP (Ref. 13) due to the
appearance of the LO2-phonon replica at resonance. It has
already been conjectured4 that the sharpness and the-

resonant character is due to a dispersionless localized exci-
ton as an intermediate state in the Raman process. With
this assumption, the Raman intensities for the one-LO2 and
two-LO2 processes become

4765 A

CI

4880A

496 5A

I(2LO ) = A Z4 1 2Z~+ Z4 2
2 [5 rat —h ra(2LOg) —e l + y

(2)

where A is a normalization constant including the matrix
element of the electromagnetic interaction between ground
and bare-exciton states, ~~ the angular frequency of the in-
coming photon, e the effective exciton energy, tc0(LOq) the
phonon energy, y the linewidth of the localized exciton, and
Z —=

~ V~/kra(LOq), where V is the exciton-phonon coupling
constant.

It will be seen from Eqs. (1) and (2) that the two intensi-
ties should have identical resonance behavior, which is not
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FIG. 2. Resonant Raman behavior of GaAsp y~Pp89 for different
laser wavelengths.
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0.4- SUMMARY AND CONCLUSIONS

E (x) = 2.202 eV

I

LLJ 0.2—

0.1—

0.0
2.4

t

2.5

( &)

FIG. 5. Resonant behavior of the 2TA(X) combination modes at
the indirect gap E (X) = 2.202 eV.

In this paper we have examined resonance effects due to
band-to-band transitions at the direct and indirect gaps, as
well as the effect of electron localization due to alloying and
disorder. The GaP-like LO2 and 2LO2 modes show different
resonance behavior, and this is described quantitatively by
simple atomistic and band theories. Replica of the first-
order spectrum occurs at frequencies displaced from the
original by to(LO2) in phosphorus-rich samples. It is natur-
al to assume that a similar effect would occur at the GaAs-
like LO~ mode in arsenic-rich samples. Unfortunately, this
has not yet been seen due to large fluorescence in these
samples which masks the Raman spectrum. Selective
enhancement of the 2TA(X) phonons at the indirect gap
has also been studied, and again a simple theory is used to
treat this effect.

The effect of clustering and disorder in III—V ternary al-
loys has been discussed recently by Teicher, Beserman,
Klein, and Morkoc who studied the effect of structural dis-
order on zone-edge Raman phonons far away from reso-
nance. Near resonance, on the other hand, the structure of
the intermediate electronic state becomes important and
preliminary calculations' indicate an exciton localization en-
ergy —30 meV due to the formation of clusters. A com-
plete theory of resonant Raman scattering from disordered
system would have to consider the effect of this localization
due to potential fluctuations and clustering.
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