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We demonstrate that, in a GaSb/GaAs epitaxial structure, the coherent longitudinal optical �LO�
phonon in the GaAs layer optically masked by the GaSb top layer is observed utilizing terahertz-
electromagnetic-wave spectroscopy. It is confirmed from a Raman scattering measurement that only
the optical phonon in the GaSb layer is optically observable, where the photon energy of the
excitation laser beam was almost the same as that of the femtosecond pulse pump beam for the
terahertz wave measurement. In the terahertz wave measurement, the Fourier power spectrum of the
terahertz waveform exhibits both the GaAs and the GaSb LO phonons; namely, the coherent LO
phonon in the optically masked GaAs buffer layer is observed in the terahertz wave measurement.
This fact demonstrates that the instantaneous surface potential modulation originating from the
impulsive carrier excitation by the pump pulses reaches the GaAs buffer layer. Consequently, the
above-mentioned surface potential modulation generates the coherent GaAs LO phonon. © 2011
American Institute of Physics. �doi:10.1063/1.3574541�

Terahertz-electromagnetic-wave spectroscopy gives an
interesting issue on the detection and generation of coherent
phonons. In the conventional Raman scattering process,
phonons are generated directly by the illumination of the
excitation laser beam. In the generation process of coherent
longitudinal optical �LO� phonons, those are induced by the
surge current of photogenerated carriers that changes a po-
tential structure in equilibrium.1 The generation mechanism
of the coherent phonons indicates that the substantial trigger
for driving the coherent LO phonons is not the illumination
of the pump beam but the resultant potential modulation.
Accordingly, even in the case where a given layer is optically
masked by an upper layer, it is considered that the coherent
LO phonons can be generated through an instantaneous
change in the potential. In the research field of the coherent
LO phonons, the typical detection method is a reflection-type
pump-probe technique. In this method, the coherent LO
phonons are detected through its modulation effect on the
reflectivity of the probe beam. It should be noted that, in
usual, the pump and probe beams have the same photon en-
ergy. Accordingly, within the above-mentioned detection
scheme, it is impossible to detect the coherent LO phonons
that exist in the region deeper than the penetration depth of
the probe beam. Owing to the above-mentioned background,
the coherent LO phonons in the optically masked layer have
been out of the target, in spite of the presence of various
reports on the coherent phonons.2–7 In contrast, terahertz
wave spectroscopy has a potential to directly detect the sig-
nals of the coherent LO phonons as terahertz electromagnetic
waves. We note that the terahertz waves from the coherent
LO phonons have been investigated by various groups;8–11

however, the probing of those in the optically masked layer

has been neglected. The scenario described above provides
us an important aspect of the generation mechanism of the
terahertz waves from the coherent LO phonons, which will
make advances in terahertz science and technology.

In the present work, we explore the feasibility of detect-
ing the terahertz wave from the coherent LO phonon in the
undoped GaAs buffer layer optically masked by the GaSb
top layer in a GaSb/GaAs epitaxial structure. We have suc-
ceeded in detecting the terahertz wave from the coherent LO
phonon in the GaAs buffer layer in addition to the coherent
GaSb LO phonon. We discuss the generation mechanism of
the coherent phonon in terms of the instantaneous modula-
tion of the surface potential bending. We also compare the
present results with the results of a reflection-type pump-
probe measurement.

The present sample, the GaSb/GaAs epitaxial structure,
was grown on a �001�-oriented semi-insulating GaAs sub-
strate by molecular beam epitaxy. The thicknesses of the
GaSb top layer and GaAs buffer layer were 900 nm and 200
nm, respectively. The both layers were undoped. Conse-
quently, the free carrier absorption of the terahertz wave is
negligible in the GaSb layer. This fact means that the GaSb
layer is transparent to the terahertz wave.

In advance to the terahertz wave measurement, we per-
formed the Raman scattering measurement of the GaSb/
GaAs structure in the back scattering configuration at room
temperature in order to confirm that the GaAs layer is opti-
cally masked by the GaSb layer. The photon energy and
power of the excitation beam were 1.58 eV and 19 mW,
respectively. Figure 1 shows the Raman scattering spectrum
of the present sample. Two bands are observed at the fre-
quencies of 6.8 and 7.1 THz. The frequencies of the GaSb
transverse optical �TO� and LO phonons are 6.8 THz and 7.0
THz, respectively,12 so that the observed Raman bands are
assigned to the GaSb TO and LO phonons in order of fre-a�Electronic mail: takeuchi.h@e.usp.ac.jp.
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quency. The GaAs LO phonon with a frequency of 8.8 THz
�Ref. 13� is not observed in the Raman spectrum. The present
result is reasonable because the penetration length of the ex-
citation beam is 160 nm in the GaSb layer;14 namely, the
GaSb top layer optically masks the GaAs buffer layer. We
also note that, in principle, the TO-phonon band is forbidden
in ideally �001�-oriented zincblende crystals. The observa-
tion of the GaSb TO-phonon band indicates the presence of
an offset along the �001� direction in the GaSb layer. The
responsible factor is attributed to the lattice mismatch be-
tween GaAs �lattice constant: 0.565 nm� and GaSb �0.610
nm�.12 It is, therefore, considered that a certain amount of
misorientation induced by the lattice mismatch exists in the
GaSb/GaAs interface. In fact, transmission-electron-
microscopy measurements of a GaSb/GaAs structure demon-
strate that there are considerable dislocations in the interface
region.15

The terahertz wave measurement was performed at room
temperature. The humidity was kept at �10% during the
measurement by purging with dry nitrogen gas. The pump
beam was focused on the sample with the incidence angle of
45°. The diameter of the beam spot on the sample surface
was �100 �m. The emitted terahertz wave was collected
with use of two off-axis parabolic mirrors, and was detected
by an optically gated dipole antenna with a gap of 6.0 �m
formed on a low-temperature-grown GaAs layer. The dura-
tion time of the laser pulses was about 50 fs. The powers of
the pump and gate beams were fixed to 120 mW and 10 mW,
respectively. The repetition of the laser pulses was 90 MHz.
The photon energies of both the beams were the same value
of 1.57 eV. This value is almost the same as the excitation
photon energy in the Raman scattering measurement. The
scan range of the time delay was from �2.0 to 8.0 ps.

The terahertz waveform of the GaSb/GaAs structure is
shown in Fig. 2. Around the time delay of 0 ps, the mono-
cycle oscillation pulse, the so-called first burst resulting from
the surge current of photogenerated carriers, appears. The
first burst is followed by the oscillatory profile. In order to
highlight the oscillatory profile, the terahertz waveform in
the range from 0.5 to 3.0 ps is extracted and depicted in the
inset of Fig. 2. It is evident that the oscillatory profile shows

a beat. The appearance of the beat indicates that multiple
oscillation modes are observed.

In order to clarify the observed modes, we performed the
Fourier transform of the terahertz waveform. The Fourier
power spectrum is shown in Fig. 3. The band of the first
burst weakly appears around 2.0 THz. The band at 7.1 THz
is assigned to the coherent GaSb LO phonon. It is empha-
sized that the GaAs LO phonon band emerges at 8.6 THz in
the Fourier power spectrum. Taking account of the fact that
the frequency of the GaAs LO phonon in a single crystal is
8.8 THz, the shift in the phonon frequency �� is �0.2 THz
in the present GaAs buffer layer. The value of �� corre-
sponds to the tensile strain of 1.8�10−2, assuming the biax-
ial strain induced by the lattice mismatch. In the estimation
of the strain, the phonon deformation potential was taken
from Ref. 16. We, therefore, conclude that the terahertz wave
from the coherent GaAs LO phonons is observable even in
the case where the GaAs buffer layer is optically masked by
the GaSb layer.

Next, we compare the present result with the result of
the reflection-type pump-probe measurement. According to
Ref. 7, only the coherent GaSb LO phonon is observed in the
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FIG. 1. Raman scattering spectrum of the GaSb/GaAs structure measured at
room temperature.
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FIG. 2. Amplitude of the terahertz electromagnetic waveform of the GaSb/
GaAs structure as a function of time delay at room temperature. The inset
shows the oscillatory profile between 0.5 and 3.0 ps in order to highlight the
beat pattern.
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FIG. 3. Fourier power spectrum of the terahertz waveform shown in Fig. 2.
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reflection-type pump-probe measurement of a GaSb/GaAs
structure using the pump-probe beams with a photon energy
of 1.55 eV. The disappearance of the coherent GaAs LO
phonon is attributed to the fact that, in the reflection-type
pump-probe measurement, the probe beam cannot reach at
the GaAs/GaSb interface. Thus, it is concluded that the tera-
hertz wave measurement of the coherent LO phonon is ap-
plicable to probe the layers optically masked by the upper
layer.

Finally, we discuss the generation mechanism of the co-
herent GaAs LO phonon. In general, compound semiconduc-
tors have a surface potential bending resulting from the sur-
face Fermi level pinning.17 It is considered that, in an
undoped semiconductor crystal, the region of the surface po-
tential bending extends to several micrometers in the internal
side of the crystal because carriers originating from uninten-
tional dopants hardly screen the surface potential bending.
The present GaSb/GaAs structure has a total thickness of
1.1 �m; consequently, the surface potential bending reaches
the GaAs buffer layer. The illumination of the pump beam,
generates the dense carriers around the surface region, and,
as a result, causes the instantaneous surface potential modu-
lation across the GaSb/GaAs interface. This phenomenon
generates the coherent GaAs LO phonon.

In summary, we have investigated the Raman scattering
spectrum and terahertz electromagnetic wave from the GaSb/
GaAs epitaxial structure. In the Raman scattering spectrum,
the GaSb LO phonon band is observed, whereas the GaAs
LO-phonon band is not detected. This is because the penetra-
tion length of the excitation beam is too short for the gen-
eration of the phonons in the GaAs layer. In contrast, the
Fourier power spectrum of the terahertz wave exhibits both
the coherent GaAs and GaSb LO phonons. The responsible
factor for the generation of the coherent GaAs LO phonons
has been attributed to the phenomenon that the instantaneous
surface potential modulation originating from the impulsive
carrier excitation by the pump pulse reaches the GaAs buffer
layer. We have also compared the present result of the tera-
hertz wave measurement with that of the conventional

reflection-type pump-probe measurement in which only the
coherent GaSb LO phonon is observable. From the above-
mentioned comparison, we conclude that the terahertz wave
measurement of the coherent LO phonon is applicable to the
investigation of the dynamical phenomena in the layers op-
tically masked by the upper layer.
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Aid for Young Scientists �B� under Grant No. 22760010
from the Japan Society for the Promotion of Science.
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