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Detection of a Coherent Longitudinal Optical
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Covered with a GaSb Top Epitaxial Layer

Using Terahertz Spectroscopy
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fecture, 2500 Hassaka-cho, Hikone, Shiga 522-8533, Japan
®Department of Applied Physics, Graduate School of Engineering, Osaka City University, 3-3-138
Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan

Abstract. We demonstrate that, in a GaSb/GaAs epitaxial structure, the coherent longitudinal
optical (LO) phonon in the GaAs layer optically covered with the GaSb top layer is observed uti-
lizing terahertz spectroscopy. 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 covered GaAs buffer layer is observed in the terahertz-wave meas-
urement. This fact demonstrates that the instantaneous surface potential modulation originating
from the impulsive carrier excitation by the pump pulses reaches the GaAs buffer layer. This
surface potential modulation generates the coherent GaAs LO phonon.

Keywords: Terahertz electromagnetic wave; Coherent longitudinal optical phonon; GaSb; GaAs.
PACS: 78.47.-p; 78.47.J-; 78.66.Fd

INTRODUCTION

Terahertz (THz) spectroscopy has been making a remarkable progress owing to the
development of femtosecond pulse laser systems.'” The above-mentioned progress
enables the detection of the THz electromagnetic waves from coherent phonons.>”’
THz spectroscopy gives an interesting issue on the generation of the coherent phonons.
In the conventional Raman scattering process, phonons are generated directly by the
excitation light. In the emission process of the THz wave from longitudinal optical
(LO) phonons, the coherent LO phonon is initially induced by the surge current of the
photogenerated carriers that leads to the change in the band bending® through the
screening effect.” The above-mentioned THz-wave emission mechanism suggests that
the substantial trigger of driving the coherent phonon is not the pump-beam illumina-
tion but the resultant photogenerated carriers. Accordingly, the appearance of the fol-
lowing phenomenon is expected: Even in the case where a given layer is optically
covered with an upper layer, the THz wave from the coherent LO phonons is generat-
ed through a change in the band bending.

In the present work, we explore the feasibility of generating the THz wave from the

coherent GaAs LO phonon in the buffer layer optically covered with a GaSb top layer.
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FIGURE 1. Raman scattering spectrum of the GaSb/GaAs structure measured at RT.

It is demonstrated that the THz wave from the coherent GaAs LO phonon in the buffer
layer are generated. We discuss the generation mechanism of the coherent phonon in
terms of the instantaneous modulation of the surface potential bending.

EXPERIMENTAL PROCEDURES, RESULTS, AND DISCUSSION

The present sample, the undoped GaSb/undoped GaAs epitaxial structure, was
grown on a (001)-oriented semi-insulating GaAs substrate by molecular beam epitaxy.
The thicknesses of the GaSb top layer and GaAs buffer layer were 900 nm and 200
nm, respectively. Initially, we performed the Raman scattering measurement at room
tem-perature (RT). 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 frequencies of 6.8 and 7.1 THz.
Taking ac-count of the fact that the frequencies of the GaSb transverse optical (TO)
phonon and LO phonon are 6.8 and 7.0 THz, respectively, the observed Raman bands
are assigned to the GaSb TO and LO phonons in order of frequency. The GaAs LO
phonon with a frequency of 8.8 THz is not observed in the Raman spectrum. This is
because the pen-etration length of the excitation beam is 160 nm in GaSb;'® namely,
the GaSb top layer optically covers the GaAs buffer layer.

The THz waves were measured at RT using laser pulses with a duration time of
about 50 fs. The pump beam was focused on the sample with the angle of incidence of
45°. The emitted THz wave was detected by a photoconductive dipole antenna with a
gap of 6 um formed on a low-temperature grown GaAs layer. The powers of the pump
and gate beams were 120 and 10 mW, respectively. The photon energies of both the
beams were the same: 1.57 eV. The scan range of the time delay was -2 to 8 ps, so that
the time window was 10 ps. Taking account of the fact that the period of the GaAs LO
phonon is 113 fs, the time window of 10 ps is enough to resolve the coherent LO pho-
non band in the Fourier power spectrum of the THz waveform.

The THz waveform is shown in Fig. 2(a). Around the time delay of 0 ps, the mono-
cycle oscillation pulse, the so-called first burst resulting from the surge current, ap-
pears. The first burst is followed by the oscillatory profile with a beat pattern. The ap-
pearance of the beat indicates that multiple oscillation modes are observed. In order to

85



I I LI o o o e e B e S R A T T T T T T T T T
[ ] F(b
@ | ] r® GaAs LO
2 0 - L
SR AR T i
—~ 1.0 2.0 3.0 Z2r B
R Time Delay (ps) 1 &t
g 1E|
;é- \l\ ~%;’
Eolt Il £ GaSb LO _
I 2
1 ]
il b b b b b Lo 19 Ouu\uu\uuuuuu\uu\uu\uuuu\uu\qu
-1.0 0 1.0 20 30 40 50 6.0 0 2.0 4.0 6.0 8.0 10.0
Time Delay (ps) Frequency (THz)

FIGURE 2. (a) Amplitude of the THz waveform of the GaSb/GaAs structure as a function of time
delay at RT. The inset shows the oscillatory profile between 0.5 and 3.0 ps in order to highlight the
beat pattern. The dashed curve in the inset is the fitting results with use of two damped sinusoidal
functions. (b) Fourier power spectrum of the THz waveform shown in Fig. 2(a).

clarify the observed mode, we performed the Fourier transform. The Fourier power
spectrum is shown in Fig. 2(b). The band of the first burst weakly appears around 2.0
THz. The band at 7.0 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 spectra
of the THz wave. Taking account of the fact that the frequency of the GaAs LO pho-
non in a single crystal is 8.8 THz, the shift of the phonon frequency wA is -0.2 THz in
the present GaAs buffer layer. The value of wA corresponds to the tensile strain of 1.8
x 107, assuming the biaxial strain induced by the lattice mismatch. In the estimation
of the strain, the phonon deformation potential was taken from Ref. 11. Thus, we con-
clude that the THz wave from the coherent GaAs LO phonons is observable even in
the case where the GaAs buffer layer is optically covered with the GaSb layer. Here, it
is noteworthy that the intensity of the coherent LO phonon band is relatively large, in
spite of the fact that the sensitivity of the photoconductive dipole antenna remarkably
drops in the frequency range higher than ~4 THz. This fact phenomenologically indi-
cates that coherent LO phonons have a potential of being strong THz emitters. In fact,
the intense THz emission from the coherent GaAs LO phonon is also observed with
the photoconductive dipole antenna in GaAs/AlAs multiple quantum wells® and un-
doped GaAs/n-type GaAs epitaxial structures.’

We also performed the fitting to the THz waveform with use of two damped sinus-
oidal functions in order to confirm the appearance of the two LO-phonon bands in the
Fourier power spectrum shown in Fig. 2(b). The solid curve in the inset of Fig. 2(a)
depicts the observed oscillatory profile in the time region from 0.4 to 3.1 ps. Since the
oscillatory profile in the longer time region is noisy, we exclude it in the fitting. The
dashed curve in the inset of Fig. 2(a) indicates the result of the above-mentioned fit-
ting, where the fitting parameters used are as follows: The LO-phonon frequencies of
GaSb and GaAs are 7.1 and 8.6 THz, respectively, and the decay times of the GaSb
and GaAs LO phonons are 4.0 and 3.1 ps, respectively. The fitting curve almost agrees
with the experimental THz waveform in spite of the fluctuation of the background sig-
nal. Accordingly, the present Fourier transform analysis is confirmed to be
appropriate.
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Finally, we briefly discuss the responsible factor of the above-mentioned phenome-
non. As pointed out in INTRODUCTION, the pump-beam illumination generates the
dense carriers around the surface region. These carriers have the ability to cause the
instantaneous surface potential modulation across the GaSb/GaAs interface, which
drives the coherent LO phonon even in the optically covered GaAs buffer layer.

SUMMARY

We have investigated the THz wave from the GaSb/GaAs epitaxial structure. The
Fourier power spectrum of the THz wave exhibits both the coherent GaAs and GaSb
LO phonons. Note that the GaAs layer is optically masked by the top GaSb layer. The
responsible factor for the generation of the coherent GaAs LO phonons has been at-
tributed to the phenomenon that the instantaneous surface potential modulation origi-
nating from the impulsive carrier excitation by the pump pulse reaches the GaAs buff-
er layer, which triggers the coherent GaAs LO phonons.
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