Journal of Physics and Its Applications, 1(1) 2018, Pages: 7-9

Journal of Physics and Its Applications

Journal homepage : https://ejournal2.undip.ac.id/index.php/jpa/index

Terahertz Emission of Gallium Arsenide on Textured p-type Silicon (100) Substrates
Grown via Molecular Beam Epitaxy

Karl Cedric P. Gonzales?!, Karim M. Omambac?, Elizabeth Ann P. Prieto?, Jessica Pauline C. Afallal, Maria Herminia
M. Balgos?, Rafael B. Jaculbial, Armando S. Somintac!, Arnel A. Salvador?, Elmer S. Estacio!

1National Institute of Physics, University of the Philippines, Diliman, Quezon City, Philippines 1101; cgonzales@nip.upd.edu.ph

ARTICLEINFO

ABSTRACT

Article history:

Received : October 2018
Accepted : November 2018
Available online : November 2018

Keywords:

GaAs on Si

Molecular Beam Epitaxy
Terahertz

Surface Texturing

This study presents the terahertz (THz) emission of molecular beam epitaxy
(MBE)-grown Gallium Arsenide (GaAs) on surface textured p-type Silicon (p-
Si) (100) substrates. Surface texturing was achieved by anisotropic wet
chemical etching using 5% wt Potassium Hydroxide (KOH): Isopropyl alcohol
(IPA) (50:1) solution for 15, 30, 45, and 60 minutes. Reflectivity
measurements for the textured p-Si(100) substrates indicated that the
overall texturing increases with longer etching times. Raman spectroscopy of
the post-growth samples confirmed GaAs growth. The THz emission
intensities were the same order of magnitude. The GaAs grown on p-Si(100)
textured for 60 minutes exhibited the most intense THz emission attributed
to the increased absorption from a larger surface-to-volume ratio due to
surface texturing. All GaAs on textured p-Si(100) samples had frequency

bandwidth of ~2.5 THz.

1. Introduction

Since the development of THz time-domain
spectroscopy (THz-TDS), THz technology has been
growing rapidly in the past 30 years [1-3]. Recent
breakthroughs in this emerging field include THz
imaging, high-power THz generation via non-linear
effects, and compact THz-TDS systems leading to
interdisciplinary applications. The main component
of these systems are the THz sources. GaAs-based
semiconductors have established their application as
THz sources. Low-temperature GaAs (LTG-GaAs)
grown on semi-insulating GaAs (SI-GaAs) have been
widely used as effective THz emitters as
photoconductive antennas [4]. LTG-GaAs on SI-GaAs
is typically grown at substrate temperatures (Ts) of
200°C - 460°C resulting to high concentration of
defects due to excess arsenic (As) during growth [5].
The intentional incorporation of defects leads to
changes in the carrier dynamics within the epitaxial
layer dictating the THz emission efficiency.

GaAs on Silicon (GaAs on Si) substrates have
recently been gaining a lot of interest as THz sources
due to cost-efficiency of Si substrates as well as its
transparency to THz region as compared to SI-GaAs
substrates [6]. GaAs on Si integration may lead to
relatively low-cost THz emitters with promising
characteristics. The growth of high-quality GaAs on
Si often results to high dislocation densities due to
the ~4.1% lattice mismatch between GaAs and Si [7].
Various methods have been reported to reduce the
dislocation densities of the GaAs epitaxial layer such

as utilizing a GeSi intermediate buffer [8-9], two-step
growth [7,10], and thermal cycle annealing [11-12].

In this work, the THz response from GaAs grown
on Si with varying induced defect concentration is
investigated by THz-TDS in reflection excitation
geometry. Intentional introduction of defects is
implemented by surface texturing of the p-Si(100)
substrate prior to the growth of the GaAs epitaxial
layers via molecular beam epitaxy (MBE).

2. Experimental Details

The surface texturing of the p-Si(100) substrates was
achieved by performing an alkaline wet chemical
etching using 5 wt% Potassium hydroxide (KOH)
pellets diluted in deionized water with isopropyl
alcohol (IPA) as wetting agent. The p-Si(100)
substrates were submerged in a KOH:IPA (50:1)
solution heated at 70°C for 15, 30, 45 and 60 minutes
resulting to varying nanopyramid sizes and densities.
Each substrate was rinsed with deionized water and
N2 dried.

The textured p-Si(100) substrates at varying
etching times were mounted onto a single 3”
molybdenum block and were loaded into a RIBER
23P MBE system. Oxide removal of the substrates
was conducted at Ts = 600°C. A 0.5 um GaAs epitaxial
layer was then grown at Ts = 590°C. The growth of
the GaAs epitaxial layer was terminated with a 0.02



um n-doped GaAs cap. The summary of the 4 samples
is tabulated in Table 1.

Table 1: Summary of the GaAs on textured p-Si(100)
samples with varying substrate etching times

SAMPLE p-Si(100) etching time
A 15 mins
B 30 mins
C 45 mins
D 60 mins

The surface morphology of the textured p-Si(100)
substrates was observed by scanning electron
microscopy (SEM) micrographs. The overall surface
roughness of the substrates was characterized by
reflectivity measurements. The growth of GaAs was
confirmed by Raman spectroscopy. The THz
emission of the samples were measured by THz-TDS
in reflection excitation geometry.

3. Results and Discussions

The SEM micrographs of the surface morphology of
substrates prior to growth confirmed the surface
texturing of the p-Si(100) substrates with wet
chemical etching as shown in Fig. 1. Varying sizes
and densities of pyramidal structures were observed
with varying etching times [13]. A general increase in
pyramid sizes and dimensions with increasing
etching time was observed. The reflectivity
measurements of the samples are shown in Fig. 1. A
general decrease in the reflectance with increasing
etching times was observed indicating that sample D
had the highest absorption due to surface texturing
[13]. This decrease in specular reflectance is
attributed to the multiple internal reflections as the
light trapping mechanism on the rough sample
surface.
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Fig. 1: Reflectivity measurements of the textured p-Si(100)
substrates compared to the untextured substrate (right)
with their corresponding top view SEM micrographs (left).

The Raman spectra of the GaAs on textured p-
Si(100) samples compared with the bulk p-Si(100)
subsrate with their corresponding top view SEM
micrographs are illustrated in Fig. 2. The bulk p-
Si(100) substrate exhibited one peak at 520.41 cm-1,
the fundamental Si Raman peak [14]. On the other
hand, all the GaAs on textured p-Si(100) samples had
two more Raman peaks attributed to GaAs
transverse optical (TO) and longitudinal optical (LO)

phonon modes indicating the growth of GaAs layers
[15].
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Fig. 2: Rarria sctra of GaAs on textured p-Si(100)
compared to the untextured substrate (right) with the
corresponding top view SEM micrographs (left)

The THz emission intensities with the
corresponding power spectra of all the samples are
shown in Fig. 3. The peak-to-peak intensities are
listed in Table 2. There was no observed THz
emission from the bulk p-Si(100) substrate
indicating that the THz emission from all the samples
was solely from the grown GaAs layers. There was no
observed significant difference in THz emission
intensity with increasing substrate texturing time.
Furthermore, all GaAs on textured p-Si(100) had
frequency bandwidths of ~2.5 THz.
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Fig. 3: THz-TDS emission intensity and power spectra of
all GaAs on textured p-Si(100) samples compared to the
bulk substrate.



Table 2: Peak-to-peak THz emission intensities of the
GaAs on textured p-Si(100) samples.

SAMPLE THz peak-to-peak intensity
A 5.35x102
B 7.24x102
C 6.54 x 102
D 7.41x102
4. Summary

Terahertz emission from GaAs on textured p-Si(100)
was demonstrated. Reflectivity measurements
indicated that the substrate etched for 60 minutes
had the highest absorption due to the surface
roughness. The Raman spectra of all the samples
confirmed the growth of GaAs on textured p-Si(100).
The THz emission intensities were comparable
among all samples. Nevertheless, the GaAs grown on
p-Si(100) textured for 60 minutes exhibited the most
intense THz emission attributed to the increased
absorption due to surface texturing. All samples had
frequency bandwidths of ~2.5 THz.
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