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Abstract

In this study, we report on the synthesis of InGaAsSb epi-layer for optoelectronic devices in short infrared wavelengths
(SWIR) at room temperature (RT).

The InGaAsSb with lattice matched to GaSb substrate was grown by the molecular beam epitaxy (MBE) using the strain
engineering. The structural and optical properties of InGaAsSb layer was investigated by high resolution X-ray diffractometer
(XRD), and photoluminescence (PL). Devices with a 400x400 um of size were fabricated using traditional photolithography
and inductively coupled plasma etching. The spectral response of InGaAsSb photodetector with a 90% cutoff wavelength
and electroluminescence spectra of light emitting diode (LED) obtained at 2.38 um at an applied bias of -0.1 Vand 2.25 ym
with J. = 500 mA, respectively at room temperature. Also, the spectral response of the detector indicates an increasing
intensity and low noise when the temperature is high.
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1. Introduction

Infrared (IR) light-emitting diode (LED) and
short wavelength IR detector (SWIR, 1.7-3 um) are
useful for various infrared applications (academia,
industry, military, especially, atmospheric remote
sensing, and gas detection) [1-7]. The antimony
(Sb) material based III-V semiconductor
compound is a promising candidate for the
development of IR-detectors and -LED devices
in short and mid wavelength IR range. Especially,
the quaternary InGaAsSb compound has been
interesting for the IR optoelectronic devices [8,
9]. The InGaAsSb based LED and photodetectors
might be used for optical sensing (CO, CO,, and
CH, gas detections) due to lower noise, high
sensitive, and high output power issues [3, 10].
The InGaAsSb compounds have been grown by
many epitaxial systems such as metalorganic
vapour phase epitaxy (MOVPE), [11] liquid phase
epitaxy (LPE) [12] and molecular beam epitaxy
(MBE) [13]. Among them, the MBE has several
advantages such as lower growth temperature
and precise control of the epi-thickness and
composition. Therefore, in this study, we report
on growth InGaAsSb/GaSb compound for IR
detector and LED devices using MBE growth
approach. The crystalline, morphological and
optical properties of epi-layers (InGaAsSb
and Al(Ga)AsSb) were investigated. Based on
this result, we fabricated the full structure
of photodetector and LED. Characterizations
(spectral response, current—voltage and spectral
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electroluminescence) of InGaAsSb devices are
studied at room temperature.

2. Experimental
2.1. Growth of infrared photodetector

Fig. 1(a) shows the schematic of InGaAsSb
photodetector with the n type-barrier-n type
layer (nBn) structure design. This InGaAsSb
composition layer was proposed to control
lattice-matched on the n*-GaSb (100) substrate.
Layers were grown by the molecular beam
epitaxy (MBE) system (RIBER 32P) using As,
and Sb, cracker sources. The stack of layers
consisted of a bottom contact, n*-In Ga, As Sbl_y
(2:10'8 cm~3) with thickness of 300 nm, a 300 nm
thick n*-GaSb (2:10® cm=3) buffer, and a top
contact of n*-GaSb (2:10'® cm™3), which was
200 nm thick. A 2 pm thick n-In Ga, AsSb,
(2-10% cm3) active sandwich structure (nBn)
between the top and bottom contacts consisted
of InGaAsSb where the composition of indium
was 17%, while composition of As was 15%, a
2 pm thick n-In Ga,_ As Sb,  (2-10' cm™). An
unipolar barrier of Al ,Ga .Sb with 60 nm thick
was grown on the active layer. The InGaAsSb
layer was characterized by high resolution X-ray
diffractometer (XRD). The XRD results indicated
that the InGaAsSb layer was lattice matched to
the GaSb substrate, as shown in Fig. 2(a) [14].

2.2. Growth of infrared light emitting diode

Fig. 1. (b) shows a detailed schematic of
LED structure, which consists of three
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Fig. 1. (Color online) (a) Layer structure of IR-photodetector (b) Layer structure of IR-LED
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InO‘SSGaO.ésASO.15SbO.SS/AIO‘SSGaO.éSASO.OZSbO.‘)? quantum
wells with an 8 nm/200 nm thick, respectively.
Following the In ,.Ga  As  Sb . active layer is
a 2 um thick n(p)-Al, ,Ga, As, .Sb,,, (1-10' cm"
%) cladding and capping layers. A 500 nm thick
p*-GaSb (1-10'® cm=3) was grown for top contact.
The substrate temperature for growth InGaAsSb
layer was at temperature of 460 °C, while that of
the other layers (AlGaAsSb cladding, and barrier)

was grown at temperature of 480 °C [14, 15].

2.3. Device fabrication

The photodetector device with a mesa
size of 400x400 ym was processed using
photolithography and inductively coupled plasma
etching. The ohmic contact metals with Ge/Au/
Ni/Au layers were deposited by the electron beam
evaporation (EBV) on the contact layer. The
contacts were annealed at temperature of 200 °C
using rapid thermal annealing. The detector had
a circular aperture of 300 pm in each mesa, as
shown in Fig. 3(a). The device was mounted on a
leadless chip carrier for characteristics. Besides,
the contact metals of Ti/Pt/Au were also deposited
by the EBV on the p-GaSb contact for LED device.
The GaSb substrate was lapped and polished
down to about 200 um thick with a roughness of
12 nm. The LED die with a 400x400 um size was
fabricated using photolithography, as shown in
Fig.3 (b). The top contact metals of Ge/Au/Ni/Au
were deposited. After the device process, the
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sample was mounted and wire-bonded onto
a standard TO-18 package and a leadless chip
carrier, as shown in Fig. 3 (c) [14].

3. Results and discussion

3.1. Characterizations of IR detector

In Fig. 4(a), the dark current density of
detector measured at different temperatures
using a Keithley 236. At the temperature range
of 200-300 K, voltage—current curves exhibit
an asymmetric shape that is attributed to the
effect of a unipolar barrier (Al ,Ga,,Sb) [6]. Fig.
4 (b) shows the spectral response of a detector,
which was measured by the Fourier transform
infrared (FTIR-Nicholet 5700), using a white
source and KBr window. The device exhibited
the redshift of spectral when we carried out the
increasing temperature from 100-300 K with
a 90% cutoff wavelength from 1.95 to 2.38 pm.
The cutoff wavelength of the device matches our
calculation of In, .Ga .. As  .Sb .. compound at
300 K. In order to match this cutoff wavelength,
the composition of an InGaAsSb could be
controlled due to both In and As concentrations
[16,17]. Also, the spectral response of the detector
indicates an increasing intensity and low noise
when the temperature is high. This phenomenon
is attribut ed to the carrier blocking the effect of
the AlGaSb barrier layer and re-align the band
offset of the valance region. Thus, this mechanism
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Fig. 2. (Color online) (a) X-ray diffraction rocking curve (004) planes of an In, .Ga_ A .Sb, . alloy for detec-

tor (b) optimization of In ,.Ga A, .
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Fig. 3. (Color online) (a) Schematic view of single photodiode, (b) light emitting diode device and (c) mounted

in standard TO-18 package and leadless chip carrier
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Fig. 4 (Color online) (a) The temperature depends on the dark current density of photodetector (b) Spectral
response of the 90% cutoff wavelength shifts from 1.95 to 2.38 um at temperature of 100—-300 K

needs to detail the study by simulation approach.

3.2. Characterizations of light emitting diode

Fig. 5(a) is a current-voltage (I-V) of the LED
at room temperature that shows a clear rectifying
behavior with a turn-on voltage of about 0.35V
and an exponential increase in the forward
current with increasing forward bias voltage. Due
to this turn on voltage, we only supply a small
potential that the photon easily emits from the
active layer under suitable injection current (J,)
condition. The series resistance, R, is 12.3 Q,
which was evaluated from the slope of I-V curve
of LED device at room temperature. The small R_
value implies a well ohmic contact between GaSb

and metal layers. However, this value is still high
compared to a commercial LED device (~3-5 Q)
that is the effect of the injection current on out
power efficiency of the LED device.

In Fig. 5(b), the electroluminescence
(EL) characteristic of IR-LED shows at room
temperature. The peak of spectral ELis at 2.25 ym
with 161 nm of full width haft maximum (FWHM)
under injection current of 500 mA. The spectral
EL is a recombination of electron-hole pairs
of the first quantized level when the transmit
from the conduction band to the valence band
of a quantum well, as seen inserted picture in
Fig. 5(b). There are two shoulder peaks at 1.96 ym
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Fig. 5. (Color online) (a) Current—voltage, (b) Spectral electroluminescence characterizations of the IR light

emitting diode measured at temperature of 300 K

and 2.45 pym, which is attributed to the effect of
a thermal generation when LED die undergone a
high injection current (J,_ = 500 mA). As mention
in above paragraph, the injection current is higher
than the commercial LED (50 mA) due to the
larger series resistance. This parameter should
be optimized by the treatment of GaSb surface,
optimized RTA condition, and change the metal
contacts for improving output power efficiency.

4. Conclusions

We grew InGaAsSb epi-layer lattice matched to
GaSb for infrared photodetector and light emitting
diode, LED. By using the MBE approach, structural
devices (nBn for photodetector and quantum well
for LED) were synthesized. The photodetector
obtained the spectral response at 2.38 um, under
the applied bias of -0.1 V, while LED shows spectral
emission peak of 2.25 um (FWHM = 161 nm) with
injection current of 500 mA at room temperature.
Based on those results, those optoelectronic
devices might be served for spectrometers and with
nondispersive infrared, NDIR, sensor.
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