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ABSTRACT

We report on the short wavelength infrared (SWIR) photodetector based on quaternary InGaAsSh. The InGaAsSh samples were
grown by molecular beam epitaxy (MBE) system on a GaSb substrate. The InGaAsSh layers were lattice-matched to the GaSh
substrate. We took a high resolution X-ray diffractometer (HR-XRD) to investigate the composition and structural quality of
InGaAsSb epilayers. In order to measure the optical properties of infrared photodetectors, the InGaAsSb devices were fabricated
in 410x410 pum? using conventional photolithography. We have measured the spectral response of InGaAsSb based
photodetector at room temperature. The cut-off wavelength of photodetector with different composition of InGaAsSh absorption
layer was 2.5 um and 3.0 pm at room temperature.
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1. INTRODUCTION

Short wavelength (1-3 pm) infrared (SWIR) detectors have been received great attention for a variety of applications in military
and industrial such as remote sensing, molecular spectroscopy, environmental monitoring, gas detection and night vision.[1]
Currently, SWIR detection systems are predominantly based on type-11 InAs/GaSb superlattice (T2SL), mercury cadmium
telluride (MCT) and extended indium gallium arsenide (EX-InGaAs) technologies. However, MCT have intrinsic draw-back
such as inferior material uniformity.[2] For Ex-InGaAs, the material quality is degraded due to increase misfit dislocation
density introduced by the lattice-mismatch. Over the past years, the quaternary InGaAsSh materials have been researched for
SWIR detection.[3] Recent progress in InGaAsSh technology has made it a promising candidate for high-performance infrared
detection in the SWIR due to high speed and lower noise.

2. EXPERIMENTAL

In this work, we have grown, processed, and characterized two InGaAsSh photodetectors grown by molecular beam epitaxy
(MBE). The structural quality of InGaAsSb epi layer was performed using HR-XRD. The spectral response was measured using
a glow-bar source within the Nicholet 570 Fourier transform infrared spectrometer (FTIR).

2.1 MBE GROWTH OF PHOTODETECTORS

The samples of InGaAsSh infrared photodetector were grown on n-type GaSb substrate using a molecular beam epitaxy with an
As, and Sh, valve cracker source. Fig. 1 illustrates the layer structure of the AlGaSh/InGaAsSh infrared photodetector. The
device consisted of an n-type (2x10™ cm™) 300 nm thick GaSh buffer layer, an n-type (2x10™ cm™) 300 nm thick InGaAsSb
bottom contact layer, an n-type (2x10'® cm®) 2000nm thick InGaAsSh absorption layer, a 60 nm unintentionally doped
Aly5Ga,,Sh layer and an n-type (2x10 cm®) 200 nm thick InGaAsSb for top contact layer. The Al,;Ga,,Sb barrier was used to
create an nBn detector, which has a large conduction band offset compare to the InGaAsSb absorber. Two InGaAsSh samples
were grown on GaSb substrate, where the composition of In and As were 28%, 25% (sample A) and 17%, 14% (sample B),
respectively. After growth, the samples were characterized using HR-XRD. Diffraction patterns were obtained from the (004)
reflection. The results indicated that the Ing 5Gag 75ASy 2550075 layer was lattice matched to the GaSb substrate as shown in the
Fig. 1, where the In; 17Gag g3AS0.14Sb, 56 SaMple was lattice mismatched to substrate.
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Fig. 1 Schematic view of InGaAsSb photodetector and HR-XRD result

2.2 DEVICE FABRICATION AND CHARACTERIZATION

The InGaAsSb devices were performed in 410x410 pm? using a photolithography for the front-illuminated structure, where the
device had a circular aperture of 300 um in each mesa. Afterwards, the ohmic contact metals of Ge/Au/Ni/Au were deposited on
the top and bottom contact layer. Subsequently, the contact annealing at 380 °C was performed on the devices using rapid
thermal annealing. The Spectral response measurement was performed using a glow-bar source within the Nicholet 570 Fourier
transform infrared spectrometer (FTIR) as a function of temperature. The photodetectors were measured under zero voltage bias.
Two samples were characterized in order to compare the device performances. The cut-off wavelength of sample A and B was
3.0 um and 2.5 um at room temperature, which is due to the bandgap of absorber material.

3. CONCLUSIONS

In conclusion, the two nBn photodetectors, one with lattice-matched (sample A) and the other lattice-mismatched (sample B) to
the substrate, were demonstrated based on quaternary InGaAsSb material and AlGaSb barrier layer. The structures were grown
using the molecular beam epitaxy technology. The HR-XRD indicated good material quality of the InGaAsSb layer. Room
temperature spectral response of sample A and B were obtained with the cutoff wavelength at 3.0 um and 2.5 pm, respectively.
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