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ABSTRACT

In this study, we examine processes limiting the performance of 4 micron superlattice pin photodiodes for different
temperature and mesa size regimes. We show that the performance of large mesa photodiodes at low temperature is
most severely limited by a trap-assisted tunneling leakage current (x300), while small mesa sizes are additionally limited
by perimeter leakage (x20). At room temperature, large mesa photodiodes are limited by the diffusion current, and small
mesa photodiodes are further limited by the perimeter leakage (x100). To reduce or eliminate the impact of perimeter
leakage, we have tried passivating the mesa sidewalls with SiN, an approach that was only minimally successful. We
have also laid the groundwork for another approach to elimination of perimeter leakage currents, namely, elimination of
the sidewalls altogether through planar processing techniques. Planar processing schemes require the deposition of a
thick, wide bandgap semiconductor or “window layer” on top of the homojunction. We compare the performance of two
otherwise identical InAs/GaSb superlattice homojunction detectors, except one with a GaSb window layer, and one
without. We show that inclusion of the thick GaSb window layer does not degrade detector performance.
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1. INTRODUCTION

The detection of mid- and long-wavelength infrared (MWIR, LWIR) radiation is of growing importance in a number of
industries and encompasses military, industrial, and biomedical applications. In recent years, research on a Type II
superlattice (SL) structure consisting of alternating thin layers of InAs and InGaSb alloys has shown the potential for
high-sensitivity, high-temperature operation that can outperform existing LWIR detectors available today. The
binary/binary InAs/GaSb SL system, first proposed for IR detection in 1977, ' has a staggered Type II band alignment in
which the InAs conduction band is lower than the GaSb valence band. Quantum confinement in SL layers of appropriate
thickness allows for the tuning of the SL bandgap. In 1987, Smith and Mailhiot proposed the closely related
binary/ternary SL, InAs/InyGa, Sb, in which strain effects, in addition to quantum confinement, allow for greater design
flexibility and improved device characteristics.” Bandgaps between 0 and 400 meV can be achieved, leading to an
enormous range of detector cutoff wavelengths. Moreover, the benefits of this material system extend well beyond the
tuning of the bandgap energy: in fact, the entire SL band structure can be “engineered” to create desirable device
properties. By an appropriate variation of layer thickness and composition, one can derive numerous structures that have
the same bandgap but different band structure characteristics. For instance, for a given bandgap, it is possible to tailor the
light-hole and heavy-hole band separation to suppress Auger recombination with a consequent increase in carrier
lifetime.>* It is also possible to achieve designs with more optimal layer thicknesses that provide better absorption
properties® (by using sufficiently thin layers) while avoiding the problems of interface variability (encountered when
layers are too thin).

With regard to the wafer-level processing and device design approaches applied to InAs/InGaSb SL detectors, there is
considerable opportunity to improve on the work done to date. Recently, there has been recognition that perimeter
leakage currents can limit the performance of MWIR and LWIR InAs/InGaSb SL mesa diode detectors.” In our study,
we map out the impact of perimeter leakage on detector performance as a function of mesa size and temperature of
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