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ABSTRACT

The optimal performance of HgTe/CdTe superlattice-based LWIR (8-12um cutoff wavelengths) and VLWIR (greater
than 12um cutoff wavelength) photovoltaic detectors is assessed theoretically. The electronic band structures and optical
absorption spectra are computed with a fourteen-band restricted-basis envelope function Hamiltonian. Auger and
radiative lifetimes are computed with these accurate band structures. Vertical carrier mobilities are obtained from a
Monte Carlo transport methodology. Photon detectors are modeled by solving current continuity and Poisson's
equations. Predictions are compared with those for HgCdTe-alloy based detectors. We find that the superlattice-based
two-color detector promise sharp rises in quantum efficiencies near the cutoff wavelengths, reflecting the quasi-2-
dimensional nature of their density of states.
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1. INTRODUCTION

Multicolor capabilities are highly desirable for advance infrared (IR) systems such as passive imaging seekers. Systems
that gather data in separate IR spectral bands can determine both absolute temperatures and unique signatures of objects
in the scene. By providing this new dimension of contrast, multiband detection also enables advanced color processing
algorithms to further improve sensitivity above that of single-color devices.

Multispectral detection permits rapid and efficient understanding of the scene in a variety of ways. In particular, two-
color infrared focal plane arrays (IRFPAs) can be especially beneficial for threat-warning applications. By using two IR
wavebands, spurious information, such as background clutter and sunlight may be subtracted from an IR image, leaving
only the objects of interest. Multispectral IRFPAs can also play many important roles in Earth and planetary remote
sensing, astronomy, etc. Thus, the effective signal-to-noise ratio of two-color IRFPAs greatly exceeds that of single
color IRFPAs for specific applications.

Currently, most multispectral systems rely on cumbersome imaging techniques that either disperse the optical signal
across multiple IRFPAs or use a filter wheel to spectrally discriminate the image focused on a single IRFPA. These
systems contain beam-splitters, lenses, and band pass filters into the optical path to focus the images onto separate
IRFPAs responding to different IR bands. Also, complex alignment is required to map the multispectral image pixel for
pixel. Consequently, the approaches are expensive in terms of size, complexity, and cooling requirements. At present,
considerable efforts are directed to the fabrication of IRFPAs with multicolor capabilities to eliminate the spatial
alignment and temporal registration problems that exist whenever separate arrays are used, to simplify optical design,
and reduce size, weight, and power consumption.

Progress in two-color technology has been hindered by the unavailability of techniques capable of multiple crystal layer
growth. Molecular beam epitaxy (MBE) is the method of choice for multiple layer growth because it produces material
of excellent quality and allows composition and doping control at the atomic scale level. Such quality and control is
necessary for the fabrication of multicolor detectors since they require advanced bandgap engineering techniques.
Similar bandgap engineering of MBE grown HgCdTe was demonstrated with the first growth of HgTe/CdTe
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