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ABSTRACT 

Antimonide-based photodetectors have recently been grown on a GaAs substrate by molecular beam epitaxy (MBE) and 
reported to have comparable performance to the devices grown on more expensive InSb and GaSb substrates. We 
demonstrated that GaAs, in addition to providing a cost saving substrate for antimonide-based semiconductor growth, 
can be used as a functional material to fabricate transistors and realize addressing circuits for the heterogeneously grown 
photodetectors. Based on co-integration of a GaAs MESFET with an InSb photodiode, we recently reported the first 
demonstration of a switchable and mid-IR sensible photo-pixel on a GaAs substrate that is suitable for large-scale 
integration into a focal plane array. In this work we report on the fabrication steps that we had to develop to deliver the 
integrated photo-pixel. Various highly controllable etch processes, both wet and dry etch based, were established for 
distinct material layers. Moreover, in order to avoid thermally-induced damage to the InSb detectors, a low temperature 
annealed Ohmic contact was used, and the processing temperature never exceeded 180 ˚C. Furthermore, since there is a 
considerable etch step (> 6 µm) that metal must straddle in order to interconnect the fabricated devices, we developed an 
intermediate step using polyimide to provide a smoothing section between the lower MESFET and upper photodiode 
regions of the device. This heterogeneous technology creates great potential to realize a new type of monolithic focal 
plane array of addressable pixels for imaging in the medium wavelength infrared range without the need for flip-chip 
bonding to a CMOS readout chip. 

1. INTRODUCTION 

Imaging at mid-IR wavelengths, and in particular in the medium wavelength infrared (MWIR) region (3-5µm) is of great 
importance for a number of applications such as gas sensing, medical diagnostics, security and defense [1]. In order to 
realize an image sensor such as a focal plane array (FPA), each photodiode must be individually addressable using row 
and column decoding/multiplexing, so that the photo-generated signal can sequentially be transferred out from the array. 
State-of-the-art FPAs working in the mid-IR require the isolated array of narrow bandgap photodiodes to be hybridized 
with a CMOS addressing chip, is also known as a read-out integrated circuit (ROIC). Since one-to-one interconnections 
between photodiodes and corresponding addressing circuits are unavoidable in this approach, indium bump based flip-
chip bonding techniques become nearly a necessity in order to achieve this kind of hybridization. Although the hybrid 
approach has successfully produced very large format and high performance imagers, the commonly used flip-chip 
bonding technique is not problem-free. First, as a technique that requires many processes at die level such as fabrication 
of bumps, substrate alignment, epoxy under-filling and substrate thinning, it will dramatically increase the cost of the 
manufactured FPAs [2]. Moreover, the yield and reliability of indium bump interconnections will become more and 
more challenging when the technology is scaled for fabrication of large format arrays. Another issue of the hybrid 
approach arises from the fact that most mid-IR imagers are operated under cryogenic cooling. Due to the large thermal 
expansion mismatch between common mid-IR sensitive materials and the silicon chips, considerable stress is thus 
experienced by the interconnections during thermal cycles, resulting in the possibility of connection failure or material 
cracking in the worst case [3].  

On the other hand, monolithic integration of detectors with the ROIC can support mass production by wafer level 
manufacturing, and has been realized for low cost infrared FPAs based on thermal detectors [4]. However, some early 
attempts at monolithically integrated, photon detector based mid-IR FPAs made using metal-insulator-semiconductor 
(MIS) structures were soon abandoned [5][6]. The main bottleneck of these designs is the fundamental difficulty of 
realizing both light sensing and signal readout functions with narrow bandgap materials (e.g. HgCdTe, InSb), which 
present either limited signal handling capability or noise problems [7]. Furthermore, MIS detectors are not suitable for 
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