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Abstract

This thesis studies the scale-down process issues of InSb photodiodes to meet the
high resolution and high format requirements of:next generation medium-wavelength
infrared image sensing applications. It includes.the-passivation of the p+n junction
surface on InSb, the mesa etching process to create-isolated sensing pixels, and the
fabrication of scale-down p+n diodes by Beryllium‘ion implantation.

To achieve the goals of high resolution and high format in infrared imaging, the
sensing pixels of the image array located on the focal plane of an image system will
have to scale down to smaller size. In this study, a composite dielectric structure of
anodic oxide and Photo-CVD oxide is used as the passivation layer on InSb diodes.
The n-type surface at the junction peripheral will become depletion or weak inverted.
By comparing with the characteristics of Photo-CVD oxide, the composite dielectric
structure can help to get rid of the possibility of forming p'n" regions, which may
result in high electric field and high leakage current. The relatively low dark current
of the InSb diodes passivated by the composite structure exclude the necessity of
extra control-gate structure. This will help to simplify the fabrication processing; it

will also help to reduce the dimension of the sensing pixel.
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The mesa structures, isolated p+n junctions, formed by lactic acid/nitric acid
traditionally will have challenging issue on its uniformity performance if the pixel
size is scale-down. This study found that the etching mechanism of citric
acid/peroxide is surface reaction-limited dominant. The advantages including mesa
height uniformity, symmetry edges and corners in the etched mesa square, slope
side-wall, and more controllable on the mesa height have proved its superior
performance on the step coverage for the succeeding coating of dielectric or metal
film. Electrically, we evaluate the distribution of dark current of test structure
distributed on the wafer. These results indicate that citric acid/peroxide solution can
get better performance in uniformity. It is then more suitable for the applications of
next generation high density array

To reduce the pixel size, the fabrication ‘processes should be simplified in
addition to the simplification of-device structure. Due to the embedded advantages of
accurate dopant and junction depth contrel in-the implantation technology, the InSb
p+tn diodes in the array will get higher-uniformity and easier implementation to planar
device structure. These advantages will help to reduce the pixel size, and increase the
density of pixel in the image array. However, a gate-controlled structure is generally
required to modulate the surface potential to get optimum device performance due to
the damages and passivation issues. In this thesis, a composite dielectric film was
used as the passivation layer. Without using the gate-control structure, we
experimentally get RoA = 7.6 x10*Q-cm” for p+n diode with 20x20 um”. Based on
this result and circuit model, we expect the RoA will be 5 x10* Q-cm? as the junction

area is scaled down to 15x15 pm”.

Keywords: Focal plane array, infrared detectors, passivation, leakage current, p+n

diode, mesa etching, Be+ implantation, image pixel, p+n junction.
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