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TECHNICAL ABSTRACT
Recently, large-format and small-pitch InfraRed Focal Plane Arrays (IRFPAs) has been developed for high
resolution thermal images. By scaling, FPA’s Performance decreases due to increase in surface effects [1]. Surface
effects can be controlled by controlling surface potential. Surface potential depends on fixed oxide charges in passivation
layer [2]. Density of fixed oxide charge in passivation layer can be controlled by varying passivation conditions and
methods [3]. These charges can be negative or positive for InSb substrate. For example [1] has reported that negative
fixed oxide charge can be fabricated with combination of anodic oxide and Photo-CVD passivation layer.
In this work, we investigate the effect of fixed oxide charges density on dark current, crosstalk and quantum
efficiency. Our carrier generation-recombination models includes Shockley-Read-Hall, optical generation/radiative
recombination, auger recombination and Front-side surface recombination. We also use Band-to-Band Tunneling model.
Furthermore we use suitable optical and band structure properties for InSb in our simulation studies. Three pixels are
considered from which central pixel is illuminated and investigate performance of the FPA [4]. Our studies show that
FPA’s performance may be optimized by controlling fixed oxide charge density in passivation layer. Specifically:
•

Minimum dark current occurs for large enough positive oxide charge (point B in Fig.1). Larger charge
densities initiate tunneling (point A). Thus this point is not a reliable working point. On the other hand,
large negative oxide charge densities (point C in Fig.2) causes extremely low dark current and is thus more
reliable

•

Maximum quantum efficiency occurs for negative oxide charge (Fig.3)

•

Minimum crosstalk occurs for large enough negative oxide charge density. However this is not the case
when negative charge density is so large that surface space-charge regions from neighboring pixels
interact.(Fig.4)

A tradeoff exists between dark current, quantum efficiency and crosstalk. In general the optimal solution lies in a
fabrication method which introduces negative fixed oxide charge thus increases quantum efficiency and decreases dark
current.
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C: Dark current decreases, because
surface under the passivation layer
is inverted. Thus contribution of
generation-recombination centers
(at the interface) in dark current
decreases [5].

A: Tunneling is initiated
B: Having minimum dark
current but not reliable

Due to contribution of generation-recombination centers
(at the InSb/oxide interface), dark current increses[5]

Figure 1 Dependence of dark current density on
positive fixed oxide charge density at 77K for Insb
IRFPA with various bias voltages.
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Figure 2 Dependence of dark current density on
negative fixed oxide charge density at 77K for Insb
IRFPA with various bias voltages.

Crosstalk increases due to surface
space-charge regions from
neighboring pixels interact.

Maximum quantum efficiency

Figure 3 Dependence of quantum efficiency on fixed
oxide charge density at 77K for Insb IRFPA with
various bias voltages.

Figure 4 Dependence of crosstalk on fixed oxide
charge density at 77K for Insb IRFPA with various
bias voltages.
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