FSI series

InAs photodiodes with InAsSbP transparent window layer, operating in the wavelength range 1.0-4.0
Mm are based on InAsSbP/InAs system that is lattice matched and hence low defect density and high
performance are expected. Heterostructures are grown on a ~350 pum thick n-InAs substrates (n=2*10'6cm-)
and processed by a wet photolithography into a mesa constructions.

The quaternary layer InAsShP acts as a window because the larger bandgap material is transparent
to 3 um radiation and thus most of the light is absorbed in the active region of the device. The composition
and thickness of the widegap layer determines the short-wavelength cut-off value and the active region
composition establishes the long-wavelength cut-off value of spectral response. The advantage of this
structure is weak dependence of the quantum efficiency on the distance of the junction from the illuminated
surface. Another advantage is that the heterostructure offers a reduced dark current because the wide
bandgap layer usually has a lower equilibrium concentration of minority carriers which contribute to dark
current.
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Fig.1 InAsSbP PD equivalent schematic (on the left) and IR image of point contact surface Fig.2 |-V characteristic in four InAsSb PDs
with uniform NL distribution (sample 6059 at RB, 0.5x0.5 mm, -0.2 mA)(on the right). (Acutoff =5.8 pm) with 4 types of anodes.

In contrast to flip-chip PDs, front surface illuminated PDs (FSI PDs) based on InAsSb with a limited
area contact on the epitaxial side (see Fig.1) possess a broad photosensitivity spectrum, as they have no
“built-in optical filter”, with a temperature-dependent absorption spectrum. A characteristic feature of diodes
with a limited area contact is current crowding near the contact because of the predominance of the lateral
resistance of the layer adjacent to the contact over the vertical resistance of the p-n junction at those
regions of the diode which are distant from the contact, when the potential barrier at the p-n junction is low.

It was shown that InAsSb photodiodes (PDs) for the mid-IR spectral range (wavelengths A > 4 pm)
exhibit poor efficiency of photogenerated carrier collection from p-n junction regions distant from the anode
at 250C, which decreases by nearly an order of magnitude as temperature is elevated to 800C, because of
reverse current crowding. An increase in the anode perimeter makes it possible to raise, by an order of
magnitude, the efficiency of nonequilibrium carrier collection and the sensitivity of InAsSb PDs at 25- 800C.
The dependence of the PD detectivity on the anode perimeter has a maximum. This occurs because, on the
one hand, the area from which nonequilibrium carriers are collected becomes larger and, on the other hand,
the degree of shading of the active region by the anode increases and the dynamic resistance of the PD
decreases. On passing from a point anode to a developed anode, the current sensitivity and detectivity of
the PD at 220C become higher by a factor of 2 and 1.5, respectively. PDs effectively operating in the spectral
range 2.2-4.5 ym were developed [']. These diodes will be useful for solving a number of practical problems,
e.g., in analyses of the content of CO: in air. The fundamental aspects mentioned above are common to
narrow-gap p-n structures ( see Fig.2 and ref. 2, 3, 4) and should be taken into account in the analysis of
characteristics and the design of PDs, especially those operating at elevated temperatures in the
photocurrent measurement mode.
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