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Abstract

The materials in a quantum well infrared photodetector (QWIP) are composed of heterogeneous
materials and the light absorption in a QWIP corresponds to a jump between the sub-bands of the
QWIP. Since the effective mass of the conduction band I'-energy valley electrons in n-type QWIP
materials such as GaAs is isotropic, the devices are unable to absorb incident light perpendicular
to the surface. In order to absorb the incident light, special diffraction coupling structures need to
be designed. In this paper, in order to compare the effect of different diffraction coupling on the
light response, a new structure consisting of 160 x 256 concave gratings and 160 x 256 convex
gratings has been designed on a 320 x 256 scale QWIP focal plane array. The two gratings are si-
mulated by finite difference time domain (FDTD) algorithm, and the light response of the two
gratings is calculated. The performance parameters such as noise, NETD and average responsivity
of QWIP coupled with concave gratings and convex gratings at different bias are obtained. The
conclusion is that the response of the convex gratings focal plane array is greater than the re-
sponse of the concave gratings focal plane array for the same background level. The average res-
ponsivity of the convex gratings focal plane array is 14.2 mV/K, and the average responsivity of
the concave gratings focal plane array is 10.1 mV/K. The operable pixel factor of the concave grat-
ings focal plane array is 99.3%, the operable pixel factor of the convex gratings focal plane array is
99.5%.
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Table 1. Device material characterization
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Layer Thickness/nm Material Description Doping
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Figure 1. Quantum well absorption coefficient as a function of wavelength
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Figure 2. Light response of concave gratings and convex gratings as a function
of wavelength
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Figure 3. The relationship between bias and responsivity
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Figure 4. The relationship between bias and NETD
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Figure 5. The relationship between bias and noise
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