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Abstract: In the context of broad-spectrum photodetection, the detection performance in terms of responsivity and detectivity has gar-
nered significant attention. Consequently,the design of detectors emphasizes the investigation of physical processes such as photon ab-
sorption and photogenerated carrier drift. In broad-spectrum, narrow-band and other spectral detection, it is crucial for the detector to
differentiate response signals from various wavelength channels. One effective approach to achieve this is through the composite of photo-
generated carriers. This study employs numerical simulation to examine the energy band structure and electric field strength distribution
of heterojunction detectors,followed by an analysis of the composite process of photogenerated carriers. By the design of the electron af-
finity potential of different semiconductor layers of the detector,the composite of photogenerated carriers is utilized to regulate the detec-
tion signals of different wavelength channels. As a result,a pronounced nonlinearity is observed in the spectral response characteristics
of the detector under different bias voltages. Through the design of a four-layer sensor, bandgap distribution of 3.09 eV/2.51 eV/
1.94 €V/1.36 €V and electron affinity potential of 3.09 €V/3.42 €V/3.71 €V/4.07 eV were obtained. Compared to a single-bandgap
PIN photodiode , the optimized four-layer sensor demonstrated a notable reduction in the correlation coefficient of its spectral response
curve, dropping from 0.99 to 0.56. The research findings presented in this paper provide a foundation for effectively acquiring detection
signals in subsequent spectral information reconstruction.
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