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Short-wave infrared (SWIR) photodetectors are used in various fields such as light detection and ranging
(LiDAR) sensors, neuromorphic computing, and Si photonics. To enable the practical application of
photodetectors, detecting low-intensity light and minimizing power consumption are imperative. In other
words, photodetectors with high optical responsivity and low operating voltage are needed. Among different
photodetector structures, InGaAs-based high-electron-mobility transistors (HEMTs) have been proven to
meet these requirements. Naturally generated two-dimensional electron gas (2DEG) and suppressed ionized
impurity scattering in HEMTs enable much higher effective mobility at lower operating voltages, leading to

higher photocurrent and improved optical responsivity [1].

In this study, to further enhance the optoelectronic characteristics of HEMTs, InAs quantum-well (QW)
channel structures are introduced in InGaAs-based HEMTs. Fig. 1(a) shows the InGaAs-based QW HEMT
cross-sectional structure. Because of the quantum confinement effect in the QW channel, higher effective
mobility and a broader detection range can be expected [2]. Fig. 1(b) and Fig. 1(c) reveal photocurrent (Ipn)
and optical responsivity at a 1.55 um wavelength, demonstrating the feasibility of InGaAs-based QW photo-
HEMTs. With future optimization of the device's structural properties, QW photo-HEMTs are expected to be

integrated as high-performance photodetectors in Si photonics.
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Fig. 1 (a) Schematic of QW photo-HEMT. (b) I,n as a function of Vgs. (¢) Responsivity with respect to input optical powers.
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