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Abstract

In this work, we successfully fabricated a van der Waals heterojunction composed of p-type GeSe and
n-type oxide quasi-two-dimensional electron gas (Q2DEG) using mechanical exfoliation combined
with argon ion beam bombardment. The photoresponse characteristics of the device are systemati-
cally investigated at 20 K. The results show that the photocurrent increases with decreasing incident
light wavelength, i.e., a stronger photoresponse is observed under shorter-wavelength excitation, and
the device exhibits stable and reproducible response under cyclic testing. At 20 K, thermal excitation
of intrinsic carriers is strongly suppressed, and photogenerated nonequilibrium carriers are cap-
tured by interfacial defect traps, giving rise to a pronounced persistent photoconductivity effect. Ap-
plying a reverse bias can efficiently extract the trapped carriers from the traps, and the reverse dis-
charge current increases with the bias sweep rate. Furthermore, sequential discharge measurements
with progressively increasing reverse bias amplitude reveal an increase of the released current with
increasing bias amplitude, uncovering a direct physical correlation between the applied electric field
and the trap barrier depth. This correlation provides a feasible pathway to characterize the energy
distribution of trap states at oxide-based heterointerfaces via macroscopic electrical measurements.
This study deepens the understanding of interfacial trapped charge dynamics in oxide-based hetero-
junctions and opens new avenues for the design of functional optoelectronic devices based on inter-
facial trap engineering.
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Figure 1. Fabrication process of the Germanium Selenide/Q2DEG heterojunction
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Figure 2. (a) Optical microscope image of the heterojunction; (b) Raman scattering spectrum of the GeSe thin flake; (c) I-V
curve of the heterojunction at room temperature
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Figure 3. (a) I-V curves of the heterojunction before and after illumination; (b) Optical switching characteristics under different
wavelengths; the photocurrents of other wavelengths are normalized to the photocurrent at 405 nm; (c) Normalized photocur-
rents under different wavelengths. All data were measured at a constant bias of —4 V, and the yellow shaded areas indicate the
periods when the laser is turned on; (d) Single switching cycle photocurrent time response and the corresponding fitting curve.
The inset shows the photocurrent as a function of 405 nm laser power density
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Figure 4. (a) Discharge characteristics under different reverse bias amplitudes after a single illumination; (b) Relationship
between the discharge amount and voltage amplitude, the set shows the relationship between Dn(ET) and the trap energy
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Figure 5. (a) Forward I-V characteristic curves measured after photo-charging and waiting for 20 minutes under different
ambient temperatures; (b) Normalized remaining charge Q/Qo after being kept in the dark for 20 minutes at different temper-
atures; (c) Time-dependent photocurrent decay curve and fitting curve at 20 K after removing the illumination
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