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In recent years, researchers have leveraged the unique physical properties of layered two-dimensional
(2D) van der Waals (vdW) materials, such as a wide range of thickness-tunable bandgaps, excellent
light-matter interaction and facile fabrication of heterostructures with defect-free heterointerfaces, for
several optoelectronic applications. This webinar will describe recent results from our group on
engineering the photodetection performance of phototransistors based on 2D vdW transition metal
dichalcogenide (TMD) semiconductors and their heterostructures.
Photoresponsivity and speed of few-layer TMD photodetectors are fundamentally traded-off with each
other by modulation of the effective trap concentration, as shown through electrostatically gated
supported and suspended ReS2 photodetectors.[1] This trade-off can be attenuated by nearly 2× using
an electrostatically tunable in-plane p-n homojunction integrated laterally with a WSe2 phototransistor,
enabling enhanced photoresponsivity (>100 A/W), and high detectivity (>1012 Jones) along with
switching speed in the µs range at the same time.[2] Beyond single-TMD photodetection, TMD/TMD
heterostructures offer the possibilities of self-powered photodetection and photovoltaic action in
addition to interlayer interface effects. Few-layer WSe2/ReS2 p-n heterostructure diodes are shown to
form a type-II, near-direct, IR interlayer bandgap resulting in enhanced photocurrent and IR
photodetection, besides a substantially large open-circuit voltage and short-circuit current.[3]
Similarly, engineering the band alignment from type-II to type-III in a WSe2/SnSe2 p-n heterodiode
helps realize a high negative responsivity of 2 × 104 A/W with a fast response time of ~1 µs due to a
tunneling photocurrent.[4] Further, the ability to electrostatically [4] or spectrally [5] switch the
photocurrent polarity from positive to negative values in 2D heterostructure photodetectors could
enable multi-functional optoelectronic devices in the future.
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