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Fig. S1 (a) Optical image of as-grown Pbl, nanoplates. Scale bar, 20 um. (b) EDS spectrum
collected from a representative nanoplate. Insert is the corresponding SEM image. Scale bar,

200 nm. (c) HRTEM image of Pbl, nanoplate. The lattice spacings along three different



directions are 0.235 nm, with an intersection angle of 60°. Scale bar, 2 nm. (d) SAED pattern

viewed along [001] zone axis. Scale bar, 2 nm™.
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Fig. S2 (a) HRTEM image of monolayer WS, transferred on copper grid. (b) SAED pattern

viewed along the [001] zone axis. Scale bars, 2 nm, 3 nm, respectively.
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Fig. S3 (a) EDS result of Pbl,/WS, nanoplate on copper grid. Inset: low-resolution TEM image.
Scale bar: 5 um. (b) HRTEM image of a typical nanoplate. The interplanar spacings along three

directions (marked by yellow lines) are 0.235 nm with an intersection angle of 120°,

corresponding to the {110} crystal plane family of Pbl,. Scale bar: 1 nm.
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Fig. S4 (a) PL spectra of pristine Pbl, nanoplate, monolayer WS, and Pbl,/WS, heterostructure,

excited by 450 nm laser. Insert is the corresponding optical images of the measured samples.

Scale bars, 2 um, 5 um and 5 pum. The real-color PL images are demonstrated in (b-d),

respectively. Scale bars, 1 um.
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Fig. S5 (a) UV-vis absorption spectra of Pbl,/WS, heterostructure and pristine WS, (the
absorbance intensity of WS, is multiplied by 10). The three peaks in the WS, absorption
spectrum are assigned to A (1.97 eV), B (2.36 eV) and C (2.72 eV) excitonic absorption of
pristine WS,. Insert is the amplification region from Pbl,/WS, absorption spectrum. (b) Tauc
plot of Pbl,/WS, nanoplates absorption spectrum. Bandgap of Pbl, was deduced to be 2.35 eV

from absorbance data using the Tauc relation.[1-3]
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Fig. S6 Optoelectronic characterizations of pristine Pbl, nanoplate. (a) Optical image of a
fabricated Pbl, device on SiO,/Si substrate. Scale bar, 5 um. (b) /4 -Vys curves of the device
measured in dark and under various illumination power densities of 450 nm laser (Vg = 0 V).
(c) Calculated photoresponsivity as a function of power density at different source-drain

voltages.
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Fig. S7 Optoelectronic performance of monolayer WS, nanosheet. (a) Optical image of a
representative WS, device on SiO,/Si substrate. Scale bar, 20 um. (b) /4 -Vys curves of the
photodetector measured in dark and under various illumination power densities of 450 nm
laser (Vs = 0 V). (c) Extracted photoresponsivity as a function of illumination power density at

different source-drain voltages.

Table S1: Comparison with vertical p-n heterostructure and pristine material photodetectors

synthesized by CVD method.

Materials Wavelength Vs Ves Responsivity Detectivity Reference
[nm] V] V] [AW1] [Jones]

SnS/WS, 532 1 0 24.2 - [4]
GaSe/MoSe, white light 5 0 0.03 - [5]
WSe,/SnS, 520 5 0 0.11 4.71 x 10% [6]
GaSe/MoS, 300 1 0 ~3.75 [7]
Bils/WSe, white light 1 0 1.67 - [8]
ML WS, white 20 60 1.88 x 102 - [9]
FLY Pbl, 450 1.9 0 1x10* - [10]
ML WS, 450 5 0 5.0 x 10? - This work
FL Pbl, 450 5 0 5.6 x 10! - This work
Pbl,/WS, 450 5 0 5.57 x 10? 6.8 x 1012 This work
Pbl,/WS, 450 5 -60 7.1 x 10 3.7 x 10% This work

a) ML: monolayer; ?) FL: fewlayer
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