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1. AFM image for the determination of the PEPI thickness

In Figure S1, we show an optical image of the monolayer WS,/PEPI van der Waals

heterostructure used for optical measurements together with an AFM profile of a portion of this

image where only the PEPI layer is present in order to estimate the height of this layer.

Figure S1. (a) Optical microscope image of the monolayer WS»/PEPI heterostructure. The black

dashed square demarcates the region where an AFM measurement was performed in order to
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determine the thickness of the PEPI layer. The optical contrast in this region is similar to the
region bordered by the red dashed lines in Figure 1b of the main text. (b) AFM image of the area
marked in panel (a). The scanning area is 10 um x 10 um. A line scan along the white dashed

line is shown as an inset and yields an estimate for the PEPI thickness of about 7nm.

2. Performance of a parallel device geometry

Figure S2 shows the device structure and the corresponding optoelectronic device performances
of a WS,/PEPI heterostructure device without separate contacts to each layer. Instead, both
layers are contacted in parallel by the source and the drain contact on either side of the device.
For this device architecture, the enhancement of the photoresponsivity in the WS,/PEPI region
compared to that in the WS> monolayer region is very small. This parallel connection does not
allow for efficient extraction/separation of the photo-generated charge carriers through a built-in

or applied electric field at the heterointerface.

In contrast, in the device geometry of Figure 2a, it is possible to generate an additional built-in
potential at the heterointerface by applying a bias voltage. This causes a significant improvement
in the efficiency for charge separation and extraction. As a result, the photoresponsivity in the
WS,/PEPI heterointerface region is enhanced by nearly a factor of 5 compared to that in the WS;

monolayer region.
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Figure S2. Performance of the WS,/PEPI heterostructure photodetector with both layers
contacted in parallel. (a) Schematic device structure of this parallel device structure. (b) Optical
microscope image. The red square and the cyan circle mark the approximate location of the laser
spot during the optoelectronic measurements. (c,d). las-Vas curves recorded on the WS;
monolayer region (c) and the WS,/PEPI interface region (d) in the dark and for laser
illuminations with different wavelengths. The laser power for illumination is 5 yW in each case.
The gate voltage Vg is set to 0 V. (e) A comparison of the photoresponsivity measured on the
WS, monolayer region and the WS,/PEPI heterointerface region for Vg =0 V and Vgs = 4 V. (f)
A comparison of lgs versus time photocurrent response for the WS> monolayer area and
WS,/PEPI heterointerface area for 520 nm laser illumination with a power of 0.7 pyW. The bias

voltage Vs equals 2 V and the gate voltage Vg equals 0 V.
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3. las-Vus characteristics of the WS2/PEPI heterostructure and WSz monolayer at low

excitation power

Figure S3 displays lgs-Vas curves of the WS2/PEPI heterostructure recorded for a 532 nm laser
illumination with low excitation powers. The corresponding data for the WS> monolayer are

displayed in Figure S4.
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Figure S3. lgs-Vas characteristic for the WS2/PEPI heterostructure in the dark and when

illuminating the material with a 532 nm laser with laser power ranging from 10 pW to 100 pW.
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Figure S4. lgs-Vgs characteristic for the WSz monolayer in the dark and when illuminating the

material with a 532 nm laser with laser power ranging from 10 puW to 100 pW.

4. Current versus time photoresponse

The time dependent current photoresponse for a cyclical excitation for several laser intensities is
illustrated in Figure S5 for the WS/PEPI heterostructure and in Figure S6 for the WS;

monolayer. In both cases the drain to source bias voltage Vgs equals 2 V.
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Figure S5. lgs-time photocurrent response when the WS,/PEPI heterostructure is periodically
excited with a 532 nm laser with a power of 1 pyW (black), 5 uW (cyan), 10 uW (blue), and 15

UMW (red). The bias voltage Vgs is set to 2 V.
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Figure S6. lgs-time photocurrent response for the WS> monolayer for periodic excitation with a

532 nm laser with a power of 1 uW (black), 5 pyW (cyan), 10 uW (blue), and 15 uW (red). The

bias voltage Vs is set to 2 V.
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