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PROCEDURE:

respectively) are essential building blocks for modern electronic and optoelectronics devices1,2. In
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carriers and built-in potentials associated with uncompensated dopant atoms. The transport of carriers
across the junction usually occurs though diffusion and drift processes defined by the spatial extent of this
region. With the advent of atomically thin, layered and van der Waals (vdW) coupled semiconduting

predicted to exhibit completely different charge transport characteristics than bulk junctions10,11. In fact, very
recent reports on p-n junctions based on TMX2 compounds, indicate that these junctions display promising
electronic and optoelectronic properties, including gate-tuneable diode-like current rectification, photovoltaic
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Fig.[4]. (a)AC Mode image, (b)WSe2 flake analysis of thickness.
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promising properties of TMX2 heterostructures as

7
Fig.[6]. Grid markers on 20x.

WSe2	

1

5µμm	

Fig.[8].Ti & Au Contacts.

Fig.[7]. Contacts on the WSe2
on top of MoSe2 flakes, 100x.

Vds	

insulated from the gates by 20 nm HfO2. Scale bar, 2
µm. Bottom: Schematic side view of the device

Ids	

including electrical connections. (b) Current–voltage
(Ids–Vds) curves showing transport characteristics of

and Vrg to +10 V for PN/NP. The NN and PP

MoS
e2  	

WSe2  	

Si	

configurations (blue and green curves, respectively)
(a) 6

Ids (nA)

Vds, with fits in yellow. The fits give a diode ideality of
Schematic band diagrams of the device in forward bias
for PN and NP configurations.

Fig.[2]. A. Pospischil et al., Nat. Nanotechnology, |
VOL 9 | APRIL 2014 | P-257

2| Device operation as solar cell and photodiode.

I–V characteristics of the device under optical

illumination with 1,400 W/m2. The biasing conditions are the same as in Fig. 2c: p–n (solid green line; VG1 ¼ 240
V, VG2 ¼ 40 V), n–p (solid blue line; VG1 ¼ 40 V, VG2 ¼ 240 V), n–n (dashed green line; VG1 ¼ VG2 ¼ 40 V), p–p
(dashed blue line; VG1 ¼ VG2 ¼ 240 V). When operated as a diode (solid lines), electrical power (Pel) can be
extracted. Top inset: Schematic of experiment. Lower inset: Pel versus voltage under incident illumination of 1,400
W m22 . Maximum power conversion efficiency is obtained for V ¼ 0.64 V and I ¼ 14 pA. The red dashed
rectangle in the main panel shows the corresponding power area.
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side of the transistor. But it clearly indicates that the junction would display a ambipolar

dielectric layer for the FET.

response, not typical of expected diode like one.

CONCLUSION:
§We successfully fabricated a p-n type heterostructure transistor based on few atomic
§WSe2 shows p-type behavior, where MoSe2 itself shows the ambipolar with highly ndoped characteristic.
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RESULTS AND DISCUSSION:
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electronic and optoelectronic properties and hence their suitability as potential building blocks for future
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as well as electroluminescent-effects12,13. Here, we report the fabrication of heterostructures composed multi-

to judge their quality, and of the inter-layer electronic response. Our goal is to evaluate their overall
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one is able to realize a p-n junctions based on their heterostructures3-10. In particular, vdW

junctions composed of p- and n-type semiconductors, each composed of just one unit cell thick layer, are
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ABSTRACT:

like response (near rectification). We are now in position to evaluate their potential for
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solar cell photovoltaic, and as light emitting diodes where light can convert to electrical
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Fig.[10]. (a) Drain-Source current (Ids ) as a function of drain-source voltage (Vds ) for several
values of the back gate voltage (Vbg), showing linear response for small values of Vds followed by
saturation. (b) Shows the response of the drain to source current Ids as a function of the back
gate voltage for a WSe2 mono-layer composing the WSe2/MoSe2 heterostructure.
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