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Pronounced and Unique Optoelectronic Response of Transition Metal Dichalcogenides
Pradhan, N.; Ludwig, J.; Lu, Z.; Rhodes, D.; Bishop, M.; Thirunavukkuarasu, K.; McGill, S.; Smirnov, D. (NHMFL); Manousakis, E. (NHMFL and FSU physics) and Balicas, L. (NHMFL)
Introduction 

Transition metal dichalcogenides have been predicted theoretically and confirmed experimentally to interact very strongly with light. Here, we have found that even just three atomic layers is sensitive enough to act as a high performance photodetector. Furthermore the interaction with the electrical contacts opens novel functionalities as a novel optoelectronic switch. 
Experimental

We have characterized field effect transistors based on exfoliated transition metal dichalcogenides and studied their response as a function of illumination power, wave length and gate voltage [1,2].
Results and Discussion

Fig. 1 displays detailed optical characterization of few layered transition metal dichalcogenides FETs.
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Fig. 1. Left panel: (a) Schematic of measurements. (b) Micrograph of a field effect transistor built from multi-layered WSe2 Middle panel: (a) Photo responsivity as a function of illumination power density (white light) for several values of the gate voltage for a tri-layered WSe2 FET. (b) Temporal response of the photocurrent indicating characteristic response times ranging from few s to tenths of s.  Right Panel:(a) Ids as a function of the bias voltage Vds under zero gate voltage (Vbg = 0 V) for the MoSe2 field-effect transistor shown in Fig.1, under respectively 0 (magenta line) and 30 W (blue line) of illumination power P. (b) Same as in (a) but under two values of the gate voltage, Vbg = + 7.5 V (blue markers) and – 7.5 V (orange markers), respectively. Notice how the diode-like response induced by illumination becomes far more pronounced upon the application of a gate voltage, which can also control the sense of current rectification. (c) Absolute value of Ids in a logarithmic scale and as a function of Vds for both values of Vbg. Notice how the sense of current rectification can be controlled by the polarity of the gate voltage. Red and brown lines are fits to the Shockley diode equation including a series resistance Rs which yields diode ideality factors n  1.1
Conclusions

A few atomic layers of transition metal dichalcogenides show a great potential for optoelectronic applications. The current challenge is their chemical stability under ambient conditions. 
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