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1. Calculation of the photothermalelectric voltage

The Seebeck coefficient can be calculated using the Mott relation as follows1, 2:
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where,  is the Boltzmann constant , e is the elementary charge, T is absolute 𝑘𝐵

temperature, R is device resistance, Vg is gate voltage, and EF is Fermi energy. 

Following Buscema et al.2, we estimate dVg /dE = 0.01e, and calculated Seebeck 

coefficient for our MoS2 device from the transfer and output curves is ~ −3.4×102 μV/K 

at zero gate bias (Fig. S1). And for our WSe2 device, the calculated Seebeck coefficients 

are 23 μV/K and −0.1 μV/K at – 100 V and 100 V gate voltage, respectively. 
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Fig. S1 Calculated Seebeck coefficient of MoS2 device at different back gate voltage.
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Fig. S2 Calculated Seebeck coefficient of WSe2 device at different back gate voltage.

Following Buscema’s work,2 the temperature difference between the electrodes and 

MoS2 (WSe2) flake by local laser heating can be simulated by Finite Element Method 

using COMSOL Multiphysics software. The material property parameters used for 

simulation are listed in Table S1. The incident laser power is 20 μW and the radius of 

the spot is ~ 1μm. We assumed that the incident light flux out from the objective lens 

could all transform into incoming heat flux and penetrated into the gold electrode 

equally in the laser spot area. Considering a good thermal contact between SiO2/Si 

substrate and the mapping stage, also a much larger scale of substrate against that of 

the channel, temperature of the substrate bottom was fixed at room temperature (298 

K). Other boundaries were open boundaries allowing heat exchange with the air 

environment. Two temperature probe points were set as: one is the center on the top of 



the gold electrode and the other is the nearest position to the electrode on the surface of 

the MoS2/WSe2 flake. The simulation was performed in the time domain until the 

system reached a stable state. Time needed to reach equilibrium in our simulation was 

less than 100 ms. The current recording were set to be 1 s after each step of the stage 

move, suggesting the current were measured at steady state. The simulation results in 

Fig.S2 show the temperature difference between the electrode and the MoS2/WSe2 flake 

is around 128 mK /110 mK in a steady state (Fig. S3).
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Fig. S3 Simulation of temperature change caused by laser locally heating at steady 
state. (a) MoS2 device and (b) WSe2 device.

Table S1: Material properties values employed for thermal gradient estimation.2,3

Au Ti Cr MoS2 WSe2

d (nm) 100 5 5 2.8 9.34

l (um) 2 2 2 5 5

ρ (kg m-3) 19300 4500 7190 5000 9320

C (J kg-1 K-1) 128.74 540 details in 
software

400 202.8

κ (W m-1 K-1) 315 21.9 93.9 1.8 1.6

2. Carrier density in MoS2

The carrier concentration of MoS2 at Vg = 0 V is estimated by formula σ = enµ, where 

σ is conductivity, e is electron charge, n is the carrier density and µ is mobility.4,5  The 

(b)



mobility can be obtained from the transfer curve and the conductivity can be calculated 

from the output curve. For Vg = 0 V, the sheet carrier density ns is estimated to be ~ 

9.3×1010 cm-2, as shown in Fig. S4. 
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Slope = 0.14 x 10-6

Cg = 1.3 x 10-8 F/cm2

e = (Slope/Cg)(L /W) = 21.5 cm2/Vs

Vg = 0 V, G = 1.6 x 10 -7 S,

ns =  (G/ee)(L /W)

     = 9.3x 1010cm-2

*t: sample thickness

Fig. S4 Transfer curve use to estimate the intrinsic carrier density at Vg = 0 V.



REFERENCES

1 Y. Zhang, H. Li, L. Wang, H. Wang, X. Xie, S-L. Zhang, R. Liu, Z. Qiu. Sci. Rep. 

2015, 5, 7938.

2 M. Buscema, M. Barkelid, V. Zwiller, H. S. van der Zant, G. A. Steele and A. 

Castellanos-Gomez, Nano Lett., 2013, 13, 358–363.

3 J-Y. Kim, S.M. Choi, W-S. Seo, W-S. Cho, Bull. Korean Chem. Soc. 

 2010, 31, 3225–3227. 31.11.

4  C.-C. Wu, D. Jariwala, V. K. Sangwan, T. J. Marks, M. C. Hersam and L. J. Lauhon, 

J. Phys. Chem. Lett., 2013, 4, 2508–2513.

5  D. A. Neamen and B. Pevzner, Semiconductor physics and devices: basic principles, 

McGraw-Hill New York, 2003, vol. 3.


