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S1. Identification of MoS2 and MoTe2 flakes

As shown in Figure S1a, The MoS2 flakes are identified with the Raman spectroscopy analysis, 

where the vibrational peaks at 382.3 cm-1 and 382.6 cm-1 correspond to the in-plane ( ) modes 𝐸 1
2𝑔

while those at 406.6 cm-1 and 404.9 cm−1 are attributed to the out of plane ( ).1 Analogously, 𝐴1𝑔

the MoTe2 flakes are also confirmed with the same Raman analysis (Figure S1b), where the 

vibrational peaks at 174.0 cm-1 and 176.3 cm-1 are related to the out of plane modes of and 𝐴1𝑔 

the peaks of 240.4 cm-1 and 240.4 cm-1 are to  while those at 240.4 cm-1 and 240.4 cm-1 are for  𝐵 1
2𝑔

the in-plane ( ) modes, respectively.2𝐸 1
2𝑔

S2. The output characteristics of our bottom-gate top-contact MoS2 and MoTe2 FETs with 

and without BCB dielectric on SiO2 /p+-Si.  

Figure S2 (a-d) display the 2 the output characteristics of our bottom-gate top-contact MoS2 

and MoTe2 FETs with and without BCB dielectric on SiO2 /p+-Si. All the devices clearly operate 

in the linear regime without any contact issues. 

S3. Study the surface effect on the gate-induced hysteresis on the TMD based FETs

In an effort to study the surface effect on the gate-induced hysteresis on the TMD based FETs, 

transfer characteristics (ID vs.VGS) of the bottom-gate top contact MoTe2 transistors on the 

BCB/SiO2 dielectric are investigated in air ambient and under vacuum. As shown in the Figure 

S3 (b), the values of the voltage hysteresis in both condition appear to be almost same values of  

~ 5 V, although the turn-on voltage of the device are shifted. Therefore, we consider the interface 

trap density is the dominant reason for the voltage hysteresis in the transfer curves.   
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S4. Ultra-thin BCB layer for low-voltage operation and identification of the MoTe2 flake

For a more practical device application, the ultra-thin BCB layer from the diluted solution (4 

wt%, CYCLOTENE in Mesitylene) was formed on the substrate and the thickness was identified 

as 30 nm with a surface profiler as shown in Figure S4 (a). Following, we fabricated the low 

voltage operational MoTe2 FET with 30 nm-thin BCB on 10 nm-thin atomic layer deposited 

(ALD) Al2O3. The thickness of the MoTe2 Flake appears to be 5 nm by atomic force microscopy 

(AFM) scan in Figure S4 (b).
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Figure S1. Raman shift of (a) MoS2 on SiO2 and BCB dielectrics and the spectra of (b) MoTe2 

on SiO2 and BCB dielectrics. No difference has been found whether TMDs are on BCB or on 

SiO2.

Figure S2. Output characteristics of the (a) MoS2 FET on SiO2, (b) MoTe2 FET on SiO2, (c) 

MoS2 FET on BCB/SiO2, and (d) MoTe2 FET on BCB/SiO2, respectively. All the devices clearly 

operate in the linear regime.  
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Figure S3. (a) Optical microscopy (OM) images of the bottom-gate top-contact MoTe2 FET on 

BCB/SiO2 dielectric, where the channel width and length are 3.3 and 4.9 μm, respectively. (b) 

Transfer characteristics (ID Vs.VGS) of the device in air ambient and under vacuum at 300 K. 

Figure S4. (a) The BCB thickness of 30 nm was confirmed with a mechanical profiler. (b) The 

AFM image along with channel thickness profile (~ 5 nm) of our MoTe2 FET with BCB/Al2O3 

dielectric. 
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