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Figure S1. Schematic illustration of the humidity measurement system. In order to increase the RH level gradually, 

we first open valve V1 but close valve V2 so that the residual mositure gas can be exhausted by the pure N2 gas. 

Then we close valve V1 but open valve V2. The RH level will increase because water molecules will get into the 

chamber with flowing N2 gas. During the process, the RH level can be monitor by the standard hygrometer. For the 

time-dependent sensing performance test, we exposed the sensor to air by instantly opening the chamber lid and 

closing the lid following with rapid moisture injection. In this way, the humidity can be changed quickly.
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Figure S2. (a) Raman spectrum of the as-synthesized WS2 film. WS2 characteristic Raman peaks of the E1
2g and 

A1g phonon modes locates at 353.3 and 419.7 cm-1, respectively. The difference between the two modes is about 

66.4 cm-1, further confirming multilayer feature of the as-synthesized WS2. (b) XPS survey spectrum of WS2 

sample. Full scan spectrum shows that except the main peaks of W and S, Si signal from the substrate was also 

observed, suggesting the WS2 film is thin enough to allow escape of photoelectrons originating from substrate. (c) 

XPS scan for W. The detailed W 4f scan reveals two peaks, attributed to doublet W 4f7/2 and W 4f5/2, are located at 

32.98 and 35.13 eV, respectively. (d) XPS scan for S. The detailed S 2p scan also shows two peaks, corresponding 

to S 2p3/2 and S 2p1/2 orbital of divalent sulfide ions, are observed at 162.6 and 163.8 eV, respectively. 



Figure S3. Structural characterization and sensing performance of the CVD-grown well-crystallized WS2. (a) 

HRTEM of the well-crystallized WS2. Lattice fringes can be clearly seen. (b) SAED of the as-grown WS2 sample, 

which suggest the high quality of the WS2 sample. (c) Responses of the well-crystallized WS2 and polycrystal WS2 

in different relative humidity, respectively. Top inset: magnified curve of the well-crystallized WS2. Bottom inset: 

photo image of the as-fabricated sensor. It is obvious that the well-crystallized WS2 has poor humidity sensing 

performance compared with the sulfurization-grown polycrystalline WS2 sample. (d) Dynamic response of the 

well-crystallized WS2 to humid gas between 35% and 40% RH. Red dash line indicates the trend of sensor’s 

response to humid gas. The signals are mostly submerged by noise.



Figure S4. Comparision of humidity sensing performance between the fabricated WS2 gas sensor and a comericial 

avaible humidiy sensor (AOSONG Mod. HR202L). (a) Photo image and (b) humid gas response of a WS2 humidity 

sensor and a commercial humidity sensor contacted to a testing stage. 

Figure S5. Comparision of the device sensing response to different gases. Clearly, the WS2 film shows current 

increase response to water mositure, while it shows current decrease response to ethanoal and acetone, and no 

observable current response to dry dair.



Figure S6. Raman characterization of the as-fabricated transparent humidity sensor with graphene IDEs attached 

onto WS2 film. (a) Raman spectrum of the graphene IDE/WS2 film. The black line belongs to the area with 

graphene attached onto WS2 thin film. The red line belongs to the WS2 area only. (b) Enlarged spectrum of high 

wavenumber region shown in (a). The G band and 2D band of graphene can be clearly seen. (c) Enlarged spectrum 

of low wavenumber region shown in (a). Because of the graphene attached onto WS2 film, the intensity of  and 𝐸 1
2𝑔

A1g band of the WS2 with graphene attaching is slightly small than that of pure WS2 film only. (d) Raman mapping 

of the device. The mapping is formed by recording the intensity of the  band of WS2. Clearly, the region with 𝐸 1
2𝑔

graphene IDEs covering shows lower Raman intensity than that of WS2 film without graphene covering.



Table S1. Sensing performance of the reported humidity sensors based on 2D materials.

Material Sensitivity tres trec ΔR
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  NA NA NA
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