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Figure S1. (a) Adhesion test of VFLG on different substrates. (b–e) SEM images of VFLG on four 

substrates after blowing N2, where (b) Si substrate, (c) stainless-steel substrate, (d) flexible carbon-cloth 

substrate, and (e) quartz substrate. 

 

 

 



 

Figure S2. (a–d) SEM images of microscale surface morphology of the four substrates, where (a) Si 

substrate, (b) flexible carbon-cloth substrate, (c) quartz substrate and (d) stainless-steel substrate. (e–h) 

SEM images of microscale on the surface of substrates after the plasma bombardment pretreatment, 

where (e) Si substrate, (f) flexible carbon-cloth substrate, (g) quartz substrate and (h) stainless-steel 

substrate. Inserts are the contact angle which were tested using water as the medium dripped on the 

surface of substrates. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 



 

Figure S3. HRTEM images of a single VFLG sheet grown on Si substrates. (a) Middle of the single VFLG, 

(b) magnified image of the red rectangle area in (a), (c) HRTEM image of the red rectangle area in (b). (d) 

Bottom of the single VFLG, (e) magnified image of the red rectangle area in (d), (f) HRTEM image of the 

red rectangle area in (e). Insets of (a) and (d) show the position of HRTEM images on the VFLG sheet. 

Insets of (c) and (f) show the diffraction pattern of VFLG.  

 

 

 

 

 

 

 

 

 

 



 

Figure S4. HRTEM images of a single VFLG sheet grown on stainless-steel substrates. (a) Middle of the 

single VFLG, (b) magnified image of the red rectangle area in (a), (c) HRTEM image of the red rectangle 

area in (b). (d) Bottom of the single VFLG, (e) magnified image of the red rectangle area in (d), (f) 

HRTEM image of the red rectangle area in (e). Insets of (a) and (d) show the position of HRTEM images 

on the VFLG sheet. Insets of (c) and (f) show the diffraction pattern of VFLG. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S5. HRTEM images of single VFLG sheet grown on flexible carbon-cloth substrates. (a) Middle of 

the single VFLG, (b) magnified image of the red rectangle area in (a), (c) HRTEM image of the red 

rectangle area in (b). (d) Bottom of the single VFLG, (e) magnified image of the red rectangle area in (d), 

(f) HRTEM image of the red rectangle area in (e). Insets of (a) and (d) show the position of HRTEM 

images on the VFLG sheet. Insets of (c) and (f) show the diffraction pattern of VFLG. 

 

 

 

 

 

 

 

 

 

 



 
Figure S6. HRTEM images of single VFLG sheet grown on quartz substrates. (a) Middle of the single 

VFLG, (b) magnified image of the red rectangle area in (a), (c) HRTEM image of the red rectangle area in 

(b). (d) Bottom of the single VFLG, (e) magnified image of the red rectangle area in (d), (f) HRTEM 

image of the red rectangle area in (e). Insets of (a) and (d) show the position of HRTEM images on the 

VFLG sheet. Insets of (c) and (f) show the diffraction pattern of VFLG. 

 

 

 

 

 

 

 

 

 

 



 

Figure S7. (a) The electrical test circuit of W probe to W probe test, and (b) the I-V curve of the W probe 

to W probe test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S8. (a) I-V curve of the W probe to the Si substrate, (b) I-V curve of W probe to the stainless-steel 

and flexible carbon-cloth substrate. Insert is the test circuit diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Thermal conductivity and electrical conductivity of the Si and stainless-steel substrates. 

Substrate Thermal conductivity (W/m K) Electrical conductivity (S/m) 

n-Si 133 [1] 1.56×10-3 [2] 

Stainless-steel 14 [3] 9×106 [4] 
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