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Table S1. The morphology parameters of HCVFLG grown with mask and VFLG grown without 
mask. 

Sample Height (μm) Layer number Density (sheets/100μm–2) Length (μm) 

HCVFLG 1±0.14 3–5 270±34 0.96±0.16 

VFLG 2.19±0.48 3–5 27±4 3.1±0.42 

 

 
Figure S1. EDS characterization of HCVFLG. The chemical composition of HCVFLG only contains 
carbon. Element Cu comes from substrate. 



 
Figure S2. SEM images of three patterned HCVFLG using different Cu mask. (a) SEM image of HCVFLG growth with 
circle mesh template. (b) SEM image of HCVFLG growth with line shape template. (c) SEM image of HCVFLG growth 
with trapezoid mesh template. 

 
Figure S3. Influence of gas flow on VFLG growth. The distance of mask and substrate is 0.5 mm: (a) SEM image of VFLG 
growth 30 min, without VFLG grown on substrate. (b) Raman spectra of VFLG growth 30 min, without the peak of gra-
phene. The mask and substrate contact with each other: (c) SEM image of VFLG growth 30 min, area 1 and 2 without 
VFLG growth, VFLG grown on area 3. (d) Raman spectra of VFLG growth 30 min. The Raman spectra 1, 2 and 3 correspond 
to area 1, 2 and 3 in (c). The Raman spectrum of 1 and 2 without see the peak of graphene. The Raman spectrum of 3 has 
the peak of graphene. 

 



 
Figure S4. Electric conductivity measurement of VFLG: (a) I–V curves of single VFLG sheet cut off from Cu substrates. (b) 
I–V curve of VFLG on Cu substrate. (c) I–V curve of W probe to Cu substrate. Inset images of (a–c) are schematic circuit of 
test. 

1. Temperature distribution simulation of VFLG during field emission 
The simulations were performed by COMSOL Multiphysics software. The heat trans-

fer in solids and electric currents modules were used for the temperature distribution of 
VFLG during field emission. The substrate was set as Cu and the interface layer was set 
as nanographite layer. The height, length and thickness of VFLG were set as 1 μm, 1 μm 
and 2 nm respectively. The conductivity of VFLG is calculated by those two equations 
below: 

σ = 1/𝜌  
Ω = V/I = ρ𝑙 /S 
where σ is the electrical conductivity, ρ is the electrical resistivity, Ω is the electrical 

resistance, V is the voltage, I is the current, S is the cross-section area, 𝑙 is length. The 
resistance is obtained from I–V curve of high crystallinity VFLG (Figure S3 (b)). The cross-
section area S and length 𝑙 are obtained from SEM and TEM image. Using this method, 
the conductivity of HCVFLG was calculated to be 1100000 S/m. The thermal conductivity 
of HCVFLG, nanographite layer and Cu substrate were 1100 W/k•m, 10 W/k•m and 400 
W/k•m respectively [1–3]. The initial temperature of Cu substrate is set as room temper-
ature 293 K. The heat balance equation can be described as [4]: 

4 4( ) ( ) 0ambJ E k T S T Tεσ− ∇ ∇ − − =   
Where 𝐽 is electric current density, E is electric field, k is heat conduction coefficient, 𝜀 is surface emissivity, 𝜎 is Stefan–Boltzmann constant, S is surface area, Tamb is ambient 

temperature. Three terms are corresponding heat generation, heat conduction and heat 
radiation of VFLG. 
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