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Fig. S1 The optical microscope images of the square-shaped Ag-grids at different line pitch (150, 

250, 500, and 750 μm) on (a-d) PET and (e-h) graphene/PET substrates. These images are taken 

under the same magnification.

Fig. S2 (a-c) Contact angles of water droplets on (a) 300 nm SiO2/Si wafer, (b) graphene after 

transferred on SiO2/Si, and (c) graphene/SiO2/Si after annealing in Ar/H2 at 300 oC.  (d-f) AFM 
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images of (d) 300 nm SiO2/Si wafer, (e) graphene after transferred on SiO2/Si, and (f) 

graphene/SiO2/Si after annealing in argon/hydrogen at 300 oC.  

Fig. S3 3D profile by AFM images. (a) Ag line and (b) Ag line/graphene on the SiO2/Si wafer. 

Fig. S4 XPS spectrum of Ag-grid/graphene on PET substrate. (a) Wide scan of XPS of Ag-

gird/graphene on PET substrate. High resolution XPS of (b) C 1s peak and (c) O 1s peak from an 

Ag-grid/graphene on PET substrate. 
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Fig. S5 SEM images and EDS data for (a) top and (b) middle of Ag-grid/graphene on PET 

substrate.  

Fig. S6 Electrical and optical properties of the FET based on graphene and Ag-grid/graphene 

electrodes. (a) A schematic illustration of fabrication procedures of the Ag-grid/graphene 
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electrode. (b) Resistivity-gate voltage of a graphene-based device. The left insert shows the SEM 

image of the graphene-based device. The scale bar in SEM image is 150 μm. The graphene-

based device shows ambipolar filed effect and 10 V of dirac voltage. We determined the mobility 

of graphene-based device from the equation: , where Ci = 1.08 × 10-8 Fcm-2, 
𝐼𝐷 =

𝑊 𝐶𝑖

𝐿
𝑉𝐷𝜇 (𝑉𝐺 ‒ 𝑉𝑇)

VD = 0.1 V, W = 250 μm, and L = 50 μm. (c) Representative Raman spectrum (excitation 

wavelength: 514nm) of the graphene film. (d) The resistance of the Ag-grid and Ag-

grid/graphene as a function of the channel length.

Fig. S7 Optical properties of Ag-grid and Ag-grid/graphene electrodes on PET substrates. 
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Fig. S8 Sheet resistance distribution of a large-area (a, b) graphene film and (c, d) a Ag-

grid/graphene film on glass substrates. (a, c) The sheet resistance histogram of the 30 × 35 cm2 

graphene film and Ag-grid/graphene film. The sheet resistances were measured at 288 points for 

graphene film and at 196 points for Ag-grid/graphene film. (b, d) The corresponding spatial 

distribution of sheet resistances. 
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Fig. S9 Steady-state temperatures of the Ag-grid heaters as a function of input power density.
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Fig. S10 Statistical analysis of the temperature distribution in the (a-d) Ag-grid and (e-h) Ag-

grid/graphene heaters at approximately 100°C. All data were measured at the steady-state 

temperatures. 
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Fig. S11 Comparison of the Ag-grid/graphene hybrid films depending on the layer numbers of 

graphene: (a) electrical and optical properties. (b) Time-dependent temperature response. (c) The 

average temperature and temperature distribution. (d) Statistical analysis of the temperature 

distribution. 
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