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Atomic Force Microscopy (AFM) 

 
Figure S1. (a) Photograph of Chip 1 including the C60-GFETs. The white square show the region 
where the thickness of the C60 film was measured. (b) AFM height image and profile taken on Chip 
1 with the set of C60-GFETs. The right part, which was covered during the thermal evaporation of 
C60, shows the bare SiO2 substrate. The AFM profile shows that the C60 film on SiO2 is uniform and 
the measured average thickness is ca. 10 nm. The black line is the AFM profile taken along the white 
dashed line on the AFM image. The red line is the mean profile value of the whole image. (c) Pho-
tograph of Chip 2 including the Pentacene-GFETs. (d) AFM height image and profile taken on the 
chip with the set of Pentacene-GFETs. The right part, which was covered during the thermal evap-
oration of Pentacene, shows the bare SiO2 substrate. The Pentacene film is covering large part of the 
substrate and shows the typical thin film phase structure of Pentacene with an average thickness of 
ca. 5 nm. The red line is the mean profile value of the whole image. 
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Raman Spectroscopy 

 
Figure S2. Raman spectrum of the Gr/C60 hybrid heterostructures. (a) Raman spectra of the 150 
pristine CVD Gr channels. (b) Raman spectra of the 150 Gr/C60 channels. (c) Average Raman spec-
trum of the 150 measurements of the pristine CVD Gr in (a). The red dashed line is the polynomial 
fit (degree 2) of the background. The green hatched areas (mask) are not considered in the polyno-
mial fit. (d) Average Raman spectrum of the 150 measurements of the Gr/C60 heterostructures in 
(b). The red dashed line is the polynomial fit (degree 5) of the background. The green hatched areas 
(mask) are not considered in the polynomial fit. (e) Pristine CVD graphene Raman spectrum after 
background removal and normalization to the 2D peak of graphene. (f) Raman spectrum of the 
Gr/C60 heterostructure after background removal and normalization to the 2D peak of graphene. 
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Figure S3. Raman spectrum of the Gr/Pentacene heterostructures. (a) Raman spectra of the 150 pris-
tine CVD Gr channels. (b) Raman spectra of the 150 Gr/Pentacene channels. (c) Average Raman 
spectrum of the 150 measurements of the pristine CVD Gr in (a). The red dashed line is the polyno-
mial fit (degree 2) of the background. The green hatched areas (mask) are not considered in the 
polynomial fit. (d) Average Raman spectrum of the 150 measurements of the Gr/Pentacene hetero-
structure in (b). The red dashed line is the polynomial fit (degree 5) of the background. The green 
hatched areas (mask) are not considered in the polynomial fit. (e) Pristine CVD graphene Raman 
spectrum after background removal and normalization to the 2D peak of graphene. (f) Raman spec-
trum of the Gr/Pentacene heterostructure after background removal and normalization to the 2D 
peak of graphene. 
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Electrical Characterization 

 
Figure S4. Output characteristic (IDS vs. VDS) of the GFETs measured at zero gate-to-source voltage 
(VGS = 0 V). (a) Output characteristics of pristine CVD graphene FETs before C60 deposition (Chip 
1, 101 devices, all L included). (b) Output characteristics of the C60-GFETs (Chip 1, 101 devices, all 
L included). (c) Output characteristics of pristine CVD graphene before Pentacene deposition (Chip 
2, 119 devices, all L included). (d) Output characteristics of the Pentacene-GFETs (Chip 2, 98 devices, 
all L included). 
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Figure S5. Transfer characteristics (IDS vs. VGS) of the GFETs, the drain-to-source voltage is kept con-
stant at VDS = 50 mV for all measurements. The graphs show a representative forward/backward 
sweep for each channel length highlighted in red. The backward and forward sweep are virtually 
identically and only the backward continuous sweep is considered in this work. (a) Transfer char-
acteristics of pristine CVD graphene FETs before C60 deposition (Chip 1, 101 devices, all L included). 
(b) Transfer characteristics of the C60-GFETs (Chip 1, 101 devices, all L included). (c) Transfer char-
acteristics of pristine CVD graphene before Pentacene deposition (Chip 2, 119 devices, all L in-
cluded). (d) Transfer characteristics of the Pentacene-GFETs (Chip 2, 98 devices, all L included). 
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Figure S6. GFETs IGS (gate-to-source current) vs. IDS of 3 representative devices per channel length 
L. (a) C60-GFETs. 𝐼 <<  𝐼  for the whole gate-to-source voltage range (−50 V to +50 V). (b) Pen-
tacene-GFETs. 𝐼 <<  𝐼  for positive 𝑉 . The 𝐼  increases for negative gate voltages and the ra-
tio 𝐼 𝐼⁄  ~ 10 for 𝑉 <  −40 𝑉 for the longer graphene channels (L = 100 μm). 𝐼 𝐼⁄ > 100 
for the shorter channels in the whole 𝑉  range (−50 V to +50 V). The increasing 𝐼  for negative 𝑉  in Pentacene-GFETs is possibly ascribed to the gating of the full film of Pentacene (p-type OSC), 
which becomes more conductive at negative gate voltages. Since 𝐼  is not limited, the transfer 
characteristics of the GFETs and the conclusions of this work are not affected. 
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Figure S7. (a)–(d) Transfer characteristics (IDS vs. VGS) of the GFETs before and after the deposition 
of the C60 and Pentacene molecules. (e)–(h) Numerical derivative of the transfer characteristics 
(dIDS/dVGS vs. VGS) of the GFETs before and after the deposition of the C60 and Pentacene molecules. 
The red circles show the maximum of the derivative for 𝑉 <  𝑉   that is used to calculate the 
field effect hole mobility using equation 2. The blue triangles show the maximum of the derivative 
for 𝑉  >  𝑉   that is used to calculate the field effect electron mobility using equation 2. 
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Figure S8. Total resistance (RT) vs. channel length (L) of the GFETs. The sheet resistance (RS) and 
contact resistance (RC) are obtained from the slope and intercept of the linear regression of the data 
in the Transfer Length Method (TLM).The red and blue dashed lines are the results of the linear 
regressions for gate voltages of ±50 V and 𝑉  , respectively. Figure 4 shows the results of the 
linear regression for all the gate voltages in the range −50 V to +50 V. (a)–(b) RT vs. L of the GFETS 
before deposition of C60. (c)–(d) RT vs. L of the GFETS after deposition of C60.(e)–(f) RT vs. L of the 
GFETS before deposition of Pentacene. (g)–(h) RT vs. L of the GFETS after deposition of Pentacene. 
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Table S1. GFETs measurements population overview. The table shows the number of electrical 
measurements considered in the analysis. The working device that were considered all show a linear 
output characteristic (IDS vs. VDS) in the range ±50 mV and the typical graphene field effect transistor 
transfer characteristic (IDS vs. VGS) in the range ±50 V at a constant VDS = 50 mV. 

 C60-GFETs Pentacene-GFETs 
Length (μm) Gr Gr/C60 Gr Gr/Pentacene 

5 19 15 18 13 
10 16 21 27 21 
20 21 25 26 22 
50 24 22 26 24 
100 21 18 22 18 

Working 101 101 119 98 
Total 150 150 150 150 

 


