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1. Introduction 

While graphene (G) is atomically thin, it has a strong in-

fluence on the surface potential when it is transferred on a 

metal film [1][2]. 

In this study, we investigated the charge transfer between 

the noble metal and the transition metal nitride (Au and ZrN) 

by the kelvin probe force microscopy (KPFM) and the spec-

troscopic ellipsometry. This work can be developed in gra-

phene-plasmonics hybrid structures. 

 

2. Results and discussion 

   CVD-grown graphene sheets were transferred onto Au 

and ZrN thin films having the thicknesses of 50 nm. KPFM 

scanning was performed around the boundary of metal (Au 

or ZrN) to obtain the surface potential (SP) difference 

(Fig.1a). The scanning results for the Au and ZrN with and 

without graphene on the top surface are shown in Fig. 1b 

and Fig. 1c, respectively. Fig. 1d and 1e show the SP pro-

files extracted from Figs. 1b and 1c. The lowering/rising of 

SP corresponds to electron/hole accumulation. The results 

in Fig. 1 (d) and 1(e) show the changes in charge transfer 

from Au and ZrN are different, which shows that the two 

materials have opposite effects on charge transfer.  

Fig. 1 (a) Schematic of KPFM scanning (b) KPFM scanning 

images for (b) Au and G / Au, and (c) ZrN and G / ZrN. 

Surface potential profiles on (d) Au and (e) ZrN. 

In addition, the charge transfer phenomenon is also inves-

tigated by the ellipsometry measurement. The plasma fre-

quency (𝜔p) is proportional to the square root of electron 

concentration (ne) shown as,  

where e is electron charge, me is electron effective mass and 

𝜖0 is the permittivity of vacuum. Fig. 2 shows the dielectric 

function of graphene modified Au and ZrN. In the ellipsom-

etry modeling, we added a few layers of graphene in fitting 

model and the results are similar as without graphene layers. 

The decrease in |εreal| after graphene transfer to the Au film 

indicates the decrease of 𝜔p, in turn shows the decrease of 

electron concentration (Au). In contrast, increase in |εreal| in-

dicates the increase of electron concentration (ZrN) due to 

the graphene transfer. These finds are consistent with the 

KPFM studies in Fig. 1.  

Fig. 2 Fitted 𝜖𝑟𝑒𝑎𝑙  and 𝜖𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 of (a) Au and G / Au (b) 

ZrN and G /ZrN from the ellipsometry measurements. 

3. Conclusions 

   In summary, we have investigated the charge transfer be-

tween the metals (Au and ZrN) and graphene. Our studies 

demonstrate that graphene transfer can result in either in-

crease or decrease of the surface charges depending on the 

bottom metal. 
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