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Fig. 1. Schematic diagram of GCS model with dual-charge
layer distribution: (a) The anions are dispersed in dielectric;
(b) under the action of electric field, the anions and cations
begin to move in the opposite direction; (c¢) the distribu-

tion of anions and cations in dielectric in equilibrium.
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Fig. 2. Preparation of GFET with ion-gel film gate.
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Fig. 3. Ion-gel film: (a) Ion-gel film image; (b) molecular
formula of [EMIM|TEF2N; (c) molecular formula of PVDF.
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Fig. 4. Schematic diagram of GFET with ion-gel film gate.
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Fig. 5. Roman spectra of graphene on ion-gel. Red line cor-
responds to the ion-gel film with transferred graphene.

Black line corresponds to the ion-gel film without graphene.
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Fig. 6. SEM images of ion-gel film: (a) The ion-gel film
without graphene; (b) the ion-gel film with transferred

graphene.
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Fig. 8. Electrical characteristic curves of GFET at room temperature: (a) The transfer characteristic curve of GFET with ion-gel
film gate; (b) the output characteristic curve of GFET with ion-gel film gate; (c) the transfer characteristic curve of GFET with
Si0, gate; (d) the output characteristic curve of GFET with SiO, gate.
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Fig. 9. Energy level of p-type doped graphene.
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Fig. 10. Effect of vacuum on the electrical properties of
GFET: (a) Transfer characteristic curve; (b) Dirac point
voltage and current switching ratio; (c) transconductance.
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Graphene-based field effect transistor with ion-gel film gate
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Abstract

Graphene is a kind of two-dimensional material with high light transmittance, high mechanical properties
and high carrier mobility. The energy band of graphene can be turned by doping and electric field. Researches
on the application of graphene to electronic devices focused on field effect transistors. For improving the
performance, one generally improves the fabrication process and device structure, but many researchers chose to
change the material or structure of dielectric layer. Ion-gel is a kind of mixture of organic polymer mesh
structure with good thermal stability and high dielectric value, prepared by macromolecule organic polymer and
ionic salt electrolyte material. With the effect of electric field, cations and anions in ion-gel diffuse to form a
double charge layer distribution with a charge layer on the surface of material. This capacitance characteristic is
similar to that of traditional capacitor. In this paper, ion-gel (PVDF-[EMIM]TF2N) film is used as a dielectric
layer material to prepare the bottom-gate graphene-based field effect transistor (GFET), which is compared
with the GFET with SiO, bottom-gate, according to electrical characteristic curves. The effect of the ion-gel
film on the transconductance, switching ratio and Dirac voltage of the GFET are analyzed. The effect of the
vacuum environment and temperature on the GFET performance with ion-gel film gate are also investigated.
The results show that in the room-temperature environment, the switching ratio and transconductance of the
ion-gel film gate GFET device increase to 6.95 and 3.68 x 102 mS, respectively, compared with those of the
Si0, gate GFET, while the Dirac voltage decreases to 1.3 V. The increase in transconductance and switching
ratio of ion-gel film gate GFETs are mainly due to the high capacitance of ion-gel film compared with those of
conventional SiO, gate dielectrics. There will be more carriers inside the graphene while in the carrier
accumulation region of GFET transfer characteristic curve, which makes graphene more conductive. The Dirac
voltage of ion-gel film gate GFET can be reduced to 0.4 V in the vacuum environment; as the temperature
increases, the transconductance of GFET can increase up to 6.11x102 mS. The results indicate that the ion-gel
film-based graphene field effect transistor shows good electrical properties in serving as high dielectric constant

organic dielectric materials.
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