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Fig. 1. Schematic diagram of graphene/silicon
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Fig. 2. Schematic diagram of a solar cell incorporating nanosilica and grapheme */1.
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Fig. 3. (a) The schematic structure of the cross-
sectional SPA substrate; (b) the three-dimensional
schematic image of the graphene film and SPA sub-
strate that construct the G/SPA solar cell [48],
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TiO; coating

500 nm

5 A TIO2-G-Si KFHRE LI A M RAL, Hrf TiO2-G-Si 45 (4) MR 24 i B0k (SEM) K&
R T 1E G-Si BIBTHER 134591 TiO2 /2 (£ 65 nm JF /) 151]

Fig. 5. Structural characterization of graphene and the TiO2-G-Si solar cell: Illustration of the TiO2-G-
Si structure (left) and cross-sectional scanning electron microscopy (SEM) image showing a uniform TiO2
coating (thickness of ~ 65 nm) on top of the G-Si cell [P1].
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Fig. 6. Reduced graphene/silicon photodetector (561,

Interfacial oxide

Graphene
Thermally grown SiO, 1
Silicon

Rear contact
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Fig. 7. Improvement of graphite/silicon photodetector

for interface oxide layer of SiO2 (571,
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Fig. 8. Improvement of graphite/silicon photodetector

for Surface Layer of TiO[%9],
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Fig. 9. Schematic diagram of graphene/silicon waveg-
uide integrated optical modulator [61]: (a) The struc-
ture of the three-dimensional structure of the device;
(b) the cross-section map of a finite element simula-

tion.
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Fig. 10. The structure of double graphene modulator (631,
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Fig. 11. Cross-sectional view of four-layer graphene/

silicon light modulator structure 165],

(a) Electrode

Electrode
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Bl12  (a) MZLiAH S TALEL; (b) MZI ] 38 =4840
B [70]
Fig. 12. (a) The top view of the MZI modulator; (b) the

three-dimensional view of the MZI modulator(79].
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Fig. 13. SEM images of graphene nanodrums

(77,
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Fig. 14. Schematic diagram of heat-driven graphene nanodrum generator experiment (7,
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Fig. 15. Schematic diagram of No flow-driven graphene

nanodrum generator experiment [77].
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Fig. 16. (a) X-ray photoelectron spectroscopy spectra of the carbon peak for CVD graphene as it is exposed to
XeF2, confirming the binding of fluorine to the carbon lattice; (b) optical image of a patterned fluorinated graphene
film, showing that fluorination of graphene induces transparency; (c¢) Raman spectra of fully fluorinated graphene

and graphite fluoride; (d) transmission electron microscopy diffraction image of fluorographene; (e) an expansion of

(78]

the in-plane lattice constant verifies that the fluorine is creating elongated sp® bonds [75].
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Fig. 17. Graphene field effect transistor in the electrolyte solution. (a) Schematic representation of experimental

setup where a single-layer graphene is supported in solution by Cr/Au contacts to bridge a trench in the oxide.

(b) In situ etching of SiO2 underneath graphene. The conductance of graphene starts to drop gradually after

buffered HF was added to the polydimethylsiloxane (PDMS) chamber. Single-layer devices usually stabilize within

50 to 100 s, indicating the complete suspension of graphene in solution. Arrows indicate the time when solution was

switched in the PDMS chamber. The inset shows a SEM image taken of a suspended graphene device after solution

measurements. Scale bar is 0.5 pm 311,
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Fig. 18. Schematic diagram. The microtrench is formed
on a 300 nm thick SiO2 layer between the source and
drain electrodes and Nt heavy doped silicon substrate.
Graphene films cover the top and bridge the source and
drain electrodes. The testing molecule would be bound to
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SPECIAL TOPIC — Hybrid silicon/graphene and related materials and devices

Research status and development graphene devices
using silicon as the subtrate”
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Abstract

Graphene, a two-dimensional sheet of sp2-hybridized carbon material, possesses excellent properties, such as high
carrier mobility, high electrical conductivity, high thermal conductivity, strong mechanical strength and quantum anoma-
lous Hall effect. So graphene quickly lights the enthusiasm for its research and application due to its superior performance.
The silicon-based graphene devices are compatible with traditional silicon-based semiconductor technology. The com-
bination of silicon-based graphene devices and silicon-based devices can greatly improve the overall performances of
semiconductor devices. With the optimization of graphene preparation process and transfer technology, graphene de-
vices using silicon as the substrate will show promising potential applications.

With the scaling of device, the heat dissipation, power consumption and other issues impede the integration of
silicon-based devices. Graphene provides a possible solution to these problems. In this paper, we summarize the
graphene application in field effect transistor. The bandgap of graphene is zero, which will have adverse effect on the
switching ratio of the device. In order to solve this problem, a variety of methods are used to open its bandgap, such
as the quantum confinement method, the chemical doping method, the electric field regulation method, and the intro-
duction stress method. In the field of optoelectronic devices, graphene can evenly absorb light at all frequencies, and its
photoelectric properties have also been widespread concerned, such as photoelectric detector, photoelectric modulator,
solar cell, etc. At the same time, graphene, as a typical two-dimensional material, possesses superior electrical properties

and ultra-high specific surface area, and becomes the hottest material in high sensitivity sensors.

Keywords: graphene, field effect transistor, optoelectronic devices, sensor
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