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H = H, + iy (6
Tight-binding calculation on 7 bands:
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S.K.Novoselov, Nobel Prize Lecture (2010)
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A Roadmap for Graphene: Y F 5
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MATERIALS:

— Complete control: domain size, impurities, defects,
number of layers, etc.

— Low cost: low temperature, substrate re-use, etc.

— Characterization: comprehensive information in large
scale, In situ, high resolution.

PROCESSING:

— Transfer to arbitrary substrate at low cost without creating
defects.

— Create structures with controlled edge and orientation.

— Compatibility with Si CMOS process.
—STERUCTURES:

— Passive vs active components.

— New devices structures that exploit the intrinsic properties
of 2D materials is needed.
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W.LI, et al. Nano Lett. 14,(2014)
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 High photoresponsivity in an all-graphene p—n vertical
junction photodetector
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material thickness efficiency
GaAs 1 um ~29%*
Si 35 um 20.6%"
graphene /MoS; 0.9 nm 0.1-1.0%
WS, /MoS§, 1.2 nm 0.4-1.5%

power density (kW/L)
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30% EQE achieved due to enhanced light-matter interaction

Bernardi et al. Nano Lett (2013); Britnell et al. Science (2013)



(SAM Separate Absorption and Multiplication)
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Chip-integrated ultrafast graphene photodetector with

high responsivity

> 20GHz
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High-responsivity graphene/silicon-heterostructure
waveguide photodetectors

Forward bias Reverse bias

1.2~8um

Wang, X. et al. Nature Photon. 7,888 (2013).



CMOS-compatible graphene photodetector coverlng all

optical communication bands
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news & views

OPTOELECTRONIC DEVICES

Monolayer diodes light up

p-n diodes can be fabricated from a single layer of WSe, crystal.
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Solar-energy conversion and light emission in
an atomic monolayer p-n diode
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Optoelectronic devices based on electrically
tunable p—n diodes in a monolayer dichalcogenide

p region Junction  nregion

-K +K -er +K -K +K

WSe, p-n



= G-

- o

Graphene waveguide Graphene waveguide

modulator detector  Graphene
— —— electronics




K.S.Novoselov A.K.Geim

2D materials are promising system for
optoelectronic applications.

Graphene based hybrid is believed to improve
Its optoelectronic performance.

The interactions between the materials in
hybrid structures are important and deserved
detail investigation.






