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Abstract: Graphene has extremely high mobility and optoelectronic coupling efficiency, exhibit-

ing optoelectronic properties far superior to silicon and other materials. In addition, graphene is free

from lattice matching and can achieve perfect compatibility with many materials, which makes it an

ideal material for optoelectronic applications. In this article, the advantages of graphene in optoelec-

tronic integration technology are highlighted, the research progress of graphene in photodetectors and

electro-optic modulators are reviewed, the advantages and disadvantages of various devices are sum-

marized, and the future development of graphene in optoelectronic integration is also discussed.
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Fig.1 (a) optical absorptions of graphene modulated with fer-
mi level; (b) Advantages of graphene optoelectronic

properties”’!
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Tab.1 Comparison of optoelectronic properties between graphene and other materials

Responsivity

Insertion loss Energy consumption

Ref. Material ~ Frequency/GHz V., L/(Vemm) B 7 o
/(AW /(dBemm™") /(fJbit™")
[6-8] Si <50 20 — 1.0 30 @40 GHz
[9-10] InP 10-200 9 0.6 0.7 —
[11-12] LN 10-80 18 — 0.3 22 @10 GHz
[13-14]  Graphene 10-500 1 2.0 0.1 10 000 @40 GHz
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Fig.2 Integration of a complementary metal oxide semicon-

ductor (CMOS) circuit on a graphene photonics circuit™
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Fig.3 (a) Schematic diagram of microwave photonic trans-

ceiver; (b) Graphene monolithic integration technology
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Fig.4 Dual gate modulated graphene photodetector™’:

(a) Schematic diagram of dual gate modulated gra-

phene device; (b) Sectional schematic diagram of gra-

phene modulator
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Fig.5 Structure and performance of graphene photodetec-
tor”: (a) Schematic diagram of a device directly illumi-
nated from the top by a single-mode fiber; (b) Normal-
ized frequency response of the graphene PD over a
range of 2 to 500 GHz; (¢) Schematic diagram of de-
vice structure; (d) Extracted photocurrent for an opti-
cal input power sweep over five orders of magnitude;
(e) Wave-length tunability of the metamaterial struc-

ture with the simulated
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Fig.7 Bilayer graphene photodetector

":(a) Schematic illustration of the large-scale transfer of tBLG and fabrication of tBLG pho-

todetectors; (b) Optical image of transferred tBLG on 101.6-mm SiO,/Si wafer; (c) Optical image of tBLG photodetectors
array; (d)Measured frequency response of 8 tBLLG photodetectors; (e) Statistical histogram of photo-responsivity and 3-dB

bandwidth from 8 devices
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integration four channel graphene photodetector
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Fig.9 Graphene electro-optical modulators based on hBN-
graphene-hBN stacks: (a) Optical image of a photonic
device consisting of two grating couplers; (b) Scanning
electron microscopy image of the detailed structure of
the device; (¢) The metal contacts of graphene elec-
trodes are yellow/brown at bottom and violet and light
blue at top; (d)Schematic cross-section of an EA mod-

ulator with an hBN-HfO,-hBN dielectric
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