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Graphene Synthesis 

Gaseous (black text), liquid (red), and solid(blue) precursors 

X. Wan, K. Chen, J. B. Xu, Small, 10(22), 4443-54, (2014). 2 
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Graphene Synthesis 

Six-membered rings 
eak interaction with Cu 

X. Wan, K. Chen, J. B. Xu, et al.,Chem. Mater., 24, 3906-3915 (2012) 

Bottom-up Fabrication of Graphene from PAHs 

3 



 

Enhanced Performance of Graphene Transistors by Interface Engineering 

resonant scattering dominated 

PAH-derived mechanical exfoliated charged impurity dominated 
X. M. Wang, J. B. Xu, et al., Adv. Mater. 23 , 2464，(2011) 
X. Wan, X. Wan, J. B. Xu, et al., J. Phys. Chem. C 117, 4800-4807, (2013) 4 
K. Chen, X. Wan, J. B. Xu, Nanoscale 5, 5784-5793, (2013). 



Suspended Membrane Platform 

High quality SOI start wafer 

2 Using the high-yield silicon fabrication process 
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Accurate & repeatable dimension control 

Less limitation on device size and wavelength 
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Si 

Si 
SiO2 

BOX under device is 
locally removed by HF 
etch 

 Suspended Membrane Waveguides (SMWs) 
[1] 

 Advantages of SMW 

[1] Z. Cheng, et al., Opt. Lett.37, p. 1217 (April 2012). 
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 Integrated graphene on silicon suspended membrane devices 

Graphene-on-silicon SMW 

Ultra-wide bandwidth devices 
(from 1.1 µm to 8.0 µm) [1] 

In-plane absorption 
increase the interaction. [2] 

Polarization dependence 

Graphene on Silicon Suspended Membrane Devices 

[1] R. Soref, et al., J. Opt. A: Pure Appl. Opt. 8, p. 840 (2006). 
[2] H. Li, et al., APL 101, p. 111110 (2012). 
[3] Z. Cheng et al., IEEE IPC, Bellevue Washington, USA, (Sep. 

2013). 
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Photodetector Experimental Results 
 Photodetector characterization at 2.75 µm wavelength 
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 The responsivity is measured as 0.130 mA/mW under room temperature. 
 The in-plane absorption plays an important role in high responsivity. 

Xiaomu Wang, Zhenzhou Cheng, Ke Xu, Hon Ki Tsang, & Jian-Bin Xu, Nature Photonics 7, 888–891 (2013) 
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Photodetector Comparison 
F. H. L. Koppens, T. Mueller, P. Avouris, A. C. Ferrari, M. S. Vitiello, M. Polini, 
Nature Nanotechnology 9, 780 (2014); 

Review: 
Photodetectors based on 

graphene, other two-dimensional materials and hybrid systems 
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Graphene-on-Silicon Heterostructure 
Waveguide Photodetectors 

The work has been read online ~9,500 times 

The work has been highlighted by Nature and 
Nature Photonics 

Over 30 website news outlets. 

The work has been reported by medium. 
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Conclusions 
► High-quality large-area graphene sheets can be synthesized on Cu foils 

from PAHs 
► The quality of the synthesized graphene sheets strongly depend on the 

molecular structures of PAHs 
► The underlying growth mechanism mainly involves a surface-mediated 

process of dehydrogenated PAHs 
► Coronene-derived graphene sheets  have a carrier mobility up to ~ 5300 

cm2/V·s on SiO2 and ~11000 cm2/V·s on OTMS modified SiO2, while 
triphenylene-derived graphene sheets show similar quality, while for 
mechanically exfoliated graphene, a carrier mobility can be as high as 
70,000 cm2/V·s, one of the highest on large substrtae surface so far. 

► Dramatically increasing the mobility of GFETs OTMS SAMs modification 
provide a new avenue to achieve high quality graphene devices, with 
intrinsic graphene nature 

► A new platform to dramatically enhance light interaction with graphene 
has been developed, with which an ultra-high sensitive Mid-IR 
photodetector was developed. It is generic for all 2D materials. 
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