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Chemical Vapor Deposition (CVD) 

The majority of our materials are synthesized through Chemical Vapor Deposition (CVD). Typically, the substrate is heated to high 
temperatures and gaseous precursors are flown in. The substrate often acts as a catalyst for the assembly of 2D materials such as Graphene, 
MoS2, and h-BN. Other CVD growth methods  can use solid or liquid precursors. 
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Synthesis of MX2 Monolayers 

Recently, monolayers MX2 (M=Mo, W 
and X=S, Se), have shown to exhibit 
numerous interesting phenomena 
because of their unique structural 
symmetry and band structures. 
However, most studies are hindered by 
challenges in the synthesis and transfer 
of high quality monolayers. Here, we 
demonstrate the growth of high-quality 
MX2 monolayers using ambient 
pressure chemical vapor deposition 
(APCVD). Electronic transport and 
optical performances of the as-grown 
MX2 monolayers are comparable to 
those of exfoliated MX2 monolayers. 
We also develop a reliable technique to 
transfer MX2 monolayer samples to 
other surfaces. 
 

Synthesis of Bilayers on Copper Enclosures 
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We synthesize large-area graphene 
bilayers on Copper foil using the 
enclosure method and apply Raman 
spectroscopy to investigate the 
underlying growth mechanisms. 

Turbostratic  Bilayer AB-Stacked Bilayer 

Both types of 
bilayers have 
interesting 
electrical 
properties.  

Direct Transfer onto Flexible Substrates 

a) AFM of Vinyl after apply the 
transfer.  b) AFM image of 
graphene/copper foil prior to transfer.  

SEM image of Teflon Filter. The dark 
regions are graphene 

Technique for transferring graphene onto various flexible substrate (Vinyl, 
Teflon, Polycarbonate). 

Steps for direct transfer (a) The 
graphene/copper is pressed between two 
PET films. (b) The stack is inserted into the 
hot lamination machine. (c) The 
substrate/graphene/copper is placed in 
copper etchant. (d) Graphene on PTFE 
filter. 
 

Zinc Oxide-Graphene Photovoltaics 

We report successful fabrication of graphene cathode-based hybrid solar cells comprised of 

ZnO nanowire as an electron selecting/transporting layer and two different photoactive 

materials –PbS quantum dots and conjugated polymers.  The growth of highly uniform, well-

aligned ZnO nanowire arrays on graphene is achieved by modifying the graphene surface 

with conductive polymeric interlayers.  We demonstrate solar cell power conversion 

efficiencies of 4.2% and 0.5% for PbS quantum dot and P3HT polymer structures, 

respectively, which are approaching to ITO-based devices with similar geometry.   

SEM characterizations of ZnO 
nanowire arrays on a, ITO.  b, 
graphene/PEDOT:PEG(PC), 
and c, graphene/RG-1200.   

a, Schematic diagram of the 
graphene cathode hybrid 
solar cells:  b, Flat-band 
energy level diagram of the 
solar cell.  c, J–V 
characteristics of graphene–
PbS QD based devices with 
different interlayers (red: 
PEDOT:PEG(PC) and blue: RG-
1200), compared with a ITO 
reference cell (black) 
illustrating comparable 
performances. d, J–V 
characteristics of 
corresponding graphene–
P3HT based devices. 

Understanding CVD Growth Mechanism 

H2 excluded APCVD process 
H2_in_all No_H2 

20um 
20um 5 um 

Cu foil 

Graphene-passivated etch test 
APCVD LPCVD 

5 um 
5 um 

Before etching After etching 

5 um 5 um 

Preferred etching at nucleation sites 

 Over the past  several decades, 
 semiconductor devices have 
 scaled exponentially and the 
demand for clean, affordable energy has 
risen dramatically. However, it is becoming 
more and more evident that conventional 
materials such as Silicon are being pushed 
to their limits. Thus, there is an emerging 
need for new materials and technologies to 
follow in Silcon’s footsteps so we can 
continue fostering this growth. Our group 
specializes in the synthesis of two-
dimensional and other novel nano-materials 
and their applications to real-world 
problems. 

Our Mission Hexagonal Boron Nitride. An 
insulator with a bandgap of 5.8eV. 
Grown on using Borazine or Amino 
Borane. Can potentially be used as a 
dielectric in capacitors or as a 
substrate for graphene/MoS2. 

Graphene. The first two-dimensional 
material. Highly conductive with 
carrier mobility of up to 
200000cm2/Vs. Typically grown on 
copper foil using LPCVD. Commonly 
used as transparent electrode. 

Molybdenum Disulfide. Direct 
bandgap semiconductor. CVD 
synthesis is still in nascent stages. 
Exhibits photoluminescence and can 
be used to fabricate low-power 
digital circuits. 

Our Group Graphene-BN Heterostructures 

Graphene-Based Photodetectors 
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Applications for Infrared 
Imaging 
1.) Cheap Infrared 
Photodetectors 
2.) CMOS Compatible 
integration 
3.) Unconventional 
Integration Issues 

Graphene Devices with BN Dielectric 
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BN is used as the dielectric layer for top-gated graphene devices. Mobility 
remains the same before and after integration. 

Optical images of h-BN films of various 
thicknesses. 
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Dielectric 
Breakdown 

Edge scattering is one of the 
main causes of mobility 
degradation in graphene 
nanoribbons. Passivate 
graphene edges with h-BN to 
mitigate this effect. 
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