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Van der Waals Structure

• Van der Waals materials are 
materials that consist of single 
plane of atoms

• Van der Waals Structures are 
structures made of layers of 
these materials that are held 
together by weak interactions 
between the layers

• Interesting because they have 
exotic properties that differ 
from their 3D counterparts



Motivation

• Characterization of 2D materials is important to 
understanding and applications 

• High Resolution Capacitance Bridge design can help to find 
the capacitance of these 2D materials

• Capacitance measurements are directly related to the 
density of states

• Use graphene as a general material 

• If effective will be used to characterize more exotic 
materials such as WTe2(tungsten ditelleride)



Materials Used

Graphite
• Thickness:11.2 nm
• Size: 35 microns
• Top of Structure

Graphene
• Thickness: 0.3 nm
• Length: 60 microns
• Bottom of Structure

h-BN
• Thickness:50 nm
• Length: 24 microns
• Middle of Structure

Hexagonal 
Boron Nitride



Method for Obtaining 
Materials

• Exfoliate Crystals 
onto plasma 
cleaned SiO2 

chips

• Heat to 100°C • Cool to Room 
Temperature 
and peel tape

• Spread graphite 
crystals onto 
scotch tape for 
Exfoliation

• Stick and Tear



Searching for Materials

Graphite with  
variation in 
layer at this 
edge

Large piece of 
bulk 

Tape 
Residue

Usably 
thick h-BN

h-BN with  
variation 
within bulk 
thickness



Characterizing Components

Optical Image        Thickness  Cleanliness



Transfer Method



Transfer Method



Transfer Method



Transfer Method



Structure of Device



Design of the Structure

• Klayout
After cleaning in 
chloroform, and  
isopropanol, then 
annealing in furnace



Spin Polymer for Electron Beam 
Lithography



PMMA Cut from Structure

Holes for electrical 
contacts



Result of EBL

Creates holes 
in the 
polymer to 
evaporate 
gold onto



Evaporation

Au



Wire Bonding

After evaporating the metal onto the device the polymer is 
cleaned off then the contacts are wire bonded for use 



Capacitance Bridge

Thesis, 2006



Equations of Capacitance Bridge

CsVs + CrVr = CTVb

Cg – Stray Capacitance to 
Ground

Cr –Ref. Capacitance

Cr –Dev. Capacitance

CT = Cs+Cr+Cg



Equations of Capacitance Bridge

CsVs = CrVr

Vr is tuned so Vb = 0



Custom PCB

Load
Resistor

Thin Film 
Resistor

Amplifier



Expected Results/More work

Assembling this will 
create higher 
resolution 
measurements



Conclusion

• Project can lead to better characterization of materials in 
the lab

• Proof of Concept
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