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Background and Significance  

In nanosystems, the wavefunction of conduction electrons can be significantly modified by a 
small displacement of the lattice’s atoms. The goals of our project are to understand at a fundamental 
level, and harness into applications, the interplay of quantum electronics and mechanics in carbon 
nanotubes (1D) and graphene (2D). To do so, we are fabricating gated-mechanical breakjunction (g-
MCBJ) devices incorporating single-wall carbon nanotubes (SWCNTs) and graphene which can be 
controllably strained and simultaneously tuned electrostatically. 
Methodology  

We fabricate SWCNT and graphene quantum dots (QDs). We start with four inch silicon wafers 
with a layer of SiO2. The backside layer of SiO2 is etched away by an initial step of RIE. We then define 
a grid using photolithography (Figure 1a). At this point, either graphene is deposited on the grid by 
exfoliation or nanotubes are grown on the grid in a chemical vapor deposition (CVD) furnace (Figure 
1b). Graphene can be located using an optical microscope and nanotubes by AFM. Once located, we use 
electron beam lithography to precisely define a breakjunction on top of the graphene or nanotube. 
Contacts to the breakjunction are made by a second step of photolithography. In the case of graphene, an 
oxygen plasma etch at this point removes the graphene everywhere except under the gold of the 
breakjunction. The SiO2 under the graphene or nanotube is etched away with an HF etch thereby 
suspending the device. Through electromigration [1], a gap of less than 10 nm (Figure 1c) is created in 
the breakjunction forming a CNT or graphene quantum dot. Finally, we contact the device by wire 
bonding connections from a chip carrier.    
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Figure 1: (a) Photolithographically defined grid to locate nanotubes and graphene. (b) Carbon nanotubes          
grown on Si/SiO2 using CVD. (c) A breakjunction with a gap made by electromigration. 
The g-MCBJ technique consists in placing a nanosystem on source and drain electrodes 

suspended a short distance above a flexible gate [2]. By bending the substrate (gate), the distance 
between the electrodes is controlled with sub-picometer resolution. The vibrons of short NEMS (high 
energy) will be probed directly by electron transport in the Coulomb blockade regime. We will make the 
electron transport measurements using our current g-MCBJ cryostat (1.5K-300K) and superconducting 
magnet (0-14 T).  
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