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Electron Interferometer - An interferometer for electron waves was constructed in a two dimensional electron gas (2DEG) in a 

GaAs/AlGaAs heterostructure (LeRoy et al. 2005, Heller et al. 2005). Electron waves passing from a quantum point contact 

(QPC) were simultaneously reflected by a mirror produced by a curved gate, and by the depleted disc underneath a charged 

SPM tip. At the tip is scanning above the sample, interference fringes are observed in it's conductance, separated by half the 

Fermi wavelength, analogous to what one sees in an optical interferometers.

Design and Fabrication of a Liquid He Cooled Scanning Probe Microscope - Kathy Aidala designed, fabricated and tested a 

liquid He cooled scanning probe microscope (SPM) for use in imaging electron waves for the supported research (Aidala 2006). 

This is a new design that includes a superconducting solenoid to generate a strong magnetic field.

Imaging the Cyclotron Orbit of Electrons in a 2DEG by Magnetic Focusing - Aidala used the cooled SPM to image the cyclotron 

orbit of electrons traveling through a 2DEG (Aidala 2006, Aidala et al. 2007). Magnetic focusing is an effect originally 

discovered in metals in the 1960's. For a 2DEG, magnetic focusing occurs when electrons passing out of one QPC travel in a 

circular path along a cyclotron orbit and pass into a second QPC located at a distance which is an

integer number of cyclotron diameters away. Aidala imaged the cyclotron orbit by deflecting electrons with the SPM tip. In 

addition to the orbit, she observed fringes caused by the interference of electron waves traveling along two paths 

simultaneously.

Theoretical Simulations of Electron Flow - Westervelt collaborated with several theorists to develop ways to image quantum 

phenomena using a cooled SPM: Production of entangled electron pairs via controlled collisions (Saraga et al. 2004, 2005); 

Imaging of zitterbewegung of electron wavepackets in III-V quantum wells using a cooled SPM (Schliemann et al. 2005, 2006), 

and the effects of spin-orbit scattering (Walls et al. 2006).

Technology Transfer
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(1)  Forward (optional): see below 
(2)  Table of Contents:  N/A 

(3)  List of Appendices:  N/A 
(4)  Statement of Problem Studied 

The research supported by this grant is aimed at imaging the flow of electron waves through 
a two dimensional electron gas (2DEG) to understand both the fundamental quantum behavior 
that appears in semiconductor nanostructures at low temperatures, and to study the propagation 
of electron waves through semiconductor structures with interesting geometries.  A custom-made 
liquid He cooled scanning probe microscope (SPM) was developed in Westervelt's group to 
carry out the measurements.  The conducting SPM tip acts as a moveable gate that locally 
depletes the electron gas below, creating a scattering center that reflects electron waves.  By 
measureing the conductance of the devices as the SPM tip is raster scanned above, an image of 
electron flow is obtained. 

Electron flow was imaged in two types of devices:  (1) An Electron Interferometer, in which 
electron waves traveling away from a quantum point contact (QPC) reflect both from a mirror 
and from the depleted disc beneath the SPM tip.  (2) Magnetic Focusing device, in which 
electrons traveling away from a QPC flow around cyclotron orbits in a perpendicular magnetic 
field and leave through a second QPC pointed in the same direction - a peak in conductance is 
observed when the spacing between the two QPCs is an integer multiple of the cyclotron 
diameter. 

(5)  Summary of Most Important Results (2004-2007): 
Electron Interferometer - An interferometer for electron waves was constructed in a two 
dimensional electron gas (2DEG) in a GaAs/AlGaAs heterostructure (LeRoy et al. 2005, Heller 
et al. 2005).  Electron waves passing from a quantum point contact (QPC) were simultaneously 
reflected by a mirror produced by a curved gate, and by the depleted disc underneath a charged 
SPM tip.  At the tip is scanning above the sample, interference fringes are observed in it's 
conductance, separated by half the Fermi wavelength, analogous to what one sees in an optical 
interferometers. 

Design and Fabrication of a Liquid He Cooled Scanning Probe Microscope - Kathy Aidala 
designed, fabricated and tested a liquid He cooled scanning probe microscope (SPM) for use in 
imaging electron waves for the supported research (Aidala 2006).  This is a new design that 
includes a superconducting solenoid to generate a strong magnetic field.   

Imaging the Cyclotron Orbit of Electrons in a 2DEG by Magnetic Focusing - Aidala used the 
cooled SPM to image the cyclotron orbit of electrons traveling through a 2DEG (Aidala 2006, 
Aidala et al. 2007).  Magnetic focusing is an effect originally discovered in metals in the 1960's.  
For a 2DEG, magnetic focusing occurs when electrons passing out of one QPC travel in a 
circular path along a cyclotron orbit and pass into a second QPC located at a distance which is an 



integer number of cyclotron diameters away.  Aidala imaged the cyclotron orbit by deflecting 
electrons with the SPM tip.  In addition to the orbit, she observed fringes caused by the 
interference of electron waves traveling along two paths simultaneously. 
Theoretical Simulations of Electron Flow - Westervelt collaborated with several theorists to 
develop ways to image quantum phenomena using a cooled SPM:  Production of entangled 
electron pairs via controlled collisions (Saraga et al. 2004, 2005); Imaging of zitterbewegung of 
electron wavepackets in III-V quantum wells using a cooled SPM (Schliemann et al. 2005, 
2006), and the effects of spin-orbit scattering (Walls et al. 2006).  
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(7) Participating Scientific Personnel  
Robert M. Westervelt - PI of the grant  

Katherine E. Aidala (PhD obtained during project)  - Kathy designed and constructed a liquid 
He cooled Scanning Probe Microscope for imaging electron flow inside semiconductors.  She 
used this instrument to image the cyclotron orbit of electrons in a two-dimensional electron gas 
through magnetic focusing in the flow between two quantum point contacts.  Kathy Aidala is 
currently an Asst Professor at Mt Holyoke College. 
Ania Bleszynski  (PhD obtained during project) - This grant supplied partial support for Ania's 
research to control few electron quantum dots grown inside InAs/InP nanowire heterostructures.  
Ania is currently an Asst Professor at the University of California, Santa Barbara. 
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