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Project Goals 
The goal of this high-risk high-reward project is to explore Anderson localization of broadband 
phonons in 1-D and 2-D boron nitride (BN), which could potentially offer the opportunity to create 
ultralow thermal conductance via defect engineering in materials. 
 
Project Execution 
Atomic-scale defects in BN offer the opportunity to explore new scientific phenomena.  Since BN 
is a wide-bandgap semiconductor, electron transport can be minimized thereby allowing the study 
of study phonon localization, which is the goal of the project.  However, these defects are also 
known to be single-photon emitters, with photoexcited states falling inside the bandgap of BN.  
Such single-photon emitters are considered to candidates for quantum entanglement and 
information processing.  While the goal of this project was to phonon transport, we develop the 
basic tools to investigate the effects of atomic scale defects in BN for other excitations as well, 
including photoexcitations. 

Probing defects in 2D materials at the atomic scale 

Atomic defects in 2D materials such as hBN [Fig 1] have garnered enormous interest within the 
scientific community because of their unique properties such as single photon emission [1-3]. 
These defects have been investigated optically (absorption/emission spectrum) but their structural 
origin remains unknown because the spatial resolution of optical imaging/spectroscopy is limited 
by the Abbe diffraction limit. To overcome this limit, we recently proposed using a transmission 
electron microscope (TEM) coupled with photoexcitation to image optical effects at the atomic 
scale [4]. To this end, we have constructed a specimen holder with a fiber optic feedthrough that 
can be inserted into any compatible TEM [Fig 2] to photo-excite materials and simultaneously 
image with electrons. We are currently optimizing our light injection and data processing 
methodology to overcome light induced specimen motion due to thermal expansion, which limits 
the resolution of our technique. These methodologies include manipulating the polarization of light 
to study polarization dependent absorption, using interference patterns to spatially scan the laser 
beam, and sub-pixel drift correction. 



 
 
Figures: 

 
Fig 1: hBN imaged at Stanford showing several kinds of atomic defects. 
 

 
Fig 2: (top) TEM holder with an optical feedthrough and 3-axis micrometer stage; (bottom) top 
view of the tip of the holder showing laser beams of various wavelengths incident on the 
substrate. 
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