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Atomic-scale defects determine the properties of current materials. Despite the 
excellent structural data available for these objects, their effect on the material is in 
most cases determined indirectly, or predicted based on theoretical calculations.

The goal of this research is to relate the atomic-scale structure and chemical properties 
of defects in low-dimensional materials to their performance. This will be achieved 
through a combination of state-of-the art microscopy techniques and innovative in-situ 
experiments using specialized sample holders.

1) Carbon nanotube telescoping:  the exposed core of a 
nanotube can be contacted with a metallic probe and 
reproducibly pulled out then re-inserted, while measuring 
electrical properties at each movement step. Due to the low 
friction between the nanotube walls, a large number of cycles 
can be performed, highlighting the stability of these structures, 
which represent the ultimate flexible contacts.

2) Luminescence center mapping in CdS: optical data can be 
acquired from individual nanowires by positioning a fiber close 
to the sample, through cathodoluminescence. This method 
reveals the distribution of centers with nanometer-precision, 
allowing us to associate them with various intrinsic defects.

3) Optoelectronic measurements on CdS: the electrical 
properties of individual nanowires are probed before, during 
and after mechanical deformation, while irradiated with a light 
source. This complex experiment involving 3 simultaneous 
stimuli reveals details such as their optical ON/OFF ratios and 
wavelength-dependent photocurrent generation.
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● In-situ experiments are performed on individual 
nanoscale objects inside a microscope.

● The measured properties of these objects are 
correlated with their structure, obtained by 
observing them at high magnification.

● Our methods allow us to measure properties of 
individual nanostructures which would not be 
accessible otherwise.

● The techniques developed in these studies can 
be readily extended to other materials.

 Strong demand to improve materials for GREEN technology, electron microscopy 
now expected to have a capability of obtaining not only magnified images but 
also other information's, such as, potential field distribution in a sample.  Electron 
holography is the one of the answer, however, it still have many limitations .

 To over come the situation, we are improving the techniques for those phase 
measurements. Transport of intensity equation is one of the trial of those 
development to improve the capability of the phase retrieval techniques. 
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Phase measurement
in electron microscope

 Visualization of potential distribution.
 Visualization of magnetic domains.
 In-situ analysis of battery or semiconductor 

devices.

 The acquisition condition optimization.

Photo

In this work, selected area aperture that usually used to take diffraction form a region of 
interest is used to block the waves that leaks outside the CCD filed of view. This, in essence, 
make an object localized, then defocus images were formed not by objective lens but by 
lower lenses.  From a set of defocus images limited by SA aperture, we could successfully 
retrieve the phase.

Transport of intensity equation is a equation of object phase and resultant image intensity relation. 
By solving the equation, one can retrieve phase of object form a set of images at different defocus 
positions. 

However, it could only applied to localized 
object because the intensity does not 
conserved for non-localized object. 
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