




March 1, final paper rough outline due. COB 

EE213.	Microscopic	Nanocharacteriza5on	of	Materials	
Lecture	13.	2016	

	

Three	Dimensional	Imaging/Characteriza5on	
	
Holography	
Tomography	



 
Final Paper 
 
 1.   Paper: due last day of class 
 
2.  Topic should be about a particular microcharacterization 

technique and comparison with at least one other method. 
From topics covered in course outline. 

 
3.  You must discuss the spatial resolution characteristics and 

limits. 
 
4.    Abstract or summary of each paper listed as references.   

5.    Discuss typical application use, briefly. 
 



EE213.	Final	Topics	
	
	
Ryan	Gardner 	 	Photoelectron	microscopy	
	
M.	Ahsan	Habib 	NSOM	
	
Bingzhang	Lu 	 	Atomic	Force	Microscopy	
	
Evan	Petersen	 	Confocal,	2	photon	and	wide	field	microscopy	
	
Renee	Sully 	 	SIMS	
	
Bin	Yao	 	 	 	?	

		



HOLOGRAPHY principle 

From Wikipedia 



Photographed Images at 2 different angles from a 
hologram of a mouse 















HOLOGRAPHY principle 

From Wikipedia 



Lehmann and 
Lichte. Microscopy 
and Microanalysis.
8(6).447-466.
(2002  ) 





From	Tonomura,	



From	Tonomura,	



Electron Holography: mapping electric fields 







The Radon transform 

















R.McIntosh,et.al. 2005 

Goethe Projections 





Midgley and Weyland. 
Ultramicroscopy. 96(2003).413-431. 



 MC41-Pd6Ru6 catalyst (HAADF signal) 

Midgley and Weyland.2003 



Some references 
 
Tomography: 
 
R. McIntosh et.al. (2005). Trends in Cell Biology. 15(1).pp.43-61. 
 
P.A. Midgley and M. Weyland. Ultramicroscopy. 96(2003). pp. 413-431 
 
General: Steven W. Smith. The Scientists and Engineers Guide to Digital Image 
Processing. www.dspguide.com can download for free 
 
Holography: 
 
D. Gabor. Nature. 161.(1948).pp. 777-778. 
Leith and Upatnicks. JOSA. 52.pp 1123-1130. 
 
H. Lichte and M. Lehmann. Rept.Prog. Phys.71 (2008)016102. 
 
A. Tonomura. Electron Holography. In Springer Series in Optical Sciences.70. 
(1999).pp 29-49. 



What are the Limits in 
Determining Three Dimensional 

Structure By Electron 
Microscopy? 

 
 
 
 
 
 



Radiation damage due to the 
large number of exposures 

needed 











Isaacson,	“specimen	damage	in	the	electron	microscope”	in	Principles	and	
techniques	of	electron	Microscopy.	Vol.8	(ed.	M.A.	HayaY.p1-78	(1970).	Van	
Nostrand-Reinhold,	NY	









Isaacson,	1970		















Vossmann, 2008 





Tomographic reconstruction 


