
EE213.	Microscopic	Nanocharacteriza5on	of	Materials	
Lecture	11.	2016	

Homework #2: due Thursday, February 25 

Atom Probe Microscopy 
 
Xray and Photon Induced Microscopies 



Deadlines 
 
 
February 23. final paper topic 
 
March 1, outline of final paper 







Field Ionization 

Isolated atom 
in applied 
electrc field 

Atom near a metal 
surface in an 
applied electric field 



Field 
emission 

Field 
ionization 



Tom Kelly 







R = l  from before. 
Distance to screen 
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From T.F Kelly et.al. Microscopy and Microanalysis. 19.(2013),
662-664. 





Review References for Atom Probe Microscopy 
 
T.F. Kelly, Microscopy and Microanalysis.17.
(2011).1-14. 
 
T.F Kelly et.al. Microscopy and Microanalysis. 19.
(2013),662-664. 
 
T.F. Kelly and M.K. Miller, Rev. Sci. Instruments.78 
(2007).031101. 
 
G. Smith and M. Ruhle. Advances In Analysis of 
Materials.”European Whie Book on Fundamental 
Research in Materials Science.(2000) Chap.7.5. 
“3D Atom Probe”Review  



Ionizing Radiation Probes 
 
Electrons 
 
Ions 
 
Xrays 



Absorption coefficent is inverse of MFP/ 



Inelastic mean free path 
for electron scattering 

From Seah and Dench, 1979. Surf. and Interface Anal.1.36  





From Brodie and Muray, The 
Physics of Micro/Nanofabrication 



Inelastic mean free path 
for electron scattering 

From Seah and Dench, 1979. Surf. and Interface Anal.1.36  















From Kumakhov et.al. Phys. Reports. 191(5).1990.pp.289-350. 







Area	of	rings	are	the	same.	Get	interference	between	adjacent	zones.	Get	
mul9ple	order	interference.	For	xrays,	you	need	to	have	the	“transparent”	
regions	be	thin	low	Z	material	and	the	“opaque”	regions	be	thick	high	Z	material	
to	get	reasonable	efficiency.	
 



Note	that	resolu9on	gets	beEer	the	larger	the	ring	and	
the	smaller	the	ring	width.	
 













Xray Microscopy 
 
Detected “species” 
 

 transmitted xrays 
 emitted xrays (fluorescence) 
 emitted electrons (photo electric effect) 



Emax = hf - Eb 

















Other sources for X Ray Microscopy 





ESRF, Grenoble 



History of Photoelectron Microscopy 

From S. Heun Tutorial,  CNR-INFM, Trieste 



Table Top Xray Microscopes 



















At ESRF (European Synchrotron 
Radiation Facility, Grenoble) 







19.5 nm half-period 

15.1 nm half period 

25 nm                                15nm      ---------- width of outer ring of zone plate 


