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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. 
 



 Microscopy Through the Centuries 















R.D.Young, Rev. Sci. Instr. 37(3). 1966.pp.275-278. 









M. Isaacson. Micorscopic 
Nanocharacterization of Materials. 
Cambridge University Press. 2016. 



       Field Emission Tip    

Single atom protrusion 



I=const.e-2ks	



Bohr radius 
= .0529 nm 



www.fkp.uni-erlangen.de/methoden/stmtutor/stmpge.html 

STM tutorial 



www.fkp.uni-erlangen.de/methoden/stmtutor/stmpge.html 
T. Fauster 
 



www.fkp.uni-erlangen.de/methoden/stmtutor/stmpge.html 
 





Atomic Force 
Microscope 

Binnig, Quate and Gerber. 
Phys.Rev.Lett. 56.930 (1986) 







Q =ω/δω 	





http://physics.usask.ca/~chang/course/phys404/STMandAFM.pdf 







 
salt 











Gross, L.; Mohn, F.; Moll, N.; Liljeroth, P.; Meyer, G. (2009). "The 
Chemical Structure of a Molecule Resolved by Atomic Force 
Microscopy". Science 325 (5944): 1110–1114. 

Pentacene molecule 
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Synge to 
Einstein, 1923 















M. Isaacson, J.Cline and H.Barshatsky. Ultramicroscopy.47.(1992).15-22. 

















J. Cline and M. Isaacson 



NSOM Instrument Constructed at Cornell 

M.Isaacson, 8/3/10 





RAMAN SCATTERING  ( a chemical fingerprinting tool) 

Scattered 
photon has 
more 
energy than 
incident 
photon 

Scattered photon 
has less energy than 
incident photon 

Elastic 
scattering 







Surfaced Enhanced Raman Scattering 

Orders of magnitude increase in signal over regular Raman Scattering 



1 cm-1  = 1.2398 x 10-4  eV 
 

  ( 1.2345, rule of thumb approx.) 

E = hν = hc/λ	











Xie and Emory 











From Hartschuh, et.al. 2003 

Decay of SERS Signal away from Object 



Scanned Tip Microscopies: Selected references 
 
Tip Enhanced Raman Microscopy/Spectrosopy (TERS) 
 
Sanchez, et.al. Phys. Rev. Letters. 82(20)1999.4014. 
 
Hartschuh et.al. Phys. Rev. Letters. 90(9).(2003).095503 
 
Xie and Emory. SCIENCE. 275. (1997).1104 
 
Scanning Thermal Microscopy 
 
A. Majumdar. Ann. Rev. Mat. Sci. 29.(1999).505-585. 

C. Williams and K. Wickramasinghe. Appl. Phys. Lett.49 (1986).1587. 
 
Hammiche, et.al. Measurement Science and Technol. 7(2).(1996).142. 
 
Hammische et.al. Applied Spectroscopy. 53(7).(1999).810. 
 
Scanning Ion Conductance Microscopy (SCIM) 
 
P. Hansma, et.al. Science.243 (1989).641. 
 
Korchev et.al. Biophys. J. 73 (1997).653. 
 
Rheinlaender et.al. J. Appl. Phys. 105 (2009)094905. 
 
 
 
 
 
 
 
 



Thermal Conductance Microscopy 







Scanning Capacitance Microscopy 

C.C. Williams (Ann. Rev. Materials Science.29(1999).474-504. 



From Palmer et.al. RCA Review.43(1993)194 

Capacitance sensor 



Capacitance Microscopy 

From Clayton Williams. 1999 





From C.C. Williams. 1999 



From C.C. Williams, 1999 





Scanning Ion Conductance Microscopy (SICM) 

From P. Hansma, et.al. 
SCIENCE.243 (1989).641 



From p. Hansma, 
et,al. 1989 



Korchev, et.al. 1997 



Korchev, et. al. Biopphys.J.73(1997)653.  
SICM 



From Rheinlaender, et al. 
 J.Appl. Phys. 105(2009) 

Scanning Ion Conductance 
Microscopy 



				

Electrical	Feedback	 Topographical	Mapping	

HeLa	Cell	

Scanning Ion Conductance 
Microscope (SICM) 

Pourmand, Seger et.al. Nanoscale. 2012 


