
EE	213,	Nanocharacteriza2on/M.Isaacson	

EE 213, Microscopic Nanocharacterization of Materials 
Lecture 8.  
other micro-characterization using charged particle beams 
Class website: https://ee213-winter16-01.courses.soe.ucsc.edu 
 
 
Mike Isaacson, Baskin 237 
Email: msi@soe.ucsc.edu 
Tele: 831-459-3190 
Admin. Asst. Rachel Cordero: rcordero@soe.ucsc.edu, 831-459-2921 



			R			

2R	

Bent	to	radius	2R	

Crystal	Spectrometer	geometry	



1st	chair	of	physics	at	
Johns	Hopkins	University	





Rowland	Circle	Arrangement	



Generic	EMPA/SEM	WDS	
Electron	gun	

Column/	Electron	
op2cs	

Op2cal	microscope	

WDS	
spectrometers	

Scanning	coils	
EDS	detector	

Vacuum	
pumps	

SE,BSE	detectors	

Faraday	current	
measurement	



WDS	Spectrometers	
An	electron	microprobe	generally	
has	3-5	spectrometers,	with	1-4	
crystals	in	each.	Here,	SP4	(spectro	
#4,	LF)	with	its	cover	off.	
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Lots	of	Analyzing	Crystals	

Over	the	course	
of	the	first	30	
years	of	EPMA,	
~50	crystals	and	
pseudocrystals	

have	been	used.	

Nλ	=2dsinθ	



WDS	detector	
P10	gas	(90%	Ar	-	10%	CH4)	is	
commonly	used	as	an	
ioniza2on	medium.	The	X-ray	
enters	through	the	thin	
window	and	3	things	can	
occur:	(1)	the	X-ray	may	pass	
thru	the	gas	unabsorbed	(esp	
for	high	keV	X-rays);	(2)	it	may	
produce	a	trail	of	ion	pairs	(Ar
+	+	e),	with	number	of	pairs	
propor$onal	to	the	X-ray	
energy;	and	(3)	if	the	X-ray	is	
>3206	eV	it	can	knock	out	an	
Ar	K	electron,	with	L	shell	
electron	falling	in	its	place.	
There	are	also	3	possibili2es	
that	can	result	from	this	new	
photon:	

	

	

(3a)	internal	conversion	of	the	excess	energy	
with	emission	of	Auger	electron	(which	can	
produce	Ar+	+	e	pairs);	(3b)	Ar	Ka	X-ray	itself	
can	knock	out	electron	of	another	Ar	
molecule,	producing	Ar+	+	e	pair;	or	(3c)	the	Ar	
Ka	X-ray	can	escape	out	thru	a	window,	
reducing	the	number	of	Ar+	+	e	pairs	by	that	
amount	of	energy	(2958	eV)	









Xray Energy (in KeV) 





				Con2nuum	Radia2on	from	charged	par2cles	
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M.Isaacson,	D.Johnson	and	A.V.Crewe.	,	Rad.	Res.55	(1973).205.	

M.Isaacson	and	D.	Johnson,	
Ultramicroscopy.1	(1975).33-52.	

EELS of Nucleic Acid Bases obtained 
Using 25keV Incident Electrons 



Energy	Loss	Spectra	of	Metal		Fluorides	

M.	Scheinfein	and	M.	Isaacson,	J.Vac.Sci.Tech.B4(1)	1986.	326	–	332.	







Knock-on Damage 



Minimum Detectable Concentration, EELS 



From O. Krivanek, et.al. Ultramicroscopy. (2012).in press 

Single Atom Identification in STEM 



STEM Imaging/EELS of individual atoms/defects 
From Krivanek, et.al. Ultramicroscopy.(2102) In press 



Senga	&	Suenaga.	Nature	
Communica2ons.	6.7943	(1915)	

Single	Atom	
Detec2on	by	EELS	





For	ebeam	
induced	Xrays,	
Concentra2ons	
about	0.1-1%	



MicroPIXE,  

http://iba.atomki.hu/facilities.html 





www.eag.com	



http://www.nist.gov/pml/data/
xraycoef/ 







ρ =	2.33gm/cm3	

Range	(gm/cm2)/ρ = Range	(cm)	



Rproj		=	Z-1/3		RCSDA	

Bethe	range	



R	approx.	3/µ	







MicroPIXE,  

http://iba.atomki.hu/facilities.html 



http://www.fastcomtec.com/n-applications/multiparameter-systems/micro-pixe-analysis.html 





From http://www.mrsec.harvard.edu/cams/PIXE.html 



Par$cle	Accelerators	

in	Art	&	Archaeology	

Pier	Andrea	Mandò		
Dipar$mento	di	Fisica		

and	Sezione	INFN,	Florence,	Italy	

e-mail			mando@fi.infn.it	

Erice, April 17, 2004 

www.presid.infn.it/er/er04fazio.ppt 



(INFN	Firenze,	Biblioteca	Va$cana,	Biblioteca	
Laurenziana)		
	

Detec$ng	which	pigments	were	
employed	provides	important	art-
historical	informa$on,	both	about	
general	trends	and	specifically	
about	the	analysed	work.	

External-beam PIXE analysis of the 
frontispiece of   Pl.16,22, from  
Biblioteca Laurenziana in Florence 

PIXE analysis of 
ancient manuscripts 

More or less precious 
materials  ↔ symbolic value 
of the text. 
Trade routes of raw material 
import from countries far 
away. Added or restored 
parts. 





external 
microbeam line 



 
Final Paper/ 
 
1.  Paper due last day class 

 10 page approx.  
 (IEEE style references) 

 
2. Rough outline due February 26 or earlier 
 
3. Topic should be about a particular microcharacterization   
technique and comparison with at least one other method. From 
topics covered in course outline. 
 
4.  You must discuss the spatial resolution characteristics and 
limits. 

5.  Include the abstract of each paper you reference or a one 
paragraph summary of the url reference. 

6.  Briefly, discuss a particular application. 



EE213	Paper	Notes	

•  See	IEEE.jour	for	formaqng	notes.	On	class	web	site.	
•  Paper	should	be	about	10	pages	long	including	figures.	
•  Paper	should	include	a	1	paragraph	abstract	
•  Paper	should	have	at	least	10	references.	
•  For	each	reference,	either	a	summary	or	the	abstract	of	that	

reference	arached	as	an	Appendix	to	the	paper.	



Possible	topics	for	paper	
SEM	imaging	
Quan2ta2on	in	the	SEM	
Auger	microscopy/spectrosocpy	
Par2cle	beam	induced	Xray	spectroscopy	
(electrons,	ions,	photons,	etc.)	
Xray	Microscopy	
SIMS	microscopy	
RBS	microanalysis	
Super	resolu2on	op2cal	microscopy	
Scanned	2p	microscopy	
Atom	probe	microscopy	
Tomography	
Other	topics	(	upon	approval)	
		


