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Outline 

•  Introduc:on	(MEIS,	strain)	

•  MEIS	cartography	technique	
		
•  New	procedure	to	quan:fy	strain	through	MEIS	

•  First	results	using	Si1–xGex/Si	heterogeneous	epitaxial	structures	

•  Conclusions	and	perspec:ves	
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MEIS data collection 
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Deconvolution of ES gives depth 
profile (primarily for amorphous 
thin films). 

MC ion scattering simulation of 
angular yield provides surface 
structure. 

Schulte H. (Private communication) 



MEIS user community 
•  Depth profiling (amorphous) 
 

•  High-k materials 
•  Thin films 
• … 

 
•  Structural determination (crystal) 
 

•  Heterogeneous catalysis 
•  Stress (Films, NWs) 
• … 

 



MEIS – open problems 

•  Depth profiling (amorphous) 
•  energy-loss (stopping,  straggling and asymmetry ) 
•  neutralization  
•  role of plural and multiple scattering 
•  cross section 

 
•  Structural determination (crystal) 

•  line shape 
•  trajectory dependent energy-loss 

•  central collisions Q(0) 
•  straggling 

•  correlated thermal vibrations 
 





VEGAS Monte Carlo Simulation 

◆ well established in MEIS                         
             gives the area of the surface peak  
             Phit and Pdet    

Blocking curves ! 



Blocking curves – Cu(111) surface 



2D Blocking map – Si <100>  

Sample normal 



Modified VEGAS version  
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Full 2D MEIS spectrum 



Ion	beam	facility	@	Porto	Alegre	-	Brazil	

	
1) PIXE	(Par:cle-Induced	X-ray	Emission)	

2) RBS	(Rutherford	BackscaWering	Spectrometry)		

3) NRA	(Nuclear	Reac:on	Analysis)	

4) Microprobe	

5) MEIS	(Medium	Energy	Ion	ScaWering)	

6) 	Ion	Implanta>on	



Current	MEIS	research	@	Porto	Alegre	

•  3D	characteriza:on	of	NPs	(PowerMeis)			

•  Coulomb	depth	profile	(using	info	from	the	Coulomb	explosion)	

•  MEIS	Cartography	for	crystalline	materials	
			
	



Importance	of	strain	measurements	
•  Metal-oxide-semiconductor	to	boost	CMOS	performance	

•  Piezoelectric	effect	->	Electric	field	in		QDs	->	shi`	of	luminescence	

•  Indirect	to	direct	band-gap	–	lasing		

	

•  Strain-mediated	magnetoelectric	coupling	
	

S.	Wirths	et	al	Nature	photonics	(2015)		

ISOLDE	Newsle?er	2016	-	CERN	
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SiGe	has	been	well	inves:gated….		



Typical	Techniques	
Labce	deforma:on	and	strain	analysis	

X-rays	
XRD	–	X	ray	diffrac:on	
…	
	
Electrons	
GAP	–	Geometrical	Phase	Analysis		(	from	TEM	images)	
CBED	–	Convergent	Beam	Electron	Diffrac:on	
NBED	–	Nano	Beam	Electron	Diffrac:on	
…	
	
Ions	
RBS,	HRRBS,		MEIS,	Radioac:ve	Ion	Implanta:on,..		
		



Blocking 



Typical	techniques	-	comparison	

Jalabert	IBA	2015	



Limita:on	of	XRD	for	nano	objects	

Crystal	size	decreases		 •  Peak	size	decreases	
•  Peak	width	increases	
•  Secondary	peaks	appear		

As	in	mul:ple	slits….	



MEIS	
examples	



How	to	improve	strain	measurements	
with	MEIS	?	



MEIS	Cartography	
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Stereographic	projec:on	

Íon	Accelerator		



Denis	Jalabert	
(HRDP6)	



Si	<100>	



Strain	Analysis	

cubic	cell																																				uniaxial	strain	



Gebng	crystal	direc:ons…..	

Φ

Sample	normal	



Blocking	strength	of	each	direc:on	



VEGAS	simula:on	



SiGe	Benchmark	Samples		

Si (100)�

Si0.8Ge0.2 MBE	



MEIS	–	150	keV	He+	ions	on	SiGe	



Cartographic	map	Si0.7Ge0.3	

unstrained	

out-of-plane	strained	



Cartographic	map	:	Si0.7Ge0.3	



However…..	

Strain		~			ΔΨ

Reference	/	angular	calibra:on	



Pure	Si										Si0.8Ge0.2	



Pure	Si										Si0.7Ge0.3		



Reliability	Func:on		

Experimental	Cartography	MEIS	Yield	



Best	number	of	direc:ons	



Best	strain		



MEIS	Results	



Stoichiometry	:	Replica	Method	



•  Cartography	method	to	measure	the	labce	deforma:on	
in	a	model-case	material	consis:ng	of	strained	Si1–xGex/Si	
heterogeneous	epitaxial	structures.		

•  The	higher	index	direc:ons	are	more	sensi:ve	to	strain	
and	lead	to	a	clear	quan:fica:on	of	the	strain.	

•  We	have	proposed	a	method	to	analyze	the	map	of	ion	
scaWering	intensi:es	as	a	func:on	of	polar	and	azimuthal	
angles	and	cross	checked	it	using	full		VEGAS	calcula:ons.	

	Summary		



•  It	can	be	extend	to	analyze	depth-dependent	strain	in	thin	
films	or	any	other	nano-structured	material..	

	Perspec:ves		



Thank	you	for	your	aWen:on	!	


