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q  Glimpse	on	CNR	Research	Area	-	Roma	1	research	infrastructure	

Outline	

q  Ex	situ	characteriza<on	&	diagnos<c	techniques	
Ø  SEM-EDS	
Ø  Auger	&	X-ray	Photoelectron	Spectroscopy	
Ø  Combined	use	of	SEM,	EDS,	XPS	
Ø  Raman	and	IR	Spectroscopy		
Ø  SPM	
Ø  Laser	Scanning	Spectroscopy	

q  Poten<al	and	perspec<ves		
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www.mlib.cnr.it	

700	employees		
37,000	sqm		
technological	infrastructure’s	area.	



Due	to	its	wide	versa<lity,	SEM	is	largely	used	to	inves<gate	the	micro	and	nano-
morphological-structural-chemical	features	and	behaviour	of	a	wide	panorama	of	
materials	with	a	large	industrial	use	or	high	technological	interest.	

Morphological investigation of 
organic nanostructured 

materials: lipid nanoparticles 
for drug delivery (Bondì) 

Scanning	Electron	Microscopy	(SEM)		



Process	evalua>on	of	microelectronic	components	produc>on	

Structural and morphological study of thin films 
multi-layered structures for electronic devices 

Micro-patterning: 
study of ablation 
defects 

Investigation of the deposition 
processes of TiN protective films 

TiN 240 nm 

SiO2 

Si 

Optimisation of the 
ITO deposition 

parameters 



Produc>on	and	analysis	of	epoxy	resins		
for	the	packaging	of	avionic	system	components		

Dispersion  of graphene platelets 

The morphological investigation has guided the 
synthesis and the dispersion procedures of 
nanostructures improving: 
•  the electrical conductivity of 1100 %; 
•  the thermal conductivity of 470 %. 

Dispersion of CNTs e AuNPs 

Dispersion of CNTs 



Cross sections of Ni-based 
superalloys (Nimonic 80 A, MM002).  

SEM images and EDS spectra 
describe the protective oxide 

multilayered structure. 

Failure	analysis	of	jet	engine	turbine	blades	
Degrada<on	mechanisms	iden<fied		

SEM-EDS	morphological	and	chemical	analysis		



Auger & X-ray Photoelectron Spectroscopy 
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VB SPECTRUM 

CORE LEVEL SPECTRUM (XPS) 

AUGER SPECTRUM (AES) Ø  SURFACE CHEMICAL COMPOSITION (1-10 nm) 

Ø  CHEMICAL IMAGING 



Ø  SURFACE CHEMICAL COMPOSITION (1-10 nm) 

Ø  CHEMICAL IMAGING 

Ag MNN 
image 

Au NOO 
image 

Ar+ Ø  ION SPUTTERING 

Electron-gun 
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TBC deposited on a jet engine turbine blade (25.5 wt% 
CeO2–2.5 Y2O3 – ZrO2) after a thermal cycling test. The 
coating fracture has been caused by impurities (Si, Al, Na) 
segregation phenomena inducing also a columnar growth.  

Combined XPS and SEM analysis allows: 
•  to optimise the production processes; 
•  to evaluate the durability and reliability 
•  to prevent catastrophic failure 
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XPS	spectra	of	TBCs	produced	by	adop>ng	
different	deposi>on	parameters	(energy	region	
Al	2p,Si	2p,Fe	3s,Ce	4d)	

Al	
2p	

Fe	3s	
Si	
2p	

Ce	4d	

Coa>ngs	of	turbine	blades	and	combus>on	chamber	in	jet	engines	



Renishaw	2000	µ-Raman	with	 a	 Pel<er	 cooled	CCD	 camera	 in	
conjunc<on	with	a	Leica	op>cal	microscope	and	laser	excita<on	

Raman	 spectroscopy	 is	 a	 scaTering	 technique	 based	 on	 the	
inelas<c	scaTering	of	incident	radia<on	through	its	interac<on	
with	vibra<ng	molecules	(Raman	effect).		

The	 vibra<on	 modes	 of	 a	 substance	
depend	on:	
Ø 	mass	of	the	atoms	
Ø 	bonding	forces	
Ø 	symmetries	of	the	molecules	
Therefore,	 the	 Raman	 spectrum	 of	 a	
molecule	 corresponds	 to	 a	 "fingerprint"	
with	which	to	iden<fy	it.	

µ-Raman	spectroscopy	
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G/D	and	G-/G+	ra<os	are	indicators	of	sample	quality	
and	conduc<vity	of	the	sample	

Radial	Breathing	Mode	(RBM)	is	directly	related	
to	the	diameter	of	nanotubes	
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Molecular self assembly 

diamond	like	carbon	DLC	

Evalua<on	of	internal	stress	of	a	DLC	film	
on	a	Si	substrate:	

Eu-TiO2	NCs	func:onalized	co<on	

carbon	nanotubes	



ATR-FTIR	spectroscopy	for	Cultural	Heritage	

Inves<ga<on	of	the	composi<on	of	degrada<on	products	on	copper-based	works	
of	art.		

Analysis	of	pa<na	composi<on:	
ü  Iden<fica<on	 of	 degrada<on	 products	 on	

c o p p e r - b a s e d	 a l l o y s ,	 a s	 c o p p e r	
hydroxyclhorides	and	hydroxysulphates	

ü  D i s<ngu i s h	 d eg r ada<on	 p r odu c t s	
polymorphs	 with	 different	 chemical	
reac<vity	(as	clinoatacamite	and	atacamite)	
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Copper	hydroxyclhoride	degrada>on	products		

Copper	hydroxysulphate	degrada>on	products		

G. Di Carlo et al., Applied Surface Science 421 (2017) 120–127  

Adolfo Wildt 



SPM	

Surface 
potential 

Mechanical 
properties 
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Time-resolved micro-spectroscopy laboratory 

Confocal laser 
scanning microscope 
image 

PL spectrum PL temporal decay  

q  Spatially resolved (<300 nm) 
q  Energy resolved 
q  Time resolved (2 ps) 
q  Temperature 450 – 4,2 K 
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Correlation morphology-structure-function in composite systems 
AFM CLSM Localized PL spectrum 

Nature Materials, 4 (2005) 81 
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q SEM,	 XPS,	 XRD,	 SPM,	 RAMAN,	 FTIR,	 DTA-TG-DSC,	 LASER	
SPECTROSCOPY	and	OM,	allows	the	thorough	

•  	inves<ga<on	of	degrada<on	phenomena	(failure	analysis)	of				
						structures	and	components	
		
•  	op<miza<on	of	produc<on	processes	
	
•  	tailoring	of	the	materials	final	proper<es		

In summary	
q The	 combina<on	 of	 different	 analysis	 techniques	 is	

essen<al	for	the	development	of	ALM	Technology		

Aim	at	in-situ	process	monitoring	and	metrology	
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