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OUTLOOK	
  

-­‐	
  Coherence,	
  in	
  general	
  terms,	
  is	
  probably	
  the	
  most	
  striking	
  feature	
  of	
  laser	
  
radiaLon:	
  

o  How	
  can	
  coherence	
  be	
  exploited	
  in	
  (advanced,	
  high	
  end)	
  applica7ons?	
  
o  How	
  can	
  laser	
  provide	
  with	
  an	
  added	
  value	
  in	
  pushing	
  spa7al	
  resolu7on	
  

of	
  “coven7onal	
  techniques”	
  to	
  the	
  levels	
  required	
  for	
  nanotechnology?	
  
	
  
-­‐ 	
  Back	
  to	
  interference	
  and	
  the	
  need	
  for	
  coherence:	
  

o  ApplicaLons	
  of	
  coherence	
  for	
  metrological	
  non-­‐contact	
  analysis	
  
o  OpLcal	
  profilometry	
  

	
  
-­‐	
  Back	
  to	
  microscopy	
  and	
  the	
  helpful	
  adevnt	
  of	
  lasers:	
  

o  LimitaLons	
  of	
  convenLonal	
  microscopy	
  
o  The	
  STED	
  for	
  ulLmate	
  spaLal	
  resoluLon	
  
o  Using	
  extreme	
  diffracLon	
  to	
  gain	
  spaLal	
  resoluLon:	
  the	
  SNOM	
  

ObjecLve	
  :	
  to	
  see	
  how	
  lasers	
  have	
  allowed	
  a	
  substanLal	
  revival	
  (with	
  large	
  
improvements!)	
  of	
  various	
  opLcal	
  techniques	
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BACK	
  TO	
  INTERFERENCE	
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Michelson’s interferometer   
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MICHELSON’S	
  INTERFEROMETER	
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Two plane waves (of the same frequency) are made to interfere each other 

Superposition at the detector site     

Intensity read by the detector is 
proportional to the squared module 

Note: there is no interference if the 
polarization are mutually orthogonal 

The signal read by the detector depends 
on the difference of optical path ΔL 
 
Note that ΔL can be evaluated “module λ” 
 
 
A good sensitivity (tens of nm?) can be 
easily achieved, depending on the signal-
to-noise ratio 
 
The contrast depends on several factors 
such as, polarization, intensity 
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INTERFERENCE	
  FRINGES	
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Actually, Michelson did not measure the intensity with a detector, but he rather used a lens to re-
focus the interfering beams and looked at the interference fringes FRANGE�DI INTERFERENZA�

Differenza di cammino
ottico che dà interferenza
costruttiva

Formazione delle “frange” di interferenza può
essere spiegata facendo riferimento a 
interferenza in riflessione multipla (cfrinterferenza in riflessione multipla (cfr. 
Interferenza o diffrazione di Bragg, usata ad 
esempio in X-ray diffraction)

10Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

FRANGE�DI INTERFERENZA�

Differenza di cammino
ottico che dà interferenza
costruttiva

Formazione delle “frange” di interferenza può
essere spiegata facendo riferimento a 
interferenza in riflessione multipla (cfrinterferenza in riflessione multipla (cfr. 
Interferenza o diffrazione di Bragg, usata ad 
esempio in X-ray diffraction)

10Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

Fringes are formed because of the difference in optical path 
 
This can be explained by recalling the (already widely 
encountered) interference “à la Bragg”, i.e., for multiple 
reflections 
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COHERENCE	
  AND	
  INTERFERENCE	
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Michelson did use a conventional source (e.g., a vapor lamp) since … no laser was available 
at that time 
 
How can a laser help? 

PACCHETTI�D’ONDA E�MICHELSON

E, poiché la radiazione viaggia:

Se la differenza di cammino ottico è 
“troppo” grande, i pacchetti che hanno
percorso I due cammini non si
sovrapporranno
Æ la figura di interferenza scompare!!

12Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

Remember: indefinite waves cannot exist 
because of uncertainty principle ΔνΔt ≥ 1 
Rather, wavepackets must be considered 

PACCHETTI�D’ONDA E�MICHELSON

E, poiché la radiazione viaggia:

Se la differenza di cammino ottico è 
“troppo” grande, i pacchetti che hanno
percorso I due cammini non si
sovrapporranno
Æ la figura di interferenza scompare!!

12Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

Since the e.m. wave 
propagates, wavepackets 
with a certain (finite) 
duration will become 
wavepackets with a certain 
(finite) length   

If the (total) difference in optical path is too 
large, one packet will arrive onto the 

detector before the other one (or, if you 
prefer, there will be no superposition in 
space between the two wavepackets) 

--> No interference appears! 

Moreover: thanks to its monochromaticity laser light 
allows a reliable “calibration”, i.e., relationship 
between dephasing and difference in optical path 
Finally, a collimated beam is needed in order to 
have intense reflection from a mirror located far 
away, and here, too, laser is helpful  
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COERENZA�II

C t lt l d l f i
Lunghezza di coerenzaLunghezza di coerenza

Coerenza�temporaletemporale del�fascio�
essenziale�per�misure�di�interferometria
Ad�esempio:�misure�dimensionali��(non�
invasive) di componenti meccanici coninvasive)�di�componenti�meccanici�con�
precisione�nanometrica

Coerenza�richiede�monocromaticitàmonocromaticità!

13Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

TEMPORAL	
  AND	
  SPATIAL	
  COHERENCE	
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Coherence length 

If the difference in optical path is larger than 
the coherence length interference will 
disappear 

ΔsC ≈ c/(2πΔν)  
with Δν linewidth of the source  

Examples: 
Vapor lamp (spontaneous emission!) 
broadened due to Doppler effect: 
Δν ≈ 4 GHz --> ΔsC ≈ 8 cm 
 
HeNe laser  (singlemode operation) 
Δν ≈ 1 MHz --> ΔsC ≈ 50 m!! 

(Temporal/spatial) coherence requires 
monochromaticity 
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FIZEAU’S	
  INTERFEROMETER	
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In Fizeau’s configuration the interference is measured 
between the beam retroreflected from a reference mirror and 
that from  a (reflecting, at least, partially) surface under test 
 
The difference in optical path is typically small, but 
monochromatic light is needed to calibrate the dephasing in 
terms of length 
 
Moreover, fluctuations in the refractive index of the air are 
minimized (the distance between test and reference can be 
made small) 

INTERFEROMETRO�DI FIZEAU

27Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

Metrology of (partially) reflecting surfaces can be carried 
out if a reference flat (a mirror) is available 
 
In practice, differences of topography can be measured 
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DIFFERENTIAL	
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  CONTRAST	
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Nomarski’s microscope 

Differential Interference Contrast relies on the interference 
between two beams (with mutually orthogonal polarization) 
sent separately to the sample and then made to recombine 
(superpose, interfering each other) 
 
Laser light helps in preventing aberration (as in any 
microscopy) and controlling polarization 
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INTERFEROMETRIA�DI SUPERFICIE

Q i i tti i i t i ff t (i t f !) t
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Qui non ci sono oggetti in movimento ma si esegue un raffronto (interferenza!) tra un 
cammino ottico di riferimento e quello che prevede la riflessione dalla superficie

“SURFACE”	
  INTERFEROMETRY	
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OPTICAL	
  PROFILOMETRY	
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The operation of DIC or other configurations of interferometers, coupled to optical 
microscopy, enables 3D non-contact profilometry 
 
However: warning!  
o  Artifacts are possible due to the uneven scattering from nanosized asperities 
o  Large aspect-ratio machined surfaces are difficult to image  
o  Calibration is a cumbersome task 
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OLOGRAFIA
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HOLOGRAPHY	
  I	
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OLOGRAMMI�PER�“REGISTRARE”�UN’IMMAGINE
http://www.xmx.it/ologrammi.htm

Registrazione
Lettura
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“IMMAGINI”�3D

36Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

Nell’olografia è necessario avere un “buon” laser (grande lunghezza di coerenza) poiché le 
differenze di cammino ottico possono essere ampie

HOLOGRAPHY	
  II	
  

Laser	
  a.a.	
  2012/13	
  –	
  h+p://www.df.unipi.it/~fuso/dida	
  –	
  Part	
  8-­‐	
  Version	
  4	
  	
  

Holography is a kind of “lensless” (3D) 
photography based on the occurrence of 
interference 
 
Laser illumination is mandatory since 
difference in optical path can be relevant 
(and a long coherence length is required) 
 
Moreover laser can be defocused 
(enlarged) without losing coherence (the 
same way it can be focused) 
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HOLOGRAPHY	
  III	
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METROLOGIA�OLOGRAFICA�(CENNI)�I
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The concepts of 
holography find 
applications in various 
metrology methods 
useful for instance for 
real-time evaluation of 
deformation, stress, 
strains 
 
Very complicated… 



15	
  

SPECKLE	
  PATTERN	
  INTERFEROMETRY	
  I	
  

Laser	
  a.a.	
  2012/13	
  –	
  h+p://www.df.unipi.it/~fuso/dida	
  –	
  Part	
  8-­‐	
  Version	
  4	
  	
  

Picture of a green laser pointer 
sent onto a rough surface 

SPECKLES�(O�SPECKLE�PATTERNS)

Gli speckles si osservano per esempio inviando la radiazione
di un laser su una superficie non perfettamente levigata (e.g., p p g ( g ,
un foglio di carta)

Essendo dovuto a interferenza, lo speckle ha caratteristiche
ottiche “straordinarie” (e.g., è “sempre a fuoco”)( g p )

38Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�

Speckles (brilliant spots) appear when coherent, i.e., laser 
light is scattered by a non-flat surface 
 
They are due to constructive/destructive interference (in fact, 
they cannot be “focused” by the eye!) 
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SPECKLE�INTERFEROMETRY�I

L’analisi delle frange di interferenza in real-time 
si usa per ricostruire la deformazione del provino
in test di stress-strain

39Laser�a.a. 2010/11�– http://www.df.unipi.it/~fuso/dida Ͳ Parte�7Ͳ Versione�3�
http://www.dantecdynamics.com

SPECKLE	
  PATTERN	
  INTERFEROMETRY	
  II	
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Comparison between the speckle pattern of a 
undeformed and of a deformed object can 
provide with quantitative information of the stress 
localization (through the use of non-trivial 
algorithms operated in real-time) 
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METROLOGIA�OLOGRAFICA�(CENNI)�II
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Misure verticali molto accurate su un’estensione laterale molto grande!

SPECKLE	
  PATTERN	
  INTERFEROMETRY	
  III	
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High vertical resolution combined with 
very low in-plane resolution (needed 
to inspect large size samples!)  
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APPLICATIONS	
  TO	
  MICROSCOPY	
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In principle, laser metrology (based on interference) is sensitive to “one direction” (i.e., the 
direction of beam propagation) --> profilometry (i.e., topographical variations of a surface) 
 
It can obviously be implemented in microscopes to obtain images, but the in-plane 
resolution is typically limited 
 
How can laser improve optical microscopy? 
(Note: this entails also achieving non-metrological information, in principle all 
enabled by conventional microscopy!)  
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HISTORICAL	
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http://www.microscope-microscope.org 

Optical microscope is one of the most common scientific instrumentation 
(since a long, long time….) 
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Magnification is found (from 
geometrical optics) to be simply 
dependent on the inverse of the 
objective focal length fO 

Paramecium 

Main contrast mechanisms: 
-  Opacity/reflectance à morphology 
-  Color (often after staining) à selection 

of individual (functional) components 

No scan is needed and the eye acts as a 
(very sophisticated) detector 

MAGNIFICATION	
  AND	
  CONTRAST	
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DIFFRACTION	
  FROM	
  A	
  CIRCULAR	
  APERTURE	
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J1	
  =	
  0	
  for	
  kasinθ	
  ≈	
  3.8	
  -­‐-­‐>	
  sinθ	
  ≈	
  0.6	
  λ/a	
  	
  

Airy Disk 
Microscopy suffers from diffraction since a finite 
aperture objective is used to collect light! 
 
Magnification can be ideally increased without any 
limit, but spatial resolution remains finite 
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RAYLEIGH    Δxmin = 1.22λ   	


       2nsinθ	



ABBE              Pmin = _ λ _          
      2nsinθ	



 
         nsinθ = N.A. objective 

•  Rayleigh	
  criterion	
  
–  Resolving	
  two	
  equal	
  intensity	
  Airy	
  

spots	
  

–  SeparaLon	
  ~	
  0.61	
  λ	
  /	
  N.A.	
  
(circular	
  aperture)	
  

RAYLEIGH	
  CRITERION	
  AND	
  ABBE’S	
  LIMIT	
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Numerical Aperture (N.A.) plays a role in defining the resolution: 
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θ
λ

sin
61.0

min n
x =Δ

Rayleigh criterion/Abbe limit 

Increase n by 
using a high-
n transparent 
oil 

In the visible, the maximum 
resolving power is ~λ/2, i.e., 
200-300 nm	



Decrease λ,	
  
e.g.,	
  by	
  using	
  
parLcle	
  beams 

HOW	
  TO	
  IMPROVE	
  RESOLUTION	
  (IN	
  PRINCIPLE…)	
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Remember: p ≈ √2mE = /h  k 
--> λ ≈ 1-10 nm 
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HOW	
  TO	
  TAKE	
  ADVANTAGE	
  OF	
  LASERS	
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Electron microscopy is extremely powerful and effective in providing with very good 
resolution 
 
But: it has drawbacks such as, cost, need of sample preparation (very cumbersome if you 
aim at high resolution!), sample damage (hardly compatible with soft/organic matter), 
absence of “quantitative” contrast mechanisms 
 
Moreover, quite often sensitivity to optical properties (e.g., reflectivity, refractive index, 
scattering, luminescence, optical activity, etc.) is strictly required 
 

Optical microscopy is still the subject of important innovation! 

Three examples (among many) where the use of laser is able to improve spatial 
resolution and sensitivity in optical microscopy: 
-  Confocal microscopy 
-  STimulated Emission Depletion microscopy (STED) 
-  Scanning Near-field Optical Microscopy (SNOM 
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A	
  surface	
  pa+ern	
  ƒ(x,y)	
  (i.e.,	
  an	
  object	
  to	
  be	
  imaged!)	
  can	
  be	
  always	
  
described	
  in	
  terms	
  of	
  a	
  (2D)	
  Fourier	
  superposiLon	
  

	
  
Fourier	
  components	
  are	
  funcLon	
  of	
  the	
  reciprocal	
  space	
  kX	
  kY	
  :	
  	
  

f(x,y)	
  =	
  ∫	
  f’(kX,	
  kY,)	
  exp(-­‐ikX	
  x)	
  exp(-­‐ikY	
  y)	
  dkX	
  dkY	
  	
  
	
  

Large	
  kX	
  (and	
  kY)	
  values	
  imply	
  large	
  angular	
  displacement	
  
	
  

A	
  faithful	
  pa+ern	
  reproducLon	
  (i.e.,	
  an	
  accurate	
  image)	
  implies	
  collecLng	
  
the	
  largest	
  number	
  of	
  kX	
  and	
  kY	
  	
  

	
  
Large	
  numerical	
  aperture	
  (NA=nSinθ)	
  needed	
  for	
  high	
  resolu:on	
  

z	
  

x	
  

θ	



IlluminaLon	
  

CollecLon	
  opLcs	
  

Detector	
  

Object	
  (pa+ern)	
  

but	
  

In	
  non	
  point-­‐like	
  illuminaLon	
  schemes	
  (convenLonal)	
  rays	
  emi+ed	
  from	
  
different	
  points	
  of	
  the	
  surface	
  can	
  be	
  “spuriously”	
  collected	
  

	
  
Large	
  numerical	
  aperture	
  leads	
  to	
  sensiLvity	
  to	
  “stray	
  (unwanted)	
  light”	
  

	
  
Contrast	
  falls	
  down	
  and	
  high	
  space	
  resolu:on	
  is	
  hampered	
  	
  

z	
  

x	
  

θ	



IlluminaLon	
  

CollecLon	
  opLcs	
  

Detector	
  

Object	
  (pa+ern)	
  

A	
  FEW	
  WORDS	
  ON	
  FOURIER	
  OPTICS	
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Fourier analysis useful to transfer the problem: 
Time domain --> frequency domain   
but also   Real space domain --> reciprocal (wavevector) domain 

e.g.: transmission microscopy 
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Conventional microscopy 

Confocal microscopy 

CONFOCAL	
  MICROSCOPY	
  I	
  

Illumination is point-like 
thanks to the ability of 
focusing laser radiation 
Collection is from the 
same point 
--> Stray light prevented 
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CONFOCAL	
  MICROSCOPY	
  II	
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Besides increase of spatial resolution down to 
the diffraction limit (i.e., 200-300 nm!), the 
tight focusing of the illumination /collection 
enables sectioning (tomography-like) of the 
images to get 3D information 

Confocal microscopy is widely used in biology to 
investigate stained (typically, with fluorescent 
dyes) living cells or biological tissues 

Variant (made possible by pulsed lasers): two-photon 
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STED	
  MICROSCOPY	
  I	
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STED	
  MICROSCOPY	
  II	
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In the STED the fluorescence is “killed” (depleted) by exciting the molecule before spontaneous 
emission occurs 
à  Short-pulsed tunable (narrow band) lasers are needed, typically Ti:Sa 
à  High laser intensity is needed (but not desired…) 

Sub-diffraction spatial resolution is obtained by properly 
shaping the depleting laser beam in order to “kill” the 
fluorescence in a small region only 
 
Careful optical engineering required! 
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STED	
  MICROSCOPY	
  III	
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Both excitation and depletion spots are 
separately diffraction-limited, but their 
“difference” is sub-diffraction sized 

Note: 
the STED works on dye molecules (with suitable 
energy levels!) hence cannot be applied 
thoroughly at any material! Promised major 
exploitation is in the biological area (stained 
materials) 



31	
  

NEAR-­‐FIELD	
  AND	
  ITS	
  PROMISES	
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Confocal 

Near-field 
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DIFFRACTION	
  FROM	
  ANOTHER	
  POINT	
  OF	
  VIEW	
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Photons in a perfectly 
collimated plane wave 
have an impulse 
along the X-direction 

When passing through the 
slit, photons are “localized” 
along Y, hence Δy gets a 
finite value 

The impulse gets a non-
zero component along Y in 
order for the uncertainty 
principle (Heisenberg) to 
hold valid 

kp

py Y








=

≥ΔΔ
2

p 
X 

Y 

Δy	



p 

Diffraction can be seen also in a particle-like picture 
 
Diffraction means acquisition of in-plane components of the wavevectors  
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Basic idea: 
•  Stay (excite/observe) extremely 

close to the surface 
•  Use non-propagating e.m. fields 

extinguishing in extremely small 
scales 

 
Extremely means (practically) (well) 

below  λ /10  

Near-fields 
(e.g., produced by very small apertures) 

THE	
  BASIC	
  IDEA	
  OF	
  NEAR-­‐FIELD	
  MICROSCOPY	
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Basic idea (Synge) 
from diffraction 
theory 

Confirmation 
through theoretical 
modelling 

Experimental 
demonstration in  the 
MW 

HISTORY	
  OF	
  THE	
  IDEA	
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Optical near-field microscopy made 
possible thanks to advancements of 

SPM technologies 

Near-field probe 
SCANNING	
  PROBE	
  NEAR-­‐FIELD	
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Propaga:ng	
  waves:	
  	
  
ki	
  are	
  real	
  and	
  |kY	
  |	
  ≤	
  k	
  =	
  2π/λ	


	


Heisenberg’s	
  principle:	
  kY	
  ≥	
  2π / Δy	
  
	
  

Δy	
  ≥	
  ..λ	
  
(actual	
  parameters	
  give	
  the	
  Abbe’s	
  limit)	
  

	
  
…	
  but	
  …	
  

	
  
In	
  non-­‐propaga:ng	
  (e.g.,	
  evanescent)	
  
waves:	
  	
  
ki	
  can	
  be	
  imaginary,	
  and,	
  e.g.:	
  |kY	
  |	
  ≥	
  k	
  =	
  2π/λ	


	
  
	
  

The	
  Heisenberg’s	
  principle	
  is	
  no	
  longer	
  
ruling	
  the	
  ul8mate	
  resolu8on!	



Evanescent waves  
(e.g., by TIR) 

Example of waves with 
imaginary components 
of the wavevector: 

HOW	
  TO	
  GET	
  RID	
  OF	
  HEISENBERG	
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Tom Hunt http://www.physics.harvard.edu/~tomhunt/pubs/evanescent.pdf 

•  The kz component of the wave-
vector is imaginary 

•  The field intensity along Z is 
exponentially decaying  

•  The field is non-propagating  

Et[r,t] = E0texp(i(kt·r-ωt)) 
kt·r=ktxx + ktzz 
ktx=ktsinθt ; ktz=ktcosθt 
 
With Snell’s law: 
ktsinθt = n1ktsinθi/n2  
ktcosθt= ±kt (1-n1

2sin2θi/n2
2)1/2 

= ±i kt (n1
2sin2θi/n2

2-1)1/2 = ±i β	


 

Hence: 
Et[r,t] = E0texp(-βz) exp(i(kxx-ωt)) 

X 

Z 

n1 

n2 

n1 >n2 

REMINDERS	
  OF	
  EVANESCENT	
  WAVES	
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A vivid example of non-propagating waves are the so-called evanescent waves 
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Fourier optics:  
every field diffracted by an aperture (or an object) described through Fourier superposition of plane waves 

u, v: spatial frequencies 

Fourier components: 

k2 = (kz
2+u2+v2) = (2π/λ)2 

Hole (or object) size > λ	


	



•  low spatial frequencies 
•  root > 0 
•  kz real 
•  progressive wave along z 

Hole (or object) size < λ	


	



•  high spatial frequencies 
•  root < 0 
•  kz imaginary 
•  evanescent wave along z 

HOW	
  TO	
  EXPLAIN	
  RESOLUTION	
  ACCORDING	
  TO	
  FOURIER	
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Tapered optical fibers 
Most common probe-type: 

1) An optical fiber 
is heated and 
pulled 

2) A tapered end is 
achieved 

3) The taper cone 
is metal coated 

4) An “aperture” is 
left in the coating 
layer at the taper 
apex 

Typically, single-mode 
optical fibers are used 
 
Typically, 50-100 nm 
aperture size are obtained  

HOW	
  TO	
  PRACTICALLY	
  REALIZE	
  NEAR-­‐FIELD	
  EMITTERS	
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θi,n = θi,n-1 – α	



α	



50 nm 

Advantages:  
•  great flexibility 
•  easy to use  
•  relatively inexpensive 
•  available in different fashions 
•  relatively small aperture size (50 nm, typ) 

Disadvantages:  
•  small throughput (~10-4 -10-6) 
•  limitations in the power  
•  wear 

Multiple reflections at the (metal-
coated) walls leads to back-reflection 
(and damages due to absorption of the 
laser power) 

OPTICAL	
  FIBER	
  NEAR-­‐FIELD	
  PROBES	
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Use of lasers is mandatory in order to properly and 
efficiently couple radiation into the probe! 
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(ideal case, after Bethe) 

The evanescent near-field extinguishes in a very short range 

The tip must be kept very close (typ < 10 nm) to the surface  
for the sample to be concerned by the near-field 

 
Constant-gap operation needed!! 

Typically, the spatial 
resolution is ruled by the 
aperture size (i.e., ~ 50 nm) 

THE	
  NEED	
  FOR	
  APPROACH	
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Ø Probe kept in oscillation parallel to the surface 
Ø Oscillation amplitude monitored by a tuning-fork 
Ø Shear-forces (mostly associated with friction of the 

air layers between tip and surface)  efficiently damp 
the system oscillations at distances < 10 nm 

 
Notes:  
•  Oscillation amplitude must be small (typ ~ 1 nm) 

to prevent resolution loss 
•  Oscillation at resonance frequency required 

Feedback is applied, as in any SPM to keep 
constant the oscillation amplitude  
 

The distance feedback provides a topography 
image simultaneously with every SNOM scan 

THE	
  SHEAR-­‐FORCE	
  METHOD	
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•  A dithering piezoelectric transducer keeps the probe tip in oscillation 
along a direction parallel to the surface 

•  Oscillation amplitude is monitored by a tuning fork 
•  When the distance gets smaller (typ., below 10 nm), the oscillation is 

damped (and phase is changed) due to shear-forces 
•  Similar to AFM in tapping mode, but for the oscillation direction, the 

relevant distance and the involved mechanisms 

Fiber tip is glued onto a tuning fork 
(a piezoelectric device sensing the 
mechanical oscillation amplitude) 

To feedback circuit 

Mech resonance spectrum 
(undamped oscillation) 

A	
  CUSTOM-­‐MADE	
  SOLUTION	
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Photoluminescence of NV0 color 
centers in isolated diamond 

nanocrystals 

Topography 

Fluorescence 

Photoluminescence and tip-enhanced Raman 
nanoscopy  of individual single-wall  

Carbon Nanotubes 

Tip-
enhanced 
(apertureless
) 

H. Harutyunyan et al., Nano Lett. 9, 2010 (2009) 

Single,	
  isolated	
  nanostructures,	
  nanoparLcles,	
  or	
  
emiqng	
  molecules	
  can	
  be	
  analyzed	
  in	
  spectral	
  terms	
  

SNOM	
  EXAMPLES	
  I	
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SNOM	
  EXAMPLES	
  II	
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Topography 
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2.8

2.6

2.4

2.2

2.0

Map of the collected near-field 

Resonant excitation 690nm Non-resonant excitation 532nm Gold nanowire sample 

Hot-spots 

Maps of e.m. 
localization in a 
plasmonic 
substrate  

Topography Map of material dichroism 

Map of optical 
activity in a 
polymer 
electrospun 
nanofiber 

SNOM extends the measurement ability of microscopy to sub-diffraction spatial resolution 
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CONCLUSIONS	
  

ü Among	
  a	
  wide	
  (and	
  sLll	
  growing)	
  array	
  of	
  applicaLons,	
  the	
  advent	
  of	
  lasers	
  
has	
  enabled	
  remarkable	
  improvements	
  in	
  opLcal	
  technologies	
  such	
  as	
  
interferometry	
  (and	
  related	
  metrology)	
  and	
  microscopy	
  

ü OpLcal	
  profilometry,	
  holograms,	
  speckle	
  interference	
  methods	
  have	
  taken	
  
great	
  advantage	
  from	
  lasers	
  

ü Lasers	
  are	
  also	
  the	
  protagonist	
  of	
  a	
  revival	
  in	
  interest	
  for	
  opLcal	
  microscopy	
  

ü SubstanLal	
  progress	
  in	
  spaLal	
  resoluLon	
  towards	
  nanotechnology	
  
applicaLons	
  has	
  been	
  achieved	
  in	
  STED	
  and	
  SNOM,	
  both	
  made	
  possible	
  
thanks	
  to	
  the	
  availability	
  and	
  diffusion	
  of	
  laser	
  sources	
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