
Bukovel                                                                                                                August 26 , 2012 - September 2, 2012 

LASER NANOMETROLOGY 

 

Anatoliy Negriyko 
 

 

 

Institute of Physics  

National academy of sciences of Ukraine 

International Summer School 

"NANOTECHNOLOGY: from fundamental 

research to innovations” 



Bukovel                                                                                                                August 26 , 2012 - September 2, 2012 

Institute of Physics  

National academy of sciences of Ukraine 

International Summer School 

"NANOTECHNOLOGY: from fundamental 

research to innovations” 

Nanometrology is the science of 

measurement at the nanoscale 

 (1 nm to 100 nm). 

  
It has a crucial role in the production of 

nanomaterials and the manufacturing of 

nanoscale devices with a high degree of 

accuracy and reliability.  
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 European 

Nanometrology 2020  

 

 Co-Nanomet  

Co-ordination of Nanometrology in Europe 

• Dimensional nanometrology 

 

•  Chemical nanometrology 

 

• Thin film nanometrology 

 

• Mechanical nanometrology 

 

• Metrology for nanostructured 

materials  

 

• Electrical nanometrology 

 

• Biological nanometrology 

 

•Modelling and simulations for 

nanometrology    
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LASER BASED MESUREMENT TECHNIQUES 

• AFM, STM traceable to the national standards 

• Laser interferometry 

• Microscopy, confocal microscopy 

• Laser spectroscopy, Raman, FTIR 

• Polarimetry 

• Light scattering and diffraction  

• Laser tweezer, force measurement 

• etc... 

 



SEM: Scanning 

Electron Microscope; 

SPM: Scanning 

Probe Microscop; 

AFM: Atomic Force 

Microscope. 

The grey box 

displays the 

dimensional range of 

nanomaterials. 

 Dimensional Nanometrology 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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The Scanning Tunneling 

Microscope 

The scanning tunneling 

microscope (STM) is a type of 

electron microscope that shows 

three-dimensional images of a 

sample. In the STM, the structure 

of a surface is studied using a 

stylus that scans the surface at a 

fixed distance from it. 
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www.nobelprize.org/educational/physics/microscopes/scanning/gallery/9.httml 

A stadium shaped 

corral made by iron 

atoms on a copper 

surface. 
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Nanometer Scale Dimensional 

Metrology: Calibrated Atomic 

Force Microscope  

 

 

The semiconductor and nanotechnology 

industries have rapidly increasing 

dimensional metrology requirements in 

regimes where traceability to the SI unit of 

length is not always readily available. 
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https://noppa.aalto.fi/noppa/.../Tfy-125_4008_nanometrology.pdf 
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https://noppa.aalto.fi/noppa/.../Tfy-125_4008_nanometrology.pdf 
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Moving an object mirror by half of a wavelength (λ/2)  

produces a full cycle of the interference signal 

 

Beam 1 
 

Beam 2 

Interference signal 

object mirror 

moves 




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A Coordinate Measuring Mashine  works at the nanoscale and provide 

the necessary stiffness and stability to achieve nanoscale uncertainties in 

x,y and z directions. 

 

 The probes for such a machine need to be small to enable a 3-D 

measurement of nanometre features from the sides and from inside like 

nanoholes. Also for accuracy laser interferometers need to be used. 

NIST has developed a surface measuring instrument, called the 

Molecular Measuring Machine. This instrument is basically an STM. The 

x- and y-axes are read out by laser interferometers. The molecules on 

the surface area can be identified individually and at the same time the 

distance between any two molecules can be determined. For measuring 

with molecular resolution, the measuring times become very large for 

even a very small surface area.  
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Design of a large measurement-volume 

metrological atomic force microscope 

(AFM) 

Brian J Eves, Meas. Sci. Technol. 20 (2009) 084003 (5pp) 
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LASER LINE WIDTH:  SCHAWLOW-TOWNES LIMIT 
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For λ=0,6328 мкм  ћ ≈ 1,96 еВ ≈ 3,1 10-19 Дж 

2Pout / ћ ≈  0,65 1016  for  Pout  = 1 mW  

gaincav  
cav ≈ 106 Гц osc ≈ 10-4 Гц 
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LASER LINE WIDTH: STATE-OF-ART 

osc ~ 0,2 Hz, frequency stabilized dye laser, relative 

frequency instability 10-16 for 1 s 

~ 0,4 Hz, Nd:YAG laser (NPL, JILA)  

~  0,4 – 1 Гц diode laser (PTB, NIST, NPL…), 
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LASER MICHELSON INTERFEROMETER RESOLUTION 

Laser shot noise Detector noise 

For laser power P=100 μW, measurement bandwidth 10 kHz, 

uncertainty dxquant = 0,44 pm, dxclassical  =0,36 pm, total uncertainty 

0,57 pm corresponding to fringe interpolation of one part in 555 000. 

 

Digital signal processing make rapid phase measurements with 

resolution 0,010  (one part in 36 000), for wavelength 633 nm this 

corresponds to a resolution 9 pm.       

J. Lawall, E. Kessler, Rev. Sci. Instrum., v.71,no.7 (2000) 



Bukovel                                                                                                                August 26 , 2012 - September 2, 2012 

Institute of Physics  

National academy of sciences of Ukraine 

International Summer School 

"NANOTECHNOLOGY: from fundamental 

research to innovations” 

THE PRACTICAL REALIZATION OF THE METRE  

WITH LASER RADIATIONS 
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FREQUENCY-STABILIZED HE-NE LASER 

633 nm, relative 

instability 10-12 

3,39 μm, relative 

instability 5 10-14 
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He-Ne  127I2 

IODINE-STABILIZED METROLOGICAL LASER 
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Diode laser interferometer of small displacement  
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 



SEM: Scheme 

http://www-archive.mse.iastate.edu/microscopy/path2.html 

SEM image of Co3O4 nanoparticles in cluster 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 



TEM: scheme 

http://www.nobelprize.org/educational/physics/microscopes/tem/index.html 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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http://withfriendship.com/user/sathvi/ftir.php 

http://withfriendship.com/user/sathvi/ftir.php
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Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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LASER DIFFRACTION 

Mastersizer 3000 

Smarter particle sizing 

0.01 - 3500 µm  

 
0.01 - 3500 µm  

 

Size range: 0,01 – 3500 μm 

www.malvern.com/labeng/products/mastersizer3000.htm 
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0.01 - 3500 µm  

 
0.01 - 3500 µm  

 

Dynamic Light Scattering (also known as PCS - Photon 

Correlation Spectroscopy) measures Brownian motion 

and relates this to the size of the particles. It does this by 

illuminating the particles with a laser and analysing the 

intensity fluctuations in the scattered light. 
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0.01 - 3500 µm  

 
0.01 - 3500 µm  

 

Specle pattern 
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Scatterometry is the investigation of micro- or nanostructured surfaces 

regarding their geometry and dimension by measurement and analysis of 

light diffraction from these surfaces. In contrast to optical methods, non-

imaging metrology methods like scatterometry are not diffraction limited. 

They give access to the geometrical parameters of periodic structures like 

structure width (CD), pitch, side-wall angle or line height. However, 

scatterometry requires apriori information about the surface structure. The 

inverse diffraction problem has to be solved to determine the structure 

parameters from a measured diffraction pattern. Proper scatterometric 

measurements require an intense effort regarding modeling, simulation 

and inverse methods.  



Bukovel                                                                                                                August 26 , 2012 - September 2, 2012 

Institute of Physics  

National academy of sciences of Ukraine 

International Summer School 

"NANOTECHNOLOGY: from fundamental 

research to innovations” 

Dynamic Scatter Light: in the exemple the powder contains 50% of 

nanparticles sized 5 nm and 50% of their aggregates, sized 50nm. The 

number and the volume of particles, and the intensity of the scattered 

light are shown. Note that for particles of larger size the intensity is 

greater: in fact, smaller particles move faster, causing a rapid decay of 

scattering. 

Eighth nanoforum report:nanometrology. 2006. www.nanoforum.org. 
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In the next decade, 

nanotechnology can be 

expected to approach 

maturity, as a major 

enabling technological 

discipline with widespread 

application. The principal 

drivers for its development 

are likely to shift from an 

overarching focus on the 

‘joy of discovery’ towards 

the requirement to fulfil 

societal needs. 

 
 Co-Nanomet  

Co-ordination of Nanometrology in Europe 
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Thanks for your attention 


