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Scanning Probe Microscopy (SPM) 



1966 - 1981 ï ʀʟʦʙʨʝʪʝʥʠʝ ʉʊʄ, ʈʘʩʩʝʣ ʗʥʛ (1966), ɻʝʨʜ ɹʠʥʥʠʛ, ɻʝʨʙʝʨʜ ʈʦʨʝʨ (1979), ʕʨʥʩʪ ʈʫʩʢʘ 

(ʕʄ) ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʟʘ ʠʟʦʙʨʝʪʝʥʠʝ ʪʫʥʥʝʣʴʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 1986) 

1986 ï ʀʟʦʙʨʝʪʝʥʠʝ ɸʉʄ (ɻʝʨʜ ɹʠʥʠʛ, ʂʨʠʩʪʦʬʝʨ ɻʝʨʙʝʨ, ʂʝʣʴʚʠʥ ʂʫʵʡʪ) 

In 1987, while on sabbatical, Vergil Elings co-founded Digital Instruments (DI), which became 

the worldôs leader in the design and manufacture of Scanning Probe Microscopes (SPMs),  
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Global Atomic Force Microscopes (AFM) Market Insights, 
Forecast from 2018 to 2025  
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ʅʊ-ʄɼʊ ʉʧʝʢʪʨʫʤ ʀʥʩʪʨʫʤʝʥʪʩ 
ʂʦʣʣʝʢʪʠʚ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ï ʩʘʤʳʡ ʦʧʳʪʥʳʡ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ ï ʦʧʳʪ ʨʘʙʦʪʳ ʩ 1989 ʛʦʜʘ 



Contact AFM mode 

Semicontact SPM ï 

Tapping mode 
Noncontact SPM mode 

In modern SPM more than 40 different modes of studying the surface 

Research environments: Air, controlled atmosphere, liquids, electrolytes, 

vacuum from 10-3 to 10-11 torr 

Scanning Force spectroscopy ï Hybrid 

(PeakForce) mode 
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Physical principles of Aperture Less 

Scanning Nearfield Microscopy  

Laser Detector 
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Ref. mirror 

Cantilever 

AL SNOM Resolution ï up to 10 nm!!! 



üElectron state density and work function distribution to use Scanning Tunneling microscopy and 

spectroscopy; 

üThe profile of surface structures and its dependence on the pressing pressure; 

üInhomogeneity of the frictional force in the probe-surface system; 

üHeterogeneity of adhesion forces; 

üDistribution of surface potential (Kelvin-mode); 

üDistribution of electrical conductivity and capacity in the cantilever-surface contact; 

üDistribution of thermal conductivity;  

üYoung's modulus distribution; 

üDiagnostics of limits of elastic deformation; 

üDistribution of undersurfaces magnetic forces; 

üDistribution of piezoelectric characteristics of surface structures as for the hard and delicate materials such 

as peptides nanotubes; 

üThe distribution of the optical properties of the surface with a resolution significantly exceeding diffraction 

limits in aperture and cantilevers aperture less near-field optical microscopy with a number of AFM modes; 

üPossibility of surface modification by tension, current or electric fields actions.  

 



2009 

IR ALSNOM,  

ʀʅʊɽɻʈɸ-ʉʇɽʂʊʈɸ-4ʈ   

ʊʀʊɸʅʀʋʄ  2016 

polySi-Technology, Rc- 3-5 nm 

ʅʦʚʳʝ ʪʠʧʳ ʢʘʥʪʠʣʝʚʝʨʦʚ (2015 -2016 ʛ.ʛ.) 
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NT-MDT Spectrum Instruments Product Line 



ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʝʢʪ ʉʊɸʈʊ 
ʀʥʠʮʠʘʪʦʨʦʤ ʧʨʦʝʢʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʢʘʥʠʨʫʶʱʠʭ ʟʦʥʜʦʚʳʭ 

ʤʠʢʨʦʩʢʦʧʦʚ ʚ ʰʢʦʣʘʭ, ʢʦʣʣʝʜʞʘʭ, ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ 

ʙʳʣ ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʬʠʟʠʢʝ ɾʦʨʝʩ ʀʚʘʥʦʚʠʯ 

ɸʣʬʝʨʦʚ. ʀʜʝʷ ʦʢʘʟʘʣʘʩʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʡ ʠ ʧʦʧʫʣʷʨʥʦʡ.  

ʈʘʟʨʘʙʦʪʢʠ ʧʨʠʙʦʨʦʚ ʥʘʯʘʣʠʩʴ ʩ 2002 ʛʦʜʘ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʪʨʠ ʧʦʢʦʣʝʥʠʷ 

ʧʨʠʙʦʨʦʚ ʵʪʦʛʦ ʪʠʧʘ. ʋʞʝ ʚʪʦʨʘʷ ʚʝʨʩʠʷ ʧʨʠʙʦʨʦʚ ï 

ʅɸʅʆʕɼʔʖʂɸʈʆʈ-II ʚʦʰʣʘ ʚ ʩʦʪʥʶ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ 

ʨʘʟʨʘʙʦʪʦʢ.   

ʋʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʅɸʅʆʕɼʖʂɸʊʆʈ  

ʫʩʪʘʥʦʚʣʝʥ ʚ ʙʦʣʝʝ ʯʝʤ 80 ɺʋɿʘʭ, ʠ 320 ʰʢʦʣʘʭ ʚ 

ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥ 3-ʡ ʚʘʨʠʘʥʪ ʵʪʠʭ ʧʨʠʙʦʨʦʚ ʩ 

ʤʦʱʥʳʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʥʘʧʦʣʥʝʥʠʝʤ ʥʘ ʙʘʟʝ 

ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʫʯʘʱʠʭʩʷ ʥʝ ʥʘ ʤʝʪʦʜʠʢʝ ʠ 

ʧʨʠʙʦʨʝ, ʘ ʥʘ ʧʨʝʜʤʝʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʢʣʝʪʦʢ, ʚʠʨʫʩʦʚ, ʤʦʣʝʢʫʣ. ʅʘ 

ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

15-03-1930 ï 01-03-2019 



High resolution stand along optic.  

2.5 um optical resolution. 

Continuous manual zoom. 

And 

built-in USB camera. 

High resolution Optics           Solver NANO 



Human erythrocytes, AFM 

scan size 50Ĭ50 Õm 

        IC, AFM  

scan size 30Ĭ30 Õm 

NANOEDUCATOR-2 allows to obtain atomic resolution, and to 

measure the sizes and properties of microcircuits and to 

investigate biological structures 

HOPG, atomic resolution, STM  

scan size 2Ĭ2 nm 



Cantilevers 

36 - 370 

1 ʤʢʤ 
1 ʤʢʤ 

1,5 ʤʢʤ 

1,5 ʤʢʤ 

6 ʤʢʤ 

The radius of curvature of the tip 

is about 3 nm 

SNOM Single Diamond 

Colloidal probes 

Carbine tip 

Au/Ag coat TERS tip 



FIRST REVOLUTION in AFM ï SEMICONTACT or TAPPIG MODE!!!  

Semicontact or Tapping modes SPM strongly (by 3 orders) reduce the pressure of the tip on the object and enable to 

conduct non-destructive studies (proposed by IBM engineer Christoph Gerber, real application ï Dr. Virgil Elings , Digital 

Instruments named it as TAPPING MODE, 1993) 



At the SPM Solver-P47 it was shown that the 

atomic force image of LB films of cadmium 

arahidate has no relation to the model 

understanding of the structure of LB films of 

domain structures 

The model of the 

structure of LB 

films, which has 

lived in the minds 

of more than 50 

years, is not true 

!!! 

AFM studies in the TAPPING 

MODE mode opened their eyes to 

the structure of LB films as a much 

more complex object than they were 

thought of and without the AFM 

methods the development of 

functional systems based on them is 

impossible 

Tapping Mode AFM OPEN the EYES FOR MATERIALS RESEARCH!!!  





ATOMIC FORCE MICROSCOPY 

Scanning by sample Scanning by probe 

www.ntmdt-si.com 

Piezoceramic elements for sub nanometer displacements, 

but CREEP and HISTERESIS!!! 



DECISION ï 3D High accuracy capacitance sensors !!! 

   

ʉʢʘʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʤ ʉʢʘʥʠʨʦʚʘʥʠʝ 
ʟʦʥʜʦʤ 



Closed-loop control as used for nanolithography, scan size 1.9x1.9 Õm 

Closed-loop operation off Closed-loop operation on  



The high-resolution AFM image showing an 
assembly of single-layer, functionalized  Graphene 
sheets. 
 
Some of the sheets are many square micrometers 
large. The thickness of each sheet is less than 1 nm. 

Atomic resolution STM image of graphite 
(HOPG) 

High resolution AFM and STM of graphite structures 

Image courtesy:  
Dr. Hannes Schniepp (The College of William & Mary, USA) 







The properties of the materials obtained from the force curve 

From each power curve the following values are calculated: 
üThe height of the relief for a given clamping force (Set Point) 
üElastic modulus 
üStrength of adhesion 
üDeformation (hardness) 
üEnergy dissipation 
üQuality of damped oscillations 



Controller for Hybrid Mode + 

PX ULTRA CONTROLLER 

üFrequency range ï up to 5MHz 

ü5 lock-ins amplifiers 

üADC rates ï 500kHz 

üADC resolution ï 18bit 

üPhase noise floor ï 0,010 

 



Quantitative nanomechanical measurements  
Ultimate spatial resolution 

HD QNM study of PS-b-PMMA. Right image demonstrates around 10 nm spatial resolution.   

 Braking the force limit 

¸ƻǳƴƎΩǎ aƻŘǳƭǳǎΥ 
Si: 70 GPa 
Tin: 50 GPa 
Bismuth: 32 GPa 

HD QNM study of Tin-Bismuth alloy . Scan size: 10Ҏ10 ҡƳΦ 

Sn 

Bi  

Topography Youngôs modulus 



HybriD Scattering Scanning Near-field Microscopy 

ÅHD s-SNOM study of PS/PBD film demonstrate better than 100 nm optical resolution 

300 nm 300 nm 

1 Õm 

1 Õm 

1 Õm 
PMT signal per one cycle ï 

ñoptical curveò 



LIVING stem cells 

An array of data from 180x300 power curves allows you to build a stiffness map of the 

sample (right) and an image of its relief (on the left) 

Hardness Topography 



HybriD Mode 
topography 

current 

stiffness 

current+ stiffness 

1x1um 
Complex study of 
έƭƻƻǎŜέ ŎŀǊōƻƴ 

nanotubes on SIO2 

HybriD Mode: loose CNT conductivity 



HybriD PFM: Principle of 

operation 

The principle of HybriD PFM. (a) Typical curve 

of the probe-sample interaction force per 

measurement cycle. (b) Scheme of interaction 

of a probe with a piezoelectric. (c) Method of 

operation of the method. 

Key Features: 

× The supply of voltage and the 

recording of the phase and 

amplitude of the piezoelectric 

response strictly during the 

contact of the probe with the 

sample 

× The ability to measure at 

voltages up to 150V 

×   Simultaneous measurement 

of the modulus of elasticity, 

sample probe adhesion and 

permittivity 

×Minimizing the lateral 

interaction of the probe with 

the sample due to its removal 

from the surface at each scan 

point 

×Compensation for beam 

bending drift at each scan 

point 

 

 



HybriD Piezoresponse Force Microscopy 

ʊ, ʦʉ 

35       60 

Curie temperature (T=49 
ʦʉ) 

Topography 
Piezoresponse 

amplitude 
Piezoresponse 

Phase 
a) 

b) 

c) 

HD PFM images of triglycine sulfate crystal.  

Temperature dependence of domain structure while continuous scanning is 

shown for the fist time. Scan size 8Ĭ15 um.  Temperature change less then 0,1 

grad/sec  
Image courtesy: Arseniy Kalinin, NT-MDT Spectrum Instruments, sample courtesy: R. 

Gainutdinov, Institute of Crystallography RAS 

 

HybriD Piezoresponse Force Microscopy (HD PFM) is a novel approach for compositional study of 

topography and electromechanical properties of soft and fragile samples. HD PFM is based on fast force-

distance curves measurements for each scanning point with simultaneous  piezoelectric excitation. It 

allows nondestructive investigation of surface morphology, piezoelectric coefficient and polarization 

direction including continuous measurements under variable temperature.  

 

HD PFM working principle: a) 

typical force-time curve; b) tip-

sample position in each scanning 

point; c) tip-sample interaction 

scheme 





Thermal conductivity measurements of supported and 

suspended graphene single- and multilayers 

Special SThM tip works al local heater and 

temperature sensor Thermal conductivity map  

(sensor tip temperature) 
Thermal resistance profiles: supported and 

suspended bilayer graphene, supported bi-  

and single layer graphene. 


