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Touching the Nanoworld.  

Various Ways for Surface Characterization 

at Nanoscale by means of AFM 



NT-MDT Spectrum Instruments 

o 29 years as a manufacture of Scanning Probe Microscopes 
(SPM), established 1989. 
o Global distribution channel 
o Global infrastructure for sales, applications and support 
o Over 150 employees globally 
o More than 4000 system installation in 62 countries 
o One of the 3 largest SPM companies globally 
 



NT-MDT Spectrum Instruments 



NT-MDT SI World Distribution 



NT-MDT Spectrum Instruments 



Product Line 



Agenda 

Part I – Introduction and “Getting in Contact” 
• AFM operational principles 
• 3 main ways AFM interacts with the surface 
• Contact mode related AFM techniques 

Part II – Resonance Oscillatory Modes 
• Approach of resonant interaction 
• Tapping Mode – a “good child” 
• Tips for getting a perfect image in Tapping 
• Tapping-related AFM techniques 
• Tracking the frequency 

Part III – Non-Resonant Oscillatory HybriD Mode 
• Tracking the topography 
• QNM – Quantitative Mechanical Mapping 
• HybriD Mod related AFM techniques 
• Few words about Optics 

Discussion 
 



AFM History and Background 



AFM Operational Principle 



AFM Operational Principle 

Tip scanning configuration 



AFM Types 

Atomic Force Microscopy 
Contact Mode 
Lateral force imaging, force modulation, 
contact resonance, PFM  

Oscillatory Resonant Modes 
Amplitude modulation with phase and 
frequency imaging, frequency modulation, 
single- and double pass methods 

Oscillatory Non-Resonant Modes 
Jumping mode, HybriD™ mode, etc  

Combination with Spectroscopy 
Methods: 
Optical, Raman, IR, etc 

AFM Operator & Operating 
Procedures 
  Loading & Aligning a Probe 
Single probe and multi-probe 
cartridge; manual and automatic 
alignment 
   

Contact Mode 

Measurements’ Routines 
Studies at variable tip-forces; 
automated and non-attended 
multi-site and multi-probe 
experiments 

Oscillatory Non-Resonance Mode: 
Hybrid Mode 

Loading of a Sample 
Manual and automatic loading 

Engagement of a Probe  
Manual and automatic 
engagement; soft approach 
algorithm  

Oscillatory Resonance Mode: 
Amplitude Modulation 



Contact Mode 



Contact Mode 

According the Hook’s law, 
Force interaction between tip 
and the sample is 
proportional to tip bending 
and the cantilever stiffness. 
Stiffness for contact mode 
cantilevers can vary from 
0,01 to several N/m 



Contact Mode 



Atomic Resolution 

8 nm 

Height 

4.5 nm 18 nm 

Height C48H96 Height PDA Mica 



Brick Road Effect 



Lateral Force (Nanotribology) 



Lateral Force (Nanotribology) 



Spreading Resistance 



Spreading Resistance 

Top left topography obtained in SSRM mode (-5V), 
top right – current mapping, bottom right current 
cross-section profile.  

Scan size: 2 2 µm 



I/V Spectroscopy 



I/V Spectroscopy 

-10 V -5 V -1 V 

+1 V +5 V +10 V 



Conductivity Map of OTS 

Current contrast of 
“Flowers” about 2 pA 

Current Topography 

Sample Courtesy: Prof. Jacob Sagiv, Weizmann Institute of Science, Israel 



Piezo Force AFM 

20 µm 

20 µm 20 µm 

Topography 

VPFM Amplitude VPFM Phase 

PFM studies  of TGS sample.  
 
• Cantilevers (40 N/m) with Pt 
coating were used for 
measurements 
• AC-sample mode  with 
10V@100kHz  applied was used 
for  PFM measurements.  



VPFM and LPFM 

Topography Topography Amplitude, VPFM Phase, VPFM 

PFM: 
60V@100kH

z 

Amplitude, LPFM Phase, LPFM 

DIPAB  – courtesy  Prof. T. Usher (UC San 
Bernardino) 

High-Temperature Molecular Ferroelectric Crystal of Diisopropylammonium Bromide (DIPAB) 

4 µm 4 µm 4 µm 

4 µm 4 µm 

DIPAB 

426K 
b 

c 



Atomic Force Spectroscopy Principle 



Force Curves on Different Materials 

Polymer 
Material 

Elastic Modulus 
Macro 

Elastic Modulus  
AFM  

Work of Adhesion 
Macro 

Work of Adhesion 
AFM 

PDMS-8 13.4MPa 13.9MPa 49 J/m2 32 J/m2   

PDMS-60 1.61MPa 1.74MPa 58 J/m2 52.2 J/m2 

PDMS-130 0.74MPa 0.66MPa 47–58 J/m2 42.1 J/m2 

PDMS130 

PDMS60 
PDMS8 PDMS8 

Standard Models for AFM 

Models: Hertz, Sneddon, JKR, DMT 

Rubbery materials:  
PDMS8, PDMS60 and PDMS 130  

D D 

Z Z 
PBD 

PS 

Force Curves measured on PS/PBD 
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