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Recently developed HybriD-based modes: 

ÅPiezoresponse force microscopy (HD PFM) 

ÅScanning thermoelectric microscopy (HD SThEM) 

ÅScanning thermal microscopy (HD SThM) 

ÅConductivity studies (HD C-AFM) 

ÅVacuum and Liquid measurements (Vacuum HD & Bio HD) 

ÅAFM+Optical: HD TERS and HD s-SNOM 

Conclusion 

 



History: Jumping mode AFM 

Patent US 5229606 ñJumping probe microscopeò  

Applied in 1989 by Virgil B. Elings, John A. Gurley 

 



HybriD Mode working principle 

HybriD mode (HD mode) ï scanning technique based on fast force-
distance curves measurements with real-time processing of the tip 
response. 

 

HybriD mode working principle 

S. Magonov, S. Belikov, J. D. Alexander, C. G. Wall, S. Leesment, and V. Bykov, ñScanning probe based 

apparatus and methods for low-force profiling of sample surfaces and detection and mapping of local mechanical 

and electromagnetic properties in non-resonant oscillatory mode,ò US9110092B1. 



HD QNM  

Quantitative nanomechanical measurements 



Quantitative nanomechanical measurements 

Most used models of contact mechanics 

Model Approximation 

Hertz model ÅLarge tip radius (a/R<<1) 
ÅNo adhesive and capillary forces  

Derjagin-Muller-Toropov 
model (DMT) 
 

ÅSharp tip (ŀҒw) 
ÅLow adhesive and capillary 

forces 
ÅStiff samples 

Johnson-Kendall-Roberts 
model (JKR) 

ÅLarge tip radius (a/R<<1)  
ÅHigh adhesion 

Tip-sample interaction model 
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Quantitative nanomechanical measurements 

Real-time approximation of the force curves 

HybriD mode software  



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: 10×10 µm. 

Sn Bi 

Topography Youngôs modulus 



HD 2.0  

New generation of control electronics 



HybriD 2.0 Control Electronics 

Hew generation of control electronics for HybriD mode 

2012: HD Control electronics 2017: New HD 2.0 Control electronics 

 

4x faster FPGA and DSP 

2x faster ADCs 

High-speed digital LIAs and generators 

Build-in 150V AC and DC  

voltage extension for PFM measurements 
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HybriD Piezoresponse Force Microscopy 



HybriD Piezoresponse Force Microscopy 

HD PFM working principle: a) an idealized temporal deflection curve during an 

oscillatory cycle, b) tip-sample interaction in ñtime windowò, c) measurement scheme 

In HD PFM an AC voltage is applied to the conductive coating of the 

AFM cantilever when the tip comes in contact with the sample during 

each fast force spectroscopy cycle.  



HybriD Piezoresponse Force Microscopy 

Key advantages of HD PFM compared to the contact mode PFM: 

 

 
The ability of piezoresponse study of soft, loose and fragile samples: 
since the AFM tip retracts from the surface in each scanning point, the 
lateral tip-sample interaction force is significantly reduced in 
comparison to the conventional contact PFM technique. 

Simultaneous Quantitative Nanomechanical measurements 

Simultaneous double-pass resonant electrostatic measurements: 
Kelvin Probe Microscopy or Electrostatic Force Microscopy. 

Automatic compensation of the thermal drift of the AFM probe at each 
scanning point for the real-time PFM studies under varying 
temperature. 
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Motivation for the development: 

diphenylalanine peptide nanotubes 

Molecular structure of diphenylalanine peptide nanotubes1  

HybriD Piezoresponse Force Microscopy 

1Kholkin, A., Amdursky, N., Bdikin, I., Gazit, E., & Rosenman, G. (2010) ACS nano, 4(2), 610-614. 
2Ivanov, M., Kopyl, S., Tofail, S. A., Ryan, K., Rodriguez, B. J., Shur, V. Y., & Kholkin, A. L. (2016) In Electrically 

Active Materials for Medical Devices (pp. 149-166). 

d15 = 60 pm/V1 

E modulus = 19õ32 GPa  

Contact PFM image2 



Non-destructive electromechanical study of diphenylalanine peptide nanotubes. 
Scan size: 8Ĭ8 µm, nanotubes diameter: 30õ150 nm1. Sample courtesy: Dr. A. 
Kholkin, University of Aviero 

 

For the first time HD PFM mode allowed non-destructive piezoresponse 

study of diphenylalanine peptide nanotubes ï a very prospective material for 

biomedical applications.  

 

HybriD Piezoresponse Force Microscopy 

1 A. Kalinin, V. Atepalikhin, O. Pakhomov, A. Kholkin, A. Tselev. An Atomic Force Microscopy Mode for Nondestructive 

Electromechanical Studies and its Application to Diphenylalanine Peptide Nanotubes. To be published in Ultramicroscopy 




