
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FM-AFM

 
 

 
A surface charge mapping technique based on frequency modulation atomic force microscopy 
(FM-AFM) working in liquid environments has been developed. We implemented a photothermal 
excitation setup for cantilever oscillation in liquids to perform quantitative force measurements. We 
analyzed the cantilever oscillation caused by an external modulation voltage between the tip and 
sample surface, and found that the conventional voltage modulation schemes for surface potential 
measurement cannot be applied in polar liquids. We also developed a method to estimate surface 
charge density by comparing measured electrostatic force with theoretically calculated force. 
 

 
 

    
2010  
2011  
2012  

 
 

 
 

 
 

 

FM-AFM

2 3

AFM

 
 

 
 

FM-AFM

 
 



 
 

 

3

(1) 

(2)  
(3)  
 

(1) 
 

 
AFM

Q

Q

 

405 nm

1 nm
1

2

 
FM-AFM

(2)  
 

KFM EFM
-

3

 

2:  
 

 
Frequency [Hz] 

1: (a)  (b) 
 



-
2
-

KFM EFM
 

 
(3)  
 

SDS sodium dodecyl 
sulfate 3

 
11  

K.-I. Umeda, K. Kobayashi, N. Oyabu, Y. Hirata, 
K. Matsushige and H. Yamada, “Analysis of 
capacitive force acting on a cantilever tip at 
solid/liquid interfaces”, J. Appl. Phys. 113, 
154311 (2013), DOI: 10.1063/1.4801795, 

. 

A. Labuda, K. Kobayashi, K. Suzuki, H. Yamada 
and P. Grütter, “Monotonic damping in 
nanoscopic hydration experiments”, Phys. Rev. 
Lett. 110, 066102 (2013), DOI: 
10.1063/1.4712286,  
 
K.-I. Umeda, K. Kobayashi, K. Matsushige and 
H. Yamada, “Direct actuation of cantilever in 
aqueous solutions by electrostatic force using 
high-frequency electric fields”, Appl. Phys. Lett. 
101, 123112 (2012), DOI: 10.1063/1.4754289, 

 
 
K. Suzuki, N. Oyabu, K. Kobayashi, K. 
Matsushige and H. Yamada, “Atomic-Resolution 
Imaging of Graphite-Water Interface by 
Frequency Modulation Atomic Force 
Microscopy” Appl. Phys. Express 4, 125102 
(2011), DOI: 10.1143/APEX.4.125102,  

S. Rode, R. Stark, J. Lübbe, L. Tröger, J. Schütte, 
K. Umeda, K. Kobayashi, H. Yamada and A. 
Kühnle, “Modification of a commercial atomic 
force microscopy for low-noise, high-resolution 
frequency-modulation imaging in liquid 
environment”, Rev. Sci. Instrum. 82, 073703 
(2011), DOI: 10.1063/1.3606399,  

A. Labuda, K. Kobayashi, D. Kiracofe, K. Suzuki, 
P. H. Grütter and H. Yamada, “Comparison of 
photothermal and piezoacoustic excitation 
methods for frequency and phase modulation 
atomic force microscopy in liquid environments”, 
AIP Advances 1, 022136 (2011), DOI: 
10.1063/1.3601872,  
 
K. Kobayashi, H. Yamada and K. Matsushige, 
“Reduction of frequency noise and frequency 
shift by phase shifting elements in frequency 
modulation atomic force microscopy”, Rev. Sci. 
Instrum. 82, 033708 (2011), DOI: 
10.1063/1.3557416,  
 
D. Kiracofe, K. Kobayashi, A. Labuda, A. 
Raman and H. Yamada, “High efficiency laser 
photothermal excitation of microcantilever 
vibrations in air and liquids”, Rev. Sci. Instrum. 
82, 013702 (2011), DOI: 10.1063/1.3518965, 

 
 
T. Hiasa, K. Kimura, H. Onishi, M. Ohta, K. 
Watanabe, R. Kokawa, N. Oyabu, K. Kobayashi 
and H. Yamada, “Aqueous Solution Structure 
over !-Al2O3(01-12) Probed by Frequency- 
Modulation Atomic Force Microscopy”, J. Phys. 

Distance [nm] 

3:  
 

-  



Chem. 114, 21423 (2010), DOI: 
10.1021/jp1057447,  
 
K. Suzuki, S. Kitamura, S. Tanaka, K. Kobayashi 
and H. Yamada, “Development of 
High-Resolution Imaging of Solid–Liquid 
Interface by Frequency Modulation Atomic 
Force Microscopy”, Jpn. J. Appl. Phys. 49, 
08LB12 (2010), DOI: 10.1143/JJAP.49.08LB12, 

 
 
K.-I. Umeda, N. Oyabu, K. Kobayashi, Y. Hirata, 
K. Matsushige and H. Yamada, “High-Resolution 
Frequency-Modulation Atomic Force 
Microscopy in Liquids Using Electrostatic 
Excitation Method”, Appl. Phys. Express 3, 
065205 (2010), DOI: 10.1143/APEX.3.065205, 

 

13  
K. Suzuki, K. Kobayashi, K. Matsushige and H. 
Yamada, “Molecular-Scale Investigations of 
Self-Assembled Surfactant Aggregates on 
Graphite by Force Mapping Using FM-AFM”, 
20th International Colloquium on Scanning 
Probe Microscopy, 2012 12 17 ,  
 
K.-I. Umeda, Y. Hirata, N. Oyabu, K. Kobayashi 
and H. Yamada, “Quantitative charge density 
measurement of biomolecule in aqueous 
solutions by FM-AFM with force mapping 
technique”, 20th International Colloquium on 
Scanning Probe Microscopy, 2012 12 18 , 

 

, , , , 
, “FM-AFM

”, 73
, 2012 9 12 , 

 
 

, , , , 
, “ AFM

 
”, 73 , 

2012 9 12 ,  
 

, , , , 
, “FM-AFM

”,  59
, 2012 3 17 ,  

 
, , , , 

, , “3

”, 59

, 2012 3 17 , 
 

 
, , , , 

, , “
AFM

”, 59
, 2012 3 17 ,  

 
K.-I. Umeda, Y. Hirata, N. Oyabu, K. Kobayashi, 
K. Matsushige and H. Yamada, “Quantitative 
study of local electric double layer force by 
FM-AFM in aqueous solutions”, 14th 
International Conference on non-contact Atomic 
Force Microscopy, 2011 9 17 , Lindau, 
Germany 
 

, , , , 
, , “FM-AFM

”, 72
, 2011 9 1 , 

 
 
D. Kiracofe, K. Kobayashi, A. Labuda, A. 
Raman and H. Yamada, “High Efficiency Laser 
Photothermal Excitation of Microcantilever 
Vibrations in Air and Liquids”, 18th International 
Colloquium on Scanning Probe Microscopy, 
2010 12 9 ,  
 
K.-I. Umeda, Y. Hirata, N. Oyabu, K. Kobayashi, 
K. Matsushige and H. Yamada, “Force 
Spectroscopy Study in Liquids by Frequency 
Modulation AFM Toward Local Charge 
Mapping at Solid/liquid Interface, MRS 2010 
Fall Meeting, 2010 10 29 , Boston, USA 
 
A. Labuda, , , , P. 
Grütter, , “ FM-AFM

”, 71
, 2010 9 17 , 

 
 

, , , , 
, , “

-
”, 2010 9 16 , 

 
 

 



2011-190981 
2011 9 1

2011-190980 
2011 9 1

2010-128127
2010 6 3

KOBAYASHI KEI

40335211


