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Atomically Resolved Kelvin Probe Force Microscopy Measurements 
Analysed by a nc-AFM simulator

1 2Th. Glatzel , and L. Nony

Motivation

f = 1 MHz1 

sensitive to electrostatic forces

Second Resonance

adjust V  to minimize F  Þ  e×V  = DFdc w dc

DF = contact potential (CP) ® obtain work function F 1
when Fis known.2 

The UHV-KPFM is capable of simultaneously measuring topography and work function. The hight is regulated by a 

standard PLL loop at the first resonance  (f ) of the cantilever. An ac-bias voltage (V ) at the second resonance 0

frequency (f ) of the cantilever is used to determine the electrostatic force [1-4]. 1
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Conclusion & OutlookConclusion

!  Using SciFi to reconsider the SR
      and "electrostatic SR" interactions
      (microscopic description of the tip-
      surface capacitor)

Outlook
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Experimental Setup: Kelvin Probe Force Microscopy

Results showing/discussing atomic contrast in KPFM
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Amplitude-Modulation Kelvin probe force microscopy (AM-KPFM) experiments 
have shown frequently atomically resolved contact potential difference (CPD) 
images. In this work, we report numerical investigations performed with a modified 
scheme of our nc-AFM simulator [L. Nony et al., Phys Rev B 74, 235439 (2006)], 
with the goal to address the origin of such a contrast.

Amplitude modulation technique (AM-KPFM)

Features of the nc-AFM Simulator Results with an "iso-LR/SR force”

!  AM-KPFM simulator successfully implemented
!  Atomic contrast in CPD images on KBr is partially
     connected to the local surface electrostatic potential and
     can be numerically reproduced without considering
     electronics artifacts (distance controller disengaged)
!  Imaging mechanism involves an enhancement of the
      local CPD due to the derivative of the surface
      electrostatic potential and to the tip-surface capacitor
      (A , A  functions)  BUT quantitative measurements are2 1

      difficult
!  High sensitivity due to the use of a resonance of the
      cantilever
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Porphyrins on KBr thin films

! Two independent mechanical
     oscillators 
! Coupling occurs due to the 
     interaction force. 
     Instantaneous tip-surface distance :

z(t) = D - z (t) - z (t)0 1

1 - Long-range contribution : 
     Van der Waals interaction

2 - Short-range contribution : 
     ad hoc Morse potential

3 - Electrostatic contribution : 
     Mandelung potential

Effective potential : Electrostatic energy :

Electrostatic force :

usual term
additional short
 range force

Interaction force:

NOT VALID with ionic surfaces

!  V   z, tip-surface capacitor geometry (A , A ) and dV /dz dc 2 1 s

!  The CPD variations do not only depict the local surface electrostatic potential, but the
      experimental atomic contrast might be achieved due to that enhancement (+/-0.2 V easily
      detectable compared to +/-2 mV)
!  On metals, since V  is constant, the above formula remains valids

dc bias that nullifies the w component (A  and A  are tip-surface capacitor-related functions): kpfm 1 2

Experimental results: AM-KPFM on KBr(100)
Topography Local Contact Potential
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