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on a Nanoscope IIIa controller and version 5 software. Essential

to the work present here however was the Intermodulation AFM

extension system from Intermodulation Products AB, which can

be connected to any host AFM. This system uses a special mul-

tifrequency lockin amplifier to excite the cantilever at two fre-

quencies, and monitor the photo-detectors response at many in-

termodulation products (mixing products) of the two drives. The

multifrequency response was analyzed with the quantitative anal-

ysis software package from Intermodulation Products AB, which

performs the thermal noise calibration of the cantilever (NCHV

from Bruker) and the force quadrature analysis. Scanning is con-

trolled by the host AFM which is set to contact mode with the

multifrequency lockin supplying the error signal voltage for scan-

ning feedback. Amplitude and phase images at 32 frequencies (64

images in one scan) are collected and displayed in the Intermod-

ulation Products software, which follows the scan by responding

to end-of-line and end-of-file trigger signals from the host AFM.

Simulations were made by numerical integration with CVODE,

part of the SUNDIALS suite of nonlinear solvers31. Discrete event

detection was used to ensure that the integrator properly treated

the discontinuity in the interaction at s = 0. For the conservative

part of the interaction we used the DMT model29,

Fcon(s) =







−Fadh

a2

0

(s+a0)2 s > 0

−Fadh +
4

3
E∗

√
−Rs3 s < 0

(4)

where the reduced modulus E∗ is the geometric mean of that for

tip and surface, Fadh is the adhesion force, R the tip radius (as-

sumed spherical), a0 is the inter-atomic spacing, and s = z− zs is

the separation between the tip and surface.
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Intermodulation	
  Atomic	
  Force	
  microscopy	
  is	
  used	
  to	
  quantitatively	
  determine	
  
both	
  viscous	
  and	
  elastic	
  parameters	
  of	
  a	
  soft	
  material	
  interface.	
  	
  To	
  understand	
  
the	
  measured	
  force	
  quadratures	
  at	
  each	
  image	
  pixel,	
  a	
  dynamic	
  model	
  of	
  the	
  tip	
  
surface	
  interaction	
  is	
  introduced,	
  taking	
  in	
  to	
  account	
  not	
  only	
  the	
  dynamics	
  of	
  
the	
  AFM	
  cantilever,	
  but	
  also	
  the	
  dynamics	
  of	
  the	
  viscoelastic	
  surface.	
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