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An example of EFM in Metals



AFM characterization of 
nanocontacts

Low- and middle resolution views of the Contact #2



CONTINUOUS FILM HERE NO LIFT-OFF WAS 
DONE IN ORDER TO MEASURE  ρ(resist.)
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Diagram of the electrostatic force microscopic measurement. 
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Theory(EFM with current)
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Topography (AFM) of the nanoconstriction show the width is 200nm, the thickness of the 
film is 13nm. The vertical cross-line(right) in the middle of the constriction indicate the film 
is about 3nm thinner in the constriction because of the fabrication.
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 Linear Fit: y=-0.143*x
 Linear Fit: y=0.14*x
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Bias Voltage (V)

Quadratic dependence of the electrostatic force signal (“Magsin”) on bias 
voltage on the tip. (b) is the root of square of (a), which shows linear 
relationship. 
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I=0 I=-0.6mAI=0.6mA

Electrostatic force microscopy (EFM) are measured without passing current (topleft), with 
0.6mA current (topright) and with –0.6mA current (downdleft). Without current, the EFM 
signal has a dip within the constriction, the dip are still there when current passes and will 
be removed when we calculate the potential drop from the EFM signal.
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When the polarity of the bias voltage 
on the tip is reversed, similar 
potential drops across the 
constriction are also measured in the 
condition of different passing 
current.
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Potential drop along 
contact
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Temperature effect on 
resistivity
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Measuring Surface Potential with AFM

0 50 100 150 200 250 300 350

0.00E+000

2.00E-009

4.00E-009

6.00E-009

8.00E-009

Fo
rc

e 
(N

)

Tip high from surface (nm)



Laboratorio de Física de Sistemas Pequeños y Nanotecnología

Measuring Surface Potential with EFM

Lateral potential measurements Lateral potential measurements 
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BV= +3V BV= -3V

+3V

-3V

∆V+a ∆V+b

∆V-a ∆V-b

If ∆V+a> ∆V+b

Then ∆V-a <∆V-b



TEH Si02 CASE: This sustain graphene layers
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Conduction in Thin FilmsConduction in Thin Films
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A summed up of measured thin film’s resistivities vs thickness 
of several metals retrieved from corresponding references

-■- Pt [10]
-●- Au (T≈0K) [11]
-○- Au (T=250K) [11]
-�- Bi [12]
-�-Cu [13]
-□- Au [14]
-♦- Ni-Fe Permalloy [15]
-�-Al [16]
-▲- CoSi2 [17]
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CalculationsCalculations
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The resistivities for different p values as a function of the wire radius, based on the analysis from 
the theory of Dingle [7], see also Ref.5. The solid line, dashed line, the dotted line and the dash-
dotted line represent for p=0, 0.3, 0.5 and 0.7 respectively.



Graphite data PRB 2008 (N.G and P.E)



18) Bolotin et al, SSC 2008
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Inversion layers in Si, differences with C

<Ф(z)/(D(z,R)/ Ф(z)>


