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NanoparticlesNanoparticles

NEMS / MEMS NEMS / MEMS FORCE SENSINGFORCE SENSING

Surface Roughness Surface Roughness 
PhD projects
•• CasimirCasimir effect & NEMS effect & NEMS 
•• Hydrogen Hydrogen stogagestogage--nanoparticlesnanoparticles
•• PiezoresponsePiezoresponse Force MicroscopyForce Microscopy
•• AFM  optical data storageAFM  optical data storage
•• NEMS / MEMS  (look for student!)NEMS / MEMS  (look for student!)
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ESF network (2008ESF network (2008--2013):2013): “New trends and applications of the New trends and applications of the CasimirCasimir effect (CASIMIR)effect (CASIMIR)”” EU-
Participants: NETHERLANDS, FRANCE, GERMANY, NORWAY, SPAIN, SWEDEN, SWITZERLAND, UK.

The main lines of this research involve:The main lines of this research involve:
•Casimir force in complex geometries and novel topologies such as patterend or 
corrugated surfaces, nanospheres or small spheroidal shaped bodies (Barton, Binns, 
Bordag, Brevik-Hoye, Chevrier, Duplantier, Lambrecht-Reynaud)
•“Vacuum torques” acting on irregular bodies (Iannuzzi, Lambrecht- Reynaud, 
Svetovoy)
•Studying the Casimir force using new materials such as superconductors, 
magnetic materials, meta-materials or Carbon nanotubes (Binns, Bordag, Bimonte-
Calloni, Lambrecht, Henkel)
•Dispersion forces and NEMS Devices (Andreucci, Iannuzzi, Palasantzas, Svetovoy)
•Nanoscale surface/interface roughness influence on functional properties of MEMS, 
NEMS (Andreucci, Emig, Lambrecht, Palasantzas)
•Development of new instrumentation for surface force measurements in liquids, 
also at cryogenic temperatures (Iannuzzi)
•New forces





Today’s  topics

•• Real materialsReal materials
•• Roughness, Optical propertiesRoughness, Optical properties
•• Critics Critics ………….Cosmology.Cosmology…………
•• ConclusionsConclusions…………………………



Finite conductivity

Real  Materials Corrections to the Casimir / vdW force

Temperature correction

Roughness correction

100p p ( ~  nm)ω ω λ<



C. Genet, A. Lambrecht, and S. Reynaud,  PRA (2000)
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Force measurement by AFM

After R. Onofrio, PRA 2008



Van Zwol et al, Langmuir 2008



R. Onofrio et al.,

Scan  areas 5 μm x 5 μm

Topography          SSPM image

Scan  areas 20 μm x 20  μm

Topography

SSPM image

Iannuzzi et al, arxiv 2008





Variation of optical data & associated Variation of optical data & associated DrudeDrude parameters parameters variation in 
the Casimir force : 5.5%  at 100 nm  1.5 % at  3µm



Svetovoy et al, PRB (2008)

LifshitzLifshitz --TheoryTheory

Ellipsometry measurement of the dielectric function 
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Ellipsometry: ratio of pratio of p--polarized and spolarized and s--polarized complex polarized complex FresnelFresnel
reflection coefficients is obtainedreflection coefficients is obtained

θ: is the angle of incidence
““pseudodielectricpseudodielectric”” functionfunction

137 nm < 137 nm < λλ < 32 < 32 μμmm



Measure up to 9 eV
Svetovoy et al, PRB (2008)



•Our films contribution from the
extrapolated region, ωcut dominates  
ζ<0.2 eV

•handbook data it dominates up to ζ =4 
eV

•Result of reduced ωcut (hanbook:0.125 eV) 
calculations based on our data are more reliable
⇔ smaller part of ε(iζ) depends on the 
extrapolation.





Important contribution to Casimir force comes from imaginary frequencies around





Surface roughness influence

Sphere is usually coated by Au (∼100 nm thick)
optically bulk



Accuracy down to < 1 %  …is it possible …yes but!….

?
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P.J. van Zwol, et al., APPL 2008

Reverse imaging, so we have knowledge of the roughness at the coReverse imaging, so we have knowledge of the roughness at the contact point ntact point 
of sphere and plate. of sphere and plate. 

Van Zwol et al, Langmuir 2008



(a) (b)

Van Zwol et al., PE 2008



Definition & characterization 
& growth of roughness

Self-similar

Self-affine

♦ Topography ⇒G(r)=<[h(r)-h(o)]2>

♦For self-affine roughness:

G(r) ∝ r2H if   r<<ξ
G(r) = 2w2 if  r>>ξ

w: Rms roughness amplitude
ξ: In-plane correlation length
H:Roughness exponent (0<H<1)
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Summary basic growth models

Gaussian:   h ↔ -h symmetry ⎩
⎨
⎧
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Zwol et al, PRB (2008)

do/w=c≈3.7±0.3



Operate in air so upon contact we have capillary codensation

Van Zwol, et al., APL 2007, PRE 2008
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Ftheory=(2πR/A)Epp,rough

, ,pp rough ppflat pp roughE E Eδ= +

Neto, Lambrecht, Reynaud, PRA 2005
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Roughness  influence: Experiment  & Perturbation theory

PFA PFA calculationcalculation

Force calculationForce calculation ––not not fit!fit!





N = 4 + n  d im e n s io n s

→•Fifth  force & Higher dimensions short range force  with coupling of order of gravity

Decca et al, PRD 2003

MEMS set-up for hypo-forces

Casimir forceCasimir force: : 
background background force to be force to be 
removed removed seach for seach for 
hypothetical forceshypothetical forces



→•Fifth  force & Higher dimensions short range force  with coupling of order of gravity
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)•Stiff-cantilever K=4 N/m

•Reduce jump-to-contact



••Top Top to bottom to bottom 
roughnessroughness of the of the spheresphere
(without the spots) is (without the spots) is 
aboutabout 6 6 nmnm

Rms roughness of 2.2 nm without 
spots decreases to 1.3 nm. 

•we get d0 = 7.5 nm±1 nm



do=7.5 ±1 nm ≅3.7 (w+wshp|contact -area)

Red Red lineline is the is the theory for ourtheory for our films films 
includingincluding the  the  roughness correctionroughness correction



Water  layer ≅1-2 nm thick influence?



Palasantzas et al., APL 2008

For d> 8.5 nm for Au - roughness of  5–6 nm peak to peak ((ToncktTonckt et al.,  j. Phys. et al.,  j. Phys. 
Con. Mat 1991)Con. Mat 1991)

 (10 % )λp
Lambrecht, Reynaund, E. J. Phs. D (2000)

Plasma,
Drude model



For d> 8.5 nm for Au - roughness of  5–6 nm peak to peak ((ToncktTonckt et al.,  j. Phys. et al.,  j. Phys. 
Con. Mat 1991)Con. Mat 1991)



Water  layer ≅ 1-2 nm  thick influence?

No water

Svetovoy, Palasantzas et al, in preparation (2008)



•The Casimir–Lifshitz force is always attractive between two identical materials

•The force can become repulsive when two different materials are submerged in a 
third medium if

F. Capasso et al., IEEE (2007)

Measurement in liquidsMeasurement in liquids--Repulsive Repulsive –– attractive forcesattractive forces



Van Zwol et al., in preparation 2008

Ethanol

Isopropanol

Measurement in liquids Measurement in liquids 



double-layer + vdW interaction energy 

Hydrophobic force

vdW force

d  (Å)

•Control surface chemistry



CONCLUSIONSCONCLUSIONS

•• SurfaceSurface roughnessroughness & & opticaloptical properties  properties  affect  affect  forcesforces
•• Short range  Short range  forcesforces do do better estimation better estimation –– Inverse AFMInverse AFM
•• Change optical properties Change optical properties modulate forcesmodulate forces
•• Understanding Understanding water water layer influence layer influence & & force measurement force measurement 
below below 10 10 nmnm
•• Mesurements Mesurements in in liquids liquids ……....separationsseparations < 10< 10 nmnm
•• ForFor the the future future …………stll stll a lot a lot to be understood to be understood for vacuum for vacuum 
enginesengines, , dark energy dark energy etcetc…… !!!!!!


