Precise Measurements of the Casimir Force:
Experimental Detalls

Ricardo S. Decca
Department of Physics, lUPUI

New Frontiers in Casimir Force Control Santa Fe, New Mexico, September 28, 2009



Collaborators

Daniel Lopez Argonne National Labs
Ephraim Fischbasch Purdue University
Dennis E. Krause Wabash College and Purdue University
Valdimir M. Mostepanenko  Noncommercial Partnership “Scientific Instruments”, Russia
Galina L. Klimchitskaya North-West Technical University, Russia
Jing Ding, Brad Chen IUPUI
Edwin Tham, Hua Xing
Vladimir Aksyuk CNST/Univ. of Maryland
Diego Dalvit Los Alamos National Lab.
Peter Milonni Los Alamos National Lab.
Funding

NSF, DOE, LANL, DARPA

New Frontiers in Casimir Force Control Santa Fe, New Mexico, September 28, 2009



Motivation

* Precise measurements of the Casimir force
-Background for hypothetical forces

-Allows for comparison with theory
-Temperature dependence and effects on nanosystems
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IUPUI » Experimental setup, sample preparation, and characterization

* Measurement of the interaction

* Measurement of the separation dependence

» Comparison with theory

» Proposed measurements to see the effects of geometry

e Summary
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Au coated Optical

Experimental setup sphere
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Sample preparation and characterization

-Au on the sapphire sphere is deposited by thermal evaporation.

-Au on the oscillator is also deposited by thermal evaporation
-In new, larger samples it is deposited by electroplating (on Si[111])
-Samples are characterized by measuring resistance as a function of
temperature, AFM measurements and also ellipsometry in the

electrodeposited sample.

-The sample is mounted into the system, baked to ~ 60 °C for 2 hour.

(1010 pum?)

~ 20 nm,

New Frontiers in Casimir Force Control Santa Fe, New Mexico, September 28, 2009



s

I'.l"' ] ".I.'l

?_?_?.. S
Clear ecute Undo

UPUI e

AFM measurements

[
Ll
52
]
L0
K
L)
[P
e
e
]
LY
[va]
T T =
0 00z ooy
[wu] yad=a
s
=]
=]
E [
T <
-
59
L2 0
L
!
0 00z o’
HiT [wu] yad=a

electro-au-si.000

New Frontiers in Casimir Force Control Santa Fe, New Mexico, September 28, 2009



Resistivity and spectroscopic ellipsometry
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50 100 150 200 250 300 350 400 -R vs T and spectroscopic ellipsometry (190 nm
TR 16830 nm) used to determine @,

pT)= 0 o(T) @ -Both methods indicate a rather good Au sample

@, =(8.9£0.1)eV
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Resistivity and spectroscopic ellipsometry
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-Measured real and imaginary parts of the dielectric functions (red circles) are similar
to published values (Palik, black squares)

-It was checked that either can be used, giving similar results. Palik values are used on
the rest of this presentation.
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Pressure measurements

2
[UPUI »? =@?| 1- b” oF

o] oz
oF
F.=27RxE. => —%>=22Rx P,
0z
Errors Minimum values
Frequency: 6mHz ~28 mHz (at 750 nm)
R: 0.2 um 150 um
b2/I: 0.0005 pg! 1.2432 pg’!
Errors:
Random: 0.46 mPa (162 nm) Systematic: 2.12 mPa (162 nm)
0.11 mPa (300 nm) 0.44 mPa (300 nm)
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Separation measurement

Z,1s determined using a known interaction

Z;, © are measured for each position

Au coated
sphere

Optical
fiber

Micromachined
oscillator

Zy=(2172.8 £ 0.1) nm, interferometer

Z; =~(12000.0 + 0.2) absolute interferometer
Z,= (8162.3 £ 0.5) nm, electrostatic calibration
b= (207 £ 2) um, optical microscope

@=~(1.000£0.001) prad
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Separation measurement

Electrostatic force calibration
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Separation measurement
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"“:“*‘:"' 2| Separation measurement

IUPUI Electrostatic force calibration
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V, must be constant as a function of separation...

Otherwise, V, needs to be determined at each point
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Separation measurement
cothu—ncoth nu
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-After measuring the deflection (expressed as force 0.2
here), we adjust for the unknown separation.
-The figure shows the AF, for the optimal and one .4
off by 1.5 nm . . . .
-The error in the force associated with the error in V,is ** 3 40 e >0
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Equivalent P measurement
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Histogram

Fo = Zvi Fes(2)

v;: Fraction of the sample at
separation z;

Roughness corrections are ~0.5% to the
Casimir force at 160 nm
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= ‘_ Comparison with theory

[UPUI Finite conductivity and finite temperature
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PRD 75, 077101

-8 ' i ]( There is a significant issue: Drude does not
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-10¢ H]LHJF 1 -Experimental problem?
: Jr J[HJFH 1 -Theoretical problem?
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2 (nm) Theoretical errors:
-Sample dependence: 0.5%
-Separation dependence: 1.5% (162 nm)
0.32%(750 nm)

-Dark grey, Drude model approach

-Ligh i h
ight grey, impedance approac ~19 mPa @162 nm (Exp: ~2.5 mPa @162 nm)
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Nanowires
Metallic stripes {repulsive Casimir)

(attractive Casimir)

Geometrical effects

MNon-actuated device

movable metallic stripes

Actuated device
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Dynamically deformable nanostructure
e Integration of nanostructure with MEMS

MEMS non-actuated

* Displacement ~ 500nm
* Precise control of motion (£ 1nm) '3\%: ':I : C:::’//T’.
* Shielded surfaces (fringe fields) ) _—

MEMS actuated
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Geometrical effects

Photolithography RIE etch SiO; and deposit Lift-off
Au seed layer and Ti
adhesion promoter

Pattern HSQ Remove Ti by Ay dlectioola
core by EBL CHF3/0, RIE u electroplating

* Electroplating process

* HSQ molds (highest resolution resist)

* 100keV electron beam lithography tool
e pattern thick resist (1 wm)
e large depth of focus

 small electron scattering

1 Jm Mag=119.70K X EHT= 5.00kV Signal A= InLens Date :31 Aug 2009 ?‘ B
Tilt Angle = 0.0 WD = 49mm Signal B = InLens Time :12:29:46 & acheiogty

100 nm

64.8 nm

200 nm
[
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s Geometrical effects

* “Role of surface plasmons in the Casimir effect”, F. Intravaia et al., PRA 76 (2007)
* Metallic nanowire (w < ;) close to a flat metallic surface

Dimension < 100nm
Aspect ratio > 5:1
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el oummary

* Precise experiments of the Casimir force between Au-Au surfaces

« Good agreement with plasma model

Differences with Drude model cannot be explained as a problem in the

separation measurement, or the Au layer properties. It appears that any model with a
finite relaxation time will give discrepancies when comparing with the Casimir force.
Why do Casimir modes decouple from the dissipative part?

» Geometrical effects

An innovative MEMS that allows to modify the geometry in situ is being designed
and tested. This system will be used to investigate the plasmonic contributions to the
Casimir effect.
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