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Geometry dependence of the Casimir force
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Quantum fluctuations: Casimir force vs van der Watasce
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Casimir force measurements on deformed surfaces
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Geometry dependence of the Casimir force
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Sample fabrication and characterization
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Experirmnent seiup

Sample orientation eliminate lateral motior.

Immediately before pump down
HF remove native oxide layer, hydrogen
termination of the surface

\

: Glass sphere: d~100um
poly-Si plate:

500mMm x 500mm x 3.5nMm

S——

Sputtering: 400nm gol¢




Calibration by electrostatic force

Flat surface

V: residual voltage
Z,.: closest approach distan

Corrugated surface
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Casimir force measurements
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Interplay of finite conductivity and geometry eftec
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+— Theory: silicon & gold

(LANL & Sandia)
PRA 82, 062111, (2010).
T = 300K

Theory: silicon & gold

(Guérout, Lussange &
Lambrecht 2010)
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Shallow trench arrays

z

2110

400 nm

IF oA

trench

1.1
1L
09+

PAA: Top surface only

0.8
0.7
0.6

Theory: Perfect metal Theory: gold and _

o |
1.2+

silicon )T =0

o A \
|

|

B

PAA i T TT

0.2 0.3 0.4 0.5
z(mm)






Part Il Outline




Experiments measuring the Casimir force:



Conventional sphere-plate

Integrated on-chip platform

Alignment

Need manual alignment.
Particularly difficult for:

1. Two flat surfaces

2. Two surfaces with nanoscale
features

* No external object.

» Shape and initial distance of
Interacting elements defined by
lithography.

» Complex shapes

Drift in distance

Mechanical loop ~ a few cm

Mechanical loop ~ 70 um

Patch potential

Poly-crystalline gold films

Single crystal silicon; future
possibility of being atomically
smooth

Sample
preparation and
characterization

Standard: AFM measures
roughness

Piezo well-characterized and re-
usable

Difficult: Need good etching profilg.
Roughness cannot be directly
measured.

Comb drive is different for each
device fabricated
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Controllable distance between beam and movabléreteke

/ Beam (force sensing element)

™~

Movable electrode

beam
1.5 um wide,
2.65 um thick

beam




Controlling distance with comb drive actuator

Serpentine Spring

One end attached

/to movable comb

¥=—=0ne end anchored to [substrate
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Detection of force gradient through magnetomotia@asduction

Magnetic field, 5T

@ ac current ‘ ‘ D

1"‘1 MHz




Calibration by electrostatic force
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Residual voltage

SHTR\VARY,

d = 1.403 um

d =349 nm/




Red line: A boundary-
element method (BEM)
discretization of the beam
and substrate surfaces,
combined with fluctuating-
surface-current formulation
of the Casimir force between
dielectric bodies.



electrode beam

substrate
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Casimir force between silicon components of complepashti#hat are pre-aligned



Reduced mechanical loop minimizes long term drift



Chemical polishing of silicon side wall



Chemical polishing of silicon side wall




Summary
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