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* Non-trivial dependence of the Casimir force on geometry:

Proximity Force Approximation (PFA)

Pairwise Additive Approximation (PAA)
» Experiment on strongly deformed surface:

Measure Casimir force on an array of nanoscale trenches
with a micromechanical torsional oscillator.

Up to 30% deviation from PFA and PAA.

Evidence of non-trivial boundary dependence of the
Casimir force. |

~ 30% smaller than theory on perfect metals.
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Two common ways to thai the
Imi objects:
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Roy & Mohideen, Chen et al., 2002. B 200c,

1999. _ Normal force on deep
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Pairwise additive ] B
approximation (PAA) iz

. Ifd>>z, forall A,
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Buscher &
Emig, PRA 69,
062101 (2004).
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030401 (2008). _
( ) I:corrugated(z) — I:flat(z)




Oxide etch  Deep UV litho
mask

- Solid fraction p = 0.51+/0.001
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B Torsional rod
cross section: 1.5 x 2 um?




Experiment setup
Sample orientation eliminate lateral motion.

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

Flat surface
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* Finite element analysis to solve
» Check convergence: double N changes force by 0.1%
 Proximity force approximation: F =2nRE

sphere-corrugate flat-corrugate




3 samples made from the same silicon wafe

®  Casimir force measured between Au sphere and Si flat surface
Thearetical calculation including finite conductivity and roughness caorrection

gold

¢

silicon

F F

airwise additivity: 1

ctrench — A~
2

5, L For all A

F —pF ___For all material

c,trench — c, flat

Any deviation of measured force on corrugation from PF. flat

=» deviation from pairwise additivity (dependence of Casimir force on geometry)




Non-trivial boundary dependence of the Casimir force

T T T T T T T T
— pairwise additivity expectation g b pairwise additivity expectation
®  Experimental data for 1 o m period structure ¢ Ewxperimental data for 400nm period structure

Theory: Perfect metal
(Emig et al.)

Chan et al., PRL 101, 030401 (2008).




Theory: Perfect metal
(Emig et al.)
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Theory: silicon & gold (Lambrecht
& Marachevsky, PRL 2008)

Ing scattering theory.

Possible reason for discrepancy:

uncertainties in the optical properties of gold and silicon



Tabulated & from Palik, modified by doping in
ili . . . w

silicon: Esilicon (|§)= Eundoped (I§)+§(§—i‘)

e ournumerical calculation for doped Si Y

e Lambrecht calculation for intrinsic Si L TTT——
measured data Plasma model for gold, Drude-
Lorentz model for intrinsic silicon




— »/=10  Theory: Perfect metal (Emig et al.)’
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PAA: both top and bottom surfaces

PAA: Top surface only

For both PAA and PFA:
|:c,trench (Z) = ch,fIat (Z) + (1_ p) Fc, flat (Z + 23)




Oxide etch
1

De

ep

Reduce etching time
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Modified etching recipe

(ICP Ar + SF) to attain flat lower surface




Pairwise additive approx (PAA)/proximity force Ce approx (PFA):

c trench (Z) = pF , flat (Z) + (1 p) c, flat (Z + 23)

_ »h=10 Theory' Perfect metal (Emig et al. |
_ la= 5 - Contribution of bottom surface not negligible

E%E@ﬂﬁ%ﬂﬂﬂi Eﬁ Easier for comparison to theory (perturbative

*/a=8.16 approaches)
PAA: both top and bottom surfaces

PAA: Top surface only
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» Experiment on strongly deformed surface:

Measure Casimir force on an array of nanoscale trenches
with a micromechanical torsional oscillator

Up to 30% deviation from PFA and PAA

Evidence of non-trivial boundary dependence of the
Casimir force

~ 30% smaller than theory on perfect metals
~ 30% higher than theory on gold/stlicon |
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