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Optical Chopper Driven by the Casimir Force
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We propose an experimental scheme and present detailed theoretical description of the optical chopper
in which functionality is based on the balance between the Casimir and light pressures. The proposed
device consists of two atomically thin metallic mirrors forming the Fabry-Perot microfilter. One of the
mirrors is deposited on a solid cube and another on a thinner wall subjected to bending under the influence
of attractive Casimir force and repulsive force due to the pressure of light from a continuous laser amplified
in the resonator of a microfilter. The separation distance between the mirrors should only slightly exceed
the half wavelength of the laser light. It is shown that in this case the resonance condition in the microfilter
alternatively obeys and breaks down resulting in the periodic pulses of the transmitted light. The Casimir
pressure is calculated taking into account an anisotropy of the dielectric permittivity of a metal at several
first Matsubara frequencies. The reflectivity properties of atomically thin metallic mirrors in the optical
spectral range are found using the experimentally consistent phenomenological approach developed earlier
in the literature. The specific values of all parameters, found for the microfilter made of quartz glass with
Ag mirrors, demonstrate its workability. The proposed optical chopper may find prospective applications
in the emerging field of nanotechnology exploiting the effects of quantum fluctuations.
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I. INTRODUCTION

In the last few decades, advances in the integrated-
circuit fabrication techniques allowed the production of
microelectomechanical (MEMS) and nanoelectromechan-
ical (NEMS) systems with sizes ranging from micrometers
to nanometers [1]. It is common knowledge that MEMS
and NEMS devices are increasingly used in optical and
cellular communications, as well as in a variety of sensors
and in many other applications. As observed more than
30 years ago [2,3], upon shrinking MEMS dimensions to
submicrometer level, in addition to electric forces, the van
der Waals [4] and Casimir [5] forces induced by the elec-
tromagnetic fluctuations come into play. These forces act
between uncharged material surfaces and become domi-
nant at separations of several nanometers and several hun-
dred nanometers, respectively. In an early stage, the com-
bined action of the Casimir and elastic forces in MEMS
devices has been studied in Ref. [6]. Later on the role of
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roughness and electrostatic effects was also considered in
Refs. [7,8].

Experimentally, the combined role of the electrostatic
and Casimir forces in the loss of MEMS device
functionality, when the moving part of it jumps to a
fixed electrode, was investigated in Refs. [9,10]. This phe-
nomenon is called a pull-in or stiction. A short time later
it was experimentally demonstrated that the Casimir force
is not only detrimental to MEMS and NEMS functionality,
but can also be used for actuation of microdevices in place
of the electric force [11,12]. The original device created in
Refs. [11,12] has been called a micromechanical Casimir
oscillator. In the next few years, this device was refined
and actively exploited for both precise measurements of
the Casimir interaction in fundamental physics and for cre-
ation of novel MEMS and NEMS (see Refs. [13,14] for a
review).

In recent years, a considerable number of high-precision
experiments on measuring the Casimir interaction between
smooth surfaces of metallic [15–23] and semiconductor
[24–34] test bodies have been performed by means of an
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atomic force microscope and a micromechanical oscilla-
tor. In several Casimir experiments, the structured (sinu-
soidally and rectangular corrugated) test bodies have also
been used [35–39]. All of this gave impetus to diverse
applications of the obtained results to MEMS and NEMS
devices driven by the Casimir force. Thus, the role of the
geometry and dielectric properties of materials in the sta-
bility of Casimir-force-actuated nanodevices was analyzed
in Refs. [40,41]. The actuation of MEMS under the influ-
ence of Casimir force with account of surface roughness
and amorphous to crystalline phase transformations was
investigated [42–44]. Casimir forces on a silicon microme-
chanical chip have been experimentally demonstrated in
Refs. [45,46]. In Ref. [47], the method of how to control
the mechanical switch was suggested using an enhance-
ment of the Casimir force between a graphene sheet and
a silicon membrane. We note, however, that the scheme
of the Casimir switch suggested in Ref. [48], as a possi-
bility to significantly alter the optical-output rate by the
vacuum force, is inoperative. As the authors themselves
recognize, measurements of the Casimir force in the sep-
aration region from 0.7 to 2 nm, required in their scheme,
are challenging. Of even greater concern is the fact that
Ref. [48] uses an ideal-metal expression for the Casimir
force between gold-coated surfaces at so short separations
and, thus, overestimates the force magnitude by at least a
factor of 20 [49].

In this paper, we propose the possibility of creating the
optical chopper driven by the Casimir force. The feasibil-
ity of our proposal is supported with detailed theory. The
key element of the proposed setup is the SiO2 microdevice
incorporating the Fabry-Perot microfilter with two paral-
lel thin metallic mirrors which form a microresonator. The
left mirror should be deposited on the side of a solid SiO2
cube and the right one on a relatively thin SiO2 wall sub-
jected to bending under the influence of the Casimir force
acting between the two mirrors in high vacuum. Note that
detection of the mechanical deformation of a macroscopic
object induced by the Casimir force was made in Refs.
[50,51] by means of an adaptive holographic interferom-
eter. The length of a resonator cavity (i.e., the separation
distance between the foot parts of the mirrors) should be
made only slightly larger than the half wavelength λ/2
of the laser light incident from the left. In the absence
of laser light, the Casimir force shifts the top of the right
mirror slightly closer to the top of the left one than their
foot parts. This is a stable position where the Casimir
force is balanced by the restoring elastic force. As a result,
when the laser is switched on and the light beam enters
a microfilter through the SiO2 cube and the left mirror,
the effective resonator length at the beam section will be
approximately equal to λ/2. This leads to a cyclic process.
First, the amplitude of a standing wave in the filter res-
onator will instantaneously increase, resulting in detection
of a relatively high level of transmitted light intensity. The

repulsive force due to the light pressure in the resonator
will compensate the Casimir force and the right mirror
will become vertical. This is an unstable position where
the elastic force vanishes. The effective resonator length
here is larger than λ/2, violating the resonance condition.
Then, the wave amplitude in the gap will fall down, leading
to transmitted light intensity of almost zero level. Finally,
the Casimir force, which will not be balanced by the repul-
sive force due to light pressure any more, will return the
right mirror to its initial position where the wall is slightly
tilted to the left. Here, the resonance condition for the inci-
dent light beam is again obeyed with sufficient precision,
and the next cycle starts.

We emphasize that the proposed microresonator should
not be considered as an optomechanical cavity, which
usually consists of a fixed mirror and mechanical oscil-
lator, i.e., another mirror is attached to a spring (see the
monograph [52] and review [53]). The point is that, for
optomechanical cavities, the dynamics of the second mir-
ror is important for the functionality of a device. This is,
however, not the case for the proposed optical chopper
which is driven not by a mechanical force or a mechanical
force in combination with the light pressure, but mostly
by the Casimir force acting on the right mirror deposited
on a wall. This is reached due to the chosen initial posi-
tion of the foot part of the right mirror at more than λ/2
separation from the left one, i.e., at a distance where the
resonance condition is violated. In this case, one does
not need to know a detailed dynamics of the system to
prove the existence of the cyclic process (see Secs. II and
IV for more details, including the role of optomechanical
effects).

We develop a theoretical description of the physical
processes in the experimental setup described above. The
Casimir force is calculated on the basis of the Lifshitz the-
ory at nonzero temperature with account of an anisotropy
of the dielectric permittivities for thin metallic films, form-
ing the resonator mirrors, at several first Matsubara fre-
quencies [54]. The reflectance and transmittance of mirrors
forming the Fabry-Perot filter at the used laser wavelength
are found with due regard to increased transparency of
atomically thin metallic films [55]. The light pressure in the
resonator is also calculated. The balance between calcu-
lated Casimir and light pressures enables one to predict the
formation of pulses in the transmitted light. We argue that
the designed device is advantageous as compared to the
commonly used mechanical optical choppers exploiting
the wheels of various shape, which should have a highly
stable rotating speed.

The paper is organized as follows. In Sec. II, we present
some details of the proposed setup. Section III contains
calculations of the Casimir pressure in the experimental
configuration. In Sec. IV, we find the force due to the light
pressure and its balance with the Casimir force. In Sec. V,
the reader will find our conclusions and a discussion.
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FIG. 1. Schematic of the SiO2 microdevice incorporating
the Fabry-Perot microfilter with length a (see text for further
discussion).

II. PROPOSED SETUP

The heart of the proposed optical chopper driven by
the Casimir force is a SiO2 microdevice, which can be
manufactured using the technique of ion-beam etching.
The main part of this device is the Fabry-Perot microfilter
formed by a cube with the side D1 = 50 μm and a square
wall of thickness D2 = 5 μm of the same side length. Both
the cube and the wall are located at the joint base paral-
lel to each other (see Fig. 1). The right face of the cube
and the left face of the wall in Fig. 1 should be coated by
thin metallic layers to form the resonator mirrors of the fil-
ter. The thickness of the mirrors d could be in the range
from 0.5 to 3 nm. The resonator length (i.e., the distance
between metallic mirrors) is notated a.

Some details on how to fabricate microdevices, like
the one shown in Fig. 1, can be found in the literature
on measurements of the Casimir force and its applica-
tions in nanotechnology. Although fabrication of large-
area microstructures with a uniform gap width of sev-
eral hundred nanometers and vertical sidewalls remains
challenging [39], the nanofabrication processes are devel-
oped to allow the production of two interacting surfaces
that are automatically aligned and almost parallel to each
other [39,45]. In so doing, with the etch mask defined by
electron-beam lithography, a high degree of parallelism
is ensured [45]. The deposition of metallic mirrors can
be performed by either electroplating or sputtering [39].
Another technology of producing a microdevice shown in
Fig. 1 suggests manufacturing the two halves of this device
separately. Then both halves should be placed into a vac-
uum chamber where the metallic mirrors are deposited.
The assembly and alignment of the entire device should be
made inside the vacuum chamber using the high-precision
positioning technology described in Refs. [50,51,56].

As a source of light of intensity Iin incident on the SiO2
microdevice in the proposed experiment, a cw Nd:YAG
laser with a wavelength of the second harmonic λ =
532.0 nm can be used. It is suggested to fabricate the res-
onator with length equal to a = λ/2 +�λ, where �λ is
sufficiently large to break down the resonance condition

FIG. 2. General scheme of the optical chopper driven by the
Casimir force: 1, laser; 2, beam-forming systems; 3, vacuum
chamber; 4, optical windows; 5, photodetector; 6, two-channel
oscilloscope; 7, Fabry-Perot microfilter.

a ≈ λ/2 in the absence of any external force. For smaller
a, i.e., for |a − λ/2| < �λ, the resonance condition is
assumed to be obeyed with sufficient precision (see Sec.
IV for the specific values of �λ).

The SiO2 system should incorporate two pairs of the
optical windows and beam-forming systems inserted into
the vacuum chamber (see Fig. 2) at sufficiently low pres-
sure of about 10−6−10−7 Torr. Beam-forming systems are
needed to form the light beams having Gaussian-like pro-
files with the diameter equal to approximately 40 μm for
the wavelength of 532.0 nm. The transmitted light beam
can be detected by a photodetector (see Fig. 2). Special
attention should be paid to the stability of the setup. For
this purpose, it is desirable to deposit the vacuum chamber
on the optical table with an active air-pumped stabilization.

It is expected that the photodetector will register pulses
of light transmitted through the Fabry-Perot microfilter,
i.e., the high level of transmitted light intensity will alter-
nate with periods when the intensity of transmitted light
reduces to almost zero. According to Sec. I, this expecta-
tion is based on the action of the Casimir force. When the
laser is switched off, this force slightly tilts the wall of our
microdevice in the direction of the left mirror. As a result,
the separation distance between the mirrors decreases and
the resonance condition a ≈ λ/2 is obeyed with sufficient
precision. In this initial position, the Casimir force is bal-
anced by the restoring elastic force. After the laser is
switched on, the amplitude of the standing wave in the gap
between the mirrors will instantaneously increase, taking
into account a rather high-quality factor of the resonator
(see Sec. IV). Because of this, the photodetector will detect
a high level of transmitted light, and the repulsive force
due to the light pressure in the gap will compensate the
attractive Casimir force. Thus, the wall will take the verti-
cal position where it is separated from the left mirror by the
distance a = λ/2 +�λ. In this position, the elastic force
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is equal to zero but the resonance condition breaks down,
leading to an instantaneous drop of the wave amplitude in
the gap and to a low level of transmitted light intensity. At
this stage, the attractive Casimir force returns the wall to its
initial (tilted) position, where it is balanced by the elastic
force. In this position, the resonance condition a ≈ λ/2 is
again obeyed with sufficient precision, and the next cycle
starts.

In Secs. III and IV, these qualitative considerations
receive quantitative confirmation by using the Lifshitz the-
ory of the Casimir force and calculating the parameters
of a microfilter. As already noted in Sec. I, the proposed
microresonator should not be considered as an optome-
chanical cavity which incorporates a mechanical oscilla-
tor and gives rise to the process of light-induced cyclic
response, i.e., self-excited oscillation. This is already seen
from the fact that, in the absence of the Casimir force, no
oscillation arises in our microresonator with the laser light
on (because in this case the right mirror would be verti-
cal and the resonance condition is, thus, violated). In the
proposed setup, it is only the Casimir force which leads to
a fulfilment of the resonance condition in the initial posi-
tion of a cycle by tilting the wall to the left in the absence
of laser light, and it is the light pressure which leads to
a violation of this condition when the wall becomes ver-
tical. Thus, if it is possible to ensure the balance between
the Casimir and light pressures (see Sec. IV), the suggested
configuration clearly undergoes a cyclic process even if the
details of an intermediate dynamics remain unknown. Note
also that the dynamics of an optomechanical cavity formed
by a stationary mirror made of dielectric Si and an oscillat-
ing Al mirror was considered in Ref. [57] with account of
the Casimir force and Coulomb interaction due to trapped
charges, and a partial agreement between experiment and
theory was reached.

III. CALCULATION OF THE CASIMIR PRESSURE

We start by calculating the Casimir pressure in the con-
figuration of a microdevice described in Sec. II. It consists
of a SiO2 cube with the side D1 = 50 μm, whose right
face is coated by the metallic film of thickness d, and par-
allel to it the SiO2 wall of the same area. The thickness
of this wall is D2 = 5 μm. The left face of the wall is
also coated by metallic film of thickness d. The separa-
tion distance between the cube and the wall is only slightly
larger than λ/2 = 266 nm (compare Figs. 3 and 1). Taking
into account that D1 � a, one can consider the opposite
faces of a cube and a wall as having an infinitely large
area. However, the finite thickness of the cube, of the wall,
and of the metallic coatings should be taken into account
in computations of the Casimir pressure. In so doing, we
also take proper account of the anisotropy of atomically
thin metallic films of thickness d, which are described as
uniaxial crystals [54].

FIG. 3. Configuration of the resonator in the Fabry-Perot
microfilter. Metallic mirrors are not shown to scale and are
indicated by dark gray.

The microdevice under consideration is assumed to be
at temperature T in thermal equilibrium with the envi-
ronment. In this case, the Casimir pressure acting on the
wall is given by the following Lifshitz formula for the
four-layer system [5,49,58,59]:

P(a, T) = −kBT
π

∞∑
l=0

′ ∫ ∞

0
k⊥dk⊥ql

×
⎧⎨
⎩

[
e2aql

R(1)TM,lR
(2)
TM,l

− 1

]−1

+
[

e2aql

R(1)TE,lR
(2)
TE,l

− 1

]−1
⎫⎬
⎭ . (1)

Here, kB is the Boltzmann constant, the prime on the sum-
mation sign multiplies the term with l = 0 by 1/2, k⊥ =
|k⊥| is the magnitude of the projection of the wave vector
on the plane of the wall, and the factor ql is defined as

ql =
√

k2
⊥ + ξ 2

l

c2 , (2)

where ξl = 2πkBTl/� with l = 0, 1, 2, . . . are the Matsub-
ara frequencies.

The amplitude reflection coefficients R(i)TM(TE),l on the left
(i = 1) and right (i = 2) plates of our device at the Mat-
subara frequencies entering the Lifshitz formula (1) are
defined for two independent polarizations of the electro-
magnetic field, transverse magnetic (TM), and transverse
electric (TE), and have the form [5,49,58,59]

R(i)TM(TE),l ≡ R(i)TM(TE)(iξl, k⊥)

= r(v,m)
TM(TE),l + R(g,i)

TM(TE),l e−2dk(m)TM(TE),l

1 + r(v,m)
TM(TE),lR

(g,i)
TM(TE),l e−2dk(m)TM(TE),l

. (3)
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In this equation, the quantities k(m)TM(TE),l, related to
anisotropic metallic films, are given by [5,60,61]

k(m)TM,l ≡ k(m)TM(iξl, k⊥) =
√
ε
(m)
xx,l

ε
(m)
zz,l

k2
⊥ + ε

(m)
xx,l
ξ 2

l

c2 ,

k(m)TE,l ≡ k(m)TE (iξl, k⊥) =
√

k2
⊥ + ε

(m)
xx,l
ξ 2

l

c2 ,

(4)

where the components of the diagonal dielectric tensor of a
metal are ε(m)xx,l ≡ ε(m)xx (iξl) = ε(m)yy (iξl), ε

(m)
zz,l ≡ ε(m)zz (iξl), and

we assume that the plane (x, y) is parallel to the wall and
the z axis is perpendicular to it.

Now we specify the amplitude reflection coefficients
entering Eq. (3). The coefficients r(v,m)

TM(TE),l describe reflec-
tions of the electromagnetic waves at the boundary plane
between vacuum and a semispace made of an anisotropic
metal. They take the form [5,60,61]

r(v,m)
TM,l ≡ r(v,m)

TM (iξl, k⊥) = ε
(m)
xx,lql − k(m)TM,l

ε
(m)
xx,lql + k(m)TM,l

,

r(v,m)
TE,l ≡ r(v,m)

TE (iξl, k⊥) = ql − k(m)TE,l

ql + k(m)TE,l

.

(5)

The coefficients R(g,i)
TM(TE),l with i = 1, 2 can be presented

similar to Eq. (3):

R(g,i)
TM(TE),l ≡ R(g,i)

TM(TE)(iξl, k⊥)

= r(m,g)
TM(TE),l + r(g,v)

TM(TE),le
−2Dik

(g)
l

1 + r(m,g)
TM(TE),lr

(g,v)
TM(TE),le

−2Dik
(g)
l

, (6)

where

k(g)l ≡ k(g)(iξl, k⊥) =
√

k2
⊥ + ε

(g)
l
ξ 2

l

c2 , (7)

and ε(g)l ≡ ε(g)(iξl) is the dielectric permittivity of quartz
glass SiO2.

The amplitude reflection coefficients entering Eq. (6)
are specified as follows. The coefficients r(m,g)

TM(TE),l describe
reflection at the boundary plane between the semispaces
made of an anisotropic metal and a SiO2 glass. They are
given by [5,60,61]

r(m,g)
TM,l ≡ r(m,g)

TM (iξl, k⊥) = ε
(g)
l k(m)TM,l − ε

(m)
xx,lk

(g)
l

ε
(g)
l k(m)TM,l + ε

(m)
xx,lk

(g)
l

,

r(m,g)
TE,l ≡ r(m,g)

TE (iξl, k⊥) = k(m)TE,l − k(g)l

k(m)TE,l + k(g)l

.

(8)

FIG. 4. Computational results for the magnitude of the Casimir
pressure in the Fabry-Perot microfilter are shown by the top and
bottom lines as functions of mirror thickness at the separation
a = λ/2 between the mirrors made of Ag and Au, respectively.

Finally, the coefficients r(g,v)
TM(TE),l at the boundary plane

between a SiO2 semispace and vacuum have the form

r(g,v)
TM,l ≡ r(g,v)

TM (iξl, k⊥) = k(g)l − ε
(g)
l ql

k(g)l + ε
(g)
l ql

,

r(g,v)
TE,l ≡ r(g,v)

TE (iξl, k⊥) = k(g)l − ql

k(g)l + ql
.

(9)

The dielectric permittivity of vitreous SiO2 at the Mat-
subara frequencies, required for Casimir pressure compu-
tations using Eqs. (1)–(9), is taken from Ref. [62]. For
the metal of resonator mirrors, we have first chosen Au
most often used in precise experiments on measuring the
Casimir force [13–39]. The dielectric tensor of thin Au
films consisting of n = 1, 3, 6, and 15 atomic layers (i.e.,
for film thicknesses of 0.235, 0.705, 1.41, and 3.525 nm) is
found in Ref. [54] within density-functional theory. It takes
into account the effects of anisotropy and uses the optical
data of Ref. [63] for the complex index of refraction of
Au extrapolated to zero frequency by means of the Drude
model. Note that for the atomically thin metallic films, the
obtained results do not depend on whether the Drude or the
plasma model is used for extrapolation of the data to zero
frequency [60].

The computational results for the magnitude of negative
(attractive) Casimir pressure are obtained at T = 300 K as
a function of the number of atomic layers in the Au films
and interpolated in the region of film thicknesses from 1
to 3.5 nm. The calculated Casimir pressures at the sepa-
ration a = λ/2 = 266 nm are shown by the bottom line
in Fig. 4. It turns out, however, that Au is rather disad-
vantageous as a material of mirrors in a microfilter due to
the low reflectivity at the chosen wavelength (see Sec. IV).
Because of this, the computations of the Casimir pressure
are repeated for Ag mirrors. Silver has almost the same lat-
tice parameter as Au [64]. This allows one to use the same
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data for ε(Ag)
xx /ε

(Ag)
isotr and ε(Ag)

zz /ε
(Ag)
isotr , as computed in Ref.

[54] for Au, and to multiply the dielectric permittivity of
an isotropic (bulk) Ag, ε(Ag)

isotr , found from the tabulated opti-
cal data of Ref. [63] by these factors. The computational
results for the magnitude of the Casimir pressure in the res-
onator with Ag mirrors are shown in Fig. 4 as a function of
mirror thickness at a = λ/2 = 266 nm by the top line.

IV. BALANCE OF LIGHT AND CASIMIR
PRESSURES

The intensity of light incident on the Fabry-Perot filter is
Iin (see Figs. 1 and 3). After the integration of Iin over the
beam area, one obtains the value of power Nin ≈ 7 mW
for the chosen laser. Taking into account the high trans-
parency of quartz glass at the wavelength λ = 532 nm
(ω = 3.54 × 1015 rad/s), one can neglect the losses in the
SiO2 cube and assume that the same power Nin falls on the
left metallic mirror. According to Fig. 3, the mirror borders
the glass cube from the left and the vacuum gap from the
right. These two media can be considered as semispaces.
Then, the magnitude of the amplitude reflection coefficient
on the metallic film of thickness d at the normal incidence
is given by [65]

|R| =
∣∣∣∣∣

r̃(v,m) + r̃(m,g)e−2i(ω/c)d
√
ε(m)

1 + r̃(v,m)r̃(m,g)e−2i(ω/c)d
√
ε(m)

∣∣∣∣∣ , (10)

where for the complex dielectric permittivity of metal at
the frequency ω we have

√
ε(m) = n(m) + iκ(m). For the

metals used below, we have n(Au) = 0.543, κ(Au) = 2.25,
and n(Ag) = 0.129, κ(Ag) = 3.19 [63]. Note that ω is suffi-
ciently high, so that the role of anisotropy discussed in Sec.
III to calculate the Casimir pressure determined by much
lower frequencies is negligibly small. Because of this, the
reflection coefficients r̃(v,m) and r̃(m,g) are given by Eqs. (5)
and (8) where one should put ε(m)xx = ε(m)zz and replace iξl
with ω (we recall that at the normal incidence k⊥ = 0, and
the TM and TE reflection coefficients coincide).

In fact, Eq. (10) is applicable for sufficiently thick films.
As mentioned in Sec. I, atomically thin metallic films are
characterized by the increased transparency and this fact
should be taken into account in computations. There are
several phenomenological approaches developed to gain
a better understanding of relevant physical mechanisms
(see, e.g., [55,66–70]). According to the approach of Refs.
[68–70], for atomically thin metallic films illuminated with
visible light at the normal incidence, good agreement with
the measurement results is reached if in the coefficients
r̃(v,m) and r̃(m,g) entering Eq. (10) one puts κ(m) = 0. In this
case we obtain

r̃(v,m) = n(m) − 1
n(m) + 1

, r̃(m,g) = n(g) − n(m)

n(g) + n(m)
, (11)

where n(g) =
√
ε(g) ≈ 1.46 is the real refractive index of

SiO2 at the used frequency ω = 3.54 × 1015 rad/s.
Substituting Eq. (11) in Eq. (10), for the reflectance of

metallic film R = |R|2 at the frequency ω one finds

R = r̃(v,m)2 + r̃(m,g)2e−2αd − 2r̃(v,m)r̃(m,g)e−αd cosψ

1 + r̃(v,m)2r̃(m,g)2e−2αd − 2r̃(v,m)r̃(m,g)e−αd cosψ
,

(12)
where

α = 4πκ(m)

λ
, ψ = 4πn(m)d

λ
. (13)

In a similar way, for the transmittance of our film we have

T = t̃(v,m) t̃(m,g)e−αd

1 + r̃(v,m)2r̃(m,g)2e−2αd − 2r̃(v,m)r̃(m,g)e−αd cosψ
,

(14)
where the respective coefficients are given by

t̃(v,m) = 4n(m)

(1 + n(m))2
, t̃(m,g) = 4n(m)n(g)

(n(m) + n(g))2
. (15)

As a result, for the absorptance of light by an atomically
thin metallic film of thickness d we obtain

A = 1 − R − T. (16)

According to Sec. III, the most often used metal in Casimir
physics is Au [5,13]. However, the rather low reflectiv-
ity of Au in the visible light makes it unsuitable for use
in the Fabry-Perot filter. Thus, even at the boundary plane
between an Au semispace and vacuum R(Au)

ss = 0.71. For
the atomically thin films used below (d varies from 0.94
to 1.41 nm) the reflectance R(Au) computed using Eq. (12)
varies from approximately 0.36 to 0.32, i.e., is even much
lower.

Because of this, we choose Ag as the metal of the mir-
rors in the proposed setup. In this case, Eq. (12) leads to
R(Ag) = 0.938 for the film of d = 0.94 nm thickness and to
R(Ag) = 0.930 for the film with d = 1.41 nm. The respec-
tive values of the film transmittance T (Ag) computed using
Eq. (14) are 0.044 and 0.043. In this case, the values of the
absorptance of light by one mirror A(Ag) computed by Eq.
(16) are equal to 0.018 and 0.027, respectively.

Assuming that for both mirrors the values of R(Ag) and
T (Ag) are equal and that the power of light entering the
resonator is amplified by the factor of q, one finds for the
transmission coefficient [71]

τ =
(

1 − A(Ag)

1 − R(Ag)

)2

, (17)

where q = 1/(1 − R(Ag))2 represents the quality factor in
our formalism. The coefficient τ allows calculation of the
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power of light transmitted through the resonator Ntr =
τNin. For the two microresonators with mirror thicknesses
equal to 0.94 and 1.41 nm, we obtain from Eq. (17) τ =
0.50 and 0.38, respectively, i.e., Ntr = 3.5 and 2.66 mW.
This means that for the two microresonators under consid-
eration the light power passed through the left mirror (it
is equal to NinT (Ag) = 0.31 and 0.30 mW) is amplified by
factors of 260 and 206, respectively.

Now we are in a position to determine the thickness of
resonator mirrors furnishing a balance between the Casimir
and light pressures. The pressure of light amplified in the
resonator is given by [71]

Plight = 1
c
(1 + R(Ag))Ires, (18)

where the amplified intensity is Ires = qIinT (Ag). Then the
condition that the Casimir force acting on a SiO2 wall is
compensated by the force due to the light pressure takes
the form

∫
S

PlightdS ≈
∣∣∣∣P

(
λ

2
+�λ

)∣∣∣∣ D2
1, (19)

where the integration is performed over the area of the light
beam.

Substituting Eq. (18) in Eq. (19), one obtains

1
c
(1 + R(Ag))Nres ≈

∣∣∣∣P
(
λ

2
+�λ

)∣∣∣∣ D2
1, (20)

where the power of light, amplified in the resonator, is
Nres = qNinT (Ag). We recall that �λ was chosen suffi-
ciently large so that for separation between the mirrors
equal to λ/2 +�λ, the resonance condition breaks down.
In our case �λ = λ/q.

By analyzing Eq. (20) with account of computational
results for the Casimir pressure, we find that this equal-
ity holds for d = 1.175 nm (which corresponds to the
metallic mirror containing five atomic layers). In so doing,
R(Ag) = 0.934, q = 230, and �λ = 2.3 nm. This leads to
the Casimir pressure in the vertical position of the wall
equal to P = −180.4 mPa, i.e., to the attractive Casimir
force F = PD2

1 = −0.45 nN and to the repulsive force of
the same magnitude due to the light pressure.

At the end of this section, we briefly discuss the role
of various background effects, such as electric forces due
to a residual potential difference, radiation friction, and
bolometric forces. For metallic mirrors used in the opti-
cal chopper, the role of residual electric force can be made
negligibly small by the Ar-ion cleaning procedure devel-
oped recently in application to the Casimir-based microde-
vices in Ref. [72]. For the values of the light pressure
considered above, the role of radiation friction and other
optomechanical effects remains negligibly small [52,53].

The bolometric force arises due to light absorption. In
optomechanical systems, bolometric forces may lead to a
deflection of a specially optimized microlever having the
spring constant of approximately 0.01 N/m [73]. Simple
calculation shows that to reach a deflection of the top of
our wall for 2.3 nm under the influence of the Casimir force
calculated above, the spring constant of a wall, supporting
the right mirror, should be equal to at least 0.1 N/m, i.e., by
an order of magnitude larger. The bolometric forces may
make only a negligibly small impact on an Al-coated wall
with a relatively high resistance to tilting. This makes their
possible role in the proposed device inessential.

Creation of the Fabry-Perot microfilter with the above
parameters makes it possible to obtain discrete pulses of
the transmitted light from a continuous wave of incident
light. For the found value of d = 1.175 nm, providing the
desired equality between the magnitudes of the Casimir
force and the light-pressure force, one obtains the trans-
mittance T (Ag) = 0.0436, the light power entering the
resonator NinT (Ag) = 0.305 mW, and the power of the
amplified light Nres ≈ 70 mW. The power of transmitted
pulses leaving the microfilter can be determined in two
ways as Ntr = T (Ag)Nres or as τNin, where, in accordance
with Eq. (17), τ = 0.44, leading to the common result
Ntr ≈ 3 mW.

V. CONCLUSIONS AND DISCUSSION

In the foregoing, we propose the possibility of creat-
ing the novel microdevice driven by the vacuum fluctua-
tions of the electromagnetic field. This device includes the
Fabry-Perot microfilter with two parallel atomically thin
metallic mirrors separated only slightly in excess of the
half wavelength of an incident light. One of these mirrors
should be deposited on the sufficiently thin wall subjected
to bending under the competing impact of the attractive
Casimir force and (in the presence of a continuous wave
produced by the source laser) of the repulsive force due
to the light pressure. As a result, the resonance condi-
tion alternatively obeys and breaks down, and the filter
resonator periodically produces the pulses of transmitted
light. Thus, the proposed microdevice can work as an opti-
cal chopper without using any kinds of rotating wheels
usually employed in mechanically based choppers.

To demonstrate the feasibility of the proposed microde-
vice, we develop a theoretical description of both the
Casimir force acting between atomically thin metallic mir-
rors deposited on dielectric substrates and of the reflec-
tivity properties in the Fabry-Perot microfilter formed by
these mirrors. It should be noted that calculation of both
the Casimir force and the reflectance and transmittance
of the boundary surfaces in a microfilter in the case of
atomically thin mirrors is not trivial. For the Casimir
force, where several first Matsubara frequencies contribute
essentially at the separation considered, it is necessary to
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take into account an anisotropy in the dielectric proper-
ties of metallic mirrors. When calculating the reflectivity
properties of an atomically thin metallic film to visible
light, the use of the standard, Fresnel, reflection coeffi-
cients leads to contradictions with the measurement data,
and in this case several phenomenological approaches have
been developed in the literature. We use the version of the
Lifshitz theory adapted for anisotropic materials to calcu-
late the Casimir force and one of such phenomenological
approaches to calculate the reflectivity properties in the
Fabry-Perot microfilter. The specific values of all param-
eters of the proposed microdevice are determined, which
ensures its workability.

In the experimental realization of the proposed setup,
it is desirable to perform control measurements of the
reflectance and transmittance of a unit wall made of quartz
glass with deposited atomically thin metallic films of vari-
ous thicknesses, as well as of its stiffness. This will help to
confirm the physical nature of all acting forces and the suit-
ability of the phenomenological approach used to calculate
the reflectivity properties.

To conclude, the proposed optical chopper driven by
the Casimir force may find prospective applications in
the emerging area of nanotechnological devices exploiting
quantum fluctuations of the electromagnetic field for their
functionality.
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