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Abstract

This theoretical work corresponds to the hope of extracting, without contradicting EMMY NOETHER s theorem, an energy present throughout the
universe: that of the spatial quantum vacuum.

This article shows that it should be theoretically possible to maintain a continuous periodic vibration of a piezoelectric structure, which generates
electrical power peaks during a fraction of the vibration period.

Electronics without any power supply then transform these alternating current signals into a usable direct voltage.

To manufacture these different structures, we also present an original microtechnology for producing the regulation and transformation electronics,
as well as that necessary for controlling the very weak interfaces between the Casimir electrodes and that of the return electrodes.

These vibrations are obtained by controlling automatically and at appropriate instants the action of the attractive Casimir force by a repulsive
Coulomb force applied to return electrodes.

The Casimir force appearing between the two electrodes of a reflector deforms a piezoelectric bridge, inducing a displacement of the barycenter
of the ionic electric charges of the bridge.

This internal piezoelectric field attracts opposing moving charges, from the mass, on either side of the piezoelectric bridge .They are used — after
their homogenization - by a Coulomb force opposed and greater than the Casimir force.

During the homogenization of the electric charges between the face 1 and the return electrode, periodic current peaks appear during a fraction of
the vibration time of the device.

These current peaks crossing an inductance, spontaneously induce voltage peaks at the terminals of this device, which are transformed into a
usable DC voltage thanks to proposed electronics without a power supply.

Casimir and Coulomb forces, vibrations, current, or voltage peaks appear spontaneously and without external energy input. Everything is only a

consequence of the existence of the Casimir force due to the quantum fluctuations of the vacuum.

This set does not seem to contradict Thermodynamics’ law and Emily Noether’s theorem.Casimir and Coulomb forces, vibrations, current, or
voltage peaks appear spontaneously and without external energy input. Everything is only a consequence of the existence of the Casimir force due
to the quantum fluctuations of the vacuum.

This set does not seem to contradict Thermodynamics’law and Emily Noether s theorem.
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Introduction

We know that the quantum vacuum, the energy vacuum, the absolutely nothing, does not exist.
This statement has been proven multiple times and noted in particular by:

» Lamb's shift (1947) of atomic emission frequencies.
(https://quantummechanics.ucsd.edu/ph130a/130_notes/node476.html)

* By the force of Van der Waals which plays a very important physicochemical role and had an interpretation quantum
1930 [London] when two atoms are coupled to the same fluctuations in vacuum.
https://culturesciences.chimie.ens.fr/thematiques/chimie-du-vivant/les-forces-de-van-der-waals-et-le-gecko

» By Hawking's radiation theory, predicted in 1974 and observed on September 7, 2016. Article Observation of quantum
Hawking radiation and its entanglement in an analogue black hole :

https://www.nature.com/articles/nphys3863

* By the experimental verification (1958) of the existence of a force equated by Casimir in 1948. This so-called Casimir
force was measured for the first time in 1997 https://arxiv.org/abs/quant-ph/9907076
https://en.wikipedia.org/wiki/Casimir_effect

The term vacuum energy is sometimes used by some scientists claiming that it is possible to extract energy from the
vacuum - that is, mechanical work, heat.... . But these different hypotheses arouse great scepticism among many scientific
researchers because they call into question a principle demonstrated mathematically by the theorem of the mathematician
Emmy Noether in 1915.

This important mathematical theorem, which is accepted in physics and has never been faulted until now, stipulate that
“Any invariance (of space-time as well as the physical laws used) according to a group of symmetries (continuous and
global) is necessarily associated with a physical quantity preserved in all circumstances” .

It involves the conservation of energy.

https://fr.wikiversity.org/wiki/Outils_math%C3%A9matiques pour_la_physique (PCSI)/Th%C3%A90r%C3%A8me_d%?2
7Emmy_N%C5%93ther#

But the aforementioned effects, the interpretation of which is indisputable, imply a source of energy coming from a sort of
"nothing" or more precisely from the quantum vacuum.

Thus, it is certain that this source of energy causing unmistakable physical manifestations exists.

In what follows, we adopt a reference frame based on the four-dimensional spacetime continuum, extended by the still
poorly understood properties of the quantum vacuum. Within this framework, we aim to show that a MEMS (Micro-
Electro-Mechanical System) device may exhibit behavior akin to "perpetual motion," not in violation of thermodynamic
principles, but as a result of a continuous energy contribution from the vacuum itself.

Brief Presentation of Casimir’s force

The vacuum energy is the zero-point energy of all fields (tensorial and scalar) in space. In quantum field theory,
this vacuum energy defined as zero, is the ground state of fields. It has been observed and shown theoretically that this so-
called zero-point energy, is non-zero for a simple quantum harmonic oscillator, since its minimum energy is equal to
E =h v /2 with v the natural frequency of the oscillator, and h the Planck's constant.

Originally [1], the Casimir effect is derived from statistical fluctuations in total vacuum energy and is the attraction (in
general) between two plates separated by a vacuum. In this approach, this Casimir energy is the part Eca of the vacuum
o » (Eq.1)energy which is a function of the zs separation of the Casimir plates.

F =51
a 740 = :
Thus, the Casimir force associated, is . _ 9 Fea? _ (=2he | (Eq.(2)
A dz T 240 zd
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With k the reduced Planck constant h, c the speed of light and S the surface of the reflector, z; the distance between the
plates

The presence of the reflective plates excludes wavelengths of virtual particles longer than z. They thus induce a pressure
difference of the virtual particles generated by the vacuum between the internal and external space of the 2 plates. This
difference results in a force that pushes the plates together.

Plates -

Figure 1: Casimir effect Figure 2: General representation of the structure

The famous physicist Evgueni Mikhailovitch Lifchits gave a general formula, which supplements that of Casimir because
it considers the effect of temperature [3]. Indeed, when the temperature is no longer zero, the radiation of the black body
must then be considered and the Casimir force at temperature T then becomes that of Lifchits [4]

2h 2 km* Kk h .
Feg=S (n C4 + ¢ T)3 - % exp (— T C) With k the Boltzmann constant and T the temperature.
240 zg 45 (ko) zg kTzs

We will use equation (2) to calculate and simulate the structure defined in the following diagram (Figure 2) because the
effect of temperature is negligible and the formulation easier .

Description of the Principle Used to “Extract” Energy from the Vacuum

The term vacuum energy is sometimes used by some scientists claiming that it is possible to extract energy from
the vacuum - that is, mechanical work, heat..... these different hypotheses arouse great scepticism among many scientific
researchers because they call into question a principle demonstrated mathematically by the theorem of the mathematician
Emmy Noether in 1915, which involves the conservation of energy .

This theorem is accepted in physics and has never been faulted until now.

In fact, the problem is less to extract energy from the vacuum than to extract it without spending more energy that we
cannot hope to recover. Thus, in a cyclic system on the model of a piston engine going from a position n °1 to n ° 2 then
from n © 2 to n ° 1,the Casimir force in 1 /zs*, therefore greater in position (2) than in (1), would then imply spending more
energy to return to (1). Which would necessarily require an added energy.

This problem seems like that of perpetual movement. But, we know that in the case of a deformation perpendicular to the
polarization of a piezoelectric layer, the fixed charges Qr induced by the deformation of this piezoelectric layer are
proportional to Fca and are therefore in 1/z*. Qr = (ds1.Fca.lp)/a, (Eq.(3)), [5] [6], with d31 = piezoelectric coefficient
(CNh, 1,, a, respectively length and thickness (m) of the piezoelectric bridge (figure 5). Qr does not depend on the
common width bp = bs = bi of the structures. This point is important and facilitates the technological realization of these
structures since it limits the difficulties of a deep and straight engraving of the different structures.

These fixed electric charges on the two metallized faces of the piezoelectric bridge have opposite signs and attract mobile
charges of opposite signs from the mass (figure 5). Thus, when it is effective, the Coulomb return force Fco is in

1/z5'° .with zs = distance, time dependent, between Casimir

) . .
p—— & ] M Figure 3: Nomenclature and Notations
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The initials positions are z for the Coulomb’s and z, for the Casimir

intervals. Considering that the Coulomb force is null

when the piezoelectric bridge has no deformation, the expression of the attractive Coulomb force of direction opposite to

that of Casimir is with the same electric charge on both electrodes.

20 [l ) (

aidrc
240

1. F

e
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We note that Fco = 0 when the bridge has no deflection (zs = zo), so no electrical charges.

This Coulomb Force in 1/z'° can therefore become greater than that

Figure 4: Different View of the device without

of Casimir which is in 1/z¢*.
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Figure 5: Axes, Forces, Casimir’s Electrodes ectronics

As a preamble, we suppose that the events which induce the attractive force of Casimir are exerted in a universal, isotropic,

perpetual, and immediate way, if the conditions of separation betwee

Let therefore be a Casimir reflector device consisting of:

n reflecting Casimir plates are suitable.

1 / a metallized and mobile parallelepiped electrode, of surface Ssi = Sy on its 2 lateral faces
2 / of a fixed metallized surface Ss3 separated by a distance zo (figure 3, 4,5 and 6)

This parallelepipedic metallic Casimir reflector is rigidly linked by a

metallic finger to a piezoelectric bridge embedded in

its two ends. A displacement of the mobile Casimir electrode induces a deformation of the piezoelectric bridge and thus the

appearance of ionic electric charges (Figure 4, 6).

Of course, it is also necessary that the movement of this moving plate Sy, of the Casimir reflector can be stopped at a
chosen and predefined value before the collapse of the surfaces of the Casimir reflector occurs otherwise, no energy
extraction is possible. Moreover, it is necessary that the mobile system returns to its initial position (or slightly exceeds it),
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Figures 6: general configuration of the device: MOS grid connections (Face 2 of the piezoelectric
bridge: red), Source connections (Face 1 of the piezoelectric bridge: green
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We observe, in figures (6), that the surfaces (green and red) Spi = Sp> = b, * I, of the piezoelectric bridge, are connected :

1 / For the face n°® 1 Spy, at the mobile electrode of the Casimir reflector through the metal finger (green). Thus, the
metallic surfaces Spi and the metallic parallelepiped Ss; = S, are equipotential.

2 / For the face n © 2 Spy, at the grids of the switch’s circuits n°1 and n°2.

The deformations caused by the attractive force of Casimir, produce ionic electric charges for example Qi = - Qf2, on
the faces Sp1 and Sy, of the metallic piezoelectric bridge. These fixed charges attract from the mass respectively mobiles
electrics charges Qmpi and Qmq2 on the metallics electrodes.

The different threshold voltages of the different transistors Thin Film Transistor Metal Oxide Semiconductor are:

The threshold voltage of the enriched transistors TFT MOSNE, MOSPE and depletion transistors TFT MOSND, MOSPD
are technologically positioned as . 0 < VTpp < VIng and VTpg < VInp <0

The figure 7 resume this configuration

@ pMOS Thresholds Volta ge

MOSPD | Wren )
moshp | Ve b

Vier = Vo = 0 = Vien = Vi
Chvouit 7 MOSFD . MOSHD in series

MOSPEL WTRE < 3 — Transistors or circuwits OMN
MICSHE Wrme * ) —+=+++ Transistors or circuit OFF
Cirouit 1 MOSE E_ 1 MOSNE in parallele

COULOME"S FORCE AREA s B P

Figure 7: distribution of the threshold voltages of enriched and depleted N and P MOS switches.

The sign of the mobile’s charges on the surfaces Sp1 and Sp2 depending on the polarization obtained during the
realization of the piezoelectric material of this bridge, the voltage Vgrips can be positive or negative. So, the sign of the
voltage appearing on the grids of the MOS depending on the sign of the polarization of piezoelectric material

1/ When 0 <Vgrips < VTnp < VTng , or VTpe< VTnp <Vgrips < 0 then switch 1 is OFF, and switch 2 is ON, so the
Coulomb return electrode is grounded and isolated from piezoelectric bridge . There is no electric charges on the return
electrode and no Coulomb’s force Fco appears , the only force that deform the piezoelectric bridge is the Casimir force

2/ When 0 < VTxp < Varips < VIne , or VTpe< Varips <VTnp < 0, then switch 1 is OFF, and switch 2 is OFF, so the
Coulomb return electrode is isolated from the mass and from piezoelectric bridge . There is no electric charges on the
return electrode because the switch 1 is OFF. No electric charge move from the face 1 and no force Fco appears , the
only force that deform the piezoelectric bridge is the Casimir force .

3/ When 0 < VTnp < VTne < Verips, 0F Varips <VTpe <VTnp < 0, then switch 1 is ON, and switch 2 is OFF. Thus, the
mobile electric charges pass through switch 1 and homogenize between the return Coulomb electrode. (See figure 6) .
Let Sp1 = Sp2 =1, * by be the surface area of the faces of the piezoelectric bridge, S: = Sp2= Sp1 be the surface of the return
electrode facing the metallized face Sy, of the piezoelectric bridge.

The mobiles charges for example negative Qmni , initially distributed on the metallic surfaces Sy are distributed on the
surfaces Sp1 + S;, so with a charge Qun = Qmn1 /2 = Fca d31 1, /2 a, on only the return Coulomb’s .

So, between the faces Sy2 and S;, with electric charges of opposite sign, appears an attractive force of Coulomb Fco ,
parallel and opposite to the attractive force of Casimir.

e dul, (1 1) I I 2
Fon= [-5\- = L] e - Because Sy = S;
. 240 a, z 4 :;”4 Boae,o z +z,—z
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If, the threshold voltage of the MOSNE is adjusted so that the Coulomb force is triggered only when Fco = p Fca with a
chosen proportionality factor p, then the total repulsion force Fr variable in time and applied to the piezoelectric bridge
becomes (figure 7, 8) Fr = Fey — Fco = (1 — p)Frca . Becoming repulsive, this force Fr (dependent on time)
induces a deformation of the piezoelectric bridge in the other opposite direction, and the piezoelectric bridge returns or
slightly exceeds (because of inertia) its neutral position therefore towards its position without any electrical charge.

Calculation of the Electric Charges on the Coulomb’s Electrode

When 0 <Vgrips < VInp < VTng, or VTpe< VTnp <Verips < 0 then switch 1 is OFF, and switch 2 is ON, so the Coulomb
electrode is grounded and isolated from piezoelectric bridge . The electric charges on the Coulomb electrode are zero .
When 0 < VIND < VTNE < VGRIDS, or VGRIDS < VTPE < VTND < 0, switch 1 is activated (ON), and switch 2 is
deactivated (OFF). Consequently, Coulomb’s electrode becomes isolated from the ground, allowing mobile electrical
charges to pass through switch 1 and homogenize between the return Coulomb’s electrode.

Following as a first approximation, a law of distribution of the charges on a short-circuited capacitor, the temporal
variation of the charges on the Coulomb’s electrode is given by the well-known exponential form of discharge of a
capacitor according with the formula: 0. =0, |:| _ -‘-'-u*[— — :C ]] (Eq. (9))

# L3

This variation in mobile charges stops when the electrical charges Qma are uniformly distributed over the two

electrodes ,face n°1 of the piezoelectric bridge and the Coulomb’s electrode with the area S,; and Sr and are equal to Qi /
2 on the two electrodes. This equilibrium’s time is t. = Ry Cs In (2) (Eq. (5)), with Ry, the ohmic resistance of the metal
track, Cs the capacitance formed by the electrodes Sp, and Sr.

* Rm = pm - Im / Sm, with pp, the resistivity of the self between electrode, I, its total length, Sr, its section.

* Cs = g). &m lp- bp / z, the inter-electrode return capacitance, with gg the permittivity of vacuum, &om the relative
permittivity of the metal oxide, 1, and b, the geometries of the return electrode. An estimation of the duration of the
homogenization of the electric charges is t. = 10”s . We obtain at t. the coulomb’s electric charges Qmn= Fca da1 1, /(2 ap )

4/ as long as 0 < VTxp < Vgrips < VTnE, or VTpe < Vgrips <VTnp < 0 the Coulomb’s force Fco continue to exist. The
deformation of the bridge and the voltage on the MOS grids fall down, so when:

5/ 0< Vgrips < VTnp < VTINg, or VTpe < VTnp < Varips< 0, the circuit n°2 commute ON. The return Coulomb’s electrode
is another time connected to the mass. So, Coulomb’s force Fco disappears. The bridge uses its kinetic energy through
inertia to continue its ascent and slightly surpass its neutral position. At that point, Casimir's force becomes the
predominant factor.

The force of Casimir Fca, still present, again attracts the metallic surface Ss; against Ss3 and the events described above are
repeated. The consequence is that the structure made up of the piezoelectric bridge, the connecting finger, the metal block
forming the mobile Casimir electrode starts to vibrate, with a frequency depending:

1/ Of the Casimir restoring force, and of the Coulomb return electrode Force therefore so with:
a/ the starting zo and z, separation interface
b/ geometric dimensions of the different electrodes,

2/ Properties of the piezoelectric bridge,

3/ The choice of threshold voltages of the different MOS transistors

4/ The choice of conductive metal.

As we will see, this frequency is lower than the first resonant frequency of the mobile structure if the initial interface zo is
not weak enough (< 150 A°) (see chapter V and X).

An AC voltage peak Uy is therefore automatically recovered at the terminals of the solenoid Lin. This AC voltage peak can
then be rectified to a DC voltage of a few volts, by suitable electronics operating without power supply (see chapter VI).

In conclusions it seems that all the electro-physical phenomena leading to a vibration of the structure and so to the
production of an electrical power peaks are only the consequence of a first phenomenon which is at the Force of Casimir
controlled by a Coulomb’s force.

J. of Mod Phy & Quant Neuroscience Vol:1.3, Pg: 6
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Calculation of the Behaviour of the Structure
Let us calculate the evolution in time of the force of Casimir which is applied between the two electrodes separated by an
initial distance zo. We use the theorem of angular momentum to this vibrating structure.

:5-5;‘_1_:'____ [ Structure) = IR_ﬂl - 6‘-"'__1' - (Eq. (8))

With 6%axy, the angular momentum vector of the structure, ISy, the inertia matrix of the structure with respect to the
reference (A, x,y,z) and 055y, the rotation vector of the piezoelectric bridge with respect to the axis Ay with o the low

angle of rotation along the y axis of the piezoelectric bridge

Figure 9: Piezoelectric bridge Cutting Reactions and Bending Moment, Deflection

0 2 s 2z 3.:|L
We have _"f_“ =| dajy | with "'""'/d: T because sinf @) = sin| — | = . because z << 1,
s, I p »
0

Let (Gp, X, ¥, 2), (G1, X, ¥, ), (Gs, X, ¥, z) be the barycentric points respectively of the piezoelectric bridge, of the metal
connecting finger and of the metal block constituting the sole mobile of the Casimir reflector. ~ We have (fig 5):
LI P S

L fof, .
1 I —_—
.—"'= _? IE"... —_— - t’,r-+ b.l’ Ar? = > "’j’-"‘ ""g"‘ 'b_l,'
A p v,z = o R T = Y& xw, =
'r".r'+ .r:rl_ uP+ rJE —+ (.f.‘

The inertia matrix of the bridge, in the frame of reference (Gp, X, y, z) is:
L&

2 2
CETE N ¥
i .+ b7 0
= T+ .
LAK 12 .f ¥
0 ald 4 2

Taking Huygens' theorem into account, this inertia matrix becomes

X T

e+ i i rﬂhp F.'F“’.rr
3 4 4 (Eq (9)):

£ = Pz £

o — e @+ . _ayb

L T ~ a4 3 a

.l'”.‘su & I.‘=|l £ o 2 y
E <1 3

The inertia matrix of the finger is, in the frame of reference (Gi, x, y, z) is

”:r"' {:""I. o o
:rrl
r = 2 z
Ve = 13 0 at 0 v
0 P4+ b2,

Taking Huygens' theorem into account, this inertia matrix becomes:
Vol:1.3, Pg: 7
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lri.l +|!.'.\|:'+[-:I +a ]3 {l'j*l',:ll: f,+f.] 'I"";""’-:I[ru"".-]
at bt 0 0 ) 4 . \‘1
b= M 0 e+l o o lb =b:| I'P+|' IL'I.‘+'I':|-+ [ap‘ﬁ :1|:|- i |L£.-I1H.-_J|[41u+nl]
AT ~ i i
"l 0 nas 4 \ ot (Eq. (10))
- Y [a #a)(1 41} (e ¢t )(ava) (b +0) (1 +1)}
4 ) 4 I

The inertia matrix of the reflector in the frame of reference (Gs, X,y,z) is

a? 4 B2 0 W]
Hit N £
- i 2 ]
Ic o = s ] s ]
. -
0 ] 12 4 b3

Taking Huygens' theorem into account, this inertia matrix becomes:

b #b+b 4|0 +a ta |} [1+1+1)[b +b+b | I|'['|'5+jj::|T!+l-Tl+ﬂ:-':-
el + B0 i : + '
) L . (I +l 4+ 6 +b+b | [I+i+][2+|a +a+a [P (b +b+b [0 +o+as)
].;{ e - 0 ﬂ_<+ .I_. 0 +“,.- _AF T WL F i a P i & v 5/ _ P i 5 P i
Arrs 2 P ' 3 d 4 1
] [ L - . . ) Eq. :
! o, (L=l +1 o =0 +as| bosb+b o +a+as| b +b4b 22 #1402 (Eq. (11))
LY AN i _ [ S I i o i i PP
4 4 1

The total inertia of the structure becomes in the reference (A, X, y, z), Faxy,= Faxy 2+ Fa xy 2 T o xy,» with A at the
edge of the recessed piezoelectric bridge .The angular momentum theorem applied to the whole structure gives :

0
."f{r'rl'.l v -] — dﬂll 2 i3
Ayl g - 5 — | —] = Moment e struciire =
o AL E, V.2 dr - AN, 1, dr? Z oments af the siructure
(1]
, (Eq. (12))
o/a 0
=E:+¥T;r+an o u:r.fr!“'= Ly
0 Fea

The structure rotates around the Ay axis. We know (see X), that the moments are: May = Mgy = - Fca Ip /8, therefore:
> Moments on the structure relative to the axe Ay = 1/4*Ip * Fca.

e S S ! = _ I g Jotre (Eq. (13))
I, a2~ a T a4 TF zan -4

Any calculation done we obtain:

with IS, the inertia of the structure relatively to the axe Ay.

T 1 I

11 1 el a2 1
|f, +|1: | Ur ._:‘H:.l I.ﬂP+E|'+EE--

(L+a? (1244} (13402 (140 (o, +a )
e T lipabl | :
el 4 (Eq. (14)

E=pab,l|— —+ —|+pabl|——+
T "PP PP 17 Il P 12 1

With pp, pi, ps, respectively the densities of the piezoelectric bridge , the intermediate finger and the mobile electrode
of the Casimir reflector

By equation 8, we obtain the differential equation which makes it possible to calculate the interval between the two
electrodes of the Casimir reflector as a function of time during the "descent" phase when the Coulomb forces are not

present

J. of Mod Phy & Quant Neuroscience Vol:1.3, Pg: 8
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o 2z f” are |1 fi] 1= . altrc

S = - .."i"; —= — with B = -8
dr- b .F},-" S 240 4 zd b1 _fi_-S- S 240)

(Eq. (15))

This differential equation (15) unfortunately does not have a literal solution and we programmed it on MATLAB to
calculate the duration of this "descent" of free Casimir electrode. This duration depending on the desired value of the
coefficient of proportionality p. (See figures chapter IV) .

Just at the moment of closing circuit n°1, we have Fco = - p Fca with p a coefficient of proportionality > 2 defined by the
threshold voltages of the MOS interrupters. The total force Frexerted in the middle of the piezoelectric bridge just at the
start of the charge transfer becomes: Fr= Fca-Fco = Fea (1-p)

The "descent" time of the free Casimir electrode will therefore stop when Fco = - p Fca. However, we know that:

d(Egy) o mihe

» bl -4
c 240 =z p

1 / The Casimir force is variable in time and its equation is (Eq. (1)): =  _
A

2 / The mobile charges transiting from side 1 to the Coulomb electrode through circuit 1 variable in time (Eq. (3)) are:

ey
L o -5 - ¥ 3
— =

efay & !

A

3 / The Coulomb force (4), variable over time, acting in opposition to the Casimir force (Eq. (4)):

dyl, e (1 R E 1 | 2
Feo= o sPs o0 |2 T T Roe : vzo—2. ]
” Zs ‘0 TEpE JUS T R0T 5

mthe |

240 =z 4
¥
The "descent" of the free Casimir electrode stops when the inter electrode interface zsis such that:

. 1 2 L_ L o 1920 p e, &, a, \2 .
Lg — F— ~a 3 rr-h-r:SH. d, 1, (Eq. (16) See (Fig 68)

PFo=pik,

YR =0 1]

This programmable equation gives the time tq of the "descent" of the structure submitted to the Casimir force and:
a/ depend on the coefficient of proportionality p,

- H-‘IIL- - g

F.;. ={1—p) F(.A:{l—;Jlsﬁ.—{U{fﬁ:rl
T 240z 4

xrn

b/ is calculable and will stop when the inter-electrode interface z; has a value z. satisfying equation (16).
At this instant the total force is therefore:

) rHrc o
Fﬂ.={|.—}J'}F(.A:fl_fj}sﬁﬁ*{u;f.f?:?'1
= ~ xm

During all the phase where 0 < VTxp < Vgrips <VTnE, or VTpe <Vgrips <VTnp < 0. The total force, variable over time and
exerted at the center of the piezoelectric bridge, becomes:

§ ol I l f."_,II'P z | 1 \2
g _ ap drege, |\ o4z ) Ba(7)

The piezoelectric bridge subjected to this force then rises towards its neutral position. The Casimir inter electrode interval
increases causing the Casimir force to decrease. As the deformations decrease, so does the electrical charge on the
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piezoelectric faces, resulting in a decrease in the Coulomb force.
The Fr force therefore rapidly approaches the starting Fca force, during the “ascent “of the Casimir electrodes.
Let us calculate an approximation of the duration of this "rise" of the mobile electrode of the Casimir reflector triggered

when Fco =p * Fca. It is a maximisation of this time because in fact the Coulomb force Fco stop when the circuit 2 close to
ground another time. As we don’t known the threshold voltage VTxp or VTpp, we made the calculation as they are null .

In these conditions, to know the time taken by the structure to "go back" to its neutral position, we must solve the
following differential equation:
1 J l ]1
dxe, e J| 3+

By posing L= [ (f 5 e ] } the differential equation (18) concerning the "ascent" of the bridge is written

d*s _ 'r.n |:F F :|_ 'r.r-: i | A ‘!,u'r.r- < 1 1 1 42 1 2
ar’ 3 “F A o 8 ;\_1- 1 Y A a, 8xe, e, -4 -4 Z,* =1 (Eq.(18))

This differential equation (18) has no analytical solution and can only be solved numerically. We programmed it on
MATLAB. The properties and dimensions of the different materials used in this simulation are as follows (Table 1).

Table 1: Table of Characteristics used for MATLAB and ANSYS Simulations

AR
O N EAE

P Ip* Ilhc] 1 aire | dylp

817 ||F *agp- 4
Hoz )t

PHYSICAL PROPERTY PZT AIN LiNbO3 PMN-PT :
Young Modulus (kg*m*s?) / m?) Ep=8.9%10° | Ep—32*%10" Ep—245%10° | Ep=150%10"9
Volumic mass (kg m* ) dp =7600 dp=3255 dp=4700 dp=7920
Piezoelectric coefficient d31 of the beam (C / (kg* m* s7%) d31=200%10" d31=2.400*10"2 d31=6%10" d31=1450*10"2
Length piezoelectric beam: Ip (m) 5010°¢ 5010°¢ 50 10°° 5010°¢
Width piezoelectric beam: bp (m) 150 10°¢ 150 10°¢ 150 10°° 150 10°¢
Thickness piezoelectric: ap (m) 10 10°¢ 10 10°¢ 1010°¢ 10 10°¢
Connecting finger length: li (m) 10 10°¢ 1010°¢ 1010°¢ 10 10°¢
Width finger connection: bi (m) 150 10°¢ 150 10°¢ 150 10°° 150 10°¢
Thickness finger connection: ai (m) 10 10°° 10 10°° 1010°° 10 10°°
Mobile Casimir electrode block length: Is (m) 500 10°° 500 10°° 500 10°° 500 10°°
Mobile Casimir electrode block width: bs (m) 150 10°¢ 150 10°° 150 10°¢ 150 10°¢
Casimir mobile electrode block thickness: as (m) 1010°¢ 1010°° 1010°° 1010°¢

In these MATLAB simulations we considered that the metal of the electrodes and metal block was oxidized over a
thickness allowing to have an interface between Casimir electrodes of 200 A © which modifies the mass and the inertia of
the vibrating structure (See chapter 5).

It turns out that the choice of aluminium as the metal deposited on these electrodes is preferable given:
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1 / The ratio between the thickness of the metal oxide obtained and of the metal attacked by the thermal oxidation

(see chapter V)
2 / Its low density increases and optimise the vibration frequency of the structure by minimising the inertia of the

Casimir reflector and the parallelepiped block that transfers the Casimir force.

The mass Mgirucwure Of the vibrating structure is then: Mstructure= dpm( as bs Is+ @i bi 1) +2 dom Zof (250 bsotbso lsotaso Lost)+dp
(apbylp)

With dpm the density of the metal, as, b, Is the geometries of the final metal part of the Casimir electrode sole, dom the
density of the metal oxide, aso, bso, lso the geometries of the oxidized parts around the 6 faces of the metal block, d, the

density of the piezoelectric parallelepiped (see figure 10):

Figure 10: Final structure with the metal oxides
surrounding the metal electrodes.

Simulation of Devices with different Piezoelectric Bridge

We present below the results of the MATLAB simulations carried out by numerically calculating the differential equations
(15) and (18). These numerical calculations give the vibration frequency of the structure which, as we will see, vibrates at a
frequency lower than its first resonant frequency (IV) .This vibration frequency depends on the characteristics of the
structure (Nature of material, , geometric dimensions, coefficient of proportionality p = Fco / Fca...)). (See IV and

Annex) .The metal used for the Casimir reflector block is Aluminium with a density of 2.7 g cm™

Piezoelectric Materials = PZT (Lead Zirconia Titanium)
Interface between Casimir Electrodes as a Function of Time for Different Trigger Values of Mos Transistors

For a starting interface between Casimir electrode of zo = 200 * 107!° (m) and a coefficient of proportionality
p =Fco/ Fca = 2, we obtain the following evolution in time of the Casimir interface:

T L L o PR
IR R el b Bl e Pashe b e D rrges Bos Sedaes Bele sl e ant S0 el =
AR ST R -:ra-p-a;wnnnllu- = oo Faml =
E]

vk A Dt

pEviscde =68 1ir' =

i S -
o o3 e

Figure 11: Interval between Casimir electrodes as a function of time for a proportionality coefficient FCO /FCA=2: PZT

We notice a phase of rise of the Casimir electrode faster than that of descent. The period of vibrations is 6.18 10°
7 s therefore with a vibration frequency of 1.613 10° Hertz , while the first resonant frequency of the same structure is
6.54 10 hertz. The moving electrode drops to zs = 198.8 Angstroms from the fixed electrode Ss3. The current peak for
this coefficient of proportionality p = 2 is 2.58 10" A. This current is obtained by adjusting the threshold voltage of the
enriched and depleted MOS transistors to a value Vt = 0.6553V for a length L = width =W =4 10 m and with a grid
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oxide thickness SiO2 = tox of 250 107! m (See figure 27).

Let us simply change the coefficient p = Fco / Fca of proportionality to p = 200, then we get (See figure 12):

BAATERLALIN = PET
IntE sl et b e @ Forerl PR larscus nsrvsis départ o0 (] =

e
Jr—

e e i Bl o= Fienl Foa) =
a1 E 200

ieriade clecis [ )

pdriode =1,97 107 =

¥,

Izerges i

Figure 12: Vibrations of the structure for a coefficient of proportionality p = Fco/ Fca =200: PZT

We notice for the ratio p = Fca/ Fco = 200 (figure 12), a phase of "rise" of the Casimir electrode also much more
dynamic than for the ratio of previous p = 2 The vibration frequency of the device of 5.07 10° hertz, while the first
resonant frequency of the structure is still 6.54 10° hertz.

The moving electrode is now approaching to z; = 188.9A ° of the fixed electrode Ss3, so the vibration amplitude of the
structure is 11.1 Angstroms.

The current is obtained by adjusting the threshold voltage of the enriched and depleted MOS transistors to a value Vt=
6.89 V for the same geometries as above (see figure 27).

We must therefore adjust the threshold voltages to precisely adjust the ratio p = Fco / Fca for which the Coulomb force is
triggered. This is a point that can be easily obtained technologically (chapter VII)

As the vibration frequency of the structure depend on the coefficient of chosen coefficient of proportionality p, the
structure does not vibrate at its first resonant frequency.

Spatial and temporal evolution of the Coulomb and Casimir force during an entire period

RATERALE = FET
Porow Coulamd [—| Feres de Canimle

MATERIALUE = FIT miwr by i e TeS0  Lengerer peale e e G0 lgeir smalle Do m)n 000200
[T ey — Frsps de Canimir .

intarvidle dhsartin] = el ionguewr sereile (el o 3000 egeur wemelde Tavemic (rmje OGNS r

ot
i

Coulomb’s force
Casimir’s force

Coulomb’s force

= Casimir’s force
—_—T } =S e |

v [

Figure 13: Casimir force and Coulomb force during a complete Figure 14: Casimir force and Coulomb force during a
cycle) complete cycle) f (time)

Figure 13 illustrates for the same device the values of the forces of Casimir and Coulomb for an evolution of the
Casimir’s interface between electrodes from 189.5A ° to 200 A © and during a complete cycle "descent + rise".

Figure 14 shows the evolution over time of the Casimir and Coulomb forces. Note that the Coulomb force is cancelled
out during a complete structural vibration cycle at time t= 1.95 10 seconds.
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We notice figure 15 that this ratio reaches the chosen ratio of 200 at time 1.95 * 107 seconds then plunges to zero during

the "rise" of the structure.

MAATERLALIE = PET

Fog f Foa ratio ns & famction of iime, when the startiog imterval = 2 ¢ m. Solc lemgih (prm ) = SO0,
Casimir sole wiklth = 1% pme, MOS swilecl gate oxide rthickness = 2.2 4 *

=

LG bR Ll

Figure 15 shows the ratio p =
Fco / Fca= f(time) during a
complete structural vibration
cycle and with a choice of
maximum ratio =200

Variation of the starting Casimir’s interface z, electrodes: PZT

Figure 16: Maximum Peak CURRENT = f (starting interface z0), Maximum selected Fco / Fca p ratio =200
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Figure 17: Structure vibration frequency = f (start-
ing interface zo): Fco / Fca chosen = 200: PZT

In order to have a significant current, it is
necessary to use starting interfaces between
the Casimir electrodes of less than 300
Angstroms. This low interface is difficult
to obtain but is still possible with a
technology that we present (see technology
chapter VII).

mmraian de neadl du MO S en foncdar de Tinmeface de Gépan #scrades Cunker powt Frofos = T8
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Figure 18: MOS threshold voltage = f (starting
interface z0): Fco / Fca chosen =200: PZT

We notice (Figure 17) that for a ratio Fco/ Fca of 200, the vibration frequency of the structure drops and stabilizes
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around 2.6 MHz, when the initial space between the Casimir electrodes increases. It is related to a decrease in the Casimir
Force. It is much lower than the first resonant frequency of the structure which is 6.85 Megahertz (for this structure). The
vibration frequency approaches that of first resonance if the starting zq interface is less than 200 Angstroms.

The vibration frequency depends on the chosen Fco / Fca ratio.
We chose an initial interface of 200 A ° for reasons of technological feasibility (see VI).

It can be seen (Figure 18) that the threshold voltage of all MOS transistors in the switches increases with a decrease in the
starting interface between the Casimir electrodes. As the Casimir force increases, so do the charges generated on its faces.
It is therefore necessary that the threshold voltage of the MOS transistors is greater in order not to trigger with the increase
in the Vgrips

Current and Threshold voltage function of the length Is of the Casimir electrode: PZT

We obtain (figure 19) a small decrease in the current, but a significant increase in the threshold voltage (figure 20), as the
length of this electrode increases. This is correlated with an increase in the inertia of the structure.
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figure 19: maximum current = f (length of the Casimir

electrode Is), starting interface =200 A °, selected coef- figure 20: Threshold Voltage = f (length of the

ficient of proportionality p =Fco / Fca=2 Casimir electrode ls), starting interface = 200 A °, se-
lected coefficient of proportionality p = Fco / Fca =2

Variation of the Width Bp of the Piezoelectric Bridge: PZT
We vary the bp width of the piezoelectric bridge and obtain an increase in the threshold voltage of the MOS by increasing

the bp width of the piezoelectric bridge (figure 21)
However, the current delivered by the structure varies little with the width of the piezoelectric bridge (figure 21)
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figure 21: threshold voltage of the MOS = f (width of the Casimir
electrode b,), starting interface =200 A °, selected coefficient of
proportionality = p = Fco / Fca =10

figure 22: Maximum current = f (width of the Casimir
electrode by), starting interface =200 A °, selected
coefficient of proportionality =p =Fco / Fca=10
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These considerations give that: For reasons of technological convenience, it will be preferable to choose a thickness of

around 20 pm.

Variation of the Thickness ap of the Piezoelectric Bridge: PZT

With an increase of the piezoelectric Bridge thickness ap, We obtain a decrease in the current (figure 23) and the threshold
voltage of the MOS (figure 24) but an increase in the vibration frequency (figure 25)
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Figure 23: current of the MOS = f (Thickness of piezo-
electric film a, ), start Interface =200 A° with a choice
Fco/Fca =10
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Figure 24: Threshold of the MOS = f (Thickness
of piezoelectric film a,), start Interface =200 A°
with a choice Fco/Fca =10

Frequency of vibration of the structure according to the thickness of the piezoslectric

bricdge Tor Fea/ Fea = 10 :

Piezowulectric bridge length and thickness =
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Figure 25: Structure vibration frequency as a function of the thickness ap of the piezoelectric bridge, starting interface z, to 200 A °,

Ratio p =Fco/ Fca =10: PZT

Variation of the Proportionality ratiop=F_ /F_, PZT

In a non-intuitive way, the current simply increases linearly by a factor of 40 (figure 26) if we increase the proportionality

ratio p = Fco / Fca by a factor of 500.
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Figure 26: current of the MOS = f (ratio = Fco/Fca), = Fco /Fea), start Interface = 200 A° piezoelectric
start Interface =200 A° piezoelectric material = PZT material = PZT

On the other hand, the threshold voltage of the MOS switches increases by a factor 8 for the same variation of the interface
(figure 27). The MOS N or P switch transistors enriched in parallel have the following geometries: Width W =4 mm and
length L =4 mm

Use of other Piezoelectric Materials

In order to increase the density of electric charges at the terminals, piezoelectric material PMN-PT can be used. It can be
deposited by RF-magnetron sputtering with a composition, for example:

PMN-PT= (1-x) Pb (Mgl /3 - Nbl / 3) O3-xPbTiO3; d 3, = 1450 .10"'2 C / (kg .m .s?) and a Young's modulus of

Ep =150 .10° Kg M™! T (Figure 1).

We will also simulate the results obtained with AIN (aluminium nitride) (d3;=2.4*10"'2C/ (Kg M T-?) and
Ep = Ep=32.10 '° Kg M"! T2, another piezoelectric material or AIN widely used in microelectronics because it is easily
removable and lead-free.

Piezoelectric Material = PMN-PT

With the MATLAB simulation, for an interval between Casimir electrode zo= 200 Angstroms, we obtain the evolution over
time of the Casimir and Coulomb forces as well as the Fco / Fca ratio of figures 28 to 42 below. For a ratio of 1000, the
maximum current delivered by the vibrating structure, the threshold voltage of the MOSE and the vibration frequency of
the structure are respectively: 1.2 10* A, Vt=3.2 V and 957000 Hertz

Evolution of the Casimir Interface as a Function of time during Two Periods: PMN-PT

For the Fco / Fca ratio = 10000 induces a period of 3.85 10 s and a rise time of 21.3 10 s with a deflection of the bridge
of 105 A °. The structure vibrates at 259.7 kHz. Due to inertia, at the rise sequence, the structure exceeds the initial
200 A ° by 20 A ° (Fig 28).
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PMMN-PT MATERLAL

INTERVAL BETWEEN CASIMIR ELECTRODES AS A FUNCTION OF TIME
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Figure 28: plot of the evolution of the Casimir inter-electrode interval as a function of time over two periods and an Fco / Fca Ratio = 10000:
Casimir inter-electrode interface =200 A°

Aratio Fco / Fca = 1000 induces a period of 2.96 10 s and a rise time of 44.5 10 s with a deflection of the bridge of 50
A ° The structure vibrates at 337.8 kHz: (fig 29). For this ratio of 1000 we notice a vibration amplitude of 50A ° , a period
0f2.96 10 s, with the faster rise of the mobile electrode producing a slight rebound of 5A, because of the inertia of the

structure.
PMMN-PT MATERLAL
INTERVAL BETWEEN CASIMIR ELECTRODES AS A FUNCTION OF TIME
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Figure 29: plot of the evolution of the Casimir inter-electrode interval as a function of time over two periods and an Fco / Fca Ratio = 1000:
Casimir inter-electrode interface =200 A°

For the ratio Fco / Fca = 2 (figure 30) a vibration amplitude of just 0.27 A © and a period of 1.861077 s is obtained This low
deformation of the PMN-PT piezoelectric bridge is mainly due to the extremely high piezoelectric coefficient ds; of 1450
(pC/N) of PMN-PT compared to 120 (pC/N) for PZT (Table 1).

We observe the weak overshoot of the initial interface.

J. of Mod Phy & Quant Neuroscience Vol:1.3, Pg: 17



Research Article Open Access

PRAMN-PT MATERIAL
INTERVAL BETWEERN CASIMIR ELECTRODES AS A FUNCTION OF TIME
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Figure 30: plot of the evolution of the Casimir inter-electrode interval as a function of time over two periods and a Ratio Fco / Fca = 2. Casi-
mir inter-electrode interface =200 A

I1V-2-1-2 / Evolution of the forces of Casimir and Coulomb: PMN-PT

We obtain:
1/ The evolution of the Casimir and Coulomb forces as a function
a / of the inter-electrode interface (figure 31) and
b/ over time (figure 32)
2/ The Fco / Fea ratio as a function of time for an entire period (figures 33).
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Figure 32: Materials = PMN-PT: Coulomb and
Casimir force as a function of time. Start interface
=200A°

Figure 31: Materials = PMN-PT: Coulomb and Casimir force as a
function of the inter-electrode interface. Start interface = 200A °

It is observed (Fig. 33) that the Coulomb return force is less important for an initial inter-electrode gap zr = 400A° than for
z=200A°.
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Figure 33: Materials = PMN-PT: Coulomb force for z-=200 A ° (Blue) and z- =400 A ° (Red) and Casimir force (Yellow,
z0 =200 A°) as a function of the inter-electrode interface Starting interface =200 A
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The break circuits n°1 triggered at time t = 2.44 10 s suddenly induce a rise of the mobile electrode, therefore a sudden
decrease in electric charges and grids voltages. We observe the gradual evolution towards the chosen ratio of 450 and then

the sudden drop in this ratio as the electrodes regain their initial position (Fig. (34)).

Ratio F_/F , as a function of Casimir interval and current peak as a function of the ratio: PMN-PT
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Figure 35: Materials = PMN-PT: Coulomb Force / Casimir Figure 36: Materials = PMN-PT: Peak Current delivered
Force ratio as a function of the Casimir inter-electrode inter- by the structure as a function of the Fco / Fca Ratio.
face. Start interface = 200A ° Start interface = 200A °

J. of Mod Phy & Quant Neuroscience

Vol:1.3, Pg: 19



Research Article Open Access

We observe (Fig 35) that for PMN-PT, a length of the piezoelectric bridge of 150 um and a deformation of 10 A © of
piezoelectric bridge, is sufficient to have a ratio = 1000.

On Fig 36, we see that a ratio of 2 gives a peak current of 7 107 A, while a ratio of 1000 produces a peak current of about
3.25 10 A, for the same time of homogenization of the charges of about 107 s.

Peak Current as a Function of Time and Peak Voltage across the Inductance for 2 Periods: PMN-PT

The following figures illustrate the peak current generated by the automatic vibrating structure with an inserted
magnification showing the shape of this peak as a function of time (figure 37) and its exponentially decrease during about
107 s. This current of about 1.2 10 A flowing through an inductor Liy of 3 10~ Henri naturally generates a voltage of 4
Volts (figure 38)
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Figure 37: Materials = PMN-PT: Current peak as a function of time obtained over 2 cycles. Starting interface = 200A °
Ratio p=Fco /Fca=1000

PIEZOELECTRIC MATERAIL = PMN-PT

PEAK TENSION DELIVERED BY THE STRUCTURE DURING TWO CYCLES FOR p=Feo/Fee= 1000 As this current peak
45 v v v . . cross an inductor, it

induces by itself a

voltage peak (fig 38)
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Figure 38: Materials = PMN-PT: Voltage peak across the 4 . 105 H solenoid as a function of the time obtained over 2 cycles.
Starting interface = 200A °, Ratio p=Fco /Fca=1000
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Peak Voltage across the Inductance and Threshold Voltage According to the Desired Ratio F_, / F_,: PMN-PT
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Figure 39: Materials = PMN-PT: Voltage peak across the . .
4 fl 0 H solenoid as a function of the Fgc OI; Fex Ratio Figure 40: Materials = PMN-PT: Threshold voltage of the
Start interface = 200A © : Enriched or Depleted MOS according to the Fco / Fca
Ratio. Start interface = 200A °

It can be seen (Fig. 39) that the automatic peak voltage obtained without any energy expenditure increases by a factor of 16
from 0.25 V to 4 V, when the ratio p = FCA / FCO changes from 2 to 1000. Similarly, the MOSE and MOSD threshold
voltage allowing these ratios increases from 0.2 V to 3.2 V (Fig 40).

Vibration frequency as a function of the F_ / F_, ratio and peak current as a function of the initial Casimir
interval chosen: PMN-PT.

Note (fig 41), that for an initial interface zo = 200 A°, and for a ratio Fco / Fca =2, the maximum vibration frequency of
the structure is 3.50 MHz . It falls to 750 kHz for a ratio of 1000. These frequencies are still lower than the first resonance
of the structure, which is of the order of 7.94 Megahertz.

For a ratio Fco / Fca = 500, the maximum current delivered by the structure falls as a function of an increase in the initial
Casimir interval (Fig 42).

This vibration frequency of the Casimir structure approaches that of the first resonance for weaker interfaces below 200
A°.

We are then unfortunately confronted with the technological possibility of controlling such a weak interface.

It seems that the piezoelectric material PMN-PT coupled with a conductor like aluminium is an interesting couple for our
vacuum energy extraction structure.
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Figure 41: Materials = PMN-PT: Vibration frequency
as a function of the Fco / Fca Ratio. Start interface =
200A ° Start interface = 200A °

Figure 42: Materials = PMN-PT: Current peak across the
2.10* H inductance as a function of the starting interval be-
tween Casimir electrodes. Start interface = 200A °
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Piezoelectric Material = AIN

We test with a MATLAB simulation of the behaviour of the structure make with piezoelectric Aluminium Nitride (AIN).
We obtain the evolution with time of the Casimir and Coulomb forces on figures 43.

For a ratio of 10, the maximum current delivered by the vibrating structure, the threshold voltage of the MOS and the
vibration frequency of the structure is respectively 1.85 10”7 A, Vt = 3.7 V and 667000 Hertz.
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Figure 43: Piezoelectric Material = AIN Casimir, Coulomb Force = f (Time) starts Interface = 200 A°
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The time of "rise" of the mobile Casimir electrode is relatively slow , it is a consequence of the low value of the piezoe-
lectric coefficient d3; of AIN.

In conclusion, the use of AIN does not seem suitable for this vacuum energy extraction application

Conclusions

It seems that the most suitable piezoelectric material for this vacuum energy extraction device is PMN-PT with a peak
current more than 100u A (figures 28 to 42).

U Iiv power peaks of nanosecond duration are converted into a DC voltage that can be used by electronics without a
power supply

Electronic Transformation and Amplification without External Power Supply of a Periodic Signal of a Few
Millivolts into a Dc Voltage of a Few Volts

U . Iiv power peaks lasting a few nanoseconds are present at the input of an electronic circuit without any power supply
(see fig 46 ).

We will describe these electronics designed and successfully tested with a simulator SPICE . This electronic gave very

encouraging results and delivers in its output an exploitable direct voltage even if it has in its input an alternating and

signal of some millivolts.

The principle used to amplify and transform a weak signal without power supply derives from that of the diode bridge
rectifier of Graetz or the doubler of Schenkel and Marius Latour. The crippling problem is that the diodes of these
rectifiers are conductive only with a minimum voltage of around 0.6 V at their terminals. As the alternating signal from the
vacuum energy extraction device can be weaker, it is necessary to have switches that are triggered with a lower control
voltage.

The principal diagram of this electronics is presented in figure (46)
In these SPICE simulations, the micro transformer of vacuum energy describe above was assimilated to a micro
transformer delivering a power Uiy Iy limited to a few nW .

Clran 1 lasgpe Coupling Cages ity Cne stage
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Figure 46 : Principle of the single-stage doubler without power supply electrical diagram. All the MOS are isolated from each
other by etching on an S.O.I wafer and their threshold voltage is as close as possible to ground

The MOSE N and P transistors of this rectifier circuit must have a technologically defined threshold voltage as close as
possible to zero. The precision of nullity of these threshold voltages will depend on the values of alternating voltages at the
terminals of the inductor Ly . In the circuit of figure 46, a micro transformer replaced the inductance Ly . But this
inductance plays the same role as this micro transformer since it delivers a limited power U Iin

The left part of the micro-transformer takes care of the negative voltages of the input signal, while the right part takes care
of the positive voltages. The circuit is composed of several stages without no power supply which rectify and amplify, on
the one hand the negative parts of the weak input signal and on the other hand the positive parts.

The number of elementary stages depends on the desired DC voltage, but this DC voltage saturates with the number of
stages in series (figure 49). The results obtained from SPICE simulation are shown in figures 47,48
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Figure 47: SPICE simulations of voltages, current, power consumed by the autonomous electronics for the
transformation into direct voltage (5.4 V) of an alternating input signal of 50 mV, frequency = 150 kHz, number of
stages = 14, coupling capacities = 20 pF, storage capacity = 10 nF.

We note the extreme weakness of the electrical power required at the start of the conversion of the power peaks (60
nW) and at the end (2 pW). This transformation require about 4 ms .

Figure 48: SPICE simulations of the currents drawn by the transformer and the power consumed by this transformer.
Input signal = 100 mV, frequency= 150kHz, Number of stages =30, Coupling capacities = 20 pF, stocking capacity = 10 nF

Important points in figure 47 and 48, are the very low power and current consumption on the source since:

1 / In figure 47 the power delivered by the source begin at the start with 60 nW and ends at 2.97 pW for
an input current starting at 7 pA and finishing at 1pA. The negative component of the alternating signal is transformed in
10 ns into a negative direct voltage of V, =-2.7 V. Likewise the positive component the positive alternating part is
transformed into a positive direct voltage of V, =2.7 V. We obtain therefore a direct voltage Vp -Vn=Vt=54V.
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2 / In figure 48 the power delivered by the source begin at the start with 65 nW and ends at 4.2 nW for an
input current starting at 700 nA and finishing at 90 nA. The negative component of the alternating signal is transformed in
10 ns into a negative direct voltage of V, =-3.9 V. Likewise the positive component the positive alternating part is
transformed into a positive direct voltage of Vp =3.9V. We obtain therefore a direct voltage Vp -Vn=Vt=7.8 V.

An important point is the need to have a high circuit output impedance of several Mega-ohms, so typically the input
impedance of an operational amplifier.

The DC voltage obtained depends on the number of stages constituting these electronics without electrical power
for transforming an AC signal of a few millivolts into a DC signal of a few volts. However, this transformation saturates
with the number of floors, as shown in figure 49

OUTPUT CONTINUOUS VOLTAGE = | HUMBER OF STAGES §
Coupling Capacity = 20 pF , Output Capacity = 10 nF
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Figure 49: DC output voltages as a function of the number of ele-
mentary stages for AC input voltages of 20 mV and the other of 100
mYV, Start interface = 200A °

40 &0 #0
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Figure 50: influence of the coupling capacitance on the
amplification of the input signal. Start interface = 200A °

Note in Figure 49 that the DC output voltage

saturates with the number of elementary stages and that the optimal number of stages is of the order of 40. We also looked
at the influence of the coupling capacitance on the amplification of an input signal of 100mV with a storage capacity of
10nF. This amplification saturates and a coupling capacity of 20 pF which seems to be optimal signal (figure 50).

Evolution of the output voltage mcasured at 30 ms
a5 i1 function of the soirce voltage
Dievice of 1 * 14 stages frequency = 150 khr

il
, 2
* o

i /
/’/

1 oz

Ehalp s mlage (25

oms  Gps Al a2

sarcy viagr |V

Power evolution (nW) as a
function of the Voltage Source

330
300
250
200
130
100
5
D .

LU

1B Startiag prwer (5W)

40 60 BD

Source voliage (mV)

20 0 150 200

Figure 51 / Evolution of the DC output voltage as a func-
tion of the amplitude of the AC input signal for a
frequency of 150 kHz Start interface = 200A °

The following figure 51 shows the influence of the

value of the input AC voltage, with a frequency of 150 kHz,

device.

Figure 52 / Evolution of the power supplied in nW by the
source as a function of the amplitude of the voltage supplied
in mV. with 2 * 14 stages and a frequency of 150 kHz Start
interface = 200A °

on the DC voltage obtained at the output of a 2 * 14 stage
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Figure 52 shows the power in nW delivered by the source at the start of the amplification.

A summary of the performance of this low “voltage doubler” device is shown in Figure 53 below

CHARACTERISTICS OF OUTPUT VOLTAGES (V), POWERS (B'W) CURRENTS (nA)
AS A FUNCTION OF THE NUMBER OF STAGES
INPUT SIGHNAL FREQUENCY = 150 kHz OUTPUT VOLTAGE MEASUREMENT FOR T — 50 ms
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Figure 53; Summary of transformations from low alternating voltages to direct voltage frequency of 150
kHz . Start interface = 200A °

The interesting points for the presented electronics’ device are:

1 / the low alternative input voltages required to obtain a continuous voltage of several volts at the output

2 / the low power and current consumed by this conversion and amplification circuit on the source which in this case is
only an inductor supplied by the current peaks generated by the autonomous vibrations.

3/ the rapid time to reach the DC voltage (a few tens of milliseconds)

The technology used to fabricate the MOSNE and MOSPE transistors with the lowest possible threshold voltages is CMOS
on intrinsic S.0.1. and the elements are isolated from each other on independent islands. This technology, represented in the
following figure 54, strongly limits the leakage currents.

| | rica | | o | |
||:H'i:i o= oo rab Metallic
Epjj .
M |Bulk| M F|Bulk connection

Figure 54: S.0.I technology for making the elements of the “doubler”

We note that, the coupling capacities of 20 pF of this electronic, like that of storage of the order of 10 nF, have

relatively high values. In order to minimize the size of these capacitor we propose to use of titanium dioxide as insulator,
with a relative permittivity of the order of 100 which is one of the most important for a metal oxide, then the size of the
capacity passes to 33 um for a thickness of TiO2 = 500 A °, which is more reasonable.
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Technology of Realization of the Current Extractor Device Using the Forces of Casimir in a Vacuum

For the structures presented above, the space between the two surfaces of the reflectors must be of the order of 200
A°, .... which is not technologically feasible by engraving.

Yet it seems possible to be able to obtain this parallel space of the order of 200 A ° between Casimir reflectors, not by
etching layers but by making them thermally grow.

Indeed, the Ss; and Ss, surfaces of the Casimir reflector must;
e be metallic to conduct the mobile charges

e insulating as stipulated by the expression of Casimir's law who established for surfaces without charges.

e This should be possible if we grow an insulator on the z direction of the structure, for example Al,O3 or TiO; or other
oxide metal which is previously deposited and in considering the differences in molar mass between the oxides and the
original materials.

For example, silicon has a molar mass of 28 g/mol and silicon dioxide SiO2 of 60 g/mol. It is well known that when a
silicon dioxide SiO2 grows by one unit, a silicon depth of about 28/60 = 46.6% (figure 55 )

502 surface i e
ORIGINAL surface i ==
of Silicon 0
[ Silicon [ — Figure 55: Growth of SiO2 oxide on silicon

This means that the fraction of oxide thickness "below" the initial surface is 46% of the total oxide thickness according to
S.M. Sze. [9]

The same must happen, for example for thermal growth of alumina. The molecular masses of Alumina and aluminium are
Manosz = 102 g/mole and M= 27 g/mole. We obtain an aluminium attack ratio of 27/102 = 26%, which implies that the
original surface of this metal has shifted by 26% so that 74% of the alumina has grown out of the initial surface of the
aluminium....

As regards the technological manufacture of electronics and structure, it therefore seems preferable:

1 / For electronics to choose Titanium Oxide because of its high relative permittivity & =114 allowing to minimize
the geometries required for the different capacities

2 / For the Casimir structure, the choice of aluminium, because its low density increases the resonant frequency of
the structure and that 74% of the Alumina Al1203 is outside the metal, allowing to reduce the interface between Casimir
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For example, we start from an opening z,« = 3 um. We deposit a metal layer of aluminium that is etched leaving a width
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Zma= 1 pum on each side of the reflector. Then an Alumina Al,O; can grow, the thickness of which is precisely adjusted,
simply by considerations of time, temperature, and pressure to increase a necessary thickness to have the desired
interface zo..

For example, if zo = 200A °, Zoa = 3 um, zmg = 1 pum, then zo¢=0.662 pm. So, we obtain a Casimir interface of 200 A°.
The final remaining metal thickness will be zns = 0.338 um and will act as a conductor under the aluminium oxide.

Obviously, the growth of this metal oxide between the electrodes of the Casimir reflector modifies the composition of the
dielectric present between these electrodes, therefore of the mean relative permittivity of the dielectric.

Let: g be the permittivity of vacuum and €. & the metal oxides one (g = relative permittivity = § in the case of Al,O3),
Zor the final oxide thickness on one of the electrodes and z the thickness of the vacuum present between electrode, (initially

we want z = 7).
S Y
mo T

Then the average permittivity eom of the dielectric is:

':.-flr ey &, “p¥n a0 Cr
¥ - =r

i - - I - -
I:"‘rc.' * % ) (R "":I

g + I, . +L E E {3: e"+':| .
- =£,E, because zg is << Zof...

For example, zor= 6620 A° is large compared to z <= 200A ° therefore gom = 8 * &9 in the case of ALLOs.

We have taken into account this change in permittivity in the preceding simulations.

Steps for the Realization of the Structure and its Electronics

We use an SOI wafer with an intrinsic silicon layer : The realisation start with voltage "doubler" is obtained by using
CMOS technology with 8 ion implantations on an SOI wafer to make :

1 / The sources, drains of the MOSNE, MOSND of the "doubler" and of the Coulomb force trigger circuits and of the
grounding

2 / The source, drains of the MOSPE, MOSPD of the "doubler" and of the Coulomb force trigger circuits
3 / The best adjust the zero-threshold voltage of the MOSNE of the "doubler" circuit

4 / The best adjust the zero-threshold voltage of the MOSPE of the "doubler" circuit

5/ To define the threshold voltage of the MOSNE of the circuit n°1

6 / To define the threshold voltage of the MOSPE of the circuit n°1

7 / To define the threshold voltage of the MOSND of the circuit n°2

8 / to define the MOSPD threshold voltage of the circuit n°2

This electronic done, we take care of the vibrating structure of CASIMIR

9 / engrave the S.O.1. silicon to the oxide to define the location of the Casimir structures (figure 57)
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Figure 57 :
9/ etching of S.0.I silicon

10/ Place and engrave a protective metal film on the rear faces of the S.O.I wafer (figure 58)
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11 / Deposit and engrave the piezoelectric layer (figure

PETALLIE SRR

Figure 58:
10/ Engraving of the protective metal rear face of

the S.O.L silicon

Figure 59:
11/deposition and etching of the piezoelectric layer e

61 deposition and etching of the piezoelectric layer
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I iR TR FLRA Figure 60:

:: o 12/ Metal deposit, Metal engraving
: ' etching of the piezoelectric layer

59)

13 / Plasma etching on the rear side the silicon of the Bulk and the oxide of the S.O.I wafer protected
by the metal film to free the Casimir structure then very finely clean both sides (figure 61)
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Figure 61:
13/ view of the Casimir device on the rear face, en-

graving on the rear face of the structures.

14 / Place the structure in a hermetic integrated circuit support box and carry out all the bonding necessary for the

structure to function.

15/ Carry out the thermal growth of aluminium oxide Al;O3 with a measurement and control of the circuit under a box.
The electronic circuit should generate a signal when the interface between the Casimir electrodes becomes weak enough

and then stop the oxidation. (Figure 62)

for the device to vibrate ...

Figure 62:
14 /Adjusted growth of metal oxide under the elec-
tronic control, front view of the Casimir device

16 / Create a vacuum in the hermetic box

In the case where the 2 metal electrodes of Casimir, adhere to one another, they can be separated by the application of an
electrical voltage on the Coulomb’s electrodes.
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In order to obtain a current peak greater in intensity, the Casimir cells can be positioned in a series and parallel network at
the 2 terminals of a single inductance. For example, 20 Casimir cells can be placed in parallel and 10 in series. (Figure 63)

Carsimir ool width = 0350 mm e 20cek5 = 3mm Figure 63: Positioning of 20 Casimir cells in parallel
and 10 in series. Circuit 1, Circuit 2 and Switches of
circuit n°1 and n°2
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Circuit 1: parallel MOSPE and MOSNE; see Fig 6 Circuit 2: serial MOSPD and MOSND; see Fig 6

Energy Balance

We will try to show that this physical repository makes it possible to explain, by a constant contribution of vacuum energy,
an apparent "perpetual movement" of the MEMS device presented. In fact, the problem is less to extract energy from the
vacuum than to extract it without spending more energy that we cannot hope to recover. For example, let us imagine a
cyclic system on the model of a piston engine going from a spacing zs; to the smaller spacing zs, then from zg to z.

n?ch
240 zg*
the reduce Planck constant and c the speed of light . This in 1/z*, would imply that a larger opposing force is provided to
return the piston to zg;.

The attractive Casimir force is Fpy = S (Eq.2),ref [1],[2] ,[3] With S the surface of Casimir’s electrodes ,h = h/2n

The Coulomb's force can play this role with an energy balance satisfying Emmy Noether's theorem, because this force will
be in 1/z'°:

In fact, and in the case of a deformation perpendicular to the polarization of a piezoelectric film, by a Casimir force Fca,
we know that the fixed charges Qr induced by the deformation of this piezoelectric layer are proportional to the Casimir
force FCA and are therefore in 1/z*.

2
Tk ( 14 - %) (Eq. (3)),ref [4] [5] [6]. In this expression when z=z, the

dzq l dzq l
We have Qp = app Fog Q=225 -
S

ap 240
electric charge is null, with piezoelectric coefficient d3; (CN), 1, a, respectively length and thickness (m) of the
piezoelectric bridge. It does not depend on the common width bp = bs = bi of the structures (figure 1,2,3,4,5,6,5,6). This
point is important and facilitates the technological realization of these structures since it limits the difficulties of their deep
and straight engraving. These fixed electric charges inside the piezoelectric bridge have opposite signs and attract mobile
charges of opposite signs from the mass on the two metallized faces of this bridge. The mobile charges of one of the faces
of the bridge activate the insulating gates of the enriched transistors T.F.T. M.O.S N and P in parallel of switch n°1 (Fig 2).
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It generates on these transistors a gate voltage Vg with the expression v, = CQ—F (Eq.19) . Cox the capacity of the
ox

grid’s transistors C,, = (t’ % LWy (Eq.20) with &, the permittivity of vacuum, g the relative permittivity of silicon
ox

oxide , Lt, W, and tox the length, width and thickness of the grid of the TFT MOS .

The mobile charges of the other face of the bridge supply the sources of the T.F.T. M.O.S. N and P and can circulate to
homogenize on a so-called Coulomb electrode, if the threshold voltage of the switch is exceeded.

Before closing switch N°1, this Coulomb electrode was grounded by closing switch N°2 consisting of N and P M.O.S.
T.E.T’s in depletion and in series. (Fig 65). It is important to note that:

1/ The threshold voltage values of these switches are Vr; for switch n°1 and V1, for switch n°2, with abs(Vri) very
slightly above abs(V2).

2/ If the voltage on the insulating gates of the MOS TFTs is above their threshold voltage, then: Switch n°1, changes
from OFF to ON but conversely switch n°2 changes from ON to OFF (Fig 7)

Description of Switches n°1 or n°2 and Autonomous Electronic

Switches Electronic Description

These switches are made with:
a/ Circuit n°1 (fig 64): with MOS P and MOS N transistors enriched and in parallel: Threshold voltage Vrne and Vrpe
b/ Circuit n° 2 (fig 65): with MOS P and MOS N transistors in depletion and in series: Threshold voltage Vnp and Vrpp

An important point is that the threshold voltage values of these transistors are positioned as Figure 7.
We have, Vpe <Vtnp < 0 <V1pp < Vine. For the functioning symmetry |Vrpg| can equal [Vne| and [Vrpp| can equal |V

Consequently, as |Vrnp|< [V1pe| and [Vrep| < |V1ng|,_circuit switch n® 2 is open or closed just before circuit switch n° 1 is
respectively closed or open (see figure n° 7).

Circuit n°1: Switch n° 1

Switch n°1 consists of an enriched N type TFT MOS in parallel with an enriched P type TFT MOS (see fig 7,64) with
their threshold Vg or Vrpg voltage as positioned in fig 2. [11]

The common gates voltage of these enriched T.F.T. MOS N and P in parallel of switch n°1(figure 2), are controlled by the
free charges appearing on face n°2 of the piezoelectric bridge. The N and P sources of these T.F.T. MOS are connected to
face n° 1 of the bridge and the drains Coulomb’s electrode. (Fig 4,6). The input of the R.L.C circuit is connected in series
between the return Coulomb electrode and the ground, the autonomous electronic n°3 in parallel (figure 4,5).

This return Coulomb electrode is itself grounded via switch n°2 (Fig 6)

. | M e e Switch n°1
e (Fig. 64) The switch n°1 is made with two types of enriched MOSPE or
MOSNE transistors_in parallel, to avoid the exact nature (holes or
electrons) of the mobile electric charges appearing on the metal

are the same in absolute value [Vng | = [Vre|

face n°1 of the piezoelectric bridge. Preferably, their threshold voltages

VIII /1/4: Circuit 2: Switches n°2
Switch n°2, consists of a P type depletion T.F.T. MOSPD in series

et | o | Switchn°z | With an N type depletion MOSND (see figure 6,7 ,65).
— (Fig. 65) The common gates of these MOS switches are controlled by the free
charges appearing on face n°2 of the piezoelectric bridge. (See figure
Gate 4,6)

The input of Switch n°2 is connected to the Coulomb electrode, and its output to the
RLC circuit then to ground. Preferably, their threshold voltages are the same in absolute value [V~p |= |Vrep|. The values
of |[Vino |= |Vrep| are lower but very close (90%) of [Vine | = [Vreg|
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Schematic and Comportment of the MEMS

Thus, when it is effective (switch n°1 closed), the Coulomb return force Fco is (fig 4,5,6)

2
Q% ( 1 )2 _ daitp S n2ch ( 1 1) ( 1 )( 1 )2 (Eq. 4)
ameger \zp+zo—zs) ap S 240 z& oz} 4meg er) \zp+zo—2s q-

We note that Fco is in 1/z5'°, with z = distance (time dependent) between Casimir electrodes, and zo = initial distance

Feo =

between Casimir electrodes

The schematic of the sensor part of this MEMS is shown in figures (5 ,6). The perpetual, isotropic and timeless Casimir
Fca force, resulting from quantum vacuum fluctuations, causes the deformation of a microscopic piezoelectric bridge
embedded in a silicon wafer.

Casimir reflector electrodes
Piezoelectric Bridge

Recall Coulomb’s electrode

ap, bp and Iy, are thickness, width, and
length of the piezoelectric bridge.

as, bs and Is , are the thickness, width
and length of the Casimir moving
electrode .

Scons0l -~ Fig. 4 Vue of the top of device, Axes,

Silican Balk . .
Mo Forces , Casimir’s Electrodes
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. AR B \ 2
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Sl piezoelectric bridge:

When the switch n°1 is OPEN the mobiles charges of face n°1 don’t move and keep on this face n°1. When the switch
n°l is CLOSED and switch n°2 is OPEN, the free moving electric charges must homogenize between the metallic film of
face n°1 and the metallic film of Coulombs electrode (Fig 4,5). Then, as the electrical nature of mobiles charges of faces
n°1 and n°2 are opposite, Coulomb’s force Fco must appear between the two metallic electrodes.

The threshold voltages of the transistors of switch n°1, technologically predetermined, impose the intensity of Coulomb’s
forces which can be much greater than the force of Casimir Fca.

The Coulomb force's lifespan is ephemeral, and its dissipated energy is determined by the threshold voltages of switch
n°2, when it is close to ground (Fig 7,64,65). The resulting force Fco - Fca, applied to the center of the piezoelectric
bridge changes direction or is zero.

The piezoelectric and elastic bridge having no force to keep it deformed, necessarily returns (by the stored deformation
energy + the kinetic energy) to its initial position, therefore without any deformation or electrical charges. This ephemeral
Coulomb force suppresses the collapse of the two very close electrodes of the Casimir reflector and reduces, then cancels
the deformation of the piezoelectric bridge, and thus its electric charges. The structure returns to its initial state and is
again deformed by the timeless and homogeneous Casimir force Fca which always exists.

This cycle reproduce itself and the system vibrate (Fig 30) , with the vacuum energy transmitted by the Fca force, as a
continuous drive source for the deformation of the piezoelectric bridge and with the self-built Coulomb force Fco,
superior and opposed to Fca as the counter-reaction force.

At each cycle, the automatic switching of the integrated switches of circuits n°1 and n°2 distributes differently the mobile

disappears by crossing an integrated R.L.C circuit . These peak of current Al, flowing through an integrated inductance
to the ground induce a peak of voltage AU so a peak of power which supply autonomous electronics. (Fig 46 ;47)
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The power peak AU. Al at the terminals of RLC circuit supplies electronics without any external power source and is
automatically transformed into a direct voltage of several volts, usable on a high impedance.

Mems Energy Balance

In this part, we will try to make a detailed and exhaustive assessment of the behavior of the MEMS during one vibration.
Firstly, we will focus on the first half of this vibration, which we will call the "go" phase. Secondly, we will focus on the
second half of the vibration, which is to say the "return" phase.

Let us recall that, the piezoelectric bridge is perfectly elastic which implies, as with any elastic structure, that the energy
expended by a mechanical deformation of the positions from 0 to 1 is integrally restored when returning without any
permanent deformation, from the positions from 1 to 0. The conditions of use of it are in the purely elastic domain. We
do not enter the domain of plasticity.

In the following we propose to put into equation the energy balance of «go» then in “return” steps. Voltage thresholds of
the MOS are: 0 <VTep < VTng, and VTre < VInp <0 and Fco/ Fca< p . With p the chosen amplification Fco/ Fea.
We note V1= abs (VTxe or VTpg) and Vo= abs (VTxp or VTpp), and call Vg the voltage due to the mobiles charge on
the face 2 of the piezoelectric bridge and appearing on the gate of all the TFT MOS transistors. [11]

MEMS energy balance during the phase “go” from z to z,

0 <V <abs (Vr2)< abs(V11). and Fco/ Fca< p: switch n°1 OFF, Switch n°2 ON.

applied to the piezoelectric bridge. Consequently, very small electrical charges are present on it. The electrical voltages
Vi on the grid of the enriched and parallel TFT MOS N and P of switch N°1 is lower than their threshold voltage Vi, so
this switch n°1 is open and in the OFF position. On the other hand, as Vg < Vr2, switch N°2 consisting of two TFT MOS
N and P in series but operating in depletion mode is closed and in the ON position to ground. In these conditions the so-
called Coulomb electrode is to the ground, thus eliminating the Coulomb force Fco.

b/ 0 < abs (V12 )< Vg < abs (Vr1). and Fco/ Fca< p: switch n°1 OFF, Switch n°2 OFF.

No moving electric charge appears on the return side of the Coulomb electrode, which is connected to ground by switch
2, which is ON, and isolated from the piezoelectric bridge by switch 1, which is OFF. The Casimir force begins to deform
the piezoelectric bridge more significantly. Consequently, the mobiles charge on face 1 and 2 of the piezoelectric bridge
therefore the voltage Vg on the gates of transistors of switch n® 1 and n° 2 increases. This voltage Vg still lower than the
threshold voltage V11, exceeds now Vr; of switch n°2 which opens and switches OFF.

The structure being assumed to be perfectly elastic and the amplitudes of the vibrations being extremely low, we will see
that the mechanical energy losses by an increase of temperature in the device are negligible.

1/ Note also that the mobile parallelepiped metal electrodes of the Casimir electrodes remain parallel to each other and
that the mobile metal Casimir electrode does not deform. It simply transmits its movement to the piezoelectric bridge
which deforms but therefore does not heat up. (Fig 4,6)

2/ The expulsion of entropy AS from the vibrating structure of Casimir is transmitted to the piezoelectric bridge. It causes
an extremely slight increase AT in its temperature and expels this heat to the outside. Let us calculate an order of this
magnitude AT.

We note AQvib the heat transmitted by the vibrations of the piezoelectric bridge. In first approximation, we can use the
well-known formula AQyi, = AS. AT, with AS= entropy variation (J °K™!) and & T = temperature variation (° K)

12
However, we know that: AQ,;, = Msm‘““rez [27 foip) zZ Eq. (21) [10] With: fy,= Vibration frequencies of the

piezoelectric bridge, Msucure = mass of this bridge, which is the only one to deform because the Casimir electrodes are
simply in translations. We note z; the maximum deflection of the bridge (Fig 3)

This heat expended at the level of the piezoelectric bridge causes its temperature to increase. As a first approximation we
can say: AQuib =M siructure. Cpiezo AT. With: Cpicso = Specific heat capacity of the piezoelectric bridge (J Kg™! °K™),
AT = Temperature variation (°K).
12
Consequently AT = 2z Foipl” z2 = Temperature variation of the bridge. Eq. (22)

piezo

For example, for a PMN-PT piezoelectric film: Cpiezo = Comnrr= 310 (J Kg! °K™), fuip 3 10°Hz, ze = 100%1071° m, we
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then obtain: A T 103 °K. The expulsion of entropy from the vibrating Casimir Electrode is negligible. We note that
simply half of this expended heat occurs in the “go”, the second part occurs in the “return” phases of the vibration.

During a cycle from zo to zi, to deform the ELASTIC PIEZOELECTRIC BRIDGE during the displacement " go " of the
vibration , the quantum energy Ecasmvir , given by the quantum vacuum , is used for four different energies:

1/ The mechanical energy for the deformation of the elastic bridge: Wperca

2/ The energy to create the fixed Qr charges in this piezoelectric structure : WgrinGe

3/ The energy for the simple displacement of the point of application of the Casimir force in the middle of the bridge :
WeasiMir

4/ The_expulsion of entropy AS/2 energy, expended in heat due to the friction of the atoms in the half of the vibration of
the bridge heat : & Qyip/2

We can write that: Ecasmviri = Woerca + Weringe + Weasmiri +4 Quiv /2, (Eq 23).
This quantum vacuum energy Ecasmviri is bigger than the simple translation energy Weasmviri.

The energies Wperca and also Weringe are store in the deformed piezoelectric bridge as a potential energy.
1/ The translation energy of the Casimir force is:

ko

720 ) [% - Z%].(Eq 23)

2k oc
240 z*

Weasviri = fz? Feadz = fz? S dzg=§ (

This energy Wcasiviri represents the translation of the point of application of Casimir force Fca from zp and z;, but
absolutely does not consider that this force must also deform an elastic and piezoelectric structure from zo to z;. Let us
now calculate this deformation energy Wperca of the piezoelectric bridge embedded at its two ends.

We know that the deformation energy of an elastic system is the energy that accumulates in the solid body during its
elastic deformation. Yet, all Material Resistance book says that the deformation energy Wq of an embedded elastic bridge
and for a constant force F is W= % z. F with z. = z - zs, the deflection (arrow) acquired by the elastic bridge subjected to
the constant force F .

In the case of our piezoelectric bride the force F being the Casimir force, varies in 1/z* , with the distance z. So, for a
differential deflection dz of the bridge under the force F(z) we can write :

1

3
s Zo

1.7 h ¢zl 172k c
—5—f -
Z,

27 240 Z =%

1 rzs
dWo) =12 F(z)dz. = W, =5fzz0 F(2)dz = Wprea(zs) = e 7 - 0

] (Eq. 24)

This energy Wperca is stored in the elastic bridge as a potential energy. The position of the mobile Casimir electrode
reaches the limit z; when the grid voltage Vg on switch n°1 reaches its threshold voltage Vi .

This position z1 reached is unstable because the Casimir force increases with the position. As a result, the mobile Casimir
electrode can collapse (see annex). But, when the Casimir electrode is in position z;, the switch n°1 switches to ON . The
charges present on the metallic face n°1 of the piezoelectric bridge must homogenize with the metallic Coulomb
electrode, which was previously grounded by the closing of switch n°2 . Note that when switch n°1 switches, switch n°2
is still open because the voltage Vi > V12 (Fig 3.,4,6,7) and the TFT MOS of switch n°2 are in depletion.

. . . L 2 b
The energy stored in the bridge through its deformation is in z1 , Wppca1 = = [i -

1 1 _
ES w0 |23 z_&]'(EqZS)' Similarly when

. . . . 2 b
the structure reaches position z, , the memorized elastic energy is , Wprcar = % S n240 - [213 - i](Eq 26) .
2 0
We notice that Wpgrca > 0 and that the numerical value of Wpgrcai is a little smaller than the expression calculated when
Fca(z1) was constant: Wd= % ze*Fca(z1) .

2/ During the displacement " go " the energy Ecasmvir s also used to generates a potential energy Waringe accumulated in
the capacity of this piezoelectric bridge which follows the equation:

d(Wgripee) = Qr d(Vpigzo) with Vpigzo
= voltage beetween the two metallic face of the piezoelectric bridge, with Qr = CpigzoVpirzo =
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Q1 2
Q1_QFf Qf ap dzq Ly 2
BRIDGE1 fo Cpiezo (Qr) 2Cpiezo g 2 lpbpeg epigzo \ 2ap ca

day Ly Lsbg w2c B\ > 2
() (2 [
1 0

2 lpbp€g €piEZO 480 ap

We notice that Wgripge1 > 0, similarly when the structure reaches position z, , the memorized elastic energy is

Q2 2
Q2 _QF Qf ap d31lp\” -2
BRIDGE2 fo CriEro (Qr) 2 Cpiezo Jg 2 lpbpeo epiEzo \ 2 ap cA

( ap ) (d31 Iy lsbsnzc—h)z [%_Z%]Z (Eq. 28)

2 lpbp€g €piEZO 480 ap 0

In these equations, we use d(Qr)= Criezo d(Vriezo), Criezo = electrical capacity of the piezoelectric bridge,

Cpirzo0 6082% bplp (Eq29). Qr the naturally creating fixed charges on this piezoelectric structure Qr = dzlpfp Fc4Eq. (3),

and we have Q. = - Qr = the accumulated mobile charges, coming from the mass, on the surface of the metallic film.This
part Waringe of Ecasmvir 1s stored in the piezoelectric bridge as potential energy and contributes to the usable energy
WeLecTric appearing during a cycle. So, during the phase “go” from z to z; the total energy coming from the vacuum =
ECASIMIR iS used:

1/to deform the piezoelectric bridge Wperca,
2/ to produce the electrical charges as potential energyWaringei,
3/Translate the point of application of the Casimir Force Wcasmvir,
4/ produce a heat of the structure by the entropic transfer 4 Qui,/2
We have: Evacuum = Worca + Weasivr + Werice + 4 Qvin/2 = Weoine ( Eq 30)

Whoerca and Weringe are potential energies that will be used when the bridge returns to its equilibrium position, that is to
say without deformation.

MEMS Energy Balance during the Phase “return” Phase from z; to z):
0 <abs (V12) <V <=abs (V11). and Ratio Fco/ Fca>=p: switch n°1 ON, Switch n°2 OFF.

Figure 10 below shows the FCO/FCA ratio obtained by the value defined during the technological realization of the
MEMS of the threshold voltage VT1 of operation of switch n°1 .

R e et Fig 66. Ratio
BRI O e DAL e e S HOLY SOLTAGE 0 NAVPCS 57 et s L e S DI s )06 1 s b it P T = FCO/FCA obtain in
function of the
threshold voltage
VT1
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The voltage on the grids of switch n°1 exceed their threshold voltage. This switch commute ON. The switch n°2 is till OFF. The free
charges Qmi, stored on the metal electrodes of face 1(Fig 4 ,6), passing through one of the MOSE transistors, are uniformly distributed
on the Coulomb metal electrode of the surface for example Sci = Ip*bp. This metallic Coulomb’s electrode therefore has
approximately a mobile charge Qmn Sci/ Sp1 = Qmn/2 if Sc1 = Sp1 . This homogenization is obligatory because there is no electric field

in a perfect metallic conductor.
The free charges Qmo, stored on face 2 and on all isolated grids TFT MOS don’t move. So, grids electrode and return

electrode have opposite free charge. (Fig 4,5,66). A Coulomb force Fco then appears between these two electrodes during
the very short instant when switch no. 2 is still open, isolating the Coulomb electrode from the ground. Fig 10 .The
resulting force Fr= Fco-Fca is now applied to the piezoelectric bridge. This force Fr, depending on the choice of the
threshold voltage V1 which condition the value of the amplification Fco /Fca, is opposite to the force Fca or null. In
presence of this null or opposite force the deformations of the bridge, its electrical charges, so the grids voltage are
necessarily reduced.

Since the threshold voltage V1, of switch n°2 is lower but very close to V11 (we choose Vri— V2= 50 mV), the time
duration during which this Coulomb force is exerted is very small (a few nanoseconds). But very quickly, the switch N°2
commutes from OFF to ON, grounding the Coulomb electrode via an R.L.C. circuit, (Fig 15). The Coulomb force vanishes
after its appearance at position z,. This position z; is very close to position z; of its appearance. The values of Vr;and Vr;
impose that z; is very close to z1.

The energy Weoyroms = fzzlz Fcodz expended by the Coulomb force remains low, even if this force is several times that

of Casimir in intensity. The time of existence of Fco is of the order of a few tens of nanoseconds (fig 5, 10,11,18). The
position z; of appearance of this force Fco (fig. 10) is such that Fco = p and is numerically calculated by

_ QFQF( 1 )2_ daalp . mich( 1 1
FCO—pFCA:Sn&'OSr zr+zo-2s/ | ap 55 210 2§ zg

( 1 )( 1 )2 2 ch
4T EY Er/ \Zyr+2Z—2Z. 240 zg*
0 0~ 4s N l:q 31

MATLAB (fig. 12).

We note that the position z; depends on the values of the interface’s zo of Casimir’s electrodes and of Coulomb’s electrodes z;.

Fig. 67: Force of
Casimir and
Force of Coulomb
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Fig. 68: Position of the mobile Casimir electrode z1 where the Coulomb force occurs : z-=zo=200A°]ls =
500 pm, bs =20 pm, Ip =50pum, bp =20pm, ap = 10pm
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The Fco-Fca force is now applied to the mobile structure. This resulting force is at least zero or of greater intensity than the
Casimir force Fca. It contributes with the energy stored in the elastic bridge to straighten the structure and to give it kinetic
energy. This Fco force exists as long as switch n°2 has not switched to ground, canceling its existence by the dispersion of
charges on the Coulomb electrode. We describe below the energy dispensed in the cycle of the piezoelectric bridge
positions.

We hope show that a usable energy WeLectric is possible and not due to any electrical energy applied but by the dissipation
of the mobile electric charges to the mass throw the switch n°2 and an R.L.C. circuit.(Fig 71)

From z1 to z0 (returning phase): There are two phases for this return to z0 :

1/from z, to z, where the Coulomb’s force Fco existand contribute to straighten the elastic structure and to give it kinetic
energy ,

2/ from z, to zo where this acquired kinetic energy, and the remaining energy still stored in the structure which will be
dissipated by the energy spent by the Casimir force.

1/ Calculation of energies between z: and z2. As soon as switch n°1 has switched to homogenize the electric charges
between face 1 of the bridge and that on the Coulomb electrode, the resulting force FCO -FCA straightens this bridge and
the electric charges drop. The electric voltage on the grids falls below the threshold voltage of this switch n°1 which
switches again to The energy Wcouroms is write

2 dz; 1y)? 2
Wonsoa= Wy~ [ et = fi. e " () g (L 20 (A e
It only exists between the very close positions z; and z». The literal formulation of the WcouLoms energy is possible but
its expression is not convenient because it is too complex. We have preferred to calculate its numerical value between the
value z; and z, by MATLAB.

The position z; of commutation of switch n°2 is deduced from the chosen threshold value V12 = V11-.05 (V) of switch n°2.
We note that we can minimize the value of the energy spent by Wcouroms, by choosing a value of the threshold voltage Vr»
close but slightly lower than V1; of switch n°1.For example, V12 = V1i- 0.05 (V).
We use MATLAB to find the position z, of commutation of circuit 2 to cancel the Coulomb’s Force Fco, see (Eq 16) and
. . dzq 1 2ch .
figure 11. Indeed, we have the electric charge in the TFT MOS , Q, = e S ° ( % - i‘t) with Q=Cox V12 .
ap 240 zi  z}
So,z, = L (Eq 33). We present in figure 68 the curve representing the translation energy of the
4 240 ap Cox 1
[d31 Iy n2 ¢ b-Sg VT2 +%]

Casimir force as well as the Coulombs force the time when the structure is between the positions z and z, which represents
a few nanoseconds.

PN JCTRE MUTIALE ¢ PSP

AT S R R T N CANMIE R S e e KT " m— g Fig 69 Energy of translation of
vl Casimir Force and energy of
Coulombs ‘Force between its
apparition in the position z; and its
disappearance in position z:

We can calculate the energy spent in
the first part of return of the structure
I ————— 1 (from z; to z; ) Fig 3 , by simply
i i calculating the kinetic energy Wein
. | acquired by the structure when it
pa—— reaches the position z, upon its
return . We know that the variation of
the kinetic energy Wcin is equal to the
sum of all the energies supplied or
spent to the moving structure. Thus,
as we know the numerical value of all
these participants in the variation of
this kinetic energy Wcin, we can write
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equation 34 which allows us to calculate Wcn because all the terms are known.
Wain = (Wporca1 + WeripGe1) — (Wprcazt+ WaripGe2 )+ Weouroms —~(Wceasiviri- Weasivirz) (Eq. 34) and fig 68.

We know the kinetic energy acquired in z1 and know that then the Coulomb force disappears. The structure must now
spend this energy which gives it inertia. The braking energy provided by the Casimir force reduced by the stored elastic
energy will cancel this inertia.

Let us calculate the final ascent position z; of the structure. It has an inertia provided by the kinetic energy Wcin, a stored
elastic energy Wprca but is slowed down by the energy provided by the Casimir force.

. 1 2 hef1 1 1 ?hef1 1 1 w2hef1 1
- —_— =] = - _— — f—t = - _ == —
We can write Wy + 5 S 30 (zf Z;) 3 S >0 (223 z}) Wein 5 S 570 (Zz3 z}) Eq35

Eq 36 . We can see in Figure

1

3|1 _eWein 240
z% A ko

17 that depending on the acquired inertia which depends on the energy provided by the Coulomb force, zf can slightly
exceed its initial position. We will use this property at the end of this article in order to increase usable energy.

we deduce of this equation that the final position z¢ of the bridge is zy =

PR LS TR SR TR = P
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Fig 70: Positions of :

1/ The final rise zrof the structure,

2/ of the point z2 of disappearance of the Coulomb force depending on the threshold voltage V2 of switch n°2

3/ of the point z: of appearance of the Coulomb force depending on the threshold voltage V1 chosen for switch n°1

It is easy to calculate the damping energy Wcasmvir2 that appears between the intermediate position z» and the final position

2 ke 2 b 1 1
z¢. We have Weasivir: = fZZZfFCA dz = fzzzfs 7;40Z4Cd25 =S ( n720 C) [2—3 — ;] (Eq 37)
s f 2

As, at position z, the switch n° 2 commutes to ON and puts the Coulomb electrode to ground through the RLC circuit
below (Fig 71) . The electrical charges present on the Coulombs electrode flow towards the ground, creating a current and
a power which remains to be evaluated.

—_ Fig 71 : RLC circuit to power the autonomous

M'I—T-LRM y, ~MN‘—E ; electronics for converting power peaks into
Fia
R = i d

direct voltage

Elrciris Charus O3,

"

L

We now evaluate this usable current flowing to ground. We put another capacitance C in the circuit which is an adjustment

. c c . . R
capacitance. We call C ; = —2£Z9— the equivalent capacity of the capacities in series.

Cpigzo +C
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When the switch n°1 commutes, we have the equation Uc+U+Ug , with Ug= R I, U =L dI /dt and Qr =Uc Cg. with R a
resistance, L an inductance and C a capacity. After rearranging we have the following equation

d*Uc , R dU o . . . . .
dtZC Td_tc + = 0 Eq 38. This differential equation has solutions that depend on the value of its determinant.
2
We choose the values of R, L, C in such a way that the determinant A = (}Z) - E =0 of this equation vanishes.

So, if A> 0 the solutionis : x; = ZL( 1+ ’1—?> andx2=%(—1— ’1——)<Oand1fA 0 then we have

- [x1 exp (328) — x; exp (ri8)]Eq

R . . e . . VT1
X=Xy == o Taking into account the initial conditions, we obtain U, = po—
-

36, and i, = C % = ¢k | exp (x,t) — exp (x1t)] (Eq39). The peak of current is given when d(i.)/dt =0

X1—X2

11—

2
. Ln| —=.F
Ln(ﬁ) 1- /1——6 7
so at the time gy = =
X1—X2 5 1__4L
CR?

expression for the maximum of current icmax ; and the maximum of the voltage is Uemax = V11

Eq40 Replacing t by timax in the equation 37 we obtain the

LR DT T ek VLS = e

Fig 72 : Electric voltage on the capacitance
C in series with the capacitance of the
Coulomb electrode
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Fig 73 : The electric current flowing
through the capacitance C in series with
the capacitance of the Coulomb
electrode

The electrical power of the signal is:
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2
P(t) = ugi, = (xtT_lxz) C x1x, [ exp (x,t) — exp (x1t)][x; exp (x,t) — x, exp (x1t)] Eq4l

DL TR WA PEHLELE = PUEET
CRARLE RIRAEN FEAS Campwr pmsioss sl G s RS e e vieed o el (m s 6 Saeeuee eplile siar S’ Frs o J5 806
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Fig 74: electrical power of the signal to
power the autonomous electronics
Peak power = 1.9 mW , Threshold
voltage V=145V V=15V
Fco/Fca=25.5

We note on fig 73 and 74 that the maximum timax = 1.87 10719 (s) for the peak current is different than those
tpmax = 3.03 10710 for the peak power.

The peak power of 1.93 mW is sufficient to power the autonomous electronics of fig 46,47 and obtain a useful voltage of
several volts in a few milliseconds. The period of a vibration being (fig 30) of 2 us for an Fco /Fca of simply 2, the
average power over a period is then approximately 1.93 103 * 3.03¢71%/2e°= 0.3 pW.

We deduce that the power provided by the system in 1 second is of the order of 3e-7 / 2e°= 0.15 W.

Knowing the power P(time) we can numerically evaluate this finale and useable energy, by MATLAB. We obtain
Weeectric in fig 75 . Eq40

10* tymax

. vr: \2 10% tmax
WeLecrric (t) = fo Ug i dt = (JCT—lxz) C x1%; fo [exp (xat) — exp (x1t)][x; exp (xt) — x; exp (x;8)] dt

The energy balance is completed for the "return" phase to its initial position of the structure.
We have WreTurnING = WeiN + WELECTRIC + Whrca2 + WBRIDGE2 — Weasimirz + AQuib /2 ( Eq 42)

On Figure 75, we can make the energy balance of the energies provided by the quantum vacuum in the "going" and
"returning" phases.

The constant energy provided by the quantum vacuum ocean in the "go" phase simply changes its nature and subdivides
into other energies in the "return" phase of vibrations. One of these energies in this "return" phase can be used by creating a
little electrical energy.

We note that the energy necessary for the perpetual maintenance of these vibrations is constantly provided by the isotropic
and timeless energy of the quantum vacuum and that it is possible to extract from this gigantic ocean of energy of
"nothing" a small electrical and exploitable energy.

Whatever the Fco/Fca amplification factor, we note that WreturninG is always slightly lower than Evacuum , thanks to the
choice of WgLecTric which can be modulated.
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Fig 75: Balance of the energies of the '"go' and "return" phases for the proposed MEMS which seems to be able to
"extract energy from the quantum vacuum."
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Fig 76 variation of the RLC circuit capacity as a function of the Fco/ Fca amplification used to adapt the usable electrical
energy

We note that this energy balance seems to satisfy the fundamental theorem on invariants - of which energy is a part - of the
mathematician EMMY NOETHER.

This very important theorem of 1905 explains why, as Monsieur de Lavoisier said, "Nothing is created, nothing is lost,
everything is transformed."

We observed that in the referential of our 4 dimensions Space-Time plus the ocean of Quantic Vacuum, the energy is
conserved which is consistent with EMMY NOETHER’S theorem. Remember that energy is defined as the “physical
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quantity that is conserved during any transformation of an isolated system.
However, the system constituted by simply the MEMS device in space is not an isolated system while the system
constituted by the MEMS device plus the space plus the energy vacuum seems an isolated system

We do not create energy ex nihilo, but we transform the energy of vacuum fluctuations, isotropic and timeless, present throughout the
universe, to perpetually vibrate a structure on a very low amplitude and obtain usable energy from it.

The part of the MEMS energy sensor vibrates at frequencies depending on the size of the structure and operating
conditions, but with an amplitude of just a few Angstroms. These vibrations should not be confused with an impossible
perpetual motion, as the system can be continuously powered by the vacuum energy responsible for the Casimir force.
The following diagram summarizes the operation of this presented MEMS ( Fig77 and Fig 78 )
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Fig 77: Overview of the 5 successive and repetitive steps of the M.E.M.S.
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Fig 78: shape of the curves representing
1/ The switching of the two switches , 2/ The electrical voltage on face 1 of the piezoelectric bridge , 3/ The Casimir forces Fca , 4/ The
coulomb forces Fco , 5/ the energies Wgco, Wrca, Wrco -Weca, 6/ The maximum elevation z; of the moving part

We notice in the previous pages that the piezoelectric bridge could reach a position zs which exceeds its initial position zo.

We can take advantage (fig 79) of this observation by modifying the moving part of this MEMS to provide the RLC circuit
with the two signs of current peak and voltage emitted by the sensor. This modification should increase the continuous
electrical voltage on the capacitive output of the autonomous electronic circuit whose role is to transform the signals from

the quantum vacuum energy sensor series. (Figure 24)
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Fig 79: Shape of the MEMS circuit making it possible to double the direct voltage at the output of the autonomous electronic
circuit, by providing it with consecutive voltage and current peaks of opposite sign.

This work on the energy balance of a M.E.M.S., which appears to be able to extract energy from a new, totally unexploited
source, was carried out completely alone and without the help of any organization, by an old retiree. B
It seems that - unless there is always a possible error - the fundamental theorem of EMMY NOETHER from 1905 is not
contradicted or the thermodynamics’ law .

In the event of a theoretical confirmation by specialists, the supreme and definitive judgement will be the realization of a

prototype and I will be happy to participate to this development .

Simple Remark and Resume

Remember that energy is defined as the “physical quantity that is conserved during any transformation of an isolated
system”.

However, the system constituted by simply the MEMS device in space is not an isolated system while the system
constituted by the MEMS device plus the space plus the energy vacuum seems an isolated system.

The part of the MEMS energy sensor vibrates continuously at frequencies depending of the size of the structure and
operating conditions, but with an amplitude of just a few tens of Angstroms.

These vibrations should not be confused with an impossible perpetual motion, as the system can be continuously
powered by the vacuum energy responsible for the Casimir force.
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Conclusions and Future Perspectives

This vacuum energy concept was carried out by an old retiree , completely alone and without the help of any organization
We observed that in the referential of our 4 dimensions Space-Time plus the Quantic Vacuum, the energy seems to be
conserved which is consistent with Noether’s theorem and a perpetual small vibration exist.

I say it seems because , in this preliminary work , totally alone , I don’t take the time to verify theoretically resume here :
e Neglect of Nonlinearity: The linear dynamic equations do not account for nonlinear electrostatic spring effects
or nonlinear material responses, especially at small scales.

e Idealized Joint and Surface Conditions: The assumption of perfect pivoting and mirror-flat Casimir plates
does not hold at the nanometer level.

e Unvalidated Mechanical Model: There is no comparison with experimental MEMS resonance data or full 3D
FEM models (e.g., from COMSOL or high-fidelity ANSY'S simulations).

1/ Piezoelectric Material Selection :

The simulations assume ideal material properties, without accounting for thin-film degradation, surface effects, or
substrate interactions. No experimental validation or real deposition results are presented

1.1. PZT : Simulations show feasible behavior with moderate output (~107°to 10* A). However, PZT is lead-
based, raising environmental and manufacturing concerns.

1.2. PMN-PT : Shows the highest theoretical performance due to a very high piezoelectric coefficient
(d31 =~ 1450 pC/N)

However, film deposition at microscale with preserved ds1 is technologically nontrivial. The required ~20 pm
thick layers are difficult to deposit uniformly while maintaining crystalline orientation and domain structure.

2/ Electrical Conversion Circuit

The energy harvested from the piezo is routed through a MOSFET-controlled switching circuit and then rectified and
multiplied using a passive voltage multiplier network. We remark that :

o Efficiency Assumptions: Simulations ignore MOSFET leakage, gate capacitance, threshold variability, and par-
asitic losses.

o Timing Stability: The concept relies on perfect triggering of MOSFETSs based on charge thresholds that are sen-
sitive to temperature and manufacturing variability.

e Lack of Practical Data: No load-line analysis, impedance matching, or power trace simulation is provided. No
test circuit is presented or fabricated.

3. Technological Feasibility

The microfabrication scheme (using SOI wafers, etching, sputtering, etc.) is standard in concept, but several major issues
are overlooked:

e Surface Purity: Any contamination layer (organic films) on Casimir plates suppresses the effect significantly.

e Integration Complexity: Combining PMN-PT films, metal contacts, and active electronics on a single sub-
strate with tight thermal and mechanical tolerances is complex.

e Switching Timing Precision: The exact timing and response of the electrostatic reset stage relies on transistor
thresholds differing by as little as tens of millivolts must be validated .
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4. Physical Realism and Fundamental Objections

e Can vacuum energy be truly extracted? In mainstream quantum field theory, Casimir energy is a potential
well, not a power source.

e  Stability of oscillations: No analysis of long-term stability, phase noise, or stochastic behavior under vacuum
fluctuations is provided.

e Zero-point fluctuation limitations: The model is deterministic and does not account for the inherently proba-
bilistic nature of vacuum fields, thermal coupling, or quantum decoherence.

e No empirical evidence: All claims remain at the theoretical level. The absence of even a proof-of-concept
MEMS prototype makes it impossible to assess feasibility

We believe that despite the verifications to be made cited above, this described concept merit further study. If confirmation
the fabrication of a prototype would be the last judge. This work on the energy balance of a M.E.M.S., which appears to be
able to extract electrical energy from is a new, totally unexploited source of energy :. The theoretical results of this project
seem sufficiently encouraging to justify the development of prototypes.

Future Perspectives : Several directions may be explored to advance this work toward experimental realization:

1. Fabrication of a MEMS prototype: Using established SOI processes, the core Casimir-piezoelectric structure
could be fabricated and tested for spontaneous oscillation and charge generation under high vacuum conditions.

2. Optimization of the electrostatic tuning mechanism
Refining the design and control of the Coulombic counterforce could allow precise adjustment of the system’s
stability point, thereby enhancing energy output and frequency control

3. Integration with ultra-low-threshold CMOS electronics
Coupling the system with high-impedance, low-power electronics would enable autonomous energy harvesting
modules for use in nanoscale sensors or space applications.

4. Extension to NEMS and 2D-material interfaces
Downscaling the architecture to NEMS and incorporating graphene or MoS: layers could dramatically enhance
sensitivity to vacuum forces while reducing friction and energy losses.

5. Experimental quantification of Casimir-induced energy transfer
Developing precision instrumentation to measure net energy extracted over time would help validate the
theoretical model and quantify practical limits

This work opens a pathway for a new generation of self-powered microdevices operating at the edge of classical and
quantum physics. While challenging, the experimental realization of such systems could lead to breakthroughs in
autonomous electronics, quantum sensors, and fundamental vacuum physics.

As an inventor who has kept some important details confidential, I would like to collaborate in its development after
signing a contract with the potential investor. If its theoretical predictions are confirmed, it will trigger a scientific,
technical and human revolution, because the quantum vacuum can be used as a new source of energy both on Earth and in
space with a considerable commercial market.

In the universe, everything is energy, everything is vibration, from the infinitely small to the infinitely large” Albert Einstein.

"4 person who has never made mistakes has never tried to innovate." Albert Einstein
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Appendices a few Reminders from RDM

Calculation of the Deflection of a Bridge Recessed at its 2 Ends

Note: We take the case of pure bending, the shear force T is such that With M the bending moment applied to the
piezoelectric bridge. The Casimir force in the z axis is applied in Ip / 2 at the center of the bridge. (Figure 81)

Figure 80: general appearance a/ b/ of the device studied, forces and applied moments, ¢/ of the deformed bridge
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As stated in all RDM books, the equation of the distorted mean line is:  ;2¢ ¢ 44 3 ar ¢y Eq(42)
ofx T - PO
Z1 middle line :
T
distorted mean line T i i
d?f (x)
2 2 M {x}
. . I I 40 { x) i e
We know that the radius of curvature pis — = ‘ - ! ‘\ B = — Eq (43)
" ] al dx E.1.x)

Since the bridge1 is parallelepiped in shape, the bending moment of inertia along the z axis of the section of this bridge is:

bk, &
I 2 e e (BEq44)

R 12
] ) M {x) M {x) M [ x)
f5(f{x)) i . . .
SO'%: LA S = f(x) == ﬂ— dix)y = —llﬂ—1 dix)
Codixe) dx EP IF_i x} 'EP IJJ x) g, b.f* g

In the case of a beam recessed at both ends, we have a hyperstatic system.

However, we know (See works on Resistance of Materials) that at equilibrium, the sum at all points of the forces and
bending moments is zero. Because of the symmetry of the system, we therefore have Rz = Rgz and Mgz = Ma, and the
computational reasoning for the deformation equation is identical for 0<x<Ip/2orlp2 <x <lIp so.

F._.
For the forces and reactions:T t ot T = s +F,=0=R, =R, = :"' And for bending Moments:
M = the bénding moment at a point x <lp / 2
Maz = the bending moment in A
Fca = the force of Casimir applied in Ip /2 see (81)
Mz (x) = Bending moment depending on the position x on the bridge

Ip (x) the bending moment of inertia of the bridge section
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Figure 81: a / Forces, shear forces and Moments applied on the bridge. b / Variation of bending moment. ¢ / Shape
and arrow of the bridge recessed at both ends. With: 30 = inflection points, Zmax = arrow of the bridge

Calculation of the Resonant Frequency of the Piezoelectric Bridge

It is demonstrated (see for example: Vibrations of continuous media Jean-Louis Guyader (Hermes)) that the amplitude z (x,
t) of the transverse displacement of a cross section of the beam is given by the partial differential equation , if one neglects

the internal damping. Hlz Lo iz u
n:i.i:'q -E_rr I.u e |l"-

With k= (pSw? E, I,)" ,the solution of this differential equation is written in the general form:
Z (x)=Alexp (kx)+A2exp (-k x) + A3 exp (ik x) + Ad exp (ik x) and in the more convenient form:
six)=asin(kx) + boos( kx) + oshl k) + dof( kx)

Keeping into account the boundaries conditions: [.'-Il { k l'|,,:| I — sin { k -’J,} \] - [r'ﬁ[l I'I.,] - l:\ch{ k -'|,,;'| ] ! = cuhllrl -'|,,] = m

characteristic squation : cos (k. Ip) = 1= ch ik Ip)

Figure 82: Numerical solution of equation 18

The numerical resolution (for example by the dichotomy method in figure 68 of this equation gives for the first 5 solutions:
al =4.7300; a2 = 7.8532; a3 = 10.9956; a4 = 14.1317; a5 =17.2787
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So, the first resonant frequency of the piezoelectric bridge is

| E_¥ | E_ T

e o ea | Erte 3 . . )

Eq(46) w, = (4.73) % | w1 o= e 4.73) 1‘] "TE M e =PpapSpt pasS+p al
Mstp < Msle

For example, for a bridge recessed at both ends with the following characteristics,

For geometries: Ip=50 p m, bp= 150 um, ap =10 um; Sp=1,5 10 m?, Ip= bp.ap*/12=1.25 10 m* ;li=10 um ;
bi=150 pm ; ai=10pum ; Is = 1000pum; bs=150 pm; as=10um

For the material: PZT: density r = 7600 (kg/m’), Young's modulus Ep = 6 * 10'° (Pa) (Kg m s%)

p e

= 1.25 102 4

For the section inertia: ]r'= |

idemyt@dnsiRaRaanad

fsk B

Figure 83: ANSYS simulation of the resonant frequency of the piezoelectric
Then the calculated first resonance frequency is for the PZT material: f,; = 1.1553 * 107 hertz.

For this recessed bridge, an ANSYS simulation (figure 82) gives a resonant frequency of f1 = 1.02 . 10”7 Hz which is close
to that calculated in the draft calculation presented in this report and validates the orders of magnitude obtained with the
equations for these preliminary calculations.

If one carries out the calculation of the resonant frequency of the structure of figure 5 which comprises a free sole of
Casimir Ss; parallel to a fixed surface Ss3 and transmitting by a mechanical link finger the force of Casimir, one finds that
the resonant frequency has the same form but with Ms a fixed mass applied in the middle of the bridge.

Mstucture = the total mass of the structure. M R

=p, H_.s..'} ot 2, t’IJ-‘} FPpa :-"’J'

Pps Pi s Ps , the medium density of the piezoelectric material, of the connecting finger, of the Casimir electrode sole and
Sp, Si, Ssthe longitudinal surfaces of this bridge. Indeed, the presence of the Casimir sole connected by the Casimir force
transmission finger in the middle of the piezoelectric bridge, modifies the resonant frequencies of this bridge

The calculated resonance frequency then becomes for the same geometries and materials. f;;=2.509 10° hertz. With these
characteristics, an ANSYS simulation of this structure gives a close resonance frequency: fi = 2.62 10° Hertz.

This approach greatly simplifies these preliminary calculations because otherwise the curvature of the piezoelectric bridge
makes the Casimir force strongly depend on the longitudinal and transverse positions x and z of the facing surfaces.
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