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with EMMY NOETHER's theorem, part of quantum vacuum energy. Cyclic deformations of an elastic
piezoelectric bridge, embedded at both ends, are generated by the Casimir force (F,) between two
near electrodes. This deformation of the piezoelectric bridge induces an automatic electrical charge
which can in turn induce a possible Coulomb repulsive force (Fc). This force F, is automatically
triggered by the closing of a switch n°1 on a third electrode. The resultant force applied on the elastic
piezoelectric bridge, F, - F,, straightens the bridge, imparting kinetic energy. This kinetic energy
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The force F, cancels out when a switch n°2 in series connects this third electrode to the ground
shortly after closing the switch n°1. We return to the initial situation with just the Casimir force
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|. DESCRIPTION OF THE SYSTEM

1.1: Introduction

London Journal of Research in Science: Natural & Formal

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

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

e 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

e 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

e 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
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The undisputed interpretation of the above effects involves an energy source coming from some kind of
"nothing" or more precisely from the quantum vacuum. So, it is certain that this source of energy
causing unmistakable physical manifestations exists. We will therefore choose, for the remainder of this
article, a reference frame consisting of the 4-dimensional “Space-time” continuum augmented by those,
still unknown, in the “quantum vacuum”. In this reference frame we will try to show that the
mathematical theorem of the mathematician Emmy Noether is not transgressed. This important
mathematical  theorem involves in  other things the conservation of energy:
https://fr.wikiversity.org/wiki/Outils_ math%C3%Agmatiques_pour_la_physique_(PCSI)/Th%C3%A9
or%C3%A8me_d%27Emmy_N%C5%93ther#

In this paper we will focus essentially on presenting the detailed energy balance of a MEMS apparently
capable of permanently extracting a small amount of energy from the quantum vacuum that can be used
in our world. We will try to show that using a piezoelectric bridge deformed by a isotropic, atemporal ,
attractive, force of Casimir F., , and straightened by a very ephemeral, repulsive, but more intense force
of Coulomb F, induced by this deformation , an apparent "perpetual movement" of the MEMS device is
possible. The schematic of this M.E.M.S. is in figure 4 and 5

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. The attractive Casimir force is

2
T ch
For ™55 2 (a0

ref [1],[2],[3]. With Sg the surface of Casimir’s electrodes, & = h/2m the reduced Planck constant, and ¢
the speed of light, z, the interface of Casimir’s electrodes. This variation in 1/z.* of F,, would imply that
a larger opposing force is provided to return to the initial position when the interface z is smaller.

Coulomb’s force can play this role with an energy balance satisfying Emmy Noether's theorem, because
-as we shall see- this force will be in 1/z;/°: In fact, we know that the fixed charges Qy induced by a
Casimir force F, - in the case of a deformation perpendicular to the polarization of a piezoelectric film-
are proportional to the Casimir force F, and are therefore in 1/z,*. We have, with z, the initial position
without any deformation of the piezoelectric film:

_ d3ll _ d31l nch 1 1
Q= —/— F.,=2Q = app S =10 Y (Eq. (2)),

Z4
p F 0

ref [4] [5] [6]. In this expression when z,= z, the electric charge is null . The piezoelectric coefficient is
d;, (CN™), 1, a,, are respectively length and thickness (m) of the piezoelectric bridge. Qy does not depend
on the common width bp = bs = bi of the structures (figure 4,5,6). This point is interesting and
facilitates the technological realization of these structures since it limits the difficulties of their deep and
straight engraving. These fixed electric and ionic charges Qy, inside the piezoelectric bridge, have
opposite signs and induce an electric field that attracts from the mass and on the two metallized faces of
this bridge , mobile charges of opposite signs.

The mobile charges, for example on face 2 (Fig 4,5), of the faces of the bridge activate the insulating
gates of the enriched transistors Thin Film Transistor Metal Oxide Semiconductor T.F.T. M.O.S, N and
P in parallel of switch n°1 (Fig 2). It generates on these transistors a gate voltage V; with the expression

Q . . . . E.E
V,= — (Eq.3) . With, Cox the capacity of the grid’s transistors c = —= LW, (Eq.4) and &, the

permittivity of vacuum, e,, the relative permittivity of silicon oxide, L;, Wy, t,, the length, width and
thickness of the grid of the TFT MOS . The mobile charges of the other face 1 (Fig 4,5) of the bridge
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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 n°1 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.F.T ’s in depletion and in
series. (Fig 3). It is important to note that:

1/ The threshold voltage values of these switches are Vi, for switch n°1 and Vi, for switch n°2, and that
|V, | very slightly above |V,| with some tens of millivolts 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 1)

1.2: description of switches n’1 or n"2 and autonomous electronic

1.2.1: switches electronic description
These indispensable switches are made with:

a/ Circuit n°1 (fig 2): with T.F.T. MOS P and MOS N transistors enriched and in parallel: Threshold
voltage Ving and Vipg

b/ Circuit n° 2 (fig 3): with T.F.T. MOS P and MOS N transistors in depletion and in series: Threshold
voltage Vinp and Vipyp,

An important point is that the threshold voltage values of these transistors are positioned as Figure 1.

@ pAOS Thresholds Voltage

MosPD [ Wreo ) |- —|
MosuD | WMo ) e -" Vrpe = Vs = 0 = Vieo = Vi
Circult 2 MOSPD , MOSND in series PPN o -

MosPE| WTPE =3 IR T T SO DA D Transistors or circuits OMN
MOSHNE (WrTmMe ) crerdteredrerrrernns ~—+++++ Transistors or circuit OFF
Circuit 1 MOSF E, 1 MOSNE in parallele —— ' ............

COULOME"S FORCE AREA N T

Figure 1: Distribution of the threshold voltages of enriched and depleted N and P MOS switches.

We have: Vipg <Vinp < 0 <Vipp < V. For the functioning symmetry |Vipg| can equal |Ving| and |Vipp|
can equal |Viyp|. Consequently, as |Vixp|< |Vrpg| and |[Vipp| < |Ving|, and with a difference of their
values of just some tens of millivolts , circuit switch n°® 2 commute , then is open or closed just before
circuit switch n° 1 switches respectively from closed or open (see figure n° 1, 2,3, 4, 5, 6, 18).

1.2.2: Circuit n"1; Switch n” 1

Switch n°1 consists -with their threshold Vyg or Vip voltage- of enriched N type TFT MOS , in parallel
with an enriched P type TFT MOS (fig 1,2), as positioned in fig 2. [11]

The common gates voltage of these enriched TET. MOS N

P — and P in parallel of switch n®1{figure 2), are controlled by the
Source Drain free charges appearing on face n°2 of the piezoelectric
F— oate bridge. The M and P sources of these T.F.T. MOS are
1

connected to face n® | of the bridge and the drains
Coulomb’s electrode. (Fig 4,5).

MOSN enriched

Fig. 2. Switch n°1

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 face n°1 of the
piezoelectric bridge. Preferably, their thresh:old voltages are the same in absolute value |Viyg |= [Vipg|-
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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

1.2.3: Circuit 2: Switches n°2

| Depleted MOSP | | Depleted MOSN | Switch n”2, consists of a P ivpe depletion T.F
il N ARSI
T Ny MOSPD in serics with an N trpe
— 0[] depletion

Gate

Fig. 3: Switch n°2

(see figure 1,3 ,5). The common gates of these MOS switches are controlled by the free charges
appearing on face n°2 of the piezoelectric bridge. (figure 1,4,5). 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 |Vixp |= |Vipp|. The values of |Vinp | = |Vipp| are lower but very
close (down than 10%) of |Ving | = | Vel

1/3: schematic and comportment of the MEMS
Thus, when it is effective (switch n°1 closed), the Coulomb return force F, is (fig 4,5,6)

2 2 2 2
QF 1 d3ll nzch 1 1 1 1
= = |2 _ | —_— = =
FCO_ 4me € z+z—z - a SS 240 4 2 4me € 74z —z (Eq 5)
0 r r 0 s 4 s 0 0 r r 0 s

We note that F, is in 1/z,'°, with z, = distance (time dependent) between Casimir electrodes, and z, =
initial distance between Casimir electrodes (without any electric’s charges). The schematic of the sensor
part of this MEMS is shown in figures (4, 5). The perpetual, isotropic and timeless Casimir F, 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 ¢

Face 2 Sp2

Recall Coulomb's

*ap, bp and 1, , are thickness, width, and —
length of the piezoelectric bridge. —
*a,, by and I, , are the thickness, width

and length of the Casimir moving ilicon sr:u < S eiectsic |
electrode . Oxyde . 4%wy _ bridge

Silicon Bulk ~

Metal

Fig. 4: Vue of the top of device, Axes, Forces, Casimir’s Electrodes
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_
SOI wator l CASIMIR VV/
REFLECTOR { ............ >
Piezoelectric -
bridge - R WL TE
- -
Metallic wire VACUUM Face 2:Sp2 ?
m COULOMB ‘s | ELECTRODE P
MOSNE . R.L.C circuit |
— o
k- MOSND uosnoF e
L COULOMB FORCE -
MOSPE Emi ) ) '_4 P
Circuit 2 |-
Circuit 1 One MOSND ( Threshold voltage
AMOSNE ( Threshold voltage VTNE) in :’;“'m e e "“:)'5"0
voltage VTPE) in series between face 1 between the Return COULOMS
and Return COULOMB electrode electrode and the Ground via an Autonomous
inductance Electronic ' §
circust without
alimentation

Fig. 5: General configuration of the device: MOS grid connections (Face 2 of the piezoelectric bridge:
red), Source connections (Face 1 of the piezoelectric bridge: green) We remark that the Casimir force Fc,
appearing between the reflector electrodes ( green) is applied to the piezoelectric bridge ( blue) via a
metallic digit ( green)

When the switch n°1is open, the mobile charges of face n°1 don’t move and keep on this face n°1. When
the switch n°1 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 mobile charges of faces n°1 and n°2 are opposite, Coulomb’s force Fo, must appear
between these 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 F.,. The Coulomb force's_lifespan is ephemeral, and its dissipated energy is
determined by the threshold voltages of switch n°2, when it is closed to ground (Fig 1,3,4,5,6).
The resulting force F, - Fc,, 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 isotope Casimir force F.,, which always exists. (Fig 6)

A =z
- ""»-—,__,;‘
COULOMB FORCE e | FIXED INTERFACES
Initial position of the W~ "]
bridge : ° s AN/ : .+ Z, Initial Interface electrodes
20-zs = Displacement of ____| e e position of the
the piezoelectric Bridge T »@z =z A gzz&;ﬁgr:rllz?czf the
. T 2,2, - =
2zs Gap between .. - o 4 .
Casimir electrode i z, X \..—- Z,, position of the
N z, Z < appearance of the
x N : Coulomb's Force

4,

Figure 6: Axes, Forces, Casimir’s Electrodes

This cycle reproduces itself and the system vibrates (Fig 8,9,10 ), with the vacuum energy transmitted
by the F, force, as a continuous drive source for the deformation of the piezoelectric bridge and with
the self-built Coulomb force F,, superior and opposed to F¢, as the counter-reaction force. At each
cycle, the automatic switching of the integrated switches of circuits n°1 and n°2 (Fig. 1,2,3,4,5,6)
distributes differently the mobile electrical charges located on face n°1 of the bridge.
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Notice that initially, the Coulomb’s electrode was grounded by the automatically closing of the switch
n°2 (Fig 1,3)

ll. CALCULATION OF THE BEHAVIOUR OF THE STRUCTURE
Let us calculate the evolution in time of the deflection of the piezoelectric bridge due to the Casimir’s

force which is applied between the two electrodes separated by an initial distance z, ( fig 5). We use the
theorem of angular momentum for this vibrating structure.(Eq. 6).

N — IS N
c Ax,_v,z.( Structure) = 1 Axy.z 7] Avys (Eq. 6)

With 0%,,,, the angular momentum vector of the structure, I5,,,, the inertia matrix of the total structure

with respect to the reference (A, x,y,z) and 6%,,,, the rotation vector of the piezoelectric bridge with
respect to the axis Ay with a the low angle of rotation along the y axis of the piezoelectric bridge

R A

Figure 7: Piezoelectric bridge Cutting Reactions and Bending Moment, Deflection

0
2 dz 215 215
T = da/dr with da/a‘r ~ T because sin( ) = sin 7 £ 0 as z << lp
TA P P P

0
We have

Let (Gp, X, vy, z), (Gi, x, y, z), (Gs, X, y, z) be the barycentric points respectively of the piezoelectric
bridge, of the connecting metal finger and of the metal block constituting the mobile sole of the Casimir

reflector. We have (fig 4,5):
T+ 71,4+ 7
B+ B, B
aP+ ai —+ a’;

£, ZP —+ ll.
1 1
== F=4 _— = — (=P SR < _— —
AC o v = 2 - ACF v 2 . ‘ A vz

LE (4P+ (=29

N‘v—

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

2 2
a2, + b2 o o
™ - e (2, + b2 o
<ipP 12 Fiad ~
o o @+ L2

Taking Huygens' theorem into account, this inertia matrix becomes
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cr = 2 ] o
Vil i FEANN ol VLA £
3 < 4
I & az + IZ2 a b
iy = me| -2 e _Zelw (Eq (7)):
! P er  #> L2+ b2
_ r _Trpr ” P
4 <4 3

With the same reasoning we can calculate the inertia matrix of the finger I'y , , ,, and the inertia matrix
of the reflector Iy , , , in the frame o f reference (A, x,y, 2),

(b,+0)+(a,+a,)? ) (6,+0,)(t,+1)) ) (a,+a)(t,+1)
a4 b2, 0 0 4 4 4
2 2
B RS PR O I R0 (551 1 (R L R0 (82 (Eq. 8)
2 4 4 4
0 0 1+ ) .
f ) (a,+a)(1,+1) ) (e, 40)(a,+a) (b,+8)+(1,+1)?
4 4 4
(b k00,4 (0 taba ) (Lalal)(b to o) (4140 ta vas)
@40t 0 0 ‘4 r . ! o \‘1‘ :
[("""""ZT_: 0 @+l 0 |em, _(I’J+f!-+f,,\[bPHJFHJs] \‘J'FHEHJ-+(np+ni+n"]-_:\FJP+bi+b5.‘|[\nP+a{,+n§J (Eq. (9)
B 0 I4b , ! X f[ - .‘4{ .
_Up+f‘.+1h\[ay+aﬁ+asf| _(i’ﬁb;””"\”p”f”‘} kb,u+bf+b-n‘-+‘\‘,p+[i+l‘u‘-
4 4 4

The total inertia of the structure becomes in the reference (A, x,y,2)is : I’y y, = IPaxy o+ Ta sy + Faxy,
. with A at the edge of the recessed piezoelectric bridge .The angular momentum theorem applied to the
whole structure gives :

. .
A% o y.2) — s 49
R = s,

= E Moments of the struciure =
A

o Eq (10)

IP/Z o]
=M, + M +F_, A o with F ., = o]
F

The structure rotates around the Ay axis, the moments at point A are M,y = Mgy = - Feu Ip /8 [10],
therefore the summation of Moments on the structure relative to the axe Ay = 1/4*1p * Fg,.

Any calculation done; we obtain:

2 d?z [P F - lp s w2 +Hc
Yol a2 4 o 4 7% 240 4 Eq. (11)

Is

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

—_— (lp?wp?) ) (IF2+0P2) st (l{Maﬁj ) (IFHJH(aPMJ? eh (ls?wf} ) (lp”;”;)er(”er";*“s)? Eq.(12)
12 4 et 12 4 B 12 4

With pp, p;, ps, respectively the densities of the piezoelectric bridge , the intermediate finger and the
mobile electrode of the Casimir reflector . By equation 6, 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.
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2 2
d?z Ly 2re 1 B Ip 24
- os TTE = 2 wihp= " _ 5 TTC (Eq. 13)
dr? R 240 z*  * 87,° 240

This differential equation unfortunately does not have a literal solution, and we programmed it on
MATLAB to calculate the duration of this "descent" of the free Casimir electrode. This duration depends
on the desired value of the coefficient of proportionality p = Foo/Fca . (See figures chapter 4).

Just at the closing switch n°1, we have Fo, = p Fc, with p, a coefficient of proportionality defined by
the threshold voltages of the MOS interrupters. Just at the end of "descent" and the start of the charge
transfer , the total force F; exerted becomes: F; = Fou-Feo = Fey (1-p). The "descent” time of the free
Casimir electrode will therefore stop when F, = - p Fca. We can calculate this point z, where Fop = p Fea
We know that :

1. The Casimir force is variable in time, but its equation is (Eq. (1)):

d(r,.,) 2he
Foy= = =S¢ =
dz 240 z%

The mobile charges transiting from side 1 to the Coulomb electrode through circuit 1 variable also with

L Aoy Fen Ip

3

. o, =
time (Eq. (2)) are: 2 2 ap because they have the same area .

2. The Coulomb force (Eq 5), variable over time, acting in opposition to the Casimir force:

. dz 4, , . Foire 1 1 2 1 1 2
co a, $75 240 z 4 E Breye, zZ,+z4y— 3, (Eq. 14)
- ! b 24 c 1

P cAT P Py 240 4

ZS

3. So, the "descent" of the free Casimir electrode stops when the inter electrode interface zis such that:

“ 1 2 1 1 ) 1920 p £y £, a,, 2
=s ((ZR+ Zg— Zs) [z54 N 204) ] o T e Sy dq Ly (Eq (15)

See (Fig 18)

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

Fo=(l=p) F.=(l=p)§. ——¢
L =(1=p) F. -p) S,
1 cA S o0, 4

sm

<0ifp>1

b/ is calculable and will stop when the inter-electrode interface z, has a value z, satisfying equation (15).

During all the phases where 0 < VTyp < Vgrins £ VIxg , OF VIpe < Varins < VInp < 0. The total force,
variable over time and exerted at the center of the piezoelectric bridge, becomes:

24 1 [Sgmdre () 1 dylp | 1 A
Fo=Fo - Foy= S, — °4 - - [ S — - — e ( )[ J Eq. (16)
240 Zy 2 240 z, Zy ap 41:50 €, 2tz 7,
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The piezoelectric bridge subjected to this new force F; rises towards a position where the Coulomb’s F,
disappears at the point z, ( fig xx), because the switch n° 2 closed to ground, via a R.L.C. circuit (fig
4,5). When F¢, disappears, the whole moving structure (Casimir reflector electrode + finger +

piezoelectric bridge) with an important masse M,, acquires a kinetic energy E. with E = % MtVf and

Mt = pP( apbplp) + pi( aibili) + ps( asbsls), Vt= speed of the mobile structures, p,, p; ps,a,b,1,, aib;l;,
a, b 1, respectively the volumic mass and volume of the piezoelectric bridge, finger and Casimir

electrode.

Let us calculate an approximation of the duration of this "rise" of the mobile electrode Casimir’s
reflector + finger + piezoelectric bridge, triggered when F¢, = p F¢,. This time is approximated because
when the Coulomb force F, stop (because the closing of the switch n° 2 to ground at the point z,
between z, and the initial point z,, Fig 6 ),_the mobile structure loses its kinetic energy E, plus its
deformation energy with the braking force provided by the Casimir force. We approximate this return
time by saying that point z, of the loss of the Coulomb force occurs at the initial point z, 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:

i (Feam Feo) 2 Ly e | LY, e [dSIlP] A VA Y
= ca” o) T 7 )| s s T ) L Eq.(1
di? 8ISY 8ISY 240;54 2 240 ap |4 -4 dmege || 2tz 5 q.(17)

This differential equation (17) has no analytical solution and can only be solved numerically. We
programmed it on MATLAB. 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:

1. The ratio between the thickness of the metal oxide obtained and of the metal attacked by the thermal
oxidation (see chapter 6)

2. Its low density increases and optimizes 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 My,ure Of the vibrating structure is then:

Mgrrucrure = Apm( a5 bs L+ aibil) +2 dom Zog (a0 bso+bso Lo+as Iso)+d,( @, b, 1,). With d,,, the density of the
metal, a,, b, I, the geometries of the final metal part of the Casimir electrode sole, d,, the density of the
metal oxide, ay,, by, l;, the geometries of the oxidized parts around the 6 faces of the metal block, d, the
density of the piezoelectric parallelepiped (see figure 4,5):

. SIMULATION OF DEVICES WITH DIFFERENT PIEZOELECTRIC BRIDGE

We present below the results of the MATLAB simulations carried out by numerically calculating the
differential equations (11) and (13). 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 = Feo / Fgys ...)). With its low density of 2.7 g cm™ and its
high oxidation power, the metal chosen for the Casimir reflector block is aluminum.
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3.1/ PMN-PT piezoelectric materials for the piezoelectric bridge

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) P,
(1/3 M- 2/3 N) O,- x P, T,0,; with piezoelectric coefficient d ,, = 1450. 10" C / (kg. m. s) and a
Young's modulus Ep =150 .10° Kg M T,

With MATLAB simulation, and for an interval between Casimir electrode z,= 200 Angstroms, we
obtain the evolution over time of the Casimir and Coulomb forces as well as the Fo, / Fc, ratio of figures
8 to 22 below. For a ratio p= F¢,/Fc, of 1000, the maximum current I delivered by the vibrating
structure, the threshold voltage of the MOSE and the vibration frequency of the structure are
respectively: I=1.2 10 A, Vt = 3.2 V and 957000 Hertz

3.11 / Evolution of the Casimir interface as a function of time during two periods: PMN-PT

The F¢, / 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).

PRMMN-PT MATERILAL

INTERVAL BETWEEN CASIMIR ELECTRODES AS A FUNCTION OF TIME

FOR A RATIO p = Feo/ Fea = 10000 AND Zo= 200 A"
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X 3.85636 e-06
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Figure 8: Axes, Forces, Casimir’s Electrodes

A ratio Fe, / Fe, = 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 of 2.96 10 s, with the faster rise
of the mobile electrode producing a slight rebound of 5A, because of the inertia of the structure.

PMN-PT MATERIAL
INTERVAL BETWEEN CASIMIR ELECTRODES AS A FUNCTION OF TIME

x 10°® FOR A RATIO p = Feo/ Fca = 1000 AND zo= 200 A”
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Figure 9. plot of the evolution of the Casimir inter-electrode interval as a function of time over two
periods and Fco / Fca Ratio = 1000: Casimir inter-electrode interface = 200 A°
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For the ratio Fo / Fey = 2 (figure 30) a vibration amplitude of just 0.27 A° and a period of 1.86107 s is
obtained This low deformation of the PMN-PT piezoelectric bridge is mainly due to the extremely high
piezoelectric coefficient d,, of 1450 (pC/N) of PMN-PT compared to 120 (pC/N) for PZT. We observe the
weak overshoot of the initial interface.

PMN-PT MATERIAL
INTERVAL BETWEEN CASIMIR ELECTRODES AS A FUNCTION OF TIME

FOR A RATIO p = Fco/ Fca ='2 AND zo= 200 A®
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Figure 10: Plot of the evolution of the Casimir inter-electrode interval as a function of time over two
periods and a Ratio Fco / Fca = 2. Casimir inter-electrode interface = 200 A

3-1-2 / 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 11) and

b/ over time (figure 12)

2/ The F¢o / Fea ratio as a function of time for an entire period (figures 13).

PMMN-PT MATERIAL
COUULONMB's and CASIMIR's Forces
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PMIMN-PT MATERIAL
COUULOMB's and CASIMIR's Forces
function of time [ second}

(N

100

-
Q
[}

102 |

-
=]
[

10|

g

10°% |

-
=]
]

Log ( Coulomb's Force ) Log ( Casimir’s Force) [ N}

Log { Coulomb's Force ) Log ( Casimir's Force )

10° |
10°%
10710 '. Lo-10
Lo 1.9 192 104 1.96 1.098 2 Lo
Casimir's electrode interval { m} x 105
Figure 11: Materials = PMN-PT: Coulomb and Figure 12: Materials = PMN-PT: Coulomb and
Casimir force as a function of the inter- Casimir force as a function of time. Start
electrode interface. Start interface = 200A° interface = 200A°

It is observed (Fig. 13) that the Coulomb return force is less important for an initial inter-electrode gap
7r = 400A° than for z,= 200A°.
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Figure 14: Materials = PMN-PT: Ratio p = F, / F¢4 as a function of time, during a period of vibration.

The break circuits

Start interface = 200A°, Maximum ratio chosen = 450

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)).

3.1.3 / Threshold voltage according to the desired Ratio Feo / Feal PMN-PT

PIEZOELECTRIC MIATERAIL = PRVIMNM-PT

Threshaold MOS Transistors Woltage [ W) in 'E_ur“:ticn of Ratic
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Figure 15: Materials = PMN-PT: Threshold voltage of the Enriched or Depleted MOS according to the

Fco / Fca Ratio. Start interface = 200A°

It can be seen (Fig. 15) that we must increase the threshold voltage of the TFT MOS of switch n°1 up to
3.5V if we desire to obtain a ratio FCO/FCA of 1000.
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.14 / Vibration frequency as a function of the Fq, / Fca ratio and peak current as a function of the
itial Casimir interval chosen: PMN-PT.

Note (fig 16), that for an initial interface z, = 200 A°, and for a ratio Foy / Fey = 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. This vibration frequency of the Casimir structure approaches that of the first resonance for
weaker interfaces below 200 A°.

For a ratio Foy / Fea = 500, the maximum current delivered by the structure falls as a function of an
increase in the initial Casimir interval (Fig 17).

It seems that the piezoelectric material PMN-PT coupled with a conductor like aluminium is an
interesting couple for our vacuum energy extraction structure.

PIEZOELECTRIC MATERAIL = PMN-PT PEAK CURRENT FLOW AS A FUNCTION OF THE CASIMIR

FREQUEMNCY of vibration as a function x 105 INTERVAL AND FOR A RATIO p = Fco / Fca =500
x* 10% of the Feovrowe £ Foasnam ratio g

3 Sole length =500 micromaters
Width of sole=150 misrometers

2.5] Length Pi i bridge = 50 mi

Width of pis ic bridge = 150 mis

2 i i it bridze = 10 mis aters

Current (A)

Vibrations Freguency [Hz)

2 5 3 35 4 a5 5 55

RATION p = FOO/FCA interval of Casimir Electrodes {m) x 108
Figure 16: Materials = PMN-PT: Vibration Figure 17: Materials = PMN-PT: Current peak
frequency as a function of the F, / Fc, Ratio. across the 2 . 10 H inductance as a function of
tart interface = 200A ° Start interface = 200A° the starting interval between Casimir

electrodes. Start interface = 200A°

IV. 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, so from the initial position z, to the position z, where the switch n°1 commutes from OPEN to
CLOSE. Secondly, we will focus on the second half of the vibration, which is to say the "return" phase ,
so from the position z1 to zo passing throw the position z2 where the switch n°2 commute from OPEN
to CLOSE and put the Coulomb’s electrode to the ground canceling the F., force. 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. The conditions of use of the piezoelectric bridge (vibrations amplitude) are in the purely
elastic domain and we never enter in the domain of plasticity.

In the following we propose to put into equations the energy balance of «go» then in “return “steps.

0 < VTpp < VT, and VT < VT < 0 and Fg / Fea< p. With p the chosen amplification Fe, / Fea. We
note V= abs (VT or V) and Vi,= abs (VT or VTp), 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]

M.E.M.S. for Extracting usable Electrical Power from Quantum Vacuum Energy While Remaining Compliant with Emmy Noether’s Theorem

London Journal of Research in Science: Natural & Formal

Volume 25 | Issue 5 | Compilation 1.0



London Journal of Research in Science: Natural & Formal

4/1 MEMS energy balance during the phase ‘going " from z, to z,
a/_.0 < Vg < abs (Vy, )< abs(Vy,). and Fy / Fea< p: switch n°1 OFF, Switch n°2 ON. (Fig 1)

At the start, in_the beginning conditions of the "go" phase, we have very small deformations applied to
the piezoelectric bridge. Consequently, very small electrical charges are present on it, so 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,. This witch n°1 is open and in the OFF position. On the other hand, as V; < Vi,
switch N°2 consisting of two TFT MOS N and P in series, 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 F,.

b/ 0 < abs (Vy, )< Vg < abs (V). and Fgp / Fea< p: switch n°1 OFF, Switch n°2 OFF.  (Fig 1)

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 V; on the gates of
transistors of switch n° 1 and n° 2 increases. This voltage Vj still lower than the threshold voltage V.,
exceeds now Vi, 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 4,5)

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 AQ,;, the heat transmitted by the
vibrations of the piezoelectric bridge. In first approximation, we can use the well-known formula AQ4,
= AS. AT, with AS= entropy variation (J °’K™) and A T = temperature variation (° K)

MBridge [2 T fvib]2

2
piezoelectric bridge, Mp,;q,e = 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 6) .

However, we know that: AQ = zi Eq. (18) [10] With: fvib= Vibration frequencies of the

This heat expended at the level of the piezoelectric bridge causes its temperature to increase. As a first
approximation we can say: AQu, = M gyuerure-Cpiezo AT. With:  C,,, = Specific heat capacity of the
piezoelectric bridge (J Kg™ °K™*), AT = Temperature variation (°K).

2 [Trfvib]z

piezo

Consequently AT = zi = Temperature variation of the bridge. Eq. (19)

For example, for a PMN-PT piezoelectric film: C, = Coynpr = 310 (J Kg* °K™), {3, # 10°Hz, z.~
10010 m, we then obtain: A Tx~ 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 z,to z,, to deform the elastic piezoelectric bridge during the
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displacement "go" of the vibration, the quantum energy Ec sz , given by the quantum vacuum, is used
for four different energies:

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

2/ The energy to create the fixed Qg charges in this piezoelectric structure: Wggipge

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

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: A Q,/2

We can write that to deform the piezoelectric bridge from the start position z, to the position z,:
Ecasnrs = Woercar + Weringe: + Weasvir: + A Quin /2, (Eq 8).

This quantum vacuum energy Ec spr, 1S bigger than the simple translation energy WCASIMIR1. The
energies Wpgrca and Wiripge are store in the deformed piezoelectric bridge as a potential energy.

1/ The translation energy of the Casimir force is:

z1 z1 2 2
WCASIMIR1 = [ FCAdz= [ S 55%dz_= s( ”72"05)[%— — ] (Eq 20)
z0 z0 2y

The Weasnir, €nergy represents the translation of the Casimir force F¢, from z, to z, without considering
that this force also deforms an elastic and piezoelectric structure from z, to z,.

Now, let's calculate the deformation energy Wpgrca Of the piezoelectric bridge fixed at both 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 W, of
an embedded elastic bridge and for a constant force F is: Wy= V2 z, F with z, = z, - z,, 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:

V4

2 h S 2 h
d(Wy) =1/2 F(z) dz. =W = %WDFCA(ZS) = %5 o he ? dz = % T hc [? - 11 (Eq 21

240 240 z03

0 s

This energy Wpgrea 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 Vi on switch n°1 reaches its threshold
voltage Vi,. This reached position z, is unstable because the Casimir force increases with its position.
As a result, the mobile Casimir electrode can collapse. 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 of the
TFT MOS of switch n°2 are in depletion V; > V, (Fig 1,4,5,6).

The energy stored in the bridge through its deformation is in z,

240 z03

2
_ 1 mhcec 1 1
WDFCAl G S [ 2 | Eq 22,
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At position z, of the structure, the memorized elastic energy is

2

1 ™ _hc 1 1

prcaz = 6 O 240 [23 ~ o3| Eq23.
2

We notice that Wygpca > 0 and that the numerical value of Wyggcy, is a little smaller than the expression
calculated when F,(z,) was constant: Wd= V2 ze*F,(z,).

2/ During the displacement "go" the energy Ec,snur is also used to generate a potential energy Wygipge
accumulated in the capacity of this piezoelectric bridge which follows the equation: d(Wgringe) = Qr
d(Vezo ) with Vo = Voltage between the two metallic faces of the piezoelectric bridge, with Q=
Coirzo Vemzo = Wiringe: = potential energy at the position z,

Q 2 2
L) e % a d 1 \? a d 1 1b mch
—f L d(Q)— L — P 31 p Fz_ P 31°p s s 11
BRIDGEl_O c FF| 2c¢ T 21lbece 2a, CA~ \ 21bece 480 a, e A
0 1 0

w

PIEZO P P 0 PIEZO P P 0 PIEZO

Eq. (24)

We notice that Wyripge; > 0, similarly when the structure reaches position z,, the same memorized
elastic energy occurs. To get Wgripge. for position z, of the bridge, we simply swap z, for z,. In these
equations, we use d(Qp)= Cprrzo A(Vemzo), with Cpiezo = €electrical capacity of the piezoelectric bridge,

€ €

0 PIEZO
CPIEZO prlp Eq.25.
. . . . . d3llP
We know (Eq2) that the creating fixed charges on this piezoelectric structure is Q s = o F.We
P

have Q. = - Qr = the accumulated mobile charges, coming from the mass, on the surface of the metallic
film. This part Wgripge Of Ecasivir iS stored in the piezoelectric bridge as potential energy and
contributes to the usable energy Wy rcrric appearing during a cycle.

So, during the phase “going ” from z, to z, the total energy coming from the vacuum = E gz 1s used:

1/to deform the piezoelectric bridge Wygpca,

2/ to produce the electrical charges as potential energyWsgringe.,
3/Translate the point of application of the Casimir Force Weasivir,
4/ produce a heat of the structure by the entropic transfer A Q. /2.

We have:

Energy produced by vacuum = Eyacuum = Wprca + Weasmuir + Wermee + A Quin/2 = Weomng ( Eq 26)
Whierea and Wigripge are potential energies that will be used when the elastic bridge returns to its
equilibrium position, that is to say without deformation.

472: MEMS energy balance during the ‘return” phase from z, to z,’, switch n’1 ON, Switch n’2 OFF: 0 <
abs (V1) < Vg < =abs (V). and Ratio Fro/ Fea> = p: (Fig 1)

Figure 15 page 10 above, shows the F.,/F., ratio obtained by the choice - defined during the
technological realization of the MEMS- of the threshold voltage V, of switch n°1.
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Now, the voltage on the grids of switch n°1 exceeds its threshold voltage and switch commute ON. The
switch n°2 is till OFF, so the Coulomb’s electrode is opened. The free charges Q,,,, stored on the metal
electrodes of face 1 (Fig 1,4 ,5), passing through one of the MOSE transistors, are uniformly distributed
on the Coulomb metal electrode of the surface for example S¢, = Ip*bp.

If S¢, = Sp,, this metallic Coulomb’s electrode therefore has approximately a mobile charge Q,., Sc./ Sp, =
Qun/2. This homogenization is obligatory because there is no electric field in a perfect metallic
conductor. The free charges Q,,., stored on face 2 and on all the isolated grids TFT MOS don’t move. So,
the grid's electrodes and return electrode have opposite free charges. (Fig 4,5,15). A Coulomb force F¢o
then appears between these two electrodes during the very short time when switch no. 2 is still open,
isolating the Coulomb electrode from the ground. The resulting force Fy= F,-F¢, is now applied to the
piezoelectric bridge. This force Fy, is opposite to the force F, or null. In presence of this force Fy the
deformations of the bridge and its electrical charges, so the grid's voltage are necessarily reduced. Since
the threshold voltage Vi, of switch n°2 is lower but very close to Vi, (we choose Vi, — V1, = 50 mV), the
time duration during which this Coulomb force is exerted is very small (a few nanoseconds).

Very quickly, the switch n°2 commutes from OFF to ON, grounding the Coulomb electrode via an
R.L.C. circuit, (Fig 23). The Coulomb force vanishes quickly after its appearance at position z,.. The

V4
2

values of Vi, and V, impose that z,is very close to z,. So, the energy W

couLOMB Zf F,dz expanded by

1

the Coulomb force remains low, even if this force is several times that of Casimir in intensity.

The time of existence of F, is of the order of a few tens of nanoseconds (fig 1,5). The position z, of
appearance of this force F is such that F¢, = p F¢, and is numerically calculated by MATLAB(fig. 18).

Eq 27

2
2 2
Q. Q 1 dy, L nzch 1 1 1 1 1T2Ch
F =pF = Fr = 31p S —_— =p S
co p cA 8nsosr z+2z—2 a, S 240 z: 23 4-1T808r Z 42 —2_ p 240254

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

PMN-PT MATERIAL
POSITION OF THE CASIMIR'S MOBILE ELECTRODE WHEN THE COULOMB'S FORCE APPEARS =f
(Ratio p = Fco / Fca)
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Fig. 18: Position of the mobile Casimir electrode z, where the Coulomb force occurs: z, =z, =200A° 1s =
500 um, bs = 20 um, lIp = 50um, bp =20um, ap = 10um

The Fr= F.o-Fc, force is now applied to the mobile structure. This resulting force is at least zero or has a
greater intensity than the Casimir force F,. It contributes with the energy stored in the elastic bridge to
straighten the structure and to give it kinetic energy. This F, 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 to show

M.E.M.S. for Extracting usable Electrical Power from Quantum Vacuum Energy While Remaining Compliant with Emmy Noether’s Theorem

London Journal of Research in Science: Natural & Formal

Volume 25 | Issue 5 | Compilation 1.0



London Journal of Research in Science: Natural & Formal

Volume 25 | Issue 5 | Compilation 1.0

that a usable energy Wyiscrric 1S 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
21)

There are two phases for this return to from z, to z, (returning phase):

1. From z, to z, where the Coulomb’s force F, exist and contribute to straighten the elastic structure
and to give it kinetic energy,

2. From z, to z, 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.

4.2.1 Calculation of energies between z, and z.,

As soon as switch n°1 has switched to homogenize the electric charges between face 1 of the bridge and
the Coulomb electrode, the resulting force F, -F, 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 commutes

again very quickly. The energy Weouroms s write:

z1 ) d 11?2 z1 2
WCOULOMB = WFCO = [ FCOdz= {Ss. L P} (s%e ) J [(L ~ %) (+—10_)] dz_  Eq28
z2 4 "/ z2 Z % T s

This energy exists only between the very close positions z, and z,. The literal formulation of W¢ouroms
energy is possible but its expression is not convenient because it is too complex. We prefer to calculate
by MATLAB its numerical value between the value z, and z..

The position z, of commutation of switch n°2 is deduced from the chosen threshold value V., of switch
n°2. We note that we can minimize the value of the energy spent by W¢ouroms, by choosing a value of the
threshold voltage V, close but slightly lower than V-, of switch n°1. For example Vi, = V- 0.05 (V).

We use MATLAB to find position z, of commutation of circuit 2 to cancel the Coulomb’s Force F, see

(Eq 22) and figure 18. We have, at position z2 of the bridge, the electric charge in the TFT MOS.
d, 1 2

Q,=—4ts L ( T %) with Q,=Cox Vi, .So

a S 240
P 2 2y

1
7 =

2
\7[ 240a C_ v oL (Eq .29).
2 T2 4
d31 lp mch Ss z,
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Fig 19. Energy of translation of Casimir Force and energy of Coulombs ‘Force between its apparition in
the position z, and its disappearance in position z

We present in figure 21 the curve representing the translation energy of the Casimir force as well as the
Coulomb's force the time when the structure is between the positions z and z, which represents a few
nanoseconds. We can calculate the energy spent in the first part of return of the structure (from z, to z,)
Fig 6, by simply calculating the kinetic energy Wy acquired by the structure when it reaches the
position z, upon its return.

We know that the variation of the kinetic energy Wy is equal to the sum of all the energies supplied or
spent on the moving structure. Thus, as we know the numerical value of all these participants in the
variation of this kinetic energy Wy, we can write equation Eq.25 which allows us to calculate Wy
because all the terms of this equation are known.

WCIN = (WDFCAl + WBRIDGEl) - (WDFCA2+ WBRIDGE2 )+ WCOULOMB - (WCASIMIRl_ WCASIMIR2) (Eq 30)

and fig 20. All the terms of the equation are known , so we now know the kinetic energy acquired by all
the mobile systems in z, and know when the Coulomb force disappears. All calculations done, we

London Journal of Research in Science: Natural & Formal

2
. 1 m h c 1 1 . . . .
obtain : W.v= %5 20 (Zi ; ) + W ouoms Ve know now the kinetic energy acquired in z,

and know when the Coulomb force disappears.
The structure must now spend this energy which gives it inertia. The braking energy provided by the
Casimir force will cancel this kinetic inertia plus that stored in the elastic energy. Let us calculate the

final ascent position z of the mobile structure. It has an inertia provided by the kinetic energy Wy, a
stored elastic energy Wpgc, but is slowed down by the energy provided by the Casimir force.

We can write

We deduce of this equation that the final position zf of the bridge is
1

1 140w, Eq 31.

3 2
z, T hc
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We can see in Figure 22 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.

Point of appearance of the Coulomb force 21 (A” , Point of di

of di 't of final rise of the piezoelectric bridge f (A7)
Casimir interval (A%) = 200 Cou = 25.4008
T

2. AEOAa G

206
T

Piezoelactric bridga langth (um)

ic bridge width (micrometra)=

of piczecloctric bridge (micromotre)

= Point of final fise of he piazoaleairic bridge 21 (A%)

(3]
g
z
o
£
3

imi's electiods pos fio1 (A°
g H
x

Cesi
I

Fig 20: Positions of: 1/ The final rise z; of the structure, 2/ of the point z, of disappearance of the
Coulomb force depending on the threshold voltage V-, of switch n°2, 3/ of the point z, of appearance of
the Coulomb force depending on the threshold voltage V., chosen for switch n°1

It is easy to calculate the damping energy Weasuir. that appears between the intermediate position z,
and the final position z;.

zf 2
We have WCASIMIR2 = [ FCAdz= f s ohc dz, = 5( u)lig - = ] (Eq 32)
z2 Zf

As, at position z, the switch n° 2 commutes to ON and puts the Coulomb electrode to ground through

the RLC circuit below (Fig 21). The electrical charges present on the Coulombs electrode flow towards
the ground, creating a current and a power which remains to be evaluated.

ppppp

CGROUND

gl
T odg . l I T wa) E
Electric Charge = —— I~

QLr an ca o . =

Fig 21: RLC circuit to power the autonomous electronics for converting power peaks into direct voltage

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

CPIEZOC

CP[EZO +C

When the switch n°2 commutes, we have the equation Uq+U;+Uy = Cpzo / Qr = Vi, (fig 21) , with Ug=
R I, U;=L dI /dt and Qr =U; Cppzo. With R a resistance, L an inductance and C a capacity. After

: au u
rearranging we have the following equation y <+ & 4 £ — 0Eq3s.
t

C in series with Cpzzo. We call C the equivalent capacity of the two capacities in series.

L dt LC
This differential equation has solutions that depend on the value of its determinant. We choose the

2
values of R, L, C in such a way that the determinant A = (%) - % = 0 of this equation is positive
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or vanishes. So, if A=0 the solutionis: x :L(— 1 +4/1 —4—L2) =— £ and
x, ==—(-1—-,/1 —=2)=—-L then we have x =x =— =2 < 0 Considering the initial
2 2L CR 2L 1 2 2L ° g
conditions, we obtain :
= _u t) — t E
L yary [xl exp(x,t) — x, exp(x, )] q 34
du V. xx
A [ T1 1 2 _
i = C—=¢C pyary [exp(xzt) exp(xlt)] Eq 35
The peak of current is given when d(i.)/dt =0 so at the time
14, 1
x Ln CR
Ln(x—z) 1— 1 4L2
— 1 — CR Eq 36
imax X X, R 4L
o erTa

Replacing t by t;,,, in the equation 34 and 35 we obtain the expression for the maximum of the voltage
iS Umax = Vryand of the maximum current i,

—25.4008 2 B EO@a g

Yoligs o)
/

Fig 23: The electric current flowing through the capacitance C in series with the capacitance of the
Coulomb electrode
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o
/

Fig 23: The electric current flowing through the capacitance C in series with the capacitance of the
Coulomb electrode
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The electrical power of the signal is:

2
T1

P(t) = U ic = (V—) C XX, [exp(xzt) - exp(xlt)] [xl exp(xzt) - X, exp(xlt)] Eq 37

X —X
1 2

Fig 24: electrical power of the
signal to power the autonomous
N electronics
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Fig 24. Electrical power of the signal to power the autonomous electronics

We note on Fig 23 and 24 that the maximum t;,,, = 1.87 107° (s) for the peak current is different than
those t,n.x = 3.03 107 s for the peak power P(t). The peak power of 1.93 mW is sufficient to power the
autonomous electronics of fig 30,31 and obtain a useful voltage of several volts in a few milliseconds.
The period of a vibration being (fig 10) of 0.2 us for an F, /F¢, of simply 2, the average power over a
period is then approximately = 0.3 uW.

We deduce that the power provided by the system in 1 second is of the order of 3e-7 / 2e7 = 1.5 W.

Knowing the electrical power P(time) we can numerically evaluate this finale and usable energy, by
MATLAB.We obtain Wy zcrricin fig 25.
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10%¢ 2 10%¢
_ max . _ VTl max
WELECTRIC )= { U lcdt = ( T, ) C X X, { [ exp(xzt) - exp(xlt)] [xl exp(xzt) - X, exp(xlt)]dt
Eq38
The energy balance is completed for the "return" phase to its initial position of the structure.
We have Wrgrurnme = Wen + Wekerric + Worcaz + Werinoez = Weasmre + AQuip /2 (Eq 39)
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Fig 25: 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."

With Figure 25, 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 Fo/F, amplification factor, we note that Wrgrurnng is always slightly lower than Ey,cuum,
thanks to the choice of Wy rerric

We observed that in the referential of our 4 dimensions Space-Time plus the Quantic Vacuum, the
energy is conserved which is consistent with Noether’s theorem.This very important theorem of 1905
explains why, as Monsieur de Lavoisier said, "Nothing is created, nothing is lost, everything is
transformed."

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 at frequencies
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depending on the size of the structure and operating conditions, but with an amplitude of just a few
Angstroms. These vibrations aren't perpetual motion; they can be continuously powered by vacuum
energy from the Casimir force.

The following diagram summarizes the operation of this presented MEMS ( Fig 26 and Fig 27)

1 * A
CABNM 3
T S s 1:INITIAL STEP
L R I — - Plezoelectric bridge without distortion and switch 2 to ground.
e LI b Metallic Electrode of Face n*1 of plezoelectric Bridge
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o 2y T l -+ GROUND
couLomry. | e, BRE
Blecteodes | 4 . ‘ ~ Any ions nor mobile electrical charges on Bridge and on the
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socw: [l Electrical R, L, C, Circuit
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Fig. 26: Overview of the 5 successive and repetitive steps of the M.E.M.S.
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Fig. 27: 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 F, 4/ The coulomb forces F, 5/ the energies
Wico, Wrea s Wrco -Wrea 6/ The maximum elevation z; of the moving part

We notice in the previous pages that the piezoelectric bridge could reach a position z; which exceeds its
initial position z,. We can take advantage 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(fig 28)
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Fig. 28: 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.

Casimir cell width = 0.250 minm  ———— 20 cells = 5 mm

T 0o
A (A

R.L.C. circuit

THOUCEANCE ol s
HBUETANCE Mol il

Casini ol ength =07 mm e 10 cel5 = 7
TOTAL NUMBER CASIMIR'S CELLS = 200

Figure 29: Positioning of 20 Casimir cells in parallel and 10 in series. Total of Casimir cells delivering a
periodic current during a small part of the vibration frequency of the devices = 200. Total des cellules =
200, Width = smm, Length = 7 mm
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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 and as described RLC circuit for example, 20 Casimir
cells can be placed in parallel and 10 in series, (Figure 29).Important increase in current intensity, time
duration of the peak, as of the voltage peak. 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. It seems that - unless there is always a
possible error - the fundamental theorem of EMMY NOETHER from 1905 is not contradicted. 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 in this development.

V.  AUTONOMOUS ELECTRONICS TO TRANSFORM THE CYCLIC POWER PEAKS FROM
THE R.L.C CIRCUIT

<

l |j_| ‘ | { L‘ i i l ! i Storage

- RLC. | T CaPaclty

- _|E MOS P o MOS r\ﬂ MOS P =&
MOS N ‘ Circuit
Storage T I I
Capacity ! IV\\ 7
GROUND

‘Coupling Capacity

Figure 30: 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 circuit of the figure 30 is an autonomous device operating without any electrical power source. It
rectifies and accumulates the repetitive peak power delivered to the terminals of the RLC circuit in the
figure 4 and 5 and transforms them into a usable direct voltage source.

The impedance of the output of this autonomous circuit must be important.

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 4

The circuit of the figure 30 is an autonomous device operating without any electrical power source. It
rectifies and accumulates the repetitive peak power delivered to the terminals of the RLC circuit in the
figure 4 and 5 and transforms them into a usable direct voltage source. The impedance of the output of
this autonomous circuit must be important.
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THE MICRO-TRANSFORMER OUTPUTS POWER

Power = 60 o\
initial Current = 7/pA

Figure 31: 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

Final Current=1 pA

Fimal * Volt:

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 4 milliseconds

Table 1: Output Continuous voltage, with current and power consumed by the autonomous electronic in
function of two input cyclic voltage parametrized with the number of stages

CHARACTERISTICS OF OUTPUT VOLTAGES (V), POWERS (nW) CURRENTS (nA)
AS A FUNCTION OF THE NUMBER OF STAGES

INPUT SIGNAL FREQUENCY = 150 KkHz OUTPUT VOLTAGE MEASUREMENT FOR t = 50 ms

Veg=5S0mV

Veg=100mV

numb er'| output Current ( nA) Power ( nW) Output [| Current (nAa) Power ( nW)
of stages]|Voltage start end start end Voltage § start end start end
2*3 550mV )] 300n | 26nall 15n | 1.3nwW 1.av 800naA | 46nA | 75w SnwW
A W
2*6 1 300nA | 29nAfl 1300W | 1 3nW 2V FOOnA | 67nA | 60nW | 6 SnW
2*14 22w 1anwW | 26mwW || 45v | =5 4 8w
200ns | 40nas 700ns | SOns
2+21 28w 2s0na | 38nal] 13nwW | S60pw v 600na | 8ona | 60nwW | 27nwW
2*30 3= Z50nA | 43nAf] 120w | 1Z2nW 65V T50nA | 85nA | 610w AW
IS 250na | 4sna ] 1200W | 900p W 7SV 750na | 95nA | 64nW | 3SnW
2*39
2+48 3 6v 250na | 46na ] 120w | InwW TV 750nA | 100n | 60nW | 420w
A
38 270nA | 47nA | 1200w | 1w TOV TOOnA | O0nA | 65nW | 42nwW
2*60
2*61 =8 270nA | 48nAa 12;-:,’1 13mW 8V T00nA | 90na | 65nW 42 W

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 R.L.C. circuit, 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 TFT ( Thin Film Transistors) [11] MOSNE and MOSPE transistors
with the lowest possible threshold voltages, is CMOS on intrinsic S.0.1. and each element are isolated
from each other on independent islands. This technology, represented in the following figure 54,

strongly limits the leakage currents.
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Metallic
connection

Figure 32: 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. 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.

V. 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 Sg, and S, surfaces of the Casimir reflector must;

Be metallic to conduct the mobile charges
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 in the z direction of the structure, for example Al,O,
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%. 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 M, = 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 aluminiu. As
regards the technological manufacture of electronics and structure, it therefore seems preferable:

For electronics to choose Titanium Oxide because of its high relative permittivity e, =114 allowing to
minimize the geometries required for the different capacities.

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 Al203 is outside the metal, allowing to reduce
the interface between Casimir electrodes. A simple calculation shows for example that for aluminium
gives:
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Figure 33: distribution of thicknesses
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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 z,4 = 1 um 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 z,. For example, if z, = 200A °, z,q = 3 um, Z,q = 1 um,
then z, = 0.662 um. So, we obtain a Casimir interface of 200 A°. The final remaining metal thickness
will be z,.¢ = 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: €, be the permittivity of vacuum and &,. €, the metal oxides one (g, =
relative permittivity = 8 in the case of Al,O,), z, the final oxide thickness on one of the electrodes and z
the thickness of the vacuum present between electrode, (initially we want z = z,).

=Z. <o
Vacuummm

Then the average permittivity e, of the dielectric is:

Z

o E0 &, + 258, F T80 8, (Zqu e+ zu)
£, = =¢ ~eg €

o (22, +20) P (22,4 2) ", because z, is << Z...

For example, z,;= 6620 A° is large compared to z <= 200A ° therefore ¢,,, = 8 * ¢, in the case of AL,O,.
We have considered this change in permittivity in the preceding simulations.

VIl.  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 TFT 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

To define the threshold volta e of the MOSNE of the circuit n°1
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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.I. silicon to the oxide to define the location of the Casimir structures (figure 34)

Lrna
I SILICOMN OXIDE
i SILICOMN SO

Figure 34: 9/ Etching of S.0O.I silicon

10/ Place and engrave a protective metal film on the rear faces of the S.0.I wafer (figure 35)

Figure 35: 10/ Engraving of the protective metal rear face of the S.O.I. silicon

11 / Deposit and engrave the piezoelectric layer (figure 36)

[

Figure 36: 11/deposition and etching of the piezoelectric layer deposition and etching of the
piezoelectric layer

12/ Depose and etch the metal layer of aluminium (figure 37).

Figure 37: 12/ Metal deposit, Metal engraving etching of the piezoelectric layer

13 /Plasma etching on the rear side the silicon of the Bulk and the oxide of the S.0.I wafer protected by
the metal film to free the Casimir structure then very finely clean both sides (figure 38)

Figure 38: 13/ view of the Casimir device on the rear face, engraving on the rear face of the structures.
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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,O, 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 for the device to vibrate ... and then stop the oxidation.

(Figure 39)

T siLicon s

Figure 39: 14 /Adjusted growth of metal oxide under the electronic 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.

VIII.  CONCLUSION

The theoretical results of this project seem sufficiently encouraging to justify the development of
prototypes. While theoretical results indicate promising potential, further experimental validation is
necessary to confirm the feasibility of harnessing quantum vacuum energy. Future work will focus on
developing prototypes and refining the theoretical models to address practical implementation
challenges. Of course, if these theoretical predictions are confirmed, it will trigger a scientific, technical
and human revolution, because the quantum vacuum could be used as a new source of energy both on
Earth and in space with a considerable commercial market. As an inventor who has kept some details
confidential, I would like to collaborate in its development after signing a contract with the potential
investor

In the universe, everything is energy, everything is vibration, from the infinitely small to the infinitely
large" Albert Einstein. "A person who has never made mistakes has never tried to innovate." Albert
Einstein
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