REGULATED LOW PONER CONTROL SYSTEM FOR ELECTROSTATI C
ACTUATORS FI ELD OF THE | NVENTI ON The present invention
generally concerns a regul ated | ow power control
system for electrostatic actuators, a servonechani sm
controlled by such a control systemand a portable

el ectroni c appar at us i ncor porati ng such a
servonechani sm An "actuator" neans a power menber,
such as for exanple a servom)tor ste| ng not or.,
coupl e not or, EBAOW ROWER CQ

actuating a menber FOR ﬂE@ﬂ"RM‘BM‘IW@WAPORS
"servonechani sm' neéans a closed [oop control system
conprising one or several nenbers with a nmechani cal
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t heumsathe Bvhlbled \uRdtrbiic alifai tdan codtrdl these comb drives without any
particular operating problem. The problem lies in optimising the power consumption of
the system. The main problems are as follows:
- maintaining electronic systems powered at high voltages (40 — 600V) generates
consequential leakage currents and/or particular implementations for limiting such

leakage currents;

- since current comb drive capacitances are of the order of several pF fo several
tens of pF, the stray capacitances powered by these high voltages participate
significantly to the system losses;

- the electrostatic force of the comb drives is a function of the square of the voltage
applied between the electrodes; the system has to guarantee sufficient voltage to
ensure movement within a defined time period but a higher voltage eventually
results in loss (excessive acceleration of the system followed by absorption when
the stop is reached).



the stop is reached). -2- SUMVARY OF THE | NVENTI ON |t
is one of the main objects of the present invention to
overconme the aforenentioned drawbacks by optim sing

t he power consunption of the sysjem and in order to
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t hs-;erwrne@mﬂwn |s sefected from among the following elements: servomotor,
stepping motor, couple motor, electromagnet, mobile hands on a dial, optical displays.
Advantageously, the servomechanism is an electrostatic motor formed by
micro-electro-mechanical technology (MEMS).
According to another aspect, the invention also concerns a portable electronic
apparatus, in particular a wristwatch comprising a servomechanism according to the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features and advantages of the present invention will appear more

clearly upon reading the following detailed description given solely by way of non
limiting example and illustrated by the annexed drawings in which:



BRI EF DESCRI PTI ON OF THE DRAW NGS O her features and
advant ages of the present invention will appear nore
clearly upon reading the follow ng detail ed
description given solely by way 9of non Ilimting
exanple and illustrated by the annexed drawi ngs in
which: -3- - Figure 1 is a diagramof the control
system according to two enbodi nents of the invention.
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It will of course be understood that the voltage increase means of the first
embodiment according to the invention are given by way of advantageous variant, but
that other more conventional voltage increase circuits could be provided instead.

The control system further comprises means for measuring a value of the
variable electric quantity, powered by the low voltage powering means when said high
voltage is generated. According to a preferred variant, these measuring means
comprise a first branch connected in parallel to switching means Q1 and comprising in
series a first capacitance Cref and a second capacitance Cb of an order of magnitude
greater than that of the first capacitance Cref, and a second branch connected
between variable capacitance Ccom and the reference potential and comprising a
third capacitance Ca of an order of magnitude greater than that of variable
capacitance Ccomb. The variable capacitance Ccomb is defined by the position of the



The control system further conprises neans for

nmeasuring a value of the variable electric quantity,

powered by the | ow voltage powering neans when said

high voltage is generated. Accoyding to a preferred
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branch connected in parallel to swtching neans QL and
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Reference will now be made again to Figure 1 in order to understand how the
two embodiments of the invention presented hereinbefore operate. As was mentioned
in the introduction to the description, the main objects of the invention are to maintain
the high voltage only when the latter is required to limit leakage currents, to minimise
the components in the high voltage in order to limit stray capacitances in the high
voltage and to adapt the activation voltage as a function of the of the directly
measured system needs.

One possible voltage increase circuit is based on the transfer of energy from
one inductance used as “high voltage” source. This circuit has the advantage of being
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conb drive, transist nductive to
As capacitances 8a a% bref are xe(c)! in the branch that contains them,

voltage U1(t) is a reduced image of voltage Uh:

C C +C
Ut =—<L—Un(t) > Uh(t) = ——LUW{) (51
Cb + Cref Cref

As Ca is known and fixed, voltage U2(l) represents the load injected into the other
branch containing capacitances Ccom and Ca:



decrease voltage Uh. One feature of this circuit is
that voltage Uh is not controlled wthout a

regul ating | oop. Thus, a regulating loop REGis
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the transferred energy.

The variation in capacitance Ccom allows variation in movement to be directly
deduced, thus the speed of movement of the comb drive. The mechanical energy
supplied via Uh{t) can then be broken down into two parts. First, the energy to
overcome friction, useful forces/couple and any forces from the necessary system
springs, and secondly, the energy for accelerating the system (inertia, kinetic energy).

The “force” accelerating the system is the difference between the force
provided by the comb drive subtracted from the useful forces, friction and the spring.
This force must be sufficient to allow movement in the desired time but must be kept
as low as possible in order to optimise consumption. The available time is defined by
the application and can varying depending upon which mode the system is in.

In a horological application, for example a wristwatch comprising a stepping
motor, it may be different during normal working or when the time is being set. If the
time used for the movement is declared to be too long, the next step will be executed
with more energy (longer control pulse from the transistor) and conversely if the time
used for the movement is declared to be too short, the next step will be executed with
less energy. If the step is declared not to have been made, it is executed again with a



havi ng to know vol tage Uh(t), which may, in accordance
with this principle, have any value, varying over
time, reasonably, without disturbing the indirectly
nmeasured value of Ccon(t). Know ng the val ue of the
conb drive capacitance over tine/ enables the position
of the latter to be deduced, which allows regul ation
|n accordance with the systemneeds. In the case of a
power system two mai n objects of regul ation .
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Volitage U2(t) is defined by relation (a):

Coom () U2(t) Co.n (@)
U2(t) = ——eom) 1y com
(t) Com () +C, "o > Uk(t)  C,n(1)+C, 2

COM

The capacitance Ca is defined by relation (b):
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regul ation systemcan drift over tinme. A quantity of

energy sufficient to guarantee the conpl ete novenent

has sinply to be transferred and the different val ues
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(Ccom £3d absroadn f thtameFor Yl GthelFraneh 2hk! mifimdm SRergy must be

injected therein. By way of example, Cref can be defined at 0.5 pF and voltage U1 at
0.3V. By applying the same approach as ¢ and ¢ Cb = 100.5 pF.

The equivalent capacitances for each branch are:
Equivalent capacitance Ccomb/Ca:

cC_+C, 202

Ceom//Cq =—22—% = C.,.=C,, [ES]
com a 201
Equivalent capacitance Cref/Cb:
Cref + Cb
Cref //Cb=—"——=C,_, [E9]
C
ref b

As the voltage across the two branches is identical {Uh), the energy ratio in the
2 branches is the capacitance ratio Ccom/{Ccom + Cref) = 95%.

These energy calculations show that practically all of the energy is transferred
into the comb drive (Ccomb). Moreover, the connection pads of the integrated circuits
have a capacitance of the order of 3-5 pF, but in this proposition, these capacitances
come in parallel to Ca and Cb which are much larger (2nF/100pF), therefore their
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The regulating system using the 2 voltages U1(t} and U2(t) has to have a very
high input impedance so as not to disturb the currents in the two branches. Such
impedances are common in the field of microelectronics, particularly in certain
operational amplifiers.

The invention described hereinbefore has numerous advantages. In particular,
the measuring system allows the position and speed of movement of the comb drive
to be known electrically, which means the movement has actually accured and energy
consumption optimised as a function of the time available to execute the movement.
This measurement can measure the impact of shocks on the position of the comb
drive. The measuring system is independent of the supply voltage, which thus means
that practically any “high voltage” generation system can be used. The measuring
system only very modestly affects the energy transferred to the comb drive. Apart
from generating the “high voltage”, the control circuit operates at a low voltage
enabling it to be integrated in a standard microelectronic process. The “high voltage”
is actually only available during execution of the step, the rest of the time the system
operates at a low voltage.

It should also be noted that the invention concerns more generally a
servomechanism comprising a control system according to one of the embodiments
presented hereinbefore, and wherein the servomechanism is selected from among the
following elements: servomotor, stepping motor, couple motor, electromagnet, hands
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20c omemdler is an electrostatic actuator.

3. Control system according to claim 2, wherein said electrostatic actuator
is a comb drive member.

25 4. Control system according to any of claims 1 to 3, wherein said voltage
increase means (L, D, Q1) include an inductance (L) in series with uncoupling means
(D) and first switching means (Q1) having one control terminal and two current
terminals, said inductance being connected to the output of said low voltage powering
means (Upp) and the uncoupling means whose output is connected to one current

30 terminal of said switching means, the other current terminal of said switching means
being connected to a reference potential, the control terminal of said switching means
being connected to the output of said regulating means.
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vol tage and to provide a pulse of shorter |ength than
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(REG) are arranged for providing a pulse of longer length than the preceding pulse
across said control terminal of said second switching means {Q2) to increase said

high voltage and for providing a pulse of shorter length than the preceding pulse
across said control terminal of said second switching means to decrease said high
voltage.

10. Control system according to claim 9, wherein said regulating means
(REG) are also arranged for providing a pulse across the control terminal of said first
switching means (Q1) to decrease the high voltage.
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