‘a AU 21]1)5 METHOD TO PREVENT CHARG NG EFFECTS | N ELECTROSTATI C DEVI CES

FI ELD OF THE | NVENTI ON The invention relates to the general field of

el ectrostatic devices with particular reference to the prevention of )
charge accumul ati on during attachment/detachment cycles. BACKG?QJI\@@%T?—[}ES‘
| NVENFL.ON Over the past several years, nuch progress has been made in the
devel opnent of electrostatic actuators mainly through adoption of the sane
phot ol i t hogr aphi ¢ anEHHPP 1§ PREVENT GG HTHCEhpl oyed for fabricating
integrated circuits. M crNEECTRENIATIRDEMCESyst ens (MVEMS) devi ces enpl oy
smal | air gaps (below the Paschen m ninmum so can sustain relatively |arge
electric fields wthout breakdown. The el ectrostatic forces produced by
these large fields are conparable to counteracting nmechani cal forces
present in devices of this size, thereby naking el ectrostatic control of
notion and position feasible In FIG 1 we show, in schematic
representation, an exanpl e BELRORTHEINYENIION actuat or based notor known
as a wobble notor. The principal conponents are a rotor 12 |

The invention relates to the general field of electrostatic devices with particular -

reference to the prevention of charge accumulation during attachment/detachment cycles.

BACKGROUND OF THE INVENTION
—F |

Over the past several years, much progress has been made in the development of
electrostatic actuators mainly through adoption of the same photolithographic and etching
techniques as those employed for fabricating integrated circuits. Micro electromechanical
systems (MEMS) devices employ small air gaps (below the Paschen minimum) so can
sustain re'latively large electric fields without breakdown. The electrostatic forces produced
by these large fields are comparable to counteracting mechanica! forces present in devices

of this size, thereby making electrostatic control of motion and position feasible.

In FIG. 1 we show, in schematic representation, an example of an electrostatic

actuator based motor known as a wobble motor. The principal components are a rotor 12.




3 0 AUG 2005 nade of an insulating naterial, and a stator in tthe }‘lormof a
tube inside which the rotor 12 rotates. This stator is, essentially,
series of electrodes 13 (the actuators) that are insulated from @ AUG 2005
another and fromthe rotor by being encased within dielectric material 14.
Vol tage is successively applied to succéeding electrodes 13 in a constant
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rotors aremshaNdin [Q rBtQhr? ﬁ@ﬂ&o o1r1 cycl i cally adjusting the rotor

shapes, rotary (via Cra I i near (reciprocating) notion can be
achi eved. Structures such as those just discussed, that utilize
el ectrostatic forces to attract

FIG. 2 is an example of a linear motor having multiple stators such as 26. Each such
stator has the form of a rigid beam made up of (in this example} four actuators such as 27
or 28 encased in a dielectric 14. The rotor 21 in this design is a beam of insulating, as well
as flexible, matérial of a similar size and shape as the stator. Dépending on which actuators
are charged, the shape of the rotor can be altered. In FIG. '2, uncharged actuators (such
as 27) are". shown as hétched while charged actuators (such as 28) are shown as solid.
Three possible shapes, 22, 23, and 24, for the rbtors are shown in this example. By

cyclically adjusting the rotor shapes, rotary (viah crankshaft) or linear (reciiprocating) mation

can be achieved.

Structures such as those just discussed, that utilize electrostatic forces to attréct
members into direct contact with one another, are known to suffer from charging effect;;
whereby charge gradually builds up on the surface of the dielectric 14. This charging
behavior manifests itself in two ways: as a variation in the potential required to attract the

members into contact and as a time delay in the separation of the members after the
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‘nmenbers into direct contact with one another, are known to suffer from
charging effects whereby charge gradually builds up on the surface of the
dielectric 14. This charging behavior nmanifests itself in tw ways: g@ a2{185
variation in the potential required to attract the nenbers into c@r@t B
and as a time delay in the separation of ‘the nmenbers after the 2 AU G 2005

appl i ed poyghie . The probl em has been classified as the
at t achnment B%Ietgg%hneﬂ%thggsg e and has been reported in a nunber of papers.

For exanple, K M Anderson and J. E. Colgate in "A nodel of the
attachnment/detachnment cycle of electrostati c m cro actuators", DSC Vol 32,

e 91 255 -
268, have | dont | TaPBRiTtastioa; B Sadba o Gl a0 IS HBE one
for the obsgpmad hmmb‘éh&sp%perbﬁfdr féﬁnb@ﬂ%mtp\ngaséd‘a&d“f E%&:gﬁgdméﬁ@}?%?

charging due'to dissimlar nateria surtrace mcro c
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GQunter P, and H ets arasitic c arging o ect tes in

Ca t a Act uat or s.
A7Ea?hgbg?%@%ﬁb}roﬁéé%fcglﬁgﬁef &&uatﬂ,%nﬁ@st(eh@\@ME 1961 pH 955 & %13 have |

identified several mechanisms which provide valid explanations for the observations. These

include ionization in the air gap, tribo charging due to dissimilar materials, and surface

micro conduction,

lonization has been confirmed as a mechanism by Wibbler et al. (Wibbeler J, Gunter
P, and Hietschold M, "Parasitic charging of dielectric surfaces in Capacitive micro

electromechanical systems (MEMS)", Sensors and Actuators A71 (1998) pp 74-80).

Tribo charging is commonly eliminated by ensuring that the materials that are
brought into contact with one another have similar work functions.

Surface microconduction can be minimized by reducing the contact area but this

solution does not eliminate the problem.

Of interest, also, is work on the charging problem that was done in two fields
unrelated to electrostatic microstructure, but using materials to which the present invention
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‘Tribo charging is comonly elimnated by ensuring that the materials that
are brought into contact with one another have simlar work functions.
Surface microconduction can be mninzed by reducing the contact areg QUE 2005
this solution does not elimnate the problem O interest, also, is work-
on the charging problemthat was done in two fields wunrelated to

el ectrostatic mcrostructure, but using materials to whi ch the present

i nvent i on ®U¥ he greliesh dbessvared The degiehios quasiteiatostatic nlihetiodetgforgTbyquasi

el ectrostatic induction actuators" by Egawa S, Niino, T, and Hi gu<_:h| T, in
"Fi | m act U¥BY& > Piinghdr a8¢ &tquchisT.dni"Eilns ectuatoss: dilanae cleatiostatioonsiloo 4 eEE
CH2957-9/91 . 9-14) and Egawa, S and Higuchi, Tin "M ti-layere

el ect r ost a?qt'gaq?r?'ﬁMEg)gt%ﬁ?W%’g‘( @12%3‘9%‘1%3&9 $&®d-Higuchi, Tin "Mhié-ldyatdder , | ow

ility of charge in high resistivity materials is exploited as a
ggg Ih aln i }s/ moql?fﬁmglé&&ff'@ﬁcﬁﬁogowsﬁ%‘@orPB\ﬂiGﬁ g1713) e the leeratooméhiliy of chiarget he

ARG TCAE R SO R b
structures_ and ] imting the surface charge sensitivity and external
electric fefl%ql'ﬁ’séhgt‘?’?-i vity of devices by providing a resistive field
shield. For exanple, Jaume D, Charitat G Reynes J M and Rossel P in-
In the fabrication of high voltage integrated circuits, semi-insulating polysilicon
(SIPOS) has been used as a means of passivating electronic structures and limiting the
surface charge sensitivity and extemal electric field sensitivity of devices by providing a
resistive field shield. For ekamp!e, Jaume D, Charitat G, Reynes J M, and Rossel P in
~ "High-voltage p!énar devices using field plate and semi-resistive layers", (IEEE Transac-
tions on Electron Devices Vol 38 No.7 July 1991 pp 1681-1684); Held R, Serafin J,
Fullmaﬁn M, Constapel R, and Korec J, in "Investigation of static and dynamic characteris-
tics of SOI-LDMOSFETs passivated with semi-insulating layers", (5th international
Symposium on Power Semiconductor devices and IC's 1993 pp 130 -134); and Charitat G,

Jaume D, Peyre-Lavigne A, and Rossel P, in "1000 and 1500 volts planar devices using

field plate and semi-resistive layers: design and fabrication”, (IEDM 90-803 pp. 32.5.1-
32.5.4,

A routine search of the patented prior art was conducted but no references that
teach the same solution to the charging problem as that disclosed in the present invention
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" Hi gh-vol tage planar devices using field plate and seni-resistive |ayers",
(I EEE Transac- tions on El ectron Devices Vol 38 No-7 July 1991 pp
1681-1684); Held R, Serafin J, Fullmann M Constapel R, and Kor e8JJAUG 2005
"I nvestigation of static-and dynamc char acteris- tics of SO - LDMOSFETs
passi vated with sem -insulating | ayers”, (5th Inter nati onal  Synposi um on
Power Sem ev d IC.s 1993 p 130 -134); and Charitat G
Jaune D, eyrcem]%é ?’8& Q«tc geﬁ%sq%sasg?scpptnqnngy £6bez shal. 1'5@55 §SL237QIchmar

Fanr i cat i abreeptiEysaf 8 St AN tssér'l o g6chgtare ShiRdgEssase

pat ent ed but erences that, teach the sane

sol ution ][Q éé t8 ﬁ%@ﬁc}l‘%"’é%?g’oﬂ‘%%“%?sm ayﬁéb’grqpho?'ﬁéumé@ﬁbﬂmﬁvent| on
4 8 0 AUG 2005 were uncovered. OF interest is a description by Cabuz et al.

in US 5,822,170 of a hydrophobic coating for reducing humdity effects in
el ectrostatic actuators This addresses the effects of charging due to

noi sture related effects by a hydrophobic surface treatnent. SUWARY OF THE
| N\VENTION It has been an object of the present invention to provide an
el ectrostatically actuated .

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide an electrostatically actuated
- device which is not subject to charging effects that either slow down the operation of the
device, gradually increase the voltage required to operate the device, or cause parts of the

device to adhere to each other at the wrong time.

Another object of the invention has been to provide a method for forming said

electrostatic device.

A further object has been that said method not change significantly the operating

characteristics of the device.

These objects have been achieved by replacing the dielectric material that is
normally present between the force generating conductor surfaces with a semi-insulating
material. This semi-insulating film overcomes the effects of charging, while avoiding short-
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‘devi te which is not subject to charging effects that either slowdown: the
operation of the device, gradually increase the voltage required to
operate the device, or cause parts of the device to adhere to each quﬁﬁiﬁmﬁ
the wong tinme. Another object of the invention has been to provide

method for formng said electrostatic device. A further object has been -

that said change signjficantly -the operating characteristics of
the devi ce.Emi*ﬂ%g“e%g@]eesé‘?fé&r?ﬂ%g@@ Nt egntacte d isyot subjeeido ingulation Weakdeahr i c
material thak..i rmal | resent between the force generating conductor
surfaces wi matﬁ%«'é%%-egﬁg?ﬁlaggf HEPd Reoperateuthe deMice. seni -insulating film
overcones the effects of charging, while avoiding short- 5 8 0 AUG 2005
circuits when the surfaces are pulled into contact. It is not subject to

i nsul ati on breakdown wthin the range of voltages used to operate the

devi ce. BRI EF DESCRI PTI ON OF THE DRAWNGS FIGs. | and 2 show the basic
el ements of two types of electrostatic notors of the prior art.

BRIEE DESCRIPTION OF THE DRAWINGS

FIGs. 1 and 2 show the basic elements of two types of electrostatic motors of the-

prior art.

FIGs. 3 and 4 iflustrate the motors seen in FiGs. 1 and 2, respectively, after they

have been modified according to the teachings of the prior art.

DESCRIPTION OF THE PREFERRED EMBODIME;\ITS

The invention pertains to MEMS actuators, in which 2 cépacitive surfaces are

7 charged with voltage so there is a difference in voltage between the surfaces. In the past,'_
a high quality dielectric has been used to separate the 2 surfaces, to minimize [eakége
between the surfaces. However, when a high quality dielectric such as a thermal oxide is
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‘FIGs: 3 and 4 illustrate the notors seen in FIGs. 1 and 2, respectively,
after they have been nodified according to the teachings of the prior art.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The invention pertains to SBMIG 2005
actuators, in which 2 capacitive surfaces are charged with voltage so
there is a difference in voltage between the surfaces. In the past, a high
quality diele tl:]ic has, been used to separate the 2 surfaces, to mnimze

| eakage be i e butlfisiupQacthe gigigotrisrsuriape andhthrisyacstself bgcatieslobatgeilc such
as a thermal oxide is 6 8 0 AUG 2005 used, charge builds up on the
dielectric surface and the surface itself beconmes charged. The dielectric
surface chargi IS, ong standing problemin the art, and nmany . attenpts
have been madenﬂ'&? @8&["&’8@%@99 FhAEOINA e Atlonshstprding pioblemeindhe aecend mangt er i al
that has a_lower .qualit hat | eaks current, in the nanoanp or m croanp
range. Theag&?%\ﬁﬁf]gﬁefk?eéy OeE8et t 0 be tuned for a given application - a
hi gher | eakage nay be used where a faster discharge tine is needed, but it
limted by the anmpbunt of ‘power that can be allowed to be consuned. A | ower

| eakage woul d Ijm.t wer_ consu ion.but require nore tinme for charge
di ssi g ation. 'Ilhe mvé?q%on is 10 use gpdt:etectnc matenalqthat has a lower qua_lity, that Ieakg '

current, in the nanoamp or microamp range. The amount of leakage needs to be tuned for

a gjven application - a higher leakage may be used where a faster discharge time is
needed, but it imited by the amount of power that can be allowed to be consumed. A fower

leakage would limit power consurmption but require more time for charge dissipation.

in electrostatic charging, any additional charges or uneven charge distribution
introducéd in the material generates an electric field. Charges within the material
subsequently experience an electrostatic force due to this electric field and redistribute over |
time, thus reducing the electric field and restoring eqﬁilibrium. For an imbalance introduced
into a_system, thé'time constant of decay is determined by the material’s dielectric constant
and resistivity. The time constant T known as the dielectric refaxaiic;n constant, is:
T=pe |

where p is the resistivity and ¢ is the dielectric constant.

The magnitude of the density of space-charge centers as a function of time has been
given by Warner and Grung (Transistors - Fundamentals for the Integrated Circuit
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‘In etectrostatic charging, any additional charges or uneven charge
distribution introduced in the materi al generates an electric field.
Charges within the material subsequently experience an electrostatic force
due to this electric field and redistribute over time, thus reducig Aure s
electric field and restoring equilibrium For an inbalance introduced into

a system En&néér,n}:ohﬁ%%&@éo;?{}g%ﬁf%’ Is determned by the material's -

. . . the
di el ectric constant and-resis _ The tinme constant T known as
dielectric relaxation constant, is: T=pe where p is the resistivity and a
is the dielectric constant. The magni tude of the density of space-charge

f t 0 ' as been given by Warner and G ung
((:'?'P;ﬁ;iss;iirg %ﬁ(}g@%ﬁé‘g%&?@ the Integrated Circuit 7 30 AUG 2005
Engi neer, John Wley & Sons 1983) as p-Pn = [p(0) - po] exp (-ttr) where p
IS the space-charge. Thus, for materials with very low resistivity such as

gold, T caghdiepXdfe BaseGRngls and charging is no longer an issue.
gI\J/!ateri al s suchpas sisﬁ?con dsls%m de wit h' resistivity in the

Thus, for materials with very low resistivity such as gold, T can be <10*® seconds
and charging is no longer an issue. Materials such as silicon dioxide with resistivity in the

range of 10" ohm-cm. can have time constants of the order of seconds. These materials

do suffer from effects associated with charging.

It has been postulated that surface charge can be transferred from a conductor to ,
an insulator in a mechanical contact system due to enhanced electric fields at non-ideat
asperity tips. However, the accumulated charge on the surface of the insulator has poor

mobility so its dissipation is slow enough to interfere with the performance of the device.

Given that transfer of charge cannot be fully suppressed, thé éolution offered by the
present invention is to adjust the dielectric relaxation constant of the insulating material by
an amount that is just sufficient to allow accumulated charge to bleed off at a rate that is
fast enough to enable the device to operate satisfactorily without requiring excessive power
to maintain the applied operating voltages on the actuators. It is also important that the
dielectric breakdown characteristics of the semi-insulating material not be compromised.
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. 1075 ohmcm can have tine constants.of the order of seconds.

_rrﬁggg ?r;t e(r)i als do suffer fromeffects associated wth charging. It hast
been postul ated that surface charge can be transferred froma cond_lﬁ %h@lfﬁ@
an insulator in a nechanical contact system due to enhanced el ectri e

at non-ideal asperity tips. However, the accunul ated charge on the surface

' ohility sg,its, dissipation is sl ow enoeugh to
th te?? elr 28\%: Fﬁ&% %’g ﬂ'?)ee &%ﬁ?ﬁﬂg gﬁ%ﬁngﬁio‘aew*&@w@a@a acerptable: Thisfresultefin char ge
Lahnot be £ ressed, the oLutioQ offered by the present invention
is to ad] u'swak‘ﬁ@ﬁﬁg‘f’%fc‘i@P?le{“Pfaﬂﬁé PEHOC¥VRIVYRE of “the insulating material
by an amount that is just sufficient to allow accunulated charge to bl eed
off at a rate that is fast enough to enable the device to operate

[ [ ' i.ri ' [ in the applied
satisfactorily yithout .requiring excessive power to maintain )
operating vol tage%'qor?%tgrhgsqﬁ'g?ﬂé(&?ﬁ’r e Qresengingerdign tepsbes hat givemtwa badies

compr o se B ATRSEBORAEE Bt Rt AieRen el oo e rovopies selie 10 ttb
B s RN A
I nventi on dRas ieSe bbdds a A&7 a%}é\ﬂi-iggtﬂétﬁa material. The requirements for this material
are that it should have a resistivity and a dielectric constant appropriate to the power
consumption and a dielectric relaxation constant acceptable for the device and application.
If these specifications are met it will be possible to alternately c-ﬁarge and discharge these
bodies at least ten times a second so that they alternately do and don't aftract one another

without unwanted effects of charge building up on either of the bodies.

More specifically, the semi-insulating layer should have a thickness between about
1,000 and 15,000 Angstroms, a resistivity between about 9 x 107 and 9 x 10 ohm-cm, a

dielectric constant between about 8 and 12, and a dielectric relaxation constant that is

between about 0.1 x 10 and 100 x 102 seconds.

An additional requirement for the layer of semi-insulating material is that it has a
breakdown voltage greater than the maximum specified actuation voitage for the device.

In general this implies a breakdown voltage between about 10 and 200 volts.




) | ectrically isolated one fromanother) that are to form an
falt Qgtrg;'?a'?i c devi ce,yt he attachment /detachnent problem can be overcone
by depdsiti ng on the surface of at least one of these bodies a la}ﬁ?tAgiGtﬁBB
sem -insulating material. The requi rements for this material are t ﬁ |
shoul d have a resistivity and a dielectric constant appropriate to the

Iri | tric relaxdation constant acceptable for the
Govi ce and appl | caef Sl PR bl FF GaeseDhvanionoas e aaried foan

' Rak i -discharge these bodies at |east ten
s a secoont ke Shd R85 AT b7ATS i o crlire B Breomietannty nor

i i1 ding up on _either of the bodies.
Mor o speci 1 eRfer i oier. A0 A oBHirafiie, & Budlird sevinsiiating waivdalds

' resistivity between about 9 x
107 and 0 3 5oTer e Bnek ok i e AUERILE T it @fﬂ%@%maé%ﬁth?toﬁzm;%@d, and
105 seconde A naor T 88 st Heub RS QR sho Sushr oSt | ng
mat er | al | ibaOie chithicte malchek IO BhdrRG.SHIER) Corh 0Bk 1S IR LT )

specified actuation voltage -for the dev I'n "génera
blroeakdown filoist age bet ween about 10 and 200 volts. 9 30 AUG 2005

SIPOS is best deposited by Low Pressure Chemical Vapor Deposition (LPCVD)

while the silicon rich silicon nitride was deposited by Plasma Enhanced Chemical Vapor

Deposition (PECVD).

Comparisons were made between samples with and without semi-insutaﬁng films,
thermal silicon oxide being compared to silicon rich silicon nitride films as the insulating
layer between conductors in an electrostatically deflected cantilever structure. Significant
improvement was seen. Therma! oxide showed significant charging over 60 seconds; no
further tests for longer durations could be performed. In the case r::f‘the silicon rich silicon .

- nitride, tests were performed over more than 2 hours without observing a chaﬁge as
significant as that seen with thermal oxide during the first 60 seconds. The small amount
‘of charging exhibited by the silicon rich samples has been atiributed to the charging of

surrounding areas, outside the silicon rich nitride layer.
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‘Vi ewed somewhat nore narrowy, the present invention may be applied to an
el ectrostatic device conprising a pull-in structure and a fixed structure
that are electrically isolated one fromanother. As in the geneR@alAlgaggs a
| ayer of a semi-insulating material is to be deposited over one of the
structures. Two sem -insulating materials that nmeet the specifications

outlined above icon | P d silicon rich
silicon nitri (\jlgJi ll@élﬁeﬁg?edggﬁﬂ%sﬁ%%e@%ﬂ%lg%@a%hgwp ﬁﬂﬁg g%?&% Vihistrsense tp &n,

cernmet s, efeféd BABodrASH e ow Pressure
Cheni cal ?/gpor Deposi ti oﬂtheFLélglfC\/P@é)m” %mﬁlﬁré@%c}é%:tb? %ﬁ%f’ ﬁ‘ %It#‘?fdﬁ”?ﬂst ride
was deposidhefgdsyin fnaaAad S8 fid: psition, (PECVD) .
Conpar i sons \;‘\%re made beté\?\eméﬂg)ggenrﬁ)'}?es Wt uhy%gga%ﬂ&'g SR and F‘f@ﬁl %r]eng
films, tlievemtidn.silicon oxide being conpared to silicon rich silicon

nitri de films as the insulating |ayer between conductors in an

el ectrostatically deflected cantilever structure. Significant inprovenent
was seen. Thermal oxi de showed significant charging over 60 seconds; no
further tests for |onger durations could be perforned. In the case of the
silicon rich silicon nitride, tests were perforned over nore than 2 hours

wi t hout observing a change as significant as that seen with thermal oxide
during the first 60 seconds. The snall anpunt
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of charging exhibited by the silicon rich sanples has been attributed to
the charging of surrounding areas, outside the silicon rich nitride |ayer.
10 8 G AUG 2005 While the invention has been particularly shown and
described with reference to the preferred enbodi ments thereof, iggwalt .ze
understood by those skilled in the art that various changes in form and
details may be nmade wi thout departing fromthe spirit and scope of the
invention. 11 0 AUG 2 Clains 1. A nethod to prevent charging effects in an
el ectrostatic device, conprising thelasieps of: providing first and second
conductive parts; and providing a sem-insulating |layer, having a
resistivity between about 9X107 and 9X1010 ohmcm between said first and
second conductive parts, whereby said sem - insulating |ayer prevents
charge build-up during operation of said electrostatic device.

1. A method to prevent charging effects in an electrostatic device,
comprising the steps of:

providing first and second conductive parts; and

providing a semi-insulating layer, having a resistivity between about 9x10” and
9x10'® ohm-cm, between said first and second conductive parts, whereby said semi-

insulating layer prevents charge build-up during operation of said electrostatic device.

2. The method of claim 1 wherein the first conductive part is a rotor and the

second conductive part is a stator.

3. The method of ¢claim 1 wherein said electrostatic device is a MEMS
actuator.

4. The method of claim 1 wherein said semi-insulating layer is SIPOS.

5. The method of claim 1 wherein said semi-insulating layer is silicon-rich

silicon nitride.
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2. The nethod of claim1 wherein the first conductive part is a rotor and
the second conductive part is a stator. 3. The nethod of claim 1 wherein
said-electrostatic device is a MEM5 actuator. 4. The nethod of claim1
wherein said senmi-insulating layer is SIPOS. 5. The nethod of clai m30 AUG 2005
wherein said sem-insulating layer is silicon-rich silicon nitride. 12 8 O
AUG 2005 6. The nethod of claim1l wherein said sem-insulating |ayer is
deposited to a thickness between about 1,000 and 15,000 Angstrons. 7. The
nmet hod of clai® 1 wheephod af daigehivhénesudait semg-insanating hgsr i8 depssttall own
vol t age between about 10 and 200 volts. 8. The nmethod of claim1l wherein
one or nof dignesnietwaeiakaut § 80P and 45,080 Aegstarel. y char ges and di scharges at

| east 10 times a second. 9. The nethod of claim1 wherein said

sem -insulating material |ayer has a dielectric constant between about 8

and 12.

7. The method of claim 1 wherein said semi-insulating layer has a

breakdown voltage between about 10 and 200 volts.

8. The method of claim 1 wherein one or more of the conductive parts

alternately charges and discharges at least 10 times a second.

9, The method of claim 1 wherein said semi-insulating material layer has a

dielectric constant between about 8 and 12.

10. The method of claim 1 wherein said semi-insulating material layer has a

dielectric relaxation constant that is between about 0.1x10°® and 100x10° seconds.

11. The method of claim 2 wherein said rotor is a cantilever beam.

12. The method of claim 1 wherein said semi-insulating layer is selected from

the group consisting of amorphous silicon, cermets, and carbon based films.
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10. The method of claim 1l wherein said sem-insulating material |ayer has a
dielectric relaxation constant that is between about 0.1 x10'3 and 100x10-3
seconds. 11. The nethod of claim2 wherein said rotor is a cantilevg f]iﬂ.gﬂaﬁﬂﬂﬁ
12: Fhe‘met hod of claim 1 wherein said senmi-insulating |ayer is select

from the group consisting of anorphous silicon, cernmets, and carbon based
films. 13 30AUG 2115 13. An electrostati-c device that is free of charging
effects, conprising: first and second conductive parts; and a

seni-insul ati gy | AYRK elebtfOstE JBviESTHaBhifkk Y cREENE SRedd) @Uinph .7 and 9x1010
ohmcm between said first and second conductive parts, mﬁ eby said

sem -insul at i ngst Ar@ys%orpj@ﬁggétﬁe%gﬁg :G@gbui | d-up during operation of said
el ectrostatic device. 14. The electrostatic device described in claim13,

wherein sai d sggémiinsuiktigildier, ravieg alrssisivitPbetdee® hbout OR107pR oxhbicon
nitride. 15. The electrostatic device described in claim 13, wherein said

sem i nsubtahdchrgbéten shiadirsd ahdbedone sendigtivesiitsaRierebyl s43@ Serdnidsul&ting00
Angstronms. 16. The electrostatic device described in claim13, wherein said

sem layer prevents charge build-up during operation of said electrostatic device.

14. The electrostatic device described in claim 13, wherein said semi-

insulating layer is SIPOS or silicon-rich silicon nitride.

15. The electrostatic device described in claim 13, wherein said semi-

insulating layer has a thickness between about 1,000 and 15,000 Angstroms.

16. The electrostatic device described in claim 13, wherein said semi-

insulating layer has a breakdown voltage between about 10 and 200 volts.

17. The electrostatic device described in claim 13 wherein said semi-
insulating layer has a dielectric constant between about 8 and 12 and a dielectric

relaxation constant that is between about 0.1%x10° and 100%x107® seconds.
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insul ating | ayer has a breakdown vol t age between about 10 and 200 volts.

17. The electrostatic device described in claim13 wherein said sem -
insulating |ayer has a dielectric constant between about 8 and 12 and a
di-el ectrii¢ relaxation constant that is between about 0.1x10-3 and? 0 GMGLEHS
seconds. . 14 0 AUG 2005 18. The electrostatic device described in claim13
wherein said sem - insulating layer is selected fromthe group consisting
of anorphous silicon, cernets, and carbon based films. 19. An

el ectrostatic @parmw@e&tfl)@tatlb FeliteGefibsValBim 93 ShbRGt Sig SOART i sing:  a
rotor; a stator; and a sem -insulating |layer, having a resistivity between

about  9x 1Bgulatiray 19yek @ ﬁa|emmhéa@bw@cms&@h@omﬁabha@@.|§5@tcgrmet whereby sal d
semi-insul ating |ayer prevents charge build-up during operation of said

el ect r ost earbon bamsdffilbsis. 20. The el ectrostatic apparatus described in claim
19 wherein said rotor is a cantil ever beam

19. An electrostatic apparatus that is free of charging effects, comprising:

a rotor;

a stator; and

a semi-insulating layer, having a resistivity between about 9x10” and 9x10™
ohm-cm, between said rotor and stator, whereby said semi-insulating layer prevents

charge build-up during operation of said electrostatic apparatus.

20. The electrostatic appafatus described in claim 19 wherein said rotor is a

cantilever beam.

21. The electrostatic apparatus described in claim 19 wherein said semi-

insulating layer is SIPOS or silicon-rich silicon nitride.

22. The electrostatic apparatus described in claim 19 wherein said semi-

insulating layer has a thickness between about 1,000 and 15,000 Angstroms.
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21. The el ectrostatic apparatus described in claim19 wherein said sem -
insulating layer is SIPCS or silicon-rich silicon nitride. 22. The
electrost@tlc apparatus described in claim19 wherein said sem - insulating
| ayer**has ‘a thi ckness between about 1,000 and 15,000 Angstroms. 1538 AUGNIMS
2005 23. The el ectrostatic apparatus descrlbed in claim19 wherein said
sem insulating |ayer has a breakdown vol tage between about 10 and 200
volts. 24. The electrostatic apparatus described in claim19 wherein said
sem - insul atizm | apRrcldviesitichgiesls H6scapaShandimotwmeei showetmB and 12 and
a dielectric relaxation constant that is between about 0.1 X10-3 and

100X10- 3 insgatmgdaye? bas 4 becakbi®eh taBihabetvedr ube@ 1demarobesits. n cl ai m 19
wherein said sem - insulating layer is selected fromthe group consisting
of anorphous silicon, cernets, and carbon based filnms. 16

24, The electrostatic apparatus described in claim 12 wherein said semi-
insulating layer has a dielectric constant between about 8 and 12 and a dielectric

relaxation constant that is between about 0.1x107 and 100x10™ seconds.

25. The electrostatic device described in claim 19 wherein said semi-
insulating layer is selected from the group consisting of amorphous silicon, cermets, and

carbon based films.
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