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VI BRATORY GYROSCOPI C DEVI CE FOR DETERM NI NG ANGULAR
VELCCI TY FI ELD OF THE DI SCLOSED TECHNI QUE The

waolasloosesl t echnique relates to rotational senBOT/EL2008/000190
general, and to vibratory gyroscopi c devices, and -

met hods for NABRATORYGYRGSCOPIC DEVICECU! ar .
BACKGROUND OF THE DI SCLOSED TECHNI QUE Det er ni ni g t he

mpor ant FOFb HET ERBIBING ANGURRRVERSCEY o

systens. For exanple, in Inertial Navigation Syst em
(INS), it is required to determ ne the angul ar
accel erations of a vehicle and, thus, the angular

orientati orﬁﬁ_@@‘?ﬁyﬁ?@dﬂa -ﬁg% rotation

rate may further or ea etermnlngthe

i near accel erati on of a wheel ed vehicl e Se.

at t achi hg disclgsgdl igehnisus relates ta setational saBerrs Im\@@ﬁeral
a mass noves on a rotating body, toward or away from

antihéo avibfa@ry " gyEddcopic adédces, iandxeictieddyefope nelufasturing
to the dlrectlon of notion. This force is known as the

S The magni tude of the Coriolis force is
th%%ﬁ’kydbtﬁ%{qu@o the angular rotation rate of the body.
Thus, the angular rate of rotation (i.e., angular

vel ocity) can be determ ned by neasuring the Coriolis
force. A vibratory gyroscope is a device for

meacur i o ST M IS Of D ECHMIGUEY
y

Determining the angular rotation rate of a rotating body plays an
important role in navigation guidance and control systems. For example,
in Inertial Navigation System (INS), it is required to determine the angular
accelerations of a vehicle and, thus, the angular orientations thereof.
Determining the angular rotation rate may further allow, for example,
determining the linear acceleration of a wheeled vehicle (e.g., by attaching
an angular velocity sensor to a wheel).

When a mass moves on a rotating body, toward or away from
the axis of rotation, a force is exerted perpendicular to the direction of
motion. This force is known as the Coriolis force. The magnitude of the
Coriolis force is proportional to the angular rotation rate of the body. Thus,

the angular rate of rotation (i.e., angular velocity) can be determined by

measuring the Coriolis force.
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gyroscope includes a planar ring suspended by beans

coupled with a central support above a substrate.
wab@seosseans function as springs in any ring- pPEreL2008/000190

(i.e., lateral) direction. Thus, the ring is free to

osci | | & wibratenyygyiospgpenise alidewidd éor deterrainiveg ¢de angular
t hat the ring may oscillate in out of ring-plane

oA IR, Yo YIRS ol IS gt

t he |n pI ne oscil]ation frequenc Reference is now
YRR "ﬁ&g‘&'% @Apaatr@r Higareusiended tay begme cogpled with a
whi ch are schematic illustrations of a vibratory

cegimad supporpaboval bysulssteitencdhese, bl furkctiohr e $p5hngs in
the art. Vibratory gyroscope 10 |ncI udes a ring 14,

ar gt dte G BB T8Eap SIS AR 4 1Bt el i

12., Beans 16 couple ring 14 to central support 18. It
anysringtiane Hireetios és aated dhpt daeoing may rosciligielin out of
and central support 18, thus, ring 14 and beans 16 are

ringupleeedditeations s!hgdir.atidowdvas, ﬂ'fe)\ﬁmtlcﬁf fihg4slanéBoscillation
Beans 16 function as springs in a ri ng-pl ané

eI B SERSERTRIGNBN I o p R SRR regency.

represented by arrows 52. Vibratory gyroscope 10
f ur t heRefaanggels Rewartadede biguratid.doXtigups 1B3andro Figure
44, and capacity sensors 24, 32, 40 and 48. Capacitive

1GowhRIoBse Qébhélﬂatléﬁllaﬁﬁaﬁdnél@ & a\naratbw @é@p@?enerally
32, 40 and 48 are capacitively coupled wwth ring .

reBRRHpER 1D Siict o kPR I S itigtH50vi9sBa 1y includes

capaci tysensors 24, 32, 40 and 48, respectively and
a q;mghtha;rp{malkty rqfubeamq & and a central support 18. Central

support 18 is an integral part of a substrate 12. Beams 16 couple ring 14
to central support 18. It is noted that beams 16 are coupled only with ring
14 and central support 18, thus, ring 14 and beams 16 are suspended
above substrate 12 as shown in Figure 1B. Beams 16 function as springs
in a ring-plane direction, represented by arrows 52. Consequently, ring 14
is free to oscillate in any lateral direction represented by arrows 52.
Vibratory gyroscope 10 further includes capacitive actuators 20,
28, 36 and 44, and capacity sensors 24, 32, 40 and 48. Capacitive
actuators 20, 28, 36 and 44 and capacity sensors 24, 32, 40 and 48 are
capacitively coupled with ring 14. Bond pads 22, 26, 30, 34, 38, 42, 46
and 50 are coupled with capacitive actuators 20, 28, 36 and 44, capacity
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shown). Capacitive actuators 20 and 36 are placed
opposite each other on an axis that passes through the

weemwsopesed ring 14. Capacitive actuators 28 anPCHIL28084000190
pl aced on an axis that passes through the center of

serisdid 24, 3 40aind 4 efaepedticglyaantionitheertaraabtircuitry (not
capacitive actuators 20 and 32. Capacity sensors 24,

shdfiphe; Ao dile AtuBIAS20 P 3B 15 Blae R phBosite,sacn other

axes of capacity sensors 24, 32, 40 and 48 are at a
onfayy ayisf thaé pasges dhrough the caniareof dng Het. ale@pagitivenactuators
capacitive actuators 20, 28, 36 and 44. In operation,

28 GRRPAUt AreeplRicbHB 9 o d4is tR8t pa8sesdhrbligh thaekbnest éfiring 14
the resonant frequency of ring 14. Capacitive

an AR S B30 5 e RS RpRBAR Mol 20, ana 52

phase with each other and out of phase with capacitive
Capecityt sensa d 38, 4brandjAhtarg placed ciex | similar avay to
and thus an electric force is forned between each of

caq‘_ﬁﬁﬁ%t hURIAGIUB01 38286 2hd 4@ aRfofdhatie raxes bt capacity
us, 64,

ring 14 vibrates in the direction of arrows

66, 68,a 70, This,vibration will Qhe referred .
SeRRVIS: 241 er kand) 98 AP At dertifiie.fraree Shelé rifvg to the
frequency of the elliptic node vibrations will be
axeg ot the capachivecactabtens 26, 28136 pndd4ode frequency”.
Furthernore, hereinafter, when the ring is in the

el i pt irFoElgf@idﬂ beaba@five tHtuaiors 26 28 96tahd 44 are pulsed

"elliptic vi'brate”. Wen no other forces, other
at W8 Tek e FEbhbS o dst FbscilsdobintBis 2050 36 are

and 58 are forned
pulsed in phase with each other. Capacitive actuators 28 and 44 are
pulsed in phase with each other and out of phase with capacitive actuators
20 and 36. Consequently, an electric field, and thus an electric force is
formed between each of capacitive actuators 20, 28, 36 and 44 and ring
14. Thus, ring 14 vibrates in the direction of arrows 64, 66, 68 and 70.
This vibration will be referred to hereinafter as "elliptic mode vibration".
The natural frequency of the elliptic mode vibrations will be referred to
hereinafter as "elliptic mode frequency”. Furthermore, hereinafter, when
the ring is in the elliptic mode vibration, the ring is said to "elliptically
vibrate". When no other forces, other than the electric force, act on ring 14
(i.e., the ring elliptically vibrates), four nodes 52, 54, 56, and 58 are formed

on the perimeter of ring 14, whereat the ring substantially does not move.

-3-
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on the perineter of ring 14, whereat the ring

substantially does not nove.lt is noted that capacity
waensoys924, 32, 40 and 48 are placed in proxi PCT/YL20€8/000190

nodes 36, 38, 40 and 42, respectively. Wen the r|ng

It lsorhate@lsthai capaioitlyi §eristrrs@4‘a032 40 drichg81dre placed in proximity
Consequently, nodes 52, 54, 56, and 58 radially

to Holdf tﬁaaégﬁ%b?ﬁg %%%p%%ﬂ@@f ional to the rate of

rotation, @& jpacrtancé’between the ring and
capaC|Vﬁasensors 24, 32, 40 and 48 changes
|

accor dVngep l@%pé‘@@tlr@éa@éns@ré:cﬂ’lp is3fore aets 4n ring 14.
sense this change in capacitance. According to this

Caorisgently, orjiss 652064, 56, aAdPSS shbliatlyt vibligtee atiapeairistitude
Coriolis force, and hence the rate of rotation of ring

Profogioril 15 BRdRIP & Raeton; b, L¥ BB Fandk peEp R ring

ring or_hoop-like structure suspended in space by a
ar@bcaaacléy Seppors 2fodds %and&%@hangemcmmgmgiy e Capacitive

i near accel eration and angul ar accel erati on. Turni ng

sehgbps 24, 3engecaky 48ed@ede tHls \Ghangfe |@|n§a|§é>élférf€5é b/!ﬁ(ccordlng to
Coriolis forces. The linear acceleration and

oy o e FGHEAARE. 3 & RESSREe Xt JARE e ﬁ%%répﬁ@és force,

structure, within the nount thereof. The resonator
and hence the ratesetratatiosofiinguié) is fornmed on a center
plate and |ies between an upper plate and a | ower

plate. e PﬁwaBOZZG 23forged/fthhanstalag @h‘tlﬁéda"VIbratlng
such as gl ass, l'icon or quartz wafer or sheet. The

Pléﬁgf tg@qu' @E%cggqu % \%?g‘tl plgﬁa]; orrlrrféa doro fho%p-ﬁ%e structure

suspended in space by a suitable support mount for detecting turning rate,
linear acceleration and angular acceleration. Turning rate is sensed by-
detecting vibrations coupled by Coriolis forces. The linear acceleration
and the angular acceleration are sensed by lateral, vertical and rocking
movement of the entire ring or hoop-like structure, within the mount
thereof. The resonator (i.e., the vibrating structure) is formed on a center
plate and lies between an upper plate and a lower plate. The resonator is
formed of a stable material such as glass, silicon or quartz wafer or sheet.
The upper and the lower plates may be formed of glass, quartz or fused
silica.

Two sets of transducers are located above and below the
resonator, respectively. Each transducer includes two sets of concentric
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Two sets of transducers are | ocated above and bel ow
the resonator, respectively. Each transducer incl udes

wo 28524335 of concentricel ectrode strips, one SPCT/IL2008/000190
| ocated on the upper or |ower surface of the

elootiogmistrips,aoret et dvdwtedsen thecatpperoor tibwevppaface of the
| oner plates. Each transducer produces an out put

ressckﬁ?e(’cB 404 GRe! Sthie IQé’eetsl‘é g@ﬁe?'o?tlﬂ ﬂStdEerEach

S réespective se ri ps

transducers excite the resonator at a resonate
transeygendyroduerg andapHi rdanal wRiIch i enraseniatiyead the
of the resonator. The output of the transducers gives

distanc@dbetiéon {16 pespectivil | setsand the nertrotles. stips, Two
Patent 5,450,751 , to Putty et al., entitled

trapRURRER LERUIE sr oSl o, ¥, PaEfRe sfeddlsy té‘Oﬂg a

variety sensing rotation about an axis. Eight, equa
detpretineguprémasy @xis i dharplane o thﬁwéﬁf@!@@bké@%@uﬁﬂﬂg @f the
ring to a hub. The hub is coupled to a silicon

traﬁ%ﬁ&bérﬁﬁ giveasdn indieatiow lof aicedlbratienantpfuraley fdatee
standi ng away fromthe base. A nulti pI icity of charge

uter pevi PRt a0 S P REPyRY B iRttt RS bRre for

arrangenent of charge conductive sites adequate drive
VikiadogeGytesanpat directs tmanhicrosihitchyeviera yikratory dyroscope

the ring. The Base may al so includes prefabricated

of @hecvariéty %nﬁngnftﬁbtlbh' about ear aked Elgﬁﬂléquélly distributed
portion of be ohm cally coupléed to

seﬂlngrrgﬁ'larr Uit %‘e%hap%de?s(BSﬁSg c"opl}p"i‘elé %‘ﬁ\td % 3! htuebsf The hub is

coupled to a silicon substrate base. The spokes and the rings are free
standing away from the base.

A multiplicity of charge conductive sites is disposed
symmetrically around the outer perimeter of the ring and adjacent thereto.
The arrangement of charge conductive sites adequate drive and detection
of a resonant standing wave pattern in the ring. The Base may also
includes prefabricated circuiiry as a monolithic integrated circuit, a portion
of which may be ohmically coupled to the microstructures via exposed
metallization sites.

In the publication to Putty et al., it is desirable to increase the
height and the diameter of the ring and to decrease the width of the ring.
Consequently, the natural (i.e., the resonant) frequency of the ring is

-5.
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In the publication to Putty et al., it is desirable to
i ncrease the height and the dianeter of the ring and
wo eoodegaense the wi dth of the ring. Consequent PET/I1t20€8/000190
natural (i.e., the resonant) frequency of the ring
decestsad; adelding irdreasgdi sensidbdot thesringyi Hpwelverhthe natural
ring. However, the natural frequency of the ring

freﬁ'ﬂr%ﬁ' gove gtfr eé]o‘é’h%ﬁd oo & r%l%ﬁ" ou Sﬂﬁfeﬁfé ®Ratural

uenci es Vi bra
(e.g., the vibrations of a mptor vehrcle when sensing
fre.qureapreﬁq@ndq abeve g drequenaes)of fBKthﬁal pipnationsi tha., the
to Putty et al., the mcrostructure (i.e., the ring

vrbiaﬂohb of 3PWIteD vehicleowiieth $ansingsotativrisnia thismistof vehicle).
polyi m de on a passivation | ayer made of silicon

2l ot Bl PibHRandR 8 S0 Kl e iRt 376 the ring

m crostructure. Wien the nold and the passivation
andathe spokesprisieanedhbyneensisucting @ enold frem polyimide on a
freestanding. U S. Patent 6,282,958, to Fell et a

pa8Biviationdiayén dnkade Batsﬁrcawﬁnnde o bRRis When ERgwheXd is in
rate sensor suitable for sensing notion about at | east

IS, & Rret e BREMaRE  hkGL Bress' J5 ised lo ooy g nickel

structure fl exi bl e support beans, a boss and a base.
mitrestosisre.s \Mhen #ie wnokl end the assiationelayereare removed,
support beans couple the ring structure with the boss,

thé@nrb@trdcﬁﬁré iS“Eéﬂrﬁé@é‘an?”UCt ure is spaced from
the boss and the base. The angul ar rate sensor further

0! SEpe BSi ok A 088! 1B, 0T 41, SRR ABuar Rate
Seenlseo(r:f't' rgﬁtegttsl (t:o S:r? Sellr?gular rate sensor suitable for sensing motion
about at least one axis. The angular rate sensor to Fell et al. includes a
resonator having a ring or hoop-like shape structure, flexible support
beams, a boss and a base. The boss is coupled with the base. The
flexible support beams couple the ring structure with the boss, so that the
ring resonator structure is spaced from the boss and the base. The
angular rate sensor further includes electrostatic drive means for causing
the resonator to vibrate at cos(20) carrier mode, and electrostatic sensing
means for sensing movement of the resonator. When the sensor is
rotated about the Z axis, Coriolis force couples energy into the response
mode with amplitude and it is directly proportional to the applied rotation

rate. This motion is sensed by the sensing means (i.e., pick-off elements).
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means for sensing novenent of the resonator. \Wen the

sensor is rotated about the Z axis, Coriolis force
weouplogsItnergy into the response node w th anpCT/ALAEs/000190

and it is directly proportional to the applied

r ot at i drcaonding fthite poblicatios tedralbdt lay., the ratiosofihe lateral

means (i.e., pick-off elenents).According to the

thit%EIHEEE ritAB rbeﬁﬁstdr 8 AL widyg Bteﬁ/gég.mﬁ Jpg %@g@gﬁ@pﬁb of the

ckness of the resonator,

out e eriphery of the resonator_apd an, adj acent drive
reSonglacianst Pncidiagsnt ALV Beiokibalpment mustiw befgeen 10:1

maxi m ze the capacitance between the resonator and the

toe46rt roshaaximize etmentcapaditdncBabetweén 4the ,r8é8dnatar and the
Fell et al., entitled "Method of Manufacturing a

e|é/é§5$tb'ﬁ?%|§ﬁ{elh%.ure GQyroscope", directs to a nethod of
manut ac

urrng a vibrating structure gyroscope having a
silicon §Ubi§’t antijal | %ﬂpl anar ring vibrating structure
1

and caph®it Peedhd 7fleh83.ndar tFle%g elriale ebtifled t'bethod of

and sensing notion of the vibrating structure. The

Manlifacturing e atibratirgd Stedctuee i Gglogdeped, girestandi#lrhgthod of
pl anar ring resonator, support |legs and a central hub.

t le e reso Lt h entral:.
ARG L P TRERLG SRS DR edhe " Jialibora Silicon
silicon substrate. Thus, the resonator structure
supstantiallybplanaiging odbrating ssipstuee eandyrapacitiveomerns for
unrestricted oscillation of the ring structure. The
imPerthsg arive nedtisie o aprC sehgingdirotrmed el Wibrating structure.

inparting drive notion to the ring resonator and

Ti}%f?@hbg;’ tlﬁ@?ﬁgﬂgst@cg@i%z Zrﬁc_:lﬁﬁ& N9 ANBsENERIDY pMdar ring
resonator, support legs and a central hub. The support legs couple the
resonator with the central hub. The hub is coupled with a plate like glass
or silicon substrate. Thus, the resonator structure mounted by a hub
above the substrate cavities provides unrestricted oscillation of the ring
structure. The gyroscope includes capacitive drive means for imparting
drive motion to the ring resonator and capacitive sensing means for
sensing and picking off motion of the ring resonator.

The method according to the publication to Fell et al., includes
the steps of: depositing a first layer of photoresist material onto one
surface of the plate like glass or silicon substrate and exposing selected
areas of the substrate. Etching the exposed areas of the substrate to form

cavities therein and stripping the remaining first layer photoresist material
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The nethod according to the publication to Fell et
al., includes the steps of: depositing a first |ayer
wo@Rooplogs3eF esi st materi al onto one surface of tPET/pl2aes#00190
i ke glass or silicon substrate and exposi ng sel ected
framdhe cdvitatedssilistratee. Atfaching at lbyeeaislisbratedse davitated
the substrate to formcavities therein and stri pping
mafhRinRd i+ St ; [ terd r ;
UL ab T e R eLRGL B IV RY F5 RRLRT L 18 st 55 Thg iicon
the cavitated substrate. Depositing a |ayer of |
laygrani ReROSHINGea stpeaiRe ernef sphotesasishymaterial on to the
Depositing a second | ayer of photoresist material on

outermobst sutfaceustt theuafianmuph laher alithrespedtavethersilicon layer
respect to the silicon layer and exposing sel ected

t : I :
arf E8%o8ho e et iR oY B LB ASLD IR (REVERY Sfigexposed
| ayer regions of al um num providi ng bond pads for i
argaduelithg akemiseneclayeayier leawnonadhe mdicenndayer regions of
connection points for the capacitive drive and sensing
alumgnam praviding chgrati paiderfoel getindirfy) i BBRZENA ydro bbhe pads

silicon substantially planar ring vibrating structure.

oGR8t o Y B, BB T 7888, ana

aluninun1la¥er_re i ons and exposin? sel ected areas of
borgkpadsifesglectyieal coanesiion ig theeplicenubstanially planar ring
etching of the exposed selected areas of the silicon

vibrafiag strudtaren Diepositite azhirddaget 8¥ photdrasist apaterial vato the
drive and sensing neans, and electrically isolating

. h t citi dri NSk n Cl.een

sERGF or, Bof RIS SR SRR AGIRY ana
anot her . SUWRARY OF THE PRESENT DI SCLOSED TECHNI QUE It

exposig selested greas of dhe silinilayeshifefiermingodeep deaative ion
novel

etching of the exposed selected areas of the silicon layer to form, from the

silicon layer, the capacitive drive and sensing means, and electrically
isolating each of the capacitive drive and sensing means, screen layer and

ring vibrating structure from one another.
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vi bratory gyroscopi c device and a nethod for
manuf acturing thereof. In accordance with the

waole@slogsesl t echni que, there is thus provi ded aPCEIIC008MY0190
assenbly for decreasing the aspect ratio between a

capaSUNWARM OF THE PRESENT DISCLOSED TECHNIQUIDI c
devi ce. The device includes a substrate, the ring, at

oo, ORI B R T BRnd iR e v

of support springs. The central support has a dianeter
vikyatonyegyropaapicrdeicarancea nethasefarimgnufaetudegtthareof.
support is coupled with said the substrate. The

SUPPOr In SRELHRRarRYE \ﬁﬁh‘pih?éj Hisclbdete teeRhidie, SYRBRY tis thus
and with the r|ng The at |east one capacitlve

act,uat ar u t e substr

prifie 81 1pkehjRg Arrenbly (o' dSrtPaRied tha Skeut mtiq patween a
one capacitive actuator applies an oscillating

capaeitive semsorcandra siagdnt agibratery gyrescopigudevigeof Thaslevice
oscillating electric force is the elliptic node

lnélﬁé%eé‘@tib@fra’f@'tﬁet rét”l@asfr bReCoRFsdifive AchPAtRP andSat least
capaci tively coupl ed h the ring. The capaC|t|ve

O“ﬁe%géﬂ eg%%g‘stpﬁh:a?ﬁhe% Sﬁ“b&??%gé ﬂe gppor—f;@grmgs

assenbly includes a novable frane. The nnvqble frame
Thescentrpl stuppotthhasia@ digmetarisraalientian thaciameddr of the ring.
frame latches froma manufacturing configuration to an

THH’%’ethf 9 Gﬁﬁéhglér %b'u?lbd |\ith eSAAN Hfe ; t:ﬂéﬁ’stfﬁé‘?e The s%}oport

applie ereto The aspect ratio a manuf acturin

SPEpgRATe: "’%@%ﬂ'@ﬁp 308 ot sLPBPBLAAE Wi Thesrigen e at least
aspect of the disclosed technique, there is thus
ongr caipdeitive \Adiuatosr is geupkrbpiith dbei sabstrate \dri atapagitively
coupled with said the ring. The at least one capacitive actuator applies an
oscillating electric force on said the ring. The frequency of the oscillating
electric force is the elliptic mode frequency of said the ring. The capacitive
sensor is capacitively coupled with the ring. The capacitive sensor senses
the changes in capacitance between the ring and said the at least one
capacitive sensor. The assembly includes a movable frame. The movable
frame is coupled with the capacitive sensor. The movable frame latches
from a manufacturing configuration to an operating configuration, in

response to a force applied thereto. The aspect ratio at the manufacturing

configuration is lower than the aspect ratio at the operating configuration.
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gyroscopi c device includes a substrate, a central
support, a ring a plurality of supporting springs, at

wo e@sIwpe capacitive actuator, at |east one CREEUL2008/80190
sensor and a novable frame. The central support is

coupl elgh aictbrderees witht aadtherTaspechof lthe disclosser technique,
di aneter larger than the dianeter of said centra

pRor T ali j S a
thegB0P st Bfo BHELS 2 Moiptary REFOSCARe, BV, . The, vibratory
The at | east one capacitive actuator is coupled, W|th
gysCOPiT BeVice: iackidescafatistiate @ canipl &!mqrg & fing a plurality
ring. The at |east one capacitive sensor is

of C@chrhhgeb}brm%w'ad |@hdth opl Eapatitivel gctomtab! &t fleaste one
Is coupled with said capacitive sensor. The at | east

BB  ERRAN R ThETBUNT e covm

oscillating electric force is the elliptic nod
withr do@eadsitatesai dhei rigg hies an livask d-.bameiabdargervéhan the
sensor, senses the changes in capacitance between the

dldméﬂaraﬁﬂséfdﬁcéhtrbﬁéﬁbp@ﬁe THeapidraliy sErePportltg springs are
novabl e frame | atches from a manufacturing

Covﬁ%do?f@&attbg"cé@véﬂ S Foft: anl, 98 ofelhboc e’ o Jepst one

at the manufacturing configuration is |ower than the
capapilive aciuatords aouplegavith saigl sebstraterand @apaaifively coupled
accordance with a further aspect of the disclosed

withesawrl Aing. The s Iéési BHE dHpBdiths senebf W@fd:afp@bltlvely coupled
manuf acturing a vibratory gyroscopi c devi ce.

wni‘ﬁ%%féﬁn'%&ﬁ!#ﬁh@v&h&fmﬁ?“é?%@lg@ﬂt3%@9?#%59@% sensor.
| ayer of metal onto said cavityand attaching a

Thieadt least iote capacitive astuator applies aubscillatingselestricriasce on
said ring. The frequency of said oscillating electric force is the elliptic
mode frequency of said ring. The at least one capacitive sensor, senses
the changes in capacitance between the ring and the at least one
capacitive sensor. The movable frame latches from a manufacturing
configuration to an operating configuration, in response to a force applied
thereto. The aspect ratio at the manufacturing configuration is lower than
the aspect ratio at the operating configuration.

In accordance with a further aspect of the disclosed technique,
there is thus provided a method for manufacturing a vibratory gyroscopic

device. The method includes the procedures of etching a ring shaped

cavity into a substrate slab, depositing a layer of metal onto said cavity

-10-



met hod further includes the procedures of creating

chrom um gol d pads onto said fabrication slab and
wet@hiopg9m ring, a plurality of rings, a centrBCT/IL2008/000190

support, at |east one capacitive actuator, at |east

andnatigehing td fabrcation materal skdstioosaid aubktrate slab. The
assenbly fromsaid fabrication nmaterial . BRI EF

i sel d '
medFipt M reinelyde R PIEUSRUTRS o SatRe, oh R g pacs
foll owm ng detail ed descriﬁtion taken in conjunction
on{p ©RId FRbriatiamegtah angretehing-aging, a Rluralijviad rngsa sy central
Figure 1C, are schematic illustrations of a vibratory

. su?Ebﬁ@mn@asﬁmreabbpabnmramrl,%t_ lgzisthone dapaiitivier sensor
e art; Figure 2A'is a schematic illustration of a

ar AR 8L So ARATAR B EREL ford A Pl i hghe.

enbodi nent of the disclosed technique; Figure 2B is a

schematic illustration of part of a vertical cross
section of gyroscopic device 100; Figure 2C is another
schematic illustration of vibratory gyroscopic device

100 in operating node; Figure 2D is a schematic
illustration of a close up | ook on a section of

vi bratory gyroscopic device 100; Figure 3A and to
Figure 3B, are top views of |atching assenbly
generally referenced 250, in a vibratory gyroscopic
devi ce, in accordance

-11-



10

15

20

wi th anot her enbodi nent of the disclosed technique;
Figure 4, is a schematic illustrations of a nethod for

worRewanewhuri ng a vibratory gyro in accordance BT/IL2808/000190
further enbodi ment of the disclosed technique;

andFi gur e BRIEFIDESCRIFTION GIE THE DRAYWINGSs of the
nanufacturlng stages of a vibratory gyroscope

TS A RS PR R B s

di sadvantages of the prior art by providing a
move Kuby diom ghe dollowing detaitas desciiptien falkemdn ceajunction with
rotatlon rate of an object, and a nethod for

AGL Wh Msichhi s device. According to the disclosed
tec nlg a plurality of supporting springs couple a

ring th a ntral syppor The pportin n0S .
are a\lr/\dF.lgFl'lj%d“C/s 'E'f%ﬁr?s ?ﬁ@glﬂiﬁgr ¢' % h%ﬁgg qgﬁéﬁ?t'ons
pair of springs exhibit bilateral symetry (i.
of ai vibeatoryranrrosgopetgsneraly aeferencede40h vdtivlaris kmwn in the
asymmetries in the characteristics of the ring (e.g.
resonant frequency, response to angular velocity),
ctaused by asymmetries in the structure of the ring,
are reduced Conseguent | v he, e). de r esonant
freque’g@w‘;‘ofze‘h@ A ?@agpo@@?t@ 0'? %‘J 8 Yidigtory [gyjescopic
resonant frequency of a "floating"” ring (i.e., a ring
devicet generalty refetencerhil 09, sopﬁwcted)ancmqpleraﬁve freaccordance
supporting springs is generally in the shape of the

wit@%@@h%&gﬂmﬂl%f'tﬁ@ diéciBsé Hﬁégﬁﬁl'qﬂ% spring is coupled

support extendlng
T e G A e
the central support to the stub is hlgh
section of gyroscopic device 100;

Figure 2C is another schematic illustration of vibratory
gyroscopic device 100 in operating mode;

Figure 2D is a schematic illustration of a close up look on a
section of vibratory gyroscopic device 100;

Figure 3A and to Figure 3B, are top views of latching assembly
generally referenced 250, in a vibratory gyroscopic device, in accordance
with another embodiment of the disclosed technique;

Figure 4, is a schematic illustrations of a method for

manufacturing a vibratory gyro in accordance with a further embodiment of

the disclosed technique; and

-12-



(e.g., substantially 30:1 ) . Furthernore, the ratio
bet ween the height fo of the spring and the w dth of

wo b@ssprspfg is high (e.g., substantially 100: 1PGI/1L2008/000190
Consequently, the effect of the springs on the
r esonaRigures & cBbRf 3@e SDnands SEdeged.sidecviagd nof the
the ratio between the height of the ring, and the

i, S8R0t 4 e ARAR oM EoRE RRT L etbRinged 320,

i ncreases the capacitance between the ring and each of
the capacitive sensors. Thus, the sensitivity of the
capacitive sensors is also increased. The ratio

bet ween the height of the ring and the height of the
capacitive sensor, to the distance between the ring
and the capacitive sensors, wll be referred to

herei nafter as "aspect ratio". According to the

di scl osed techni que, the aspect ratio is substantially
50:1 In order to achieve the desired aspect ratio,
each capacitive sensor is coupled with a novabl e
frame. The novable frane | atches froma manufacturing
configuration to an operating configuration, in
response to a force applied thereto. A |ocking
mechani sm may secure the novable frane at the
operating configuration. At the operating
configuration, the aspect ratio is higher than the
aspect ratio at the manufacturing configuration (i.e.,
the di stance of the capacitive sensor fromthe ring at
the operating configuration is smaller than the

di stance of the capacitive sensor fromthe ring at the
manuf acturi ng configuration). For exanple, the novable
frame has at | east one | ocking cavity. Frane springs
coupl e the

-13-
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novable frame with a silicon slab. A |ocking spring
coupl es at | east one |l ocking elenent with the silicon

W@ L@b/099hen t he novabl e frame noves toward t hePCENI2008/000190
of the ring (i.e., when a force is applied thereto),

the | oOETAICEPDESCRIPFIONOB THE ERMBODIVENTSY .
Thus, the novable frame is firmy | ocked into place.

Vi brat 5§ Heidsad FedRke Suetholfey ME tihdaniages of the

the aspect ratio after the manufacturing process
pripr . ayt bybwr@wplmguamg/lbnaéowyo@mﬁmm@mﬂusmforh@emmag the

of manufacturing will be discussed in conjunction with

rofém@w faté oRIreodie®, ighd awnmitfed! forFhitiuFaetiriry his device.
schematic illustration of a vibratory gyroscopic

ACBIIBS, 1 TR Blaclote JRChI B Bt SHediing springs

di scl osed techni que. Device 100 includes a substrate
couple ading mgthia endiajrmuppeirt. s Toe Suppaitingneprings ege artsnged

and a central support 118. Device 100 further includes
| tiHee sappB/t i saﬁ*ldeééﬁ p&ifIGE rirYt Wf bilateral
26 and 130, Egonprgmg} g el ectrodes 134FS %56 138 and
140 Punded el ectrodes 120
el g

24 28, 32 8
syqigetl o &p Migfy gﬁmr%{mmﬁta?) AHVB A isth Slbeonghus,

pad 122. The eight pairs of supporting springs 116
asypupetkias iny the achdrateristiosadf shpping (218, résovant fredgjuency,
such as bond pad 122, couples external circuitry (not

reSHONSY t&M Ay BaE K‘/eﬂfc@zpéégééd Ebya g_pﬁfrﬁéﬁle%‘% e stdture of

capacitive sensors 1 ensatlng

the lrl?\%t, 'ra(r)é]I ?gd&g’ed'd . ghsequently, the elliptic mode resonant frequency

of the ring is closer to the elliptic mode resonant frequency of a "floating"
ring (i.e., a ring that is not mechanically supported). Each of the
supporting springs is generally in the shape of the letter "L.". One leg of a
supporting spring is coupled with a central support. A stub, extending
perpendicular to the other leg, couples this other leg with the ring. The
ratio between the leg coupled to the central support to the stub is high
(e.g., substantially 30:1). Furthermore, the ratio between the height fo of
the spring and the width of the spring is high (e.g., substantially 100:15).
Consequently, the effect of the springs on the resonant frequency of the
ring is reduced.

Increasing the ratio between the height of the ring, and the
height of each of the capacitive sensors, to the distance between the ring

-14-



10

15

20

and 140, and grounded el ectrodes 120, 124, 128, 132,

144, 148, 150 and 152. It is noted, that the springs
wotoosaedsopai r of supporting springs 116, exhi bP€T/I1L2008/000190

bilateral symretry with respect to each other. Thus,

andsthex phpaoitideabensorst hecredsest the cageacitascsdrdtween the ring
frequency of the ring is closer to the elliptic node

SRR 6 SRR oS, TR SR S e

rotatjonal symmetry wth respect to each of the oth
sepspissis plsq mr@as,adt hahetnadiog beme@@ﬁaeuhelgbtgéﬁb@rrmg and
refersto an el ectrode, capcitively coupled with the

theoWetghipef thezcapaeitivel §enddrd to thpadistance betweenithealing and
referred to as "pick-off el ectrode" Reference is now

the RbelRile SnSeRa R 6 1oy Tl erelndhat BB Gt ratio”

gyroscopi ¢ device 100. Ring 114, eight pairs of
Acgorx#:agttpdbe@sclﬁggdmehn@w@efhh@ AspeGhpaia isisgbstantially 50:1
capacitive actuators 146 and 142, capacitive sensors

126 anth btber GBMREARVE itk ededifdd eb'ﬁ“r,atlé%eadlﬁ% itive
140, grounded el ectrodes 120, 124, 128, 132, 144,

sof il RoSenRcrifn? bnd A PGS, MR8 Fappe ttones o o

fabrication material is coupled with substrate 112,
a mangfacitifingcanfigyraiion o sir aperatBgneomnfigigrationc in ggsponse to
bond pad 122, are typically chrom umgold bond pads.

a forterapsiRd $h&@to mapelocRing aEdariém Afh@Recdfe the awb9able
2C i s another schematic illustration of vibratory

frafie 23 B OnP R iF PBRg LRSI B BRrrat i sofiguiSiion, the
aspect ratio is higher than the aspect ratio at the manufacturing
configuration (i.e., the distance of the capacitive sensor from the ring at
the operating configuration is smaller than the distance of the capacitive
sensor from the ring at the manufacturing configuration); For example, the
movable frame has at least one locking cavity. Frame springs couple the
movable frame with a silicon slab. A locking spring couples at least one
locking element with the silicon slab. When the movable frame moves
toward the center of the ring (i.e., when a force is applied thereto), the
locking element slides into the locking cavity. Thus, the movable frame is
firmly locked into place. Consequently, it is possible to manufacture a
vibratory gyro with a small aspect ratio, and increase the aspect ratio after

the manufacturing process (i.e., by employing the locking mechanism).
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external circuitry (not shown) applies a polarization

voltage to ring 114. This polarization voltage creates
w@2d@Bag93eharge in capacitive actuators 146 andPQBH,2008/000190

capacitive sensor 126 and 130, conpensating el ectrodes

Thé3hetdS® of manafwbtaﬂﬁg willthe digpussedein ebsichctidrwill? Figure
124, 128, 132, 144, 148, 150 and 152. The externa

4 circuitry further provides an alternating voltage to
"capacitive actuator 146. The frequency of this
alternating voltage is the elliptic npde frequency
ring 1Referemes, iscapwecmadeetadigiico? 1!456aa€;q5'|an@§tlgrlilustratlon
alternating electric force to ring 114 in

of t&hthriagsry pyﬁoé&ﬁdlé ngé\iee bgeh@r@lws réfehenbed 1660, constructed

Consequent ring 114 elliptically vibrates at e

anf) QuBrefiug T 7 pBEHBNGE, AL G, Bt (ﬁ%e Jisclosed

and 166 and in the dlrectlons of arrows 168 and 172).
teahmiquei ridevice 00 includes laysubsiratect] 2 adingapadi eight airs of
bet ween capacitive sensor 130 and ring 114 changes

suﬁﬁéﬂr@ Ss%rir@st HH® ¥hbr at értral sﬁ@gpﬂuﬁ?wo Devied amie further

stance there between) acitive sensor 130

inGlEES gaPPBBY LR L ersy*”‘tbﬁaﬁﬁ‘:t%%%a&@\? AGeS 186 ™hd 130,

anpl i tude and frequency of the vibrations of ring 114.
cofmpensating ehtcteones ol 34,0886 ci r3uiand, 140, t gr@unded electrodes
determ nes correction factors of the alternating

1200100 PP 3201148, 4ABAB0 ARV ol BRuraliyes bDAC pads‘

éterni ned anplitude and frequency of the vibration of
sugh T PPEc L 2equency of ring 114). Vhen ring 114
elliptically vibrates at the resonant frequency .
The eight pairs of supporting springs 116 couple ring 114 with
central support 118. A bond pad, such as bond pad 122, couples external
circuitry (not shown) with each of capacitive actuators 146 and 142,
capacitive sensors 126 and 130, compensating electrodes 134, 136, 138
and 140, and grounded electrodes 120, 124, 128, 132, 144, 148, 150 and
152. It is noted, that the springs of each pair of supporting springs 116,
exhibit bilateral symmetry with respect to each other. Thus, as explained
above, the elliptic mode resonant frequency of the ring is closer to the
elliptic mode resonant frequency of a "floating" ring. It is further noted, that

each pair of supporting springs exhibits rotational symmetry with respect to

each of the other pairs. It is noted that the term "capacitive sensor" refers
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thereof, and vibratory gyroscopic device 100 does not
rotate, four nodes 154, 156, 158 and 160, that exhibit

waesousvs al |y no notion, are forned on the pePCTHEL2008/000190
of ring 114. Wen vibratory gyroscopi c device 100

to &fl é‘Fe%fFrdd% Gapditively Soupled -witly dthai agtefli gerirhetwt) of Ang 114.
osci || atlng CDrIO|IS force acts on ring 114. This

Coriolis forc fec apshe from one
Caigeliit Seiinds Jre fetansp fo BinBRICET sifdote 0

that axis of radial vibration. Accordingly, ever

poi nt Beferenceois naw made ite Rgure &e@nd2B. fd?lg@re 2B is a

which is the vector sumof the elliptic vibration of

scﬁ@ﬁiatlﬁoillﬂfstr%'tléﬁe%? pafdof *ée varbealt chossludtiont e g%roscoplc

Coriolis force actlng on that sane point elenent.

for for actln on_an node 1
deyEeo b0, hENhi4i BRI TnSuP B oo RGTDAS 1 central
is in the directions of arrows 174 and 178. As a
suppagetli@nicapacitivies achtdtors ddberady163) mapelciivenseasors 126
the ring, node 156 and node 160 radially vibrate in

ath 3@' rﬁhg@g%fg@%a&'&%dgﬁﬁﬂd 156, 1Bgr Ly r’ﬂlllt)eo?rounded

158 vi brate In the directions

elq?:?tgqoq\'\% ]Iéﬁ 3?%;}7?&‘( ;14%;%%@ gdt Egg\éq?r%t 8l fAbHtated
oscillation, for exanple of node 158, changes the

frooathei samee ‘fhletioation rdterizi 8(eagd sﬂipato) tslate. sdimeofabrication
126. Capacitive sensor 126 detects this change in

m&tBRarid %BQ?IedA‘?nﬁﬂf @PBgtrégehtﬁ'Z)s \@ﬁiéﬂ%ap{”béaé)@yrbi‘%strate.

external rcuitry (not termnes the force

ocB RS e B RO T St i g bone

force actlng on ring 114 and hence, the rate of
pads.

Reference is now made to Figures 2A, 2B and 2C. Figure 2C is
another schematic illustration of vibratory gyroscopic device 100 in
operating mode. During the operation of vibratory gyroscopic device 100,
external circuitry (not shown) applies a polarization voltage to ring 114.
This polarization voltage creates a bias charge in capacitive actuators 146
and 142, capacitive sensor 126 and 130, compensating electrodes 134,
136, 138 and 140, and in grounded electrodes 120, 124, 128, 132, 144,
148, 150 and 152. The external circuitry further provides an alternating
voltage to capacitive actuator 146. The frequency of this alternating
voltage is the elliptic mode frequency of ring 114. Thus, capacitive

actuator 146 applies an alternating electric force to ring 114 in the
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rotation of vibratory gyroscopic device 100. Wen

vi bratory gyroscopic device 100 is subjected to a high
wo e@guessey of angul ar notion, nodes 154, 156, REBI20E8/000190

160 may be slow to respond to the changes in the

dir€BEGHS Wissighatdele bGoairelss 170r aad T66s, Odiseefuandys ring 114

t he capacitance of capacitive sensor 126 nay not

.necessarj |y correspo 0 C [ riol
elipFESET ityaleS it ¥ HlplS ch6fa PRAdS Ik dnbféar B naly 114
154, 156, 158 and 160, to the changes in the angul ar
elliptically twibestesi ior dher girgstions fparraveildd soal 166 and in the
external control circuitry applies voltage to

dirgéﬁ»&% bif\égrcﬁﬁé YIPANd4272)C ONIRSP ARG 134 efligtieallg hihveres, the

etected by capacitive sénsor 126. "This voltage

causescapacj tive actuat.or 142 to ly a,radial,,force
caBBEiARGY DROVeSla: GAPIPUVE: (SRSHT o arih Mhgyd 14° cHanges

capacitive actuator 142 substantially rapidly éﬂi .e.,
accetding vte this tuvileraticinn(i.e.n duerto the rcharge iimrthei distance there

started) nulls the radial vibration in the directions

befiieéh). O‘Q’,‘éqéflci’%iﬂé‘%éwi1361%eﬂ§e§rtﬁe§@ré Aged M ggpaéﬂgnce,

consequent e angul ar velocity, Is determne

ccording to,the voltage applied to capacitiyv .
ange i sntaral  SSnlrel «RED, Ay biots row (determines the
directions of arrow 174 is substantially rapidly
amplitudd, antefrequenoy ohéheevcibsations ofesipgndd4of this external
ring 114, due to changes in the Coriolis force, is

coﬁgef@%{:i?hpi}t’rg%%%?%@?&hi S cc?r’?@cﬁdﬁ‘?a&@?@of?e HR¥ating

m one anplitude of oscillation
voftags FRRligc RecaioA e ye BchiaDf 1dbn e s Seteripgr applitude
applies to capacitive actuator 142.
and frequency of the vibration of ring 114 deviate from the desired values
(i.e., the elliptic mode frequency of ring 114).

When ring 114 elliptically vibrates at the resonant frequency
thereof, and vibratory gyroscopic device 100 does not rotate, four nodes
154, 156, 158 and 160, that exhibit substantially no motion, are formed on
the perimeter of ring 114. When vibratory gyroscopic device 100 rotates
(e.g., in a counter-clockwise direction), an oscillating Coriolis force acts on
ring 114. This Coriolis force effectively transfers energy from one axis of
radial vibration to an axis perpendicular to that axis of radial vibration.
Accordingly, every point element on the ring is subjected to a force which

is the vector sum of the elliptic vibration of that point element, and the

vibration due to the Coriolis force acting on that same point element.
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Grounded el ectrodes 120, 124, 128, 132, 144, 148, 150

and 152, are all connected to ground. However, since a
w@odoan9pat i on voltage is applied to ring 114, BCT/Or20€8/000190

between ring 114 and grounded el ectrodes 120, 124,

Thiid8 fol ¥Xanidié, théSforddlactimy trRanti-rod@t4sl (18], sa friodee that

prevents the translational notion of the ring during

oxb s PRt Sy R g0 B BBl Pl 174

the force between ring 114 and_grounded el ectrodes
and2t78.124s a zensegrient of, thisignotio oirrevery2peihtelemand sof the
to the substantially symmetric notion (i.e, elliptic

rinyl Picdld 985 ahd e 4bb &gy Mibrateyinbthedidectiensest arrows
ing (e.g., ring 114 may have an inconstant radi us,

17bSBREYED! Aoy el BB BokL BB i e

~velocity) may deviate fromoptimal values. To
directipes citarrows tHeanmdddV8 di.eqraccardingeia #ieaector sum of the
circuitry (not shown) applies a bal ancing voltage to

for%@gpcﬁﬂﬁgtéﬁ‘ging 131:4)“_odes 134, 136, 138 and 140. Thus,
conpensat i ng ectrodes 134, 136, 138 and 140 apply an

electric force on ring 114. This electric f e

count e]rrget F%&aleﬂsgil‘aé'?@’i Rr n@@"eﬂl%oforpﬂéelﬁ.g’ changes the

Consequently, the notion of ring 114 is substantially
capagithace thetivesn obde §68f and capacitirefsansare126. nEapacitive

made to Figures 2A, 2B, 2C and 2D. Figure 2D is a

seglgBP 3] &eﬂédté‘%ﬁié%ﬂ%@mgﬁggeﬁéné@. | R&dorfiihc & Bsis! sange

f vibratory gyroscopit 100. The section of
i P iShte SR oA o SR, Bl acting
on node 158. Consequently the external circuitry determines the
magnitude of the Coriolis force acting on ring 114 and hence, the rate of
rotation of vibratory gyroscopic device 100.

When vibratory gyroscopic device 100 is subjected to a high
frequency of angular motion, nodes 154, 156, 158 and 160 may be slow to
respond to the changes in the magnitude of the Coriolis force. Thus, the
changes in the capacitance of capacitive sensor 126 may not necessarily
correspond to the changes in the Coriolis force. In order to decrease the
response time of nodes 154, 156, 158 and 160, to the changes in the
angular velocity of vibratory gyroscopic device 100, the external control
circuitry applies voltage to capacitive actuator 142, corresponding to the

changes detected by capacitive sensor 126. This voltage causes

-19-



10

15

20

supporting spring froma pair of supporting springs

116. Each spring includes three sections. A radial
wGQe@Bi0gn39188, an arched section 190 and a st ubPQER20@GM®0190

end of arched section 190 is coupled with one end of

ca?aditﬁb sttaor 148 wdagb?/ & herdigindode, abppedinte theoradial
90 is coupled with stu 92. The other end of radial

vigBfbh 3 i8ds Gifp 15" HraGifRERElar FRR yesEntiaf rapidly
_general, when a spring is coupled to the ring, the ]
(i.epreleagivertpebespeoing i fimewherothe wibraiiog ,staﬂhag)t Rulls the radial

affects the resonant frequency thereof (i.e.,

vishasibar in e HirdtipRast fIdwPt74. "PHE) maghitatdess tiee Coriolis
alleviate that affect on the resonant frequency, two

foftR At RafisEAbBARY el analeR \elocRln HER RS iocoiding to

section 188 and the length of stub 192 (i.e.,
the ywpltagel applias tppapacitiveaciugmrii42.. Simee e tadial vibration in

al l eviating nmeasure isreducing the width of the spring

thé &lirddtivhst 6f bW dlhsoduBdtantiaiMg rapicly nulledi cecfimy of the
2B) . As d th

arrow 186 i n Figure ment’1 oned ‘above, w

ref er.ence to Figu 2C t rotation rate .i .
mEGhEHiRAR e iy b e finagl M i Bghlesinging Coriols force,
Coriolis force exerted on a pulsated ring such as ring
is substantialigodeeisasetioli.ce, the tbpedoss aot haveetastranaiy frare one
change in capacitance at node 158. Therefore,

arhﬁl‘i}t'uaésbf]6sbm§ti6ﬂpﬁcéhéﬂ@2.°fTﬁéF@§ﬁéiié’ fo EOHeldbnined by

I ncreases the sensitivity thereof. The capacitance of
mRE5Ad L TGAEE 8ok i SCRELN cRLBRS) BT e
Thus, in order to increase the capacitance of
actaptacitddie sensor
Grounded electrodes 120, 124, 128, 132, 144, 148, 150 and
152, are all connected to ground. However, since a polarization voltage is
applied to ring 114, a force between ring 114 and grounded electrodes
120, 124, 128, 132, 144, 148, 150 and 152 is created. This force prevents
the translational motion of the ring durng the activation of the ring (i.e, to
prevent motion of the entire ring in any ring-plane direction). Thus, the
force between ring 114 and grounded electrodes 120, 124, 128, 132, 144,
148, 150 and 152 contributes to the substantially symmetric motion (i.e,
elliptic vibration) of ring 114.
Ring 114 may be an imperfect ring (e.g., ring 114 may have an

inconstant radius, inconstant width). Thus, the characteristics of the ring
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126, the distance between capacitive sensor 126 and

ring 114 shoul d be decreased. Referring back to Figure
wQ@B)osioge3es der to increase the sensitivity of CPEEUL2008/80190

sensor 126, the ratio between the thickness of ring

(e L4 resortirstafrequénycyyrrespoh8e, toaangtike \dilstiay)cmalyedeviate from
ring 114 and the capacitive sensor 136, indicated by

oA T soiberiyerBitisst HeVARNIE (h8 gxjemal cirouiry

techni que, a high aspect ratio is achieved_ by coupling
(npt showng arpligst Adatancingcveliage tocarapensaiirg electrodes 134,
capacitive sensor to a novable frane. As nention

130N38 ahfie|4mVaBUS, topipenstieResieciodes 3L 36188 aad 140
configuration to an operating configuration, in

e FRER R RE I 14 TS fefi 0% BRI tne

mechani sm nmay secure the novable frame at the . .
deyirtiens iy mefian ghrig di4. conssgauantly, the motisss of png 114 is
to manufacture a vibratory gyroscope with a | ow aspect

subtatiaydsini @ tRat BPagseifsdt .1 0 after the
manuf act'uri ng process by coupling the capacitive

rame Rt G B 66 Tigte R ighies Pan ZHhnar 2rfE2D’ Figure 20

~manufacturing process. Reference is now nade to Figure
is 3 mm@tlci@usteam afhBceloseeupolooki eWsaosectior fnyibratory
assembly generally referenced 250, in a vibratory

erdévidev168. TRed evildh [ ice 100
OASFERABEEH100, TePaEEGR a0 IgkMiopl i 1

nBTREEP %eife BT 17, SCEBGUAA 15 B s i3 345 and one
su%o?)%rtirgg Cgér?r?g from a pair of supporting springs 116. Each spring
includes three sections. A radial section 188, an arched section 190 and a
stub 192. One end of arched section 190 is coupled with one end of radial
section 188 and the other end of arched section 190 is coupled with stub
192. The other end of radial section 188 is coupled with central support
118. The other end of stub 192 is coupled with ring 114. In general, when
a spring is coupled to the ring, the spring affects the symmetry of the ring,
and thus affects the resonant frequency thereof (i.e., distortion of resonant
elliptic mode). In order to alleviate that affect on the resonant frequency,
two measures are taken. The first alleviating measure is increasing the

ratio between the length of radial section 188 and the length of stub 192

(i.e., typically, to approximately 30:1). The second alleviating measure is
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el ements 268 and 270 and | ocking springs 272 and 274.
Movabl e frame 258 includes therein, |ocking cavities

wWQZ@sar39278 and di spl aci ng el enents 280 and 2BCT/112008/000190
the currently described enbodi nent, springs 260, 262,

redifeing nhe? 9fidtH aikiheg s@r@@enélatlﬂéStcartHeZ\Mblthndf Ithekiing (i.e.,
springs 272 and 274, locking cavities 276 and 278 and

. 282 constitute the | ocking
'”Oﬁ@%&'mﬁﬁ&s" qgﬁg{\%ﬂéﬁg%égﬂ‘ol y 250. Capacitive sensor

256 is coupled wth novable frame 258. Frane springs

260, 282 meptionsd abeveowliincreferemte torhigure wtheh rgtation

fabrication material slab 252. Locking springs 272 and

rat%71°s QRHeAiner ltiy”@le‘téﬁﬁﬁ’ﬁ% tREe8 nadghitlide Vdft!he Coriolis force

fabrication mateérial slab respectively. \Wen a
chani cal forc

exgfletir obt A puSgc BN o, Abclings 1180 ani b8 FRifsstoree is

in the direction of arrow 284, novable frame 258, and
detdrosinedpdny tmeassBngothesehangee in ncapacitanes:t abrage 158.
arrow 284, toward ring 254. As novable frame noves in

Tth@@ré emdréﬁsi% e’ exbaSitanck Dl pddtiv SERS6T 3@@ increases

di spl aces | ocki'ng el enent 268 in the direction of

282 di |
the atSifvViD) RBrec b TE EoSafince; 60 calialhat sensar; 16 is

thi s di splacenent of |ocking el enents 268 and 270,
invesse&lyngrapar tiogabtee the dlistasce beismmnapacitwegs@nsme‘rﬂ& and
268, in the direction of arrow 288 and | ocking spring

rin§7‘f‘1@ppfh@§ in 6:@1@?%%0}%&@ ﬂfbo%Ia BBMAned ®fidy 2dal%ﬁtlve sensor

irection of arrow 286 ng el enent

128) YRS DORIAT SO s e K P 3fbut be
de§r7eoaslesd. Referring back to Figure 2B, in order to increase the
sensitivity of capacitive sensor 126, the ratio between the thickness of ring
114, indicated by arrow 182, and the distance between ring 114 and the
capacitive sensor 136, indicated by arrow 184, is high. Typically, this ratio
is approximately 50:1.

According to the disclosed technique, a high aspect ratio is
achieved by coupling (i.e., during the manufacturing process) the
capacitive sensor to a movable frame. As mention above, the movable
frame latches from a manufacturing configuration to an operating
configuration, in response to a force applied thereto (i.e., the movable

frame moves to the operating configuration). A locking mechanism may

secure the movable frame at the operating configuration. Consequently, it
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aligned with |ocking cavity 278, |ocking el enent 270
slides into locking cavity 278. Furthernore, frane

WG piosgs9IR60, 262, 264 and 266 apply a force iPCHIL2008/000190
direction opposite to the direction of arrow 284, on

is poYsidhe ¢of hamafast@re Howibratory d%yﬂﬁs@opégwﬁheﬁﬂﬁﬁﬁagﬁ@ct ratio
and 282 prevent novable frane and consequently

s PEBRBRE 9 sl DN A covoin

256 at the operatln%héonflguratlon t her eof .
the aapagitive seprsornte e i movahle (frayrengnd m@vm éh¢ rrapgable
258, the di stance between capacitive sensor 256 and

framd%o2Mei 8peRfIHLE LoHT drﬁﬁoﬁaﬁﬂér ttheOfmm@@@:tl!imN§ process.
sensor 256 |s I NCr ease hus, a sensor with a | ow

ect ratio is n t ur ed ,an ect, g at
i ey épaﬁﬁef‘qrﬁwn&?& At I 53508 198 &bﬁ?ﬁagare top
to a further enbodi nent of the disclosed techniq
views: ofodatahingreasseimbly i generallyr ireferencedt R66n um\aabnleratory
frame 258 and the substrate. The | ocki ng nechani sm ny

gyfcﬁéc’dﬁé BevRaRiNehEEoiarrie ahRKt @n@&ﬁéﬁeeﬁ%dlm@nl Oof the

vabl e frams to prevent nmovabl e frame 258 from

eren I S. now _nma e, 4, and to
digeioRAd eafiiang; Teachisty Hagoawly 20DLAeY aihadtive sensor
illustrations of a method for manuf acturing a
256, lar sravapley fireome r258; doantenserings 268, 262, 64 amcb2bbelocking
of the disclosed technique. Figures 5A, 5B, 5C, 5D and

eléﬁgﬁf§ 281808nd 12 2Rl 'bBR"'{aane'f' ?qugn PPES Mbvéble frame

ratory gyroscope gener erence 320. In

25@006%‘; ﬁefelﬁ rl'oc%ShagaVItlé:gvb% ' 578 Ay diéplacing

elements 280 and 282. In the currently described embodiment, springs

260, 262, 264 and 266, locking elements 268 and 270 and locking springs
272 and 274, locking cavities 276 and 278 and displacing elements 280
and 282 constitute the locking mechanism of latching assembly 250.
Capacitive sensor 256 is coupled with movable frame 258.
Frame springs 260, 262, 264 and 266 couple movable frame 258 with a
fabrication material slab 252. Locking springs 272 and 274 couple locking
elements 268 and 270 with fabrication material slab 252, respectively.
When a force (e.g., a mechanical force, a magnetic force or an
electrical force) is applied to movable frame 258 in the direction of arrow
284, movable frame 258, and thus capacitive sensor 256, move in the

direction of arrow 284, toward ring 254. As movable frame moves in the
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slab. Initially, a pattern defining |ayer (e.g., a
photo resistive material, not shown) is deposited on

w0 b@smet3st rate sl ab according to the desired cPOI/OLO08/000190
pattern of the cavity. The cavity is then etched out

dirédtidrhef srew 284 ¢bplacisd riement 28 didacésdotking dlement
Etching (RIE) technique according to the pattern

20 4L b o o2 P P a2 e

substrate slab). The depth of the cavity is on the
lockingeeletneriRéPdn thiecdisestian armaw @88. 1Dufing thistdispipcement
The substrate slab is then cleaned. Wth reference to

of PG ciéments 268 bad 2701 1ocidrg s} @Tedabpliés a force on
substTate slab 320. In procedure 302,” a | ayer of netal

e.0., chrom . titaniu taptal u at i 1S
lookBigdeterien Bnten ineinis Crettieh of ejrowfiag Ay 1oRiprspring 274
prevents the accunul ation of residual charge on the
appligsstar forces b lockingt elensenig@3 Oofn tthe dusquam@fr angpw 286.
process. Before the netal |ayer is deposited, a

t ore b _ ayer 15 Ited, _
wrf)éfﬁﬁ IS&IGPQie%'Ié(]EBHt_ZB@ﬁs élﬁqpéw ngith l%cﬂm;q rc%wntgaltztre,r Nocking

net a posited on the substrate ab. ayer

of ne I.S, deppsited onto.t at.t erndef i ni ng, |l a .
elefrerf 285 SResIBR todiing et 7S o by B BlaReRt 270 is
defining layer). The pattern defining |ayer is then )
alidnéd entioflocking sawity 2718 lockingnielemené 2v sllidespindo tleaking

on the pattern defining |ayer, thereby, |eaving a

i of \Y i I toens
ca@ﬁ{)?’?& g’t@f@gr‘ﬂ%ﬁﬁé f%?:ﬁlﬁrgge’sf i2g0292§321 268 ah& 266 apply a

trat ayer is
deposi t n the sides apd the hott

fordg an, A Glerdyt BppoRdSie; e dipeion.Sh Ao Sidn sfoveable
hundreds of Angstrons (e.g., 329A to 500A). The

frameb 868at Elosveeradisplacingeelemenige28@rand B82 prevent movable
frame 258, and consequently capacitive sensor 256, from returning to the
former position thereof, thereby locking capacitive sensor 256 at the
operating configuration thereof. As a consequence of the motion and
locking of movable frame 258, the distance between capacitive sensor 256
and ring 254 is reduced and the capacity of capacitive sensor 256 is
increased. Thus, a sensor with a low aspect ratio is manufactured and the
aspect ratio is increased after the manufacturing process.

According to a further embodiment of the disclosed technique,

the locking mechanism is the friction between movable frame 258 and the

substrate. The locking mechanism my further be a magnetic or an electric
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cleaned. Wth reference to Figure 5B, a |layer 324 of
nmetal is deposited on the sides and the bottom of

weansg93322. | n procedure 304, a fabrication neCEIi2808/000190
slab is attached to the substrate slab. For exanpl e,

fordé‘%rdpﬂbbl' wAthemovasle frbntd, oo prevEdnoyabie e 258 from

the substrate slab. The fabrication material slab may
mo be formed, for exanple, of single crystalline silicon.
Wit reference to Figure 5C, fabrication nmaterial sl ab

326 is anodically bonded on top of substrate slab 32
(i . e. Refetence g now mrdete digutddiang s bigiyep. A,n5B oC,

procedure 306, chrom umgold pads are created onto the

5DF adHd c&H onvARher @ stRdmdtic Sillustrafiéhterdf dgf imethd for
| ayer (not shovvn) I's deposited onto the fabrication

mafpaaifing 2 ftisalfy thifa B ectar g ea i 8 JURAEF ebfhqrtiment of

desired pattern of the chrom umgold pads i s deposited
theatlistlosedaiechniquenn Figisresi 3A, 5B, b&y D @nctBEaaeusitgariews of
is then evaporated on the photo resistive material and

thet ﬁLﬁQ&tLﬁﬁfgge%f‘e%@sl‘» &ffi &lvistbry W@scdﬂ@ Jedrany referenced

ef1ning ifted off tthé 't abrication materi al

32@ \gﬁégeci\g;@r %Bbom grgr)g sqn eo/ltf S(/'gt ﬁ%ygfcf}ﬁqe RRtb' &' dubstrate

chrom umgold only on deS| red I ocations on the
slabubkitiailye s pattermidefining Eryerde.g.o0 aFpbataresistive material, not
chrom um gol d pads 333, 330 and 332 are created onto

shé\ﬁﬁgisc %8&* itd @ of 1! s fatdab 'ébo%rr@i?@!df $he388sired contour

rin porting springs, a central support

pat,i%l ihe/ ?c;@}%ttygfiﬂgt %\gycﬁspﬁrm }e¥had SR o e Substrate slab

using, for example, Reactive lon Etching (RIE) technique according to the
pattern defining layer. During the RIE processes, a jet of ions removes
atoms of the treated material (e.g., the substrate slab). The depth of the
cavity is on the order of several micrometers (e.g., 10 micrometers). The
substrate slab is then cleaned. With reference to Figure 5A, a circular
cavity 322 is etched into substrate slab 320.

In procedure 302, a layer of metal (e.g., chromium, titanium,
tantalum, platinum) is deposited onto the etched cavity. The metal layer
prevents the accumulation of residual charge on the substrate slab in later
stages of the manufacturing process. Before the metal layer is deposited,
a pattern defining layer, defining the desired pattern of metal is deposited

on the substrate slab. A layer of metal is deposited onto the pattern
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fromthe fabrication material slab using, for exanple,

Deep RIE (DRIE) technique. Initially a |ayer (not
wabs9303 silicon oxide (SiO2) is evaporated PUBIL20682000190

fabrication material slab using Plasnma-Enhanced

defihiery tyerVepg:, BypesapoetingPHid/Dhetah patd ¢he petém defining
| ayer, defining the desired pattern of a rlng

laygthr atr{% @gttgp acﬁg@"lrgg\;%)?éu]s?g}e?g iRed "off tcaff bf%'tr\éTe slah with

deposited on the Si2. The SIi 2 | ayer |s etch d,
%Mﬂldﬁ@oﬁﬂedh@n ;tlaetr&tteraquefﬂungﬂay%r, r@@l’%b%v'@awng a layer
material, using the RIE technique. The fabrication

of TRBRA| @hlysbﬁbdeélré\h Sl@cétléhﬁdon‘lcth@f gubstrate Shgb.safhe pattern
pattern Created by the SiQ2 [ayer using the DRI E

deFRLIEI4T i HHhattiFd, oF the oS B s, BREPw PEElemyity. The

ions, and consequently a residual char
thiglseess:| oft theometad layes is ane the aprdes 208 %w@dmds j @t Apgstroms
ions to deflect. As nentioned above, in conjunction

(e \y.! B2DR0EeBOCA BOTha silstiaté a)gH dHick\tREt metdl I‘ayer are then
accunul ation of charge by connecting that netal | ayer

cl%qm%@[) Wﬂ'b r%%rgﬂéé fté g:g{;‘ G rceeﬁgr 2 I%ﬁéﬁgé&tofﬁggaﬁg %i’eposned on

capacitive actuators 340, a capacitive sensor 342 anda
thersides and thedqtion cn‘mamiy 3% etched fromthe
fabrication material slab 324. It will be appreciated

by per O Pros&dlre 804N o r@or%étudmmatéhgl ‘éléi&'l@saﬂéched to the

techniquée 1s not limted to wh has been particularly

BB, 0 ER ORBRL HO BB N 5 Ay
bomle%lh téo’:IJeOVéu%Ls@al\t/eB slab. The fabrication material slab may be
formed, for example, of single crystalline silicon. With reference to Figure
5C, fabrication material slab 326 is anodically bonded on top of substrate
slab 320 (i.e., according to the anodic bonding process).

In procedure 306, chromium-gold pads are created onto the
fabrication material slab. First, a pattern defining layer (not shown) is
deposited onto the fabrication material slab. Before the chromium-gold
layer is deposited, the pattern defining layer, defining the desired pattern
of the chromium-gold pads is deposited on the fabrication material. A
layer of chromium-gold is then evaporated on the photo resistive material

and the fabrication material slab. Then, the pattern defining layer is lifted

off the fabrication material slab with the chromium-gold deposited on the
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1. Alatching assenbly for decreasing the aspect ratio
bet ween a capacitive sensor and a ring in a vibratory

w@p008sewps c devi ce, the device includes a subsPCEIEZ008/000190
the ring, at |east one capacitive actuator and at

pait€ss Hefinthg dpasH theremgrieavingaadaper df chrpptiu-gald oaly on
a dianeter smaller than the dianeter of the ring and a

0B Joebltaft SHAPE' byBERE B VAR s gy o0,

being coupled with the central support and with the
chiicmigm-+gedd apafsadd3oni3Qapadi 804 asiet gegatedpentg fabrication
coupled with the substrate and capacitively coupl ed

matktidl 18 32619, for applying an oscillating electric
force on the ring, the frequency of the oscillating

the i TR BoaDE: g sipbRineE SBupbS H Gy support
coupled with the ring, for sensing the changes in

capagitive tanfuatdre; aecapacditive segsanandra meovakiestameeare etched
capacitive sensor, the assenbly conprising: a novable

rff, 1 SEALSLEH, M e,y ofanpRS DesbARIE (ORI

onfigurat.ion to an, operatin onfigurati N3!
teqhiughits 4 g o v EE (e P RESDea Qs 2Pip=) i evaporated

aspect ratio at the manufacturing configuration is
ovépthe fabricatiomemaderal slabtusing Plasmaspehaniceg Chemical Vapor

configuration. 2 . The assenbly according to claim 1,

DALY P Ak Sl plger g tneeicpatom
of a ring, supporting springs, a central support, capacitive actuators, a
capacitive sensor and a movable frame, is deposited on the SiO,. The
SiO, layer is etched, according to the pattern of the photo resistive
material, using the RIE technique. The fabrication material slab is also
etched according to the same pattern created by the SiO; layer using the
DRIE technique. The SiO, is then removed. When the DRIE process is
applied to the fabrication material slab, ions, and consequently a residual
charge may accumulate on the substrate slab, causing the jet of ions to
deflect. As mentioned above, in conjunction with procedure 302, a metal
layer prevents this accumulation of charge by connecting that metal layer

to ground. With reference to Figure 5E, ring 334, supporting springs 336,

central support 338, capacitive actuators 340, a capacitive sensor 342 and
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force applied thereto. 3. The assenbly according to
claim1l, wherein said novable franme | atches to said
wop@sa3nyy configuration in response to an el eRCT/II2a08/000190
force applied thereto.4. The assenbly according to
a rabeaplelfrantee (o tstsavd) BRY abdited frome thetfabesation sraterial slab
operating configuration in response to a magnetic
32force applied thereto. 5. The assenbly according to
éla|n11 wherei n said device further includes a
| ocki ng mechani sm for securing said novable frane a
sai d o%ew ibey appreciated: bynpesonsskkdisdnpl Yhe art that the
according to claimb5, wherein said novable frame

d.édltsééeﬂ%cmhaé kg mﬁ)tqu[éd t@Whaﬁ! s Bkaai purtieLRIRNhown and

The assenbly accor ing to claim6 , wherein sai

desfiibed ”‘“h Vi Retg e dond 81 R Pisdfeddephnique 1s

spring, coupled mnth said novable frame and with said
definbdtandy dyftbe claims, which followe opposite to the

direction of notion of said novable frane, wherein,

when said novable frane | atches to said operating

configuration, said at | east one displacing el enent

di spl aces said at |east one |ocking spring, said at

| east one locking spring slides into said at | east one

| ocking cavity when aligned therewi th, thereby,
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securing said novable frame at said operating
configuration. 8. The assenbly according to claimb5,

wob@seP39sai d | ocki ng nechanismis the fricti oPChEL20684000190

said novabl e frame and said substrate. 9. The assenbly
_accordi ng to claim5 , vOEAMS sai d | ocki ng nmechani sm
is a magnetic | ocking nechanism 10 . The assenbly

. P& Jhtil: BeSeflll s "REERANEE, the Srncd B Ren o

a%%g%@itﬂ)% %%n%b?idrﬂqléau}?gfﬂ % éﬁ%l‘ét?ﬁ?@?bét%ﬁi@ & vice, the

sal d operating co 1 on 1 2. Avibratory

0\evis cludey i sulssirate, theging, stulesist ane; capacitive alctuator
support coupled with said substrate; a ring having an

i amet ati ieasteoneacgpacitiven sensodi areeantrali SuiRPero having a
S ioti PREL ol ot YR Hhabll o Bharghy of
o cel _ > |

2 BB oPnS CARECENSL AGPbS oS SR W lstate
apRkYsushbah spiitigs! Béintg celipisd ndthStHeo ceatrah stipdrt and, with

the frequency of said osci Fl_ati ng el ectric force being
t Hbe aing pthiec atnberstf ongeapacitire agfuptor heinatcoupled wite the

 Ebstiase 38t raBas kLt syeled WRARKE vilidofgEARBbng an

saiilldtiey Bktric force on the ring, the frequency of the oscillating
electric force being the elliptic mode frequency of the ring, the
capcitive sensor being capacitively coupled with the ring, for sensing
the changes in capacitance between the ring and the at least one
capacitive sensor, the assembly comprising:

a movable frame, coupled with said capacitive sensor, said
movable frame latches from a manufacturing configuration to an
operating configuration, in response to a force applied thereto,

wherein, the aspect ratio at the manufacturing configuration is

lower than the aspect ratio at the operating configuration.

The assembly according to claim 1, wherein said movable frame
latches to said operating configuration in response to a mechanical

force applied thereto.
The assembly according to claim 1, wherein said movable frame

latches to said operating configuration in response to an electrical

force applied thereto.
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said at | east one capacitive sensor; and o a novable
frame, coupled with said capacitive sensor, said

worewalohss rane | atches froma manufacturing  PCT/IL2008/000190

4.

7.

configuration to an operating configuration, in
r EFfenassdrably faacoedingpts eclainhet etwhereirersaid, mdvable frame
aspect ratio at said manufacturing configuration is .
| datgheshio said appealing aanfigatratian dinopespenssy to a magnetic
\(I:\,‘%nf(leguraii.i aq 5 13. The device according to claim12,

ores APReH BERIGr ti ng springs are arranged in pairs,
the supporting springs of each of said pair of spring
exhibits bilateral symetry relative to each other. 0
14Th@hassembhe Rscortifiddot elaiirai m hherehersziit devibeofurther
sai d supporting springs includes a radial section, an
ariobhetlese @ iasking dnechanism diesesecwing aid anowable frame at
section is coupled with one end of said radia
seRAIARPerafBIHHEIOWAHCB! sai d radial section is
coupled with one end of said stub, the other end of
said radial section is coupled with said centra

.SUPﬁérésséﬁ\‘blyﬁgé&"{)ﬁg eb Slaird 5! ubhéreil osabieehovdbie frame

sald ring. 5 evice according to claim 14,
whieichided adockingacahitywarrch atdisplasing klerhente radi al
section and the length of the stub is substantially
30:1 . o 16. The device according to claim 12, wherein

f,\,,hﬁh{?a #s‘%ﬁﬁg"‘gﬁ,’?rﬁéﬁg ES'{%%H‘E@S vHerblif sSRY 10Mking &éhanism

includes:

at least one locking spring coupled with said substrate;

at least one frame spring, coupled with said movable frame and
with said substrate for exerting a force opposite to the direction of
motion of said movable frame,

wherein, when said movable frame latches to said operating
configuration, said at least one displacing element displaces said at
least one locking spring, said at least one locking spring slides into
said at least one locking cavity when aligned therewith, thereby,

securing said movable frame at said operating configuration.

The assembly according to claim 5, wherein said locking mechanism

is the friction between said movable frame and said substrate.

The assembly according to claim 5, wherein said locking mechanism

is a magnetic locking mechanism.

10. The assembly according to claim 5, wherein said Iockihg mechanism

is an electric locking mechanism.
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17. The device according to claim 12, wherein another
capacitive sensor, coupled with said substrate and

w@eapaoippvely coupled with said ring, 5 for sePGi/Ngoed®0190

elliptic node vibration of said ring, said other
capacitive sensor is placed opposite said at |east one
capacitive actuator. 18. The device according to claim

11.12  hetassemblyanaesdingaimelaim, &, whesein saidcaspredalipt at said

12

13.

14.

anot her. novah| e fr.ane d, capacitively coupled with
sé?%erﬁt'ﬁg,cqrﬁlg%@hgpﬁ%%bhg elliptic rr%de v!obrati on of
said ring, said other capacitive sensor is placed
opposite said at |east one capacitive actuator, said
ot her novabl e franme | atches from anot her manufacturing
configuration to another operating configuration. 5

19A vibatosygyreseopio devigetapmpesimgl2, wherei n anot her

capacitive actuator, coupled with said substrate and
capaci@subsiiat®upl ed with said ring i s place opposite
said at |east_on (L1 ulling the

oa1.9 %8 GERE pORBoR R T SAREEAGEaRL ) "9, ¢

devi cea 3EPhaling BA ifhet MakBletdlBf Gonitii thedigneter of said
capacitive actudator substantially Tapidly nulls said

r ackmtraivsupp@drt,ons of sai d node | ocations by applying

an electric force on said ring, thereby eC[tF\asi n

t he tiaepbiralitye Gfe SHRRPEUNT r SR[HGS e C@Npl%q? dWithngai¢y central

changes .in the Coriolis force exerted on said rin
mﬁhﬂg@%ﬁt r]thgh said rlngs, i ng

at least one capacitive actuator, coupled with said substrate and
capacitively coupled with said ring, for applying an oscillating electric
force on said ring, the frequency of said oscillating electric force being
the elliptic mode frequency of said ring;

at least one capacitive sensor, capacitively coupled with said
ring, for sensing the changes in capacitance between said ring and
said at least one capacitive sensor; and

a movable frame, coupled with said capacitive sensor, said
movable frame latches from a manufacturing configuration to an
operating configuration, in response to a force applied thereto,

wherein, the aspect ratio at said manufacturing configuration is

lower than the aspect ratio at said operating configuration.

The device according to claim 12, wherein said supporting springs
are arranged in pairs, the supporting springs of each of said pair of

spring exhibits bilateral symmetry relative to each other.

The device according to claim 13, wherein each of said supporting

springs includes a radial section, an arched section and a stub, one
-31-
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elliptically vibrates and said device rotates, said

electric force is determned according to the radia
waodmsareen sensed by said at | east one capaci t POEIL2008/000190

sensor. 2 1. The device according to claim12, wherein

a gidubRlddidl @fchedneestian iisgcelisled: withs oneoeptiedf saich radial
sai d substrate and capacitively coupled wth said

r :se@ﬂoeatrub gtheraamd of snicceagishgeetion issceuplesiwith ope end of
ace ar t i _ : : i - _

D62 3o i WBef S Sl L 2l i sl
| | i ati - i .

< Gl gepvBLy SFEERErbhTrSE St B ebiplecuR SaRT b,

in the structure of said ring. 22. The device

according to claim12 , wherein said aspect ratio at
15_zgrimb_rgjmgmia@m’dh“fg dor dlairon 14s wheraianthearatjo shetween the
. e device according to.claim]2 erein.saij .
< epgihaot e radi@ seetpyrand sbe TeRatiat s UL is ShRstangaly
chﬁ§g1;2, wherein said ring, said ring, said plurality
of rings, said central support, said at |east one
capacitive actuator, said at |east one capacitive

sensor and said at |east one |atching device are nade
16.0fTisé | devioe a&cortiveg devtladmad@oruheteinothe aatio1bgtween the

wherein said novable frame noves t.q said op t,i_n
cdhickpesstefdhel spring &H@%Mgﬁwfﬁ%%aaﬁﬂfm Sl
applied thereto.26. The device according to claim12,
wherei n said novabl e frane

17. The device according to claim 12, wherein another capacitive sensor,
coupled with said substrate and capacitively coupled with said ring,
for sensing the elliptic mode vibration of said ring, said other
capacitive sensor is placed opposite said at least one capacitive

actuator.

18. The device according to claim 12, wherein another capacitive sensor,
coupled with another movable frame and capacitively coupled with
said ring, for sensing the elliptic mode vibration of said ring, said
other capacitive sensor is placed opposite said at least one capacitive
actuator, said other movable frame Ilatches from another

manufacturing configuration to another operating configuration.

19. The device according to claim 12, wherein another capacitive
actuator, coupled with said substrate and capacitively coupled with
said ring is place opposite said at least one capacitive sensor for

nuiling the radial vibration of said node locations.
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noves to said operating configuration according to an
el ectrical force applied thereto. 27. The device

wWaec@sneki3py) to claim 12, wherein said novabl e fPEIBE.2008/000190

20.

21

22.

23.

24.

25.

noves to said operating configuration in response to a

neyRetdevider according 4d thameti®, RBerdine saidiather capacitive
according to claim12, wherein said device further

| actuatos Sﬂhsg%fkﬁaib' rapdbnnehs said sadial ivilyatiang ofosalg) ROde
e, B ARS8 ot I oy
| ; . ! . _

s, G40 SR ReEhanapeaskigectrEl ing

| @Flsing@sRE R8I GBYiDNS | fodes exurtdcan said rirerkilen said ring
spring coupled with said substrate; at |east one frame |
s@lliptmallyovildratessiard ssdid deviesl cofatase saidl electic pece is

substrate for exerting ,a forc site to the .
e eco ACHBEAB B then adiapyIBREOR, Sersed A, saif at least
Ld. I rame | atches to said operating

2gﬁ#?§%¢§9ﬂ§§%%@§9g at | east one displacing el enent
di spl aces said at |east one |ocking spring, said at
| east one | ocking spring slides into said at |east one

| ohé devicavacgordirentaclaimeti2 ; Wheesinteh plurabityedfy)compensating

securing said ble f t [
calecigades. nguglg\élawitﬁ se{ig ns%b%trasfg Iaor|1do ggbgéilti(}gly coupled with

said ring, said plurality of compensating electrode are place around
the perimeter of said ring, said compensating electrodes apply an
electric force on said ring for compensating deviations in the motion
of said ring, said deviations being due to imperfections in the

structure of said ring.

The device according to claim 12, wherein said aspect ratio at said

operating configuration is substantially 50:1.

The device according to claim 12, wherein said substrate is made of

Pyrex

The device according to claim 12, wherein said ring, said ring, said
plurality of springs, said central support, said at least one capacitive
actuator, said at least one capacitive sensor and said at least one

latching device are made of silicon.

The device according to claim 12, wherein said movable frame
moves to said operating configuration in response to a mechanical

force applied thereto.
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3 1. The device according to claim 28, wherein said
| ocki ng mechanismis the friction between said novabl e
wo c@m®mIsntl sai d substrate. 32. The devi ce accorBCTIL20a8/000190
claim 28, wherein said | ocking mechanismis a magnetic
| ocki ng mechani sm 33. The device according to claim
28, wherein said | ocking nmechanismis an electric
261 obRe ngewisen ascondinga to Aclaimnde. r whergifusad umnaygble frame

vi br at or r,0scopi.c_devi.c rising.t o
of MouESHb Y et g SaunfeuG Y d<kcbinic fo, B RGBEHICE force
sl ab. LihNg a layer of netal onto said cavity;
at?g%mgﬁgﬂ%%#%brication material slab to said Y
substrate slab; creating chrom umgold pads onto said
fabrication slab; and etching a ring, a plurality of

271 i The, davicentacgordingpdet claim [1@aswhefieinc ss@i mayable frame
actuat or,, at, | east, one capacitive sensor apd at

o oBaveedl SRR ARG CorRREaion TniesiShsS I adhapfiafit force
StS%Rglﬂaed rﬁ];éﬁé%i_ according to claim 34, wherein said
e

g a ring shaped cavity includes the
sub- procedures of depositing a pattern defining |ayer
onto said substrate slab, said pattern defining |ayer
28deTheeslevice dasdardingpalot eniairmﬂgaiwheegjer said n@ewce further

and et chi ng, oyt. of i d b t . [
t hid Q%,qglg(g?mgiW%ahgpiﬁjmsgorrasgcﬁnﬁg saeﬁa%%'v%%let Yrame at

said operating configuration.

29. The device according to claim 28, wherein said movable frame

includes a locking cavity and a displacing element.

30. The device according to claim 29 wherein said locking mechanism

includes:

at least one locking spring coupled with said substrate;

at least one frame spring, coupled with said movable frame and
with said substrate for exerting a force opposite to the direction of
motion of said movable frame,

wherein, when said movable frame latches to said operating
configuration, said at least one displacing element displaces said at
least one locking spring, said at least one locking spring slides into
said at least one locking cavity when aligned therewith, thereby,

securing said movable frame at said operating configuration.

31. The device according to claim 28, wherein said locking mechanism is

the friction between said movable frame and said substrate.
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36. The nethod according to claim35, wherein said
etching further includes etching out said cavity from

W@ 200d/0323B35t rat e sl ab usi ng Reactive |on Etchi npCT/B2008/000190
The nmet hod according to claim 34, wherein said

32dedbsi devigeaacaydingoto okl 28 nwhedein sdid locking mechanism is
sub- procedures .of : deppositing a pattern defining |ayer
onlad?@gn@%gLﬁ%‘glilpgtr@e@ﬁﬁlsné-ai d pattern defining |ayer
defines the desired pattern of said |ayer of netal;
depositing a |l ayer of nmetal onto said substrate and

339n%e5@éﬁcééﬁdc@raild§9fd aiamrgl islywrlégéiﬂdséiﬂfléblﬂﬁg%@chanism is

pattern defining | ayer and neta eposi ted théreon,

t hanedigctrizalockingamemanish. et al only on desired
| ocati on on said substrate slab. 38. The net hod
according to claim37, wherein said netal is deposited

on ont i . [ ttern defining .. .
34,0 £SMeR 88 e RIS REhEirti Bl AoBE ofraRideit Meldd fbibrising
ontKe g?ééedlﬂ‘ek%ff‘ defining layer. 39. The nethod
according to claim 37, wherein said netal is selected
f rom t eiching @oring shiapicidhcavity intdeosibstratei glabj um
tantal um and i )
depositing a layer of metal onto said cavity;
attaching a fabrication material slab to said substrate slab;
creating chromium-gold pads onto said fabrication slab; and
etching a ring, a plurality of rings, a central support, at least one
capacitive actuator, at least one capacitive sensor and at least one

latching assembly from said fabrication material.

35. The method according to claim 34, wherein said etching a ring
shaped cavity includes the sub-procedures of
depositing a pattern defining layer onto said substrate slab, said
pattern defining layer defines the desired pattern of said layer of
metal; and
etching out of said substrate slab according to the pattern
defining layer.

36. The method according to claim 35, wherein said etching further
includes etching out said cavity from said substrate slab using
Reactive lon Etching.

37. The method according to claim 34, wherein said depositing a layer of

metal includes the sub-procedures of:
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plati num 40. The nethod according to claim 34,

wherein said fabrication material slab is attached to
wa@200d/033bst rate sl ab by anodi cal |y bondi ng sai BCT/IL2008/000190

fabrication material slab to said substrate slab. 4 1.

The ngfelpoditiner anptittegntdefiring hayer omfves @idrs estrate slab, said

procedure of creating chromumgold includes the,

s piatiero cdeiiniag dﬁyerdgﬁﬁsesiﬁh@ esitedepattesn i of ggid dgwer of

onto said fabrication material slab, said pattern

déRetdling 1 ayer defines the desired pattern of said

chrom ' de it | r ; .
ont o SRl B SR gt Do SR sBpsaleFindTon® aid
f?gﬂé}ﬁtd@i’hiﬁ@l]@fé@bhdand lifting off pattern defining

| ayer and chrom’um gol d deposited thereon, thereb

| eavi fiftireg | aff qrattérnc detiningniayerd andl ynetal digpasiied thereon,

| ocation on said fabrication material  sl.ab, 42,

. Th .
mibaErbyadedvingng layes @l metal onfyerRidesited) location “on said

chr om, u d is deposited onto said pattern defining

I z’ﬁ’“&s‘rﬁ%% ‘0 said fabrication material slab by

evaporating said chromumgold onto said pattern

defining layer and onto said fabrication materi al )
38.sI e mMathothacoetding tacclairdi 319, wiheceiai saigh matakisdeposited

sai d procedure of etching said ring, said plyrality of
riqusqnt%is(@ld;ewb%hra%pﬁmth@aiS@ICgtpa“z%@’t %‘%%““9 tayer by

g Z%\Zq(ﬁotrigﬁ ﬁg ?sfﬁtia %g{% h$ﬂg %@s&ﬁﬁi&q@ Lq%&g 2%1‘@ ir%éti’eern defining

squgﬁocedures of :

39. The method according to claim 37, wherein said metal is selected
from the group consisting of:
chromium;
titanium;
tantalum; and

platinum.

40. The method according to claim 34, wherein said fabrication material
slab is attached to said substrate slab by anodically bonding said

fabrication material slab to said substrate slab.

41. The method according to claim 34, wherein said procedure of
creating chromium-gold includes the sub-procedures of:

depositing a pattern defining layer onto said fabrication material

slab, said pattern defining layer defines the desired pattern of said

chromium-gold pads;
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evaporating a layer of silicon oxide onto said
fabrication material; depositing a pattern defining

wo 20081090308 0 said silicon oxide; etching said sPCT/T®008/000190

oxi de according to the pattern defined by said pattern
def i nidepdsitirey a neredtc shramianeydidbomnteasaich patiesn i defining
accordia& to the sane pattern etched in said silicon
olayry. a

o EtBHTh gt 45atierfc ORI tadert PR St iogs téBosited
g‘ggg@%s gﬁe&?%é‘%gfd o }a"g%r%f %hﬁémimhcgg@, BRiy1@nDaeBired
cligtatid onvdxid €abrisaiioh sndieriahslls! ab is a Pyrex

sl ab47. The nethod according to claim 34, wherein said

fabrication material slab is a silicon slab. 48.
Lat.chin

onfp saifalyicaliromatadak @nd ai m 43, wherein

chin e met hod according'to

1 S0 s SN Rer 0 1 SibeBlio L Brdiihygold i

44,

45.

46.

as . I y L a' - . . .
 SRHERHEEPRES S Rt agfinigTIeier carid fontg, said fabrication
50nadéridiagiaby by yevsseraitingd exidc eheormiurdi-galdt ontngaid pattern
claims 12-33 substantially as described herei nabove. 5
1.defiringdaysr ayd entosaid frlwicaiicica@teriagsiab. any of

clains 12-33 substantially as illustrated in any of

t he draw ngs.

43.

The method according to claim 34, wherein said procedure of etching
said ring, said plurality of rings, said central support, said at least one
capacitive actuator, said at least one capacitive sensor and said
latching assembly includes the sub-procedures of:
evaporating a layer of silicon oxide onto said fabrication material;
depositing a pattern defining layer onto said silicon oxide;
etching said silicon oxide according to the pattern defined by
said pattern defining layer; and
etching said fabrication material according to the same pattern

etched in said silicon oxide.

The method according to claim 43, wherein said layer of silicon oxide

is etched using Reactive lon Etching.

The method according to claim 43, wherein said fabrication material

is etched using Deep Reactive lon Etching.

The method according to claim 34, wherein said substrate slab is a

Pyrex slab

-37-



10

15

20

52. Method for manufacturing a vibratory gyroscopic

devi ce according to any of clains 34-47 substantially
W@2008636p3 bed herei nabove. 53. Method for manuPETIL2OSNY0190

a vibratory gyroscopi c device according to any of

47 CI'BhdrenSthodi7asetelieg tto adlaim &3t iwheminasaid fabrigationfmaterial
t he draw ngs.

slab is a silicon slab.

48. Latching assembly according to any of claims 1-11 substantially as

described hereinabove.

49. Latching assembly according to any of claims 1-11 substantially as
illustrated in any of the drawings.

50. Vibratory gyroscopic device according to any of claims 12-33
substantially as described hereinabove.

51. Vibratory gyroscopic device according to any of claims 12-33

substantially as illustrated in any of the drawings.

52. Method for manufacturing a vibratory gyroscopic device according to
any of claims 34-47 substantially as described hereinabove.

53. Method for manufacturing a vibratory gyroscopic device according to

any of claims 34-47 substantially as illustrated in any of the drawings.

-38-



