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VIBRATORY GYROSCOPIC DEVICE FOR DETERMINING ANGULAR
VELOCITY FIELD OF THE DISCLOSED TECHNIQUE 5The disclosed
technique relates to rotational sensors in general, and to vibrg&glrx

2008/(99395 . 2008/000190
\5 réscopic devices, and methods for manufacturing thereof, Iin pahlcu?ar. ,

BACKGROUND %Eégaw%%§ THWQYE ApRetermining the
angular rotation rate of a rofating body pla ‘Important role in

navigation gui I e Far examnle,.i rtial
Navigation sﬁé@%ﬁ%&%@%ﬁﬁ%@ é‘l‘éeégrg lar
accelerations of a vehicle and, thus, the angular orientations thereof.
Determining the angular rotation rate may further allow, for example, 15
determining the linear acceleration of a wheeled vehicle (e.g., by attaching
an angular velo&itFE&h&8r ot %L@SE@EE@%N@Q oves on a
rotating body, toward or away from the axis of rotation, a force is exerted
perpendiclite tishlogiddechnitmetisleiThitdomieiorabaprgstadn general,
Coriolis force. The magnitude of the 20 Coriolis force is proportional to the
amgutar rdtatidnvatgyobiwpidydatiosstheadgarathadsoffitatisn@iesturing
angular velocity) can be determined by measuring the Coriolis force.
thereof, in particular.

BACKGROUND OF THE DISCLOSED TECHNIQUE

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 wheeied 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

reasuring the Coriolis force.
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A vibratory gyroscope is a device for determining the angular rotation rate
of a body by measuring the Coriolis force. A vibratory gyroscope includes
%‘/%Ianar rip_ﬁ]suspended by beams coupled with a central supp&rg boy
su

a
2008109935 : L : P08 0190
Strate. These beams function as springs in 5 any ring-plané (i.€

lateral) d"%tk%rgi%‘t‘g’ g}ﬁd&%b"eﬂ%e 0 ps@latgdp %%ﬁgﬂp@@%he angular

direction. It is noted that the ring may oscillate in out

Ayeshans ag el 5'%%?@%% ﬁi{%'swe{?osrfg!ﬂgi%sjégqueﬁcﬁ%ratow

are substantially high plane ation frequency. Reference

' lgure ' 1 Figure .10 1C, which are .
RS T e B S SRS R i BRI it =
which is known in the art. Vibratory gyrascope 10 includes a.ring 14, a . .
SR, SR8 o bR Supr e 1. et Bt 1osisRngs in
integral part of a substrate 12. Beams 16._couple ring, 14 to central support
TV e Bla el Sh AECChaPled G vl eP 18 14510 CaRUAte i
sugaport 18E thus, rin%14 anéi beams 1&@3%3 suspended above substrate
FRRLGARNATR FIgGFRI2B. BbdmIwfiieabie SpanGan agaiiaitaie out of
direction, represented by arrows 52. Consequently, ring 14 is freeto
BReRRR AriPRien dircttieh repfayeNRd BieaRbive Nttty oscillation
yroscope 10 further includes capacitive actuators 20, zo 28, 36 and 44,
gﬁ&%%Bﬁ@?y%%h%Fé‘si‘i!?@iimbfﬁhﬁm@aﬁibﬁdﬁﬁx@WB@@@@ﬁ’v%éeﬂcy
and 44 and capacity sensors 24, 32, 40 and 48 are capacitively coupled
with ring 1R eBeiepads pevwneatle da Fgune s dad snieel Bbaprédonigure
capacitive actuators 20, 28, 36 and 44, capacity sensors 24, 32, 40 and
A8, redpebiives anasnvatiexilusiiaioutrgirotdhmain)y Gapasitivee generally
actuators 20 and 36 are placed opposite each other on an axis that
feiesenchrbidh Whidensekubwngn 4h € apaciilzratinagyso28epel 48 meludes
placed on an axis that passes through the center of ring 14 5 and that is
perjgndidular tolthaldyiobflvaparitivé astthtarcafiemd Sheapakdty Ceniral
sensors 24, 32, 40 and 48 are placed in a similar way to capacitive
sepiord 205 28, dttegdilpatthufugls theiaxts 0P cabasityssdBsotsigih Bag 14
40 and 48 are at a forty five degree angle relative to the axes of the
tapaaitiet suppaidrd 20,12& Boatiat 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

2.
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loln operation, capacitive actuators 20, 28, 36 and 44 are pulsed at the
resonant frequency of ring 14. Capacitive actuators 20 and 36 are pulsed

i with each other. Capacitive actuators 28 and 44 are pulsed in
p{ikggg%??tyéségch other and out of phase with capacitive actuatég)(%rlﬁ%ﬁgﬁi 00190

gén&%%ﬂ%'vzza“aﬂa%fi%@g@e%gg; ggéf; HHCdrERiS 19498 } dnot

etwéen eath of capacitive actuators nd 44 and ring 14. Thus,

Ui viviales e Aeaion of ey e3at.pe, A8.a00 dndRiR B Brher

e referréd to hereinafter as "elliptic mode Vi e na

frequenc the elliptic mode vibrations will be referred ta hereinafter as
Ao 2o T EUalb e e Heten I, et 30 bl L ors
e elliptic mode vibration, the ring is said to "elljptically vibrate". When no
e BRI AT PSP ot hOE (16 Crvtag! TG 14
elliptically vibrates), four nodes 52, 54, 56, and 58 _are formed on tjéu
BRA a5 PREPEACIGHIRBAPUE e B SARA e SIS ; A1 32.
noted that capacity sensors 24, 32, 40 and 48 are placed in proximity to
hetests, SR Andu2 Srs bR, 48 A HIAGRE rivy, Foaieda way o
Coriolis force acts on ring 14. Consequently, nodes 52, 54, 56, and 58 )
cadgianiivibracduaiarsadiMitd8e SHrapdrithafit eomiEh6r BEeoR apmpacity
the capacitance between the ring and capacity sensors 24, 32, 40 and 48
shnpgEs Acdiintlyachgttiaie séastspiver degianl aslersdatiye to the
change in capacitance. According to this change in capacitance, it is
pussiblciie deeatilitethciCalisisHor &8, it Mradetthe rate of rotation of
ring 14. 10U.S. Patent 5,226,231, to Varnham et al, entitled "Vibrating
Planar Gyin"pgiecaton axlaciivg plahstcirg 20h8sp-Bkeandictdrare pulsed
suspended in space by a suitable support mount for detecting turning rate,
hbéae accelrpatidreane aoy Wariaged eratiepdaitvie @rteisge dfedny 36 are
detecting vibrations coupled by Coriolis forces. The linear acceleration 15

pOkde ianphlas@catlteratioh astheensabbybitenal acuaialran@doskhgld are
movement of the entire ring or hoop-like structure, within the mount

thaseel il hesesonittoefich, dhiscyibratingistiphuekisvthmegatitveemttuators
plate and lies between an upper plate and a lower plate. The resonator is

faynaed da sigblesaplienahsush atglesfisiiconmd ahagzawassirisheete 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 fo
hereinafter as "elliptic mode frequency”. Furthermore, hereinafier, when
the ring is in the elliptic mode vibration, the ring is said to "ellipticaily
vibrate". When no other forces, other than the eiectric 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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20 The upper and the lower plates may be formed of glass, quartz or
fused silica. Two sets of transducers are located above and below

Lajeorzems)o (3%3% respectively. Each transducer includes two sets of 081000190
CORCaRtrc “4- electrode strips, one set located on the upper SribWeé

91%‘ﬁ?ﬁ%@dﬁﬁé?é%%‘&fy%%&@@f 85t '&62%%91 gggitgfeusi%%fe%f iW‘ﬁfF&ximity

plates. Each transducerproduces an output signal whichis representative

%tHS ﬁg%%c%ge £n dtﬁéeaj%g?é\é%\?& of the electrode strips. Two 5

transducers éxcite the reson t’a reSdnate frequency along a
determine imary,axis in the plane of the.resopator. The output of the
transducerqé{eg{??gs )é&r}\elngfggtioﬁ%a%&e%rgﬁgﬂ it t{ﬁfrﬁﬁg %gg on 1, 14.

Patent 5,450,751, tq Putty et al., entitled "Microstruycture for Vibratory
AR C BB SRS A Pl FEdor RN, UPIBE et Bl
variety sensing rqtation about an axis. Eight, equally distributed _
%Hﬁg@%?io%éﬂ%ﬁéﬁ%d’&%%@& A GIHANGCPeGRisRs the ring
coupled to a silicon substrate base. The spokes and the rings are free
ﬁﬁPFﬁﬁ@%wﬁy%‘rﬁ%%ﬁséﬁA‘mﬁm 6haﬁ9@se%@ﬁa~:3m@évsn@%amtwe
disposed 15 symmetrically around the outer perimeter of the ring and
SGaeert #oré. 4hansdfyeanss Brisrdaeaicenrciresadduatsling to
drive and detection of a resonant standing wave pattern in the ring. The
Basenanasstinanasipembiidatee saiblaricag eienariortifsirtagielisdiorce,
circuit, a portion of which may be ohmically coupled to the microstructures

\BaGReossdtberriang aotaiisicesf ring 14.
U.S. Patent 5,226,231, to Varnham et al, entitled "Vibrating

Planar Gyro", directs fo a vibrating planar ring or hoop-like 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
pi‘ate 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 {wo sets of concentric

A
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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.

W§&%M%&%¥’ the natural (i.e., the resonant) frequency of thepr#zwltsz 08/0 PM% :
ecrease the

, yielding increased sensitivity of the ring. However, natura

HRAYRNRY QiR riogshouid By et rlowouigiRiane RaldAlsurface of the

frequencies and above the frequencies of external vibrations (e.g., the

vuaions O%ﬁmgd‘rﬁ'éif'gé‘%’@r{?&ﬁ?@&s&w fﬁ&ﬂgﬁ%%@@@@&%%% iclekach

5’In"the publication to Putty et al., the microstructure (i.e., the Ting and the
B o A Rl SRR P RS RETEE the
I ickel i tof ick i . Wh h
s e Rt aTon BB o m R e o R e slifan | Two
%eest nding. U.S, Patent 6,282,958, to Fell et al., ent{tle "Angular Ra}e
S e LN e L e

bout at least one axis. The ular rate sor to Fell et al_jncludes a
FNERLOTE 2 Vi 1o IORiRIAER: B LiR RS ALl 1o A5 BHDY Of the
beams, a boss and a base. The boss is coupled with the base. The

HenpRSEH D S BE AR ROGHEMOTRGRITRIRN AP BB Falf that the
U.S. Patent 5,450,751, to Putly et al., entitled "Microstructure for

Vibratory Gyroscope™, directs to a microstructure for a vibratory gyroscope
of the variety sensing rotation about an axis. kight, equally disinbuted
semicircular or "S" shaped spokes couple a ring 10 a hub. 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 adeqguate drive and detection
of a resonant standing wave pattern in the ring. The Base may also
includes prefabricated circuitry as a monolithic integrated circuit, a portion
of which may be ohmically coupled to the microsiruciures via exposed
metallization sites.

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

5.
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ring resonator structure is spaced from the boss and the base. The
angular rate sensor further includes electrostatic drive means for causing

t eres0 09z;lt:%r;to vibrate at cos(20) carrier mode, and electrostatic sengig? 0190
20 Means ?o‘r‘sensing movement of the resonator. When the Sen<oris '

’ é?:‘i%%@E%&;I%FQE%gﬂﬁ:rﬁ_%@&%@ﬁ%ﬁﬁﬂg%ﬁﬁé‘ﬁ .%Eqs\féﬁr{ﬂ@ﬁamraz

mode wi plitude and it is directly proportional to the applied rotation

a8 A ST o B S T
Pl aLel . e gl gl g et
b§ ee% tﬁe outer perlpﬁeﬁ) of

_ TS B 0 e
AT T TR (i M

In the publication to Putty et al., the microstructure (i.e., the ring
and the spokes) is formed by constructing a mold from polyimide on a
passivation layer made of silicon nitride of oxide. When the mold is in
place, a barrelt sulfamate nickel process is used io form a nickel
microstructure. When the mold and the passivation layer are removed,
the microstruciure is left freestanding.

U.S. Patent 6,282,858, to Fell et al., eniitled "Angular Rate
Sensor”, directs to an angular rate sensor suitable for sensing motion
about at least one axis. The anguiar 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 structurekwith the boss, so that the
fing 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
rofated 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).

B-
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U.S. Patent 6,471,883, to Fell et al., entitled "Method of Manufacturing a
Vibrating Structure Gyroscope”, directs to a method of manufacturing a

%gg&%ggggure gyroscope having a silicon substantially plaﬁgﬁ/t{m 8/000190
vibrating structure and capacitive means for io imparting drive motion tfo,

and sensing¢ReHIRG e EWEAINEEICHY F diNRSHICOIUINGf the [ateral

structure includes a substantially planar ring resonator, support legs and a

SRRUA, T ﬁ?e%%%%ﬂ&ﬂ%%@'%%@é@\%‘é’ﬁ ‘ﬁﬂ% H’aﬁﬁ%ﬁ@ﬁ#@ of the

The hub is coupled with a plate like glass or silicon substrate.

P BB ik AR R e S Bl Ren 10:1

peEs PIGNG Hve s o R A [N (BHS 100 ang tne

resonator and capacitve sensing means tor sensing an PICKING O

tion of the ring respnator. The method according to the publication to
mle%lcgitoa .{?ﬁ\%ﬁ%zgeéﬁsthe steps of: depositing a first layer of photoresist

?xe;atggi?\lgosgl’g“?exg %L{%%ﬁegfﬁge‘?s%% tfr;!ilé? ?n%{tfg'chn E‘i@@&tgﬁ% od of
f s there et b
e e T St g cbrasaa i hefod of

cavitated supstrate. Attaching a Iay{er of silicon to the cavitated substrate.
BEBBERRYENSyefof AidhaRTM oRHEWiFacB)BPifOBficon®yal a silicon

Depositing a second layer of photoresist material on to the outermost

Eandeihe HianmudingyiRbtesfdeieB e andosanagitive means for

imparting drive motion 1o, and sensing motion of the vibrating structure.
The silicon vibrating structure includes a substantially planar ring
ii'esonator, suppor_t legs and a central hub. The support legs couple the
resonator with the central hub. The hub is coup[ed 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 capaéitive 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 ontoc one
surface of the plate like glass or silicon substrate and exposing selected
areas of the substrate. Eiching the exposed areas of the substrate to form
cavities therein and stripping the remaining first layer photoresist material

7
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5 and exposing selected areas of the aluminum layer. Etching said
exposed areas of the aluminum layer to leave on the silicon layer regions
aluminum Qroviding bond pads for grounding the screen layer, bond

of
W 2008/09539 . . " ;
pads }o ming connection points for the capacitive drive and se%g 2008/0600156

. ~apa Al tantial
B
@ﬂﬁf?ét%vtoigﬁegﬁgm% Igy%é%\{,egfh&& ! %H%%%Sg%?fslé’él fIJr g{ﬁn%nsd'iicen

layer regions exposing selected areas of the siliconlayer.

deBre=e S L PRTSORRE A SR o e

means, and electrically 15 isglating each of the capacitive drive and,.
S SRSl b A e o B aaeh B Besticon layer
anoéher. WO 2008/099395PCTI]I,2008/000190 = SUMMARY OF THE
PRE SERAEHIBETELRD FRBHRI NG M EME Tof BiefPRgsAId exposed
invention seek to provide a novel vibratory gyroscopic device anda
AERASA For FanAEHIRAY tHarebrien B dancahsinsibrerdpyer oreions of
invention, there is thus 5 provided a latching assembly for decreasing the
KAPBUIHTopENiiBr hend 4l fes o aming ihg Peaeabrigyss, bond pads
yroscopic device. The device includes a substrate, the ring, at least one
apaEe, E UGG ARG B sl becconsaditie ddveand sensilgupparns, and
and a plurality of support springs. The central support has a diameter
Sraafepaskh ivie airsitinat opneatignTinctbensiicetuppdbstsviapiegiaitar ring
said the substrate. The support springs are coupled with the central
sijppdinadructiitae Beporiéngt detiirdiay eapdgitivdaresiatanistedaptatto the
with the substrate and capacitively coupled with said the ring. The at least
siiscapkitveaetudite appliesiayodeiiatitgcledircifance ysaidifiens and
ring. The frequency of the oscillating 15 electric force is the elliptic mode
frEposigy stkaitbthereg. FhiheaphiciivéssensoPrkapaniyvhepoerietlve ion
with the ring. The capacitive sensor senses the changes in capacitance
ettisendhéheng@ud sdiddlrideasianerciensitiversenger 13 erm, from the
assembly includes a movable frame. The movable frame is coupled with
tibocapdajive sersarajistivevapieirame latahss@Ofeaa MantfaguttAgally

configuration to an operating configuration, in response to a force applied
ibetatngTbadtspeeh satiRRIIMRO NaNasHd 188nsing means, screen layer and

ring vibrating structure from one another.
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%HJ;%B?QM is lower than the aspect ratio at the operating eomnfigeretiorn.19e
wholligagion is I 0 at h _ _
n accordance with another aspect of the invention, there is thus provided

a vibra{gRfiAeeEapic TRIECE RS RTaRIS QOSBRI CdEvdbIMIRkes a

substrate, a central support, a ring a plurality of supporting springs, at

Liisﬁ?g? aﬁ%ﬁg\é‘? gctuator, at least ane 3 ¢aRRGIINE Sepsanaidiary gyroscopic
V .

he central support is coupled with the substrate. The ring
has an inner

iameter lar ; jameter of said central support.
deyics B‘ﬂ?éﬁ?ﬁt Pd’?‘ér manu%&&%@ Ihedia

of supporting springs are coupled with the central support
and with the ring. The at least one capa_citive_actuator.i‘st Ssupled with said
substratecand! zegrawitvelecsapted Wit B4 iy H1He St 18ast one
capacitive sensor is capacitively coupled wi id.ring, The mavaPiewean a
m@aﬁi@ds%Aﬁ%ﬁé&mﬁ%ﬁﬁ&‘@lﬁ%ﬁhﬁ%ﬁ%@ﬁﬁ?& Iegst one capacitive

actuator applies an oscillating electric force on said.ring. qyenc .
capre BYEIRRTBASIERACSIRE i Re"EMlB %%ggé%goéﬂg dAfE R ice

guiency of said ring. _
The at least one capacitive sensor, senses 15 the chan i tanGe st
robides s BTGP B bRt GRS CADR B SN Ler - THe movabia oo
frame latches from a manufacturing configuration fo an operatin _—
onertigueative W@@Wﬁ@b%@@ﬁ&@&‘%@@?ﬁ%ﬁ Qipﬁé’i 1t At 1S
the manufacturing configuration is lower than the as ec%atio %é}}hef he rin
Toperatingbenfigurdtions 2ipiaEssRiaHaEtRh BaTHE LPRE'S He g
invention, there is thus provided a method for manufacturing a vﬁg ator

Tor assatyial dewfmpohis neaketehcide ssREpibEe RS H Eching'a part
shaped

springs are coupled with the central support aﬁd with the ring. The at least
one capacitive actuator Is coupled with the substrate and capaciiively
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
elactric force is the elliptic mode frequency of said the ring. The capacitive
sensor is capacitively coupled with the ring. The capacilive 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 configuraiion 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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cavity into a substrate slab, depositing a layer of metal onto said cavity
J\% an’d att%g_hmg a fabrication material slab to said substrate sIabe The }98/000190
met‘%od‘ ?urt%er includes the procedures of creating chromium- goﬂ 5gd

onto said fabrication slab and etching a ring, a plurality of rings, a central
support alaserdapceap s ARRhsERIREH AitlsastsnecBapacitive sensor 5

i rodR b PR S b LA B b TRE Ty vioratory

Dg%'?‘c\a/gcoplc device includes a subsirate, a central support, a ring a plurality

of supporiing springs, at least one capacilive aciuator, af least one
capacitive sensor and a movable frame. The ceniral support is coupled
with the substraie. The ring has an inner diameter larger than the
diameter of said ceniral support. The plurality of supporiing springs are
coupled with the ceniral supporl and with the ring. The al leasi one
capacitive actuator is coupled with said subsirate and capacitively coupled
with said ring. The at least one capacitive sensor is capacitively coupled
with said ring. The movable frame is coupled with said capacitive Sensor.
The ét least one capacitive actuator applies an oscillaiing eleciric force on
said ring. The frequency of said oscillating electric force is the elliptic
mode frequency of said ring. The at least one capaciiive sensor,‘ sSenses
the changes in capacitance between the ring and the at least one
capacifive sensor.  The movable frame laiches from a manufacturing
configuration fo an operating configuration, in response o 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 invention,

there is thus provided a method for manufacturing a vibratory gyroscopic
device. The method includes the procedures of eiching a ring shaped
cavity into a substrate slab, depositing a layer of metal onto said cavity

=10-



The disclosed technique will be understood and appreciated more fully
from the following detailed description taken in conjunction with the
drawinas in which: 5Figure 1A, Figure 1B and Figure 1C, are schemati

I C
illu&PAeHY oA vibratory gyroscope generally referenced 10, whichigo0s/006190

kngyp ‘&t@@ﬁﬁ% 3 fabﬁ&%‘ﬂ{c? 2 IS ) 1‘10%88“?&"E%‘i@“g{}bgt?a’{éb%%%y The

gyroscopic aevice, generally reterenc , constructed and operative in

U R R o e e Rt S pacs
S A BB, B S e PARGIRE b 1B, 3 central

schematic illustration of a close up look on a section of vibratory
gyToRElc BEVRESIENE capgigiire BLMANL ﬁ?g?ﬁ@%ls‘?ﬁ?e top A€ grensor
latching assembly generally referenced 250, in a vibratory gyroscopic
d&ﬂ%?iﬁ%&ﬁ%]ﬂﬁ@ﬁﬁ&?@%ﬁ@ﬁﬁ@iﬁ ohsaiiogwieral
technique; 20Figure 4, is a schematic illustrations of a method for
manufacturing a vibratory gyro in accordance with a further embodiment

of the disclosed technique; and

-11-
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Figures 5A, 58, 5C, 50 and 5E are side views of the manufacturing stages
of a vibratory gyroscope generally referenced 320. DETAILED

%Sﬁ%}@ﬂﬁ%N QF THE EMBODIMENTS The dlsc_:lqsed te%gg)&%(ﬁaesmoowo
overcomes the disadvantages of the prior art by providing a vibratory

gyroscopic devj iRiRgreN hatign f jegt, and a

method for mar% J&%ﬁgﬁ%ﬁl device. %corfﬁ% %ﬁ“ {Wé Isclosed

technique lurality of supparting springs,couple a ring with a centr . '
8 cf;sc;?é)sea ?@c(ﬂwmc%eo Wl b% .Qndafi:a S.t%ﬂ LA ﬁér%ecaated

support. The supporting springs are arranged in pairs. The stuppo

springs jn each pair of springs exhibit pilateral symmetry (i.e., . . .
B L S i B 5 A L8 e TR L LSSl kg gg with
haracteristics of the ring (e.g., resonant frequency, io response to
%V‘?gﬁ%%@%%f@)‘fw idf5ed by asymmetries in the structure of the ring, are
reduced . Consequently, the elliptic mode resonant frequency of the ring is
closer to theB¥iBtim W@s&%ﬁf’ﬁe@@é‘ﬁ%ﬁgf aHf SRR Buskations
ring that is not mechanically supported). Each of the supporting springs is
FeReANAIOMOYRARROPE LR Y TafRHETegOf H18VBiRtb kg Aphing the
is coupled with a central support. A stub, extending perpendicular to the
@ther 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).
Furthermdrigihe fioidetedheting heightaisaiiane Gpanyiattehy widopeppic
the spring is high (e.g., substantially 100:15). 20 Consequently, the effect
dethees pings dllytrefsesonadt oty warsirotied dAmglispedativd.in accordance
Increasing the ratio between the height of the ring, and the height of each
witthecapabitiiersattsol fh¢odiseidistahtcbrtgesn the ring

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 mode;

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

Figure 3A and to Figure 3B, are fop 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 technigue; and

Ny



and the capacitive sensors, increases the capacitance between the ring
and each of the capacitive sensors. Thus, the sensitivity of the capacitive

sSensars is al(s_”o increased. The ratio between the height of the ring and the
h&RAt S thé Capacitive sensor, to the distance between the rif§ XH 0190

capacitive rs, Wil be.referred t @lerein fter.as "aspect ratio.".
According ﬁéﬁgeésgé%e?%chﬁgu& e %e atfy & sﬂggtam%\ﬁﬁ 58.}:1 the
In order to achieve the desired aspect ratio, each capacitive sensor is
AR AE Tt 2 GGG P HREALY FilfT anosd 320.
manufacturing configuration to an operating configuration, in response to
lo a force applied thereto. A locking mechanism may secure the movable
frame at the operating configuration. At the operating configuration, 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
15 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 20
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).
The method of manufacturing will be discussed in conjunction with Figure
4. Reference is now made to Figure 2A is a schematic illustration of a
vibratory gyroscopic device, generally referenced 100, constructed 5 and
operative in accordance with an embodiment of the disclosed technique.
Device 100 includes a substrate 112, a ring 114, eight pairs of supporting
springs 116 and a central support 118. Device 100 further includes
capacitive actuators 146 and 142, capacitive sensor 126 and 130,
compensating electrodes 134, 136, 138 and 140, grounded electrodes

-13-
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10120, 124, 128, 132, 144, 148, 150 and 152, and a plurality of bond pads
such as bond pad 122. The eight pairs of supporting springs 116

le rj 14 with central support 118. A bond pad, such as bond pad
ﬁ%g@%%?esébextemal circuitry (not shown) with each of capacll)tlg\}eﬂm%wmmm

actuators 1(¢-giag) 143, A Senac

%65

eive Saﬁng
electrodes 134, 136, 138 and 140, a%gQF g@fﬁfﬁ%@é%ﬁgﬁ%%?%é
128, 132, 144 . It IS at the springs,of each pair
of supporii Snc T, B B St e b SRR Hr the
other. Thus, as explained above, the elliptic mode resonant frequency of
BT o o BP0 YR oo g R, HEv i dy of 2 gt the
ring. It is further noted, that each pair of su ting springs exhibits . ,
FOAH AT e 7 v el p Pt AT in b HRR BRSSOl hlgice
the term "capacitive sensor" refers to an electrode, capcitively coupled .
WRAIBEP P BF g e enEMSacRivR By R SRIPRABIRSH &PTings
as "pick-off electrode™ Reference is now made to Figure 2A and 2B.
Ry BT84 ¥eHbm AR R BRRBAT! pERf ot dPRaHE sBEv gsdisharanged
gyroscopic 5 device 100. Ring 114, eight pairs of supporting springs 116,
HicBatral sdpippruaRodiihaiveastinersh 4s2dn @11 32 Bgsa et bilateral
sensors 126 and 130, compensating electrodes 134, 136, 138 and 140,
GHOOARIEY elé@roda LR e, 198118 14 elafdiel 50 apdci s odierall Thus,
fabricated from the same fabrication material (e.g., silicon) slab. The -
pRyoatieinas matbsackacaapieslivthslbistraiad 12, gvhickemagidefteguency,
Pyrex substrate. Bond pads, such as bond pad 122, are typically
thsomisn-oldigirdipadncity), defesehby isswnrmeddesdiFitheest2iiure of
2B and 2C. Figure 20 is another schematic illustration of vibratory
tyeasegpardeddecd .inConsequently, 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 fo the cen‘i:rél support to the stub is high
(e.g., substantially 30:1). Furthermore, the ratic befween 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
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15 operating mode. During the operation of vibratory gyroscopic device

100, external circuitry (not shown) applies a polarization voltage to ring
%&4.2%l§i/§9§§)|arization voltage creates a bias charge in capaci'}tpiv_e/ .
actuators 146 and 142, capacitive sensor 126 and 130, compeﬁggﬁﬁ%?g/ 000150

glegtipdes 4%%9%5%%?5;&%% i in ﬁ@%ﬁéﬁ%ﬁgg%&%%ﬂlﬁ\ ring

128, 132, 1 e exte ry further provides

SR aYEIAa SN R i, TOREAIR Blbacine
e B bS8 R e B LS SIS i LBty PP
e S S S AR 9
gjlrections of arrows 168 and 172). When ring 114 elliptically vibrates, the

EapREREHELCDERISealiltiffe SIREGCLED ARIFIRG M4 2hafgesC! ratio”.

according to this vibration (i.e., due to the change in the distance there
permEaing daaRiteRs b iadisiRe Dt asPRARIRIR ihedhriatidy, 501
and the external control loop circuitry (not shown) determines the .
amplitude Bh@Pf@juépcydiiave vibratorEisrhimsaag! Talivegaeia agpacitive
control loop circuitry further determines correction factors of the
SREFELAELCEOIEEE dhRiad e vapEciiweactddieriagawediams laiches from
determined amplitude and frequency of the vibration of ring 114 deviate
gonemdadarey woods yraliandemipizpeicding eudigey aieingn 1agponse to
When ring 114 elliptically vibrates at the resonant frequency 15 thereof,
ankwrdbratppligyrdsengiic. dedideckdydoeschanistatenfousaodes el rmseable
158 and 160, that exhibit substantially no motion, are formed on the

frarineetdr Wieriogdiating eomfidmatdiyng y rés dogicodenetntpGoofaestiog.,, the
in a counter-clockwise direction), an oscillating Coriolis force acts on ring
dsgethisiorioits fhighaffattreiansigreenergidroad dhe axiseol @8cturing
radial vibration to an axis perpendicular to that axis of radial vibration.

doshudirginrevesy, pdiot dilsiment aif the:ringpadtibiecieddoratforaetmbighg at
is the vector sum of the elliptic vibration of that point element, and the

tHerapsuraied cheigaralisfasceneiieg anahahsamenniy elemenbap8citive
sensor from the ting at the manufacturing configuration); For example, the
movable frame has at least one kﬁockéng cavity. Frame springs coupie the
movable frame with a silicon slab. A locking spring couples atl 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 info 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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Thus, for example, the force acting on anti-node 164 (i.e., a node that
exhibits maximum motion along the ring), is in the directions of arrows 174
%@8 230@ fg? a consequent of this motion of every point eIemelr)l %;]the

ring, node %6 and node 160 radially vibrate in the directions o%:arrlézv(%/ﬂss’f 00190

- U 1006H 1 B8 AsnRde 4 38 WbtaiR, ith Fi
ﬁ‘gc?tﬂ%tg‘ % arrow%%;@g%ﬁ"nm@%ﬁkﬁgjéagco%%i%g to thé%?h/rl cﬁ)drﬁs%%rimgﬁhe gure
E{)rces acting on ring 114). The radial oscillation, for example, of
node 158, changes the capacitance between node 158 and capacitive

sensor 12 apacitive 10 sensor,126 detects this change,in capacitance. ..
Accordi ng%)e%ﬁlp?%ﬁgn’& eﬂﬁ“@ﬁa’ﬁ‘?ﬁ%zﬁ%e, !g%r?é‘kl%cﬁcﬁit% E?ﬁ ot gﬁ%\}vﬁ%s%ratmﬂ
determines the force acting on node 158. Consequently th rnal

O PR S S g RUGE o PRE G ok S ETRB Bt i g sipycted
and hence, the rate of rotatjon of vibratory gyroscopic device, 100.
BRIy by RSSO RSl oG <GBIBETES High Wequlinglpsed
of angular mation, nodes 154, 156, 158 and 160 may be slow to respond,
t8hBIgHENgeS it R iitUeDPRERSHRIRS Ydroe Tings e Glahpegirs of
in the capacitance of capacitive sensor 126 may not necessarily

SURBaPHH ftOehArGe gt CHHEHs foreaoTh dider daniseadlinturther
20 response time of nodes 154, 156, 158 and 160, to the changes in the
Hridutles eniag b ipratsip iy rodR enid déviceamesithesaas téatemd 130,
circuitry applies voltage to capacitive actuator 142, corresponding to the
chafuersddingtedasiosisaciivd séidéor 128. Tnid Vdiiageeatwded 1@ectrodes
capacitive actuator 142 to apply a radial force; opposing the radial :
tibbatic2dof i) e1858. Hrhis | d8pddtivarattlbthr a4 supbteadiixiigirapiaty pads
(La, relative to the point in time when the vibration started) nulls the radial
vilrhtiae i titedicedishs of arrow 174. The magnitude of the Coriolis

The eight pairs of supporting springs 116 couple ring 114 with
ceniral support 118. A bond pad, such as bond pad 122, couples externai
circuitry (not shown) with each of capacitive actuators 146 and 142,
capacitive sensors 126 and 130, compensating electrodes 134, 138, 138
and 140, and grounded electrodes 120, 124, 128, 132, 144, 148, 150 and
152. 1tis noted, that the springs of each pair of supporting springs 116,
exhibit bilateral symmetry with respect to each other. Thus, as explained
above, thé elliptic mode resonant frequency of the ring is closer o the
elliptic mode resonant frequency of a "floating” ring. 1t is further noted, that
each pair of supporting springs exhibits rotational symmetry with respect io

each of the other pairs. It is noted that the term "capacitive sensor” refers
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5 force, and consequently the angular velocity, is determined according to
the voltage applied to capacitive actuator 142. Since the radial vibration in

irectl of arrow 174 is substantially rapidly nulled, the tj fth
%@c hﬁ?}%}égﬁsponse of the ring 114, due to changes in the C%%%r%zégréaeo? 190

i ially de e ' e§.n0 i fr
B e o R R e o 14
easuring the vol e exte ontrel.cikculitry ies 1@ capacitive
CEPRIE, S BIERlEE T AR I e
150 and 152,.are all connected to grqund. Howeyer, since.a polarizatign, .
vottage 1> REELBIIGH & M THE ol e R AL T T iy 1 2
electrodes lﬁo, 24,128,132, 144, 148, 150.and 152 is ¢ eated]r This .
B e L HIE G AR S BT b 180 R et Wi IS G a8 FO5FoPie
the ring (i.e, to prevent motion of the entjre ring in any ring-plane
AU Ul e fotbe BEeBR Fnd L 4 BRGT BR6L SR rociftied pagiral
124,128, 132, 144, 20148, 150 and 152 contributes to the substantially
syRREt HoferadieiRrdvaiptonfBraing 1f2. capagifya peRssiDe' 26
an imperfect ring (e.g., ring 114 may have an inconstant radius, inconstant
wigthy fhuscmearsrdoeriiratientas ringt-2036vd38 and 140, grounded
2008/099395PCT/ILI2008/000190 (e.g., resonant frequency, response to
alegiradesiotry) ivd. dbadatd Fdnil dftim4Pval Gés ame cbmparaaad fabricated
these deviations, the external circuitry (not shown) applies a balancing
fromagihen sempefalatingticlectrudesal3fe 136 5188 ahdkin. Thas, fabrication

compensating electrodes 134, 136, 138 and 140
material is coupled with substrate 112, which may be a Pyrex substrate.

Bond pads, such as bond pad 122, are typically chromium-gold bond
pads.

Reference is now made fo Figures 2A, 2B and 2C. Figure 2C is
another schematic lustration of vibratory gyroscopic device 100 in
operating mode. During the operation of vibratory gyroscopic device 100,
external circuitry (not shown) applies a polarization voliage 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, 1580 and 152. The external circuitry further provides an alternating
voltage {o capacitive actuator 146. The frequency of this a!terna’zing
voltage is the elliptic mode frequency of ring 114. Thus, capaciiive

actuator 146 applies an alternating electric force io ring 114 in the

A7~
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5 apply an electric force on ring 114. This electric force counters the
deviations in motion of ring 114. Consequently, the motion of ring 114 is

sqbste}gtiallx similar to that of a perfect ring. Reference is no made to
I'-Vi‘é{l?gé ’lﬁ% %’3, 2C and 2D. Figure 2D is a schematic illustratiof b L Eear 190

logk on g section of vibratory ic copic ice.100. The section of
Ry L - e R L S e o 14
central rt 118 and.pne ortin ring from a pair of portin
RGN B A Aot R R e i & i eden 114
arched section 190 and a stub, 192. One end of arched section 190 is = .
ediiiea itk Briehd briigiA RS UBIGh PEECHRY thlofit ehB%ERIEnEY the
section 190 is coupled with stub 192. The other end of radial section 188
Eiesiiea wireanal Glgpom 118) THERdTdnd bt saliipiisally ¥iuplss the
with ring 114. In general, when a spring is coupled to the ring, the spring
SHEEEIRCSy nRRRYSESY teaRgliMad BRiSaffedBiha@nskorag: fiddueppnges
thereof (i.e., distortion of resonant 20 elliptic mode). In order to alleviate
geaemba da thisredbrrdintrdhBendyienio Heashrigrdnaltun disfarmiest there
alleviating measure is increasing the ratio between the length of radial
setvimenps ampauiengisatuls o2ghessyipieatlycleagetintapycitance,
30:1). The second alleviating measure is -21- reducing the width of the
spiingthelativdamtiie addinodf toepingi(caifindicareddhoarrgw d8@imines the
Figure 2B). As mentioned above, with reference to Figure 2C, the

entaticindeteaisd dtenmimedybyfidtermiitingiiiresma nitugle iof4he Thidolisxternal
force 5 exerted on a pulsated ring such as ring 114. The Coriolis force is

detetrmiineshbyimgiasufinthiteditenggriscapaeitdinte factodectiBe alternating

Therefore, increasing the capacitance of capacitive sensor 126 increases
thaisgaspviyddercobpbReticepaciiaice Phsapanily thseosasrhapds amplitude

inversely proportional to the distance between capacitive sensor 126 and

400 1peddndes tHEOKINEIRNGRARR theLaRAGHRN SR AT CRBACHRd values

sensor 126, the distance between capacitive sensor 126 and ring 114

ﬁf@.‘%_‘%@%ﬁ?@f@%&&e %&UM?%@WWQ 2 2B, in order to increase _the
sensitivity of capacitive sensor 126, the ratio between the thickness of ring

114, indicapgddyy aHgW1LS2 Afstibgiisiicade e end iIng oA diE§uency
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.,ina 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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'| 5capacitive sensor 136, indicated by arrow 184, is high. Typically, this

ratio is approximately 50:1. According to the disclosed technique, a
Q&})‘l 25 ct ratlo is achieved by coupling (i.e., during the manufacturln%
procesé% the capacmve sensor to a movable frame As mention é%%% g0

bl
?ﬁéf%t.%?con%@ﬁaﬁéﬁﬁg.ifféﬁé‘?%o%?e AR L0 e et

e frame moves othe o figu on) Al ckln
ﬁfg}%ﬁﬁ %aﬁWsecur ?ﬁe%%? m e ;at%ehopg}r%otbecon%ﬁfra%fﬁ 174
sequently, it -22- ossbl manu ctur a vibrator sco
AT e b s &ﬁﬁ r wgbs& TN TETER of the
manufacturin rocess upling the capacitjve sepsor o the mova
PahenaAE matth D FRET TR A B R hrrows

the manufacturing process. 5 Reference is now made to Figure 3A and fo
RigfiréBe, Wteh @%smsoﬂeﬁ@ﬁna%se%ma@ﬁeﬂg‘n% réferaisedn the
250, ina wbratory gyroscopic device, in accordance with another

girpiimmneit Hirdistide a8t tHRidLIE: LRfERTES SR I B oRAuRR Shthe

capacitive sensor 256, a movable frame 258, frame springs 260, 262, 264
igoseUboling idiwehénts 268 and 270 and locking springs 272 and

274. Movable frame 258 includes therein, locking cavities 276 and 278

and displadifg erdirntszitad, 282, aranardarrentyaiscibd changes the
embodiment, springs 260, 262, 264 and 266, locking elements 268 and
paparitblockirebpanysi2t2ean § 2 7andb cking ctivitiesepeeiarid 878 Gagacitive
displacing elements 280 15 and 282 constitute the locking mechanism of
isdeliog 8236eaidbcBbthis chaBGgpdditiapseitsoc256Ascougiteyl teitthis change
movable frame 258. Frame springs 260, 262, 264 and 266 couple
movablecitame 25X twithah fhiidatiomoiathtalrlatedsZnineskitigsfotogsacting

272 and 274 couple locking elements 268 and 270 with fabrication
mataniedislal 262, respasivglently 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 {o a high
frequency of angular motion, nodes 154, 156, 158 and 160 may be slow fo
respond to the changes in the magniiude 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 {o decrease the
response time of nodes 154, 156, 158 and 160, to the changes in the
angular velocity of vibratory gyroscopic device 100, the exiernal centrei
circuitry applies voltage o capacitive actuator 142, corresponding to the

changes detected by capacitive sensor 126. This voltage causes
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20 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

4 99? e frame 258, and thus capacitive sensor 256, moye. in th
n%ggg)% 0 g‘rrow 284, toward ring 254. As movable frame moi{'/%eﬂf]ﬁﬁzﬁqgﬂﬁ()ig‘)
Ghallifel oacaaspw 2 Wisplgsipg £leaient 2RACePBGEsIRM e radial
element 268 In the direction of arrow 286, and displacing element 282

| ingLelemen i irecti . ' ' :
S el et b b IS AR 2 Sy rapicy

. force on.5 lacking elements. 268, in the. direction.of arrow 288 a .
Ber B S S R R RS R R g e
of.arrow 286. When locking element 268 is aligned with locking ity 276, ..
A Bl dHE PR POk HCiy 206 (VHGH TEkIng ol

70 is aligned with locki avity 278, lockjng.element 270 slides into .
R 26 R S S G s e BofC G Bt aAeEEging fo
apply a force in a direction opposite to the direction of arrow 284, on o
eV EaIROR SRBIRSE I EARRREVG SR G e étnentd B8O tERI 282 byiRvaden in
movable frame 258, and consequently capacitive sensor 256, from
f6fIMRRE IO Bife F0rARERhositiols theRSR tHBHLIRRIEh G igfhcitle dengat the
256 at the 15 operating configuration thereof. As a consequence of the
HeEhR Bl seripg sTEnTdvVaBI diftdmé Soduthiodidtanee ateer-oriolis force,
capacitive sensor 256 and ring 254 is reduced and the capacity of
i sabisizndaliyoiope rsriEréssedha Hing deersopividve lbwiezpeitdrativo one
is manufactured and the aspect ratio is increased after the manufacturing
propdissd 2omcosciliagiwn dduathethenbodihe it ofitlie disitesisddeteitiqoed by

the locking mechanism is the friction between movable frame 258 and the
sobstated tedockitapmdohanidernay ftotkiesbeiacuitgnetipimsatretagdcitive

actuator 142.

Grounded electrodes 120, 124, 128, 132, 144, 148, 150 and
162, are all connected to ground. However, since a polarization voliage 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 mofion of the ring durin:g the activation of the ring (i.e, to
prevent motion of the eniire 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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force applied to the movable frame, to prevent movable frame 258 from
moving. Reference is now made to Figure 4, and to Figures 5A, 5B,
3% RRAnsLRE, which are schematic illustrations of a methodlj%&g 2008/066190
manutacturing a vibratory gyro in accordance with a further em odll“men%b B

%?QE daclased Behnis, Fouses i 1o Brfalal AINERE 3fe I 48 VigWSom

of the manufacturing stages of a vibratory gyroscope generally referenced

b PIRseaNre 003 und-shaped ¢auity ISSIENR0 0GR SUDSIAIE circuitry
S . nltl{"% ES

ally, a pattern defining’layer (e.g., a photo resistive material, not

i9 shown) is,deposited.on t r lalh_according to Ir
et e Gl A e R e S R e RN
lah using, for m Reactive lon Etching (RIE) techniq ccardin

e PRRaiR G eHing eSO TG S BrcLEdEs et SPoped ad 140
removes atoms of the treated materig| (e.g.,.the substrate slab). The

G oFr B R o el bHer o sevbAT ARG G IR cEotpters the
micrometers). The subsirate slab is then cleaned. With reference o_Figur$ .

sRViaiPERIAR BOEPES i€Mched infoRIHRE Wad T HIPRoREHRG 114 15

302, a layer of metal (e.g., chromium, titanium, tantalum, platinum) is

gehssnatiatii&itntast &ﬁ@.pﬁﬁ@ﬁ‘iéfﬁglayer 20 prevents the
accumulation of residual charge on the substrate slab in later stages of

the manufdtBiRMR SR IRES BéRfthEiFIERS 1Bferd8 dépodied2R pdiigHie 2D

defining layer, defining the desired pattern of metal is deposited on the,
sabsteteanlia Hyeiatinnetal ie ddpssited daekiHerpatsartion of vibratory

gyroscopic device 100. The section of vibratory gyroscopic device 100
includes a section of ring 114, a section of central support 118 and one
supporting spring from a pair of supporting springs 116. Each spring
includes three sections. A radial section 188, an arched section 180 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 thatl 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

21-
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defining layer (e.g., by evaporating the metal onto the pattern defining
layer). The pattern defining layer is then lifted off the substrate slab with

deposited on the pattern defining layer, thereby, leaving a layer
%%@%gﬁfﬁ on desired locations on the substrate slab. The &ﬁ?gépnzg}émm}wu

HEA0I9RY5E S BRORcAn dhA Sssanddne botor pfhe Ay The s

e metal layeris e order of hundreds 015: ngstrom

sﬁéﬁca%%éﬁa?g?%@)ﬁ gélf%sg%sé%tggﬁab and the metal layer are then

cleane rence a layer 324 of metal is deposited on
the sides and the bottom, of cavity 322. loln procedure 304, a fabrication, ..
material SI%% i A hRY e Bél%ét%e@épﬁ%gr @fﬁ%@e té%? e rotation
fabrication material slab is anodically bonded to the substrate slab. The
Féﬁ%cﬁié%ﬂ%awﬁ By ﬂ%@f@%ﬁe@%mﬁgﬁfs@%f@ﬁa@ &psialimdoree
silicon. With reference to Figure 5C, fabrication material slab 326 is )
&XBHRdIPBoRISHIERIBH SMinEHele 35 S5 3304i.c., HiRofemigls tharce is
anodic bonding process).. In procedure 306, chromium-gold pads are
eRisiEavRto e FaMPRANINI A& RRISEIEY, SpaacHrMeaniAl Boee 158.
not shown) is deposited onto the fabrication material slab. Before the
heiafam-gblarRgeng e esis:hagsate rgemilivg 1apesalefidhigeases
desired pattern 20 of the chromium-gold pads is deposited on the
tapricaisilivite latradbyer Gicheepinitagod iothearmeiboratedrmothd 26 is
photo resistive material and the fabrication material slab. Then, the pattern
wefTRR) ey ieiienbbfatibdatistation eleralrslcbpaititivee sensor 126 and
chromium-gold deposited on the -26- pattern defining layer, thereby,
feaying<4 lalleusf ohemdumiegioidreabecihdasiedditantiensf emiwitive sensor
substrate slab. With reference to Figure 5D, chromium-gold pads 333, 330
&g, 3B aisratehointedabrisptoliimaterad slabZ826nd ring 114 should be
decreased. 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 technigue, a high aspéct ratio is
achieved by coupling (i.e., during the manufacturéng 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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5In procedure 308, a ring, supporting springs, a central support, capacitive
actuators, a capacitive sensor and a movable frame are etched from the

%r' %gi/gﬁb@gterial slab using, for example, Deep RIE (DRlE%E%%Qf;&%ﬁmmo

nitially alayer (not shown) of silicon oxide (Si02) is evaporated over

) e nap ’ I | ) ‘
Iljge %ﬁ%&?&%@\%?ﬁﬁ t@;ﬂgt%;%n \c}ﬁ%}%jayer, def%]%ﬁ:%\e@ﬁgt? %)Ba?t%[r r!; atio

: . r ‘ 0. s .
B T A T RS By foupiing
i02 layer is.etched, according to the pattern of the photo resistiv,
R AEGNG R i R M o) LN ATl L OB i s quable
tched accgrding to the same pattern created by the Si02 layer using the
BRI dEn ORI 62 FOTHAH N o Wi BRIEEHags RLocess.
applied to the fabrication material slab, ions, and cansequently a residual
RSE By ScR M ER Bn et RTS8 S, (3, EIFhe J6t OFIBRE e to
deflect. As mentioned above, in conjunction with procedure 302, a metal
E@W%ePEr%WE‘%i§%%%mﬁuaﬁ?ﬁ‘@@i¥arﬁ%fﬁgﬁéﬁ%c%ﬁg:thgl Retdpratory
layer to ground. With reference to Figure 5E, ring 334, supporting springs
gy Eaial spfen 338, chpaEHRRCACtIEBrs 2aethetasichrdigindoof the
342 and a movable frame (not shown) are etched from the fabrication
fiatdeppdidechpigue. Latahink agiratiietOblpeldons skmenagitve aensor
that the disclosed technique is not limited to what has been particularly
ghbwn anaBldiestianed ReMbiftbeesRinter 268 sebge abth@tisalSedrcking
technique is defined only by the claims, which follow. CLAIMS
elements 268 and 270 and locking springs 272 and 274. Movable frame
258 includes therein, locking cavilies 276 and 278 and displacing
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 ﬁ_"ame 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., @ 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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1. A latching assembly for decreasing the aspect ratio between a
capacitive sensor and a ring in a vibratory gyroscopic device, the device

includes a substrate, the ring, at least one capacitive actuator and at least

c}ﬁ(e) %%.}Bgcﬂ?\gfé sensor, a central support having a diameter sni)aclﬁltﬁgg?/ﬂ%m

he di [ li ' I
g R T A b 2 s BRI ctoment
PR & LB e T e R cligptaces
i PR e
frequency of the ring, the capcitive sensor being capacitively coupled with

Bre g edeHGRS1OEnaRges i c AncEHKiwech MRVIRG ShiPlive on

at least one 15capacitive sensor, the assembly comgrisin . amovable
IpakiBg BamenimitSaitnchpeiive i unsbragay # ARG ERES0 274
from a manufacturing configuration to an operating configuration, in

eBpiess@ U TBraalspHERIheleB eh & in ithdhaspliceriing aptharrow 286.

manufacturing configuration is 20lower than the aspect ratio at the _
Wowatitectdrdigaleitiemni2 Z8he iasabiaimyl avdbrdinglioglaimvitywhéfeinocking
said movable frame latches to said operating configuration in response to
alameehhiicd sidesdpplicethingtoazBy32The bs@mndiycdograiegent 2n is
1, wherein said movable frame latches to said operating configuration in
afigpeasaevithafoeldngicatfirc appliedidmgyetteniat 270 slides into locking
2008/099395PCT/IL2008/000190
cavity 278. Furthermore, frame springs 260, 262, 264 and 266 apply a
force in a direction opposite o the direction of arrow 284, on moveable
frame 258. However, displacing elements 280 and 282 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 {echnique,

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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4. The assembly according to claim 1, wherein said movable frame
latches to said operating configuration in response to a magnetic force

gggo. 5 5. The assembly according to claim 1, wherein sai

lj d
ﬁ@i(&:%e%u&ri%ef includes a locking mechanism for securing Said%’%@%{,g&/owwo

fg alrr‘fg%ﬁ@ﬁé& %8%3%89&@%“%%1 io grg\v@n@wamﬁamgwgg% from

erein said movable frame 10includes a locking cavity an
displacing element. 7. The assembly according to claim 6, wherein said
T5KIRY mechanism includes: at least one locking spring coupled with said

substrate; 15at least one frame spring,.coupled with said_maovable.fra

and with S SRS S TR Ir BT o e e g or o 5C.
motion of saijd moyable frame,  wherein, yvhen said movable fram
TatchEBdo % oﬁ&‘ﬂ%g@&ﬁ&&%m@aid\%ﬁgﬁip&% df p@cir@egwd for
element displaces said at 20 least one locking spring, said at least one
RRRIAG ST B R Ry K 4 8 e ASCOREADSR Y Ch At RRER SfyRstiment of
therewith, thereby, securing said movable frame at said operating

thentlifsiases techmiayie a5 30eSRird o BRIRNS Wrakarodgdviews of

locking mechanism 25is the friction between said movable frame and said
tbebsnamifaciuring stages of a vibratory gyroscope generally referenced

320. In procedure 300, a ring-shaped cavity is etched into a subsirate
slab. Initially, a pattern defining lfayer (e.g., a photo resistive material, not
shown) is deposited on the substrate slab according to the desired contour
pattern of the cavity. The cavily is then etched out of the subsirate slab
using, for example, Reactive lon Eiching (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 siab is then cleaned. With reference {o Figure 5A, a circular
cavity 322 is etched into substrate .siab 320.

In procedure 302, a layer of metal (e.g., chromium, tifanium,
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 patiern defining layer, defining the desired pattern of metal is deposited
on the subsirate slab. A layer of metal is deposited onto the pattern
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9. The assembly according to claim 5, wherein said locking mechanism is
a magnetic locking mechanism. 30 10. The assembly according to claim

%e{v %{ﬁg&?ﬁid locking mechanism is an electric locking mecg%qi/ﬂpﬂd /(?60190
1. The assembly according to claim 1, wherein said aspect ratio at sai

QBF?FﬁHg_gIﬁ?@Fé%%’giO’b&S a0zh R dind MRrHQnLOVERESORIE dSYitS defining

comprising:"a sufk réte,_ a central support couple_d with said St_Jbstrate;

B Y R A U LB R i
e prr%t’cgf] 8&5&%. Si (r)ir[a] Yhe paftern defining layer, thereby, leaving 2 layer
of metal only on desired locations on the substrate slab. The pattern
defining layer is deposited on the sides and the bottom of the cavity. The
thickness of the metal layer is on the order of hundreds of Angstroms
{e.g., 320A to B00A). The substrate slab and the metal layer are then
cleaned. With reference to Figure 5B, a layer 324 of metal is deposited on
the sides and the bottom of cavily 322.

In procedure 304, a fabrication material slab is atlached fo the
subsirate slab. For example, the fabrication material siab is ancdically
bonded té) the substrate slab. The fabricalion material slab may be
formed, for example, of single crystalline silicon. With reference to Figure
5C, fabrication material slab 326 is anodically bonded on fop 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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at least one capacitive actuator, coupled with said substrate and
capacitively coupled with said ring, for applying an oscillating electric

0 said ring, the frequency of said oscillating electric force hein
t é éﬁ%&%& Mode frequency of said ring;  at least one capathi(\F/Teﬁ%é{ﬁoégor{?mgG

B B L e A 2 R LR nf o

ween sal sal east one“capacitive sensor; and 2

S fame couper uit) pald separiive sgsen SRR ANE 5

es from aman uring configuration to an operating configur

i B R O

op%jéatin c%n jguration. 25 13. The device according to claim 12, wherein
164 g@b%ﬁ rings are arranged in pairs, the supporting springs of
each of said pair of spring exhibits bilateral symmetry relative to each

other. 30148 PHCEENER dECordint¢o CRRRAIENAHREMASach CFRkR Support,

supporting springs includes a radial section, an arched section and a stub
GpRacive actuators, a capacitive sensor and a movable frame are eiched

from the fabrication material slab using, for example, Deep RIE (DRIE)
technique. Initially a laver (not shown) of silicon oxide (SiO,) is evaporated
over the fabrication material slab using Plasma-Enhanced Chemical Vapor
Deposition (PECVD). A pattern defining layer, defining the desired pattern
of a ring, supporting springs, a central support, capacitive actuators, a
capacitive sensor and a movable frame, is deposited on the Si0O,. The
Si0, layer is etched, according to the pattern of the pholo 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 technigue. The Si0, is then removed. When the DRIE process is
applied to the fabrication material slab, ions, and consequently a residual
charge may accumulate on the subsirate slab, causing the jet of ions {o
deflect. As mentioned above, in conjunction with procedure 302, a metal
layer prevenis 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

oy



WO 20081099395PCT/IL2008/000190 end of said arched section is
coupled with one end of said radial section, the other end of said radial

tion i upled with one end of said stub, the other end of said radial
ﬁét%ﬁsgigg%ﬁpled with said central support, the other end of SHid Erefyigoer

oupl it id ri eyl ' claim hereir
L {8 e B R T P oo
;%%S%Jbstantially 30:1. 10 16. The device according to claim 12, wherein the
10 between the thickness of the spring to the width of said spring is
100:15. 17, The device according. tq claim 12, wherejn another capacitiv
sensor, ool ith SHi LRlFteBind SR Ly Feaidnat the
ring, 15 for sensjng the ggftic mode vibration of said ring, said other

ETACRRR ISR JPHIRGEHaRL TESPERE PaptiEiE s Slawsn. and

18. The device according to claim 12, wherein another capacitive sensor,
described hereinabove. Rather the scope of the disclosed fechnique is

defined only by the claims, which follow.
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20 coupled with another movable frame and capacitively coupled with said
ring, for sensing the elliptic mode vibration of said ring, said other

c d%ci ive sensor is placed opposite said at least one capacitivg actuator
(187099393 ) TL2008/606190
sait other movable frame latches from another manufacturing cH 4

configuration to another operating ﬁﬂ%@m@tion. 25 19. The device
according to claim 12, wherein another capacitive actuator, coupled with

said sybstrate. and capacitively. coupled with saigd ring is place S

said a‘%ile?ﬁﬁ%mcﬁé)(ﬁm e)f%or(%?%ﬁ%gth%?at%g \%8%%%%@3?%% een a
node @@@@@i@é@eﬂ@ﬁ%@%ﬁ@ﬁ@ﬁlhmw@o@@%@oﬁ@ dev_ice, the
according to claim 19, wherein said other. capagﬁgg%gctuator sub?-ltantlal%am{

rapid RV dERIYEERI VPR Sr E5d G B CRRAGIHYSAC
electrig fgrog opssaid ing. tepelitecsengiag the imeref theimeshanisahg a

response of said ring to 5 changes in the Coriolis force exerted on said

ring wi@msdrs risggellptichmvibatsiameishi@udiR e fota@sdsaigriuraiity of

e'ectrigg@%ﬁfi%g@gﬁggﬂﬁﬁé’ é&ﬁﬁ&igaésgé?%%mé%la BlionvsrAsed hgl,xabstraze,

said at least on acitive sensor. 1 vice according to claim

12, whkeetiaphut ipyiofsoheiagsatinpletb ovibudbecoapled withrart and with
substrat C itiviely coupled. with.said i i [ :

compd S I FERBLI YL DD SRty BN RIblec with he
compensatiraie|ertchdespagiiy ey aeoctrietbresdtbnibaidiingy féor applying an

oL e SR T L e Beciatng
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 ca_pacitive sensor, saild
movable frame laiches from a manufacturing configuration to an
operating configuration, in response 1o a force applied thereto,

wherein, the aspect ratio at the manufacturing configuration is

lower than the aspect ratio at the operating configuration.

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

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

latches io said operating configuration in response to an electrical

- force applied thereto.
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22. The device according to claim 12, wherein said aspect ratio at said
operating configuration is substantially 50:1. 20 23. The device according
to clai % wherein said substrate is made of Pyrex 24. The devic
ac‘g)dgké?r% %93’0 aim 12, wherein said ring, said ring, said 25 pIur%I%%oFTmﬂsmmgo

Springsysaid, central ugee&%aﬁgg # leashone capReitive astHalfbwaitkatrame

least one capacitive Sensor and said at least one latching device are .
made tfistiesnto28athedetidingccorfigyreticlairm1eesywiem said magnetic
movable frame 30maqves tgoﬁsaid operating configuration in response to a
mechagr?iré%ﬁ%?g E %ﬁ%de éreto. 26. The device according to claim 12,
wherein said movable frame moves to said operating configuration

according to an electrical force applied theretq. 5 27. The device , .
alcordinPto?SRRmeY, ﬁﬁ@@‘%@gid!%&&ﬂ% ?rarw fil6Uas18'gaigevice further
operatifgiagBigdrageriiyesBense ke feaanatiniinice sipplindvhelietdrame at

said operating configuration.

8. The assembly according o claim 5, wherein said movable frame

includes a locking cavity and a displacing element.

7. The assembly according to claim 6, wherein said locking mechanism

inciudes:

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 laiches {o 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.

8. The assembly according to claim 5, wherein said locking mechanism

is the friction between said movable frame and said substrate.

9. The assembly according to claim 5, wherein said locking mechanism

is a magnetic locking mechanism.

10. The assembiy according to claim 5, wherein said Eockihg mechanism

is an electric locking mechanism.
-30-
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to 28. The device according to claim 12, wherein said device further
includes a locking mechanism for securing said movable frame at said

operating configuration. 29. The device according to claim 28, wherein
salrAovABE Fame 15includes a locking cavity and a displacinlécéreirﬁ%()r? 000190

30. The device according to claim 29 wherein said locking mechanism
includes: at least one locking spring coupled with said substrate; 20at
lefist ofiedraswespivingaoupled Witvlséid hovabikeirassdchadpeth salie at said

substrate for exerting a force o ite to the directionof motion of said
movaﬁf@?@%@ Com&%ﬁ?\ﬁiﬂ%@ égifd movable frame latches to said
operating configuration, said at least one displacing element displaces

said at 25 least one locking spring, said at least one locking spring slides
into said at least one locking cavity when aligned therewith, thereby,

S%Ejri;a\g\ﬁ%wgﬁlgg@g?%WW@-@nﬁguraﬁon. 31. The

device according to claim 28, wherein said locking mechanism is 30the
friction betviegtEdi@iovable frame and said substrate.

a central support coupled with said subsirate;

a ring having an inner diameter larger than the diameter of said
central support;

a plurality of supporting springs, coupled with said cenfral
support and with said ring;

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 osciliating electric force being
the elliptic mode frequency of said ring; |

at least one capacitive sensor, capacitively coupled with sald
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 io a force applied thereto,

wherein, the aspect ratio at sald manufacturing configuration is

lower than the aspect ratio at said operating configuration.

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

spring exhibits bilateral symmetry relative to each other.

14, The device according fo claim 13, wherein each of said supporting

springs includes a radial section, an arched section and a stub, one
31~
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32. The d_evice according to claim 28, wherein said locking mechanism is
a magnetic locking mechanism. 33. The device according to claim 28,

Wwa %i %aygl éQcking mechanism is an electric locking mechani
metﬁo# ?or)rrsiabnufacturing a vibratory gyroscopic device comprf%%éﬁt%%&mm}

procedures of;. et¢hj {n ity b b; i i
opost L o e S e e B ooy said radial
maéer%{siab,tmidfwbendtemiﬁ ceatighgasiiomiamaysiegadihopns end of
said fabricatjop slab; and etching a i I ings, [yasi :
PP T 18 ERSpinI s ey R e Shalne BB with said
and atlgaskonepmone dtecfiamefidrofssaitfatuicati oo vrdetialiiBsareng.
_method according to claim 34, wherein said etching a ring shaped cavity
includes the sub-procedures of  depositing a pattern defining layer onto

spid sysirate,plabasaiskariten debining 1ayewHefisies the deicedpatieen the
of said layer of metal; and . .
length of the radial section and the length of the stub is substantially

30:1.

16. The device according fo claim 12, wherein the ratio between the

thickness of the spring to the width of said spring is 100:15.

17. The device according to cldim 12, wherein ancther 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 ac;c;ordihg to claim 12, wherein ancther capacitive sensot,
coupled with another movable frame and capacitively coupled with
said' ring, for sensing the eiiiptic modé vibration of said ring, said
other capacitive sensor is placed opposite said at least one capacitive
actuator, said other movable frame latches 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

nulling the radial vibration of said node locations.
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etching out of said substrate slab according to the pattern defining layer.
36. The method according to claim 35, wherein said etching further

in ing out said cavity from said substrate slab using i
|oﬁv§§ﬁis2§_ﬂ%‘_ %ff‘/fﬂ/(ﬁ)smomo

Cf The metho_d according to claim 34, wherein sal
daposfing akyes ofmeialiinglydesitimsulrpigrertieselid otflapesibagitive
a pattern defining layer onto said substrate slab, said pattern defining
layer defiueiotaibesnatisbytspidisaid hyaidraciad vibrafignsimigald node
layer of ontQ sai ate.an ' ttern definin er;
g R BVt H L & e o e bt inrcay  Fefeby
leavingea:teysiraf nletalitmly arf dbsireddobatiorabrieabagigstaftessliab.ring 1o

38. The method. according to,claim 37, wherei id metal is.d ted.: 4 .
onto s&?@@%%tr@teﬁaﬁd aﬁ'é’ E&%i@ﬁ%ﬁe@%{ﬁ%ﬁq%ﬁ Iasyael b{}r&a%%%insgaid fng
said regligtieaty seigisubstrameiandidnidesdid: paitetegefiaing Elygetridoforce is
The method according to claim 3%, whe .eip S%id metal is selected fro tp

ot ial i db d'at feast

group@ﬁéﬁﬁ@oﬁ%@iﬁ@ﬁ e fa rafion sensed by sal

one capacitive sensor.

21. The device according to claim 12, whersin a plurality of compensating
elecirodes, coupled with said substrate and capacitively coupled with
said ring, said plurality of compensating electrode are place around
the perimeter of said ring, said compensating elecirodes 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.

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

operating configuration is substantially 50:1.

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

Pyrex

24. The device according fo claim 12, wherein said ring, said ring, said
plurality of springs, said central suppori, said at least one capacitive
actuator, said at least one capacifive sensor and said af least one

latching device are made of silicon.

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

force applied thereto.
33
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titanium; tantalum; and platinum. 40. The method according to claim 34,
wherein said fabrication material slab is attached to said substrate slab by
anodicall ding said fabrication material slab to said substrate slah. 41.
Tﬂ%%régéﬁf’g%%%cording to claim 34, wherein said procedure of C?eéré%gzuosmoom
chromium-gold includes the sub-procedures of:  depositing a pattern
defining layer onto said fabrication material slab, said pattern defining

lay8r dehiresiendage sheebpdingrntef slinthiemivvheyslinpaalsl movable frame
depositi e omikm-g q}f % ' -

onto sHR Vo R b e A PR A A BT force
chromimmpéeidtdepetsited thereon, thereby leaving a layer of

chromium-gold only on desired location on said fabrication material slab.

42. The method according to claim 41, wherein said chromium-gold is
depositagkonieseld patierdidgfininglayer it ontessald fabiiCationvable frame
material slab by evapor_atin%,said chromium-gald onto said pattern .
defining 2} knaRHi8rRaI IR LB JABPRESEE retpegetio force
according, iR gl@ardfh 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 at least one

meyeapie.rameincludes e gubprepgdire®ofwherein said device further

includes a locking mechanism for securing said movable frame at

said operating configuration.

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

inciudes a locking cavity and a displacing element.

30. The device according to claim 28 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 {o the direction of
motion of said movable frame,
wherein, when said movable frame latches to said operaiing
configuration, said at least one displacing element displaces said at
least one locking spring, said at least one locking spring slides into
said at Ieast one locking cavity when aligned therewith, thereby,

securing said movable frame af said operating configuration.

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

the friction between said movable frame and said substrate.

-34-



evaporating a layer of silicon oxide onto said fabrication ma anal;
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

paternf BEckied ive s20¢ ilidat xitlaim Z0T v wiethospid doniiing tarelzianidn is a
wherejn sal {Wﬁﬁgfﬁliﬁ%ﬁéﬁw etched using Reactive lon Etching.
[ a

45. The niethod according to claim 43, wherein said fabrication material is
etched using Deep Reactive lon Etching. 46. The method according to

clajm %@’H}&Fﬁ@ 5%%@&9 tf@ﬁ!éiﬁ@f@,%ﬂi@ﬁ?@d ﬁ)%kﬂ?erg@é.gﬂism is an

according to claim erein said fabrication material slabTs a silicon
slab. electric locking mechanism.

34. A method for manufacturing a vibratory gyroscepic device comprising
the procedures of:
etching a ring shaped cavity into a substrate slab;
depositing a layer of metal onto said cavily; |
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

moveable frame 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
efching out said cavity from said subsirate slab using Reactive lon

Etching.

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

metal includes the sub-procedures of;

235.



38.

39.

40.

41.

depositing a pattern defining layer onto said substrate slab, said
pattern defining layer defines the desired pattern of said layer of metal;

depositing a layer of metal onto said substrate and onfo said
pattern defining layer; and

lifting off pattern defining layer and metal deposited thereon,

thereby leaving a layer of metal only on desired location on said

subsirate slab.

The method according to claim 37, wherein said metal is deposited onto
said subsirate and onio said pattern defining layer by evaporating said

metal onto said substrate and onto said pattern defining layer.

The method according to claim 37, wherein said metal is selected from
the group consisting of:

chromium;

titanium;

tantalum; and

platinum,

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

material slab to said substrate slab.

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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42.

43.

44.

45.

46.

depositing a layer of chromium-gold onto said pattern defining layer
and onto said fabrication material, and

lifting off pattern defining layer and chromium-gold deposited
thereon, thereby leaving a layer of chromium-gold only on desired

iocation on said fabrication material slab.

The method according fo claim 41, wherein said chromium-gold is
deposited onto said pattern defining layer and onto said fabrication
material slab by evaporating said chromium-goid onio said pattern

defining layer and onto said fabrication material siab.

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 at least
one moveable frame inciudes the sub-procedures of:

evaporating a layer of silicon oxide onto salid 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

eiched 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 Elching.

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

Pyrex slab.



47. The method according to claim 34, wherein said fabrication material slab

is a silicon slab.
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