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The present invention relates to nmeasuring devices

used in the nmeasuring of acceleration, and, nore
precisely, to capacitive acceleration sensors. The
Matsjheot «of ndreifariaseinig i aveaphontiget acpederdéian sensor,

i nproved nethod of ganufacturin a capacitive
aQ@E@I@FéPfgﬁlggnggF? aR¢ s 6?@%9§é a capacitive

accel eration sensor, which is applicable for use in

smal | capacitive acceleration sensor solutions, and
Fwgileh oifs th&r £PEGP&APY suitable for use in small and

extrenely thin capacitive acceleration sensor

sol utions neasuring acceleration in relation to

Thevearmad saxesinBaokgoound: laft dshet o nwertsuarindeaser i 0gs used
.based on a capacitive accel eration sensor has proved
1o the IratHearer Al GiF SRHStR T T method BPES BFRTESLY, to
capdchelivabl & idiRGia&n Capagdiye Measuridiids baged the

on a change in the gap between the two surfaces of a
Ppapengf irVeriites sof teherw@hnisds . aThelmppavedamathod of

mQﬁwfsSEuﬁr*ﬂﬁ Sé”fc%g%%it"-v% ‘ahﬁeié%%&% fornstoringy o
el'ectric c grge, epends on“the area ol the SUrfaces
panditbe di stenme-ithetsveeactbearaCapaci tdarsareaswhigh is
can be used even at quite |ow netering ranges of .
agRL&FEPALI 0AOFal UES, EherH ! srRPrctapyRi t freeleration

s8R58Leahi®N o3@NSUnd SkK UEL UK S (AL Rased 19N suitable for
m cronechani cal structures nmanufactured on silicon

uFhe Im cakthandc axstenetyr 8 inarmpapitciatd yacceleration
structur havi ng_a _t hi ckness ex eed%ggnloo WO

SS006] 13473 1T FIZ6067 08625300 [Sracitn In Trelation to

several axes.
Background of the invention

Measuring based on a capacitive acceleration sensor has
proved to be an acceleration measuring method of a simple
and reliable principle. Capacitive measuring is based on
a change in the gap between the two surfaces of a pair of
electrodes of the sensor. The capacitance between the
surfaces, i.e. the capacity for storing electric charge,
depends on the area of the surfaces and the distance
between them. Capacitive measuring can be used even at

quite low metering ranges of acceleration values.

Generally, . small capacitive acceleration sensoer
structures are based on micromechanical structures
manufactured on silicon. The micromechanical structures

are typically structures having a thickness exceeding 100



2 pm formed by etching a wafer material. An advantage
of m cronmechani cal capacitive acceleration sensors is
WORE06/13428e nass in relation to the area of th&CI/FI2006/650257
structures, which enables the manufacturing of
AP MM HRCERLARAL O FEPSPT %20k 8%G8! |AM agvantage of
per f ormance.” Connecti"on and encapsul ati on et hods of
mgcromeaheniprésentpycusedei natbelevaufact usemgood is the
prof essional. and . consuner e|ectronics and the
e TS adron SHCOiB g EBFectiin: 61 Have Féduesuzes,
whight 1 espis st s thegar dingguthetusizg of of capacitive
m cromechani cal conponents, such as capacitive
25E6E4PERALPBN S8BRSEES CTafd el epar Peadiogrmancegar di ng
the height of the sensor conponents. Presently, sone
prior art capacitive accel eration sensor solutions
Coeasuotiing i mmrel abhoaptolsevenal mxasods e oknowiri&@chart
solut%gns are described in, for exanple, the_ German

PPEEERT L AnABiftit ehBnt- HBUbTF LAt F O BE 0225 AT Tafif- oyl and
cbsbabente INe:t B82% 93(a The aGeslLnali R MRASHE| B8nsumer
grincip[es described in the publications are based on
caRctA8PAABt Naysl kubpbet taphd mespipenads begarding the
. QL. S ring, t.ha rpendi.cul ar .to the ring.
Siks O Li s e SlaR e ColRPHRNGH T ) it y b “pRBS v
atassefatisn aerangls ohndssent i phkyidblurt h ddarding the
capaci t or ﬁlates. Bel ow, prior art will be described
hGi PRt eRENPIE T FPRGOTr 6PBPEABBTEO the acconpanyi ng
draw ngs, of which: Figure 1 shows a capacitive
accel eration sensor solution, according to prior art,
Preseetivonsane projact boh viepwcitEivgurac@ekhiowsien sensor
sitioning solution of capacjtive _acceleration
sEREbPTEl aMeRTeE LA cor i nBeLat pPTor Sr t SoYBF AL
khasUr soghageaheriainomntd fekativadt ant hree axesmple, the
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German Patent Announcement Publication DE 10225714, and

axes are

in US Patent No. 6,829,937. The acceleration measuring
principles described in the publications are based on an
asymmetrical support of a mass by means of a torsion
spring, such that perpendicular to the spring axis
passing through the center of gravity of the mass forms

an angle of essentially 45° with the capacitor plates.

Below, prior art will be described with exemplifying

- reference to the accompanying drawings, of which:

Figure 1 shows a capacitive acceleration sensor sclution,

according to prior art, in section and projection view,

Figure 2 shows a positioning solution of capacitive
acceleration sensor elements, according to prior art, for

measuring acceleration in relation to three axes,



3 Figure 3 shows a second capacitive accel eration
sensor solution, according to prior art, in section

and projection view, and Figure 4 shows the ig&%ﬁ
on the distance between the neasuring el ectrode ﬁ@%SGHEMZS7

the mass, fromdeformation izn the second capacitive
accel erati on sensor solution, according to prior art.
Figure 1 shows a capacitive accel eration sensor

$eloutrieon?  shewer di ngetongr ceraattive n sseetlicgrtdnd sensor

Qb%ﬁ%hon %c%@%dllgoth% C%B?Cltlve @ccele:ﬁ;%%%ﬁg nd

sensor sOl ution r |ng O prior ‘art

sprijegs idnsupper tamdy the mass 1  of the noving

el ectrode are positioned off-center in the

| ongi tudi nal direction and at one edge of the mass 1

iFI'jlgukhe 4t hihek@eshediinggibae dhe tMeaslldeRgicel eddudes the
are positioned bel ow the mass, symetrically in

P@Pﬁ?‘r‘bﬂg %e%@%epﬁrﬁb g gags, Hepdsieatiasion én the
thecaneaspacit fyof ather dmssi ch hh cingdg, Wil d:he ng

measuring electrodes 2, 3, are depicted by dotted
FPnesioFiilie 2 shows a positioning solution of
capacitive acceleration sensor elenents, according to
prior art, for neasuring acceleration inrelation to
Fhgeee akeshows ah@ap¢mmﬁﬂﬁanﬁqqykamamﬁb@ns&@ﬁ@mdmmgumdon,

' he | erat, | t
RASLaB | ool BF “ShBacti! e et Tt | BRSO AP 1o

10 tihe eeapxestiBy admiARS a@fichihecdepircisedupasit, i avicBgding
sol utij on, ccel eration sensor of several axes can

B0 Pt eitved Ie (1 oo CPFoRgSof AURBRFF ABIoFDRhTERS
dEinehd hRoRhd I 818PA6R: Ak agvant age-Pfcthe-Lapaci 1HVene

accel eration sensor, AMENDED SHEET (| PEA/ FI)

longitudinal direction and at one edge of the mass 1 in
the thickness direction. The weasuring electrodes 2, 3
are positioned below the mass, symmetrically in relation
to the spring axis. In the projection view, the areas 5,
6 of the mass 1, which coincide with the measuring

electrodes 2, 3, are depicted by dotted lines.

Figure 2 shows a positioning solution of capacitive
acceleration sensor elements, according to prior art, for
-measuring acceleration in relation to three axes. In the
positioning solution according to prior art, the
acceleration sensor elements 7, 8, 9 are positioned for
-measuring acceleration in relation to three axes. By
means of the depicted positioning solution, an
acceleration sensor of several axes can be implemented,
the directions of measuring of which tune the ‘entire

space.

An advantage of the capacitive acceleration sensor

AMENDED SHEET (IPEA/FI)
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accordln% to prior art, shown in Figures 1 and 2, is
W06 34232 on of the el ectrodes in the same pl JHE/FI260§950257

the immnity to deformationssof the structure.

slaqfue 1Rt ons-Ala{he sLryetyre ge a%% fHoKe {;Qéggeﬁ and

when the sensor 1 s bei ng mechani ¢al Fica
200nmectbd,pa5dtwban<xﬁ tise bellagtprdeectied G@aieame plane,
en1 al influe ces fron1tPe envi r onnen

2§ omedPISES L PR GREneok TRES L kmngture.

D@f@&ﬂ@ﬂt@@n@;f biie pRéeré@bsctdhe GARACIdIMt unavoidable,
accel erati on sensor sol uti on accordi ng to prl or art

wiescribrd SEFRRL, lﬁnﬂﬁ%ﬁéﬁd@eééﬁﬁﬁﬁﬁﬂﬁ@ngﬂ@i ghectrically
c.%'ﬁﬁ%%tt%rde;‘ e?r[c?rre\ld}fe lllt shoz%’]eﬂ'? er EBESC ?f’]gralg%QHst

I naccuracy due to nu Shi age o
chamacbﬂiveunﬁmﬂaﬂaHS(n1fﬁﬁmor tB@Iutenn;ranmendLng tThese
rt, shown in Fi 2, is also, .that

e Ghen st er (SR i S orf EOREARCE Senbh L [ 1q | Spermal

eQEahBQoﬁCQﬁfe&ﬁél%%ﬁ%¥¥%ﬂssohﬁb| ?ébl@ﬁ@é'ﬁc@%ﬁ%rgilon
angi ng the angle of the perpendicular to the spring

Spnﬁ@rpmq’fgtqmr@@mrcﬂm céat ®riolr gravi tgeseribedeabove,
w%gg%?gbaFLg%gféfﬁ%gﬁ ns o% %ﬁ&g %%Eu%%ﬂ%ktlggégéme%y‘ well

i zontal sensitivity I's ac

wirhhohti s gesefral: ing MaasprmEciy calnapplt£@ i oftse Ato  null
di sadvant age of the capacitive accel eration sensor
SHofhti on, according to prior art, shown in Figures 1
and 2, is the ineffective use of space, as sone part
of the surface of the nass remains uncovered by
Ap| eedveddsgcki guf e Bhshowsira csddornrd Gapa@l¢t&©ion sensor
leratiaon s nsor sol ut i on cco%Plng to prior art,
and

sPEOEREDT o AR E L0 e R oHOR | e Sdb dhgires

2¢apaci 4iye, aaerlter ak@Bting the vertical and horizontal
sensitivities of the acceleration sensor solution is
easily done by changing the angle of the perpendicular toc
the spring line passing through the center of gravity. If
the angle 1is larger than 45°, a vertical sensitivity
smaller than the horizontal sensitivity 1is achieved,

which is useful in many practical applications.

A disadvantage of the capacitive acceleration sensor
solution, according to prior art, shown in Figures 1 and
2, is the ineffective use of space, as some part of the

surface of the mass remains uncovered by electrodes.

Figure 3 shows a second capacitive acceleration sensor
- solution, according to prior art, in section and
projection wview. In the second capacitive acceleration
sensor solution, according to prior art, the torsion

springs 13, which support the mass 10 of the moving



sensor solution, according to prior art, the torsion
springs 13, which support the mass 10 of the noving

PCT/ F12006/ 050257 5 el ectrode, are positioned {
corners of the mass 10. The neasuring electro égy@?ﬁoam50257
12 are positioned in two disfferent planes on both

sides r8het h8roBSss10ichbat e tHEOJc%%éQQ Bfe\’t\,’het h&ss 10.
area 14 of the mass 10 coinciding wth the neasuring

dhectPoriey ing, abe¢rodigpi éled Wy aredeased ianmel Ahsdgwo
Bﬂfkggeﬁglg 59@soﬂn t%&iﬁ §1d&gec¥ﬁQ§%glﬁgsglrﬁ?;'?ﬁ the

i's angl ed 45 of pl ane of e neasuring
plregerbies YleW12 thas yarrast r'y4 ha>§ bden meds evw®d dyyinciding

pti.Qni torsij 3 i.n, the corners of
fe, %gh &a%%sn%%%%lngdvgn?%%go é selgbonﬁscaageé)cﬂ%?g by a
doceedr Atn®on sensor sol ution, according to prior art,
shown in Figure 3, is an extrenely efficient use of

the area. A disadvantage of the second capacitive

atsel einatﬂz@nsom SOl it B¢ aedinRG @ iR i rdldion
shown in Figure a is the ﬁosition of the measuring
eFectPOHRS 127 1251 n °ffw phanecBlfBeat 88 f &PcawdipaEiging

£8sh pidey . ﬂ@e B ectxodesedd, Lkdocaled iD-tWaveq by
di fferent planes require great rigidity in the entire
BeF HctAHe9 Hihgurteoxp isiowdtigs il uehcdonceoheers of the

ﬁ%égang%.bedﬂfenahbgntggésuQﬁpg @hSCtQQQ§n§Pd.EQEa01t1ve

mass, from deformation the sécond capaC|t|v
aooelegradtiiopn sensor snﬂutnmmlacaocdr@gngt(anwpn1oartart
In t he, segond capaci.tive ac Ier tlogfﬁsen

LEM i Bh, T REESE df hg P o 2Pr iS x&@? Yt 8?§F5nu%ﬁn?%g§he
dfessupporting the mass 15 of the noving electrode are
positioned in the corners of the mass 15. The

A disadvantage of the second capacitive acceleration
sensor solution, according to prior art, shown in Figure
3, is the position of the measuring electrodes 11, 12 in
two planes located far away from each other. The

electrodes 11, 12 located in two different planes require

great rigidity in the entire structure.

Figure 4 shows the influence on the distance between the
measuring electrode and the mass, from deformation of the
second capacitive acceleration sensor solution according
tc prior art. In the secoﬁd capacitive acceleration
sensor solution, according to prior art, the torsion
springs 18 supporting the mass 15 of the moving electrode
are positioned in the corners of the mass 15. The
measuring electrodes 16, 17 are positioned in two

different planes on both sides of the mass 15.

A disadvantage of the second capacitive acceleration

AMENDED SHEET (IPEA/FI)



measuring el ectrodes 16, 17 are positioned in two
different planes on both sides of the mass 15. A
WO W8el34ki2age of the second capacitive accel er RGHRI2006/650257
AVENDED SHEET (| PEA/ FI) WD 2§06/ 134232
R 50257 r ,sol ut. an, cor.dj . :
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and the mass 15 cause y endi ng_or sone other
qﬁ@ﬁ&FﬁE@ioﬁf%?tfﬂ e%c%éﬁeré?idﬂ“js§ﬁ§orm%§§uéfhr%?useCl by
velahgat bonsséte t kR Hedd Ugkioe a8 ond! §BSt: tavRidakl &t ion

when the sensor is being connected nechanically and

SENEStT | CAlINUEtae whditefernat beisig opr otbet edtagatnge are
ical i s fromt enviro t...These

P et e PREES S, Blfe, FRFLIRECTY e RES T parpgotes

mexpandical 19f tadmel matlerdtatisca Figurend shives hew tHe being

di stances between the nmass 15 and . the neasurin

PEPEECFEHes AT HFEY ocafBEMbRAd | f drdniiiensiqfes of TPRe the

ciBS$ ohRedl .t N8 GRPRAE Ad M BCGE) €L AL | QBusS8ENBY' differences
sol ution, according to prior art, change In a

- iputhel Epedintilecepengannert sdet metsensds.bends. The
consequence of this is, that the difference between

the two capacitances of the sensor changes, i.e. a
FAgager dnGhevy diow atseddhytanaelsl shivden s1genesateds and
The situation for the second capacitive accel eration
LBEnsBEaSBrifPortieqEi@P ngl ¢ o pri orlosdted s opyr gadiferent

¢aapl i gatedhby fhe fact , dhatth asyrhiag ;
Selectrodes 16, 17, Iocatéﬁion eai?Fggen?lggdegcgflsﬁgtlon
saassr cablbehoni ndependEntd y taf peaol odhey, d¢Hatde in a

R PGRN L Wit REEREPGcCRRBPRET an Senth SOFUEREnsDends. The
cc r on®§en56F s8FUEFPEns
consequence of this is, that the difference between the
two capacitances of the sensor changes, i.e. a measuring
error caused by a null shift is generated. The situation
for the second capacitive acceleration sensor solution,
according to prior art, is further complicated by the
fact, that the measuring electrodes 16, 17, located on
different sides of the mass, can bend independently of
each other, if the loading forces and moments are

asymmetrical.

A problem with the acceleration sensor solutions
according to prior art is the excessive height of the
finished sensor component. Nowadays, acceleration sensors

are required to have a small area and a good performance.

An advantage of a low height 1is good installability in
modern electronic products. Correspondingly, an advantage

of a small area is a low productioh cost in the wafer



according to prior art is the excessive height of the

fini shed sensor conmponent. Nowadays, acceleration
WG4 23%are required to have a small area andPGIERH/050257

performance. An advantage of a | ow height is good

didRleald ability i  godgppqel &if??&&n@éoqyfgén means low

Correspondi ngly, an advant a a small area is a
dqmﬁepﬂdeEm@omimnsmeaﬂuthegmamﬂi Nthﬁﬂﬂﬁt134282the device

CT/ F12006/ 050257 .7 ro% her, goQ .
ﬁP@k Ce BFOSHTHE: |R§r @IEE¥Fﬁb Hden requires

ﬁmasmlyn@far&%ests@mddtwém the device during the
nmeasuri ng. The performance often requires rigidity of

the structures. The capacitive accel erati on sensor

9N USL YL 8; + pggord FHA Ogeﬂgg Mﬂ&{g?s%rc%o:!ﬁ’ding

wast es area regar |ng t e area of the capac
tlon s eiaml; alne,prs&irwn edn stulantrneonlt olersdateess aeehanicgalrding
ef or mati on, thus, it, can be deS|gned t

have
ch ARG sUior tCARReLE O s THARCEfle soPGti Bresented

s6|1wi@n1 tBYer@ads abchRe iseaone £aPASELENE and thus, it
accel erati on sensor sol uti on, accor di ng tO prl or art

cgRoW® | ReFigued 30 dravepriahl té@rnﬂemn%@pp@r@cmt@\wg@ures
thﬁﬂag;%”go&ﬂ%l%ﬁa' e a1 gﬁtrﬁr qquired by the

manuf'act uri ng costs an e l'arge capacitor area
required by the perfornmance. The presented solutlon
is, however Eartlcularly bad, when | ooking for

e

B¥orfpi ot s € et eenS ERPRRNESRP A £19 u@tclfreelemagald%rt y sensor
shhatrsaRacid o iglesc b opated igrdi fiesent 1Bl 3&fire 3, an

require very great rigidity of t'he entire structure.
ophimhé rrENUHTAETiEE ngsofac@n@fvmlmar@n@qcmgumall area

T e Vo apatt {1 V8" G506F Bt Pon CSahor & lhan ke large
cephtieobr aekdl iredmir3RNIOf ScePpbé£ebhfah @k . USBef Bresented
sé%h%ggkeis, however, particularly bad, when looking for
& compromise between thickness and structure rigidity.
The capacitor plates located in different planes reguire

very great rigidity of the entire structure.

In the manufacturing of professional and consumer
electronics, there is a clearly growing requirement for
lower capacitive acceleration sSensors than earlier
solutions, sensors applicable for wuse for reliable
acceleration measuring particularly in small capacitive
acceleration sensor solutions measuring acceleration in

relation to several axes.
Summary of the invention

The object of the invention is an improved method of

manufacturing a capacitive acceleration 'sensor, and an



accel eration neasuring particularly in small

capacitive acceleration sensor solutions neasuring
WALH86/834332% on in relation to several axes. SunPGF/II206/050257

the invention The object of ghe invention is an

RS e oot TR SR 2008r 132050 HBans of chis

iPCENEL2006/ 650264 s 81mnpnﬂwed napabit i wef aceekretati oboard
sensor. By neans of this invention savings_.in the )
FERORETSE AR AT MY BipbhehBs2RPA ReRIBydaT aig: i
paketlieaRRl, i caph e Eﬁ%lqsecdﬂhcﬁﬁyééCuéé&elb?a@ﬂ@hl sensor
capacitive accel erati on sensor solutions nmeasuring in
sodlugtioos Measevdrng laxeslasdeey dingaveral iasts.
characteristic of the invention, a nethod is provided
for manufacturing a mcronmechanical sensor out of a
Awalosidielenent a if1irwhi chhaedbos agr i veotfi ahdsBvention, a
form ng. a novabl e el ectrode supported by torsion
m?ﬁppﬁgsl§yﬁﬁ§FFV3§¥lﬁorh taRUfeRbPEEAP N  diicecreshagical
sbhg oSS angdt aasmg@éfléfémé/nﬁn [l ghion hQLhBB an inertia
thi ckness direction of the nass, Is nmanu actureg on a
mgéent raprmwafera amwﬁhd&sueﬂagtebéetr@dp§oated by torsion

manuf act ured onto secon waf ectro
SBRaHRS Bttt S fhy T Rl Bt piingl
tByMRisd cald yasymmet;ait@myolhhe:eltaCtrﬁdrpntcsptheg%ha@@ness
t he mass, such that asymetrically positioned
dPF@ﬁFéﬁPngofeaiH?esm%ﬁ%rnﬁH%fé%ﬁU%%ﬁFﬁuﬁQﬁtEQP Fas§estral
wé@@racQﬁkfrﬁéégﬂraﬁas%&ed@}o second g %f%ctdfedt$ﬁ%o a

one oOpposite to the first si Preferably, nmass
seenpdedvafe 1t he whiigit e@l@gtlfeadéslr exebypopansnet afacing a

machi ni e d. Alternativel S is renpved at
TRl BiARem oS At S By HEE kL cBh1an ‘@t T son Lo the
tBethed. springs and the mass, such that asymmetrically

ectlon of

positioned lightening features are manufactured into the
mass of the acceleration sensor, on a second side of it,

the one opposite to the first side,

Preferably, mass 1s removed at the lightening features by
means of a machining method. Alternatively, mass is
removed at the lightening features by means of an etching

method.

Preferably, the movable electrode is manufactured
utilizing a SOI wafer. Further, preferably, the SOI wafer
is sealed by means of two sealing wafers. Further,
preferably, the measuring electrodes are positiconed on a
first sealing wafer facing a first side of the mass,
symmetrically in relation tec the torsion springs and the
mass. Further, preferably, the sealing wafer carrying the

measuring electrodes is manufactured by means of a



Preferably, the novable el ectrode is manufactured
utilizing a SO wafer. Further, preferably, the SO
WiRA08¢/13428 seal ed by neans of two seal i ng waf erRCT/FI2006/050257
Further, preferably, the negsuring electrodes are
i1, f e a
%yﬁké% Qﬁ%ﬁﬁ%agn?uié§%%§t$%: |n reﬁgtﬁgﬁ’ féﬁérably’
atfaresi drspribhngsngnd thike fhﬁﬁs.SEHE&h@hwdﬂ&ﬁeiﬁbhyde very

%ge aI|n waf er carrying the neasuring el ectrodes
Ihiﬁ by means of a WD 2006/ 134232
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techni que. Further, preferably, after the joining,

Prigd a3ty s ellh¢ ngonaner $eahbde verfier thenrgge of glass.
r i.ng. Iy, n waf made

F%FE%%éés pﬁ%f pre?eré%%?‘g %gggec nd’ g%% ilS ground

vwa&ethu&.ground very thin. According to a second
characteristic of the invention, a capacitive
accel eration sensor is provided, which capacitive

A@%%%@t 'tQj" $CRSPLnEOMRESES 3N chNe td @ MRSSinlehmiBY, a

a novabl'e el ectrode supported by torsion springs
ngﬁﬁetﬂwealI§0Cﬁleh@thong|t@@mﬂ@r di ¥ct irorewifdeche whlch
t he thickness direction

Cnﬁ%%ltlvg a%y atlon = LD r mass

t , ﬁ%asurlng %T%%fr88g§ 68§|tf3heﬁn?5E+ﬁ

farhihgt a Sh@xﬁakﬁiethﬁeﬁﬂﬁﬁdes)éﬁﬁlj@b’ﬁt@@i Iy | Porelahi @Brings
to the torsion springs and the nmass, such that the

SYEEer sl aaildi Jébngﬁﬁ ﬂ&ﬁ@ﬁé@%@d{ugége%wﬂeﬁﬂ crg ymass

ahgsi ggﬁﬂﬁgtrhbggw . éaham{agsactdif&%el% h%f the
mass on a secon SI e one opposite to

maSsstaﬂdkme&%&ﬂrmabeyetheoéessp@ﬁeduqmmdﬂﬁaqpng a flrSt
ternativel ere i&e sever al ht eni ng

feature. t
s+881 UPEs. thir chsEnl yoVRECERaPL 6 tHo FPUREQAImQESS the
téﬁéi@ﬁe%p%ah@%sand the mass, such that the acceleration

5ensor further comprises asymmetrically positioned
‘lightening features manufactured in the mass on a second

side of it, the one opposite to the first side.

Preferably there is one lightening feature.
Alternatively, there are several lightening features.

Preferably, the shape of the lightening features varies.

Preferably, the acceleration sensor comprises three
acceleration sensor elements, such that two of the masses
are positioned side by side, as mirror images of each
other in relation to the spring axis, and the third mass

is turned by 90 degrees in relation to the first two.

Preferably, one of the masses is implemented with no
lightening features. Further, preferably, the third mass

is implemented with - no lightening features.



Preferably, the accel eration sensor conprises three

accel eration sensor elenents, such that two of the

Wib8E 3428 e positioned side by side, as mirrorPGTfEgels/050257
of each other in relation tig the spring axis, and the
WA TR 1,5 A ned by o9Q oqrees d nsp el AhLARLOWARE no

irst two. “Preferably, one of the nasses is

liightemamice dewitiilrersa | i ght eni ng features. Further,
preferably, the third nmass is inplenented with no
l'i ghtening features. WO 2006/ 134232 PCT/ F12006/ 050257

BL3 Al RiRatipealoyn, drvenel drderiRases are i npl enent ed
with no lightening features. Brief description of the

drawi ngs Bel ow, the invention and its preferable
di S crjbed. | i1 with Lifying
R o ¢ & Bac IR, Rl P uel Sl SHECR G ES axe
dekaws badc apaciddted laceetar at:tap SeNsiorg SekftireAce to the
according.to prior art, in section and projection
abtam eIritgarEes r sRAWE 4 SB6si ti oni ng sol ution of
capacitive acceleration sensor elenents, according to
prior art, for neasuring acceleration in relation to
Fiprse dxefovRE gureaBshiviwe aaseebadatapacsehver solution,
el.eration_sensor _ solutiaon, .according t.0 prior _art
BT P BB aRE TO8 Brber i hn b e Aa g 68 F oo o
the influence on the distance between the neasuring
el ectrode and the nmass, fromdeformation in the o
FigEsRd éapdBPtPvedacBeRéEaPdARIsefditd6rut Pén, capacitive

BeePLdLRYont QeRELYN Aldne fHIUrE- S S HOVS &, FTLYe ¢
28EERLthiion Sehbll’ Almontdulfco Ity & PPEGE! w¥e, for
neageningnacrcarlseetion andrpiejfechi ap thirew, axes,

Figure 3 shows a second capacitive acceleration sensor
solution, according to prior art, in section and

projection view, and

Figure 4 shows the influence on the distance between the
measuring electrode and the mass, from deformation in the
second capacitive acceleration sensor solution, according

to prior art,

Figure 5 shows a capacitive acceleration sensor solution,
according to the invention, 1in section and projection

view,

Figure 6 shows the influence on the distance between the
- measuring electrode and the mass, from deformation in the
capacitive acceleration sensor solution according to the

~invention,



Figure 6 shows the influence on the di stance between
the neasuring electrode and the nmass, from

WEL308¢/F3423%n in the capacitive accel eration sdifsHFI2006/650257
sol ution according to the imnvention, WO 2006/ 134232

WRCTLE1 26061080257, 11, i G £ £, NS AL A1 J 8T NAIIE. o s on
capacitive accel eration sensor solution, accor |nglio
stemsdmventiiohonj nasectriding vi@ewrhki gureer: ishgwsia section
vpositioning solution of the alternative capacitive

d€d%l eration sensor el enents, according to the

i nvention, for neasuring acceleration in relation to
three axes, and Figure 9 shows an alternative
FRORITE chi $lgRe®| at Posisfioniag el vef capaciatlibggnative
C%%%%E%& ! %é%?@%gffﬁﬁﬂg%ﬁéb Qféﬁégﬁgg ggcﬁggin tc the
I'nvention, Tor measuring accelefation Th “Féera oA 6
inlveee iaxes. feirgumessird rnver acaedsentddnabave. rBalaewon to
%he present invention and its preferred enbodi ments
L8rE°d8Errp8EY with reference to the Figures 5 - 9.
Detai |l ed description of the invention Figure 5 shows a

capacitive accel eration sensor solution, according to

Fiparenvemioprs, am sk iat &vel pedjetenbng sobwtibn pifethe
LLL ac eration sensor _solution, accordi to

agﬁggﬁﬁééﬁgioﬁgﬁgﬁxﬁ%gg ia%ﬁéggefstﬁgn sﬁﬁﬁgﬁpéd ﬁggments’

agearding tor sihen isprdmgisord2, f&y medsheahdyactB8leration in
relation to the |ongitudinal direction of the nmass 19,

rghatasynhet FPESPI $%PA-rel ation to the thickness

direction of the mass 19. The neasuring el ectrodes

20, 21 are positioned facing a first side of the mass
Figuresynhedriwatd y pregswitaed ombaord.he Bediosi,ontépr i pgesent

i%@e%@gon and 1its preferred embodiments are described

with reference to the Figures 5 - 9,
Detailed description of the invention

FigureAS shows a capacitive acceleration sensor soclution,
-according to the invention, in section and projection
view. In the capacitive acceleration sensor solution,
according to the invention, an inertia mass 19 is
supported by means of torsion springs 22, symmetrically
in relation to the longitudinal direction of the mass 19,
and asymmetrically in relation to the thickness direction
of the mass 19. The measuring electrodes 20, 21 are
positioned facing a first side of the mass 19,
symmetrically in relation to the torsion springs 22 and

the mass 19.

In the capacitive acceleration sensor solution, according

to ' the invention, into the mass 19, on a second side of



the mass 19. In the capacitive accel eration sensor
sol ution, according to the invention, into the mass
W200gH4232second si de of WO 2006/ 134232 PCT/F12006/050257

PCT/ F12006/ 050257 12 it, the one opposite to the

irs [ agyouE C IIy ocat I eni_n
Féat%?%sqgﬁa ;ﬁ l{%aﬁﬁfa% %re I%QMh%gﬁéfe§} f%ﬁ?trlcally
lahcaplleabeltllgelt@eﬁtr@r aleagrandst y 20f, the nmase Mraway-tured,
%& the I| htenln features 23, 24 in the
i ﬁg Sdudr ISEHIHIP JFG HECMeRE 26, 9FAVERE Of the mass

1Br 0LGG |°EroM|theth§1@ﬁ€§§1gé 26 0frdhe gmss AP i, tne
coinciding with the neasuring el ectrodes 20, 21 are

LﬁﬂgﬁﬂﬁﬂﬂﬁﬁzﬁkﬁﬁQ3¥Dn|©ﬁethSOm@&ﬁ ke hasth@ e jection
vgg%n %%ED %k 21§1e ié gh% ?gga{l Lce:ﬁgrzlﬁg{jﬁgab%lth the

|n|ng 0
mEheUelnqn bEeOﬂEodéanQ@ | izght emengdebeat dieso¥3,a 24lotted
and their shape can vary, and the shape can be freely
1dBPected. The |ightening features 23, 24 may not,
however, extend through the mass 19, in which case
t hey 23, 24 woul d decrease that area of the mass 19,
Sﬂﬁedﬂfstaewﬂ@$$b9f@ﬁstheeneaﬁmdwmﬂehédﬂhﬂeéi@@;ening

ur the influence on the distance . .
FMBS% %% §2§m3%|n868P§ctP de* %A t Vﬁhsgﬁq%%ﬂﬁﬂg or
ed@hﬁ)h@‘atm@ﬂhbd‘! t hEhe £@Pacah | e AGER! et | @R r8eNI8hhtening

solution according to the invention. In the
feapUEREi ¢ acdel 1l i BAc5BNSBRPES 6ROt iVGHY rackdit dFhg sbape

epkny¥e rsion springs 30 supporting the
cﬁgsgé g%i?hge%gggéﬁe el ectrode are positioned

synnetrlcally inrelation to the |ongitudina
ction mass 27_an ymet ri cal
jﬁ eWﬁ&%ré???H%%%e§3<m%%cm?%nﬂ°¥heﬁhﬂﬁ%ﬁ#ngextend
tEk@ﬁ@hodﬂﬁazﬁass 19, in which case they 23, 24 would
decrease that area of the mass 19, which is available for

the measuring electrodes 20, 21.

Figure 6 shows the influence on the distance between the
measuring electrode and the mass, from deformation in the
capacitive acceleration sensor solution according to the
invention. In the capacitive acceleration sensor
solution, according to the invention, the torsion springs
30 supporting the mass 27 of the movable electrode are
 positioned symmetrically in relation to the longitudinal
direction of the mass 27 and asymmetrically in relation
to the thickness direction. The measuring electrodes 28,
29 are positioned facing a first side of the mass 27,
symmetrically in relétion to the torsion springs 30 and
the mass 27, Additionally, into the mass 27, on a second
side of 1it, the one opposite to the first side,

asymmetrically located lightening features 31, 32 have



29 are positioned facing a first side of the mass 27,
symmetrically in relation to the torsion springs 30
W06t B2mass 27. Additional ly, into the mass EXA/FIgH6/450257

second side of it, the oneigpposite to the first

bl o ndE trically located lightening features 31,
S e A e 34052 PCT/ Fl 2006/ 050257 13 been

manuf act ured. The capacitive accel erati on sensor

olution shown in_ Figure.6 tol erates deformations of .
TPhe SEPEELGIES e%?&&gﬁ? B REORGG §ai&athg Shown  1n

FABAgY | Ng | nAtiracd£s dedusadthynrul | o8hi fdhe Thetructure
capacitive accel erati on sensor sol ution accordi ng to

SERESTAFENtTON. cHAter) Wsinensd inconfees el ngchariceaitegies
I ri I b ro . agaj i cal
e e TP P RE e Fon i RO e OSP4 SPERYBR sensor
sdéfhwoioat | snsorditbe st r ucicur éncansiing scgni freant well be

neasuriag i naccuracies. In the capacitive accel eration

CEBRSGF *SoMATHH Hcondi 7y £oChé ‘FAvENt i Showmorfcted

abbhgHEE Ghdnhi@di S{RRCESNOEst e omMBaARUI L NG BLEREALIGS thout
, 29 change mutually in the same manner, whereby

TeRe eapasifoamed idins direrfidee vt Frudioere changénangigaificant
mgF?ﬁEEh g, 8LL 5§agggsgenerated. Figure 7 shows an
al'ternati ve capacitrvé accel eration sensor sol ution,
according to the invention, in section view In the
alternative capacitive acceleration sensor solution

180 &8RP TRPAD THES | ATEREPEAT 1PRe SOREAT o5 Nridsi @y according
£ EOEAENG N BRLABYADIE SheGhT Qe dre% sglpposd e&j_@?zaﬁ@éél 9% the

springs 39, symmetrically in the |ongitudl na
meagacinon elefctirosiarasss 342 Yanthasyamebtugalyy inn the same
t hi ckness The novabl e el

difection. ctrode is
MHNGT Aot IPEHCBY T i ARG A S Gl G S R, WLl mot
clBhhge0nOmbnsebahei hg &Reors are generated.

Figure 7 shows an alternative capacitive acceleration
sensor solution, according to the invention, in section
view. In the alternative capacitive acceleration sensor
solution according to the invention, the inertia mass 34
forming the movable electrode is supported by torsion
springs 39, symmetrically in the longitudinal direction
of the mass 34, and asymmetrically in the thickness
direction. The movable electrode is manufactured by
utilizing a S0I wafer 33 (S80I, Silicon On Insulator), the
insulating layer of which is used for stopping the
etching, and into the structure layer of which the
torsion springs 39 are manufactured. The S0I wafer 33 is

sealed by means of two sealing wafers 35, 36.

The measuring- electrodes 37, 38 are positioned on the

- first sealing wafer 36 facing a first side of the mass



insulating |ayer of which is used for stopping the
etching, and into the structure |ayer of which the
WO BH28pri ngs 39 are manufactured. The SO  VR{GTAFIZ808/050257

is sealed by neans of two gealing wafers 35, 36. The

asdhf ok d 0Si iqﬂggs t :
3??r§%gsea1$%§§%£ e?ﬁSg%?ggﬁﬁg{:tgiﬁg% Si e:%ﬁltﬁérﬁ% g 39
ano 2006/ 184232 PCT/ FTRO06¢05025T7 wWafS4, Jymuetmiycald y the

in rel.ation to the t [ springs 39  and.the nass

g b B Al s e 6 ar 11 g Feot ABSL PT nfeans of

selleebhodess37, i 38ul st MBAUFrRENHEGDPY. MERSrOftde  joining,

silicon-glass insulation technol ogy. After the .

thei it teRl¥ng stasenl Phgcnarl &ie 3-@ard beegy otihdn, even

dﬁﬁﬁyt&b'g’iﬁﬁ. néggmofog%oFQhﬁk”ﬁﬁ%ooﬁj%QOmQ IO on 2

the mass 34, on a second side, the one opposite td

sthlrenfli r stidsi,de,thasyonet r cpablky tkocateed Lthght Ehkay side,
tured, which features

features 40, 41 are nuf ac
G B GEL P ochPERCEH DAY 0P e TREE: 3l Gnay 1 are
mhhQREERErbaght emiikg f e@dldtaSs 4iiddidPetNehe  center of
| ongi tudi nal direction of the mass 34. Lead-ins 42,

gxgviiy of the compecif opvaveds o eche npieheanbdgofepheres
46', r'Siy Sel%l ' Eﬂemfc?x{gﬁgicili af h%ialletc%(rji_%%t : %% C%9§C|r§£svse 34,
acceleration Sensor” solution according to the

Leadenhison,42t,he 43 ght @ai ngpf f eahdr escdhetl cof tdeca@ssare
,34_are generated wi_thout any additional working step,
lﬁ?l?ﬂgngﬁﬂeoPiﬁﬁeaglFﬁE ?ﬁ@iﬂpg WA48E 3%-i s | oosened
fromthe sensor frame, and the torsion springs 39 are
formed. In this acceleration sensor solution, the

Ini ghtleni n fteatnataisvel 0, cabaagrid ivienpl ecentledasddoa  sensor

cavities. ,The seal ing wafer 35

<GEREPO; CachP PR e ot e 5T SiohtEning
feheapassgoandleleTtth€ahasBsshaldr@n,generated without any
additional working step, at the same time as the inertia
mass 34 1is loosened from the sensor frame, and the
torsion springs 39 are formed. In this acceleration

sensor solution, the 1lightening features 40, 41 are

implemented as a network of deep cavities.

The sealing wafer 35 on the other side of the mass can,
for the sake o0f its cheapness and electrical insulation,
be made of plain glass, and this wafer can also be ground
very thin, even down to a thickness of 100 pum, since
deformations in it has no influence on the
characteristics of the sensor. Under these premises, the
total thickness of the sensor can be even less than 600~
pm, which enables an encapsulated sensor thickness of

less than 1 mm.

In the following table, the dimensions x, vy of a



be made of plain glass, and this wafer can al so be

round very thin, even down to a thickness of 100 pm
B34t ormations in it has no influence on RGIEFI2006/050257

characteristics of the sensam Under these premni ses,

% Bcitqtal i Lkness 1o théfez?se&‘éo'faﬁé‘” Phe €VRARbESS

an 600 pm which enabl es an encapsul ated sensor

Stemscvmes@t@flnalbé% dtam i amwafartbé 16D owi Bg kalfuection
t.he .di nensions x, y of WD 2006/ 134232

BT 2608P0R0 267 1§ CRoatne | CaPRC G G at Fon SSGGEmeNtS

fard 4 hei RyIBeaMNaehitapersars1.0bt aksakle tdcfdmyatsr the
of 150 mmas a function of the capacitance C of one

tekpaei ol TPSEequeiersitls dbreRs5Imyl encagdd tawgeer of
s%ﬂ%%§§”§b€%?néﬁﬁ§rgh@g gpt%h%afg mﬁ% hgugn§%spectlvely

preferabl e di nensi ons an e nu er of  sensors
acbbaidnall e taut Wiata wahéichtied ounh radpecttately.

of

In the

d|n to that indicated in the table In the
Cei BUPREIBHS, 5acERBACFOST S§Bp 06 1t 55 PP SeSTREd. C
[pF] x [m Y [m] N 0.5 1.21 1.65 6043 0.7 1.31
1.80 5111 1.0 1.44 1.99 4200 1 1. 62 2.26 3288 2.0
C1lgty] 2. 49 |272lgnm]3. 0 2|03 [2mg8 2063 NFi gure 8 shows a
HI P - ol it 1 £+ Lo 1+ 1L\ AaanAab 1
Stt1ott oot tne—arterfatt- e uupu_,ltlve
accel eratijon “sensor elém§ s, acco gﬁkg to the
olnvention,| f.oyg1 measurjaggaccelerajis@ain relrati on to
three axeq In the positioping solution of the
1eﬂternatiwé-Gﬁba0|t|velaé¥hleratioﬂZ@@nsor el enent s
cot-etagt he—t+avefitton—the—sses—45—46] 47 are
1.5 T2 A 3258
2.0 1.77 2.49 2729
3.0 2.03 2.88 2063

Figure 8 shows a positioning solution of the alternative
capacitive acceleration sensor elements, according to the
relation to

of

invention, for measuring acceleration in

three axes, In the positioning solution the

sensor elements

46’

alternative capacitive acceleration

according to the invention, the masses 45, 47 are

replicated in triplicate.
45,

Two of the masses 46 are positioned gide by side

of each other in relation to the

45,

being mirror images

spring axis. The masses 46 1located side by side

detect accelerations in the directions y and z. The third

mass 47 1is turned by 90° in relation to these, and it

accelerations in the directions x and z. The

of all

detects

sensitivity the axes can be dimensioned

independently of each other by means of the capacitive

acceleration sensor solution according to Figure 8.



replicated in triplicate. Two of the masses 45, 46 are

“P03|t|oned side by side being mrror imges of each
@ 8¢/1345832% el ation to the spring axis. The nmasREEFIZ0P6/050257

46 | ocated side by side detigct accelerations in the
directions y and z. The third nmass 47 is turned by 90
inrelation to these, and it detects accelerations in
Milgergi rlecihions an ambit erndheve spnsiitivhipgokodbkibhe of the

es c e dinensioned inde end ntly of each other
DB TSRS et on°SRALhr ©lements,
aSQoidieR act it NthéontH @b efdr M@agggﬁh%3é%%%leratlon in

PCT/ F12006/ 050257 16 Figure 9 shows an alternative
Ifdsitiodni hg SHLRAS ofX8F -t He' Aheerdhi¢veaichprcipdisié ioning

s%ﬁ%%ﬁ%%ati@fosgﬂéor Q$%Hﬁﬁﬁﬁjﬁéac§g%g&ﬂgl%8 t%%celeratlon

i nvention, neasuring acceleratfionin relation to
sehsee aabsmemtﬁtlaaaﬂﬂdmn@attuetﬂu5|uhonhngonsolﬁne(mnasses
g Iternatlv %aC|t|ve ac eleratlon sensor

Ya&&6r gk 198 Ffle intentildrathe masses 48,
49, 50 are replicated in trlpllcate Two of the nasses
48, 49 are positioned side by side being mrror
TWﬁag‘é’é dhecaBpsdtheridm A8l aaten posithensshr phgeaxts. side

8, | oc ed e d d
bégggrgﬁgff%ﬁslﬁg§%§ g%rec |%n§9%15%d§? ﬁ%ggéh??dto the
spa$ﬂg50ax$stuﬂn&d mp=3@E | Aghel abi onotetédeseiddhey side

hird mass 50 is inplenmented wth no |ightening

d?Eﬁ?Er@§Ce&ﬁ§atrlfm6et‘-é’cttéleaé%’éTeé%ta]tqrb% ¥ ejdist - tRge third
mAkEeGhi O Xeuriii&s SEPSHbb Vi hy Qf salilor h;% a%ﬁés&anﬂq@ third

di mensi oned i ndependently of each other neans of
mggpadilt i e ilmpdemergedonwigdnsoe é@@@b&Mlmgxiﬂahm@ﬁ$o and

Fi The.capacitive_accel eration
lge%§%§C§8|u 6 igaggoPalﬁa 9889 %h dErBEETon X.

The sensitivity of all the axes can be dimensioned
. independently of each other by means of a capacitive
acceleration sensor solution according to Figure 8 or

Figure 9.

The capacitive acceleration sensor solution according Lo
the invention simultaneously provides a fairly efficient
area utilization as well as a good tolerance for

deformations of the structure.

In the capacitive acceleration sensor solution according
to the inventicn, there is no need to worry about the
conductivity or electrical potential of any sealing
structures located on the side of the inertia mass
opposite to the electrodes, since that side of the mass
is not used for electrically active functions. Further,

in the capacitive acceleration sensor solution according



the invention sinmultaneously provides a fairly

efficient area utilization as well as a good
WA EHEE for deformations of the structure. BGI/FRM6/056257
capacitive accel eration sengar sol ution according to
ttoheca@vgﬁ%aemhhert%e'r% N nﬁsdntegd]wgpy t@s see to
conductivity or électrical potentia any s aI|n
HHJLE%&HeShbo&dﬁﬂdﬂmtthenéud91mityh®eUmadmEtmm381des of

os tqzto t he el.ectrodes i ce_fhat side of th
TG bt MEERd Lo Th | PPGclReE Tt pongade of
iﬁ@mﬂﬂy'dopédtbﬂliaﬁﬁcmhk%ﬁtﬂ%§ebﬁﬁéth6nSQﬁ§C&he area on
sol ution accordi ng WD 2006/ 134232 PCT/ FI 2006/ 050257
iy tSolC%%efc‘ri%%%t ‘Fgﬁ el REEECHESn0 Gieekk ekplti ePREgino buried
b3 a0 that the ShEEL L Lo ONIYEELY! 1%, R0 WA 1IAA%ane
gf Ihe Inertia mass 1's naln ained. T can

sb@lmgaenaf tmegmahyfdopedlngommtaMaﬁetﬁehfaﬁe@tbgnmeans

f the area on e facing the el ectrodes, or

oa ot ah AChht VB acs&ﬂﬁ&éw%r%%se%r oS0l RELPat AGFOTding
thayaes intaus.iow.gni fi cant savings in the

manuf acturing costs are achi eved by neans of the
capacitive accel eration sensor solution according to

hhe J v a nt t.he c v
accéﬁeratf%%psenso gﬁ%o|3%16ﬁ*%%€%?d|%§g%£é %tlon sensor
sbiivenbhon dcccaldimg t had  adpustimemintdfort heis  also, that
gen5|t|V|t|es in the vertical and horizontal

IPEETPBRs PE e&BPI ySEBRETHY 1EREAGI iE t hEC aNgFEiepl and

th@zBﬁEHQnd!ﬁk‘ééElBﬁst hes SPEd o ¢ | %:{@S%wg chld %%gjh the
the center of gravity. If the angle is |arger
anglea aler ttlh@al peepsndivnigrsiud | &het haprilh@ llne passmg

ntal sen3|t|V|t i S achleveg @ﬁ%
<BPRRER R ERRLEK il ReMiVan  hheote anbTe ™Y Larger
tEEH/FEZ@QG/050258rt1cal sensitivity smaller than the
heorizontal sensitivity 1s achieved, which, in many

practical applications, is advantageous.



18 Patent clains 1. A nethod for manufacturing a
capacitive acceleration sensor out of a wafer

el enent, in which nethod an inertia mass (19), P&ﬁﬁbooﬁm50257
(34) formng a novable electrode is mnmanufactured on
central wafer, the mass bei h§ supported by torsion
Sprdargs 1228ms (30), (39), symetrically in the

| ongi tudi nal direction of the mass, and asymetrically

in the thickness direction of the mass; and neasuring
QJeCt&@dﬁﬁjﬁgﬁkkm(%%huf@%ghrlﬁggi’cé g&ltﬁgg)aéégleratlon
manuf actured on a second wafer; which el ectrodes are
ﬁ@é’istqroﬁ%’& Pafcuangfaéeﬂq edementde bh vihecherstliad) an (2Rrtia

I t rs i
L R R
@h@mé@t@nrzédonna chatraéywaﬁ¢rtceméymiwmabeﬂng supported

b 31), (3
PngEE%g%% ?;ggﬁﬁéé? %&f )%%éﬁégiﬁéé%?%zﬁﬁ the
dfontgl:lEud&ﬁﬁEl €t ab&0hors ens Ot he Oflads sm@h@yrﬁt@atﬁm:tqqe in

03| to the first, side, said |ightening features
E‘é&fﬂe%sﬁlr%%%on( heL) f%ao‘-i%m Ay igaFuring

tem@ceeaagéerrqat) el qgttodeszéﬁl), CESE ((38) anctz,ré@t are
ext endi ng through the mass (19), (27), (3 1
NERHEACREERF ity Po EPEPTA 1,WalifaractBifhedelectrodas are

’.'Ll’l2 tm
posEemnas (1hurk2D o 30 procommedatnile gy o)

(31) . bpyamefadhipail g imet hotht 3on I\/Et)hd?dlaacbgrding tprings
m 1, ar agl,ghi z |n that t hat (1%
?g?; (éi)v is ﬁe%ove % tﬁ?e 1T iﬁenlng feg?g?é (34},
¢R8ractedized 31y, €B2), a4Onetiddalby lanaekdhilightening

PELnod, AVENDED SHEET CIPENFL) 00y (a0),  (a1)  are
manufactured into the mass (19), {27, (34) of the

acceleration sensor, on a second side, the one opposite

to the first side, said lightening features (23), (24},
(31), (32), (40), (41) coinciding with the measurement
electrodes (21), (29), (38) and not extending through the
mass {19), (27), (34).

2. Method according to claim 1, characterized in, that
some mass (19), (27), (34) is removed at the lightening
features (23), (24}, (31), (32}, (40), (41} by a

machining method.

3. Method according to claim 1, characterized in, that
that some mass (19), (27}, {34) is removed at the
lightening features (23), (24), (31), (32), (40), (41) by

an etching method.

AMENDED SHEET (IPEA/FI)



PCT/ F12006/ 050257 19 4. Method according to any one
of the preceding clains 1-3, characterized in, that

the novabl e el ectrode is manufactured by utili zRg8006/050257
SO wafer (33). 5. Method according to claim4, ol /
characterized in, that thelSO wafer (33) is sealed

by. mearsefd tamrcgeahiond o aderend 36k, chdbprebeaMabhed aims
according to claimb5, characterized in, that the _
njezfsruriﬁ’?%rér:éeﬁ%a‘és ¥137) thess) thee PoRhionadssitaase is

fhdratr Sealicagpyaber 1 { 36)qgf acidhy wafd+ Sta9i de of the
mass (34), symetrically in relation to the torsion

springs (39) and the mass (34). 7. Method according
tp cl g ceri zed 140, t ' er
£ 1 dBrBa CRAIAGLEL 280 dilid AL o Qpafg%%{%g?ﬁi [ that

(36) carrying the neasuring el ectrodes
ridreuf 80t umedely heRinsief seslidd cbp- giesss dAsuwvat | eaaling

t I 8. thod according to claim7,
cv%?%g%tgrg?é%éd(?%/f'that, after joining, the first

sealing wafer (36) is ground extrenely thin. 9.

t ho caordin o claim@§, .7 or 8, characterized
e P RE e SRl E chP I il & (S S Drin, chat
@has meash@indybbhod: A640s d( 1) [ 0(SRI 89, pSHAF ASALH | 3@ he
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PCT/ 120062 050257ding to claim 6, characterized in, that

the sealing wafer (36) carrying the measuring electrodes
(37)., (38} is wmanufactured by means of a silicon-glass

insulation technology.

8. Method according to claim 7, characterized in, that,
after joining, the first sealing wafer (36) is ground

extremely thin.

9. Method according to claim 6, 7 or 8, characterized

in, that the second sealing wafer (35} is made of glass.

10. Method according to claim 9, characterized in, that

the second sealing wafer (35) is ground extremely thin.

11. A <capacitive acceleration sensor comprising an
inertia mass (19}, {27), (34) forming a movable
electrode, the mass being supported by torsion springs
- (22}, (30), (39), symmetrically in the longitudinal

direction of the mass, and asymmetrically in the
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el ectrodes (20) , (21), (28) , (29), (37), (38)

positioned facing a first side of the mass (19p¢cT/FI2006/050257
(27), (34), symretrically in relation to the torsion

springs (22), (30) , (39) aRf the nmass (19), (27),
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gregeding clainms 11 - 13, characterized in, that the
Feration sensor conprises three accel eration
sensor elenents, such that two of the masses (45),
(46), (48 (49) are positioned side by side being
r oice igm  edEmsstther dagoréiagi onto tivdagpringt,
@ﬁé§ac%ﬂ§é@ FRi T Ctha@ast?hélé‘e?) ns( E?:Q”)e ' §1éHEQﬁ9n8y f%%ture

inrelation to the first two nas

(23), (24), (31), (32), (40}, (41}).

13. Acceleration sensox according to claim 11,
characterized in, that there are several lightening
features (23), (24), (31), (32), (40), (41).

14. BAcceleration sensor according to claim 11 or 13,
characterized in, that the 'shape of the lightening

features (23}, (24), (31}, (32), (40), (41) wvaries.

15. Acceleration sensor according to any one of the
preceding c<laims 11 -~ 13, characterized in, that the
acceleration sensor comprises three acceleration sensor
elements, such that two of the masses (45), {46), (48),
~ (49) are positioned side by side being mirror images of
each other in relation to the spring axis, and the third
mass (47), (50) is turned by 90° in relation to the first

two masses. -
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Accel eration sensor according to claim15,
characterized in, that one of the nasses is

i mpl emented with no Iightening features. 17.
Accel eration sensor accordi Bg to clai m 16,
characterized in, that the third mass (50) is
inmpl emented wi.th no |ightening features. 18. _
AggeI§F§F@8ﬁ3§éﬁ§or SEEBPHI ng2EePEd I 155 claim 15,
diairacierized i, (e (90 Obrt REMRISES Ar&: implemented
i mpl emented with out |ightening features. AMENDED
SHEE‘TDPI @Egb':pying features.

PCT/F12006/050257

17. Acceleration sensor according to claim 16,
characterized in, that the third mass (50) is implemented

with no lightening features.

18. Acceleration sensor accoxrding to claim 15,
characterized in, that two of the masses are implemented

with out lightening features.
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