Met hod of manufacturing a capacitive accel eration
sensor, and a capacitive accel eration sensor Field of
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measuring devices used in the neasuring of
accel eration, and, nore precisely, to capacitive
accel eration sensors. The object of the present
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applicable for use in small capacitive accel eration
sensor solutions, and which is particularly suitable
Fiard use e simabdntanoch extrenely thin capacitive
accel eration sensor solutions neasuring accel eration
inrelation to several axes. Background of the
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use 1n small and extremely thin capacitive acceleration
sensor solutions measuring acceleration in relation 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, 1.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

guite low metering ranges of acceleration values.

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

are typically structures having a thickness exceeding 100



are typically structures having a thickness exceedi ng
100mm, formed by etching a wafer material. An
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sensors is the large mass in relation to the area of
t he stru res i ch enables the man fac uri of
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accel eration sensors, and, in particular, regarding

the hei ght of the sensor conponents. Presently, sone
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P SEHRSHT 1 $O| YbneNn praeor i gchpapl t OVeaklocelr r$@Gi0MKensor
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known. Such solutions are described in, for example, the
German Patent Announcement Publication DE 10225714, and
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 solution,

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,



accel eration sensor elenments, according to prior art,

for measuring acceleration in relation to three
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sensor solution, according o prior art, in section

and projection view, and Figure 4 shows the influence

on the distance between the neasuring el ectrode and
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accel eration sensor solution, according to prior art.
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projection view [n the capacitive accel eration sensor
solution, according to prior art, the torsion springs

4 supporting the mass 1 of the npving el ectrode are
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Figure 2 shows a positiqgning solution of capacitive
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In the positioning solution according to prior art,
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longitudinal direction and at one edge of the mass 1 in
the thickness direction. The measuring electrodes 2, 3
are positioned below the mass, symmetrically in relation
to the spring axis. In the projection view, the areas 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 1in 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



the directions of nmeasuring of which tune the entire
space . An advantage of the capacitive acceleration
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achi eved, which is useful in"many practi cal
slappt i cati ons. A di sadvantage of the capacitive
accel erati on sensor solution, according to prior art,
shown in Figures 1 and 2 , is the ineffective use of
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solution, according to prior art, shown in Figures 1 and
2, 1s also, that adjusting the wvertical and horizontal
sensitivities of the acceleration sensor solution 1is
easily done by changing the angle of the perpendicular to
the spring line passing through the center of gravity. If
the angle 1s 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, 1is 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 view. In the second capacitive acceleration
sensor solution, according to prior art, the torsion

springs 13, which support the mass 10 of the moving



surface of the mass remai ns uncovered by el ectrodes.

Figure 3 shows a second capacitive accel eration sensor
waeloatt34282 according to prior art, in section BEHFI2006/050257

projection view. In the secgnd capacitive acceleration

ensor _sol ution, accordi.n 0 ior art or si on
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A disadvantage of the second capacitive acceleration
sensor solution, according to prior art, shown in Figure
3, 1is 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
to prior art. In the second 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



second capacitive accel eration sensor solution

according to prior art. In the second capacitive
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the torsion springs 18 suppgrting the mass 15 of the
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sensor solution, according to prior art, is further
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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 1is 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 is good installability in
modern electronic products. Correspondingly, an advantage

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



fact, that the neasuring el ectrodes 16, 17, |ocated on

different sides of the mass, can bend independently of
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asymetrical . A problemw th the accel eration sensor
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1 . By neans of the second capacitive accel eration
Chamdoie stP o Aot ® Yo prior art, shown in

Figure 3 , an optiml conprom se is achieved regarding

the small area required by the manufacturing costs and
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ot It UEBmMpirghdisky.is achieved regarding the small area
required by the manufacturing costs and the large
capacitor area required by the performance. The presented
solution is, however, particularly bad, when looking for
a compromise between thickness and structure rigidity.
The capacitor plates located in different planes require

very great rigidity of the entire structure.

In the manufacturing of professional and consumer
electronics, there 1s a clearly growing reguirement for
lower capacitive acceleration Sensors than earlier
solutions, sensors applicable for use 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 1is an improved method of

manufacturing a capacitive acceleration sensor, and an



The capacitor plates |ocated in different planes

require very great rigidity of the entire structure.
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electronics, there is a clearly grow ng requirenent
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accel eration sensor. By nmeans of this invention

savings in the height of circuit board conponents are
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t he mass, such t hat asymmetrically

first side of the mass, symmetrically in relation to the

torsion springs and the mass, such that asymmetrically

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

method.

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

measuring electrodes 1is manufactured by means of a



positioned |ightening features are manufactured into

the mass of the acceleration sensor, on a second side
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mass is renoved at the |ightening features by nmeans of
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Further, preferably, the neasuring el ectrodes are
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first sealing wafer is made very thin by grinding.

afreieraply, thesecond.sealing vafer s mgde of, ghasy, o

urt her; pre?eraciy, the second sea i hg wafer is !

cap o wer y ddidledaciandi ngeheoa second shavagé@s i stvltich
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mass, and measuring electrodes positioned facing a first
side of the mass, symmetrically 1in relation to the
torsion springs and the mass, such that the acceleration
sensor 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.



side of the mass, symmetrically in relation to the
torsion springs and the mass, such that the
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features varies. Preferably, the accel eration sensor
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Further, preferably, the third mass is inpl enented
aWﬁ4¢h¢Q)fl@ﬂﬁ@ﬁmr@ﬁf@%ﬂ@hés Al ternatively, two of the
masses are i nplenented with no |ightening features.
Bri ef description of the drawi ngs Bel ow, the invention
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sensor solution, according to prior art, in section
and projection viemi Figure 2 shows a positioning
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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, in 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,



sol ution, according to prior art, in section and
projection view, and Figure 4 shows the influence on
w0 b@odsesance bet ween the measuring el ectrode BCHFRMES/050257
mass, fromdeformation in the second capacitive
accelenpti n sensor sg#utiog according to prior:ﬁrté .
Hylre 5 SHOWS a®Papalitria-hitel etiattbn Yendgroeleration
sSObbit i aBlvacear dintkd@ithe tovemd othvéd: 56¢f 1 9 &Kkt ion
projection view, Figure 6 shows the influence on the
VIt ance between the neasuring el ectrode and the nass,
fromdeformation in the capacitive accel erati on sensor
sol ution according to the invention, Figure 7 shows an
Fajtes nat ishewecapacds Mel @cced esat iohosensorhsolalttiexmative
according to the invention, in iection Vi ew, FL%gre 8
% g to the
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1 6RPREI 4k ve aecel graliomeensaie &l eends, according 40 o
the invention, for neasuring acceleration in relation

thieee meesaxayd and Figure 9 shows an alternative
positioning solution of the alternative capacitive
accel eration sensor elenents, according to the

Fidwent p oshokor aneasyeirngtaceelersatiioning reellattiem taf the
three axes. Figures 1-4 were presented above. Bel ow,
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Det ai | ed description of the invention
relation to three axes.

Figures 1-4 were presented above. Below, the present
invention and its preferred embodiments are described

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

Figure 5 shows a capacitive acceleration sensor solution,
according to the invention, in section and projection
view. In the capacitive acceleration sensor solution,
according to the invention, an 1inertia mass 19 1is
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



Figure 5 shows a capacitive accel eration sensor

sol ution, according to the invention, in section and
wWee@pas2son view. I n the capacitive accel eratiRPCI/BENBSHS0257

solution, according to the jnvention, an inertia mass

.19 i s supported by neans torsi on springs 22 :
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t he i nvention, %nto the mass 19, on a second. side
0

VTt , Pt he? bres opposiPe Ot o (e TESSst: KsiGenCtding with the
m&SYIFEL S i calddt dReat edol i ght end ng fRatiunes 28y 24 al& ted
manuf act ured, which features displace the center of
ligrawvity of the mass 19 away fromthe |ightening
features 23, 24 in the longitudinal direction of the
mass 19. In the projection view, the areas 25, 2 6 of
Ssérhe mESStHE erisraiodi ngs widdert heemeasdr iatg ehectrioflesening
20, 21 are depicted by a dotted line . Sone of the.
LeRISSTS has’tbedit rBHDVEPRE tHe ISOgRt efPAYDf SRR e e3123, OF

e % BYg Means, Q. sank khown maehi nbag o etghiag mjzﬁ%ing
There” can be one or nore lightening features 23, 24,
famdutéeei £3shdpe ean vdreir sglthichecghapervanabe fuheelghape
sel.ected. The |jghtening features 23, 24 nmay not,
C%%ﬁ%%é%e%ﬁﬁea%#%#ﬁ%ﬂgh the mass 19, in which case
they 23, 24 would

The lightening features 23, 24 may not, however, extend
through the mass 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 1in 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 relation to the torsion springs 30 and
the mass 27. Additionally, into the mass 27, on a second
side of it, the one opposite to the first side,

asymmetrically located lightening features 31, 32 have



decrease that area of the mass 19, which is avail able
for the neasuring electrodes 20, 21. Figure 6 shows
W@ b@ei1s2B2ience on the di stance between t he neaBCr/FREV6/050257
el ectrode and the nmass, fromdeformation in the
Lea aciti%e accel eration sensor solution according to
THe THVEMTOR ST n the capacitive accel eration sensor
solution, according to the invention, the torsion
springs 30 supporting the mass 27 of the novable .
The ectaloriel ok e post s onedt syimeten e | Yo vgdmat i grvd 1in
rifie-dongit ughnaladLeectdon, ofa d N6, fBS$27 B0 st ructure
asynmetrically 1nrelation to e thi ckness direction.
edteemebsuwen@ elieciaadese28raifgameaposiihigonethd@ciaigies
a first side_of the mass 27, synmetrically in relation
C"i%s%ebi’opéﬁ&n Lpritgs' 30 SABERE HEsgCoFleration sensor
shdgi 1donaldabrdifp the PRESS Zfve @i éh seeendveirde 911 be
it, the one opposite to the first side, asymmetrically
conratiedl| nghhaniagligatucess Bact B hbliebeed be protected
nufactured. The pacitive.acce ation I
G oRSOA L m BB Tl o B8 hor ar R e g "afenout
féde stroaetureaexbnenehytwel Istwhidtoute generiald ngignificant
measuri ng i naccuraci es caused by null shift. The
NeApActtd vl & ccet & at ¥ on sensor sol ution according to
the invention can very well be connected nechanically
and electrically and be protected agai nst chem ca
In nfhaere@sditamet hec @l ranment sanshoutsoflegroof according
tdefgrna%iogﬁ.ig thg structure cau in%hsi i&icant £ th
fre s%r%n&ei actur 2¢Pe8. Hn"tHE capacitivve accéiEration ¢
nSLNSOIn§okUbteORoaEg0H ,NY2 § 0 chhagenvetyan,y shewahien same

Figure 6 , the distances of the . .
manner, whereby the capacitance difference will not

change and no measuring errors are generated.

Figure 7 shows an alternative capacitive acceleration
sensor solution, according to the invention, 1in section
view. In the alternative capacitive acceleration sensor
solution according to the invention, the inertia mass 34
forming the movable electrode 1is supported by torsion
springs 39, symmetrically in the longitudinal direction
of the mass 34, and asymmetrically 1in the thickness
direction. The movable electrode 1s manufactured by
utilizing a SOI wafer 33 (S0OI, Silicon On Insulator), the
insulating layer of which 1is wused for stopping the
etching, and 1into the structure layer of which the
torsion springs 39 are manufactured. The S0I wafer 33 1is

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



nmeasuri ng el ectrodes 28, 29 change nutually in the
sane manner, whereby the capacitance difference wll
wWoi6abye and no neasuring errors are gener aR@rFI2006/050257
Figure 7 shows an alternatiyvg capacitive accel eration
ensor _sol uti according.to the invention, in_ .
3ot VBROUTEGALIK Cle BT TATHACI V8 Cdfact o yion Springs 39
adCCcel s atiofy sensor tsel ukkaniagCondeng t96t hearrying the
invention, the inertia mass 34 formng the nnvaS%e
et Bet Yutec 1 SC5UpPor t €dr by St 6FSMERVSPELHGSI3Py means of a
ri y.in. t .l .angi j ir i t ,
LT R e R T e B i isdes The ' Poining,
tik r ectsonsedhennowalilee electaodee i groandf aetryr edthily even
utilizing a SO wafer 33 (SO, Silicon On Insula% r) |,
deHe FRsut atPhgrayer © P chMs Ut FBF Seoppi ‘E'tl%1 a
s&&hingsignd inhe theestrygtisad ayes otnwhi gh Athe sige,
torsion springs 39 are manufactured. The SO wafer 33
a g weeal eek bly mearmatofd t g abégniimg waketsrss, 36, The are

ofFESYELTR 1 cigpoE $, BBt BER LIS, Ukier o

ghEsS3d, osyanet tiacal 134 | awdel atbanthe thHehtersSinen features
springs. 39 and the mass 34. The sealing wafer 3 6

1Qar Al ngtt He fred SR Odradt r BHESCRYON3P s the mass 34,

LaBaufact uged by greang, of o siddLonsghasscisul atkon  are
technol ogy. After the joining, the first sealing wafer

i Bereamt e gr ounel Verst tdea ievembomn3g¢o a thi ckness
of 200 mm. Into the mass 34, on a second side, the
one opposite to the first side, asymmetrically | ocated

I4 i ghireni ng1fteatures 40, c4paat eitranuf actar €dat Woh ch sensor
features displace the center of gravity of the nmass 34
= 1 ¢ ontERer ight ehPng theat dreggntion, the lightening

features 40, 41 of the mass 34 are 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 of 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 pm, 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
um, which enables an encapsulated sensor thickness of

less than 1 mm.

In the following table, the dimensions X, y of a



40, 41 in the longitudinal direction of the mass 34.
Lead-ins 42, 43, 44 of the connection areas are

WO ppbasesr ed on the first sealing wafer 36. | nPCHEI2006/050257
alternative capacitive accelgration sensor sol ution
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Figure 8 shows a positioning solution of the alternative

capacitive acceleration sensor elements,

invention,

three axe

alternative

according to the

for

S. In

measuring
the
capacitive

invention,

the

replicated in triplicate.

Two of the masses
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spring axi

detect accelerations in the directions y and z.
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sensitivity

independently of each other by means
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dimensioned

of the capacitive

acceleration sensor solution according to Figure 8.



cal cul ations, a capacitor gap of 1.5 mm was assuned.
Figure 8 shows a positioning solution of the

W@bioenss: ve capacitive accel erati on sensor el RCERRE(6/050257
according to the invention,;fJor neasuring acceleration
inrelation to three axes. In the positioning solution
of the alternative capacitive accel erati on sensor

F B@BNY SsRERON Q'hngl'i:@rhaﬁikf@V?rcbtsiiQriontiﬁ@j RSSRS AD.0f the
46, 47 are replicated in triplicate. Two of the masses

AR rPElER e PEPPLIOAEE siARCDILBIHOhei AGNAPET orelements,

' f. each_ot 1 rel atio | ;S :
L0, 1 SOER LG ! LB LI B o
ratael @ aticonshi@et lsxedi.r echi anse yaadndrzati¥he dgddrtdioning

mass. 47 is turned by. 90 in relation to these, and it
SYSt ey allel ért i o%%t%n%b"%li r EEPRERS Y Cand e LR Lon

sSeasHt iMichnels abbcbheigyxes Lapnbe idivmnsidanedihe masses
i ndependently of each other by nmeans of the capacitive
dacce? eral i ore seeigbrcaiotditinnt adebrehitiyy- to Figure
8.Figure 9 shows an alternative positioning solution
of the alternative capacitive accel erati on sensor
Twd erENnt She aceHNG480 the ameenpdon;idoedmedsiy i Bg side
acceleration in relation to three axes. In _the
berer HAERPE poBRPFeni My &6t i BRRBE tHe &Slétdar veo the

sGAPACT td.Me acegler akkonssensor &) enents ACCQEEbNgs{o side
the invention, the nasses 48, 49, 50 are replicated in

detreql | cateleapiofist he hhssdsr48fid9sarve apdsiz.i dived third
side_pby.side being myror.inmges_of each_ _other i .

nE ot ot SOPRE g i adb FIREL FEBSES 48000 |'Gitar

m&$ desby i demgledeett @gcelienhatdOnsigc éhendi reetiuers,y and

cand z . The third o .
it detects acceleration in Just the direction 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 to
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 invention, there is no need to worry about the
conductivity or electrical potential of any sealing
structures 1located 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



mass 50 is turned by 90 in relation to these. The
third mass 50 is inplenmented with no |ightening

WO ewbu84€232 and it detects accel eration in justPCHELR006/050257
direction x . The sensitivity of all the axes can be
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$ I é{ktﬁe capacitive accel eration sensor
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epr|C|tIy to see to it, that the el ectric

conductivity betmeen the sides of the inertia mass is
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facing the electrodes, or it can contain buried
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hS| qgflc nt fggln S Snj&be man facturlng COSthagrln fhe
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advanta%e of the capacitive accel eration sensor

through he center of gravity. If the angle is larger
than 450, a vertical sensitivity smaller than the

horizontal sensitivity 1s achieved, which, in many

practical applications, is advantageous.



solution according to the invention is also, that
adj ustnment of the sensitivities in the vertical and
whorosadnsal directions is easily done by changP@FRhe/050257
angle of the perpendicular {9 the spring |ine passing
hrough the center of gravity. If the angle is |arger
F3tan ad"%Vertical sensitivity smaller than the
horlzontal sensitivity is achieved, which, in many
practlcal applications, is advantageous Pat ent cl ai s
. A wethed feor WﬁﬁHﬁé@FHﬁ#ﬁg & capaciitiiye acceleration
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mady abl1e)el eqrioge |34nanﬂ¢mnimged1omoaabaﬂtralemafede is
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n c on fer |.ectrodes e .
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422), (30) 9) and the mass (19), (27
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PR 159 EnarZster | 80 | 5%t ni Gome hacs (191" (2734
cdé%@cﬁériﬁ@ﬂved,aﬁjkhﬁ highheniN@ally located lightening
features (23), (24), (31), (32), (40), (41) are
manufactured 1into the mass (19), (27), (34) of the
acceleration sensor, on a second side, the one opposite

to the first side.

2. Method according to claim 1, characterized in, that
some mass (19), (27), (34) 1is 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.

4. Method according to any one of the preceding claims
1-3, characterized 1in, that the movable electrode 1is

manufactured by utilizing a SOI wafer (33).



features (23), (24), (31), (32), (40), (41) by a
machi ni ng nethod. 3 . Method according to claiml

w@b@cass2sr i zed in, that that some mass (19), (PCYFR(0B4)50257
is renoved at the lightening,features (23), (24)
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tde 3,s0ahakaeterizey i ng ti@élé@e RoVabheselgct tpde dsaling
manuf actured by utilizing a SO mafer (33) .5 . Method

wakeo? dihy tolebaim4 , characterized in, that the SO
wafer (33) is sealed by neans of two sealing waf ers
(35) , (36) . 6 . Method according to claim5 ,
6chanﬂ£ﬁmmdzedcbndihbatothﬂjmmasﬂringaeheCErmdea csﬁ) that
are fositioned on th§7f|rst sealin
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according to claim?7 , characterlzed in, that, after
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8. Method according to claim 7, characterized in, that,
after Jjoining, the first sealing wafer (36) 1is 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
thickness direction of the mass, and measuring electrodes
(20), (21), (28), (29), (37), (38) positioned facing a
first side of the mass (19), (27), (34), symmetrically in
relation to the torsion springs (22), (30), (39) and the



11. A capacitive acceleration sensor conprising an
inertia mass (19), (27), (34) formng a novable

Web®@otsde, the mass being supported by torsi oPCHEPRDHS0257
(22), (30), (39), symetrically in the |ongitudina
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aracterize accel erat1on Sensor turther
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(23), (24), (31), (32), (40), (41) manufactured into

the mass (19), (27), (34), on a second side of it, the

10ne OPROSdt & 1o thegbhsst sidecoldinfccekeratiOnim 11,
sensor according to claim 11, characterized in, that

Chiveret el Hinght ehdhg theateur es( Z8)e  (2ghtep3ny, feature
), 0), 1). . Accel eratjon sensor according to
(% aﬁn%%qi’cﬁgféttgigébdg¥§,’tﬁ% )there are severa
lightening features (23), (24), (31), (32), (40),
41). 14, Accel eration sensor according to claim11l or
133, 2t iRd i RSNERAL tﬁ@cgﬁgbggof tRe IF&ﬁFéhin&l'

cH LMW ESi £4Z3) ) 1£24) £nkB1) £nk38) . al40) siAbavari €htening

15. Accel eration sensor according to any one of the
forteced n(E T ai 411 313, ctharact€vlzet¥in, that the

accel erati on sensor conprises three accel eration

sensor el enents, such that two of the nmasses (45),

1446)acddBira{AS) e e0si bteBedispdecdy slden beingor 13,
mrror imges of . .
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 claims 11 - 13, characterized 1in, 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

LWO masses.

16. Acceleration sensor according to claim 15,
characterized in, that one of the masses is implemented

with no lightening features.

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

with no lightening features.



each other in relation to the spring axis, and the

third mass (47), (50) is turned by 90 in relation to
W@ b@ofi34231 two masses. 16. Accel erati on sensorPCT/FI2006/050257

according to claim 15, characterized in, that one of

the masses is inplenented wth no Iightening features.

17. Acceleration sensor according to claim16,
1gharpederd Zedi o), thabsbhe thirdrpmsg (5@ iSclaim 15,

i mpl emrented with no Iightening features. 18. .
Chrpeteratioh sBnséra&ccordithl toecmasAfgsare implemented

r e gﬁq i t of the masses are
W%r%l@%en%% Wéﬁn%u%@%%%%sehi ng features.



