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manuf act uring a m cronechani cal notion sensor,_ and a
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The present invention relates to nmeasuring devices

used in the nmeasuring of physical quantities, such as

accel eration, angular accel®ration, or angul ar

velocity, and nore precisely to m cromechanica

noti on _sensors. The object of the present invention
Mef-§odo IRlov a8 UARAtHFL.SYe 02 nBtiisgresthandggel motion sensor,

anfPRULACLURERG 206 B M ERONRCANcY) motion sensor, and

m cronechani cal” notion sensor applicable for use
particularly in small m cronmechani cal notion sensor
F.sg&utipgﬁ. Backﬂround of the invention Measuring based
16h%aCh tFEneBRERFEAP motion sensor has proved to be a
nmet hod of sinple principle and a reliable one in
measuri ng physical quantities, such as accel eration,
Thangukeaenieligoiantigr pebeses elol meaavmwimmeddrabéeal used in
i >ensar., the .measuring i.s. based on, for .
enllhedyr 10200, SR Rl oS vRaPh! Aoa aersdgeat ion.

angnldhe noidededatsiat.e ofF tha@gnsor ¢ansesty, and more
disglacenent,of a spring suspended seismc mass. The
PreosPEiBntof it R T He HRE EePedehy Orfeans ®f OPpact of

th&aPRELEANCE rRRIMWER, & Pats ?Eo%haét 9deSup i fieq method for
capaci tance between the surfaces being a function of

theheppufacenrand the adinsitcnroe distrnigsnl tihet som f agesor, and a
mig@ggu5£ggigafed Hp%ia nicrgnechanical qptg$§ﬁ§ens€r
gan b SCqU te SRR mefBPIAG ¢ use

n e use even ges
paval¢OUSrPRYSiCal @t ti @Scromechanical motion  sensor

solutions.
Background of the inwvention

Measuring based on a micromechanical motion sensor has
proved to be a method of simple principle and a reliable one
in measuring physical quantities, such as acceleration,
angular wvelocity, or pressure. In a micromechanical motion
sensor, the measuring is Dbased on, for example, the
capacitive principle, wherein a change in the motional state

of the sensor causes a displacement of a spring suspended
seismic mass. The position of the mass can be detected by
means of the capacitance between a pair o0f electrodes, the
capacitance between the surfaces being a function of their
area and the distance between the surfaces. Measuring based
on a micromechanical motion sensor can be used even at quite

-small metering ranges of various physical guantities.



WD 2006/ 134233 PCT/ Fl 2006/ 050258 2 Generally, small
m cromechani cal notion sensors are based on
Wi 0P ani cal structures manufactured on si | FEHRI2006/050258
The term bul k m cronechani cs denotes a thick
m cronechani cal structure, typically thicker than 100
pm fornmed by etching a wafzr material. An advantage

GeﬁErQ@h§ ”%%%QEE%H%Qb%%Eha%g%%Qr%dﬁi&ﬂ“%éﬁ¥&¥%'gfgsﬂgéed on

t he structures inrelation to the surface area,
mléﬁamlephgnm@lmmmmweusngla@mfan:e;m@ ogemddricopf. The term

cel ] ent or mance. ,Connecti on aﬂgg? capsul ati on

ougk ot PR ErhER TaPt pPRRentTy Tn USEih { ACtomechanical

stmanuﬁaeturcly@gc@ﬁ_lgzr afressdeanal handl CONEMPBEormed by etching
el ectronics, and the mniaturization of consuner

& gVateFonhekerhave 120 t3FIHRIT el r dirk s EgRGichgnical
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such as m cronechani cal nption sensors
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L he ?ht ofl? sgnsor ngonent in the direction
5€ %?p%na cuf*sr-t6" h@eﬁﬁgﬁ@ FSthe wafer is generally
|arge and difficult to control, since, in

hernetically sealing the wafer plane, the nechanica
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el ow, “prior art w |

sensor component
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acc ng. draw n of which ure. 1 shows
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esp@OUABLTUr i n@Rf m geogREhanig@l MBbiEBNERBEYTS, such  as

Figure 2 shows a conponent, according to prior art,
migremegrchanical motion sensors. Unfortunately, in bulk
micromechanics, particularly the height o¢f a sensor
component in the direction perpendicular to the plane of the
wafer 1s generally large and difficult to control, since, in
hermetically sealing the wafer plane, the mechanical
structure often has to be sealed on both sides. Thus, the

‘sealing wafers significantly increase the height of the

sensor component.

Below, prior art will be described with exemplifying

reference to the accompanying drawings, of which:

Figure 1 shows a wafer structure, according to prior art,

used in the manufacturing of micromechanical motion sensors,

Figure 2 shows a component, according to prior art, diced
out of a wafer structure used in the manufacturing of

micromechanical motion sensors.



out of a wafer structure used in the manufacturing of
m cronechani cal notion sensors. WO 2006/ 134233
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according to prior art, used in the manufacturing of
m cromechani cal notion sensors. In the manufacturing,
according to prior art, of pmicromechanical notion
sensors, the mcro systenms forned on the centra
wafer 1 are sealed by attaching two hernetically
Figeglei ng shbees a2, wSfon sheutoprand dmtdainrsy des ofibhe art,
fer, , for exanpl.e, anodi.c bondi,ng.. Figure 2 shows
ue g S G TR R IS A% & Ty o THCH A il Tsticot Semsors.
Invwaf ehest rugtuf£octisethd ) t heedmmfaet udong gticr art, of
.m cromechani cal notion sensors. The conponent,
N1gEOBEGNAGLCE L Fratdrrartengited e Biciowavstems formed on
t re, Lcal | r V] lLectr :
O ertre aPiPre? Bhe: Saannt Jar A S et ically
sefpoinmgd whfehe EentBalorsi theortopmabed 4yothdreh sides of the
tructure_on both sides is . sealed by neans of two
ahfiss §FIF85neéﬁgﬁgﬁfsa§9décc REEHFi ng t he
m cromechani cal notion sensor's static el ectrode
_structure. The height of the conponent, after dicing,
Figyrg| fostiowmaioiPaBiopardr.geaceprdenghé ot ekaessrof diced

ou{:he%ifvgfﬁr WK Lt 4B L P ﬁglehy 18 liikgebnéinﬁlfgntu'%ing of

pro min notion sensors, according riorart, i'’s
mithemeekensshverbeight sehddres SerisoOr ceoppoart) . atherding to

hei ght of tge ensor conponent can be reduced by _
PrHBki ng=the éﬁﬁangoﬁﬁfeP§ £hi HAEFT TREFECEEIemondyEically

codpligktt to 4 he hbbﬂﬂﬁng’éﬂgbéfodés ageepani-ed by,pew e

_problenms, such as an increase
micromechanical moticon sensor, formed on the central silicon

wafer 4, which structure on both sides is sealed by means of
two glass/silicon elements 5, 6 constituting the
micromechanical motion sensor’s static electrode structure.
The height of the component, after dicing, is almost
unavoidably large, since the thickness of the wafer stack 1

- 3 typically is 1.5 -~ 2.5 mm.

A problem in motion sensors, according to prior art, is the
excessive height of the sensor component. The height of the
sensor component can be reduced by making the sealing wafers
thinner. There 1is, however, a limit to the thinning, and it
is accompanied by new problems, such as an increased
sensitivity to thermal stress, torsion or environmental

disturbances.

in the manufacturing of professional and consumer

electronics, there is an increasing demand for



sensitivity to thermal stress, torsion or
envi ronnent al di sturbances. I n the nmanufacturing of

WO BPEEYRBnal and consumer el ectronics, there PGI/ER006/050258
i ncreasing demand for WO 2006/ 134233 PCT/ FI 2006/ 050258
4 m cromechani cal notion sensors, which are | ower than
prior solutions and which ate applicable for use in
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such as accel erati on, angu ar accel erati on, or
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i nvention, savings in the height of circuit board
conponents is achieved, and it is applicable for use,

Suhﬂa@?rgfcgh@r1nb@nt§gﬁlI m cromechani cal notion sensor
solutions. According to a first characteristic of the

invention, a nethod is prOV|ded for manufacturing a
mcnioHJ %haqécgh sensor. .out of a wafer el enent
i"C

o o Bhe ARVEREARE, £ otrgressthgretnod for the

mafioipeuentings «ff ced hiordbmecMeh etast aedt iht akBAdoRY and an
joining at |east two wafers, such that in the plane
impFovag W@Of@ma&b@ak h&o&iea ofenshdti Gy Beaser of this

in BUBO0T o Lot LPen g okaegol e Bk ot copporents

sensor conpone urne
istaehdevedtiandoftt he pophtcabhe Merghteof ihhparmitiudar, in

sor conponent turned.by 90 is smaller than the
smaff m£croﬂgchan£caf motlox gsensor solutions.

According to a first characteristic of the invention, a
method 1is provided for manufacturing a micromechanical
sensor ocut of a wafer element, in which method a
micromechanical motion sensor component 1is diced from a
wafer stack obtained by Jjoining at least two wafers, such
that

- in the plane of the wafer surface, the area of a motion
sensor component 1is smaller than the area of the motion
sensor component diced and turned by 90°, and that

- in the direction of the joint, the height of the
motion sensor component turned by 90° is smaller than the

thickness of the wafer stack formed by the joined wafers.
Preferably, in the method, the electrical connection areas
of the micromechanical motion sensor are deposited onto its

dice cutting surface, the area of which is the largest.

Preferably, in the method:



t hi ckness of the wafer stack fornmed by the joined

wafers. Preferably, in the nethod, the electrica
WOAPSEEHEEn areas of the nicromechani cal noti RCEERAG50258

are deposited onto its dice cutting surface, the area

of which is the largest. Preferably, in the nethod:
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- m C'[:ngﬁl'ﬂ@?'bﬁl@'ch%tﬂc%ﬂ FOP90N SLhUChULeS §1%§%% etched
on one wafer, at least two wafers are joined together

Onfonﬁ1wgfarwafer stack the wafer stack is diced by

_cuttin n_sen conpanent waf er

L aRb Tafat, ShosfPE RS Gre T OEREY St e gt N o va fer
steeRponents are turned onto one of their sides by 90

si des, and connection areas are netallized onto a dice

- cut EPRg wafee ottade Wt 6ACEEnsBY cofipohRmt giotion sensor
coﬁ%éﬁ@ﬁ@@lywhgﬁﬁorgnjeh@'ngggepwgkgrsar@tna%Q%% %%%.QOng,

wafers is Covered with glass of oxi
— Prefbealbigtidrhesenanbercofipawders tocbetpoieddongo one of
t bree, .one segbLn%. fer _on each side of the wafer
$6F%st PUEt ures.

th%oﬁp??%?ﬁgb¥h According to a

- secgpfinebaiant elisdd Cagk thecaNVEeMEOntd a dice cutting
m cr omechani cal notion sensor diced froma wafer

sideaek, thebrar hed B§nNpernFAyrancneast two wafers, is
provi ded, such that the area of the notion sensor
conmponent , in the plane of the wafer surface, is
Prefiardlelyt hapfbhe ardaicfg tiles nebfens, sensdreasanpamnendf the
waPeVln%_be%%v%&%? %g% turngSbXJgooéaég Preferably, the
number of wafers to be joined is three, one sealing wafer on

each side of the wafer comprising the sensor structures.

According to a second characteristic of the invention, a
micromechanical moticn sensor diced from a wafer stack,
obtained by joining at least two wafers, is provided, such
that

- the area of the motion senscr component , in the plane
of the wafer surface, is smaller than the area of the motion
~sensor component having been diced and turned by 920°, and
that

- the height of the motion sensor component turned by 20°
is smaller, 1in the direction of the Jjoint, than the

thickness of the wafer stack formed by the joined wafers.

Preferably, the electrical connection areas of the
- micromechanical motion sensor are deposited onto its dice

cutting surface, the area of which is the largest.



that the height of the notion sensor conponent turned

by 90 is smaller, in the direction of the joint, than
Wh06/i 42 Bkness of the wafer stack formed by thRCY/Bi2Meds0258

wafers. Preferably, the electrical connection areas

of the mcromechanical notion sensor are deposited

onto its dice cutting surfage, the area of which is
PrE@% Bﬁgeskhe“Qe%%9ﬁ£4%é%%3 @CI/ %QQQTQ§Q%§QKH§13 a long,

Pre he seism c mass Ion sensor 1s
bebmﬁg;kebe@m@mwkmrstmm@tmﬂeeshpaorkeﬂaaédqeecﬂﬂgbobh SldeS.

ot h Al'ternatively, the s c mass of the
2R 18T gor T nS8 BGL” Bt 1 ket Bbr g sehsor is a

LoBYpPadad @atkd hstgaatarceor},@g;d}teﬂ des. ther th8iter on both
alternatively, the seism c nasses of the notion

sidefsorfareiet r uctinegapdsictlivonetihen saavdrovs Mmassesl of the

moghBSC e%%%$ Q?P%p%ﬁgﬁgthggslz r't“%jttliro% cf’eiﬁ‘gvggﬁ B”ﬁ%é:eral

I'n one ernatlve

disetcsimoos masaeslahethEh@D@t@ncsam&@rbmmmglyupmwﬂﬁmd in one
truct positioned in various oblique directions

engly Jt pﬂé e 19Tt r JHUE beidd FIoried i n Hife seismic

ma§9EBer oat Eﬁéh fdgesn B%bﬁ%ogesg&bpthﬁa%%uﬁﬁ% structures
drawi ngs Below, the invention and its preferable

Pognbbanadntis) avaridescrétbeidiia détrack iwnsh bxemplpigneg the

d fi f mh
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ure. atcor
in the nanufacturing of m cromechani cal notion
sensors, gure 2 shows a conponent, according to

Brb?ro?e%?¥lpﬁ¥€%d0ffF8ﬁ1Qrﬁﬁﬁggsstructure used in the
manuf act uri ng of

Below, the invention and its preferable embodiments are
described in detail with exemplifying reference to the

attached figures, of which:

Figure 1 shows a wafer structure, according to priocr art,

used in the manufacturing of micromechanical motion sensors,

Figure 2 shows a component, according to prior art, diced
from a wafer structure wused in the manufacturing of

micromechanical motion sensors,

Figure 3 shows a component, according to the present
invention, diced out of a wafer structure used in the

manufacturing of micromechanical motion sensors,

Figure 4 shows a sectional view of a micromechanical motion
sensor component, according to the present invention, diced

out of a wafer structure,



m cronechani cal notion sensors, Figure 3 shows a

conRonent, according to the present invention, diced
WOAI34233af er structure used in the manuf actREHHgOU§{050258

m cronechani cal notion sensors, Figure 4 shows a

sectional view of a m cronechanical notion sensor

conponent, according to the present invention, diced

out of a wafer structure, WO 2006/ 134233

PCT/ F12006/ 050255 7 Figure 5 shows an alternative
Figpracbursdiozs N onltecear tiegst roctheepsedanton, according

in tign, of .the seismc mass_of_a m cronechanica
tonn%ﬁ%n ggﬁggptcoﬁﬁgﬁ%hjfnhigd?% 6-3RonECE UEGonfiass ©of a
miakbreoRthyeast uetivhessakuli ebmpoaeeedr,ding to the

present invention, of the seismc nmasses of a

m cr omechani cal notion sensor conponent, Figure 7

Fi§hews & tdidywk akt eppathye stedct £,80 4 Qhyre | solution,
according to the present invention, of the seismc

acgasgdesgofto ahai premechannwehthohi onfséhsosedempeneatsses of

A gggggeEShgggmsla nEthod accgrding to %he pr esent

& Thveht T on® -+ 6f ~nliR fﬁ%tﬁ??ﬁa a“f"EPBffE&hani cal notion
sensor, and Figure 9 shows an alternative nethod,
according to the present invention, of manufacturing

FIGQUER crbnethft cal  Fotlitsh adémgdat iFegusésuripnger solution,

ac@éf?fﬁ&egoap ¥eFr§§ER¥AiBO§nPESEenéf kﬂéeggﬁgﬂi@nﬂaggﬁs of
preferfed enbodi nents are described w't rererence to

a mherdingunesi8al hmougbn 9sebedai tedpdasot| pti on of the
i nvention The m cromechani cal notion sensor sol ution
according to the

Figure 8§ shows a method, according to the present invention,

of manufacturing a micromechanical motion sensor, and

Figure 9 shows an alternative method, according to the
present invention, of manufacturing a micromechanical motion

Sensor.,

Figures 1-2Z were presented above. Below, the present
invention and its preferred embodiments are described with

reference to the Figures 3 through 9.
Detailed description of the invention

The micromechanical motion sensor solution according to the
present invention is characterized in, that the motion
sensor components are diced out of wafer structure, such
that, in the plane of the wafer, the area of the diced
component, 1is smaller than the area of the component diced

and turned by 90°. The electrical connection areas of the



present invention is characterized in, that the notion
sensor conponents are diced out of wafer structure,

WO AMEE: | in the plane of the wafer, the ar RCTF200¢050258
di ced conponent, is snmaller than the area of the
conmponent diced and turned by 90. The electrica
connection areas of the WO 2906/ 134233

miBESMELRAA6,030238+ 18nM GLABRGNANI LRl TRl O%SG%g present
te onto

according to the present invention are “deposi
investdioce agut tdeppsurddcentohe t sardizceof cwhi thy i sutliece, the

lar t. .ln particular, the height, in .the directi.o :
a5 B it it fhel 16T OnechAnt CAF 8L By CBBnEBAOR, in
theoryioneitiAccer dithg tfihe, peeseaite i MVEAGMOFhahN€al motion

conponent havi ng been turned by 90, is smaller than
SepReL tFHRIEREE o CEREM@Ler L3t ddle f BEREGNBY tHéeepligled the

coBbgbar HRHBYE BesSHOYR A &P BIN o, acLordinNg L0 then the

present ‘invention, diced out of a Wafer structure
thiuskdesa thethaanafact atknlg dbrmiedr byechanijodhenowiaders .

sensors. The Figure shows several diced

m cronechani cal notion sensor conmponents 7-9, one

Figueeonechanbral ADtLORApSEARO! CarReREAhg8 @b Whheh pir&sent
~ turned by 90 onto one of its sides. The conponent's
ingdnheeli orfle@ds ML L ape Wepesi tEdrvptera dized in the

maﬁHfé&@Qriﬁlde“@hbr%%e%%a§n%§ﬁj9§ {B rg@;g?@%iC@he Figure
noti on sensor conponent 8. e structure of the
shower seechahi datedorii onosensaniaatondtign senktbe components

7_{))resent anentiﬁn I.s_desi gned such, that a di mension,
h e

She fiFEEREGRaGH CE ST, CUTRATRC shaPFephich

ist Rarnddhepd higgknesst 9f dree waf erc st a¢kesevermaebbmponent 7 s
below 1 mm is obtained. In manufacturing the
compe¢onet hameesl Ifoti bp are deposited onto a dice cutting

side wall 10 of the diced micromechanical motion sensor

component 8.

The structure of the micromechanical motion sensor according
to the present invention is designed such, that a dimension,
in the direction of the wafer surface, clearly smaller than
the thickness of the wafer stack, even well below 1 mm, is
obtained. In manufacturing the micromechanical motion
sensors according to the present invention, extremely narrow
and long components 7-92 are cut out of the wafer structure,

contrary to the traditional technique.

In manufacturing micromechanical motion sensors according to
the present invention, after joining and cutting the wafers,
the connection areas of the component are deposited onto its
dice cutting side, the area of which is the largest. After

dicing, the components 7-9 are turned onto one side and the



sensors according to the present invention, extrenely

narrow and | ong conponents 7-9 are cut out of the
W08 1¥EByct ure, contrary to the traditional PCT/FI2006/050258

techni que. I n manufacturing m cronechani cal notion
sensors according to the present invention, after
joining and cutting the wafe®s, the connection areas

ebohbare r&, d t ont ti
coRbsERpaTERIEN AL, SRROSL: R 10 4 qRRORIENL B vae

othRe chigsonedtsing 9sade tvwlriedl@npé Grine scc@t@cam\einthe?v\@ By

6/ 1342 PCIL£1,2006/ 050258, 9 ¢
meég%neéﬁloﬁggreas 1H1od ) %ﬁ%?%ﬁﬂﬁgglggg gﬁlo Y S Yirgy  the
cofipoacattt bagosied@waldmeld afod hewikoPoaents ¥o9a Biibstrate
means of _the solution according to the invention, the
OrcBnHBRERLS becone extremely | ow, when joined to a
substrate or a capsule. Figure 4 shows a sectiona
vi ew of a m cronechanical notion sensor conponent,
Figueer di sjows thequtesertl inent odna dicedmecbkndfad motion

fer structure. In the m cronechanical tion  _senso
ﬁ%oor |n80P8n%heafﬁ§%ﬁﬁf%%QZ ﬁgh%e?gﬁ?%nﬁg§§vfgtﬁgn diced
outongf heamrtéke simuature. 13nSUPRE! teid: @ineUeedee afdtion
both sides of the mass by nmeans of thin bending
SEe”PPF n§SCOBHERYat Ostthgctir@nicuing dervesaksnigrmass 13 is a

1oﬁ@steegﬁq@kgag@%wﬁe aecel & 5%2 Ly saﬁ.nsc%?héﬁgéhgnd both

ni cr omechani cal” motion sensor Ing to
sigeesefit theventisorhy theads nefisitbrial prrapiord | @msiogst hBuch a
structure di fer fromthose of typjcal m cronechanics.

SCERREYET | yCPREIm EPENECh&T calt ¥t r LEERr 88C%r e @i dE@PRCitive
actbecryofer pbagsrconpared to the thickness of the

wafer. In the
In the micromechanical motion sensor according to the
present invention, the dimensional proportions of the
structure differ from those of typical micromechanics.
Generally the micromechanical structures are wide in tLhe
wafer plane compared to the thickness of the wafer. In the
solution according to the present invention, narrow slices
are cut out of the wafer, which slices, when turned by 90°,

are thin in the direction of joining and wide.

Figure 5 shows an alternative structure solution, according
to the present invention, of the seismic mass of a
micromechanical motion sensor component. In the alternative
micromechanical motion sensor according to the present
invention, the seismic mass 14 is a long, beam-like
structure 14 supported at its center on both sides by means
of thin or narrow torsion springs. Such a structure could

serve as, for example, a capacitive sensor of angular



solution according to the present invention, narrow
slices are cut out of the wafer, which slices, when
WORMSEP4B? 90, are thin in the direction of j oRGH/FGO06/050258
and wi de. Figure 5 shows an alternative structure
solution, according to the present invention, of the
seismc mass of a m cronmecha@ni cal notion sensor
aceempenentn . In the alternative mcronechanical notion
sensor according to the present invention, the
seismc mass 14 is a long, beamlike structure 14

. orte t its center .on poth sides by nmeans of .
Fl?ﬁ?% oé %gﬁpgﬂlfbrgﬁgﬁngpr?ﬁﬁ%?n%i&ﬁpzi%ﬁ?%ﬁ§QE§3(ﬁﬂh%?lon’
acserdengstof eheexaapker angapaciohi, Ve rsensokeafsmargwadises of

WO 2006/ 134233 PCT/ F12006/ 050258 10 accel erati on.

a MgihETaibviEt e §0EdRE aFtRFRAL iGRIRANQItur én the second

a180LHLE O0e AU NG LS 41he Bt BSENLhRYENt Q- & d NE,  the

sei smc masses of a m cromechani cal notion sensor
presapbnentventtiocnhe Seroadisaltemaatieve Ih-crdnechanitcalctures

ion sensor_according to the present invention, the
152& srrllr%:sﬁr@gee% 15- 1§_a§gé’u_§t rE%F%E@S (?Jsgﬂ%tjr?%? al{%a  20°/
180n, varpeysihakefdlard ragidansed @ &hs 4800niR760) narrow
in a plane supported by neans of thin or narrow
LO¥ 3t QR 0APEpRPRgS tatoBheC @R dOoBnLBETh aslitpss. Bueh a structure

coéi&uﬁéyﬁg; %89|Qn%%r%%engéig§t£@§§le§§tf sensgr having

accel eration sensor having several axes. Figure
seghomns axedird alternative structure solution

according to the present invention, of the seismc

masses of a m cronechanical notion sensor conponent.

Fidrd heyr t s ald ecpatidve sni-ereaeehani gakuRLeN solution,
sensor according to the
according to the present invention, of the seismic masses of
a micromechanical motion sensor component. In the third
alternative micromechanical motion sensor according to the
present invention, the seismic masses 19-22 are triangular
structures 19-22 installed in wvarious oblique directions
(45°, 135°, 225°, 315°) inr a plane, the structures being
supported by means of thin or narrow torsion springs at one

corner on both edges. Such a structure could serve as, for

example, an acceleration sensor with several axes.

Figure 8 shows a method, according to the present invention,
of manufacturing a micromechanical motion sensor. In the
method according to the present invention, at first, the
sensor structures are etched 23 on at least one wafer. Next,
at least two wafers are joined together 24 by, for example,
anodic or fusion bonding. Typically, there can be three
wafers to be joined, one sealing wafer on each side of the

wafer comprising the sensor structures. The joined wafers



present invention, the seismc nasses 19-22 are
triangular structures 19-22 installed in various
WOAPHIM2Hi rections (45, 135, 225, 315) in a pPGH{E2006/050258
the structures being supported by neans of thin or
narrow torsion springs at one corner on both edges.
Such a structure could servaias, for exanple, an
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a method, according to the present “i nvent’i on,
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0 [ g he_present. invention, at first,
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tuwadar byNest ¢ o&hftd efasd bWleVWalBi- 40 nednhegetibar areas
24 by, for exa anodi ¢ or fusion bonding
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seRB8rseahbBEWaf er on each side of the wafer
conprising the sensor structures. The joined wafers WO

2006/ 134233 PCT/FI2006/050258 11 constitute a wafer
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nar row and

pre&easdr inoaponent SOfl\Laahufthuﬂ@hgoa FE0SOMReCORPRRENt Siot ion
26 are_turned by 90 onto one side. Thereafter,

segdfhection i eakterpat hee alptbed 27Omd g di¢ethe present
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an alternative net accor ing to t present
premvem¢$@ad ofy , mahuf ackampng, a gliacrionecbaniccaldimitioon28. In
the al ternative nethod according

th
2adhi%h PRI A EPELSTCONETs THSRaPPng et br doast
ond Swapbepr aeesseditbyied& €¥3Mheerdl aziNdOimaxigi ZEBdeach

28. In addition, the sensor structures are etched 23
otlypyr at Theyst can, typically, be three wafers to be joined,
cne sealing wafer on each side of the wafer comprising the
sensor structures. The joined wafers constitute a wafer
stack. After the joining, the wafer stack is diced 25 into
narrow and long, in the wafer plane, motion sensor
. components. Next, the motion sensor components 26 are turned

by 90° onto one side. Then, connection areas are metallized

27 onto a dice cutting side of the motion sensor component.

In a micromechanical motion sensor manufactured by means of
the method according to the present invention, the thickness
of the wafers will not limit the height of an encapsulated
component provided with contact areas. The height is solely
determined by the design of the exposure masks, the
dimensioning of which, according to the requirements of
component packaging and attachment as well as performance,

is much easier.



one wafer. Next, at least two wafers are joined 24 to

each other. There can, typically, be three wafers to
WOLPYIHEE, one sealing wafer on each side of RGEFI2006/056258

waf er conprising the sensor structures. The joined

waf ers constitute a wafer stack. After the joining,

the wafer stack is diced 2512nto narrow and long, in
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nofi on sensor conponents 26 are turned by 900 onto
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sensor solution according to the present invention
hegnabl €31t ReakarprPLattibon Wiifatfe perfeuwdred, ofhgnwidth of
whfél%r§gggyb{eﬂﬁv %%%9855@2”538{1 S€099% 00 ?!m”ce the

waf ers sea |na t conponent o not Increase its

hei ght. By neans of the solution according to the

present invention, alnost all of the wafer plane area

of the conponent can be utilized as a notion sensor

mass. On the edges of the notion sensor according to

the present invention, only a frame area, needed for

j oining and



hermetical sealing of the wafers, is required, the

wi dth of which area being typically about 100-200 pm

PCT/ F12006/ 050258 13 Patent clains 1. A net hoddmi2006/050258

manufacturing a silicon mcronechanical notion sensor

out of a wafer elenent, in which nmethod a silicon

m cr omechani cal notion sensor conponent is diced out

of a wafer stack obtained by, joining at |east two
fers t.o. each other, characterized in, that the

gtent claims . . .

st i con~m cronmechani cal notion sensor conponent is

di ced such, that in the wafer surface plane, the area

of the notion _sensor conponent is snmaller than the .
D en R S PN RIS 2 o at Thet g Bednt i cat
neitficandsdngaredolty 960a anttert halemdntt, heirdi wecth omechiod =

the joint, the height of the nbtion sensor conmponen
HaoionD BebROTSAITGH Y 805108 SraidiorTRARONE nee Siced out

dihicknagss etatheostfidled eymgdibyniher | ket maf afFerd to

Met hod a cording to claiml1, characterized in, that, .
EEet r ¥ eonnEBETBNTST of ¥he siifid¢on the  silicon

nliceGbRgeahalt£alnotTvhi 88nS6R SEsmpyrRndepesai & ade that
dice.cut surface, the area.of which is the Iargest. )
3. MEEhddEactdrdi n§ 3@ aPic or B¢ @R5Factler FBRd Mation

S%B@br idbrphaeet NRd: sd1g e | 600 FhEr Qreghald Cehe motion
notion sensor structures are etched (23) on one

SRAPEF , CATPIEALt hedndaPess H® [ditn8ldt biyetarkoy 28, and
thaenm ng a wafer stack,

- in the direction of the joint, the height of the motion
sensor component having been turned by 90° is smaller than

the thickness of the stack formed by the joined wafers.

2. Method according to claim 1, characterized in, that
electrical connection areas of the silicon micromechanical

motion senscr are deposited on the dice cut surface, the

area of which is the largest.

3. Method according to c<laim 1 or 2, characterized in,

that, in the method:

- the silicon micromechanical motion sensor structures
are etched {(23) on one wafer,

- at least two wafers are joined together (24) forming -a

wafer stack,
- the wafer stack is diced (25) into, in the wafer plane,

narrow and long motion sensor components,

~ the motion sensor components are turned (26) by 90

degrees onto one of their sides, and

C - connection areas are metallized (27) onto the dice cut

AMENDED SHEET (IPEA/FI)



the wafer stack is diced (25) into, in the wafer
pl ane, narrow and |ong notion sensor conponents, the
noti on sensor conponents are turned (26) by 90 pcT/FI2006/050258
degrees onto one of their sides, and connection areas
are netallized (27) onto the dice cut AMENDED SHEET
(1 PEA/ FI') PCT/ F12006/ 050258 14 side of the notion
sensor conponents. 4. Mthog, according to claim a3,
rized in prior to the joining of the

char ac t hat

SRl i Teaket Rt cREPSErETs i s gl azed or

oxi di zed (28). 5. Method according to claim3 or 4,
e three waf.ers to be

haracteri.zed in,,. that there
£ i ndlE CEGHe SR HAETwaPerS PN bbt hoRTTRRE DR Ko i oFP2E
SOy | 56 Nghé hgoSADSHI oFt rdiet WeSers,6.aA Séds€0Bne of the
m cronechani cal notiaon .sensor diced out of a wafer
65t8?ﬁ% kﬁFt9§§'15FHi26sbf at |east two wafers,

the notion sensor being characterized in, that in the

waf er SE%face E%ane, the area of a nntiqglsensor_ ,

TonpdFERPdi S°EREFERY fRarf ¥HE at e of* t HE ARG GFLZed 11,

3RS WhereORPONERtedli v Gt taNGel YoRaddbyodd, saatiddabarer
in the direction of the joint, the height of the

Hotsh Ssee Gt d%&‘?pé’ﬁgﬁf , COTR ety t96, SPRSSRufFErCtures.

than the thickness of the wafer stack forned by the

EJ’Coined wafers. 7. Mdtion sensor according to claim®,
har AcFélt i 9@ TIEronachpnaradt RPELPD cRRRFEt ibiredt @ad of 2

Wl rSkbhER Nobtl IHRTRENAMC 3l i ADLL OB SERSDEaH Cwo wafers,
deposited on its_dice cut "surface, the area which is
qqgempggg%sqgnsor being characterized in, that

- in the wafer surface plane, the area of a motion sensor
component is smaller than the area of the motion sensor
component dice cut and turned by %0°, and that

- in the direction of the joint, the height of the motion
sensor component, turned by 90°, is smaller than the

thickness of the wafer stack formed by the joined wafers.

7. Motion sensor according to claim 6, characterized in,
that electrical connection areas of the gilicon
micromechanical motion sensor are deposited on its dice cut

surface, the area which is the largest.

8. Motion sensor according to claim 6 or 7, characterized
in, that the sgeismic mass (13)_0f the motion sensor is a
long, beam-like structure (13) supported at one side wall on

both s=sides.

9. Motion sensor according to claim 6 or 7, characterized

in, that the seismic mass (14) of the motion sensor is a

AMENDED SHEET (IPEA/FI)



8. Mdtion sensor according to claim6 or 7,

characterized in, that the seismc mass (13) of the

notion sensor is a |long, beamlike structure (#%3)F12006/050258

supported at one side wall on both sides. 9. Mtion

sensor according to claim6 or 7, characterized in,

that the seismc nmass (14) of the notion sensor is a

AVENDED SHEET (| PEA/ FI') PCT{dl 2006/ 050258 15 | ong,
eam | ke structyre (14) s orted af its,center_at

BT rireaits G hih: S erbgPoRked: Brng o i ¢

Wotor sidechatasterized in, that the seism c nasses
(15)-(18) of the notion sensor are structures

(15)-(18) installed in a plane in various latera

i r egitiiens ssupper kedoatlionetendlain bot br edgeshatdcterized
characterized

Mot i di t laijm6 ,
T, TR e SO "HaSEEs (£56) L{B2)o i TPt brf Sror
HeNsOtrudig ekl | AP @s)stiriciuned (ik9)a (B2pnengmaltadous

in a plane in various oblique directions s rted at
TV Ty flor et L P (FUPEREEY ANERESESTSHRETEPE BEATETS

11. Motion sensor according to claim 6 or 7, characterized

in, that the seismic masses (19)-(22) of the motion sensor

are triangular structures {(19)-(22) installed in a plane in
various oblique directions supported at one corner at both

edges.
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