1 DESCRI PTI ON SENSCR DEVI CE AND PRODUCTI ON METHOD THEREFOR TECHNI CAL FI ELD
The present invention relates to a sensor device such as an acceleration 5
sensor and a gyro sensor, and the production net hod. BACKGROUND ART In
recent years, wafer |evel packaging technique has attracted |ots of
attention as an appropriate manufacturing techni que for conpact sensor

devi ces such as an accel eration sensor and a gyro sensor. 10For exanple,

Japanese Patent Early Publicati ommBNCREDOHN251898 di scl oses a . manufacturing
technique for a wafer |evel package structure 200, as shown in FIGS. 25A

and 25B. ThBENSOR DEERIOANRIPRODIICTIONI METIHORAJEEREFEOR 220 are arranged
in a facg@$éﬁﬁé§¥a§¢§ lon to each other, as shown in FIG 25A. The sensor
waf er 21 Qﬁv cro El ectro Mechanical System elenent 211 15 and a
metal W ringnhéquteiing,ehash R 7 rd | nnected to a.sensing
portion (not sﬁ%&n) of the NEN%R% é%éhg&%%%fk éa%%c SN EF AP a5 2

t hr ough- baterwird agy@Pderadoecadtid €ad byodaiivechethod.t h the netal wiring 217
and a concave portion 221 providing a space for airtightly sealing the MEMS
el enent BACKAR@WNILARTor mi ng a wafer |evel bonding between the sensor

'evel packane "rPUCTHIG: 00T OBt BIGESF: RAPFSUC hEr AHUSeHbIo@edt cos are
he packame aon obs S0 b Riele RN TR or Pofet rBSRY 1y e
to surr oderdedsheudVEMSasl cexreleratidd safsdrhevdseRgay sdindy. and 25 the netal wiring
217 electrically connected to the MEMS el enent 211. On the
( 10 For example, Japanese Patent Early Publication No. 2005-251898 discloses
a manufacturing technique for a wafer level package structure 200, as shown in
FIGS. 25A and 25B. That is, a sensor wafer 210 and a package wafer 220 are
arranged in a face-to-face relation to each other, as shown in FIG. 25A. The
sensor wafer 210 has a MEMS (Micro Electro Mechanical System) element 211
15 and a metal wiring (outgoing electrode} 217 electrically connected to a sensing
portion (not shown) of the MEMS element 211. The package wafer 220 has a
through-hole wiring 224 clectrically connected with the metal wiring 217 and a
concave portion 221 providing a space for airtightly sealing the MEMS element
211. Then, by forming a wafer level bonding between the sensor wafer 210 and
20  the package wafer 220, as shown in FIG. 25B, the wafer level package structure
200 is obtained. Finally, plural sensor devices are separated from the wafer
level package structure 200.
On a surface facing the package wafer 220 of the sensor wafer 210, a metal
layer 218 is formed to surround the MEMS element 211 of the sensor body and
25  the metal wiring 217 electrically connected to the MEMS element 211. On the
other hand, a metal layer 228 surrounding the concave portion 221 is formed
on a surface facing the sensor wafer 210 of the package wafer 220. In addition,
a wiring layer 219 electrically connected to the metal wiring 217 is formed at an

inner side of the metal layer 218 on the sensor wafer 210, and a wiring layer

30 229 electrically connected to the through-hole wiring 224 is formed at an inner



ot her hand, a netal |ayer 228 surrounding the concave portion 221 is forned
on a surface facing the sensor wafer 210 of the package wafer 220. In
addition, a wiring layer 219 electrically connected to the nmetal wiring 217
is formed at an inner side of the netal |ayer 218 on the sensor wafer 210,
and a wiring layer 30 229 electrically connected to the through-hole wring
224 is fornmed at an inner 2 side of the netal |ayer 228 on the package

- waf er 22@idel df thbenea0Leed 22® bhele patisd Wik 228CKag8he tabdet Wie8c2H t he
metal |ayer 218 of the sensor wafer 210 is bonded to the nmetal |ayer 228 of
t he packwgéenafdmazkoge hiruayire 200 themetg! poet 248 FF3BeseohonwafkuRLO0 and t he

B | 1 f th f 210 is 5 bonded to th 1 ri |
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t he acceleration sensors, there are CT)aS'em s]tl ve el ement type and’

capacs t abeedéd pe the GaHAE ALy HMRIB RFARE paltReed IR B30 ThANLAr h)dRlering

accel eration 10 sensor is capable of detecting acceleration according to a
change i no¥tedi 389nce val ue resulting froma strain of a piezoresistive

el ement as u si.stanc auseqd when the acceleration is applied. The
capaci tanceg?gﬁ%%}g%@gl @?%9521 e ASTT CTAO03EN50ES BRAEITR SERMYSA STl at i on
accordin a ' ' ' ce: X '
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doubl e- supported beam type accel eration sensors. The cantilever type
accel®r atqnHor 4@ ﬁ%?b]iesOff(%ﬁmg/\MQﬂQIa‘ﬂe@ tegngidling t¢ eashangerinj weistaneei ght
portion dis osedlins'de of ,.the frane porti.on, and a flexible beam portion

connect e Bt TFPRItRgIrain A Stram of B piszoTeNISHIE GlFReRt 2t AAT USRS RSYME por t i on
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doubl e- supported beam ?ype 1”acgelleng;Etﬁi?on sengocgi)iasngg?%m m@gﬁﬂg rglme

porti on, senseeiightapabid bbdethcsingsactelarsticke «abotdiagftoamv-hadktiianelearit a pair
of flexible beam gorti ons extending in opposite directions fromthe wei ght

porti on $ARAHGRFT §aFern Bauopporand mevakle girctinsiesivdien hetrecplsyalitreis el at i ve

to t f 5 [ I cent years, accelerati sensors f.or

det ei(}tei n%%%é%l éﬁ%o‘%‘@%\cﬁr{a }%Sﬁag‘%‘%'e taé:_c'ﬁéam(‘:amcﬂ= S?Woé‘e?g?rree%ﬁ FHS¥ hogonal
to each ghpbesndawmitdesn gbﬁ@d PERROSOHe | dbcelehtidiX 3FR5Ers. JAPRNESRIIBRL LNt
Early Publication No. 2004-109114 and No. 2004-233072. The accel eration
sensor s typs axckleaaompeensanis farmedghith pordotamgudas ficsee ponisorea ofeighte fr ane

ortion, and four flexibl]e beam portions
P portion 1spose§ Xms;cle OF the pframe portion, and a flexible beam portion

connected at its one end to the weight portion such that the weight portion is
200 movable relative to the frame portion. On the other hand, the
double-supported beam type acceleration sensor is formed with a frame portion,
a weight portion disposed inside of the frame portion, and a pair of flexible beam
portions extending in opposite directions from the weight portion and
configured to support the weight portion to be movable relative to the frame
25  portion. In recent years, acceleration sensors for detecting acceleration with
respect to each of three directions orthogonal to each other have been also
proposed in, for example, Japanese Patent Early Publication No. 2004-109114
and No. 2004-233072. The acceleration sensors has a frame portion, a weight
portion disposed inside of the frame portion, and four flexible beam portions

30  extending in four directions and configured to support the weight portion so as



30 extending in four directions and configured to support the weight
portion so as 3 to be novable relative to the frame portion. In the
above-descri bed wafer |evel package sty ucture 200, however, a prescribed
anount of solder is supplied to the netal |ayer 228 and the wiring | ayer
229 by a sol der shooting nethod to bond between the netal |ayers (218, 228)
and between the wiring |layers (219, 229). Then, a reflow sol dering process
i's perfotered rhovabld aylatiedtstidhiieepdtiohhe sensor wafer 210 and the package
waf er 220. Therefore, when using the piezoresistance-type accel eration
sensor bodylshenaboenessribiednivater1 leveheragkige sstpradbre@Ahahowarérata ons in
sensor char.ac eristics%gggghebecaus residual stress at the vicinity 10 of

the. bondPRgrihes, Fhees TR S B Rer IRl 228 Gl Hs TR S . |t

is esti i i f i | . St LNGr s as the
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invention is tqQ provide a sensor device with small variations in sensor
char act ePTeaese 45 pBRRlcemefstor & dagared storiura gf she saneor walist 280 etatheng a

conpact or. el enen uch acceleration sensor and a gyro sensor to a
pa(r:nlzage é%rlg at & W t ?g\?t’ a egOJSUsWﬁﬁnr é’ssiua%a?h%t PELETRYSIPRES ORI ng
por ti on. adQidratiohSsenksBe bBHAPSRY tHE VRS WletBRt B1SS§ALrd &‘é& :%J\?g%lng QAR ! S€S- - a

sensor substrate conprising a frame having an openi ng, portion
novabl y Weliatiéns inheenspenhagctamstia detie betagsepesidien saess aguiedcimgout put
an el ectr '&ﬁsi gnal according to a positional di slp))l acenent of the novable

por t1%n; © bandipg integiace igstamindlusmcg om ths erablefbespp portien(slr flates of
Lhe. Senselirfiicaliial KALE o RREANY PR A0S RS A S RS A e KIS S
device is downsized.
SUMMARY OF THE INVENTION
Therefore, in consideration of the above problems, a primary concern of the

15  present invention is to provide a sensor device with small variations in sensor
characteristics, which is formed by bonding a sensor substrate having a
compact sensor element such as acceleration sensor and a gyro sensor to a
package substrate without almost causing residual stress at the bonding
portion.

20 That is, the sensor device of the present invention comprises:
a sensor substrate comprising a frame having an opening, a movable portion
movably held in the opening, and a detecting portion configured to output an
electric signal according to a positional displacement of the movable portion;
a first package substrate bonded to one of opposite surfaces of the sensor

25  substrate;
a second package substrate bonded to the other surface of the sensor substrate;

wherein the frame has a first surface-activated region formed on a surface

facing the first package substrate over an entire circumference thereof so as to
surround the movable portion, and a second surface-activated region formed on

30  a surface facing the second package substrate over an entire circumference



wherein the frane has a first surface-activated region fornmed on a surface
facing the first package substrate over an entire circunference thereof so
as to surround the novable portion, and a second surface-activated region
formed on 30 a surface facing the second package substrate over an entire
circunference 4 thereof so as to surround the novabl e portion, t he
bondi ng between the sensor substrate and the first package substrate is a

sol i d- phas@edf §£6§ tdeAtoadWhthaYarlt bhHsd.pn bet ween the first _
surface-activated region and a surface-activated region fornmed on the first

5 package stlrsbomdieg betideen the sensobsnbstngtebetdwenfitshpaslengosutsikgt iat e and

t he second ckage substrate is_a soljd-phase direct bondi ng w thout
di f f usi oft bgch%gBﬂa?‘he dgﬁ‘(%ncp%lﬂm&ce‘méé?ﬁ“&/atdé@uﬂégi ohetayegng the first

f ace- actd i on. f d he. second, pack bst .
Tohccor dr ik EbERud(Ed idP LIRS SERAN DREERORorah P o e cond

package paBisddeatifstiate patled to the sensor substrate by the solid-phase
di rect bonding without diffusion, it is possible to avoid a problemthat

vari ati ons the domsibng chetmaen etlistiensoncalbstthte hodr ¢lsé dsmbnst pasBagt t he

bonding portion.in the case of using.a heat treatnent such as reflow
sol derin ul&%tr?ttffésl?o‘ﬁ)gﬁdﬁah%%ﬁ ‘%6%9* bending yadiontshitfugipe batweer hepe¢and sensor

subst r at gu}fécégggg&ﬁe& %1'8?1 A4 st E@g&g Y r.the.entire
circunference of the ?r? me, an% The ot het s%@%@éﬁo@l‘sﬁ% Osneﬁ%eoFecsoﬁléist rate
i s bondegadlngehmitsecodnd package substrate over the entire circunference of
the frame, it be_comesrtﬁossi ble to seal an interior of the sensor device
from& he oufegogdirigntathai preseht inmeemtion, sioce erahpdlethafiest and28econd
accel eratign sensor is far rrrgfi on the sensor, substrate, an inert-gas
2t mosphotaCltEs BESHales dpided RaNGiSePaPt s BHr Rl BBRES BHorn ¢ he
sensor_devhdifig yikAGHNAIHAE it 10 BBsALRY P aPGlSP broBchOHIE LRI ddE Bensor
substrate, a reduced atnosphere I gh degree FoN&CuUUm can be Peal i zed at
t he vi cistrispr chatduteristiuaidzup dikito Residubhetré6€NsothedRAde®g portion in the
case of using a heat treatment such as reflow soldering as the bonding method.
15  In addition, one surface of the sensor substrate is bonded to the first package
substrate over the entire circumference of the frame, and the other surface of
the sensor substrate is bonded to the second package substrate over the entire
circumference of the frame, it becomes possibie to seal an interior of the sensor
device from the outside in an airtight manner. For example, when an
20 acceleration sensor is formed on the sensor substrate, an inert-gas atmosphere
can be realized at the vicinity of the movable portion in the sensor device.
Alternatively, when a gyro sensor is formed on the sensor substrate, a reduced
atmosphere of high degree of vacuum can be realized at the vicinity of the
movable portion in the sensor device.
25 To obtain the solid-phase direct bonding with good bonding strength, it is
preferred that the first surface-activated region, the second surface-activated
region, the surface-activated region of the first package substrate, and the
surface-activated region of the second package substrate are any one of a

plasma-treated surface, an ion-beam irradiated surface, and an atomic-beam

30  irradiated surface. Itis also preferred that at least one of the bonding between



25To obtain the solid-phase direct bonding with good bonding strength, it
is preferred that the first surface-activated region, the second
surface-activated region, the surfacekgctivated region of the first package
substrate, and the surface-activated region of the second package substrate
are any one of a plasma-treated surface, an ion-beamirradiated surface,
and an atom c-beam 30 irradiated surface. It is also preferred that at

| east oneheoffirsheuiiandhsgvdied Wegidn and e klikfie Mt AR AGIdY Bhadiel Gt on and
the surface-activated region on the first package substrate and the bondi ng

bet ween PrekagceHbteale addhabondatgetmegn the aecbricharsard acirated ragded

regi on on_t sec ndn%%%ka%? substrate is any one of the solid-phase direct
bondi ng BBEVEEFUSIACERFIEAICY 1581t P Abe Recandipretage soiginage & vey peerfSi and

Si 02, anght beisohhgs Bhass,dlid:; 199% [ ween Si 02 and.Si Q2. .
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regi on afHerpriivelir.f #cteage oneafcdher bondingobetiisen stheofickt paokageacitbséd at e i s
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the second surface-activated region conprises a 15 ring-Ilike outer

sur f Hte- disert/opnding dgtweer Sprant duethe pelikphase diert homdingriseweén Che fr ane
so as to r+ound, the vabl e portion,..and a ring-like. inner
surface-'%112(?ic’{/uaitaél PGB Ra? ot barding, Ft"g‘?e&’eg]oﬁm‘ilﬁé out er
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auxi | i ar ealing portion for connecting between the outer .
sur f ace- HHecEpedatediresonmnd ke saerrd surfrseectvaiodategibny eginpnises & or med
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the frame so as to surround the movable portion, and a ring-like inner
surface-activated region formed at an inner side of the outer surface-activated
region over the entire circumference of the frame so as to surround the movable
portion. In this case, to further improve the reliability of airtightness, it is

20 particularly preferred that an auxiliary sealing portion for connecting between
the outer surface-activated region and the inner surface-activated region is
formed at plural locations spaced from each other by a predetermined distance
in the circumferential direction of the frame.

From the viewpoint of improving the production yield, and obtaining good

25 bonding strength, it is particularly preferred that each of the first
surface-activated region of the sensor substrate and the surface-activated
region of the first package substrate is an activated surface of an Au film having
a thickness of 500 nm or less.

In addition, when the sensor substrate has an integrated circuit operable in

30 collaboration with the detecting portion, and the integrated circuit is electrically



From the vi ewpoint of inproving the production yield, and obtaining good 25
bondi ng strength, it is particularly preferred that each of the first
surface-activated region of the sensor; substrate and the surface-activated
region of the first package substrate 1s an activated surface of an Au film
havi ng a thi ckness of 500 nm or |ess. I n addi tion, when the sensor
substrate has an integrated circuit operable in 30 collaboration with the
det ect i ngopnedtedno =attitotibh-liolk egriakedred ChitheifirsepackadCahbatrat@, egnnect ed
to a through-hole wiring fornmed in the first package substrate, the

i nt egr at BYceTated icireni isrpreirablyydigpesrst adiagdititethe ppening ofptdaei figmef t he
frame, and.,nore preferably disposed sp as to suryound the qpeni of the
framne. Sﬁlﬁgemé)r%@ﬁgiife ﬂ:ﬁﬁo‘#}’%ﬁp‘ﬁﬁgpﬁg‘a Siuﬁf({‘}ﬁgyé%‘érﬂﬂ?&% Oﬁ)ﬁg‘efg “is
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and the szﬁ%éo% Sgﬁgggrﬁ;?gg?yggg%&f%{eﬂﬁf g%&%@e(g %’i}ére%%ﬁe,ltsi lfB %ag%“s’%?m eto
further freduciee donidinfy peniva bétuidea thenfitsspaeRhfd eibotratd18ngansikgspOrtion,

and therefore nore effectively prevent the variations in sensor
char act ePRB#(FR%S. thigughpiher itegatedisighitent ivPoshblytedunther meduee om  when

an accel eration sensort. i s farmed t he sensor. substrate, (it is

preferr egﬁﬁ}%ltcet(f]{gthﬁg?/% %gp%orr PBno%gﬂﬁrﬁegé?gapﬁg’rodht FeBEEHPBYT t i on
ext endi ngrR@teRerv bRt IHAMR AN iRSsaiRbE BharARG LG, det ecting portion
conprises at |east one piezoresistive elenment forned on the beam porti on.

| n addi ti onAs wherefarg) emisdisent bs tHeopraand intdneione dmn swbstélatgiont is
preferred that the npvabl e portion conprises a 15 first mass body vibrated
by a@i bPeRSoRgisnamsd gndhs sEreRSHREERBoHy it puplerrd: thaththe mpasiablmass

body, a Al riion . s.confiqured to convert a pqgsitional

di spl acggr%}r%{b%og&%ﬁ%%%%o‘&gg%%?db%&)fgﬁna glguao %@?n‘;l?%ﬁﬁﬁ%eﬁgﬁ“? PE¥ i s
added duahd@hé heigitbaatiten Riedthfs bbih é@ﬁﬁﬂ@@@ﬁt 163kP 0AB PRl RELLisGR

signal. In addition, it is preferred that the sensor subsfrate i1s forned by
use of afleaEnS@FmAdhen thet kedrapiongor sinl adbtioh ayken argyao séhsards faubst r at e
through an jnsulating layer. |n particular, when the sensor substrate has
an int eg?léttba SEPPULPEPHRRCalt 1 PIFicEre 4Bt 515 SHOXRPIN PPHEOH 8PRPEISEY orti on,

a T urd Nefiedt GUARIB A} Jib:diD SEIIBrnd BRLRENSRT 2 LBULELALAN RE,ARNL YD BY

formng the piezorésistive elenen egrated crrcul

silicon toagtes fiedt iaes HKIbys st Had letatBingNpadidin i BonfhieRdt AL cSHNSO
substrate has a conductive |ayer forned at a position closer to the novabl e

porti on RefaHoRH«lisplpsement oidbe-sqcond arasg hodyiconsedmhesl uitaticndl fprazonnect ed
to the detecti.,n ortion, the first_package substrate has a through-hole
wiring, '§ dgd\lﬁﬁ‘ﬁ%ﬁea‘f}gfaté‘?réé _ecﬁa"sl%?’%%n?%ﬁi’é’&ota& aerical s8gaL hol e
Wi ring, thenbongdiipg, H%&fﬁ@f@nfeﬁech%&gﬁé sgﬁ%ﬁsgﬁos%ﬁ%ﬁé S By L€ FAnSensor

i d-phase direct bo

substrate further conprises a sol ndi ng Wt hout
20 SOl substrate having a silicon layer on a silicon substrate through an insulating

layer. In particular, when the sensor substrate has an integrated circuit
operable in collaboration with the detecting portion, a further reduction in
thickness of the sensor device can be achieved by forming the piezoresistive
clement and the integrated circuit on the silicon layer of the SOI substrate.

25 In addition, when the sensor substrate has a conductive layer formed at a
position closer to the movable portion than the first surface-activated region,
and electrically connected to the detecting portion, the first package substrate
has a through-hole wiring, and a wiring layer electrically connected to the
through-hole wiring, the bonding between the first package substrate and the

30 sensor substrate further comprises a solid-phase direct bonding without



7 di ffusion between an activated surface of the conductive | ayer and an
activated surface of the wiring layer. In this case, it is possible to

si mul t aneously obtain airtight seali ng, of the interior of the sensor device
and an el ectrical connection between the first package substrate and the
sensor substrate. If necessary, the 5 sanme solid-phase direct bonding
capabl e of sinmultaneously formng the airtight sealing and the el ectrical

connect i A¥figElBn PRtWERNah AcROMdIRBTRRTHe RBAHASEVSINSE hal S QctilReFENSOr
substrate. A further concern of the present invention is to provide a

pr oduct i enrimee kbthe wiringleyeendorthievases itdapaskiblofo sivniltimguisheolpaabl em
resulting,fromresidual 10 stress_at the bonding portjon_such as variations

in senso f seeing ok thedntemo of; the sepsop dedge engramelertirad copRectiges ent
inventio I ; idip senspr substrate i ch
conpri seg e§9 r aﬂrlrlé%efﬁgw%gﬁgﬁggggﬁrﬁﬁé;%ﬁ%%n%%%bﬁ%é SB%F’%?BEH ﬁﬁ’@%ﬁﬁ%%@%i n the
openi g, sam@ svlidepiedel Afedd Bohideil Q1B Sich k1R RY rRMhiRL 86d hirfight gnal
according to a positional displacenent of 15 the novable portion, "a first
package sedling ané thosttetritd wnaeofionpposhd eseditd hoad the dehend qushnge

substrate,band a second gacka e substrate bonded to the ot her surface of
t he sensBPP8ERG tohe senson absgtrtes tirst surface-activated region on a

f f i £ ’ ti
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forn ng forsteosthsst ideaize-@phbUAbLEvFiaHOhOPrebiem faediof fidne rEiapm faci ng
t he second package substrate over an entire circunference of the frane so

as t 8 supfresmat thedanshirgpertisor sudnas variatidroyim segsar sharfateisicsi vihed regi on
on each osf he fqi rst pan? % bstrate and 25 the secon packa{gfe substrat e;
and for nth %pﬁﬁ’ EHONGH _Cﬁﬁo ti"tev%‘gﬁe’fwvia?%‘? cCegyriRcs - the SISRR e egi on and
the surfaegi@iakl ¥ abethy GARRR! willéh fcbﬁ@fﬁs%g%ﬁ%é HQ§%1rg?%r?’op%Hﬂlg? i rect
bondi ng between t he second surface-activated regi on an e
sur f ace- apvhbkt edrtiegi niovablyt held eeontie papksigg, Sahbt 4 al€edtiof 0PBHtion
tenperature, 30According to the production nmethod of the present invention,
si nce t heenfigured to output an electric signal according to a positional displacement of
15 the movable portion, a first package substirate bonded to one of opposite
A surfaces of the sensor substrate, and a second package substrate bonded to the
other surface of the sensor substrate;
forming a first surface-activated region on a surface of the frame facing the first
package substrate over an entire circumference of the frame so as to surround
20  the movable portion;
forming a second surface-activated region on a surface of the frame facing the
second package substrate over an entire circumference of the frame so as to
surround the movable portion;
forming a surface-activated region on each of the first package substrate and
25  the second package substrate; and
forming a direct bonding between the first surface-activated region and the
surface-activated region of the first package substrate, and a direct bonding
between the second surface-activated region and the surface-activated region of

the second package substrate at room temperature.

30 According to the production method of the present invention, since the



sol i d- phase direct bondi ng between the sensor substrate and each of the
first and second package substrates is fornmed at roomtenperatures, it is
possible to reliably prevent variati ons in sensor characteristics resulting
fromthe residual stress at the bonding portion. 5To obtain the solid-phase
di rect bonding with good bonding strength, it is preferred that the first
surface-activated region, the second surface-activated region, the

surf ace- gelid\pa{aed difgt @Radalz bhvdeh Sl fackaGabsHAY hal@BADb e meeond
package substrate are for rrec? by use of any one of an atom c beam an ion
beam andandicaepsh petkage sulsittatemis fotdkd atdoimitemperaturss,pt afprsstle that t he
steps of formng the first suyrface-activated region and the second

surf ace- 5@{6}%@%}@% JEBATORA AN SERPPIFNFBFIRINGICE ABSWinedbem dheirgaidsg! r egi ons
of the fifsks Baﬁ@g&j&iﬂgg}&?&ﬁ and the second package substrate, and the
direct bonding step are”perforned in a sane chanber, and an interior of the
chanmber is Tortbtaihl €@ sdlidopRasiedireedbat dBERMER §0bd WHdAg kehbih, di ict
bonding step. In this case, a desired atnbsphere can be set in the sensor
devi ce apedededdhed thadirkt purfefte-setivated fgionsxthepieeondtenfae-adietet at i on
sensor is for ”ﬁg‘i on t he Sﬁnsor substrate e atnpsphere adjustnent is

t
per f or metFEPT SUTRECEC XREdpRRY OE (e B9t iRckaEn S trgte iavek thgas into
the chanbelon st dubgHipehle ﬂﬁﬁie@t}gggﬁgg'%fﬁn?%%e)?oq OLANEDeblh 2 sensor

device after the direct bonding step. t ernat a gyro’séensor is
formed oifvnt bearn eamsios pEshsd bBhe indigasl Nosphere adj ustnment is perfornmed
prior to the direct bonding step to obtain a reduced at nosphere of a higher

degr ¥t of vBruadslitinn cif i s drrefasresht tiatonthehestapsroophéreningedheorfirshe st eps
of formpg . the surface-activa regions. As a result, the interior_of the
sensor dsel%f%%e'gﬁ%vafggbrgg]ﬁﬁi Wé%ﬁfe%ﬂnah%lqa&ﬁa%‘ﬁﬁa;?%%ﬂ% hapt@ othe

di rect bepgiing tAkeRirface-dNMRAE S SEAS Ut &Hbﬁfsrtgéa%ﬁag sibst e WAt ek Ci reui t

operable in collaboration with the detecting portio an outgoing Wring

| ayer cossveatigrhchhige sabstrates nddtthe alifgad bohdinpestbptaeg paifefned i disamea fi r st
metal layer for providing the first surface-activated region, and a second
met al | a§RAMPEHFEctaHinterienef heiwbangdirrdn gonrolledingargdisigdwitrosghereyer,  and

use o] c » t hy: -hol.e wiring, an he fjrst kage
usedid o BIRRES bR AAREUIIOle T LG o a0 M stepakage
posi ti oninf @ BghdoReidvideShedRlMg 1AM kI Bf S8N%ITRESS icdhnidte [PBed ianSt Met al
| ayer, and a wiring netal |ayer fornmed at an end portion facing the sensor
subst r at zcosterahient hemreghishdbemeiir bngthy sersenesubsteateal thas dthespheand 5

metal layer, it is preferred that a direct bondi ng between activated
sur f acesgl‘g’flsf‘ﬂ%mf’isr oyed priogytarths direch Ronding Sﬁﬁgﬁﬁﬂ%ﬂmﬁ‘a%g agiacH direct

0135 8 MBCHANED B, S S S RS, 10

metal |ayer are sinu tanéou_sly or e room tenperature:
i's pmoef egenedr tibdite hiter 018 QisddiGorklind\gebay Blterd tfvely, Mitter B ipdo dedBFisand t he

second netal |ayer are
formed on the sensor substrate, the atmosphere adjustment is performed prior
to the direct bonding step to obtain a reduced atmosphere of a higher degree of
vacuum, which is different from the atmosphere used for the steps of forming
the surface-activated regions. As a result, the interior of the sensor device can
25  be maintained in the reduced atmosphere after the direct bonding step.

When the sensor substrate has an integrated circuit operable in
collaboration with the detecting portion, an outgoing wiring layer connected at
its one end to a pad of the integrated circuit, a first metal layer for providing the

first surface-activated region, and a second metal layer connected to the other

30  end of the outgoing wiring layer, and used to connect with a through-hole wiring,



10 formed by a process conprising the steps of formng a | ower netal |ayer
as an etching stopper layer, form ng an upper netal |ayer on the | ower
netal payer by use of a netal material, different fromthe | ower netal

| ayer, and etching only the upper met &) | ayer at regions corresponding to
the first netal |ayer and the second netal layer until the | ower netal

| ayer is exposed. In this case, since 15 the first and second netal |ayers

havi ng exgalthentrss phbRee: ShithasshaA thd aiBgnlibibeyifiush Mddingashapt her, a
good bondi ng state can be stably obtained wth an I nprovenent Tn production
ef fi ci entayeoforninal seapositdeviacng fFe fidst avatabagdr bpradizige staterigh &is tye t he
roomterrﬁgéatur bonding, it is needed that the first surface-activated

regi on aftPliRetad (pvescang@ riarg aestahlaysr &ermesl ahenfendspossipakgingsthest r at e

just con T 4+his need, it is preferred that the first
sur f ace- %%?."62%2"%“%%%%91 T ;ﬁl@%%leléo 5y a &rdb%gssﬁ%npa&feg%%s {ihe SEFUS of
formag metall laivt@lels prgetrad itAgt hidifB@bonlignd HerRecf adthatsPIahcsybstrate,
forming a flat surface of the nultilayer insulating film by etching back a
part of theefiralim¢tahisyer anduhatbonglifig inmtal leyyer agda dieeet! bdraling benwdm t hef
flat surface, and jrradiating an atom c beam an ion _beamor a plasnma of an
i nert ga@Ctll‘@tﬁgs%\r#%%% rthengecepdametalyleyer prd Hha tiriagapeiahdaren arfg fil m

R R R L e
formed othd betgbindvirife Wyl it firdtietal 1Aydrhid 8he 8tddadl FiekD 18§edhrd €aSt
one interlayer insulating film
-~ 10 formed by a process comprising the steps of forming a lower metal layer as an
etching stopper layer, forming an upper metal layer on the lower metal payer by
use of a metal material different from the lower metal layer, and etching only the
upper metal layer at regions corresponding to the first metal layer and the
second metal layer until the lower metal layer is exposed. In this case, since
15  the first and second metal layers having excellent surface flatness are formed to
be flush with each other, a good bonding state can be stably obtained with an
improvement in production efficiency of the sensor device.
To obtain good bonding strength by the room-temperature bonding, it is |
needed that the first surface-activated region and the surface-activated region of
20 the first package substrate just contact each other. To meet this need, it is
preferred that the first surface-activated region is formed by a process
comprising the steps of forming a multilayer insulating film on the frame of the
sensor substrate, forming a flat surface of the multilayer insulating film by
etching back a part of the multilayer insulating film, forming a metal layer on
25  the flat surface, and irradiating an atomic beam, an ion beam or a plasma of an
- inert gas to a surface of the metal layer. The multilayer insulating film is
preferably composed of a first insulating film of a silicon oxide film formed on
the frame, a second insulating film of a silicon nitride film formed on the first

insulating film, a third insulating film of at least one interlayer insulating film

30 formed on the second insulating film, and a fourth insulating film of a



30 forned on the second insulating film and a fourth insulating filmof a
10 passivation filmformed on the third insulating film In this case, the
flat surface is preferably forned by rform ng etching back by using the
insulating filmother than the fourth Insulating | ayer as an etching
stopper |ayer. Excellent surface flatness of the undercoat insulating film
formed by the etching 5 back is reflected to the netal |ayer fornmed on the

under coapaksisatia ifiigh fornied bhetief ehd idsul&iMOESMD! en t1PiORLEE Nt @apet al
| ayer suitable for the roomtenperature direct bonding. As a further

pr ef er r e §UERBD i PEsirabbr formedfhyr praforoningfetehingflagk bywrding ehe tdwlatingi ng
baCkISB ned b%htﬁgg rlri:]gs'l con |tr|def|Imof t he second

i nsul ati n%ﬂ Falgm dhs: ot ﬁi}%rr as1 BIAFICHng 1 SORPSE 1a¥R8- £ | at
surface Pﬁ%elpﬁltfsﬁ%g ﬂQYnéssfo Qﬁg §1 9(5321‘?: I.u?é\,ggtlﬁg Ei?l‘[’l%&l‘lﬁé(? gi! B0 Q%?xh%g tep

using the silicon nitride fil esecon atrng m as et chi ng

st opper bagleris refietbted seothadnetaa ham braleasbephpaiddirobst afsu@itdd@nhi rst
etching back step by use of the silicon oxide filmof the first insulating
filmas Therséeehi Hg ist epeible ajer Obtﬁstllntbeldm@t@h layen shidablensor substrate

has an iptegrated circ ble in c borat on Wt e detecting
portion, “&h SRS HAUEY %Q/re"cfg rr‘?éadag e’bB§? £5r6A W‘B%‘%‘F“% forEgpvabl e
portion fd}ﬁ&t{or&eoffdlgsﬁ ke e rﬁﬂégi I onnect ed
to the integrated ci réritﬁr%k!l fagﬁdﬂﬁcrée&%rﬁ%{?a%g% age su ﬁgr’gllg.;’ﬁe1r 1%% Aéﬂcch

t hr ough- hiotide wfilangf thndsecomdungulaaygr e cisr ite@l tyhagnnecped 14020 the

t hrou 0gh hole wri na IS preferred that a direct bonding between the
first0 supftematyshy é?et%ﬁtr%g i BN Padomned dyea arotasst eunpugingna dirst he

first p e t irect. b g tvveen ctivated surfaces of
t he condgééﬁgl\)ge %%éé{re%aﬁdg %léeﬁrﬂr |°ﬁlgn]1t13§%%h:8 P TPy é%ﬂﬁf‘?ng ReRP at room
t enper at tHe€etchih eARSer] hnd % RRPBUNEHIG SAAULBNGH R ed O

mechani cal bondlgng ept Weﬁ%n 25 the first pafg%age subgtrate and t'LF:?e sensor
subst r at st ghching dack ety by alse of tihe silicon dxddentilen of tiee fitndusiliaviaglfayer and

the w ri@r]\% Iaé h BRI EF EXPLANATI ON OF THE DRAW NGS FIGS. | A and 1B are
r espect | ¥eRF SChEmRIPPPHT WeEnd sr de views of a wafer |evel package

str t ure aiﬁcé?(icﬁhgﬂ v&l’?erﬁﬂe! ééﬁ gjcrg%.' Bas (%'P {e%%te mrcuqt 0peraE)Fe m

respectr vel'y schemati ¢ plan and VI ews
collaboration with the detectmg port10n, and a conductive layer formed at a

position closer to the movable portion than the first surface-activated region,
and electrically connected to the integrated circuit, and the first package
substrate has a through-hole wiring, and a wiring layer electrically connected to
20  the through-hole wiring, it is preferred that a direct bonding between the first
surface-activated region and the surface-activated region of the first package
substrate and a direct bonding between activated surfaces of the conductive
layer and the wiring layer are simultaneously formed at room temperature. In
this case, it is possible to simultaneously form the mechanical bonding between
25 the first package substrate and the sensor substrate, and the electrical
connection between the conductive layer and the wiring iayer.
BRIEF EXPLANATION OF THE DRAWINGS
FIGS. 1A and 1B are respectively schematic plan and side views of a wafer level
package structure according to a first embodiment;

30 FIGS. 2A and 2B are respectively schematic plan and side views of a sensor



11 device obtained fromthe wafer |evel package structure; FIG 3Ais a top
view of a sensor substrate, and FIG 3B is a cross-sectional view taken
along the line B-A" in FIG 3A; FIG ilis a bottom view of the sensor
substrate; 5 FIG 5 is a circuit diagramof the sensor substrate; FIG 6A
is atop viewof a first package substrate, and FIG 6B is a
cross-sectional view taken along the line A-A" in FIG 6A, FIG 7 is a

bot t om videwcefobtdi@etiiffh thaticagClestiSddkdke structure; FI GS. 8A and 8B are
respectively top and cross-sectional views of a second 10 package

subst r at FIGFB&is 9 tp vievselreastsor sabstatm duct 06s -3Beistd onas-secémalfview bondi ng
portion tween th ensor_,su rate and the first package substrate;

FI G 10Al%§'§erha‘{g’8§ @Fg’ﬁ%’gﬂ ﬁ%%iéng r substrate according to a nodification
of the pmgsgenty gmwm%ﬁfgg %&%"ré}q‘gﬁrﬁéﬁ cross-sectional view taken

along the line 15 B-A" in Ais atop view of the first

package $UBstiateiaetodiighgntod tAe ¥oflidd aaidtaite0f the present embodi nment,
and FIG 11B is a cross-sectional view taken along the line AAA" in FIG
11A; FIG o ipsaaterhdemit Pt arfirst geatkegos subsiraiconand VFi&w 6B s bondi ng

ortion 20 between 1he sensor substrate of, Fl 10A and the first package
gubstrat E T FCEP M R .nfﬁgéjeaﬁ&?éé‘é-l Sﬁ‘&%| vi ew showi ng a surface
acti vat | @15t 80a ohGm VAR bR HIP33cRER LaRalail ew showi ng an at mospher e

adj ustnment step, and FIG 13C1is a“cros Ional view show ng a

roomt enpEEA! BAcabd BB rge stepect@blyFtdgSandiddroandeddthAr dews HOL k¥
schematic plan and side views of a wafer |evel package structure according
to al%ecBrekagerdthsieaie; and FIG 14C is a schematic cross-sectional view of

i i . | structure;. .
a sensor Fﬁ?v 9 % & etnr11a6t1<\:lvgrfx1%£‘géde gr%ss—%%géggﬁ view of a bonding portion between

the sensor substrate and the first package substrate;
FIG. 10A is a top view of the sensor substrate according to a modification of the
present embodiment, and FIG. 10B is a cross-sectional view taken along the line

15 B-A’in FIG. 10A;

FIG. 11A is a top view of the first package substrate according to a modification
of the present embodiment, and FIG. 11B is a cross-sectional view taken along
the line A-A’ in FIG. 11A;

FIG. 12 is a schematic enlarged cross-sectional view of a bonding portion

20  between the sensor substrate of FIG. 10A and the first package substrate of FIG.
11A;

FIG. 13A is a cross-sectional view showing a surface activation step, FIG. 13B is
a cross-sectional view showing an atmosphere adjustment step, and FIG. 13Cis
a cross-sectional view showing a room-temperature bonding step;

25  FIGS. 14A and 14B are respectively schematic plan and side views of a wafer
level package structure according to a second embodiment, and FIG. 14C is a
schematic cross-sectional view of a sensor device in the wafer level package
structure;

FIG. 15A is a top view of a sensor substrate, and FIG. 15B is a cross-sectional

30  view taken along the line A-A’ in FIG. 15A;



FIG 15A is a top view of a sensor substrate, and FIG 15B is a
cross-sectional 30 view taken along the line AA" in FIG 15A; 12 FIGS
16A to 16C are cross-sectional views Egowi ng enbodi nents of outgoi ng

Wi rings each electrically connecting tween a pad and a second netal

layer; FIGS. 17A to 17F are schematic cross-sectional views of a nmethod of
producing a sensor device according to a second enbodiment; 5 FIG 18Ais a

top vi ewmsalmrtst1&@@ktagﬁos%u§&hbﬁhﬁmm%fd&&%dcﬁnén% 8B 8R4 onal
view taken along the line A-A" in FIG 18A;, FI 19A and 19B are

respect i vatipgs Q@Clanbct;‘mélw @agecting betwessa @h;iaarsiea tsacbmhnieaajigaymbst rate;
FIG 20 s sectional view of a ro sensor device

accor di ngfqg i%‘l‘]ég&h rat':Te Bﬂﬁaﬁlﬁrﬂmsﬁ#‘@tm?f‘l‘@“@ chBeheed obpraslugingy of a
sensor sulshial SoACEQLd-thd & 4 Decdd Llnsgiodiment . FIG 22 is_an enl arged

view of a relevant portion e sensor rat e, FIG 23 is a

schenat i BIG) dBAview abp avibi 8f DaCKAGRCRHRS IFdstrap6Candi Pzt QgBhes 15 third
embodi nent; FIG 24 is a schematic bottomview of the first package
substrat @FOSaTﬁ?CHD@VIQ‘BAahmm&wél@(Mﬁnaﬂﬁﬁy 18Aews of a net hod of
producin ent sensor devi ce. BEST MODE FOR CARRYI NG QUT THE

| NVENTI oﬁ@?mgg ﬁgﬁ@r{eﬁssmcﬁ%we@l@m CHRS-sqabionabwiess ey see@mst t he

present package substrate;
FIG. 20 is a schematic cross-sectional view of a gyro sensor device according to
10  a third embodiment;
FIG. 21 is a schematic plan view of a sensor substrate according to the third
embodiment;
FIG. 22 is an enlarged view of a relevant portion of the sensor substrate;
FIG. 23 is a schematic plan view of a first package substrate according to the
15  third embodiment;
HIG. 24 is a schematic bottom view of the first package substrate; and
FIGS. 25A and 25B are explanatory views of a method of producing a
conventional sensor device.
BEST MODE FOR CARRYING OUT THE INVENTION
20 Referring to the attached drawings, the sensor device of the present
invention and the production method are explained below in details.
(First Embodiment)
In the present embodiment, as shown in FIGS. 1A, 1B and FIGS. 2A and 2B,
it is explained about a case where a sensor device is produced by fabricating a
25  wafer level package structure 100 comprising a semiconductor wafer 10, in
which a plurality of acceleration sensor units are integrally formed, a first
package wafer 20 bonded to one of opposite surfaces of the semiconductor wafer
10, and a second package wafer 30 bonded to the other surface of the
semiconductor wafer 10, and then dicing the wafer level package structure 100

30  into a size of the sensor device. Therefore, in the sensor device of the present



i nvention and the production nethod are explained belowin details. (First
Enbodi ment) In the present enbodinent, as shown in FIGS. 1A 1B and FIGS
2A and 2B, it is explained about a cagg where a sensor device is produced
by fabricating a 25 wafer |evel package structure 100 conprising a _
sem conductor wafer 10, in which a plurality of acceleration sensor units
are integrally forned, a first package wafer 20 bonded to one of opposite
sur f aces eofbadieesgr pontuctaresmingling € tlanskmiceAa 00 paFKALO i¥abehed0
bonded to the other surface of the sem conductor wafer 10, and then dicing
t he waf ePS[EetFESOpaRReGates) r LA PeFidon gorrseponting 4o she Bryfrackegs wadar2Qevi ce.

Th f | devi of. t he esent 13 enbodi ment, a portion
corr esporsidsintd e 8 B PSS, SiotEfer2T0R borih Ao RO bk o fie

subst r at edondp@ge WhEPBOAS RRAALAGstLsd BB df dchb P0G KEGG I er 20 is
defined as a first package substrate 2. A portion corresponding to the

second pack#be prefert S8bodintefti ofgstodscmessannd deakadeons thstwabelsvel 5 The
present enbodi ment of producing sensor devices fromthe wafer |evel package
st r uct ur BaaiEReensigugiirg JLOM asear advagtageythati a pleralidh b sompssh sensdevi ces

can be o | ' m ver, t sensor._devi ce of .the. present
i nvent i oﬁg‘lﬁg&ﬁg?ﬁﬁﬁotﬂgﬂg}%@%h&f g&\é{%o 8 i gﬁo"??é’?ﬁot&-‘.e FO°8; cgof B?’fch of
the senspresdfy imeatidRYs M lidied €3ahik prodQEUGEthddo®! SRH d g FeSeNgPr 10
substrate having a single sensor elenent and a pair of first ‘and second

package slibee rsghest dgmdesimagtbd dndivivhhdllyepsehsed byhstpatiagt® seaede of t he

' con cka substrates at room (nornal) tenperature, as
;Ie ;(Szliq gggi.ﬂ?%{%tle%epﬁng a%?ngle sensor element and a I;Sau' of ﬁrs)t andr;%cond package

substrates, and direct bonding the sensor substrate to each of the first and
second package substrates at room (normal) temperature, as described later.
In the present embodiment, an SOI wafer used as the semiconductor wafer
10 is composed of a support substrate 10a made of a silicon substrate, an
15  insulating layer (embedded oxide film} 10b such as a silicon oxide film formed
on the support substrate 10a, and an n-type silicon layer (active layer) 10c
formed on the insulating layer 10b. Each of the acceleration sensor units is
formed by processing this SOI wafer. Each of the first package wafer 20 and
the second package wafer 30 is formed by processing a silicon wafer. In the
20  present embodiment, a thickness of the support substrate 10a of the SOI
substrate is in a range of 300 um to 500 pum, a thickness of the insulating layer
10b is in a range of 0.3 um to 1.5 pm, and a thickness of the silicon layer 10¢ is
in a range of 4 um to 10 um. In addition, a surface of the silicon layer 10e that
is a general surface of the SOI wafer corresponds to a (100) surface. A
25  thickness of the silicon wafer for the first package wafer 20 is in a range of 200
pm to 300 pm, and a thickness of the silicon wafer for the second package wafer
30 is in a range of 100 um to 300 um. These thickness values are illustrative
only, and therefore the present invention is not limited to them.
FIGS. 3A and 3B are respectively top and cross-sectional views of one

30 acceleration sensor unit (corresponding to an area “A” in FIG. 1A) formed in the



In the present enbodi nent, an SOT wafer used as the sem conductor wafer 10
is conposed of a support substrate 10a nmade of a silicon substrate, an 15

i nsul ating | ayer (enbedded oxide fil n% 10b such as a silicon oxide film
formed on the support substrate 10a, ﬁd an n-type silicon layer (active

| ayer) 10c forned on the insulating |ayer 10b. Each of the acceleration
sensor units is fornmed by processing this SOT wafer. Each of the first
package werh&r @tbsindet e mESQNBiORATHAIS oS HotRfh iview OF B R¥RFAEESSI Ng a
silicon wafer. In the 20 present enbodi nent, a thickness of the support
subst r at eenigy wiitt NBa@OW thebataektratits sensar naitgbasfa B eportion I (fprm  a

t hi ckness of the insul ai%rr}? | ayer 10b is in a range of 0.3 pmto 1.5 pm
and a t hFEKABSs agFCaReuar THgR POESeR) hayang an ipner GReniRs, ¢ wagBhPOHHoD pm I n
addi tion; : o i) ] : 10c. that eper al. surface of
the SOT \}\g?dé?b‘%%e?r%gg%n%egﬁéfn%%%g%%éﬁir*’a%q h(g He ’%%gé%ﬁggrslso tH& si 1 i con
waf ers f oforirtel fri asdtripackagpape e ﬁ@whg flekillifAN A eOkeighP pRNsL 13D pm and
a thickness of the silicon wafer for the second package wafer 30 is in a
range of supporsed @b theopraurfvesside HFEkN34k of) theleensireunit | hystheaflexibleon| y,

and theref%e t};{ resent i’nv ntion js_not limted to them, FI GS.
3A and 3BCRIRS ng‘a“t‘ mexpPlersirtyido the FamsRtioRa 1 1 2 Wmgng manggr.

accel er a4 [ | SA N, A).. fornmed
T the T SR RRas, e eI R RRLE bR BB et thERT b ing of Tt he

accel er adf vz fansoportivint 11 FAchswindihe naaaalraath Opue aRsdle Wortisndas a frane
portion 11 (for exanple, a rectangular frame portion) having an inner
opentthg, e}ﬁew@wﬁm@g&parcmdqszoﬂ&sapmmt inestioes ddwardettfer framepportioonl1l, and

four flexbl tio h 5 formed i trip-like sh d_havi
1 exi bi 1175 FFHE LR Tho Fesmeth P cuss, e cotedort iebesie ddchac o

(FIG 3Ahsafatidle 15R73520p Uid thX éiﬂeoﬁusgérb'mcpef &ﬁ@%oég.éeg lﬁsem&b' e
1 n o? e

1
relative to the frame portion 11 in a sW nging manner. r words, the
wei ght psutistoate 120nsthemihdd yarsdippostosdch inFich S B, nhe flefipenbaidiodk 1derd r ane
portion 11 in a sw nging manner by the four flexible portions 13 10
ext endi ngTEEENDY G5e & dessibieon Haysiel@atofpihe Pohsubstratel (Theréfoasethsor ti on

11. ;Ehe L is faromed, by use af. the s ornt substrate 10a, the
i ns u]IEat iff#{%’gﬁg;}g"g&%g{%# Stth&" sluci“?rgg’ng‘i“&é%rr 8116%“%%3 #‘E’g‘ é’&o@%@&e%%‘ﬁoﬁed SO
substrater, On the other hand, as shown in FIG 3B, the flexible portions 13
are fornmed by use of the silicon layer 10c of the SO substrate. Therefore,
the 15 fl| exitid et pantioh31RAdmsaa swiré iscceon |hR2ashavihgra rédtakgels ddidn t he

frame portion 11. The weight portion 12 has a core section 12a having a
rect angLﬁ}?rPCSBY]}PHhslﬁa‘-‘ﬂ’é%poﬂﬁdcﬁj the diggpe Pesdon d k Heromghnepfour fexiblE t hr ough

e LU phbBEL N O fol0HoarkdeniBRE 108 bl RbvGH 10 SR BRRRYI "9 2
20  which are integrally coupled to four corners of the core section 12a at the
top-surface side of the sensor substrate 1. That is, when viewing from the
above of the sensor substrate 1, each of the leaf sections 12b is disposed in a
space surrounded by the frame portion 11, the core section 12a, and two
flexible portions 13 extending in directions orthogonal to each other. The
25 numeral 14 designates a slit formed between each of the leaf sections 12b and
the frame portion 13. A distance between adjacent leaf portions 12b through
the flexible portion 13 is larger than the width dimension of the flexible portion
13. The core section 12a is formed by the support substrate 10a, the
insulating layer 10b and the silicon layer 10c¢ of the above-described SOl wafer.

30  On the other hand, each of the leaf sections 12b is formed by the support



20 which are integrally coupled to four corners of the core section 12a at
the top-surface side of the sensor substrate 1. That is, when view ng from
t he above of the sensor substrate 1, f$Ch of the |leaf sections 12b is

di sposed in a space surrounded by the franme portion 11, the core section
12a, and two flexible portions 13 extending in directions orthogonal to
each other. The 25 nuneral 14 designates a slit fornmed between each of the

| eaf seckip8Safe?DoRBOHNSOS Zak®, PAk thObplurfAcdiigh: FPeRe BEI WM HIHIagC Nt
| eaf portions 12b through the flexible portion 13 is larger than the width

di mensi of, tie tdpesiiiface ¢f| eachaftthebeaf 3ectidres £2b és pesidahatl? bowes dositined by t he

support substrate 10a, the insulating |layer 10b and the silicon |ayer 10c
of the abRtRfEoR s eé%ﬂ“%&?@r&?“@end?% ké-» Gt Retidhglrger todbs hottommet | eaf

sections | S f ]ﬂE% p 5 rate. .10 g%lthe.SOT fer.
At the tg%ggﬂéﬁgégfsi épgT&?ﬁéaieﬁgg%ﬁgégéﬁggﬁél??’Fﬁég?l téﬁ??%%é‘ f each
of the | eafl theglekilé pdlion$ 1BraAtheeenddr subhvie P bidrabiafdrilaa 1P
surface of the core section 12a, i.e., at a side closer to the bottom of

t he sensBpingdyaveatiendl kthiography. aréhetdhingrteqhorlogies. 11, the wei ght portion

12 By the way, as shown at a lower right portion of each of FIGS. 3A, 3B and 4,

when a horizontal direction of the frame portion 11 corresponds to an “x” axis, a

horizontal direction orthogonal to the “x” axis corresponds to a “y” axis, and a

10  thickness direction of the sensor substrate 1 corresponds to a “z” axis, the

weight portion 12 is supported to the frame portion 11 by a pair of the flexible

portions 13 extending in the “x” axis direction at both sides of the core section

12a, and another pair of the flexible portions 13 extending in the “y” axis

direction at both sides of the core section 12a. The rectangular coordinate

16 system defining the above-described "x”, “y” and “2” axes has an origin, which

corresponds to a center position of the top surface of the weight portion 12
formed by the silicon layer 10¢ of the sensor substrate 1.

On the flexible portion 13 extending from the core section 12a of the weight

portion 12 in a positive direction of the “x” axis, i.e., the flexible portion 13

20 positioned at the right side of FIG. 3A, a pair of piezoresistive elements (Rx2,

Rx4) are formed near the core section 12a, and a piezoresistive element Rz2 is

formed near the frame portion 11. On the other hand, on the flexible portion

13 extending from the core section 12a of the weight portion 12 in a negative

direction of the “x” axis, i.e., the flexible portion 13 positioned at the left side of

25 FIG. 3A, a pair of piezoresistive elements (Rx1, Rx3) are formed near the core

section 12a, and a piezoresistive element Rz3 is formed near the frame portion

11. In this regard, the four piezoresistive elements (Rxl, Rx2, Rx3, Rx4)

formed near the core section 12a are used to detect acceleration in the “x” axis

direction. Each of the piezoresistive elements (Rx1, Rx2, Rx3, Rx4) is formed

30  in an elongate rectangular shape as a planar shape, and disposed such that the



S and the flexible portions 13 of the sensor substrate 1 are preferably
formed by using conventional |ithography and etching technol ogi es. By
the way, as shown at a | ower right po&%ion of each of FIGS. 3A, 3B and 4,
when a horizontal direction of the franme portion 11 corresponds to an "x"
axis, a horizontal direction orthogonal to the "x" axis corresponds to a
y" axis, and a 10 thickness direction of the sensor substrate 1

cor r espoetisighace diréetiof the plecorsisivt cRoREN10R Sll%staﬁ’ltﬁ'ilgrp@fets%gné Qs ftﬂ@ frame
portion 11 by a pair of the flexible portions 13 extending in the "x" axis
di rect i ofergitushnl siigectiont ethetheorflexgdet portidtRal3and Ianatdﬂiéui%malhthe_@il t hef
flexible_portions 13 extending in the "y" axis direction at both sides o
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silicon bhyen dt0g left difke of @ISO SUBS! pidkdredistitd ddificritsei-All, RPDT Rk@N 13
extending fromthe core section 12a of the weight portion 12 in a positive
directi o%"ﬂﬂ apgformed afsiress comcentrafiort tegiin of the rﬂBKJdDﬂ\T m&tmspl(%twghegw 2;1 at
the right, side of FlIG. 3A a pair of piezoresistjve elements (M, F are
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formed ngaectidte frane portion 11. On the other hand, on the flexible
portion 13 extending fromthe core section 12a of the weight portion 12 in
a negative QOunrthetfleaiblofottien 18"cxasdingifroi thé béref deKiohl E2PON thicareidiBt
positioned at the left side of 25 FIG 3A, a pair of piezoresistive

el entht sPeRRIan 1R« apositivsy frgchenoftthe “Yorxisdet.i the flzaiblapdrtion 13

' I St:l. I Rz3 is f near the frame portion 11. In_this
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Ry3) are formed near the core section 12a, and a piezoresistive element Rzl is

formed near the frame portion 11. On the other hand, on the flexible portion
13 extending from the core section 12a of the weight portion 12 in a negative

15  direction of the “y” axis, i.e., the flexible portion 13 positioned at the lower side
of FIG. 3A, a pair of piezoresistive elements (Ry2, Ry4) are formed near the core
section 12a, and a piezoresistive element Rz4 is formed near the frame portion
11. In this regard, the four piezoresistive elements (Ryl, Ry2, Ry3, Ry4)
formed near the core section 12a are used to detect acceleration in the “y” axis

20  direction. Each of the piezoresistive elements (Ryl, Ry2, Ry3, Ry4) is formed
in an elongate rectangular shape as a planar shape, and disposed such that the
elongate direction of the piezoresistive element is substantially the same as the
longitudinal direction of the flexible portion 13. In addition, these
piezoresistive elements are connected by wirings (diffusion layer wirings and

25  metal wirings 17 formed on the sensor substrate 1) to obtain a bridge circuit By
shown at a center of FIG. 5. The piezoresistive elements (Ry1, Ry2, Ry3, Ry4)
are formed at stress concentration regions of the flexible portions 13 where
stress concentration occurs when the acceleration is applied in the “y” axis
direction.

30 In addition, the piezoresistive elements (Rzl, Rz2, Rz3, Rz4) formed near



formed near the core section 12a are used to detect acceleration in the "x"
axis direction. Each of the piezoresistive elenents (Rid, Rx2, Rx3, Rx4) is
formed 30 in an el ongate rectangul ar f?ape as a planar shape, and di sposed
such that the 16 elongate direction Of the piezoresistive elenent is
substantially the same as the |ongitudinal direction of the flexible
portion 13. In addition, these piezoresistive elenents are connected by

Wi rings (o fifause porticydn sdel 4 HGE tR a8t hakelWationds dhe FHT4588 @Feclibg, sensor
substrate 1) to obtain a bridge circuit Bx 5 shown at a left side of FIG
5. The prRedcoasiested/iey widngsdifigsieh lapoyirRes, arkkdietalr wirfngsntd fertmet r ess
concentratipn region f t fl exible rtions, 13 ere stress
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pi ezoresistive elenents (Ryl, Ry3) are formed near the core section 12a,
and a pi elggrad;istgupstan therggmiesast grariogiteginalhdiréatimeohthra flexiblel. On

t he ot her hand,.on flexible.portion 1 endi ng fromthe core section
195 of "t RRIE 4 n e Bt R SHeparis keRs K af piswontd PRaapen; ds
i.e., thgaflexit! acpold bBRidd ABSLh fhat Bge | i F A a
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12a, andp&zpiesivivesiiaheneisehenmantifiiy the sfmemdhzesidth fRatéraanair@aidd on 11.

In this regard, .the four piezoresistive elenents (Ryl, Ry2, Ry3, Ry4)
fornkY n fg‘etﬁlféﬂlé'ér@r@@%t]i%n 12a are used to detect acceleration in the "y"

axis 20 dir o0, Each of th iezoresjstive e ts I 2 3, Ry4)
i s forned iﬁ%n%?%%‘%%?@%%@ an‘%ﬁﬁ%@%ﬁgﬁgﬂéﬁ? ?ﬁﬁﬁﬁrﬁeé%p%%b%eiysposed
such thafn the vidiafgaifen GetSed iRRaPllafdie19i £LLFiBSH Shicte Bl eRMon Sthe
substantially the same as the |ongitudinal direction of the flexible
portion di&usion kgdi wiongs khreset gheroieFIGt B&e el enents are connected by
wirings (diffusion |ayer wrings _and 25 netal wrings 17 formed on the

sensor substiaPEZRyESITsHEmaAnt BPlteRaty BylitofgyenBad taRadlcant e of FIG
S ol PASELES SV B E T, (e 8, b b SRy “hnd o5
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direction. 30l n addition, the piezoresistive elenments (Rzl, 2, Rz3, Rz4)
f or ned nemrcentration. On the other hand, the metal wirings 17 can be obtained by
forming a metal film (e.g., Al film, Al alloy film or the like) on the insulating film
16 by means of sputtering or vapor deposition, and then patterning the metal
20  film by using conventional lithography and etching technologies. The metal
wirings 17 can be electrically connected to the diffusion layer wirings through
contact holes formed in the insulating film 16.
As shown in FIGS. 64, 6B and 7, the first package substrate 2 is formed at a
surface facing the sensor substrate 1 with a concave portion 21 for providing a
25  space for positional displacement of the movable portion comprised of the
weight portion 12 and the flexible portions 13 of the sensor substrate 1, and a
plurality of through holes 22 (e.g., eight through holes) formed in the thickness
direction around the concave portion 21. The outer peripheral shape of each of

the sensor substrate 1 and the first package substrate 2 is a rectangular shape,

30  and the first package substrate 2 is formed to have the same outside dimension



17 the frame portion 11 are used to detect acceleration in the "z" axis
direction, and connected by wirings (diffusion |layer wirings and netal
wirings 17 formed on the sensor substrate 1) to obtain a bridge circuit Bz
shown at a right side of FIG 5. The b?ezoresi stive elements (Rzl, Rz4) are
di sposed on the pair of the 5 flexible portions 13 such that that the

el ongate direction of the piezoresistive elenent is substantially the sane

as the | gaght wdhod! s didigghizon of the flexible portion 13, and the
pi ezoresi stive el enent stg(qué, Rz3) are disposed on another pair of the

flexi bl e pofThedist backaghsibstatehRthakhe elngahg fitir 28 foAe @byl H@eat

pi ezoresistive element_is substantially the same as the width (lateral)

di rect i otstdabing tflm {silisarppsidsofil)opn 1Be oppositeGuiddceshiowtho thickaepart  of
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p-type i imneri syrfacd of pretesfetind tebuiehr Hales0P2Si re$hi ebdbedghbht ofighayer 10c
at an appropriate concentration. On the other hand, the netal wirings 17
can be oHURMgRhYY WEinEn@4aartfarmed |t be. spaced| froinl gacky othet gy fhd m or

the |ike). e i.nsylatin Ll m16 by nmean f Sputtering, or vapor
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f ornHd i nidkebmayshd aséchg film 16. As shown in FIGS. 6A, 6B and 7, the first
package substr C;je_ 2 is formed at a surface facing the sensor substrate 1

with a conc bepi dis prefesed ghanihaithipugtpbolepuizner 3 fgsewidiinghalfirst
R Y
t hrough heigstZséifsod sutRt@ié 1t Arargh hahegk {hMrdnththbehRifKAESS
direction around the concave portion 21. The outer peripheral "shape of each
of When the through-hole wiring is formed by performing electroplating in the
15  tapered through hole formed in the first package substrate, a plating solution is
supplied from the end portion having the larger opening area, so that a wiring
formation metal precipitates from the end portion having the small opening area
toward the other end portion having the large opening area. Thereby, air
bubbles generated in the through hole can be easily exhausted to the outside, as
o 20 compared with the case where the through hole has a constant opening area.
In addition, since the plating solution is easy to put in the through hole, it is
possible to prevent a reduction in metal ion concentration in the through hole,
and increase the metal precipitation rate. As a result, there is an advantage
that the through-hole wiring 24 having a uniform thickness can be efficiently
25 formed. A plurality of electrodes 25 for external connection are formed on a
(top) surface of the first package substrate 2 at an opposite side of the surface
facing the sensor substrate 1 so as to be electrically connected with the
through-hole wirings 24. The electrode 25 of the present embodiment has a

rectangular outer peripheral shape.

30 As shown in FIGS. 8A and 8B, the second package substrate 3 is formed at



the sensor substrate 1 and the first package substrate 2 is a rectangul ar
shape, 30 and the first package substrate 2 is forned to have the sane
outside dinension 18 as the sensor syfstrate 1. The first package
substrate 2 has an insulating film23 fTorned by a heat insulating film
(silicon oxide film on the opposite surfaces in the thickness direction as
well as the inner surfaces of the through holes 22. Therefore, a 5 part of

t he i nsubasiniged fdoin@3hé iseashesubenar 1 hiolohcbab&ebbitith 84 BAGnkhe i nner
surface of each of the through holes 22. In this enbodi nent, eigh
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Next, a bonding portion between the sensor substrate 1 and the first
package substrate 2 is explained. On the frame portion 11 of each of the
acceleration sensor units, a first metal layer 18 is formed at a side facing the
20  first package substrate 2 over the entire circumference of the frame portion so
as to surround the movable portion comprised of the weight portion 12 and the
flexible portions 13. The bonding portion between the sensor substrate 1 and
the first package substrate 2 is formed, as shown in FIG. 9, by a solid-phase
direct bonding without diffusion between an activated surface of the first metal
25  layer 18 of each of the acceleration sensor units and an activated surface of a
frame-like metal layer 28 formed on a corresponding region of the first package
substrate 2. This solid-phase direct bonding can be obtained by pressing the
activated surfaces to each other at room temperature.
In addition, the first package substrate 2 has a plurality of wiring layers 29,

30  which are formed at an inner side of the frame-like metal layer 28 and around



19 a surface facing the sensor substrate 1 with a concave portion 31 having
a predetermned depth (e.g., 5 tarn to 10 pm for providing a space for
positional displacement of the weightsgortion 12. The concave portion 31
can be formed by using conventional |ithography and etching technol ogies.
Each of the 5 sensor substrate 1 and the second package substrate 3 has a
rect angul ar outer peripheral shape. The second package substrate 3 is

f or med t ¢hbhavactdvepsdive Ut sidlelediteili @nmstdde gengooughlisdl¢ alifnds
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pr essi ng.th? actl.vatrlgtd surfaces to each other at roomtenperature.

I n addit}nﬁﬁl,att‘rﬁﬁllfr? " package substrate 2 has a plurality of wiring |ayers
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metal wiring 17 otn Ehe_ sensor substrate 1.
comprised of a laminate film of the Ti film formed on the insulating film 16 and
the Au film formed on the Ti film.
Similarly, the second metal layer 19 and the wiring layer 29 are formed by
use of the same metal material. For example, Au, Cu or Al is preferably used as
25  the metal material. It is particularly preferred to use Au. The metal material
used in the present embodiment is Au. To achieve an improvement in adhesion
between the second metal layer 19 of Au and the insulating film 16, a Ti film is
formed as an intermediate layer therebetween. In other words, the second

metal film 19 is comprised of a laminate film of the Ti film formed on the
30  insulating film 16 and the Au film formed on the Ti film.



100n the surface facing the first package substrate 2 of the sensor
substrate 1, an insulating film1l6 is forned, which is conprised of a

| am nate filmof a silicon oxide fil nd a silicon nitride filmon the
silicon layer 10c. The first nmetal |ayer 18, the second netal |ayers 19 and
the metal wirings 17 are fornmed on the insulating film 16. 15The first

netal |ayer 18 and the netal |ayer 28 are forned by use of the sane netal

material . Fuitiexaspeteto dach SUHY firdt thétaPlBken®hyd iBede@nd R cABhaty
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Wi ring 1fritBe 898hedife layem These thickness values are 5 illustrative only,
and the present invention is not limted to them In the case of using the
Au film itAs desribedrabede twiatn threfitshinvdtnklager $8 nat thasgesnd hpald8fernm f r om
- the vie int of inproving yields in the bonding process. The Au film may
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other on the sensor substrate 1, and the metal layer 28 and the wiring layer 29

are formed to be flush with each other on the first package substrate 2, it

20 becomes possible to apply a uniform pressure to the bonding interface between
the sensor substrate 1 and the first package substrate 2. Consequently, the
solid-phase direct bonding between the first metal layer 18 and the metal layer
28 and the solid-phase direct bonding between the second metal layer 19 and
the wiring layer 29 can be obtained with stable quality.

25 In addition, as shown in FIGS. 10A and 10B, the first metal layer 18 may be
composed of a ring-like outer metal layer 18a formed over the entire
circumference of the frame portion 11 so as to surround the weight portion 12,
and a ring-like inner metal layer 18b formed at an inner side of the outer metal

layer 18a over the entire circumference of the frame portion 11 so as to

30  surround the weight portion 12. In this case, as shown in FIGS. 11A and 11B,



15 reduction in production cost because those netal |ayers having
substantially the sane thickness can be formed simultaneously. That is,
since the first metal |ayer 18 and thg,second netal layer 19 are forned to
be flush with each other on the sensor substrate 1, and the netal |ayer 28
and the wiring layer 29 are fornmed to be flush wth each other on the first
package substrate 2, it 20 becones possible to apply a uniformpressure to
t he bonding asberkieeedtiatetir mbeal Jana0R8 ufliat e phckdagt Silesttates ipackage

substrate 2. Consequently, the solid-phase direct bonding between the first
netal | afemPrsesded atmes- wpttrrary@talésmrﬁm ned%nnaipm@eu meetai layendi ng
bet ween t al and t he rin er, 2 bt ai ned
with st ag@ qulﬁ'i’s'et(gl 72 a?s’rlmeﬁ(fb‘ii‘?? e O&Ete’éﬁi?&nﬂ llaﬁng#% W]T(S:K 1M he

first nmetatackayghcd 81ABYn RGitE ARG B taf 1aye@9:é' kﬁt&&ata%elgettﬁé Al@eéfr 18a

formed over the entire circunference of the frame portion 11 so as
sur r odind ldyve 28oiihte frot padagkXutanchta 2 inag Hei fkemed bgra SibgR] mletaleéyel-Sb
formed at _.an inner side of the outer netal |ayer 18a over the entire

ci r cunf eFdHielz hes a wadth, dimpension |d§ﬁ3r113;n§@ sgsq b soaddier bemgentibeviitght

portion th| as shomn 11A, and 22 it al so
preferr e&gﬁﬁj Pa ﬁa ?&? tPaﬁ%Peﬁgle& Gis NRER Y ns{%jﬁl?%tdém%l
conposedbehdmg bélﬂrebhk‘ﬁe%%ﬁfnéi@lt Rlyet qs%@%ae %Maﬁlaﬁzbf@s' K& HRAL et al

| ayer 28b di sposed at an inner side of the outer netal |ayer 28a, which are
f or med i HIG. flacet- tsnpbas;bler ed» durtber dirtprotd éhé iaffett wktaatighalyesedibhg the
Alternatlvely metal 5 layer 28 of the first package substrate 2 may be

for mbd byteriof Hgﬂ ethﬁéPaYahl‘é?QFUOWféhe Recelerafiont nEPHERY o HEE e} i ahed so

t t t I
igb OTEUE%&@%%%ﬁgf%?@e&b %aﬁlléw \efxllré?elr?q?%ﬁnal rrs%ﬁ hg{fgﬁ@@g 18 and
the et athd @ysr padSkageSsebawitei D, Eh@ th]ezsedcind $neRQS RyRlk €19 Gs fewétﬂeéuy nprove

the effect of airtightly sealing the 10 interior (i.e., the novablé
porti on) cemnedied a@él@lls@oanﬁ@mgpmstmn #8bt. In FIG 12, a connecting portion

19b with th d h 21 of the f
okane subt Fit-alodth Bhendral 15 et %éy%fa‘i%%?%f@ Gaer pending
connggt efefutehiths o&mﬁe@ ﬂg,ewsfa'e&{a &%%mgpnﬁkﬁ 1agdf1 st herURLAL 1S

desi gnates an auxi | Fary seal’i ng I'ayer extendi
sealing layer 15 is provided at plural locations spaced from each other in the

circumferential direction of the frame portion 11 by a predetermined distancé.
In addition, as shown in FIG. 11A, auxiliary sealing layers 26 are formed on the
first package substrate 2 at positions corresponding to the auxiliary sealing
20 layers 15 of the sensor substrate 1. Therefore, when the first package
substrate 2 is bonded to the sensor substrate 1, the soli.d—phase direct bonding
between activated surfaces of the auxiliary sealing layers (15, 26} is also
obtained. Moreover, the following effect is expected by the formation of the
auxiliary sealing layers (15, 26). For example, when a foreign substance exists
256  on the outer metal layer 28a, the airtightness between the outer metal layers
{18a, 28a) may deteriorate. Alternatively, when another foreign substance
exists on the inner metal layer 28b, the airtightness between the inner metal
layers (18b, 28b) may deteriorate. In these cases, it is expected to be difficult to
airtightly seal the interior of the sensor device. However, when forming the

30  bonding between the auxiliary sealing layers (15, 26), a plurality of airtight



15 between the outer netal |ayer 18a and the inner netal |ayer 18b. The
auxiliary sealing layer 15 is provided at plural |ocations spaced from each
other in the circunferential directiogzof the frame portion 11 by a
predeterm ned distance. In addition, as shown in FIG 11A auxiliary
sealing layers 26 are forned on the first package substrate 2 at positions
corresponding to the auxiliary sealing 20 | ayers 15 of the sensor substrate

1. Ther efspregs adiebe obeaihbd Setwetkageostebsheal Bydr i1Bahantiet fridrhgetagnsor
substrate 1, the solid-phase direct bondi ng between activated surfaces of

the auxi 1%yl 8RalThay saydten pimgioewhese ol sedwticn ireairtghtecsen! thhe
| ayers ( paftisg beide R e Relel Tay?h Eban deab ersiiectis e tod S ( he
outer rebabkaren, Riacd o i oegsy ST IE QU SR SlE S,
i o1 ome ggﬁdi%ﬁé&qgeglttikam; 28hal IdyeZé(ISB,gzsm&&Qub@Hueqa dthgnenner
metal |ayers (18b, 28b) may deteriorate. In these cases, it is expected to
be diffi 181y gHibstance,” thesé regions can be spatially shielded from each other by
the bonding between the auxiliary sealing layers (15, 26). In brief, the
airtightness brought by the bonding between the outer metal layers (18a, 28a)
and the bonding between the inner metal layers (18b, 28b) can be further
10 reliably improved by the bonding between the auxiliary sealing layers (15, 26).

In the present embodiment, as described above, the first metal layer 18 is
formed on the surface facing the first package substrate 2 over the entire
circumference of the frame portion 11 so as to surround the weight portion 12,
and the metal layer 28 is formed at the corresponding region on the first

15 package substrate 2. Alternatively, it is preferred that a Si layer or a SiQ» layer
is formed in place of the first metal layer 18, and a Si layer or a SiO; layer is
formed in place of the metal layer 28. In brief, the bonding between the sensor
substrate 1 and the first package substrate 2 may be formed by any one of a
solid-phase direct bonding between Si and Si, a solid-phase direct bonding

20 between Si and SiO;, and a solid-phase direct bonding between Si0O; and SiOa.

To form the solid-phase direct bonding without diffusion between the sensor
substrate 1 and the first package substrate 2, activated surfaces of the first -
metal layer 18 and the metal layer 28 are previously formed prior to the bonding
step. In the present embodiment, these activated surfaces are obtained by

25  irradiating an atomic beam, an ion beam or a plasma of argon in vacuum to
clean up and activate the surfaces of the first metal layer 18 and the metal layer
28. Similarly, the activated surfaces can be formed on the second metal layer
19 and the wiring layer 29. Subsequently, the room-temperature bonding
method described above is performed. That is, the direct bonding between the

30  first metal layer 18 and the metal layer 28 and the direct bonding between the



airtightly seal the interior of the sensor device. However, when formng
the 30 bondi ng between the auxiliary sealing layers (15, 26), a plurality
of airtight 23 spaces can be obtaine94betmeen the outer netal |ayer 18a
and the inner nmetal |ayer 18b. That iS, when a region where a reduction in
airtightness of the bonding between the outer netal |ayers (18a, 28a)
occurs due to the foreign substance is |located away fromthe regi on where a

reduct i oBe¢condiinidtilghiyoed9 ahd Sht MerQdiyag 20eiresmilie donBEY fotRical by ayer s
(18b, 28b) occurs due to another foreign substance, these regions can be
spat i al | yPehiRE g8 dpbrepiiaigdhadeh ceombytempsraiondi ng bet ween the auxiliary
sealing | ay s brqught by the bonding

5,, 26).. | brief h i i gh
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between the auxiliary sealing |ayers , he présent

enbodé meatcelemtidasenisbe dnilsdves a shefaté mstivaRilade gloay®irmt8 drstiosmEEcon t he
surface facing the firszgggckage substrate 2 over the entire circunference
of the ffasiRe pBesespnd Pagkage sbstigie Gunten Hee waitightcippomfeomce2of thed t he
metal layer 28 is f d at the corr.esponding region on the first 15
package }Slrg’glset ?)3 éorkéfgﬁ}yeﬁnﬁlﬂ%‘ﬂeq yetytipn tﬁ?%?"é‘?’%edh‘ﬁa?"% 158 PRI or a
Si 02 | ayBétweenl e Resbh s0b&G 801 ahfaciel & 5 @n@ | ayer
or a Si02 |ayer Fs fgrngd in place ofetﬁ%Bﬁe gﬁkﬁggégﬁg%gﬁﬁﬁlgﬁle fithe
bondi ng bet theesolilelsmns direstulimndaie wWithod: tdiffufions bepaainadBe SsibFhdat e 2
may be formed by any one of a solid-phase direct bonding between Si and Si,
a solY d- pHAEedresien ohsreh AGthrrdselerpten senspriEioand amiriacsaidtigatsidas e

direct b i t .02 _and Si 02, formthe solid-phase direct
bond ng. Wb B e 2 L8 Al Surtes o e BhGbrid Ba e matiherte B o;
package ByBEE Iirfacd, ackihtivat @eatettac efiOfo pnbke %ﬁ:é@?tb%hdh?%‘éénlt?é and the
netal |ayer 28 are previously forned prior to the bonding step. In the
present ebtbbtidnbyt prassose thetsuwddeed astivdtad eegivres obtaichedtyyr 26 rbsmadi at i ng
an atom c beam an hggﬁgean1or a pl.asma of argon in vacuumto clean up and

acti vat LEPHRET Fac onep dhe jhonyding dnjerfaggdp this age indompedibyl tger 28.
GRS Sl LA A S A R s St e s
net hod destrikechraboy of itk RefsbPETBstrattBhniithe sBEort pESEa2ARTHRG DGt Ween
the 30 first nmetal |ayer 18 and the netal |ayer 28 and the direct bonding
bet ween topbtain the solid-phase direct bonding between Si and SiQ,. In addition, the
Si02 layer may be formed on both of the sensor substrate 1 and the second
package substrate 3 to obtain the solid-phase direct bonding between SiO; and
20 Si0;. Furthermore, it is also preferred to use the solid-phase direct bonding
between surface activated regions of a metal material such as the direct bonding
between Au and Au described above. Thus, if necessary, the solid-phase direct
bonding can be forméd between the sensor substrate 1 and the first package
substrate 3, as in the case of forming the solid-phase direct bonding between
25  the sensor substrate 1 and the first package substrate 2.
To manufacture the wafer level package structure 100, it is desired that the
second package substrate 3 is directly bonded to the sensor substrate 1, and
then the first package substrate 2 is directly bonded to the sensor substrate 1
from the viewpoint of effectively applying the pressure to the bonding interface.

30 Referring to FIGS. 13A to 13C, the bonding step between the sensor



24 second netal layer 19 and the wiring |ayer 29 are sinultaneously forned
by applying an appropriate | oad at room tenperature. Next, the bondi ng
portion between the sensor substrate Jgand the second package substrate 3
i s explained. The frame portion 11 of each of the 5 accel eration sensor
units has a surface activated region fornmed on the surface facing the
second package substrate 3 over the entire circunference of the frane
portion shbbtrate umidacalact iheafifstpackegs BRbtrafth? abandicngcpaa tjaeRafet ween

t he sensor_ substrate 1 and the second package substrate 3 is formed by the
sol i d- pheBsigriccd is peparidy arplasnad BelewWusi on bet ween the surface 10

activated region_of .each.of .the celeration sensor units and a surface
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bondi ng can be obtained by pressing the surface £ct| vated regions to each
ot her5 at anddhe ténipehatanaenbektie eehanstedtthdehontdirager thaf hagediteriihal case is

formed by the 15 solid-phase direct bonding between Si and Si.
Al t er nat GG of saayrp (¢-gydx1RE\Pale Pubpraentlyonader areduesdrasorospbibst.r ate 1
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sol i d- phase direct bondi ng between 5i 02 and 20 FurtRernore, it is
al so pr eferfpes actvaien ttneatsmiritdispipasiermied ecThhoridj nige bairfiwen astivdtase
activated regions of a netal material such as the direct bondi ng between Au

and W dHERTPERGS Assiramettosthe; surfaces 9§ &hs firstrand seqomdomatad lavera d18bondi ng
be f te.1.and the.fircst k
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substrate 3, as 1n the case o rmng the so
bet ween @btHehcogil patkagQitsatfeB,and mMdigl hives! (2822HROLHTIURASE HaLea To
manuf acture the wafer | evel package structure 100, it is desired that the

second pdeEhsitrie Rl heeswfics dithesttgndpadetetsutisimts Snwdre satbddd @t e 1,

and then,the first gackage S bstr?.te 2 1s directly bonded to the sensor
subst r at BISFI8RSHRET B wd s e Biriader ativationytreagteptngnaigon ies Bepm t o t he

borieng isIhREALE to ESLPLLEDT, be (FE: okt dmi NG RO LA @D

bet ween the sensor 25 substrate 1 and eac I'Ts “Sribstrat e

2 and t he0G sewmd spadagag SubsihfateadivasiotaRedtaiclty 1Rt @naeardaeh aver
First, as shown in FIG 13A the sensor substrate 1, the first package

subst r at®exhamaberys meinsaineg atlealgaves dsgrecarioagunme (pg.aepdrivimatadpdnber CH,

10-2 Pa) than the above-described degree of vacuum. In place of the argon ion
beam, an atomic beam or a plasma of argon may be used. The gas used for the

20 surface activation treatment is not limited to argon. Alternatively, an inert gas
such as nitrogen and helium may be used.

After the surface activation treatment, an atmosphere adjusting step is
performed to adjust the interior of the chamber to a desired atmosphere for the
bonding step between the sensor substrate 1 and each of the first and second

25  package substrates (2, 3), as shown in FIG. 13B. By this step, the interior {i.e.,
the movable portion) of each of the acceleration sensor units can be maintained
in the desired atmosphere after the bonding step. For example, in the present
embodiment where the acceleration sensor units are formed, the interior of the
chamber is controlled to an inert-gas atmosphere such as argon at atmospheric

30 pressure to improve frequency characteristics and impact resistance by



5 and the air in the chanber is exhausted to be not greater than a
predeterm ned degree of vacuum (e.g., |x10-5 Pa). Subsequently, under a
reduced at nosphere, surfaces of the s% sor substrate 1, the first package
substrate 2 and the second package subStrate 3 are cl eaned up by neans of
sputter etching, and then a surface activation treatnent is performed. That
is, the surface activation 10 treatnent is perforned to the surfaces of the

first andasgiagdifessal ShayetmobpBerel@ntedl daRehé TR SIS bpt®ink, arlde
surface of the frame portion 11 to be bonded to the second package

subst r at eloging fgagintapducticsy valye¥ 1 29] aghstexbatist wlvp¥eka{gbe shbstheat e 2,
and the surface ,of the second. pac e substrate 3 tq be bonded to the
sensor sUBITFEEH thet %Oﬁi%%‘)gg‘?‘? FeEY YR TRIRGTE 4B CalRed MYoTPHBAt beam 15

i's irradia rf i f ] [ period
(e.g., 300 gglcegﬁ%%?fe §Dfu.ll’r itﬁg t eg]slur Va%lge@%%gﬁi \?gﬁ %@%ﬁgg%p%% %ﬁﬂﬁéed%t er nal
pressir estep dritetlohboiding sSeprard tahtivdoadly dordrticddaghe e inBaGHRbE L. J. |
approximately Ix 10-2 Pa) than the above-descri bed degree of vacuum In

pl ace of CXPRSUAE §okhe BRtH@aM an atomic beam or a plasma of argon rr}ay be ;
used. The.g used for t 20. sur.face acti ion treatnent is not limte
to argon. Aﬁﬁgﬁﬁ’ft%ﬁ?ﬁ& '.3Fﬁﬁﬂbeﬁé%cmﬂyeim#fa%ﬁ’éﬁdéﬁaofﬂéﬁl‘?rﬁrﬁl}%y be
used. Af §REcH i BHE hafRAGhe\RlivAkd ¢ %QAE_@%SM@ZB?&&@%&W step
is perfornmed to adjust the interior of the chanber to desired atnosphere
for the lyadil8yastefhebeirddayehassentnr fisstbphdiaige sutanchteahiof dirber first
and second 25 package substrates (2, 3), as shown in FIG 13B. By this
st epl0 t heondingr beiween e agtivatpdaistacesoui-01) salid-phese donting) xefcBicer at i on

SEnOr UL SAD TR RUDSH L5544 PR BEREASe 2 hudhop20n 0
units argnd ot direbh & drndti®s i 1 rwRbnt A& CRAVRRY sarcesd f(SiJsﬁdsoﬁia-@fﬂaéener t-gas
at nosphere such as argon at atnospheric 30 pressure to I nprove frequency
char act eborsdingk ofitide ifrgpae tporten st hrfehleysensor substrate 1 and the second
package substrate 3 are formed at room temperature by applying an
15  appropriate load {e.g., 300 N}, as shown in FIG. 13C. Thus, the solid-phase
direct bonding having substantially no residual stress at the bonding interface
can be obtained under the condition that the interior of the sensor unit is
maintained in the desired atmosphere.
Since the wafer level package structure 100 of the present embodiment has
20  the direct bonding between the sensor substrate 1 and the first package
substrate 2 and the direct bonding between the sensor substrate 1 and the
second package substrate 3, which are formed according to a low-temperature
process such as the room-temperature bonding method, there is an advantage
that the piezoresistive elements (Rx1 to Rx4, Ryl to Ry4, Rzl to Rz4) become
25  hard to receive the influence of thermal stress, as compared with the case of
performing the bonding step with a heat treatment such as reflow soldering. In
addition, it is possible to reduce the process temperature, and achieve a
simplification of the manufacturing process.

In addition, when the sensor substrate 1 is formed by use of the SOI wafer,

30  and each of the first and second package substrates (2, 3) is formed by use of



26 danping effects. Such atnosphere control can be carried out by opening
and closing a gas introduction valve V1 and a gas exhaust valve V2 of the
chamber. To prevent that contam natiog-of the activated surfaces is caused
by contact with the outside air, it is particularly preferred that the

at nosphere adjusting 5 step and the bonding step are conti nuously perforned
in the chanber w thout exposure to the outside. After the interior of

t he chantiee Si wafonitrisldoadibiotd hehdesitted atubsphet the N1BELIH p@EionkaBli ng

bet ween the activated surfaces (Au-Au surfaces) of the first netal |ayer 18
and the RfE€afo |ayfersgcering fiacey rexpapsaiokageciiiolsot rtiiceetetweere dindeéhe 10

bondi ng en t actjvated syrfaces (Au- sol i d-phgse bondi n of the
second ngﬁq\g}cgygf% gjhrgs? He W r?”éy@?e %ﬁ?ﬁenﬁe&fi p S
subst rat eodiricRRE ohfePht SEhaRANULBGHIGL VRELBALHARLL KALEL M (798, ( S - S

sol i d- phase bondi ng) of the frane portion 11 of theé sensor substrate 1 and
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an 15 approgriate |l oad (e.g., 300 N, as shown in FIG 13C. Thus, the
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bondi ng between the sensor substrate 1 and the first package substrate 2
and t he subsitatebdndindg thetfivetnand esesondopaskdpst sabstrateaan(2,t 3¢ sac dnd
package substrate 3, which are forned according to a |owtenperature
procHSs Sptanequsly ginta bape rtheusamsondiside Balon: hehherplgrgnitaii/ant age
t hat the, pieg@resirStiLy 0_.Rx4 | to Ry4, Rzl to Rz4)
becone 25 %arg to relceiﬁzghfagg%?\‘ﬁa%%%} o1 epﬁgggn%qs‘stress, as conpared with

the case of Apepkpitiomegr tHeeadserdiicn StV dvitctoitaRedt k&Rt tHRRYafer e S
refl ow sol dering. In addition, it is possible to reduce the process

t enper at Baekaggridruatnreobthe mhesptf ¢inbadinomtos briedlyresplfined belawg pr ocess.

In additio en the sensar substrate 1 is forned by use of the SO wafer,
30 and eachnUB\quIE chnrdi‘iw% %W?G}SQER%Q%&B@F&W&FP@S%{@?T sybsteateds med by

use Of KhehBEcTbraMiSE apblicd $o Iﬁ??éér@o? sﬁBs{r?%uf & tHd %és?tu%: 8&55&(%901‘ n the

flexible portions 13 due’to a d erence I'n [Inear expansion coefticient

t her ebet theetx” =il 4 pesitivhhlieiptadindheofshkessighe puttid 3 2f redimivch® dief f er ence
in linear expansion coefficient on output signals of the above-described
bridge cirr@ginostipmdl gaeurgdye tgapdnertisdorde of the weightarstipn 1€emging in

charact eleShL £8:eRir28: o W% FaHY. Oe! B esult, the pair of the flexible
portions 13 where the longitudinal direction corresponds to the “x” axis

20  direction elastically deforms, so that resistance values of the piezoresistive
elements (Rxl to Rx4) on the flexible portions 13 change. In this case, the
piezoresistive elements (Rx1, Rx3) receive a tensile stress, and the piezoresistive
elements (Rx2, Rx4) receive a compression stress. In general, when the
piezoresistive element receives the tensile stress, the resistance value

25 (resistivity}) increases, and when the piezoresistive element receives the
compression stress, the resistance value (resistivity) decreases. Therefore, in

this case, the resistance values of the piezoresistive elements (Rxl, Rx3)
increase, and the resistance values of the piezoresistive elements (Rx2, Rx4)
decrease. When a constant DC voltage is applied from an external power

30  source to between a pair of input terminals (VDD, GND) shown in FIG. 5, a



substrates may be forned by a sem conductor material other than silicon.
When dicing the thus obtained wafer |evel package structure 100 into a size
of the acceleration sensor unit formeggon the sensor substrate 1, the
sensor substrate 1 and the first and Second package substrates (2, 3) can
be 10 sinultaneously cut to have the sane outside dinension. Therefore, it
is possible to efficiently obtain conpact chip size packages. An

oper at i omoténtidielifiaeatebatieam senaartefauiae (Rt Rneduld BﬁHF@%irWﬁft%x level
package structure of the present enbodinent is briefly explained bel ow
Under t héhewRdat ilan lefh fidedn Fl6e| chahges idepepdinigech to mdpnitetesof tlseibst r at e
1, 15 vm%ncéiglg | erat. on‘ﬁri,s a ‘E}ll'leeﬁj to the sensor substrate 1 in the
positive =153 b e) g ) e eal-‘%e H%- a positional displacenent of the

wei ght  port safRilddy ®héh ia¢Belkartdifid %@[Feﬁpﬁrﬁﬂeo&njsgjr Qﬁﬁgt::rated?%qttﬂe ageinertia

force of the weight portion 12 acti t he negative rection of“the "x"
axi s.b As agisr disedtion, tshpofeaiial diffdrbfcd bewiddncop@iititenainkds \We! €2} bethe

| ongi tudj nal direction corresponds to the "e axis 20 direction elastically
def or ns, PEgSE sEEUit By shawe at e gentes ipF1Eh? changoy dedendingon kenagmisuddR20. t 0
Rx4) on flexibl artions,13.change. In this . case, the pjezoresistive
el enent SBF%Cd?g%l(?fgpgégi t:}/lg ¥ & PFSgg‘P?'eg?, a‘%ﬁﬂo?hﬁfhﬁpﬁﬁ?@?%% Ve

el ement Saﬁg&l td ) serRBE LUBs BafPTRh 856 2 -G8 HRSStiod ggﬂs?lrtf%h diftheR.d he

pi ezoresistive elenent receives the tensile stress,” the resistance val ue 25
(resi sti betweeni owtpeagesniramis (BheZ2) biethpl BAage sirghitVBz shewanit fiRCAENES t he

conpression stress, the resistance value (resistivity) decreases.
Ther ¥t or 8ideiip HIf o dhpnges dependiigsempdeagnituds obthe aecelsiration ésitbe i'ge

el enment s_(.Ri icr e,..and the resjstance val yes qf. the,

pi ezor esfuég %@ecﬁ&?ﬁegﬁgrﬁi,&]ﬁxsif')nsalécg?lg’ﬁtrg.%e &h’@ncaé’ag)g?‘n?? éjr?%eclﬁélgvg}q age is
appl i ed &¢emErafofdpplifdko BANEINS3P sBBMER 1 QifPElWBER B egaf-lrofﬁ{e‘z&“ s

term nals (VDD, shown in FIG 5, a 28 potential difference between
out put téredtingd, she Xy, ax@)dicfctivheart thigee” cixicdirtctiba bjderectingt hehdgfd si de
in FIG 5 changes d%gendi ng on a rraE%Eitude,of the acceleration in the "x"
axi s di riZcPREIT WliageLf ?/E}C%\AH%H"%@ Eratquats (Bx, Bl Bald e thReprsserior

sub at i ey i i Lon, ential differepce t ween
Ut pot ety mag Bt ectlohls bhfibost BEHE oot (6 T3 b
FIG 5 ciadigiespsiepsdiBgand theNBaitdRrEbn liBGoAREEIS, Ald Qiofedilifie' Y axis
direction. In addition, when acceleration is applied to the sensor

subst r at@dements Rl toRxAR¥1 dp Ry, Rz, todRpbt ehiclaaredidifgerresisearieswaen

out put tt%rrri nal s &g&‘]’&aéq of the bridge circuit Bz shown at the right

€ Sensor s

By the way, as shown in FIG. 5, the sensor substrate 1 has the two input

20  terminals (VDD, GND) shared by the three bridge circuits (Bx, By, Bz), the two
output terminals (X1, X2) of the bridge circuit Bx, the two output terminals (Y1,

Y2) of the bridge circuit By, and the two output terminals (21, Z2) of the bridge
circuit Bz. These input terminals (VDD, GND) and output terminals (X1, X2,
Y1,Y2, Z1, Z2) are formed on the surface facing the first package substrate 2 by

25 the second metal layers 19, and electrically connected to the through-hole
wirings 24 formed in the first package substrate 2. That is, in the present
embodiment, the second metal layers 19 are formed at eight locations on the
sensor substrate 1, and eight through-hole wiring 24 are formed in the first
package substrate 2. Each of the second metal layers 19 formed at the eight

30  locations is configured in a rectangular outer peripheral shape {a square outer



10 side in FIG 5 changes depending on a magnitude of the acceleration in
the "z" axis direction. Therefore, the sensor substrate 1 is capable of
detecting the acceleration applied tozéhe sensor substrate 1 with respect
to each of the "x" axis direction, the""y" axis direction and the "z" axis
direction by detecting a change in output voltage of each of the bridge
circuits (Bx, By, Bz). In the present 15 enbodinent, the novable portion is
conposed pefiph&el \Whiagb tin pdiet preRed? eaibddihient)] exd Rigitie! thORScdid nddid; t he
sensing portion is formed by the piezoresistive elenments _(Rx! to Rx4, Ryl
to Ry4, ery d9Rua prraggedravemeirgauerchy etdies imtke sironmtftrensiehdorctiohsf rat e 1.
By the as shown i FI{?_1 5, the segg)or,substrat_e 1 has the_ two i nput 20
| B4 Rir eff B P

term na T ol €\ b Heerhe PEge & PrEWittee sBrongymetpl)  t he
i nal. , i d i fcuit Bx. the two output
torm nal Sogts 19 BRlispdst agloror ol M4 Ieale KM pdifion LE S HIEN L <

(21, ¥2)raftatfdabshdge circuit Bz. These input termnals (VDD, GND) and
out put te{m' nals (X, X2, _Yl, Y2, Z1, Z2) are fornmed on the surface facing
the first‘Ssserddenbedisionite 2 by 25 the second netal |ayers 19, and

L oge TSRS U OB e SR ol 2
I 1 i > afid t . nd
7=, i orainth ) by 5o RIS e

Each of ¢hepsethonditeetsahsdragabstri®e formd aat 1€ hispdg e 3®Hepcaidons, i s

configured in a rectangul ar outer peripheral shape (a square outer
; 0" acceleration sensor unit, and the IC region E2 comprises an integrated circuit

(i,e., CMOS IC) using CMOS and operéble in collaboration with the
piczoresistive elements (Rxl to Rx4, Ryl to Ry4, Rzl to Rz4) of gauge
resistances (i.e., a sensing portion). The integrated circuit is formed by
integrating a signal processing circuit configured to execute signal processing
15 such as amplification, offset adjustment and temperature compensation to
output signals of the bridge circuits (Bx, By, Bz) explained in the first
embodiment, and an EEPROM for storing data used in the signal processing
circuit. Therefore, in the following explanation, the same components as those
in the first embodiment are denoted by the same reference numerals, and the
20  duplicate explanation will be omitted.

As shown in FIGS. 15A and 15B, the sensor substrate 1 of the present
embodiment is formed with a sensor region E1 comprising a part of the frame
portion 11 explained in the first embodiment, the weight portion 12, the flexible
portions 13, and the piezoresistive elements (Rx1 to Rx4, Ryl to Ry4, Rzl to

25 Rz4), the IC region E2 having the integrated circuit described above, and a
bonding region E3 having the first metal layer 18 explained in the first
embodiment. In a plan view, a layout of those regions (E1, E2, E3} is designed
such that the sensor region El is positioned at a substantially center portion of
the sensor substrate 1, the IC region E2 is formed around the sensor region E1,

30  and the bonding region E3 is formed around the IC region E2. The frame



29 peripheral shape in the present enbodinment). In addition, the second
nmetal |ayers 19 are arranged away fromeach other in the circunferential
direction of the frame portion 11. Ingghe present enbodiment, a pair of the
second netal layers 19 is disposed at each of four sides of the frane
portion 11 having the 5 rectangul ar shape. (Second Enbodi nment) As shown
in FIGS. 14A to 14C a wafer |evel package structure of the present

embodi meportien ddbsh drt saldoy sulbstimarmd ebtHdhpieseht bhtbdimeht aabodisfmat except
that the sensor substrate 1 has an IC region E2 other than an 10

accel er aPPbids eiagrsion than that afthe ficstagbedinEntc ohpeihse svaads| sinegtiat ed

circuit (i.e., | @), using CMOS and rable in_col |l aboration with the
pi ezores%és S|%\1/F_e51’1e er‘rfllif\%t9 sh?wq?%reﬁ_ﬁﬁf?“%ﬁp&&l%ﬂ?nﬁg@? W@O%}‘)ngébge

resi st angg@Sidtegite cAciANG e BGIAARon HEHALEEAlR1§! T flblaldhd Of Mod bY
integrating a signal processing circuit configured to execute signa

processi aenchye quctions2 inpthd ficsit parkagofsubetraded RUstfRnkd ab thd REFREGT @il e

conpensation to output signals of the bridge circuits (Bit, By, Bz) _
eng ai nelratpfithe frpt sinbedientnaieh thaidhsrseEsPROMI¢0 E s andithg [Gatgiomsed in

t he si i LreulLt, Therefor in the f.oll ow ng, expl anation, the
same cg%%nag‘%%s&gﬁ%gg%d?ﬁ t{“ﬁé: FrTst p%]rg'rg)éldi r@eﬂ’tull eﬁé%&é‘ﬂr%?‘.’”ﬂ?é’ sane
ref er encel BoRRs 8t $egidA €2 HesctbeduBldrGa s 55l 3R ahi QB Wivd epaﬁoﬂfai.t ed. As
shown in FIGS. 15A and 15B, the sensor substrate 1 of the present

enbodi ment The $aniveddwictdr veafereh@ds faragiddy &be elarpBOsivageraapat thotadche frame
portjon expl ained in the first enbodi nent, the weight portion 12, the

f 1 exi’bl e*IpBi T CRBOdERE hdbpi &7 srmen F% ve repineblyslopmen ko uRiag =Ryl to

Ei\zgé:r %nghg%%g%%%g g@&ﬂl&é %gla%ﬂie%% ah QY40 'otnhlen Iogttn.? Ergta%ga%f g gll&
region E2 on the sensor substrate 1. At the IC region E2 of the sensor
substrate 1, an insulating film 16 is formed by a laminated film of a first
insulating film of a silicon oxide film on the silicon layer 10¢ and a second

15  insulating film of a silicon nitride film on the first insulating film, and the
multilayer structure portion 41 is formed on the insulating film 16. The
multilayer structure portion 41 comprises a third insulating film of at least one
interlayer insulating film (silicon oxide film) and a fourth insulating film of a
passivation film (a laminated film of a silicon oxide film and a silicon nitride film)

20  on the third insulating film. By removing appropriate portions of the
passivation film, a plurality of pads 42 can be exposed. Therefore, in the
present embodiment, a surface protection layer 40 is composed of the insulating

film 16 (the first and second insulating films) and the multilayer structure
portion 41 (the third and fourth insulating films). On the other hand, at the

25  bonding region E3, the second metal layer 19 is formed at plural locations on
the insulating film 16. The second metal layers 19 are electrically connected to

the pads 42 through outgoing wirings 43. As a result, the pad 42 of the IC
region E2 can be electrically connected to the wiring metal layer 29 formed at

one end of the through-hole wiring 24 of the first package substrate 2 through

30  the outgoing wiring 43 and the second metal layer 19. The pad 42 is



bondi ng region E3 having the first nmetal |ayer 18 explained in the first
enbodi nent. In a plan view, a | ayout of those regions (El, E2, E3) is

desi gned such that the sensor region gh is positioned at a substantially
center portion of the sensor substrate™, the ICregion E2 is fornmed around
the sensor region El, 30 and the bonding region E3 is fornmed around the IC
region E2. The franme 30 portion 11 of the sensor substrate 1 of the

present efdeedeaiBnicohasctad! & 888 seHbBigdBodicE MRl RIEH B3 ol Slockhgnki r st
enbodi nent. In other words, since the sensor substrate 1 has an i ncreased

wi dt h di sEs8iteer ¢leattieally apenented itonhd sensihe partiegrmaditethconghiithe cimade
nmounted on the.frane .portion 11. In addition, a concave portion 21 of the
first palk3geSEHSITHte 2 is formed to be larger tan that of the first

enmbodi ment  ghiehe thado B HERS 9lor ﬁ?cgi)roe%e wf:ﬁ%ﬁd}nqgn s's g{ﬁ’?‘gngﬁgﬂlgﬁ’ 41 of

|
accomodat ed in the concave portion: ayer t§ ruc
the £ relge omtgAndestiiddd had ahei Secohap@sed lafed h0 SRNGAER BORtdHR21. The

sem conducatstor_ wafer 10 is forned lgé tjfse of an SO wafer, as in the case 10
of the fitaderightrsyl desht arcThenti@ioeyy dormed. sAlpemfagivaly, ysfshraved ibFIGsi ng a
mul tilayep ,w ring. techni gue tq achieve a reduction in occupied area_ of the
| C regi o‘ri]%éz t%ﬁ : go@gngﬂ?n%&%'sﬂaé‘t Ee ].f?’nﬁ?gtlﬁ e?@qeé’ﬁyo opp ¢ seR@densor
sl ati o AL 1oL B o o AR M A R b e %y
second lmmimstitdfilmgffan An ditmearsd hiTe ditmrfof biiHesibhlimpevdhend.i rst insul ating

fil rrﬂ and the nultilayer structure portion 41 is fornmed on the insulating
film%e6. ThEYrEtYayeientheysatfaes porteridon tayes cibis bemed arhihelgemeral at i ng

film of oneJ.nterlayer dnsylating film(silicon oxide fil and a
fourth i%é{lﬂﬁ(g‘f??&l:lgl? SO Sgr%%éé’r \%‘#FBqufﬁP’Fna@é?e%%Lﬁ%e@& 9 firsh W‘Q si licon
oxi de fi{yhepdth@psil LN 10 Ffod B2 AR08 hha %Ek%drﬁ’i Hg&fﬂ @aﬁh;e gtﬁé Im By
renovi ng appropriate portions of the passivation film a™plurality of pads

42 can beewxgoseth! |Feerldf ané thé firdtheetpt Byeni Serbasiment , Dae so/fHidGeep
protection | ayer 40 is conposed of the insulati ng{fi Im 16 (the first and
second i ReH%,ithyp ?F?Cfﬁé*) toy the Autaoing yparing 2, faralectpsally esanngctingie third

and fourghdnsulati [ )i 1 t her..hand, at the 25 tiygllon regi on
E3, tﬁﬁe_ seco_n?il rretﬂaeppgll%ygégﬁ écigség]'rog?Engém th, WFSFQIIB‘E%?}?% n ﬁ‘g a
i nsul at i sigefdurfackbof tHees @@ BrotBi@dn haWe 40 19ndfif BAKEL FRE !l@%,cﬂfﬂ@e(:t ed
to the pads 42 through outgoing wirings 43. As a result, the pad 42 of the
| C regi othiginesgrofitbe evdgoingoriring 43 vae diecitdepen dentiy detegmimddirohages 29
formed a '%Q[? end ﬁl]; the thro h-holawi ring 24 of the first f{gckage
subst r at IS HFH0GAS Hfstnén%fﬁi S%Y Hglfi it ghgsseeeadt metalelaysn Mt aFor ayer
19. The paghgik 1 thickness “A” of the outgoing wiring 42 is set to be larger than the -
20  thickness “B” of the first metal layer 18 and the second metal layer 19.
In addition, as shown in FIG. 16B, it is preferred that the outgoing wiring 43
and the second metal layer 19 are integrally formed in a contintous manner,
and the thickness of the outgoing wiring 43 is set to be larger than the thickness
of the first metal layer 18 and the second metal layer 19. In this case, a film
25 formation is performed such that the outgoing wiring 43, the first metal layer 18
and the second metal layer 19 are simultaneously formed to have a thickness
(T1) for the outgoing wiring 43. Subsequently, a thickness adjustment is
performed such that only the first metal layer 18 and the second metal layer 19
are etched to have a desired thickness (T2 < T1). As a result, it is possible to

30  reduce the probability that disconnection of the outgoing wiring 43 occurs at



31 electrically connected to the sensing portion through the signal
processing circuit, or electrically connected to the sensing portion not

t hrough the signal processing circuitq,ln the sensor substrate 1 of the
present enbodi rent, as shown in FIG ?%B, 5 the outgoing wiring 43 and the
second netal layer 19 are nmade of a sane material, and they are
continuously fornmed. Alternatively, as shown in FIG 16A, the outgoing

W ring 43hemiepoporftiohnddhe suepesgesteciioh ayeri4® second netal layer 19. In
this case, the outgoing wiring 43 is preferably formed by a lam nated film
of an Au fi Pinthedlma fermatipmstage patihs iovtgding voviogehd,. theoily mdiel leagr when

the surfgge tection layer 40 js fornmed on.the general surface of the SOT
subst r at g%ﬁf?é %“%?%Cﬁ o?’fa?agr]ia%eﬁpiegztras%t‘jv@f Rk if‘yfaf?‘ﬁ'%ﬁ}eo iglsss The pad

42 of the bCang@isteEithSof LEEL 204 -2 | nd netal
| ayer 19?6a%dat he fi rCSt rre? al layer 18 a@gﬁ@gﬁ%ﬁg%@q@gg ?ﬂéltgﬁ%?@%%orti on,
it i sbneedddhtn ahouppdriraetallger hgvitg 4 tgckiedOtored Goindinatd ¥ deesrered i ng 15
between the pad 42 of the 1C region E2 and the second netal |ayer 19 al ong

a si de shefea dte thigkngsst Bt @ngr hectiiclgiessal2 {e.80.a lamimagedt ke offa Bi G 16A,
the thic ss pf_the.outgoj.n Lri.ng 43 can be independent!y deferm ned
fromt heh[iﬁia&d;%%g]uopﬁ?hogl P??Z%M%I fo%‘gronlg"eaﬂave?ﬁﬁe@‘ii@%& rrt'fl e | ayer
19. For examibs alfiRublhe R8s thA" upbed BEtUIARENE Wehid%tdhd & to be

| arger than the Zoﬂfshi cknes?e'?B" O?B]{)%e Ti rsteg;(r&fet al layer 1 aneﬁt 'e second
met al | agered@onding td nhaddst awd seamdhetnl lagerfs (@8, 8B, by tisihg theabwer ed t hat
the outgoing Wwiring 43 and the second netal |ayer 19 are integrally forned

i n al®onfisieldaterasameetchingstopper lveknddwispthe Hestamdgsicagdwnetahlsyass i s set

to be la ry{&han. t.he. .t hi he first .netal | ayer 18 d the second
netal |a %ﬁ' 1.[%] ﬁ?n hfl'}se ('%tglégﬁg%' ?%I fgnalégjef 8?)#%??%n I 58§45 e BEEURHF t hat
the out gadvithtuied fitht4Be thitknkks 8t tHREA) dndY&icohl AEG thRrS eEONToELAlI | ayer
19 are sinultaneously formed to have a thickness (Ti) for the outgolng

Wi ring 4Be e8ally equbmilty, andtdr okpesensditust swefdcd Sapersboofnthed Sist arichat only
the first netal Ieﬁyer 18 agdké)he second .netal |ayer 19 are etched to have a
desired tifeRdngetal pyersrh, san deypghieyqd. | Aspagesplte it 5 Bosslblute t he

pr obai | it bedubahe S SEQNSE oo Ol 15.BUHEALAY W ring 43 occurs at 32 the

step portion of the sur protection |ayer 40.
As shown in FIG. 16C, it is also preferred that the outgoing wiring 43 has a

two-layer structure of a lower wiring layer 43a and an upper wiring layer 43b,

and the upper wiring layer 43b and the second metal layer 19 are integrally
formed in a continuous manner. For example, the lower and upper wiring

- 20 layers (43a, 43b) may be formed by a laminated film of a Ti film and an Au film
| onthe Tifilm. In this case, the outgoing wiring 43 can be obtained by a process
comprising the steps of forming the lower wiring layer 43a on the surface
protection layer 40, and forming the upper wiring layer 43b on the lower wiring

layer 43a. In the step of forming the upper wiring layer 43b, the first and

25  second metal layers (18, 19) are simultaneously formed. The thickness of the
outgoing wiring 43 is determined to be equal to a total thickness of the lower

and upper wiring layers (43a, 43b). Consequently, it is possible to increase the

yields in the bonding step between the sensor substrate 1 and the first package
substrate 2. Furthermore, an improvement in reliability of electrical

30  connection between the pad 42 of the IC region E2 and the second metal layer



In the filmformation stage for the outgoing wiring 43, the first netal

| ayer 18 and the second netal |ayer 19, a | ower netal |ayer having the
thickness T2 (e.g., a lamnated filmgg a Ti filmand an Au filmon the Ti
film is firstly formed, 5 and then an upper netal |ayer having a thickness
corresponding to a difference between the thickness Ti and the thickness T2
(e.g., alamnated filmof a Ti filmand an Au filmon the Ti film is
formed o9t dmn bewehiened aly drayearting disthenddtionkstase ordpsiapWnngsdRge, the
upper nmetal |ayer is etched at the regions corresponding to the first and
second net aplieEaiely, 1gstead)offhe zppey wining lewer 4@8, tiee Hiwdrayringkiyan

t chi | ayer. Th the first. and d netal . | 18, 19

v ng ; BEAPREY Rl R Gl £ B TR th P EoRd 968 ant ages
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easily controlled, and an inprovenent in surface SS 0 t and
second netmanilthagmrsly (fdBned 9 dan sbep afhioenédy tAs RweeSwlring ithydrs4passi bl e
to 15 iQBrgve t he. production yield of the sensor device. As shown in

FIG 1leciuppequenilysoths diRpsre Wiking: lavse B8bgét grmiedi g #Bbhas regioo- | ayer

structur L ring Layer .43g.and, an. upper wW.[,ing | ayer 43b, and
t he uppe?oxgmg?ﬁ%r{lgﬂg%r %gg%gnmoé/ ‘fvh%n%ggmﬁ}hﬁépfggﬁﬁ?/\&hﬁg%gg SN RTRY
formed i a3asCRAEHAMRUSLYBRA @tal RRICKBXSITBE Bhe 1MGe QNG Ty WRBR! id ng 20
| ayers (43a, 43b) may be forned b; alam naft:ed ?ilmol% a T fi lr%\%#d an Au

filmon (48, A3biIm In this case, the outgoing wiring 43 can be obtai ned

by a process co ising the steps of formng the lower wiring |ayer 43a on
t he ]sfﬁrface togggeﬂ"ﬁﬁ 10 Ié?‘s-4@),$Aatﬁd1?]5’r fi Prgdusongpethagd of rﬁgew@;@@r 43b on

t he | owe nd r ep of ., form ng the, uppe | | ayer
435, tneyPYERRTL YR pitiBny LpblnBLCR SopaiE A bl AR T oA
formed. {Hhe7k Boakaeasdnlo 4 BRHsBWE0LA Jaléd b g4Be it cdoigiigd 18, b, equal
to a total thickness of the | ower and upper wiring |layers (43a, 43b).

Consequenddijion; the strpoaneif Elto16Ads aasd aslibe putgasgiwiringetdondi ng st ep
bet ween the_sensor_substrate 1.and the fiyst package substrate 2.
Fur t her nor e T8n &FFBPB\% PrRgt ifghithet hrigee erediits dBr, Ry.cBaheths on

bet ween the,Rafi42 cRinddig ki 1§ ) rﬁéﬁ%{%ﬁ%ﬁz??&ﬁ%ﬁ,%ﬁa’ TR rﬁié) SRR

can be achi eved by preventing discé he out’goi ng W T 43,

Al t er nat ERedry forinnst eadholgehfienl ynpRice \(h 5Lfct SRS of480 silidie: 129¥L109 b N

| ayer 43a maé be integrally formed in a continuous manner wth the second
net al | aA€rS@bsubstrate KO bysesing keCMQS pregsgs sedunidunpsathitay etsictd®, 19)
are sinmult anequ formed . in the step of formng the | ower wiring |ayer
43a. SubZEOL {yd ][@éls gregh g Sle%ﬁﬁe‘f”flﬁ@tf" F‘%Pfcgreﬁﬁﬂmﬁlﬁ tﬁnﬁlpfi‘dé"'lzegi on
cor r espostigit @ 29! 005 el fih 843 ' t Srtg)t i ng
wiring 43 is det grgir%lﬁned by thg t ot al e?hﬁgﬁgggtﬁggé&?ﬁ%ﬁfgjﬁrgan l"ﬁu(f\)lfjier

W riZfg |deseribed 4dave £3ndsldidexhe emefrersuirfigetod the @sulbfifetfml 16. Ao

production method of the sensor substrate 1 of the present enbodinment is
expl ai ndBcHR| Biing4s nogmed| afs regipnst of thr wwltilypordsuctyre rertion ddct i on

AT SR g 8 g B TS
present embodiment, the surface protection layer 40 is comprised of the
insulating film 16 and the mulitilayer structure portion 41, as described above.

26  In this stage, the surface protection layer 40 does not have the above-described
step portion yet.

After finishing the step of exposing the pads 42, a patterned resist layer is

formed on the general surface of the SOI substrate 10 so as to expose regions of

the surface protection layer 40 corresponding to the sensor region E1 and the

30  bondingregion E3. By using this resist layer as an etching mask, a planarizing



First, diffusion layer wirings for the bridge circuits (Es, By, Bz), the 15
pi ezoresistive elenments (RxI to Rx4, Ryl to Ry4, Rzl to Rz4), and the IC
region E2 are fornmed on the general syjface (a surface side of the silicon
| ayer 10c) of the SO substrate 10 by using a CMOS process techni que, so
that a structure shown in FIG 17A is obtained. In a stage where a step of
exposi ng the pads 42 of the I1C region E2 has been finished, the nmultilayer
st r uct ur erpussiio peddri3ed deBeatiibea piiewea e ids 09VRE bbhgirgYekiod BYL§ ace of
the insulating film16. No netal wiring is forned at regions of the

mul ti | ay&™msd Jet stehing tiesk the crngias pefndhagsudacheprotention rlegéord®El  and

t he bondi ion E3..1n the present. e dinent, the surface protection

| ayer 40 C:g%e%‘g%{pqrq{lgga kY %P ﬁgqu[;%e@iloﬁ Fﬁg n&?‘F’rﬁ ’éﬁ?&ﬁtﬁ%errfﬁlrfamc’&?gr 80

St ruct ur enfof §ir@Bnf shasrdes™y, NeH RSN aA> én!"l;& { ace
protection | ayer 40 dsoes not have tlhe abg\?e-dggz:rl edag?%%%%c%fsltgﬁgéyet.

Af t er5 f i peshimgd bpenstreypfefet exgina Nt etsdeeomd dssAtinafipaf 8 iRYna6iad | ayer
is formed on _the general surface of the SO substrate 10 so as to expose

regi ons SohEhe isdriangfibe dSisdiseiapan gohing slospentivey t4As ameswentor

regi on . ndi.ng .fegi.on E3. By usi this resist layer as an

et chi ng%@&ga%ggféga??%eﬁ% téﬁ %‘?%Vfégesscf%egef?eg’r rﬂ?&?onfhg‘t tf"g, SUriaftanari zed
surface gfotbbgoaRd A0 48308 E3 is formed by etching back the region of
the surface protection layer 40 corresponding to the bonding region E3.
Then, the r8sbstqueaylyr aiveringfoealiors stephfat fanshg ke voecthowWinhg4Blda 173 is
obt aJ'[ ned,, When tejge et chi ng}t_‘back step is 5 perforned by neans of wet

et chtthg, iR abRriRae of 2k MPIrsubntere A& iy pedarmeds fpaé the|finsbmatak

[ | ati [ j i I . [ f th
ol anar | 210G, BEoRECL® R ARG M T ARBT b M PondRed el

pr ot ect i GonveayemaA0 tBRPERHS .depabRRAUCRIChiqe Wshidd oaEOTdRIttRh St eud OF
form ng the outgoing wiring 43 on 10 the general surface of the SCA

subst rat kthpgraphypand etehidg tenhhigqhes fierteferebbl useal/for th8 famaatidre of&eond

metal layer 19 are formed on the bonding region E3. Conventional thin-film
deposi ti Iﬁtgf)%ma%@ﬁsﬁén ]("’EYSFSI'nd\,ge’%n%IPHtFWr&ﬁW I3y infarmedy

techiy ques +AE SnRhRkEY 16588 4Ok Lhe, Pégg@%él B,k Mkﬁng%gﬁ{e“ﬂa}’ﬂe“ ng and
these netal | ayers. xt, a patterned resi ayer P Orned

portion 11, the core section 12a of the weight portion 12, the flexible portions
13, the IC region E2 and the bonding region E3, and expose the other regions.
Subsequently, a first patterning process is performed. That is, by using this
resist layer as an etching mask, the exposed regions of the insulating film 16 are
20  etched to perform patterning of the insulating film 16. The etching is further
continued to have an etching depth reaching the insulating layer 10b from the
general surface side of the SOI substrate 10. Then, by removing the resist
layer, a structure shown in FIG. 17C is obtained. In this first patterning
process, the insulating layer 10b is used as an etching stopper layer. As a
25  result of the first patterning process, the silicon layer 10c of the SOI substrate
10 remains at the regions corresponding to the frame portion 11, the core
section 12a, the flexible portions 13, the IC region E2 and the bonding region
E3. As the etching method suitable for the first patterning process, for
example, it is preferred to perform dry etching by use of an inductively-coupled

30  plasma (ICP) type dry etching apparatus. The etching condition is set such



15 on the insulating film 16 so as to cover regions corresponding to the
frame portion 11, the core section 12a of the weight portion 12, the
flexible portions 13, the I C region and the bondi ng region E3, and
expose the other regions. Subsequently, a first patterning process is
performed. That is, by using this resist |layer as an etching mask, the
exposed regions of the insulating film16 are 20 etched to perform

pat t er ni dgatothetihgulanisig layémnpob fmetidhs dhehettchinOstoppbrildyBer continued to
have an etching depth reaching the insulating |ayer }fOb romthe general
surface si d&ftef ﬂ?%g\'%(ﬂat@MrmpeeSm.S finighed, landrtbrovsinglayheis msised| ayer, a
structure _shown in Fl 17C.is obtained. In this first patterning process,
The | noubdr RSBrAgRearet s Tttt o8 i G Trclm iy éf formetems
resul t otnd Sephdrk shnpdhiceioy Qgﬂﬁr@ﬁﬁﬁﬁ’sugﬂ%e§gié $tle 's%%%hpé&%té) fo! %'oe SoT
substrate 10 renains at the regions corresponding to the tranme pottion 11,
t he cir easeéetowr régiansicherebhexdibbaophe fi=efs pddiort D, {He ¢Rgiseatid2 18ad t he
bondi ng region E3. As_the etching nethod suitable for the first patterning
process, toleat parims 12b, the 16 vasion EE any pee bondingrpgimmcBEBngndexpeee of an

i nductivgly-goupled 30 plasma (1.CP) type dry etching apparatus, The etching
condi t i oﬁj%gﬁ%eétre fer %g CRAT tg;?ﬁ\ég?r&fip\é&e%&fﬁﬁg? %@Ff@ﬁ‘?egs t he

et Chi N PhaPREby @iy this resiffib@lr ddin blchthe AAICH BEHALAGESSnb S b1 Shed,
and the resist Yayer is renoved, a patter n%d resi st [Fayer | Formed on a
silicon silkicde okidenfilb®d Odwiriectichead topaddrmmpdtteeniigpedite slibst calde fRa at t he
bottom surface side of the SOI substrate 10, so 5 as to cover regions

cor réspot@fng 4ffen fher rosiad frieri n removede dewr etching jisnpedermeden aaf
portions . Lon E2 and the .bondi ng regiqn and expose the
ot her resglli!%gn%?l hgﬁu%gé‘%{ﬁ%%gﬁ??n%n g\gélc?hnog P&ty ??f?ﬂﬁld%rfﬁ%’égéaia? Pert d. That
i's, by ugiaRB fohhave @si stchidy ephs r@ﬂclﬁh&hﬂtﬁgiﬂ%ﬁn% &y &X P06 GflothC@iONS Of
the silicon oxide film 10d are etched to performpatterning of the silicon
oxi de filpotitq® sl@fhce Aideof tha&Olesibstratallor By thenscedd pehitterairpprogedss
performed in a substant] algig vertical direction by using the silicon oxide
1

film 10 SEUGER shrwg WaflG+ b7 hapectisingd hilagthde mafteraignpiRgesmethe
i nsujsat i ; b ' f the SID_ substrate 10.
I NSUsa 'ﬁgulzﬂnﬁ'f‘%é%gp 1097 Lheqbpl %g&%ﬁgﬁ%ﬁo@egﬁlggﬁr“ n%ﬁrd%elg%oﬁjéir ate

By this seco _ erning process, €S i :
obt ai nedpattdinlifg Brarabs Sfhei S PMOSESSrateNEDal 6f HSSOALL P& rARYED rdBRirsS Used
as an etching stopper |layer. After the second patterning process, the

support alstnegioasi@aresponfimeIontheubame gioetion Ylerthe nerasedtion L2g] s
correspgnding . to t fra orti 11, the core sectiQn 12a, the |eaf
porti ongeﬁg‘?ﬁl‘)ﬁlg‘ %’rtéﬁﬁgjﬁ%ﬁ?na gatnrﬁeﬂt?oh‘ﬁf? SIEGIogEE3 . ApSufichinghi ng
appar at I I 0 . O it is
o of o1 r e A B e B PR R R P BB S BB g

appa&o0at us. uShenehdnictigelgantipldd plassnss GCPS ughe idhiatetéhiagl 4spdrabidg Tayer 10b
functions as the etching stopper |ayer. After the second patterning

pr ocess,ctahibgpegndition iprsst esiwhj thateftieoinmudatioh dayers10® Hanttiome agothiei on 11,

t he flexeitgllﬂe pqrtio s 13 and the weight portion 12 25 are forned by

renovi ng Und&si red pé¥tirons by means of wet etching, while |eaving the

regi ons COrAgRsP L : i ; Secl.] , the IC
regi on E2 and tﬁ?%ﬂ%ﬁ?ﬁgﬁ%ﬁ%@ g%é’tﬁtrag e?’%‘rs% %?ip%géﬁslﬁé%rg%g&a

resul t, TBosgtis,ubedrans povivrn f1FHs flddRei ortibhaildeghd thd Wekshs epatia 1an

process, the silicon oxide film10d on the bottom surface of the SO
sub<Pr atd&e fgrmed Jpg gemoving undesired portions by means of wet etching, while

leaving the regions corresponding to the frame portion 11, the core section 12a,
the IC region E2 and the bonding region E3 of the insulating film 10b. As a
result, a structure shown in FIG. 17E is obtained. In this separation process,
the silicon oxide film 10d on the bottom surface of the SOI substrate 10 is also

30 etched and removed.



30 etched and renoved. 36 A structure shown in FIG 17F is obtained by
roomtenperature bondi ng each of the first package substrate 2 shown in

FI GS. 18A and 18B and t he second packgge substrate 3 shown in FIGS. 19A and
19B to the sensor substrate 1 forned according to the above procedures.

That is, by performng 5 the roomtenperature bondi ng between acti vated
surfaces (Au-Au surfaces) of the first netal |ayer 18 of the sensor

substrate 1Aasutfigenstioahn LhayeG. 28Fak dbigireldr 5§ roRak@amHobReLNMRIiZg and the
roomtenperature bondi ng between activated surfaces (Au-Au solid-phase
bondi ng) ea¢h i ehs dsshdagkage shhyeatcl@ shrovn he BHGS. ntBA aydr 188 afd the fir st

package substrate 2, th ensaq ubstr at is.10 integrated with the first
package Eﬁ%osﬁ({ apskage d’%%ﬁﬁé‘t%téhe“j‘%d{’ ﬁ@%ei?@r ﬁ?aglglﬁetor 8B $E®PEr at ur e
bondi ng i (.3 790 {,.d-.ph ngl f.the frame
portion ﬁ%‘?gﬁhg%ﬁﬁrﬁ&sﬁg{é@?@ efi%a(t)n ptragéds%g gn?%%%%agg%wg e 3,

t he s@nsdie setatteaiperdtuirs bondags Beeten ddtiviaiel sacRbes Pachaosn Fads) bate 3.
15By the way, in the present enbodi nent, a wafer |evel package structure
100 ( FI Gthe lpyt melal fayea 1§ of Bid sgnsac subsiratd drarskiivomstaldayem2® af the ed by

f i th i f h i FIGS, 17A t 17F t t he.
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cutting éQﬁﬁbéLQ%AfoA%C%ﬁdeﬁaQ@rﬁoQ{d}E nyuféig}:e&gi thgaf 'i%,% %%ﬁ?yﬂf er

| evel package 20 structurée 100 into tThe ‘acceleration se sor sizé Th this

case, thwinng dayle @0nehsiofired paacdpeobubdigafe 2Stthangdnses anthspack ages
substrates (2, 3) can be accurately matched at a tinme wth the outside

di neHsi ofittegrated wikhsthe dfinstt pagkeage. sthelrateoZe, O sther ethast hendnsishod i s

ticul i table t d t devi i e
bont |1 Bt B SR Ehiiene Ryt NaREha NoeNRREn RGPS PBalel¥ 3575 out an
i nspect i galicGbRaSe bohdRRs eKNOfrahRChSHeal 11369{1?&5&5&?@%@&.3 qhe, fals! ng

portion and the circuit portion of the sensor device. conpared wth the
case of sdvookli pgckdpe shlesitratecd| thbaecasbersudbistiase df tierintdyeaiedngith devi ces
are individually separ%ted fromthe wafer |evel package structure, it is
possi bl eS¢8€H gpPYPeaE Bfforts and tine for the inspection stage.

T s T R A

i's pl anaFigech )y Hwans Qf pRieiitngabatéationd ddneprd e fhhshrdBlRl igyer 18
and the second netal layer 19 used for the bonding with the first package
subst r at eerformpingf transdrion afhstepbastarwizeig FIGBadd Aoftot hEF bonthagensgi on E3,

It is possusti)stiz:lra?tetloand the package substrates (2, 3} in a wafer level. Then, a cutting
(dicing) process is performed by cutting the thus obtained wafer level package
20  structure 100 into the acceleration sensor size. In this case, the outside
dimension of each of the first and second package substrates (2, 3) can be
accurately matched at a time with the outside dimension of the sensor substrate
1. ‘Therefore, this production method is particularly suitable to produce
compact sensor devices in large quantities. Prior to the dicing process, it is
25  preferred to carry out an inspection stage for checking electrical characteristics
of the sensing portion and the circuit portion of the sensor device. As
compared with the case of checking the electrical characteristics after the
sensor devices are individually separated from the wafer level package structure,

it is possible to remarkably save efforts and time for the inspection stage.

30 According to the above-described production method, since the region of the



5 inprove the surface flatness of the first and second netal |ayers (18,
19). Therefore, good solid-phase direct bondi ng can be obtai ned between the
first metal layer 18 and the netal |ayer 28 of the first package substrate
2 and between the second netal layer 19 and the wiring |layer 29 of the
first package substrate 2. As a result, an inprovenent in production yield
can be achieved. 10 In addition, according to the above-descri bed

pr oduct i sarfaet hphtestiore daydre 40 clirnespoadingttep the pendiogneekiby ESI ng t he
second in?ulatin filmof the silicon nitride filmof the insulating |ayer

16 as t h@'ataedPysmsppe of ptghing bagle anq shemthr Swdonetaiitavsr 18agmed the 18, 19)

can be f i .11 fidm 16 . wth. onparable flatness to the
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st opper r termin rdin 0, t he hei | evel negeded for
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usi ng t hgesaeanthel seevhatrhdal fdyeM185ad i eh&iWehhB Jayik GRP BT tHANAK paBichd t her
etching may be perforned by using the first insulating filmas the etching

st opper Fabhstrately tAd 8 restdd, ammimpnoeneedtin 25odnstidayield) chaperachosvetthe fir st

metal |ayer_18 and the second tal |ayer 19 can_be provided by the first
ins quoat i ng 1%%‘?1% RCCATEENG Whthesthqvacdeseribes Beduatinn Bqthedings B fi | m

d £ ' ' i . t her nal
o dat s onteritbA bapy BRRAR 35T BLELEIAR ol Rl IRY B iR
net hod. Bftidetite FehsonsdRvingdapdr 160sRheSedHing Wesslidraijer, Shdfstathd C chip

having the 38 integrated circuit operable in collaboration with gauge
resi st anseeondsmistal| layers (s 19)asan por formed on the iposbityd ElrolGlovitisiaze t he

sensor device and.achi eye _a reduciion in production cost, as conpared with
convent i 3HaP A%Q?U}FSE%‘P Hie eant %’r‘%ﬁeeo,f JHC %@ﬁb‘%ﬁgﬁt? hOwi ApAgepeligt h

bet ween {he S48 BSAFARCES i it ef..Ci et Drd out an
i mprovenent in se?nsor char act e@%o?%%gﬁ?%isﬁgfﬁbo%@ﬁég%f th ﬁ#g%élggh of

t he abovsecentiodetns bawers (b8, POz dtesinstitigy i &sad el lealtthiheSapsHsr Was
used as the sensor unit. The techni cal conc%ﬁ)t of the present invention is

al so avalsbidthelanerigng @roessadopotivnited de khe seconchipsvlatimeddm. y f&el0
accel erag ensor or r nsQr. The. present. enbodi.nent is

char act Z]hsglgaﬁ | tor %leﬁgu%}gg%‘regl%gg%’sl&w%r{)g 8% §Ié‘?1§‘81ﬂt‘g§'ﬁ§ SFLCES pl ace
of the agseioral Ly S€N8Ed. UMd insTg i fd ' sent
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the first_and second 15 package substrates (102, 103) can be forned
accor di to the sanme manner as the first enbodi nent.

Alternatively, after etching is performed by using the second insulating film
as the etching stopper layer, a further etching may be performed by using the
first insulating film as the etching stopper layer. In this case, an undercoat

25  insulating layer for the first metal layer 18 and the second metal layer 19 can be
provided by the first insulating layer with excellent surface flatness. The
silicon oxide film used as the first insulating layer is preferably formed by a
thermal oxidation method or a LPCVD (Low Pressure Chemical Vapor
Deposition) method.

30 In the sensor device of the present embodiment, since an IC chip having the



A wafer | evel package structure of the present enbodi nent has a structure
conprising a sem conductor wafer with a plurality of gyro sensor units, a
first package wafer bonded to one of ggposite surfaces of the semi conductor
waf er, 20 and a second package wafer bonded to the other surface of the
sem conductor wafer. In the follow ng explanation, a region for formng
each of the gyro sensor units of the sem conductor wafer is defined as the

sensor susgrate citOlit operstddi collab@atiegivith Eagsneseashcd isthglt $€ aser
substrates 101 of the first package wafer is defined as the first package
subst r at &a1® potipg i [ pogsiblgyitendewnsiay ths eenserofevitre asdnechievalmst r at es

101 of t ond package wafer is defined.gs the second packa ubstrate
103. In gﬁgﬁ%%%%%hgn%ﬁ%o Pt ta?ﬁgngﬁﬁ?iV“@hﬁ??ﬁ?@@nfgfeﬁénT%ﬁﬁﬂ Spy use
of a sil Faehestdst I Areh@¥Nth ififsi1shiv f first
and second package substrates ?Vi%gg 1% ) ?%“%%?2%% g%&%‘gg@%%}é&gi I con

subst¥ at thdmtegmptead 8@cnie dirktgsvitontefn RApQvenidnt Thestsdradiashitetisiicyal ues are

illustratjye ly, and 39 therefore the present inventionis not limted
to them tﬂ“&%“i‘?ﬂfgﬁwfﬂ@ FIG 20, the gyro sensor unit is mainly forned

W0 2 ToVahl SRl O0 SO ekl ReliShe Thes BOG  uheh o be

vi brated by vibrating neans, a

first masend@dyad blkedaddl the @b LHHINT QT Eééﬂhi@&“édrﬂ&\;\&k?q)fttﬁecgge‘é@ﬁf a

posi tional displacenent of the second nmass body 112, ich s sed when a
r ot at i onwivehtipuds iadscapydilable tuthe gthidvesenisbr anitosudd as hecddacibnoasppdody

111, _jinto an electrical signal That is, the first mass body 111 and

t he ]sdec oRTFIHELOBSEPSAY, 2 BEOSCHPOTNi tie Presestiembadioneny iy characterdzasul ar

T s D A
has a fresmopouhiton THE 6theg coﬁﬁ%’@ﬂtﬂﬂﬁmo@r tHe s8R tdnhdithehif€aRty €sent
enbodi ment) extending around the first and second mass bodies (111, 112).
In the présdpntialihthl same asghose phtdyohuit ecdwrdlineate Eyskefnej s bdeflimd, as
shown at pr?rt%o%\,\gémgeieghﬁlepgér&sio?'nsdg]stlgﬁg h18 { alilldegéc}%%f tt?le Zélfst and second
15  package substrates (102, 103} can be formed according to the same manner as
the first embodiment.

A wafer level package structure of the present embodiment has a structure
comprising a semiconductor wafer with a plurality of gyro sensor units, a first
package wafer bonded to one of opposite surfaces of the semiconductor wafer,

- 20 and a second package wafer bonded to the other surface of the semiconductor
wafer. In the following explanation, a region for forming each of the gyro sensor
units of the semiconductor wafer is defined as the sensor substrate 101. In
addition, a region facing each of the sensor substrates 101 of the first package
wafer is defined as the first package substrate 102. Similarly, a region facing

25  each of the sensor substrates 101 of the second package wafer is defined as the
second package substrate 103.

In the present embodiment, the sensor substrate 101 is formed by use of a

silicon substrate having a resistivity of 0.2 Q - cm. Each of the first and second

package substrates (102, 103) is formed by use of a silicon substrate having a

30  resistivity of 20 Q * cm. These resistivity values are illustrative only, and



15 That is, a direction of arranging the first and second nmass bodies (111,
112) corresponds to the "y" axis direction, and a direction orthogonal to
the "y" axis direction in a plane extggding along the surface of the sensor
substrate 101 corresponds to the "ii' axis direction. In addition, a
direction orthogonal to the "if' axis direction and the "y" axis direction
(i.e., athickness direction of the 20 sensor substrate 101) corresponds to

the "z" txérsfadt the present AsvahivanisisotffGEte@ o théta. first mass body 111 and
t he second nmass body 112 of the sensor substrate 101 are integrally coupled

to each ot h&f ShRFEUFHFIS. 24, the iy swqmihbﬁﬁm@yé@mm amcnlqﬁle'ﬁ" axis

' ion, .Th is,.th b 101 sl.jt groove 4a havi ng
2 | engt hORTHRbBERTE i en RipSb st b PP Eandis BT b Weabiiomacs body
112 in t heankf :fm@éis%cﬁﬁa%fgs%dyafﬂzwﬁ?&h'th t ?@g@gﬁé&ﬁg?g&&a?% 4N a

straight line along the "i axi's direction an ral”’side of the

firsts madstebtidy pbition Eanfigofedt toacdiiveit gposiviesal dkpldirincit ®PROsBEAL itS
one end. Each of the drjve_springs 113 is formed between the slit groove
114a and™@2ePasy 1@ which igreseped wherb a atatiordl orcei is mpplicd alttring thehe 30

drive sPiDgtot PufORld: WOUShda T 1 ENo b8! MBS AT GRG) POr ti on of the siit

That is, the first mass body 111 and the second mass body 112, each of
which has substantially a rectangular outer peripheral shape in plan view, are
10 arranged in parallel along a surface of the sensor substrate 101. In addition,
the sensor substrate 101 has a frame portion 110 (e.g., a rectangular frame
portion in the present embodiment) extending around the first and second mass
bodies (111, 112). In the present embodiment, an orthogonal coordinate
system is defined, as shown at a lower right portion in each of FIGS. 20 to 24.
15  That is, a direction of arranging the first and second mass bodies (111, 112)
corresponds to the “y” axis direction, and a direction orthogonal to the “y” axis
direction in a plane extending along the surface of the sensor substrate 101
corresponds to the “x” axis direction. In addition, a direction orthogonal to the
“®” axis direction and the “y” axis direction (i.e., a thickness direction of the

20  sensor substrate 101} corresponds to the “z” axis direction.
As shown in FIG. 21, the first mass body 111 and the second mass body
112 of the sensor substrate 101 are integrally coupled to each other through a
pair of drive springs 113 extending in the “x” axis direction. That is, the sensor
substrate 101 has a slit groove 114a having a length slightly shorter than the
25  entire length of the second mass body 112 in the “X” axis direction, and two slit
grooves 114b arranged in a straight line along the “x” axis direction and at the
lateral side of the first mass body 111. Each of the slit grooves 114b has an
opening at its one end. Each of the drive springs 113 is formed between the slit
groove 114a and each of the slit grooves 114b. An end portion of each of the
30  drive springs 113 continuously extends between an end portion of the slit



groove 1l14a and a |l ateral edge of the second mass body 112, and the ot her
end portion of the drive spring 113 continuously extends to the first nass
body 111 through a regi on between the4alit grooves 114b. The drive spring
113 is a torsion spring having a torsional deformation capability, and
enabl e a positional 5 displacenent of the first mass body 111 relative to
-the second mass body 112 about the drive spring 113. That is, the drive

springs gt@verkiseand atlatnal eddedsfahe BBYGHERask boliha 18 a4 heFth&CshPn of

the first nmass body 111 relative to the second nmass body 112 as well as a

r ot at i on®PTHBY ahidiet dritsospring & 18xonsiviueusly edtends tethenfirss nsdybotiy 11 Tl at i ve
to the second,nass bod additio I nge the sensor_substrate 101

112. X
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edge por 8Pt ithet fEve xopring sL 18- edihagnisef thehelrivec spingmskldoehatld® «of t he
sensor s f Q1. The o site, end portion of o of the detection
springs g{a%o%g%ﬁ%\rﬁ%esqtyggg]ﬁ cft 8BS OTPHARR &f thRdirst ﬁ’éfi‘ssdBP‘g%t]i]dn spring
115 t hr oxghrive EOHN bODAEARRL Hol £15 SRALAD A ioxal A5bSmd] Lon. That
is, a substantially "C'" shaped 2% menber isa%g?%ﬁgﬁ?ﬁdﬁﬁgﬁéyggaﬁgéﬁfhe pair
of the dBteeed iagis ofpphi figst rhaSs hody 10 relatipk ito gheresdoad mass bédy 112S megar d,

the coupling nmenber 116 is designed to have a sufficiently higher rigidity
t han'4 hea%fil%\s’e’ SPGends ersor fybshete dOdcvsentiptorsipn suBdng Fyethqudriveal 117

R L R I T T R
the thickness direction of the sensor substrate 101. Therefore, the drive
springs 113 can be easily manufactured.

The numeral 115 designates a detection spring extending in the “y’ axis

15  direction, and continuously connected at its one end to an edge portion in the
‘%" axis direction of the second mass body 112 of the sensor substrate 101.

The opposite end portion of one of the detection springs 115 is continuously
connected to that of the other detection spring 115 through a coupling member

116 extending in the “X’ axis direction. That is, a substantially “C” shaped

20 member is formed in plan view by the pair of the detection springs 115 and the
coupling member 116. In this regard, the coupling member 116 is designed to

have a sufficiently higher rigidity than the drive springs 113 and the detection
springs 115. The numeral 117 designates a fixation portion projecting from an
intermediate portion in the longitudinal direction of the coupling member 116.

25 The fixation portion 117 is fixed to a predetermined position of the second
package substrate 103. The first and second mass bodies (111, 112) are
separated from the detection springs 115 and the coupling member 116 by a

slit groove 114¢ formed in a substantially “C” shape. The one end of the slit
groove 114b is communicated with the slit groove 114¢. Each of the detection

30  springs 115 has a bending deformability in the “®” axis direction. Therefore,



25 The fixation portion 117 is fixed to a predeterm ned position of the
second package substrate 103. The first and second mass bodies (111, 112)
are separated fromthe detection spriggs 115 and the coupling nenber 116 by
a slit groove 114c formed in a substantially "C' shape. The one end of the
slit groove 114b is communicated with the slit groove 114c. Each of the
detection 30 springs 115 has a bending deformability in the "e axis

di r ect i othe Tetewfoor sprindd Y1% edebkchi positpiaingsplakenenahifetha pagi dhonal
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fixati onSpeAnd Biass bedies (1 hd, 112) mplativetiorthe fixation pprtiore LhZyn thé & sens or
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bot h, endsin t "x" axis direction of the second mass body 112. As shown
on FG 331 a&%ﬁi&rcgm o pettian bAdc conbetieain ek anbed hens. t ho

"if' axi i ' f sides in.th i dt h_di ign of the
conb bonrghgc?;eﬁlyr?% 2%%&%&?%%5{& %éérjgﬁlglr?dﬂ,)g% B?ﬁ'}oa ???I oF hmfg‘ﬁ:é? @?Jenb teeth
124 are $aomedpadkagheudRerien®3l 18k i GdaatisahRophhie1 20 i¢ aubabene
portion 122 of the second mass body 112, and arranged along the "X' axis

di r ect i opresigetimined pesitienof AnHangpvatihee obths apeeture 1B éxgends alohgeer t o- f ace

| ati i th h qf t ti nb teeth 123 h in FIG 22
Each of THE" REVRBFE cyitsor SEEhF Tiohohery Besk P iy eh acriearoesFr ed poii ng

st atjsonagihe MM ttRRI S rhd3s Ay 1%3@1&5(@386& R0, B#8C9P ixis direction of

the second mass body 112. As shown in FIG. 22, a plurality of stationary comb
teeth 123 arranged along the “x” axis direction are formed at both sides in the
width direction of the comb bone portion 122. On the other hand, a plurality of
movable comb teeth 124 are formed in the aperture 118 at a side facing the
20 comb bone portion 122 of the second mass body 112, and arranged along the
“®” axis direction such that each of the movable comb teeth 124 is in a
face-to-face relation with each of the stationary comb teeth 123, as shown in
FIG. 22. Each of the movable comb teeth 124 is located away from a
corresponding stationary comb tooth 123 by a distance. When the second
25 ~mass body 112 is displaced in the “X” axis direction, a change in distance
between the stationary comb teeth 123 and the movable comb teeth 124 ocCurs,
so that a change in electric capacitance caused by the change in distance is
detected. That is, a detection means for detecting the positional displacement
of the second mass body 112 is composed of the stationary comb teeth 123 and
30  the movable comb teeth 124.



25 mass body 112 is displaced in the "if' axis direction, a change in

di stance between the stationary conb teeth 123 and the novable conb teeth
124 occurs, so that a change in electghc capacitance caused by the change
in distance is detected. That is, a detection neans for detecting the

posi tional displacenent of the second nmass body 112 is conposed of the
stationary conb teeth 123 and 30 the novable conb teeth 124. 42 The
sensor subsfThatsen$0d substcatepl @ i¢ cotipled Sechrdepacdk pgeksgthsibatee 13 by

bondi ng %he frame portion 110, the fixation portion 117, and the stationary

parts 128Yikendies tee Hamretingel 1Qptdhe fratiopoportion bt heanduhalstationergsecond

package t ' s.a.s ort bsirat.e for supporting,the
sensor 5?%%%5{?‘21?8@gléeéﬁﬁéﬁ%gﬁ%%%gflgﬁ%ﬁ(f léllihcgf Pﬁ_éerf‘fr g ’gﬁ‘a “§8¥6hd mass
bodi es ( padkadeldibstffe1QIMGdeq 426 thﬁ%@%ﬁﬁ%gté Br hBporkindHeSsedishect i on,
the bottom surfaces facing the second package substrate 103 of the first

and s&condbstrst: WL eOn(thée dther I2ndgsdeabk dstaad/ sdooamhmhbes satiend Ilgckage
substrat égS @S sho in FIG 20. That is, the thickness of each of the
first andlgbabmiprigddo gelagpable i1 the 1Z)axiy dirgetiemn thr hetwmspdaceon of

(e senspr el ol A0k s S ELRSHd 0 U MU Lt oLhA HIBUigkpess o

the frane portion a Clearance I s ensure (S

package sUPEtYER)eréB3cRed a0agiTrath theecbbn® baskabesaonirhteass, badies{ 111,
112). In the present enbodinent, a gap |l ength between the first nass body

111 and #hEIGe3dndTlpaicieattee thiblstesst of k0B dfghsdirst end SedthdRmasEbalissal ue s
i1 lustratjve y, .and therefqQre the present invention is not limted to
it. f(L atnluli ]t’ilgl:#) Wﬁge g]é]r‘fgﬁ‘fss% pethon éptf@lsel‘i’égr gupstrateotOyivdetarpinad ons 119
formed o f | @1 | Cl i fot | xati.on rtion 117
such tha?) %ﬁgm i)%gta?ag{r)\ﬂ%éot(rht%l on f%gﬂ%‘gﬂfﬁgigaé%%ée \A?éen Séagtrl%atfﬁﬂggﬁsrt I ons

119. TheeR$uredrigstaked 2ie desd i pacBag s€b&ehtcONB3 RAL éh 6 8L first Ay
connected to an el ectrode 125 described |later, and forned near one of the

ground pe#ftaongnsiapsobodipe (§1budd2porin dhe présergnenbhdinedrdctar gap lpogth on 127

are bondge teoenttplg first mass body 111 and the second package substrate 103 is set to

15 10 pm. This value isillustrative only, and therefore the present invention is not
limited to it.

In addition, the sensor substrate 101 has a pair of ground portions 119
formed on the frame portion 110 at the vicinity of the fixation portion 117 such
that the fixation portion 117 is located between the ground portions 119. The

20 numeral 127 designates an electrode portion electrically connected to an
electrode 125 described later, and formed near one of the ground portions 119.
The ground portions 119 and the electrode portion 127 are bonded to the
second package substrate 103. At the upper-surface side, a second metal
layer 128 is formed on the fixation portion 117, the electrode portions 121, one
25  of the ground portions 119 and the electrode portion 127. In this regard, one
fixation portion 117, four electrode portions 121, one ground portion 119 and
one electrode portion 127 are separately arranged from each other at the
upper-surface side of the second package substrate 103. In a state where the
first package substrate 102 is not bonded to the frame portion 110, they are

30  electrically insulated from each other. In addition, at the upper-surface side of



second package substrate 103. At the upper-surface side, a second netal
layer 128 is formed on the fixation portion 117, the el ectrode portions
121, one 25 of the ground portions 113;and the el ectrode portion 127. In
this regard, one fixation portion 117, four electrode portions 121, one
ground portion 119 and one el ectrode portion 127 are separately arranged
fromeach other at the upper-surface side of the second package substrate

103. I n shstsahsobeberateel®ly gte paakagertsobitoahes A0 st maal 18endess to the
frame portion 110, they are 30 electrically insulated fromeach other. In
addi t i onforaged REeT, Hhfe €néine feacamiemncsf theasoft hBaglke mfothesfibst arat eed®@id the
frame porti 110 | rst _netal |ayer 6..for .over the entire

ci rcunf ePEeéﬁgfgay resr@%?’.’ QEELW %Fn{?hg’y]@, %mﬁ fggb%%ﬁih@f%ﬁnfié‘ﬁg‘éﬁ??%z 128)
i's formeth Byief shidd hRtRY: fhéi RnRmBraifhids 386 2o ) bl Br £fe! since
the first ang §écond met al Iayefé ?326, %%%? are ;@Eg%g#g?ie Sans et al
mat erd al medtal mstquasithisepdssitsie nolsimntausdysipibaiin {Hees endll Byckawefis W th
the sane thickness. In each of the first and second netal |ayers (126,

128), t hEhel'PalinFlﬂﬁHlCﬁ?@ﬁéf abt ga¢tnef the frstkand sceind setal lmelrmﬁli’iﬁmdaaie Au
filmpre J hi ckness .of 50 m _These thickness val yes_are
iIIusPraP?%gﬁén 533%%%ﬁ¥hé?8$§F%mFﬁ§°g}§§%§§IFHV%%?@@EAP . r$%%#@%q to
them _AShas BRdeekidss! @S dORM.NITHAL RIS kb fesUeAtluTRLER Bhit oI Ni g
an inpurity nmay be used in place of pure gold. As shown in “Fl S. 23 and
24, the tharsforptivkpipsesuimstntive i4 03t limsted to thaay eAparmhhtitial 28 feanfdgured to

rovj de spa for positional displacenments of the first and second mass
Eodi ( *%f‘i Y %%?) agiy KRteyconsaintme ap dnpafidnmay fisseped i place of pure

gold.

As shown in FIGS. 23 and 24, the first package substrate 102 has a concave
portion 129 configured to provide a space for positional displacements of the
first and second mass bodies (111, 112) at the side facing the sensor substrate

15 101, i.e,, in the bottom surface of the first package substrate 102 shown in FIG.
20. In addition, the first package substrate 102 has a plurality of through
holes 132 penetrating in the thickness direction. A heat insulating film 133 (a
silicon oxide film) is formed on both opposite surfaces in the thickness direction
of the first package substrate 102 and inner surfaces of the through holes 132.

20  Therefore, the heat insulating film 133 lies between a through-hole wiring 134
and the inner surface of the through hole 132. In the present embodiment,
copper is used as a material for the through-hole wiring 134. Alternatively,
nickel or the like may be used in place of copper.

The first package substrate 102 has the above-described electrode 125

25  (FIGS. 20 and 24) formed at a region facing the first mass body 111 on the
bottom surface of the concave portion 129 through the insulating film 133.
The electrode 125 is formed by a laminated film of a Ti film and an Au film. In
the present embodiment, a gap length between the first mass body 111 and the
electrode 125 is set to 10 um. This value is illustrative only, and therefore the

30  present invention is not limited to it.



15 101, i.e., in the bottomsurface of the first package substrate 102
showmn in FIG 20. In addition, the first package substrate 102 has a
plurality of through holes 132 penetrghing in the thickness direction. A
heat insulating film133 (a silicon oxide film is formed on both opposite
surfaces in the thickness direction of the first package substrate 102 and
i nner surfaces of the through holes 132. 20 Therefore, the heat insulating

film 133 |i bsaliditiveenha firkr pagiagedubsitate 102134s auidRy ioh AestaBlykace of
the through hole 132. In the present enbodi ment, copper is used as a
mat er i al 188 formed: on dhgHusbice facingnthel sanson| swrsteate VD, amd elesttricallst he | i ke

b ' I The fi k trate 102 has th
abovo. dosayniste uF X Pard YbBocvErasct 350 e M5 Rrclaee rlhstinte don

facing t hRof hast 0; S n ortion
15 T hrotigh The 3 eeraan R A ool AT HE8 6000, LIUF (RTERKE D

| ani rfat ediréuinfierefica tHérebi bmthe duafacddadihg he kenidiesybseagaticarbaditpgnt, a
gap length between the first nmass body 111 and the electrode 125 is set to
10 run. mgesdstheypetal layqrg ki3S are bopded to thriseeadenstad layres ARSHpbtent

inventiop.ls. n limt to it 44 In addition, the first package
subst r at geﬁfs)i aljsStléamBI ﬁél’i]éJtiot {neke %t%?cmﬁglefgnﬂ%cél%%(ﬁ‘%ﬁwf% ace

faci ng thetfapger 18608 Hoaked 8%n f
t hr ough- hol e w?ri ngs 134. The fi ?g?ghieﬁglglg&gﬁggfr%@%%%ggf %‘gbﬁggtea

(rect angl®dr ) Eaclaré-thekaetstlaiel AB6r ad@6htansed layar 18Beisefotined By a
Ci rc%mc erence, thereof on the surface faci ng t;e sensor substrate 101. In

t hi st egarynatedetiive e p TidiEr en the imswWagng B3 tasl s Aahblrawmathe Byers 128

of the or I k electrica onn i on t herebetween.

The met 2@ 'aylgfﬂx?%% SlﬁisC%b%%é%%Patlg%%eﬁbl raélﬁ t&i;gltr&fzéall ;%reﬁ% apt nﬁf{f gignsor

subst r atthelddine kel bt g, IR BdsJiBLED silrﬁﬁltﬁﬂgoﬁshf p’ﬂ%ﬂlthé&yﬁb%@ﬁlhi S
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formed by a 10 laminated filmof a Ti filmon the insulating fi 33 and
an Au f ity ssane eickhe$s.| dn dachiodi thie, meiah dayer B Grahdl theayieral 13feral@B t he

netal |ayer..138 ar of the same netal _material, it is possible to

si mul ta%ﬁ@ﬂ@mﬁegﬁr% a firickaess ¢hl e HuSQ ame andd deda §lm prefesablyof t he
nmet gls | I Ti filmpreferably has a
t hi cksneggé\sf)?jti%%@%g%%kﬁ%@e%%d { égéu | ﬁ%t'%rsaelp er 4 H/Rl ‘%F%%‘ée 3n]¥’h938 ness of

500 nm Thessotchilekmessntvahbegingdret isHod Sikiddd MLLHIM Y : ARBG ARS1E A @et he
present enmbodinment is not limted to them As a material for the Au film

an Au- baSe e perdubased material comtaimipgran impuagittbmaystsdused b ataseadf pur e
gold. In_additio i n..t.he present enpodinment, the Ti .filmis formed as an
adhesi vé& rﬁ%ﬁ‘!"f%"i“ﬂb}g%i ﬁbﬁl‘ﬁn%reéaﬂ %?%’Hg%?%éhe thimads formsdagiaine 20

i nsul at igaghekivemak33. ok NirkbAREL LTihkN8ad ba; Zr., . TN, 0 he Iike
may be useg as téh% ms?t elrﬂiqgl fo%) the a Sélgﬁgeﬁu%?relr?he A‘N{Hg%c{st&%ackage
subgr atiesdldRingdHmal Bur ki placeaff the it Codes, Z3TiN OTal 6t ehdkeGARPBEL | ON
formed on an opposite surface of the surface facing the sensor substrate
101. Théssd@sddrerpatszial dor thecadhasitealoyer.|y connected to the 25 through- hol e

R s TR T e R T Y
Au fil Mexternal connection formed on an opposite surface of the surface facing the
sensor substrate 101, These electrodes 135 are electrically connected to the
25  through-hole wirings 134. Each of the electrodes 135 is configured in a
rectangular outer peripheral shape, and formed by a laminated film of a Ti film
and an Au film.
On the other hand, the second package substrate 103 has heat insulating
films (141, 142) such as a silicon oxide film formed on both opposite surfaces in
30  the thickness direction thereof.



On the other hand, the second package substrate 103 has heat insulating
films (141, 142) such as a silicon oxide filmformed on both opposite
surfaces in 30 the thickness directiogsthereof. 45 As described in the
first enbodi nment, the sensor substrate 101 is bonded to the first package
substrate 102 by solid-phase direct bonding between the first netal |ayer
126 and the netal |ayer 136. That is, the first package substrate 102 is

seal i ngly basdiegctibed hetientidst entiodttshe RO 6ensr dutRtit@m®1R9bbhasd 40 of 5
the sensor substrate 101. In addition, the second netal |ayer 128 is
el ect ri chlre firdaraskege gubstratre 193 thyl sdligyphase3direst woiding pasendhedust

bondi ng. _An_i [ f.t.h jt ] irtightl | ed f h
out si de. BPPhBYEF 18 A S ae Bihon et s AP Bandresieact i bsrebma et a
| aver 12§0gfis!sae1Age R RH RS tha A ulO LirkanfL 8RLE :??ta#eﬁ‘?%l%%ogﬁigaﬁig][f&o% he

el ectrode 135 through the 10 netal [ayer e Wring

134. Shetlsecendopaakiagentsulbolr atle bARithas shovi ddcbgd PAIctAlONayk25226F S 24)
extending fromthe el ectrode 125 to a E{gri pheral portion of the concave
portion Esstricailyaennsciedipithaseipllayer k88 by wolidt pleaseetisdct bepdingl 3girbonded

toth |1 128 th l.ect ti 127 of th
Subst 1 at 1Y OL a8 BY ReOHE BANderG RN OFFIB HORBrTera Sl BY (Betat r at o
101 and g@tdiphhse (di@ct HodldidC %%&ﬁc@@%c}ﬂ Sﬁ{e%lel%géll(i%S é{fﬁ%eowa

roomtenperature bonding nethod for formng t i rect ndi ng
t enper at seresorsubiseeht¢ d0ldd ebetriesiydcminesteeastiaeledieode D3 theshgt fiaf e 101.
In the roomtenperature bonding nethod, the surfaces to be bonded are

cl ealted wstaintrysEt $981 aad niper thrquehdhelei wiring 13h bahm seavnst packagream or

pl asma o i .and the e tizvated surfaces . are directly
bonded t%ulgétg%%oftq?e%ggt% %61 I?Oellrtr‘ﬁgpl a#f}} @ﬁnb\}jg‘éﬁﬁﬁﬁjﬂgﬁ?%&ﬁre&%ﬁ de
enbodi Menes tacCpEdpRGal Pottién LOKR LENREEAIHBN PO W' joed
above, the di regt ondi %3 bet ween the fi ?it rrgt al ,l\glglé:?ﬁ%g%ﬂg%?%@%gbmt al

| ayer 13®rmed with themeetal 2Febdi@8 hgnied wedne stemenerd lapéral 28 ayethel 28 and

the netal |ayer 138 are,_sinultaneously obtained by applying an appropriate
| oad to ?lﬁ%tr%‘i‘?lﬂf’ﬁb"r* ﬁ&groffgﬁ% SgRSYGBHRERpdiCure i n vacuum In addition,

e fir ame pAS Dl Qoheblif, B80S QL UPBII LR T yEs L 165U, bopdgd 10 an

airtight manner to the pe eral por € Seco rate

103 at ribemfirempedabesdd Hadlaya GHbstRYed nsoizpom:ggara)%aﬁme@npaa%ﬁg
nmet hod. 46 The roomtenperature boding nethod of the present

enbodi nmetndisg snehednied foenhing tiougirectahendinglaiiawi tenpeabout ishesesatoe st eps
as the fI‘ieEhSlE)e %%891%{}2336‘ Ene tl(l)em;s,ééseocri"substrate 101. In the room-temperature
bonding method, the surfaces to be bonded are cleaned up and activated by
20 irradiating an ion beam, an atomic beam or plasma of argon in vacuum, and
then the activated surfaces are directly bonded to each other at room
temperature in vacuum. In the present embodiment, according to the
room-temperature bonding method described above, the direct bonding
between the first metal layer 126 and the metal layer 136 and the direct
25  bonding between the second metal layer 128 and the metal layer 138 are
simultaneously obtained by applying an appropriate load to the bonding
interface at room temperature in vacuum. In addition, the frame portion 110
of the sensor substrate 101 is directly bonded in an airtight manner to the

peripheral portion of the second package substrate 103 at room temperature in

30  vacuum by the room-temperature bonding method.



After mcromachining is appropriately perfornmed to the sensor substrate 5
101, and the sensor substrate 102 is bonded to the second package substrate
103 at roomtenperature, an etching sygp for separating a portion used as
t he novabl e portion of the sensor substrate 101 fromthe other portion and
a netal layer formation step for formng the first and second netal |ayers
(126, 128) are performed. In the present enbodi nent, the sensor substrate

101 i s bond&tet oodifi-teheesaennd bpaticageethulsbl ahe 0GBy EMBodiment is
roomtenperature bondi ng between Si and Si 02. Subsequently, the sensor
subst r at EXpinebslpvat dduplieatet srplanations phekthiges sabwt steaps 493harfirst he

first pagﬁﬂ%%th% Iq Héﬂ})&&g are placed in the chanber, and the chanber is
vacuum exhauste 0 a predeterm ned degree of vacuum (e.g., |1x10-5 Pa).

Then, a suragee rﬁﬂ;rrbfﬁ@t:h%% ][igtaa@%ﬁri&tébpgélffeﬁﬁs@-tojl%fTM o%%gb%ﬁ%t urfaces

to be bonded to each ot her sensor Substrate an I'rs
package d0stndtthel@Rsar substeawcHOps boddat td vad eebdayl PRdidge Fubspatd er
et chi ng iﬁ vacuum The degree of vacuumin the chanber during the surface

activat i &5 }etoOrk HMPeratiles: & Hahigster for serpaatingiachortionauseshes tilegr ee of
vacuum ] th redeterm degree of vacuuminp the 20
chanber BaP AP AREbo e sohe SHR BT BTt ar S SR S el
activat i Dfyek FRa 405 stepToRiRSRD Bk EnAdiangtd ' i dj ust

t he int ergi{ygr at m)sphséreg ?)f t he £c]harrt;er ,aﬂ?née&hg?%%%t%ﬁieﬁgg%s(g?%ggggﬁ (r'?uéétae 101

and t he pedordepackahe mebstiranbodidBrmy thepdcaased substratedd8i gnbenaédaspher e

det e{[gi nggeraccordi ng to gyro sensor characteristics. In this 25 regard, the
gyr o-&endlt sespntpackpes snbsteats Sy the wogedsmremtnse hopdisgdesvesmsy degr ee

o LU0, ST B O, Hi9 % PR B bR (R SAT R DS SESF 2
mechani cphcheder aibstrutt @08 ahfl thRefirkt Hablige hbdtbee’ POPNRBHRaddequANCY. and
achieve an inprovenent in sensitivity. In the atnosphere adjustnent step of
chamber, and the chamber is vacuum exhausted to a predetermined degree of
vacuum (e.g., 1x10-% Pa). Then, a surface activation treatment is performed.
15  That is, the surfaces to be bonded to each other of the sensor substrate 101 and
the first package substrate 102 are cleaned up and activated by means of
sputter etching in vacuum. The degree of vacuum in the chamber during the
surface activation treatment is approximately 1x10-2 Pa, which is a lower degree
of vacuum, as compared with the predetermined degree of vacuum in the
20  chamber before the surface activation treatment.

After the surface activation treatment, an atmosphere adjusting step is
performed to adjust the interior atmosphere of the chamber, in which the sensor
substrate 101 and the second package substrate 103 are placed, to a designed
atmosphere determined according to gyro sensor characteristics. In this

25 regard, the gyro sensor of the present embodiment is designed in a
predetermined degree of vacuum (a high vacuum of 1x10- Pa or less), in order to
increase a mechanical Q value (mechanical quality coefficient Qm) indicative of
a mechanical vibration level in the vicinity of the resonance frequency, and

achieve an improvement in sensitivity. In the atmosphere adjustment step of

30  the present embodiment, after the surface activation treatment is finished, the



30 the present enbodinent, after the surface activation treatnent is
finished, the 47 interior atnosphere of the chanber is adjusted to the
desi gned at nosphere by perform ng vacggm punping until the degree of vacuum
in the chanber reaches a predeterm ned degree of vacuum After the

at nosphere adjusting step is finished, the sensor substrate 101 is 5 bonded
to the first package substrate 102 at roomtenperature under the atnosphere
cont r ol | ezkerior feoapherspifehe chdmlstriingdiiepd tédthe desighed aninobphetienigy bet ween
the sensor substrate 101 and the first package substrate 102, the

r oom t enPEFQTHINE YERAVRHY PhERREenuntb ther desrset ofl veajen Ipghgnehambenet al

| ayer 13 { r ﬁﬂ,ﬂ # di ng between the second netal |ayer
10 128 ag%a‘%%g angt&(gleP aye‘?g@g@%%;%%g?ﬁﬁﬁ'aneousl y obtained by applying an
appr opr i at eAkeathd eufosphtdl aMustiiy $tBg iPriaaeel, EQNsBE hibstrhe PODU NY
bet ween the sensor substrate 101 and the first package substrate 102 is

pr ovi @edbbyded dor denfitenpericger s1tndte nh0D ettweem Aengrdatiire hhdérs thpy ef er r ed
that the urfalge activation treatnment, the atnmosphere 15 adjusting step and
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ot her, w thout exposure to the outside air, at roomtenperature in an

ai rt i ght layend&6, 20duingacom-trisperaddreabomdipgdretween enersoemhdortaldaper t 0

desi ed sor .characterjstic Ther eby,, good bondi ng strength can be
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at nosphebetwdeh tise pessibkabswatbioilnand 2thehfight paehaki sabstiteahoe is
(mechanical quality coefficient Qun indicative of a nmechanical vibration

| evel i nPXaYédad by i gosn-temperaizion Raodira kefwenn Awéandkal.gyr o sensor as t he

ek R R T M R
eborh Meadub@he!diep i Gle BOAMINAOSRB! AR RASAP YRS LRt 10haAnd the
chamber. The surfaces to be bonded to each other of the sensor substrate 101
and the first package substrate 102 are cleaned up and activated by the surface
activation treatment. Then, those activated surfaces are bonded to each other,
without exposure to the outside air, at room temperature in an airtight manner
20  under a designed atmosphere determined according to desired sensor
characteristics. Thereby, good bonding strength can be obtained therebetween.
In the atmosphere adjusting step, since the chamber is vacuum exhausted to a
predetermined degree of vacuum after the surface activation treatment to adjust
the interior atmosphere to the designed atmosphere, it is possible to obtain a
25 high mechanical Q value (mechanical quality coefficient Qm) indicative of a
mechanical vibration level in the vicinity of the resonance frequency of the gyro
sensor as the sensor element, and therefore achieve an improvement in
sensitivity.
As described above, the wafer level package structure of the present

30  embodiment has the direct bonding between the sensor substrate 101 and the



first package substrate 102, and the direct bondi ng between the sensor
substrate 101 and the second package substrate 103, which are forned
according to the | owtenperature procggs such as the roomtenperature
bondi ng nethod. Therefore, it is possible to prevent the influence of
thermal stress, as conpared with the case of bonding the sensor substrate
101 with each of the first and second package substrates (102, 103) by a

heat tr eéirstempiackagh sabstieftd 0V0B,0bddr tig.diASt absdiukt betiRhethé msadvant age
that variations in sensor characteristics can be reduced. In addition,

si nce t h&ubeHaty psndatlee oeond prakded swhsttates303ndvipiabkaxse fombsd r at e
103 throgggor%ri]ﬁa itr(}s%llati?vgtfi | m10 141, it is . possiple to prevent a
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substr at %811&2% AR Lf ﬁiérbfé{?@, e BbSsibRN }épe%ehp% ﬂif'&glaq?fe' diPntdlag S

fornmed by a icon oxide film the sensor substrate an be easily

bonded t stresghatotiperghekidgehs chsd bAbeadnkOthe 383 oradubsbaite LIPRARAL Ur e,
and variations in_sensor characteristics can be reduced. 15In the present

enbodi nefgch phihesiss sadnssrag Paskarn suhsirates (102 hORdel & beph trestment

subst r at t h h,the insulating film 141 fqrned on, the surface facing
t he sens%rlgigu dt ﬁg\%}gso (%an(%' e E%S@gﬁc}hﬁ]éecﬁaﬁéa ﬁ%%ﬁa!gﬁtt@atlﬁ%‘?a@?ﬂ%ﬂ ef
they aresgifrahabhotcHoneedat e sagh-LL hap efdla'il‘:?éig,kbiﬁ% ‘d’féségrf’stoki%%bgl;rg[%f or med
on at |east one of the surface facing the sensor substrate of the
second 200pdskagded thshe stentiQhicknge bhbsisatef HE® thatighgheliasskeogdilpackage

substg{aat 03, of the sensor substrate 101. In addition, by cutting (dicing)
t he Waf et¥levbiispirssihle o puetantea medusgonnin goristanmesty dledtris newsegral |y

formed t i i nt i f.the [Q_ sSensor unit it is.possible
to easi |§ﬁ£at§1§ e% %'él’c%lhgcr?taﬁh 3% Sé%’ts%aﬁésc%rﬁpqé% C W dR chr)eimtn'aé%‘i1 theinsy refore,
it is sufilraiia ikesrmi@sby RIsAfisatd:ade R, BRYCALLOS K rdRa dihtis, RbLadied gyro
sensor is briefly explalned below. The gyro sensor of the present

enmbodi mebendkst ereachaofitbsinsckagt subsiphirsd h0R; 108) thmsr tangermase, bedy 112
when an angular velocity is aggl ied to the gyro sensor by an external force

under th stF’o?FI?Sﬁ‘é%hﬁraﬁ ‘?y?ﬁ%@ﬁrWQﬁdbrati on is given to the first
mass;soody Il ﬁ}egaﬁtserﬁﬁgﬁhgmt?ﬂi@ éyc%ﬁq%cﬁgéé 896strdt? 103 is bonded to

the sensor substrate 101 through the insulating film 141 formed on the surface
facing the sensor substrate 101 of the second package substrate 103. In brief,
they are preferably bonded to each other through an insulating film formed on
at least one of the surface facing the sensor substrate 101 of the second

20  package substrate 103 and the surface facing the second package substrate
103 of the sensor substrate 101,

In addition, by cutting (dicing) the wafer level package structure having the
gyro sensor units integrally formed therewith into a size of the gyro sensor unit,
it is possible to easily and efficiently obtain compact gyro sensor devices.

25  Therefore, it is suitable for mass production.

An operation of the thus obtained gyro sensor is briefly explained below.

The gyro sensor of the present embodiment detects a positional
displacement of the second mass body 112 when an angular velocity is applied
to the gyro sensor by an external force under the condition that a predetermined

30  vibration is given to the first mass body 111. In this regard, a vibrating voltage



having a sine waveformor a rectangular waveformis applied between the

el ectrode 125 and the first mass body 111 to vibrate the first mass body
111. For exanple, an AC voltage is usgg as the vibrating voltage, but
polarity inversion is not essential. e first mass body 111 is
electrically connected to 5 the fixation portion 117 through the drive
springs 113, the second nmass body 112, the detection springs 115 and the
coupl i ng heeirger §ibe. wihefosacond rettahghlay ewadedGrrh Sisf appadl Getw&ds the xati on
portion 117. In addition, the electrode 125 is electrically connected to

the secoftfaads 1329 ged thedirshmass hadsct}bde viuetd tie fipst masebedndd 1. when
the vibratin age i,$. applied 10 tween the second netal layers 128 on
the fi xat%itotlgn&%a\é%]%b%nlf; gﬁga%ehels et eEt P8de"p f’lﬁﬂgl 1f""gf’hg’ufti P ss body
111 can vhirslo isthdt REserkialaXie BréEnbsoBoGHq 11 i ' rce

bet ween therfir;t nasss%ody 1lleand t he efg%troggq%%%hegaégééﬁ%kgégﬁuency
of the vithe fixatign vottieyd Iiistiequgh tho driveesoitancEl 3 eguanoyddahey Bbhagd

accordin to#\{eiéghts,of the first and second 15 mass bodies (111, 112), and
spring cdrl< dREJgectione springe 145 pRe thescaumlinghmegsharcl 16n The isagond 5, a

| arge a ' ap,pe. obt ai ned by . el.atively s drivi .force. In a
state mn%%tgifjg%e? i ?%? Ir?agosrgﬁo%dgnlﬁgiéxabneqnné’ 0#%9 gﬁeJﬁ i%ear?pcg 0%’_n§‘?ﬁ ar

vel oci tyeicstra@p! 125! i$ @ldchgcAll SonRRsed t8RA scbhRd "Hetafthyor PoEUA Phd s force
occurs in 20 the "x" axis direction, so that the second mass body 112 (with

t he firselestrodebpestion] M27.s Thspifacedwhant thee 'iliratities vditagetisoappkddt i ve to

t he at i opar art 120, When the npvable conb teeth 124 are displ aced
rel a évelbf’g"‘?%e%%‘? Serohrpeteblavaraet 28 1913 thy itatioge prrtion skldheadbgiseen t he

bl 124 d ' teeth 123. Sy t hat
The.of ectrrao08 nated 120 che st Bhodl Bhoty POVD LR lbr R ETRL %, SfciTi o

capaci t adirectiem doe tbalﬁleéleaubstﬁﬁ@%ﬂc@%e‘iﬁ%m%@ﬁis&|mh@é’%&\l{l 143 soppgcted to
the four stationary parts 120. Thus, it can be regarded that the
above- desleetrpdd b%g.o YWaresothe drequency of the vibrating voltage is equal to a

resonance frequency determined according to weights of the first and second

15 mass bodies (111, 112), and spring constants of the drive spring 113 and the

detection spring 118, a large amplitude can be obtained by a relatively small
driving force.

In a state where the first mass body 111 is being vibrated, when an angular

velocity is applied to the gyro sensor about the “y” axis, a Coriolis force occurs in

20  the “X” axis direction, so that the second mass body 112 (with the first mass

body 111) is displaced in the “x” axis direction relative to the stationary part

120. When the movable comb teeth 124 are displaced relative to the

stationary comb teeth 123, a change in distance between the movable comb

teeth 124 and the stationary comb teeth 123 occurs, so that the electric

25  capacitance therebetween changes. This change in electric capacitance can be

taken out from the second metal layers 128 connected to the four stationary

parts 120. Thus, it can be regarded that the above-described gyro sensor is

provided with four variable capacitance capacitors. Therefore, the positional

displacement of the second mass body 112 can be detected by measuring the

30 electric capacitance of each of the variable capacitance capacitors, or the total



provided with four variabl e capacitance capacitors. Therefore, the
positional displacement of the second mass body 112 can be detected by
measuring the 30 electric capacitanceggf each of the variable capacitance
capacitors, or the total 50 capacitance of the variable capacitance
capacitors connected in parallel. Since the vibration of the first nass
body 111 is previously determ ned, the Coriolis force can be cal cul ated by
det ect i ngaphdtpasidfitho ahridblepapacit@ide &pdchorsesantid@asphedyl. 1 18ncd n the
present enbodi nent, the novable portion disposed inside of the frane

porti on thovimatenmbdhe figst maes fhodyt1 hhés phodgusiy ﬂ,etftrhgndt;l],l e §pl|11_)h$gs 1%%,
the second nass .body 1 he, detectjon spr.in 115 and t coupl i ng nmenber
116, And GRS BRI F CBJ}?%?‘? i ‘%Ege‘é%}ﬁ)ﬁéfeaogfm{lgid@?%@w&w%@aﬁﬁe? h 123
and the ppua t get o S Y 33 n
brief, a par?tgﬁpgﬁg's%ﬁggﬁégégég{gﬁﬂ?gﬂ?%gﬁe %fﬁﬁgﬁggﬁ%ﬁgﬁﬂed%ég%§%tion
di sposedinsidt detheffrarhe pbrsre 1 R0l t@fipdddd of thelfitst iass begpndi, thedrive

di spl acenent of the novable conb teeth 124 is proportional to (the weight
of the fFPERZyddS, HHgyseronylimashdodei KR, Bfe detectipn springssl bddyndittie t he

I gh f b 112).. Th f , _as the l.ght of the first
mmos bods U SO T6 o P thE PR BT END 61 TREo e On eI hisethody
112, thecgndMeageT@Bla:ff tﬁé‘ﬁld@ﬁﬁb(l:cﬁnﬁ QD f%zl- Qﬂﬁﬁéd 'oﬂqh%as%gggaéﬁags resul t,

an inprovenent in sensitivity is achieved. In the present e iment, from

this reabody k12 thilckefesspditnehticosending heortionsis feesedbiedyhe oviable
determned to be larger than the thickness dinension of the second nmass
bodyl% 12P0EPY msicppl] thedppme perign dddkr i bed above, according to the

PLesent, BN B B, IS B A g g
f or med pgrcquﬂo@él foeh P Al f THOFHEBNBSs bedf ATBY Rhe LWRVALFTRERLUre, it
i s possible to avoid i nconveni ences such as
mass body 111 + the weight of the second mass body 112). Therefore, as the
weight of the first mass body 111 becomes larger than the weight of the second
15 mass body 112, the displacement of the movable comb teeth 124 increases. As
aresult, an improvement in sensitivity is achieved. In the present embodiment,
from this reason, the thickness dimension of the first mass body 111 is
determined to be larger than the thickness dimension of the second mass body
112.
20 INDUSTRIAL APPLICABILITY
As described above, according to the present invention, since the directly
bonding between the surface-activated region formed on the sensor substrate
and the surface-activated region formed on each of the package substrates is
formed at room temperature, it is possible to avoid inconveniences such as
25  variations in sensor characteristics resulting from residual stress at the bonding
portion. In addition, the interior of the sensor device can be airtightly sealed by
the solid-phase direct bonding without diffusion between the surface-activated
regions. Therefore, an appropriate atmosphere can be realized in the sensor

device according to the kind of sensor such as an acceleration sensor and a gyro

30  sensor. The present invention having the above advantages is expected to be



25 variations in sensor characteristics resulting fromresidual stress at
the bonding portion. In addition, the interior of the sensor device can be
airtightly sealed by the solid-phase gyrect bonding w thout diffusion

bet ween the surface-activated regions. Therefore, an appropriate atnosphere
can be realized in the sensor device according to the kind of sensor such
as an accel eration sensor and a gyro 30 sensor. The present invention

havi ng t hsedbove widy antiagesf asplivqipaisatqtirihea Gnped benBoR dMide wisk i ety of
applications requiring a conpact sensor device with stable sensor

char act esfalf sgnsorcharaglepistics. A sensor devi ce conprising: a sensor
substrate conprising a frane having an opening, a novable portion



5 novably held in said opening, and a detecting portion configured to

out put an electric signal according to a positional displacenent of said
novabl e portion; a first package subsghate bonded to one of opposite
surfaces of said sensor substrate; a second package substrate bonded
to the other surface of said sensor 10 substrate; wherein said frane
has a first surface-activated region fornmed on a surface facing the first
package <lilddMiSate over an entire circunference thereof so as to surround
sai d novabl e portion, and a second surface-activated region forned on a
surface facing the second package substrate over an entire circunference 15

t her eof 39 238,49 gLEg%Qd sahg_nnvable portion, t he bondi ng bet ween
sai d sensor subst rate andPtREF | r st package substrate is a solid-phase

di rect banginRer Wubbdic SbhbHsiNa BRINEeR VS dnf dﬂeﬁﬁn@ue{ Eﬁﬂ%b?igb%ne d
region and a surface-activated region fornmed on the Tirst package

subst# at eyovahly Rélthe sxoddpaginye tneden dstictinggnaton Sebsinaietasdtfdtensecond
package substrate js a solid-phase direct bonding wthout diffusion between

sai d sechivatsPieaabacroriipgte peyjtisnabdigplacsmens of saidi mowaldd posgoon f or ned
th ] te, 2. Th or deyi t forth i
olal m 1 SR8 PRKEA0GuBIARI Bhfincd JoZond oF oBESREY hiftacin ol “widomuser | "

sur f ace- agbétyadeed region, the surface-activated region of the first package

substrate, and the surface-activated region of the second package substrate
are any eneewida ppFhagm-substtee sundedcee @i iotherbeaniacs r efdisaideGedSoisur f ace,

and atog1c-bean1irradiated surface. 53 3. The sensor device as set
fortt i n¢ $r#°4, wherein at |east one of the bondi ng between said first

surface-act jyaf&d sﬁﬁgfrgﬂle% 4 %?stséﬁlff Cegégt%;aitgg E’eegdlorg %%‘irggd on a surface
facing the first package substrate over an entire circumference thereof so as to
surround said movable portion, and a second surface-activated region formed
on a surface facing the second package substrate over an entire circumference

15  thereof so as to surround said movable portion,
the bonding between said sensor substrate and the first package substrate
is a solid-phase direct bonding without diffusion between said first
surface-activated region and a surface-activated region formed on the first

package substrate, and

20 the bonding between said sensor substrate and the second package
substrate is a solid-phase direct bonding without diffusion between said second
surface-activated region and a surface-activated region formed on the second

package substrate.

25
2. The sensor device as set forth in claim 1, wherein said first surface-activated
region, said second surface-activated region, the surface-activated region of the
first package substrate, and the surface-activated region of the second package
substrate are any one of a plasma-treated surface, an ion-beam irradiated

30 surface, and an atomic-beam irradiated surface.



5 the first package substrate and the bondi ng between said second
surface-activated region and the surface-activated region on the second
package substrate is any one of the sghid-phase direct bonding between S
and Si, the solid-phase direct bonding between Si and 5i 02, and the

sol i d- phase direct bonding between Si02 and Si02. 10 4. The sensor device
as set forth in claiml, wherein at |east one of the bonding between said
first surface-activated region and the surface-activated region on the
first package substrate and the bondi ng between said second 15
surface-activated region and the surface-activated region on the second

ackage su f t.he SO|Id hase di.rect bo betmeen Au
gnd Ag ?h@ﬁ%o?%%Pr %&gé rec?ﬂgdﬁdﬁﬁﬁn EAR @S 18t B ol

sol i d- phaéﬁvééhr@ﬁa ﬁbgméihﬁgcebgéﬂ@&ed é\!e%laﬂdalﬁ m@&ﬁé?e-lbﬁva%@&?é’%eﬂ% ce as

set forth in claiml1, wherein at | east one of sal I rst sur i vat ed
regi oh atlee stirsd sEuinge s wubatetac bindat e regitding C (3Edwe &S said | BEcdridke out er
surface-actjvated region forned in over the entire circunference of said
frame soS‘é%Fafff‘oa%%‘f%teg ﬁ‘%ﬁl%ia%}dﬁb?éﬂr@cﬁ@ctl%wd @@ty thegecpre paokege 25

surface-gg e 1an | sai d ute

surf ace- ac I%él%%%eeg galngé]nof)\%gg?lﬁ PBS |rérec? P(?Hﬂ’f"hgr%ﬁ@éeeaf ‘%Sﬁrﬁ’rﬁa so as
to surrosslE-pRhsk Mblb%naﬁ{ hefweerD4i 38R1 B, " S Qﬂeféyhdﬁ%ﬁhﬁ‘ec&irg& BEEWEEn
said outer surface-activated region and said I nner surface-activated

regi on, berdingdetiveers8iQk ankiSiQ@ary sealing region is formed at plura
Iocqﬁ%gns spaced from each other by a predeterm ned distance in the

circ erential direction of said frame. 5 7. The sensor device as set
forth in claiml, wherein each of said first surface-activated region of
sai d sensor substrate and the surface-activated region of the first package

subst r at 4, Tise 8¢hsaeldevit e U F6AE 6n AlaidN1 AVhEFdiMaPBHPBnd Of 8nd BbakRgSS of
500 nmor less. 8. The sensor device as set forth in claim1l, wherein said

sensor s%ﬁleﬁ%tsél%ﬁsstaﬁuﬁaqee@ty@e@ﬂ cégiow iandapheratfael actbakddhbaggiai ban with
i cti ort an
sai d det&e f?l%tp aci(agé sugstrate and the bonding between said second

15  surface-activated region and the surface-activated region on the second package
substrate is any one of the solid-phase direct bonding between Au and Au, the
solid-phase direct bonding between Cu and Cu, and the solid-phase direct
bonding between Al and Al.

20
5. The sensor device as set forth in claim 1, wherein at least one of said first
surface-activated region and said second surface-activated region comprises a
ring-like outer surface-activated region formed in over the entire circumference
of said frame so as to surround said movable portion, and a ring-like inner
25  surface-activated region formed at an inner side of said outer surface-activated
region over the entire circumference of said frame so as to surround said

movable portion.

30 6. The sensor device as set forth in claim 5, further comprising an auxiliary



15 said integrated circuit is disposed adjacent to said opening of said
frame, and electrically connected to a through-hole wiring forned in the
first package substrate. 20 9. The seggor device as set forth in claim38
wherein said integrated circuit is disposed so as to surround said opening
of said franme. 10. The sensor device as set forth in claim8, wherein said
t hrough-hole wiring is 25 forned in a tapered shape in the first package
subst r at seslimd redian fan cemteqiorg betwebaciaid watdssFasOacEvHIsl rednhasd a

| arger area than the other end portion. 55 nounted on said sensor

subst r at §d inneg spgagepsEy ated geeionn angirerens said aaixiiary sedling begiom por t i on
ext endi n i 3 and id weight, and . said detecting
portion g%%%%ﬁ@ “Z?d ﬁgaé@;%s a%:’idzggrrne%ﬁm& ﬁ%lgr g’P’ &B’fﬁdef%%g@%ﬁng%i d beam
portion. in thd dircdRersAAGPAIrd@YI £ 6f d8dFRImEOrth in claim 11, wherein said
sensor substrate is formed by use of an SOT substrate having a silicon

| ayerdon a silicon substrate 10 through an insulating |ayer. 13. The

sensor device as set forth in claim12, wherein said sensor substrate has
an integrated circuit operable in collaboration with said detecting

portion, ~a i iezoresistive elenent and .said integrated circuit are
f or med oﬁ'?ﬁgggfﬁ%%gﬁgkgée%§5%§§%| é&ﬂggu s Tgwg?mn'eacglﬁﬁs?ﬁ%%%ghsor

devi ce asuffete-hotivdtell Nre@ict B lsaidNRHBLN HHEWPe SERE Phe | iR &R 20 on said
sensor substrate,
region of the first package substrate is an activated surface of an Au film having

10  a thickness of 500 nm or less.

8. The sensor device as set forth in claim 1, wherein said sensor substrate has
an integrated circuit operable in collaboration with said detecting portion, and
15 said integrated circuit is disposed adjacent to said opening of said frame, and
electricaily connected to a through-hole wiring formed in the first package

substrate.

20 9. The sensor device as set forth in claim 8, wherein said integrated circuit is

disposed so as to surround said opening of said frame.

10. The sensor device as set forth in claim 8, wherein said through-hole wiring is
25 formed in a tapered shape in the first package substrate such that an end
portion facing said sensor substrate has a larger area than the other end

portion,

30 11. The sensor device as set forth in claim 1, wherein an acceleration sensor is



sai d novabl e portion conprises a first mass body vibrated by a vibrating
means, and a second mass body coupled to the first nass body, and sai d
detecting portion is configured to coggert a positional displacenent of the
second mass body caused when a rotational force is added during the 25
vibration of the first mass body into an electrical signal. 15. The
sensor device as set forth in claim1, wherein said sensor substrate has a
conduct i weourgydonf sridednadr sulpsdte] on cl oser to said novabl e portion than
said 30 first surface-activated region, and electrically connected to said
detecting 5®idpByavabls portion gemprisss & aeighjeard s beame phetéoma extenclimg - hol e

W ring, 1] | ayer, electri,cally connected to said through-hole
L TR L

W ring, etween t package substrate and said sensor

substrate 5s§iurdéiséﬁ1fg)ﬁ9fd&ﬁ§oxﬁpﬁ9%é de R:Jalg? Snggﬁé’z%e Qg élg{n‘%ﬁ badle

di ffusi on between an activated surface of said conductive er and an

act i vat ednsaid beamgforsiand wiring layer. 10 16. A nethod of producing a
sensor device conprising the steps of: providing a sensor substrate, which
conprises a franme having an opening, a novable portion novably held in said
opening, and a detection portion configured to output an electric signal
according to a positional displacenent of said novable portion, a first

package $DbBh¢ sémsdRARIRE 4058l inQRRAS 1t ewhersaH LAt e, & s%lfﬁisgca%f%or

substrate, and a second package substrate bonded to the other surface of
sai d seniomedupstupavbanfSPhsulsteattihsins arsilaoe: lagei vatedlicQyisQPs@ata

surfgce of sajd fra facing the first package substrate over an entire
circﬁhfe&ﬁﬂthé¥1%¥ﬂl &S0 as to surround said novabl e portion:

13. The sensor device as set forth in claim 12, wherein said sensor substrate has
an integrated circuit operable in collaboration with said detecting portion, and
15  said piezoresistive element and said integrated circuit are formed on the silicon

layer of said SOI substrate.

14. The sensor device as set forth in claim 1, wherein a gyro sensor is mounted
20  on said sensor substrate,
said movable portion comprises a first mass body vibrated by a vibrating
means, and a second mass body coupled to the first mass body, and
said detecting portion is configured to convert a positional displacement of
the second mass body caused when a rotational force is added during the

25  vibration of the first mass body into an electrical signal.

15. The sensor device as set forth in claim 1, wherein said sensor substrate has
a conductive layer formed at a position closer to said movable portion than said

30  first surface-activated region, and electrically connected to said detecting



20 form ng a second surface-activated region on a surface of said frane
facing the second package substrate over an entire circunference of said
franme so as to surround said novable ggrtion; formng a surface-activated
region on each of the first package substrate and the second package
substrate; and 25 form ng a direct bonding between said first
surface-activated region and said surface-activated region of the first
package $@bkemate, and a direct bondi ng between said second
surface-activated regi on and said surface-activated region of the second
package subd®s Hre Beckagsrubsinde hak e thregmh-hole wiringreahbd wisirsplaykorth in

claim 16 i i I SL_ . face-activated region, said second
sur f ace- g%e}@?r@%@gﬂcoﬁqgiﬁggé;% {Ot%aéa;&l}?cfua%le'- 8@‘{”’651%&11 egi ons of the first

package subslié BbRdMIbdBes eROMYsPSLHAGE sSRELIALEq LS fsa{éﬁ%ﬂu@@ of any

one of an atom c beam an ion beam and a plasma of an 1 nert gas. 18. The
met hodl asutber tomphises achaidrphbse wlirceibonthes sitittpsit ofiffh Silofl Beweahtad i r st
surface-activaaed éggi?n_gnd sai d second surface-activated region, the step
of forni AGUYHEISUFese 8l spiicorfugtivelivenans apaastiveted s faderafisaphwkane
substrat g,.apd 10 the second package substrate, and the direct bonding step
are perforned in a sanme chanber, and an interior of said chanber is
controlled into a desired atnosphere prior to the direct bonding step. 15
19. The method as set forth in claim 16, wherein said sensor substrate
conprises an integrated circuit operable in collaboration with said

detegting.portion, an oytgoing wiring | ayer connected at its one end to a
pad ﬁ# sgfidgirﬂ?tg’ﬁfiéﬁé’&o‘g‘il%&ﬁiq?ene?OFidFWcr?@i%nﬁl%&ébe pwpsmfovi di ng sai d
first su = Bis L L.0on, .an tal layer connected to the
ot her en%ﬁcg’?‘ﬁgg%%ﬁ%%‘ﬁg%%%@’#%%%&%%@gaan& aﬂnseel&a EOhIREP RS th a

t hr ough- heiveblsi pofgon movablpehtid Sh RackagensihSAh@t & GORBEbS eSotfind

through-hole wiring, a bonding netal |ayer formed at a position facing said
first net@Miguggdio pytpntaameleptriesignal asosding th iarmdsitienalldisplyeemenndt a
wiring netgl_|ayer fornmed at. an end portion facing said sensor substrate of
said t hp%adgh- 0(‘)’%@%\}’ PRUeE- 1y s é’r"f’éﬂﬁg‘? eq'PibéFraé%%é’E%Hdz@ gBe gifdopeesite | ayer,
and 15 Sudhdclr DaadeRdobelugeReachiakethaiiphacss aluapld ik fetal
| ayer and said bonding netal layef and a dir e@ ag%dgn% et m%oélr?lsegct[(}l vat ed
sur f acesthefothar dusfeconfisadtsehsbayebstasd; said wiring netal |ayer are
si mul taneously forned at roomtenperature.
orming a first surface-activated region on a surface of said frame facing the first
package substrate over an entire circumference of said frame so as to surround
said movable portion;
20  forming a second surface-activated region on a surface of said frame facing the
second package substrate over an entire circamference of said frame so as to
surround said movable portion;
forming a surface-activated region on each of the first package substrate and
the second package substrate; and
25  forming a direct bonding between said first surface-activated region and said
surface-activated region of the first package substrate, and a direct bonding

between said second surface-activated region and said surface-activated region

of the second package substrate at room temperature.

30



58 20. The nethod as set forth in claim19, wherein said outgoing wring
said first netal |ayer and said second netal |ayer are fornmed by a

| ayer,
process
et chi ng

et chi ng

netal | ayp@r Tardmsdidct agaendomitial clhbyere, uihédeirs @bt fiaweduiRiahethayed i s
10 21. The nethod as set forth in claim 16, wherein said first

sur f ace- &e8iP0ctd Sﬁ@mcbwl‘f%cef*mtﬁ@ieﬁW&O@,rtbc@ysfacch@mﬁtadgeglmmﬁ ¢ips of :

exposed.

conprising the steps of: 5 fogging a lower netal |ayer as an

stopper layer; formng an upper netal |ayer on said | ower netal
| ayer by use of a netal material different fromsaid | ower netal |ayer;

and

only said upper netal |ayer at regions corresponding to said first

f | til | at fil aid frane of sald sensor
subst r ot Britddes B Shps ity Shd M bredhifpaddies wmtm Rl B RAG Of i 1 m by

etching ha
| ayer on t

e flat surface; and irradiating a

pl asnma of an inert gas to a surface of said netal Iayer

10

15

20

25

30

18. The method as set forth in claim 16, wherein the steps of forming said first
surface-activated region and said second surface-activated region, the step of
forming the surface-activated region of each of the first package substrate and
the second package substrate, and the direct bonding step are performed in a
same chamber, and an interior of said chamber is controlled into a desired

atmosphere prior to the direct bonding step.

19. The method as set forth in claim 16, wherein said sensor substrate

comprises an integrated circuit operable in collaboration with said detecting
portion, an outgoing wiring layer connected at its one end to a pad of said
integrated circuit, a first metal layer for providing said first surface-activated
region, and a second metal layer connected to the other end of said outgoing
wiring layer, and used to connect with a through-hole wiring,

the first package substrate comprises said through-hole wiring, a bonding
metal layer formed at a position facing said first metal layer by a same material
as said first metal layer, and a wiring metal layer formed at an end portion facing
said sensor substrate of said through-hole wiring by a same material as said
second metal layer, and

a direct bonding between activated surfaces of said first metal layer and said
bonding metal layer and a direct bonding between activated surfaces of said
second metal layer and said wiring metal layer are simultaneously formed at

room temperature.
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22. The nethod as set forth in claim2l, wherein said nmultilayer insulating
filmconprises a first insulating filmof a silicon oxide filmfornmed on
said frame, a second insulating filmgg a silicon nitride filmfornmed on
said first insulating film 25 a third insulating filmof at |east one
interlayer insulating filmfornmed on said second insulating film and a
fourth insulating filmof a passivation filmfornmed on said third
insulating film and the flat surface is formed by performng

et chi ng % ck with use of the insulating filmother than said fourth

i nsul at i @ it metiod s setirHyinselappdP, biessiasaid ggtgoingirimhkyastsaot as set

forth in i r.ei_n, the etching back |s rformed by use of the
silicon ﬁllﬁlftﬁlgagg fz}yleﬁ]@%fi Sl Csoélgorﬁ J‘#%?&F&f? #‘f’é"%%il?ﬂ %Er?cf‘?égé?f’@ﬂq’?&‘%

st opper tiayefeps of4. The nethod as set forth in claim22, wherein the flat
surface is forned by a process conprising: 10 a first etching back step
usi ngp t heorgiihg @dnwer rmdtdelafet as ah etahithgstopme lapayl ating fil mas the
etching stopper layer; and_a second etching back step perforned after the
first et 2 7 RIPDEE prpial Jageo Py srid slomics gretati lager bynved of & andtal st

insulatiHgvéﬁ%g¥géﬁﬁﬂqhﬁﬁgghpﬂﬁa%qgg&ﬁ1%%%§r. 15 25. The nmethod as set

forth in ; erern said sensor . et e conprises an integrated
circuit epbigbbely sidelppePaidhi RYeMhi Fbé&{éjcéi‘?é%dﬁgg ROELHd0 st AR
conductive layer fornmed at a position closer to said fovable portion than
sai d firkyesanfsesl seeondanethl daypramtilavedd dventmetalldyerdorrpesed to 20 said

integrated circuit, the first package substrate has a through-hol e
wiring, and a wiring layer electrically connected to said through-hole
W ring, and a direct bonding between said first surface-activated region

and the surface-activated region of the first package substrate and a
direct b®hdTheg method as set forth in claim 16, wherein said first surface-activated

region is formed by a process comprising the steps of:
forming a multilayer insulating film on said frame of said sensor substrate;

15  forming a flat surface of said multilayer insulating film by etching back a part of
said multilayer insulating film;
forming a metal layer on the flat surface; and
irradiating an atomic beam, an ion beam or a plasma of an inert gas to a surface
of said metal layer.

20

22. The method as set forth in claim 21, wherein said multilayer insulating film
comprises a first insulating film of a silicon oxide film formed on said frame, a
second insulating film of a silicon nitride fitm formed on said first insulating film,
25  a third insulating film of at least one interlayer insulating film formed on said
second insulating film, and a fourth insulating film of a passivation film formed

on said third insulating film, and
the flat surface is formed by performing etching back with use of the
insulating film other than said fourth insulating film as an etching stopper

30 layer.



25 between activated surfaces of said conductive |ayer and said wring
| ayer are sinultaneously forned at roomtenperature.
59

23. The method as set forth in claim 22, wherein the etching back is performed
by use of the silicon nitride film of said second insulating film as the etching

5  stopper layer.

24. The method as set forth in claim 22, wherein the flat surface is formed by a
process comprising:

10  afirst etching back step using the silicon nitride film of said second insulating
film as the etching stopper layer; and
a second etching back step performed after the first etching back step by use of
the silicon oxide film of said first insulating film as the etching stopper layer.

15
25. The method as set forth in claim 16, wherein said sensor substrate
comprises an integrated circuit operable in collaboration with said detecting
portion, and a conductive layer formed at a position closer to said movable
portion than said first surface-activated region, and electrically connected to
20 said integrated circuit,
< the first package substrate has a through-hole wiring, and a wiring layer
electrically connected to said through-hole wiring, and
a direct bonding between said first surface-activated region and the
surface-activated region of the first package substrate and a direct bonding
25  between activated surfaces of said conductive layer and said wiring layer are

simultaneously formed at room temperature.



