1 DESCRI PTI ON SENSOR 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 mnethod.
BACKGROUND ART In recent years, wafer | evel packagi ng techni que has
attracted lots of attention as an appropriate manufacturing techni que for
conpact sensor devices such as an accel eration sensor and a gyro sensor.
10 For exanpl e, Japanese Patent fastwiPrbln cati on No. 2005- 251898 di scl oses
a manufacturing technique for a wafer |evel package structure 200, as shown
in FIGS 25A3KE DESHECHAND PRODUGCHINO MBEHIOD PHEREFOR package wafer 220
are arranged in a face-to-face relation to each other, as shown in FIG
25A. ThéE %q% Id? 210 has a MEMB (Mcro El ectro Mechani cal Syster’r)

el ement 2 1JI‘h% gntan{r%h%on re'iate% gOUt gﬁéor}gdg Ct r g&éc%lefs lial The

connected to sen5|ng portion (not  shown) of" elenen

package suRE& ard?d 8§ sénsdrh hAHIHe pRb&uMidr ﬁﬁetﬁé’cﬂ el ectrically connect ed
with the netal wiring 217 and a concave portion 221 providing a space for

ai rti ghBACK@ROUNP M VEMS el emrent  211. Then, by forming a wafer |evel
bondi ng between the sensor wafer 210 and 20 he pa age waf er 220, as shown
in FIG 258! merenhgears, wotsr ls¥el Rgekagipgcteghaique e RdraghechilAt of Fi nal |y,
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200. On“a surface e package wa e sensor wa 210, a

nmetal  dayiees 28hias &pémrhaoﬁ%ﬁmaawu&l@d@nent 211 of the sensor
body and 25 the netal wiring 217 electrically connected to the MEMS

el ebent 21For erampie, dﬁpénemenaEﬁﬂVd?ub@?épnm 2000r dukththdisclosegoncave
portion 221 i
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to the hhaegegl-ilal Ecsto-fage 22%hition ﬁooéamdoﬂieraaslshﬂem 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 electrically 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 v&a.fer
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




2 side of the netal |ayer 228 on the package wafer 220. In the
above-descri bed wafer |evel package structure 200, the netal |ayer 218 of
the sensor wafer 210 is bonded to t netal |ayer 228 of the package wafer
220 through a soldering portion 238 “Such as AuSn, and the wiring |ayer 219
of the sensor wafer 210 is 5 bonded to the wiring |layer 229 of the package
waf er 220 through a soldering portion 239. As the MEMS el enent 211,

accel er a{dOfr SRNSLES 1ARG 2B Bn IBBTRALRa Raite!d20. kNaWhe ApvthRsaapel eration
sensors, there are piéezoresistive elenent type and capacitance-type

accel er atafenleselnsokage Shei1cpnez20@ sihet mniad 1dyep & I8 cether senisonwhfers2iBor i s
capabl e _of detecting acceleration according to a _change in resistance

val ue r dshpiiedte Femmetal laxe2g® of the eagkass weley 229 GireHeh sssddeange
resi st ange o alaed MNSDALRE AcacketALlon L FRPLE AL Jhe, capachignce type

accel er gtl Oon” “sensor I's capa ng acceleration according to a

change idnak&ablthe wieaRAGL£20229 é}%\equa%@wsg&amoamoﬁg& ablgdeliggt r odes
when the acceleration is 15 applied. In the piezoresistance-type

accel er gorioon 239sor, there are cantilever type and doubl e- supported beam
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to the thpasitfietiyps. addBlerhifo®tsBaEoRaNdhetpiezordSidhifrestyppidcerérigan t ype
accel eration sensor is forned with a frame portion, a weight portion

di spdsedensyi igecapiibichel detanting ectdlerationnabcargiagrtoot chiwegd bl eesbstance porti ons
extending in OB osite directio fron1the.meight Portion and .configured to
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respect to eac ree directions orthogona t her have been al so
pr oposedensor fsOtaiAaifaletdananaseslfaitont addringPtblai cipingenirNelec2@O4- 109114
and No. 2004-233072. The accel eration sensors has a franme portion, a weight
por t i onCa@P&ptawg Hehweere sistionasy pnd movebiq ¢loetroderowhem the pesalgspiondam
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type and double-supported beam type acceleration sensors. The cantilever
type acceleration sensor is formed with a rectangular frame portion, a weight
portion disposed inside of the frame 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

256 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. 2004-1091 14
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




3 to be novable relative to the frane portion. In the above-descri bed

waf er | evel package structure 200, however, a prescribed anmount of sol der
is supplied to the netal |ayer 228 angd the wiring |ayer 229 by a sol der
shooting nmethod to bond between the tal layers (218, 5 228) and between
the wiring layers (219, 229). Then, a reflow soldering process is
performed to a |l ayered structure of the sensor wafer 210 and the package

waf er 2205e Thev 81018 ativb e tiiSrthd Héttiin€zor esi st ance-type accel eration
sensor body as the MEMS el enent 211, there is a problemthat variations in

sensor chailmcther ebovedessthed bedauldevel gmcttagt stuasse R0Q hbowegemiay 10 of
the bonding interface has an influence on the flexible beamportion(s). It

is estPredstPedramount Bl seldenfs sieppliedto thiemetal layer 228k the,¥idages as
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consi deration o e a pr €Ns,” a prinary concern of _ pr esent
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characteristics, which is formed by bonding a sensor substrate having a
conpact pseseserisgleefrentedstc b lageradcshectare of therosonamafer @¥Qoursditheor to a
package substrate_w t hout al nost causing residual stress at the bonding
port i onPaskrgmarafer, 43 sedBgrelonsyi odcdr LHBE1BE e MCZORGERETSR ¥BFr i ses:
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novabl y e openi and a ng ‘portion con out put

an el e¢hfikfoss g 8énsk COLEAREritBcRoRRT Hdcaisd reki Gphiagaisand tRE vidigigrovabl e
portion; a first package substrate bonded to one of opposite surfaces of

t hel@engbthe bondimigsnterfase asan dndupaekery the Obsiblabeathgrdtidnts) tes ot her
surface of the sensor _ substrate; erein the frane has a first

S aceeStimpls Bt atpon sl e ! e GEvutl Serp S eaties e e Se9seR age
SUbStraH@viBé!?éd@@n@%E&re circunference thereof so as to surround the

novabl e portion, and a second surface-activated region formed on 30 a
sur f ace SaCMARY OF HEE INUEPATIRNge substrate over an entire circunference

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




4 thereof so as to surround the novable portion, the bondi ng between the
sensor substrate and the first package substrate is a solid-phase direct
bondi ng wi t hout diffusion between the first surface-activated region and a
surface-activated region fornmed on tie first 5 package substrate, and the
bondi ng between the sensor substrate and the second package substrate is a
sol i d- phase direct bonding w thout diffusion between the second
SurfaCG}ﬁ&%ﬁY@éSQt%%ﬂh%%n%ﬁ%ﬁﬂﬁﬁHﬁﬁ@%%i@&ﬁiVated region formed on the
second package substrate. ccording to the present invention, since

each of thend bosdingsttweavtitt sk agpsisalsdniditiasfitst packaedsdisstidte isensor
substrate by the solid-phase direct bonding wthout diffusion, it is

possi bl @ t solidr-phdse plistsite nbemdingy avitheibngliffysiogenberweemar dlee erfirst i cs

d i dual t t the bondi. ti i t i
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addigioBacQ swdipge gfiqthe sensor substrate is bonded to the first
package  subStrate over the entire circunference of the franme, and the

ot her surf dee ledndihfebsenzar thebsdnsat esubsibatedathd aht heecagiorthcRagkage
substrate over the entire circunference of the frame, it becones possible
t o seal sahstrateeisjapolid-phase dagsiobondiagivathautodifiugionobgtsicde the sgeend rti ght
manner . F%r exaﬁgled when an,20 aépelerpt%oa senso%)is forqsd on the sensor
subst r aPBTER CHEFEUGAE At ABE phEV BT AR BE S dAR T AP R 10T SPHRRY of the
nmovabl e pekidOfhdirdihe sensor device. Alternatively, when a gyro sensor is
formed on the sensor substrate, a reduced atnosphere of high degree of
vacbhum canAbeondéxag itaetheaprddeat \incemtidry, sihce henchnof aht diggordridsecond he
sensor device. 25 To obtain the solid-phase direct bondjing wth_ good

bondi ngPatkagsgtHbstrates &s bppdsdic the sensor sHESHRESPY $he pali&-Phess ¢atEsH regi on,

the second, s {AEg,AGhinabed:e e0Bhne L%, St hassnash el schirgglon, of the

first packag r and 't Surface-a regron o he second
package sspitdil-Sctatiftidd Ye Qe tcPresRlad BRebs aatiedbsidihaGRrtign ih Ge beam

irradiated surface, and an atom c-beam 30 irradi ated surface. It is also
pr ef er r edsd biagsing o lemgtiragnment stibk dsgefowgobbiriveesas 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 possible 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




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

sol i d- phase direct bonding between Si02 and Si02. Alternatively, at |east

one of the MendiAgcheluesratRgidh L34 @Hrsiﬁ%b%dv&%cﬁgegiéﬁ%%eaﬁ%tt he
surface-activated region on the first package substrate and the bonding

bet ween fabkageswbstr sterdracttredaindiag betweegitha satshd berfack-bheaideatad trégiab ed
regi on on the second packa?e substrate is preferably any one of the
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and A 3g seEhbueEe AR Ry RREs R S 1 ShenesibPRene SBEROE G oo, “and
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first surface-activated region and the second surface-activated region
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entire circunference of the frane so as to_surround the novabl e portion,
and a r rEgORi Ry thmeprfaggpetivated cegiont Bt theirdrackage substrate ARAdRCsi de of

the out Slopdilf{ BOGARU Aetha LOHEAN ONELANEBALLP ufl Loualerencs al the

frame so a surroun € nova - 'S Case, her

| mpr ove refdnld@l iiecbhdl patkagd &gt NRSS préferdtily AlyRaketdfeHE apliy-phagter r ed
that an auxiliary sealing portion for connecting lget ween the outer
sur fi@c e darsci batdohg egfivean sindand e\, rthe rsoldriftase-dintdt vomindih g beivereni Gu f or ned

at plural |gcatiogns spaced fromeach other by a predeterm ned distance in
the cir @9fierenty the 8?11“%??‘?6?1‘18?‘3? H%n‘g‘P&ﬁEtWF?% #RE A% ewpoi nt of i nprovi ng
t he producti.o | Laj b i rength, 1L kS
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t he sensidreasdshe dBondang rehigbisity,f RGe- gefdryed eHat bedeadt Ohe iahki fisk package
substrate is an activated surface of an Au filmhaving a thickness of 500
nm or | eysfacernchigdiod mgiowiaad thigesesondorurfanssactataged gegian domepnisast @d

cirouit onergble L. 30.coll.abar ation iy the detecting RorLion, gnd the
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




6 connected to a through-hole wiring fornmed in the first package
substrate, the integrated circuit is preferably disposed adjacent to the
opening of the frame, and nore prefre?rably di sposed so as to surround the
opening of the frame. Since a sensing portion disposed in the opening of
the frame is located away 5 fromthe bonding portion between the first
package substrate and the sensor substrate through the integrated circuit,

it is pesahbliedits 4 widongh- ka6 HGEEnd Yoriel iHameen Rt phbRaRO8EbNFafOthé ON ON
the sensing portion, and therefore nore effectively prevent the variations
i N sensonteghated clireuiitstsi peferAblyadispesat rdihcenb oaithe wpening dicther st

i nvention, when an_acceleration 10 sensor is_forned on the_ sensor
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the Heamop@ithé %ndhﬁ'% poOftidd BBtwAMMEThAfi SN Fhck@BS @ubsErat® BARGheOssBe Sensor
substrate, it is preferred that the novable portion conprises a 15 first

mass bodybeirbteatienpugh thesinfegtdted ansanit it dadoasside dndfurtisy trolthgecoupl ed to
the first_mass body,. and the detecti ortion is confi%ﬁre? to convert a {

posi t i offffudigph A ??féloge%ﬁg‘% 1% BPT A st € B1°8% i onal
: . . : . ; . . body | nt
ol ot r 1 SEpAEVely BHEVERO UG tb R P Belor BradibREGARES, PO faor cubstrate

is formed by dipeefofre@rmiddiDeht 90b5¢ paéRnhadidigion, SithdiC @l dr¥Ria@in a

silicon substrate through an insulating layer. In particular, when t he
sens®dr semsarr @ forimesl an the egrsaresubstratg: tit ispueketeas ithatc dhe abovatlé on wit h

t he detectin ortion, a further reduction in  thj.ckness of the sensor
devi co BAHITE RO Brfthg e RCEUOR G CIIGE PPLVERBARS SR he
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addi tion, when the sensor substrape has a gonductlve |'ayer forned at a
posi t i osleth@gdorhed bhehabeabl riiont | nadldiaiont hdehia girosenfaciefasheéd at ed

region, and electrically connected to the detecting portion, the first
packageCBbst semser suhstrate, Ht évghefaped thiatithg mayable PACHEPR gomprises a
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to the first mass body, and the detecting portion is configured to convert a
positional displacement of the second mass body caused when a rotational force
is added during the vibration of the first mass body into an electrical signal.
In addition, it is preferred that the sensor substrate is formed by use of an

20  SOI 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
element 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




30 sensor substrate further conprises a solid-phase direct bonding w thout
7 diffusion between an activated surface of the conductive |ayer and an
activated surface of the wiring layer. In this case, it is possible to
simul taneously obtain airtight seali‘ng of the interior of the sensor
device and an electrical connection between the first package substrate
and the sensor substrate. |If necessary, the 5 sane solid-phase direct

bondi i ol ' iy | ] th
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el ectrical connection can to bond the second package substrate to
t he sensaffase bfthedvitingalyet.t Hartheoaeey it iefpokkiblptesieniltaneoanly dstairs t o
provi de a production method for the sensor device capable of avoiding the
pr obl empirtéight spaling photherinterieraef theeenspredevige andeapelegitingl sopnperrsuch as

variatigns in sensor characterjstics., That is, th roducti on net,hod of the
b1 esent PSR PG SRPHEESUPRE oL £ 11 SengsP SUPATALF- o [Lerearadatet r ate,

whi cl cQIpfel s%ﬁﬁ—ﬂqéée%é@%%h%gf@aﬁ%&ﬁ@bﬁ&mﬂtm%@? forREAE kRN AiFRYAPI Y held
in the opening, and a detection portion configured to output an electric
si gnal aedaiglhng the efequdsalt domnzktich Sphascmead tobohd thieescwoudldaekpge ti on, a
first package substrate bonded to one of opposite surfaces of the sensor
subst r afBbsiaate t9 hesengopahegaiesubstrate bonded to the other surface of

t he sensor bstrate; fornmng a first surf.ace-activated,region aon sur face
of the frafidtiBr REIYHE §PEProssat kR TERIS EF RILIAT APTasnant Pthiod

crr c_um‘ ESreiHeLs@sol hfevfdé%a%ﬂb 88 alSidhiy HQéJB%bl&Ql Ir&%llﬁﬂg’ U RSP, _
formng a second surface-activated region on a surface of the frane facing

t hel0 sestrds padicdgadup portatresunteas aarishdns @ sEnsoutharaehestods. t fibaft ranme so
as to surround the novable portion; formng a surface-activated region on

each of i% iBe preduciprersgecd eﬁ%h%%eéelahiawezs%lr?@nw&hséém‘éﬁ substrate;
and Tor B Aafhelh 1SEh Lo QORLIM D SIMBR oL LS 2 Bl %%@gg%‘toé%h%faeg' on and

the surtace- i'vated regi on 'St package su a direct
bondi ngmdvabwe gibriibs ﬁewaagr HHd age-1det bypehR, r 88408 aBEctiBR portion

surface-activated region o t he second package substrate at room
t enper ataniggured to output an electric signal according to a positional displacement of
15 the movable portion, a first package substrate bonded to one of opposite
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




30 According to the production nmethod of the present invention, since the
pp 6 8 solid-phase direct bonding between the sensor substrate and each
of the first and second package suba%rates is formed at room tenperatures,
it is possible to reliably prevent riations in sensor characteristics
resulting fromthe residual stress at the bonding portion. 5 To obtain the
sol i d- phase direct bonding with good bonding strength, it is preferred

that t h%ofi&fp‘ﬂas% WifRe %‘oﬁ@ﬁﬁg’ BLEFdne OfndoP &uPREAN a8 H! dRRCoaGE ¥Rt ed
region, the surface-activated regions of the first package substrate and

t he seecaddkepand pgeksgasilysataeaisefoimeded rbymusenperatrgs dnes péssilviead om c
beam an ion beam and a plasma of an inert gas. 10 In addition, it is
pr ef er r éelialxprevent vagigiions in seppagchiactqrisdics repyktinglramy theaceiebgi on and

t he sec%nd s%rha%lcg-a Iivac} dnregi on, the step of formng the
sur f ace HEPF FAER% P‘&é’r"&% the first package substrate and the second

packgge subgtdhe, taNGoltidphdié aglecP8RdaRG: x%itﬁp%o%ﬁebd}ﬁﬁflg IIRGhat R, R iSAME
chanber, and an interior of the chanber is controlled into a desired
at nos pherefetredpthiad rthe ditsh eudface ctctivatedi mgiot,ethe $avohldi sudaseactivadedi r ed

at nosphere can be set in the sensor device according to the kind of
sensor . 'EgPethgpata vated segiene ottheniicd Raskage HsiEde and fee sensor

ponai ng Sl BEHR R, Ak IR by {5 e FREoOR ok Rl o

i nert-gasn ggmsg{&gglgﬁﬂa@agqhgﬁr@@_i n 20 sensor device after the direct
bondi ng step. Alternatively, when a gyro sensor is forned on the sensor

subd®r at e, In hedditims plitr & apjaistre@ntthat ey f steped gir iformingo thee fdist ect
B 1 e Be RaRRled e S SHIRSPRCTS. oL B DL Sher degree of ovecuun
our 2SR R B ke b oI RACHRLAE AUk SBlp o o co
step. Vketorid'padeipe@iibstiasé, raiEtHodirédt Homldegy stepthreigeefdrinedififaadite i N
col l'aboration with the detecting portion, an out goi ng wring |ayer
connect eHamtber, and an interior of the chamber is controlled into a desired atmosphere
15  prior to the direct bonding step. In this case, a desired atmosphere can be set
in the sensor device according to the kind of sensor. For example, when an
acceleration sensor is formed on the sensor substrate, the atmosphere
adjustment is performed prior to the direct bonding step by introducing an inert
gas into the chamber, so that the inert-gas atmosphere can be obtained in
20 sensor device after the direct bonding step. Alternatively, when a gyro sensor is
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
256  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,




its one end to a pad of the integrated circuit, a first netal |ayer for
providing the first surface-activated region, and a second netal |ayer
connected to the other 30 end of the outgoing wiring layer, and used to
connect with a through-hole wring, y gF 9 and the first package
substrate has the through-hole wiring, a bonding netal |ayer forned at a
position facing the first nmetal |layer by a sane material as the first
netal | r . | } d P i ng the
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activated surfaces of the first netal |ayer and the bonding nmetal |ayer
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dth iri tal | i |t ly f d. t t )
B t hor e Substiats b BE e Ror ik S B8 e if FSHGT AR R IC PR 1 ot
metad | ayeh ARE- e pRGendaTRLAk d c.%rbcﬁfﬁgl%%lbeﬂv@eérpé%gatpcy SArLeS 8PS

conprising the steps of formng a | ower | ayer as an etching stopper
| ayer, tiof fitsigneial kpperandethal bdrading ni¢tal hget andra dtal b@aliag teyweatse of a
nmetal material different fromthe |lower netal |ayer, and etching only the

upper nattEyateayariagesrdgihensecomdr amanbivey ansl the wiringimgtaldayerages and t he
second netal, | aye ntil, the lower netal |ayer, is exposed. ln | s, case,
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bonding, it is needed that the first surface-activated region and the
sur f aceCi¥ng siopper Byeuriopningan tupper maial lyet e éhe yarmagtal pagsr Wont act
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formng a flat surface of the nultilayer insulating filmby etching back a

part of s¢dvadnunetdlllayer untik thatdwey hetahlayorisi axpoacdretlal thinygase,in@s t he

flat surface, and irradiat an at.om c hea an i qn beam or. a asma of an
156  the first and second metai a%ers having excelﬁenr‘psurgce %atness are formg(l to

be flush with each other, a good bonding state can be stably cbtained 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




inert gas to a surface of the netal |ayer. The nultilayer insulating film
is preferably conposed of a first insulating filmof a silicon oxide film
formed on the frame, a second insul bing filmof a silicon nitride film
formed on the first insulating fil athird insulating filmof at |east
one interlayer insulating film30 fornmed on the second insulating film and
a fourth insulating filmof a 10 passivation filmfornmed on the third

i nsul at iagsibhligh fifh Fhirsed a3L thd MRl Blsuistivid 388, | InPiR{ €4L30) Wnd @rfed by
perform ng etching back by using the insulating filmother than the fourth
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filmof the second insulating filmas the etching stopper |ayer.
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first etching back step using.the silicon nitride filmof the second
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I n addi hi@ieign hetiensesnd URsulat: Nas ik ithkegiing &bb?é&l tlapdgerabl e in
col l aboration with the detecting portion, and a conductive [ayer forned at
a posi Altemativeder theoflaheurfevalmay performadtiilan phleeess cempsisinigadinatt i vat ed

regi on, nd electrical|l]y connected.to the integrated circuit,_and the
first p&E‘%&’a%%a%]ﬁﬁ%?R ypuig s slieen Bifgkle o sryongigsylaling He fayer
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bondi ng between activated surfaces of the conductive layer and the wiring
| ayer ape the¢ gighingetnpriey lamrned at roomtenperature. In this case, it is
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collaboration with the detecting portion, 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, a_nd 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
subsirate 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 layer.

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




connecti on between the conductive |layer and the wiring | ayer. BRIEF
EXPLANATI ON OF THE DRAWNGS FIGS. | A and IB are respectively schematic pl an
and side views of a wafer |evel paciage structure according to a first
enbodi ment; 30 FIGS. 2A and 2B are r %pecti vely 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

C“’SS‘5ﬂ%ﬁcgofb?;k?j\é&eﬁ‘%orﬁ%@Qva@é%%l%ﬁ‘c%éa%?%ﬁ%cﬁhré-n FIG 3AF FIG 4is a

bottom vi ew e sensor substrate; 571s’a circuit diagram of the
sensor $UQSBAAE atofkiew 6/ sénsorisdpsitiatyy a@fd FId.i13B1s pavkagecsohdtviat e, and
FIG 6B is a cross-sectional view taken along the line A-A" in FIG 6A
FIG 7 itsken plongdheinaBdY in dGf BAst package substrate; FIGS. 8A and 8B are

respectiyely.to d crosszsectional yi of a second 10 package

subst raltFi(?' %Ilﬁaq?%{]%né(l%v&ﬂfa ?%lsé’ﬁlsﬁﬁgr\é%ecr oss-sectional view of a bonding
por t 5 onphgt ¥een citB §RRSANL TUREEALS anskiddig; first package substrate; FIG
10A is a top view of the sensor substrate according to a nodification of

t he pr@&s@nt6eniod mantvieandf K Girst Ofadlige substzatecandnBIG.veBnNis aken al ong

the line 15 B-A" in FIG 10A; FIG 11Ais a top view of the first package
subst r aceossceastignalview takepdiong e Bre Ao’ WG & ent enbodi nent, and FI G

11B i - i onal v | the line AA in FIG 1 1A FIG
1215 lendan e argett B ABEERFRE UG of  bondi ng portion 20
bet veenrihig. $ANSAA ShetrRtBedivel) top 9 aRdsIRetibhiiSticRACHOI&cabRst rate of

FIG 11A; FIG 13A is a cross-sectional view showi ng a surface activation
step) Fpackd@Bsulsstratecr 0ss- secti onal view showi ng an at nosphere adj ust nent
step, and FIG 13Cis_  a cross-sectional view showing a roomtenperature
bondi ng Fé@—e% isa schematic enlarged cross-sectional 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. 11Ais 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 Hne A-A’in FIG. 11A;
FIG. 12 is a schematic eniarged 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. 13C is
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;




25 FIGS. 14A and 14B are respectively schematic plan and side views of a
wafer |evel package structure according to a second enbodi nent, and FI G
14C is a schematic cross-sectional 'bew of a sensor device in the wafer

| evel 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; 12 FIGS. 16A to 16C are cross-sectional views show ng enbodi nents of

out goi Inmeeéé i6RGS RREBrELASSIdcabhY %%%E‘éﬁdvﬂﬂ% RetRER AP YR Second

netal |ayer; Flg%S 17/A to 17F are schematic cross-sectional views of a
met hod ofiripgodauch a@ctricAlgnshicdeng Getvanns atdcarida seseebn@dtdithpeh; nent; 5
FIG 18Ais a top view of a first package substrate, and FIG 18B is a

cr oss- sEEEPohéh t9ildl argleshemiapisFrosesestipmalvigws of -methadef podosing 9A and

19B are_respectively top.and cross-sectignal views of a second { package
substraf‘e“‘;eng‘i’ée‘%e ggcoﬁgg%@n%f?%o”éf% 9%@%‘?‘?t0nal view of a gyro sensor
devige BfEONAANGs tP top Ovidwt Bf rd ﬁ‘%@@%ﬂcﬁﬁ@é sudsEatdlahd RIGChemALd G pl an
view of a sensor substrate according to the third enbodinment; FIG 22 is
an enl acged-asctanel viawrtekew atdngdidve linn Aok’ ih lFEGsdaB84or substrate; FIG 23 is
a schematic plan view of a first package substrate according to the 15
third eFi&di hehtandrleb arg respectiyelyetam ped s6e30psaiioad! vevsHd g peeandackage

substrat eékéaréds El g.te_ZSA and 25B are explanatory views of a method of
or oduci RESFECBIRERA Fonal sensor device. BEST MODE FOR CARRYI NG OUT THE

| NVENTI £ 26b Red %Eﬁér’ﬁﬁtﬂ:Qr&é@s&&faﬁ%h%mdéiﬁél\%ﬁgﬁseﬂsbﬁ de@bs abcslani et of the

present invention and the production net are expl ained below in
det Hi | sa thiFdrestb&hbodityrent) I n the present enbodi nent, as shown in FlIGS.
1A 1B i’%rg 5 I1 (iass'a géeﬁggtiggian 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;
FIG. 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




it is explained about a case where a sensor device is produced by
fabricating a 25 wafer |evel package structure 100 conprising a

sem conductor wafer 10, in which a p! rality of acceleration sensor units
are integrally formed, a first pack ge waf er 20 bonded to one of opposite
surfaces of the sem conductor wafer 10, and a second package wafer 30
bonded to the other surface of the ((( sem conductor wafer 10, and then

di ci ng thdrosdhent | LYSHiRACK RS HAME L3t dORi3RALBIR warsl 10 i9Hetif&d sensor

device. Therefore, 1n the sensor device of the present 13 enbodinent, a
porti onasa@rseaspondbsigateol t h& peetidve codtespardingfte thd frstpagbhgnedferd®0 a sensor
substrate 1. A_portign corresponding to_the first package wafer 20 1is
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packgge st Tﬁetﬂféﬁerﬁp&nﬁaéﬁﬁéhta&vﬁ%@ﬁ&%gﬁ{so@ dhides!frdii 1Bk AP a&il sensor
devi ces can be obtained in a lunp sum wever, the sensor device of the

pr esent paokage sonciisrendbO|has aedadvantages thetosl yduradny mét dvospadtaggensganpl e,
each of the sensor %ev,i ces ma;i be individually produced by preparing a
sensor H0ViSEHSEPARE OREIPAG 1B RilRHIR SUBhsfovEvEReHte 87RO $EiC 6F HRS rst and
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sem conduct or wafer 10 is conposed of a support substrate 10a nmade of a
si | 1@ onsehdigatetavingn singeisapadmtlemgnt apdra paimoédosdirsksatentlinagkag®db such

as a silicon oxide fiJmforned on the suppqr ubstrate 10a, .and an n-type
271 PoonshsaRteenana, Wt B Citgcther SRl DTS TR b Prghd GiR b Eah
P . : . L ter.
0 e %@?fﬁé&ﬁa&@ ﬁ%&e#?ﬁeﬁoﬂﬁno{ﬁ&ﬁpﬁ%ﬂ é/ra@&ﬁ:?%% 28rihdy ?aétgp wal er

Each of rst package wafer 20 an econd package wafer 30 is

fornmed by D 6eepsdsegt antiddient,wai BOI waferl ise28s tiees@nicoadhotiriedter a
thi ckness of the support substrate 10a of the SO substrate is in a range
of 300 MBnist eoBPOsey Of at itReré sihstrath dQansmadet phg $ikiget subsals ath a range
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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 um, 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

_inarange of 4 uym to 10 um. In addition, a surface of the silicon layer 10c¢ 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
um 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 limnited 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




Is a general surface of the SO wafer corresponds to a (100) surface. A 25
t hi ckness of the silicon wafer for the first package wafer 20 is in a range
of 200 mto 300 m and a thickness gf the silicon wafer for the second
package wafer 30 is in a range of 1 4 pmto 300 pm These thickness val ues
are illustrative only, and therefore the present invention is not limted
to them FIGS. 3A and 3B are respectively top and cross-sectional views of

one 302666l QIRlHAR BENBOhERoh, FRET UeRPRNMYHRGN LA b 3h8Hcchlerdtiod | G 1A)

formed in the 14 sensor substrafe 1. In addition, FIG 4 is a bottom view
of the sessiraimiti Obaclsenaoy acteidratibAGRnedr thits heas el fagic rtisArED(fotini t S has
a frane portion 11 (for exanple, a rectangular frame portion) having an

i nner opBARLE, agerEnghlafsame pertion) pdpg eadnneiserening. & Weight RAEIQbrti on

11, and,four fl exibl tions 13 each fo din.a strip-1li shape and
navi ng. APEEFBPTHR it SR orran. b P A PectmiBre e edd our  ace
si des (Fkdpmein af sttipeiiReRBabe UMd hRVinkelibig¥. bihe ROk Postids 1P ide
novabl e relative to'the frame portion 11 in a swi nging nmanner. |In other
wor ds, thppusedhit thertoposurfzed sideoFab] $AS op ploe sedsomubiieby fnefleribdni ng  of
the frame portion 11 in a swi nging nmanner by the four flexible portions 13
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portion. 11 The franme portion.11.is for by use .,of .the support substrate
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above- dgsid BAheSHbriictlRItihad Swik¥ink MeaRbdiehy BRO thuraSe:8hRVbrtdnkI1@ 3B, the
flexible portions 13 are forned by use of the silicon layer I Qc of the SO
sub¥ld r atetendivey &bor fyurt dided 6f the wicldle potibhsnod8rdhétse dasuf poxticenilly snal | er
t hi ckness than the frame portion _11. The weight portion 12 has a core

sect i onTROATABRG RYTHOT ddt dhdenmed Jy1 1ge Fhtise SURRRTEHSYIBSIEIBpLPetht 0 the
frame pﬂ{s}g%@n%é%%é}r ‘iﬁﬂhaﬂﬁetﬁeogfﬁcf)hef%@s g]oIcSBE tth% %%L%ﬁlﬂféﬁragféeoi eaf

sections having a rectangula shape,
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top-surface side of the sensor substrate 1. That is, when viewing fromthe

above ofortivel benswr oftips silave hycedfe of thd80lenfbstmtei chgereftiyei thai sposed
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11.
The weight portion 12 has a core section 12a having a rectangular solid
shape, which is supported to the frame portion 11 through the four flexible
portions 13, and four leaf sections 12h, each having a rectangular solid shape,
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 difections 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 SOI wafer.
30 On the other hand, each of the leaf sections 12b is formed by the support




flexible portions 13 extending in directions orthogonal to each other. The
25 nuneral 14 designates a slit fornmed between each of the | eaf sections
12b and the frame portion 13. A disagnce bet ween adj acent |eaf portions
12b through the flexible portion 13°Ts larger than the w dth di nension of
the flexible portion 13. The core section 12a is fornmed by the support
substrate 10a, the insulating layer | Gb and the silicon |ayer 10c of the

above- d@ﬁﬁ&er?edlépofﬂﬁf 8§61 wé%rowt Bige A3 EH A0S de SR B Qénéo?%u%@,afatéect i ons
12b is formed by the support 6 il 15 'substrate 10a of the SO wafer. At

t he t opisthid agesisifae: afeetche)fmam]‘_seuﬂsﬁs" 12k is provideel dtopleisrfpeitiaf each of
the | eaf sections 12b is provided at a | ower position than the toF surface
he
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sensor substrate FI. G The a ortion t he on 12 5
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way, as shown at a lFower right portion of each of GS. 3B and 4, when

a hori zorirgy caiveatibhahlitdfogt dyghyf m&etcﬁnngltenhnblogesresponds to an "x" axis,
a horizontal direction orthogonal to the "x" axis corresponds to a "y"

axi s, and By1be®ive RpsBewa leclowss right Pratian aEerchseffdG=a e, 8Bcrd dsponds to
"z" ht Tl t th 11 b
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portions 13 extending in the "y" axis { direction at both si des of the
cor B) sethticknesd? diredtien r@dﬂn&r@ﬂs&r schoteitad eodbspysietn defd’naxg, the
above-descri bed "x", " "z" axes has an or whi ch %rmponds to
a cent eWe’pﬁS’EHthrE}an?fz %Sh%uRRﬂ{t%Fq Qteefra%nemfé”t% ’gﬁbyww&ﬁ the flegiflared by

the sil ESR;bdsai’ lext i id ?ﬁ ey #&fhﬁ%%o tsﬁlest&eth‘é'c%%gé&cﬂzo” lon 13

ext endi romthe COI’G section e wel g portion In a pOSItIVG

directi QBaOfathQnoﬁher%ﬁ,oflth@ ﬂezhbﬁ bbexdrdy espettbh@melih RO “posdxid oned at
the right side of FIG 3A, a pair of piezoresistive elenents (Rx2, Rx4) are
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15  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 10c¢ 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

g ??

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 “®” axis
direction. Each of the piezoresistive eleménts (Rx1l, Rx2, Rx3, Rx4) is formed

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




formed near the franme portion 11. On the other hand, on the flexible
portion 13 extending fromthe 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 FI & 3A a pair of piezoresistive
elements (Rxl, Rx3) are forned near the core section 12a, and a

pi ezoresistive elenent Rz3 is forned near the frame portion 11. In this
regard, W I Jﬁ?%h d near
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formed 30 in an elongate rectangul ar shape as a planar shape, and di sposed
such t hpiezpmrsistive elgiengs ast megacetedi e sdiiogs dﬁlfgllﬁ@rpiaé@m‘@M|w el ement
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substrate to obtain a bridge circurt Bx 5 shown at a 'éft side of FIG
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concentration regions of the flexible portions 13 where ff stress

concent FEEPD FoBECiTaLioN afctihe Where e acederationgisprpplied in tthe & axix s

dlrectlag_ ﬂ?ﬂ On the flexible portion 13 extending fromthe core section 12a
°H

of the 10 portion 12 in a positive direction of the "y" axis, i.e.,
the flexiblg @&rﬂéﬁ&elp%raeﬁuta &&eﬂdﬂg 18 tHERBFe Sd@RnOI2LbGhe3fei ?ﬁt pai r of
pi ezoresi stive el enent's (Ryl, are formed near the core section 12a,

andi@a ppeztivredi2sin wep@dmvremlhrelanbnlcﬁ’ thiedtytedkisiene., tthe flekéite ppotiond8 11. On
the other hand, on the flexible portion 13 extendlng fromthe core section
12a of PREtRBEGIAL thErUIRSH Side PhFIG ndfyal Pal afpigraresisiisn elsmarte (RyL, axi s,
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Zoresi strve el enen near e core

sect i onfokAfbd ABS thPirBRRN Sstdhl VE, eOAMBBlotReAhhidf ok MRE fleRMle bbaidd ane
portion 11. In this regard, the four pi ezoresi stive el ements (Ryl, Ry2,

Ry3, Ry4p d&gemdigignieam thvecarersecten tiZanoflde weightipedtitn laemeatnegetmi eration
‘N £5h © '('h%:ect?())(rll %f e “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 (Ryl, 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 (Rz1, Rz2, Rz3, Rz4) formed near




20 direction. Each of the piezoresistive elenments (Ryl, Ry2, Ry3, Ry4) is
formed in an el ongate rectangul ar shape as a planar shape, and di sposed
such that the elongate direction of %he pi ezoresi stive elenent is
substantially the same as the Iongi% dinal direction of the flexible
portion 13. In addition, these piezoresistive elenents are connected by
wirings (diffusion layer wirings and 25 netal wirings 17 forned on the

sensor %H%%Fa&ﬁé otthort 91024@{1%&@%&% aEbélEf-éltfonBMl tah ey at Bréc@idher of

FIG 5. The piezoresistive elenents Ry2, Ry4) are formed at
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circuit Bz shown at a right side of FIG™ 5. The piezoresistive el enents
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that the elongate direction of- the piezoresistive elenent is substantially
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direction 10 of the flexible portion 13. FIG 3A shows only a part of the
met &0 wof thxygBexiBlegportioa E®Nsor substrate 1 in the vicinity of a second
metal |ayer 19 described later. |In addition, i ffusion | ayer WI rings
are not shB‘W% $4 shpes only a‘ﬂﬁ‘é“bﬁ%‘fd?‘@s“ﬂ wiings 1 7&%&1‘3556(1R?T sybstests L Ryl to

Ry4, Rel, eF%éé&utﬁpgf ahseecaﬁfi {Jltigygmor %(ggcn*ﬁed'mér arhtqh Hﬁ - Be bye dopi ng a

p-type ihpufity i predet er m ne ron sites of | ayer

10c at aﬁfﬁ&ﬁWdr%ﬁngg%@@BE&ﬁbwgﬁn[@ Bhe ot her hand, the netal wrings
17 can be obtained by formng a netal film(e.g., Al fllm Al alloy film
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de 05|t| and_t hen tterning._the
p %‘Pusmn layer w@%ngs are g ormedm:by doping a p-type impurity into

predetermined formation sites of the silicon layer 10e¢ at an appropriate

concentration. 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. 6A, 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




20 fil m by using conventional |ithography and etching technol ogies. The
metal wrings 17 can be electrically connected to the diffusion |ayer

Wi rings through contact holes formed in the insulating film16. As shown
in FIGS. 6A, 6B and 7, the first pack8ge substrate 2 is forned at a
surface facing the sensor substrate 1 with a concave portion 21 for
providing a 25 space for positional displacenent of the novable portion
conprisedﬁgf t he V\BI@ISEJE? g(irtion 12 and the flexible portions 13 of the
sensor SHG8FSERECTISUEHAY Lplurality of through holes 22 (e.g., eight
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portion 21. The outer peripheral shape of each of the sensof substrate 1
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between a through-hole wiring 24 and the inner surface of each of the
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formed to be spaced fromeach other in the circunferential direction of
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24, for .exampl copper n be used., A tively, nj | .. be used.
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firsy paokrgensubatédte 2 has a tapered shape such that an area of an end
portion facing the sensor substrate 1 is larger than the area of the other
end porti ofn adiiem, ithe préfeoadthhbthe thirowglyhiode Wormedd ibyropet foothei firgt

el ectroplating in the 15 tapered cih{]ough hol e forned i the(;i rst package
subst r aPackagepubstirfesd Pasidotrncsed shppf seal thahPRfeednd apctad 8 Iqﬁ%{gi ng the
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the end portion having e small o ening area toward the other end portion
havi ng wher ahgeahenai-Rgleatwvaing 1HE60AYd 13 perfOuhiRigeslegebplatingdin hé he
t hrough hol e can be easily exhausted to the outside, as

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

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 connéction 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




20 conmpared with the case where the through hol e has a constant opening
area. In addition, since the plating solution is easy to put in the
through hole, it is possible to preiﬁnt a reduction in nmetal ion
concentration in the through hol e, d increase the netal precipitation
rate. As a result, there is an advantage that the through-hole wring 24
havi ng a uniformthickness can be efficiently 25 formed. A plurality of
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first package substrate 2 at an opposite side of thg surface facing the
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t hrough-hole wirings 24. The el ectrode 25 of the present enbodi ment has a
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wei ght portion 12. The concave portion 31 can be fornmed by using
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substrate 1 and the second package substrate 3 has a rectangul ar outer
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than the thickness of another portion of the support substrate 10a used to
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Next, a bonding portion between the sensor substrate 1 and the first

package dsybataraere of tse eyeilti pedion012; hen fheapbtagined itptwedn dhe eweightf t he
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concave portion 31 in the second package substrate 3.

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




20 first package substrate 2 over the entire circunference of the frane
portion so as to surround the novable portion conprised of the weight
portion 12 and the flexible portioni 13. The bondi ng portion between the
sensor substrate 1 and the first pac%age substrate 2 is fornmed, as shown
in FIG 9, by a solid-phase direct bonding w thout diffusion between an
activated surface of the first netal 25 | ayer 18 of each of the

accel er ghé @Bn&LRSHITtION 2B, AW cRBtAGH VR {Rar MroaghfHadRitihke net al
| ayer 28 fornmed on a corresponding region of the first package substrate
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the sensor substrate 1. 10 On the surface facing the first package
subd®r at e Onghe sndasefpcire thedfinst paekage substiate @ ofthe gensarmubstiage Lor ned,

which is_conprised,of,a.lamnate fil.mof a. sili.cqon .oxi film.and a
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insulating film1l6. 15 The first nmetal layer 18 and the netal |ayer 28 are
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preferably used as the netal nmaterial. It is particularly preferred to use
Au. Theipmtatingf{werl®| used in the present enbodinent is Au. To achieve an
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same metal material. For example, Au, Cu or Al is preferably used as the metal
material. Itis particularly preferred to use Au. The metal material used in the
present embodiment is Au. To achieve an improvement in adhesion between
the first metal layer 18 of Au and the insulating film 16, a Ti film is formed as an

20 intermediate layer therebetween. In other words, the first metal film 18 is
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 Alis 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 improveinent 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,




20 internediate | ayer therebetween. In other words, the first netal film18
Is conprised of a lamnate filmof the Ti filmfornmed on the insulating
film16 and the Au filmforned on tgfi Ti film Simlarly, the second netal
| ayer 19 and the wiring |ayer 29 are“forned by use of the sanme netal
material. For exanple, Au, Cu or Al is preferably used as 25 the netal
material. It is particularly preferred to use Au. The netal material used

in the presggph rSér?%QQWEQ&h bf (U firtAnBCHIENS B ahARKOREEA nidaPHREST ON_
bet ween the second netal |ayer 19 of Au and the insulating fiIlm16, a Ti

filmis 19 arthitknass anthetidilmpdirabe plaedsmebli Searinketangenf 16n0 G0han. war ds, the
second netal film19 is conprised of a lamnate filmof the Ti filmfornmed
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rim and a thickness of the netal wiring 17 is set to 1 m These thickness
val ues asstgdbthd Audilmgtit wepmfitryed dhdt thretliclesesst isintdatgeanhias $M niimted to

them In the case of wusing the An film it is preferred that_ the thickness
i s not [gmydhc vigwroBGOT FRPTEiRGYICHE ipi tbahondinoprachpy- oieAY fibPdsay n t he

bondi ng, pr.oces The Au film be. f.ornmed b S 0 r,i al
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between the Au filmand the insulating film16. In place of the Ti film
Cr, 10\b, impyovingl thd shesionhbetwdea they Abefilns @thdathd hsulatieg ifdin 160r Iit he
adhesive_ |l ayer. As _described above, when the first netal Itﬁyer 18 and the
second PHackiofjth di filmgCry b+ 2 il TN & dhefike mpax heusad g thige it is
ef fecti Iﬁ&éh% I .R\L8. 8., 15 reduction in production cost because those netal
| ayers having substantially the sanme thickness can be forned

si mul t aneousldescrib@l abdue, Sihkaaht figst el 1ay@R 18 ad @R seb8ndifletahRysecond
netal layer 19 are forned to be flush with each other on the sensor

subst r afl® dre formhedhby mscadf {heysame gnetadl rodterial,rit ig dffgptive 29 achieve a
15 reduction in production cost because those metal layers having substantially
the same thickness can be formed simultaneously. That is, since the first
metal layer 18 and the second metal layer 19 are formed to be flush with each
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,




are formed to be flush with each other on the first package substrate 2, it
20 becones possible to apply a uniformpressure to the bonding interface
between the sensor substrate 1 and %Be first package substrate 2.
Consequently, the solid-phase direct“bondi ng between the first netal |ayer
18 and the netal layer 28 and the solid-phase direct bondi ng between the
second netal layer 19 and the wiring |ayer 29 can be obtained wth stable
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sealing layer 15 is provided at plural locations spaced from each other in the
_circumferential direction of the frame portion 11 by a predetermined distance.

' 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 solid-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

25 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 (18h, 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




first package substrate 2 at positions corresponding to the auxiliary
sealing 20 |l ayers 15 of the sensor substrate 1. Therefore, when the first
package substrate 2 is bonded to thﬁ sensor substrate 1, the solid-phase
di rect bonding between activated su Paces of the auxiliary sealing | ayers
(15, 26) is also obtained. Mreover, the followi ng effect is expected by
the formation of the auxiliary sealing layers (15, 26). For exanple, when
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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 SiOs, and a solid-phase direct bonding between SiO; and SiOs.

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




substrate 1 and the first package substrate 2 may be forned by any one of a
sol i d- phase direct bonding between Si and Si, a solid-phase direct bonding
20 between Si and Si 2, and a soli d-gl&ase di rect bondi ng between Si Q2 and
Si2. To formthe solid-phase direct"bonding without diffusion between the
sensor substrate 1 and the first package substrate 2, activated surfaces
of the first -netal layer 18 and the netal |ayer 28 are previously forned
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be formed on one of the sensor substrate 1 and the second package substrate 3
to obtain the solid-phase direct bonding between Si and SiOs. In addition, the
5109 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  Si0Oz. 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




Si02 | ayer may be fornmed on both of the sensor substrate 1 and the second
package substrate 3 to obtain the solid-phase direct bonding between Si 02
and 20 Si 02. Furthernore, is also,preferred to use the solid-phase

di rect bondi ng between surface actlggted regions of a metal material such
as the direct bonding between Au and Au descri bed above. Thus, if
necessary, the solid-phase direct bonding can be fornmed between the sensor
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activation treatnment, an argon ion beam 15 is irradiated to the surfaces to
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sur flg Ceisafrtra do to reesal} AT totbreetreg‘}e%rija Ipre gt%l%rrn%leci time period (e.g.,
300 seconds). During the surface activation treatment, the internal pressure of
the chamber is maintained at a lower degree of vacuum (e.g., approximately 1x
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 accelerati_on 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




t he chanber is maintained at a | ower degree of vacuum (e.g., approximately
| x 10-2 Pa) than the above-described degree of vacuum In place of the
argon ion beam anatom c beamor a Qéasna of argon maybe used. The gas
used for the 20 surface activation tfeatnment is not limted to argon.
Alternatively, an inert gas such as nitrogen and helium may be used. After
the surface activation treatnent, an atnosphere adjusting step is
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i ntroduction valve Vi, and a(?%as exhaust val ve V2 of the chanber.

pr e\éen'ﬁl t hAfter Bhe Bierak pidheshamperas coyaples %qjﬁlﬁie@érer:@%gbar%%% gnt act
. _ . et Fot . f
wth ti %g]r%gE §§ﬁe’u§n§'b§h{v dn ﬁeﬂ& Jak&t’éélgl%&s%ﬁ-ﬁ{l rsﬁgfatcggtofh@?eﬁ?stt ere

adjustin n e ing s are ‘conti nuous performéd 1n the

chanber 1¥el hOBltandeROMEIEL [Fel BB QUERE AR5t ﬁ&&ﬁé d BEbsRARY ROthOTitebe chanber
is controlled to the desired atnosphere, the d{?rect bondi ng between the

act i at bdndimy heowepAthAactvatedcasifacts (heAu selidpiteat bdmslpeg) oBtlamd t he
metal |ayer 28 of the first package subsfrate 2, the direct 10 bondi ng
bet ween SEsRRRIEtIdEEH 19 anddds wismedayeh ?&fﬁhsééstbeérgﬁ%a)su&ﬁ 2: second

netal | r t L. e 9 j packag | te 2,
and the |8r Té%'? CEI([)E%& ﬁ?%@m@%ﬁe%‘%t?@é’? réé(}fssflﬁir#a}tggs %? - %l)lﬁisjgﬁ%é phase
bondi nghoafliddpeffthanRaier bb@ivnl 1106f tie seeaFosulssthater Rt dl tied detdied second

package substrate 3 are fornmed at roomtenperature by applying an 15
appr opr patkageoatibetrage , 33@0c Njormgsl sifoweorin tEn@eratees Thuspplying sl i d- phase

dirpet_bondi 00, B9415% SUDRIGH), 2 Wols £eRQUReStARSS Al L%BR0dI no
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




can be obtained under the condition that the interior of the sensor unit is
mai ntai ned in the desired atnosphere. Since the wafer |evel package
structure 100 of the present enboding t has 20 the direct bondi ng between
the sensor substrate 1 and the first package substrate 2 and the direct
bondi ng between the sensor substrate 1 and the second package substrate 3,
whi ch are fornmed according to a | owtenperature process such as the
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the “x” axis, a positional displacement of the weight portion 12 relative to the
frame portion 11 occurs due to an inertia force of the weight portion 12 acting in
the negative direction of the “x” axis. As a result, 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 (Rx1l to Rx4) on the flexible portions 13 change. In this case, the
piezoresistive elements (Rx1, Rx3) receive a ténsile 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 extermal power

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




frame portion 11 occurs due to an inertia force of the weight portion 12
acting in the negative direction of the "x" axis. As a result, the pair of
the flexible portions 13 where the ?gngitudinal direction corresponds to
the "x" axis 20 direction elasticall ¥ deforns, so that resistance val ues of
the piezoresistive elenments (RxI to Rx4) on the flexible portions 13
change. In this case, the piezoresistive elenments (Rxl, Rx3) receive a
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conpression stress. In general, when the piezoresistive elenent receives
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pi ezor egkgiuld/ Qortions 13, and the sensing portion is formed by the piezoresistive
elements (Rx1 to Rx4, Ryl to Ry4, Rzl to Rz4), which are gauge resistances on

the sensor substrate 1.

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 (Z1, 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




elements (RxI to Rx4, Ryl to Ry4, Rzl to Rz4), which are gauge resistances
on the sensor substrate 1. By the way, as shown in FIG 5, the sensor
substrate 1 has the two input 20 t\%&i nals (VDD, G\D) shared by the three
bridge circuits (Bx, By, Bz), the t output termnals (X, X2) of the
bridge circuit Bx, the two output termnals (Y1, Y2) of the bridge circuit
By, and the two output termnals (Z1, Z2) of the bridge <circuit Bz. These

i nput t geRbARakS dhépe inQW) ?%anein@éﬁhhéﬁfﬂ NAH 8d6¥bn, XBe seddnd Qeta?—ly Z2)

are formed on the surface fTacing the first package substrate 2 by 25 the

second hmteas 1Payrerssrdrtgedomdayefrent eacabtherdnnhe ciredntierehiiel tieotigh ofiol e
wrings 24 formed in the first package substrate 2, That is, in the present
enbodi nehf rampreEighd Ineinthe sigseat sobgdimest. i gagtofdhgmecrsd a8¢i8hs on t he
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the ®i gRéctaRgh@eahpas is configured in a rectangul ar outer peripheral
shape (a square outer { 29 peripheral shape in the present enbodinment). In

addi ti on{Sedendsbwbadimentdl |ayers 19 are arranged away from each other in
the circunferential direction of the frame portion 11. In the%t{)resent

enbodi nent A8SHR B FiGe L8 dRdlfet & Waldykvel peckageysupsius ok thach of |
f i . : L.on . i | S
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of the cptepsetiatetodiciest sibstast RMhadldry ICheeGaNEERSotthat tofn tdhe first
enbodi nent except that the sensor substrate 1 has an I C region E2 ot her
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execut ersfigaabePrDESSSi ddfhsing 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 (Rxl 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 E1l 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




15 such as anplification, offset adjustnment and tenperature conpensation to
out put signals of the bridge circuits (Bx, By, Bz) explained in the first {
enbodi ment, and an EEPROM f or storing data used in the signal processing
circuit. Therefore, in the follow ng 8xp|anation, t he sane conponents as
those in the first enbodi nent are denoted by the sane reference nunerals,
and the 20 duplicate explanation will be omtted. As shown in FIGS. 15A

and 15Bpottién IANE0thes bbsddraditbstrat 1 BEIY psditht LMRHIEBRthsSa figigged With a
sensor region El conprising a part of the frane portion 11 explained in

the fir outsidbdunaesion thhe thei ofthedust émbhodizpenthe I bexirbyerdspsince ths 13, and
the piezoresistive elepents (Rxl t X4, | to Ry4d, Rzl to 25 Rz4), the IC
regi on ESUSERAYRFUAIE § H?‘%GF EFaéFﬁ?éY}RﬁPAh a\gwsﬂ%&f%s&r@@%ﬁa@n Bdndi ng

crbodi mons SRR s, P DE b B B8 AP (L Foltich 11, R A,

desi gnedonsatehpériiah 2hefsneIREt pagiaR Sbstatp@id ivhrd R balggbstantial |y
center portion of the sensor substrate 1, the ICregion E2 is forned
around tit efdhedirst egihmsliment socktbat the sordir mggivede banB3thesiG tagied  ar ound
the IC E,égi on E2. Thg franme. 30 l_J‘oortion.ll On% t he. sensor substrate 1 of the
pr esent CEHSATRER™AdReS hgetoricays SOOI e AT EHANH AT UG BPTHME fi r st
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wi dt h di mension of “the frane portion 11, the integrate Circuit can be
mount ed onThbeefi@rriyatsdt wafer 10.is farmaetlby uea of an SOIandar, asiarthe @as€1 of the
first package substrate 2 is formed to be larger tan that of the first
enbbdi nehthe fept epdrodiment ey I¢ ageion ER isnpreférebhCiorayicohy wingra
accommgnat in_the concave portian. A mél tﬁl ayer str%ﬁtcure rtilg,g 41 of
the | C FEYHSTCENHRE S FCRRIIUC PP hIE G A ISEUEHOR AR (L R 2RFE Pottts B 21, The
sem conguesQrEMNGI L thd Osdribof QRIBRErdY 1SeapfihanSPLeaial £5, ofthd Nehilgr case 10
of the first enbodinent. The I1Cregion E2 is preferably formed by using a
mul ti | ayebstnatel dg aheodmilgtieg tiimadiéi &y ranade thyica ilaminatedcilnpicfda dire of t he
IC region E2 on_the sensor substrate 1. At the |1 C region E2 of the sensor
subst r aftsWating Blmsof aisiiees oxider Blm o Hagnsiliqen %ayﬁarﬁ%fa@@@ gepeanst a first
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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




15 insulating filmof a silicon nitride filmon the first insulating fi
and the nultilayer structure portion 41 is fornmed on the insulating fi
16. The nultilayer structure porti 05 41 conprises a third insulating f
of at |east one interlayer insulati & film(silicon oxide film and a
fourth insulating filmof a passivation film(a lamnated filmof a
silicon oxide filmand a silicon nitride filn) 20 on the third insulating
film Byid@RBNINGoARPERRS AkSe %@h&h@n?oﬁiorf kero %lhélaéi%ﬂ%ﬁ HidcBsifig
plurality of pads 42 can be exposed.” Therefore, 1n the pr esent

enbodi mentciita o widcdeally obeatdtod tb dize sedSinigspartiopaseditobuihehe sdat=adt | ng
film1l6 (the first and second insulating filns) and the nultil ayer

st ruct uPEOCEEHg BHCHY: (the third and fourth insulating filns). On the other
hand, at t 25 bonding,region . E3. the second netal |ayer. ' rmed at
or ur al | ocdt aE BB EE L 2 R prose SRR L B B i Ty orE T are
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result, the pad 42 of the IC region E2 can be electrically connected to

t he wi r inmateniel,adnd dyey a2® chotinedusly foomedendltefnatively, rasostydwindh FIG.ri ng 24
of the first_ package substrate 2 through 30 the outgoing wiring 43 and the
second |the Qe Withas Sty 8y be fofmed | ipdepsrdgily &6HndRE sFcPBdt he
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Circui t Jathindtbe fB@NFQm AURE 4@ alTiGind foe aahesSPRlingiFooeiBRAL , as shown in
FIG 15B, 5 the outgoing wiring 43 and the second netal |ayer 19 are made
of d0sane Byatherway, whenl thheyurface protectinndawiny4d ¢s frethedddn ¢hegenesdly, as
shown in i

FIG _16A_ the outgoi wiring 43 may be forned independently from .
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appears between a first region where the pad 42 of the ICregion E2 is
f or ned @edtiensiéde mgedeqito formhdhe ouligoing adoing 4 fen cleairinally ropmegcting fir st

met % | %%g{ree]f?ﬂ%r Sacfl %”31" ﬂle%erégloor{ E}bsans& fife second metal layer 19 along a

side surface of the surface protection layer 40. In the case of FIG. 16A, the
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thickness of the outgoing wiring 43 can be independently determined from the

thickness of the first metal layer 18 and the second metal layer 19. For

example, the 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 continuous 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




portion, it is needed to formthe outgoing wiring 42 for electrically
connecting 15 between the pad 42 of the IC region E2 and the second netal
| ayer 19 along a side surface of thg surface protection |ayer 40. In the
case of FIG 16A, the thickness of %e outgoing wiring 43 can be

i ndependently determ ned fromthe thickness of the first netal |ayer 18
and the second netal |ayer 19. For exanple, the thickness "A" of the

out goi nghWistdgBordidnl & thelsukrRcb®rbeicaish 1hymao.he 20 thickness "B" of the
first metal layer 18 and the second netal layer 19. In addition, as shown
in FIG 16B; the fillm formhton edagehfor thh@mmlgglmglrw%n@w@ﬂmal kwesecond

tal | 9 t |1y f ti
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of the flrLs case,
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met af | aylarthéﬁ a@nﬁpémeﬁm@re@l HRA# a tRitRhedDcath €spointtithd wamsémnt@r med to

have a thickness (Ti) for the outgoing wiring 43. Subsequently,
t hi cknebstweliruthatitkness Pirarst thedthjokhesshB2 (@ngl,ya {amirfated diloweolad ’ITl ayer 18
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t he surface protection m-ormati on stage
out goi ngowebpHigliag, totthe frst ahdnetahd naytar layéts A8l 19)ehysasapdthetbakr | ayer

19, a lower netal |ayer having the thickness T2 (e.g., a lamnated film of
a TROf| nmtahleyamamnfetqhmgﬁtqm@rﬂayef i | ' Fyus, sthﬁiﬁifgftﬂn;ﬂ $Qﬂ0@§dn€'@lmr¥ hen an

upper é? a thic SS.CoI T a difference between
thethl ed KhERh s 38 el 81a eaa%m o B° T film

and an éHvéﬁﬂa@aQ@héﬂ‘&eTﬂnélh{é& of $hé ﬁfé%cPQeéoB%l R apEsqLe! 89fEan | N Lhe

t hi ckness adj ust ment stage, the upper netal layer is etched at the regions

corres pbﬂcha’:kgyt@nltftﬂleﬂl nad andmpecondemeirabutfaye flathds; ofl@e bystusmdig t he

| ower 10 netal |ayer as an etching stopper |ayer. Thus, the first and

second Ae¢ad Flagreﬁl layerg §18, 18) Cﬁlaapeh@c tECd hi Ak fetesuity it 4% NOESIHIR &9 ned. I n

th|§ case the%% e},rg C&dvantlcg% that t he thickness of the first and second
L7 PrPgy

I ayglr"gsve( Ah T D8 “eads F?/nsc%n ot ed, and an i nprovenent in

sur face flakn@ssroh Fiee fad, st is%do 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
on the 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




second netal layers (18, 19) can be achieved. As a result, it is possible
to 15 inprove the production yield of the sensor device. As shown in FIG
16C, it is also preferred that the og&going wiring 43 has a two-I|ayer
structure of a lower wiring |layer 43a and an upper wiring |ayer 43b, and
the upper wiring | ayer 43b and the second netal |ayer 19 are integrally
formed in a continuous nmanner. For exanple, the |ower and upper wring 20

| ayers (43gan B8RLhiveyd B drevdmthddisdohdedtivat thkl dutedihgavifingf43.m and an An
film on the Ti film 1In this case, the outgoing wiring 43 can be obtained
by a proceddternamely,sibstpadhe theapsparf wirorgraygr B8, Hosvbowen wiring lagger 43a on

t he surface rotection |layer 40, and form ng the upper wiring |ayer 43b on
the | oud? Rf G ykmed A0 t2h EORERIBOGY %rfﬁrn‘@iotﬁﬁ@eﬁﬁg? vql?ﬁ'yaﬁg | ayer
43b, th L.r a - S d I r : | Al tage |y
f or med. ?QP{?E fi icggegtglso?g?%eﬂ{%tﬁg%i%fva%géﬁg %%?%lsﬂggf%r(%ghe t%y%e equal
t 0 a5t okphultbhedingds Sfopheli g kioyatey ofaftGhriing eheWMdvwdrgwhayerNsyéd 3®a. 43b) .
Consequently, it is possible to increase the yields in the bonding step
bet weenSufbseguersly, Subsuppare wWiringd layes #3bstis plackigge ons windy r at region
Furthernore, an..li m%r vement .in reli agzl ;Fﬁ% f .electrical . 30 connection
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Al ternatively, 1nstea e upper wring layer 4 r-wring
| ayer {B3a,M3b)be integrally fornmed in a continuous manner with the second

netal layer 19. In this case, the first and second netal |ayers (18, 19)

arel® si nuNeahetleTines br FEES| A78h 37 Ep aoprddsraiiongmetieod ohdhevienispy | ayer
1% o SHRRRRAETD o o B LBP Bt A L T, SRRV o3 on
wiring tél%i?%oﬁ%%gbﬂwﬁsiak&yoéshfecﬁ%%k&ﬂiaf&igeﬁ& e AlE ihgMEr 18Rd upper
wiring layers (43a, 43b). 10 Next, referring to FIGS. 17A to 17F, a
pr oduct additivet, hbe stfuctine cfariSon 6Asishaderiatsetht @ftgbing wiree48. enbodi nent i s
expl ai ned E‘glsgwdﬁ‘f%as?gn Oll;y;‘l %nsrmé; Ai'or the bridge circuits (Bx, By, Bz), the
15  piezoresistive elements (Rx1 to Rx4, Ryl to Ry4, Rzl to Rz4), and the IC region
E2 are formed on the general surface (a surface side of the silicon layer 10c¢) of
the SOI substrate 10 by using a CMOS process technique, so that a structure
shown in FIG. 17A is obtained. In a stage where a step of exposing the pads 42
of the IC region E2 has been finished, the multilayer structure portion 41
20  described above extends over the entire surface of the insulating film 16. No
metal wiring is formed at regions of the multilayer structure portion 41
corresponding to the sensor region El1 and the bonding region E3. In the
present embodiment, the surface protection layer 40 is comprised of the
insulating film 16 and the multilayer structure portion 41, as described ahove.
25 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  bonding region E3. By using this resist layer as an etching mask, a planarizing




to 17F corresponds to a cross section taken along the line A-A" in FIG

15A. In addition, the structure of FIG 16A is used as the outgoing wring
43. First, diffusion [ayer wrings fQEI- the bridge circuits (Bx, By, Bz),
the 15 piezoresistive elenents (Rxl "'to Rx4, Ryl to Ry4, Rzl to Rz4), and
the ICregion E2 are formed on the general surface (a surface side of the
silicon layer 10c) of the SO substrate 10 by using a CMOS process
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where a step of exposing the pads 42 of the IC region E2 has been
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over the entire surface of the insulating film16. nmetal wiring is
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the surface protectio ayer 40 is conpriseé I ng m 16 and
t he sul petfay®ed Syiedny 6 Wwerdttltingdihe RSof@ S66i 18 TDAE a sBRcdmithiS St age,
the surface protection | ayer 40 does not have the above-described step

por t i onizatof the fregulpting Shinrkp tsHesest apaw Etabipg stapper kyepadds 4xesultpht t er ned
resist layer. is . formed on éﬁg gsnergl sli)gace of the S ubstrate 10 so
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t he Senin%teﬁﬁgﬁ@éyeﬁcl-@ﬁﬁpéeﬂ% 30 bonding region E3. By using this resist

| ayer asS an etchi'ng mask, a planarizing i E 34 process is perforned. That
I's, a pl an8ubzegheaittyf, aceirifg foheation dtatofot é@intigHB eiotitgding RBEANBWIRSChi ng
back the region of the surface protection |ayer 40 corresponding to the

bon#? ng the geaeraksurfpse i the SQlespkatratgy R is periommedd andothet fizpt ractad r uct ur e
shown in Fl 17B .1 s obtained. en.t.he et chi ng back, st IS 5 formed by
means o?ay\%& Sef’(%&ithﬁ,sef%& %%%%eﬁgél ENN {‘fﬁmfealcfﬂ g‘i‘e Bo"%&%gcli?@#%r de film
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of the planarizing process, the above-descri bed step portion of the
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for formng . the outgoing w rigﬂ 43 on _10 the general surface of the SO
subst r aPBtENINg ¥iniag ARl ﬁ‘gﬁ‘-‘;e metAldlmerei r¥extaapatterned resist layer is formed

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 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 10¢ 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




| ayer 18 and the second netal |ayer 19 are fornmed on the bonding region ES3.
Conventional thin-filmdeposition technique such as sputtering, and

| it hography and et chi ng techni ques a&s preferably used for the formation of
the outgoing wiring and these netal "T'ayers. Next, a patterned resist |ayer
is formed 15 on the insulating film 16 so as to cover regi ons correspondi ng
to the frame portion 11, the core section 12a of the weight portion 12,

the fl exhil ehePiRlshi-AN6 laFds 1ODEuhEi6ROEO M EStchnsl ippePNgieng region E3, and
expose the other regions. Subsequently, a first patterning process is

per f or ned. Afteathé¢ Srstipatteshing priocsss isdiished, aypslthaseaist tyehiswpmaskl, t he
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process, the insulati ng | ayer 10b is used as an etching stopper |ayer. As a
25 r esulthe &faf postitny Rbptha Ki négien Fidaed dhe boodaid fegimm Edy endigpost t he SO

substrate 10 remains the regions corresponding to the frape portion 11,
the cor 81 SHReT Erpams, ARSCHREXTH & ss6PRd rgterging Reoqees rlég?eaﬁe@fdand t he
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process, for , referred to per etchfPng by use of an
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condition is set such { 35 that the insulating |ayer 10b functions as the
et cH? ng 18doppéfter djisr resigt dayarhés fremyvegatdwr sfakgngr sc essformefli i shed, and

the resi st layer is renoved,. at.terned. resist_layer is forned.on a
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i's perf gatrefhihB pRocess, the support substrate 10a of the SOI substrate 10 remains
at the regions corresponding to the frame portion 11, the core section 12a, the
leaf portions 12b, the IC region E2 and the bonding region E3. As an etching
apparatus suitable for the second patterning process, for example, it is preferred
20  to use an inductively-coupled plasma (ICP) type dry etching apparatus. The
etching condition is set such that the insulating layer 10b functions as the
etching stopper layer.
After the second patterning process, a separation process is performed.
That is, the frame portion 11, the flexible portions 13 and the weight portion 12
25 are formed by removing 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.




substantially vertical direction by using the silicon oxide film10d as an
etching mask to have an etching depth reaching the insulating |ayer 10b
fromthe bottomsurface side of the,SO substrate 10. By this second
patterning process, a structure sho in FIG 17D is obtained. In this
patterning process, the 15 insulating |ayer 10b is used as an etching
stopper |layer. After the second patterning process, the support substrate

10a of the aAS@rusHbistdiaie 49 Fi@Mal7RSis @taldl bf%&a&eﬁ%érsﬁﬁ@m%ﬂwngo t he

frame portion 11, the core section 12a, the 1eaf portions 12b, the IC
regi on Eachnd thieefitsoneickgge egbetrak32 disown iet EitiShgl8Apmakr a8Bsasdithabl e f or
t he second Qgtterning process, for exanple, it is preferred 20 to use an
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13 and the weight portion 12 5 are formed by renoving undesired portions

by neanshefirstemetsl dayargl 8 whitie séromvisudpstiate degnidbhise pwtaldepon@Bng the t he

frame partion 11, the core section 12a, the IC region E2 and the bondi ng
regi on BESiGPagHage sHERirats ﬁ@nﬁﬁ PR toeperatigsshprding befwern asavaledwn in

FIG 17E.i ' wnl: ' ' r : i.l§{go ide film
10d on THEREST (AarEspli prls® DEREREF O REGRE el Tpdly V9GP EES ana
r enovedwitingBlayér 20r UL ihié GirshPatkhge BuGstrdtd 2, shebiaidde ubstrate 1 is
roomtenperature bondi ng each of the first package substrate 2 shown in
FI GY) 18ntegrated sWithndhe hitrstspadkatepstbkayets bst 1Gn etl® oloem Handr| 188, 19A
and 19B to. the sensor substrate 1, formed, according to.the_abov
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sensor substrate 1 a e met ayer 28 of the irst package substrate 2
and t heseaant pankegatubsirhtnd, nhcbsinsee nsaeitiatat Bds intdrace’ widu the

sol i d- phase bonding) of the second netal |ayer 19 and the wring |ayer 29
of the ppead palieggsudbsbste 8te 2, the sensor substrate 1 is

15 By the way, in the present embodiment, a wafer level package structure 100
(FIG.14A) having a plurality acceleration sensors is manufactured by
performing the series of steps shown in FIGS. 17A to 17F to the sensor
substrate 1 and 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




10 integrated with the first package substrate 2. On the other hand, by
perform ng the roomtenperature bondi ng between activated surfaces (Si-Si
sol i d-phase bonding) of the frame pogtion 11 of the sensor substrate 1 and
the second package substrate 3, the sensor substrate 1 is integrated with
the second package substrate 3. 15 By the way, in the present enbodi nent,
a wafer |evel package structure 100 (FIG 14A) having a plurality

accel er auirfyite S pr@e¢iSon Slafan U@ Césti-eéshdidingetd anhsi banding segioas BY ist eps
shown in FIGS. 17A to 17F to the sensor substrate 1 and the 82acka e
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"to 5 inprove the surface flatness of the first and second netal |ayers (18,
19). ThecafdbmstaDboersdl8diphass ok femned ondtheyirsanitibe fint dbrethbet ween
the first netal |layer 18 and the netal |ayer 28 of the first package

subst r aCB™PERYC I5beRedh thAGCREEOAUTAEE al theayfet sulttera 1ohe ARF 199 % ayer 29
of '&gle fiﬂ {ss iJoQﬁﬁféaﬂ)e achieve an impi‘ovement in surface flatness of the first and

second metal layers (18, 19). The insulating film used as the etching stopper

layer in the planarizing process is not limited to the second insulating film. The

insulating film other than the fourth insulating film of the multilayer structure

portion 41 may be used. The insulating film used as the etching stopper layer

20  can be determined according to the height level needed for the bonding region
- E3.

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 excelient 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




substrate 2. As a result, an inprovenent in production yield can be
achieved. 10 In addition, according to the above-described production

nmet hod, since the etching back step,s perforned by using the second
insulating filmof the silicon nitr?ge filmof the insulating | ayer 16 as
the etching stopper layer, the first and second netal l|layers (18, 19) can
be formed on the insulting film16 with a conparable flatness to the

gener al i$iebfAE€ cBlultepible SHRNARE B 1A wifh %aﬁ?é%sristaﬂéeé i thulltReesé bl e to
achieve an inprovenent in surface flatness of the first and second netal

| ayers (tB8ne IWytiofhét iis)qudsathlegof dbvmsizedhas stiwretieticaigust apheve dayer in
the planarizing process. is not limted to the second insulating film The
i nsul at FEEAFHITIPHRAUGHIENCIH e SOMBRIEH ST EPRYETINR! sEnsemetniast ayer

structu tion gg% 5 o 11Ne. i | ating filmused as the.etching
st opper %ﬁétﬁge?&fﬁg’c%%%%e erPgI% S’naﬁglg lg%g%‘ r Q?Nn‘be%boﬂ%h%a% 56%fsq%%e§ I aIh%eded_ for
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the second insulating film as the etcﬂlng stopper layer, a further etching

may be p&fiisd Fwabedimenithg the first insulating filmas the etching stopper
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havithg epeclggtionmeagenerd ggia sarisoropBabtesenh endiodabentisi daraitetizethuge
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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




invention is also available to the other sensor unit such as a capacitance
type 10 accel eration sensor or a gyro sensor. The present enbodinent is
characterized by formng a gyro senggr unit on a sensor substrate in place
of the acceleration sensor unit. The ot her configurations of the present
enbodi mrent are substantially the sane as those of the first enbodi nent.
Therefore, a bonding portion between the sensor substrate 101 and each of

the fir shefstegBe PResch? IRAGKASLISHRSTIAALE S0 (A0, 103) can be forned
according to the sane manner as the first enbodinment. A wafer |evel

package st Ascthera iof Fithe2(hrtbseyro samedi umehis hesnly fetmad twittea moomghile si ng a
sem conductor wafer wth_a pl ura}éity of gyro sensor units, a first package
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101. In addition, a region facing each of the sensor substrates 101 of the

first paweadeody 1#af whidtsisdediseddwhen phottiosal iperkisgr@isdstunne tHo2.
o et e ASh% PRagT5 R e aRERS abanEL 2, 101 o the,
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second whadk hge stbbeddtRilBsa (ddangdR3)ouitsr Heripretabyhas@i0bla et aod
substrate having a 30 resistivity of 20 Q cm These resistivity values are
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be i b:rgg@fbgg%lyml fy@ééérg]\gergﬂaﬁ'&%ntii&ﬁeﬁdﬁfg%Elnﬁacﬁé ROWnd deeorAunhgd to the
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
‘X" axis direction and the “y” axis direction (i.e., a thickness direction of the
20  sensor substrate 101} corresponds to the “2” 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




5 detecting portion configured to convert a positional displacenent of the
second nmass body 112, which is caused when a rotational force is applied
during the vibration of the first n2§s body 111, into an electrical

signal. That is, the first nass body 'Ill and the second nmass body 112, each
of which has substantlally a rectangul ar outer peripheral shape in plan
~view, are 10 arranged in parallel along a surface of the sensor substrate

101. 1N gpslsliel 1 DA 2hAQ 18RAEPEIELBTHER80A@ T A3DH Ry T BIRNROMHE fReddfq (€. 9., a

rectangul ar frame portion in the present enbodlnent) ext endi ng around the
first amgrsecohthawisve sipdolg dd3(bhlinubl@ly extentbéo thelentmassiosiynEhl , an
orthogonal coordinate systemis defined, as shown at a |ower right portion
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114b. An end portion of ea e 30 ve Ssprings continuously
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edge of the second mass body 112, and the other end portion of the drive
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“x" 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 detectiont springs 115 and the coupling member 116 by a
slit groove 114¢ formed in a substantially “C” shape. The one end of the skt
groove 114b is communicated with the slit groove 114¢. Each of the detection
30 springs 115 has a bending deformability in the “x” axis direction. Therefore,




5 di splacenent of the first mass body 111 relative to the second nmass body
112 about the drive spring 113. That is, the drive springs 113 enables a
transl ati onal novenent in the "z" axhi direction of the first nass body 111
relative to the second mass body 112 as well as a rotational novenent about
the "ze' axis of the first mass body 111 relative to the second mass body
112. In 10 addition, since the sensor substrate 101 uses the torsion spring

as the dhéwete@d BErihis, 118 cnSblh PEGASHAT Widpladeathit eofatkd fTRShed of the
drive spring 113 in the thickness direction of the sensor substrate 101.
Ther ef osesondmagsibpdiesqpdlngd 2jindatteertogbedixatipy peatiot dd7indle “Fhaxinuner al
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and conf¥G8t#81 y connected at its one end to an edge portion in the "z"
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di r ect i predeTtmmigfedrmsithim 1 An headtehefsace of tlspapargsrel B8 exiahte aborpposi t | onal
di spl acenent of the first and second mass_bodies (111, 112) relative to
the fi xQRfSPesBherahsuriacs of the gtatipgnary pegt 120 thequehp clearance. A pair

15  of the electrode portions 121 is disposed at both ends in the “X” axis 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 hone 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,




By the way, the sensor substrate 101 has four apertures 118 penetrating 5
the second nass body 112 in the thickness direction, and a stationary part
120 disposed in each of the apertur 118. The stationary part 120 has an
el ectrode portion 121 disposed in the vicinity of each end in the "a"' axis
direction of the second mass body 112, and a conb bone portion 122
extending fromthe electrode portion 121 in the "at" axis direction. The

el ectrode paetdeasod SuBAta@ntiol he cogpledtontepetsnd patRipeasitbatantixP8ed in a
substantially "L" shape. - The el ectrode portion 121 and the conb bone
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-conposedeaing st bodiondd} 1¢ drit2)t ebt the 2% cantt cBbotiieentbvalgae leogth t eet h
L2d. 66 [E 42 The sensor substrate 101 is coupl ed to the second package
15 10 pum. This value is illustrative 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




by bonding the frane portion 110, the fixation portion 117, and the
stationary parts 120 to the second package substrate 103. In other words,
the second package substrate 103 is gsed as a support substrate for
supporting the sensor 5 substrate 10%. On the other hand, since the first
and second mass bodies (111, 112) are formed to be displaceable in the "z"
axis direction, the bottomsurfaces facing the second package substrate

103 of the skhist sabétrsRCO0Y, (RS Fahodpeftiod 110 hdd 2 ikt ndackedtraymy from
t he second package substrate 103, as showmn in FIG 20. That s, the

t hi ckne$dyméd eachthé entize fdirstmigncheetmndofia&sachodi gs fitst(drid set¢d2d in the
t hi ckness dj ectio%(ﬁ t he sensqr substrate 101 is determ ned to be
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bet veennidigl fidtetiallass pouybiékd stmehltcheot S§UHaRRtcRe st Shyeat Qviltd3 is set
to 15 Wm This value is illustrative only, and therefore the present

i nvent i #re isgmeothickngsst eth each of the figsidand sacond metehlsyers (I26,r E28), 101 has
a pair of ground rtions 119, forme n the fra ortion 110 at .the
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el ectrode portion electrically connected to an escri bed
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119 and the el ectrode portion 127 are bonded to the second package

sub¥q r atlee Apdilmpant e mggpaal eanthining ehdmpuaity eeghbe needhin plagyof PEES8 i s
formed gn the fixation portion 117, the electrode portions 121, one 25 of

t he groﬁﬁg“portions 119 and the el ectrode portion 127. In this regard, one

fixation pakihefniiFickous ﬁm,rtﬂ@%rggé%c{%gé s&%;ma@foghgg&dcdg%a&é on 119

and one el ectrode portion 127 are se y arranged from each ot her at
t he upperticunlaceorgigigeditotgrevisiecn Bgapa tdcapesisohdt dispRicdfdntd bf ehest at e
where the first package substrate 102 is not bonded to the franme portion

110, t hEystanel seroadappss badiey (1 h3ul 42kt theoride fadingthesenson sabgireton, at
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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 substraté 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.




formed over the entire circunference thereof. Each of the first and second
nmetal |ayers (126, 128) is forned by a lamnated filmof a Ti filmand an
Au film In brief, since the first &Ed second netal layers (126, 128) are
made of the sane 5 netal material, it is possible to sinultaneously obtain
these netal layers with the sanme thickness. In each of the first and
second netal |ayers (126, 128), the Ti filmpreferably has a thickness of

15 to 50 nm agagidd)ehlyirki bariiRf fidtate 1025has bhlaknagorehetadihyere These

t hi ckness values are illustrative only, and therefore the present
i nvent i 338 oramd b theesiufarcet fasimg fse semsresildtrdtor 19 br and gelddrichldy Au fil m
I ni sed in place of pure gold.

an Au material .containing an [npurity_my he
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subss r atecitmid@hce ith€reof bA thB&ulRick AAriagthaGensbr siesthdtesto packates
substrate 102 shown in FIG 20. In addition, the first package substrate

102 hasreggstluths mejaldhyetsr b3 lare hohded 16 2heeerindatmietsy layenshk28 bf theess

direction. A heat ins ting film133 (a .silicon oxjde fil is_forned on
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t he heat 1 nsulating m 133 11 es between t hrou W and

t he i nn@01subkaheofothe heetinlageg 1360 hadlde. mebalt hgep1SBei feaadbient ,
copper is used as a material for the through-hole wiring 134.
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The el ectrode 125 1s forne y a lamnated filmof a Ti m and an Au

film |the sdomephéderss enboeideof theamgegd lheangl B6 kaidwenmehd hi¢s138pss body
111 and the _electrode 125 is set to 10 pm This value is illustrative

only, afitf tiHdrepeierabliehage thickaess of b9 éaPPIHM; and glee Anfilpepreferaply 44 In
addj4 1 offas Uulildel JIAE. SURREEAhE s NARIA BleUifblblv@bnliEdla f 3VerS
therefore the present embodiment is not limited to them. As a material for the
Au film, an Au-based material containing an impurity may be used in place of
pure gold. In addition, in the present embodiment, the Ti film is formed as an
adhesive layer for improving the adhesion between the Au film and the
20  insulating film 133. In place of the Ti, Cr, Nb, Zr, TiN, TaN or the like may be
used as the material for the adhesive layer.
The first package substrate 102 has a plurality of electrodes 135 for
external 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.




138 forned on the surface facing the sensor substrate 101, and electrically
connected to the through-hole wirings 134. The first package substrate 102
al so has a (rectangul ar) frane-1ike tal layer 136 forned over the entire
5 circunference thereof on the surfac& facing the sensor substrate 101. In
this regard, the netal |ayers 138 are bonded to the second netal |ayers
128 of the sensor substrate 101 to nmake an el ectrical connection

ther ebet weey dekRfibedBh @he LAY RmBodfirent RABURHs 605 i@ r itk 1191 RBIRldehiayer 126
of the sensor substrate 101. Each of the nmetal |ayer 136 and the netal

| ayer 13Beifisst paokegebpbatrhe ORI masddl-phhse direc Handing etwmedrhehd fisil at i ng

film 133 %gij an Ay filmon the Ti film In brief, since the netal |ayer
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has a thi ckness of 500 nm These thickness values are illustrative only,
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for the., Au fil an Au-based maferj al ﬁont ajning an inpurity may be used
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first package substrate 102 has a plurality of electrodes 135 for external
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on both opErosite surfaces in 30 the thickness direction thereof. 45 As
descr i belctnedemertipp d27eolidei srpser suhetraent®}. substrate 101 is bonded to

15 To form the bonding portion between the sensor substrate 101 and each of
the first and second package substrates {102, 103), a room-temperature
bonding method for forming the direct bonding at low temperature is used to
reduce residual stress in the sensor 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

256 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.




the first package substrate 102 by solid-phase direct bondi ng between the
first nmetal layer 126 and the netal |ayer 136. That is, the first package
substrate 102 is sealingly bonded taﬁthe entire circunference of the frame
portion 110 of 5 the sensor substrate 101. In addition, the second netal

| ayer 128 is electrically connected to the netal |ayer 138 by solid-phase
direct bonding. An interior of the gyro sensor unit is airtightly seal ed
fromthe ouhel @deomytenliRe8irsObbdimighas@nhatr 6ftthROPEERGS . cinboaddihd @9, the
second netal |ayer 128 of the sensor substrate 101 is electrically
connect egptaaned doldvect Pudbicatgsexianatigms bboutd thetsaimd ateps ag8harfirst he

t hrough-hale wiring 134. The second package substrate 102 has a wiring
portionefggngPPéﬁg?ﬁyn@§%énding fromthe electrode 125 to a peri pheral
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bet ween the sensor substrate 101 and each of the first and second package
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vacuum I n addition, the frane portion 1 of the sensor substrate 101 is
di r ect | yhboreedand the chantbeg it vasununar exttautshel tga prpleaeahiner dégree of t he
second package substrate 103 at roomtenperature in 30 vacuum by the

r oom t e NRERERL(ceE-bdFdPiPaket Roen, agustce 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 improveinent in sensitivity. In the atmosphere adjustment step of

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




The roomtenperature boding nethod of the present enbodi ment is expl ai ned
bel ow. Duplicate explanations about the sane steps as the first enbodi nent
are omtted. After m cromachining is4?ppropri ately perforned to the sensor
substrate 5 101, and the sensor substrate 102 is bonded to the second
package substrate 103 at roomtenperature, an etching step for separating
a portion used as the novable portion of the sensor substrate 101 fromthe
ot her péiferion agmdsphéemet ¢l thelohp@iberds rwuwed 36 eRe Hesighed nithgsphere by st and
second netal |ayers (126, 128) are perforned. In the present enbodi nent,

t he sen®eriosming vaceunp pumspisgntatil ttheldeghe eferasitlpatkdye shdvsbeate 103
by the roomtenperature bondin etween Si  and Si 2. Subsequently, the
sensor §?ﬁ)°g{eﬁaﬂn£ref6§erpﬁflgg%§lg@% ‘?%ivf"ﬁmflﬁje second package substrate 103 and
the first RACKaCaAHRSINAELGapREi AchiafRC, llfednsof UARDELLE FY/id N
chanmber is vacuum exhausted 10 a predeterm ned degree of vacuum (e.qg.,
1x1055 Bahdedhentheafisstr haciergaciubvatatenlO? st rth tetnppeafioenetder e That i s,
the surfaces to be bonded to each other of the sensor substrate 101 and

t he fir&tmpaphergeceninaliedtin ttop asmesphergnadiuginghgteret | Hhttbg Bigpnehns of

sputter,etcghi in vacuum The.degree of vacu in the ch er ing the
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the 20 chanber before the surface activation treatnent. After the surface
act i vat izger tiidgtzarnthe aonatempplhanee bopdisiy gwste phe secqet trontakkhyto adj ust
the interior atnosphere of the chanmber, in which the sensor substrate 101

andl® he 128c8r8 Bucragial dasst 138 ereosmutlansonshy obtangd dus iaghbang Athospher e
determn aceqrdin 0_Qgy. nsqgr. gharacteristics. In this. .25 regard, the
gyro seﬁgglFOpo aoc? ﬁfé) agr Eﬁ%htédebnb%gdi Eri%nf%j TP rgge%lftgg}én&) (ﬁ%ﬁngnt’p?leed&%rdlrﬁ ed
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i ncrease a nechani cal Q val ue (nechanical quality coefficient Qm

i ndi cat pyvevidéd ba the coeamitealperatirrathoodingbetwden Alhaendifoi.ni ty of the

resonance frequengy, an achieve an inprovenent in sensitivity., In the
at mospher eltadf L&rﬁﬁfmda stéd'léb @IF spriefe HtEaERR Eesbachenihe AMSPOSE surf ace

act 13/ at h&ﬁsttﬁl%a&gf)nénd %hg 'tﬂ;'n%iﬂ'?g ‘stéphgred'gequentially performed in the same

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




interior atnosphere of the chanber is adjusted to the designed at nosphere
by perform ng vacuum punping until the degree of vacuumin the chanber
reaches a predeterm ned degree of va gun1 After the atnosphere adjusting
step is finished, the sensor substra 101 is 5 bonded to the first
package substrate 102 at roomtenperature under the atnosphere controlled
in the atnosphere adjusting step. At the step of bonding between the
sensor $WHstgarkaed GhiraRttd heod | hak H@&Kﬁﬁ&tSH&%&h%t Betiien thd&ensor
roomtenperature bonding between the first nmetal [ayer 126 and the netal
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sur f acesatl obthdiirsd edhdt secend Ipackhgr swihstrdtes P02 0103l b iwie tddtmeand t he
first package suybstrate 102 are cleaned up and activated by the surface
act i vat PBRR ASatlfEtoldeping, Ao 5651 1h7ER £ GOPARIES Ahat BRHBRARY 81 each
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desi r ed 184S WondeB ab Aé SEdonld Ffokatb8UBBIat«) 008 thefitintheSheanaidy fian be
obt ai ned therebetween. |In the atnosphere adjusting step, since the chanber

i s Wcudlexhagspesbible to mreddt er rdvstiote ip esistanvcec e nsledtrier nofse. sur f ace
activation_.treatnent t qgjust the interior. atnosphere . to thelgﬁgégned
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| evel in the vicinity ?’?ﬁe resonancgﬂ#requency J?athe gyro sensor as the
sensor pbadedito eadltof gy Bddkiage 30DERUEsAL0RNAI0BY ATBFSm itBmpeeatSiré i and y. AS
descri bed above, the wafer |evel package structure of the present 30
enbodi nEatiatens itheenior sheraindsties ban heanduers.sensor substrate 101 and the
48 15 In the present embodiment, the second package substrate 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




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 proggss such as the roomtenperature
bondi ng nethod. Therefore, it is possible to prevent the influence of
thermal 5 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 treaifgnt siseCladsforal bOW seltdefiiag. whsefdrrh SgUAbplidd Bervdch e
advantage that variations in sensor characteristics can be reduced. In
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substrate 103 of the sensor substrate 101. In addition, by cutting
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possi bl 81%3%%? ‘?13510_8n3524f ﬁ%i%ﬁf@a%soﬁgfiﬁ ]c%ﬂpcigt %ﬁ? éréﬁ]g'ér Ziii'tes. 25
Ther ef Og@ectibn IdtieSHl APk bHatTBS e RFHES RO fir A MARE BBk A1 104nd A& t hus
obtai ned gyro sensor is briefly explained below. The gyro sensor of the
pr esent ekecbodent®s. d@flent shea fpagidncgnall thalivilplasitenesitagef it lkquakbcond nass

body 112 when an angul ar_velocity is applied  to the gyro sensor by an
ext er naFesogagse Jradency eletegmuned arcprling dopragbtephihfeirgoand seeandn s
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detection spring 115, 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

256  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




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 gaed as the vibrating voltage, but
polarity inversion is not essential ™ The 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 ngapRERSceldibhe TABaBRCUPACitARESLap RAYRE s de¥ndcied B PRAIRD tdinsefi xation
portion 117. In addition, the electrode 125 is electrically connected to

t he secdhd vilptation| afjtbe fii28ueissthely bl Rds pocdopslytdetermdiéd, e Cetioli®, when
the vibrating voltage is_ applied 10 between the second netal |ayers 128 on

the fix4PicEFapoPe Falvlatod dydstpgting flag ppeigiongh Aisplarement of ferseeerd nass

body 11 N\ br i e "z" i irection d 0 .electr atic
forge be %A%e]rjlx{iﬁeﬁ%e'r s],:{% ﬁﬁ%sgreégﬁééﬂ%fdgﬁggﬁh%e %1°§’§P$308§&T§555W§§3t he
f r eqgienGysigt of i fraeHorfign 1208 @6rmipdsedl Bfthd sBmds8$0a3Naa  kheaHeacy

determ ned according to weights of the first and second 15 mass bodi es
(111, 13P¥ingantd3;pthienspcoodsmans booly 112, thd detesppinngpririgs 2R8 4hd thelet ecti on

i 115, . .a | Lit b btained b I i I < [ 1
P10 e bSr 4R 2R Lude, can be obLal ned b & rel SlLNCLY ST e
when an .angul 2k, 153 Q&k e ﬁ&%@%%&&XEQeMQZ .fo?rn%&%%o{lgeag’%‘%mff{ﬂgsé y" axis,

a Coriolis force occurs i n axi S direction, so e second

mass bodydFlP1EW lnhbiibe 4 ipast offtiss sbasnglddationSididileC 8 the théblx" axis
direction relative to the stationary part 120. Wen the novable conb teeth
1241@r e parigpn dispgsedlingide of the frame pardionoht@y conb teeth 123, a change in

di stance between the vabl e conb teet 24 and the statiopary conb teeth
123 occurs?n\;\%“?h‘éﬁga{‘ggt@‘l’e Px%e%nga?f;ﬁ?a’ﬁ(?@g‘?lﬁe%@%‘t ditdhdes. This
change iposheehhi s ANGanE P P S EL al
l-ayers ?20 connecﬁegﬁ?ﬁ%}g four stsaﬁag’tﬁ:&r%?/@ par}t/fs[t%%ﬁl.}é}%tas, :%'?hl(%rgn be

r egar deehddsdtodyhkl Bbbwiedesight aftthegerand ensnrbddy 1X2)ovTHerkfvdet hs fleir

vari abl e capaci tance capacitors. Therefore, the positional displacenent of

t he sec@isightefdhpdast mass bady 3d ldercemasdarserthas the mgighieof3beseeend i ¢
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a result, 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




50 capacitance of the variable capacitance capacitors connected in
parallel. Since the vibration of the first mass body 111 is previously
determ ned, the Coriolis force can %ﬁ cal cul ated by detecting the
posi ti onal displacenment of the secon mass body 112. In the present

enbodi nent, the novable portion disposed 5 inside of the frane portion 110
is conposed of the first nmass body 111, the drive springs 113, the second
nMass bodikedilid, a e daties} bOBpSREAtRES el irdng ol hEnpsQURIHsBe depiearitt16, and
the sensing portion is conposed of the stationary conb teeth 123 and the
nmovabl e stably sepetthcha4ctesistied. on t he second mass body 112. In brief, a
part of the sensing portionis forned in the novable 10 portion disposed
inside of the frame portion 110. In this regard, the displacenent of the
nmovabl e conb teeth 124 is proportional to (the weight of the first mass
body 111) / (the weight of the first mass body 111 + the wei ght of the
second mass body 112). Therefore, as the weight of the first mass body 111
beconmes | arger than the wei ght of the second 15 mass body 112, the

di spl acenent of the novable conb teeth 124 increases. As a result, an

i nprovenent in sensitivity is achieved. In the present enbodi nent, from
this reason, the thickness dinension of the first nass body 111 is
determned to be |arger than the thickness dinmension of the second nass
body 112. 20 I NDUSTRI AL APPLI CABI LI TY As descri bed above, according to the
present invention, since the directly bonding between the
surface-activated region forned on the sensor substrate and the
surface-activated region formed on each of the package substrates is
formed at roomtenperature, it is possible to avoid inconveni ences such as
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 direct bonding w thout diffusion
bet ween the surface-activated regions. Therefore, an appropriate

at nosphere 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

i nvention having the above advantages is expected to be




51 wused in a wide variety of applications requiring a conpact sensor
device with stable sensor characteristics. fff kF tk k[f !3E pS|[E
7r F p{r 52 CLAIMS: 1. A sensor dgﬁice conprising: a sensor substrate
conprising a frame havi ng an openi ng; “a novable portion 5 novably held in
sai d opening, and a detecting portion configured to output an electric
signal according to a positional displacenent of said novable portion; a
first paglage.substrate 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 frame has a first surface-activated
region formed on a surface, ,facing the first package substrate over an
entire di ACIFRSEr EAYEC CABPESINE0 as to surround said novabl e portion, and a

second SUJAGE-ARLILA! BHnbeRl AN MOLIE o Rll AnSolfd B6E 4 3800914 BEragEond

package Ssu _ e over an en e circu ! nce _reo SO" as
sur rgunenhsably AeMER &i@Vpehil, anldea Bendiing RetivRSonSighted ansatpadist rat e

and the first package substrate is a solid-phase direct bonding wthout
di f f usi elechr¢ vigerl sedatdinig ot a pesitibaekdimpldoentend of sgidomonsble portion;
surf aceéafciﬁsjtvp?éc?{ggé es%ibcs);gratcg -rbrcr)%(?ﬂ.eg r]tot Qge foif rosptposite surfaces of said sensor
substrate;
a second package substrate bonded to the other surface of said sensor
10  substrate;
wherein said 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 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.




package substrate, and 20 the bondi ng between said sensor substrate and the
second package substrate is a solid-phase direct bonding w thout diffusion
bet ween said second surface-activatgg region and a surface-activated
region formed on the second package Substrate. 25 2. The sensor device as
set forth in claim1, 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-beamirradiated
30 surface, and an atom c-beamirradi ated surface. 3 53 3. The sensor

devi t forth i laim 1, wherei | east f th I
bt woonDaHa SER P esifh it G T B QBiTh dgPCiT SR AR < oD ROPRVAR o
region BQtv?eethaig'f{r& s&ﬁ%@%@ﬁé’c@&%@%ﬁ Mtﬁé‘%g@%@%é@@vﬁ@&%@ﬁnsﬁi d second

surface-activated reglion an e surtace-activ gron on e second

packagethes ubisstr apfcagearyunetof dnlie 80 | Bophiage vhtheeh bandli Rgedirt ween Si
and Si, the solid-phase direct bonding between Si and Si 2, and the

sol i d- prasfacetiartvated wegigh g dibe woekacsiaativatad 1SR orl thesecPhd psekisgs devi ce
as set forth jn claim1l, erej, t |least qne of the bondin et.ween said
frret sonpadeleisgdhpn of HF onlidmh skttt ranebis bEOURBIST 8RS It 1 he
first pagkagnaséREldR g ey & Nt PHNEeR G Fhd SREOPHade direct
surface-act?bgtegﬁ%egion and the sur#ace-ac?ﬁvateabreglonﬂg% tﬁgegecond
packagebosdingt batveeh Sianynameoef the solid-phase direct bondi ng between Au
and Au, the solid-phase direct bonding between Cu and Cu, and the

sol Y- phase direct bonding between Al and Al. 20 5. The sensor device as

set forth in claimi1, wherein at |least one of said first surface-activated
region and said second surface-activated regi on conprises a

4. The sensor device as set forth in claim 1, wherein at least one of the bonding
between said first surface-activated region and the surface-activated region on
the first package substrate 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




f ring-like outer surface-activated region formed in over the entire
circunference of said franme so as to surround said novabl e portion, and a
ring-like inner 25 surface-activategd,region forned at an inner side of
said outer surface-activated region over the entire circunference of said
frame so as to surround said novable portion. 30 6. The sensor device as
set forth in claim5, further conprising an auxiliary 54 sealing region

for conrealinggedichviBeRofALEtidtbefwesnl 46 anaet sMAhes acaghten RBfdn &3dd i nner
surface-activated region, and wherein said auxiliary sealing region is

formed seipinnegisurgeatdctivetesiregomn, fandrivieercin saiderbliary spabdetreginnned
di st anc in tPe c%{fun%grential irection_ of .said franme.. 5 Z{ The sensor
devi ce a%78ed 2 BMTR! {a52EPas sPacedamerariuathsr by a prefietermaiped distance

sur f ace436hE VL6520 dﬁ%cﬁa%gfggﬂgg&nﬁubstrate and the surface-activated
[ ubstrate is an activated surface of an Au film

region of the first package s
havi g 10 a thickness of 500 nmor |ess. 8 The sensor device as set forth
in claiml, wherein said sensor substrate has an integrated circuit
operable in collaboration with said detecting portion, and 15 said

i ntegra circuit is disposed adjacent. to said opening.of sai rame, and
el ectri tczgﬁli‘/e CSSHﬁ%%tdZeal%ga ?‘%r%-lﬁofzm i’n‘fjh?%ﬁ're"if‘ tnof 18id iftst package
SUDST I 8§ rfa@0 aRtivd 8 PEASO ofIME Coertr SEIbHALE Mar Al tﬁkaéd?fécemwaﬁw el
integrated circuit is 'disposed so as to surround sald opening of said
frane. tegiofloé tisefistpadkuge subsiratetis barddtivatedchaitmeelof anhai il Itk
through-hole wiring is 25 fornmed in a tapered shape in the first package
subé@ra?éh§ﬂ€WS§Wﬁgoﬁﬁnéﬁﬁie%brtion faci ng sai d sensor substrate has a

| arger area than the other end portion. 30 11. The sensor device as set
forth in claim1l, wherein an accel eration sensor is 55 nounted on said
sensor substrate,

8. The sensor device as set forth in claimn 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
electrically 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 weight and a beam portion extending

bet ween said frane and said weight, and said detecting portion conprises at
| east one piezoresistive el ement for%ﬁd 5 on said beam portion. 12. The
sensor device as set forth in claimII, wherein said sensor substrate is
formed by use of an SO substrate having a silicon layer on a silicon
substrate 10 through an insulating |layer. 13. The sensor device as set
forth i meh@ed ci2saithehebnNsSiaétdateensor substrate has an integrated circuit
operable in collaboration with said detecting portion, and 15 said

pi ezor esi sShife mdvahtn potiieh sampriseseqyretight endcaibeasy poftiomedtaniitge
silicon ayer of said SQ sybstrate. 14. The sensor device as set forth in
clainllpehﬁéFbﬁﬁd Eﬁ??é“é%ﬁ%%?“ﬁguﬁﬁﬂﬂted 20 on said sensor substrate,
sai d novabl.g; ' ' AN it L.brating
nmeans, andSguggé%ﬁgﬂﬁéggmﬁgggﬁ%ﬁﬁ%FS%H?%R% §q$?¥§¥§§%§%8%g§%%q%ﬁgggaid

det egt | pg fead beam pertioanfi gured to convert a positional displacenent of

t he 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 claim1l, wherein said sensor substrate has a
conductive layer forned at a position closer to said novable portion than

sai d  3Qqf irhstsentt @GBcaES k¥abed HLALAR 112 &E&C&&%@@hé& ted to said

detecting 56 portion, the first package Substrate has a through-hol e
W ring, fantedbwusk g ana§er substeate hadhy v sibenetdyed ohoa sictntsuhaugle hol e
wi ring, and the bondi ng between the first package substrate and said sensor
subdq r atleroughsan infalatiegdasieses a sol i d- phase direct bonding without
di ffusion between an activated surface of said conductive |layer and an
activated surface of said wring l|ayer. 10 16. A nethod of producing a
sensor device conprising the steps of: providing a sensor substrate, which
conprises a frame having an opening, a

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




novabl e portion novably held in said opening, and a detection portion
configured to output an electric signal according to a positional

di spl acenent of said novabl e portiog6 a first package substrate bonded to
one of opposite 15 surfaces of said sensor substrate, and a second package
substrate bonded to the other surface of said sensor substrate; formng a
first surface-activated region on a surface of said frame facing the first
package muttishy ate over an entire circunference of said frame so as to
surround said novable portion; 20 form ng a second surface-activated

regi on on &hsdirphpackigessitistratanras adhnougihbolewinng, wat lkawaingibesterat e over
an entir i.rcunference, of said fr 0 as to urround said novabl e

port i on;e?efcg?ﬁé#bc%elfg?%g §§&$€%¥%HN%P%QW% ch of the first package
substrate HQ&%V ; . O 1 i t

bondi ng be?ﬁggﬁhgg}gaﬁ‘fqﬁ}r}g?ggﬁr gﬁgéact Vsiz{b%&ra?%%éﬁsaﬁg@%%&ﬁ%ﬁg

sur f ace{farthiey abatrisegi DBobd-phee fdirad Hackageviguhat diflieionaPetwed sect
bondi ng between said second surface-activated region and said

sur f ace-2gtvalgdisaaiacegif said emdustive disn angaekanfyaserbserfaceofsaid virng
tenperaﬁu&g. EE 30 57 17. The method as set forth in claim 16, wherein
said fir® T surface-activated regi on, said second surface-activated region,
the surface-activated regions of the first package substrate and the
second package substrate are forned by use of any one of an atom c beam
an ion beamand a plasma of an inert gas. 5 18. The nethod as set forth in

claim 16, wherein the steps of forming said first surface-activated region
and1€aj d°0sécanthas el riodusig 4 sersprrdgyicsrcomprasiggdpesters off ni ng t he

Second PLOVEE SRR l- S Pl ol RS P B ROt im o
sane chaidi@ble 3HHiBA bUvabIPMdad S21hid YReAg | Sne0A! etd@@n! Bbtidh desired
at nosphere prior to the direct bonding step.
configured to output an electric signal according to a positional displacement of
said movable portion, a first package substrate bonded to one of opposite
15  surfaces of said sensor substrate, and a second package substrate bonded to
the other surface of said sensor substrate;
forming 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 circumference 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




15 19. The nethod as set forth in claim16, wherein said sensor substrate
conprises an integrated circuit operable in coll aboration with said
detecting portion, an outgoing mﬁrigg | ayer connected at its one end to a
pad of said integrated circuit, a first nmetal |ayer for providing said
first surface-activated region, and a second netal |ayer connected to the
other end of said outgoing 20 wiring |layer, and used to connect with a

t hr ough-1olmenreting akhet fibftht inpailekades, Swhstdalsaid 6 sis@scsatvated

t hrough-hole wiring, a bonding netal layer fornmed at a position facing

sai d fi regionpsall seayel sigface-sanivatadregipal theasirfmecadtivatad regicads dfdger, and a
W ring gﬁtal l.ayer forned at an end portjon f cin% sai.d sepsor substrate
of sai d Rk BRGHERSL SRS ﬁﬁdt&ﬁea?eg PRekage SHbsteate grg formecd BY 58§ Oket al

| ayer, i i tl id first netal

| ayer a%g‘gs%ecd%frﬁ%tl ngqu?e%tg}ail %ﬁegﬁﬁﬁﬁggﬁg %%%g?%%ftgg?v\een activated
surfgaces of said second netal |ayer and said wiring netal |ayer are

simul taneously fornmed at roomtenperature. 30 58 20. The nethod as set
forth in claim19, wherein said outgoing wiring |layer, said first netal

| ayer a id second netal  |ayer. are fornmed by a process.conprising the
tops ofi2: SBrapRRg & ToBHOR ORI dper TR L T OIer o

f or M N sAPrUPRREvIRLACel Y Bha Whid Yoo # WBHEELBlivk@UHeafh, URE HEy B TEL A
material different fromsaid | ower netal layer; and etchi Ag on ypsald upper
met al | @yretingtthe egir®ie-ativaesDospibm of tacts af thd firttpaikhgd subsirate angl sai d

second netal layer until said |ower netal |ayer is exposed. 10 21. The
met hdd &Be seeorichpackags sihatratecandtibe livect ouding sepsuefresiraed inat ed

region is formed. by a process .conprising the steps of: formng a miltilayer
| naul at PRES TRRPBR <31 2P HREUIOY L AriH SHAGET 0 EaprERlsd PO AR o £ a
surfaceaggogﬁﬁgfqﬂhhhbqﬁgnﬁhg§qbﬁhhﬂgmgb[n1by etching back a part of said
mul tilayer insulating film

15 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

20 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

25  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.

30




formng a netal layer on the flat surface; and irradiating an atom c beam
an ion beamor a plasma of an inert gas to a surface of said netal |ayer.
20 sst  22. The nethod as set forth kg claim 21, wherein said nultilayer
insulating filmconprises a first insulating filmof a silicon oxide film
formed on said frame, a second insulating filmof a silicon nitride film
formed on said first insulating film 25 a third insulating film of at

| east one interlayer insulating filmformed on said second insulating film
and a fourth insulating filmof a passivation filmformed on said third

i nsul at 28 Themagthaddstssefarthyin claihd@e whereivryaid obygopes Wining lyestsslid ng back
W th use of t insulating filmother than_said fourth insulating filmas
an et chite ‘EFE%;B e ﬁ%@g?‘fO%Qne&@Q. R G TR 362 PEPCISSCOMATHIEE ail m 22,
wher ei nyf e &fcli ng back is performed by use of the silicon nitride film
of said second insulating filmas the etching 5 stopper |ayer. 24. The
met hbd &snsielg o itdd rhexal liemad 2n edebirgd stobper fdyaf; surface is fornmed by a
process conprising: 10 a first etching back step using the silicon nitride
fil m of leapigeser dneparnmetad laygr obi baidalowaremetalhlaygr Svopperofl aywetaland a

second et chi.n ck ste erforned after the.first etching back step by use
of theﬂéa?tf:flg'gﬂg%ﬁ%teé?% %l%ﬁo‘g%ﬁ Ia‘e?allﬁ@feri' Aed ating filmas the etching

St OPPEr el g onkPedid upft? dIElaN M) R % $6kioAQLLAebPortdik M Liia MR ALY Sal d -
sensor substraté conprises an integrated circult operable i n collaboration
W t h saiayed eheicddid gecqod hictal lagaxduatiCsdiduciver mdialylayed Braxdpdséd. a position
closer to said novable portion than said first surface-activated region,

and!@®l ectrically connected to 20 said integrated circuit, the first
package substrate has a through-hole wiring, and a wiring | ayer

21. The 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 film 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.




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 substratggand a direct bonding 25 between
activated surfaces of said conductive |ayer and said wiring |ayer are
simul taneously formed at roomtenperature. tlI i4 60 ABSTRACT A conpact
sensor devi ce having stable sensor characteristics and the production
nmet hod are provided. The sensor device is formed with a sensor substrate
and a pair of package substrates bonded to both surface of the sensor 5
substrate. The sensor substrate has a frane mﬁth an opening, a anabIe

portion 0 i €. 0 th fra
det ect i n%‘el’rglgr F%lr@%f stenc fnlgc 'Cnﬁmggﬁ é@f‘?{l éﬁ'ﬁf‘gi’@f rBPh Oﬁ}eﬁ
posi ti omgl ush Sphe&gﬂi%ﬂh m@ﬁdé hﬁnmv@a!?& 2ecbHd Hﬂilla&%ffﬁ&eaéﬁi\é%fﬁg regions
are formed on the frane of the sensor substrate and the package s bstrates
by uBe stomperdéyaric beam an 10 ion beamor a plasma of an inert gas. By
formng a direct bonding between the surface-activated regions of the
sensor substrate and each of the package substrates at room tenperature,
it is possible to avoid inconvenience resulting fromresidual stress at
t he bondi ng portion. 4t

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

process comprising:

10 a first 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.
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ABSTRACT

A compact sensor device having stable sensor characteristics and the
production method are provided. The sensor device is formed with a sensor
substrate and a pair of package substrates bonded to both surface of the sensor
substrate. The sensor substrate has a frame with an opening, a movable
portion held in the opening to be movable relative to the frame, and a detecting
portion for outputting an electric signal according to a positional displacement
of the movable portion. Surface-activated regions are formed on the frame of
the sensor substrate and the package substrates by use of an atomic beam, an
ion beam or a plasma of an inert gas. By forming a direct bonding between the
surface-activated regions of the sensor substrate and each of the package
substrates at room temperature, it is possible to avoid inconvenience resulting

from residual stress at the bonding portion.




