1 DESCRI PTI ON WAFER LEVEL PACKAGE STRUCTURE, AND SENSCR DEVI CE OBTAI NED
FROM THE SAME PACKAGE STRUCTURE TECHNI CAL FI ELD 5The present invention
relates to a wafer |evel packagi ng techni que for manufacturing conpact
sensor devices such as an accel eration sensor and a gyro sensor. BACKGROUND
ART In recent years, wafer |evel packaging technique has attracted
lots of 10 attention as an appropriate manufacturing techni que for sensor

devices with chip size package ( or exanpl e, Japanese Patent
Early Publication No. 2005-25189§§%%§%H€g@§'a manuf acturi ng techni que for a

waf er | evel r h Iﬁgg i E¥E§§Rr%ﬁﬁ BaBvehhat s,
a sensor mapggﬁgégﬁgﬁ%’%g%géégéggﬁgig} é?g arrangé%ygn a B

face-t o-f ac@ROAFHPOBAME PACKAGHMSTRIASTSEOWN in FIG 24A. The sensor wafer
210 has a MEM5S (Mcro El ectro Mechanical System elenent 211 and a netal

wiring (ERCHOINIKALeFddir ode) 217 el-ectrically connected-to-a sensi-ng portion——

(not shown) of the MEMS el enent 211. The package wafer. 220 has a
{hr oubin- hol 0 PIRGRo 3 <DIets FIEEI oMl B e R<CHEEnteedT T (9l 217

and a 20&@@{@;&%&@1&%@2 PP HeHlBY ABPAE En ! ReeRbAlbIRELY0SER 19 the

MENS el ene ormng a wafer |evel gonding bet ween the sensor
waf er 21@yangkrdsbe package wafer 220, as shown in FIG 24B, the wafer |evel
package structure 200 is obtained. Finally, plural sensor devices are

separ at eBAGKSMROHEIWAREr | evel package structure 200. 250n a surface facing

o packae, val ety 220,01 e ST ChaBlile MO QulAAL JNE LI, 5 [ or
217 g} ectfibhabh asCONRSHEGside hARMEMRiRL SPBMiqRd Yor SBnddtcaglibey witand, a
metal |ayer 228 surrounding the concave portion 221 is fornmed on a surface
faci ng tteipsdnspackeaedCSPLO of the package wafer 220. In addition,
For example, Japanese Patent Early Publication No. 2005-251898 discloses
a manufacturing technique for a wafer level package structure 200, as shown in
FIGS. 24A and 24B. That is, a sensor wafer 210 and a package wafer 220 are
15  arranged in a face-to-face relation to each other, as shown in FIG. 24A. The
sensor wafer 210 has a MEMS (Micro Electro Mechanical System) element 211
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
20 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
the package wafer 220, as shown in FIG. 24B, the wafer level package structure
200 is obtained. Finally, plural sensor devices are separated from the wafer
level package structure 200.
25 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
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,

30 awiring layer 219 electrically connected to the metal wiring 217 is formed at an



30 a wiring layer 219 electrically connected to the netal wiring 217 is
formed at an 2 inner side of the netal |ayer 218 on the sensor wafer 210,
and a wiring layer 229 electrically connected to the through-hole wring
224 is fornmed at an inner side of the petal |ayer 228 on the package wafer
220. In the above-described wafer |evef package structure 200, the netal

| ayer 218. of tk SO f 5.18.bo tQ. t netal_ | ayer . 228 of the
package vvlan;‘)ﬂéerr SS%&?%FO%&%&%%%%Q?ior?gﬁlﬁo?e_{hlc‘l%g “?g%r ggghagé aATl’JV _n?‘g %ﬁ?’grt he

Wi ring | ageo elkeriedilyt fhretabio MR tBkowddilhbR WRREEIR4 & fohfeW dtididinkdyer 229
of the package wafer 220 through a soldering portion 239. As the MENS

el enent 2difle chthe hmtal lager 338 sor theapatkygge wademn@20.s b thewshdveideskribash (e. g.

US- A1- 2002/ .180031).. As the acceleration sensors, there are '
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strain of pétidneZ3B 86tk tas VLS afRNtheasirth JRYEE2 1 9 9if $he BEGsdranaee2nbas t he
acceleration is 15 applied. The capacitance type accel eration sensor is

capabl e ofonttadetst theywaing laveat32th ohtlwopadkagetwalar 228ndeolighal setleiing
capaci t ance bet n stationary and novabl e el ectrodes when the accel eration
is appli eBPTUOR #&é pi ezor esi st ance-type accel eration sensor, there are
canti | ever Lype,Antg bl ficatBRe! AaS1BGABh WRSACLR] el {AR.ACRROGS The
cantil ever type 20 acceleration sensor 1s formed wth a rectangul ar frane
portimn, knovehgblg. POSIADBROOREPSSESI)I nAsdehofacchlerdti@isepesits, Oherdarige a

fl exi bl e beam portion connected at its one end to the weight portion such
t hat the RierqRsispasIccroRe| by aBPecitasicgtiype tascelseatiomnsensrns on. Tla t he
ot her hand, the. ?oubl e-s\tlj\%poLte beam tlype accgﬂ erfe\hi gn sensor . is,.fornmed
with a f AR SEPHE; VRCEGITAPER (0R0hiIE 56880 28" (RS Rt a2 P Ane
portion, andréinBakd HfcHddptl Bh erRRAMAOVah RN SesXlRRiREn | B SRRRSIJ€a
directions fromthe weight portion and configured to support the weight
portion tpieheesBtiablcemertabs aegduged tasiftance cposdd wihenl ther ageidratiearis,
accel eration sensors for detecting acceleration with respect to each of

t hr eelfdi rarlicdns Tde KapRtitANaco taec ACERIBIGHIORa ¥ WEels SRR IprFpdeieqting, for

cxarml o, 20.A3RANESE FO Pt B by RUB LEALI00 M0 R00%: 10904, A0

2004- 2330’5'765.e e accelreration sen rtion,

portion difPosfablsi 8Rc@bdéhe wheAMBtHROr{dceRraidetel iPUbphli€xi bl enbeasm
portions extending in four directions and configured to support the weight

portion speawgesistdieentypablaeceletatany esansot,hghfreanareporaritidener| nypheand

above-described wafer |evel package structure 200, however, % 5 prescribed
amount of d&HlereMPPerisdp herRY WHet AECEigRbion £5Bsorso8 dRE CARBUIGFT dyPFayer

229 b @ S0LflelyS0O0IL, it PR RRINCERCNDABRAL iR G 8, 226)
and between e Wring layers , : en, a‘reflow soldering process
i s perfordiggoded istdRysr @@ Bhmegidttien 0hnd kefl@ebrteanmiportidd Qoanecttat package
waf er 220. Therefore, when using the piezoresistance-type

its one end to the weight portion such that the weight portion 1s 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

25  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 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,

30 Japanese Patent Early Publication No. 2004-109114 and No. 2004-233072.

The acceleration sensors has a frame portion, a weight



10 accel eration sensor body as the MEMS el ement 211, there is a problem
that variations in sensor characteristics increase because residual stress
at the vicinity of the bonding interface has an influence on the flexible
beam portion(s). It is estimated that such an influence of the residual
stress increases as the sensor device is downsized. 15 SUMVARY OF THE

| NVENTI ON Therefore, in consideratdion of the above problens, a prinmary

concern of the present i.nvention is to provid fer.|level package
o et ur BorddIE ARSI ok Y E b8 hediie crBRRL 1S Byt Belie By BREHS
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sem conductor wafer with a 20 pluralrty of conpact sensor enents such as
accel er ato banseadbtr slant @ythe fsans ostibo. a package waf er without al nost
causing resjidual stress at_the bonding interface. That is, the wafer
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output an electric signal according to a positional displacénent of the

nmovabl e 228} iaod; betwWedensthepackingelayafse (21n@R€).t dllome afrefipposolideriagr f aces
of the sem conductor 30 wafer; and a second package wafer bonded to the

ot her suffP5E%S bY _I’F‘ﬁ%rmﬁd der @dﬁﬁ?ﬂ:?@ﬂcﬁgﬁe?f_; the sergee&lfr 210 rrartBeof each
of the 5@3{% ¢ ”%&fér hasga fimst aurf %?e‘r?‘ch'sg%t gﬂnte.r e&le%}egi%%{?c%-t ed

surface e first package wdfer over ire circunterence thereof
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region formed on a surface facing the second package wafer over an entire

ci r cunf élegia¢ienshier gofisarochgracterifics onedeaseebenayisigl kespbrali giness at thhe

bondi ng bet ween .t he sem conductor wafer and the firs ackage wafer is a
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10 package wafer, an
sensor device is downsized.

15 SUMMARY OF THE INVENTION
Therefore, in consideration of the above problems, a primary concern of the
present invention is to provide a wafer level package structure capable of
providing compact sensor devices having small variations in sensor
characteristics, which is formed by bonding a semiconductor wafer with a

20  plurality of compact sensor elements such as acceleration sensors and gyro
sensors to a package wafer without almost causing residual stress at the
bonding interface.

That is, the wafer level package structure of the present invention
comprises:

25 a semiconductor wafer having a plurality of sensor units, each of which
comprises a frame having an opening, a movable portion held in the opening to
be movable relative to the frame, and a detecting portion configured to output an
electric signal according to a positional displacement of the movable portion;

a first package wafer bonded to one of opposite surfaces of the semiconductor

30 wafer; and a second package wafer bonded to the other surface of the



t he bondi ng between the sem conductor wafer and the second package wafer is
a solid-phase direct bonding w thout diffusion between the second
surface-activated region and a surface-activated region fornmed on the
second package wafer. 15According to the present invention, since one
surface of the sem conductor wafer is bonded over the entire circunference
of the franme of each of the sensor units with the first package wafer, and
t he ot her_surface of t e.seniconductor waf er is bonded over the entire

ci r cunf erSREE T Re™"FtAie of each of the sensor units with the second

package waf gfherbin {2 PRSI RChf Stﬁélseﬁgoﬂ BhRE 12K Lhir&ahfle-2Qivkip& sensor
units fromthe outside in an airtight manner. As a result, a desired

at nospherregioanfdomedabnt ai siedaden fdding i thice fitar patkddee wadss overuant enties
exanpl e, when the sensor unit is an acceleration sensor unit, an inert-gas
at nospherc&cgHesacrehatenl fedas o tswerewrd the meyakie é’%‘é%o?n@l rft second

Al terpatiyve en the sensor un I S yf Q. Sensor

ot rospnertiste IR sHgPaBROR st i a el BERelR B naeRE THEE i or o
the sens@pepish tenuf@c@@k%?é@ﬂ@e fdre6r &89t P5uibEnfithe tménhis peash package
wafers is bonded to the sem conductor wafer by the solid-phase di'rect

bondi ng wi t Houbomtihg between tite sesniposdudtioe waferaral thedinst phtleagethafer is
variations i characteristics occur due to residual stress at the

ensor
bondi ng ?nt@ﬁ#§e€a$% theect asorstingsi wighauhe giffesient nesivesticnthes &Y ow

surface-activated region and a surface-activated region formed on the first
10  package wafer, and
the bonding between the semiconductor wafer and the second package
wafer is a solid-phase direct bonding without diffusion between the second
surface-activated region and a surface-activated region formed on the second
package wafer.

15 According to the present invention, since one surface of the semiconductor
wafer is bonded over the entire circumference of the frame of each of the sensor
units with the first package wafer, and the other surface of the semiconductor
wafer is bonded over the entire circumference of the frame of each of the sensor
units with the second package walfer, it is possible to seal an interior of each of

20  the sensor units from the outside in an airtight manner. As a result, a desired
atmosphere can be maintained in the interior of the sensor unit. For examplé,
when the sensor unit is an acceleration sensor unit, an inert-gas atmosphere
can be maintained in the interior of the sensor unit. Alternatively, when the
sensor unit is a gyro sensor unit, a reduced atmosphere of high degree of

25  vacuum can be maintained in the interior of the sensor unit. In addition, since
each of the first and second package wafers is bonded to the semiconductor
wafer by the solid-phase direct bonding without diffusion, it is possible to avoid
a problem that variations in sensor characteristics occur due to residual stress
at the bonding interface in the case of using a heat treatment such as reflow

30 soldering as the bonding method. As a result, compact sensor devices each



30 soldering as the bonding nethod. As a result, conpact sensor devices
each 5 having small variations in sensor characteristics and good
airtightness therein can be integrally formed in the wafer |evel package
structure. To obtain the solid-phase direct bonding with inproved
bonding strength, it is preferred that the first surface-activated region,
the second surface-activated 5 regiong the surface-activated region of the

first package wafer, and the surface-activated regi on .of the second package
wat or ot GAE SHETGPT AT T e G SCHT NS e E oG OGP SO AT
surface, ARhAMELANY G:36aM HAGhRE Kl P PRLBGS shicdife 2l SO preferred that
at | east one of the bonding between the first” surface-activated regi on and
t he surf aceTaacihtyial the sotigishnsefditdee bbhasig Widh papkege hafding atdnitig ibondi ng

bet ween t he second surface-activated regi on and the surface-activated
regi on ofs prefeed shat teciaysunatenciisatanyeging, die serenddgivirtroshageagid ect

bondi pg bet. A Au, .t | i.d- direct hondi ng bet Cu and
G aha CHECROITA. BRACE” B LE DB he oL soit AP SHEAN oI5 { BFRaliel y. at

| east ongueficthgribaRd Pe:ibet ¥EGRCt B ohldr PhacRYSd apsreACllevahgdohe pEY on and
t he surface-activated region of the first package wafer and the bondi ng

bet ween phensetwated vufface-actionrbeanh iregliatedandrthdre st hacaoadtibeahed
region of the second package wafer is greferabl y any one of the solid-phase

direct bofetiagbeiieen & isaleo preferrnd taet plepradee of thechonsbnaipalvesat ween Si
and S| 02, aRd. L 06 S0LLdpRESS dbnesly DRndlna beliesn S 02 AR fL 92y 20TO
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and imncr pasitaden@afenNdidghé ®ohaltid bbdwveent tHeS s i st Abcd-Bativatdl ek, one of
the first surface-activated region and the second surface-activated region
i s conpoged th¢ sarfacagctivitedogten cfithareond tiackbgd wadgiismrfyormeedf teer t he
entire circ erence of the franme so as tq surroun he npvabl e portion,
and a riﬁ‘ﬁl$g£§3? Hﬁ@?t %“‘gﬂgfb&é\é@%{bf‘f‘va&%‘iéuréﬁ?éﬂh‘g g diechRondig si de
of the fager i r.egl ey ] i e of the
O (Gfeed Uik %{, t%g{ ?lge S ﬁh%a%}édlréc'%f’%&ﬁ}llé et & R S 53¢

frame so as to surrou novabl e “porti on. case, | I'S

parti cul Alténnapivelyerat @dasthahe an tAdXidridahy teeabénghoairst e0rfee-acomaret i ng
between the outer surface-activated region and the inner surface-activated
regildn itsgfosy gad Hie phulegs-dctvatedorrgiopadeidief fiosh padknrgst weferbgndothe
predeterm ned distance in the cifcunferentjal .directjon of the frane. 6

1 ada (TRsHnE Do Pk the.gteah B A Brod S LASS he AR B A Enduct | ve
| ayer fopRe 8f 1 ROSIAd PACKLRS WardOist PRERYAPLAYPHS bP i RARyL REL
surface- g%?i vat ed reqgi on? Agin el ect rllscgl 'y cg}ﬁnegt ed to t%e getge}%ﬁfeng

porti on,ditdee bbhtitg Ipaoken Sivwall &, thassobidtpiiaueglirdvo benditg ngwasd Saantdr i ng

| ayer electrically 5 connected to the through-hole wiring with respect to

each of YiRe ardh&eg selii-phasadirechbondingihevper wienandSiPer st package waf er

and ,t,he semi conductor.wafer further c ris a.solid-phase direct., bonding
W RBOE o TR E B ameter s B TR S 3e8 e IR NG Sty er and

an acti waldeghcdtisbae ndihe ridding, [edehrefdrfed Mt £A88st biie bBtIROBRIDI € to
si mul t aneously obtain the airtight sealing of
surface-activated region and the second surface-activated region is composed of
a ring-like outer surface-activated region formed over the entire circumference
of the frame so as to surround the movable portion, and a ring-like inner
25  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, it is 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

30 a predetermined distance in the circumferential direction of the frame.



10 the interior of the sensor unit and the electrical connection between
the first package wafer and the sem conductor wafer. If necessary, the sane
sol i d- phase direct bonding for simultaneously formng the airtight sealing
and the electrical connection may be fornmed in the case of bonding the
second package wafer to the sem conductor wafer. 15A further concern of the
present invention is to provide a sen§or device obtained by cutting the

f I I k i_bed
ini £ The t He ot ba SiHERedaRGH cath oL 6 Spufin e rE L 5pbairREy o

from conygpti %}ﬁleds%@SQr SMba e8los¥Nitg NiHeS rﬁMb@&dﬁd ris8d thin t Bt frgsi dual
stress hardly occurs at It)he bondi ng interface the interior of the 20

sensor devrfaeciastiaatetlirgfivhy asé aleetridnliyt dvmnsotdddophasietatitinegiorhionditg
wi t hout d| ffusi on. BRI EF EXPLANATI ON OF THE DRAW NGS FI GS. 1A and 1B are

respect i typé Srrasaraler ﬁ}aénaathdoﬁfh‘éolﬁ wiEngng darismng Byer chsérer)y

struc ure acc n t, enbodi t . a
respecti Ve 96058 %fl rqu§n ﬁ?llg O V‘nnisﬁe}cr P encélto\/eﬁgl\}vsd%ggeasega%rsg? "Sevi ce

obt ai ned aﬁHQHbtﬂb%dY&@é ﬁét&e%ﬁedheqﬁ@,kgg&a%gew&ﬁe%ﬁd thk@endfohduéol QRudi ew of a
sensor substrate, and FIG 3B is a cross-sectional view taken along the

i ne B- AfurltheIFb@npﬁ,é@s Bl @aliddphsseadbett bomdingwihothediffesisorbeswbet reat e; 30

FIG 5 is acircuit diagramof the sensor substrate; 7 FIG 6Ais a top
vi ew of &CHYaeq SHEERE 9E Tagiprdustive layer adangstivated gpdace Qldbe WRg vi ew

taken al rt %thﬁéqgaﬁ% @Ilﬁggsgk aﬁ%’ﬁg aQEOJslg%b@aJBQLf&%mtl %\é’e%lfmégfe first

package s bstrate are respective

Crosgy segid fitatio bEWEe QbnsorSEERNhDtIRACKAGE S WoahEatien beE{vé“en %hé Sirst
schemati c enl arged cross-sectional view of a bonding portion between the

sensor sph@dtagat evaderd arik ther seenpeekdgos uwsferat elf necessary, the same

solid-phase direct bonding for simultaneously forming the airtight sealing and
the electrical connection may be formed in the case of bonding the second
package wafer to the semiconductor wafer.

15 A further concern of the present invention is to provide a sensor device
obtained by cutting the wafer level package structure described above into a size
of the sensor unit. The thus obtained sensor device has a specific structure
different from conventional sensor devices, which is characterized in that
residual stress hardly occurs at the bonding interface, and the interior of the

20  sensor device is airtightly sealed by the solid-phase direct bonding without
diffusion.

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;

25  FIGS. 2A and 2B are respectively schematic plan and cross-sectional views of a
sensor device obtained from the wafer level package structure;

FIG. 3A is a top view of a sensor substrate, and FIG. 3B is a cross-sectional view
taken along the line B-A’ in FIG. 3A;
FIG. 4 is a bottom view of the sensor substrate;

30 FIG. 5is a circuit diagram of the sensor substrate;



FIG 10A is a top view of the sensor substrate according to a nodification
of the present enbodinent, and FIG 10B is a cross-sectional view taken
along the line 10 B-A" in FIG 10A; FIG 11Ais a top view of the first
package substrate according to a nodification of the present enbodi nent,
and FIG 11B is a cross-sectional viewtaken along the line A-A" in FIG
11A; FIG 12 is a schematic enlarged cross-sectional view of a bondi ng

portion be en the sensor .substrate of Fl 10A and.t first package
B ibst rat 161 PHGE £1A5P PGV 95,0 1Tk eAas08e RERTHRE Tb CholiPnds B surf ace
activati QBosd 8R-tidnlaBrietPBikR Aofd ARSTSEALAGAGHGY 6@W Show ng an at mosphere

adjusting step, and FIG 13C1s cross-sectional view show ng a
room t enGarus e hntgh RiEve belie 26t patageldfboiardtel4B are respectively
schematic_plan and side views of a wafer |evel package structure according
to a secdndSePfoandedd arargsFidvelvA®@n and geonenattiana rasws sdat iseped vi ew of
a sensor del\éi ce i.n the wafer |evel package structure; FIG 15A is a
top vPewPSFaSENNF S ibstrate, and FIG 15B is a cross-sectional 25 view

taken al gng, Rea kbmEnAxiSeniabgdd Qosé%é%ﬁ&ﬁa@@ie“l% bOndiBl prBiof PREFEL] C

cross-sectional views show ng a nethod of producing the sensor substrate of
t he seconlle s smbtratdbhfed the ArstSpackagp subswatd; a first package substrate,
and FIG _17B is a cross-sectional viewtaken along the line AAA" in FIG
17A; 30 FI@s!0Agna dew viespoldhe scaspiesylpsieaty aceprding te psaedifiertipmrifhs/i ews of
a second K .substrate- FLG. 19 is a schematic c¢ross-secti.onal view
of *agyr 6-SeREERRR AT RBRUTG, TbBis hbi Bet Bl Bebape R ot B0 11 2
schepmt i g-plianerd. waef a sensor substrate according to the third 5

enbodi ment; FIG 21 is an enlarged view of a relevant portion of the sensor
subst r at BIG. F1AGs 2201 siew afche st pagiagn svibstvatd aecdrilingg topaoicsijficagidmst r at e

accordin othethir nbodi ment
gf tthe present emgogiment, ang FIG. 11B is a cross-sectional view taken along

the line A-A’ in FIG. 11A;
FIG. 12 is a schematic enlarged cross-sectional view of a bonding portion

15  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 adjusting step, and FIG. 13Cis a
cross-sectional view showing a room-temperature bonding step;

20 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

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

FIGS. 16A to 16D are schematic cross-sectional views showing a method of
producing the sensor substrate of the second embodiment;

FIG. 17A 1s a top view of a first package substrate, and FIG. 17B is a
cross-sectional view taken along the line A-A’ in FIG. 17A;

30 FIGS. 18A and 18B are respectively top and cross-sectional views of a second



FIG 23 is a schematic bottomview of the first package substrate; and 10
FI GS. 24A and 24B are explanatory views of a nethod of manufacturing a
conventional wafer |evel package structure. BEST MODE FOR CARRYI NG QUT THE
| NVENTI ON Referring to the attached drawi ngs, the wafer |evel package
structure of the present invention and the sensor device obtained formthe
sane structure are 15 expl ai ned belomgin details. (First Enbodi nent) As
shown in_FI GS. 1A§t%%g.and FI GS. 2A, 2B, a wafer |evel package structure
100 of t REPIEENS EHbodi ment has a structure conprised of a seni conduct or
vafer 10ppht Mo s RlIhahatit Pbs BECRIBLAT R LISERRB scHBbE §evie hbEotHiMRLKage

waf er 20 20 bonded to one of opposite surfaces of the sem conductor wafer
10, and a thécosmdbpdiekage waf er 30 bonded to the other surface of the

sem conductor wafer 10. In the follow ng explanation, a region for formng
each of tHe 3@ delercharentiseligorictinet a sepsarhaiidrmte Aratdiog tadherthil i s
defi ned s, sensor substrate 1. A region facing each of the sensor
substt at €5 PP 0Fthe first package wafer 20 is 25 defined as a first package

substrat g1@. 2 Aid ﬁgieﬁfhr%é’&ivﬁgv Ss Pe18fadthRra6A P Eh S YOSIdrahdsiht®f the second
package wafer 30 is defined as a second package substrate 3. In the present

enbodi mehtG. 20 iSalschaefraticusled dewtdie Sestripeohdge substmafeeaccbdding otheosed of
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formed on the 1 nsu ayer ach o e~accel erat’ion sensor units

is fornedidy. procRss2As hhd exphat@yeviewkastha ahetHda bf hednuyraekages waf er 20
and the second package wafer 30 is fornmed by processing a silicon wafer. In
the 5 prexwantiepdodideemevel packagskstoggtuné. t he support substrate 10a of the

SOT sub LS. | a thickness of the
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cor r espgsdsen toin&ef fiOA JansiutHeasmisoA dtict hibtkined Joah thbesasnd sgootwafae for the
first package wafer 20 is in a range of 200 mto 300 m and a thickness of
t he 18j | jex@trined belovoin def@ilsecond package wafer 30 is in a range of 100 mto
300 m TQgﬁgthhﬁkﬁg%gtvalues are illustrative only, and therefore the
present invention s not limted to them

As shown in FIGS. 1A, 1B, and FIGS. 2A, 2B, a wafer level package structure

100 of the present embodiment has a structure comprised of a semiconductor

wafer 10 with a plurality of acceleration sensor units, a first package wafer 20

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.

In the following explanation, a region for forming each of the acceleration sensor

units of the semiconductor wafer 10 is defined as a sensor substrate 1. A

region facing each of the sensor substrates 1 of the first package wafer 20 is

25  defined as a first package substrate 2. A region facing each of the sensor

substrates 1 of the second package wafer 30 is defined as a second package
substrate 3.

In the present embodiment, an SOI wafer used as the semiconductor wafer

10 is composed of a support substrate 10a made of a silicon substrate, an

30 insulating layer (embedded oxide film) 10b such as a silicon oxide film formed



FIGS. 3A and 3B are respectively top and cross-sectional views of one 15
accel eration sensor unit (corresponding to an area "A" in FIG 1A) forned
in the sensor substrate 1. In addition, FIG 4 is a bottomview of the
accel eration sensor unit. Each of the accel eration sensor units has a franme

portion 11 (for exanple, a rectangular frame portion) having an inner
openi ng, a weight portion 12 disposed9inside of the frame portion 11, and
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are formed by use of the silicon |ayer 10c of the SOT substraté. Therefore,
t he 10b is in a range of 0.3 um to 1.5 wm, and a thickness of the silicon layer 10¢ is
in arange of 4 um to 10 um. In addition, a surface of the silicon layer 10¢ that
is a general surface of the SOl wafer corresponds to a (100) surface. A
10  thickness of the silicon wafer for the first package wafer 20 is in a range of 200
um to 300 um, and a thickness of the silicon wafer for the second package wafer
30 is in a range of 100 um to 300 um. These thickness values are illustrative
only, and therefore the present invention is not limited to them.
FIGS. 3A and 3B are respectively top and cross-sectional views of one
15 acceleration sensor unit (corresponding to an area “A” in FIG. 1A) formed in the
sensor substrate 1. In addition, FIG. 4 is a bottom view of the acceleration
sensor unit. Fach of the acceleration sensor units has a frame portion 11 (for
example, a rectangular frame portion) having an inner opening, a weight portion
12 disposed inside of the frame portion 11, and four flexible portions 13 each
20  formed in a strip-like shape and having flexibility. The weight portion 12 is
supported at the top-surface side (FIG. 3A) of the sensor unit by the flexible
portions 13 to be movable relative to the frame portion 11 in a swinging manner.
In other words, the weight portion 12 is movably supported in the inner opening
of the frame portion 11 in a swinging manner by the four flexible portions 13
256  extending from four sides of the weight portions toward the frame portion 11.
The frame portion 11 is formed by use of the support substrate 10a, the
insulating layer 10b and the silicon layer 10c of the above-described SOI
substrate. On the other hand, as shown in FIG. 3B, the flexible portions 13 are
formed by use of the silicon layer 10¢ of the SOI substrate. Therefore, the

30 f{flexible portion 13 has a sufficiently smaller thickness than the frame portion



30 flexible portion 13 has a sufficiently smaller thickness than the frane
portion 10 1 1. The wei ght portion 12 has a core section 12a having a
rectangul ar solid shape, which is supported to the frame portion 11 through
the four flexible portions 13, and four weights 12b each having a
rectangul ar solid shape, which 5 are integrally coupled to four corners of
the core section 12a at the top- surfa?§ side of the sensor substrate 1.

That is, en viewing fromthe above 0f the sensor substrate 1, each of the
wei ghts I is disposed in a spaced surrounded by the frane portion 11, the
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15  each of the weights 12b is formed by use of the support substrate 10a of the SOI
wafer. At the top-surface side of the sensor substrate 1, the top surface of each
of the weights 12b is provided at a lower position than the top surface of the core
section 12a, i.e., at a side closer to the bottom of the sensor substrate 1 (FIG. 4).
The frame portion 11, the weight portion 12 and the flexible portions 13 of the
20  sensor substrate 1 are preferably formed by using conventional lithography and
etching technologies.
By the way, as shown at a lower right portion of each of FIGS. 3A, 3B and 4,
when a horizontal direction of the frame portion 11 corresponds to an “x” axis, a
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horizontal direction orthogonal to the “x” axis corresponds to a “y” axis, and a
25  thickness direction of the sensor substrate 1 corresponds to a “z” axis, the
weight portion 12 is supported to the frame portion 11 by a pair of the flexible
portions 13 extending in the “x” axis direction at both sides of the core section
12a, and another pair of the flexible portions 13 extending in the “y” axis
direction at both sides of the core section 12a. The rectangular coordinate

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



direction at both sides of the core section 12a. The rectangul ar coordi nate
30 system defining the above-described "x", "y" and "z" axes has an origin,
which 11 corresponds to a center position of the top surface of the weight
portion 12 forned by the silicon |ayer 10c of the sensor substrate 1. On
the flexible portion 13 extending fromthe core section 12a of the weight
portion 12 in a positive direction of11he "X" axis, i.e., the flexible
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the other hand, on the flexible portion 13 extending fromthe core section

12a of the wmi gtﬁﬂepﬁb]relpmuaﬁ li3ne-aemdiggtitore tié ceat deenionflahef the 'weixhs, 1. e.,
the flexible portion 13 positioned at the left side of 10 FIG 3A _a pair
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formed formed near the frame portion 11. On the other hand, on the flexible portion
13 extending from the core section 12a of the weight portion 12 in a negative
direction of the “x” axis, i.e., the flexible portion 13 positioned at the left side of
10 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 (Rx1l, Rx2, Rx3, Rx4)
formed near the core section 12a is used to detect acceleration in the “x” axis
direction. Each of the piezoresistive elements (Rx1, Rx2, Rx3, Rx4) is formed
15 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
metal wirings 17 formed on the sensor substrate 1) to obtain a bridge circuit Bx
20 shown at a left side of FIG. 5. The piezoresistive elements (Rx1l, Rx2, Rx3,
Rx4) are formed at stress concentration regions of the flexible portions 13 where
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stress concentration occurs when the acceleration is applied in the “x” axis

direction.
On the flexible portion 13 extending from the core section 12a of the weight
256  portion 12 in a positive direction of the “y” axis, i.e., the flexible portion 13
positioned at the upper side of FIG. 3A, a pair of piezoresistive elements (Ryl,
Ry3) are formed near the core section 12a, and a piezoresistive element Rz1 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

30  direction of the “y” axis, i.e., the flexible portion 13 positioned at the lower side



15 in an el ongate rectangul ar shape as a pl anar shape, and di sposed such
that the elongate direction of the piezoresistive elenent is substantially
the sane as the longitudinal direction of the flexible portion 13. In
addition, these piezoresistive elenents are connected by wirings (diffusion
| ayer wirings and netal wirings 17 fornmed on the sensor substrate 1) to
obtain a bridge circuit Bx 20 shown at2a left side of FIG 5. The

pi ezor esi stive, el enent Rx|, .Rx2, -Rx3 4 forped at stress

concent r aotsf?:l(l)(\h;‘ ?gg? 5is Og getz%ésf&ftg’fi eﬁ?%e%tgﬁﬁyéngy%é %g’?@%ﬁ%st € core
concent r atQsh A2aURSd WSB2JrBSisAFE BleBl M IFY |sStofPRl ifRdr e Fghe gart?aﬂ S
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di sposed such that the elongate direction of the piezoresistive elenent is
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portion 13..1n additjon, these piezoresistive elenents are connected by
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5. The piezoresistive elenents (Ryl, RyZ2, Ryé, Ry4) “are fornmed at sStress
concent ratéadion: egi ons of the flexible portions 13 where stress
concentration occurs when the acceleration is applied in the "y" axis

di r déti on. RdliieR teopiczengaispive shmeentst (Red . Rz2ndind ReY) formed nqRe3, Rz4)
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"z" axi gﬁ_ iﬁrraerf:l?ipé)ﬁjf’mlgﬁldlp aEhHeed éﬁ (%)1}6% JCRGEAEG 17 3@? ofi Faye lrWtHnngs and
met al vwmgﬁnﬂe?:técpbmﬁﬁgs (DRSS Washsah R4 DlethPwiithad B 73Phkgge
circuit Bz shown at a right side of FIG 5. The piezoresistive elenents
(Rzl , Ro4)thgrsendps pobstdatenl )ttoeohpainr a bfidigheircuit Bz shown at a right side of

FIG. 5. The piezoresistive elements (Rz1, Rz4) are disposed on the pair of the
20  flexible portions 13 such that that the elongate direction of the piezoresistive

element is substantially the same as the longitudinal direction of the flexible

portion 13, and the piezoresistive elements (Rz2, Rz3) are disposed on another

pair of the flexible portions 13 such that that the elongate direction of the

piezoresistive element is substantially the same as the width (lateral) direction
25  of the flexible portion 13.

FIG. 3A shows only a part of the metal wirings 17 on the sensor substrate 1
in the vicinity of a second metal layer 19 described later. In addition, the
diffusion layer wirings are not shown in FIG. 3A.

The piezoresistive elements (Rx1 to Rx4, Ryl to Ry4, Rzl to Rz4) and the

30  diffusion layer wirings are formed by doping a p-type impurity into



20 flexible portions 13 such that that the elongate direction of the

pi ezoresistive elenent is substantially the sane as the |ongitudinal
direction of the flexible portion 13, and the piezoresistive elenments (Rz2,
Rz3) are disposed on another pair of the flexible portions 13 such that
that the elongate direction of the piezoresistive elenent is substantially
the sanme as the wdth (lateral) diregtion 25 of the flexible portion 13.
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t hrough hol es 22. Therefore, a 20 part of the insulating film23 lies
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20  part of the insulating film 23 lies between a through-hole wiring 24 and the
inner surface of each of the through holes 22. In this embodiment, eight
through-hole wirings 24 are formed to be spaced from each other in the
circumferential direction of the first package substrate 2. As a material for the
through-hole wirings 24, for example, copper can be used. Alternatively,

256  nickel may be used.

In addition, it is preferred that the through-hole wiring 24 formed in the first
package substrate 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 portion.

When the through-hole wiring is formed by performing electroplating in the

30 tapered through hole formed in the first package substrate, a plating solution is



facing the sensor substrate 1 is larger than the area of the other end
portion. Wien the through-hole wiring is fornmed by performng

el ectroplating in the 30 tapered through hole fornmed in the first package
substrate, a plating solution is 14 supplied fromthe end portion having
the | arger opening area, so that a wiring formation netal precipitates from
the end portion having the small openjpng area toward the other end portion

havi t he | i area. Thereby, air bubbl.es generated in.the
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of the ppessible @nhetemtateddGion freticddlduh abnotti@atiPe fih phe tiadouhapsle, 15As
shown in FIGS. 8A and 8B, the second package substrate 3 is fornmed at a
surface PadiiAgraase thenseial prerpitatien ratg t Msaa covithvdepoit ponedpniiagd ng a
predeterm ned depth (e.g.., .5 mjto 10 g% f rovi.ding a space. for
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Each of the 20 sensor substrate 1 and the second package substrate 3 has a
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f or med tgﬁhave the sane qutside dinension as the sensor substrate 1. \Wen
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25 to be sm han e th ness” of ~anot her ion of the su%port
subst r at eclgguiseduied deeipietdia&sHapame portion 11 by a di mension

corresponding to an all owabl e positional displacenment anmount of the weight
por tibon 12 AsshérntihiFikRe84 and 8B, the second package substrate 3 is formed at
a surface facing the sensor substrate 1 with a concave portion 31 having a
predetermined depth (e.g., 5 um to 10 um) for providing a space for positional
displacement of the weight portion 12. The concave portion 31 can be formed
by using conventional lithography and etching technologies. Each of the
20  sensor substrate 1 and the second package substrate 3 has a rectangular outer
peripheral shape. The second package substrate 3 is formed to have the same

outside dimension as the sensor substrate 1.

When the thickness of a portion of the support substrate 10a used to form
the core section 12a and the weights 12b of the weight portion 12 is determined
25 to be smaller than the thickness of another portion of the support substrate 10a
used to form the frame portion 11 by a dimension corresponding to an allowable
positional displacement amount of the weight portion 12 in the thickness
direction of the sensor substrate 1, a clearance for enabling the positional

displacement of the weight portion 12 can be obtained between the weight

30 portion 12 and the second package substrate 3 without the formation of the



direction of the sensor substrate 1, a clearance for enabling the
positional displacenent of the weight portion 12 can be obtai ned between
the weight 30 portion 12 and the second package substrate 3 w thout the
formati on of the 15 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 {he franme portion 11 of each of the

accel eration sensor upjts, a first tal layer 18 is fornmed at a side
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portion 12 an e portions 13. ndi ng portion between the

sensor suyhskagd subs@antk Rhig éiglainedackbagens wshé oetidni Bl foremd, oBshshown in
FIG 9, by a solid-phase direct bonding w thout diffusion between an

act i vat edcstlefadive sfnsohairfits; st firpttra¢tal Griea i is1®rofedeaich sote fdeing the

accelgra i on sensor %nits gnd an_actj vated s¥rface f. a.frame-1jke netal

[ ayer> 25 ¥ PARKAGR SHDSHRH SpDREIRG SPEE BRCUPITRACE PF U FABIAOR ISR r at & 2.
Thi s sol i,d- I &etnhongd > it i - i: | vat ed
surfacesbgépgg%%u%Pﬁ%%Igt ro% g?%%géraFﬁ$%3°?n aﬁ%ﬁ%ﬁgﬁ?h?%ébgﬁggﬁk%ackage
subst r at @eRiblagomioplsul | iThe BéndihEigagtibayetseetDihel Seroir Glibatratd @rayed at an
inner side of the frame-like netal |ayer 28 and around the concave portion
21, and Eredrst radkage sovsteted isdormed: As shgnhisl BlGy 9. igs sdid-Fapseexanyl e,
the nunber of, the wirjng |ayers 29 formed in.the present dinent, is
ci'ont - EaERCor o RRB iy i Pe tePeT an e lS SRR bR Bl i1

| ongid udiRRl 18 RGIhosT the ddaelct iV IBANR! @nitd BhAGP 4ctivdied Wurided £Q | ayer
29 is positioned at a side closer to the weight portion 12 than the first
nmet al | afremelidkometdidagan2® forsndibdn at @rigspandirgd sogiel eftthel fosk pyckagenect ed
to a second netal layer 19 fornmed on_ the frane_ portion 11. The connection

bet ween PHeStEREhd Thit splifphase toregh bopring ran kg abigiercdly peessig ticoned at
an outer &%v%?ec?%%;fg esn%t&chwthiep%tlﬂorgqe g%]égt%?gor substrate 1. 250n the
e stra 0

|
surface Taci ng i TSt package su the sensor substrate 1, an

i nsul ating Ini dd¥i&i6n] el RTBHckAR sitbstfté QMUY $ pthiralitof wiiakeedd 200 of a
silicon oxide filmand a silicon nitride filmon the silicon [ayer 10c. The
firsts mewhich arpdormgd atlve wecosilaet tie frayerliclQictaldaydre2denal ampiindngs 17
are forngd on Ll nsal 4l ng (1 A8, 0The L1 St IS e hNSle gt the
24. For example, the number of the wiring layers 29 formed in the present
embodiment is eight. Each of the wiring layers 29 is connected at an end
portion of its longitudinal direction to the through-hole wiring 24. The wiring
20 layer 29 is positioned at a side closer to the weight portion 12 than the first
metal layer 18 of the sensor substrate 1, and also electrically connected to a
second metal layer 19 formed on the frame portion 11. The connection
between the second metal layer 19 and the wiring layer 29 is positioned at an
outer side of the metal wiring 17 on the sensor substrate 1.
25 On the surface facing the first package substrate 2 of the sensor substrate 1,
an insulating film 16 is formed, which is comprised of a laminate film of a silicon
oxide film and a silicon nitride film on the silicon layer 10e. The first metal
layer 18, the second metal layers 19 and the metal wirings 17 are formed on the

insulating film 16.

30 The first metal layer 18 and the metal layer 28 are formed by use of the



16 sanme netal material. For exanple, Au, Cu or Al is preferably used as the
netal material. It is particularly preferred to use Au. The netal nateri al
used in the present enbodinment is Au. To achieve an inprovenent in adhesion
between the first netal layer 18 of Au and the insulating film16, a Ti
filmis formed as an 5 internedi ate | ayer therebetween. In other words, the
first nmetal film18 is conprised of allkam nate filmof the Ti filmforned
on the i i fi,l 6 and the Ay, fidlmifeormed on the Ti. film

S 1'ar | Pt B e b AP R ap bl b & R R E st 55 P ersiat mea by
use of theagane NelgharteliRirly3brefdttdd X¥AEPAR. Pie nfedalQhatiridl $1sPd &f Brabl v
used as 10 the netal material. It is particularly preferred to use Au. The
nmet al matpeesealt ensledtliment e Apr e Sendcheedzogih iEptovesndat. inTadlacdivre between

i mprovenent in adhesion_between the second netal |ayer 19 of Au and the
i nsul at i &ae firytiate! layemrl 8mof A and theripshladngdin 162 ;M%E%OFWG@S an

t her epet ther rds, the second netal fil i S ri.ged of a

| am n%t eY&%P%eé t?kll%%'ﬁ &%f?bnthg?%d&oﬁﬂffﬁewf Si’nt%lgr%élsl%nrae%aﬁl %n ﬁ&%ahsd the Au
filmforgeghpeied b€ a Thmihdtefilm of et @sBeskdlod @RGAsAlatisilkd 18taiet al

| ayer 18 and the second netal |ayer 19, a thickness of the Ti filmcan be

pr ef er abtye dstfilimfoamedrgethef Tilfint.o 50 nm I n the present enbodi nent, a

thi ckness of . the Au filmis set to 500 n and. a thickness of the netal
wiring 17 iélr’%‘é"t‘rl¥’othf Sront et 1R Aded i ue a oo 29 ws{orlal@fw only,
and the J | IS not 4l '}ggﬁﬂ: Ot ey - & ing the
Au film Bigigéf@tepér e eglgltfléagq? %tng?heﬁ‘dtr% C elé’sAlli’s not kpg’r%gfé}tg E@n@%ggfs' nm from
the Wi ewitd fifetdfmbatepiabViBgs pasliclfailf drbRridndi wig: ptOoCTES mdthenAdedial m may
be formed %ﬁl use of a gold material containing an inpurity other than pure
gol d. | nusdteingheqwaserdeivdendiment is fya. TTo prhieve snfimphewraentinadhghioni ve

i1 m 16, DieERaRs Shroithi e Fint S B A e D5t Wb AR R Dy o

used as foh@cABiebhalnttRhedilte RARESINERAYEEN. AR FBSG WBRE, aPRVSconlien the
first netal layer 18 and the second netal |ayer 19 are formed by use of the

sane netmaktaidiler i18 js icomipsisetif echilenihateatihh enfettae 3D filmdfsetrieoinonh nthe
production cost because those netal |ayers having substantially 17 the

sameldt hilgRRkS e B arst theoh it foamed w81 the Bifdin.i s, since the first metal
| ayer 18 ang. ecand netal ., layer 1 re forpned t.o be flush wth each

ot her on t%ltégﬁgger&gﬁﬁgtggaﬁeth ,%%_5{1316'? %@aﬁ%ﬁ g? a\nély%e}fe 5%0351(?1 t W\tjamlwerri ng
layer 29 aareHiodmd df ende filvishn WetheRaghly QEDBI a B g\ 19 1030 Rackage
substrate 2, it 5 becones possible'to app?fy a uniformpressure to the
bondi ng thatmebatechbbdimentt lretlsicksess siutist Aat Blnl iamsdt th00i nst, gpatkage
substratﬁ. . Consequently, the solid-phase direct bondi ngs between the
first mé aqinﬁaw the mefg! FREnget 4fs eyt 1ognandhesk tRiskpgspkales dirfect
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using the Au film, it is preferred that the thickness is not larger than 500 nm
from the viewpoint of improving yields in the bonding process. The Au film may
be formed by use of a gold material containing an impurity other than pure gold.
In the present embodiment, the Ti film is formed as the adhesive layer for
25 improving the adhesion between the Au film and the insulating film 16. In
place of the Ti film, Cr, Nb, Zr, TiN, TaN or the like may be used as the material
for the adhesive layer.
As described above, when the first metal layer 18 and the second metal layer
19 are formed by use of the same metal material, it is effective to achieve a

30 reduction in production cost because those metal layers having substantially



10l n addition, as shown in FIGS. 10A and 108, the first nmetal |ayer 18 may
be conposed of a ring-like outer netal |ayer 18a forned over the entire
circunference of the frame portion 11 so as to surround the wei ght portion
12, and a ring-like inner netal layer 18b formed at an inner side of the
outer netal |ayer 18a over the entire circunference of the franme portion 11
so as to 15 surround the weight portiam 12. In this case, as shown in FIGS.
1 1A and B, it .is,also preferred that the netal er 28 of the.first
package stt%.]%s%arné ethfkins?s%o 0 %JO%PC% SH %FR%SIXUttﬁg%ﬁ’aﬁmf%ﬁéf’ 5L and a
ring-likenkelyetaghnd el HepNASRY PO 2RO 1drBRET toShBuOh WilifQUf €T
netal |ayer 28a, which are forned in a face-to-face relation wth the first
nmet al | aygherlén thid sersvatsubette 1 hendreiaine?2dl lhpsre28 2a8dahe tWieinkilagdr 2Mckage
substrate 2 may be formed by a single netal |ayer, which has a width

di mensi orfr8dPERad fedbes dugh Vihseaddatherper iberfinsheagkees sHbsERrtd 2ydt 18a

and the iLnn net al. er 18b. Thus., when form doubl.e, bondi,ng bet ween
the 1 brstoagrst PRl atnms dwbtiiRt it Solye o D BotRHR PR s T T | s
possi bl e the sEHEdNQUbdtAREOY ntiN@ caldse PacRhicAbhbight! 4. Seahid@chhg, 2
interior (i.e., the novable portion) of t%e accel eration sensor unit. In
FIG 12, sali¢phaecdinegt bondings btBixcani thie fdsenrataldbyer ¥8 ngd 1fHe insethblegeed i n

t he concgée 2% of the first package substrate 2, and the second netal |ayer
19 is el eBFICHT jolibhast direch PoRdinechrisen ithg speritd Biftaldgyer 19 and |
FIG 10 : desi E& ! seal ing | ayer extending 30
betvveen%%%%ﬁ?%@ﬁg?gﬁéﬁnagépgg%ﬁg%n %)Blhén ]géﬁ,%at al layer 18b. The

auxi ko ary IBasdigibhngs kBY®h idFIGS. POAENEIDR thR! fltkBinet A0a}drarsneRased from
each other in the circunferential direction of the frame portion 11 by a

pr edet er aempasell sefarceing-hkadeitter ometals lgyowd 8an fpir@ed 10vgr dhxi entarey
sealing layers 26 arg . forned on .the first package substrate 2 at sitions
corres poﬂﬂ?‘f‘f&?et%n?%%fe g’t’fé‘ﬁnﬁrfﬁ?rg@%l iIngp 8s F‘gﬁBFré’%f%l tg’f' Vi’fﬁgh%@‘?%’é’ln bstrate
1. Ther ef0d 8 rifh16Re iflSer b &l 1IRAGKAGS t irfndr $iROHES! nsor
substrate 1, rtnlgl% sgl I d(E phase %fér}ect %%#%an% eg&?g%nﬁ%“ vgtcébﬁeégiraeftglges of

t he auxilayer \l 8acabémghé agrgfrs (itbumBOoEnes ofl the Gabid peetioMbl Eavehs fohe
followng effect is expected by the formation of the auxiliary sealing

| ayelds (Iyrovpd theweight aoptien Ighedn dhisrasegns shiose anEFEGexil 4 entol Bh t he

(iea ooby s Bisraria hel RmerhloRe 3 ot Hichruntiees ioPolgie elfbet ance
exi sts Qidrhpscldrires riﬂgilﬁie ke m8biaykPesal ddd aHNLaRe et Mespdihgydnner
netal |ayers (18b, 28b) nay deteriorate. In these cases, it Is expected to

be di f f i28H disposed at aglither sidalof theouterenetat lafkr 2i8a, sdridoaralfvined. inHowever

when form ng the 15 bondi ng between the auxiliary sealing I%{zrs (15, 26),
a pl ur ald faredr-lars telgtons pibethe Brstymettlay oo d 8pe ANSERAERE - difcemetalt al

| ay 1 ' r I [ . Th .S, when. a.regi.on where a
r ed%@t i g%/e?n%%%’fﬁ}égﬁ{gg S gﬁ %’% ﬂl@é{t %tr?? %lgayb%?a\%/\%glr? dtl?’?’egghrf%? H(rgreé[?fa]tllay Frayer S
(18a, 28a&)icRatiy & vldeh Hembhsioh@ESRIdDSS 2866 stiad 06 BeBibaBye bnam t he

region where a reduction in airtightness of

metal layer 18a and the inner metal layer 18b. Thus, when forming double
bonding between the first metal layer 18 and the metal layer 28, as shown in
FIG. 12, it is possible to further improve the effect of airtightly sealing the

256  interior (i.e., the movable portion) of the acceleration sensor unit. In FIG. 12, a
connecting portion 19b with the metal wiring 17 is located in the concave 21 of
the first package substrate 2, and the second metal layer 19 is electrically
connected to this connecting portion 19b.

In FIG. 10A, the numeral 15 designates an auxiliary sealing layer extending

30  between the outer metal layer 18a and the inner metal layer 18b. The auxiliary



20 the bondi ng between the inner netal |ayers (18b, 28b) occurs due to

anot her foreign substance, these regions can be spatially shielded from

each other by the bonding between the auxiliary sealing layers (15, 26). In

brief, the airtightness brought by the bondi ng between the outer netal

| ayers (18a, 28a) and the bondi ng between the inner netal |ayers (18b, 28b)

can be further 25 reliably inproved by8the bondi ng between the auxiliary
escriphed above,

sealing layers,(15,,26). .. In the esent enbodj pent, as

The 11 1sCoNEISISREAS Sarovied,thblitahEREhs FPace! FRE! het RE P hackage
subst r at @iréuMEfentil® dRBLAISE of tRE HIh RS ﬁ&(ﬁ%noi 1 tb?ea breie Rkl Aisthhc80 as to
surround the weight portion 12, and the netal layer 28 is forned at the

cor r espoihad additioagine showntiheFIfi. r1dR, 30x{hiack agdirgyihgtrsa@e atk follrcdrdiatbievel y, it
is preferred that a Si layer or a Si02 layer 19 is fornmed in place of the
first netlEft Pagkage 181bsaide 2 st nogitimsororaespalingye rthe saudliaivesedlingpl ace of
t he tal_la 28. .1n brief, th ondi ng, bet.ween .t he sensor, substrate 1
and the }‘a}yrsa g%l%sac%agkée SGbST & %’fggaﬁ%&qb_e%"g}e 4§ b‘?h%{h Sn rS&f PEEHBI d- phase
di rect bengitngetPldeSMHed todhd sSheoPsMttabePNane sdiifl §fasbRdicngordRet ween Si
and Si 02, and a solid-phase direct bonding between Si 02 and Si 02. To

f or m t hebstotded- ptiarseaed i suetdcebooliting awidilyt sehlirfouEiyens H@bywe#f) ishaelssensor
substrate 1 and the first package substrate 2, activated surfaces of the

first metRiRinedeMaugonsd thadofevuig plg isaxrsriedobrihe fermation midhsri or to
var ™ ‘ ; . ‘
the bondé%gh%ﬁgeahh lé_f‘%ﬁgig ,ng' t. %%J?%g!é%%?é, ’Wﬁe%eg ?cgg%lﬁgr: s\éf;gsggrbfeuémgt%es are

obt ai ned irradi ah atomc an i1on asma of argon

i N VACUUSH e oueamidpalange2R84a Y BlcLalrighGidsh ageseal thboutdr SktdrBhpdrsl ayer 18
and the netal layer 28. Simlarly, the activated surfaces can be fornmed on

t he secod@anid8a) mayedetégornid. t Atematively,| whern 2®thguibsweigre subytanche
roomtenperature bondi n t hod cr.i bed .above i.s perforned. That .is, the
ot BB e Rtk e 16 285 s S iERgERs e oBin Che Tasraolaly of 28
and t he ig{ j he o - i,ring

| ayer 2dgg%gqg?ﬁﬁ%??ﬁ%%%?%%ﬁgﬁ?%%dI%sﬁgggfgg%gtgﬁﬁéggf§g??%S%&ﬁggﬁbat room

t enper atairtightNexéal thzeinhanct b thersthesr betineerHbwevesendnh fothshgahe 1 and
t he secaond package substrate 3 is explained. The frame portion 11 of each

of tlRe JwrdéesbsFutenthe engdiaryniaadingaleverss (h5,a2@), dc plusalitd of egitightf or med
R AR L T R L R A T,
The bonding POK! i DAt is, when a region where a reduction in airtightness of the
bonding between the outer metal layers (18a, 28a) occurs due to the foreign
substance is located away from the region where a reduction in airtightness of
20 the bonding between the inner metal layers (18b, 28b) occurs due to another
foreign substance, these regions can be spatially shielded from each other by
the bonding between the auxiliary sealing layers (15, 26). In brief, the
airtightness brought by the bonding between the outer metal layers (18a, 28a)
and the bonding between the inner metal layers (18b, 28b) can be further
25  reliably improved by the bonding between the auxiliary sealing layers (15, 26).

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

30  package substrate 2. Alternatively, it is preferred that a Si layer or a SiO; layer



bet ween the sensor substrate 1 and the second package substrate 3 is forned
by the solid-phase direct bonding w thout diffusion between the surface 25
activated region of each of the acceleration sensor units and a surface
activated region formed on the correspondi ng surface of the second package
substrate 3 by the surface activation treatnent. This solid-phase direct
bondi ng can be obtained by pressing th® surface activated regions to each

ther at .rqom t t They ef t he Jbondi ng. i nt er f ace. i n, thi i
For mod. by CRGRSD TR - BriBediat FLTEL IaRhfy B0 hAbHOSr At St 1de s €25 1S

Al ter nat ifygh¥d irfpRic02r by BletABYyerdB PaNf QTR Ohb R8s BEthdie #RNR8Kor
substrate 1 and ?he second package substrate 3 to ob%aln the solid-phase

di rect bomdstrgtddtavekthSiirstnohGia@2 .sulbstratk 2t inan, bet foemBd0Zy hay ehenaya be
formed on both of the sensor substrate 1 and the second package substrate 3

t o obt ai #oHAPIAsEi HrgaReding deatween dfingnd etineesrlil-phagh @i chinppding

Furt her myr itads sQ preferr 0 use t sol i d- phase direc ndi ng

et wean SirretbStEnd i0e HLE o shpsd WisbbPoRdrati R aaE shOLE50 5% oot
bondi ng bet wges-rih@8slicAYnEES errb&e&rﬁﬁﬂ%afithm@aifmsﬁo@%e%eﬁ%e JeliSor

sol i d- phase direct bonding can be fornmed between the sensor substrate 1 and

t he firsbupsichigd mubshe diret Baclame sultdiente B eadivated sinfgcehef st ifdsphase
di rect bondi hg between 10 the sensor substrate 1 and the first package

subst r at &osal layer I8 apd i matal levenes wes Brevicialy Ipmadayéorsorthe bopdimo, it
SubsLls A _patt .
IS desir gge gy th%?p%g%?{]%g%%?ﬁggg’f,ftggég A Kated %%&%%i% oIBga[lg?&' P the

sensor s trate package su rate Irectly

bondesl t pradiatisgnepbtsieshéahean ibh BWBh@r\d ?Mﬁiaﬂbf afgf freehévehytappl yi ng
the pressure to the bonding interface. 15 Referring to FIGS. 13A to 13C,
t he bondflsgnsrepndeactiesin thé susfensoef thedisst mietal laxardl Seant the ntetel Ihjerst

package bstrate.2 and the second package_.subsirate 3 is concretel
ol af neApePBLTTr OF Aty RIRERATFSHorAa D4 GRmachen donseror BEIFET ¢ he

first paggagey SHESkHEL1ARM0 ! h&ﬁg{#&?a@?%@%o 1Rshp@lgurt BbAaaced in

a chanber CH, and the air 1n the c S 20 exhausted to be not Qgreater
t han a pmedsiccdesdriedddgieeds perfuansdm Tieatdis, tHexdiPed HRa)dinSbbseasete v,
under a reduced atnosphere, surfaces of the sensor substrate 1, the first
packi@ge Figbsngtal layer A8pnd the mesnldapercRE g dsihssdireatbonding betveasiedreup by
means of_ sputter chin 6$$p then.a surf activaiion tre tneq% IS
por o mets Bt teteS 1ot PP S T Y AlE iRt EouF Fohed b
applying an appropriate load at room temperature.
Next, the bonding portion between the sensor substrate 1 and the second
package substrate 3 is explained. The frame portion 11 of each of the
20  acceleration sensor units has a surface activated region formed on the surface
facing the second package substrate 3 over the entire circumference of the
frame portion 11 by a surface activation treatment. The bonding portion
between the sensor substrate 1 and the second package substrate 3 is formed
by the solid-phase direct bonding without diffusion between the surface
25  activated region of each of the acceleration sensor units and a surface activated
region formed on the corresponding surface of the second package substrate 3
by the surface activation treatment. This solid-phase direct bonding can be
obtained by pressing the surface activated regions to each other at room

temperature. Therefore, the bonding interface in this case is formed by the

30  solid-phase direct bonding between Si and Si. Alternatively, a SiO, layer may



25 to the surfaces of the first and second netal |ayers (18, 19) of the
sensor substrate 1, the surface of the franme portion 11 to be bonded to the
second package substrate 3, the netal |ayers (28, 29) of the first package
substrate 2, and the surface of the second package substrate 3 to be bonded
to the sensor substrate. As the surface activation treatnent, an argon ion
beamis irradiated 30 to the surfacespgdo be treated for a predeterm ned

ti i .g., 300 ds). .2 i h f tivati
Lt eat henC® IpHEe Ab e (BF LU B ERE LA L en AR At BUP U 3 over
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degree of vacuum |In place of the argon 1on beam an atom c beam or plasma

of ar gon i@y lderused.belfvemgdsSon both fofrthe ensorr fabsraet 1 vatd ae Sed¢dgreht nent

is not limted to argon. Alternative]!%,ban i nert gas such as nitrogen and
R
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as shown in FIG 13B. By this step, the interior (i.e., the novable
porti on) befweeacku ehdthedasediedrioven Tlens,of nerdstarys dine badidrphatadiredt i n t he

desired atnpsphere_after the bondi ng step. For exanple, in_the present
enbodi meRPRdREr @t Re fareed dehivedh theagaior mthsirade d poad tea frehearikaas i or of
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f
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resi gt ange: fdndasDbBGasf | eclastheIueh patiemspiti®ra20m rol can be carried out
by opening and closing a gas introduction valve V1 and a gas exhaust val ve

V2 of the chanmserufadurethywafertlibat peckagnstmactiugn 160, ithe desired dbhatdthsur f aces

is caused by contact with the outside air, it i.s particul arl referred
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per f or meg, nﬁ:gﬁgﬁﬁggg e %ﬁ&?é{teoﬁ%ggég&?y hgn%&?t&‘cﬁdéé&?sor%htb%{ratt@&

interior o r’-irs contr to't esired atnosphere, the direct

bondi ng fhemvieniédgoiac bf vt @t eSusihEIgRE thdlprbbsisidl tbateHonding heefthest net al
| ayer 18 and the netal |ayer 28 of the first package substrate 2, the
di reét 25 Rufairmg et fEed tlRA &rtidkt Hie hwndies stelciesn | the- perasy

Do 10 IS S5l o e e WP S4Bl RO, 2
(Si-Si sQIs@raRb@F K concretely explained below. First, as shown in FIG. 13A, the
sensor substrate 1, the first package substrate 2 and the second package
substrate 3 are placed in a chamber CH, and the air in the chamber is
20  exhausted to be not greater than a predetermined degree of vacuum (e.g., 1x10-5
Pa). Subsequently, under a reduced atmosphere, surfaces of the sensor
substrate 1, the first package substrate 2 and the second package substrate 3
are cleaned up by means of sputter etching, and then a surface activation
treatment is performed. That is, the surface activation treatment is performed
25  to the surfaces of the first and second metal layers (18, 19) of the sensor
substrate 1, the surface of the frame portion 11 to be bonded to the second
package substrate 3, the metal layers (28, 29) of the first package substrate 2,
and the surface of the second package substrate 3 to be bonded to the sensor

substrate. As the surface activation treatment, an argon ion beam is irradiated

30 to the surfaces to be treated for a predetermined time period (e.g., 300 seconds]).



bondi ng) of the frame portion 11 of the sensor substrate 1 and the second
package substrate 3 are fornmed at roomtenperature by applying an 30
appropriate load (e.g., 300 N}, as shown in FIG 13C. Thus, the solid-phase
22 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 deskned atnosphere. Since the wafer |evel

package ructure 100 of .th resent aodi nent, has_ 5 t di rect bondi ng
et weon Ihet Gt orh o B i enl T A e e s SR B eB R e
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substrate 3, which are fornmed according to a | owtenperature process such
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a si mpl i bhaateliom afayt heugsnuf act uring process. In addition, when the sensor
substrate 1 is fornmed by use of the SO wafer, 15 and each of the first and

second packaffer shbsturfdeesatvatBn teafroenedab\atoepbére hdjiGtingabep, ist i s
possi bl e taq reduce in the flexible portions 13 due to a
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di mension. Therefore, it is possible to efficiently obtain conpact chip
Si ze paockegeiser iBreoapeilatl ito andhetthensotaelsphatd sucts en saogondetvateso spibieaicned from
the 1\/5vaf e}:ErelsseL\llr%l to improve frequency characteristics and impact resistance by
damping effects. Such atmosphere control can be carried out by opening and
closing a gas introduction valve V1 and a gas exhaust valve V2 of the chamber.
To prevent that contamination of the activated surfaces is caused by contact
with the outside air, it is particularly preferred that the atmosphere adjusting
20  step and the bonding step are continuously performed in the chamber without
exposure to the outside.

After the interior of the chamber is controlled to the desired atmosphere, the
direct bonding between the activated surfaces (Au-Au surfaces) of the first metal
layer 18 and the metal layer 28 of the first package substrate 2, the direct

25  bonding between the activated surfaces (Au-Au solid-phase bonding) of the
second metal layer 19 and the wiring layer 29 of the first package substrate 2,
and the direct bonding between the activated surfaces (Si-Si solid-phase
bonding) of the frame portion 11 of the sensor substrate 1 and the second

package substrate 3 are formed at room temperature by applying an

30  appropriate load (e.g., 300 N), as shown in FIG. 13C. Thus, the solid-phase



package structure of the present enbodinent is briefly explained bel ow
Under the condition that no acceleration is applied to the sensor substrate
1, 30 when acceleration is applied to the sensor substrate 1 in the
positive direction of 23 the "x" axis, a positional displacenment of the
wei ght portion 12 relative to the franme portion 11 occurs due to an inertia
force of the melght portion 12 acting22n the negative direction of the "x"
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el ements (Rx1, Rx3) increase, and the resistance values of the
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applied froman external power 15 source to between a pair of input
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changes d(?(? %ggl q ig npg'ssriﬁg n’éot lil'g(?uce 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,
15 and each of the first and second package substrates (2, 3) is formed by use of
the Si wafer, it is possible to reduce stress occurring in the flexible portions 13
due to a difference in linear expansion coefficient therebetween, and the
influence of the stress resulting from the difference in linear expansion
coefficient on output signals of the above-described bridge circuits (Bx, By, Bz).
20  As aresult, variations in sensor characteristics can be minimized. Each of the
substrates may be formed by a semiconductor material other than silicon.
When dicing the thus obtained wafer level package structure 100 into a size
of the acceleration sensor unit formed on the sensor substrate 1, the sensor
substrate 1 and the first and second package substrates (2, 3) can be
25  simultaneously cut to have the same outside dimension. Therefore, it is
possible to efficiently obtain compact chip size packages.
An operation of the acceleration sensor device obtained from the wafer level
package structure of the present embodiment is briefly explained below.
Under the condition that no acceleration is applied to the sensor substrate 1,

30  when acceleration is applied to the sensor substrate 1 in the positive direction of



of the acceleration in the "y" axis direction. In addition, when
acceleration is applied to the sensor substrate 1 in the "z" axis
direction, a potential difference between output ternlnals (Z1, Zz2) of the
bri dge circuit Bz shown at the right 25 side in FIG 5 changes dependi ng on
a magnitude of the acceleration in the "z" axis direction. Therefore, the
sensor substrate 1 is capable of det ing t he acceleration applied to the
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15  source to between a pair of input terminals (VDD, GND) shown in FIG. 5, a
potential difference between output terminals (X1, X2) of the bridge circuit Bx
shown at the left side in FIG. 5 changes depending on a magnitude of the
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acceleration in the “x” axis direction.
Similarly, when acceleration is applied to the sensor substrate 1 in the “y”
20  axis direction, a potential difference between output terminals (Y1, Y2) of the
bridge circuit By shown at a center in FIG. 5 changes depending on a magnitude
of the acceleration in the “y” axis direction. In addition, when acceleration is
applied to the sensor substrate 1 in the “z” axis direction, a potential difference
between output terminals (Z1, Z2) of the bridge circuit Bz shown at the right
25  side in FIG. 5 changes depending on a magnitude of the acceleration in the “z”
axis direction. Therefore, the sensor substrate 1 is capable of detecting the
acceleration applied to the sensor substrate 1 with respect to each of the “x” axis
direction, the “y” axis direction and the “z” axis direction by detecting a change
in output voltage of each of the bridge circuits (Bx, By, Bz). In the present

30 embodiment, the movable portion is composed of the weight portion 12 and the



20 rectangul ar shape.

(Second Enbodi nent) As shown in FIGS. 14A to 14C, a

waf er | evel package structure of the present enbodinent is substantially
the sane as that of the first enbodi ment except that the sensor substrate 1
has an I C region E2 other than an 25 acceleration sensor unit, and t

region E2 conprises an integrated circuit (i.e.,

he I C
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Ryl to Ry4, Rzl to _ )
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
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
locations is configured in a rectangular outer peripheral shape (a square outer
periphe;'al shape in the present embodiment). In addition, the second metal
layers 19 are arranged away from each other in the circumferential direction of
the frame portion 11. In the present embodiment, a pair of the second metal
layers 19 is disposed at each of four sides of the frame portion 11 having the
rectangular shape.
(Second Embodiment)

As shown in FIGS. 14A to 14C, a wafer level package structure of the
present embodiment is substantially the same as that of the first embodiment
except that the sensor substrate 1 has an IC region E2 other than an
acceleration sensor unit, and the IC region E2 comprises an integrated circuit
(i.e., CMOS IC) using CMOS and operable in collaboration with the
piezoresistive elements (Rxl to Rx4, Ryl to Ry4, Rzl to Rz4) of gauge
resistances (i.e., a sensing portion). The integrated circuit is formed by
integrating a signal processing circuit configured to execute signal processing

such as amplification, offset adjustment and temperature compensation to



10 Rz4), the ICregion E2 having the integrated circuit described above,
and a bonding region E3 having the first netal |ayer 18 explained in the
first enmbodinent. In a plan view, a | ayout of those regions (El, E2, E3) is
desi gned such that the sensor region El is positioned at a substantially
center portion of the sensor substrate 1, the ICregion E2 is fornmed around
the sensor region El, 15 and the bondé¢hg region E3 is formed around the IC

region E2._ _The fra rtion.11 of the nsar strate 1 aof the present
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such that the sensor region E1 is positioned at a substantially center portion of

the sensor substrate 1, the IC region E2 is formed around the sensor region E1,

15 and the bonding region E3 is formed around the IC region E2. The frame
portion 11 of the sensor substrate 1 of the present embodiment has a larger
outside dimension than that of the first embodiment. In other words, since the
sensor substrate 1 has an increased width dimension of the frame portion 11,
the integrate circuit can be mounted on the frame portion 11.

20 The semiconductor wafer 10 is formed by use of an SOI wafer, as in the case
of the first embodiment. The IC region E2 is preferably formed by using a
multilayer wiring technique to achieve a reduction in occupied area of the IC
region E2 on the sensor substrate 1. For example, in the IC region E2 of the
sensor substrate 1, an insulating film 16 is formed by a laminated film of a

256 silicon oxide film on the silicon layer 10¢ and a silicon nitride film on the silicon
oxide film. On the insulating film 16, a multilayer structure portion 41
comprising an interlayer insulation film and a passivation film is formed. By
appropriately removing a par of the passivation film, a plurality of pads 42 can

be exposed. Each of the pads 42 is electrically connected to the second metal

30  layer 19 on the insulating film 16 of the bonding region E3 through an outgoing



5 portion through the signal processing portion, and the other pads are
electrically connected to the sensing portion not through the signal
processing portion. In either case, through-hole wirings 24 of the first
package substrate 2 are electrically connected to the gauge resistances of
the sensing portion. In the present enbodi nent, a concave portion 21 of the
first package 10 substrate 2 is fornegloto be |larger than that of the first
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Referring to FIGS. 16A to 16D, a production method of the sensor substrate

15 1 of the present embodiment is explained below. Each of FIGS. 16A to 16D
corresponds to a cross section taken along the line A-A’in FIG. 15A.

First, diffusion layer wirings for the piezoresistive elements (Rx1 to Rx4,
Ryl to Ry4, Rzl to Rz4) and the bridge circuits (Bx, By, Bz), and circuit
elements of the integrated circuit described above are formed by using a CMOS

20  process technique and so on. In a stage where a step of exposing the pads 42
of the IC region E2 has been finished, the multilayer structure portion 41
extends over the bonding region E3 as well as the sensor region E1. No metal
wiring is formed on regions corresponding to the sensor region E1 and the
bonding region E3 of the multilayer structure portion 41.

25 After finishing the step of exposing the pads 42, a patterned resist layer is
formed such that the regions corresponding to the sensor region E1 and the
bonding region E3 of the multilayer structure portion 41 are exposed. By
using this resist layer as an etching mask, the exposed regions of the multilayer
structure portion 41 are wet-etched and removed by using the silicon nitride

30 film of the insulating film 16 on the silicon layer 10¢ as an etching stopper layer.



Next, the first netal |ayer 18, the second netal |ayers 19 and the outgoing
wrings 43 are forned by using a thin-filmfolining method such as
sputtering 5 and conventional |ithography and etching techniques. Then, a
patterned resist layer is fornmed on the insulating film 16 at the general
surface side of the SO wafer such that regions corresponding to the frane
portion 11, the core section 12a of t2He wei ght portion 12 and the flexible
portions are covered by.the resist |ayer nd, t he.ot her i .are
exposed. BPRaRHIT Hererating TG aistderdn tah sSBHERT Ak n R fRRiL
patterni pgippegess is performed. That is, the exposed regions of the
insulating film 16 are etched and renoved to perform patterning of the
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et chi ng stoppe ayer. e sur e pat process descri

abovey acfaidered, hSirsle l[pAYRIning drotéRdsPerRdriedl CTRa01d, dBe EkpsellOd at
the rear surface side of the support 25 substrate 10a of the SOTI wafer such
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etching is further Berfornpd in a substantially vertical direction by using
t he K | i Sebscsiicadlys by prnodingsthipaceisthivey aebpséird @ern dp He. tdébhisve an
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resul t ofetdthSwatdt E@88ins at the regions corresponding to the frame portion 11, the
core section 12a and the flexible portions 13. As the etching step of this
surface patterning process, for example, it is preferred to perform dry etching by
20  use of 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 surface patterning process described above, a patterned resist
layer is formed on a silicon oxide film 10d at the rear surface side of the support
25  substrate 10a of the SOI wafer such that regions corresponding to the frame
portion 11, the core section 12a and the weights 12b are covered by the resist
layer and the other regions are exposed. By using this resist layer as the
etching mask, a rear-surface patterning process is performed. That is, the
exposed regions of the silicon oxide film 10d are etched and removed to perform

30 patterning of the silicon oxide film 10d. After the resist layer is removed, dry



5 patterning process, the support substrate 10a of the SOI wafer renains at
the regions corresponding to the frame portion 11, the core section 12a and
the weights 12b. As an etching apparatus for this rear-surface patterning
process, for exanple, it is preferred to use an inductively-coupled plasma
(I1CP) type dry etching apparatus. The etching condition is set such that
the insulating |ayer 10 10b functionggas the etching stopper |ayer.
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11 and t beadtning thedhdantidd ld2a X0b foen s vdat surgadel ditde bPhhe AOlawaesul t, a
structure shown in FIG 16D is obtained. In this separation process, the
sili con dhugeafstiuatuod sbewnte Flearl6Suis eletaingd-t He Sopswlaéithissswifaes et ched

d . Th f I I k t 1 f th t
erbod moke G BEEAPHEG BYF DORMT g GaUA ORORAS b rot ek AgBAGtnat It o 2
shown i N &iGSs cdidBsgChAng td 1Be atdnt oreisRAONE RRCKAGSIHBAT I end #lown i n
FI GS. 18A and 18B to the sensor substrate 1 at roomtenperature in a wafer

| evel . Thaighits 12by Aeantdtehipgrapparetulsdndiig rémt sundacd pattactiny at@dssur f aces

(Au- Au surfaces) of the first nmetal |ayer 18 of the sensor substrate 1 and
t he met aforiexpatplogt éF praderred te ﬂlsﬁa?éklé’gl}écélﬁ%%’tq%ée@P%&‘% Bem tEepdPat ur e

bondi ng betieen,the act gl ad,25 sULiaces, (A, sl e Rasehondiqo) of

the second ayer's ring rayers ackage

subsig at 0B fuhbGorsLaS He Stehsld fbBpdr iayel Nt egrated with the first package
substrate 2. On the other hand, by roomtenperature bondi ng between the

acti vat ed stit¢aideseaSisusiacs phitdrphgpeotmsdangpamtionheotessms geoforingd 11 of
the Sens’g)rfoﬁr%bt?l%rf?glge ]ﬁ)o%ri]odn Erll?tlfeeﬁgmngle portions 13 and the weight portion 12
by etching and removing undesired portions by means of wet etching, while
leaving the regions corresponding to the frame portion 11 and the core section
15  12a of the insulating film 10b. As a result, a structure shown in FIG. 16D is
obtained. In this separation process, the silicon oxide film 10d on the rear

surface of the SOI wafer is also etched and removed.

The wafer level package structure 100 of the present embodiment is
obtained by bonding each of the first package substrate 2 shown in FIGS. 17A
20 and 17B and the second package substrate 3 shown in FIGS. 18A and 18B to
the sensor substrate 1 at room temperature in a wafer level. That is, by
room-temperature bonding between the activated surfaces (Au-Au surfaces) of
the first metal layer 18 of the sensor substrate 1 and the metal layer 28 of the
first package substrate 2 and room-temperature bonding between the activated
25  surfaces (Au-Au solid-phase bonding) of the second metal layers 19 and the
wiring layers 29 of the first package substrate 2, the sensor substrate 1 is
integrated with the first package substrate 2. On the other hand, by
room-temperature bonding between the activated surfaces (Si-Si solid-phase

bonding) of the frame portion 11 of the sensor substrate 1 and the second

30 package substrate 3, the sensor substrate 1 is integrated with the second



30 package substrate 3, the sensor substrate 1 is integrated with the
second 29 package substrate 3. The accel erati on sensor device of the
present enbodi nent can be obtained by a dicing process of cutting the thus
obt ai ned wafer |evel package structure 100 into a predeterm ned size (a
desired chip size). The acceleration sensor 5 device of FIG 14C
corresponds to a cross section of a Kggion surrounded by the dotted circle
"A" o fer | evel package structure 100 shown in FIG 14A. Therefore,
t he frrsﬁmﬁﬁgg%ﬁ%gﬁﬁﬁﬁégkage substrates (2, 3) have the same outside

di mensi on agHengSRASAN, SURSH A Relbr S Rl 8 bodnkATRARLE Db usiFe
an t he nanutf a

package can be reallized, turing process becones easy. 10In
addi ti on,bysa dixéng beodeSs Q;hiicpttimﬂg khuel tings bbeaihed egifat ledelcpadkiaigt sopestakd e in
col |l aboration with the gauge resistances is built in the acceleration
sensor défiitefa predoterasiand sizebtadrpsirmd Chtp slge)po%reba@eie@ata@wseveor

d d t duct t I

modur G, SRUET RLFRE L€ GRS roa “Cehitor eharasrer et e pe

achi eved deved ROFIEPANGr Wd bv@&r]iévéleﬂ"é&kage Qﬁh\é@&% ib6 BRYUeeid 8fdSiances and
the integrated circuit. (Third Enbodi nent) In each of the above

enbodi nefhsreforee thd Brareesl sdcand @ackpee alicalaeal2,08) Iserdbe saas asteileas t he

sensor unit. The technical concept of the present invention is also
avalIabIé“?%“$ﬂ%aéﬁh@ﬁe§%ﬁsﬁﬁmﬁﬁ¢?1su@ﬁfhsﬁa‘b&ﬁ&@ﬂ?ﬁﬁ@éﬂiﬁﬁepﬁekagf

accel or atlORSENRRl 9ha%ndH 09808 Mz PSR! Beegheeubarl ment i

characteriz a‘gyro sens On & Sens substrate. The

ot herp conf i glkakitRAS sg{cet R 1 R8N In@IBRG RNIntag el Ratant dirhiietife sane
as those of the first enbodi ment. Therefore, a bonding portion between the

sensor sgrhi@thoaa@orlomﬂartiteegmlgeofealﬁenws $¢ barit ige thn chepelekatipm sabsanr at es

(102, 10 can e forned 2 ccordin he same ner as the first
enbodi me %Vlcer PR TR g &waqﬁsveaewwmrﬂﬁm has a

Structur & GREBLI §k r&%n@oa’%@?‘xﬁﬁﬂ@ g%%*iué’}?eﬁ%re \9’4;} B Ry %Mﬁ%(er%ox%y%ﬂ Sensor
units, a first package wafer bonded to one of opposite surfaces of th
sem condiun@;bx@ﬁzel\i\iahem sensor characteristics can be achieved by shortening wiring
15  lengths between the gauge resistances and the integrated circuit.
(Third Embodiment)

In each of the above embodiments, the piezoresistance type acceleration
sensor was used as the sensor unit. The technical concept of the present
invention is also available to the other sensor unit such as a capacitance type

20  acceleration sensor or a gyro sensor. The present embodiment is characterized
by forming a gyro sensor unit on a sensor substrate. The other configurations
of the present embodiment are substantially the same as those of the first
embodiment. Therefore, a bonding portion between the sensor substrate 101
and each of the first and second package substrates (102, 103) can be formed

25 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,

and a second package wafer bonded to the other surface of the semiconductor

30 wafer. In the following explanation, a region for forming each of the gyro sensor



and a second package wafer bonded to the other surface of the sem conductor
30 wafer. In the follow ng explanation, a region for formng each of the
gyro sensor 30 units of the sem conductor 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. Simlarly, a region facing each3ef the sensor substrates 101 of the

second package fer is defined as.the.5 second package, subst e 103. In
The pr eodiit Corbam samicon et R el i dEepd s 16 ARSI IR 8Le & a
silicon siiastdalLrdatd PRk EAH SN dehsOf sOhdirlesAD1 FOGR Bfst }d_aek;gé st and
second package substrates (102, 103) is formed by use of a silicon

subst r at evdiawvisndpfmed as theefiiss havkage odb26nt€ 102n Sihekely, esiegidnvidcingsal ues
are illustrative only, and 10 therefore the present invention is not

limted ackREthe sensopgubsisakesiiP Irpiche sgeondhpaghags walss by defifiad assthei nl y

formed w novabl e portio onprising a first mass body 111, which can
be vi raFé%”%@p%ﬁfiSf?%ﬁﬁﬁgaﬁgg'and a second mass body 112 coupled to the

first mass boeye plekenfBRHBARRESC thO et EROT0IUL 86 theG BPRMRIIF A
posi tional displacenent of the second 15 mass body 112, which is caused

when a r eiligphondbtrbty baving agppistividy d{i0i2rQ  tche \Edntaefitba fiobt amdésédonst nmass
body 111, into an electrjcal_signal. That is,_the fjirst mass body 111
and t he BBEHR&S TR {1 O 2L 03 48 fotgre Ry Userpd e wlisdt sHPpiartshaviPgdt angul ar

outer perdpitLal ofRaPe | P! al%e‘é%%‘i&sisﬁ}vﬁga&élﬁ.@ge&ei MR Eon 3! %3%1 a

surface of the’'sensor substrate ddition, 20 the senso strate

101 fms endremne tipopidsent kk@n(idnds nod likGeddoteat. frame portion in the
present enbodi nent) extending around the first and second nmass bodies (111,

112). | n thésghewann Hebddi Henmgyroasenset hogonahaindofdimest withys mewvabls
defined, as. shown at. a | awer right rtjon in each of Fl 19 to. 23. That
o 5t PETOTLPBR AP R B Higment PerP o Lt B Rt G h PES T EREE 112) 25
cor r espopdsnt addI8 sedonPHiads Hoti§ GliPMu 0 tdush FRGh ol BsdPPeeNAq Lo the
"y" axis direction in a plane extending along the surface of the sensor
subst r atdeté@ing portespondizuired theohxért axpasidomdatisplacempnadfliiid €atond

direction orthogonal to the "x" axis direction and the "y" axis direction
(i .65 amaps brARdd Livhichiipsansed Hbcgensdiationpsiorae és appied guriagpdrds to

E Eg Sécoxﬁéxl‘aﬁ%gllséfgtgltg;fﬁgt m%%é%o%?rolvﬂ,iipltolzglg ele%?ficeglhs?gr];i r st mass body 111 and

That is, the first mass body 111 and the second mass body 112, each of

which has substantially a rectangular outer peripheral shape in plan view, are
arranged in parallel along a surface of the sensor substrate 101. In addition,

20  the sensor substrate 101 has a frame portion 110 (e.g., a rectangular frame
portion in the present embodiment) extending around the first and second mass
bodies (111, 112). In the present embodiment, an orthogonal coordinate
system is defined, as shown at a lower right portion in each of FIGS. 19 to 23.

That is, a direction of arranging the first and second mass bodies (111, 112)

25  corresponds to the “y” axis direction, and a direction orthogonal to the “y” axis
direction in a plane extending along the surface of the sensor substrate 101
corresponds to the “x” axis direction. In addition, a direction orthogonal to the

“)” axis direction and the “y” axis direction (i.e., a thickness direction of the

sensor substrate 101) corresponds to the “z” axis direction.

30 As shown in FIG. 20, the first mass body 111 and the second mass body



31 112 of the sensor substrate 101 are integrally coupled to each other
through a pair of drive springs 113 extending in the "k' axis direction.
That is, the sensor substrate 101 has a slit groove 114a having a length
slightly shorter than the entire I ength of the second mass body 112 in the
"x" axis direction, and two slit 5 grooves 114b arranged in a straight line
along the "x" axis direction and at the lateral side of the first mass body
its.one.end., Each of

111. Eac f e slit grogves 4b has an.openi.ng .at

the driva 2utifigstaty AU B e Bl PnE BEh B4 gB sobh SifdteiRientn of
the slit ,arofveRe bpfitos A1 3000 MRRE iR Ph O @RERECtIdIE dTHaY &, $RE sBASorl 13
conti nuously extends %etmeen an end portion of the slit 10 groove 1l4a and

a | at er abubsigeteo101 hesseslingronas 4 1dadyavid® a lamgtht $lesholyhsdroremrdthpar theon of
the drive spring 113 continuously extends to the first mass body 111

t hrough &n¥EyicHAtIbet hseisconeé masstbagyoblRsn thefk axkedigeeticn, ed g A3 i s a
torsion sprin i ng_a torsiopal formation capability. and .e le a
posi téf’)on OOHF%&:ig‘éeaﬁe%l%gegfmt%Eaﬁgrhgﬁ mr?asgn%gla? ’%1?1? éjfrae F(\)/ré 51 %rkﬂt% “second

nmass bodptdeh? sl eI fidshensld ¥Edys R1 L NIEALR of Thaklit grodves 1d4dbvBas BRI Ngs 113
enabl es a transl ati onal novenent in the "z" axis direction of the first

mass bodypdiifigraeitatoneentlo Fheh o€ tondriveassritgdy13 iRfoameddictwasn the gitat i onal
novenent about the "x" axis of the first_nmss body 111 relative to the

second n#SEVHddya1 A ereh ghith pignerosyrcd1fthe QBFEG PYIIS Yt M1 Ndses t he
Lorsi on ahtd U 83e! '3 Uoht2 Bl RPEL Al etrlebn| & MOl PEARRSBEYREOGIIeduUCe 2

di nension o I've spring e thickness ection o e sensor

substo at gob0d 1 1Fhenel DlRerdl Bagébf MR SRbhAGSasklFoGaANL Deared&id ythEarutiact ur ed.
The nuneral 115 designates a detection spring extending in the "y" axis

di r ect i apertighdf¢badrivaspsing ldeheedirebudly extendado dhelfiry masededy pdldtion in
the 25 "2, e axis direction t second S ,hody, 112 of t sensor
substrat rqan aTﬁ%gl%T)g’(?i‘iV?eé“ g‘%‘a Slﬂ}grgfri)%‘f?so?‘ ir%f’re @?e tdﬁg’_ediﬁrérb% Hg‘r? YFfings 115
I s contiiugys Egriﬁ%q{éﬁ'fﬁ{gﬁg tdrRi I He Rl e nQLpapil#e! &6 EQAbIS RIAdkidda t hrough
a coupling nmenber 116 extending in the "x" axis direction. That iIs, a

subst antdiaplayern€int shepefirstender body 1 odmethtive tplthn secemd yadsheodyall20f t he
detection springs 115 and the 30 coupling menber 116. In_this regard, the
couril5i ng":lh?élﬁbthe rEe SPHBEL| él’l@d tBhat is, the drive springs 113 enables a

({4

translational movement in the “z” axis direction of the first mass body 111

relative to the second mass body 112 as well as a rotational movement about

the “x” axis of the first mass body 111 relative to the second mass body 112. In

addition, since the sensor substrate 101 uses the torsion spring as the drive

20  spring 113, it is not necessary to reduce a dimension of the drive spring 113 in

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

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

direction, and continuously connected at its one end to an edge portion in the

25  “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

member is formed in plan view by the pair of the detection springs 115 and the

30  coupling member 116. In this regard, the coupling member 116 is designed to



32 have a sufficiently higher rigidity than the drive springs 113 and the
detection springs 115. The nuneral 117 designates a fixation portion
projecting froman internmediate portion in the |ongitudinal direction of

t he coupling nmenber 116. The fixation portion 117 is fixed to a
predeterm ned position of the second 5 package substrate 103. The first and
second mass bodies (111, 112) are sepacated fromthe detection springs 115

dth | i 116 hy. it 114c f d bst anti al |
end (he SRR RORTRINEN A%, Bl o B S00E G LTS Besyubetem Ll
S SR, Al G540 DA D05 DA o,

springs Idterardblte parpors i ithdé ddngitiusiph Alcirenionaf thbeohiplifg nastdbeet®8d nmass
bodies (111, 112) relative to the fixation portion 117 in the "x" axis

di r ect i orfhepxatign paytion Hel & én dised stabs tiradetenpinggdaposition elpeia sreend 18
penetrating, the secon S dy.112 in the thickness. di ti and a
stati %narpf‘glﬁ%%et ngﬁtrilga glﬁgpog‘%& fipte cﬂ SSfoqcﬁwén%?)se_E’Pa’re s(l(;_jc.l& H;%)eafe o

st ati onarypaiidd 120 MRS daR BRI RAR PP Lhantht2dodiRROSRHHR M@by'ac' nity
of each end in the "x" axis direction of the second mass body 1127 and a
conb bonelipgrdaveril IMR2 feexteenioh agubstmtidile ‘€ edtapede Thordneosndl 2 theastihe " X"
axis direction. The el ectrode cgl)orti on 121 and the conb bone portion 122 are

conf i gur &R HAisaHrraiajed pithsthg it epepvenbl 44-e dtaduel therdetentiorp1 and
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That is, e“stationary par a predeterm ned posi
i nneto suthacetetiohhspraRey e cAdflec ex irRRfH Rl AigplaBebhelof RRE | AREralq sur f ace

of the stationary part 120 through a clearance. A pair of the el ectrode

porti onssd@ndimash bpdise (l b, LiR)rckaids to the fireation pention Ul 7 ectheaix” akis
direction.

By the way, the sensor substrate 101 has four apertures 118 penetrating

the second mass body 112 in the thickness direction, and a stationary part 120

15 disposed in each of the apertures 118. The stationary part 120 has an

electrode portion 121 disposed in the vicinity of each end in the “x” axis

direction of the second mass body 112, and a comb bone portion 122 extending

from the electrode portion 121 in the “x” axis direction. The electrode portion

121 and the comb bone portion 122 are configured in a substantially “L” shape.

20  The electrode portion 121 and the comb bone portion 122 are bonded to the

second package substrate 103. That is, the stationary part 120 is fixed at a

predetermined position. An inner surface of the aperture 118 extends along an

outer peripheral surface of the stationary part 120 through a clearance. A pair

of the electrode portions 121 is disposed at both ends in the “X” axis direction of

25 the second mass body 112. As shown in FIG. 21, a plurality of stationary comb

teeth 123 arranged along the “x” axis direction are formed at both sides in the

width direction of the comb bone portion 122. On the other hand, a plurality of

movable comb teeth 124 are formed in the aperture 118 at a side facing the

comb bone portion 122 of the second mass body 112, and arranged along the

30 “X’ axis direction such that each of the movable comb teeth 124 is in a



25 the second mass body 112. As shown in FIG 21, a plurality of stationary
conb teeth 123 arranged along the "x" axis direction are forned at both
sides in the width direction of the conb bone portion 122. On the other
hand, a plurality of novable conb teeth 124 are fornmed in the aperture 118
at a side facing the conb bone portion 122 of the second mass body 112, and
arranged along the 30 "x" axis direct3®n such that each of the novable conb

teeth 124 is, i f -t 0- | af.i it th tati
conb t cottoTgaRoR g BlgR IR B SFhe LA AP RoU ot 8Os PRE 121 i s
| ocated ay@y Ji OMkAcie Ot ARP RN e Slodit QBB 1022!(;% 18eitRa12walYir8nfliSt ance.

When the second mass body 112 is displaced in the "x" axis direction, a
change i podespantiag sthevneencdhb obéi i1RBby £ aliftaheet Wh23 drdsédvardrovabl e
conb teeth 124 occurs, so that a change in electric capacitance caused by
t he chang&@ssnbesildicts Hisplracdciethe fRapxissdirgetgnt e theRgeraandistagrce

detectin he positional displac of, the second s bo. 112 is
conpobed oI RERE e ke R o R GERLEoR Doy imnt e relRore TobA S OFEuS: 104,
10The seBsQhapUbsdktan1fdci lafct @alibes $ocPRARAGkage Suisls At e 103
by bonding the frane portion 110, the fixation portion 117, and the

st at i onadyteptert s Th2a0id, @ détecsec anchnpdok dgeecsingshe gositib@®al displatemeentwor ds,

t he second package substrate 103 is used as a support substrate for
suppor t i figherecerdgnpssdhiadstiia & composed affile stationapafembdreidel 286nd rst and

second nBSs i-es 12) are forned to be displaceable in the "z"
axi s direcf?gggﬁgﬁggé%%?g%ﬁgﬁffaces facing the second package substrate 103

of the firsthaBéhsoeudtms 10106 @%ipfddio thelddcontiepdrrelkedudvantd 1o® t he
second package substrate 103, as shown in FIG 19. That is, the thickness

of each lf bphdinig thetframd pociond 1@aske Badiies ppttidn 1172 pnidtheistationariyness
direction of E € Sensor supstrate %g%%gs ﬁg&grgine 20 t qi_snall r than

t he thi chSSsl tq PY BoTass atg Q3. AN QLagh WREes i eeieardd

bet ween £ second
mass bod%ggagg%ggg%ggghigﬁs?ﬁ%f%ég%@ﬁﬁggﬁﬁg%?ﬁgﬁ??Q%H%E%u%%E%%ﬁéﬁg¥heen t he

first messhdoedy 1011 andtHehseband, ackageistbat katend sk Hodls (10110 m
This value is illustrative only, and therefore the present invention is not

251 il8i t ebl e dormed tajbe displaceahle igdhsor” srislirastion] e heféom pufacest gr ound
porti On%agi]ﬂ% the second package substrate 103 of the first and second mass bodies
(111, 112) are backed away from the second package substrate 103, as shown
in FIG. 19. That is, the thickness of each of the first and second mass bodies
(111, 112) in the thickness direction of the sensor substrate 101 is determined
20  to be smaller than the thickness of the frame portion 110. Thus, a clearance is
ensured between the second package substrate 103 and each of the first and
second mass bodies (111, 112). In the present embodiment, a gap length
between the first mass body 111 and the second package substrate 103 is set to
10 um. This value is illustrative only, and therefore the present invention is not
25  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

numeral 127 designates an electrode portion electrically connected to an

30 electrode 125 described later, and formed near one of the ground portions 119,



formed on the frane portion 110 at the vicinity of the fixation portion 117
such that the fixation portion 117 is |ocated between the ground portions
119. The nuneral 127 designates an el ectrode portion electrically connected
to an 30 el ectrode 125 described later, and fornmed near one of the ground
portions 119. 34 The ground portions 119 and the el ectrode portion 127 are
bonded to the second package substrat84103. At the upper-surface side, a

second al layer 128 is r me n the fixation ion 117, the el ectrode
porti pn%ligroﬁ%’ B?rztﬁli]_és éﬁguﬁﬁ‘gﬁg‘?_t%l%ﬁydﬁﬁoghcﬂq ﬁow’rgt 8rebprrdad t_[S’oFlFi on 127.
In this egMd pa@l@&gfls sTib¥@hte070BO" Wt Ahe Ldfperl Qliadd ST QU8 RRIE bR 121,
one ground portion 119 and one el ectrode portion 127 are separately

ar r anged ldyecorh28ais Hooh &k bnahe fiketiop perticul il Acthesélderode pheigacIl @ackage

substrate 103. In a state where the first package substrate 102 is not
bonded t 6f tHfegfoumser¢ssions dnl9and theeleciiode @osder 124 | ynithisulegaedl dneom each

h I ditior - f | f 10 t bst rat
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(126, 128) is fornmed by a lam nated fil m of filmand an Au film In

bri ef, siupper-shdaéé sisie dnbe secontipadiak dubpernse 1036, Il 28tatr ehamditheof t he
same ne&fl natirial, it is Bossible to simultaneously obtain these netal
| ayers witsh Peskege subiata 10RHe gt hapdedcle e Fa@crpdrsionahtO siwegmyenet al

and t he ASFIPRY Ryl afepiro i UL TR A 2B HERE Sl 3ideiics ™

val ues afte sdrlsestsidistre@e ALY thaTehrhb §ioeiion €1 101 @ aBrLEeRt mietMaRn}é0n26S not
limted to them As a material for formng the Au film an Au materi al

cont ai nifegmad ovepubiet gntimsy cibeumfadnin théreob dlachupt tk@dobdandsseshovin in
O 22uR e i 1405 R SRR AL 02,138 R cOUF YR, AL on 12°
In brief, since the first and second metal layers (126, 128) are made of the same
metal material, it is possible to simultaneously obtain these metal layers with
15  the same thickness. In each of the first and second metal layers (126, 128),
the Ti film preferably has a thickness of 15 to 50 nm, and the Au film preferably
has a thickness of 500 nm. These thickness values are illustrative only, and
therefore the present invention is not limited to them. As a material for forming
the Au film, an Au material containing an impurity may be used in place of pure

20  gold.

As shown in FIGS. 22 and 23, the first package substrate 102 has a concave
portion 129 configured to provide a space for positional displacements of the
first and second mass bodies (111, 112) at the side facing the sensor substrate
101, i.e., in the bottom surface of the first package substrate 102 shown in FIG.

256 19. 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.
Therefore, the heat insulating film 133 lies between a through-hole wiring 134

30 and the inner surface of the through hole 132. In the present embodiment,



first and second mass bodies (111, 112) at the side facing the sensor
substrate 101, i.e., in the bottomsurface of the first package substrate
102 shown in FIG 25 19. In addition, the first package substrate 102 has a
plurality of through holes 132 penetrating in the thickness direction. A
heat insulating film133 (a silicon oxide film is formed on both opposite
surfaces in the thickness direction o85the first package substrate 102 and

[ : I .Th ; h ' | ati
ti1m 135 ©°PEE° bEbsbdiect rivBllghfnche el ol g Pt nehomhBRYeGt 1 ade of

the througikd1@r@hd 3Ze rhily bA@sPA &5 piccaTROghaent, 35 copper is used as a
material for the through-hole wiring 134. Alternatively, nickel or the like

may be usedThe ffshgeakigeopibstrate 102Thesf ihesbébpactageibsdbadbetmbée I®S has t he
above-descri bed el ectrode 125 (FIGS. 19 and oi med_at_ a region facing

23) f
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film of m and an AU rese

bet ween trhe elddtsddenbrs iPRened by antninbecEhirs bf ade fild%iFas&u fifn10in This
value is illustrative only, and therefore the present invention is not

limted the bresendembadinenon,gaphengilr bttwoankhgérsiubsss hoey 102 drabthe
DL ural i ol MELls Layers 30, opred on Lig St [ece [ecina, he sensor
I'n addit bpé‘beng %efniti'bﬁtis PRt Iﬁ?&@ed to it.
10 In addition, the first package substrate 102 has a plurality of metal layers
138 formed on the surface facing the sensor substrate 101, and electrically
connected to the through-hole wirings 134. In addition, the first package
substrate 102 has a (rectangular) frame-like metal layer 136 formed over the
entire circumference thereof on the surface facing the sensor substrate 101. In
15  this regard, the metal layers 138 are bonded to the second metal layers 128 of
the sensor substrate 101 to make electrical connections therebetween. The
metal layer 136 is bonded to the first metal layer 126 of the sensor substrate
101. Each of the metal layer 136 and the metal layers 138 is formed by a
laminated film of a Ti film and an Au film on the Ti film. In brief, since the
20  metal layer 136 and the metal layers 138 are made of the same metal material,
it is possible to simultaneously obtain these metal layers with the same
thickness. In each of the metal layer 136 and the metal layers 138, the Ti film
preferably has a thickness of 15 to 50 nm, and the Au film preferably has a
thickness of 500 nm. These thickness values are illustrative only, and
25  therefore the present invention is not limited to them. As a material for forming
the Au film, an Au 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
insulating film 133. In place of the Ti, Cr, Nb, Zr, TiN, TaN or the like may be

30  used as the material for the adhesive layer.



substrate 102 has a (rectangular) franme-like netal |ayer 136 foi med over
the entire circunference thereof on the surface facing the sensor substrate
101. In 15 this regard, the nmetal layers 138 are bonded to the second netal
| ayers 128 of the sensor substrate 101 to nake el ectrical connections

t herebet ween. The nmetal |ayer 136 is bonded to the first netal |ayer 126 of
t he sensor substrate 101. Each of the3fetal |ayer 136 and the netal |ayers

Fiim tn briBe, Yetneaiong sebsseed) HPages® o6 TANY 1 HEVAPTyers 38 are
made of tegf‘erlﬁgfr@orﬁ%cﬂonnﬁ;rﬁfeida&m e’fr{] io%éoé?f@%ﬁb&a b ﬁﬁé W FRREQHR]y 1bt ai n

these netal layers wth the sane ness. In each of the netal” | ayer 136

and the gehsdr hutyrae 138, thesdiclddtiotiepridEaebbigctrbliy ddnnektewels® tie 15 to
50 nm and the Au filmpreferably has a thickness of 500 nm These
t hi cknes $hxoatghebolar wiringsudBdat iRachonf he giertpslashd Bef by eonhigusdeserm

invention iis not limted.to them As terial for. foi,mng.t u film
on A e FaP s bS] St o S e Pa sk e Of bl ol o 1
addi ti ongnlynd B8 fesent enbodi ment, the Ti filmis formed as an adhesive

| ayer for inproving the adhesion between the Au filmand the insulating
film 133. | Onpltecethef hihd, The s€rond\Nbacképe stibBkrafeaNO8rhdshkedti insubminge 30

used as the material for the adhesive | ayer. 36 The first package
subst r at BlmePlhhsl42) sughasia silisen exidetmdasmed anshath oppepiia FUHEBA%EE: i on

formed op. an. osi .e surfac f the surface facing the sensor substrate
101. The‘g}%ae g?lglg‘gersg elgec 38 tglrege% ectrically connected to the through-hole

W rings 134as Basdtidd ihh@edlreCihBe@sn Dt Ss<RBF kab§@dtd TO Ridbdeddddagul ar
outer peripheral shape, and formed by a lamnated filmof a Ti filmand an

Au fi | m the firsOparkageosiiestratank2 by eoképiade gackhendimpgshatween 108 finsts heat
insulating filns 41, 142) su as iljcon oxide filmfornmed on both
opposi temgﬁei‘lflaﬁeé”s{%ﬁ afet Hpﬁ%ig@éerdﬁéct i l?héﬁﬁetgﬁs.t PRGAREBLRYYTRED in the
first e I; : .1 aft: i SEN ckage
substr a?ge %6%3%{}1%%? ?8{%%%325&%%’?‘2&&{6 lgcr}éllq %éé%%%ﬁ}gﬁq{%rgeﬁafg{)ﬁ r%gioaﬁpjal ayer

126 and thee seBt@l shdyeatdA01.That haditiohe thier Stcqat kaged slayst re2® k02 i s
sealingly bonded to the entire circunference of the frame portion 110 of

t he $ensdectsighly cameectod to the métrltlivms, 13Hhby selédmirage difiect byegling28Apns 15
electrically conpected to the tal .layer 13 solj d- phase .di r.ect

bondi ng.mﬁ?g‘?rn? ORFYISE STHET g liélﬁélt#l%ﬁrﬁetﬁ?‘g}[rgﬂ E‘T‘%ﬁ%t?agelﬁi LS om t he
outsi de dyiqthese §RLéInPREREsd LLGldRRAIItAESechRd aEil 19br 198 stagend net al
| ayer 128 of the sensor subStrate 101 is electrically connected to the

el ect r odent3bstibstoaighl 0 hés etet@licdlgywennédddandhe e ctiodeul3s hiodoeghi thieng 134.

The second package 20 substrate 102 has a wri g& portion 125a (FIG 23)
ext endi ABc dgyehd 38 emd dhe tusugly-helgeviringe A3 poFlas oiscardt peckasicave

por t,jon 129 i i S cont.i nuousl % i % wi.th t.he et I r 138
R B e R R
sensor s td atRridhbrailfordRhnafihe ReRELOGoRMH 129, Retivees chbRena8ASIYr
substrate 101 and each of
formed with the metal layer 138 bonded to the second metal layer 128 on the
electrode portion 127 of the sensor substrate 101.
To form the bonding portion between the sensor substrate 101 and each of
25  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

irradiating an ion beam, an atomic beam or plasma of argon in vacuum, and

30 then the activated surfaces are directly bonded to each other at room



25 the first and second package substrates (102, 103), a roomtenperature
bondi ng nethod for formng the direct bonding at | ow tenperature is used to
reduce residual stress in the sensor substrate 101. In the roomtenperature
bondi ng nethod, the surfaces to be bonded are cleaned up and activated by
irradiating an ion beam an atom c beam or plasma of argon in vacuum and
30 then the activated surfaces are dBrectly bonded to each other at room

37 t t i . I t t nmbodi t i to,.th
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bet ween the second neta 128 and the netal |ayer 138 are 5

si nul t an®etisden o dirsedndiyl appiryl2§ and apprmpt-l dipged €36 bhadtihe Hoadi ng
interface at roomtenperature in vacuum |n addition, the frame portion 110
of the skasdingsbpstacat theletcans! aiqtak laver bb@end gheimefiaf doyit 188nAed to the

' | t f.th d pack bstrate 103 at t t
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expl anations about the sane steps as the first enbodinent are omtted.
After m of anachhsvmgubsrappl@pris atiedcyly perfdednid ahcait fights erssarer stobter at e

101, and the sensor substrate 102 is bonded to _the second package substrate
15 103 aPciiplsral eppirmelihe, sespne Parkats Sthshrate L0SceHaioar HERRELEES ¥n used

as the npy ortion of the sensor 101 from the other portion
%ﬁ%}qrg)}jgfrt r%o [entlnpera%?resbon(fng? %lgér’;[gggh

and a ne ornmatron step for e first and second neta

| ayefs (126Thd 2@bndk@mperftardrashbdihg Hbehdd @Fefiie gifessh MRAtbodikRnEeRSOr
substrate 101 is bonded to the second package substrate 103 by the

room t enparlaingrdebdowdi Mypdiiente erpl8nafionambosit e Subs edepntdsythe Aestsensor
substrate éQé integrated wth the second package substrate 103 and the
first palREQERTIHAFHAEUEH2 are placed in the chanber, and the chanber is

vacuum exhaygl el .02 Bisde! & %ﬂn‘é%?g?%&;%rr Omveacwmlﬁe( Sefisor Bliarela) -

Then, a surface activation“-tre rmed. Tha s, the surfaces to

be bonderd1 caeiche séhi ffbstiige 102Si8rbosidedttbahe st0dndpdcRagd gbdtiratet
package substrate 102 are cleaned up and activated by neans of sputter
et cHibng 198 vheerm tempsraiege ean gtching stan fon scharathehd @order usgdtasethsur f ace

oo 2 OB ESLIERL oL SERLELTRL £ L1 5o ol 00" o°
chanber 15606 8mbREn KT B% ol MBLIRE: 15 88LIRIE metal layers (126, 128) are
performed. In the present embodiment, the sensor substrate 101 is bonded to
the second package substrate 103 by the room-temperature bonding between Si
20 and SiO.. Subsequently, the sensor substrate 101 integrated with the second
package substrate 103 and the first package substrate 102 are placed in the
chamber, and the chamber is vacuum exhausted to a predetermined degree of
vacuum (e.g., 1x10-5 Pa). Then, a surface activation treatment is performed.
That is, the surfaces to be bonded to each other of the sensor substrate 101 and
25  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
chamber before the surface activation treatment.

30 After the surface activation treatment, an atmosphere adjusting step is



30After the surface activation treatnent, an atnosphere adjusting step is
38 perforned to adjust the interior atnosphere of the chanber, in which the
sensor substrate 101 and the second package substrate 103 are placed, to a
desi gned at nosphere determ ned according to gyro sensor characteristics. In
this regard, the gyro sensor of the present enbodinent is designed in a 5
predeter m ned degree of vacuum (a hi §8 vacuum of | x10-4 Pa or less), in

der to i i cal. | i cal | if) fficient
ndl cat| VS BB SR LaF ) PEp RGO SUET ThR TR\ cinY by PO RBSPEconanke
frequencyy,pddiAthi G¥E AR JEBE VS dubsERAS 103VAdYpladdl, k8 HImsRNer €

adj ust nent step of the present enmbodi ment, after thé surface activation

t r eat nenttmssphdresHedrmidel Hecordirg i tor gatorespbar ehafadttiestidsanbier this
adjusted to the designed atnosphere by perform ng vacuum punpi ng until the
degr ee ofegpaduuthci rgYF%eS@FF@ﬁbéF theadtiescry snekpstivient nisd designssl 0P vacuum

After_the atnosphere adjusting step.i.s finish Rhe _sensor .substrate 101
s bohded s prenir AR s vapie By BB Rret i B Go b et B P fer "Che
15 at mosphiet &L MdPhhady Qivdilie (RlPRSPRES @uaaﬁltyt&aﬂwmﬁt@@) if¥ichiiee st ep of
bondi ng between the sensor substrate 101 and the first package substrate

102, t hearmochdminplevibtatien horediingthbetiveeéty dhehd iresinamet aredisgrey, 26l and t he
nmetal |ayer 136, and the roomtenperature_ bondi ng, between the second netal
| ayer 128CRIRYE ARETHBORIMERYBY sailivhe JPihetamaShErys sntsiRert BiERaphl vi ng

an 20 ap e? Ireiesﬁltlf ﬁlln%%gm(igntg afi eis nge %%rfixlééj aéﬁxgat?c{]ngﬁgg{mgﬂpg rﬁ@ﬂgd %ﬂ:e

bondi ng be € Ssensor 'substra I'rst package substrate

102 is pheviisesihysihiee boame tRaReeAidAGubanRTidthdeisieest Ainasishd byl t is
preferred that the surface activation treatnent, the atnosphere adjusting
st ep andpetiernpogdiagwhepumpeng equdnthaldegrese of oragpainl nnt Hee sdmen g

chanber. Thg?surfa(ges to be_ bonded to each other of the sensor substrate

101 and tRENFT A SHERGTE ST ET 8 PG ar e cl eaned up and activated by the
surface ac tAf\‘,(M&i t'ﬁ%rbth{o%gh@}’é‘édjulﬂﬁg gt%d&%siﬁg@ﬁéd,“cﬁfe enSH fasemer® PRnded to

each ot her, out exposure’to t tside alr, at roomtenperature in an
ai rti ghtboratedeto uhddirsa pekhghetbatans (10 at deber mempdraacondideg the desired
Sensl%r atmosphere controlled in the atmosphere adjusting step. At the step of
bonding between the sensor substrate 101 and the first package substrate 102,
the room-temperature bonding between the first metal layer 126 and the metal
layer 136, and the room-temperature bonding between the second metal layer
128 and the metal layer 138 are simultaneously obtained by applying an
20  appropriate load (e.g., 300 N). In the present embodiment, the bonding
between the sensor substrate 101 and the first package substrate 102 is
provided by the room-temperature bonding between Au and Au.
It is preferred that the surface activation treatment, the atmosphere
adjusting step and the bonding step are sequentially performed in the same
25  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

under a designed atmosphere determined according to desired sensor

30 characteristics. Thereby, good bonding strength can be obtained therebetween.



30 characteristics. Thereby, good bonding strength can be obtai ned

t herebetween. 39 In the atnosphere adjusting step, since the chanber is
vacuum exhausted to a predetern ned degree of vacuum after the surface
activation treatnent to adjust the interior atnosphere to the designed

at nosphere, it is possible to obtain a high nmechanical Q value (mechani cal
quality coefficient Q1) indicative oB%9a 5 nmechanical vibration level in the

vicinity of_ the resonance frequency. of the ro sensor as the sensor
el omont | 18l AREPERBTE SORT LS TR. MIRGF SUBRBATECH BT RAr g usied fo
descri bed,, gc\séﬁmr{e'ag%érgg%eféfda%ﬁﬁkn R@&#‘@&E‘s&% MU tLeRBmRREREAjust

enbodi nent t he bondi ng between the sensor substrate and the

10 first thacdkagersubstpate the adxighdieatthogsierboinds isbidlisveebtdia sensor
substrate 101 and the second package substrate 103, which are forned

accor di nérigly merhandealt @ mppénat(meshpricek swabbic hoef§ciche Qubindicapes af i e

bondi t hod. Th ore, it is possible.t t_the infl f
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heat treatnent such as refiow soldering. As a result, there is an advant age
t hat var sathsiamsyi n sensor characteristics can be reduced. In addition,
since the sensor substrate 101 is bonded to the second package substrate
103 t hr oughAghdessidgagbays f themwedar lgvel j Ragkegsi piracige pplevlBat Prgse@tuct i on
in resistance.to el ectric. noise. .20 .Furthernore in t he bstrates are
mde of - SiraphEatRas 1 Guft R rElh A BT Pk PSRl 0 B B Meon
oxi dep fi kgt HbREKSRNSAbsEHRS10H €ad@ liHeariRet aRtidiNg bondednt theaehs@f the
package substrates (102, 103) at roomtenperature, and variations in sensor
char act esiibstrate 384 badr éducechnd rpackegpredsttate @3l meénch areefgesond
package substrate 103 is bonded to 25 the sensor substrate 101 through the
i nsul at i AFFHIR 1210 INBdCBRETHETS PTOSESS FSYEPNGSt ﬁée JERELICRRHE S e 101

of the s Kage te 10 : ri NBY r.ef ar bonded
to each g(t%ﬁ(ﬁekggﬁﬁgoug' gﬁgfér{é% g‘i ?snéoﬁsl!ﬂ?&rch Pdr r?‘é%‘-S on eai?{fﬁlgglsctg o%ﬁ%@%%(a]t he
surface §taedd)Gist banpenrsiokithulst éalecoflBdndihgttihe Secondupatikegaolulstr ate 103
and the surface facing the second package substrate 30 103 of the sensor

subslr at @achodf thefgst and spcatipackage spsenates P2, diQB) my)a hhat wadlenentevel
package structu%ﬁ)having t he rally forned therewith
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briefly BHXxpisbnatedel thw.second package substrate 103 through the insulating film

141, it is possible to prevent a reduction in resistance to electric noise.

20  Furthermore, since the substrates are made of silicon wafers, and the insulating

film 141 is formed by a silicon oxide film, the sensor substrate 101 can be easily

bonded to each of the package substrates (102, 103) at room temperature, and

variations in sensor characteristics can be reduced.

In the present embodiment, the second package substrate 103 is bonded to

25  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

package substrate 103 and the surface facing the second package substrate

30 103 of the sensor substrate 101.



The gyro sensor of the present enbodi nent detects a positional displacenent
of the second mass body 112 when an angul ar velocity is applied to the gyro
sensor by an external force under the condition that a predeterm ned
vibration is given to the first nmass body 111. In this regard, a vibrating
vol tage 10 having a sine waveformor a rectangular waveformis applied
between the el ectrode 125 and the fifgt nass body 111 to vibrate the first

body 111, F | . AC vol tage | the vibrati | t age,
bt pol ar i 197 ARG g Tt fist e AP kR PR B st Ll S1ad e ' 700

el ectri cably sGaReeliRdntQ AP idrintalh@Pewpel (ke didd of HOMAD sehSohihMe
springs 3, the second mass body 15 112, the detection springs 115 and the

coupl i ngitmisripeissiblé to Tdreilg ewad ceffidémily | dytein tathpast fayrorednsnr tdeviceki xat i on
portion 117. In addition, the electrode 125 is electrically connected to
t he secorl@crifers, if igyatitabigiosmassepioidactipBde portion 127. Therefore, when

the vibrati voltage |5 appli between the second, netal. | ayers 128 on the
fixatfon pargreads b Bl SheRraiBrsastfer pran oy oteRe ISt nase body
111 can Vi brake gifb t féhsof” ofXtise dpfRehi OBmBbBRihOnBNIALEG! rOShaditienhior ce
between the first mass body 111 and the el ectrode 125. \When the frequency

of the vidbpétdengeniaifttbheeedmrdenuaat bbdy d I2ewbnancearigdguerioyityl 6t eppliated
accordinghto wei ghts of the first and second mass. bodies (111, 112), and
spring cBhEteHTe SeRsary 2 pxteTRipieg tnder he condition that agredefespingdly 115, a

| ar ge anpi.i . C t @l r ti RYIW . In a
state mﬂg¢%£#ﬂ§1 @T% Eﬁggy%ﬁgggﬁ%¥fﬁvgﬁkgigéqb¥%$%?%%fg&%%%ﬂg%L§%%%1ar

vel onj t yhhsingP®! i€l wavckdien Oyl & eensRiulabetvelddt 1y applied, bétweehi tld s force
occurs in the "x" axis direction, so that the second nmass body 112 (wth

t he firselentede 3@5Shany thel fiystirsash bpilnddd tonvibratethe fast sagsrimslyi bhlr el ati ve

to the stationary part, 41 120.. Wen_the vabl e, conb, t eet 24 are
di spl ace]FLjorr EFamPle 8 Ahevdtage Bnire i ‘fevgglf?%ﬁgs,v Olﬁa%%aﬂld RYAEYst ance

bet ween i.he- 0y abh6: SQRALECh R4t mstttbﬁfif b OBREM COFRL SRR 123

occurs, so that the electric capacitance therebetween changes. This change
i n el ectthedizcapacpdainncl LAnhbudh trakérivousprihpomlB3nehs seant metsalbddgyers 128
connected to the four stati onarg parts 120. Thus, it can be regarded that

t he Ibovkl Fetta fpleatigy rprngssblSiandtley icaunling trhcmar Wi dlicesesgpdci t ance
a8t ey ASEEE 1 WDSuB, BRSoFER. AT A% BSeBIRET By, b0
vari abl e16apafd 12808 QaRBehiPonneételiN® # 8bcond metal layer 128 on the
electrode portion 127. Therefore, when the vibrating voltage is applied
between the second metal layers 128 on the fixation portion 117 and the
20  electrode portion 127, the first mass body 111 can vibrate in the “z” axis
direction due to an electrostatic force between the first mass body 111 and the
electrode 125. When the frequency of the vibrating voltage is equal to a
resonance frequency determined according to weights of the first and second
mass bodies (111, 112), and spring constants of the drive spring 113 and the
25  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

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

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



10 capacitance of the variable capacitance capacitors connected in
parallel. Since the vibration of the first nmass body 111 is previously
deteimned, the Coriolis force can be cal cul ated by detecting the

posi tional displacenent of the second mass body 112. In the present

enbodi nent, the novable portion disposed inside of the franme portion 110 is
conposed of the first mass body 111, #he drive 15 springs 113, the second

body. tecti 115 dth pl i nb 16, d
The” senotidP portih ge%ah%@gi%%giﬁ%ﬁ | Ghar$SBBET BERI98 BRI ¢ he
movabl e cerl, {80t 4ediar hfaﬂge Siﬁccﬁélé\}gbl TRSsetRedy thd ZnotdbiPrdogly a part

of the sensing portionis tor |n th e portion disposed I nside of

t he franEmﬂﬁrﬂBGnmiiﬁheZQhﬁohbbScbﬁgﬁﬁﬁﬂhth23dm&ﬁhapeﬂEﬂku0ﬂmib&cﬁﬂyable
conb teeth 124 is Efoportlonal to (the weight of the first mass body 111)!
(the wei ghpa@f-armé ﬁrqmtwm@hm 1Im1whmemle§qwrlépapmt@€@m@ bass body

112 f he t the fipst b b |
Uhah’ B he (ETGRR GPT RS sBcumt s 86m 23 2oRve s Bt S AP ehe o
movabl e ¢l {86! M4 it RGHARS RShardS Rai Lo dARIHTR! Grgélﬁgof oy

sensitivity is achievéd. In the present enbodinment, fromthis reason, the
th|cknespnduaanﬁnﬂﬂﬁﬁh~mhﬁﬂﬂekapaﬁmammﬁoﬂyxi&&s|smdﬁ%ﬁﬁa;ﬂ&ﬂpbﬁﬁbﬂalarger
t han the thickness dinension of the second nass bodé3112 | NDUSTRI AL

APPL| CABFiLSIﬂaFe% Qéiébe rsepeed Webocbfcéézcﬁaﬁgb% getareehPESRASUTHRHAIG on, the
i cond | bonded
sem con (léll%ﬁg‘lc ca Cl ranﬁ yﬁa@h uLaalse Gcalp %{qgﬁon I]?}&CQLSOQ”I‘ HI‘ Pg O'II't%lu onde

to the package e so Phou si on

bet wgen &&;eac%&lfca%etwec&ary&sl@ @aﬁé‘&‘ca@fb‘é Ja%ﬁ@i@&rstdb%ﬁl%efbd ihhsurafier e sihde i s
possible to obtain the wafer |evel package structure having substantially

no resi dis vibratess ofitha fissthoask hgdp 1Lildt srifmemushndedinineh, thei Gamolishe
interior_of the sensor unjt can be airtightl aled from outside air
by the sBFrfd C%z?gecaiwléad Borgiseging e oprbitiriae i 2 pragn ﬁIL g\mégqqnéid

at mosph ﬁl%sé%%éfd!l T? R Eﬁ‘{ K080 BERS S YED ASv e ﬁfo?ﬁbﬁ@i&%&%ds ensor
and a gyro sens n ad ifon to an I nprovénent I n sensor characteristics,

t he waf einsid®vetlthd @apackagRnSl 10168 dbr@posedad e tibstGaksybody 1L U] tHengritche waf er
| evel package structure into a size of the sensor unit, a conpact sensor
devilde hevings A8} the setend omsss hodedd@s thhatedettian spriags kb padotieai ned at

Cencor GEVIEE EBTHEF o Wrdnch ISt Geaing HRGOR e oGO geRIVaRy SRR, ne
vaf er | exehb RaGHapes ShiutUhev e Jc%rﬁm@ee%eﬁ%%oﬂnmeﬁaﬁltﬁe sle€orf mgsed to be
wi dely used in applications requiring a further reduction in size of the
sensor dsxdyc@l2. 4B brief, a part of the sensing portion is formed in the movable
portion disposed inside of the frame portion 110.
20 In this regard, the displacement of the movable comb teeth 124 is
proportional to (the weight of the first mass body 111) / (the weight of the first
mass body 111 -+ the weight of the second mass body 112). Therefore, as the
weight of the first mass body 111 becomes larger than the weight of the second
mass body 112, the displacement of the movable comb teeth 124 increases. As
25 aresult, an improvement in sensitivity is achieved. In the present embodiment,
from this reason, the thickness dimension of the first mass body 111 is
determined to be larger than the thickness dimension of the second mass body
112.
INDUSTRIAL APPLICABILITY

30 As described above, according to the present invention, the semiconductor



CLAIMS: 1. A wafer |evel package structure conprising: a sem conductor

waf er having a plurality of sensor units, each of which 5 conprises a frane
havi ng an opening, a novable portion held in said opening to be novable
relative to said frane, and a detecting portion configured to output an

el ectric signal according to a positional displacenent of said novable
portion; a first package wafer HBdnded to one of opposite surfaces of

id ' d 10 waf er; d K f bonded t he oth
Sir f ace. OF Sl i SR O LE AP PG oot ARG PO CA B BT RS of “sai
sensor  uih $oh@pndst ikt BYEAiAESH RSV AL IeBtRchAheRA DRt G Rt AL e

facing the first package wafer over an entire 15 circunference thereof so
as to suregons feahed nhesdone [Idietréfore, And possislentd shitdiacereastafaalesdl r egi on
formed on a surface facing the second package wafer over an entire

ci r cunf epapisese KEsbires baging subsiandigy Bai siBvabsieeyorati Big bondinge

bondi ng bet ween id m_conduct or. waf.er d the first package fer is a
sol | ¢ phESE AT et BURAPHY SWEEnEg mirr LS B Bereet T Py
surface- aglibyak-66) 1R AtskRdaf BY' IRC QoRGignAEedirt@gibBAd Y, "RAcaD Bhe first
package wafer, and t he bondi ng between said sem conductor wafer and the

second packagénahfrea desired atohbdpldrasecdidieg to bonkimgoienisontsudh fakwsi on
bet ween sai d second surface-activated region and a surface-activated region
formed oACYHELERSKESILAPASIEGR SGRFYr. 2. The wafer |evel package structure

as set forth Laaalal 0 by MSISLMAR A LLISL SUface-Acl] ual qhean, said
second surface-activated region, e 30 surface-activated region or the
firsio pagkaggevwsfraciurdni thsy S ass- acBy vaittithg the wafer level package
structure into a size of the sensor unit, a compact sensor device having small
variations in sensor characteristics can be obtained at a desired place.
Therefore, there is an advantage of preventing compact sensor devices from
failure or loss at the time of delivery. Thus, the wafer level package structure of

15 the present invention is expected to be widely used in applications requiring a

further reduction in size of the sensor device.



44 region of the second package wafer are any one of a plasma-treated
surface, an ion-beamirradi ated surface, and an atom c-beamirradi ated
surface. 5 3. The wafer |evel package structure as set forth in claima1l,
wherein at | east one of the bonding between said first surface-activated
region and the surface-activated region on the first package wafer and the
bondi ng between said second surface-agtivated region and the
surface-gi:tilv ted region on the second package wafer is any one of the

sol i d-ph rect bonding between Si 10 and Si, the solid-phase direct
bondi ng between Si and Si 02, and the solid-phase direct bondi ng between
Si02 and Si02. 4. The wafer |evel package structure as set forth in claim
1, wher eilnAatafberst] paskakb sofudtie: bangiisggbet ween said first
surface-activated region and the surface-activated region on the first
package #afericapductos wefedi hgvibet aerlirakivd of ecorer surifaceadcof vihed regi on

and tg'ue surface-actlivatk%g].re ion on the second %ck g waf er .i s any one of
the bl i GOBRESE® &iTFUEE NEOIRE 1Y SO ATVARS B ORI i S FREEME 1 ect
bondi ng hetresryible anthifdd tARLid mlm@aéécagggl%mﬁh bomethigqbgt ween Al

and Al. 5. The wafer |evel package structure as s forth in claim1l,
wher ei n atitpueast electeicafigisdiadchbidiag ts arfoat®rat tispds@tneegieaidndvabled second
surface-actjvated region 25 conprises a ring-like outer surface-activated
regi on fBYHO® over the entire circunference of said frame so as to surround
sai d novabl ortion r{ng-1like i 2 e- i r.egiqQn fornmed
at an i n%gl F&sﬁp ki éi ag? Wsag‘%gg%%%eéir ch%z%(% 8@@%@1{%%%%&05?%%& %%?C%Pﬁg@éo%ti re

ci rcunf efgrecad said frane so as to surround said novable portion. 45 6.
The wafer |evel package structure as set forth in claim5, further

conpri si agearndpackagy waderabbndegdpt thenother sufavecef sgidbetmsondygtad out er
surface- a%lti.vat ed region and said inner surface-activated region, and
wherein ¥&°t auxiliary 5 sealing portion is fornmed at plural |ocations

spaced fr 0’0{1’?&%{}1 Q%jﬁeffarﬁé( §)?‘e%ﬁ?gP§§g I@efl@&‘ hid AACS il LOFEL LEUDEcRent | al

direction of saird frane. e wa evel package structure as set forth
i n cl ai megionWigiedd odaeahsaffasifdcihg senbt Ylickaghasafen dvet egit adrettteCi r cui t
operable in collaboration with said detecting portion, and said integrated
ci rdait dizcuanisprwedhetgafcemes tto ssarepeaichgarbiapartiqmmnd anycond
\?\/13_1? gf, r Calrl'e}lcege%rg;]fg etde gegtmon ortrr?gcf) gg he; Q&L acéM felx‘clirrllg tf;g rsggc()jn& r}‘)atclga(:’:gef \Izvrafetr hackage
over an entire circumference thereof so as to surround said movable portion,
the bonding between said semiconductor wafer and the first package wafer
is a solid-phase direct bonding without diffusion between said first
20  surface-activated region and a surface-activated region formed on the first
package wafer, and
the bonding between said semiconductor wafer and the second package
wafer is a solid-phase direct bonding without diffusion between said second

surface-activated region and a surface-activated region formed on the second

25  package wafer.

2. The wafer level package structure as set forth in claim 1, wherein said first
surface-activated region, said second surface-activated region, the

30  surface-activated region of the first package wafer, and the surface-activated



8. The wafer |evel package structure as set forth in claim7, wherein said
integrated circuit is disposed so as to surround said openi ng of said
frame. 20 9. The wafer |evel package structure as set forth in claim?7,
wherein said through-hole wiring is fornmed in a tapered shape in the first
package wafer such that an end portion facing said sensor unit has a | arger
area than the other end portion. 25 1f4 The wafer |evel package structure

as set forth in claim1, wherein _each of said.sensor units is an
R cel er atPHAn SEHID SOt pACKoRE SR ST ip0h S PO LS ISP Hobei %t and a
beam por 14, 0Be Kl Enhdda RELHRE N 2@fl JibATE bR BRIdIaUAl Ghifccand 30sai d
detecting portion conprises at [east one piezoresistive el ement provided

46 on said beam portion. 11. The wafer |evel package structure as set
forth in claiml, wherein each of 5 said sensor units is a gyro sensor

unit, said novable portion conprises a first mass body vibrated by a

vibratin ans nd.a secon Sss body, coupled to the first mass body, and
sai d et o TR Rg TPV R G g g e dSeh BOHb BT alBdodi bt R Satenent
of Eﬁet}%?cg&gdiﬂgs%et?&gé/nC%Hﬁiedﬁmens_&fa{c%té’éd\&@@d tAi6E 1maeddgd during
the 10 vibration of the first nmass body 1nto an electrical signal. 12.
The waf esutfesehctpatkdgegivhr ot tthe diras paekadeowhteri and ltiaé mohdinheesirdencach of

sai d sensor units has a conductive layer formed at a position closer to
sai d 15 tidatscengorifass-adivatechiregion ratd she prelaca@ctivaieddragiadt oA, thend

electri Cgelclo%d package wafer is any one of the solid-phase direct bonding between Si
10 and Si, the solid-phase direct bonding between Si and SiOz, and the solid-phase

direct bonding between SiO; and SiOa.

4. The wafer level package structure as set forth in claim 1, wherein at least one
15 of the bonding between said first surface-activated region and the
surface-activated region on the first package wafer and the bonding between
said second surface-activated region and the surface-activated region on the
second package wafer 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

20  direct bonding between Al and Al.

5. The wafer level package structure as set forth in claim 1, wherein at least one
of said first surface-activated region and said second surface-activated region

25  comprises a ring-like outer surface-activated region formed over the entire
circumference of said frame so as to surround said movable portion, and a
ring-like inner 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



connected to said detecting portion, the first package wafer has a

t hrough-hole wiring, and a wiring | ayer electrically connected to said

t hrough-hole wiring with respect to each of said sensor units, and 20t he
bondi ng between the first package wafer and said sem conductor wafer
further conprises a solid-phase direct bonding w thout diffusion between an
activated surface of said conductive |ayer and an activated surface of said
wiring layer. 25 13. A sensor devicesobtained by cutting the wafer |evel
package structure as set forth in claiml into a size of said sensor unit.

6. The wafer level package structure as set forth in claim 5, further comprising
an auxiliary sealing portion for connecting between said outer surface-activated
region and said inner surface-activated region, and wherein said auxiliary
5 sealing portion is formed at plural locations spaced from each other by a

predetermined distance in the circumferential direction of said frame.

7. The wafer level package structure as set forth in claim 1, wherein each of said
10 sensor units has an integrated circuit operable in collaboration with said
detecting portion, and 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 wafer.

15

8. The wafer level package structure as set forth in claim 7, wherein said

integrated circuit is disposed so as to surround said opening of said frame.

20 9. The wafer level package structure as set forth in claim 7, wherein said
through-hole wiring is formed in a tapered shape in the first package wafer such

that an end portion facing said sensor unit has a larger area than the other end

portion.

25

10. The wafer level package structure as set forth in claim 1, wherein each of
said sensor units is an acceleration sensor unit,
said movable portion comprises a weight and a beam portion extending

between said frame and said weight, and

30 said detecting portion comprises at least one piezoresistive element provided
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46
on said beam portion.

11. The wafer level package structure as set forth in claim 1, wherein each of

said sensor units is a gyro sensor unit,

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

vibration of the first mass body into an electrical signal.

12. The wafer level package structure as set forth in claim 1, wherein each of
said sensor units has a conductive layer formed at a position closer to said
movable portion than said first surface-activated region, and electrically
connected to said detecting portion,

the first package wafer has a through-hole wiring, and a wiring layer
electrically connected to said through-hole wiring with respect to each of said
sensor units, and

the bonding between the first package wafer and said semiconductor wafer
further comprises a solid-phase direct bonding without diffusion between an

activated surface of said conductive layer and an activated surface of said wiring

layer.

13. A sensor device obtained by cutting the wafer level package structure as set

forth in claim 1 into a size of said sensor unit.



