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TECHNI CAL FIELD ~ 2, g, 0 2 The present i

.mcrostructure with a novabl e mass (or novi . e e
particularly relates to an accel eroneter, ts plysica

of a mass. BACKGROUND ART There are a variety of types of sensars
novabl e mass (noving nass). For exanple, there is an inertial

as an accel erometer and an angul ar accel eronmeter (vibration gyr ORORME An
accel eroneter, which detects an acceleration of a vehicle, ggpes HSes a
pi ezoresi stive effect. According to such a sensor, for exanple, box shape

of seisn I Em noving mass) is contained in a cavity of a silicon
base ne ane). The I s suspende whi ch
e oML, e o T
pi ezor esi st aff®®®3"'n response to novenent of the nmass. Th rration of
stress applied to the piezoresistance is detected as a vari @%18nh of

resi stance. Such technol ogy can be used for cruise control of vehicles. The
above- descri bed mass i Miceogtruetut® withéViovadly Mbhgwever, if -1

SM - PCT001 the mass over noves, the sensor may be broken or danaged.
According to an invention shown in Japanese Patent Publication Kokoku
H571448, a gl ass stopper is used for inhibiting over-nove of the nass.

TECHNICAL FIELD

The present invention relates generally to a microstructure with a
movable mass (or moving mass). The present invention particularly

relates to an accelerometer, which detects physical movement of a mass.

BACKGROUND ART

There are a variety of types of;sensors using a movable mass
(moving mass). For example, there is an inertial sensor such as an
accelerometer and an angular accelerometer (vibration gyroscope).

An accelerometer, which detects an acceleration of a vehicle,
generally uses a piezoresistive effect. According to such a sensor, for
example, a box shape of seismic mass (i.e. moving mass) is contained in
a cavity of a silicon base member (fixed frame). The movable mass is
suspended by beams on which a piezoresistance are formed, so that a
stress is applied to the piezoresistance in response to movement of the
mass. The variation of stress applied to the piezoresistance is detected
as a variation of resistance. Such technology can be used for cruise

control of vehicles.

The above-described mass is required to move freely, however, if



However, a gl ass stopper is arranged above the mass, so that the thickness
of the sensor is increased. Further, fabrication steps are conplicated and
fabrication costs are increased. In addition, a stress generated between a
gl ass and silicon nmenber nay affect negatively to characteristics of the
sensor. DI SCLOSURE OF | NVENTI ON Accordingly, it is an object of the present
invention to provide a mcrostructure, in which over-nove of a mass can be
i nhi bited without significant increase of thickness. Another object of the
present invention is to provide a mcrostructure, in which aguoy&iggnove

i nhi biting nmechanismis realized without negative affect to characteristics
t hereof and conplication or increase of costs of fabrication. Additional

obj ects, advantages and noyel features of the present invention wll be set
forth ithesmass Ay EIQYEse EPBISSOr HRAY A bs&lé?ge% amagsd: arcrerdagons
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IS ”‘)Vé‘tkﬂiik%ggé aéf”%ge J08sdBYs ir&%ﬂgﬁh aMtB@E,efawﬁ'gﬁ oS sEXpOsed out of

t he base nenber, and a stopper wWre, ich 1's arranged above t'he surface of

the masgpmplidatéd® didifablricAtRin TOYEs AlrelRRrERSSd. A GRIHMRE 4 YtPess
conventional technol ogy using a glass stopper, a mcrostructure of the

present géfdBitedobetiide e Ehins gatladliconhavenlsers iedy eiffdchi wdgiasdelyien
stopper wires are fixed, no stress is applied to the base nenber and the

mass. Ashardstsristicsiof thegedngsee, affection to characteristics of the

m crostructure, such as an acceleroneter, is nade. Further, the stopper
wires can be fixed in a wire-bonding process, so that fabrication process
can be prevented from being conplicated and therefore, fabrication costs
may be DALOEN E, 185 WNan accel eroneter, the stopper wires can
be formed at the sane tinme when el ectrode pads of a sensor chip and | ead
pads of a patkagdiagh,vitrie sancgdct of Hepresert inoention 6n.prdsidsding to a
second aspect of the present invention, a package structure, containing the
above- dascrodiedce i, dat widchiraverr movedesa am alseasen beeidlehdtquhavithedt f or

el ectrical connection with the mcrostructure. At |east one end of the

st opper significant c enexagsed afo thiekhessd padinother sobjssér ofi the gaesent
arranged freely and be changed easily in design. Wen_ one end of the

st opper iN¥eRtipR donbecpLevide s BlgtestsHetyred an thkichastn nBHBEMAYRI t he
other end j. s connected tp a | ead paq,of t he, package, the sto% er wire can
be usedMablbimg, mapchapkani ci Gie@thz@fil o VRGP UL sHegarivel e@ifactal to
connectipn. -3 . SM-RBCT001 According.,o.a third aspect of .the present
Chvent | BRATRHETISt e IeRRL (o yoeB AR 18" (kERase s iOrbhe ORI ch
are relﬁtiﬁggﬁ_lomer in level than the surface of the mass. It is difficult
to arra.%Rf SHding wire having a height or clearance. If a clearance of a

bondi ng Wi r eAlitiBAA1 GhaBeODdvafitalglS ShEAAGACHIRES T BRADILERUI arly.

According to the prese Invention, "a distance or clearanc ween an
upper surfacg of ss .apd. A .stopper w. re;can. he deecr d _wi t hout

Por eastmyostgRor B AR fel bR iRl PRAF tn thP IS Rintien TERE B0 aFin e
wire. As a result, a thickness of _a mcrQstructure can be reduced w t hout

i ncr easiPAgt iwﬁﬁgﬁpamet gPBRATeNk AP dhose osi(lﬁéﬁglﬁk therard appr eXgRInatioB cor di ng
to a fourth aspect of the present invention, an accel eroneter includes a
mass a oftheofoliewingrenbamay benié atnad dynpsactise nofy tive vinventmimed[heher ei n
the mass conprises a surface which is exposed out of the base nenber a

st opper ohjgcts\Wid Advantapasotdhaldaventive muy beacalizebea i@ sttahedbbi 0
i nhibit over nove of the nass and a package whi ch contains the base nenber

with th § - of S ER nLEREBERTA N S o PRAW NEPh At i8ns1phftidu bipyg view
iIIustrg??%g é% accéPéroneter acé%ralng to a 5???? Bre#er$§g§gﬁ§bé¥nent of
t he present. inventi i §.:.2.,1S a plane view showi ng the accel eroneter
shown iﬁaﬁﬁggh%gﬁﬁg§ﬂ?gﬁﬁgﬁéﬁ1 el enments like netal interconnection are
omtted. -4




SM -PCT001 Fig. 3 is a cross-sectional viewtaken on line I-I in Fig. 1.
Fig. 4 is a cross-sectional view showing a part of the accel eroneter shown
in Fig. 1. Fig. 5 is a plane view showi ng anot her arrangenent of stopper
wires used for an accel eroneter according to the first preferred
enbodinment. Fig. 6 is a plane view show ng anot her arrangenent of stopper
wires used for an accel eroneter according to the first preferred
enbodiment. Fig. 7 is a cross-sectional view showi ng a package structure
cont ai ning and an accel eroneter according to a second preferred enbodi nent
of the present invention. Fig. 8 is a plane view showi ng an at\N'd¥g®ent of
stopper wires used for an accel eroneter according to the second preferred
enbodi ment. Figs. 9-12 are plane views show ng other arrangenents of

st opper wi redogeedifeor tohea s€bend spemicer refl ehdodireeent sihewmtion Fig. 7.
Fig. 13 is a cross-sectional view show ng a package structure containing
and an anombstmttiee iachodels momass 4 hasd pahberdd erthoHi tlentmabs tise
present invention. Fig. 14 is a plane view show ng an arrangenent of
st opper mpvablysedtdimedan Thecw assoimxledescc sudiacg, whicheist bkposqil efugr r ed
enbodi nent .
of the base member, and a stopper wire, which is arranged above the
surface of the mass so as to inhibit over move of the mass. As compared
to a conventional technology using a glass stopper, a microstructure of
the present invention can be fabricated to have a smaller thickness.
When stopper wires are fixed, no stress is applied to the base member
and the mass. As a result, no negative affection to characteristics of the
microstructure, such as an accelerometer, is made. Further, the stopper
wires can be fixed in a wire-bonding process, so that fabrication process
can be prevented from being complicated; and therefore, fabrication
costs may be minimized. KEspecially, for an accelerometer, the stopper
wires can be formed at the same time when electrode pads of a sensor

chip and lead pads of a package are wire bonded for electrical connection.

According to a second aspect of the present invention, a package
structure, containing the above-described microstructure, includes at
least one lead pad used for electrical connection with the microstructure.
At least one end of the stopper wire is connected to the lead pad. The
stopper wires can be arranged freely and be changed easily in design.
When one end of the stopper wire is connected to an electrode pad of the
base member and the other end is connected to a lead pad of the
package, the stopper wire can be used not only for mechanical protection

but also for electrical connection.



Fig. 15 is a plane view show ng anot her arrangenent of stopper -5

SM - PCTO01 wires used for an accel eroneter according to the third preferred
enbodiment. Fig. 16 is a cross-sectional view showi ng an accel eroneter
according to a fourth preferred enbodi nent of the present invention. Fig.
17 is a perspective view illustrating an accel eroneter according to a fifth
preferred enbodi nent of the present invention. Fig. 18 is a plane view
showi ng an arrangenent of stopper wires used for an accel eroneter accordi ng
to the fifth preferred enbodinent. Fig. 19 is a cross-sectiong&kMgﬁw

il lustrating an accel eroneter according to a sixth preferred enbodi nent of
the present invention. Figs. 20A-20D are cross-sectional views show ng one
exanpl e of fabric steps of the accel eroneter according . to the sixth

tin .
preferred e OKEHE %Qh% 17 aspget pd. the gresenianinyentipn, dhesstongeri onal
views showi ng anot her exanple of fabricating steps of the accel eroneter
accor di ngiteoinidladssertdpteberfixed ertuatitents, whidwarerafatvel® lowegsan
22A-22F are cross-sectional views show ng another exanple of fabrication
steps oflev/BE thagetles aueffle 6f ¢he dnags!t dttiredfficult B6 &fehhed a bonding
wire having a height or clearance. If a clearance of a bonding wire is
less than 100 4 m, the clearance would be made irregularly. According
to the present invention, a distance or clearance between an upper
surface of a mass and a stopper wire can be decreased without
increasing a distance in vertical direction between ends and top of the
wire. As a result, a thickness of a microstructure can be reduced
without increasing irregularity of clearance or heights of stopper wires.
According to a fourth aspect “of the present invention, an
accelerometer includes a mass; a silicon base member in which the mass
is movably contained, wherein the mass comprises a surface which is
exposed out of the base member; a stopper wire which is arranged above

the surface of the mass so as to inhibit over move of the mass; and a

package which contains the base member with the mass.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1is a perspective view illustrating an accelerometer according
to a first preferred embodiment of the present invention.

Fig. 2 is a plane view showing the accelerometer shown in Fig.1, in

which small elements like metal interconnection are omitted.



enbodi nent, shown in Fig. 19. Fig. 23 is a cross-sectional view
illustrating an accel eroneter according to a seventh preferred enbodi nent
of the present invention. Figs. 24A-24E are cross-sectional views show ng
an exanple of -6 SM - PCT001 fabrication steps of the accel eroneter
according to the seventh preferred enbodi nent, shown in Fig. 23. Fig. 25 1is
a perspective view illustrating an accel eroneter according to an eighth
preferred enbodi nent of the present invention. Fig. 26 is a cross-sectional
view illustrating an accel eronmeter according to the eighth pr%&eéh$?

enbodi nent, shown in Fig. 25. BEST MODE FOR CARRYI NG OQUT THE | N In
the followi ng detail ed description of the preferred enbodi nents, reference
is made to the acconpanying draw ngs which forma part hereof, and in which
i s shown by Waig.dis 4 coesy aedtimnalpeiew taken emelined -Bibdtigmdnt s i n which the
inventions may be practiced. These preferred enbodi nents are described in
sufficient defgy.l4 isaerabd-gettional sidw |shdwingt he aattoftthepsarilésemeber
invention, and it is to be understood that other preferred enbodi ments nay
be utiliggshwans Foaty! ogi cal, nechanical and el ectrical changes may be nade
W t hout departing fromthe spirit and scope of the present inventions. The

foll ow ng det@j ] ed .descriid on. Q.S f 0 takepei Lmting
sense, and sclgi 3 gfl(gt%e15 1p‘rj'?{eésﬁef“k’i %l{lléﬁﬁlgn%ﬁ(?%hé(}e%f‘%%%ggﬁe%%bgf tsﬁ%ﬁ%%{bended
claims. Now t he esent inventjon is described. The presgnt invention is
appl | CabfaTes, UsGdy fok yaBi ACGPlsTOmetete pera dibignsey TR chiTsls BYpterred

accel eroneter, and an angul ar accel eroneter (vibration gyroscope). The

SM - PCTO6m g@nt.i nvention is also applicable to any kinds of

m crostructure (MEMS) having a novabl e nmenber, such as an actuator. Figs. 1

and 2 show anFggcélr anplaare ¥ewceshodiing anothdr asrapgefemted! etbppgérent of
the present invention. In Fig. 2, small parts, such as netal

i nt er con@gess Olisedr €oM0hns hebldromdieirt &iccupdielsst N0t AbksoVeralekred the
accel eroneter 10. Fig. 3 shows an inside structure of
embodiment.

Fig. 7 is a cross-sectional view showing a package structure
containing and an accelerometer aci:ording to a second preferred
embodiment of the present invention.

Fig. 8 is a plane view showing an arrangement of stopper wires
used for an accelerometer according to the second preferred embodiment.

Figs. 9-12 are plane views showing other arrangements of stopper
wires used for the second preferred embodiment, shown in Fig. 7.

Fig. 13 is a cross-sectional view showing a package structure
containing and an accelerometer according to a third preferred
embodiment of the present invention.

Fig. 14 is a plane view showing an arrangement of stopper wires

used for an accelerometer according to the third preferred embodiment.

Fig. 15 is a plane view showing another arrangement of stopper



- the accelerometer 10. The accel eroneter 10 includes a silicon base nenber
12, and a novable nass 14, which is contained in a cavity of the silicon
base nenber 12. The nass 14 is provided so as to be able to nove

up- and-down and right-and-left, nanely in three-di nmensional directions. The
silicon base nenber 12 is proved at its center with a squire shape cavity,
in which the mass 14 is contained. The novable mass 14 is shaped to be a

cl overl eaf having four square regions, which are connected at the center
thereof, in order to increase inertia force. An upper surface of the

novabl e nass 14 and an upper surface of the base nenber 12 ar "5FF%Abed in
the sane |l evel. The accel eroneter 10 further includes four beans 16, which
connect the nmass 14 and base nmenber 12; and ei ght of piezoresistance

el enent swilfks Teedi fororaasi atclemmbenenicotding et@r thegelirat phefebmdhdari es
bet ween the mass 14 and the beans 16, and between the base nenber 12 and

t he beangmlipdifsait, of the beans 16 is arranged at a gap forned between two
adj acent square pats of the nass 14. The silicon base nmenber 12 is provided

at the upper Py Tage with ng é%:‘%?o dsvx.e\%h' SRS C%‘h“% %\{ie{‘cﬁmte@?r

prezoresrstanc ‘el'ements” 1 I'nt erconnecti on

SM - PCT001 Elgctrode 20, mh not ected t

pi ezor esAgqardide ép@hgﬁ,}rgﬁl%re;e 5@?}“@’8@% @n B p‘ﬁ’é(rewqres 22. Four
of the wires 22 are arranged above all the .corners of the novable mass 14.
Each wire 22 ¥ig.arkanfedd t pesspesiavacvin dllustratingf amheamplappmersss 14.
The ends of the wire 22 are fixed to the el ectrode pads 20 by a

convent i acedrdingdobmfidthngpreferced embsdishenh of thEipgesént itreestibncon base
menber 12 is fixed on to a die bond surface 24. Downward over nove of the

movabl e mass Bfp.i 5818 blagd Wywt BRodify mﬂ%ﬁuhgaﬁfer%of Hosp gt e s

over-nove of the mass 14 is inhibited by inner walls of the srlrcon base
menber d [ ﬁa %ﬁ; 322
The cl eaﬁange gglmgée/%q? %%és?lfs él‘%%a%%ﬂjetﬂ\?\ri?fet?@l uste
controlling t e . bondr devic over - ns_noy Itrng
that the acce r]rét é? iocrg)%g {O‘?}/ﬁ}r Q’le‘f—lor t&rﬂge ¥ taﬁgqﬁ%% e%% over
noves, the ac eIeronet ul oken o woul d out signal at a
Tever " ovBRcotngR AraH BT wﬂrmetmcém%fs e Bréseiciiietionund an end
of the wire 22 connected to the pad 20. According to the present jnvention,
connecti ng reEilgﬁhs QAL 2nare €Tops-eecionAl WewWses @WM@@%@WE&?\ Ohe
covered with a resin 28. As a result, reliability of connection between the
wire 22 éabrichtingadteits obithe becdlarvmasewd actordialgr to dhicosixth pheferred
above-descri bed accel eroneter 10, a SO wafer is formed froma silicon

| ayer (Sre}nb@dllmrémecg}mwﬂenlmgerlg( Si 02) and a Si substrate. A bridge
circuit is fornmed on the SO wafer using a senm conductor technology to form

pi ezoresi stan 'ﬂ[R‘EFG%e erdBt @ctichal vieMs BhdRAheCARSiHdr SRARRIB and

el ectrode pads After that, the surface is covered mnth a passivating

film su 0 are
formed | PARET ﬁﬂpeaéfe’e 28 r"%s&% L RS P R SR BERR 4,
novabl e nas 4 is f ned i Deep R E process carried out fromthe S
substrat@m ymeRt s %Bngﬁh ‘14 is rel eased fromthe substrate in an
etching process to_the buried oxide Iayer After_that, the substrate is cut
to form indi viagal 23An32F axe peossrsectiimalnyieyyoshewingeamotharcexamule chip
is bonded in a package, then, the el ectrode pads 20 of the sensor chip 10
and | ead om‘ddbrﬁ:iatidmsmm(aﬁeharaecmiemenmmdwcbndir@ tethe ciktlc prefmtredn. At
the sanme tine, the wires 22 are forned over the sensor chip 10. Figs. 5 and

6 shows e¥AppdBnehtdHAREgER{g. Of9.t he stopper wire (22). According to Fig.
5 two of wires 122 are arranged in parallel to sides of the silicon base

hree of A -Thgﬁgz?@gﬁ‘dﬁeiﬁﬁsmﬁw% 3 AL ae” F5” LR, o o

three of wire re arran e I 'agona

the silicon A l.onger 222 ends al gn i agona

e of - fEoBRE B aeggenﬁamefetr%% PR S Sl BrRalifiTo acr oss
over corners of the noy e mass 14, in the sane manner as shown in Fg. 1.
In Fig. 6, thdi8Rorde 3e 0 STt AInViQwE ShRWHIE A RXAWBGRrohi r e
222a woul d be able to inhibit over-nove of the mass 14 in good bal ance of
level. Fig. 7 is a cross-sectional view show ng a package structure
contai ning and an accel eroneter 10 according to a second preferred

enbodi nent of the present invention. I46-Fig. 7, the sanme or -10



5M - PCT0O01 corresponding elenments to those in the first preferred

enbodi nent, are represented by the sane reference nunber, and the sane
description is not repeated here in this enbodi nent. According to the
second preferred enbodi nent, both ends of stopper wire 22 are fixed on to

| ead pads 32 of a package 30. As conpared to the first preferred

enbodi nent, the wire 22 can be arranged with a high degree of freedom Fig.
8-12 are plane views show ng exanpl es of arr angenent of stopper wires 22
used for the second preferred enbodi nent, shown in Fig. 7. Accgpdidiehto a
case shown in Fig. 8 two of wires 22 are arranged to extend in parallel to
sides of the accel eroneter 10. According to a case shown in Fig. 9, four of
W res 22 e. arranged to, extend across the corners qf the accel efoneter 10,
'n whi oh fABREaBIOT Sen oo AecelPpamelet aCearding: inethe seventh RactFTalcase
shown in Fig. 10, four of wires 22 are arranged to forma shape of "#"
above t hembedimentmlrwndn g &3ding to a case shown in Fig. 11, two
shorter wires 22 and two |longer wires 22 are arranged to extend in parallel
to a di agonal Figne2df i§ ha gseepectivet erie®O. ilAcstonting 40 aceskaroshiotsr in
Fig. 12, four of wires 22 are arranged to forma di anond shape, in which

each Wi 6\23r @iHeehla A OREh 160 Fe d¥mbBA; AEES I HERN Rlsch inFbtiok? S

1
cross-sectional Vview sh a package structure contal ning an

an
accel eronet er c i.ng.to.a third preferred i.nent. _of th r nt
invention. In %gajéijég tahel(g%é e%tl;oﬁﬁ Hle Ml-nggﬁggﬁggoﬁpes%(gﬁg%lpﬁﬁéﬁéﬁnents
to those in the first an econ ref eryed. enbodi,nent ,. e represented by

t he same %PE&%E@ ?rﬁégd}}t RH%{E@&&.%%&%?P&%W% ’cg'rﬁeat ed here in
this enbodi ment. According to the third preferred enbodi nent, one end of a
stopper wire 22 is bonded onto a | ead pad 32 of a package 30, and the other
end is bonded on to an el ectrode pad 20 of an accel eroneter 10. The stopper
wires 22 BESThMOLEKH FOR € ARRYING OdHRSCHIFH INDEENSEIONhe package 30 and
the sensor 10. The | ead pad 32 and el ectrode pad 20 can be fornmed for

excl usi ve use [fiathet fwlosﬁﬁiyo@étaﬂé&aeaan‘gmd 6fthé peefdreplmbbifseadscan be
electrically isolated fromthe sensor 10. As a result, the stopper wires 22

can be ar Wi i gki i i Wole k Ll i f the
censor 10Tgibe"] iHas 36 P RlCBRAYERE PALANIE: MU T HET B e
of the stiopper. wines 22 used for the accel r..1 cordin

Chi r " pr aeEpha ooty AT Bavhl Bof F BEIINsFlad i ARk e g,
of wires 22 are arranged too. form a shape.of "#" abpve the accel ergneter 10.
"1 B br acOPbAHTBERGR! S MITH RS GVERERE TS whF cPTRSURRY ar TEMERS t o
forma di anond shape, in which each wire 22 extend across a corer of the
accel er orptedermesl embpdiments are feseribedtinosaificieaivdetaili togenable those

accel eroneter according to a fourth preferred enbodi nent of the present

i nvent i onskilledFim.thebart lte mernticer therineepbiodi, nanél Enisntes beo unldesstaad t he
first to third -12 SM - PCT001 preferred enbodi nents are represented by

the same figfteeher £fed AAbbAmSal® SRSCHePtitdhizéd A08 tleRpdbetcdiere in
this enbodinment. A feature of this enbodinent is that stopper wires 22 are

provi ded h Leat b L lyavet WM 50,
0t hat (BT g M EH Aol B AN betnad Wit B he 1E0RL Dei y
to characteristi.cs..of the a rQ 10, f.abmmcatel of t .
above- dest soRGou sedRerdl thE OTBeE iipabldT ARER P afhg Siatles)
| ayer (Si), a.buried oxide |ayer (Sj02).,and a Si substrate. A pridge
circuit i ée?f%”ﬂ%endﬁ’ ?ﬁ%“ PFE ot é%é?ér akgnqin ?i?ﬁ‘%’rﬁl"&rﬁ%ﬁ%ﬁ S‘Eq’% rb
di ffusion process to form pi ezoresistance el ements 18. After that, an
i nsul at i nthe pageenteinventionsisidefinadtodyney theiappensiedelodess. Next)
contact holes are forned so as that an el ectrode pad 20, which is connected
to the wire 22NoheeRagfrebBat Sa¥BneI0eCd HeatribedemMhal phedsalt idsrehftforpiibi con
| ayer (Si). After that, a netal circuit pattern and el ectrode pads 20 are
formed, aagpliogbkurf@ca ivardemer efl wypds aopafsireadli ngrdorm Sdch sueh @ Si N
| ayer, except the el ectrode pads 20.

accelerometer, and an angular accelerometer (vibration gyroscope). The




Next, beans 16 are forned in a Si Deep RIE (Reactive lon Etching) process.
After that, the novable mass 14 is forned in a Si Deep RIE process carried
out fromthe Si substrate. Next, the novable mass 14 is released fromthe
substrate in an etching process to the buried oxide |layer. After that, the
substrate is cut to formindividual sensor chips in a dicing process. Next,
the sensor chip 10 is bonded in a package, then, the el ectrode pads 20 of

t he sensor chip 10 and | ead pads -13 SM - PGT001 of the package are wire
bonded for electrical connection. At the sane tine, the wire _&H% e forned
over the sensor chip 10. Figs. 17 and 18 show an accel eroneter 10 accordi ng
to afifth preferred enbodi nent of the present invention. In Fig. 18, snal
parts, such as nmetal interconnection, are not shown for better

under stpiresiend ofvenionl Ls oflsohepaticebls dwetaary Gndsi of mdcwisdwactarre nsi de
structuye_of he accel eroneter 10. The accel eronmeter 10 includes a silicon
base EMB» hasnngp morahle memberasughiasran acteatai ned in a cavity of

EQSJLL‘ con s ﬂfanﬁ. gééhalm?eag??&éréré% r°“%md?§rec%§di‘éa2€cb%§ ta?ite H°
irection Sidi on ) i s prove tscent vvrt a
squire I%’Ff‘z' gretfg\e ?ﬁg‘é Eh%?é 1Q:‘bnt &8 ZTRE AL RN nass 14
i s shaped ,t o be er eaf avi n fou uar ns
Siehds e @£ RlfcpRBectpt. éﬁflﬁ ! fof BB potlrithiihe

;?&nggte i.s f | four_square regions o f\he
s 14 e P WégpﬁéFﬁewsdaﬂeﬁeéﬁie Qe 8

' 1
L aher BETANARREEAU Ao TR ARIBHRERN, PSRN LB hse
and baSﬁler}ﬁBBPrrzlzan&md gﬁg‘ggrsre%ﬁsemr PARYANC B AEATRA

pi ezor esi stance él enent are arr ange I’I es et Vét?n t he mass

14 and e sHeHE bhGe MBAMIRG! 12EThE ¢ 23S $4BTHRVided 30chd B Heeabk &P Each
of the beans 16 is arranged at a gap forned between two adj acent square

pats of pidie nRFantdowie Shdi siphtbase-16fybaamlelyl InprhvéstedmdndiGralipper
surface with el ectrode pads, which are connected to the piezoresistance

el emrent dirk8tioiish d'heldilicooMoaRBETRRInbet 412 ignpeoced necitsoten teat witlovn) .

El ectrode pads 20, which are not connected to the piezoresistance el ements
18 are sgumectkdpe cantis of wdiichpthe whaes 1221s Eontaofed. hél'he masvablar e
arranged above all the corners of the novable mass 14. Each wire 22 is

arr angethass d4tisrshapedde be awlneerbrafth@mevmresmese ragiofre whigh of t he
wire 22 are fixed q&o the el ectrohtgje pafis 20 a -, convent.ional re- bondi ng
pr ocessarasoasited rmirthe Cﬁ@)te%" e3epi, cléh OF ee teelirarase inerfiacErcen to a
di e bonq surface 2 nove of 't he,novabl e nmass, 14 i s, ,i nhibited
by tho 4k UBBRT & Paeevf‘% B Sl Bassy L i &t fnes Raktece of the

i nhi bitgd 3&1 er jg? s of thedsr It con ba§1 rrgrrber 12. Upward over-nove of
the mas i o £EQ ABYARRES R f&°tl earance between the mass 14
and the wr 2 stgd 0 i ce.

di stance " G?Bét v%ggér}legﬁrenae&%getrlﬁsgﬁ a}gegmgbgi‘#ue pr%jﬁgc}r%a?ngng r\%li’g and the
st opper , it €180 n V, and
the hol ShpRBet hf 3fads. e Ll BRadn Bt X IR el OB AoRbaRrRHES 2,

can be dpaheaRedisi Lo diBssRATHAMG @réﬁl@ g€ 18"aR Hirrafibed bestht. 2

t hi ckness o e acce nmeter 10 can be re uced w thout creasi ng
i rregul aouindaies %@@%@ﬁethé'f maks SILPFbQﬁi thrBéar%% 16Vemd fbe@w@'eﬁt fhee

is determ ned about 80 !~ irregularity of clearance " of stopper w res
22 woul $haRetmeniticase a&ﬁi@lﬁdﬁ@bhms 16. Each of the beams 16 is arranged at

a gap formed between two adjacent square pats of the mass 14. The

silicon base member 12 is provided at the upper surface with electrode

pads, which are connected to the piezoresistance elements 18 with a

metal interconnection (not shown).



Fi gs. 20A-20D are cross-sectional views show ng one exanple of fabricating
steps of the accel eroneter according to the sixth preferred -15

SM - PCT001 enbodi nent, shown in Fig. 19. In fabrication of the
above-descri bed accel eroneter 10, a SO wafer 31 is forned froma silicon

| ayer (Si)) a buried oxide layer (Si02) and a Si substrate. A bridge
circuit is forned on the silicon layer in a sem conductor process to form
pi ezoresi stance elenments 18, a netal circuit pattern and el ectrode pads 20.
A sensor circuit 33 is fornmed, as shown in Fig. 20A. Next, a Qﬂgkgaﬁnsitive
polyimde or resist is formed on to the sensor circuit 33 using a

spi n-coating process, and is exposed, devel oped and baked to form a

proj ected nmenber 34 (14a), as shown in Fig. 20B. Subsequently, beans 16 are
formed in a BleOwedemaEly ROacthich avm nbtcloimg)cted doetdw pidiaresidtancet he
movabl e mass 14 is formed in a Si Deep R E process carried out fromthe S
subst r atedementadhd are penneviasl w ends of stopperareed2f ribomr hé thabwireat e 31
in an etching process to the ?u i ed oxide |ayer, as,shown in Figﬁ 20C.

After tHe argrerrapged: ahoge Allithecgerneyss e rtovedlamasaskt cBepl in a

ol ect P oTETERaL ingrrEnERe b AREIREIAG0TD R A aL SRASTOV SBIE PACR e ar ¢
For med_obise ¢hds cofahe' Shirg "8 B6p o Bked fobbe sERHadE nddY Moy fous ©
e cor e s M o R PR RS0 0 et Shown i n B 20 1n
formed from aPREwE Y F1E08 e SIRRAELAREMRLRIbe 1285 Hed Bl dibg
subst ragﬁncx%cf‘ RUrdes ?4.rcﬁéwﬁ§r_a%§r B@gﬁﬂot_ﬂilgg%ﬁiﬂﬂec‘i’ﬂo{r% hAsé 14 is

sem con or process to form pi ezoresi st ance el enents 18,

a netal jglibitetl BRthe diedh®lstefd@I24PTBrEBntAl S9BFMoFe ro‘fatihte B dsS
formed, as shown in Fig. 21A Next, a seed layer 40 is formed over the SO

waf er 3114 Bs anhibitb&rbPdnBePGeaHs IStis1@licd biaise- méhBber N2, sq¢Pwlager 40
may be of Ni, Cu, Au, Pd, Ag, Sn, Co or the like. After that,

phot osensidrtmeveodly the daass T4 3s dhhibitedrpdhenwited 22, sddtk chyanam@ in a
spi n-coating process, and is exposed, devel oped and baked to forma resist
patt er n Btwesn shownaés 1&iand A€ wikext22 caplbat adjpstag dry d@atriodlifigrtimed fr om
the seed | ayer 40, as shown in Fig. 21D. After that, the resist pattern 42
i s rempveire baudimg deyéce.| adveramove” mapanadnprementoresiltingighpt dbess, wet
etching progcess or RIE (Reactive lon Etching) process to forma projected
menber 4accederometar 16 dopg nogworlks Sxaprample, 6 ahamags d-boTeR FRYaS a S

Deep RIE,(Reactive |on chin rocess. After .that, the novabl e,ma 14 is
formed i eaa@ﬁetl%%e IE%r%%ﬁbgm B8 GLVORIG ARt S SieMpi3tea 4%l Next
t he novabl e ss 14 is relte(iied fromthe substrate 31 in an etching process
to the bUYFelSIRPEEML LA e@lown in Fi g. 21F. After that, the substrate

sensor _chi L"iPii%[)?n%}fé‘oﬁwkdif%bgiﬁﬁ%%?oﬁﬁéfe?n eRd o Ui ?%a@%oif%c“% e |
connect | ¢ Bt o (ARCRRRE B I RREag iRt BB A e Bl
10, as shoMfed t'erg iﬁé@z PP the28tedtfodd Padl 205eSRhd Udder¥ll SWsLES P Ng

anot her exanple o Fva rication steps of the accel eroneter (fO according tci

; Bgvzi Xt e ihed®r 1l aerdidt MRsliabidftg Vet edhid@iod Hethieehatlid Rtk 22 @ind he
the pad 20 would be increased.
In fabrication of the above-described accelerometer 10, a SOI
wafer is formed from a silicon layer (Si), a buried oxide layer (Si02) and
a Si substrate. A bridge circuit is formed on the SOI wafer using a

semiconductor technology to form piezoresistance elements 18, a metal



SM - PCT001 descri bed accel eroneter 10, a SO wafer 31 is forned froma
silicon layer (Si), a buried oxide layer (Si02) and a Si substrate. Next, a
polysilicon layer 48 is forned on the SO wafer 31, as shown in Fig. 22A
Subsequently, a photosensitive polyimde or resist is formed on to the
polysilicon layer 48 in a spin-coating process, and is exposed, devel oped
and baked to forma resist pattern 51, as shown in Fig. 22B. Next, the
polysilicon layer 48 is etched in a RIE process to forma projected nenber
53, as shown in Fig. 22C. Subsequently, a bridge circuit is fguapshhn a

sem conductor process to form pi ezoresistance elenments 18, a netal circuit
pattern and el ectrode pads 20. A sensor circuit 33 is fornmed over the

proj ected nmenber 53, as,shown in Fig. 22D After that, the surface is
cover ed @Wremtapagesn and f @ftm%? P@!ﬁ%hZQs After 1thosr the suaface Heceverad ode

S B R B et o SR R
Rl E i .Si . . . 14
s ol eaNeytr PaRRin AW e, PIRACE 45 5°4h DEERRER (R GEve BB Rifel o de
: %Ie\r“ d@}'&%gﬁgoir&@%eﬁ Phatdfe ?M\?e{bltehﬁltasst g l%e%?}ﬂﬁqn?’& &> U‘\elé%) Rg orm

ps* ’n"a di cl'ng process. Next, & 'sendor chi p i s

bonded iQr%cfegg%%f‘edkw@&o&%eeSFgghgg&g;tgadﬁeggcﬁg ul QM asEN P340 and

| ead pad he package are wre or e connectron. At the

same i Efellg%agéd‘é%Bﬁg tg% &6tk dEH Qg]eétéﬂlﬁgfsﬁ?é&rsscm Qhéc’buf‘i%dspQMb I n

Fig. 22 Cross-section view iTlustrating an accel eroneter

-18  SMayReTORfe2 Gt ILRE dubstr ARV RNER: BS TR BHi T4 @8R40t i Pr esent
i nvention.” Figs. 24A-24E are cross-sectional views show ng an exanpl e of

fabri cat j efichigpBodsst hNeﬁ@,cmeeé&mxeéhigﬁfsob@lde i 4 packagentheRr gierred
enbodi nent, shown in Fig. 23. In Figs. 23 and 24A-24E, the sane or

cor r esposakécotpdd padst20 vHthédeeason chig 1@band-ldedayadedf shatgndkegfecsired
enbodi ment are represented by the sane reference nunerals, and the sane
descri ptirre ionded fepektotdichdreennectits itbode neenhe fitee, dilid evieas 22 r om
the six preferred enbodinment is that structure of a novable mass 14 and a
sili con bueéormedavesghel sendorchipbddi nent, the mass 14 is not provi ded
with any projected nmenper (14a), but_an upper surface of the silicgon base
menber 58 is Ei@tS. duenich6oshewstexample #f| axrameement ohdde sippnsat et t he
upper surface of the base nenper 58 and an per surface_qf the s 14. In
fabri cat (é}ﬁ-ofACFH %%%@sgitﬂéﬁ of cwaresy !#rgt%rre, agraggeddnopamllelto o negd
froma siljcon l.ayern. (Si a buried i | ayer (Si02 d a § substrate.
Next . PlsRcEt 1 Flichaubasd mpphet 48 Whest e Pt 1381tk he SRt ecs.
and is e d, a f iS¢t e hown
T F o, - SRR ALPFRARTt, HIER et PR R ol B2 TR BHadled D
formrec i 3 10R,, A" . I r Lo as in
o 2am0 TR B p et Rn B @ YR iRt B A BR L T 0B T
formpie ) : (o j ta tymode
pads 18 e T o B R b e %ot o1

31, as slyhurté wirs 29%b Afd ektéhdtto hkeosdohasecdtinelrBeoSWhst ifv@abld i s
covered with a passivating film such as SiN |ayer, except the el ectrode
pads 3laméshidgiertheysaheamsniferasae showredniFiga 15 Ivdeig. M, EheRgesitteye | on
Et ching) process. After that, the novable nass 14 is formed in a Si Deep

Rl E procesiges &23tedanie Hnoittdd)ebetiaumebthe dorwgd@d wikex@224 heouldvbdlableass 14
is released fromthe substrate 31 in an etching process to the buried oxide
| ayer, asodhhwitiaveFrmova4id. thaf messtlin gohd ksa%bnteafée@dl.i s cut to form

i ndi vidual sensor chips in a dicing process. Next, the sensor chip is
bonded in a pHégade,ist Iﬂeﬂ;‘%ﬁ@%ﬂ@@ﬂfc@@%aﬂ@‘&l@goa paekgegasetrugiuge10 and
| ead pads of the package are wire bonded for electrical connection. At the
sanme ti neontamingr and2 2mrecélzroattterel 0t hecarelingr te hd metOndapreferwadi n
Fig. 24E.

embodiment of the present invention. In Fig. 7, the same or

_10._.



Fig. 25 is a perspective viewillustrating an accel eroneter 74 according to
an eighth preferred enbodi nent of the present invention. Fig. 26 is a
cross-sectional viewillustrating the accel erometer 74, shown in Fig. 25.
In Figs. 25 and 26, the sane or corresponding elenents to those in the
above-descri bed enbodi nents are represented by the sanme reference nunerals,
and the sane description is not repeated here in this enbodi nent. The

accel eroneter 74 includes a silicon base nenber 12, and a novabl e mass 14,
which is contained in a cavity of the silicon base nenber 12. sihect®ss 14
is provided so as to be able to nove up-anddown and right-and-left, namely
in three-di mensional directions The -20 SM - PCTOOl siIicon base menber
12 is proved at i,ts c nter squi r, Vi t he mass 14
s cont arHERsDIRGI NG FIBRE ALY Hiose e orEao R b P CHRCRbVARG four
square regi ons, which are connected at the center thereof, in order to

i ncr eas ereprasented dit she gamp geferenceapandier; sadhbhespaendescription ian
upper surface of the base nmenber 12 are arranged in the sane |evel. The
accel er onot erefelatiedr thexre iimc|thdes efmhodibeamts 1 6\cosrdomg c omnéhe sbeomdss 14
and base nmenber 12~ and ei ght of piezoresistance el enents 18. The

pi ezor esﬁﬁé@i@@d@rﬁb@@hﬁeﬁﬁ Both ahdandestopbet eirkR dati fegedveeledde nMass
14 and the beans 16, and between the base nenber 12 and the beans 16. Each

of the b at ] re
pat s of PRoS ot § qRIREdy a%C%ﬂ‘@afr%% HRELYEE Bf%%‘ér%%cr%%{lwégﬂ%p or
surface wth el ﬁ,ﬂdr od ads 20@ h ar ﬁonnectﬁﬂ 9 t he pi ezoresistance
el enent s “18 Wt c%t aﬁ‘?trg cdoWr]l talld %( PRIEhY )ee PH: accel eroneter 74
i s contained E ﬁé:]kage shown in Fig. 26. The pagkage 70 incl udes
recess portio g?@ AYcc RIApadEiens SHOVERE.PEAMPIRE(0hRAITABEPEIRAS O
portions 75. The recess portions 75 and | ead pads 76 are designed so that

an upper stopper wioes 2% vseddforathe Gecend prefermek embedinentppeowsuihace of
the accel eroneter (sensor) 74. Two | ead pads, arranged at the opposite

si des of Hipe7ackelozdongtera ddse shewenim&ig 8, o af stiepp@? whe ar2@nged
According to the eight preferred enbodi nent, the sane advantages can be

obt ai ned {8 ¢tRa dafovRAesIdll Rediddsxbh (ABO, SRTERSH BT T @d:cemﬁslg BN&S.
According to the sixth to el ghth preferred errbodr ments, the -

SM - PCTOQL 8 RRRGL 1¥i"1¥“ .. éve dﬁfdﬁﬁe}%nﬁé a gffgéﬁht@ExP&%%%c‘?gés thp! ch

are relatrvely | ower e sur ace € nass : di stance
decr oasedoiPERbAr Qﬁ%casc%rsif?f@na{ear 1B feavpich BORe drdLPERES At raseln
i Cr oot r GEIACD CHIFThoAPRIEBE 1 & K93 SHAGTEAB! P 1 10h dGUF 4H W e9r 28 patr ance
or heights of stopper wires 22. -22

arranged to form a shape of “#” above the accelerometer 10. According

to a case shown in Fig. 11, two shorter wires 22 and two longer wires 22

are arranged to extend in parallel to a diagonal line of the accelerometer

10. According to a case shown in Fig. 12, four of wires 22 are arranged

to form a diamond shape, in which each wire 22 extend across a corer of

the accelerometer 10.

Fig. 13 is a cross-sectional view showing a package structure

containing and an accelerometer according to a third preferred

embodiment of the present invention. In Fig. 13, the same or

_11_



SM - PCTO01 CLAIMS 1. A microstructure having a novabl e mass, conpri si

mass a base nenber

conprises a surface which is exposed out of the base nmenber, and a st
wire which is arranged above the surface of the nass so as to inhibit over
nmove of the mass. 2. A mcrostructure according to claim1, wherein t

stopper wire is connected only to the base nenber but not to the nass.

ng: a

I n which the mass i s novably contained, wherein the mass

opper

he
3. A

m crostructure according to claim1, wherein the stopper wire is fixed in a
Wi re-bondi ng process. 4. A microstructure according to claim
ends of the stopper wire connected to the base menber are covered w

resin.

in
h a

5. A mcrostructure according to claim2, wherein -23 SM - PCT001

corresponding elements to those in the first and second preferred
embodiment, are represented by the same reference number, and the
same description is not repeated here in this embodiment.

According to the third preferred embodiment, one end of a stopper
wire 22 1s bonded onto a lead pad 32 of a package 30, and the other end
is bonded on to an electrode pad 20 of an accelerometer 10. The stopper
wires 22 can be used for electrical connection between the package 30
and the sensor 10. The lead pad 32 and electrode pad 20 can be formed
for exclusive use for the stopper wires 22, so that the stopper wires 22
can be electrically isolated from the sensor 10. As a result, the stopper
wires 22 can be arranged without takifng into consideration of a wiring
design of the sensor 10.

Figs. 14 and 15 are plane views showing examples of arrangement
of the stopper wires 22 used for the accelerometer 10 according to the
third preferred embodiment. In a practical example shown in Fig. 14,
four of wires 22 are arranged to form a shape of “#’ above the
accelerometer 10. In a practical example shown in Fig. 15, four of wires
22 are arranged to form a diamond shape, in which each wire 22 extend
across a corer of the accelerometer 10.

Fig. 16 is a cross-sectional view showing an accelerometer
according to a fourth preferred embodiment of the present invention. In

Fig. 16, the same or corresponding elements to those in the first to third

_" 2_.



t he base nenber conprises pads exclusively used to be connected with the
stopper wire. 6. A mcrostructure according to claim?2, wherein the base
menber and the stopper wire are controlled to have an identical electrical
potential to each other. 7. A package structure containing a mcrostructure
according to claim1l1, conprising: at |east one |ead pad used for electrical
connection with the mcrostructure, wherein at | east one end of the stopper
wire is connected to the | ead pad. 8. A package structure according to
claimi, wherein both ends of the stopper wire is connected t%Mq_ggTdofad
pads. 9. A package structure according to claim?7, wherein one end of the
stopper wire is connected to the |ead pad, and the other end is connected
to an el ectrode, pad, of. t he base nenber. 1 A package structure according
to clai nplf‘?{eﬁﬁ%d &mbedianenty aﬁﬁd‘ﬁ@‘eéﬁtﬁtq}g byethe saae refarencermanthar, wi t h

t he stopper -24 5M -PCT001 wire. 11. A mcrostructure according to claim
1, wher eandt the saoppalesaridiconprictesepeated bepe in te ambpoiiméntns Ahi ch
are

feature of this embodiment is that stopper wires 22 are provided to have
the same electrical potential level with an SOI wafer 50, so that the
wires 22 do not operate as an antenna, which affects negatively to

characteristics of the accelerometer 10.

In fabrication of the above-described accelerometer 10, a SOI
wafer is formed from a silicon layer (Si), a buried oxide layer (Si02) and
a Si substrate. A bridge circuit is formed on the silicon layer in an ion-
implantation or thermal diffusion process to form piezoresistance
elements 18. After that, an insulating:layer 52 is formed in a thermal
oxidation process. Next, contact holes are formed so as that an electrode
pad 20, which is connected to the wire 22, becomes the same electrical
potential level as the silicon layer (Si). After that, a metal circuit
pattern and electrode pads 20 are formed, and the surface is covered
with a passivating film 54, such as SiN layer, except the electrode pads
20.

Next, beams 16 are formed in a Si Deep RIE (Reactive Ion
Etching) process. After that, the movable mass 14 is formed in a Si
Deep RIE process carried out from the Si substrate. Next, the movable
mass 14 is released from the substrate in an etching process to the
buried oxide layer. After that, the substrate is cut to form individual
sensor chips in a dicing process. Next, the sensor chip 10 is bonded in a

package, then, the electrode pads 20 of the sensor chip 10 and lead pads

_13.._



relatively lower in |level than the surface of the mass. 12. A

m crostructure according to claim11l, wherein a projecting portion is
formed on the surface of the mass. 13. A microstructure according to claim
12, wherein the projecting portionis a resin layer fornmed on the surface
of the mass. 14. A mcrostructure according to claim 12, wherein the
projecting portion is a plating layer fornmed on the surface of the nass.
15. A mcrostructure according to claim 12, wherein the projecting portion
is a polysilicon layer formed on the surface of the mass. 16. Aupcroot

m crostructure according to claim1l, wherein -25 SM - PCT001 the base
menber is provided with wire-fixing regions which are connected with the

ends of the stopper wire, the wire-fixing regiagns being forned_to have
surfaces Phiae HAckagFeRTé e Rendad e Slostrival pamBection. Ahkitheosemet ur o

according .to cl.aim.16, ereint wire-fixing regiopns are forned to shape
t he balseg%etrhetwnif'eg 2%1@ formed over £ esensc?r ch1gp ?8 P

Figs. 17 and 18 show an accelerometer 10 according to a fifth
preferred embodiment of the present invention. In Fig. 18, small parts,
such as metal interconnection, are not shown for better understanding
of overall of the accelerometer 10. Fig. 19 shows an inside structure of
the accelerometer 10. The accelerometer 10 includes a silicon base
member 12, and a movable mass 14, which is contained in a cavity of
the silicon base member 12. The mass 14 is provided so as to be able to
move up-and-down and right-and-left, namely in three-dimensional
directions. The silicon base member 12 is proved at its center with a
squire shape cavity, in which the mass 14 is contained. The movable
mass 14 is shaped to be a cloverleaf having four square regions, which
are connected at the center thereof, in order to increase inertia force.

A projected member 14a is formed on each of the four square
regions of the mass 14 so that an upper surface of the projected member
14a is “Ah” higher than an upper surface of the silicon base member 12.

The accelerometer 10 further includes four beams 16, which
connect the mass 14 and base member 12; and eight of piezoresistance
elements 18. The piezoresistance elements 18 are arranged at the
boundaries between the mass 14 and the beams 16, and between the
base member 12 and the beams 16. Each of the beams 16 is arranged at
a gap formed between two adjacent square pats of the mass 14. The
silicon base member 12 is provided at the upper surface with electrode

pads, which are connected to the piezoresistance elements 18 with a

_.14._



stepped structures. 18. An accel eroneter which provides an output signal in
accordance with novenent of a mass, conprising: a mass a silicon base
menber in which the nass is novably contai ned, wherein the nass conprises a
surface which is exposed out of the base nenber a stopper wire which is
arranged above the surface of the nass so as to inhibit over nove of the
mass and a package which contains the base nenber with the mass. 19. An
accel eroneter according to claim 18, wherein the package conprises at |east
one | ead pad used for electrical connection with the m crostrughW&g
wherein -26 SM - PCT001 at | east one end of the stopper wire I's connected
to the |l ead pad. 20. An accel eroneter according to claim19, wherein both
ends of the stopper wire is connected to the | ead pads. 21. An

accel er ofeetdl teseannretion et shawn)wherei n one end of the stopper wire is

pad of the baddcuberbags ST hitbe AEr SRS EIRSBANINERS Piepercpi LB ncaher of n
elements 18 are connected to ends of stopper wires 22. Four of the wires
22 are arranged above all the corners of the movable mass 14. Each
wire 22 is arranged to extend across a corner of the movable mass 14.
The ends of the wire 22 are fixed to the electrode pads 20 by a
conventional wire-bonding process.

As shown in Fig. 19, the silicon base member 12 is fixed on to a die
bond surface 24. Downward over move of the movable mass 14 is
inhibited by the die bond surface 24. Horizontal over move of the mass
14 is inhibited by inner walls of the silicon base member 12. Upward
over-move of the mass 14 is inhibited-by the wires 22. The clearance
between the mass 14 and the wires 22 can be adjusted by controlling the
wire bonding device.

A distance “H” between the upper surface of the projected member
14a and the stopper wire 22 can be adjusted by a wire-bonding device
(not shown) and the height difference “ A h”. According to this
embodiment, a distance “H” can be decreased without increasing a
distance “H+Ah”. As a result, a thickness of the accelerometer 10 can
be reduced without increasing irregularity of clearance “H” of stopper
wires 22. Even if a distance “H” is determined about 80 4« m,
irregularity of clearance “H” of stopper wires 22 would not increase
remarkably.

Figs. 20A-20D are cross-sectional views showing one example of

fabricating steps of the accelerometer according to the sixth preferred

_'I 5_.



t he stopper wire conprises ends to be fixed at positions which are
relatively lower in level than the surface of the mass. -27
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10H=109448 () -absequernidy,(Heamsgi6-aze formedogm )31 Bgep RIE (Reactive Ion

Etching) process. After that, the movable mass 14 is formed in a Si
Deep RIE process carried out from the Si substrate 31. Next, the
movable mass 14 is released from the substrate 31 in an etching process
to the buried oxide layer, as shown in Fig. 20C. After that, the substrate
31 is cut to form individual sensor chips in a dicing process. Next, the
sensor chip is bonded in a package, then, the electrode pads 20 of the
sensor chip 10 and lead pads of the package are wire bonded for
electrical connection. At the same time, the wires 22 are formed over
the sensor chip 10.

Figs. 21A-21G are cross-sectional views showing another example
of fabricating steps of the accelerometer 10 according to the sixth
preferred embodiment, shown in Fig. 19. In fabrication of the above-
described accelerometer 10, a SOI wafer 31 is formed from a silicon
layer (Si), a buried oxide layer (SiO2) and a Si substrate. A bridge

circuit is formed on the silicon layer in a semiconductor process to form
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piezoresistance elements 18, a metal circuit pattern and electrode pads
20. A sensor circuit 33 is formed, as shown in Fig. 21A.
Next, a seed layer 40 is formed over the SOI wafer 31 in a
sputtering process, as shown in Fig. 21B. The seed layer 40 may be of
Ni, Cu, Au, Pd, Ag, Sn, Co or the like. After that, photosensitive
polyimide or resist is formed on to the seed layer 40 in a spin-coating
process, and is exposed, developed and baked to form a resist pattern 42,
as shown in Fig. 21C. Next, a plating layer 40a is formed from the seed
layer 40, as shown in Fig. 21D. After that, the resist pattern 42 is
removed, and the seed layer 40 is removed in an ion-milling process, wet
etching process or RIE (Reactive Ion Etching) process to form a
projected member 44, as shown in Fig. 21E.
Subsequently, beams 16 are formed in a Si Deep RIE (Reactive Ion
Etching) process. After that, the movable mass 14 is formed in a Si
Deep RIE process carried out from the Si substrate 31. Next, the
movable mass 14 is released from the substrate 31 in an etching process
to the buried oxide layer, as shown in Fig. 21F. After that, the substrate
31 is cut to form individual sensor chips in a dicing process. Next, the
sensor chip is bonded in a package, then, the electrode pads 20 of the
sensor chip 10 and lead pads of the package are wire bonded for
electrical connection. At the same time, the wires 22 are formed over
the sensor chip 10, as shown in Fig. 21G.
Figs. 22A-22F are cross-sectional views showing another example

of fabrication steps of the accelerometer 10 according to the sixth

preferred embodiment, shown in Fig. 19. In fabrication of the above-
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described accelerometer 10, a SOI wafer 31 is formed from a silicon
layer (Si), a buried oxide layer (SiO2) and a Si substrate. Next, a
polysilicon layer 48 is formed on the SOI wafer 31, as shown in Fig. 22A.
Subsequently, a photosensitive polyimide or resist is formed on to the
polysilicon layer 48 in a spin-coating process, and is exposed, developed
and baked to form a resist pattern 51, as shown in Fig. 22B.

Next, the polysilicon layer 48 is etched in a RIE process to form a
projected member 53, as shown in Fig. 22C. Subsequently, a bridge
circuit is formed in a semiconductor process to form piezoresistance
elements 18, a metal circuit pattern and electrode pads 20. A sensor
circuit 33 is formed over the projected member 53, as shown in Fig. 22D.
After that, the surface is covered with’a passivating film, such as SiN
layer, except the electrode pads 20.

Subsequently, beams 16 are formed in a Si Deep RIE (Reactive Ion
Etching) process. After that, the movable mass 14 is formed in a Si
Deep RIE process carried out from the Si substrate 31. Next, the
movable mass 14 is released from the substrate 31 in an etching process
to the buried oxide layer, as shown in Fig. 22E. After that, the substrate
31 is cut to form individual sensor chips in a dicing process. Next, the
sensor chip is bonded in a package, then, the electrode pads 20 of the
sensor chip 10 and lead pads of the package are wire bonded for
electrical connection. At the same time, the wires 22 are formed over
the sensor chip 10, as shown in Fig. 22F.

Fig. 23 is a cross-sectional view illustrating an accelerometer
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according to a seventh preferred embodiment of the present invention.
Figs. 24A-24F are cross-sectional views showing an example of
fabrication steps of the accelerometer according to the seventh preferred
embodiment, shown in Fig. 23. In Figs. 23 and 24A-24E, the same or
corresponding elements to those in the above-described sixth preferred
embodiment are represented by the same reference numerals, and the
same description is not repeated here in this embodiment. The
difference from the six preferred embodiment is that structure of a
movable mass 14 and a silicon base member 58. In this embodiment,
the mass 14 is not provided with any projected member (14a), but an
upper surface of the silicon base member 58 is cut out in order to form a
level difference “Ah” between the upper surface of the base member 58
and an upper surface of the mass 14.
In fabrication of the above-described accelerometer, a SOI wafer 31
is formed from a silicon layer (Si), a buried oxide layer (SiO2) and a Si
substrate. Next, a resist is formed on to the SOI wafer 31 in a spin-
coating process, and is exposed, developed and baked to form a resist
pattern 60, as shown in Fig. 24A. After that, the SOI wafer 31 is etched
in a RIE process to form recess portions 31a, which are used as electrode

pads, as shown in Fig. 24B.

Next, a bridge circuit is formed in a semiconductor process to form

piezoresistance elements 18, a metal circuit pattern and electrode pads
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20. A sensor circuit 33 is formed on the SOI wafer 31, as shown in Fig.
24C. After that, the surface of the substrate 31 is covered with a
passivating film, such as SiN layer, except the electrode pads 31a.

Subsequently, beams 16 are formed in a Si Deep RIE (Reactive Jon
Etching) process. After that, the movable mass 14 is formed in a Si
Deep RIE process carried out from the Si substrate 31. Next, the
movable mass 14 is released from the substrate 31 in an etching process
to the buried oxide layer, as shown in Fig. 24D. After that, the substrate
31 is cut to form individual sensor chips in a dicing process. Next, the
sensor chip is bonded in a package, then, the electrode pads 31a of the
sensor chip 10 and lead pads of the package are wire bonded for
electrical connection. At the same timye, the wires 22 are formed over
the sensor chip 10, as shown in Fig. 24E.

Fig. 25 is a perspective view illustrating an accelerometer 74
according to an eighth preferred embodiment of the present invention.
Fig. 26 is a cross-sectional view illustrating the accelerometer 74, shown
in Fig. 25. In Figs. 25 and 26, the same or corresponding elements to
those in the above-described embodiments are represented by the same
reference numerals, and the same description is not repeated here in

this embodiment.

The accelerometer 74 includes a silicon base member 12, and a
movable mass 14, which is contained in a cavity of the silicon base
member 12. The mass 14 is provided so as to be able to move up-and-

down and right-and-left, namely in three-dimensional directions. The

._20_



10-u 10-u 10-u@=10% u& ()-aUUUrWwW YYdEbC 10 103710%1& ()- '

"10%4& () -9gs&10%& ()- "109H& ()-m 110%4& ()- 10%& () - YYYYYYY[R ~ = 10
10! &YyF"10% " & () - &YF'10% & ()-!F10% " & ()- 10H 10H

10H3=10%& ()-93"10%& ()- R\*_ g v wx y }~SH= 10 10 10" 10"

10"=10% & ()-sF13"10% & ()-'L G'10%"& ()-L ' G'10% & ()-!&F"'10%"& ()-y "ac
chffg}n<. =

10t t1SSF 10% t & ()-s$F"10% & ()-! i 109RR& ()-! i 10% t& ()-ni 10% & () - #10% &
18 (G %BL}&SJ\ J&d?):- MG’ 10% & ()- M 4" 10%\ & () - s4" 10% & () - s$y1048 & () >
silicon base member 12 is proved at its center with a squire shape cavity,
in which the mass 14 is contained. The movable mass 14 is shaped to be
a cloverleaf having four square regions, which are connected at the
center thereof, in order to increase inertia force. An upper surface of the
movable mass 14 and an upper surface of the base member 12 are
arranged in the same level.

The accelerometer 74 further includes four beams 16, which
connect the mass 14 and base member 12; and eight of piezoresistance
elements 18. The piezoresistance elements 18 are arranged at the
boundaries between the mass 14 and the beams 16, and between the
base member 12 and the beams 16. Each of the beams 16 is arranged at
a gap formed between two adjacent square pats of the mass 14. The
silicon base member 12 is provided at the upper surface with electrode
pads 20, which are connected to the piezoresistance elements 18 with a
metal interconnection (not shown).

The accelerometer 74 is contained in a package 70, shown in Fig.
26. The package 70 includes recess portions 75 and lead pads 74, which
are formed on the recess portions 75. The recess portions 75 and lead
pads 76 are designed so that an upper surface of the lead pad 76 is “Ah”
lower than an upper surface of the accelerometer (sensor) 74. Two lead
pads, arranged at the opposite sides of the accelerometer 74, are
connected by a stopper wire 22. According to the eight preferred
embodiment, the same advantages can be obtained as the above-
described sixth and seventh preferred embodiments.

According to the sixth to eighth preferred embodiments, the
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stopper wire 22 includes ends to be fixed at positions, which are
relatively lower in level than the surface of the mass 14. A distance “H”
between an upper surface of the mass 14 and the stopper wire 22 can be
decreased without increasing a distance (H+Ah) in vertical direction
between ends and top of the wire 22. As a result, a thickness of a
microstructure can be reduced without increasing irregularity of

clearance or heights of stopper wires 22.
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CLAIMS

1. A microstructure having a movable mass, comprising:

a mass,

a base member in which the mass is movably contained, wherein
the mass comprises a surface which is exposed out of the base member,
and

a stopper wire which is arranged above the surface of the mass so

as to inhibit over move of the mass.

2. A microstructure according to claim 1, wherein
the stopper wire is connected only to the base member but not to

the mass.

3. A microstructure according to claim 1, wherein

the stopper wire is fixed in a wire-bonding process.

4. A microstructure according to claim 3, wherein
ends of the stopper wire connected to the base member are covered

with a resin.

5. A microstructure according to claim 2, wherein
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the base member comprises pads exclusively used to be connected

with the stopper wire.

6. A microstructure according to claim 2, wherein
the base member and the stopper wire are controlled to have an

identical electrical potential to each other.

7. A package structure containing a microstructure according to
claim 1, comprising:
at least one lead pad used for electrical connection with the

microstructure, wherein

at least one end of the stopper wire is connected to the lead pad.

8. A package structure according to claim 7, wherein

both ends of the stopper wire is connected to the lead pads.

9. A package structure according to claim 7, wherein
one end of the stopper wire is connected to the lead pad, and the

other end is connected to an electrode pad of the base member.

10. A package structure according to claim 7, wherein

the lead pad is exclusively used to be connected with the stopper
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wire.

11. A microstructure according to claim 1, wherein
the stopper wire comprises ends to be fixed at positions which are

relatively lower in level than the surface of the mass.

12. A microstructure according to claim 11, wherein

a projecting portion is formed on the surface of the mass.

13. A microstructure according to claim 12, wherein
the projecting portion is a resin layer formed on the surface of the

mass.

14. A microstructure according to claim 12, wherein
the projecting portion is a plating layer formed on the surface of

the mass.

15. A microstructure according to claim 12, wherein

the projecting portion is a polysilicon layer formed on the surface
of the mass.

16. A microstructure according to claim 11, wherein
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connected with the ends of the stopper wire, the wire-fixing regions
being formed to have surfaces lower in level than the surface of the

mass.

17. A microstructure according to claim 16, wherein

the wire-fixing regions are formed to shape the base member to be

stepped structures.

18. An accelerometer which provides an output signal in
accordance with movement of a mass, cémprisingi

a mass;

a silicon base member in which the mass is movably contained,

wherein the mass comprises a surface which is exposed out of the base

member;

a stopper wire which is arranged above the surface of the mass so

as to inhibit over move of the mass; and

a package which contains the base member with the mass.
19. An accelerometer according to claim 18, wherein
the package comprises at least one lead pad used for electrical

connection with the microstructure, wherein
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at least one end of the stopper wire is connected to the lead pad.

20. An accelerometer according to claim 19, wherein

both ends of the stopper wire is connected to the lead pads.

21. An accelerometer according to claim 19, wherein
one end of the stopper wire is connected to the lead pad, and the

other end is connected to an electrode pad of the base member.
22. An accelerometer according to claim 18, wherein

the stopper wire comprises ends fo be fixed at positions which are

relatively lower in level than the surface of the mass.
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