Mass TECHNI CAL FI ELD PCT/JP02/ 08879 The present invention relates
general | ywiguspp8iigr ostructure with a novabl e mass (or ”DVkQQ@E&ﬁ@%7 The
present invention particularly relates to an accel eroneter, e d%tects
physi cal novenment of a mass. BACKGROUND ART There are a variety of types of
sensors using a -agwyabl e mass (novi ng mass). For exanple, there is an
inertial sensor such as an accel eroneter and an angul ar accel eronet er

(vibration g accel eroneter, which detects an mmmwlm‘m of a
vehi cl e, genmmmmﬂmﬂm Immg pi ezoresi stive effect. Accordi nm

. sensor, for exanple, a box shape of seismic nass (i.e. nNOVing«BAKS) IS
contained in a cavity of a silicon base nenber (fixed franme). The novabl e
mass i s suspended by beans on whiASERIREFHOREi st ance are forned, so that a
stress is applied to the piezoresistance in response to novenent of the
mass. The variation of stress applied to the piezoresistance is detected as
a variation of resistance. Such technol ogy can be used for cruise control

of vehicles. The above- i js i ve freely, however,
O T D 03/ Up3ad IRBiEFORTUCERPS wWith MBYabE MAss©

PCT/ JP02/ 08879 the mass over noves, the sensor nmay be broken or danaged.
According to an invention shown in Japanese Patent Publication Kokoku H5

71448, a t f. used for inhibiting over-nove of the nass.
However, s arranged above the mass, so that the

The present invention relates generally to a microstructure with a

; e3ei ddeLgFgi 6Ri Ti f gAWD 03/ 023414 DESCRI PTION M crostructure with I\/bva

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



t hi ckness of the sensor is increased. Further, fabrication steps are
conplicated and fabrication costs are increased. In addition, a stress
gener at ed a glass and silicon nmenber nay affect n i lo
character i“kslftlss\é@ﬂ(}# the sensor. DI SCLOSURE OF | NVENTI ON AC?%?HI ﬁg‘ll)%éﬁlt IS
an object of the present invention to provide a mcrostructure, in which
over-nove of a mass can be inhibited without significant increase of

t hi ckness. Anot her object of the present invention is to provide a

m crostructure, in which an over-nove inhibiting nechanismis realized

w t hout negative affect to characteristics thereof and conplication or
_increase of costs of fabrication. Additional objects, advantages and novel
features of the present invention will be set forth in part in the

descri pt ithe tiwds dvard mmwesathle isenger may (e besdcsre oaphaneged: Ae¢dvagéngki | | ed
. in the art upon exam nation of the follow ng or may be | earned by practice
of the irnoea anveitienolsheetrs iand sgomseadtedent Phblicatienmt iKokolay Hé-
realized and attai ned by nmeans of the instrunentalities and conbi nations
parti cul afl44$a glass stoppen is nsedppendbibiting axer-nove YOt no2sA. 1

PCT/ JP02/ 08879 According to a first aspect of the present invention, a

m crost r uct ur loweveries glasnstoppenie anrsanged iabovei e nheswsosthat kheabl y
cont ai ned. The mass includes a surface, whigh is expgsed out of the base
menber, didcknessiethe sansokhis AnrEeagadang &rﬁl%\s/e&%xéc%mma%f@p@f arfe mass
so as to inhihit over ve of the mass. As conpared_to conventi onal

t echnol ogf@%eﬁﬁ@teél akyigaHen cestsi ¥ INFIRASEe dP ?aéltb?’é»sén%trﬁﬁ%enti on

can be fabricated.,tqg have a.smaller thickness, Wen st er wyr.es,are
Fixed. neenReed netubn a kIRge il sHbiohdnaebetin oy REE beEak SR B8 1 ¢
no negatiye affecti.on characteristics of the mcrostructure, such as an
accel ero }aé‘la,c ?Qshﬁﬁgg%ﬁﬁﬁgﬁ? the stopper wires can be fixed in a

Wi re-bondi ng process, so that fabrication process can be prevented from
bei ng conplicated and therefore, fabrication costs nay be m nim zed.

Especi al 'EI%@?IOTS_U}@EC@F?I RIMIQNe stopper wires can be formed at the

sane ti S of a sensor chip and | ead pads of a package
i bonded for. el.ectri cal : thon. A i.ng tao. d. t of
fhe present | AFERTIBIELVa hat P EVBTLEL ShE, DEoRrd MVEG TR AoRVErg8%E | bed
' t t i nel ud : | ead f lhect ri C.
Connect | JftehoRk bG8 oEhiERThTye PEA RS SER PSR sBBbeuti e 1
connect e%igﬁ}fti&ﬁhﬂ gﬁf&B&Qe V\%—Petﬁfc%%gé. o Atibthay %%é@cftr.adigecﬂe” 'slén?“d be
[ €si gn. of e stop

changed eaSiTy in en one en per wire i's connected to

an el ect adenpath ofs Be JIAREASHDGHiA0MLIRTuRL NG SRS SANBSELAHOLE

| ead pad of e package,” the stopper wre can use only
mechani cghPpRISS! | Aldchanism is realized without negative affect to

characteristics thereof and complication or increase of costs of
fabrication.

Additional objects, advantages and novel features of the present
invention will be set forth in part in the description that follows, and in
part will become apparent to those skilled in the art upon examination
of the following or may be learned by practice of the invention. The
objects and advantages of the invention may be realized and attained by
means of the instrumentalities and combinations particularly pointed

out in the appended claims.



but also for electrical connection. -3 W) 03/02344 PCT/JP02/ 08879
According to a third aspect of the present invention, the stopper Wre

i ncl udes waqsbApe fixed at positions which are relati veb wgdon | evel
than the surface of the mass. It is difficult to arrange a Ing wre
havi ng a height or clearance. If a clearance of a bonding WI re Is | ess than
100 u m the clearance would be made irregularly. According to the present

i nvention, a distance ox clearance between an upper surface of a mass and a
stopper wire can be decreased w thout increasing a distance in vertical
direction between ends and top of the wire. As a result, a thickness of a
m crostructure can be reduced without increasing irregularity of clearance
or heights of stopper wires. According to a fourth aspect of the present

i nvention, an/acoedergpntoerai fitstdesspeatassf athe | i mesehas anvenbiom,i nawhi ch
the mass is novably contai ned, wherein the nmass conprises a surface which

i s exposedicrostmictuie insdedesebanass;sa daser nwembewhine wlichatheamgass asove
the surface of_ the mass so _as to inhibit over npve of the nass and a
package wApeabbbaenatainedne Thesmansninaludes a suefaces svhishl Brexpmsed put ON OF
DRAWNGS ., Fig, 1is a rspective V|eW|IIustra|ng an ac ronmeter

accor di n@ t@l%bﬁﬁﬁsﬁleﬁﬁgﬂ?%r? & HheBPeR YireF Whis b%%@émng@‘geﬂ%qw@n hefig. 2

is a plan owi ng the accel ter shovvn Fi g. in which smal l
ol enment o STkASaEE HIC TRSS B6/ARd 11 PR) VoR R gaiol Thé ipes Aspampat

PCT/ JP02/,08879 Fi 3 i,S, a,cross-sectional view taken on line I-1 in_.Fig.
1. Fg 4086 gnafﬁﬁaor@écﬁq 0%y HTLBEHIGIESS SHRBCo 2 BHETOREuCENES Bl or

shown i ntﬁe 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. Especially, 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. 5 is a plane view show ng anot her arrangenent of stopper wres used
for an accel eroneter according to the first preferred enbodinent. Fig. 6 is

a plane wyawsshay Ng anot her arrangenment of stopper wi respgf/gﬁbzyoggwan
accel eroneter according to the first preferred enbodi ment. Fig. s a

cross-sectional view show ng a package structure containing and an

accel eroneter according to a second preferred enbodi nent of the present
invention. Fig. 8 is a plane view showi ng an arrangenent of stopper wres
used for an accel eroneter according to the second preferred enbodi nent.
Figs. 9-12 are plane views show ng other arrangenents of stopper w res used
for the second preferred enbodi nent, shown in Fig. 7. Fig. 13 is a
cross-sectional view showi ng a package structure containing and an

accel er onet er Aacatidgntp tao thirdhaspeqtr of ¢heepresemddinvemtiori, the spomsent

i nvention. Fig. 14 is a plane view show ng an arrangenent of stopper wres

used for wife daeRldSPBRUL oS FHxGIEL tpdsitiens hvlluéhpafé eeladvalilodiereit - Fi g.
15 is a pl ane vi ew showi ng anot her arrangenent of stopper -5 WO 03/ 023414

PCT/ JP02{ rtﬁté éliﬁﬁﬁcé (Hé 3 %E&é“é P TE LRI ARE Hodh P hhﬁoﬁ&Hr{gd

pr ef erre Ccross-sectional view show ng a

accel er orret e
wire havmg 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. 1 is 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.



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
preferredy@yRagsfgnt of the present invention. Fig. 18 isparhpiifas¥ EW
showi ng an arrangenent of stopper wires used for an accel eroneter accordi ng
to the fifth preferred enbodinent. Fig. 19 is a cross-sectional view
illustrating 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 fabricating steps of the accel eronmeter according to the sixth
preferred enbodi nent, shown in Fig. 19. Figs. 21A-21G are cross-sectional

_ views show ng anot her exanple of fabricating steps of the accel eroneter

according to the sixth preferred enbodi ment, shown in Fig. 19. Figs.
22A-22F are ciligs3sect cxrsstsectmamlshew tecemontene éXampFeg.of. fabrication
steps of the accel eroneter according to the sixth preferred enbodi nent,

shown in Fig. F48. 4Histh cEes SedidiASeesechb@ial & payt bf ths tacaéleroniter
accel eroneter according to a seventh preferred enbodi nent of the present

inventio I 24E are cross-sectional views show ng an exanple of -6
W0 08/ 0oa ey Hin T

PCT/ JP02/ 08879,.f alri.catiqn_steps of, the accel eroneter accordi to the
sevent h pref er%rlgd ﬁ%c?dﬂﬁr@ﬂ?,v ViR9vAE g'i_noﬁggr ﬁr&?n@@m?faogg’rt%@ﬁi ve
view illustrating an accel eroneter according to an eight 2 preferyed

enbodi nerwires edorfoxeran | aceslereometer gaconyding o ter 6Be- diwst i prelervedw
illustrating an accel eroneter according to the eighth preferred enbodi nent,
shown i n dmbodtenBEST MODE FOR CARRYI NG OUT THE | NVENTI ON

Fig. 6 is a plane view showing another arrangement of stopper
wires used for an accelerometer according to the first preferred
embodiment.

Fig. 7 is a cross-sectional view showing a package structure
containing and an accelerometer according 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



In the follow ng detail ed description of the preferred enbodi nents,

reference is made to the acconpanying drawi ngs which forma part hereof, and

in which (& @heyisby way of illustration specific preferrgd ﬁgpﬁ@;%ents in

whi ch the inventions may be practiced. These preferred errboal nments ‘are

described in sufficient detail to enable those skilled in the art to

practice the invention, and it is to be understood that other preferred

enbodi ments nay be utilized and that |ogical, mechanical and el ectrical

changes may be made w thout departing fromthe spirit and scope of the

present inventions. The follow ng detail ed description is, therefore, not

_to be taken in a limting sense, and scope of the present inventions is

defined only by the appended clains. Now the present invention is

descri beavirédbeupedsdot anveteleronsetapplaceadalingt doa thar ithind oprafegpesd of

. Inertial sensor, such as an accel eroneter, and an angul ar accel eroneter

(vi brati gmBydRssrpe) . The WD 03/ 023414

PCT/ JP02/ 08879 present invention is also applicable to any kinds of

m crostruct ur . ) - hayi . r as,.an I igs. 1
B i %e?’g 883 ggmggglrrs Splﬁkvsi gp%e@e??%&ggén%ga?ﬁent of

and 2 show an”atcel er one according ito a

the present invention. In Fi 2, sl | y.part uch_as tal ..

| nt er conREEPTHRE t & Tpr R REwerTed cothedimenicet BERASSRITRVERLIOR of the
accel eroneter _10. Fig. 3 shows an inside structure of the accel eroneter 10.
The accel eronBigr 10 isicRudwerspeetive c yieWaddlumbrdidng1 an apgceleromabe® nass
14, which is contained in a cavity of the silicon base nenber 12. The mass
14 is praccostingotcas fifvherefidstredtembodemept af dhd puesant! invehtioand- | ef t |
nanmely in three-dinmensional directions. The silicon base nmenber 12 is
proved at itsFeeni8risvh tgladeSedinv %héb\ﬁlﬁg SAHrrngemert 6P stdysperedrdd is
contai ned. The novable nmass 14 is shaped to be a cloverleaf having four

square T gGbANSy a‘ﬁ?&&&l@f@m%@é‘f‘ﬁ&écﬁ%?% tb%ecﬁﬁgeér%%fgﬁeﬁpémﬂoﬂiﬂ{e(iﬁf to

increase inertia torce. An upper surface of t e mass 14 and an
upper surfaceof t .base nenber .12 are.arra i the s | evel . The
accel erorreterF(_iL)% r tief Fﬁ%ﬁ%%eecglcf%% %Bg‘gnéﬂ%%gr%%hgleo%ﬁ%ecl?ﬁqlﬁgt%ss 14
and base nmenber 12; and _.ei ght of piezor.esistapce el enents 18. The

pi 2 0r o5 PECOTEALAOASHEL: DR WrEed ol ant ohthe, BEPRRIN WYOtien t he mass
14 and the beans 16, and between the base nenber 12 and the beans 16. Each
of the beans Fégs.s28Ar20Pedratcrasgapctionatyipwswelowing ant azempleqahr e
pats of the mass 14. The silicon base nenber 12 is provided at the upper
surface fablicatiegt stalss pddhe whialbrametewnarestdingt to tthe gixthopedestance
elements 18 with a netal interconnection (not shown). 8 WO 03/023414

PCT/ JPO2/.988d @inkb 8, dIRAPn RAdBIg2G.9, Wwhi ch are not connected to the
pi ezoresi stance el énents 18 are connected to ends of stopper wres 22. Four

of the wires r [ e : 4 t s 14.
Each wire 22 ﬁggr@a‘ggﬁeg@?%%e%%\éas egcﬁogisa{sle\él%g\és?ﬁééwg gt‘%ﬁ“%%a agnggesss 14.
The ends qf, the wire 22 arg fixed to the el ectraode pads 20 by a

Convent | GhARDRFRBIE DS BGeeleamaenachor N, L3ihe REctt PrfBRashse
menber 12 is fixed on to a die bond surface 24. Downward over nove of the
novabl e emzodiment,i sinivon tiadiigy 19e die bond surface 24. Horizontal
over-nove of the mass 14 is inhibited by inner walls of the silicon base
menber 12. UpWagsl 22A&r221\eareofrassesertmmal views showing duinthebhexsmple 22.
The cl earance between the mass 14 and the wires 22 can be adjusted by
control | pRgabfiRatioresieidbNehda¥éslerometer atByRlinBeRNthd BisGRERfefoffd t i Ng

that the accel eroneter 10 does not work. For exanple, if the ‘mass 14 over

_ hoves, t@&@fﬁ%&?@o%n%ﬁdwﬁml@ be broken or would output a signal at a
its ’

| evel over maxi’mum rate evel. Fig. 4 shows a structure around an end
of the wire 22.conppected to the%}%ad 0. .Accgﬁdiﬁl%&to t he reslent i nvention,
connecti ng regtonghébuleTOFeSAUE D VIRY LHESHIAIRS (3R RSP OFP RS e
covered with g resin 28. As a result, reliability of connection between the
wire 22 aseoxdiagpsda sevapth preterradasabediment pibhe paepent brvemnidon.
above-descri bed accel eroneter 10, a SO wafer is formed froma silicon

| ayer (Si), aFigs.i BdAo24He alraymoséSicofonabdviawd shobsngaba eRahrpldgef
circuit is forned on the SO wafer using a



sem conductor technol ogy to form pi ezoresi stance el enents 18, a netal _9
WO 03/ 023414

PCT/ JPO2/ R3R4R sk cuit pattern and el ectrode pads 20. AftgrplP@losstone
surface is covered wth a passivating film such as SiN |ayer, except the
el ectrode pads 20. Next, beanms 16 are forned in a Si Deep RIE (Reactive Ilon
Et ching) process. After that, the novable nass 14 is fornmed in a Si Deep
RI E process carried out fromthe Si substrate. Next, the novable mass 14 is
rel eased fromthe substrate in an etching process to the buried oxide

| ayer. After that, the substrate is cut to formindividual sensor chips in
a dicing process. Next, the sensor chip is bonded in a package, then, the
el ectrode pads 20 of the sensor chip 10 and | ead pads of the package are

wi re bondebritatiosl stetps abthe aocelerometernctorlingne tlievsevernth prefesra® are
formed over the sensor chip 10. Figs. 5 and 6 shows exanpl e of arrangenent

of the staphedimbhet ddyn iACER. d13)g to Fig. 5 two of wires 122 are
arranged in parallel to sides of the silicon base nenber 12. Those two

wires 122 have;th a l.e r di; t i 6., thre j 22a
and 222b are g?éhﬁ%%dq?napgggﬁpg ?% §h§ﬁ%§§H§#9?F%§ J?ﬁt%g&ng?%%ﬁe ase
menber 12. A l.onger wr.e 2a extends_ @l gng a.di.gagonal |ine of t.he silicon
base. menferoRtiREsRt diEhfh see BN nBadPlahe s e esonl SrVmiitg: < of “The
novabl e mass 14, in the same manner as shown.in Fig. 1. In Fig. 6, the
shorter wirest?2222% 48 Becmﬁﬁ'ﬁw}o%@?}ca‘ﬂ%’ aHuStEHARE R @coelsromster be
able to inhibit over-nove of the mass 14 in good bal ance of level. Fig. 7
i s a crossesetingoiathe etghtdhpréfegred padikedjment, whowe indfiga2hi ng and an
accel eroneter 10 according to a second preferred enbodi nent of the present
invention. In Fig. 7, the same or -10 WO 03/023A. 1 PCT/JP02/ 08879
corresponding elenents to those in the first preferred enbodi nent, are

represen%sgde)BE;m%eg% RFHN@@@EF THRINYERFTONescription is not

r epeat ed . cording to € second preferred

enbodi nent, bot f. st e iy [ are dihxed. 0g | [ 2 of a
package 30. Agngéﬁggﬁé’g‘”@ @%4‘?%‘?§%&§P§H§0ﬂ§nﬁ%ﬁéﬁé%q ?gﬁoﬁ%@%ﬂ can
be arranged with a high degree of freedom Fig. 8-12 are pl ane views

showi ng EREHENEE bY WA &né@n@%ﬁ aﬂcom%wn&m&@éﬂwsu%@cgﬁowé Batbnd
preferred enbodi nent, shown in Fig. 7. According to a case shown in Fig. 8,
two of whezeof2anddnamhinheis shownt biioway philiustantion speaeficoprefered

accel eroneter 10. According to a case shown in Fig. 9, four of wires 22 are
ar r anged entb@dimeedtaciroswhibh ¢hendnseatiorize mayeller opeaiced), i Theke ch
none of the wires are crossed to each other. According to a case shown in

Fig. 10, prefdrretl ethbediménts e dangaskd on fifficirith@d@ibto ehabddekgsd he
accel eroneter 10. According to a case shown in Fig. |1, two shorter wires

22 and tURiORGS! (L8R 57 pRRENRE ARIRIEAIGH! S 110364 Snddisfhat 2000

i ne of € accel eronete 0 a tase s our of

W res 22 ar r.,ranged.to f.orm.,a di anond sha i n,whi.ch iye.22 extend
acr oss atﬁﬁfe&}tﬁr eferred, & enis n??ij%ﬁsumlz&dc ?Bg%g@mfogh%ﬂ Vi ew

showi ng a package_structure containing and an accel eroneter according to a
third prarechaaicahisanl atectrienl changessvay hewmade srithout degarting fras same
or -11 WD 03/023414

PCT/ JPO2th8S8stirttoands pooph of thleepeedentt mvédmsensn The follostinandebtmbedd
preferred

description is, therefore, not to be taken in a limiting sense, and scope of
the present inventions is defined only by the appended claims.

Now the present invention is described. The present invention is
applicable to a variety of types of inertial sensor, such as an

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



enbodi ment, are represented by the sane reference nunber, and the sane
description is not repeated here in this enbodi nent. According to the third
preferredy@Rrdiggent, one end of a stopper wire 22 is bon | ead
pad 32 of a pggtgge 30, and the other end is bonded on togggugﬁg@??5de pad
20 of an accel eroneter 10. The stopper wres 22 can be used for electrical
connection between the package 30 and the sensor 10. The |ead pad 32 and

el ectrode pad 20 can be forned for exclusive use for the stopper wires 22,
so that the stopper wires 22 can be electrically isolated fromthe sensor
10. As a result, the stopper wires 22 can be arranged wi thout taking into

. consideration of a wiring design of the sensor 10. Figs. 14 and 15 are

pl ane vi ews show ng exanpl es of arrangenent of the stopper wres 22 used
for the gnesbatoimBiaitidl) &cadseli agplieable thhiahg kiafder 6fdnedrostiuttare I n a

. practical exanple shown in Fig. 14, four of wires 22 are arranged to forma

shape of (MAEMBpheavile sanesiablemesmbetOsudin a3 a1 actutal. exanpl e shown in
Fig. 15, four of wires 22 are arranged to forma dianond shape, in which
each wire 22 &igend amds2 showr em adccelerometsreldhetceordihig Boga fésts a
cross-sectional view show ng an accel eroneter according to a fourth

pr ef er r eprefieirgidnembostiment pf ébemrasanérinventiom Englfigle?, smmellspastsor
corresponding elenments to those in the first to third -12 WO 03/023. 11
PCT/ JP02/s0887 93 phetak irterepnbaciien: arareot shewaefarchebiprtwaderstandingr ence

nunber, and the_sane description is_not_repeated here.in this enbodinent. A
feature 6’2 Q‘fﬁrsﬂl]eﬁgghﬁn%‘?ﬁelﬁ@mﬁﬁﬁr épopgég- i ¥ Q?%F@Sl}dﬁo@ﬁrﬁéﬂﬂf%og‘;ve

I TR U TR N
Chor 2 kP Toc o BT oo P, L e ot h sty o
above- ae C ) . ’ | : . 1 n
Lover (b R TSI IE, SRR B8

di ffusi [ - eR 4 I 18. . .

L B A A R IR RS P bt el
hol es_ar &;f04Bds SOTRE giﬁ%&{l?@%% ?g%ﬁﬂ)%‘% PQFisf&oG\%‘ea{ ﬁg ite c%ﬂ%‘,f%i‘fﬂ :%0 the

W re 22, becones the sane e potential™le s the silicon Tayer

(Si). Af tsﬁhiié‘%‘lyaéa%cg%{éft , §hWHidh RAb! #fdksand gl %{Haii{ﬁ@d.pa@‘ﬁe 2 o¥ap1d or med,

and the surface | d with a passivating filmb54, such as SiN |ayer,
except thgassadt {PdRapadstBe AeldverdeaMhatin@fout @qilse irdgiorss, Wheth R E
(Reactive lon Etching) process. After that, the novable mass 14 is formed
in a S Reepcdhiededcas theatsnied thierdofoim tdieledi tcs ihetdaabeindveid foitdee
novabl e mass 14 is rel eased fromthe substrate in an etching process to the
buri ed odineipperesurfidecof thatmovhbles mbass ddeand antupperf surfacedofstieal
sensor chips in a dicing process. Next, the sensor chip 10 is bonded in a
package, hasennenieee ] 8 ctreoaierameesl 20thd same keaedor chip 10 and | ead pads -~
3 V1'O 03/023~1~ PCI/JP02/ 08879 of the package are wire bonded for

el ectrical coflliectdacsalenymeter ddéhefurther wmodudesefow? hwaaméolGedwhich t he
sensor chip 10. Figs. 17 _and 18 show an accel eroneter 10 according to a
fifth préepanest thebedisseht a3id basepmeseher ldvamd eightl of piegoresistane |
parts, such as netal ipjterconnection, are not shown for better

under st aGdeMEIEE dSer ’ﬁh‘? meZpﬁ@Sl&E%mee,ejﬁg{eé}tslé_S frey. arrangednatathe nsi de

base. morBOUNARIIR PAANRSLENG Wase 14,8k b6 PSABINIG Pal PRUNoEAVIRY of
th il b 12.. T [ i ded .to b bl e t
move up- SAECRAR BIL 7 G (A BOAGRS LehaBaEy Pherpeung o REEed a6

“directions.

squire sﬁaﬁéﬁg Q}%éack?%\a%ﬁrgﬁgﬁg r (é%ltll %qﬁég%gﬁattgit#é tse 'ﬁggm.bl efa}r‘.zlss 14
. h or ; N . ¢
conneot oo RateCBERbYF a2 07 B pPidsRby S Tiab B MNHE Bt o
Pr 0] ect e ROGhidi 3l bARBELL Lo CARN (9o diae SR En L IROR o e
0 p ed menber

mass 14 hat an upper surface of f0j &c
metal interconnection (not shown).



14a is "(err) h" higher than an upper surface of the silicon base nenber
12. The accel eroneter 10 further includes four beans 16, which connect the
mass 14 apg osashrenber 12; and eight of piezoresistance gtefipploash8: The
pi ezoresi stance el enents 18 are arranged at the boundaries between the nmass
14 and the beans 16, and between the base nenber 12 and the beans 16. Each
of the beans 16 is arranged at - a gap forned between two adj acent square
pats of the mass 14. The silicon base nenber 12 is provided at the upper
surface with el ectrode pads, which are connected to the piezoresistance
elements 18 wth a -14 WO 03/023414

PCT/ JP02/ 08879 netal interconnection (not shown). El ectrode pads 20, which
are not connected to the piezoresistance elenments 18 are connected to ends

of stopper w Fiect2ddesads @0, tWwigichi s8s nd2 imertedngeatheapivrerasistahes
corners of the novable nmass 14. Each wire 22 is arranged to extend across a
cor ner ofel¢mentsdbhre nesredied tthendads stbppédrewirex222 Rower 6f dedwived he

el ectrode pads 20 by a conventional wre-bonding process. As shown in Fig.
19, the 92 areratrangedeabeve 1l ithef comnersnof she mowablmanass fldce Fach
Downward over nmove of the novable nass 14 is inhibited by the die bond
surface mireHd? iis @rangedeto ptendfacrpes gaeerner ok thempyvable masnddr wal | s
of the sil.icon base nmber, 12, Upwar ¢ over-mve of the nmass 14 is inhibited
by the wilhe epds ﬂferggpewlﬁﬁcgzbéme Kefhgo algctyoder pads 28s by &an be
adjusted by controlling the.wire bonding device. A distance "H' between the
upper suﬁP&E@nB'antaﬂémﬁ%blPW PEIASER. 14a and the stopper wire 22 can be

o9 usted oy 2D, S et Al g UE it B e
R K TR R R S S
) 2 eSSy ity 5] PREShio M P51, HoBeShalPRGptie it 88 SAL0°
100 L1CT 990 BBty SIZO8 AL ER RERAEL YRR O 1
sixth pref8rnRfve bF 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. “Over-move” means movement resulting that the
accelerometer 10 does not work. For example, if the mass 14 over moves,
the accelerometer 10 would be broken or would output a signal at a level
over its maximum rated level.
Fig. 4 shows a structure around an end of the wire 22 connected to
the pad 20. According to the present invention, connecting regions
between the wire 22 and the electrode pad 20 can be covered with a
resin 28. As a result, reliability of connection between the wire 22 and
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



WO 03/023. 11 PCT/JPU2/ U8871 enbodi nent, shown in Fig. 19. In fabrication of
t he above-descri bed accel eroneter 10, a SO wafer 31 is forned froma
silicon |\ayeseissiy . @ buried oxide layer (Si02) and a Si pepghdRkee A

bri dge ci rcwt I's formed on the silicon layer in a sem conductor process to
form pi ezoresi stance elenents 18, a netal circuit pattern and el ectrode
pads 20. A sensox circuit 33 is fornmed, as shown in Fig. 20A. Next, a

phot osensitive polyinmde or resist is formed on to the sensor circuit 33
using a spin-coating process, and i s exposed, devel oped and baked to forma
proj ected nenber 34 (14a), as shown in Fig. 20B. Subsequently, beans 16 are
formed 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
subst r at eci3tuit pettiernt dned rmlscirbde rpsds 20. | Afteel thate dhé rsumfadecis odvsdredt e 31
in an etching process to the buried oxide |ayer, as shown in Fig. 20C
After thawith lepsstivatig fidm,issichuas SO ayer aucevptjtilae elentzode phidss20n a

di ci ng process. Next, the sensor _chip is bonded_ in, a packa%@ t hen, the
el ect r odeNgads beams 16 arecfoyaned Hinp a1 61 dnegep cBEEp HRieaciive andRhgw)are

s A, T 31 DAL ol 18 3B 0 B i
L 3 PSR AR S SR ol SERERELR
fab d bed I S f 31
oo Sl B N EARTE 0 AT uby o Tl b
e LS AR 30 15800 s
20.
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A ter tha&vwé’%%h‘?l%ﬁ”fdﬂ bl@%tﬂ%h!'c@h%c&onr eNtSthé %aané rf‘?ﬁ'leort gaowtlﬂfs QQEd

| ayer 40 1 n a spin-coating process, i s exposed, devel 6ped and baked to

form a regisforRabd @verdhe fnHIWMIp |1r0 Fl g. 21C Next a plating |layer 40a
is formed fromthe seed | ayer 40, as shown in Fig. 21D. After that, the

resist patterrfud, i5 andngvsitbwankamples @E@uh’éﬁ%ém%hﬂ of ltB@tBt@ﬁEEﬁ wire
ion-mlling process, wet etching process or (Reactive lon Etching)
process t@z)ormlcaoﬁhmgem dFgmByttevo 44 waessiZvarenafiajmgedlin paralleduent |y,
beans 16 axe forned in a Si Deep RIE (Reactive lon Etching) process. After
t hat, t hesidegalflthensiticohdbase frambdr i12. dM'BosDbwp WRiEspl 22 haveddrer sameout
fromthe Si substrate 31. hText, the novable mass 14 is released fromthe
subst r at dezgthn Aacexdingniy FigcEsthree ohavibes i222a0ande222ly are axyangodn in
Fig. 21F. After that the substrate 31 is_cut to formindividual_ sensor
chi ps in ia pezrHgl gpos eliegonakding o€ thensidicosnbpse sneshesdl2n A leagesge,
then, the el ectrode pads 20 of the sen r chip.10 and | ead pads_of the
package aware2edanreeadls along écé]-tﬁ b‘h@té’étﬁh@nSiﬁPnth@% memperel 2 the

wres 22 e fornmed o t he sensor 10, as shown in Eig. 21G Fig
22A- 22F OEtessgv%%ﬁ%hr@. g‘@;“’éﬁo‘?‘t‘?é‘r cayngs of o ERYaRler on

hown | n BAgs b 11 eﬂ?%%%%i?aﬁﬁgﬁh%lﬁioviﬁo% A ToeFiiboie shorter
PCT/ JP0O2/ 08879 b d 1. f
i1 con 155ee 2225t B, ABEA0, Egtﬁésiﬂtéoagfravmeeé%‘?a stel€ L?F@%lﬁlegtn "a

By B o ol LR el Fa Sk BB BTS00 1 119, 22

Subsequen Y, oSensi |ve po yl1 m d on to the

" polysilicon | 8 a ﬁ}q?}g C d e oped
and baked to ?ﬁ mg %éeg?s%foggtnsteg:(ren vgés‘gsﬁgén%v@% 3)%%% %gm?&\ﬁ[?h

. polysilicon Ia])rier 48%s et che |naRIL:l roces toforma k)ec dﬁenber
53, as sHHHANTE F0d AN %%{ﬁf’eﬁﬁﬂl a PGB Eci ?c‘ft‘u?ec101 FEd TP

sem conduct% rocess to.form piezoresi stance e]t gﬁnts 18, a nmetal circuit

pattern &H3Pe dé’fpa@@ RFesANS e ABBPNEORe ui tI33F1E for Abe Fpdne 98

proj ected nenber 53, as shown in Fig. 22D. After that, the surface is

covered with a passivating film such as SiN | ayer, except t he el ectrode

pads 20. Subsequently, beans 16 are formed in a Si Deep RIE (Reactive |lon

Et ching) process. After that, the novable mass 14 is forned in a Si Deep

RIE process carried out fromthe Si suhpgtrate 31. Next, the novable nmass 14

is released fromthe substrate 31 in an etching process to the buried oxide

| ayer, as shown in Fig. 22E. After that, the substrate 31 is cut to form

i ndi vi dual sensor chips in a d|C|ng process. Next , the sensor chlp IS
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WO 03/ 023-41-4 PCT/ JPU2/ 08879 according to a seventh preferred enbodi nent
of the present invention. Figs. 24A-24E are cross-sectional views show ng
an exanpl brication steps of the accel eroneter acc i he
sevent h ﬁY%&&?z}’"g‘d enbodi nent, shown in Fig. 23. In Figs. Oﬂ(gﬂl.gﬁahéﬂi_ 24E,

t he sane ox correspondi ng elenents to those in the above-descri bed SIXth
preferred enbodi nent are represented by the sane reference nunerals, and
the sane description is not repeated here in this enbodi nent. The
difference fromthe six preferred enbodinment is that structure of a novable
mass 14 and a silicon base nenber 58. In this enbodiment, the mass 14 is
not provided with any projected nenber (14a), but an upper surface of the
silicon base nenber 58 is cut out in order to forma |evel difference "~ h"
bet ween tdwrreppendmng tiaments tthetlmmecimbthb dirss pmfarred epgedimearftacgeof the
mass 14. In fabrication of the above-described accel eroneter, a SO wafer

31 is forrmdebented by the saniayeferefice ndmiber) eﬂdoehedeain@y&ésdrﬁ)ﬁah @nd a
Si substrate. Next, a resist is foxmed on to the SO wafer 31 in a

spi ncoat i et i §pe e r si st
pattern 6%9;22 shoé% ?ﬁgﬁugn ;ﬁ%? %%%gfwﬁhat ?% g%?ﬁﬁgf%f1%% F%ﬁg?ghe in

"L PSSR SEBASGETS (Ep L85 gl %Hr? HRERER 5 8 e8d°

sem conduct ess ezoresis nt 18 a metal circuit
pattern aih%‘?%f’gcq %@@cigégg%{(ﬂ]gﬁs Wﬁéf@‘%%‘éﬁeﬁjﬁﬁﬁ? ersstempedimedtns or
circuit 33 is forned on the SO wafer 31, as shown in Fig. 24C. After that,
the surf dde wire B8 caubbe rarangediwithon bigh degree #fftesdamting film such as
Si N | ayer, except the el ectrode pads 3la. Subsequently, beans 1G are forned
in a Si Deep WiE. (8Rd&chirweplare MieWwsnghowing essampldseoft dedangcmeendudbl e
mass 14 is formed in a Si Deep RIE process carried out fromthe S

subst r at est3ppeMayivest D8 GBVRIELL tHRSSedvhd @réﬁéz@aae&mbbaﬁ@nfem %ﬂBwﬂ aﬁe 31
in an etching process to the buried OX|de ayer as shown in Fig.

After thag, @e%gf&% & 3talss sﬁiqtslnﬁ? gl Ao lRle SR 30 il %e{i

di ci ng proceéss € Sensor a package,

el ectrode pad a of t nsor, chi 10 an | ead of , t he ackage are
u re. bondeherudiacparale” ?w@eﬁ.q#p theyacp rgaaﬁsﬁgrdf% AHRPTHRES03 ar e
formed over the sensor_chip ?s shown in Fig. 24E E@% 25 1s a

per spect isase\sawn i, Fig.afi fﬂjﬂ‘aﬂ Hetes ok arramged boextegdiasraas dhght h
preferred enbodi nent of the present invention. Fig. 2Gis a cross-sectional
vi ew i | | ustrnars nd tthecaecderemeder 410, 14, whhclwmone &f ghe 3Birekare gossed and
26, the sanme or corresponding elenments to those in the above-descri bed

enbodi menjose dlE otlRdF. e d@Rbedinyy té hecarnshdwheaneRie 10Nl of wiied 2Dersane
description is not repeated here in this enbodi nent. The accel eroneter 74

i ncl udes ofOR PRSR ARge d2aalode th dHgfor' 40, “Rkoltdifg
el e bl §

cont al ne cavity of t I cCon pase ne € nass

provi ded ,so_ as to be abl e up- and_down right - and-1 ef t ly in
Phree-di o CBRG CRaoHa AR ies TInfere @eor%wagﬁ@%im%%efw BESR2Z | con
base menber 12 is (£oved at _its ce r wth a Eg_ ﬁpe c vity, in which
the mass A% FEFATHEHR tmeatemﬂaénmr theds d1agon Lisnaaza e Acsaleromeleer | eaf
havi ng four square regions, which are connected at the center thereof, in
order to 1hchegoedingftoimches sbowan inghier 18, foar of ofireh 22ravaldreangsd 14
and an upper surface of the base nenber 12 are arranged in the sane |evel.
The acceltgrfori ar didmbuttdlelpd, ial whech bavh wheN22 baieMllihosOaneieriofe nass
14 and base nenber 12> and ei ght of piezoresistance elenents 18. The

pi ezor esi$l-20R 8 are arranged at the boundaries between the nass
- 14 and tﬁ%kbeanséhgﬁgand etween the base nenber 12 and the beans 16. Each
of the beans rranged at a gap far.ned between two ace uar

pats of the niGg ”th §|T?$%8ﬁmg%§% ﬁ@ﬁ%’eﬁ?’fﬂv% &'(Rﬂ PW'FS;%S Bper
“surface mnth eIectrod pads 20,. which are conpect ed to the |ezo e5|3tance
el ement s CORTAUIRE ABfal AR nAEFEKARBIATEEN ACRBY 'a third preferre

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

__"I'I_



The accel eroneter 74 is contained in a package 70, shown in Fig. 2G The
package 70 includes recess portions 75 and | ead pads 74, which are forned
on the r ions 7~. The recess portions 75 and | ea are
designedaggﬁéﬁgﬁqgn upper surface of the lead pad 76 is "gcﬁﬁﬂﬁgﬁgP t han an
upper surface of the accel eroneter (sensor) 74. Two | ead pads, arranged at
the opposite sides of the acceleroneter 74, are connected by a stopper wre
22. According to the eight preferred enbodi nent, the sane advantages can be
obt ai ned as the abovedescri bed sixth and seventh preferred enbodi nents.
According to the sixth to eighth preferred enbodi nents, the -21 WO
03/023a | .t PCT/JP02/ 08879 stopper wire 22 includes ends to be fixed at
positions, which are relatively lower in level than the surface of the nass
14. A di sfoznespordlingetalearersis wppehosarinadheoffitdte andls setdndngreferrsdopper

~wire 22 can be decreased w thout increasing a distance (H+ Oh) in vertical

di recti o ABbWRABNENGFeaFhcRBneéd (e thel Sarié réferante GBiHiber? ainfdl gkoess of

a mcrostructure can be reduced wi thout increasing irregularity of

cl ear anc%ggﬂf%@sﬁ&{ i§g118'898{)e¥.‘4:éc§ﬁeg@in thes emb\ﬁgcﬂﬁ{e%?”k CLAI M5

PCT/ JP02/ m crostructure having a novabl e mass, conprising: a

mass a base ngnber [in i,ch the,mass is .,novabl.y contai ned erein the mass
conprises a s&@&g@%%ﬁ Stlg;{%&rgieg@fi W%Pdi‘mﬁ%eoﬂﬁm \,(%]3 ORPEY opper
wire which is arranged above the surface of the iuass so_as to_inhibit over

move of tWiren@gds bpndediwnteatleack pad deba RRGZL30) and the okhwreendt he

stopper wire is connected only to the base nenber but not to the mass. 3. A
m cr ost r usthoraleat onridi ag dlectrbderpdd 20hef @i mccekerenmgiperl Qni Thei stoppeed in a
W r e- bondi ng process.
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 taking 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

_‘I 2_




4. A mcrostructure according to claim3, wherein ends of the stopper wire
connected to the base nenber are covered with a resin. 5. A mcrostructure
accor di ngylgsfb @i in 2, Wwherein -23 WO 03/023. 11 PCT/JPOZ/E%%%&ME base
menber conprises pads exclusively used to be connected mﬁf t st opper
wire. 6. A mcrostructure according to claim2, wherein the base nenber and
the stopper wire are controlled to have an identical electrical potential
to each other. 7. A package structure containing a mcrostructure according
to claim1, 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

claim7, wherein both ends of the stopper wire is connected to the | ead

pads. 9. ffrefdGkAoemBIdificlite A 8pFa@ited BRithe sambafeféreiieenfitbaf t he
stopper wire is connected to the l'ead pad, and the other end is connected

ot | - - - di
Lo ala miid Mg SaeOheldiiptBalid TG onchled HARCKI4G;S LRlihbdite APl 1D

the StOpPREL A 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

_." 3._.



WO 03/023-tl~ w.~.re. 11. A mcrostructure according to claim1, wherein
PCT/ JP02/ 08879 the stopper wire conprises ends to be fixed at positions
whi ch argypghatiYely ower in level than the surface of tperiBerssh2: A

m crostructure according to claim1l, wherein a projecting portionis
formed on the surface of the mass. 13. A mcrostructure according to claim
12, wherein the projecting portionis a resin |layer formed 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 nmass.
15. A mcrostructure according to claim 12, wherein the projecting portion
Is a polysilicon |layer fornmed on the surface of the nmass. 16. A

m crostructure according to claim1l, wherein -25 wo n3/023.~ ~ ~

PCT/ JPO2/oF&heP phbkabeseraevibe rborsdent Gyt dbsttvidalh cunreection. g\t elgé easnahi ch
are connected with the ends of the stopper wire, the wire-fixing regions
bei ng f ortimae, the veires 22 fire srrhod@veirrtheeserisoriednptt®e surface of the nass.

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...




17. A mcrostructure according to claim 16, wherein the wire-fixing regions
are fornmed to shape the base nenber to be stepped structures. 18. An

accel er onghans¥dyigh provides an output signal in accordangg m%ﬁmmggvenent
of a mass, conprising: a nmass a silicon base nenber in mhlcﬁ e nmass is
novabl y 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 mass so as to inhibit over nove of the mass and a package which
contains the base nmenber with the nass. 19. An accel eroneter according to
claim 18, wherein the package conprises at |east one | ead pad used for

el ectrical connection with the mcrostructure, wherein -26 WO 03/ 023~1~
PCT/ JP02/ 08879 at | east one end of the stopper wire is connected to the

| ead padmegl ifterermartiore (ot slkewndi ng to claim 19, wherein both ends of

the stopper wire is connected to the | ead pads. 21. An accel er oneter
accordi ng to Blectrode, pade26i whivh arel ot cdmmextedperthe peedoresistance ed t o
the | ead pad, and the other end is connected to an el ectrode pad of the
base ne mep2s l&hare cehneciast tr ende of gitoppenvwares B21d owhef the wikies
stopper V§2r grg Oa%;insé%%l gggéetaoll bt%ea)c(ganearts th S’éihéi &%%a\glg Crgagsr e14. 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
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relatively lower in level than the surface of the mass. _27_

.AL. AsL. A9. As9. AsL. A s9. AL.A% A sL.AL.A.A39. AA%A

sL. AsL. As JAFL. AL. A9. A" L. As9. A9. Ahsr. ALLr <LM]*9v9(z~
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cal ca]cTaU] ca] ca]c”a]ca]calJc<aUcaUca gtH 8 ?
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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 (Si02) 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 1s 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-24E 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 (Si02) 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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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 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. 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 time, the wires 22 are formed over
the sensor chip 10, as shown in Fig. 24E.

Fig. 25 1s 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
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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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the base member is provided with wire-fixing regions which are

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, comprising:

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 to be fixed at positions which are

relatively lower in level than the surface of the mass.
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