.. 11 JUL 200& SNI POTOOI' DESCRI PTION M crostructure with Mywvabl e Mass 2
TECHNI GAL FI ELD The present .invention relates generally to a m Cr osyriugyurags - :
with a novable mass (or noving nmass). The present invention particularly
~relates to an accel eroneter, which detects physical novenent of a nass.
. BACKGROUND- ART There are a variety of types of sensors using a novable nmass
(noving mass). For exanple, there is an inertial sensor such as an
accel eroneter and an angul ar accel eronmeter (vibration gyroscope). An
accel eroneter, which detects an acceleration of a vehicle, gedMdrRITHOT uses
a piezoresistive effect. According to such a sensor, for -exanple, a box
shape of seismc nass (i.e. noving nmass) is contained in a cavity of a
silicon base nember (flxed frameDESGRIRPEONe mass is' suspended by beans
on which a piezoresistance are forned, so that a stress is applied to the
pi ezoresi stance in response to novenent of the mass. The variation of
stress applied to the piezoresistance is detected as a variation of
resi stance. Such technol control of vehicles.
The above descri bed nassggé @%%u??%§§§§tﬁ@@8 ﬁk%ﬁ@ SHowever, if 11 JUL
2006 SM - PGT001 the mass over noves, the sensor nmay be broken or damaged.
Accor di ng : - . ' : -

TE CHNICAL 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 ofgsensors 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 wvehicle,
-~ generally uses a piezoresistive effect. According to such a sensor, for
example, a box shape of seismic mass (.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 apphed to the plezoremstance in response to movement of the
""" mass. The variation of stress applied to the piezoresistarice is detected
as a variation of res1sta{1ce. Such technology can be used for cruise

control of vehicles.

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




to an invention shown in Japanese Patent Publication Kokoku H5- 71448, a

gl ass- stopper is used for inhibiting over-nove of the mass.. However g€ yyL 2005
gl ass stopper is arranged above the nmass, 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
'glass and silicon nenber may affect negatively to characteristics of the
‘'sensor. DI SCLOSURE OF | NVENTI ON Accordingly, it is an object of the present
invention to provide a microstructure, in which over-nove of SMHPEE®] can

be inhibited without significant increase of thickness. Another object of
the present invention is to provide a mcrostructure, in which an

over - nov¢heimhsbiovieranoResaglics Bahsor By BB hrkeRosk dﬁﬁ? dye @Jt{o?ﬂinéo

characteristics thereof and conplication or increase o osts o

fabri cat itonanAtiivéntionl shbwecta, JaguastadPstamy PeWRtafisal WASIAQ] e
present invention will be set forth in part in the description that

fol I ows, 7ddd8, m glaaststoppér eased fappahditingootdieatvakef 11dnidsd he art upon
exam.nation of the followng or may be | earned by practice of the

i nvention. ThEovotyentssghans simppetragesrieingdie above rthieom a8y soetligathaed and
attained py . neans of the instrunmentalities ‘and conbi nations particularly.
poi nted tBigkness RE thspernsar dsainereasgde RuntilierpakricaorPGHepE: Aeeor di ng

to a first aspect .of the present invention, a - _ .
, compslgcabed and Fab%'zcatlon costs are increased. In addition, a stress

—~ generated between a glass and silicon member may affect negatively to

characteristics of the sensor.

DISCLOSURE OF INVENTION

Accordingly, it is an object of the present invention to provide a
" microstructure, in which over-move of & mass can be inhibited without
significant increase of thickness. Another object of the present
invention is to provide a microstructure, in which an over-move
inhibiting mechanism 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 lear_ned by practice of the inventio;l. The
objects and advantages of the invention may be realized and atféline(i bj

means of the instrumentalities and combinations particularly pointed

out in the appended claims.



mcrostructure includes a mass; a base nenber in which the mass is novably
contained. The mass includes a surface, which is exposed out of thy ﬁ%? 2005
menber, and a stopper wire, which is arranged above the surface of the I
nmass so as to inhibit over nove of the mass. As conpared to a conventiona
“technol ogy using a gl ass stopper, a mcrostructure of the present
invention can be fabricated to have a smaller thickness. Wen stopper

wires are fixed, no stress is applied to the base nenber and the mass. As
a result, no negative affection to characteristics of the M cEMmSigTbEt ur e,
such as an accel eroneter, is nmade. Further, the stopper wres can be fixed
in a wire-bonding process, so that fabri cgt!on process gapmbe grtranyﬁinh]gged
from bei ng comdcoe . t@Nndg t f a C on, .. COsts . .
Especi al Ig, fgﬁ?11 ana{e;%cleltgr gane{%:s,% t ﬁ)escitop%fer 1?ﬁ%\n rpergsggﬁ H@V%&?’FFEB aft Lgee
same ti menihiestelctore Gieledss Lindss e HURLAPdY SHIRS: O ads A0k
are wire bonded for electrical connection. Accordrng §s %ﬁ’d_\ﬁ i) ct.gfd
t he presenpvableodntuined. pTheaat ssSticIGHsE ’sﬁg’%éj w@ght{gee&l;gvee gﬁ%c“ e
m crostructure, includes at |east one | ead pad used ior elé C _
connect i & the thashementherst and talseoppdt v&j@@;s_gv}geﬁ_fsnggpgnégg HRRPERWM T e ;
is connected to.the | ead-pad. The stopper wires can be a ranged freely and
be changémréags pfthe mass go.as Mhiarhibbieoendnnive bELISS ARRGT, ‘Hsr&ﬂaﬁaﬁ?&gec" e
to an el ectrode pad of the ‘base menber and the other en.d I's conhected to a
| ead. padOot comyensianalgechriodosy oimg avgl@ss stopiserse thipbs@RlcYuFOof
nmechani c% protection but also for electrical connection. -3 r e -
- JUC 2005 i‘tg,vpr@@mo;nvennon 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.



According to a third aspect of the present invention, the stopper wre

i ncludes ends to-be fixed at positions which are relatively | ower ir]1IJ%¥qﬁm&
than the surface of the mass. It is difficult to arrange a bonding wre
~having a height or clearance. If a clearance of a bonding wire is |ess
“than 100 u. in, the clearance would be nmade 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 wre. As a resum-berod

t hi ckness of a mcrostructure can be reduced w thout increasing
irregularity of clearance or heights of stopper wires. According to a

fourth aspectAgéoddiReP¥ N I+0 er ifncludes a nass;
a silicon base n%rrberg ioﬁémlgﬁ %ﬁgﬁdﬁa@tﬁgspr%l%\%gtﬁ%%gﬁp% ntg"tﬁ S n the
nMass conpfi r | CR_I exposed out .0of the hase er; a

st opper ngm{l#‘ée?%&c(% i és&gg P%geeﬁ.xeab%‘ilggsﬂt W%W&Fﬁ%@@f T@ﬁ@%ﬂ;ggwram to

i nhibit pver ve of the nmass;..and a package which contains the base
nmenber %Wlt%%gg.s@%ﬁio Bermasson iors %ﬁ&m@om@angei a omdimgpect i ve
view illustrating an _accel eroneter accordin to a first preferred

: enbodi nelI&f %‘ﬁ@gp&&ﬁﬁhtiqwe]@ﬁfanceﬁ ¥ azlesrangd afi;m boadispowiregid he
accel eroneter shown in Fig. 1, in which small elenents |ike netal

i nt er conlesst them &9 /om { tled cleakaticelWou2@0e nfde REERLaFY- A3chidihg
cross-sectional viewtaken on line I-1 in Fig. 1. Fig. 4 is a ‘
cr 0ss- setd ithealpreset Shovnbib? Ralistahck Nr 468 S Wetveen 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 Jof the present invention, an
accelerometer includes a mass; a silicon base member in which the mass
18 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.



shown in Fig. 1. Fig. 5 is a plane view show ng anot her arrangenent of
stopper . wres used for an accel eroneter according to the first pqp{eéfeﬂm&
enbodinent. Fig. 6 is a plane view show ng anot her arrangenent of stopﬁ{}
wires used for an accel eroneter according to the first preferred

~enbodinent. Fig. 7 is a cross-sectional view showi ng a package structure
contai 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 arrangenent of
stopper wires used for an accel eroneter according to the secamirpreierred
enbodi nent. - Figs. 9-12 are plane views show ng other arrangenents of

stopper wres used for the second preferred enbodi nent, shown in Fig. 7.

Fig. 13 is a Pigs3isaairossabedibanl showitalied Sa6! $h re containing
and an accel eroneter according to a third prdg?elfﬁr%glgﬁfeln%i dilir'rent of the

resent i nveng S & oSt V] i a rrangenent of
gt opper Wi resFi%gt(Laégfa gcfrog% égg?:lgfl%rh?@n@” eérﬁdgg@g)gﬂ%ttcg ﬁ’r‘?ea?‘?ﬁﬁﬁﬁmﬁte ¢®rred

enbodi e igm:154is a plane view show ng anot her arrangenent of stopper
-5 11 JUEBBW(}Q@E‘&/&'- ILCT001 wires used for an accel eroneter according to the

third preferrgd nbodi nent. Fig. 16 i.s a crqgss-sectional view show ng an
fig. B _

accel er onet ef 18 a plane view showing another arrangement of stopper .

wires used for an accelerometer according to the first preferred

embodiment.

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

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

Fig. 8 is a plane view showing an arra.ngement of stopper wires
used for an eccelerometer'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 oflstopper



according to a fourth preferred enbodi nent of the present invention. Fig.

17 is a perspective viewillustrating an accel eroneter. according t QuL 2005
fifth preferred enbodi nent of the present invention. Fig. 18 is a plane
vi ew showi ng an arrangenment of stopper wires wused for an accel eroneter
~according to the fifth preferred enbodinment. 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
vi ews showi ng one exanple of fabricating steps of the accel ersumcesor
according to the sixth preferred enbodinment, shown in Fig. 19. Figs.
21A-21G are cross-sectional views show ng another exanple of fabricating

steps of wiesaegedereresgr i o] ixth preferted, embodi ment,
shown in Fig. 19. Figs. szgg%&gyyg%ogég@e@béoﬁgl t.g‘lee 5o HE TRt her

exanpl e Qfp pcation steps of the accel eroneter according to the sixth
preferreg errﬁ??i?lrgrgnt, shown in Fig. 19. Fig. 23 is a cross-sectional view .
illustrating according to a seventh preferred enbodi nent

?{i‘l acg(ﬁl eroneter .
of the present ®nveht fHnd CEPSESCOQNAlEVIgw eheednged@n oaateleremstshowi ng
an exanple of -6 11 JUL 200& SM -PCTO01 fabrication steps of the
accel er oSFeFdingcer aforihoprefersed embodinesmt obthe prosshinantantitgwn in Fi g.
23. Fig. 25 is a perspective view illustrating an acceleroneter according
to an ei ghth Pigfel7eds eabqutirspattioé thiewpriglapstatiige i OBccelerometer.

= according to a fifth preferred embodiment of the present invention.

Fig. 18 is a plane view showing an arrangement of stopper wires
used for an accelerometer according to the fifth preferred embodiment.

Fig. 19 is a cross-sectional view illustrating an accelerometer
according to a sixth preferred embodiment of the present invention.

Figs. 20A-20D are cross-sectiohai views showing one example of
fabricating steps of the accelerometer according to the sixth preferred
embodiment, shown in Fig. 19.

Figs. 21A-21G are cross-sectional views showing another example
of fabricating steps of the accelerometer according to the sixth preferred
embodiment, shown in Fig. 19.

Figs. 22A-22F are cross-sectional views showing another eXample
of fabrication steps of the accelerometer according to the sixth preferred

embodimerit, shown in Fig. 19. )

l*iig. 23 is a cross-sectional view illustrating an accelefome.ter
according to a seventh preferred embodiment of the present invention.

Figs. 24A-24E are cross-sectional views showing an exaﬁple of



Fig. 26 is a cross-sectional view illustrating an accel eroneter according
to the ei'ghth preferred embodi ment, shown in Fig. 25. BEST MODE FC?1 UL 2005
CARRYI-NG QUT THE I NVENTION In the foll ow ng detail ed description of thg
preferred enbodi nents, reference is nade to the acconpanying draw ngs
“which forma part hereof, and in which is shown by way of illustration
‘specific preferred enbodinents in which the inventions may be practiced.

- These preferred enbodi nents are described in sufficient detail to enable
those skilled in the art to practice the invention, and it i SsM-8ctei
understood that other preferred enbodi nents nmay be utilized and that

| ogi cal, nmechanical and electrical changes may be nade w t hout departing

from t héabxiicatibnasuépsfnmﬁleoécd&@rdiﬁ@ﬁeqnécddﬁggﬂ% 'gﬁ the é@%x{t;ﬁl r#ﬁ%ﬁgﬁesde nse

detailed description is, therefore, not to enin a

and scop@ngﬁ,odlm&lprmﬁiﬁwgnggons I's defined only by the appended
claims, Now the présent invenfion is described. The present invention is

applicable to Vagi e f tvpes .of inertial, sensor, such as _an

accel er omet er],??%fn %niyangulpﬁgg%%té‘l’%r 3ﬁ%‘f’erlhﬁl§%fﬁté’9gor?1by%%@@5@19t%e -7

11 JUL 2005 M - PCTO01 esenf inyentjon is also applicable to any kinds
Renehthaveired

of nicr o@FFRRARELO 3 h ad eivhetianerihbbthe presenisimverddonat or .

Figs. 1 and 2_show an éccel eroneter 10 according to a first preferred
enbodi nent of F@%}ezﬁréseat crasgegaatimall midivgill@stranild par hscelefoipatas net al
I nterconnection, are not shown for better understanding of overall of the

- ac cel er Qaetmrdih@. torily eighthopeefarrddisinddsineit! Bhewaf in Fig. 25.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following detailed description of the preferred embodiments,
reference is made to the accompanying drawings which forma part
hereof, and in which is shown by Way;of illustration specific preferred
embodiments in which the inventions may be practiced. These
preferred embodiments 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 embodiments may be utilized and that logical,
mechanical and electrical changes may be made without departing from
the spirit and scope of the present inventions. The following detailed
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

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



the accel eroneter 10. The acceleroneter 10 includes a silicon base member
12, and a novabl e mass 14, which is contained in a cavity of the SHW SO0 2005
base menber 12. The nass 14 .s provided so as to be able to nove

up- and- down and right-and-left, nanely in three-dimensional directions.

" The silicon base nenber 12 is proved at its center with a squi re shape
‘cavity, in which the mass 14 is contained. The novable nmass 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 ssmrtmoe of

the novabl e mass 14 and an upper surface of the base menber 12 are

arranged in the sane |level. The accel eroneter 10 further -includes four

; : t.h ' - _and ei ght of
o eror eoPIroes) inRRNRA I8 Bl Hrkeld BAGRRR, 1. pEURSARE o e
at the KNIENES) lesviigt 4eROvAPR ARSShAFA 2l %é;sgg:gc%ﬂai , and between the

base nember 12 and the beans 16.- Each of t ne ‘is arranged at a

gap formed beFigenlt wadad} adesw saUaAkEROMAEY t 1O 5@&)‘%&1‘1? ihey ﬁgét con
base nenber 12 is provided at the upper surface wth el ectrode pads, which

are conngrefdred embodimeatasxfi theapeesaiteimrdstids, id Fi?. 2Mendh 11 Gpérts,
i nterconnection (not shown). -8 11 JUL 2005 SM -PCT001 Ef ectrode pats 20,

whi ch ar sunbtag oneledtiederepnitertinmg zare nos tslruven for diwtbés ukilerseas@iHect ed
to ends of stopper wires 22. Four of the wires 22 are arranged above all
the cor néf 9veratinef the socelarametes. 1Eadfig. \8 shof? ha ardideggdutuexsend
across a4 rggc{elg;oxglgt?erml\bébl ’(Ia‘hgazgcellgi‘ometer 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 sﬂiéon 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 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

metal interconnection (not shown).



The ends of the wire 22 are fixed to the el ectrode pads 20 by a

conventlonal W r e-bondi ng process. As shown in Fig. 3, the silicon q%f%u 005
nenber 12 is fixed on to a die bond surface 24. Downwar d over nove 0 ﬁg
novable mass 14 is inhibited by the die bond surface 24. Horizontal
~over-nove of the mass 14 is inhibited by inner walls of the silicon base
‘nmenmber 12. Upward over-nove of the mass 14 is inhibited by the wires 22.

The cl earance between the mass 14 and the wires 22 can 'be adjusted by
controlling the wre bonding device. "Over nove" nmeans novensmt-pemsul ting
that the acceleronmeter 10 does not work. For exanple, if the mass 14 over
noves, the acceleroneter 10 would be broken or would output a signal at a

| evel over IE%M&%C? ded}ﬁ?fﬁl%fe':%gt 6115_@ Ing@?sc}lpu lte%?)g%ﬁrﬁ?und an end

of the wire 22 conne t he ccor

pad 20
| nvent I 0Ble1n@RGE I8 B écithated teeéﬂ@seafé ,rrv% ires £ & Flolf: g Conivg%%

.can be covered with a resin 28. As a res

bet ween RReayé raaraddgaddabéne adRehdCcorpild &ﬁhé‘%@@éﬁlé mddk habr iggh on of
t he above described accel eronmeter 10, a SO wafer is formed froma silicon

‘layer (Swire®dis isedanyedetol ew@nd 8cfis anvbrner If Wb FhoRhBle Ml gge
circutrt is formed on the SO wafer using a sem conductor technology to

f orm pi eZheesindsarde the ewire s228ara fived! to -ihel bldétrod80padSM2OPGEOGL
circuit pattern and el ectrode pads 20. After that, the surface is covered
with a pﬁ@@V@@tliOnQ twirenbondihgaarogess.| ayer , except the el ectrode pads 20.
~ ‘As shown in Fig. 3, the silicon base memiber 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 €an be adjusted by controlling the
Wirelbonding 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 regiohs‘
between the wire 22 and the electrode pad 20 can be covered with a
resin 28. As a result, réliability of connection betweén 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



‘Next, beans 16 are fornmed in a Si Deep R E (Reactive lon Etching) process.
After that, the novabl.e mass 14 is forned in a Si Deep RIE processgq qarukqﬁm
out fromthe Si substrate. Next , the novable mass 14 is rel eased from't
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 is bonded in a package, then, the electrode pads 20
of the sensor chip 10 and | ead pads of the package are w re bonded for

el ectrical connection. At the sane tine, the wires 22 are for3Wdcower the
sensor chip 10. Figs. 5 and 6 shows exanple of arrangement of the stopper
wire (22). According to Fig. 5, two of wires 122 are arranged in parallel

to sidesinfuitpttéin aod bReerotmads YO, Mesethae tgf %&%f%%g i09%5 ekl Saim;

length. According to Fig. 6, three of wires 222a an are arranged

par al | el wighaa m%gwmnglfﬂm ofutthess$iN Qayelb@@eﬁﬁfth@relégtrdﬂe q%&@ rzg wire
222a extends along a diagonal line of the silicon base nenb hort er

wires 2228exhebesmend6t &r%ld'ﬁmdomracslrﬁ}aep RIE {Reaptiabl Pon MBSchikg) i N
the same manner as_shown in Fig. 1. In Fig. 6, the shorter wres 2 2b can
be onitt &FOCRE:afslier Hélaltoﬁbérmmvabltzmaswilﬂ ik fermbtein woSi Médy tRIE
over-nove of the mg 14 fn good bal ance of level. Fig. 7 is a

Cross- secl:’crpﬁﬁ%‘? c%ﬂéﬁﬁﬁ%ﬁvﬁﬁ@ she ssufstzatac Ness, themavablgnems b4 is

accel er orre accordin second pr eferred enbodinent of the present
i nvent i oﬁ' from liq'lé%?ﬁﬁ%at@r In agp etghing process MthrChodied oxide

C._gr__r esporig&glg Me”x? %gt tt%e s&ﬁstrate 1Q %ugsltz)s oml%r fﬁ&ﬁr&ﬁaa? ggggtl)ﬁlqips ?Irle
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. 5 and 6 shows example of arrangement of the stopper wire
(22). According to Fig. 5, two of wires 122 are arranged in parallel to
sides of the silicon base member 12. Those two wires 122 have the same
length. According to Fig. 6, three of wires 222a and 222b are arranged
in parallel to a diagonal line of the silicon base member 12. A longer
wire 222a extends along a diagonal line of the silicon base member 12.
Shorter wires 222b are extend to across over corners of the movable
mass 14, in the same manner as shown in Fig. 1. In Fig. 6, the shorter
wires 222b can be omitted, because the longer Wiré 222a would be able

- to inhibit over-move of the mass 14 in good balance of level. -

Fig. 7 is a cross-sectional view showing a package structure
containing and an accelerometer 10 according to a second preferred

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

_10_



represented by the sane reference nunber, and the same description is not
repeated here in this enbodi nent. According to the second preferreq Ju 5
enbodi ment, both ends of stopper wire 22 are fixed on to lead pads éE o%’%p
package 30. As conpared to the first preferred enbodinent, the wire 22 can

" be arranged with a high degree of freedom Fig. 8-12 are plane views

‘showi ng exanpl es of arrangenent .of stopper wires 22 used for the second
preferred enbodi nent, shown in Fig. 7. According to a case shown in Fig.

8, two of wires 22 are arranged to extend in parallel to sidesvm-@cTiohe

accel eroneter 10. According to a case shown in Fig. 9, four of wires 22
are arranged to extend across the corners of the acceleroneter 10, in’

whi ch normerpéspdieliner elenesetsCtOshesk ih GhRfRs1OhRES, bafnbRtaagase
shown in Fig. 10, four of wires 22 are arrasnggd tegrég%%ﬁgbg a%glt’o?gg#"

above | NTepReReledby thelhmeGeAt i bt et 33 SROMAL ddflpigten 4°

shorter wires 22 a two | onger wres are arran

par al | el i a i of,..t he_accel er onet e 1Q.. Accordjng to a, case

~ shown inﬁlgﬁg.%e%, #:o[ uirle}(‘)% ni\:;iml r@]sl%?r% %ﬁﬁ?%mged&cch%%’agmt% gi“ﬁrrﬁﬁ%P%‘ﬂaape,

- in which _eagh wi,re 22 .extend across a corer of the acceleroneter 10. Fig.
13 is a argg%qr dgm ng‘m\?il@mbgﬁb\ﬁﬁrﬁ@‘#%‘Q@I@&Qé’vﬂlergztameﬁxed)mtmﬁmand an

accel eromet,(fr ‘according to a third preferred- enbodi ment of the present '

i nvent i o2dsn3¥i0§ a nackagre 38arks comparediid thd fi2e0grefoie P6TOBddiment,

corresponding el ements to those in the first and second preferred

embodi merthe wire 22 pandenaechiped wetls aneiglellegancss fiedlsm. and the

Fig. 8-12 are plane views showing examples of arrange.ment of

| stopper wires 22 used for the second preferred embodiment, shown in
Figf 7. According to a case shown in Fig. 8, two of fvires 22 are arranged
to extend in parallel to sides of the accelerometer 10. According to a
case shown in Fig. 9, four of wires 22 zfre arranged to extend across the
corners of the accelerometer 10, in which none of the wires are crossed
to each other. According to a case shown in Fig. 10, four of wires 22 are
arranged to form a shape of “¥#” above the accelerometer 10. According
to a case shown in F1g 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

..1‘[_



same description is not repeated here in this enbodiment. According to the
third preferred enbodinent, one end of a stopper wre 22 is bonded.‘(3,1t‘.,%l_azﬁ,[LFI
| ead pad 32 of a package 30 and the other end is bonded on to an

el ectrode pad 20 of an accel erorreter 10. The stopper wres 22 can be used
“for electrical connection between the package 30 and the sensor 10. The
‘lead pad 32 and el ectrode pad 20 can be formed 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 wres ZM-eamecbe
arranged w thout taking into consideration of a wiring design of the

sensor 10. Figs. 14 and 15 are plane views show ng exanpl es of arrangenent

of the stoppepordiag 2%Msfds fey (HReacse o] e
third pref erréjd errb%dl ment . ?n a pr agt ?@arﬁéexg?rr%fe %%o%@l£§&ﬁgﬂé& f our

of Wi 1S & 5, BT CLANRBLSIARE Blnc orBONS tphpeygbagge'gaeaget er

10. I'n a practical "exanpl own I n ¥ r anged

Lhe acoerBARPR-iHOA% irgont 1?%"%0 eﬁﬁie?rw Gz nsheftoesh showi ng an

accel eronet er cording t ourth preferred enmbodi nent of the present

i nvention. | nACP?ﬂ%n% to 't pmfe@md espondinren s mreand dfoa tshogper 11 t he
first tothird -12 11 JUL 200& SM - PCTO01 preferred enbodi nents are

r epr esenteige 32 imbonded arsien demd padiBRrof a padkhbe IMnmdehe dthler@hd s not

repeated here in this enbodinent. A feature of this enbodinment is that

s_t  opper \Mafoesld%a @i €0 PO e eod pRdVED 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 takiilg 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 -acceléi'ometer
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

....'1 2_



the sane electrical potential level with an SO wafer 50, so that the

wires- 22 ‘do not operate as an antenna, which affects negatively to 11 JUL 2005
characteristics of the accel eroneter 10. In fabrication of the o
above-described accel erometer 10, a SO wafer is forned froma silicon
~layer (Si), a buried oxide layer (SiQ2) and - a Si substrate. A bridge
‘circuit is forrmed on the silicon layer in an ion- inplantation or t her mal

di ffusion process to form piezoresistance elenments 18. After that, an
insulating-layer 52 is formed in a thermal oxidation process.sMNextqoi

contact holes are formed so as that an el ectrode pad 20, which is

connected to the wire 22, becones the sane electrical potential |evel as

the sili @ﬂ@féﬁl‘dreﬁlﬁbﬁiméﬁt@rarbhﬁpreﬁeﬁﬁ‘é&?ygic;}{&%hthhe ngéﬁﬁge%@%%ct rode.

pads 20 are formed, and the surface is cov a passiva Pl mb54,
Tna o Dioh B RE R e Sugiaf, BEs AR befd inhPHls cpREEmen nabal o
cubst r at See RSt 8 pbhdiBRRIS thel P Bt pivs duddoraee i n an
Uttt Bhy T Pisnioed sinsentian lovel avithano B Tomedes 0 Nsx tihathheensor

chip 10 is bonded in a package, then, the el ectrode pads 20 of the sensor
chip 10 afidesedd @adeot -op@rate Hd A0CMmteSMa, PFHACH affetiie reackagdyate wire
bonded for electrical connection. At the sane tine, the wires 22 are

formed ocharhbierssiicoof thé Beddlerometer 10.

In fabrication of the above-described accelerometer 10, a SOI
-wafer is formed from a silicon layer (S1), 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 piezofesistance
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 etchj:ng 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-



Figs. 17 and 18 show an accel eroneter 10 according to a fifth preferred
embodi ment of the present invention. In Fig. 18, snall parts, such1ap‘n”_2mm
nmetal interconnection, are not shown for better understanding of overal

of the accel eroneter 10. Fig. 19 shows an inside structure of the

~accel eroneter 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
menber 12. The mass 14 is provided so as to be able to nove up-and-down

and right-and-left, nanely in three-di nensional directions. Tme-PsTdoi con
base menber 12 is proved at its center with a squire shape cavity, in

whi ch the mass 14 is contained. The novable nmass 14 is shaped to be a

- : i t nt er
clover| eaff thevpagkhgerar@dware botdiedfor é‘ﬁ:‘c%agf‘ﬁ@nﬁ@gﬁgg. edafy d %%éﬁ(?

thereof, in order to increase inertia force. proj e nenber S

formed onimacbhefwirbe 220are fussd oveLgheRen8br thf TASS 14 so that an upper
surface of the projected nenber 14a is "A h" higher than an upper surface

of the silicoNigaséTnented818howhanaseedleronriter 1P daeobARig itachudes, f our
beanms 16, which_connect the nmass 14 and base nenber 12; and eight o

pi ezor esirreferred ambodimsntaf theeppsserdriesiestivite Ial BiEMs s all gaply anged
at the boundariies between the mass 14 and the beans 16, and between’t he -
base nensechias anetalhnteecomnddioaste abottdteovwndios Hétes widangeddaie a gap
formed between two, adjacent square pats of the mass 14. The silicon base
menber 12 iogfeaailwﬁﬂae accelesomeater 1dur Fige 10i shoves et inside pateturhioth are
connected,to thﬁ iezoresistan%§ elements 18 with a -14 11 JUL 200&
SNt - PcTodRe 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 1s 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 adjacenf 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-



metal interconnection (not shown). Electrode pads 20, which are not _
connected to the pirezaresistance elenents 18 are connected to ends 4of L 2005,
stopper wires 22. Four of the wires 22 are arranged above all the corners

of the novable mass 14. Each wire 22 is arranged to extend across a corner
~of the novable mass 14. The ends of the wire 22 are fixed to the el ectrode
‘pads 20 by a conventional w re-bonding process. As shown in Fig. 19, the
silicon base nenber 12 is fixed on to a die bond surface 24. Downward over
move of the novable mass 14 is inhibited by the die bond surfsuwec?s:

Hori zontal over nove of the mass 14 is inhibited by inner walls of the
silicon base nenber 12. Upward over-nove of the mass 14 is inhibited-by

the w resnégal iherrticARRE WReR) the mass 14 and the wires 22 can be
adj usted by controlling the(m\;/%\neére bondr ng device. A distance "H' between

t he upper sur Ele&: t &S wW.re 22 can
be adjpgsted by a Vﬂ@% ﬁt;mg:}]dg?glg%gelgﬁc ﬁgtcoé%%vmw %hé%%?ﬁ%@??erence
" A Y. Aetemeing I8atditonnertoddiodnds oﬁs%;%&“ﬁ?reé@ZCerﬁiofjﬁ% ?\ﬁ??ﬁ

wi thout increasing a distance "H+Ah". As a result, a thickness of

accel er or@ are Irraagedoeboes udbdhei ¢dieidrsi Gtk $hBgabld @ﬂh‘é@r‘;{'zﬂ Y Bich
clearance "H' of stopper wres 22. Even if a distance " I s determ ned

about 80Wiren32 is raregukadi toyenter aarasce ddineaf oﬁtl@@ﬁﬁbv%Ieeingé’s wqul d not
i ncrease,_remar kalz%t%/ Fi gs. 20A-20D are cross-sectional views show ng one
exanpl e dihe fends ithg ®tieps28f areefizedeter thretdechoder giafy 90 the si xth

preferred -15
) 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
embodime.ﬁt, 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 _.incre-ase'
remarkably. | | i

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

fabricating steps of the accelerometer according to the sixth preferred

=15~



11 JUL 2006 SM -PCT001 enbodi ment, shown in Fig. 19. In fabrication of the

above- described acceleroneter 10, a SO wafer 31 is fornmed from a1s'i IJ

| ayer (S

circuit

" piezores
- 20. A se

phot osensi ti ve.

using a

t he nopva
the Si s
substrat

Fig. 20C. After that, the substrate 31 is cut to formindi

chips in
then, th

i), a buried oxide layer (SiQ2) and a Si substrate. A bridge

bE Yhos

is formed on the silicon layer in a sem conductor process to form
I stance elenents 18, a netal circuit pattern and el ectrode pads

nsor <circuit 33 is fornmed, as shown in Fig. 20A. Next, a

polyimde or resist is formed on to the sensor circuit 33

spin-coating process, and is exposed, devel oped and F&edrao form
a projected nenber 34 (14a), as shown in Fig. 20B. Subsequently, beams 16
are formed in a Si Deep RIE (Reactive lon Etching) process. After that,

ubstrate 31. Next, the npvable mass 14 1s released from

enebodissedy shower e dFigh 19.Si In PeBPRicBLEPL? a%%ﬁ%“f&c?‘%ee& rom

densor

ac8dlarnnmieet )i aSQI acels 31 dstiBendad fi@dn OX is@ﬁ‘cdz@}l\%?gﬂ g?iﬁ hpwn in

barrie ¢ ioride layes Si0Oxandtn 81 ssibateate; hphiidgbasidesiti i faragskage,

e el ectrode pads 20 of the sensor chip 10 and | ead pads of the

package anethe mélieemdaper dn a eeenicondattaopreeissotn fitmt pie zoesEistings t he

wires 22
Cross-se
accel ero
Fig. 19.
wafer 31
and a S

@ire formed over the sensor chip 10. Figs. 21A-21G are

¢BeRts vibwes meb aircutopasteraxamd electfodalpridsaling Assensopf the

met er, according to the sixth preferred enbodi ment, shown in
égiléiPFWd@ﬁStﬂ%@V@béneglgdBQ&-i bed accel eroneter- 10, a SO

ek

Is f d frama silicon layer (Si), a buried oxide |ayer (S Q2)
He.a plp

subs toggasitive polyimide or resist is formed on to the
sensor circuit 33 using a spin-coating process, and is exposed, developed
and baked to form a projected member 34 (14a), as shown in Fig. 20B.
Subsequently, beams 16 are formed in a Si Deep RIE (Reactive Ton
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 timé, 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 accordin'g 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

_'! 6.._



circuit is fornmed on the silicon layer in a sem conductor process to form
-16 11 JUL 2005 SMFPCTO001 piezoresistance elenents 18, a netal cir WMRUL 005
pattern and el ectrode pads 20. .A sensor circuit 33 is forned, as sho i¥
Fig. 21A. Next, a seed layer 40 is formed over the SO wafer 31 in a _

" sputtering process, as shown in Fig. 21B. The seed | ayer 40 may be of N,
"Cu, Au, Pd, Ag, Sn, Co or the like. After that, photosensitive polyimde

or resist is forned on to the seed layer 40 in a spin-coating process, and

I s  exposed, devel oped and baked to forma resist pattern 42, sgpsfiggwn in
Fig. 21C. Next, a plating layer 40a is forned fromthe seed |[|ayer 40, as
shown in Fig. 21D. After that, the resist pattern 42 is renoved, and the

d | | o$a i kop-1mi.tlq t t chi
R E (Roads ae it Aem dh@TLS 0 istal PR B E R ko Bad dliep B abads chown
in Fig. 20E.ASbseHuARY 3300T0PnLA ALRHGHTE] 1 315 Deep RIE (Reactive

lon Etching) process. After t e novable is fornmed in a Si

Deep RIE procdistCcad réed Qutredr h hegu t ..movabl e
mass 14 is rel easgd'from t hse7 suﬁﬂg}frsa?%%%ai §§g%a%}¥ecﬁ$géhgég%1és§f b Ehe

buri ed oxpuétdrngrprozesshawshionwria. Fl 1B U'Bhe tdagl, la'évlé‘f[\tg(}”iﬁﬁj{raﬁeeof 3lis
cut to formindividual sensor chips:in a dicing process. xt, the “sensor
chip is Béndew,iAua Pdcidege Sit,h€o, ot hthelldes r 0dert®adha20 WHotoRens or
chip 10 and | ead pads of the package are wire bonded for = el ectrica
‘connect i ®elyimpideeor spststt isformbd on testlz? seed lhgeretd ones spif@os@iiser chip
10, as shown in Fidq._ 21G

— 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 shoWIi in Fig.' 21D. After that, the resist pattern 42 is
i'emoved, and the seed layer 40 is removed in an ion-milling process, wet
etching process or RIE (Reactive Ion _Etchi_ng) 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 péds 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 ch—ip 10, as shown in Fig. 21G. |

Figs. 22A-22F are cross-sectional Viewé showing another e-xam_plé
of fabrication steps of the accelerometer 10 according to the sixth

preferred embodiment, shown in Fig. 19. In fabrication of the above-

_1 7....



Figs. 22A-22F are cross-sectional views show ng anot her exanple of
fabrication steps of the acceleroneter 10 according to the sixth pHef ?882%5 :
enmbodi ment, shown in Fig.. 19. In fabrication of the above- -17 11 JUL :
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 formed on the SO wafer 31, as shown in Fig.
22A.  Subsequently, a photosensitive polyinide or resist is formed on to
the - polysilicon layer 48 in a spi n-coating process, and is exms:edom
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

pr o] ect ediaweriber] adcelazofun 10 B SOI24fater PP S9UERLlYG Boll 14108 T cult

is formed in a sem conductor process to formplezoresis s 18,

a metal dayeni(Sipant busisthéxidedayede@ia 20d 4 BE it SN B2 (|

formed over the projected nenber 53, as sho

surface imwlysiizoadayer 8 & fozasdd ahithe SOOIV afsch] ags &%ﬂsﬁ&igbgﬁpt t he

3

el ectrode pads 20. Subsequently, beans 16 are fornmed in a

(React i v&uksequently, ng)plmtosensitivif pelyinide, ot hesietvab kermBaSod 4d $hé OF med
ina SF riaﬁep_ RIE process carried qut fromthe Si substrate 31. -Next, the
¥

movabl e siligonslayeire4 éul & spin-thatinghptoase, aadiis @tpethi e NEOEESS o
t he buried i de | ayer, as shown in Fig. 22E. After that, the substrate 31
is cut t@q‘gﬁﬁﬁﬁﬂ@)\%ﬁ%ﬁ regrdqratéenpd 1 nsahdvod my Figo@8%s. Next, the
s{__(inso'r chip i &et;{%?%ﬁg I:i’o ygﬂﬁz%(l:lklaa%%r éif? ?Q ’et(gl?gd (J?,:lae; thI(})E?(IaJrgc?edsss 1?00 fc?lfmt; °
projectéd member 53, as shown in Fig. 22C. Subsequently, a bridge
' cirbui_t 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
movablé 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 forfned over

the sensor chip 10, as shown in Fig. 22F.

Fig. 23 is a cross-sectional view illustrating an accelerometer

_18_.



sensor chip 10 and | ead pads- of the package are wire bonded for

electrical connection. At the same time, the wires 22 are formed ovqy Jhb%mm
sensor chip 10, as shown in Fig. 22F. Fig. 23 is a cross-sectional, view :
illustrating an accel eroneter -18 11 JUL 200 SM -PCT001 according to a

- seventh preferred enbodi mrent of the present invention. Figs. 24A-24E are
~cross-sectional views showing an exanple of fabrication steps of the

accel eroneter according to the seventh preferred enbodi nent, shown in Fig.
23. In Figs. 23 and 24A-24E, the same or correspondi ng el emergM-Pcooot hose

In the above-described sixth preferred enbodinent are represented by the
sane reference nunerals;, and the sane description is not repeated here in

this enbatcoeding The sevdritlr preforksarambedanll & £5d egéf@gq'hv@ﬂg S that
er . I'n lﬁl S

structure of a novable mass 14 and a silicon base nef
Ut an LSt Sarrang el prtll Rt vkl ANGRIR B GHRRRE obler 1o
56 and aarsatorl SPIE O eeolRtUBRY dfoiiBk e emitnpretorred
Tayer (SembOERERECR TR Fjer 205 ) Mt % end S4BsBAR: dheneame arrosi st
is formed on to the SO wafer 31 in a spin-_ coating process, and is _
R or hat T The S wArer 31 Bt ehed Lo LTE ey acapepettetredn 1 o
r fgegs pembodisn@it arettepresented &y e elagsé rederence numerals, and the
' same description is not repeated here in this embodiment, The
difference from the six preferred embodiment is that structuré 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 membar 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

._.'l 9..



pads, as shown in Fig. 24B. Next, a bridge circuit is formed in a

sem conduct or process to form piezoresistance elenents 18, a netal1qiuﬁgiﬁm&
pattern and el ectrode pads -19 11 JUL 2005 SM -PCT001 20. A sensor

circuit 33 is formed on the SO wafer 31, as shown in Fig. 24C After

“that, the surface of the substrate 31 is covered with a passivating film
‘such as Si N |ayer, except the el ectrode pads 3la. Subsequently, beans 16

are formed in a Si Deep RIE (Reactive lon Etching) process. After that,

the novable mass 14 is formed in a Si  Deep R E process carri ei-dgtoof r om

the Si substrate 31. Next, the novable mass 14 is released fromthe
substrate 31 in an etching process to the buried oxide |ayer, as shown in

Fig. 24D20Af Aeseridodtciréie 38/0s Forahed ol the SO Wl mdé‘@%&%‘*ﬁ{ 5
p

chips in a dicing process. Next, the sensor chip iIs Bondéd In a kage,

then, th&4€.ecAftate thats tBaaswifatbeof 3BBS8ibshiaRe 18120d ch¥feRaRHP, the
package are wire bonded for electrical connection. At the sane tine, the
wi res 22 pasetviading diloy eucht e SibnkagercotdeptGheasleshode padEBga 24E. Fig. 25
Is a perspective view illustrating an accel eroneter 74 " according to an

ei ght h pref er Pubisegbentlycheanis 16arprfosmed imudit Desp RALJRe26tive Bon
cross-se%%igﬁnal‘ view illustrating the accel eroneter: 74, shown in Fig. 25.
In Figs. 1M péocasse ddfker dhaothespovdble mheseht sstiormdbda hnSt he
above- deﬁ:ri bman’oodi ments -are represented by the same reference

“nuner al s;P%6M tHe REaeessceattiod i ot ifsomotheePraswistiiete 3h  Néxt, the

enbodi nent . .

P 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 3la 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 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 sénﬁe
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 direction‘s.' The

_.20._



The accel eronmeter 74 includes a silicon base menber 12, and a novabl e nass
14, which'is contained in a cavity of the silicon base nmenber 12. FW?J%E%@E&
14 is provided so as to be able to nove up-and- down and ri ght-and-Ief {,
nanely in three-dinensional directions. The -20 -------------- - -
B R 11 JUL 200& SM -PCT001 silicon base
‘menber 12 is proved at its center with a squire shape cavity, in which the
nmass 14 is contained. The novable mass 14 is shaped to be a cloverleaf
havi ng four square regions, which are connected at the centersmi-Reroeof, in
order to increase inertia force. An upper surface of the novable nmass 14
and an upper surface of the base nenber 12 are arranged in the sane |evel.

mmes 14 oo pacase et 7P i RrorATae S EenBRTRics SULFS shERRNERRS “he

mass 14 and base nmenber 12; an piezoresi's

pi ezor esiis g Bhe ARASS148s ebﬁt@i&feangfﬁg %8%'819 R%g?ﬁlg?g}nlgﬁ{eﬁgt%é he

mass 14 and the beans 16, and between t ase ne beans 16.

Each of wheldveaileafl havingrfoxigeduare #ogdsRs! WERA BebWekihivRdadi a@%&‘t
square pats of the ngssn%A Thequsi(leicogfli bgs'e menber 12 1s prochtie at the

upper sucenter thereof) arordeieto padeazd inedtis fordes A@lnﬁ?ﬁéﬁ(éutrﬁadeh@f the
pi ezoresi stance el ements 18 with a netal interconnection (not shown). The

accel er omeeablp4 mass dit aintedii upparaskafee’of tHeoWasennfi@ber262 Ihe.
package 70 includes recess portions 75 and | ead pads 74, which are forned
on the r@@é&@g%ﬂﬂithessme laviel.r ecess porti ons 75 and | ead |
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 clements 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 membéf 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 af 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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pads 76 are designed so that an upper surface of the lead pad 76 is "0 h"

| ower -t han an upper surface of the accel erometer (sensor) 74. Two '?quULzmm
pads, arranged at the opposi te sides of the accel eroneter 74, are
connected by a stopper wire 22. According to the eight preferred
" enbodi nrent, the sanme advantages can be obtai ned as the above- descri bed
"sixth and seventh preferred enbodi nents. According to the sixth to eighth
preferred enbodi nents, the -21 11 JUL 2005 SM -PCT001 stopper wire 22

i ncludes ends to be fixed at. positions, which are relativel ys-®p®go1i N

| evel than the surface of the mass 14. A distance "H' between an upper
surface of the mass 14 and the stopper mﬁre 22 can be decreased w thout

ne! vy o ool skar o inbllaed giRad R AEEL | 80 pdSHIER) %5 “Rialon”
h | h h f
2o 2o {TEARTGRMAY FPIGRT Al fof am RSO ol Gikaice (T

corrprl Si %% mass; a base marrbg whi ch the mass i's novably cont ai ned,
wher ei n Eweﬁﬁs%n URies Futdace o Ghﬁé@ésm%%ndéih@xﬁ@mrouueoﬂmlaﬂ base
menber, and a stopper wire which is arranged above the surface of the nmass
so as toderrasnd vwbputdneredsinge anditannh el i\ hhansvoppieal \HiFeteedpr i ses
ends to be fixed at positions which are relatively | ower

"between ends and top of the wire 22. As a result a thickness of a

microstructure can be reduced Wlthout increasing irregularity of

‘clearance or heights of stopper wires 22.

Y
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in level than the surface of the mass. 2. A microstructure according to
claim11, wherein the stopper wire is connected only to the base nenber but
not to the mass. 3. A mcrostructure according to clai.m1, wherein 1feJUL 2005
stopper wire is fixed in a wire-bonding process. 4. A mcrostructure
according to claim 3, wherein ends of the stopper wire connected to the-
‘base nenber are covered with a resin. 5. A mcrostructure according to
claim 2, wherein the base nmenber conprises pads exclusively used to be
connected with the stopper wire. 6. A mcrostructure according to claim 2,
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 claim11, conprising: at |east one
| ead pad used for electrical connection with the mcrostructure, wherein
11 at | east 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

wre is conngct adni@ S, .. 9. ackage structure according to
claim7, V\heﬁ%gssgneoitggc%l?@tﬂﬁg&%t%ﬁﬁg?b%lﬁgsﬁ’§ B ed to the | ead pad,

and t gg}g%geg B8 ménibdrin' Whidi e maisS i€ Sovably sontainod, whoastn tho b O
coniprises a sutrface 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, wherein .

the stopper wire comprises ends to be fixed at positions which are relatively lower

™ in level than the surface 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 mijcrestructure according to claim 1, wherein
the stopper wire is fixed in a wire-bonding process.

4. A microstructure according to claim 38, wherein

_ ends of the stopper wire connected to the base membar are covered with a
resin, -

5. A microstructure according to claim 2, wherein

, the base member comprises pads exclusi .
: sively used to
. stopper wire. use be connected with the

6. A'microstructure according to claim 2, wherein

the base member and the sto i i
. : stopper wire are controlled to h 1
electrical potential to each other. e am identical

7. A package structur ini 1 aim
7, g e containing a microstructure according t i
comprising: g lod .

at least one lead pad used for electrical connecti : .
ection with
. wherein ) ction with the microstructure,

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 confiected to the lead pads,. ' )

9. A package structure according to claim 7, wherein
one egd of the stopper wire is connected to the lead pad, and the other end
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~10. A package structure according to claim7, wherein the lead pad is
exclusively used to be connected with the stopper wire. 12.

m crostriucture according to claim1, wherein a projecting portion i 475 dVirdens

on the surface of the mass. 13. A microstructure according to claim12,’

wherein the projecting portion is a resin layer fornmed on the surface of

the mass. 14. A mcrostructure according to claim 12, wherein the

projecting portion is a plating | ayer forned on the surface of the mass.

15. A mcrostructure according to claim 12, wherein the projecting portion

Is a polysilicon layer formed on the surface of the nmass. 16. A :

‘m cr ost cording t.o cl.ai 111, erein the base nenber is
provi de%%\gmﬁ#%&ﬁﬁg%?Pie;?cﬂ’&dreé’@ld&fghé\ﬁ?i"nmé ®onnected wth the ends of the

stopper wireg, the wire-fixing regions being formed to have surfaces |ower
in level thig' c¥ape slracre maeordingsto claim A wheradst ruct ure according to
cl ai m 16, whée 834 parbisgxchusively need egharenrertedrwithslie stopghapdrs.he base

menber to be stepped structures. 18. An accel eroneter which provi des an
out put signal in accordance with novenment of a mass, conprising: a nmass; a
si |l i con basdZnefrireerostrucivie edrotdiag wadsmi ls wieseabl y cont ai ned, wherein the

MBSS conpr i seprofectinifRetionhs fihmed RBRTOLRH bf Bife IdgsPase nmenber;: a stopper
wire which is arranged above the surface of the nass so as to inhibit over

move of the IMSH nAdEs@RubREE AR ERME 85, Wpillg, Pase menber with the

-mass, wher eitBe projecting portion is a resin layer formed on the surface of the mass.

4. A }nic}:ostructure 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
108Ss. '

16. A microstructure according to claim [11] 1, wherein
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 accorﬁance with
movement of a mass, comprising: '
- amass;

| a sﬂic?n base member in which the mass is movably contained, wherein the
mass comprises a surface which is exposed out of the base member;
. . @ stopper wire which is arranged above the surface of the mass so as to
mhibit over move of the mags; and '

a package which contains the base member with the mass, wherein

‘ the stopper wire comprises ends to be fixed at positions which are relatively lower
" in level than the surface of the mass.

19. An accelerometer according to claim 18, wherein -

‘ the p‘ackage comprises 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.
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t he stopper wire conprises ends to be fixed at positions which are
relatively lower in level than the surface of the mass. 19. An JUL 2005
‘accel eronmeter according to claim18,- wherein the package conpri ses at IeaspB
one | ead pad used for electrical connection wth the mcrostructure,
“wherein at | east one end of the stopper wire is connected to the | ead pad.
~24 1 1 JUL 2005 20. An accel eroneter according to claim 19, wherein both
ends of the stopper wire is connected to the |ead pads. 21. An

accel eroneter according to claim19, wherein one end of the stopper wire is
connected to the |l ead pad, and the other end is connected to an el ectrode’
pad of the base nenber. 25 '

20. An accelerometer according to claim 19, wherein
both ends of the stopper wire is connected to the lead pads.

21. An aceelerometer according to claim 19, wherein

_ one end of the stopper wire is connectéd to the lead pad, and the other end
15 connected $o an electrode pad of the base member.
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