2 8 DEC 2006 _ *166166* 1 AN ACCELERATI ON SENSOR, AN ACCELERATI OND¥=DECT?06N
APPARATUS, AND A POSI TI ONI NG DEVI CE BACKGROUND OF THE | NVENTION 5 1. Field
of the Inventio t invention relates to detecting angul ar

accel eration (WMWMilnmm]mmlccel eration) and translational acceleration
resulting.from shoc 9, an electronic device. 2. Description of Related
Art 10 M niaturization of electronic conﬁonent s has hel ped drive the rapid
adoption and distribution of notebook conputers and ot her types of

portabl e electronics. This has also increased demand for small, surface-

. : hock | . Lo
s o S BB CRIONGE SO, L B R el
\Rflctalu?lg Fgﬁﬁﬂgﬁﬁaﬁwﬁ%@ﬁgﬁﬁm%’Sﬂéyﬁ%I e? cause the position of the

wite head to shift. This can result in data wite errors and corruption .
or even damage to the head. It is therefore necessary and desirable to

detect sho t4C evice and either interrupt the wite
oger ation ?}%@6&{@@?&*@?@9@2\?@0@0 position. As the recor dlhngd'deESI ty
of magpeti g stor, vices has increased, the track width on the dis
surfa(é%; hagl'al sﬁg@tcﬂqgﬁem\f%%r. This nekes it even easier for the
position of the head _to shift (for the track to shift) at the slightest

vibration. Another prdbi SFFSEOttiR%ENtan, relaies: te Wetertingpaeeulanacesleratiomat i on

rnal,_sources actj.ng on,the netic storage device, small
fromexte rij‘otatslonal acce era{lo and translational acceleration resulting from shock to

an electronic device.
2. Description of Related Art
10 Miniaturization of electronic components has helped drive the
rapid adoption and distri.bution of notebook computers and other types of
portable electronics. This has also increased dem_and for small, surface-
mountable, high performance accelefation (shock) detectors in order to assure
and improve the reliability of these electronic devices. This is because physical
15 shocks to a high density magnetic storage device while writing to the storage
medium can, for example, cause the position of the write head to shift. This can
result in data write errors and corruption or even damage to the head. It is
" therefore necessary and desirable to detect shock to the magnetic storage
device and eithér_ interf_upt the write operation or move the h_ea'd to a safe
20 position.

As the recording density of magnetic storage devices has
increased, the track width on t_he disk surface has also gotten narrower. This
makes it even easier for the position of the head to shift (for the track to shift) at
the slightest vibration. Another problem is that, in addition to impact and

25 vibration from external sources acting on the magnetic storage device, small

*G00002*




*(@00002* 2 8 DEC 2006 2 vibrations fromthe spinning of nmotors insgdsed hse
magnetic storage device can also cause the magnetic head to skip tracks.
Vi brations acting on the magnetic storage device include both _
translational vibration and rotational vibration. For control purposes, it
is 5 therefore necessary to distinguish translational acceleration from
angul ar acceleration (referred to belowas rotational acceleration), and a
sensor capable of detecting translational acceleration and rotational
acceleration is needed. Translational acceleration can be detected using a
accel eration can be

det act ed v EEE s EoR PE RO BAnaR TPy Tor Gk 1A ol e AoraBBeererati on
soveror o AR ABEIOR B0 L S Tt O R o
accel er at  on sensor s (RIS S5Ract dhei HAOBRHC Shwasangovinagniideconthen
the- cent or "BRSBBAE URFRER dit realin ubretie | hF ATHb PO ARSOT S.
char agt or | DITEETS, aRsEE0E d00 1 RG B Arsimb Rl Tagasieraton ofrome amghlarof
rotation, _translational acceleration will be the same at each accel eration
sensor 'and'aFﬁ%eraé'ﬁf’ﬁ[ﬁqe@? fRP8lov T elREoRRI@aceleseation), eodsosenson capatiiense t o
translational 20 acceleration will have the same magnitude. On the other
hand WnenOf&ei%qt'é‘ﬂaifa”%%fé%%r%&qedﬁfab@ré@r&, retationalt pacelsiajioal s feeded he two
acceieratiqp sensor amﬁ”lr F%ffer i n magni tude because the distance from
the axi s of ratalianGhacerlemation Grrcke dletesten usingarsinglefmrics. arRatealémtiah
accel erati ggngc?r.n ro‘ﬁarti(:éfrlglr gcé:)eelegla(?cito(::‘Féaer%]I be detected with the greatest sensitivity
10 using two or more acceleration sensors placed as far from each other and from
the axis of rotation és possible. If two acceleration sensors are placed
equidistanﬂy from -and on opposite si_des of the rotational axis, thé output
signals from the acceleration sensors will be opposite sign but the same
magnitude when rotational acceleration occurs. This will, however, only be true
15 When the center of rotation is centered between the two acceleration sensors.
‘Furthermore, when two acceieration sensors having the same practical
characteristics are located on the same side of relative to the axis of rotation,
translational acceieration will be the same at each acceleration sensor and the
output signals from the accel_eration sensors in resbonse to tfanslational _
20 acceleration will have the same magnitude. On the other hand, when rotational
acceleration occurs, the output signals from the two acceleration sensors will
differ in magnitude because the distance from_the axis of rotation to each
acceleration sensor differs. Rotational acceleration can therefore be detected
by obtaining the difference between the two output signals;

25 A piezoelectric element, which produces a voltage as a result of



by obtaining the difference between the two output signals. 25 A 6
pi ezoel ectric el enment, which produces a voltage as a result of 2s %)ECDFZQ)(;%D
3 deformation of a piezoelectric body in response to strain, can al so be
used as an accel eration sensor as described in Japanese Patent Lai d-open
Publ i cation (kokai) No.10-96742. One piezoelectric elenent used for an
acceleration sensor is flat with a flaB cantilevered portion. Strain
deformation from5 acceleration is picked up as vibration of the cantilever
portion of the piezoelectric body, thus producing a charge that can be
detected t fclet eﬁt ccel er afi on. The problemis that when the accel eration
sensor conSFOI0aHeN 9h 3, PiazoglecyiePedy N resnansertesstrain f ¢an alsodie vsedrasi n t he
characteristics of the 10 individual piezoelectric elenments. Furthernore,
when the atd@CEPEIFUAN S8R ahdeseiRedinetananaser Patent Laiteonen Biblcation at
separate pgpsitions,, t nsitivity of the piezoelectric elenments may be
af f ect ed b&c’kﬁ@r °t1r%8§73§en@”%r%em¢cﬂﬂ©n@§m%rU@darﬁqm @n atestpratanur e
differences resulting fromthe position of the elenents can offset 15 the
sensi ti vi t BT elicHlahi Wlbel2edtat cantilevarad. pontiarhi s Stese  défbfreatiore effoin t he
out put signals fromeach piezoelectric elenment can cause rotational

accel rati%‘PquQfaB@nni'SstFa'RJEﬁqiyUelaéctvélﬂatmenot rtaesicattiienat @ortier eofit then
occurred, and rotational acceleration cannot be accurately recognized. Yet
further, rRggesiggtrichbody.sthusc eramioing@ phargeeltieatt care bel detbtter t@Udwct
housi ng two piezoelectric elenents in the confined space inside a single
package al 8¢reler@tiees the detection signal difference. As a result,
rotational acceleration cannot be detected with high sensitivity: SUMARY
OF THE | NVENTI ON ‘The problem is that when the acceleration sensor consists of

plural piezoelectric elements, differences occur in the characteristics of the
10 individual piezoelectric elements.

Furthermore, when the acceleration sensor has two piézoelectric
elements disposed at separate pos_itions, the sensitivity of the piezoelectric
elements may be affected by where the elements aré positioned. For example,
temperature differences resulting from the position of the elements can offset

15 the sensitivity of each piezoelectric element. In this case differences in the
output signals from each piezoelectric element can cause rotational
acceleration to be mistakenly detected when transiational acceleration occurred, -
and rotational acceleration cannot be accurately recognized. .

| Yet further, reducing the. distance petween'piezoelectric elements

20 by housing two piezoelectric elements in the confined space inside a single
package also reduces the detection signal difference. As a result, rotational
acceleration cannot be detected with high sensitivity.

SUMMARY OF THE INVENTION

With consideration for the problems described above, it is

25 therefore an object of the present invention to provide an acceleration sensor



Wth consideration for the problens described above, it is 25 the?&ﬁﬂ&?g@@
obj ect of the present invention to provide an accel eration sensor 2 8 DE
2006 4 that can be disposed inside a linmted space and can det ect
rotational acceleration with high sensitivity. Specific expressions of the
invention can be found in claims 1, 25, 4 35 and 37. 5 An acceleration
sensor according to the present invention has first piezoelectric el enent

having el egifiodgs har d%?%%f.'&t H&%% a?hl%ﬁé? pé;?é’ééc% Years {ddtb& J6{aRbRE! | ON

and second pl ezoel ectri enent having electrodes for outputting a charge

pr oduced b¥c§élé§ti’8n%ﬁ?ﬁ@§?e‘?ﬁit;ﬁge first piezoelectric elenent has at

| east one prezoelectric y an " support bl ock supporting the 10

pi ezoelectric body. Ehe RRANLNIGHOB FR e R T be Whd L8R 1998 |

pi ezoel ectric body and a suppor € piezoelectrit
The el ect ﬁﬁ%‘?@ﬁe provi ded on opposite surfaces of the piezoelectric
el enent, a ne ‘'surface of the first piezoelectric elenent and one
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el em“ﬁ’bt S aE)Feztog‘Ferc?rEeorbeod%r. ef ?ﬂgblsgcgr% a;')ilegclaeltegtri%a(eperr?er?terh'as at least one
piezoelectric body and a support block supporting the piezoelectric body. The
electrodes are provided on opposite surfaces of the piezoelectric element, and
one surface of the first piezoelectric element and one surface of the second
piezoelectric element are effectively parallel to each other.

15 One surface of the first piezoelectric element and one surface of
the second piezoelectric element are substantially parallel to each other so that'
the vibrating surfaces of the piezoelectric elements are parallel and each
piezoelectric element wili thus vibrate in the same direction in response to
acceleration in a single direction. Yet further preferably, one surface of the first

20 piezoelectric element and one surface of the second piezoelectric element are
in the same plane. The piezoelectric elements normally vibrate perpendicular to
the cantilever surface, and the surfaces of the cantilever portions of the
piezoelectric elements are therefore preferably parallel to each other.

Yet further preferably, the cantilever portion and support block

25 portion of the piezoelectric body in each piezoelectric element are a continuous
monolithic portion, but the support block portioﬁ can be separate from the

cantilever portion.



Yet further preferably, the cantilever portion and support bl ock é% ‘
portion of the piezoelectric body in each piezoelectric elenent ar aDEC 2006
continuous nonolithic portion, but the support block portion can be
separate fromthe cantilever portion. 2 8 DEC 2006 5 This configuration
makes it possible to dispose first and second piezoelectric elenents for
detecting acceleration in the sane direetion in a confined space, and
detect rotational acceleration with high sensitivity due to the distance
bet ween the support bl ocks supporting the piezoelectric body of 5 the
pi ezoel ectric elements. Rotational acceleration can al so be detected
wi t hout being aff ectgﬁ'sbglorgm}ﬁr?tfﬂﬂfﬂ?ﬂ S ‘f&’@%'ﬂe &R isRosenly st god39cNdon.
Furt her prefera§%¥, tgs firs} and second pjezoelectric elements are
cant i | ever BEZORGEIIG Slerees o5 dfteping iaskelerdlianimdha seme girectionl dceric
body surface. and a support -block portjon for supporting the piezoelectric
body. The %®NN&dBPAGRY %&CLQﬁEF%iVE%'@PéE?P‘FQie@“@ﬁeWN% higle senpigbd dwetta the -
| ongi tudi nal axes of the cantilever portion with the support bl ock
portions diN§pestaNGELeMessLtng aerPeritleghsysinrarting the rigrnsieatdc wody@fi ons
along_the | ongitudinal axis, a free end portion of the cantilever of the
firstopi ezt diezqeledriengiamentyy aRotationahdagasieration oan taleo chetdetected of
t he second piezoelectric elenment are pointing to each other. 15 Each free
end port i oWitBpulchgingafieeted by eovearvaental fagtaraidusrtothaiinstatiaionhe i nsi de,.
and the ends of the cantilever portions are substantially nmutually
paral l el . Yet furtheFuphef @rre&gnaga!y, tihe firstrand sgaondeatiezeelectriolatemmantsiarel udes
one piezoelectric body and the second piezoel ectric el enent includes one
pi ezoel ect eartilewrpd, Tiaing aecantidevest perdbar inziudingn aomaim eigrcetenttie dodyc body
of the 20 first piezoelectric elenent and the direction of polarization of
t he pi ezoebidacs andodyprsint blaskiparion foresuppaeting ithe plezvetectrio bodppdbiet e. |t
is noted that the direction

first and second piezoelectric elements are aligned with the longitudinal axes of

the cantilever portion with the support block portions disposed to the outside
mutually distant in opposite directions along the Iongitudinal axis,' a free end
portion of the cantilever of the first piezoelectric element and a free end portion
of the cantilever of the second piezoelectric element are pointing to each other.
15 Each free end portion of cantilever is located in mutual proximity to the inside,

and the ends of the cantilever portions are substantially mutually paraliel.
Yet further preferably, the first piezoelectric element includes one
piezoelectric body and the second piezoelectric elerhent includes one
~ piezoelectric body. The direction of polarization of the piezoelectric body of the
20 first piezoelectric element and the direction of polarization of fhe piezoelecfric
body of the first piezoelectric element are opposite. It is noted that the direction

of polarization may be called as the polarized direction.

Alternatively, the first piezoelectric element includes one
piezoelectric body and the second piezoelectric element includes one

25 piezoelectric body. The direction of polarization (polarized direction) of the



of polarization may be called as the polarized direction. Aternatively,
the first piezoelectric elenent includes one piezoelectric body aRd Phe 2006
second pi ezoelectric elenment includes one 25 piezoelectric body. The
direction of polarization (polarized direction) of the 2 8 DEC 2006 6

pi ezoel ectric body of the first piezoelectric elenment and the direction of
pol ari zation of the piezoelectric body & the second pi ezoel ectric el enent
are the sanme. Alternatively, the first piezoelectric elenment includes a
plurality of 5 |ayers of bonded piezoel ectric bodies and the second

pi ezoel ectri.c_el egent,_ includes lurality of |ayers of bonded
pi ezoel ect Hl%;o%%cgﬁ s?°%£#g%%d€fﬁg p'ﬁ??ﬁ'ﬁ&”ﬁi SR5RSEC @NAC trﬂﬁ)oqﬁ(,fsCt'PB Pbrm
t he piezoel ectric el nts. produces a, stronger output signal. Yet further
pr ef er abl y,pﬁﬁ{gaﬁppe@ﬁ%&nplggo‘ﬁlgpgﬁ bagly 8}1 th sgepnd 1939%)9%9‘8@13 EEMEBt BRI es
form ng th; giezoelectric elenents is the sane in each.of the first and
second pi e20eS80Eic el ements. Alternatively, the directions of -
pol ari zati on of the piezoel@g&rﬁ c . bodjes constituting the first
pi ezoel ectric el ement™ERBRYVRY. dhedisl BisoBlectrisoelgmeniingrdes at plurality of
pi ezoel ectric bodies constituting the second piezoelectric 15 elenent are
mutual?y opp¥st ¥ beRded piezralegifierkadies yand: the secerd iRiezeslegitt Llemeant on of
the piezoelectric bodies constituting the first piezoelectric elenent and
the directi®Fudes 3hpluplity a2 layess of honsiedzpiereeleciric bodiess EbHsthandingg t he
second piezoelectric elenment are the same. 20 Yet further preferably, the
first piezddyr@ttRipeoaieetisnpodigs| taidermat the gieoaleriripi eleoint tprodutesiias and
t he second piezoel ectric el ement includes at
stronger output signal.
Yet further preferably, the direction of polarization of all
10 piezoelectric bodies forming the piezoelectric elements is the same in each of
the first and second piezoelectric elements.

A'Iternatively, the directions of polarization of the piezoelectric
bodies constituting the first piezoelectric element and the directions of
polarization of the piezoelectric bodies constituting the second piezoelectric

15 element are mutually opposite.

Yet further preferably, the direction of polarization of the
piezoelectric bodies constituting the first piezoelectric element and the direction
of polarization of the piezoelectric bodies constituting the second piezoelectric
element are the same. |

20 Yet further preferably, the first piezoelectric element includes at
least two piezoelectric bodies and the second piezoelectric element includes at
least two piezoelectric bodies. The piezoelectric bodies of each piezoelectric
element are bonded with surfaces of the same polarity of polarization.

Therefore, the direction of one piezoelectric body and the direction of another

25 piezoelectric body are opposite.



| east two piezoelectric bodies. The piezoelectric bodies of each

pi ezoel ectric elenent are bonded with surfaces of the sane pol arjg eof 2006
pol ari zation. Therefore, the direction of one piezoelectric body and the
direction of another 25 piezoelectric body are opposite. 2 8 DEC 2006 7
Yet further preferably, the directions of polarization of the

correspondi ng piezoel ectric bodies are nutually opposite in the first and
second piezoelectric elenents. Alternatively, the directions of

pol ari zati on of the corresponding 5 piezoelectric bodies are the sanme in
the first and second piezoelectric elenments. Yet further preferably, in
one piezoel ectric el SfdnfUth Rrefesdlscithec diestiers oof tpedarmatipoelofcthe c

el enent are bonded with an intervening shimtherebetween. Substantially
‘any mat er i &CTERRPNERA RIRFREIRGEA PORESAreZDEiUEY BppOoSsit®inibefirsttand secaret f or
the shim Preferably, however, the shimwll pass vibration due to . ——
accel er at i BW3SIQHEC glem@dBect ri c body. Yet further preferably the shimis -
a silicon substrate. Yet further preferably, the piezoelectric elenment is
formed by bondi ng t Hétepnativaly, pthezdiseasionsi of ipottirizatitry odi the c¢orbespdinging 15 An
adhesi ve layer is thus not fornmed at the interface between the

pi ezodl ect PIRZAgIRAtEE bodiesrateitim sdme in dha ficst|amdasdcondiptezdelectniotlembsras bed by
an adhesive layer, and acceleration can be detected with high sensitivity
due to device stabi Maty.furber f grefaeablyr einer abé y pi¢duelqutée oglenent ctred ement
is formed by 20 bonding a plurality of piezoelectric bodies by direct

bondi ng by PiREPetsCtEe bbdigstof the piexbeteciiie alementsara bdnbydmattyAn ftewesing

shim therebetween.
Substantially any material that can bond with the piezoelectric’

10 body can be used for the shim. Preferably, hoWever, the .shim will pass
vibration due to acceleration to the piezoelectric body. Yet further preferably
the shim is a silicon substrate.

Yet further preferably, the piezoelectric element is formed by
bonding the plural piezoelectric bodies by direct bonding.

15 An adhesive layer is thus not formed at the inten‘éce between the
piezoelectric bodies. Vibration due to écceleration is thus not absorbed by an
adhesive layer, and acceleration can be detected with High sensitivity due to
device stability. |

" Yet further preferébly, the piézoelectric element is formed by

20 bonding a plurality of piezoelectric bodies by direct bonding by way of at least
one of oxygen atoms and hydroxy! groups.

The piezoelectric bodies can thus be strongly bonded to each
other as a result of the oxygen atoms or hydroxyl groups.
Yet further preferably, the acceleration sensor has an output

25 terminal for each electrode of the first and second piezoelectric elements.



The piezoel ectric bodies can thus be strongly bonded to each other as a
result of the oxygen atons or hydroxyl groups. Yet further prefer&@l 9,Ectm
accel eration sensor has an output 25 termnal for each el ectrode of the
first and second piezoelectric elements. 2 8 DEC 2006 8 Yet further
preferably, the acceleration sensor alsg has for each of the first and
second piezoelectric elenents at | east 8ne out put termnal interconnecting
el ectrodes of nutually different generated charge polarity between
different piezoelectric elenents. 5 By connecting an el ectrode of one
charge polarity int | [,St | ezqel ectric elenment to an el ectrode of the
oppogi tg char ge pol aplgf b’r{r}?rtpﬁ%eréglé-cﬁﬁcﬁ%e@%@réé?rﬁ% als@ e for eard of
connecti ng,t he node therebetween as the output termnal, the charges from
the two pi g’fo&r%tcﬁ”fjc S@F@’ﬁén?'@‘z‘a‘?'@c‘r’ﬂ?t §ementsc ghclepst e awiputhderexaalss
charge is obtained as tt]e di f ference between the 10 piezoel ectric el enent

out puts. S CPBNSEYh e clrrqase 0ht Mufualbe (Hikerent genargtesl dhenes ap@erityy t he

pi ezoel ectyic elenents differ according to the distance from the center of
rotation. %ﬁt"‘fe@é’ SHIREaNt RigrPelaaiic elearejs. generated by the piezoel ectric
el ements due to transl ational acceleration are the sane. It is therefore
possi Bl e to detect rByatPwiRstingcar| eleaireds afaceel charge ealarfityeire thoe fits
bet ween the outputs. In other words, interconnecting the piezoelectric
el ement s - BISZABEH|HElEMMYHVED @bt aliestiogdheofdtife oppasite chatde polarpytis. thet i s
therefore not necessary to provide an external differential circuit. Yet
further pr8®eQrebpPiezoglastic elasmetf andecenmectipgntheanede ¢heneetwarn asithg i n
di fferent piezoelectric elenents are connected, and the first and 20
second pi e2u@IUEdeiMinak tberahesgesafrome tep tws piezoatestnc telermentisnale futualign
el ectrode other than said connected el ectrodes.

cancelling, and the excess charge is obtained as the difference between the

10 piezoelectric element outputs. When rotational acceleration occurs the charges
generated by the piezoelectric elements differ according to the distance from
~ the center of rotation. On the o’t_hér hand, the charges g.eherated by the
piezoeléctric elements due to translational acceleration are the same. It is
therefore possible to detect rotational acceleration based on the difference
15 between the outputs. In other words, interconnecting the piezoelectric elements
as described above obtains the difference of the outputs. It is therefore not

~ necessary to provide an external differential circuit.
Yet further preferably, electrodes of the same generated charge
polarity in different piezoelectric elements are connected, and the first and
20 second piezoelectric elements each comprise an output terminal from an

electrode other than said connected electrodes.

In this case electrodes of the same generated charge polarity are
connected in series between the first and second piezoelectric elements,
charges of the same polarity are mutually cancelling, and the difference

25 between the charges generated by the piezoelectric elements is output. Any



In this case el ectrodes of the sane generated charge polarity are

connected in series between the first and second piezoel ectric ep@nm®BC 2006
charges of the sanme polarity are mutually cancelling, and the difference 25
bet ween the charges generated by the piezoelectric elenments is output. Any
2 8 DEC 2006 9 excess charge can thus he obtained as the difference in

pi ezoel ectric elenment output, and rot afi onal accel eration can be detected
fromthis difference. In other words, interconnecting the piezoelectric

el ements as descri bed above obtains the difference of the outputs. It is

t herefore not_ necessary t rovi .an, 5 external differential circuit. Yet
further pr 8?‘8‘?%?059?@%%3’5@1‘% o ng%ﬂe%@ﬁstg? Cﬁﬁ%@”ﬁﬁé”é{'% ggiric gigment put
termnal set for outputting a charge generated at each el ectrode of the
first and QH%ﬁdaBHer%%tloé@?ﬁC&egr%@%g@n Retdatester dromr biediffgrencenelirst
pi ezoel ectric elenent. |s effectively 10 adjusted to the same sensitivity -
as the seCBmf'erV@%EI '8 r??%neé:l%é‘ﬁeﬁle. pfﬁ;gech%rgct elgmenrtscanigncebed| akave ¢ '

el enents of this acagg eratio sensor nornally have substantially the sane
sensiti vi t)?biﬁ)”%ﬁﬁ: ' @f%ﬂqenantbatwtptﬂﬁeiwé|t€%r 9re ratepeRssany doravida s

di nensi ons. However, to further inprove acceleration detection

sensi t vi t $X&RR! ‘ggﬁ@”ﬂ'?\ﬁ'fﬁ}‘”t@f one piezoelectric elenent is 15 preferably
adjusted to effectively the sane sensitivity as the other piezoelectric

el enent. Adjusting piY& dertaer pieferabbndhe acdelgretion sensan alke has @ipeasthed
by, for exanple, renoving portion of the cantilever portion or adding a
sensi ti vi t PheRitadt ienginf $&t for euputting: @ Ichaege genenater arrechkietearode ebrti on
of the cantilever portion of the first 20 piezoelectric elenment is

pr ef er abl y the:fts) @adisecand Pirzoelactiis elemearnds sensor of this invention.

Yet further preferably, the first piezoelectric element is effectively
10 adjusted to the same sensitivity as the second piezoelectric element.

The first and second piezoelectric elements of this acceleration
sensor normally have substantially the same sensitivity by manufacturing both
piezoelectric elements to the same dlimensions. However, to further improve
acceleration detection sensitivity, the sensitivity of one piezoelectric element is

15 pref_erably adjusted to effectively the same sensitivity as the other piezoelectric
element. Adjusting piezoelectric element sensitivity can be accomplished by,
for example, removing portion of the cantilever portion or adding a sensitivity
adjusting maés to the cantilever portion.

'Ther_efore,- é portion of the - cantilever _portioh of the first

20 piezoelectric element is preferably removed in another acceleration sensor of
this invention.

Alternatively, a sensitivity adjusting mass is affixed the cantilever
portion of the first piezoelectric element in another acceleration sensor of this

invention.

25 Yet further preferably, the first piezoelectric element is fixed by the



Alternatively, a sensitivity adjusting mass is affixed the cantilever
portion of the first piezoelectric elenment in another acceleratipg sENIME
of this invention. 25 Yet further preferably, the first piezoelectric
elenment is fixed by the 28 DEC 2006 10 support block portion inside a
package and second piezoelectric elenent is fixed by the support bl ock
portion inside a package so that the caflil ever portion can vibrate
freely. By thus housing the first and second piezoelectric elenents in a 5
package, output can be easily obtained fromthe el ectrodes of the

| ezoel ectric I nts..Yet further preferably, the first and second
Bi ezoel ect F?'Bp%'féﬁ% porgn, | élﬁ]taeHaF@Qj@”ghg%&ﬁ’@?oﬁeﬁﬁlq etereemit isl ever
portion inglined . to the rface, of the package. 10 By thus nounting the
pi ezoel ect f'%‘%d gYé'?FéﬁPBP% ?’rPcﬂﬂrf?é)rE%tnﬂ'fﬁxéupaCkﬁa? ﬁﬁéhagfbet_qwt@yer BE’IOBf t he
package, .the ¢ ntileVﬁr will also vibrate at an incline-to the surface. It -
i s therefoP%”ﬂ@%@?%ﬂ%?Yo detect acceleration parallel to the package-
surface as well as agcel eration perpendicular to the package surface. 15

Yet further preferabPy, thuRdqusing themtirst @rensegans; piezeeleciric eements i aar e
nnuntgd to the package so that the angle of inclination between the
cant i Pever PBeffAd% SstRGas0Pe 238l Rbtainrd figen ther electodes ofitheapiegodliettrier ent .
Yet further preferably, two sets of piezoelectric elenments are nounted in
the packagB/€Mes{irst and second piezoel ectric el ements of the first 20
set nounted with the cantilever portion thereof perpendicular to the
package surface, andYehiirtherqretaigblyetheniirspiapdmsicondrpiezadiectsnteieroéntshe -
second set
are mounted inside the package with the cantilever portion inclined to the
surface of the package.

10 By thus mounting the piezoelectric elements with the cantilever
inclined to the surface of the package, the cantilever Will also vibrate at an
incline to the surface. It is therefore possible to detect acceleration paraliel to
the package surface as well as acceleration perpendicular to the package
surface.

15 Yet further preferably, the first and second piezoelectric elements
are mounted to the package so that the angle of inclination between the
cantilever pOrtions thereof and the package surface is mutually different..

Yet further preferably, two s_éts of piezoelectric elements ére
mounted in the package, the first and second piezoelectric elements of the first

20 set mounted with the cantilever portibn thereof perpendicular to the package
surface, and the first and second piezoelectric elements of the second set
mounted with the cantilever portion parallel to the package surface.

By thus providing two sets of piezoelectric elements mounted with

the cantilever portions thereof respectively parallel and perpendicular to the

25 package surface, acceleration components parallel and perpendicular to the



mounted with the cantilever portion parallel to the package surface. By
thus providing two sets of piezoelectric elements mounted with tbHhepec 2006
cantil ever portions thereof respectively parallel and perpendicular to the
25 package surface, acceleration conponents parallel and perpendicular to
the 2 8 DEC 2006 11 package surface can be separately detected. It wll

al so be obvious that a third set of piéﬂoelectric el enents could be added
to detect acceleration conmponents in a third axial direction. This

i nvention al so provides an accel eration detection apparatus 5 having an

accel eration _sensor _accor dictge(sg to tgﬁ present invention and a signal
processi ng pac?eg?tsuF%Png?8 SeRRyatRlY Setecdedin i will @lsmbe wbvigusAbat adhird ¢
el ements. It is thus ep(t)ssi le to contain both the accel eration sensor and a
semi conductS§t oL PiSFORIER IR eGMmaNth goridbe agdad to Astast arerjeratiopiompaenentsi ngl e
package, therepy shortening the wiring, neaking the accel eration detection
10 appar at Us a&gﬁga}x@idgﬁﬁh‘?n-to noi se, and able to detect acceleration with
high sensitivity. Yet further preferably, the first and second
pi ezoel ectric el ement Qs dpventioprlse edoviges arpacceleratine dstgetion pppeeatiss ng
circuit sane-polarity output signals for acceleration in the sane
di rect? on; NAYNG AR agceHURlYN §6B8QT aecarringutor thelegenteinveniian ehd alisignat ence
bet ween the output signals. Alternatively, the first and second
pi ezoel ect Mrecessing Areuihias precansing eutpubsignalsiftom dhe hezoetpeiic elecwrdsi ng
circuit opposite-polarity output signals for acceleration in the sane
direction; and the silgrﬁai/hhﬁr pessiklertg eontsin bothdibiecasrataratiohsensor ahdtae
out put signals. 20 Yet further preferably, the signal processing circuit
conpri ses #emicenrductor @lement ntearptiaggthearsignat arecessing dircoit irhe dirfgler ence
of the outputs from

package, thereby shortening the wiring, making the acceleration detection

10 apparatus.more resistant to noise, and able to detect acceleration with high
sensitivity.

Yet further preferably, the first and second piezoeléctr_ic elements -
are connected to output to the signal processing circuit same-polarity output
signals for acceleration in the same direction; and the signal processing circuit

15 determines the difference between the output signals.

Alternatively, the first and second piezoelectric eléments are
connected to output to the signal processing circuit opposite-polarity output
signals for acceleration in the same directioh; and the signal processing circuit
determines the sum of the output signals. | |

20 Yet further preferably, the signal processing circuit corhprises a
circuit for detecting angular acceleration from the difference of the outputs from
the first and second piezoelectric elements. |

Rotational acceleration acting on first and second piezoelectric
elements at different distances from the center of rotation will be different.

25 Translational acceleration, however, will be the same. Therefore, by detecting



the first and second piezoelectric elenments. Rotational accelerab%ppEgcﬂmﬂg
on first and second piezoelectric elenents at different distances fromthe
center of rotation will be different. 25 Translational acceleration,
however, will be the sanme. Therefore, by detecting 28 DEC 2006 12 the
difference of the output fromthe two pjezoelectric el enments, output signal
conponents relating to transl ati onal act®l eration will cancel, and the
output signal due to rotational acceleration can be detected. Yet further
preferably, the signal processing circuit adjusts output 5 so that the
nent? is effectivel

senst (11 Ui el P 208 3550 RSERoLeShok el STRILE, |81 selively
| edance COMEHbRRO GRS b (ol ST Ak aLE L el Lpedance (o
Cireai - comHABuB S e GierE el 671 PRGSURTIERi 14 1 or converting out put -
For addi ng ¢ he. conver b dTATEIST8bln 4TS SIGTS! PRCHSINENGrous SAILFAAYPLL he
convert | ng SaTAL IRty Bl HBbanH SAcona PIgFoBRs R ante oneribeand &
differential applifier circuit for detecting and anplifying the converted
out put si g¥8Ma@di fference. Yet further preferably, the acceleration
detection apparatus has a 20 plurality of output termnals for
si mul t aneousl y ext er Nt fyrthritRrgtarably. theesigaabpiocessing winsuit comprisesamever t ed
output aft ?r%pieggr?geaggﬁvgr(t)iggecririhﬁr}’or %ggvérrt]irewg output signal impedance from the
piezoelectric elements, and an amplifier circuit for amplifying the converted

10 output signals.

Yet further preferably, the signal processing circuit comprises two
imp_edance converting circuits for converting output signal impedance from the
piezoelectric elements, and an édding circuit for adding the converted output
signals.

15 Yet further preferably, the signal processing circuit comprises two
impedance converting circuits for converting output signal impedance from the
piezoelectric elements, and a differential amplifier circuit for detecting and
amplifying the converted output signal difference.

Yet further preferably, the acc'eleratio.n detection apparatus has a

20 plurality of output terminals for simultaneously externally oufputting the
amplified output of the converted output after impedance conversion, and the
impedance-converted output signal of at least one piezoelectric element.

Yet further preferably, the first and second piezoelectric elements

are fixed at the support block portion in the package so that the cantilever

25 portions can vibrate freely, and the signal processing circuit is also housed



i npedance-converted output signal of at |east one piezoelectric elenent.
Yet further preferably, the first and second piezoel ectric el enebtBsDE@r2e06
fixed at the support block portion in the package so that the cantil ever
25 portions can vibrate freely, and the signal processing circuit is also
housed 2 8 DEC 2006 13 inside the package. A positioning apparatus
according to the present invention has accel eration detection apparatus
according to the present invention for detecting acceleration, a noving
means for noving an object, and a control 5 neans for controlling the
novi ng neans. .The control neans controls the noving neans to nove and
position tFR§Qﬁjhﬁfa &d on an out put signal from the acceleration
detecti on appar at us orre@ anding to detected accel eration. The object can

therefore be accurat & FOPBNNG GRPAralyeACCerding & the presepbinventiprr Baamdl i es
acceleration to the g?sitioning apparatus. :10 Yet further preferably, the
canti | ever 356RIETIRE Stetedions j3rRaraing aseewhng piebel eresend évemiinosTat t he
accel eration detection apparatus are disposed effectively parallel to a
.means f or 96tR5HHPt FGFFIQTRECHLASBPVING EliesRs et dReNing am@biashdang aappatralt us
according to the present invention has an accel eration detection apparatus’
for detect MRANSCEY| ePRif9lng the me¥dgdMagnso tThe goatrehmeansenontosls. thehead
nmovi ng neans for noving a head for recording to and reading fromthe disk,-
and a cont FAVINEEIRANEAIP BEYE @HPI Rasifiarhihe oliaet hasedchgn raranigtputTbignaiofiomol
means cal cul ates novenent of the head based on an output signal fromthe
accel er at i ¢ ae¢aleration deterstion apparaisisrepsiaspandigatto detected adcalecatioer at i on,
and noves and positions the head by 20 neans of the head noving neans. The
head can therefore béhgciecttieantheoefvte baagceratelyi fositianadnalen if external
interference applies acceleration to the positioning apparatus.

10 - Yet further preferably, the cantilever portions of the first and
second piezoelectric elements of the acceleration detection apparatus are
disposéd effectively parallel to a means for supporting the object.

A disk recording and reading apparatus according to the present
invention has an acceleration detection apparatus for detecting acceleration

15 according to the present invention, a head moving means for moving a head for
recording to and reading from the disk, and a control means for controliing the
head moving means. The control means calculates movement of the head
based on an output signal from the acceleration detection apparatus
'correspo'nding to detected acceleration, and moves and positions the he_ad by

20 means of the head moving means.

The head can therefore be accurately positioned even if external
interference applies acceleration to the disk drive. As a result, the durability of
the disk recording/reading mechanism can be improved, and a high density
recording/reading apparatus can be achieved.

25 Yet further preferably, the cantilever portion of the first and second



interference applies acceleration to the disk drive. As a result, the
durability of the disk recording/readi ng mechani sm can be i nprowegl ,DEgnghs
hi gh density recording/readi ng apparatus can be achi eved. 25 Yet further
preferably, the cantilever portion of the first and second 2 8 DEC 2006 14
pi ezoel ectric elenents of the accel eration detection apparatus are di sposed
effectively parallel to an arm supportil® the head. O her objects and
attainments together with a fuller understanding of the invention wll
beconme apparent and appreciated by referring to the 5 follow ng
description, and cl ai m? taken in conjunction wth the acconpanying

drawi ngs. BISZPEISSHECRIBTEEN o theacoramtions defegtionsapgaratiisoré glispadesy of
an accel eration sensor according to a first enbodi ment of the inventi on;
10 Fig. 1 Bffestivelypparaliel yararmiseppamivg thedeagA is a section view showi ng
the hydrophilically processed surfaces placed in proximty for bonding by
di rect bonding in th®therebjecisrastiatiainments tdgetherwith aduljerRingergBndnga :
section view showi ng bonding at the interface as a 15 result of direct
bondi ng by Chytae dguantiThasll Feepme @rparentsaoti appreciated Hywirefgriran db nineby
direct bonding at the interface by way of oxygen atons; Fig. 3 describes
the phinci fAlewing desatiptioralandcdeines takemnirdebeinction with tige tdeeompal@igat i on
sensor of the first enbodiment; 20 Fig. 4 is an oblique view of an
accel er at i grewiegsor according to a second enbodi nent of the invention;
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is an oblique view of an acceleration sensor according to a
first embodiment of the invention;

10 Fig. 1B is a plan view of the same:

Fig. 2A is a section view showing the hydrophilically processed
surfaces placed in proximity for bonding by direct bonding in the first
embodiment of the invention;

Fig. 2B is a section view showing bonding at the interface as a

15 result of direct bonding by hydrogen bonds;
Fig. 2C is a section view showing bonding by direct bonding'at the

interface by way of oxygen atoms;

Fig. 3 describes the principlé of rotational acceleration detection
using the acceleration sensor of the first embodiment; |

20 Fig. 4 is an oblique view of an acceleration sensor according to a

second embodiment of the invention:

Fig. 5 is a block diagram of acceleration detection using an
acceleration sensor according to a second embodiment of the invention;

Fig. 6 is a circuit diagram of acceleration ‘detection using an

25 acceleration sensor according to a second embodiment of the invention;



Fig. 5 is a block diagramof acceleration detection using an accel eé[:ati on
sensor according to a second enbodi nent of the invention; Fig. 6 78 QEC 2086
circuit diagram of acceleration detection using an 25 acceleration sensor
according to a second enbodi ment of the invention; 28 DEC 2006 15 Fig. 7
is an alternative bl ock diagram of accel eration detection wusing an

accel eration sensor according to a secoh8 enbodi nent of the invention;

Fig. 8 is a circuit diagramof acceleration detection equivalent to 5 the
bl ock diagramin Fig. 7; Fig. 9 is an oblique view of an accel eration
sensor according to a. third enbodi ment of the invention; Fig. 10 is a

bl ock di agram of an }d%eye'lsa@’i‘ ctereativer binskagiparate wf acastenatipngdetectiorf our t h
enbodi nent of the invention; 10 Fig. 11 is a circuit diagramof an '
accel er at i 315Nt 1ASRISAPIRN Fansor sRerdingg te 03 assaamdt lenerstiatient f e t he
invention; Fig.. 12A is a plan view of other arrangerment of an acceleration
sensor shoWtYf'tAe cantil evers pointing in the same direction according to
the present invention; 15 Fig. 12B is a plan view of other arrangenent of
an accel eration senddd 8hi®wi eitFuithdiagrap oft addeterktiom detectionded@valbnt te

pi ezoel ectric elements; Fig. 12Cis a plan view of other arrangenent of an
accel €t at i de blagkdliagmeowimigiga7support bl ock at both ends of the deflection
menber of the piezoelectric elenments; 20 - Fig. 13A is an oblique view of
an accel eration sensdng.a@ ¢oadiobfjque view fof Bhhacebodiiorsensdr Adwriingaotd on;

third embodiment of the invention:;

Fig. 10 is a block diagram of an acceleration detection apparatus
according to a fourth embodiment of the invention;

10 Fig. 11 is a circuit diagram of an acceleration detection apparatus
according to a fourth embodiment of the invention:

Fig. 12A is a plan view_ of other arrangement of an acceleration
sensor showing the cantilevere pointing in the same direction according to the
present invention;

15 Fig. 12B is a plén view of other arrangement of an acceleration
sensor showing the support block in the middle of the piezoelectric elements;
| Fig. 12C is a plan view of other arrangement of an acceleration
sensor showing a support block at both ends of the deflection member of the
: piezoelectric elements;
20 : Fig. 13A is an oblique view of an acceleration sensor according to
| a fifth embodiment of the invention;
Fig. 13B is a plan view of the same;
Fig. 14 is an oblique view of an acceleration sensor according to a

sixth embodiment of the invention:

25 Fig. 15 is a block diagram of acceleration detection using an



Fig. 13Bis a plan view of the same; Fig. 14 is an oblique view of2§1 MEC 006
accel eration sensor according to a sixth enbodi nent of the invention; !—?3
Fig. 15 is a block diagram of accel eration detection using an 28 DEC 2006
16 accel eration sensor according to a sixth enbodi nrent of the invention;
Fig. 16 is a circuit diagramof an accel eration detection apparatus
according to a sixth enbodi nent of the ||§vent|on Fig. 17 is a block

di agram of accel eration detection using an 5 accel eration sensor accor di ng
to a seventh enbodi ment of the invention; Fig. 18 is a circuit diagram of
an accel er on L on appar. at t o, a seventh enbodi nent of

t he mvenu%lf?elef—rgggg%nf’%r% gq'@ﬁltl? aoﬁ"géreé&?%ﬁmgﬁ t gtthe iBvertidh det ecti on
apparatus accordi ng'r_. gl sevent h. enbodi mePt of the invention; 10 Fig. 20
is a bl ock di agram of 'GndPHER HGH YR AT aRESER %ﬁt'OW@?W&HoﬂﬁpﬁéraéHs |
accel eration sensor._acco deomg cﬁo a, sevent h enbodi ment of the invention;
Fig. 21is % cordipg;te acﬁ"éi‘b %) mé':'ﬁ‘BP e R¥eRiAY at i on detection met hod

usi ng an accel erati o sen ? g to a seventh enbodi nent of the 15
invention; Fig. 22 is 9n1 bl's? q‘hg% gfamnoh@ceeleratiano detrationt vgAg an
appara% acc * to an eighth enbodi nent of the invention; Fig. 23 is a
ci rcui ra 107} §eRRYAGPERING A0 ée?teé@f‘ﬂbﬁmﬁﬁém%l’ttlﬁth%%/@ﬂﬁpﬂg to a

ni nt h errbodl ment of the invention; 20 Fig. 24 is a block diagram of an
accel erati on' det ect i dn9appds ét%"é:u'téﬁé%ﬁa@ Rbap @cgelesalian datestiomappacdtus he

i nventi on; .
according to a seventh embodiment of the invention:-

Fig. 19 is a circuit diagram of an acceleration detection apparatus
according to a seventh embodiment of the invention;

10 Fig. 20 is a block diagram of another acceleration detection
method using an acceleration sensor according to a seventh embodiment of the
invention:;

Fig. 21 is a circuit diagram of another acceleration detection
method using an acceleration sensor according to a seventh embodiment of the

15 invention:

Fig. 22 is an oblique view of an acceleration detection apparatus
according to an eighth embodiment of the inventibn;

Fig. 23 is a circuit diagram of an acceleration detection apparatus
according to a ninth embodiment of the invention:;

20 Fig. 24 is a block diagram of an acceleration detection apparatus
according to a tenth embodiment of the invention;

Fig. 25 is a circuit diagram of an acceleration detection apparatus
according to a tenth embodirhent of the invention;
Fig. 26A is a plan view of other arrangement of an acceleration

25 sensor showing the cantilevers pointing in the same direction according to the



Fig. 25 is a circuit diagram of an accel eration detection apparag?g
according to a tenth enbodi nent of the invention; Fig. 26A is a pl PEGi Ep

of other arrangenent of an acceleration 25 sensor showi ng the cantil evers
pointing in the sane direction according to the 2 8 DEC 2006 17 present
invention; Fig. 26B is a plan view of ot?er arrangenment of an accel eration
sensor shomﬁng the support block in the fri ddl e of the pi ezoel ectric
elenments; Fig. 26Cis a plan view of other arrangenent of an acceleration
5 sensor showi ng a support block at both ends of the deflection nmenber of

the piezo nts; Fig. 27 is a plan view of an acceleration
sensor accg)lrgc}%ﬁt Irfvtje%zlgﬁﬁellth enbodi nent of the invention; Fig. 28 is a

i f det ect. 10 a cel erati on sensor
ncoording o an 15t G LA PR RS PhalRr ATEngEnET S b SCTBER ow of
' o di a, 12th, e d| ment of the invention;
B0 50 o SRhaR SROTEG 157 SOhSal BioeR e iy ?%E%Pa'ieﬁg'ot%e@en&?t h
nbodi t of th t X 31 js a bl ock diagram of accel eration
Set gclt {ng ugi ng Snl nfﬁe#é&é? |aoﬂla§gYi§Wr°a@'&‘@F(ﬂrFﬁj"QemeJ‘qlcﬁt@F arerlarationt of
t he invention n view of an acceler at| on sensor. according

{0 a Slaths s%%rdf»fﬁ%moq Spfiebit Hiesk fhotheerds 88 fra cafiggtnn Greavbestorhe

accel eration _se according to a 20 15th enbodi ment of the invention;
Fig. 34 isP¥f4e %I?'&B"feéﬁ?’of accel eration detection using an

Fig. 27 is a plan view of an acceleration sensor according to an
11th embodiment of the invention;
Fig. 28 is a block diagram of acceleration detection using an
10 acceleration sensor according to an 11th embodiment of the invention:

Fig. 29 is a plan view of an acceleration sensor according to a

12th embodiment of the invention:

Fig. 30 is a plan view of an acceleration sensor- according to a
13th embodiment of the invention;
15 ‘Fig. 31 is a block diagram of acceleration' detection using an
o acceleration sensor according to a 13th embodiment of the invention:
Fig. 32 is a plan view of an acceleration sensor according toa
14th embodiment of the invention;
Fig. 33 is a plan view of' an acceleration sensor according to a -
20 15th embodiment of the invention:
Fig. 34 is a block diagram of acceleration detection using an
acceleration sensor according to a 15th embodiment of the invention:
Fig. 35 is a plan view of an acceleration sensor according to a

16th embodiment of the invention:

25 Fig. 36 is a plan view of an acceleration sensor according to a



accel eration sensor according to a 15th embodi ment of the invention, Fig.
35 is a plan view of an acceleration sensor according to a 16t h2 &nBddi2eegnt
of the invention; 25 Fig. 36 is a plan view of an accel erati on sensor _
according to a 28 DEC 2006 18 17th embodi nent of the invention; Fig. 37 is
a bl ock di agram of accel eration detectH3£ using an .acceleration sensor
according to a 17th enbodi ment of the invention; Fig. 38 is a plan view of
an accel eration sensor according to a 5 18th enbodi ment of the invention;
Fig. 39 is an expl oded oblique view of an accel eration sensor according to

a 19th enbeginnEnbogindii%r HVeh80n: Fig. 40Ais an oblique view of an

accel erati on sensor accor'cqi ng to d 20th enbodi nent of the invention; 10

900 | 2 51 de VRS A1 AR an MAGINES e Sethe
polar 2t | g0 B0 ST M Belbioa Bl L8R Sl BB o ESEsusY =L ool 1o
L 41,5 shows =1 ded ogp o1, ALhe pogenEals il Ll peecsl el on
el 8 b B 0 Wi Lo i, et o other
Do R 20t S o LTSRS o585 (e

according to a 19th embodiment of the invention:
Fig. 40A is an oblique view of an acceleration sensor according to
a 20th embodiment of the invention;
10 Fig. 40B is a side view of the same;

Fig. 41A shows side views of other arrangements of the

acceleration sensor showing' the direction_s of polarization the same with the
incline of the cantilevers symmetrical to the vertical plane according to the 20th
embodiment of the invention;

15 Fig. 41B shows side views of other arrangements of the
acceleration sensor showing opposite directions of polarization with the
cantilevers inclined in the same direction;

Fig. 41C shows side views of other arrangements of the
‘acceleration sensor showing opposite directions of polarization with the incline

20 of the cantilevers symmetrical to the vertical plane;

Fig. 42A shows methods for adjusting the sensitivity of the
piezoelectric ‘elements of the acceleration sensor in a 21st embodiment of the
invention;

Fig. 42B shows other methods for adjusting the sensitivity of the

25 piezoelectric elements of the acceleration sensor in a 21st embodiment of the



pi ezoel ectric 'elenents of the acceleration sensor in a 21st enbodi nent of
the invention; Fig. 42B shows ot her nethods for adjusting the fgng%ﬁiﬁﬁbty
of the 25 piezoelectric elenments of the accel eration sensor in St
enbodi nent of the 2 8 DEC 2006 19 invention; and Fig. 43A shows the
configuration of a disk recording and reading apparatus according to a
22nd enbodi nent of the invention; and Fﬂ@. 43B shows a control bl ock
diagramfor the sanme. 5 DESCRIPTI ON OF THE PREFERRED EMBCDI MENTS Pref erred
enbodi ments of the present invention are described below wth reference to

t he acconpapyi figures. Enbodinent 1 Fig. 1A is an oblique view of an
accel erati dﬂy%rﬁﬁ)go?ggccordi ng to 10 this first enbodi nent of the

i nvention, and Fig. é:.B igAa | an view of the same. As shown in Fidg. 1, an
accel eration sensor dc8ofth rfépoﬁ"’& e configyerlianedt @ dgniRgosdiagtans reading |
pi ezoel ectric el errentsql and él?r Each piezoel ectric elenent has a - -
cant i | ever @PPE PHEATCAINY {thP cRNdenkegiment af thedpremicmaand! ever i s
supported by a suppo,;.t %%)@CE 3. Each bi norph cantil ever conprises two
bonded 15 pi ezoel ect r'i'@: SESWRAGHYr plnskidiegr@m ecthesemst pol ari zat i on.
An electro 21 a 21 b is forned on the two opposite sides of
the cahtil i&ﬁi&'%@ﬁ gﬁ)ﬂé‘%@R@fﬁR%E@IW@QDlM@%ﬁSZ. ‘Because of the step
bet ween the cantilever and support block 3, the electrodes 11 b and 21 b
on the same side as tiHeMRhEMPodinesle 9f dhe preseartd invemtionuanss dgstribeadche
step face so that there is electrical 20 conductivity between the

cantil ever Hippsiereprs ik tre aquampanying baeesila and 21a on the side

opposite the support block 3 are forned over the entire
Embodiment 1 _

Fig. 1A is an oblique view of an acceleration sensor according to
10 this first embodiment of the invention, and Fig. 1B is a plan view of the same.
As shown in Fig. 1, an acceleration sensor according to this -embodiment
comprises two piezoelectric elements 1 and 2 Each piezoelébtric element has
a cantilevered structure in which one end of a bimorbh cantilever is suppoﬁed
by a support block 3. Each bimorph cantilever comprises two bonded
15 piezoelectric bodies having opposite directions of polarization. An electrode
11a, 11b, 21a, 21b is formed on the two opposite sides of the cantilever of each
piezoelectric element 1 and 2. Because of thé step between the‘cantilever and
support block 3, the electrodes 11b and 21b on the same side as the support
block 3 are formed continuously to the step face .so that there is electrical
20 conductivity between the cantilever and support block 3. The electrodes 11a
and 21a on the side opposite the support biock 3 are formed over the entire
surface.
As a result of the bimorph cantilever structure bonding two
piezoelectric bodies 4 as described above, the piezoelectric bodies 4 of these

25 piezoelectric elements 1 and 2 produce a potential difference as a result of the



surface. As a result of the binorph cantilever structure bonding?tje@q)C 6
pi ezoel ectric bodies 4 as descri bed above, the piezoelectric bodi 5 ogm
these 25 piezoelectric elements 1 and 2 produce a potential difference as
aresult of the 2 8 DEC 2006 20 flexible vibration of the cantil ever
portion induced by acceleration transmited to the cantilever fromthe
support block 3. This potenti al di ffereAfe can then be extracted fromthe
electrodes 11 a, 11 b, 21 a, 21 b on the opposing sides of the cantilever.
A construction having one or a plurality of bonded piezoelectric body 5

| ayers wit el - i sposed to each.side gs described above.is
referred tg I%?éﬁ}é@&ggﬁ &Ieeg%’itﬁ%%%rr%ﬂ%m H?dé’rﬁed Yraecqle@iign tensmitedtenent s
1 and 2 of e I i on sensor, .10 hopyn in Fig. 1 are disposed so that
they have -othg c@%ﬁe&g‘f&%&?% ISEPpg'itoé[?dé?ld rROtepiERl; qifferency ceh theatbene
side of each.cantjlever is on the sa | ape. _The 10 pi ezoelectric elenents
1 and 2 aré ’?i???%det'g% Ehﬁn%'ﬁc{gﬂd?? 1d8on1breiaaib ondhgianpgsing sides of #a h t he
free ends of gre caﬂtileyerﬁ iB groxini%y at the inside and the support
bl ock 3 end@Or*VEhe "GPP BaUNGNGSr 2 Bluraliy Qlibonded ipiezoelaotiig bgdy
opposite d”rectio&i as shognﬁin Fig.. 1. Piezoelectric element 1 and
pi ezoel ect rP¥ESIEHERT SlechPdeilisroses togaaheside s rleseribed above ixciefercepid se
t wo piezoele?tric bpdies 4 with nmutually opposite directions of
pol ari zat i I AH@Sth P LZARCYEF £I8M§NtS| des of the two piezoel ectric bodies 4
bonded together. In dition, the polarization direction of corresponding
pi ezoel ectric bodies PigzPelgciric elepssits 4 and BiefAbel asceleratioresemsont10L and
pi ezoel ectri.c elegﬁnt 2. In other words, the polarity of the 20 bondi ng
surfaces | EMEBeTIEc rare Usranast sa thad they beve onehmupudliyrpargliefsidéeand
bondi ng surfaces in piezoelectric elenent 2. The pol ari zation directions of
t he more specifically so that one side of each cantilever is on the same plane. The
10 piezoelectric elements 1 and 2 are further aligned in line on the same
longitudinal axis with the free ends of the cantilevers in proximity at the inside
and the support block 3 ends of the cantilevers disposed to the outside in
mutually opposite directions as shown in Fig. 1.
Piezoelectric element 1 and piezoelectric element 2 of this
15 acceleration sensor 10 each comprise two piezoelectric bodies 4 with mutually
opposite directions of polarization and the same-polarity sides of the two
piezoelectric bodies 4 bonded together. In addition, the polarization direction of
corresponding 'piezoelectric bodies are mutually opposite in piezoelectric
element 1 and piezoelectric element 2. In other WOrds, the polarity of the
20 bonding surfaces in piezoelectric element 1 is opposite the polarity of the
bonding surfaces in piezoelectric element 2. The polarization directions of the
piezoelectric bodies are shown in Fig. 1B where the arrows point from the
positive polarity side to the negative polarity side. The arrows thus start from
the positive polafity side and point to the negative polarity side. The two

25 piezoelectric bodies in piezoelectric element 1 are thus bonded together with



pi ezoel ectric bodies are shown in Fig. 1 B where the arrows point fromthe
positive polarity side to the negative polarity side. The arrows?2 8hDEC 9008r t
from the positive polarity side and point to the negative polarity side.
The two 25 piezoelectric bodies in piezoelectric element 1 are thus bonded
together with 2 8 DEC 2006 21 the negajive polarity sides thereof facing
each other, and the two piezoelectric ddi es in piezoelectric elenment 2
are bonded together with the positive polarity sides thereof facing each
ot her. The resonance frequency of a piezoelectric elenment is generally 5

det 1 ned | : J of th jezoel ectric el enent. . The

senat 11 vi ty S egetrE BRI ftes WRIRTTRcRg s BLRE S e b BisBplestri ne

B czoel oot Moo HBRPSaSHIE SPRRNT 2 Be tetshibe e i b pratvopoletee
is.high h th d f ange. In this first 10

enbod nent 1% PENRRDR SHEMEAS: cooel cotri o ol ement s 100 o hick and 2

nmlong with a resonance frequen of 20 I}Hz. .The piezoelectric elenent is
di FRIRECRS 1 SBSErE T 14 PIRRIARirG Slpsrareris aaneraly

g?ggobye(???' I ngofj;/vo i nept t]i S %mggi ment ar:a | it hium ni o%egfe (Li Nb3B), a

pi ezo«?’l ect Aeierg?'ﬂﬁ‘sz’ycri%t gnath; 8na thicknsas «#f Ffﬁmﬁ’!%?@@lﬁqtrﬂfg elefeent. The

pi ezoel ectric el manfts used in this acceleration sensor is described next.

First, two STV i GhRE2IFIECHEI Blaiont lpdPesswah teorpaImiCio i

bonded by di t bondi ng. The bondi ng surfaces are polished to a uniform

m'oprgr sﬁrfa:'?regl%&%ﬂqrhgapﬁﬂ?@nﬁsr B¢ TRSRPAREE preruansy, anfl tthe sharacsthe e

t hen 20 washed eEé)jar_em)ve any foreign nmatter and contam nants. The two

pi ezoel ect AIRZO8RANIeselgment heah HDeredee Ibec sefsrminest e doataihte yespaarce

ivated, dried, and then o
activa frequency Is higher than the measured frequency range. In this first

10 embodiment of the invention the piezoelectric element is 100 pm thick and 2
mm long with a resonance frequency of 20 kHz. The piezoelectric element is
made by bonding two 50 pm thick piezoelectric bodies together.  The
piezoelectric bodies in this embodiment are lithium niobate (LiNbO,), -.a
piezoelectric single crystal.

15 A method of manufacturing the piezoelectric elements used in this
acceleration sensor is described next.

| First, two lithium niobate piezoelectric bodies each 400 um thick
are bonded by direct bonding. The bonding surfaces are polished to a uniform
mirror surface during this direct bonding process, and the surfaces are then

20 washed to remove any fo.reign matter and contaminants. The two piezoelectric
bodies are then hydrophilically processed and surface activated, dried, and then
placed together.

The principle whereby base layer and piezoelectric layer are

bonded by direct bonding is described next with reference to Fig. 2. Fig. 2

25 shows the interfacial states of the piezoelectric layers at each step of the direct



pl aced together. The principle whereby base | ayer and piezoel ectric |ayer
are bonded by direct bonding is described next with reference tQ giDgC 206
Fig. 2 25 shows the interfacial states of the piezoelectric |ayers at each
step of the direct 2 6 DEC 2006 22 bonding operation in the nmethod for
manuf acturing piezoelectric elements used in an acceleration sensor
according to this first enbodi nent of tH8 invention. L1, L2, and L3 in
Fig. 2 indicate the distance between the piezoelectric |ayers. As noted
above, both sides of the lithiumniobate (Li NoO3) substrates 1 a and 1 b, 5
t he pi ezoelbectdri c | ayers., ge first_ mrror_polished. The |lithium niobate
subst r at es PO KRR AR &G H@ﬁh‘%@mfdﬁﬁwﬁae&m@ Ripgeiesteig demeAtshisRA wi t h
a solution.of anmmpni hydr ogen peroxide, and water in a 1:1:6 vol une
ratio. As é%@ﬂn?q@é})erﬁ@ ?é’lx%or%?é%%mg t s trst eppogineenicdfdbeinventionerd, | a
and I'b washed with this _solution are terninated by a hydroxyl group (-OH),
and are t hi RRG-3 YOT 1%, & BFicate the qistangesbetmees: thepierdaleetribdayiirag AsThen,
as shown in Fig. 2B, the two hydrophilically processed piezoelectric
| ayers (Li r{?@é%? apoyegheth $jdas oF Hiedibiim gyebaer (LiNbOpasuhstates dRaandz abi on
axes ge oriented in oploosi te directions, and bonded (L1 > L2). This
causes® dehytf RISZ98!echife avesu|are first mires eolisked.i Ihe dithium(nipbbieaubstratesd 15
pi ezoel ectric layer (LiNoG3) |b being pulled together by the attraction of
hydroxyl gr'i@ugnfol 5 e ithan; fsirepfiilicaiir prpsassediflyi washiBgnditnge aoiuionesiul t of -
t hus surface processing the mrror polished surfaces, then placing these
surfaces i R¥HADE:NydERgen PeoKisle, Boddvatgrtih@ het@dokind sates Wiststown irsi ng a
| ayer of adhesive, for exanple, at the bonding interface is called bonding
by 20 "di Fégt 2ol syrfaces chdbe nicknsiectrcilayerst 1asad 1in astdichgithythidi r ect
bondi ng, there

solution are terminated by a hydroxyl group (-OH), and are thus made

10 hydrophilic. This is the state before bonding.
Then, as shown in Fig. 2B, the two hydrophilically processed
_piezoelectric layers (LiINDO,) 1a and 1b are placed toget'her so that: the
polarization axes are oriented in opposite directions, and bonded (L1 > L2).
This causes dehydration, and results in piezoelectric layer (LINbO,) 1a and
15 piezoelectric layer (LINDO,) 1b being pulled together by the attraction of
hydroxy! group polymerization and hydrogen coupling. Bonding as a result of
thus surface processing the mirror polished surfaces, then placing these
surfaces in contact, and thereby bonding the mated surfaces without using a
layer of adhesive, for-_exa'mple, at the bonding interface is célled bonding by
20 "direct bonding."

Because adhesive is not Qsed in bonding by direct bonding, there
is no adhesive layer at the bonding interface. An adhesive layer is known to
absorb vibrations and thus lower sensitivity, cause variations, and degrade
temperature characteristics. Bonding by direct bonding, however, has no

- 25 vibration absorption at the bonding interface, and can thus provide a bond free



is no adhesive |ayer at the bonding interface. An adhesive layer is known
to absorb vibrations and thus |ower sensitivity, cause varlatlonszaqmg;zmm
degrade tenperature characteristics. Bonding by direct bonding, however,
has no 25 vi bration absorption at the bonding interface, and can thus
provide a bond free 2 8 DEC 2006 23 of_gsuch variations and degraded
tenperature characteristics. Heat treatfent will also generally change an
i nternol ecul ar force bond to a strong bond such as a coval ent bond, ion
bond, or other atom c |evel bond. The piezoelectric |layers (LiNoG3) Ia and

at 450 degPbebeh I iayPaR A, Bl her g s Englicso cHeph ieagraduc s a
(0 hoo) 100 23 REehnEnaBRta biGoShToF (dte BoBei o1 Sape ore sests) 1 b
Tb"ar et 8 ONVAE . Tt B e Bt 1l b3 bondi ng. at ¢ he. atom ¢
bondi ng i nt erf ace can "BePREAPEFHE TYETSHbINRO e hcic TBhRoneed dovirest bond
Const  uon PR SR BBkt Fajelrs o tbeis 5 45 soompeceigirocy
2 and. 15 ZSLIBUR nGS STPBRGTy By 20 1B PIGHERNG evalers lamshbemesneie | T
Fesi stant COMRUKETC RIOS Bf BiSEREIRC A RYE (BINBLbda and e spbatuepioatoms! 1 0
note that when heat treatnment is used, the tenperature should not exceed
the Curie PbiPiRZoslegric jayer (hiNRQupdr By way &f thehpxygerpetarne (Io2 ezbd), engr i ¢

body | oses pol arization. The Curie point of |ithiumniobate (LiNo0G3) is
1210 degr edide BigFoplgCHifclayesc bai8ad tlibearerthra bosded eves mdrel sttdmnglnby direct

10 bonding at the atomic level. That is, a bond that does not have a layer of
- adhesive at the bonding interface can be achieved. It should be noted that a
covalent bond between the constituent atoms of piezoelectric Iay_er (LiNbO,) 1a
and the constituent atoms of piezoelectric layer (LiNbO;) 1b by way of hydroxyl
groups can also be achieved, again resulting in the piezoelectric layers 1a and
15 1b bonding strongly by direct bonding at the atqmic level.

It should be noted that if the piezoelectric layers are not

particularly resistant to heat, heat treatment can be omitted. |
It is also important to note that when heat treatment is used, the
temperature should not exceed the Curie point, that is, the temperature at which
20 the piezoelectric body loses polérization. The Curie point of lithium niobaté
(LINbO;) is 1210 degrees centigrade. Because the characteristics of lithium
niobate degrade when the temperature hysteresis approaches this temperature,
heat treatment is preferably limited to a temperature rangé below the curie point

s0 as to assure bonding by strong direct bonding. |

25 The entire surface of one of the two bonded lithium niobate layers



ni obate degrade when the tenperature hysteresis. appr oaches this

tenperature, heat treatnent is preferably limted to a terrpera%ér%fcré%e
bel ow the curie point so as to assure bonding by strong direct bonding. 25
The entire surface of one of the two bonded lithiumniobate |ayers 2 8 DEC
2006 24 is then polished by surface grizﬂdi ng-to a thickness of 50 pm The
other layer is also ground to a 50 pm4'hi ckness except in the part where

t he support block is formed. The thickness of the cantilever portion of

t he pi ezoelectric elenent thus beconmes 100 pm and the t hi ckness of the

Then a 200 B nplePRa ST ST a8 B gl 3@15%% A ﬁﬁ?hﬁb?r s o
Si e bocaudlsd BB 861 Rt pRiord v ok Bifonierey e SuelpBaneChisock on
cupport b SoRed R e P SRR B NS BB GBI on
ol cot i?EaT C%ﬂﬁ%%“f@i“ypi 58 B8 Aiisee 6 FRcaRbosh Dokl KD PBsemesiitace

and t ort A dici saw i s then used to cut 0.5 mmw de strips
par al %l t ('li)B i PR ofgc%rgm@faq% eRFhEHY BVb %‘@Vﬁbﬁf gateds framci pl e
wher eby r ot t| onal ~acceleration is detected using 5 accel eration
Sensor - co PQFH AP IS SHHRce IR frm sh%@&ﬁt@dﬁg‘ t'6 fiatialectrader i red
enbodi nent g‘P crjbed next vvith reference to Fig. 3. Referring to Fig. 3,
pi ezoel ect rti ‘és PB ANe, stebacaUSethg: Bdfach ist gl OUt the Presanveeef e

rotation 0. The piezoelectric elenments 1 and 2 are disposed with the
support bl G&RROF tt'%i‘t Oséii%@tieﬁf&M%P&dL@ﬁS@ﬁsp@eéwean dhe gaetilgeensyrfacghen
rotational acceleration of d2 0 /dt2 occurs, acceleration al 6 and a2 O is
appl i ed i n aKethgi suRRArORIockngERR Blactroge iivas rase Hapositednsing Bemetahtreaskof

10 on the step face between the support block and the cantilever to assure
electrical conductivity between the electrodes on the cantilever surface and the
support block. A dicing saw is then used to cut 0.5 mm wide strips parallel to
the longitudinal axis of the cantilever portion.

The principle whereby rotational acceleration is detected using an

15 acceleration sensor comprisii'ig two piezoelectric elements according to this
preferred embodimént is described next with reference to Fig. 3.

Referring to Fig. 3, piezoelectric elements 1 and 2 are located
distance r from center of rotation O. The piezoelectric elements 1 and 2 are
disposed with the support blocks 3 that sense acceleration separated distance

20 6 r. When rotational acceieiation of d” 6 /dt’ occurs, acceleration a1 6 and a2
6 is applied in the direction tangential to the rotation. When the center of
rotation does not vary, a1 6 is proportional to rd® 6 /dt?, and a2 6 is proportional
to (r+ & r)d? 6 /dt>. Because each piezoelectric element outputs a potential
difference proportional to the amount of acceleration, output voltage difference

25 V2-V1 of the two piezoelectric elements 1 and 2 having the same proportional



rotation does not vary, al O is proportional to rd2 6 /dt2, and %398 iﬁ
proportional to (r+ 6 r)d2 0 /dt2. Because each piezoelectric @Ie %t 06
outputs a potential difference proportional to the anmount of acceleration,
out put voltage difference 25 V2-V1 of the two piezoelectric elenents 1 and
2 having the sanme proportional 2 8 DEC:%gOG 25 coefficient wll be
proportional to 6 r(d2 0 /dt2), and an tput signal proportional to the
rotational acceleration (angular acceleration) d2 0 /dt2 can be obtai ned.
When transl ati onal accel eration occurs, the translational acceleration

acting on pi ki 2 he sa ni tude 5 the

signal s outéﬁ)u Czésrﬁéklilebs%u {oﬁgﬁ%‘%ﬂ io ?’;}gﬂs? gq?ﬁo%aﬁ a&@@tpgeggpalnprgpgmonav

subst anti al | . i i tude, and the.practjcal difference

t her ebet meetﬁxpgtrﬁgﬁwafgg@&%{ﬁ&%’}ar /e r?%&&t‘?(ﬁr@? cand BP@NSh occurs,

there is an out put signal ifference proportional to th roduct of

rotational accel erati'ghcd2 %a?ﬂ?ﬁp 5 *@ ZHee 6°?uﬁ§¢w§@£ tFRNSgpnal

pi ezoelectric elepents.1 and.2. |t is therefaore ossi bl e to detect

rotati onal %ﬁ?@gqr@@ PEIGHON RgZasiRAEc £ @?%f%?@%%ﬁ?ﬁef TAMe OIS ut

signals of fhe.t pi ezgel ectric elenents 1 and 2. To inprove the accuracy

of °Fhe dot dBPeiOnl B ds & ckuiie b fansfeuOHRs Acealeraiion e sbRENaly

pi ezoel ectrjc el enents should be as grea ossible to increase the

out put  si gfh8|sam€r Pé?‘@%@%@@&d@% pé%@@ﬁlﬂ%f%r § herehgtweehishearvhAfinhe

support blﬁgk 3 15 tpo the cantilever with the cantil evered piezoel ectric

el enents sHAQMEYS: pvEen 1rotatignal jpsselRatione OrEWr . t there oisn@nofoutRiit signal

bet ween the.&antilever and ugport bl ock 3 in each piezoelectric el enent

can be treddiBgrense; porgrianande thet RiesKct O Jotational asseleeation & 8l/8ieand. As

a result, the arrangenment shown in Fig. 1 vyields the hi%gest_possible

sensi ti vi t yAisi@ngagar Hetyeeadhe wai Pigzeelgckisnelemants Jaaed 20 visetherefereut put

signals of the two piezoelectric elements are at |east a particular |evel

but the di FReSSEN. &0 rataRlefptatinnas iaghalesatian Supehtaimingithe diftarence between
the output signals of the two piezoelectric elements 1 and 2. To improve the
accuracy of the detected rotational acceleration,"the distance between the two
piezoelectric elements should be as great as possible to increase the output
signal difference. Because acceleration is transmitted from the support block 3

15 to the cantilever with the cantilevered piezoelectric elements shown in Fig. 1,
the distance between the point of contact between the cantilever and support
block 3 in each piezoelectric element can be treated as the distance between
the two piezoelectric elements. As a result, the arrangement shown in Fig. 1
yields the highest possible sensitivity to angular velocity within a confined space.

20 When the output signals of the two piezoelectric elements are at least a
particular level but the difference between the signals is substantially zero,
rotational acceleration is effectively zero and can be ignored. In this case,
translational acceleration can be detected from the output of either piezoelectric
element.

25 Embodiment 2



rotational acceleration is. effectively zero and can be ignored, In this
case, translational acceleration can be detected fromthe out p@t8 GECed0bher
pi ezoel ectric elenent. 25 Enbodinent 2 2 8 DEC 2006 26 Fig. 4 is an

obl i que view of an accel eration sensor 10 according to a second enbodi nent
of the invention. This enbodinent differs fromthe first enbodinent in
that it houses an accel eration sensor #®the first enbodinent in a package
6a, and nmakes it easier to extract the output of the piezoelectric 5

el ement el ectrodes fromexternal electrodes on the sides of the package.
The pol arization di f:ect ions of . the .Ei ezfoel ectric.bodies 4 of the

pi ezoel ectric el emenf 4ISAHEYIqUs YiRpOT A a¢csieration Sers010 26CFRG e sane
as in the accel eration, sensqgr, of the first enbodi nent. The piezoel ectric

el ement s 1aa§ﬁ?°§‘do?mgﬂ@'meéﬁcogltg?é'E‘YQm'Oé‘enEBW ambadigant differsdramdhp disktage 6a
at the resge tive su,ppt%rt_lo bl ocks 3. Arecess 7 is fornmed in the package-
6a so t hat SFROANARRG NP8t § hpusepan aresle@tieptsansoepkinentirst @mbesimenininact :
t he package 6a, and the package 6a thus does not interfere with flexure
caused by BHRATEIRsERsaNdMBkeicerErate @xirash theoatmil ofcthecpieaaelesgtic 8b
forns _an oufput term nal at each end of the package 6a. Electrode 11 a of
pi ezo@l ect BleMentaigefodesafiamepdetna @ectnodes am the siges afdhe prackage! dinent 2
are connected to external el ectrode 8a by an intervening conductive |ayer
on the pacRagezation direetignsdef the piezselectas bodiast4 pttheapieneeiectricaiementsct r ode
21b of piezoelectric element 2 are connected to external electrode 8b by
an i nt er vehi A coitdileisi Iecalerption grenspe thekadlee Ga@me avhia thendcceleradionayer
and el ectrodes are electrically connected by a conductive 20 paste 9. The
package 6aseRsarheh thefiesteambyodinagikagd hebpiekoelechig eleownts dit imod 2 safnther 100
(Fig. 5).

acceleration sensor 10 are fixed to the package 6a at the respective support
10 blocks 3. A recess 7 is formed in the package 6a so.that the cantilevérs of the
piezoelectric elements do not contact the package 6a, and the package 6a thus
does not interfere with flexure caused by the tranSmission-of acceleration.
An éxternal electrode 8a, 8b forms an output terminal at each end
of the package 6a. Electrode 11a of piezoelectric element 1 an_d electrode 21a
15 of piezoelectric element 2 are connected to external electrode 8a by an
intervening conductive layer on the package 6a. Electrode 11b of piezoelectric
element 1 and electrode 21b of piezoelectric element 2 are connected to
external electrode 8b by an intervening conductive layer on the package 6a.
‘The conductive layer and electrodes are electrically connected by a conductive
20 paste 9. The package 6a is then covered by package 6b, forming acceleration
sensor 100 (Fig. 5).
By establishing conductivity between the conductive layer of the
package and the surface of support bloéks 3 of piezoelectric elements 1 and 2
in Fig. 4 using a conductive paste 9, it is not necessary to establish conductivity

25 at the cantilever of the vibrating portion of the piezoelectric element, and the



By establishing conductivity between the conductive | ayer of the package
and the surface of support bl ocks 3 of piezoelectric elenents 1 qpﬁ ok hﬁs
Fig. 4 using a conductive paste 9, it is not necessary to establi's
conductivity 25 at the cantilever of the vibrating portion of the

pi ezoel ectric elenment, and the 2 8 DEC 2006 27 anmpbunt of conductive paste
applied to the cantilever thus has no e2fect on the resonance frequency of
the cantilever. Mire specifically, variation in the resonance frequency,
sensitivity, and other piezoelectric elenent characteristics can be

reduced by connectin romthe support block 3 to the external electrode 5
using a conel:m%lt";ﬁv%tJ ?ég{uézﬂyﬁ Raste 655"# ta the eanilever thys siag ma effect on thener

words, if the external connection is made to the cantilever of the.

pi ezoel ect rr?t?o%"f‘ré‘??eﬁﬁeob‘?f‘ﬁlj i daetilaver.paMase speeiigallynsvariationeinathsunt

of conductive lﬁ)aste applied and differences in the overspread of conductive
paste onto €A %%Frﬁfir?&éﬁ‘é?‘:ymﬁ?'ﬂs'ﬁ‘f'%@ﬂdﬁﬂercﬁaé@ewgtﬂpaﬁlﬁir@ﬁst thharahteristics '
characteristics of 10 the piezoelectric elenent. On the other hand, if
connect i on 538 BrRERAUCSdYCcorngsHBe from thesupparhieloek Bsorbe ¢ixtarnal eledtente on
cantil ever vibration, piezoelectric elenent characteristics are determ ned
only @ t h&!SEMhBEOPAVEYME Prdde @b the ore dat suréanent 1avand 2da. rel ati onship to the
amount of conductive paste, and performance variations can be reduced. The
step between the suppBrathe) werds1¥ the@xteinali cannectian it madettbehe siadtletdr b. and
21 b nmeans that the electrode portion is divided into two parts, but these
two parts &fdhemiezoelsdide ejaragmtyusiog @ueenductivaipastes variatiane tife ameunt |
cantilever on this side Iimts the amount of conductive paste that can be
appl i ed, a gandustiye draste eppliediansbHifferenassninetite boetspeead @f taopdactieor t i on
on the support block 3. Performance characteristics will also be affected
20 on t hi s PAStROBYY thargantilayes wilhaffee andeauseofariatishs intredicleardcyietisporad of
the paste onto the cantilever if connection is made fromthe cantil ever

usi ng10 the piezoelectric element. On the other hand, if connection is made to the

support block 3, there is no direct effect on cantilever vibration, piezoelectric
element characteristics are determined only by the shape of the piezoelectric
element with no relationship to the amount of conductive paste, and
performance variations can be reduced. The step between the support block
15 and cantilever at the other side 11b and 21b means that the electrode portion is
divided into two parts, but these two parts are still electrically conductive. The
small area of the cantilever on this side limits the amount of conductive paste
that can be applied, and it is therefore desirable to connect to the electrode
portion on the support block 3. Performance charactéristics will also.be affected
20 on this side by variations in the amount of paste used and overspread of the
paste onto the cantilever if connection is made from the cantilever using
conductive paste. It is therefore also desirable to connect to the external
electrode from the electrode portion on the support block 3 on this side of the

cantilever.

25 If solder, for example, is used to make an electrically conductive



conductive paste. It is therefore also desirable to connect to the external
el ectrode fromthe el ectrode portion on the support block 3 on thgsDEd @886 of
the cantilever. 25 If solder, for exanple, is used to make an electrically
conductive 2 8 DEC 2006 28 connection directly to the cantilever, the heat
conducted to the piezoelectric body of the piezoelectric elenent can raise
the piezoelectric body to a high tenpeR8ture, causing such problens as
degraded performance and reduced sensitivity. These problens can be

avoi ded, however, by soldering to the 5 support block 3 because heat

transfer to the cantjlever, is nmore difficult. A nethod for detectin

accel erat i qurhr’gelcﬁ tdrﬁrie Yl)éct@eﬁ‘@r Sentievere fRe heat canduisigdh &y thr aiezgelertric

ref erence toéhe ﬂ%celeraj)eifon detectjon bl ock diagram shown in Fig. 5.

El ect r odes BAMa0h{HE Piezoelzclile %PBEP?PJ%%%P@ZPGW@bQﬂ?é_"%@ﬂh@l&t ed
to a common node connected to one termnal of a signal detector 12. 10 The
ot her el ect!FBWPESAYIE, [CBHRIND BUSHaprOblaRe Ass Beg@aedc Pedormanscec anfiordreee
connected to another_term nal of the signal detector 12. A reference
potential SFEENAY or THOS@ Prableis Cahi BedaYAdedppPYEHMEr, Dy ebisesingeto the
potential. The polarization directions of piezoelectric elenents 1 and 2
are descriBHAPORDIPCK Fhesaupe Bgabirarsier to tecsantieveaismose difticllly bondi ng t wo
15 piezoel ectric bodies having nutually opposite directions of polarization

with the sane-pol ari tAy matied ferogeieriing aceelarrtioni using thie apotlerdtivat semsor
direction of conrespondin%mpiezoelectric bodi es are mutual |y opposite in
pi ezoel ect ripcdeseribagmext wit rpfesenca ée tthe cacsietaration Zietéctiont bieck vaiagsm t he
polarity of the bondi ngl:_dsurfaces in piezoelectric element 1 is opposite
t he pol ari tShayn hieg. 20 Eeatpdes 3 lia eadedld nf pieezelectict elemeetse fremd 2 ardhe
pol ari zation directions of the piezoelectric bodies are shown in Fig. 5
W th the areBWwecissitota agmMmasmmede: connected to one terminal of a signal detector 12.
10 The other electrodes 11b and 21b are likewise connected to a common node
- connected to another terminal of the signal detector 12. A reference potential
generator 22 i'_s' also provided for applying a reference potential.
The polarization directions of piezoelectric elements 1 and 2 are
described next. These piezoelectric elements are formed by bondihg two
15 piezoelectric bodies having mutually opposite directions of polarization with the
same-polarity sides together. In addition, the polarization direction of
corresponding piezoelectric bodies are mutually opposite in piezoelectric
element 1 and piezoelectric element 2. In other words, the polarity of the
bonding surfaces in piezoelectric element 1 is opposite the polarity of the |
20 bonding surfaces in piezoelectric element 2. The polarization directions of the
piezoelectric bodies are shown in Fig. 5 with the arrows pointing from the
positive polarity side to the negative polarity side. The arrows thus start from
the positive polarity side and point to the negatiVe polarity side. It should be

noted that the polarity is determined by the polarization, and does not

25 necessarily match the polarity'of the charge generated when stress is applied.



positive polarity side to the negative polarity side. The arrows thus start
from the positive polarity side and point to the negative pol aRid PEGi .
It should be noted that the polarity is determi ned by the polarization,
and does not 25 necessarily match the polarity of the charge generated when
stress is applied. 2 8 DEC 2006 29 The output obtained fromthe two
pi ezoel ectric elements 1 and 2 when rof8tional acceleration acts on this
accel eration sensor is described next wth reference to Fig. 5. Wen the
center of rotation is at sone point offset along an extension of the
| ongi tudi nal axis of .llthe C&’nﬁb})geéi of piezoelectric 5 elenents 1 and 2,
accel eration al 6 appii%aUuPy Bed &om the dvepiproeleciic glementat! Badiher
fromthe center of .rotatiop w.l|l be greater than acceleration a2 6 applied
to piezoel en potafignglaces &[8tiom artsapia dhisyagaeterations semsarHe descobed inexki g.
5. When the resfpecti've acceleration is applied in the directions indicated
by the ar Mol "¢fRrencg tasFig vt WBeR thaicanterc efeatation is absoqecpoiat offset
pi ezoel ectric element 10 1 than in piezoelectric elenent 2 as indicated by
the dotted 3'PMean extepgien; gbthe ngitudinal iaxipefiites cantileiversoef piaaceteatiienent
1 the _piezoelectric body on the side of electrode 11 b will be extended
and the piiementsct rand Podecsleratien &ildh appliedelot piedeeletiris elehientohat ess as
shown in Fig. 5. The piezoelectric body that conpresses produces a charge
of the san®qydfl farthey from ke cretesfdotatiprowilbbe greatet itham aboeletatoncazapge
produced by the piezoelectric body that stretches is the inverse of
pol arity of2RReare pigZostectritelemant2eatr indicated by she bize wé ére atrewsip &g, 15y
surfaces. This nmeans that el ectrode 1la on the conpressed piezoelectric
body is posiVheRdhg reppeve aenaldratign titepptiedrintthe afirechohsindiedtedrby drd
el ectrode 11 b on the extended piezoelectric body is negatively 20
char ged, wdérehvs i kigeSi eartileeerdiisplaeempentwill lye gfegted atrpizadelottricAsemehed
above, the polarization directions of the piezoelectric

1 1 than in piezoelectric element 2 as indicated by the dotted lines.

- Of the two piezoelectric bodies of piezoelectric element 1, the
piezoelectric body on the side of electrode 11b will be extended and the
piezoelectric body on the sidé of electrode 11a will compress as shown in Fig. 5.
The piezoelectric body that compresses produces a charge of the same polarity

15 as the polarity of polarization, but the charge produced by the piezoelectric body
that stretches is the inverse of polarity of polarization, and a potential occurs
between the opposing surfaces. T'his means that electrode 11a on the
compressed piezoelectric body is positively charged matching fhe polarity of
polarization, énd electrode 11b on the extended piezoelectric body is negatively

20 charged, which is the inverse of the polarity of polarization.

As noted above, the polarization directions of the piezoelectric
bodies of piezoelectric element 2 are opposite those in piezoelectric element 1.
As a result, the electrode 21a on the compressed piezoelectric body is
negatively charged, and the electrode 21b on the stretched piezoelectric body is

25 positively charged.



bodi es of piezoelectric elenent 2 are opposite those in piezoelectric
element 1. As a result, the electrode 21la on the conpressed ?if@ﬁgbﬁgtri C
body is negatively charged, and the electrode 21 b on the stre 6
pi ezoel ectric body is 25 positively charged. 2 8 DEC 2006 30 El ectrodes
1la and 2l1a, and el ectrodes 11b and 21b are respectively connected and
out put through common nodes. The charge80 generated at each el ectrode nove,
and the difference of the overall charge produced by piezoelectric el enent
1 and piezoelectric elenent 2 can be 5 detected. The charge generated by
the piezoelectric el egent farther fromthe center of rotation is greater
t han the charge generglggdo%%‘ﬁ thi@ ANer2ha.e 2661 elaqtiogeseldhemnd2 21bharehar ge
from piezoel ectric elenent 2 is thus decimated by the charge from
pi ezoel ect r'eEPEFBIEbhICOINEGled BRE ewtppErtBrRUS eomween thrdashar gee ¢hargemssed
to the node. This charge is then detected by the signal detector 12, and 10
the rot ati deraecerbrach sledeadehaayer iarsti the clifferance exfuthei ogeralitqharge -
signal. By thus wiring the electrodes of different polarity charges
gener at ed BYOofiHeed rys paezqelectiic eolementt t i ane| merorisctrichelegeerer at ean char ges
cancel each other and the difference of the respective outputs can be
obt ai ned. |9etpetedhelhr ehasgp @esetated bydhdeatiezaeledtac eidrhenteh tartradr ftdme it put s
w t hout providing a separate difference 15 circuit, and thereby determ ne
t he rot at i ciRiteraeioetatioatis greatet thehdbe dhaegegereratedby théotrehaigmeles at ed
due to translational acceleration is effectively the sane at each
pi ezoel ect rglement@ent he gherdesfromepietoelectraneleimest 2ois thae dkoimated by the
Furthernore, this enbodi mrent has been described with the center of rotation
at a poi ntchanga fionh piezgetesticdelameny 1t Baddhedifferercs befweedresretieates ¢s
elements 1 and 20 2 as also shown in Fig. 5, but it is also possible to
det ect rot snasseditodhe abde aflhisrcharge ishthesadeteuteyl Byotheasiynal efttttopfi2 r&idt i on
because the magni tude of rotational

10 the rotational acceleration can be derived from the resulting output signal. By

thus wiring the electrodes of different polarity charges generated by the

respecitive piezoelectric elements, the génerated charges cancel each other and

the difference of the respective outputs can be obtained. It is theréfore possible

to detect the difference of the outputs without providing a separate difference

15 circuit, and thereby determine the rotational acceleration. It should be noted

that the charge generated due to translational acceleration is effectively the

same at each piezoelectric element, and is therefore cancelled by the wiring.

Furthermore, this embodiment has been described with the center of rotation at

a poin't on a line extended along the cantilevers of piezbelectric elementé 1 and

20 2 as also shown in Fig. 5, but it is also possible to detect rotational acceleration

in the same way for any center of rotation because the magnitude of rotational

acceleration is proportional to the difference in the distance from the center of
rotation to piezoelectric element 1 and piezoelectric element 2.

It should be noted that rotational acceleration is thought to be

25 instantly applied. Movement of the piezoelectric body produces a reciprocating



acceleration is proportional to the difference in the distance fromthe
center of rotation to piezoelectric element 1 and piezoel ectrbg pEengg@t 2.
It should be noted that rotational acceleration is thought to be 25
instantly applied. Movenent of the piezoelectric body produces a
reciprocating 2 8 DEC 2006 31 vibration fromthe maxi mum di spl acenent t hat
results when the rotational accelerati8ni is applied, but the rotational
accel eration can be detected by detecting the output at the point of
greatest displacenent. Fig. 6 shows a circuit diagramfor a signal

det ection rregﬁ th@t detects ac&iel eration usi n% an accel erati on sensor
accor di ng t'6°¥PE LRToHYF BAYBM e FP'aﬁﬁF?néi‘gﬁhw geite Whemh thearpdational o
field effect tiﬁ%gfi stor_ (FET) /14 and resistance as a source follower, and

an oper at i riFCEIBAIN ¢ arPliegy, it ther sptptianalc Beerlesation pan e Hegected by

pi ezoel ectrlez elenents 1 and 2 is input to the gate of FET 14. El ectrodes
11 a and 219%eging HeaHRERiHDe Aointaf Sreriestiisplefsmendt the 10 package. A
resi stance is connected between the gtr ound and the gate of FET 14,
converting output frditdtBeSaVs, deticstlrdiage@refene sipnal geftectioe meanselbiast ance
is alsp connected to the source of FET 14, form ng a source follow ng
circui?. TIRECISoRFIEiErAEPN RiNG ciTh ACCeleratiom senape @éesordin® o ethis sacond cui t .
Qutput fromthe FET 14 is input through the resistance to 15 operating
anmpl i fier 1ENBeRIMeny iThissignahdetactien magsisi hasa fielkd effeatrtrangistor (RET) 14
circuit. The reference potential is obtained by resistance voltage dividing
the sour cenfblasiiancy as aisaures fpiomer apphaemperating amelifier 2 r Ootmut diom he
acceleration applied to two piezoel ectric bodies can be detected using
only a si milectreggs 1¥h. &1bcefiezaclectrid elementsrioand @de snutyo the gste af FET
differential anplifier or other 20 such circuit. Another nethod of
det ecti ng atkelklearodss 1dpngnd e ace drewnadédiy an external electrode of the
10 package. A resistance is connected between the ground and the gate of FET
14, converting output from the piezoelectric element to a voltage. A resistance
is also connected to the source of FET 14, forming a source following circuit.
This source follower constitutes an impedance conversion circuit.
Output from the FET 14 is input through the resistance to
15 operating amplifier 15 and amplified. Operating amplifier 15 is an amplifier
circuit. The reference potential is obtained by resistance voltage dividing the
source voltage. It will thus be apparent that the difference of the acceleration
applied to two piezoelectric bodies can be detected using only a simple
amplifier circuit, and it is not necessary to use a differential amplifier or other
20 such circuit.

Another method of detecting acceleration using this acceleration
sensor is described next below. Fig. 7 is a block diagram of this acceleration
detection method using the acceleration sensor of the second embodiment of
the invention. Electrodes 11b and 21a of the piezoelectric elements 1 and 2 are

25 connected together, and electrodes 11a and 21b are connected to an input



sensor i s described next below Fig. 7 is a block diagramof this

accel eration detection nethod using the acceleration sensor of the second
enbodi nent of the invention. Electrodes 11 b and 21 a of the piez@etemtyic
elements 1 and 2 are 25 connected together, and electrodes 11 a and 21 b
are connected to an input 2 8 DEC 2006 2 termnal of the signal detector
12. The two piezoelectric elenents are,”4s a result, connected in series.
A reference potential geperator 22 is also provided for applying a
reference potential. The output obtained fromthe two piezoel ectric

el ements 1 .and 2 when rotatignal ,accel erati on acts. on this accel eration
sensor is dggﬁﬁn?b@g tfﬁ%ﬂgn%cﬁeﬁt‘eﬁggégen Eett&’OFPt?.zo?.eC%Weﬁlq‘??é‘t%éﬁ?ePscﬁ
rotation is_at, sone int offset ong an _ext.ensi on of the | ongitudinal
axi s of t hdesuhanasEreg s |eé°'zd'élr§@f$i%e P@P@h@'rﬁ%”efa%%a??z? B4R B89 on al
6 applied to gi ezoel ectric elenent 1 at a point farther fromthe center of
rotation wi'Pl 2BRYEOAIErracg Pl taler ation a2 6 10 applied to piezoel ectric
el enent 2 as indicat b?g the size of the arrows in Fig. 7. Wen the
respective accel erati Etpé'bﬁf’faéﬂe fronhéhgitwe Pigzapiestve elspents by apAe
arrows_in Fig. 7, cantilever displacement wil| be greater at piezoelectric
eleme? 1 WiRhrotational Rroelsration agiscar Mois Bcgslaraipr sepsprty dessribed next
lines. O the two piezoel ectric bodies of piezoelectric elenent 1, the 15
pi ezoel ect M B%fﬁygfaﬁ? {hEiIgi GeVitercthe-ceoige of ratatian Is Bk semechaing afiset t he
pi ezoel ectric body on the side of electrode 11 a will conpress as shown in
Fig. 7. THREODNS @roexiepsion:ob i lanetudin@nsxiss o ¢he ceatilewersa ot pigzgelestric he
same polarity as the polarity of polarization, but the charge produced by
the pi ezoel®eMents hod % rmacelratiacmdy iapplied ionpiezeelestripelemanty! @t a
pol ari zation, and a potential occurs 20 between the opposing surfaces. This
nmeans t hat RAiRictartifge from dhe sentas of getaioss willdbgigseater doam iacceledtidnsa2 6
positively charged matching the polarity of :

10 applied to piezoelectric element 2 as indicated by the size of the arrows in Fig. 7.

When the respective acceleration is applied in the directions indicated by the
arrows in Fig. 7, cantilever displacement will be greater at piezoelectric element
1 than in piezoelectric element 2 as indicated by the dotted lines.
Of the two piezoelectric bodies of piezoelectric element 1, the
15 piezoelectric body on the side of electrode 11b will be extended -and the
piezoelectric body on the side of electrode 11a will compress as shown in Fig. 7.
The piezoelectric body that compresses produces a charge of the same polarity
as the polarity of polarization, but the charge produced by the piezoelectric body
that stretches is the inverse of polarity of polarization, and a potential occurs
20 between the opposing surfaces. This means that electrode 11a on the
compressed piezoelectric body is positively charged matching the polarity of
polarization, and electrode 11b on the extended piezoelectric body is negatively
charged, which is the inverse of the polarity of polarization.
As noted above, the polarization directions of the piezoelectric

25 bodies of piezoelectric element 2 are opposite those in piezoelectric element 1.



pol ari zation, and electrode 11 b on the extended piezoelectric body is
negatively charged, which is the inverse of the polarity of polqmiggghgﬂ.
As noted above, the polarization directions of the piezoelectric 25 bodies
of piezoelectric element 2 are opposite those in piezoelectric element 1. 2
8 DEC 2006 33 As a result, the electrggg 2l1a on the conpressed

pi ezoel ectric body is negatively char , and the electrode 21 b on the
stretched piezoelectric body is positively charged. Because el ectrodes 11
b and 21 a are connected, the respective 5 charges travel and the

di fference,he t S -palarity charges to electrod 1 a of .

pi ezoel ectﬁ‘?cg\é\fe:%n{}ﬁf g%“@ﬁ@c?b%d@Z%ﬁchpnﬂﬁr@% RUBFP eé@PeH@ﬂ¥ 15 can
be detecte ot at i.onal accel eration agtin n this acceleration sensor
pr oduces agﬂgghvee?y Cialagd. 2 h?eg]ﬁf:g98%.l(éébtcg] @‘ee?t@’r%rh?dCPE%ZPﬁ@FtrfCr%?ﬁ)‘['ﬁe
center of rot.‘?tilon Whi&f]h cancel s the charge generated by the other 10

pi ezoel ect PPRUET Eﬁgﬁfge d results in the difference between the charges
being input to the éignal dFt gctor ﬁi This charge is then detected by the
signal detector 12, B§RaHIHE'GCHPIES ohiR aRAce] 2 2Ee icoRNeaisdhheidesRRAIVEr om
the r sult%mn% ouhgut Si gnﬂ!ﬁ (Egcause the two piezoelectric elenments are
seriaPly cOnfgetelfavel gatsthg i Aferance; bahveent thensamecrolaritt idhareemder

vi ewed fromthe in1out O}er.m’ nal 15 of the signal detector 12 is |ower, and
the vol t agB'e5tiPPGt 11/ of RieZeRiectiRflgmant 1 Anghelecerpa? tal ofi pinzeelectric
configuration shown in Fi q 5. The configuration shown in Fig. 7 thus
provi des hEiGMEN LR PRVIRIGCted; fRotgtigRalacesieriatieniacting agr tvs accelawtiongnal
detection nmeans for, this other acceleration detection nmethod using an
accel er at | PPNSA OGRS BrRigRe chargednt thiespiggeeaatrisralemient farthar frem the

invention. The circuit elenments are the sane as shown in Fig. 6, and
further deSenept PbnratdtiGreoWhiah t GRRCEF theedcharge generated by the other

10 piezoelectric element and results in the difference between the charges being
input to the signal detector 12. This charge is then detected by the signal
detector 12, and the rotational acceleration can.be derived from the 'res'ulti_ng
output signal. Because the two piezoelectric elements are serially c_onnected,
the static capacitance of the acceleration sensor viewed from thé input terminal

15 of the signal detector 12 is lower, and the voltage output at the same charge is
higher compared with the configuration shown in Fig. 5. The configuration
shown in Fig. 7 thus provides higher senéifivity.

Fig. 8 shows a circuit diagram of the signal detection means for
this other acceleration detection method using an. acceleration sensor according -

20 to this second embod.iment of the invention. The circuit elements are the same
as shown in Fig. 6, and further description thereof is thus omitted.

It should be noted that the configuration of this acceleration
sensor shall not be limited to the configuration of the present embodiment. It is
also possible, for example, to arrange the two piezoelectric elements with the

25 cantilevers pointing in the same direction as shown in Fig. 12A; to dispose the



It should be noted that the configuration of this acceleration sensor
shall not be limted to the configuration of the present enbodi negtpec bgos s
al so possible, for exanple, to arrange the two piezoelectric elenments with
the 25 cantilevers pointing in the same direction as shown in Fig. 12A; to
di spose the 28 DEC 2006 34 support block in the mddle of the

pi ezoel ectric el enents as shown in Fig.342B; or to dispose support bl ocks
at both ends of the deflection nenber of the piezoelectric elements as
shown in Fig. 12C. It will also be noted that while the above enbodi nents
are 5 describeﬂ Wi th the su or} bl ock di sposed to only one side of the

canti | ever SURBPIIRIR¢HIN therpicdie of thepiszasiselriccelements asmshewntindigubdBr t
bl ock coul d be rovi ded on BOtE sides. Furthernore, while lithium niobate
i s used fororttﬁedgpei%e?@@?ﬂi locke fteRothnende ofhe «defiassannmamber tofethe
invention shall not be so limted. Lithium 10 tantal ate, quartz, and other
pi ezoel ect MIRZaglegilie elgmantaas SOWiNdriget 4@t i vel y be used. Piezoel ectric
el ements using a piezoelectric ceram c or piezoelectric ceramc |amnate
coul d further alterndtiWklgispebasaetedriathwhiter e ehevei embetismnts carsodi es
are preferably bonded using direct andina as described above, but the
i nventd on $iesrribedtwite they stppeit dlockh disppsed o aery singe sideudt thse castiaveryet
further, the signal processing circuits of the above enbodinents use :
fiel d- ef f ecleflectgrimember shdhepeiezoeirgtrisnpleniantr the Isuppptt blocklmwid pessi bl e
to directly input piezoelectric elenent output to the operating anplifier.
Further, apreyided®oealbiside§e circuit or filter circuit could be provided,
or an 20 analog/digital converter could be incorporated. Conductive paste
is used for connecti fyrtheemerecwhieldidhiofn niabate is used for the piezoelectric
bodies in the above embodiments, the invention shall not be 'so limited. Lithium
10 tantalate, quartz, and other piezoelectric single crystals could alternatively be
used. -Piezoelectric elements using a piezoelectric ceramic or piezoelectric
ceramic laminate could further alternatively be used.
Furthermore, the piezoelectric bodies are preferably bonded using
-direct bonding as described above, but the invention shall not be so limited and

15 an adhesive could be used.

Yet further, the signal processing circuits of the above
embodiments use field-effect transistors and operating amplifiers, but it is also
possible to directly input piezoelectric element output to the operating amplifier.
Further, a reference voltage circuit or filter circuit could be provided, or an'

20 analog/digital converter could be incorporated. |

Conductive paste is used for connecting the electrodes of the
piezoelectric elements 1 and 2 to the conductive layer on the package 6a, but
the invention shall not be so limited. Solder or lead-free solder could
alternatively be used. Reliability under high temperature, high humidity

25 operating conditions can be improved by using solder, for example.



pi ezoel ectric elements 1 and 2 to the conductive |ayer on the package 6a,
but the invention shall not be so limted. Solder or |ead-free)gopetens
could alternatively be used. Reliability under high tenperature, high
hum dity 25 operating conditions can be inproved by using solder, for
exanpl e. 28 DEC 2006 35 Enbodi nent 3 Fig. 9 is an oblique view of an
accel eration sensor 100 according to a3fhird embodi ment of the invention.
This enbodi ment differs fromthe first and second enbodinents in that it
houses an accel erati on sensor 10 of the first 5 enbodinment in a package 6a,
6b wth co egtions o external electrodes 8a, 8b, 8c, 8d, and further
i ncor por at o@@ﬁ?& nductor el enent 16 for processing piezoelectric
el enent out put insid?qéh .sane .ackage. This acceleration sensor 100 thus
¥

consi sts of piezoele IS PERAIALE View @f 2n acoeieraten seasor H0Q peperding |
package 6a, 6bt.%gd_gxternal el ectrodes 8a, 8b, 8c, 8d. 10 Piezoelectric.
el enent s 1 Gt embpdmmentcefl thegnyertion o2 bisi empertmentedifienssfrom thadirst
accel eration sensor accordin? to the first enbodi mrent. The sem conduct or
el ement 16 3¢ $RESFIRMBOY DTS ) that ithesisps api arpeleratiem senser YV ef thiel first
accelﬁgation §$nsor.snall. El ectrodes on the top of the sem conductor
vel ememt 16 SpRedinent k13 Package 621 bl Witbrraneertiens tyexteral pleckrages 8a, By, wire -
bondi ng, while  electrodes on the bottom are die bonded. The piezoelectric
el enent el &% ieand fxther ongatarates| ayeamiaprdusion etsneentw & Hoc pnoteassinge
paste. The external electrodes 8a, 8b, 8c, 8d are used as a power supply
term nal , GHAAREHES elaaient ewtpubtside ther samal packagdhe Thisniacoeldationr
el ement 16 integrates the circuit shown in the block diagramin Fig. 5
accor di ng tS6NeAe 188cHusr eenwstssefpimzoetectrite ekaroemtd 1 and 2, semiconductor
element 16, package 6a, 6b, and external electrodes 8a, 8b, 8c, 8d.

10 Piezoelectric elements 1 and 2 are identical to the piezoelectric elements of the
acceleration sensor according to the first embodiment. The semiconductor
element 16 is used as a bare chip, thus helping to make the overall acceleration
sensor small.

Electrodes on the top of the semiconductor element 16 are

15 connected to the conductive ‘layer on package 6a by wire bonding, while
electrodes on the bottom are die bonded. The piezoelectric element electrodes
and conductive layer are connected with conductive paste. The external
electrodes 8a, 8b, 8c, 8d are used as a power supply terminal, ground terminal, -
and output terminals.

20 The semiconductor element 16 integrates the circuit shown in the
block diagram in Fig. 5 according to the acceleration sensor of the second
embodiment. More specifically, the signal processing circuit integrated in this
semiconductor element comprises a field-effect transistor and resistance as a
source following circuit, and an operating amplifier. The sourée following circuit

25 is an impedance conversion circuit. FET output passes the resistance and is



enbodi nent. More specifically, the signal processing circuit integrated in
this sem conductor elenent conprises a field-effect transistor and
resistance as a source following circuit, and an operating anplg fpgerogglhe
source following circuit 25 is an inpedance conversion circuit. FET output
passes the resistance and is 2 8 DEC 2006 36 input to the operating
anplifier 15 for anplification. The opé? ting anplifier thus constitutes
an anplifier circuit. The signal processing circuit thus consists of one
i npedance circuit and an anplifier circuit. Crcuit operation is as

descri bed j mhodi.nent... The circuit design of the |
sem conduct'%drhtg?gnne;%&%gng %@ﬂﬁ'&r ggggﬁ-amﬁﬁga%v\ﬂhg ﬁgﬁfaé'.”gémﬁ"!f@r(%&r ation
of the sem tor element .16.is_as described in the second enbodi nent,
and furt hercgﬁgti{g%sp%? OEH”F?'E'GHW&P& 21-'39 oﬁ‘ﬁ’ﬁ(i SYOCRFSIRG HIrGHIt dRws gepsists eh
circuit can al.so ﬁe buiIt.E 8is osiP? the _elenents on a printed circuit
board, but Y{fidMPEHFErE KIFY! é” @ﬁ@?fﬂe e Gichlle Girg!t aperatiprig as geserdias: and
|l ower the S/ N ratio., On the oth hand, noi se can be reduced and a high S/ N
ratio achi ér\’/&l't? %?FWHBQW@%grrﬂec%%ﬁcqwg%%mwm@ﬁadw@@r stemmend 60
proxiq%ty to.thef%bezoelectric .enments inside the sane package. Sensor
det ectd on MEYE AfiEdn'Si @5 §RPWPHN Kda B ytherrpesaen &f the samicaridyhtor redement i on
can be achi%ved by housing .the sem conductor element and other 15
conponent s 1Pn'% RS S5RERRstiRghe $RFANG erphedimantaand furthart descrigition is
pi ezoel ectrj c g%enen%s made of |ithium niobate or piezoelectric single
crystal b&SEIECORIt8Hat i ¢ capacitance is |ow, inpedance is high, and the
pi ezoel ectric elenents are thus susceptible to noise. In addition, the
resi stance of the cavy@uivalgnt dgtectisnaiouitrepn alsosbe builluby dispdsing thesed
when the cut-off 20 frequency on the |low frequency side is | owered, and
suscept i bi E1qTYeRts pAIHINted ansuld boged chtettie Phgec wiring lengtiminefeadesther esent
enbodi ment is a particularly
10 effects of noise and Idwer the S/N ratio. On the other hand, noise can be
reduced and a high S/N ratio achieved by housing the semiconductor element
and resistance in proximity to the piezoelectric elements inside the same
package. Sensor detection resolution is determined by the S/N. ratio, and high
resolution can be achieved by housing the semiconductor element and other
15 components in the same package. This is particularly important- with
piezoelectric elements made of lithium niobate or piezoelectric single crystal
because the static capacitance is low, impedance is high, and the piezoelectric
elements are thus susceptible to noise. In addition, the resistance of the
current-voltage- converting resistor must be increased when the cut-off
20 frequency on the low frequency side is lowered, and susceptibility to noise is
thus increased. The construction of the present embodime.nt is a particularly
effective means of avoiding these problems.
Furthermore, differences in the amplification rate due to
differences in temperature or other environmental factors can also be

25 substantially ignored as a result of housing the piezoelectric element and



effective neans of avoiding these problens. Furthernore, differences in the
anplification rate due to differences in tenperature or ot her 28 DEC 2006
environnmental factors can also be 25 substantially ignored as a result of
housi ng the piezoelectric element and 2 8 DEC 2006 37 sem conduct or

el ement in the same package. Rotational_gcceleration can therefore be
detected with excellent accuracy. It wi Bl be further noted that the circuit
configuration of the sem conductor elenment shall not be limted to that
descri bed above. For 5 exanple, piezoelectric elenment output could be

D« CSetcodduchty B i Sthl MEABRU! Mo, B L R er O

i npedance conversion circui

coul d be proyi 0 1. An lifier circuit for obtaining even
gr eat er gaitﬁgﬂegorergg% %%%%%g?%@?f%&lg)@éﬁgwﬁ%n circuit could also be |
provi ded downstream of the _adder. 10 [t i et further possible to house _
only some of the ci rihi%'wepang’rﬁréer inﬂgqchet?‘?%é}@aﬁ@%hcq@ﬁ@u@lo%@faﬂi@ pl ace
t he remai ni g&.cciy{ﬂcuitt el enent s OIP a rinted circuit board instead of

housi ng al FEEIFAYCIY| SRR Phalt Mot phe Kipiked 40 theb . descried | abgveo Heor

obvi o§s t hat th«? construction of the acceleration 15 sensor shall not be
limited totATPIHFPIERRCIPFIS: elemasti (RLL cPyid Bednget giseetivbte anf emplieranpl e,
to arrange the,t piezoelectric elements with the cantilevers pointing in
the same di°F&dt W\fﬁmé.‘é USHihA Pyftati ymphber: ok gnpedgnseccemversioppeiouithboek i n
the mddle of.the &i‘ge oel ectri? el ements as shown in Fig. 12B; or to

di spose sufFRfIer Gireidk tor addiiangl gads cepldiheepividescdowmstraathe Aroampliter

pi ezoel ectric elements as 20 shown in Fig. 12C. An accel eration sensor
accor di ng pgcwﬁifgr 8 NgefMeopraatar gain, or an analog/digital conversion circuit

could also be provided downstream of the adder.

10 It is yet further possible to house only some of the circuit elements
- inside the same package 6a, 6b and place the remaining circuit elements on a
- printed circuit board instead of housing all circuit elements in the package 6a,
6b. | |

It will also be obvious that the. construction of the acceleration
15 sensor shall not be limited to that of the first embodimentl. It is also possible, for
example, to arrange the two piezoelectric elements with the cantilevers pointing
in the same direction as shown in Fig. 12A; to dispose the support block in the
middle of the piezoelectric elements as shown in Fig. 12B; or to dispose support
-.blo'cks at both ends of the deflection member of the piezoelectric elements as
20 shown in Fig. 12C. | |
An acceleration sensor according to this embodiment of the
invention is thus compact, can detect rotational acceleration with good

sensitivity using only one sensor, and features a high S/N ratio and resolution.

Embodiment 4

25 An acceleration _detection apparatus according to a fourth



I nvention is thus conpact, can detect rotational acceleration with good
sensitivity using only one sensor, and features a high S/Nrati @ ;amdC 2006
resol ution. Enbodi nent 4 25 An accel eration detection apparatus accordi ng
to a fourth 2 8 DEC 2006 38 enbodi nent of the invention is the sane as the
accel eration detection apparatus of the third enbodi ment in appearance as
shown in Fig. 9, but differs therefrom3Bn the circuit configuration of the
sem conductor elenment 16 housed inside package 6a, 6b. Fig. 10 is a bl ock
di agram of an accel eration detection 5 apparatus 100 according to the
present enbodi nent . Thfe cceleration sensor 10, of this acceleration

det ecti on a%BQﬁg@m?é"ti S ttﬁ@ YyeBlgR tshdhacsamer asi die acaelesetion detection st
enbodi ment._ The piezoelectric elements 1 and 2 are connected to a

respect i ve RFAUSRIHRR tYfd ¢PbeAtNenifiaappearasvecas BaowWgdmEigiSbut differshe

el ectrodes on the sane right and left sides of the piezoelectric 10 o
el enents 1 tBﬁEPf@"&r‘ré”&%ﬁﬁéé‘ﬁ egnfiguratien ftbefaamiconductor slemerg 6§ hohsedi gnal
detectors 12. CQutput signals fromthe piezoelectric elenents are input to
an adder 2BSidBRackage Bre 6pol kigi 10 iata blnek siagtamgof an ectelesation détectiow

pi ezoel ectric bodies form ng piezoelectric element 1 is the inverse of the
same pol ar iaRpParatuspiy, aegasdingi to Bieapreaentembadinmngnalhal ateslemtion 2nsot |

out put inverse polarity 15 signal S in response to acceleration in the sane
di rection. Whéeh thisegecalenabon deteglien appacstubds the sametas ddeleacc2Rratidre .
adder 23 outputs a signal proportional to the difference in acceleration
acting. on S8nsof vif Wieefiosll embodimentenethes pieaaklectdt adlenenlts aic aaldePatien: can
be detected. Fig. 11 shows the equivalent circuit diagramfor an

accel er at i GiIPNNEgtagetoed reéspeciivp aignal dejector dRrand referdnesef pential eyepeditoent  of
the invention. The signal detectors 12 conprise a buffer anplifier 24a,
24b and resit ahbe;claddedes on the same right and left sides of the piezoelectric

10 elements 1 and 2 are connected to the same-function terminals of the signal

detectors 12. Output signals from the piezoelectric elements are input to an

| adder 23. Because the polarity at the bonding interface of the two piezoelectric

bodieé forming piezoelectric element 1 is the inverse of the same polarity in

piezoeléctric element 2, the éignal' detectors 12 will output inverse polarity

15 signals ir_1 responée to accelerétion in the same direction. When these output

signals are then in put to adder 23, the adder 23 butputs a signal proportional to

the difference in acceleration acting on the two piezoelectric elements, and
rotational acceleration can be detected.

| Fig.' 11 shows the equivalent circuit diagram for an accelerati-on

20 detection apparatus according to this fourth embodiment of the invention. The

signal detectors 12 comprise a buffer amplifier 24a, 24b and resistance; adder

23 comprises a downstream differential circuit 26 and resistance, and outputs a

rotational acceleration signal. The reference potential generator 22 is a

resistance voltage divider. The buffer amplifiers and differential circuit are

25 operating amplifiers.  Operating amplifiers can therefore be used for the



23 conprises a downstreamdifferential circuit 26 and resistance, and
outputs a rotational acceleration signal. The reference potent|% DEC 200
generator 22 is a resistance voltage divider. The buffer anplifiers an
differential circuit are 25 operating anplifiers. Operating anplifiers can
t herefore be used for the 2 8 DEC 2006 9 seni conductor el enents, which
can thus be sinplified. The signal pro sing circuit in this
configuration consists of two signal detectors 12 each having a buffer
anplifier and resistance, and a adder 23 having a differential circuit and

(oot ot ance selfiahdRes dbGRhlY wiBF haAfek b 8RSRENY T Ridohy BRsarS: h:

two 5 i egance conversion ct I’CUI S dn

h dd to_th acceleration. It
Shout d be SEPUEH g rRBraRR RS0 Jm‘iangpﬁgldﬁiiﬁiér%“ﬂéhs@eh % Gund,
are not Shﬁwﬁe (]:’L When the é‘ S al s rog%eg1 _e@i ) :

Ao add reslEMchignd 4 Site 2R BRv Bl Akt ot gad

Plgﬁé(rjgljeich .actice t he W{h rence i.S zero becaﬁse t.he outaﬁut si gnal
are practi 5‘% %n{:ﬁe Mﬁ‘?@ PR Cgaﬁllyt (R Hienali H(Pé%e§|§'”988'lr‘é1“ﬁ pnsip Pﬁltﬁ’ocaze
h h t f f ot etection neans can be
leeq 25" i ndTestade ei AP EneI GRmR AN daRn aiden: M thigcar e e e

I be d f t t out put o
Ui fer | anpPLIRET 9a R rPRPaTiana oo Sie EiBbnal acariahome It #1413 benp@ror o
possi bl e u?r%&r} t his. one acc Iertgtl on detection apparatus to detect both

rot ati onal m& Wiringh IR¢lHding:the Powes FOLEES BREI0rauRe | ase Aot SROWRERA Fig.

rotational , ,acceleration is effectively zero and there is only
transl atioddl acceleration. This accel eration detection apparatus 100 can
house the 20 accelerati on sensor 10 and sem conductor elenent 16 in the

same package in the V¥R th@aputputisignale feme the twa Riezasiestoe elgmentatare of

the .t hird enbodi nent _ _ _ o _ ,
10 added, rotational acceleration can be ignored in practice if the difference is zero

because the output signal are practically the same in magnitude but inverse

polarity. In this case, however, the -output signal from one of the signal

detection means can be used .as.indicative of translational acceleration. This

translational acceleration can be detected by, for example, connecting the

15 output of buffer ampl‘ifie_r 24a in Fig. 9 to an external electrodé. It is therefore

possible using this one acceleration detection apparatus to detect -both

rotational acceleration and detect translational acceleration when rotational
acceleration is effectively zero and there is only translational acceleration.

This acceleration detection apparatus 100 can house the

20 acceleration sensor 10 and semiconductor elerhent 16 in the same package in

the same way as the acceleration detection apparatus of the third embodiment

shown in Fig. 7. It is therefore simple to connect electrodes on the same sides

of the piezoelectric elements to terminals of the same function in the

semiconductor element, and wiring is thus .simpliﬁed. Furthermore, én adder

25 can be used because the outputs of the piezoelectric elements 1 and 2 are



shown in Fig. 7. It is therefore sinple to connect el ectrodes on the sane
sides of the piezoelectric elements to termnals of the same function in
the sem conductor elenent, and wiring is thus sinplified. Furt? I BBF Spoedn
adder 25 can be used because the outputs of the piezoelectric efenents 1
“and 2 are 2 8 DEC 2006 40 inverse polﬁhhéy, it 1s not necessary to use an
operating anplifier with a high comonttfrode rejection ratio when using a -
differential circuit, and the configuration of the sem conductor el enent
can be sinplified. An equivalent detection circuit can also be built by

di sposi ng n; n,a printed circuit board, but the |onger wring
| engt hs i nhrpggsseg p? L?Zﬁﬁel% 13%210 r}#eﬁ%?@etoa‘d%e [A5RPETEHRY GRpPIifigrj with- @n Nighe

ot her hand i se be. reduced and a high S/N ratio achi eved by housing
the sem coﬁ%@ﬁ%}'mé%gnéﬁ{e&'gﬂdret@si"g'?%%cés'?‘ﬂ g ocy{f?ﬁe(‘ya't FFCHE: p?@o@leect ric
el enent s. insifde tpe SQE% %%ckaae. Sensor detection resolution is

det er mi ned By "9HEUY) R 15 $YNICQREUHPH RIS &8 ke $iBWIIEER be achi eved by
housi ng the sem condyct or .el erTF tt&ac{]d ot her conponents in the sane
package. This is par A"c%q"‘é{‘r’?lﬁn Hﬁ IR CingHtt ianplag e it iyc disperivgt enade
of |ithium pi obat e or L‘ﬁz&el eciri C Si nLgI e crystal  because the static
capaci-t anc&'§EMH N ?nc% eh&ircyit bearh buirthetlnaogy wisingl lepgthscincegaseethes ar e
t hus susceg%fi ble to noise, In additjon, the resistance of the 15

current - voPU8gE WolQIErt a0 IPWes 818 S/Nukdtiope Qméhe LRl harth noisecean okf
frequency on the | ow frequepcy side is | owered, and susceptibility to noise
is thus i Fﬁﬂ%&geﬁﬂam ?H@QE%HS& ?r/%h'@ta%whe\tﬁd by heusingsteat semiseadueat element
particul arl x ef fecti ve neans of avoiding these problens. Furthernore,

di f f er ence8N nraSHEanGR I POXMISNH 1P athe PiRzoetectio alempatseinside ithet eaper at ur e

or other environnmental factors can also be substantially ignored as a
result of RBEAIRy PRESY doteelien fesatutiareisedetermimed by the S/N ratio, and high

10 resolution can be achieved by housing the semiconductor element and other
components in the same package. This is particularly importént with
piezoelectric elements made of lithium niobate or piezoelectric_single.crystal
because the static capacitance is low, impedance is High, and the piezoelectric
elements are thus susceptible to noise. In addition, the resistance of the

15 current-voltage converﬁng' resistor must be increased when the cut-off
frequency on the low frequency side is lowered, and susceptibility to noise is
thus increased. The construction of the present embodiment is a particularly
effective means of avoiding these problems.

Furthermore, differences in the amplification - rate due to

20 differences in temperature or other environmental factors can also be
substantially ignored as a result of housing the piezoelectric element and
semiconductor element in the same package. Rotational acceleration can
therefore be detected with excellent accuracy.

It will be further noted that the circuit configuration of the

25 semiconductor element shall not be limited to that described above. For



sem conductor elenent in the same package. Rotational acceleration can
therefore be detected with excell'ent accuracy. It will be furtherg petess
that the circuit configuration of the 25 sem conductor el enent shall not
be limted to that descri bed above. For 28 DEC 2006 41 exanpl e,

pi ezoel ectric elenment output could be input directly to an anplifier
circuit without using a buffer anplifieflor inpedance conversion circuit,
or an anplifier circuit for additional gain could be provided downstream
An anplifier «circuit for obtaining even greater gain, or an anal og/digital
conversion circyit .5 cPuhﬁ a‘so be provi ded downstream of the adder. It is
yet further® PoPEZOE'9EIS E'REV QB Soulchbecinputiidiresty e rans amplidiede t he
sane package and place the renmnining circuit elenments on a printed circuit
board i nstg%r&ugfw' iYRNad b\g??rcamplIB%ﬁéwmedanqm@pmme.cnrwlt,wm_an al so

be ohvious that the construction of the acceleration 10 sensor shall not:
be Iinited 3BPHIFACTEHI fereadditianal gaibgpHishee pravided dpwositeami bhe anfmifier
exanpl e, to,ar_ran(rzje the two piezoelectric elements with the cantilevers
poi nti ng. Gifeutt Har SRERINKGr |ven @neater gamnol anFanplog/aigital codversize cirbuit
support block in the mddle of the piezoelectric elenments as shown in Fig.
12B; t 0 C@UihBise baupreyided dnvargteeam obthehaddrfs of the defl ection menber of
the piezoelectric elenents as 15 shown in Fig. 12C. An accel eration sensor
according to this entb@iyedferthdr passible te bousenniyssane sf tenpiaciit elearentet ect
rotational acceleration with good sensitivity using only one sensor, and
feat ures a IRSIgA t%p Rame package and plagei tha.rem@mioglicirenit efer2éntBian a IBikted an
oblique view of an acceleration sensor according to a fifth enbodi nent of
t he i nvent iGiguiteardingteasf hausingalheirgiitelenierthin thanpackage.
It will also be obvious that the construction of the acceleration
10 sensor shall not be limited to that of the first embodiment. It is also possible, for
example, to arrange the two pi_ezoelectric elements with the cantilevers pointing
in the same direction as shdwn in Fig. 12A, to dispose the support block in the
middle of the pieioelectric elements as shown in Fig. 12B; or to dispose support
blocks at both ends of the deflection member of the piezoelectric elements as

15 shown in Fig. 12C.

An acceleration sensor according to this embodiment of the
invention is thus compact, can detect rotational acceleration with good
sensitivity using only one sensor, and features a high S/N ratio and resolution.
Embodiment 5 |

| 20 Fig. 13A is an oblique view of an acceleration sensor according to
a fifth embodiment of the invention, and Fig. 13B is a plan view of the same.
This acceleration sensor 10 is the same as the acceleration sensor of the first
embodiment in that two piezoelectric bodies with opposite polarization
directions are bonded with the same polarity sides thereof together in one of the

25 piezoelectric elements. This acceleration sensor 10 differs in that the



This accel eration sensor 10 is the sanme as the accel eration sensor of the
first enbodinment in that two piezoelectric bodies wth opposite DEC

pol ari zation directions are bonded with the sane polarity sides ?hé%egps
together in one of the 25 piezoelectric elenments. This accel erati on sensor
10 differs in that the 2 8 DEC 2006 42 pol arization directions of the

pi ezoel ectric bodies are the sane in piéZoeIectric el emrent 1 and

pi ezoel ectric elenment 2. Mre specifically, the piezoelectric bodies are
bonded with the sane polarity sides together so that the polarity of

ol arizatio _lhe bonded suyrfaces is the sane in piezoelectric elenments 1
hnd 5 2. Irp%%){%%t'o\%o‘?'ffsc?'of‘ﬁe&ﬁg?é?‘?"z%j?gﬁcdqqd&ﬁ AhEepsame dn pigzoelectric
piezoelectr”c boghes dfornin% ﬁne i ezoelectric elenent are symmetrically
ori ented i n° gpp0sit ANdgpieaeeiRs §,.e%%erﬂth8' pMaiei sradifinellyi the pieaeslastric he

pi ezoel ectr,i c,.bodi es on the ?FHE sides of the piezoelectri:c elenents 1 and
2 are ori erHEHET AT§ ﬁ@”g% ithy reeiqm%rﬂm'qr@y,@r*ﬂ%ﬁ:g@e&ﬂ%ﬂsmﬂwééfmopl@i@cof di ng
to this eanﬁinggi c?qﬁrises two_pi ezoel ectric elenents 1 and 2. Each

pi ezoel ect rREIHARBAT tha HoRded swrfaces és the samadn wiezdelealic elermmnds dranaf a
bi morph cantilever is supported by a support block 3; each binorph.

canti | Rver <onlPrtagsWoigs hibedeelapzatiese diseciions obdloe dwovpieroalbetridibaties on of
pol ari zatign oriented in opposite directions. An 15 electrode 11 a, 11 b,

21 a, 21 b PENNGr PBE BIFZOREELi JpPEst t @resisyaunelricalie orEmted | inveppositeach
piezoelectr&c el ement 1 and 2. Because of the step between the cantilever
and suppor tA5CYeRs.3and Hee gp@latizatinss directivrm of 2he kpierodlbetris anwies icthe tras t he.
support block 3 are forned continuously to the step face so that there is
el ectrical SEHRISIEsy Pt {hedierasiestrie elamentseveanartl aseppientedirotie Jamehe 20
el ectrodes 1la and 2l1la on the side opposite the support block 3 are forned
over the erftifgcioRyr f ace.
10 -An acceleration sensor according to this embodiment comprises
two biezoelecfric elements 1 and 2. ‘Each piezoelectric element has a
cantilevered structure in which one end of a bimorph cantilever is 'supported by
a support block 3; each bimorph cantilever comprises two bonded piezoelectric
bodies with the direction of polarization oriented in opposite directions. An
15 electrode 11a, 11b, 21a, 21b is formed on the two opposite sides of the
cantilever of each piezoelectric element 1 and 2. Because of the step between
the cantilever and support block 3, the electrodes 11b and 21b on the same
side as the support block 3 are formed continuously to the step face so that
there is electrical conductivity between the cantilever and suppbrt' block 3. The
20 electrodes 11a and 21a on the side opposite the support block 3 are formed
over the entire surface.
Because their bimorph structure bonding two piezoelectric bodies,
the cantilevers convert vibration induced by acceleration to an electrical signal,

which can be extracted from the electrodes. The surfacés of the cantilever

25 portions of the piezoelectric elements 1 and 2 are aligned effectively on the



Because their binorph structure bonding two piezoelectric bodies, the
cantil evers convert vibration induced by acceleration to an el ectri cal
signal, which can be extracted fromthe el ectrodes. The surfac@$ OFECtig
cantilever 25 portions of the piezoelectric elenents 1 and 2 are aligned
effectively on the 2 8 DEC 2006 43 sang_plane in order to detect
acceleration in the sane direction usi two piezoelectric elenents. In
order to inprove the precision. with which rotational acceleration is
detected in a limted space, it is preferable to place the two

i ezoel ectric e n t hat, t he support{. bl.ocks 3 to which accel eration
Ps 5 convef@gpeabg sei{groz(ﬁ%rdtodéjeh%éha %@bg?Hr‘e#h&naa’i“ﬁed‘f‘?cé'gneHﬁ'ng?”q he
cantilever portions are. .i.n mutual proximt More. specifically, the
pi ezoel ect ﬂ?%zoeg?cé%ﬁ[eénﬁntindnzo@%?%ﬂmaﬁé’@y fhe pregisi “’ﬂthé”%'ﬁﬂéo"at'.ona'

| ongi t udi nal is.wth the.free nds of the cantilevers in proximty.and
t he suppor @CB%E%'O&&dSPe & 'ncaaﬁm'tlegvéf?%c%i s gy Juaferablerte placsithe we '
mut ual |'y opposieiee directions as, shown in 10 Fig. 13. The piezoelectric
el ement's 1 PFRPELHC ¢ ?’Eea@cé@ dhat e SLeReBr blegks & o el aeealesatiasy i r ect
bondi of two piezoelectric cgodi es in the sane was as the piezoelectric
el enent s OPOPH%V%FgcaéPeP%E’?r@FP Afs UL @ Ras§ible ank therkee endodfnthe . 15
Enbodi nent 6 Fi 9. 14 is an oblique view of an accel eration sensor 10
accor di ng CEBUIEVEF RPHICBRRIG IRFAYILG Prowimitiy dMere speqificallye thsoBiezeatectiid f er s
fromthe fifth enpodinent in that it houses an accel eration sensor of the
fifth enbo§MBARSi hand paaineshin ins emihersree lpngitudinaraxipwitkithadiea he
out put of the piezoelectric 20 el enent .el ectrodes from external el ectrodes
on the si d®8d§f of HBepgsantiguersTie ProxEzbelansd rthe svueperhtliodk sntls> off thene
accel eration sensor 10 are fixed to the

cantilevers disposed to the outside in mutually opposite directions as shown in

10 Fig. 13.

The piezoelectric elements 1 and 2 of this acceleration sensor 10
are manufactured by direct bonding of two piezo_electric bodies in the same was
as the piezoelectrié elements of the acceleration sensor according to the first.
embodiment.

15 Embodiment 6

Fig. 14 is ah oblique view of an acceleration sensor 10 according
to a sixth embodiment of the invention. This embodiment differs from the fifth
embodiment in that it houses an acceleration sensor of the fifth embodiment in
a packa.ge 6a, 6b and mékes it easier to extract the output bf the piezoelectric

20 element electrodes from external electrodes on the sides of fhe package. The
piezoelectric elements 1 and 2 of the acceleration sensor 10 are fixed to the
package 6a at the respective support blocks 3. A recess 7 is formed ih the
packagé Ba so that the cantilevers of the piezoelectric elements do not contact
the package 6a, and the package 6a thus does not interfere with flexure cauéed

25 by the transmission of acceleration.



package 6a at the respective support blocks 3. Arecess 7 is fornmed in the
package 6a so that the cantilevers of the piezoelectric elenments d@ E&‘%t
contact the package 6a, and the package 6a thus does not interfér it PpO6
fl exure caused 25 by the transm ssion of acceleration. 2 8 DEC 2006 44
External el ectrodes 8a, 8b, and 8c forman output termnal at each end and
at the niddle of the package 6a. El ectréfles 11la and 11b of piezoelectric
el enent 1 are connected to external electrodes 8c and 8b by way of the
conductive | ayer on package 6a. Electrodes 21 a and 21 b of piezoelectric 5

el ement 2 are connecg@ to e%ter al electrodes 8c and 8a by way of the
conductive |ayer on wagLelgstroges. 8aoRbRnd Be forayan ontrutderainabalegadiy e

electrically connected by a, conductive paste 9. The package 6a is then
covered b%ﬂa@!@ g8t ég,e Hengf e PasagRoRaseridortrades Wieh andi 41b of
configuration of an accel eration sensor 10, conductivity 10 between the
surface of PRASSHAGLIRE hAte EprNePAd e eiarnpbslectrones Be apdokaly ways -
achieved with the conductive paste, and the anount of conductive paste
appl i ed t hi9% theasonductivedayersn packageem afiestiodeq 23rmnd2 1b bé peaneiecticer |
for exanple. More specifically, by connecting the support block 3 to the
el ect rdodes SIqMBEMNG 2aat0 FONBEFRE i skiernakelentiogiesi 8c sanch 8ehby awagrdfstriecs as
t he resonance 15 frequency and sensitivity of the piezoelectric elenents 1
and 2 can I§8ndectivsetpyer|gn Gackage iGa. obthe meddiictive 1dyer cand identedesoéret he
pi ezoel ectric elenments b appl yi ng the conductive paste thereto,
di f f er ence$legirieally conpeatecody pasnductiveppasid Santhepackagedaisttben lwevered
cantilever will cause piezoelectric elenent characteristics to vary.
However, bypydgackpgedopfarmiey eccelerationesamsor 60t put from 20 the support bl ock
portion, performance is determ ned substantially only by the shape of the
pi ezoel ectric el ementWitkdhis dlonigurstionhef ammcoeleodtiorosehssri 18 qomsiuetivity

10 between the surface of support block 3 and the conductive layer on the package

is achieved with the conductive paste, and the amount of.conductive paste

applied thus has no effect on the resonance frequ_ency of the cantilever, for
example. More specifically, by connecting the support block 3 to the eléctrodes
using a conductive paste, variation in suc_:h characteristics as the resonance
15 frequency and sensitivity of the piezoelectric elements 1 and 2 can be reduced.
If output is obtained from the cantilevers of the piezoelectric elements by
applying the conductive paste thereto, differences in the amount of paste
applied and overspread to the cantilever will cause piezoelectric element
characteristics_ to vary. However, by obtained biezoelectric eI_emént'output from |
20 the support block portion, perforrhance is .determined subsfantially onl.y by the
shape of the piezoelectric element regardiess of the amount of conductive paste
applied, and.variation in piezoelectric element characteristics can be reduced.
The smaller area of the connection on the surface where the electrode is
divided ihto two parts limits the amount of conductive paste that can be applied,

25 and it is therefore preferable to connect to the support block electrode.



applied, and-variation in piezoelectric element characteristics cgamgre 2006
reduced. The smaller area of the connection on the surface where the

el ectrode is divided into two parts limts the anount of conductive paste
that can be applied, 25 and it is therefore preferable to connect to the
support bl ock electrode. 2 8 DEC 2006 45 If solder, for exanple, is used
to make an electrically conductive corfhection directl y to the cantilever,
the heat conducted to the piezoelectric body of the piezoelectric el enent
can raise the piezoelectric body to a high tenperature, causing such
probl ens as degr adedgperléor_\rfémce an& r.educgd 5 sensitivity. . These,

probl ens can be avoi detP Aokl EFAMBIR. 43 |UsERi tRgNale @Reclestiisally copfeetives
because heat transfer t }h canti.|ever is nmore difficult. A nethod for
det ect i ng 50PBPEIA Arclindne HaotIRVEE! the,hP8hceesiadied tosingeBierPBIRativoxt
Fig. 15 is _a block dia r.a]m of accel eration detection using the o .
accel erat i GQ%HsHe B'@%B?&PHE} elementsCcanhaias At Pigzoglpetricrvedit to® hight put -
from 10 piezoel e.(Etri c elements 1 and 2 of acceleration sensor 10 is
connect ed ?%“Pﬁr@ Unee SN0y 8UGH prablems: astdnaraged pesformensatans reducsidgnal
detector 12 is connected to differential anplifier 13. A reference
potentd al §EREHNMDGr - Dheses PEPRIBMS: 637 &l avpisiedapgswavies, Byr edldedngdo the
potential. The same-side el ectrodes gt hat is, 11 a and 21 a, and 11 b and
21 b) of t SEPRERPIQKPecRItSE hgatdfansierdedhe cantilever ismponexdifficatid 15 2 are
respectively connected to the sanme-function term nals of the signal
detectors 12. This adshetwa iesideiediing acopterstiomasingdhisuagoeleratiomssngpral
detectors 12 when acceleration is applied as indicated by the arrowin the
figure. Fidf descripednesttr £ig-t1isayblesk sliagrae ofi agrelerdtior detentiomemsitg i t hi s
enbodi ment. Qutput fromelectrodes 11 b, 21 b of piezoelectric elenments 1
and 20 2 @scelgfriton sensee ageerding torhis embodinkri4l the asntiohy dytpuliremt r odes
11 a and 21 a are grounded by an external el ectrode of the package. A

r esi stOance pigzoelectric elements 1 and 2 of acceleration sensor 10 is connected to the

respective signal detector 12, and the output of signal detector 12 is connected
.to differential amplifier 13. A reference potential generator 22 is also provided'
for epplying a reference potential. The same-side electrodes (that is, 11a and
21a, and 11b and 21b) of the cantilever portion of piezoelectric elements 1 and
15 2 are respectively connected to the same-function terminals of the signal
detectors 12. This assures that a positive signal is output from signal detectors

12 when acceleration is applied as indicated by the arrow in the figure.
Fig. 16 is a circuit diagram of the signal detection means of this
.embodiment. Output from electrodes 11b, 21b of piezoelectric elements 1 and
20 2 is input to the gate of FET 14a and 14b, respectively. Electrodes 11a and 21a.
are grounded by an external electrode of the package. A resistance is
connected parallel to piezoelectric elements 1 and 2, converting piezoelectric
element output to a voltage. A resistance is also connected to the source of
FET 14a and 14b, forming a source following circuit. This source foliower

25  constitutes an impedance conversion circuit. The reference potential is the



connected parallel to piezoelectric elenments 1 and 2, converting

pi ezoelectric elenent output to a voltage. A resistance is al so & §nPEt 12008
to the source of FET 14a and 14b, forming a source following circuit. This
source follower 25 constitutes an inpedance conversion circuit. The
reference potential is the 2 8 DEC 2006 _46 ground potential. Wen

accel eration occurs as indicated by the#@rrowin Fig. 16, both

pi ezoel ectric elenments output a positive signal. Qutput from FETs 14a and
14b is input through the resistance to operating anplifier 15 and
anplified. Thec? o%eﬁa]ti ng anplifier 15 is a differential anplifier that
out puts t h&"AY?Y BPERER between the output signals from FETs 14a and 14b.
The difference betwe the output signals fromthe two piezoelectric
elements 1 and 2 is S’R’a%“ Fecalaraiipn orgunssas hpdicalesshythe asrayetredtigs he,

di fference -b?t ween the. accel eration applied to - the two piezoelectric

el ements. POUARIEFasIECTisRIeRIRAIR OUtRLE AtRGSH Ve Sigoall DutpHbfiorahnE Fe 1detanst ed
from the qi &f.er,enti al out Eut. As described above with reference to Fig. 3,
rotational 14Rdg &R ARTOpENIBE sesistancedaiperatingampliferotfoand emglified. (The
interval 6 r between the support blocks 3 of the two piezoelectric

el ement s 1ORRERING pmnlifer H& é3 & «liffereptials amplifier ithat eatmitsli theadifferénae as
much as possible in order to increase 15 rotational acceleration detection
sensi ti vi't Petween e putpat signrls dre FéTa i 6a ansehdlor deediffieesndenbetvidered- end
drive node in which acceleration is transferred fromthe support block. It
i s t her ef oftlke prtUE sighats frem thertwaspierorlediristedementshbandchist thas sieteried.

bl ocks 3 of the two piezoelectric elenents as nuch as possible. In this
embodi nent lt Kethyamessiblate cetect the difference debdean thpmaselomtdd applied fsi de

t he package 6a, 6b, thereby maxi m zing the distance therebetween. It

shoul d be e two piexpelegtricelgmeEntpr ocessing circuits 12 use fiel d-

10 As described above, rotational acceleration can be detected from
the differential output. As described above with reference to Fig. 3, rotational
acceleration d_etection sensitiVity IS proport'iohal to the interval & r between the
support blocks 3 of the two piezoelectric elements 1 and 2. It is therefore
necessary to increase distance 6r as much as possible in order to increase

15. rotational acceleration detection sensit_ivity. A cantilever type acceleration
sensor operates in a fixed-end drive mode in which acceleration is transferred
from the support block. It is therefore preferable to increase the distance
between the support blocks 3 of the two piezoelectric elements as much as

~ possible. In this embodiment the 'support blocks 3 are positioned at opposite |

20 ends inside the package 6a, 6b, thereby maximizing the distance therebetween.

It should be noted that the signal processing circuits 12 use field-
effect transistors and operating amplifiers, but it is also possible to directly input
piezoelectric element output to the operating amplifier without using FETS.
Further,_a reference voltage circuit or filter circuit could be provided, or an

25 analog/digital converter could be incorporated.



effect transistors and operating anplifiers, but it is also possible to
directly input piezoelectric elenment output to the operating anphid ipgc 2006
wi t hout using FETs. Further, a reference voltage circuit or filter circuit
coul d be provided, or an 25 analog/digital converter could be

i ncorporated. 2 8 DEC 2006 47 Enbodi nent 7 An accel eration sensor
according to this seventh enbodi ment is47the same as the accel eration
sensor of the sixth embodinment in that it houses an acceleration sensor
according to the fifth enbodi ment in a package 6a, 6b, 5 but differs from
the sixth eﬁr\%gd(jj.rren 7i n the external electrodes provided as output

term nal s. % 'E}? i'fically, this acceleration sensor has a set of
external el ectrodes cpnnecting. el ectrodes of the same charge polarity
between the piezoel 681 PFEeléf%W@nf.%‘?SQV@C@%@égitﬁi thig sgvendh embasiment as of
pi.ezoelectrjc elenent 1 -and el ectrode 21b of -Ei ezoel ectric element 2 are
~connect ed ttbe SaMs 88 he ACRBIeEALBh s Tt e otehesmbeditent i thatdti Bouses

el ectrode 11b of i.ezoelectric elenent 1 and el ectrode 21a of

pi ezoel ect ﬁrba%qeé%ﬁpnfeg,sgr ageRTANG: Watheofitih embadinenhiona padkago Bacbbed t o
anot heg external electrode, and these external electrodes forma pair of
out put® t er MY Hikers fromcthe sixiit eaibagiément inthensixtrrdal elesyodas pracideteast i on
sensor 15 10 is described next with reference to Fig. 17. As shown in Fig.
17, el ect r S4&RUt trminalser Merec BRegjtcalyl dhist iasselgeatiorasedsdry hakea set of

pi ezoel ectric elenents are connected to the same outputs, and these

out puts fr&HerAal pleeyedeeeppnecting epetiedes ohithe same chacgs eokrity besesmor 10
are connected to signal detector 12. More specifically, electrodes (11 a
and 21 b, 4&hel Piazoelegtrc alementn dViefeespacifisaliieseletrade tihe ofaptdzoelestisc of

pi ezoel ectric elements 1 and 2 are connected to common nodes, which are

t hen conne@&mento 1aané seettodes 24 brofi pigzoefectiqeiEmente? are acorhizcted to a

10 common node connected to one external electrode, electrode 11b . of
piezoelectric element 1 and electrode 21a of .piezoelectric element 2 are
connected to another qommon node connected to another external electrodé,
and these eXtern‘aI electrodes form a pair of output terminals..

An acceleration detection method using this acceleration sensor

15 10 is described next with referénce to Fig. 17. As shown in Fig. 17, electrodes
of different charge polarities generated by the piezoelectric elements are
connected to the same outputs, and these outputs from the piezoelectric
elements 1 and 2 of acceleration sensor 10 are connected to signal detector 12.
'Mqre specifically; electrodes (11a and 21b, and 1_1b'and 21a) on différent sides

20 of the ‘cantilevers of piezoelectric elementé 1 ahd 2 are connected to common
nodes, which are then connected to a respective terminal of signal. detector 12.
As a result, when acceleration is applied as indicated by the arrows in the figure,
rotational acceleration can be . detected from the output signal of the signal
detector 12, which corresponds to the difference between the charges

25 generated by the piezoelectric elements 1 and 2.



As a result, when acceleration is applied as indicated by the arrows in the
figure, rotational acceleration can be detected fromthe output signal of
the signal detector 12, which corresponds to the difference betw@ehDERe2006
charges 25 generated by the piezoelectric elenents 1 and 2. 28 DEC 2006
48 Fig. 18 shows an equivalent circuit diagramfor the block diagram shown
in Fig. 17. This signal detection means4fBas a field effect transistor (FET)
14 and resistance as a source follower, and an operating anplifier 15.
Qut put fromelectrodes 11 b, 21 a of piezoelectric elements 1 and 2 is
input to the gate 5 of F 4. Electrodes 11 a and 21 b are grounded by an
external el ectrode of '9t Séﬁ\‘!ﬁ@é’b?q%lvﬁ@lt§F§W&€'39§ar8(fﬁhglﬁE ckediagreém t he
ground and bhe gat o{ llEET 14, converting output fromthe piezoelectric
el enent. t o SROVEINAGE. 17 Thisstighaletestionameans basaciald effect fansisior (EEGS  FET
14, forming a source following circuit. This source follower constitutes:
an i mpedan é%"(‘)‘%\?%?’%"iaﬁﬁe apoa SPHEGH followgt pand engperaiing-amplifier $5i puiput
t hrough the resistance to operating anplifier 15 and anplified. Operating
ampl i fier f®m &legirodes 11h. &'a ef P'@é@?'?ggﬁee@@leé\tseh@dp%ti%mhélto itke gbteai ned
by resistance vol tage di vidi ngi the source voltage. It will thus be
appar eht t RAtFEhd4di Elesiredes 11grancth@1harel groundesh by mrapyterral alectraae of
pi ezoel ectric bodi es can be detected using only a sinple anplifier
circuit, anfdeinackagaotA negstanaeyistaennestes betweeanethei glouadyand ther gate of her
such circuit. Fig. 19 shows another equivalent circuit diagramfor the
bl ock di adrEaim howenventimg gutaut. frgwnt the Hieziajecttic deement do amantmgshown in
Fig. 19 20 piezoelectric elenent output is input directly to the operating
anpl i fier WpsiE@ANCeus misc doRMedied dmdheospuricsesf tRET oper frinmyg ansoufdeer s
and a resistance. _

following circuit. This source follower constitutes an impedance conversion

10 circuit.

Output from the FET 14 is input through the resistance to
operating amplifier 1_5 and arhplified. Operating amplifier 15 is an amplifier
circuit. The reference potential is obtained by resistance voltage dividihg the
source voltage. It will thus be apparent that the difference of the acéeleration

15 appli'e'd to two piezoelect_ric bodies can be detected using only a simple
- amplifier circuit, and _it is not necessary to use a differential amplifier or other
such circuit. |

Fig. 19 shows another equivalent circuit diagram for the block

~diagram shown in Fig. 17. -With the signal detection means shoWn in Fig. 19

20 piezoelectric element output is input directly to the op.erating-ampliﬁer without
using a FET 14, and comprises two operating amlplifiers and a resistance.
Output from electrodes 11b and 21a of piezoelectric elements 1 and 2 is input

to the operating amplifier 15a. Electrodes 11a and 21b are grounded from an
external electrode of the package. Out.put from operating amplifier 15a is input

25 through a resistance to operating amplifier 15 and amplified. Operating



Qut put fromelectrodes 11 b and. 21 a of piezoelectric elenents 1 and 2 is
input to the operating anplifier 15a. Electrodes 11 a and 21 b are
grounded froman external electrode of the package. Qutput from op8rBeG 78pe
anplifier 15a is input 25 through a resistance to operating anplifier 15
and anplified. Operating 2 8 DEC 2006 49 anplifier 15 is thus an anplifier
circuit. The reference potential is obt4Pned by resistance voltage
dividing the source voltage. It will thus be apparent that the difference
of the acceleration applied to two piezoelectric bodies can be detected
using a sinple..anplifier circuit_consisting of an operating amplifier. 5 A
further ne%'f'legﬁ%'éttsﬁ iar'?ga%ﬂ@h(é?re‘?'éqq'tonﬂﬂ%irﬂfﬁrQﬂf@ peleatiak igtoiaineddnsor 10
of this enbodi {’rent i s descriped below with reference to the block diagram
in Fig. 20T°fl§ %ﬂ?ﬁs"cﬁt&% Yiepe: the sauree yeliags. it dawe berepngsenidhat the es
generated by the gi ezoel ectric el enents are connected, and the other output
el ect rodes cﬁfp‘erpﬁ@ pPle R casieratian carpitesl 10 dwe Dierocieatat ebedieoncarersor 10
are 10 connected to signal detector 12 Mre specifically, electrodes 11 a
and 21 a orletesied ysing & sile dmplifer siawit Fenaistingoritaroagersting leenplifiez oel ectri ¢
elements 1 and 2 are interconnected, and the electrodes 11b and 210 on the
ot her i des of the daftrthasveethodfer detrntiog @tceleration usingithalacceleratin
signal detector 12. The two piezoelectric elements are thus connected in
seri es. Th&eapar 40 qfhibis embasiyeeat ist tescrinedapeibivedith sefardncatedhdblodie
arrows in the figure, the signal detector 12 outputs a signal
cor r espondidi@gres thhieigdRef dm dnis casa autieutcdiectosdes ofehe rsaines chgrgehsol anities
pi ezoel ectric elements 1 and 2, and rotational acceleration can be
det ect ed fra@meraied y firapiatoelastic etaments aregrminecRat; aarsk tHeh etHencoutput
pi ezoel ectric elenents are serially connected, the static capacitance of
the 20 accdélestendesofsthagriezadleotrd dlementshe andpliof becafieratioroferisee 191 greal
detector 12 is Ilower, and sensitivity is thus increased.

10 connected to signal detector 12. More specifically, electrodes 11a and 21a on

the same sides of the cantilever portions of the piezoelectric elements 1 and 2

are interconnected, and the electrodes 11b and 21b on the ot_her sides of the
cantilevers are connected to the terminals of the signal detector 12. The two
piezoelectric elements are thus connected in series. Therefore, when

15 acceleration is applied as indicated by the arrows in the figure, the signal
detector 12 outputs a signal corresponding to the difference in the charges
generated by the two piezoelectric elements 1 and 2, and rotational acceleration

can be detected from this signal detector output signal. Because the two
piézoelectric elements are serially conhected, the static capacitance of the

20 acceleration sensor viewed from the input terminal of the signal detector 12 is

. lower, and sensitivity is thus increased.

A circuit diagram equivalent to the block diagram shown in Fig. 20

is shown in Fig. 21. The elements of this circuit are the same as shown in Fig.

18, and furthef description is omitted. It will also be noted that the circuit shown

25 in Fig. 19 may also be used.



A circuit diagram equivalent to the bl ock diagram shown in Fig. ﬁgm# S
shown in Fig. 21. The elenents of this circuit are the sane as s Qﬁum
Fig. 18, and further description is omtted. It will also be noted that
the circuit shown 25 in Fig. 19 may al so be used. 28 DEC 2006 50

Enbodi nent 8 Fig. 22 is an oblique view_qof an accel eration sensor 100
according to an eighth enbodi nent of tA8 invention. This enbodi nent
differs fromthe acceleration sensor of the sixth enbodinment in that it
houses a sem conductor 5 elenment 16 for processing piezoelectric el enent
out put ins@rﬂb&{i’iﬁ}%ﬁ%kage 6a, 6b. This acceleration sensor 100 consists of
pi ezoel ectric el'e ts 1 and 2, sem conductor elenent 16, package 6a, 6b,
and external el ectroggé %2 8b, Fc, 8d. Piezoelectric elements 1 and 2 are
i dentical to the pieZd®2tts P ORIARNMIEW BF an ArEeIgrationsteRsPbAOQ @seprding
according to the. fifth embodi ment, The sem conductor 10 elenent 16 is used
as a bare dRi@" S q{@q"g&ﬂ?”ﬁ @?ﬁﬁﬁé”i’?@'%\/erﬁ‘ﬁ embodiraent: diffgrs ey dhe

smal | . The senjconduct or elfement. hG igt& rates the signal processing
circuit, afFEEHAIILEENTACT hfetdhmbedinantiaihal it bouses arkeraicandeepent i al
anplifier. egl ect{ggﬁs on the top of the sem conductor elenent 16 are 15
connect ed t%°PRB QU REqCEESINGy iEZeR epliickalgBenh oBipUkiinEd® dhrlipRgkagm Bee

el ectrodes gn hhe bottom are di e bonded. The piezoel ectric el enent

el ectrodes 6%an hisoAtRRIBTaNEN $8Nser A0 eensigist ¥ PigreeiectaRrIements haandt 2, The
external electrodes 8a, 8b, 8c, 8d are used as a power supply term nal,
ground t er MSAAFONAUGIEY BIBMSTY 1Pe PRFKRIS 52200 Tand edeinal mirpitasiesdas BniBCl6

i nt egrates tcge circuit shown in the. block diagramin Fig. 15, and

oper at es adUeBiezpelegtriceienents 1 @ndeqpmiidestical ta the piezoelectric elements of

the acceleration sensor according to the fifth embodiment. The semiconductor
10 ~ element 16 is used as a bare cHip, thus helping to make the overall acceleration -
sensor small.

Thé semiconduptor element 16 integrates the signal processing
circuit, and comprises two impedance converéion circuits and a differential
amplifier.  Electrodes on the top of the semiconductor element 16 are )

15 connected to the conductive layer on package 6a by wire bonding, while
electrodes on the bottom are die bonded. The piezoelectric element electrodes
and conductive layer are connected with conductive paste. The external
electrodes 8a, 8b, 8¢, 8d are used as a power supply terminal, ground termihal,
and output terrhinals. |

20 The semiconductor element 16 integrates the circuit shoWn in the
block diagram in Fig. 15, and operates as described in the fifth embodiment. A
semiconductor element 16 using FETs can be achieved as shown in Fig. 16.
The operation is again as described in the fifth embodiment, and further
description is therefore omitted.

25 - Embodiment 9



sem conductor el enment 16 using FETs can be achieved as shown in Fig. 16.
The operation is again as described in the fifth enbodi nent, and Eu%tdﬁ%m
description is therefore omtted. 25 Enbodinent 9 2 8 DEC 2006 25 n -
accel eration detection apparatus according to a ninth enbodinment of the
invention is the sanme as the acceleration detection apparatus of the

ei ght h enbodi ment in appearance as shownlin Fig. 22, but differs therefrom.
inthe circuit configuration of the sem conductor elenment 16 5 housed

i nsi de package 6a, 6b. Fig. 23 is a block diagram of an accel eration
detection apparatus according to the present enbodinment. This is one
configuration that di "fe?%@'&@ﬁ'ﬁ‘hé’%?@ﬁﬁﬂ t QEPAGEEM JFOWHNGN tei @ Bt or
the bl ock diagramshown in Fig. 15. In this case the signal detector 12 is
a pair of RIMRAFMentpPf fther nvention Jish the t pamedis f teeradcaieratin | detectias

di sposed downstream: and 10 the differential anplifier 25 outputting a -
rot ati onal 3RPEEREPAfithe epfhiaPMbpdimenteire pppearapoe st Bladwryandrigt @2, BRti s .a
resi stance vol tage divider. Because opgrating anplifiers can be used for

t he buff er diffgrsitheesfeonaria thef siequiineonfiguratiqn iof itee sesiicgiductareelzmary 16
anplifiers can be used for the sem conductor elenents. It should be noted
that power houspyinsige Rankiagg,6arfib. ofier2diis angjotls didffamosf sh@acelenatidre
figure. Enbodi ment 10 An accel eration detection-apparatus according to a
tenth enbdlitestion @pparaius neesarding ite thee asentasntbodimentel eThisi ¢ one
detection apparatus of the eighth enbodi nent in appearance as shown in
Fig. 22, buwonfigurgtiphdhst differefroonmhiencitduit diagam shownfin dlig.até éor the Bibek

sem conductor elenment 16 housed inside package 6a, 6b. A circuit diagram
of this acchbigraat slvewdén €id.i’dn In this case the signal detector 12 is a pair of buffer

amplifiers 24a, 24b with a differential amplifier 25 disposed downstream, and
10 the differential amplifier 25 outputting a rotational acceleration signal. The
reference potential generator 22 is a resistance voltage divider. Because
operating ampliﬁers can be used for the buffer amplifiers and differential
amplifier, simple operating amplifiers can be used for the semiconductor
elements. It should be noted that power supply, grounding, and other wiring is

15 not showh in the figure.
Embodiment 10
An acceleration detection apparatus according to a tenth
embodiment of the invention is the same as the acceleration detection
appératus of the -eighth embodiment in appearénce as shown in Fig. 22, but
20 differs therefrom in the circuit configuration of the semiconductbr element 16
housed inside package 6a, 6b. A circuit diégram of this acceleration detection
apparatus 100 is shown in Fig. 24. Unlike the configuration shown in the block
diagram in Fig. 15, electrodes on the same sides of the cantillevers of
piezoelectric elements 1 and 2 (thatis, 11a and 21a, and 11b and 21b), and the

25 signal detector 12 and reference potential generator 22 are connected. That is,



apparatus 100 is shown in Fig. 24. Unlike the configuration shown in the

bl ock diagramin Fig. 15, electrodes on the sane sides of the qﬁqqghewggs
of piezoelectric elenents 1 and 2 (that is, 11 a and 21 a, and and 21
b), and the 25 signal detector 12 and reference potential generator 22 are
connected. That is, 28 DEC 2006 52 electrode 11 a and electrode 21 b are
connected to reference potential generab8r 22, and el ectrode 11b and

el ectrode 21a are connected directly to signal detector 12. As a result,
when acceleration is applied in the direction indicated by the arrows in
the figure, ,the signals output from piezoelectric elements 1 and 5 2 via
signal det &% rrc’dsleP éngf?&igﬁqd@ 2R are e9nnerted to miefmnceiqiential generateren
input to a(ﬁg 23. Because the outputs from piezoelectric elements 1 and 2
are opposi ?ﬂﬂs &leqtipde; 14pgand lesisede | Stmiare oconmectrd fdireetly ctoi signal
acceleration applied to.-the tw piezoelectric elenments is output: from
adder 23, S§tPGter 381 Aad resids syhamareriewstiontie apptiedirethe dibectioneigdicatddent
circuit diagramfor the block diagram shown in Fig. 24 is shown in Fig.
25. Si ni | aPythe@riays Edheifiguratthersignaiswoutout fiog pRZoeteuitric elsowariten aridn
detection apparatus 100 can be achi eved using operating anplifiers. The
buf f er® anpli Yieesign2sdetaator 21 atriopposite potarite  pidiemei oytpsit gigriats aketarse t he
pl acenent of the el ectrodes for connecting to the non-inverting 15 input
term nal ofNRYAO I3gHEER3 aBsicatiFe tke Rutrantsl fronepieebeleetivesipoieaty i @indgearr at or
22 is different in piezoelectric elements 1 and 2. The adder 26 is also an
oper ati ng @PPPBite golarity,sa gignial pregastionalntal theddiffeteate anaccalecati®r applsd i S
output fromthe output termnal of the adder with this circuit design. It
shoul d be totthe twhapiezesreciwicr elegientscisudutpyt t frempadeer QBur aed apthtighaund,
are not shown in the 20 figure. An equivalent detection circuit can al so
be built bypcdelepatiimean be detected.

10 ~ An equivalent circuit diagram for the block diagrarh shown in Fig.
24 is shown in Fig. 25. Similarly to the configuration shown in Fig. 23, this -
acceleration detection .apparatus 100 can be achieved .using opératihg
amplifiers. The buffer amplifiefs 24a and 24b output opposite polarity signals
because the placement of the electrodes for connecting to the non-inverting

15 input terminal of the buffer amplifiers 24 and the reference potential generator
22 is different in piezoelectric elements 1 and 2. The adder 26 is also an
operating amplifier. A signal proportional to rotational acceleration is output
from the output terrhinal of the adder with this circuit design. It should be noted
that some wiririg,’ including the power source ‘and ground, are not shown in thé

20 figure. | |

An equivalent detection circuit can also be built by disposing the
elements separated from the piezoelectric elements on a printed circuit board,
but the longer wiring lengths increase the effects of noise and lower the S/N
ratio. On the other hand, noise can be reduced and a high S/N ratio échieved

25 by housing the semiconductor element and resistance in proximity to the -



el ements separated fromthe piezoelectric elenents on a printed circuit
board, but the longer wiring I engths increase the effects of no'g%e nd

|l ower the SIN ratio. On the other hand, noise can be reduced an ab @g?ﬂoﬁ
S/N ratio achieved 25 by housing the sem conductor el enment and resistance
in proximty to the 2 8 DEC 2006 53 piezoelectric elenments inside the sane
package. Accel eration sensor detectionS3esolution is determned by the S/N
rati o, and high resolution can be achieved by housing the sem conductor

el ement. and ot her conponents in the same package. This is particularly
inmportant with piezoelectric el ements nmade of 5 |ithiumniobate or.

pi ezoel ect PI%,Z°§F%?§|'%6'€FQ%¥%!"%%H&%amﬁ@e@ka@ec Acsaplecatiesensos detestion

i npedance is hiéqu;_},1 and the piezoelectric elenents are thus susceptible to

noi se. | n SMRAEASNIS determpingdshisthe SOV ratie and high raselutiogecarp he eachieved

resi stor nust.  be increased when the cut-off frequency on the |ow fr equency.

side is | oR¥rRRUSING {Be ssrsRiepPAYEtPr tg/emenh@indeothert ¢arspomentesisethe Tame
construction of the present 10 enbodinment i's a particularly effective
means of aPBFtRgRy tHisds masticdady importeat mithe piatoeiastin etamentst made of
amplification rate, for exanple, due to differences in tenperature or
ot her Senvi B rtiebate Qi Riezoelantrigl singlbecrystabbecauseatHey siatinmapdcitance isesul t
of housing not only the piezoelectric elements but also two sem conduct or
el ement s i PW.hEPSgRBCH A% bighe arrbthet pieratlectts elements até thuscsusceptbleftor e be
detected with excellent accuracy. It will be further noted that the circuit
conf i gur at NBiseofintagditione the egristence obtrereurrerthalltageatonvertingmesistbrtmusthat
descri bed above. For exanple, piezoelectric elenment output could be input
directly tbedncreaped whan ths eutedff fraquency onshedow fladuesity aigy isf lodered,
i npedance conversion circuit, or an 20 anplifier circuit for additional
gai n coul dabd suscepiilitydcownsise eathusiinaieased.i dihe coristuictioh asf thbtpkesértg even
gain, or an anal og/digital conversion circuit, could also

embodiment is a particularly effective means of avoiding these problems.

Furthermore, differences in the amplification rate, for example, -

due to differences in temperature or other environmental factors can also be

substantially ignored as a result of housing not only the piezoelectric elements

but also two semiconductor elements in the same package. Rotational

15 acceleration can therefore be detected with excellent accuracy.

It will be further noted that the circuit configuration of the
semiconductor element shall not be limited to that described above. For
example, piezoelectric element output coLlId.be input directly to an amplifier
circuit without using a buffer amplifier or ifnpedarice conversion circuit, or an

20 amplifier circuit for additional gain could be provided downétream. An ampiiﬁer
circuit for obtaining even gain, or én analog/digital conversion circuit, could also
be provided downstream of the adder or differential circuit.

It is yet further possible to house only some of the circuit elements
inside the same package and place t_he remai.ning circuit elements on a printed

25 circuit board.



be provi ded downstream of the adder or differential circuit. It is yet
further possible to house only sonme of the circuit elenents inside the
sane package and place the remaining circuit elenents on a pri nt2et DEL52006
circuit board. 2 8 DEC 2006 54 It will also be obvious that the
construction of the acceleration sensor shall not be limted to that of
the present enbodinent. It is also possidle, for exanple, to arrange the
two piezoelectric elenents with the cantilevers pointing in the sane
direction as shown in Fig. 26A; to dispose the support .5 block in the

m ddl e of the piezoelectric elenents as shown in Fig. 26B; or to dispose
support bl ocks at botthwihalsoopei¢rvieis thatt ﬂ'@ncﬁm%ﬂél%oﬁfoﬁ the agreleetiosctric
el enents as shown in Fig. 26C. An accel eration sensor according to this
enbodi nent Sepsemehallingdetliraited to thatief therpresent embodistantt ltriswaisd possible,
acceleration with good 10 sensitivity using only one sensor, and features
a hi gh S/ Nferagxamaled teeatr0ge dhe twETipRHaeteatrid lel@ingnts2withsthe shatievermw of
an accel eration sensor according to an eleventh enbodi ment of the

i nvention. Poiltingent the samel diregtiopnas shown of Fide26A:i tos tispobe dhessuppotthi s
accel eration sensor 10 is a uni norph type i-n which each 15 piezoelectric
el ene® hablaghlip tbeemisidie é|tbe tpi¢zodiectyic bantedts as ahsivni toRig. QESs taratoe
support block. This acceleration sensor 10 has two piezoelectric elenents
1 and 2, edigposeesuppertt blockel stramithl en2shali thg alefisttio pineodsri bevibe
conpri sing one piezoelectric body bonded to silicon substrate 30 with the
canti | ever pspogactritielemente asstioby in g8t bl ock 3. . -In addition, the 20
pol ari zation directions of the piezoelectric body are opposite in

pi ezoel ectric el eneAn bcasldraticer eehsot raccoadingetdt tRis Ehmpodimgets of lthe, 11
b, 21 a, and 21 b are

invention is thus compact, can detect rotational acceleration with good

10 - sensitivity using only one sensor, and feature_s a high S/N ratio and resolution.

Embodiment 11
Fig. 27 is a plan view of an acceleratic_)n'sensor according to'an
eleventh embodiment of the invention. Unliké the acceleration sensor of the
first embodirﬁent, this acceleration sensor 10 is a unimorph type in which each
15 piezoelectﬁc element has only one piezoelectric body bonded to a silicon
substrate support block. This acceleration sensor 10 has two piezoelectric
elements 1 and 2, each piezoelectric element 1, 2 having a unimorph cantilever
comprising one piezoelectric body bonded to silicon substrate 30 With the
cantilever supported on one end by a supbort block 3. In addition, the
20 polarization directions of the piezoelectric body are oppésite in piezoelectric
element 1 and piezoelectric element 2. Electrodes 11a, 11b, 21a, and 21b are
formed on opposing surfaces of the cantilevers of piezoelectric elements 1 and
2. Output from electrodes 11b and 21b on the surfaces bonded to silicon
substrate 30 is extracted from the end. Electrodes 11a and 21a formed on the

25 side opposite the support block 3 are formed over the entire surface.



formed on opposing surfaces of the cantilevers of piezoelectric elenents 1
and 2. Qutput fromelectrodes 11 b and 21 b on the surfaces bongid-ég
silicon substrate 30 is extracted fromthe end. Electrodes 11 a na 1200
‘formed on the 25 side opposite the support block 3 are forned over the
entire surface. 2 8 DEC 2006 55 The cantil ever structure of these

pi ezoel ectric elenents 1 and 2 enabl e potential difference produced in
t he piezoelectric bodies 4 by flexible vibration of the cantilever as a
result of acceleration transmtted fromthe support block 3 to be detected
fromthe el ectrodes ﬂ,ﬁ a, lieé/b, 21 a, and 21 b. 5 The piezoelectric
elements 1 and 2 of t AP L3ARIEYEE SHUCBIte@nthese Tiezaglecttic Siewentsparand 81 to
each other _so that one.si(ﬁg of each is on the sane plane. The

pi ezoel ect PRRPIEF &piestial differanch drodueemhinthenpiezoeledtictbndisndby flexible

| ongi't udi na’k axis with the free ends of the cantilevers in proximity at the
insi de an¥WPF&{Ons 9 het CaMtRversas masestitt ok acaeleratione transingteas ébrh dhehe
outside in 10 rmutually opposite directions as shown in Fig. 27. It should
be noted tP¥RPAThBIOEK Slededetertedfoemdbe £legitbdase! 1si, 1l boR1a,sarzs2 tat e f or mi ng
t he support block can be bonded with an adhesive or by direct bonding.
Bondi Ag by direct bohbemieacslentut efeantnts Thad (@ ezine actelératioheserbs 1@ and 2
of this acceleration sensor 10 15 are arranged so that the pol arization

di r ect i onsarss dispesed daseliad doreachbotiies ssod that eonead sideesfeasch Thenatheogemen Fi g.
27 indicate the direction of polarization of the piezoelectric bodies with
the arrowsPl@nartilhg piegaeiestripelsments giedéurtimet aligreid irg linkooh Bensgati ve
side. Electrode 1l1a of piezoelectric element 1 is therefore on the

posi tive sioggitudingl exisovithothe freeterids ohthicheamtidgairs e psoxieity Rtebbrinsige 21 a
of 20 piezoelectric elenent 2 is thus on the negative side, and el ectrode
21 b i s onanddhe pagiporty blaskde.ends of the cantilevers disposed to the outside in

10 . mutually opposite directions as shown in Fig. 27.

It should be noted that the piezoelectric bodies 4 and the silicon
substrate formi.ng the support block.can be bonded with an adhesive or by
direct bo.nding. Bonding by direct bonding is préferable.

The piezoelectric elements 1 énd 2 of this acceleration sensor 10

15 ére. arranged so that tHe polarization directions of the piezoelectric bodies 4 are
different. The arrows in Fig. 27 indicate the direction of polarization of the
piezoelectric bodies with the arrows starting from the positive side and pointing
to the negative side. Electrode 11a of piezoelectric element 1 is therefore on
the positive side, and eléctrode 11b is on the negative side._ Electrode 21a of

20 piezoelectric element 2 is thus on the negative side, and electrode 21b is on the
positive side.

A method of detecting acceleration using this acceleration sensor
is described next with reference to the block diagram in Fig. 28. Electrodes 11a
and 21a of piezoelectric elemehts 1 and 2 are interconnected and connected to

25 signal detector 12. Electrodes 11b and 21b of piezoelectric elements 1 and 2



A nmet hod of detecting acceleration using this acceleration sensor is
described next with reference to the block diagramin Fig. 28.,§l get nages
11 a and 21 a of piezoelectric elenents 1 and 2 are interconnected and
connected to 25 signal detector 12. Electrodes 11 b and 21 b of

pi ezoel ectric elements 1 and 2 2 8 DEC 2006 56 are also interconnected and
connected to another termnal of signalSBetector 12. . A reference potenti al
generator 22 is also provided for applying a reference potential. Wen
acceleration is applied as indicated by the arrowin Fig. 28, 5

i ezoel ectr] | enent 1 nerates a posjtive charge at electrode 11 a and a
Ir[:egat ive ckﬂ%gﬁs%ﬁ%ﬁcgwg‘gﬁa apf gonngsted foeanaierdsrmina af signatidetector d@s of
the consti ue%t Ri ezoctel et\cﬁ ric bodies of the two piezoelectric elenents are
opposi t e, ’%i EFOBI S PRI QRERTAMOT genisr alsesPrRviisgatarvapriyiagge refereneet rode
21 a and a _positive charge in electrode 21b. Furthérnore, because C

el ect rodes PeRi8lng 10 21 a, and electrodes 11 b and 21 b are connected to
each other, the char q&%eﬁm)ve and the charges produced by piezoelectric
r

elements 1 and 2., a Acsplesationswerplied asiedioatecby dhelarawe i Eigat?8on i s
applied, the charge roduced by the piezoelectric element farther fromthe
center® of rRIBZRS'GIMIGi¢lemsat Tgpeaeates Ehpositive wharpge &l caldctigde Hd aoahéra ,
pi ezoel ectric elenment will thus be 15 decimated by the stronger charge, and
the differ difSatiNaIhSESe EhelediEndsed 1hi | Becauseptiespalatipatidre dirediionsT b tee
charges are apEIied as signals to the signal detector 12, which then
out puts a rN&tiueRhPiezeeEClicaPedias If dhaltwo mitaatileatric eleémenty. ar29opsositepl an
vi ew of an accel eration sensor according to a 20 twelfth enbodi ment of the
i nventi on. Prereelecitielelemenbr genrretesdaf fegativer charghen electbee @tiaoans ensor
of the eleventh enbodinent in that the polarization
positive charge in electrode 21b. Furthermore, because electrodes 11a and
10 21a, and electrodes 11b and 21b are connected to each other, the charges
move, and _the_ charges produced by piezoelectric. elements 1 and 2. are
balanced. _However, when rotational -acceleration is - applied, the ch'arge
produced by the piezoelectric element farther from the center of rotation will be
greater. The charge produced by the other piezoelectric element will thus be
15 decimated by the stronger chargé, and the difference between the charges will
be passed to the node. These charges are applied as signals to the signal
detector 12, which then outputs a rotational acceleratioh signal.

Embodiment 12
Fig. 29 is a plan view of an accelefation sensor according to a
20 twelfth embodiment of the invention._ This acceleration sehsor differs from the
acceleration sensor of the eleventh embodiment in that the polarization
directions of the piezoelectric bodies are the same. The acceleration sensor 10
comprises two piezoelectric ellements 1 and 2. Each piezoelectric elements 1
and 2 has a unimorph cantilever comprising one piezoelectric body bonded to

25 silicon substrate 30 with the cantilever supported on one end by a support block



directions of the piezoelectric bodies are the sane. The accel eration
sensor 10 conprises two piezoelectric elenents 1 and 2. Each piezoel ectric
elenents 1 and 2 has a uninorph cantil ever conprising one pi eZdePEE 1 3096
body bonded to 25 silicon substrate 30 with the cantil ever supported on one
end by a support block 2 8 DEC 2006 57 3. In addition, the direction of
pol ari zation of the piezoelectric body 96 the same in piezoelectric
el enent 1 and piezoelectric elenment 2. Enbodinent 13 Fig. 30 is a plan view
of an accel eration sensor according to a 5 thirteenth enbodi ment of the
invention. ,This celeration.sensor 10 differs from the. accel eration
sensor of @ne'nf?c?afgtﬂ e ARG GiTREteN OF PrleRzation opthe Bisreeleceirs badycisdhe samee made
by bondi ng.two iezoelqctric bodj es. having the same direction of
pol ari zat i (W\P'elzﬁe@PH@re fBEdS | ancepigreeleeirgrelemepbRar i zati on of each
pi ezoel ectr]j Clygﬁdy c?nsti tuting one piezoelectric elenent. is the sane. 10
Furt her nor &M Be8kT8he surfaces of the pi ezoel ectric bodies at the
~ bonding interface, that is, the surfaces that are bonded together, have .
different polaritiesFig.t3 ipa elan wewoet anr aenplenationssansndiacgoidng té ace
must be used as the piezoelectric elenment output. This accel eration sensor
10 t her ef oftdnteapiNRIMbOGMENd of the Kiventien.adbisl asceldratios eessor 1 diffiees fromst
enbodi ment in that an electrode 15 is provided at the bonded surfaces.
Thi s accel éheatacelesatiorsasornas thasfitshoepibodiorertcin i tbaklthee piezotlecaind 2,
each piezoelectric elenment conprising two bonded piezoelectric bodies and
each of thélgnentseprcimade budibending itwg pieeoslackicdbodiesi baviof) thel aaeat i on. .
In addition, the direction of polarization of the piezoelectric bodies in
20 pi ezoel gireetion of @olarizations Ipppiver tveorde thi deretiiam obfoofarlzatiba adfi egchof t he
pi ezoel ectric bodies in piezoelectric elenment 2.

piezoelectric body constituting one piezoelectric element is the same.

10 Furthermore, because the surfaces of the piezoelectric bodies at the bonding
interface, that is, the surfaces that are bonded together, have different polarities,
the potential -occurring at the bonding interface must be used as the
piezoelectric elément output. This acceleration sensor 10 therefore further
differs from the acceleration sensor of the first embodiment in that an electrode

15 is provided at the bonded surfaces.

This acceleration sensor 10 thus has two piezoelectric elements 1
and 2, each piezoelectric element comprising two bonded piezoelectric bodies
and each of the piezoelectric bodies having the same direction of polarization.
In- éddition, the directiqn of polarization of the piezoeleétric bodies in

20 piezoelectric element 1 is opposite | the direction of polarization of the
piezoelectric bodies in piezoelectric element 2.

Each piezoelectric element has a cantilevered structure in which
one end of a bimorph cantilever formed by bondiﬁg two piezoelectric bodies is
supported by a support block 3. Electrodes 11a, 11b, 21a, 21b are formed bn

25 the two opposite sides of the cantilevers of each piezoelectric element 1 and 2.



Each piezoelectric elenment has a cantilevered structure. in which one
end. of a binorph cantilever fornmed by bonding two piezoelectric bodies is
supported by a support block 3. Electrodes 11 a, 11 b, 21 a, 21jly ace 2006
formed on 25 the two opposite sides of the cantil evers of each

pi ezoel ectric element 1 and 2. 2 8 DEC 2006 58 An electrode 11 ¢ and 21 ¢
is al so disposed to the bonding surface58etween each of the two

pi ezoel ectric bodi es. Because of the step between the cantil ever and
support block 3, the electrodes 11 b and 21 b on the sane side as the
support bl %'(J:il‘i 3 arge ? electrically connected to the support block. The

el ect r odes AMelgCliade 31cangr? tais alsqidisppper ta thetbanding purfacebetwect each
formed over .the entire surface. The electrodes 11c, 21 c¢ at the bonding

i nterface & £'6M7 piegpelpclicshRdies thereto before bonding. As a result of
t he bi norph cantil ever structure bonding two 10 piezoel ectric bodies as.
descri bed above, the Bsicagse|ddhe istehbetvesen thef camtdseer andsoppert thidck 3,
elenents 1 and 2 produce a potential difference as a result of the

flexi bl e vig fledipdss fihle @nathidbevartheosainensidedas ate bsuppeee bickt Boare
transmtted to the cantilever fromthe support block 3. This potential

di f f ePence elgstiqalycaneectaa toatbieestippodrblotle Fhealeddeesizaand 218, or2thea, 21
b on the opposing sides of the 15 cantilever, and the electrodes 11 c, 21
c at the bél§§ agpesitd e suppertpblozioed ere riormed coventtie lerntitd suredcd. hiThe
accel eration sensor 10 are disposed so that they have one nutually

paral | el selestroged s, 2kpatitie tanding suetfacs aps erefersplpidigesde L amrbiever .
is on the sane plane. The piezoelectric elenments 1 and 2 are further

al i gned i nbefafe bendinge sane | ongitudinal axis with 20 the free ends of the
cantilevers in proximty at the inside and the support block 3 ends of the
cantilevers di sposedAsoat esultitcfi thee ibimambiiataritilRPOstriGuel "RSHdIRN Stwo

10 piezoelectric bodies as described above, the piezoelectric bodies 4 of these
piezoelectric elements 1 and 2 produce a potential difference as a result of the
flexible vibration of the cantilever portion induced by acceleration transmitted to
the cantilever from the support block 3. This potehtial difference can then be
extracted from the electrodes 11a, 11b, 21a, 21b on the opposing sides of the

15 cantilever, and the electrodes 11c, 21c at the bonding surface.

The piezoelectric elements 1 and 2 of this acceleration sensor 10
are disposed so that they have one mutually parallel side, and more specifically
so that one side of each cantilever is on the same plane. The piezoelectric
elements 1 and 2 are further aligned in line on the same iongitudinal éxis with

20 the free ends of the cantilevers.in proximity at the inside and the support block 3
ends of the cantilevers disposed to the outside in mutually opposite directions
as shown in Fig. 30.

This acceleration sensor 10 comprises piezoelectric element 1
and piezoelectric element 2. Each of the piezoeléctric elements is made by

25 bonding two . piezoelectric bodies 4 having the same direction of polarization.



as shown in Fig. 30.. This acceleration sensor 10 conprises piezoelectric
elenment 1 and piezoelectric elenent 2. Each of the piezoelectric el enents
is made by 25 bonding two. piezoelectric bodies 4 having the a8reDEC 2006
direction of polarization. 2 8 DEC 2006 59 The piezoel ectric bodies 4 are
di sposed so that the direction of polarization of the piezoelectric bodies
"4 in piezoelectric element 1 is opposit®9the direction of polarization of
t he piezoelectric bodies 4 in piezoelectric element 2. The direction of
pol ari zati on of the piezoelectric bodies in this acceleration sensor 10 5
I's 1 ndicat g‘by,the arrows in Fig. 30. The arrows start at the positive
si de and §' enpiezgelertsicrraflies ¢earsi disposed wp|that thesdirectiomoeipelatzatiareet r ode
1la of piezoelectric elenent 1 is the positive side and electrode 11 b is
the negati Ve Pigzeeleckiigibedies 4 Buriczaelecsicaglement il ris @ppasie tee wireotiqroef t i ve
and negative surfaces. Likew se, electrode 2la of piezoelectric elenment 2
i s the négianzadionookittre rierpaleeite ribedies14 bni piczheleptii elamerst 8e, Tamd
electrode 21 c is at the interface between positive and negative surfaces.
A nmet hod f sliregtier of palgriaatien ef thei piezesleclrc biodiesdndkiseacael evatior ssnsor 1i0s
descri bed next with reference to the accel eration detection block di agram
shown 3 n Filgindigated ycthecateswsl in Bigarad. 2The anfows stadedtethier pasititeesietandl and
2 are 15 connected to a common node connected to one term nal of a signal
det ect or 1PointTie tbe heegatlvec sidedeslt 1wl dimas b kmoenl ithatwietertodenddhedf t o a
common node connected to another term nal of the signal detector 12. A
ref er ence  pigzoeiécitic efgmentat ds tBe positedessidprand diedtrbde BIplsy/theg negatfeer ence
potential. Wen acceleration is applied as indicated by the arrowin Fig.
31, 20 pi sl aod rélecteddmdic b gértbeatrisrfacep etwesre pdwtivee and Abgsiiveode 11
a, a positive charge at electrode 11 b, and a negative charge at el ectrode
11 c. Becassdache Likewise, electrode 21a of piezoelectric element 2 is the negative

10 side and electrode 21b is the positive s-ide, and electrode 21c is at the interface
between positive and negative surfaces.

A m.ethod for detecting a_ccele.retion using this acceleration sensor
is described next with reference to the acceleration detection block diagram
shown in Fig. 31. Electrodes 11a and 21a of piezoelectric elements 1 and 2 are

15 connected to a common node connected to one terminal of a signal detector 12.
The other electrodes 11b and 21b are likewise connected to a common node
connected to another terminal of the sig’nel detector 1 2. A reference potential
generato.r 22 is also provided for applying a reference potential.

| When acceleration is applied as _indicafed by the arrow in Fig. 31',
20 piezoelectric element 1 generates a positive charge at electrode 11a, a positive
charge at electrode 11b, and a negative charge at electrode 11c. Because the
.direction of polarization is opposite in piezoelectric elements 1 and 2,
piezoelectric element 2 generates a negative charge at electrode 21a, a
negative charge at eIecfrode 21b, and a positive charge at electrode 21c.

25 Electrodes 11a, 11b, 21a, and 21b are interconnected, and electrodes 11¢c and



direction of polarization is opposite in piezoelectric elenments 1 and 2,
pi ezoel ectric elenment 2 generates a negative charge at electrode 21 a, a
~negative charge at el ectrode 21b, and a positive charge at el ectrpgepetlQugs
25 Electrodes 11 a, 11 b, 21 a, and 21 b are interconnected, and el ectrodes
11 ¢ and 2 8 DEC 2006 60 21c are interconnected. The respective charges.
therefore nove and the charges produc@@ by piezoelectric elenents 1 and 2
are bal anced. However, if rotational acceleration is applied, the charge
generated by the piezoelectric elenent farther fromthe center of rotation

wi |l be grgater, The charge praduced 5 t he ot her pi.ezoel ectric, el enent
will thus %13: FEEi %fsan%?ﬁ?ﬂ-e gl?}eoﬁ%g}ec@ﬁ%r rges, fergfare)imes anck thet ween
the charges will be passed to the node. These .charges are applied as

si gnal s toc%}arqgegp Ceﬁi‘iyee%P?‘eﬂ',C Ments ﬁ@ﬁd&?fﬁjbglaaceqiot&way@w if

accel eration signal . énbodi ment 14 10 Fig. 32 is a plan view of an '
accel er at i '9tft FCCEEEM 1y applied. 8% Featated Mnthemiezeeledtient i on.
Thi s accel e]ratiéojF enior cl_irf;fers from the accel eration sensor of the

t hi rt eent F'EM5H %F@Hi’ O {Neacentee obifatatien will g gresdernr Thachaigedirodresd

pi ezogl ectri&@gogi es. 1s the sanme in each of the piezoelectric elenents 1
and 22 Thity BecIngr piezsalesticiement wihinus dedacimatadby thecstronger thaedesnent s
1 and 2. Each of the piezoelectric elenents 1 and 2 has a binorph :
canti | ever@nb iR idffergnesbeivesndne ahargepudll be prysssdtathe ngdet hEhese ect i on
of polarization is the sane in each piezoelectric element 1 and 2. Each
canti | evercharges g apprlied g8 Yigralshe thy signaldetaatonl 3cwhigh tAebaalitputsta 15 20
Fig. 33 is a plan view of an. accel eration sensor according to a fifteenth
enbodi nentfoiatianaacerlediPbPiIgNBli s accel eration sensor 10 differs from

Embodiment 14

10 Fig. 32 is a plan view of an acceleration sensor according to a
fourteenth embodiment of the invention. This acceleration sensor differs from
- the acc_eleratioh sensor of the thirteenth embodiment in that the direction of
polarization of the piezoelectric bodies is the samé in each of the piezoelectric
elements 1 and 2. This acceleration sensor 10 comprises two piezoelectric
15 elements 1 and 2. Each of the piezoeleétric elements 1 and 2 has a bimorph
cantilever comprising two piezoelectric bodies bonded so that the direction of
polarization is the same in each piezoelectric élement 1 and 2. Each cantilever
is supported on one end by a support block 3.
Embodiment 15 |
20 Fig. 33 is a plan view of an acceleration sensor according to a
fifteenth embodiment of the invention. This accéleration sensor 10 differs from
the acceleration sensor of the first embodiment in that the piezoelectric
elements are made by bonding two piezoelectric bodies with an intervening
shim therebetween rather than bonding the piezoelectric bodies directly to each

25 other. More specifically, the acceleration sensor 10 comprises two piezoelectric



the accel eration sensor of the first enbodiment in that the piezoelectric
el ements are nmade by bondi ng two piezoelectric bodies with an intsrv§€'Q&
shi m t her ebet ween rat her than bondi ng the piezoel ectric bodies di &c 9 3
each 25 other. Mrre specifically, the acceleration sensor 10 conprises two
pi ezoel ectric 2 8 DEC 2006 61 elenents 1 and 2. Each of the piezoelectric
~elements 1 and 2 conprises two piezoel &ltric bodies with different
directions of polarization. The piezoelectric bodies are bonded with an
“intervening shimbetween the piezoelectric bodies. The piezoelectric
bodies are further ,arranged so that the directions of .5 polarization of
- the piezoel 8%1”?? S t]o?ﬁ‘cgg- agécmﬁm IPiEZ9siRsiic €lementset @alde2 comprisesewent s 1
and 2. In other wo ds,q&he directions of polarization. of the
pi ezoel ect r P@ZBS'&F{%? bodies vl eifierentl direntionsi dfrealapzatiore| dber piezedleswiat S
'are'.OFientgd.in_o Eﬁ%ite directions so that the polarity of polarization
at the bondPAFeSiaie &oNded Wik wBeintarienippeshiel betiveien thedyieaoelesticrbddies.
di fferent i? each 10 &jezoe[ectric el ement. Each piezoelectric el ement has
a cantil evel B8 BIEZORIEGHE ibodigs care durthemdiraingedbiswortplt ahst dirémisng Sof
supported by a support block 3. Each binorph cantilever is formed by
bondi né t woPPREZRANe bt the pirriedectiit thodies areneutually ngposihé Mhthesehetieen.
An electrode 11 a, 11 b, 21 a, 21 b is fornmed on 15 the two opposite sides
of the cant PIEBIRSKS of k2. pi By o¥herc wdrds eltiesreditections do . poleliB e opftns he
step between the cantilever and support block 3, the electrodes 11 b

and. 21 b onPiEReeiSalic Bediesain the moxpally bositéndd aiezsdi6atiti Sahlents gpaect ed
to the support block. The electrodes 11 a and 21 a on the side opposite the
support bl oiersed ik oppesiteddiseaiontsisn thet ite polziritya o polizAforR af Bbondhgt he
cantil ever structure descri bed above, the piezoelectric bodies 4. of these
pi ezoel ect rinterfageerbstweerl thed Hepoalectde Body and shim is different in each

10 piezoelebtric element.
Each piezoelectric element has a cantilevered structure in which
“one end of a bimorph cantilever is supported by a 'support block 3. Each
bimorph cantilever is formed by bonding two piezoelectric bodies with an
intervening shim therebetween. An electrode 1 1a, 11b, 21a, 21b is formed on
15 the two opposite sides of the cantilever of each piezoelectric element 1 and 2.
Because of the step between the cantilever and support block 3, the electrodes
11b and 21b on the same side as the support biloc.:k 3 are electrically connected
tq the support block. The electrodes 11a and 21a on the side opposite the
subpof‘t block 3 are formed ovér the entire surface.
20 As a result of the cantilever structuré -déscribed above, ;(he
piezoelectric ‘bodies 4. of these piezoelectﬁc_élements 1 and 2 produﬁe a
~potential differen_cé as a result of the flexible vibration of the cantilever portion
indgced by acceleration transmitted to the .cantilever from the support block 3
This potential difference can then be extracted from the electrodes 11a, 11b,

25 21a, 21b on the opposing sides of the cantilever.



potential difference as a result of the flexible vibration of the

cantil ever portion induced by acceleration transmtted to th3 c%g;iﬁﬁier
fromthe support block 3. This potential difference can then 6% t ted
fromthe electrodes 11 a, 11 b, 25 21 a, 21 b on the opposing sides of the
cantilever. 2 8 DEC 2006 62 The piezoelectric elenents 1 and 2 of this
accel eration sensor, 10 are disposed se2that they have one nmutual ly
parall el side, and nore specifically so that one side of each cantilever
is on the sane plane. The piezoelectric elenments 1 and 2 are further
aligned in line on the sane longitudinal axis with 5 the free ends of the
cantil evers in proxiningpigeoelestricralethentsd drite2 ofpitierdccklepsatiord seasstsi®f t he
cantilevers disposed to the outside in nutually opposite directions as
shown in Fiaje dkposetesadihat theyomavef openeutuathy parallef sitibearm ﬁ?cﬁ@'s?étlﬁbéll odi es
in this acceleration sensor 10 is indicated by the arrows in Fig. 33. The
arrows starso Htat or@ side gfosach cantieder éndnpiensarhe giies. NeLRS ipwoldiric | t
will thus be known that electrode 11 a of piezoelectric elenent 1 . is on a
posi tive siedemant tlandt2 ade fdrither dlgned ia IPRSHH ithe sBimdelonkitk@nhs Sxis &LigEt r ode
21 a of piezoelectric elenent 2 is on a negative side and electrode 21 b

i's on @& nedat iffree esidseof thé\ camtileodrsfinrpregingGt e a%i@d BRAtHOBUYSRBIJRI$
accel eration sensor 15 is described next with reference to the

accel er at | @mddedfetbiei camtilbveck difpagedrto thBOWsHB ifrifutudfly opbesits %‘ﬂ‘ééti% a and
21 a of piezoelectric elements 1 and 2 are connected to a comobn node

connect ed  tas shoavrt @rFignd8. of a signal detector 12. The other el ectrodes
11b and 21b are |i kew se connected to a conmbn node connected to anot her

SIS bt i) S ek o prd et St LAY SPETR F, 2
appl i ed as dcgelecatictsdnsor M@ islifidivatel By e atfows in Fig. 33. The arrows start at
10 the positive side and point to the negative side. It will thus be known that
electrode 11a of_ piezoelectric element 1 is on a positive side and electrode 11b
is on a positive side.- Likéwise, electrode 21a of piezoelectric element 2 is. ona
négative side and electrode 21b is on a negative side.
A method for detecting acceleration using this acceleration sensor
15 - is described next with reference to the acceleration detection block diagram
shown in Fig. 34. Electrodes 11a and 21a of piezoelectric elements 1 and 2 are
connected to a common node connected to one terminal of a signal detector 12.
The other electrodes 11b and 21b are likewise connected to a common. node
" connected to another'terminal of the signal detector 12. A reference pote_ntial.
20 generator 22 is also provided for applying a reference potential.
Wheh acceleration is applied as indicated by the arrow in Fig. 34,
piezoelectric element 1 generates a positive charge at electrode 11a and a
negative charge at electrode 11b. Because the direction of polarization is

opposite in piezoelectric elements 1 and 2, piezoelectric element 2 generates a

25 negative charge at electrode 21a and a positive charge at electrode 21b.



pi ezoel ectric elenment 1 generates a positive charge at electrode 11 a and a
negative charge at electrode 11 b. Because the direction of pg%@qk§p§m9n IS
opposite in piezoelectric elenments 1 and 2, piezoelectric elenent 2
generates a 25 negative charge at electrode 21 a and a positive charge at

el ectrode 21 b. 2 8 DEC 2006 63 Because el ectrodes 1l1la and 21a, and 11b
and 21b are interconnected, the respecdBve charges nove and the charges
produced by piezoelectric elenents 1 and 2 are bal anced. However, if
rotational acceleration is applied, the charge generated by the

pi ezoel ectrjc element farther fromthe center of rotation will be 5
greater. TIRECEHER Fle@reiffcddarnd Rd aotamsr 1 b encePdltarecintérenenected) thet hus
be deci mated by the stronger charge, and the difference between the

char ges wi IMPSPasaIvVE£E3ERS HOVA@NAdNEe. Changeeprodacee by riezasiettiie ¢lemerstsgnal s
to the signal detector 12, which then outputs a rotational acceleration

si gnal . Eni30di nefe batanpedri ljowsser, §f eptpliemal \dceeleodtiamisaappliest, dihé echasgensor
according to a sixteenth enbodi nent of the invention.. This accel eration.
sensor di f Generateddy thapiernsieariaiamentdagher ibmtthe dantéreefivotatmbeitipent in
that the direction of polarization of correspondi ng piezoel ectric bodies

i s thé® samgréatesadieotharge prodecedd bycthei athet eiezobciria@biknient! willthogrbanor ds,
the polarity of polarization at the 15 bonding interface between the shim

and each pideziedtedthni thebstdynger dhaege, parey tred differérncedbetmerh the dHaegsawgl i n
pi ezoel ectric element 1 and piezoelectric elenent 2. This acceleration

sensor 10 beupasmmtbtd $es node. pTheselobetgés arelapphsd 2islsigndis2to frchignal -
pi ezoel ectric elenment has a cantilevered structure in 20 which one end of

a bi nor ph datedtori2rwhish sherpoutpedts by ortistapaiceld?h@srk sgnaFach bi nor ph
cantilever is formed by bonding two piezoel ectric bodies having
Embodiment 16

10 : Fig. 35 is a plan view of an acceleration sensor according to a
sixteenth embodiment of the invention. This acceleration sensor differs from -
the accelerat_ion'-sensor'of the fifteenth embod.iment in that the direction of -
polarization of corresponding piezoelectric bodiés is the sarhé in each of the
| piezoelectric e_lements 1 and 2. In other words, the polarity of polarization at the

15 bonding interface between the shim and each piezoelectric body of the
piezoelectric element is the same in piezoelectric element 1 and piezoelectric
element 2.

This acceleration sensor 10 thus comprises two piezoelectric
elements 1 and 2. Each piezoelectric element has a cantilevered structure in

20 which one end of a bimorph cantilever is supported by a support block 3. Each
bimorph cantilever is formed by bonding two piezoeleétric bodies having
mutually opposite directions of polarization with an intervening shim
therebetween.

Embodiment 17

25 ' Fig. 36 is a plan view of an acceleration sensor according to a



mutual |y opposite directions of polarization with an intervening shim

t her ebet ween. Enbodi ment 17 25 Fig. 36 is a plan view of an acck$ dit&t 2068

sensor according to a 2 8 DEC 2006 64 seventeenth enbodi ment of the

i nvention. This acceleration sensor 10 differs fromthe accel eration

sensor of the first enbodinment in that each piezoelectric elenent is nade

by bonding four piezoelectric bodies. Tds accel eration sensor 10 has two

pi ezoel ectric elenments 1 and 2. Each piezoelectric element 1 and 2 5. is a

| am nate of two | am nates each formed by bonding two piezoel ectric bodies

with different directions. of polarization. In addition, the directions of

pol ari zat i gﬁvegt@epﬁ‘be PAzasRnef e ipventien. edinis acteldiationasensout Oadiffgrs

opposite igé@%§$oelectrip elements 1 and 2. In other words, the polarity

at the bond&@ $f AecRISralion: $RNSQsial tbe fisett embodiotresinithapéasopiezotlectic

el enent 1 i? opposite that in piezoelectric 10 element 2. Each

pi ezoel ect GI¥MeNdEEIRdRY bending: fore piezediestniabodies. iThisbiseratos seAgorof t he

cantilever is supported by a support block 3. The cantilever is .fornmed by

conbi ni ng "3 nRieEselsEtrioneiementdl aride o Elaehtpiézodiadiie slemdrtecan@des

11a, 11b, 2la, 21b are formed on the two opposite sides of the 15

cant i [Fever & 8flaminate of brolaminateseattefmmedlbyabdnding ARoSHeNstIéariEbBdie6,

el ectrode 11 a electrically connects surfaces progucing a charge of the

same pol ar Wit differenhdirections ofpolaszatinpl. | lacadditish, tieé efbewsis dilodlardatn

electricall¥ connects surfaces producing a charge of the sane polarity

when accel & 18 earrespesiing pibzoElestric bdeieséie&nmnudllﬁb?ﬁégité epieZQelgdfie: AS @
e

result of the cantilever structure described above, _
elements 1 and 2. In other words, the polarity at the bonded surfaces of the
. piezoelectric bodies in piezoelectric element 1 is opposite that in piezoelectric
10 element2.

' E.a'ch piezpelectric element has a cantilevered structure in which
one end of the canti_lever is supported by a support block 3. _The-c_a__ntiléver is
formed by combinjng two laminates of two bonded piezoelectric bodies.
Electrodes 11a, 11b, 21a, 21b are formed on the two opposite sides of the

15 cantilevérs of each piezoelectric element 1 and 2.

As shown in Fig. 36, electrode 11a electrically connects surfaces
producing a charge of the same polarity when acceleration is applied, and
electrode 11b also electrically connects surfaces producing a charge of the
'lsar_ne_ polarity when acceleration is applied. Electrodes 21a and 21b do the

20 same. | |

As a result of the cantilever structure described above, the
piezoelectric bodies 4 of these piezoelectric elemehts 1 and 2 produce a
potential difference as a result of the flexible vibration of the cantilever portion

induced by acceleration transmitted to the cantilever from the support block 3.

25 This potential difference can then be extracted from the electrodes 11a, 11b,



pi ezoel ectric bodies 4 of these piezoelectric elenents 1 and 2 produce a
potential difference as a result of the flexible vibration of the
cantilever portion induced by acceleration transnmtted to the ganDEC euisr
fromthe support block 3. 25 This potential difference can then be
extracted fromthe electrodes 11 a, 11 b, 2 8 DEC 2006 65 21 a, 21 b of
the piezoelectric elenents 1 and 2. The&pi ezoel ectric elenments 1. and 2 of
this acceleration sensor 10 are disposed so that they have one nutually
paral l el side, and nore specifically so that one side of each cantilever
is on the sane ?Iane. The piezoelectric 5 elenments 1 and 2 are further

al i gned i n21Ané1BRf therisgnpelectsisglenantsal andizs with the free ends of the
cantilevers in proximty at the inside and the support block 3 ends of the
cantil evers di sposed 1§ RiRgo”jacisicaremantsut @akl 3 ob s sicteleditioncsérmns 10as
shown in the figure. The direction of polarization of the piezoelectric
bodi es i n R §ispegeasodhat tiaydravsesriomutgaliysparatieicside carty mbhe specifivglyi n
Fig. 36. The arrows start at the positive side and point to the negative
side. It wsPlthahgeepsidk mfvweacthaantilbesr isegatthe sameletared. tThe piegdoekeRl i C
bodi es 4 are bonded together in piezoelectric elenent 1, and the positive
si des Sof t RempenizceradiZ ace hothersalignad én inadedthe sgekhengitutinm epee et i ¢
el enent 2. 15 A nethod for detecting acceleration using this accel eration

sensor i sthiekeeiepdd ofithxe cantilbversiie pesximity @t theirsidehed td Suppdet Biekk an _
bl ock diagram shown in Fig. 37. Electrodes 11 a and 21 a of piezoelectric

el enents leadd df the cantievees tspoted 20 COSTRISIHO i mnaﬁnbpgoéifé ainéctidersm nal
of a signal detector 12. The other electrodes 11b and 21b are |ikew se

connect ed &6 showonmtine figdee. 20 connected to another term nal of the signal
detector 12. A reference potential generator 22 is also provided for
appl ying a referenceTpet dinéctadn of polarization of the piezoelectric bodies in this
10 acceleration sensor 10 is indicated by the arrows in Fig. 36. The arrows start at
| the positive side and point to the negative side. It will thus be known that the
négative sides of the pi_ezoelec_tric bodies 4 are bonded together in piezoelectric
element 1, and the positive sides of the piezoelectric. bodies 4 are bonded
together in piezoelectric element 2.
15 A method for detecting acceleration using this acceleration sensor
is described next with reference to the acceleration detection block diagram
~shown in Fig. 37. Electrodes 11a and 21a of piezoelectric elements 1 and 2 are
connected to a common node connected to one terminal of a signal detector 12.
The -other electrodes 11b and 21b are Iik’ewi.'se connected to .a'co.mmon node'
20 connected to another terminal of the signal detector 12. A reference potential
generator 22 is also provided for applying a reference potential.
When acceleration is applied as indicated by the arrow in Fig. 37,
piezoelectric element 1 generates a positive charge at electrode 11a and a

negative charge at electrode 11b. Because the direction of polarization is

- 25 opposite in piezoelectric elements 1 and 2, piezoelectric element 2 generates a



When acceleration is applied as indicated by the arrowin Fig. 37,

pi ezoel ectric elenment 1 generates a positive charge at electro?g mﬁ;qmgnd a
negative charge at electrode 11 b. Because the direction of polarization is
25 opposite in piezoelectric elenments 1 and 2, piezoelectric element 2
generates a 2 8 DEC 2006 66 negative charge at electrode 21 a and a
positive charge at electrode 21 b. El e&grodes 11 a and 21 a, and 11 b and
21 b are interconnected. The respective charges therefore nove and the
charges produced by piezoelectric elements 1 and 2 are bal anced. However,
if rotational acceleration is applied, the charge 5 generated by the

pi ezoel ect Negaiembargd @tt tlectroden? tehanteat positife raargé om widdirode 2us.eat er.
The charge produced by. the other piezoelectric element will thus be

deci mat ed Bjedttosiesttienged 2dbarge, 1 tonand 24 bdirbfisteptmmdeasdvegnetiagpstineges
wi'll be passed to the node. These charges are applied as signal s to the

si gnal  detbatges therefote movewn thet gharges Pr@il.ﬁieldobyableééé@cﬁf@él'e%rﬁé gnal .
10 Enbodinent 18 Fig. 38 is a plan view of an accel erati on sensor according

to an ei ghhdénhtite batandede towévdrhé rotatial @Beelemt'@naﬁcéﬁpﬂﬁeat tNcR&geor 10
differs fromthe accel eration sensor of the seventeenth enbodi nent “i n that

cor r eSpondpagenated bg ltes bidzoeketticslchfirt fAfiSerSPom tHé rc%ﬁ{erQﬂ' r@tfat@ﬁlvﬂﬂ peation
in 15 piezoelectric el ement 1 and piezoelectric element 2. In other words,

the pol ari gyeatat The diemgdeprotiderr B thé dthér p.le@é@l@b@ﬁ;télbﬁ]eb@%ﬁhué behe
sanme in piezoelectric elenment 1 and piezoelectric el enent 2.

accel er at i dacisenedbylibehamrigep chétgéz%ﬂdelﬁbrdlﬁer@n%%étt@eénWcﬁﬁ eg%% ill,
anti |l ever

pi ezoel ectric elenment 1 and 2 has a cantilevered structure

o en el e iS00 s bt el e B shIKAAE b1 sl
end of eaCEIete%t‘drl1|2¢W|cr$H%Gtﬁdtsbé/r&aﬁm%r&:e@ré’tﬂﬁ sdgnal.
10 Embodiment 18
Fig. 38 is a plén view of an acceleration sensor aCcording to an
eighteenth embodiment of the invention. This acceleration sensor 10 differs _
from the acceleration sensor of the seventeenth embodiment in that
corresponding piezoelectric bodies have the same direction of polarization in
15 piezoelectric element 1 and piezoelectric element 2. In other WOrds, the polarity
at the bonded surfaces of the piezoelectric bodies is the same in piezoelectric
element 1 and piezoelectric element 2. This acceleration sensor 10 has two
piezoelectric elements 1 and 2. Each piezoelectric element 1 and 2 has a
cantilevered structure, the cantilever being a Iaminat.e of two' laminates each
20 formed by bonding two piezeelectric bodies with different directions of
polarization, and one end of each cantilever supported by a support block 3.
Embodiment 19 |
Fig. 39 is an oblique view of an acceleration sensor according to a

nineteenth embodiment of the invention. The acceleration sensor of this

25 embodiment can detect fotational acceleration on two different axial directions.



Enbodi ment 19 Fig. 39 is an oblique view of an accel eration sensor
according to a nineteenth enbodi nent of the invention. The apcgigrﬁg%é@&
sensor of this 25 enbodinent can detect rotational acceleration on
different axial directions. 28 DEC 2006 67 More specifically, this

accel eration sensor can detect a rotational acceleration conponent in the
direction parallel to the mounting surfgge of package 6a, and can also
detect a rotational acceleration conponent in the direction perpendicul ar
to the mounting surface. The rotational acceleration conponent 5 parall el
to the nmounting surface is detected by piezoelectric elements 1 a and 2a.

This corredfenedspacificaty elhis acteleratienesénso?. &m abRO0 a idtétidhal accdiBeation ,
rotational acceleration conponent perpendicular to the nmounting surface is

det ect ed byompicaeotiretier diceatioarparaliel tolthe mlodlingTa1@ el ¥pRikaERB £ LN ©
elements 1 b and 2b are di sposed so that 10 the surf_ac%\p%f k?ﬁe canti |l ever .

i s parall elcano di$e deteati ag retatfomak thélén%tiﬁﬂc!@%ﬁ%)or(eﬂts%'rH@rﬂi?gctfoﬂ as -
"horizontal" below), the free ends of the cantilevers are in nutua

proxi mity, penperidieulaatt ﬁweemeuatn_s? euffayed THe FBRMHdl dlaekstidl é&ﬂgsﬁent
substantially in line. The cantilevers of these piezoelectric elenents |Ib

-and 215  ar pasdiiey o tHeemsunitiis Subbcd Reddlaakassy ;ﬂ@f’oélé&ri‘éiet’l)érﬂérﬁtfsffaegrl\q%.and It

is therefore 15 not necessary to provide a recess In the surface o he

package 6aTis tbabsidivls t0aatddIEeans deddctidrPadisBowhniA ﬁg.t gprﬂ'ﬁé rbilfof4PPort
bl ocks is fixed with a conductive paste, and an el ectfode conductrve to .

t he suppor tacbélefatioPOtdrheenéri p@b@ﬁ&fch%‘?'tbyth@ggeﬁﬁﬁ ﬁgﬂﬁgﬁ i%@%ﬁ}d@é& by

el ectrode 8d on the package 6a. The el ectrodes on
canti | ever pigdorlcttisdelRhRReits HBdndy2rLonnected to the 20 external el ectrode 8d

of package 6a by wire bonding. This configuration enables rotational
accel eration conponemhgs®bwbWieBehscthe RemEFRMALRNYD are disposed so that
10 the surface of the cantilever is parallel to the mounting surface of the package
(also referred to as "horizontal" below), the free ends of the: cantilevers are in
mutual _proxi.mity, and the cantilevers are fixed to support Blocks disposed
substantially in line. The cantilevers of these piezoelectric elements 1b and 2b.
are above the surface of the package and can-vibrate freely, and it is therefore
15 not necessary to provide a recess in the surface of the péckage 6a so that the
cantilevers can vibrate. The bottom of the support blocks is fixed with a
conductive paste, and an electrode conductive to the support block-portion is
electrically connected to an external electrode 8d on the package 6a. The
electrodes on the tpp of the cantilevers are also electrically connected to the
20 external electrode 8d of package 6a by wire bonding. This configuration
enables rotational acceleration components on two axes to be separately

detected using a single package.
It will be obvious that piezoelectric elements as described in any

of the preceding embodiments 1 through 18 can be used in this embodiment. In

25 addition, any of the described circuit designs and electrode connections



detected using a single package. It will be obvious that piezoelectric

el ements as described in any of the precedi ng enbodi nents 1 thro%%h 18 can
be used in this enbodinent. In 25 addition, any of the descri el UECr 2006 t
designs and el ectrode connections 2 8 DEC 2006 68 between the

- piezoel ectric elenents. Furthernore, sem conductor circuits as shown in
Fig. 9 can be incorporated for the two@gges. It wll also be readily
apparent that a third set of piezoelectric elenments can be additionally
provided for separately detecting a rotational acceleration conponent on a
third axis. 5 Enbodinment 20 In an accel eration sensor according to a

twenti et h debweemdne piézoelearic relements thetrsarmioas e sefmiddmeiuentdifceitsraof t he
pi ezoel ectric element is inclined to the nmounting surface. Fig. 40A is an
obl i que vi ehowh inheigpiSeear bec incorporateaiTtont theoivoraxes. cat wilhkisdNbs ¢B&Eiy
according to this enbodi-nent. Fig. 40B is- 10 an end view of .the _ '
accel er at | @ppaeersdhates tisiesef bbpiczoelsetiovlenterits Gandhaddiiehaly Pajviddd. - 40B
shows side by side end views of piezoelectric elements 1 and 2. The
portions ofort degsrateledetebthng birotationaratseldratibl cAndhehheneAfRdaxid. N the
accel eration sensor of the fifth enbodi nent, and the directions of

pol ariszat i @misddifedt poezoel ectric bodies in one piezoelectric elenent are
mutual Iy 15 opposite. This acceleration sensor differs with that of the

fifth embodiment, hevwerescceldratibRlschb6r Acddrany ©Y hasHidh etrﬁtf‘oo%@h% bever
is inclined 25 degrees to a |ine perpendicular to the nounting surtace.

These pi eza@ed priehtion e BEMAGe df médc%timr%?w@?%%sie%frﬁi él%e'HPFshpclﬁ}?éoa' el

to (horizontal) and perpendicular to (vertical) the nounting surface as a

20 result &b thBemeanting e Rfaeeandiyi BOAL OBNAbERGId Heiofl e PRILEIRYR S
being inclined to the nounting surface.
elements of an acceleration sensor according to this embodiment. Fig. 40B is
10 an end view of the acceleration sensor as seen from the arrow in Fig. 40A.
: .-Note that Fig. 40B shows side by side end views of piezoelectric elements 1
and 2. The portions of these piezoelectric elements 1 and 2 are the same as in
the acceleration sensor of the fifth embodiment, and the directions. of
polarization of the piezoelectric bodies in one piezoelectric element are mutually
15 opposite. This acceleration sensor differs with that .of.the fifth embodiment,
however, in that the primary surface of the cantilever is inclined 25 degrees to a
line perpendicular to the mounting surface.
These piezoelectric elements 1 and 2 can sense acceleration both
parallel to (horizontal) and perpehdicular to (vertical)' the mounting surface as a
20 result of the cantilevers and vibration direction of the cantilevers being inclined
to the mounting surface.
Using this aCceleration_ sensor and the signal processing method
of the piezoelectric elemehts of the fifth emquiment enables a single device

package to measure rotational acceleration including rotational acceleration

25 components in two directions, alt'hough the horizontal and vertical rotational



Using this acceleration sensor and the signal processing nethod of the

pi ezoel ectric elenents of the fifth enbodi nent enabl es a single device
package to neasure rotational acceleration including rotational 28 DEC 2006
accel eration 25. conponents in two directions, although the horizontal and
vertical rotational 2 8 DEC 2006 6'9 acceleration conponents cannot be
separated. Fig. 41A to Fig. 41C are enggyi ews of other conbinations of

pi ezoel ectric el ements having the cantilever inclined to the package
surface. Note that these figures show the end views of piezoelectric
elements 1 and 2 5 side by-side. The directions of polarization shown in
Fig. 41A aeec¢leeatemanmsrsoneaitewannot d gepa@td.but the inclines of the
cantilevers face in opposite directions. Wen the piezoelectric elenents 1
and 2 shown in Fig. Fi 41a woFigcted &% epdoWRWsNoFidtherl Bombirthatiohd: ofor

Fig. 20, rotational acceleration is detected. as a ‘horizontal conponent
and trans| pidzoeREctiéc etdrmentsi havihg tHEtRFHReRSNAIINRS 1d BR) phBkEETROAERS - When
connected as shown in Fig. 5, Fig. 7, or Fig. 10, the horlzontal conponent

i s det ect etlate thatathekatfigunes sﬁ@W_eth@réﬁd QrewANef Ff&oé%‘bﬁrlcc@bme?@ﬁﬁomt s
detected as rotational acceleration. The directions of polarization of the

pi ezod ect kide Hpdides Phe ditectichLa0sbIafLatch ShEIRM ﬁ%eﬁ')ﬂa?e oW hsF 9-

41 B are opposite, but the 15 cantilevers are incli In the sane

Fig.
di rection. sHMb&R it g 408 axAehefidihEs 8F Q@Béﬁtnl@vé‘rs‘?&%‘ Iéﬁ%ﬁ% Cﬁorl zonn 'g

5 or Fig. 7, rotational acceleration can detected t al

and verti calngh 1S bicanslociiteBlchihtanGhRd Qfshdvg"? i P24 1000 ofl EbRedSaaown | 1

Fig. 41 C and the piezoelectric elenents 1 an e connec

Fig. 15, FisHowh’in Pg. Fi59Fi 017t&eF@OVZCFQBF:%lon%PEEQé]S%mKQa %gﬁégcégg as

transl ati onal accel ération and the vertica onent

r18t ational pagsehtar %bh%neﬁf‘%’hdcﬁﬁﬁ‘sqgﬁ&ﬁjalaa%c%m%oﬁ s deect8d 49 4 vdrticQ” F1 9-
10 component. When connected as shown in Fig. 5, Fig. 7, or Fig. 10, the
horizontal component is detected as translational acceleration and the vertical
component is detected as rotational acceleration.
The directions of polarization of the piezoelectric bodies of the
piezoelectric elements 1 and 2 shown in Fig. 41B are  opposite, but the
15 cantilevers are inclined in the same direction. When these piezoeleétric
elements are connected as shown in Fig. 5 or Fig. 7, rotational acceleration can
be detected in both horizontal and vertical directions. When the angle of
inclinations differ as shown in Fig. 41C and the piezoelectric elements 1 and 2
.are connected as shown in Fig. 15, Fig. 17, or Fig. 20, the horizontal component
20 is detected as translational acceleration and the vertical component is detected
as rotational acceleration; when connected as shown in Fig. 5, Fig. 7, or Fig. 10,
the horizontal component is detected as rotational acceleration and the vertical
component is detected as translational acceleration.

It will thus be known that rotational acceleration in both horizontal

25 and vertical directions can be detected by inclining the primary sensing axis. In



t he horizontal conponent is detected as rotational acceleration and the
vertical conponent is detected as translational acceleration. | ©2 8ADEF 0Pfus
be known that rotational acceleration in both horizontal 25 and verti cal
directions can be detected by inclining the primary sensing axis. In 2 8
DEC 2006 70 addition, translational acceleration can be detected by
changing the orientation of the inclirmg surfaces. Enbodi nent 21 Fig. 42A
and Fig. 42B illustrate a nmethod for adjusting the 5 sensitivity of a

pi ezoel ectric element in the accel erati on sensor according to. a
twenty-first enbodi nent of the invention. Wen rotational acceleration is
det ect ed ugddiionwrapsletionsleadceleratian earitesdetedtadhiey ehangiagdhé feieptaeni n t he
sensitivity of the two piezoelectric .elenments, the translational

accel er at i ohtheoimplomexhsurfaoesot be sufficient 10 renoved from the out put of
the two piezoelectric elements and detection sensitivity.drops. It is

t heref ore @esbodiinkeat 20 minim ze the sensitivity difference. between the
two piezoelectric elenents. When two accel eration sensors are separately

installed for detectFig apgubnd RARrges2Bafliusfatet Be MeRBbdNHF! adflistsy fhae
sensitivity after the sensors are installed. However, because the

accel ér at i esndibvigess arsieasdtettyipiglémbiit WH‘{%Gch:é]er%nBﬂCé‘é}&%r dcBSfding fo B0 Way
to adjust the piezoelectric elenents. Using the nmethod of the present

enmbodi ment twépElsembodiment BPE ivenfi@h. the manufacturer to adj ust
pi ezoel ectric element sensitivity of an acceleration sensor suppl i ed

adi usting the sensiCIuTTy ar ong braraaony o Enelnieo 199 DeaBreere,
match the gpieérts Vard tidret 3€a CdiflfenRe RO SEASifVIE) BIRAL thD bllé'zéelectnc
-elements, the translational acceleration component cannot be. sufficient
10 removed from the output of the two piezoelectric elements and detection
sensitivity drops. It is therefore desirable to minimize the sensitivity difference
betweeh the two piezoelectric elements.  When two acceleration sensors are
separately installed for detecting angular acceleration, the user must adjust the
sensitivity after the sensors are installed. However, ‘because the acceleration
15 sensors are typically housed in a package, there is no way to adjust the
piezoelectric elements. Using the method of the present embodiment, however,
it is possible for the manufacturer to adjust piezoelectric element sensitivity of
an acceleration sensor supplied housed inside a single package before factory
shipping.- |
20 A method for adjusting the sensitivity of one piezoelectric elemeht
to practically match the sensitivity of the other piezoelectric element in this
acceleration sensor is described next.
As shown in Fig. 42A, one method for adjusting piezoelectric

element sensitivity is to remove a portion of the cantilever. By removing a

25 portion (notch 25) of the cantilever of piezoelectric element 1, the sensitivity of



accel eration sensor is described next. As shown in Fig. 42A, one nethod for
adj usting piezoelectric elenent sensitivity is to renove a portig DEC 2008
cantilever. By renmoving a 25 portion (notch 25) of the cantilever of

pi ezoel ectric elenment 1, the sensitivity of 2 8 DEC 2006 71 piezoelectric
el ement 1 can be changed to substantially equal the sensitivity of

pi ezoel ectric elenment 2. Part of the capyil ever can be renoved by
processing wth a grinding wheel, by |aser, or other techni que. Another
met hod for adjusting piezoelectric elenment sensitivity is to 5 add. a
sensitivity adjusting weight, 26 to the cantilever of one piezoelectric

el ement as pibzeelectric Kilgmer?B.calems ichangéy ta sobstaniiallr egsadnd seasidiing of
weight 26 to the cantilever of pi.ezoelectric elenent 1, thereby matching

the sensi tipiezgelectficmlement ctPart oflthermantilever chhehes paIfibIed bl Yorbessing
pi ezoelectric elenent 2. Adding material to the cantil ever 'increases

sensi ti vi.t ywittVargrimdingwheel, bl $asernobethes esthbueor -t he sensitivity adjusting
wei ght 26, including resin and netal. The sensitivity adjusting weight 26

can be fixed to the camithberethdyfseriiditg MerRsbMacRMIAERGsensitAl & to
deposition, vapor deposition, or other nethod. These nmethods can be used to

directdy adjdesta tsbﬁsiseirysiatdju/sitﬂnp WeidHie2e RbefRELEAfiIEVEr OF RN pigkdRlectric
significantly reduce the translational acceleration 15 conponent prior to

g can v I . _ L erat : . ot b
shi ppi ng. ldletieht aglspowbanEhyi 265 Seakitoppehh byl 'hxif'ég’gﬁ% gl |%€QZQ%IPHP e

limted to adjusting the piezoelectric elenent, an eved by

adj usti ng tIRtOHCAiIENR GFMbiddiBEFic\MIERehN® (et n%t&ﬂﬂb?h@fseﬁlgiﬁvip{ .

c
pi ezoel ectric elenents are passed through an anplifier as”shown

10, Fig. llof gibsbeldtric #mBhO1 tdlneehisitiedly oFipfezodfect@@idéht 25Adding
Enbodi nent 2
' material to the cantilever increases sensitivity. Various materials can be used
10 for the sensitivity adjusting weight 26, including resin and metal. The sensitivity
adjusting weight 26 can be fixed to the cantilever by coating, adhesive bonding,
inkjet deposition, vapbr deposition,- or other method.
These methods can be used to directly adjust the sensitivity of the
piezoelectric element and significantly reduce the translational acceleration
15 corhponent prior to shipping. |
It will also be obvious that sensitivity adjustment shall not be
limited to édjusting the piezoelectric element, and can also be achieved by
.adjusting the_ gain of the amplifiers when the output signals of the piezoelectric
elements are paséed through an amplifier as shown in Fig. 10, Fig. 11, Fig. 15,
20 Fig. 16, Fig. 23, Fig. 24, and Fig. 25. | |
Embodiment 22
A disk reading and writing apparatus (disk drive) 200 according to
a twenty-second embodiment of the invention is shown in Fig. 43A. This disk

drive 200 has a disk 31 for storing data, a head 32 for reading and writing to the

25 disk 31, a head carriage 40 for moving the head 32, a position detection means



A disk reading and witing apparatus (disk drive) 200 according to a
tmenty-secondgenbodinent of the invention is shown in Fig. 43A T?gngt%mﬁ
drive 200 has a disk 31 for storing data, a head 32 for reading and witing
to the 25 disk 31, a head carriage 40 for noving the head 32, a position
detection neans 2 8 DEC 2006 72 50 for detecting the position of the head
32, a controller 60 for controlling the72head carriage 40, and an

accel eration detector 70 for detecting rotational acceleration. The head
32 is noved radially to the disk 31 by the head carriage 40, and is thus
positioned to a specific location on the disk 31. When 5 acceleration, a

type of ext3¥t faildétecting theeposition ©f dpplHead 32 4 kontolér 60if¥e caMoliing Mse
accel eration can cause the head 32 to shift fromthe specified | ocation.

Accel er at i dieaskeaniage040s goandedcélerauiopy eatectdr 70bYordgbReting Irotdticial onal
accel eration or translational acceleration acting on the disk drive 200 and
control- theaqeekiraian Bhe head!82aid RAvddraapansiolthetiso3 fyshb Megff@ireage. 10
The position of the center of rotation of rotational acCeleration acting

as i nterferdhcandnst theisdpekitionéd 6o280spsciBeNBERMidY SHHROWRsRNSH NOtyhaH Ways
the same. Wien the head i s noved quickly by the head carriage 40,

rot ati®nal adcblensfiam zofyberof ex@ins ihférfé?éﬁéé,qgaio likd %o m@’@:’%‘?@rivel of e case
the pivot 41 supporting the head tends to be the center of rotation.

Rot at | onal alGelmpattrensani tatibe MeMhéadSBRPRS tdHYY MERAD TPV iR %dé%(ioﬁl SO
tends to occur. This neans that rotational acceleration can be detected

with hi gh semeidraton yserfsor 110 i@CsRVRIGa! it@'br@@éﬁtorth%obksdétﬁﬁﬁ 'r%gﬂti%ﬂaF hat
the longitudinal axis of the <cantilever portion of the plezoelectric

el enents i sacelesitioh ioal krandaficdl Scdeferbiin é"étg?gd'%n e %l[ri%aﬁd.)@n?riscfﬂzor
10 is therefore preferably disposed wth the I'ongi tudi nal "axTs” o
cantil ever dpptroi @R YsitidieoMhe#Ralkest i SopdsABNohRAREHELNLP the arm 42.
10 ' The position of the center of rotation of rotational acceleration .
acting as interference on the disk drive 200 is generally unknown and not
always the same. - When the head is moved quickly by the head c'arﬁage 40,
rotational vibration often occurs in reaction to the movement. In this case the
pivot 41 supporting the head tends to be the center of rotation. Rotational
15 movement in the arm 42 supporting head moves radially also tends to occur.
This means that rotational acceleration can be detected with high sensitivity if
the acceleration sensor 10 is installed so that the longitudinal axis of the
cantilever portion of the piezoelectric elements is substantiélly parallel to the
arm 42.- The acCeIeration sensor 10 is thereforé prefefably disposed with fhe__
20 longitudinal axis of the cantilever portion of the piezoelectric elements paralle! to
the arm 42.
Fig. 43B is a control block diagram for this disk drive 200. When
there is no external \)ibration, the pdsition detection means 50 recognizes fhe

location of head 32 based on address information recorded to the disk 31, the

25 controller 60 determines movement of the head 32, and the head carriage 40



Fig. 43Bis a control block diagramfor this disk drive 200. Wien there is
no external vibration, the position detection neans 50 recogni zes the

| ocati on of head 32 based on address information recorded to the disk 31,
the 25 controller 60 determines novenent of the head 32, and the h@al@EC 2006
carriage 40 2 8 DEC 2006 73 noves and positions the head. When there is
external vibration, the acceleration degector 70 determ nes the presence
and anount of rotational acceleration based on output fromthe _

accel eration detection apparatus 100. If the rotational acceleration can
be effectively ignored, translational acceleration 5 is detected. Based on
the resul t mawppl ieed fpositionsc¢heraéadin dahent @erélis 6QBiA0! LisFatRh the
cal cul ates the novenent of head 32 to a particular position, and applies

an appr opr eet@lerationr detext@gnd0 detetrhibelett presdrrecatd SRoast bP relBnaNe
head 32. It should be noted.that if the acceleration detection apparatus

100 out putiscalatationdadddonmloutnt doph #hé aBcelbRRtichcaabelicH bea?r%?&éa%@ir /0 can
be omtted. 10 Furthernore, the process for evaluating acceleration can be

acconpl i shttk itatidriee axeelaralidrecafbe éﬂ'e&mﬁ% igrP&d, | tradstatiflal %@EQ%F@I{&A to

provi de a separate acceleration detector Yet further, the position

det eci on nEaeteddd caBdsed 6Ai tHeeteddit %“?gf?%@tf{ﬁh ! Qéce@é’ragkaﬁod&%&o? pgnction

for detecting the location of head 32. Yy s contr i ng operat’i on,

the head S2ompalierEQealclishethd fovenfdiiiltidad 893bI O BaMRBR RO

accel eration applies external vibration to t rrve

can thus bappliccar lpyrdaistrdté icBRRE} sighdl B tﬂis%vaqdﬁé}ﬁgbﬁ 44 ?&?gjro veebt%e

achi eved. Advantages of the invention 20 nown Tromt

precedi ng Hesg it i0en&did meeheferoeﬁwatf%m?ésjiaEE&EFatioﬁ“d&%Et‘?ér%ﬁbE%’t‘ué%6”

according to the present invention house
' outputs only rotational acceleration, the acceleration detector 70 can be omitted.

10 Furthermore, the process for evaluating acceleration can be accomplished by
the controller 60, in which case it is not necessary to provide a separate
| accéleration detector 70. Yet further, the position detection means 50 can be
| omitted if the controller 60 also has a function for detecting the location of head
32.

15 By thus controlling operation, the head 32 can be positioned to a
specific location when rotational acceleration applies external vibration to the
disk drive 200. The head 32 can thus be precisely positioned, and a high
density disk 31 can be achieved.

Advan.tages of the invention

20 As will be known from the preceding description of preferred
embodiments, an acceleration sensor according to the present invention houses
at least two piezoelectric elements in a confined space so that the distance
between the support block portions is greatest. It is therefore possible to detect
acceleration in the same direction, and to detect rotational acceleration from the

25 difference in the outputs of the piezoelectric elements. It is therefore possible to



at least two piezoelectric elenments in a confined space so that the

di stance between the support block portions is greatest. It is therefore
possible to detect acceleration in the sane direction, and to deztqugc 2006
rotational acceleration fromthe 25 difference in the outputs of the

pi ezoel ectric elenments. It is therefore possible to 2 8 DEC 2006 74

provi de an accel erati on sensor that carnygetect rotational acceleration
(angul ar acceleration) with high sensitivity and high resolution using a
single accel eration sensor w thout being affected by tenperature and ot her
environmental factors, and to identifiably detect translational

accel er at i @novitieran decalenation semisor thatasar dettct estatienalbecoeidransn Y@hgular
ignored. This invention also provides an accel erati on detecti on appar at us
and an accelceelaratmm) detheitigh sensitivitg dnd i gty rd ol ftiorceshg balingle 2eBRPhtiorand a
positioning apparatus.using this acceleration detection apparatus. Although
t he - pr esentsensorewithout beisg ffeatate b téiperatire aRARRHEOCENvIAhrtAl {detors.
preferred enbodi nents thereof with reference to the acconpanying draw ngs,
it is to bendottediddraifiabhr | dmsctc hrnigestiorat goskiéisgiohi e tk b&ati@@@ﬁf ent
to those skilled in the art. Such changes and nodifications are to be

under $ 0od aaselerdt|amdeth Mé*eﬁbati\idlﬁig&fb@@& of the present invention as defined
by the appended cl ai ns, unless they depart therefrom 2 8 DEC 2006 75

Vhat is claimed is: This\hvenaehalsd pPovides sl adcdldtatish HetedtidnSbpparatus
pi ezoel ectric el enent having electrodes for outputting a 5 charge produced

by strain deboameddceitrafell cees@ionh RIS RRJ s ARt \Wendor! & wodes
for outputting a
positioning apparatus using this acceleration detection apparatus.
Although the present invention has been described in connection
10 with the . preferred embodiments thereof with reference to the accompanying
-drawings, it is to be noted that various changes and modifications will -be
appa_rept to those skilled in the art. Such changes and modifications are to be -

understood as included within the scope of the present invention as defined by

the appended claims, unless they depart therefrom.



charge produced by strain deformation, said first piezoelectric el enent

i ncluding at | east one piezoelectric body and a support bl ock sgggﬂﬁ;b&g
t he piezoelectric body, the electrodes 10 being provided on opposite
surfaces of the first piezoelectric elenent, said second piezoel ectric.
el'ement including at | east one piezoelggtric body and a support bl ock
supporting the piezoelectric body, the electrodes being provided on
opposite surfaces of the second piezoelectric elenment, 15 one surface of
the first piezoelectric elenent and one surface of the second

pi ezoelectric el enent are substantially parallel to each other; wherein
sai d support block of the first piezoelectric element is firmy held to
provi de a Wdinatiitelatmed ipi ezoel ectric body, and wherein said support bl ock
of the second piezoelectric elenment-is firmy held to provide a 20

‘cantil everdd piezoel gaf adceldradyn @Bfsoh&smpAsihge first and second
pi ezoel ectric elenents have their |ongitudinal axes aligned, and a free

end portion of the candti breerdtrid @&RRINEChaiRg PORYIEHed Merf blilutting a
pi ezoel ectric element and a free :end portion of the cantilev red’

pi ezod ect chardeophvdated b9 siemPaSioRnaRBR! 454 7i ¢ el ement are pointing 25 to
each other. 2°d DEC 2006° 76 2. An accel eration sensor as described in

claim1, wherein theghbbsd pididAastie Iéh%n?'h%@ﬁ'{ét eie’&ﬁbﬂgg%op%%t%untgng a

pi ezoel ectric body, and second piezoelectric el’enent 1 ncludes
pi ezoel ect ghAr duiB8 by dkraflh B8formAfoRf POl arization of the piezoelectric

body of the first piezoelectric elenent and direction of polarization of
the piezoelectric bodyid fiist bidoBREAN eRIN&RGhEIGHMGCatabESEMe %fe%ogpe%?rlsci te.
-b_ody and a support blbck supporting the piezoelectric ‘body, the electrodes
10 being provided on opposite surfaces of the first piezoelectric element,
said second piezoelectric element including at least one
‘piezoelectric body and a support block supporting the piezoelectric body, the
electrodes being provided on opposite surfaces of the second piezoelectric
element,
15 ~one surface of the first piezoelectric element and one surface of
‘the s_econd piezoelectric element are substantially paraliel to each other;
wherein said support block of the first piezoelectric element is
firmly held to provide a cantilevered piezoelectric body, and wherein said
support block of the second piezoelectric element is firmly- held té provide a
20 cantilevered piezoelectric body and
wherein the first and second piezoelectric elements have their
longitudinal axes aligned, and a free end portion of the cantilevered

piezoelectric body of the first piezoelectric element and a free -end portion of the

cantilevered piezoelectric body of the second piezoelectric element are pointing'

25 to each other.



3. An acceleration sensor as described in claim1l, wherein the first

pi ezoel ectric el enent includes one piezoel ectric body, and secodd DEC 2006
pi ezoel ectric elenent includes one piezoelectric body, 10 wherein
direction of polarization of the piezoelectric body of the first

pi ezoel ectric el ement and direction of7gflarization of the piezoelectric
body of the second piezoelectric ele are the sane. 4. An acceleration
sensor as described in claiml1l, wherein the first piezoelectric elenment
includes a plurality of |ayered piezoelectric bodies, and 15 second

pi ezoel ectpi ¢ el enenpni deisiafioR s}éhgarabstdésef.bé@yﬁrcﬁﬂmph ewhg b Girodi es.

&Rt
5. An accel eration sensor as described i n clarm 4, wherein tI:] gl rection

of pol ari zaiewaleefncaélbn@rﬁm&é%&mgl RO anéﬁ&baa Ad'Eedd 8%&8&%[:#&

el ement is the sanme in each of Seco p| ezoelectric elenents

6. An acceél%hﬁ"éqt%léweﬁe??ez%%?é‘crtr'u?ﬁg gy n claim5, wherein the 20

direction of polarization the pi ezoe¥ectr|c bodi es constituting the

first piezoelectric,gbplR rﬁlre%ﬁgnt&e%abﬁ%t drPBf He @?(%z%r il %gﬁeoft e

plezoelectrlc bodi es constitutin e second piez SCL I e nts are

Phece on e SAABHELE g e PN
HEREN T AT D Licond bl ol sl e
e erens "arg e sansu o g R 61 4L 1P R 00CL BRRLAR LA
D B O T o FOEHEAALollTE LA™
p ezoel ec %ﬁ?ﬂ%ﬁi%i?”ﬁ@ée?hﬁe&?%%ﬁc&c5 jurfaces of the same pol arity o
10 ‘ wherein direction of polarization of the piezoelectric body of the
first piezoelectric elemenf and direction of polarization of the piezoelectric body
‘of the second piezoelectric element are the same. |
4. An acceleration sensor as described in claim 1, wherein the first
piezoélectric element includes a plurality of layered piezoelectric bodies, and
15 second piezoelectric element includes a plurality of layered piezoelectric bodies.
5. An acceleration sensor as described in claim 4, wherein the
directi;)n of polarization of all piezoelectric bodies forming the piezoelectric
element is the same in each of the first and second piezoelectric elements.
6. An acceleration sensor as described in claim 5, wherein the
20 direction of polarization of the piezoelectric bodies constituting the first
-piezoelectric element and the direction of polarization of the piezoelectric bodies
constitutiﬁg the éecond_piezoelectric elements are opposite.
7. An acceleration sensor as described in claim 5, wherein the

direction of polarization of the piezoelectric bodies constituting the first

25 . piezoelectric element and the direction of polarization of the piezoelectric bodies



of one piezoelectric body and the direction of another piezoelectric body
are opposite. 9. An acceleration sensor as described in claimS8, @qﬁﬁﬁkﬁﬁ
the 10 direction of polarization of the piezoel ectric body of t HeS r's

pi ezoel ectric elenent is opposite to the direction of the correspondi ng
pi ezoel ectric body of the second piezqﬁ}ectric element. 10. An

accel eration sensor as described in claim8, wherein the direction of

pol ari zation of the piezoelectric body of the first piezoelectric 15
elenent is the same as the direction of the correspondi ng piezoel ectric

body of  t BenstRGARItHY SIQRIESEE6GeEtREhentldre AR GR%S! €r ation sensor as

described . in claim4, wherein the piezoelectric bodies of the

pi ezoel ect gi ¢ el emeninas&.hraied snsBr 38 dd¥cAbYE) Whint 4 MhepahaRELmEEn- 20
e% ﬁal m ﬁ erern e

12. An accel erati on sensor as descri in c

pi ezoel ect bidsog|dRiRD Iérﬁ%\rﬁtogf&ﬁfqet%yapmit ot @@zgél‘égﬁlc Bbg%g?!aﬁat %%(rco g' €s

by direct bonding. 13. An acceleration sens escri I|n F't f

[ PRl |G ' urali o]
b1 ezoel cct PIZoB A SETert LRURIRI ot ISt (o R S DREBe D" Gne ot “oxygen
atom gand hydroxy!  9GAEan e ORI AMPLodfls b o8 AeSSlekal BlnsssRr S

described in claiml her “conprisi ng

ol ect ode. BEndl Wi S SRS BARRNEG SR et e ecton
| east one 8f'toﬂgtpig%é?e8f?ilc 5@éye%58qﬂgcéi'ré]c9ioge(t) ar%‘thgp p(laelz%ce éé{ﬁg body are

opposite.
9. An acceleration sensor as described in claim 8, wherein the
10 direction of polarization of the piezoelectric body of the first piezoelectric

- element is opposite to the direction of the corresponding piezoelectric body of

the second piezoelectric element.
10. An acceleration sensor as described in claim 8, wherein the
direction of polarization of the pieZoeIectric body of the first piezoelectric

15 element is the same as the direction of the corresponding piezoelectric body of
the second piezoelectric element.

11. An acceleration sensor as described .in claim 4, wherein the
piezoelectric bodies of the piezoelectric element are bonded with an intervening
shim therebetween.

20 12. “An acceleration sensor as described in claim 4, wherein the
piezoelectric element is formed by bonding the plural piezoelectric bodies by
direct bonding.

13. An acceleration sensor as described in claim 12, wherein the
piezoelectric element is formed by bonding a plurality of piezoelectric bodies by

25 direct bonding by way of at least one of oxygen atoms and hydroxyi groups.



of the first piezoelectric element and an el ectrode of the second

pi ezoel ectric elenent, wherein the polarity of charge generatedZ%an@qms
el ectrode of the 10 first piezoelectric elenment and the polarity of charge
generated on the electrode of the second piezoelectric elenent are
different. 16. An accel eration sensor %§3described inclaim1l, further
conprising: first output term nal interconnecting between an el ectrode of
the 15 first piezoelectric elenment and an el ectrode of the second

pi ezoel ectric element; and second output term nal from an el ectrode other

than said qgonnect edp Igﬁ%([)é??ﬁén s %ﬂ&?é&?ﬁb‘é‘&' iglrélé% ‘i’ffu%%?%mg)gﬁgg{rg?t ed

on the el ectrode-of the Irst plezoelectric enent and the ty of

n . .
I R R S e S e

bed rn claim1,
conpri si ngele%edtﬁ.aSt one output termnal set for outputting a charge
generated at eac el ectrode of the first and second piezoelectric

The Tirsi 355 DEC 2080 FoeRrRIaNT STRT. "2 o RERPIPEY oo Fafh bt Sl oo

to thg San@orﬁ?ﬂgiin ivity as the second piezoelectric elenent. 19. An
accel erati on senser as described in claim 18, wherein a portion of the

cant | ever por 1 on Of. gy bt Sl ERRRE Ao BB ok B er R
adj usting SPve %i?st%ciezioxe edctFicr:‘ eele:r%gtn- Ia%earn %Percttrio%re 8 thtehseeclgc;nrdS E)iezoelectric
element,
Wherein the polarity of charge generated on the electrode of the
10 first piezoelectric element and the polarity of charge generated on the electrode
of the second piezoelectric element are different.
16. An acceleration sensor as described in claim 1, further
comprising:
first output terminal interconnecting between an electrode of the
15 first piezoelectric element and an electrode of the second piezoelectric element; -
and
second output terminal from an electrode other than said
conhected electrodes,
wherein the polarity of charge generated on the electrode. of the
20 first piezoelectric element and the polarity of charge g__enereted on the electrode
of the second piezoelectric element are the same.
17. An acceleration sensor as described in claim 1, further comprising
at least one eutput terminal set for outputting a charge generated at each

electrode of the first and second piezoelectric elements.

25 18. An acceleration sensor as described in claim 1, wherein the first



pi ezoel ectric elenment. 21. An accel eration sensor as described in clai m1,
wherein the first piezoelectric elenent is fixed by the support 2t8 BER 2006

portion inside a package, and 10 the second piezoelectric elenent is fixed_y_

by the support block portion inside a package, whereby the cantil ever
portion can vibrate freely. 22. An acc%kgration sensor as described in
claim2l1l, wherein the first piezoelectric elenent is nounted inside the
package with the cantilever portion inclined to the surface of the
package, and second piezoelectric elenment is 15 nounted inside the package

wth the CRiRbbbRYAIc BRIMERNS! Aabdiatall CabiSicntd € sAme BRSHIRS HCthe?3 AN

accel erati on sensor as descri dinc erein t

pi ezoel ect g4 lebfi gf to the package, and second piezoelectric
el enent iséﬁgouﬁ@??%ekzﬁgr%g@%age, whereby the angle of inclination between

20 the cankl ever Dop isidiBSPOLndlichd HEREKANZIAMN {8 Shdrdird bEAIGH -

24. An accel erati on sensor escr in clarm érein set of

b1 cvoel oct 7| eRyeEEER eoRidtR e drs b ASeiRBE 2o TS 13080, 00 ©
Port i an ¢ heleor  per pERareeafatcl 3kns aes 3eBERln bola ' Mo WP and
the cant i1 SOByORGT CRUBSEEN GBS | BTt RS PO oty BRI ot on
claim 1 BB Bot R 8L S cosi ng cireuit for processing output S gnal's
fromt he le _ezoel ect ,rAinCacecle?enrg |£[)r§ s%fnsgrhgsaocecs%lrigégti% %rllair%e?,sorhérein the first
biezoelectric element is fixed by the support block portion inside a package, and
10 the second piezoelectric element is fixed by the support block portion inside a
“package, whereby the cantilever portion can vibrate freely.
22. An acceleration sensor as described in claim 21, wherein the first
piezoelectric element is mounted inside the package with the cantilever portion
inclined to the surface of the package, and second piezoelectric element is
15 mounted inside the package with the cantilever portion inclined to the surface of
t_he package.
23. - .An acceleration sensor as described in claim 22, wherein the first
piezoelectric element is mounted to the package, and second piezoelectric
element is mounted to the package, whereby the angle of inclination between
20 the cantilever portions thereof and the package surface is different.
24, An acceleration sensor as described in claim 21, wherein first set
of piezoelectric elements is mounted_ in the package, and second set .of_
piezoelectric elements is mounted,

wherein the first and second piezoelectric elements of the first set

25 mounted with the cantilever portion thereof perpendicular to the package



26. An accel eration detection apparatus as described in claim25, wherein
the first and second piezoelectric elenments are connected to the 2s§ &l 2006
processing circuit to output sane-polarity output signals for acceleration
in the 10 sanme direction, and the signal processing circuit determ nes the
di fference between the output signals.,27. An acceleration detection
apparatus as described in claim?25, efrein the first and second .

pi ezoel ectric el ements are connected to the signal 15 processing circuit
to output opposite-polarity output signals for acceleration in the same

direction, g@fskd, h§n§'t983ﬁrsp ciCS8¢AHH |éib‘é'léctﬁ@té?érﬁbﬂ%s of tRe déHEo‘ﬁB Eéc]tel .

out put Si gnal S. An accel er atl on etecti on apparatus as descri b

cl ai m 25, n%@n‘f@’ﬁvﬁh@hé'&ﬁnﬁlbgé' AhorbRGEFSIEN Md fikadeilrifles a cifeult for

detecting angular accelerati on romt outputs fromthe

first and second pi gporlerdiisn BLRTAON SppatiopRiEl e al fon detection

apparatus as descri be alm Si gna "processing circuit
adj usts output so th t ezoel ectric
el enent and the sens?bla&%leﬁﬁﬁ%eﬁes?tééggj stcpggc(jjirfclgrﬁlslc DEC 2006 81

el enegt are substant gaé 5'3,(%3%855?5’)’@ cnr’oﬂut? go%r g%lgg lﬂﬁvf%@?‘?% faﬁjg]a{ at us as

described in claim?2 srgna

rom the pPesadRRHE dehlnfy bthe'accHlerfiPa SEAIE, °Ci Feui ¢ for ampl P‘S?ﬁé”?ﬁe

converted %’.t put si gﬂﬁl gc:celeratlon detection apparatus as described in claim 25,
wherein the first and second piezoelectric elements are connected to the signal
processing circuit to output same-polarity. output signals for acceleration in the

10 same direction, and

the signal processing circuit determines the difference between

the output signals.

27. An acceleration detection apparatus as described in claim 25,

wherein the first and second piezoelectric elements are connected to the signal
15 processing circuit to output opposite-polarity outpﬁt signals for acceleration in

the same direction, and |

the signal processing circuit determines the sum of the output

signals.
28. An -acceleration detection apparatus as described in claim 25,
20 wherein the signal processing circuit includes a circuit for detecting angular

acceleration from the difference of the outpdts from the first and second
piezoelectric elements.

29. An acceleration detection apparatus as described in claim 25,
wherein the signal processing circuit adjusts output so that the sensitivity of the

25 first piezoelectric element and the sensitivity of the second piezoelectric



31. An accel eration detection apparatus as described in claim25, wherein
the signal processing circuit conprises: two inpedance converting?ﬁlﬂgyﬁm%
for converting output signal 10 inpedance fromthe piezoel ectric “el enents;
and an adding circuit for adding the converted output signals. 32. An

accel eration detection apparatus as deggfibed in claim25, wherein.the
signal processing circuit conprises: two i npedance converting circuits for
converting output signal 15 inpedance fromthe piezoelectric elenents; and
a differential anplifier circuit for detecting and anplifying the

converted grhidHt avé 80BStaftibfyeegige. 33. An accel eration detection apparatus
as described in claim?25, wherein the apparatus includes a plurality of

output tergpnal s forapi geddiantiBHSH¥techOn AprARls! ¥s Wdrbbi NG Eliafmflzse, g

i npedance-converted piezoel ectric el ement output signals and anpli

out put of_mgré;,qW@g@ﬁ@gg%ggingfggghgggﬁﬁﬁggﬁe conversion. 34. An

accel eration detecti par atu in claim25, wherein the

first piezoelectric Shé"ﬁﬁpde%dn%ef kfﬁﬁ%rah%t@fmﬁympprcbnb r;mxaé deg{ph';t Qohd 25

0
t he package, and the seco pi ezoelectri ements 1S he¥support

bl ockg2 8 %%ﬁ%&tmﬁﬁ tﬁé’lrpﬁé-z%%lé- tiigﬁnp&ﬁk , Whereby the cantil ever

portions can v e freely, and the Si gha processing circuit is housed
o e oh e, BB ELAEIS SoRHIREINS SRR FM ccr g
accel erati gh; An acceleration detection apparatus as described in claim 25,
wherein the signal processing circuit comprises:
two impedance converting circuits for converting output signal
10 impedance from the piezoelectric elements; and
an adding circuit for adding the converted output signals.
32. An acceleration detection apparatus as described in claim 25,
wherein the signal processing circuit comprises:
two impedance converting circuits for converting output signal
15 impedance from the piezoelectric elements; and
a differential amplifier circuit for detecting and amplifying the
converted output signal difference.
33. An acceleration detection apparatus as deséribed in claim 25,
wherein the apparatus includes a plurality of output terminals for simultaneously
20 externally outputting the impedance-converted piezoelectric element output
signals and amplified output of the converted output after impedance
conversion.
34. An acceleration detection apparatus as described in claim 25,

wherein the first piezoelectric elements is fixed at the support block portion in

25 the package, and the second piezoelectric elements is fixed at the support block



a noving nmeans for noving an object; and a control neans for controlling

t he novi ng neans, wherein the control neans controls the noving gnﬁct %006
nove 10 and position the object based on an output signal fromt

accel eration detection apparatus corresponding to detected accel erati on.
36. A position apparatus as described igynclaim35, wherein the cantilever
portions of the first and second piezoelectric elenents of the

accel eration detection apparatus are provi ded substantially parallel to a
means 15 for supporting the object. 37. A disk recording and readi ng
appar at us pgfiRni ifiithd padkagiccel eration detection-apparatus as described in
claim?25 for detecting acceleration; a head noving neans for noving a head

for recording to andywhdfedeafll Bantlie®R AdtfioMs Thn iBGtE (e fild ffee85nbC!
a es

controlling the head noving neans, erein the control ns cal cufFa

Toverrent obrddiSsgathoulds Rbudtl MliRHRYaREgRal from the accel eration

detection apparatus corresponding to detected accel eration, and noves and

positions ghe head b”ﬁﬁﬁ@%g%ra&wcﬁéﬂgﬁw ng nmeans. 28 DEC2006 83

38. A disk recording appar a described in claim 37

whereign the cantil evgf] é&%]érgﬁbf%e{%}:‘ﬁo 4 argputg 5se§§§grg)t$é3€fzrﬁgkﬁr%téé Sor

i
el ements of the accél eration detection pparatus
subst anti ahéﬁécﬂﬁé ach&lordtr@n arm supporting head.

a moving means for moving an object; and
a control means for controlling the moving means,
wherein the control means controls the moving means to move
10 and position the object based on an output signal from the acceleration
detection apparatus corresponding to detected acceleration.
36. A position apparatus as described in claim 35, wherein the
cantilever portions of the first and second piezoelectric elements of the
acceleration detection apparatus are provided substantially paraliel to a means
15 for supporting the object.
37. A disk recording and reading apparatus comprising:
an acceleration detection apparatus as described in claim 25 for
detecting acceleration;
~ a head moving means for moving a head _fof recording to and
20 reading from the disk; and
a control means for controlling the head moving means,
wherein the control means calculates movement of the head
based on an output signal from the acceleration detection apparatus
corresponding to detected acceleration, and moves and positions the head by

25 means of the head moving means.
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38. A disk recording and reading apparatus as described in claim 37
wherein the cantilever portion of the first and second piezoelectric elements of
the acceleration detection apparatus are provided substantially paraliel to an

arm supporting head.



