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MEMS accelerometers. Therefore, efforts have been made in the prior art to design and
25  fabricate miniaturized piezoelectric MEMS accelerometers by aligning the electrical
polarization with the surface plane of the piezoelectric thin films. In such an in-plane design, a
pair of piezoelectric electrodes is deposited on the top of the piezoelectric thin films to replace
the conventional sandwich electrode configuration. In such an arrangement: (i) the limitation
of the small thickness on the electrical output voltage of the piezoelectric accelerometers is
30 compensated and the voltage sensitivity is improved, (i) the electrical output generated over
the electrodes is determined by the longitudinal piezoelectric coefficient (commonly referred
to as di3), which is usually significantly larger than the transverse piezoelectric coefficient
(commonly referred to as ds¢) as utilized in the sandwich electrode configuration, and (iii) the
relevant fabrication and packing process become simpler without the need to use and

35  connect any bottom electrode.

Conventional piezoelectric MEMS design with inter-digital electrodes includes a micro
cantilever structure and a diaphragm structure. Piezoelectric micro-cantilever structures,
which comprise multiple thin layers including a piezoelectric ceramic thin film, often deform

40  seriously due to large residual stress. They are very brittle and liable to break under a large
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seriously due to large residual stress They are very brittle and liable to
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30  Preferably the piezoelectric thin film has an electric polarization that is approximately aligned
with a plane of the top surface of the suspension beams to improve the sensitivity of the
piezoelectric accelerometer.

Preferably the electrical connection of the at least one terminal of each of the inter-digital
35  electrode is at the central longitudinal axis of the seismic mass. It is also preferable for the
pairs of inter-digital electrodes to be electrically connected in parallel.

Preferably the inter-digital electrodes are disposed at a location selected from the group

consisting of: adjacent the seismic mass and adjacent the support frame. The location may be
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cavity of the support frame has a regul ar pol ygon shape defined by pol ygon

si des TheysusRaPsi2en beans advant ageously ext end ort hogegglsiGgodologssi@ centre
of each polygon side to reduce the |ocal stress concentration at the joints

of the sus&enm on ? e, ech E .sugpﬁ]rt frame Preferably the suspension
beans are SUbBat ZRET 31 A1 HRYGSY ©STEFIURBEEI Fh the dasatianegfuhaintgol ygon
shape is adigigielearodesrffecth érepiccaiarbietgr ©fhasacpietitsi on beans conpri ses four
suspension beans | n another enbodi ment, the regular polygon shape is an

oct agon, d wherein the plurality of suspension beans conprises eight
suspensi on f&éﬁ’?@ tgﬁé%vétyg e SB?"%%%H%”%%I‘F—Q”I%P?‘Y%@ SR deltved by PalygRde | t

will beé apypdescilbg edspedn Iartaheracsfhramualmcéxtéhcﬂ fofthdgagal R UreRe BScedfre %HémnSI on

beans na ment. he seismc
Do o Zy{féﬁygbﬁ@"ge W%ﬁ&;ﬂtﬁf%&?@é&s@éon@@ﬁ%u ﬁtj e gor]w?s SR gusg:eﬂsnén ealmégul ar

pol ygon sh‘ﬁk‘gh%\ﬂpﬁorb%?%gﬁef%rﬁ?iég‘etsH%‘te”éﬂP'éb‘iﬁé’?saﬂr? é!bSW‘t'EWY fRetapged. si des of

the cavity (e g an oct agonal prismseismc mass in an octagonal - shaped

cavity) Prigfge %RbXdl%gﬁ ﬁg%aﬁ' gglg aég'?s %§$ nsa.?,??me ﬁgrg@hgf]g%%%%gﬁg' ?nr;yc

mass are made of a nono
conpri Ye nRFPEP ﬁ?’@prlsaf/@PgsusP%P{]GFﬁgs S‘ ancgiepembg]imgNt, tesgulanpblfgen sepeect ri ¢

PLZT in anmhh@btagcpeend MGeRKDHE DDy, ofkhu@péh&@ﬁ%@&mé eefrﬁﬁ}tsbé)@gh?&@b@r%loko a

met hod of [ e tric ers conprising
deposi t i ngtr gmg@%ge eCc ch%r % i M'ﬁﬁjp%em%aae menqse? 'S E‘%‘@Ee Fﬁ@fg?'at%thﬁt $h<Snt si de
of a waf erShaEPét el Aifergot 'Hént@rse@f[ pusgiensiety beanso may deuedi wiheze diegéssarly or

el ect r odesdesirgd. el ectri cal connections for the inter-digital electrodes,
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in another specific expression, the present invention relates to a method of fabricating
25 miniaturized piezoelectric accelerometers comprising: depositing a piezoelectric thin film and
an electrode layer on a front side of a wafer, patterning the electrode layer to produce inter-
digital electrodes and electrical connections for the inter-digital electrodes, with at least one
terminal of the inter-digital electrodes being routed to and eiectrically connected at a top
surface of a part of the wafer that defines or that will define a seismic mass of the
30 accelerometer, etching the piezoelectric thin film and the wafer from the front side to form a
plurality of suspension beams extending from a support frame of the accelerometer, and
etching from a back side of the wafer to form a cavity of the support frame and the seismic

mass.

35 In one embodiment, the wafer is a single crystal silicon wafer and the step etching from the
back side of the wafer is carried out to space a bottom of the seismic mass from a base of the
cavity. A silicon wafer based fabrication process advantageously allows mass production of
the miniaturized piezoelectric accelerometers with the thickness of the suspension beams
determined by the front side etching process. In another embodiment, the wafer is a silicon-

40 on-insulator (SOI) wafer comprising a thin Si layer, a SiO, layer, and a bulk Si layer, with the
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determ ned by the front side etching process In another enbodi nent, the
wafer is a siliconon- insulator (SO) wafer conprising a thin Si |ayer, a
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schematics respective an vie

anot her erfB8Ef AewRNtages \t"PlBe éﬁ?é@’l @P@’ﬁ@tt@ pkilles Petsgnseqgh thesiaspietsi telowbeants,
Figureo2 is a scherratl c cross-sectional view of a suspension beam Figure
BAis a s f nbodi ment of the accel eroneter having
i nterdi gltcékfq P E\ggt%e':den Facent the seisnic mass, Figure 3Bis a
schematic plan vi ew of anot her enbodl ment of the accel eroneter having

i nter di gi tradferdcRfitoftRftsloPFatRI eRtivaREAtwil 5 b%LH%QQrfbtedfb? ggof HaGHE G 1S 2

fl owchart frewﬁ!g&?cel eroneter fabri catl on net hod, Fi gure is a schematic
pl an VI ew'Of ARrTPeaY'es FYTTS hY ’6%tter ns havi ng connections at

Figures 1A and 1B are schematics respectively showing a plan view and a cross-sectional
view of one embodiment of the accelerometer having four suspension beams,

Figures 1C and 1D are schematics respectively showing a plan view and a cross-sectional
30  view of another embodiment of the accelerometer having eight suspension beams,

Figure 2 is a schematic cross-sectional view of a suspension beam,

Figure 3A is a schematic plan view of one embodiment of the accelerometer having inter-
35  digital electrodes located adjacent the seismic mass,

Figure 3B is a schematic plan view of another embodiment of the accelerometer having inter-
digital electrodes located adjacent the support frame,

40 Figure 4 is a flowchart of the accelerometer fabrication method,
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the corners for easy separation after mcro-fabrication, Figure 6Ais a
scanni ng el ectron mcroscopic (SEM imge showi ng the top view of an

accel er ongbeniomokdrea cylindrical seismc nmass, Figure 6Bcirscgodkdbsigage of
one of the suspension beans of Figure 6A showing the interdigital

el ectrodes, Figure 6Cis a SEMinmage of the inter-digital electrodes of
Figure 6B, _Figure 6D is a SEMimge of a cross-section of a suspension
beam Fi gur®e5iisa seheaitie glapviewmNja masdekithodiciag: bl rattomethevisy ednneétbheatent
magni f i catthoosneréiogedsy s8pdratiod aférambroshsnabitg t he ferroel ectric hysteresis

| oop of the PLZT filmin an accelerometer wth an applied alternating
current (AC) field of 410 kV/cm applied through the inter-digital

el ect r 8des; 194t §hirie 20sGagnipg Geajien stivescapic (BEMiimgdeasremngt ths pac tiswmfafh an
accel er oneicedleroastwieth wikdrical se@®Rmazganni ng vi brometer, and Figure 10 is a
series of three imges of resonance nodal anal yses for one enbodi nent of

t he accel eroneter DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

Ref er ri ng WeyrePRyisr 2 SENAMBge afpnetdh ¢hegramperaion| teypms tof Bigulevea sowingitieintes of t he
pi ezoel ectdigitel ie66de®r onet er 100 i s shown Both enbodi nents include a support
frame ,102 with a wwidth Wthat is sufficiently large to provide nmechani cal
stability as the support, and having a cavity 104 therein The cavity 104 of
each suppdigurs 6Gise SEORintegs obthe eterdaital ledrvgodasdif Aglreasi s 106a and a regul ar
pol ygon shape In the enbodi nent of Figures 1A and 1B, the cavity 104 has a
square shq:pe éﬁ]j | e. i n the enbodi nent of Figures 1C and 1D, the cavity 104
has an oct AYEE & MR OLAYPIySeSIRaRI @ SHFRENEIRR P¢ASY by si des shown havi ng
|l ength b For the miniaturized accel eroneters of the preferred enbodi nents,
t he vakue i hassg . of .the cavity 104 is
about Li tcl):qbféJr rrmkz%c?rgll es?Ewgg%ég?g%%%%ﬁ%@%%&%l)%ﬁ%ﬁgnﬁgﬂ'g?aﬂ%s a seismc nass
108 in the cavity 104, having a central |ongitudinal axis 106b As

i1|0|633t ][ at €thuten 8Fk galrgesph1&hoang B, fetrbied@Nhydbredio Nt Hﬂlr{éab[_zgx‘ﬁﬁw kpéﬁand
t . . A r;ez -1 nc| dent
d @Fce?e@&hété(r ) nggb%etéjhaﬁ%@lg{r'\ngngugen ié? ieg‘?%%gé‘glgcg‘lc?ﬁ%lb‘??ewot’w e adi us

cylindrical seismc nmas a circu
Rs (the vl'eeligyp sestreddy be vari ed depending on the desired resonance

frequency and sensitivity) is shown in the first enbodi nent of Figures 1A

d 1B, | | -pri.sm sei smi 108 havi S and sid
Tenath o [PHE L R EERGo WG K et Pl bt g e e st 1 ec

aser scanning vibrometer, and

Figure 10 is a series of three images of resonance modal analyses for one embodiment of the
25 accelerometer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

- Referring to Figures 1A to 1D, the general layout of two embodiments of the piezoelectric

30  accelerometer 100 is shown. Both embodiments include a support frame 102 with a width W
that is sufficiently large to provide mechanicatl stability as the support, and having a cavity 104
therein. The cavity 104 of each support frame 102 has a central longitudinal axis 106a and a
regular polygon shape. In the embodiment of Figures 1A and 1B, the cavity 104 has a square
shape, while in the embodiment of Figures 1C and 1D, the cavity 104 has an octagonal

35 shape. The cavity shapes are defined by sides shown having length b. For the miniaturized
accelerqmeters of the preferred embodiments, the value of b is chosen such that the overall

area of the cavity 104 is about 1 to 2 mm? or less.

The accelerometer 100 also includes a seismic mass 108 in the cavity 104, having a central
40  longitudinal axis 106b. As illustrated in Figures 1B and 1D, the central longitudinal axes 106a
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resonance frequency and sensitivity) is shown in the second enbodi nent of
Figures 1C and 1D The arrangenent of the seismc mass 108 is such that the

accel eror@b%w;l@g)ofggsi 2 Z%/n{'rﬁt ric structure In the e”bog%:ﬁg%tz&m}ob&s'ﬁt rated,
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a plurality"of ”Cslg’lfuicg’g%-"b § SHPLAMBDS ilustraied terrsisovr mhessmos 1.6t thecdrive of
enbodi menthegravii tdr &be SoismindndsB, 106081 aIsSURBRAST Qoh BRATR: BddnfhGaPLqyd ded,
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rect angul &1*3(9 LEFENNYL P04 hs RilesHormase 19h maumting whd oferatay obme\eatdi@gmetependi ng
on the de$i0r eithoneswitgnoe stis@rUeie Y 08Neud R tebthd i ckpess Ts (in
t he ra@geac%en%né%’mbo %ﬂpnaggst %ngﬁerortgoaﬁngl 'f;)y %{%&Igae;hﬁmageu grw I%i‘/:n?'?eom a
centre of the sides that rake up thé po ?/38} s Ff5ert dhe seiemie anass 108 64
Det ai | s ofPaF¢fk Tefr thet ByRPoBf framfe bases feRsiconthbeany 4R wodd. e dessdiroed

| ater witéchembteaignacriv@esi1gusR 2D Eafdte Qhe BEM| g0 Peae, 110 has a
n a ?opgns?ntsjr gagggﬁtsh%se%%e‘?ﬂ%%s (&

pi ezoel ect L] ' Llm112 coated ,
pi ezoel ecrihéz%sgre{dE}ioﬁ1 thL’ Iprrélge fﬁtfe ﬁoéf(?és CEIPEE SHPepRvabeamat 100 that Isdessitisan
appr oxi malf@n§igti|Hr ghthg sworant frems HiRe(asimeabwed opm she flaceordhe loher SIHEREHST ON

beans20110thé BusbBsidar tdfant 128 frar. t ' : icthin filnse 112 are
ferroel e e I ms@\?vi th Sgé%eh%gﬁ%ggﬁé)g%ﬁﬁé%gel1855‘% a0, 415 SESTVTRSS t he

tri in fil
upper su?tfoétlgrﬁ%?g 'g&'@lﬁa'ﬁ‘i ReMendetd 1®ufhin film 112, a pair of inter-digital

el ectrodes 114 is deposited The inter-digital electrodes 114 are depicted
cTar 1 by LAt dR Aee ARUSRD PR R R i o o S0
. composite suspension beams 110. In the embodiment of Figures 1A and 1B, four suspension
25 beams 110 are provided, while in the embodiment of Figures 1C and 1D, eight suspension
beams 110 are provided. In both embodiments, each suspension beam 110 is substantially
rectangular (length Ls and width B, both of which may be varied depending on the desired
resonance frequency and sensitivity), has a thickness Ts (in the range 1 to 50pum) and
extends orthogonally or perpendiculgrly from a centre of the sides that make up the polygon
30  shape of the cavity 104. Details of the structure of the suspension beams 110 will be
described later with reference to Figure 2.

Each of the suspension beams 110 has a piezoelectric thin film 112 coated on a top surface
thereof. The piezoelectric thin films 112 have an electric polarization that is approximately

35  aligned with a plane of the top surface of the suspension beams 110. In the preferred form,
the piezoelectric thin films 112 are ferroelectric thin films with a thickness of not less than
1.2um.

On the upper surface of each piezoelectric thin film 112, a pair of inter-digital electrodes 114
40  is deposited. The inter-digital electrodes 114 are depicted in Figures 1B and 1D but have
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and connection of at |east one term nal of each of the inter-digital
el ectrodes 114 to a top surface of the seismc mass 108 This wll be

descri bedypnofiajaizh | ater with reference to Figures 3A ape/s8BufBabeisi ng now
to Figure 2 , a cross secti on of the conposite suspension beans 110 is

shown The stack n t he suspensi on beam 110 i nclude thin
| ayers of &2 déro éﬂfg gg‘%{ C'aVé’ZAksat"F‘ﬁ?dérPabtf‘Flf'%‘éﬁs Bithe wHing) 206,

PLZT (( Pbla_r‘a)C(OZneCTDr) o 33)leapt ez &rmeintlrof ceatiiohthk iintersdigi@Belectrded 1A a top
i nter-digidpbcehbehblRART hask Y hfhﬁshﬁlllagéoyé%cﬁ%@qn%%r‘%terotmtﬁ rP&er nce

accel eronet er, %icel ration in a direction substantially perp en 'cul®ar to
t he suspe <9 'ﬁs 10 can be neasured In particular, the presence of
such accel erati on woul d excite bending and hence strain in the

pi ezoel ectgde&ribdhdl HiFidiRe gg%rosgye&an\@?%%ohﬁ?étgaﬂ's %ﬁsft?nebﬁ%m%(% L Cs%l gignal s

to be generated over two term nals ect r odes Y14 These
el ectri cal NS fP4I05 laxelR MakKBR UBhs usBeRsiy Qeéms’éﬁs@'%dﬁéh'adﬁ}’éﬂseﬁ & 2@5}1 SiQv or der

to achi eve0a, StqLD4,SZi (Verigpbteritel @etdnia) 206/ FRET (Pbe)(Zrex) fk-8kib&kc thin
el ect rodesfH,]rs'Lﬁo@gr%ﬁqurﬁg gd?[ &qrg JAye regions to pick up piezoelectric

charge wt e sanme sign nerate by ei ther conpressive or tensile strain
I n themexarrpl e acceleroneters of Figures 1Ato 1D, the inter-digital .
el ect r odeswil theaabevel brsrge@enti o1 thd1ecoeredndis, SdcbiBRItioRH AGREdtoh RBbsIRLSH C NMBSS

108 or adj P correspondi er_conpressive
or tensil ep% gp%rﬂ Qfﬁgﬁ%gwgrﬁg%ebgf)er a T on?OT% I5E Toeae Fgﬁsoag'lc‘é'ar p]efs?ﬁea%) % in

Fi gures 3&ughacsBraies peed isyaieybenging ant henpetsirainlim thei niezoblectri tivt filma2gs.si de

i mage of tiamenduldues CMHeCé'Pecﬁt{t@V‘éléha@ @%rgeHérSféﬁ %f/erttns térRGalsl S theOhtel-ne

i nter 1@' Ktatal e%e(,;()tdr odﬁa d C 'ear g g ted in the cl oser vi-ew of
Fi gures 3A'% %P2 the ﬁ? erec?mé {'at'® ﬂ’b a0 BF BRIl B oPEete14a,
114b of t Fsceerpiionof |nterd| gital el ectrodes 114 In the preferred form the

gap between the inter-digital fingers is 3 to 10mmwhile the width of each
el ectrode fin 5 to 10mm The el ectrodes 114a, 114b respectively
connect 8" S0 RIPRURB AT PG HAYAIE Bt DT R TRy | n
order to oiHckemtapppsHie wolony &l pick Upepigrioelzdnd ehatgeivath e gamiessidn genedated by

i nt er ofi gleutﬁér c%lnﬁregé.@d&%eﬁsﬁéspém GREHR é@ﬁﬂ@%ﬁ&e@{w&é@o}%@ gt1At§6}§t thgOMme of

the inter-digital electrodes are electri arall el
This isr é’éf?ﬁ“di%@' Ysriradespbidiang digheset indiie resinn ether éﬁla?‘ﬁ“ m%ﬁm@déa%Se%% nal
304 of t her tujacanethaksimos fr3Md,10306reaporiding to Bither cahgédsrb oeieﬁﬁﬁal’sﬁﬁlﬁ%ndel4 i's

Ot or og RGARANRALE oBluoRs WP IBUIAAP §) PhukD 508l TR Al hnl In | ®

preferred I ments s I n ure g-connecrionrsat a
central pdPHEu30B e é'ghtthaf‘ﬁé'déé'ﬁﬁgeapf F’@P@F‘Q%@ﬁ Waich show a closer view of the

25  location of the inter-digital electrodes 114. Also clearly illustrated in the closer view of Figures
3A and 3B are the interdigitated fingers of each electrode 114a, 114b of the pair of inter-
digital eiectrodes 114. In the preferred form, the gap between the inter-digital fingers is 3 to
10pm while the width of each electrode finger is 5 to 10um. The electrodes 114a, 114b
respectively connect to a bonding pad 300, 302 via terminals 304, 306 respectively.

30
In order to collect constructively the piezoelectric outputs from the inter-digital electrodes 114
of each suspension beam 110, at least some of the inter-digital electrodes 114 are electrically
connected in parallel. This is realized by a special electrode connection in which one terminal
304 of the two terminals 304, 306 of the inter-digital electrodes 114 is routed to and

35 connected at a top surface of the seismic mass 108. In the preferred embodiments shown in
Figures 3A and 3B, the connection is at a central point 308 (i.e. at the central longitudinal
axis) of the seismic mass 108. With such a connection, the electrical signals collected by the
finger pairs of the inter-digital electrodes can constructively contribute to the electrical output
of the accelerometer. in Figure 3A and Figure 3B, two different routes are drawn through the

40  seismic mass 108 to realize the electrical connection in parallel between two adjacent pairs of
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axis) of the seismc mass 108 Wth such a connection, the electrical
signals collected by the finger pairs of the inter-digital electrodes can

const r uctygeby/@enhri bute to the electrical output of theraesalopo@eter In
Figure 3A and Figure 3B, two different routes are dravvn through the seismc

mass 108 t | e | t|o bet ween two

adj acent plgtle {tgé‘%# %ngt"rg?&dﬁ4 ﬁw” b%ag {érg'%pgg % ﬁh?tfgh qulresb3é°‘ AP pPRERRY t hat |
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beanms a si c [ enen or, other selismc nass an
suspensi on%géeg%%org%gﬁ é'lrrre £ %gr?s (Eg ITR Ctt%B%aﬂ’a%ﬁHaﬁeéﬁ"%éP% kavipgse9Mavi ng
ei ght sr’usp?é'ﬁ%q”@ﬂ” B@aﬁ’ﬁg) The fabrl catl on of the mniaturized accel eroneters

by way of m cro-nachining or nicrofabncation will now be described w tg
reference s carried out on a wafer to mass produce
the mini at@glfgﬂggg&% él t}a;e Jhg {é’r'éedl ACCE P SID OY Ve &2 BISTRREFNG: B Micrd-| m and
an el ect r defEicatigp el ngvebel derssbadedthorferente onFigwe de Tid miethed veadaeied| out 64 @p 402,
t he el ect nese td aysy prb&.lc@@{etrﬁnﬁﬁﬁ)qzéooacgél%h'\%%ré r”'n E{epqgg'at;%szogleaﬁé {hgwq‘? and

electrlcal Qnne ctio ital electro
ref erence atng af—’lefutlmdg q%yﬁr aﬁa‘}e@?'te tonlaef?g‘f sighgf the vafendn siep 4Phdhe ﬁ'?@fﬂdﬁl gl t al
el ect r odedayesisrngtiereet toopreguge e'ttere:tlgltlaIcaédtrpdesoame@é@r&aa&onaedtnem)s pHtHeamer-of the

seismc WQﬁg‘&al\é‘fB%fr@deEh@s @s@%éd%ﬁ%ef@r@qc o g}urréscﬂ W%FF@&”? ?rmmalloqrfrmd

before th fabrication, the routing connec
with respz%et n eég]igﬁ%r%éf "pdest is (rAded i 8Rd eKRetrically ICP”’@&@ﬁtﬁﬁaﬁ lop sugagm efteesei sni ¢
mass of t Iseismcordseiinee te ellamtrsdeepné@bég:trutdneormeamela@ebﬁﬁea bbfatdtnd bdigmiand t he

waf er 18r e neds¢ Aefcdibp %é Q@tlrfgré?vgtcoﬁﬁééﬁ%xt \91( bQ(l\Q}w R‘&ﬁ %%5 R\ensh%?}hge%?gﬁrgag E ge

accel eroneter, and in
form the MWFSVU%J'F/ f?fﬁ‘eth% a%ﬁB'Pfﬂars? ghiBe asrelerameteelinitiPcAOdaibe plerodidstic diny e

met hod, f dilm andiﬁ1eSwaféreamSﬁ&e'EV\modﬂm‘é(ﬁorﬂrsﬂjeU@eﬁrrfﬁ @He a%&r%rd?ﬂ BhnisN& the

I t es respectively during
Suspensi oncSAlaL! Wit 308 h0Lel fldl Rl electiodes despectivel v du |
are used progéﬁamﬁlaﬁ@”’tek%'sglfsfﬁé‘ﬁslnd'ﬁﬁ @Mﬁmeﬁwd forenass sre usedriia® masks

respeeui VePey uged ifeg ptaff@mﬁg 0ﬁ§3§dsﬂg1sfdn0'ﬁbérhest%ﬁlke Sdngem@r-dfghﬁ @@gtﬁf ded N this
net hod, t fo [e nsi on beans and e seismc

e
mass are maa Ct'v?ly ﬁur %‘TP E%mgdsgﬂﬁéa{r@ ﬁ’&?é’?ﬁ‘ﬁlwa(feé Pdthe giher Weyragsks
silicon wafeeyspd TtPTedefl@lsmme Yispertsionigave apd deessisniis maspraspedtivdly dafng the

mniaturi éﬂ)@e@%@&ﬂoﬁﬁﬁ@%&&rsﬁ;def SRR 1 1R Y Rr thgfyfor@)ﬁgé@lg?ort A&

cxper) mnd ueL 0 Resg s vt s S T ST A S e
The néit smepcwﬁaltsmeorpwafeess is the separation of individual accel eroneters
fromthe wafer
The result of the above process is a plurality of miniaturized accelerometers formed on the
wafer. For example, in one experiment using a wafer having a four-inch diameter, 192
accelerometers were formed after the wafer-based micro-fabrication process was completed.
30  The next step in the process is the separation of individual accelerometers from the wafer.
~ This is typically done by a dicing process. To reduce damage to the free standing suspension
beams during the dicing process, the method makes use of dicing lines. Referring to the
mask iliustrated in Figure 5, a dicing line pattern is shown schematically relative to the pattern
for etching the cavity and suspension beams of the accelerometers. Lines 500 of the pattern
35 are arranged such that, after a wafer is etched using the mask, each accelerometer on the
wafer will be attached to the adjacent accelerometer only near corners of its support frame,
“with dicing lines separating them at other locations. Thus, after the final micro-fabrication
step, individual accelerometers can be separated by applying a small force without having to
resort to conventionai dicing processes.
40



This is typically done by a dicing process To reduce damage to the free
st andi ng suspensi on beans during the dicing process, the nethod nakes use

of di ci ngwbipfgokeberring to the mask illustrated in Fi ggigc2009/0803d5Ci Ng
line pattern is shown schematically relative to the pattern for etching the

cavity an | , he. accel eraneters Lines 500 of the pattern
are arrangg%ﬁﬁﬁﬂfﬁdgﬁ?ﬁgﬁ%éﬁé_gjnﬁ% glfjg'ssf%g?'%é CE%SI ?%%f??éf HRW e iy
accel er onef-erdugng teelmepafsile «ighing precess) arched indiyiduhleacaelprametets aitic el dpoinet er

only near @@esehin@to tHeSdesuep aiidkndssaTBne WudhenSbi bBshd 1365t SERBLAT G t_hgm |
I Nndl VI dua

at ot her | ions Thus, after.th inal .mcro-fabrication step,

accel er one %ﬁér‘sc&;eﬁm%%% epar ﬁogﬁn%sogpﬁleyf"f?d Igeatiney willsimatelniferiotie 9%vi ng t o

resort %o @Aveant PonElordeiets hgtseo cdissws Hieslerebied. Gbrréspondimgtrétveesiaei ng

l'ines i ncltgtemrmicrattiatback 6ia6 BEHe dbret 18, HiRQtnsSb Al sAE ekFiﬁ? ﬁ@ofcgsl) (Jhtﬁﬂ%ﬁ“ ng
eroneters w a

the front side etchin oce around i ndrvidual acce

depth cor rtzegghoeﬁ ?ﬁ]ﬁ frtogt{') eafHZ@% Paecg Stcj’ﬁiaéekﬁcé‘é‘gc%cf' Igapiag idyidus| Scepierpeatats,

except at jeiegdtaieachf dtrespnlyce tieifisersiocktibnm éd wilybenarphecpatiion g 8, theaxddi xed

| ocat i ons datibnsWhit baTBt &' 4ot BathEori |8 it Bm%e Qﬂhggfcegonll QLAOts bet ween
adj ace@t acdc%%Lorrelt ers Corresponding trenches are then for med at e back
side of tH&" FECRIPrORetE PhigTreCp dtalelerake wperisd Py FPelveg a)smaffarte athe
trenches dbtetdrers.ront side and the back side are connected, |eaving

i ndi vi dual accel eroneters joined to each other only at the fixed |ocations
As will be_ appreciated fromFigure 5, the fixed |ocations will be at or

adj acent eFEHNLRRMY the iNveREPNSHA BF Useq farePolft nermel aiticon | veafespraand rsdficdiven-

i ndi vi dualinsatate (80 Meffes.STIEOddtakaHsbricatibnt frocst abeedef wethaym RdaddyirBP! Vi Ng
a smal{d; fqLpe at the comers The method of the invention may be used for
both normal silicon wafers and silicon-oninsulator (SO) wafers The
detailed fabrication process for each wafer type is described bel ow Exanpl e
1 M cro-f @xampiatii MaroRaBeass Mbddds it SiGen Wiker A doubl e-si de pol i shed (DSP)
silicon wafer with (100) orientation was used as a base material Si Q2 and
SiNx | ayers were formed on both surfaces of the silicon wafer by thernal

oxi dat i on “afietblecsilep pelished ¢DMesticon|walerpwith ()9 srientation (LROMBY aebhods,
respeebi vehateriAl. Bid,tdnt WK, Shal Wee88hnel loh Yatrbs i) of lt%)’sqrcorw@rﬁfep B)‘F thefgmed on
the SiNx | ayer on the front side by a sol-gel nethod An active

pi ezoel ectRBHEJPW rPé‘?SéPﬁea?h,eeréb%apPaHFP&%ﬁBm%ﬁ’%%mﬁhwts; fepRastvely PAZT)

f er r oel ectyittiiemstabilizelizirpenia (M$Zalaydrivek tessionfedonZherdiNyagerpinapared skiy b

chem cal galolgd %tfﬁ@.tmgctf\lgrp%'i&é?eoﬁ'icr%égdr%?er%‘?'l&aq%%nrg.zﬁg&n(fﬁé $taple L he YSZ
| ayer The | e was anneal ed at 700 to forma prevoskite crys't arTine
structure @%ﬁgFe-"ﬂ?'ﬁ‘?tf'caih'”ﬁfﬁmﬂ'th &l RigknesRiels! quemavas prepared by a chemical solution

25 method through a multiple spin-coating process on the YSZ layer. The sample was annealed
at 700°C to form a prevoskite crystalline structure. Inter-digital Au/Ti electrodes were

subsequently formed on the PLZT thin film using a lift-off process.

To define the suspension beam structure and the dicing lines, all the PLZT, YSZ, SiO, and
30 SiNy layers were etched from the front side with the aid of photolithography patterning. The
PLZT and YSZ layers were etched by reactive ion etching (RIE) using CHF; and Ar mixture of
gases. For SiN, etching, a gas mixture of CHF; and O, was used. This was followed by SiO,

layer etching using the gas mixture of CHF; and Ar.

35 After etching the SiO, layer, the exposed surface is silicon. The silicon substrate was etched
from the top side using Bosch's process of deep reactive ion etching (DRIE), with SFg as the
etching gas and C4Fg as the passivation gas. The etching depth is about equivalent to the
desired thickness for the suspension beams.



subsequently fornmed on the PLZT thin filmusing a lift-off process To
define the suspension beam structure and the dicing lines, all the PLZT,
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t he backsi erm ned Bosch's DRI E process was used to etch t he
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pi ezoel ectric acceleroneter testing, a DC electric field was first applied
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Fi gure 6A hgmgg\%eram@t@b RGUEAP D Bhseong & decsushension befing U1 @ wBBtehatesdigiee of t he

suspeRsi oplettedeas 114] Gigniet 6T "sHF&Wslandfo'aerrofdité}ldig?tlal eﬂé&‘é&ésoﬂ@saﬁd]ﬁgurg 'ﬁ@%fh@wsﬁc shows
a pair of ctrodes

crgss sectthaegkogF sgéltghé'% Af% uspensr #%’Eaﬁ?f’ﬂ@w'ﬁ% H‘Svﬁteﬁ:é Oﬂ?ége@tf%{@wgdhe | ayers
f or mi ng tﬂépm@ﬁémdﬁobeam 110 Exarrpl e 2 Mcro-fabrication Process with
SO Wafer An SO wafer is a better wafer option where precise control over

the thi CkE?a?nspl 5 Mlcro-fabrlcatlon Process with SOl Wafer
25

An SOI wafer is a better wafer option where precise control over the thickness of the
suspension beams is desired. In this example, all the thin film deposition processes were
similar to fhose as the normal silicon wafer as described in Example 1. To define the
suspension beam structure and the dicing lines, all the PLZT, YSZ, SiO, and SiN, thin film

30 layers on the front side of the SOl wafer, and the thin Si and insulation SiO, layers of the SOI
-wafer, were etched from the front side with the aid of photolithography patterning. For the SOI
wafer, the thickness of the Si and SiO, layers was the desired thickness for the suspension
beams, which was about 15 pm in the example (i.e. the thickness of the suspension beams is
determined by the thickness of the thin Si layer and the SiO, layer).

35
After the front side processing, a photolithography process was conducted for the patterning
at the back side of the wafer. First, a window was opened in the SiN, and SiO, layers for
determining the height of the seismic mass body and making it ‘elevated’ as shown in Figures
1B and 1D. On the basis of the desired height of the seismic mass, the thickness of the silicon

40  to be etched from the back side was determined. Bosch's DRIE process was used to etch the
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suspensi on beans is desired In this exanple, all the thin filmdeposition
processes were simlar to those as the normal silicon wafer as described in
Exanpl e kydooflaokdde t he suspensi on beam structure and t hberdicghdddodzies, all
the PLZT, YSZ, Si2 and SiNx thin filmlayers on the front side of the SO
wafer, and the thin Si_and insulation SiQ2 |layers of the SO wafer, were
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shown in FiUGERAEStY ghdiridkat diearere then ersiratenby simgirgesimadtogingbitndiortdne
sei sm c nmeSs wirthevethwakageddto e bsidi t ched fromthe bac

was det er rhdygg ﬁ‘ﬂi&gélgmr@&; J)&oc'es vva'isgcgihesd%{ 3*‘?%{% E:eﬁ{']'{;ﬂ sonection, BEO®or m a
trench at the back s de it fe ”gdép[?%eﬁFt”‘éBﬂﬂ:tﬂasﬂrsmpﬁh@m tBe stehtraie ORI E
procesd wd?e glectis refingeaf therRyeZAdhin filst ol i t hogr aphi ¢ patterning to etch the
bulk silicon away fromthe back side of the SO wafer to formthe extruded

seismc 1 ﬁ%ggloé haSs te? formthe free standi ng suspensi on beans
structure The SroR°l dy8FCFUNREFSHatricaied ising thenbRgwafenprel shpen irdBigirsg. t he

et chi ng of aftH® dfidureS] siawsra tohevivadtksirctcskremb@rst (AR, Sveh 'Jclﬁémﬁ-gr?/agg& fferent
et chi ng r atiemic Thes edPaRedvie Vlord QL f0E Suspensi on beans coul ¢

optional [y, be feqoxqgig s%%é'?c}%h{“’l?m ergyiaving & icigors hARGoSelSAi a8 ined by
appl yi ng 1SRV ot By ot b ks megnificatios ofkeesinskd ercboBRE ()0 t he
bondi ng p&ag (d ofFigue7 &l ccrosgnificationep eestibdstBef fF¢n)Pi €zoel ectric

accel eroneter testing, a DC electric field was first applied to the

el ectrodes, for the electric poling of the PLZT thin filnms SEM i mges of the
accel erow@?ﬁ%ﬁﬁ%ﬁied using the SO wafer are shown in Figure 7 Part
(a) of Figure 7 shows a top view of four acceleroneters (two having

oct aggpal SeLsn s. 108 and vity 104, two others having a

cir cu%d;r - Eﬁﬁ%@?@@?é@ﬁ%%@%“ﬁﬂt HS13o g@ﬁé? éehsé’\’/‘i 100 amiathe Poalyset by thef Fi gur e
7 shows a°'ffAYANY PiEd pidhe afceterrmatérrsyli@dreameasconbiudial tThé MeciRAlch dialsRf Fi gure
7 1s a megnidumeatd simulforkhRiGteuthediqnikp of part (b) Measurenment Results
Nunerical sinulations were carried out “usi ng ANSYS Version 10 0 and the
anal yses on the stress and strain of the accel eroneter structures were
conduct ed!) fitfeaceeletematec sifuctunasl tymesly aad veanRbacahgeleBHaAtd PRTeiddl Gabed the
fol | @8 Ngo kHz: '

k side

(i) the strain of the suspension beams varies from compressive to tensile from one end to
another along the longitudinal direction with the dividing line at about the center. The
maximum strain exists in the regions near the joints of the beams with the seismic mass and
30  with the support frame. In the longitudinal direction, the strain maghnitude gf'adually decreases
towards the centre of the suspension beams and becomes zero at the dividing line which is
close to the centre of the suspension beam. This helped to identify the regions where the

inter-digital electrodes can be placed to pick up constructively the piezoelectric outputs
developed under an external acceleration input, and

35
(iii) large stress is located at the joints of the suspension beams with the support frame and
the seismic mass. Keeping the suspension beams perpendicular to the joined sides of the
support frames and the seismic mass can therefore reduce the local stress concentration at
the joints.
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(i) the accel eroneter structures typically have very broad range resonance
frequencies, up to 50 kHz, (ii) the strain of the suspension beans varies
from CO”RKI@%LO‘/@ $g tensi le fromone end to another al ORGS0 doRbEk udl nal
direction wt ﬁe dividing line at about the center The naxi nmum strai
exists in the regions near the joints of the beanms with the seisnic mass
and wit h tAEr Sgpperefabrication wWen completedrig eladiicaiboladizatmt df iy fekrdtgecsicrraizm

magni t ude fgﬁﬁduﬁHeysﬁ&ﬁﬁ/ﬁ}aﬁm%sntEpM?\fad&e&trb@eé:ﬁ\nﬁwé %fagg of lﬂ% ﬁxﬁg&e{a é[v8|'i]atha”B
and beconggs.. r2§5a9 aatndt eeo Angt IS C f the
suspensi on b ¥ring PRECHRATCE o WEREP oM rtféegfeérﬁglemféq )i withethedi gi t al
el ect r odesPotdzatipe V?ﬂS@ﬁ:@d appliegi atdctrigfieldoat Soanu ttrpeedtyte i ehadine BRLERCS. IMihe

out put $ d&w&b@ﬁ@dodgbnﬁ@d' o@t@m@d«%?réB?ik/ln%%ﬁeélt‘érn%r{gogur}eﬂpg&ns) f%lrﬁdﬂf(hﬁ)) k\l//a‘r ge

stress is t oints e suspension be tBport
frame and t;t"ﬁeg ?é’ﬁ? c‘Jt gﬁﬁ'séeq@g?ﬁ cehae §E%’bf§?f§|F¢9h”eo%aﬁr’@fq&e’ﬁ'mé¢fdle@@n“ar to
t he j oi nedokrigation of aliohb2% upfoo¥ 1wafs pasepgedantich ngicaRt 3t Che G qeaily bheeef ore

reduce t her gl wad foB8feckRity SR hdlirad oi ntsAfter the
m cro-fabrication was cgrrplrbgt ed, the IS%SEPP?%CLSI pol ari zation of the

ferroelectric PLZT fil nms was rreasured with the inter-digital electrodes in
t he pliéne Fiduret Restows f the edigptacemantusieetrnh &if rang edndie/ namgkumafggcgg,@g@tep\

hyst er esi ~°méa9l99d (A/Rif] tllag’erfs%gﬁr?@ 98|I0Fn fér P'Fh%e tésor@nc \ggrgﬁ%%ﬁ{qdz%}afgur e 8

versus the a el ectric Foom t errpera

The hyst er"’eng%CF FaNRRelyee a8 ﬁ@ﬂ"”b'? F@}yﬁﬂ 1. fugthaningic ate¢ tin@lt thadjrst taspeemte ( AC)
field of &8k M\Zh@mktzmbﬂe@am?shte thebRof- ,sua@ inade, @{eeé‘et:é&g%%rég%ec%%k gp34;@en from
Fi gure 8, C rization 0 out cm 2 was
obser ved, kvvﬁl Eeg'ﬁor{gl ca@géNgtrﬁcte i rg88§t ﬁzflxis ?f’dd;' ?’Héeﬁgﬂﬁeﬂ" Pt not
af f ectlad’ Bqusﬁ@dth:?’l?ﬂTeaM“it@mdeﬁh pﬁsmw #igure 9 shows the displ acement
spectrum of an exanple mniaturized accel eroneter measured with a |aser

scanni ng Three reso re identified The resonance
nodal anaﬁbés)éog%%g %anes il fg'ﬁ‘gwn%o%T%”%f W'P'WﬁéF Willhgi waderatqod puthoserkiled 1 st
r esonance pEakrtamape gubigs t varietap en dwdificatibheinadesigof eopbtareomneteraifie second
reSOﬂanCewﬂﬁtﬁ;kdé’dart;ﬁﬁ fmkihi s@d?)@roeﬁl@%&ﬁﬁs 8r LBfpleM tsegpl%emggstlpn&q’ﬁ'ﬁg t toy

axi s, @nd l Oa?%son% ée at kHz corresponds to another node
with Fesp& ?“C’t‘Sr 9831y a%@@&&?%@"‘&&%éw ﬁ@g’abP%X%Pﬁé@%m&ﬂa%wﬁ%
whi ch, asPpelidon sisies thatlerespayald! ith theaeggarksitidsest tharcavite Asd, depEmMinh@nSmdj ect to

vari ati ongeighic rﬁ%k fdr Gl 'lrﬁé}ﬁea %pgl?c?l'qun theFrqnl%el; 4Gk 'p?&et%ﬁntocﬂetg aHJ%)n H%M%ri hlogt not

departing fromthe sco e Sel's
limted t8°305 88 &l b a'%%ﬁida&dﬁ'éPe PssEsedhet %ﬁerfqrmam@h@mgxerrse@nfame pol ygon

shape, pr efrgatalaby astelelometers will depend on, amongst others, the dimensions of the elements
25  of the accelerometer, the selected materials used and the designed structure of the
accelerometer. Given the various embodiments disclosed, variations to these aspects of the ~
accelerometer to suit specific applications can be easily implemented and are therefore
intended to be covered by the scope of the claims.
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pol ygon sides that are parallel with the polygon sides of the cavity Al so,
dependi ng on the seismc nmass or the intended application the nunber and

pl acenentwehoidipeiyspensi on beans may al so be altered | pcisichod®oosts
appreci ated that the performance characteristics of the mniaturized

accel eronegesimsW | | depend on, anongst others, the dinensions of the

el enents of the acceleroneter, the selected materials used and the desi gned
structure of the accel eroneter G ven the various enbodi nents di scl osed,

vari ations!.t o 4 ma@turaspeedosleofic bdvelcattRdrec@prdigy to suit specific

applications can ' ' re therefore intended to be
cg\F/)ered by the ,scg%g 'oi 1J{%‘eé %&?E%ﬁ?@%ﬁn’%emcaﬁ'?‘é{"ﬂvﬂ']gzaeae%ﬁag? fudipgly i ¢
accel eronet er FSnprising a support frame having a cavity therein, the
cavity having a cenkisaic haszgh tihedéavay aﬁd(h§vingaa %@rﬁtrl%moﬁgimagél dxlfé, Ttﬁé?ce%ﬁ‘%/l' EK and
havi ng a central.: Lk udi axj t ntral longltudinal axis o e
cavity and thé&lggdr?ﬁ; g%#%ﬁ%ﬁaﬁlwﬁaI’thea%(el%tsrglgcfng{t#énaé@f'%?ﬁt”be I Basshgng
co-inci dent, &°PICGPH ity of suspension beans extending fromthe support
frame to the sei saipmram%su@agskbroﬁseahﬁeex@aaia§ﬂ%hQHehQﬁ)a&ffré}ﬁé/tdwe Qeismic

pi ezoelnectric I I ated .on a top surface ereof, a palr o

i nter qgl gital i%g%c%a;%é&gggsﬁgg?'?ne%eam? '3"’}3{'”8@0%?2%[?%'&8@ fjm coated on a top

pi ezoel ectri c StfACAterao and at | east one terninal of each of the

inter-digital elegtgmdes iheidigar Quteshcs Oddasidal 86t 4 _%B;LéryTLE@E‘é‘?o?té‘a@hat a
top surface of th?ﬁcgrfé'r@r%'?n, 9\rr?afizs 2 The mniaturized piezoelectric

accel er onet er PGOC rein the cavity has a base and the seismc

mass has a bott ongt lednt obetarwimebefieagh shtheaatef-digita tlaerddas Beidy Adueedntbinat uri zed

pi ezoekect i C cREHENIPESHNBEEE atQf to§ LiMaP2 &f tRE sedsmic WAL €i n the piezoel ectric
thin filmhas an electric polarization that Is approximately aligned with a

pl ane of the top surface of the suspension beans 4 The mniaturized
pi ezoel ect i c Tae owliaurigae peroatdctraragcasremeter of Eim®, Uhdréin the, cavfier=Ridbdsbe

el ectrical conpgmeis@8mRimdsBRadd b%{@%%e%ﬁ?r% ?%lﬂ%?@ﬁafﬁ%rﬁ%%%agg the

inter-digital electrodes I1s at the centra axrs'of the seismc
mass 5 The mniaturi zed piezoel ectric accel eroneter of any one of clains 1
to 4 20wher ei IThe hénigiarizes pebodigttrgracchigbinaler 6 @it r1astos whdrein BheEsibAde kBt Y

connected in paral)l

h%g an electric polarization that is approximately aligned with a plane of the top
surface of the suspension beams.

4, The miniaturized piezoelectric accelerometer of any one of claims 1 to 3, wherein the
25 electrical connection of the at least one terminal of each of the inter-digital electrodes is

at the central longitudinal axis of the seismic mass.

5. The miniaturized piezoelectric accelerometer of any one of claims 1 to 4, wherein the
pairs of inter-digital electrodes are electrically connected in parallel.
30
6. The miniaturized piezoelectric accelerometer of any one of claims 1 to 5, wherein the
inter-digital electrodes are disposed at a location selected from the group consisting of:

adjacent the seismic mass and adjacent the support frame.

35 7. The miniaturized piezoelectric accelerometer of any one of claims 1 to 6, wherein the

cavity of the support frame has a regular polygon shape.

8. The miniaturized piezoelectric accelerometer of claim 7, wherein the regular polygon
shape is defined by polygon sides, and wherein each of the plurality of suspension
40 beams extends orthogonally from a centre of each polygon side.
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6 The mniaturized piezoelectric accel eroneter of any one of clains 1 to 5
, Wherein the inter-digital electrodes are disposed at a | ocation sel ected

from t he \wpoyR,@ensgi sting of adjacent the seism c nass apg/sedi@Reshst he
support frame 7 The mniaturized piezoel ectric accel eroneter of any one of

claims 1 to 6 , wherein the cavity of the support frame has a regul ar
pol ygon shape 8 The mniaturi zed pi ezoel ectric accel eroneter of claim7,
wher ei n t e r dgalminiatpridey gieroetdriisactaerdmbieneetiaby 8 pateygn Bachi ol €%, plasi) svher ei n

each of the p|sU§@hbu5rybébfmssiéJ§fb‘§@ﬁt'la(Wr&%gﬁarex'[ ends orthogonally froma
centre of each polygon side9 The mniaturized piezoel ectric accel eroneter

of claim8, wherein each of the plurality of suspension beans is
subst aft i dl0l y The ciiziatgrided pietGeiddri avcalb@irister ZzEﬁhyFﬂneZdﬁeiaﬁﬁth iocg afreRlieihenet er

of any one of r@u@r%ly%or; Qna%euT %ﬁgr}e ahd GnEEAULE ILP%J %SET%@E b}%?}?

square, and wherein t l'ura suspensi on
suspensi on be&ﬁ@prs¥Wés ﬁP&PﬁF?@%d plezoelectrlc accel eroneter of any one
of claims 7 to 9, wherein the regular polygon shape is an octagon, and

wherein the plméﬂlﬁléth’rlz%figggéé?&%ié?:@e!pr%ﬁve r &P ro'nge:?gl Ong: \/«RgnSI n beams

12 The nminiaturi zed piezoelectric accel erone f& BF ecedi ng
cl ai 80 wher eif$futah @olkgaNsiRRe ﬁa%‘soqf@obyiiﬁdn‘ﬁﬁf@athelw@meOhwspatswmbzeems

pi ezoel ectri c canpkseignausiensibn Beynsone of clains 7 to 11, wherein the
seism c mass has a regular pol ygon shape with polygon sides that are
parallel wth gon sides of the cavity 14 The mniaturized piezoelectric
accel eromdter T g? RIRGUEIRE  RIEZOElRetrip rasesieliomgtet lohianws onevoé rted mrechding Gapa, t

frame, the pl whalkintite &fisnsesBaNst@AdRaepNs and the seismic mass are made of a
nonol i,thi ¢ substrate material 15 The miniaturized piezoelectric

accel eroneter of any one of the preceding clains, wherein each of the
plurality1éf dJhepménigtirizead bieemiECtrigrapfreil&rersethtahpbm bfajedmns 7 ta 1 wheiemghSi |

Si @2, Si Nx, Y%sm@ﬁ'ﬁ’as@@{aé %%S@érréo?yggﬁéﬂ_aﬁ‘e%ﬁ ré)@'){g@?@ndgg trta"f‘t%l:é ?é%l'epgnth

m ni aturi zed [8 ezoel ectﬁ{l c accel eroneters co sin
pi ezoel ect ri ¢ PRI SI°F R BREPVEh el ectrode layer on a front 5| de of a wafer,
patterning the electrode layer to produce inter-digital electrodes and

?le?'(r:r;[ Eg fag?cgﬁg@ﬁ_{ﬂ[\lgpﬁz EOﬂleztoPI@ctl'lpta@zEeWé%rQEtglal)f S*)ﬁ Ghd QG pfngé(p ing cIallm%a‘St one
wherein the support frame, the plurality of suspension beams and the seismic mass are

made of a monolithic substrate material.

15. The miniaturized piezoelectric accelerometer of any one of the preceding claims,
25 wherein each of the plurality of suspension beams comprises multiple layers, including.
Si, Si0,, SiN,, YSZ, and ferroelectric PLZT.

16. A method of fabricating miniaturized piezoelectric accelerometers comprising:
depositing a piezoelectric thin film and an electrode layer on a front side of a
30 wafer,
patterning the electrode layer to produce inter-digital electrodes and electrical
connections for the inter-digital electrodes, with at least one terminal of the inter-digital
electrodes being routed to and electrically connected at a top surface of a part of the
wafer that defines or that will define a seismic mass of the accelerometer,

35 etching the piezoelectric thin film and the wafer from the front side to form a
plurality of suspension beams extending from a support frame of the accelerometer,
and

etching from a back side of the wafer to form a cavity of the support frame and
the seismic mass.

40
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el ectrodes being routed to and electrically connected at a top surface of a
part of the wafer that defines or that wll define a seismc nass of the

accel er ongbenio/®@Epi Ng the piezoelectric thin filmand phesa@i@ioéziom t he
front side to forma plurality of suspension beans extending froma support

frame of the acceleroneter, and etching froma back side of the wafer to
forma cavi’ty '9F Meed Sf5aaT 16 theicw t%ﬂafﬁﬁéa§é¥§rﬁ“@t%§‘§3ﬁw@fﬁ?@ﬂ¢1wﬂeféﬁ‘ claim
16, wherein t hie sefieg fros the Shcigside of yis twafer 3¢ Laraen owetb &pacnd velies 6f thet he

etching from %Q@m?%s%ﬂ% ﬁsekhﬁﬁw r is carried out to space a bottom of

the seismc nmass froma base o e cavity The nethod of claim 16, wherein
the wafer is an SO wafer conprising a thin Si layer, a SIQ2 |ayer, and a

bul k Si5 | ager , Thewdeoti becihil B we&8iInAHe Wdie |§él'59@méf@ffbohfbaﬂ§g b@ﬁm Iéi}eﬁ gr m ned

by the thlckn i yer the Si of any
one of cl ai ms \tl)erlgr% %m ?(h§ IaY:ee?’ \%Ith %ethckr}eé?] pgh L%P%ﬂ,smn eéfnﬁge‘npnes
conpri si ng fordﬁiemy"?dr‘@/ﬁbﬁgﬁcka?sstoﬁ@eﬁm'bﬁ'tlayﬂ@R?tb¢ Stthéayemf er ar ound

i ndi vi dual accel erometers with -a depth corresponding to the desired

t hi ckness gf t Rens| e t fixed |ocat f orm ng
corresponcilgng Tﬂr enc esoquta ?Oﬁe Elda' %égqgf% B Wg?'”%alf% ?Onf@mf ERBhes at
the fri@nt si ddnesrf@mpfigndack si de are connected, |eaving the individual

accel er onet er S j Gbrﬁﬁ}@ rdhcR@CH tad ekt spidl of triat wéf@rearBhﬁ&eiﬁldll/@&aﬁltat@b?oJé!@rs met hod
of claim 19, i; e individual accel eroneters by

appl ying a sn‘éf'l rSC%H %‘%’O%If"ﬁgt% E'e’gﬁas'f%i@ﬁ?‘ﬁ“swst’f “P%%USP?'%’G’ RegRat 96 bei ng

near corners @fflwﬁwcstmogmﬂﬂ frame of -each accel eroneter
forming corresponding trenches at the back side of the wafer until the trenches at
16 the front side and the back side are connected, leaving the individual acceierometers
joined to each other only at the fixed locations.

20.  The method of claim 19, further comprising separating the individual accelerometers by

applying a small force near the fixed locations, the fixed locations being near corners of

20 the support frame of each accelerometer.
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