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An U trasoni c_Transducer Array and A Method for Making
A Transducer Array Field of the Invention The present
i nventio a transducer array suitable for
generati mmmumﬂmmm n an ul trasonic frequency range
(an "U trasonjsgsdransducer Artay"), and to a method

of making it. The transducer array includes transducer
eI errents L ncI ud| ng p| ezoel ectrl g mfat e'\rAl al , such as

the art to use p| ezoel ectric devices as uItrasonl c
transdycers For exanpl e ceram c-based pi ezoelectric
Aiclddbf zhe boventiobe titanate (PZT) is used in

Tha resen pudnfi 151285 T A A TSiRer a4l Sh g s oShérathg
s‘ohﬁ8§‘ﬂ'§1§ﬁrultrédﬂiﬁ|¢|ﬁé? oyl e bE(MﬁI‘Uttfa%@ﬁﬂiEﬁnsdheéﬁmray) and
wth a sheet I1 bonded with a net

te lpemethpgl of Raking it TARdANSEHCRT %rﬁ@htnchtmqsstran%e’é@ebﬁlements
n support 13 within a

'@%\Iégﬂggﬁeﬂg‘%bg@&%f@éS?%ﬁg%Zdze-[leect rically connected

to the PZT layer 11 and are fixed in place though the

eram c su ) ort 1?1. by an adhesive 16. The transducer
Mﬁ?—@@ﬂ—@éﬁed when an external voltage is
IﬁiéR/Péll RSoW fpth@hart ke ubé prezbelectid Gecey bd @ﬂréwrﬂefransducers
di spl acenents around t 20 centre of the el enent,

Rar@xample pﬁt@éﬁ@rbqseldﬁéem%lﬁ%fae dead zlbc%n?tecfd}aﬁm%pzﬂ Is used in
& grﬁay?ma"i\abiegm brgiettr %Bﬁcer%7Figs 13f1hst nﬁgég att9pfc5?pnor art

centre o rans ucer erren A nu sound
AT ﬂkimnluﬁmdl&eaneclpdmgl altb- Iayer transdtseer]sﬂement 10 with a

e Pdstined 1S gindefnin IneF 0882 27 ana s mm

25I' M&fo@?élﬂnﬁ‘eﬁteﬁ@ﬂs f&é@ Byl difidoré sHesive 14 &n% éSramic
When applied to a paranmetric audio system

IppeeitEwithin Heassd8. Apairf ping 49 are relﬂclfsqa#g cmﬁycted to the

f
PP 31 P A AR e OB port o B
aﬂlﬁdsmet Tﬁ;thl-ha tsamscnmeoblammte‘r(blsajeﬂezmd whenaduedernal voltage is
SHohed yarnohiine B8 36 Shwdrotiges raet fgpleEerTaiia axdlind the
ddmRUSthBiedmért. El ectrical wiring is prow ded so

that all the transducers 10 are connected in serj
sdntondsr telintensify theitraasdugey-to-air coupling efficiency, a Ilghtwelght cone

17 is attached to the centre of the transducer element 10. A number of sound
emission holes 19 are provided in the case 18, in front of the cone 17. This
device is good for many applications, but its parametric ability and maximum
sound pressure level are limited due to its size.

When applied to a parametric audio system, such elements may be used in an
array form using many elements for effective parametric conversion. Fig. 2 is an
example of an ultrasonic transducer array employing this type of commercial PZT
transducer elements for a parametric speaker. Four elements are displayed, all
attached to one support frame 21 through pins 15. Electrical wiring is provided so

that all the transducers 10 are connected in series, so they all respond equally
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2 and concurrently to an applied voltage. Building
the ultrasonic transducer array in such a way is
strai ghtforward, but unfortunately there exist a few
i nportant technical problens. Firstly, it is
difficult to align all the transducer elenents.
Ideally the central axis 5 (%ine c-¢' inFig. 2) in
each el ement woul d be perfectTy perpendicular to the
support frame 21 and all the el enents would be at the

. o . r - . -
2RERBLLEtEy (RARHBRI Hafage, BB Belasthc Ralfbducer array in
such away islsitaigtit®ravadd, tthe unfgrpovatelythere st dafew important
highly difficult to achieve in practice. As a result,
te&é‘%ﬁ%P&?@%‘Héer el enent has a slightly different phase
1Rirsny, @Ns diffiedibtd ARYrENPHR tramRiUcer BRMEnts RIeall!tte cdftfal axis
case 18 or even the ceranmic plate 13 of each
(lneahe'doddg. 2)do @ashelemebtwantd be pefactly, pemiendipuiar tadhe

s fibller 3 2RaBH B8 sBuhehS BT nERTRIR safts Bet ipupver since
tHele at@sendfhiforrdfiHegion PihRaEE shhdwieRBE betweers BY frénsducer’s
di stance between adjacent transducer el enents

ts, 15
Ciqmia Plaje dsk andbihguinpert lameRlr tisishighly difficalb to aekigve in
pEICIEEoAS BTSN I WhAdRRRE b s 4 Bl Ml b
which lioitsrthenoverathperfandardeect ri cal | y connecting t hem

e by one, lim manuf acturability and decrease both
SiecrBliv e care |06 SuaBthe C5Tamie Pl 9f GAch Kansducer
LTRSS U NRIBRRCS el PUATLRD i R 0 it fampac

array aparureyformobiie device applicationpr Eethermare, thescase 18 tends to
soni ¢ .tr ansd%er a

PSR oo e ARNES o Ra0 HoBiogRL [ 8fplier cipons
whichds that ton@udived s s@ippreesing \the gidePieBes @$ the transmitted ultrasonic
wave.

Thirdly, placing commercial transducers onto a support frame one by one to
form an array, and electrically connecting them one by one, limit

manufacturability and decrease both uniformity and repeatability.

Summary of the Invention

The present invention aims to provide a new and useful ultrasonic transducer
array, and a method for making it.

In a first expression of the invention, a PZT ultrasonic transducer array is
provided comprising:

(a)  aconductive back plate;

(b)  aconductive front plate having openings;

(c) a plurality of piezoelectric vibrator elements located in an array between

the plates, the vibrator elements each including a piezoelectric element, each

vibrator element having two portions in electrical contact with the respective
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(c) a plurality of piezoelectric vibrator elenents

| ocated in an array between 30 the plates, the

vi brator el enments each including a piezoelectric

el ement, each vibrator elenent having two portions in
el ectrical contact with the respective 3 plates.

Thus, since each vibrator is %rovi ded wth electrical
contact to the two plates, the plates may function as
the respective termnals of the transducer array,
pLdout requiring an additional step, carried out
Individually for each 5 transducer, of formng

el ecfThodesince each aitiratdreisvprhovimtedr with Eslebtricab cahtaict naythe two

BB i e i RGBSR TP YET e
aﬂ*agz%ttﬁﬁﬁrﬂeﬁgtrﬁ%geran %Heﬁloﬁﬁl &tépt. T caRbiebut Eﬁ&lbldél fly for each

rator bonded at t ep03|t|on of 1ts no
tranaducer: of tolﬁm|rtgaellectrgdeetcacmtacbmﬁmramrsy, t he back

| at ries n rot rus .
P o EARE VLRI al B 'Widvifld RS LTI S wRi o EPith ane-taver is
midie SfodhedXlirie@bramabn@fis bbﬁ@ed?fd 4 mmdwc fayer |sUehras a PZT
vi brator. Under the vibrator is a back cavity. The

nt sheet may have a series of em ssion holes and

rot
IEs)hee (a)bdghma)}? %d@?bﬁﬁgﬁggﬁ?ﬁ%t’g% 0SI FI éor??hg# the back
platei r nodal l'ines. A lightweight cone is attached to
t he ntre, of the vibrator as a resonator
i nt eﬁa%nteﬁﬁyt thaneaﬁ?%@atq may; havea ierigg oéfrmgct?w protrusion
hSrt< oMo Eﬁmé?efee@h drfls at%ﬁerdléfoﬂpcmalegt& e HAPEs that of
te that the term "coni aI sed he to

thetmrwlspcmdﬂtg twailgyer vibrider. slunadmsthembmkmddn atbaek cavity.
di a er, of e cone do crease linearly with .
e  RPdTST; EPEREERY S erips P Rson, holgs and, Blgiflsions. it
may bacattdltheds fnpies BHUkChetal Siedethane t@héﬁt&llatheawfr‘htors at the
sy mtr?lhanUCh as shapes in which at each axial

PeditpR o Heihpodaiieess an el | i pse. In a second
expr ﬁsﬁp‘?\ﬂelghggobg\fg %glb%e&”tc?\’t\éjgénﬁ% Wn%ﬁlﬁgg)ra){or as a resonator

pr oduci Fansducer  array,
tac omtensidy rtge transducer-to-air coupling efficiency. This cone may have a

conical or frusto-conical shape. Note that the term “conical” is used here to
include also trumpet-like shapes, in which the diameter of the cone does not
increase linearly with the axial distance along it; furthermore, it is used to include
shapes which do not have circular axial symmetry, such as shapes in which at
each axial position the cone is an ellipse.

In a second expression, the invention provides a method for producing a
transducer array, the method comprising:

(a) bonding a conductive back plate to a plurality of piezoelectric vibrator
elements located in an array, the vibrator elements each including a piezoelectric
element, the piezoelectric elements having a first portion in electrical contact with

the back plate;
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(a) bonding a conductive back plate to a plurality of
pi ezoel ectric vibrator elenents |ocated in an array,
the vibrator elements each including a piezoelectric
el ement, the piezoelectric elenents having a first
portion in electrical contact wwth the back plate; 4
(b) attaching a conductive frpnt plate to the
conductive back plate, each vibrator elenment having a
second portion in electrical contact with the

cond gﬂ)tdﬂé%hlrfd £28bndliét fr&'ﬂtp‘?atb%tthé RBnblétie @émgﬁf each

step be “perforned as a single step, In
vibraiovelanmmmasrir@m isesomal poeianaiohadelctticaltdomtdet adthpthat eonductive
frsuﬁstgti ally simultaneously. Thus, the fabrication

B can nore easily be carried out as a batch

Pr OCRiSge thHR itife fiRss of h’ﬁes@détéﬁé ﬁ%ﬁbé’faeﬁ’ﬁﬁhé@ a§%3§h§ieestép, in

| ow manufacturing cost and hi gh perfornmance
whieh tﬁ&M@@Lﬁ'ﬁ?antSﬁ@rmd(ﬁﬂ the @ach olate substantially

S AT, A B R R o
bdleﬁ(pfrbb@sh Thig had thes adeartagex afMmlakingpdssibleial Idw manufactunng

reference to the accaonpanying draw ngs in which:
cest@ndih lshmoa’naf%r%w t"lﬁ:’ﬂh@@ﬂtﬁl%ﬂl"ml%{lﬁﬂp@% @ﬁtr@ individual

trh A SRS aFe R Fig. 2 shows a prior art array

structure enp oylng the conmercial PZT wultrasonic

transducer elenents of Fig. 1. Fig. 3, whichis

copposed of Fig. 3(a). Fig. 3(b) and Fig. 3(c), is an
Bri ription ot dee asoni ¢ transducer array which

is an enbodi mrent of the 20 present invention,

illustrated in plan view (Fig. 3(a)), perspective view
Embiogimentstofthe inwentioo sl sowt b@daScnbaﬂNerFthg sakea) example

ded f t of Fi
orgly ] biBréie iR R iRl AR G AR 5( by
i || Big). rladtswsaa priok affeiomhme @R Z D Llttdsoneibassdier efment.
Fig. 3. 25 Fig. 6, which is conposed of Figs. 6(a) and

6( bFig. 2ssheows & Ipnist aetarmay stfuciufer employing the commercial PZT
ultrasonic transducer elements of Fig. 1.
Fig. 3, which is composed of Fig. 3(a). Fig. 3(b) and Fig. 3(c), is an
illustration of an ultrasonic transducer array which is an embodiment of the
present invention, illustrated in plan view (Fig. 3(a)), perspective view (Fig.
3(b)), and cross-sectional view (Fig. 3(c)).
Fig. 4 is an exploded view of the embodiment of Fig. 3.
Fig. 5, which is composed of Figs. 5(a) and 5(b), illustrates a back metal
sheet of the embodiment of Fig. 3.
Fig. 6, which is composed of Figs. 6(a) and 6(b), is an illustration of a front
metal sheet of the embodiment of Fig. 3.
Fig. 7 is a flow-chart of the steps of a batch process for making the
embodiment of Fig. 3.
Fig. 8, which is composed of Figs. 8(a) and 8(b), is an illustration of an
aligning mask used in the process of Fig. 7.
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nmetal sheet of the enbodinment of Fig. 3. Fig. 7 is a
flowchart of the steps of a batch process for naking
the enbodinment of Fig. 3. Fig. 8, which is conposed
of Figs. 8(a) and 8(b), is an illustration of an 30
aligning mask used in the process of Fig. 7. 5
Det ai | ed Description of the odiments Fig. 3 shows a
PZT ultrasoni ¢ transducer array 3 which is an
enbodi ment of the present invention. It is shown in a
b&f‘rﬂehf’s a perspective view 5 in
' : ' s-sectional view, in the
pI ane shown by the line A-A of Fig. 3(a). The array 3
rises 5 array of transducer_elenents
B PN 3k A ST e R SHEST G, 3 3l & o eeigtiment of the
p%!:‘é'ﬁt fHvermoh. it id Q%W?r?a Iéﬁ‘@lewqflgv?%%hﬁr ﬂt)érsgéctlve view
a resonator e form of twel g
IﬂTﬁlg 8th)uEig.3éc)as at¢r9591slsca®rml vigw tin3he iptarehsivawn by the line A-A

Ef?%ﬁ(g} T fé??r\%ﬁfigﬁoﬁgdrgegéq :,9@ ln’éﬁ%\? Qggeaj{isg%c%&lements 4 (in
omfehmodaﬂnenwombr e8lof latdeyTarefpoRlible). @ PZT waf er

312. The set of 25 resonatdors 34 (each of which is
par t Eaeh gleragplet inoludas twe-layes vilgatar uaitsiiueads resomator 34 in

I ACH YoSuRBGEPIShSTRY st S M54 spown i
Figor#. CThid ivipuatos Urdty8t iddudesdnthslanat civéulad tayéd wiich is a metal

vvafers 312 collectively forma non-contiguous _|ayer
megnbrapg 331 hé‘?df%ﬂqth%rrplﬁﬁéf ghedanlayge whigh ig) a Biddewater 312. The

Sé‘ﬂgggrslt i;é%{glilgfo?s% géééhs of gméh g‘g pé'?laBE% gg %EH\?é ﬁjﬁe of the 25

trapsducersjatars beltectigely| bmkomsgdenedaasda Hagetri4oin thmlahy i the set of 25
d d i

meg BT g P tuRb ot %{awpﬂbngsa'%aﬁf 48) angt the set of

28ipZOhwhfers (38 22 E6tivalY Rt Qnohrboﬁuguo&é erkB, the

vertical direction of Fig g e center of the _
ri ngThﬁfar@a/cfwrt@@ppmlwdaaub@c Imgiabsheet B2twhick dneludesh series

o g SR-ESTRLER AR, 14 EHE] L 0% o e
baa:lbnwta:irsheéilSESo@kub@nka elivection whicH erthbuo;wri Hieectioni |h)F|g 3(c),

ggan 1 mmtal The di aneter of each suppo
Wbﬁe Fig. (b saAWs he ;Paphén%tahéh%f#tz@ [pokingsin & irgotion which is the

up direction in Fig. 3(c). In the vertical direction of Fig. 3(c), the center of the ring

of each support 51 is aligned with the centre of the corresponding two-layer
vibrator 31 and the centre of the corresponding resonator 34. Under the vibrator
31 is a back cavity. Preferably, the cavity is less than 1mm tall.

The diameter of each support 51 is substantially the same size as that of a
circular nodal line of the vibrator 31. Each vibrator 31 is fixed onto the back metal
sheet 32 by conductive epoxy (not shown) at the position of its nodal line. This
bonds the circular upper edge of the support 51 to the lower surface of the
vibrator 31. The position of the nodal line in the vibrator may be determined by
numerical simulation or experiment. The vibrator 31 typically extends radially
outwardly from the support 51.

The array further includes a front metal sheet 33 having a series of
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25 circular nodal line of the vibrator 31. Each
vibrator 31 is fixed onto the back netal sheet 32 by
conductive epoxy (not shown) at the position of its
nodal line. This bonds the circular upper edge of the
support 51 to the |l ower surface of the vibrator 31
The position of the nodal ling in the vibrator may be
determined by nunerical sinulfation or experinent. The
vibrator 31 typically extends radially 30 outwardly

: aWf in iERG! &1d
eiSTon HISY'BR A Blopr e B02%s ofldiFn FIS. & 6%, B, shows the
bhack metéllsla&m 308 tokirgg oma ditdctiea vetiokwis itime Epgdweﬁ:tloﬁl ig Fig. 3(c),

W5 S \ﬁhPE’ﬁ 1 Hack TptatRRast 22 oakiaimS difécflon which is the
d¥ivhl dirdeition ik (g %?“ﬁ'htehﬁorﬁarﬁlétﬂ%hébt &iRAbs 3 th@%rﬁ?ors 31 at

inadrectionwhichis the direction In
tf&(lr(:r)Odal‘HiBGSront met al sheet touches aII the Vi brators

ol eol Mol Pk a8 Srincm HectqnES, e AbPsi B DEERinetal sheet

3phivkiBhiis Bopidiedciot ond RfeiRiet s@ekces of bA@Z Piwatbls BZTso that the
wafers 41, so that the back netal sheet al so

bagk mstalshast alsrfunciens @@ﬁ%elﬁpﬁaﬂe temreingk dive frentanetal sheet

3§2§ﬁfch tachdd! 'ﬁr}h{aq}rﬁja?osrsﬁﬂ a“c?ﬁ ci%thﬂfﬁ @8%@ B&'the other

| RESC " funcri ong as
eleetrotle abrmifial. SThis mraytgmréntllead@ td mb\mmdt@@sa(j?&;t means that

[ t t hat k of nect n el.ectr
trs sk of EPARSEIINAslectotes friver athaUaRts PTpR /e @ in particular
it ichn &g 82 AAeh @@é&%@&.@gg&%ﬁaﬁwaHag@%g%e%heets 32,

and (i1) the two sheets 3
3&éwhl0h may .berdf) mptai,ve@e Nlbembvmiesmmailsapawrewheh ghe transducer
n.fao

n§ B30 ParaRh o7 & bl ‘REEVE RGP r8iined Fpove, o cover

cased geslided eseachripdissiieer efdreg®nand il Wkl twdRyer vibrators 31
two-1layer vibrators 31 rest on a single substrate 32,

resban @i singlersubstiaip 3 residtingim a eempacicand dhinalyansducer array
sﬁﬁétPFé ure. The fabrication process of the enbodi nent
enploys a nmulti-layer bonding nethod, to replace the
conv&he ifabridationgresess of thbierhbddimesit empidys @muiti4ay® bonding
tr@g%ducers are assenb| ed one-by-one, This gives the

16 FERBea R Ao IongHpEeeaY EL which the)el #iBa0ts Pighe
trhRSd TS BR YsdSthBledtifo-bi o TR ifed tHd Brebnt embodiment the

advantages of: (i) reducing the assembly tolerance to achieve a uniform
structure, and (ii) providing a cost-effective process suitable for batch fabrication.
The fabrication process is as follows:

1. forming the plurality of resonator elements 34,

2. forming a front metal sheet 33 including a plurality of sound emission
holes 61 and protrusions 62, and a back metal sheet 32 including a
plurality of supports 51, and

3. forming the PZT ultrasonic transducer array by multi-layer bonding.

Step 3 is composed of the steps 700 to 703 shown in Fig. 7.
In step 700, the 25 round metal elements 311 are aligned by placing them
in respective through-holes 81 in a first mask 8 shown in Fig. 8. Fig. 8(a) shows
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structure, and (ii) providing a cost-effective process
suitable for batch fabrication. The fabrication
process is as follows: 1. formng the plurality of
resonator elenments 34, 25 2. formng a front netal
sheet 33 including a plurality of sound em ssion

hol es 61 and protrusions 62, and a back netal sheet 32
including a plurality of supports 51, and 3. form ng
the PZT ultrasonic transducer array by multi-I|ayer

1501 k5588, il aF TS0 S 28 265 L1 p e i
shbwnrast@ -Gl Figr 8(a8l Agtfasiubye t]hleaf[rsmash ens supportcte]d by a first
sho

sptp Ct I aés%z)régqh i S'I}ﬁslr@ IHBe%SrI!’{Z‘f Hﬂﬁﬁéﬁﬁ Pragre Iolcated in
the %u@nﬁo@s%f 2P drontAi hévu?gtﬁ“é QameRAigARation ddfhe first

pl ane hown as CGCin Fig I'me the
midskdd, qur@dmeec@m bypprort mesthanisappthus, the 25 elements

3T E50bBF I b SRR AR o e L rsEmeik STcwhils Ihe 25
eleavérite F1baogeamier eer anWe&MS)@:oaﬁahQﬁwfth it sécdmii;ls||ﬁa%k}1 The two

and supported by a second support nechani sm Thus
soBPQIt B1RchagisM are positionad soihatihe spairabaxis obepelamambrane

t i
oRaiia £ithodhi P ahl & bibspng B bBof 312 Arer
thmstlh)e thth;ipm mevingrtisinsrare maovexowairds eash totiveraghti ¢they are in
that the c ntral axis of each menbrane elenent 311 is

cantaghbghtiy ¢ The Rembxane slements 31d A58 faem gdpereddodhe fespective
P%Qeleﬁ\feh% 3 dé; thBAdby ﬂ'g rb‘é‘?v%?%ﬁiz{ye‘?ﬁ%b | gﬁj ?ﬁtg of vibrator

noved t owar eac ntil are |
elemgrntsB1. The rrenbrane el ements 311 are then adhered to

f,ihgr L{f%tggqéb\é?h%g’éghg lagggﬁcb,l% ptzly t?‘ug \a}/ giqfremem%n?s 31 into

cEABEWIS thd. cirtullab§@iPacddf theippBksleMentd BV EThd QibPatond
the vibrator elenents 31 into 15 contact with the

elements 31 argradhesedio theresppelive suppareeles ants 5Th$he masks are
Vi el enents 31 are adhered to the respective
thérh{)egtﬁcgf éjl ements 51. The masks are then renoved. In

st epln/étep 702¢ the froht mietlIshebe8s iSaligriechvitia el vibrator tdyer, and

fl)\{édb troatth%rbe{c?(yrﬁcrefal shget 32 by screws. A pre-load produced by the screws
ensures that all the vibrators 31 electrically contact the front metal sheet 33 well.

In step 703, an array of lightweight resonators 34 is attached to the
vibrator transducer array (e.g. using a mask with apertures supporting the
respective resonators 34?). Each resonator 34 is bonded onto the correspondlng
vibrator 31 at the centre.

Although only a single embodiment of the invention has been described in
detail, many variations are possible within the scope of the invention as defined

in the claims.
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fixed to the back nmetal sheet 32 by screws. A pre-|oad
produced by the screws 20 ensures that all the
vibrators 31 electrically contact the front neta
sheet 33 well. In step 703, an array of |ightweight
resonators 34 is attached to the vibrator transducer
array (e.g. using a mask with,apertures supporting the
respective resonators 347?). Egch resonator 34 is
bonded onto the corresponding vibrator 31 at the
cent [§ainfk Al though only a single enbodinent of the
|nvenrrun'has been described in detail, many
varlatlons are possible within the scope of the

i nvention s defined in the clains. 8 Cains 1. A

tran Gr@é‘ls UFSTRTRORYIPEPIRG:  (a) a conductive back
pI at ?a) 5 (abaorﬁiu‘éﬂV@lBSEklgﬁﬁtéront pl ate havi ng openi ngs;

(c) a plurality of piez ectric vibrator elenents
| ocatle)d i ammdalctlwfrobteplmhavmg opeairgs; the vi brat or
ement

el e ts eagh | dln ectric

vi br or & HEW aR)Pﬁﬁe'?&E%' } r%emﬁn% l88"f“r9ddﬁlan array
bedéat theplated, it f/lﬁﬁét@ﬁble\‘ﬁent§|eﬁbﬁ$ncld&]n§ pﬁezoelectrlc element,
transducer array according to claim1l in which each of

eapl vinrptaielament kaning twe pepidnsds eleatterl wontact withdherespective
p"a%] a piezoelectric elenent, respectively in
ectrical contact with the plates. 15 3. A transducer
array accordi ng toclaiml or claim2 in which the
back pl ate ri ses outstandi ngdsupport el enent s

2'he ) FARIAICOER A¥RcsORlNG Ip Flgim ddnivwinicl sarR op hrivikgator
f
e ooifiseSR oo TP Bk Agntand p ERPRARE sRimet,

rexpeictivély ph atectiical contaet it the pldtesvi brat or el enents at

nodal positions on the vibrator elenents. 5. A
transducer array according to any preceding claimin

3whi cla frd¥esduicBF aFray according to claim 1 or claim 2 in which the back plate
comprises outstanding support elements, the vibrator elements being joined to

corresponding ones of the support elements.

4. A transducer array according to claim 1, claim 2 or claim 3 in which the
back plate is connected to the vibrator elements at nodal positions on the vibrator

elements.

5. A transducer array according to any preceding claim in which the vibrator

elements are pressed against the front plate.
6. A transducer array according to any preceding claim further comprising
resonator elements for each transducer, the resonator elements being conical or

frusto-conical bodies having an open end directed away from the back plate.

7. A method for producing a transducer array, the method comprising:
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el ements are pressed against the front plate. 25 ° 6.

A transducer array according to any preceding claim

further conprising resonator elenents for each

transducer, the resonator el enments being conical or

frusto-coni cal bodies having an open end directed away

fromthe back plate. 30 7. A gethod for producing a

transducer array, the nethod Conprising: 9 (a)

bondi ng a conductive back plate to a plurality of

pi ezpgl i ' [ :

Phe 0F LG 2 CoRaLle SaqBRle 10 ARAERy o] fREsRid e vibrator
eteneendatiocatéa impae aowlye the vibratbeealements aach inauding st piezoelectric
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10. A method according to any of claims 7 to 10 further comprising a step (c)
of positioning a plurality of resonator elements in relation to the respective
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shape directed, when so positioned, away from the back plate.



