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11111121112112112 hh TUI U 1 *159159* AN ULTRASON C
TRANSDUCER ARRAY AND A METHOD OF FABRI CATI NG AN ARRAY
OF ULTRASONI C TRANSDUCERS FI ELD OF THE | wmmﬁmlmmr
present invention relates generally to ul
transducer arrays, particularly though not solgly to
a method of fabricating an arr’ay of piezoelectric
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avai |l abl e ultrasonic transducers. Figure 1 illustrates
a typical prior art transducer, including a two-I|ayer

(I Y o¥eTHE BNW®RNTIONM t h a pol ed PZT sheet 11 bonded
with a netal sheet 12. 15 The transducer el enent 10

5 11Xk SRBRGHNERIAE ey %" GiibicS URRRKer armays,
el ectrically connected to the PZT | ayer 11 and are

fRagticylarly prokigl nonsglsly thet Bethadi ef fasisating 3 #TAYaQfl piezoelectric
adhesive 16. The transducer elenent 10 is defl ected
wiieasoaic tembsdircasl vol tage is supplied though the pins

15. This provides |larger displacenents around the

centre of the el enent.

BACKGROUND

It is well know in the art to use piezoelectric devices as transducers. For example
ceramic-based piezoelectric lead zircornate titanate (PZT) is used in commercially
available ultrasonic transducers. Figure 1 illustrates a typical prior art transducer,
including a two-layer transducer element 10 with a poled PZT sheet 11 bonded with a
metal sheet 12.

The transducer element 10 is fixed by silicone adhesive 14 on a ceramic support
13 within a case 18. A pair of pins 15 are electrically connected to the PZT layer 11 and
are fixed in place though the ceramic support 13 by an adhesive 16. The transducer
élement 10 is deflected when an external voltage is supplied though the pins 15. This
provides larger displacements around the centre of the element.

In order to intensify the transducer-to-air coupling efficiency, a lightweight 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.

A

*G00002*



10

15

20

20 In order to intensify the transducer-to-air
coupling efficiency, a lightweight cone 17 is
attached to the centre of the transducer elenent 10. A
nunber of sound emi ssion holes 19 are provided in the
case 18, in front of the cone 17. This device is good
for many applications, but it% parametric ability and

maxi mu ound pressure level are limted dye to it .
Size. BOLEPIES o RSP Bk Syi¢iar Stk Flemenisgaay Bs used in an
system such elenents may be used in an_array form _
wetiay formriising mapyetenents &rf eftactive ppeametie cprversion. Figure 2 is an
conversion. Figure 2 is an exanple of an ultrasonic

tex amplELOT@h uRttdsaiyic erpsdudemgrayealpldyipe swh gy @fRsoainidrcial transducer
transducer elenments for a paranetric speaker. Four

%Ilf&m oxﬁ] ?gpi.nﬁe?lli(,a)ég%gelﬁf)ﬁ?teﬁ&ﬁmg afeodlggﬁ%%i, Zaﬁ'lpgl?z{ched to one

frame 2 ugh pin e array may

matri x,. honeyconb, or. o shape. Buil.ding th

TRbhort e 41/ Gren guns ki The SROLHAH DY ofdyRt Boneycomb or other
straightforward, but unfortunately there exist a few

iSRS { ingetherilrajonisy Gansdpeer arraysin| spchja way igisfraighifprwvard, but
to align all the transducer elenents. Ideally the
amfdrtumatebxihere dxisne féw dmpontane sschniehlgprebiemsoul d be

perfectly perpendicular to the support frame and all

the 1@RhieneREHRItTals Al thl HanRRBE N &lts. 11?9.%{1@/&5 central axis

since there are non-uni form adhesion points

andw, ched, bet ween t transducer's. ceramc plate 13

I8 S1th 1 S5 AR Paihd B perRipeRiondicl i e st and all e
achieve in practice. As a result, each transducer .
elesnants wanld ke atsthe game Jevl £ awayer pinge ehofh arehnan-yrifosm adhesion
the overall performance. Secondly, the case 18 or even

tpoints b suiide/idhled betwken e teamsducer ¢wdaitiegilato ¢ 8 upd & supfort frame 21
substantial space, nmaking it nore difficult to provide

ik M RighMifRTRAG acRk V& FRREAdeVAR o fREult, each transducer element has a

slightly different phase which limits the overall performance.

Secondly, the case 18 or even the ceramic plate 13 of each transducer occupies
substantial space, making it more difficult to provide a thin and compact array aperture for
mobile device applications. Furthermore, the case 18 tends to unnecessarily increase the
centre-to-centre distance between adjacent transducer elements, which is not conducive to
suppressing the side-lobes of the transmitted ultrasonic wave.

Thirdly, placing commercial transducers onto a support frame one by one to

form an array limits manufacturability and decreases both reliability and repeatability.
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nobi | e devi ce applications. Furthernore, the case 18

tends to unnecessarily increase the centre-to-centre

di stance between adjacent transducer el enents, which

is not conducive to suppressing the side-|obes of the
transmtted ultrasonic wave. Thirdly, placing

comerci al transducers onto a%upport frame one by one

t an - ar. oy manuf acturability and

M‘ég&r 5t ?Jm#ﬂ) and repeatability. 3

SUMVARY OF THE INVENTION It is therefore the objective

of at Ileisdhereipee disbificisn el atdesst 69¢ erabadimenpiograyide an improved
ultrasoni ¢ transducer array and an inproved nethod of
fudtpasoaittiangditchearseyrand ao\uimproved npthaslt of fatarittiog theshme hevercoming
above-nentioned problens. 5 In accordance with a first

a8 Rael orfelof HCAbRV ESRAtiohdBbIeRR. there is provided a
nmet hod of fabricating an array of ultrasonic

transdycers conpri.sing.the ste of . farmng. a . .
tr ansddBerCarayER WAL A ditngesct STt apg PRy viioh e dp provided a
el enments, formng a support frane including a
anethed pf fabrigating 9p grrey A UMM ransducrds caraprisipgthe fteps of:
array including the step of bonding each transducer
el ementfoifing absinsthicealayer induding alpluralidy tof transducer elements,
correspondi ng supporting elenent. The step of formng
the tr aB&EidE Q' supFitefraki® nchiiy A ﬁl%rdliﬁ?oﬁit@?o@fngb%@ﬁnm and
a piezoelectric layer to a netal |ayer. The step of
formn e tran c f : [
step oforie RTFHE RS BEp' o bORnE I0E | BRhEr clemen:
fromthe piezoelectric |ayer, 15 The, st(f of form ng
tsBstaptpably crexially yites ¢ prding supRodings t‘(|[§‘Fe“§;epar ating
each transducer elenent fromthe transducer |ayer.

The step of forming the transducer layer may comprise the step of bonding a

piezoelectric layer to a metal layer.

The step of forming the transducer layer may further comprise the step of
forming the plurality of transducer elements from the piezoelectric layer.

The step of forming the array may further comprise the step of separating each
transducer element from the transducer layer.

The step of forming the support frame may further comprise the step of forming
a plurality of back cavities, each back cavity being inside a corresponding support
element.

The step of forming the array may further comprise the steps of forming an array

of resonators and bonding each resonator to a corresponding transducer element.
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The step of form ng the support franme may further
conprise the step of formng a plurality of back
cavities, each back cavity being inside a
correspondi ng support elenment. 20 The step of formng
the array may further conprise the steps of formng an
array of resonators and bondi*ng each resonator to a

correspondi ng ansdugcer el enent.. The st of .
{ or i OB Biepopty AR TR ATECP AL GRS SIS Jp cgyof forming an
g

formng an electrical connection array and connecting
electrishle conrection asrabicdnd eonnecting the electmcal (GoaRRYQRaITay to each
el enent. The support elements may be el astic and the
stanquodr dlamentng the support franme 5 nmay further

conprise the steps of bonding the plurality of elastic

suppor trhekgspt dethent9 iRy be\idsaie @n@thel diép SRl the aiport frame
and bondi ng 'a danping | ayer to the opposing surface of

t he upport .fr ne@c | C

S nBBPBbbld ATStt PASERLL LB b QafRBRorRARhs o one
ul trasoni c transducer array fabricated according. to

swiacef HescsupBotd dane e dopding dylagipinglayer s i %R;P@ganﬁgurface of the
par agr aphs. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
stgpost faarpe.i or art exanpl e of comercial PZT ultrasonic
transducer elenent. 15 Figure 2 shows a prior art

array $f hdeotdance WitRlaQ¥édnd a8 HUBIBF thie PresBitilinvdritioasiisie & provided an
transducer elenments. Figure 3 is an illustration of

ltlli&arsgf?lg Qliaﬁsc}urcgrnzﬁ'galﬁctﬁlgric%erda%%ording to the method as described in any of the

preceding paragraphs.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a prior art example of commercial PZT ultrasonic transducer
element.

Figure 2 shows a prior art array structure employing commercial PZT ultrasonic
transducer elements.

Figure 3 is an illustration of ultrasonic transducer arrays.

Figure 4 shows cross sections of the stages of fabricating the transducer array.

Figure 5 is a flow chart of a method of fabricating the transducer array.

Figure 6 is a plan view of a transducer layer.

Figure 7 is a plan view of a support frame.

Figure 8 is a plan view of the transducer array.
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Figure 4 shows cross sections of the stages of
fabricating the transducer array. Figure 5is a flow
chart of a method of fabricating the transducer array.
20 Figure 6 is a plan view of a transducer |ayer.
Figure 7 is a plan view of a support franme. Figure 8
is a plan view of the transduder array. 5 DETAILED

DES@' %%ﬁm to one enbodi nent of the present
L ic transducer array is

fabricated consisting of a plurality of ceram c-based
pi ezoelecerding to oae subodimentplthe preseminygiion ag whissenic transducer
frame 32 as shown in Figure 3(a). 5 Each transducer

ahrey Fabditate@ WphiiSER bFa pliraligest tasamicalysed pieadbeedtric transducer
which at |east one-layer is made of a functional

' I ri | : tal wafer m
%gﬁ%gﬁsdﬁ%&%:a&ﬁ%rgf%%# 3\%2?2?@%@?%%3%@' second | ayer?/

ternatively, the two-lLayer .plate .na for : .
o P2 FRSeHER) IRR oF SPBRESoh & oRes e HhBF Blak¥in which a
directions. The transducer elenments are arranged in an
daastagneflayanis maderpfca Bnptienal piezesiectmomyatgsiahsuch gs B4T: ¢ mgtal wafer
supporting elements 33 for supporting the array of

niaytrboaded itk dRMZAT ¥ifer kefohmshpmoond Blyemrditera8vely, the two-layer
bonded onto a correspondi ng transducer elenent 31 to

?}b‘?@ﬂfag b% IpSknelt rb@ﬁ@@‘l’?ﬁ"u[ﬁis%eﬁ% diteraftotdrizatibn disesi®ns.

Ime t orma back cavity 36. The back cavity 36 is

i nside.gach s ort el enmen . ore behind

t he trgﬁggrﬂ'gséﬁlg Ieé%?ﬂts %%a}r‘?ﬁgedﬁggﬁqg%ﬁr@{% may be

less than 1 mm 15 I ong. The central axis of each .
suppor tThe seprast frage 3R hgp 8 Plupby Pl HePALAS eLFi‘?eé‘tsa? fag sppporting
of the corresponding two-layer transducer el enent.

e harthy cofs ctamsencez| elemants bdh dBathwsuppotthelement 33 is bonded onto a

corresponding transducer element 31 to support that transducer element 31 and at the
same time to form a back cavity 36. The back cavity 36 is inside each support elerﬁent 33,
and therefore behind the transducer element 31. The back cavity 36 may be less than 1mm
long. The central axis of each support element is aligned along the same axis as that of the
corresponding two-layer transducer element. Each transducer element bonded with the
support frame as described above is divided from adjacent transducer elements.

Each transducer element 31 has lightweight structure such as a hollow cone 17
attached in front at its centre to function as a resonator.

An adverse piezoelectric effect is used to convert electrical energy into
mechanical energy (i.e., mechanical strain, displacement, and vibration of each element)

and thus generating an ultrasonic wave. AC voltage is applied across the PZT layer to
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support frame as descri bed above is divided from

adj acent transducer el enents. Each transducer el enent
31 has |ightweight structure such as a hollow cone 17
attached in front at its centre to function as a

resonator. 20 An adverse piezoelectric effect is used
t(o convert electrical energy into nmechanical energy

i.e., nmechanical strain, displacenent, and vihbhratiofn . .
brodas HewliminBotpn (.50t 106 GBRBR S e WSt asBii fhciency is
wave. AC voltage is applied across the PZT | ayer to 6
furtietn eghaneedtibnthe resonator.t o enit the ul trasoni c wave,
whose transm ssion efficiency is further enhanced by
the requgaidividudingarisdobeyd akdalot tindepentiendy sasedeandadl] the individual
i ndependently cased and all the individua

H fisd S5 st 0{1 tﬁ?%n&i@su@sﬁét@ %g g@ﬁ?ﬁtﬁfﬁeﬁh febf18nS HPP&rhpact and thin

, resu In a co 5 transducer
arrgﬁﬁstructure. According to one enbodi nent of the
HRBIRUGEr ATRY SHEFWYIF t he ul trasonic transducer array is
fabricated by: 1. formng a transducer |ayer including
a pl ur Accogdingftotone ambradiarentpithe present invengppihggiligasonic transducer
support frame including a plurality of supporting

Bricabetibyl0 3. forming the array including
bondi ng each transducer el enent substantially

CO- axi : i ' i
E‘. é‘?llnltu?g% Wil Rs fic&Oh )& SR LS Pﬁh‘ﬂ_ﬁ? of irBkdfée FRMents,

Eac se steps Is illustrated in nore detail in

t he,met had 50 of Fi qures, 4.an 1

| oy e A sueport PG RS ool BEoobpBRREY fflents, and

102 shown in Figure 5. In step 100 a nonolithic netql .
shedt fomeing thy Tarye dicluding hopdiog ¢ashetrsAueR; ¢lgmenf substantially
ei ther a non-conductive or conductive epoxy. Figure

4(a) shamsallyhettboosiresgomting agponing element.

Each of these steps is illustrated in more detail in the method 50 of Figures 4 and
5. The transducer layer is formed according to comprises steps 100 and 102 shown in
Figure 5. In step 100 a monolithic metal sheet and a PZT sheet are bonded together using
either a non-conductive or conductive epoxy. Figure 4(a) shows the bonding process of
monolithic metal sheet 41 and PZT sheet 42 to form transducer layer 44. In step 102 the
PZT sheet is formed into independent elements. The partially fabricated transducer layer
44 is shown in Figures 4(b) and 6, with one of the formed PZT elements indicated as 43.
Various fabrication methods such as dicing, milling or grinding may be employed to
separate each element or remove unwanted PZT portions.

The support frame is formed according to step 200 in Figure 5. In step 200 the
array of support elements is fabricated from the support frame by a CNC machine tool.

Figures 4c and 7 show an example hollow cylinder structure for each support element 33.
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nmonolithic netal sheet 41 and PZT sheet 42 to form
transducer layer 44. In step 102 the PZT sheet is

formed into i ndependent el enments. The partially

fabricated transducer layer 44 is shown in Figures

4(b) and 6, with one of the formed PZT el enents

i ndi cated as 43. Various fabrication nethods such as
dicing, milling or grjndi may .be enpl oyed to 20 . .
Th avitoe s, S i foB e Bugh g o ARer ol opgppasie materia,
The support franme is fornmed according to step 200 in
Forgurmple. plastics tceanfi¢onthetal. ar ray of support el enents

is fabricated fromthe support frame by a CNC nmachi ne

tool . Thé G4FES fdencandcotdiml@uwstaps 3008802 end1804 i@Wigure 5. In step 300
cylinder structure for each support elenent 33. 7 The

%&E&E&ucfef I%g% APadiBHe REmE 95 %Féjalfg'ngm F&ﬁfed Ble? B laft adhesive.

or co site material, for exanple plastics,

eram or netal. The array .is .formed accordin 0
i G efowpel ansiier Sty L Peae Fr CHEp At woppig clement 33
transducer |ayer 44 and the franme 45 are aligned and
by an edhesivgd #han adhesive having slagticity mayhegised (ug-gdilicanspgalant), so as
each transducer elenent 31 being fixed onto each

$3/1200¢ arfy RIEBle VIratiyn einséetiedso vee shpporifraashesi ve
having elasticity nmay be used (e.g., silicone

seal an Sthe! i tdtahdRBer el 46,
T ool SRR S GIE BayBhYs BRI saPIhcer clements

ansducer layer ig cut into separate a C . :
sBiini Draion Dihpdy S g Eer P BRCR S, MR DM, wire cuting
El ectro Discharge Machining (EDM, wire cuttin or
ontaser magtining mayhs2dpRied Jo oxe thase ypyanted gistal mgﬁﬁé%%famd“cef
metal areas. The transducer el ement may have a
eleneut Any Shepecirdildrshamt Attetnatively, ireay ibe ofh squase omarwther shape.
or another shape. In step 304 to efficiently couple

It he ul ff ﬁé}? BO& t0\GFSich®y fitipte th LREEbNi8 Wave 8dlpRE EdYugHOdir, an array
I ghtwei ght resonators is fabricated and attached to
to? %ghtrwaeri]gshq YEonadts 1asyfabr'i:<;a9€lélr alend4 2{t{a):hed to the transducer array. Figure 4(f)
shows the resonators aligned in an array in front of the resonator array. Each resonator 17
is bonded onto the corresponding transducer element 31 at the centre, resulting in a
compact ultrasonic transducer array. The array of resonators may be made from materials
having low densities, for example, aluminium alloy, composite and plastics. Various
fabrication methods such as stamping, moulding and plating may be used to manufacture
the resonator array. Each resonator is separated from its neighbours before bonding to the
transducer.

In step 306 the array is sealed in a case with the front surface being a protective

mesh or having a number of holes. Each transducer element is electrically connected to

two thin leading wires (plus and minus). The wires extend out through a small hole in the
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shows the resonators aligned in an array in front of
the resonator array. Each resonator 17 15 is bonded
onto the correspondi ng transducer elenment 31 at the
centre, resulting in a conpact ultrasonic transducer
array. The array of resonators may be nade from
materials having | ow denS| tids, for exarrpl e,

Pl bR SEPRERL SRl S i om o

pI ating may be used to manuf acture t he resonator
axteenal cémettionssonpower amplifegsar at ed fromits nei ghbours
bef ore bonding to the 20 transducer. In step 306 the

array ionesRifle@sh the ad winapprétihie thdfabficanion sequehececi @dtige limited
a protective nesh or haV| ng a nunber of hol es. Each

<§1 Salgg‘&eeémgécﬁfﬁ%m F 13 gramiple, éﬁ%&sﬁg&? ﬁﬁf@lcfrgﬁ st 100" method 50

eading wres m nus e W res extend

SR SRl oL, U, 5 B AL B o

parallel, to formtw external connections to

anppart frame. Alternatively the trapsduper layer fram stepaH)ia éme&h%fo ioorf@ay be first

fabrication sequence need not be limted to the above

eohasd (0Bl support framemspioee sdpartibn.dnaduciear alterpetive, themesonator array

step 100 in nmethod 50 5 nmay be diced into separate
fm , veRG & atiofi- Si tu bonded

onto t edéiglggrﬂtl rgrghe%eAl teirbﬁgcil\%a{r/ t he transducer

| ayer

to the é%f)g"r(l?e)pfl}logy%eérg %xpgtnéeeBgrrag?x?‘ c(‘)greanfduc&I 9}? riqexghich each

alternative, the resonator array e onded ontg) d
HBpOTEelEmERs AR el BItbPE el PHindgR 4. ing fayer 35 is bonde

shows an alternative ultrasonic transducer array, in
whitccihe eearisideldT theipyggpott fedreerd2it Onsersinofghea sutiber sufpogtrelement 34 is
hol | ow cyl i nder 34. A danping |layer 35 is bonded onto

tclaﬁnéc?éﬂr withd8e %ﬁ?ﬁcﬁ"ﬁ‘ fﬁfﬂém twHileaie cifer éIh@eqBd vith theeransducer
ber support elenent 'S
element 31. The rubber support elements may increase the flexibility of the support frame.

The rubber support elements and damping layer may reduce any possible vibration of the

support frame, especially when the support frame is of thin construction.
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connected with the support franme 32, while the other
connected with the transducer elenent 31. The rubber
support elements may increase the flexibility of the
support frame. The rubber support el enments and
danmpi ng | ayer may reduce any possible vibration of the
15 support frane, especially vhen the support frane is
&§B$ﬁ@s'constructlon 9 CLAIMs: 1. A nethod of

ting an array of ultrasonic transducers
conprising the steps of: formng a transducer |ayer
ilncl udidnmethogiofi fatiricatingan arrasnelailirasonis) teansdgcers comprising the steps
form ng a support frame including a plurality of
sftpporting el ements, and formng the array including
the step of bondi ng each transducer el enent
subst ar 61‘11%%?( tr%ﬂsd%ééﬂh&e)f nYElﬁJin%’a f)ﬁfrﬁlﬁ? BP HQM&Gcer elements,
supporting enment The method as claimed in claim
1 wherein.the st f for
L poher S by <GS Bimd Bl BRI oB BB g
a netal |ayer. 3. The met hod as clained in clalm
wher ei fomag stb@pafﬁb’ mshydingg then step  ofn barding eapla)}@nsducer element
further conprises the step of formng the plurality of
tsubsramiatlg co-akmlte stith £ carrespdrelingsupporting etement.| ayer. 15
4. The nmethod as clainmed in any one of the preceding
claims wherein the step of formng the array further
conprises the step of separating each transducer

T oMo REChBOER ARl LB T B oA B8 e

t he step  of
layer comprises the step of bonding a piezoelectric layer to a metal layer.

3. The method as claimed in claim 2 wherein the step of forming the transducer
layer further comprises the step of forming the plurality of transducer elements from the

piezoelectric layer.

4. The method as claimed in any one of the preceding claims wherein the step of
forming the array further comprises the step of separating each transducer element from

the transducer layer.

5. The method as claimed in any one of the preceding claims wherein the step of
forming the support frame further comprises the step of forming a plurality of back

cavities, each back cavity being inside a corresponding support element.
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form ng the support frame further conprises the step
of formng a plurality of back cavities, each back
cavity being inside a correspondi ng support el enent.
10 6. The nethod as clainmed in any one of the
preceding clains wherein the step of formng the
array further conprises t he sﬂ%ps of formng an array

resqnat or, nd bo i ng each esonator to a

or res 3{1}5 d‘iler'iéocf agY SRRt eé’r?edﬁcﬁed?‘rg}sh ghprejn the step of
claimed in any one of the precedln cl ai ms wherein the
Jompingfthe papyrfvigher romprises, teusteprepl ESING 3 armay of geggpators and
of forming an electrical connection array and

donding ehdhretdirtc i 6 torfrespbndiag randducer elemay. t 0 each
transducer elenent. 8. The nmethod as clainmed in any

one of the preceding clains wherein the support 10

el enents are elastic and t he step of form ng the

T PRI SRR ARG Sl e o

surface of the support frame and bondi ng a, danp q

|fesppipg the army fwﬁwgwﬁan@,ea thetep %fffomegéaﬁ?r@rrtca’r ?%ﬁlec icg array and
An ul trasonic transducer array fabricated according to
tchanevdhf det edectiidah coredciion drfayan padneanstluden elepeatedi ng

cl ai ns.

8. The method as claimed in any one of the preceding claims wherein the support
elements are elastic and the step of forming the support frame further comprises the steps

of bonding the plurality of elastic support elements to one surface of the support frame

and bonding a damping layer to the opposing surface of the support frame.

9. An ultrasonic transducer array fabricated according to the method as claimed in

any one of the preceding claims.



