METHOD OF FORM NG A TRANSDUCER Thi s invention:relates to a method A
form ng-~a transducer. The present application is a divisional of U Patec}
Appl i cagmon No. 88 22903.4. There are a nunber of useful measurenent
appIiCatlons that are conveniently achleveq by sending and receiving
ultrasonic signals in gases in the frequenfy range between 100KHz and 1MHz
or above. At these high fre gpBegRt ruction of
sound transducers enploye requencres (e.g. audio
frequencies) is inpractical as the overal | dinensions become very snal |

The normal nethod of nmaking high frequency ultrasonic transducers is to use
a sel ected pmgde Gnwhfrion ¥elited &d a ldthed repnedéeming caateansatdéy.
resonant at the required frequency. PZT is a hard, dense material of. high
acoustic inpedance (approximately 3 x 107 in MKS units), while gases have
very |l ow acoustic inpedance (of the order of 400 in the same units). PZT on
its own gi veTheer present| application i cief facidivistonalo ofie UkrgPatent
acoustic msmatch, even though this is inproved sonewhat by resonant

oper ati on. Tﬁp@&ﬂq%FlQnuNQMeﬁﬂ)ikﬂQﬁn% el ement is a cylinder, whose
circular end faces nove in a piston-like manner in response to electrlcal
stinulation of electrodes applied to these faces.

There are a number of useful measurement applications that are
conveniently achieved by sending and receiving ultrasonic
U signals in gases in the frequency range between 100KHz and
1MHz or above. At these high frequencies, the conventional
construction | of ' sound transducers employed .at lower
frequencies (e.g. audio frequencies) is impractical as the

overall dimensions become very small.

The normal method of making .high frequency ultrasonic
transducers is to use a selected piece of piezo ceramic (e.g.
Lead Zirconate Titanate or PZIT) resonant at the'required
frequency. P2ZT ié a hard, dense material of high acoustic
impedance (approximately 3 x 10, in MKS units), whiie gases
have very low acoustic impedance (of the order of 400 in the
same units). P2T on its own gives very poor electro acoustic
efficiency due.to the large acoustic mismatch, even thouéh

this is improved somewhat by resonant operation.

Typically, the piezo ceramic element is a cylinder, whose
circular end faces move in a piston-like manner in response to

electrical stimulation of electrodes applied to these faces.



2 The normal nmethod for reducing the acoustic msmatch to gases is to apply
an acoustic matching Fayer to the sel ected operational face of the PZT..

disc. This layer is a material of relatively |ow acoustic inpedance v)hase
t hi ckness is one quarter of an acoustic wave length in the material atfhe
chosen frequency of operatlon This di mefisi on results in a resonant action

bt d ce of the PZT
oyl ndor arEheiorhal %%ﬁg?ﬁﬁ?%b%%ﬁg‘iﬁést 8 AEpisric ?fna gh torgrResor
i gh) effi cjgnidy %2@1‘3? ARl 2hBEGst 16" AEELRIAG" ARPIS G ChBE! T LSy octea

conversion (i.e el"vi ng e sane as ect 1o h
conver si on épemssasangacansftme RIS IR TRY e 1140 dmggarggahﬂg e
efficiency attainable this technique ted entirte t :

characteri Scte]:sti)freayalicﬁb' ActRistiical $m é&ah@@a|wﬂ@§€r "lﬁ‘llé')fﬁ% osses

acoustic inpedance of the order of 105 and very low inter n

al so nmust sttt e ofr epeaaabhstied wavact 1 tﬁOfinU%he Tﬂ&t&ri&ﬁ ™ the
hitherto known naterials that neet all these criteria: Some common
appr oxi mat ighesen fhequdpay ofquiperation.ar eThis difiehsdone rRIASIEES. a
This class of materials is commonly used and gives useful performance in
many appl i RSNt Aastdon: vhereby ar(€dwwsending}t ithe npmdiidc asoviements
about [err] .can, be attained. A significant drawback with these materials
is a large qetained,ak ibhs,sfpge of the PZT cylinder are - magnified

cons1derably, and acceptable (though still .-not-__- lngh)
efficiently can be obtained. Criteria for -acoust'-icbelectric ')
conversion’ (i.e. receiving) are the same as for electro-
acoustic convérsionj (i.e. sending) and the same transducer may

be used for both.

The efficiency attainable by this teChn'iqu'e is 1limited
entirely by the characteristics of avallable materlals. An’
ideal material would have an acoustlc 1mpedance of the order
of 10° and very low internal losses, and also must be stable,
repeatable and practical for use . There are ho hitherto known
materials that meet all these criteria. Some - common

approximations to the ideal requirements are:

1. Silicone .elastome'rs. This class of materia'ls_'. is commonly
used and gives useful performance in 'many:applications.
Acoustic losses are low. Acous_tic_- impedances down to
“about 7 x 10° can. be attained. A sié'nificant drawback
with these materials is a. large variation of acoustic

wavelength with temperature (typically 0.3%/K). - This



wavel ength with tenperature (typicéILyIO.SqﬁK). This . 3 factor limts
the_rargg of operating techniques over which correct reébhaht matching is .,

obt ai nedy| 2. Pol ynmers generally. Many pol ymers give useful

per f or mance. Acoustic inpedance is higher than for silicones down to 1.5
X 106 so overall efficiencies are |lower, bl reasonably stable materials
can be found. 3. Li quids and gases. Exanples in the literature may be

found of the experfachoul lights thetigangencefisopPerring nfechpdavesy auexs
have generally very | ow | ossés: and acoustic.inRedamCés down to about 106.
If a gas is conpre¥Bégh FPErgeb sesenARpeRakebipgsds gPradned with the
conpression ratio, and a captive volune of liquid or highly conpressed,
dense gas may ‘be used as an acoustic matching layer. Such techniques are

nse gas my t _an acoustic mat ching |a techni ques ar
o' provi ded. 2 et HERLBReFBr e T Saucer ibimr PELYRRER, (YINE oldeRiE

form ng an acousti ?ggggg'ég%enenbi%oﬁlrsﬁfgamt E§hRte! M ANhGnarP! ¥hah! tﬁ/dopf

voi ds have been in uce y ' f oam ng rial 1n a nolten state an

casting the foanedsfpigphgk bBwh ¥euhds biaofekeCoviral 15 @t dikndies Qred
materi al being substantially

lower, but reasonably stable materials can be found.

- 3. Liquids and gases. Examples in the literature may be

— ' found of the experimental use of mdltiple acoustic
matching layers. Liquids have generally very low losses

and acoustic impedances down to about 10°. If a gas is

compressed, its acoustic impedance rises directly with

the compression ratio, and a captive volume of liquid or

highly compressed, dense gas may be used as an acousti§

matching layer. Such techniques are not practical for

commercial application.

U .- According to the invention there is provided a method of
forming a transducer comprising the steps of forming an
acoustic matching member from a material in which a plurality
of voids have been introduced by foaming the material in a
molten state and casting the foamed material in a mould, the
velocity of sound in the voided material being substantially
less than that for the unvoided material in the direction of
‘sound propagation of the matching member and affixing the

member to a piezo element.



less than that for the unvoided material in the direction*pf sound A
propagati on of the matching nenber and affixing the n&@béﬁgto.a piezo= -,
el enent . 4 Such voids are preferably fornmed by foam ng+«nol ten nat ep#al.’
w th a gas. An enbodi ment of the invention will now be described by way of
exanple with reference to the .acconpanyi ng§ drawi ng whi ch shows a PZT

cyl i nder (%%umﬁth el ectrical connecting wires (2), to which a matching .
layer (3) iSughiveids arge REefanak}y ofoxmed dbEnfoaming aolien natenial
arrow (4). Bulk acoustic inpedance is the product of density and bulk
acoustic vebP?t3.9%8oustic velocity in turn is a function of bulk elastic
modul us. These paraneters may be artificially adapted in an otherw se
unsuitable nmaterial to create a material with substantially inproved

h f ey i arial js. Cs .
(soda-| | mo s enbqd e ff ik el Wiy Ao Be 98588 Ebed by Y £%ery
hi gh acoustéﬁﬂ\ﬁm@wm-re?éeréf%ee@oa'théaacebﬁgahgiﬁgsafé(wiﬂéf@ﬁ&ﬁ%&l@t ed .
and has a predictable degree of softening wth tenpérature. y arranging .

for the gl asspep bglinaaed (i)t @ ikis ROIEEL S1EAE! 8bfndbtIng WekEshi(@), to
proportion of voids, acoustic inpedances down to [err] have ‘been -

experi ment addich a matching layer (3) is affixed. The direction of sound

emission is indicated by arrow (4).

-. Bulk acoustic impedance is the:product of density and bulk-kb).
acoustic velpcity._ Acoustic velocity in turn is a funétiéh of

- bulk elastic modulus.- These-parameters-may be értificially_
adapted in an otherwise unsuitable material to crééte a
material with substantially impfoved characteristics. A '
preferred starting material is C-glass (soda-lime-borosilicate
glass) which is stable and low loss, but has a very high
acoustic impedance. The material can also be easily_formed
when heated and has a predictable degree of softening with
temperature. By arranging for the glass to be fOrmed?into.a i&)
sponge . structure with a very high proportion of ‘voids,
acoustic impedances down to 3 x 10° have been experihentally

obtained.

Glass is readily available in the form of glass .bubbles.
(hollow microspheres), used in diverse commercial .applications
such as syntactic foams and car.body-fillers and'maﬁufadtured,
for example, by Minnesota Mining-and-Manufacturing'COmpany

Inc. under the trade name 3M glass bubbles.



obtained. Gass is readily avail abl e<in the form of glass bubbles (hollow
m cr ospheres), used in diverse commercial- applications such as syntactic

»

f oans d car body fillers and manufactured, for exanple, by M nnesota
M ni ng-and Manuf acturing Conpany Inc. under_the trade nane 3M gl ass
bubbl es. 5 A very light glass sponge strlicture is easily achi eved by

Cort, and cobr B8E g g, SpEefy Hrpld, RbAIREHEY | 18, MOy (ReflifRRa b

together. ACGRUEIS PHOCGIALATHGRRTEE 9P £ fou @' £6X @ Rpipsiistire where

t enperature appr ric ratiro of 1.

Wih a sui tahlfe @idds. ggessﬁi),s%t F&&&fré@iﬂéaﬁoduﬁﬁéc%% Rldifetric

applied to the PZT cyli nder out further ustnent. For a given

speci ficati oraig|€sSjbubbliee BaBLIESPEE§ELREr(Ati 0, a repeatable result
I s obtained. For exanple glass bubbles wth a starting density of [err]

conpressed at a volunetric ratio of 2:1 produce a material having a
propagation velocity (velocity of propagation of |ongitudinal bulk waves)
of approxi natAsice@timle, mmogEssihgy dondiddens ave,unfordeexample, (At a
2.5) which has an acoustic inpedance
temperature of 650°C approx. and a volumetric ratio of 1.5 to
2.5 to 1. With a suitable mould, the finished piece (2) is
produced that may be applied to the PZT cylinder (1) without

W, _ further adjustment.

For a given specification of glass bubbles and compression
ratio, a repeatable result is obtained. For example glass
bubbles with a starting density of 1.25g/cm’, compressed at a
volumetric ratio of 2:1 produce a material having a
propagation velocity (velocity of propagation of longitudinal
bulk waves) of approximately 960m/s, compared with 5-600m/s
for unvoided glass (P = 2.5) which has an acoustic impedance

of approximately 14 x 10°.

The resultant voided material also exhibits practically no
variation in acoustic wavelength or bulk elastic modulus with

temperature over the range of ambient temperatures.

~ As much of the material structure is formed by the voids
between bubbles which communicate with the external surfaces
(i.e. not "closed cell"), it is usually necessary to seal the

material surface against ingress of moisture etc. This can be



LS

of approxinately 14 x. 106. The resul tant voided material «@dkso exhibits "'
practically no variation in acoustic wavel ength or bul'k:elasti¢c nodul.usy.:
Wi th tenperature over the range of anbient tenperatures. ‘As nuch .of the *
material structure is forned by the voids between bubbl es whi ch conmunicate -
with the external surfaces (i.e. not "clo8ed cell"), it is usually-
necessary to seal the material surface agai nst inqégfs of noi -st.ur,e etg, -

This can beachigveghi tpeanians i BAYSWAYILRPEho RELAMSIE | ¢MPRIZING g heie
acoustic performance - for.instance a thin layer_ of, siljcone glas [.on a
Thin | ayer BFORBRIGOBERIGTHONGE g $0F (Pebaned & (hh 1HVEE f netflEone"
preferred enbodinent descri bgd. abqy h I al A I 3s his is
not to be cgﬁgﬁkﬁgﬁraso?i | tggﬂ‘/eq\aé&(f }angfﬂ&él gseg'%é'ggotégﬁg @?L%sst 18
non-crystal L] rl may be used. Alternatively, a synthetics plastic
material, f%%ggfgggﬁgritplastics resin or a nmetal, for exanple alumniumor
titanium may be enployed. Wth resin, sinmilar tenperature dependent
effects to those nentioned in the introduction will occur, although the

i nvention dggsial,! Oint heheelmedtarradd s @ubbddineirgadedseriibedic abotel,i athéo

be adj ust ed. Furt her nore, _ : N
material used is G-glass, this is not to be construed as
limitative and another glass or other-non-crystalliné ﬁa£eria1

may be used.

O
Alternatively, a synthetics plastic material, for eXémpie a
plastics resin or a metal, for example aluminium or.fitaniﬁm, N
may be employed. With resin, similar temperature aépendént=
effects to those mentioned in ﬁhe introduction wiii”oddﬂr;
although the invention does allow the velocity lbfl sound
propagation iﬁ the material to be édjusted. :Furfhgfmore,
other methods of forming the aéoustic matching membér may be
used, for example, by foaming the material to proﬁide.the 
necessary voids, these methods-beinq'particularly.applicéble |;y

fof use with the plastics and metals mentioned above.

The matter contained on page 4, lines 8 to 25, page 5 and page
6, lines 1 to 8 is provided merely to facilitate undetstanding
of the invention. The mattef in question is found in our
parent UK patent application No. 8822903.4 and forms thg.baSis
of the claims of that application but does not in any'Way form

a basis for the claim of the present application.



ot her nmet hods of form ng the acoustic: matchi ng nmenber nay_befused, for 3
exanmpl g by foanming the material to provide the necessary—votds;—these
nethod§f'eing particularly applicable for use with the plastj I ;
menti oned above. The matter contained on pa.?e 4, lines 8 toﬂmﬂﬂﬂﬂ“‘a“ma“‘ .
page 6, lines 1 to 8 is provided nerely to ¥acilitate under Ing o the*
i nventi on. Ib_agggéer in questionis found in our parent UK patent
application : 903.4 and forms the basis of the clains of that
application but does not in any way forma basis for the claimof the
. present application. CLAI M5 1. A nmethod of form ng a transducer
conprising the, steps mitHdd ra'msfo&&i@@ous’ti—sngaheakneoﬁ?merint;r @Rl sFRpal bl
in which a plurality of voids have been introduced by foam ng the nmateri al
in a nolten state Fudntianf idy dbousdisenatohénygamembed Mo, a theteeiali in
of sound in the voided material being substantially less than that for the
unvoi ded naterial whitdke di rptarabity sfunstopdspduave orbedn t imtraidiived by
menber and affixing the nenber to a piezo nenber. '

foaming the material in a molten state and casting the
foamed material in a mould, the velocity of sound in the
voided material being substantially less than that for
the unvoided material in the direction of sound

U  propagation of the matching member and affixing the

member to a piezo member.




