Met hod for making an acoustic transducer Field of the Invention 5 The
present invention relates to the manufacture of acoustic transducers from
conposite materials. It relates in particular to the field of sonar
detectors designed to detect objects Logaged at arelatively short

di stance fromthe detector. 10 Context of the Invention - Prior Art To
obtain an acoustic transducer operating at high frequency, it is known to
use conposite nateri Msthdd forstresking a0l acbwetam esandduser s because t he
use of conposite materials, such as 1-3 conposites, for exanple to produce
a transducer allows the production of the correspondi ng acoustic sensor to
be sinplifiedfiebdcpf atheafBWerEionay in particul ar be conpletely 20
included within a filling substrate, of the polyurethane type for exanple,
wi thout it being necessary to provide an enpty space around the nonactive
faces that® do€l€ndtr &¥drs nitt VEFédStr et ©1252 The appeRdedz Pt §uFbu1e sHows

schemati cal | yam?s@%&ucwlcai@sld@fc_e&lsgh @&hrorm@%p@sﬁ@i SPQQ@EQ%U'[SQ consi sts of
ceram c posts of parall el epi peda] shape, for exanple with a square
Cross sectionr%%a?ﬁ% orddt® ot u#ﬁ52£oaﬁ eaﬁﬁgiﬂnogh?o?ﬁés ﬁﬁﬁﬂ%égﬁe
general ly di stiesbyhed over deipdane ck3@dtr t hechoem oftorid hoganal i veows and

colums. The ani Lntegrity, of .the array of posts is provided by
filling the f?ggggpgﬁggg%égmgg%ﬁt%%ep%%F%C€?¥h a suitable dielectric matrix

(not show® in the figure). To produce a transducer, all that is then

required i s @antoxdePPSthe! BNGEStOEnCONBUELL NG PRt erial 12, 13 on the
active surfaces of the piece of material used. The transducer thus produced

may be nounted on a | ayer 14 of absorbent or backing material. - 2
To obtain an acoustic transducer operating at high

frequency, it 1is known to use composite materials
15 1instead of solid ceramics. This 1is because the use of
composite materials, such as 1-3 composites, for
example to produce a transducer allows the production
of the corresponding acoustic sensor to be simplified.
Such a transducer may 1in particular be completely
20 included within a filling substrate, of the
polyurethane type for example, without it being
necessary to provide an empty space around the

nonactive faces that does not transmit pressure.

25 The appended figure 1 shows schematically the structure
of such a composite. This composite consists of ceramic
posts 11 of parallelepipedal shape, for example with a
square cross section of the crder of 1 mm?, and a height
h. These posts are generally distributed over a plane

30 in the form of orthogonal vrows and columns. The
mechanical integrity of the array of posts is provided
by filling the free spaces between the posts with a
suitable dielectric matrix (not shown in the figure).
To produce a transducer, all that is then required 1is

35 to deposit layers of conducting material 12, 13 on the
active surfaces of the pilece c¢f material used. The
transducer thus produced may be mounted on a layer 14

of absorbent or backing material.



A plate of conposite material is obtained in a known manner froma solid
ceram c plate by machining parallel channels of identical widths that lie
along two 5 perpendicul ar directions. This double machining operation nakes
it possible to forma sinple structure consisting of aligned posts 11. A

bl ock of conposite material such as that .described 10 above is relatively
easy to produce for working frequenC|es of the order of megahertz. This is
because the height h of the ceram c posts to be produced is then small, of
the order of a fewtenths of a mllinmeter to one mllineter, which helght
is 15 rel ativBl ypledsy ¢5 ebtwios by metimniag adscerdmiael ate. a Howewer, when

a block of matgrhal swbhahl echon Q‘:elr%‘ﬁﬁrc pqca%stu;p reﬁar&ﬂmlr}s:@/ p2faihe or der
of 100 kHz for  exanple, has to be produced froma single ceramc plate,

t wo dlfferentCP@EHﬁFEalOﬁro&@ﬁﬁ?%ﬁﬁ%ﬁaw%ﬁFﬁ%e RSt PE6bI ehBHLourier ed

lies in the dpfef:pét:ibi&u@far maghiraicig chal.l er past s, qeeded t ondrouce; a
conposite wth a rkln regyency of the order of 100 kHz. For  such a
wor ki ng frequehty® HE Wl&?ﬁ(ﬁ% %éak&%ﬁs FustrPs e at " T et er s,
but it is diftboraittiogobfabhigpest powkthlda.hei ght of greater than 5 nm by
machining. |In this case, in conventional machining techniques the machined
ceram cs often break and a very high scrap rate is observed. 30 The second

i nport ant probléﬂMEﬁtoQﬁteKEﬂxwﬁém predecial show fzequéndy desmsduedrs from

a conposi{ nghevkal iiss AN ALlealY) cal,ape. o Ih roauggca%ef aoSpen [0

figure 1, such a transducer Is el'ectrically conhnected by neans t wo
nmetal plates Izegnantsepl &dedton @lﬁé%p%rmﬁaééeraﬁd rﬁlltShela damaw%%e of

the transducernecEath pastncay then ke pansigesed as acapacdietq the
capaci t ance OLhe%hlggali glgen % eth%gggym qgneraufexpniﬁﬂﬁg1 §? 51

millimeter to one millimeter, which height is

15 relatively easy to obtain by machining a ceramic plate.
However, when a block of material suitable for a lower
acoustic frequency, of the order of 100 kHz for
example, has to Dbe produced from a single ceramic
plate, two different technical problems arise.

20
The first problem encountered lies in the difficulty cof
machining taller posts, needed to produce a composite
with a working frequency of the order of 100 kHz. For
such a working frequency, the height of the posts must

25 bhe several millimeters, but 1t 1s difficult to obtain
posts with a height of greater than 5 mm by machining.
In this case, in conventional machining techniques the
machined ceramics often break and a wvery high scrap
rate is observed.

30
The second important problem encountered when proeducing
low-frequency transducers from a composite material 1is
an electrical one. This is because, as shown in figure
1, such a transducer is electrically connected by means

35 of two metal plates 12 and 13 placed on the upper face
and on the lower face of the transducer. Each post can

then be considered as a capacitor, the capacitance of

. S
which is given by the known general expression: C::ag



- h- 3 where s represents the dielectric constant of the ceramc used, h
the height of the post and s its cross section. Each post contributes to
t he capacitance of the transducer through its individual capacitance. 5
Consequently, the capacitance of a transducer produced froma conposite
mat eri al depends on the thi ckness of the material, so that a | owfrequency

transducer w |} . have ar%p Lo gapacty anc(ﬁetfe&e&(g:‘ h%%sg%‘?’guengyh%h%al ue of

transducer. For a worfkin equency of ord
t he capacit ancerpmresensed, by tthe teibgisducerthe soskownthat dits resusds in

poor mat chi ngs.Lapgdance, siespaasi bl & f0fp fhe areeea{@éw%ag%c@t%%“ C

noi se, to the detr| ment of the overall operation o sensor. 15 The
maj or dr awbackD8f GIRAR§ESRPposithe veter ildlss tigdiprictiice teamsdlcares -

operating st achEegUEREYyl Yiche e 400 kbiz and ity geod sensitdyity
therefore lie in the dlfflCU|t roduci ng the transducer and in 20 the

limtation of %FPEH él e%?rPQ%%*t%thaEFégﬂsﬁe(??n i%h thesutishngss of

performance behagndtdrtied., Asknawatsal uno@nff@qwﬁ@guaﬂr@@s@dc@&fw;e;qyency
acoustic traggducer fr]Lan‘)qear mat, erl all o 1- orrpos telé &/}g a 25 given
area having botR-t hé desited hefghtth 3%% a gpectarl cat % ¢apact TaAnTEVal ue
all owi ng the é&rectdicak. hoirse two ke nuaifmteajured vato fan: rec ceptabl @ | 2@l
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operate at a gi'vén equency an i n connecting EheémT n par ar |
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theoretical ly;oBtahned 'r%s%%risq&ﬁ'e pfoduct b 0B p8ht-yRELON £ | 41 Shows: { wo
i dentical transducers 21 and 22 35 represented schematically by their
ceram ¢ pOStSnOTﬁ§' to the detriment of the overall operation of the

Sensor.

15
The major drawback of using composite materials to
produce transducers operating at a freguency lying
around 100 kHz and with good sensitivity therefore lies
in the difficulty of producing the transducer and in

20 the limitation of its electrical characteristics, which

results in its performance being limited.

A known solution for preoducing a low-frequency acoustic
transducer from a material of 1-3 composite type of a
25 given area having both the desired height h and an
electrical capacitance wvalue allowing the electrical
ncise to be maintained at an acceptable level consists
in superpcosing two or more transducers of the same type
that operate at a given frequency and 1in cennecting

30 them in parallel from the electrical standpoint.

The appended figure 2 illustrates the device
theoretically obtained in an ideal production
situation. It shows two identical transducers 21 and 22
35 represented schematically by their ceramic posts. The
two transducers are superposed so that the polarization
axes of the ceramic elements are oppositely oriented. A
plane metal electrode 23 is interposed in the plane of

contact between the two  transducers. Two plane



two transducers are superposed so that the polarization axes of the ceramc
el ements are oppositely oriented. A plane netal electrode 23 is interposed
in the plane of contact between the two transducers. Two plane - 4

el ectrodes are also placed on the faces 24 and 25 facing the plane of
contact and electrically connected together. In this way, fromthe

el ectrical standpoint, the two transducérs 21 and 22 are connected in

parallel 5 angléggi_é?%é ecglré c%lls%ap %girﬂcegn art%ead Flért hgr or.g, t he

superposi tion na possibl'é to “artificially uce a“ transducer
conprising cefanieg §b§t§La®ﬁcﬂﬁe@O@ya@heasdp@ﬂﬁ@§mmqmihﬂ tdrengosts 11

bel ongi ng t o eagh.0f - { heat nansdugers 2Loand,22 1Qkespaat iweliaodhe hei ght
of each post 2%§thusrforﬁe vantaoeouslyeeqﬁa to tﬁ%ce tﬁghﬁélght h
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and superposedrtihislaSLQO;ﬁﬁ&ﬁu&e a ntendeduter t@@mpﬁﬁﬂihgﬂgxhﬁﬁ@ﬁﬂucer to
operate satisfac or|I nd hav ngle resonance_p W th an e oi tabl e
anpl i t ude, ith ?SEE é%sé?ﬁm?%r% %u%@?%ggo%lgho?ocgi c%?r?@ﬁtguﬁﬂ
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25 posts e §g cLly al e e, den
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oriented. nown" net ods 0 i ng conposites used
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one another after the superposition of several transducers to be possible.

In practice, ®ihained geheral FY2BBEArREd, &5 N] | dst VaFEy @n frequency

half that of the two transducers from which 1t 1is
15 formed.

The effectiveness of this solution, which 1s already
known, is dependent on the guality with which the
transducers are produced and superpocsed. This 1is
20 because, 1in order for the resulting transducer to
operate satisfactorily and have a single rescnance peak
with an exploitable amplitude, it 1s necessary for the
superposition to be carried out sufficiently precisely,
so that, for a given row cor column, the superpcsed
25 posts are strictly in alignment and their faces are
identically oriented. Now, the known methods cof
producing composites used hitherto do not allow the
production of composites having sufficiently regular
arrangements of posts so that precise positioning of
3¢ all the posts facing one another after the
superposition of several transducers to be possible. In
practice, what is generally obtained, as illustrated in
figure 3, are transducers having an arrangement of
posts 31 in more or less straight rows and columns, but
35 the superposition of which has alignment imperfections
33 in the plane of superposition 32. The main
consequence of these imperfections is that they lead to
a misalignment of some of the reconstituted posts 34

formed by the superpcsition of the two transducers.



figure 3, are transducers having an arrangenent of posts 31 in nore or |ess
straight rows and columms, but 35 the superposition of which has alignnent
inperfections 33 in the plane of superposition 32. The main consequence of
these inperfections is that they lead to a msalignnent of sonme of the
reconstituted posts 34 fornmed by the sSuperposition of the two transducers.
- 5 This msalignnent .i.s manifested by the appearance of |osses, and

t herefore by ﬁhbgegP%%ﬁhﬁﬂW%ﬂ¥iﬁstW@g&éﬁﬁq%ﬁdgyoﬂjF%eaP@@éﬁéﬁE@ peak at

the desired whekisag, famduencyce oy esgnt ati gpeaft thedhoveshi onn Ongeobj ect
of the invent] ' r-ovide met hod for_, produci ng, | aw frequenc
transducers, %ﬁﬁ%kéFégngt§bﬁaE%i??%ﬁcﬁr%%%%n%?egngéﬁﬁﬁﬁ cﬁh$%%%%rder of

100 kHz, whichrégueasy.to produce on an industrial scale and which does not
have the dyawbacks of the transducers produced by sinple superposition of
exi sting transducers. For this purpose, the subject of the 15 invention is
a process forPpeeamErkRyon f obkeoInyentierequency pi ezoel ectric conposite
mat erial consisting of superposed ceram c posts, the interstices between
which are filled with a dielectric material. This process conprises the
fol | owi ng stepes 981eCh &feflP ofMTRIEHI Mt ngf ateePaf Bl Gcliddoss &9 form
an array of pﬁf@djbei_n@all&w?ffrl’eq&b@l&g’mtaﬂ'aher’dlﬁfer@eoléhQ&li hel dsdil‘tamlaé(?je by al
ceram c e;.-_a step 2 of separati t he_ceram c ock i.nt i dentica
hal f - bl o?%: b§°£utf¥%§‘%%l‘?%i CvE Bldek th a o5 i Bér pg%@wiﬂzar to the
axis of the bans¢ch- ix stepy3 wf producengra bhodkdfstmizxle thelet hirckness by

super posi ng agseqldn h f- t erposjtion being
carried out 2gg5§§to E?i%%Etﬁg&%grgﬁ%fdgggﬁgggstﬁgghgﬁg-ﬂf%%,%é%%ﬁé%t()
face, produced by simple superposition of existing

transducers. For this purpcse, the subject of the

15 invention is a process for producing a block of low-
fregquency piezoelectric composite material consisting
of superposed ceramic posts, the interstices between
which are filled with a dielectric material. This
process comprises the following steps:

20 - a step 1 o©of machining a ceramic block sc as to
form an array of parallel bars o©f rectangular cross
section, held in place by a ceramic base;

- a step 2 of separating the ceramic block into two
identical half-blocks by cutting the initial block in a

25 plane perpendicular to the axis of the bars;

- a step 3 of producing a block of twice the
thickness by superposing and assembling the twoc half-
blocks, the superposition being carried out so as to
bring the bars of each of the half-klocks face to face,

30 a conducting layer being inserted in the plane of
superposition of the two half-blocks, the array being
held between two ceramic bases;

~ a step 4 of forming rows of ceramic posts from
the bars, by making cuts in the ceramic block that are

35 perpendicular to the bars formed in the previous step:

- a step b of filling the cavities of the ceramic
block with a dielectric material;

- a step 6 of eroding the bases; and
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assembled, they now form only a single block, of twice

the thickness and already partially cavitied, which it
is easy to machine sc as tc form well aligned and

correctly superposed posts.

Advantageously, since the bars are machined so as to
remain attached to a layer or base of ceramic, the
spacing between the kars 1s kept constant, thereby
ensuring that all the bars are precisely superposed and
held in position during the cperaticn of producing the
posts. This sandwich structure alsc has the advantage
of increasing the strength of the material while the
posts are being machined and of limiting the risks of
fracture. The ceramic layers are removed by erosion or

polishing only after the £illing step.

Description of the Drawings

The features and advantages cof the process according to
the invention will become clearly apparent 1in the
following description, 1illustrated by the appended
figures which show:

- figure 1, a schematic representation of a high-
frequency transducer produced from a block of composite

material;



The features and advantages of the process according to the invention wll

becone clearly apparent in the follow ng description, illustrated by the
appended figures which show 35 - figure 1, a schematic representation of a
hi gh- frequency transducer produced froma block of conposite material; - 7
- figure 2, a representation of an ideal’ ttansducer produced by superposing
two bl ocks of CQH?OSite 2naterials; - fi%yre 3, an illustration of the

probl ens posed by™ 18 fie2knBwl FHAITSHE W Pt odtticfiortdeak  ghresducan

il lustrationpobdsteps by o 4upbrpheinproaess astecking 4o thempoyention; and
- figure 5, @Q g&hg?%[ation of steps 5to 7 of the process according to the
i nvention. 1 Be I'Iéd Description The process according to the invention
may be easily desSégibed3w eh tilduaitdasfionhefi Ithes tratl loamss shoswrd iy 15

figures 4 andng. (BN Aethoasf Lisblyatbigyeg 4, to produce a low. frequency
transducer according to the invention the procedure is as follows. During a

first step, a nunbéfuze 8¢ pardllelsgridoss 4D arerfade ih 4 pifecenof

pi ezoel ectri preekanl acebrihheknessnb, {8QeasibA;f @hm an array of parallel
bars 43 held rigi ogether by a ceramc |layer 44 or base, having a

Ly t
preferably smal [ ﬂﬁPEEn $538. ‘IS Wif TdtayR of SpaPEl 1%l thar's Afs ine
obt ai ned, therspaekngcebrehinghtbstadvantageously well controlled. The
grooves f@ may for exanple be produced by sawi ng using a well-known
t echni que” (not described here). 30 During a second step, the piece of
ceram ¢ t husDetadhedelessréptionto two identical blocks 46 and 47 in

The process according tc the invention may be easily
described with the aid of the illustrations shown in

i5 figures 4 and 5.

Considering firstly figure 4, to preduce a low-
frequency transducer according to the invention the
procedure is as follows. During a first step, a number
20  of parallel grooves 42 are made 1in a piece of
piezoelectric ceramic of thickness h, so as to form an
array of parallel bars 43 held rigidly together by a
ceramic layer 44 or base, having a preferably small
thickness e. Thus an array of parallel Dbars is
25 obtained, the spacing of which is advantageously well
controlled. The grooves 42 may for example be prcoduced
by sawing using a well-known technique (not described

here) .

30 During a second step, the plece of ceramic thus
machined is cut into two identical blocks 46 and 47 in
a plane of cutting perpendicular to the axes of the
bars and depicted by the axis 45 in the figure. In this
way, two twin blocks are o¢btained which bars are

35 accurately superposable..

Next, during a third step, the twc blocks thus cbtained
are superposed and assembled, for example by bonding.

During assembly, a sheet of conducting material, the



a plane of cutting perpendicular to the axes of the bars and depicted by
the axis 45 in the figure. In this way, two twn blocks are obtai ned which
bars are 35 accurately superposable.. Next, during a third step, the two

bl ocks thus obtained are superposed and assenbl ed, for exanple by bondi ng.
During assenbly, a sheet of conductin@'ﬁﬁférial the - area of which is
greater than_that of the bl.ocks 46 an iS inter ed int | ane of
super posi ti ofi* B@tﬁg thfﬁelﬁw&rﬁﬁgf%s%hfﬁetgﬁgétq%f}Eﬁﬁah%?%%gréﬁgﬁ?lal 48
is positioned, sdst hateopesef] iits tSiedesl drice foud\ghatep d dret Hobl vekweodn mat eri al
oot s procuagd v Ehicy ack iakesnedlieotolinghopang ghddiakincns 2b el

captive between two ceramc |ayers are sol idly attached.
These two cePafi&ipagér sadvaat agasusty léﬁsUﬂekﬂhalltheCbaﬁgd@rdﬂheld in

pl ace. 10, Dumeektf@f fourthistems at§§§' %S;o@f ST uath ys Py 'ke' s is
made in the block of material obtained in the greV|ous step, ese cuts

bei ng al ong 5%8s L&y pehdPetifartt o-tirknpees o ﬁédbéﬁﬁﬂﬂaﬁ%h%@t%%%% up 15

the bl ock of twat eckakmiAccakdieng t a4t hed nventdron,tHde LHrooves: f or med
preferably havE ahmndth ual to that of .the oovesﬁ%i roduced during the
first step. 2¥hash<dn ar Sf T&F anfETPBLEs 4P0 a AP Y ct 1y

par al | el i denhioak rbws 442 bsrebhabnadld Advenhtageously, during this
cutting ep the bars are held in position by the external |ayers 44 that
bor der em In this way, the sawing operation is carried out 25 while

m nim zing tReringks hef Im@mtmreteEhU$,$¢wrﬂw obnevrtow 1441, pateel pokts 410

are held I'n pasitian gloone, end by gceranocLayer 88.andoat Lhegther end

by ceramic strips 4 resultin on1nac ining t pose I"ayer.
previous step, these cuts b91ng aleng axes

perpendicular to the axes of the bars 43 that make up
15 the block of material. According to the invention, the
grooves thus formed preferably have a width equal to

that of the grooves 42 produced during the first step.

Thus, an array of ceramic posts 410 arranged in

20 strictly parallel identical rows 411 is obtained.

Advantagecusly, during this cutting step the bars are
held in position by the external layers 44 that border
them. In this way, the sawing operation 1is carried out
25 while minimizing the risks of fracture. Thus, in any
one row 4il, the pcsts 410 are held in position at one
end by a ceramic layer 44 and at the other end by

ceramic strips 412 resulting from machining the opposed

layer.

30
As illustrated in figure 4, after this fourth step the
sheet of c¢onducting material is cut into conducting
strips 413 connecting all the posts of any one row 411
together.

35

Figure 5 is now considered, which illustrates the rest

of the steps of the process acccrding to the invention.



As illustrated in figure 4, after this fourth step the sheet of conducting
material is cut into conducting strips 413 connecting all the posts of any
one row 411 together. 35 Figure 5 is now considered, which illustrates the
rest of the steps of the process according to the invention. - 9 As
illustrated in this figure, the fourth‘s?eb is followed by a fifth step
that consists in . fillin e es that separate the ceram c posts

I the .enpty.spa
410 from on f%n&%ﬁgﬁfr%feﬁbqung%glaiefé%???c neter iAVEY  ©£5EP 5iéxanpl e a
pol yner, bet vieen aueebebpost .1 FEre poew i hjais chosiexamire carried eut via the
or eover ol 0oel 3t 1Ry Peant ot IR0l J45 TOFATG S0 AL s6oftas he
poured matericdle #agtseri dbli ebuning tooHis2ers rienmveact Eed t he, blfock 53  of

conposi t es Matesfndl1 4 s, Okkdineddis,dsvaaled Next, during step 6, this
bl ock of material undergoes 15 an operation of eroding the faces 54 and 55
that are parallel to the plane of the conducting strips 413. OmMng to the

smal | thi ckness opotibengeria €ost rd:RenAk? capd:oh the cenamo,d aygr.44, this
operation may, advanta%QOEEIy be éarrled out %X pol.ishing the surfaces 20 in
question. Whatrds HdS obt8fned e UG bl dck® GFLPEorposi 8 Tratiélsiqal tPRat t akes

the form of atierr ayaoks aeriang cmpostse4lQligherd sened 4y mcBBbrixe 53 of

pol yrer terial..25.The.compl ete bl ock of conpaosite nmaterial is.then
finshed St i n%zzaf??ﬁé Tafe’ T DU | RGOEhPS st POBECH BFUER&pol i shed
faces 54 and 55 isolcigldried witthe atoday®? 56 oémceoadustinghaabépical 53whi ch

operation may,¢ S 1 .4qz1 f .ahis layer 30 may
be a continuéhs a é%%‘égngﬁ%%kéaw%ﬁk§¥¥%ﬁ§%§§%§$;%ggé%gﬁﬂéo possible to
produce, depending on the

Next, during step 6, this block of material undergoes
15 an operation of eroding the faces 54 and 55 that are
parallel to the plane of the conducting strips 413.
Owing to the small thickness of the ceramic strips 412
and of the ceramic layer 44, this operation may
advantageously be carried out by peclishing the surfaces
20 in guestion. What i1s thus obtained 1is a block of
composite material that takes the form of an array of
ceramic posts 410 impriscned in a matrix 51 of polymer

material,

25 The complete block of composite material 1is then
finished off during a final step 7. During this step,
each of the polished faces 54 and 5% is covered with a
layer 56 of conducting material, which operation may
consist in metallizing the faces 54 and 55. This layer

30 may be a continucus layer, as shown in the figure, but
it 1is also possible to produce, depending on the
envisaged use, more complex metallizations so as for
example to form parallel strips identical to the strips
413 buried within the material.

35
A block of composite material thus produced by the
process according to the invention advantageously has
in the end a structure substantially identical tec the

structure shown 1in figure 2, which structure, as



envi saged use, nore conplex netallizations so as for exanple to form
parallel strips identical to the strips 413 buried within the material. 35
A bl ock of conposite material thus produced by the process according to the
i nventi on advantageously has in the end a structure substantially identical
to the structure shown in figure 2, whi € H structure, as - 10 nentioned

above, is ex} L ene I¥e(]jijllffbl c%lt to olg{t eq§ cgn%/}ﬁlkno%\ga roce§1§8iL g}ure 6 is

now consi dere shear I’y Henohst A Oa98 oduci ng a
t ransducer fc‘ﬁm)ynlen(pwreqeror@éseorrposme mat eri al manuf actured by the process
according to the invention. As illustrated in figure 6, each colum of 10
pi ezoel ectric ceram c posts nmay be electrically wwred so as to connect the
posts in paralyere Pnithiw ofei vfdesrdenthcht Kécegadudanry sdleriE@n s 56 of

the extemsnalthd aﬁ@&a@'ﬁ@gébe(ﬂﬂ|§ﬁédb¥c£@@”§“t%n%@iﬁ%rt of f&f Mpa pinegat i ve
pol e 62, V\/nergas t he internal cond cti ngP%trl 15 413 fornms a commn

positive pol® 63CO%O?hH?caW@BeB§7a t h@a 629 nPrhe HiSguFOEHS ng
manuf act ure afcéheinpiecetod Conposide. material, the superposition of the
two ceramic elenents 46 and 47 is carried out so that the polarization
directions of the two elenents allow 20 this parallel nounting. The
advant age prasentedlbytsatcdd an arrangiemerd | , corsdaer ablcglunf rstdfy, it

makes 1Y opO%igégefg @fQQU%%ra%ﬁcra&ggﬁecgg%s%ﬁghgetgicshw@}ﬁ Gppapl e of

25 resonati ower frequency arall in the
arrangenent $¢| st Fat ednbycti orerestpl avevathd lsdpedpoddd sblicoks qfn phase

opposi ti on, é(‘éé@mbihe Q%segyﬁ@@@tm@t etﬂé@nern%%on%%foftﬁé%ﬁ%%tnaqt its
ei gen frequency is attenuat ed”and t t he 30 resonance of the

assenbly at %%??Sth%rgréﬁh%%%yl %% connected 50 as to form a

negative pole 62, whereas the internal conducting strip
15 413 forms a common positive pole 63. As indicated by
the arrows 61 in the figure, during manufacture of the
piece of composite material, the superposition of the
two ceramic elements 46 and 47 1is carried out so that
the polarization directions of the two elements allow

20 this parallel mounting.

The advantage presented by such an arrangement 1s
considerabie. Firstly, it makes 1t possible tc preduce
a transducer consisting of elements capable of
25 resonating at a lower frequency. Connecting the posts
in parallel in the arrangement illustrated by figure 6
places the superposed blocks in phase opposition, with
the consequence that the resonance of each post at 1its
eigen frequency 1is highly attenuated and <that the

30 resonance of the assembly at half the frequency which

represents the desired resonant frequency, is
reinforced. This parallel mounting alsc makes it
possible, as was mentioned previously, for the

electrical capacitance of the assembly to be twice that

35 of a monolithic transducer of the same thickness.

The wiring diagram shown in figure 6 illustrates the
way in which each row cf posts of a piece of composite

material produced by the process according to the



represents the desired resonant frequency, is reinforced. This parall el
nmounting al so makes it possible, as was nentioned previously, for the

el ectrical capacitance of the assenbly to be twice that 35 of a nonolithic
transducer of the sane thickness. The w ring diagram shown in figure 6
illustrates the way in which each rOM/Bﬁ posts of a piece of conposite

mat eri al produced, by the process ording.,t he - entlo can be
used to consﬁptﬁpglén &Rs dt] gﬂ CSPgFﬁg %SwﬁlﬁﬁFQ?ékl @%ﬁ%cted to
t he ot hers sofaiha(IdWHrmmhethempmaex@nm&s@mteto The wenhaus W chst he

various rows . ar e %2@?@ e@g&xp%%@ertr%%%%% Sﬂgg i QI Qoperaglon of

the conplete tran particular on t e of e directivity
pattern that Vapfgous desisr &g et ¢ Prodifest t@&etéiemplcéepmyd%fomawﬁgm@%ﬁas

connectiof cepsi ssp%rfﬁl&xarreke it econnglidig al b rhRgqubews ighgarahl el .
This way of operating is of course 10 not |imting. The process according

to the |nvenPﬁéﬁlﬁ§§aﬁe€ﬁ t&@ééﬂﬂﬂﬁi?@]?WﬁEQﬁ%ﬁﬁﬁkﬁ&%br%iﬁ%e¥% that

particul ar ci@sasofde@m@dcmg r ddaesdugey smar\@lng ROptSr ohalkbnd dent & cal
si ze. However th| le is not limtin

i ossi bl of course,
o gener al | 260REC BFbLaRE o THouE e aATIg HonF PRESCOAREX o T
cl ai nred |nvembmen1jFopaexampﬂe THid swppssitblepdoat prtodiece & stoucsare such
as that iélustrateg?gg figure 20 3, conprising posts 34 consisting of two

posts 33 of npﬁo ef'énit sizes. To do this, all that is required is to

i ntroduce an |nterned|ate step 2a in the process, which takes place bet ween

step 2 and stg pM%r'Q&on@ the tfe'h kness, oft e ofad hept

hal f - bl ocks |s 25 round so as to ve It a |fferent t hi ckness fron1that
of the ot her dgalof] |eé*ckahtifse og@roa'ﬁ oR2Fayrpelearil edheouPabylanyar

appropriate nRaps. 4N tBrsawBYngt hey assesmblyucdr oduced ngur igigksd epo8 becones
asynnEtrigalldg%tagal size. However, this example is not limiting
and 1t 1s ©possibie, o©¢f course, to generalize the
process without departing from the context of the
claimed invention. For example, it 1s possibkble to
produce a structure such as that illustrated by figure
20 3, comprising posts 34 consisting of two posts 33 of
two different sizes. To do this, all that 1s required
is to introduce an intermediate step Z2a in the process,
which takes place between step 2 and step 3, and during
which the thickness of one of the two half-blocks 1is
25 ground so as to give it a different thickness from that
of the other half-block. This operation may be carried
out by any appropriate means. In this way, the assembly
produced during step 3 becomes asymmetrical. In this
alternative embodiment, what 1s obtained is a structure
30 having posts whose capacitance corresponds to the sum
of the capacitances of the two posts constituting each
half-block, whereas the resonant frequency obtained 1is
then equal to the sum of the two frequencies divided by
4.
35



alternative enbodi ment, what is obtained is a structure 30 havi ng posts
whose capacitance corresponds to the sum of the capacitances of the two
posts constituting each half-block, whereas the resonant frequency obtai ned
is then equal to the sumof the two fregquencies divided by 4. 35 - 12 -
CLAIMS 1. A process for producing a blﬁgk'of | ow- f requency piezoel ectric
conposite material consisting of rows L§ @% super posed ceram c posts
enbedded in a dielectric material, cHxPHeferized in that it conprises the
following steps: - a step 1 of machining a ceramc block (41) so as to form

an array of parallel, bars Efj%) Bloah@: hgctangylan Crass; seckiof,.0eld in
place by a ceramc base (44); - a step~2 of separating the ceram c bl ock
into two identPéakCchARELbi6ckSE147)ndyeriati aAgnehetingi tifalrdbock in a

pl ane perpendi cykakba Hhbecaxice rald Ofhdhe Raddep St ep 31 ofeprpducing a
bl ock of twice the (t(hickness by superposing and assenbling the two

hal f- bl ocks (46M24%¥lathe ShPERPBEFtEdR bl nglatar ditedBliPL$628s §8° bring
the bars (43) ofceaehial 20<bhe hal f-blocks face to face, a conducting |ayer

(48) being inserted in_the g ange of Eugfrgosition of %Ee wo, hal f - bl ocks; -
a step 4 of forming FoR&®P412)°0f "REFaM BIpst <4 o PhECKar's (4359 by
maki ng cuts in tbhe cerafibem 25nbl eekathatf arga pet pendi satar {03t heobars

f ormed i#qthe previoug tep, .the condu%ghng I@%ﬁkilying in the plane of

super position, FoF R upSFa|F£PSgOH&E€tIn6’ strips @ﬁiBfi%%ﬁ%eé?¥ngaall t he

posts of any onecrewict bgethddi) ;

- a step 2 of separating the ceramic block into
twe identical half-blocks (46, 47} by cutting the
initial block in a plane perpendicular tc the axis

15 of the bars;

- a step 3 of producing a block of twice the
thickness by superpcosing and assembling the two
half-klecks (46, 47y, the superposition being
carried out so as to bring the bars (43} of each of

20 the half-blocks face to face, a conducting layer
(48) being inserted in the plane of superposition of
the two half-blocks;

- a step 4 of forming rows (412) of ceramic posts
from the bars (43), by making cuts in the ceramic

25 block that are perpendicular to the bars formed in
the previous step, the conducting layer lying in the
plane of superposition, forming parallel conducting
strips (413) connecting all the posts of any one row
together;

30 - a step 5 of filling the cavities of the ceramic
block with a dielectric material{51);

- a step 6 of eroding the external faces of the
block of composite material obtained in the previous
step, for the purpose of removing the initially

35 formed ceramic bases (44); and

- a step 7 of depecsiting a layer (56) of

conducting material on the external faces {54, 55)

of the block of composite material thus produced.



30 - a step 5 of filling the cavities of the ceramc block with a

dielectric material (51); - a step 6 of eroding the external faces of the

bl ock of conposite material obtained in the previous step, for the purpose

of renmoving the initially 35 forned ceignic bases (44); and - a step 7 of

depositing a layer (56) of conducting terial on the external faces (54,

55) of the 9Io? of _conposi te naLerla t.hus e process
al

d
as claimed i A cFarmAOTH Whitth tha'™&fosibn EégpgffbnjﬂT §Pé6h6 ?% carried

out by polishinagesbho8. Therptocessoéis stapned inseitheriofi cbatmsbyl and 2,
in which a cont%gygﬁﬁib?yer of conducting material is deposited on the
external faces ock (54, 55) during step 7. 10 4. The process as
claimed in either of clains 1 and 2, in which a discontinuous |ayer of

conducting mat efbakbried2posi ted o d th%l@l'&é‘@' oFacaes il tlhedncf)l?Ck (54,
55) during step. 7, sald | ayer form ng conducting strips parall to the

conduct i ng strip8 59l fgCoR LiLRE OFFane Wi sOpeSESiHGtgnd 5ua el pt ocess as
clainmed in any epedebokhecpr eeedinig ox@leain®, fMicGh dmnacludes) &k agei ti onal
step 2a during ﬁg gh one of the two hal f-blocks (46, 47) undergoes 20 a

t hi ckness gri ndP Bérai 66%60 ‘that the two hal f- bl ocks thus obtained have
different thicknesses, step 2a being inserted between steps 2 and 3. 6. A

P ezocl e 1§, CERTSGNGEL 0TS 1A R1 FyDLOBK.0f 2B ucompost Lo qerial

which the rowsiof cdriari ¢ postd {ATR)i rarc sconhegéed mﬁ pevadihet ing
material 1is deposited on the external faces of the
bleock ({54, 55) during step 7, said layer forming
conducting strips parallel to the conducting strips

15 lying in the plane of superposition.

5. The process as claimed in any one of the preceding
claims, wnich includes an additional step Z2a during
which one of the two half-blocks (46, 47) undergoes

20 a thickness grinding operation sc that the two half-
bloccks thus obtained have different thicknesses,

step 2a being inserted between steps 2 and 3.

6. A piezoelectric transducer consisting of a block cof

25 composite material produced by the process as
claimed in any one of the preceding claims, in which

the rows of ceramic posts (412) are connected 1in

parallel.



