Met hod for maki ng an acoustic transducer Field of the
I nvention 5 The present invention relates to the
manuf act ure of acoustic transducers from conposite
materials. It relates in particulaar to the field of sonar
det ectors desi gned to det ect objects |ocated at a
relatively SP o Q tance fromthe detector t ext
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transducer operating at high frequency, it is known to

use cei@nsidre vrat eptraheidd i nstead of solid ceramcs.
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aﬁgended figure shows schematically the structure of

h a conposi te This conposite consists of ceramc
post sCdritedt per ahkelepepedal skaper Aot exanple with a
square cross section of the order of i m®2, and a hei ght
h. These posts are generally distributed over a plane 30
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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 order of 1 mm?, and a height
h. These posts are generally distributed over a plane

30 in the form of orthogonal rows 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 reguired 1is

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

of absorbent or backing material.



channels of identical wwdths that lie along two 5

per pendi cul ar directions. This doubl e machi ni ng operation
makes it possible to forma sinple structure consisting
of aligned posts 11. A block of conposite material such
as that described 10 above is-relatively easy to produce
for working frequencies of the order of negahertz. This

i s because the height h of the ceram c posts to be
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example, has *to be produced from a single ceramic
plate, two different technical problems arise.
20
The first problem encountered lies in the difficulty of
machining taller posts, needed to produce a compeosite
with a working frequency of the order of 100 kHz. For
such a working frequency, the height of the posts must
25 be several millimeters, but it is difficult to obktain
posts with a height of greater than 5 mm by machining.
In this case, in conventional machining technigques the
machined c¢eramics often break and a very high scrap
rate 1s observed.
30
The second important problem encountered when producing
low-fregquency transducers from a composite material 1is
an electrical one. This is because, as shcwn 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

. 5
which is given by the known general expression: C::EE



then be considered as a capacitor, the capacitance of
which is given by the known general expression: c= s=
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results in its performance being limited.

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

30 them in parallel from the electrical standpeint.

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 pelarization
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



situation. It shows two identical transducers 21 and 22
35 represented schematically by their ceram c posts. The
two transducers are superposed so that the polarization
axes of the ceramic elenents are oppositely oriented. A
pl ane netal electrode 23 is interposed in the plane of
contact between the two transducers. Two pl ane
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The effectiveness of this solution, which is already
known, is dependent on the quality with which the
transducers are produced and superposed. This 1is
20 because, 1in order for the resulting transducer to
operate satisfactorily and have a single resonance peak
with an exploitable amplitude, it 1s necessary for the
superposition to be carried out sufficiently precisely,
so that, for a given row or column, the superposed
25 posts are strictly in alignment and their faces are
identically oriented. Now, the known methods of
producing composites used hitherto do net allow the
preduction of composites having sufficiently regular
arrangements of posts so that precise positioning of
30 all the posts facing one anocther 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 celumns, 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 superposition of the two transducers.



identically oriented. Now, the known nethods of producing
conposites used hitherto do not allow the production of
conposites having sufficiently regular arrangenments of
posts so that precise positioning of 30 all the posts
faci ng one another after che superposition of severa
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fol | omhngh St-8RS: filled with a dielectric material. This
process comprises the following steps:

20 - a step 1 of machining a ceramic block so as to
form an array of parallel bars of 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 preoducing a block of twice the
thickness by superpcsing and assembling the two half-
blocks, the superposition being carried out so as to
bring the bars of each of the half-blocks face to face,

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

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

35 perpendicular to the bars formed in the previous step;

- a step 5 of filling the cavities of the ceramic
block with a dieiectric material;

- a step 6 of eroding the bases; and



20- a step 1 of machining a ceram c block so as to form
an array of parallel bars of rectangul ar cross section,
held in place by a ceram c base; a step 2 of separating
the ceram c block into two identical half-blocks by
cutting the initial block in a 25 plane perpendicular to
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Thi s process advant ageously nmakes it possible to produce
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Advantageously, since the bars are machined so as to
remain attached to a layer or base of ceramic, the
20 spacing between the bars 1s kept constant, thereby
ensuring that all the bars are precisely superposed and
held in positien during the coperation of producing the
posts. This sandwich structure also has the advantage
of increasing the strength of the material while the
25 posts are being machined and of limiting the risks of
fracture. The ceramic layers are removed by erosion or

polishing only after the filling step.

Description of the Drawings

30
The features and advantages of the process according to
the invention will Dbecome c¢learly apparent 1in the
following description, illustrated by the appended
figures which show:

35 - figure 1, a schematic representation of a high-

freguency transducer produced from a block of composite

material;



15 is easy to machine so as to formwell aligned and
correctly superposed posts. Advant ageously, since the
bars are nachined so as to renain attached to a | ayer or
base of ceramic, the 20 spacing between the bars is kept
constant, thereby ensuring that all the bars are
preci selyrsqper posed randcRehdai Noposi t kAN iUk NG tR8Gcer
oper ation qg p odUC|ng thekposts Thlf sandwi ch structure
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figure 1, W&chematic réprésentdtion 8FCRS hrgh® fr éfueitsy
t ransducess praducedaf Fontize blrocdtat-nconposite materi al ;
foogure 2, a representation of an ideal transducer
produced,ggdsuperposlng two bl ocks of conposite

mat ePPERE1€ f%5i*éP33°8n i |l ustration of the problens
posed by the known nethods of production; figure 4, an
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15 figures 4 and 5.

Considering firstly figure 4, to produce 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 cf 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 1is
25 obtained, the spacing of which is advantageously well
controlled. The grooves 42 may for example be produced
by sawing using a well-known technique (not described

here) .

30 During a second step, the piece 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 obtained which bars are

35 accurately superposabkle..

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

During assembly, a sheet c¢f conducting material, the



10 Detail ed Description The process according to the
invention may be easily described with the aid of the
illustrations shown in 15figures 4 and 5. Considering
firstly figure 4, to produce_a;low frequency transducer
according to the invention the procedure is as follows.
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ceramic layers 44 to which they are solidly attached.

These. two ceranic Iayerfs advant age OSstlsy gasure t hat Cglhein
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20  strictly parallel 1dent1cal 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 is carried out
25 while minimizing the risks of fracture. Thus, in any
one row 411, the posts 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 cpposed

lavyer.

30
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 te the invention.



During the fourth step, a series of nmutually parall el
cuts is made in the block of material obtained in the
previ ous step, these cuts being al ong axes perpendi cul ar
to the axes of the bars 43 thaty nake up 15 the bl ock of
material. According to the invention, the grooves thus
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carrized dquiraviiant ke facelihgomnwhithetshe contuct§ ngnst r Lps

413 &%%%ﬁ%gﬁ 1&Pethe plane o©f the conducting strips 413.
Cwing to the small thickness of the ceramic strips 412
and of the ceramic layer 44, this operation may
advantageously be carried out by pclishing the surfaces

20 in gquestion. What is thus obtained is a block of
cemposite 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 operaticn may
consist in metallizing the faces 54 and 55. This layer

30 may be a continucus layer, as shown in the figure, but
it is also possible to produce, depending on the
envisaged use, more complex metallizations sc 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 to the

structure shown 1n figure 2, which structure, as



ot her faces being noreover closed off by neans of a 10
tool 52 formng a box. As soon as the poured material has
solidified, the tool 52 is renoved and the bl ock 53 of
conposite material thus obtaingd.is reveal ed. Next,
during step 6, this block of material undergoes 15 an
operm&ﬂumunﬂa ediodieng theekaeese b4 andr bhutthatoak@tain by
par I e of the conducting strips 413. Ow ng
to ?%éﬁgﬁgg ?EPQE%@SS of the ceramic strips 412 and of
the ceram c layer 44, this operation may advantageously
be cargied outs hyo@%érsdﬂd’ag:eﬁhewﬁubﬁaeeéagﬂyi fAefiesinoR.s
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at take orm of  ‘an ar of ceramc post
i mprésonEdHP L& emafe i R 5L ofmaﬁmfyﬁﬁéﬂfﬁﬁt eP¥al th@s minsess
conph et dilneck cot heompasitdiermaterial is then finished off
during a final step 7. During this step, each of the
pol i shed faces 54 and 55 is covered with a | ayer 56 of
condiet i nd lwatertall, whi ch féperati on maypacbnsi selymm  of

Tet abld g dihe of %@%mﬁé %@t§5ma§hlt$e I@y&rtﬁ(}a@y be raq
cont i nuous Ia n the

|
oosTBIS 1 AYOHIED, " SepRH g bR TR Bhvi ChgEH e hive
conp$%3@mtétyal | flrat Fondusoings ¢ ormexanpbe td ftoem eparaadnlaél

Str'@a?‘céﬁe%tﬂecalelégtff@alslt}f' Rsnfid3-huried withip then 4
material. 35 A bI 03|te mat eri al thus ]gbggduced

by t?\%gaptrlo‘fceefglgc rd?”[\@f% the iV ERT'Pon8avant decusly
Tas 413t herendaa cetimact wee isubst ant ¢ albBy iAdentriddalated tolye

st ructur e shown i nmf gLy efl%’ur\é’hl Qﬂr%éﬁ UCLWE £ @8 olehe
nment i oned above, is extrenely difficult to obtain by

knowht §frocess SORP YRt 6m?%eW'cJﬁ§ oeéjr%p%%ﬁ“cloéartlhff
denonst r at esnis tdleenadvantidges:dof4 /pricducimg ea tonansducer:t

fromga, pggf&fé{aﬁ%@ éhﬁe%t%hgr gl mRnuactured oy the o,

géocess ccording to the invention.
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The advantage presented by such an arrangement 1is
considerable. Firstly, i1t makes it possikle to produce
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 superpcsed blocks in phase opposition, with
the consegquence that the resonance of each post at its
eigen frequency 1s highly attenuated and that the
30 resonance of the assembly at half the fregquency which

represents the desired resonant frequency, is
reinforced. This parallel mounting also makes 1t
possible, as was mentioned previously, for the

electrical capacitance of the assembly to be twlce that

35 of a meonolithic transducer of the same thickness.

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

material produced by the process according to the



10 piezoelectric ceramc posts nmay be electrically wred
so as to connect the posts in parallel. In this form of
assenbly, the conducting elenments 56 of the externa

faces are electrically connectigd_so as to forma negative
pol e 62, whereas the internal conducting strip 15 413

f or minaecoMIONCPOSHd | ¥ Pole EhstAs uitBdcatradsbycéhe Fach
arrows Gl %&Qemfaik,g%g{\ dur 'CBQnQ@E‘éﬁ acs uEl?e Oétﬁ he, plecg
of conposité material, the superpositi on of the TWo

cer afPc tEFBMEAEs ABPARES 4P R3S€rTh ed TButwab thathi®e the
pol ar,-:az?bwnr&yg %ﬂd%Qjﬁn@Etbﬂetég\@tkﬁirel&lﬂed&d@ bQV\frt]R@ hdt s
paral l.el mounting. e advant age, presente such an .
et L SR o I Rl S L L
possiPbl &l ¢wl pf ctudersa shegasdlicehe cdhsi Stiiig vobagkenentizat
capablke;of 425 Fesanatdguat . achovwerndrequency. n&RnAgcth Ng
t he posts %nlgarallel in_.the arr an ement il strat%%_byh
fi gur&"BCpI H¥es T e ifpel posel Bi'ocky” | KOpHase "9 @ ©
oppositEon, wiat lttkeé . cAmsequeanced it hate téid noesignamtecofirse
eachpes7igtrits. eigen frequency is highly attenuated and
that the 30 resonance of the assenbly at half the
frequency which represents the desired resonant
freqUéncyprbsesei nhoreethingThite partal | elnvepunbnngha sobeen

makegcisk PSS hlhe, 1 aS WasS OBt 08ed pL eviously, ot Lhear
el ectrical capacitance of the assen%ly to be twi ce that
35 of°2genoRdl | tHi°EUFFBRsdacert T8 SEREe S anBe Y HEknSs:S The!

Whri ngediags AmsshewnHbnefégurents i bkastrates hhe wayiiing
whi ch gach. row of, Rasts of & pisce.of conposide mterial,
produced by the 6}ocess according to'the inhvention can
be uSEdcess constliawit e dgreFahstuder™ Eabh of°RHfetr oRs nBYe
t hen cheigeaneci@ddiont.herot her:sngaeas 1o formgheinle to
conpl ete transducer, The i n i.ch the . variqus r

are 5ﬁﬁgg?ea Fgé%fﬁ%?ed%%%%dgsq%éfhélﬁgﬁérgtgg gﬁe?a i on
6P t e conplréeseéntr avsdacer ardsigtpagt céultate drPaltse Shape

of thecdigieeti-vhtyspatternot Rat thisj sadesired te pradueed
One sgnggeiw%% gf nakingﬁyhisdcoggep%éoqk$QQ§H§}s EgEeSS’
exanpi®e n RELTT iy’ al'l-TRE“Fdws T nfpartaliel . “THI §“Way
of operiati hgkes plaoouredecen step 2 and step 3, and during
which the thickness of one of the two half-blocks is
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 pests whose capacitance correspends to the sum
of the capacitances of the two posts constituting each
half-block, whereas the resonant frequency obtalned is
then equal to the sum of the twoe freguencies divided by
4,
35



10 not Limting. The process according to the invention
has been descri‘bed i n the above paragraphs in the
particul ar case of producing a transducer having posts of
15 identical size. However, this exanple is not limting
and it is possible, of course, to generalize the process
W t hout departing fromthe confext of the clai med

i nvention. For exanple, it igpagsible to produce a
structure such as that illustrated by figure 20 3,

conpri sing posts 34 consisting of two posts 33 of two

di ff efent $irgesss Tdodo nrkiiycing | at apcks ofegifAw-dgedigenay
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t akes pl ace e S an rin .
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so as to"RisfE Gl #3dPf MEPERBS I c%éSFF%nFFﬁatfoégo"(H@
ot her haktegd:ock. This operation may be carried out by
any appr Qoo alieoMeansrahi® RS eY. ad N8, assenahyapraduged
during ste %ﬁe ones s%/mretrnial. In this alternatjve
enbodi meht: * witat “F§° oBt af HEFIFE A" sEFULY lﬁegtéﬁnha]%‘?ajﬁ;g D
posts whpsz= &pasi terree ccbrsesponds to the sum of the
ﬁaIO?C Iblt aﬁéﬁfﬁfinghet}%érl:ﬂ cBosh C?ﬂ?éﬂ:t UtkBg Q&fh_iderétj_.cal
alf-blo er eas reson requen opt ai ned js
Chen oquit L5 & LReL s S Trg P 17 HaTanEreet oty Bedl By
4. 12 CcpamdEdicurenrtiseess 36vs pfobRit®gsa bl ock of ‘

| ow f r equesycipgezael etbek c pNPOGEidee maker icak chddang by
rows of A3Rd GRS M LerROshs ehbedied,did 8 dLel SGld ©
material, said processing conprising the follow ng steps;
machi ni NFREBTEPART L bPOTIE 578d%E o For 7R aff ar? ayrg1e the
par al | el bdpag sodf erebt axigudtar aldsdlseict | dage héebd flagepl ace

by a cer@mcﬁl&aﬁf: BERar atding thesLeeam G, bleek Jiphe tawo

i dentical_hal f-b[ ock tti ipitial block i
ol ane. pol BEAFEGFar” (25 FRE. i S40F DN SHr o pr oduci ng a

bl ock of fewiice t¥rwst hpEkresanhy poper pbsbngtand bars, by
assenbl i pg:ddie tawrhal fr bl eEKS, céhenisupesipes t iatbeifg
carried . i t ar f .e t .

bl £ bl ORI e gée,@‘& st ?r‘éﬂsﬂ Siy‘}ﬂr%%i Egmm
insert edSt¥Pt hiehd| apedsi-188pdrEesi Ly ohd of it ey iphane of
hal f - bl oskgssrposition, forming parallel conducting strips

connecting all the posts of any one row together;
filling the cavities of the cervamic block with a
dielectric material;

eroding the external faces of the block of composite
material obtained in the previous step, for the
purpose of removing the initially formed ceramic
bases; and

depositing a layer of conducting material on the
external faces of the block of composite material

thus produced.

2. The process as claimed in claim 1, in which the
erosion operation is carried out by polishing.



formng rows of ceram c posts fromthe bars, by making
cuts in the ceramc block that are perpendicular to the
bars formed in the previous step, the conducting |ayer
lying in the plane of superposition, form ng parallel
conducting strips connecting atl the posts of any one row
together; filling the cavities of the ceramc block wth
a di eb eSthei cortessi ads edodigry tthe &bdtier ndl flaceshish the
bl ock ofcogenpesid e ayetest atorlbai Agthdud ihe PLeNd S ted

st ep, forn tphee pur, ggealof L enovi ng thhee %rg)tl al | g.for ma*dCl
cerani ¢ Dases? and depositing & | ayer Fondlitiihg >t
mat er i aldegasikieneRtepPnal faces of the bl ock of conposite
mat eri al thus produced. 2. The process as clained in
claim1,.in ' t he. erosi operat,iqn is carried out_by
pol i shi r?&.e @g%c%gsm%' ngg'lérgé;d agre'cl%a%lar%gd |f”n cllnai‘%lf?] i h
whi ch a G6RPRAUBAPES| ayléresf €&ndGendwRf ivgt eredglerial  is
deposi t edpositde @xtenakréacas ficesherbtpekpThik RGrsad d
deposi ti S . Th ocC l.ai ] ' in
W oh o A caab s oy FaRr ST bondost he b of it Lns
deposi t 84T6RS t RBX@kt%r ntt  Fiat eSORFUAABIDISGERPRULY HRE saf d
deposi tithg stap Fasdpéayerntfionm ng conducting strips
parallel to the conducting strips lying in the plane of

super o“?'rhti on. 5. The process as,clained in claim1l
Si

conprisithg gPFHdiSFy Gfie OF¥RE t W HAIF I deksCIBLRART
t he twodrahflild owlestdiusobt avacthadvredrtker entthdti chaesses.

6. The pLoeesFods Cl akABg inGhaimed, wherekn the gri-pgi ng
of one ?}Fi,tge tsvvo hal f - bl ocks is perfornmed during an

i nt er nedi'at&"STEP ‘whi ch takes place between the step of
separating the ceram c block into two identical

hal f - | agks Eﬁ&cési‘se skepcofinkdpet POsi NG mand, AsSath| | Bge
the tVW)J%Egglggt£¥k%ﬁgﬁg¥ @%g'two half-blocks is performed
during an intermediate step which takes place
between the step of separating the ceramic block
inte two identical halfi-blocks and the step of
superposing and assembling the two blocks thus

obtained.



