- 0.019 337 Pi ezoel ectric body for an el ectromechanical transducer. The ()
i pventy on fel ates to a: pi ezoel ectric body for an el ectronechani cal

t ransducer conprising ceramc pi ezoologyr%sﬂraterl al. This type of ceramc
material is known from FR-A-2,332,962 with a conposition wthin the general

formula. 5 [err] i 1Pigzpgieqtiq hady for ap Mome@m‘:ai trensdesspect i ve nol e

fragii ons of the constrtuents the constituent [err] [err] is a compound of

a structure cﬁ'@smnﬁmmapsrtowsmezbsectm/mhoareeledhbmhimdaxtrdﬁddoay&rm&.vﬁ@ of

t ungst en lﬁFrGwahep'T Q{f"q_msfer-ﬂ cihosen from Ca Li, Na, K 'Ag, La,

B, Cd ang %;F, %rcfrm'wrﬁaa Y e a2 33 GE Rk cpmeosifop oyihin the

conprrssng rr err] 20 being between 0 and 1, n is an integer between 1

and 4, preferably between 1 and 3, if n [err] 25 is represented by x, x+y+z

being 1,00, O [err] xZX ereado. W@,.«O ®5_[) M} Noy JODYPHEIO,EP0ZE0,[ err] z [err]

0.95 and 0. 00 [err] 20D. In this"disclosure the step of. pol arlzatlon has

been i ngdi GRivAERAS ween ,20

[err] Polarizati B'H?gddr}gg%gg%%gﬁcﬁ%gﬁﬁe {:1?0 nrra%ﬂFe"%tqr?'e‘s en E?h#h(? %Bﬁveghl tabl e
for use as a piezoelectric tr@gsduc IVr?at ‘i to say the el enmentary

el ectric dipoles nmust be 30 i rrb(?e.rs 'Url"e ?’ed in an electric field.
Data frgmthe literature (e.g. US--PS 3 268, 453. gi ving the conposition

- b EFR- - A nd
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is represented by x, x+y+z being 1,00, 0< x < 0.40; 0.06 <y < 0.45, 0.40<z<0.95 and 0.00
L a,_, < 1.00. In this disclosure the step of polarization has been indicated as having to take place ata -
temperature between 20 and 200°C. Polarization is necessary in order to make the ceramic body
suitable for use as a piezoelectric transducer, that is to say the elementary electric dipoles must be
30 irreversibly oriented in an electric field.

Data from the literature {e.g. US—PS 3,268,453 giving the composttion PbTIO, — PbZrO, — .
Pb(Mg,,;Nb,;5)0, within the range of compositions of the above FR—A and the Apphcant's own -
experience teaches that polarization should take place at a temperature between 100 and 200°C for a
?:C?d o;‘ time of about 1 hour in an electrically non-conductive oil at a field strength of 1.6—4 MV/m

as mm,

The piezoelectric body for an elactromechamcal transducer on the basis of the ternary system
lead titanate — lead zirconate and a lead compound of the type wherein part of the total Ti and Zr has
been replaced by 1/3 mole of a bivalent metal and by 2/3 mole of a pentavalent metal, is characterized
according to the invention in that it consists of Pb, M, (Mg"_,,,,,Mn,,,,Sbm), T‘erO,, wherein Misone

40- or more of the alkaline earth metals Ca, Sr and Ba,
0 £ a g 015,
0 < b < 0.20,
0.01 € x < 0.25,
0.40 < vy < 0.55, _
45 020z 059 and(x +y +2) = 1.

According to the invention there is provided a piezoelectric material having a composition within a
range wherein a formed body consisting of this material can as a rule be polarised in a very short period
of time (between 1 sec. and 5 min.) at room temperature so as to produce polarized bodies having good °
piezoelectric properties (see the drawings, wherein K {Fig. 1), ¢ ':/so (Fig. 2) and d,, (Fig. 3} are shown

50 as a function of the composition. In addition, the material according to the invention has the advantage
that the piezoelectric properties have a satlsl'actorv stability as a function of the temperature and the
time, in spite of the short polarisation time. The piezoelectric response changes only slrghtly up to
100°C and has a good stability with time.

The feature that polarisation can be effected at room temperature has the rmportam advantage

65 that the piezoelectric body can be built into an assembly and that this assembly is subject to the
polarisation treatment.

This assembly is made, for example by securing the plezoelactnc body to a membrane with an
adhesive which is cured at an elevated temperature (> 150°C), or by soldering the piezoelectric body to
a substrate. The fact that polarisation is not effected until after the assembly is at room temperature

60 prevents the piezoelectric properties of the body from degenerating by reason of the polarized body

being heated to the high temperature at which the body is attached.
According to an elaboration of the invention, a further improvement of the properties. is
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- ~The piezoel ectric body for an el ectromechani cal transducer on the basis c@
the terhary system lead titanate - |ead e and a | ead conpound of

t he type wherein parf of the total [err?%ﬁsélaazlas been replaced by 1/3

nol e of a bi vatwniplisied 6y repRcingip & a3totdd be1 Dinolk PEFY dididoRitl byBrieddr morof the alkaline

char act er i zed eartfc etdlsrCp. SoatdhBa.i nvention in that ‘it consists of[err]wherein

M ing-one 40 or ?n?Eedathﬁ fethalaen fame(teaflt'ﬁawemdlséedcy reglpcing g’ to 2@ mol.% of the Mg by

jert o d ety '
151 1 DT R i L 2,

z) =1. Accord| RO= bm4t-he416runant lon there is provided a piezoelectric materi al
havi ng a corrpesr 038 @i4¢hi n a range wherein a fornmed body consisting of

this material 'kér’g‘"ﬁ%“ '°?m.§‘§ d in a very short period of tine
1/35F2/3
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[err](Fig. 2) sensdiw ]a l(vﬁﬁ rjezo@gctdy response/andde tereforé partidulanin s@fable i@ use in buzzers

conposi tion. o the invention.has th

advant age f’ﬁﬁiséot, e .;%%%ﬁm%%%‘%ﬂ% ot

pol ari sati on Mnﬁ)e. auTrIiaee pmaﬁaebaﬁwﬂa&héraﬁﬂnmmqo Emgemfya vwhsisngdalt dterlipa tubber-
[err] and hasliggdgelicnilkt ability with time. The feature t hat poI arl satl on can
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cured at arf®ekenrasitign t'en’pe?’man etm(osphE@O an ganclpsed sspacie P ¢tbry material, to- prevent

pi ezoel ectri cgmﬁggéawgl e linkoy th‘é‘ﬁemp%[g freﬁpg[;edﬂe I1§|"I'%é§t%a’lﬂﬂ'"¥ the grund cylfinders
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pol ari zed ed me nglheated to the hi gt{ngf nperature at which the body is

qlig °A®

| the gange, aacerding to the invention -
at t ached. ACCO ngfy ﬁlﬂb?\a}gmes namely tl?gsggvemm;?hﬂ ? nggiﬁc con‘:tant £ Y/ &, the

| nprovenent Oﬁv p! ar coupling coefficient k, the frequency constant Ny and the change
constant d,, _
35 Table Il illustrates the time stability and the temperature stability, measured 24 hours after
~ composition 18 of Table | had been subjected to a temperature treatment at 100°C for 1 hour.
The Figures illustrate the above-mentioned quantities as a function of the Ti-content, the numbers -
of the points in the Figures corresponding to the respective numbered compositions listed in Table I.
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‘019 337 acconplrshed by replacing up to a total of 15 nol.% of Pb (EL)
_equrnnlarly by one or nore of the alkaline earth netals Ca, Sr and Ba. A
“reduction.in the | oss ‘factor (tan [erg b1igs3aayconpl i shed by replacing up to
20 .ol . % of the My by M. -This i-s advant ageous for sone applrcatrons 5
A further range of conpositions is found between the boundaries: x 0. 125
- 0NB y = 0. 44 - 0.46.-and z - 0.38 - 0.44, in a conposi tion of the general
Tornula 10 [err] i'n which -a(= the molar fraction of Sr) is 0. 05 and b is
the molar fraction of M1, These conpositions can be.pol arised at room
tenperature within 1 sec. They are suitable for Iomrpomer uses, having a
hi gh sensrtrvrty and a hi gh pi ezoel ectric response, and are therefore

particul arl'y ~suitable fpr .use.lin buzzers, snoke detectors and
hi gh-f requency | oudspeaker s, 16 «Therr vert i gn wi |l & n@w be Lufther
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‘and are sawn into discs of 1 nmthick. After having been provided with
el.ectroedes,r the discs are polarised in air or in silicone oil for 1 sec. t
5 minutes at a tenperature between 20 grigh¢ PPy dependi ng on the
conposition, in a field of 1-3 30 W/ m The followng Table I shows a
nunber of conpositions wthin the range according to the invention with a-
nuntyer of physical properties, nanely the density p,, the dielectric
constant [err] the dielectric loss factor tan 8, the planar coupling
coefficient[err] the frequency constant [err] and the change constant
[err]. as Table Il illustrates the tinme stability and the tenperature
stability, neasured 24 hours after conposition 18 of Table | had been

subjected to a tenpgerafure trieatnment at [err| for 1 hour. The Figurgs
illustrate the abova-manticﬁled&uanti.,;ie.s & & fynchiof of the i £Qntent,
the nunbers of the poihtsgen fie © gred c®r rEspBnd®ngdSt @t I MpsEpdti ve
number ed conpositiops |istes jn! Fable 1.1 40 43 50 5% 60 65 3 101019 337
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0. 01 [err] X [err] 0. 25 0.40.[err] 'y [err] 0.55, 0,20 [err] z [err] 0. 59
and (X + y.+ z) = 1. 2. A-body as'claimed in Claim.1. characterized in
that 0.125 [err] x [err] 0.15.. 0, 44 [gabrl]gx:'?err] 0.46 and 0.38 [err] z
[err] 0.44, Mis Sr and the m)lar fractrono is 0.05. 15 3. An
el ectrorrechanr cal transducer conprising a pi ezoel ectric-body as clainmed in
Clabs 1 or 2. 4. A nethod of preducing a piezoelectric body as claimed in
Claims 1 or 2, characterized in that the ceranic body obtained after
sintering the appropriate startrng materials Is polarised at a tenperature

between 20-and [err] in air or in elastically non-conducting oil in a field
of 1-3 MV/rn for aperrod of trrre between 1 sec. and 5 m nutes. 20 - 5.
A net hod of prodgermgemr—assenbty—whergin a pi ezoel ectric body as cl ai ned
Inclaims 1 o 2{is- "c[llred@ man el gvated tenperature to a device,
characterized(ln |t hake polQrigsay gjr@ ¢ffected at roomtenperature after
conpleting the secuﬁag operlatiton.t Rdvendi cations 25 1. Corps ,
pi 6zo- 6l ectri (Eue lpoursuh tr am;dur;teu'r bl ect rondcani que a base du systeme
temaire de tifandte dg ISP |r:>co Le de plonmb - Pb(M', aMW) 03,
caracterise ef cqg qtz“ul tcco ga' ar Pb, M(I\/g]]14/3|vhbl ASb2/) xT
,r,03, formul & gane |Hq elle Meat au fmoins i' Tun des materiaux
al calino-terredk [Ca, Sr et Bf, 0300 _ o
0,15, 0 b < .20, 0,214 80&5“’ 0,940 y 4 0,55, 0| 80| . % <0,59 et 30
(x +y+2) =8 |2. Cor hS s& of | © rBvendi cation l=.acegacg,e @6 ¥n cemua
0,125 < x & 15 [0 4, [ S0 26 et 03B (2 4 0,483 gat Bsf &t Ta Fr&tifon
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"ou 2. 40 . 4 Proc6d6 pour la. realisation d un corps plezo-electrique @

sal on l.a revendbcation 1 ou 2, caracteris6 an ce quaummm"mwmmﬂue
obtenu apres frittage du materiau de QIQ!:Q-B&?pprppri ; une

t enper at ur egygAPr i se entre 20 et 200C dans de |air ou*dahs 'und hdil & non

6l ectroconductrice dons un chanp de 1 A 3 W/ m pendant une perl ode conprise
entre<1l sec. etl. 5 pisouldcgis.boly foPam elctfon@bdnichbtrdnediicerSodt the Basiblet thdfefiah Hste@ns
| equel |s cegd "Wbﬂ | &rconate|uc— c BhiM,sr MEHIQL qeheradarised| ds  theyehdicomststsonef 1
ou 2 eat 5i '--E‘-' - Banleliver:04 WRATRIN M ip Ane.gr dpse pfithe alkaling earth aneitals Caz ir and
que la polarisation s'effectua _Adg;gr@ﬁ'at ure anbiant. nornale apres |la
fixation. Patentonspruche 50 1. R gzwgl®#d,ri scher Kérper fO ainen

el ekt romechani 'schen Wandl er aufO.@a<is<de25.t erm ren Systens _

Bl ei titarfht-Bleizirkonat-Pb(M, 28)W55. dadurch  gekennzelchnat, dais
er aus PbM Myi o- b3Wnb/ 3Sbv, 1T ffoﬁsg?nf“,d wobde M el nes oder nehrere der

Er dal kal i met al b.ea bey adlclalitid iFBlaln® i, chilracterized in that 0.125 < x gzo.1s. 074‘4‘{8~%‘6.Qe§a&1
0,15, 0 < 0.38 & 24,044, M is Sr and Gheolab frddtion of S<is@.08, 0, 20 < z < 0,39 und (X
+y + zJ1& 1. 3 Anglacremechanitel faraducer bomprisidg d pisedelegtei: bodyzasiciaimeet in Chhimss) 6,225

< x 0.15, Q445 nﬁ‘j"‘@' of preduging apiezasiectric hody)asrlaimed in Claime 1 on,2. Sharpaserizedh thes
ol ant ot o e e R L PRI R T R i
pi ezoel ekt rfoss pérodop tiRRbetvaden 10543, aNASH n 1 oder 2.9 . verTahren
zum Her sgel | ens.cA methodofpraietiakan assanlitdy wikensip e piszoatectic Body[as claimed irodkivns 2 or 2 is

dadur ch ge_seglred at an elevated temperature to a device, characterized in that polarisation is effected at room
‘temperature after completing the securing operation. '

Revendications
25 : B
1. Corps piézo-électrique pour un transducteur électromécanique 3 base du systdme ternaire de
titanate de plomb — zirconate de plomb — Pb{M",,MY¥,)O,, caractérisé en ce qu'il est constitué par
Pbi-nma(Mgli-brle“MSbﬂz, :T‘vzrxozi Co o R
formule dans laquelie M est au moins l'un des matériaux alcalino-terreux Ca, Sr et Ba,
o ' ' . 0 ag015,
0 b <020,
001 £ x < 025, - S
" 040 < vy < 0,55, _
_ 0202059 et s
x+y+2) =1, : ' :
2. Corps selon la revendication 1, caractérisé en ce que 0,125 £%x< 015,044 <y <046 et
0.38 < 2 < 0,44, M est Sr et la fraction molaire du Sr est de 0,05. : = .
2 3. Transducteur électromécanique comportant un corps piézo-électrique selon la revendication 1
40 4. Procédé pour la réalisation d'un corps piézo-électrique selon la _revendication 1 ou 2,
caractérisé en ce que le corps céramique obtenu aprés frittage du matériau de départ approprié est
polarisé & une température comprise entre 20 et 200°C dans de l'air ou dans une huile non
éliectroconductrice dans un champ de 1 4 3 MV/m pendant une période comprise: entre 1 sec. et 5.
minutes. : : - :
45 - 5. Procédé pour la réalisation d’'un ensemble dans lequel le corps piézo-électrique comme
revendiqué dans les revendications 1 ou 2 est fixé & une température élevée & un dispositif, caractérisé
en ce que la polarisation s'effectue a fa température ambiante normale aprés la fixation.

Patentanspruche
50 _ o
1. Piezoelektrischer Kdrper flir einen elektromechanischen Wandler auf Basis des terndren
Systems  Bleititanat-Bleizirkonat-Pb(MY,,MY,)JO, dadurch gekennzeichnet, dass er aus

gb,_,l:’n.éMgi;,t_,,,,,Mnme,,,),Ti,ZrO, besteht, wobel M eines oder mehrere der Erdalkalimetalle Ca,
r un a » ’

66 . . 0<ag 015
0 < bg 020,
0,01 € x < 0,25,
040 <y <0565,
0.20 € 2< 0,59 und _
60 x+y+2)=1. . o
2. Korper nach Anspruch 1, dadurch gekennzeichnet, dass 0,125 < x 0,15, 0,44 £y <046 und
0,38 € z < 0.44 ist, wobei M Sr ist und der Molanteil.von Sr 0,05 ist.
) 3. Elektromechanischer Wandler mit einem piezoelektrischen Kérper nach den Anspriichen 1 oder

65 4. Verfahren zum Herstellen eines piezoelektrischen Kdrpers nach Anspruch 1 oder 2, dadurch ge-




-0 019 337 kenhzeichnet, das der nach Sinterung der geei gneten '

Ausgangs\/verkstoffe erhaltene keram sche Korper bei mmmulﬂﬂ

Zwi schen 20 und 2000C an Luft oder |n e| nem el ektri mﬁmumien Cel

in einemFeld von 1-3 MV/ m zw schen und 5 M rfut én bol&arisiert

wird. 5. Verfahren zum Herstellen ei ner Ano nung. wobei ein

pi ezoel ektr |'96'|we!chrbe®td er nmts"dqmgsdefm etamhagarmswmofﬁ drfeiteneriarinisehe Kdrper

Tenper at ur °‘éf:’rf F“’VQ?“F F& Q“ °“ﬂau'a&“ fekuisch gt feienden Qekin

dass die PolAM k) f Qv s L e her ach den

Bef est | QUPOSAHRB@aHMESH tér wp iy Poiig DSty Gh Badian o
_ kennzeichnet; dass dle Polanslerung bei Raumtemperatur nach Beendlgung des Befestlgungsvorganges

durchgefiihrt wird. .

10

15

25

35

60



