PATENT SPECI FI CATI ON (11) 1515287 (21) Application No. 25370/ 74 (22)
Filed 30 May 1974 (21) Appiication No. 49709/74 (22) Filed 16 Nov. 1974
((19) (23) Conplete Specification filed 14 May 1975 44) Conplete
Specification published 21 June 1978 (51) INT CL[err] HO4R 17/ 00 (52) I ndex
at acceptance H4J 11A1 11C 11F 11X 13B 15 17A2 17A3 1X4 24A1B 5D 5F1 6E 6F
‘6G 7E 8B (72) Inventors JOHN FREDERI CK SEAR and GEOFFREY M CHAEL GARNER
(54) PI EZOELECTRI C TRANSDUCERS ( 71) We, THE PLESSEY COM nenbers are
identical and can be of any .PANY LIMTED, a British Conmpany of 2/ shape or

f.oorm and the resonant frequency 60 Vicarage Lane, |lford, Essex, do heréby
of the transd are t i i r which
we pray  di m?&Tﬁﬁﬁ?hWﬁiﬁAﬁ@S tha{ﬁ?ﬂ 1315) 2& ‘ _
grapted to us, and c JMectroded nmul ti-layered d by
whi ¢ t 3lyApp] ? particul a([si) T ed and

(21) Ap ov 974 I O\ |
by, t h&y ¢ ﬁlﬂ ‘1‘5} i'ezo- fol | owi i ¢

Sar Om] ete €C! n . o
eliect N e ::} 55 The |-nven T e A3
‘plfez i an VI de by t he supporf (@0 A Slider s.
ansif ngg) gld war&é Ea\Ac@f di scret e regi ons Piezoel ecty I\ 88 ( } in

Whi Chre=fin EP SAON 1CANA B :isms #12 {7A8NXdVBLIB shect \ WSy [
obt ai ned by u5| ng sm@lewerdc ameBWhi ch are coupl ed t oget R E# pressure
to rrechamzy:nivbr)tondﬁﬁ(bHNrEREﬂﬂERGCKlSBARhydIGEQI?HRBYl el . The suppEReH 60 an

provi ded by 15 known. However, the usefuykrness of trans- two rigid menbers
of a perforated materi a(54mIEEOELE¢'TRIm SDYAERS particularly when and the

i norgani ¢ pi ezoel MICHAELTARNERI are wel | f0r this arrangenent can be
nul ti-1ayered di aphragm nenber used as”a ni crophone in a tel ephone hand-

woul d be s(ain)dvm &\hedl‘HB ahE Eérféﬁ)Mﬁ cnegebers gre Wﬁﬁﬁ?ﬂ eberplcamini cal
proper | SAILNITED s ferey L SR 1 ggnsducer
el ement ffﬁe hm%ow randSthé0 hi gh cost
of assenithay a@ﬁteﬁmytue@m ¢ens, an the ntth mmowme matrg@damaméamwé of the It

is known mqﬂa’@b high %P‘H&“ tt"l"al sm‘“‘%lﬁf yer ed

di aphragrfﬁk:?a]gsﬁd@e a?
the two peTHeOinER elabds bepiag:ekudnpeod:@dra@m oaarhecnwidddrhyamm t nember s

bgi ng1d n tralg goewer. Al ternatively, f ﬂ(@“fﬁlm’/@f riﬁ affgl?%
St et S T it o ST, o et ng and the
0

appl i cat izghhs | faechbhigdll erdiec &mseﬁrpaWnucmha ans fb@l ds.

| ayer ed dunarpulrg ipienoaldctricomateriah draiwsH e dfor FhISThEangﬂmntcm

pi czou el Ml S, S eEOCE LA f’ ol ui ng
a multi §&n 8 dl Lwcﬁid ntefi o.dauaphragm
conpri si net, Hﬁntdd&ﬁ& exhwhaqﬁb&hptdpmes dfhestm bptvmd tlmai ecfgqu rsvm 6% one 30
Iayers s dxa tragsd eb dively ¢ sl°e§$at‘u %‘q "abzf '?fé“l??ﬁ 5i -1 ayer ed
di aphf%g @ g Jngq assz-rbafs ggﬁiggﬁ %ultl-rﬁij[ls| gdsqﬁlafa msur face of
the ot hercaﬂ b&in &ﬁtbﬁtlanleadiHIhc R\effeg afe €4 eﬁura 6f @he itv® peroraexd which is
cont i guou@embﬂtnn subj ect l@;stttsﬂmptsf mbe%bﬂﬂansll e gphr agm

Surt g QA R saftamagﬁg oL faﬁm‘ L R an

unt en&? onR te vvo e roughene ﬂf-edpﬁ@ .ou Q%e sivivhenins uppor t

means to fﬁhemrwaxtdntpra\n@s a piﬁml i zoaal ecttcmsme a f?leere‘,lsldf the ducer
el ement . transducer including a multi-la %n%yl;ﬁ any In

h t least two
one apg Ay BRER il o) o diotads fecaaftl %urf@deeépQﬁ@ dlti-Tayd? di&iidpﬁﬁlgﬂat erial but
is; or ar enk rﬁnﬂrduplestlcs Heyesu Epng mlenteamhntsamhd:besurfiacef@rtabl hle rigidf | uori nat ed ,

hygdr ocar tségstric o ritsy fﬂef’h‘@ﬁﬁ is\gARt oeI ctric
”£ o T T lﬁpﬁfoﬁzgﬂy e
i dene3$| Llﬁfw £ support ynéarnyc ddans-or ioa acncbaylengrmm ‘M‘tﬂeed in an-
un- fl uoiﬂpmﬂl@&nbteh t %Lif{] %ﬁ% ?"tu SF?SEH §§%b§1°ét@ybet ween t he
(vo 111 4 e et R AR e
each ri gl kwd ﬁgld ue&ncam-a&inex:wchca p@lyﬂiq:yut go

cont i dQousvenirt dperurs dhraging

d S t%e A -lngetdh de#%rgé'?r Pvem)ll_ dfef or mati on
1 1 -
which 43 SCEREGETEE Sl o ey
undi m ni e@s @J thht D&En Q@ld hﬁm fst Uhé& &int Rhdt Eodh i Ebétp el Bg in of
years or doytiguoin atare eofathd rfena giver mechanica deformation whn:ht he two :
rigi d%nh f e§ rl‘alg };ﬁ%ed dla%lgagm, is substantially undlmmlshed over a period

e apert res m th l& mbers béing in  of years or gby ambient temperature and

1, __515 28 register. The apertures in the two ng1d humidity vartations.



The foregoing and ot her features The di aphragm whi ch can be circular, is
according to the invention will be better of a thickness that is
preferably within the understood fromthe follow ng description range 10

to 100 [err] but may be in the range with reference to FIGURES 1 to 5 of
the 5 to 500 [err] 5 draw ngs acconpanying the provisional ‘Two thin
el ectrically conductive el ec-70 specification No. 49709/ 74 and FI GURES 6
trodes 2, ad 3 are provided, for detecting.an to 1i of: the acconpanying
dr aw 'ngs,/’n el ectrical potential devel oped across the which: .
maj or sur - The. el ectrodes 2 and 3 FI (URE 1 di agrammatical |y

|||ustrat " -can-he nrn\/l ded h\11 ﬂgr Inn ar 10 LN a Cross- QP(‘[ZI (')nal
si de el evatlonThmeforesv oaadl GlhefedtQI%ro ah len'hr@nowhldtmbe cirSula; sangenent.

for a pi ezoelﬁ%@’iﬁ@ t"gurﬂ% X mﬁz‘gﬁe{f m‘{i‘!ﬂ%each nQy

I n accordancg,,lm toS ofeecs onnect | Ieads 4
FI GURES 2 sindirdvings agucampady atlie tolisiondl0 t Ewoni Ielpnt rconductd'el klec-(- NT=,

i || ustr.ated) quczfcetr Péﬂﬂ??%’?b@é@@%ﬁ&ﬁaﬁflgdfﬁnég ctactingfna %e o
the term nal issOoPe RECTTRAE, fiapingly n , CSHS LEeRGer”

el ement ‘of bEFQtdiﬁkrirmnﬂithﬂ)aMhﬂratdipedﬁﬂcean bao xawpedemeﬂ»aanhglo} Lo
t ransduceto oftnFa@mEs tigngl Ttd‘f En aw?qr#q thei onpp 75
oele ESIHcer

accordance W nt Tﬁm ugct ice
however, G%eﬁ%ﬂ%{%%d% dlgal- | ytoltérnunatﬂnspfr@lih;ike (ﬁt ﬁ?’ getri CaI

out put . | ust rluatretelxmcross@wowsm dmtlon;laule IaIpeagtice, @ngermmalﬁmnsms the hke will

di agrammati c & {npqlt.jglt J‘T’%Jé %E*:Lﬁt@t %&:&%m E)Je ed aTnlfI: 80 _
pi ezoel ectri Ggg r s efén[1 05 aGEbn nd

according to tFiEiUR;ESemand) d:a atlcdllyail-rmdlpi'odccb alquaeig:ammutpft the "FI GURES

6 and 7 d@agr“ﬁ tlFlc?I Hgns | Eld‘ tfﬁ JBtrate
respectiv cﬁyigg thMynuo tflﬁ ha Bf%Sﬁa& ied mﬁ Eﬁ.hepst hin

front el evati on[ ﬁscma- $i fagmt ofi BmwB(E aomdmbndm:e
rovided

el ectrode trige repectiv c ;m ther thi
vecveen g | ﬁ@%ﬁ%ﬁf e e T

is la an %E st i@ aadilb abtie rﬁeﬁﬂibeﬂS&nﬁSzhen ther ect
repl acement fsmtabaforpmttaraldgesttrmemntfom M@M dheollayqss @dllh amlpbon e

granul es i cr"g‘ngﬁﬁlﬁ?“? g‘g’eﬂ“ﬁ‘ﬂ’hf’%ﬂ wsed ig fele- freckions

structuresy s Ndi5p@drdmatically illustrates ment in accordakw haShea P&tes 95 .
bi morph. - Thi $a. arcrangetiondDside elevalig@URRoI:- dii MV¢scamuyh ighelatgs electrical ment -_i

:_]gl ggcor?ﬁcgéaﬁﬁg 1y téér)lg guc%gﬁoggg:(etrheel r ct f o f]e sEchtgleese}'o?‘vﬁte' on. a

whi ch utigs- zesmumtqounustrhtam a‘nhahpedincEl gwmber qﬁpemkbmlayem, fdmeammﬂuce_l
accordi ng tomwng_c celiing | a8 i iagramumatic npgrt, in

a aphr agm of THEEPE ot 11 Mo g fﬁ;&:smégwaw

i npedance N hmam > a&CEd’cbﬁ‘d oRdee ! Selecfrnnayenaapband ickailinighedbe-ng
circuit faor mr@smusydw hnmd- an msarglcros fredes. %iandla ersth d, 0$n

part, in m crp %B%l:g Z ns- tK'm electrigafly- ’. lgﬁ Wi ngs, &
composi te . gs %ﬁgv& o bl R SRR P o et

s;_a%

e Carybrs eaﬁpmposed of
three piego- thh. zapherttic C trahsd ucdrl dmktraat-e sémﬂm‘ slmd@ral aetaemnencvwh enso ! a

| b and 1csa _ °’°‘ di FCI 0-
ég (Eg%%til y clu ?in%]member n€§ %‘3 g 4% gﬁbz Fre

tween the el é%-
pi ezoel ectri (pldzdi' o lis ¢snnaérm;tfon exahply (ndncdmcthp\pkcwd;c”t emteisuaﬁedjbmer S

accor di ngt o 2 fEorine 2 prarbon le‘?‘“ th‘i/’él’ d 1k dbis patcthEel e R
Referring to uoﬂld@% ’ﬁ'ﬁ%&’i" Hrﬁaﬂﬁde LA}eonl:ayers Ic,
and | b. the prépsiens @Bpolyrer] rEhBS thel’ectdc ag:fam struc dutlined tin Upre

arrangenent J#yeishazsd lbrmtincﬁ&qu i« Eﬁ?ﬂ% i“ﬂ“‘&teé ' be é :

used for §She %?ﬁlﬂe oé‘ﬁc%'e % mﬁg@cﬁ sttéﬂ:élvéﬁg rﬁudm a =

member . whi Clﬂheo efs@&lan@ btnha;c LAk oA abgethe R FRel w@ | ayers

la and I b of zoeRIctﬁdRﬂewe ctutehecdnayer alnangemsxn h%VFc S :
‘:&,t%:% uat ed

pl astics rr'at Yeh S ‘éﬂ?ﬁ lus g’@i’uﬁ trﬁﬁg}'ﬁ
be--a fIuorif ﬁﬁxe?a eGP DIt b by ah  (10Co! HOCMO BRI thetathed &) ate AR d 129, -
Thi s structuneé is sormél to tiepmajor aauchraﬁ pred: er;uh | pad ©f the filaplyagntiexposed:nown . as

a uhi mor ph. and the polarisation. Ofﬂ_{ | "'sde‘F{“H’éle‘H hyl ene -
The™ di aphr agrﬁf\mm ﬁ@%&e ‘ﬁ% t’?’ ents “ﬂ%& e‘Fﬁn pi ez%{cl ectric
of the stesuctrequéed.out ned In pr ece I'ng. |a'j?brapeitla'esalﬂdndyb’eafmylshapelooséw '
contact and. .paragraphs Is, as i's illustrated i.n FIGURE may be, but are
not necessarily, bonded 1, sandw ched between two rigid nenbers 55 _
together. The direction of polarisation of "8, the sandw ched structure
bei ng clanped . 120 the layers la and Ib is such that known together by
means of a perlpheral clﬁnplng flezoelectrlc flexure structures can be

- s o,




on whether a parallel or series binorph is piezoelectric transducer. 65
required. The apertures 10 nay be of any
shape_or 130 1,515 287 form for exanple, in the formof a circle or
ment of FIGURE 5, variations in the size.of a regular or irregular polygon
with a the holes in the rigid, member 11 and di ameter or maxi mum di agonal ,
di nension variations in the surface roughness or within the range Og§§>to

100 nm the pattern profile inthe rigid menber 12 may preferred ran

being 10 to 15 nm : be used to effect the sane results. 70 |
practice, the piezoelectric transducer It shoul d be noted that_the
pi ezoelectyigc-of FIQIRE 1 s nmnun 5,481 2 manner transducers--accehr di ng to

FI GURES 4foand0153xample,rlmlwéetnmf atcmie prar miesLof aFII(:E I5i vagietiopminithe sizzah utilise

any._one o PRI t thesh &eid mpmbsrall B8 mount ed
anpone bt ofs ﬁ?%%%q.@w 580 0 i i i roun e
aQous,t—Jr—\capdegeuecyraghsemg)t(ltdnis ama hragE: used to effect the sam85esult°so at ed froom the

rear S Cebﬁwplwl @vﬁ%@c E uldihgeno 91'3% arated from
the rear SyfHd g‘». pak %ﬁﬁnﬁ“iﬁ“ e el 8 ura"ty

def i ned agktisk isbe bemounted stru redlo&ﬂfneﬂﬁnrﬁ@bm h each form
a Theto essmstm the &g c@ﬁs Bmsttcnlbnssr;é EE phtra sducer eI emems and
U

whi ch are '°d i &4 \& | ed
t oget her fei; ﬂegd%ﬁxtﬁrqugmﬁ 8 AREe ur@e v d hé’f“} l?iif;)kness of

the The affea redonaﬁcﬂneqoén hd thie Sttanst es tectmsduserchl whivhchire an be

si tuat®d ‘éﬂ‘i dept ondha F‘ﬂ‘is}?éwflthf’ t B ctrigally-y '&Hﬁnflhe 8udi o or
o ot R BT by BE%E:" B B

perforati l(hél&u 8 @ Qitrag@dnid bg‘:ﬁﬂbﬁd Omsby the size of the teglstelnﬂg "pé‘tﬁ)t(mbﬁbﬂ s 11 and

in thg ar¢ Ee cEt!“‘mnorlsl n not her nekingt of FI GURE

5 by gﬁ‘g e D g §rtﬂﬁ ngSt o t he

per for at i i(ﬂﬂéntidﬁ €chTB: igri m&ﬂdallyhesdrfavelﬁdgﬁﬁbss patse loagnammt ically

sur f ace rﬂiﬁ% drsa crosdsestionnl tldeeqiwamn t mempérildstrated in a cross-secti onal
ich

si de gl ev T' ¢fithe sqpe wehgenrdbhram Each
of ths !gedfﬂ Srfdrbied aﬂ"uggs:ﬁ%?ﬁ §; ouste mﬁﬁ%’iﬂﬁ °°§l q“%w i gid

menbers dmbiaredwinglamped tvpbtherthyarmnkjc pllysmid dmensno&Obﬁt of tha ?Qn%::i@r at ed

rial , oftthep ?;' ¢nts wark £9-ppeta in's structur
nel nisg AR A m‘*ﬁéﬁ%"f i <PRae L ﬁéé’i&meﬂ* § e

separ at e- ofThé heo [rigid ple divipe g aélﬂﬁﬂgﬁmﬂfre otel fFoithe lﬁfé enfy enent's wor k
co- operat‘ll inh) apherality phdis Me&?lotishabarﬂ ﬂo‘f |R§rf9rau9n8tlhéhe parallel to

pr oduce E ﬁ%‘ﬁy P h;fg?g@ rqilY Rt o E@g rsgmgsgﬁ‘“;r egi ster.

resonggit 16&%@19% b nenca agfe edgan eElVMat (¥ gv & oy divide

t he ei t higrming bunnhodlwmgleimmudhefré mEuem nsdl kaving)a range of pl ural ity
()

of di.scr 3“3@?“ i% °I°G§HH°5f°a‘fhr1f’fer‘*é‘stdlffnanc éﬁﬁ? ?ef}fl%‘fgl F 'teﬁ’e whi ch each
e

t
form a sehgh RALRREA or RT6S T Thalnbelinct DhopHibeietattrand) t €1 -

el emed aglekctrihi trimsaneerc acrpirdidg ttog eiteheducensapf FILHU BES 4 kel § B deemiinel of05t he -

t ranSdUCérug%:gg l CI'OSS-S rﬁlﬁ Fél?et\ll :.nt? elﬂqe g?&i ﬁg% srmot hed
out 10 9i HFIGOHES w1n Pt cit %sﬁﬁggﬂf’é and

f r equencymeodifigd n haf/the picaodlaairiy e oy coinenticnalispedinematcingaid of each of
the #ff efs‘?széG 4" 518%1 tﬁn lF%Ue ireuitey. ansd cer el emeis,

r esonanc Eg %§:§ mb gsth;:l Lt &lﬁ pLivity, ge‘ . for the

pi ezo-  su theTEdF {tﬁ(i’s i0 oﬂt with €&0€j mﬁan é‘an He&eﬁroné@b vitlaBi6d 6ﬂ c -

te ansgluceqleig&eﬁé@? tug me ﬂed Cers oﬁhe Fp@RE@tnic aswdefﬁcnest cdt grermi n

i nven ﬂm{‘ °p‘} ‘ﬁ%ﬂa}:y iﬁgﬁi‘g ﬁ ‘Ef lt‘?le

di aphr agnfotal Msérrlﬂ:l n kH¢ dSgid kemberS@Ct pri mﬁ t% ﬂ d:: an,

theref or eped;}lvrirmd@yrlsltdtanwéia%#@wf ian ﬂt&d%ng)ll&odéc;udﬁer cbly thend Whl chis

a to.eff mited oayy aeou e g it t he

o cpolf e gt m*;@,:,mi%aﬂfammamg:: g i Her o

FI GURE. 4, selﬁrsep fing, Butrarglptbferalﬂplm thec abi ity mhﬂstueﬁin;ng a rigid campmg 110

per for at € Wﬁ?r@g Al %EZP jag sup qﬁ'es“g 1 Tt Brle of t he

pr €060 r W %uﬁ :ﬁlo% 2 thgn\g‘ e abebrdi 6 deers
~accordi ngoftlce Hoteewﬁunimaange ednni- Cihvdnﬁon rhrecmhta ) vuet h'ag &cerl nvention

can be cd] FHGYRE i4(b\h°1‘GP“eI the e ra@fil | ed.

the pi ez @ﬁ@rmg @“&rfw i die Y,:,:Iz‘;t el e 206l ect ri c
-t r ans&hUC edonél-of i lra@bﬁsa.gwn ange-r aﬁ idned t£ yeby gesrent s of

FI GURES 4 and 5, the per- vary| ng the polarising condltlons dur| ng the
forations or holes in the rigid nenber or process carried out to make the
pl astiics nenbers 11 nay be of any shape and of a nmaterial piezoelectric or
by- varying the size limted only by the required acoustic ratio of hole
area to the t ot al ar ea of the 55 performance and t he necessMy of

Y o I A NN o Y o T



form of a circle or a polygon wwth a support structure for the diaphragm
di aneter or diagonal dinension within the O her advantages of the
pi ezoel ectric 60 range 0.05 to 10 mm Variations in the size transducer

according to the present 125 of the holes wthin this range can be used In
i nvention are that (a) the transducer the arrangenent of FI-GURE 4 in order
to stru res are easily constructed and effect a variation in the

acousti c@sonance . thereby relatively cheap to manufacture, (b) of t he
structur nd .,to thereby effect the piezoelectric pI astics menber | is
in an 65 -control of its response. Wth the arrange- untensioned state
and therebf gives high 130 ~ 1,51513828%ensitivity and freedom frbmlong

term tensi onegditiomd and [TRE@IO fom Mn@SleiB'S terRloBRI and; ARrbibiey iplayticd aéreg | ons due
to plastics @m plty wixils dire; toplestiay ereete d. rdﬁlmohrs@vedeerré‘ht dlis¢ c)entem use of_j

a light pl asist tt@ﬁ%aygttdpzﬁtt {f?t‘:\émﬁt o] eyt Ft%ﬁﬁt“i%% sound

confers rgbu cﬁn

sel tag%P’ aVO 2o,
alternating 5elat1val|s«dmhllm arodim&m on fborTis neegmed. o('xtd)ut mphﬁevahﬂ adge
same frequendle transdu g 5‘}‘ °d BY apmmefﬁeatlm aple: W
i ntegrated cig %ﬂfs't s g0 i“gp‘ ,&‘clr °‘@ celling
provi ded 1oy an (b]mieﬁlihbﬂhtlSYm&Mﬁy s7 tvﬁth eraler mlst ti ng

t he - Mul‘l arde ﬂs'it Pﬂtfahggr :%ﬁg useds i T rtﬁf;A '
transducer r&FES e:?ﬁhﬁga L % ei % of %0 p (e) the
i nher ent . syniibgiké S!:n 1 ) judn@e F the éﬁiﬁmﬁﬁﬁ“mﬂ 75

enabl es i18pr ovE mdmmgtr@isdvdw#crmdms arﬂtctmdqaef the wansduger 1t3cbymt¢emstqf f y '

cor r espondi nW \4% g‘m g§t '1@513 {w 'fﬁgct \r}ﬁtégefmtlgl A s on
t

the Millard roléonaie FAANSAl BEE nifrobtbae Ghs br Pl i T er .
The term nal $c¢ﬂlsﬂﬂdpr9ssaree cAwsinge noeghasdal i it mm:ﬂedb veenahe termmals6 and tmnnect ed

S T e DT

have a partlwéealthe dletaudaladd B eapresdi atﬁg t)seod mphﬂa-.rrmdt ScubHCl no
necessarily &ht E‘F peessy ation. 2 'd o ?ﬂgﬂl} £ ?,

the as s ogiienind B S o e 10 e,.fttt 'ﬁmam t,ﬁhzz err]
capacitor O pazslyam FrEnteleatioaagd & dtoss- N GmPRIe. efroﬁ ek ween the -

terminals 6 %}Dolla@sldeglevatldemth? ine ohx’ of t°he°e§b g@éﬂl& iclo is @nnechHeOI eads 16

pass t hr ojgghacd Il ﬁﬁﬁ%‘ at;gﬁiggpsn?&aﬂﬂt ﬂ?ﬁf ‘é#tt'stu?gpﬁttbygst he

hole 17 in t 143&},5“&19 VEgpRBpt - of  an el eetric pot enti al .

be- . encl osuphorﬁtmscdmtde ac:hamlsdts artr ang erfﬂwtacowtm@slgntzﬁhehmanhomhes 2 and .3
n © nu €r’

represent at | GRS IS SIBLEL £ w%‘aﬂ b S Aot Boust i .

Pressure.ss transducer 13 ade sh)e gufe?iﬁi é‘ﬁbsdf t ea&x‘%lo

FI GURES 6 anthvéntivh Hongedcdwichia ragsenclib ofli4 t he hlas)dyhoMaattem ddaeeret whikler eby t he

90 di agramm@l‘@:ﬁ"l‘gcﬁeﬁlfesﬁ# at’tégfﬁteéﬁ‘éfét‘lfvg then h dég | T %‘Bhllé°%4°€1c fe as a

heat, sink fof lécltch &éﬁgdtﬁw 1551%5 ég iéa ('alphgss ansd | '.f-" er.

Al so, theqof r oind ie(e(ebfri@ cxdllajer au3@aﬁd| @l’éﬁ:lentSl de el eva ion on the . | iose

'x-x' of oné310ftVlV1tl¢1€a Qeect E’i dvtm@m) m 5 cglt&fﬁm fnﬂnest:r -

ar rangerent {HECIAMARE SN FEETHA E TR R i Prefes0

phone whi ch infetadbiicha rﬁtImUﬁ gold\S adi rQC'&he n%tua 1aenc4bosturt@e thetidl € ff

scr eeni ngdsof t’ﬁs two 9iszoelsgiria d:aymmrlﬂa 4ndrl3h heﬂmpmems mwu*llesefmrwm thas nbl y.

phone used i #f é’{%‘p the Fftll gried “‘tanT Q‘EA f KE

m crophone i §eh, pﬁieswfzrfﬂ@rﬁwh%t‘tvﬁe" ol BEURLY e ﬁsrm:ﬂeﬂf'ﬂvy the _
nunmbers in “rﬁ ﬁlﬁEﬁeﬂuﬁ;@BeM«ﬁmJ udes&gspr &mmdllaengalmar pofe coime ofli sc .
el ement s o t aRgeme platgs r o} the BN
brotect e 1 & AT aﬁtapmtt laatos b IO s st‘gwtm nan
encl osure 14d1ah6tehahe leapamtlw Ranl¥e - anemeni cu alaa afgeniea toan 3 .
i nt egr ate #“dwf?fi#ﬂe b’VlﬂvudF Wed Lt fKHIiie eT Fl?thioérth €5 -
tel ephone "aﬁﬁé E&ﬁ@‘ A T ﬁ’én tﬁé‘tﬁt : aéé%ﬁ.ﬂ’ééi 3

i ncl udes: Shlﬁ »f AGMVEEE hdd k [ PGHAHE wecy. tmnstphezp aRé ri C

pl astics | aygpsg gtsa temdratveﬂeeqéﬁ9°c and resonance is: mamly depenc}ent upof the8b whi ch
are pol arggsedy ?Eégﬁd%&jﬁ ol g évgﬁ& ) St Z%%%féﬁ?” e§ ﬁ%gggtﬁg
directions afmgy rins&ites thelvi‘scéda ﬁ:{tﬂaﬁ)

t ransducer 131scaefldnmfomdmde uﬁmims medn etlccsbunddtm}e\m urdns:mttedlt olghald pl at'e

14b and i s | gl l;’;é%‘ ggzﬁngs matarigl as ﬁzmdsmdd - in
the frontespl §Girt Bhes ‘fﬂ‘;‘“f‘ cgle ,é&?f an¥45mam“f%dtaﬁ ‘911: T Bk g?ﬁsrs
| 3a and 13b arrangenents preV|ou referred to, the 110 fee

t oget her and supported in an recess inthe front plate 14b mnuld be 1.5
edge- cl anped configuration between two mm deep and would be filled with a
3.5 cmcl anping plates 13c and 1 3d which have co- dianeter conpressed

di sc of 5 nntthlck |nC|dept C|rcular apertures 1 3e thereln pol yest er

rr Y . o



carbonate, the apertures 13e can be 6mmin to alow Q resonance in the
afore- dianeter, the layers 13a and 13b can be nentioned practical
arrangenents at each of 25[err] thick polyvinylidene fluoride

approximately 1 KHz. The depth of thé 55 having a piezoelectric
coefficient of recess and the volune of air in the entire 120 IQOCN[err]
obt ai ned by applying an electric front cavity of the m crophone defi t he
field of 1.6Mvcnierr] aecross the filmthick-. resonant frequency.
"the Qof the ness at a tenperature of 90[err].C, and Tresonance is marmly

: _depende;nt upon the al umi ni um eI eqtsrg)ges can- be- [err] ‘'t hick Irngar pore

_ . e __ - - e ' Tt ~gapor at i on.
- which acf “&‘g’ T'fs tl?SHaF & 61’1“ §1T pRe 9t °9| dual
e TP e e;'g‘%t?‘a%:t%rﬁ;ﬁ“;%&&t
el enentsb mrsmedoﬂ the tiiaehragmeattfmrqamcihse ttansduédreZOSamd aparaes oI ofr thas i tted

through des tl tham 400 M r1‘:;,c | rg %ﬁ @‘? rrereaqérmefara (}Egr'tms
| -materwm % fecpltes étt ﬁ fr A Eaecnani cal |y
discrim raaﬂh élin pue e,%ty tﬁi}he 2&33 stl at The di sc

el ement s usade equally weli EHEITBEC enauetedsb trggsduge ie230
SR e R B b e 2

si tuat ed %E pl ol tha. £&6ﬁ’ Qnelatre@ﬁi ﬂ@alleﬁin@nel :

tr ansduceasmeZt@ammﬂlt_ets\md e:camrsimidsrdﬂqua)lavcsdéctrodnsdﬂd . aqsxssometedarr ations on

22 whij ch pBgnss.each ed bet yeen thgevitho ﬁ% % L ﬁzg} ar800°)
i equbing gl edleorl il mp% T g et
plates 2in. r?lhﬁorc 1t& Ciffic haﬁﬁ Q iafly efchanmp )ton (lﬁblﬁﬁte@ t he
rever si biminiggurer mlmphqm.ve abecdusg tth_¢n2aa r'eble%shm aor@eﬂanetcercehe of the

f ezo 11
pi ezog| eCiaFiancs ofacpicz ‘ifﬁw@'r‘ Q‘g‘g "1‘%3 exﬁ't itBhop! ajes 20a of
the o?@tl tﬂtﬁﬁmgrbmneequkdn&-@ GEGEI'S cHYe SIS mr G %xamed qual ly
wel | as refetidvdn @ mlcasﬁrst ord‘hezrtdlalnsdiu&eror&ﬁetalhekilmmﬂ matetisl.othe -

gener at oR8isgy ?ange%molle ﬂ‘“fg%EEM dﬂﬁ 20g C?&chan eag,p%i ﬁg ‘.%'gc vvhr ch are

75 utggli a8 dyﬁdenP. Ofadridee vlirl'{ hegosame
di recti orfroﬁmldear fmes;fﬂn @iaiphrag, str&uehefasleut tafato @N2ctrically

~ connect edﬂ ley P‘éﬂ’es@ﬁr naﬁ;im%pp ‘E“E“c Flét s and hydro-
have el e 'fT sifl dla %% g!? Qrema and the el:grgdes -
therewtltkoml drear by:atrzad; ewcaacw 000§ thick mdtt | ¥Wyer s 20d,

20b, 20e fou Omort: arrdn@@éntarl\élcm@@ortw of hdilms wé rsey - gpldhy hﬂ‘}gdﬁ"égy ﬁqﬂlm advant ages

“rolled t ﬁ%ﬁ gelﬁ é‘éﬁ@@ %ﬂmg% Q‘ghones

-especi al |aHdel uerm tscaa&r cﬂb’Je%Hlﬁ% t il platey 0z i Cr ophones
becausse ekienfadififoulc ko manee therrnqm:ddantare:nmmtlmk andpauniladwaetcrfand 100

- piezoel e qurtec pathy 1"!9 1132’9 eghy E'Ft yj3s st latest Fhe %9al ue whi ch
al | ows | ;i;’c‘;’;‘; n_ ar e one e A e . 85 mat chi ng
.of the t@ﬂmﬁmeaf ptaim deaadrlltys aB@n dtse ﬂéméiusrrnnt btoﬁgh;l’mttﬁlﬂe)ﬂllral for exanple
ef f ecdled dlfﬁcult onthe 3: rtp gbtamrth emsouns utmtttb&tnsr Bd
pl asti cs gead ﬁnﬁlﬁ zula ol |‘gl r{-ﬂﬂ)ﬁg ta Q Cifols. apertures
20g can ﬂtcahﬁﬁ’ﬂnicfb éver, th the C&li Medﬁfbﬂ H iszomested C pat h
l.ength- lestnzomnme@@@om todbh Beambutm 32@d thecﬂerCfretieg
i ncor%rﬁ;éﬁt%ﬁ%{; %ﬁ;‘:‘gﬁ:@%ﬁie y\ﬁoﬁaﬂjfd%g Q@nﬂgld a 90 front
and rear nﬁéi‘ro dﬂ veided. Ctl@dleﬁ‘% { I ¢onnécted fd @.hent

| OQpCN er bicansertbe dio gaxami the opindnes pnmimerma:o hmgodntcut ned appl yi ng an
%ﬂfﬁr g Mem 1

by
el ectyj carer Sarfod Sl e ARiRS ¢ 5 gm [ Ligdasign yh diczoph
1
across. t ﬁh‘neflilgﬁblf leC site he 1s% {its elﬁts faﬁﬂlm:dtSn ﬁUbJ ECt ed at
.t enper at wiembef i®Qhkéerehtlynrnth lhendaltm:t rsplmetricdd eatnd‘hreqaoted:txyesounds

iont r oducger thaPI“ZQFéFW@O@eE 2k ite arplages 201 wiichy ganth; of jalusnipm ands { oyr port
g e ST o .q,.gt'? L

convent i diag raénYﬁﬁsdJ&ahJ:dllﬂl@ nrlaio dnHG hole\zapmrrahr Inthe Pratsical t he

i ndi vi duap -aransf swe ﬂas ananﬁ#mn tlﬂbk el‘sed GRAC%F d| aphragm
di sc el ef ‘?éﬁ&fg@dﬁg ge‘F‘Ilggﬂz :§° & is' the
aper t gg- egow [ts fes 2 ¥p t22t msar range
t he requi rAedlotse-amellidt hotnhus: Idlaandroﬁldmanh he dn dwetoen 0£1ran| 18110@ acoustic
path | e”ﬂt rz%ﬁ%é’i tﬂlb:égart:r%g%‘ectm stde 0 estﬁeﬁglmg?g%ﬂs&aaér§r ﬂ:ﬁ)f pl ates. The
disc figufe ,bpgh h&@¥dePdIpi %e[ea @{ra,gd p Y eg/tygamt ¢ S are untensioned .
and, ¢hedadenre acoveding enventkmopdvmne mm:edodmnandFIMSpha&w- CH30' creep’

problens are avoi ded. The suitable as a practical device. It " is al so disc
el enments are brought into flexural 40 difficult for the same reason to
obtain the vibration by sound waves, the output being 105 required good
mat ching of the front and an alternating voltage of the sane rear
acoustic conmponents. of a noise frequency The output voltage S takenfrom

N ~ N




the relatively bul ky nmechani sns of known potential. The output term nal 23
I's, in a mcrophone arrangenents is avoi ded practical arrangenent,
connected to an because the di aphragm and the transducer inpedance

matching circuit. are constituted by the sane conposite  The acoustic
design of the m crophone of 50. piezoelectric nenber, the thickness

FI GURE 8 4s\entirely to the front and rear 115 di nension of the conposite

pi ezoel e of the disc elenments of the transducer i,n a menber is

i nher ent mal |. and the symmetrical arrangenent., The protective
corrp05|te p| ezoel ectric rrenber and its, _plat es 21 which can be of al um ni um
and associ £t ent 1113287 :

agai nst 55 . sydmmurng cﬁdst onWSpmmef mmbﬁntpressm ggatent mcm nthﬂs d1a-
transducer el ed *‘J@ra!';! Fdﬂllﬁeamﬂ one

a single hol e ZETHA] Ft'::s s %ﬁfgaltﬁrﬁg mﬁ

optimum asrrqimrmes )6f|’s Secll BRA - their uban ITTBﬁt%ht@niSorﬁlaﬂe@eml’ edeti:ly

achi eved wi th sphmcalhm oh@&twomad the - Boutim. |¢ppds1tmmet er, the previousl §$,ﬂf‘ed
advant ages inc¥ rEcﬁéash < gt

Fgitpnt cogier ¢ 4s 3 RES 104 69 10650
robust ness andp; %muew i gpar of‘?:‘E 8 g d%ﬂ% %1

- 160 mg{f@ the -
a t -
di scs 22 1f4b Anmmplscmaclaraddihdm, acousticaf ﬂneonesatchaeh endmﬂhxdemﬂushrebm and tAi
formof an 18 t
conpr essed di Skeoth N

Ak ﬁgdiiﬁwiliﬁﬁ'? gﬁm 4

pol yest er foam trneudagaatalnwaffr tmop&vmwyt 1@$peetively Providingdddin Ethea
pi ezoel ect 15-¢c mefeard to Pﬁf ment %thedmp 320111 ) theoapake

i nvention, _V\d;f:s(:ge d ".. gﬁ % i wh?gf ave "
1,515,287, capacitande - bridge and “the 1mpedance elec &@70 dokfated Ghd@ T _
pressure gradlmtchmg)rfesshﬁ emgr borentantibe| opitio ﬂ&edansaands%dﬂmh apdeat ed
device. It2c «-1 eq ait ja ?’%ﬁ |“‘| \3‘8““@*’ gr‘:g'l%elfgﬁ s‘frﬁ“&l‘ﬁURES

10A fronthe facgpe! ﬁ%l@hﬁﬁoﬂhﬁneﬁarﬁfc hawengs, be

construct ed f rindivatarie FB@UREley ehetrefer®, i cald es 38 e 89and sugpmteﬁ imamt . or der

th a et matchir sted o \qslge-clampad,
D e et P, e

mout h, opposiddsety thWﬂ&E@hSnetlb rdéE %f)ﬂ?)@ﬂt Ofn dtasﬁantthe nma_ se desired\Sound - .
i |l ustrat ed i hehigh ft aJ;moftt niEe ,%?}peesv&?( eropag; (ET pred jal i S
with. sLhe iﬁc. GF e i %g % I ; 'ds _ o % ] ]
di mensgi-ons™of Habitis the 6IRBtok tHe dddaﬁn;auatt,aansttweﬁ&tr&dﬁdewm e, e
m crophone. I’ rpoepdtialtqf drb, valﬂa,ethammlthermf nwlsxtloMQnabeheeiohp otmrcbrgthraale. :

Seoustcal by SRl e R

characteri sti o:vhushotm cgmeaéd dn ssme%lbetvﬁeenumompmd ttesvaﬁélengﬂmﬁdleaom wi-th.

the first ordesarth and the 1.5 p‘f”dﬁ uphy t egggea% eE;;‘ 0 for
The capaci ta“&}‘*’ocrﬁﬁ t,ﬁr"g&m;j ?t o CLdouad 1 b@rpi%ﬂdjh tRO4HoGktb Baks f OF
the 15 refgr rlﬁ;edaﬁ)ce ﬁftﬁfttdf&ﬁé cmmtaﬁgmntbeoﬁeenthxe dispinagms33f thet Inanspaose
' sponse o com- -

-across theaslm @Qﬂm maq;fof mtm !BCTF ST hg( Gyt EE&T@
iy Toefireg
ot'cla e’

5.
transducers 28"’
Ly ansayoer s, 20T midbille Wneas o e bl

| npedance -4%| eiktrom et&?glcle& dim to @Sumgcmspgdntddé’ﬂéacmmnhm sutthello
mcrophone ca iy et i gene ggﬁt% ”%5‘ fect ed
in a manner. asaied fh q% cfr@de cdnd o?dEYpr dfﬁ&tdnﬁn and
be -85 Fl GUREt's ﬂue‘]cﬂedt fném Gbx@mah ctromagneuc the’ mlcroplgheclterqbg aklx%tsca)hmhq;t

either in rlf E‘.%W disc p than a simple o Y}

t oget her Eﬂ g'tg%rﬁ Al tF? %@eﬁf@f"%?&? tiol! Rfckd- odes PRI

37,38 and 39 aﬁtdt &uﬁuamttvedo solidd lrnamin- o |pmm¢iam:m= dasmttmbted y ushiigphiredft ed <

edge cl arrpgg cheestisejthe '
13

pifective Wé@metmﬁ 255600% ordeanpregsife eadiqng) !"tmer
pre-amplif

g{ﬁgj@gf ﬁfﬁ&@ﬁ%‘@;“g' h%‘tff“é‘ﬁ“lt %%.ch-_ X
shoul d prefera@w ' vttmsryte feraeneltt»um 1 tehenbeid b ¢hat @n & h@actical - |
m crophone in condﬂneltqy obmhnerlthe miqno et mean'ﬁ ent| fwetkﬁ !destphede und t he

o medggc SO ol t“taﬁ il iy 6, Mt 00 o
pat h pract i calext %Q;fl&h encldsig! nl #cobist
by the arrow Amgh&Oordeza ksnfel g'adlentrmicrd- msﬂﬂm@em the form oS4 foamdisywould

t owar ds t he f rRjpiessan Phe PI'@‘H’G‘“& ﬁ"s‘ ° ! ?‘J‘F“"’tl’féﬁ"eof
connected accl;(?:)m ‘;feft, aﬂté‘ ﬂm}gvogde28 % ﬁe JS%%%%%?FJ‘%&@ jedl xbo5

volts, the emtter thereof p05|t|oned one be I nd the other, pre#era Iy
connected to earth potential via a resistance -on a conmopn axis along the -
line of desired R3 and the base thereof connected to the sound wave
propagation the distance be- 35 junction 25 of two resistances R and R2
tmeen the transducers 28 belng snall 100 mhlch are connected I n serles

o b1 ‘.u N Y M o o, . .

B(/b

-80_'

*

'335%




40 inpedance output of the circuit is taken between the diaphragns of

the trans- 105 across the resistance R3 by neans of output ducers. The
acoustic response of this com ternminals 26 and 27,

bination is proportional to the difference in The ntcrophone ar r angenent

of the pressure gradients at 'two cl osely spaced FIGURES 8 and 9 is not
susceptible to points in the acoustic field , i.e. the force 45
eIectronagnetlc pi ck-up due to the use of a peri enced by each dlaphragm
as a result 110 parallel binorph connecti hﬂsxggi(armpmnnt of the sound wakies
that are pli ednicioph@tecah,ods 1ihﬁ famaatahilg élr | etebﬁ:ocm mmlasumlet ebe iy ofVI a

the hol es{32, 34“%#4&?‘1411 “rqfélt?dtl‘@’ t“aﬂke I@U QSHGH '20e
whi ch - second orBi§?, i zﬁr hgﬁ mc&ﬁﬁ naI
mne a@& odeldt dc Se

el ectromagnets ¢ lohhe 10C. (W

outer eart he‘d"\elremt,racm %Iwh céa;ed)it cach s mwnalti; rmortthmembb'l |
15 and 201 “and TG GRS ét g:, 'hotcifomed giilee
unit. Fu.rtherm)rteansg &r rmgapgh agc ag\0@he der” presSure graé i ‘ent

mcro- ment 16 mﬁ;smsa 4imw1mls@h|hdvd3the|mne/| brlatsnorbeu m;itharthbﬁ)r om_g 75 -
constructed by UYBSyr pétovf ot apﬁ dhe ﬁ@-télgvsgtltg;@rgm pegiic e lg

second order prepaMdbe ugp m e VBT PR ™A apht d'gm -
relatively | ow Ieldetnc aatus tSGbult ed n$|pracbding nanWHrAﬁWﬂdile&IMil e 120 1.3~
X [ ] in, th% S t%%tltll a rﬁm1 &? ﬁe;iam ludmga 80
previously referﬁ‘r@ Gts 46and'47 fort S tape (ot ARGt ar féégq

co uence of tand Iwbhsdund oA s)raad 9! fof geTe Rlectrale, ith&stmnel’oﬂ Qlustics ayers

arramgement s \bpyber oriopd én thi ewallpf ESelﬂ$ quebﬂ and Ml erste
boscitr 111y B GGG ARbibe oy o o
1125 extr ermbet ﬁeﬁipérﬁnces a force proportlonal Béedoéctati &w@&ﬂ

ustic Hi gherth@rsk;pmprcargerumé tgleaphemte mfarmosald traasdttscranicmentn the for m

O aenom i ag R Rbanc, Cané) 0% 3ligsd t&%@&‘; PO il s'%t"%@at ed

bet ween each pr &\l agctmygﬁ 8w
and the associ gireshre watxmdnsca rfourbfoints nmymat |etemslp pfaslrcs laxarltpd erh;ct—ades es botd .

h
ir gig 287A E‘i_gé t e A to 108ql %eggur poi ts are 7 rfTil &ﬁﬁﬁ&}ﬁ%ﬁ%ﬁ nsdycer .as claimed

30 provided by the front and rear surfaces of ’on f s lastlcs
di agranat i cal | yeaeH of thetraeduice QSwhﬁ'Ufs ithShe heayers € pleactdtrte

| ustrated in Fl @iRepHohe girran ﬁREriLa pte cmlaamltmehaelaeelettmﬁe 5

of -Fl GURE picto t‘;‘; MATANY "’rﬁf’l e8n E%l %&f ween
the plasticsad ayansduedr 4311Te Qﬁiﬂd et o Eth 't}reé‘3 in o
di aphragm woul d togrrtlpr whlthe trbnﬁdﬁmr 48 dor; one| Othetqt ehmlemlennp fgyer lprpela

arrange- by twg é}‘ é‘“"é E}%@ﬁé@%%‘éa oot e A Eé\ 3"&%1“0
which is cl Osed tﬁ Fiegl oﬂﬂ&m olaf¥atic of @hea&se 1eio@1e@tﬁ
thereof, is 4 wpde.as:hre grhdleﬂtmmnsbparatmg fdr e grhtsaqymng sd dtamadpmoblectrmo

chanbers 43 and Sﬂ%i ftsh\@h‘ #) EPRaske e caqly o ?’t“ﬁd “§F§ ol.ari sed05

e ansaicer WG ST B 00 TRl iy

can have tire itkeedifevgbee of the forces bbtathed WOME! Site0Bickneds E hethieO i lagered 75

ural a#ya W@nﬁm d@' °t5s§# graslien - digphyegm jstip dke renges & $QO; micro-
egiies of thi a'xe Jigﬁt‘iﬁﬁ & 0‘"%@ i fildoledi GRhiND: bScliTRAE by0
way “of exanpl e. sedaudt be pf Qh/d su?y g’iﬁdledﬂnemo ait @ WhePel®-thee tiickinkss Cof the
t ransducer s out whivhds thﬂclpra?@eléhlq*@ a secolf-pxFer\\E "@é)lghmgdshaph&ﬂﬂm ip ity thg ransh 40
where externdd ggg@}bpe%vﬁat the ﬁtetaﬁ:ﬁ'f&zoa 113 Do hANSEMEE: b \Glikdi no1 13
access to both shdlgmet 1 o |on Shtee pd ntatxagmerem
conprisi:ng at | emtthatamdemntbt © lasmﬂﬁnaund ﬂlef suppbtte meh ud¢3twa \yigid

bl oct Irggel e agﬁﬁgﬁﬁéirﬂ?‘?ﬂ &sjzy elandwi AL B o réggo ﬁt‘fm?

wal | of the belmugx-tayeid)mémmatrra tmnamlr dfaickelg mmkhecxtvbadel Hémbercsol thmxchach 42

and the spaci ng <a® ;E'gﬁ%ﬂuﬁefn t?{k? I‘-\,f“ ”apglgﬁtfglfbegﬁ‘ggwuge n‘ﬁﬁfﬁ@%hed

ports 46 to 49 B&adi ot HeNSdiaptith ﬁwm,er 4160 &
in an un- 85 dueseﬁ titn mmdimeﬂ&eﬁrraefeeﬁm pmemberr nregxaasl oned state 125
bet ween suppor-+t i Pﬁsamo Oﬂvrt bete fAtm du@bﬂ&ﬁl&ﬁﬁ@

1ezoe1ec'mc a er m any one o e clalm to 6 yher
transducer el en‘%ﬂ‘l ai%é%ﬁﬁl esxgnp y 2,1_8, eans form a plurali rans-
pi ezoel ectriest AR dhoRd oat theA n¥ntie froR lixhﬂh-&[v ent

meroz: in claiml in which all of the plastics |ayers phone is one whose
out'put depends on are piezoelectric and in which each piezo- 90 pressure
varications at four points in space electric plastics |ayer has el ectrodes
on both and in the m crophone arrangement of faces. FIGURES | OA to | OC the

f our points are 3. A piezoelectric transducer as clainmed.-30 provided: by-

J.'L.

the front and rear surfaces of in claiml1 in which only one of said
pI astlcs each of the transducers 28 V\hereas W|th the Iayers IS

Y O~ NP~ A A



pressures to act on different sides of a single 4. A piezoelectric
transducer as clainmed 35 transducer 45. The sound ports 46 and 48 in any
one of _the preceding clains wherein together with the transducer 45 form

one the or each piezoelectric layer is polarised 100 first order pressure
gradient unit and the in a plane normal to the fmjor surraces sound ports

47 and 49 together with the thereof, and Wnereinth _ |
transducer 45 forma second first order polarisati: o H!ﬂnll 4H“|
IS

pi ezoel ectric 40 pressure:gradient unit. By arrangi n ayer
arranged so tr;at a piezoelectric sound po lt‘?% )l:,hl ch are opposr te to each -
fl exure structure 1S nrmszipd 80 ther ta admt pressures 'r7n

t he sane surfac mncroptﬁne mtnrancal flan &tbntrodes,at:ch(ﬂs the mdtmﬁfes 6 Jmal 7 of

transducex_45, 4 satp @tﬁlﬁ Prﬁli ofth rr“smssmaa

st S B
nmul ti-layereg 4304 tchmct Wiith fthis ﬁtcr@h anraﬁgess et
in the range mn'é@@l err‘l?/-w hrisiclpsedh sgeaplh % ey @ Oﬁldr meordn asdemblyrmt res.
110 di aphragm ' frﬁb% Hﬁi 1ezto§l ?ﬁg lecﬁ'lﬁr %‘%?&la%%rﬁ Esedéwgducer
as cl ai ned seco ngar, CindicBRAUDEL tHE a é daftkd. t he

t hi ckness of10t- heefwnmc@m |asd wtueh c#naltaaetlersamt I C I(bis ta bseundnnsllocxdrtuarthe fore oing 75

mul ti-layered d w wigscriptiqn, lgan ific examples of this

to 100 m cronet bhas e b §.g ggg nggt PRLORR dm?lgy WG example. A

pi ezoel ectric tehctaclmaesdueas ol the ATTWEEOCIAIMIS:+-he di ap hra m-

must be in tfnypéfﬁ@a aksg EFW“' ﬁtfﬂl?’iﬂ‘ﬂceftnc'a Fes to

The. pl asti Cs nam%%m e Sncrrv i ]

corrode under t asd twd e ortisBIghy s4 Ghe €@ yaleuatcﬁ:par tic® layers

condi tions of us ﬂ&ﬂd%ﬁ{%‘mﬂ i alb@‘thqm@nmgpiq gé‘lc anmmnn le% red
ne

di aphr agm be'40ng “4 ¢ o %& q'g‘g‘“ \Lﬂb
ro &M&faﬁd : rstatab&t 5 by mie i ekl

t h e
ed _
@B‘Feaagm dos

an unt ensi oned a qu
tween the two rtcglthle reeedndr erdeo ¢fhtite pméure:hrform aith tadnk enéememt er posed

bet th ti i ¢claiged and
e e 2 TSP e g %é,f*ssrf%“,ac ﬁrﬂfﬁ ﬁ%ﬁ%ﬁ%ﬂ 353“ o

order to ensurep@nﬂ; \adhnmlsranfou Poihtsén spEb ap reargfmpla§ elayqaaastdluc&sddslnb

rigid descripti ﬁh gﬂ earlaewnee‘l :ﬁers bei.ng i.n register.
: t nimed
125 i ncl udeszpany: BHOEL ﬁaﬁr L RracLs clﬁﬁf’“’ﬁ Iﬁ% LS s
transducer - as - CkdahdEthe ﬂ@sﬁﬂcms Mhexehs vl he'in yars b |tricl afd inAWRich saidd a9s/
one of the clai mscr@hpnp @rrwlsement mf tFE@URB dns pieeo tm péadﬂméayenhas an electrode -

support means :‘TE)‘ [‘ﬁ,@‘; ““‘135°“ bo %Pﬁ i i t hat
the ducer ejse & rﬁﬁﬂs b Sadmanﬁoni ti!% &I‘i&ﬁ 11111
C L M S 7together thh the transducer 45 form one the oreach pxéz 7er is polansed 100

7 nicrophone cafirst g@eagre %fm ‘ﬁ“t? hg | -“;l aegl‘t!'é gto ASUE |
el ectrodes 6 aniudiib W 3tils }gai.sameoﬁ% q‘ hl‘i‘n" “l%h!BURE 3
and t he el ecior oﬁessﬁre@iadﬁh&ﬂEBpnﬁi@rmmr thd eVyeralsSrangedC sun fiat WCpiedele@ting 2,

sandw ched bet tph s whieht 4re ch oﬂF;SﬂfQ)ﬂelo Erl?g)"!deéérgsdu grs 2805f
FIGURES the di E ﬁng tfl:ﬁre ;o ‘:Deui zf clayxsg:l ?1

m cr ophone arr afhgﬁ:fferéﬁye biithe re&tdb fﬁ)rer $h eﬁaluaesseaf: ¢ /hulfldyered
cylinder 42 45hit tws ﬁrseg edient gomst. rireshrmrnyermmmdge Pta FO miero--

assenbly in endg; pfile g % e ek bd10
formed with tWOs %ﬁ% x % %E ?ﬁxghﬁ pinea &ﬁiitt}fges%i HL
t her eon *and pol uhlcbemeabmﬂausdd@echordbr i multﬂebreo:dt@@hta;mtlhm thc e 103d 10

T

]E ef er ence 4§°a”'al% P&ej' ﬁlvte the metafnuse ?Eigggégc anggu g a?soc‘iiax e t ltlg'e
oregoing 75 @kf diaghy NG 43 ST t ﬁ'@&‘dxn Iwhidke': .

speci fi e exanpl esh dfatitladl&reimo:ﬂle | srﬁfateﬁhlGJRESsd;@értt oedi3Cireliide tvm/emd on is

made by way gf @%‘ i o or e . epbgrs gyhichy 4 i @8y @perreectric
e by vey s BRI o eelzﬁé%r@ﬁm IRSHE s

ext ernal sound Smﬁl&ﬂa ’d memberla thih Ipyee kelCt fvteen theais Qigidatiembees dd Ghdi@ach -

access to both 4 smcﬂﬂo nig gYPF rnbrra eqﬂelal%i ate
conprising adp | fea E{iﬁ:ﬁf & a%ﬂd rggln sﬂé cs mf %
r49 for t 125

pl astics | ayersdes 61ah sale g ele‘d@odiOUﬂl m@fﬁ’ﬂﬁn
el ectrode, at Ileel es Cany chert lagerpintesposets bé-ay naduserf@rcmgbdr n the

t
wal | of the r};‘gg}gz P'emaherﬂﬁ&rrrnggjgp rgrf%gf[;srggl imy ghgﬁgé*re 42
and t he spaoasng sh dsﬂb'@ e @Btddl shaAX{HRI N ce @fethents Afrbn

ports 46 to 49 is arranged so that the trans- diaphragm be| ng sandwr ched

In an un- 85-ducer 45 experiences a force proportional tensioned state
bet ween .support nmeans to to the second order of the pressure formsaid
transducer el enment. gradient. 2. A

pi ezoel ectric transducer as clainmed 25 A second order pressure gradient

M I T




phone is one whose output depends on are piezoelectric and in which each
pi ezo- 90 pressure variations at four points in space electric plastics
| ayer has el ectrodes on poth and' in the m crophone arrangenent of faces.

~FIGJRES 1ICA to | OC the four points are 3. A piezoelectric transducer as

claimed 30 provided by the front and rear surfaces of in claim1 in which

only one of said plastics each of the transducers 28 whereas with the

| S is piezoelectric and in which'said 95 m crophone arrangenent of -

F E 11, piezoelectric plastics Iayer has an el eetrode the sound ports

4 ro 49 al | ow sound on both f16§i§§87 pressures to act on drffegent si des of
' er 45. The

sound ;?;;;g;; PR %g;fg‘fr‘%m%“éﬂiaé' i et oy o oge her

Olgigned t htefearncea& Icunzoebecﬁerdrﬂwxhgyer | St

- pol ar i decklaii 08) vrherért the G opr msmarea ImRAnring thamrqvlsmd spesification .a pl ane

- nor ndl 1%“(5“"?3 Fﬁlj; é .ot hhe .
i T

~order ,tp nothe S pedforaddd rhhﬂ:earsoem feemoelt@@l!@UREéli)of thecdsawings. gr adr ent
unit, clanerrtfa nibsr lstch'élsuﬂ’la ﬁ ﬁ%}; the pEovisiogal saecﬁ‘rce%‘er ectric .sound

_por 8 | %aégﬁ R 1S BicRiphbHelwhidh ihchudel @¥dagiedzo -

105 ot hi3HodaRd b@rsp;eﬁg fegﬁtefo theor&aa!eﬂ&ub aoidetric . ﬁansdhcpnseasoel ectric -

t.r ansducHy Aasezcaa:tmdangcrucemcmnsdel ipzny: rrreofrlepaaws nsclrl ce is. in any

- ‘one Of b . ices obt.ai ned
frol? tﬂgnguﬁhﬁ B be%%l -|ﬁi¥ eﬁjﬁu %}%ﬁﬁé@ﬁrd% pressure

gradi enh’ aﬁmmensmhedp 1ten .__,_atseaclnnmlde apariuge -cover 16 orroreteqing jHhenart | ons - the

mq;u Wwith g one -each diaj liragm, and an acoustic resistance - -
effecti t{egps @S‘}Ol’-‘h gl ﬁ osgd g n the cover Iplate and the = 110
1 ch respe A trrc. transducer as

di apr 9’ b
cl ai neﬁ%}; tye hﬁeﬂh&ﬁﬁurGZQrﬁaﬂiimﬂhpn_e ashlaixﬁedrxmlﬁnwu?erem n the

thi ckntmd wbﬁrehlrtéatwhtftm a%l.’t-'é #imt ?Q:_... m.cha %{E S
-l ti - l ed%g! %ﬂ E& ﬁﬂo e p ‘ly @ ucer S .
to i§>0 d18tric ains dnot eﬂAhmrro bﬁ:b ﬁ&ilaiihedjnanidn’e 7. A

pi ezoelmchtm‘bwhqramwuoeturessndﬂeas#edof ¢lgims !ft“t°he851| aphragm

-.,

. nust b FHPPO. MogRs in t i 'be it adher'es to
e o it s "1?&?5%% %ﬁ%ﬁ“@w ﬁi%%% T e oo

cor wdeinuimdﬁ ¢ 0785 toriDe nuig dthie wmrntlbutrs. 'j__ggumpnhmbogﬁr g.@e 55

condi t i faquensy bej ij""f‘ € INGTLRC 5 cPIOPLe Mermper, ben o ria | 99 - | aye‘r ed

di aphr;gﬁ'r%ﬂ' ?df pest rglaes&zr erbmhd Rt Anf (ig urssandwr ched .in
0 @tﬁﬁrb@duceﬂa?@lameht i thle&jnefoeqbr" e "pndapcrtsr for tieyer of ni ckel

an unt engs ar .
t wedh tineldmadl rwhrein' rure chag ot SPa! rP“c?ﬁcbrﬂ‘frﬁn‘?fa‘th dgundsprosf epposed

bet vveert’“t‘?f’é" iﬁ 'rﬂn&‘t“ali SoeI oS Wk hBncSRRAIRIEn g;gﬂndlgel ectrode .a.nd
164t

the pl d8¢{%s YiradsdicerOds Rlafited!: N clading acpem trichfans‘dnbérlwﬂuﬂtyer ed: 60
order, t:ﬁaﬁgnmroet (poetedidgelaims wherkin | the,suctdtlmph und etaﬁ}ﬂes in the -

ri giel ctbe t‘w @"'dn’fﬁ}:e? °te agé A o 1600 regr ster.
125 i nchhids qé\ goﬂs {€50cieBirfe" pﬂrs& hxs ditidedAntpit@E € f‘etl’l c

transduﬁﬁénais C| a| ned. tvveen an_el ecthanﬁesebmdhappﬂmmcefmmd@ﬂtj ayer in any

one of t Acml tﬂc %518@ di hus; S0 i potts ach o
SUDﬂé”ﬁ%ﬁ gw g ﬁfer%%un 01{% %Eﬂ }n érjab&&g bos not ed t hat
. t e duglidéd ee mtds pbryﬁhylﬂﬁmd rt i diingteicadg o posttq BdLh ofey.

Lo ﬂuonnated eth; lene ‘propylene copolymer gg)gé)

: pstanti ¢ eI ements .

being AR e AL DL AN o

ina oneof erei

I ect ri ca{lg if théagle kothetotmueﬂaﬂ aﬂdaymgss her ei nbefore descrr benb With 9 A
pi ezoel met:mltclayermhktbhmm is elgsedd étltrre 25.rAcisKC _;_E'@:SP’@WHPQMRE“%"‘ the dr awi ngs
By &@emgg@&grt a PR R TG St CHE ADaflgs /5 . i nclude
two g5i ggtﬁl HaRRE %‘ cﬁ N@rawiniis( O /74 ‘material;, the rruItr-I ayer ed
di aphr agferénee ne- FIGBIREAI eldettyt ri @6.tA mi e@r%ulaﬂmtl%‘bmdbﬁrelh'edlﬁ n an
unt ensi BIGURE 2 ar FIGURE ‘l"‘F‘ﬁ“ f &ﬁ%ﬁ%@ fJf‘m%' th tween the
t Wo per%‘iﬁ ggga43§®§§ferpé°"é’b° e‘“ref GlaRREE e draw’ ngs. -each
" perfora ea nenber 1's contrguous with acconpanyi ng the provi-si onal . o
speci.fication 10 ‘a: ‘separ ate one of the: surfaces of -the rrultr-.--. No.
. 49709/ 74.. Iayered dr aphragm 't he ‘apertiuressof the -7109.- A i crophone vr/nr ch
" includes at least 70 perforated: nenbers being in register..  ~one.of the

pi ezoel ectric transducers as.* mmﬂ]ﬂiw“ "m ‘transducer-as

clained clained in any one of the pr claim 8 wher ei n’
the support neans 20. A microphone ‘ds cI armed in claim19 15 ‘i ncl ude
two rigid menbers between which which also-includes for at |eat. one si de
of the multi-layered diaphragmis sandwiched the or each piezoelectric
transducer an 75 in an untensr oned state SO that each r| gr d aperture g

I o o, - rEme e T




20 diaphragm wherein one of the rigid or each respective di aphragm
menbers has a plurality of apertures therein 2.1. A mcrophone as
claimed—inclaim19 80 and wherein that surface of the ather d._aor claim
20 whi ch al so includes an nmenber mhlch |s .contiguous with the nulti

i npedance mat chi ng network connected to.layered di aphragm.is roughened or

profiled. the output of the plezoelectrlc transducer. 25 11. A ?% ]

pi ezoel ectric transducer as clainmed 22! A mcro bone as clained in any
one. in claim?7 wherein the apertures in the rigd of the clainms 19 to 2
whi ch includes,two 85 nenbers of the supgﬁ 5 nmeans-are in the :
pi ezoel ectric d one at! N8 of acircle or _a DQIVGOH
having a each e d7731'A lnroe e@%h;taetlaﬂmmem-a sound dlmrIﬁCeliODsonam mm

di agonal bh/msnsrgé; c%tn L?ﬁ‘ 208 'g’l cally tgenf, n t he
range 0.05 to 1002¢mA r&d&ﬁeﬂ@ﬁx@ﬁl :E_anﬁgkglggg haﬁ gﬁd uerguanéehe
sound fraeque%g y . dbestrivgrajeiueer dedmnmdntdneoaqaﬁrtw&cuonpg@ sediB aced
apart from th¢ FaisildRd8and the t hi cknessAgf19%%hieo pmblmNo l,aw;MZOf the
transducers, and the encl osure: Jayered diaphragm -

menber having a nunbﬂédfafHﬁpﬁfeEtyrseﬁn& oficd Ké&%&%t-egg LiCRks @S
claimed therein fBEUEPHE HFH’Q“"S‘(R%?} a%gies y& B%it\iggf,sonrﬁom VtﬁgﬁlgnYit%ZmMer ein
each aperture has'a spaces on eac t e sournd proof di aneter or

maxi mum di agonal di mension nmenber. 95 in
the range 1.0 to. 15 nm 23. A nlcrophone'as clai nmed in
claim19 13. A piezoelectric transducer as clainmed including a

pi ezoel ectric transducer which in any one of the preceding clains wherein
is such that external sound pressure can 40 the piezoelectric |layer or

| ayers of the have access to both sides of the diaphragm nulti-Iayered

di aphragm are of a and a cylinder which is enclosed at each end 100
fluorinated hydrocarbon piezoelectric thereof, which is divided into two
separate material. . ’ chanbers by the .

pi ezoel ectric transducer 14 A piezoelectric transducer as clainmed and

whi ch has two sound ports for each of 45 in claim13 wherein the
fluorinated hydro- the chanbers fornmed in the cylinder wall, carbon

pi ezoel ectric material is poly- the sound ports of each chanber being 105
vi nyl i dene fl uori de, ponV|nyIquor|de or dianmetrically opposite each
other. fluorinated ethyl ene propyl ene copol yner. 24. A nicrophone
substantially as herein- 15. A pi-ezoel ectric transducer as clainmed before
described with reference -to 50 in any one of the claims 7 to 14 wherein
t he FI GURES 6 and 7 of the acconpanying ratio of t he aperture area to
the total area of draw ngs. . the nmulti-layered diaphragmis close to
but 25. A microphone substantially as herein- |ess than unity.

. before described wth reference to 16. A piezoelectric transducer
sub- FIGURES 8 and 9 of the acconpanying 55 stantially as hereinbefore
described with drawings. reference to fIGURE 1 as nodified by 26. A

m crophone substantially as herein- 115 FI GURE 2or FlI GURE 3 of the draw ngs
before described with reference to acconpanying the provisional specifi-
FIGURES | OA to 10C of the acconpanyi ng cation No. 49709/ 74. '

drawings . =~ 9 1,515, 287 :

9 27. A mcrophone substantially as hereln- : R NI CHOLSON, before
described wth reference to Chartered Patent Agent, FlIGURE
11 of the acconpanyi ng draw ngs. For the Applicant. 28. A

recei ver which includes a piezo-  Reference has been directed in pursuance

5 electric transducer as clained in any one of of Section 9, subsection
(1) of the Patents the clains 1 to 18. : ~Act 1949, to
patent Ng. 1,410,822. Printed for Her Nhjesty s Stationery Ofice by the .
Courier Press, Leam ngton Spa, 1978. Published by the Patent  Ofice; 25

Sout hanpt on Bui | dings, London, WC2A | AY,, from which copies nay be obtained.
| 11111111211 1121121122112211 * . C L M S * ' :

(munmmw--




