2136245 ELECTRET M CROPHONE The present invention relates to el ectret
transducers. 5 Background of -the Invention Polyner filmelectret

., crophones ‘have generated an increased interest in tel ephony due to their
relatively high dutput electrical signals, their low sensitivity to
external nechanical 10 vibrations, and their imunity to eLectroE?a%?Li o~
signal interferences. An article by J.C Baurmhauer, Jr. et al. erdiit B&?Q;)
“"Jhe EL2 Electret Transmtter: Analytical Modeling, Optimzation, and
Sﬁéign" publi shed in The Bell 15 System Techni cal Journal, Vol. 58, No. 7,
Sept enber 1979, pages 1557-1578, discusses the basic operation of
el ectret transducer in general, and describes in particular an eIdEZj}t
m crophone transmtter used primarily in the Type 4A 20 Speaker pho
hands- free-answer system manufactured by Western Electric Co., Inc. Shown
in FIG 5 of the above Baumhauer article, and further described in an
article by S.P. Khanna et al. entitled "The EL2 Electret 25 Transmtter:
Technol ogy Devel opnent” in The Bell System Technical Journal, Vol. 59, No.
5, May-June 1980, pages 745-762, the electret transmtter 28 subassenbly
conprises an el ectret diaphragm having a - 2.- gold nedal l'ization on one
side thereof. A spring clip.in conbinatiog with a clanping plate
arrangenment provi des the nechani cal support for the di aphragm Moreover,
the spring clip/clanping plate structure is 5 necessary to maintain a

Kigguired tension in the - ELECTRET MICROPHONE
The present invention relates to electret
transducers. '

5. Background of the Invention

Polymer film electret microphones have
genefated an increased interest in telephony due to
their relatively high output electrical signals,
their low sensitivity to external mechanical _

10 vibrations, and their_immunity to electromagnetic

signal interferences. An article by
'J.C. Baumhauer, Jr. et al. entitled "The EL2
Electret Transmitter: Analytical Modeling,
Optimization, -and Design'" published in The Bell

\_/ 15 System Technical Journal, Vol. 58, No. 7,
September 1979, pages 1557-1578, discusses the basic
operation of an electret transducer in general, and

describes in particulaf_an electret microphone
transmitter used primarily in the Type 4A

20 Speakerphone hands-free-answer system manufactured by
Westerh Electric Co., Inc. | '

° Shown in FIG. 5 of the above Baumhauer

article, and further described in an article by
S.P. Khanna et al. entitled "The EL2 Electret

25 Transmitter: Technology Development' in The Bell
Systém Technical Journal,'VOI. 59, No. 5, May-June
1980, pages 745-762, the electret transmitter

28 subassembly comprises an electret diaphragm having a




di aphragm Various polyneric fluorocarbon filns suitable for nmakin

electrets uch as pol ytetrafluorethylene (PTFE, FEP, ETFE, CTFE) exhibit
mechni cal sotropy resulting fromtheir 10 respective processes of,

manuf act u For exanpl e, when a "TEFLQN'g(Regi stered Trade Mark) FEP.film -

I s -heat ed \aBove proximpiely 100 C and cooled to roomtenperature, such
filmexhibits %Ehla‘gl'ﬁ Wé%@?t%“?oﬂbﬁ‘? utheEeohi r b tSPIIREd a

sh][i Inki ng aLortg;ip Sidﬁwmwaalvlrﬂtliecéépﬁnpﬁigiﬁﬁ@ﬂ@r&rﬁdﬁﬂhﬂﬂw th SUCV}Q
afilmis that_jts. spi I t elevated tepmpgrature causes the electret ~
filmto wri nk|%?3‘fb§§+ nﬁé? ?{‘Sél%‘?a“lf%‘%ﬂ?%ﬁ{pdf?‘éq ¢ SIARRTAR ¢t and

appl yi ng sone Mergover; ithe sspring velip/climpidg grlatihesfmiegnteagig0 woul d
result in q sl | t | t ' ' ue .t o the

differ ence%oet%%lélgét:fsyt e s ﬂ%(%a%igén&%%’g% ?Qelae%%lgérfgn (488 of the film

An al t er nat i ve@iapheagmngNanigus ipplymerietfluorocarbhretklns described in
U S. Patent 2%yu#tagife Ofch WAl e1&diretar (Sldrtidst foil is heated and

" Ght Cof the RAHAETALINRRSIARS (CRIKE, BB PRy G patent  tho
thermal radi alexieitsi behmicd hearrl st epy fPésul sinpis ol figdsgt 30 since
fort o Fortheatideti il it drbaed W adiud st alh exathiertien @ foi |
and the ring WPEELOSUn{RegisktenbicTnade Mapio} cFEP Of Pl of S enédbed aygvy al
hor di ty at [ ARSexsiphtd SIIVEE dnd O 46 e do Whnenabii ° 1P
times resul ti fpgh Takn wrhidd tstan glongatiemdlong dasstraints ina
manufacturing 1ongithdinal direction and a shrinking along its
15 transversal direction. An inherent problem with such
a film is that its anisotropy at elevated temperature
causes the electret film to wrinkle. Unwrinkling of
the film would require heating'it and applying'some
tension in its transversal direction. The foregoing
20 would result in'diélocitidns of the thin )
metallization layer due to the différéncé_between its
thermal expansion coefficient and that of the film.
An alternative to rectangularly shaped
electret transducers is described in U.S. Patent
25 4,249,043 wherein a circular'electretiroil is.'
heated and bonded to a retaining circular ring using
a cyanoacrylate adhesive. In light of the embodiments
described in FIGS. 2 and 4 of this patent, the thermal
radial tensionihg of the electret foil is not sufficient
30 ‘since the backplate has a protruding flange for
further stretching the electret foil. Furthermore,

cyanbacrylate adhesive'Joints between the electret
foil and the ring were fdund.unreliable when exposed
to adverse envirbnmental-aging conditioné of

35 tempgrathie and humidity (such as 85% rélative
humidity at 85°C). Morecver, cyanoacrylates have
relativeiy_fﬁst_curing”times reSﬁlting in vafioﬁs

38 stdrage and hahdling consfrgints'in-a manufacturing



“environment. Therefore, there exists a need for an el ectret

t ransducer/ mi crophone. exhibiting high reliability and designed to neet high
,vol ume productien requirements. 5 Accordi ng to one aspect :of the
‘present jrventjon there is provided an el ectret transducer conprising a
uniformy radiallv tensioned el ectret di %phr_agm having a thin allized

| ayer on one dakvikdnmen®) Or surfaces; and a netal ring conducti bonded to

the metallized | ayer of the electre [ : j ve na al, 10
c\ﬁﬁ“r acterized in t §f'e{%§’ aﬁﬁ@%ie\fés#atqeﬁ?og{ ?%'g]ﬁ?a?%ggﬁé;ss than 70 wei ght
percent of mnetrahsduckr&wicrophooaeaxhiibitingdtiigheradiipbiliityandodesiigaed rbeent i on,

the thin metglde 2edn! foiGhe | prodfid t36h S¢bqlif RiMeh e, group conprising chrom um
gold, alum numandsilver. 1n accordangce with a gr,eferred 5 enbodi ment

of the in@ention, ACRRrdi@gato Pre@spechficthsr PEESENEKOVERtigncthasRats nateri al
and the | owerprgRviddd anreleatretdivamisducerscamp répingy a coriformdynoadipphoxi mat el y

4% ni ckel . A - the . o : .
orovi ded & moenoired, dEcRReY BRAFIAR Navifla o i BOGTI 10 FilerOt RETC ! ©
provi di ng an afdhtsmadon surtaceshgndes etahiring coafupti vl derdedoto fbeal

[ Loy, CoM et 284 i@k | o efl R0EdiraR dfapfiral b athds filChatbyat.ons) oned
o Cs o aD riaReared Yn brall the Bottniid Wre AT eptsatng NEsSaPE T0urt neo.
‘and appl yi ng weightmpproantf of met&b filteatween the |ayer and the netal ring
while curing the aihead Y1y ArERECERERIAGHIBE 13 ARERLARNCareNthh t he

a plurality of ele

ention, for formn ctret transducers conprises the
steps of for MekalHzadiayrr dsr aglestted fsenddei sraypreamgrisiageehramium washers

on ahcarri ﬁr;gosa],[eaagmm&nnhﬁmgiavérow mheéorqeﬁ&eewftmt p%efier-éde_d aghesi \r/]e 30
R A e e e s
nickel-plated brass material and the Tower metal content adhesive is
an epoxy comprising approximater'4% nickel.
According td another aspect of the present invention there is
provided a method for forming an electret transducer characterized
20 by providing an adhesive containing less than 70 weight percent of
metal filler, contacting a metallized portion of a uniformly
radially tensioned electret diaphragm having a thin metallized layer
with the annular surface of a metal ring with the adhesive between
the ring and the metal surface, and applying a clamping force
-/ . 25 between the layer and the metal ring while curing the adhesive.
A preferred method in accordance with the invention, for
forming a plurality of electret transducers comprises the steps of
forming a matrix array of.photodefined ring-shaped metal washers on
a carrier; screen printing a Tow metal content metal-filled adhesive
30 on the washers of the array; contacting the metallized surface of a
sheet of

by
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the matrix array;
el ectret sheet whi |l e curing the adhesive.
Dr awi ngs eferred enbodi ment of the invention, given by yay "of: exanpl e,

will nowib
which: FIS

enbodi nent O%»PII tra %%Sﬁn r%?qP% 19e-§83%e§2%%§¥%§%2§% of the

uescrlbed with reference te uhe acconpanyi ng'dr aw ngs,

adhesi ve JOlnﬂhﬁesm$ﬂamcemnaWh v@mﬂo@@PﬁWﬂ&E—ﬁlbﬂempcogpﬁgrceons

il Tustrates thgihiddn \tad %tar‘i"le‘i'f alnjge the eﬁ@@%&b\feshgé@t wBifigngth wth
various netal -filler %G ) Ittons; FIGS. 4a to 4c illustrate a technique

for radially C¥Fdingnit
present ingenBrdef Destrddtion of thiel Brafrii

‘of a nethod in accord%p

%?ﬁ I N\&e 0 ed Description
In FIG 1, reference nu ral&% %gﬁka %Séeggrgpk nggg bret m cr ophone

havi ng a 25 suw§maMWi&mwyoéyﬁﬁﬁwmhgalWﬂdﬂnﬂOWTﬁe #Eepﬁphedewimhconprlses

an el ectret dipghagBeltd &@Jéiic%meaa@m@arfawhaky Wht Rhachbin netal

and applying a clanmping force between the carrier and the
5 Brief Description of the-

[ Fl

FI.G 3

s

S3Veof el ectret. material in accordance with the
sa bl ock dlagran1of an exanpl e

| ayer 13 on one of its _major surfaces.. As nentioned in the above articles

of Baumhauer

et al. afdGhdnidlystaates pa enlagged: FEPSEraphragm 11 is -
spaced away f isewtd oitadt lvareaur bfbamkeeibwtmeﬂe b4. thésiskenvibn;t he draw ng,

non-met a1 i zed surfack IS Zha BARRATeR (Al 2iBR vARe8Eio BRcErRode 35
14. The chargdhasﬂmwejama¢tm@ﬁxhthmmezwuméawasianseMGtalrtliierd across

the air gap 1

I mpi ngi ng on
| 15
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mpIEid 1
g? the 3‘%Phragn111 rnodul ate the electric field and
. zlllustrates the t1me variation of the

adhesive Joint_strength with various metal- flller
compositlons,

FIGS. '4a to 4c illustrate a technique for
radially tensioning a sheet of electret material in
accordance with the present invention; and

. .FIG. 5 is a block diagram of an example of
a method in accordance with the present invention.
Detailed Description '

In FIG. 1, reference numeral 10 indicates
generally an electret microphone having a
substantially cylindrical form. The microphone 10
comprises'an electret diaphragm 11 including 2
pclymer film 12 with a thin metal layer 13 on one of
its major'surfacesn As mentioned in the above
articles of Baumhauer et al. and Khanna et al., the
electret diaphragm 11 is spaced away from a
stationary back electrode 14. As shown in the
drawing, an air gap 16 is formed as the result of a
spacer 15 positioned between the non-metallized
surface of the polymer film 12 and the back electrode
14. The charge on the electret film 12 creates an
electric field across the air gap 16. Sound waves
(schematically illustrated by arrows 17) impinging on
the diaphragm 11 modulate the electric field and

wes (schematically illustratéed by arrows 17)

N



generate a voltage drop across the netal |ayer 13 and the back el ectrode
14. The output signal -of the mcrophone 10 is present at output termnals
;18 and 19 which- are respectively electrically coupled to the 5 netal |ayer
13 and the back el ectrode 14. The el ectret di aphragm 11, ‘havi ng one s ace
metallized, is to remain tensioned withs s metallized surface faci ng@y

e nom a5 et & boutdye oy Watabs U Bate) 1a9ei0ls, asr et
phragm unwr i S e _ne I,zed .pol yner_ fil.m. o_render
sensitive to tﬁﬁhﬁ i \ﬁikﬁ$??ﬁ% Fﬁioragﬁ Fgﬁ§35jgéﬁn?ﬁe°5iggﬁragn111 to a
desired unifor micarbphlornerd dis paesent tate cactipmtt itewmdakileva 8t hadel ectri cal
connecti on bet o 2 %] f,at ' o] and t he
metal lized el ec r&ﬁ#ﬁ cn%itegtitﬁes}%ctﬁl%éff;%'liei&éﬁtcgéﬁgd@f{ogh?ﬁg Egt %ﬁel ayer 13
of the el ectd ethefiaabhkakas 18 And ité‘leell’e’chr ied@atyodsupied to the out put
termnal 18. The netal TH&G 1y P @idhriagn ha ,Mabatingzedee! ectret 20
di aphragm 11 by _neans of ..an adhesive layer 21. Such_.a _band.nust be ohm c
and remain st atﬁué'%(ﬁ? ﬂ{f‘iaﬁe“ﬁ é‘)?pé:é%lé'r?&?‘l&f %ﬁ?giﬁinggoﬂﬁgﬁelﬁécause the
reliability of mdtm Elizdd eumiayeofaming] way Ifxdepehe dackhe quality of the
adhesi ve jmln.%¥g#%g§Pé 25 ad¢ 12 A onBhakhiezed di aphragm
al”of ‘the a R

11. The materi ‘adhesi've | ayer etween the netal ring 20 and the
di aphr agm 10 mekedtret skiaphnagedd naveinkles-ithe mefpdddzefe natural
frequency of ths dmedhreom bl wyilblirrafifte dedd iR v30 tof @hel gaummterial in -
\Lh¢ di aphragm the ad Sl%f sel ect ed nust, nat bl eed IE%O thg cgntral area

of the film 12.%3¥8% 1 Gue 1 Wd8Terioh L Ieet Jo& [d2pRRragP &piRsPon and

rigidity of thelesiapd agnformenmaaliadndensiomt aind iatgthe seme- timed cure
adhesi ve Wh' ch achieve the electrical conn'ection between the oui:put
- 15 terminal 18 of the micrdphoné 10 and the metallized
electret film, a metal ring 20 is attached to the
metal layer 13 of the electret diaphragm 11 and is
electrically coupled' to the output terminal 18. The
metal ring 20 is bonded to the metallized electret
20 diaphi'agm 11 by means of an adhesive layer 21. Such

a bond must be ohmic and remain stable during the

\ o life expectancy of the microphone because the
reliability of the electret microphone 10 will depend
__J on the quality of the adhesive joint between the
25 metal ring 20 and the metallized diaphragm 11. .

The material of the adhesive layer 21
between the metal ring 20 and the diaphragm 11 nmust
meet'several requinements.  First, since the mnatural
freqdency'of the diaphragm 11 would be affected by

30 fofeign material in the diaphragm, the adhesive
selected must not bleed into the central area of the
film 12. Also, due to differences in coefficient of
expansion and rigidity of the diaphragm material and
the metal ring, a semi-rigid cure adhesive which

35 would share the rigidness of the metal and the
flexible nature of the electret film would be
preferred. Furthermore, in order to avoid any creep

38 within the joint, a very thin bond line is preferable.



35 woul d share the rigidness of the netal and the flexible nature.of the
electret filmwould be preferred. Furthernore, in order ‘to av0|d any creep

38 w thiznathe joint, a very thin bond line is preferable , 6 - - i
.Oonducti between the metal ring 20 gnd_the netal | ayer 13 of the -
el ectret\\d¥aphram 11 i s _achi eved by the 1 nprovenent of using a lLightly

metal -fi1T ed adheSPRAICRIYIEN betwaen thermatal iniagi20 Bod Khevedtalkiayen 13

conducti ve agdhettieveFectpat aihapmmrumsvmjhge&edosyom@t mbfro5emen'£f%@hsf dgler.  ao

d ant
nave found: t Rat SnPbF ReRat e G biltes 48 WALt 500y Ediqustive dniaTkavant ageous
to use an adWebli kaown chnductiverdhesixks contain pverait@lweight lpekeat dhan 70
wei ght peg cepétAf ff‘ﬁfe‘?' ﬁe'rgjfﬁ'r ferlr‘edff’&tas a’?‘hﬁbm?neq!ﬁf Q:lonfé?{tt ga}{eﬁgsl%es' ve

often resultﬁlna st rengt the ring

20 and the d %Ytﬁ’(Fﬁgrﬂpﬂ‘ca“@ﬁéﬁ"ﬁstQ a*!aéwefﬂ"n’é'teaﬁ %Qﬁ*i‘?érﬂ‘aahm@m ve, also
referred to henldcatiom,ait i ghadvantmfeals ftiol usxd andiypes i@ witrd aVEgwért hi n bond

b ugh condiefl, Patehy %g%f}fhﬁﬂfﬁﬁk%gi T PR Eeaf BePhctai” i aphr agm
11. In a prﬁﬂé.ered Iénfﬂfdﬁ nerhigbfmettn dontent adhesiveefiten aesultsgif® i s nade

of brass1mavr§med%enlMeaetrpﬁfnuﬁk int dtebh HhE! ¥ nlrgrg%dilalnﬁct% ug?ngdgfi'k\e/f

| ayer 21 is er ab ectedfromthe
si I>/ver and cg{fﬁb y When s ?Iaag?qurt Pety ¢ondent eaé‘l"?% Veqi &ks@phone 10 is
a function ofefereedttoi hemedsi ast antigholy tmeeal-Fif htetﬂadhetﬁ vé he seeantGal -

strength of gl i en.t Qfé\ﬁ@?ﬂ g%etfiawﬁg“ﬁgg ?hgﬁ’é‘ﬁ fﬁ’ ed diaphragm 11.

The j oi nt re5|sta ce'is romt &F 88 the center
of the netal PW%&FFmsl@”oﬁhfmhrﬁﬂ%ﬁVﬁtX rbﬁ:hgeenThlee ring Zﬁeemhrtberent is a

conbi natison meftauhe:erdeaimamemf tthea Eﬁ@ﬁbr@'@d éﬂbedfm:trs]éﬁ'%gg of the sheet
combi nat i ono EREEH, B mbPa), FTES 20, LL PRE af s B Ira CoRtingd okt ur e
curabl e net arickel) edhedghbtlyemetalali B et adhesavié dayerhatsis peeferhbly v¢ ef f ect
of high tenpgrathi Selected from the group inc'luding nickel, silver and
copper. : _
20 Re11abi]ity of the e1eetret micrOphone_lo is a function of the
ohmic resistance of'the joint and of the mechanical strength of the
joint between the r1ng 20 and the metallized diaphragm 11. The
joint res1stance is measured from the\edge of the ring 20 to the
center of the meta111zat10n 13 on the polymer film 12. The .
25 measurement is a combinat1on of the resistance of the bond and the : s/
resistance of the sheet of meta111zat1on between the center thereof
and the ring. Several combinat1ons of metallization were tested
along with two Tow temperature curable metal-filled adhesives.
Table 1 hereafter shows the relative effect of high temperature
30 (859C) and humidity (85%) on the joint resistance of the ‘electret
diaphragm.

35



.30 [err] and humidity (85% on the joint resistance of the electret

- di aphragm 35 - [ - TABLE 1 JO NT RESI STANCE [err] ADHESI VE )
METALLI ZATI ON “AS BONDED  468HRS. 722HRS. 13 5 4% Ni = Cr
61.1 . 86: 9 © 7102 filled . Ag 0.76 1.9
125 Al 1.14 17.3 497 1~ Conducti ve Cr
120 [err] [err] 10 Ag filtgghe 1 = AQ .34
[err] [err] Al - 1.34 [err] Var i ous

conpositions of netal-filled adhesive joints wer JOUG éﬁFﬁ NG i the
effect 15 of PADHESIVE di t YMETALLEZARION ur eASrBONDED Oi n{g sHRSNgt Iy gyfurde

di aphragns. The nechani cal integg%ty of the joint was neasured while
pushi ng the bonded filmin.a direction perpendicular to its najor surfaces
and away fro%n t4fe:¥bnd interfaceChet ween the8R0 netal ri8&.20 and 10ge

di aphragm 11. Thg p@ghani cal st r‘g?gt h of "t hey r4gg/ di aphrapg| assentilzys S
defined as the first maxi num|lo prior to failure of the di aphragm™ Table
2 hereafter shows the effect of M gh tenperdkdd [err] dr?d-%um di th2.185%
on the 25 joint strength. TABLE 2 chhn STRENGTH (kg) ADHESI VE

VETALLI ZAT! ON 468HRS. 722HRS. 30 4% N 30
Mo os | ps comiERE 10D Zkg ~1"7§+ 06>10 75+ 05
57+ 16 Al 10 Ag fillea. 07 .E§+.05 49+, 134 ~10 >10
S Al 1.34 ~103 >103
N/ '
L Various compositions of metal-filled

adhesive joints were tested to determine the effect
15 of high humidity and temperature on the joint
strength of the diaphragms. The mechanical integrity
of the joint was measured while pushing the bonded
film in a direction pérpendicﬁlar fo its major
'_surfaces'and'away from the bond interface between the
20 metal ring 20 and the diaphragm 11. The mechanical
strength of the ring/diaphragm assembly is defined as
the first maximum load prior to failure of the
diaphragm. Table 2 hereafter shows the effect of
) high temperature (85°C) and humidity (85%) on the
25 Jjoint strength.
"TABLE 2 _ :
- | - JOINT STRENGTH (kg)
:ADHESIVE METALLIZATION AS BONDED 468HRS. 722HRS.

13 o
30 4% Ni Cr .94+.06  .65+.06 .67+.06
filled Ag .78+.06  .75+.05 .57+.16
Al .71+.07  .66+.05 .49+.15
Conductive ~Cr .48+.06 .40+.09 -
35 Ag filled Al .48+.06  .56+.04 -

_ As shown in the above Table 1, a chromium
38 metallization 13 on the electret film 12 results in



Conduct i ve Cr .48+.06  .40+.09 35 Ag filled .- A

. 48+. 06 .56+.04 As shown in the above Table 1, a chrom,um 38

met al 1.i hon 13 on th.e electret film12 results in - 8 - " an’'increase
in join si stance of about 1.7 timgsgaffer 722 hours. Wile the joint
resista is much lower, with an alum num and a sil ver rretalllzatlon t he

respective PRJAFTeAse 1WiJAiny #8ristanee ofhahyésl of times7obtaro(p hayrs-about 17 -
ti lrres andhlmr_rei s joPnt rEsistﬂaﬁttéTﬁl‘semcafIWer%&hhﬁuraSUIﬁnuﬁm and 85% | -~
relative humidity. .t iy t zal srespectlvey
exhi bi ted cﬁﬂ'ﬁﬁf.'%ertéﬂﬁzglh% ?g]% gp‘?&gvg eﬁg{tfaqgn‘ﬁ hl(é r% "ﬁﬁea and

cracks in schangas afdgr of2€ dursharerdbeut L% Arimes amlfalﬁoetﬁﬂ%hows that the bond
368 hours. 8?“’3"35‘3‘?&‘#2‘ d04HSRR heura P seTng st Pericidh Ny dldy, 4y ue after
reduction ifi ‘g’t‘ﬁ\é‘h@t“ﬂ &‘5 §ﬂﬁel"a'l‘et[aii ’d&%/?f‘saﬁe%ﬂel‘iﬁ?‘fﬁ]% %‘§F$ d(zJat ion and a
sil ver one, ctﬁwmﬁaremomlonomuﬁbMQ-adfmhgnfg'otretrtel goict akewy endraieack she

chroni um a Wles gﬁoﬂk'é?%hé}%tgﬁtﬁ?{:ﬁ 1ﬁb1ﬁ 2 showsvﬁﬁé’?'{ﬁ

commercial | y" ava &9 3 esi ves Var ous ercentages of
si | ver, cop éFrQﬂg&keﬂOP\A@T@mé@hﬁ‘Bé&e@dto aho%‘éﬁp%queimmlomﬂméiy of the

"ABLEBOND' (§@ sﬂeérembsThaalﬁs warés:)po&% aRd Ir@ﬁamma*eéafayt UHgevy, TévnAbl esti k

Labor at or i eﬁ s stud‘|i g Vé;lr 0 sima 'iali sbﬁ% ons o determ ne the
stability ahtPudhrHiggredusgion dl" streadth {5 imiiam 9 Aan 1‘i WY 2 dhesi ve
joint in acme)taialhzmﬂmt&ndam sdﬂbeldlonentthefcaﬂnesianvemﬂ itha.crabtleingi aphr agm

material sehgiBhedSptvel nld chii ok o Ii7erePNedRlUTPIdihin Wi th about

1000 A chromu I on .on one si the 4%
ni ckel sanpheteriahain f ai rly stable as compared with the 36% and 52% 25

sarr}): e|515 EVﬁn t o190 s afofé rcl@P1yrQvi Flabhe epexﬁtadheﬁ@tsaﬂneedmrmst cases is
St ess t

i cr ophone, VATAus ReRFERages AoF ek, snppes Shonttkel HorPGapsTaaE ) &ui i ca
i nst abi | i t yseii-fhexibde\époyy raft dhe {*ABUEBINR'h dReghs tergd b’eaqlmMaHy) 2%l ai ned by

the fact thgpeilele miRlifdctared iby! Ao 36TestRk Laboratories, was studied with
various metal compositwns to determine the stabi 1ity and strength
20 of a resultant tht]v metal-filled adhesive joint in accordance
with an embodiment of the invention. The di aphragm matenal
selected as a 1 mi1 thick FEP "TEFLON” polymer film with about 1000
A chromium metallization on one side. As shown in FIG. 2, the 4%
nickel samples remain fairly stable as compared with the 36% and 52%

25 samples. Even though after 800 hours the joint 'r-csistance in most Rt

cases is still less than 104 which would still be useful for an
electret mi crophone, the 4% nickel samples show the most stability.
The electrical instability of the heavily metal-filled epoxies
may. be partly exp! ained 'by the fact that the metal particles set up
30 stress points which induce cracking in the cured adhesive. Such

35
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30 stress points which induce cracking in the cured adhesive. Such 35
9 cracks may propagat.e and cause discontinuities at the bond interfaces
,fact, sanples with” higher nmetal percentages showed sonme degree of co
“failure.in the adhesive as contrasted with the clean peel of 5 chroni-um for
the 4%nickel-filled material. Simlarly,9 after exposure for several hours

~at 85%relativ 1.di Ly rr i m_sannl re testeq.for

@4 ative joi ntcprsatmrﬂegng'tafﬁ p?sb%s%v?me] ﬁ%diil%gu% dg'%p@égﬁﬁg\ﬁﬁéﬁteﬁegg ca‘i'(g"\?er se
condi ti ons 10 biwet imfterdfiape.f i dantllagtaf [Saop Lielse widiie bilgderomettadt rengt h for
sanpl es with 3a%cut 5% WHdwla Sdaie Wiarde @1 Fonesa vieS 13 1Twpeli§ Of
cohesive (in adhesiyve 1tself) -and adhesjve failure _at the chraom um pol yner
filminterfacédbq pdhaiveaie cantrasted prdhe they deddPeedt off t he

i nvention, 52 4%yomiked -ffoxr [t %0 i okeli-Fiilld edin malelriwd.conbi nati on of

el ectrical and-nechamggﬂ.

s rei |, as...a900d stabi ity and
predictability under pre&ejt%gﬁ%%neaﬁ?gﬁ %g‘p\cg?r?(iiet i%gﬁs.sggﬁgfé IS 38 -
10 - The el ectr &S%ingladtiore Mmidddar iapad 8§06s Wdmphaagir e any mechani cal
SPring or cl A Y WP RN fB Hellat 17 G0intd otehgiB.  adisal tension
erein. . _ A
! : shown in FIG. 3, exposure to these adverse conditions
10 does not significantly affect the adhesive joint

strength for samplgs with 36% and 52% nickel.

N/ However, the failure is a mixture of cohesive (in
adhesive itself) and adhesive failure at the
chromium~polymer film intertace. In accordance with

15 a preferred embodiment of the invention, a 4%
nickel-filled epoxy exhibits an optimum combination
of electrical and mechanical properties, as well as,
a good stability and predictability under

~ predetermined aging conditions.

20 ' '
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As nentioned above, the adhesive bonding concept 5 i nvol ves using.a

control led thin layer 21 of a lightly netal-filled adhesive between the
net al g 20 and the netal |ayer 13. The adhesive |ayer 21 ma[y be i
deposi .either on the annulus of the nmetal ring 20 or onto the netallized

di aphragm 11. Depositing 10 the lightty WRtat-filled adhesive directly onto
the nmetal ring 20 iBhe pleéﬁeemwoﬁMnacmeaengrmm’dﬁsDQﬁﬁﬁl ng of a

Bribodi ment Cor HEREEE FbF HEERAETen] "o BHIFE, OB SRamd{ie ALIBEIT g0 1
vol ume producthaintainet adesired| m\it@m raghtal xtens tonfthemathod f or

fabricating el ggthhtibREGINEEVE, | tnECEMMEPGE %ﬁ&hﬁ% %@%ﬁv i nventi on
will be des rlbed | N connection V\nth‘éﬁltechnl que for rocessi ng of an

array of snmal | 1REAPEEs: UsIBE ¢ geRtFRLled thin dayer gl a‘?ir & ectret di aphram
adhesi vel y bonlitghtdy ametaketi]l ed caidhves tve rhel@reéiwvwarmeﬁﬂﬂasin@ y

bondi ng a sin C t a I t he
t echni gue desg#‘?bgéshg{'ga'?g{é?fhi% P?I eﬁgc%%%@%ﬁ? &g?xusée]ﬂqn
i nvention. An be rdqpoSitedget‘hhpedonvath\er@mslﬁ%rmdthe\ me tak ating
- kel - pl at ed b 811 t
e nad anéf Gflt@ £hié ﬂe *éld ‘Eitoet I Ng procé;‘;}1 ‘fﬁf‘gsuch a 30

ri ng- shaped washers are_forned: usin

process, al Bhof'betb@)&hﬂYhm?W'p?%f%@IWM?%Y%CPH%?YTB@R@ itheysed to
phot oexpose b%ét&ldﬁngf2ohfssbepfeﬂérfe@k‘edypt@f@bﬁ!m sh€en i niti al

part1y ot ched BREEPSPEngaf § VERTLAY ob S eehre s B etat oerf‘eseh tve film™
carrier is | anImaotbevnwordse thelcibiustmra tive sembedinedticof skheate is then
returned 1o tnengbfidfhn' Bs ChRWRCLA FIYOM 11 drsa ' Dkas A CI N9 the
g %5 volume production at relatively low cost,
One example of a method for fabricating electret
transducers in accordance with the present invention
will be descrihed in connection with a technique for
bateh processing of an array of small composite
20 structures each comprising an electret diaphram
adhesively bonded to a nickel-plated metal ring.
However, adhesively bonding a single electret
diaphragm to a single metal ring using the technique _
described hereafter is within the scope of the present .
25 invention. o |
An array of ring-shaped washers is formed in
a sheet of nickel-plated brass of about 0.38mm in
thickness., Preferably the ring-shaped washers are
formed using a photoetching process. In such a
30 process, a phofo tool with two precisely aligned
glass masks is used to photoexpose both sides of the
sheet of nickel-plated brass and an initial etch
cycle of 5 minutes is used to start the ring shaped
washers, The partly etched sheet is then removed and
35 dried. A pressure sensitive film carrier is
laminated onto one side of the brass sheet., The
laminate is then returned to the etcher to etch
38 through the brass thereby producing the rings arrayed



on the filmcarrier. The second etch typically takes 10 minutes at room
tenperature. However,- the total etch time is |less than 6 mnutes at 60-C.
. Typi cal dinensi-ons’ of the ri.ng- shaped washers are about -5.59mMm 5 er
di anet er. and about 7.16mm outer di ameter yi el ding a washer wi dth of
approxi mately 0.76mm Once the array oflﬂlng shaped ni ckel - pl ated washers

is formed, a poadeher rﬁrmd carilerl,y Thel sgbbhit evbal t&bib&ﬂlid%%h‘e is to
fe dep05|ted nglo th |n s._as illustratively 51 of FIG 65.

I'n an exanpl e piaut R°“tﬁ§"Pe§ﬁPP§enet P"PVFTedtgﬁhﬁgFﬁé i s screen
printed onto th@c&rnapeoﬁsrﬂmgs thian §cméantps|at 6G?GernT7p1be1used shoul d

provi de enough dAwdEssbhs' Or Ak EﬂnQQ?ﬂa eBCw Esmsnsi]-é bBgut, 59 the

-electret netallize i I'm preferabl reover,
the adhesi ve s@fedRne ﬁ@ﬁﬂgt§Féﬁn§hGGPHtlﬁsﬁ BUCOHELE: A1ARALEEr cover age

of the washer yae1ddngai Ms\uetxheuamdbesappraﬁﬁhhaew 0{ 96hke central
portion of the el ectret a nylon nesh

screen, with a prlnpﬂﬁ§tt8fha?ﬁgpépi 59“§th9p8d88ﬁﬁ§Fﬂ'BagE?dd|aneter and
about 6.09nm | waishears disafermedgnablperedetermineti quantisy afray of adhesive

[ ngs each havivigaday Qtadl3i9us QedUUTVATd 42 BohaheBlaROBA PR ™ o1V 20

0.028mMm As nent redetermned ra tensron rn e electret

. di aphragm1® r &dei rdags: iagr iﬂd“&dﬂ'@é‘ﬂ-\?@ﬂ-y sbawnngni bloekt it abtal ring.

Shown in FIGS. p4g,t 6,4c rzﬁawe&hmeemn&neoan&aﬁwbhy 39et rﬂgheﬂ%'ng a
sheet of el ectret _ﬁgrlal 30.su aia h|c allized
|

\FEP A plate 3B 1}ed, adhes v 3ﬁ§?8P Br Qﬁaé °ﬁ$83§ﬂ?e’§€ﬁ¥ltlve
adhesi ve arounaft hrdnes.i piThey seireenc peyiati pgtiternseéd be used sheuldeet of

el ectret 35 Mbsdle Whollgh! alddelVe? o 87106 B6a’ Tale! BEEWON"
5

posi tion. sion
the ring and the electret metallized film preferably

of less than 0.007mm thick. Moreover, the adhesive
screen printing step should insure complete annular
coverage of the washer upon clamping without adhesive
spillage into the central portion of the electret

20 metallized film., A screen, e.g., 2 nylon mesh screen, with
a print pattern therein of about 6.86mm in outer
diameter and about 6.09mm in inner diameter enables the
printing of an array of adhesive rings each having a
width of about 0.38mm and a height of approximately

25 0.028mm, -

As mentioned above, a predetermined radial
tension in the electret diaphragm is required prior
to adhesively bonding it to the metal ring. Shown in
FIGS. 4a to 4¢c is an arrangement for radially

30 tensioning a sheet of electret material 30 such as a
0.025mm thick sheet of metallized FEP., A plate 31

- having an opening of diameter D1 and a pressure

sensitive adhesive around the periphery of the
opening is used to hold the sheet of electret

35 material 30 with its metallized surface in a face
down position. A tension plate 33 having a smaller
opening of diameter D2 than the opening of the plate

38 31 is used.to provide a fixed tension to the electret



openi ng of dianeter D2 than the opening of the plate 38 31 is used to

provide a fixed tension to the el ectret - 12 - sheet, The tension

pl ate 33 supports a circul ar menber 34 of predeterm ned hei ght’ H around the s
peri pher the small er opening. _ nmenber 34 may be of a commerci-ally
avai |l abl ¢ pe, such as an 5 - 0O- r|ng As shown in FIG 4c, the plate 31

EH)

iiii
i's broughtAn cepdée) Wid A {0 Suph d&dttshatfbgz%u%frfet film30 .
sandwi ched in be en nd uni fo raméﬂqﬁg oned due to the el evati o/
H of the nenber® hg' 9# ’féﬂf‘ é&&a%plaé'm’é‘ #& 10 of 200nmm
by 200mm cut frmi&phm of thed adnd e ad petimyy, Wﬂl}ﬂ‘lnﬂm‘begﬂ}% djda:_s,neter DID2
of the opening ;x?ipf er, Qf t he di aneter
of the opening ‘65‘ enS|on %Wi Jlg ]’f tﬂ'g) % % 15
The pl at es/Zl ecQ‘r%ingq I nﬁ%ls%ﬂmm yi!be Gheye ﬁmeo\nlaé’s! t}1e llsnbfmrwglhy.

~tensioned fil mfzprcmm g cerld N ol a1l ¥ SAltkClend aphragms. .
Subsequent to e tensj %{ﬂg (g the el ectrét sheét” as shown in FIG 4c, the
f

carrier with t egtrgt Fandwiehad dne betwesns and aniforaly f or ned
thereon is br o@didnscormfsiomd hidenat qoritiec edievadtd oal & lgfettheheet as

illustrativel R The i_ght|. etal -filled
adhesive is tgc and Qﬂhﬁ a&ﬁuet véase S | it ggﬂ'ggéﬁa)éw lhfg%
metal | i zedt @| ecﬁge‘lo@#ﬂeehy 200um rant finome #s rod 1a offi mﬂadrldzleldﬁel(e@mﬂed:t ely

covering the angufesie. tfﬁdﬁﬁ*ﬁ&@%lao&o%ec tfﬁtd V'ifny %&\@eﬁ the -
washers and the rretalcﬂfy , the assenbl IS cure rature ran |ng\_,_/

bet ween 80 C- 1RA¥X Rf mm [ Bnck rti‘teed'iﬁﬂleﬁleé‘cp%sfofthpl G 5.
The f oregoi ng tapqninglinat&nxxbﬂ(ylamaw3mgnhbebasaeﬁhhb order of
125mm, o
15 The plates/electret film assembly of FIG. 4c
provides the uniformly tensioned film for batch
fabricating:an array of electret diaphragms, k
Subsequent to the tensioning of the electret
sheet as shown in FIG, 4c, the carrier with the array
20 of adhesive printed ring-shaped washers formed
thereon is brought in contact with the pretensioned
electret sheet as illustratively shown in block 52 of
FIG., 5. The lightly metal-filled adhesive is tacky o
and will hold the washers in contact with the —
25 metallized electret sheet. In order to ensure a fine '
bond line completely-covering the annulus of the
washers and a good conductivity between the washers
and the metal layer, the assembly is cured at a
temperature ranging between 80°c-120°C under
30 Ppressure as illustrated in block 53 of FIG. 5. The
foregoing temperature range for curing the assembly
enables the simul taneous thermal stress stabilization
of the electret material. After the cure of the
adhesive, the carrier is peeled off the back of the
'35 washers thereby leaving the ring-shaped washers
- permanently bonded to the metallized surface of the
_ electret sheet. The next step in the process is the
38 separation of the individual electret diaphragms of



enabl es the sinultaneous thermal stress stabilization of the el ectret
material. After the cure of the adhesive, the carrier is peel of f the
back of the-35" ~washers thereby |eaving the ring-shaped washe ermanently
bonded t.o the.netal I'i zed surface of the electret sheet. The néXt step in
~the process is the 38 separation ef @ffe =ndividual electret diaphragns of

- 13 - the arr %, %eaar e cl t he.
'-’Qliter edge of ?ﬁ’e was r?jo ﬂf%é{)e!%i%gle%t trealt%lté\??egnggl%%nents ave been
present ed nereldraund |thesiqufer w@dee o ithenwasherspyentive concepts of thé

present invention. MNxerfuiteddidig uaatumuwhm:mfeeﬁrs IWaiviel i ng t he
adhesive on th metalllzedt rfac i

Xt t \r’ﬁ tartet X aphrattgiml stead of on
the annul ar suri&te RFeR4RLYS ﬂbe zype(? St O R&ré echni ques
to 10 ap@y dnveptive munderts |ofd %weﬁ@!ﬂemmnﬁm.washer and the
el ectret diaphr &?é’d&fﬁ%tﬂo‘ixs% ﬁ%é%é‘%en rihtingCithleMs 1. An

el ectret transducer conprising a unif y radi al t énsi oned el ectret

di aphr agm havi rfihesive aretidie |ntﬂé’(§llléﬂ\7@fd cﬁ\lréﬁé’eofofl fhengl@cta@tf aces; and

a metal ring cmﬁﬁﬁ@d Wi 910 &m%‘s anfii13ly isiRdacdV ¥t thel he

el ectret diaphragm adhesi ve materi al
_ P %1 tha de washers, or using other techniques to

10 apply a lightly metal-filled adhesive between the
washer and the electret diaphragm, can be made.
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characterized i ve material contains |ess than 70.wei ght
percent of rreta lIiI ||1[“§‘|‘ZWEEW ectret transducer according to claim1l,
characte | ring consists of .a washer and” is made of 10
ni ckel - d brass material. 3. An el ggtret transducer accordmg to-claim

2, chara tefized in that the adhesive i's an epoxy including a netal

sel ected fromnickel, silver and coppfkAIME An electret transducer

accorfll ntg Ej Of cl aifm 1an ehaggreketranesucks corﬂpﬂiﬂh@tatdheféﬁmmAﬂ‘HﬂEFHy zed | ayer i/
IS selecte romc m S n_ el ec
transducer a@gé}meﬁ g{“ﬁ%ﬁ%&%m;ﬂ'{ragrﬂ%ﬁ%g g}bd %"ﬂ%%e‘{ h%v%rh?rﬁ taI lized

| ayer conpricfesdta mmlorsunﬁadeayeindoi nmtsohtrmgomnguptwew bondpd tavthel ectr et

transducer a1 fiizad ’fa‘%e?'@l‘ 'Ehf’eﬁ@@rfe%caﬂrphﬁﬁﬁ by atdhawehﬁat%@hsrﬁl ve
conprises su tantlal%%an Yo Ni. C ctret

transducer cH@raciesiz b*;"'aﬁrmﬁ BF'?‘F&’I!\?I "ggﬁ@’i QO@GE?%THF%&% %?9 than 70
wei ght percarehgwf paetent Of Ieeal fddhémcting a netallized portion of a

ni Tormy 25 er % Al bEIRLORaR Bl felort AP B AL hbrdctiiveq

nmetal Iized | ayer annu ar--sur ace 0 € adhesi ve
bet ween the ¥n fatathe tedaheniag aonststseof anwashey ?ﬂdﬂdsaﬂaéﬁamﬁal ng force

bet ween jighe A,@ygf_pqwe,; BRagEhateriang while curing the adhesive. 8 A met hod
according to claim?7

aracterized in that esjve | i ed by
screen printing a-iMy eHF cined ﬁ'eﬁ"égucﬁ"l ?‘&?rg&‘ﬂeg?\}:éab'ﬁ(ﬁ]h‘éhaaﬁﬁ urface .
of the netalimithgt the adheeivieodls amcenaiwngud]udﬁigaamﬁﬂcéreeleect&defrmred in that \oo/
the screen p’g‘§%?d sagvt'bqsbxg Cﬂbﬁ}% Is of a wdth snmaller than that of the
t

metal ring. hod according to claim7, characterized in

t hat 715 - prh-or A @leetredobitansducey accopding taalndm lookhanasterizad st ep
of unifamsn yid akdflthy &en&a&an TixeldRay@Pt & keTedel Bro: chibmivin, g 1R
accordi ng toal%lnwlum ghd s1ar act erized in that for

5. An electret transducer according to claim 4 characterized
in that the thin metallized layer comprises a chromium layer of
about 1000 . '
20 6. An electret transducer according to claim 2, characterized
in that the adhesive comprises substantially 4% nickel.
7. A method for forming an electret transducer characterized
by providing an adhesive containing less than 70 weight percent of
metal filler, contacting a metallized portion of a uniformly ’ L.
25 radially tensioned electret diaphragm having a thin metallized layer v
with the annular surface of a metal ring with the adhesive between
the ring and the metal surface, and applying a clamping force
between the layer and the metal ring while curing the adhesive.
8. A method according to claim 7, characterized in that the
30 adhesive is applied by screen printing a ring of the metal-filled
adhesive on the annular surface of the metal ring.
9. A method according to claim 8, characterized in that the
screen printed adhesive ring is of a width smaller than that of the
, metal ring. _
35 10. A method according to claim 7, characterized in that



formng a plurality of electret transducers t es the 5
steps of: formng a.matrix array of photodefi Eﬂmmmlﬂmﬁ g rrier;
;SCreen prlntlngthe netal--filled adhesi ve on tRe ¢1 ngs mt ssa @
contacting the métallized surface of a sheet of electret materia th the
adhesi ve-coated rings of the matrix arT&§; “and applying a clanping force

_bet ween the carioriw tmd:ohtui:tehg?cslteptthiaOnetheuemtnDMelsetmsterpgofhe adhesi ve.
]fg’/ A et hod @nqggﬁﬂlgnpa&g]ﬁ)eacl m%a?g{ﬁé%ﬁﬁﬁ 1'a'}e¥~hat t he tensioning

step conpri ses non- ne sur t he sheet of
electret material Bubsh anttm rgcanddng tptf‘s1q5@r$,pﬁb¢'3ﬂ6$e>r1azefiuvrsfcm &0B havi ng

a. Iarlge ape%ﬁﬂrﬁgﬁylasbﬂmaﬂﬁﬂ Bfidlebbretc erdmiduddrs thd aeeld, cm{ﬁdsébgtﬁfl
circul ar er to e. S i ajret er_ smal | er

t han t hat of %EfPa? f)%""ﬁﬁ%rqoﬂ?tnxb?"ﬁ&l?qpnﬁﬂéocﬁgmféir m‘?‘\r‘?qco‘rﬂgéc? "fith the
metal | i zed swaraier;okcrden primtingtthe mesa]-finliedipdhesing on thampngsy oforce to
the two plat es%itdhfrrrgw q%rn‘(?%(dtqhﬂgtié d¥ah WiEdr ﬁ?ﬂfﬂheto@nﬁ'ﬁf&e%%# Bfeciireet ret

sheet within sa ge aperture. 13. el ectret, transducer
subst anti al | ynaderiad: Wi thén raé’hG%'%"@r??PetGdV\'ﬁ’t"ﬁs r‘bff Ehematrivoarrayarand. 25 30
35 - applying a clamping force between the carrrier and the electret

10 sheet while curing the adhesive.
12. A method accord1ng to claim 11, characterized in that the
\\A_j' ' tensioning step comprises adhering the non-metallized surface of
‘ the sheet of electret material substantially along its periphery to
a first plate having a large aperture substantially in the center
15 thereof; bonding a circular member to a second plate, said member
having a diameter smaller than that of said large aperture; bringing
the member in contact with the metallized surface of the electret
sheet; and applying a clamping force to the two plates thereby
providing a uniform radial tension to the electret sheet within said
20 large aperture. | '
13. An electret transducer substantially as hereinbefore
described with reference to Figure 1.
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