SI LI CON CONDENSER M CROPHONE AND MANUFACTURI NG METHOD Rel ated Application
[ 0001] This Application is continuation-in-part of commonly assigned,
co-pending US Application Serial No. 09/886,854, filed June 21, 2001

whi ch clalns the benefit of Provisional Patent Application Seri al

60 253 510 L0 N IRSE i Ao RS AR R PR e

Technical Field [0002] This patent relates generally to a housing for a

t r ansducRélatelit gplRatibn cul arly, this patent relates to a silicon condenser
m crophone 1 ncluding a housing for shielding a transducer. Background of
the I nve 0003 Ther.e haye heen a nupber of disclosures related to
bui | di ngiﬁhbﬁ”gﬁw@ Hefeh CETIRUTHE-RATE Plaeemgpnly aspigndo SORERINELS ai n of
t hese diApplzstoreSehavidecon8s6,854 dilpddunod | W28H whivh Helarsi thg teindfif o6£1 d f or

the pur p%els%alrpaéfﬁlmﬁbmrﬁsgrﬁﬂ <No teh2shsas img Nb%rhlﬁhlrt% Phod. erhethese
di scl 05‘” ¥ wEE are gt Ea?:ﬁxg%{a%e% 8l fReQealag & gm rﬁ%etha"i%r ot

di scl ose® ransducer 1T om out Si eérences. For
|nstance@“P¢%ﬁsducers of this type are fragile and susceptible to

physi cal damage. Furthernore, they nust be protected from I|ight and

el ect r ompgiigldafFiel €r f erences. Mreover, they require an acoustic pressure
reference To tunciion properly. For these reasons, the silicon die nust be
shi el ded. é}004] Sone shiel ding practices have been used to house these
devi ces. [0883] Thispaiprtaelatep rgglaﬂr%lge iuging dervstrgpsdeges MY oreappetiqybasky. Bisovi ded.
Addi t i ongdtdry ,relleP30 ansilissméndatidel imierophovee gichiitg €ihoating f¢rSHicliinpackages
have beep,ditihdchzed. However, the drawbacks associated wi th manufacturing
t hese housings, such as Iead time, cost, and tooling, nmake these options
undesi rabl e. Sunnary of the Invention [0004a] In a first aspect of the

i nvent i oBackeneund ¢f¢heluxentien a nmet hod of manufacturing a m crophone

conprising: providing a first panel conprising a plurality of bottom | ayer

port | o065} PGORRESRANLA df%?&lo@(r};?%ldﬁﬂo%ﬂﬁfﬁg?nm%k)ﬁ&fésélé}mgen@s

ran n r n rrn
ts egozgug‘?{h@F e%ac rqf §‘|SH§°’& d &Ig aipltot;%gpe ﬁlsaosures hav com n ccl'n%egf;mn w1ﬁ1u I 9 a
the hearing a1d field for the purpose of reducing the size of the hearing aid unit. While

these disclosures have reduced the size of the hearing aid, they have not disclosed how to

protect the transducer from outside interferences. For instance, transducers of this type
are fragile and susceptible to physical damage. Furthermore, they must be protected from
light and electromagnetic interferences. Moreover, they require an acoustic pressure
reference to function properly. For these reasons, the silicon die must be shielded.

[0004] Some shielding practices have been used to house these devices. For instance,
insulated metal cans or discs have been provided. Additionally, DIPs and small outline
integrated circuit (SOIC) packages have been utilized. However, the drawbacks
associated with manufacturing these housings, such as lead time, cost, and tooling, make
these options undesirable.

Summarv of the Invention

[0004a] In a first aspect of the invention, there is provided a method of manufacturing a
microphone comprising: providing a first panel comprising a plurality of bottom layer
portions for a corresponding plurality of microphones; disposing a transducer on each of

the plurality of bottom layer portions; securing a second panel comprising a plurality of
[



top layer portions for the plurality of mcrophones to the first panel,
the top | ayer portion enclosing the transducer within a cavity defined by
the top | ayer portion and the bottom |ayer portion; and separating the
plurality of mcrophones; wherein each bottomlayer conprises an acoustic
port havi ngf an aperture to receive an acousti c signal , and_di sposing the
t r ansductP REHBPTIERS fo thsypluraly 9fiaicropharcs e the Tirg PaselntheripR laXerRAEde e por t .
[ 0004b] dmlcmugeth@ l:rdnﬂspﬁeomt}nrli atchety defmed berhe tohdaer ipsrtjonewd dedbatonet hod of

man:Jf aclt ? m@n Nn@r< ﬁﬁrﬂ]ﬁﬂaﬁtyngf mmr@pﬁoﬁemv@raﬁﬁ re§<§h Q@eﬂﬂi llagferrpt r } sing
a pluralj or.t J.ons corres ral i o}

3P ural e BOLLAT P*&el} i cep s  Shecfive A ARRARNTD Rl HisBodigel, 07

| ayer pothgitgpssiucecempripry dsposing iy tﬁ'&ﬁ@cemﬂ“@%g"’&s% tal ity of top

| ayer portions for the plurality of mcrophones to the first panel, the
top I ayefop] tlh%nsecd?lﬂcdl 'tBchte B8 ehfi G SHE R priV il dY af‘m@th%@%f fn)énﬁ@éthﬂﬁéd by the

top |ayer ortlon an ottom ortlon t he
A R A N R T I AR
the top payiensiorawsprespending abealiy ot migprhongsidigosing afentduee aneagieeki ve an
acoust i cthsipmirality of lbetomtird poaivas; @cunglgprr Q¢ PgheB CorBpikineoN PRIRIRY obarri er

covering, h%yer g&gﬁdﬁé fis? t%hra 1&9&%@ hBnd tb 'Ekierfﬁsﬁ%ﬂglchhe% Eag & JdpyGNt 1 on,

there is manu urln Cro r|S|ng

or ovi di ngiapsme Ge treaﬁ?ereem aSpRly detiactl bR (prgp Sqopnone g bORBY 11 ons
for a colyespone;rgd peparating the @ﬂurﬁilWerpmemboneda whersinnggch of thenlydivoer on
each of [avhe opbathaalfltﬁeytoﬁia eetdoﬁmlls@afeaconmctpmvmgeelapeﬂﬂgeeo &e§angh panel

oM i 1 G &P LY ;aleﬁa{od et AL E el vRlE BbldateOlc

m cr ophones rst ayer portion enclosin

t r ansduc®OUHEIMNN a cavi ty def| ned by the t op Iayer portion and the bottom
llayer portion; and separating the plurality of m crophones; wherein

slepar ?t 't monaqn amli'f'd[ adp eEﬂ’on{le fﬂvéﬁtﬁﬁhﬂf&%&s Qfmidd%el%etﬁ&ﬂ)@f ﬁiﬁﬁdf&t&lﬂ% 2
plurali ones. I.n our

aspect o R GERPPGRE wRLRra L TIGRY oMb o U ol i g

micr ophoﬁ%ﬁl@’@ﬁ"@rﬁ@ﬁ@spobﬁhé%lphirﬂéjy& mwrephqyaﬁéluspeeﬁwutenwcq%@Plapf ty of
bot t om | aqiiuralgrdfibotismfiayer goctams eepuigy ngecphdipalel tympdsing £ popiones;

di sposi ng, Qa§eﬁ‘%8§1%ﬂ§%rt lﬁ?a(hlfy &f mickd}: Oﬁ)ésLtB@ﬂé firke ﬁnepg{ettg AyBY SR L1 ons;

securin seco risin op. | a ions for
thepl ur SRIGYE AREEBEHON av%ég?fﬁ@?tbyaé%éﬁaﬁé’Oﬁea e %%' ALt on
encl osi n&yememttwansiaducseparmlmamthﬁ Rlusaliy t§f adFrpphogenywhareint gpatatyethporti on
and the pwikdigy ofl aabplpoiet | @mprBad ssepaigt ity pluralitpl of ahictophades into

m cr Ophoﬁﬁ&bp%ﬁ%ﬁiré? each of the bottom

[0004d] In a fourth aspect of the invention, there is provided a method of manufacturing
a microphone comprising: providing a first panel comprising a plurality of bottom layer
portions for a corresponding plurality of microphones; disposing a transducer on each of
the plurality of bottom layer portions; securing a second panel comprising a plurality of
top layer portions for the plurality of microphones to the first panel, the top layer portion
enclosing the transducer within a cavity defined by the top layer portion and the bottom
layer portion; and separating the plurality of microphones; wherein each of the bottom
layer portions or each of the top layer portions comprise an acoustic port having an
aperture to receive an acoustic signal, and disposing the transducer comprises disposing
the transducer adjacent the acoustic port formed in the bottom layer portion or the top
layer portion.
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| ayer portions or each of the top |layer portions conprise an acoustic port

having an aperture to receive an acoustic signal, and disposing the

transducer- conpri ses di sposing the transducer adjacent the acoustic port

formed in the bottomlayer portion or the top layer portion. |a [0004e]

Ina fifth aspect of the invention, there |s(§rOV|ded a_ met hod of

manuf act 0PP4R) a2 f%ﬁllcf}sﬁiﬂﬁ@ﬁéhed&ﬁ?ﬂ‘i"§1 there iHPEYider agnehed plspamdsdirngghpr i si ng

a pl ur al infeyopifond cdmprisih@ymovidgr 4 fios pahdrcompasing esgondiing’ pittomaliayey of

Im cr oph%&ﬁmsdﬂoﬁ RS PoRdihE 911;%1& ef nﬁé}oﬁﬁﬁn@s Afsp oél a Rlalddbdrton @th bptt om
ayer po ur a

ayer pol tiROHEY &Y PPt sy gPﬁWS PR e SR B C%@ﬂ%ﬁ%#ﬂ%ﬂ&ﬁwf Lhe

top | aye‘iOPd@fef potionsioE thesplugibhe! mwm@am.ﬁsé@ thgi g pangl, Gevipp laYBBIHE by t he

top | ayeencmrrtgl the tramdutdravitioh haavity dsfered perthd ©p; lampaztmhlamg theneotimur al i ty

of i crop aqfo%morﬁ@ a&enﬁgfthé Bhrdt16 mAGhiohe; SRE AR trsNARE! anfQRPLLCBANT

| am nate Structure m nat’e ruct ur es co r| sin Lve | ayer
bor t 1 onePa BT RIS B T WPRER ST ROk OReOR EERi n ¢ e
t op | ayeportipas e pgn-gerfiuetiee et ppitioay dempeg i Qﬁﬁ%ﬂltOFO@@!Sll s 4o llayer

enbodi mepdrSoneandakoOddtde Ry&idoriéen. condenser ni cr ophone package that

all ows acoustic energy to contact a transducer disposed within a housing.
The housj rOV|des t he necessa ressure reference while at the sane
time pr ol WBFLEXHPIE FRRQHTER may T 2 G CONFRSEE PRSFARINEE PEaRt BFF er ance,
and physilbats sansigeenetgy @omotadhad@nwiucer disposehiygbiinrreheusofg. fThe honsient i on, a
Silicon ORIBHERNCEREAORDIIBE . rBleldibethie bf MDSAHE Gmeqfibleds tlbakarke and a
cover fo ng the hou3|ng The substrate may have an upper surface with a
recess formed therein allow ng the transducer to be attached to the upper
surface and to overlap at least a portion of the recess thus formng a
back volunme. The cover is placed over the transducer and includes an
aperture adapted for allow ng sound waves to reach the transducer. [0006]
O her advantages of the exanple enbodi ments will be apparent fromthe
foll owi ng specification taken in conjunction with the follow ng draw ngs.
Brief Description of the Drawings [0007] Figure 1 is a cross-sectional
view of a first enbodi nent of a silicon condenser

1b



‘m crophone of the present invention; [00081 Figure 2 is a cross-sectional
vi ew of a second enbodi nent of a silicon condenser m crophone of the
present invention; [0009] Figure 3 is a cross-sectional viewof a third
enbodi ment of a silicon condenser microphone of the present invention;

0010] Fi 4 t I f the t d d t of th
L0010 PhAH. kBTG5 MRETE! e et TEALag!, L

i s a cro§Bbedimenipfihe ipveiioss a iljeon ¢ndenssrpésapnhene insfudehatrpgrsdaesnand a
i nvent i onutsfriieyand atcovarformniolg thedrousing cThict subsimtcdminhare aaluppemaifacd wihi on;
and [ 0018Jredebgtbr@edthiceirtal Rivaiy Heaiingducar Wtk td e WBp& buffa :Jnu Gen

condensegyd rﬁﬁ’é&@ﬁ@é ontafﬁl%qece[sgﬁflaé]fo i E%a ulﬁel'ﬂﬂegé Ftd R)ven(illon

cross-sectlq rophon
[ 0014] FI gur anSducer aﬁfl él}cgl]fd%ﬁra’g@ergﬁg?ﬁ@% fo{}ia]éWIBg s ?ﬁ??‘@ﬁﬁ%ﬁ%‘%ac kage
of the p ucImhventl on; [0015] Figure 9 is a |ongitudinal

cross-sectional view of a mcrophone package of the present invention;
[0016] Fi[@p@s6E Ol | sivanth@tseoflthe reaampleshbadimbnty i @ 0F #bpaicat GRIONE package

of the prafRhhe sﬁeelv%ﬁtdnqaqen%nmja%%%é,%@fdﬂw Q&Q]?/(% 21276 [0017]

Figure 11 is a cross-sectional view of a top portion r a mcrophone
package of . the reserilt |nvent| on; [0018] Figure 12 is a cross-sectional
vi ew of XEsHE ophone package of the present invention;
[0019] Figure 13 is a cross-sectional view of a top portion for a

m cr ophof@0FhEigage! &f a ctdse-sequibaseritwiaiwefitst embodiROR0Yf Fritivsecdididndes a

Cr 0ss- segtitdp@ine Vi ¥ padsedt ihdntipat ed bottom portion of a housing for a
m crophone package of the present invention; [0021] Fi gure | 4b |s a plan

vi ew of r of ,the | am nated bottom ort| n _of Fi 14a; [0022]
i oure. 1IRIOBLFleuf 25 rrn el wgsroGrecbin sinarial boveameansekon. of

Figure 1 merophone of the present invention;

[0009] Figure 3 is a cross-sectional view of a third embodiment of a silicon condenser
microphone of the present invention;

[0010] Figure 4 is a cross-sectional view of the third embodiment of the present
invention affixed to an end user circuit board;

[0011] Figure 5 is a cross-sectional view of the third embodiment of the present
invention affixed to an end user circuit board in an alternate fashion; and

[0012] Figure 6 is a plan view of a substrate to which a silicon condenser microphone is
fixed;

[0013] Figure 7 is a longitudinal cross-sectional view of a microphone package of the
present invention;

[0014] Figure 8 is a lateral cross-sectional view of a microphone package of the present
invention;

[0015] Figure 9 is a longitudinal cross-sectional view of a microphone package of the
present invention;

[0016] Figure 10 is a lateral cross-sectional view of a microphone package of the present
invention;
2



[0023] Figure 14d is a plan view of a layer of the |lam nated bottom
portion of Figure 14a; [0024] Figure 15 is a cross-sectional view of a
bottom portion for a m crophone package of the present invention; [0025]
Fi gur e 16wigs2o86/28628S- Sectional view of a bottom porti oprifrgtzedaieg ophone
package of the present invention; [0026] Figure 17 is a cross-sectional

vi ew of ott.omportion for..a mcro ne ckage of he presen :

i nvent i[%@,ﬁ[ O%‘g'ﬁe Hgilsg%?:ré’ssi%eclug av%eﬁvo‘gjsggg% ?@8?1? WWP&W“ aﬁgﬁ‘?(?&rfbﬁorti on
for a mraesihendomackage of the present invention; [0028] Figure 19 is a
pl an view of a side portion for a m crophone package of the present

I nvent ijoows] [ OBz 1Biiga tRs2&etional vieh QT a-t59 férkion flr a\iﬁi%y&gﬂgn@pa%icéé% o et I ON
for a m crophone package of the present Invention; [0030]" Figure 21 is a
cr oss- PEBERIRENLQOew of a side portion for a nicrophone package of the
present invention;, [0031] Figure 22 is a cross-sectional view of a side
porti od0QI Figierldphoprespinskensb visiv oftaiep peréer fiar 2 migephpwapack@edLiheri gur e
23 is - . onal view of a m crophone package of the present

i nvent ?’5%%&3%8%06/ 023016 PCT/ US2005/ 021276 [0033] Figure 24 is a

Cross- i O 1.eW: of ] K he present. invention;

[ 0034] i@ﬁgo@]r 21% \éilng%as ac‘:rrgsggegtgeoc | O%IO?\%?%@VQ%F EQO%QP%HBHSEB%% & of the
pr esenta microphorie pankagk 00 8fslprésenflineen?i6bn;i S a cross-sectional view'of a

m crophone package of the present invention; 10036] Figure 27 is a

cr 0ss- §@0X1] oriéigur¢ilghisaf plan vicerafpalayee ope kagieated bbthen pokiBARE Fighftvigat i on
wth a retaining ring; [0037] Figure 28 is a cross-sectional view of a

i cr opheoee] parikaga40fs d gl viewsEatlayer 680 ldndRated bétickn h&ikidh bF Piguwi 148,

[0023] Figure 14d is a plan view of a layer of the laminated bottom portion of Figure 14a;

[0024)  Figure 15 is a cross-sectional view of a bottom portion for a microphone package of

the present invention;

[0025] TFigure 16 is a cross-sectional view of a bottom portion for a microphc‘;ne package of

the present invention;

[0026] Figure 17 is a cross-sectional view of a botiom portion for 2 microphone package of

the present invention;

[0027] Figure 18 is a cross-sectional view of a bottom portion for a microphone package of

the present invention;

[0028] Figure 19 is a plan view of a side portion for a microphone package of the present
invention; ‘

f0029] Figure 20 is a cross-sectional view of a side portion for a microphone package of

the present invention;

[0030] Figure 21 is a cross-sectional view of a side portion for a microphone package of

the present invention;

[0031] Figure 22 is a cross-sectional view of a side portion for 2 microphone package of

the present invention;

[0032] Figure 23 is a cross-sectional view of a microphone package of the present

mventioi;



[00381 Figure 29 is a cross-sectional view of a m crophone package of the
present invention with a retaining ring; [0039] Figure 30 is a plan view
of a panel of a plurality of m crophone packages; and 100401 Figure 31 is
a plan vi e fiberdesbisCr oOphone pair. Detail ed Descriptionpdpgdhisd-Le the
invention is susceptible of enbodinents in many different forns, there is
shown in the drawings and wil| herein be described in detail several

possi bl W0&Hb o Higwenikis efcrospsectionsleniew oha wierpphone pankdes efitheplicsmpt t hat t he
present-g&ﬁﬁ#osure is to be considered as an exenplification of the
princiﬁPes of’the invention and is not intended to linmt the broad aspect
of the | nt i ; odi ment.s_ i strated. [004 The present
inventﬂgﬁyﬁs Eﬁﬁgi é%gggggg%g%gﬁBﬁﬁ”Sg% A SO REAHY T B ¢ he

m cr ophiementipackages di scl osed herein over m crophone packaging utilizing
pl astic body/lead frames include the ability to process packages in panel
f or m al [0096]NQ FEREE26.8 alcfost Sedtionall a5wiBEla RREoSIAE PAdkE: MHe AeseCh | OVer
cost. The typical lead frame for a simlarly functioning packagé woul d
cont ai N®F&H%Ben 40 and 100 devi ces connected together. The present

di scl osure woul d have approxi mately 14,000 devi ces connected together (as
a panel [f036] 5| Eigure Jeis g grpsersertienal vigwe ef dadarophepe parkagayef thepresent mal
"hard-ng&mngﬂ£mﬁa£%% .the process to adjust to custom | ayout

requi rements wt hout i Ng

g to redesign nold, lead frame, and trinform

toolin : i repver . many of the
descri HO% Anbbdt nen & L ahar o hapeto e P A8 Bl L o
expansiioveniyon withtseeindogmimg, s PCB, typically made of FR-4, since the

m crophone package is also nade prinmarily of FR-4. These enbodi nents of
t he i n@638fonFiguey2%ik 8 orosé-sentiontieridvh of amédophone packegdefitie pgsdopat i s

required in plastic bodyllead franme packages. The footprint is typically
smal | er mﬂgma%a%"lf’yr&g’requi red for a plastic body/lead frame design

since t eads .be forned | at.ng a. through-hole in a circuit
boar d tlgﬁgfdér ﬁ?‘tgﬂ%%df ARES 1Y Pﬁ%pgﬁfﬂtﬁ' ’%B%&‘?Y fmizrophonaRackages.and o
body/ | r desi.gn,.a .gull w.ng configuration would be used in which
the | ejﬁg‘“{lﬁ gg’r%“’fﬁ lgeglﬂﬁlvll Bbt mb‘?rg?ho.nei’ 044] Now, referring to Figures
1-3, three_egﬁodhnents of a silicon condenser m crophone package 10 of
t he pr & are illustrated. Included within silicon

[0041] While the invention is susceptible of embodiments in many different forms, there is

shown in the drawings and will herein be described in detail several possible embodiments of

the invention with the understanding that the present disclosure is to be considered as an

exemplification of the principles of the invention and is not intended to limit the broad aspect

of the invention io the embodiments illustrated.

[0042] ‘The préseut invention is directed to microphone packages. The benefits of the
microphone packages disclosed herein over microphone packaging utilizing plastic body/lead
frames include the ability to process packages in panel form allowing more units to be
formed per operation and at much lower cost. The typical lead frame for a similarly
functioning package would contain between 40 and 100 devices connected together. The
present disclosure would have approximately 14,000 devices connected together (as a panel).
Also, the embodiments disclosed herein require minimal "hard-tooling” This allows the
process to adjust to custom layout requirements without having to redesign mold, lead frame,

and trim/form tooling,



m cr ophone package 10 is a transducer 12, e.g. a silicon condenser
m crophone as disclosed in U S. Patent No. 5,870,482 which is hereby
i ncorporated by reference and an anplifier 16. The package itself

i ncl udes gsihsii@ke 14, a back volume or air cavity Ifrmbdssinprevi des a
pressure reference for the transducer 12, and a cover 20. The substrate 14

maybe forned-of FR-4 material allow ng_ processing in circuit board panel

form tPRA3]t Moy veaany affie describedppbrdigerss hasea bettprmptgh of themmali ng.

Fi gure oS- ' @b . | he . vol une 18
surrour?ggfgﬁgﬁtpswg?gﬁﬁtg%wﬁ t%r%d%%%ds’wg%%%%ﬁgﬁ@g%m 18 may be
f or med nhigrophonegaekagsfis atet nedisprithadly 0l FRef. chhese ehbelimente pf the diviehiorng of an
upper surface.l9 of .the bstrate.l4 to.form a.recess over ich the

{1 ans ey A E TS (e 8 it honde i e in Bl ket e o o

i ndi Vi gidaitagsd) EBeSFopriRs fypicalldl siadriadd thet whed boegiraipt aphegt s to form
t he back vol une 18, which nma not have. internal support. posts

or ma |
( Fi gur eody/} a@rﬁﬁﬂ?eiquiEﬁ&n%ﬁhﬁ?(@ﬁ%WY%ﬁ GtgH by platiag g dhreughshala myeircuil ovi di ng
a seali r'th Rkt t ' ' | 3k ack

vol une b%grdtgurl n%eggtﬁl?ggteobﬁ%ﬁﬁtg% g?d't %?%%%gdggﬁgéd%?gg%dé?hgg Elldle%l reag 3-5).

| n t hi gullwengbenfigutasion svonddl beatsedin which He Isads stidentthe avrtall frot pgwdr ' s board 28
creates the back volune 18. The back volunme 18 is covered by the

t r ansdaedd] 12Npw, gicriag vliBrael-3cthycevdnitodimens dfe silldourphdmsied” and nount ed
face down. The boundary .i,s seal.ed such that t ack, vol.une -.18 is

oper ab T CRRIT TOREE 106G aT S HIGTESYER sty tpetald, JMIAPBIE P iE8 e | on and
pr oces shilidphéne patbepeqONes raRdeantd) g Ablicapenisiser Mirophoshasdiciseat ain a
sintered_netal insert 26 to _prevent water, %’ticles and/or |jight from
ent er i i Uhef Partitiy e Sl danadh lﬁéﬂf@h@_n}cﬁmﬁ bywipoeAnd ap AEphfer 16, e

sem Conﬂﬁgﬁ%ge sBinciliB& ARBEEHE B4, %babl vaRiAR 08 dir LAityAlS, QMAP:-FRGRG Waves

to reac e ‘transducer 12. The sintered netal insért 26 will also have

cert ai rpresswaseferengn fop dettiaasduce 1g, anda Wy BT EoRbsEtPETMIERe 687118 D276
2cous! i, S9RIRybFRELREs, o1 WL SEALTRL AL MRS AR, L o101
capabi ldctyomits dfrealimmanufeaurids Hgaedris &iplan viceokiht syisirbieridahoeingfthd he
of ¢ he B aIoRe 18 sy PO R R G B EEERF ophone. package 10 whi ch woul d
e ISR RN U N < W W U

depth drilling of an upper surface 19 of the substrate 14 to form a recess over which the

transducer 12 is mounted (Figure 1); drilling and routing of several individunal sheets of FR-4

and laminating the individual sheets to form the back volume 18, which may or may not have

internal support posts (Figure 2); or drilling completely throngh the substrate 14 and

providing a sealing ring 22 on the bottom of the device that will seal the back volume 18

during surface mounting to a user's "board" 28 (Figures 3-5). In this example, the

combination of the substrate and the user's board 28 creates the back volume 18. The back

volume 18 is covered by the transducer 12 (e.g., a MEMS device) which may be

"bumpbonded" and mounted face down. The boundary is sealed such that the back volume

18 is operably "air-tight".

[0046] The cover 20 is attached for protection and processibility. The cover 20 contains an
aperture 24 which may contain a sintered meta] insert 26 to prevent water, particles and/or
Light from entering the package and damaging the internal components inside; i.e.
semiconductor chips. The aperture 24 is adapted for allowing sound waves to reach the

transducer 12. The sintered metal insert 26 will also have certain acoustic properties, e.g.,



I ncluding a chanber 32 within the end user's circuit board 28. [0048]
Anot her enbodi nent of a silicon condenser m crophone package 40 of the
present invention is illustrated in Figures 7-10. In this enbodinment, a

housi ng 4@ g SodiRbdfed from layers of materials, such agiWRsReed 1 n
providing circuit boards. Accordingly, the housing 42 generally conprises

alternating |ayers of conductive and non-conductive materials 44, 46. The
non- conguastic dempinger sesitnge.c Theygntersil nyetal fosert 26 anay, thepploraoswglected wacl ayer s

44 are _typically ¢ [. .This, | t1.- ' tion

advant d %tdﬁé'lf’?}ls gpfﬂ%g g‘%f ﬁléhapﬁecﬁllggfngl‘r}oglay%@{rhgﬂ?{@g F&gsg\ﬁéé;ﬂgn e nd

pl anes, pweplldRffoRadRe oftheyilitopaticopleapdli t ance | ayers and plated through
hol es pads within the structure of- the housing itself. The conductive

layers [op4mQVi fefEMg BiFigired Hgndd)idheehivall SOmadfiinproguct &Y difdonabhdensas
capacitors and/or inductors to filter input/ocijt put signals and/or the
i nput poisearhengiprckage Yorlyph weuldmaoss kel berattached fo anend ussr's POB28 R8I ng 42

i ncl-udes%g%f}#ﬁ“&ﬁ{,&ésgnm A uratLH QRO POF dnlRBinD the HIRE SGtuRY 18 b§T de

portion e ‘housing~42 further includes an aperture or acoustic port
54 for ineledingiarharaber32ovititin thesnd nedr's amelitbrardi2fer chanber 56 which is
adapted for housing a transducer unit 58, typically a silicon die

m cr opho4s]or Aaothat émigpdimentrof agilicpm cdmsigasef Bidapphofih packags 4bof thopresentd si de

portions 48, 50, 52 are.electysi l.y. connect ed, .f or. anple with a
Ponduct ryatnil B ghE KRSl b e RRELFE 2 s 2 BTl
conveni gk ¥f fftefifle, Suek 59 @bsesised RPryvididgloirguit Behrdd e@adcbrddigly e ladbiagi ve
di sposed between the top, bottom g{d side portions 48, 50 anag%%é. The
sheet of2 grograliy REEPYES ARGIERIEIRYTS, o ORIBRPVC BRSNS o
sui t abl g, EANSAIARE YRR 480 BRAIFFR-PBONE NThd QESIARE I4efiMAGrassenbl y.

Each portion may conprise altérnating conductive and non-conductive |ayers
of 44, wpically @pbej THiemphialapehosgngegnsirnetionddvaniageapsly permits thy Balusith e

nner ol pdiPer Rl BRI Ylanko (ARG ris, GRAAH Bhds) EaBAAGL Blyersshg Shoul d be

under st nIrng nay portions o on-conducti ve
mat er i aplated shrblih Hbdeschads withinrtae snicaire ofihe hotsifa itself. Thw eondubtiveriayvrs

conducti ve, Lal, The.inner linin 1 protects the transducer,K 58
oAl ot Pravidh BN dhfiing whils ARSHh b tibtoR o Fhbetols e ST RS 10 atay
cage. ThRerlj u%hmi@m%df&ylh&h pbﬁreﬁﬁ@}&hded 6 WO 2006/ 023016

PCT/ US2005/ 02127 by suitable electrically coupling together of the

var i ousopedust id@nibi@icnt Wukifited, thehdusig 42 hedides dithaiseagaidtd ons 48, 50
and 52 of t'he housi ng.e<{0051_1 In the various enbodinments illustrated in
Fi gur esbattonppegtion 3B spaged byhasigepertion §2.0f he housing 42 further includes an aperture

or acoustic port 54 for receiving an acoustic signal and an inner chamber 56 which is adapted
for housing a transducer unit 58, typically a silicon die microphone or a ball grid array
package (BGA). The top, bottom, and side portions 48, 50, 52 are electrically comected, for
example with a conductive adhesive 60. The conductive adhesive may be provided
convenieﬁtly in the form of suitably configured sheets of dry adhesive disposed between the
top, bottom and side portions 48, 50 and 52. The sheet of dry adhesive may be activated by
pressure, heat or other suitable means after the portions are brought together during assembly.

Each portion may comprise alternating conductive and non-conductive layers of 44, 46.

[0050] The chamber 56 may include an inner lining 61. The inner lining 61 is primarily
formed by conductive material. It should be understood that the inner lining may include
portions of non-conductive material, as the conductive material may not fully cover the non-
conductive material. The inner lining 61 protecis the transducer 58 against electromagnetic
interference and the like, much like a faraday cage. The inner lining 61 may also be provided



the housing 42 that include the aperture or acoustic port 54 further

i nclude a layer of material that fornms an environnental barrier 62 over
or within the aperture 54. This environnmental barrier 62 is typically a
pol ynmeri cywiipdofddabisf Ormed to a film such as a pol yt et paf hihgsagiHy! ene
(PTFE) or a sintered netal. The environnental barrier é%BFs supﬁ?yed for
protecting the chamber 56 of the housing 42, and, consequently, the

t r ans dlyesuitehle elegigicaliy qoppling weetheiadithryvagipus ¢ondpetBigdeyeshvithinge tlePenent s
such asboztglgll ziuﬁ@ide prgpd(%g TN HISQ oqitﬁethousiﬁ d/ or dust. The environnental
w1l alFso have i L

barrier VE ‘I nherent acousttc properties, e.g., acoustic

danpi n is . Thel .t | o i S, en such
thar 1 005 HERF Serichd S Aol B SRR IR P B o2 RS iIREE o
enhanc eh¢ heuspf20hadndededhe bfeeturabreacopstiopert 5F further sncaieta laysr af mgtetinlie i n
connection with the enbodinents illustrated in Figures 24 .and 25, which
oy be HEHPTER AV IFGPBEEH 4P 62 GV AT Y OHARe APEFEp lbn &S RGERENEhe

envi r oryigid: b iDabIchRY a halyaierib AdidHag fRRedld ¥ ime ah@rkshet ween | ayers of the

portion, top 48°0r bottom 50 in which the acoustic port 54 is fornmed. For

exanp| epolythiaflvernsihydmmadRTEE) Barstiteard melalbEbsewiroaaciiak hasoer G2asamplied
conduct 'E@{'E ipal I Wbt 593?1 !'%ép ' Q_guﬁg jo\V/ e

mat er i aﬁo}[ﬁ% t’o %%:b[% °§%ﬂ%&§§8§??éthor Eg/‘i‘;%’ha&lg’?ceoct rode ’g%ftgr?ggﬁ y tihge met al )
t hat cowithia thesteasitg 42, frdre envimpoienteh dlematip wtchsis gualight, onoisthee, oilpld, power .
The enviro ntal barrier er further serve as a dielectric
ot et angle® e B acmEhial BaEE: HEVE RS FRORS IR RR L i8aS En t he
event thahstchRnpapduaithne. Tayefde desavieaihcid bhitien62 {si dnotpaaai tet igevi ces
such as resjstors_and capacitors. 10053] .In addition to protecting the

chanberacgBsiemEFReaifsicPeRtrEn A et Brmsficer uithe? Pampamee the e
subs eqUantopBhe, PTAE RSl %k Un BRI With B SmBEURIAR INBRLILGAS of the

housi ng 42, connection to ground fromthe walls via thru
hol e plEigines24 Fub25, eviridhy oapegwamifighegd it eperdip pedirgongl sicraphengs t he or der of
manuf acturing steps in the fabrication of the printed circuit board-based
package[0082]b e The dnvijoathenThbarriemleyar6d gegamaraily ecakerthitween layarpoftbelat e
different .term nati.on stal.es. .FkFo doubl | ded package can be
fabri caGHORAA g°ré’°?)‘8?lr%o’%’w p%jrté]ﬁrgée@@ﬁ d&‘%els Pgu 'e%lf 7’fd"~g?’hi§h?qncl udi ng
an envi giroemnesthl bahter migbelsayeed bRwedieypackapdustive ntktdrih U4 drebbgct t he

sanme whether, it iis noynted f.ace up o face down, or th acka coul d be

mount ePEBHRS e RYFH Heerfistise mpfeBip B e S aP R Pk FlelrooRtdineds ¢ he

envir Oﬂﬁﬁﬁﬂéﬂﬁﬁﬂhﬁﬂ&ﬁbkﬁyﬁ&o@%@ Pnd Quipat SehAcbee §pul Pdber] Te acoustic
na

Iis
properti‘es enhance the directio performance of the m crophone. 7
environmental barrier layer 62 may further serve as a dielectric protective layer when in

{6

contact with the conductive layers 44 in the event that the conductive layers also contain thin

film passive devices such as resistors and capacifors.

[0053] In addition to protecting the chamber 56 from environmental elements, the barrier
layer 62 allows subsequent wet processing, board washing of the external portions of the
housing 42, and electrical connection to ground from the walls via thru hole plating. The
environmental barrier layer 62 also allows the order of manufaciuring steps in the fabrication
of the printed circuit board-based package to be modified. This ac;ivantage can be used to
accommodate different termination styles. For example, a double sided package can be
fabricated having a pair of apertures 54 (see Figure 25), both including an environmental
barrier layer 62. The package would look and act the same whether it is mounted face up or
face down, or the package could be mounted to provide directional microphone
characteristics. Moreover, the environmental barrier layer 62 may also be selecied so that its

acoustic properties enhance the directional performance of the microphone.



WD 2006/ 023016 PCT/ US2005/ 021276 [00541 Referring to Figures 7, 8, and
11-13, the transducer unit. 58 is generally not nounted to the top
portion 48 of the housing. This defi nition is independent of the final
mounti ng Qfd Ag@sdgn to an end user's circuit board. |ge8BR310L¢e for
the top portion 48 to be nounted face down dependi ng on t%e orientation
of the transducer 58 as well as the choice for the bottom portion 50. The

conduct@83é] | Befeming 40 Biguken e, §.¢pd pbrld; ba tagsduesrysit Fds mm!llytnot form
d pl ated
©hr ougmabs i HRaPhAEGT 45 SEE BousBt P fB iRibyRR e, SRR |, B0 ©

al t er naidunting ovihiiatioh ¥ean enderser'siedrcuit ﬂnoardc c‘ﬁtnsl padsibleefor deaos péa@ipn dRdb be

environnent al. protective. me anes 62 cka re es. .

Al t er nF9W fa‘loeé%ﬁ“é‘ depy fﬁﬁ@e B’éelﬁ%tfq t@ng‘?“é’ﬁrc%% elg %Pﬁ‘m‘;&l’he first
non- CeRAHEbbtien hEYieh 56 STREYnEERRAULRI WLSR: B pbRichRISSRLY Nebatic@ép a5 e
certain features on the first conductive Iayer 44 ure 1

i |l ust ﬁmgr@mg@nﬁabn%sqléﬁs Pads remd peds, sipagitors élﬁ%plﬁt@déhrp I'n

this o FEnt g&gg t ﬁﬁg provi de
a condw “to gr o%toﬁF gftl%gﬂ%lg%%%%g Fg%‘#‘g&% n(’:]?ﬁc gr 0 %\48 pl anes
and/ or npatcordustive lagers #6,yan8 énaranicnt] petactive membtankbs 6has the parﬁ:ﬂge The ground

pl anes and or,pattern circuitr con ecte 00561

Bl ur o raper ARl S et e Ene b o Bl Bordll ofhedBst R a1 on

to t he cokBRAREIYQMCERIMRAAIEA¥CES as ’@rseléaﬂvew 85 deathinGfestufek b el firgt 64, and
the environnental barrier. 62, this enbodlnent I ncl udes conductive bunps

66 (e. GondusHgnlaye 44 / Au) patterned on the bottomside to all ow secondary

el ectrical contact to the transducer 58. Here, conductive C|rCU|try mould

be pat {0055kd Bigems 1 plistrates ar pligmativedompartipnfs e emusiorhors nagkass. &5
pl at ed e{d% t, Q%Jﬁ:e%ﬁ&ﬂb&@%érﬂﬂe!l eﬁ%qf‘rbe E‘d&‘&é& L grbgfdé %&dﬁ!ﬂo%@ﬁt es yet
anot her odi rrent e . 0

top portion I ment e top
porti or’fhdsommsomb“lgmc 1 dreclatles groand ul@emndém: petsetm cirpiiry 654nd {0581

Referrin Hres ttom t on 50 is

compon RErgnepied bl ., Ehuitas sbd ProRs PR e St Y mount ec.
This defds@sti on is i ndependent of the final nounting orientation to the
end user's circuit board. It is possible for the bottom portion 50 to be

nount eqodssti MBighieA Hksyrame pestblirgnbodinidhe oNDisp podnalsl Enbéditiemtothe t he
transducer 58 as wel| as the choice for the t&gaacirtlon 48 construction.

Li ke t KEMRSSHOHBRIVESHAYES Sqvynd Plagse{natiery eirg therenyrenmental Harsdr ¢ i on
50 may ghembntiRikiiesht ieidied $Brdhéthiituibs 66 (e.g. Pb/Sn or Ni/Au) patterned on the

bottom side to allow secondary electrical contact fo the transducer 58. Here, conductive

circuitry would be patterned such that electrical connection between the bumps 66 and a -
plated through hole termination 1s made.

[0057) Figure 13 illustrates yet another embodiment of the top portion 48. In this

embodiment, the top portion 48 does not include an aperture or acoustic port 54.

[bGSS] Referring to Figures 7, 8 and 14-1 8; the bottom portion 50 is the component of the
package to which the transducer 58 is primarily mounted. This definition is independent of
the final mounting orientation to the end user's circuit board. If is possible for fhe bottom
portion 50 to be mounted facing upwardly depending on the mounting orientation of the
transducer 58 as well as the choice for the fop portion 48 construction. Like the top portion
48, the conductive layers 44 of the bottom portion 50 may be patterned to form circuitry,
ground planes, solder pads, ground pads, capacitors and plated through hole pads. As shown
in Figures 14-18, there may be additional altemr—:lting conductive layers 44, non-conductive



ground pl anes, sol der pads, ground pads, capacitors and plated through
hol e pads. As shown in Figures 14-18, there naybe additional alternating
conductive |layers 44, non-conductive 8 WO 2006/ 023016 PCT/ US2005/ 021276

| ayers 46ywadhds@aNist onment al protective nmenbranes 62 apcfp&oRaRkage
requires. Alternatively, some |ayers may be deliberately excluded as
well. The first non-conductive, |ayer 46 may be patterned so as to

sel ect ﬂ&YéIM%W@PFWW@@%W%@“WW@ 3 theqrackagr demiey e layer 44.

[ 0059 ARARIF4INGkoLS INAHES bd Ak A BbIdd as bWRA. FOL EATHARE AR |
conprises a |amnated, nulti-layered board including |ayers of conductive
mat er i ddyeddb nhep bs prituneaisol aa yesadectiell grpose oerthin faatuaesnamt the fiest capguctiResf er ri ng
to Fi gga'r’ye b, the first layer of conductive material is used to attach
wire bSRES™6r flip chip bonds. This layer includes etched portions to

defi ne S ond pa and, gr,qund ds. The npads woul d have .hol es
e 11 od0BR] o e ine FdiR 130 oot BRI ertoh PIGTR RS e
100601 yhgti-sdyemd Hoardineludiag I46ss of caiductivd MuRBaloft qiposiaba skl noRt eri al
covers the _conductjve material. This illustration shows the exposed

bondi ngophigvematzap) 46a Rederiag rodigare 1gpJhm drsh arer afrendugiys sgtegabspeedad
woul d qommt Qifel Hamhit brg@btcﬁgmoﬂﬁg. i ﬁymﬁcfa@&%g&%% g&ﬁoﬁm)@éﬁﬂ@ﬂ:aéor m the

connection to ground side portion 52 an base portion 50. .

[ 00611 piisf, bord pagsi and Ereyud gadst dThegraduwdulddypee bolexdrillsd tewhgutben toalitsvn t he

base partion 50. he, hat che rea represents a typical ground plane 64.
The gr r%?t%?ﬁeosfpl%‘adn%{ouggzlg}eg‘p the power or output pads, but wll

overl a t ransducer..58. ,[ 00621 -Referring tq Figure 1 an .enpbodi ment of
Che. bottdstf pohf RETIEE EgRt e SARFIES A e ifel T ro 85 B Chi <
enmbodi gemiuctifehutidal. asollideration shovw e exiedbehdag juas ad weldad ay&hesedof
conductive and non-conductive material 44, 46, The bottom portion further

conpr i €&mdpad.qLhe gxpgsedroymspad g somg inlortrina] sutact Bt Ahenea e S
board. ¢f, 5ir8 WeQBniR i8R th %rguﬂd d45¢ Kt Borfibh 98 kAP Sasfpokdis g0t t om

portion 50 wth enlarged back volunmes 18. These enbodinments illustrate

for mat irgi%19f ' (B8 be EABEHHSE WRIRD b&RPEHhI 506
| ayeri %m 00%4 'ﬁﬁfg@ﬁ%@ﬁ%&“ﬂigﬁnot ]ﬁgr Eﬂ%lodi nment of t?e %E)lts'?gm

por t i offh§atched arka wpreserttosltypicat grotndplsae k4. pbir trovndaganes de mgeeverlpp thecoust i ¢
port 5%0%” ortorﬁ%)u? %Xés[ Qﬁ%ﬂto@!aﬂﬂ)at% b&hsduba-5s.

[0062] Referring to Figure 15, an embodiment of the bottom portion 50 is illusirated. The
bottom portion 50 of this embodiment includes a solder mask layer 68 and alternating layers

=
i

of conductive and non-conductive material 44, 46. The bottom portion further comprises

solder pads 70 for electrical connection to an end user's board.

[0063] Figures 16 and 17 iltustrate embodiments of the bottom portion 50 with entarged
back volurnes 18. These embodiments illusirate formation of the back volume 18 using the

conductive/non-conductive layering.

[0064] Figure 18 shows yet another embodiment of the botiom portion 50. In this
embodiment, the back portion 50 includes the acoustic port 54 and the environmental barrier
62.

[0065] Referring to Figure 7-10 and 19-22, the side portion 52 is the component of the
package that joins the bottom portion 50 and the top portion 48. The side portion 52 may
include a single layer of a non-conductive material 46 sandwiched between two layers of

conductive material 44. The side portion 52 forms the internal height of the chamber 56 that



[ 0065] Referring to Figure 7-10 and 19-22, the side portion 52 is the
conponent of the package that joins the bottom portion 50 and the top
portion 48. The side portion 52 may include a single |layer of a

non- condugig 2666886167 | al 46 sandw ched between two | ayesSyedosippdsicti ve
material 44. The side portion 52 fornms the internal height of the chamnber
56 that 9 WD 2006/ 023016 PCT/ 11S2005/ 0212735(thouses t he transducer, 58. The
si de péwPr§esHhegpansducgiif r Bhe sidomertignd OBy QP aase layersof i t
boar d nBLEL béHd nfsHl, BaH 130 arrgﬁ’cta@%ﬂﬂo&ﬁ’@’(sgezFlﬁéz%Q9'):' gure 19). [0066]

Referring to Figures 19-22, the side portionh 527includes inner sidewalls
74. Th n deva I Pliadis Ctihye

mat er i 3? GTySlF%lg p%l%ﬁgajzeﬂ%%ﬂﬁp%ﬁaﬁﬁ gur e‘ges\%ﬂ ang ‘g%& heThél dewal | s
74 ar e ifmer mﬁdwbl;s Mﬁe gereenllypdatedrwite p cofiductiee metgtialdtypiwialiyl ovppef assitbwn

S deval® Bl 21y CpEROR T el syt Bt RS it [ ve

mat eri &'lrinécﬁav ap end euathdahétyEzepk Rl h adndbdtiveadstbriilavi ng a routed w ndow 72
(see Figure 19). In this case, the outer perineter of the w ndow 72 may

not requig7p CAMEHAGRIYViHbidewats N ik ibY SorfRl & nddnyRREAUSS: Tl@s bey&-s of
conductive material 44 would provide effective shielding. [0068] Figures
23- 26 icPRipstivamateral4tand cea%wmﬁ%%# i hving ggneied windorae(sa0. These
enbodi ti Mhi ch
are deslﬁc;g%%e%‘" Ié%gcatsg&he gkt ont e@ﬁ%ﬁgg{ggﬁ?ﬁg{%gﬁ%@m ige(t:cg%& Eot tom and
si de perdonductid8magial 'E@ambhﬂﬂamoﬁconde@melmm@%wum@oﬁée efffédtiveed i n
any conﬁlﬁﬂﬁl&on wi t hout departing fromthe invention disclosed and

descri B ein. [0069] In Figure 23, connection to an end user's board

Is mad h th tto ort.ion The ckaermuntln nt ation
i s bot ﬁgéﬁéé)oﬁ S?B‘%é\@&&@%ﬁﬁ’&%‘ﬁ%" Tt %ﬁ%‘ﬁﬂ%g?r’k%ge ‘?[E) “pl at ed
t hr oughmiveliRsentsutitee ragiBottom, whd sidb aodiong 48, Bogaridr 2nsisitic afe desgived NMisdvene 18
is fornmed by the back hal eﬂi(lrmunt ed down). of the silicon m crophone only.

Bond phidsonigmpleteddhz sachpf ?@Ee@tW&’%Slfi%P‘?ﬁlH‘éﬁ% 30y &2 egbodimstia. A per son
of ordiRahihed Eﬁdde%gn b@unﬁﬂa@n@ QbR o YR iIH: d@péﬂung ROGT b adnddpt the

traces reside on the first conductor |ayer 44. "The wire bonds fromthe

t r ans dubisstoseBargk desgribed barsict ed t o exposed pads. The pads are connected to
the sol der pads via plated through holes and traces on the surface. [0070]
I n Fi gup@6924, Indiigmre &8 apmmection feareend usss basrdis apade itlyougisibe helthan phitiongh' t he
bott om

-

50. The package mounting orientation is bottom portion 50 down Connection from the
transducer 58 to the plated through holes is be made by wire bonding. The transducer back
volume 18 is formed by the back hole (mounted down) of the silicon microphone only. Bond
pads, wire bonds and traces to the terminals are not shown. A person of ordinary skilled in
the art of PCB design will understand that the traces reside on the first conductor layer 44.
The wire bonds from the transducer 58 are be connected to exposed pads. The pads are
connected to the solder pads via plated through holes and traces on the surface.

[0070] In Figure 24, connection to the end user's board is also made through the bottom
portion 50. Again, the package mounting orieniation is bottom portion 50 Connection from
the transducer 58 to the plated through holes are made by wire bonding. The back volume 18
is formed by a combination of the back hole of the transducer 58 {mounted down) and the

bottom portion 50.

[0071] In Figure 25, connection to the end user's board is also made through the bottom
portion 50. Again, the package mounting orientation is bottom portion 50. Connection from

the transducer 58 to the plaied through holes are made by wire bonding. With acoustic ports

10



portion 50. Again, the package nounting orientation is bottom portion 50
Connection from the transducer 58 to the plated through holes are nade by
wi re bondi ng. The back volume 18 is forned by a conbination of the back
hol e of t{e dohdsslycer 58 (nounted down) and the bot t g pondsioe k0.
[0071] In Figure 25, connection to the end user's board is al so nade

t hrough the bottom portion 50. Again, the package nmounting orientation is
bot t onspon bothides of o packats, dirert isom bathvolimanBidsowtho8 s suitablado pl at ed

t hr ough. hal e% are gade by wire bonding. Wth acoustic ports 10 WO

2006/ 0 NSRS/ 021276 54 on both sides of the package, there is

no back volune, This nethod i uitable .to directianal ~.m crophgne.
[0072] 0FBl-i dFigs 36, cammaten Brid e Re it Cisarde TRt Re R AR B ough
the tog, @ebbkdA pdBiond0. e phalabomobRidel RRn@fon Feheask peRiocARE AbwWA ST
orientation is either top portron 48 down or _bottom portion 50 down.

Connecboitmn pertion SAdowna heerretipn Gomthe Fansdpses o thes péaiethtbrogbBolesis made by
flip chiRpi.ng: Ok :\M: { no- GOt 4 2 8 is
for md%a@@hﬂ%pﬂ%m%@%ﬁﬂggw t crd tet%l{egﬁmggg'l gﬁ%ﬁ?ﬁ%ﬁﬁg %gﬁﬂg%b ortion
50 andutihgiticajr cpeity treated By lanogsingshe bdmmepgton 56 andthe tdrepgriakiiye

fabrication i erfarnmed, after t .transducer 5 a een_ at hed. In
barti ohesther Shbe oAt e PRRet BT SR S ERmET <8 e BRERLIERRCT: 1 T on
woul d Bgend@aehed! Tepartib@ar ERABRSIRhoIB Sortrfatian, ipRaerand BoRlcppal dEinitlon Menbr ane

62 is hydrophobic and prevents corrosive plating chem stry fromentering
t he chaiehkibesipne Pﬁ@ﬂ%ﬁf‘fﬂ@ﬁ’éﬁis%s%%‘Wgﬁé?foé%uﬁ’g}n@ﬁgaﬂfcﬁ‘?ﬂ?on to which

the tr i i +d ; J AR icng 84. The
ﬁg%‘dé&go%c 4 dreviats AndBYe E_ﬁﬁng BRYitACkoE @nRrih g tR cififer960

retaini prevents w cki ng” of an “epoxy 86 Into he transducer 58

and fr O ] OS] : : al , the
Shape 1075]  M RO Pielifos 29005 i bofh o OhIARRE titisucel mil BE RIS

t r ans d wegrindh@ief axetaining ring 84.THee retainingiing 34 preye8e wiaking ¢izespexsoniatect i ve

material (e.g. mJd. thick c r) 1 e - Gan i | ayer
mat er i Z‘reéﬂf’é‘g’fﬁ'jgﬁfé}de‘??“.‘?a"% ?08[5? %”%%e&%é’gﬁ?%igﬂg%%”%ﬁ%ﬁﬁ? i maged
ont 0 a sRPRGY tHduethinig fiky®y will picaibomytch sheeshppd etthetrssddeer 5B ogperintret er  of
the retaining rin 4, and the transducer ?8 izz 'aglgxelg so that i.t overlaps
the epdky HENES PRPHFG A fpuingiye Beterl (e, Luile JUCl RRPFD #82850i%%A ng up
the sides -giathe hyaedusar ' s 58 etched port (in the case of a silicon die
m cr ophone) .

[0074] Referring to Figure 27, the retaining ring 84 is imaged onto a nonconductive layer.

An epoxy is applied outside the perimeter of the retaining ring 84, and the transducer 58 is
added so that it overlaps the epoxy 86 and the retaining ring 84. This reduces epoxy 86
wicking up the sides of the transducer's 58 etched port (in the case of a silicon die

microphone).

j0075] Alternatively, referring to Figure 28, the retaining ring 84 can be located so that the
transducer 58 does not contact the retaining ring 84. In this embodiment, the retaining ring
84 is slightly smaller than the foot print of the transducer 58 so that the epoxy 86 has a
restricted path and is, thus, less likely to wick. In Figure 29, the retaining ring 84 is
fabricated so that it contacts the etched port of the transducer 58. The following tables
provide an illustrative example of a typical circuit board processing technique for fabrication

of the housing of this embodiment.
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[0075] Alternatively, referring to Figure 28, the retaining ring 84 can be
| ocated so that the transducer 58 does not contact the retaining ring 84.
In this enbodiment, the retaining ring 84 is slightly smaller than the
foot pri NyoShodddsEr ansducer 58 so that the epoxy 86 hasy@sods@sizfd Cted
path and is, thus, less likely to wick. In Figure 29, the retaining ring
84 is fabrl cated so that it contacts the etched port of the transducer

58. Thdabkll Materipls abl es provide an illustrative exanple of typi cal

ci r cui {Mugerald é‘mesa ng te mpqm!ltfor fabri cati ofNotef the hodsing of this
enbodi rert—233 2 ”"’SU“‘ "”“""4"3”""': "”12.u Labl-e—3~—Matdri al s

Mat eri H1 Type w%%‘ %(E;ﬁﬁméjo GUEYST ?(ttom Portion (Conductive
Cu 5 core FR—A % Y NegLoop Wemerd 3/0 5 oz DST Bottom

Porti of (Condu@t5|’(§/530123u]3§"1“co&ge P@rllcay( sdwtized 4] Non- Conductli ve Layer

2) 106} pr e- pr efpuForord BRidnat rs Mand i Non-Condhgtivaviit eri al 2 5/ 0.5 oz. DST

Side Pprtion Metallized A40l&@pnr@ FR-4 Afterward % 3are/0.5 o7 Cu 2 op

Portiom (Each Poege-mere FR-4 (2 Includes 1 Condudiidri@mindding [f eces)

on- Conglucti ve Layer) 6 anded PTFE [ Environnent al feki87 1 apfigblle 2:

- Processing of ateri als (Base Portion Material 1) gengiérypepgescri ption
r

Note L-Dry—ft ls/wggubs VeSi‘t%%!rﬁ’ nl:)(pUbU ask Wmth'&LJ]ziéd( Yo For s

G ound|” Conduc LV Y BR)4 | gne “on” Lower Afierward
5 [Bare/0.5 0z Cu2 [Top Portion (Each Piece
core FR-4 (2 nciudes 1 Conductive and 1
pieces) Non-Conductive Layer)
6 Expanded PTFE  |[Environmental Barrier

Table 2: Processing of Materials (Base Portion Material 1)

Step Type Description . [Note
1 Dry Film
Conductive Layers
2 [Expose _ IMask Material 1 (Upper Forms Ground
: Conductive Layer) Plane on Lower

Conductive Layer

3 Develop

4 F.Etch Cu * [No Eiching on
Upper Conductive
Layer

S Strip Dry Film

12



Conductive Layer 3 Develop Etch Cu No Etching on Upper Conductive Layer
5 Strip Dry Film 12 WD 20061023016 PCTI US2005/ 021276 Table 3: Processing
of Materials (Bottom Portion Material 2) Step Type Description Note 1 Dry

Fi | m Condwgjdow@ozdigyers Expose Mask Material 2 (Upperpdotfisihosieronnd
Conductive Layer) |ane on Upper Conductive Layer 3 Develop Etch Cu No

Et chi Film Table 4: P
Lol 19 gl UL OGS e S o LBlapa DY FLI M Tabl 0 & Processi ng

Note IStemni nafl¥Pmt erial s QGWUQH Lani nat ed U‘NQ’G@ Material 4 Drill Thru
Hol es [ B r—"—n 825+~ U—LATCL,L PHates—Hhr+o—Hotes
Met al | ifzat i on/ onguctlve pper{ 4 Dry Film (LI and
It ayers
2 Expose Mask Material 2 (Upper Forms Ground
Conductive Layer) Plane on Upper
Conductive Layer
3 Develop
4 Etch Cu [No Eiching on
Lower Conductive
ILayer
5 Strip Dry Film

Table 4: Processing of Matenials 1, 2, and 3 (Form Bottom Portion)

Step Type Description Note
1 ‘ I aminate Materials 1 and 2
Laminated Using
Material 3
2 [Drill Thra Holes Drill Bit = 0.025 in,
3 irect Plates Thru Holes
etallization/Flash
Copper
4 Dry Film (L1 and
L4)
Expose %:sk Laminated Forms Traces and
terials 1 and 2 ISolder Pads
(Upper and Lower
, Conductive Layers)
6 Develop '
7 Eiectrolytic Cu 1.0 mil
8 Eiectrolytic Sn As Required
9 Strip Dry Film
10 Eich Cu
11 Eich Cu ,
12 sert Finishing ING Option (See ING Option for Proof
: Option Here Table Below) of Principle
13 Dry Film {cover 2.5 mil Minimmun Thickness
lay) on Upper on Upper Conductive
Conductive Layer Layer
Only :
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Expose Mask Lam nated Forns Traces and Materials 1 and 2 Sol der Pads

(Upper and Lower

Conducti ve Layers)

6 Devel op 7 3iectrol

is Cu 1.0 ml

8

Electrolytic Sn As Required 9 Strip DFilm10 Etch Cu 11 Etch Cu 12

I nsert FiwioStbda@sfs Option (See 4G Option for
Below) of Principle 13 Dry Film (cover 2.5 m/|

Pr oof

QritreBoddnA7d abl e

M ni mrum Thi ckness

ay) on

Upper on Upper Conductive Conductive Layer Layer Only 13 WD 2006/ 023016
PCTI US2 #6—14-Expose-—4dask—Llap-nat-ed—is—msk—defines. Materials 1
and 2 d%ea on ﬁaﬁ‘@"inper (uppMesia et ) c divrmseskdsiipenasr that  wil |
receive a dry film ol der masiMassislsck andiBy) | laxggeonbe vrner | ayer | wil | not
have diy filmplied to it. Théppedaaddewenr oughndustieslayeithdt be bri dged over
by the coating on the top. (15 Devel op 16 Ciwill réagivie 2@ty Glm
solder mask {cover
lay). The bottom layer
will not have dry film
applied fo it. The
plated through holes
will be bridged over by
the coating on the top.
15 Develop
16 Cure {Fuil Cure
17 [Route Panels Route Bit = As IForms 4" x 4" pieces.
Required Conforms to finished
dims

[0076] Table 5 describes the formation of the side portion 52. This process involves

routing a matrix of openings in FR-4 board. However, punching is thought to be the cost

effective method for manufacturing. The punéhing may done by punching through the entire

core, or, alternatively, punching several layers of no-flow pre-preg and thin core c-stage

which are then laminated to form the wall of proper thickness.

[0077] After routing the matrix, the board will have to be electroless or DM plate&.
Finally, the boards will have to be routed to match the bottom portion. This step can be done

first or last. It may makeé the piece more workable to perform the final routing as a first step.

Table 5: Processing of Material 4 (Side Portion)

Step Type Description Note

1 Route/Punch iRoufe Bit= 0.031 in. Forms Side Portion
Matric of
Openings

2 Direct (0.25 mil minimuam Forms Sidewalls
Metailization/ on Side Portion
Flash Cu

3 Route Panels
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17 Route Panels Route Bit = As Forns 4" x 4" pieces. Required Confornms to
finished Iffirris [0076] Table 5 describes the formation of the side
portion 52. This process involves routing a matrix of openings in FR 4
board. HoweyvsbsoBsechi ng i s thought to be the cost ef peghérgsg3eihod for
manuf acturing. The punching may done by punching through the entire core,
or, alternatively, punching several yers of no-flow pr eg and thin

| )
core cl0878lge Tablsibcdeseribes theamosessinmatk tB% %@Wﬂ%@%ﬂmgﬁg’rﬁ teiher

t hi ck : ' Tt | ve.to be
el ect %@g@ﬁ%&@&ep ai%gnaéj Q&é’liﬁ]ngﬂ JIOFI& 1t e %)%15 %%%Q?aﬁk%g‘\%é ]%Dgg %e(g?'out ed to
mat ch ¢dedudioetlgrr fomingihe ittsr Ryst dhecsposbe layone the fopgtortom 48asitl.nott may

make the pi ece nore kahl e to rf.ormt.he final. routi a first step.
Tabl e BveRates SPTHeal wivs oraaedpt s ) Bffyepishiting Stporde Rl aavsS| on
Not e 1; Reudi@ddRmmnehtdoute Bit= 0.031 in. Forns Side Portion WMatric of
Openings Direct 0.25 m| mninmum Forns Sidewalls etallization/ on Side
Porti O[émmas B, R8P A @ilfed ko MR ROEYM A 2380z Rl JdORf e 1ddSing [ 0078]
Tabl e 6 describes the processing of the top portion. The formation of the
top p¥eR-i bro.Aben nweiable soldemmgnikgnust be ghaspp E&\agw&umwhe drilling@rasessol der
mask on the bottom (i.e. conductive |layer formng the inner |ayer. The
exposed | ayer of the top portion 48 will not have a copper coating. It
can be processed-this way through etching or purchased this way as a one
si ded TM&&I@GGSSm@?QTW\ngi x_of holes is drilled into the |id board.

Drillijfgpmay oGgper after tHeescrnpiipong step. |fNetg then a sui{abl e sol der
mask nust—be c¢hosen t-hat-capn—su-ve-the dr-Hing-process— Tabl e 6:
Pr ocesiking of By Fuse 1§ on endustivgdaperc ~r i nt i Klnf e
2 Fxpose .Mask Bare Layer ' 0gorm Conduction Ring]
3 Develop : ;
4 Cure
5 Drili Matrix of Drill Bit 0.025 in. Acoustic Ports
Holes
TFE (Environmental
6 ~ [Laminate arrier) Between 2 Pieces  [Forms Top Portion
EfMaterialS

Table 7: Processing of Laminated Materials 1 and 2 with Material 4

Step Type [Description [Note
1 Screen

Conductive
Adhesive on
[Material 4

2 Laminate Botiom Portion with Side  [Forms Bottom

Portion Portion with Side
Portion (spacer)

3 Add Transducer [Silicon Die Microphone

Assembly and Integrated Circuit
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1 Dry Fil mConductive Layer _Expose ask Bare Layer Form Conduction Rin
Develop Cure Drill Matrix of Drill Bit 0.025 in. Acoustic Ports Holes
TFE (Environnmental 6 Lami nate Barrier) Between 2 Pieces Forns Top Portion
of Materi glood@Bb®e 7: Processing of Lam nated Materi abSrhsRARb ﬁzﬂg\/ith
Material 4 Step Type Description Note | Screen Conductive esive on
Material 4 2 Lam nate Bottom Portion with Side orns Bottom Portlon

Por t i orfahier8 PejcgesingnfiliagnnatedMetaripls 132/ anddt Widaliettmieb? Silicon Die -

M croplfsere senfyye and | nt eqPedceigtiGarcuit 15 WN&®O06/ 023016
PCT/ US2005/ 021276 Tahle 8:} Pracessing of lamihated Materials|l, 2, and 4
with Milterial §°1‘S?Ibp Type Description “ote | S¢reen Conductive Adhesive
on op]|Porti onfChadHcH¥e e Botit om Portion and Sid¢ Forns Housing| ortion wth
Top Poftion 3 Bidbesive on

Top Portion
2 [Laminate Bottom Portion and Side [Forms Housing
Portion with Top Portion
3 Dice

Table 9: Finishing Option NG (Nickel/Gold)

Step Type Description INote
1 [lmmersion Ni

(40-50 p-in)
2 mmersion Au

(25-30 p-in)

Table 10: Finishing Option NGT (Nickel/Gold/Tin)

Sicp Type

1 Mask L2 (using thick dry film or high tack dicing tape)

2 ~ [immersion Ni (40-50 p-in)

3 Immersion Au (25-30 p-in}

4 IRemove Mask on L2

5 [Mask L1 (using thick dry film or high tack dicing tape)
. bridge over cavity created by wall

5 tmmersion Sn {100-250 p-in)

T IRmnove Mask on 1.1
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Tabl e 9: Finishing Option NG (Nickel/Gold) Step ype Description Note
| mrersion N

Opti on

hi gh tackwdi sbéxgaéigre)

(40-50 g-in) Imersion Au (25-30 g-in) Table
NGT (Nickel/Gold/ Tin) Step Type 1 ask L2 (using thi
| mrer si on Ni

1
10: Finishing
ck dry filmor

(40-50 [t-in) 3 |peRESbals (25-3 0

ft-in) Renobve Mask on L2 5 ask LI (using thick dry filmor high tack
dicing_t ge over cay|t reated by wall- 6 I nmersion Sn (100-250
g-in) '&%ﬁlﬁqugﬁgékmanWK S Iﬁﬁébjnoqn1a PCTI US2Q05/ 021276 Table 11:
Fi ni shiS® Optlon S GS|Iver/T| n) Step ype 1 ask L2 (u5| ng tjhick dry film
or higp 5 - erpve (Mask on L2 Mask
LI (us ng thICk dr ver cavity
create Yy Wat+tmrerson—Sn U0~ |||} Retrove—Mask—eA Ll (0080]
Fi gure%}; is a pl F‘@W‘V’I‘S(‘ff?{@dﬂiﬁg a panel 90 for formirg a plurality
of m grophone packagee Fidsk diie2 M cr ophone packages 92 are jdi stributed on
the papel 90 in al 14 x 24 array, or 336 nicrophone packagds total. Fewer
or norg@ ni cr ophoneMasicka@esingthick doefittn splaigk thekdicifptapgnel 90, or on
smal l ef or |arger [midmelcser Asitgdemateidbgdvdiierein in

5 mersion Sn (100-250 p-in)

6 |Remove Mask on L1

f0080] Figure 30 is a plan view illustrating a panel 90 for forming a plurality of

microphone packages 92. The microphone packages 92 are distributed on the panel 90 in a

14 x 24 array, or 336 microphone packages total. Fewer or more microphone packages may

be disposed on the panel 90, or on smaller or larger panels. As described herein in

connection with the various embodiments of the invention, the microphone packages include

a numbet of layers, such as top, bottom and side portions of the housing, envirommental

barriers, adhesive layers for joining the portions, and the like. To assure alignment of the

portions as they are brought together, each portion may be formed to include a plurality of

alignment apertures 94. To simultaneously manufacture several hundred or even several

thousand microphones, a bottom layer, sﬁch as described herein, is provided. A fransducer,

amplifier and components are secured at appropriate locations on the bottom layer

corresponding to each of the microphones to be manufactured. An adhesive layer, such as a

sheet of dry adhesive is positioned over the bottom layer, and a sidewall portion layer is
positioned over the adhesive layer. An additional dry adhesive layer is positioned, followed

by an enviropmental barrier layer, another dry adhesive layer and the top layer. The dry

adhesive layers are activated, such as by the application of heat and/or pressure.

The panel is

then separated into individual microphone assemblies using known panel cutting and

separating techniques.

[0081]

The microphone, microphone package and method of assembly herein described

further allow the manufacture of multiple microphone assembly, such as microphone pairs.

In the simplest form, during separation two microphones may be left joined together, such as

the microphone pair 96 shown in Figure 31. Each microphone 98 and 100 of the microphone
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connection with the various enbodi nents of the invention, the m crophone
packages include a nunber of |ayers, such as top, bottom and side
portions of the housing, environmental barriers, adhesive |layers for

j oi ni ng the pogéenrs, and the |ike. To assure alignnmenpcpiisdoigzigrti ons
as they are brought together, each portion nmay be fornmed to include a

luralit f. .alignnent .apertyres 94. To sinultaneouysly, manufacture
geveraﬁm%éﬁd?gﬁsagqﬁvgﬁlggvgygﬁ”ﬁVﬁﬁﬁgﬁﬁﬂnﬂPﬂ?BﬁH%W§§P¥§%EHﬁ@%%§Fayer,
such asof@fdl idsdliNRRe ilermafively, QY GERBbePheEANSHEGlve traBithiyf E@{onﬁafi

conponents are secured at appropriate |locations on the bottomlayer
cor r es Bl viggovolagers i ether the 197 erbeRBROsHethes alinwing weltiplanicrgyhoaethesi ve

| ayer, £has; &F@ of dry adhesive is positioned over the bottom
Iayer,tgﬁd gaﬁfﬁgﬁa E%’ortion | ayer is positioned over the adhesive

| ayer. ddizki: . hes|. V. - Itdone foll owed by an
envirodﬁgﬁﬁalV%%@E?%?ﬁ{%ggggggﬁ%@ﬂ%r %é?h%%ﬁ§§?V%%F§§EFJ§WEmWﬁe top |ayer.
The dr ymodifitetiohy eorhapenind aitodcigniddeatly depietingSoyhd paitaifld ieadation, of heat
and/ or pressure. The panel is. th separated into individual mcrophone
0 s eI L% PR AIGIRBAR eRY SRR Ry U roDs bl AFPMREEEs Hlaues. 100811
The m crophone, m crophone package and net hod of assenbly herein described
further allow the manufacture of multiple mcrophone assenbly, such as

m crophone pairs. In the sinplest form during separation two m crophones
may be | eftjoined together, such as the m crophone pair 96 shown in
Figure 31. Each m crophone 98 and 100 of the m crophone 17 WO 2006/ 023016
PCTI US2005/ 021276 pair 96 is thus a separate, individually operable

m crophone in a single package sharing a conmon sidewall 102.
Alternatively, as described herein, conductive traces may be forned in
the various |layers of either the top or bottom portion thus all ow ng
mul ti pl e m crophones to be electrically coupled. [0082] Wile specific
enbodi nents have been illustrated and descri bed, nunmerous nodifications
come to mind without significantly departing fromthe spirit of the

i nvention, and the scope of protectionis only limted by the scope of

t he acconpanying Clains. 18 W claim 1. A nethod of manufacturing a

m cr ophone conprising: providing a first panel conprising a plurality of
bottom | ayer portions for a
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correspondi ng plurality of m crophones; disposing a transducer on each of
the plurality of bottomlayer portions; securing a second panel

conprising a plurality of top layer portions for the plurality of

m crophones to the first panel, the top | ayer portion enclosing the
transduc¥e @@ifhin a cavity def| ned by the top layer portion and the bottom
| ayer portion; and separating the plurality of m crophones; wherein each
bottom | ayer conprises an acoustic port having an aperture to receive an
acoust i c1si gnalmetaefiofnapBasivic HBIFTeRIMEE FEBPB%pr i ses di sposi ng t he

transducer adhagRiHg éhﬁstwﬁ&érﬁpmﬁgt aurameofrmdaﬁma%r pbabM for aherein

each bottom | ayer portion and each top ayer portion conprise a
conduct i ¢eTesppading PW@"%@’?HB'QVO@BW sing electrically coupling the

conductive 'a&@f)ésmg?at%h@du&“smpgac@]fof%@blmahy MRBH&rh Tay2EpMitibAg t he second
panel conprises provi ry adhesive er between the first panel

and the secon8epdingla &?ﬁ?”ga{-@m\/%mﬁ&lﬁgﬁé F&H@ ity Phén {Aver porEeng rdbeure the
first paEﬁx‘railtnP of hﬁl(:l%%ﬁ@ﬁ@ E’@Qﬁ’é ﬁré’( pgﬁ@ fHet 1eRer Cdoﬁidﬁ‘ énc!@c)éfﬁé heg

conpri si rovi di ng anel he thir ane defining a plurality
of side Wamdq@@rr tNil'fBlﬁsa f@h"%é@'ﬁﬂ% by me & l*aé@b@ﬁﬂioﬁgafﬁil fheabetiom ier

m cr ophonggicanghssecuring the second panel to the first.panel conprises
securing he second panel to the first panel via the third panel. 5. The
met hod of claﬁﬂ@ﬂﬁﬂ ¢ eluRalBaeHMIsBEIPNBR?S ayer portion and each top | ayer

portion conpriggrd eQHHGdnY %yleﬁ‘?z.’cﬁﬁpnste@eannﬁoh% mé\hﬁd QQ aBbegkrbcal ly

coupling the <conductive [ayers. 6. nmet hod of claim4, wherein
secur i ng redpiveseat @aeLSHA rfiINaE ARs ¢'§E%SF“Q)FQW'F'@"W§C%T sqmiseq disreaiRgsioe | ayer

bet ween tﬂ}éﬁsédc’éﬁédj %}@{heaéyaugt%&pl rd panel and a second dry adhesive

| ayer between t d panel and the second panel and 19 activating the
first and 'second dry adhesive |layers to secure the first panel to the

second panel vina difod B &erpﬁwere.ﬁ eaéh %&&9%3@? pamamaﬁ&tegén i idyer

m crophone conprising: provid first panel” conprising a plurality of
bot t om | @peiongemariend Fopdugiive iayer the method compnsmg electrically coupling the

conductive layers.

3. The method of ciaim 1, wherein securing the second panel comprises
providing a dry adhesive layer between the first panel and the second panel and

activating the dry adhesive layer to secure the first panel to the second panel.

4, The method of claim 1, further comprising providing a third panei, the third
panel defining a plurality of side wall porti.ons for each of the corresponding plurality
of microphones and securing the second pane! to the first panel comprises securing
the second panel to the first panel via the third panel.

5. The method of claim 4, wherein each bottomn layer portion and each top layer
portion comprise a conduciive layer, the method comprising electrically coupling the

conductive layers.
6. The method of claim 4, wherein securing the second panel comprises

providing a first dry adhesive 'Iayer between the first panei and the third panel and a
second dry adhesive layer between the third panel and the second panel and
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corresponding plurality of m crophones; disposing a transducer on each of

the plurality of bottom | ayer portions; securing a second panel

conprising a plurality of top layer portions for the plurality of

m crophones to the first panel, the top | ayer portion enclosing the

t r ansducadtivigiinehthe first and, pespndedry rshesye 1ayers Bpseayrtheptiet parel4adne he

bottom | @%c%%gl&%éli\ﬁ%f‘the%@ SfRprating the plurality of mcrophones; wherein
t he

each of ottom|ayers or each of the top |ayers conprise an acoustic
port having af ragieed efrreanudagteing &/ BigEpPOEe $9IMPESIBEgnal , t he met hod

conpri Si Nng pr Q- | CSHBN; & of RS R ; tic port.
8. The net hodB'\g;vﬁ!ﬂ&a? %%%%ﬁﬁ[a fi rsltﬁdpgﬁgl{"ragﬁddt he Er!e(f&gﬁ%jagrggglgﬁoénpri si ng

| am nat eceTespending sluraliycof neipippheasent al barri er being di sposed within the
| am nate str - f i t ; ty) ; | ayer
%Bb’gn‘?gn% dtr@%&é@ﬁﬂ%b”& Bt bt Mﬁbfﬂﬁg rt?f&é‘r&cﬁnér@? y

portion. 9. The net claim7, the environmenta avi ng

acoust i csgeuipertsesend parg! camerisivg aslirality ef tap fave! rotiension theapiwralifytof om | ayer
portion an I i i A gk i~ 4 e

ot hod cRRapT B T B e R tnd ™ e
met hod ofavlyalefingd bydhe ten ayearaiiamand the bellesiryepasdiPncali®pr i ses  provi di ng

a dry adhesi vgegﬁ§ﬁgéﬁgémﬁ¥ bfRicidohShedranel and the second panel and

activating th Ive layer to secure the first panel to the second
panel . 12. A meteyd eath phithf hettamilaxgra ovieach pidhe teo igyvers corgbrissr 8vi di ng a
first paggludenhid Salith? ol Hoatrt VidOhelRld A LYRtic PAGhAIONRe | Abtrdd
correspondi ng plura |t)9 0 crophones; disposing a transducer on each of
t he pl ur &bimpysing pisyidingran envapnpentel kaider coyeme thpgoeusiie®ord panel
conprising a plurality of top |layer portions for the plurality of

m crophones to the first panel, the top | ayer portion enclosing the
transduc& wi tThenmethod i aigimdéf theelirshypansleandpg sgeandppans! eempnging he
bottom | oLt I .on: : ' ; ' f o Ch . 20
aher ol S A e B e g the
pl ur al i t Birotture of rogsiveareding: kptieirclepgtrenionsditerslayarportie et hod of clai m
12, wherein each bottom | ayer portion and each top

9. The method of claim 7, the environmental barrier having acoustic properties.

10.  The method of claim 7, wherein each bottom layer portion and each top layer
portion comprise a conductive layer, the method comprising electrically coupling the

conductive layers,

11. The method of claim 7, wherein securing the second panel comprises
providing a dry adhesive layer between the first panel and the second panel and

activating the dry adhesive layer to secure the first panel to the second panel.

12. A method of manufacturing a microphone comprising:

providing a first panel comprising a plurality of bottom layer portions for a
corresponding piurality of microphones;

disposing a transducer on each of the plurality of bottom layer portions;
securing a second panel comprising a plurality of top layer portions for the plurality of
microphones to the first panel, the top layer portion enclosing the transducer within &
cavity defined by the top layer portion and the bottom {ayer portion; and

separating the plurality of microphones;
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| ayer portion conprise a conductive |layer, the nmethod conprising
electrically coupling the conductive |ayers. 14. The nethod of claim 12,
wherein securing the second panel conprises providing a dry adhesive

| ayer between the first panel and the second rpﬁgnel and activati ng the dry
adhesi ve | ayeWnewins ggraralingn ther plugglity, of spicroghenss crersisgs pgrafating 5he' A net hod

of manuf grikakty GrdnidroBh&iRRBIRcERABRE s4iRg: providing a first panel
conprising a plurality of bottomlayer portions .for a corresponding

plurality of mcrophones; disposing a transducer on each of the plurality

of bott oRg| ayehe RAEthPBS clairt CRUMHEIR <28 BHtoRARGE: SEHIBY iabliNhch tBpural ity
of top layer portions for the plurality of mcrophones to the first

panel , t lRyet dPriicdy SPMBESe |%rF°§ﬁ'é‘FtU§| k3t nidet F‘*&H’b"(&"ué@‘?‘pw‘ﬁ%lﬂe%'@%w ty

def i ned quﬂi,hstﬁé)ébdday% iRrd i on and the bottomlayer portion; and
separating the plurality of mcrophones; wherein each of the bottom | ayer

portions or each of the top |ayer portions conprise an acoustic port

having ang4 apehtunstnbe 6fea§quaw%¢émsg.éc9n§g GRalsecaitd phap@shptdet he
transducer conprises disposi n%pt he transducer adjacent the acoustic port

forned i ﬁrQ"I'fE“Q)éltqrbrﬁdm%)‘é? laygb Pevggnothetfiiel pans! pRY dhe serandopanet @nd the

met hod  obcfilaah§tHeury WHRERIeNafAEH sBAlE 818 firayRinePBIthé SdborRgagach top |ayer
portion conprise a conductlve | ayer, the nethod conprising electrically

coupling the conductive layers. 17. The method of claim 15, wherein

securing {she eqemddBaRehuGBIRAY 8AcroBhéhd Eindisthgdr y adhesive |ayer
between the first panel and the second panel and activating the dry

adhesi ve | ayePrevdinga it panel @F@f‘s‘ﬁar?epiuf%‘ty[ Rebe¥n rRyspRREICNs 87 A" net hod

of manuf aetuEAdRGing Fﬂ]@m@gﬂg%&@ﬁ@gl sing: providing a first panel
conprising a plurality of bottomlayer portions for a corresponding
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separating the plurality of microphones; wherein each of the botiom layer
portions or each of the fop layer portions comprise an acoustic port having an
aperiure to receive an acoustic signal, and disposing the transducer comprises
disposing the transducer adjacent the acoustic port formed in the bottom layer

portion or the top layer portion.

16. The method of claim 15, wherein each bottom layer pertion and each top
fayer portion comprise a conductive layer, the method comprising electrically

coupiing the conductive layers.

17. The method of claim 18, wherein securing the second panel comprises
providing a dry adhesive layer between the first panel and the second panel and

activating the dry adhesive tayer to secure the first panel to the second panel.

18. A method of manufacturing a microphone comprising:

providing a first panel comprising a plurality of bottom tayer portions for a
corresponding plurality of microphones;

disposing a transducer on each of the plurality of bottom layer portions;

21



portion; separating the plurality of mcrophones; and the first panel and
the second panel conprising lamnate structures, the |amnate structures
conpri sing conductive |layer portions and non-conductive |ayer portions

forming a capacitor withi'n the top |ayer portions and the: bottom | ayer
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cl ai m 18trangsisices withiscacavty ﬁ#@@e%mﬁ fb%méayewﬁfslpnsw thgr %Qmm iRyes dry
adhesi vepyhaygr between the first panel and the second panel and

activating the dry adhesive |a ?/er to secure the first panel to the second
panel . 22 separating the plurality of microphones; and

the first panel and the second panel comprising laminate structures, the
laminate structures comprising conductive iayer portions and non-conductive layer
portions forming a capacitor within the top layer portions and the bottom layer

poriions.

18. The method of claim 18, wherein each bottom layer portion and each top
layer porfion comprise a conductive layer, the method comprising electrically

coupling the conductive layers.
20. The method of claim 18, wherein securing the second panel comprises

providing a dry adhesive layer between the first panel and the second panel and
activating the dry adhesive layer to secure the first panel to the second panel.
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