; CDEFe3e| | }, d26hTi yWO 02 - 15. 163 ~~y , PCT/USQOL/-49. 162 M NI ATURE SI LI CON
CONDENSER M CROPHONE AND METHOD FOR PRODUCI NG SAME Technical Field The (%L
present | w3 rel ates generally to a housing for a trarEouseErH94debre 5
particularly, this invention relates to a mniature silicon condenser

surf ace of ”W@kﬁﬂﬁﬁm@gfeg@gﬁm AGE A Ve "
surface of a si ie. CKa 0 a
functional m crophene of this ty ﬁ g ion This Application
clainms the benefit of Provisional Patent Application |0 Serial :

60/ 253, 543 m""ﬁm"mmﬂm 28, 2000. Background of the Inventi on

been a nunb ures rel at ed DESORIPTION m crophoimuwﬁmﬁ ﬂm

«l ements on the -surface of a silicon die. Certain of thes have
come in connec e hearing aid field for the purpose *gbis?*educi ng
the size of thgelk?wsa'r‘l%] unit. While these disclosures have reduced the
*si ze of the hearing ai Theprogytiftsirionotlatds salenslydo Hvsing foF DEk@LdudenMore

transducer from outside interferences. Fox instance, transducers of this
type are fragi Lpertmubarlyuéluepwq@nentrelatﬂwgua:mlmaamgdlcomomﬁer%ﬂmmphw must

be protected from Li and el.ec they
eat ve on’ acosatprshla BRrns T ShistReR Fab bR bRadueRT B Bk MR ey
reasons, 4 he sigid CPRe &li€or e mie bé l@hﬁ&age&lto Hﬁcesz{"ﬁﬁkﬁbﬂw nRERGhbIESE Y e
been used t o house these devices. I'nstance, insulated netal cans or

di scs have beenypm ovi ded. Additionally, DIPs and small outline integrated
circuit (SA Q) ckages .haye been utilized. However, the drawbacks
associated wt t hese housi ngs, such as |ead ti me cost, and
tooling, make these opyh9neiRas ERME e HeHERE ¥ Plovidifnd P4 ?:ghg_ fon
present invention is direct to a silicon condenser mcr op age

whi ch al | ows adetistNo. 6vi2H3gid3tfided Diovamnber@ 8 2800sducer whi ch pI’OVI des the

WO 02/.1S~G3 PCT/ USO1/ - 19- tGZ necessary pressure reference while at the
sane tin¥ prot dackgroundoithelnventen  ght, el ectromagnetic int erference, and
hysi cal damage. A sil

ransducer agsubstratsz&@hﬁ‘%éﬁé%{ﬂfﬁéf“@%&ﬁeﬁﬁél A BABAL Bfciofhone,
wWith a recess el dhhe elffaceldfn dilicoisdlecC Certhia oftlica H&dlds&‘eﬁ hevelguped in
surface 5 of the substrate and over|laps at |east a portion of the recess so
that a back volcongectpn with the dweadug eid jieldffor hsdpuspesreadrreduring ihenyzuettheand

t he substrate. ,The ca 5 ed v r the transducer andtl i]udes an
aperture adapt 6T A é WW]@ Q/Ségest VP ASTIFCE HE B9 9 tB?‘l EE A er
transducgy. O *ﬂl‘?é Ha%@hwd?s%lo%gdjh&ﬁ Y@ﬂb%ﬁtﬁe ﬁﬁnddh@er'ffb‘ﬁ%ﬁtbﬁ@ n%érkérexﬁb%s apgar ent

fromthe to foll OWI ng specification taken in conjunction with the follow ng
drawi ngs. Bri efinsDesers irgisiureroé! thiretyDe avd fragilRgususcaptible w physissl damadeonal

view of a firs od| t of siljcon_.con sen rophone .of the present
oot oo F o Erahetitsd hiy Bl heupie Rl ropr BeRona echh R Aoy o
silicon 15 CO”M%@&er%@f x@&&% &Bu&t{&%rws&%‘%é}%reh&/t%%ﬁ&i&n gﬁb HYeFGr thSsed
cross-sectional view of ‘a third enbodinent of a silicon ¢ enser

m cr ophone of tréasomnr,dmadiconrdvcemmﬁmshﬁldﬁdre 4 is a cross-sectional view of

t he thi rd enbodi ment of t he presen
Some shlefd?ng 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.

25 Summary of the Invention

The present invention is directed to a silicon condenser microphone

package which allows acoustic energy to contact a transducer which provides the



invention affixed to an end user circuit board; 20 Figure 5is a
cross-sectional view of the third enbodi nent of the present invention

af fi xed t\WOd2M484d user circuit board in an alternate fashiRGF/UALIBR2gure 6
is a plan view of a substrate to which a silicon condenser m crophone is
fined; Figure 7 is a longitudinal cross-sectional view of a m crophone
package 25 of the present invention; Figure 8 is a |lateral cross-sectional
view of a mcr ' iaqn... Fi O]

{ongi tudinal - cPSeaey BARSAgReRlentc Gt RE Lorh HERTRABs FubhEer bR oty
invention; 2 eldOirbiagheticdntEiidrchieldd phybidalfdagisge. A sicos céndendefratrophone
cross-sectional view of a mcrophone package of the present invention;
Figure 11 is abpeekagecemprisesadrtansdusey, & pubstratgpansianqoven Fhsrsubstratechasphupper
package of the present. i nventd on: Figure 12 is a crossssectional view of
a top portion F‘;B'ifacff ‘?‘?'ilﬂé? Beﬁﬁﬁrfgmbdéléﬁ%fﬁlé‘ _ Petni‘?ﬂsadﬂc%rslé ﬁ{ra'srs“ﬁ@ﬁf‘? BPPeT EIdRREe 13
'S a Cross- sechaRAupMAYaRS ovRriheat RS d SIHibA bf e FEEORARE: RRE '@,eﬂﬁnéjédf the
present invention; Figure 24a is a cross-sectional view of a lam nate

bot t om por t i on tiftramsducehis fieimeg betveen theitanshicermndpizcbsiemta fTHekeverigsiaced

i nvention; Figure %14b is.a plapn, vfuﬁw of a |ayer of fthe | am nat ed bottom
portion of Fi gQver thedrangducer andiincludes ap apesfurg; adapieds fop alloyying sgpand waves to

| am nat ed bott i; i .15 Figure 14d is a plan view of a
| ayer of the Igéracﬁg{iéegﬁgbor{){oggélgg{??%ﬁ&g' Figure 14a; Figure 15 is a

cross-sectional view oOther fatiresandadvantaget of the ifivention wil e ppsag droph thehe
present invention, Figure_ 16 is _a cross-sectional view of a bottom portion

for a ni®r ophoflowing speciliration takge impansunetion widithe fojlowingdrawings. j s a

Ccross-sectional, vi of. b ortion for a mcrophone package of the
present inventi e,f sfripflon 31 1 Briings -sectional view of a bottom portion
for a m crophone paPkagﬁufB‘ 1618 Pé8SeEtonaN VR 0P 7; firdPefbSdiRnil 8 b Ssildcol an
view of a side portion for a mcrophone package of the present invention;
Figure 20 i s acondessergwictdpbong ofithepresént anventien;portion for a m crophone
package of the present_invention; Figure 21 is.a cross-sectional. view of a
. side portion for a mici&B &%30%%525@@1&3“( ﬂgaﬁ?cggarﬁn%oﬁ%mtiogﬁ;sﬂyon VO
021~5~63 sPCT/ Ughddens& thrdphBHE 6f the pleSer? ifeifign;Sect i onal view of a side
portion for a mcrophone package oP the present invention; Figure 23 is a
cross-sectional view oFigaren3 ds oplhmeacqgwaklagewodf 4 Hardembeadimennufatsilivon 5
Figure 24 is a cross-sectiognal yvjew of a m crophone package of the present
i nvention; Fi gGPCRSerIaICLD PB"s%ftg%Efeﬁ%éﬂve\Wl@W of a ni crophone package of
t he present

Figure 4 is a cross-sectional view of the third embodiment of the present
invention affixed to an end user circuit board;
20 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
Figure 6 is a plan view of a substrate to which a silicon condenser
microphone is fixed,;
Figure 7 is a longitudinal cross-sectional view of a microphone package
25 of the present invention;
Figure 8 is a lateral cross-sectional view of a microphone package of the
present invention;
Figure 9 is a longitudinal cross-sectional view of a microphone package

of the present invention;



invention; Figure 26 is a cross-sectional view of a m crophone package of
the present 1 o invention; Figure 27 is a cross-sectional view of a

m cr ophon&Opask#de of the present invention with a retai niME/USMYI46Ei gur e
28 is a cross-sectional view of a m crophone package of the present
invention wwth a retaining wing; and 15 Figure 29 is a cross-sectional view
of a m crophone package of the present invention with a retaining ring.
Det ai | ed Description of. R | ' [P (.S, .4 ' is
suscepti bl e of enbodi (r)r%ﬁ{‘%elior%g %ﬁé};&%@ﬁ%@%@%@%@%ﬁ%@@@pgﬁéé%ggf B he
drawi ngs and Wpldsefi@ivintioRe described in detail preferred 20 enbodi ments of
the invention with the understanding that the present disclosure is to be
.considered as an exenpfighiechl isoh cxpss-sastional jview of @stopfportien foneemidrophasad i s
not intended to lLimt.the broad a Pe,ct of the invention to the enbodi nents

i | lustrated. TREFKpERE pf?f‘slétrf{‘?’?ﬁsﬁofl’s directed to nicrophone packages. The
-benefits sof the mcro G S8y henal 3 G

packagi n95 utilizing 2@%?‘&??%%3‘?37 iﬁecggﬁérrane%?rﬁlbg&fea%emé%w ?)ge
process packagpackage qfthe lprésentimedritionj ng nore units to be forned per
operation and at nuch | ower cost. The typical lead flang fqor a simlarly
functioni ng package wdiiB¥recbhiss? ﬁr%%'?%é‘éﬁaléi‘@e‘ﬁrﬁ’g a1i9p RPéW‘?lbgg acmuEeRhang

t oget her. The ' | d have approxi mately 14,000 devices
connect ed togepﬁcg(rﬁgé]égﬂg%g%g@#&%nﬁag’o, t he enbodi nents di scl osed herein

WO 02/ -15- 163 PCT/ USUMHigfreGR1arie §¢rdss-sedtidhaltdiew @ adathiatddrigtiomporiiom bf aws
the process to adjust to custom|ayout requirenents w thout having to
redesi gntonol d, hpesing for ameicrapheane packpgeodfiihe present nvenioover , t hese

enbodi nents have a betdt.er ch_of_ thernal ,coefficients. o ansi.on wth
the end user's PCB si r‘# 5“‘?@ lf)grﬂla%ﬁwg’?ta;}ﬁeéé’ W%@%&P%Po@oﬁﬂ\ﬂ
which is the sgpardipfseri al used by end users. The present designs may al so
elimnate the need for wire bonding that is required in plastic body/l ead
frame packages. The f ddgureridetis aplanyewalflayayaref therlamiated bettonwporition o
required for a Ias{#g body/| ead frame design since the | eads are formed by
plating a throﬁ&‘ﬁeh % in a circuit board of which one half will eventually
formthecspathway to t | gy Ol I : i frame
desi gn, 1a5 gul | w ng cr(}ﬁgﬁl(géuggtlis% m\?}l&av dggqﬁ)?éy?ﬁy l\]\ﬂ@% ﬁ%@gggl{g \i;}\nq’ en
the overal |l fobiguprl4s,. Now, referring to Figures 1-3, three enbodi nents of
a silicon condenser m crophaone package 10 of the present invention are

il lustrated. The sili dO8usi1oMsaKENSEsertional yaew ofa betiam postiopdira migiorhiong on

general ly conprj : 2 .15 e.g. a silicon condenser m crophone
as di scl osed |hé%g§ﬁ %%@g%g%ﬁﬁge@%& 482 whi ch is hereby incorporated by
reference, a substrat eFigdre 1&s agfss-béotiondl ieva obabdttom pomiondor Simicrehonty 18
whi ch provides a pressure reference for the transducer 12, and a cover 20.
The subs¥rat e Barkpge ofibhE PEGSERL iIPVANWER: of FR-4 material which may be
processed in circuit r |, form,. I of . ec m es
of scale in 20 manuf a?ﬁgﬁgr}gagg%oﬁgg °§@%§°‘{6 a%ﬂ@}oiﬂﬁ@?fo@%@ras%cg?%g 14
showi ng t he bapgckugéyfmebre%eﬁtuﬁv@ﬁaﬁ,ed a plurality of termnal pads. The
back volune 18 may be formed by a nunber of nethods, including controlled
depth drilling of an Ufipete 18us & amss-sertiohalivirw simbettaue portionifor  mionephonecess

over which the_silicon.condenser mcrophone is nounted (Figure 1 );
package of thé presént invention;

drilling and
25 Figure 19 is a plan view of a side portion for a microphone package of the
present invention;
Figure 20 is a cross-sectional view of a side portion for a microphone
package of the present invention;
Figure 21 is a cross-sectional view of a side portion for a microphone
30 package of the present invention;



25 routing of several individual sheets of FR-4 and |am nating the

i ndi vidual sheets to formthe back volune 18 which may or nay not have

i nt ernal WopRaRi63posts (Figure 2); or drilling conpletely RGWOSIGHItRE
substrate 14 and providing a sealing ring 22 on the bottom of the device
that will seal the back volune 18 during surface nounting to a user's
"board" 28 (Figures 3-5). In this exanple, the conbination of the substrate
30 and the user's board. 28 eales the back .vol 0. 8. The back .vol une 18
's covered | cwo o2 Fistind? BEAFRberdBREVES diien aorlih S0 S 1Pkt
device) which igackdperoriaisiesént mehtigasint ed face down. The boundary is seal ed
such that the back volune 18 is "air-tight". The cover 20 is attached for
protection and processFlguké 23yis a Tioes-sastienal FEveefatmicruphame prpkageof thepdesehi ch
may contain a sintered netal insert 26 to prevent water, 5 particles and/or
light from ent 8Y$¥%Bhe package and damagi ng the internal conponents

‘inside; i e. sem condu L The.: i f | Ng
sound vvavses to reach t ﬁﬁ%ﬁggﬁrggsr g%.g’?%giég‘?‘?ﬁaﬁ’gi%“g’h@?ﬂ%‘r’g%eﬁ%ﬁg’@%t he
final form of tilmeenpibaduct (shown wi thout the cover 20) is a silicon
condenser m crophone package .10 whi ch would nost |ikely 1o be attached to a
end user's PCB 28 via Higyi 4)dsa prefs-snrtipnal vieywof apnigippboms napkagsof the@tesgnt

nmet hod of enl aril%f{}l% Bhe back volune 18 by including a chanber 32 within the
end user's circuitBoard 28. Another enbodi nent of a silicon condenser

m cr ophone package 40 plguid s iph GERicctibiVIdwFaficidphbiid fadkad of elphcieties
7-10. In this enbodinent, a housing 42 is 15 fornmed fromlayers o

mat eri al ¥, suchnegntiphose used in providing circuit boards. Accordingly, the

housi ng 42 generally c rises alternating.|ayers. of conductive _ and

non- conducti ve materi a}g@?@e‘ﬂ%@oﬁﬁﬁ%&cﬁ%@g@ﬁ’ GrmigPhaReag %ﬁog’ihépf‘iﬁﬁi“cal ly
FR-4 board. TheneoRaHGlithfrelaiifg Angkt are typically copper. In the

enbodi ment illustrated, the housing 42 includes a top portion 48 and 20 a
bottom portion 50 spacEgule28dsserdes-geotionad niesdof ahiierophors pagkap2 of thetphesent

includes an aperture or _acoustic port 34 for receiving an acoustic signal
and an inner chBYRSEPN BEthArelRfing WA BB&d for housing a transducer unit 58,
typically. a silicon dig;m _Qr: i The
top, bot ?ls_om apd si de gl te%gﬁggl%& %(rst,l@%%@lglrwe%ltgg H@% Hg%%gﬁﬁteh%?%%mf or

exanpl e with aisvendus Withes rechdag ¥eg.60. Each portion may 25 conprise

al ternating conduc.tl v and non-conductive | ayers of 44, 46. The chanber 56
i ncl udes an i natetasi¢dnieserip f the Preferred Finpbodi

el ude port tons of  nol uBnEQPTRUtRar ahi-EpibiE St emb Ao DR APEERY my
not fully coveforintHfd s GRsVAiglthy @rat@igdfabad vill R&Qin e iREcribed ind@etSlplRfdtact s

t he transducer 30 58 agai nst el ectromagnetic interference and the |ike

much 11 k¥ a f acabaginenieof ti invetionayithBeandersandim thattbe pesent disclosureas ioous
enbodi ments il lustrat eddi n _Fi gur eﬁ 7-th qu 23- 26 Itp?«%g‘gortiﬁns oﬁs .t he
housi ng 42 t hat®iSBFAHS taﬁéna?ggw fication of I8¢, PIICIPlsS mpventen and 45 Poflye o
| aye { of mat er j@bnddaab 1bAL (N6 bATARBYACE BFYNE HhvdntiBATd the bnBddidksls ifthsttddi n the
aperture

The present invention is directed to microphone packages. The benefits of

the microphone packages disclosed herein over microphone packaging utilizing

25 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



54. This environnmental barrier 62 is typically a polynmeric material formed
toafilm 5 such as a polytetrafluoroethylene {PTFE) or a sintered netal.
The envi reOne2is#i3 barrier 52 is supplied for protecting thRCEHSNHE46256 of
t he housi ng 42, and, consequently, the transducer unit 58 within the

housi ng 42, from environnental elenents such as sunlight, noisture, oil,
dirt, and/or dust. The environnental barrier layer 62 is generally seal ed

bet ween two | a : -(hﬁml Ve n Lk j %ﬁrﬁg&
barrier |ayer égéllﬁg san \}a\fc ed gﬁe?@&%ﬂ’%@é%@?%%%%ﬁ@% mat rlﬁgl
44, it may act raquifentapawithart having o idesign okt 1chdffranes] ahy trithdometoalihgt hat
can be used to filter input and output, signals or the input power. The

.envi ronnental barrier m@veezhwaynﬁmim haws g ettes matchof thegmal coellicinétt i ve

| layer when in Cogrégﬁagqtsi W\“ﬁl gh@%n& Bgetq%%f}/l%fx{c@ﬁﬁg éarf1 &oh@v‘t& hlgal?})/ﬁenr%oéﬁslg& of he

15 conductive layeérs-al'so contarn thin m passive es’suc

Tesi storssand qgRAGIHIGH f-thé BarAéltHatdrDuded U PdaEEISN T HeliResehOddRins Ryl dl@m
environnental el enents, the barrier layer 62 allows subsequent wet
processi ng, boalithinats thengeedt forhwirextondmg| thpioist iequisedoin plastit body/legd 4mmeand
el ectrical connection round .from fhe |ls vig th 20 hol | ati ng.
The envi r onmentP3fKagss - &E‘F &1029@5“ lgé'pgﬂabgs \ﬁﬁ%\’&m’t"ﬁ% W’Eﬁe}]?e @ﬂ“ﬁ@?ﬂ‘i?%@taﬁﬂq ng

steps in the f%g f ii?:ﬂn@tieﬁ%gsi%é FecCldads a{re%ﬁncfggg %a??%rﬁg%{&ﬁgﬁ-ﬁgﬁ ihQ be

nodi fied. This advantage can used to accommo erm nation
styl es. For exaigeui boardddiviiieh snalkalf wit &xeptiatip forne tHegiathvent todhdsoldergad. pai r
of apertures 54 (see ure. 2 th including an environnental barrier

> Fi )
| ayer 6210 The 48 aﬁu@&%g@&%bpaﬂk@g%a&me%m wingconguration weuld be yattht ed
face up or fac . mounted to provide
directional m glrlop ontggg:ﬁ?g?gvé‘?%%gg?eégﬁ%gpgrﬁtfi ng to Figures 7, 8, and |
1-13, the transducer UNot, afefringde Ffuadsl 1y3 hice eRBOHREENt Lot lidoncoReistion 48
of the housing. This definition is independent of the final mountin
ori entation to misraphang Peekagecl ofi the Huesent inventien pes dllugteatador Thigesibien 30

portion 48 to he nmounted face d dependi ng. on the orientation gf t
transducer \REEP) Q%C%L%@iq\ﬁg%_m@% gn ‘g4 gﬁ%ﬁrﬁlya‘ém?l?{éseﬁ?‘lﬁnbsgu?% :iit he
bot t om p@s ti on 30 a silidEn COMIMSIrYiBropRNRS 8 ditloRéd & St PReRNJ. i5®70482 RkycHbe
patterned to formcircuitry, ground planes, sol der pads, ground . pads, and

pl at ed t hr ough isibdrebypiaderporédddry iefeence, aubsirags] 41 an amplifiereltea haok vodume or
5 envi r onment al RS EG8 IR aiosiden 8 PlesBts SbRBo et Ry pNer | Sand a cover
Al ternatively, I : i - i rst
non- conducti ve a;@}e %ﬁfr@; 'i‘%gs tggltctg ‘3 négﬁlregg?gg ﬁ%%gq};%?%\ﬁei 5 Beexpprgé%ﬁtd

certain featurds druithisoard rpanelc fordh) cthuy dallingy ewdvaitage-iof) lecendnies |df ushleaires an
alternative top portion 48 for a m crophone 1§§’S§a0ka e. Inthis

: g
embodi meM, a JBHREGSWHE. BagHE &rs ¢ Rlan vigyeeithe sbsiate § shewingdhahask valume
conduit to gro 4 . Hi e 11 includes ground pl anes
and/ or patternqgg}ng§?ﬁe§%y{}%?\@?ﬂg%ﬁal%g%nent al barrier 62. The ground

pl anes and or pattern The baik votuid 18 heayderfomaddetsy Hyumbasofhethddsginchdiig
illustrates another_enbodi nent of a top paortion 48. In addition I5 to the
connecti on bet weBkollesddepth drilligg of an nppes sirfaget 19:of the substrate,14da forme reoges

(e 0. Poi Snor N e Ee siied SRR RenRfe S AFRRTR Y B TR, R

el ectriced contragiing 6f sehieal indiadliat stieefs oF FRHP bRd la@dnstig! thy endividGalishéets woul d
be patterned such that electrical connection between the bunps 66 and a

pl at ed t hr ough foxsh thethackvalameok$ whichpuy or may not have internal support posts (Figure
2); or drilling completely through 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
toauser’s "board" 28 (Figures 3-5). In this example, the combination of the substrate

30 and the user’s board 28 creates the back volume 18. The back volume 18 is covered



20 Figure 13 illustrates yet another enbodi nment of the top portion 48. In
this enbodinent, the top portion 48 does not include an aperture or

acousti c WOrR/M48#3 Referring to Figures 7, 8 and 14-18, thd@IdV30d#P49rti on
50 is the conponent of the package to which the transducer 58 is primarily
mounted. This definition is independent of the final nounting orientation
to the end user's circuit 25 board. It is possible for the bottom portion
50 to be mount gd if AghRGuLRVE NEMCESAY) HehiGD st MRniPbRddd" hn@ h&lkéd kB Of
t he transducerSgB as vvelu?hqas he choi ce’for thse top portion 48
construction. doke Thebowplaporstsealed sifsh that ¢hecloackl wolunwel 8§ my'eirgight?. of t he
bottom portion 50 may be patterned to formcircuitry, ground anes, sol der
.pads, ground pads and HIeH0¥gr f@ﬁ@&@@eﬂé‘i’@rﬁféﬂg‘?n%‘{@Hﬁﬁﬁ‘%ﬁﬁy-F' puer2d. 13,

ther e o D oyt phtle AVER R A0 SRAMHEL B mNE Pl prevent e,
-prot ecti ye nmenpirEcRs H/GIS lighte fipa¢ kedgeingethe pakagd\ dndr dahagifg the S@tendlayer s
may be deliberately excl ngesd as wel iﬂ%Th%&f@i [th né)rgéici)f{lodugti Vd(efnlggl er. 46 may
be patterned sepraponcpisdpgiag;i.Lis8mycondpdarchinsy tlaf APFTBKE 41 1S gdante awisg
conductive layer 44. 5 Fef er rj[hngl_to Fi Gur es 14a t hrough 14d, the bottom
portion 50 confﬂ SEAVES 104 ﬂh & ,a“?ﬂfl'f:?ri “fayered board including | ayers of
conductive material 4%4epRgidPRuRE 4laAd Sihe fihal 7o 6AAE ProduM] sHRHAKItIRdut 46 -
Referring to Figure 14b, the first |ayer of conductive material is used to

attach wire bothdsower20) ism siliviop chndenser niibiophbzemckagecdiOwdech would @abspbkely ons
to define | ead, pads ond pads,, ound pads.. The pads 0 | d have
ol es. dri | o0 PhRGEHAT EHEAN Bekp b £rae AopGt Teslobpobrose Sy SRsHaRS) oo,

As sh in Fi dr [ = ' el al th
conduot ve mt SHcaIct fenrblhd diltalt Hufl LERD AN L U ESE o Z idin BEHD 1

wel | as an exposed cgcoitbdard28. The exposed ground pad would cone in
el ectrical contact with the conductive epoxy and formthe conenction to
ground of the side porAnashersmbedimgntofasdiogngendegpermiproghonepackagetpglithe

Fi gure 14d, gr d. L . %ﬁﬂﬁ M & hy of+1 50:. The
hat ched area ré%?eené é’ﬁ%ég{lgn fs 3{)1}1%%1&%% 0 déL pﬂé\'eing}fj.sﬁh@ﬁgﬁ%rﬁh%ﬁdﬁ%{aﬁge% 8o not
overl ap ishe poRRme@rfrdittiytis BAeRterAE, sidh s $oSE hisdd InhErolidas Slast bdudds.
Referring to Figure 15, an enbodi nent of the bottom portion 50 is 20

illustrated. TAecrdingbhthsdousingdBgengrally spmpasdsalipmeting layers oftonductiyslanér
mask | ayer 68 and alternati er, conductive and n- condugt iv.e

T eri ] aa. dSoEiTs watral RS T FEFed e BEes g8 dur Spicaly RS o

el ectrical conpgeldi Phe EShdRIBLHPRYSIS Q4 afe t?ﬂ@mg, cdpparres 16 and 17 illustrate
enbodi nents of the bottom portion 50 w 25 enl'arged back vol unes 18.

These enbodi nents il | Jstheembodonendillustrated, thetwubiag K2 inshulesa tbd padiond Sahé
conductive/ non-gconductive Jayering. Fjgure 1 0 et ot.het odi nent
et Bt o bBS e oS PR st horgan o2t Mg 48 Mot bR B Lo
t he acoustic p i I LetioRd. : Jevye 3
PCT/ US01/ ~9. 16 %@?ﬁ?@?ﬁ%@?@%ﬁ@gg%ﬁﬁg@%ﬁl%lfgﬁ%lr?ggsa? Hﬁ%or he? G2 |
t he conponent whichlieadaatddfgehdusaig ajtansducthenit®s, typicablgratsilaron d@: aicgoghoae t op

ortion 48. The side
P ora ba?l grid array package (BGA). The top, bottom, and side portions 48, 50, 52 are

electrically connected, for example with a conductive adhesive 60. Each portion may
25 comprise alternating conductive and non-conductive layers of 44, 46.

The chamber 56 includes 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 protects the transducer

30 58 against electromagnetic interference and the like, much like a faraday cage.



portion 51 may include a single |layer of a non-conductive material 46
sandw ched between two | ayers of conductive material 44. The side portion
48 forns WREZHMG6Er nal 5 hei ght of the chanber 56 that houd$3/4Se&/4e46ansducer
58. The side portion 52 is generally formed by one or nore |ayers of
circuit board material, each having a routed w ndow 72 (see Figure 18).
Referring to Figures 19-22, the side portion 52 includes inner sidewalls

74. The inner side Vvalllnsthg%aﬁ&?sa iRk iRaGd M‘%gm‘g%ggggﬁfa{l%%%,i the i1s

material, typically to copper, as shown T n ki gures

74 are formed pyrtioR§ofaté Réusifpf 42Ritehclde thegpei s Rdcovistiel port 52 figér include
coated/netallized with a conductive material. Alternatively, the sidewalls

.74 may be f or nedaysyofmaigrialithat forms anenviugunentalfbarrian 62 omenss tvithin thetapeitare 46
and conductive rial. 44 h _haying a routed w ndow 72 (see. Fiqgure 19).
Tt hi o case. - SheTBaeRrrRona pare b2 e R e Mea ot iq ia
-coverage sw t h g, GoRAUEHEafBB8Ethflend Corl d'SinteRXEMetaP TAOBAHFInYRital

material 44 would provide effective shielding. Figures 23-26 illustrate
vari ous enbodi hemies 63f ist supphied fap portecting ctha grharhber 36 esfethenhadingedlsand,i | i ze
top, bottom and side portions 48, 50, and 52 ich ar escri hed above. It
i s contenpl at o BoRRatentiye e rans ucef St Yowithin thy u%lpaéﬁp gRvIRRIeRtal 50,

52 enbodi nent Se{éﬁ%ﬁ{siSH&pamghtgc is@uﬂa%ﬂ g’ir{%ﬂdjopg%y conbi nati on w t hout

departing from I'nvention di osed and descri herein. In Figure 23,

connection to an end UHRfensirbaactalardarilsyet 67 i0 geteriliaschied betmep®tvie Riers0.
The package nounting orientation is bottomportion 50 down Connection from
t he trangducer obepndctiveangiprialeds t Whew 1s ensirermenjaldwarigrdeyenp2 i sandiched

bondi ng. The t{ansducer olupe 18 is farped by the back hole nt ed
down) i the s PRSP JREEH ot oBionve e e Rave Tt cameubr PR o
the term nal s gkgirdtis defby the RREIPRaaf bBaked 18 fillel Bput dhd ARpsignafs 0P CB

design will understand that the traces reside on the first conductor [|ayer

44. The wire bthedsput powert Hdetenuimeninerdal bagieatayeh®? mey fitherserveaasendielsettc pads.
' The pads are connected to,30.the sol der.pads, vi.,a pl ated.through hol es and
traces on the B{?F‘Tci(‘,"é.?ayfb“'hew W@? i’%@ tb%f‘?‘l%éi e yq_:rg%ﬂ Ilﬂr&ﬁ e@%ptethght?xe .

connecti@n to Lheienvt LRk Ss§Adhfin thid! Hith es_ag?vgt 86 Nsc R SasPRISERIR RAGL T on

50. Again, the package mounting orientation’is bottom portion 50 Connection
fromthe transcameitorS8 to the plated through holes are nade by wire

bondi ng. The back volune, k18 is forned Ey a onbé'#]]qati on of the back hol e of
the 5 transducer 58 (rBadEen ogReiECungd M@r@sﬁ | eRviropmental elemeptsgtie o 25,
connection to u ' [ t rtion
50. Again, t heg%gigf%ggl %5‘%‘?‘?’58‘%?‘#@% g‘{e?grﬁ)%ﬁﬁbp %%?nqgag%{h%oﬁq&%%&eg%écti on

from the transgogiens &8hd lousing 42| Aidedectivabeiginedtivngs givnfd fraohehdwalld vie thru
bonding. Wth acoustic ports 54 on both sides of the package, there is no
back 1o 0ol uneholehplatingt hEbe jenviropmeniple bagien layeree? jabsoalallaws rtbpherder of n

Fi 26, j . . '\ -
bortion a8 of  PgcaSlrh sEBEiHE rtRRhcn SHAL Puba FRAR, SEESANA IO,
ei ther top por bé afbddfedd OThis idviadideofandly tisedto M colmddatealifferchi RAmidaditht he

transducer 58 to
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
25 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.
Referring to Figures 7, 8, and 11-13, the transducer unit 58 is generally not
mounted to the top portion 48 of the housing. This definition is independent of the

final mounting orientation to an end user’s circuit board. It is possible for the top

30 portion 48 to be mounted face down depending on the orientation of the transducer



the plated through holes is made by flip chipping and trace routing. The
back volume 15 18 is fornmed by using the air cavity created by | am nating
t he bott owopBHs466n 50 and the top portion 48 together. SomCTHO$KLH48+620f t he
package fabrication is perforned after the transducer 58 has been attached.
In particular, the through hole formation, plating, and sol der pad
definition would be done after the transducer 58 is attached. The

protective nenmhrane 62 i drophgbi.c_and prevent. . corraqgsive plati
chemistry 20 fr8if ésitﬁﬁggli/%“eefgﬁ QFOBQG?OQ‘F@}&QJ ccf"guﬁti“@edg s@‘?gﬁg{e t he
portion to whi | j gmén ' I iyni ng
ring 84. The rg&aé%%%&?@ﬁgﬂggé%ﬁ\%%?@ﬁ I(?kl ég{g%ngﬁ}ég%%%m%al Rnto q[i':]'%ie
transducer 58 aads,fandrplitedthroggh iole pinds. aRefesinge taqpBigurasr 1 Bpar theweemayt .be

Accordi ngly, the shape of the retaining ring 84 will typically match the
shape of 25 t hadditigndqakiemating reoptdugtivenlayersh 44y doarcondictivenlpyss d6madses a

-conductive mater| .. ) J I n - tive
ayer mater al Cplyupdiprorieellementttfis of RERE bk BRRGRT AR RLATIEHE,
onto a non congdietd Mey beldliberatély eRelided =8 v I THRAirStHonl b dhdiRe Mt A8 LAY Of
the retaining ring 84, and the transducer 58 is added so that it overlaps
the epoxy 86 arbd Peternedsaasip selectively expose aptlappieatugsyntigTfitssmdugidailagat.

Thi s reduces eggxy 86 wicking up the sides of the transducer's 58 etched
port (in the cdse of a silicon die mcrophone). Alternatively, referring to
Figure 28, the retainipgyfd 19 ifidstaald Qﬁallté?ﬁﬁwédtoﬁop&ﬂ_@ﬁ 48hfer td ARGEHGHE S 8
does not contact the retaining ring 84. In this enbodi nent, the retaining
ring 84 i sl i ghatkagesinalthisrenttodimeritea Eamectpon bitweén thedayersoad be dornfed te0
that the epoxy 86 has a yestricted path and, is,_thus, I,eis likely to w ck.
In Figure 29, PHYVidet gprduiiforgroppdgsthedtop partionfdugwe 1 aeludes exgiidaplanest he
et ched port of iﬁ% 1, Malel j

illustrative eé%gfé&ge?ﬁgy yp gg %?lrgg%ﬂd 03% bél?%%gg'sﬁéégﬁogﬁ%%ﬁemp or
fabrication of ok batdtufitwigy &f atdchnedstedbly pme6s. to Table 1: Materials 15
Mat eri al TypeConponent Not e10. 5/ 0.5 oz. DSTBottom Portion (ConductiveCu 5
core FR-4Layers 1 and bBiguredi-ilusititrspothen emhadimentpfa gyppostien48. Jypdditioam

Y3100 ot pr edebE Dinteshith atech TVEIS srtallt witped PGAC BAELY (6 "B¥Tke
Por tionMet al | i zagitahrkhtsIBaRicr &2, Ahik Si¥EdiftREALIBAE condictiVd bidhpPedielet PB/Sn( Each

Pi ececore FR-4 (2l ncludes 1 Conductive and 1pi eces)Non-Conductive
Layer ) 6Expandedr NiPEgpatieroedron the batiom side toldlow wooondary glseBicabconsact ihithe 2:

Processing of Materials,(Base Porti.on Mat.eri al PCT/ USQ1/.. 19~ .
St epTypeDascr | ENSER S5 DF < cPRASHAR PV Y AyRrd Db eBRRR St b cretricd
(Lover Forms  Gr QU asl Bedwe¥ s tHeiips D638 a Plat PBSUeR I felifration is made,
Layer 3Devel op4Et ch CuNo Etching onUpper ConductivelLayer5Strip Dry Film

Tabl e 3:20Pr ocessi ng of Figateel3iilusrafd3yet amothepernboimibit efithestbp portion 48. In this
St epTypeDescri pti onNot el Fi | mCo ctivelLayers2ExposeMask Materi 2
(Upper Forns & GHWB%@‘F&H&&% H.%? %ﬁ%é'obﬁlct‘l)&ﬁéPéB%HH‘éP’f groustic port ﬂ-

Layer 3Devel opaEt ch QUNRefehidy B FtheUs! sCQaRAHA!isY The¥BHAR! pordo30 f b 13

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
25 board. It is possible for the bottom portion 50 to be mounted facing upwardly
depending on the mounting orientation of the transducer 58 as well as the choice for
the top 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 and plated through hole pads. As shown in Figures 14-18, there may be

30 additional alternating conductive layers 44, non-conductive layers 46, and



to 15 PCT/USQL/.19~&2 Tabl e 4: Processing of Materials 1, 2, and 3 (Form
Bottom Portion) StepTypeDescriptionNotellLanm nateMaterials 1 and 2Lam nat ed
Usi ngVat eWDdR/M438Br i [ | Thru Hol esDrill Bit = 0.025 in. 3D r RGTASKES46Thr u
Hol esMet al | i zat i on/ Fl ashCopper4Dry Fil m (L1 andL4) 5ExposeMask

Lam nat edForns Traces andMaterials 1 and 2Sol der Pads(Upper and

Lower Conducti ve Layers)6Devel op7El ectrol ytic Cul.0 m | 8El ectrol ytic SnAs

Requi red9Stri p_Lx: i i Ni-shi i SeeNG
Option for Pr 06 %ﬁéﬁl %%%%@F%@vﬁ %%ﬁ%%%%&%g ‘gﬁ%\}rﬁnaﬁ%%iggy%

m | M ni mum Thi tdyesetiyelye delibetdpdde exuiudddpe vello Mthe Eirst\dbeoddisstive Eayer 46 may
LayerLayerOnly 1-1 WO 02/ ~5~G3, 5 PCT/ USOL/ . 49~& 14ExposeMask .

.Lami nat edThi s~ heBiteraed seeas ta solegtivelyaxpose ogrgintastures on thefirsigamdugtinsdayerand

| ower ) conduct i é? | ayer thatwill receive a dry filnmsol der mask (coverlay).
The bottom |l ayerwi Il not have dry filmapplied to it. Theplated through

:hol eswi | s be bri dged oR@ferrgith Figuantisaduoasl NI, R HBRENRiOP IS HREs

Cur el7Rout e Panel sRout e BliTF‘%: %g?m; 4"6&24" pi eces. Requi?g(gj@Confornshto
fini sheddi ns Ttephivated,desltirlapaed béred insluding layers bf ¢cdnduetidematenialiddrdepasitedhi s

rocess involves routi a trjx of o i i.n FR-4 board. ver,
Bunch! ng is thSEbarYFrsthnr%Q"ioﬁ u%sfnaé?qaiggi &gi‘ﬂé’% igyge | n@fzgl%\é\@?‘}’ﬁd’.f The
punchi ng may d9<f1f‘qu9b{vé3&+&€ al%s E%Ud%%a&lb%f'enﬁbﬂtﬁ (ﬁoﬂig’chﬁf borfdst emétlay&' Yy
punchi ng severa ayer s of no-flow 1l o pr e-preg and thin core c-stage

whi ch ar e t henirdchidesafched partibns tondefire load padsf baxidygeds, dnlligedundgads. ATlespads
routing the matri the board will have to_ be el ectrol ess or

X [ DM pl at ed.
Fi nal 1'y,10t he b#eplsthaye helepdiilledthropgh themteaflowsthefermation ef piated trowsirholss

0 ot op, can, e, done A4 ikl % 4 hEPYTBA B AERGER IRARITONAN © L0
gr oc _?_SSi g of ﬂﬁﬁc@ﬁiﬁ}gﬂtivﬁ lg{aﬁrfi‘/ﬂp’ﬁﬁé ﬂi&l@@ﬂtidﬁ@gﬁbi@@ob’egé%’éa borllzding padsslag well as

t e eDescri pti onNot elRout e/ PunchRoute Bit = 0. in. Forns Side

Por F i gﬁl\/at ric g@qmsbqhgmmd padt Dhoexpestd gronndrpad-womd come in electrical contact
desr' bes tho PIBALSSHIIER ey BB bf Srnesiies P s Dot Ption 2
portion 48 i nvgllldlﬁlggaggaﬁgrﬂgngo_dry filmcover lay or liquid solder nmask on
the bottom (i.e. conductive |ayer form ng the inner |ayer. The exposed

| ayer of the top 1 o pReferrmg td8iguird 14dy gtoundayes cobeembedddd wighinlthe base be

processed this way thr h etching or purchased this wa a one, si ded
| ami nate. A naP?‘it‘?ngf’- ﬁﬂ?g@é%eé agfe ?Hf%“&g‘is At grqupeplaaagﬁéﬁmrm y
occur after thg,i ' Egl;ber, f ' gder nmust be
chosen t hat caﬁo g%evep? r“.!“|°f ?ﬁguﬁrégg’e@éWiga%@ltggézgﬁs}%%?géi ng of Top

Portion 20 StepTypeDesRefeningotoNBigakDty, dn bnbodichent iof ¢hd dytesm paptice ¥Bsis Bar e

Layer For m Conducti on Ri_ng3Devel op4Cure5Drill Matri x of
20 illustrated. The bottom portion 50 of this embodiment includes a solder mask layer

68 and alternating layers 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.
Figures 16 and 17 illustrate embodiments of the bottom portion 50 with
25 enlarged back volumes 18. These embodiments illustrate formation of the back
volume 18 using the conductive/non-conductive layering.
Figure 18 shows yet another embodiment of the bottom portion 50. In this
embodiment, the back portion 50 includes the acoustic port 54 and the environmental

barrier 62.



Hol esDrill Bit = 0.025 in.Acoustic PortsbLam nat ePTFE (Envi ronnent al
Barrier) Between 2 Pieces of Material 5Forns Top Portion 16 WO 02/ ~5~63
10 15 PCTWOSQHS+468-t 62 Table 7: Processing of Lam nated MatRGET/ESM/4463Nd 2
with Material 4 StepTypeDescri pti onNotelScreenConducti veAdhesi ve onMateri al
42Lam nat eBottom Portion with SideForns BottonPortionPortion with

Si dePortion (spacer)3Add TransducerSilicon Die M crophoneAssenbl yand

Integrated Gircuit Tab 4
with Material 5 St epTy%%Eﬁrscgl pt Nﬁﬁ)e%klcr eeri?gésg&lecw &i\g%esitlh%(e:org%olr?eﬂfl
Por ti on2Lani nat&Baé pacRaRe that gmn@mé Batidarpeitn 190 wal Mg Rptdoption8.h 'mﬁfpSIde

Portion3Di ce Table 9: Finishing Option NG (N cke!/ Col d)
.St epTypeDescr i prardeméi @1aywn@lné¢ @ﬁmlgle( lapersy a nenraendugiive nmt@nalAé(szsd‘&@hed

(N ckel / Gol o TihePvpsayRrs € ogBaddtys Sy AL e D@ hortl HoBe thegtpmmehy or

‘hi gh tacks di ci ng; }ﬁIfo)tBé mﬁ&r% tHat hésked thefansancdk 98BI PhO BidBpottorr 59 is
, U-in)4Remove Mask on L25Mask L 1 (using (hick dry filmor high tack dicing

tape) bridge ovgmemdy [farmedﬂ)ganeok rhgrelsierGifoiradt achmSerigl] e@hhsding a routed
~S-1n) 7Renove Mas o .abl e 91,1 Fi ni shing Option ST (Silver/Tin)
St epTypelhask LW0EQY @ds‘? iigwed®) £i1m or hi gh tack dicing tape)2l mersion

Ag (40-50 ~c- |n)3ReanRe{>@§ o BFiEAAMREE e bﬂ%n%?ﬁh&@“eﬁ@%@%lfyggZSO

tack dicing tape) bridge ove y créate nTer si on

~C-in)6Renove Nhskinger didedl walls Whiakeegaeeatlyf platee mdtida aamwub@mtd@ﬁgrtyplcally
illustrated and descri bed, nunerous nodifications cone to m nd w t hout
significdhtly dopaen ﬁhg}wrwrbmlila@regaprand 24t Thgesidewalls i ore fmdbﬁéh%@‘éi@é of

2L, |, Bid Lol S PR b SO DL i, VO
PCT/ USQL/ - 49. t & Alternatively, the sidewalls 74 may be formed by many alternating layers
of non-conductive material 46 and conductive material 44, each having a routed
window 72 (see Figure 19). In this case, the outer perimeter of the window 72 may
15 not require coverage with a conductive material because the layers of conductive
material 44 would provide effective shielding.
Figures 23-26 illustrate various embodiments of the microphone package
40. These embodiments utilize top, bottom, and side portions 48, 50, and 52 which
are described above. It is contemplated that each of the top, bottom, and side portion
20 48, 50, 52 embodiments described above can be utilized in any combination without
departing from the invention disclosed and described herein.
In Figure 23, connection to an end user’s board is made through the
bottom portion 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
25 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 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

30 the solder pads via plated through holes and traces on the surface.
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a printed circuit board conprising a plurality of |ayers, at |east one

| ayer ' S conprising a conductive material and at | east one | ayer

conpri si NyOd3/A4p#68ul ati ng material; a cover conprising a cofugsaI4eiRayer,
the printed circuit board and the cover formng at |east a portion of a
housi ng, the housing conprising an aperture for receiving a signal and an
inner lining for providing a shield against an el ectronagnetic 1 o

interference, the i““%F‘(i%ﬂéQﬂ c%ﬁﬁ‘&'ixbﬁkd’kﬂe&ﬁ@us@??%&ﬁéé’zﬁsé AL 1RBEbH die at
con ucer unit

| east one | ayer of a tive material; and a trans nount ed

wi thin the houbéttgn pastiohl5®. A gaimphopeekgealiagingforichtation Is Battokhgsrtion5Pr i si ng
a spacer 15 nenber between the printed circuit board and the cover, the

spacer nmenber CeowprstaR ifron fhe %aftsﬁéceﬁ 8o diae plated through diodesaare made byowse t o

par i al |y coveaing “IREREE w08 ThF HFRE) B Akomelhiir in b PR e

-provi di ng a poghisdicef58t(RRuhid down) Amdilie beflom porftid 50.Cr ophone package of
Claim 2 further conprising a first |ayer of conductive adhesive for joining

t he spacer nenber to tHx&guwéﬁ connectﬂmtpthccmd)qmoabogdcmlgemﬂemraughtte
further conpri d er, of conductive adhesive f t he
spacer member 5@{10?‘?18 ’i‘iof‘%[(} ﬁ%}irﬂbe pagkage meypting;oficptafion Is 8’? Baimi

further conpri ghitkchof Boni BB Hsahce? 38 th Fhe lél%ﬁttﬁﬂ) hindids 4D SRRy wWiE 19
WO 02/ -~5~63 PCT/USA|.t9~& 6. The m crophone pack e of Clarm 5 wherein

t he aperture |bondlmgulWlﬁlrwowmqmrtsﬁhendnoﬂmdasmﬁﬂle lmch@geathmrsmndmckl ve

| ayer fox providing the enyironnental grrl er. S 7. The m crophone package
of O ai iP5 wheYdrme: Foisspethed jssuitable ipa disertignalnicronbene.over, the cover

conpr i $ing @ pol yer | GGl o6 QlonREAhTh 18 S BMGRTIRLA nRRER BTop ®

The mi crophone package 0 ere n the a e G SiTdaqe sy

Wi thin the pripéreien 48 o€ thetbobo sbrtidhso. prheqiaelehg@lmauitﬁxg leientdtiGORRIthaitoe a
pol yrmeric | ayer for\ﬂgrow ding the environnental barrier. 9. The m crophone

package of C aperisndfdewinrer batiompertianitedaval. (Bamecfeqn fromthe transducesSByorer i ¢

material. 15 1 hpone 9\/\/neren olyneric
material is a }?itedlt%} ﬁzl %18 Hﬁ%ﬁg’ﬁgﬁ%%& Bga‘b tr%ﬁegp%u% %E?@T‘ﬁ}( ® fi I'm
conprises 20 ajPRifikdd B hshe B8kl ehaftoreated byl RfifdtHipAROBREorR p6ridaS0ahd C @i m
1 wherein the conductive material conprises copper. 25 13. The m crophone

package of C athmidp pértiosif togethepr Same godionadithe pmhagb fablmpaftlosasspequmnad ality

?LS lufig? :’ f}gm;ra? %tfq?' deut(%;[ms uceg%%% géenaar‘gtgchedp IIrllJ [r)grltllc:{[ﬂgr tlhr(yuglil%o% formatlon

plating, and solder pad definition would be done after the transducer 58 is attached.
The protective membrane 62 is hydrophobic and prevent corrosive plating chemistry
20 from entering the chamber 56.

Referring to Figures 27-29, the portion to which the transducer unit 58 is
mounted may include a retaining ring 84. The retaining ring 84 prevents wicking of
an epoxy 86 into the transducer 58 and from flowing into the acoustic port or aperture
54. Accordingly, the shape of the retaining ring 84 will typically match the shape of

25 the transducer 58 foot print. The retaining ring 84 comprises a conductive material
(e.g., 3 mil. thick copper) imaged on a non-conductive layer material.

Referring to Figure 27, the retaining ring 84 is imaged onto a non-

conductive 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

11



20 WO 02L15-t63 PCT/USOL/. 19. 162 14. The m crophone package of C aim 13
wherein one of the plurality of layers of a conductive material conprises a
pai r of |WOIP2H&3 for el ectrical connection to the transdE/UMHP4625 15,
The m crophone package of C aim 14 wherein one of the plurality of |ayers
of a conductive material provides a first electrical ground plane. 16. The
m cr ophone package of C aim 15 wherein one of the plurality of |ayers of a
conductive mat ji ¢ j g&g% R . . The
m cr ophone pac g’gzmg?é%%gﬁ%)fgsgh%r el ‘?dttﬁgglfd Fgﬁmgﬁ%ggccegrﬁ@g%cg%ﬁ%%pgnes
are el ectri cal the casofcsificord dienkierophsne).of | ead pads. 18. The m crophone
package of Caim 17 wherein _one of the %luralit 15 of layers of a
conductive material coffiernatiely refairingde tﬂb‘ﬁ%%t"%‘?@taﬂ@ﬂg ang 8t carhe located

connection to an r VAL, ] &ronh C ising. a
transducer uni ?théﬁg’%ﬁc%g gdlﬁgrugssfcﬁoﬁ S é‘g%cso EA}E“Q @5?%%%\/%%%%%9%2%@8}%&
unit andsprovi giestailifs Ak 81 sEgRly¥lalRPtHah B foS PR 6f the tiafddatdro8e0eRat t he
housi ng conprising a first layer of a non-conductive material and a second

| ayer of a conthsoipowy Sfrhaea restrictagdipattaand ial thys, dese dikelydo whek. findégure 2Pcthe t he
second | ayer substantial]y. form ng ap jnner |ining,of the_housing, t

oust ng o t helCtaBME 1o et st et £ rnnes Biehuge aod o eitabitiont 3 ne
housing. 20. The m cr opRORRoRALKAREs BovidetiMibrdiive LRERPIE YRy SEACiRulNi T d
| ayer of a non-conductive rrgt eria ,S?{?g t hi rdl fclgyer su% t ant it%ﬂ;y c0\l/leri ng
t he aperture f boarfdrpoadessingtealmique/for tabmieaticd ofithe howsing &Ghid Embolthéd?/ ~5. t G3
PCT/USA / ~9-1&2 21. The m crophone package of C aim 20 wherein the third

| ayer cofipri sedabledoMatenials naterial . 22 The nicrophone package of Caim
21 wherein the MNitme S materi i ol ytetrafl uoro | ene. 23. The
m cr ophone pac pﬁlté{—g (?yj%emi Q fi ?!:(I)‘\rh denb> Y hﬁ\llb%g ring. it he
transducer unif1engagi|ngs/ise BIST i B@ton PErtionO(Cohdudivei | | con condensgr
m crophone package COrRfy §cHQFra4t ranyducesndfiNgn-a substripte including an

upper surface having g recess forng ; transducger unit attdched
to the upper surface qf the substr ﬁéﬁéﬁ%ﬁgg) at leastla portion gf the

recess wherein[a back |\pége,0hstrhe Bgmpgﬁﬁ,h(gghaucmeforned bet ween |15
the transducer| unit arldof Be,SU4REHT 3 ﬁgeﬁnjdmﬁiépq\y&lr pl aced pver the

t

t ransducer uni f, t he qover I ncludin ert ure. 25. A sijicon conderser
m cr ophone package conprising. a trla ?3&5‘?‘2 © Wlef?) 20 a substrate including
an upper surfafe for sqmq:(r%g thg transducer unit; a covpeg,pl aced over a
portion of the|substrdgte, °t over| conprising an aperture 2D in%&ni nne
surface, a porfion of |[the inner surlface conprising a netal &

-

aterial 1 and

Material 2
15 4 0.5/0.5 0z. DST | Side Portion Metallized
Cu 40 Core FR- Afterward
4
5 Bare/0.5 oz Cu2 | Top Portion (Each Piece
core FR-4 (2 Includes 1 Conductive and 1
pieces) Non-Conductive Layer)
6 Expanded PTFE | Environmental Barrier
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mat eri al

26. A m crophone package conpri sing:

for shielding the transducer unit froman interference signal.

a transducer unit; a substrate

i ncl udi ngwamupér surface for supporting the transducer WRGTUSHE/H882er

seal ed over a portion of the substrate,

recei ving a signal

30 protecting the transducer froman interference signal.
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t he cover

22

substrate conpr

25
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is Babd P&?gHife{ter?ﬁwi@ a

conductive mat Awsmi t 'eypeubstrate 1l]re*sd3q)ltloﬁorrpr| sing a|¥uotd ace for
Supporting t he (5—transpuecer i t—arcovet plabcu over—& pUTtiun of—t+tre
substrate; the{dover c Fdinng a shi el di ng material fof protecting the

t ransducer fro#n an i ntpCordwetiee sigpal . 28. A m crophong package
conprising: 1 * a prin Egg,df,grcwt bpard conprising a fifgst insulating |ayer
-and a first copduetvetayrer—a—trafseucer—aR-—supportga—by—the—pr-natd
circuit board; |@&nd a cljoEegosever a p)Mastabénaihe{prenteEForms:G&dtmhoard and
form ng a housi ewi th for prot eﬁhﬂmﬁvénﬁyéﬁ ansduc ¢PpPlangioh Loiee cober
conprising an 3 a 15 second|insul ating layer, angogds®seTdyer

the

conductive | ayg

transduces for pe{félgptransdjcer froman interfejence signal. 2p. A
m cr ophone pac SH-Rg—20—aprted—ci-et-t—boal-d—corpr-SHhg—a
first insulating Iayer E®hfCu st copductive | ayer, and aiNoefteliihgoa, a
transducer unif; portion of the print e@peﬂc@nuubub@a'd
and formng a protecting the tranggdygegr unit, the
cover Conpr|s|.. secbnd hnndnhflue
| ayer, a porti @5 of th Sﬁ@dD@CFmﬁnd icti ve Iayer exposed to the transduger
for shiel di ng the—transdocer—fronramrTrnterference—srygnal—36—AnTcrophone
housing for a siljcpn _condens mcro e ro ne housi ng
corrpri Si ng: 233Il Iblﬁg)(r%’;qceﬁ SIpG O qr (ﬁ"lﬁ rE ?‘?\ P?E?m ng for pL avidi ng
a shiel djfrom agg ect 'pyvpegnetl c inf gég&fpgaﬁe the | nnej thé‘]l ng corrprl 51 Ng
an aperture ad eeeiH-hrg—a-stghral—a—pr-ated—eieut—board
conprising a fifnst i nsubDsy Filg Iayer and a first conductive layer, the first
conductive layer fornij @endictiveast f portion of the inngr
Layers
2 Expose Mask Material 2 (Upper Forms Ground
Conductive Layer) Plane on Upper
Conductive Layer
3 Develop
4 Etch Cu No Etching on
Lower Conductive
Layer
15 5 Strip Dry Film
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Etch Cu
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11

Ftch Sn

12

Insert Finishing
Option Here

NG Option (See
Table Below)

NG Option for Proof
of Principle
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Dry Film (cover
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Conductive Layer
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2.5 mil

Minimum Thickness
on Upper Conductive
Layer
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105=s10%¢& () - 3& 10%& - ()-410%¢& ()-3mMO%E () -
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mMOo%& ()5 9Y1098& () - Y ( ) 105D3334g446dE /
105s! 10%& () - 9 1Gﬂ/woc O—&1095& ()= r1096& (Aﬁ-‘r’l(}%&‘ O—r1o96&()—6467667] 77
. ' U5 & U5 & (1Y~
dEO{’ /‘5;".0(5) gégégg‘s( ) dE: gb{dsg dgs)cnbegs$ t % %r{)dsc%ss go 10 o@%o ?on ]I%/d?orn'ga)tlon of the
top portion 48 involves imaging a dry film cover lay or liquid solder mask on the
bottom (i.e. conductive layer forming the inner layer. The exposed layer of the top
10 portion 48 will not have a copper coating. It can be processed this way through
etching or purchased this way as a one sided laminate.

A matrix of holes is drilled into the lid board. Drilling may occur after the
imaging step. If so, then a suitable solder mask must be chosen that can survive the
drilling process.

15 Table 6: Processing of Top Portion
Step Type Description Note
1 Dry Film Conductive Layer
2 Expose Mask Bare Layer Form Conduction
Ring
3 Develop
20 4 Cure
5 Drill Matrix of | Drill Bit = 0.025 in. Acoustic Ports
Holes
6 Laminate PTFE (Environmental Forms Top Portion
Barrier) Between 2 Pieces
of Material 5
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Table 8: Processing of Laminated Materials 1, 2, and 4 with Material 5

Step Type Description Note
1 Screen
Conductive
Adhesive 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 Note
1 Immersion Ni

(40-50 p-in)
2 Immersion Au

(25-30 p-in)
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2 Immersion Ag (40-50 1-in)

3 Remove Mask on L2

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

S Immersion Sn (100-250 u-in)

6 Remove Mask on L1

20

While specific embodiments have been illustrated and described,

numerous modifications come to mind without significantly departing from the spirit

of the invention, and the scope of protection is only limited by the scope of the

accompanying Claims.
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| 10% " & (WOHBPSH6B 1 10% "& ()- 110%"& ()- 110%"& ()- PCT/US01/49462

| 10% " & ()-=d>dPd_d" dadbdcddH, B 1 10% " & ()- 110%"& ()- |110%"& ()-#3F k

1 10%"& ()- 110%"& ()- |110%"& ()-cdtdudwddddcG B | 10%" & ()- |10% "& () -
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| 10% " & ()- 110%"& ()-#3F S

I claim:
1. A microphone package comprising:
a printed circuit board comprising a plurality of layers, at least one layer
5 comprising a conductive material and at least one layer comprising an insulating
material;

a cover comprising a conductive layer, the printed circuit board and the
cover forming at least a portion of a housing, the housing comprising an aperture for
receiving a signal and an inner lining for providing a shield against an electromagnetic

10 interference, the inner lining comprising the conductive layer and the at least one layer
of a conductive material; and

a transducer unit mounted within the housing.

2. The microphone package of Claim 1 further comprising a spacer

15 member between the printed circuit board and the cover, the spacer member
cooperating with the printed circuit board and the cover to form the housing, the

spacer member comprising a sidewall at least partially covered by a conductive

material, the conductive material providing a portion of the inner lining,

20 3. The microphone package of Claim 2 further comprising a first

layer of conductive adhesive for joining the spacer member to the cover.

4. The microphone package of Claim 3 further comprising a second
layer of conductive adhesive for joining the spacer member to the circuit board.
25
5. The microphone package of Claim 1 further comprising a

environmental barrier located within the aperture.
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| 10%" & ()- 110%"& ()- 110%"& ()-#3F k 110%"& ()- 110% " & ()-ddd

eee#e” @ BMOL@USHIE c1l0% & ()- clOW & ()- clOW & ()- -10% & BQFUS01/49462

| 10% " & () - #3F k#e(e)e+tede5e6ecG B 10% "& cl0% & ()- clO%W & ()- clOw & ()-
cl0% & ()-#3Fa cl0% & ()-6e7e8eCeDeEeFehD, B | 10% " &#3Fa c10% & ()

clO% & ()- clOW& ()- cl0% & ()-#3FaFeGeNeCePeQeSehH, B | 10% "

cl0% & ()-#3Fa cl0% & %@ﬂ& 65RinC B
1 10% " & c10% & () - c10§/‘o' & ?ﬂi@%ré%li"é@/;’g&%%e @Cf%i&}?’d?%e{n)m i
cl0% & () - eeceeahe€céaver, the cover comprising a nonconductive layer for providing the

environmental barrier.

5 7. The microphone package of Claim 5 wherein the aperture is located
within the cover, the cover comprising a polymeric layer for providing the

environmental barrier.

8. The microphone package of Claim 5 wherein the aperture is located
10 within the printed circuit board, the printed circuit board comprising a polymeric layer

for providing the environmental barrier.

9. The microphone package of Claim 5 wherein the environmental

barrier comprises a polymeric material.

15
10.  The microphone package of Claim 9 wherein the polymeric
material is a film.
[1.  The microphone package of Claim 10 wherein the film comprises
20 a polytetrafluoroethylene.
12.  The microphone package of Claim 1 wherein the conductive
material comprises copper.
25 13.  The microphone package of Claim 1 wherein the printed circuit

board comprises a plurality of layers of a conductive material and a plurality of layers

of an insulating material.
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22.  The microphone package of Claim 21 wherein the polymeric

5 material is a polytetrafluoroethylene.

23.  The microphone package of Claim 19 further comprising a

retaining ring, the transducer unit engaging the retaining ring.

10 24.  Asilicon condenser microphone package comprising:
a transducer unit;
a substrate including an upper surface having a recess formed therein, the
transducer unit attached to the upper surface of the substrate overlapping at least a
portion of the recess wherein a back volume of the transducer unit is formed between
15 the transducer unit and the substrate; and

a cover placed over the transducer unit, the cover including an aperture.

25.  Asilicon condenser microphone package comprising:
a transducer unit;
20 a substrate including an upper surface for supporting the transducer unit;
a cover placed over a portion of the substrate, the cover comprising an
aperture and an inner surface, a portion of the inner surface comprising a metallic

material for shielding the transducer unit from an interference signal.

25 26. A microphone package comprising:
a transducer unit;
a substrate including an upper surface for supporting the transducer unit;
a cover sealed over a portion of the substrate, the cover having an aperture
for receiving a signal and an inner surface comprising a shielding material for

30 protecting the transducer from an interference signal.
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ASAD I L o oA L LA 92
_10%t &Z10% & ( ) - a transducer unit;
a substrate comprising a layer of an insulating material and a layer of
conductive material, the substrate further comprising a surface for supporting the
5 transducer unit;
a cover placed over a portion of the substrate; the cover comprising a

shielding material for protecting the transducer from an interference signal.

28. A microphone package comprising:
10 a printed circuit board comprising a first insulating layer and a first
conductive layer;
a transducer unit supported by the printed circuit board; and
a cover over a portion of the printed circuit board and forming a housing
therewith for protecting the transducer unit, the cover comprising an aperture, a
15 second insulating layer, and a second conductive layer, a portion of the second
conductive layer exposed to the transducer for shielding the transducer from an

interference signal.

29. A microphone package comprising:
20 a printed circuit board comprising a first insulating layer, a first conductive
layer, and an aperture;
a transducer unit; and
a cover over a portion of the printed circuit board and forming a housing
therewith for protecting the transducer unit, the cover comprising a second insulating
25 layer and a second conductive layer, a portion of the second conductive layer exposed

to the transducer for shielding the transducer from an interference signal.

30. A microphone housing for a silicon condenser microphone, the

microphone housing comprising:
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of the inner lining.

31. A method of producing a microphone package, the method
10 including the steps of:
providing a housing comprising a first layer of a non-conductive material,
an inner lining comprising a conductive material substantially covering the non-
conductive material, and an aperture for receiving an acoustic signal;
providing a transducer unit; and
15 mounting the transducer within the housing wherein the inner lining

provides an electromagnetic interference protection to the transducer unit.

32.  The method of Claim 31 further comprising the steps of:
providing an environmental barrier layer comprising a polymeric material
20 filter; and
securing the environmental barrier layer to housing and over the aperture
wherein the environmental barrier layer provides a protection from environmental
conditions to the transducer while allowing a substantial portion of the acoustic signal

to pass through the aperture.
33.  The method of Claim 32 further comprising the step of providing
second layer of a conductive material between the first layer and the environmental

barrier layer.

30 34.  The method of Claim 33 further comprising the steps of:
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