WO 2006/118680 PCT/US2006/010077 ACOUSTIC TRANSDUCER
MODULE CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS [00011 This patent is a continuation-in part of US

VRIS serial No. 10/758,181 filed February 26, 2004, G S45#HL077

the benefit ofU.S. Provisional Patent -Agﬁlication No. 60/450,369, filed
February 28, 26@%@%&&@@}& by incorporated by
reference hi their entirety for all purposes. TECHNICAL FIELD [00021

oo R R LI SRR oo
guﬂﬁm@m%iﬁmomeeﬁﬁm@?ﬁgyjﬁ%&i fﬂgﬂg@bmﬂ?ﬁ?ﬁmﬁa&esnser
e e e S NCTGH R FSBR LR S EBIBHTRELE Aty in
Avolipas ) S RAT Biegl Sebinaie2Ri  t$ievdisclobil evhinticadi
hpp }ﬂggm% %M%r %1 25 _alégﬁ;aafdg::ellular teel}ephone?,’élon
ore ersor%?%gﬂﬁ A%;ssstar?ts %%%X’)'}%fa d-he dpgg?hospelft‘ers, laptops, tablets

or any other device types that are capable of communication over public

or private communicatior-aeasaiks s Ihgrgeployment of more cellular
networks especially and the technological advancements_in mobile
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the inherent performfﬁ %@g@%&%ﬁﬁucer modules that are

utilized. [00041 Generally speaking, conventional electret condenser
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As the size of mobile commumnication devices becomes smalier, ever-increasing

demands are placed upon improving the inherent performance of the mimiature
transducer modules that are utilized. | _ o l‘

[0004] Generally speaking, conventional electret condenser mici:ophonés {ECM) have
beon used for communication devices such as celiular phones, web-enabled phones,
Personal Digital Assistants (PDA), hand-held computers, laptops, tablets or other such
devices. In these communication devices, such as ce‘ﬂuiér telephonés, aconnector
member elecf:g‘icalijr connects an electret condenser microphons to a psinfed circuit
board fixed within a device housing. The connector may include a gasket between the
BCM and the outer housing that is formed with an aperture or éort to provide an
aooustic path from outside the housing to the BCM. The final assembiy‘aifthe ECM



2 and the connector with gasket onto the PCB within the housing must be
done either manually or with off-line equipment resulting in considerable
yield loss due to either poor electrical connections or a poor (leaky)
acoustic connection. Soldering of the ECM is not possible due to
temperature limitations of the materials used to construct it. SUMMARY
[00044] In a first aspect, there is prévided an electronic device comprising:
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surface mountable acoustic transducer disposed within the interior, the
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_ printed circuit board at least partially disposed_within the interior and a
possib st Aptad el Seeskuiss e Gla st Yeast one
acoustic pathway formed wighin e ARysing, the acoustic pathway
upling the surface mountable acoustic transducer to the exterior; and an
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the cavity fo communicate with the exterior, the transducer dispased i
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printed circuit board is attached to the transducer and,forms a portion. of
least A Be D BIRIEE DEERISTIEN G T DRANGS [905] S
coupling neEspactive viavuatshtelluauptionginsdtperatingtacanderiser and an

microphqne module in accordance.with the described embadiments;
wcou i R PR Ea SHHTA o< SOt el ety or e TR e
printeld (0ROTIbBHES. 3A-3B are cross-sectional views of a described

odiment of an acoustic transducer module; [00081.FIGs. 4A-4B. are |
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transdeaesdaqainnativlegia board having a first surface and a second surface; an
electronic device housing having a cavity, an exterior, and a sound aperture for
permitting the cavity to communicate with the exterior, the transducer disposed in
the cavity; and a sealing member disposed between the electronic device housing
and the printed circuit board; wherein the first surface of the printed circuit board

is attached to the transducer and forms a portion of the transducer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] FIG. 1 is a perspective view of a cellular phone incorporating a condenser
microphone module in accordance with the described embodiments;
[0006] FIG. 2 is a partial cross-sectional view of the cellular phone of FIG. 1;
[0007] FIGs. 3A-3B are cross-sectional views of a described embodiment of an acoustic
transducer module;
[0008] F1Gs. 4A-4B are cross-sectional views of another described embodiment of an

acoustic transducer module;



100091 FIGs. 5A-5B are cross-sectional views of another described
embodiment of an acoustic transducer module; [0010] FIGs. 6A-6C are
cross-sectional views of another described embodiment of an acoustic
transducer module; [0011] FIGs. 7A 7C are cross-sectional views of
another described embodiment of amzacoustic transducer module; [0012]

IG. 8 is a cross-sectional view of another descrihed embodiment of an
10009] 600 A A SR ERSTA 0 8] FAST e P CATBREA L
acoudpwrahadatbendeldabed embodiment of an acoustic transducer module.
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usceptible to various maodifications and alternative forms, certain
acoushishsaiybiier anedhiewn by way of example in the drawings and these

001 frepedimanie will be descrRediinggiaibngisine tRIANL PBHRSARIAP YL an

however, that this disclosure is not intended to limit the invention to the
acousicEansdRshe addiGibed, but to the contrary, the invention is intended to
[001Z0VEG a Wedilicatientnalidmatyasotiod dguiitaléstsedingwithimtheoustic
¢ irit and éc%pe of the invention defined by the appended claims. WO
Tans5G681 11868 /US2006/010077 3 [00151 Embodiments of the
[001 X dktioh despattiall treseiseaierdonsrast enitheadcscpbeid endodement of an
acouldl {F&H§ﬁ%§?%ﬁﬂi¥"ith previous designs to _provide a simple, efficient

and economic way and method of manufacturing an acoustic transducer

module, such as a microphone module for use with communications

devices. The many fegiuesiianp asivaotpgesehthe invention include

providing a reliable electrical connection a,’,gf%a reliable, leak free, acoustic
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acoustic transducer may have a surface for electrically coupling the
alieragiifgseanbemitbalgns elieg ayithindbe spirit and scope of the invention defined

by the appended claims.



to a printed circuit board. The surface is exposed externally of the

housing. An acoustic pathway couples the surface mounted acoustic

transducer to an exterior surface of the housing. [0017] The surface
VWSt Pet%ustic transducer may be received within a caviBC TR/ 010077

within the housing and secured ther3e|n for example, by mechanical
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-Sonductive an e intermediate layer may be a conductive layer.
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barrief may be an environmental barrier and/or an acoustic resistive
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mounted acoustic iransducer is secured by bonding or in siti molded within the
housing.

[0038] The housing may include a first housing member and a second housing
member, The first housing member may be an inner housing layer and the second
housing member may be an outer housing layer. An intermediate jayer may be
disposed between the first housing layer and the second housing layer. The first
housing layer and the sccdnd housing layer may each be non-conductive and the
intermediate 'iayer may be a conductive layer.

[0019} A barrier may be disposed within the acoustic pathway. “The barrier may be a
polymeric material film or a sintered metal. For exa.mplc the bamer may be an
' enwronmentai barrier and/er an acoustic r.esx.stwe barrier. That } is, the barrier may be
an acoustic resistant material such as 2 fiat plastic sheet or file, e 2
| polytetrafluoroethylene (PTFE) film. The barrier may also be a sintered metal
member or'_a screen. |



[0023] An electronic device may include a housing and a printed circuit
board secured within the housing. An acoustic transducer housing is also

provided and a surface mounted acoustic transducer is disposed within
WREUMESHAHE transducer housing. The surface mounted acolSHES2006/010077

transducer may have a. surface for électrically coupling the surface
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secured to.the housing and- surface bejng in.contact with the printed
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' 2 residing in a hand-held wireless communijcation evice,lg, sych as a
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the housing 102 may L - )
mechanically secured to or in situ molded within the housing, and thq acoustic
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transducer housing may have a surface forming a portion of 2 surface of the housing,
[0024] Referring to FIGe. 1-2, a silicon condenser microphone module is ‘shown‘
generaily at numeral 10. Thé modulé 10 is electrically comnected to & printed circuit |
board (PCB} 12 residing ina hand-held wireless communication device 14, suchasa |
celtular phone. Of course the module 10 may be adapted for use in virtuaily any other
type of electronic device, including web-ensbled phones, persaﬂai digitai assistant.

" (PDA) devices, other types of portable computing and Internet access appliances and
devices, and the like, that may also be capable of communication 0?&1‘ public or
private communication networké. As explained in .-greater detail below, the module i0
may be mated with the device 14. Alternately, the module 10 may be jéiﬁed to the

device 14 to form a2 portion of its outer housing 16.



utilize alternating layers of conductive and/or non-conductive materials
and such embodiment will be discussed in greater detail. In the
embodiment shown, the housing 102 is made of polymeric material such
as molded plastic material. [0026] The module 100 further includes a
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may include a micro-electromechanical Sé{ftem (MEMS) device, e.g. a

singiigsdaiee cdidpicinpasddiviersethBnklSudn ddtHaxlitohionarmadpde a
hotRi p?%@ﬂﬁi@ﬁ%ﬁ% s P Ratent Nes 3B 0¥t naufateRtion 106.

Application Serial No. 09/886,754; International Patent Application
Thpop/lysenessetonddfoind Be patkyt Applisatisstigeriad Ngy 16/ 2385756,

todBB AIB¢IaRIRS REWDIC.AIE PRIGIHINCRERArAIRH RyhESIRLaRERIL 1 tnstance.

entirely for all purposes. In'the embodiment shown, the SMC 110 is a
ThgiEmsnpageds mpvatirdaircdn Cshaeh seichibpsnendhTheusingc! §3 gnay

utilfaRe-maldedyilhiy dheshousing 482 emlit ardnaidedwithin g etiner
structure 112 formed within the housing 102. [0027] The SMC 110

enpeflinestaaB Msctari Wdria CECE f6Fdie ShritiaIgreRR B Rt Ehe housing
10RR0IRRLEIEYLROAH (RER) A% Nathin g communicatien; device or to

otherwise electricallléyw%ouple the SMC 110 to the communication device.
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connecting surface 114 may be electrically coupled to the PCB via a
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adhesive, contacts, spring-loaded contacts, plugs, and the like. The
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will be discussed in greater detail. In the embodiment shown, t _
SegghRECHitg S trfale 1 4R IowaRE P O i SifehSTHIA R LI B &Y SRARsence in
- thdil @erplecirigalvieRupling e siMedRwithdhe, REB i withinheeMs

device 14. 6 [00281 At least one aperture or acoustic port, three are =
bagrssriaas shiten ouglensvnigrerkone, iShatroduded Sriniesdupised pithin

thihehaHsing 192 allaiageuatic RV R I8-eatar e SIMBISIBA WINER the
referring to the one or more acoustic ports reference will be made to

hoysigstitport 124 with the understanding the one or more such ports may
[obe7provddsdc Mulfiple @eaustishRestmpraviEea) dirgstienatsensitbghhecting with
a grairﬁ)t%g I!;E%/c{?i{tggard (PCB) 12 within the communication device or to otherwise
elecirically couple the SMC 110 to the communication device. The connecting surface
114 can be located on an upper surface 116, a side surface 118, or a bottom surface 120
of the SMC 110. The connecting surface 114 may be electrically coupled to the PCB
via a soidering process; however, it will be understood by those skilled in the art that
any form of electrical connection would suffice, including conductive adhesive,
contacts, spring-loaded contacts, plugs, and the like. The module 100 may further
include a secondary mounting structure that is electrically coupled to the connecting
surface 114 and such embodiment will be discussed in greater detail. In the

embodiment shown, the connecting surface 114 is located on the side surface 118 of the

SMC 110 for electrically coupling the SMC 110 with the PCB 12 within the device 14.



SMC 110. The acoustic port 124 can be formed on the upper surface 126,
side surface 128 or bottom surface %30 of the housing 102, or in multiple
locations on these surfaces. In the embodiment shown, the first acoustic
port 124a is located on the upper surface 126, the second acoustic port
[0028)15\d sosirBe ansTRECHBESAT SRS 1B0¢ aRelitHI0RE AceEtieJdertl 24D

and- #4%:1s Jogated Qi thesldg surfased 2B pIovise direeliPRalustic waves to

characteristics, i.e., omni-directional, bi-directional, or uni-directional
eniganERIVARHIE . SIRD 1900020 1hT BacHiowsEe FENSIEPRiEY HarfRtasg! be
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orm an acoustic pathway to the SMC 110 or molding the acoustic port
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sMifiling, eempletely Brepahe heusing. 402 e deuce BB pnd sQileh face
housing to allow acoustic energy to be coupled to the SMC i 10. [00301
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module 100 may therefore be mounted within or mated to the device 14
surdigiintr 6. PRESHEMBIaAYS I GeEsE48d8 s prstiRr Erhodevicehisising- 1 the
thiROIRG:SAAreMdestheiadvantages alidedussd oxeralbrizaofithesigvice

while maintaining good electroacoustic performance “such as sensitivity,
chiyeRerisigpifitg, e8MpaBRassatobodseasrah@indendiacigny sensitivity in the
qaglegtrgmagnetic interference (EMI) and other external and environmental

conditions (including shock and debris). [00311 As shown, the module
[06279 [EhelaeeusafypeoRédmy %éﬁraseéivga|aémﬁ>§fteftﬁ@ﬂmg poliikh

drihe davissi aAlsrnatehthe medue.l00may.RavnechapiSally 6fi o or
frictionally joined with the housm%?lig of the device 14. Alternative
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external surface or outer housing 16 of the device 14, may be used to

ouggdiffestpe thalRife 20D r R ERVIe LA AP I8Adads g orrddFonding
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~ those skilled in the art that bonding and similar forms of joining, such as
ingpding fagse areaRecikethyayon assyc Tl HBESFRF A of thie RSHiAe 1 OV
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including beveled edges, dimples, or the like to match the external
prggﬁg@éegftawﬁ%éﬁd{q@%f%@%]ée Pping so provides the advantages of

reduced overall size of the device while maintaining good electroacoustic performance
such as sensitivity, noise, stability, compactness, robustness, and insensitivity to
electromagnetic interference (EMI) and other external and environmental conditions
(including shock and debris).

[6431} As shown, the module 100 is electrically connected such as by soldering to the
PCB 12 within the device 14. Alternately, the module 100 may be mechanically or
frictionally jomned with the housing 16 of the device 14. Alternative methods such as
fasteners, frictional connectors, snap fit, fongue and groove assemblies, that may or
may not be formed as a portion of the external surface or outer housing 16 of the device
14, may be used to secure the module 100 to the device 14 by engaging corresponding
structures or surfaces of the housing 102, It will be further understood by those skilled
in the art that bonding and similar forms of joining, such as epoxy, tape and the like,

may be used. The housing 102 of the module 100 may be colored



[0032] Referring now to FIGs. 4A-4B a module 200 in accordance with a
described embodiment of the inventipn can be used in communication
device, including devices similar to the device 14 illustrated in FIG. 1. The
module 200 is similar in construction and function as the module 100

andlfosteaterivEIGe SBRHEAPIBhah aikeceiapientazabey ¢lere pdas todiisiplgdilas the

1ikESISHRRAER MYDGERIRINGEHRIN ofOY SXAIDRLE, L 98 angl LG fqrigspond to 200
and 202, respectively. The module 200 may include a housing 202
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_joined together by mechanical fastener, crimping, welding or adhesive
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conductive and/or non-conductive materials and such embodiment will be
refgised s asing. Lijeasfercaceaiumeine ehfodinientshag, 106 ssbsiRroneseond
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module 200 further includes a surface mountable component 210, a
o hbetBLStRBESRONAT AR rardmErisg sestien 202 thasinpdeaiHsLnabe
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(MEMS) device, e.g. a’ transducer or silicon-based microphone such as
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SMC 210 may be molded within the housing 202 or fit or molded within
makEi b taiierssROiafer EEEGaRAERvithin the housing 202. [0034] The SMC
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printed circuit board (PCB) 12 within the communication device or to

supghaiaisel LermLENy TERiplRciESIWes 218 tol ifeSBHRRN ITBARGH geympencnt

siite, canneeiing:AUHacs G4 rRAHRJACRIREI AN AR IPPENSYTTACH R16,¢¢
( yd@;) surfac% 218, or a bé)_ttom surface 220 of the SMHg%rlo.yThe e

UrEyAREEHiG SadE AN sEflica (e silpten sonfen e Bigiaphone

disqlsleling Arecessmhioweves ipuithbrsnderstagd: ky thoseskilleelivuile &rial
Nthoaééggé;orm of electrical connection would suffice, including conductive
@

TSRt pRh AL AR DILLS 468 R e S Patent
Aﬁ%ﬁﬂ.@&ﬂ%@@@rm@é Juriren ginckide, aReGARSBIMAOUIRGY slruciyretialds
M%&Cgr%%%gg,%)i%%?lgggitl?ceon condenser microphone, The SMC 210 may be molded
within the housing 202 or fit or molded within the retainer structure 212 formed within
the housing 202.

10034] The SMC 210 includes a connecting surface 214 for electrically connecting with
a printed circuit board (PCB) 12 within the commumnication device or to otherwise
electrically couple the SMC 210 to the communication device. The connecting surface
214 can be located on an upper surface 216, a side surface 218, or a bottom surface 220
of the SMC 210. The connecting surface 214 may be electrically coupled to the PCB
via a soldering process; however, it will be understood by those skilled in the art that
any form of electrical connection would suffice, including conductive adhesive,

contacts, spring-loaded contacts, plugs, and the like. The module 200 may further

include a secondary mounting structure that is electrically coupled to the



8 connecting surface 214 and such embodiment will be discussed in

greater detail. In the embodiment shpwn, the connecting surface 214 is

located on the bottom surface 220 of the SMC 210 for electrically

coupling the SMC 210 with the PCB 12 within the device 14.[00351 At
corlpaiitmnedperturé anchoeistiopushmend wié itudivetssrddnpsraiaapidndn the

em%géit?ne}ﬁ Q%g%uﬁ?&dcgﬂnt&ﬁiﬁ rJQﬁQchztf‘a?iE ousing 20410 @4{%135%9%@.0220 of

waves to enter. For simplicity, when referring to the one or more acoustic
thepovi§ e roncteotiicbdnsauipl toe Hraobistic pUtrorh etk ¢t haerstahgidgyice
4;he one or more such ports may be provided. Multiple acoustic ports
provide a directional sensitivity capability in the SMC 210. The acoustic
[00361t Ap ket eafmiied Orhthesispers ivacecaigssidedsiirhasts 228agmd 224D,

is RetamcsWiage 230,0f e NANsING 292 QF Il MHiipledecations9R e seor

~surfaces. In the embodiment shown, the first acoustic port 224a is located
singypl gy Uplest ifefaioe 22 6aRde tiassesnauatsuntiéspereznad islicuateaio

ac&ggig%%%ﬁy@ﬁﬁ%%%&%@& ﬂl&%ﬁ@&ﬁl&ﬂ@@ﬁ?ﬁ%%%é@ be Sprovid.ed.

omni-directional, bi-directional, or uni-directional sensitivity in the SMC
Mgtiple18086tic Theapouste peHERanp e Tolimedrs) BthimibesdfC 210. The

acS0Shogs, ngluding. drilling o molding.thiauah the ReRsinEr292 5@ Ry Ay

acoustic pathway to the SMC 210. Alternatively, a port may be formed,
sudaeh 229 by Belliagsivemplewlyrrralighctnsaiensiog thor mdagsesice tes

enfURC QMR AOUSINGdG; Al AcaUSHic engray tgéa%&%&&_e&%%ggﬁ&%&é@zzs and
210. [00371 The module 200 is Capable of withstanding relatively high

thesaspaacrestisrivtidiag inokecasd suidbs Pormpry avdecs plaltie ProYisg
GREQCESPERari e foedule.2Q0, may: thareiore Lemauniad within s saied to

the device during a plastic molding process used to produce the device
sepBlisinginBeing\se pivides the advantages of reduced overall size of the

[ofis¥caWhils, mriptaining 9aodelecteaneySlisRRHOIMRAGHSUR A e
senisitivity, noise, stability, compactness, robustness, and insensitivity to
driiaaemmasisscivesseréade (RN PAAd OISR BRI HRPERVIROKIEN Y C
218onditions:{ineluding shack.angdebds) ROBELARSROWRM ELE, dhohiethe
module 200 is electrically connected such as by soldering to the PCB 12
hoysinnAbe Hevigsioa PARPRARNCTFICISHES EhalRREMBHFe 0 eriacaEpled
o Mechapically or frictionally joined within the retaining structure 212

[0037] The module 200 is capable of withstanding relatively high temperatures
including those associated with various plastic molding processes. The module 200
may therefore be mounted within or mated to the device during a plastic molding
process used to produce the device housing. Doing so provides the advantages of
reduced overall size of the device while maintaining good electro-acoustic performance
such as sensitivity, noise, stability, compaciness, robustness, and insensitivity to
electromagnetic interference (EMI) and other external and environmental conditions
{(including shock and debris).

[0038] As shown in FIG. 4A, the module 200 1s electrically connected such as by
soldering to the PCB 12 within the device 14. Alternately, FIG. 4B shows the module
200 may be mechanically or frictionally joined within the retaining structure 212
formed within the housing 16 of the device 14. In the illustrated embodiment, an
extension portion 18 of the PCB 12 extends into and is locked within a relief structure

225. A surface 20 of the PCB 12 is pressed into contact with the connection surface



formed within the housing 16 of the device 14. In the illustrated
embodiment, an extension portion 18 of the PCB 12 extends into and is
locked within a relief structure 225. A surface 20 of the PCB 12 is pressed
into contact with the connection surface 9 214 electrically coupling the

21 frejecirecalip ¢ouplane 8B medpitethBiiveimBtAd de sudfr e e fapidiegds such as
facUGHANAL CONNE CIATS. SDAP Ha1angHs ANCLHFOPNR, ASSETRESS s TR RAY of

may not be formed as a portion of the external surface or outer housing 16

mayf tRbtddpiseed @ mimyienpddbeedamatstHasneaaIEZ do vl rgel Aaditee device
14%?%&{&9@ tdersterd, By dhoss skilledin the artdhatRanding anekrstood

similar forms of joining, such as epoxy, tape and the like, may be used.
by thisthdlsierindie arimeehivadie ool wis Beleoterod ising: tesureePRith tape
and SR pRlished surfacerncliding e hayelad gdge@imples. ebihediked/or

to match the external surface or outer housing 16 of the device 14. [0039

texmareh iR PR thipolined sHibinaiisiloiIB S Rstisind g, thameporshe lllke
to e NAusNG JGREING deMcRlAinTeaies the gsgendacoustic port

224b and are in alignment with the SMC 210 for delivering acoustic

[0&HErdy thaera SME2 fo- thiemabirpigstie! herboodagdeatdbeorthel appit the

hofW#ace 216,0fithebqusing,202and dsRopustically, counled o 4he SMEnment
210.100401 The module 200 may be mounted within or mated to the

wigleteS M RinhigtHel prasicas s gprscdssthesdto fifn t devigsoustic
polOHsINgLLEia KadHERARe: Querall size Sfutbaslavicerts andivetipmaintain

good electro-acoustic performance such as sensitivity, noise, stability,
copplepicthesdfoBlitness, and insensitivity to electromagnetic

[0 rf%%%@d@@@@ﬂﬁf%@ﬁ%ﬁéﬂ%ﬁﬁ% spyiRamMentRl ganditionguring the
(including shock and debris). [0041] Referring now to FIGs. 5A-5B a

plagteimeldoe prasceomsande fomm Bhadskisdw winBddinartbrankeinvemtionze of

th€RB & Useshinya: GomNHNIGALaNAeViee. 6N SRcaa SENHR LI St vity,
device 14 illustrated in FIG, 1. The module 300, is similar in construction
NOjie FHREHEN RS IS RISEIRCTOD MastPAEN SAIICIEY Sackitdransagifdiike

inRlgments arrieieraddoseingslikedefeienaa AmesalsNieretiiaing shock
example, 100 and 102 correspond to 300 and 302, respectively. [0042]

anfiis s 310 may be affixed to the housing 302 by providing a layer of

[0BRPXR cA32SHEH RS FREEIa0ed BRAXKANOUWID the:SMEa310 taifosmederibed
asket seal; however. it will be understood by those skilled in the art that

e éi’%@%ﬁ%}&}%&fiﬂvﬁﬁﬁ@ﬁ@%ﬁégﬂﬁﬁd n a commumication device, including devices

similar to the device 14 illustrated in FIG. 1. The module 300 is similar in construction
and function as the module 100 illustrated in FIGs. 3A and 3B, and like elements are
referred to using like reference numerals wherein, for example, 100 and 102 correspond
to 300 and 302, respectively.

[0042] The SCM 310 may be affixed to the housing 302 by providing a layer of epoxy
332 such as a B-staged epoxy around the SMC 310 to form a gasket seal; however, it
will be understood by those skilled in the art that other methods for affixing the SMC
310 are possible. In the embodiment shown, the gasket 332 1s formed at least to
prevent leakage of acoustic waves from the acoustic pathway coupling the SMC 310 to
the outside of the housing 302.

[0043] At least one aperture or acoustic port, three are illustrated as ports 324a, 324b
and 324c¢ in FIG. 3A and two 3243 and 324b are illustrated in FIG. 5b, 1s introduced on

the surface of the housing 302 to allow acoustic waves to enter. For simplicity,



310 are possible. In the embodiment shown, the gasket 332 is formed at
least to prevent leakage of acoustic waves from the acoustic pathway
coudolin the SMC 310 to the outside of the housing 302. [00431 At least
Ve %ﬁgﬁﬁpe or acoustic port, three are llustrated as ports FSAUZHHY 0077
and 324c in FIG. 5A and two 324a and 324b are illustrated in FIG. 5b, is
when réfiethgcediermiher susfacecosthdtousitmgBeil Mtonrdectustinsigves to
port 28 NS0 B0Y SIMPlcity, . 20088090 ROTAV 52080 0400iE, 10 when
referring 1o the one of more acoustic ports reference will be made to
Multipkcaemstiticyem 324 vidthetiiecotienslsenstinytrereribiy inibecSide borts may
be provi " . : reciional divity
The acgggpa%?ﬁ%?ﬁ%ﬁ%%%gg) 1%@5#%%??32%%%@3%& can be %%rm@;%wgn the

bottonuppEros A Bedosrieesiaeeinan birlpESHPRE FASISHERRE fBusing -
the em%hgéirﬂéﬂ{]s@ﬂm&ﬁel%t%ﬁsﬁ@ 1BRSE MI{acesc il e R GlrRpE shown,

the first acoustic port 324a is located on the upper_surface 326, the
326, triaessrREUSHE PROTC i ROEAGH OF BB A b e -
acoustib ipdreSRUSHI R CaHid Gitecaied OBt ® sideidurdibestidagito provide
directional characteristics, i,e., omni-di

: . ectional, bi-directional, o .
characlFRR SO SPBEARRIGRY th SRR Sh G 15 8“3%%%%%%%{3&%24
the SM@y e formed by a number of methods, including drilling or molding

ugh the housing, 302 to for Qishicpatmay e thefl 310.
50944%%%5@\1}3%2 %oﬁor My t%e%r%%, gt%ch as %E;/%dri_llingc,;&t)sﬁ%%g%gge
driliingougirmjdisghmbret v o wER 3o HEP 1B GSPISHS BbWatBUbsSMiergy

210, ORGSR [RANG.PMGoahos 04Dl Hyeumassl ensotbmadipalpgirically

connected 'such as by soldering tg the PCB 12 within the déelé\‘ﬂ%% 14
302, thgreenise R RS SHISHAPEDELD FOT BERNENS GOTHR 0 FREEREHRAHS or

sMc Higjionally joined within a retaining structure 312. Alternative methods
such as fasteners; frictional connectors, snap fit, ton ﬂ?ﬁ

[994555’@@?%%@,3 %@} Wyg&e?ﬁ%{f}%o b?%?ﬁw%%%&a%ogggﬁo t %%)%nal

PCB $pRatenheadtend biisinlcttatiyh Bl Videlitvsibst Be medile Xiomay the

dul Vissiel wilhhefuiherundersioed 2y thesg.sidied in
be m%ga%ﬁst@aotg B%ﬁ?\%nér%jgﬁﬁpa%%%%é%f joining, such as epoxy, tape and
methode ikl an Sptoects SdctimekFoOUsRNLTH 218P HelPReuarRPIEERS be

' assenfRigteg andho et ad Wit ka-sn Qe Relished siréatanal surface or
outer housing 16 of fhe device 14, may be used to secure the module 300 to the

device. It will be further understood by those skilled in the art that boding and similar
forms of joining, such as epoxy, tape and the like, may be used. The housing 302 of
the moduie 300 may be colored and/or textured with 2 smooth polished surface
including a be;véled edge, dimpies, or the like to match the extemnal suzﬁape or outer
housing 16 of the device 14. | .

10046] Referving now o FIGs. 6A-6C a module 400 in accordance with a described
embodiment of the invention can be used in communication device, including devices
similar to the device 14 illustrated in FIG. 1. The module 400 is similarin
construction and function as the module 100 illustrated in FIGs. 3A and 3B, and like

" elements are referred to using like reference numerais‘whe;ein, for example, 100 and
102 correspond to 400 and 402, respectively. _ _

[0047] The housing 402 is shown to have at least two layers 432 and 434, wherein

layer 432 is an inner layer and Jayer 434 is an outer layer. The inner layer 432 is



including a beveled edge, dimples, or the like to match the external

surface or outer housing 16 of the deyice 14. [0046] Referring now to

FIGs. 6A-6C a module 400 in accordance with a described embodiment

of the invention can be used in communication device, including devices
attaghabiod thertrevrse14e flfatrareanie i anding Hidh anbertei< STTassipn. or

me%ﬁ%%&?&k@&ﬁ%@r&# NGlgR 35 4he MeAMie kR0 iustraied i, kG B, d.

B, and like elements are referred to using like reference numerals .
majgateircic axaaiprs, plaviampiats asfrEspongténortandsgoade of polymeric
mABSRPCHPLE ORAALTHEARUING 020 SRANR DD RURALIBAT BYRIRYRIR the

2 and 434, wherein layer 432 is an inne_’r layer and layer 434 is an outer
POTHISEITRE R Msddp Aapmdhelinaetaet 4d2he outer layer 434 for

[oAMR SR RRAGINEIWI AR sYGi RO TP ¢S SIRN: BF MRENANIEAI40, a second

attachment. In one example, the inner layer 432 is made of polymeric

layeratéAatad arniagl dasrsIddt prastieshiesidthis BBt Prayerdas o of the
sedDREE QL R0lymSTIS material sbslkAs Rimalded plasticimaterial thatmayheas

the same as or different than the polymeric material used to form the
attpcherpiyet ME3PiTdHuEN e ifudt PRRISITECS tE RO GRTHGUOS YRt for
ex&h 1ok avanA40, RnSReRaf < avsh AddsiandR thirddayer 4d4nhafirstn one

layer 440 is attached on a surface 446 of the second layer 442 for

ex@Ratptee BYshardify Withicatfiedived ddthpiesyen cbprhearRdRiRiierial such as

a ATRCHPEE:: Hhsdhit:lay el-Add s Atischaghon AswiaceAd& 81 EhRaterial such
second layer 442 for example, b bondln(g with adhesive, compression, or
as GIEEIANIEAT SECEEINISISE ‘fﬁ%??@yeg?af%‘ﬂ@, thetfirsndhe tandaxserdhaeidng

thiddhaLe made ghrRlymessimaterial sighiahamelded plastic satetalagnetic
and the second layer 442 is made of conductive material such as copper.

intpHarsBed A B2 may be formed between the first layer 440 and the

jodysg tayes K2 4ooniRiaatine. SMEARP within e hapsingAGD ReaRStting with
electromagnetic interference and the like. 100491 The SMC 410 includes

2 Rpgithestiy AR TER S AR PE MR SHRIFH IGME ehlcURe

sMeard((RGR) wdthctherdeisa et ia@thenwise ieleallisallyerunia hapMGurface

410 to the device. The connecting surface 414 can be located on an upper

H&uaatde HTECE dide Yuadton 816 FALSINREITAEe 4B dithecsRfe A0,
sutfig-conngeing suslaeadldmayiine alectipally Gadried e shecBCBwReer, it

soldering process; however, it will be understood by those skilled in the

wikl-bgeR gqa%%¥®&§ﬁgéqc{:ghw@&%mat any form’of electrical connection

would suffice, including conductive adhesive, contacts, spring-loaded contacts, plugs,
and the like. In the embodiment shown, the connecting surface 414 is located on the
side surface 418 of the SMC 410 for electrically coupling the SMC 410 with the PCB
within the device,

[0450] At least one aperture or acoustic port, three are illustrated as ports 424a, 424b
and 424c, is introduced on the surface of the housing 402 to allow acoustic waves to
enter. For simplicity, when referring to the one or more acoustic ports reference will be
made to acoustic port 424 with the understanding the one or more such ports may be
provided. Multipie acoustic ports provide a directional sensitivity capability in the
SMC 410. The acoustic port 424 can be formed on the upper surface 416, side surface
418 or bottom surface 420 of the housing 402, or in multiple locations on these
surfaces. In the embodiment shown, the first acoustic port 424a 1s located on the upper

surface 416, the second acoustic port 424b is located on the bottom surface



would suffice, including conductive adhesive, contacts, spring-loaded
contacts, plugs, and the like. In the gmbodiment shown, the connecting
surface 414 is located on the side surface 418 of the SMC 410 for
electrically coupling the SMC 410 with the PCB within the device. [00501
42 \qed srotierdpertisiec orECDUstS [t padtiapsiilie surite A o mEoaisa,

dirdéithARHA2AG S NdUGadion e sutfage pfds hausing Adzdaaliaw

acoustic waves to enter. For simplicity, when referring to the one or more
sergibvistienpdrSMfefdfce will be made to acoustic port 424 with the

[oedgersLanding the,Ane LLHMORE RGPS, Mavbe Aravdeds MidHRIe

acoustic ports provide a directional sensitivity capability in the SMC 410.

driitine acoueliensokragahndhp vasbrentdd on freupperaisiacetatey siite SMC
4184 rjﬁ@fﬁn&ﬂ‘\%ﬂf Q%%ﬁy @@%rﬂ?c&%@?a@ Wﬁﬂ%%?tlﬂf)@mﬂgiﬂ!ﬁsing 402,

locations on these surfaces. In the embodiment shown, the first acoustic
thgrav e 4% 18 PrckREiPOROHNE PP EHOSY HeresUe ey JectiParlsdsac sopvIC
41624b is located on the bottom surface 12 420, and the third acoustic port
424c is located on the side surface 418 to provide directional
[0QPHr actensticamen b haraiFderior ) shafirsationan asleiiadiddtiarizg sheet. e.g.,

pob@Rsivity:in-therfG AL 1044 IMe acoustic pert424mayhedormed i

by a number of methods, including driIIin%gr molding through the housing
adhorpddasavicanacenstc Pt fo RS G c 49 oronratHativefossaiering the

mdBak RedeAnsHeR.a8 LYHIING thioug N LR Ry SING AP24 e deyice

PCB and outer housing to allow acoustic energy to be coupled to the SMC
Wil ooBRpmE hvirdhmeERtapPRer ByEiaseygiat I arbetithee e mal ared 1o
haRl2stic SheBtoBedre POlUMELic MAtELIRIUM, SUEh RS ROItet Aot IRRRency

(PTFE) or a. sintered metal is adhered to cover the acoustic ports 424a,
respae A7a¢edlpasvant BB Rt eoRaliisgRfesinodule 400 and damaging

[0(13@2%%49:% and, he-retainng SUGKHEI4 $8(ISRESE MIRANE AURING:

02. The environmental barrier layer 450 may further be selected to have
enRestigifalbpb s facnsisercan b Birdit eI HHISB HiR Y Cto RAPIONE fisaices

sif{BRUeNEY Jesponss cigaltidslayand nividedirestional#asRONS onstruction
[0053] Referring now to FIGs. 7A-7B a module 500 in accordance with a

anddusrben 2eHp SeaEnt 8F thesHossion Edh B we8d F eifamicamans are
refi8MiE8s 'ﬂﬁ'{kglﬂ& devicas. similantodhedevies %ﬁaﬂiﬁéﬁw dRdA G &oi%@pond

(0700 and 205, respactvely. roructen

[0054] The housing 502 is made of an inner layer 532 and at least one outer layer 534.
The inner layer 532 is attached to the outer layer 534 for example, by bonding with
adhesive, compression, or mechanical attachment. In one example, the inner layer 532
1s made of polymeric material such as a molded plastic material and the outer layer 534
is made of polymeric material such as a molded plastic material that may be the same
as or different than the inner layer 532. Referring now to FIG. 7C, the housing 502 1s
made of a first layer 540, a second layer 542, and a third layer 544. The first layer 540
is attached on a surface 546 of the second layer 542 for example, by bonding with
adhesive, compression, or mechanical attachment. The third layer 544 is attached on a
surface 548 of the second fayer 542 for example, by bonding with adhesive,
compression, or mechanical attachment. The second layer 542 may be molded in situ

between the first layer 540 and the third layer 544. In one example, the first and third

layers 540 and 544 are made of polymeric material such as a molded



and function as the module 100 illustrated in FIGs. 3A and 3B, and like
elements are referred to using like reference numerals wherein, for
example, 100 and 102 correspond to 500 and 502, respectively. [0054]
The housing 502 is made of an inner layer 532 and. at least one outer

plastierBBaialFe ﬁhﬁéﬁﬂrayéﬁw -‘ié_%tﬁa@ﬁé@l ) me%ﬂtéﬁlani@_Mﬁi@h as
coﬁﬁmfﬂ?e by hending g\ﬂﬂqis‘a}gﬂﬁ%’ GeGUUPIHSHON ’l%e@?@@%&f@lle third layer

o

attaclmlent. In one example, the inner layer 532 is made of polymeric
Sdfriqreridreiiol ad4 muldedhebid matog a3t ctitstiayess3n is

niade.of palymeric material such as a molded plastic material that may be
the same as or different than the inner layer 532. Referring now to FIG.

[0650] thiectiodsing BoRiseladeeotanirstiinyerens, B sdeonddaymiissnanding
with e laverndd ﬂ&?cfi(ﬁﬁﬁ?/?ﬁbéﬁ@aé% éﬁ@@*}%‘?‘ A 5HHAGH P40 AL 4 can

second layer 542 for example, by bonding with adhesive, compression, or
be desetsarmeairatiashmismeT hEothirddayerBaS5 s aeachetioon Birggac8 site

sneEtBecsepend:iayekind 2 fan & MRS Ly-hending W ABPESINE . soldering

compression, or mechanical attachment. The second layer 542 may be

PropeteictP IFeSRE Ibethderimerfiieedayeinao dmbdahanthiedrajet s foroné
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material such as a molded 13 plastic material and the second layer 542 is

angiigdibt cohauesivid hrdlerlyseh a8 adeppesiThasctbner ket Buzgsive an
exiOrmgd Rehueenr hedirsidayes ﬁ)‘}%@gam @aﬁwge@&{%{g %ﬂé é@e@ﬂi‘?&@ﬁ& t&ﬁlpl‘ing

SMC 510 within the housing 502 against eleCtromagnetic interfererice

thapgdnee 1 o5l TR SMEth ombadimetidderaoimetmrpsinmeaeq 514
is geéa%%mﬁ@mem%qﬂmevﬁb geRrintad ciegut oA (RGR) JAREthEs with

evice 14. The connecting surface 514 can be located on an upper
thefifface2516he @Ecaurface 518 or a bottom surface 520 of the SMC 510.

(0041 2QnBesing sprface alémaybeatached:taithe-RCB Vigasoldenng soan,

__process; however, it will be understood by those skilled in the art that any
Is fBHRdYFce|eBtHsat EEHISEHOR Tnvaiasstifide, sHenidRRy ebntartss to enter. For

sifBIiBRy Qe RIS PHGHe BREhERE kS sTihe sredule 200 WAy HRGHAdE

a relief structure 525 adapted to receive an. extension portion 18 of the

acpEBe PR Tor HidehaMead seEdtieedhe e rigxly eutiphAgs thesnheduryided.

MaRR 005 8B fothg.cnibedimantshomniihesannectingsuiaes pd4 The
is located on the bottom surface 520 of the SMC 510 for electrically

aceBHifeRiTg vhitnhe Paped ppthperpsyisefage 526, side surface 528 or bottom

surface 530 of the housing 502, or in multiple locations on these surfaces. In the
embodiment shown, the first acoustic port 524a is located on the upper surface 526 and
the second acoustic port 524b is located on the bottom surface 530 to provide
directional characteristics, i.e., omni-directional, bi-directional, or uni-directional
sensitivity in the SMC 410.

{6057] The acoustic port 524 may be formed by a number of methods, including
drilling for moiding through the housing 502 to form an acoustic pathway to the SMC
510 (FIGs. TA-7B). Alternatively, a port may be formed, such as by drilling, through
the housing 502, the device PCB and outer housing to allow acoustic energy to be
coupled to the SMC 510.

[0¢58] An environmental barrier layer 550 that may be made of a flat plastic sheet, e.g.,
a polvmeric material film such as polytetrafiuorethylene (PTFE) or a sintered metal is

adhered to cover the acoustic ports 524a and 524b to prevent debris from



[0056] At least one aperture or acoustic port, two are illustrated as ports
524a and 524b, is introduced on thg surface of the housing 502 to allow
acoustic waves to enter. For simplicity, when referring to the one or more
acoustic ports reference will be made to acoustic port 524 with the

enigrivie tbeamditig 413 brdolamaging ibh PoitsThayiskipraorgatr Mdldpiposed
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The acoustic port 524 can be formed on the upper surface 526, side
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port 524a’is located on theé upper surface 526 and the second acoustic
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sensitivity in the SMC 410. [00571 The acoustic port 524 may be formed
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Alternatively, a port may be formed, such as by drilling, through the
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that may be made of a flat plastic sheet, e.g., a polymeric material film
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entering the module 500 and damaging the SMC 510 and the receiver 512
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_ properties, to further improve the frequency response, create delay and
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in communication device, including devices similar to the device 14
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elements are referred to using like reference numerals wherein, for
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is electrically connected to the connecting surface 614 of the SMC 610.
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acoustic port 624a is located on the side surface 628 of the housing 602.

[0061] The module 600 may be mounted or mated within the device 14 during the
plastic molding process used to form the housing 602 to reduce the overall size of the
device 14 and yet maintain good electro-acoustic performance such as sensitivity,
noise, stability, compactness, robustness, and insensitivity to electromagnetic
interference (EMI) and other external and environmental conditions (including shock
and debris). However, it will be understood by those skilled in the art that any form of
electrical connection would suffice.

[0062] Referring now to Fig. 9, a module 900 includes a surface mountable transducer
or component {(SMC) 910 having a connecting surface 914 coupled electrically to a
printed circuit board (PCB) 918 by solder pads 904 formed on the connecting surface

914 of the SMC 910. The SMC 910 may be soldered or bonded by



or the like, for instance. The secondary mounting structure 654 may or
may not be molded within the housing 602. In this example, the
secondary mounting structure 654 is introduced to allow the SMC 610 to
be mounted or molded within the housing 602 in a variety of orientations
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on the surface of the housin 2 to couple acoustic waves to SMC 610.
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locations on the upper, bottom and/or side surfaces of the housing 602. In
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skilled in the art that any form of electrical connection would suffice.
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as %9%@@@9%@?%5@5@&@%@6@%@ 910 having a connecting
surface 914 coupled electrically to a printed circuit board (PCB) 918 by
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corresponding conductive traces formed in the PCB 918. The  SMC 910

claHERIgRACaHSHp SRUrB R BB pIEsd) otrabirmcass GohHeeimb SBfade buhis

mBEEPIHNGSRUNA-aNeoay .aNtRE thaSMG o enalieratively tgpaemierture
sound energy generated by the SMC 91.0 to exit the SMC 910. Thus, the
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aligned with an aperture 902 formed in the PCB 918. An acoustic solder
deyicgpoxy seal 906 may be formed around the aperture 902. [0063] The

[66CI9 T And dhe PLB34S MBY Reditted ndthin & cCommbn isaligpeevis e
includin% devices similar to the device 14 illustrated in Fig. 1. In this

XRISRAER RS SRIE" 6166585t PEBABTRAD T APHEMSI s sopBSing 916 of
thlkpianimeanstyvetionr. and fipeiomasnterior of the SMC 910, the aperture 924 of

002 formed therein may include an environmental barrier (not shown). The
environmental barrier may be a flat plastic sheet, e.g., a polymeric material film such as
polytetrafiuorethylene (PTFE) or a sintered metal adhered to the surface 914 or formed
as part of the wail of the SMC 910 defining the connecting surface 914.

[0066] A device constructed in accordance with one or more of the described
embodiments enjoy many advantages over the known devices. For example, a module,
such as module 100, 200, 300, 400, 500, 600 or 900 may be mounted to a PCB
disposed within a housing of the device or may be a plug-in type unit, for instance. The
module may be adapted for use in virtually any type of electronic device and especially

electronic communication devices such a cellular telephones, personal digital assistants,
and the like.



" the module 100 illustrated in Figs 3A-3C. Still, the SMC 910 mounted to
the PCB 918 as the module 900 may be standalone component. [0064]
The communication device includes a housing or case a portion of which
W ZUEEs 916 that is formed Wiﬂ] 2n aperture 924. An acoubtiSHasp10077
7926, such as an elastomer acoustic seal may be provided to seal the
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lectronic communication devices such a cellular telephones, personal - .
of thedmyreaitegsistants, and the like. WO 2006/118680 PCT/US2006/010077
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recited herein: All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary
language (e.g., "such as") provided herein, is intended merely to better
illuminate the invention and does not.pose a limitation on the scope of the
invention unless otherwise claimed. No language in the specification
Wﬁ@@g@mﬁy@@ as indicating any non-claimed element as essential
to the pract |C(tar of Ehe invention. [00681 Preferred embodiments of this
invention are describec Cﬁmlpemlsﬁn‘(fncIud|ng the best mode known to the
mventof*é“fé‘-i“?%i‘?i}ﬂﬁ@ puintAeIpéatierciPshould be understood that the
illustrategrambodinaesis:are exemplary only, and should not be taken as

limiting fhie SCORG ALING IVEPHRRkLr WEAD R AIMERIS: é ‘stitfhce mountable

electronic device comprising: a housing de n|ng an interior and an exterior
. a printEW A BEaT B ArRL S ST AT SR tngriteshelape mounted
disposestonithimethdninterioe, rifrded uface ragwhtsdsi@atisbudtinotang thiicte interior
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exterior SEfE I BANCHEOUSHE Batheral BT AEINAIA the housing, the
acoustienpathwiayeaaigpheg thtisifacesmauritableaesustic isangdudehd @rinted
the extefigr; aRd an acoustic seal disposed within the acoustic pathway
between the housing and the printed circuit board. 2. The electronic

device of claim 1, wherein the first surface and the second surface are

férmed T 8l €E PO SE Flarttivn f tHEcstitfhe S ouiesisie! doustis surface are formed
transduer caniidheefeatronic daviee.ofclaimdfthersarpaprising: a third
surface, different than the second surface, the third surface being adapted

to be exposed to the exterior; and a second acoustic pathway formed in

the hougﬁ?ﬁl %ﬁﬁﬁrﬁi@“fﬁ%ﬂﬁﬁ‘ﬁd%rf%é%Ow%ﬁ%enor 4. The electronic

device efidtdinrihcfudifiercacmptisirgean eipertutte fordredice thepriated to be
circuit koakds theapearivraferming a portion of the acoustic pathway.

& second acoustic pathway formed in the housing coupling the third surface to the exterior.

4. The electronic device of claim 1, further comprising an aperture formed in the printed circuit

board, the aperture forming a portion of the acoustic pathway.

Ln

The electronic device of claim 4, the aperture extending through the printed circuit board
from a first surface of the printed circuit board to a second surface of the printed circuit board,
the second surface of the surface mountable acoustic transducer being disposed adjacent the

first surface of the printed circuit board.

6. The electronic device of claim 4, further comprising a seating member disposed within the
acoustic pathway between the surface mountable acoustic transducer and the printed circuit
board.

7. The electronic device of claim 1, further comprising an aperture formed in the housing, the

aperture forming a portion of the acoustic pathway,



5. The electronic device of claim 4, the aperture extending through the
printed circuit board from a first surface of the printed circuit board to a
second surface of the printed circuit board, the second surface of the
surface mountable acoustic transducer being disposed adjacent the first
surface of the printed circuit board. §,,The electronic device of claim 4,
further comprising a sealing member disposed within the acoustic
pathway between the surface mountable acoustic transducer and the
%rinted &H‘g e!:ttmt])](l)ca q”cz Therelectronlc device of claim 1, further
comprising an aperture ormed Tt the housing, the aperture forming a
portion dF B uStic pathway. is 8 An electronic device comprising: a
transducetpaduiinie dwaicritibpardshaving amiiesiessndacgaand a second
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sound aperture for permitting . the cavity to communicate with the exterior
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electronic device housing. 10 The electronic device of claim 9, further
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housing. 11. The electronic device of claim 10, further comprising a
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the structure is an environmental barrier configured to constrain moisture
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claim 11. wherein the sealing member is an acoustic seal for preventing
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12. The electronic device of claim 11, wherein the structure is an environmental barrier

configured to constrain moisture and debris from eniry into the sound aperture,

13. The electronic device of claim 11, wherein the sealing member is an acoustic seal for
preventing leakage of acoustic waves from the acoustic pathway 1o the exterior of the

electronic device housing.

i4, The electronic device of claim 8. wherein the transducer comprises a transducer housing, the
transducer housing forming a portion of the electronic device housing and allowing acoustic
waves to communicate with the transducer via the sound aperture, wherein the electronic

device housing is formed on the first surface of the printed circuit.



transducer housing forming a portion of the electronic device housing and

allowing acoustic waves to communicate with the transducer via the

sound aperture, wherein the electronic device housing is formed on the

first surface of the printed circuit. 19 15. The electronic device of claim 14,

further comprising an acoustic pathway penetrating the first surface to the

second surface of the printed circuit board for permitting the transducer to

communicate with the exterior of the electronic device housing. 16. The

glectronic.devies;ofdalm, 13, WINGLEQTRMSING.a STUcti e SuToundng ., .
e acoustic pathway, the structtre formin rtlon of the transaucer.

17. Theelettreiit H@@F&énéﬁ‘é%ﬁ%oié‘em?élﬁ%é iR R TR e the transducer to

environtweniakharien iconfiguredtte censiiaid-meaistusaand debris from

entry into the sound aperture. 18. The electronic device of claim 16,
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device Pbigpghe structure forming = portion of the transducer.

17. The electronic device of claim 16, wherein the structure is an environmental barrier

configured to constrain moisture and debris from entry into the sound aperture.

18. The electronic device of claim 16, wherein the sealing member is an acoustic seal for
preventing leakage of acoustic waves from the acoustic pathway to the exterior of the

etectronic device housing.



