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nunber of disclosures related to building mcrophone elenents on the
surface of a silicon die. Certain of tggggﬂflﬁﬂsures have conme in

connection with the heari nB aid field for the purpose of reducing the size
of the hearing Afcn ieldAhi | e t hese di scl osures have reduced the size of

the hearing aid, is thei‘ have not djsclosed how to go'_t ect the transducer
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fragile and susgapfdulh®, Has REVERLER el e, .Burthernore, they must be
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di scs have beenypjovided. Additionally, DIPs and snall outline integrated
circuit (SO C) packages have been utilized. However, the drawbacks

associ at ed wi t hRebrted Applicatiuh t hese housings, such as lead tine, cost, and
tooling, make these options undesirable. 25 Summary of the Invention The

_present invention is difEtArpliession duimsctin beoefiterfsrovislRbD PARACA pplication
Serial No. 60/253,543 filed November 28, 2000.

10 Background of the Invention

There have been a number of disclosures related to building microphone

elements on the surface of a silicon die. Certain of these disclosures have come in
connection with the hearing aid field for the putpose of reducing the size of the
hearing aid unit. While these disclosures have reduced the size of the hearing aid,

15 they have not disclosed how to protect the transducer from outside interferences. For
instance, transducers of this type are fragile and susceptible to physical damage.
Furthermore, they must be protected from light and electromagnetic interferences.
Moreover, they require an acoustic pressure reference to function properly. For these
reasons, the silicon die must be shielded.

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

tooling, make these options undesirable.

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

1



package which all ows acoustic energy to contact a transd 5 éﬁeﬂﬂ provi des
the 1 2 9 APR 2005 WD 02/45463 PCT/ USCL/ 49462 necessary # SA éferehce
whi |l e at t 80513'3% t| me protects transducer fromlight, el eg rorra netic

i nterference, and physical damage. A silicon condenser nicr {SF(Hﬁ'él 4% kage
conprises a transducer, a substrate, and a cover. The substrate has an
upper surface with a recess forned therein. The transducer is attached to
t he upper surface 5 of the substrate and overlaps at |east a portion of the
recess so that aebashry\wodssume referenthievhile anthdgame tinte froteoRdragsdusee Kohelight,
transducer and the substrate. The cover is placed over the transducer and
i ncl udes an apeelegremagegiicaaterfrencs, pedphysl 8fmesiliqon condemstr nibkophobé con
condenser transduge atures an dvant ages of..t he i nve tion wll
be-appar ent |11 oRAARE" SPPR bR, Ao el PR o TR DS RAABaHEe ¢
the follow ng d%&%dlﬂﬁ}th@féc@ésf%éarth&binomftrabﬁ&m@fﬁ%ﬂ&éd%gfé gérsiﬁa@e
cross-sectional view of a first enbodinent of a silicon conden gr

m crophoné of t héthersubsrate andevetlapaat lﬂsga,lp@;'tlznloﬁ'ﬂm recass so thatd bawkalolumewf of
a second enbodi nent of a 5|I|c ondense ' one of the present
vent i on: | By gl pnddudir 3 ot Deior A g GareEAnIhe RORERte BRSO E baredh
si|icon condenggs e GfARIMREL AR inkha §£§§€é¥fu:é9¥f &d B wg&g
cross-sectional view of the thi rlclj1 eﬂ%Odl nt of the prgge %ﬁ%ﬁvﬁsﬂto
af fi xed to an emshchdbe silicorceantelsentralisd@rFi gure 5 is a cross-sectional view
of the third enbodi nent ﬁwi‘ resent invention affixed to an end user
circuit board in an al t @Hsafe g%wi@ﬁ angages of Gy l&vgmogvallphe@npwmqmﬂw
substrat gzt o wh e s [ ure 7 is a
| ongi tud| nal crg('ssﬂ;bv;ﬁlel t#%:%@ tl\g’?%%%ﬁémrln 8?‘%%%% 8 31}(%.@3%& t he
present inventi Briefegtiiptién bfthe Didinghdl cross- sectlonal view of a

m crophone package of the present invention, (i:lure 9 is a | ongitudinal
cross-sectional view of Figuyg &rlbﬁm'smbé’lew of a first-embodiment of a silicon

condenser microphone of the present invention;

Figure 2 is a cross-sectional view of a second embodiment of a silicon
15 condenser microphone of the present invention;
Figure 3 is a cross-sectional view of a third embodiment of a silicon
condenser microphone of the present invention;
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;



,of the present invention; 2 WO 02/45463 2 9 APR 2005 PCT/ USQ /49462 Fi gure

10 is a lateral cross-sectional view of a m crophone packagez gf %@?UU
present inyehhhMlsz Figure 11 is a cross-sectional view of a pA 'gn for
a m crophone pacﬁage of the present invention; 5 Figure 12 PFC3/EH01/49462
cross-sectional view of a top portion for a m crophone package of the
present invention; Figure 13 is a cross-sectional view of a top portion for
a mcrophone package of the present invention; Figure 24a is a

cross-sectional view of thuh-amnaatlaﬁraﬂ)&bhﬂéﬂcﬁaﬁéwwﬂv&ﬁaxﬁ hng for a
m cr ophone packrﬂge of . the present invention; Figure 14blcréﬁgggﬁ%hﬁa%oﬁj‘eof
| ayer of the la tOPom portion of F| gure 14a Figure 14c is a plan

view of a | ayer of the t; ?igéj bottom i on gure 14a; 15 Figure
14d is a plan view of a tcﬁ%SSTSS or? YW tEEB?ﬂBQ}'FIPPcfﬂr dmiciophomes

l4a; Figure 15 Ip&cl&gébﬁ&&ﬁ@&htﬁ&@ﬁndﬁ ew of a bottomportion for a
m crophone package of the present invention; Figure 16 is a

cross-secty onal view ofFJsutm12MpmSB1smnohdrv1&wmf(H mlpﬁﬂﬁﬁon?& epﬁ%&é?ﬁ‘or%f
t he present |n\r4$géﬂ El ure éé I S.a cross-section view of a bottom
portion for cro%ﬁBﬁ geq,_ﬂont he present invention; Figure 18 is a
cross-sectional view ofgj uﬁoig REYskls r r n ackage of the
present invention; 25 Fi gure 18§m|15 > %ﬁh{%g\%&%%@ ﬁ%%ﬂﬁ%ﬁ“‘f@l’h@e

m cr ophone packa@@»amot‘ﬂneprqzsemammonyent|on Figure 20 is a

cross-sectional view of_.a side portion for a m crophone
Figure 24a is a cross-sectional view of a laminated bottom portion of a

10 housing for a microphone package of the present invention;
Figure 14b is a plan view of a layer of the laminated bottom portion of
Figure 14a;
Figure 14c is a plan view of a layer of the laminated bottom portion of
Figure 14a;
15 Figure 14d is a plan view of a layer of the laminated bottom portion of
-- - Figure 14a;
Figure 15 is a cross-sectional view of a bottom portion for a microphone
package of the present invention;
Figure 16 is a cross-sectional view of a bottom portion for a microphone
20 package of the present invention;
Figure 17 is a cross-sectional view of a bottom portion for a microphone
package of the present invention;
Figure 18 is a cross-sectional view of a bottom portion for a microphone
package of the present invention;
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;



package of the present invention; Figure 21 is a cross-secfional view of
side portion for a mcrophone 30 package of the present i \BGMROBBDS3 2°9
APR 2005 \WOQ]%/_‘Q_?%GS PCT/ USOL/ 49462 Figure 22 is a cross-sectional view of
a side portrofi TOr a mcrophone package of the present invBRFUSHA%Zure
23 is a cross-sectional view of a m crophone package ofthe present

I nvention; 5 Figure 24 i~ a cross-sectional view of a m crophone package
of the present invention; Figure 25 is a cross-sectional view of a

m crophone package of t iFeyup¢ 236986 crdsB\sedion@Nviel SiUd 8§idéHoltonfor a microphone
cross-sectional view of a mcrophone package ofthe preSent 10 inverition;
Figure 27 is a @aokagesddhe prasent miventiast ami cr ophone package of the present
invention with a retainiing ring; Figure 28 i.s a.crpss-sectional view of a
m cr ophone package of tﬁ@%ﬁ@gﬂf’msg ﬁ?ﬁﬂ?ﬁﬁ‘?/\?#%ﬂ?@%ﬁ’ﬁ aesafihy praseat 15
Figure 29 is a qﬁ%bﬁgctional view of a m crophone package ofthe present

i nvention with a retaining ring. Detailed Description of the Preferred
Enbodi mentss Whi | e t hi s Fipnesi4 ioacioss-sactiongl tvidw ef axhiceophonk paekbge dfthe Fiesent
different forng, there is shown in the drawings and will herein be
described in det39I8Referred 20 enbodi nents of the invention with the
under st andi ng that the dlLsel ' . ' an
exenplification of the g{ ncl plfggl%g% &;[%F]lél?ﬁlﬁeﬁlﬁaﬁlcgoﬁagg#gf%ggge%ﬁmeﬁ%&t to
limt the broadimsméion; of the invention to the enbodinents illustrated.
The present invention is directed to m_crophone packages. The benefits of
t he mi crophone packagesFiuscdbdseeroposastipnal yiew of pre preksigeqif thy present
utilizi ng, 25 pl 1 ég body/l ead frames include the ability to process
packages i n pane Roigs allowing nore units to be forned per operation and

at much lower cost. TheFign#X7ka cross-sectional view of amicrophone package of the present

invention with a retaining ring;
Figure 28 is a cross-sectional view of a microphone package of the present
invention with a retaining wing; and
15 Figure 29 is a cross-sectional view of a microphone package ofthe present
invention with a retaining ring.
Detailed Description of the Preferred Embodiments
While this invention is susceptible of embodiments in many different
forms, there is shown in the drawings and will herein be described in detail preferred
20 embodiments of the invention with the understanding that the present disclosure is to
be considered as an exemplification of the principles of the invention and is not
intended to limit the broad aspect of the invention to the embodiments illustrated.
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



Jlead frame for a simlarly functioning package woul d contain between 40 and

100 devices connected together. The present disclosure wo@l ¥ ARNVEN05

appr oxi mataj(yo ﬁr&oo devi ces connected together (as a panel). Also, the
enbodi nents di'scl'0sed herein 4 WD 02/ 45463 2 9 APR 2005 PCTPCUIBOSHUB4E2

require mnimal "hard-tooling." This allows the process to adjust to custom
| ayout requirenents without having to redesign nold, |ead frame, and
trimformtooling. Mreover, these enbodi nents have a better nmatch of

t her mal coef fi cirequire mifimakfiardtoolingi"t Thik BBow : ' t h rt
woul d typical |y be mounted of 5 FR 4 whi ch P the bRt Al 1 tdGfStond o
end users. The JrEEETeniowityng byvipe o sgesign moth eadtfaene) andltimffort fodlikeNdi ng

that i ired in plag] /] . kages. The foot print
typi cai ly omal er ¢ han' Mafo b e BEoUGRAR Lals theid prishor tienpelapt Poiadts
frame design si nﬁexﬁdneiohe@ﬂﬁth%ﬁdwmmm@f @5&’ %r‘&c,@aﬁpggqﬁw o) e?%l@?cﬁ%f

circuit board of which one half will eventua

sol der pad to MHiR-4vhjghisdhe pnasmateriababed by add hsase THe picdnt o%siglti% Wiallg

et 2 Now, °ref SRS £ Roeg, b8 e $onging ahot csestiied iosplattiocbasiyteabome
condenser - m Cr QEkARSs. PPKEB 80l i 4 Lhvention are il | ustrated.
The silicon m ?r opEone pacgg%e iﬁ#@h@%@@éﬁ@#ﬁ%ﬁ ErueH &ptaplgstic
conpri ses a trahedificed finme deSign gincenthe iléads are RAREEBS HlatHoCd ﬁﬂ&%ﬁ%&%%a
potated by

disclosed in U S._ P ené lf\lo i 87Q, 482 which is hereby i"ncor
reference, a sufSEYLRarq 9f whic 0510 vall eyentuallvfeok thopathwapito theisbldeayad,y 18

whi ch praqgi des g, ) the transducer 12, and a cover 20.
The substrate 14 ?fsﬁtyp# g‘iﬁﬁﬁ? gr rreaé[[goéd?%;“na ﬁ@?g’ﬂgaqmﬁﬁ%ﬁowubﬂae used
processed in ciawhibhtﬁmdaadivpida@thefm%fb&%n&.aki ng advantage of econonies

of scale in 20 manufacturing, Figure 6 is a plan view of the substrate 14
showi ng the back vol umdNovigefemingdiofdgerenl Bl threrl embpdifierite 64 SHborP@mgensEhe

back vol une 18 byn,a nunber of .methods, including controlled
“depth drilling ]g?&%ﬁﬁt?é%r %Jerggc%p%ﬁ BESEH, JOSRHER rate dllustrates]. f oFhw silicercess
over which the midroptone paskegs SR6ftHE GreSRPRAENt igure 1) drilling
and 25 routing of seyveral individual sheets oo?gggi%gﬁg%odﬁﬁé%sﬁﬁﬁ%ac?ﬂg
~indi vi dudf shee$-& &sylicon condenser microphone as disclosed in U.S. Patent No. 5,870,482 which

- is hereby incorporated by reference, a substrate 14, an amplifier 16, a back volume or

.- air cavity 18 which provides a pressure reference for the transducer 12, and a cover

20. The substrate 14 is typically formed of FR-4 material which may be processed

in circuit board pamel form, thus taking advantage of economies of scale in

20 manufacturing. Figure 6 is 2 plan view of the substrate 14 showing the back volume
18 surrounded a plurality of terminal pads.

The back volume 18 may be formed by a number of methods, including
controlled depth drilling of an upper surface 19 of the substrate 14 to form a recess
over which the silicon condenser microphone is mounted (Figure 1); drilling and

25 routing of several individual sheets of FR-4 and laminating the individual sheets to
form the back volume 18 which may or may not have internal support posts (Figure
2); or drilling completely 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



formthe back volune 18 which nmay or may not have internal support posts
(Figure 2); or drilling conpletely through the substrate 44 AR® P8lbvi di ng
a sealing ring 22 on the bottomof the device that will seal the back

vol ume 18 "ng"g’r'@“‘gurface mounting to auser's "board" 28 (FTgGUPEL44&) |,
this exanple, the conbination of the substrate 30 and the user's board 28
creates the back volune 18. The back volune 18 is covered 5 2 9 APR 2005 WO
02/ 45463 PCT/ USO / 49462 by the transducer 12 (MEMS device) which is

"bunpbonded" angy, WRiRduiace MMEMS deiie) hicll & Younsptonded damrluabuitba tfadehe
back volune 18 is "air-tight". The cover 20 is attached for protection and

processi bility.ddwe Thybeurlry issraled suchikat dksebackveolume b icfirfight'cont ai n a
sintered nmetal insert to_preven t.er articles andior . ight fy.om
entering the package andfdl 15‘a%ﬁ%ﬁflﬁ?feﬁrﬂgeﬁg%%ﬁ%%ﬂrgﬁ?%&%tgl gt.?%?x_;eé_zro
sem conduct or  Chimsins A\ heARFI T RicRhay SorddlaRsRikrb@Mmetll Rk NG to [HOHMEWIRY.CS
to reach the transducer "12. Referring to Figures 4 and 5, the final form of
t he produst (shpastices tamidr lighte fomv emte2Dy the packagecand demdgimg ethe ninteroplhone
package 10 whi ch woul d nost, li kel 0 be_attached to en seL' s..PCB 28
via a sol der rewwr}ﬁﬂﬁd@é‘?uﬁﬁj gonguetoy chups; %&épg&‘%?ﬁw%e‘ifﬂfa%m t he
back vol ume 18 Q}{ ' ' "ifm?cf i thin the end user's circuit
board 28. Anot her gﬁiﬁgﬁﬁﬁ@ga Si uicéc)itz)ln'condenser m crophone package 40
of the present inventiRe¢feirihgitd Figatesdtand 5) the Finglforn of the@rodust (shoven without
enbodi nent, a housing 42 is_ 15 formed fromlayers of materials, h as

those used in ptheepwrRg) isasiligon copdanger migrapbergs pagkpge k%*@hiebmwﬁi@% ikely

O . | o . ' .
oot or ol 2060 b Sacled £ A8 Dt s BOH 78 01 SN RAS pRlMss 1RGSR
The conductive b gefiod df4nBi&ng W Kadk Yolume 1By indlidinke chainbel IMithin the end

illustrated, the housing 42 includes atop portion 48 and 20 a bottom
portion 50 spacustrisyirguidbdardd8rti on 52. The housing 42 further includes an

Chamber 56 which 1o adupeBe POPBRPI R RER B SRR R
si licon die nicrophRevenfbn & Mabttat indigiréy-10AEkARCe B ent] B Bl 42 is
bottom and side portions 48, 50, 52 are electrically connected, for
exanpl e wist h a fooneddromdaypethef matertlds, st hs pmse ivsed improviding circuit boards.
Accordingly, the housing 42 generally comprises alternating layers of conductive and
non-conductive materials 44, 46. The non-conductive layers 46 are typically FR-4
board. The conductive layers 44 are typically copper.
Inthe emboedimentillustrated, the housing 42 includes a top portion 48 and
20 a bottom portion 50 spaced by a side portion 52. The housing 42 further includes an
aperture or acoustic port 54 for receiving an acoustic signal and an inner chamber 56
which is adapted for housing a transducer unit 58, typically a silicon die microphone
or a ball grid array package (BGA). The top, bottom, and side portions 48, 50, 52 are
electrically 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.



[ [ [ - [ | ayers of 44, 46. The

.25 conprise alternating conductive and non-conductive _ _
chanbglr) 56 includes an inner lining 61. dTBe | ng:;sigghn?hgg‘cj 'ItﬁhPeR ?Egninrarl |y
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61 protects the transducerd30 58 agalengt gekg%t r28(r;1;g\r/1\D Lo aLer
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envi ronmont al  ba &0t 8P g blonts by ligsigh e cabr WEbincte aperare
envi ron _ >dmerare
enviTonmental - barper e e e e SeicaRy Ebo e urleral fraiedue Bims ne
environnental barrier IS su . Tt .
AT s prips i i b 1l
42, from environrental, .el enents. su , , 1, 1ween
and/ or dust . The%agﬁ??ézoﬁnéﬁﬁF&U‘QF !ﬂr%ﬁec’:!l%yﬂleen ! @rgeﬁf\r/\ief glhd hﬁ\tsglﬁg gg,r lraiﬂae’r

| ayer 52 15 sancur saosy ECuERGAni(5s XU g iryBii A2 e cnsromacatal

| ayer 62 is sandw che _ . S0l e
ma§ act as a capiﬁmantsrsu(:h\asfuuhtgheggdrigﬁl?%lgﬁ%@g{dgygg%thgomng al 2I'hte hat can
used to filter input anﬂyﬁou put si S [ ( . T

e e e e o et g
Phat the 5 condietuenftzaaBhACts, i uttert Bhmerel tarmerdarer 62 desndwichsach

t hat the condu ont _

as resistors antetweepawo tlayess Sr“’"-ﬁd@tf"bq‘g"r‘t&%a%pa ’fig%dygﬂﬁtsaggﬁafa%{ (\?r&hf rom

' tal elenents, the arrier |lay L
SP\(;IC regg Pﬁg . boafl§cteaes defapedbyithe metad Hthatadan bpasdd to BteOinplitaddCiighul Gighsls o Nd

' ' ' hru 20 hol'e plati ng.
| ectrical connggt nd fromt wal|s viat 19.
'?'he envi ro’hrrentg% E‘ar P%‘g?rgr[;ﬁ%?“@t?gnéﬂ:’ﬁ?rgﬂ ;ﬁ@gmefngf%ﬁmcl Bg
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15 conductivelayers also contain thin film passive devices such as resistors and

capacitors,

Inaddition to protecting the chamber 56 from environmental elements, the
barrier layer 62 allows subsequent wet processing, board washing of the external
portions of the housing 42, and electrical connection fo ground from the walls via thry

20 hole plating. The environmental barrier layer 62 also allows the order of
manufacturing steps in the fabrication of the printed circuit board-based package to
be modified. This advantage can be used to accommodate different termination
styles. For example, a double sided package can be fabricated having a pair of
apertures 54 (see Figure 25), both including an environmental barrier layer 62. The

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 js 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



styles. For exanple, a double sided package can be fabric gg having a pair
of apertures 54 (see Figure 25), both including an envir APRI 2088r r i er
| ayer 62. The_ 25 package woul d | ook and act the sane whether it is nounted
face up oWPA¥Mdwn, or the package coul d be nounted to pPEl/P8MAs462

di rectional m crophone characteristics. Referring to Figures 7, 8, and
11-13, the transducer unit 58 is generally not nounted-to the top portion
48 of the housing. This definition is independent of the final nounting
orientation to , | ' 3 ' : t 30
portion 48 to bg@%&%%léé%ﬁ?%ié%&é of\?\)ﬂglﬂ‘I e%gﬁglld%oéh %1}15?'h28%§¢1§r??%{'?0%%&g?4 to%@: ©
transducer 7 2 fpAioRiG0MSmWLO patrdéiio RS dioRitiy] BARRd PEiINSS s¥idkd padS grbiénd
choice for the bottom portion 50, The conductive Iai%ers 44 of the top

portion 48 may badspand aiged thepugb hole padsyi Refprring g Figussahbd3, thetedmaypeads,
d ds, 0] at ed Le. _ R i ng t.0 Fi -13

St may bo  adtHiRp R apeBe Lo fiSees " o liholirived yEs, 4, ciid o

layers 465 and gnAfHMMMIBRSBIVR RIihncd 62 KRB paRESe Rauinss. WIRrPAGKHI M me

requires. Alternatively, some |ayers may be deliberately excluded as well.
The first non- claydwsoniywes deliberatedy enclydedns well (Thefost mo-andoctivediyec 46 wedyy

expose certain features,on the first conductive.layer 44. Figure. 1l
“illustrates an g’l’ paffernsd %PeasttBSelﬁﬁ‘{eﬁyo??{Pa%e @M@ﬁ"%‘?&ﬁ‘%ﬁ@“i@ %\é’@@‘?" I'n
this enbodi nent 44a connection between the |ayers can be formed to provide a
conduit to ground. The top portion of Figure 11 includes ground pl anes
and/ or pattern circuitrkige dhdlistmtesran aleamativieadopbportio® 486 alhfcrgplstied
pl anes and or pattern_circuitry, 64 are connected by pins 65. Figure 12

i 11 ustratls anoP#drgenis duissmbodiment o cowestionbetyeen thedaysrs icammbe formed tone

ti bet . . I ' Iy t. 4, t.h
vt ronnont ar . bEYide Bt Wt ARGSH BBIGRY IRE 1 il el frdes
(e.g. Pb/Sn orapd/brsttenrndit@iitted4 and the envifinbmit:g baeick 62 aThOwoaeE FIRAS ahd

el ectrical contact to the transducer 58. Here, conductive circuitry would
be patterned suefPatigsn cissuity 6f @gg congestebbY Pigh 6Pet ween the bunps 66 and a

pl at ed t hrough hol e tergn nati-0f..d de, 20 Figur 3.illustr t.
anot her enbodi nent of t I olglg%‘%%teon %%?r%bog%%nsoiﬁﬁo@ oﬁé‘?ﬂ?g‘?%@éﬁwn
portion 48 doesi@e cHtdddlon BetRBRT ldyeR, rovkdOpishéPpaiefr cBfuitry 64, and the

environmental barrier 62, this embodiment includes conductive bumps 66 (e.g. Pb/Sn

or Ni/Au) patterned on the bottom side to allow secondary electrical contact to the
transducer 58. Here, conductive circuitry would be patterned such that electrical
connection between the bumps 66 and a plated through hole termination is made.
20 Figure 13 illustrates yet another embodiment of the top portion 48. In this
embodiment, the top portion 48 does not include an aperture or acoustic port 54.
Referring to Figures 7, 8 and 14-18, the bottom portion 50 is the
component of the package to which the transducer 58 is primarily mounted. This
definition is independent of the final mounting orientation to the end user’s circuit
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 altemnating conductive layers 44, non-conductive layers 46, and



.Referring to Figures 7, 8 and 14-18, the bottomportion 50 is the conponent
of the package to which the transducer 58 is primarily nourg gdAFEhQ[;%
definiti onw}éoi',ﬁg?oendent of the final nmounting orientation to e end
user's circuit board. It is possible for the bottom porPCOSBO4dse2 be
nount ed faci ng upwardly dependi ng on the nmounting orientation of the
transducer 58 as well as the choice for the top portion 48 constructi-on.
Like the top portion 48, the conductive |ayers 44 of the bottom portion 50
may be patt er nednvofunemzlqirotettivieryemisthiisad apiha ds, . ground
pads and plated.through hql e pads. As shown inBFi gﬁ?%ggl%f‘i%g{en{aﬂ&% »PEBF be
30 additional al3¥Er$EEY by delihemiely iexeluded asrveell ATherfirst monehaahd e 145R¥ 96 $n A0
and 8 2 9 APR ZQ,QE,a%Q%é&gA 3 PCE’/ SOL/ 49462,eFFvi ronment al prot'ective
menbranes 62 as the PACKAYE P EGaTTEY SXROFEERIN (Fatuyes asshefirst consnetivelyydre
del i berately exddhuded as well. The first non-conductive |ayer 46 may be
patterned so as to selectively expose certain features on the first

conductivé |ayer 44. SReleringthFiguwes Maghmagh lﬂc&tﬁdﬁ%%%ﬁ%?(?}%@?g@%%gmof

portion 50 conpyj |lam nated, nulti-layered board

conducti ve mat eﬁuﬁﬁi‘cgﬁ, 18%%933}’%@9035%140% ayers pbepnduetideanatertal 44 ideposided 46.

Referring to Fi ghlifredddEnoh j f onductive material is used to

attach wire bong;?/re.fl ing t(}ﬁ)lngﬁ({)t%hglsﬁ*%ﬁg Refpiging q%gﬂf&gzbeﬂlélﬁé%t layartafons

to define | ead RIctiye natepiat s, used do Gitiack 6 : d have
o Al Low Eha | o ear s GBI S s §

hol es drill ed thrﬁ;ﬁ%h themto allow the formtion ofpfa Bi%es.
As shown in Fi gF&dgaee %E{nRﬂf?OqSitP#ﬁ%@bﬁdm,mds,iamg:m@pm THHAAS

the condugtive WB4IAHa% holddtrSiel ration.sho t he exposed bondi ng pads
as well as an exposead gt oungleggﬂéﬁémge%&pq}é’%ﬂngH%f&@lmwbmlesn
el ectrical contact wi tAsshbemé®R 14¢€a 8T 696k fol! conenction to
ground of the ib%&lf‘ﬁ{?tl on 52 15 and the base porl{oﬁodr&@gﬁvﬁﬁaiefmﬁﬁﬁve%

Figure 14d, gr EY%méf&ﬁalbahiﬂiﬂmwshawmeemsmdj%%agQsmvg@és The
hat ched area repr | cal—around pl ane 64. The ground pl anes 0 not
overlap the poy;\ea/gf r&asg%dfﬁrgﬁ%&%a;dgsfh%l?@OWIgFoWé@Q%@0111? meleritienl cbAtact
Referring to Fivgth thekondwtive 8 il ToraPfhelddRedbRbh 85hBRN 4R 336 S rtion 52

15 and the base portion 50.

Referring to Figure 14d, ground layers can be embedded within the base
portion 50. The hatched area represents a typical ground plane 64. The ground planes
do not overlap the power or output pads, but will overlap the transducer 58,
Referring to Figure 15, an embodiment of the bottom portion 50 is
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 environmenta}
barrier 62,



20 illustrated. The bottom portion 50 of this enbodi nent includes a sol der
mask | ayer 68 and alternating |ayers of conductive and nor2 §oABRc2IiGe
material 44, 46. The bottom portion further conprises solder pads 70 for
el ectri calWPIAHEPi on to an end user's board. Figures 16 aRETAS0¥{%ekstrat e
enbodi nents of the bottom portion 50 with 25 enlarged back vol unes 18.
These enbodi nents illustrate formation of the back volune 18 using the
conducti ve/ non-conductive layering. Figure 18 shows yet another enbodi nent

of the bottom portion 5Refehmugt¢iE&gu&mbpmmy-zz,tdi@si@@g&ﬁaﬁsuiime%Qm'BBﬁéﬂfdes
t he acoustic port 54 and the environnental barrier 62. 9 2 9 APR 2005 WO

02/ 45463 PCT/ USGE/thopskagethet joingythedatiogupastion £0 anddhe ®paortiomd8si Tke side
portion 52 is the co nent. .of the package that jqgins the hqatfom portion
B0 and 't he top. dOFETRT eV ineiited SEERIRERS A Wi sk diveiiena 4o WaPdhsg o
of a non-conducty BB 4 ARGE ; t | OrEMEL, :
conductive mat er}ji‘%agl‘?e 44, liI'dﬁgi-ss‘iﬁ(élegﬁport i ?ﬁ%‘??ﬁ%%ﬁ?@ﬂ er né’?mg&ﬁe?tgeﬁ%alof
t he chanbexr 56 tHeight lod dissechaniirer tS6athsthowses 8. traisducr &8. pDhd side pgo2tions 52 is

generally formed by gne or pore |layers of circuit board material, each
having a routed geﬂﬁrﬁﬁﬁ rpsd Py gge %%QFPEWEB") %cy@p@qq%&ﬁegal;p%gmggxg@dt he

side portion 523}1&\%&%\%%%&&:@3@%?% lewal I s 74.  The inner side walls 74 are

generally plate a con ive material, typically 10 copper, as shown

in Figures 20 and 21. TRefemimgao@idives/i-20, thelsideporlion\s2 itttuded iveifer Sigéwalti &2,  of
the routed wi ndow 72 and_coated/netallized with a conductive material.

Al ternatively, tlHe iBneraide wallsy?4 aeeysanerally meted mithha pgndictive matériad, typicelly

f - copduct i terial 46 -and conducti terial .44 h hav]
Pouted wlthdow FOPRGeE E0ymin FHgires AR aidpl IngBidhmls o ois fiea Bthe S e
wi ndow 72 may 1%efiffetdr EME FRIEPWRIGOSLT2HnH Bodte HREILd AP SiduslivdIRSRHSIE

the layers of conductive material 44 would provide effective shielding.
Fi gures 23-26 il ustr at Aliemaiively, therdideivatisiidanayf betfhemed by mpimoalterpativigdgeers 40.

Thess o e bl e bR BT PR RLES ROLLLPED 30, 200 200 22
bottom and si deyiB@&w 79 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 iliustrate various embodiments of the microphone package
40. These embodiments utilize top, bottom, and side portions 48, 50, and 52 which
are described above. Itis 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 botiom portibn 50 down
Connection from the fransducer 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.

10



.20 48, 50, 52 enbodi nents described above can be utilized in_an

conbi nation without departing fromthe invention disclosed gnﬂgﬂeﬁﬂtﬂﬁi bed
herein. | nyihgsge£3. connection to an end user's board is made through the
bottom portion 50. The package nounting orientation is bott&Frgo/iwaz 50
down Connection fromthe transducer 58 to the plated through holes is be
made by wire 25 bonding. The transducer back volunme 18 is fornmed by the
back hole (nmounted down) of the silicon mcrophone only. Bond pads, wire
bonds and traces to thelnFignre2datamnactionto thesidwier’ shoaf £ Ao Ghsid oY ?%ﬁe' | ed
in the art of P% desi%ﬁ \A%I understand that the traces reside onet he
first conductor JCHYEPORION 3¢ AgRip B PAckeze montingerientativnds bettorh Yoion Jve

connected to ex EbtRA rg cohnected to 30 the sol der pads via
pl ated through hoi es angé?nr{aliggs on %e%sﬁ)rt%(?g@te‘g@?“ hgles evsoBadak 05463
PCT/ US( | | / 49462 bbndifig.qThe badk velomeastis @imicq @cﬁﬁlﬁ%ﬁ?ﬁ%ﬁh@@é‘{%«&n&l& of tre

|

made t hrough the bottom({i)I(P)rtion 50. Agai n, the package noun
orientation is B8RS Eanmtesioionm) ané theibotiofrmmish$0.t r ansducer 58 to the

pl ated through hol es ar y.wWre bonding. The back volume 18 is
formed by a conbi nationﬁcﬁzggggg’o%?@l%e%Fg"@FeP user’s bpargis alse enads ghrpughuthe ed

down) and the bbbtmippaioni 00 Akhin lthe é’cghg . ct.ion to the end_user's
board is al so nade through the %ottgm _pgﬁlﬁ%}lm%&?ﬁié Pﬁ}sqq(ité)mp%?f&%ét#

mount i ng or i ent &pREAFtiP figm thntrgusducer 58 16Ghe Plardetituah HoldMrk Beadk RN HLCer

58 to the plate 01{ -rouwnqlhole ,are %g bérwl ref bondi ng. Wth acoustic

ports 54 on bot S[Q%I s B SERWHGPORES g onpptysides of ks nagkage] herenis mobackThi s

met hod i gosui t afdlgme O Thisdhé [ ' |n_Figure 26, connection to .
864 RAbLIBLFE 91?%%%8%1 pitraphd

. 1
the end user's board is made throug A8 of the bottom

portion 50. The packagdn ffigure 26 gonnéctioh & theend Sse®istHdesd i ' 8 down
Connection fromthe t ransdudclg%%gg%ﬁéfﬁgé?ﬁ at ed

or bottom portion.50, down.

t hrough hol es i%OW%QB%IbPBOQWOE&W-%@Wﬁme movnting grieritiontia ether Ghpi e
15 18 is forne ' j ' eat by .| amj nating the bottom
" portion 50 and%ﬁ%ﬂl‘t&%g%% Pgért\(glﬁ%g%ﬁc?é)étof@W' Z%%X%W{H%ﬂﬁu@ﬁ@%aé&age
- fabrication is lbephmdrthﬁughhﬁlesishhﬂebyﬂibﬁﬂﬁﬁﬁﬁgéﬁltﬁéﬁr&ﬁﬁ@. %é%ﬂ%glumen

: parti cul o, t he t.hrou%g hol e formation,
L 18 is formed by using the air cavity created by laminating the bottom portion 50 and

the top portion 48 together. Some portion of the package fabrication is performed

.. after the transducer 58 has been attached. In particular, the through hole formation,
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
anepoxy 86 into the transducer 58 and from flowing into the acoustic port or aperture

__ 54. Accordingly, the shape of the retaining ring 84 will typicaily 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



pl ating, and sol der pad definition would be done after the transducer 58 is
attached. The protective nenbrane 62 i s hydrophobic and pred¥@nfPRoZli{bsi ve
plating chem stry 20 fromentering the chanber 56. Referring to Figures
27-29, theWSb¥+%% to which the transducer unit 58 is muntpgawy"g‘ﬁél ude
aretaining ring 84. The retaining ring 84 prevents w cking of an epoxy 86
into the transducer 58 and fromflowing into the acoustic port or aperture
54. Accordingly, the shape of the retaining ring 84 will typically match
-the shape of 25 thhﬁgﬁﬂ&@y@wxy%wi@ﬁhgmgmssidelsm_ﬂieef%m&gsssaﬁh ort (in
conprises a conductive materi al e.g., m . thick copper) inmaged on a
non- conducti ve Ithqaserdaeﬂicanﬂieﬂekwpgrbn@-to Figure 27, the retaining ring
84 is imaged onto a non- .conductive l.ayer.. An epoxy is.appli out sj de t he
perineter of the retai nf§ Héytﬁ,?m%wl%lﬁ%’et aﬁ’&f nggnggggﬂﬁée&ogge hat
it overlaps the SBarl i R i\t abrdin R 463
PCT/ USOI | 49462 83 TARRE reg%ggggg%%w g%%%&?%g upgtr%g%gl’ éﬁﬁsﬁﬁo?dﬂticg&/eﬂé
transducers s 58 thd rebeining inp 84 isslightle smalier thdn the fodtipriatiofithetransducep 58 86 that

Alternatively, referring to Figure 28, the retaining.ring 84 _can be_|ocated
so that the traiBueRew Hdagsaestiged pathend is, this. less kely tryWickn dn Sigure R0.the s

enbodi nent, 5 . ) | N i i i t
print of the trgns uﬁﬁ%ﬁh@gﬁ‘%&ﬁ ]%rﬁ%?%:gﬁéﬁ %#odﬁ%?ﬁhggﬁié&%%‘% ?tlgt@%{ggﬁ sggl?%%ﬁd
is, thus, less likely to‘ha\éf@lowih%tdﬁl@pwvia@anﬁlmtraﬁeé &kample of & BebicHd cirbuit
fabricated so that it contacts the etched port of the transducer 58. The
fol | owi ng t abl edoprdawrperssiag techpigye forifpbrication wf the housingtof phis embedimsat.t boar d
processi ng techni far f.abrication of the housing of this enbodinment. 10
Tabl e 1: %ﬁt eri arijagijﬁ I\%gf g‘

|-"al T\legj‘n'rpnnnnf Note 10 5/Q 8B o7 DSTRBott om.

-

Portion (ConducliMftefial pTesy € FR-4Lay€ofmpdnéitd 2; Non- Condyaqidtye Layer [1)
20.5/0.5 oz. DSPBettemPoetrtt+eon—(Cordpectre—Cd—-5S—eo+e—+R4tayrets—3—ard—4:
Non- 1 0.5/0.5 0z. DST | Bottom Portion (Conductive
Cu5core FR-4 | Layers 1 and 2; Non-
Conductive Layer 1)
2 0.5/0.5 0z. DST | Bottom Portion (Conductive
Cu 5 core FR-4 | Layers 3 and 4; Non-
Conductive Layer 2)
3 106 pre-preg For
Laminating
Material 1 and
Material 2
15 4 0.5/0.5 oz. DST | Side Portion Metatlized
Cu 40 Core FR- Afterward
4
5 Bare/0.5 0z Cu 2 | 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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Conductive Layer 2) 3106 pre-pregFor Lamnating Material 1 and Materi al

2
40.5/0.5 oz. DSTSide PortionMetallized Cu 40 Core FR- Aftermgrqj\ﬁg,@@ /0.5
0z Cu 2Top Portion (Each Piece core FR-4 (2Includes 1 Condutt

pi eces) Non? ttd?d ve Layer) 6Expanded PTFEEnvironmental BapPCrasoikisy0

02/ 45463 5 10 15 Table 2: Processing of Materials (Base Portion Material 1)
2 9 APR 2005 PCT/USQO /49362 StepTypeDescriptionNote IDry Film Conductive
Layers 2ExposeMask Material 1 (LowerForns G ound Conductive Layer) Pl ane on

Lower Conduct i VeTihpyBIPr3tavabop : i oper Conduct i ve
Layer 5Strip Dry—Frm 3 I‘ﬁéﬂswl’@tﬁ:ﬂl\ﬁ&eﬁﬂﬂ

Step Type Description Note
1 Dry Film
Conductive
Layers
2 Expose Mask Material 1 (Lower Forms Ground
: Conductive Layer) Plane on Lower
Conductive Layer
5 3 Develop
4 EtchCu - No Etching on
Upper Conductive
Layer
5 Strip Dry Film

Table 3: Processing of Materials (Bottom Portion Material 2)

10. Step Type Description Note
1 Dry Film
Conductive
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

13



Tabl e 3: Processing of Materials (Bottom Portion Material 2)

St epTypeDescri ptionNote 1Dry Fil m Conductive Layers ZaposelﬁagkARﬁtﬁlﬂﬁar 2
(Upper Forns Ground Conductive Layer)Pl ane on Upper Conductive Layer

3Devel op 4B D Etching on Lower Conductive Layer 5Stri FOBYSOF#46213 2
9 APR 2005 WD 02/45463 5 10 15 PCT/USQ /49462 Tabl e 4: Processing of
Materials 1, 2, and 3 (Form Bottom Portion) StepTypeDescri ptionNote

lLam nateMaterials 1 and 2 Lam nated Using Material 3 2Drill Thru

Hol esDrill Bit =T4bl@25Piobessitig ofdddtliat €S2, B8 (Felne Boltbindidriig@t | on/ Fl ash
IR CantmatedFor f

Copper 4Dry Filn LN E_ 1T aces amd
_ tep Type Description Note
1 Laminate Materials 1 and 2
Laminated Using
Material 3
2 Drill Thru Holes Drill Bit = 0.025 in.
5 3 Direct Plates Thru Holes
Metallization/Flash
Copper
4 Dry Film (L1 and
L4)
5 Expose Mask Laminated Forms Traces and
Materials 1 and 2 Solder Pads
(Upper and Lower
Conductive Layers)
6 Develop
7 Electrolytic Cu 1.0 mil
10 8 Electrolytic Sn As Required
9 Strip Dry Film
10 Etch Cu
11 Etch Sn
12 Insert Finishing NG Option (See NG Option for Proof
Option Here Tabie Below) of Principle
15 13 Dry Film (cover 2.5 mil Minimum Thickness
lay) on Upper on Upper Conductive
Conductive Layer Layer
Only

14



.Materials 1 and 2Sol der Pads (Upper and Lower Conductive Layers) 6Devel op
7El ectrolytic Cul.0 m| SElectrolytic SnAs Required 9Strip g)rQyAPRI PA(8OEt ch

Cu 11Etch %@,%I ert Fi ni shi ngNG Option (SeeNG Option for Proof Option
Her eTabl e ow) Principle 13Dry Film (cover2.5 m | M ni nuRCTRISOK#8S | ay)

on Upperon Upper Conductive Conductive LayerlLayer Only 14 2 9 APR 2005 WO
02145463 5 PCTI USQO /49462 14ExposeMask Lam natedThis nask defines an
Materials 1 and 2area on the upper (upper and Iovver)conductlve | ayer that

wll receive a Qdr ]?/ film %ol der mask (cqu .a |ne bptrtonrtayer—w—H—fot
have dry filmagdplied t o FP%®The pl ated aﬁké@éﬁ“ s |Whis mpsk defintgad oyer
by the coating dn the tpp. 15Devel op |Materials'l and2 area on the upper
(upper and lower) conductive Jayer that
will receive a dry film
solder mask (cover
lay). The bottom layer
will not have dry film
applied to it. The
plated through holes
will be bridged over by
the coating on the top.
15 Develop
16 Cure Full Cure
17 Route Panels Route Bit = As Forms 4" x 4" pieces.
Required Conforms to finished
dims
5
Table 5 describes the formation of the side portion 52. This process
involves routing a matrix of openings in FR-4 board. However, punching is thought
to be the cost effective method for manufacﬁning. The punching may done by
punching through the entire core, or, alternatively, punching several layers of no-flow
10 pre-preg and thin core c-stage which are then laminated to form the wall of proper
thickness.

After routing the matrix, the board will have to be electroless or DM
plated. Finally, the boards will have to be routed to match the bottom portion. This
step can be done first or last. It may make the piece more workable to perform the

15 final routing as a first step.

15



16Cur eFul |

si de portlon 52.
FR-4 boar d¥O143
for
core, or,
t hi ckness.
or DM pl at ed.

bott om porti on.
nore wor kabl e t

02/ 45463 5 Tabl ¢

PCT/ USO1/ 49462

in. Forms Side P
Si dewal | s Met al
describes the p
portion 48 invo
the bottom (i.
| ayer of the to
processed5t hi s

(etpdr |

Cure 17Route Panel sRoute Bit
Requi redConforns to finished dins Table 5 describes the for
i nvol ves routing a matrix of
to be the cost efPg€ NW@W hod
manuf act uri ng. The punchi ng may done by punching through the entire
alternatively, punching several
thin core c-stage which are then lamnated to formthe wall

Thi s process
punching is tho

= AsForns 4"

ught

x 4"

pieces

m%%

S 1In

of proper

5the

| ayers of no-flow 10 pre-preg and

Af t erTabRUY: meggpﬁg amatehalh(@idggaﬁgnw Il have to be el ect roI ess

Frmatty 1 the—boards—v

Steips Qt'EjﬂJecan be do

|| TId.VC LU UC 1

Beﬂﬂpﬁmor | ast .

ULIL C

It

J TU IIaLbII LIIC

Moge nake t he p|

ece

D

DN

1%

D_pert1or Fn TouLl Ng as.a 11 T31_Step

5. Pr o&%‘&‘? Ogﬂ ‘iltSIBlh‘%él:”aéﬂ-Portl )ﬁPnES §1dAIPRﬂMD"
St ep Ty peDdsteici ionNo e 1Rout e/ PunchRout e|Bi t 0. 031
Drtion N’E@pemngsf Openj ngs 2Direct0.25 m | |mni rrurrForm;
TzatTonfomSraePortTom FasiTCor3Route—Pamets—TFabte—6
8cessi ndPiectt he t op p@Ls mhminikwunt or nat i pKouns Sidewallnp
ves i ngdgvirllization/ fi| m cover lay or |i qui doSidedRortiomsk
3 conducmaslﬁclhayer fprm ng the inner Iay=r The exposed
—+O—pottomr48-—wiHt—jrot—havre—a—copper—copt ﬁg—F[—eﬁ'ﬁ—‘b'
hay t Hr duRpute Panels o

Table 6 describes the processing of the top portion. The formation of the

top portion 48 involves imaging a dry fiim 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

16



.etching or purchased this way as a one sided lam nate. A matrix of holes is
drilled into the lid board. Drilling nmay occur after the inggAp? @rusp | f
so, then W&zt;ﬁ?ése sol der mask nust be chosen that can survive th

drilling process.”"15 Table 6: Processing of Top Portion 20 PCT/US01/49462

St epTypeDescri pti onNote 1Dry Fil nConductive Layer 2ExposeMask Bare

Layer Form Conducti on Ring 3Devel op 4Cure 5Drill Matrix of Drill Bit = 0.025
i n. Acoustic Ports Hol es PTFE (Envi ronnental 6Lam nateBarrier) Between 2

Pi eces Fornms To i : Lal. 2/ 4546. 10. 2 9 APR 2005
PCT 80§ 40460 bR g &"?9%%%“% 4 My adeigl 4] with _

Mat eri al 4 Step]ytapDeschTymei onNot e | SheseiptiGonduct i ve Adhggiere on

1 Screen
Conductive
Adhesive on
Material 4
2 Laminate Bottom Portion with Side | Forms Bottom
Portion _ { Portion with Side
Portion (spacer)
5 13 Add Transducer | Silicon Die Microphone
Assembly and Integrated Circuit

Table 8: Processing' of Laminated Materials 1, 2, and 4 with Material 5

Step Type Description Note
1 Screen
Conductive
Adhesive on
Top Portion
10 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
15 1 Immersion Ni
(40-50 p-in)
2 Immersion Au
(25-30 p-in)

17



Material 4 2Lam nateBottom Portion with SideForns Bottom PortionPortion
with Side Portion (spacer) 3Add TransducerSilicon Die M cropﬁcﬂnﬁPR 2005
Assenbl yand Integrated Circuit Table 8. Processing of Lam nated Materials
1, 2, and YO/ terial 5 StepTypeDescriptionNote 1ScreenPCHUEMIoH62
Adhesi ve on Top Portion 2Lam nateBottom Portion and Si deForns Housi ng
Portion with Top Portion 3Dice Table 9: Finishing Option NG (N ckel /Gol d)
St epTypeDescri ptionNote 1l mersion Ni (40-50 4u-in) 2l mersion Au (25-30

pt-in) 17 2 9 A WOLO2/ 1 l,e.10: Finishing Option NGI
(Nicke|/cb|d/Ti§$bﬁgﬂfﬁc /4,§§§§§£§%§§&g§ﬂ&%ﬁwiﬁb

~0N

(using thick dry filmor

hi gh tack dicinfSteagpe) 21 el ypa Ni ( 40- 50, u- i n)
1 Mask L2 (using thick dry film or high tack dicing tape)
2 Immersion Ni (40-50 p-in)
5 3 Immersion Au (25-30 y-in)
4 Remove Mask on L2
5 Mask L1 (using thick dry film or high tack dicing tape)
bridge over cavity created by wall
6 Immersion Sn (100-250 p-in)
7 Remove Mask on L1
N Table 11: Finishing Option ST (Silver/Tin)
Step Type
1 Mask L2 (using thick dry film or high tack dicing tape)
2 Immersion Ag (40-50 w-in)
15 3 Remove Mask on L2
4 Mask L1 (using thick dry film or high tack dicing tape)
bridge over cavity created by wall
5 Immersion Sn (100-250 y-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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- 3lmmersion Au (25-30, u-in) 4Renove Mask on 12 BYBskq &k ok 5(USERgRgGhEEK dry
filmor high tack dicing tape) bridge owgr cavity creat e by%ﬂff’iiltf'2 2@95
6l mrey sion Sri (100-250 -in) 7Renpve Mask on L | Table 11: Finish nggp(ﬁ& :

. ST (Silver/Tin) StepType 1Mask L2 (using thi Ckmj. q%gbagk di ci ng
tape) 2l nmrersion Ag (40-50 u-in) 3Renbve Mask Jh™F L t hi ck
dry filmor high tack dicing tape) brcggevgver cavity created by wall -
5| mrer si on Sn {/ 00- 250 u-in) 6Renove Mask on LI 20 Wile specific _
embodi nents ha éml‘ﬂéen il lustrated and descri bed, nﬁrrer ous nodi ; i fﬁt i ons
cone to mnd w thout signiji.c t] f.romthe spirit o e
I nvention, and the scg'pg o‘?ng?rgkﬂeo}é? %Jf% escoglﬁpynq'i mted by the scope of the
acconpanying Cl ai ns. 4griiéd @tg.&ltlld&;d carhprisifig aﬁéh@gﬁty75{My&g,'a?lggﬁg?f%%rﬁPgog(r)gS
S 21 APR.2003 1. A mcrophone package .conprising: a prin ) 1
conprising a plulAPigy ¢ Bd‘fcgil“’e ferigle and &k &epst g 1ysy epmprsingowpiprdating a
conducti ve natm#terd]l; and at | east one |ayer conprising an insulating

material; a cover conprising a conductive |ayer, the pri‘nt ed circuit board
and the cover form rCOYEr (OEPEFING asenductye lafer,thépringedircuit heartl antsihag

conprising an Bp& ik 4t Wast 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, _ e

2. The microphene 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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-r ecei vi- ng a signal and an inner lining for pt L.dl _a-shi el _pst an

el ectromagnetic 10 interference, the inngy |IE¥ g cg Pr'|‘£1 n %%éﬁ @CAPR/%OE
kayer; and the at | east one layer of a conducti ve Jn.__‘ ial; and a
transducer unit nounted within the housing. 2. ThdfSEAREhEE RAPRaggJof
"Claim1 further conprising a spacer 15 nenber between the printed circuit

board and t he cover, tshe Smﬁﬂbmﬁﬁtﬁﬂé PhckB ST 5 MheMir the dpbRurB isviinGH CI rcuit )

board and the over to formthe housing, the spacer nenber conprising a
si dewal | at covert the) FoveE ReEPEEIngya Jogenduttvey layermiare pioxiding hie
conductive mat eiviRhmPfiidMafiepd @ portion of the inner lining. 20 3. The

m cr ophone package of Caim2 further conprising .a first |ayer of
conductive adhesive for joining the spacer menber to the cover. 4. ‘The

m cr ophone package of CI aijn 3 .further in second | ayer of
conductl\?e adhesi ve for joﬂu“ﬁgo?ff’?é'eg?fg %’S’ﬁ‘bﬁ G tog apegtpredslpsatedoar d. 25
5. The ni cr ophwhkinpthe kage, dfic Ghval rebinpﬁsmg faebols}nﬂem{ lia%mo ro%-mngf gfanent al
barrler | ocated within the aperture. O CFI"

‘- USO / 4- gq. sZPVEoREREfamier. 5 21 APR 2003 6 The m crophone package of
Claim5 wherein the aperture is within the cover, the cover conprising a
nonconductive layer for providing the environnental barrier. 5 7. The
m cr ophone package of8.Cl alTﬂFr:almnmmckdgeofﬂ:iantipﬁmdusﬂ;é@eﬁme&loweﬂhi n the

cover, the co 0] yner.i c rovi o t he

envir onr%bent al V‘ﬁg]ru?@g&ﬁ%d&% %cpar Sgﬁ'&ﬁ%ﬂ{fﬁ@&%@cogfpnangﬁn& A¥En t he
f~mperture is I(forapreddmgme\mmnmﬁhﬁb@mrnt ed circuit board, the printed
“Circuit board conprising a polynmeric layer for providing the environnental
barrier. 9. The m crophone package of Claim5 wherein the environnental
barrier conprises a [0l YMEhs Gridisyh8hd agckag@%f@mwhammmﬂmeﬂ%age of

Claim9 wherein the polyneric )
arrier comprises a polymeric material.

15

10.  The microphone package of Claim 9 wherein the polymeric

material is a film.

11.  The microphone package of Claim 10 wherein the film comprises

20 a polytetrafluoroethylene.

12. The microphone package of Claim | wherein the conductive

material comprises copper.

25 ' 3. The microphone package of Claim 1 wherein the printed circuit

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

of an insulating material.

AMENDED SHEET



-material is a film 11. The m crophone package_ of Claim10 wherein the film
conprises 20 a polytetrafl uoroethyl ene._12.Ffhd mébddfondFatiiage of
Claim | wherein the. conductive material ]corrprl ses copper. 25 13 Z’IQeAP 2005

_mecr ophone package of Claim1 wherein the prlmg gJE corrprl ses
a plurality of layers of a conductive materl rallty of | ayers

of an insulating materjal . 2 R 2005 s 14.

The m crophone package ot &% m%g\%hn Fllf(ﬁ@molf%‘% @‘%HGPEWFPW‘BT | ayers
of a conduct i vef haesrofak conﬂmpmvesmsteﬁalrx@hfpnﬁa‘s d padopRas phdy ff! Bhiducal
connection to the tra g]ucer n|t 5 15. The mecr ophone package of C aim 14
wher ei n one of ?ngbqn[}? UG Wiityvers of a conductive material provides a
first electrical ground plane. 16. The m crophone package of O aim 15

wherein one of the plurality of |ayers of a conductive material provides a
second el’ectrical grodtd p Crw@ﬂeﬁaékhgethlmnhwhaemaﬁkag&mﬁraﬂyal m 16

wherein the f|5 byd2d) U re eI ctrically connected to
the pair of @ pads a%%@&ﬂgﬁe%ﬁ%%é] ‘ﬁ’b‘% ﬁ‘ffﬁ%ﬁﬁ%" F"Eﬂ’éﬁﬂ‘i‘"’i? wherein one
of the plur aI i ty 15 of Iayers of a conductl ve material conprises a pair of

connectors for electr connection to an _external device. 19. A
n cr ophone package coL%rl TG gucrophane packegrofElaim | § wh eamowf&msﬁutm

substanti al |y ofdaersiofg chitRiclivenaehiit BrovidBi 4 o RERhIH R hd rp%gt ection

agai nst an el ectromagnetic interference, the housing Ttonprising a first

| ayer ofa non-conductive material and a second | ayer of a conductive

«oaterial  substantialiy cay f the ond | ayer

#ubstantially forming an i nﬁpe“!rl Qthtoﬁi?%ac tééﬁlm}éﬁlg ﬁlgt%ﬁlga °RY furt her
conpri si ng an gpedpianes &replemwy\cbmgctadmtgapduof?&dbmso t he housi ng.

| 18.  The microphone package of Claim 17 wherein one of the plurality
15 of layers of a conductive material comprises a pair of connectors for electrical

connection to an external device.

19. A microphone package comprising;
a transducer'lmjt; and

20 a housing substantially covering the transducer unit and providing

protection against an electromagnetic interference, the housing comprising a first
layer of a non-conductive material and a second layer of a conductive material
substantially covering the first layer, the second layer substantially forming an inner
lining of the housing, the housing further comprising an aperture for receiving a signal

125 into the housing.

20.  The microphone package of Claim 19 further comprising a third
layer of a non-conductive material, the third layer substantially covering the aperture
for providing an environmental barrier.

30
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-20. The micr ophone package of Caim 19 further.conprising a.third_|ayer of
a non-conductive material, the third | aygr %%ﬁﬁgﬁéaﬁgﬁto%ﬂ& =

At he
aperture for providing an environmental barri §IHA :-_-;-;‘ 22 ZFQARR 2005
tiBOA 'qYg-- S 21 APR 2003 9 APR 2005 21. The Mef¥in Bedig aaim
20 wherein the third layer conprises a polyneric material. 22. The
m crophone package of 2€ ai The2thi b&d e hi {urﬁE | S a
pol yt et raf | uor oet hyl ene. 23. Thdg@r?i crgfgﬁgg%e&gggﬁggg%gfé al ﬁ]ﬁl&cgia?’%rrt her
conprising a fFURRHSAT heplymeris materialt r ansducer unit engaging the retaining
ring. 10 24. A silicon condenser m crophone package conprising: a
transducer unit; a substrate including an upper surface having a recess
formed therein, the 2 ansbthecmeicrophére gickageFClhin RhevheRRE heSptlynate: Of the

substrate over i,ng at. | east a ortion of the recess wherein a back
vol ume of the ljpgtglﬁasjésgtj%%oﬁytﬁ “°T°§th?’@?‘?md bet ween 15 the transducer unit and

the substrate; and a cover placed over the transducer unit, the cover

i ncluding an aperture, 25. A silicon condenser m crophone package
conprising: a.transdiicer Tiaimicrophons pagkager efi Elaimcl%blirthgr aomprisier asur f ace
for supporti nGethiigot j 1. .cover placed over a portion of the
substrgltoe, thgecovgrﬂéﬁgyﬁgpﬁﬁpgﬁﬁw%&l&%‘rgém‘?a1'Bgélﬁg‘i nner surface, a
portion of the inner surface conprising a netallic material for shielding
the trapgducer unit fzﬁom gn.]i nterference si gnal .. 25 26. /A m crophone
package conprising: “a trAnSHIREmdgnier micorbapRRackass comptisiRg ng an upper
urface for supporti ragrahdt@cdriuaitsducer unit; a cover seal ed over a portion
f the substrate, the cover having anaperture for receiving a signal and an
i nner surface conpri &SHR§Tae dludingian yrres sustarahavinga 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

I5 the transducer unit and the substrate; and

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

25.°  Assilicon condenser microphone package comprising:

a transducer unit;
20 a substrate including an upper surface for supporting the transducer unit;
s 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 trémsducer 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.



~ 3Q protecting the transducer froman interfesrence. signal. - 9._APR 2005
S 21 APR2003 27. A m crophone package cggpr?gl?:"gge ﬂaﬂﬁéﬁs&éﬁ%‘ﬁ@t I?
substrate conprising a layer of an insulating materi al and a | ayér (AP 2005
_conductive material, the substrate further conpr f f f.ar
supporting the 5 transducer unit; a cover placed ove Sa%lr@m%éﬁﬁjt he
substrate; the cover 2RnprAsiiGigplne pivkeleton@rifiRg:erial for protecting the
transducer froman interference signal. 28. A m crophone package
conprising: 10 a pri ntBePsEvSeE®Rit board conprising a first insulating |ayer
and a first conducti Bk (of:Ys i1 {.,.SU rted by the printed
circuit board; and a %gl{/ﬂg?%g\%gpﬁ%ﬂﬁg{r]%?%n&o lﬁ%ﬁ%‘tlﬁﬁ F’%@g ‘?ﬂdr%]&?’?r %oard and
form ng a housionguctivh eraterial, thef substiateofusthéricogpiiting b swfRe dsrafuppbMing the he cover
conprisipg an BREILU L. @ 15 second insulating | ayer, and a second
conductive. | ayer, a"r%rti on of the second conductive | ayer exposed to the

transducer for shiel di &get fecedr@aSE P68 bf AR s@btrate ' r"g‘%%%ﬁ%ﬁﬁégal' 29. A
m crophone pacﬁa e conprising:. 20 a printed circuit board cohprising a

g: £
first insul atiSH§iding material iqripratecting i dransdyeser fomyearintedgrencasigagier t ur e a _
transducer unit; and a cover over a portion of the printed circuit board
and formng a housing therewith for protecting the transducer unit, the
cover conprising a sé&8ondA mistdphenerpgckagscdngydingand a second conducti ve

1l ayer, portion of the.second. conductive |ayer exposed to the_transducer
for shi gti di ng the tr%n@dﬁe@g‘?‘my%’tg’ﬁfrgnmﬂ?f‘élﬁ ér@ﬁ%’@’“@?@ﬂa‘ﬁ?ﬂfsﬂ@?‘ apfissf cr ophone
=2housi ng for acaiducthyerdayegndenser m crophone, the m crophone housi ng

onprising: 2 9 APR 2005 WD 02/ 45463 PCT/ USQO / 49462
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 transdﬁcer for shielding the transducer from an

interference signal.

29, A microphone package comprising:
20 o aprinted circuit board comprising a first insulating layer, a first conductive
5@% 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 insul&ting
125 layer and a second conductive layer, a portion of the second conductive layer exposed

to the transducer for shielding the transducer from an interference si gnal.

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

microphone housing comprising:




an inner lining forproviding a shield froman el ectromagnetic interference,
the inner lining conprising an aperture adapted for receiving alg ARR 2085
printed ci%u' _‘__li)&ard conprising a first insulating layer and a first
conducti ve Ia‘i} %t he first conductive |ayer forming at | eaBETASPBIMFDN of
the inner 5 lining; and a cover conprising a second conductive |ayeér
formng at |east a portion of the inner lining. 31. A nmethod of producing

a m crophone package, the method 10 including the steps of. providing a
housi ng conprising a fi Hﬁhmbﬂjtﬂigibfpmvﬂﬂﬁgm&&!&lﬁbm\&ef&ir@ﬁl'aéﬁeﬁci:ﬁt@xfh@ﬂ@c[

| i ning conprising a conductive material substantially coverrng the non-
conducti ve mat eithajnepliging gompasing pe apesture adapted foyrespivingousigaa; si gnal ;
providing a transducer ynit. and 15 nounting the transdycer wthin_the
housi ng wherein the inn rI:'r‘I“iﬂtertlfl’j1 cm%?%#c?@?pgﬁmgl %ﬁ?dﬂa’gﬂﬁa gy?%ﬁ%‘iiaeﬁ@ﬁce
protection to thkendiciveduee, the firdt c i J,}ﬁﬂn% i :

conprising the steps of: a}fg'qagrovi di ngﬁgtﬁcngﬁg?}lrsggnent tflt %ﬁrﬁ%&?%égtrtﬁg&mr
conpri si ng apol yming;endaterial 20 filter; and securing the environmental
barrier layer to housing and over. the aé)ﬂertur& wherein the environnental
barrier 1ayer provides g"ﬂY%l“@@P’r"B‘ﬁgPrSB nd rondustive faver formingipt leest ¢ nostiome
transducer whil ¢rald AheNthifs Substantial portion of the acoustic signal to
pass through the aperture. 25 33. The nethod of Caim 32 further conprising
the step of providing second |ayer of a conductive nmaterial between the
first layer and the environnental barrier |ayer. 30 34. The nethod of
Claim 33 further conpridlng fn@ethodpef producingrssuicophpme Pedsgenthe mtlods 21

APR q ~Uyy 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:

24



prow dr ng a third layer of a conductive mat %I—@Jr @_@Q\@?@v n@ﬁgﬁ% t hi rd
ro

| ayer to the environnental barrier |ayer wheréein ‘t e
Jayer is between the second |ayer andz4de thi PNEERES 3 T
ﬁ aﬁﬁ?ﬁ?ay r of a

.Caim34 further conprising the steps of. prdd A
non- conducti ve naterial; and deg ositing the fourth layer on the third
¥

layer. 36. The met hodPowidies third ¢nﬂftllqetduetm:pmatmahgnd he steps of- 10
providing a fifth |ay C BeLl v mat eri al posi ti the fifth
| ayer on the fourth Igt?/ace&ggmf‘miﬁ YR de"A’f""EP %%%ehﬁg?réfl?‘?r Eehousi ng
further conpriewiosmentaberrier ke mwﬁeeneﬁkr@édnaui}@rﬁﬂ%& ldygyer of

non- conductive material and inner |ayer 15 of a conductive materl al

substantial ly covering the outer |ayer and providing at |east a portion of

the innes |ining. 3835 ThemewRiiachs Clayflsdirfisd oiFfh el digs gRVEr Turther

conprises an external |ayer of a conductive sec red to the outer
| ayer and forming a IEQVIS'@E@lf@nﬂldﬁyeanfmm$onducnfreamaenﬂ 4nde housing. A -D ET

depositing the fourth layer on the third layer.

PR 9fs

36. . The method of Claim 35 further comprising the steps of:
10 providing a fifth layer of a conductive material; and

depositing the fifth layer on the fourth layer.

37.  The method of Claim 36 wherein the housing further comprises a
covet, the cover comprising an outer layer of non-conductive material and inner layer
15 of a conductive material substantially covering the outer layer and providing at least

a portion of the inner lining.

38. . The method of Claim 37 wherein the cover further comprises an
external layer of a conductive material secured to the outer layer and forming a

20 portion of an outer surface of the housing.
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