SI LI CON CONDENSERM CROPHONE AND MANUFACTURI NG METHOD Rel at ed Application

[ 0001] This Application is continuation-in-part of commonly assigned,

co- pendi ngoUeAppitscati on Serial No. 09/ 886,854, filed Pamars2dso2204d whi ch
clainms the benefit of Provisional Patent Application Serial No. 60/253, 543
filed Novenber 28, 2000. These applications are hereby incorporated by
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particularly, this patent relates to a silicon condenser m crophone

i ncluding a housing for shielding a transducer. Background of the Invention
[ 0003] RERREE ApYicati@en a nunber of disclosures related to building

m crophone elements on the surface of a silicon die. Certain of these

di scl osures have cone in connection with the hearing aid field for the
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damage. Furthernore, they nust be protected fromlight and el ectromagnetic
i nt er f eprlivebens avp hewwbgincorpnsgted by igipwnemheremusther prtsetissdfer slbpapestse to
function properly. For these reasons, the silicon die nust be shiel ded.
[ 0004] Tecmdcaliielddi ng practi ces have been used to house these devices. For
i nstance, insulated netal cans or discs have been provided. Additionally,
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patent relates to a silicon condenser microphone including a housing for shielding a

transducer.

Backsround of the Invention

[0003] 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 purpose of reducing the size of the hearing aid unit. While these
disclosures have reduced the size of the hearing aid, they have not disclosed how to protect
the transducer from outside interferences. For instance, transducers of this type are fragile
and susceptible to physical damage. Furthermore, they must be protected from light and
electromagnetic interferences. Moreover, they require an acoustic pressure reference to

function properly. For these reasons, the silicon die must be shielded.

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

undesirable.

Summary of the Invention

[0005] The present invention is directed to a silicon condenser microphone package that
allows acoustic energy to contact a transducer disposed within a housing. The housing

provides the necessary pressure reference while at the same time protects the transducer from



wi th manufacturing these housings, such as lead tinme, cost, and tooling,
make these options undesirable. Summary of the Invention [0005] The present
i nvent i orwoeimenbed to a silicon condenser m crophoneppaaisags/iocizaé al | ows
acoustic energy to contact a transducer disposed within a housing. The
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recess for.med therein allow.ng the.tran cer be attached upper
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adapted for allow ng sound waves to reach the transducer. [0006] O her

f eat ur esd methdasiomapartyes adaptedhier plievingisorndavpyesie reash Ahetansipesi t he
foll owi ng specification taken in conjunction with the foll ow ng draw ngs.
Brief [06ti pDitenfaturehandxdvantagss dfaldinyemiouwil He appagent frossths éadidvangl vi ew
of a first_enbodinent of. a sil i.ﬁg&l&ﬁ@dens r mcrophone of the present
i nvent PRAFITIGAHE AR oHUBCt0R VY {QUBE OEREISY i ew of a second enbodi nent
of a silicon condenser m crophone of the present invention; [0009] Figure 3
i pd Des inpf thedMrayyings ¢ hi rd enbodi nent of a silicon condenser
m crophone of the present invention; [0010] Figure 4 is a cross-sectional
Vi ew Ofoqof "Bl PIBHL IR a1 W & LRENmbO 6fh ElildresiabRepn end
user circuit ard;

microphone of the present invention;

[0008] Figure 2 is a cross-sectional view of a second embodiment of a silicon condenser

microphone of the present invention;

[0009] Figure 3 is a cross-sectional view of a third embodiment of a silicon condenser

microphone of the present invention;

[0010] TFigure 4 is a cross-sectional view of the third embodiment of the present invention

affixed to an end user circuit board;

[0011] TFigure 5 is a cross-sectional view of the third embodiment of the present invention

affixed to an end user circuit board in an alternate fashion; and

[0012] TFigure 6 is a plan view of a substrate to which a silicon condenser microphone is

fixed;

[0013] TFigure 7 is a longitudinal cross-sectional view of a microphone package of the

present invention;

[0014] Figure 8 is a lateral cross-sectional view of a microphone package of the present
invention;
[0015] Figure9isa longitudinal cross-sectional view of a microphone package of the

present invention;

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

invention;



[0011] Figure 5 is a cross-sectional view of the third enbodi nent of the
present invention affixed to an end user circuit board in an alternate
fashi on; woado§ddiAF Figure 6 is a plan view of a substrace/useoosorrhic a
silicon condenser mcrophone is fixed; [0013] Figure 7 is a |ongitudinal

Cross- i onal . vi f ] n ackage..of .t he present inventi.qn; -
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of thepes&sailentioiventi on; [0015] Figure 9 is a longitudinal cross-sectional

view of a m crophone package of the present invention; [0016] Figure 10 is
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invention;[0017] Figure 11 is a cross-sectlional view o portion for a
m cr oppresent packbige of t he present invention; [001 8] Figure 12 is a
cross-sectional view of a top portion for a mcrophone package of the
pr esenfo0il 9} erRigwre;13[iHA tRss-Feadional vidwio$ ado p6rsien $OCE infiraphotiePaciloe df tHRP
portion for a m.crophone package of the present invention; 002(§] Fi gure
14a i sPT&SEY HEENERBt | onal view of a | aninated bottom portion of a housing
for a m crophone package of the present invention; [0021] Figure 14b is a
pl an vi08&0bf Eigurg\dn iv% cropresdctamal aievd obolaminatpd boitom poftidi ofla ousitg; fof 0022]
Figure 14c¢ is _a plan vieew of a.layer of the | am nated bottom portion of
Fi gurealfl&%r?plf%é%fﬁaﬁeé)lgr elfﬁséFnltléwénwrhn view of a layer of the |am nated
[ f _Fj 14a;

bott OHIOB%]t ! (}'I}gl?re 14{) gsuzg ;e)lan V?G’W of a layer of the laminated bottom portion of Figure 14a;

[0022] Figure 14c is a plan view of a layer of the laminated bottom portion of Figure 14a;

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

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

the present invention;

[0025] Figure 16 is a cross-sectional view of a bottom portion for a microphcine package of

the present invention;

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

the present invention;

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

the present invention;

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

invention;

[0029] Figure 20 is a cross-sectional view of a side portion for a microphone package of

the present invention;

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

the present invention;

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

the present invention;

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

invention;



[0024] Figure 15 is a cross-sectional view of a bottomportion for a

m cr ophone package of the present invention; [0025] Figure 16 is a

Cr oss- secwoanal02siiew of a bottom portion for a m crophomeTpmedane2oé the
present invention; [0026] Figure 17 is a cross-sectional view of a bottom

portion f a_m crophone package of the present inyention; [0027] Figure 18
is a c[@s”gise@g}l{?&ﬂ IS@ic&ﬁS@FCtéP%BbYIFWrﬂr}ﬁdg’c"F OppPackagy Bft@ﬁﬁ’g‘??émpackage of
the prgsefftiod.nvention; [0028] Figure 19 is a plan view of a side portion
for a mcrophone package of the present invention; [0029] Figure 20 is a

Cross- L onal vi f_a.slide rtion f of the
presenf@l% %ﬂ/eﬁig% e;ﬁ}Nﬁggﬁﬁss-ﬁF‘ghopgpﬁleY clﬂfsa lg{cgcﬁ)éls%}sl- @g@{&ggﬁgﬁ% F%\%Stof a side
por ti ofhvktiod m crophone package of the present invention; [0031] Figure 22
s a cross-sectional view of a side portion for a m crophone package of the
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m cr ophone” package of the present i1nvention;[003 Frrgure 24 1s a-

cr oss- gpepfiemal view of a m crophone package of the present invention;
[0034] Figure 25 is a cross-sectional view of a m crophone package of the
pr esen{0036Y enFiigare; 27 0@ 3edsssegivnal view of aamiviasions padkiage af theipeysenf a

m cr ophone package of .the present
invention with 2 retaining ring;

[0037] Figure 28 is a cross-sectional view of a microphone package of the present

invention with a retaining wing;

[0038] Figure 29 is a cross-sectional view of a microphone package of the present

invention with a retaining ring;
[0039] Figure 30 is a plan view of a panel of a plurality of microphone packages; and
[0040] Figure 31 is a plan view of a microphone pair.

Detailed Description

[0041] While the invention is susceptible of embodiments in many different forms, there is
shown in the drawings and will herein be described in detail several possible embodiments of
the invention with the understanding that the present disclosure is to be considered as an

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

of the invention to the embodiments illustrated.

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

and trim/form tooling.



I nvention; [0036] Figure 27 is a cross-sectional view of a m crophone
package of the present invention with a retaining ring; [0037] Figure 28 is
a cross-swotnanaboréi ew of a m crophone package of the presarstoosoyensi on
with a retaining wing; [0038] Figure 29 is a cross-sectional view of a
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m ni mal rd-tooling" .This allo
mlcroghone packageqo is a trans ucervﬁ e. g a silicon condenser microphone as disclosed

in U.S. Patent No. 5,870,482 which is hereby incorporated by reference and an amplifier 16.
The package itself includes a substrate 14, a back volume or air cavity 18, which provides a
pressure reference for the transducer 12, and a cover 20. The substrate 14 may be formed of
FR-4 material allowing processing in circuit board panel form, thus taking advantage of
economies of scale in manufacturing. Figure 6 is a plan view of the substrate 14 showing the

back volume 18 surrounded a plurality of terminal pads.

[0045] 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
transducer 12 is mounted (Figure 1); drilling and 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 to a user's "board" 28 (Figures 3-5). In this example, the
combination of the substrate and the user's board 28 creates the back volume 18. The back
volume 18 is covered by the transducer 12 (e.g., a MEMS device) which may be
"bumpbonded" and mounted face down. The boundary is sealed such that the back volume

18 is operably "air-tight".

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

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



process to adjust to customlayout requirenents w thout having to redesign
nold, lead frame, and trimformtooling.[0043] Moreover, nmany of the
descri bedvenbadizaant s have a better match of thermal coetCiusc@sns12o6
expansion with the end user's PCB, typically nade of FR-4, since the
m crophone package is also made primarily of FR-4. These enbodi nents of the
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may be ofeaperfbimaicatof fg: sili¢dnrmicgdphbat 0. n a circuit board to formthe
pathway to the solder pad. In a typical plastic body/lead frane design, a
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The package itself includes a substrate 14, a back volune or air cavity 18,
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drilling of an” upper surface 19 of the substrate 14 to forma recess over
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of circuitry, power and ground planes, solder pads, ground pads, capacitance layers and
plated through holes pads within the structure of the housing itself. The conductive layers
provide EMI shielding while also allowing configuration as capacitors and/or inductors to

filter input/output signals and/or the input power supply.

[0049] In the embodiment illustrated, the housing 42 includes a top portion 48 and 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. The conductive adhesive may be provided
convenieﬁtly in the form of suitably configured sheets of dry adhesive disposed between the
top, bottom and side portions 48, 50 and 52. The sheet of dry adhesive may be activated by
pressure, heat or other suitable means after the portions are brought together during assembly.

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

[0050] The chamber 56 may include an inner lining 61. The inner lining 61 is primarily
formed by conductive material. It should be understood that the inner lining may include
portions of non-conductive material, as the conductive material may not fully cover the non-
conductive material. The inner lining 61 protects the transducer 58 against electromagnetic

interference and the like, much like a faraday cage. The inner lining 61 may also be provided



I nternal support posts (Figure 2); or drilling conpletely through the
substrate 14 and providing a sealing ring 22 on the bottom of the device

t hat wi | Iweeads/2bE6cback vol ume 18 during surface nounti RGTIUS2@50SE06 S
"board" 28 (Figures 3-5). In this exanple, the conbination of the substrate
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[0052] The environmental barrier layer 62 is generally sealed between layers of the
portion, top 48 or bottom 50 in which the acoustic port 54 is formed. For example, the
environmental barrier may be secured between layers of conductive material 44 thereby
permitting the layers of conductive material 44 to act as a capacitor (with electrodes defined
by the metal) that can be used to filter input and output signals or the input power. The
environmental barrier layer 62 may further serve as a dielectric protective layer when in
contact with the conductive layers 44 in the event that the conductive layers also contain thin

film passive devices such as resistors and capacitors.

[0053] In addition to protecting the chamber 56 from environmental elements, the barrier
layer 62 allows subsequent wet processing, board washing of the external portions of the
housing 42, and electrical connection to ground from the walls via thru hole plating. The
environmental barrier layer 62 also allows the order of 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 package would look and act the same whether it is mounted face up or
face down, or the package could be mounted to provide directional microphone
characteristics. Moreover, the environmental barrier layer 62 may also be selected so that its

acoustic properties enhance the directional performance of the microphone.



The non-conductive |ayers 46 are typically FR-4 board. The conductive
| ayers 44 are typically copper. This multi-layer housing construction
advant agewo=gs/sridi ts the inclusion of circuitry, powercanm2@soends pl anes,
sol der pads, ground pads, capacitance |ayers and plated through hol es pads
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environmental barrier 62. The ground planes and or pattern circuitry 64 are connected by

pins 65.

[0056] Figure 12 illustrates another embodiment of a top portion 48. In addition to the
connection between layers, ground planes/pattern circuitry 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.

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

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

[b058] 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 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, capacitors and plated through hole pads. As shown

in Figures 14-18, there may be additional alternating conductive layers 44, non-conductive



[0051] In the various enbodinments illustrated in Figures 7-10 and 23- 26,
the portions of the housing 42 that include the aperture or acoustic port
54 furthewoizn@l2sEéa | ayer of material that forns an envycraso®swad2zdarri er
62 over or within the aperture 54. This environnental barrier 62 is
typicall pol.ynmeric material .forned to fil.m _ swuch as .a

pol yt FY%? 3@&”{5‘&’1’@9@%@“‘@%& t%ermﬁ F‘H‘F%S%&S tpﬁf:klag?ﬁgqlgﬁe\?i ronnent al

bar ri ef;&Rativel P WBRIlei 185k Sy BE AbBSrhteH ddRideaghiel. The Frstinoa-ddadisdtive 42,
and, consequently, the transducer unit 58 within the housing 42, from

envi r dayedibaharbeputarsedsiocts taselseiivelytuposeredrtainifeatures on thgifirst condientive dust .
The erivi rg@rrpnt al barrier 62 will also have inherent acoustic properties,
e.g., ‘8¥9usti c danping/resistance. Therefore the environnental barrier 62

i's chosen such that its acoustic pr rries cooperat ith. the tr.
uni t 5803y eAlederBsio EigyEsildR Shraugh g&ﬁtt\!*‘eb?ﬁ%? Bgﬂme“% %@SF%E @gg@&:gﬂ y

Lrue TiufieR06EH bBArdthiRaid fa RENAUIR R ettt A RlodiftdidrOuy s oPhordnd 25,
whi ch ‘may configure perate as directional crophones. [0052] The
envi r cjonEnétive thateriale’s. | Refetring 2o Figuge bély, dlhd firss babed dvatineomr thatyealss vsedt he
portion, taop 48_or botfom 50 i ch the acoustic.port 54 is.farned. For

D i 8 SRR ORGP TR Ao o vy an il Fianen Bosus fo afundegf
conduct,j ' y st d Gk & terial
14t o e e e L L o be
used tthe ffortagioniofiplatedathcbughihples. si gnal s or the i nput power. The

environnental barrier layer 62 nmay further serve as a dielectric protective

| ayer (00601 | Mehidivach Figird 144 drefilinaGs ofmohapadsctid4 matetidieoewsiite t hat t he
conductive layers also.contaip thin film passive. devices such as resistors

and caioaeneiesnaiprials Jhiy Wugiran BAWe dhormosed bongdingrads as Mistias 58 SKPet
envir 2@%18& ﬁ%)dd Zi;}gé%tgﬁﬁdn%gg?cpﬁd WEh1d! AU in CrectidaP¥bnisdt ?ﬁlgﬂtﬂg RbndRtive

proce e external portions of
epoxy and form the connection to ground of the side portion 52 and the base portion 50.

[0061] 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.

[0062] Referring to Figure 15, an embodiment of the bottom portion 50 is 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.

[0063] Figures 16 and 17 illustrate embodiments of the bottom portion 50 with enlarged
back volumes 18. These embodiments illustrate formation of the back volume 18 using the

conductive/non-conductive layering.

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

62.

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

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



housi ng 42, and el ectrical connection to ground fromthe walls via thru

hol e plating. The environnental barrier |layer 62 also allows the order of
manuf act wongoeaizeps in the fabrication of the printed cipceuistoosoards based
package to be nodified. This advantage can be used to acconmodate different

term nation styles. F anpl e, .a ubl e si.de ackage can be fabri.cated
havi ngheBsaitE rSiser thr bbe 84 bl adr pareBu TpBes b7 e BEmeg lapds of

envi r opagit RarPafatdral, cheyBivifZa rolil WakbAIR W Fikutopk. and act the sane
whether it is nounted face up or face down, or the package coul d be nounted

to proyi di | . M ) : rehSt | . the

enviro r(r)gﬁl alﬁ%gltrﬂrn %Z?FF@;%{ f%gﬂﬁggggﬁggﬁ%g 952 Zf“ggtae(’asdl @%&?‘xﬁaﬂft@ ) z;r(I:l 8 ustic
pr oper innessiéawal s drb gentiralbcplatedavittpe comurtvcmatetiatl, hypicdllyr cwppanes §HGY]
Referring to Figu 8,, and 11-13, the transducer, unit 58 is aenerally

1
not molhigeres 30eRa 3l op hpsideralls Aharsriompre ibtisiontr Permsts of fisitoRsH i s
'ndepe@:ﬂﬁiﬁvﬁaﬁd;ﬁqg%ecﬂfx%tﬁﬁﬁ%‘%}ifﬁga Qrlab A ALhAB410 an end user's circuit

board. I'S pos the top portion 48 to be nmounted face down

e Dol Al pob iiasl i ol 4 ok bF B EE Sy el Flong W Pttty ™

be pat t@idaesvd RafefiblEaddCeondtstivedhtensl 44, aivhshaviRy deutddadmhdo®RUsee pads,
capacitors and plated through hole pads. Referring to Figures 11-13, there
may beFigned 19 oAmthigraser theoniey Pedmelige of Tie Winjawy I24may ppdseqbredorenage Wilyer s

6, i . i . ires
At or iUl R bREOIAE IR RIS e et IS ARE BRAS RN ES, |

nonconghieltiinge | ayer 46 may be patterned so as to selectively expose certain
features on the first conductive |ayer 44. [0055] Figure 11 illustrates an

al t er npjoSE tHpuiee s 28NIdRrat OV arRul embedinemes FREK aerophdhd fHicRaRM TGRSt , 2
connection between the |ayers can be fornmed to provide a conduit to ground.

The t opmpedimicots uilizetoqu bettam, indoiidppatighotih §0pandh e whish/ase desatibed apove.
crreul ftriél co%%erﬁ%te%qgat each of the top, bottom, and side portion 48, 50, 52 embodiments

described above can be utilized in any combination without departing from the invention

disclosed and described herein.

[0069] In Figure 23, connection to an end user's board is made through the bottom portion
50. The package mounting orientation is bottom portion 50 down Connection from the
transducer 58 to the plated through holes is be made by wire bonding. The transducer back
volume 18 is formed by the back hole (mounted down) of the silicon microphone only. Bond
pads, wire bonds and traces to the terminals are not shown. A person of ordinary skilled in
the art of PCB design will understand that the traces reside on the first conductor layer 44.
The wire bonds from the transducer 58 are be connected to exposed pads. The pads are

connected to the solder pads via plated through holes and traces on the surface.

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

bottom portion 50.

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

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

10



environmental barrier 62. The ground planes and or pattern circuitry 64 are
connected by pins 65. [0056] Figure 12 illustrates another enbodi nent of a
top portiwo 24@/028n6addition to the connection between | agens2o0gno1zne

pl anes/ pattern circuitry 64, and the environnental barrier 62, this

enbodi ment i ncl udes conductive bunps 66 ge.g. Pb/ Sn or. Ni/Au) patterned on
t he bditanbash dides of thielpaokagecihareds po bpakcyalymg) This preihad issuitahde transducer 58.
Here,éﬁonﬁur(éii Ve cilrcuitry woul d be patterned such that electrical
connedtieGHOTR FHERCR Y bunps 66 and a plated through hole termnation is

de. [0057] _Fi 3 illust t th ' t, of the.t
port i dRVA. " P S 26 ABRAIRACS UEatrsp 0P BAas (SRER P RO IR
apert U, en OBotffn? P§ftio?1 5@9rﬁﬁeﬁﬁckiﬁ%@miﬁ@foﬁéﬁﬂaﬂ% isCeiftleBtdpsortion 88 8cn bf- 18,

the bottom portion 50 is e conponent “of ‘the package to which the
t r ans chottem Jdtios 5 dowar iQopnedsiont fean thicriransdeder AB t¢ dre plated ttepgnbides isof t he

final tin rientati to.th d ! ' It L i bl
Fort HERbd B BT wae P bE Apd Heesroriad.She Sk wioma dpandarmge B9t he ©
mount i agh bk Eﬂtca%iky&egﬂfedtb?iqiﬁéﬁ?ﬂﬁgqfeﬂfou%& FoTive b0 aﬁ&tﬁé’t@p?@ﬁicﬁﬁlg or the top

portion construction. e top portion 48, the conductive |ayers 44
of t heopeth¢rorBoprerpartion 60thepackagefahricatioe t nesfotmedrfier thaittangducer WUk pl anes,

sol der, pads, .ground pads apaci tqr nd plated.thro hal ds. As shown
T i drastr it pRBRLR GRS et b ofiing ! e S8Ry ey s aa
non- CopEug bi isheyRéShd GransdindereIBvis hasdmeAl The piait@Rin@nbRAbLANES 62 as the
package requires. Alternatively, sonme |ayers may be deliberately excluded

as welhydrofthebic andtprensmtscepmdgiveiplatingphemisiy fegyp cpteripgiheehmmbes§6as to
sel ectively expose certain features on the first conductive |ayer 44.
[ 0059][0B®3]er Refigring t&-Fipuras27129 thdpwtigh tolwhich thetriasdneen ynat 38 is masgted
conpri ses, a, | am nat ed, . C .o .
may include a retaining ring 84. The retaining ring 84 prevents wicking of an epoxy 86 into
the transducer 58 and from flowing into the acoustic port or aperture 54. Accordingly, the
shape of the retaining ring 84 will typically match the shape of 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.

[0074] Referring to Figure 27, the retaining ring 84 is imaged onto a nonconductive layer.
An epoxy is applied outside the perimeter of the retaining ring 84, and the transducer 58 is
added so that it overlaps the epoxy 86 and the retaining ring 84. This reduces epoxy 86
wicking up the sides of the transducer's 58 etched port (in the case of a silicon die

microphone).

[0075] Alternatively, referring to Figure 28, the retaining ring 84 can be located so that the
transducer 58 does not contact the retaining ring 84. In this embodiment, the retaining ring
84 is slightly smaller than the foot print of the transducer 58 so that the epoxy 86 has a
restricted path and is, thus, less likely to wick. In Figure 29, the retaining ring 84 is
fabricated so that it contacts the etched port of the transducer 58. The following tables
provide an illustrative example of a typical circuit board processing technique for fabrication

of the housing of this embodiment.

11



mul ti-layered board including | ayers of conductive nmateri al
| ayers of nonconductive nateri al

| ayer of worndesoi2soie mat eri al
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[TTg to Figure
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to an lend user|Cy 49da0rd FR-0063] Figures 16 and 17 il atde enbqdi nents of
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Table 2: Processing of Materials (Base Portion Material 1)

Step Type Description Note
1 Dry Film
Conductive Layers
2 Expose Mask Material 1 (Upper Forms Ground
Conductive Layer) Plane on Lower

Conductive Layer

3 Develop

4 Etch Cu [No Etching on
Upper Conductive
Layer

5 Strip Dry Film
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[ 0065] Referring to Figure 7-10 and 19-22,

the side portion 52 is the

conponent of the package that joins the bottom portion 50 and the top
portion 480 206w@2301de portion 52 may include a single | apemr/uskoodn21276

non- co
mat er i

nductive mat eri al
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H provide effective
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portion 48, 5

52 enbodi nents descri bed above can be utiTrzed 1n any

conbi nation w thout departing fromthe invention discl osed and descri bed

herein. [0069]

In Figure 23,

connection to an end user'

s board i

s nade

t hr oughahlpd: BmccssmgﬂﬁMa‘r@nalsd 2,Tand toiradiottrou Roitiog) ori ent ati on i s bottom

t hr ough

portlﬂ8&50 doﬁgyﬁbnnectlon f r Dresériyticnr ansduceNod8 to the plated
hol es |i ire bonding. The transdufer back -
1 Laminate Materials 1 and 2
Laminated Using
Material 3
2 Drill Thru Holes rill Bit = 0.025 in.
3 Direct Flates Thru Holes
Metallization/Flash
Copper
4 Dry Film (L1 and
L4)
[Expose Mask Laminated Forms Traces and
Materials 1 and 2 Solder Pads
(Upper and Lower
} Conductive Layers)
6 Develop V
7 Electrolytic Cu 1.0 mil
8 [Electrolytic Sn As Required
9 Strip Dry Film
10 Etch Cu
11 Etch Cu
12 [nsert Finishing ING Option (See ING Option for Proof
Option Here Table Below) of Principle
13 Dry Film (cover 2.5 mil Minimum Thickness
lay) on Upper on Upper Conductive
Conductive Layer Layer
Only
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volune 18 is formed by the back hole (nmounted down) of the silicon

m cr ophone only. Bond pads,

wire bonds and traces to the termnals are not

shown. A wens@m2siicordi nary skilled in the art of PCB desirgrs2eusiok1276

understand that the traces reside on the first conductor
bonds fromthe transducer 58 are be connected to exposed pads.
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Table 5 descrlbes the formation of the side portion 52. This process involves

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

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

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

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

[0077]

After routing the matrix, the board will have to be electroless or DM 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 final routing as a first step.

Table 5: Processing of Material 4 (Side Portion)

Step Type Description Note

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

2 Direct 0.25 mil minimum Forms Sidewalls
Metallization/ on Side Portion
Flash Cu

3 Route Panels
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hydr ophobi ¢ and prevents corrosive plating chem stry fromentering the
chanber 56. [0073] Referring to Figures 27-29, the portion to which the
t ransducewounid/025@6i s nounted nmay include a retaining ripag/us40050be276
retaining ring 84 prevents w cking of an epoxy 86 into the transducer 58

and fromflowng into _the acoustjc rt. or apertyre.54. . Accordingly, the
shape 0878 he TrlE §i %W%ithﬁgprgaewn&&%ﬁ&% &P}"&“néﬂ%foflﬁ%“%%tﬁée Bt he

trans | R Sridue §AdGIRL c28Be BofGAGLS! | Ve
mat er%gﬁgfe%é??ggg%ﬂ{éﬁ%%?c%}?%%g%ge? %}qnggeq& on a non-condac?i ve%yer

mat er icahducti®® FAkr Refing thednha 1&eguThe @Posehyeroizhaioppariiog 484vill sot maged
onto a nonconductive |l ayer. An eggﬁé.is appl i ed gﬁtside th E r.i met er of
the r&@¥e APORPEF Cogjnss It qpyeces BBt CteHB QT RYCRgsgY i WY EF | aps
the e . retaining ring 84. This reduces epoxy 86 w cking up

t he s%ﬁ%sggdt elr{a%gnsducer' s 58 etched port (in the case of a silicon die

m cro ). A[.OO75] LNakd Ve ref j -0 Fi Lol ng

i ng. BUOBT pamiiRarde SO o b Bt D ) SeckPuttr i RS

ret ai Rigpy If §d) thedh suiitablelolce ieid il Be cHoben thet ednnsulgve iigirdiing proskssght | y
smal l er than the foot print of the transducer 58 so that the epoxy 86 has a
restricted path and is, thus, less likely to wick hi Figure 29, the
retaining ring 84 is fabricated so that it contacts the etched port of the

tfa”S%Ef‘efﬁ;%ocelgﬁgwrbﬁ%ﬂ%rf abl es provide an illustrative exanple of a

typi c—et+ret board—processrng-techniaue—for brrcattTomof—the housi ng

of thi¢*Rmbodi{nEft . Tabl e 1:5%“{%}19& sable 3: Pr Oz%si ng of Matefials

( Bot t grmPOT T a1 & 2)|CORFREvd RRY& O describes the formaiipn of the

si de porttonmi2—_fnTs—proc g wvES_ ToutT 1y [ f ngs in FR-4
AR ST U ST RN R e st P

boar d;;‘} !‘L’)‘J%.‘S%#CD UAZLLELRL® B O—pe—t1e——C €eCtiVve
i i hi th h_th i
manuf gcturi ng by pHheA-hRg—thRedgh—thRe—enf i re core,

or, aldernati ety punchi ng several layers of nh-flow pre-preg hnd thin
core ¢>stage [Drill Matrix of  [Drill Bit 0.025 in. Acoustic Ports
Holes
PTFE (Environmental
6 ~ [Laminate Barrier) Between 2 Pieces  [Forms Top Portion
of Material 5

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

Step Type Description Note
1 Screen
Conductive
Adhesive on
Material 4
2 Laminate Bottom Portion with Side Forms Bottom
Portion Portion with Side
Portion (spacer)
3 Add Transducer [Silicon Die Microphone
Assembly and Integrated Circuit
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routing the matrix,
Fi nal | y, wbeotsoasads w | |
This step can be done first or
ng as. a_f

drapiipatgd Mgt

perfor

Si de Ph#hle

mthe fi
1

nal Li
nf %ﬁxngp}&

t he boa

rd will

| ast .

have to be el ectrol ess or
have to be routed to match thePootusesnsporé on.

of proper thickness.

[0077] After
DM pl at ed.

It may nake the pi ece nore workable to

tpigls 174 aha A

rocessin of Mteri al

\5 the top

4

portion. The

f or mat
i qui

Pen of t

sol der

| ayer.
coatin
as a o
boar d.

1The exq
g. It c3g
ne si ded

Drillin

REeN | ayer of
onghichy®cesse
Allrasiveadne. [ O

Yoy BOtIOACUT &

Fepet op portio
npask—on-the b

the top

rter t he

portion 48

d this way through efching or
D79] A matrix of hol
|nag|ng step.

pea@iptionol ves i magin (ﬁedry f|In1cov

ill not have a

I f so,

pur cha
s is drilled in
then a

br | ay or

t he i nner
Copper

sed this way
othe lid
sui tabl e

sol der
Pr oces
4 wt

ITES K10
Si ng of
Net-eri-aH

CNoSerl

o0 PortionTab
| I:Tglfﬂno

‘Srt IIIII

?onh g T poich

iSH i gf%le[ ne

T

'\llJ\JLDI /("_n| r‘l TITah
CINCT T VAN

TOCES
eria

5. Tabl e 6:
s 1, 2, and
e 10:

Finis

RisencT (Nerp

/ (‘-nl d/ T|

n\TahI e 11:

Einishin O tion

ST

(SiIver/Tin) [ 0080] Flgure 30 is a plan view illustrating a panel

3ng (hfl

90 for

formng a plurality of m crophone packages 92. The m crophone packages 92

are di
packa

itbleguﬁmls

O

panel

58P or

Eﬂ?naller or

GO ID),

anonacleann

14 x 24 array,

dicnanc

or 336 m crophone

cd on the

Ty \.'j od SARASARASEE ~A= A= Ay =y

5?"@'&% 10}B‘anel S.

As de

ho
oy LA ) |

=4 PUU

ﬁ?ﬁ?bed hereln i

N connecti on

wth ti
i ncl ud
housi n
and t

toget h

1T V(J.I IL
a nunt
g, envir

) CII-IJU IIE[IL

PP ayer s,
(dﬁfﬁ@m-ai) barr

UI fIIC
such as
ers,

adhesi ve | ayer

I IIVCIILT UTT,

t op, bot t om

fre HFCIUPHUHC 9]
and side portio
$ for joining thg

ckages
ns of the
portions,

IIKE

i Eion Au at

ér, each

o
O

ion may

(25-30 p-in)

mment—of
be forned to include

the—portio

sTas they are b

a plurality of

ought

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

Step Type

1 Mask 1.2 (using thick dry film or high tack dicing tape)

2 Immersion Ni (40-50 p-in)

3 Immersion Au (25-30 p-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)

Remove Mask on L1
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al i gnment apertures 94. To sinultaneously manufacture several hundred or
even several thousand m crophones, a bottom /| ayer, such as described
herei n, iwopo@wi2zdEd. A transducer, anplifier and conponenftrasass/osecar ed at
appropriate Iocations on the bottom | ayer corresponding to each of the

m Ccro es, t pouf a ced. A adhe5|ve | ayer, such as a sheet of dr
%ﬁ;i Amsnmgllo ST (sEiver/ T y - - y

adhesi is om-l-aye and a si dewa portion |ayer
S po<$tFPoned over{T¥PRe adhesi ve |ayer. An addl tional dry adhe¢sive layer is
posi t irered oved—by SHRFES Retlier dry
adhesilve Iayer and™M e BSIP%\S}’é‘fk FHe rﬂ’lé@ﬁégld%ngﬁ‘?@rs ar¢ activated,
such gs—by—the—eap iiuatluu ot ref-or—presstre—tre—paned is then

separgted into in s&&n%ﬁ%gﬁﬂﬂ@ assenbl i es using known panel cutting
and se? rating Uec ﬁh 3kgﬂ§ﬁj The m cropnone, m crophone]package and
nmet hod of assenbly herein described further allow the manufa¢ture of
nultipie m Cropﬁo% E?r(@shﬂgt}ﬁél@ﬂtyﬁn%lqﬁglﬁ)%ﬁ%l&ﬁgf T The sinpl est

r

form |[during sepa BESH ybe left Joi ned t oget her, such as
t he mjcr ophone paijr %gybﬁﬁﬁﬁyﬁ n Flgu f?ﬁ Each m crophone 98 and 100 of

t he n1§rophonepa|rkgﬁakﬁmgnygog_nn@gﬁgte, I ndi vi dual Ty operalpl e m crophone
in a gingle packade sharing a n sidewall 102. Alternativyely, as
descrijbed herei n, RemducMagleohidces may be fornmed in the various | ayers of
eithenthe top or lbottomportion thus allowng milfiple mcrophones to be
el ectrically coupl ed. [0082] Wil e specific enbodi ments have been

il lustrated and descrlbed numer ous nDdlflcatlons come to mnd wthout

i gni fi cant | t d.th f
o ot edDPBHl' | FiGEP 301 e Rl MR iGie s bertd o) B SBEBRAMPHEES ai s oAl WS
1. A rm&fmbﬁa BackaE® 9% | THE mitrépHohk pbayages 9B hie ditHBh1RE ofl Shd PArRYO@ M 4 Nt er nal

chanber, a first |ayer of the
14x 24 array, or 336 microphone packages total. Fewer or more microphone packages may

be disposed on the panel 90, or on smaller or larger panels. As described herein in
connection with the various embodiments of the invention, the microphone packages include
a number of layers, such as top, bottom and side portions of .the housing, environmental
barriers, adhesive layers for joining the portions, and the like. To assure alignment of the
portions as they are brought together, each portion may be formed to include a plurality of
alignment apertures 94. To simultaneously manufacture several hundred or even several
thousand microphones, a bottom layer, such as described herein, is provided. A transducer,
amplifier and components are secured at appropriate locations on the bottom layer
corresponding to each of the microphones to be manufactured. An adhesive layer, such as a
sheet of dry adhesive is positioned over the bottom layer, and a sidewall portion layer is
positioned over the adhesive layer. An additional dry adhesive layer ié positioned, followed
by an environmental barrier layer, another dry adhesive layer and the top layer. The dry
adhesive layers are activated, such as by the application of heat and/or pressure. The panel is
then separated into individual microphone assemblies using known panel cutting and

separating techniques.

[0081] The microphone, microphone package and method of assembly herein described
further allow the manufacture of multiple microphone assembly, such as microphone pairs.
In the simplest form, during separation two microphones may be left joined together, such as

the microphone pair 96 shown in Figure 31. Each microphone 98 and 100 of the microphone
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mul ti-layer wall housing being non-conductive and a second | ayer of the

mul ti-layer wall housing being a conductive |ayer; an acoustic port forned

i n the maoi2eécapsricwal | housi ng; and a transducer di spo®eu/usaosioni2zhe
chanmber in conmmunication with the acoustic port. 2. The m crophone of claim

2, conpr.ising.an environnental barrier secured to the housing covering the
acoust PEY 6 52 SRty R A Opstrale ZTRICEIORR IR a.570Re BAFASE ShTIREE § or

bei ng gisResadichaliveen Aigyeisel9f ad fchibdd herbiay &dndnetite hRes hAg bedornldie

m crophone of claim2, the environnental barrier having acoustic

pr oper ini ths vadgousTiapersdf eithen dredop br bottemmpertianribus adwing medtiple niiarophenes

provi di art.icle screening or noisture screening. 6. The m crophone of
claim E’,n&i‘ﬁgagﬁ }yr %H\Le al barrier providing optical screening. 7. The

m crophone of __claim 2, the environnmeptal. barrier being dj sposed between a
first Mghctw elsﬁ%éfric QH‘BO(f{mg’é’féglﬁHe g%%?dﬂ&%ﬁ%f F%Q/%fsc% edlb REMAAQUE| - | ayer

wal | h i : i : ' N Bddard I d =l ' 8. The
i cr ophaaaroR] ot § iA3ERNRahileait) ARrnIEESH the Bl S mo MRSy

pol ymeandthaatare aflpratectian is iontydimdedriey e scapeof the ac@mpBhgingi@rimphone  of
claim1, the housing conprising a second acoustic port, the second acoustic

port being directly acoustically coupled to the transducer. 10. The
m crophone of claim9, conprising a second environnental barrier
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secured to the housing covering the second acoustic port.11. The m crophone
of claim1, wherein the nulti-layer wall housing conprises secured together
a bott omwayess/023018i dewal | | ayer and a top |ayer. 12. TireTndseoospbrie of
claim1l, wherein the bottomlayer, sidewall |ayer and top |ayer are
secured together by adhesive. 13. ﬁggp@hgrophone of claim 12, wherein the
adhesi ve conpri ses a conductive ad > 14. The m crophone of claim 12,
wherein the adhesive conprises a patterned dry | ayer adhesive. 15. The

m cr ophone of clgingqbgo? oMb eseprkitdie adhesive conprises a nonconductive
patterned dry |ayer a ﬁésive and a conductive adhesive. 16. The m crophone
of claim 11, whesmuiti-ldyer woll homsihggefining anlevetnkl ¢haydrer,anfirst laperd afithe  each

conprise_a cond ive |layer, the conductjve |layers bein l.ectrically

coupl eyl hrisighRB codif e and ageopBl By S REg a5 em vl |

Si de“ﬁidﬁin?%@iﬂg%dfﬁhéti\?ﬂa?&- formed to include an el enent selected fromthe
group of efements consisting of: circuitry, ground planes, solder pads,

ground pads, poweragohstiepqrt feamad in thesnalticlaydrwalbhousolge apdds. 18. The

m crophone ,of claima17,. wherein.the elenent j.s fornmed wthin | ayer of the
Tl 1 Seevs ClsPRar iy e Chest i SrihBatich bR acPu et st hg a
recess formed within the multi layer wall housing adjacent the transducer
creating g back ¥R miRoplkdhe of ORIAI2C EARPASIAS &h efividddthdiial Yaheer'seas$tdei ng

formed between |ayers of the nmulti-layer wall housing.
the housing covering the acoustic port.

3. The microphone of claim 3, the environmental barrier being disposed between

layers of the multi-layer wall housing.

4, The microphone of claim 2, the environmental barrier having acoustic
properties.
5. The microphone of claim 2, the environmental barrier providing particle

screening or moisture screening.

6. The microphone of claim 2, the environmental barrier providing optical
screening.
7. The microphone of claim 2, the environmental barrier being disposed between

a first conductive layer and a second conductive layer of the multi-layer wall housing for

forming a capacitor within the multi-layer housing.

8. The microphone of claim 7, the environmental barrier comprising one of a

polymeric material and a sintered metal material.

9. The microphone of claim 1, the housing comprising a second acoustic port, the

second acoustic port being directly acoustically coupled to the transducer.

10. The microphone of claim 9, comprising a second environmental barrier

secured to the housing covering the second acoustic port.
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21. The m crophone of claim1, the chanber form ng a back vol une and bei ng
coupled to a first side of the transducer and the acoustic port being
coupl ed twoaoesrsnd si de of the transducer. 22. The m crophise@sobi2es ai m 1,
the m crophone conprising a joi ned pair of mecr ophones 23. A net hod of

manuf act yyi ng a-HLcr:Q V, rising a
plurali tyi ‘of boﬁ%m1 B féi&%p%r %1 0n §I‘)\E}grelglﬁ%ollrnﬁié{s1 SRdl H ﬁ ﬁ&Il %??I?@gr%
m cr ogdearedsogethanoisittugn dayer, arkdwal layen aﬁ@almp)]‘ayéme pl ur aI ity of bottom

| ayer portions; securing a second panel conprising a plurality of top |ayer
portions_for the plurality of mcrophones tq the flrst panel, the_ top |ayer

portion &hcl osi AgeiHerophaRsefirdam L tereia thahotior lages Pﬂéﬂag}aﬁhén‘iw | ayer
porti rtion; and separating the plurality of

m crop %ﬁée}gséé;ge&)@%g %ﬁx@{esﬁgcl aim 23, conprising providing a third panel
conprising a plurality of sidewall portions for the plurality of

m cr ophoh®s bet Whemittophdna sfclgmnE), wieckit tie mibesine cqamédes a2ondddidrenet hod of
cl ai mcﬁ@ wherein each bottomlayer portion and each top |ayer portion
conpr ¥ si¥econduct i ve | ayer, the nmethod conprising electrically coupling
the conductive layers. 26. The method of claim 23, wherei n securing the
second papel compe 'nﬁ&% RERVO G B, Wh%réﬂﬁfé%dﬁ@sﬂz@h! ﬂeﬁiaad}yrst
panel and the second panel and activating the dry a S|ve | ayer to secure
t he flayetadbasize. to the second panel. 27. The nethod of claim 23, wherein
each bottom | ayer conprises an acoustic

15. The microphone of claim 12, wherein the adhesive comprises a non-

conductive patterned dry layer adhesive and a conductive adhesive.

16. The microphone of claim 11, wherein the bottom layer, sidewall layer and top

layer each comprise a conductive layer, the conductive layers being electrically coupled.

17. The microphone of claim 11, at least one of the bottom wall, sidewalls and top
wall being formed to include an element selected from the group of elements consisting of:
circuitry, ground planes, solder pads, ground pads, power planes, capacitors and through hole

pads.

18. The microphone of claim 17, wherein the element is formed within a layer of

the multi-layer wall housing.

19. The microphone of claim 1, comprising a recess formed within the multi-

layer wall housing adjacent the transducer creating a back volume.

20. The microphone of claim 19, the recess being formed between layers of the

multi-layer wall housing.

21. The microphone of claim 1, the chamber forming a back volume and being
coupled to a first side of the transducer and the acoustic port being coupled to a second side

of the transducer.

22. The microphone of claim 1, the microphone comprising a joined pair of

microphones.
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port, and disposing the transducer conprises disposing the transducer

adj acent the acoustic port. 28. The nethod of claim 23, wherein each of
bott om | ayersocn3@|ach of the top | ayers conprise an aco®srius2@siobi27é he

met hod conprising providing an environnental barrier covering the acoustic

ort. 29.,The nethod, o | ai m 23,. wherein, separating the plurality of
Ir?icrophon%-%r conp i‘ggt °@8§5’Pﬁ?‘a Gripga THEIAPEPPE SPBRTISHEr ophones i nt o

m crophone pai r Sproviding a first panel comprising a plurality of bottom layer portions for a
corresponding plurality of microphones;
disposing a transducer on each of the plurality of bottom layer portions;
‘'securing a second panel comprising a plurality of top layer portions for the
plurality of microphones to the first panel, the top layer portion enclosing the transducer
within a chamber defined by the top layer portion and the bottom layer portion; and

separating the plurality of microphones.

24, The method of claim 23, comprising providing a third panel comprising a
plurality of sidewall portions for the plurality of microphones between the first panel and the

second panel.

25. The method of claim 23, wherein each bottom layer portion and each top layer
portion comprise a conductive layer, the method comprising electrically coupling the

conductive layers.

26. The method of claim 23, wherein securing the second panel comprises
providing a dry adhesive layer between the first panel and the second panel and activating the

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

27. The method of claim 23, wherein each bottom layer comprises an acoustic
port, and disposing the transducer comprises disposing the transducer adjacent the acoustic

port.

28. The method of claim 23, wherein each of bottom layers or each of the top
layers comprise an acoustic port, the method comprising providing an environmental barrier

covering the acoustic port.

29. The method of claim 23, wherein separating the plurality of microphones

comprises separating the plurality of microphones into microphone pairs.
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