WO 97/ 45829

PCT/ US97/ 09352 TI TLE OF THE | NVENTI ON
PROTECTI VE COVER ASSEMBLY HAVI NG SOUND TRANSM SSI ON CHARACTERI STICS 5
CROSS REFERENCE TO RELATED APPLI CATI ONS This application
claims the beM&X97458® Provi si onal Application No. 60/ DABU§HNI3RE; | od
May 31, 1996. -1~ FI ELD OF THE | NVENTI ON 10
The present invention generally m%&“ tic cover assenbly

whi ch provides mninmal sound att sducer apparatus, such
as but PROTECTIVE COVEROASSEMELY HANTNGSOUNDCTRANSMISSKIN CHARACTTERISTICS!
buzzers, which are enpl oyed in such devices as, but not limted to,

cellular, cgrdless, or vgAds REFERENCESTS REPATED Nﬂi%’loﬁgd per sonal
pager-s. Addl tional I t he present 1 nvention o novel

conbi nations of acoUbisiapplicgtien claimsdhmbenedt of Fiiovisienak Application gasket s.

BACKGROUND OF Thip & 1Chled May 31, 1998, Modem el ectroni ¢ conmuni cati on
devi ces, such as cellular tel epHones 20 have been designed with
hou3|ngs whi ch have very snmall openings or apertures | ocated over

transducer devices. Such a design Erovi des m ni nal protection
agai nst incidental exposure to 9] L ION casi onal rain
drop, for exanple. Rhepresent ibventiorigenedily eslates & ancdcpusticicdneraiseembly
transducer's {scﬁ\in d gg'%ﬁu“ﬂ’ Y esi st
liquid entry if v{ ich rﬁ\tug roni S@ﬁ‘ aa% I ce r%s%lgtbj ‘)r%?g%%réli@ sD%“eag or
exposed to rain.but ot imited to '°"d5P55'i?éﬁ @hicrophangs,Jingers candhyzaers omhiemarat i on
devi ces have enm@Enipisyddan such devices as, but not limited to, cellular, cordiess, or wired

telephones, radios, and personal pagers. Additionally, the present invention

18 relates to novel combinations of acoustic cover assemblies and acoustic
gaskets.

BACKGROUND OF THE INVENTION
Modern electronic communication devices, such as celiuiar telephones,

20 have been designed with housings which have very small openings or

apertures located over transducer devices. Such a design provides minimal

protection against incidental exposure to water, such as an occasional rain

drop, for example. However, this design excessively attenuates a transducer’s

effectiveness and sound quality, and can not resist liquid entry if the electronic
25 device is submersed in water or exposed to rain.

To date, various electronic communication devices have employed a
porous, non-woven or woven fabric as a protective cover for transducer
devices. In this regard, it is well established that the amount of sound
attenuation attributed to a porous material is a function of the material's

30 resistance to air flow, of which the following are controlling parameters:
material thickness, fiber diameter, effective pore size, and pore volume.
Although such porous materials may have operated with limited success in
various applications, such materials are reiatively ineffective in protecting
transducer devices from damage due to liquid entry into the electronic device.

35 These porous fabric materials have relatively large pore sizes which permit
liquids to easily pass therethrough. it has been discovered that treating these
porous fabric materials for water repellency does not permit immersion of these



por ous,” non-woven or woven fabric as a protective cover for transducer
devices. In this regard, it is well established that the amount of sound
attenuation attributed to a porous material is a function of the material's
30 resistance to air flow, of which the followng are controlling
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srgmﬁcantly attenuate sound signals. Although such a covering may operate
with varying degrees of success, it is desirable to support such a membrane
with a substrate to provide for increased durability and resistance to physical
degradation. However, to date, coverings employing micro-porous membranes

20 in combination with support structures have had unacceptable attenuation
losses.

United State Patent 5,420,570 teaches the use of a non-porous film as a
protective layer to protect an electronic device from liguid entry. Althoughitis
well known that a non-porous film can provide excellent liquid entry resistance,

25 such non-porous films suffer from relatively high sound transmission losses
which excessively distort signals. These high losses resuit from the relatively
thick and stiff non-porous films which are required to permit immersion to
significant depths.

United States Patent 4,071,040 teaches disposing a thin micro-porous

30 membrane between two sintered stainless steel disks. Although such a
construction may have been effective for its intended use in rugged military-
type field telephone sets, such a construction is not desirable for use in modern
communication electronic devices. The sintered metal disks are reiatively thick
and heavy, which is disadvantageous in the design of portable and compact

35 communication electronic devices. Furthermore, disposing a micro-porous
membrane between two stainless steel disks physically constrains the
membrane, thereby limiting its ability to vibrate, which reduces sound quality by
attenuating and distorting a sound signal being transmitted.



pol ytetrafl uoroet hyl ene nmenbrane as a covering for an electronic
transducer. 15 This nmenbrane restricts |liquid passage through the
menbrane, and does not significantly attenuate sound signals.
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PCT/US97/ 09352 ¢oyer vents and gasket systems for electronic communication devices. Thus, it
is apparent that it wouid be advantageous to provide an improved protective
20 system directed to overcoming one or more of the limitations set forth above.
Accordingly, a suitable alternative is provided including features more fully
disclosed hereinafter.

SUMMARY OF THE | Tio

25 The present invention advances the art of electronic devices, and
techniques for acoustically sealing such devices, beyond which is known to
date. In one aspect of the present invention, a sound-transmissive cover
assembly is provided which comprises a protective membrane layer which is
selectively bonded to a layer of porous support material. The layers are

30 selectively bonded so that an inner unbonded region surrounded by an outer
bonded region is formed. The unrestrained portions of the protective
membrane and porous support layer are allowed to move or vibrate
independently in response to acoustic energy passing therethrough, and
thereby efficiently transmit sound energy across the assembly.

35 In another embodiment of the invention the protective cover assembly
includes at least one acoustic gasket attached to a surface of the protective
membrane layer and/or a surface of the porous support layer. The acoustic



In addition to the foregoing, an acoustic gasket is desirable to maintain
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Figure 6a is a partial sectional view of the assembly of Figure 6.

DETAILED DESCRIPTION OF THE INVENTION

25 Referring now to the drawings, wherein similar reference characters
designate corresponding parts throughout the several views, embodiments of
the acoustic cover vents and gasket systems of the present invention are
generally shown in a variety of configurations and dimensioned for use in a
typical celiular phone application. As should be understood, the acoustic cover

30 vents and gasket systems of the present invention may be used in any
application requiring acoustic transparency and environmental protection, not
fimited to the applications illustrated and described herein.

As the term is used herein, “selectively bonded” and derivations thereof

means to at least secure the edges and/or bond the layers together in the

35 region near their edges while leaving a center portion substantially or totally
non-laminated or unbonded so that the protective membrane layer and porous
support layer are free to move relative to each other in the unbonded regions.
For spans less than about 38 millimeters between the peripheral bonded




thereby efficiently transmt sound energy across the assenbly. 35
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mounting location 12 and a loudspeaker mounting location 13. The number,

18 size, and shape of the apertures 11 may vary greatly. Alternate aperture
designs include narrow slots or a variable number of circular apertures.

Figure 2 is an internal view of the front housing cover 10 illustrating the

microphone mounting location 12 and the speaker mounting location 13. In
addition, Figure 2 illustrates generally a typical mounting location for protective

20 vent covers 14 which are mounted in the microphone mounting location 12 and

Figure 5
gasket ;

the speaker mounting location 13.

Fi gure

Figure 4 is

Figures 3 and 4 illustrate an acoustically transparent embodiment of the
protective cover assembly 14. By “acoustically transparent” is meant that
sound energy passing through the assembly is attenuated by 1 db or iess. As

25 ilustrated therein, the protective cover assembly 14 comprises a backing or
support layer 30; a first adhesive layer 20; a protective membrane layer 22;

and a second adhesive layer 24.

With reference to Figures 3 and 4, the protective membrane layer 22 is

shown selectively bonded to the outer region of support layer 30 by an

30 adhesive layer 20. The protective membrane 22 provides a barrier to dust and
other particulates, is resistant to penetration by water or other aqueous fluids,
and, to minimize sound loss therathrough, is preferably porous. However, a
nonporous film can be used in instances where resistance to higher water
pressures, or to nonaqueous liquids, has sufficient value that increased

a5 attentuation of the sound energy therethrough can be accepted.

The protective membrane can be made of many polymeric materials
including, for example, polyamide, polyester, polyolefins such as polyethylene
and polypropylene, or fluoropolymers. Fluoropolymers such as polyvinylidene



Figure 6 is a plan view of a protective cover assenbly in which the cover
mat eri al 20 I s encapsul ated by a nol ded el ast oner gasket;

Figure 6a is a partial sectional view of the assenbly of Figure 6.
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wher e the spates38aiciametersinon)inal ppiecizel in theraege 0.2 to 15 micipmetersexceed about 38

millimeters, pletdrily MANEFange 866 1it6 8 BRIt RRFENAUMin the range 50
18 to 99 percent, preferably in the range 80 to 95 percent; air permeability in the
range 0.05 to 30 Gurley-seconds, preferably in the range 0.5 to 3 Gurley-
seconds; and water entry pressure resistance in the range 0.2 to 80 psi (1.4 to
552 kPa), preferably in the range 1 to 10 psi (6.9 to 69 kPa). Nonporous
protective membranes should be as thin as possible, preferably 25
20 micrometers or less thick, more preferably in the range 1 to 12 micrometers
thick.
In one embodiment of the present invention, protective membrane 22 is
comprised at least in part of porous polytetrafiuorosthylene (PTFE). As the
term is used herein, porous polytetrafluoroethylene (PTFE) shall mean a
25 material which may be prepared by any of a number of known processes, for
example, by stretching or drawing processes, by paper-making processes, by
processes in which filler materials are incorporated with the PTFE resin and
which are subsequently removed to leave a porous structure, or by powder
sintering processes. Preferably, the porous polytetrafluoroethylene materiai is
30 porous expanded polytetrafluoroethylene having a microstructure of
interconnected nodes and fibrils, as described in U.S. Patent Nos. 3,953,566;
4,187,390; and 4,110,392, which are incorporated herein by reference, and
which fully describe the preferred material and processes for making them.
The porous PTFE membrane can contain pigments, such as a carbon black, or
35 dyes by which it is colored for aesthetic purposes.
The backing or support layer 30 may be comprised of any suitable porous
material that is strong enough to support the protective membrane 22, and yet
is open enough to aliow sound waves to pass therethrough without excessive
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pol yet hyl ene The inventors have discovered that by selectively bonding the protective
membrane layer 22 to the porous support layer 30 to form a unitary cover
25 assembly 14, sound energy can pass through the assembly with virtually no

attenuation whilst still obtaining support and handling benefits. The protective
membrane layer and porous support layer are bonded or laminated together
only in selected areas or regions, so that large unbonded areas between the
layers are provided. Thus, the protective membrane layer and porous support
30 layer are free to move or vibrate independently from each other in the
unbonded regions in response to acoustic energy. The protective membrane
layer 22 and porous support layer 30 are generally superposed and positioned
so that their edges are coextensive, aithough such need not aiways be the
case. The protective membrane and porous support layer are bonded together
35 at least in the peripheral regions near their edges, so as to form and surround
one or more inner unbonded region(s) within the outer bonded region. For
cover assembliies in which the span defined by the inner perimeter of the
bonded region is about 38 millimeters (1 1/2 inches) or less, there is generally



and pol'ypropyl ene, or fluoropolyners. Fluoropolyners such as pol yvinylidene
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fluoride (PVDF), tetrafl uoroethyl ene-hexafl uoropropyl ene copol yner (FEP),
tetrafl uoroet hyl ene-(perfluoroal kyl) vinyl ether copolynmer (PFA),

pol yt et r af wop9mssdey| ene (PTFE), and the gi ke, are preferred:‘rfusmmb r

I nher ent | Lnertn erature
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repel | enp rratWﬁl‘%ﬂféﬂdsﬁmﬂﬁhéspﬁﬁcdIboedzbhasnnsueaﬁoflém boridomints,, 116, 650,
10 5, 286, 27Phe feedsr diditiona b%ﬁ&n?lgﬂtﬂ%\f/ﬂgd?ﬁséhg?o@a}%%ﬁbiﬁén be used.

A porous prot ct| ne s OW N operties:
thi ckness in %{HQB%?PQ gt%?@%dﬁwﬁ?m%‘?”gmrﬂséﬁ@raémwh?n t he range:
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pore vol UI’TE I e ran er cent in the range

80 to 990per marllqe &hefoyen 3ssepbly, In g@eral for all snzqsaq:.g@rgfeggd thet 30
Gur | ey- secondthe apracdf thiealsdngded regidms)rbartgmnﬁkeﬂ totha extent gdymitted by the  Seconds;

and water ent chgsq l.4to0

552 kPa), prefe r%@%deat ran linetnﬁoi p‘"rsﬁq sg"‘ﬁ’x %@Eg,%fe c‘f(lonporous
protective mefipeapRYNRoNded tegion(s) be maximizad. p055| ble, preferably 25 20

m croneters or | €ffe grbtective niemiisrams i s 22dng uol‘bdshepsﬁo’iﬂafarbot,ﬂayl& m croneters

thi ck. r%w.led byﬂk?ﬂ%%dgﬂpm mﬂé aer Fg]&?% ﬁ{&% cﬁné\a X

pr ot ect | ve me ri'se M) por ous
pol ytetraf | uotpq;\gpgyy gn@acemyeat@dtpmssure between platens or rolis, or other

fusion methods such as heat welding, ultrasonic welding, RF welding, and the
like. The protective membrane layer and porous support layer can also be
bonded by adhesives using methods and materials selected from many known
20 in the art. The adhesives can be thermoplastic, thermosetting, or reaction
curing types, in liquid or solid form, selected from the classes including, but not
limited to, acrylics, polyamides, polyacrylamides, polyesters, polyolefins,
polyurethanes, and the like. The adhesive can be applied by screen printing,
gravure printing, spray coating, powder coating, and the like. or in forms such
25 as a web, mesh, or pressure-sensitive tape.

The cover assembly 14 can be used to protect a transducer device
located in a rigid enclosure or housing such as a cellular telephone, portable
radio, pager, loudspeaker enclosure, and the like. The cover assembly is
designed with consideration of the dimensional characteristics and acoustic

30 properties of the transducer first and secondly with respect to the sound
transmission apertures of the housing. This is particularly important in sizing
the unbonded area of the cover assembly. It was observed that the amount of
open {not bonded) area significantly affected sound transmission values into or
out of a housing. It was surprising to learn that sound energy losses were

35 significantly reduced by increasing the amount of unbonded area of the cover
assembly, even though the area defined by the sound transmission opening or
apertures in the housing was very small. Although an exact relationship has
not been established, it is felt that the unbonded area of the cover assembly



termis used herein, porous polytetrafluoroethylene (PTFE) shall mean a 25
mat eri al whi ch may be prepared by any of a nunber of known processes, for
exanpl e, by stretching or draw ng processes, by paper-making processes, by
processes in which filler materials are incorporated with the PTFE resin
and VWPOH48RL subsequently renpved to | eave a por ouFHYNEWE, or
by powder shoulibetat léasigeqoaldc thesupen alsaadf diesdpeyturesietheevios's

pol ytetraf! uoro q.Hqg,}.\g Rgaﬂm,&{ th@ L:o\}e? ass’iﬂlbly is R)%@H S?MQQFL%Q thatthe - ted
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The porous PTFE rreng? éﬂ‘gh%reﬁ'tb%gh%gf %%‘P@#PEH“ % °%1se COVRASBBR Y| ack, or
35 dyes by whinelédastat jeastanedrceoustic gaskebattached to psurfacs obthe protective

Thf baclkl ng ?r SHEMWBrahe iaw.eénmtarmua&eofwwt i rbddlip rt ¥, Stiel &&cpgrzous g
mat er-i a a |s stron 0 _SUuppor pr ot ec rane an
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w t hout exce55| vmembrane Iayer and podus Bupdmtiayer in the unbonded region. -
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fo
but are not |i mi tauhighfurthescomposas %PWB‘%} *mlsftﬂe%k?md&ﬁﬁq gt
and nmesh or scr ifomm aunitiry gsieted\pratedtive oover assBmbiystB:h as those |isted above.

In a preferred emo%ﬂ{?ﬁéuw%@é’é&tﬂeﬂé%@g\%&ﬁgi @R%@ﬁ%@e@@ oleEiiys

material 5 W th

mi crometers (0. (RgYer gsgembiy in whw'bthesgsﬁs and-at feashp pyrtiom otthe gugebendeeh about
200 to abo#$s 40Gegions chveverassémbli@®34 are encapsuldted By Qriﬁcdustld@ésheta basi s

wei ght of 0.5 tqrafgr.aabyﬂﬁ kdripie, egrﬁa ﬁ{é&%é/ Mo%e?bﬁgeﬁg%aﬂ 1.0

to 3.0 oz/yd[e orous su port | ayer 30
is to provi de necharsdhg terp is used hgrain. taqoystgc@sfptog qrwgtuqngy'@reqjghalh t he
event of unexpeahesh 4 material vy ipRaberties of absorbing or reflecting sound wave

energy when compressed between two surfaces to form a seal. The acoustic

20 gasket can be used in a conventional manner between a transducer and a
housing surface, or between surfaces within a housing, to acoustically isolate
and dampen vibrations in selected areas.

Conventional commercially-available materials are known in the art and

are suitable for use as the acoustic gasket material. For example, soft

25 elastomeric materials or foamad elastomers, such as silicone rubber and
silicone rubber foams, can be used. A preferred gasket material is a porous
polytetrafiuoroethylene material, more preferably, a porous expanded
polytetrafluoroethylene material having a microstructure of interconnected
nodes and fibrils, as described in U.S. Patents Nos. 3,853,566; 4,187.390; and

30 4,110,392; which are incorporated herein by reference. Most preferably, the
acoustic gasket material comprises a matrix of porous expanded
polytetrafluoroethylene which may be partially filled with elastomeric materials.
The acoustic gasket can be bonded to the cover materiais using the methods
and materials for bonding together the protective membrane and porous

35 support layer described hereinabove.



agai nst the protective |ayer. For exanple, against hydrostatic pressure

forces on the assenbly when the device in which the assenbly is
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and porous suffRsP: Thﬁl%qm%'%"'b@ﬁﬁ’&ﬁ? B g eita JPLBL =[TOLR opensTOLR t he
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gener al 120 configurations. The units of the values reported are decibels (dB).

Pore Size and Pore Size Distribution
Pore size measurements may be made by the Coulter Porometer™,
manufactured by Coulter Electronics, Inc., Hialeah, FI.

25 The Coulter Porometer is an instrument that provides automated
measurement of pore size distributions in porous media using the liquid
displacement method (described in ASTM Standard £E1298-89).

The Porometer determines the pore size distribution of a sample by
increasing air pressure on the sample and measuring the resulting flow. This

30 distribution is a measure of the degree of uniformity of the membrane (i.e. a
narrow distribution means there is little difference between the smallest and
largest pore size.

The Porometer also calculates the mean flow pore size. By definition,
half of the fluid flow through the filter occurs through pores that are above or

35 below this size.
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understood by referring to the following examples:

25 Comparative Example 1 - Laminated Construction
This example is a commercially available protective cover material soid

under the tradename GORE ALL-WEATHER® VENT, by W. L. Gore &
Associates, Inc. The product consists of a nonwoven polyester fabric (0.015"
thick, 1.0 o2/yd?, NEXUS® 32900005, from Precision Fabrics Group Co.)

30 laminated to a porous expanded PTFE membrane containing 7.5 wt. % carbon
black (KETJENBLACK® EC-300J, from Akzo Corp.) manufactured by
W L. Gore & Associates, inc.. The membrane had the following properties:
thickness - 0.0007" (18 micrometers); mean flow pore size - 3 micrometers;
pore volume - 89%,; air permeability - 0.75 Gurley Seconds; water entry

35 pressure - 2 psi (13.8 kPa). Adisc, 0.32" (8.1 mm) diameter, of the above
laminate was cut.

A washer, 0.32" (8.1 mm) outside diameter with a centrally disposed

0.16" (4.05 mm) diameter opening, was cut from a double-sided adhesive tape.



transm'ssi on apertures of the housing. This is particularly inportant in

si zing t he unbonded area of the cover assenbly. It was observed
t hat the anount of open (not bonded) area significantly affected
sound transm ssion values into or out of a housing. It was

surprising WOYEERY t hat sound energy | osé®s were 35 si B PsUaMmey
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anot her enbodi'®@¥®Mof the invention the protective cover assenbly
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in the unbondegkah@dl PSeid&lively Bonded Cofmtiitiigh 5 i1|4| US_trﬁt es an acoustically
transparent protectl : . LC urtner. conprises an
e S5 W Rl Somperi i W il

acoustic gasket 1 ectivel . | itary
gasket ed pr ot egxample exsertithatsinétred of begg laminated together, thénoawayes i | | ust r at es

anot her ggbodi gghjabtepfabic HAd pérols BTSK feRibraieQle?6 sbi¥&ively bonded tGBéﬁ@ér assenbl y
I n which the edges and at Iee t }lﬁnortl.on of the outer bonded™ 1 regi ons
of cover assenBlTes TXGFE a‘H '3¥°é‘éf°%y an acoustic gasket

materi al 40, for SwerfHBE (8.4 ymmhdinmpler diseywersicut ane eadhdrorothef oam r ubber .
nonwoven polyester fabric and porous PTFE membrane. The discs were

aligned with and bonded together by an adhesive washer described in
20 Comparative Exampie 1 to form a cover assembly having a centrally disposed
unbonded area about 0.16" (4.05 mm)diameter. A second adhesive washer
was aligned with and adhered to the other surface of the porous PTFE
membrane, and the assembfy attached to the cellular telephone housing as
described above.
25 Sound transmission through the cover assembly was tested as described
hereinabove. The test resuits are shown in Table 1.
inated Construction
This example is a commercially available protective cover material sold
30 under the tradename GORE ALL-WEATHER® VENT, by W. L. Gore &
Associates, Inc. of the same laminate used in Comparative Example 1. A disc,
1.212" (30.8 mm) diameter, of the above laminate was cut.
A washer, 1.212" (30.8 mm) outside diameter with a centrally disposed
0.65 (16.5 mm) diameter opening, was cut from a double-sided adhesive tape
35 (DFM-200-clear V-156, from Flexcon Corp. One side of the adhesive washer
was aligned with and adhered to the porous PTFE membrane layer of the
cover material, and the other adhesive side used to attach the cover material to

Comparative Exam -



As the termis used herein, "acoustic gasket" and derivations thereof shall
mean a material having properties of absorbing or reflecting sound wave
energy when conpressed between two surfaces to forma seal. The acoustic 20
gasket can bevQagw#sszh a conventi onal manner between a transoRERYUSIAINS
housi ng surface, or between surfaces withinA ¥ Rousing, to acoustically
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are suitabl e foft 3 /OHISReakeIMOLYNG loFAAN ket naterial . For exanple, soft 25
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pol ytetrafl uoro ene material, nore pre , a porous expanded
pol yt et r af Buor oet hyl ene materi al ~having a mcrostructure of interconnected

nodes and fi bri Egamaie 20Sutdchi Bbrdeld.ConsiradtioAt S Nos. 3, 953, 566: 4, 187, 390;
and 30 4,110, 392, ' I ncor.poLat ed _herein ref erence.. .Most
preferably, the Thg@éﬁ%%‘%@%ﬁ%qﬁ&&m’@ Weaf"a&?% WE'&“s&g?ﬂﬁﬁ“?x of

por ous expandedexampie excepbihat. énsteat of beiog laminatedtogathet, theenonmoverar t i al | y

filled with el a ' | . . AE sl g@,?g og%ﬂ{ébe
bonded to the cgegﬁég%@ﬂﬂog‘éﬁggf’g’%e%.ﬁggg vlréiy an ﬁ?ttaterl zgl s for

bondi ng t d@et hel® PR a5P¥GrASBEM ot por ous 35 support | ayer
descri bed her ei naboWwo 1.212" (30.8 mm) diated disdSH @@ cut, one each from the

- 10 - nonwoven poiyest_eﬂ%/iéﬁ%%&aﬁ% FE memt:vrang,X ghrr?:) Piscs were

{67 atouck e pemtmilbon e ouniaonan gchosne vesre s ) o1 U
t el ephone ( MbdeCompafative Bkamily 2\oform aZover 3ssembly having a centralip dishodddowi ng
test met hqgol OgMn@dﬁQe@ Qfﬁlayﬂoﬁt 6?65)?%!5 rrtﬁﬁ) difthétef nﬁleoéé@gﬁd adhesive washer
was aligned with and adhered to the other surface of the porous PTFE
membrane, and the assembly attached to the cellular telephone housing at a
loudspeaker mounting location as described above.
Sound transmission through the cover assembly was tested as described
20 hereinabove. The test results are shown in Table 1.

Example 3 - Selectively Bonded Construction

The same materials forming Comparative Example 2 were used for this
example except that, instead of being laminated together, the nonwoven
25 polyester fabric and porous PTFE membrane were selectively bonded together
to form a cover assembly of the invention.
Two 1.212" (30.8 mm) diameter discs were cut, one each from the
nonwoven polyester fabric and porous PTFE membrane. The discs were
aligned with and bonded together by an adhesive washer 1.212" (30.8 mm)
30 diameter with a centrally disposed 0.325" (8.3 mm) diameter opening to form a
cover assembly having a centrally disposed unbonded area about 0.325" (8.3
mm) diameter. The second adhesive washer was aligned with and adhered to
the other surface of the porous PTFE membrane, and the assembly attached
to the cellular telephone housing at a foudspeaker mounting location as
35 described above.
Sound transmission through the cover assembly was tested as described
hereinabove. The test results are shown in Table 1.



| EEE 269-1992 (Standard Met hods for Measuring Transm ssion Perfornmance

of Analog and Digital Tel ephone Sets); |EEE 661-1979 (Method for

Det erm ni ng Obj ective Loudness Rating of tel ephone Connections); EIAIS-19
B (Recommended M ni num Standards for 800 MHz Cel |l ul ar Subscribers 10
Units); andwoleguas8I® A Test plan for 800 MHz AMPS Anal og Cel pamrus97@edsscri ber
Stations were followed. The TOLR (Transm ssion Qbjective
Loudness Rating) and ROLR (ﬂébeive bj ective Loudness Rating) for
the test telephone fitted with protective cover assenblies made in
accordance wth the present invention 15 were conpared to the sane

t el ephone with no protective cover assenbly (open). This conpari son
resulted in a Delta TOLR (=TOLR open - TOLR sanple]) and a Delta
ROLR (=[ ROLR open - ROLR sanple]). This procedure provi des a sinple
and accurate nethod for accurately conparing the overall sound
transm ssion loss resulting fromvarious naterial systens and sanple 20
configurations. The units of the values reported are decibels (dB).

Pore Size and Pore M5ilzés Bi gt NiGutidh A G E Pore size measurenents
may be made by the Coulter Poroneter[err], manuf act ured by Coul ter
El ectronics, Inc., H aleah, FI. 25 The Coul ter Porometer is an

i nstrunment that provides autonated measur enent of pore size
distributions in porous nedia using the liquid di spl acenent net hod
(described in ASTM St andard E1298-89). The Poronet er

determ nes the pore size distribution of a sanple by increasing air

pressure on the sanple and neasuring the resulting flow This 30
distribution is a neasure of the degree of uniformty of the menbrane (i.e

a narrow di stribution neans there is little difference between the
smal | est and | ar gest pore size. The Poroneter al so
cal cul ates the nmean flow pore size. By definition, hal f of the

fluid flow through the filter occurs through pores that are above or 35
bel ow this size.
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Air Permeability The resistance of sanples to air flow was
measured by a Curle densoneter manufactured by W & L.E._ _Curley &
Sons in accor dMAGE4RER h ASTM Test Met hod D726-84. ThePGHUSHRVSY; o
reported in terns of GQurley 5 Nurmber, or 18url ey-seconds, which is the
time in seconds fWéoo'CUbi c centineters of air to pass through 1
square inch of a Y8t anple at a pressure drop of 4.88 inches of
wat er . Wt ef. Erk sopngitrensroissivel protective cover asSemblyabmpriging:r y pressure

test provides a test @pthQoteetive WidntrandfayétHalifg first and sedoRd Q#QJ&QE ranes.

A test sanplfr;, S claﬁeeidoé) tégen. a?%alr of testing pl ates. The

| oner plate Ps addp? " eSP Y9988 section of the sanple with

water. A piece of pH (paperpdreussuppartiager Havipg Gfst amtsecang barfdzes;neen the plate

on the nonpressuri zecrslsd@ diffadledch Y 6l Brasdtive MeRBRAR h3F aMBbGRuEN Y. The
dinsm ts, 't ng

15 sanple is then pressurize S I ncr emen seconds

after each supgerd layer selectivaly,ongsd together tq farm a bandad quterregiopwithinper

ibndi Ea}] es the firsdid pérpret@fand, surroundetiyesaicEiuntsd outéFregntan mr%aaw e at H
r eakt hr oughnor e : e ntr ressure. e

test resul 19 g oare 'B élé')e‘%é@? J(")lrﬁn&?{qcej’%@ n ‘SEr"R’gf‘“ ef’?lberart"“eas'%éﬁéa'Jp rous "ﬁ‘r‘?ﬂ&e to avoid

erroneous resul t smelerd apgifetodneverindapeadently inyesrrnes to agustic energy

W t hout i nt endi ngpdsSing tibréthioclgh, End Biferétly rhiRPnalty a8erlatihg ¥R btdUitic EAtfgy.

appar atus and net hod of production of the present invention may be ybetter

understood by referring to the follow ng exanples: 25 Conparative
Exanpl e 1 - Lami nat ed® Corfbesaund-iansmissive protective cover assembly as recited in
15 Claim 1, wherein the protective membrane layer is a porous membrane.

3. The sound-transmissive protective cover assembly as recited in
Claim 1, wherein the protective membrane layer is a nonporous fiim.

20 4. The sound-transmissive protective cover assembly as recited in
Claim 2, wherein the protective porous membrane layer comprises a
hydrophobic material.

5.  The sound-transmissive protective cover assembly as recited in
25 Claim 4, wherein the hydrophobic material is polytetrafiuoroethylene.

6. The sound-transmissive protective cover assembly as recited in
Claim 3, wherein the protective nonporous mermbrane layer comprises a

hydrophobic material.
30
7. The sound-transmissive protective cover assembly as recited in
Claims 2, 3, 4, 5 and 6, wherein the sound-transmissive support layer is
selected from a group consisting of woven material, nonwoven material, and
mesh material.
35
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This exanple is a commercially available protective cover material sold
under the tradenane GORE ALL- WEATHER[ err] VENT, by W L. CGore &

Associ ates, Inc. The product consists of a nonwoven pol yester fabric (0.015
thick, 1.0 oz/yd[err], NEXUS[err] 32900005, from Precision Fabrics G oup
Co.) 30 Wwog7aszed to a porous expanded fgTEE nenbrane corCHiusITegsz. 5 wt .

% car bon | ac BLACK] er r C-300J, fr Akz 0 rp.)

manuf act ured by B ﬁéﬁ&f%#’@'sﬂ epgrgg "éﬁ%oél,e'?srﬁm.g{pfﬁée%%} ane had the
fol | owi ng pr ofdaimile further comprising gt lerstone acogrtiogasket,( 18 ni cromet ers); nean
flow pore size - Zai@igaéKerBRtahad to said assemB's8 259 H&ﬁmge&%?(ee hier€r meabi lity
- 0.75 @urley _Seconds:; \Aﬁ%%ar g.otr 5 6!Baréesaur.g - %?I 13.8 kPa). A
disc, 0.32" (FOrNRN qisafprotpct %f';/ef'ﬁ’éa'}?d and said porous syRPORtdayREin ¢yt .

A washer ,5 0. 33aiduBbandedyegion.si de di aneter with a centrally di sposed

0.16" (4.05 mm) di anmeter opening, was cut from a doubl e-si ded adhesive

t ape. WO 97/ 458

9 . . - 12 -
PCT/ US97/ 09352 & eﬁPé’"é‘&GB?’@%Y%E’&“&BYPe%W@@S@&%‘V@@rﬁ%q'tsﬁ§' of a 0.001"
(25 m cr onet elCigimi7tfuther comprising aragcousiid gasketssur e- sensi tive acrylic adhesive

on each side of a y ‘%“?’ . ) I t.hi . err|
polyester film (Dfi%egg%(-e}:?ear ) _olsggi, a%@%%?é)%é%hm "%g& 'M%%F’é? . One side
of the athesi Mevamenta! sajd protective memkrane layeq and said arous suprert Iayer in por ous
PTFE menbr ane shigyfborfedirégiarcover material, and the other adhesive

side used to attach the cover material to the inside surface of a cellular
t el ephone housing to cover the sound apertures at a m crophone nounting

| ocat i on. 10.  Thesmund-trepymissiveprotastiveravetssembly asvegitedint eri al was

tested as desCidif@iwhérein satbyakéetada perous tdridbéonipiarbd bEledst b oy i n Tabl e
1. 15 polytetrafluoroethyiene.

11. The sound-transmissive protective cover assembly as recited in
Claim 8 wherein said gasket comprises an elastomeric material.

20 12. The sound-transmissive protective cover assembly as recited in
Claim 9 wherein said gasket comprises an elastomeric material.

13. The sound-transmissive protective cover assembly as recited in
Claim 11 wherein said elastomeric material is a silicone rubber.
25
14. The sound-transmissive protective cover assembly as recited in
Claim 12 wherein said elastomeric material is a silicone rubber.

15. The sound-transmissive protective cover assembly as recited in
30 Claim 13 wherein said elastomeric material is molded so as to encapsulate
said edges and bond to said bonded outer region of said cover layers.

16. The sound-transmissive protective cover assembly as recited in
Claim 14 wherein said elastomeric material is molded so as to encapsulate
35 said edges and bond to said bonded outer region of said cover layers.
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Exanple 1 - Selectively Bonded Construction The sanme materials
form ng Conparative Exanple 1 were used for this exanpl e except
that, instead of being | am nated together, the nonwoven 15 pol yest er
fabric and porous PTFE nenbrane were sel ectively bonded together

forma cover YY) of the invention. - 17 - Two 0. 3BCTUB709%,

di amet er discs were §ut, A@BéndaPdHemissEprdtective cover assEPbIDSEMpridingy €St er

bonded toget her by alPachBaeave mefBarI8Rr MG trst ang soothasiifteatini] *"
Exanpl e 1 to for mpgrimetesdetineddyiits ¢dges,i ng a central |y di sposed

unbonded area about 163 pbrud suppot dy@FRiving firf an@GeRshdasligadsY Sng'as her
was aligned with and@be{dhgrped to the oytéhek sgurface of the porsbus PTFE

menbrane, ard the as$nbPYesst PARARAYSUSHASKEE: cel | ul ar t el ephone housing as
descri bed above. 25 one said surfacBeachioftsamhwaiesthieonemibraoelgiertdnd ppoowsr assenbl y

was tested as de%ﬁﬁé&?ﬁgyer se|mwe|éxt5§ﬁ§m§ X to-f&ﬁmé el Stel iq"?lrvﬁthﬁ\ho"m in

Tabl e 1. . ;%Eg‘%r ative e Lam nat ed Construction

This exanple is & ter and. punounded By said bgpdrdquier regign angbended| sol d 30

under the tradenanner (8gidn wilereitv\Eaid pidigotive nelibidhe ddg sHid porousaUppoR

Associ at es, .4 nc. ) 4 ) | le 1. A

di sc, 16 1. é@ewgﬁﬁ?ﬁn#g% %&#ﬁ&"h?ﬁs@agoegbﬁﬁcﬁéﬂpms cut.

A washer, 1.212" pasgngthargthrenghsi de di ameter with a centrally di sposed

g.565" g%ﬁi\fzgg) F“ angiie Gasee st 84kt oM@ Gttddhed td atneast dw@iemsém%saﬁgﬁsi ve tape
-cl, ; . . adhesi ve

washer BBt it of Baitficecivg eBisiho Joveh Al Gidcr e

| ayer of the porous SuRRAT Iayer by said unbgnded 188iop: her adhesi ve side used to

attach the gpver nmat ghisby b@rotective cover assembly which substantially prevents

passage of acoustic energy through said gasket and which minimally
attenuates acoustic energy passing through said unbonded region is provided.

This Sheet Has Been
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the inside surface of a cellular tel ephone housing to cover the sound
apertures at a | oudspeaker mounting |ocation. Sound
transmi ssi on t Y8 ¥he cover material was tested as descri b@dT/us993s:
her ei nabove. The test results are shown in Table 1. 5 Exanple 2 -
Sel ectively Bonded Construction The sane materials formng
Conparative Exanple 2 were used for this exanpl e except that,

i nstead of being | am nated together, the nonwoven pol yester fabric
and porous PTFE nenbrane were sel ectively basgded together 10 to forma
cover assenbly of the invention. Two 1.212" (30.8 nm dianeter
di scs ‘'were cut, one each fromthe 79 nonwoven pal yester fabric and
porous PTFE nenbrane. The discs were al i 7with and bonded

t oget her by an adhesi ve washer as describ d |n Conpar ati ve Exanpl e
2 to forma cover assenbly having g% RSI33 =5 unbonded area
about 0.65" (16.5 mm) diameter. Th secbna : uVe'ﬁh er was

aligned with and adhered to the otgEs: SUF ce.o hetpgyous PTFE
nmenbrane, and the assenbly attachef:t¢#fe. ‘vald: uI ’te g£phone housing at a

| oudspeaker nounting |ocation as depsérifpedoigBae. 3« Sound
transm ssion through the cover assgyl- maankﬂsdﬁd -as- fgscri bed 20

her ei nabove. The test results are [iown\ m 3m<a'.nkg>5 Exanmple 3 -
Sel ectively Bonded Construction AN L The saga-gaterials formng
Conparative Exanple 2 were used fayd-fhi J”ﬁ";:.z; ang except that,

i nstead of being |an nated toget hgf: It he Troaudsen 25 |- pol yester fabric
and porous PTFE nmenbrane were sel gty y bonded toddtfer to forma
cover assenbly of the invention. }]." TwoN . |41, (30.8 MM dianeter
di scs were cut, one each fromthe [, naﬁMoven qql.fester fabric and

por ous PTFE nenbrane. The discs

h and bonded
t oget her by an adhesi ve washer 1. X

70

72 77

SUBSTITUTE SHEET (RULE 26)



30 dianeter with a centrally disposed 0.325" (8.3 nm dianeter opening

to forma

about 0. 325"
aligned with
menbr ane,
housing at a

cover assenbly having a centrally di sposed unbonded area
nm di aneter.

a Ogggggﬁg to

and the

(8.3

| oudspeaker

|y attached
nmounting | ocation as 35

The second adhesi ve washer was
the other surface of the porous PTFE

to the cellular telcerikeNiss:

descri bed above.

Sound transm ssion through the cover assenbly was tested as descri bed

her ei nabove. The test results are shown in Table 1.

-14- Table 1

Exanpl e Cover Housi ng Te&nsducer Cover

Sound . Assenbl y Aperture, Area,
Construction Loss (dB) unbonded (in [err])
(inferr]) (inferr]) /4 0.014
0.012. Lam nat ed 0. 020

0.014 0.012 2 (S

0. 332 0.031 74 Exanpl e
2 (S) 0. 332 0.50
Exanple 3 (9) 0. 08 pct. Bond
7.50 Notes: (M ey

Frequency range for all t\e5SSeE

M crophone tests were base(s 2 sed on

ROLR.

74
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Al t hough a few exenpl ary enbodi nents of the present invention have been

described in detail above, those skilled in the art readily appreciate that

many 10 nodi fications are possible without naterially departing from

t he novel teachings and advant ages which are descri bed herein.

Accordi ngly, aWO %4889 nodifications are intended to RCEVRINAOWSI

within the scope of the present invention. g3 WO 97/ 45829

PCT/ US97/ 09352 7 - 15-

W Claim 1. é,gﬁﬁﬁa-(ransnissive protective cover assenbly
(a)fa

conpri si ng: protective nenbraqg | ayer hai;ggfLLygt and

second surfaces and 5 rimeter defined b edges,

(b) a porous support #Fayer havi first and secgnd swrfaces;

one said surfaceg e of _sai ective nmenbrehe | ay&r and porous
support |ayer l e gé{her to for ma-enkymriaawgiition
Wit hin sk g Ter akd, g’rounded ~otdet out er T 2o
an unbonded 10 i nnef region)wherjein said protecti

por ous support mat er i arg free to nove

pjornoeyd ou gl on
mepdar ane
X eper@%/_ n response
to acoustic energy Ssi ng/ t heret hrough, and there m ni mal |y

and said
attenuating said acoystic en 2. The sound-transm ssive
protective cover asse ited in 15 Claim 1, wherein the
protective nmenbrane |ayer TS a porous nenbrane. 3. The

sound-transm ssive protgstive~cover assenbly as recited in Caim1l
é%%gy

wherein the protective e layer is a nonporous film 74

76

74

) 14 Fig. O
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20 4. The sound-transm ssive protective cover assenbly as

recited in Claim2, wherein the protective porous nenbrane Iayer o
conpri ses a hydrophob| c material. _q4. 5. The S
sound-transmi ssive protective cover assenbly as recited in 25 d ai'm 4o 0"

wherein the hydrophobic material is polyyghie?! uoroethyl ene.

6.. The sound-transm ssive protective cover assenbly as recited in

Caim3, wherein the protective nonporous nenbrane |ayer conprises a

hydr ophobi ¢ mat eri glamp0 c THousih'® SOMDgstLansm ssive pratective
cover assenbly as reC|ted in over d a?ursn'sgz, 3 gu% and % wherelgn he
sound-transmi ssi ve support | &5Embys Aperture, se| ectheed. f r orfaastryetionp Loss (dB)

consi sting of vvoven mat er i alnbodaedwSyen npigrial, qme mash material .
35 8(7/ ﬁ829 020

PCT/ US97/ 09352 #920 1he so4transnfeH ve p#iﬂ"@%‘i‘*l ve cdder
assenbl y as r ecitxeaple h(M) . 002baiml, dant her coomi Si rsye&tadneast 666
acoustic gasket;q Ex. id gas attach to said assenbly so as
to not inpede in g‘pend%ﬂst) 033 moverment of sai gg%sr ot ect? W@atﬁen’oréﬁ

| ayer and said goroRIe2&ipport 038yer in 0.631 sap.desunborsted. Bagi on. 0.50
Example 3 (S) 0.083 10.031 0.086 Select. Bond 7.50
Notes: (M) = Microphone Cover , (S) = Speaker Cover
Erequency range for all tests were from 300 to SOdOHz.
5 Microphone tests were based on TOLR; and speaker tests were based on
ROLR.

Although a few exemplary embodiments of the present invention have been
described in detail above, those skilled in the art readily appreciate that many
10 modifications are possible without materially departing from the novel teachings
and advantages which are described herein. Accordingly, aii such modifications
are intended to be included within the scope of the present invention.
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9. The sound-transm ssive protective cover assenbly as recited in

Claim7 further conprising an acoustic gaskety sai d gasket
attached to said assenbly so as to not inpede independent 10 novenent of .
said protective nenbrane | ayer and said porous support layer in
sai d unbonded regi on rotective
cover assenbly as regtedA jSquna- transmusﬁ@farol-%%v%b\&gFégéglgﬁlg]cﬁﬁlgﬁﬁ?gl s a
porous material conpf@seda atote@ugtmambrpae tayer haming first and second surfaces

pol ytetraf | uor oghdy b8RfPeter defined by its edges 11. The sound transm ssive
protective cover asSenbly as recited ai m 8 wherein said gasket

conprises an el aston®ic mwapppw&z@ver having first aﬂffecmsurfaces and

sound- transm ssive pfcpt eC§1I Id@st@ﬂ!%&o@ﬁi&@@b&é& as recited in Claim?9
wherein sai d gasket congrl se

The. Sound-t ranem ssi 90 B ULRIARAED 3] SPI0 FLRBRHYRy RerbBiang 5y aniporous
Cl ai m 11 wher ei suppartdaysir askeotivety monded dogedherits famsa borudadeoutertrbgion within

L. The sound- t{30aBhfistel Snd! RhBihdatlof HE bodRardlblrefidn SF Libihdel

Claim12 wherein s Oneric nm IS a sl eruber
15. The sound- tlnaersrﬁgmwr@rgn@a@mroteetl\@dvembmgm|59lda@rot¢s:$qmem n 30

Claim 13 yher oi fiafRaflriRa!8 iRSveindGRtértly ih esBBhied SRS drrgficapsul at e

sai d edges and bond to said bonded outer region of said cover yers
16. The sound- tﬁ%ﬁmtggr%%@bt ective cover assenbly as recited in

G aim 14 wherein sai &l@hﬁl&bgrﬁi‘felgésﬁﬁt&thbﬁéd fosat1esti6de Sﬂd@@yei' 8o %B‘h@psm ate
:35 said edge"snnggg in d%%gnégntsn%v%m%%p ofe salé) pro?ectl\r/ee ﬁfe(r)n%rane Isayer an sva(la layers.
o porous support layer in said unbonded region;
16 whereby a protective cover assembly which substantially prevents
passage of acoustic energy through said gasket and which minimaliy

attenuates acoustic energy passing through said unbonded region is provided.
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17. A sound-transm ssive protective cover assenbly conpri sing:
(a) a protective menbrane |a 6% havi n%gfl rst and second surfaces
hey

and a perinmeter defined by its ?g nd 59\ P&f)

support

| ayer having first _and second w:tf | east
one acoustic gasPCT Wm“”m“%%ﬁgﬁﬁgf§ﬁ§Uﬂﬁﬁﬁ@“@%ch of sokM
protective,_| a sel Y}
bonded 1 ogRIEENATINAL ARG HOR BURESuEn unpes, TP oer R i e wep.
and, Suf@EDnkdethnd PatanClgssivatrdléd out er |r egl(gmmea,mommmd@d Number: | W@197/4582‘9/
regi on eGaoKk 13a8d protective menbramag Jand sai d porous support 10
mat er i are free to nove independenI)/i@ﬁ*ﬁﬂ?ﬁﬁ%@mﬂ%mﬂeﬁﬂstF@“EN@ﬂ&9@4”9”
passi ngl t her et hrough; sald Ieast one asket attached to
at | easi@® ferationg) Appication Nugbesis o PCT/US97/09352 Fs %%B@F};‘Uﬁz
said pr wﬁ.m.mmmrmae | ay ey v thoB@d.d.07) 5 mé@tx& & RR O LK, apals, iriLy, L,
sai d unbonded regi on; whe g rmeﬂtM%e\gt.@bﬁgoa@sm VN
whichH s an I y prevent S pass ¥ W"@“ﬁhm GB.
sai d ga%B'ZES @Jﬁé’% /ch ) Mepbd hosssy/ U8 enua&”&“"réeou&{ RCPERBIgY” Passi N
t hroughl sag @i tmnde(é 28 (iayD1997 (B.ORI7TPV i deails
¢ &,“‘h(u ished) \( Published
(71) Applicant: W.L. GORE & ASSOCIATES, INC.[US/US]; 55! With international search report.
Paper Mill Road, P.O. Box 9206, Newark, DE 19714 (US%/ Before the expiration of the time limit for amending the
@ cleims and to be republished in the event of the receipt of
(72) Inventors: ~ REPOLLE X 204 MacDuff Road, amendments.
Newark, DE 1971 x/(US) PRINCIPE Frank, S 9 St
David’s Court, Landenberg, PA 19350 (US).
z
{74) Agents: CAMPBELL, John, S, et al.; W.L. Gore & Associates, | P D
Inc., 551 Paper Mill Road, P.O. Box 9206, Newark, DE

19714-9206 (US).
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(57) Abstract

A sound-transmissive cover assembly (14) which provides
protection from the ambient environment to transducers such as 24
microphones, loudspeakers, buzzers, ringers, and other delicate
devices; and across which sound energy can pass with very
low attenuation. The cover assembly (14) has a protective 22
membrane layer (22) and a porous support maierial layer (30)
which are selectively bonded together at least in the outer
region near their edges. An inner unbonded region surrounded 20
by the bonded outer region is provided so that the protective
membrane (22) and porous support layer (30) can vibrate or
move independently in response to acoustic energy passing .90
through them. An embodiment of the assembly includes at least
one acoustic gasket (40) attached to one or both of the layers
so as not to impede independent movement of the layers.
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