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DISPOSE A MEMBRANE CARRIER BETWEEN A FIRST
M
HOUSING MEMBER HAVING A FIRST OPENING AND A
SECOND HOUSING MEMBER HAVING A SECOND OPENING

ENGAGE THE MEMBRANE CARRIER WITH A SUPPORT
MEMBER THAT SUPPORTS THE MEMBRANE

BOND THE FIRST HOUSING MEMBER WITH THE SECOND
HOUSING MEMBER
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allow air received from the through hole to pass to the

ACOUSTIC PORT WITH AN EMBEDDED

interior volume. The assembly may further include an opera
tional component disposed in the interior volume that

MEMBRANE

CROSS -REFERENCE TO RELATED

receives the air passing through the assembly . In some

5 embodiments , the membrane is configured to prevent liquid
ingress received from the through hole from passing to the
This application claims the benefit of priority under 35 interior volume.
U .S .C . $ 119 (e ) to U . S . Provisional Application No. 62/ 277 ,
In another aspect, a method for forming a liquid -resistant
APPLICATION ( S )

454, filed on Jan . 11 , 2016 , and titled “ ACOUSTIC PORT assembly for preventing liquid ingress into an electronic
WITH AN EMBEDDED MEMBRANE,” the disclosure of 10 device is described . The method may include disposing a

which is incorporated herein by reference in its entirety .
FIELD

The following embodiments relate to an electronic device .
or port,of the electronic device that that includes a seal. The
seal is designed to allow air to pass through the opening and
into or out of the electronic device , but prevent liquids from
passing through the opening.
BACKGROUND
In particular, the following embodiments relate to opening,

membrane carrier between a first housing member having a
first opening and a second housingmember having a second
opening . The membrane carrier may include a membrane
having a material that blocks liquid from passing through the
15 material
. The method may further include engaging the
membrane carrier with a support member that supports the
membrane. The method may further include bonding the
first housing member with the second housing member. In
20 some embodiments, the membrane allows air to pass from
the first opening to the second opening .

In order to form an electronic device having a waterproof

Other systems, methods , features and advantages of the

embodiments will be , or will become, apparent to one of

ordinary skill in the art upon examination of the following

opening , a seal may be directly secured to the waterproof 25 figures and detailed description . It is intended that all such
opening . However, in some cases, the seal is formed from a
additional systems, methods, features and advantages be

delicate material that is prone to damage or deformation

included within this description and this summary , be within

during manufacture of the electronic device . As a result , the

the scope of the embodiments , and be protected by the

seal may fail during reliability testing of the electronic

device , or during use by a user of the electronic device, 30

causing water to flow into the electronic device . This may
lead to damage of one or more internal components of the
electronic device .

In addition, a damaged or deformed sealmay reduce the

following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will be readily understood by the follow

ing detailed description in conjunction with the accompa

performance of the electronic device . For example, a seal 35 nying drawings, wherein like reference numerals designate
??ed To Ana enclosure opening may be designed to
like structural elements, and in which :
m

prevent water passage to a microphone. However, the seal,
even when deformed , may distort or block sound passing

FIG . 1 illustrates a front view of an embodiment of an

electronic device , in accordance with the descried embodi

through the enclosure opening such that the microphone

ments ;

signal.

device shown in FIG . 1 ;

cannot properly covert acoustical energy into an audio 40

FIG . 2 illustrates a rear isometric view of the electronic

FIG . 3 illustrates an isometric view of an embodiment of

an assembly, in accordance with some described embodi
ments ;
In one aspect, an assembly used to prevent liquid ingress 45 FIG . 4 illustrates an exploded view of the assembly shown
SUMMARY

is described . The assembly may include an assembly enclo -

sure having an opening . The assembly may further include

in FIG . 3 , in accordance with some described embodiments ;

FIG . 5 illustrates an isometric view of the electronic

a membrane carrier carried by the assembly enclosure . The

device shown in FIG . 1 , showing an interior volume of the

membrane carrier may include a membrane that 1 ) allows

housing, and further showing the assembly prior to assem

passage of air received from the opening, and 2 ) prevents 50 bling with the housing ;

passage of liquid received from the opening. The assembly
may further include a support member disposed against the
membrane carrier. The assembly may further include a

compressible material disposed against the support member.

FIG . 6 illustrates a partial cross sectional of the electronic
device shown in FIG . 1 , showing the assembly positioned in
the electronic device ;

FIG . 7 illustrates an exploded view of an alternate

Also , in some embodiments , the compressible material and 55 embodiment of an assembly , in accordance with some
the supportmember provide a counterforce to themembrane described embodiments;

carrier and the membrane against a force from the liquid
ingress.

In another aspect, an electronic device is described . The
electronic device may include an enclosure defining an 60

interior volume. The enclosure may include a through hole

FIG . 8 illustrates a cross sectional view of the assembly
shown in FIG . 7, showing the assembly inserted into a
sidewall of an enclosure of an electronic device ; and

FIG . 9 illustrates a flowchart showing a method for

forming a liquid -resistant assembly for preventing liquid

that opens to the interior volume. The electronic device may ingress into an electronic device, in accordance with some
further include an assembly disposed in the interior volume described embodiments .
The assembly may include an assembly enclosure positioned
Those skilled in the art will appreciate and understand
between the through hole and the interior volume. The 65 that, according to common practice, various features of the
assembly may further include a membrane disposed in the
drawings discussed below are not necessarily drawn to
assembly enclosure . The membrane can be configured to
scale, and that dimensions of various features and elements
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of the drawings may be expanded or reduced to more clearly
illustrate the embodiments of the present invention
described herein .
DETAILED DESCRIPTION

Reference will now be made in detail to representative
embodiments illustrated in the accompanying drawings . It

device . Further, the assembly may promote automation of
the pre-assembly operation as the likelihood of damage or

deformation to the membrane is decreased .
In addition to improving assembly operations , the assem

5 bly may also improve quality control and testing . For

example , a quality control test may be performed to quickly

reveal liquid ingress associated with an assembly issue .

Further, this quality control test may be performed prior to

should be understood that the following descriptions are not a final assembly manufacturing operation ( or operations).
intended to limit the embodiments to one preferred embodi- 10 This allows an assembly operator to fix (by an adjustment )
ment. To the contrary , it is intended to cover alternatives,
or replace the assembly before several additional internal
modifications , and equivalents as can be included within the
components are assembled in the enclosure . Also , the assem
spirit and scope of the described embodiments as defined by

bly may simplify the testing operation due in part to the

the appended claims.

ability to identify a location of an issue, if any, associated
In addition to the foregoing advantages , the assembly may

In the following detailed description , references are made 15 with the assembly .

to the accompanying drawings, which form a part of the
specific embodiments in accordance with some described

description and in which are shown , by way of illustration ,

provide further benefits. For instance , the membrane , when

unsupported ,may be subject to pressure or force from liquid

embodiments . Although these embodiments are described in
ingress. Further, when the membrane is subjected to rela
sufficient detail to enable one skilled in the art to practice the 20 tively higher pressures (for example , when the electronic
described embodiments , it is understood that these examples
device is submerged in liquid at greater depths), the mem
are not limiting such that other embodiments may be used , brane may be subject to additional pressure or force from the

and changes may be made without departing from the spirit

liquid . However, in the present embodiments , the membrane

electronic device . The membrane may be designed to regu late fluid flow through the electronic device . For example ,

embedded in the membrane carrier by, for example , a
molding operation that molds the membrane carrier while

the membrane may allow air to pass from an opening of the

forming an opening for the membrane.

and scope of the described embodiments .
is integrated with a membrane carrier that provides support
The following disclosure relates to a membrane in an 25 to the membrane . An outer edge of the membrane may be

electronic device and into an interior region , or interior

Also , a support member may be added to the assembly .

the opening from further extending into the interior region .

regard , the support member may provide to the membrane a

volume, of the electronic device . However, the membrane 30 The support member is designed to provide structural sup
may prevent liquid ingress ( such as water ingress ) that enters p ort to the membrane carrier and /or the membrane . In this

Accordingly , the membrane may allow internal components

counterforce against the force created by liquid ingress . The

( in the interior volume) to receive air while also shielding supportmembermay include a metal structure having one or
the internal components from liquid ingress. Further, the 35 more perforated openings to allow air to travel through the
membrane may also allow air to pass out of the opening of support member. Further, the assembly may include a com
the electronic device .
In some cases, the membrane may include polytetrafluo -

pressible membrane having a foam material designed to
provide additional structural support .

roethylene (“ PTFE ” ). Further, in some cases, the membrane

The assembly may also include a pair of housing mem

includes a stretched PTFE , causing the membrane to include 40 bers designed to enclose the components ( such as the

small pores of varying sizes. The electronic device , having

membrane , the membrane , the support member, and the

operational component that relies on the opening for air

members may each include an opening to allow airflow

transmission while also being protected from liquid ingress

through the housing members . However, when the mem

an air -permeable, liquid -resistantmembrane ,may include an

compressible membrane). The first and second housing

via the membrane. For example , the operational component 45 brane is located between the first and second housing
may include a microphone capable of receiving acoustical member , the membrane is positioned to allow only the air to
energy (transferred by the air ) passing through the opening
pass through themembrane and through the openings of the
and the membrane, wherein the microphone may convert the
housing members , where the air may enter into an interior

acoustical energy into an audio signal ( or signals ).However,

volume of the electronic device . Conversely, the membrane

the operational component may include other components , 50 allows airflow through the assembly in the opposite direc

such as an audio driver (audio speaker ) or a barometric

(pressure ) sensor, both of which may rely upon the air

t ion , that is, out of the electronic device . Also , in order to

form a liquid -resistant, sealed assembly , the first housing

member may be welded with the second housing member.
transmission .
In some cases, the membrane may be relatively delicate , For example, an ultrasonic welding tool may be used to
and accordingly , conducive to damage or deformation . For 55 ultrasonically weld the first housing member with the second
example , during an assembly or sub -assembly of an elec -

housing member , thereby preventing liquid ingress through

tronic device , a structural feature in the electronic device

an interface between the first and second housing members .

may contact the membrane and cause the damage or defor-

These and other embodiments are discussed below with

mation . This, in turn , may block or distort the air transmis -

reference to FIGS. 1 - 9 . However , those skilled in the art will

sion into or out of the electronic device . However, in the 60 readily appreciate that the detailed description given herein

embodiments described herein , the membrane may be inte -

grated with , or embedded in , an assembly designed to
provide a protective enclosure for the membrane . Further ,
the assembly may facilitate the manufacture of the electronic

with respect to these Figures is for explanatory purposes

only and should not be construed as limiting .
FIG . 1 illustrates a front view of an embodiment of an
electronic device 100 , in accordance with some described

device . For example , the assembly may be included in a 65 embodiments . In some embodiments, the electronic device
pre -assembly operation that allows an operator to " drop ," or

100 is a tablet device . In other embodiments , the electronic

easily insert, the assembly into an enclosure of the electronic

device 100 is a mobile wireless communication device , such
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as a smartphone . In some embodiments, the electronic
device 100 is a wearable electronic device , similar to a

watch . In any of the foregoing embodiments , the electronic

device 100 may include wireless communication capabili

used in conjunction with the opening 116 to enhance the
audible sound from an audio driver in the electronic device

100 .
In some embodiments, the opening 116 (or an additional

ties. As shown, the electronic device 100 may include an 5 opening ) is used as a vent for the electronic device 100 to
enclosure 102 . In some embodiments , the enclosure 102 is
allow air to flow into and / or out of the electronic device 100 .

formed from a metal, which may include aluminum or

For example , the electronic device 100 may be subject to an

stainless steel. In other embodiments , the enclosure 102
elevation change, such as an elevation increase or decrease .
includes a metal alloy. Further , in some embodiments , the
This may allow the electronic device 100 to respond to
enclosure 102 includes a non -metal, such as ceramic .
10 pressure changes by allowing the pressure inside the elec

The electronic device 100 may further include a protec -

tronic device 100 to adjust and equilibrate with ambient

tive layer 104 secured with the enclosure 102 . The protective

pie
pressure

(outside the electronic device 100 ), which may

other embodiments , the protective layer 104 includes sap -

pressure exerted on the electronic device 100 .

phire . The protective layer 104 may generally include any
material that provides a protective and transparent cover for

While it may be desirable to allow the intake or outflow
of air , it may be undesirable to allow liquid ( such as water )

layer 104 may overlay a display assembly 106 (shown as a
prevent damage to the electronic device 100 . Further , the
dotted line ) designed to present visual content. In some electronic device 100 may include a barometric sensor that
embodiments, the protective layer 104 includes glass . In 15 uses the opening 116 (or an additional opening) to detect

the display assembly 106 . Also , the display assembly 106

to enter the electronic device 100 through the opening 116 .

may include a touch -sensitive display designed to respond to 20 In this regard , FIG . 3 illustrates an isometric view of an
a capacitive coupling with a touch -sensitive layer (not

shown ) of the display assembly 106 .

Also , the electronic device 100 may include one or more

input features, such as a first input feature 108 and a second

embodiment of an assembly 210 , in accordance with some

described embodiments. The assembly 210 may be disposed

in the electronic device 100 (shown in FIGS. 1 and 2), and

in particular, proximate to the opening 116 (shown in FIG .

input feature 110 . The first input feature 108 and/ or the 25 2 ). The assembly 210 may include a first housing member

second input feature 110 may include a dial designed to

212 engaged with a second housing member 214 . The first

rotate in response to a rotational force . The first input feature

housing member 212 may combine with the second housing

108 and/ or the second input feature 110 may include a button

member 214 to define an assembly enclosure of the assem

designed to actuate in a direction toward the enclosure 102

bly 210 to enclose several features . In some embodiments ,

in response to a force . The first input feature 108 and /or the 30 the first housing member 212 is mechanically coupled with

second input feature 110 may be used to generate an input

the second housing member 214 . In the embodiment shown

to or command to a processor circuit (not shown ) in the
electronic device 100 . In response to the input or command,
the processor circuit may use an executable program stored

second housing member 214 . The welding operation may

electronic device 100 may include one ormore radio circuits

member 212 and the second housing member 214 . As

( not shown ) allowing the electronic device 100 to connect to
a network as well as pair with an additional electronic

shown , the first housing member 212 and the second housing
member 214 are generally rectangular in shape . However,

in FIG . 3, the first housing member 212 is welded with the
include ultrasonically welding the first housingmember 212

on a memory circuit (not shown ) to change the visual 35 with the second housing member 214 to define an ultrasoni
content displayed on the display assembly 106 . Also , the
cally welded seal at an interface between the first housing

40 other shapes of the first housing member 212 and the second
device , such as a wireless communication device .
Also , although not shown, when the electronic device 100 housing member 214 are possible , and may be utilized to

is a wearable electronic device , the electronic device 100

accommodate the location of other components in an elec

may include one or more bands that wrap around an append -

tronic device. For example, in other embodiments, the first

age (a wrist, for example ) of a user. Also , the enclosure 102

housing member 212 and the second housing member 214

may include cavities or partial openings to receive and 45 include three -sided structures. The first housing member 212
mechanically interlock with the bands , with the cavities
and the second housing member 214 may also include five
allowing for the removal and replacement of the bands with
or more sides . Also , the first housing member 212 and the
second housing member 214 may be formed by a molding
different bands.
FIG . 2 illustrates a rear isometric view of the electronic operation , including injection molding or compression
device shown in FIG . 1 , showing an opening 116 in the 50 molding , as non -limiting examples . In this regard , the first
enclosure 102. The opening 116 may be used by an opera - housing member 212 and the second housing member 214
tional component ( not shown ) in the electronic device 100. may be formed from a polymeric material ( or materials ),
For example , the opening 116 may allow acoustical energy

( or sound ) outside the electronic device 100 to enter the

such as plastic .

As shown , the first housing member 212 may include an

electronic device via the opening 116 , such that a micro - 55 extension 216 . The extension 216 may be designed to enter
phone (not shown ) in the electronic device 100 may use the
an opening, including a recessed opening, of an enclosure
acoustical energy to generate an audio signal (or signals). (not shown ) of an electronic device. The extension 216 is
The electronic device 100 may include other operational generally cylindrical, and may include a size and shape
components , such as an audio driver (or audio speaker ) corresponding to a size and a shape of the recessed opening
and / or a barometric pressure ) sensor. In this regard , the 60 previously described , such that the extension 216 at least

enclosure 102 may include additional openings (not shown ).
Further, the openings may be disposed along various loca -

partially fits within the recessed opening. For example , the
size and the shape of the extension 216 may correspond to

tions of the enclosure 102 based in part on a location of the a size and shape of recess (not shown ) formed with the
enclosure 102 (shown in FIG . 2 ) that opens to the opening
and shape. Further, the number of openings may vary 65 116 (shown in FIG . 2 ). This will be shown below . Also , the
according to the functionality of the electronic device 100 .
extension 216 is generally off - center with respect to the first
For example , an additional opening ( not shown ) may be housing member 212 . However, the extension 216 may

operational components . Also , the openings may vary in size
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generally be located in any region , including a central

carrier 224 and/or the membrane 226 . In this regard , the

region , of the first housing member 212 . Also , although not

support member 234 may define a stiffening mechanism that

shown, the extension 216 may include a compressible ring

provides a counterforce to the membrane carrier 224 and /or

(such as an O - ring) formed from a compressible material,

membrane 226 against a force to the membrane carrier 224

such as rubber or elastomer . The compressible ring may 5 and / or membrane 226 exerted by a liquid , for example , in

provide a seal against liquid ingress when fitted in and

order to prevent damage or deformation to the membrane

engaged with an opening . This will be shown below . Also ,

226 . In some embodiments, the support member 234

218 that passes through the first housing member 212 and

ments , the support member 234 is formed from stainless

the first housing member 212 may include a first opening

includes a metal or metal alloy. Further, in some embodi

the extension 216 . This may allow fluids to enter the 10 steel, such as SS 304 . Further, in some embodiments , the

assembly 210 . However, the assembly 210 may be designed
to allow only air, as opposed to liquids, to pass completely
through the assembly 210 by way of the first opening 218

support member 234 includes a thickness of less than 1
millimeter (" mm " ), and may include a thickness of less than
0 .5 mm . Also , in order to allow air to pass through the

and a second opening (not shown ) of the assembly 210

supportmember 234 , the support member 234 may include

located in the second housing member 214 . In this regard , 15 openings 238 formed from a perforating or piercing opera

the assembly 210 may carry several structural features . For

tion to the support member 234 . However, in some embodi

example , the assembly 210 may include a membrane (not

ments ( not shown ), the support member 234 includes a

shown ) enclosed by the first housing member 212 and the

single opening to allow air to pass .

shown in FIG . 3 , in accordance with some described

nature , the compressible membrane 240 may condense

second housing member 214 . The membrane, along with
The assembly 210 may further include a compressible
several other features not shown , will be shown and 20 membrane 240 positioned in the compartment 220 . In some
embodiments, the compressible membrane 240 includes
described below .
FIG . 4 illustrates an exploded view of the assembly 210
compressible foam . Also , due in part to its compressible
embodiments . As previously described , the assembly 210

when , for example , the compressible membrane 240

may include a first housing member 212 and a second 25 receives a force from the support member 234 and /or the
housingmember 214 . As shown , the first opening 218 of the
second housing member 214 . The condensing of the com

extension 216 may open to an interior region of the first

pressible membrane 240 may allow for variances in thick

housing member 212 , defined by a compartment 220 of the

nesses of the membrane carrier 224 , the support member

first housingmember 212 . Also , the second housing member

234 , and/or the interior volume defined by the compartment

214 may include a second opening 222 . The second opening 30 220 , where the varying thicknesses of the structural features

222 may open to the interior volume 120 ( shown below ) of
through the first opening 218 to also pass to the second

may be due in part to variances in tolerances during manu
facturing of each component. Further , the compressible
membrane 240 may provide a counterforce to the support

structural component. For example , the compartment 220
may receive a membrane carrier 224 . The membrane carrier

support member 234 (and/or the membrane carrier 224 and
the membrane 226 ). Also , it should be noted that the

228 of the membrane carrier 224. In some embodiments, the

shape of the membrane carrier 224 , the support member 234 ,

an electronic device , thereby allowing air that passes

opening 222.
member 234 , as well as the membrane carrier 224 and the
The compartment 220 is designed to receive several 35 membrane 226 , against a force or forces acting on the
224 may include a membrane 226 positioned in an opening

compartment 220 may include a shape that corresponds to a

membrane 226 may include a polytetrafluoroethylene 40 and the compressible membrane 240 , allowing these fea

(“ PTFE ” ) membrane. Further, in some embodiments , the

tures to fit into the compartment 220 .

membrane 226 includes a stretched PTFE membrane . Gen
erally, the membrane 226 may include any material or
materials designed to prevent liquid ( such as water ) flow

may include an opening 242 designed to allow air to pass

through the membrane 226 . In this regard , the membrane
226 may be referred to as an air -permeable , liquid - resistant

through the openings of the various features of the assembly
210 . However, the membrane 226 in the membrane carrier

Also , as shown in FIG . 4 , the compressible membrane 240
through the compressible membrane 240 at the opening 242 .

through the membrane 226 while also allowing airflow 45 Accordingly , the assembly 210 may allow air to pass

membrane . Also , the membrane 226 , or a portion thereof,

may be embedded in , or integrated with , the membrane
carrier 224 .

In some embodiments , the membrane carrier 224 includes
a first surface 230 having a first adhesive layer 232 . The first
adhesive layer 232 may include a pressure sensitive adhe-

224 may prevent liquid that enters the first opening 218 from

further passage through the assembly 210 , and in particular,

50 prevent liquid passage through the second opening 222 . In

some embodiments ( not shown ), the compressible mem
brane 240 includes several small openings , or micro - open
ings , that allow airflow through the compressible membrane

sive , an epoxy, or the like . The first adhesive layer 232 may 240, and the opening 242 is removed .
allow the membrane carrier 224 to bond with a support 55 When assembled in an opening of an electronic device ,
member 234 (discussed below ) along the first surface 230 of the assembly 210 may allow air to pass from the environ
the membrane carrier 224 . Also , the membrane carrier 224

ment to the opening and an into an interior volume of the

may include a second surface (not shown ) opposite the first

electronic device , thereby allowing an operational compo

surface 230 and having a second adhesive layer ( not shown ). nent 250 to use the airflow . For example , in some embodi
The second surface and the second adhesive layer may 60 ments , the operational component 250 is a microphone that
include any size , shape , or membrane previously described

for the first surface 230 and the first adhesive layer 232 ,
respectively . The second adhesive layer may allow the

receives acoustical energy that passes through the assembly

210 , allowing the microphone to convert the acoustical
energy into an audio signal ( or signals). Due in part to the
membrane carrier 224 to bond with an internal surface 236 membrane 226 , the operational component 250 , when posi
of the first housing member 212 .
65 tioned on or near the second housing member 214 , may be
The assembly 210 may further include a support member protected from any liquid ingress entering the assembly 210 .
234 designed to provide structural support to the membrane As shown in FIG . 4 , the operational component 250 may be
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electrically coupled with a circuit 252 , which may include a

flexible circuit that includes an opening (not shown) that

opens to the second opening 222 . The circuit 252 may
electrically couple the operational component 250 with a
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liquid that enters the opening 116 from further passing into

Also , as shown in FIG . 6 , the membrane 226 may prevent

the electronic device 100 . Also , as the liquid may exert
pressure on the membrane 226 , the support member 234

circuit board (not shown ) and/ or one or more processor 5 may provide a counterforce to support the membrane 226 ,

circuits (not shown ) that process the electrical signal ( or
signals ) from the operational component 250 . The opera -

while the openings 238 of the support member 234 permit
airflow through the support member 234 . Further, the com

tional component 250 is not limited to a microphone . For

pressible membrane 240 , shown in a condensed state , may

example , in some embodiments ( not shown ), the operational

provide additional support to the membrane 226 in the form

component 250 is an audio driver designed to emit audible 10 of a counterforce . This may allow the membrane 226 to

sound that may pass through the assembly 210 and out of an
electronic device . In some embodiments ( not shown ), the
operational component 250 is a pressure sensor ( or baro -

withstand pressure exerted on the membrane 226 by liquids .
Also , in this configuration , the assembly 210 may allow air,
but not liquid , to reach the operational component 250

metric sensor) designed to detect pressure exerted on an
located inside the electronic device 100 and secured with the
electronic device , due to airflow into or out of the assembly 15 assembly 210 (in this configuration ) . Also , the first housing

210 .

The features, including the first housing member 212 , the

second housing member 214 , support member 234 and the

member 212 may be joined with the second housing member
214 by a seal 246, such as an ultrasonic seal. The seal 246
may extend around an entire interface region between the

compressible membrane 240 , may combine to support the
first housing member 212 and the second housing member
membrane 226 not only during use of an electronic device 20 214 . Also , an acoustic mesh 254 , which may be at least

( not shown ) that carries the assembly 210 , but also during

partially positioned in the opening 116 , may hide the assem

manufacture of the electronic device, as these feature sur

bly 210 .

round the membrane 226 . As a result , the membrane 226 is
FIG . 7 illustrates an exploded view of an alternate
less susceptible to damage or deformation thereby increas embodiment of an assembly 310 , in accordance with some
ing the likelihood of liquid ingress prevention of the mem - 25 described embodiments. The assembly 310 may include any
brane 226 . Also , when the membrane 226 is prevented from
feature or features previously described for an assembly .
damage or deformation , the membrane 226 may permit However, the assembly 310 shown in FIG . 7 may include
airflow to maintain a desired acoustical performance of the

several differences . For example , the assembly 310 may

operational component 250. In this manner, the membrane include a first housing member 312 and a second housing
226 is less likely to block or distort air transmission , 30 member 314 having a first opening 318 and a second

acoustical energy , or audible sound . Also , while a particular

opening 321 , respectively , with the aforementioned open

configuration is shown , other configurations are possible .
For example , the second housing member 214 may include

ings located in a central region their respective housing
members . Also , the first housing member 312 may include

a compartment similar to the compartment 220 to receive

an extension 317 located in a central region of the first

one or more internal components . In this regard , the com - 35 housing member 312. In addition , the internal structural

partment 220 in the first housing member 212 may include
a reduced volume, or alternatively , the compartment 220
may be removed .

components may be ordered differently as compared to
previous embodiments . For example , as shown in FIG . 7 , the
assembly 310 may include a compressible membrane 340

FIG . 5 illustrates an isometric view of the electronic

and a support member 334 positioned between the first

of the enclosure 102 , and further showing the assembly 210
prior to assembling with the enclosure 102. For purposes of

includes a membrane 326 , with themembrane 326 designed
as an air-permeable and liquid - resistant membrane . In this

simplicity and illustration , the protective layer 104 and the

manner, the membrane carrier 324 and the membrane 326
may be closer in proximately to an operational component

device 100 shown in FIG . 1 , showing an interior volume 120 40 housing member 312 and a membrane carrier 324 that

display assembly 106 (both shown in FIG . 1 ), along with

several internal components (processors, memory , circuit 45 350 as compared to previous embodiments , and location of
assemblies, battery , etc . ) are removed . As shown in FIG . 5 , the membrane 326 may lead to an improved acoustical
the opening 116 may be located on a sidewall 122 of the performance of the operational component 350 .
enclosure 102. In addition to the opening 116 , the sidewall
Also , as opposed to having rounded , or semi-circular,
122 may include a recess 124 , or recessed opening , sur edges, the internal structural components of the assembly

rounding the opening 116 . The opening 116 and the recess 50 310 may include a four-sided shape. In this regard , a
124 may combine to form a through hole passing through the
compartment 320 of the first housing member 312 may
sidewall 122 , with the through hole provide a pathway for include a corresponding shape to receive at least some of the
ambient air, external with respect to the electronic device
internal structural components . Also , although not shown ,
the membrane carrier 324 may include adhesive layers on
100, into the interior volume 120 .
FIG . 6 illustrates a partial cross sectional of the electronic 55 opposing surfaces to allow the membrane carrier 324 to

device 100 shown in FIG . 1, showing the assembly 210

adhesively secure with the support member 334 and the

positioned in the electronic device 100 . As shown in the
enlarged view , the assembly 210 may be at least partially
disposed in the enclosure 102 . For example , the first housing

second housing member 314 . Also , the operational compo
nent 350 shown in FIG . 7 may include an audio driver.
However, the operational component 350 may include a

sidewall 122 . Further, the extension 216 may include a

310 shown in FIG . 7 , showing the assembly 310 inserted

member 212 and /or the extension 216 may be positioned in 60 microphone or a pressure sensor.
the recess 124 (not labeled, but shown in FIG . 5 ) of the
FIG . 8 illustrates a cross sectional view of the assembly
compressible ring 244 positioned around the extension 216

into a sidewall 322 of an enclosure 302 of an electronic

and engaged with the sidewall 122 at the recess 124 . The

device . A partial view of the enclosure 302 of an electronic

compressible ring 244 may secure the assembly 210 in the 65 device is shown . However, the enclosure 302 may be
substantially similar to the enclosure 102 ( shown FIG . 6 ). As
pass around the assembly 210 .
shown , the membrane carrier 324 and the membrane 326
sidewall 122 as well as provide a barrier to liquid that may
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may be closer in proximity to the operational component
350, while still receiving support from the support member
334 and the compressible membrane 340 . In particular, the
support member 334 may block some ofthe liquid flow that
may pass through an opening 316 of the sidewall 322 and 5
through the first opening 318 of the assembly 310 .
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allows passage of air received from the opening , and 2 )
prevents passage of liquid received from the opening;
a support member positioned in the internal volume and
disposed against the membrane carrier ; and
a compressible material positioned in the internal volume

and against the support member, wherein the compress
ible material and the support member provide a coun
terforce to the membrane carrier and the membrane
against a force from the liquid ingress .
described embodiments. In step 402 , a membrane carrier is 10 2 . The assembly of claim 1, wherein the assembly enclo
disposed between a first housing member having a first sure comprises:
opening and a second housing member having a second
a first housing member comprising a compartment ; and
opening . The membrane carrier may include a membrane
a
second housing member bonded with the first housing
having a material that blocks liquid from passing through the
member
to enclose the membrane , the membrane, the
material. The material may include PTFE , or some other 15
support member, and the compressible material in the
material designed to allow airflow through the metal, but
compartment.
prevent liquid from passing through the material. Also , the
3 . The assembly of claim 2 , wherein :
first housing member and the second housingmember may
each be formed by a molding operation . The molding
the first housing member includes the opening ,
operation may include a mold cavities that receive a poly - 20 the second housing member comprises a second opening,
meric material to mold the first and second housing mem
and
bers.
the membrane allows only the air to pass through the
In step 404 , the membrane carrier engages with a support
opening to the second opening.
member that supports the membrane. The support member
4 . The assembly of claim 2 , wherein the first housing
FIG . 9 illustrates a flowchart 400 showing a method for
forming a liquid - resistant assembly for preventing liquid
ingress into an electronic device , in accordance with some

may include a perforated element that provides structural 25 member comprises an extension , and wherein the opening is

support to the membrane. For example , if water enters the
formed through the extension and opens to the compartment.
liquid -resistant assembly, the support member can provide a
5 . The assembly of claim 2 , wherein the first housing
counterforce to a force (or forces ) acting on the membrane member is bonded with the second housing member by an
from the water. The support member may include a metal or ultrasonic seal.
metal alloy. Further, the support member can be formed 30 6 . The assembly of claim 2 , wherein the membrane carrier
comprises:
from stainless steel, such as SS 304 .

In step 406 , the first housing member is bonded with the

second housing member . The first housing member may
bonding with the second housing member by an ultrasonic
welding operation that welds together non -metal parts. The 35
weld formed by the ultrasonic welding operation prevents
liquid from entering an interface between the first housing

member and the second housing member. Further, the mem brane, the membrane carrier, and the support member may

be positioned in a compartment . The compartment may 40

a first surface comprising a first adhesive layer that bonds

with the support member; and
a second surface opposite the first surface , the second

surface comprising a second adhesive layer that bonds

with the first housing member.

7 . The assembly of claim 1 , wherein the membrane

comprises a polytetrafluoroethylene material.
8 . A wearable electronic device , comprising :

an enclosure defining an interior volume, the enclosure

include an interior volume in the first housing member. In
some embodiments, a compressible membrane is also posi

comprising a through hole that opens to the interior

tioned in the compartment. Also , the membrane can be

a protective layer that secures with the enclosure and

volume;

positioned between the first and second housing members

encloses the interior volume;

such that the membrane allows air to pass from the first 45

a display assembly covered by the protective layer ;

opening to the second opening , and vice versa . Also , the
membrane can prevent liquid from passing through from the
first opening to the second opening .
The foregoing description , for purposes of explanation ,

an assembly disposed in the interior volume, the assembly
comprising:
an assembly enclosure positioned between the through

standing of the described embodiments. However, it will be
apparent to one skilled in the art that the specific details are

membrane configured to allow air received from the

used specific nomenclature to provide a thorough under- 50

not required in order to practice the described embodiments .
Thus , the foregoing descriptions of the specific embodi
ments described herein are presented for purposes of illus - 55

tration and description . They are not targeted to be exhaus

tive or to limit the embodiments to the precise forms
disclosed . It will be apparent to one of ordinary skill in the

What is claimed is :

1. An assembly used to limit liquid ingress, the assembly

comprising:
an assembly enclosure that forms an internal volume, the

through hole to pass to the interior volume; and

an operational component disposed in the interior volume
that receives the air passing through the assembly,
wherein the membrane is configured to prevent liquid

ingress received from the through hole from passing to

the interior volume.

9 . The electronic device of claim 8 , wherein the assembly

art that many modifications and variations are possible in
view of the above teachings .

hole and the interior volume, and

a membrane disposed in the assembly enclosure, the

further comprises :
60

a membrane carrier that holds the membrane; and

a support member disposed against the membrane to
support the membrane and the membrane against a

force from the liquid ingress .
10 . The electronic device of claim 9 , wherein the assem

assembly enclosure having an opening;
65 bly further comprises a compressible material that supports
the membrane and the support member against the force
the membrane carrier comprising a membrane that 1) from the liquid ingress .

a membrane carrier positioned in the assembly enclosure ,
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bonding the first housing member with the second hous
ing member, wherein the membrane allows air to pass
from the first opening to the second opening.
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11 . The electronic device of claim 8 , wherein the through
hole opens to a recess that faces the interior volume.

12 . The electronic device of claim 11, wherein the assem
bly enclosure includes:
an extension positioned in the recess ,
a first opening through the extension , and
a second opening that opens to the interior volume,
wherein the air received from the through hole passes
through the first opening, the membrane, and the sec

16 . The method of claim 15 , wherein bonding the first
prises ultrasonically welding the first housing member with

5 housing member with the second housing member com

ond opening .

13 . The electronic device of claim 8 , wherein the mem brane comprises a polytetrafluoroethylene membrane.

14 . The electronic device of claim 8 , further comprising
a band secured with the enclosure and configured to secure y
the enclosure with an appendage of a user.
15 . A method for forming a liquid - resistant assembly for

the second housing member.

17 . The method of claim 15 , further comprising disposing

a compressible membrane between the first housing member

and the second housing member, the compressible mem
brane providing a counterforce for the membrane against a
force from the liquid ingress .

18 . The method of claim 15 , further comprising :
forming a compartment in the first housing member , and
positioning the membrane , the support member, and a
portion of a compressible membrane in the compart
ment.

. The method of claim 18 , further comprising forming
preventing liquid ingress into an electronic device, the an 19extension
on the first housing member, wherein the first
method comprising :
opening
extends
through the extension and opens to the
disposing a membrane carrier between a first housing 20 compartment
ope
.
member having a first opening and a second housing
20. The method of claim 15 , further comprising:
member having a second opening , wherein the mem
brane carrier comprises a membrane having a material

that blocks liquid from passing through the material;
engaging the membrane carrier with a support member

that supports the membrane ; and

molding the membrane carrier to the membrane ; and
forming perforations in the support member in a location
corresponding to the membrane.
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