w0 2020/046471 A1 | NI 0000 KO0 Y O 0 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
05 March 2020 (05.03.2020)

(10) International Publication Number

WO 2020/046471 Al

WIPO I PCT

(51) International Patent Classification: One Apple Park Way, MS: 924-11IST, Cupertino, CA 95014
GO4G 21/02 (2010.01) G04G 17/08 (2006.01) (US). JACKSON, Stephen P.; One Apple Park Way, MS:
G04G 17/04 (2006.01) 928-3LMC, Cupertino, CA 95014 (US). EHMAN, Rex T.;

. .. One Apple Park Way, MS: 305-1PH, Cupettino, CA 95014

(21) International Application N“mber’P CT/US019/041041 (US). ELY, Colin M.; One Apple Park Way, MS: 305-1PH,

Cupertino, California 95014 (US). VITT, Nikolas T.; One
(22) International Filing Date: Apple Park Way, MS: 26-AE, Cupertino, CA 95014 (US).
09 July 2019 (09.07.2019) NESS, Trevor J.; One Apple Park Way, MS: 305-1PH, Cu-

(25) Filing Language: English pertino, CA 935014 (US).

L. . (74) Agent: HEMENWAY, S. Craig et al.; 410 Seventeenth

(26) Publication Language: English Street, Suite 2200, Denver, Colorado 80202 (US).

(30) Priority Data: . o

(81) Designated States (unless otherwise indicated, for every
62/7125,163 30 August 2018 (30.08.2018) Us kindgofnalional protection available). AE, AG, AL, AM,
16/291,216 04 March 2019 (04.03.2019) UsS AO, AT. AU, AZ. BA, BB, BG, BH. BN, BR, BW, BY, BZ.

(71) Applicant: APPLE INC. [US/US]; One Apple Park Way, CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

Cuperttino, California 95014 (US). DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
o HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(72) Inventors: LIANG, Jiahui; One Apple Park Way, MS: KR,KW,KZ,LA,LC, LK, LR, LS. LU, LY. MA, MD, ME,
305-1PH, Cupertino, CA 95014 (US). YANG, Shannon MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ.
X.; 2200 Monroe Street,. l.kpt. 1601, Santa Clara, CA OM., PA, PE, PG, PH, PL, PT. QA, RO, RS, RU, RW, SA.,
95050 (US). LUKENS, William C.; One Apple Park Way, SC, SD, SE. SG. SK. SL. SM. ST, SV, SY, TH, TJ, TM, TN.
MS: 305-1PH, Cupertino, CA 95014 (US). GILL, Man- TR, TT, TZ. UA. UG, US. UZ, VC, VN, ZA, ZM. ZW.
deep; One Apple Park Way, MS: 924-1IST, Cupertino, CA
95014 (US). WANG, Jeanny; One Apple Park Way, MS:  (84) Designated States (unless otherwise indicated, for every

924-11IST, Cupertino, CA 95014 (US). LEE, William S.;

kind of regional protection available): ARIPO (BW, GH,

(54) Title: ELECTRONIC WATCH AND WEARABLE ELECTRONIC DEVICE WITH BAROMETRIC VENT

220

238 2?2

236

ol

(57) Abstract: An electronic watch may include a housing at least par-
tially defining an interior cavity divided into at least a first volume and
a second volume, a pressure-sensing component positioned within the
first volume, a speaker positioned within the first volume, a processor
positioned within the second volume, a battery positioned within the

e FOY second volume, and a barometric vent that allows air pressure equaliza-
20 _ L] ! tion between the first volume and an external environment.
N S
227
2284 -
234 —
<< T
2k
w4 7225
2264
234~
- S 8
s
238
240
1] ¢
- m-;:la,
24~ T3y
233 ; : A2
FiIt. 2B

[Continued on next page]



WO 2020/04647 1 A1 [IN 1]} 0000000 O 00O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2020/046471 PCT/US2019/041041

ELECTRONIC WATCH AND WEARABLE ELECTRONIC
DEVICE WITH BAROMETRIC VENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Patent Cooperation Treaty patent application claims priority to U.S.
Provisional Patent Application No. 62/725,163, filed August 30, 2018, and titled “Electronic
Watch with Barometric Vent,” and U.S. Non-provisional Patent Application No. 16/291,216,
filed March 4, 2019, and titled “Electronic Watch with Barometric Vent,” the disclosures of

which are hereby incorporated herein by reference in their entirety.

FIELD

[0002] The described embodiments relate generally to electronic devices, and more

particularly to electronic devices with sensors requiring exposure to an external environment.

BACKGROUND

[0003] Electronic devices use all manner of components to gather information about the
surrounding environment, and to provide outputs to users of the devices. In some cases, the
components require exposure to the surrounding environment in order to function effectively.
For example, a temperature sensor may need to be exposed to the surrounding environment
in order to accurately detect an ambient air temperature, and a speaker may need to be
exposed to the surrounding environment in order to be effectively heard by a user.

Electronic devices may also benefit from environmental sealing, such as waterproofing, to
help prevent damage to sensitive electrical components and circuits. Sealing a device,
however, may interfere with the operation of components that rely on exposure to the

surrounding environment to function properly.

SUMMARY

[0004] An electronic watch may include a housing at least partially defining an interior
cavity divided into at least a first volume and a second volume, a pressure-sensing
component positioned within the first volume, a speaker positioned within the first volume, a
processor positioned within the second volume, a battery positioned within the second
volume, and a barometric vent that allows air pressure equalization between the first volume

and an external environment.

[0005] The speaker may include a speaker diaphragm defining a first opening, and the
electronic watch may further include an internal member that divides the interior cavity into
the first volume and the second volume and defines a second opening fluidly coupling the
first volume and the second volume. The speaker diaphragm may be positioned over the
second opening, and the first and second openings may define the barometric vent.

-1-
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[0006] The speaker diaphragm may be waterproof. The housing may define a third
opening fluidly coupling the interior cavity to the external environment, and the speaker may
be configured to produce a sound to eject liquid from the first volume through the third

opening.

[0007] The electronic watch may further include a band coupled to the housing and
configured to couple the watch to a wearer, a transparent cover coupled to the housing, a
touch sensor positioned below the transparent cover and configured to detect touch inputs
applied to the transparent cover, and a crown positioned along a side surface of the housing
and configured to receive rotational inputs.

[0008] The electronic watch may further include an internal member that divides the
interior cavity into the first volume and the second volume and defines a second opening
fluidly coupling the first volume and the second volume, and the barometric vent may include
an air-permeable waterproof membrane positioned over the second opening.

[0009] An electronic watch may include a housing at least partially defining an interior
cavity, a display positioned at least partially within the housing and configured to display a
graphical output, a transparent cover coupled to the housing, a touch sensor positioned
below the transparent cover and configured to detect touch inputs applied to the transparent
cover, and an internal member that divides the interior cavity into a first volume and a
second volume. A first opening in the housing may expose the first volume to an external
environment, and a second opening in the internal member may allow gases to pass

between the first volume and the second volume.

[0010] The electronic watch may further include a pressure-sensing component
positioned within the first volume and a speaker positioned within the first volume. The
electronic watch may further include a waterproof membrane covering the second opening.
The speaker may include a diaphragm configured to produce sound output, and the
diaphragm may be the waterproof membrane. The diaphragm may define an opening that
allows passage of air while preventing passage of water.

[0011] The electronic watch may include a liquid sensing element positioned within the
first volume and configured to detect the presence of liquid within the first volume. After the
liguid sensing element detects the presence of liquid within the first volume, the speaker may
produce a sound to eject liquid from the first volume.

[0012] A wearable electronic device includes a housing at least partially defining an

interior cavity divided into a first volume and a second volume, a processor positioned within

-o.
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the second volume, a pressure-sensing component positioned within the first volume, and a
speaker positioned within the first volume. The housing may define an opening that allows

air pressure equalization between the first volume and an external environment.

[0013] The opening may be a first opening, the first opening may allow sound output from
the speaker to exit the housing and allows the pressure-sensing component to determine a
barometric pressure of the external environment, the wearable electronic device may further
include an internal member that divides the housing into the first volume and the second
volume, and the internal member may define a second opening that allows air pressure
equalization between the first volume and the second volume. The speaker may include a
diaphragm that is positioned over the second opening, the diaphragm may define a third
opening, and the second opening and the third opening may cooperate to define an air

passage between the first volume and the second volume.

[0014] The wearable electronic device may further include a band coupled to the housing
and configured to couple the wearable electronic device to a wearer, a transparent cover
coupled to the housing, a touch sensor positioned below the transparent cover and
configured to detect touch inputs applied to the transparent cover, and a crown positioned
along a side surface of the housing and configured to receive rotational inputs.

[0015] The housing may further define a capillary passage fluidly coupling the first
volume to the external environment and configured to draw a liquid out of the first volume.
The housing may define a channel configured to receive at least a portion of a band, and the
capillary passage may extend from a surface of the channel to a surface of the first volume.
The wearable electronic device may further include a transparent cover coupled to a front of
the housing, a display positioned below the transparent cover and configured to display a
graphical output, and a back cover coupled to a back of the housing and at least partially
defining an interstitial space between a portion of the back cover and a portion of a surface
of the housing. The capillary passage may extend from a surface of the first volume to the
portion of the surface of the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The disclosure will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals designate like

structural elements, and in which:
[0017] FIGS. 1A-1B depict an example wearable electronic device;

[0018] FIG. 2A depicts a partial view of another example wearable electronic device;
-3-
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[0019] FIG. 2B depicts a partial view of another example wearable electronic device;

[0020] FIG. 3 depicts a partial cross-sectional view of an example pressure sensing

element;
[0021] FIG. 4 depicts a partial cross-sectional view of an example speaker;

[0022] FIG. 5A depicts a partial cross-sectional view of another wearable electronic

device;

[0023] FIG. 5B depicts another partial cross-sectional view of the wearable electronic
device of FIG. 5A;

[0024] FIG. 5C depicts a side view of the wearable electronic device of FIG. 5A;
[0025] FIG. 5D depicts a detail view of the wearable electronic device of FIG. 5A;

[0026] FIG. 6A depicts a partial cross-sectional view of another wearable electronic

device;
[0027] FIG. 6B depicts a back view of the wearable electronic device of claim 6A;
[0028] FIG. 6C depicts a front view of the wearable electronic device of claim 6A;

[0029] FIG. 7 depicts a partial cross-sectional view of another wearable electronic device;

and

[0030] FIG. 8 depicts example components of a wearable electronic device.
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DETAILED DESCRIPTION

[0031] Reference will now be made in detail to representative embodiments illustrated in
the accompanying drawings. It should be understood that the following description is not
intended to limit the embodiments to one preferred embodiment. To the contrary, it is
intended to cover alternatives, modifications, and equivalents as can be included within the
spirit and scope of the described embodiments as defined by the appended claims.

[0032] In conventional portable electronic devices, components such as batteries,
processors, displays, electrical contacts (e.g., for electromechanical buttons), touch sensors,
and the like may need to be protected from water, dust, debris, or other contaminants to
prevent damage. Thus, these components may be positioned in a waterproof housing or a
waterproof portion of a housing. In some cases, however, electronic devices as described
herein may include components that require or otherwise benefit from direct access to the
external environment. For example, a wearable electronic device, such as an electronic
watch (also referred to as a “smart watch”), may include a barometric pressure sensor, a
speaker, a microphone, a temperature sensor, or the like. Each of these devices may
advantageously be exposed, at least partially, to the external, ambient air. For example, in
the case of a barometric pressure sensor, if accurate sensor readings for the ambient
environment are desired, the pressure sensor needs to be exposed to ambient air and not in
a sealed chamber that could have a different internal pressure. Similarly, a speaker that is
intended to produce audible output to a user of an electronic device may be more effective
and have better acoustic properties if the speaker has a substantially open path to the
ambient air. Temperature sensors, microphones, or the like may similarly benefit from
substantially direct access to the external environment.

[0033] Also, while it may be desirable to seal a portion of a housing to provide a
waterproof chamber for processors, circuitry, and the like, a seal that prevents the passage
of air into the sealed portion may present other drawbacks. For example, differences in
pressure between the ambient air and the sealed portion of the housing due to changes in
barometric pressure (e.g., from changes in weather or a wearer moving to a higher
elevation) could damage the device. A higher internal pressure relative to the ambient

pressure, for example, may stress the seals or even cause the housing to break open.

[0034] The instant embodiments relate to an electronic device in which an interior cavity
of a housing is divided into different volumes. A first volume in the interior cavity may be
substantially open to the external environment, such as through an opening in a wall of the
housing. Components that require or benefit from free access to the ambient air, such as

barometric pressure sensors, speakers, thermometers, and the like, may be positioned in
-5.-
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the first volume. Through the opening, air may easily move between the first volume and the
external environment, thus allowing these components to function as desired. A second
volume in the interior cavity may be substantially waterproof, and may contain processors,
batteries, circuitry, and other electronic components. In order to allow pressure equalization
between the second volume and the ambient air, the device may include a barometric vent
that is configured to allow pressure equalization between the first and second volumes. The
barometric vent may include an opening that fluidly couples the first and second volumes, as
well as an air-permeable, waterproof membrane positioned over the opening. This
configuration may allow air pressure equalization between the interior cavity of the device
and the external environment, and may also prevent water from entering the second volume.
By defining different volumes within the interior cavity of a housing, different degrees of

environmental access and/or sealing are provided for the different components of the device.

[0035] Insome cases, multiple components that benefit from access to ambient air are
positioned in the first volume. For example, in some cases a speaker and a pressure sensor
(or a pressure-sensing component of a pressure sensor) are positioned in a single, shared
volume. By using a shared volume, the amount of empty space around the components
may be greater than if each component were each positioned in a separate volume. The
greater amount of empty space in the volume may help prevent or reduce water retention
within the volume, as smaller volumes with less distance between their walls or boundary
features may produce a capillary effect that causes water to be drawn into or retained in the
volume (which may negatively affect the operation of speakers, pressure sensors,
microphones, and the like). Further, by positioning multiple components in a single ambient-
air-accessible volume, water ejection systems and techniques can be shared among the
multiple components. Example water ejection systems and techniques may include, for
example, capillary-action drains, speaker-driven water ejection, or the like.

[0036] FIGS. 1A-1B depict an electronic device 100. The electronic device 100 is
depicted as an electronic watch (e.g., a smart watch), though this is merely one example
embodiment of an electronic device and the concepts discussed herein may apply equally or
by analogy to other electronic devices, including mobile phones (e.g., smartphones), tablet
computers, notebook computers, head-mounted displays, digital media players (e.g., mp3
players), or the like.

[0037] The electronic device 100 includes a housing 102 and a band 104 coupled to the
housing 102. The band 104 may be configured to attach the electronic device 100 to a user,
such as to the user’s arm or wrist. A portion of the band 104 may be received in a channel
that extends along an exterior side of the housing 102, as described herein. The band 104

-6-
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may be secured to the housing 102 within the channel to maintain the band 104 to the

housing 102.

[0038] The electronic device 100 also includes a transparent cover 108 (also referred to
simply as a “cover”) coupled to the housing 102. The cover 108 may define a front face of
the electronic device 100. For example, in some cases, the cover 108 defines substantially
the entire front face and/or front surface of the electronic device 100. The cover 108 may
also define an input surface of the device 100. For example, as described herein, the device
100 may include touch and/or force sensors that detect inputs applied to the cover 108. The
cover 108 may be formed from or include glass, sapphire, a polymer, a dielectric, or any
other suitable material.

[0039] The cover 108 may cover at least part of a display 109 that is positioned at least
partially within the housing 102. The display 109 may define an output region in which
graphical outputs are displayed. Graphical outputs may include graphical user interfaces,
user interface elements (e.g., buttons, sliders, etc.), text, lists, photographs, videos, or the
like. The display 109 may include a liquid-crystal display (LCD), organic light emitting diode
display (OLED), or any other suitable components or display technology.

[0040] The display 109 may include or be associated with touch sensors and/or force
sensors that extend along the output region of the display and which may use any suitable
sensing elements and/or sensing technigues. Using touch sensors, the device 100 may
detect touch inputs applied to the cover 108, including detecting locations of touch inputs,
motions of touch inputs (e.g., the speed, direction, or other parameters of a gesture applied
to the cover 108), or the like. Using force sensors, the device 100 may detect amounts or
magnitudes of force associated with touch events applied to the cover 108. The touch
and/or force sensors may detect various types of user inputs to control or modify the
operation of the device, including taps, swipes, multi-finger inputs, single- or multi-finger
touch gestures, presses, and the like. Touch and/or force sensors usable with wearable
electronic devices, such as the device 100, are described herein with respect to FIG. 6.

[0041] The electronic device 100 also includes a crown 112 having a cap, head,
protruding portion, or component(s) or feature(s) positioned along a side surface of the
housing 102. At least a portion of the crown 112 may protrude from the housing 102, and
may define a generally circular shape or a circular exterior surface. The exterior surface of
the crown 112 may be textured, knurled, grooved, or may otherwise have features that may

improve the tactile feel of the crown 112 and/or facilitate rotation sensing.
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[0042] The crown 112 may facilitate a variety of potential user interactions. For example,
the crown 112 may be rotated by a user (e.g., the crown may receive rotational inputs).
Rotational inputs of the crown 112 may zoom, scroll, rotate, or otherwise manipulate a user
interface or other object displayed on the display 109 (among other possible functions). The
crown 112 may also be translated or pressed (e.g., axially) by the user. Translational or
axial inputs may select highlighted objects or icons, cause a user interface to return to a
previous menu or display, or activate or deactivate functions (among other possible
functions). In some cases, the device 100 may sense touch inputs or gestures applied to the
crown 112, such as a finger sliding along a surface of the crown 112 (which may occur when
the crown 112 is configured to not rotate) or a finger touching an end face of the crown 112.
In such cases, sliding gestures may cause operations similar to the rotational inputs, and
touches on an end face may cause operations similar to the translational inputs. As used
herein, rotational inputs include both rotational movements of the crown (e.g., where the
crown is free to rotate), as well as sliding inputs that are produced when a user slides a
finger or object along the surface of a crown in a manner that resembles a rotation (e.g.,
where the crown is fixed and/or does not freely rotate).

[0043] The electronic device 100 may also include other inputs, switches, buttons, or the
like. For example, the electronic device 100 includes a button 110. The button 110 may be
a movable button (as depicted) or a touch-sensitive region of the housing 102. The button
110 may control various aspects of the electronic device 100. For example, the button 110
may be used to select icons, items, or other objects displayed on the display 109, to activate

or deactivate functions (e.g., to silence an alarm or alert), or the like.

[0044] FIG. 1B depicts another view of the electronic device 100. As shown, the housing
102 may include a side wall 113, which may define one or more exterior side surfaces of the
housing 102 (and thus of the device 100). In some cases, the side wall 113 extends around
the entire periphery of the device. As described herein, the side wall 113 may at least
partially define an interior cavity of the housing 102.

[0045] The side wall 113 may define openings 114. While multiple openings 114 are
shown, the side wall 113 may have more or fewer openings than shown, such as a single
opening 114, or three, four, or more openings 114. Further, while the device 100 shows the
openings 114 in the side wall 113, they may be positioned elsewhere, such as through a

back or bottom wall of the device 100.

[0046] As described in more detail herein, the openings 114 may open to a first volume

within the housing 102, in which components such as a pressure-sensing component and a
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speaker are positioned. The openings 114 may allow air pressure equalization between the
first volume and the external environment around the device 100, thus allowing the internal
pressure-sensing component to achieve accurate readings of the ambient air pressure. The
openings 114 may also allow sound output from an internal speaker to exit the housing, such
that sound output from the speaker can be heard by a wearer and/or other observers. In
some cases, the openings 114 are completely open, with no screen, mesh, grate, or other
component or material obstructing air flow between the first volume. In other cases, the
openings 114 may be covered by a screen, mesh, grate, or other component or material,
which may help prevent debris, dust, or other contaminants from entering the housing 102.

[0047] FIG. 2A shows a portion of an electronic device 200 with a cover (e.g., the cover
108) removed, showing an example arrangement of components within an interior cavity 241
of the device. The device 200 may be an embodiment of the device 100, and may include
the same or similar components and may provide the same or similar functions as the device
100. Accordingly, details of the device 100 described above may apply to the device 200,

and for brevity will not be repeated here.

[0048] The electronic device 200 may include a housing 202 with a side wall 213. The
side wall 213 may at least partially define the interior cavity 241 of the device 200. The
interior cavity 241 may be divided into a first volume 204 and a second volume 205 by an
internal member 209. The internal member 209 may be integral with the housing 202, or it
may be a separate component (e.g., a circuit board, a brace, a flexible circuit material, a
membrane, or the like). As shown, the internal member 209 is a straight component, but it
may have any suitable shape or configuration. Further, the shape, size, and overall
configuration of the first and second volumes 204, 205 shown in FIG. 2A are illustrative
examples, and other shapes, sizes, or overall configurations of the first and second volumes
are also contemplated.

[0049] Components 207 may be positioned in the second volume 205. The components
207 may include processors, memory, batteries, haptic output devices, circuit boards,
sensors, display components, or the like. For ease of illustration the components 207 are
shown in a generalized shape and location, though one of ordinary skill in the art will
recognize that they may have a different shape or overall configuration, and they may be
positioned in or otherwise incorporated with the housing 202 in any suitable way.

[0050] Components that benefit from direct air access to the external environment may
be positioned in the first volume 204. For example, as shown in FIG. 2A, a pressure-sensing

component 208 and a speaker 206 may be positioned within the first volume 204. The
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pressure-sensing component 208 and the speaker 206 may be coupled to the internal
member 209. In some cases, the internal member 209, the speaker 206, and the pressure-
sensing component 208 (and optionally other components or modules) form a modular unit
or assembly that may be assembled or built and then subsequently attached to the housing
202. For example, the internal member 209 may be a bracket (which may be a single
component or a multi-component assembly) that is configured to be fastened or otherwise
secured to the housing 202. The internal member 209 may include a circuit board to which
components such as the speaker 206 and the pressure-sensing component 208 may be
electrically (and optionally mechanically) coupled. One or more interconnects, wires, cables,
flex circuits, or other conductive elements may be coupled to the circuit board, and/or to the
electronic components themselves, and may connect to other components (e.g., a
processor, a main logic board, etc.) within the electronic device. After the speaker 206, the
pressure-sensing component 208, and any other desired components are attached to the
internal member 209, the assembly may be placed in the housing 202 and secured to the
housing (e.qg., via threaded fasteners, adhesives, mechanical interlocks, rivets, or any other
suitable fastening or securing component(s) or technique(s)).

[0051] The device 200 may also include a liquid-sensing element 210 positioned within
the first volume 204. As described herein, the liquid-sensing element 210 (in conjunction
with processors, circuitry, or other components that, together with the liquid-sensing element
210, make up a liquid sensor) may detect the presence of liquid (e.g., water, sweat, etc.)
within the first volume 204, and may cause the device 200 to take actions to eject the liquid
or to otherwise operate differently due to the presence of the liquid. Components within the
first volume 204 may be electrically coupled (or otherwise communicatively coupled) to
components within the second volume 205 via wires, traces, flex circuits, or other conductors
or conduits. Accordingly, the components in the first and second volumes 204, 205 may
communicate with one another and cooperate without regard to their different positions
within the housing 202. The electrical or communicative couplings may be substantially

waterproof and/or impermeable to liquids or gasses.

[0052] The housing 202 may include openings 214 (which may be the same as or similar
to the openings 114, FIG. 1B) in a side wall 213 of the housing 202. The openings 214 may
expose a volume inside the housing 202 to an external environment, thus allowing air
pressure equalization between the first volume 204 and the external environment (e.g., the
ambient air around the device 200). For example, the openings 214, which may be through-
holes in the side wall 213, may allow air flow into and out of the first volume 204, as
illustrated by arrows 218. In this way, the air pressure in the first volume 204 may remain

substantially the same as the ambient barometric air pressure, thus allowing the pressure-
-10 -
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sensing component 208 (in conjunction with processors, memory, circuitry, or other
components that, with the pressure-sensing component 208, make up a pressure sensor) to
detect a barometric pressure of the ambient air around the device 200, despite the pressure-
sensing component 208 being substantially contained inside the housing 202. The openings
214 may be configured to have a size and/or shape that allows air pressure equalization
between the first volume 204 and the external environment in a substantially real-time basis.
For example, if the openings 214 were too small or were obstructed with a membrane, it may
take minutes or even hours for the pressures to equalize, which would lead to inaccurate
barometric pressure readings. Accordingly, the openings 214 may be configured to allow air
to flow at a flow rate (e.g., volumetric flow rate, mass flow rate) that allows changes in
ambient barometric pressure to be reflected substantially immediately within the first volume
204 (e.g., within 1 second or less). In some cases, the openings 214 may have a total
opening area of about 2.0 mm?, 2.5 mm?, 3.0 mm?, 3.5 mm?, or 4.0 mm?. In some cases the

opening area may be smaller or larger (e.g., below 2.0 mm? or above 4.0 mm?).

[0053] The same openings 214 that expose the first volume 204 to the external
environment, as described above, also benefit other components within the first volume 204.
For example, the speaker 206 operates by moving air to produce sound. If the speaker 206
were placed in an air-sealed or fully enclosed volume, sound waves produced by the
speaker 206 may be inaudible or otherwise muted. By placing the speaker 206 in the first
volume 204 (which is exposed to the external environment by the openings 214), sound
output from the speaker 206 can exit the housing 202 and be heard by a wearer of the
device or other nearby person(s). In some cases, the total opening area of the openings
214, as well as the shape of the openings 214, may be configured to provide a desired
acoustic performance. For example, the openings 214 may have a shape that is configured
to attenuate a volume of the speaker 206 by less than a target amount (e.g., less than about
-5 dB, about -3 dB, about -2 dB, or about -1 dB).

[0054] As noted above, the housing 202 is divided into a first volume 204 and a second
volume 205. The first volume 204, described above, is exposed to the external environment
via openings 214. Due to the need to allow substantially free flow of air into and out of the
first volume 204, the openings 214 may not be waterproof. Thus, when the device 200 is
exposed to water, sweat, or other liquids (e.g., due to the device 200 being worn while
swimming, showering, exercising, in the rain, or the like), those liquids may enter the first
volume 204. While components such as the speaker 206 and the pressure-sensing
component 208 may tolerate exposure to such liquids, other components of the device 200,
such as processors, batteries, displays, etc., may not tolerate such exposure well.

Nevertheless, it may not be feasible to fully seal the second volume 205, as changes in
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barometric pressure could cause damage to fully sealed volumes. For example, pressure
differentials between the internal volume and the external environment may cause seals or
adhesives to fail, cause cover glasses to be forced away from housings, or the like.
Accordingly, one or more openings may be defined between the first volume 204 and the
second volume 205 to allow air to pass between the first and second volumes 204, 205
thereby equalizing air pressure between the second volume 205 and the external
environment. These openings (e.g., the openings 211, described herein) may be referred to
as pressure equalization valves or openings, and they may operate as or be a part of a

barometric vent.

[0055] FIG. 2A shows example openings 211 between the first volume 204 and the
second volume 205. As shown, the openings 211 extend through the internal member 209,
and allow air (and/or other gasses) to flow between the first and second volumes 204, 205.
In other instances, the openings may extend through a different component or otherwise be
located or configured differently than the openings 211, so long as the openings allow air
pressure equalization between the first and second volumes 204, 205. As shown, the
speaker 206 is positioned over the openings 211. Accordingly, the speaker 206 may also
include openings that allow air to flow therethrough (e.g., openings 404, FIG. 4), thus
cooperating with the openings 211 to define an air passage, illustrated by arrows 219,
between the first and second volumes. As described herein with respect to FIGS. 2A and 4,
the openings 211 in the speaker 206 may be openings in a speaker diaphragm. As
described herein, the openings 211 and the speaker diaphragm (and/or the openings in the
speaker diaphragm) may operate as a barometric vent. In other examples, a barometric
vent may include more or different components or features, such as a dedicated air-
permeable waterproof membrane (as shown in FIG. 2B), a valve, a seal, additional or
different openings that allow fluid communication between the first and second volumes, or
the like.

[0056] The positioning of the speaker 206 over the openings 211 further allows the
second volume 205 to act as a back volume for the speaker 206. For example, when the
diaphragm of the speaker 206 moves to generate sound output, changing air pressure
behind the speaker 206 due to the movement of the diaphragm (e.g., between the speaker
206 and the internal member 209) may negatively affect the operation of the speaker 206.
The openings 211 may alleviate or reduce the pressure variations by allowing air to flow into
and out of the second volume 205 during operation of the speaker 206. In this way, a
separate speaker back-volume does not need to be defined in order to achieve satisfactory

operation of the speaker 206.
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[0057] As noted above, it may be necessary or desirable to make the second volume 205
resistant to water or liquid ingress. Accordingly, the openings 211 may have a waterproofing
membrane, seal, or other component that allows passage of air while limiting or preventing
the passage of water. In some cases, the openings in the speaker 206 (e.g., openings in a
speaker diaphragm) are sufficiently small to limit or prevent the passage of water.
Accordingly, the speaker 206 (or the diaphragm of the speaker 206) may act as an air-
permeable waterproof membrane over the openings 211. In other cases, instead of or in
addition to using the speaker diaphragm as an air-permeable waterproof membrane, another

waterproof membrane may be positioned over the openings 211.

[0058] As used herein, an air-permeable waterproof membrane may correspond to any
suitable material, component, device, assembly, or the like, that allows air (or other gasses)
to pass therethrough, while preventing or limiting the passage of water (or other liquids)
under a range of operating conditions for the device. For example, an air-permeable
waterproof membrane may be waterproof up to a certain amount of fluid pressure or depth of
immersion, beyond which the membrane may rupture or allow water to pass through. In the
case of a wearable electronic device, such as a smart watch, the membrane may be
waterproof up to an immersion depth of about 10 meters, about 20 meters, about 50 meters,
about 100 meters, about 300 meters, or the like. The membrane may be any suitable
component or material, such as a perforated metal, a perforated rigid polymer, a polymer
film (e.g., expanded polytetrafluoroethylene, polyurethane, or the like), or the like.

[0059] The multi-volume configuration of the device 200 also provides a staged sealing
configuration that may improve the overall sealing and performance of the device 200. For
example, the configuration of the openings 214 (and the housing 202 and the first volume
204 more generally) may allow air to pass into the first volume 204 while preventing water
from entering the first volume 204 under non-submerged exposure conditions (e.g., drips or
splashes due to sweat, hand washing, rain, etc.). Thus, the first volume 204 may help
reduce the amount of water that is proximate to the pressure equalization openings between
the first and second volumes 204, 205. This may help improve the waterproof sealing of the
second volume 205, as the amount of water that comes into contact with the waterproof seal
between the first volume 204 and the second volume 205 is exposed to less water than

would be the case if the waterproof seal were exposed directly to the external environment.

[0060] As noted above, water and other liquids may be able to enter into the first volume
204 via the openings 214. While water or other liquids may not permanently damage the
speaker 206 and the pressure-sensing component 208, those components may not operate
properly when there is liquid in the first volume 204. For example, the presence of liquid
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may interfere with the sound output from the speaker 206 and may cause incorrect pressure
readings by the pressure-sensing component 208. Accordingly, the device 200 may use

both passive and active techniques to eject or draw water out of the first volume 204.

[0061] One active technigue for ejecting or purging liquid from the first volume 204
includes using the speaker 206 to produce a sound output (or otherwise move or introduce a
pressure or force within the first volume 204) that forces water out of the openings 214. The
output from the speaker 206 may be any suitable output, such an inaudible pulsing,
vibration, oscillation, or other motion of the diaphragm. In some cases, the output may be
audible, and may be a tone of constant pitch and volume, or variable pitch and/or volume
(e.g., a pulsing tone). The movement of the speaker 206, and more particularly the
diaphragm of the speaker, may effectively push water out of the openings 214. This may
result not only in clearing water away from the speaker 206, but also away from the pressure
equalization openings (which may be integrated with the speaker, as shown in FIG. 2A, or
positioned elsewhere in the first volume as shown in FIG. 2B), and the pressure-sensing
component 208. Thus, by positioning multiple components in a single volume, a single
water ejection technigue may be used to clear water away from multiple different

components.

[0062] An active liquid-ejection technique as described above may be initiated manually
(e.g., by a user initiating a water ejection function) or automatically. In the latter case, a
water or liquid-sensing element 210 positioned within the first volume 204 (and optionally
coupled to the internal member 209 and forming part of the same assembly as the speaker
206 and the pressure-sensing component 208) detects the presence of liquid in the first
volume 204 and automatically initiates the water ejection function. In some cases, the
presence of liquid will cause the device to prompt a user (e.g., via the display 109) to initiate

the water ejection function.

[0063] Instead of or in addition to the active, speaker-based water ejection technique, the
device 200 may include other water removal structures. For example, as shown in FIG. 2A
the housing 202 may define a capillary passage 215 that fluidly couples the first volume 204
to the external environment. The capillary passage 215 may have a size and shape that
produces a capillary action that tends to draw liquid from the first volume 204 into the
capillary passage 215. In this way, the capillary passage 215 may act as a passive pump
that extracts liquid from the first volume 204. The capillary passage 215 may have a
diameter of about 2.0 mm, about 1.5 mm, about 1.0 mm, about 0.6 mm, about 0.5 mm,

about 0.4 mm, about 0.25 mm, or any other suitable diameter. The capillary passage 215
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may have a diameter within a range of about 0.2 mm to about 2.0 mm, about 0.5 mm to
about 1.5 mm, about 0.6 to about 1.2 mm, or any other suitable range.

[0064] The capillary passage 215 may have any suitable length. In some cases, the
capillary passage 215 may be formed at a non-perpendicular angle relative to a plane
defined by the housing wall through which the capillary passage 215 is formed, allowing the
capillary passage 215 to have a length that is greater than the thickness of the housing wall.
In some cases, a greater length of the capillary passage 215 results in improved water
draining performance as compared to a shorter length, due to factors such as a greater
water-holding volume in the capillary passage 215.

[0065] The walls of the capillary passage 215 may be treated to increase or improve the
capillary action. For example, the walls of the capillary passage 215 may be treated (e.qg.,
ground, smoothed, polished, coated), which may increase the effectiveness of the capillary
action (e.g., to draw more water away from the first volume 204, and/or to draw the water
away faster). For example, an hydrophilic coating may be applied to the interior surfaces of
the capillary passage 215 (and/or to the areas of the housing walls adjacent the apertures
that define the capillary passage 215) to help draw water and/or other liquids near and
ultimately into the capillary passage 215.

[0066] The capillary passage 215 may be defined at least in part by a first aperture along
an interior surface of the housing 202 (e.g., a first end or opening of the capillary passage
215), and a second aperture along an exterior surface of the housing (e.g., a second end or
opening of the capillary passage 215). In some cases, the second aperture opens into a
channel 216 in the housing 202 of the device 200. The channel 216 may be configured to
receive at least a portion of a band (e.g., the band 104, FIGS. 1A-1B) therein. As described
herein with respect to FIG. 5A, the interstitial space between the band and the channel 216
may cooperate with the capillary passage 215 to draw water or other liquids out of the first
volume 204.

[0067] The capillary passage 215 may also serve as another conduit between the first
volume 204 and the external environment, in addition to the openings 214. This may help
ensure air pressure equalization between the first volume 204 and the external environment
(e.g., the ambient air around the device 200), even if the openings 214 are occluded. For
example, under certain conditions a user’s wrist, clothing, gloves, or other object may cover
the openings 214, particularly as a user’s wrist may be rotated in a manner which causes
one or more of the openings 214 to be occluded or blocked. This may affect the accuracy of

the pressure readings of the pressure-sensing component 208, such as by increasing the
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pressure in the first volume 204 above the ambient air pressure and/or by preventing air
pressure equalization with the external environment. By providing another opening between
the external environment and the first volume 204, the air pressure may be able to equalize
despite the openings 214 being covered. Having multiple openings (e.g., the capillary
passage 215) also allows pressure relief during draining or ejection of water or other liquids.
For example, if water is being drained from the first volume 204 via the capillary passage
215, air can enter the first volume 204 through the openings 214 to allow the water to flow
freely (without drawing a vacuum within the first volume 204). Similarly, if water is being
expelled or drained from the openings 214, air may be able to enter the first volume 204
through the capillary passage 215. Accordingly, when multiple openings are provided, one
or more of the openings may act as a pressure equalization vent (also optionally referred to

as a breather vent) during liquid draining.

[0068] FIG. 2B shows a portion of another electronic device 220 with a cover removed,
showing another example arrangement of components within an interior cavity 242 of the
device. The device 220 may be an embodiment of the devices 100, 200, and may include
the same or similar components and may provide the same or similar functions as those
devices. Accordingly, details of the devices 100, 200 described above may apply to the

device 220, and for brevity will not be repeated here.

[0069] The electronic device 220 may include a housing 222 with a side wall 233. The
side wall 233 may at least partially define the interior cavity 242 of the device 220. The
interior cavity 242 may be divided into a first volume 224 and a second volume 225. The
interior cavity 242 may be divided into the first and second volumes 224, 225 by an internal
member 229. The housing 222 may define a capillary passage 235 that fluidly couples the
first volume 224 to the external environment. The capillary passage 235 may open to a
channel 236 in the housing 222 (which may be configured to receive a band, as described
above). The capillary passage 235 may be the same as or similar to the capillary passage
215. Accordingly, the details of the capillary passage 215 discussed above apply equally to
the capillary passage 235 and for brevity will not be repeated here.

[0070] Components 227 may be positioned in the second volume 225. The components
227 may include processors, memory, batteries, haptic output devices, circuit boards,
sensors, display components, or the like. For ease of illustration the components 227 are
shown in a generalized shape and location, though one of ordinary skill in the art will
recognize that they may have a different shape or overall configuration, and they may be

positioned in or otherwise incorporated with the housing 222 in any suitable way.
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[0071] Similar to the device 200, the device 220 may include a pressure-sensing
component 228, a speaker 226, and a liquid-sensing element 230 positioned within the first
volume 224. The device 220 may also include a barometric vent that allows pressure
equalization between the first volume 224 and the second volume 225 (e.g., by allowing
gasses to pass between the first and second volumes 224, 225). In the device 220, the
barometric vent may include an opening 231 that allows pressure equalization between the
first volume 224 and the second volume 225. For example, the opening 231 may define an

air passage between the first and second volumes, as indicated by arrow 240.

[0072] Instead of positioning the opening 231 behind the speaker 226, as shown in FIG.
2A, the opening 231 in this case is not occluded or covered by the speaker 226. In some
cases, the barometric vent includes an air-permeable, waterproof membrane that covers the
opening 231. The membrane may allow air pressure equalization between the device and
the external environment while also preventing water from entering the second volume 225.
The membrane may be any suitable component or material, such as a perforated metal, a
perforated rigid polymer, a polymer film (e.g., expanded polytetrafluoroethylene,
polyurethane, or the like), or the like.

[0073] FIG. 3 depicts an example cross-sectional view of a pressure-sensing component
300 that may be used in conjunction with the electronic devices described herein (e.g., the
devices 100, 200, 220). The pressure-sensing component 300 is shown attached to a
component 301, which may correspond to any of the internal members 209, 229 described
above with respect to FIGS. 2A-2B, or any other suitable member or portion of an electronic

device.

[0074] The pressure-sensing component 300 may include a substrate 304, a force-
sensitive element 306, and a body 302 coupled to the substrate 304. The substrate 304
may be a circuit board, which may include conductive traces, wires, or other conductors that
facilitate electrical coupling between the force-sensitive element 306 and other electrical
components (e.g., a processor). The body 302 and the substrate 304 may cooperate to
define a cavity 310. The force-sensitive element 306 may be positioned on the substrate
304 and within the cavity 310.

[0075] The substrate 304 and the body 302 may be formed of or include any suitable
material(s), including metal (e.g., stainless steel, aluminum), ceramic, a polymer, fiberglass,
or the like. In some cases, the body 302 comprises stainless steel and the substrate 304

comprises a ceramic.
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[0076] A dielectric material 308 may be positioned in the cavity 310 and substantially
encapsulating the force-sensitive element 306. The dielectric material 308 may be a liquid, a
gel, or any other suitable material that applies a force to the force-sensitive element 306,
where the force is proportional to or otherwise corresponds to a fluid pressure that is incident
on the exposed surface of the dielectric material 308. The dielectric material 308 may be a
fluro-silicone gel, an oil, or any other suitable material. The dielectric material 308 may be
cured or at least partially solidified (e.g., a crosslinked polymer), or it may be a flowable
liguid. In some cases, the dielectric material 308 may remain in the cavity 310 without
covers, films, or other retaining components, even when the pressure-sensing component

300 is upside down or subjected to movements or forces.

[0077] The force-sensitive element 306 may produce a variable electrical response in
response to a mechanical force or strain applied to the force-sensitive element 306. For
example, the force-sensitive element 306 may be a piezoelectric material or component, a
piezoresistive material or component, a capacitive force sensor, or any other suitable force-
sensitive material or component. Based on the mechanical force or strain that is applied to
the force-sensitive element 306 via the dielectric material 308 (or the lack of a mechanical
force or strain), the force-sensitive element 306 may produce a measurable electrical (or
other) characteristic, such as a voltage, a resistance, a capacitance, or the like. A processor
and/or associated circuitry may determine, based on the electrical characteristic, the fluid
pressure that is incident on the dielectric material 308.

[0078] The body 302 of the pressure-sensing component 300 may be configured to have
a substantially uniform cross-section along the height dimension of the body 302. For
example, where the body 302 is cylindrical, the diameter of the body 302 may be
substantially constant along the height of the body 302. This may allow for greater direct
exposure of the dielectric material 308 as compared to pressure-sensing components with
tapered bodies or smaller top openings. For example, some sensors may have a top
member that substantially encloses the cavity 310, with a top opening that is smaller than
the cross-sectional area of the exposed surface of the dielectric material 308. By having a
uniform cross-section that extends fully to the top opening (e.g., such that the area of the
opening is the same as the cross-sectional area of the body 302), the pressure-sensing
component 300 may have fewer undercuts, seams, corners, or other features that may

capture and retain water, debris, or other contaminants.

[0079] FIG. 4 depicts an example cross-sectional view of a speaker 400 that may be
used in conjunction with the electronic devices described herein (e.g., the devices 100, 200,

220). The speaker 400 is shown attached to a component 403, which may correspond to
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any of the internal members 209, 229 described above with respect to FIGS. 2A-2B, or any
other suitable member or portion of an electronic device.

[0080] The speaker 400 may include a body 401, a diaphragm 402, and a driver
assembly 405 that includes an actuation member 406 and a driver 408. The actuation
assembly may be a voice coil motor, or any other electrical or electromechanical system that
moves the diaphragm to produce a sound output. For example, as shown in FIG. 4, the
driver 408 may impart forces on the actuation member 406 to move the actuation member
406 (e.g., up and down, relative to the orientation shown in FIG. 4), ultimately moving the
diaphragm 402 to produce sound. Additionally, as described above, the driver assembly 405
may be used to move the diaphragm 402 to help push water away from the diaphragm 402
and optionally out of the volume in which the speaker 400 is positioned (e.g., the first
volumes 204, 224, FIGS. 2A-2B).

[0081] The diaphragm 402 may include openings 404, and the component 403 may
include openings 410. The openings 410 may correspond to the openings 211 in FIG. 2B.
The openings 404 in the diaphragm 402 may be configured to allow air to pass through the
diaphragm 402, and ultimately through openings 410, to allow air pressure equalization
between two different volumes within a housing of an electronic device (e.g., by defining an
air passage indicated by arrow 412, which is similar to the air passage indicated by arrows
219 in FIG. 2A). The openings 410 may also provide an air passage to allow the speaker
400 to use the second volume of a device (e.g., the second volumes 205, 225, FIGS. 2A-2B)
as a back volume for the speaker 400. The openings 410 may thus be sufficiently large to
allow the volume of air that is moved by the diaphragm 402 (when the speaker is outputting
sound) to move through the openings 410 to prevent undesirable back pressure in the space

below the diaphragm 402.

[0082] The openings 404 may have a size, shape, or other configuration that allows air to
pass through, while also preventing or restricting water or other liquids from passing through.
Accordingly, the diaphragm 402 may operate as an air-permeable waterproof membrane
over the openings 404. The openings 404 may also be sized, shaped, or otherwise
configured so that they do not substantially attenuate or otherwise negatively affect the audio
performance of the speaker 400. The openings 404 may have a diameter of about 1.0 mm,
0.5 mm, 0.25 mm, 0.1 mm, 0.05 mm, or any other suitable size.

[0083] Insome cases, instead of discrete openings 404, the diaphragm 402 is formed of
or includes an air permeable or porous material that allows air to flow therethrough, but is

also sufficiently dense to act as a speaker diaphragm and produce sound when moved by
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the driver assembly 405. For example, the diaphragm 402 may be formed from a foam,
fabric, air-permeable polymer film (e.g., expanded polytetrafluoroethylene, polyurethane), or
the like.

[0084] As noted above, a speaker in an electronic device may be used to eject or clear
liquids away from the speaker diaphragm, and ultimately eject the liquid from an interior
volume of a housing. This may be accomplished by producing a sound output or otherwise
moving the diaphragm 402 to force liquids away from the diaphragm 402. Because the
openings 404 that provide pressure equalization between the first and second volumes of a
housing are on the diaphragm 402, the liquid ejection techniques used to force liquid away
from the diaphragm 402 may be particularly effective in keeping liquid away from the
openings 404 as well. In some cases, liqguid may be removed from the pressure equalization
openings more quickly and/or more effectively when the openings are positioned on the
diaphragm 402 (as shown in FIGS. 2A and 4) than when they are positioned elsewhere.

[0085] Insome cases, the speaker 400 includes a protective cover 414 positioned over
the diaphragm 402. The protective cover 414 may be a mesh, fabric, woven material, foam,
or other material that protects the diaphragm 402 from debris, water, or other contaminants
that could damage the diaphragm 402 or interfere with the ability of the diaphragm 402 to
produce sound (or reduce the sound quality or volume). Due to its porous design, the
protective cover 414 may retain or capture water or other liquids that may enter the volume
in which the speaker 400 is positioned. In such cases, the speaker 400 may use water
ejection techniques, as described above, to force the water out of the protective cover 414

(and ultimately out of the volume in which the speaker 400 is positioned).

[0086] While FIG. 4 shows a diaphragm 402 with openings 404, embodiments that do not
require air to pass through the speaker 400 may omit the openings 404. In such cases, the
openings 410 in the component 403 may be positioned elsewhere than directly below the
speaker 400.

[0087] FIG. 5A depicts a partial cross-sectional view of a device 500. The device 500
may be an embodiment of the devices 100, 200, 220, and may include the same or similar
components and may provide the same or similar functions as those devices. Accordingly,
details of the devices 100, 200, 220 described above may apply to the device 500, and for
brevity will not be repeated here.

[0088] The device 500 includes a housing 502 (which may be the same as or similar to
the housings 102, 202, 222, described above). The housing 502 may define a first volume

504, as well as a channel 516 that extends along an exterior side surface of the housing 502
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and is configured to receive (and optionally retain) at least a portion of a band 520. The
device 500 may also include a pressure-sensing component 508 in the first volume 504 and
coupled to an internal member 509. The housing 502 may define an opening 514 that
exposes the pressure-sensing component 508 (as well as other components in the first
volume 504) to the external environment. These components and/or features may be the
same as or similar to corresponding components and/or features described elsewhere in this

application.

[0089] The device 500 also includes a capillary passage 515 that extends through the
housing 502 and fluidly couples the first volume 504, in which the pressure-sensing
component 508 and a speaker may be positioned, to the channel 516. The capillary
passage 515 may be the same as or similar to similar to the capillary passages 215, 235.
For example, as described above, the capillary passage 515 may be configured to use a
capillary action to draw water or other liquids into the capillary passage 515 and out of the
first volume 504. Other details of the capillary passages 215, 235 described above are
equally applicable to the capillary passage 515, and for brevity may not be repeated here.
Further, details of the capillary passage 515 described herein may be equally applicable to
the capillary passages 215, 235, or to any other capillary passages described herein.

[0090] As shown in FIG. 5A, the capillary passage 515 extends from a surface of the first
volume 504 to a surface of the channel 516. When the band 520 is positioned within the
channel 516, an interstitial space 522 is defined between a surface of the band 520 and a
surface of the channel 516. The interstitial space 522 may cooperate with the capillary
passage 515 to draw liquid out of the first volume 504 using capillary action. More
particularly, capillary action is a phenomenon whereby liquids may be drawn into narrow
openings or spaces without the assistance of gravity, pumps, or other applied forces. As
noted above, the interstitial space 522 defined between the surface of the band 520 and the
surface of the channel 516 may be sufficiently narrow to induce a capillary action. For
example, the distance between the surface of the channel 516 and the surface of the band
520 in the interstitial space 522 may be about 0.5 mm, about 0.2 mm, about 0.1 mm, about
0.05 mm, about 0.01 mm, or any other suitable dimension (which may be an average
distance or a maximum distance). By positioning the capillary passage 515 so that it opens
into the channel 516, a continuous volume may be defined throughout which the capillary
effect may be substantially uninterrupted. More particularly, because the capillary passage
515 opens directly into the interstitial space 522, the volume of the interstitial space 522
(which itself may produce a capillary action) may be combined with the volume of the
capillary passage 515 to produce a larger volume that liquid can be drawn into. Moreover,

as the small dimensions of the capillary passage 515 and the interstitial space 522 directly
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join one another (e.g., there is no larger empty space between them that would interrupt the
capillary action), the capillary effect of both of the volumes may cooperate to draw water out
of the first volume 504. The water or other liquid that is ultimately drawn into the capillary
passage 515 and/or the interstitial space 522 may evaporate, drain out of the interstitial
space 522 and away from the device 500, or be removed manually (e.g., absorbed or wiped

away by a user).

[0091] FIG. 5B depicts a partial cross-sectional view of the device 500. The view
depicted in FIG. 5B corresponds to a view of a device along line A-A in FIG. 1B. As shown
in FIG. 5B, the capillary passage 515 is defined by an entrance aperture 524 formed along
an interior surface of a housing wall, and an exit aperture formed along a surface of the
housing that defines a channel that receives a band 520. The device 500 also includes a
transparent cover 530 (which may be an embodiment of the cover 108), and a back cover
528. The back cover 528 may be formed from or may include a dielectric material that is
configured to allow electromagnetic fields to pass therethrough. In some cases, the back
cover 528 may be configured to allow or facilitate wireless charging of the device 500
through the back cover 528. The back cover 528 may also be completely or partially
optically transparent or translucent, or otherwise allow optical sensing through all or a portion
of the back cover 528. Optical sensing may be used, for example, for heart rate sensing
(e.g., with a photoplethysmograph), proximity sensing (e.g., to detect when the device 500 is
being worn), or the like. The back cover 528 may be formed of or include glass, ceramic,
plastic, or any other suitable material. In some cases the back cover 528 may be formed of

or include metal.

[0092] As noted above, the capillary passage 515 and the interstitial space 522 may
cooperate to produce a capillary effect that can drain water or other liquids from the first
volume 504. The effectiveness of the capillary effect produced by the opening 515 and the
interstitial space 522 (e.g., how fast water is moved due to the capillary effect, the amount of
water that can be moved, etc.) may depend at least in part on the proximity of the surfaces
of the drain volume defined by the combination of the capillary passage and the interstitial
space. For example, a drain volume with a smaller distance between opposing surfaces
may produce a greater capillary effect than one with a larger distance, and therefore may
result in faster draining of a space (e.g., the first volume 504). In some cases, having a drain
volume in which the distance (e.g., the minimum distance) between opposing surfaces
decreases along the path travelled by the water through the drain volume may help increase
the capillary effect (e.g., increasing the speed of water movement, amount of water that can
be moved, etc.). Thus, in some cases the capillary passage 515 may have a tapered profile,

such that the entrance aperture 524 is larger than the exit aperture 526. Additionally, the
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distance between the band 520 and the housing 502 along all or some of the interstitial
space 522 may be less than the distance between the walls of the capillary passage 515
(e.g., a diameter of the capillary passage). In such cases, the drain volume that produces
the capillary effect and drains water from the first volume 504 is defined by a decreasing
distance between surfaces along a path extending from the entrance aperture 524 into the
interstitial space 522. More particularly, the drain volume may have a first region, defined by
the capillary passage 515, with a first distance between opposite surfaces (e.g., a diameter
of the capillary passage 515) and a second region, defined by the interstitial space 522, with
a second, lesser distance between opposite surfaces (e.g., a distance between the band 520
and the housing 502).

[0093] FIG. 5C is a side view of the device 500, showing the housing 502 with the band
520 removed from the channel 516. As shown in FIG. 5C, the housing 502 includes a cap
532 positioned over the exit aperture 526. For example, in cases where the capillary
passage is not perpendicular to the housing wall that it extends through (such as the angled
capillary passage 515 shown in FIG. 5A), the entrance and exit apertures may not be
circular, but instead may have an oval shape or other non-circular shape. The cap 532 may
cover the non-circular exit aperture 526. The cap 532 may define a through-hole 534 that
communicates with the capillary passage 515 and allow the capillary passage 515 to fluidly
couple to the channel 516 and, by extension, the interstitial space 522 (FIGS. 5A-5B). The
cap 532 may be set into a counterbore or other recess such that the exterior surface of the
cap 532 is flush with the surface of the channel 516.

[0094] As noted above, the surfaces in and around the capillary passage 515 and/or the
interstitial space 522 may be treated to help guide, force, or induce water or other liquids into
the capillary passage 515 and/or the interstitial space 522. For example, hydrophilic surface
treatments (e.g., coatings, textures, materials, etc.) may be applied on or near the capillary
passage 515 and/or the interstitial space 522. FIG. 5D illustrates a portion of the housing
502 viewed along line B-B in FIG. 5A. The illustrated portion includes the entrance aperture
524 and a hydrophilic region 536 (within the broken-line boundary 537) on the interior
surface of the housing 502. The hydrophilic region 536 may be defined by a surface texture,
coating, insert (e.g., of a different material than the other areas of the housing 502), or the
like. As described above, the inner surfaces of the capillary passage 515 may also have a
hydrophilic surface treatment (e.g., surface texture, coating, insert, sleeve). The hydrophilic
surface treatment may attract, draw, or hold water and/or other liquids near the entrance
aperture 524, which may help draw the liquids into the capillary passage 515 where the
capillary action may draw the water out of the first volume 504. In some cases, the housing

502 may also have a hydrophobic region 538 (outside the boundary 537). The hydrophobic
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region 538 may be defined by a surface texture, coating, insert (e.g., of a different material
than the other areas of the housing 502), or the like. The hydrophobic region 538 may push,
reject, or otherwise repel water and/or other liquids. The proximity of the hydrophobic region
538 to the hydrophilic region 536 and the capillary passage 515 (or the capillary passage
515 alone, where the hydrophilic region is omitted) may help guide water and/or other liquids
into the capillary passage 515, where capillary action may continue to draw the water into
the capillary passage 515 and out of the first volume 504.

[0095] FIGS. 5A-5D illustrate an example device in which a capillary passage 515
extends from an interior volume (e.g., the first volume 504) to a channel that receives a lug
of a band or strap, which is one example configuration for a capillary passage in an
electronic device such as a watch. Other configurations of capillary passages in a device
are also possible, using the principles and techniques described with respect to the other
capillary passages described herein. FIGS. 6A-7 illustrate additional example capillary

passages that may be used in an electronic device.

[0096] FIG. 6A depicts a partial cross-sectional view of an example device 600. The view
of FIG. 6A corresponds to a view of a device along line A-A in FIG. 1B. The device 600 may
be the same as or similar to the other devices described herein (e.g., devices 100, 200, 220,
500), but with a different configuration of capillary passages. The device 600 may include a

housing 601, a cover 602, and a back cover 606, each of which may be the same as or

similar to corresponding components described herein with respect to other devices.

[0097] The device 600 may include a capillary passage 608 that extends through a wall
of the housing 601 and fluidly couples a first volume 604 (in which a speaker, barometric
vent, pressure sensor, and/or other components may be positioned) to an interstitial space
612 defined by (and between portions of) the exterior surface of the housing 601 and the
back cover 606. The interstitial space 612 may act similarly to the interstitial space 522. For
example, the interstitial space 612 may cooperate with the capillary passage 608 to produce
a capillary action that tends to draw liquid from the first volume 604 into the capillary
passage 608 and into the interstitial space 612. Additionally, similar to the interstitial space
522, the distance between the surfaces that define the interstitial space 612 (e.g., a space
defined in part by a surface of the back cover 606 and a surface of the housing 601) may be
smaller than the distance between opposing surfaces of the capillary passage 608 (e.g.,
smaller than a diameter of the capillary passage 608). This may define a path that has a
decreasing distance between surfaces along a path extending from the capillary passage
608 into the interstitial space 612. The distance between the surface of the back cover 606

and the surface of the housing 601 that define the interstitial space 612 may be about 0.5
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mm, about 0.2 mm, about 0.1 mm, about 0.05 mm, about 0.01 mm, or any other suitable
dimension (which may be an average distance or a maximum distance). In some cases, the
interstitial space 612 may also have a decreasing distance between surfaces to aid in the
capillary effect. For example, the interstitial space 612 may have a first distance between
opposing surfaces proximate the capillary passage 608, and may taper to a second, smaller

distance where the interstitial space 612 opens to the external environment.

[0098] By using the interstitial space 612 in combination with the capillary passage 608,
the volume of the space that produces the capillary action may be increased (relative to the
capillary passage 608 alone), allowing the capillary passage 608 and the interstitial space
612 to draw more liquid out of the first volume 604. FIG. 6B is a back view of the device
600, illustrating one example configuration of the interstitial space 612. As shown in FIG.
6A, a portion of the back cover 606 may be set apart from the housing to define the gap that
defines the interstitial space 612. FIG. 6B illustrates an example in which the gap extends
along the entire perimeter or peripheral area of the back cover 606. The interstitial space
612 in FIG. 6B may be the region between the perimeter of the back cover 606 and the
broken line inset from the perimeter of the back cover 606. In other example embodiments,
the interstitial space 612 does not extend along the entire perimeter.

[0099] FIG. 6A also illustrates another example configuration for a capillary passage. In
particular, capillary passage 610 extends from the first volume 604 to an interstitial space
611 between a portion of the cover 602 and the housing 601. More particularly, a portion of
the cover 602 may be set apart from the housing 601 to define the gap that defines the
interstitial space 611. The distance between the surface of the cover 602 and the surface of
the housing 601 that define the interstitial space 611 may be about 0.5 mm, about 0.2 mm,
about 0.1 mm, about 0.05 mm, about 0.01 mm, or any other suitable dimension (which may

be an average distance or a maximum distance).

[0100] Similar to the interstitial space 522, the distance between the surfaces that define
the interstitial space 611 (e.g., a space defined in part by a surface of the cover 602 and a
surface of the housing 601) may be smaller than the distance between opposing surfaces of
the capillary passage 610 (e.g., smaller than a diameter of the capillary passage 610). This
may define a path that has a decreasing distance between surfaces along a path extending
from the capillary passage 610 into the interstitial space 611. The distance between the
surface of the cover 602 and the surface of the housing 601 that define the interstitial space
611 may be about 0.5 mm, about 0.2 mm, about 0.1 mm, about 0.05 mm, about 0.01 mm, or
any other suitable dimension (which may be an average distance or a maximum distance).

In some cases, the interstitial space 611 may also have a decreasing distance between
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surfaces to aid in the capillary effect. For example, the interstitial space 611 may have a first
distance between opposing surfaces proximate the capillary passage 610, and may taper to
a second, smaller distance where the interstitial space 611 opens to the external

environment.

[0101] FIG. 6C is a front view of the device 600, illustrating an example configuration of
the interstitial space 611. Like the interstitial space 612, FIG. 6C shows how the gap
between a portion of the cover 602 and the housing 601 extends along the entire perimeter
or peripheral area of the cover 602. The interstitial space 611 in FIG. 6C may be the region
between the perimeter of the cover 602 and the broken line inset from the perimeter of the
cover 602. In other example embodiments, the interstitial space 611 does not extend along
the entire perimeter.

[0102] FIGS. 6A-6C show two capillary passages in one device, the capillary passage
610 and the capillary passage 608. It will be understood that some embodiments may
include both capillary passages, or just one or the other of the capillary passages. Indeed,
any of the capillary passages described herein may be used alone or in combination with
other capillary passages described herein. For example, in some cases three capillary
passages are connected to a single volume: one extending to a band slot, another extending
to an interstitial space defined by a front cover, and another extending to an interstitial space
defined by a back cover. Other combinations are also contemplated.

[0103] Other types of capillary action structures and components may also be used to
draw liquid out of enclosed spaces or volumes in a device. FIG. 7, for example, depicts a
partial cross-sectional view of an example device 700, which may be an embodiment of the
devices 100, 200, 220, and may include the same or similar components and may provide
the same or similar functions as those devices. Accordingly, details of the devices 100, 200,
220 described above may apply to the device 700, and for brevity will not be repeated here.

[0104] The device 700 includes a housing 702 (which may be the same as or similar to
the housings 102, 202, 222, described above). The housing 702 may define a first volume
708, as well as a channel 712 that extends along an exterior side surface of the housing 702
and is configured to receive (and optionally retain) at least a portion of a band. The device
700 may also include a pressure-sensing component in the first volume 708. These
components and/or features may be the same as or similar to corresponding components

and/or features described elsewhere in this application.

[0105] The device 700 also includes a porous drain structure 710 that fluidly couples the

first volume 708, in which a pressure-sensing component and a speaker may be positioned,
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to the channel 712. The porous drain structure 710 may be configured to use a capillary
action to draw water or other liquids into the porous drain structure 710 and out of the first
volume 708. More particularly, the pores of the porous drain structure 710 may define an
open-cell pore structure in which the pores are sufficiently small to produce a capillary action
on water and/or other liquids. For example, in some cases the pores may have an average
diameter of about 1.0 mm, about 0.6 mm, about 0.5 mm, about 0.4 mm, about 0.25 mm,
about 0.1 mm, about 0.05 mm, or any other suitable diameter. The porous drain structure
710 may otherwise operate in substantially the same manner as the other capillary passages
described herein. Indeed, any of the capillary passages described herein may be replaced
with or at least partially filled with a porous drain structure. The porous drain structure 710
may be formed by foaming, drilling, or otherwise forming a porous structure in the material of

the housing 702, or by inserting a porous material into an opening in the housing 702.

[0106] The capillary passages described with respect to FIGS. 5A-7 may be used to drain
water and/or other liquids from internal volumes of devices, and may also provide air
pressure equalization vents to help provide stable and accurate pressure readings from
pressure sensors in those volumes. Also, any of the dimensions, properties, and/or
techniques described with respect to one example capillary passage may apply to other
capillary passages described herein as well. For example hydrophobic and/or hydrophilic
treatments (e.g., coatings, textures, etc.) described with respect to FIGS. 5A-5D may be
applied to the capillary passages in FIGS. 6A-7, as well as any other capillary passages
described herein.

[0107] Further, the devices described with respect to FIGS. 5A-7 describe some example
configurations of interstitial spaces that may be used to augment the capillary action of a
capillary passage in a housing. However, these example interstitial spaces are not intended
to be exhaustive, and other interstitial spaces may exist or be provided. For example,
buttons, dials, crowns, or other components of a device may define interstitial spaces
between themselves and the housing (or between any two surfaces). Such interstitial
spaces may be used in addition to or instead of those described herein. In such cases, a
capillary passage may fluidly couple the interstitial spaces to the volume that is intended to
be vented or drained of liquid. Moreover, any of the capillary passages and/or surfaces that
define the interstitial spaces may have hydrophilic treatments, coatings, textures, or the like
to help draw liquid into the openings or interstitial spaces. For example, the surfaces of the
housing and covers that define the interstitial spaces 611, 612 may have hydrophilic

treatments, coatings, textures, or the like.
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[0108] FIG. 8 depicts an example schematic diagram of an electronic device 800. By
way of example, the device 800 of FIG. 8 may correspond to the wearable electronic device
100 shown in FIGS. 1A-1B (or any other wearable electronic device described herein). To
the extent that multiple functionalities, operations, and structures are disclosed as being part
of, incorporated into, or performed by the device 800, it should be understood that various
embodiments may omit any or all such described functionalities, operations, and structures.
Thus, different embodiments of the device 800 may have some, none, or all of the various
capabilities, apparatuses, physical features, modes, and operating parameters discussed

herein.

[0109] As shown in FIG. 8, a device 800 includes a processing unit 802 operatively
connected to computer memory 804 and/or computer-readable media 806. The processing
unit 802 may be operatively connected to the memory 804 and computer-readable media
806 components via an electronic bus or bridge. The processing unit 802 may include one
or more computer processors or microcontrollers that are configured to perform operations in
response to computer-readable instructions. The processing unit 802 may include the
central processing unit (CPU) of the device. Additionally or alternatively, the processing unit
802 may include other processors within the device including application specific integrated

chips (ASIC) and other microcontroller devices.

[0110] The memory 804 may include a variety of types of non-transitory computer-
readable storage media, including, for example, read access memory (RAM), read-only
memory (ROM), erasable programmable memory (e.g., EPROM and EEPROM), or flash
memory. The memory 804 is configured to store computer-readable instructions, sensor
values, and other persistent software elements. Computer-readable media 806 also
includes a variety of types of non-transitory computer-readable storage media including, for
example, a hard-drive storage device, a solid-state storage device, a portable magnetic
storage device, or other similar device. The computer-readable media 806 may also be
configured to store computer-readable instructions, sensor values, and other persistent

software elements.

[0111] Inthis example, the processing unit 802 is operable to read computer-readable
instructions stored on the memory 804 and/or computer-readable media 806. The
computer-readable instructions may adapt the processing unit 802 to perform the operations
or functions described above with respect to FIGS. 1A-7. In particular, the processing unit
802, the memory 804, and/or the computer-readable media 806 may be configured to
cooperate with a sensor 824 (e.g., an image sensor that detects input gestures applied to an
imaging surface of a crown) to control the operation of a device in response to an input
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applied to a crown of a device (e.g., the crown 112). The computer-readable instructions
may be provided as a computer-program product, software application, or the like.

[0112] As shown in FIG. 8, the device 800 also includes a display 808. The display 808
may include a liquid-crystal display (LCD), organic light emitting diode (OLED) display, light
emitting diode (LED) display, or the like. If the display 808 is an LCD, the display 808 may
also include a backlight component that can be controlled to provide variable levels of
display brightness. If the display 808 is an OLED or LED type display, the brightness of the
display 808 may be controlled by modifying the electrical signals that are provided to display
elements. The display 808 may correspond to any of the displays shown or described

herein.

[0113] The device 800 may also include a battery 809 that is configured to provide
electrical power to the components of the device 800. The battery 809 may include one or
more power storage cells that are linked together to provide an internal supply of electrical
power. The battery 809 may be operatively coupled to power management circuitry that is
configured to provide appropriate voltage and power levels for individual components or
groups of components within the device 800. The battery 809, via power management
circuitry, may be configured to receive power from an external source, such as an AC power
outlet. The battery 809 may store received power so that the device 800 may operate
without connection to an external power source for an extended period of time, which may

range from several hours to several days.

[0114] In some embodiments, the device 800 includes one or more input devices 810.
An input device 810 is a device that is configured to receive user input. The one or more
input devices 810 may include, for example, a push button, a touch-activated button, a
keyboard, a key pad, or the like (including any combination of these or other components).
In some embodiments, the input device 810 may provide a dedicated or primary function,
including, for example, a power button, volume buttons, home buttons, scroll wheels, and
camera buttons. Generally, a touch sensor or a force sensor may also be classified as an
input device. However, for purposes of this illustrative example, the touch sensor 820 and a
force sensor 822 are depicted as distinct components within the device 800.

[0115] In some embodiments, the device 800 includes one or more output devices 818.
An output device 818 is a device that is configured to produce an output that is perceivable
by a user. The one or more output devices 818 may include, for example, a speaker (e.g.,
the speaker 206, or any other speaker described herein), a light source (e.g., an indicator

light), an audio transducer, a haptic actuator, or the like.
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[0116] The device 800 may also include one or more sensors 824. In some cases, the
sensors may include a sensor that determines conditions of an ambient environment
external to the device 800, such as a pressure sensor (which may include the pressure-
sensing component 208, or any other pressure-sensing component described herein), a
temperature sensor, a liquid sensor (e.g., which may include the liquid-sensing element 210,
or any other liquid-sensing element described herein), or the like. The sensors 824 may also
include a sensor that detects inputs provided by a user to a crown of the device (e.g., the
crown 112). As described above, the sensor 824 may include sensing circuitry and other
sensing elements that facilitate sensing of gesture inputs applied to an imaging surface of a
crown, as well as other types of inputs applied to the crown (e.g., rotational inputs,
translational or axial inputs, axial touches, or the like). The sensor 824 may include an
optical sensing element, such as a charge-coupled device (CCD), complementary metal—
oxide—semiconductor (CMOS), or the like. The sensor 824 may correspond to any sensors
described herein or that may be used to provide the sensing functions described herein.

[0117] The device 800 may also include a touch sensor 820 that is configured to
determine a location of a touch on a touch-sensitive surface of the device 800 (e.g., an input
surface defined by the portion of a cover 108 over a display 109). The touch sensor 820
may use or include capacitive sensors, resistive sensors, surface acoustic wave sensors,
piezoelectric sensors, strain gauges, or the like. In some cases the touch sensor 820
associated with a touch-sensitive surface of the device 800 may include a capacitive array of
electrodes or nodes that operate in accordance with a mutual-capacitance or self-
capacitance scheme. The touch sensor 820 may be integrated with one or more layers of a
display stack (e.qg., the display 109) to provide the touch-sensing functionality of a
touchscreen. Moreover, the touch sensor 820, or a portion thereof, may be used to sense
motion of a user’s finger as it slides along a surface of a crown, as described herein.

[0118] The device 800 may also include a force sensor 822 that is configured to receive
and/or detect force inputs applied to a user input surface of the device 800 (e.g., the display
109). The force sensor 822 may use or include capacitive sensors, resistive sensors,
surface acoustic wave sensors, piezoelectric sensors, strain gauges, or the like. In some
cases, the force sensor 822 may include or be coupled to capacitive sensing elements that
facilitate the detection of changes in relative positions of the components of the force sensor
(e.g., deflections caused by a force input). The force sensor 822 may be integrated with one
or more layers of a display stack (e.g., the display 109) to provide force-sensing functionality

of a touchscreen.
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[0119] The device 800 may also include a communication port 828 that is configured to
transmit and/or receive signals or electrical communication from an external or separate
device. The communication port 828 may be configured to couple to an external device via
a cable, adaptor, or other type of electrical connector. In some embodiments, the
communication port 828 may be used to couple the device 800 to an accessory, including a
dock or case, a stylus or other input device, smart cover, smart stand, keyboard, or other
device configured to send and/or receive electrical signals.

[0120] The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the described embodiments.
However, it will be apparent to one skilled in the art that the specific details are not required
in order to practice the described embodiments. Thus, the foregoing descriptions of the
specific embodiments described herein are presented for purposes of illustration and
description. They are not targeted to be exhaustive or to limit the embodiments to the
precise forms disclosed. It will be apparent to one of ordinary skill in the art that many
modifications and variations are possible in view of the above teachings. Also, when used
herein to refer to positions of components, the terms above and below, or their synonyms,
do not necessarily refer to an absolute position relative to an external reference, but instead

refer to the relative position of components with reference to the figures.
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CLAIMS
What is claimed is:

1. An electronic watch comprising:

a housing at least partially defining an interior cavity divided into at least a first
volume and a second volume;

a pressure-sensing component positioned within the first volume;

a speaker positioned within the first volume;

a processor positioned within the second volume;

a battery positioned within the second volume; and

a barometric vent that allows air pressure equalization between the first volume and

an external environment.

2. The electronic watch of claim 1, further comprising:

a band coupled to the housing and configured to couple the electronic watch to a
wearer;

a transparent cover coupled to the housing;

a touch sensor positioned below the transparent cover and configured to detect touch
inputs applied to the transparent cover; and

a crown positioned along a side surface of the housing and configured to receive
rotational inputs.

3. The electronic watch of claim 1, wherein:

the speaker comprises a speaker diaphragm defining a first opening;

the electronic watch further comprises an internal member that divides the interior
cavity into the first volume and the second volume and defines a second opening fluidly
coupling the first volume and the second volume;

the speaker diaphragm is positioned over the second opening; and

the first and second openings define the barometric vent.

4, The electronic watch of claim 3, wherein the speaker diaphragm is waterproof.

5. The electronic watch of claim 3, wherein:

the housing defines a third opening fluidly coupling the interior cavity to the external
environment; and

the speaker is configured to produce a sound to eject liquid from the first volume
through the third opening.

6. The electronic watch of claim 1, wherein:
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the electronic watch further comprises an internal member that divides the interior
cavity into the first volume and the second volume and defines a second opening fluidly
coupling the first volume and the second volume; and

the barometric vent comprises an air-permeable waterproof membrane positioned

over the second opening.

7. An electronic watch comprising:

a housing at least partially defining an interior cavity;

a display positioned at least partially within the housing and configured to display a
graphical output;

a transparent cover coupled to the housing;

a touch sensor positioned below the transparent cover and configured to detect touch
inputs applied to the transparent cover; and

an internal member that divides the interior cavity into a first volume and a second
volume; wherein

a first opening in the housing exposes the first volume to an external environment;
and

a second opening in the internal member allows gases to pass between the first

volume and the second volume.

8. The electronic watch of claim 7, further comprising:
a pressure-sensing component positioned within the first volume; and
a speaker positioned within the first volume.

9. The electronic watch of claim 8, further comprising a waterproof membrane covering
the second opening.

10. The electronic watch of claim 9, wherein:
the speaker comprises a diaphragm configured to produce sound output; and
the diaphragm is the waterproof membrane.

11. The electronic watch of claim 10, wherein the diaphragm defines an opening that

allows passage of air while preventing passage of water.

12. The electronic watch of claim 8, further comprising a liquid sensing element
positioned within the first volume and configured to detect the presence of liquid within the

first volume.
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13. The electronic watch of claim 12, wherein, after the liquid sensing element detects
the presence of liquid within the first volume, the speaker produces a sound to eject liquid

from the first volume.

14. A wearable electronic device comprising:

a housing at least partially defining an interior cavity divided into a first volume and a
second volume;

a processor positioned within the second volume;

a pressure-sensing component positioned within the first volume; and

a speaker positioned within the first volume; wherein

the housing defines an opening that allows air pressure equalization between the first

volume and an external environment.

15. The wearable electronic device of claim 14, further comprising:

a band coupled to the housing and configured to couple the wearable electronic
device to a wearer;

a transparent cover coupled to the housing;

a touch sensor positioned below the transparent cover and configured to detect touch
inputs applied to the transparent cover; and

a crown positioned along a side surface of the housing and configured to receive

rotational inputs.

16. The wearable electronic device of claim 14, wherein the housing further defines a
capillary passage fluidly coupling the first volume to the external environment and configured

to draw a liquid out of the first volume.

17. The wearable electronic device of claim 16, wherein:
the housing defines a channel configured to receive at least a portion of a band; and
the capillary passage extends from a surface of the channel to a surface of the first

volume.

18. The wearable electronic device of claim 16, wherein:
the wearable electronic device further comprises:
a transparent cover coupled to a front of the housing;
a display positioned below the transparent cover and configured to display a
graphical output; and
a back cover coupled to a back of the housing and at least partially defining
an interstitial space between a portion of the back cover and a portion of a surface of the

housing; and
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the capillary passage extends from a surface of the first volume to the portion of the

surface of the housing.

19. The wearable electronic device of claim 14, wherein:

the opening is a first opening;

the first opening allows sound output from the speaker to exit the housing and allows
the pressure-sensing component to determine a barometric pressure of the external
environment;

the wearable electronic device further comprises an internal member that divides the
housing into the first volume and the second volume; and

the internal member defines a second opening that allows air pressure equalization

between the first volume and the second volume.

20. The wearable electronic device of claim 19, wherein:
the speaker comprises a diaphragm that is positioned over the second opening;
the diaphragm defines a third opening; and
the second opening and the third opening cooperate to define an air passage

between the first volume and the second volume.
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International application No.
INTERNATIONAL SEARCH REPORT PCT/US2015/041041
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-15, 19, 20
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO4G HO4R HOAS

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2016/190957 Al (APPLE INC [US]) 1,2,
1 December 2016 (2016-12-01) 7-10,12,
13
Y paragraph [0005] - paragraph [0073] 6
A figures 1-3 3-5,11
X US 2017/089698 Al (EHMAN REX T [US] ET AL) 14,15,19
30 March 2017 (2017-03-30)
Y figures 1-5,8 6
A paragraph [0003] - paragraph [0049] 20
A US 20167005296 Al (KIL KWANG-MIN [KR] ET 1,7,14
AL) 7 January 2016 (2016-01-07)
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paragraph [0023] - paragraph [0088]
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 October 2019

Date of mailing of the international search report

16/12/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
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Authorized officer

Clemente, Gianluigi

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2019/041041

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-15, 19, 20

Electronic watch with membrane speaker definining a
barometric vent

2. claims: 16-18

Werable device with capillary passage
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