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(57) ABSTRACT

Disclosed herein are battery-free charging systems for wire-
less headphones that have at least one proprietary electrical
contact provided to charge an on-board power source of the
wireless headphone. The battery-free charging system com-
prises a cable having a first end and a second end, a
headphone socket coupled to the first end of the cable, a
connector coupled to the second end of the cable, the
connector for connecting the battery-free charging system to
an external power source, and circuitry coupled to the
headphone socket and to the connector. The headphone
socket is configured to receive the wireless headphone, to
couple the at least one proprietary electrical contact to the
external power source, and to allow continued use of the
wireless headphone while charging. The circuitry is config-
ured to detect an orientation of the wireless headphone
within the headphone socket and provide a charging signal
appropriate for the detected orientation.




Patent Application Publication  Oct. 21, 2021 Sheet 1 of 13 US 2021/0329363 A1




Patent Application Publication  Oct. 21, 2021 Sheet 2 of 13 US 2021/0329363 A1

150A

FIG. 2

100~




Patent Application Publication  Oct. 21, 2021 Sheet 3 of 13 US 2021/0329363 A1

FIG. 3A




Patent Application Publication  Oct. 21, 2021 Sheet 4 of 13 US 2021/0329363 A1

FIG. 3B




Patent Application Publication  Oct. 21, 2021 Sheet 5 of 13 US 2021/0329363 A1




Patent Application Publication  Oct. 21, 2021 Sheet 6 of 13 US 2021/0329363 A1

l
172 | Controller | | |/
\ 105 \ ! ~ l
Power : 134 180\ l
source | Authentication chip| I | o J
|
’ 132
| D |
| Passive circuit :




Patent Application Publication  Oct. 21, 2021 Sheet 7 of 13 US 2021/0329363 A1

FIG. 5A




Patent Application Publication  Oct. 21, 2021 Sheet 8 of 13 US 2021/0329363 A1

FIG. 5D FIG. 5E

FIG. 5F



Patent Application Publication  Oct. 21, 2021 Sheet 9 of 13 US 2021/0329363 A1

FIG. 5G

FIG. 5H



Patent Application Publication

200

\.

204

Oct. 21,2021 Sheet 10 of 13 US 2021/0329363 Al

202

\{ Start ]

o

Detect headphone
orientation in socket

Yes

First
orientation?

No

208
N

v fzzo

+V1

210 !
Provide charging K
signal with No Secopd .,
first \erentahon?/
characteristic
lYes
Provide charging | 212
signal with J
-1 second
characteristic
Vv
End
214 > {
-V1

FIG. 6



Patent Application Publication

300

.

304
\_| Detect orientations

302

N Start {

of first and second
headphones in first
and second sockets

Oct. 21, 2021 Sheet 11 of 13

In response to detected

orientations, provide first and
second charging signals with

first and second charging

polarities to first and second

headphones

+V
» {
V
» {
-V1

K 310B

End
308

FIG. 7

+V1

US 2021/0329363 Al

306

_/

v f312A

» |

» {

'\ 312B



Patent Application Publication  Oct. 21,2021 Sheet 12 of 13  US 2021/0329363 Al

100\

l
172 ! Controller | /
\ 105 \ | ~ l
Power i 134 180\ |
source | Authentication chip| I | 4o J
|
* 132
| I —
| Passive circuit :
FIG. 8A

!
172 | Controller | | -

\ 105 \ | — ;
Power : 134 180\\ |

source 3 Authentication chip| | 110 )
|

1 132

170 “\ ,/ | 3 \ - : !
a S Passive circuit | |
" I

External | & K
device 174




Patent Application Publication

100\

172\ 105\

Oct. 21, 2021 Sheet 13 of 13

Power
source

US 2021/0329363 Al

/140 150 b
130
e , 120 A
: Controller , \ \\\ .
_/ | -~
: 134 180\ l \\
| Authentication chip * 110 Y, \\\\\
: 132~ e .
R
Y X
External
device

FIG. 8C

A N



US 2021/0329363 Al

WIRELESS HEADPHONE CHARGING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of, and hereby
incorporates by reference in its entirety for all purposes, U.S.
provisional application No. 63/012,108, entitled “WIRE-
LESS HEADPHONE CHARGING SYSTEM” and filed
Apr. 18, 2020.

BACKGROUND

[0002] Wireless headphones (which can also be referred to
as earphones, headsets, earbuds, personal speakers, micro-
phones, etc.) have become popular and are now in wide-
spread use with electronic devices such as mobile phones,
tablets, and laptop and desktop computers. These wireless
headphones generally fall into two categories: in-ear or
over-the-ear. Some examples of over-the-ear wireless head-
phones include Beats By Dre—Beats Studio Wireless, Bose
Quiet Comfort, and Sony WH-1000XM3. Some examples of
in-ear wireless headphones include Apple AirPods, Beats
Powerbeats Pro (which have ear hooks), Samsung Galaxy
Buds+, and the Bose SoundSport headphones.

[0003] Wireless headphones transmit and/or receive sig-
nals (e.g., audio signals, control signals, et.) from a wire-
lessly connected external device (e.g., via Bluetooth or
another wireless protocol). Because they are wireless, wire-
less headphones typically include an integrated, recharge-
able on-board power source (e.g., a battery) that must be
recharged periodically. Because wireless headphones are
typically small, especially if they are in-ear headphones,
their power sources may also be relatively small and may
require recharging relatively frequently (e.g., more fre-
quently than the smart phone or other device with which
they are being used). Some wireless headphones (e.g.,
over-the-ear headphones) rely on the use of a standardized
connector (e.g., mini- or micro-USB) to recharge the head-
phones’ on-board batteries. Such standardized connectors
help to ensure that the charging signal provided to the
wireless headphones has the correct characteristics (e.g.,
polarity and voltage) to prevent damage to the on-board
battery (or batteries) while the headphones recharge.
[0004] But standardized connectors, such as micro-USB,
are physically large, especially relative to the sizes of most
in-ear headphones. Consequently, some manufacturers of
wireless headphones (e.g., in-ear wireless headphones)
implement proprietary electrical contacts for recharging.
Because these electrical contacts do not rely on the use of a
standardized connector for charging, however, users often
need to insert the wireless headphones into a specially-
designed charging case to charge them. The charging case
ensures that a charging signal with the correct characteristics
(e.g., polarity and voltage) is provided to the wireless
headphones to recharge the on-board battery (or batteries).
As a result of needing to be inserted into a charging case for
recharging, however, these wireless headphones cannot be
used while recharging, which can be inconvenient for users.
[0005] Thus, there is an ongoing need for improved wire-
less headphone charging systems.

SUMMARY

[0006] This summary represents non-limiting embodi-
ments of the disclosure.
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[0007] Disclosed herein are embodiments of a battery-free
charging system for a wireless headphone that has at least
one proprietary electrical contact provided to charge an
on-board power source of the wireless headphone. In some
such embodiments, the battery-free charging system com-
prises a cable having a first end and a second end, a
headphone socket coupled to the first end of the cable, a
connector coupled to the second end of the cable, the
connector for connecting the battery-free charging system to
an external power source, and circuitry coupled to the
headphone socket and to the connector. In some embodi-
ments, the headphone socket is configured to receive the
wireless headphone, to couple the at least one proprietary
electrical contact to the external power source, and to allow
continued use of the wireless headphone while charging. In
some embodiments, the circuitry is configured to detect an
orientation of the wireless headphone within the headphone
socket, and in response to detecting that the orientation of
the wireless headphone within the headphone socket is a first
orientation, provide a charging signal having a first charac-
teristic, and in response to detecting that the orientation of
the wireless headphone within the headphone socket is a
second orientation (e.g., 180 degrees from the first orienta-
tion), provide a charging signal having a second character-
istic.

[0008] In some embodiments, the wireless headphone is
manufactured by Apple.

[0009] Insome embodiments, the circuitry is configured to
detect the orientation of the wireless headphone within the
headphone socket by detecting an input impedance (e.g., by
measuring the input impedance).

[0010] Insome embodiments, the circuitry is configured to
adjust at least one of a voltage or a current of a signal
provided by the power source to provide at least one of the
charging signal having the first characteristic or the charging
signal having the second characteristic.

[0011] In some embodiments, the circuitry is further con-
figured to adjust at least one of the charging signal having
the first characteristic or the charging signal having the
second characteristic in accordance with a charging profile.
[0012] In some embodiments, at least a portion of the
circuitry is further configured to conduct an authentication
procedure with an external device (e.g., the wireless head-
phone, a phone, a tablet, or a computer. In some embodi-
ments, the at least a portion of the circuitry comprises an
authentication chip that is configured to conduct the authen-
tication procedure with the external device.

[0013] Also disclosed herein are embodiments of a bat-
tery-free charging system for charging a pair of wireless
headphones, each of the pair of wireless headphones having
at least one proprietary electrical contact provided to charge
an on-board power source of the wireless headphone. In
some embodiments, the battery-free charging system com-
prises a connector for connecting the battery-free charging
system to an external power source, at least one printed
circuit board (PCB) coupled to the connector, the at least one
PCB comprising circuitry, a cable coupled to the at least one
PCB, the cable comprising four wires, a first end of each of
the four wires coupled to the at least one PCB, a first
headphone socket coupled to second ends of first and second
wires of the cable, and a second headphone socket coupled
to second ends of third and fourth wires of the cable. In some
embodiments, the circuitry comprises a passive circuit and
a controller coupled to the passive circuit. In some embodi-
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ments, the passive circuits is configured to detect: (a) a first
orientation of a first wireless headphone of the pair of
wireless headphones within the first headphone socket,
wherein the first wireless headphone is either wireless
headphone of the pair of wireless headphones, and (b) a
second orientation of a second wireless headphone of the
pair of wireless headphones within the second headphone
socket, wherein the second wireless headphone is either
wireless headphone of the pair of wireless headphones. In
some embodiments, the controller is configured to (a) in
response to the detected first orientation, cause a first charg-
ing signal having a first charging polarity to be provided to
the first wireless headphone via the first and second wires,
and (b) in response to the detected second orientation, cause
a second charging signal having a second charging polarity
to be provided to the second wireless headphone via the third
and fourth wires.

[0014] In some embodiments, the first and second head-
phone sockets are configured to allow continued use of the
first and second wireless headphones while charging.
[0015] In some embodiments, the controller is further
configured to adjust at least one of a voltage or a current of
a signal provided by the external power source to provide at
least one of the first charging signal having the first charging
polarity or the second charging signal having the second
charging polarity.

[0016] In some embodiments, the controller is further
configured to adjust a voltage or current of the first charging
signal or the second charging signal during a charging cycle.
[0017] In some embodiments, the passive circuit is con-
figured to detect an input impedance to detect the orientation
of the first wireless headphone within the first headphone
socket.

[0018] In some embodiments, the first and second charg-
ing polarities are different.

[0019] In some embodiments, the circuitry further com-
prises an authentication chip for authenticating the battery-
free charging system.

[0020] Insome embodiments, the circuitry is configured to
set at least one of a current or a voltage of the first charging
signal depending on a detected characteristic of the first
wireless headphone (e.g., an identity of a manufacturer of
the first wireless headphone or a proxy for the identity of the
manufacturer of the first wireless headphone, a characteristic
of the at least one proprietary electrical contact, etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Objects, features, and advantages of the disclosure
will be readily apparent from the following description of
certain embodiments taken in conjunction with the accom-
panying drawings in which:

[0022] FIG. 1 illustrates two pairs of exemplary wireless
headphones, each of which has proprietary electrical con-
tacts for charging.

[0023] FIG. 2 illustrates an exemplary battery-free charg-
ing system in accordance with some embodiments.

[0024] FIG. 3A illustrates an exemplary battery-free
charging system in accordance with some embodiments.
[0025] FIG. 3B illustrates the exemplary battery-free
charging system of FIG. 3A with wireless headphones in
place for charging in accordance with some embodiments.
[0026] FIG. 4A illustrates an exemplary printed circuit
board and connector suitable for use in one or more embodi-
ments of a battery-free charging system.

Oct. 21, 2021

[0027] FIG. 4B is a diagram illustrating an exemplary
battery-free charging system in accordance with some
embodiments.

[0028] FIGS. 5A, 5B, 5C, 5D, 5E, 5F, 5G, and 5H illus-
trate a headphone socket in accordance with some embodi-
ments of a battery-free charging system.

[0029] FIG. 6 illustrates an exemplary procedure that can
be performed by a battery-free charging system in accor-
dance with some embodiments.

[0030] FIG. 7 illustrates another exemplary procedure that
can be performed by a battery-free charging system in
accordance with some embodiments.

[0031] FIGS. 8A, 8B, and 8C illustrate exemplary battery-
free charging systems with authentication capabilities in
accordance with some embodiments.

[0032] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. When
distinguishing between multiple instances of an element,
individual elements are given a reference numeral followed
by a letter. When referring to the element in general,
irrespective of how many of that element may be referred to
(e.g., one or more), only the reference numeral is used. Thus,
for example, the drawings and detailed description show
and/or refer to wireless headphone(s) 150 as well as wireless
headphones 150A, 150B; headphone socket(s) 120 as well
as headphone sockets 120A, 120B; wire(s) 112 as well as
wires 112A, 112B, 112C, and 112D; electrical contact(s) 260
as well as electrical contacts 260A, 260B, etc.

[0033] It is contemplated that elements disclosed in one
embodiment may be beneficially utilized in other embodi-
ments without specific recitation. Moreover, in general, the
description of an element in the context of one drawing is
applicable to other drawings illustrating that element.

DETAILED DESCRIPTION

[0034] As explained above, the manufacturers of many
in-ear wireless headphones use small proprietary electrical
contacts to reduce the size of the wireless headphones and/or
use limited available room for other components (e.g.,
batteries, circuitry, etc.). For instance, both the Samsung
Galaxy Buds+ and the Apple AirPods use two-terminal,
vendor-proprietary electrical contacts. FIG. 1 illustrates
Samsung Galaxy Buds+ 150A,150B and Apple AirPods
150C, 150D, showing the locations of their proprietary
electrical contacts 155 used for charging.

[0035] The battery in a wireless headphone may be
entirely depleted before the wireless headphone is
recharged. It is well known that a battery can be ruined if a
charging signal having inappropriate characteristics (e.g.,
the wrong polarity, voltage, current, etc.) is applied to the
battery. When the battery of a wireless headphone is
depleted, it cannot power any on-board electronics that
could otherwise provide information to allow an external
charging source to determine which of the proprietary elec-
trical contacts is connected to which terminal of the on-
board battery, or to allow the identity (e.g., manufacturer) of
the wireless headphone or its charging signal needs to be
determined. Thus, existing charging solutions ensure the
charging signal applies the correct polarity using mechanical
means, such as a housing, or “smart case,” into which one
or more wireless headphones are inserted for charging. The
smart case may use physical alignment and/or sophisticated
communication to charge the wireless headphones across a
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simple power connection that is generally provided by a
battery within the smart case (which itself may be recharge-
able). For example, the case may have a shape that only
allows each of the wireless headphone(s) to be seated in a
specific position with a specific orientation that results in a
proper charging signal being applied to the proprietary
electrical contacts. For example, the Apple AirPods charging
case prevents the AirPod power connectors on the bottoms
of the stems from reaching the charging pads unless the
AirPods are inserted in their designated sides of the case (left
or right), and are oriented properly in their assigned cavities.
Thus, the Apple AirPods case allows a single, mechanical
orientation for charging, during which time the AirPods
cannot be used by users.

[0036] Another approach to ensure that proper charging
signals are provided to recharge wireless headphone batter-
ies is to require users to intervene to align each wireless
headphone within the charging case or other charging appa-
ratus (e.g., by rotating it into a particular position) before
charging the wireless headphone. For example, users of the
Jodno AirPods Power Strap must “[p]ut your AirPods into
JODNO charging strap, make sure [/R of your AirPods
aligned with the Identification Window of strap.”

[0037] The use of physical alignment, whether through a
specially-designed charging case and/or user intervention,
prevents a charging signal having the wrong characteristics
(e.g., polarity, voltage, current, etc.) from being applied to
charge wireless headphones, which would not properly
charge the wireless headphones and could potentially dam-
age them. The need to insert wireless headphones into a
smart case is inconvenient for the user because the wireless
headphones cannot be worn or used while they are charging,
and the user needs to pay attention to how the headphones
are placed in the case to ensure that the left headphone is
situated in its intended cavity, and the right headphone is
situated in its intended cavity. The need for user interven-
tion, whether to place the headphones into a charging case
or to use another solution requiring mechanical alignment, is
inconvenient and prone to user error.

[0038] It would be a significant improvement to provide a
system that can charge wireless headphones via vendor-
proprietary electrical contacts while reducing or eliminating
the need for user intervention and/or the potential for user
errors that can damage the wireless headphones and/or
frustrate users. It would also be a significant improvement to
be able to charge wireless headphones that have vendor-
proprietary electrical contacts using a solution that does not
rely on a battery, but rather can be coupled to an external
power source via, for example, a standardized connector
(e.g., USB-C, micro-USB, etc.) so that the charging system
could be plugged into, for example, a computer, mobile
device, or mains power (e.g., via a wall wart). It would also
be a significant improvement to provide a solution that
allows wireless in-ear headphones to be used in their
intended way (e.g., to transmit and/or receive wireless
signals) while they are being charged.

[0039] Disclosed herein are battery-free wireless head-
phone charging systems and methods that allow wireless
headphones having a variety of non-standardized (e.g., ven-
dor-proprietary) electrical contacts to be charged using
power supplied by an external power source while the
wireless headphones are in use. The disclosed embodiments
reduce or eliminate the potential for user errors by not
requiring a particular orientation for charging, and, for
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two-headphone systems, by not requiring the left and right
headphones to be distinguished from each other or treated
differently from each other. Instead, the disclosed embodi-
ments detect the orientations of the wireless headphones
within headphone sockets and configure and provide one or
more charging signals that have appropriate characteristics
for the detected headphone orientation. The disclosed
embodiments are thus agnostic as to the headphone “side” or
“handedness.”

[0040] FIG. 2 illustrates an exemplary battery-free charg-
ing system 100 for charging one or more wireless head-
phones 150 in accordance with some embodiments. As
shown in FIG. 2, the battery-free charging system 100
includes a connector 105 for connecting the battery-free
charging system 100 to an external power source. The
external power source may be, for example, a mobile device
(e.g., a phone, tablet, computer), a desktop computer, or
mains power. In some embodiments, the connector 105 only
provides power to charge one or more wireless headphones
150A, 150B. In some embodiments, the connector 105 also
allows data to be transferred to/from the battery-free charg-
ing system 100 and/or the wireless headphone(s) 150A,
150B. The connector 105 may be, for example, a standard-
ized connector (e.g., a type of USB) or a proprietary
connector (which may have widespread use and/or may be
a de-facto standard for certain vendors’ products, etc.).
Some examples of suitable connectors 105 include all varia-
tions of USB (e.g., type C, micro, mini, regular, etc.), Apple
Lightning, and standard power plugs (e.g., two-prong plugs
in the United States or equivalents elsewhere).

[0041] The battery-free charging system 100 also includes
at least one printed circuit board (PCB) 140, shown in FIG.
2 disposed in a housing. The PCB 140 is described further
below in the discussion of FIGS. 4A and 4B.

[0042] The battery-free charging system 100 also includes
a cable 110. In the illustrated example, one end of the cable
110 is coupled to the PCB 140, and the other end is coupled
to at least one socket 120. In the exemplary embodiment
shown in FIG. 2, the other end of the cable 110 is coupled
to the sockets 120A, 120B. Each of the sockets 120A, 120B
is configured to receive a wireless headphone(s) 150A, 150B
for charging. As described further below, each of the sockets
120A, 120B has a cavity into which a wireless headphone
150A, 150B can be placed for charging, and one or more
electrical contacts for electrically interfacing to the head-
phone battery (e.g., via the proprietary electrical contacts
155). The sockets 120 A, 120B may also include a PCB with
some of the circuitry described herein. The interior of each
of the sockets 120A, 120B may include a liner made of a
material, such as silicone, that provides a somewhat sticky
or tacky surface and/or a surface that causes friction and
allows the wireless headphones 150A, 150B to be remov-
ably retained in the sockets 120A, 120B without a need for
additional latches, clips, or snaps. It is to be appreciated that
other approaches are contemplated, such as a latch, clip,
rotary retention mechanism, or a snap to removably retain
the wireless headphones 150A, 150B in the sockets 120A,
120B while they are charging. For example, the wireless
headphones 150A, 150B can be retained in the sockets
120A, 120B using a spring-loaded retaining mechanism, a
twist-and-lock mechanism, a bayonet feature, a threaded
feature, an interference fit, and/or another type of retaining
mechanism. The sockets 120A, 120B may be designed to fit
a particular wireless headphone 150A, 150B (e.g., original
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Apple AirPods, etc.), or they may be able to accommodate
and charge multiple types of wireless headphones 150A,
150B (e.g., two or more of AirPods, AirPods Pro, Samsung
headphones, etc.).

[0043] The cable 110 is connected, directly or indirectly,
to the one or more electrical contacts of each of the sockets
120A, 120B. When the connector is connected to an external
power source, the cable 110 electrically connects the exter-
nal power source to the one or more electrical contacts in the
sockets 120A, 120B to provide at least a portion of the
electrical power from the power source to each of the
wireless headphones 150A, 150B when the wireless head-
phones 150A, 150B are inserted into the sockets 120A,
120B.

[0044] In some embodiments, as described further below,
the cable 110 comprises a plurality of conductors and an
insulating material (e.g., a set of cables or a plurality of wires
in the same shell). The conductors of the cable 110 route
power (and, in some embodiments, data signals) from an
external power source (which may be a mobile device,
computer, etc.) via the connector 105 and PCB 140 to the
headphone sockets 120A, 120B. In some embodiments, the
cable 110 comprises a user input device (such as, for
example a volume control and/or mic button that may be
found on some wired headphones). In some embodiments,
the cable 110 does not include a user input device. The cable
110 may also, or alternatively, include a clip or other
attachment apparatus to allow a user to removably secure the
battery-free charging system 100 to another object, such as
to a piece of clothing.

[0045] As illustrated in FIG. 2, the connector 105 is
coupled to the PCB 140, which is coupled to the cable 110.
As shown, the PCB 140 and/or at least a portion of the
connector 105 and/or cable 110 may be disposed in a
housing (e.g., to protect the PCB 140 and its circuitry, and
its connections to the connector 105 and/or cable 110).
Alternatively, or in addition, the PCB 140 may be overmo-
Ided.

[0046] When the wireless headphones 150A, 150B are
retained in the sockets 120A, 120B, the electrical contacts
155 of the wireless headphone 150A, 150B interface with
one or more electrical contacts of the sockets 120A, 120B
(as described further below in the discussion of FIGS.
5A-5H) to provide an electrical interconnection that permits
electrical charging power in the form of a charging signal to
be delivered from the external power source, through the
cable 110, and through the sockets 120A, 120B to the
wireless headphones 150A, 150B. In some embodiments,
data may also be communicated through the same electrical
contacts and/or through different electrical contacts.

[0047] FIG. 3A illustrates an exemplary battery-free
charging system 100 in accordance with some embodiments.
FIG. 3B illustrates the exemplary battery-free charging
system 100 of FIG. 3A with exemplary wireless headphones
150A, 150B inserted, respectively, into the sockets 120A,
120B. FIG. 3B illustrates Apple AirPods as the wireless
headphones 120A, 120B being charged, but it is to be
appreciated that AirPods are just one examples of wireless
headphones 120A, 120B that can take advantage of the
disclosures herein.

[0048] In the exemplary embodiment shown in FIGS. 3A
and 3B, the cable comprises four wires 112A, 112B, 112C,
and 112D that split into two, 2-wire cable pairs. A first of the
2-wire cable pairs, which includes the wires 112A and 112B,
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is coupled to a first headphone socket 120A, and a second of
the 2-wire cable pairs, which includes the wires 112C and
112D, is coupled to a second headphone socket 120B. When
the wireless headphones 150A, 150B are inserted into the
sockets 120A, 120B as shown in FIG. 3B, the wires 112
provide a charging signal and/or a data path to the wireless
headphones 150A, 150B. The wires 112 are connected to the
PCB 140.

[0049] FIGS. 3A and 3B also show the PCB 140, which
includes circuitry 130. FIG. 4A is a closer view of an
exemplary PCB 140 with exemplary circuitry 130 thereon.
In some embodiments, the circuitry 130 includes electronic
components such as, for example, a processor, an embedded
microcontroller, an application-specific integrated circuit
(ASIC), and/or similar component that is mounted to the
PCB 140. In general, the circuitry 130 may include some or
all of: communication components, discrete components,
analog components, integrated circuits, a switch, a proces-
sor, a controller, non-transitory memory containing non-
transitory software instructions for execution by a processor
or controller, charging circuitry, a charge controller, and/or
other components for operating, communicating with, and/
or supplying electrical power to the wireless headphones
150A, 150B via the sockets 120A, 120B. In some embodi-
ments, when connected to an external power source (e.g., via
the connector 105), the circuitry 130 routes a charging signal
via the cable 110 to one or both wireless headphones 150 of
a wireless headset (e.g., one or two Apple AirpPods) seated
in the headphone socket(s) 120A, 120B.

[0050] FIG. 4B is a diagram of an exemplary battery-free
charging system 100 in which the circuitry 130 on the PCB
comprises a controller 134, a passive circuit 132, and an
authentication chip 180. (The circuitry 130 may also include
other components, as described above. In addition, as
explained above, there may be multiple PCBs (e.g., one near
the connector and one in each of the sockets 120A, 120B),
and the circuitry 130 may be distributed among multiple
PCBs.) In some embodiments, the passive circuit 132 is
configured to detect the orientation(s) of the wireless head-
phone(s) 150 in the socket(s) 120. In some embodiments, the
controller 134 is coupled to the passive circuit 132 and is
configured to execute machine-executable instructions to (a)
determine the appropriate characteristics of charging signals
based on the detected orientations of the wireless headphone
(s) 150 in the socket(s) 120, and/or (b) cause appropriate
charging signals to be provided to the wireless headphone(s)
150 via the cable 110 in response to the detected orientation
(s). The controller 134 may be coupled to other electronic
components involved in providing the charging signals, such
as, for example, a voltage regulator, and/or other compo-
nents that will be familiar to those having ordinary skill in
the art. In some embodiments, the authentication chip 180
performs authentication tasks, as described further below in
the discussion of FIGS. 8A-8C.

[0051] The circuitry 130 may contain communication
components for exchanging data communications, or other-
wise communicating with the wireless headphones 150A,
150B and/or with an external device, such as a mobile
device, computer, etc. that is able to send data to and/or
receive data from the wireless headphones 150A, 150B.
Communication between the circuitry 130 and one or more
external devices may occur through a wired connection
and/or wirelessly.
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[0052] Although some electronic devices can accommo-
date a charging signal of either of two possible polarities
(e.g., positive or negative), they typically do so using a
rectification circuit. Typically, wireless headphones do not
have such rectification circuits and therefore present a
significant challenge, particularly because their batteries
may be completely depleted when they are inserted into the
headphone sockets 120A, 120B, in which case they are
unable to participate in a bi-directional data link to commu-
nicate orientation or charging signal polarity requirements,
as some other types of devices (e.g., USB-C devices) are
able to do.

[0053] One significant feature of the exemplary embodi-
ments disclosed herein is that they do not require the
headphones 150A, 150B to be inserted into the sockets
150A, 150B in a single, pre-defined orientation in order for
an appropriate charging signal to be provided for charging.
Instead, the embodiments disclosed herein are able to detect
the orientations of the headphones 150A, 150B within the
sockets 120A, 120B and provide charging signals having
appropriate characteristics (e.g., voltage, current, polarity),
even when the on-board batteries of the wireless headphones
150A, 150B are completely depleted.

[0054] Insome embodiments, the circuitry 130 of the PCB
140 includes a passive circuit 132 that detects the orienta-
tions of wireless headphones 150 inserted into the sockets
120A, 120B. In some embodiments, the circuitry 130 on the
PCB 140 detects the presence and/or absence of a head-
phone 150 in a headphone socket 120A, 120B and modifies
or configures a charging signal based on whether one or two
headphones 150A, 150B are connected. In some embodi-
ments, the circuitry 130 on the PCB 140 detects the orien-
tation of a headphone 150 within a headphone socket 120A,
120B and modifies or configures a charging signal based on
the detected orientation. For example, in some embodi-
ments, each of the wireless headphones 150A, 150B can be
inserted into the sockets 120A, 120B in either of two
orientations, such as a first orientation and a second orien-
tation that is 180 degrees from the first orientation, and the
circuitry 130 detects in which of the two orientations each of
the wireless headphones 150A, 150B is situated and pro-
vides a charging signal having the appropriate polarity,
voltage, etc. In some embodiments, each of the wireless
headphones 150A, 150B can be inserted into the sockets
120A, 120B in any orientation, and the sockets 120A, 120B
and/or the circuitry 130 detect the location(s) within the
sockets 120A, 120B of the electrical contacts 155 and
provide an appropriate charging signal.

[0055] In some embodiments, either the left or right head-
phone 150 may be inserted into either socket 120A or socket
120B. In other words, in some embodiments, the sockets
120A, 120B are agnostic as to the “handedness” or “side” of
the wireless headphone 150 that is inserted into it for
charging.

[0056] Although FIGS. 3A and 3B illustrate only circuitry
130 on the PCB 140, it is to be understood that the sockets
120A, 120B can also include circuitry. In general, either or
both of the PCB 140 and the sockets 120A, 120B can include
some or all of the circuitry 130.

[0057] As shownin FIGS. 3A and 3B, one end of the cable
110 is coupled to the PCB 140, and the other end of the cable
110 is coupled to the at least one headphone socket 120A,
120B to which the wireless headphone(s) 150A, 150B are
(FIG. 3B), or can be (FIG. 3A), coupled for charging. In
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some embodiments, coupling the wireless headphone(s)
150A, 150B to the at least one headphone socket 120A,
120B comprises inserting at least a portion of the wireless
headphone(s) 150A, 150B into the at least one headphone
socket 120A, 120B. When the wireless headphone(s) 150A,
1508 are coupled to the at least one headphone socket 120A,
120B, they may be used while being charged. In some
embodiments, only a portion of each wireless headphone
120A, 120B is inserted into each of the at least one head-
phone socket, and the portion of each wireless headphone
120A, 120B that remains exposed can be worn in its
intended way by the user.

[0058] FIGS. 2, 3A, 3B, and 4A illustrate a USB Type-C
connector as the connector 105, but it is to be appreciated
that other connector types and power sources can alterna-
tively be used. For example, the source of power to the
battery-free charging system 100 does not necessarily need
to be provided via a physical connector 105. For example,
the power source could be a wireless puck designed to work
with a wireless power supply like the Qi standard or the
Apple watch or iPhone charging pad. In this case, the
connector 105 could be replaced by a suitable component
configured to operate with such a power source.

[0059] Most simplified charging schemes (in the case of
the Apple AirPods, its two proprietary electrical contacts
155) use some type of power regulation and communication
to properly interface and provide power to charge the
wireless headphones 150A, 150B. In some embodiments of
the battery-free charging system 100, the components that
provide this regulation and control (e.g., a microcontroller,
power regulator, etc.) are the circuitry 130 built into the PCB
140 coupled to the connector 105. Alternatively, some or all
of'these components (some portion of the circuitry 130) may
be disposed in the headphone sockets 120. In some embodi-
ments, some or all of the electronic components (e.g.,
circuitry 130) are located on a device into which the con-
nector 105 is inserted, or in the wireless headphones 150
themselves. In the exemplary embodiment illustrated in
FIGS. 3A, 3B, and 4A, the electronic components are shown
as the circuitry 130 on the PCB 140 that is coupled to a USB
Type-C connector.

[0060] In some embodiments, the connector 105 or PCB
140 includes a visual indicator (e.g., a light-emitting diode
(LED)) that indicates status of the wireless headphone
battery (or batteries) (e.g., whether wireless headphones
150A, 1508 coupled to the battery-free charging system 100
are being charged). For example, a LED can be controlled by
the PCB 140 circuitry 130 to emit light of a certain color
and/or pulse in different ways to indicate whether the
wireless headphones 150A, 150B are charging, are fully
charged, etc.

[0061] The headphone sockets 120A, 120B are the devices
that provide a physical connection to the wireless head-
phones 150A, 150B and facilitate an electrical connection to
their battery terminals to allow for them to recharge. A
number of considerations may be taken into account in the
design of the headphone sockets 120A, 120B. Some of these
considerations include, for example, cable 110 location for
user comfort while the wireless headphones 150A, 150B are
in use during charging, potential ports for microphone use,
method of electrical connection, and method of physical
connection.

[0062] FIGS. 5A-5H illustrate an exemplary headphone
socket 120 in accordance with some embodiments. FIG. SA
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is an isometric view from the bottom of the exemplary
headphone socket 120. As shown in FIG. 5A, the exemplary
headphone socket 120 has two holes, 250A, 250B. The hole
250A may be provided to allow the cable 110 to be attached
to electronics (e.g., circuitry, the electrical contacts, etc.)
within the socket 120 to allow the headphone 150A, 150B
to be charged. The hole 250B may be provided to allow a
microphone of the wireless headphone 150A, 150B to
remain open to receive sound when the wireless headphones
150A, 150B are in use while being charged.

[0063] FIGS. 5B and 5C show two isometric views of the
top of the exemplary headphone socket 120, including the
interior in which the headphone 150A, 150B is seated for
charging. FIGS. 5B and 5C show an electrical contact 260
(e.g., a spring contact) that provides the electrical connection
between the wireless headphone 150A, 150B to the cable
110 in the interior of the socket 120.

[0064] FIG. 5D is a view of the bottom of the exemplary
headphone socket 120. FIG. 5E is a view of the top of the
exemplary headphone socket 120, which illustrates the
interior of the headphone socket 120 and two electrical
contacts 260A, 260B. FIGS. 5F, 5G, and 5H are side views
of the exemplary headphone socket 120.

[0065] In the exemplary embodiment illustrated in FIGS.
5A-5H, the headphone socket 120 has an open bottom (the
hole 250B; see, e.g., FIGS. 5A-5E) to allow for the wireless
headphone 150A, 150B (shown as an Apple AirPod) micro-
phone to work normally while the wireless headphone
150A, 150B is being charged, which can be important
because the headphone socket 120 allows the wireless
headphone 150A, 150B to continue to be used (e.g., during
a long call) while charging. The exemplary headphone
socket 120 uses friction as the mechanism to retain the
headphone 150A, 150B. Other approaches can be used
instead as previously described, as will be appreciated by
those having ordinary skill in the art in view of the disclo-
sures herein. The exemplary headphone socket 120 uses
electrical contacts 260A, 2608 (see, e.g., FIGS. 5B, 5C, 5E)
for the electrical connection mechanism. It is to be under-
stood that other mechanisms and types of contacts can be
used to electrically connect and charge the headphones
150A, 150B, and the examples given herein are not meant to
be limiting.

[0066] The socket 120 may, but is not required to, include
circuitry disposed between and coupled to the electrical
contacts 260A, 260B and the cable 110. For example, this
circuitry could include the passive circuit 132 and/or other
of the circuitry 130 described above and elsewhere herein.
[0067] In some embodiments, the orientation of a head-
phone 150 within the headphone socket 120 can vary (e.g.,
a headphone 150 is not required to have any particular
orientation within the socket 120 in order to be charged; it
may be in a different rotational position within the socket
120 from one charging session to the next). For example,
when the battery-free charging system 100 includes sockets
120 for Apple AirPods or other wireless headphones 150 that
have a cylindrical stem, the headphone 150 can be in any
rotational position within the socket 120 for charging. The
circuitry 130 of the at least one PCB 140 (wherever located
and/or however distributed within the battery-free charging
system 100) determines the orientation of the headphone
150 and ensure that an appropriate charging signal is pro-
vided. For example, the circuitry 130 can measure the input
impedance to determine the orientation of headphone 150.
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For example, a headphone 150 may be inserted in a first
orientation during a first charging session, and then in a
second orientation, rotated by some angle (e.g., 180 degrees)
from the first orientation, during a second charging session.
The circuitry 130 of the at least one PCB 140 (which, as
explained, may include circuitry in the socket 120) can
detect the difference in orientation and adjust the charging
signal accordingly to prevent damage to the headphone 150.
In some embodiments, the battery-free charging system 100
includes (e.g., on the at least one PCB 140) a current limiter
to prevent overcharging and to prevent power from being
delivered to the wireless headphone(s) 150 in the case of an
electrical short or other failure that might otherwise cause a
power surge or damage to the headphone(s) 150.

[0068] In some embodiments, the circuitry 130 manages
and provides the charging signal(s) according to a charging
profile. For example, the headphone(s) 150 may include a
lithium-ion (Li-lon) battery, and the circuitry 130 provides
a current-limited fixed voltage. The circuitry 130 can pro-
vide current to the wireless headphone 150 battery to bring
the battery voltage up to a pre-set value referred to as the
set-point voltage or the set voltage. As an example, some
Li-Ion batteries have a set-point voltage of approximately
4.2 V. Apple AirPods have a set-point voltage closer to 5 V.
In some embodiments, after the set-point voltage is reached,
the circuitry 130 sources only enough current to hold the
voltage of the wireless headphone 150 battery at the set-
point voltage.

[0069] In some embodiments, the charging cycle is
divided into two phases, namely the constant current phase
and the constant voltage phase. In the constant current
phase, during which about two-thirds of the total charge is
delivered to the battery, the circuitry 130 provides a charging
signal at the maximum charging current, because the battery
voltage is below the set-point voltage. When the circuitry
130 senses that the voltage of the battery is at the set-point
voltage, the circuitry 130 reduces the charging current to
hold the battery voltage at the set-point voltage during the
constant voltage phase.

[0070] Thus, the charging signal(s) provided by the wire-
less headphone charging system 100 can vary with time
according to a charging profile, which may be dependent on
the characteristics of the wireless headphone 150 battery (or
batteries). By accurately providing a charging signal (or
signals) in accordance with a charging profile, the circuitry
130 can avoid undercharging the wireless headphone 150
battery while also avoiding reducing the number of charge
cycles the battery can complete by overcharging.

[0071] FIG. 6 illustrates an exemplary procedure 200
performed by a wireless headphone charging system 100 in
accordance with some embodiments. The procedure 200
allows the circuitry 130 to determine in which of two
possible orientations within the socket 120 a headphone 150
is situated, in accordance with some embodiments. The
procedure 200 may be performed by the circuitry 130 of the
at least one PCB 140, possibly in combination with circuitry
of the headphone socket 120.

[0072] At 202, the procedure 200 begins. At 204, the
orientation of the headphone 150 in the socket 120 is
detected (e.g., by measuring the input impedance, by com-
municating with an active component of the wireless head-
phone 150, etc.). At 206, it is determined whether the
orientation is a first orientation. If so, then at 208 the
circuitry 130 provides, via the cable 110, a charging signal
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220 that has a first characteristic, and the procedure 200 ends
at 214. The first characteristic may be, for example, a
polarity, a voltage, or any other characteristic of a charging
signal. FIG. 6 illustrates a charging signal 220 that has a
positive polarity, +V1, but this is merely an example. If; at
206, it is determined that the orientation of the headphone
150 within the socket 120 is not the first orientation, then,
optionally, at 210, it can be determined if the orientation is
a second orientation. If so, then at 212, the circuitry 130
provides, via the cable 110, a charging signal 222 that has a
second characteristic, and the procedure 200 ends at 214.
The second characteristic may be, for example, a polarity, a
voltage, or any other characteristic of a charging signal. FIG.
6 illustrates an exemplary second charging signal 222 that
has a negative polarity, —V1, this is merely an example.
[0073] Itis to be appreciated that the determination at 210
is optional because if only two orientations are possible, and
it is determined that the orientation is not the first orienta-
tion, then it can be assumed that the orientation is the second
orientation, and the charging signal having the second
characteristic can be provided. It is also to be appreciated
that rather than determining, at 206, whether the orientation
is the first orientation, the battery-free charging system 100
could instead determine in which of the two possible ori-
entations within the socket 120 the headphone 150 is situ-
ated in a single step (e.g., determine whether the orientation
is 0 degrees or 180 degrees). Such variations are contem-
plated and within the scope of the disclosures herein.
[0074] It is to be appreciated that when the battery-free
charging system 100 includes multiple sockets 120, the
procedure 200 can be performed separately for each socket
120, either substantially simultaneously or in sequence. It is
also to be appreciated that when the battery-free charging
system 100 includes multiple sockets 120, the procedure 200
may result in different charging signals being provided to
different headphones 150, both during a particular charging
session and from one charging session to the next.

[0075] FIG. 7 illustrates another exemplary procedure 300
performed by a wireless headphone charging system 100 in
accordance with some embodiments. Using the procedure
300, the battery-free charging system 100 determines the
orientations of first and second headphones 150A, 150B
within the sockets 120A, 120B and provides appropriate
charging signals in response to the detected orientations in
accordance with some embodiments. The procedure 300
may be performed by the circuitry 130 of the at least one
PCB 140, possibly in combination with circuitry of the
headphone sockets 120A, 120B.

[0076] At 302, the procedure 300 begins. At 304, the
orientations of the first and second headphones 150A, 150B
within the first and second sockets 120A, 120B are detected.
As just one example, the circuitry 130 can detect the input
impedances of the first and second headphones 150A, 150B
(e.g., by measuring them). As another example, the circuitry
130 can use an optical detector (e.g., a photodiode, a QR
code detector, etc.) in each of the sockets 120A, 120B to
detect the presence and orientations of the wireless head-
phones 150A, 150B. The orientations may be limited to a set
of discrete orientations (e.g., first and second orientations, 8
possible orientations, etc.), or they may be effectively unlim-
ited (e.g., the headphones 150 A, 150B can take any position
within the sockets 120A, 120B). At 306, in response to the
detected first and second orientations, the battery-free charg-
ing system 100 provides first and second charging signals
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with first and second polarities to the first and second
headphones 150A, 150B via the cable 110. At 308, the
procedure 300 ends.

[0077] FIG. 7 illustrates two exemplary first charging
signals 310A, 310B and two exemplary second charging
signals 312A, 312B. The first charging signal 310A has a
positive polarity, +V1, and the first charging signal 310B has
a negative polarity, —V1. Similarly, the second charging
signal 312A has a positive polarity, +V1, and the second
charging signal 312B has a negative polarity, —V1. It is to be
appreciated that although FIG. 7 illustrates only two exem-
plary first charging signals 310A, 310B and only two
exemplary second charging signals 312A, 312B, the battery-
free charging system 100 may be able to provide a much
larger variety of charging signals (e.g., charging signals with
a wide variety of characteristics such as polarity, voltage,
current, frequency, etc.).

[0078] It is to be appreciated that in addition to detecting
the orientation of the wireless headphones 150A, 150B, in
some embodiments, the battery-free charging system 100
(e.g., using the circuitry 130) is also able to detect the
identity of the wireless headphones 150A, 150B (e.g., Apple
AirPod, Samsung Galaxy Buds+, Bose SoundSport, etc.) in
the sockets 120A, 120B, or a proxy for the identity, such as,
for example, an impedance, a code, etc., and provide charg-
ing signals having the appropriate characteristics (e.g., volt-
age, polarity, etc.). Alternatively, or in addition, the battery-
free charging system 100 can detect characteristics of the
vendor-proprietary electrical contacts.

[0079] In some embodiments, the circuitry 130 includes
an authentication chip 180 that allows the battery-free
charging system 100 to be authenticated by the wireless
headphones 150A, 150B and/or an external device and/or a
remote authentication server. Authentication may be
required by the wireless headphone vendor in order for the
battery-free charging system 100 to be allowed to charge the
headphones 150A, 150B. In addition or alternatively,
authentication may be desirable to allow the battery-free
charging system 100 to perform or be involved in operations
beyond simply charging the wireless headphones 150A,
150B.

[0080] FIG. 8A illustrates an exemplary battery-free
charging system 100 that provides for authentication in
accordance with some embodiments. In the illustrated
example, the circuitry 130 of the PCB 140 includes, in
addition to the passive circuit 132 and controller 134, an
authentication chip 180. Once the battery-free charging
system 100 has been connected to the power source 172, the
authentication chip 180 communicates with the wireless
headphone(s) 150 via a data connection established over the
cable 110 to conduct an authentication procedure. The
authentication procedure may include, for example, a hand-
shaking procedure. Those skilled in the art will be familiar
with authentication procedures, which may be specified by
the manufacturer of the wireless headphones 150A, 150B.
Thus, the battery-free charging system 100 can be authen-
ticated directly by the wireless headphones 150A, 150B.

[0081] FIG. 8B illustrates another exemplary battery-free
charging system 100 that provides for authentication in
accordance with some embodiments. In the illustrated
example, the circuitry 130 of the PCB 140 includes a
controller 134 and an authentication chip 180. In this
example, once the battery-free charging system 100 has been
connected to the power source 172, the circuitry 130 estab-
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lishes a data connection 174 with an external device 170
(e.g., a mobile device (e.g., phone, tablet, laptop), computer,
etc.). The power source 172 and external device 170 may be
distinct from each other, in which case the data connection
174 can be a wireless connection to the external device. The
power source 172 and external device 170 may be the same
device, in which case the data connection 174 can be a wired
connection provided via the connector 105 or a wireless
connection. In this example, the authentication chip 180 of
the battery-free charging system 100 can authenticate with
the external device 170 (via, e.g., a wireless connection or a
wired connection made via the connector 105). The authen-
tication procedure may include, for example, a handshaking
procedure.

[0082] FIG. 8C illustrates another exemplary battery-free
charging system 100 that provides for authentication in
accordance with some embodiments. In the illustrated
example, the circuitry 130 of the PCB 140 includes a
controller 134 and an authentication chip 180. In this
example, once the battery-free charging system 100 has been
connected to the power source 172, the circuitry 130 estab-
lishes a data connection 174 with an external device 170
(e.g., a mobile device (e.g., phone, tablet, laptop), computer,
etc.). The power source 172 and external device 170 may be
distinct from each other, in which case the data connection
174 can be a wireless connection to the external device. The
power source 172 and external device 170 may be the same
device, in which case the data connection 174 can be a wired
connection provided via the connector 105 or a wireless
connection. In this example, the battery-free charging sys-
tem 100 communicates with the external device 170 (via,
e.g., a wireless connection or a wired connection made via
the connector 105). The external device 170 may optionally
perform authentication tasks via the Internet. In some
embodiments, the external device 170 establishes a wireless
data connection 176 with the wireless headphone(s) 150 and
updates the firmware on the wireless headphone(s) 150.
Once the firmware has been updated, the wireless headphone
(s) 150 can authenticate the battery-free charging system
100 so that it is approved for future use with the wireless
headphone(s) 150. The authentication procedure may
include, for example, a handshaking procedure.

[0083] Although FIGS. 8B and 8C illustrate the power
source 172 and the external device 170 as separate blocks,
as explained above, the external device 170 may include or
may be the power source 172 (e.g., the external device 170
may be a mobile phone, laptop computer, tablet, etc. that can
both communicate with and provide power to the battery-
free charging system 100).

[0084] As will be appreciated in view of the disclosures
herein, a battery-free charging system 100 may be designed
for a specific wireless headphone 150 based on the physical
geometry and electrical characteristics of the headphone 150
to be charged. For example, some of the embodiments
described and shown herein may be used to charge the
original Apple AirPods. By modifying the headphone socket
(s) 120, the battery-free charging system 100 can be made to
charge other types of wireless headphones 150 (e.g., later-
generation Apple AirPods, wireless headphones from other
manufacturers, etc.).

[0085] It is also to be appreciated that the battery-free
charging system 100 may be modular, such that a first (set
of) headphone socket(s) 120 for charging a first wireless
headphone 150 type may be detached and replaced by a
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second (set of) headphone socket(s) 120 for charging a
second wireless headphone 150 type.

[0086] Although the discussion herein focuses on in-ear
wireless headphones as examples of wireless headphones
that can benefit from the disclosed systems and methods, it
is to be appreciated that the disclosures can also be used for
other types of wireless headphones (e.g., over-the-ear head-
phones or other headsets). Moreover, although the focus
herein is on wireless headphones that have proprietary
electrical contacts, the disclosed concepts can also be
applied to wireless headphones that use standardized elec-
trical contacts (e.g., mini-USB, micro-USB, USB-C, etc.).
[0087] It is also to be understood that the embodiments
described herein are exemplary of a class of devices that can
work for a much larger number and variety of wireless
headsets. It will be appreciated by those having ordinary
skill in the art that several features of the exemplary embodi-
ment would be applicable to any of these systems.

[0088] It is also to be appreciated that although many of
the examples shown and described herein assume the use of
two headphones 150A, 150B (and, therefore, two sockets
120A, 120B, etc.), a battery-free charging system 100 may
include, for example, only one socket 120.

[0089] It is also to be appreciated that although the dis-
cussion herein assumes the use of DC charging signals, a
charging signal could be an AC signal. Such variations are
contemplated and are within the scope of the disclosures
herein.

[0090] In the foregoing description and in the accompa-
nying drawings, specific terminology has been set forth to
provide a thorough understanding of the disclosed embodi-
ments. In some instances, the terminology or drawings may
imply specific details that are not required to practice the
invention.

[0091] To avoid obscuring the present disclosure unnec-
essarily, well-known components are shown in block dia-
gram form and/or are not discussed in detail or, in some
cases, at all.

[0092] Unless otherwise specifically defined herein, all
terms are to be given their broadest possible interpretation,
including meanings implied from the specification and
drawings and meanings understood by those skilled in the
art and/or as defined in dictionaries, treatises, etc. As set
forth explicitly herein, some terms may not comport with
their ordinary or customary meanings.

[0093] As used in the specification and the appended
claims, the singular forms “a,” “an” and “the” do not exclude
plural referents unless otherwise specified. The word “or” is
to be interpreted as inclusive unless otherwise specified.
Thus, the phrase “A or B” is to be interpreted as meaning all
of the following: “both A and B,” “A but not B,” and “B but
not A.” Any use of “and/or” herein does not mean that the
word “or” alone connotes exclusivity.

[0094] As used in the specification and the appended
claims, phrases of the form “at least one of A, B, and C,” “at
least one of A, B, or C,” “one or more of A, B, or C,” and
“one or more of A, B, and C” are interchangeable, and each
encompasses all of the following meanings: “A only,” “B
only,” “C only,” “A and B but not C,” “A and C but not B,”
“B and C but not A,” and “all of A, B, and C.”

[0095] To the extent that the terms “include(s),” “having,”
“has,” “with,” and variants thereof are used in the detailed
description or the claims, such terms are intended to be
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inclusive in a manner similar to the term “comprising,” i.e.,
meaning “including but not limited to.”

[0096] The terms “exemplary” and “embodiment” are
used to express examples, not preferences or requirements.
[0097] The term “coupled” is used herein to express a
direct connection/attachment as well as a connection/attach-
ment through one or more intervening elements or struc-
tures.

[0098] The terms “over,” “under,” “between,” and “on”
are used herein refer to a relative position of one feature with
respect to other features. For example, one feature disposed
“over” or “under” another feature may be directly in contact
with the other feature or may have intervening material.
Moreover, one feature disposed “between” two features may
be directly in contact with the two features or may have one
or more intervening features or materials. In contrast, a first
feature “on” a second feature is in contact with that second
feature.

[0099] The term “substantially” is used to describe a
structure, configuration, dimension, etc. that is largely or
nearly as stated, but, due to manufacturing tolerances and
the like, may in practice result in a situation in which the
structure, configuration, dimension, etc. is not always or
necessarily precisely as stated. For example, describing two
lengths as “substantially equal” means that the two lengths
are the same for all practical purposes, but they may not (and
need not) be precisely equal at sufficiently small scales.
[0100] The drawings are not necessarily to scale, and the
dimensions, shapes, and sizes of the features may differ
substantially from how they are depicted in the drawings.
[0101] Although specific embodiments have been dis-
closed, it will be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the disclosure. For example,
features or aspects of any of the embodiments may be
applied, at least where practicable, in combination with any
other of the embodiments or in place of counterpart features
or aspects thereof. Accordingly, the specification and draw-
ings are to be regarded in an illustrative rather than a
restrictive sense.

What is claimed is:

1. A battery-free charging system for a wireless head-
phone, the wireless headphone having at least one propri-
etary electrical contact provided to charge an on-board
power source of the wireless headphone, the battery-free
charging system comprising:

a cable having a first end and a second end;

a headphone socket coupled to the first end of the cable;

a connector coupled to the second end of the cable, the

connector for connecting the battery-free charging sys-
tem to an external power source; and

circuitry coupled to the headphone socket and to the

connector,

wherein:

the headphone socket is configured to receive the wireless

headphone, to couple the at least one proprietary elec-
trical contact to the external power source, and to allow
continued use of the wireless headphone while charg-
ing, and

the circuitry is configured to:

2 <

detect an orientation of the wireless headphone within
the headphone socket;
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in response to detecting that the orientation of the
wireless headphone within the headphone socket is a
first orientation, provide a charging signal having a
first characteristic; and

in response to detecting that the orientation of the
wireless headphone within the headphone socket is a
second orientation, provide a charging signal having
a second characteristic.

2. The battery-free charging system recited in claim 1,
wherein the wireless headphone is manufactured by Apple.

3. The battery-free charging system recited in claim 1,
wherein the second orientation is 180 degrees from the first
orientation.

4. The battery-free charging system recited in claim 1,
wherein the circuitry is configured to detect the orientation
of the wireless headphone within the headphone socket by
detecting an input impedance.

5. The battery-free charging system recited in claim 1,
wherein the circuitry is configured to adjust at least one of
a voltage or a current of a signal provided by the power
source to provide at least one of the charging signal having
the first characteristic or the charging signal having the
second characteristic.

6. The battery-free charging system recited in claim 1,
wherein the circuitry is further configured to adjust at least
one of the charging signal having the first characteristic or
the charging signal having the second characteristic in
accordance with a charging profile.

7. The battery-free charging system recited in claim 1,
wherein at least a portion of the circuitry is further config-
ured to conduct an authentication procedure with an external
device.

8. The battery-free charging system recited in claim 7,
wherein the external device is the wireless headphone.

9. The battery-free charging system recited in claim 7,
wherein the external device is a phone, a tablet, or a
computer.

10. The battery-free charging system recited in claim 7,
wherein the at least a portion of the circuitry comprises an
authentication chip, and wherein the authentication chip is
configured to conduct the authentication procedure with the
external device.

11. A battery-free charging system for charging a pair of
wireless headphones, each of the pair of wireless head-
phones having at least one proprietary electrical contact
provided to charge an on-board power source of the wireless
headphone, the battery-free charging system comprising:

a connector for connecting the battery-free charging sys-

tem to an external power source;

at least one printed circuit board (PCB) coupled to the
connector, the at least one PCB comprising circuitry;

a cable coupled to the at least one PCB, the cable
comprising four wires, a first end of each of the four
wires coupled to the at least one PCB;

a first headphone socket coupled to second ends of first
and second wires of the cable; and

a second headphone socket coupled to second ends of
third and fourth wires of the cable,

wherein the circuitry comprises:

a passive circuit configured to detect: (a) a first orientation
of a first wireless headphone of the pair of wireless
headphones within the first headphone socket, wherein
the first wireless headphone is either wireless head-
phone of the pair of wireless headphones, and (b) a
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second orientation of a second wireless headphone of
the pair of wireless headphones within the second
headphone socket, wherein the second wireless head-
phone is either wireless headphone of the pair of
wireless headphones; and

a controller coupled to the passive circuit and configured

to:

in response to the detected first orientation, cause a first
charging signal having a first charging polarity to be
provided to the first wireless headphone via the first
and second wires, and

in response to the detected second orientation, cause a
second charging signal having a second charging
polarity to be provided to the second wireless head-
phone via the third and fourth wires.

12. The battery-free charging system recited in claim 11,
wherein the first and second headphone sockets are config-
ured to allow continued use of the first and second wireless
headphones while charging.

13. The battery-free charging system recited in claim 11,
wherein the controller is further configured to adjust at least
one of a voltage or a current of a signal provided by the
external power source to provide at least one of the first
charging signal having the first charging polarity or the
second charging signal having the second charging polarity.

10

Oct. 21, 2021

14. The battery-free charging system recited in claim 11,
wherein the controller is further configured to adjust a
voltage or current of the first charging signal or the second
charging signal during a charging cycle.

15. The battery-free charging system recited in claim 11,
wherein the passive circuit is configured to detect an input
impedance to detect the orientation of the first wireless
headphone within the first headphone socket.

16. The battery-free charging system recited in claim 11,
wherein the first and second charging polarities are different.

17. The battery-free charging system recited in claim 11,
wherein the circuitry further comprises an authentication
chip for authenticating the battery-free charging system.

18. The battery-free charging system recited in claim 11,
wherein the circuitry is configured to set at least one of a
current or a voltage of the first charging signal depending on
a detected characteristic of the first wireless headphone.

19. The battery-free charging system recited in claim 18,
wherein the detected characteristic is an identity of a manu-
facturer of the first wireless headphone or a proxy for the
identity of the manufacturer of the first wireless headphone.

20. The battery-free charging system recited in claim 18,
wherein the detected characteristic is a characteristic of the
at least one proprietary electrical contact.
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