woO 2022/005449 A 1 |0 0000 KOO0 0 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
06 January 2022 (06.01.2022)

‘O 000 O 0 0 A
(10) International Publication Number

WO 2022/005449 Al

WIPO I PCT

(51) International Patent Classification:
H04B 3/54 (2006.01)

(21) International Application Number:
PCT/US2020/040112

(22) International Filing Date:
29 June 2020 (29.06.2020)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: GOOGLE LLC [US/US]; 1600 Amphitheatre
Parkway, Mountain View, CA 94043 (US).

(72) Inventors: CHANG, Yuan, Jen; 1600 Amphitheatre Park-
way, Mountain View, CA 94043 (US). YANG, Shih-
Hsien; 1600 Amphitheatre Parkway, Mountain View, CA
94043 (US).

(74) Agent: VEZERIS, James A. et al.; Lerner, David, Litten-
berg, Krumholz & Mentlik, LLP, 20 Commerce Dr., Cran-
ford, NJ 07016 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
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, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: ENHANCED EDGE DETECT POWER LINE COMMUNICATION

Fig. 1

Device 110

150

Device 130

Battery
i1z

Power line

Ground line

Battery
132

160

(57) Abstract: The technology provides for a power line communication system capable of providing data from a first device to a
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power and ground lines connection. Circuitry within the first device and the second device may include circuitry for providing data
over the power line connection between the first device and the second device. The circuitry may comprise a power line, a ground line,
a transmitter line carrying data signals, a capacitor coupling the transmitter line to the power line at a connection point, and a receiver
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ENHANCED EDGE DETECT POWER LINE COMMUNICATION
BACKGROUND
[0001] When transferring signals between two electronic devices, it is preferable to minimize
the number of contacts between the devices. For example, reducing the number of pins on charging/data
cables for mobile devices, as well as a number of contacts in the mobile devices, helps to provide more
room for other technology in the mobile device. This is particularly true for small form factor devices,
such as smartwatches, earbuds, Bluetooth headsets, head-mounted displays, etc. Moreover, an increased
number of contacts increases the possibility of error and reduces reliability. For example, an increased
number of contacts results in an increased probability that one of the contacts will become damaged or
worn out or otherwise defective. Additionally, each contact included in a device increases the costs of
production of the device. However, because various types of signals typically need to be transmitted,
such as power signals, data signals, control signals, etc., reducing the number of contacts can be quite
challenging.
16602] In some devices, data signals can be transmitted over power lines to reduce the number
of contacts required. These devices may use modulation systems that use modulation techniques such as
on-off keying (OOK), amplitude shift keying (ASK), frequency-shift keying (FSK), phase-shift keying
(PSK), etc. Each of these modulation techniques uses a high-frequency carrier to carry a data signal
across the power line. These modulation systems typically have high propagation delays due to the need
for modulation and demodulation modules. The modulation and demodulation modules also add cost
and complexity to the production of the devices. Additionally, the high-frequency carrier used to carry
the data signal across the power line may introduce electromagnetic interference that may adversely
affect other components of the device.
EEEIRY Other devices may wuse time-division multiplexing or other non-modulated
communication systems to transmit data signals over power lines. In time-division mudtiplexing systems,
power and data may be transmitied at different times across the same power line. Time-division
multiplexing systems may include detection mechanisms and communication systems (o ensure thal a
receiving device has sufficient battery capacity reserved since power cannot he delivered when data is
transmitting. Moreover, time-division multiplexing detection mechanisms and communication systems
may add cost and complexity to the production of the device. Other communication systems, such as
those which use operational amplifiers as comparators, may be limited by open-loop gain bandwidth and
propagation delays, thereby making them unable to meet the data throughput demands of modern
devices.
SUMMARY
[0004] One aspect of the disclosure provides a system comprising a first device including a first
set of contacts; a second device including a second set of contacts, the second set of contacts adapted to
electronically engage with the first set of contacts of the first device to form at least a power and ground

lines connection; each of the first device and the second device including circuitry for providing data
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over the power line connection between the first device and the second device, the circuitry comprising: a
power line; a ground line; a transmitter line carrying data signals; a capacitor coupling the transmitter line
to the power line at a connection point, the capacitor configured to filter DC components from the data
signals and output a filtered signal that is carried to the power line; a receiver comprising two field-effect
transistors, the two field-effect transistors configured to detect the filtered signal. In some embodiments,
the first device is a case and the second device is an earbud.

[0005] In some examples, the data signals include one or more square waves. The filtered
signal may, for each of the one or more square waves, include a positive pulse and a negative pulse.
[0006] In some embodiments, a first of the two field-effect transistors is connected to the power
line via a first reception line and a second of the two field-effect transistors is connected to the power line
via a second reception line.

[0007] In some examples, a second capacitor couples the first reception line and the first field-
effect transistor and a third capacitor couples the second reception line and the second field-effect
transistor.

[0008] In some embodiments, the first field-effect transistor is configured to detect positive
pulses of the filtered signal and the second field-effect transistor is configured to detect negative pulses of
the filtered signal.

[0009] In some instances, the system includes a low reference voltage source and a high
reference voltage source. The low reference voltage source may be connected to the first reception line
and the high reference voltage source may be connected to the second reception line.

[0010] In some examples, the first field-effect transistor has a low detection voltage and the first
field-effect transistor is configured to detect the filtered signal when the voltage of the filtered is at or
above the low detection voltage. In some embodiments, wherein the second field-effect transistor has a
high detection voltage and the second field-effect transistor is configured to detect the filtered signal
when the voltage of the filtered is at or below the high detection voltage. The system may further include
a latch for reconstructing the detected filtered signal.

[0011] Another aspect of the disclosure is directed to a transmitting device including circuitry
for providing data over a power line connection to another device, the transmitting device comprising: a
power line extending from a power supply at the source device; a transmitter line coupled to the power
line; a capacitor coupling the transmitter line to the power line at a coupling point; and a power source.
[0012] In some examples, the transmitting device includes an LC filter is positioned between
coupling point and the power source.

[0013] In some examples, the transmitter line is configured to carry data signals, received from
a transmitter, to the power line.

[0014] In some embodiments, the capacitor filters the data signals.

[0015] Another aspect of the disclosure is directed to a receiving device, comprising: a power
line; a receiver comprising: a first field effect transistor; a second field effect transistor; and a latch; a

first capacitor for coupling the power line to the first field effect transistor; and a second capacitor for
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coupling the power line to the second field effect transistor, wherein the device is configured to receive
power and data from another device over the power line.

[0016] In some examples, the receiving device is further configured to transmit data over the
power line to the other device.

[0017] In some embodiments, a power source may be connected to the power line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 is a functional block diagram illustrating an example system according to aspects

of the disclosure.

[0019] Fig. 2 is an example pictorial diagram of the system of Fig. 1.

[0020] Fig. 3 is an example circuit diagram of the system of Fig. 1.

[0021] Fig. 4 is a detailed circuit diagram of a first device in accordance with aspects of the
disclosure.

[0022] Fig. 5 is an example illustration of a filtered signal in accordance with aspects of the
disclosure.

[0023] Fig. 6 is a detailed circuit diagram of a second device in accordance with aspects of the
disclosure.

[0024] Fig. 7 is an illustration of a positive pulse detection in accordance with aspects of the
disclosure.

[0025] Fig. 8 is an illustration of a negative pulse detection in accordance with aspects of the
disclosure.

DETAILED DESCRIPTION

OVERVIEW

[0026] The technology relates generally to a circuit design enabling transmission of data over

power lines, commonly referred to as power line communication (PLC). Such circuitry may be
implemented in any of a number of devices where one device provides power to another device. For
example, wireless accessories for mobile devices, such as a pair of wireless earbuds, may receive power
from a case. According to this disclosure, the circuitry within the case for the earbuds may enable
transmission of data from the case to the earbuds through a power line used to charge the earbuds. In this
regard, only two contacts are needed between the case and the earbuds: one contact for a power line over
which data and power are transmitted and received, and one contact for ground.

[0027] The circuit design includes a power line interface and a ground interface between a
power source device (PSD) and a power receiving device (PRD). The interface may be, for example, a
line interface, a bus, or any other types of interface adapted to deliver power from the PSD to the PRD.
Each of the PSD and PRD may include a power source for providing power on the power line.

[0028] A transmitter may be coupled to the power line via a transmission line. A capacitor may

be positioned on the transmission line and may be used to capacitively couple the transmitter to the
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power line. The capacitor may block DC signals sent from the transmitter on the transmission line, but
allow AC signals to pass through to the power line.

[0029] The data signals output by the transmitter may be square waves. When passed through
the capacitor, the DC components of the square wave may be filtered resulting in a positive pulse
associated with a leading edge of the square wave and a negative pulse associated with the trailing edge
of the square wave being transmitted on the power line.

[0030] The PRD may include a receiver connected to the power line via two reception lines.
Each reception line may be connected to a field-effect transistor (FET) or a channel of a multi-channel
FET that operate as edge detectors for detecting the pulses associated with each edge of the data signal.
One of the FETs, or one of the channels of the multi-channel FET, may be configured to detect the
positive pulse. The other FET or another channel of the multi-channel FET may be configured to detect
the negative pulse. In some instances, BJTs or other such transistors may be used in place of the FETs.
[0031] A latch in the receiver may receive the detection signals from the FETs and reconstruct
the data signal from the detected signals for output for further processing by components of the PRD.
[0032] In some examples, identical circuits may be placed in both the PSD and the PRD. For
example, for a wireless earbud and a case, the case may provide power and data over the power line to
the earbud, and the earbud may also provide power and data over the power line to the case. By
transmitting the data over the power line, a minimal number of device contacts may be used, thereby
providing for efficiency in manufacture, better reliability, and ease of use.

EXAMPLE SYSTEMS

[0033] Fig. 1 illustrates an example of a first electronic device 110 which supplies power to a
second electronic device 130. For example, the first electronic device 110 includes a power source, such
as a battery 112, which can supply a charge to battery 132 of the second electronic device 130. The first
and second electronic devices 110, 130 may be electronically coupled, for example, via power line 150
and ground line 160. While the power and ground lines 150, 160 are shown as respective lines between
the two devices, it should be understood that each of the first and second electronic devices 110, 130 may
include its own power line and ground line, terminating in contacts, and that the electronic coupling of
the two devices may be formed when the contacts on the first electronic device 110 meet the contacts of
the second electronic device 130. In some instances, first electronic device 110 may receive power from
another device, such as a wireless charger or USB-C charger and pass this power through to the second
device. In this regard, the first electronic device may not include a battery.

[0034] The charge from the first device 110 to the second device 130 may be supplied through
the power line 150. While the power is shown as being transmitted in one direction, in other examples
the power may be supplied from either device to the other, for example, depending on user input or
detected conditions. As shown in Fig. 1, data may also be supplied from the first electronic device 110 to
the second electronic device 130, and from the second electronic device 130 to the first electronic device

110, over the power line 150. The data may include any kind of information, such as battery levels,
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media playback information, software updates, firmware updates, etc. In some examples, the
transmission of data over the power line 150 may be disabled, separately from the transmission of power.
[0035] Fig. 2 provides a pictorial diagram illustrating an example of the devices of Fig. 1. As
shown in this example, the first electronic device is a case 210 and the second electronic device is a pair
of earbuds 230. The earbuds 230 may be wireless in that they do not require a wired connection to a
music player, phone, or other devices to be powered. The earbuds 230 include one or more batteries 232
which provide power to the earbuds 230 and other components therein, such as transmitters, receivers,
amplifiers, etc. The batteries 232 of the earbuds 230 may be relatively small, in view of the small size of
the earbuds 230. The case 210 in which the earbuds 230 are shipped and stored may have a larger battery
212. This larger battery 212 of the case 210 may deliver a charge to the smaller batteries 232 of the
earbuds 230.

[0036] When the earbuds 230 are placed inside the case 210 in a given orientation, contacts 231
on the earbuds 230 may come into contact with contacts (not shown) on the case 210 to establish an
electrical connection, including a power line connection and a ground line connection. Contacts may
include pogo pins or any other such connector capable of being connected and disconnected. In some
examples, each earbud may operate independently, and thus power and ground line connections are
established with a first earbud, while separate power and ground line connections are established with a
second earbud. Accordingly, the case 210 may supply power to the earbuds 230, as well as supplying
data to the earbuds 230 over the power line. The earbuds 230 may also provide data over the power line
to the case 210. In some instances, the earbuds 230 may provide power to the case 210.

[0037] While the example of Fig. 2 illustrates the first electronic device as a case and the second
electronic device as a pair of earbuds, it should be understood that the transfer of data over a power line
may be implemented in any of a variety of devices. By way of example only, the electronic devices may
include any of a phone, phone accessories, smartwatch, toys, gaming systems and controllers, input
devices such as a mouse, keyboard, joystick, touchpad, etc., tablets, etc.

[0038] Fig. 3 provides a circuit diagram illustrating a circuit design of the first electronic device
(PSD) and the second electronic device (PRD). While in this example the first device 310 shown to the
left of dividing line 390 is labeled as a case and the second device 330 to the right of dividing line 390 is
labeled as an earbud, as mentioned above the first and second devices may be any of a variety of types of
devices. In this example, first earbud (second device 330) and second earbud 380 are attached to the
same power line from the case (first device 310). Although not shown, the case 310 and earbuds 330, 380
may also be connected via a ground line. The earbuds 330, 380 are shown sharing the same pair of
physical lines. Other designs are possible, such as two power lines coming out of the case 310, each bus
connecting to a specific earbud via a power line and ground line. Because in this example the internal
components of a second earbud 380 are identical to the first earbud (second device 330), only the
circuitry of the first earbud is shown for simplicity.

[0039] The first device 310 includes a power source 312, such as a DC power source. Although

not shown, the DC power source may include, or otherwise be connected to a switch-mode power supply
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(SMPS) regulator. The power source may output power on a power line 315 extending therefrom. If
present, the power may pass through the SMPS regulator. The first device 310 further includes a ground
with ground line 316 which is capacitively coupled to the power line 315 by capacitor 317. An inductor
318 is inserted into the power line 315 after the ground line 316. The capacitor 317 and inductor 318
may function as an LC filter, shown in the dashed box 319, to reduce power noise coupling to the SMPS
regulator. Although the foregoing example illustrates an LC filter, an RC filter or other such filter
capable of reducing high frequency noise may be used in place of the LC filter or in conjunction with the
LC filter.

[0040] The second device 330 includes its power circuitry which corresponds to that of the first
device 310. For example, the second device 330 includes a power source 332, such as a battery. Like in
the first device 310, the power source 332 may include, or otherwise be connected to, a switch-mode
power supply (SMPS) regulator. The power source may output power on a power line 335 extending
therefrom. If present, the power may pass through the SMPS regulator. The second device 330 further
includes a ground with ground line 336 which is capacitively coupled to the power line 335 by capacitor
337. An inductor 338 is inserted into the power line 335 after the ground line 336. The capacitor 337
and inductor 338 may function as an LC filter, shown in the dashed box 339, to reduce power noise
coupling to the SMPS regulator. Although the foregoing example illustrates an LC filter, an RC filter or
other such filter capable of reducing high frequency noise may be used in place of the LC filter or in
conjunction with the LC filter.

[0041] A connection between the power line 315 of the first device 310 may be made with the
power line 335 of the second device 330. For example, and as shown in Fig. 3, a connection between
power line 315 and power line 335 is made at point 301. Point 301 may be formed at the position where
a contact of the case 310 connects to a contact of the first device 330. Although not shown, the ground
lines 316 and 336 may also be joined at a point corresponding to where another contact from the first
device 310 connects with another contact from the second device 330. Additionally, separate connection
points may be formed between the case 310 and earbud 380 to connect their respective power and ground
lines.

[0042] The first device 310 may include a transmitter that may output signals on transmission
line 325. Transmission line 325 may be capacitively coupled to the power line 315 via capacitor 327.
The capacitor may be a multilayer ceramic capacitor (MLCC) having a value between or around 10 and
100nF, although other values may be possible depending on the signals being transmitted.

[0043] Reception lines 345 and 346 in the second device 330 may capacitively couple a receiver
360 to power line 335. In this regard, a capacitor 347 may couple reception line 345 to the receiver 360
and capacitor 348 may couple reception line 346 to the receiver 360. The capacitors 347 and 348 may be
MLCCs having a value somewhere between or around 10 and 100nF, although other values may be
possible depending on the signals and pulses being received.

[0044] The receiver 350 may include an edge detector 360 and latch 370. As described further

herein, the edge detector 360 may be configured to detect filtered data signals sent over the power lines

6



WO 2022/005449 PCT/US2020/040112

315 and 335 and the latch may reconstruct the data signal from the detected filtered data signals.
Although the latch 370 and edge detector 360 are shown as being included in the receiver 350, the
receiver 350 may include only the edge detector 360 and the latch 370 may be positioned elsewhere in
the second device 330.

[0045] Fig. 4 shows the operation of the circuit of the first device 310. In this regard, the power
source 312 may output power on power line 315 at a particular voltage, labeled Vpp, and current (not
shown). Vpp may be, by way of non-limiting example, 5 volts, although other voltages such as 2.77 volts,
12 volts, etc., may be output by the power source 312. The power may flow through the LC filter 319
formed from capacitor 317 and inductor 318, as shown by arrow 431. The capacitor may have a value
around 10 pF and the inductor may have a value around 1uH, although other values may be possible
depending upon the noise level tolerance of the charger.

[0046] A data signal 401 may be sent by a transmitter (not shown) on transmission line 325.
The data signal 401 may include one or more square waves, as further shown in Fig. 4. In some
instances the value of the square wave may be between OV and 5V, although other voltage ranges may be
possible. The data signal 401 may travel through capacitor 327 which couples the transmission line 325
to the power line 315. As the data signal 401 passes through the capacitor, each square wave is converted
into a filtered signal 403 having corresponding positive and negative pulses. In this regard, the filter
signal 403 includes a positive pulse 405 corresponding to the rising edge of the square wave and a
negative pulse 407 corresponding to the training edge of the square wave. When the data signal 401 is
passed through the capacitor 327, a voltage swing of around 1V-10V may be introduced. To account for
this voltage swing, the capacitor 327 may have a rating higher than 10V.

[0047] Referring to Fig. 5, the voltage on the power line 315 may be altered by each pulse,
positive and negative, introduced by a filtered data signal. For example, prior to data signal 401 being
transmitted on the transmission line 325, the voltage may be Vaq on the power line 315. When the data
signal 401 is transmitted and filtered, the first pulse 405 of the filtered data signal 403 may raise the
voltage on the power line 315 to Vg plus the voltage of the positive pulse 403, as illustrated by the Vpp +
posiive line of Fig. 5. Similarly, the negative pulse may subsequently pull the voltage of the power line 315
down to Vg minus the voltage of the negative pulse 407, as illustrated by the Vop + Negaiive line of Fig. 5.
Although Figs. 4 and 5 illustrate a data signal 403 with only a single square wave, any number of square
waves may be included in a data signal and any number of data signals may be transmitted.

[0048] Figure 6 illustrates the operation of the circuit of the second device 330. Filtered signal
403, along with power from the power source 312, may travel on power line 335 after being received
through connection point 301. The power from power source 312 may be used to charge the power
source 332. The filtered signal 403 may be fed into field-effect transistors (FET) 661 and 662 within
edge detector 360 of the receiver 350. In this regard, the filtered signal 403 may pass through capacitor
347 to reception line 345 which connects to FET 661. Similarly, the filtered signal 403 may pass through
capacitor 348 to reception line 346 which connects to FET 662. Although Fig. 6 illustrates the edge

detector as having two discrete FETs, a multi-channel FET may be used instead, as described herein.
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The LC filter 339 may be a low pass filter that helps reduce the power noise and may reduce the power
needed to filter the noise relative to a similar RC filter.

[0049] The FETs 661 and 662 may each be configured to detect a respective one of the pulses of
the data signal. To enable detection, reference voltages may be added to the FETs 661 and 662. For
example, a reference voltage Vi, rer may be provided to FET 661 and reference voltage Vi rer may be
provided to FET 662. These reference voltages may be provided to the gate side of the FETs. By
applying the reference voltages on the FETs’ gates, the FETs may be maintained in either an on or off
state until a strong enough pulse arrives that can flip the FETs into the other state. Vi, rer and Vi ger may
be provided by discrete power sources and/or power source 332. In this regard, voltage dividers may be
used to convert power from power source 332 to Vi rer and Vi ref. Alternatively, additional batteries or
other such power sources may be included in the second device 330 for supply one or more of Vi, rer and
VIH Ref.

[0050] The capacitors coupling the reception lines 345, 346 to the power lines 335 may block
DC voltage. In this regard, the DC voltage present on 335 may be blocked from passing to the reception
lines by the capacitors 347, 348. Accordingly, the voltage on reception lines 345 and 346 may only be
present when filtered signals are sent.

[0051] Figure 7 illustrates the detection of a positive pulse of a filtered signal by FET 661. In
this regard, the FET 661 may have a set high detection voltage, illustrated as line Vi, which may be at or
around 2.6V, and a set low detection voltage, illustrated as line Vi, which may be at or around 1.9V. Viy
and Vi may be different values than those listed, and may be dependent upon the type of FETs or
transistors used. As shown in Fig. 6, Vi grer is a value below the low detection voltage Vi.. Before and
after a positive pulse, such as positive pulse 405 is input into FET 661, the voltage at the FET 661 may
be Vi ret, as shown by 703 and 705, respectively. When the positive pulse 405 is input into the FET 661,
the voltage input into the FET 661 may be increased above Vi rer eventually reaching a voltage of Vi rer
plus the voltage of the positive pulse, illustrated as line Vi rer + Positive. The FET 661 may detect the
presence of a positive pulse when the voltage passes Vi from Vi res. In some instances, a positive pulse
may be detected when the voltage passes Vi from Vi get

[0052] Figure 8 illustrates the detection of the negative pulse of the filtered signal by FET 662.
In this regard, the FET 662 may have a set high detection voltage, illustrated as line Vi and a set low
detection voltage, illustrated as line Vi.. As shown in Fig. 6, Vi rer is a value above the high detection
voltage V. Before and after a negative pulse, such as negative pulse 407 is input into FET 661, the
voltage at the FET 662 may be Vi rer, as shown by 803 and 805, respectively. When the negative pulse
407 is input into the FET 662, the voltage input into the FET 662 may be decreased below Vi rer
eventually reaching a voltage of Vi rer plus the voltage of the negative pulse, illustrated as line Vi rer +
Negative. The FET 662 may detect the presence of a positive pulse when the voltage passes Vi from Vi
ref- In some instances, a positive pulse may be detected when the voltage passes Viy from Vi res

[0053] In some instances, the detected pulses may be supplemented with additional voltage,
such as 1.8V, 3.3V, 5V, etc., to bring the voltage of the detected pulses to a level that meets requirements
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for whatever interface the edge detector may be connected to. For instance, the interface (not shown)
may be an I2C interface, a universal asynchronous receiver/transmitter (UART), and/or a serial wire
debug (SWD) interface. The additional voltage may be supplied by the FETs 661 and 662 and/or voltage
sources attached to the FETs, although the additional voltage may be applied after the FETs.

[0054] Upon detecting the pulses, the FETs 661 and 662 may output the detected signals to the
latch 370, as shown in Fig. 6. The latch 370 may reconstruct the data signal, as shown by square signal
603, for output for further processing by components of the second device 330. Reconstruction of the
data signal is illustrated in Figs. 7 and 8. In this regard, when FET 661 detects a positive pulse, latch 370
may generate a portion of a square wave 713 that has a low voltage of, for example, OV and a high
voltage of Vpp, as shown in Fig. 7. Similarly, when FET 662 detects a negative pulse, latch 370 may
generate a portion of a square wave 813 that has a high voltage of Vpp and a low voltage of OV. The
latch 370 may combine the portions of the square wave 713 and 813 to recreate the reconstructed square
signal 603 that matches the data signal 401 sent by the transmitter of the first device 310. A D-flip flop
may be used to reconstruct the data signal. In this regard, the positive side of the D-flip flop could be the
input signal and the negative side could be the reset signal. In another example, a microprocessor may be
used to detect rising edge of a positive pulse to generate a high signal and a falling edge of a negative
pulse to generate a negative pulse.

[0055] While the examples above describe communication from the first device 310 to the
second device 330, data may also be transmitted in the opposite direction, from the second device 330 to
the first device 310. In this regard, while particular circuitry within the first and second devices 310, 330
was described herein in detail, each device may have the same circuit design, such that two-way
communication is possible between the two devices. That is to say, the components of the first device
310 shown in Fig. 3 may be implemented in second device 330 and the components of the second device
330 may be implemented in first device 310.

[0056] The technology described herein is advantageous because it allows for the transmission
of data over a power line, thereby minimizing the number of device contacts required for communication
and power delivery between devices. The reduced number of device contacts provides for efficiency in
manufacture, better reliability, and ease of use, as well as reduced cost. The technology described herein
further provides the capability for devices to communicate across a power line without the need for
modulation and demodulation modules which add complexity and cost to the manufacture of the devices.
Further, by not requiring modulation, propagation delays are minimized and the risk for electromagnetic
interference produced by high-frequency carriers is reduced.

[0057] In addition, the above described technology avoids the need for complex detection
mechanisms and communication systems used in time-division multiplexing systems which reduced
production costs and complexity. Further, the above described obviates the need for operational
amplifiers as comparators to detect signals on a power line, which would reduce data throughput. In this

regard, the above described technology may operate with data rates beyond 2Mbps.
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[0058] While the examples described above primarily relate to earbuds and a case for the
earbuds, it should be understood that the data over power line design may be implemented in any of a
number of devices. By way of example only, the first device may be a smartwatch, mobile phone, tablet,
speaker, microphone, head-mounted display, fitness tracker, or any of a number of other devices. The
second device may be, for example, a case, a charging stand, a mobile computing device, or any other
type of device capable of transmitting power to the first device.

[0059] Unless otherwise stated, the foregoing alternative examples are not mutually exclusive,
but may be implemented in various combinations to achieve unique advantages. As these and other
variations and combinations of the features discussed above can be utilized without departing from the
subject matter defined by the claims, the foregoing description of the embodiments should be taken by
way of illustration rather than by way of limitation of the subject matter defined by the claims. In
addition, the provision of the examples described herein, as well as clauses phrased as “such as,”
“including” and the like, should not be interpreted as limiting the subject matter of the claims to the
specific examples; rather, the examples are intended to illustrate only one of many possible
embodiments. Further, the same reference numbers in different drawings can identify the same or similar

elements.
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CLAIMS

1. A system, comprising:

a first device including a first set of contacts;

a second device including a second set of contacts, the second set of contacts adapted to
electronically engage with the first set of contacts of the first device to form at least a power and ground
lines connection;

each of the first device and the second device including circuitry for providing data over the
power line connection between the first device and the second device, the circuitry comprising:

a power line;

a ground line;

a transmitter line carrying data signals;

a capacitor coupling the transmitter line to the power line at a connection point, the capacitor
configured to filter DC components from the data signals and output a filtered signal that is carried to the
power line; and

a receiver comprising two field effect transistors, the two field effect transistors configured to

detect the filtered signal.

2. The system of claim 1, wherein the data signals include one or more square waves.

3. The system of claim 2, wherein the filtered signal comprises, for each of the one or more

square waves, a positive pulse and a negative pulse.

4. The system of claim 1, wherein a first of the two field effect transistors is connected to
the power line via a first reception line and a second of the two field effect transistors is connected to the

power line via a second reception line.

5. The system of claim 4, wherein a second capacitor couples the first reception line and the
first field effect transistor and a third capacitor couples the second reception line and the second field

effect transistor.
6. The system of claim 5, wherein the first field effect transistor is configured to detect
positive pulses of the filtered signal and the second field effect transistor is configured to detect negative

pulses of the filtered signal.

7. The system of claim 4, further comprising a low reference voltage source and a high

reference voltage source.

11
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8. The system of claim 7, wherein the low reference voltage source is connected to the first

reception line and the high reference voltage source is connected to the second reception line.

9. The system of claim 8, wherein the first field effect transistor has a low detection voltage
and the first field effect transistor is configured to detect the filtered signal when the voltage of the

filtered is at or above the low detection voltage.

10. The system of claim 8, wherein the second field effect transistor has a high detection
voltage and the second field effect transistor is configured to detect the filtered signal when the voltage of

the filtered is at or below the high detection voltage.

11. The system of claim 1, further comprising a latch for reconstructing the detected filtered
signal.

12. The system of claim 1, wherein the first device is a case.

13. The system of claim 1, wherein the second device is an earbud.

14. A transmitting device including circuitry for providing data over a power line connection

to another device, the transmitting device comprising:
a power line extending from a power supply at the source device;
a transmitter line coupled to the power line;
a capacitor coupling the transmitter line to the power line at a coupling point; and

a poOwer source.

15. The transmitting device of claim 14, wherein an LC filter is positioned between coupling

point and the power source.

16. The transmitting device of claim 14, wherein the transmitter line is configured to carry

data signals, received from a transmitter, to the power line.

17. The transmitting device of claim 16, wherein the capacitor filters the data signals.

18. A receiving device, comprising:
a power line;
a receiver comprising:

a first field effect transistor;

a second field effect transistor; and

12
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a latch;
a first capacitor for coupling the power line to the first field effect transistor; and
a second capacitor for coupling the power line to the second field effect transistor,
wherein the device is configured to receive power and data from another device over the power

line.

19. The receiving device of claim 18, wherein the receiving device is further configured to

transmit data over the power line to the other device.

20. The power receiver device of claim 18, further comprising a power source connected to

the power line.

13
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