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CHARGING SYSTEMS WITH DIRECT CHARGING PORT SUPPORT
AND EXTENDED CAPABILITIES

This application claims priority to United
States patent application No. 12/766,840, filed April 23,
2010, which is hereby incorporated by reference herein in

its entirety.

Background

This relates to systems in which power
converters are used to charge electronic devices.

Power converter circuitry can be used to convert
alternating current (AC) power into direct current (DC)
power. AC power 1is typically supplied from wall outlets
and is sometimes referred to as line power. Electronic
devices include circuitry that runs from DC power. The DC
power that is created by an AC-to-DC power converter may
be used to power an electronic device. The DC power that
is created may also be used to charge a battery in an
electronic device.

Some electronic devices have input-output ports
that include power and data lines. For example, some
electronic devices have input-output ports such as
Universal Serial Bus ports that include a pair of power

lines and a pair of data lines. Universal Serial Bus
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(USB) connectors and other connectors may be used in ports
such as these.

During normal operation of an electronic device,
the USRBR port of a device may be used to convey power and
data signals. For example, the USB port may be used to
power a peripheral such as a printer or camera, to
transfer data to and from an accessory, etc. Devices with
batteries may be charged by drawing DC power from the
power lines in the USB port. For example, a battery in a
cellular telephone may be charged when the cellular
telephone is connected to a USB port of a computer.

It can be convenient to charge electronic
devices using USB ports on computers, but computer ports
such as these are designed to supply only a limited amount
of power. Faster charging can be achieved using stand-
alone power converters. Stand-alone power converters can
be provided with cables that have Universal Serial Bus
plugs. This type of USB plug may be inserted into a
Universal Serial Bus port on an electronic device,
allowing the device to be charged from a wall outlet
without involving a computer.

Although stand-alone USB chargers such as these
may offer more charging power than the USB port on a
computer, the capabilities of stand-alone USB chargers and
other aspects of USB-based charging systems may be limited
by industry standards.

It would therefore be desirable to be able to
provide improved charging systems such as charging systems
in which power is conveyed over input-output port paths

such as Universal Serial Bus paths.

summary
To comply with industry standards, an

alternating current (AC) to direct current (DC) power
2
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converter and electronic device may conform to expected
discovery protocols. The power converter and electronic
device may be connected using connectors that have a pair
of power lines and a pair of data lines such as a
Universal Serial Bus connector. The power converter may
include a resistor across its data lines. During
discovery operations, the electronic device may generate a
probe signal such as a probe current that is routed
through the resistor. The electronic device may use the
probe signal to measure the resistance of the resistor in
the power converter.

In addition to standards-compliant capabilities,
the AC-DC power converter and the electronic device may
have extended capabilities. These extended capabilities
may include features that support enhanced power transfer
capabilities, data transfer capabilities to support the
transfer of status and diagnostic data, and other
functions.

The AC-DC power converter and the electronic
device may support standards-compliant discovery
operations such as operations related to presenting and
detecting the resistor across the data lines. During
these discovery operations or after a delay, the AC-DC
power converter and electronic device may exchange
additional modulated signals. These modulated signals may
take the form of current pulses, voltage pulses or other
signals that are modulated as a function of time and/or
magnitude. Transmitter circuitry and corresponding
receiver circuitry may be used in the power converter and
in the electronic device to support unidirectional and
bidirectional communications. The transmitter circuitry
may be based on current sources, voltage sources,
switches, or other circuit components that are modulated

using communications circuitry. The receiver circuitry
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may include comparators and other receiver circuits that
convert transmitted signals into received data.

When a power converter or electronic device with
extended capabilities is connected to equipment without
extended capabilities, the extended-capability equipment
reverts to standards-compliant behavior, thereby
preserving compatibility between a variety of equipment.

Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the preferred embodiments.

Brief Description of the Drawings

FIG. 1 is a circuit diagram of a system
including a power converter and an electronic device in
accordance with an embodiment of the present invention.

FIG. 2 is a diagram showing how chargers and
electronic devices with different levels of charging
capabilities and other capabilities may be interconnected
in a variety of pairings in accordance with an embodiment
of the present invention.

FIG. 3 is a circuit diagram of an illustrative
charger and electronic device in accordance with an
embodiment of the present invention.

FIG. 4 is a graph showing an illustrative
signaling pattern that may be used to convey information
between a device of the type shown in FIG. 3 and a charger
of the type shown in FIG. 3 in accordance with an
embodiment of the present invention.

FIG. 5 is a graph showing another illustrative
signaling pattern that may be used to convey information
between a charger of the type shown in FIG. 3 and an
electronic device of the type shown in FIG. 3 in

accordance with an embodiment of the present invention.
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FIG. 6 is a flow chart of illustrative steps
involved in operating a system that includes a power
converter of the type shown in FIG. 1 and an electronic
device of the type shown in FIG. 3 in accordance with an

embodiment of the present invention.

Detailed Description

Power converters (sometimes referred to as power
adapters) may be used to convert alternating current (AC)
power into direct current (DC) power. A power converter
may have a plug that plugs into a wall socket to obtain AC
line power. The power converter may also have an output
path on which DC power is provided that has been created
from the AC line power. In some situations, AC-DC power
converter circuitry may be built into computers and other
electronic equipment. In other situations, AC-DC power
converter circuitry is used to form stand-alone power
converters. Charging systems that include stand-alone
power converters are sometimes described herein as an
example.

Power converters can be used to power electronic
devices that use DC power. In a device that contains a
rechargeable battery, DC power from a power converter can
also be used to charge the battery. In this type of
situation, an AC-DC power converter can serve as a stand-
alone charger. AC-DC power converters are therefore
sometimes referred to as battery chargers.

Industry standards may place limits on the
behavior of power converters and the electronic devices
that are powered by the power converters. For example,
industry standards may dictate that stand-alone
(dedicated) Universal Serial Rus (USB) chargers present a
shunt resistance of less than 200 ohms across their data

lines. According to industry standard protocols, the
5
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presence of this resistance can be detected by an attached
electronic device. When detected, the electronic device
can conclude that a dedicated charger is present and can
draw more power than would otherwise be available through
a computer-based USB port. Although industry standards
may allow the stand-alone charger to charge a battery in
an electronic device more rapidly than would be possible
using a computer-based USB port, these standards may also
place limits on the maximum power that a stand-alone
charger can deliver and limits on the maximum power that
an electronic device can draw from the charger. Limits of
this type may undesirably restrict the use of the charger
and electronic device.

These shortcomings can be addressed using a
charging system of the type shown in FIG. 1. As shown in
FIG. 1, charging system 8 may include a source of line
power such as alternating current (AC) source 16, a power
converter such as stand-alone (dedicated) charger 12, and
an electronic device such as device 14.

AC source 16 may be, for example, a wall outlet
or other AC power source. Power converter 12 may convert
AC power from source 16 to direct-current (DC) power for
powering electronic device 14. Electronic device 14 may
be a portable electronic device such as a cellular
telephone, tablet computer, notebook computer, media
player, gaming device, remote control, or other electronic
egquipment.

Power converter 12 may have a plug that mates
with a corresponding wall outlet (shown as mating
connectors 18 in FIG. 1). This supplies AC power to AC-DC
converter circuitry 20. AC-DC converter circuitry 20 may
be based on a switched-mode AC-DC converter circuit and
may supply DC power on power lines 24 and 28. During

normal operation, AC-DC converter circuit 20 may supply a
6
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positive power supply voltage Vbus (e.g., 2-5 volts, less
than 2 volts, more than 5 volts, etc.) on positive power
supply line 24 and may supply a ground voltage GND (e.g.,
a signal at 0 volts) or ground power supply line 28.

Converter 12 may have a permanently connected
cable or may have a detachable cable that is terminated in
a connector such as a USRBR connector (e.g., a USB plug).
This connector may have a number of contacts that make
electrical contact with corresponding contacts in a
connector on device 14.

As shown in FIG. 1, power converter 12 may have
a four-contact USB connector (connector 34) that includes
a VBUS contact, data line contacts DP and DN, and a GND
contact. The VBUS contact in connector 34 is electrically
connected to positive power supply line 24. The GND
contact in connector 34 is electrically connected to
ground line 28. Lines 32 and 30 in power converter 12 are
electrically connected to the DP and DN contacts in
connector 34, respectively.

Device 14 may likewise have a four-contact USB
connector (connector 36) that includes a VBUS contact
connected to positive power supply line 38 (e.g., to carry
voltage VBUS), data line contacts DP and DN that are
respectively connected to DP and DN data lines 40 and 42,
and a GND contact connected to ground line 42. Connectors
34 and 36 may be provided using any suitable form factor
(e.g., as mini-USB connectors, as micro-USB connectors, as
a set of 4 USB pins that form part of a larger connector
such as a 30-pin connector, etc.).

The VBUS contact in connector 36 and the GND
contact in connector 36 and corresponding power supply
lines 38 and 44 can be used to convey DC power from power
converter 12 to the circuitry of device 14 (e.g., to power

device 14). Device 14 can also be powered using an
7
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internal battery such as battery 52. Battery 52 may be a
rechargeable battery such as a lithium-ion battery.
Battery 52 may be coupled between power management circuit
50 in control circuitry 46 and ground 54. When battery 52
is fully charged and device 14 is running from battery
power, power management circuit 50 can be used to deliver
battery power to the circuitry of device 14 and power
converter 12. When battery 52 is depleted and DC power is
available from power converter 12 on lines 38 and 44,
charging circuitry in power management circuit 50 can be
used to charge battery 52 with the DC power.

Device 14 may include input-output circuitry and
other components 56 and control circuitry 46 that includes
power management circuit 50 and communications circuitry
48. Input-output circuitry and other components 56 may
include buttons, displays, speakers, microphones, sensors,
and other electronic components. Control circuitry 46 may
be based on one or more integrated circuits (e.g., memory
chips, audio and video integrated circuits,
microprocessors, digital signal processors, application-
specific integrated circuits, etc.).

During normal operation of device 14, connector
36 and associated power lines 38 and 44 and data lines 40
and 42 may serve as a USB port. A USB port can convey DC
power (VBUS and GND) and can convey data using data lines
DP and DN. For example, if device 14 is connected to a
peripheral, device 14 may use the power lines to supply
power to the peripheral and may use the data lines to
support bidirectional communications with the accessory.

When connected to power adapter 12, device 14
and power adapter 12 may interact with each other to
determine each other’s capabilities. In a conventional
dedicated charger that is compliant with USB-IF standards,

a resistor of less than 200 ohms is connected between the
3
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DP and DN lines in the charger. The presence of this
shunt resistor serves as a flag that informs connected
devices that the charger is a dedicated charger and not a
USB computer port. Power converter 12 of FIG. 1 can
replicate this behavior using control circuitry 22 when
needed. This allows power converter 12 to serve as a
standards-compliant charger (e.g., a USB-IF dedicated
charger) when desired (i.e., when interacting with devices
that are only capable of standards-compliant operation).
When a device such as device 14 of FIG. 1 that has
extended capabilities (i.e., capabilities beyond the
capabilities defined by applicable industry standards such
as USB-IF standards), power converter 12 and device 14 can
exhibit enhanced capabilities.

As shown in FIG. 1, control circuitry 22 may be
connected to the DP and DN data line connectors in
connector 34 by data lines 32 and 30. Control circuitry
22 may be coupled to AC-DC converter circuit 20 by control
path 26. Control path 26 may be used to issue commands to
AC-DC converter (e.g., so that control circuitry 22 may
place AC-DC converter 20 in a sleep mode and so that
control circuitry 22 may awaken AC-DC converter circuit 20
from sleep mode). Control circuitry 22 may also be
coupled to positive power supply line 24 and ground line
28.

Control circuitry 22 may include a resistive
element such as a resistor with a value of less than 200
ohms and may contain switching circuitry that selectively
connects this resistive element in a shunt resistor
configuration bridging data lines 32 and 30. When
configured in this way, electronic devices that are
connected to power converter 12 can determine that
converter 12 is capable of serving as a dedicated charger

(i.e., as a charger that is compliant with industry
9
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standards such as USB-IF standards). Control circuitry 22
may also include communications circuitry that supports
communications with communications circuitry 48 of device
14.

The communications circuitry in control
circuitry 22 and control circuitry 46 may use
unidirectional signaling schemes (i.e., schemes in which
capabilities are advertized exclusively or primarily in
one direction) and bidirectional signaling schemes (i.e.,
communications schemes in which information is exchanged
between power converter 12 and device 14 in both
directions). In bidirectional signaling schemes, features
such as handshaking may be implemented. Communications
between power converter 12 and device 14 may be
implemented using any suitable type of protocols (e.g.,
USB protocols, less complex protocols, more complex
protocols, etc.).

Users may have access to different types of
power converters and different types of electronic
devices. Particularly in environments in which commonly
available port connectors are used, a variety of different
pairings between power converters and electronic devices
are possible. Consider, for example, an environment of
the type shown in FIG. 2. As shown in FIG. 2, a user may
have access to two different types of power converter
(type CR and type CE) and may have access to two different
types of electronic device (type DR and type DE). This
may lead to four possible pairings P1l, P2, P3, and P4
between power converters and devices, as illustrated by
the dashed line in FIG. 2.

Power converter CR may be compliant with
industry standards (e.g., USB-IF standards) and may not
have any extended capabilities beyond those specified by

the industry standards. For example, power converter CR
10
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may only be able to produce voltages and currents that
fall within the limits prescribed by the industry
standards. Power converter CR may include a resistor with
a value of less than 200 ohms that is connected between
data lines DP and DN in power converter CR. The presence
of this resistor may be used to advertise to electronic
devices that power converter CR is compliant with USB-IF
standards (or other such industry standards).

Power converter CE may have capabilities that
extend beyond the limits imposed by the industry standards
with which power converter CR complies. For example,
power converter CE may be capable of delivering more DC
power than power converter CR. Power converter CE may
also have the capability to operate a lower voltages than
converter CR (i.e., at voltages Vbus that are lower than
permitted by the industry standards with which power
converter CR complies). Examples of other extended
capabilities that power converter CR may have include low-
power-mode capabilities (i.e., capabilities to support
sleep mode, hibernate mode, etc.), the ability to gather
and store diagnostic information, the ability to accept
power from an attached electronic device, the ability to
upload diagnostic information to an attached device, the
ability to support authentication operations, the ability
to send and receive status information related to the
power converter and electronic device operations, etc.).

The industry standards with which power
converter CR is compliant may be silent with respect to
some of the extended features of power converter CE, but
may actively prohibit use of other extended features. For
example, USB-IF standards may be silent with respect to
gathering diagnostic information, but may set lower limits
on the amount of voltage that a power converter may

supply. A power converter that follows USB-IF standards
11
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may, for example, be required to supply 5 volts of output
power at current levels of 0-0.5 A. Power converter CE
may have the ability (in this example) to supply output
powers of less than 5 volts at current levels of 0-0.5 A.

Electronic device DR may be compliant with
industry standards (e.g., USB-IF standards). In
accordance with these standards, device DR may be
configured to draw less than a maximum allowed amount of
DC power from a charger. Device DE may have capabilities
other than those permitted by the industry standards with
which electronic device DR is compliant. Device DE may,
for example, be capable of drawing more power from a
charger than device DE (i.e., more power than permitted by
the industry standards with which electronic device DR is
compliant) .

In order to ensure interoperability with
standards-compliant equipment such as power converter CR
and device DR, power converter CE and device DE may use
their control circuitry to detect when the use of extended
capabilities is appropriate. If standards-compliant
behavior is needed for compatibility, devices CE and DE
can comply with the applicable standards. If devices CE
and DE are connected to each other, there is no longer any
need for maintaining standards compliance, so the extended
capabilities of one or both of these items of equipment
may be used.

The way in which the power converters and
electronic devices of FIG. 2 operate depends on how they
are paired. Consider, as an example, a situation in which
power converter CR is connected to device DR (pairing P1l).
In this situation, power converter CR presents a
resistance R of less than 200 ohms between its DP and DN
lines to indicate that power converter CR is a dedicated

charger and is compliant with relevant industry standards
12
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(e.g., USB-IF standards). Device DR detects the presence
of this resistance and operates accordingly by drawing as
much power as permitted for a standards-compliant device
that is connected to a standards-compliant dedicated
charger. Following the limits of the industry standards,
both power converter CR and device DR operate within
prescribed bounds on current and voltage levels. For
example, at currents of 0-0.5 A, Vbus is maintained above
5 volts and at currents of 0.5 to 1.5 A, Vbus is
maintained above 2 volts. Currents above 1.5 A are not
supplied by power converter CR and are not requested by
device DR.

When power converter CR is connected to device
DE (pairing P2), power converter CR will also present a
resistance R of less than 200 ohms between its DP and DN
lines to indicate that power converter CR is a dedicated
charger and is compliant with relevant industry standards
(e.g., USB-IF standards). Device DE may be a device such
as electronic device 14 of FIG. 1. When connected to
power converter CR, device DE may use control circuitry
such as control circuitry 46 of FIG. 1 to measure the
value of the resistance between the DP and DN contacts in
power converter CR. If device DE detects that the
resistance across the DP and DN lines in power converter
CR is less than 200 ohms and if device DE does not detect
extended capabilities in power converter CR, device DE can
conclude that power converter CR is compliant with
industry standards (e.g. USB-IF standards) and can operate
accordingly by drawing only as much power as permitted for
a standards-compliant device that is connected to a
standards-compliant dedicated charger.

Pairing P3 occurs when a power converter with
extended (non-industry-standard) features (i.e., power

converter CE) 1s connected to device DR. Power converter
13
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CE may, for example, be a power converter such as power
converter 12 of FIG. 1. When power converter CE and
device DR are connected, power converter CE will uses its
control circuitry (i.e.., circuitry 22 of FIG. 1) to
present a resistance R of less than 200 ohms between its
DP and DN lines. This indicates to device DR that power
converter CE is able to function as a dedicated charger
that is compliant with relevant industry standards (e.g.,
USB-IF standards). Once device DR detects that the
resistance across the DP and DN lines in power converter
CE is less than 200 ohms, device DR can conclude that
power converter CE is compliant with industry standards
(e.g. USB-IF standards) and can operate accordingly by
drawing only as much power as permitted for a standards-
compliant device that is connected to a standards-
compliant dedicated charger. In the absence of additional
information that indicates to power converter CE that the
attached electronic device has extended capabilities,
power converter CE will refrain from using extended
capabilities that would violate the applicable industry
standards. For example, power converter CE will refrain
from supplying output voltages and currents in disallowed
ranges.

In pairings such as pairing P4, a charger with
extended capabilities may be connected to an electronic
device with extended capabilities. In particular, pairing
P4 may arise when a power converter with extended (non-
industry-standard) features (i.e., power converter CE) is
connected to an electronic device with extended
capabilities such as device DE. Power converter CE may be
a power converter such as power converter 12 of FIG. 1.
Electronic device DE may be an electronic device such as

electronic device 14 of FIG. 1.

14
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When power converter CE and device DE are
connected, power converter CE and device DE may exchange
information to signal to each other that they have
extended capabilities.

With one suitable arrangement, this type of
information exchange may be primarily or exclusively
unidirectional. As an example, power converter CE may
actively or passively present information that is
detectable by device DE that advertizes the presence of
extended capabilities to device DE.

With passive advertizing approaches, control
circuitry 22 may include a network of electrical
components such as resistors, inductors, and capacitors
that are connected between lines 24, 32, 30, and 28
(preferably in a way that does not interfere with the
ability of power converter CE to present a shunt
resistance R of less than 200 ohms across terminals DP and
DN). As an example, power converter CE may present a
capacitance C across DP and DN in parallel with the
resistance R. At AC signal frequencies, this capacitor
has a relative low resistance (i.e., the capacitor acts as
a short circuit). The presence of the capacitor can
therefore be detected by device DE by measuring the
impedance between lines DP and DN at both DC and AC
frequencies. Device DR can detect that the value of the
shunt resistance is less than 200 ohms. Device DE can
detect that R is less than 200 ohms (i.e., that R is 100
ohms) at DC and is lower at AC frequencies (e.g., at 1 kHz
as an example). Other passive advertizing schemes may be
used if desired. For example, an inductor may be
connected in series with the resistor R between terminals
DP and DN so that a rise in impedance at AC frequencies

can be detected, etc.
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With active advertizing approaches, control
circuitry 22 may open and close a switch to modulate an
electrical parameter. Control circuitry 22 may, for
example, open and close a switch that is connected in
series with a 100 ohm resistor between terminals DP and DN
to modulate the resistance between terminal DP and DN.
Control circuitry 22 may also generate voltage or current
signals that are conveyed to device DE.

Device DE may similarly use passive or active
unidirectional advertising schemes to make the
capabilities of device DE detectable by power converter
CE. For example, a network of detectable electrical
components may be connected between lines 38, 40, 42, and
44, switching circuitry in communications circuitry 48 of
control circuitry 46 may be used to modulate electrical
parameters such as resistance, current, voltage, etc.

If desired, both power converter CE and device
DE may contain circuitry that is configured to passively
or actively advertize their respective extended
capabilities.

Bidirectional communications between power
converter CE and electrical device DE may also be
supported. For example, control circuitry 22 and control
circuitry 46 may each contain a USB communications circuit
(e.g., a USB host or hub chip) or other suitable circuitry
for conveying information (e.g., voltage sources, current
sources, voltage detectors, current detectors, etc.). Any
suitable modulation scheme (coding scheme) may be used
when conveying information between power converter 12 and
electronic device 14. Examples of modulation schemes that
may be used include modulation schemes such as frequency
modulation (FM) schemes, amplitude modulation (AM)
schemes, pulse-code modulation (PCM) schemes, code-

division-multiple-access (CDMA) schemes, phase-shift
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keying (PSK) schemes, and amplitude shift keying (ASK)
schemes. As an example, the presence or absence of
different AC frequencies (tones) may be used to represent
information, patterns of pulses may be used to represent
information, etc.

Illustrative circuitry that may be used to
support communications in a power converter with extended
capabilities such as power converter 12 of FIG. 1 and an
electronic device with extended capabilities such as
electronic device 14 is shown in FIG. 3. As shown in FIG.
3, power converter 12 may include control circuitry 24 and
electronic device 14 may include control circuitry 46. As
described in connection with FIG. 1, control circuitry 24
and control circuitry 46 may include communications
circuitry (e.g., communications circuit 60 in control
circuit 58 of FIG. 3 and communications circuitry 48 in
control circuitry 46 of FIG. 1) and may be based on one or
more integrated circuits such as USB integrated circuits
(host and hub controllers), microprocessors, digital
signal processors, application-specific integrated
circuits, etc. This communications circuitry may generate
control signals that are applied to control lines such as
control line 64 of controllable current source 62, control
line 66 of controllable switch 68, control line 78 of
controllable voltage source 76, and control line 82 of
controllable current source 80. Controllable components
such as current sources 62 and 80, voltage source 76, and
switching circuitry 68 are merely illustrative examples of
components that may serve as transmitter circuitry for
device 14 and that may be used in conveying modulated
signals (e.g., signals that vary as a function of time
and/or magnitude) between power converter 12 and
electronic device 14. Moreover, power converter 12 and

device 14 need not include all of these components. These
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components are included in the diagram of FIG. 3 as an
example.

It may be desirable for power converter 12 to
present a resistance R (e.g., a resistance R of less than
200 ohms) between lines DP and DN to indicate to
electronic devices that power converter 12 is capable of
operating in compliance with industry standards (e.g.,
USB-IF standards) for stand-alone (dedicated) chargers.
This may be done using resistor R of FIG. 3. Optional
series-connected switch 68 may normally be closed.

During an initial discovery process (i.e., when
switch 68 is closed), device 14 may use current source 80
to apply a current to resistor R while using current sink
84 to sink returned current on line 42 to ground. The
value of the resulting voltage V at input 90 of comparator
86 is compared by comparator 86 to reference voltage Vref
at input 88 of comparator 86. Comparator 86 then produces
a corresponding output signal (e.g., a logic high or low
value) on output line 92. The value of voltage V on input
90 is indicative of the value of resistor R. If resistor
R is less than 200 ohms, V will be less than Vref and
output 92 will go high. If resistor R is greater than 200
ohms (in this example), output 92 will be taken to a logic
low value. If control circuitry 46 measures a high wvalue
at output 92, device 14 can therefore conclude that power
converter 12 is at least capable of operating in
compliance with industry standards (i.e., as a dedicated
charger in compliance with USB-IF standards).

Additional discovery operations may be performed
by electronic device 14 to determine whether power
converter 12 has extended capabilities (and vice versa).
For example, electronic device 14 may issue a pattern of
signal pulses (e.g., voltage pulses produced by modulating

the voltage on voltage source 76 or current pulses
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produced by modulating the current produced by current
source 80). Control circuitry 24 may use comparator 70 or
other suitable detector (receiver) circuitry to receive
the signal pulses transmitted by electronic device 14.
Comparator 70 may have a first input (input 72) that
receives reference voltage Vref2 and a second input (input
74) that receives signal pulses that have been transmitted
by electronic device 14 (e.g., using current source 80,
voltage source 76, or other signal transmitting
circuitry). As incoming pulses are detected, the output
of comparator 70 changes state and provides digital output
pulses of correspondingly changing values to control
circuit 58. In this respect, comparator 70 serves as a
receiver for signals transmitted by electronic device 14.
If desired, receiver 70 may be sensitive to signals
encoded using multiple different values (i.e., patterns of
signals with different voltage values, patterns of signals
with different current values, etc.).

Power converter 12 can similarly transmit
signals to electronic device 14. For example, control
circuit 58 may transmit current pulses to electronic
device 14 (e.g., using current source 62) that are
detected using comparator 86 or other suitable receiver
circuitry in device 14, may transmit pulses by opening and
closing switch 68 to modulate the resistance between lines
32 and 30 (e.g., so that device 14 can detect this change
using current source 80 and comparator 86 or other
suitable detection circuitry), etc.

The signals that are transmitted from electronic
device 14 and power converter 12 may be used to inform
power converter 12 that electronic device 12 has extended
capabilities, as described in connection with device DE of
FIG. 2. Similarly, the signals that are transmitted from

power converter 12 to electronic device 14 may be used to
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inform electronic device 14 that power converter 12 has
extended capabilities, as described in connection with
power converter CE of FIG. 2. Transmitted signals may
also be used for handshaking and to transmit status data,
diagnostic data, control data, and other data between
power converter 12 and device 14. In some circumstances,
power converter 12 may not be connected to line power, so
power lines 38 and 44 may, if desired, be used to convey
DC power from battery 52 (FIG. 1) to control circuit 58
and the other circuitry of control circuitry 24. This
allows power converter 12 to be operated even if AC-DC
converter 20 is experiencing a fault.

To facilitate troubleshooting, power converter
12 may use control circuitry 22 to periodically store
status information (i.e., information on fault conditions,
circuit health, etc.). This stored information may be
organized in the form of a diagnostic log. If a fault
occurs in AC-DC converter circuitry 20, electronic device
14 may be connected to power converter 12 to supply
control circuitry 22 with power, even in the absence of DC
power from AC-DC converter 20. BRecause control circuitry
22 can be powered in this way, control circuitry 22 may
upload performance data from the diagnostic log once
communications are established between power converter 12
and electronic device 14.

To ensure that egquipment with extended
capabilities such as power converter CE and electronic
device DE is able to interoperate with standards-compliant
equipment, the signaling techniques that are used to
advertize and detect the presence of extended capabilities
may be arranged so as not to interfere with standards-
compliant detection protocols. For example, the presence

of extended capabilities may be advertized (e.g., using
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signal pulse codes) while remaining within voltage and
current limits defined by industry standards.

An example of this type of signaling scheme is
shown in the graph of FIG. 4. 1In the graph of FIG. 4,
signal strength S (voltage, current, etc.) is plotted as a
function of time. The components in system 8 (i.e., power
converter 12 and electronic device 14) are connected to
each other by plugging in their USB connectors or other
suitable connectors at time t0. The signal S corresponds
to a signal that is applied by one component in system 8
to the other when the components are paired. As Jjust one
example, signal S may be a probe current that is applied
across the DP and DN terminals in power converter 12 by
electronic device 14 as electronic device 12 measures the
value of R as described in connection with FIG. 3.
Industry standards may require that the value of the probe
current fall within certain limits (shown as lower signal
magnitude limit S1 and upper signal magnitude limit S2 in
the example of FIG. 4). To ensure that industry standards
are not violated during the discovery process, signal S
may remain within these limits. However, rather than
using a DC signal that remains within specified limits Sl
and S2, signal S may be modulated (varied in time and/or
magnitude) .

Industry standards may specify that discovery
operations such as the measurement of the value of
resistor R take place within a particular time frame
(shown schematically as discovery period TD1l). Once
discovery period TD1l is complete, pulses PLS1 need no
longer conform to limits S1 and S2 (i.e., signal S can
exceed these limits). If desired, signal pulses PLS1 may
also remain within limits S1 and S2. The coded
information that is conveyed in pulses PLS1 (or other

transmitted signal information S) may advertize to power
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converter 12 that electronic device 14 has extended
capabilities or may contain other suitable data.

In the example of FIG. 4, the components of
system 8 were able to convey information to each other on
the presence of their extended capabilities while
simultaneously ensuring standards compliance (i.e., by
presenting resistor R across terminals DP and DN in the
power converter and by respecting limits S1 and S2 while
measuring the value of R with a probe current or other
measurement signal). Another way to ensure that equipment
with extended capabilities such as power converter CE and
electronic device DE is able to interoperate with
standards-compliant equipment, involves using a delay
period to avoid interference between standards-compliant
discovery operations and communications associated with
establishing and using extended capabilities.

This type of approach is illustrated in the
example of FIG. 5. 1In FIG. 5, the strength of signal S
(i.e., a probe current generated by current generator 80
of FIG. 3) is initially constant at a value that falls
within specification limits S1 and S2. The standards-
compliant discovery process in this type of arrangement
will be completed within time TD1 after connecting power
converter 12 and electronic device 14 at time t0. To
ensure that changes to the value of probe signal S do not
adversely affect compliance with industry standards, no
changes may be made in the wvalue of S until a delay time
TD2 is complete. Because TD2 is greater than TD1l, changes
to the value of S after TD2 will not fall within time
period TD1 and will therefore not interfere with the
standards-compliant discovery operations performed during
time period TD1. After time period TD2 has elapsed,
signal S may therefore be modulated to form coded pulses

PLS2 without regard to whether these signal pulses are
22



10

15

20

25

30

WO 2011/133335 PCT/US2011/031537

within limits S1 and S2. Pulses PLS2 may be modulated in
time, in magnitude, etc.

Illustrative steps involved in operating power
converters and electronic devices in various pairings of
the type described in connection with FIG. 2 are shown in
FIG. 6. At step 94, a user connects a power converter and
electronic device. The power converter may be plugged
into a source of line power or may be operated with
battery power supplied by the electronic device. USB
connectors or other connectors may be used to interconnect
the power converter and electronic device.

The power converter and electronic device may
only have capabilities that comply with industry standards
(e.g., USB-IF standards for dedicated chargers) as
described in connection with power converter CR and
electronic device DR of FIG. 2 or may have extended
capabilities as described in connection with power
converter CE and electronic device DE. Different pairings
between devices are possible.

If a power converter such as power converter CR
is connected to an electronic device such as electronic
device DR, the power converter may include a resistor R of
less than 200 ohms across its DP and DN terminals. At
step 96, device DR applies a probe signal across the DP
and DN terminals and measures that R is less than 200
ohms.

At step 98, power converter CR and device DR may
operate according to industry standards (e.g., USB-IF
standards for dedicated chargers). 1In particular, power
converter CR may power device DR and charge the battery in
device DR in compliance with voltage and current limits
specified in the industry standards.

If, at step 94, a user connects a power

converter such as power converter CR to an electronic
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device such as electronic device DE, device DE may, at
step 100, use schemes of the type described in connection
with FIGS. 4 and 5 to detect the presence of a resistor R
of less than 200 ohms across the DP and DN terminals,
while also advertising the extended capabilities of
electronic device DE (e.g., by transmitting a coded set of
current pulses to power converter CR). Power converter CR
(in this example) does not have extended capabilities, so
power converter CR does not respond to the advertized
extended capabilities of device DE. Rather, at step 98,
power converter CR and device DE may operate according to
industry standards (e.g., USB-IF standards for dedicated
chargers). 1In particular, power converter CR may power
device DE and charge the battery in device DE in
compliance with voltage and current limits specified in
the industry standards.

If a user connects a power converter such as
power converter CE to an electronic device such as
electronic device DR at step 94, charger CE may, at step
102, use schemes of the type described in connection with
FIGS. 4 and 5 to advertize the presence of its extended
capabilities while presenting a resistor R of less than
200 ohms across the DP and DN terminals to indicate to
electronic device DR that power converter CE is able to
operate according to industry standards (i.e., USB-IF
dedicated charger standards). Device DR does not have
extended capabilities, so device DR does not respond to
the transmission of the signals from power converter CE
that advertize the presence of extended capabilities. At
step 98, power converter CE and device DR may therefore
operate according to industry standards (e.g., USB-IF
standards for dedicated chargers).

In some situations, a user will connect a power

converter with extended capabilities (power converter CE)
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to a device with extended capabilities (device DE) at step
94. As indicated by step 104, power converter CE may, in
this type of situation, present a resistance R of less
than 200 ohms across terminals DP and DN to indicate that
power converter CE can comply with industry standards
(i.e., USB-IF dedicated charger standards). Power
converter CE and device DE may also communicate using
signal pulses or other communications schemes (e.g.,
schemes of the type described in connection with FIGS. 3,
4, and 5). These signals may allow power converter CE to
advertize its extended capabilities to device DE and may
allow device DE to advertize its extended capabilities to
power converter CE.

Once the presence of extended capabilities is
recognized, power converter CE and device DE may use their
extended capabilities (step 106). The extended
capabilities that are used during the operations of step
106 may involve the delivery of amounts of current and
voltage between power converter CE and device DE that are
outside of industry specifications (i.e., that are above
or below values permitted by USB-IF dedicated charger
standards or other industry standards). As an example,
power converter CE can deliver a voltage that is below the
minimum required output voltage level for Vbus at a given
current (i.e., 4.5 volts at 0.3 A). The use of this
lowered voltage may help power converter CE conserve power
when the full voltage level of Vbus is not required. As
another example, power converter CE can deliver more
current and voltage than permitted by the industry
standards (i.e., a voltage of 6 volts and a current of 3
A). This allows power converter CE to deliver enlarged
amounts of power to device DE (e.g., to support power-
hungry operations, to shorten charging times, etc.). Data

may also be exchanged between power converter CE and
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device DE during the operations of step 106 (e.g.,
diagnostics data from a log on power converter CE, status
information, etc.). If desired, device DE may deliver
power to power converter CE over power lines VBUS and GND
(e.g., to allow power converter CE to function even in the
event that AC-DC converter 20 is exhibiting a failure).
Data may be exchanged using coded pulses or other suitable
communications schemes.

In accordance with an embodiment, a power
converter is provided that includes first and second power
lines, an alternating current (AC) to direct current (DC)
converter circuit that applies a DC power supply voltage
across the first and second power lines, first and second
data lines, and control circuitry that includes a resistor
that is coupled across the first and second data lines,
wherein the control circuitry includes detector circuitry
that detects modulated signals on at least one of the
first and second data lines.

In accordance with another embodiment, a power
converter is provided wherein the control circuitry
includes receiver circuitry coupled to at least one of the
data lines.

In accordance with another embodiment, a power
converter is provided wherein the receiver circuitry
includes a comparator having a first input connected to
the second data line and having a second input that
receives a reference voltage.

In accordance with another embodiment, a power
converter is provided wherein the resistor has a
resistance value of less than 200 ohms.

In accordance with another embodiment, a power
converter is provided wherein the resistor has a first
terminal connected to the second data line and has a

second terminal and wherein the control circuitry includes
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a switch connected between the second terminal of the
resistor and the first data line.

In accordance with another embodiment, a power
converter is provided wherein the control circuitry
includes an adjustable current source having an output
connected to one of the data lines.

In accordance with another embodiment, a power
converter is provided that also includes first, second,
third, and fourth Universal Serial Bus contacts, wherein
the first contact includes a positive power supply contact
and is connected to the first power line, wherein the
fourth contact includes a ground power supply contact and
is connected to the second power line, wherein the second
contact is a positive data line contact and is connected
to the first data line, and wherein the second contact is
a negative data line contact and is connected to the
second data line.

In accordance with an embodiment, an electronic
device is provided that includes a connector having a pair
of power line contacts and a pair of data line contacts,
and control circuitry that measures how much resistance
exists between the pair of data line contacts using a
signal, wherein the control circuitry includes transmitter
circuitry that transmits data by modulating the signal to
create signal pulses.

In accordance with another embodiment, an
electronic device is provided wherein the power line
contacts include Universal Serial Bus power line contacts
and wherein the data line contacts includes Universal
Serial Bus data line connectors.

In accordance with another embodiment, an
electronic device is provided wherein the transmitter
circuitry includes a current source and wherein the

control circuitry is configured to hold the signal
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constant when measuring how much resistance exists between

the pair of data line contacts.

In accordance with another embodiment, an
electronic device is provided wherein the data line
contacts include a first data line contact and a second
data line contact, wherein the transmitter circuitry
includes a current source that is connected to the first
data line contact, wherein the signal includes a probe
current that is held constant when the control circuitry
measures how much resistance exists between the pair of
data lines, and wherein the signal pulses include current
pulses.

In accordance with another embodiment, an
electronic device is provided wherein the control
circuitry further includes a current sink that receives
current from the second data line contact.

In accordance with another embodiment, an
electronic device is provided wherein the transmitter
circuitry includes a voltage source connected to one of
the data line contacts.

In accordance with another embodiment, an
electronic device is provided wherein the data line
contacts include a first data line contact and a second
data line contact, wherein the transmitter circuitry
includes a current source that is connected to the first
data line contact, wherein the signal includes a probe
current that varies as a function of time while the
control circuitry measures how much resistance exists
between the pair of data lines.

In accordance with another embodiment, an
electronic device is provided wherein the control
circuitry includes receiver circuitry that receives data
signal pulses from external equipment using at least one

of the data line contacts.
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In accordance with an embodiment, a method is
provided for operating an alternating current (AC) to
direct current (DC) power converter that supplies power to
an electronic device to which the power converter is
connected using a port that includes first and second
power supply lines and first and second data lines, the
method including receiving a signal from the electronic
device using the first and second data lines, routing the
signal through a resistor in the power converter that is
connected between the first and second data lines, and
with a receiver in the power converter, receiving a
plurality of pulsed data signals from the electronic
device.

In accordance with an embodiment, a method is
provided wherein receiving the plurality of pulses data
signals includes using a comparator to receive the pulsed
data signals.

In accordance with an embodiment, a method is
provided that also includes transmitting data signals from
the power converter to the electronic device using at
least one of the data lines.

In accordance with an embodiment, a method is
provided wherein transmitting the data signals includes
modulating a current source that has an output connected
to one of the data lines.

In accordance with an embodiment, a method is
provided wherein transmitting the data signals includes
opening and closing a switch that is connected in series
with the resistor to modulate how much resistance is
present between the first and second data lines.

The foregoing is merely illustrative of the
principles of this invention and various modifications can
be made by those skilled in the art without departing from

the scope and spirit of the invention. The foregoing
29



WO 2011/133335 PCT/US2011/031537

embodiments may be implemented individually or in any

combination.
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What 1s claimed is:

1. A power converter, comprising:

first and second power lines;

an alternating current (AC) to direct
current (DC) converter circuit that applies a DC power
supply voltage across the first and second power lines;

first and second data lines; and

control circuitry that includes a resistor
that is coupled across the first and second data lines,
wherein the control circuitry includes detector circuitry
that detects modulated signals on at least one of the

first and second data lines.

2. The power converter defined in claim 1
wherein the control circuitry comprises receiver circuitry

coupled to at least one of the data lines.

3. The power converter defined in claim 2
wherein the receiver circuitry comprises a comparator
having a first input connected to the second data line and

having a second input that receives a reference voltage.

4. The power converter defined in claim 1
wherein the resistor has a resistance value of less than

200 ohms.

5. The power converter defined in claim 4
wherein the resistor has a first terminal connected to the
second data line and has a second terminal and wherein the
control circuitry comprises a switch connected between the

second terminal of the resistor and the first data line.

6. The power converter defined in claim 1

wherein the control circuitry comprises an adjustable
31



WO 2011/133335 PCT/US2011/031537

current source having an output connected to one of the

data lines.

7. The power converter defined in claim 1
further comprising first, second, third, and fourth
Universal Serial Bus contacts, wherein the first contact
comprises a positive power supply contact and is connected
to the first power line, wherein the fourth contact
comprises a ground power supply contact and is connected
to the second power line, wherein the second contact is a
positive data line contact and is connected to the first
data line, and wherein the second contact is a negative
data line contact and is connected to the second data

line.

8. An electronic device comprising:
a connector having a pair of power line
contacts and a pair of data line contacts; and
control circuitry that measures how much
resistance exists between the pair of data line contacts
using a signal, wherein the control circuitry includes
transmitter circuitry that transmits data by modulating

the signal to create signal pulses.

9. The electronic device defined in claim 8
wherein the power line contacts comprise Universal Serial
Bus power line contacts and wherein the data line contacts

comprises Universal Serial Bus data line connectors.

10. The electronic device defined in claim 9
wherein the transmitter circuitry comprises a current
source and wherein the control circuitry is configured to
hold the signal constant when measuring how much

resistance exists between the pair of data line contacts.
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11. The electronic device defined in claim 9,
wherein the data line contacts comprise a first data line
contact and a second data line contact, wherein the
transmitter circuitry comprises a current source that is
connected to the first data line contact, wherein the
signal comprises a probe current that is held constant
when the control circuitry measures how much resistance
exists between the pair of data lines, and wherein the

signal pulses comprise current pulses.

12. The electronic device defined in claim 11
wherein the control circuitry further comprises a current
sink that receives current from the second data line

contact.

13. The electronic device defined in claim 9
wherein the transmitter circuitry comprises a voltage

source connected to one of the data line contacts.

14. The electronic device defined in claim 9,
wherein the data line contacts comprise a first data line
contact and a second data line contact, wherein the
transmitter circuitry comprises a current source that is
connected to the first data line contact, wherein the
signal comprises a probe current that varies as a function
of time while the control circuitry measures how much

resistance exists between the pair of data lines.

15. The electronic device defined in claim 14
wherein the control circuitry comprises receiver circuitry
that receives data signal pulses from external egquipment

using at least one of the data line contacts.
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16. A method for operating an alternating
current (AC) to direct current (DC) power converter that
supplies power to an electronic device to which the power
converter is connected using a port that includes first
and second power supply lines and first and second data
lines, comprising:

receiving a signal from the electronic
device using the first and second data lines;

routing the signal through a resistor in
the power converter that is connected between the first
and second data lines; and

with a receiver in the power converter,
receiving a plurality of pulsed data signals from the

electronic device.

17. The method defined in claim 16 wherein
receiving the plurality of pulses data signals comprises

using a comparator to receive the pulsed data signals.

18. The method defined in claim 16 further
comprising:
transmitting data signals from the power
converter to the electronic device using at least one of

the data lines.

19. The method defined in claim 18 wherein
transmitting the data signals comprises modulating a
current source that has an output connected to one of the

data lines.

20. The method defined in claim 18 wherein
transmitting the data signals comprises opening and

closing a switch that is connected in series with the
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resistor to modulate how much resistance is present

between the first and second data lines.
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