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(57) Abstract: Apparatuses and methods to distinguish proprietary, non-floating and floating chargers for regulating charging cur -
rent are disclosed. In one aspect, a charger detection circuit is provided in a portable electronic device. The charger detection circuit
is configured to detect whether a connected Universal Serial Bus (USB) charger is compliant with a USB battery charging specifica -
tion. If the connected USB charger is non-compliant with the USB battery charging specification, the charger detection circuit is
configured to further detect if the non-complaint USB charger is a non-compliant floating USB charger or a non-compliant propriet -
ary USB charger. If the connected USB charger is determined to be a non-compliant proprietary USB charger, the portable electron -
ic device can be configured to draw up to a maximum charging current according to the USB battery charging specification.
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APPARATUSES AND METHODS TO DISTINGUISH PROPRIETARY, NON-
FLOATING AND FLOATING CHARGERS FOR REGULATING CHARGING
CURRENTS

PRIORITY APPLICATION
[0001] The present application claims priority to U.S. Patent Application Serial
Number 14/328,093, filed July 10, 2014, entitled “APPARATUSES AND METHODS
TO DISTINGUISH PROPRIETARY, NON-FLOATING AND FLOATING
CHARGERS FOR REGULATING CHARGING CURRENTS,” which is incorporated

herein by reference in its entirety.

BACKGROUND
I. Field of the Disclosure

[0002] The technology of the disclosure relates generally to charging a battery of

portable electronic devices from Universal Serial Bus (USB) chargers.

II. Background

[0003] Portable electronic devices, such as smartphones, tablets, laptop computers,
and the like, can be powered by rechargeable batteries that need to be recharged
periodically. Universal Serial Bus (USB) is an industry standard that defines the cables,
connectors, and communication protocols for data and power transfers among personal
computers and electronic devices. Thus, USB ports have been used as both data transfer
and charging ports to charge rechargeable batteries of electronic devices. The
convenience of drawing current from USB ports on personal computers has led to the
creation of various types of USB chargers designed for charging portable electronic
devices using the same USB cables as used for personal computers.

[0004] In this regard, Figure 1 illustrates a typical USB physical connection
between a portable electronic device 10 and a USB charger 12. On one end, the
portable electronic device 10 is embedded with a receptacle 14. On the other end, the
USB charger 12 exposes a USB 3.x receptacle 16. A detachable USB cable 18, with a
plug 20 on one end and a plug 22 on the other end, connects the portable electronic
device 10 to the USB charger 12. A standard USB receptacle and connector, including
the plugs 20, 22, and the receptacles 14, 16 in Figure 1, have at least VBUS, GND, D-,



WO 2016/007713 PCT/US2015/039691

and D+ pins 24, 26, 28, and 30. This is shown, for example, in the detachable USB
cable 18. The VBUS pin 24 and the GND pin 26 are used for charging purposes, while
the D- and D+ pins 28, 30 are designed for protocol handshakes and data transfer. The
VBUS and GND pins 24, 26 are by design longer than the D- and D+ pins 28, 30, so
that the VBUS and GND pins 24, 26 will make contact before the D- and D+ pins 28,
30 when the plugs 22, 20 are attached to the receptacles 14, 16, respectively. The USB
3.x receptacle 16 also contains a SSTX- pin 32, a SSTX+ pin 34, a SSRX- pin 36, and a
SSRX+ pin 38 dedicated for USB 3.x SuperSpeed connectivity. The SSTX-, SSTX+,
SSRX-, and SSRX+ pins 32, 34, 36, and 38 are not used when the plug 20 is attached to
the USB 3.x receptacle 16.

[0005] In addition to protocol handshakes and data transfer, portable electronic
devices use the relative voltage and/or current variations between D- and D+ pins to
detect different types of connected USB chargers. A USB charger is deemed standard
compliant if configuration and voltages of the D- and D+ pins meet the specifications of
USB battery charging specification revision 1.2 (BC1.2), and non-compliant otherwise.
BC1.2 defines a plurality of compliant charger categories, including Dedicated
Charging Port (DCP), Charging Downstream Port (CDP), and Standard Downstream
Port (SDP), among others. Following the BC1.2 algorithm results in most non-
compliant chargers being detected as SDP and current draw being limited to a current

level specified in BC1.2 (e.g., Isusp.)

SUMMARY OF THE DISCLOSURE
[0006] Aspects of the disclosure include apparatuses and methods to distinguish

proprietary, non-floating and floating chargers for regulating charging current. Related
circuits, systems, and methods are also disclosed. In aspects disclosed herein, a charger
detection circuit is provided in a portable electronic device (“portable device™) that has
one or more Universal Serial Bus (USB) ports that can be used for charging the portable
device. The charger detection circuit is configured to detect a connected USB charger
connected to the portable device that is compliant with a prescribed battery charging
specification so as to draw a charging current according to the battery charging
specification. If the charger detection circuit detects that the connected USB charger is

non-compliant with the battery charging specification, the charger detection circuit is
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configured to further detect if the non-complaint USB charger is a non-compliant
floating charger or a non-compliant proprietary charger. With detection and
categorization of non-compliant USB chargers, the portable device can decide to draw
an appropriate level of charging current from a connected non-compliant charger under
various use case scenarios.

[0007] In this regard in one aspect, a USB charger detection circuit is provided. The
USB charger detection circuit comprises a detection control circuit and a comparison
circuit. The detection control circuit is configured to initiate a timeout timer in response
to receipt of a VBUS signal from a connected USB charger. The timeout timer is
configured to generate a timeout output indicative of an expiration of the timeout timer.
The comparison circuit is configured to receive a data input signal based on a received
USB data pin signal from a connected USB charger and a reference signal that is
generated in response to detection of the VBUS signal from the USB charger. The
comparison circuit is also configured to generate a comparator output based on a
comparison of the data input signal and the reference signal. The detection control
circuit is further configured to generate a detection output indicative of the connected
USB charger being a proprietary USB charger if the comparator output indicates the
data input signal is greater than the reference signal.

[0008] In another aspect, a USB charger detection means is provided. The USB
charger detection means comprises a detection control means and a comparison means.
The detection control means is configured to initiate a timeout timer in response to
receipt of a VBUS signal from a connected USB charger. The timeout timer is
configured to generate a timeout output indicative of an expiration of the timeout timer.
The comparison means is configured to receive a data input signal based on a received
USB data pin signal from a connected USB charger and a reference signal that is
generated in response to detection of the VBUS signal from the USB charger. The
comparison means is also configured to generate a comparator output based on a
comparison of the data input signal and the reference signal. The detection control
means is further configured to generate a detection output indicative of the connected
USB charger being a proprietary USB charger if the comparator output indicates the

data input signal is greater than the reference signal.
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[0009] In another aspect, a method for distinguishing between a proprietary USB
charger and a floating USB charger is provided. The method comprises initiating a
timeout timer in response to receipt of a VBUS signal from a USB charger and
generating a timeout output indicative of an expiration of the timeout timer. The
method also comprises receiving a data input signal based on a received USB data pin
signal from a connected USB charger, receiving a reference signal generated in response
to detection of the VBUS signal from the USB charger, and generating a comparator
output based on a comparison of the data input signal and the reference signal. The
method further comprises generating a detection output indicative of the connected USB
charger being a proprietary USB charger if the comparator output indicates the data
input signal is greater than the reference signal. The method further comprises
generating the detection output indicative of the connected USB charger being a floating
USB charger based on the timeout output indicating the expiration of the timeout timer
and the comparator output indicating the data input signal is less than or equal to the

reference signal.

BRIEF DESCRIPTION OF THE FIGURES
[0010] Figure 1 is a block diagram of an exemplary Universal Serial Bus (USB)

physical connection between a portable electronic device and a USB charger;

[0011] Figure 2 is a flowchart illustrating an exemplary process for distinguishing
among a non-compliant floating USB charger, a non-compliant proprietary USB
charger, and a compliant USB charger for regulating charging current;

[0012] Figure 3 is a schematic diagram of an exemplary charger detection circuit
provided in a USB portable device and configured to distinguish between a connected
non-compliant floating USB charger and a connected non-compliant proprietary USB
charger;

[0013] Figure 4 is a state machine diagram illustrating an exemplary high-level
detection process in the charger detection circuit in Figure 3;

[0014] Figure 5A is an exemplary USB receptacle circuit for a non-compliant

floating USB charger;
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[0015] Figure 5B is an exemplary USB receptacle circuit for a non-compliant
proprietary USB charger that is configured to pull both USB D- and D+ pins to a
designated voltage;

[0016] Figure 5C is another exemplary USB receptacle circuit for a non-compliant
proprietary USB charger that is configured to pull a D+ pin to a designated voltage
while leaving a D- pin floating;

[0017] Figure 5D is another exemplary USB receptacle circuit for a non-compliant
proprietary USB charger that is configured to pull a D- pin to a designated voltage while
leaving a D+ pin floating;

[0018] Figure 6 is an exemplary USB charger detection circuit configured to
measure D- voltage;

[0019] Figure 7 is an exemplary USB charger detection circuit configured to
measure D+ voltage;

[0020] Figure 8 is a state machine diagram illustrating an exemplary USB charger
detection process, which is in compliance with a good battery algorithm of a USB
battery charging specification, for distinguishing among a non-compliant proprietary
USB charger, non-compliant floating USB charger, and various types of compliant USB
chargers;

[0021] Figure 9 is a state machine diagram illustrating an exemplary USB charger
detection process, which is in compliance with a good battery algorithm of a USB
battery charging specification, for further distinguishing between a non-compliant
proprietary USB charger and a non-compliant floating USB charger with a floating D-
pin;

[0022] Figure 10 is a state machine diagram illustrating an exemplary USB charger
detection process, which is in compliance with a good battery algorithm of a USB
battery charging specification, for further categorizing non-compliant proprietary USB
chargers; and

[0023] Figure 11 is a block diagram of an exemplary processor-based portable
electronic device that can include the charger detection circuit for detection of
compliant and non-compliant USB chargers according to the aspects described herein,

including but not limited to implementations of Figures 2-10.
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DETAILED DESCRIPTION

[0024] With reference to the drawing figures, several exemplary aspects of the

present disclosure are described. The word “exemplary” is used herein to mean
“serving as an example, instance, or illustration.” Any aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects.

[0025] Aspects of the disclosure include apparatuses and methods to distinguish
proprietary, non-floating and floating chargers for regulating charging current. Related
circuits, systems, and methods are also disclosed. In aspects disclosed herein, a charger
detection circuit is provided in a portable electronic device (“portable device™) that has
one or more USB ports that can be used for charging the portable device. The charger
detection circuit is configured to detect a connected USB charger connected to the
portable device that is compliant with a prescribed USB battery charging specification
so as to draw a charging current according to the USB battery charging specification. If
the charger detection circuit detects that the connected USB charger is non-compliant
with the USB battery charging specification, the charger detection circuit is configured
to further detect if the non-complaint USB charger is a non-compliant floating charger
or a non-compliant proprietary USB charger based on a detection algorithm that is
compliant with the battery charging specification. With detection and categorization of
non-compliant USB chargers, the portable device can decide to draw an appropriate
level of charging current from a connected non-compliant charger under various use
case scenarios.

[0026] In this regard, Figure 2 is a generalized exemplary process for distinguishing
between a non-compliant floating USB charger and a non-compliant proprietary USB
charger for regulating charging current drawn by a portable electronic device (“portable
device”). 'The portable device is configured to draw a charging current from the USB
charger to charge a battery in the portable device for powering operations. A USB
charger can be any electronic device that is configured to provide power over a USB
connection.

[0027] In this regard, with reference to Figure 2, the attachment or connection of a
portable device to a USB charger is detected by the portable device and the USB

charger (block 40). For example, a comparison between VBUS and the portable
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device’s internal session valid threshold as prescribed by BC1.2 may be employed to
detect connection of the portable device to a USB charger. After detecting an
attachment or connection to a USB charger (block 40), the portable device determines if
the connected USB charger is in compliance with a specified USB battery charging
specification (block 42). For example, the USB battery charging specification may be
the Battery Charging Specification 1.2 (BC1.2), which is found at
http://www.usb.org/developers/devclass_docs/USB_Battery_Charging_1.2.pdf,
incorporated herein by reference in its entirety. If the portable device determines that
the connected USB charger is compliant with the USB battery charging specification
(block 42), this means that the USB charger is known to comply with the USB battery
charging specification (i.e., a “compliant USB charger”) and that it is safe for the
portable device to request charging current from the USB charger according to the
specified limits in the USB battery charging specification. By the portable device
identifying the connected USB charger as a compliant USB charger, the portable device
can be configured to assume that requesting a charging current at a current level up to a
maximum current allowed by the USB battery charging specification is safe. In this
regard, the portable device attempts to draw a charging current from the connected
compliant USB charger at appropriate current level permitted by the USB battery
charging specification for the specific type of USB charger identified by the portable
device (block 44).

[0028] With continuing reference to Figure 2, if however, the portable device
determines that the connected USB charger is not in compliance with the USB battery
charging specification (i.e., a ‘“non-compliant USB charger”), the portable device
determines if the connected non-compliant USB charger is a proprietary USB charger
(i.e., a “non-compliant proprietary USB charger”) or a floating USB charger (i.e., a
“non-compliant floating USB charger”). A floating USB charger is a USB charger that
is determined to not be compliant with the specified USB battery charging specification
based on detecting data pins of its USB receptacle being in a “floating” condition. A
“floating” condition means a pin that has a higher impedance than provided in a
specified battery charging specification (e.g., greater than 1MQ according to BC1.2). A
proprietary USB charger has at least one data pin of its USB receptacle that is not

floating. A portable device assumes that a floating USB charger does not include
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current charging limiters that could cause an un-safe condition if the portable device
draws more charging current from a floating USB charger than a defined lower
threshold charging current of the USB battery charging specification. For example, in
BC1.2, the lower threshold charging current is defined as 2.5mA. However, it can be
assumed by a portable device that a proprietary USB charger has current charging
limiters allow drawing of charging current greater than the lower threshold charging
current of the USB battery charging specification.

[0029] In this regard, with continuing reference to Figure 2, if the connected USB
charger is determined to be a non-compliant USB floating charger by the portable
device, the portable device draws appropriate charging current so determined for a use
case scenario from the connected USB charger (block 46). However, if the connected
USB charger is determined to be a non-compliant proprietary USB charger by the
portable device, the portable device draws a charging current from the connected USB
charger at a higher current level than permitted by the specified USB battery charging
specification or at charging current appropriate for a use case scenario (block 48). In
BC1.2, the maximum charging current permitted for a SDP is 500mA. The lower
threshold charging current is a charging current specified for a standard downstream
port (SDP) in BC1.2, as an example. Thus, by allowing the portable device to draw a
charging current greater than the lower threshold charging current for the specified USB
battery charging specification if the connected USB charger is detected as a non-
compliant, proprietary USB charger, the portable device can charge its battery faster
still under safe conditions.

[0030] To further illustrate exemplary mechanisms that can be employed in a
portable device for distinguishing between a connected non-compliant proprietary USB
charger and a non-compliant floating USB charger, Figure 3 is provided. Figure 3
illustrates a schematic diagram of an exemplary charger detection circuit 50 that can be
provided or embedded in a portable electronic device 52 (as referred to herein as
“portable device 527). The portable device 52 is shown as being connected to an
exemplary USB charging port/charger 54 (“USB charger”) through a standard USB
cable (not shown in Figure 3). The USB charger 54 comprises at least a VBUS pin 56,
a GND pin 58, a D- pin 60, and a D+ pin 62, which connect respectively with a VBUS

signal line 64, a GND signal line 66, a first data pin signal line 68, and a second data pin
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signal line 70 in a standard USB cable connecting the USB charger 54 to the charger
detection circuit 50 in the portable electronic device 52. As described in Figure 1, the
VBUS pin 56 and the GND pin 58 are by design longer than the D- pin 60 and the D+
pin 62. This arrangement is significant in that it allows the portable device 52 to ensure
physical attachment to the USB charger 54 before starting the process of detecting data
pins (D- pin 60 and D+ pin 62) of the USB charger 54 for further determination of a
category of the USB charger 54.

[0031] With continuing reference to Figure 3, a detection control circuit 72 is
provided in the charger detection circuit 50 to determine if the connected USB charger
54 is a compliant USB charger with a specified USB battery charging specification, or a
non-compliant USB charger. In this example, as will be discussed in more detail below,
the detection control circuit 72 is configured to determine if the connected USB charger
54 is a USB charger in compliance with BC1.2, as a non-limiting example. If the
connected USB charger 54 is detected as a non-compliant USB charger, the detection
control circuit 72 is further configured to determine if the connected non-compliant
USB charger is a non-compliant floating USB charger or a non-compliant, proprietary
USB charger. The detection control circuit 72 is configured to generate a detection
output 74 indicative of the connected USB charger 54 being either a non-compliant
floating USB charger or a non-compliant proprietary USB charger. In one aspect, the
detection control circuit 72 is configured to receive a VBUS signal 100 that indicates a
connection with the VBUS pin 56 of the USB charger 54. Upon reception of the VBUS
signal 100, the detection control circuit 72 is configured to compare the VBUS signal
100 against an internal session valid threshold (Vorg spss vip) prescribed by BC1.2. If
the VBUS signal 100 is greater than the Vorg spss vip, it is an indication of physical
attachment between the portable device 52 and the USB charger 54. In accordance with
the good battery algorithm in BC1.2, the detection control circuit 72 is further
configured to initiate a timeout timer enabled by a timer circuit 76 or a software
function (not shown) in response to receiving the VBUS signal 100 greater than
Vorc siss vip, and receive a timeout output 78 from the timer circuit 76 or the software
function when the timeout timer expires. According to BC1.2, the timeout timer
regulates the duration for detecting the D- pin 60 and the D+ pin 62 of the USB charger

54. In one non-limiting example, the timeout timer is set to a duration of between 300
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milliseconds (ms) (inclusive) and 900 ms (inclusive). In another non-limiting example,
the timeout timer is set to duration greater than 900 ms and up to a predetermined
configurable upper limit (e.g., 2 seconds). According to one aspect of the disclosure,
the timeout timer also regulates the duration for completing the process of
distinguishing the non-compliant floating USB charger and the non-compliant
proprietary USB charger among all other USB chargers.

[0032] With continuing reference to Figure 3, the charger detection circuit 50 in this
aspect further comprises a comparison circuit 80, an input switch 82, a first voltage
detection circuit 84, and a second voltage detection circuit 86. The comparison circuit
80 is configured to receive a data input signal 88 and a reference signal Vggp
(Vpar rer)- The comparison circuit 80 is further configured to generate a comparator
output 90, which is received by the detection control circuit 72, based on a comparison
of the data input signal 88 and the reference signal Vggr. In a non-limiting example, the
data input signal 88 and the reference signal Vrpr (VpaT rEp) are both voltage signals
and the comparator output 90 represents a comparison result of the two input voltage
signals. The detection control circuit 72 in this example relies on the comparator output
90 to determine if the USB charger 54 is a non-compliant floating USB charger or a
non-compliant proprietary USB charger.

[0033] With continuing reference to Figure 3, the input switch 82 is configured to
provide either a first data input signal 92 or a second data input signal 94 as the data
input signal 88 in accordance to a detection circuit selection output 96 received from the
detection control circuit 72. In this regard, the first voltage detection circuit 84 is
configured to receive and measure a first data pin signal 104 and generate the first data
input signal 92. The second voltage detection circuit 86 is configured to receive and
measure a second data pin signal 106 and generate the second data input signal 94. In
another non-limiting example, the first data input signal 92 is voltage signal D- and the
second data input signal 94 is voltage signal D+. The process of determining the non-
compliant floating USB charger and the non-compliant proprietary USB charger in this
example involves selectively comparing the first data input signal 92 and the second
data input signal 94 with the reference signal Vger. In this regard, the input switch 82 is
configured to toggle between the first data input signal 92, which is measured by the

first voltage detection circuit 84, and the second data input signal 94, which is measured

10
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by the second voltage detection circuit 86. The detection control circuit 72 determines
which data input signal is to be compared with the Vgrgr and instructs the input switch
82 to switch to either the first data input signal 92 or the second data input signal 94 by
means of detection circuit selection output 96.

[0034] Figure 4 shows an exemplary process that can be performed by the charger
detection circuit 50 of the portable device 52 in Figure 3 for distinguishing between
compliant and non-compliant USB chargers, and for non-compliant USB chargers,
between non-compliant floating USB chargers and non-compliant proprietary USB
chargers. The process in Figure 4 will be described below with reference to the portable
device 52 and the connected USB charger 54 in Figure 3. Referring now to Figure 4, in
this example, the detection control circuit 72 transitions from state 1 (block 110) to a
state 2 (block 112) when a VBUS signal 100(1) is received and the value of the VBUS
signal 100(1) is greater than Vorg sgss vip, an indication of physical attachment with
the USB charger 54 in Figure 3. By transitioning from state 1 (block 110) to state 2
(block 112), the portable device 52 starts the process of detecting the D- pin 60 and the
D+ pin 62 in the USB charger 54 in Figure 3 as well as the process of distinguishing the
non-compliant floating USB charger and the non-compliant proprietary USB charger.
[0035] After entering state 2, the detection control circuit 72 initiates the timeout
timer in the timer circuit 76. In a non-limiting example, the timeout timer duration is set
according to the Tpep Tivpout in the USB battery charging specification. According to
BC1.2, the Tpep tvpout 1S a duration in which the detection control circuit 72 must
complete the detection for D- pin 60 and D+ pin 62 in the USB charger 54 in Figure 3.
As a non-limiting example, the detection control circuit 72 is configured to complete the
process of distinguishing the non-compliant floating USB charger and the non-
compliant proprietary USB charger by the time the timeout time expires.

[0036] While in state 2, the detection control circuit 72 is further configured to
transmit the detection circuit selection output 96 to the input switch 82 so as to select a
data input signal to compare against the reference signal Vggr. The detection control
circuit 72 is configured to use the comparison result of the selected data input signal to
the reference signal Vggp to distinguish the non-compliant floating USB charger and the
non-compliant proprietary USB charger. The detection circuit selection output 96

causes the input switch 82 to select the first data input signal 92 as the data input signal

11



WO 2016/007713 PCT/US2015/039691

88 for the comparison circuit 80 to generate a comparison result between the first data
input signal 92 and the reference signal Vgrgr. The comparison circuit 80 compares the
data input signal 88 against the reference signal Vypr and generates the comparator
output 90 received by the detection control circuit 72. The comparator output 90
indicates whether the data input signal 88 is greater than, or equal to, or smaller than the
reference signal Vgpr, which determines if the USB charger 54 is a non-compliant
floating USB charger, or a non-compliant proprietary USB charger. In a non-limiting
example, the data input signal 88 is the voltage signal D- and the reference signal Vgpp
iS Vpar ror- In contrast, as an example, the prior work uses a different voltage signal,
Vige, as the reference signal Vgpr for detecting non-compliant proprietary USB
chargers. Given that the maximum value of Vpar rer is 0.4 V, as opposed to the
minimum value of 0.8 V for Vige, using Vpar rer as the reference signal Vrpr can
detect a large variety of non-compliant proprietary USB chargers that output as low as
0.4V on D-.

[0037] With continuing reference to Figure 4, if the comparator output 90 indicates
that the data input signal 88 is greater than the reference signal Vrer (VpaT rER) in State
2, the detection control circuit 72 transitions to state 3 (block 114) in conclusion that the
connected USB charger 54 is a non-compliant proprietary USB charger. Otherwise, the
detection control circuit 72 in turn makes a comparison between the second data input
signal 94 and reference signal Vigc prior to expiration of the timeout timer. In another
non-limiting example, the detection control circuit 72 compares Vigc with the voltage
signal D+ prior to expiration of Tpep rveour. If the detection control circuit 72
receives the timeout output 78 indicating expiration of the timeout timer and the
comparator output 90 indicates that the data input signal 88 is less than or equal to the
reference signal Vrpr (Vpar rer), and the second data input signal 94 is greater than
Viagc, the detection control circuit 72 transitions to state 5 (block 116) in conclusion that
the connected USB charger 54 is a non-compliant floating charger. The connected USB
charger 54 cannot be a compliant USB charger because the voltage signal D+ of a
compliant USB charger is expected to be less than Vigce at expiration of the timeout
timer Tpcep TiveouT. Both state 3 and state 5 are terminating states that will cause the

detection control circuit 72 to exit the detection process.
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[0038] With continuing reference to Figure 4, if the detection control circuit 72 is
unable to determine the connected USB charger 54 as either the non-compliant floating
USB charger or the non-compliant proprietary USB charger in state 2, the detection
control circuit 72 engages in compliant charger detection processes (block 118) to
further distinguish the various types of compliant USB chargers. The compliant charger
detection processes (block 118) are part of a good battery algorithm in BC1.2. More
details about the good battery algorithm will be provided below in later sections of this
disclosure.

[0039] In further illustrating the exemplary process in Figure 4 in distinguishing
between a non-compliant floating USB charger and a non-compliant proprietary USB
charger, Figures SA, 5B, 5C, and 5D illustrate exemplary pin layouts of various non-
compliant USB chargers 120, 122, 124, and 126. Common elements of the USB
charger 54 in Figure 3 and the USB chargers 120, 122, 124, and 126 in Figures 5A, 5B,
5C, and 5D, respectively, are shown with common element numbers, and thus will not
be re-described. TFigure 5A illustrates an exemplary pin layout of a non-compliant
floating USB charger 120. The non-compliant floating USB charger 120 comprises a
VBUS pin 56(1), a GND pin 58(1), a D- pin 60(1), and a D+ pin 62(1). The VBUS pin
56(1) and the GND pin 58(1) are connected to an exemplary power supply 130(1). The
D- pin 60(1) and the D+ pin 62(1) remain floating. Figure 5B illustrates an exemplary
pin layout of a non-compliant proprietary USB charger 122 that comprises a VBUS pin
56(2), a GND pin 58(2), a D- pin 60(2), and a D+ pin 62(2). The VBUS pin 56(2) and
the GND pin 58(2) are connected to an exemplary power supply 130(2). The D- pin
60(2) and the D+ pin 62(2) are connected to a first resistor group 132 and a second
resistor group 134, respectively. Both the first resistor group 132 and the second
resistor group 134 are connected to power source Vpp. Figure 5C illustrates an
exemplary pin layout of another non-compliant proprietary USB charger 124 that
comprises a VBUS pin 56(3), a GND pin 58(3), a D- pin 60(3), and a D+ pin 62(3).
The VBUS pin 56(3) and the GND pin 58(3) are connected to an exemplary power
supply 130(3). The D+ pin 62(3) is connected to a first resistor group 136 while the D-
pin 60(3) is floating. The first resistor group 136 is connected to power source Vpp.
Figure 5D illustrates an exemplary pin layout of another non-compliant proprietary

USB charger 126 that comprises a VBUS pin 56(4), a GND pin 58(4), a D- pin 60(4),
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and a D+ pin 62(4). The VBUS pin 56(4) and the GND pin 58(4) are connected to an
exemplary power supply 130(4). The D- pin 60(4) is connected to a first resistor group
138 while the D+ pin 62(4) is floating. The first resistor group 138 is connected to
power source Vpp.

[0040] Figure 6 illustrates an exemplary voltage measurement circuit that can be
provided in the portable device 52 to provide a measurement of the voltage signal D- of
a connected USB charger for determining the type of connected USB charger. As
previously described in Figure 4, the voltage signal D- is used in the comparison with
the reference signal Vgprp in determine if the connected USB charger 54 in Figure 3 is
the non-compliant proprietary USB charger. In addition, the voltage signal D+ is also
used in further categorizations among the non-compliant floating USB charger and the
non-compliant proprietary USB charger. Elements of Figure 3 are referenced in
connection with Figures 6 and will not be re-described herein. In this aspect, a first
voltage detection circuit 84(1) comprises at least a pull down resistance Rpy pwn and a
data contact detection source Ipy src. A second voltage detection circuit 86(1)
comprises at least a pull down resistance Rpp pwy and a data contact detection source
Ipp sre. D- and D+ are the D- pin 60(4) and the D+ pin 62(4), respectively, of the
connected USB charger 54. In a non-limiting example, measuring D- voltage involves
an enabling step (referred to herein as the “step A”) and a disabling step (referred to
herein as the “step B”). The enabling step A comprises enabling the comparison circuit
80(1), enabling the pull down resistance Rpym pwy in the first voltage detection circuit
384(1) and enabling the data contact detection source Ipp sgc in the second voltage
detection circuit 86(1). The disabling step B comprises disabling the comparison circuit
80(1), disabling the pull down resistance Rpy pwy in the first voltage detection circuit
84(1) and disabling the data contact detection source Ipp sgc in the second voltage
detection circuit 86(1). After performing the enabling step A, an electrical circuit is
formed so that a measurement of D- voltage can be produced. Referring back to Figures
5A, 5B, 5C, and 5D, the D- voltage measurement will vary depending on the different
D- pin and D+ pin layouts of the non-compliant floating USB charger 120 and the non-
compliant proprietary USB chargers 122, 124, and 126. A relative comparison between
the reference signal Vpar rpr and the D- voltage can thus be used to distinguish one

connected USB charger from another.
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[0041] Also in this example, the first data input signal 92(1), which represents the
D- voltage measurement, from the first voltage detection circuit 84(1) is connected to
the input switch 82(1). The comparison circuit 80(1) compares the first data input
signal 92(1) with the reference signal Vpar rer to generate the comparator output 90(1).
At this point, the disabling step B is performed to tear down the first electrical circuit
between the first voltage detection circuit 84(1), the D- pin 60(4), and the D+ pin 62(4).
Note that the D- voltage measurement circuit also includes another reference voltage
source Vige. Although it is not used in the D- voltage measurement process, it will be
needed for determining if data contact detection succeeded according to BC1.2.

[0042] Figure 7 illustrates another exemplary voltage measurement circuit like the
exemplary circuit in Figure 6 that can be provided in the portable device 52 to provide a
measurement of the voltage signal of a connected USB charger for detecting the type of
connected USB charger. However, the voltage measurement circuit in Figure 7 is
configured to provide a measure of the voltage signal D+ of a connected USB charger,
as opposed to the voltage signal D- like in Figure 6. As previously described in Figure
4, the voltage signal D+ and/or D- is compared against Vigc to in order to distinguish
the non-compliant floating or proprietary USB charger from the compliant USB
charger. In addition, the voltage signal D+ and/or D- is also used in further
categorizations among the non-compliant floating USB charger and the non-compliant
proprietary USB charger. Elements of Fiigure 3 are referenced in connection with
Figure 7 and will not be re-described herein.

[0043] In this example in Figure 7, measuring D+ voltage involves an enabling step
(referred to herein as the “step C”) and a disabling step (referred to herein as the “step
D). The enabling step C comprises enabling the comparison circuit 80(2), enabling the
pull down resistance Rpp pwy in the second voltage detection circuit 86(2) and enabling
the data contact detection source Ipy sre in the first voltage detection circuit 84(2). The
disabling step D comprises disabling the comparison circuit 80(2), disabling the pull
down resistance Rpp pwy in the second voltage detection circuit 86(2) and disabling the
data contact detection source Ipy sre in the first voltage detection circuit 84(2). After
performing the enabling step C, a second electrical circuit (not shown) is formed
between the second voltage detection circuit 86(2), the D- pin 60(5), and the D+ pin

62(5) so that a measurement of D+ voltage can be produced. Referring back to Figures
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5A, 5B, 5C, and 5D, the D+ voltage measurement will vary depending on the different
D- pin and D+ pin layouts of the non-compliant floating USB charger 120 and the non-
compliant proprietary USB chargers 122, 124, and 126. A relative comparison between
the reference signal Vpar rpr and the D+ voltage can thus be used to distinguish one
connected USB charger from another.

[0044] Also as illustrated in Figure 7, the second data input signal 94(1), which
represents the D+ voltage measurement, from the second voltage detection circuit 86(2)
is connected to the input switch 82(2). The comparison circuit 80(2) compares the
second data input signal 94(1) with the reference signal Vpar rpr to generate the
comparator output 90(2). At this point, the disabling step D is performed to tear down
the second electrical circuit between the second voltage detection circuit 86(2), the D-
pin 60(5), and the D+ pin 62(5). Note that the D+ voltage measurement circuit also
includes another reference voltage source Vige. Although it is not used in the D+
voltage measurement process, it will be needed for determining if data contact detection
succeeded according to BC1.2.

[0045] With continuing reference to Figures 4 and 6, Figure 8 is provided to further
illustrates an exemplary process that includes the good battery algorithm/process of a
USB battery charging specification, for detecting a compliant USB charger if the USB
charger is not detected as either a non-compliant proprietary USB charger or a non-
compliant floating USB charger. The compliant charger detection processes 118 in
Figure 4 are further described herein. In this aspect, state 1 (block 110(1)) represents
the start of the process. A transition from state 1 to state 2 (block 112(1)) takes place
when the VBUS signal 100(2) is detected to be greater than Vorg sgss vip. Prior to
entering state 2, the enabling step A (described in Figure 6) is performed to create the
first electrical circuit in order to produce a D- voltage measurement. After entering state
2, the timeout timer is initiated. D- voltage measurement is then monitored and
compared to the reference signal Vpar rer.  If the D- voltage is greater than the
reference signal Vpat rer for a duration of Tpep pene, it is concluded that the connected
USB charger is a non-compliant proprietary USB charger and the process transitions
from state 2 (block 112(1)) to state 3 (block 114(1)). Otherwise, at expiration of the
timeout timer, if the D- voltage is determined to be less than or equal to the reference

signal Vpar rep, this indicates that the connected USB charger is a non-compliant
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floating USB charger and the process will transition from state 2 (block 112(1)) to state
5 (block 116(1)) as result. Otherwise, if D+ voltage is less than the reference voltage
Vic for the duration of Tpep panes it can be concluded that the connected USB charger
is a type of compliant USB charger and the process will proceed to the compliant
battery detection processes 118(1) based on the good battery algorithm of the USB
battery charging specification. Upon exiting from state 2, the disabling step B
(described in Figure 6) is performed to tear down the first electrical circuit created in the
enabling step A. Both state 3 (block 114(1)) and state 5 (block 116(1)) are terminating
states, meaning that the process is terminated in these states.

[0046] With continuing reference to Figure 8, the primary and secondary detection
process 118(1) comprises state 4 (block 150), state 6 (block 152), state 7 (block 154),
state 8 (block 156), and state 9 (block 158). According to the good battery algorithm,
state 4 conducts the primary detection wherein D+ source voltage Vpp src and D- sink
current Ipy sivg are enabled. Further, D- voltage measurement is taken and compared
with the reference signal Vpar rer.  If D- voltage is greater than the reference voltage
Vpat rer for the duration of Tpep pene, the connected USB charger can be determined
to be a standard downstream port (SDP) charger and the primary detection process will
transition from state 4 to state 7 (block 154). If D- voltage is less than or equal to
reference signal Vpar rpr for the duration of Tpep pene, the detection process
transitions to state 6 (block 152) wherein the secondary detection is performed. While
in state 6, D- source voltage Vpum src and D+ sink current Ipp sk are enabled. Further,
D+ voltage measurement is taken and compared with the reference signal Vpat rpp. If
D+ voltage is greater than Vpar rer for the duration of Tpep ppne, the connected USB
charger is a dedicated charging port (DCP) charger and the secondary detection process
will transition from state 6 (block 152) to state 8 (block 156). If D+ is less than or equal
to Vpar rer for the duration of Tpep pene, the connected USB charger is a charging
downstream port (CDP) charger and the secondary detection will transition from state 6
(block 152) to state 9 (block 158). Note that state 7 (block 154), state 8 (block 156),
and state 9 (block 158) are all terminating states as well, indicating that no further
detection occurs beyond these states.

[0047] With reference back to the USB charger D- pin and D+ layouts illustrated in
Figure 5A and Figure 5C, the non-compliant floating USB charger 120 in Figure 5A
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and the non-compliant proprietary USB charger 124 in Figure 5C both have the D- pins
60(1), 60(3) as floating. 'The difference between the non-compliant floating USB
charger 120 in Figure 5A and the non-compliant proprietary USB charger 124 in Figure
5C is in their D+ pins 62(1), 62(3). The non-compliant proprietary USB charger 124 in
Figure 5C has the D+ pin 62(1) pulled down by the first resistor group 136, wherein the
D+ pin 62(1) in the non-compliant floating USB charger 120 of Figure 5A is left
floating. The difference between the non-compliant floating USB charger 120 in Figure
SA and the non-compliant proprietary USB charger 126 in Figure 5D is in their D- pins
60(1), 60(4). The non-compliant proprietary USB charger 126 in Figure 5D has the D-
pin 60(4) pulled down by the first resistor group 138, wherein the D- pin 60(1) in the
non-compliant floating USB charger 120 of Figure 5A is left floating. In this regard,
Figure 9 illustrates an exemplary process to further distinguish a non-compliant
proprietary USB charger that has the D- pin floating from a non-compliant floating USB
charger that has both D- and D+ pins floating. In this regard, a further examination of
the voltages of the D+ pins 62(1), 62(3), it is able to distinguish the non-compliant
proprietary USB charger with its D- and D+ pins configured as in Figure 5C from the
non-compliant floating USB charger with its D- and D+ pins configured as in Figure
SA.

[0048] The detection process of Figure 9 is built on the detection process of Figure
8. In this aspect, further determination based on D+ voltage is conducted in state 5
(block 116(2)). Enabling step C (described in Figure 7) is performed prior to entering
state 5 (block 116(2)) from state 2 (block 112(2)) to form the second electrical circuit
for D+ voltage measurement. D+ voltage is then compared with the reference signal
Vpat rer- If D+ is greater than Vpat rpr for the duration of Tpep pene, the connected
USB charger is a non-compliant proprietary USB charger and a transition is made from
state 5 (block 116(2)) to state 3 (block 114(2)) wherein the detection process is
terminated. If D+ is less than or equal to Vpar rer for the duration of Tpep ppne, the
connected USB charger is determined to be a non-compliant floating USB charger and a
transition is made from state 5 (block 116(2)) to state 6 (block 160) wherein the
detection process is terminated. Upon exiting from state 5 (block 116(2)), disabling
step D (described in Figure 7) is performed to tear down the second electrical circuit

formed for D+ voltage measurement. All other states, including state transitions, in
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Figure 9 remain identical to those in Figure § and will not be repeated herein for the
sake of conciseness.

[0049] Figure 10 illustrates an exemplary process that provides further distinctions
among non-compliant proprietary USB chargers. In this regard, Figure 10 further
extends the process of Figure 9 by introducing additional determination steps in state 3
(block 114(3)) and state 5 (block 116(3)). The additional steps in state 3 (block 114(3))
further distinguish among the non-compliant proprietary USB chargers with the pin
configurations as in Figure 5B and Figure 5D. 'The additional steps in state 5 (block
116(3)) help differentiate the non-compliant proprietary USB charger with pin
configuration as in Figure 5C from the non-compliant floating USB charger with pin
configuration as in Figure 5A. In the aspect herein, enabling step C (described in Figure
7) is performed when transiting from state 2 (block 112(3)) into state 3 (block 114(3))
so as to form the second electrical circuit for D+ voltage measurement. In state 3 (block
114(3)), a comparison is made between D+ voltage and Vpat rer. If D+ is greater than
Vpat rer for the duration of Tpep pene, the connected USB charger is classified as a
non-compliant first type proprietary USB charger. Transition is then made from state 3
(block 114(3)) to state Prop_A (block 164) and terminates therein. If D+ is less than or
equal to Vpar rer for the duration of Tpep ppne, the connected USB charger is
classified as non-compliant second type proprietary USB charger. Transition is then
made from state 3 (block 114(3)) to state Prop_C (block 166) and terminates therein.
Upon exiting from state 3 (block 114(3)), disabling step D (described in Figure 7) is
performed to tear down the second electrical circuit formed for D+ voltage
measurement.

[0050] Also in this exemplary process in Figure 10, additional determination steps
are also introduced in state 5 (block 116(3)). Enabling step C (described in Figure 7) is
performed when transiting from state 2 (block 112(3)) into state 5 (block 116(3)) so as
to form the second electrical circuit for D+ voltage measurement. In state 5 (block
116(3)), a comparison is made between D+ voltage and Vpat rer. If D+ is greater than
Vpat rer for the duration of Tpep pene, the connected USB charger is classified as a
non-compliant third type proprietary USB charger. Transition is then made from state 5
(block 116(3)) to state Prop_B (block 162) and terminates therein. If D+ is less than or

equal to Vpar rpr for the duration of Tpep pene, the connected USB charger is
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classified as a non-compliant floating USB charger. Transition is then made from state
5 (block 116(3)) to state 6 (block 160(1)) and terminates therein. Disabling step D
(described in Figure 7) is performed when exiting from state 5 (block 116(3)) to tear
down the second electrical circuit formed for D+ voltage measurement. In this regard,
termination states Prop_A (block 164), Prop_B (block 162), and Prop_C (block 166)
correspond to the proprietary USB charger pin configurations illustrated in Figures 5B,
5C, and 5D, respectively.

[0051] The apparatuses and methods to distinguish proprietary, non-floating and
floating USB chargers for regulating charging current according to aspects disclosed
herein may be provided in or integrated into any processor-based device. Examples,
without limitation, include a set top box, an entertainment unit, a navigation device, a
communications device, a fixed location data unit, a mobile location data unit, a mobile
phone, a cellular phone, a computer, a portable computer, a desktop computer, a
personal digital assistant (PDA), a monitor, a computer monitor, a television, a tuner, a
radio, a satellite radio, a music player, a digital music player, a portable music player, a
digital video player, a video player, a digital video disc (DVD) player, and a portable
digital video player.

[0052] In this regard, Figure 11 illustrates an example of a processor-based portable
device that can employ a charger detection circuit to distinguish between a proprietary,
non-floating USB charger and floating USB charger for regulating charging current. As
one example, the processor-based portable device 170 may be the portable device 52 in
Figure 3. Further, the processor-based portable device 170 may include a charger
detection circuit 172, which may be the charger detection circuit 50 in Figure 3. In this
example, the processor-based portable device 170 includes one or more central
processing units (CPUs) 180, each including one or more processors 182. The CPU(s)
180 may have cache memory 184 coupled to the processor(s) 182 for rapid access to
temporarily stored data. The CPU(s) 180 is coupled to a system bus 186 and can
intercouple master and slave devices included in the processor-based portable electronic
device 170. As is well known, the CPU(s) 180 communicates with these other devices
by exchanging address, control, and data information over the system bus 186. Tor
example, the CPU(s) 180 can communicate bus transaction requests to the charger

detection circuit 172 as an example of a slave device. Although not illustrated in Figure
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11, multiple system buses 186 could be provided, wherein each system bus 186
constitutes a different fabric.

[0053] Other master and slave devices can be connected to the system bus 186. As
illustrated in Figure 11, these devices can include a memory system 188, one or more
input devices 190, one or more output devices 192, one or more network interface
devices 194, one or more display controllers 196, and one or more charger detection
circuits 172, as examples. The input device(s) 190 can include any type of input device,
including but not limited to input keys, switches, voice processors, etc. The output
device(s) 192 can include any type of output device, including but not limited to audio,
video, other visual indicators, etc. The network interface device(s) 194 can be any
devices configured to allow exchange of data to and from a network 198. The network
198 can be any type of network, including but not limited to a wired or wireless
network, a private or public network, a local area network (LAN), a wide local area
network (WLAN), and the Internet. The network interface device(s) 194 can be
configured to support any type of communication protocols desired. The memory
system 188 can include one or more memory units 200 (0-N) and memory controllers
202. The charger detection circuit(s) 172 can be configured to attach to a USB cable 18
that has at least a VBUS pin 24, a GND pin 26, a D- pin 28, and a D+ pin 30.

[0054] The CPU(s) 180 may also be configured to access the display controller(s)
196 over the system bus 186 to control information sent to one or more displays 202.
The display controller(s) 196 sends information to the display(s) 202 to be displayed via
one or more video processors 204, which process the information to be displayed into a
format suitable for the display(s) 206. The display(s) 206 can include any type of
display, including but not limited to a cathode ray tube (CRT), a liquid crystal display
(LCD), a plasma display, etc.

[0055] Those of skill in the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the
aspects disclosed herein may be implemented as electronic hardware, instructions stored
in memory or in another computer-readable medium and executed by a processor or
other processing device, or combinations of both. The master devices, and slave
devices described herein may be employed in any circuit, hardware component,

integrated circuit (IC), or IC chip, as examples. Memory disclosed herein may be any
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type and size of memory and may be configured to store any type of information
desired. To clearly illustrate this interchangeability, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in terms of
their functionality. How such functionality is implemented depends upon the particular
application, design choices, and/or design constraints imposed on the overall system.
Skilled artisans may implement the described functionality in varying ways for each
particular application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the present disclosure.

[0056] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
processor, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one Or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[0057] The aspects disclosed herein may be embodied in hardware and in
instructions that are stored in hardware, and may reside, for example, in Random Access
Memory (RAM), flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable Programmable ROM
(EEPROM), registers, a hard disk, a removable disk, a CD-ROM, or any other form of
computer readable medium known in the art. An exemplary storage medium is coupled
to the processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. The processor and the storage medium may reside in an ASIC.
The ASIC may reside in a remote station. In the alternative, the processor and the
storage medium may reside as discrete components in a remote station, base station, or

SCIVeEr.
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[0058] It is also noted that the operational steps described in any of the exemplary
aspects herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the illustrated
sequences. Furthermore, operations described in a single operational step may actually
be performed in a number of different steps. Additionally, one or more operational
steps discussed in the exemplary aspects may be combined. It is to be understood that
the operational steps illustrated in the flow chart diagrams may be subject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of
skill in the art will also understand that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.

[0059] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein, but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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‘What is claimed is:

1. A Universal Serial Bus (USB) charger detection circuit, comprising:
a detection control circuit configured to initiate a timeout timer in response to
receipt of a VBUS signal from a USB charger and generate a timeout
output indicative of an expiration of the timeout timer; and
a comparison circuit configured to:
receive a data input signal based on a received USB data pin signal from
the connected USB charger;

receive a reference signal generated in response to detection of the
VBUS signal from the USB charger; and

generate a comparator output based on a comparison of the data input
signal and the reference signal; and

the detection control circuit is configured to generate a detection output
indicative of the connected USB charger being a proprietary USB
charger if the comparator output indicates the data input signal is greater

than the reference signal.

2. The USB charger detection circuit of claim 1, wherein the detection control
circuit is further configured to generate the detection output indicative of the connected
USB charger being the proprietary USB charger that is non-compliant with a USB

battery charging specification.

3. The USB charger detection circuit of claim 1, wherein the detection control
circuit is configured to generate the detection output indicative of the connected USB
charger being the proprietary USB charger if the comparator output indicates a voltage

of the data input signal is greater than a voltage of the reference signal.

4. The USB charger detection circuit of claim 1, wherein the detection control
circuit is further configured to generate the detection output indicative of the connected
USB charger being a floating USB charger, based on the timeout output indicating the
expiration of the timeout timer and the comparator output indicating the data input

signal is less than or equal to the reference signal.
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5. The USB charger detection circuit of claim 4, wherein the detection control
circuit is further configured to generate the detection output indicative of the connected
USB charger being the floating USB charger, based on the comparator output indicating
a voltage of the data input signal is less than or equal to a voltage of the reference

signal.

6. The USB charger detection circuit of claim 1, wherein:
the comparison circuit is further configured to:
selectively receive a second data input signal based on a second data pin
signal from the connected USB charger; and
generate the comparator output based on a comparison of the second data
input signal and the reference signal; and
the detection control circuit is further configured to:
generate the detection output indicative of the connected USB charger
being a first type proprietary USB charger if the comparator
output indicates that the second data input signal is greater than
the reference signal; and
generate the detection output indicative of the connected USB charger
being a second type proprietary USB charger different from the
first type proprietary USB charger, if the comparator output
indicates that the second data input signal is less than or equal to

the reference signal.

7. The USB charger detection circuit of claim 4, wherein
the comparison circuit is further configured to:
selectively receive a second data input signal based on a second data pin
signal from the connected USB charger; and
generate the comparator output based on a comparison of the second data
input signal and the reference signal; and
the detection control circuit is further configured to:
generate the detection output indicative of the connected USB charger

being a third type proprietary USB charger based on the timeout
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output indicating the expiration of the timeout timer and the
comparator output indicating the second data input signal is

greater than the reference signal.

8. The USB charger detection circuit of claim 1, wherein the detection control
circuit is further comprised of a timer circuit comprising the timeout timer having a
timeout duration, the timer circuit configured to generate the timeout output indicative

of the expiration of the timeout timer.

9. The USB charger detection circuit of claim 8, wherein the timer circuit is

implemented as a software function.

10. The USB charger detection circuit of claim 8, wherein the timeout duration is up

to a predetermined configurable upper limit.

11. The USB charger detection circuit of claim 1, further comprising:
an input switch configured to:
selective receive the data input signal as either a first data input signal
based on a received USB first data pin signal or a second data
input signal based on a received USB second data pin signal
based on a detection circuit selection output;
provide the first data input signal or the second data input signal as the
data input signal received by the comparison circuit; and
the detection control circuit is further configured to generate the detection circuit
selection output to control a selective receipt of the first data input signal
based on the received USB first data pin signal or the second data input
signal based on the received USB second data pin signal by the

comparison circuit as the data input signal.

12. The USB charger detection circuit of claim 1, further comprising a first voltage
detection circuit configured to generate a first data input signal based on a voltage

measurement of a first data pin signal.
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13. The USB charger detection circuit of claim 12, wherein the first voltage
detection circuit further comprises a pull down resistance (Rpm pwn) and a data contact
detection source (Ipy sre) configured to:
form a first electrical circuit with the connected USB charger for detecting the
first data pin signal of the connected USB charger; and
tear down the first electrical circuit with the connected USB charger after

detecting the first data pin signal of the connected USB charger.

14. The USB charger detection circuit of claim 12 further comprising a second
voltage detection circuit configured to generate a second data input signal based on a

voltage measurement of a second data pin signal.

15. The USB charger detection circuit of claim 14, wherein the second voltage
detection circuit further comprise a pull down resistance (Rpp pwn) and a data contact
detection source (Ipy sre) configured to:
form a second electrical circuit with the connected USB charger for detecting the
second data pin signal of the connected USB charger; and
tear down the second electrical circuit with the connected USB charger after

detecting the second data pin signal of the connected USB charger.

16. The USB charger detection circuit of claim 1, wherein the data input signal is

based on a first data pin signal.

17. The USB charger detection circuit of claim 1, wherein the data input signal is

based on a second data pin signal.

18. The USB charger detection circuit of claim 6, wherein a first data input signal is
based on the first data pin signal generated from a D- pin of the connected USB charger,
and the second data input signal is based on the second data pin signal generated over a

D+ pin of the connected USB charger.
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19. The USB charger detection circuit of claim 6, wherein the reference signal is

comprised of Vpar reraccording to a battery charging specification.

20.  The USB charger detection circuit of claim 1 integrated into a device selected
from the group consisting of a set top box, an entertainment unit, a navigation device, a
communications device, a fixed location data unit, a mobile location data unit, a mobile
phone, a cellular phone, a computer, a portable computer, a desktop computer, a
personal digital assistant (PDA), a monitor, a computer monitor, a television, a tuner, a
radio, a satellite radio, a music player, a digital music player, a portable music player, a
digital video player, a video player, a digital video disc (DVD) player, and a portable
digital video player.

21. An Universal Serial Bus (USB) charger detection circuit, comprising:
a means for comparison, comprising:
receiving a data input signal based on a received USB data pin signal
from a connected USB charger;
receiving a reference signal generated in response to detection of a
VBUS signal from the connected USB charger; and
generating a comparator output based on a comparison of the data input
signal and the reference signal; and
a means for detection, comprising:
initiating a timeout timer in response to receipt of the VBUS signal from
the USB charger and generating a timeout output indicative of an
expiration of the timeout timer; and
generating a detection output indicative of the connected USB charger
being a proprietary USB charger if the comparator output

indicates the data input signal is greater than the reference signal.
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22.

A method for distinguishing between a proprietary Universal Serial Bus (USB)

charger and a floating USB charger, comprising:

23.

initiating a timeout timer in response to receipt of a VBUS signal from a USB
charger and generating a timeout output indicative of an expiration of the
timeout timer;

receiving a data input signal based on a received USB data pin signal from a
connected USB charger;

receiving a reference signal generated in response to detection of the VBUS
signal from the USB charger;

generating a comparator output based on a comparison of the data input signal
and the reference signal;

generating a detection output indicative of the connected USB charger being a
proprietary USB charger if the comparator output indicates the data input
signal is greater than the reference signal; and

generating the detection output indicative of the connected USB charger being a
floating USB charger, based on the timeout output indicating the
expiration of the timeout timer and the comparator output indicating the

data input signal is less than or equal to the reference signal.

The method of claim 22, comprising generating the detection output indicative

of the connected USB charger being the proprietary USB charger if the comparator

output indicates a voltage of the data input signal is greater than a voltage of the

reference signal.

24.

The method of claim 22, further comprising generating the detection output

indicative of the connected USB charger being a floating USB charger, based on the

timeout output indicating the expiration of the timeout timer and the comparator output

indicating the data input signal is less than or equal to the reference signal.

25.

The method of claim 22, further comprising:
selectively receiving a second data input signal based on a second data pin signal

from the connected USB charger;
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26.

27.

28.

generating the comparator output based on a comparison of the second data
input signal and the reference signal;

generating the detection output indicative of the connected USB charger being a
first type proprietary USB charger if the comparator output indicates that
the second data input signal is greater than the reference signal; and

generating the detection output indicative of the connected USB charger being a
second type proprietary USB charger different from the first type
proprietary USB charger, if the comparator output indicates that the

second data input signal is less than or equal to the reference signal.

The method claim 24, further comprising

selectively receive a second data input signal based on a second data pin signal
from the connected USB charger;

generating the comparator output based on a comparison of the second data
input signal and the reference signal; and

generating the detection output indicative of the connected USB charger being a
third type proprietary USB charger based on the timeout output
indicating the expiration of the timeout timer and the comparator output
indicating the second data input signal is greater than the reference

signal.

The method of claim 22, further comprising:

drawing an appropriate charging current according to a use case and policy if the
connected USB charger is the floating USB charger; and

drawing the appropriate charging current according to the use case and policy if

the connected USB charger is the proprietary USB charger.

The method of claim 27, further comprising drawing a charging current greater

than the lower threshold charging current according to the battery charging specification

if the connected USB charger is the proprietary USB charger.
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29. The method of claim 22, further comprising:
generating a detection circuit selection output to selectively receive a first data
input signal or a second data input signal as the data input signal;
selectively receiving the data input signal as either the first data input signal or
the second data input signal based on the detection circuit selection
output; and
providing the first data input signal or the second data input signal as the data

input signal.
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