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APPARATUSES, METHODS, AND SYSTEMS FOR ENABLING HIGHER
CURRENT CHARGING OF UNIVERSAL SERIAL BUS (USB)
SPECIFICATION REVISION 2.0 (USB 2.0) PORTABLE ELECTRONIC
DEVICES FROM USB 3.X HOSTS

PRIORITY CLAIM
[0001] The present application claims priority to U.S. Patent Application Serial No.
14/444,443 filed on July 28, 2014 and entitled “APPARATUSES, METHODS, AND
SYSTEMS FOR ENABLING HIGHER CURRENT CHARGING OF UNIVERSAL
SERIAL BUS (USB) SPECIFICATION REVISION 2.0 (USB 2.0) PORTABLE
ELECTRONIC DEVICES FROM USB 3.X HOSTS.” the contents of 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 over a Universal Serial Bus (USB) cable connected to a USB

host.

II. Background

[0003] Portable electronic devices, such as smartphones, tablets, laptop computers,
and the like, can be powered by rechargeable batteries. These rechargeable batteries
require periodic recharging. Universal Serial Bus (USB) is an industry standard that
defines cables, connectors, and communications protocols for data and power transfers
among personal computers and electronic devices. Ports can be used for both data
transfer ports as well as charging ports to charge rechargeable batteries of portable
electronic devices.

[0004] In this regard, Figure 1 illustrates a physical connectivity between a USB
Specification Revision 2.0 (USB 2.0) controller 10 in a USB 2.0 portable electronic
device 12 (“portable device 12”) and a USB 3.x controller 14 in a USB 3.x host 16. The
USB 2.0 controller 10 and the USB 3.x controller 14 are controlled by a USB 2.0
software driver 11 and a USB 3.x software driver 15, respectively. On one end, the

USB 2.0 portable device 12 is embedded with a USB 2.0 micro-B receptacle 18. On the
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other end, the USB 3.x host 16 exposes a USB 3.x enhanced SuperSpeed standard-A
receptacle 20. A detachable USB 2.0 cable 22, with a USB 2.0 micro-B plug 24 on one
end and a USB 2.0 standard-A plug 26 on the other end, connects the USB 2.0 portable
device 12 to the USB 3.x host 16. The USB 2.0 cable has a VBUS conductor, a GND
conductor, a D- conductor, and a D+ conductor. The USB 2.0 micro-B receptacle 18
has a VBUS pin 28(1), a GND pin 30(1), a D- pin 32(1), and a D+ pin 34(1). The
VBUS pin 28(1) and the GND pin 30(1) are used for charging, while the D- pin 32(1)
and the D+ pin 34(1) are used for protocol handshakes and data transfer. The USB 3.x
enhanced SuperSpeed standard-A receptacle 20 has a USB 2.0 interface 36 and a USB
3.x SuperSpeed interface 38. The USB 2.0 interface 36 has a VBUS pin 28(2), a GND
pin 30(2), a D- pin 32(2), and a D+ pin 34(2). The USB 3.x SuperSpeed interface 38
has additional pins, namely a SSTX- pin 40, a SSTX+ pin 42, a SSRX- pin 46, and a
SSRX+ pin 48. The SSTX- pin 40 and the SSTX+ pin 42 are used for SuperSpeed
transmissions, while the SSRX- pin 46 and the SSRX+ pin 48 are used for SuperSpeed
receptions.

[0005] The USB 2.0 portable device 12 in Figure 1 is allowed to draw up to S00mA
charging current from the USB 3.x host 16 as a connected standard downstream port
(SDP) according to Battery Charging Specification 1.2 (BC1.2). By means of
hardware-based mechanism specified in USB 2.0, the USB 2.0 controller 10 presents
itself as a USB 2.0 compatible device by pulling the D+ pin 34(1) HIGH. The USB 3.x
controller 14 then detects the USB 2.0 portable device 12 as a USB 2.0 compatible
device and selects the operating mode of the USB 2.0 portable device 12 according to
USB 2.0. USB 2.0 provides for standard message descriptors to be exchanged between
USB devices and hosts for charging purposes. Thus, the USB 3.x controller 14 will
allow the USB 2.0 portable device 12 to draw up to 500mA according to BC1.2 even
though the USB 2.0 cable 22 is capable of safely carrying more current. However, if the
USB 2.0 portable device 12 was instead a USB 3.x compatible device connected to the
USB 3.x host 16 with a USB 3.x cable (not shown), the USB 3.x controller 14 would
allow the USB 2.0 portable device 12 to draw up to 900mA for faster charging time
according to BC1.2.
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SUMMARY OF THE DISCLOSURE
[0006] Aspects disclosed in the detailed description include apparatuses, methods,

and systems for enabling higher current charging of Universal Serial Bus (USB)
Specification Revision 2.0 (USB 2.0) portable electronic devices (“USB 2.0 portable
device”) from USB 3.x hosts. In aspects disclosed herein, it is desired to allow a USB
2.0 portable device connected to a USB 3.x host by a USB 2.0 cable, to draw more
charging current than specified under USB 2.0 for the USB 2.0 portable device. A USB
2.0 cable is capable of safely carrying more current than the specified current limit in
USB 2.0. However, it is also desired that USB 2.0 portable device remain compliant
with USB 2.0 for compatibility and interoperability reasons. For the USB 2.0 portable
device to remain compliant with USB 2.0, it is desired that no USB 2.0 data structure
formats used to exchange information between the USB 2.0 portable device and the
USB 3.x host be altered to enable a higher charging current for USB 2.0 portable
electronic devices. Otherwise, such may result in the USB 2.0 portable device being
incompatible with USB 2.0 and unable to pass USB 2.0 compliance tests required for
USB 2.0 certification.

[0007] In this regard, in aspects disclosed herein, a USB 2.0 controller with a
modified USB 2.0 software driver (“USB 2.0 controller”) is provided in the USB 2.0
portable device. A USB 3.x controller with a modified USB 3.x software driver (“USB
3.x controller”) is provided in the USB 3.x host. The USB 2.0 controller and the USB
3.x controller are compatible with USB 2.0 and USB 3.x, respectively. In certain
aspects, to allow the USB 2.0 portable device to request a higher charging current from
the USB 3.x host than specified in USB 2.0 over a USB 2.0 cable, without supporting a
new data structure not provided in USB 2.0, the USB 2.0 controller is configured to be
capable of requesting a higher charging current from the USB 3.x host in one or more
reserved elements in an existing USB 2.0 data structure(s) (e.g., a fixed data structure
like a descriptor) in response to a USB 2.0 Standard Device Request received from the
USB 3.x controller. The USB 3.x controller is configured to receive and recognize a
request for a higher charging current in a reserved element(s) in the USB 2.0 data
structure(s) received from the USB 2.0 controller, and in turn provide the higher

charging current to the USB 2.0 portable device.
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[0008] In this regard in one aspect, a USB 2.0 controller is provided in a USB 2.0
portable device. The USB 2.0 controller is configured to detect a connected USB
controller in a USB host over a USB 2.0 cable. The USB 2.0 controller is also
configured to send a request in at least one reserved element of at least one USB 2.0
data structure to the USB host over the USB 2.0 cable to draw a higher charging current
than a maximum charging current specified in USB 2.0 for a USB 2.0 portable device
over the USB 2.0 cable. The USB 2.0 controller is also configured to receive a response
from the USB host indicating whether the request to draw the higher charging current is
permitted. If the request to draw the higher charging current is permitted, the USB 2.0
controller is configured to draw the higher charging current over the USB 2.0 cable
from the host.

[0009] In another aspect, a method of a USB 2.0 portable device drawing a higher
charging current from a USB 3.x host is provided. The method comprises detecting a
connected USB controller in a USB host over a USB 2.0 cable. The method also
comprises sending a request to the USB host over the USB 2.0 cable to draw a higher
charging current than a maximum charging current specified in USB 2.0 for a USB 2.0
portable device over the USB 2.0 cable in at least one reserved element of at least one
USB 2.0 data structure. The method further comprises receiving a response from the
USB host indicating whether the request to draw the higher charging current is
permitted and drawing the higher charging current over the USB 2.0 cable from the
USB host if the request to draw the higher charging current is permitted.

[0010] In an additional aspect, a system for charging a USB 2.0 portable device
from a USB 3.x host is provided. The system comprises a USB 2.0 portable device, a
USB 3.x host, and a USB 2.0 cable. The USB 2.0 portable device comprises a USB 2.0
controller and a USB 2.0 receptacle. The USB 2.0 controller is configured to detect a
connected USB controller in a host over a USB 2.0 cable. The USB 2.0 controller is
also configured to send a request to the connected USB controller over the USB 2.0
cable to draw a higher charging current than a maximum charging current specified in
USB 2.0 for the USB 2.0 portable device over the USB 2.0 cable in at least one reserved
element of at least one USB 2.0 data structure. The USB 2.0 controller is further
configured to receive a response from the connected USB controller indicating whether

the request to draw the higher charging current is permitted and draw the higher
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charging current over the USB 2.0 cable from the USB host if the request to draw the
higher charging current is permitted. The USB 2.0 receptacle is configured to engage a
first USB 2.0 plug attached to the USB 2.0 cable for connecting to the USB host. The
USB 3.x host comprises a USB 3.x controller. The USB 3.x controller is configured to
detect the USB 2.0 controller in the USB 2.0 portable device over the USB 2.0 cable.
The USB 3.x controller is also configured to receive the request from the USB 2.0
controller over the USB 2.0 cable to draw the higher charging current than the
maximum charging current specified in USB 2.0 for the USB 2.0 portable device over
the USB 2.0 cable in the at least one reserved element of the at least one USB 2.0 data
structure. The USB 3.x controller is further configured to send a response to the USB
2.0 controller indicating whether the request to draw the higher charging current is
permitted and provide the higher charging current over the USB 2.0 cable to the USB
2.0 portable device if a grant to draw the higher charging current is accepted. A USB
3.x receptacle is configured to engage a second USB 2.0 plug attached to the USB 2.0
cable for connecting to the USB 2.0 portable device. The USB 2.0 cable comprises the
first USB 2.0 plug on one end of the USB 2.0 cable and the second USB 2.0 plug on
another end of the USB 2.0 cable.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Figure 1 is a schematic diagram of an exemplary Universal Serial Bus

Specification Revision 2.0 (USB 2.0) controller in a USB 2.0 portable device connected
to an exemplary USB 3.x controller in a USB 3.x host using a USB 2.0 cable;

[0012] Figure 2 is a schematic diagram of an exemplary USB 2.0 controller in a
USB 2.0 portable device configured to request a higher charging current from a USB
3.x controller in one or more reserved elements of an existing USB 2.0 data structure(s);
[0013] Figure 3 is a flowchart illustrating an exemplary signaling flow of USB 2.0
control messages and USB 2.0 descriptors carried as payloads of USB 2.0 control
messages of a USB 2.0 portable device involving requesting to draw a higher charging
current than the maximum charging current specified in USB 2.0 from a connected USB

3.0 host;
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[0014] Figure 4A is a table illustrating an exemplary format of a USB 2.0 DEVICE
descriptor that can be used by the USB 2.0 controller in Figure 2 to request to draw a
higher charging current from the USB 3.x controller in Figure 2;

[0015] Figure 4B is a table illustrating an exemplary format of a USB 2.0
CONFIGURATION descriptor that has one or more reserved elements that can be used
by the USB 2.0 controller in Figure 2 to request to draw a higher charging current from
the USB 3.x controller in Figure 2;

[0016] Figure 5 is a block diagram illustrating an exemplary structure and encoding
of the USB 2.0 DEVICE descriptor in Figure 5A and the USB 2.0 CONFIGURATION
descriptor in Figure 5B that have one or more reserved elements configured to be used
by the USB 2.0 controller in Figure 2 to request to draw the higher charging current
from the USB 3.x controller in Figure 2;

[0017] Figure 6 is a flowchart illustrating another exemplary signaling flow of USB
2.0 control messages and USB 2.0 data structures carried as payloads of USB 2.0
control messages of a USB 2.0 portable device to request to draw a higher charging
current than a maximum charging current specified in USB 2.0 from a connected
modified USB 3.x host;

[0018] Figure 7 is a block diagram illustrating an exemplary structure and encoding
of a data structure returned by the USB 2.0 controller in Figure 2 in response to a USB
2.0 GET_STATUS Request sent by the USB 3.x controller in Figure 2;

[0019] Figure 8 is a block diagram illustrating an exemplary structure and encoding
of a USB 2.0 SET_FEATURE control message that has one of more reserved elements
configured to be used by the USB 3.x controller in Figure 2 to grant the higher charging
current requested by the USB 2.0 controller in Figure 2; and

[0020] Figure 9 is a block diagram of an exemplary processor-based portable
electronic device that can include the USB 2.0 portable device including the USB 2.0

controller in Figure 2.

DETAILED DESCRIPTION
[0021] With reference now 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
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“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects.

[0022] Aspects disclosed in the detailed description include apparatuses, methods,
and systems for enabling higher current charging of Universal Serial Bus Specification
Revision 2.0 (USB 2.0) portable electronic devices (“USB 2.0 portable device”) from
USB 3.x hosts. In aspects disclosed herein, it is desired to allow a USB 2.0 portable
device connected to a USB 3.x host by a USB 2.0 cable, to draw more charging current
than specified under USB 2.0 for the USB 2.0 portable device. A USB 2.0 cable is
capable of safely carrying more current than the specified current limit in USB 2.0.
However, it is also desired that USB 2.0 portable device remain compliant with USB
2.0 for compatibility and interoperability reasons. For the USB 2.0 portable device to
remain compliant with USB 2.0, it is desired that no USB 2.0 data structure formats
used to exchange information between the USB 2.0 portable device and the USB 3.x
host be altered to enable a higher charging current for USB 2.0 portable electronic
devices. Otherwise, such may result in the USB 2.0 portable device being incompatible
with USB 2.0 and unable to pass USB 2.0 compliance tests required for USB 2.0
certification.

[0023] A data structure is a formatted data container so defined to enable data
exchange between a sender and a receiver. Lor example, the data structure may include
a descriptor and a bitmap in USB 2.0 and USB 3.x.

[0024] In this regard, Figure 2 illustrates an exemplary USB 2.0 controller 60 with a
modified USB 2.0 software driver 61 (“USB 2.0 controller”) in a USB 2.0 portable
device 62 in this example. The modified USB 2.0 software driver 61 is programmed to
control the USB 2.0 controller 60 to operate according to USB 2.0. In addition, the
modified USB 2.0 software driver 61 is modified to allow the USB 2.0 portable device
62 to request and draw more charging current than specified under USB 2.0 for the USB
2.0 portable device 62. The USB 2.0 controller 60 is communicatively connected to a
USB 3.x controller 64 with a modified USB 3.x software driver 65 in a USB 3.x host 66
through a USB 2.0 cable 22. Similarly, the modified USB 3.x software driver 65 is
programmed to control the USB 3.x controller 64 to operate according to USB 3.x. In
addition, the modified USB 3.x software driver 65 is modified to allow the USB 3.x

host 66 to grant permission for the USB 2.0 portable device 62 to draw more charging
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current than specified under USB 2.0 for the USB 2.0 portable device 62. When the
USB 2.0 portable device 62 is connected to the USB 3.x host 66 by the USB 2.0 cable
22, the USB 2.0 portable device 62 charges its rechargeable battery (not shown) by
drawing a charging current from the USB 3.x host 66. USB 2.0 restricts the maximum
charging current the USB 2.0 portable device 62 can draw from the USB 3.x host 66
over the USB 2.0 cable 22 (e.g., 500mA). However, USB 3.x allows the USB 3.x host
66 to provide a higher charging current (e.g. 900mA) to a connected USB 3.x portable
device (not shown), but can only do so over a USB 3.x cable (not shown). The USB 2.0
cable 22 that connects the USB 2.0 portable device 62 to the USB 3.x host 66 is
designed to safely carry a charging current higher than 500 mA. In a non-limiting
example, the USB 2.0 cable 22 is able to safely carry up to 1500mA of charging current.
Thus, it is desirable to allow the USB 2.0 portable device 62 to draw a higher charging
current than specified in the USB 2.0 specification (USB 2.0) (e.g., greater than 500
mA) when connected to the USB 3.x host 66 by the USB 2.0 cable 22, if the USB 2.0
portable device 62 can remain compliant with USB 2.0 by supporting USB 2.0 charging
current (e.g., S00mA).

[0025] In this regard, the USB 2.0 controller 60 is provided in the USB 2.0 portable
device 62 instead of the USB 2.0 controller 10 in Figure 1. Also, the USB 3.x controller
64 is provided in the USB 3.x host 66 instead of the USB 3.x controller 14 in Figure 1.
The USB 2.0 controller 60 is programmed by the modified USB 2.0 software driver 61,
which is configured to be in compliance with USB 2.0, but includes added “modified”
capabilities to request and draw the higher charging current higher than specified in
USB 2.0 (e.g., greater than S00mA) from the USB 3.x controller 64 over the USB 2.0
cable 22. Likewise, the USB 3.x controller 64 is programmed by the modified USB 3.x
software driver 65, which is designed to be in compliance with USB 3.x and can
provide the higher charging current to the USB 2.0 portable device 62 over the USB 2.0
cable 22. In certain examples discussed in more detail below, the higher charging
current can be provided in response to the higher charging current request received from
the USB 2.0 controller 60. The USB 2.0 controller 60 is configured to request to draw
the charging current higher than 500mA in response to a USB 2.0 Standard Device
Request received from the USB 3.x controller 64. In the aspects discussed in more

detail below, the modified USB 2.0 software driver 61 in the USB 2.0 controller 60 and
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the modified USB 3.x software driver 65 in the USB 3.x controller 64 are programmed
to enable the higher charging current to be requested by the USB 2.0 controller 60 and
to be drawn from the USB 3.x host 66. However, it is also possible to enable the USB
2.0 controller 60 to request and draw the higher charging current from the USB 3.x host
66 by means of hardware components or a combination of hardware components and
software drivers in the USB 2.0 controller 60 and the USB 3.x controller 64,
respectively.

[0026] To explain exemplary interactions between the USB 2.0 controller 60 and
the USB 3.x controller 64 in Figure 2 to enable a higher charging current to be drawn by
the USB 2.0 portable device 62 from the USB 3.x host 66, Figure 3 is provided. Figure
3 illustrates an exemplary signaling exchange sequence 68 of USB 2.0 control messages
between the USB 2.0 controller 60 of the USB 2.0 portable device 62 and the USB 3.x
host 66. The message flow of the exemplary signaling exchange sequence 68 illustrates
a series of USB 2.0 control messages for the USB 2.0 controller 60 to request to draw a
higher charging current than specified in USB 2.0. Flements of Figures 2 are referenced
in connection with Figure 3 and will not be re-described here.

[0027] With reference to Figure 3, the USB 2.0 portable device 62 progresses
through an attached state 80, a powered state 82, a default state 84, an address state 86,
and a configured state 88 when attached to the USB 3.x host 66 by the USB 2.0 cable
22. The USB 2.0 portable device 62 progresses through these states before the USB 2.0
portable device 62 is ready for power charging and data transfer with the USB 3.x host
66. In the attached state 80, the USB 2.0 controller 60 of the USB 2.0 portable device
62 detects an attachment to the USB 2.0 cable 22. In the powered state 82, the USB 2.0
controller 60 is able to draw a charging current up to 100mA in this example from the
USB 3.x host 66 over the USB 2.0 cable 22 in this example, such as specified in USB
2.0. In the default state 84, the USB 2.0 controller 60 waits for a reset from the USB 3.x
host 66, which makes the USB 2.0 controller 60 addressable at the default address
specified in USB 2.0. In the address state 86, the USB 2.0 controller 60 is assigned a
unique address by the USB 3.x host 66 so that data exchange with the USB 3.x host 66
can occur. After receiving the unique address assigned by the USB 3.x host 66, the
USB 2.0 controller 60 can request a charging current based on the exemplary signaling

exchange sequence 68.
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[0028] With reference to Figure 3, after assigning the unique address to the USB 2.0
controller 60 in the address state 86, the USB 3.x controller 64 transmits a USB 2.0
Standard Device Request control message 90 as part of the enumeration procedures
defined in USB 2.0. As a non-limiting example, the USB 2.0 Standard Device Request
control message 90 is a USB 2.0 GET_DESCRIPTOR/DEVICE control message 71.
Upon receipt of the USB 2.0 Standard Device Request control message 90, the USB 2.0
controller 60 in the USB 2.0 portable device 62 sends a USB 2.0 Standard Device
Response control message 91, which is a USB 2.0 Device Descriptor control message
72 as an example. The USB 2.0 Device Descriptor control message 72 contains a USB
2.0 DEVICE descriptor as payload. A USB 2.0 DEVICE descriptor format 98 is
illustrated in Figure 4A, which is discussed in more detail below. The USB 3.x
controller 64 continues with USB 2.0 enumeration by transmitting a USB 2.0 Standard
Configuration Request control message 92, which is a USB 2.0
GET_DESCRIPTOR/CONFIG control message 73 as a non-limiting example. In
response, the USB 2.0 controller 60 sends a charging current configuration request 93 to
the USB 3.x host 66 over the USB 2.0 cable 22. According to the example in Figure 3,
the charging current configuration request 93 is a USB 2.0 Configuration Descriptor
control message 74, which contains a USB 2.0 CONFIGURATION descriptor as
payload. A USB 2.0 CONFIGURATION descriptor format 99 is illustrated in Figure
4B, which is also discussed in more detail below. In the example of Figure 3, to allow
the USB 2.0 controller 60 to request a higher charging current than specified in USB 2.0
from the USB 3.x host 66 over the USB 2.0 cable 22, the USB 2.0 controller 60 is
configured to send the charging current configuration request 93 containing two (2) or
more USB 2.0 CONFIGURATION descriptors to the USB 3.x host 66. The first USB
2.0 CONFIGURATION descriptor includes a charging current level request of 500mA
specified in USB 2.0 in this example. The second USB 2.0 CONFIGURATION
includes a charging current level request greater than 500mA, for example 900mA, in a
reserved element of the USB 2.0 CONFIGURATION descriptor. A reserved element in
a USB 2.0 descriptor is a field or value that is not used, but can be used without altering
the descriptor format. Thus, in this example of USB 2.0 descriptors, the USB 2.0
controller 60 can be configured to request a higher charging current from the USB 3.x

host 66 using a reserved element in a USB 2.0 descriptor, thus remaining compatible
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with USB 2.0. More exemplary detail on reserved elements in the USB 2.0
CONFIGURATION descriptor that can be used by the USB 2.0 controller 60 to request
a higher charging current than specified in USB 2.0 is described in more detail below
with regard to Figures 4A, 4B, and 5.

[0029] With reference back to Figure 3, at this point in the signaling exchange
sequence 68, the USB 2.0 controller 60 does not have knowledge of whether the USB
3.x host 66 is configured to recognize and process the USB 2.0 CONFIGURATION
descriptors encoded with reserved elements to request a higher charging current. In this
regard, the USB 3.x controller 64 is configured to send a charging current configuration
response 94 to indicate the permitted charging current for the USB 2.0 controller 60 to
draw from the USB 3.x host 66. The USB 2.0 controller 60 receives the charging
current configuration response 94 from the USB 3.x host 66. The charging current
configuration response 94 is a USB 2.0 SET_CONFIGURATION control message 75 in
this example. The charging current configuration response 94 contains a specified
configuration value that identifies one of the USB 2.0 CONFIGURATION descriptors
received from the USB 2.0 controller 60 in the charging current configuration request
93. With reference to the example discussed earlier, the USB 2.0 controller 60 may
include two (2) USB 2.0 CONFIGURATION descriptors in the charging current
configuration request 91 for the charging current level request of S00mA and a charging
current level request of greater than S00mA (e.g., 900mA), respectively. Therefore, the
specified configuration value in the charging current configuration response 94 indicates
either the charging current level request of 500mA or the charging current level request
of greater than 500mA (e.g., 900mA) is permitted. According to USB 2.0, the USB 2.0
controller 60 of the USB 2.0 portable device 62 can start to draw the charging current
level identified by the specified configuration value in the charging current
configuration response 94 after reaching the configured state 88.

[0030] To help describe specific encodings using reserved elements in existing USB
2.0 descriptors, Figures 4A and 4B illustrate a USB 2.0 DEVICE descriptor format 98
and a USB 2.0 CONFIGURATION descriptor format 99 as defined in USB 2.0,
respectively. Flements of Figures 2 are referenced in connection with Figures 4A and
4B and will not be re-described herein. In the USB 2.0 DEVICE descriptor, a bcdUSB
field defines a USB specification release number. For example, USB 2.0, USB 3.0, and
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the like. A bNumConfigurations field indicates the number of CONFIGURATION
descriptors that are going to be sent in the USB 2.0 Configuration Descriptor control
message 74 in Figure 3. In the USB 2.0 CONFIGURATION descriptor, a bMaxPower
field indicates a desired charging current level in a unit of 2mA. Tor instance, a
numeric value fifty (50) in the bMaxPower field indicates a desired charging current of
100mA (50 x 2ZmA). USB 2.0 defines a maximum value of 250 (OxFA) for the
bMaxPower field, which corresponds to 500mA charging current. The numeric value
between 251 (OxFB) (inclusive) and 255 (0xFF) (inclusive) are reserved elements
therein. 'This means there can be up to five (5) USB 2.0 CONFIGURATION
descriptors associated with different higher charging current levels in the USB 2.0
Configuration Descriptor control message 74.

[0031] As discussed above with regard to Figure 3, the USB 2.0 controller 60 is
configured to request a higher charging current in one or more reserved elements in a
USB 2.0 CONFIGURATION descriptor. The USB 3.x controller 64 is configured to
send the charging current configuration response 94 to indicate the permitted charging
current for the USB 2.0 controller 60 to draw from the USB 3.x host 66. Figure 5
illustrates an exemplary encoding method that can be employed by the USB 2.0
controller 60 to request a higher charging current from the USB 3.x host 66 and for the
USB 3.x controller 64 to send the charging current configuration response 94 to indicate
the permitted charging current.

[0032] In this regard, as illustrated in Figure 5, a USB 2.0 DEVICE descriptor 100,
a first USB 2.0 CONFIGURATION descriptor 102, and a second USB 2.0
CONFIGURATION descriptor 104 are illustrated. The USB 2.0 controller 60 can be
configured to provide the USB 2.0 DEVICE descriptor 100 having a bcdUSB field
configured to indicate USB 2.0 and a bNumConfigurations field configured to indicate
two (2) or more USB 2.0 CONFIGURATION descriptors to be used for requesting
different higher charging current levels. The USB 2.0 controller 60 can be configured
to provide the first USB 2.0 CONFIGURATION descriptor 102 to request the
maximum charging current permitted by USB 2.0 (e.g., 500mA) by a numeric value 250
(OxFA) in a bMaxPower field. To allow the USB 2.0 controller 60 to request a higher
charging current than specified in USB 2.0, in this example, the USB 2.0 controller 60
is also configured to provide the second USB 2.0 CONFIGURATION descriptor 104.
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The second USB 2.0 CONFIGURATION descriptor 104 includes a request for higher
charging current higher by setting the bMaxPower field to one of the reserved elements
between 251 (OxFB) and 255 (OxFF) without adding any bits to the USB 2.0
CONFIGURATION descriptor 104 format. In this non-limiting example, the numeric
value is 255 (OxFF) is designated by the USB 2.0 controller 60 to represent a charging
current request of 900mA.

[0033] With continuing reference to Figure 5, the USB 3.x controller 64 is
configured to receive both the first USB 2.0 CONFIGURATION descriptor 102 and the
second USB 2.0 CONFIGURATION descriptor 104. The USB 3.x controller 64 can
review the charging current requests in both the first USB 2.0 CONFIGURATION
descriptor 102 and the second USB 2.0 CONFIGURATION descriptor 104. If the USB
3.x host 66 is configured to recognize the higher charging current request from the USB
2.0 controller 60 in a reserved element in the bMaxPower field in a USB 2.0
CONFIGURATION descriptor, the USB 3.x controller 64 will send the charging
current configuration response 92 to the USB 2.0 controller 60 and explicitly identify
the requested higher charging current to be drawn from the USB 3.x host 66. If the
USB 3.x host 66 is not configured to recognize the higher charging current request from
the USB 2.0 controller 60 in a reserved element in the bMaxPower field in a USB 2.0
CONFIGURATION descriptor, the USB 3.x host 66 will ignore the higher charging
current request in the second USB 2.0 CONFIGURATION descriptor 104. The USB
3.x host 66 will recognize the charging current request by the USB 2.0 controller 60 in
the first USB 2.0 CONFIGURATION descriptor 102 and send the charging current
configuration response 92 to explicitly allow the lower charging current up to the
specified charging current level in USB 2.0. Thus, by configuring the USB 2.0
controller 60 to request a higher charging current than specified in USB 2.0 using a
reserved element in the USB 2.0 CONFIGURATION descriptor, the USB 2.0 controller
60 remains compatible with USB 2.0, but can also request a higher charging current in
the event that the USB 3.x host 66 is configured with a USB 3.x controller 64 to
recognize the higher charging current request in a reserved element.

[0034] It is to be noted that the USB 2.0 controller 60 can be configured to
designate the other reserved elements in the bMaxPower field of a USB 2.0

CONFIGURATION descriptor for other higher charging current levels as desired. For
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example, the numeric value of 254 (OxFE) may be configured to represent a higher
charging current of 1500mA. The USB 3.x controller 64 would have also be configured
to understand the reserved elements as the same intended higher charging current as
configured in the USB 2.0 controller 60.

[0035] Other USB 2.0 data structures beyond the USB 2.0 CONFIGURATION
descriptor may also contain reserved elements that can be employed by the USB 2.0
controller 60 of the USB 2.0 portable device 62 to request higher charging current form
the USB 3.x host 66 than specified in USB 2.0.

[0036] With reference back to Figure 3, the exemplary signaling exchange sequence
68 for requesting and granting the higher charging current begins when the USB 2.0
controller 60 is assigned the unique address in the address state 86, and concludes when
the USB 2.0 controller 60 is configured in the configured state 88. In fact, it is also
possible for the USB 2.0 controller 60 to request the higher charging current after it has
been configured in the configured state 88. Figure 6 is provided to illustrate an
alternative exemplary signaling exchange sequence 70 between the USB 2.0 controller
60 of the USB 2.0 portable device 62 and the USB 3.x host 66 after the USB 2.0
controller 60 is configured in the configured state 88. In this regard, the exemplary
signaling exchange sequence 70 in Figure 6 may be conducted in conjunction with or
independently from the exemplary signaling exchange sequence 68 in Figure 3.
Elements of Figures 2 and 3 are referenced in connection with Figure 6 and will not be
re-described here. If conducted independently from the signaling exchange sequence
68, the signaling exchange sequence 70 may be performed any number of times and at
any time, thereby allowing the USB 3.x host 66 to dynamically control charging current.
[0037] With reference to Figure 6, after being configured in the configured state 88,
the USB 2.0 controller 60 in the USB 2.0 portable device 62 draws a charging current
from the USB 3.x host 66. According to the signaling exchange sequence 68 described
in Pigure 3, the charging current drawn by the USB 2.0 controller 60 may be a standard
charging current (e.g., S00mA) or a higher charging current (e.g., 900mA) if the USB
2.0 controller 60 is configured to request for the higher charging current during USB 2.0
enumeration (e.g., the configuration process takes place between the address state 86
and the configured state 88 in Figure 3). According to the signaling exchange sequence

70 in Figure 6, the USB 3.x controller 64 transmits a USB 2.0 Standard Device Request
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control message 95 to obtain a current status of the USB 2.0 controller 60. As a non-
limiting example, the USB 2.0 Standard Device Request control message 95 is a USB
2.0 GET_STATUS Request control message 76. Upon receipt of the USB 2.0 Standard
Device Request control message 95, the USB 2.0 controller 60 in the USB 2.0 portable
device 62 sends a charging current configuration request 96 to the USB 3.x host 66 over
the USB 2.0 cable 22. According to the example in Figure 6, the charging current
configuration request 96 is a USB 2.0 GET_STATUS Response control message 77.
The USB 2.0 GET_STATUS Response control message 77 contains a USB 2.0 data
structure known as the Information Returned by a GetStatus() Request to a Device
(hereinafter referred to as “GET_STATUS bitmap” for the convenience of description)
as payload. A bitmap is a type of data structure consisting of a plurality of bits. Each of
the plurality of bits in the bitmap can have a numeric value of zero (0) or one (1),
representing different predefined meanings, respectively. The USB 2.0 GET_STATUS
bitmap format and encoding is illustrated in Figure 7 and is discussed in more detail
below. In the example of Figure 6, to allow the USB 2.0 controller 60 to request a
higher charging current than specified in USB 2.0 from the USB 3.x host 66 over the
USB 2.0 cable 22, the USB 2.0 controller 60 is configured to send the charging current
configuration request 96 containing the GET_STATUS bitmap, in which at least a
reserved bit is encoded to request at least a higher than 500mA charging current, for
example 900mA. A reserved bit in the bitmap is a bit that is not used, but can be used
by redefinition without altering the bitmap format. Thus, in this example of the
GET_STATUS bitmap, the USB 2.0 controller 60 can be configured to request a higher
charging current from the USB 3.x host 66 using a reserved bit in the GET_STATUS
bitmap, thus remaining compatible with USB 2.0.

[0038] With continuing reference to Figure 6, the USB 3.x controller 64 is
configured to send a USB 2.0 Standard Feature Selector descriptor in a charging current
configuration response 97 to grant a permission to the USB 2.0 controller 60 to draw a
requested charging current higher than 500mA that the USB 3.x host 66 is able and
willing to provide. According to the example in Figure 6, the charging current
configuration response 97 is a USB 2.0 SET_FEATURE control message 78, which
contains the USB 2.0 Standard Feature Selector descriptor in the payload. The USB 2.0

Feature Selector descriptor is another type of data structure. The format and encoding



WO 2016/018753 PCT/US2015/042006
16

of the USB 2.0 Standard Peature Selector descriptor is illustrated in Figure 8 and
described in detail later in this disclosure. The USB 3.x controller 64 can grant
permission to allow the USB 2.0 controller 60 to draw the charging current higher than
500mA if the USB 2.0 controller 60 is not connected to the USB 3.x host 66 through a
USB hub (not shown). Thus, if the USB 2.0 Standard Feature Selector descriptor has a
reserved element, the USB 3.x controller 64 could be configured to provide an
indication in such reserved element that a higher charging current is permitted to be
drawn by the USB 2.0 controller 60. The USB 2.0 controller 60 could be configured to
recognize the reserved element in the received USB 2.0 Standard Feature Selector to
become aware that the USB 3.x host 66 will permit a higher charging current to be
drawn. In response, the USB 2.0 controller 60 can accept the higher charging current
granted by the USB 3.x host 66 if desired, or draws the original charging current as
configured in the configured state 88 by rejecting the grant. To accept or reject the
higher charging current granted by the USB 3.x host 66, the USB 2.0 controller 60 is
configured to transmit a USB 2.0 ZLP control message 79 or a USB 2.0 STALL control
message 79(1), respectively.

[0039] Figure 7 illustrates an exemplary USB 2.0 Information returned by a
GetStatus() Request to a Device 105 (“GET_STATUS bitmap”). The exemplary
GET_STATUS bitmap 105 has a total of sixteen (16) bits labeled as DO to D15. Each
of the sixteen (16) bits can be encoded with a numeric value zero (0) or one (1) to
indicate a predefined meaning. Among the sixteen (16) bits in the exemplary
GET_STATUS bitmap 105, bits DO and D1 are already used by USB 2.0 to identify
Self-Powered and Remote-Wakeup statuses, respectively. Bits D2 to D15 are currently
reserved and any of the reserved bits can be redefined for requesting a higher than
500mA charging current. A plurality of reserved bits in the GET_STATUS bitmap 105
may be encoded to request for a plurality of charging current levels that are higher than
500mA. For example, bit D2 may be used to request for 900mA charging current, bit
D3 may be used to request for 1500mA charging, and so on. By being configured to
recognize the reserved bits in the GET_STATUS bitmap 105, the USB 3.x controller 64
can grant permission to the USB 2.0 controller 60 to draw a corresponding higher
charging current using a reserved element in the USB 2.0 Standard Feature Selector

descriptor.
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[0040] In this regard, Figure 8 illustrates an exemplary encoding method for the
USB 3.x controller 64 to encode a grant in a reserved element in the USB 2.0
SET_FEATURE control message 76 for the USB 2.0 controller 60 to draw the
requested higher charging current that the USB 3.x host 66 is able and willing to
provide. The USB 2.0 controller 60 and the USB 3.x controller 64 could both be
configured to agree upon the meaning in terms of charging current level by a specified
reserved value provided in the USB 2.0 SET_FEATURE control message 76.

[0041] As illustrated in Figure 8, the USB 2.0 SET_FEATURE control message 76
in Figure 6 contains a plurality of Standard Feature Selector descriptor 106. The
Standard Feature Selector descriptor 106 defined in USB 2.0 include, as a possible
feature selector 107, a DEVICE_REMOTE_WAKEUP identified by numeric value one
(1) in a value field 108, an END_POINT_HALT feature selector identified by numeric
value zero (0) in the value field 108, and a TEST_MODE feature selector identified by
numeric value two (2) in the value field 108. Values above two (2) in the value field
108 of the associated feature selector 107 in the Standard Feature Selector descriptor
106 are reserved. Thus, the USB 3.x controller 64 can be configured to include another
feature selector 107 representing a higher charging current than is permitted with a
reserved value above two (2) in the value field 108. In this example, the USB 3.x
controller 64 is configured to provide a HIGH_CURRENT_CHARGING_MODE_X,
with X representing a numeric value (e.g., 1, 2, ...), as a feature selector 107 in the
Standard Feature Selector descriptor 106 with a reserved value of three (3) in the value
field 108, as a non-limiting example, if the USB 3.x host 66 will permit the USB 2.0
controller 60 to draw a higher charging current. As a non-limiting example,
HIGH_CURRENT_CHARGING_MODE_1 and
HIGH_CURRENT_CHARGING_MODE_2 may be configured to represent 900mA
and 1500mA charging currents, respectively.

[0042] If the USB 2.0 controller 60 is configured to recognize the permitted higher
charging current in the HIGH_CURRENT_CHARGING_MODE feature selector 107 in
the Standard Feature Selector descriptor 106 sent by the USB 3.x controller 64, the USB
2.0 controller 60 can choose to draw the permitted higher charging current from the
USB 3.x host 66. Alternatively, the USB 2.0 controller 60 can be configured to ignore

the indication of the permitted higher charging current included in the feature selector
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107 in the Standard Feature Selector descriptor 106 sent by the USB 3.x controller 64.
Or, if the USB 2.0 portable device 62 is not configured to recognize a reserved value in
a feature selector 107 in the Standard Feature Selector descriptor 106, the USB 2.0
portable device 62 will not be aware of the permitted higher charging current indicated
by the USB 3.x controller 64 as being permitted to be drawn from the USB 3.x host 66,
which is equipped with the USB 3.x controller 64 to grant the higher charging current in
areserved element.

[0043] The apparatuses, methods, and systems for enabling higher current charging
of USB 2.0 portable devices from USB 3.x hosts according to aspects disclosed herein
may be applied to enable higher current charging of USB 3.x portable devices from
USB 3.x hosts over a USB 2.0 cable or a USB 3.x cable. For USB 3.x portable devices,
a similar, but not identical, use of reserved fields will apply.

[0044] The apparatuses, methods, and systems to enable higher current charging of
USB 2.0 portable devices from USB 3.x hosts according to aspects disclosed herein
may also 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.

[0045] In this regard, Figure 9 illustrates an example of a processor-based system
110 that can employ the USB 2.0 controller 60 illustrated in Figure 2. In this example,
the processor-based system 110 includes one or more central processing units (CPUs)
112, each including one or more processors 114. The CPU(s) 112 may have cache
memory 116 coupled to the processor(s) 114 for rapid access to temporarily stored data.
The CPU(s) 112 is coupled to a system bus 118 and can intercouple master and slave
devices included in the processor-based system 110. As is well known, the CPU(s) 112
communicates with these other devices by exchanging address, control, and data
information over the system bus 118. For example, the CPU(s) 112 can communicate

bus transaction requests to a memory controller 120 as an example of a slave device.
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Although not illustrated in Figure 8, multiple system buses 118 could be provided,
wherein each system bus 118 constitutes a different fabric.

[0046] Other master and slave devices can be connected to the system bus 118. As
illustrated in Figure 9, these devices can include a memory system 122, one or more
input devices 124, one or more output devices 126, one or more network interface
devices 128, and one or more display controllers 130, as examples. The input device(s)
124 can include any type of input device, including but not limited to input keys,
switches, voice processors, etc. The output device(s) 126 can include any type of output
device, including but not limited to audio, video, other visual indicators, etc. The
network interface device(s) 128 can be any devices configured to allow exchange of
data to and from a network 132. The network 132 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) 128 can be configured to support any type of
communications protocol desired. The memory system 122 can include one or more
memory units 134(0-N).

[0047] A USB 2.0 controller 60(1) is another slave device that can be connected to
the system bus 118. The USB 2.0 controller 60(1) can be attached to a USB 2.0 cable
22(1), which has at least a VBUS pin 28(3), a GND pin 30(3), a D- pin 32(3), and a D+
pin 34(3). The CPU(s) 112 may be configured to access the USB 2.0 controller 60(1)
over the system bus 118 to set or control the function of the USB 2.0 controller 60(1).
[0048] The CPU(s) 112 may also be configured to access the display controller(s)
130 over the system bus 118 to control information sent to one or more displays 136.
The display controller(s) 130 sends information to the display(s) 136 to be displayed via
one or more video processors 138, which process the information to be displayed into a
format suitable for the display(s) 136. The display(s) 136 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.

[0049] 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
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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
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.

[0050] 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.

[0051] 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), Flectrically
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
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storage medium may reside as discrete components in a remote station, base station, or
server.

[0052] 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.

[0053] 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 Specification Revision 2.0 (USB 2.0) controller in a
USB 2.0 portable device configured to:
detect a connected USB controller in a USB host over a USB 2.0 cable;
send a request in at least one reserved element of at least one USB 2.0 data
structure to the USB host over the USB 2.0 cable to draw a higher
charging current than a maximum charging current specified in USB 2.0
for a USB 2.0 portable device over the USB 2.0 cable;
receive a response from the USB host indicating whether the request to draw the
higher charging current is permitted; and
draw the higher charging current over the USB 2.0 cable from the USB host if

the request to draw the higher charging current is permitted.

2. The USB 2.0 controller of claim 1 further configured to draw up to the
maximum charging current over the USB 2.0 cable from the USB host if the request to

draw the higher charging current is not permitted.

3. The USB 2.0 controller of claim 1 further configured to send the request to draw
the higher charging current in a USB 2.0 Configuration Descriptor control message in

response to receiving a USB 2.0 GET_DESCRIPTOR/CONFIG control message.

4. The USB 2.0 controller of claim 3 configured to send the request to draw the
higher charging current by being configured to:
set a bNumConfigurations field in a USB 2.0 DEVICE Descriptor control
message to indicate at least two USB 2.0 CONFIGURATION descriptors
enclosed in the USB 2.0 Configuration Descriptor control message;
include a first USB 2.0 CONFIGURATION descriptor in the USB 2.0
Configuration Descriptor control message including a first charging
current up to the maximum charging current specified in the USB 2.0 for
the USB 2.0 portable device over the USB 2.0 cable; and
include at least one second USB 2.0 CONFIGURATION descriptor in the USB

2.0 Configuration Descriptor control message including at least one
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second charging current higher than the maximum charging current
specified in the USB 2.0 for the USB 2.0 portable device over the USB
2.0 cable.

5. The USB 2.0 controller of claim 4 configured to:

include the first USB 2.0 CONFIGURATION descriptor in the USB 2.0
Configuration Descriptor control message by being further configured to
include the first charging current in a bMaxPower field in the first USB
2.0 CONFIGURATION descriptor; and

include the at least one second USB 2.0 CONFIGURATION descriptor in the
USB 2.0 Configuration Descriptor control message by being further
configured to include the at least one second charging current in the
bMaxPower field in the at least one second USB 2.0 CONFIGURATION

descriptor.

6. The USB 2.0 controller of claim 5 further configured to include the first
charging current indicative of 500 milliamps (mA) in the bMaxPower field in the first

USB 2.0 CONFIGURATION descriptor.

7. The USB 2.0 controller of claim 5, wherein the at least one second charging
current is comprised of at least one charging current above 500 milliamps (mA) and

equal to or less than 1500 mA.

8. The USB 2.0 controller of claim 5 configured to include the at least one second
charging current in the at least one bMaxPower field in the at least one second USB 2.0
CONFIGURATION descriptor by being further configured to set the bMaxPower field
to at least one reserved value between 251 (OxFB) and 255 (OxFF) indicative of at least

one predefined charging current above the maximum charging current.

0. The USB 2.0 controller of claim 8 further configured to set the at least one
bMaxPower field to the at least one reserved value between 251 (OxFB) and 255 (OxFF)
indicative of a predefined charging current comprised of at least one charging current

above 500 milliamps (mA) and equal to or less than 1500 mA.
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10. The USB 2.0 controller of claim 1 further configured to receive the response
from the USB host by being configured to receive a USB 2.0 SET_CONFIGURATION
control message from the USB host indicating whether the request to draw the higher

charging current is permitted in a reserved value.

11. The USB 2.0 controller of claim 1 further configured to send the request to draw
the higher charging current in a USB 2.0 GET_STATUS Response control message in
response to receiving a USB 2.0 GET_STATUS Request control message.

12. The USB 2.0 controller of claim 11 further configured to send the request to
draw the higher charging current by being configured to set at least one reserved bit in a
USB 2.0 information returned by a GetStatus() request to a device data structure in the

USB 2.0 GET_STATUS Response control message.

13. The USB 2.0 controller of claim 12, wherein the higher charging current is
comprised of at least one charging current above 500 milliamps (mA) and equal to or

less than 1500 mA.

14. The USB 2.0 controller of claim 12 further configured to set the at least one
reserved bit between D2 and D15 in the USB 2.0 information returned by the
GetStatus() request to the device data structure indicative of a predefined charging
current comprised of at least one charging current above 500 milliamps (mA) and equal

to or less than 1500 mA.

15. The USB 2.0 controller of claim 11 further configured to receive a grant in the at
least one reserved element of the at least one USB 2.0 data structure in a USB 2.0

SET_FEATURE control message.

16. The USB 2.0 controller of claim 15 further configured to receive the grant in the
at least one reserved element comprising a HIGH_CURRENT_CHARGING_MODE

feature selector.
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17. The USB 2.0 controller of claim 11 further configured to send a USB 2.0 control
message to the USB host indicating whether a grant to draw the higher charging current

is accepted.

18. The USB 2.0 controller of claim 17 configured to send a USB 2.0 ZLP control

message to the USB host if the grant to draw the higher charging current is accepted.

19. The USB 2.0 controller of claim 17 configured to send a USB 2.0 STALL
control message to the USB host if the grant to draw the higher charging current is not

accepted.

20. The USB 2.0 controller 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. A method of a Universal Serial Bus Specification Revision 2.0 (USB 2.0)
portable device drawing a higher charging current from a USB host, comprising:
detecting a connected USB controller in a USB host over a USB 2.0 cable;
sending a request to the USB host over the USB 2.0 cable to draw a higher
charging current than a maximum charging current specified in USB 2.0
for a USB 2.0 portable device over the USB 2.0 cable in at least one
reserved element of at least one USB 2.0 data structure;
receiving a response from the USB host indicating whether the request to draw
the higher charging current is permitted; and
drawing the higher charging current over the USB 2.0 cable from the USB host

if the request to draw the higher charging current is permitted.
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22. The method of claim 21, further comprising drawing up to the maximum
charging current over the USB 2.0 cable from the USB host if the request to draw the

higher charging current is not permitted.

23. The method of claim 21 further comprising sending the request to draw the

higher charging current in a USB 2.0 Configuration Descriptor control message.

24, The method of claim 23 wherein sending the request to draw the higher charging
current further comprises:
setting a bNumConfigurations field in a USB 2.0 DEVICE descriptor in the
USB 2.0 Configuration Descriptor control message to indicate at least
two USB 2.0 CONFIGURATION descriptors enclosed in a USB 2.0
SET_CONFIGURATION control message;
including a first USB 2.0 CONFIGURATION descriptor in the USB 2.0
Configuration Descriptor control message including a first charging
current up to the maximum charging current specified in the USB 2.0 for
the USB 2.0 portable device over the USB 2.0 cable; and
including at least one second USB 2.0 CONFIGURATION descriptor in the
USB 2.0 Configuration Descriptor control message including at least one
second charging current higher than the maximum charging current
specified in the USB 2.0 for the USB 2.0 portable device over the USB
2.0 cable.

25. The method of claim 24 wherein:

including the first USB 2.0 CONFIGURATION descriptor in the USB 2.0
Configuration Descriptor control message comprises including the first
charging current in a bMaxPower field in the first USB 2.0
CONFIGURATION descriptor; and

including the at least one second USB 2.0 CONFIGURATION descriptor in the
USB 2.0 Configuration Descriptor control message comprises including
the at least one second charging current in at least one bMaxPower field

in the at least one second USB 2.0 CONFIGURATION descriptor.
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26. The method of claim 21, wherein receiving the response from the USB host
further comprises receiving a USB 2.0 SET_CONFIGURATION control message from
the USB host indicating whether the request to draw the higher charging current is

permitted in a reserved value.

27. A system for charging a Universal Serial Bus Specification Revision 2.0 (USB
2.0) portable device from a USB host, comprising:
a USB 2.0 portable device, comprising:
a USB 2.0 controller configured to:
detect a connected USB controller in the USB host over a USB
2.0 cable;
send a request to the connected USB controller over the USB 2.0
cable to draw a higher charging current than a maximum
charging current specified in USB 2.0 for the USB 2.0
portable device over the USB 2.0 cable in at least one
reserved element of at least one USB 2.0 data structure;
receive a response from the connected USB controller indicating
whether the request to draw the higher charging current is
permitted; and
draw the higher charging current over the USB 2.0 cable from the
USB host if the request to draw the higher charging
current is permitted; and
a USB 2.0 receptacle configured to engage a first USB 2.0 plug attached
to the USB 2.0 cable for connecting to the USB host; and
a USB 3.x host, comprising:
a USB 3.x controller configured to:
detect the USB 2.0 controller in the USB 2.0 portable device over
the USB 2.0 cable;
receive the request from the USB 2.0 controller over the USB 2.0
cable to draw the higher charging current than the
maximum charging current specified in the USB 2.0 for

the USB 2.0 portable device over the USB 2.0 cable in the
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at least one reserved element of the at least one USB 2.0
data structure;
send a response to the USB 2.0 controller indicating whether the
request to draw the higher charging current is permitted;
and
provide the higher charging current over the USB 2.0 cable to the
USB 2.0 portable device if a grant to draw the higher
charging current is accepted; and
a USB 3.x receptacle configured to engage a second USB 2.0 plug
attached to the USB 2.0 cable for connecting to the USB 2.0
portable device; and
the USB 2.0 cable comprising the first USB 2.0 plug on one end of the USB 2.0
cable and the second USB 2.0 plug on another end of the USB 2.0 cable.

28. The system of claim 27, wherein the USB 3.x controller is further configured to
recognize a bMaxPower field in a USB 2.0 CONFIGURATION descriptor including the
at least one reserved element between 251 (OxFB) and 255 (0xFF) indicating the

requested higher charging current.

20. The system of claim 27, wherein the USB 3.x controller is further configured to
recognize a reserved bit between D2 and D15 in information returned in response to a

USB 2.0 GetStatus() Request indicating the requested higher charging current.
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