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of the Invention Cross-reference to related applications [0001]This
application claims priority to U.S. Patent Application No. 13/017,098,
filed January 31, 2011, entitled HIGH CURRENT MULTI-PORT USB HUB, the
content of which is hereby incorporated herein by reference. 1. Field of
the Invention [0002]The present invention relates to power systems and,
more particularly, to an electrical charging and synchronizing system. 2.
Description of the Related Art [0003]Portable computing devices, such iPad
tablet computers and other tablet computers, 



are commonly used in educational facilities to enrich the curriculum
provided to students. Likewise, these types of devices are increasingly
being used in other contexts, such as in museums, to enable people to
interact with the exhibits present in the museum. [0004]Portable computing
devices typically include a battery that may be charged to enable the
portable computing devices to be used while not connected to an electrical
outlet. The iPadTM (Apple, Inc.) portable computing device, in particular,
is designed to be connected to a Universal Serial Bus (USB) port to be
charged, but is designed to draw up to 2.1 Amperes of electricity, which
greatly exceeds USB 2.0 standard current level. Accordingly, it would be
advantageous to provide a multi-port hub configured to provide high current
low voltage power over ports having standard USB physical configuration.
Summary of the Invention  [0005] The following Summary and the Abstract set
forth at the end of this application are provided herein to introduce some
concepts discussed in the Detailed Description below. The Summary and
Abstract sections are not comprehensive and are not intended to delineate
the scope of protectable subject matter which is set forth by the claims
presented below.  WO 2012/105991PCT/US2011/027088 [0006]A high-current
Multi-Port USB hub has a microcontroller that controls the hub to
selectively enable portable computing devices connected to USB ports of the
USB hub to be synchronized or to be provided in excess of 2 Amps 5V DC
power. Each USB port is connected to USB port circuitry which includes a
power FET to selectively apply low current charging power while the USB hub
is in the synchronizing state and to provide high current charging power
when the USB hub is in the high current charging state. Device charging
state control circuitry at each USB port sets the voltage at the USB port
to instruct the portable computing device connected to the port to enter
synchronizing mode or to enter high current charging state mode. Current
sensors on each of the USB ports detects a state of the device connected to
the port. Charge status indicators are provided on a per-port basis to
allow the individual charging state of the device connected to the port to
be monitored so that it is possible to visually verify that the device is
connected and charging or fully charged. The charge state of the device is
provided to the microcontroller which summarizes the status of the set of
devices connected to the USB hub to indicate whether the devices are
charging or charged. Brief Description of the Drawings [0007]Aspects of the
present invention are illustrated by way of example in the following 



drawings in which like references indicate similar elements. The following
drawings disclose various embodiments of the present invention for purposes
of illustration only and are not intended to limit the scope of the
invention. For purposes of clarity, not every component may be labeled in
every figure. In the figures: [0008]Fig. 1 is a functional block diagram of
an embodiment of a high current multi-port USB hub according to an
embodiment; and [0009]Fig. 2 is a functional block diagram of an embodiment
of USB port circuitry for use in the high current multi-port USB hub of
Fig. 1. Detailed Description [0010]Fig. 1 shows an embodiment of a high
current multi-port USB hub 10. The hub 10 shown in Fig. 1 has ten high
current USB ports 12 and two normal USB data ports 14, 16. Details of one
embodiment of high current output port circuitry is shown in Fig. 2 and
will be  WO 2012/105991PCT/US2011/027088 



described in greater detail below. Although in this embodiment the high
current multi-port USB hub 10 has ten high current USB ports 12, other
numbers of high current USB ports may be used as well. [0011]The USB data
input port 14, in one embodiment, is a USB Standard-B port. The data input
port allows the USB hub 10 to be connected to a master computer so that
portable computing devices, when connected to the high current USB ports
12, can be synchronized with the master computer. The USB data output port
16, in one embodiment, is a USB Standard-A port, which is designed to
enable multiple similarly configured USB hubs 10 to be serially connected
to enable portable computing devices connected to other similarly
configured USB hubs 10 to also be synchronized with the master computer.
[0012]The USB hub 10 includes one or more microcontrollers 18 which control
operation of the UBS hub 10. In one embodiment the USB hub 10 is designed
to provide low charging current to portable computing devices connected to
USB ports 12 when a master computer is synchronizing data with the portable
computing devices, and is designed to provide higher current to the USB
ports when the master computer is not synchronizing data to the portable
computing devices. In this embodiment, the microcontroller is connected to
the USB data input port 14 to enable the microcontroller to sense when the
master computer is connected to the USB data input port. [0013]The USB hub
has a root four port USB hub controller 20 having an input port 22 and
three output ports 24A, 24B, and 24C. Output port 24A is connected to a
second four port USB hub controller 26. Output port 24B is connected to an
eight port USB hub controller 28. Output port 24C is connected to USB data
output port 16. [0014]Four port USB hub controller 26 has an input port 30
and three output ports 32. Each of the output ports 32 is connected to an
iteration of USB hub circuitry 12 shown in Fig. 2. Eight port USB hub
controller 28 has an input port 34 and seven output ports 36. Each of the
output ports 36 is connected to an iteration of USB hub circuitry 12 shown
in Fig. 2. The microcontroller is 18 is connected to USB hub controllers
20, 26, 28, and is also connected to each iteration of USB port circuitry
12.  WO 2012/105991PCT/US2011/027088 



[0015]The microcontroller 18 receives input from each iteration of the USB
port circuitry 12 to enable the microcontroller to obtain the charge status
of a portable computing device connected to the USB port circuitry. The
microcontroller determines the status of the portable computing devices
connected to the USB hub 10 and provides a visual indication of the charge
status (i.e. whether all portable computing devices are charged or whether
one or more of the portable computing devices is still charging) via USB
port state indicators 38. In one embodiment, the port state indicators
include a yellow Light Emitting Diode (LED) which is illuminated when one
or more of the portable computing devices connected to the hub is not fully
charged, and includes a green LED which is illuminated to indicate that all
portable computing devices connected to the hub are fully charged.
[0016]The hub 10 further includes a power supply system 40 which receives
power from an external source and distributes power to the components of
the hub. In one embodiment, the USB hub is configured to operate using
approximately 5V DC power which is provided to the hub components by power
supply 40. USB version 2.0 specifies that the output voltage should be
between 4.75 and 5.25 V DC. In one embodiment the hub 10 is compliant with
this requirement of USB 2.0. When the hub is connected to an external power
source, a power indicator 42 is illuminated to provide visual verification
that the hub is operational. The power indicator may be implemented using a
blue LED or other visual indicator. [0017]USB standard 2.0 provides for the
output ports to provide power to attached devices at approximately 5V DC
and up to 500 mA of current. In one embodiment, the USB port circuitry 12
is configured to provide up to 2.1 A of power at approximately 5V DC. This
embodiment is specifically designed to provide approximately four times as
much power as a standard USB hub to enable devices with higher power
requirements to be charged while connected to the USB port 10. For example,
the current version of the iPadTM available from Apple Inc. draws 2.1A of
power at around 5V DC. [0018]In one embodiment, the microcontroller 18
senses when a master computer is plugged into USB data input port 14. When
the master computer is connected to USB data input port, the
microcontroller causes the device attached to the USB port circuitry 12 to
enter synchronizing mode, in which the device will draw a low level of
current, e.g. to 500mA. This allows the  



WO 2012/105991PCT/US2011/027088 devices connected to the USB ports to
continue to receive power at a low level while data synchronization is
occurring between the master computer and the attached portable computing
devices. When the master computer is disconnected from the USB data input
port 14, the microcontroller causes the USB port circuitry to change state
to a high output power state. In this state the USB port circuitry provides
up to 2.1 A of output power at 5V DC to provide high charging current to
devices attached to ports 12. [0019]The microcontroller 18 is connected to
each of the hub controllers 20, 26, 28 to allow the microcontroller 18 to
reset the hub controllers in the event of a fault on one of the hub
controllers. Operation of the hub controllers is otherwise independent of
the microcontroller 18. Since USB hub controllers are standard components
in USB hubs, a detailed description of how these components operate has not
been provided as their configuration and operation would be known to
persons of ordinary skill in the art. Likewise, other common components
such as an interface to the microcontroller 18 may also be included to
allow the microcontroller to be programmed and to determine how the
microcontroller is operating to allow the logic implemented in the
microcontroller to be adjusted to correct any deficiencies in the logic.
These types of common components have not been included in the drawings to
prevent obfuscation of the invention. [0020]One example of USB port
circuitry 12 that may be used to enable high output current levels (e.g.
2.1 A at 5V DC) to be selectively provided is shown in Fig. 2. In the
embodiment shown in Fig. 2, the USB port circuitry 12 includes a high
current Field Effect Transistor (FET) connected to power supply 40. One
example of a high current FET that may be used to implement FET 44 is a
MIC2042 MOSFET switch available from MicrelTM. Other FETs may be used as
well. A power filter 46 is also included to reduce the amount of noise
transmitted over USB port 48. Preferably USB port 48 is configured as a USB
Standard-A female receptacle. A 2.5 Amp fuse 54 is interconnected between
power FET 44 and USB port 48 to provide over-current protection at the port
48. [0021]The amount of current provided by power FET 44 on line 50 is
controlled by microcontroller 18. Specifically, microcontroller 18
interfaces with Device Charging State Control 52 which has a resistor
network interconnected between line 50 and ground. The device  WO
2012/105991PCT/US2011/027088 



charging state control 52 switches the resistor network to control the
voltage level on line 50 to cause the attached device to switch between
synchronizing state, in which a low level of current is drawn by the
device, and charging state, in which the device will draw a high level of
current. For example, in synchronizing mode the output current from power
FET may be on the order of up to 500 mA. When the hub is not in
synchronizing mode, i.e. when a master computer is not connected to USB
data input port 14, the microcontroller causes the voltage on line 50 to be
adjusted to cause the attached device to draw up to 2.1 A of current on
line 50 at USB port 48. [0022]The USB hub controller is connected to USB
port 48 to provide data to USB port 48. The manner in which the USB hub
controller and USB port 48 are implemented are both well known in the art
and will not be described in greater detail herein. The USB hub controller
(20, 26, or 26 depending on which hub controller is connected to the
particular instance of USB charging circuitry 12) is also connected to
power FET 44. Connecting the USB hub controller to the power FET allows the
USB hub controller to turn the power FET 44 off when the USB hub controller
detects a fault at USB hub 48. [0023]Microcontroller 18 is connected to a
device charging state control 52 which is configured to control the
portable computing device connected to USB port 48 to cause the portable
computing device to toggle between charging mode and synchronizing mode.
Some portable computing devices, such as the iPadTM from Apple Inc., sense
the input voltage on line 50 and use the sensed input voltage to switch
from charging mode to synchronizing mode. By applying the expected voltage
on the output line 50, the USB charging circuitry can instruct an attached
iPad to switch into synchronizing mode. In operation the device charging
state control 52 receives input from microcontroller 18 and uses a resistor
network to clamp the voltage on line 50 to a first value to cause the iPad
to enter synchronizing state. Under the control of the microcontroller, the
device charging state control 52 adjusts the resistor network to clamp the
voltage on line 50 to a second value to cause the attached iPad to enter
high current charging state. [0024]In the embodiment shown in Fig. 2, a
current sensor 56 detects a voltage drop across resistor 58 to determine an
amount of power being drawn by the device connected to USB port 48. When a
device is connected to USB port 48, power will be provided to the device to
allow  WO 2012/105991PCT/US2011/027088 the device's battery to be charged.
When power is being provided to the device, the current sensor will detect
a voltage drop across resistor 58 above a first threshold value indicating
that the device is charging. A "device charging" indicator 60 may be
illuminated and an indication that the device is charging may be provided
to microcontroller. As the battery is charged, it will draw less and less
power on line 50. As the amount of power being drawn decreases, the voltage
drop on resistor 58 will reduce below the threshold. At this point the
current sensor will determine that the device has been fully charged and
illuminate an indicator 62 indicating that the device has been charged. The
current sensor will also provide input to the microcontroller indicating
that the device connected to the USB port has been fully charged. The
indicators 60, 62, may be implemented as yellow and green LEDs,
respectively, or using other colors as desired. Since each instance of USB
charging circuitry includes status indicators, it is possible to
individually determine the charged state of each of the devices attached to
the USB ports. 



[0025] It should be understood that various changes and modifications of
the embodiments shown in the drawings and described in the specification
may be made within the spirit and scope of the present invention.
Accordingly, it is intended that all matter contained in the above
description and shown in the accompanying drawings be interpreted in an
illustrative and not in a limiting sense. The invention is limited only as
defined in the following claims and the equivalents thereto. [0026] What is
claimed is:  WO 2012/105991PCT/US2011/027088 CLAIMS        1. A high
current multi-port USB hub, comprising: a plurality of USB ports;       at
least one microcontroller to control operation of the USB hub to enable the
USB hub to switch between synchronizing mode in which data is provided at
the USB ports and high current charging mode in which at least 2 Amps of
approximately 5V DC power is provided at the USB ports;       at least one
USB hub controller to provide data to the USB ports while the USB hub is in
synchronizing mode; and       multiple instances of USB port circuitry,
each instance of USB port circuitry including a power FET controllably
connected to the microcontroller and operable to provide the at least 2
Amps of 5V DC power to an associated one of the USB ports while the USB hub
is in the charging mode, the power FET being further operable to provide
low power to the associated one of the USB ports while the USB hub is in
the synchronizing mode.       2. The high current multi-port USB hub of
claim 1, wherein each instance of USB port circuitry further includes a
device charging state control to set a voltage at the USB port to control
operation of a device attached to the USB port. 



3. The high current multi-port USB hub of claim 2, wherein the device
charging state control causes the voltage at the USB port to be set to a
first level to instruct the device to enter synchronizing state when the
USB hub is in the synchronizing mode and causes the voltage at the USB port
to be set to a second level to instruct the device to enter high current
charging state when the USB hub is in the charging mode.       4. The high
current multi-port USB hub of claim 1, each instance of the USB port
circuitry further comprising a current sensor to detect an amount of
current being drawn by a device attached to an associated one of the USB
ports.  WO 2012/105991PCT/US2011/027088       5. The high current
multi-port USB hub of claim 4, wherein the current sensor provides an
indication to the microprocessor that a device attached to the associated
one of the USB ports is charging when an amount of current being drawn by
the device is above a threshold, and wherein the current sensor provides an
indication to the microprocessor that the device attached to the associated
one of the USB ports is charged when the amount of current being drawn by
the device is below the threshold.       6. The high current multi-port USB
hub of claim 5, each instance of the USB port circuitry further comprising
two LEDs, one of the two LEDs being controlled by the current sensor to be
illuminated when the amount of current being drawn by the device is above
the threshold, and the other of the two LEDs being controlled by the
current sensor to be illuminated when the amount of current being drawn by
the device is below the threshold.       7. The high current multi-port USB
hub of claim 1, each instance of the USB port circuitry further comprising
a 2.5 Amp fuse interposed between the power FET for that instance of the
USB port circuitry and the USB port associated with that instance of the
USB port circuitry.       8. The high current multi-port USB hub of claim
1, further comprising an input data port to receive data from a computer to
be synchronized to devices connected to the plurality of USB data ports.
9. The high current multi-port USB hub of claim 8, wherein the
microcontroller is connected to the input data port to sense when the
computer is connected to the input data port, and wherein connection of the
computer to the input data port causes the microcontroller to control
operation of the USB hub to enable the USB hub to switch into synchronizing
mode.       10. The high current multi-port USB hub of claim 8, further
comprising an output data port to enable data from the computer to be
passed from the USB hub to other USB hubs. 


