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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 clectrical outlet. The
iPad™ (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.
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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
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Wil | lfﬁﬂl IY\D 2?1]1‘62 {J§B5(%?a 1n%T 13??41 lA gn 791181§0dirnent, 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

cach iteration of USB port circuitry 12.
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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 iPad™ 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
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[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 Micrel™. 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
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networ k interconnected between |ine 50 and ground. The device WD
2012/ POE8Ys semPuEde f1§Yigo 1) gagele between chargmg mode and synchronizing mode. Some

portable computing devices, such as the iPad™ 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
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When power 1s being provided to the device, the current sensor wll detect
a voltage drop across resistor 58 above a first threshold val ue indicating
t hat t[0@6deVhaes ¢lsingddasgi ng. A "devi ce chargi ng" indicator 60 may be
illumnated and an indication that the device is charging my be provided
to mcrocontroller. As the battery is charged, it wll draw |l ess and | ess
power on line 50. As the anount of power being drawn decreases, the voltage
drop on resistor 58 will reduce below the threshold. At this point the
current sensor will determ ne that the device has been fully charged and
illumnate an indicator 62 indicating that the device has been charged. The
current sensor will also provide input to the mcrocontroller indicating
that the device connected to the USB port has been fully charged. The

i ndi cators 60, 62, may be inplenented as yell ow 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 nodifications of

t he enbodi nents shown in the drawi ngs and described in the specification
may be newlo 20izios9vit he spirit and scope of the present POTAISRI10/027088
Accordingly, it is intended that all matter contained in the above
description and shown in the acconpanying drawi ngs be interpreted in an
illustrative and not in a limting sense. The invention is limted only as
defined in the followng clains and the equivalents thereto. [0026] What is
claimed is: WD 2012/ 105991PCT/ US2011/ 027088 CLAI M5 1. A high
current nmulti-port USB hub, conprising: a plurality of USB ports; at

| east one m crocontroller to contraqtLgpessati on of the USB hub to enable the
USB hub to switch between synchronizing node in which data is provided at
the USB porlt s\ highh citght roultirpent USHANYi ergnpviséee i n whi ch at | east 2 Anps of

appr oxi mat el Iﬂﬁ¥§ |s provi ded at the USB ports; at | east one
USB hub conﬁXmglg? t OVi'de data to the USB ports while the USB hub is in

synchr oni ziap@asmme ,rnlaﬂa)dontroller tdmdn&ﬂopbperatﬁtﬁi EMBETSBf hIB chailé thei WSBIhib Yo
each |nstance of USB port C|rCU|try i ncluding a power FET controllably

connedtvdigh peivcge SYHC@F%@% mode &t WAt Biels @m‘édqd&tﬁh%vﬁa@%@néﬂllghﬂwmz
A”PS %L%@\ﬁcgr[]??r cﬁ)@whﬂc afif%a 2%%@355?%@; el 93;? 6@@&%{ k%@{!kei&fatttﬂgd@ hub

gl ng el n opera 0 provide
IOM/pqmﬁs to the aSSOC|ated one of the USB ports while the USB hub is in
t he synchron zin h curre mul ti-port huh of
claima, whbl<aHP e 04 e conieepio mﬁgﬁﬁ It te.tl}%ﬂ%?rﬁyﬂﬁ ERche PRE tites
devi cgyrhiabdlling ndRt ghcontrol to set a voltage at the USB port to control

operatlon of a device attached to the USB port.
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.



3. The high current nulti-port USB hub of claim2, wherein the device
charging state control causes the voltage at the USB port to be set to a
first | eweD20rz/iopwtr uct the device to enter synchroni zi RgTAtSat18/02t08$1 t he
USB hub is in the synchronizing node 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 chargi ng node. 4. The high
current multi-port USB hub of clajm1l ach instance of the USB port.
Gircutry. Pur et SITRAEnercP R dib ol Shiim A PHhHdt e UL BRI PPy des

cur r enh iRELABHNAD AWMRY oo BV ARt dR5deGka IR JaD tRSSQ6diALE InOBLhTUIH BortdSB
ports. WO 2012/ 105991PCT/ US2011/ 027088 5. The high current

mul t i ipeohargivgBvherbambmobai of dyrreph dreaigndieve yuthcedavicsen shovp rabiedkaldamnd

i ndi cat,ion t.o the mcroprocessor.that. a device attached, to, the .assocj at ed
one. o iepn R PFASHEPURSRES RE MaoRsS Bt ASUF Tt BRAGSBRERRT by
the deytieasiciAlPyR of th&USBNIrG.is anblostiheR@ the bMBURLWTTCRAENISRIBAIraRh OYites an
indication to the mcroprocessor that the device attached to the associ ated
one ofdevise ilsppwdiatraskoldhar ged when the ampunt of current being drawn by
the device is below the threshold. 6. The high current multi-port USB
hub of claimb5, each instance of the USB port circuitry further conprising
two LEDs, ®@neTaé higte ciinent Libcidsi-floei G BChulh obldaa Hyedcheanstutidgeest theeiSBrpdro be
illum nated whﬁn t he anount of current. being drawn by the device is above
the t IKHESby yrthemepripiesing Ree LEDs nac vhdhq B LE&snbeies sentenlled Pypihet qygrent

cur rent,SERGBE il emPGtdd! Jvh%ﬂ %Lﬁ%ﬁ@ of chﬁégaﬁ%g‘ehﬁi gnhﬁ}u HEBLVIQEIsNEhoJE MW DY

the device 1s below the thres current nulti-port USB
hub ofthrellmildnahd tleaather ofshatvoeLBDs bhiag 0SB r@drdt bycthe cuirént perisor tohler illoompatédsi ng

a 2.5 A fuse interpos bet ween t he power FET for_ that, ,instance of the
st DortoR ahs Bipdh o SHETE Rt ey e BR by B W f B0 et ance of the
USB port circuitry. 8. The high current multi-port USB hub of claim

1, further congri sing an input data port to receive data froma conputer to
be synchr oni zdde theghd ewirgd snelorpeec USB heb vhelgpnut.atdachyingindadSH that @SBarars .

9. The.high rent multi-port USB hub of ¢laim8, wherepn. the .

i ot oghifg FHpé O meEincs B8 Arap vits et Cbine TS EERTL Rahinstppee
CONMPUtErthé US®HRACERithD ahflehd NBB pdat &sgited vald tha efigafec CEmmecUSBpoef t he
conputer to the input data port causes the mcrocontroller to control

oper at’i'6Wyf the USB hub to enable the USB hub to switch into synchronizing
node. 10. The high current multi-port USB hub of claim8, further

conprising an output data port to enable data fromthe conputer to be
passed fr o tThe HifBcltdnt raultdpbe USESButhobdaim 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 &, 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.



