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(57) Abstract: A USB charging port controller integrated circuit (122) and system (100) are presented for interfacing USB power
and data signal with a host circuit (106). The integrated circuit (122) comprises an ESD protection diode (D1), having an anode con -
nected to a data terminal (126) of the integrated circuit (122) and a cathode connected to a positive USB bus voltage terminal (124)
for directing ESD transient current from the data terminal (126) to the USB bus voltage terminal (124) for dissipation to an external
bus capacitance (C vsus) connected between the USB bus voltage terminal (124) and a USB ground node on a host circuit board
(102).
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USB CONTROLLER ESD PROTECTION APPARATUS AND METHOD

FIELD OF THE INVENTION
[0001] The present disclosure relates to Universal Serial Bus (USB) control circuitry and

electrostatic discharge (ESD) protection apparatus therefor.

BACKGROUND

[0002] USB ports are found on a variety of electronic devices including desktop computers,
automobile dashboard consoles and other host devices as well as battery-powered portable
devices such as laptop computers, tablets, mobile phones, e-readers, MP3 players, etc. USB
ports are accessible via standardized USB cable connections to provide serial communications
between devices, as well as electrical power transfer for charging and operating battery-powered
peripheral devices. Moreover, dedicated charging devices are available having multiple USB
ports for charging various portable devices, which may include circuitry for fast charging certain
peripheral devices. USB compatible systems typically include interface chips mounted to an
internal circuit board to interface USB data and power connections to host system circuitry such
as power circuits and host processors. Electronic devices are typically tested for compliance with
ESD test standards to confirm the ability to safely conduct transient ESD currents. Certain
Human Body Model (HBM) tests involve conduction of a current of approximately 1.3 A at 2
kV, whereas more rigorous standards require conduction of higher transient currents. For
instance, the 8 kV IEC61000-4-2 contact discharge and ISO 10605 standards verify protection
against transient currents at or near 30 A.

[0003] Many circuit boards having USB connectors and interface circuitry include dedicated
ESD protection integrated circuits (ICs) or discrete ESD protection circuit components mounted
to the circuit board for compliance with the applicable standards. For USB data lines, however,
many conventional ESD protection circuits are not feasible or desired. For instance, high-speed
data operation on positive and negative USB data lines (DP and DM, also indicated as D+ and
D-) requires minimal resistance and stray capacitance on the data lines, thus rendering resistive
or capacitive clamping type ESD protection circuitry unsuitable for USB data line protection.

Moreover, external clamping diodes may add undesirable stray capacitance to the data lines.



WO 2016/179829 PCT/CN2015/078958

[0004] Many different circuit solutions have been used for protecting circuitry against ESD
events in general, such as dedicated NMOS-based or other active ESD circuits, but these
solutions significantly increase the die area and cost of an integrated circuit solution.
Furthermore, dedicated ESD ICs and/or other board level circuitry occupies valuable board
space, and can unduly increase the impedance with respect to USB data lines. For example,
external IEC protection components (i.e. off-chip IEC diodes) for the USB DP and DM lines are
not preferred due to added cost and parasitic capacitance on the system board. The impacts of
implementing on-chip system-level ESD structures include significantly growing the IC die area
and increasing of total IC cost. Conventional solutions therefore often include external
protection diodes or clamping circuits placed on system board, where the ESD current is
discharged through the external diode to ground. However, the clamping voltage is usually high
for external ESD protection structures and providing sufficient ESD protection for advanced
ESD standards is therefore difficult or impossible without adding undesirable series resistance
and stray capacitance on the USB data pins, and the use of such external protection diodes
increases the total system cost and size. Moreover, provision of on-chip ESD structures requires

significant increase in the IC die space.

SUMMARY
[0005] In accordance with one or more aspects of the present disclosure, a USB interface
integrated circuit is provided which includes first and second power terminals for a positive USB
bus voltage and USB ground, respectively, as well as a first data terminal for connection to a data
terminal of a USB connector via a first data connection or trace of the host circuit board. The
integrated circuit also includes a first diode formed in the integrated circuit, having an anode
electrically connected to the first data terminal, and a cathode electrically connected to the first
power terminal. In certain embodiments, a second diode is formed in the integrated circuit, with
an anode electrically connected to a second IC data terminal and a cathode electrically connected
to the first power terminal. Third and fourth diodes are provided in various embodiments of the
integrated circuit, with anodes connected to the second or ground power terminal and

individually having anodes connected to the respective first and second data terminals. Further
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diode connections are provided from one or both of the data terminals to a clamping Zener diode
in other embodiments.

[0006] In certain applications, the first and second diodes provide a conduction path for
directing transient current from the corresponding data terminals to the first power terminal to
facilitate dissipation of ESD and other transient current energy in a connected external USB bus
capacitance on the host circuit board. The presently disclosed embodiments facilitate provision
of on-chip integrated ESD protection solutions while mitigating adverse impact to USB data line
operational performance for charging port controller controllers and other USB interface ICs,
and can be employed to reduce or avoid the need for board-mounted ESD protection circuitry or
dedicated ESD protection ICs. In this manner, the space and cost can be reduced for circuit
boards having USB ports and associated circuitry. Moreover, the concepts of the present
disclosure can be employed to provide USB interface ICs with ESD protection for USB data

lines at a lower cost and using less die area than previous on-chip ESD protection circuits.

DESCRIPTION OF THE VIEWS OF THE DRAWINGS

[0007] The following description and drawings set forth certain illustrative implementations of
the disclosure in detail, which are indicative of several ways in which the various principles of
the disclosure may be carried out. The illustrated examples, however, are not exhaustive of the
many possible embodiments of the disclosure. Other objects, advantages and novel features of
the disclosure will be set forth in the following detailed description when considered in
conjunction with the drawings, in which:

[0008] Fig. 1 is a partial schematic top plan view illustrating a host circuit board assembly with
a USB port and associated charging port controller IC with integral ESD protection diodes for
USB data lines;

[0009] Fig. 2 is a schematic diagram illustrating operation of a first ESD protection diode of the
charging port controller IC for directing transient current from a first USB data terminal to a
connected USB bus capacitance through the IC VBUS terminal;

[0010] Fig. 3 is a graph illustrating example HBM and [EC 61000-4-2 discharge current curves;
[0011] Fig. 4 is a graph illustrating example HBM and ISO 10605 discharge current curves;
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[0012] Fig. S is a schematic diagram illustrating operation of a second ESD protection diode of
the charging port controller IC for directing transient current from a second USB data terminal
to the USB bus capacitance through the VBUS terminal;

[0013] Fig. 6 is a bottom plan view illustrating a USB charging port controller IC with integral
ESD protection diodes for USB data lines; and

[0014] Fig. 7 is a schematic diagram illustrating another USB charging port controller IC
embodiment with low side Zener diode providing additional clamped ESD protection for the

USB data lines.

DETAILED DESCRIPTION

[0015] One or more embodiments or implementations are hereinafter described in conjunction
with the drawings, wherein like reference numerals are used to refer to like elements throughout,
and wherein the various features are not necessarily drawn to scale.

[0016] Fig. 1 illustrates a system 100 with a host printed circuit board or PCB 102 including a
power supply 104 and a USB host controller circuit or IC 106, along with a USB connector 108
shown connected to a peripheral device 110 via a USB cable 112. A charging port controller IC
122 is provided on the host PCB 102, including various conductive pins or pads, referred to
herein as terminals which can be soldered or otherwise electrically connected to corresponding
plated through holes or surface mount pads of the circuit board 102 using any standard direct
soldering and/or socketed arrangement. The circuit board 102 includes various conductive traces
or other conductive structures referred to herein as connections for providing electrical
connection of four or more pins or terminals of the USB connector 108 with corresponding
terminals 124, 126, 128 and 130 of the charging port controller IC 122 in order to electrically
connect power and data lines of the connected peripheral device 110 with the charging port
controller IC 122. In particular, the USB connector 108 includes a positive power terminal (pin
or socket) for providing a positive bus voltage for operation and/or charging of the connected
peripheral device 110 (VBUS) with a first power connection 114 of the host circuit board 102
providing electrical coupling (e.g., connection) of the VBUS terminal with a first power terminal

124 of the IC 122.
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[0017] In addition, a second power terminal 130 of the integrated circuit 122 provides electrical
coupling to a USB ground terminal (GND) of the USB connector 108 via electrical coupling
through a second power connection of the circuit board 102. The USB interconnection further
provides first and second data terminals for a negative data line (DM) and a positive USB data
line (DP) of the USB connector 108, which are respectively coupled (e.g., connected) through
first and second data connections 116 and 118 with corresponding first and second data
terminals 126 and 128 of the IC 122. The USB connector 108 can be any suitable connector
configured to interface with a standard USB cable 112, for example, an A-type or a B-type USB
cable plug or receptacle having any suitable number of connections according to relevant USB
standards, where certain embodiments of the connector 108 can accommodate more than four
connections, and can be adapted to receive or interface with a male connector (plug) or a female
connector (receptacle) and may include pins and/or sockets for the VBUS, DM, DP and GND
signals.

[0018] As further shown in Fig. 1, the IC 122 in this example is a charging port controller
including charging control circuitry between the first power terminal 124 and a power input
terminal 136. The power input terminal 136 is coupled to receive power from a power supply
104 with the charging control circuitry including a switching device 138 (e.g., a MOSFET in this
embodiment) with a gate control terminal operated by a driver circuit 140 for controlling
charging current supplied to the first power terminal 124. In operation, the charging port
controller IC 122 selectively operates the switch 138 to regulate charging or operating current
provided to a connected peripheral device 110 from the power supply 104 through the switch
138 and along a conductive IC path or node 144 at a positive bus voltage VBUS (e.g., 5 V in one
implementation). In the illustrated example, moreover, the first power terminal 124 provides a
bus voltage output signal OUT to provide a positive bus voltage at the USB bus voltage terminal
VBUS of the USB connector 108. The positive bus voltage provided at the OUT first power
terminal 124 is positive relative to a circuit board ground voltage at the second power terminal
130 (GND) including a conductive ground structure electrically coupled with the second power
connection 150 within the IC 122. The input power from the power supply 104 may also be used
for powering other circuitry (not shown) within the charging port controller IC 122 in certain

implementations. Although illustrated in the context of a charging port controller IC 122 having
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charging control circuitry 138, 140, the various ESD protection concepts of the present
disclosure find utility in association with other USB interface integrated circuits, for example,
USB host controller ICs or other integrated circuits configured for operational coupling with
power and data lines of a USB port (e.g., VBUS, GND, DM and DP).

[0019] The circuit board 102 also provides conductive first and second conductive data
connections 116 and 118, respectively, such as circuit board traces connecting the corresponding
data terminals DM and DP of the USB connector 108 respectively with the first and second data
terminals 126 and 128 of the IC 122. Internally, the data terminals 126 and 128 are electrically
coupled inside the IC 122 with other circuitry by conductive structures 146 and 148, where the
conductive data structures 146 and 148 as well as the positive and ground features 144 and 150
can be metallization layer traces, interlayer contacts and other conductive features, etc. or
combinations thereof formed on or in the integrated circuit 122. In the illustrated charging port
controller IC embodiment 122, the conductive data structures 146 and 148 electrically couple the
USB data signals DM IN and DP_IN from the IC data terminals 126 and 128 to a switching
circuit schematically shown in Fig. 1 for selective connection with first and second data outputs
terminals 132 and 134 to provide data signaling DM OUT and DP OUT, respectively, to host
circuitry 106.

[0020] In the illustrated system 100, the host PCB 102 includes a USB host controller integrated
circuit 106 with data lines connected to the charging port controller IC terminals 132 and 134.
As previously mentioned, USB interface circuitry other than charging port controllers may be
provided with on-chip ESD protection circuitry as disclosed herein for interfacing with a USB
port. For example, other embodiments are possible in which a USB host controller IC 106
includes the ESD protection features disclosed herein for directly interfacing with a USB port,
for example, without requiring charging control circuitry. In the illustrated embodiment of Fig.
1, the data line switching circuitry allows selective connection of the DM IN and DP IN
signaling along conductive features 146 and 148 directly to the DM OUT and DP OUT lines
via the terminals 132 and 134. Other possible switch circuit configurations connect the DM IN
conductive structure 146 through a resistor R3 to a 2.0 V node or to a node joining resistors R1
and R2 with R2 connected to a 1.2 V supply. In addition, though illustrated lower switch

includes switching states to selectively connect the DP IN conductive structure 148 through a
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resistor R4 to a 2.7 V supply or to the lower and of resistor R1. In operation, the data line
switching circuitry facilitates detection of connection of peripheral devices 110 to the USB
connector 108 and other features and functionality according to relevant USB standards.

[0021] The integrated circuit 122 in Fig. 1 also provides on-chip system-level protection for
USB data lines against electrostatic discharge or other high voltage and/or high current transient
events by way of diodes D1, D2 formed on or in or otherwise integral to the IC 122 for providing
a conduction path to direct transient current from the corresponding data terminal 126 or 128 to
the positive USB bus voltage node at the first power terminal 124. In this regard, the relevant
USB standards specify a minimum of 120 uF across the USB power bus between the VBUS line
114 and the ground or GND line 120, where the host circuit board 102 in this case includes a
single capacitor Cypus providing the required capacitance. In other applications, such as
multi-port USB configurations, the bus capacitance Cypus may be provided by more than one
capacitor device on the host circuit board 102. In certain embodiments, as shown in Fig. 1, third
and fourth diodes D3 and D4 are also provided, with anodes connected to the ground conductive
structure 150 and cathodes respectively connected to the data line conductive structures 146 and
148.

[0022] The inventors have appreciated that chip-based integral ESD protection can be provided
by diodes D1 and D2 coupled as shown in Fig. 1 in order to direct the ESD-related transient
current from the data terminals 126, 128 to the first power terminal 124 for dissipation in the
capacitance Cypus. Moreover, since the voltages along the DM and DP lines for normal data
transfer signal or in signaling during USB operation are typically derived from, and less than, the
USB bus voltage VBUS (e.g., less than 5 V), the ESD protection diodes D1 and D2 will normally
not be forward biased, and thus do not adversely contribute to stray capacitance along the data
lines DM and DP. This is in contrast to previous circuit board based protection diodes mounted
to a circuit board 102. Moreover, the provision of the diodes D1 and D2 inside the integrated
circuit 122 advantageously saves printed circuit board space compared with discrete component
and/or dedicated IC type ESD protection circuitry, and also provides a much lower cost solution
while providing ESD protection. Moreover, the ESD protection capitalizes on the presence of
the existing external VBUS capacitor Cygys already present on the host system board 102 in

order to meet system-level ESD requirements with minimum impact of chip-level IC design.
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Further in this regard, the disclosed solution does not significantly impact the impedances of the
DM or DP lines, and therefore does not adversely affect communications between the host
system 100 and a connected peripheral device 110. Furthermore, the inventors have appreciated
that parallel connected multi-port USB systems also have a minimum required capacitance
specified at 120 pF, and thus the ESD protection provided in the USB interface integrated circuit
122 is operable in single or multi-port applications.

[0023] Referring also to Figs. 2-5, Fig. 2 illustrates operation of the on-chip ESD protection
diode D1 for directing transient current from the first USB data terminal 126 of the IC 122 to the
positive terminal of the board-mounted USB bus capacitance Cygus through the IC VBUS
terminal 124. In this situation, an ESD source 160 introduces a transient current on the DM data
line 116 of the circuit board 102, for example, via the USB connector 108. In practice, the ESD
event may occur in use of the host PCB 102, or during ESD protection testing using a source 160
to provide a standardized ESD transient current for evaluating the IC 122 and the overall system
100 including the host PCB 102.

[0024] Fig. 3 shows a transient current graph 170 with a first curve 172 representing a human
body model (HBM) 2 kV ESD event with a peak current of around 1.3 A, as well as an 8 kV IEC
61000-4-2 contact discharge current curve 174 with a peak current over 30 A. In addition, Fig.
4 provides an ESD transient current graph 180 showing the HBM transient current curve 172 as
well as an 8 kV ISO 10605 discharge current curve 182 having a peak current near 30 A.
[0025] As shown in Fig. 2, application of one of the transient current ESD events represented by
the curves 172, 174 or 182 to the DM line 118 causes transient current flow along a path 162,
with the transient current initially entering the IC 122 at the first data terminal 126 and flowing
along the conductive structure 146 through the protection diode D1. The transient current path
162 continues from the cathode of D1 to the conductive structure 144 and exits the IC 122 at the
first power terminal 124, and is conducted through the capacitance Cygys to the GND second
power connection 120 of the circuit board 102. The inventors have appreciated that the provision
of the diode D1 within the integrated circuit 122 with an anode connected to the first data
terminal 126 and a cathode connected to the first power terminal 124 protects the IC 122 and the
overall system 100 from such an ESD event in which a positive transient voltage is applied to the

first data terminal 126. In this example, moreover, it is noted that an ESD event providing a
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negative voltage to the DM terminal 126 results in conduction of transient current through the
third diode D3 directly to the circuit ground 120 of the circuit board 102.

[0026] Fig. 5 illustrates operation of the second ESD protection diode D2 for directing transient
current from the second USB data terminal 128 (DP) to the board-mounted capacitance Cvgus
through the VBUS IC output terminal 124. In this case, the transient current conducts along a
path 164 from the data terminal 128 through diode D2, and exiting through the first power
terminal 124 for dissipation at the bus capacitance Cypus. A negative ESD event with respect to
the DP data terminal 128 in this case results in conduction of transient current through the lower
fourth diode D4.

[0027] As seen above, the Cygus capacitor (or distributed capacitance having a specified
minimum total value) is advantageously employed to provide ESD transient protection for the
system 100 including the USB interface IC 122 and the host circuit board 102, and also operates
according to the USB standards to mitigate or prevent voltage droop and dynamic detach flyback
voltage resulting from operation of the charging control switch circuit 138, 140 (Fig. 1). In
certain practical applications, the USB bus capacitance may be distributed among multiple ports,
with capacitances connected on either side of the charging control switch 138 (Fig. 1), and need
not provide a total above 120 pF. In this regard, lower capacitance values still serve to provide
ESD protection for the data lines DM and DP in combination with the on-chip protection diodes
DI and D2. In this manner, providing the on-chip high-side diodes D1 and D2 from the USB
data terminals 126 and 128 to the VBUS terminal 124, and further providing the low-side diodes
D3 and D4 to ground, creates an on-chip ESD protection network for the IC 122 to discharge the
system-level ESD current. Moreover, as previously discussed, the diodes D1 and D2 are
normally not conducting during typical data transfer operation of the USB system, and do not
significantly impact the data line impedance. Furthermore, the provision of an on-chip ESD
protection circuit avoids the need for external discrete components and/or dedicated ESD
protection ICs on the host printed circuit board 102, thereby saving board space and reducing
system cost. In addition, the provision of the diodes D1-D4 (or just D1 or D2 in certain
embodiments) has minimal impact on the die size of the charging port controller IC 122 or other
USB interface ICs. The clamping voltage on USB data pins is determined by the equivalent

series resistance (ESR) and equivalent of series inductance (ESL) of external capacitor and the
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parasitic resistance and inductance from the IC to the capacitor, wherein the provision of the
on-chip ESD protection diodes D1 and/or D2 does not adversely impact the resistive and/or
capacitive impedance of the USB data lines.

[0028] Fig. 6 shows a bottom plan view of the USB charging port controller IC 122, in this case
a surface mount integrated circuit with 16 terminals or pads numbered 1-16 as shown. Fig. 6 also
schematically shows the internal or integral ESD protection diodes D1 and D2 for protecting the
USB data lines, which are preferably formed in the IC 122 proximate the terminals or pins 124,
126 and 128 for protecting the remaining internal circuitry of the IC 122. In addition, Fig. 6
schematically illustrates the USB bus voltage capacitor or capacitance Cypus connected between
the terminals 12 and 14 for cooperative ESD protection to sink transient current through the
diodes D1, D2. As previously mentioned, the illustrated example includes both diodes D1 and
D2. Alternate embodiments are possible in which one of the diodes D1 or D2 may be omitted.
Moreover, various embodiments are possible in which the low side diodes D3 and/or D4 can be
omitted.

[0029] Fig. 7 is a schematic diagram illustrating another USB charging port controller IC
embodiment 122 with the above-described ESD protection diodes DI1-D4 connected as
previously shown in Figs. 1, 2 and 5. In addition, a Zener diode D7 is included for voltage
clamping to provide further ESD protection, along with fifth and sixth diodes D5 and D6, where
the Zener D7 and the diodes D5 and D6 are formed in the integrated circuit 122. In this case, the
Zener diode D7 includes an anode electrically connected to the second power terminal 130, with
the fifth diode D5 having an anode electrically connected to the first data terminal 126 between
the cathode of D3 and the anode of D1, and the diode D5 has a cathode connected to the cathode
of the Zener diode D7. Similarly, the sixth diode D6 has an anode electrically connected to the
second data terminal 128 and a cathode electrically connected to the cathode of the Zener diode
D7. The embodiment of Fig. 7 thus provides clamping type ESD protection for the USB data
terminals in combination with the above-described diodes D1 and D2 for enhanced on-chip
solutions without requiring external board-mounted circuitry. In another alternate
implementation, the cathode of the Zener diode D7 is coupled with the first power terminal 124,

and D5 and D6 are omitted.

10



WO 2016/179829 PCT/CN2015/078958

[0030] The above examples are merely illustrative of several possible embodiments of various
aspects of the present disclosure, wherein equivalent alterations and/or modifications will occur
to others skilled in the art upon reading and understanding this specification and the annexed
drawings. In addition, although a particular feature of the disclosure may have been disclosed
with respect to only one of multiple implementations, such feature may be combined with one
or more other features of other embodiments as may be desired and advantageous for any given
or particular application. Also, to the extent that the terms "including", "includes", "having",

"has", "with", or variants thereof are used in the detailed description and/or in the claims, such

terms are intended to be inclusive in a manner similar to the term "comprising".

11
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CLAIMS

What is claimed is:

L. An integrated circuit for interfacing Universal Serial Bus (USB) power and data
signaling with a USB host circuit, the integrated circuit comprising:

a first power terminal for electrical coupling with a first power connection of a host
circuit board to a USB bus voltage terminal of a USB connector on the USB host circuit board to
provide a positive bus voltage;

a second power terminal for electrical coupling with a second power connection of the
host circuit board to a USB ground terminal of the USB connector;

a first data terminal for electrical coupling with a first data connection of the host circuit
board to a first USB data terminal of the USB connector; and

a first diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the first power

terminal.

2. The integrated circuit of claim 1, comprising:

a second data terminal for electrical coupling with a second data connection of the host
circuit board to a second USB data terminal of the USB connector; and

a second diode formed in the integrated circuit and comprising an anode electrically
connected to the second data terminal, and a cathode electrically connected to the first power

terminal.

3. The integrated circuit of claim 2, comprising:

a third diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal and a cathode electrically connected to the first data
terminal; and

a fourth diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal and a cathode electrically connected to the second data

terminal.

12
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4. The integrated circuit of claim 3, comprising a charging control circuit coupled
between the first power terminal and a power input terminal including a switching device for

controlling a charging current supplied to the first power terminal at the positive bus voltage.

S. The integrated circuit of claim 3, comprising:

a Zener diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal, and a cathode;

a fifth diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the cathode of the
Zener diode; and

a sixth diode formed in the integrated circuit and comprising an anode electrically
connected to the second data terminal, and a cathode electrically connected to the cathode of the

Zener diode.

6. The integrated circuit of claim 1, comprising another diode formed in the
integrated circuit and comprising an anode electrically connected to the second power terminal

and a cathode electrically connected to the first data terminal.

7. The integrated circuit of claim 6, comprising a charging control circuit coupled
between the first power terminal and a power input terminal including a switching device for

controlling a charging current supplied to the first power terminal at the positive bus voltage.

8. The integrated circuit of claim 6, comprising:

a Zener diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal, and a cathode; and

a fifth diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the cathode of the

Zener diode.

13
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9. The integrated circuit of claim 1, comprising a charging control circuit coupled
between the first power terminal and a power input terminal including a switching device for

controlling a charging current supplied to the first power terminal at the positive bus voltage.

10. The integrated circuit of claim 1, comprising:

a first data output terminal for electrical coupling with the USB host circuit of the host
circuit board, the first data output terminal being electrically coupled with the first data terminal;
and

a second data output terminal for electrical coupling with the USB host circuit of the host
circuit board, the second data output terminal being electrically coupled with the second data

terminal.

11. A circuit board assembly, comprising:
a circuit board;
a Universal Serial Bus (USB) connector mounted to the circuit board, and comprising:
a USB bus voltage terminal electrically connected to a first power connection of
the circuit board,
a USB ground terminal electrically connected to a second power connection of
the circuit board, and
a first USB data terminal electrically connected to a first data connection of the
host circuit board;
a bus capacitance electrically connected between the first power connection and the
second power connection; and
an integrated circuit for interfacing USB power and data signaling with a USB host
circuit, the integrated circuit comprising:
a first power terminal electrically coupled with the first power connection to
provide a positive bus voltage,
a second power terminal electrically coupled with the second power connection,

a first data terminal electrically coupled with the first data connection, and
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a first diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the first
power terminal for directing transient current from the first data terminal to the bus

capacitance through the first power terminal.

12. The circuit board assembly of claim 11, wherein the USB connector comprises a
second USB data terminal electrically connected to a second data connection of the host circuit
board; and wherein the integrated circuit comprises a second data terminal electrically coupled
with the second data connection, and a second diode formed in the integrated circuit and
comprising an anode electrically connected to the second data terminal, and a cathode

electrically connected to the first power terminal.

13. The circuit board assembly of claim 12, wherein the integrated circuit comprises:

a third diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal and a cathode electrically connected to the first data
terminal; and

a fourth diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal and a cathode electrically connected to the second data

terminal.

14. The circuit board assembly of claim 13, wherein the integrated circuit comprises:

a Zener diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal, and a cathode;

a fifth diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the cathode of the
Zener diode; and

a sixth diode formed in the integrated circuit and comprising an anode electrically
connected to the second data terminal, and a cathode electrically connected to the cathode of the

Zener diode.
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15. The circuit board assembly of claim 11, wherein the integrated circuit comprises
another diode formed in the integrated circuit and comprising an anode electrically connected to

the second power terminal and a cathode electrically connected to the first data terminal.

16. The circuit board assembly of claim 15, wherein the integrated circuit comprises
a charging control circuit coupled between the first power terminal and a power input terminal
of the integrated circuit, the charging control circuit comprising a switching device for

controlling a charging current supplied to the first power terminal at the positive bus voltage.

17. The circuit board assembly of claim 15, wherein the integrated circuit comprises:

a Zener diode formed in the integrated circuit and comprising an anode electrically
connected to the second power terminal, and a cathode; and

a fifth diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the cathode of the

Zener diode.

18. The circuit board assembly of claim 11, wherein the integrated circuit comprises
a charging control circuit coupled between the first power terminal and a power input terminal
of the integrated circuit, the charging control circuit comprising a switching device for

controlling a charging current supplied to the first power terminal at the positive bus voltage.

19. The circuit board assembly) of claim 11, wherein the integrated circuit
comprises:

a first data output terminal for electrical coupling with the USB host circuit of the host
circuit board, the first data output terminal being electrically coupled with the first data terminal;
and

a second data output terminal for electrical coupling with the USB host circuit of the host
circuit board, the second data output terminal being electrically coupled with the second data

terminal.
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20. A Universal Serial Bus (USB) charging port controller integrated circuit,
comprising:

a first power terminal for electrical coupling to a positive USB bus voltage node via a
first power connection of a host circuit board,

a second power terminal for electrical coupling to a USB ground node via a second
power connection of the host circuit board;

a first data terminal for electrical coupling to a first USB data node via a first data
connection of the host circuit board;

a first data output terminal electrically coupled with the first data terminal for electrical
coupling with a USB host circuit of the host circuit board;

a second data terminal for electrical coupling to a second USB data node via a second
data connection of the host circuit board;

a second data output terminal electrically coupled with the second data terminal for
electrical coupling with the USB host circuit;

a power input terminal for receiving power from an associated power supply;

a charging control circuit coupled between the first power terminal and the power input
terminal, the charging control circuit including a switching device for controlling a charging
current supplied to the USB bus voltage node at a positive bus voltage;

a first diode formed in the integrated circuit and comprising an anode electrically
connected to the first data terminal, and a cathode electrically connected to the first power
terminal for directing transient current from the first data terminal to the first power terminal,
and

a second diode formed in the integrated circuit and comprising an anode electrically
connected to the second data terminal, and a cathode electrically connected to the first power

terminal for directing transient current from the second data terminal to the first power terminal.

17



PCT/CN2015/078958

WO 2016/179829

¢l

0Ll

[ 'DIA

0Zk A 051 A
4rgzi= aNo 1N0"da
SNaA~ T gy 1Y
0 8zl
NN oVﬂ o w,w_
a 8Ll TN —
aNo § AT o1
da @y Y¢ed 002>1d Y3 TIOHLNOD
Ad 9 —‘\_‘ O\.v_‘ % I_I 1SOH asn
< snan [ o—ww— AT
— N
801 9z TNna ATH 0z
JN 1a
1u . ﬁl_
S\F yzL " T1no q/_: nowal “zel
- MART N4,
o 74} L gy
201 Ol ¥ITIOUINOD KR L Addns
a0d LSOH 140d ONIDHVHO T ONog) ¥IMOd
\
0l
1

001




WO 2016/179829

2/4

PCT/CN2015/078958

122 102
™~ el
CHARGING PORT CONTROLLER IC
144
\ . OuTl 124 VBUS
T N .. N
146 D1 % r 1672- -: 14
N\ 4 DM_INr_|/126 ; y OM
-0 L L | \
—_—— e — — ] ———T—r——-
D3IZN D2 * 116
_ DP_INr'l DP ESD
/ T 128 | \ | SOURCE
148 D4 | L Cypys 118 S
Zf GNDr-| L —|—— - GND 160
-/ T\ r N
v 150 150 v 120
FIG. 2
(A
®) 170
30 il ¥~
|
DN~ 174
I TN ¥
10 17\2 N ~ o
0 1 T 1 |—|—|—>§ - t (ns)
0 50 100
FI1G. 3
| (A
) 180
30 % ¥~
20 4|
)l _
0 1 7 t(ns)
0 50 100

FIG. 4



WO 2016/179829

PCT/CN2015/078958

ESD
SOURCE

160

122 3/4 102
™\ N
CHARGING PORT CONTROLLER IC
144
N OUTD/ 124 VBgS
F_"_f'»____ -1
146 DAX : 14 byl 128 : 14
N . Ve Y Dg
D3 1\ ? D2 , 116
| OPIN| 128 | [ or
/ L— __-4.__'_"____:____- N
148 o4 I Le s 118
GND | L—|-—+ GND
I_J\ A
v 15/0 130 v 1\20
FIG. 5
CyBUS
I: 130 122
124
~ 12 (1 1-136
AD1 \I
126~ (2
?DZ 2
) P
128—T_19 @\132
KD <«
() [ [o) [




WO 2016/179829 PCT/CN2015/078958

4/4
122 102
™\ e
CHARGING PORT CONTROLLER IC
144
N | OUTD/ 124 VBgS
146 DJX DM_IN| 126 1
N My o
148 D2 2\ 16
DP_IN
— \ F]\ D:
D5 128 118
K
D6
K— = CvBUS
DITN D3N D4N
v 150 130 v 120

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2015/078958

A, CLASSIFICATION OF SUBJECT MATTER

HOSF 3/00(2006.01)i; HO2H 9/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOSF; HO2H; HO1R; GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,WPLEPODOC,CNKLIEEE:USB,universal serial bus,ESD,electrostatic discharge,protect,diode

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 2772067 Y (LENOVO BEIJING CO., LTD.) 12 April 2006 (2006-04-12) 1-20
description pages 3-4 and figures 1-3
X CN 101634885 A (FOSHAN SHUNDE SHUNDA COMPUTER FACTORY CO., LTD.) 27 1-20
January 2010 (2010-01-27)
description pages 2-3 and figure 2
X CN 2750618 Y (ZTE CORP.) 04 January 2006 (2006-01-04) 1-20
description pages 3-4 and figures 1-2
X CN 101399882 A (SHENZHEN HUAWEI COMMUNICATION TECHNOLOGY CO., 1-20
LTD.) 01 April 2009 (2009-04-01)
description pages 3-6 and figure 7
A US 2013003242 A1 (LIN, KUN-HSIEN ET AL.) 03 January 2013 (2013-01-03) 1-20
the whole document
A JP 2012059950 A (ON SEMICONDUCTOR TRADING LTD.) 22 March 2012 (2012-03-22) 1-20
the whole document

I:l Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

) document defining the general state of the art which is not considered
to be of particular relevance

“gr earlier application or patent but published on or after the international
filing date

“ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“«o” document referring to an oral disclosure, use, exhibition or other
means

«p document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“

“x»

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

“y»

“ &

Date of the actual completion of the international search

Date of mailing of the international search report

23 January 2016 14 February 2016
Name and mailing address of the [SA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA DU,Rui

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451

Telephone No. (86-10)62414027

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2015/078958
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 2772067 Y 12 April 2006 None
----- CN 101634885 A 27 Janualy 2010 None
----- CN "--""""2750618 Y 04 Janualy 2006 None
----- CN 101399882 A OlApnl 2009 None
""" US 2013003242 Al 03January2013  US 2012014027 Al 19 January 2012
™ 201203768 A 16 January 2012
----- P 2012059950 A 22March 2012 None

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

