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Methods, apparatus, systems and articles of manufacture are
disclosed including a capacitor, located in a universal serial
bus schematic. The methods, apparatus, systems and articles
of manufacture include a controller, include a controller
including a state machine and a control signal generator,
wherein the controller is configured to be coupled to a
connector and to a power supply, the state machine is
configured to determine a state of the connector, and the
control signal generator is configured to, in response to an
indication of a device not connected to the connector,
generate a signal to indicate to the power supply to charge
a capacitor to a threshold voltage, and wherein the control
signal generator is further configured to generate the signal
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METHODS AND APPARATUS TO REDUCE
INRUSH CURRENT IN UNIVERSAL SERIAL
BUS CIRCUITS AND SYSTEMS

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to Universal
Serial Bus systems, and, more particularly, to methods and
apparatus to reduce inrush current in Universal Serial Bus
circuits and systems.

BACKGROUND

[0002] Universal Serial Bus (USB) systems include Uni-
versal Serial Bus Type-A (USB-A) and Universal Serial Bus
Type-C (USB-C), each of which has a standard connector.
USB-C compatible systems and devices (e.g., personal
computers, docks, monitors) include a female and/or male
connector structured differently than a USB-A female and/or
male connector. The female and/or male connectors in
USB-C compatible systems and devices are structured to be
utilized by different electrical connection protocols than
female and/or male connectors in USB-A compatible sys-
tems.

SUMMARY

[0003] The methods, apparatus, systems and articles of
manufacture include a controller including a state machine
and a control signal generator, wherein the controller is
configured to be coupled to a connector and to a power
supply, the state machine is configured to determine a state
of the connector, and the control signal generator is config-
ured to, in response to an indication of a device not con-
nected to the connector, generate a signal to indicate to the
power supply to charge a capacitor to a threshold voltage,
and wherein the control signal generator is further config-
ured to generate the signal until a second state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a schematic illustrating a USB-C system
including a USB-C female connector coupled to a USB-A
device through an adapter.

[0005] FIG. 2 is a schematic illustrating a USB-C system
including a USB-C female connector coupled to a USB-A
device through an adapter, further including two blocking
transistors.

[0006] FIG. 3 is a schematic illustrating a USB-C system
coupled to a USB-A system.

[0007] FIG. 4 is a block diagram showing additional detail
of an example controller that may be used in combination
the USB-C system of FIG. 3.

[0008] FIG. 5 is a schematic illustrating an example dual-
port device coupled to an example controller to control an
example variable power supply.

[0009] FIG. 6 is a graphical illustration of various signals
of the example system of FIG. 3 during operation.

[0010] FIG. 7 is a state diagram representative of example
operating states in which the controller of FIG. 3, 4, or 5 may
operate.

[0011] FIG. 8 is a flowchart representative of machine
readable instructions that may be executed to implement the
controller of FIGS. 3-5.
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[0012] The figures are not to scale. In general, the same
reference numbers will be used throughout the drawing(s)
and accompanying written description to refer to the same or
like parts.

DETAILED DESCRIPTION

[0013] Universal Serial Bus (USB) is a common interface
established for cables, connectors, protocols for connection,
communication, and power supply. The USB standard
includes several standard connectors (e.g., male and female
connectors) such as Universal Serial Bus Type-A (USB-A)
and Universal Serial Bus Type-C (USB-C).

[0014] The USB-A standard allows for a male connector
to plug into a host device (e.g., desktop computer, laptop,
dock). According to the USB-A standard, the host device
(e.g., desktop computer, laptop, dock, dock) is a device to
which USB-A compatible devices can connect. The USB-A
compatible devices may supply power (e.g., a USB-A
source) or consume power (e.g., a USB-A sink device).
Generally, the USB-A standard supports the technical speci-
fications such as Universal Serial Bus 1.0 (USB 1.0), Uni-
versal Serial Bus 1.1 (USB 1.1), Universal Serial Bus 2.0
(USB 2.0), Universal Serial Bus 3.0 (USB 3.0). The speci-
fications supported by USB-A (e.g., USB 1.0, USB 1.1, USB
2.0, and USB 3.0) describe varying data and/or power
transfer limits. Electrical specifications and standards sup-
ported by the USB-A standard (e.g., USB-A female and/or
male connectors) include a main voltage bus (V.5 ,) in the
female connector. The main voltage bus (V. ,) may also
be included on the male connector. For a USB-A source, the
main voltage bus (Vg ) includes a voltage potential of
five volts. An electrical standard supported by the USB-A
standard (e.g., USB-A connectors) includes a voltage poten-
tial across Vg, < , while a USB-A source (e.g., computer,
laptop, dock) is plugged in.

[0015] The USB-C standard allows host devices (e.g.,
desktops, computers, laptops, docks) to act as a host or a
peripheral device. Moreover, a USB-C compatible device
may supply power (e.g., a USB-C source), consume power
(e.g., a USB-C sink), or supply and/or consume power (e.g.,
a USB-C Dual Role Power (DRP) device). Example USB-C
DRP devices include docks, monitors, personal computers,
cellular phones, or any other device capable of consuming
and supplying power. The USB-C standard includes full
duplex (e.g., ability simultaneously communicate host-to-
device or device-to-host) connection capabilities. A full
duplex connector is a connector that allows for the trans-
mission of data in two directions, simultaneously. The full
duplex USB-C connector enables compatible electronic
devices to cross talk, supply power, consume power, etc.,
simultaneously.

[0016] Additionally, the USB-C standard supports the
technical specifications supported by USB-A, along with the
Universal Serial Bus 3.1 (USB 3.1) and Universal Serial Bus
Power Delivery (USB PD) specifications. The USB 3.1
specification supports a higher maximum data transfer rate
(e.g., capable of transferring data at 20 Gbit/s) than sup-
ported by previous specifications (e.g., USB 1.0, USB 1.1,
USB 2.0, and USB 3.0). The USB PD specification sup-
ported by the USB-C standard allows for higher power (e.g.,
up to 100 W) transfer limits than allowed by previous
specifications (e.g., USB 1.0, USB 1.1, USB 2.0, and USB
3.0). The USB-C standard supports all legacy specifications
supported by the USB-A standard.
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[0017] Electrical specifications and standards supported
by the USB-C standard (e.g., USB-C connectors) include a
main voltage bus (Vs o) in the female connector. The
main voltage bus (V.. ) may also be included on the male
connector. For USB-C source and/or DRP devices, the main
voltage bus (Vs ) includes a voltage potential of zero
volts. An electrical standard supported by the USB-C stan-
dard (e.g., USB-C connectors) includes zero voltage poten-
tial across Vg, s ~ in the male connector while a USB-C
device is unattached (e.g., a cold socket when there is no
connected device). The USB-C standard does not enable
voltage across its respective main voltage bus (e.g., no
voltage potential across V. ) due to standards set by the
USB-C manufacturers. -

[0018] In comparison to the USB-A standard, the USB-C
standard includes physically smaller male and female con-
nectors. For example, the USB-C connector is about 8.25
millimeters in width and 2.4 millimeters in height. Whereas,
the USB-A connector is about 12 millimeters in width and
4.5 millimeters in height. The USB-C standard can support
the legacy specifications of the USB-A standard (e.g., USB
1.0, USB 1.1, USB 2.0, and USB 3.0), and therefore, there
are often instances of USB-A to USB-C connections.
USB-A to USB-C adapters are used to link a USB-A
compatible device with a USB-C compatible device. Typi-
cally, the USB-A to USB-C adapter includes a USB-A
female connector and a USB-C male connector. In this
manner, the USB-A female connector of the adapter can
receive the USB-A male connector from a USB-A compat-
ible device (e.g., a USB-A source or sink), and the USB-C
male connector of the adapter can plug into the USB-C
female connector of the USB-C compatible device (e.g.,
device housing the USB-C female connector).

[0019] Due to the different electrical protocols for USB-A
and USB-C devices (e.g., different regulations for the
respective main voltage busses), problems can arise when
connecting a USB-A compatible device to USB-C compat-
ible device. For example, if a USB-A compatible device
supplying power (e.g., USB-A source) connects to a USB-C
compatible device (e.g., through utilizing a USB-A to
USB-C adapter such as a USB-A to USB-C cable), a initial
inrush of current may occur. The initial inrush of current
occurs due to the different voltage potentials at the USB-A
compatible device voltage bus (e.g., Vg5 4) and USB-C
compatible device voltage bus (e.g., Vg5 ). Since the
voltage across the voltage bus in the USB-C connector
(Vgus o) 1s close to zero, the connector with the higher
Vs voltage (e.g., USB-A male connector) will drive cur-
rent into the other connector (e.g., USB-C female connec-
tor). For example, if a USB-A compatible cellular phone acts
as a USB-A source, the USB-A compatible cellular phone
may have a five-volt potential on the main voltage bus (e.g.,
Vsus 4)- Furthermore, if the USB-A compatible cellular
phone is connected to USB-C compatible device (e.g., a
USB-C compatible device including a zero-volt potential on
the main voltage bus Vg, ), utilizing a USB-A to USB-C
adapter, the five-volt potential on the USB-A compatible
cellular phone main voltage bus (e.g., V.5 ) may cause
inrush current to be driven in to the USB-C comparable
device. When inrush current flows into a connector that
should not have current flowing into it, the USB-A compat-
ible device or USB-C compatible device may be damaged.

[0020] Prior attempts to reduce the amount of initial inrush
current flowing into a connector that should not have current
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flowing into it include adding a transistor (e.g., a switch) on
the USB-C compatible device side connector. This transistor
is designed to block the initial inrush of current that may
occur when plugging a USB-A compatible device (e.g.,
USB-A source) into a USB-C compatible device. For
example, the transistor may be turned off (e.g., not conduct)
when anticipating a USB-A device to be plugged in to block
the initial inrush of current. Alternatively, prior attempts to
reduce the amount of initial inrush current into a USB-C
device include utilizing a voltage bus capacitor coupled to
the voltage bus in the USB-C device (e.g., voltage bus
capacitor coupled to the voltage bus in the female connector
of a USB-C compatible device). The voltage bus capacitor
is designed to store the charge resulting from the initial
inrush of current. Due to device standards (e.g., standards
initiated by USB-C manufacturers), the voltage bus capaci-
tor is minimized to a value that is incapable of storing all of
the charge resulting from the initial inrush of current.
[0021] FIG. 1 is a schematic 100 illustrating a USB-C
female connector 102 coupled to a USB-A device 104
through an USB-A to USB-C adapter 103. The USB-C
schematic 100 includes a voltage bus capacitor 106 and a
blocking transistor 108. The voltage bus capacitor 106 is
coupled between the ground node 110 and a source terminal
112 of the blocking transistor 108. Furthermore, the USB-C
schematic 100 includes a system capacitor 114. The system
capacitor 114 is coupled between the ground node 110 and
a drain terminal 116 of the blocking transistor 108.

[0022] In the illustration depicted in FIG. 1, the USB-C
female connector 102 is connected to the example USB-A
device 104. The USB-A device 104 is connected to the
USB-C female connector 102 using a USB-A to USB type
C adapter 103.

[0023] The example USB-A device 104 utilizes the
USB-A standards (e.g., USB-A electrical characteristics and
physical connections) of operation. When a USB-A device
104 is plugged into the USB-C female connector 102, an
initial inrush of current (Current A) conducts into the USB-C
female connector 102. The initial inrush of current (Current
A) occurs when the USB-A device 104 supplies power (e.g.,
acts as a USB-A source) to the USB-C female connector
102, or when the USB-A device 104 includes a voltage
potential (e.g., five volts) across the main voltage bus (e.g.,
Vsus 4) and the USB-C female connector 102 includes zero
voltage potential across its respective main voltage bus (e.g.,
Vsus ¢ or node 120).

[0024] The voltage bus capacitor 106 is a large (e.g., ten
microfarad) capacitor that stores energy proportional to the
current conducting through it (Current B). The current (e.g.,
Current B) conducting through the voltage bus capacitor 106
is generated from the initial inrush of current (Current A).
[0025] The blocking transistor 108 in FIG. 1 is an n-chan-
nel metal-oxide-semiconductor (NMOS) field-effect transis-
tor. The blocking transistor 108 includes a source terminal
112, a drain terminal 116 and a parasitic body diode 118.
[0026] The ground node 110 provides a reference voltage
for the USB-C schematic 100. In the illustration depicted in
FIG. 1 the ground node 110 is a chassis ground.

[0027] The system capacitor 114 is relatively larger than
the voltage bus capacitor 106 (e.g., a six hundred microfarad
capacitor). When a USB-A device 104 is plugged into the
USB-C female connector 102, current, Current C, conducts
through the parasitic body diode 118 of the blocking tran-
sistor 108.
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[0028] In the illustration depicted in FIG. 1, the USB-A
device 104 is plugged into the USB-C female connector 102.
Due to a voltage potential existing at the USB-A device 104
(e.g., a five-volt potential across V. ), an initial inrush of
current conducts into the USB-C female connector 102
(Current A). The initial inrush of current (Current A) con-
ducts through the parasitic body diode 118 (e.g., Current C)
of the example blocking transistor 108. In this scenario, the
parasitic body diode 118 conducts current because the
voltage drop across the anode terminal (the source terminal
112) and the cathode terminal (the drain terminal 116)
exceeds the conduction threshold of the parasitic body diode
118 (e.g., 0.7 volts). When this occurs, the USB-A device
104 is conducting current (Current C) through the parasitic
body diode 118 to the system capacitor 114. The current
conducting through the parasitic body diode 118 (Current C)
may cause damage to the USB-C compatible device (e.g.,
the device housing the USB-C female connector 102) and/or
the USB-A device 104.

[0029] Prior attempts to account for the current flowing
through the inherent parasitic body diode of the transistor
include adding a second transistor in series with the first
transistor. In these attempts, the second transistor includes a
parasitic body diode that conducts current when the polarity
of the voltage drop across the parasitic body diode it
opposite of the polarity of the voltage drop across the
parasitic body diode in the first transistor. This attempt is
costly to implement because this implementation uses twice
the number of transistors.

[0030] FIG. 2 is a schematic 200 illustrating a USB-C
female connector 202 coupled to a USB-A device 204
through a USB-A to USB-C adapter 203, further including
two blocking transistors 207, 208. The USB-C schematic
200 includes a voltage bus capacitor 206 and two blocking
transistors 207, 208. The blocking transistors 207, 208 are
n-channel metal-oxide-semiconductor (NMOS) field-effect
transistors. The voltage bus capacitor 206 is coupled to the
ground node 210 and the source terminal 212 of the blocking
transistor 207. Furthermore, the USB-C schematic 200
includes a system capacitor 214. The system capacitor 214
is coupled between the ground node 210 and a source
terminal 216 of the blocking transistor 208.

[0031] In the illustration depicted in FIG. 2, the USB-C
female connector 202 is connected to the example USB-A
device 204. The USB-A device 204 is connected to the
USB-C female connector 202 using a USB-A to USB type
C adapter 203.

[0032] The example USB-A device 204 utilizes the
USB-A standards (e.g., USB-A electrical characteristics and
physical connections) of operation. When a USB-A device
204 is plugged into the USB-C female connector 202, an
initial inrush of current (Current A) conducts into the USB-C
female connector 202. The initial inrush of current (Current
A) occurs when the USB-A device 204 supplies power (e.g.,
acts as a USB-A source) to the USB-C female connector
202, or when the USB-A device 204 includes a voltage
potential (e.g., five volts) across the main voltage bus (e.g.,
Vsus ) and the USB-C female connector 102 includes zero
voltage potential across its respective main voltage bus (e.g.,
Vzus ¢ or node 220).

[0033] The voltage bus capacitor 206 is a large (e.g.,
ten-microfarad) capacitor. The voltage bus capacitor 206
stores energy proportional to the current conducting through
it (Current B). The current (e.g., Current B) conducting
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through the voltage bus capacitor 206 is generated from the
initial inrush of current (Current A).

[0034] The blocking transistor 207 in FIG. 2 is an n-chan-
nel metal-oxide-semiconductor (NMOS) field-effect transis-
tor. The blocking transistor 207 includes the source terminal
212, a drain terminal 213 and a parasitic body diode 218.
The blocking transistor 208 of FIG. 2 includes a drain
terminal 217, the source terminal 216 and a parasitic body
diode 219.

[0035] The ground node 210 provides a reference voltage
for the USB-C schematic 200. In the illustration depicted in
FIG. 2 the ground node 210 is a chassis ground.

[0036] The system capacitor 214 is relatively larger than
the voltage bus capacitor 214 (e.g., a six hundred-microfarad
capacitor). When a USB-A device 204 is plugged into the
USB-C female connector 202, current, Current C, conducts
through the parasitic body diode 218 of the blocking tran-
sistor 207.

[0037] In the illustration depicted in FIG. 2, the USB-A
device 204 is plugged into the USB-C female connector 202.
Due to a voltage potential existing at the USB-A device 204,
an initial inrush of current (Current A) conducts into the
USB-C female connector 202. The initial inrush of current
(Current A) conducts through the parasitic body diode 218
of the example blocking transistor 207 (e.g., Current C). In
the illustration depicted in FIG. 2, the current (Current C)
conducting through the parasitic body diode 218 is blocked
by the parasitic body diode 219. The illustration depicted in
FIG. 2 utilizes two transistors (e.g., blocking transistors 207
and 208) to block the initial inrush of current from the
USB-A device 204. The illustration depicted in FIG. 2
includes twice the amount of blocking transistors used in
examples disclosed herein.

[0038] Examples disclosed herein allow for the protection
of USB devices when connecting a USB-A compatible
device to a USB-C compatible device. Furthermore,
examples disclosed herein include utilizing a single transis-
tor to block the initial inrush of current when connecting a
USB-A compatible device to a USB-C compatible device.
Examples disclosed herein include utilizing the system side
capacitor (e.g., the large capacitance on the system side of
the transistor in a USB-C device) to reverse bias the parasitic
body diode of the blocking transistor.

[0039] Examples disclosed herein include the ability to
pre-charge the system side capacitor (e.g., the large capaci-
tance on the system side of the transistor in a USB-C
device). In examples disclosed herein, the system side
capacitor (e.g., the large capacitance on the system side of
the transistor in a USB-C device) is pre-charged to a voltage
large enough to reverse bias the parasitic body diode in the
transistor. Some examples include pre-charging the system
side capacitance (e.g., the large capacitance on the system
side of the transistor in a USB-C device) to five volts;
however, examples disclosed herein include pre-charging
the system side capacitor to any numerical voltage value.
[0040] Examples disclosed herein include preventing
inrush current that occurs when attaching (e.g., connecting)
a USB-A host (e.g., USB-A source) and/or a USB-A device
(e.g., USB-A sink) into a USB-C dual role power device
(DRP). Examples disclosed herein include verifying the
state of the USB-A host (e.g., USB-A source) and/or the
USB-A device (e.g., USB-A sink) and adjusting the power
flow in the USB-C dual role power (DRP) device to accom-
modate the state of the USB-A host (e.g., USB-A source)



US 2020/0249742 Al

and/or a USB-A device (e.g., USB-A sink). Examples dis-
closed herein are not limited to preventing inrush current
that occurs when attaching a USB-A standard device (e.g.,
USB-A host and/or USB-A device) into a USB-C DRP
device, and in fact, include preventing inrush current that
may occur when attaching any other device (e.g., USB-C
Standard Device) into a USB-C DRP device. For example,
the inrush current that may occur when attaching (e.g.,
connecting) a USB-C DRP device to a USB-C DRP device
may be prevented in examples disclosed herein.

[0041] Examples disclosed herein include preventing the
initial inrush of current in a USB-C device that may occur
when verifying and/or adjusting for the state of a connected
USB-A host (e.g., USB-A source), a USB-A device (e.g.,
USB-A sink), a USB-C DRP device, or any other USB
capable device and/or host.

[0042] FIG. 3 is a schematic 300 illustrating a USB-C
system 301 coupled to a USB-A system 303. The example
USB-C system 301 includes the components and/or devices
housed by a USB-C compatible device (e.g., dock, monitor).
Example components and/or devices included in the USB-C
system 301 include an example voltage bus capacitor 316,
an example blocking transistor 306, an example system
capacitor 318, an example controller 320, and an example
universal serial bus type-C female connector 302 (USB-C
female connector 302). In other examples disclosed herein,
the USB-C female connector 302 may be a universal serial
bus type-c connector or any suitable universal serial bus
connector. Additionally, in examples disclosed herein, the
USB-C female connector 302 is a universal serial bus type-c
power delivery compatible connector that is compatible with
universal serial bus type-c power delivery applications. The
example USB-A system 303 includes the components and/or
devices housed by an example universal serial bus type-A
device 304 (USB-A device 304), along with an example
universal serial bus type-a to universal serial bus type-c
adapter 305 (USB-A to USB-C adapter 305). In other
examples disclosed herein, the USB-A device 304 may be a
universal serial bus type-A host, a universal serial bus
type-C DRP device, or any other universal serial bus com-
patible device.

[0043] The USB-C system 301 may be located in a
universal serial bus compatible device such as a host device
(e.g., personal computer, laptop, dock); however, the USB-C
system 301 may be located in other devices as well (e.g.,
peripheral devices). In the USB-C system 301, the voltage
bus capacitor 316 is coupled to the example ground node
328 and the example current terminal 310 (e.g., source
terminal) of the blocking transistor 306. The system capaci-
tor 318 is coupled to the ground node 328 and the current
terminal 312 (e.g., drain terminal) of the blocking transistor
306. Additionally, the power supply 322 is coupled to the
current terminal 312 (e.g., drain terminal) and the system
capacitor 318. An example controller 320 is coupled to the
power supply 322, the blocking transistor 306, and the
example USB-C female connector 302.

[0044] In the example depicted in FIG. 3, the USB-C
female connector 302 is connected to the example USB-A
device 304 through the example USB-A to USB-C adapter
305. Examples disclosed herein are not limited to the
USB-A device 304, and in fact, some examples disclosed
herein include a second USB-C compatible device con-
nected to the USB-C female connector 302. The USB-C
female connector 302 includes full duplex (e.g., ability
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simultaneously communicate host-to-device or device-to-
host) connection capabilities. The full duplex USB-C con-
nector (e.g., the USB-C female connector 302) enables
compatible electronic devices to cross talk, supply power,
consume power, etc., simultaneously. The device housing
the USB-C system 301 may supply power and/or consume
power to a device connected to the USB-C female connector
302.

[0045] Additionally, the USB-C female connector 302
may support the specifications supported by USB-A (e.g.,
USB 1.0, USB 1.1, USB 2.0, USB 3.0), along with the
Universal Serial Bus 3.1 (USB 3.1) and Universal Serial Bus
Power Delivery specifications. The USB-C female connec-
tor 302 may support all legacy specifications supported by
the USB-A standard. Furthermore, the USB-C female con-
nector 302 includes a USB-C main voltage bus 324 (e.g.,
Vzus o)- Ideally, the USB-C main voltage bus 324 (e.g.,
Vs o) has a zero-voltage potential while a device is
anticipated to be plugged in.

[0046] The example USB-A device 304 is connected to the
USB-C female connector 302 using the USB-A to USB-C
adapter 305. In some examples disclosed herein, the USB-A
device 304 may be a USB-C compatible device, and thus, a
USB-C compatible device may be connected to the USB-C
female connector 302 (e.g., attaching a male USB-C con-
nector from a USB-C compatible device into the USB-C
female connector 302 of FIG. 3).

[0047] In the example illustrated in FIG. 3, the USB-A
device 304 is coupled to the USB-C female connector 302
to consume power from the device housing the USB-C
system 301. Other examples disclosed herein include cou-
pling the USB-A device 304 to the USB-C female connector
302 to supply power to the device housing the USB-C
system 301. The example USB-A device 304 utilizes the
USB-A standards (e.g., USB-A electrical characteristics and
physical connections) of operation. In some examples dis-
closed herein, the USB-A device 304 may supply power to
a dock, monitor, or personal computer (e.g., the dock,
monitor, or personal computer includes the USB-C female
connector 302). Other examples disclosed herein include a
USB-A device 304 to connect and/or communicate with a
USB-type C compatible device (e.g., dock, monitor, or
personal computer). Additionally, some examples disclosed
herein include a USB-C compatible device to connect and/or
communicate with another USB-C compatible device (e.g.,
dock, monitor, or personal computer).

[0048] The example blocking transistor 306 is an n-chan-
nel metal-oxide-semiconductor field-effect transistor
(NMOS). In other examples, the blocking transistor 306 may
be an p-channel metal-oxide-semiconductor field-effect
transistor (PMOS) or any other switching device. The block-
ing transistor 306 includes a gate terminal 308, a current
terminal 310 (source terminal), a current terminal 312 (e.g.,
drain terminal), and a parasitic body diode 314. In the
example depicted in FIG. 3, the blocking transistor 306
includes a gate terminal 308 coupled to a controller 320.

[0049] The example gate terminal 308 of the blocking
transistor 306 receives an input signal from the example
controller 320. The input signal received at the gate terminal
308 of the blocking transistor 306 may be a pulse width
modulation (PWM) signal. The PWM signal is a periodic
signal having a frequency with a respective on-time and off
time.
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[0050] The example current terminal 310 (e.g., source
terminal) of the blocking transistor 306 is coupled to the
voltage bus capacitor 316 and the USB-C female connector
302 (e.g., the USB-C main voltage bus 324). The current
terminal 312 (e.g., drain terminal) of the blocking transistor
306 is coupled to the example system capacitor 318 and the
power supply 322.

[0051] Additionally, the blocking transistor 306 includes
an example parasitic body diode 314. The parasitic body
diode 314 is a parasitic diode that conducts current when a
voltage drop between the anode (e.g., current terminal 310)
and the cathode (e.g., current terminal 312) exceeds a
conduction threshold. In some examples, the conduction
threshold is 0.7 volts; however, the conduction threshold
amount is not limited to any value disclosed herein. The
parasitic body diode 314 is an inherent result from manu-
facturing the example blocking transistor 306. When the
blocking transistor 306 is conducting (e.g., a turn on signal
has been sent by the controller 320) the current carried by
the parasitic body diode (Current C) is negligible. For
example, when the blocking transistor 306 is conducting
(e.g., a turn on signal has been sent by the controller 320),
the current conducting through the current terminal 310
(e.g., source terminal) to the current terminal 312 (e.g., drain
terminal) may be three amperes, and the current conducting
through the parasitic body diode 314 may be one microam-
pere. Other examples include when the blocking transistor
306 is not conducting (e.g., a turn-off signal has been sent by
the controller 320). In these examples, the current conduct-
ing through the current terminal 310 (e.g., source terminal)
to the current terminal 312 (e.g., drain terminal) is zero
amperes, and the current conducting through the parasitic
body diode 314 may be one microampere. Other examples
disclosed herein include a current conducting through the
parasitic body diode 314, while the blocking transistor 306
is conducting or not conducting, of any numerical ampere
value (e.g., one ampere, 5 amperes, 10 amperes). The
conduction of current through the parasitic body diode 314
when the blocking transistor 306 is not conducting may
cause damage to the USB-C device (e.g., the device that
includes the USB-C system 301), the USB-A device 304, or
any other USB device attached to the USB-C female con-
nector 302 (e.g., a USB-C compatible device).

[0052] The example voltage bus capacitor 316 is a two
terminal electrical component that stores energy in an elec-
tric field. In examples disclosed herein, the example voltage
bus capacitor 316 includes a large (e.g., ten-microfarad)
capacitor. When a USB-A device 304 is plugged into the
USB-C female connector 302, an initial inrush of current
(Current A) conducts into the USB-C female connector 302.
In the example depicted in FIG. 3, the initial inrush of
current (Current A) occurs due to the difference in voltage
potential across the USB-A voltage bus (e.g., V5 ) and
the USB-C voltage bus 324 (e.g., Vzps o)- Alternatively, the
initial inrush of current (Current A) may occur due to a
difference in voltage potential between the USB-C voltage
bus 324 (e.g., Vzy5 ) and any other device and/or host
connected to the USB-C female connector 302 (e.g., an
additional USB-C compatible device). The voltage bus
capacitor 316 stores energy proportional to the current
conducting through it (Current B). The current (e.g., Current
B) conducting through the voltage bus capacitor 316 is
generated from the initial inrush of current (Current A).
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[0053] The example system capacitor 318 is a two termi-
nal electrical component that stores energy in an electric
field. In examples disclosed herein, the system capacitor 318
includes a capacitance predesignated by the USB-C com-
patible device manufacturer (e.g., 100 microfarads, 200
microfarads, 600 microfarads, etc.). The example system
capacitor 318 is coupled to the power supply 322. In
examples disclosed herein, the system capacitor 318 is
pre-charged to a voltage potential that will reverse bias the
parasitic body diode 314. The parasitic body diode 314
conducts when the voltage drop across the parasitic body
diode 314 (e.g., voltage drop from the USB-C main voltage
bus 324 to the system node 326) satisfies the conduction
threshold voltage (e.g., a threshold voltage of 0.7 volts).

[0054] The example controller 320 is coupled to the power
supply 322, the blocking transistor 306, and the USB-C
female connector 302. The controller 320 may be imple-
mented by one or more integrated circuits, logic circuits,
microprocessors, graphics processing units (GPUs), digital
signal processors (DSPs), or controllers from any desired
family or manufacturer. Other examples disclosed herein
include the controller 320 integrated within the device
housing the USB-C female connector 302 (e.g., the proces-
sor within a personal computer housing a USB-C female
connector 302). Additionally or alternatively, the controller
320 may be implemented externally from the device housing
the USB-C female connector 302 (e.g., a personal computer
housing a USB-C female connector) in one or more inte-
grated circuits, logic circuits, microprocessors, GPUs, DSPs,
or controllers from any desired family or manufacturer.

[0055] The controller 320 sends a turn on and/or off signal
to the blocking transistor 306. Additionally, the controller
320 sends a trigger signal (e.g., PWM signal) to the power
supply 322 indicating whether or not to pre-charge the
system capacitor 318. In some examples disclosed herein,
the turn on and/or off signal sent to the blocking transistor
306 may be the same signal sent to the power supply 322.
In examples disclosed herein, the controller 320 is con-
nected to the USB-C female connector 302 to obtain a
reference value indicative of whether or not a device is
attached (e.g., connected) or unattached (e.g., not connected)
to the USB-C female connector 302. For example, if no
device is connected, the reference value may be indicative of
no connection (e.g., the reference value may be zero). The
controller 320 may be connected to a pin on the USB-C
female connector 302 such as the configuration channel pin;
however, any other method of connecting the controller 320
to the USB-C female connector 302 may be used.

[0056] The example state machine 321 is located in the
controller 320. The example state machine 321 is any device
that obtains and stores the status (e.g., state) of the reference
value at the USB-C female connector 302. Furthermore, in
response to the state of the reference value obtained from the
USB-C female connector 302, the state machine 321 may
generate commands to be sent to the blocking transistor 306
and/or the power supply 322. Additionally, the state machine
321 may serve as a communication link to the device
connected to the USB-C female connector 302 (e.g., the
USB-A device 304) to negotiate a new contract of operation.
Example contracts of operation include indicating which
device (e.g., the device housing the USB-C schematic 300 or
the USB-A device 304) is to supply and/or consume power.
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The state machine 321 may be implemented using hardware
such as a logic circuit, software, or any combination of
hardware and/or software.

[0057] The example power supply 322 is coupled to the
controller 320 and the system node 326. The system node
326 is the node where the system capacitor 318 is coupled
to the current terminal 312 (e.g., drain terminal) of the
blocking transistor 306. The example power supply 322 is
included in the USB-C compatible device (e.g., the device
which includes the USB-C female connector). In some
examples disclosed herein, the power supply 322 may be a
power converter (e.g., buck converter, boost converter,
buck-boost converter, etc.), a battery, a switched mode
power supply, and/or transformer. The power supply 322
may be implemented externally to the USB-C schematic 300
(e.g., USB-C female connector 302, blocking transistor 306,
voltage bus capacitor 316, system capacitor 318, and/or the
controller 320).

[0058] The power supply 322 is controlled by the control-
ler 320 through a series of signals and/or commands.
Example signals and/or commands may be generated using
a digital-to-analog converter (DAC), an array of switches
and/or transistors, and/or a control line. In some examples
disclosed herein, the power supply 322 operates continu-
ously, periodically, aperiodically and/or based on a trigger.
In examples disclosed herein, the trigger is generated by the
controller 320. Other examples disclosed herein may include
a power supply 322 utilizing alternating current (AC) (e.g.,
an alternating current to direct current power converter,
alternating current to alternating current power converter,
alternating current transformer).

[0059] The voltage at the system node 326 is equivalent to
the magnitude of the voltage drop across the system capaci-
tor 318. In order to reverse bias the parasitic body diode 314,
the voltage drop from the system node 326 to the USB-C
main voltage bus 324 should be less than the parasitic body
diode 314 conduction threshold (e.g., 0.7 volts). The
example illustrated in FIG. 3 includes a five-volt USB-A
device 304, thus, the voltage at the USB-C main voltage bus
324 is five volts. Furthermore, in the example disclosed in
FIG. 3, to reverse bias the parasitic body diode 314, the
voltage at the system node 326 (e.g., voltage across the
system capacitor 318) is pre-charged to a voltage potential
greater than the voltage at the USB-C main voltage bus 324
minus the conduction threshold (e.g., pre-charge the system
capacitor 318 to a voltage potential greater than 4.3 volts).
Examples disclosed herein are not limited to specific voltage
magnitudes. Furthermore, examples disclosed herein
include pre-charging the system capacitor 318 to any voltage
magnitude that can reverse bias the parasitic component(s)
(e.g., the parasitic body diode 314) in the blocking transistor
306. Examples disclosed herein include pre-charging the
system capacitor 318 to a voltage potential that ensures the
conduction threshold of the parasitic body diode 314 is not
satisfied. The system capacitor 318 may be pre-charged by
sending a trigger to the power supply 322, therefore noti-
fying the power supply 322 to supply power to the system
capacitor 318. In some examples disclosed herein, power
may be supplied as a voltage from the power supply 322.

[0060] The ground node 328 provides a reference voltage
for the USB-C schematic 300. In the illustration depicted in
FIG. 3 the ground node 328 is a chassis ground; however,
they manner in which the USB-C schematic 300 is grounded
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may vary. For example, the ground node 328 may be earth
ground, analog ground, digital ground, or any other voltage
reference.

[0061] FIG. 4 is a block diagram 400 of further detail of
the example controller 320 of FIG. 3 that may be used in
combination the USB-C schematic 300 of FIG. 3. The
example controller 320 includes the state machine 321 of
FIG. 3, an example control signal generator 402, and an
example negotiator 404. The state machine 321, control
signal generator 402, and negotiator 404 are communica-
tively connected. For the purposes of driving the power
supply 322 and/or blocking transistor 306, the controller 320
receives a reference value from a communication pin located
in the USB-C female connector 302. An example commu-
nication pin may be any pin located in the USB-C female
connector capable of communicating the state of connection
(e.g., whether a device is connected or not connected) to the
controller 320. The controller 320 produces two outputs that
trigger the power supply 322 and the blocking transistor 306.
The number of inputs and produced outputs in the controller
320 may vary.

[0062] The example state machine 321 receives the refer-
ence value from the USB-C female connector 302. The state
machine 321 communicates with the control signal genera-
tor 402 and the negotiator 404 to serve as a communication
link. The state machine 321 determines if the reference value
received from the USB-C female connector 302 is indicative
of'a connected device or not. Additionally, after determining
if the reference signal indicates a connected device or not,
the state machine 321 communicates the indication of the
result (e.g., whether a device is connected or not connected
to the USB-C female connector 302) to the control signal
generator 402. For example, if the state machine 321 deter-
mines that a device is connected to the USB-C female
connector 302, an indication of the connected device is
communicated to the control signal generator 402. Likewise,
if the state machine 321 determines that a device is not
connected to the USB-C female connector 302, an indication
the unattached connection is communicated to the control
signal generator 402.

[0063] The example control signal generator 402 commu-
nicates with the state machine 321 to receive the indication
of the result (e.g., whether a device is connected or not
connected to the USB-C female connector 302). The control
signal generator 402 generates a control signal in response
to the indication received to turn on and/or turn off the power
supply 322 and/or the blocking transistor 306. For example,
if the control signal generator 402 receives an indication
from the state machine 321 of a device connected to the
USB-C female connector 302, the control signal generator
402 may generate a signal to turn on the blocking transistor
306 and a signal to modity the operation of the power supply
322. Likewise, if the control signal generator 402 receives
an indication from the state machine 321 of no device
connected to the USB-C female connector 302, the control
signal generator 402 may generate a signal to turn off the
blocking transistor 306 and a signal to change the operation
of the power supply 322 to pre-charge the system capacitor
318 of FIG. 3. In other examples, the polarity of the
indication from the state machine 321 may alter the actions
of the control signal generator 402. In some examples
disclosed herein, the control signal generator 402 generates
the control signal in response to an indication received from
the negotiator 404 of a negotiation status.
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[0064] The example negotiator 404 communicates with
the state machine 321 and the example control signal
generator 402. The negotiator 404 facilitates communication
with a device connected to the USB-C female connector
302. In examples disclosed herein, the negotiator 404
responds to the determination from the state machine 321 of
a connected device by negotiating a contract with the
connected device to have the connected device act as a sink.
In such examples, after the negotiator 404 negotiates the
contract with the connected device, the controller 320 enters
in a source mode (e.g., the controller 320 is facilitating the
sourcing of power to the connected device).

[0065] The controller 320 of the illustrated example is
hardware. For example, the controller 320 can be imple-
mented by one or more integrated circuits, logic circuits,
microprocessors, GPUs, DSPs, or controllers from any
desired family or manufacturer. The hardware controller 320
may be a semiconductor based (e.g., silicon based) device.
The processor platform can be, for example, a server, a
personal computer, a workstation, a dock, a monitor, a
self-learning machine (e.g., a neural network), a mobile
device (e.g., a cell phone, a smart phone, a tablet), a personal
digital assistant (PDA), an Internet appliance, a DVD player,
a CD player, a digital video recorder, a Blu-ray player, a
gaming console, a personal video recorder, a set top box, a
headset or other wearable device, or any other type of
computing device. In other examples disclosed herein, the
controller 320 may be implemented as an embedded system
in which the state machine 321 and/or the control signal
generator 402 may be implemented as software and/or
hardware.

[0066] In the illustrated example of FIG. 4, the controller
320 and the blocking transistor 306 are implemented
together in an integrated circuit (e.g., on a chip, etc.). In FIG.
4, the controller 320 and the blocking transistor 306 are
configured to be connected to the USB-C female connector
302, the system capacitor 318, and to the power supply 322.
In other examples disclosed herein, the state machine 321,
the control signal generator 402, and/or the negotiator 404
may be implemented internally or externally from the con-
troller 320. Likewise, in other examples disclosed herein,
the controller 320 and the blocking transistor 306 may be
implemented in separate IC’s.

[0067] FIG. 5 illustrates a dual-port device 500 coupled to
an example controller 530 to control an example variable
power supply 528. Among various components depicted in
FIG. 5, the dual-port device 500 illustrates includes two
USB-C female connectors (504, 516). Furthermore, illus-
trated in FIG. 5 is a variable power supply 528 coupled to
the example system capacitor 502. The example system
capacitor 502 is coupled in series with the blocking transis-
tor 506 and the USB-C female connector 504. Additionally,
the system capacitor 502 is coupled in series with the
blocking transistor 518 and the USB-C female connector
516. The first blocking transistor 506 is coupled to the first
USB-C female connector 504, and the second blocking
transistor 518 is coupled to the second USB-C female
connector 516. The example dual-port device 500 includes
an example controller 530 and an example state machine
531. In examples disclosed herein. the controller 530 may be
implemented as the controller 320 of FIG. 3 and the state
machine 531 may be implemented as the state machine 321
of FIG. 3.
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[0068] The first USB-C female connector 504 is coupled
to the first blocking transistor 506. The first USB-C female
connector 504 is located on a host device (e.g., personal
computer, laptop, dock); however, the first USB-C female
connector 504 may be located on other devices as well (e.g.,
peripheral devices). The first USB-C female connector 504
includes full duplex connection capabilities (e.g., ability
simultaneously communicate host-to-device or device-to-
host). A full duplex connector (e.g., the first USB-C female
connector 504) is a connector that allows for the transmis-
sion of data in two directions, simultaneously. The full
duplex USB-C connector (e.g., the first USB-C female
connector 504) enables compatible electronic devices to
cross talk, supply power, and/or consume power, simulta-
neously. Additionally, in some examples disclosed herein,
the first USB-C female connector 504 is a universal serial
bus type-c power delivery compatible connector that is
compatible with universal serial bus type-c power delivery
applications.

[0069] Additionally, the first USB-C female connector 504
supports the specifications supported by USB-A (e.g., USB
1.0, USB 1.1, USB 2.0, USB 3.0), along with the Universal
Serial Bus 3.1 (USB 3.1) and Universal Serial Bus Power
Deliver (USB PD) specifications. The first USB-C female
connector 504 supports all legacy specifications supported
by the USB-A standard.

[0070] The example first blocking transistor 506 is an
n-channel metal-oxide-semiconductor field-effect transistor
(NMOS). In other examples, the first blocking transistor 506
may be an p-channel metal-oxide-semiconductor field-effect
transistor (PMOS) or any other switching device. The first
blocking transistor 506 includes three current terminals
(e.g., gate terminal 508, current terminal 510 (e.g., source
terminal), and current terminal 512 (e.g., drain terminal))
and a first parasitic body diode 514. In the example depicted
in FIG. 5, the first blocking transistor 506 includes a gate
terminal 508 coupled to a controller 530.

[0071] The example gate terminal 508 of the first blocking
transistor 506 receives an input signal from the example
controller 530. The input signal received at the gate terminal
508 of the first blocking transistor 506 may be a pulse width
modulation (PWM) signal. The PWM signal is a periodic
signal having a frequency with a respective on-time and off
time.

[0072] The example current terminal 510 (e.g., source
terminal) of the first blocking transistor 506 is coupled to the
first USB-C female connector 504. The node shared by the
current terminal 510 (e.g., source terminal) and the first
USB-C female connector 504 is coupled to the controller
530. The current terminal 512 (e.g., drain terminal) of the
first blocking transistor 506 is coupled to the example
system capacitor 502 and the variable power supply 528.

[0073] Additionally, the first blocking transistor 506
includes a first example parasitic body diode 514. The first
parasitic body diode 514 is a parasitic diode that conducts
current when a voltage drop between the anode (e.g., current
terminal 510) and the cathode (e.g., current terminal 512)
exceeds a conduction threshold. In some examples, the
conduction threshold is 0.7 volts; however, the conduction
threshold is not limited to any value disclosed herein. The
inherent first parasitic diode 514 may conduct a parasitic
current while the first blocking transistor 506 is not con-
ducting. For example, the current conducting through the
current terminal 512 (e.g., drain terminal) to the current
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terminal 510 (e.g., source terminal) is zero amperes when
the first blocking transistor 506 is not conducting, and the
current conducting through the first parasitic body diode 514
may be one microampere. Other examples disclosed herein
include a current conducting through the parasitic body
diode 514, while the first blocking transistor 506 is con-
ducting or not conducting, of any numerical ampere value
(e.g., one ampere, 5 amperes, 10 amperes). The conduction
of current through the first parasitic body diode 514 when
the first blocking transistor 506 is not conducting may cause
damage to the USB-C device (e.g., the device that includes
the dual-port device 500) or the USB-A source (e.g., the
device connected to the first USB-C female connector 504).

[0074] The second USB-C female connector 516 is
coupled to the second blocking transistor 518. The second
USB-C female connector 516 is located on a host device
(e.g., personal computer, laptop, dock); however, the second
USB-C female connector 516 may be located on other
devices as well (e.g., peripheral devices). The second
USB-C female connector 516 includes full duplex connec-
tion capabilities (e.g., ability simultaneously communicate
host-to-device or device-to-host). A full duplex connector
(e.g., the second USB-C female connector 516) is a con-
nector that allows for the transmission of data in two
directions, simultaneously. The full duplex USB-C connec-
tor (e.g., the second USB-C female connector 516) enables
compatible electronic devices to cross talk, supply power,
and/or consume power, simultaneously. Additionally, in
some examples disclosed herein, the second USB-C female
connector 504 is a universal serial bus type-c power delivery
compatible connector that is compatible with universal serial
bus type-c power delivery applications.

[0075] Additionally, the second USB-C female connector
516 supports the specifications supported by USB-A (e.g.,
USB 1.0, USB 1.1, USB 2.0, USB 3.0), along with the
Universal Serial Bus 3.1 (USB 3.1) and Universal Serial Bus
Power Deliver (USB PD) specifications. The second USB-C
female connector 516 supports all legacy specifications
supported by the USB-A standard.

[0076] The example second blocking transistor 518 is an
n-channel metal-oxide-semiconductor field-effect transistor
(NMOS). In other examples, the second blocking transistor
518 may be an p-channel metal-oxide-semiconductor field-
effect transistor (PMOS) or any other switching device. The
second blocking transistor 518 includes three current termi-
nals (e.g., gate terminal 520, current terminal 522, and
current terminal 524) and a second parasitic body diode 526.
In the example depicted in FIG. 5, the second blocking
transistor 518 includes a gate terminal 520 coupled to the
controller 530.

[0077] The example gate terminal 520 of the second
blocking transistor 518 receives an input signal from the
example controller 530. The input signal received at the gate
terminal 520 of the second blocking transistor 518 may be
a pulse width modulation (PWM) signal. The PWM signal
is a periodic signal having a frequency with a respective
on-time and off time.

[0078] The example current terminal 522 (e.g., source
terminal) of the second blocking transistor 518 is coupled to
the second USB-C female connector 516. The node shared
by the current terminal 522 (e.g., source terminal) and the
second USB-C female connector 516 is coupled to the
controller 530. The current terminal 524 (e.g., drain termi-
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nal) of the second blocking transistor 518 is coupled to the
example system capacitor 502 and the variable power supply
528.

[0079] Additionally, the second blocking transistor 518
includes a second example parasitic body diode 526. The
second parasitic body diode 526 is a parasitic diode that
conducts current when a voltage drop between the anode
(e.g., current terminal 522) and the cathode (e.g., current
terminal 524) exceeds a conduction threshold. In some
examples, the conduction threshold is 0.7 volts; however,
the conduction threshold is not limited to any value dis-
closed herein. The inherent second parasitic diode 526 may
conduct a parasitic current while the second blocking tran-
sistor 518 is not conducting. For example, the current
conducting through the current terminal 524 (e.g., drain
terminal) to the current terminal 522 (e.g., source terminal)
is zero amperes when the second blocking transistor 506 is
not conducting, and the current conducting through the
second parasitic body diode 526 may be one microampere.
Other examples disclosed herein include a current conduct-
ing through the second parasitic body diode 526, while the
second blocking transistor 518 is conducting or not con-
ducting, of any numerical ampere value (e.g., one ampere, 5
amperes, 10 amperes). The conduction of current through
the second parasitic body diode 526 when the second
blocking transistor 518 is not conducting may cause damage
to the USB-C device (e.g., the device that includes the
dual-port device 500) or the USB-A source (e.g., the device
connected to the second USB-C female connector 516).

[0080] The example variable power supply 528 is coupled
to the controller 530 and the node that includes the system
capacitor 502 and the current terminals 512, 524 of the first
and second blocking transistors 506, 518. The example
variable power supply 528 is included in the USB-C com-
patible device (e.g., the device which includes the USB-C
female connectors 504, 516). In some examples disclosed
herein, the variable power supply 528 may be a power
converter (e.g., buck converter, boost converter, buck-boost
converter, etc.), a battery, a switched mode power supply,
and/or transformer. Additionally, the variable power supply
528 is controlled by the controller 530 through a series of
signals and/or commands. Example signals and/or com-
mands may be generated using a digital-to-analog converter
(DACQC), an array of switches and/or transistors, and/or a
control line. In some examples disclosed herein, the variable
power supply 528 operates continuously, periodically, ape-
riodically and/or based on a trigger. In examples disclosed
herein, the trigger is generated by the controller 530. Other
examples disclosed herein may include a variable power
supply 528 utilizing alternating current (AC) (e.g., an alter-
nating current to direct current power converter, alternating
current to alternating current power converter, alternating
current transformer). Examples disclosed herein include
pre-charging the system capacitor 502 to any voltage mag-
nitude that can reverse bias the parasitic component(s) (e.g.,
the parasitic body diode(s) 514 and/or 526) in the blocking
transistor(s) 506 and/or 518. Examples disclosed herein
include pre-charging the system capacitor 502 to a voltage
potential that ensures the conduction threshold of the para-
sitic body diode(s) 514 and/or 526 is not satisfied. The
system capacitor 502 may be pre-charged by sending a
trigger to the variable power supply 528, therefore notifying
the variable power supply 528 to supply power to the system
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capacitor 502. In some examples disclosed herein, power
may be supplied through a voltage from the variable power
supply 528.

[0081] The example controller 530 of FIG. 5 includes the
state machine 321 of FIG. 3, the control signal generator
402, and the negotiator 404 of FIG. 4. The example con-
troller 530 is coupled to the variable power supply 528, the
blocking transistors 506, 518, and the USB-C female con-
nectors 504, 516. The controller 530 may be implemented by
one or more integrated circuits, logic circuits, microproces-
sors, graphics processing units (GPUs), digital signal pro-
cessors (DSPs), or controllers from any desired family or
manufacturer. Other examples disclosed herein include the
controller 530 integrated within the device housing the dual
USB-C female connectors 504, 516 (e.g., the processor
within a personal computer housing the dual USB-C female
connectors 504, 516). Additionally or alternatively, the con-
troller 530 may be implemented externally from the device
housing the dual USB-C female connector 504, 516 (e.g., a
personal computer housing a USB-C female connector) in
one or more integrated circuits, logic circuits, microproces-
sors, GPUs, DSPs, or controllers from any desired family or
manufacturer.

[0082] In the example depicted in FIG. 5, the controller
530 sends a turn on and/or off signal to the blocking
transistors 506, 518 (lines 532, 534). Additionally, the
controller 530 sends a trigger signal (e.g., PWM signal) (line
536) to the variable power supply 528 indicating whether or
not to pre-charge the system capacitor 502. In examples
disclosed herein, the controller 530 is connected to the
USB-C female connectors 504, 516 to obtain reference
values indicative of whether or not a device is attached (e.g.,
connected) or unattached (e.g., not connected) to the USB-C
female connectors 504, 516. For example, if no device is
connected to the USB-C female connector 504, the reference
value may be indicative of no connection (e.g., the reference
value may be zero) to the USB-C female connector 504. The
controller 530 may be connected to a pin on the USB-C
female connectors 504, 516 such as the configuration chan-
nel pin; however, any other method of connecting the
controller 530 to the USB-C female connectors 504, 516
may be used.

[0083] The example state machine 531 is located in the
controller 530. The example state machine 531 is any device
that obtains and/or stores the status (e.g., state) of the
reference value at the USB-C female connectors 504, 516.
Furthermore, in response to the state of the reference values
obtained from the USB-C female connectors 504, 516, the
state machine 531 may generate commands to be sent to the
blocking transistors 506, 518 (lines 532, 534) and/or the
variable power supply 528 (line 536). Additionally, the state
machine 531 may serve as a communication link to the
device(s) connected to the USB-C female connectors 504,
516 to negotiate a new contract of operation. Example
contracts of operation include indicating which device (e.g.,
the device housing the USB-C female connectors 504, 516
or the USB-A device connected to the USB-C female
connectors 504, 516) is to supply and/or consume power.
The state machine 531 may be implemented using hardware
such as a logic circuit, software, or any combination of
hardware and/or software.

[0084] The controller 530 of the illustrated example is
hardware. For example, the controller 530 can be imple-
mented by one or more integrated circuits, logic circuits,
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microprocessors, GPUs, DSPs, or controllers from any
desired family or manufacturer. The hardware controller 530
may be a semiconductor based (e.g., silicon based) device.
The processor platform can be, for example, a server, a
personal computer, a workstation, a dock, a monitor, a
self-learning machine (e.g., a neural network), a mobile
device (e.g., a cell phone, a smart phone, a tablet), a personal
digital assistant (PDA), an Internet appliance, a DVD player,
a CD player, a digital video recorder, a Blu-ray player, a
gaming console, a personal video recorder, a set top box, a
headset or other wearable device, or any other type of
computing device.

[0085] FIG. 6 is a graphical illustration 600 of various
signals of the example system of FIG. 3 during operation.
The graphical illustration 600 includes a state indication of
the USB-C female connector 302 (segments 606, 608, 610),
a gate terminal 308 of FIG. 3 signal, line 612, a voltage
potential across the system capacitor 318 of FIG. 3, line 614,
and a voltage potential at the current terminal (e.g., source
terminal) 310 of FIG. 3, line 616.

[0086] Initially, the state of the USB-C female connector
302, segment 606, is unattached (e.g., not connected). Line
612 for the gate terminal 308 of the blocking transistor 306
is low (e.g., off), indicating to not conduct. Likewise, the
voltage potential across the system capacitor 318, line 614,
is pre-charged. Illustrated in FIG. 6, the magnitude of the
voltage of line 614 is six volts; however, the magnitude of
the voltage of line 614 is not limited to any specific value.
[0087] During times 601 and 602, the state of the USB-C
female connector 302, segment 608, is attached. Initially,
illustrated in FIG. 6, the device attached to the USB-C
female connector 302 may act as a source. This causes the
voltage potential at the current terminal (e.g., source termi-
nal) 310, line 616, to increase to around 5 volts.

[0088] During times 602 and 603, the controller 320 of
FIG. 3 negotiates with the device attached (e.g., connected)
to the USB-C female connector 302 to indicate to supply
power. As a result of this negotiation, the device attached
(e.g., connected) to the USB-C female connector 302 acts as
a sink. The voltage across the system capacitor 318, line 614,
begins to decrease due to the change in contract to supply
power. Alternatively, the voltage across the system capacitor
318, line 614, may increase to any numerical voltage mag-
nitude (e.g., five volts, ten volts, twenty volts) to supply
power to the device connected to the USB-C female con-
nector 302. During times 603 and 604, the signal to the gate
terminal 308 is high (e.g., indicating to turn on the blocking
transistor 306), line 612. Likewise, the voltage potential
across the system capacitor 318 is equivalent to the voltage
potential at the current terminal (e.g., source terminal) 310.
The device connected to the USB-C female connector 302 is
acting as a sink, segment 610, therefore consuming power.
[0089] FIG. 7 is a state diagram 700 representative of
example operating states in which the controller 320, 530 of
FIG. 3, 4, or 5 may operate. When in an example first state
702, the controller 320, 530 of FIG. 3, 4, or 5 is in an
example unattached mode (e.g., not connected). In the
example first state 702, the controller 320 of FIG. 3, 4, or 5
generates a signal that indicates to operate the power supply
(e.g., the power supply 322 of FIG. 3 and/or the variable
power supply 528 of FIG. 5) to charge the system capacitor
(e.g., the system capacitor 318 of FIG. 3 and/or the system
capacitor 502 of FIG. 5) to a threshold voltage. Once a
device is attached (e.g., connected) to the USB-C female
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connector (e.g., the USB-C female connector 302, 504, 516),
the first operating condition 704 is satisfied.

[0090] In the illustrated example of FIG. 7, in response to
a device being attached to the USB-C female connector
(e.g., the USB-C female connector 302, 504, 516), the
controller (e.g., the controller 320 or the controller 530)
enters an example second state 706, a sink mode. In the
example second state 706, a negotiator (e.g., the negotiator
404) initiates negotiation with the attached (e.g., connected)
device. In examples disclosed herein, the negotiation is
initiated to determine when to source power. When the
negotiation between the attached (e.g., connected) device
and the controller (e.g., the controller 320 or the controller
530) is complete, the example second operating condition
708 is satisfied. Examples in which the negotiation com-
pletes includes the determination for the controller to source
power to the connected device.

[0091] In the illustrated example of FIG. 7, in response to
the negotiation between the attached (e.g., connected)
device and the controller (e.g., the controller 320 or the
controller 530) being complete, the controller (e.g., the
controller 320 or the controller 530) enters an example third
state 710, a source mode. In the example third state 710, the
controller (e.g., the controller 320 or the controller 530)
modifies the power supply (e.g., the power supply 322 of
FIG. 3 and/or the variable power supply 528 of FIG. 5) to
supply power to attached device and turns on blocking
transistor (e.g., the blocking transistor 306 of FIG. 3, the first
blocking transistor 506 of FIG. 5, or the second blocking
transistor 518 of FIG. 5). When the device becomes unat-
tached (e.g., not connected), the example third operating
condition 712 is satisfied and the controller (e.g., the con-
troller 320 or the controller 530) enters the example first
state 702.

[0092] While an example manner of implementing the
controller of FIG. 4 is illustrated in FIGS. 3 and 5, one or
more of the elements, processes and/or devices illustrated in
FIGS. 3 and 5 may be combined, divided, re-arranged,
omitted, eliminated and/or implemented in any other way.
Further, the example state machine 321, 531, the example
control signal generator 402, the example negotiator 404
and/or, more generally, the example controller 320 of FIG.
3 or the controller 530 of FIG. 5 may be implemented by
hardware, software, firmware and/or any combination of
hardware, software and/or firmware. Thus, for example, any
of the example the example state machine 321, 531, the
example control signal generator 402, the example negotia-
tor 404 and/or, more generally, the example controller 320,
530 could be implemented by one or more analog or digital
circuit(s), logic circuits, programmable processor(s), pro-
grammable controller(s), graphics processing unit(s) (GPU
(s)), digital signal processor(s) (DSP(s)), application specific
integrated circuit(s) (ASIC(s)), programmable logic device
(s) (PLD(s)) and/or field programmable logic device(s)
(FPLD(s)). When reading any of the apparatus or system
claims of this patent to cover a purely software and/or
firmware implementation, at least one of the example, the
example state machine 321, 531, the example control signal
generator 402, the example negotiator 404 and/or, more
generally, the example controller 320 of FIG. 3 or the
controller 530 of FIG. 5 is/are hereby expressly defined to
include a non-transitory computer readable storage device or
storage disk such as a memory, a digital versatile disk
(DVD), a compact disk (CD), a Blu-ray disk, etc. including
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the software and/or firmware. Further still, the example
controller of FIGS. 3 and 5 may include one or more
elements, processes and/or devices in addition to, or instead
of, those illustrated in FIG. 4, and/or may include more than
one of any or all of the illustrated elements, processes and
devices. As used herein, the phrase “in communication,”
including variations thereof, encompasses direct communi-
cation and/or indirect communication through one or more
intermediary components, and does not require direct physi-
cal (e.g., wired) communication and/or constant communi-
cation, but rather additionally includes selective communi-
cation at periodic intervals, scheduled intervals, aperiodic
intervals, and/or one-time events.

[0093] A flowchart representative of example hardware
logic, machine readable instructions, hardware implemented
state machines, and/or any combination thereof for imple-
menting the controller of FIGS. 3-5 is shown in FIG. 8. The
machine readable instructions may be an executable pro-
gram or portion of an executable program for execution by
a computer processor such as the controller (e.g., the con-
troller 320 or the controller 530) discussed above in con-
nection with FIGS. 3-5. The program may be embodied in
software stored on a non-transitory computer readable stor-
age medium such as a CD-ROM, a floppy disk, a hard drive,
a DVD, a Blu-ray disk, or a memory associated with the
controller (e.g., the controller 320 or the controller 530), but
the entire program and/or parts thereof could alternatively be
executed by a device other than the controller (e.g., the
controller 320 or the controller 530) and/or embodied in
firmware or dedicated hardware. Further, although the
example program is described with reference to the flow-
chart illustrated in FIG. 8, many other methods of imple-
menting the example controller 320, 530 may alternatively
be used. For example, the order of execution of the blocks
may be changed, and/or some of the blocks described may
be changed, eliminated, or combined. Additionally or alter-
natively, any or all of the blocks may be implemented by one
or more hardware circuits (e.g., discrete and/or integrated
analog and/or digital circuitry, an FPGA, an ASIC, a com-
parator, an operational-amplifier (op-amp), a logic circuit,
etc.) structured to perform the corresponding operation
without executing software or firmware.

[0094] As mentioned above, the example processes of
FIG. 8 may be implemented using executable instructions
(e.g., computer and/or machine readable instructions) stored
on a non-transitory computer and/or machine readable
medium such as a hard disk drive, a flash memory, a
read-only memory, a compact disk, a digital versatile disk,
a cache, a random-access memory and/or any other storage
device or storage disk in which information is stored for any
duration (e.g., for extended time periods, permanently, for
brief instances, for temporarily buffering, and/or for caching
of the information). As used herein, the term non-transitory
computer readable medium is expressly defined to include
any type of computer readable storage device and/or storage
disk and to exclude propagating signals and to exclude
transmission media.

[0095] “Including” and “comprising” (and all forms and
tenses thereof) are used herein to be open ended terms. Thus,
whenever a claim employs any form of “include” or “com-
prise” (e.g., comprises, includes, comprising, including,
having, etc.) as a preamble or within a claim recitation of
any kind, it is to be understood that additional elements,
terms, etc. may be present without falling outside the scope
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of the corresponding claim or recitation. As used herein,
when the phrase “at least” is used as the transition term in,
for example, a preamble of a claim, it is open-ended in the
same manner as the term “comprising” and “including” are
open ended. The term “and/or” when used, for example, in
a form such as A, B, and/or C refers to any combination or
subset of A, B, C such as (1) A alone, (2) B alone, (3) C
alone, (4) A with B, (5) A with C, (6) B with C, and (7) A
with B and with C. As used herein in the context of
describing structures, components, items, objects and/or
things, the phrase “at least one of A and B” is intended to
refer to implementations including any of (1) at least one A,
(2) at least one B, and (3) at least one A and at least one B.
Similarly, as used herein in the context of describing struc-
tures, components, items, objects and/or things, the phrase
“at least one of A or B” is intended to refer to implemen-
tations including any of (1) at least one A, (2) at least one B,
and (3) at least one A and at least one B. As used herein in
the context of describing the performance or execution of
processes, instructions, actions, activities and/or steps, the
phrase “at least one of A and B” is intended to refer to
implementations including any of (1) at least one A, (2) at
least one B, and (3) at least one A and at least one B.
Similarly, as used herein in the context of describing the
performance or execution of processes, instructions, actions,
activities and/or steps, the phrase “at least one of A or B” is
intended to refer to implementations including any of (1) at
least one A, (2) at least one B, and (3) at least one A and at
least one B.

[0096] FIG. 8 is a flowchart 800 representative of machine
readable instructions that may be executed to implement the
controller 320, 530 of FIGS. 3-5. Initially, the controller 320
determines the state of from the USB-C female connector
302, 504, or 506 (Block 810). In examples disclosed herein,
the controller 320 may obtain a reference value and deter-
mine the state of the USB-C female connector 302, 504, or
506 (Block 810). The state machine 321, 531 in the con-
troller 320 analyzes the state of the reference signal to
determine if a source device (e.g., USB-A device 304 or a
second USB-C compatible device is plugged in, connected
to, attached, and/or communicating with the USB-C female
connector 302 and/or the device which houses the USB-C
female connector 302) is attached. (Block 820).

[0097] Ifthe reference value obtained by the state machine
321, 531 indicates a source device is attached (e.g., device
is not plugged in, connected to, attached, and/or communi-
cating with the USB-C female connector 302, 504, 516
and/or the device which houses the USB-C female connector
302, 504, 516) and, thus, the controller 320, 530 is operating
in sink mode, the control signal generator 402 generates a
signal that indicates to operate the power supply 322 and/or
the variable power supply 528 to charge the system capacitor
318, 502 (Block 830). In some examples, the state machine
321, 531 may generate the signal to operate the power
supply 322 and/or the variable power supply 528 to charge
the system capacitor 318, 502. Additionally, the control
signal generator 402 transmits the signal to the power supply
322 and/or the variable power supply 528 (Block 835). In
response to the control signal generator 402 transmitting the
signal to the power supply 322 and/or the variable power
supply 528, the power supply 322 and/or the variable power
supply 528 charges the system capacitor 318, 502 to a
threshold voltage (e.g., a voltage potential that ensures the
parasitic body diode(s) 314, 514, 526 is/are reverse biased)
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(Block 840). The negotiator 404 determines if the controller
320, 530 is operating in source mode (Block 845). In
examples disclosed herein, the negotiator 404 determines
the controller 320, 530 is operating in source mode in
response to a negotiation being complete to a connected
device. Additionally or alternatively, the controller 320, 530
may execute the control of block 845 if the system capacitor
318, 502 is charged to a voltage potential that satisfies the
threshold and ensures the parasitic body diode(s) 314, 514,
526 is/are reverse biased. If the controller 320, 530 deter-
mines the system capacitor 318, 502 is not yet charged to a
voltage potential that ensures the parasitic body diode(s)
314, 514, 526 is/are reverse biased, the control signal
generator 402 continues to generate a signal to operate the
power supply 322 and/or the variable power supply 528 to
charge the system capacitor 318, 502 (Block 840). The
example processes illustrated above reducing the inrush
current experienced by the parasitic body diode(s) 314, 514,
or 526.

[0098] If the controller 320, 530 determines that the sys-
tem capacitor 318, 502 is charged to a voltage potential that
ensures the parasitic body diode(s) 314, 514, 526 is/are
reverse biased, the controller 320, 530 then determines
whether or not to continue operating (Block 870). Instance
in which the controller 320, 530 is to cease operating include
loss of power or manual shut-off. If the controller 320, 530
is to continue operating, the state machine 321, 531 contin-
ues to obtain a reference value from the USB-C female
connector (Block 810).

[0099] Ifthe reference value obtained by the state machine
321, 521 indicates a source device is attached (e.g., a device
is plugged in, connected to, attached, and/or communicating
with the USB-C female connector 302, 504, 516 and/or the
device which houses the USB-C female connector 302, 504,
516) and, thus, the controller 320, 530 is operating in source
mode, the state machine 321, 531 indicates to the control
signal generator 402 to generate and/or transmit a signal to
modify the power supply 322 and/or the variable power
supply 528 to supply power to the connected device (Block
850). In examples disclosed herein, control operates the
function of block 850 in response to a negotiation between
the attached device and the controller 320, 530 being com-
plete. Additionally, the control signal generator 402 gener-
ates a signal to allow the blocking transistor 306, 506, 518
to conduct current (Block 860). The controller 320, 530 then
determines whether or not to continue operating (Block
870). Instance in which the controller 320, 530 is to cease
operating include loss of power or manual shut-off. If the
controller 320, 530 is to continue operating, the state
machine 321, 531 continues to obtain a reference value from
the USB-C female connector (Block 810).

[0100] From the foregoing, it will be appreciated that
example methods, apparatus and articles of manufacture
have been disclosed that reduce parasitic currents that occur
in Universal Serial Bus Type-C circuits and systems. The
disclosed methods, apparatus and articles of manufacture
improve the efficiency of using a computing device by
preventing harmful parasitic currents from conducting in a
device. Furthermore, the disclosed methods, apparatus and
articles of manufacture improve the efficiency of using a
computing device by improving the operating efficiency of
Universal Serial Bus Type-C compatible devices by reduc-
ing exposure to harmful parasitic currents. The disclosed
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methods, apparatus and articles of manufacture are accord-
ingly directed to one or more improvement(s) in the func-
tioning of a computer.

[0101] Although certain example methods, apparatus and
articles of manufacture have been disclosed herein, the
scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and
articles of manufacture fairly falling within the scope of the
claims of this patent.

What is claimed is:

1. An apparatus comprising:

a controller including a state machine and a control signal
generator, wherein the controller is configured to be
coupled to a connector and to a power supply;

wherein the state machine is configured to determine a
first state of the connector; and

wherein the control signal generator is configured to, in
response to an indication of the first state, generate a
signal to indicate to the power supply to charge a
capacitor to a threshold voltage, and wherein the con-
trol signal generator is further configured to generate
the signal until a second state.

2. The apparatus of claim 1, wherein the connector is a
universal serial bus type-c connector, and wherein the con-
nector is compatible with universal serial bus type-c power
delivery applications.

3. The apparatus of claim 1, wherein the connector is a
first universal serial bus connector, wherein the controller is
configured to be coupled to a second connector, and wherein
the second connector is a second universal serial bus con-
nector.

4. The apparatus of claim 3, wherein the signal is a first
signal, wherein the indication is a first indication, wherein
the state machine is further configured to determine a third
state of the second connector, and wherein the control signal
generator is further configured to, in response to a second
indication of the third state of the second connector, generate
a second signal to indicate to the power supply to charge the
capacitor to the threshold voltage.

5. The apparatus of claim 3, wherein the second connector
is compatible with universal serial bus type-c power delivery
applications.

6. The apparatus of claim 1, wherein the control signal
generator is configured to, in response to the second state,
generate a second signal to indicate to the power supply to
supply power to a device.

7. The apparatus of claim 6, wherein the controller further
includes a negotiator, and wherein the negotiator is config-
ured to negotiate a contract with the device to indicate to the
power supply to supply power to the device.

8. A system comprising:

a controller configured to be coupled to a connector, to a
power supply, and to a transistor, wherein the controller
includes:

a state machine to determine a state of a connection at
the connector; and

a control signal generator to generate, in response to an
indication from the state machine, a signal to modify
an operation of the power supply; and

the transistor including a first current terminal and a
second current terminal, wherein the first current ter-
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minal is coupled to the connector, and wherein the
second current terminal is coupled to a capacitor and
the power supply.

9. The system of claim 8, wherein the control signal
generator generates, in response to the indication being
indicative of a device not connected to the connector, the
signal to modify the power supply to charge to the capacitor.

10. The system of claim 9, wherein the control signal
generator generates the signal until the device is connected
to the connector and a contract is negotiated.

11. The system of claim 8, wherein the controller further
includes a negotiator, and where control signal generator
generates, in response to the negotiator contracting with a
device connected to the connector, a second signal to modify
the power supply to supply power to the device connected to
the connector.

12. The system of claim 8, further including a universal
serial bus type-a host connected to a universal serial bus
type-a to universal serial bus type-c adapter, wherein the
universal serial bus type-a to universal serial bus type-c
adapter is connected to the connector.

13. The system of claim 8, further including a second
transistor, the second transistor including a third current
terminal and a fourth current terminal, wherein the third
current terminal is coupled to a second connector, and
wherein the fourth current terminal is coupled to the capaci-
tor and the power supply.

14. The system of claim 13, wherein the state machine
determines a second state of the second connector.

15. The system of claim 8, wherein the connector is a
universal serial bus type-c connector, and wherein the con-
nector is compatible with universal serial bus type-c power
delivery applications.

16. A method comprising:

generating, in response to determining a state of a con-

nector, a signal indicating to supply power to a capaci-
tor in circuit with the connector;

transmitting the signal to a power supply; and

charging, via the power supply, the capacitor to a thresh-

old voltage, wherein the threshold voltage includes a
voltage potential to reduce inrush current conducting
through a component.

17. The method of claim 16, wherein the state indicates a
device is not connected to the connector.

18. The method of claim 16, wherein the state is a first
state, further including determining at least a second state of
a second connector.

19. The method of claim 18, further including generating,
in response to determining the second state, a second signal
that indicates to supply power to the capacitor in circuit with
the connector, wherein the connector is a first universal
serial bus connector, wherein the first universal serial bus
connector is in circuit with the second connector, and
wherein the second connector is a second universal serial
bus connector.

20. The method of claim 16, wherein the connector is a
universal serial bus type-c power delivery compatible con-
nector.



