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(57) Abstract: In described examples, an electronic device port system (300) includes a first device (304) configured to negotiate
power supply contracts from a power source via a universal serial bus (USB) cable. The system (300) also includes a second device

o (302) configured to negotiate power supply contracts from the power source via the USB cable when the first device (304) is unable
to negotiate power supply contracts from the power source. The second device (302) is configured to activate a switch (332, 334)
after the second device (302) negotiates a power supply contract with the power source. The switch (332, 334) is configured to per

o mit the provision of power from the power source to a battery system (3 10) of the electronic device per the negotiated power supply
contract.
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PORT CONTROLLER WITH POWER CONTRACT NEGOTIATION CAPABILITY

BACKGROUND

[0001] Traditional universal serial bus (USB) systems, which include USB cables and

connectors, are typically used to transfer data between multiple electronic devices and to provide

low-level power (e.g., at voltage levels of 5 V or less) from a source device to a sink device. Such

low-level power transfer enables a small, low-power device—such as a smartphone—to be

charged from the battery of a larger device, such as a notebook. However, such low-level power is

insufficient to charge larger devices with greater power needs, such as the notebook itself. Thus,

such larger devices are relegated to using traditional barreljack (or "power brick") connections to

mains power supplies ("wall outlets").

[0002] Newer USB Type C systems with power delivery (PD) capability take the traditional

USB's power supply capabilities a step further by enabling the sourcing and sinking of power at

greater levels (e.g., with voltages greater than 5 V). Thus, for example, appropriately-configured

notebooks can use such newer USB systems both to charge smaller devices (as with traditional

USB systems) and to be charged from mains power (not possible with traditional USB systems).

Such newer USB Type C systems with PD capability eliminate the need for bulky and

inconvenient barreljack connections and equipment.

SUMMARY

[0003] In described examples, an electronic device port system comprises a first device

configured to negotiate power supply contracts from a power source via a universal serial bus

(USB) cable. The system also comprises a second device configured to negotiate power supply

contracts from the power source via the USB cable when the first device is unable to negotiate

power supply contracts from the power source. The second device is configured to activate a

switch after the second device negotiates a power supply contract with the power source. The

switch is configured to permit the provision of power from the power source to a battery system of

the electronic device per the negotiated power supply contract. One or more such examples may

be supplemented using one or more of the following techniques, in any order and in any

combination: wherein the USB cable is a USB Type C cable with power delivery (PD) capability;



wherein the first device comprises a Type C port manager; wherein the second device comprises a

Type C port controller; wherein the second device is configured to determine that the first device is

unable to negotiate power supply contracts based on a rail voltage supply that powers the first

device; wherein the system is configured to source power to another electronic device; wherein the

switch comprises a metal oxide semiconductor field effect transistor (MOSFET); wherein the

second device is configured to negotiate power supply contracts from the power source via a

configuration channel (CC) in the USB cable; wherein the power supplied per the negotiated

power supply contract is provided to the switch via a pair of dedicated power lines in the USB

cable; wherein, upon receipt of the power per the negotiated power supply contract, the battery

system powers the first device, and wherein the second device is configured to relinquish power

supply contract negotiations to the first device upon a determination that the first device is able to

negotiate power supply contracts from the power source.

[0004] In further described examples, a system comprises a battery system and a DC-to-DC

converter coupled to the battery system and configured to provide a rail voltage supply. The system

also comprises a port manager powered by the rail voltage supply and configured to negotiate

power contracts with a power supply on behalf of the system via a universal serial bus (USB)

cable. The system further includes a port controller powered by the power supply via the USB

cable and configured to negotiate power contracts with the power supply on behalf of the system

via the USB cable when the port controller detects that the port manager is powered below a

threshold level, the battery system is powered below another threshold level, or both. One or more

such examples may be supplemented using one or more of the following techniques, in any order

and in any combination: wherein the port controller is configured to determine that the port

manager is powered below the threshold level via an inter-integrated circuit (I2C) connection;

wherein the port controller is configured to determine that the battery system is powered below the

another threshold level via the rail voltage supply; wherein the USB cable is a USB Type C cable

with power delivery (PD) capability; wherein the power supply is a mains power adapter; wherein

the power supply is a portable electronic device; wherein the system comprises a second port

controller configured to negotiate power contracts with the power supply on behalf of the system

via the USB cable when the second port controller detects that the port manager is powered below

the threshold level, the battery system is powered below the another threshold level, or both, and

wherein the second port controller negotiates a power contract with the power supply only when



the port controller provides a permission indication to the second port controller.

[0005] In more described examples, a method comprises using a device to negotiate power

supply contracts from a power source via a data and power transmission cable, determining that the

device is not receiving power meeting a minimum threshold, reviewing power supply options

received from the power source via the data and power transmission cable, selecting one of the

received power supply options, providing the power source with an indication of the selection,

receiving power from the power source in accordance with the selection, and establishing an

electrical pathway between the power source and a battery system. One or more such examples

may be supplemented using one or more of the following techniques, in any order and in any

combination: wherein the device comprises a USB Type C port manager; wherein establishing the

electrical pathway between the power source and the battery system comprises closing a p-type

metal oxide semiconductor field effect transistor (MOSFET) switch and closing an n-type

MOSFET serially coupled to the p-type MOSFET.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view of an illustrative electronic device configured to source

power from mains power via a USB Type C system with PD capability and further configured to

sink power to another electronic device via the same USB system.

[0007] FIG. 2 is an illustrative schematic diagram of at least some of the contents of a cable in a

USB Type C system with PD capability.

[0008] FIG. 3 is a schematic block diagram of an illustrative electronic device port system that is

compatible with a USB Type C system with PD capability.

[0009] FIG. 4 is a flow diagram of an illustrative process in accordance with various

embodiments.

[0010] FIG. 5 is an illustrative schematic block diagram of the port controller depicted in FIG. 3 .

DETAILED DESCRIPTION OF EXAMPLE EMBODFMENTS

[0011] To facilitate the sourcing and sinking of higher-than-traditional power levels via a USB

Type C with PD capability, the USB ports (e.g., ports in a notebook and in a USB wall adapter, or

ports in a notebook and in a smaller electronic device) must negotiate a power contract, meaning

that the source (e.g., mains power USB adapter) must offer the sink (e.g., notebook USB port

system) one or more power levels to choose from, and the sink must choose from among the

available power levels and start sinking the power. Such power negotiation is considered to be a



higher-order task and is thus usually performed by an embedded controller (and/or by another

processor, such as a system-on-chip (SoC) or application processor (AP)).

[0012] At least some of the embodiments described herein are directed to a USB Type

C/PD-compatible electronic device port system that is configured to execute power negotiations

when the embedded controller (or other processor) that is usually responsible for power

negotiations is temporarily incapacitated. More specifically, in some cases, the electronic device

battery system may be completely discharged and, as a result, the embedded controller inside the

electronic device port system may be unavailable to negotiate a power contract with an adapter that

is capable of supplying power to the electronic device. In such situations, a port controller—which

is usually not responsible for higher-level functions like power contract negotiations—determines

that the embedded controller is incapacitated and takes over power negotiation duties until the

embedded controller is powered again. After the embedded controller is powered again and is able

to conduct power contract negotiations, the port controller relinquishes its power contract

negotiation duties back to the embedded controller. This technique reduces the amount of time

required to negotiate a power contract for the electronic device and reduces downtime for the

embedded controller and for the electronic device in general.

[0013] FIG. 1 is a perspective view of an illustrative electronic device configured to source

power from mains power via a USB Type C system with PD capability and further configured to

sink power to another electronic device via the same USB system. Specifically, FIG. 1 depicts an

electronic device 100 adapted for coupling to a USB Type C/PD cable 104 having connectors 102,

106 disposed on opposing ends of the cable. The depiction of the electronic device 100 as a

notebook computer is merely illustrative; in other embodiments, the electronic device 100 may

take the form of any of a variety of other battery-powered electronic devices, such as and without

limitation, laptops, tablets (e.g., IPADs®), smartphones, portable music players, and any other

battery-powered electronic device compatible with both USB Type C and PD specifications. The

contents of the USB cable 104 are depicted and described in greater detail with respect to FIG. 2 .

[0014] The electronic device 100 comprises a USB Type C/PD port 116 to which the connector

102 may couple. The connector 106 at the opposing end of the USB cable 104 may couple to a

variety of devices. For example, the connector 106 may couple to a mains power adapter 108 that

plugs into and sinks power from a wall outlet 110. In this configuration, a port system within the

electronic device 100 communicates with the mains power adapter 108 to negotiate a power



contract whereby the mains power adapter 108 sources power to the port system and, more

generally, to the entire electronic device 100. In another configuration, the connector 106 couples

to a USB Type C/PD port 114 in an electronic device 112. (In some embodiments, the USB cable

104 may be hard-wired directly to the electronic device 100 and/or the electronic device 112.) FIG.

1 depicts the electronic device 112 as a tablet, but the electronic device 112 is any portable,

battery-operated electronic device capable of being charged by the electronic device 102 via the

USB Type C/PD cable 104. In this configuration, the USB port system in the electronic device 102

communicates with the USB port system within the electronic device 112 to negotiate a power

contract whereby the electronic device 102 sources power to the electronic device 112.

[0015] As will be described in greater detail below, USB Type C/PD port systems in the

electronic devices depicted in FIG. 1—for example, in the electronic device 100—comprise Type

C port managers (TCPMs, such as embedded controllers, systems on chip and/or application

processors) that handle higher-level operations for the port system, such as power contract

negotiations with other electronic devices via the USB Type C/PD cable. Each port manager

manages one or more port controllers, with each port controller usually controlling a single port.

Thus, in multi-port devices, a port manager may manage multiple port controllers. Port controllers

usually handle lower-level operations for corresponding ports, such as routing and managing

incoming power and data, outgoing power and data, etc.

[0016] Port managers are powered directly with voltage supply rails received directly or

indirectly from the electronic device battery. When the battery is dead or the battery charge drops

below a threshold value, the port manager is no longer able to perform power contract negotiations

with other electronic devices, and it goes offline because its power level drops below a threshold

value. In such a situation where the port manager is temporarily incapacitated, the port controller

for a port managed by the port manager may "step up" and take over power contract negotiation

duties for the port manager. Upon negotiation of a power contract with an external electronic

device, the port controller may establish an electrical pathway between the external electronic

device and the dead battery that is responsible for supplying power to the port manager. In this

way, the port manager is powered up again, and the port controller then relinquishes its power

contract negotiation duties back to the port manager. In devices with multiple port controllers, the

controllers may determine among themselves which controller will handle power contract

negotiations.



[0017] FIG. 2 is an illustrative schematic diagram of at least some of the conductors within the

USB Type C/PD cable 104 (the cable 104 is also depicted in FIG. 1). The cable 104 includes a

configuration channel (CC) 200, a pair of power lines (VBUS) 202A and 202B, and a plurality of

data lines 204. The CC line 200 may be dedicated to communications relating to power contract

negotiations. The power lines 202A, 202B may be dedicated to sourcing and/or sinking power. The

data lines 204 may be dedicated to transferring data (e.g., text-based files, audio files, video files).

The USB cable 104 and its connectors (shown in FIG. 1 but omitted from FIG. 2) support both the

Type C and PD specifications. However, the scope of example embodiments is not limited to

implementing the disclosed techniques in the USB Type C/PD context, and the disclosed

techniques may be extended to any current or future USB specification(s) in which power contract

negotiations occur.

[0018] FIG. 3 is a schematic block diagram of an illustrative electronic device port system that

supports the USB Type C/PD specifications (or, alternatively, suitable USB specification(s) that

enable power contract negotiations). Specifically, FIG. 3 depicts a port system 300 that includes a

port controller 302; a Type C power manager (TCPM) 304 that comprises an embedded controller

(EC) 308 and/or a system-on-chip (SoC) and/or application processor (AP) 306; a battery system

310; a DC/DC converter 312; another DC/DC converter 314; an inbound power line 316; an

outbound power line 318; a node 320 connecting the battery system 310 and the DC/DC converters

312, 314; a node 322 coupling EC 308, DC/DC converter 314, the SoC/AP 306, and the port

controller 302; a node 324 coupling the SoC/AP 306, the EC 308, and the port controller 302; a

general-purpose input/output (GPIO) connection 326; an n-type metal oxide semiconductor field

effect transistor (MOSFET) 328; a p-type MOSFET 330 serially coupled with the MOSFET 328;

an n-type MOSFET 332; a p-type MOSFET 334 serially coupled with the MOSFET 332; and

MOSFET controls 336-339. In some embodiments, multiple, serially-coupled n-type MOSFETs

and/or multiple, serially-coupled p-type MOSFETs may be used.

[0019] The port controller 302 comprises any suitable logic (e.g., hardware, software and/or

firmware) that enables the port controller 302 to perform the various actions attributed herein to the

port controller 302. Similarly, the SoC/AP 306 and the EC 308 comprise suitable logic (e.g.,

hardware, software, and/or firmware) that enables the SoC/AP 306 and the EC 308 to perform the

various actions attributed herein to the SoC/AP 306 and the EC 308. The battery system 310 may

receive voltage and current at varying levels on the inbound power line 318 (e.g., 9 V and 2 A; 12



V and 1 A). The voltage level on the node 320 may be at any of a variety of levels (e.g., 9 V). The

DC/DC converter 312 may step the voltage on node 320 down to, e.g., 5 V on outbound power line

316. The outbound power line 316 may be used to source power from the battery system 310 to

other electronic devices via MOSFETs 328, 330. Similarly, the DC/DC converter 314 may step the

voltage on node 320 down to, e.g., 3.3 V on voltage rail supply 322. The voltage rail supply 322 is

provided to the EC 308 via pin VDD, to the SoC/AP 306 via pin VDD, and to the port controller

302 via pin VDD. Node 324 couples to the SoC/AP 306 via the inter-integrated circuit (I2C) pins,

to the EC 308 via the I2C pins, and to the port controller 302 via the I2C pins, thus enabling these

three components to communicate with each other. The port controller 302 couples to the CC line

200 via the CC pin and the VBUS power line via the VBUS and GND pins. The port controller

302 outputs the MOSFET controls 336-339 via the switch control pins.

[0020] The operation of the port system 300 of FIG. 3 is now described in tandem with the

illustrative process 400 of FIG. 4 . The process 400 begins with monitoring the port controller rail

voltage supply (block 402) and determining whether the rail voltage supply is available (block

404). The port controller 302 may perform this step. The port controller 302 monitors the rail

voltage supply 322 on the VDD pin for a supply voltage that drops below a predetermined

threshold. For example, in some embodiments, the port controller 302 may include or be coupled

to a voltage comparator that compares the rail voltage supply 322 to a reference voltage (e.g., the

predetermined threshold) and uses the output of the voltage comparator to determine the status of

the rail voltage supply 322. If the rail voltage supply drops below the threshold, the TCPM 304—

which is powered only by the rail voltage supply—is offline. As a result, the TCPM 304—and,

more specifically, its constituent components, the SoC/AP 306 and/or the EC 308—are unable to

negotiate power contracts contracts (or, if a previous contract has been negotiated, these

components are unable to negotiate a new power contract when necessary). Alternatively or in

addition, the port controller 302 may monitor the status of the SoC/AP 306 and/or the EC 308

directly via the I2C node 324 (for example and without limitation, through periodic heartbeat

signals sent by the SoC/AP 306 and/or the EC 308, or through responses to periodic heartbeat

signals sent by the port controller 302). If attempts to communicate with either of these

components are unsuccessful, the port controller 302 may conclude that they are insufficiently

powered (i.e., below a predetermined threshold) and are thus offline. If the component among the

SoC/AP 306 and the EC 308 that is responsible for negotiating power contracts is offline, then the



TCPM 304 is considered to be unable to negotiate power contracts. Thus, regardless of whether the

port controller 302 uses the rail voltage supply 322 and/or the I2C 324, if the port controller 302

determines that the SoC/AP 306 or the EC 308 (whichever is responsible for negotiating power

contracts) is offline, the port controller 302 determines that the TCPM is likely offline for power

contract negotiation purposes (block 406).

[0021] The illustrative method 400 may continue by requesting and reviewing the power source

options presented by another, external electronic device via the CC pin (block 408). This step may

be performed, for example, by the port controller 302. Specifically, the port controller 302—upon

determining that the TCPM 304, which is usually responsible for power contract negotiations, is

offline—communicates with the electronic device to which the port system 300 is coupled via the

CC 200 to begin negotiations for receiving power via the CC 200. For example, if the port system

300 is housed within a notebook computer, the CC 200 may couple to a mains power adapter, such

as the adapter 108 depicted in FIG. 1. Similarly, if the port system 300 is housed within a

smartphone, the CC 200 may couple to a laptop computer or to a mains power adapter. Regardless

of the nature of the external electronic device to which the CC 200 couples, the electronic device is

assumed to be compatible with USB Type C/PD specifications. Accordingly, the port controller

302 and the external electronic device negotiate for a power contract via the CC 200. Specifically,

the electronic device—in some embodiments, upon request—presents the port controller 302 with

a plurality of power supply options from which to choose. For example, the electronic device may

present the port controller 302 a first voltage at a first current, a second voltage at the first current,

a third voltage at a second current, etc.

[0022] The method 400 subsequently comprises selecting a target power source option via the

CC 200 (block 410). The port controller 302 may perform this step. The port controller 302 may be

pre-programmed with specific voltage and current combinations that are acceptable for charging

the battery system 310. The port controller 302 selects an option from the power options offered by

the external electronic device to which the CC 200 couples based on the preferences

pre-programmed into the port controller 302. If a preferred voltage and current combination is not

offered via the CC 200, the port controller 302 may choose the option that most closely

approximates the preferred or acceptable options pre-programmed into the port controller 302. The

port controller 302 may notify the electronic device of its selection via the CC 200 (block 412).

The steps 408, 410, and 412 thus are parts of the power contract negotiation process.



[0023] The process 400 next comprises receiving a ready message from the electronic device via

the CC 200 when the electronic device is ready to act as a power supply to the battery system 310

(block 414). The port controller 302 receives the ready message from the external electronic device

via the CC 200. At this time, the port system 300 may begin sinking power from the external

electronic device. Accordingly, upon receiving the ready message, the port controller 302 activates

the MOSFETs 332, 334 using MOSFET controls 338, 339 (block 416). The MOSFET controls

338, 339 comprise connections to the gates and sources of the MOSFETs via which Vgs voltages

may be applied that activate the MOSFETs 332, 334. The port controller 302 may also ensure that

the MOSFETs 328, 330 are off at this time using the MOSFET controls 336, 337.

[0024] Activating the MOSFETs 332, 334 facilitates sinking power from the external electronic

device, through the VBUS power lines 202A, 202B, through the inbound power line 318, and to

the battery system 310. In this way, the battery system 310 is charged and, by extension, the TCPM

304 is powered via the DC/DC converter 314 (block 418). After the battery system 310 is

adequately charged such that the rail voltage supply 322 is determined to be above the

predetermined threshold by the port controller 302, or if the port controller 302 determines via the

I2C node 324 that the SoC/AP 306 and/or the EC 308 (whichever is responsible for conducting

power contract negotiations) is powered again, the port controller 302 relinquishes its power

contract negotiation duties to the TCPM 304 (and, more specifically, to whichever of the SoC/AP

306 and/or EC 308 is usually responsible for negotiating power contracts) (block 420). The port

controller 302 may relinquish these duties using, e.g., one or more messages transmitted via the

I2C pin and node 324.

[0025] In the event that the port system has multiple port controllers, the port controllers may

communicate with each other via the GPIO 326 so that efforts to power the battery system 310 are

not duplicated by the multiple port controllers. For example, a first port controller may send a

permission indication to a second port controller indicating that the second port controllers may or

may not engage in negotiating power contracts and manipulating MOSFET switches to create an

electrical pathway between power source and battery system. In some embodiments, one of the

port controllers may be designated as a master port controller and the remaining port controllers

may be designated as slave port controllers, meaning that the master port controller uses

permission indications to dictate which port controller will negotiate power contracts. This

designation may occur, e.g., as a pre-programmed feature or at the direction of the port manager



(e.g., TCPM 304 of FIG. 3). The method 400 may be modified as desired, including by adding,

deleting, modifying, or rearranging one or more steps.

[0026] FIG. 5 is an illustrative schematic block diagram of the port controller 302 depicted in

FIG. 3 . The port controller 302 includes a power management component 500; an

overvoltage/overcurrent protection monitor 502; analog drivers 504; and control logic 506. The

control logic 506 includes executable code 508 (e.g., software, firmware) and any other hardware

necessary to perform the actions attributed herein to the control logic 506. The power management

component 500 receives the VBUS power line 202A, VDD 322, and ground line 202B. The VBUS

power line 202A is also provided to the monitor 502, which, in turn, provides an enable signal to

analog drivers 504. Analog drivers 504 issue MOSFET controls 336-339, which are used to

activate and deactivate the MOSFETs 328, 330, 332, and 334 (FIG. 3). The control logic 506

receives CC 200 and GPIO 326. Further, the control logic 506 couples to the power management

component 500 via bus 510, to the monitor 502 via bus 512, and to analog drivers 504 via bus 514.

[0027] In operation, the control logic 506 negotiates power contracts via CC 200. The control

logic 506 also manages the actions of the power management component 500, the monitor 502,

and the analog drivers 504. The power management 500 receives power via power lines 202A,

202B and communicates information about the received power to the control logic 506 via bus

510. The analog drivers 504 activate and deactivate the MOSFETs using MOSFET controls

336-339 at the direction of the control logic 506, depending on whether a power contract has been

successfully negotiated. If an excessive amount of voltage or current is supplied (e.g., voltage or

current exceeding defined thresholds), the monitor 502 signals the analog drivers 504 via bus 516

to disable the MOSFETs 332, 334 (FIG. 3). This action protects the port system from the

deleterious effects of overvoltage and overcurrent situations. Also, the control logic 506 issues and

receives communications from the control logic of other port controllers via GPIO 326.

[0028] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.



CLAIMS

What is claimed is:

1. An electronic device port system, comprising:

a first device configured to negotiate power supply contracts from a power source via a

universal serial bus (USB) cable; and

a second device configured to negotiate power supply contracts from the power source via

the USB cable when the first device is unable to negotiate power supply contracts from the power

source;

wherein the second device is configured to activate a switch after the second device

negotiates a power supply contract with the power source, the switch configured to permit the

provision of power from the power source to a battery system of the electronic device per the

negotiated power supply contract.

2 . The system of claim 1, wherein the USB cable is a USB Type C cable with power delivery

(PD) capability.

3 . The system of claim 1, wherein the first device comprises a Type C port manager.

4 . The system of claim 1, wherein the second device comprises a Type C port controller.

5 . The system of claim 1, wherein the second device is configured to determine that the first

device is unable to negotiate power supply contracts based on a rail voltage supply that powers the

first device.

6 . The system of claim 1, wherein the system is configured to source power to another

electronic device.

7 . The system of claim 1, wherein the switch comprises a metal oxide semiconductor field

effect transistor (MOSFET).

8 . The system of claim 1, wherein the second device is configured to negotiate power supply

contracts from the power source via a configuration channel (CC) in the USB cable.

9 . The system of claim 8, wherein the power supplied per the negotiated power supply

contract is provided to the switch via a pair of dedicated power lines in the USB cable.

10. The system of claim 1, wherein, upon receipt of the power per the negotiated power supply

contract, the battery system powers the first device, and wherein the second device is configured to

relinquish power supply contract negotiations to the first device upon a determination that the first

device is able to negotiate power supply contracts from the power source.



11. A system, comprising:

a battery system;

a DC-to-DC converter coupled to the battery system and configured to provide a rail

voltage supply;

a port manager powered by the rail voltage supply and configured to negotiate power

contracts with a power supply on behalf of the system via a universal serial bus (USB) cable; and

a port controller powered by the power supply via the USB cable and configured to

negotiate power contracts with the power supply on behalf of the system via the USB cable when

the port controller detects that the port manager is powered below a threshold level, the battery

system is powered below another threshold level, or both.

12. The system of claim 11, wherein the port controller is configured to determine that the port

manager is powered below the threshold level via an inter-integrated circuit (I2C) connection.

13. The system of claim 11, wherein the port controller is configured to determine that the

battery system is powered below the another threshold level via the rail voltage supply.

14. The system of claim 11, wherein the USB cable is a USB Type C cable with power

delivery (PD) capability.

15. The system of claim 11, wherein the power supply is a mains power adapter.

16. The system of claim 11, wherein the power supply is a portable electronic device.

17. The system of claim 11, wherein the system comprises a second port controller configured

to negotiate power contracts with the power supply on behalf of the system via the USB cable

when the second port controller detects that the port manager is powered below the threshold level,

the battery system is powered below the another threshold level, or both, and wherein the second

port controller negotiates a power contract with the power supply only when the port controller

provides a permission indication to the second port controller.

18. A method, comprising:

using a device to negotiate power supply contracts from a power source via a data and

power transmission cable;

determining that the device is not receiving power meeting a minimum threshold;

reviewing power supply options received from the power source via the data and power

transmission cable;

selecting one of the received power supply options;



providing the power source with an indication of the selection;

receiving power from the power source in accordance with the selection; and

establishing an electrical pathway between the power source and a battery system.

19. The method of claim 18, wherein the device comprises a USB Type C port manager.

20. The method of claim 18, wherein establishing the electrical pathway between the power

source and the battery system comprises closing a p-type metal oxide semiconductor field effect

transistor (MOSFET) switch and closing an n-type MOSFET serially coupled to the p-type

MOSFET.











International application No.

INTERNATIONAL SEARCH REPORT
PCT/US 2016/061881

A. CLASSIFICATION OF SUBJECT MATTER
G06F 1/26 (2006.01)

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)

G06F 1/00-1/26

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)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPI, EAPATIS, PATENTSCOPE, Information Retrieval System
FTPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2013/0073758 Al (RAY CHANG et al.) 2 1.03.2013 1-20

A US 2008/0244282 Al (RAKESH HANSALIA et al.) 02. 10.2008 1-20

A US 2006/0190745 Al (SHINJI MATSUSHIMA et al.) 24.08.2006 1-20

□ Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance "X" document of particular relevance; the claimed invention cannot be

"E" earlier document but published on or after the international filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than "&" document member of the same patent family

the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

2 1 February 2017 (21 .02.2017) 16 March 2017 (16.03.2017)

Name and mailing address of the ISA/RU: Authorized officer
Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59, K . Afanasiev
GSP-3, Russia, 125993
Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37 Telephone No. (499) 240-25-91

Form PCT/ISA/210 (second sheet) (January 2015)


	abstract
	description
	claims
	drawings
	wo-search-report

