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- All quantitative figures, qualitative figures and data cited in the chart are subject to measurement and/or computational
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Claim 16

A method of operating a (SYS) power system, comprising:

enabling operation of components of a (PRO) processor system to establish a (DRN) state of power drain thereof;
providing a (COM) signal to identify (OPN) operation of said (PRO) processor system in said (DRN) state of power
drain;

sensing a (PL) power level of said (DRN) state of power drain in response to said (COM) signal; and

controlling an (10C) internal operating characteristic of a (PC) power converter as a function of said (PL) power level.

Claim 17

The method as recited in claim 16, further comprising:

inducing a (PS) power switch of said (PC) power converter to conduct for a (DC) duty cycle to provide an (OC) output
characteristic at an (OUT) output thereof; and

controlling said (DC) duty cycle of said (PS) power switch dependent on said (OC) output characteristic and in
accordance with said (PL) power level.

Claim 19
The method as recited in claim 16 wherein said controlling said (IOC) internal operating characteristic comprises occurs
over a

Claim 20

The method as recited in claim 16 wherein said (I0OC) internal operating characteristic is selected from the group
consisting of:

a (GDV) gate drive voltage level of said (PS) power switch of said (PC) power converter,

a switching frequency of said (PC) power converter, and

an (DCBYV) internal direct current bus voltage of said (PC) power converter.
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Claim 16

A method of operating a (SYS) power system, comprising:

1 Connect the power adapter and
press the power button

Dell Inc., Quick Start Guide for Latitude 5289 2-in-1 at
p. 1 (2016)

3. Conmnect the USE-C plugte your comp uter.

G

4. Onthe taskbar, Windows indicates that the computer ischarging.
Ensure to check if the computerischarging.

I = (]

Dell Inc., User’s Guide for Dell USB-C Power
Adapter Plus-90W PA901C at p. 7 (2020)

These are typical examples of Dell generally instructing users of its power converters to couple them to loads.
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Claim 16

A method of operating a (SYS) power system, comprising:
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Claim 16

enabling operation of components of a (PRO) processor system to establish a (DRN) state of power drain thereof;

4.5.2,2 Connection State Machine Requirements PRO

Entry into any unattached state when “directed from any state” shall not be used to override
tDRP toggle.

A DRP or a Sink may consume default power from VBUS in any state where it is not required

to provide VBus. DRN

The following two tables define the electrical states for a CC pin in both a Source and a Sink.
Every port has CC1 and CC2 pins, each with its own individual CC pin state. The combination
of a port’s CC1 and CC2 pin states are be used to define the conditions under which a port
transitions from one state to another.

Table 4-14 Source Port CC Pin State

CC Pin State Port partner CC Voltage Detected on CC when port asserts Rp
Termination
SRC.Open Open, Rp Above vOPEN
SRC.Rd Rd Within the vRd range (i.e., between minimum
vRd and maximum vRd)
SRC.Ra Ra Below maximum vRa

Table 4-15 Sink Port CC Pin State

CC Pin State Port partner cc Voltage Detected on CC when port asserts Rd
Termination
SNK.Rp Rp Above minimum vRd-Connect
SNK.Open Open, Ra, Rd Below maximum vRa
Sink Port asserting Rd on CC and when attached is consuming power

from VBUS; most commonly a Device.

DRN

Source(s): [1]

Figure 4-7 Source Functional Model for CC1 and CC2

vBus

I L

Connectian
Mux 1 and Marked sv Veoun
CNTL Cable
Detection,
Cold-Socket,
PD -] & Voonm Rp
Control
[ {cc)
(cc2)

Referring to Figure 4-7, a port that behaves as a Source has the following functional

characteristics:

1. The Source uses a FET to enable/disable power delivery across VBUS and initially the
Source has VBUS disabled.

2. The Source supplies pull-up resistors (Rp) on CC1 and CC2 and monitors both to
detect a Sink. The presence of an Rd pull-down resistor on either pin indicates thata
Sink is being attached. The value of Rp indicates the initial USB Type-C Current level
supported by the host.

3. The Source uses the CC pin pull-down characteristic to detect and establish the
correct routing for the SuperSpeed USB data path and determine which CC pin is
intended for supplying VCONN.

4. Once a Sink is detected, the Source enables VBUS and VCONN.

The Source can dynamically adjust the value of Rp to indicate a change in available

USB Type-C Current to a Sink.

The source functional model detects CC1/CC2 and dynamically
adjusts the current, voltage x current is the state of power drain.
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Claim 16

enabling operation of components of a (PRO) processor system to establish a (DRN) state of power drain thereof;

Figure 4-13 illustrates a connection state diagram for a simple Sink (Device/Hub UFP).

Figure 4-13 Connection State Diagram: Sink

PRO Directed from
any state
Directed tEmorRe covery
from any Directed from
state any state
Dead Disabled
Battery

Connection

4 Detected
7 ’ Debug
// Accessory.SNK
!
USB 2.0 only
and DebugAcc | VBUS DebugAcc
not support | Removed Detected for
and VBUS \ tCCDebounce and
Detected \ Source VBUS Detected
\ Detected for
\\ tCCDebounce
N and VBUS
AN : DRN
~
~

Source(s): [1]

4.5.2.2.5 Attached.SNK State

This state appears in Figure 4-13, Figure 4-14, Figure 4-15, Figure 4-16, Figure 4-17 and
Figure 4-18.

When in the Attached.SNK state, the port is attached and operating as a Sink. When the port

initially enters this state it is also operating as a UFP. The power and data roles can be
changed using USB PD commands.

A port that entered this state directly from Unattached.SNK due to detecting VBus shall not
determine orientation or availability of higher than Default USB Power and shall not use USB

ED.

4.5.2.2.5.1 Attached.SNK Requirements

If the port needs to determine the orientation of the connector, it shall do so only upon entry
to this state by detecting which of the CC1 or CC2 pins is connected through the cable (i.e.,
the CC pin that is in the SNK.Rp state).

If the port supports signaling on SuperSpeed USB pairs, it shall functionally connect the
SuperSpeed USB pairs and maintain the connection during and after a USB PD PR_Swap.

If the port has entered the Attached.SNK state from the AttachWait.SNK or TryWait.SNK
states, only one the CC1 or CC2 pins will be in the SNK.Rp state. The port shall continue to
terminate this CC pin to ground through Rd.

1f the port has entered the Attached.SNK state from the Attached.SRC state following a USB
PD PR_Swap, the port shall terminate the connected CC pin to ground through Rd.

The port shall meet the Sink Power Sub-State requirements specified in Section 4.5.2.2.22.
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Claim 16

enabling operation of components of a (PRO) processor system to establish a (DRN) state of power drain thereof;

Figure 4-14 illustrates a connection state diagram for a Sink that supports Accessory Modes.
L

Figure 4-14 Connection State Diagram: Sink with Accessory Support 4.5.2.2.5 Attached.SNK State
This state appears in Figure 4-13, Figure 4-14, Figure 4-15, Figure 4-16, Figure 4-17 and

PRO Figure 4-18.
E;;egtsfefrom When in the Attached.SNK state, the port is attached and operating as a Sink. When the port
Direc‘m:i from initially enters this state 1t is also operating as a UFP. The power and data roles can be
any state changed using USB PD commands.

Disabled

A port that entered this state directly from Unattached SNK due to detecting VBus shall not
determine orientation or availability of higher than Default USB Power and shall not use USB
BD.

ErrorRecovery

tErrorRecovery
i

ke
4.5.2.2.5.1 Attached.SNK Requirements

Directed

Unattached

Audio or

Accessory Accessory PowAcc Detected ———
Dead Toggle If the port needs to determine the orientation of the connector, it shall do so only upon entry
Battery to this state by detecting which of the CC1 or CC2 pins is connected through the cable (i.e.,

Accessory
Toggle

the CC pin that is in the SNK.Rp state).

AudioAcc
Detected for
tCCDebounce

AudioAcc AudioAccessory

Removed If the port supports signaling on SuperSpeed USB pairs, it shall functionally connect the

VBUS is vSafe0V and SuperSpeed USB pairs and maintain the connection during and after a USB PD PR_Swap.
CC low for tVPDDetach

Unattached.SNK

AttachWait
Accessory

If the port has entered the Attached.SNK state from the AttachWait.SNK or TryWait.SNK
states, only one the CC1 or CC2 pins will be in the SNK.Rp state. The port shall continue to
terminate this CC pin to ground through Rd.

Connection
Detected

Accessory
Removed

Connection
Removed

PowAcc

If the port has entered the Attached.SNK state from the Attached.SRC state following a USB

PowAcc

Removed et etaunon — = PD PR_Swap, the port shall terminate th ted CCpin t d through Rd.
. tcCDebounce _Swap, the port shall terminate the connecte, pin to ground throug
AttachWait.SNK CT Unattached\
7 \\ RPE‘:"‘N‘;:CE‘:I‘ Charge-Through .SNK The port shall meet the Sink Power Sub-State requirements specified in Section 4.5.2.2.22.
DebugAce | Unsupported VPD Detected - r
Detected for \ .Accessory J B -do -
. ~
tCCDebounce and Source Detected ~ - ,‘\ Alternate ’ (
~
VBUSDetected ¢+ Cpebounce == Wode Faled_( Powered 1\ vBus
pteus and VBUS andnotVPD  \_ -Accessory deterted

empve: Detected Seo -

Debug
Accessory.SNK

VPD Detected PowAcc

DRN  -===s,

Source not Detected 7 VBUS
Charge-Through after tDRPTryWait Not remnved

VBUS Source Detected for \ (
Removed—f{ Attached.SNK }t——tTryCCDebounce m-l Try.SNK CTAttached.! SNK )
VBUS Detected 4
S ~ =

Source(s): [1]
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Claim 16

providing a (COM) signal to identify (OPN) operation of said (PRO) processor system in said (DRN) state of power drain;

F=TTL

NCP1937

NCP1837

. : This bination IC i power factor correction (PFC) and Table 1. PIN FUNGTION DESCRIPTION
- . ¢ Tit. P + Pnow | Name Funtion
B i A‘-l | + _i quasi- : ﬂyback_ F nality y to imp a > g
compact and highly efficient Switched Mode Power Supply for an 2 Rermoved forcrespage dorarce
adapter application. 2 B i
The PFC stage exhibits near—unity power factor while operating in a 0 Flamoved for creepage detance
Critical Conduction Mode (CrM) with a maximum frequency clamp. & P Ot e e T
Referring to Figure 4-7, a port that behaves as a Source has the following functional The circuit incorporates all the features necessary for building a robust O PONOFF | Aresstor FC turm of thrashold.
characteristics: and compact PFC stage while minimizing the number of external P
1. The Source uses a FET to enable/disable power delivery across VBuUs and initially the components. ; ::; - P n
Source has Vs disabled. The quasi-resonant current-mode flyback stage features a precee pl e dret i
2. The Source supplies pull-up resistors (Rp) on CC1 and CC2 and monitors both to proprietary valley—lockout circuitry, ensuring stable valley switching. 3 PTmar | Pae sange e —— oo
L - L idicr pin indicates that a This system works down to the 4% valley and toggles to a frequenc propiees pore i s
O P Sinkis being attached. The value of Rp indicates the Initial USE Type-C Current level ¥ ! L. y 28 q Y CO M power o con o
supported by the host. foldback mode with a minimum frequency clamp beyond the 4 e e e e e v e
3. The Source uses the CC pin pull-down characteristic to detect and establish the valley to climinate audible noise. Skip mode operation allows » s -
correct routing for the SuperSpeed USB data path and determine which CC pin is excellent efficiency in light load conditions while consuming very low = | o sk conttes
intended for supplying VCONN. standby power consumption. O P N 12 Voo Sueply input
4. Oncea Sink is detected, the Source enables VBUS and VCONN. D R N L] 908 | e s el by -Grele cwviot Mk niniorater Ko o O Flank madon
e — i i " QoRV O #yback controlier swch drmver
5. The Source can dynamically adjust the value of Rp to indicate a change in available T.he supply capacitor pro\:rldes power ‘0 the controller — oAV PR controer swich dver
mm%ﬁ_ during power up. The capacitor ml_.lSt be slz_e.d such‘r.hal a T =
Vcc voltage greater than Vec(ofr) is maintained while the SuSgpeeRes damcuun s the PEV slmpaie:
auxiliary supply voltage is building up. Otherwise, Ve will o —
collapse and the controller will turn off. The operating IC Feomt oy oy g Ty By e Mol sofirinam, T b -
bias current, Iccy, and gate charge load at the drive outputs e
. W Fermoved for crespage astarce
must be oonslderm_i to correctly size Cee. The increase in = —— TR — ——
current consumption due to external gate charge is e L ooy
- . . o
Sou rce(s) - [1] ’ [2] calculated using Equation 1. order 1 redkes inpus power:
8
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Claim 16

sensing a (PL) power level of said (DRN) state of power drain in response to said (COM) signal; and

Table 2-1 Summary of power supply options Figure 4-36 illustrates how the USB PD BMC signaling is carried over the USB Type-C cable’s

CC wire.
Mode of Operation Voltage Current Notes
USB 2.0 5V See USB 2.0 Figure 4-36 USB PD over CC Pins
USB 3.2 5V See USB 3.2 Host VBUS Device
Veus VBUS
UsB4 5V 15A See Section 5.3. Source Sink
sv
USBBC1.2 5V 1.5 A Legacy charging cc
SB Type-C Current Host |—/\/\/\, t ? vRvd \/—J Device
. . R
@15A 5V 15A Supports higher power devices P =
@3 5V 3A Supports higher power devices
BMC PD BMC PD
USB PD Configurable up | Configurable up | Directional control and power Controller Controller
to 20V to5A level management
| Table 4-17 Precedence of power source usage
Table 4-11 Source (Host) and Sink (Device) Behaviors by State e —
Nominal Maximum
State Source Behavior Sink Behavior Precedence Mode of Operation Voltage Current
Nothing attached * Sense CC pins for attach « Sense VBUs for attach Highest ﬁB_PD Configurable SA I
* Do not apply VBUS or VCONN
USE Type-C Current @ 3.0 A 5V 3.0A
e Sense CC for orientation s CC pins f ientati
® Sense 1ns for orientation -
Sink attached * Sense CC for detach P USB Type-C Current @ 1.5 A 5¥ 154
———————— ¢ Sense loss of VBUS for detach J/
e Apply VBUS and VCONN USBBC 1.2 5V Up to 1.5 At
Powered cable .
.5 cc for attach uspiz 5V See USB 3.2
without Sink ense LL pins for attac « Sense VBUS for attach Default USB Power
attached ¢ Do not apply VBUS or VCONN Lowest USE 2.0 5V See USB 2.0
Powered cable with | ® Sense CC for orientation « Ifaccessories or VPDs are
Sink, Vconn-Powered | ® Sense CC for detach supported, see Source
Accessory, or VCONN- | o Apply VBus and VCONN Behavior with exception that
Powered USB Device |, patect VPD and remove VBUS is not applied.,
attached VBUS otherwise, N/A.
Debug Accessory  Sense CC pins for detach * Sense VBUS for detach
Mode attached * Reconfigure for debug ¢ Reconfigure for debug
Audio Adapter  Sense CC pins for detach e Ifaccessories are supported,
Accessory Mode « Reconfigure for analog see Source Behavior,
attached audio otherwise, N/A

Source(s): [1]
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Claim 16
controlling an (IOC) internal operating characteristic of a (PC) power converter as a function of said (PL) power level.
Al L E
- R N |
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Claim 16

controlling an (I0C) internal operating characteristic of a (PC) power converter as a function of said (PL) power level.

PL PL PL

Gate of
Q050

Gate of
Q050

10C IS
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Claim 16

controlling an (I0C) internal operating characteristic of a (PC) power converter as a function of said (PL) power level.

PL PL PL
15V 1A 15V 2A
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Claim 17

The method as recited in claim 16, further comprising:
inducing a (PS) power switch of said (PC) power converter to conduct for a (DC) duty cycle to provide an (OC) output
characteristic at an (OUT) output thereof; and

=TT e,
%i! ' ﬂji | ouT

I 1 I
|—+ i = I-
ylm = =
H
T
[] s .
my =,
T ;
= HS
§ . . L | N
PC H [ ]

- SHELL USBE-C connector
4.5 Configuration Channel (CC) 1
4.5.1  Architectural Overview | A1 (GND)
For the USB Type-C solution, two pins on the connector, CC1 and CC2, are used to establish ATVEDS OUT
and manage the Source-to-Sink connection. When the device is connected through a hub, the Rag F—m
connection between a Sink (UFP) on the hub and the Source (host port) and the connection PS A5 [TTT
between the Sink (device port) and a Source (DFP on the huh), are treated as separate ?(Dﬂ

. . - . . s Qoso 7 J-
connections. Functionally, the configuration channel is used to serve the following JE 8710
purpoeses. e BSTD+] |
B5 [CTZ

s Detect attach of USB ports, e.g. a Source to a Sink =i 7

* Resolve cable orientation and twist connections to establish USB data bus routing : ,EST{VB%FpUT

* Establish data roles between two attached ports oC STiG

* Discover and configure VBus: USB Type-C Current modes or USE Power Delivery ( 1 SHELL

—
Source(s): [1]

13
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Claim 17

The method as recited in claim 16, further comprising:
inducing a (PS) power switch of said (PC) power converter to conduct for a (DC) duty cycle to provide an (OC) output

characteristic at an (OUT) output thereof; and

oC
5V 0A

T2Pin4

Gate of
Q050

T2Pin4
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Claim 17

The method as recited in claim 16, further comprising:
inducing a (PS) power switch of said (PC) power converter to conduct for a (DC) duty cycle to provide an (OC) output

characteristic at an (OUT) output thereof; and

ocC
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Claim 17

controlling said (DC) duty cycle of said (PS) power switch dependent on said (OC) output characteristic and in accordance with
said (PL) power level.
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Claim 17

controlling said (DC) duty cycle of said (PS) power switch dependent on said (OC) output characteristic and in accordance with

said (PL) power level.

PL..OC PL..OC
15V 1A

RL._OC

15V 2A
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Claim 19

The method as recited in claim 16 wherein said controlling said (I0C) internal operating characteristic comprises occurs over a

5V to 9V, 1A load transition

Stop i
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Claim 20

The method as recited in claim 16 wherein said (IOC) internal operating characteristic is selected from the group consisting of:

) N 10C
= e . |
= Oy
——| | =
=1 -= == ==
=1 =)
T — 1oc |
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Claim 20

a (GDV) gate drive voltage level of said (PS) power switch of said (PC) power converter, a switching frequency of said (PC)

power converter, and an (DCBV) internal direct current bus voltage of said (PC) power converter.

D__—‘r# L .- 1 . B
ﬁ - _ T EH OCB
- —— g ]|
= L5
——— =
--F;—I: i| == e
=1 =)
T . GDV  pg L]

PC
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Claim 20

a (GDV) gate drive voltage level of said (PS) power switch of said (PC) power converter, a switching frequency of said (PC)
power converter, and an (DCBYV) internal direct current bus voltage of said (PC) power converter.

5V to 9V, 1A load transition

M2.00ms A
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