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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 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 ;and

controlling an (I0C) 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 20

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

a gate drive voltage level of a (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.
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Claim 16

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

‘Gewng started

Set up your device
[

Your device uses a nano-SIM card. A SIM card may be preinstalled, or you may be able
to use your previous SIM card. Contact your carrier for more details.

nstallSIM Charge your device
Place the SIM card into the b
— = Before tuming on your
tray with the gold contacts by device, charge it fully,
facing up. Q0

NOTE The use of mobile devices on an aircraft or a ship may be subject to
federal and local guidelines and restrictions. Check with appropriate authorities

and always follow crew instructions regarding when and hew you may use your
device.

g the llstraicnsyouseeher
8

Samsung Electronics America, Inc., User Manual Samsung Electronics Co., Ltd., Users Guide for
for Samsung Galaxy S21 5G, S21+ 5G, and S21 Samsung EP-TA865 at p. 71.
Ultra 5G at p. 8 (2021).

These are typical examples of Samsung 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:

= = I Q? —owan o
- T onr.seeF v mmm cﬂ—clTun—ﬁ,n_n e e e e
: $ s - -
{ F—ES: 2@y T 1
- e . QR . .
e e
. viap T — .
S SR } - ==
S — - =
G2 =duliie ==
I S - MLl LIRS S — ==
ES— r PG e B =
b"D‘ﬁ i . R
"
figpd
E
| SYS
T L 1]
Four o v amr —Flma)uw 12 soenrE_smeer

Anker, EX1011, p. 4



U.S. Patent No. 8,477,514 — Samsung S2MM101

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 Figure 4-7 Source Functional Model for CC1 and CC2
Entry into any unattached state when “directed from any state” shall not be used to override
tDRP toggle. vius
A DRP or a Sink may consume default power from VBUS in any state where it is not required )
to provide VBus. DRN x| Commacren w eonn
CNTL Cable
The following two tables define the electrical states for a CC pin in both a Source and a Sink. Detection,
Every port has CC1 and CC2 pins, each with its own individual CC pin state. The combination D O ke, Rp
of a port’s CC1 and CC2 pin states are be used to define the conditions under which a port Control
transitions from one state to another.
Table 4-14 Source Port CC Pin State L] :ES;
CC Pin State ¥°" partner ce Voltage Detected on CC when port asserts Rp
ermination
SRC.Open Open, Rp Above YOPEN
SRC.Rd Within the vRd range (i.e., between minimum
Rd 8
vRd and maximum vRd)
SRC.Ra Ra Below maximum vRa
Table 4-15 Sink Port CC Pin State Referring to Figure 4-7, a port that behaves as a Source has the following functional
— characteristics:
CC Pin State Port partner CC Voltage Detected on CC when port asserts Rd 1. The Source uses a FET to enable/disable power delivery across VBUS and initially the
Termination Source has VBUS disabled.
SNK.Rp Rp Above minimum vRd-Connect 2. The Source supplies pull-up resistors (Rp) on CC1 and CC2 and monitors both to
SNK.Open Open, Ra, Rd Below maximum vRa 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
Sink Portasserting Rd on CC and when attached is consuming power correct routing for the SuperSpeed USB data path and determine which CC pin is
from VBUS; most commonly a Device. intended for supplying VCONN.

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

5. 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.

Source(s): [1]
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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). L

Figure 4-13 Connection State Diagram: Sink

PRO
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Remmeﬂ
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/ [Cennection Debug
/ Removed Accessory.SNK
/
I
UsB200nly | .
and DebugAce | VBUS AttachWait . SNK DebugAce
nat support | Removed Detected for
and VBUS | tCCDebounce and
Detected Source VBUS Detected
A Detected for
\\ tCCDebounce
N and VBUS
~
~
~
~ DRN
Attached SNK

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 portis 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 USE

PD.

452251 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 (l.e.,
the CC pin that is in the SNIK.Rp state].

If the pert supports signaling en SuperSpeed USE pairs, it shall functionally connect the
SuperSpeed USE pairs and maintain the connection during and after a USE PD PR_Swap.

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

If the port has entered the Attached SNK state from the Attached.SRC state following a USE
P0 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
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enabling operation of components of a (PRO) processor system to establish a (DRN) state of power drain thereof;

Figure 4-14 Connection State Diagram: Sink with Accessory Support
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Figure 4-14 illustrates a connection state diagram for a Sink that supports Accessory Modes. l

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 portis 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 USE

PD.
452251
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 (Le.,
the CC pin that is in the SNK.Rp state).

Attached.SNK Requirements

If the pert supports signaling en SuperSpeed USE pairs, it shall functionally connect the
SuperSpeed USE pairs and maintain the connection during and after a USE PD PR_Swap.

If the pert has entered the Attached SNK state from the ryWait.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.

Source(s): [1]

Connection -
Removed
emer PowAcc T~ ool - If the port has entered the Attached SNK state from the Attached SRC state following a USE
Removed = 1CCDebounce - P0 PR_Swap, the port shall terminate the connected CC pin to ground through Rd.
AttachWait. SNK - CTUnattached
- =~ Powhcc — SNK - . § e " R . -
Debugh Unsupported\\ Removed Charge-Through E The port shall meet the Sink Power Sub-State requirements specified in Section 4.5.2.2.22.
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techebounce and 5. o Detected S “4?\ Alternate .~
VBUS Detected g Coobounce Mode Failed—{  Fowered ‘, VBUS
and VBUS andnotVPD A .Accessory detected
Detected N _-”
Source not Detected VBUS
Charge-Through " Not
VPD Detected after tDRPTryWait Pu“&:: removed
D R N ' -——— . \/ —
VBUS Source Detected for N {
Remaoved—f{ Attached.SNK ——tTryCCDebounce ane-l' Try. SNK e CTAttached.SNKl
VBUS Detected ’ N
e hoTe— - — -~
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providing a

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

Source(s): [1]
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Table 3-4 USB Type-C Receptacle Interface Pin Assignments
P | Sl Description Mating |y, | Shgnal Descriptian Mating
ame Sequence Name Sequence
Al GND Ground return First 12 | GND Ground return First
p—— P— Table 4-10 Source Perspective
sitive Ball of first ositive half of Firs
AZ | TRl | 7y gifferencial pair | 6690 BIL [ RXRL | gy differencial pair | S26004
[ ccz State Position Referri Fi 47 hat bek s has the following fi 1
w3 |ren | Newstive battarnn | o 1o L sons | Meastve nattarniest | o eferring to Figure 4-7, a port that behaves as a Source has the following functiona
TX differential pair RX differential pair | Open Open Nothing attached N/A characteristics:
As | Ve Bus Power Firet B9 | veus Bus Power First Rd Open ~ [0] 1. The Source uses a FET to enable/disable power delivery across VBus and initially the
MD RN > Source has VBUS disabled.
P R———— Open Ra ] O D I\|® 2. The Source supplies pull-up resistors (Rp) on CC1 and CC2 and monitors both to
A6 | op LUSE20 differential | Second 87 | Dz LISH 20 differential | Second Ra Open Powered cable without Sink attached @ - r pin indicates that a
pair - Pasition 1 pair - Position 2 Sink is being attached. The value of Rp indicates the initial USB Type-C Current level
Negative Balf of the Positive half af the Rd Ra Z":f::ﬂfa[lgégii‘l _m;‘imgngg :’Jrses @ supported by the host.
A7 | Bt 820 differential | Second B6 | Dp2 UUSE 28 differential | Second PA), o = 5 3. The S he CC pin pull-d I : d d establish th
pair = Pasition 1 yair < Position £ Ra Rd Device (VPD) attached @ . The Source uses the CC pin pull-down characteristic to detect and establish the
F P Py pr— Y correct routing for the SuperSpeed USB data path and determine which CC pin is
A8 | sBUL | Sideband Use (SBU) | Secont 85 I 2 { Configuration Sezond Rd Rd e 0 e ) : N/A OPN intended for supplying Vconn.
A9 | vous Bus Power First B | Veus Was Power First Audio Adapter Accessory Mode attached 4. Once a Sink is detected, the Source enables VBus and VCoNN. D R N
Negative balf of Negative half of Ra (Appendix A) N/A 5. The Source can dynamically adjust the value of Rp to indicate a change in available
A1D | RXn2 secomd RX Second 83 Tin2 cond TX Second m
e ir differential p
Positive hall of Positive half of
AL | RMp2 | second Second B2 | THp2 | secon Second
differential pair differential pair
M2 | GHD | Grousd return First B1 | GND | Ground retura First
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Claim 16

providing a

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

PRO

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

tDRP toggle.
OPN

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

to provide VBUS. D R N

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

4.5.2.2 Connection State Machine Requirements

CC Pin State Port partner cc Voltage Detected on CC when port asserts Rp
Termination
SRC.Open Open, Rp Above vOPEN
SRC.Rd Within the vRd range (i.e., between minimum
Rd A
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.

Below the CC threshold, the device operates in constant voltage
mode. The output voltage is set by the I°C interface,

In this design, (U2) is the USB PD controller. It gets its supply from
the uwVCC pin of the InnoSwitch3-Pro IC. Output voltage requests are
sent by the IC (U2) to InnoSwitch3-Pro through the I*C communica-
tion lines (SDA and SCL) when sink requests for the same. The WWCC
pin needs a decoupling capacitor C14.

USB PD protocol is communicated over either CC1 or CC2 line
depending on the orientation in which the Type-C plug is connected.

Source(s): [1]; [2]

DRN

Figure 4-7 Source Functional Model for CC1 and CC2

Vaus

Veus Source j  ——
Cannection
Mux 1 and Marked sv Veoun
CNTL Cable
Detection,
Cold-Socket, Ro o
PD =] &voonn A j3 e
cantral N

= . DRN
1

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

1.

2

OPN

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

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
S . E: ates the initial USB Type-C Current level
supported by the host.

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.

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.

Anker, EX1011, p. 9
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sensing a (PL) power level of said (DRN) state of power drain in response to said

;and

Source(s): [1]

Figure 4-7 Source Functional Model for CC1 and CC2

VBUsS

VBUS Source ﬁ

Connection
Mux 4— and Marked 5V Veonn PL
CNTL Cable L
Detection,
Cold-Socket, Ri cc1
p o
PD --—» & Vconn lol—o0
Control }_,\/W <
(cca)
(CCEJ Veonn
2
Rp Lo o
GND
L ¢

The Source can dynamically adjust the value of Rp to indicate
a change in available USB Type-C Current to a Sink.

10
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sensing a (PL) power level of said (DRN) state of power drain in response to said

; and

Table 2-1 Summary of power supply options
————

Mode of Operation Voltage Current Notes
Use 2.0 5V See USE 2.0
Usp 3.2 5V See USE 3.2
USE4 5V 15A See Section 5.3.
USB BC 1.2 5V 1.5 A1 Legacy charging
® 1.5 A 5V 1.54A Supports higher power devices
5V 3A Supports higher power devices
@304 pp gher p
Configurable up | Configurable up | Directional control and power
_M to 20V toSA level management

Table 4-11 Source (Host) and Sink (Device) Behaviors by State

Powered cable
without Sink
attached

-

Apply VEUS and VCONN

Sense CC pins for attach
Do not apply VBUS or VCONN

State Source Behavior Sink Behavior
. » Sense CC pins for attach
Nothing attached p = Sense VBUs for attach
+ Do not apply VBUS or VCONN
* Sense CC for orientation S CC pins f ientati
* sense 1ns for orientation
Sink attached # Sense CC for detach ® P

® Sense loss of VBUS for detach

e Sense VEUS for attach

Powered cable with
Sink, VcoNN-Powered
Accessory, or VCONN-
Powered USB Device

Sense CC for orientation
Sense CC for detach
Apply VBUS and VCONN
Detect VPD and remove

® If accessories or VPDs are
supported, see Source
Behavior with exception that
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 s If accessories are supported,
Accessory Mode « Reconfigure for analog see Source Behavior,
attached audio otherwise, N/A

Source(s): [1]

Figure 4-36 illustrates how the USB PD BMC signaling is carried over the USB Type-C cable’s
CC wire.

Figure 4-36 USB PD over CC Pins

Haost Vaus Device
Veus Vaus
Source Sink
5V
cC
Host —— Device
Rp
BMC PD BMC PD
Controller Controller
Table 4-17 Precedence of power source usage
——
Nominal Maximum
Precedence Mode of Operation Voltage Current
Highest USB PD Configurable | 5A |
—
USB Type-C Current @ 3.0 A 5V 3.0A
\1’ USB Type-C Current @ 1.5 A 5V 1.5A
USBBC 1.2 5V Up to 1.5 AL
USB 3.2 5V See lISB 3.2
Default USE Power
Lowest USB 2.0 5V See USB 2.0

11
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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.
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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

VBUS_OUT=5V, no load VBUS_OUT=5V, 1A load VBUS_OUT=5V, 2A load

1]

I

Gateof Q2 "

Drain of Q2 | sem———— i I r.m i

PL PL PL
VBUS_OUT=9V, no load VBUS_OUT=9V, 1A load VBUS_OUT=9V, 2A load

Gate Of (12 [, ———————— onmrtd. . nmmmnctl . sl . bimmand . \aminamed . 9%/ Ry PRV AU i R B S S L O R

Drain of Q2
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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

VBUS OUT=5V, no load VBUS OUT=5V, 1A load VBUS OUT=5V, 2A load

I\i Stop ILJ[ < -

Bin 24 m‘.-“.,'.:"w"."MW““W":‘ — AR 4 s P MMM S AMA e
(Drain) of IC1 - -

4

A o R . W

M 10,0

i+~ —400.000ns

PL PL
VBUS_OUT= 5V, 2.5A load VBUS_OUT= 5V, 3A load VBUS_OUT= 5V, ~3.3A load

r

r il

—— A A

WA Wi - A VYV
|

Pin 24
(Drain) of IC1

i+~ —400.000ns
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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

4.5 Configuration Channel (CC) ) N
251 Architectural Overvi Below the CC threshold, the device operates in constant voltage
51 Architectural Overview mode. The output voltage is set by the I°C interface. CG2_00HM LSS C comeacior
For the USB Type-C solution, two pins on the connector, CC1 and CC2, are used to establish ”—\f\/\l\&
and manage the Source-to-Sink connection. When the device is connected through a hub, the In this design, (U2) is the USB PD controller. It gets its supply from A1 (GND)
connection between 3 Sink (UFF) on the hub aud the Source (host port) and the connection || - the wVCC pin of the InnoSwitch3-Pro IC._ Output voltage requests are b
@ eer} e Sink ‘evlce port) an .a DUI‘CE (! on t he hub), are treated as seFala e sent b‘}' the IC (Uz) to InnoSwitch3-Pro thrﬂugh the I2C communica- B9 (VBUS] OUT
connections. Functionally, the configuration channel is used to serve the following A h "
purposes. tion lines (SDA and SCL) when sink requests for the same. The uWWCC B8 (SBU2/NC) |
i i i A5 (CCT
«  Detect attach of USB ports, e.g. a Source to a Sink pin needs a decoupling capacitor C14. Ab (D+
s Resolve cable orientation and twist connections to establish USB data bus routing USB PD protocol is communicated over either CC1 or CC2 line S; g,
«  Establish data roles between two attached ports oC depending on the orientation in which the Type-C plug is connected. B?ﬁ CQE*
* Discover and configure VBUs: USB Type-C Current modes or USB Power Deliver:
B4 (VBUS) ouT
P B1 (GND)
p A12 (GND)
SHELL
YW
CG1_00HM

Source(s): [1]; [2]

15
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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

VBUS_OUT=5YV, 1A load OC VBUS_OUT=5V, 2Aload OC

VBUS_OUT=5V, noload OC

[i]

[

Gateof Q2"

Drain of Q2 s

VBUS_OUT=9V, noload OC

I
7]
-

B T aim e tweed e e e i

Gate of Q2

Drain of Q2
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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 to provide an (OC) output
characteristic at an (OUT) output thereof; and

5V, 2A load OC

5V.no load OC 5V. 1A load OC VBUS OUT=

) UMM AR~ MM S A .
Pin 24 t F p
(Drain) of IC1 "
ST TRNTEDUPUFTUUUUIIUUI | BINFoweET—— AN AT SN 2B

M10.0us A Chi 1

i+~ —400.000ns

VBUS_OUT=

U U

— - Pt i y } \ — —— P—— —
(Drain) of IC1
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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 PL PL
VBUS_OUT=5V, noload OC VBUS_OUT=5YV, 1A load OC VBUS_OUT=5V, 2Aload OC

[i]
u

Gateof Q2"

Drain of Q2  seeemmmsmes T | I T :

PL PL PL
VBUS_OUT=9V, noload OC VBUS_OUT=9V, 1Aload OC VBUS_OUT=9V, 2A load OC

Gate Of Q2 (e ————————— o, . ot . sl . il . \nminamed . s (9% Ry U™ AUy SR B S S L O N R

Drain of Q2
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Claim 17

controlling said
said (PL) power level.

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

PL
5V, 2A load OC
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Claim 20
The method as recited in claim 16 wherein said (I0OC) internal operating characteristic is selected from the group consisting of:
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Claim 20

a gate drive voltage level of a (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.

Anker, EX1011, p. 21
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Note: The citations may pertain to only specific document excerpts and not the schematics or other data.
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