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Type-C and PD Benefits
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Applications
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= Type C Cable Plug 2%

USB-C Receptacle Diagram

Al A2 A3 A4 m A6 A7 AB A9 A0 All  AL2
| GND | TX1+ | TX1- | vaus \\cm/' D+ D- | SBU1 | Veus | RX2- | RX2+ | GND
[ GND | mx1+ | mx1- | veus | sBu2 .rt:nnn\ VBUs | TX2- | TX2+ | GND

B12 B11 B10 B9 B8 B7 B6 BS Ba B3 B2 B1

= Type C Receptacle &F []
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\ |enD | Tx1+ | ™@1- | veus [ c& | b+ D- | sBU1 | Veus | RX2- | RX2+ | GND
s lg <

| GND | RX1+ | RX1- | Veus | SBU2 | D- D+ [ co VBus | TX2- | TX2+ | GND

VConn

B12
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BB

Bb
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B4
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Pin Description:

* Vbus & GND: Power pins (4x each) can support up to 5A of current

* CC1/2: Connection detection and current advertisement of the power source

* Vconn: Provides up to 1.5W for active cables, e-marked cables, VPDs, and alternate mode adapters

 D+/D-: USB data lines for BC1.2 detection and USB2.0 communication

e TX/RX 1&2: SuperSpeed USB 3.1 Genl/2 data communication lines

» SBU1/2: Sideband pins used for USB PD Alternate Modes and Analog Audio
» DisplayPort: AUX communication

* Analog audio: Mic and AGND
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Comparison to micro USB

Micro USB-B 3k

USB-C
Figure 2-1 USB Type-C Receptacle Interface (Front View)
Al A2 A3 A4 AS A6 A7 A8 A9 Al A1l AI2
GND | Txas | ™a- | veus | cer | o+ | p- [sBui | veus | mxa- | mxa+ | GnD
GND | RX1+ | RX1- | VBUs | sBU2 | D- | D+ | cc2 | Veus | T2- | ™2+ | GND |
B12 Bl  BIO B9 B8 B7 B6 BS B4 B3 B2 B1 ‘
5 taI‘]:!ata- Data+
Ground-, U2 Power (5VDC
) . { ) Data-
R ————— Vce
USB-A (3.1)

Transmit +
Transmit -

Receive -
Receive +

Key Differences: Ground

u._..d)

GND

 USB-C can handle 5A vs. 1.5A of uUSB due to extra power and ground pins
» USB-C supports Power Delivery for up to 100W and Alternate Modes enabling video and audio over the

connector
o« USB-C connector is reversible

» USB-C can handle 20Gbps data-rate vs. 480Mbps for uUSB and 10Gbps on USB-A

e Thin form factor vs. USB-A for thinner notebook PCs
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Most Common Cable Types

Type-C to Type-C cable

A—B+—B12 B1 —A1 2
A2 E Bl I«T—l;\ I [ = I f ?Eﬂz—g.—m

PLUG OVERMOLD CABLE OVERMOLD  PLUG

Power Direction

<= >
56k Rp in
connector Type-Ato Type-C cable
» — - ,nw-"__ lnﬂ PIN G PIM 1
s ]ﬂ‘ o [T_E—\ . 18 mf&—‘?‘ [ o | :@
PLUG CWERMCOLD CABLE WERMGLC; PLUG PIN S PIN 4
Power Direction
<=
5.1k Rd in
connector

Type-C to micro USB legacy cable/

A1 B12 @:Pm 1
| . 94 | PIN 5
A1Z:@:E|1 I [ _ng

FLUG  OVERMOLD CABLE OVERMOLD  PLUG

Power Direction

This is the only
cable which can
use USB PD

Type-A port is
common for AC
adapters and
notebooks

Micro-B port is

common for older
mobile devices
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Source to Sink Connection/up-plug Detection

Figure 4-5 Pull-Up/Pull-Down CC Model Figure 4-33 Sink Monitoring for Current in Pull-Up /Pull-Down CC Model

Source monitors Sink monitors for

for connection orientation !
Cable current advertisement

+ \ / + [ e . ) /
' cc - :
Ro | Rd ‘ :Rp: : : cc A

Rp / i E\Rd 1 Rp i i Rd
i | = ‘ i —

Sink monitors for

Source monitors \__________________________________________,»‘ Sink manitors for i )
for connection orientation e
e Source

» Disables Vbus by default and pulls up both of its CC pins through Rp
* Monitors CC below 2.04V to detect attach, then enables Vbus
» Monitors CC rising above 2.75V to detect removal, then disables Vbus and Vconn

e Sink
» Pulls down both of its CC pins to ground through Rd
* Monitors CC above 0.25V and Vbus to detect attach
* Monitors Vbus dropping below 0.8-3.67V to detect removal
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Type-C Source Configuration

Figure 4-7 Source Functional Model for CC1 and CC2
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Required Circuitry:

Trimmed current sources or pull-up resistor(s) (Rp) on the CC pins

Table £-20 Source CC Termination (Rp) Requirements

Source Current Source Resistor pull-up to | Resistor pull-up to
Advertisement to 1.7-55V 475 -5.5V 3.3V5%
Default USB Power 80 pA £ 20% S6 k0 £ 20% 36 kn + 20%
(Note 1)
1L.5A@5V 180 uA £ 8% 22 kN £ 5% 12 kNl £ 5%
3.0A@SV 330 puA £ 8% 10 kN = 5% 4.7 k0 £ 5%

Comparators and de-bounce on the CC pins to monitor for attach, detach, Orientation (opt.), and Vconn

(opt.)

5V Vbus power supply, disconnect FET, and pull-down circuit
Vconn power supply (3-5.5V), current limit (up to 1.5W), and CC mux if supported (opt.)
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Type-C Source Port States

other CC pin

Table 4-10 Source Perspective

CC1 CC2Z State Position
Open Open Nothing attached N/A
Rd Open (D

Sink attached
Open Rd (.D
Open Ra (D
Powered cable without Sink attached
Ra Open (@
Rd Ra Powered cable with Sink, VCoNN-Powered (D
Accessory [VPA), or VconN-Powered USB
Ra Rd DeviceVeompewered-Aecessery (VPD) ':D
attached
Debug Accessory Mode attached
Rd Rd & Y ) N/A
(Appendix B)
Audio Adapter Accessory Mode attached
Ra Ra N/A

(Appendix A)

List of all possible resistor combinations or “states” from the source’s perspective
Normal sink just has Rd on one CC pin
When Vconn is required, Rd will be on one CC pin (the one passing through the cable) and Ra will be on the
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Dual Role Power Operation

Figure 4-11 DRP Functional Model for CC1 and CC2
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. Veus
Connection VBus Sink ‘—JTL o
and Marked
M Cable -
CNL':. <—{ Detection, 5\: Viconw
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o
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resent as
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USB Type-C
Current Rp - o
Detection ——/V\/\/_-q‘w-n-f“” >
AN
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0

» Required Circuitry: Everything in Source & Sink plus:
« Timing control for toggling between source and sink modes (DRP toggle)
« State machine (timing + modes) associated with Try.SNK (optional)
« State machine (timing + modes) associated with Try.SRC (optional)
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What is Vconn?

« HTFVbusR— " SERIE, MBEALERTVbusBIESXKHA; ErLAMEM T Hih—MEERIEVconn, £
p/—EZET R HE;
e Vconn is an additional power rail supplied on the unused CC pin for the following uses:
« Electronically marked cable: A USB Type-C cable that uses USB PD to provide the cable’s
characteristics.
* E.g. Any cable which can handle > 3A
» Active cable: An electronically marked cable with additional electronics to condition (re-drive) the data
path signals
e E.g. Thunderbolt cable which is longer than 0.5m
e Alternate Mode Adapter (AMA): AUSB PD Device which supports Alternate Modes and acts as a UFP
* E.g. DisplayPort adapter or MacBook dongle
 Vconn-Powered USB Device (VPD): A USB direct-connect or captive-cable device that can be powered
solely from either VCONN or VBUS. VPDs may optionally support the VPD charge-through capability.
 E.g. USB-C headphones can be powered from Vconn
 Vconn-Powered Accessory: An accessory that is powered from Vconn to operate in an Alternate Mode
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When i1s Vconn Needed?

Table 4-4 USB Type-C Source Port’s VcoNN Requirements Summary

D+/D- SSTX/SSRX_VPD >3 A VCoNN Requirements
No No No Not required to source VCONN
Yes No No Not required to source VCONN

Required to source 1 W. VCONN power may be removed after the
Yes Yes No source has read the cable's eMarker and has determined that it

is not an active cable_por a VED.

Required to source 4100 mW. VCONN power may be removed
No No Yes after the source has read the cable's eMarker and has
determined the cable’s current carrying capacity.

Reqguired to source 224100 mW. VCONN power may be removed
Yes No Yes after the source has read the cable's eMarker and has
determined the cable's current carrying capacity.

Required to source 1 W. VCONN power may be removed after the
source has read the cable's eMarker and has determined the
cable’'s current carrying capacity and that it is not an active
cable nor a VPD.

Yes Yes Yes

* Vconn is required in the following conditions:
» Data rates exceed USB2.0
* More than 3A or current is required on the input
 USB PD Alternate Modes need to be supported (e.g Thunderbolt, DP, etc)
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USB PD Detalls & Features
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Main Power Features of USB PD

< Power Delivery
< USB Data >

Power Delivery =
< USB Data >

 For > 15W of power (5V @ 3A), USB PD is required

 USB PD can increase the Vbus voltage up to 21V (7 voltages are allowed)

« USB PD can increase the Vbus current up to 5A

« Enables authentication between source and sink

» Allows swapping of power, data, and Vconn roles

» Supports Alternate Modes such as DisplayPort, Thunderbolt, and HDMI

» Allows for intelligent power management of multi-port systems such as notebooks and USB hubs
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PD over CC Pin Block Diagram

Figure 4-35 illustrates how the USB PD BMC signaling is carried over the USB Type-C cable’s

CC wire.
Figure 4-35 USB PD over CC Pins
Host VBUS Device
VBUS -= O o) = \/BUS
Source Sink
5V
|
cC
|“'°'UJ Host AN N\ J_ Device
L B
e Ll Rp Rd L
L PO
\/ BMC PD BMC PD
Controller Contraller

« Implicit contract is in place when source and sink are attached at 5V with a valid Rp advertisement
» Explicit contract is in place once the source sends the PS_RDY message (after going to the

requested voltage level)
« During an explicit contract, the source must advertise an Rp in accordance with the USB PD 3.0

collision avoidance scheme
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PD over CC Pin Block Diagram

Figure 4-36 USB PD BMC Signaling over CC

Connect  Source TX End TX Sink TX End TX Disconnect
1.8Y =— r—
1.55V
(VOPEN) F r_
1.1V F r— ..... ] r (_ _l
0.6V (—

C

|-

i

QE /LU

oV U L

Voltage on CC measured at the Source
Voltage on CC measured at the Sink

-0.25V

Ramp
current

» Since the CC voltage never drops below VOPEN, the source will not register a disconnect event

during PD communication
» The sink does not monitor CC for disconnect detection
* The sink employs a 10-20ms debounce to detect changes in the Rp advertisement, which will not

trigger during PD communication mps



USB PD 2.0 Source Power Rules

Figure 10-1 Source Power Rule [llustration

Current (A)

- e - .-
45W

0 10 20 30 40 50 60 70 80 90 100

Source Power Rating (W)
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USB PD Flow Diagram

» time

Type-C
Connection

Request
PDO

Power Data Object (PDO)

Table 6-9 Fixed Supply PDO - Source

Bit(s) Description
B31...30 Fixed supply
B29 Dual-Role Power
B28 USB Suspend Supported
B27 Unconstrained Power
B26 USB Communications Capable
B25 Dual-Role Data
B24 Unchunked Extended Messages Supported
B23..22 Reserved — Shall be set to zero.
B21..20 Peak Current
B19...10 Voltage in 50mV units
B9...0 Maximum Current in 10mA units
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USB PD 2.0 vs. 3.0 Power Supply Features

Table 10-7 Programmable Power Supply PDOs and APDOs based on the PDP

PDP (W) 5V fixed 9V fixed 15V fixed | 20V fixed || 5VProg 9V Prog 15VProg | 20V Prog
x <= 15W PDP/5 : - ] PDP/5 : : :
15<x<=27TW | 3A PDP/9 - - 3Aor PDP/9 - -
PDP/52
27<x<=45W | 3a 3A PDP/15 - PDP/5! 3Aor PDP/15
PDP /92

45<x<=100W | 3A 3A 3A PDP/20 - PDP/91 3Aor PDP/202

PDP/152
Notes:
This PPS APDO is Optional PD 2.0 \
v 2 The PPS May offer more than 3A when a 5A cable is present.

\Y
Table 10-8 Programmable Power Supply Voltage Ranges / PD 3.0

Fixed Nominal Voltage
5VProg 9V Prog 15VProg | 20V Prog
Maximum Voltage 59V 11v 16V 21V
Minimum Voltage 3V v v 3V

The voltage output at the Source’s connector Shall be +/-5% for both the Maximum Voltage and the Minimum Voltage.
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USB PD 3.0 vs. 2.0 Differences

PPS is only allowed in USB PD 3.0
« USB PD 2.0 is limited to a maximum 7 fixed-power PDOs
* USB PD 3.0 can use Augmented Power Data Objects which contain programmable power supply
information
» Collision Avoidance is required in USB PD 3.0
» Source must be able to change Rp between 1.5A and 3.0A

Table 5-13 Rp values used for Collision Avoidance

Source Rp Parameter Description Sink operation Source operation
Sink Transmit “No Go”, | Sink cannot initiate an AMS. Source can initiate an AMS
1.5A@5V SinkTxNG Sink can only respond to Messages | tSinkTx after setting Rp to this
as part of an AMS value.
. Sink Transmit “Ok” Sink can initiate an AMS. Source cannot initiate an AMS
SA@5V SinkTxOk while it has this value set.

« Battery Status Message: reports state of charge, meaning a fuel gauge is required
» Battery capabilities extended message: reports designed capacity and last full charge capacity
» All other changes are purely protocol related:

https://e2e.ti.com/blogs /b/powerhouse/archive/2016/07/14/usb-power-delivery-2-vs-3
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USB Charging Block diagram

Head UnitFf1Hub O &P #5148 7 B8 E 4R
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System input

Car battery

6V-36V

R APulseBBENIA : RUBHEIEFE, BES

EMCHZR M
BEEAEIE, I

USBHItHFR 4 IRAME, it

FERMIGREMEINE

Vbat

Reverse
Protect

ARIP, FEHEMRPSF

=k, fafE, load dump3Filizt

MPQ4488

36V/6A Buck

Line D c Type-C 5V@3A mode CC1&CC2;
ihe Lrop L.omp VCONN supply x2

BC1.2 DCP mode, Divider Mode,

OVP, Discharge

Current Limit

SWx2

1.2V/1.2V mode x2

(Only for MPQ4488)

Dual Ports
Dual USB-C
one USB-A
and one USB-C
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100W USB PD with MPQ4214 and CCG3PA

100w PD Port with 12C Buck-Boost

System
Input

» Car battery
6V - 40V

MPQ4214

200-600kHz buck-
boost Controller

Vee Support PPS

12C

FB

PD Controller
i.,e. CCG3 PA

VBuUS
5V/9V/15V/20
V/3.3V-
20V/5A PPS

|

Vconn

CC1

A\ 4

cc2

APPLICATIONS

« USB PD Charging port
« USB Hub

o XF5V/9V/15V/20V/3.3-21V@5A PPSHitiPDO

« DP/DM pins support Apple mode/BC1.2 Short mode

* Voltage and CC current limit adjust by 12C or PD controller’'s DAC
 Fully meet USB PD3.0 specification

 Eliminates external LDO for PD controller

e Auto reduce PDO when temperature is high

e OCP,OTP, Ground/CCx/DP/DM short to battery protect

\ 4
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PDO List when attached with a Sink meter (5A Cable is used) mps



The End!
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