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Introduction to Richtek USB Type-C Power Delivery Solutions

ABSTRACT

The USB Type€ standard has been developed to meet the ever growing needs of connectivity between modern déBes.
TypeC connectivity provides both power and data exchange at higher power levels and higher speeds compared to the legac
USB standard. The mechanical design of the USBOymanector and receptacle has also been improved, to enable smaller
form facior and make the connection more usteiendly.

This application note explains the basic operation of USB-Typestems with Power Delivery, and provides several examples

of USB Typ€ applications with selected Richtek USB Typower management solutis.
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1. INTRODUCTION

The USB Typ€ standard has been developed to meet the ever growing needs of dibrntyebetween modern devicetJSB

TypeC connectivity provides both power and data exchange at higher power levels and higher speeds compared to the legac
USB standard. The mechanical design of the USBQ ymanector and receptacle has also been impdo¥o enable smaller

form factor and make the connection more udaendly.

Table 1 below shows a comparison between the older USB and new USB Stgrelard

ConnectorFicture Gonnections Data Speed Voltage/Current

T"'\ =Ns

4 321 43

\ '- Type A Type B
ol BRR Y "H

|\

» 1=Veus4=GND
USB 1.x/2.0 standard | 3 =pata+, 2=Data

' 54321 54321
N -
USB 1.0/1.1

Mini-A Mini-B Low speed 1.5Mbps 5V/500mA

‘ 1=VBus 5=GND Full speed 12Mbps
- BC1.2 5V/1.5A
QI , 3 - Date_1+., #Data UsSB 2.0 (for charging systemsg
o 4=1D pin: High speed 480Mbps
Host=GND device=float

il

USB 1.x/2.0 Mini

= ()

12345 12345
Micro-A MicroB

1=Vsus 5=GND

3 =Data+, 2=Data

4 =1D pin:

Host=GND, devicefloat

109876 54321

1=VBus 5, 8= ; USB 3.0

GND Super speed: 5Gbps
2 =Data, 3=Data+

4 =USBOTG,

6=Tx, 7=Tx+, F=Rx, 10=Rx+
Receptacle

{t”:: :m = D M =:’::;:: Default: 5V / 1.5A
"1 Py e USB 2.0 5V/3A max

USB Typ€: 9 PP High speed 480Mbps
':l'ml"-ﬁ-- \D'l S -m'\“"!ﬁﬁi‘

o —_mmeems | USB 3.0 USBPD

Smaller physical sizé | | o450y DataData+ Super speed5Gbps | 5Vto 20V, 5A max
Reversible plug Two pairs of Rx1/2 and Tx1/2 | USB 3.1
Higher voltage & current| 15 for configuration Super speed#+10Gbps| USB PD 3.0 with PP
Auto-configurable VCONNactive cable power) 3Vito 20V, 5A max
Highest data speed | sy 1/2 for sideband/audio
TABLE

5V/900mA
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From Bble 1 it can be seen that the new USB TFgpstandard has several important advantages

1 USB Typ€ plug is reversible, so it can be plugged in either way; the pinning is laid out in such a way that power connections
will always meet correctly. Since the receptacle has two rows of D+ -antidde the two D+ lines and the two [nes are
connected together so the D+ and- Wiill always meeup. The high speed TX lines and RX lines cannot be connected
together. Therefore the USB TyeCC lines are used to identify the cable orientation and will configure the TX/RX hardware
to work correctly.

Fgure 1: USB Typ€ receptacle and cable plug pinning.

Looking into the product receptacle: v
A1 A2 A3 A4 A5 A6 A7 A11 A12

A8 A9 A10
GND | TX1+ | TX1- - cc1 | b+ | D- [sBui - RX2- | RX2+ | GND
GND | RX1+ | RX1- - sBuz| D- | b+ | cc2 - TX2- | TX2+ | GND

B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1
Looking into the cable plug: -
A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1
GND | Rx2+ | Rx2- - sBu1| b- | b+ | cc - TX1- | TX1+ | GND
GND | TX2+ | TX2- -VCONN| ‘ | SBU2 - RX1- | RX1+ | GND
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12

FIGURE

1 Another difference between older USBandard and the new USB Tyge standard is the dual role capabilitySB Type
C cables have identical plugs on either sifi¢he cable, which means that devices connected together have to tell each
other who will be acting as host and who will be acting as device. Note that these roles need to be determined for both
data and power after connection of the cable: For datasraission, thénost is called the Downstreafacing Port (DFP)
and the device is called the Upstream Facing Port (UFP). For power, the power provider is the Source and power consume
is the Sink. Some applications can have Dual Roles for Data (DRD) aRdIBtiad Power (DRP). The CC lines will be used
to define the power role of the two connected devices during connection.

1 Another advantage of the USB TyPesystem is its higher power capability. Whereas the legacy USB was able to provide
2.5W only USB Typ€ is able to provide up to 5V/3A, 15W max, and with Power Delivery, the voltage & current range is
increased to 20V/5A for maximum power of 100W. This makes it possible to power larger devices from the USB PD port
like monitors, and also allowsharging devices with large battery packs like notebook computers. The new USB PD 3.0
standard also supports Programmable Power Supply (PPS) which allows fine adjustment of the bus voltage and current, an
even allows lower voltage than 5V; PRBMcan ke adjusted down to 3V which is very useful in Direct Charge systems
where the Bus voltage is directly connected to the batteryhighest efficiency chargin§tandard typeC cables are rated
for currents up to 3A. For higher currents up to 5A, speeiabiked cables need to be used. These cables induchble
IDIC that indentifies the cables capability via the CC limaakk ICs require a 5V power supply to be applied to thdéecab
VCONNMin via one of the CC wires.

1 The Super Speed + 10Gbps datee naa the TX/RX pairs makes it possible to transfer signals that previouslycheede
dedicated cables, like HDNDisplayPort/Thunderbolt, and allows 4k video to be transferred over USBOydBMI signal
transfer via USB Typge cables requires special usfehe data transfer pairs in the cable, which is called Alternate Mode.
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Below figures show some examples of USB Typgplications and related Richtek power management ICs

Power >
USB-PD Adapter 5/9/15/20V 3A SmartPhone, Notebook, Tablet
:‘ RT7786 RT7207 e—gm || RT1715 D
AC USBPD Flyback contr. USBPD port & SMPS USBPD 3.0 port - :
controller controller — - ¥ iy
-

FIGURE.

Figure 2 shows a typical U8B adater charging solution, where the adapter power supply provides an adjustable USB bus
voltage 5V, 9V15V or 20V based on the requestthe device attached.

USBPD PPS
> :
USB-PD Adapter 3-6VI5A, 3~11V/3A MobilePhone
Ac :‘ RT7786 RT7207 g || RT1711P RT9468
LUSBPD Flyback contr. USBPD port & SMPS ~ USBPD 3.0 port switching charger
controller controller with Direct Charge
RT1710
USB-C cable D

FIGURB

Figure3 is a similar application agybre 2, but now utilizing the USBPD 3.0 Programmable Power Supply functionddifise
the bus voltage over a wider voltage range. The extended VBUS low voltage range down to 3V makes it possible to use th
Direct Charge concept, which connects the 8Rlifectly to the battery and controls the battery charge current and voltage

via the USB PD 3.0 communication protocol.

Power
—_—
& USB-PD car charger 5V — 9V/3A Mobile Phone
13.5V
RT7881 gl || RT1715 RT9466
— USBPD port & buck controller USBPD-3.0 port switching charger
controller
<€ Data

FIGURE

Figure 4 shows a car charger application where the car battery voltage is stepped down t&\bWamed on the request of
the battery charger in the mobile phone. The mobile phone can provide data (like audio) to the car infotainment system.

Power
—_—>

& USB-PD car charger 5V — 20V/4.5A Notebook PC
B e RT1711P -
—

s RTQ7880 H

USBPD port & buck-boost contr. USBPD 2.0 port

RT1 7 1 0 controller

USB-C cable ID

—

Data

FIGURB

To charge larger devices like notebook computers from the car battégler bus voltage is needed. Figure 5 shows a 90W
car charging solution which makes use of a Boclst converter. Again the notebook computer will request a suitable BUS
voltage via the USBD protocol. The higher 4.5A cable current will require theafise active cable with-Bhark IC.
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Power
>
USB-PD Monitor 5V — 20V/4.5A Notebook PC
RT8131B RT1711P el RT1711P D .
Buck controller USBPD 3.0 port & USEEIPD ST G e Sl
power controller RT1 71 0 power controller —
USB-C cable ID
: Data

FIGURE

Computer Displays with USB Power Delivery can act as power source as is shgumei where a USBD monitor provides
power to the Notebook computer while receiving display data over the same USB cable in Alternate Mode.

Notebook PC

. . 5V -20V
USB-PD Docking station Power RT1711P -
3 USEPD 3.0port & I:l o
RT7881 [0 e ee— Q)| power controller ;\_‘::
USBPD port & buck controller _—
Data .
RT7881 e || RT1711p | USB-PD Monitor lgg
USBPD port & buck controller Power > USBPD 3,? p”nrt &
power controller
Data
2V] | RT7881 < > e
USBPD port & buck controller (10 o m— )] | -
Power o RT1711P
pesrnsosons | external Harddrive '

FIGURE

Figure 7 shows a powered docking station which can connect to severa¢sled@ivering power and routing data streams
between the devices.

HDMI
USB Type-C dongle
USB Type-C
= RT1715 DP-HDMI
RO converter
FIGURB

With the introduction of USB Tyge, there is a need to be able to connect other interfaces to this port.
Figure 8 shows a USB Typeo HDMI converter cable. The bus voltage will stay at 5V, and the converter electronics are
powered from the bus voltage.
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2. HowUSBIYPECCONFIGURES DATA ANDVER

Data transfer
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FIGURE: NONTWISTED, NORLIPPED STRAIGHT QBATION.

Figure 9 shows a netwisted cable with urflipped connectorcreceptacle position.

From left receptacle to right receptacle, the RX1pair connects to TX1 pair and Rx2 pair connects to TX2 pair.

D+ connects to Dand D connects to B SBU1 connects to SBU2. CC1 connects via CC wire to CC1.

USB3.1 uses only two data pairs. In this case, the high speed datagraieeRX1+/and TX1+/from one side to the other
side.

Note thatVCONNs not wired through; th&/CONNvoltage for powering cable-Bark ICs is only provided from one side, after
determining whether a cable includes amrtark IC or not.
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FIGUREO: TWISTED CABLE CE&NNION

Figure 10 shows a twisted cable connection withepgtacle in same position.

In this condition, from left receptacle to right receptacle, the RX1 pair connects to TX2 pair and Rx2 pair connectaito TX1 p
D+ still connects to D+ and Btill connects to B SBUL connects to SBU1, SBU2 to SBU2. CCactomian CC wire to CC2.
High speed dataow needs to travel from RX1+And TX1+ left to RX2+ and TX2+/on the right. It means the data
transceiver needs to switch to different data pairs.

There are totally 4 connection possibilities: flipped or non flipped receptacle and twisted or non twisted cable.

In USB 3.1 systems, the RX/TX daas require a multiplexer to correctly reconfigure the RX/TX lines in all possible cable
orientations. kgure 11 shows the data bus routing possibilities between to USB-Cyperts. The cable / receptacle
orientations are detected via the CC1/CC2 pins on either side. The CC (Channel Configuration) logic controller will set th
multiplexer function accordirlg. This can be done either via a multiplexer switch or data line selection embedded in the USB
chipset.

FIGURE1
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