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What is USB Type-C?

What is USB Power Delivery??

T1 USB Type-C Solution

« USB-C Controllers & Signal Conditioners

« USB-C/PD Controllers (Fully Integrated)

« USB-C & USB-C/PD Controllers

« USB-C Protection Devices

« USB-C Thermal Protection

« End Application Block Diagrams by Product
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What is USB Type-C?
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Type-C/PD Technology Overview Lt

USB -C Micro - B

Co T

What is USB-C/PD is a wide spread interface that is scalable for power & signaling. It is a specification f
or a reversible-plug connector for USB devices and cabling.
Type-C/PD
N § Y - -
Wall Outlet Adapter Charger Power Bank USB Devices Mobile/Desktop ysB powered

Accessories HDD Accessories

= @

Mobile Devices
Laptop Monitor, TV Docking Station

When to use T
ype-C/PD

sEETEm
Desktop PC/Server USB Hub

8

' Infotainment

A single USB Type-C connector can deliver functions that several connectors provide today in our ele
ctronic gadgets.

Standard type-c now offer more than twice of existing BC1.2 power and type-c PD now offer up to 10
OW of power.

_'I(;he more demand for electronics end applications, the more demand for high power and faster data/v
ideo.



http://www.google.com/url?url=http://www.digitalhome.ca/forum/202-home-fix-up-including-appliances-hvac-power-tools/155492-usb-wall-outlets-canada.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwj-5-Sh4MfJAhWM1CYKHe7HAZ0QwW4ILjAL&usg=AFQjCNGD1wXi-hk5NfhlOMLYGmsp5rAVwg
http://www.google.com/url?url=http://www.llamatronics.com/cgi/php/item.php?Item=WALL-USB&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiX2sjN4MfJAhVC6CYKHZelDdgQwW4IGDAB&usg=AFQjCNFzAfqJygcLiEhrh2fbCNBzB2Lp3A
http://www.google.com/url?url=http://www.proctorcars.com/car-technology-buying-guide-safety-tech-infotainment-systems/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjBueS14cfJAhXLTCYKHV34ClAQwW4IGjAC&usg=AFQjCNH3-lMKnwux9D2o0LsP5biTUoTXTA
http://www.google.com/url?url=http://edtechteacher.org/?attachment_id=2321&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjer4eRt8rJAhWSoYMKHc9pAjUQwW4IHjAE&usg=AFQjCNFBwlUIRkmRwfFiGjxN7Cmgyu45BQ
https://www.google.com/url?url=https://hardwaretexpert.wordpress.com/category/usb-hub-specification/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjHwv7m4cfJAhUGwiYKHV10BWs4FBDBbgg0MA8&usg=AFQjCNGYK1l4ROcjSA-IxkD66p-sJAe04g
http://www.google.com/url?url=http://usbupdate.blogspot.com/2013/08/usb-30-devices.html&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiJj8jW4cfJAhVI2SYKHWxjCj8QwW4IMDAN&usg=AFQjCNHkA2qEnGYjJU_HOfZFTZ9rLKuHWw
http://www.google.com/url?url=http://linux.koolsolutions.com/2009/01/26/installing-linux-on-usb-part-1-difference-between-usb-hard-drive-and-usb-flash-or-jump-or-thumb-drive/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiU5oyntcrJAhXj44MKHSBTDbAQwW4IHjAE&usg=AFQjCNEeRQkuMPD6EOBUAazyMzp566JCVw
http://www.google.com/url?url=http://blog.jovago.com/mobile-devices-revolution-in-africa-the-reigning-fives-2247&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjZrtn64MfJAhUBfSYKHbKsClYQwW4IJDAH&usg=AFQjCNHDN-uXXMkelEqrmtBssvD0K-eUTw
http://www.google.com/url?url=http://www.anandtech.com/show/8496/dell-previews-27inch-5k-ultrasharp-monitor-5120x2880&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwiX4cjE4cfJAhXIZCYKHfE2Bd8QwW4IGDAB&usg=AFQjCNGDVORqHgLIHr_4esSba5VYRxu1jQ
http://www.google.com/url?url=http://www.igeeksblog.com/best-iphone-5-docking-stations/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjb6O6l4cfJAhXM6SYKHcI_BeMQwW4IKjAK&usg=AFQjCNF29CjJ9kchjBbP4TlMoincUWhnXg

The Evolution of USB

1998 2000 2001
CERTIFIED USB e USB
USB1.x USB2.0 USB OTG
Low Speed High Speed Device can be
LS: 1.5Mbps HS: 480Mbps Both Master a
Full Speed FS, LS nd Slave
FS: 12Mbps I— ——

2008

SUPERSPEED .
CERTIFIED USB

i

USB3.0
USB3.1 Gen 1
Super Speed
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2013

SUPERSPEED+ )
,,,,,,,,, USB

. 10Gbps '

USB3.1 Gen 2
Super Speed+
SS+: 10Gbps

SS: 5Gbps | —

S ———
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USB Today 27 i £ 3]

The “original” USB has just four electrical contacts / /\
5V PWR (VBUS) and GND VBUS I VBUS
D+ and D- Data busses “ zbooooooooo«w =
First connector to combine both Data and Power! SSTX+ — — SSTX+

, S D & 0.0 0.8 0.0 0.0 SSTX-
USB 3.0 added five more SSRX+ — SSRX+

_ SSRX- LR | sox-
Super Speed TX pair \ \ i
Super Speed RX pair
Another GND New In USB3
B@ USB has been a great workhorse, but:

» Connectors are clumsy
« Different connectors at either end for Host/Device
* Can never find the right cable with the right two connectors

&

» Limited data speeds and connectivity

Your ntegral Compénentto Suocess
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The USB Signal Fundamentals S 1 45 ]
Host Device
_ D+
USB2.0 D- USB2.0 w wire bi-directional interface
Signals L Vbus
g 4 GND :
Onlx one active for a Eerigheral anq
USB3.
5. X SSTX+ function
SSTX- SuperSpeed(+) adds a
S(Lig)esrisﬂzl : ) SSRX+ dual-simplex data path
g SSRX- with revised USB
L protocol

Your Integral Component o Success N



What is USB Type-C? %EHQ;!EA

Power Data Video  Audio

Features:
 Small form factor connectors

* Flippable connectors and reversible cable that gives a m
ore user friendly experience

* Supports USB 3.1 (10Gbps)
* New USB Type-C Current (5V / 1.5A/ 3A)
» Supports USB PD (up to 20V / 5A)

USB-C

USB Type C is a new receptacle, plug, and cable standar * Supports “Alternate Modes” through the same port

d that is compatible with existing USB interfaces:
» First connector supporting power, data and video
» First Tl solutions began sampling end of 2014

Tl expects the Type-C connector will eventually replac
* Major rollout throughout 2015 e ALL other USB connectors

- Your Integral Component to Success



The USB Connectors ?,;EHQE;A

One size for USB2.0, 3.0, 3.1
- ) B3
Type-B Mini-B Micro-B

Type-A Type—C

USB3.0 @ a a
| ‘ USB3.1

Type-A Type-B Micro-B ‘ DisplayPort ‘

Power Delivery

<«

uUSB2.0



//upload.wikimedia.org/wikipedia/commons/d/d8/USB-Type-C.svg

In the Beginning USB 2.0 Cable %EHEBE;A

The “original” USB has just four electrical contacts
5V PWR (VBUS) and GND

D+ and D- Data busses — —
USB 2.0 was First connector to combine both Data
and Power!
1 2
— )
4 3 2 1 .
TypeA Type B

E%%%] USB 2.0 has been a great workhorse, but:

» Connectors are clumsy
Mln -8 Mini-B

» Different connectors at either end for Host/Device

_ @ * Not easy to find the right cable with the right two connectors

12345 12345 + Limited data speeds and connectivity
hicro-A Micro-B

Your Integral Com
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USB 3.0/3.1 Cable

USB 3.0 added five more
* Super Speed TX pair ———————
Super Speed RX pair

n
=.
®
a
®
Q
®
Z
O
=
o
c
>
(1
A
X
S~~~

Now we have high speed data!
But connector incompatibility
* USB 3.0 was not widely adopted

s

A Female A Male B Male Micro B Male

a
s |
S
g
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USB Type C Cable Porys

USB Type C Added

e CC (Configuration Channel
e Vony Support (optional) - W7
e SBU (Side Band Unit)

* CCls used to Support USB PD and help determine
role
*  Vconn Connects to the opposite CC pin this is used
for Active cable Power
* 5V and can support 1W of power
e Can be used to recondition signals
* Can support USB PD ID to support up to 5A
of current
* SBU is used for Audio (i.e. Microphone)
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USB Type-C USB Type-C
Receptacle Cable USB Type-C Plug

CC - Blue

Power — Red N .
e —
Power Return — Tin Plated Power Return —Tin Plated - s
— Nl
SBU Red & Black SBU Red & Black ~
USB 2.0 White & Green VCONN - Yellow :._
oy

OD =4.8mm

Coax are SS pairs — specific pairs not defined in cable

Figure 2-1 USB Type-C Receptacle Interface (Front View) Figure 2-2 USB Full-Featured Type-C Plug Interface (Front View)

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l A12 Al12 All A10 A9 A8 A7 A6 A5 Ad A3 A2 Al
GND | TX1+ | T>1- | VBUS | cc1 | D+ | D- | SBU1 | VBUs | RX2- | RX2+ | GND GND | mx2+ | Rx2- | veus [sBui | p- | b+ [ cc | weus [ ma- | mas | enp
GND | RX1+ | RX1- | VBUS | SBU2 | D- | D+ | cc2 | VBUS | ™2- | ™2+ | GND anp | mxa+ | Tx2- | veus | veonn | | [ sBuz [ veus [ rxa- | mxa+ [ Gnp
B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 B1 B1 B2 B3 B4 85 B6 B7 ES B9 B10 B11 B12

Your Integral Component ¢



USB Type-C Flippable Receptacle Interface ?,;EHQE;A

High Speed Data, Sideband Use, not High Speed Data
USB SS, SS+ TX USB2 Data used for USB, AUX USB SS, SS+ RX
or DP Alt Mode for DP or DP Alt Mode

T2+

Cable Bus Configuration channel, for cable attach, orien
Power tation, role detection, and current mode

One becomes VCONN to supply power for c

able or adaptor
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USB Type-C Connectors

USB Type-C §' modes:

or device

*NOTE: A Spec
A current




USB Type-C Operation Modes %EHQE;A

Host Mode e Downstream Facing Port (DFP)>

I Device Mode - Upstream Facing Port (UFP) >

DI INEGIEN V620 (¢ Dual Role Port (DRP) >

USB cont
roller

| SS Tx/Rx

USB contr

oller

SS Tx/Rx 2

SS Tx/Rx 2
 ———
CCl/cc2

HD3SS5460
SS, SS+, DP SS TX/Rx 1

HD3SS3212

SS, SS+ HD3552522

DFP, SS, SS+, CC SS Tx/Rx 1

cci/cc2
TUSB321
DFP/UFP/DRP,CC




Configure USB Type-C Using Switch/Mux ?,;EHQE;A

Configuration

» USB Type-C switch can
reduce pin out and
complexity in USB
controller

« Same switch required in
both host and device

<
E
=
O
@)
m
0p)
)

CC

P~ m e o

Vconn| o _o----"77

« Switch can be integrated
with USB signal
conditioner and CC
functions

ontrol
' HD3S5460, HD3SS3212

TUSB321
PD Controller

CC Controller

Your Integral Comg



DFP and UFP and DRP Oh My! LAt

DFP - Downstream Facing Port
— Normally this would be in an AC adapter or a USB Hulj oOnly 1 USB Type C port!

— This is what you plug your device into (also known as a UFP)

UFP - Upstream Facing Port

— This is the device you connect to the host » = -
— Could be a phone, tablet, portable gaming system etc.v
DRP - Dual Role Port

— This is a port that can change from DFP to UFP or visa-versa

— Typically a notebook
— Could be a power bank

Your Integral Companent to Success Y



Configuration Channel

Providing the flexibility of Type-C

Functionally the Configuration Channel (CC) is
used to serve the following purposes:

Detect connect of USB ports,

Resolve cable orientation and twist connections to
establish USB data bus routing

Establish DFP and UFP roles between two
connected ports

Discover and configure power: USB Type-C current
modes or USB Power Delivery

Discovery and configuration of optional Alternate
and Accessory modes

SERIAL
i 52 [

Typical CC flow for DFP to UFP
configuration:

Detect valid
connection

<

Establish U
SB power m
ethod

<

Configure Al
ternate Mod

e
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What is USB Power
Delivery?
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USB PD Features

Why use USB PD?

Enables higher voltage, up to 20V

* 5V, 9V, 15V, and 20V satisfy most customer needs.

Up to 100W power over USB cable
Which port provides power is negotiable
* DFP can be provider or consumer.
» UFP can be provider or consumer.
Efficient power management across multiple peripherals
DFP has cold socket to conserve power
Co-existence with legacy USB products

Enables Alternate Modes

SERIAL
i 52 [

Typical PD flow

VBUS initially default
s to 5V, 500mA power 5V

supply

USB Power Delivery
negotiation over CC 5V
wire

Power supplied over
VBUS at the rate neg 20V
otiated

Not related to power, but USB PD required

Your Integral Component to Success



USB-PD Over USB Type-C S

Port Power Roles

USB PD over Type-C is negotiated through CC wire, port

Highest USB PD Upto20V Upto5A )
power roles are now defined separately from the port data
r USB Type-C current @ 3A 5V 3A roles.
* Provider: device can only provide power
USB Type-C current @ 1.5A 5V 15A . . .
» Consumer: device can only receive power
USB BC1.2 5V Upto1l5A + Consumer provider: The device can act as either a con
sumer or provider. This is only possible for devices that s
usB 3.1 5V 900 mA upport USB PD
Lowest UsB 2.0 5V 500 mA
I-IDD

e uwl B

USB 2.0 E
usB 3.0

Extend ease of use, reduce clutter, reduce even
useB BC 1.2 more waste
B G USB Power Delivery ................................... >

Your Integral Com




SERIAL
5A versus 3A Cables 37 1 £ ]

All USB Type-C cables can support 3A.

There are two types of Type-C cables that may support
5A.

1. The 5A cable contains an E-marker chip that the Source can read which
indicates its current capability.

2. The cable is a captive cable that is permanently attached at one end.

Captive Cable Example
Type-C 5A cable (with E-marker)

"<§§j\\s L L(/;/
| E-marker




USB Type-C Current

New feature for Type-C

Using CC pins, a DFP can advertise to its port partn
er (UFP) the amount of current it can supply:

Default values from USB 2.0/ USB3.1
1.5 A — Medium current mode
3.0 A — High current mode

Allows the power source to manage the current i
t provides (e.g reduce current when own battery
is low)

Eliminates need to use D+/D- pins to advertise s
upply, as used in BC 1.2

SERIAL
i 52 [

Without Power Delivery, USB Type-C has some limitations:
» Can deliver up to 15W, cannot exceed 5.5V

« Cannot do any alternate modes (USB data only)

» DFP (host) must provide power

» UFP (device) cannot provide power

Your Integral Component o Success



USB Power Delivery Contract Example %Eﬂg!;A

Scope Capture w/ TPS65982 Firmware
(One DFP as a Dock & One UFP as a Notebook)

« DFP & UFP establish a PD power contract

« DFP send source capabilities and UFP
will send back sink capabilities

 PD contract established

VBUS changes to 20V

VBUS
PP HV e

e © DFP enters Discovery Mode

Cable Connect “ H“W
PD Power

Contract

Your Integral Componentm




USB Power Delivery Contract Example SERIAL
Protocol Information 347 1 42 [

Ellisys Analyzer w/ TPS65982 Firmware
(One DFP as a Dock & One UFP as a Notebook)

] Source Capabilities (Fixed 5V 3A, Fixed 20V 3A) =

= Source Capabilities packet (Fixed 5V 3A, Fixed 20V 3A) ouT L& L
v,. GoodCrc packet IN
= ',_ Request (Object 2 = Fixed 20V 3A, Requested 3A, Maximum 3A) > Accepted  IN e
| @ 4= Request (Object 2 = Fixed 20V 3A, Requested 3A, Maximum 3A) IN
# = Accept ouT
= = PsRdy OOt
= PsRdy packet ouTt
v, GoodCrc packet IN
= =, Discover Identity > Ack (Undefined) ouT
# = Discover Identity ouT
(# 4= Discover Identity Ack (Undefined) IN
= =, Discover SVIDs > Ack (0xFFO01) out
(#l » Discover SVIDs out
# 4= Discover SVIDs Ack (0xFF01) IN
=2 _, Discover Modes (SVID = 0xFF01) > Ack (0x001C0045) out
# = Discover Modes (SVID = 0xFFO01) ouT
!5 4, Discover Modes (SVID = OxFF01) Ack (0x001C0045) IN PDO (Provi de data o b] ect)
= £, Enter Mode (SVID = 0xFF01, Mode = 1) > Ack ouT .
# = Enter Mode (SVID = 0xFF01, Mode = 1) ouT Fixed — yPDO Fixed Supply PDO
@ ¢ Enter Mode (SVID = 0xFFO1, Mode = 1) Ack N 2 e e . Z amum Current ”
= z, SVID Specific Command (0x10) > Ack ouT & Pesk Current Toc @ Pesk Current Toc
(# = SVID Spedific Command (0x10) ouT @ Type-CCRP No @ Type-CDRP No
[ 4= SVID Specific Command (0x10) Ack IN @ USB Communication Capable Mo @ USB Communication Capable Mo
= 5'-‘ SVID Speciﬁc Command (0)(11) s Ack ouT @ Externally Powered Mo @ Externally Powered No
@ = SVID Spedific Command (0x11) out Z Ush Suspend Supported e Z Usb Suspend Supportsd ¢
# 4= SVID Spedfic Command (0x11) Ack IN

Your Integral Com




USB-C and USB-PD Links S

For more information on the USB-C and USB-PD standards please
review the USB-IF’'s Universal Serial Bus Revision 3.1
Specification

For more information on TI’'s USB-C and PD solutions please visit
the following links:

— USB Type-C Overview
— USB Power Delivery Overview

— If you have any questions or need any further assistance choosing the right
USB-C and PD device for your system please visit the USB E2E Forum



http://www.usb.org/developers/docs/usb_31_072715.zip
http://www.ti.com/usb-c
http://www.ti.com/usb-pd
http://www.ti.com/usbforum
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TI USB Type-C solution
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USB-C Controllers & Signé
Conditioners
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USB Type-C and PD Ecosystem o5 i £ ]

HD3SS2522

USB Type C Super Speed MUX with DFP Controller

Compliant to USB Type C Specification 1.1
Provides Configurable Channel Logic
—  Attach USB Port Detection
| I I { > —  Cable Orientation Detection
—  Type-C Current Mode (Default, Mid, High)
Supports Data Rates up to 10Gbps with Wide -3dB BW of
8GHz

Excellent Dynamic Characteristics at 2.5GHz
—  Crosstalk = - 39dB
—  Off Isolation = -22dB
—  Insertion Loss = -1.2dB
- Return Loss = -12dB

Low Active (2mW) and Standby Power (50uW)

a

VBUS

S e g

Consumption
-~ Provides automatic determination and configuration of
-

Legend USB SS mux for cable orientation

Flexibility for many different applications
Provides 10s to support 5V VCONN sourcing

Basic
Type-C/IPD MCU/SM
Function

Rrumxafrxarmxe| ssu - cc |veonn |

Data
NVideo

E3 B




SERIAL
USB Type-C and PD Ecosystem o5 i £ ]

HD3SS3212

USB 3.1 SS High Performance Differential Switch

Provides MUX/DEMUX solution for USB Type-C
ecosystem for USB3 and USB3.1
| ] ] ]

2mW active and 20uW shutdown power Typ
Wide -3dB BW of over 10GHz
Excellent Dynamic Characteristics (at 5GHz)
—Crosstalk = -35dB
—Off Isolation = -19dB

s
v

VBUS

MCU/SM
R o -
Data
NVideo

>< | —Insertion Loss = —1.5dB
- —Return Loss = -11dB
. I Single Supply VCC of 3.3V +10%
>< Dynamic Common Mode Tracking
— 3 2.5mmx4.5mm QFN Package (p2p with industry)
H Commercial Temperature Range of 0 to 70°C
Legend - H Industrial Temperature Range of -40°C to 85°C
T

SRl
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HD3SS3220

Type-C MUX with DRP Port Controller

Optimized for Mobile Applications and Compatible to USB TypeC
Specifications 1.1

2:1 switching for USB 3.1 SS pairs
> Mode configuration (DFP, UFP, DRP)

: : —  Host Only, Device Only, Dual Role Port

— 12C and GPIO for Configuration
Channel Configuration (CC)

—  Attach of USB Port Detection

—  Cable Orientation Detection

— Role Detection

—  Type-C Current Mode (Default, Mid, High)
ID Emulation
Supports VCONN
Supply Voltage 3.3V & 5V
Low Standby Current Consumption
Industrial Temperature Range -40° Cto 85° C
Package: 30pin VQFN 2.5mm x 4.5mm

a

VBUS

Type-CIPD

Function

e
E3 B

[Rxumxafrxemxa] ssu - cc |voonn |

L d USB3.1S usB 3.1
egen ig Con Mux

- Your Integral Comparier




USB Type-

SERIAL
C and PD Ecosystem o5 i £ ]

HD3S5460
4 x 6 Channels USB Type-C Alternate Mode MUX

‘ Compatible to USB TypeC Specifications 1.0
| |

X-point mux for USB Type-C with Alt Modes
- Switching between 2 Ln DP + USBSS or 4 Ln DP

a

Legend

=
=&
=]

T T > - Switching for SBU pins
Low power with 2mW active, 20uW shutdown
-3dB BW of over 5GHz

Excellent dynamic characteristics (at 2.5GHz)
- Off isolation = —25dB

VBUS

- Insertion loss = —1.6dB
- Return loss = -11dB

Single supply VCC of 3.3V £10%
Available in both Commercial Industrial Temperature
28 pin QFN package 3.5x5.5mm & o0.5mm pitch

-

USB 3.1 -
Mux -
-

[Rxumxafrxemxa] ssu - cc |voonn |

Alt. Mode
Mux

4 N
y 00 N ———
SRl



USB Type-C and PD Ecosystem SERIAL

a

L d USB3.1S USB 3.1
egen ig Con Mux
Basic

Type-C/IPD MCU/SM
Function

Data
NVideo

E3 B

v

VBUS

[Rxumxafrxemxa] ssu - cc |voonn |

i 52 [

TUSB542

USB Type-C 5Gbps Redriver 2:1 MUX

Provides USB 3.1 Gen 1 5Gbps Super Speed (SS) 2:1 Mux
for a Type-C Port
Supports USB Type-C Cable and Connector Spec 1.1
Ultra Low-Power Architecture

- Active: 100mA, U2/U3: 12mA, NC: 4mA, Shutdown: 20pA
Selectable Equalization, De-Emphasis, and Output Swing
Automatic LFPS De-Emphasis Control for USB 3.1
Compliance
Integrated Termination
RX-detect function
Signal Monitoring for Power Management
No Host/Device Side Requirement
Single Supply Voltage 1.8V *=10%
Package: 18 pin QFN 2mm x 2.4 mm pitch:0.35mm
Operating temperature range: 0° C to 70° C (commercial)
and -40° Cto 85° C (industrial)




USB Type-C and PD Ecosystem

a

VBUS

>
Legend

Basic
Type-C/IPD MCU/SM
Function

[Rxumxafrxemxa] ssu - cc |voonn |

Data
NVideo

E3 B

SERIAL
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TUSB32x

Type-C CC and Mode Controller

Optimized for Mobile Applications and Compatible to USB
Type-C Specification 1.1
Mode configuration (DFP, UFP, DRP)

- Host Only,

- Device Only,

- Dual Role Port

- 12C and GPIO for Configuration
Channel Configuration (CC)

- Attach of USB Port Detection

- Cable Orientation Detection

- Role Detection

- Type-C Current Mode (Default, Mid, High)
Support ID Emulation and VBUS detection
Flexible Supply Voltage 2.7-5V
Low Active Standby Current Consumption
Industrial Temperature Range
1.6x1.6mm QFN package

Your Integral Comganent to Success



USB Type-C and PD Ecosystem

a

v

VBUS

Legend

MCU/SM

[Rxumxafrxemxa] ssu - cc |voonn |

=

SERIAL
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TUSB321 / TUSB322

Type-C CC Logic, Port Control and VCONN Switch

Optimized for Mobile Applications and Compatible to USB
Type-C Specification 1.1
Mode configuration (DFP, UFP, DRP)
- Host Only,
- Device Only,
- Dual Role Port
- 12C (TUSB322 only) and GPIO for Configuration
Channel Configuration (CC)
- Attach of USB Port Detection
- Cable Orientation Detection
- Role Detection
- Type-C Current Mode (Default, Mid, High)
ID Emulation and VBUS detection
VCONN support, Supply Voltage 4.5-5.5V
Low Active Standby Current Consumption
Industrial Temperature Range, 1.6x1.6mm QFN package

Your Integral Compenent to Success
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USB-C/PD Controllers (Fu
Integrated)
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USB Type-C and PD Ecosystem

Reverse
Current Pr VBUS.NF
. ET Drive
otection
R
Dead Batt Thermal S
ery LDO hutdown
 — m—
R
Over Curr Over Volt VBUS Dis
ent age charge
—
. J S e

a

v

VBUS

PD Mana
ger MCU

Legend

Basic
Type-C/IPD MCU/SM
Function

[Rxumxafrxemxa] ssu - cc |voonn |

Data
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TPS65982 - USB Type-C Port Power Switch with

USB-PD Controller & HS Mux

Supports all Type-C High Current Modes
- Integrated Port Power Switches up to 20V @ 3A
- Supports optional bi-directional external power NMOS FETs
- Integrated Dead Battery LDO
Fully compliant USB PD Baseband modem per USB PD2.x
- BMC encoder/decoder, Physical Layer with CRC
- No external MCU needed includes Port Policy Manager
Performs all CC pin functions w Integrated Vconn
- Cable Detection and Cable Orientation
- No external Vconn components needed
Integrated HS Mux & Alternate Mode Support
- CC/2, SBU1/2, USB TP/TN, USBBP/BN
- USB 2.0 Endpoint for Billboard & Flash Update
- Display Port, Thunderbolt™, PDIO, QuickSwap, MHL
Flexible system interfaces

- 12C Slave/Master, SPI, Simple connection to HD3SS460 SS Mux for
Display Port/USB3.0

Easy to use 6 x 6 mm, non HDI uBGA ZQZ 96pin, 0.5mm pitch

Your Integral Component o Success
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TPS65983 - Thunderbolt™ 3 USB Type-C and USB-PD

Port Controller
*USB Power Delivery (PD) Controller
. Mode Configuration for Source (Host), Sink (Device), or Source-Sink.
*USB Type-C Specification Compliant
. Cable Orientation and Role Detection
*Port Power Switch
. Supports 100W (20V, 5A), 60W (20V, 3A), and 15W (5V, 3A) of power

. Meets USB Type- C Slew Rate Control, Hard Reset Support
requirements

. Integrated VCONN

. Overcurrent, overvoltage, reverse current, and thermal protection
*Port Data Multiplexer

. Sideband Use Data for Alternate Mode Support

. DisplayPort, Thunderbolt™, etc.

*Power Management

. 3.3V LDO Output for Dead Battery Support

. Supports 100W (20V, 5A) External Power Path
*UL 2367 and IEC 6950 Certified
*6x6mm, 96 Pin BGA MicroStar Junior Package

Your Integral Component o Success
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TPS65986 - USB Type-C Port Power Switch with

USB-PD Controller
*USB Power Delivery (PD) Controller
. Mode Configuration for Source (Host), Sink (Device), or Source-Sink.
*USB Type-C Specification Compliant
. Cable Orientation and Role Detection
*Port Power Switch
. Supports 60W (20V, 3A), and 15W (5V, 3A) of power
. Slew Rate Control

. Overcurrent, overvoltage, reverse current, and thermal protection
. Hard Reset Support

*Port Data Multiplexer
. Sideband Use Data for Alternate Mode Support
. DisplayPort, etc.
*Power Management
. 3.3V LDO Output for Dead Battery Support
*UL 2367 and IEC 6950 Certified

*6x6mm, 96 Pin BGA MicroStar Junior Package

Your Integral Component o Success
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TPS65981/Q1 - USB Type-C Port Power Switch with U

SB-PD Controller & HS Mux

Supports all Type-C High Current Modes
- Integrated Port Power Switches up to 20V @ 3A
- Supports bi-directional external power NMOS FETs
Fully compliant USB PD Baseband modem per USB PD2.x
- BMC encoder/decoder
- Physical Layer with CRC
- Policy and Policy Engine
Performs all CC pin functions
- Cable Detection and Cable Orientation
Integrated HS Mux & USB 2.0 Endpoint
- CC/2, SBU1/2, USB TP/TN, USBBP/BN
- Support for Guest Port Protocols
. Display Port
Flexible system interfaces

- 12C Slave/Master, SPI, Simple connection to HD3SS460 SS Mux for
Display Port/USB3.0

Easy to use 8x8mm 56pin QFN

Commercial (-40 to 85), Industrial (-40 to 105), and Automotive (-40 to
125) temp ranges

Easy to use 8x8mm 56pin QFN (Q1 will have Wettable Flanks)

Your Integral Component to Succe:
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USB-C & USB-C/PD
Controllers
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TPS25740/40A/40B - USB Type-C Port Power Switch w

ith USB PD controller

VBUS NF

ET Drive No external MCU need, No Firmware need, integrated DFP solution
USB Type-C DFP Interface
Thermal S —  PD 2.0 physical layer, policy engine, device policy manager
hutdown — 12 pin-selectable peak power advertisements (15W — 100W)

— Advertises up to 3 voltages
« 5V, 12V, 20V (TPS25740)
. 5V, 9V, 15V (TPS25740A)
. 5V, 9V, 15V, 20V (TPS25740B)
—  Connector Attach/Detach Detection
—  Vpgys Application
—  Declares the system is not USB data capable
<10 uA (typ) Operating Current with Nothing Attached
Integrated N-ch MOSFET gate driver and discharge (ABS MAX 30V)
No need for LDO where 3.3V/5V is not available

CC1 and CC2 +/-8 kV Contact and +/-15 kV Air Discharge ESD Rating
(IEC 61000-4-2)

Offered in 4x4, 24pin QFN Package

& I ] I

VBUS Dis
charge

Over Curr Over Volt
ent

VBUS

Legend

Data
NVideo

Basic
Type-CIPD

Function
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)
-
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TPS25810 - USB Type-C Port Power Switch

USB Type-C DFP Interface (15W)

—  Connector Attach/Detach Detection

—  STD/1.5A/3A Capability Advertisement on CC Line

—  Vpgys Application

—  Vconn Application to Active Cable
<0.7 uA (typ) Operating Current with Nothing Attached
Dedicated Supply for Charging, VCONN and Device Power
Integrated 34 mQ (typ) High-Side MOSFET
Selectable 3.34 A/1.67 A OUT Current Limit with +/- 7.5% Accuracy
Load Detection to Enable Port Power Management

CC1 and CC2 +/-8 kV Contact and +/-15 kV Air Discharge ESD Rating
(IEC 61000-4-2)

Offered in 3x4, 20-pin QFN Package

PCB Size Comparison for 15W DFP Solution

Key differentiation vs. competition
TPS25810 vs. FUSB3301

9.41mm

10.20mm

10.88mm

CC logic device FUSB3301 + Power switch size: 10
2.4mm2

TPS25810 Solution PCB size : 67.8 mm2

Saves 33.7

Your Integral Compenent o Success
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USB-C Protection Devices
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USB Type-C Full-Feature Plug Interface

m SBUl D- - cC - TX1—|TX1+ igure 3:8 Refeeace Fostpin f 3 USH Tope-C it Mowat HybridRecepac
Veou [NOR D~ | SBu JNBS| Rx1-| Rx1+

*  Non-Complaint Adapter/Cable:
*  Adaptors from China put out VBUS 20V before PD negotiation. This can dam ===z

age Type C ports designed for 5V only on VBUS, and CC if pulled up to 5V V il L ussipeccae | UMeRed o
BUS rail and VBUS switch fails as short. T

« Pullup at far end on C to C or C to A can cause CC lines to see 20V if the ad —1 —”’§
apter is not design properly and pulls CC up to VBUS that starts at 20V OFF % : ; —

Fo . USB Type-C Cable

. Mechanical Twist

Pitch of the connector pins are small, mechanical twist can cause rleees I
CC & SBU lines to short with VBUS

cC Wee

 Debris

Debris getting into the connector can cause CC & SBU lines to short with VB
us
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TPD8S300 - USB Type-C CC, SBU, D+/D- protector for

Short-to-VBUS & IEC ESD Events

One-Chip protection solution for USB Type-C Ports CC, SBU, and D+/D-

lines

1 1 1 j > 4-Channels of Short-to-VBUS Over Voltage Protection (CC1, CC2, SBU1,
SBU2): 30V Tolerant OVP FETs

VBUS

8-Channels of IEC 61000-4-2 ESD Protection (CC1, CC2, SBU1, SBU2,
DP_T,DM_T, DP_B, DM_B)

- +8kV Contact, £15kV Air-Gap
CC1, CC2 FETs 600mA capable for passing VCONN power:

—  Worst case 250mV drop across FETs @ 125C (500mA)
* Integrated Ry pull down on CC for Dead Battery Support

*  3mm x 3mm QFN Package Options

I RXl/TXlIRXZ/TXZ - SBU I cc IVCONN I

* 3.5mm x 3.5mm QFN Package Option for Q1 version

Functional Samples available Now!
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TPD6S300 - USB Type-C CC, SBU, D+/D- protector for

Short-to-VBUS & IEC ESD Events

One-Chip protection solution for USB Type-C Ports CC, SBU, and D+/D-

lines

f 1 1 j > 4-Channels of Short-to-VBUS Over Voltage Protection (CC1, CC2, SBU1,
SBU2): 30V Tolerant OVP FETs

VBUS

6-Channels of IEC 61000-4-2 ESD Protection (CC1, CC2, SBU1, SBU2,
DP_T,DM_T, DP_B, DM_B)

- +8kV Contact, £15kV Air-Gap
CC1, CC2 FETs 600mA capable for passing VCONN power:

—  Worst case 250mV drop across FETs @ 125C (500mA)
CC Dead Battery Resistors Integrated

*  3mm x 3mm QFN Package Options

I RxmxlIsz/sz - SBU I cc IVCONN I

* 3.5mm x 3.5mm QFN Package Option for Q1 version

Functional Samples available Now!
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USB-C Thermal Protection
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USB Thermal Protection

Heat dissipation is becoming increasingly difficult as chargers deliv
er more power. Chargers must protect internal circuitry, while als

0 insuring external surfaces are safe to touch.

SERIAL
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Highest

I

J

Lowest

USB PD

USB Type-C current @ 3A

USB Type-C current @ 1.5A

USB BC1.2

USB 3.1

USB 2.0

Upto20V Upto5A
5V 3A
5V 15A
5V Upto15A
5V 900 mA
5V 500 mA

Your Integral Co -=;.A',..., 1



Single Chip Over Temperature Protection

Temp Switch (Thermostat)

Automatically detects over temperature condition and issues Alert

» Compact Single Chip Solutions

» Guaranteed Accuracy to maximize charging without sacrificing safe

ty.

No calibration
No sensitivity to humidity

* Optional Features:

Programmable Hysteresis
Analog Temperature Output
Dual Threshold Alerts
Window Comparator Alert.

MCU
GPIO

Y
v

Alert

[

50°C  60°C  Tegip)

Replaces
Thermistor + Comparator

Vce

Thermistor RT
+
Comp —

11]
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S

ﬁ Q100 Option
Available
Q100 in Develop
ment

Featured Temperature Switches

Multiple Programming Options Available

Resistor Programma Resistor Programmable
ble W/ Analog Temp
Vce Vcce
TMP303

LM57
TMP302 TMP708 .
Tripset O . L"gts cRO Alert
Alert Tripset1  Aler] é L;‘s’tset O Rer Y Vout]
Hystset

Factory Programmed Pin Programmable

Vce

Hyst 0
Hyst 1

LM56 &=
Dual Trip Point

LM57 &=

UE0e TMP708/TMP709 @ | - +-15CAccuracy

TMP302 =

+/- 1C Accuracy
Selectable Hysteresis:

» 1/2/5/10°C

Window Comparator
1.4V to 3.6V

SOT-563 Package

* 1.6 x 1.6mm Footprint

+/- 2C Accuracy

» Selectable Hysteresis:
* 5°C /10°C

+ 1.4Vto3.6V

* SOT-563 Package
» 1.6 x 1.6mm Footprint

+/- 3C Accuracy
Selectable Hysteresis:
» 2°C / 10°C/20°C
2.7V to 5.5V

SOT-23

-40°C to 150°C
Selectable Hysteresis:
2.4V to 5.5V

WSON & TSSOP

TMP300B &=
. 1.8Vto1sV
- SOT-23 & SC70

+/- 2C Accuracy
-40°C to 150°C
Selectable Hysteresis:
+ 5°C / 10°C

2.7V to 10V

SOIC & VSSOP




Example Circuit

12V Battery
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Temp Switch — ~

Logic

3A @ 5V

USB Control
ler

USB Control
ler

< 1— Temp Switch

2

3A @ 5V

N




SERIAL
USB Type-C and PD Ecosystem o5 i £ ]

TMP302
Pin Programmable Thermostat / Temperature Switch

Pin programmable thermal protection
| | > Selectable Hysteresis

-5°C/10°C
Compact SOT-563 Package

—1.6mm x 1.6mm footprint

_|
£8
g3
S
)

y

a

VBUS

|8 AEC-Q100 Option Available
<[
<=
=< .
— e>—>
-— 5 Selectable Trip
Legend - Part # Points r» Y
- >5<
2 TMP302A | 50,55, 60, 65 A
m TMP302B 70, 75, 80, 85 N
IVideo TMP302C 90, 95, 100, 105 -
[ ] [ ] TMP302D | 110, 115, 120, 125 50°C  60°C Terrip)

- Your Integral CompBnentto Success
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TMP708

Resistor Programmable Thermostat / Temperature Switch

Resistor programmable thermal protection
Selectable Hysteresis
-2°C/10°C/30°C
SOT-23 Package
—1.6mm x 1.6mm footprint
AEC-Q100 Option

Vcc

TMP708

Tripset 0
Hyst Alert

Your Integral Component to Succes:
Vs
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LM56
Dual Resistor Programmable Thermostat / Temperature S

Resistor programmable thermal protection
Selectable Hysteresis

-2°C/10°C/30°C
SOT-23 Package

—1.6mhY15¢ 1.6mm footprint

* Dual
AEC- 100 G’Fm@j&hracy
Q « -40°Cto 150°C
* Selectable Hysteresis:

« 5°C / 10°C
+ 27Vto 10V
+ SOIC &VSSOP
Vcc
TMP708
Tripset 0
Hyst Alert

Your Integral Component to Success
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Additional IC Temperature Sensors Solutions

On Board Temperature Solutions

Local
Measures temp at device itself

SERIAL
i 52 [

Multi-channel,

--------------------- P o o at external
Analog Digital

v Ed = s
o j40°C
Pulse Count EE

Remote Switch/Thermostat

UART :

Measures temp Simple Over Temperature Prot
PN junction ection

< = e
- s

2 Pin (Point to Point)
Can be integrated into probes
Up to 2 meters

&

Daisy Chain

String multiple sensors in a single cable Measures passive infrared ener
Up to 300 meters

Non-Contact Thermopiles

gy to determine temperature of
an object

&,

——— Y
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TMP103 TMP102 TMP108 LMT84
Interface 12C 12C w/ Alert 12C w/ Window Alert Analog
Supply Range 1.4V to 3.6V 1.5Vto 5.5V
12C Addresses Available 8 8 Analog
Accuracy:
—10°Cto +90°C
—20°C to +85°C 2.0°C 2.0°C max 0.75°C max
~10°Cto 100°C = ::z
—40°Cto +125°C ’ 3.0°C max 1.0°C max 2.7°C max
Resolution 8-Bit 12-Bit -5.5mV/°C
Quiescent Current (max) 3uA 10 uA 6UA 9uA
Shutdown Current 1uA
package Footorint WCSP SOT-563 WCSP SC70
€ P 0.8x0.8mm 1.6x 1.6mm 1.2x0.8mm 2.0x2.1mm

Your Integral Component to Success
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End Application Block
Diagrams
by Product
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TPS65986 USB Type C — Notebook — 3A, 2 Power Paths %EHQE;A

VBUS ~20v input [
[ Charger
3A
(]
O
- SCL/SDA

cc

EniEni - 5.0V
_> :
a AFE
2] Power Ma 3.3V
> = d D PHY nager
—> —_
cC /;nalo EE e

SBU

System

e Control
TPS65986
I I IGPIO
AMSEL | POL EN
. 3 TXURXL, DP: 4Ln/2Ln
g @ sswmux
N TX2/RX2, —
~ HD3SS460
2 J »| USB3.1
o
S
3

yVy 2 N Vour ntegal Compnnt to S




TPS65982 USB Type C — Notebook — 5A, 3 Power Paths %EHQE;A

Optional ~ 20V
_I:|:l_ 5A
VBUS 12v Battery
] Charger
_|:|:l_ 3A
2 BQ
o 5.0V
O
>

SCL/SDA

cc

Tl B
_> :
(% AFE
> Is d PDPHY
—> —_—
cC /;nalo EE e

Power Ma 3.3V
nager

SBU

System

e Control
TPS65982
I I IGPIO
AMSEL | POL EN
. 3 TXURXL, DP: 4Ln/2Ln
g @ sswmux
N TX2/RX2, —
~ HD3SS460
2 J »| USB3.1
o
S
3

yVy 2 N Vour ntegal Compnnt to S




TPS65982 USB Type C Monitor — DP, USB3.1 & Charger gﬁEﬁB!;A

OT|  3a =

VBUS oA ~ 20V Input
° gusipiape
5A
20V

o
5 * 5.0V VBUS* S%
g DC/DC convertor 3.3V
o - Power Ma 3.3V 5V —-20V > 3.3V
° " B nager
D+/D USB EP AUX- ;
TPS65982 HPD <
L =
AMSEL | POL EN _ _
> TX1/RX1, P DP: 4Ln/2Ln
) @ ssvux P >
TX2/RX2 . <

TX2/RX2
T

> HD3SS460 l IR
U S B

Your Integral Com




TPS65986 USB Type C Monitor — DP, USB3.1 & Charger

VCON

VBUS | L 3A
ES
n 5.0V

cc

Power Ma 3.3V
nager

SBU

TX2/RX2

> I d PDPHY

cC Analo USB EP
D+/D

TPS65986

SERIAL
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~ 20V Input
3A i
VBUS |
)
DC/DC convertor 3.3V
5V —-20V > 3.3V
5.0V

DC/DC convertor
5V - 20V > 5V

AUX+

TX1/RX1

A

DP: 2Ln/4 Ln

Display Port
I
>

. AUX-
@ ssvux R
TX2/RX2, <
J ~ HD3SS460

!

| TX/RX
U S B
5.0V
D+/D
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On all designs instead of a Barrel Jack Just add.. 2 i £ 5]

I VBUS2 3A
¢ TG LW

_|:|:|_
I I d D PHY
CcC Analo USB EP
<D0,

TPS65986

VCON

Power Ma 3.3V
nager

cc

SBU

TX1/RX1

TX1/RX1
A
v

reTd

v

A

TX2/RX2
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TPS6598x USB Type C Dongle SERIAL
USB 3.0 + HDMI 2.0 + Type-C (Charging & USB 3.0) i [

AW
7

Main PWR

PD PHY

SBU1/2 ]

UART

sBUL/2 ‘

USB Blllboard

TUSEB041

SSTX/RX

DP: 2Ln/4Ln

V
m DC2DC EAES — SYSTEM_3V3
VR
Diode OR | SYSTEM_3V3

v
VCONN DC2DC . . [ SYSTEM_3V3

lwDlogl SYSTEM_SVO

DC2DC SYSTEM_1v2




Mini-Dock 2 Port USB-C/PD Reference Design SERIAL
FhEE L E

Type-C PD
Charging Port

Type-C DRP Full Barrel Jack

20V @ 5A (100W
Featu re Port Source Capabilities: @ ( )
5V @ 3A (PP_5V0)

ovesarr i Main System Power

Sink Capabilities:
5V @ 3A (PP_EXT)
20V @ 3A (PP_EXT)

3.3V @ 3A
LIGLTEE P SYSTEM_3V3

Systemn Power
Detect ~ I N @000 eSS

System Update

_DP AUX_N/P T DP AUX_N/P
-«

SBUL/2 ‘ cc1/2

SBUL/2 l cc1/2

USB Billboard

VREF LGEEEENERN SYSTEM_SVO

USB Type-C (DFP)

TUSBS041
USE Audio Codec
A _ L2V @ 3A
=
Type-C USE3 > 3 ACTEETM SysTEM 1v2
v
HD355460 DP 2In/din »| msT HUB
TPS34335 R TIv I
o e A
L =]
SYSTEM_3V3

USB Audio Codec

SYSTEM_3v3

USB Type-C (DFP)

SYSTEM_SVO

TUSB321
HD3553212
TP525910

PCM2707

TPS52500

USE Type-A (DFP)

Headphone/Mic

USE Type-A

USB Type-C

Your Integral Co




TPS25740 USB Type C PD DFP
— Power Bank/Notebook Adapter (60W)

I VBUS 3A T UWTY 3A
5/12/20V 5/12/20V
2
§ —> —
S cc IECE AFE Power Ma 2A or 3S battery
S— —> el PD PHY L)l
) Battery
ar— . CC Analo Buck Boo Charger
g st
LM5175 2
TPS25740
SCL/SDA
i |ECESD USE;ESI” Coll 9 LDO
TPD2E1B06 T TLV70450

TX2/RX2 | TX1/RX1
Tl T

Your Integral Com
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TPS25740/A USB Type C PD DFP — Car Charger gﬁEﬂg!%A

I: VBUS 3A TGO T 3A

5/12/20V _:':'_ 5/12/20V
2 Or or
o 5/9/15V 5/9/15V
4 —> Y
o cc IECE AFE Power Ma
il g °SP PD PHY nager
o ]
a ' CC Analo Buck Boo 6-18V Car Batt

g st ery
LM5175
TPS25740/A
USB port co
PP  [EC ESD LDO

o TPD2E1B06 ise) TLV70450
N TPS2514A
~N
-
B [—
e
«
= [

Your Integral Component to Success
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TPS25810 USB Type C DFP SERIAL
— Power Bank/Notebook Adapter (15W) i

VBUS 3A 1oy 3A
5V 5V
2
St ——
cc IECE Power Ma 2A or 3S battery
2 N 6-13.5V Battery
ar— CC Analo Buck Charger
g LMR23630 BQ
TPS25810
D+/D-
+ IEC ESD VSB pottco [ LDO
TPD2E1B06 TPS2514A TLV70450
-
g
-l
F
Ll
g
=




TPS25810 USB Type C DFP — Car Charger (15W)

< VBUS 3A TG LT 3A
5V 5V
2
8> —
cC IECE Power Ma
2
& CC Analo

TX2/RX2 | TX1/RX1
Tl T

TPS25810
D+/D-

% 6 -18V Car Batt
Buc —

LMR23630 =1y
USB portco B

IEC ESD ntrol LDO
TPD2E1B06 TLV70450

TPS2514A

Your Integral Component to Success

SERIAL
i 52 [



http://www.google.com/url?url=http://www.proctorcars.com/car-technology-buying-guide-safety-tech-infotainment-systems/&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwjBueS14cfJAhXLTCYKHV34ClAQwW4IGjAC&usg=AFQjCNH3-lMKnwux9D2o0LsP5biTUoTXTA

TPS25810 USB Type C DFP — Monitor/Docking ?ﬁEﬁg!;A

VBUS 3A Th uWT| 3A Buck
5V 5V LMR23630

2
§ L s
cC IECE Power Ma
o ] }
a CC Analo
g VCONN
TPS25810
POL
oy .
TX1/RX1
5 TX2/RX2 SS MUX <
~N
-
<_
&= S HD3SS3212 \/
g TX1/RX1 IEC ESD bYYoRI USB port co US:{33.
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Your Integral Component to Success



