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INTERNATIONAL ELECTROTECHNICAL COMMISSION
UNIVERSAL SERIAL BUS INTERFACES FOR DATA AND POWER -
Part 1-3: Universal Serial Bus interfaces —
Common components — USB Type-C™
cable and connector specification
FOREWORD

1) The |nternational Electrotechnical Commission (IEC) is a worldwide organizatio nprising
all national electrotechnical committees (IEC National Committees). promote
interhational co-operation on all questions concerning standardization in th elds. To
this end and in addition to other activities, IEC publishes International 9 , i iffcations,
Technical Reports, Publicly Available Specmcatlons (PAS) and Guides (h : C hs “|IEC
Publ|cation(s)”). Their preparation is entrusted to technical committees j i interested
in the subject dealt with may participate in this preparatory work. ehal, governmental and non-
governmental organizations liaising with the IEC also participa i pa ' coIIaborate< closely
with [the International Organization for Standardization (IS ined by
agrepment between the two organizations.

2) The formal decisions or agreements of IEC on technlcal e ) ible, i national
consensus of opinion on the relevant subj t i from all
interpsted IEC National Committees.

3) IEC [Publications have the form of recommendation e i National
Committees in that sense. While all reasonabte effo i t of IEC
Publ|cations is accurate, IEC cannot be i for any
misipterpretation by any end user.

4) In oyder to promote interndti ications
trandparently to the maX|m ifergence
between any IEC Publicati cated in
the Iatter.

5) IEC ftself does poOt provide any a nformity
assessment serv i for any

ireCtors, employees, servants or agents including individual expprts and
and IEC National Committees for any personal injury, property damage or
vhatsoever, whether direct or indirect, or for costs (including legal fdes) and
ing \out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Normative references cited in this publication. Use of the referenced publicgtions is
indispensablé.fox the cotrect application of this publication.

9) Attention lis Jdrawn tovthe possibility that some of the elements of this IEC Publication may be the sdibject of

patept rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62680-1-3 has been prepared by technical area 14: Interfaces and
methods of measurement for personal computing equipment, of IEC technical committee 100:

Audio, video and multimedia systems and equipment.

The text of this standard was prepared by the USB Implementers Forum (USB-IF).

The

structure and editorial rules used in this publication reflect the practice of the organization

which submitted it.
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The text of this standard is based on the following documents:

CDV Report on voting
100/2587/CDV 100/2681/RVC

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

A list of all parts in the IEC 62680 series, published under the general title Universal serial

bus interfaces for data and power, can be found on the IEC website.

The cdmmittee has decided that the contents of this publication will re
the stability date indicated on the IEC website under "http://webstofe
related to the specific publication. At this date, the publication will be
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e ampgnded.
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INTRODUCTION

The IEC 62680 series is based on a series of specifications that were originally developed by
the USB Implementers Forum (USB-IF). These specifications were submitted to the IEC under
the auspices of a special agreement between the IEC and the USB-IF.

This standard is the USB-IF publication USB Type-C™ Cable and Connector Specification
Revision 1.1.

The USB Implementers Forum, Inc.(USB-IF) is a non-profit corporation founded by the group
of companies that developed the Universal Serial Bus specification. The USB-IF was formed
to proJide a support organization and forum for the advancement and adopiion of Universal
Serial Bus technology. The Forum facilitates the development of high-qua e USB
periphg¢rals (devices), and promotes the benefits of USB and the quali at have
passed compliance testing.

ANY USB SPECIFICATIONS ARE PROVIDED TO YOU "AS(<IS, A NTIES
WHATSOEVER, INCLUDING ANY WARRANTY OF 3 , | NON-
INFRINGEMENT, OR FITNESS FOR ANY PART UL ¥ E. THE| USB

IMPLEMENTERS FORUM AND THE AUTHORS OF ANY 3 : [TONS DISCLAIM
ALL LJIABILITY, INCLUDING LIABILITY FOR INFR 1ENS NY PROPRIETARY

RIGHT|S, RELATING TO USE OR IMPLEMEN IN| THIS
SPECIFICAITON.

THE HAROVISION OF ANY USB SP > DOES NOT PROVIDE YOU
WITH ANY LICENSE, EXPRESS OR IMF B EL OR OTHERWISE, TO ANY

INTELLECTUAL PROPERTY RIGHTS

Enterin owever, allow a signing company to

partici i i , F i i ing arrahgement for compliant products. For more
informati

http://w . .or rele ttp{www.usb.org/developers/devclass_docs#approved
IEC D p Y )N AS TO WHETHER IT IS ADVISABLE FOR YDOU TO

ENTER RS AGREEMENTS OR TO PARTICIPATE IN THE USB
IMPLE ’

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.
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Copyright © 2014-2015, USB 3.0 Promoter Group:

Hewlett-Packard Company, Intel Corporation, Microsoft Corporation,

Renesas, STMicroelectronics, and Texas Instruments
All rights reserved.

NOTE Adopters may only use the USB Type CTM cable and connector to |mplement USB or

third ga pS are
prohibited.

LIMITED COPYRIGHT LICENSE: The USB 3.0 Promoters gran pyright
licensg under the copyrights embodied in the USB Type-C Cable and Co ification
to use| and reproduce the Specification for the sole purpose/© extent
necesgary for, evaluating whether to implement the Specifi would
comply with the specification. Without limiting the foregoing for the
purpose of filing or modifying any patent application to~target r USB
compli X rights
or licepses are granted, including without limitation any paten ain any
additiopal intellectual property ith the
Specification a party must execute thg ing the
Specificati re you
are do

INTEL

THIS TO YOU “AS IS” WITH NO WARRANTIES
WHATB WARRANTY OF MERCHANTABILITY, | NON-
INFRIN R ANY PARTICULAR PURPOSE. THE AUTHORS OF
THIS ALL LIABILITY, INCLUDING LIABILITY| FOR
INFRIN PROPRIETARY RIGHTS, RELATING TO USH OR
IMPLE ATION IN THIS SPECIFICATION. THE PROVISION OF THIS
SPECIF! YOU\DOES NOT PROVIDE YOU WITH ANY LICENSE, EXPREBS OR
IMPLIH OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS.
All implementation &xamples and reference designs contained within this Specificatipn are
includgd\as part of the limited patent license for those companies that execute the USB 3.0

Adopters Agreement.

USB Type-C™ and USB-C™ are trademarks of the Universal Serial Bus Implementers Forum
(USB-IF). All product names are trademarks, registered trademarks, or service marks of their

respec

tive owners.
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1 Introduction

With the continued success of the USB interface, there exists a need to adapt USB
technology to serve newer computing platforms and devices as they trend toward smaller,
thinner and lighter form-factors. Many of these newer platforms and devices are reaching a
point where existing USB receptacles and plugs are inhibiting innovation, especially given the
relatively large size and internal volume constraints of the Standard-A and Standard-B
versions of USB connectors. Additionally, as platform usage models have evolved, usability
and robustness requirements have advanced and the existing set of USB connectors were not
originally designed for some of these newer requirements. This specification is to establish a
new USB connector ecosystem that addresses the evolving needs of platforms and devices
while retaining all of the functional benefits of USB that form the basis for ost pogular of
computing device interconnects.

1.1 Purpose

This specification defines the USB Type-C™ receptacles, plug

[2]

The U$B Type-C Cable and Connector Specification is guided b e ollowing principless:

e Ena jn and

§j user

pecificationndefines a new receptacle, plug| cable
patible with existing USB interface electrical and
i e following aspects that are negded to
olution in newer platforms and devicgs, and

eroperate with e
e US Type—Cée electro-mechanical definition and perfoqmance

n and

ort for

3 iam that
supports Alternate Modes, such as repurposing the connector for docking-specific
applications.

1.2 Scope

This specification is intended as a supplement to the existing USB 2.0, USB 3.1 and USB
Power Delivery specifications. It addresses only the elements required to implement and
support the USB Type-C receptacles, plugs and cables.

Normative information is provided to allow interoperability of components designed to this
specification. Informative information, when provided, may illustrate possible design
implementations.
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1.3 Related Documents

USB 2.0 Universal Serial Bus Revision 2.0 Specification
This includes the entire document release package.
http://www.usb.org/developers/docs

USB 3.1 Universal Serial Bus Revision 3.1 Specification
This includes the entire document release package.
http://www.usb.org/developers/docs

USB PD USB Power Delivery Specification, Revision 2.0, August 11, 2014
http://www . usb.org/developers/docs

USB BB USB Billboard Device Class Specification, Revision 1.0, Aug
http://www.usb.org/developers/docs

USB BIC Battery Charging Specification, Revision 1.2 (includir Lugh
March 15, 2012), March 15, 2012

http://www.usb.org/developers/docs

1.4 Conventions

1.4.1 Precedence

If therg is a conflict between text, figures e precedence shall be tables, fijgures,

and theén text.

1.4.2 Keywords

The following keywords

1.4.21 Infor@v

Informative is a
discus$ and clari

1.4.2.2

May is|a key

1.4.2.3 N/A

N/A is akeyweo 5 s at-afield-orvalde-is j ired value
and shall not be checked or used by the recipient.

1.4.2.4 Normative

Normative is a keyword that describes features that are mandated by this specification.

1.4.2.5 Optional
Optional is a keyword that describes features not mandated by this specification. However, if

an optional feature is implemented, the feature shall be implemented as defined by this
specification (optional normative).
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1.4.2.6 Reserved

Reserved is a keyword indicating reserved bits, bytes, words, fields, and code values that are
set-aside for future standardization. Their use and interpretation may be specified by future
extensions to this specification and, unless otherwise stated, shall not be utilized or adapted
by vendor implementation. A reserved bit, byte, word, or field shall be set to zero by the
sender and shall be ignored by the receiver. Reserved field values shall not be sent by the
sender and, if received, shall be ignored by the receiver.

1.4.2.7 Shall

Shall is a keyword indicating a mandatory (normative) requirement. Designers are mandated
to implementa

1.4.2.8 Should

Should lent to

the phiase “it is recommended that”.

1.4.3 Numbering

Numbe alues.
Numbe rs that
are im ers not
immed

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

IEC 62680-1-3:2016 -21-
© USB-IF:2015
1.5 Terms and Abbreviations
Term Description

Accessory Mode A reconfiguration of the connector based on the presence of Rd/Rd or Ra/Ra on
CC1/CC2, respectively.

Active cable An Electronically Marked Cable with additional electronics to condition the data path
signals.

Alternate Mode Operation defined by a vendor or standards organization that is associated with a
SVID assigned by the USB-IF. Entry and exit into and from an Alternate Mode is
controlled by the USB PD Structured VDM Enter Mode and Exit Mode commands.

Audio Adapter The Accessory Mode defined by the presence of Ra/Ra on CC1/CC2, respectively.

Accessory Mode See A.

BFSK Binary Frequency Shift Keying used for USB PD communicatiMVBus

BMC Biphase Mark Coding used for USB PD communication ov r

Captive cable A cable that is terminated on one end with a USB Typ, g ha a vendpr-
specific connect means (hardwired or custom detacha Ie)

CcC Configuration Channel (CC) used in the discovety, igurat d mapagement of
connections across a USB Type-C cable.

Debug|Accessory Mode The Accessory Mode defined by the presence of d CC1/CC2, respectiyely.
See B.

Defaul{ VBUS VBUS voltage as defined by the US Watlons Note: where
used, 5 V connotes the same mea |ng

DFP ific I>/s oci te withthe flow of data in a USH

rts on (@ hostvor t on a hub to which devicep are
P sources VBYS and VCONN, and supports|data.
rces\VBUS.

Direct fonnect The host’s DFP |s connected withhno USB hub in between, either via aJcable
or without (e.g., t z\\e* vice's UFP.

DRP i i as

brating
b a
O3

DR_Swap

Electrdnically Marked U TWIe that uses USB PD to provide the cable’s characteristics.

Cable

Initiatof \ heWtiating a Vendor Defined Message. It is independent of the port’s PP role
(e\g., Pravider, Consumer, Provider/Consumer, or Consumer/Provider). In mogt

\ cases, the Initiator will be a host.

Passive cabl \ Mble that does not incorporate any electronics to condition the data path signals.
A passive cable may or may not be electronically marked.

Port Partner, Refers to the port (device or host) a port is attached to.

Powergd ‘cable A cable with electronics in the plug that requires VCONN indicated by the presgnce of
Ra between the VCONN pin and ground.

PR_Swap USB PD Power Role Swap.

Responder The port responding to the Initiator of a Vendor Defined Message (VDM). It is
independent of the port’s PD role (e.g., Provider, Consumer, Provider/Consumer, or
Consumer/Provider). In most cases, the Responder will be a device.

SBU Sideband Use.

SID A Standard ID (SID) is a unique 16-bit value assigned by the USB-IF to identify an
industry standard.

Sink Port asserting Rd on CC and consuming power from VBUS; most commonly a Device.

Source Port asserting Rp on CC and providing power over VBUS; most commonly a Host or
Hub DFP.
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Term Description
SVID General reference to either a SID or a VID. Used by USB PD Structured VDMs when
requesting SIDs and VIDs from a device.
Type-A A general reference to all versions of USB “A” plugs and receptacles.
Type-B A general reference to all versions of USB “B” plugs and receptacles.
Type-C Plug A USB plug conforming to the mechanical and electrical requirements in this
specification.
Type-C Port The USB port associated to a USB Type-C receptacle. This includes the USB
signaling, CC logic, multiplexers and other associated logic.
Type-C Receptacle A USB receptacle conforming to the mechanical and electrical requirements of this
specification
UFP Upstream Facing Port, specifically associated with the flow off data inna USB
connection. The port on a device or a hub that connects to‘a“host or theDFP ¢f a
hub. In its initial state, the UFP sinks VBUS and support/s\ ta.
USB 2J0 Type-C Cable A USB Type-C to Type-C cable that only supports USB 2.0\data op aWs
cable does not include USB 3.1 or SBU wires.
USB 2J0 Type-C Plug A USB Type-C plug specifically designed to imp%@ent\twsﬁ\zo ype-C caple.
USB Full-Featured A USB Type-C to Type-C cable that suppofts US 0 USB 3\1 data opergtion.
Type-¢ Cable This cable includes SBU wires.
USB Ftll-Featured A USB Type-C plug specifically designed-to im em\@SB Full-Featured [Type-
Type-(¢ Plug C cable.
VCONN}powered An accessory that js\powered\from \>C/o t@erate in an Alternate Mode.
accesspry
VConn| Swap USB PD VCONN Swap, N/
VDM Vendor Defined M¢gssage as E‘SQN by‘the USB PD specification.
VID A Vendor ID (VID) is a uniquedd6- 'tM assigned by the USB-IF to identify &
ve<go$\ /\
vSafe() N/BLN) v}ks”/aide}?\\e by the 9/\5(8 PD specification.
vSafejV VWts”\c\s}aQne y the USB PD specification.
2 Oyerview %
21 ntrod
The UBB C receptacle, plug and cable provide a smaller, thinner and more |robust
alterndtive™tq e 3.1 interconnect (Standard and Micro USB cables and conngctors).
This npw soluti gets use in very thin platforms, ranging from ultra-thin notebogk PCs
down g where existing Standard-A and Micro-AB receptacles are deemed too
large, {lifficult to use, or inadequately robust. Some key specific enhancements include:

e The USB Type-C receptacle may be used in very thin platforms as its total system height

for

the mounted receptacle is under 3 mm

e The USB Type-C plug enhances ease of use by being plug-able in either upside-up or
upside-down directions

e The USB Type-C cable enhances ease of use by being plug-able in either direction
between host and devices

While the USB Type-C interconnect no longer physically differentiates plugs on a cable by
being an A-type or B-type, the USB interface still maintains such a host-to-device logical
relationship. Determination of this host-to-device relationship is accomplished through a
Configuration Channel (CC) that is connected through the cable. In addition, the Configuration
Channel is used to set up and manage power and Alternate/Accessory Modes.
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Using the Configuration Channel, the USB Type-C interconnect defines a simplified 5 volt
VVBUS-based power delivery and charging solution that supplements what is already defined in
the USB 3.1 Specification. More advanced power delivery and battery charging features over
the USB Type-C interconnect are based on the USB Power Delivery Specification. As a
product implementation improvement, the USB Type-C interconnect shifts the USB PD
communication protocol from being communicated over VBUS to being delivered across the
USB Type-C Configuration Channel.

The USB Type-C receptacle, plug and cable designs are intended to support future USB
functional extensions. As such, consideration was given to frequency scaling performance,
pin-out arrangement and the configuration mechanisms when developing this solution. The
definition of future USB functional extensions is not in the scope of this speC|f|cat|0n but
rather |will be provided in future releases of the base USB Specificatio , beyond the
existing USB 3.1 Specification.

Figure|2-1 illustrates the comprehensive functional signal plan for t ptacle,
not all signals shown are required in all platforms or devices. Ag~s > signal
list fungtionally delivers both USB 2.0 (D+ and D-) and USB 3.7 buses,
USB ppwer (VBUS) and ground (GND), Configuration Chann ), and
two Sifleband Use (SBU) signal pins. Multiple sets of U in this
layout | facilitate being able to functionally map the i indeépendent gf plug

1311 A2 A3 A4 A5 All Al2

GI{ID TX1+ | TX1- | VBUS CcCl I}P\ D- \ SBQ. })BUS RX2- | RX2+ GND

GND | RX1+ | RX1- | VBUS | SBUZH Q’—\l N\L @:2 | VBUS | ™>2- | ™2+ | GND
9 B8 B?\) B6 B5 B4 B3 B2

w

Figure g. Only
one C( CC pin
is repu ne set
of USH ented in a USB Type-C cable. For USB Type C cables that
only iptend <to 2.0 functionality, the USB 3.7 and SBU signals are not

implen
A A8 A7 A6 A5 Ad A3 A2 Al
lp |-Rx2+ [Rxz- | veus [sBui | b- | o+ | cc | wveus | ™xa- [ mxa+ | anD
| I | | | | I
GND TXZF TXZ- VBUS UEGU\Jl | | SBUZ | VBUS | RKX1- | RXL1+ | GND
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12

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

2.2 USB Type-C Receptacles, Plugs and Cables

Cables and connectors, including USB Type-C to USB legacy cables and adapters, are
explicitly defined within this specification. These are the only connectors and cables that are
authorized by the licensing terms of this specification. All licensed cables and connectors are
required to comply with the compliance and certification requirements that are developed and
maintained by the USB-IF.
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The following USB Type-C receptacles and plugs are defined.

USB Type-C receptacle for USB 2.0, USB 3.1 and full-featured platforms and devices
USB Full-Featured Type-C plug
USB 2.0 Type-C plug

The following USB Type-C cables are defined.

All of|the defined USB Type-C receptacles, plugs and cabl
applicdtions, including support for the optional USB Type-C-speci
USB Ppwer Delivery Specification (See Section 4.6.2.4).

USB Full-Featured Type-C cable with a USB Full-Featured Type-C plug at both ends for
USB 3.1 and full-featured applications

USB 2.0 Type-C cable with a USB 2.0 Type-C plug at both ends for USB 2.0 applications

Captive cable with either a USB Full-Featured Type-C plug or USB 2.0 Type:C plug|at one
eng

arging
of the

All USB Full-Featured Type-C cables are electronically ma [ pe-C cablgs may
be electronically marked. See Section 4.9 for the fequireme Ele tronically Marked

Cablesd.

atured Type-C plug at ope end
his cable supports use of a USH Type-

a USB
tbased
ns)

he end
y USB

nd and
with a

blug at
legacy

USB 2.0 Type-C to Legacy Micro Device cable with a USB 2.0 Type-C plug at one end and
a USB 2.0 Micro-B plug at the other end — this cable supports use of legacy USB 2.0 hubs
and devices with a USB Type-C-based host

USB 3.1 Type-C to Legacy Standard-A adapter with a USB Full-Featured Type-C plug at
one end and a USB 3.7 Standard-A receptacle at the other end — this adapter supports
use of a legacy USB “thumb drive” style device or a legacy USB ThinCard device with a
USB 3.1 Type-C-based host

USB 2.0 Type-C to Legacy Micro-B adapter with a USB 2.0 Type-C plug at one end and a
USB 2.0 Micro-B receptacle at the other end — this adapter supports charging a USB
Type-C-based mobile device using a legacy USB Micro-B-based chargers, either captive
cable-based or used in conjunction with a legacy USB 2.0 Standard-A to Micro-B cable
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Where implementations of USB Type-C to USB legacy cables are required to support USB PD
BFSK-based communications, they shall do so by incorporating the required USB PD plug,
incorporating the appropriate VBUS to ground decoupling capacitance, ensuring the VBUS wire
is impedance controlled as specified in USB PD, and complying with the cable requirements
for the legacy connector end of the cable. USB Type-C to USB legacy adapters do not support
USB PD BFSK-based communications.

USB Type-C receptacle to USB legacy adapters are explicitly not defined or allowed. Such
adapters would allow many invalid and potentially unsafe cable connections to be constructed
by users.

2.3 (Configuration Process

The UEB Type-C receptacle, plug and cable solution incorporates a con |gurat|
detect [a downstream facing port to upstream facing port (DFP-to-U
management and host-to-device connected relationship determinatic

ess to
r VBUS

The configuration process is used for the following:

e DFP-to-UFP attach/detach detection
e Plug orientation/cable twist detection
o Initjal DFP-to-UFP (host-to-device) and powerre
e US
o« US
e Dis

, are used for this purpose. Within a
osition within each plug of the cpble is

Two pi
standa
conneq

2.3.1

Initially R ach tected by a host or hub port (DFP) when one of the JC pins
at its - acle“senses)a specified resistance to GND. Subsequently, OFP-to-
UFP d¢ i ed CC pin that was terminated at its USB Type-C recepfacle is
no longer termina

Power|i i o the\USB Type-C host or hub receptacle (VBUS or VCONN) until the DFP
detects ] an attached device (UFP) port. When a DFP-to-UFP atfach is
detected, the D pected to enable power to the receptacle and proceed to normal USB
operatjon with the attached device. When a DFP-to-UFP detach is detected, the port sgurcing
VBUS remoyes power.

2.3.2 Plug Orientation/Cable Twist Detection

The USB Type-C plug can be inserted into a receptacle in either one of two orientations,
therefore the CC pins enable a method for detecting plug orientation in order to determine
which SuperSpeed USB data signal pairs are functionally connected through the cable. This
allows for signal routing, if needed, within a DFP or UFP to be established for a successful
connection.

2.3.3 Initial DFP-to-UFP (host-to-device) and Power Relationships Detection

Unlike existing USB Type-A and Type-B receptacles and plugs, the mechanical characteristics
of the USB Type-C receptacle and plug do not inherently establish the relationship of USB
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host and device ports. The CC pins on the receptacle also serve to establish an initial DFP-to-
UFP and power relationships prior to the normal USB enumeration process.

For the purpose of defining how the CC pins are used to establish the initial DFP-to-UFP
relationship, the following port behavior modes are defined.

1) Host-only — for this mode, the port exclusively behaves as a DFP

2) Device-only — for this mode, the port exclusively behaves as a UFP

3) Dual-role — for this mode, the port can behave either as a DFP or UFP

The host-only and device- onIy ports behavrorally map to traditional USB host ports and USB

device
behavi
Howev
device
conneq

Initially,

indepe
USB h
A port

mode
a DRP

pUILb lebpebuvely VVIIGII d IlUbL Ullly pUIL Ib dlldbllb‘u lU d Ub‘
br from the user’s perspective follows the traditional USB host-tg-
er, the USB Type-C connector solution does not physically |
to-device connections. In this case, the resulting host-to
tion results in a safe but non-functional situation.

CESoTy P
-device port

vhen attached to either a host-o
being attached to another DRP, a

rt, the
model.
ost or

{device

sed to

er hub

nected
ase of
sed to

s, one
juence
useful

establigh the initial host-to-device relation case, the determination of which is
DFP of UFP is random from

Two mlethods are defifne

managed using USB s

(see Fl|gure 4-16 e t rote swapping, a USB Type-C DRP may provide
functiopality by i exposing a CDC/network (preferably TCP/IP|

or whe

2.3.4

With t
implemn
poweri
USB h
availah
offered

operating as a CDC/network interface.

he tor solution, a DFP (host or downstream hub por
urce ‘current over VBUS to enable faster charging of mobile dev
hg d eguire more current than is specrﬂed in the USB 3.1 Spec:flcat

le. The USB.device port is required to manage its load to stay within the currer
by the host or hub, including dynamically scaling back the load if the host or h

stack

) may
ces or
on. All
esently
t level
Ib port

changeé

sits advertisement to a lower level as indicated over the CC pins

Three current levels at default VBUS are defined by USB Type-C Current:

o Default values as defined by a USB Specification

e 1,5
e 30

A
A

The higher USB Type-C Current levels that can be advertised allows hosts and devices that

do not

implement USB PD to take advantage of higher charging current.
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2.3.

5 USB PD Communication

USB Power Delivery is a feature on products (hosts, hubs and devices). USB PD
communications is used to:

The U$B Type-C connector solution provides a new path for USB PD ceimmunications.

Establish power contracts that allow voltage and current outside that defined by the USB

2.0 and USB 3.1 specifications.
Change the port sourcing VBUS.
Change the port sourcing VCONN.
Swap DFP and UFP roles.

COV.M..—.. a4t At akl
e ate-wHnR—eantes

than stiperimposing a Binary Frequency Shift Keying (BFSK) on VBUS B

Mark Coded (BMC) communications are carried on the CC wire.
applicdtions, the use of USB PD BFSK is allowed.

2.3.

Functigpnal extensions (see Chapter 5) are enabled via a co
using methods defined by the USB Power Delivery Specifi

24

VBUS provides a path to deliver power b
and a| host/device. A simplified hig

6 Functional Extensions

Vbus

chargers that optionally support curren| Iev
The U$B Power Delivery Spe

Table R-1 summarizes

with the USB Type-C ¢
hub pgrts — only, i
form tHe basis of

mary of power supply options

Rather

itphase

legacy

ss CC

harger
s and

ications.

device
host or

iops and

level management

Mpde onpel%ﬁo\Q\ \ Nc)ninal Voltage Maximum Current Notes
-,
USB 2.9 \ 5V 500 mA Default Current, based|on
\ definitions in the base
USB 3. 5V 900 mA specifications
usB B¢ 1.2 \/ 5V Upto1,5A Legacy charging
USB Type-CCurrent @ 1,5A |5V 1,5 A f“j‘f’lﬁgfs higher power
USB Type-C Current @ 3,0A |5V 3A S:\E’izggs higher power
USB PD Configurable up to 20 V | Configurable up to 5 A Directional control and power

The USB Type-C receptacle is specified for current capability of 5 A whereas standard USB
Type-C cable assemblies are rated for 3 A. The higher rating of the receptacle enables
systems to deliver more power over directly attached docking solutions or using appropriately
designed chargers with captive cables when implementing USB PD. Also, USB Type-C cable
assemblies designed for USB PD and appropriately identified via electronic marking are
allowed to support up to 5 A.
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2.5 Vconn

Once the connection between host and device is established, the CC pin (CC1 or CC2) in the
receptacle that is not connected via the CC wire through the standard cable is repurposed to
source VCONN to power circuits in the plug needed to implement Electronically Marked Cables
(see Section 4.9). Initially, the DFP sources VCONN and the source may be swapped using
USB PD VCONN_Swap.

Electronically marked cables may use VBUS instead of VCONN as VBUS is available across the
cable. VCONN functionally differs from VBUS in that it is isolated from the other end of the
cable. VCONN is independent of VBUS and, unlike VBUS which can use USB PD to support
higher voltages, VCONN voltage is fixed at 5 V.

2.6 Hubs
USB hubs implemented with USB Type-C receptacles are required\ t idenfify the
upstream facing port. This requirement is needed because a us c which

orts by

port orl a hub is the upstream facing port and which ports are t
i rt and

the tyge of receptacles that are exposed, i.e., USB Type-
USB Type-A is a downstream facing port.

3 Mechanical

3.1 Dverview

3.1.1 Compliant Connectors

The U$B Type-C™ specification defin dard connectors:

e US
e US
e US
3.1.2
Table rimary
differe e and
repres hat are
either Cables.

le 3-1 — USB Type-C Standard Cable Assemblies

USB Power | USB [Type-C
cable[Re#|  Plug 1 Plug 2 voSB .Ciﬂi__?i‘iéi';t Delivery {Electronical
Version =eh (BMC) ly Marked
CC2-3 3A Optional
c c USB 2.0 <4m Supported
Con5 5A Required
CC3G1-3 3A
N c 85513-1 <2m Supported | Required
CC3G1-5 en SA
CC3G2-3 3A
N c 85523-1 <1m Supported | Required
CC3G2-5 en SA

USB Type-C products are also allowed to have a captive cable. See Section 3.4.3.
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3.1.3 Compliant USB Type-C to Legacy Cable Assemblies

Table 3-2 summarizes the USB Type-C legacy cable assemblies along with the primary
differentiating characteristics. The cable lengths listed in the table are informative and
represents the practical length based on cable performance requirements. Cables shall be
electronically marked where indicated in Table 3-2. USB 3.7 Type-C legacy cables assemblies

that only offer performance up to USB 3.1 Gen1 are not allowed by this specification.

Table 3-2 — USB Type-C Legacy Cable Assemblies

USB Type-C
Cable Ref Plug 14 Plug 24 USB Version Cable Length | Current Rating | Electronically
Marked?
USB 2.0 Optignal
AC2-3 Standard-A 3@ O\
USB 2.0 Type-C' | USB 2.0 <4m
USB 2.0 PD Requlired
AC2-5 Standard-A oA \>
USB 3.1 \K Optignal
AC3G2-3 | | standard-A USB Full- N \
F?atured Type- USB 3.1 Gen2 | <1m
USB 3.1 PD c \) Reqdired
AC3G2-5 | | standard-A *5\‘\
CB2-3 485 2.0 Tye. gtSaEdZa.(r)d_B W Optignal
oz o SB 2.0 <4 O
USB 2.0 PD Required
CB2-5 Standard-B )\/ SA
USB 3.1 L Optignal
CB3G2-3 | | usB Full- Standard-B SA
Featured Type- us 1 Ge <1m
> I
CB3G2-5 C gs nd31d|-3§D/_\ 5A Reql.“red
_ N ) -
CmB2 g;c’B 2.0 Type /’\%annie\ USB'2.0 <4m 500 mA Optignal
cmB2:3 | | 25° 2'0@ 2&58 zgﬁa\ M <2m 3A Optignal
icro-
USB Full- /
CmB3G2-3 Fez,-atured e 3A Optignal
C
T USB T with“the “B” end of a legacy adapter cable are required to have Rp {ermination
incorpgrated in assembly — see Section 4.5.3.2.2.
2 USBT with the “A” end of a legacy adapter cable are required to have Rd f{ermination
incorpgrated inte plug\assembly — see Section 4.5.3.2.1.
3 Electrohic marking shall*only be implemented using USB PD BMC.
4 Legacy] USB plugs used in the USB Type-C cable assemblies shall comply with the low level contact registance as

specified in USB PD 3.6.1 for 3A or 5A cables as appropriate. Legacy USB plugs shall comply with the contact
current rating as specified in USB PD 3.6.5.1 for 3A current and 3.6.5.2 for 5A current. For USB Type-C to USB PD-
versions of USB Standard-B and USB Micro-B plugs, USB PD passive marking (cPlug) on the ID pin of the B plug is

not required.

3.1.4 Compliant USB Type-C to Legacy Adapter Assemblies

Table 3-3 summarizes the USB Type-C legacy adapter assemblies along with the primary

differentiating characteristics. The cable lengths listed in the table are informative and
represents the practical length based on cable performance requirements.
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Table 3-3 — USB Type-C Legacy Adapter Assemblies
USB Type-C
Adapter Ref Plug Receptacle? US.B Cable Curr.ent USB Legacy Electronically
Version | Length Rating | Receptacle Type
Marked
CuBR2-3 USB 2.0 Type-C' |USB 2.0 Micro-B|USB 2.0 |<0,15m |3 A iﬁo\fﬁ:geptac'e Not| 5 ptional
USB Full- USB 3.1 USB 3.1 PD Receptacle Not .
CAR3G1-3 Featured Type-C? |Standard-A Gen1 <0.15m 13A Allowed Optional

1

USB Type-C plugs associated with the “B” end of a legacy adapter are required to have Rp termination incorporated

into theplig—assembly—see—Section-4-5-3-2-2—Fhe—LISBPD version—-oi-the—USB Micro-Breceptacie—shall not be

implemgnted.

USB Type-C plugs associated with the “A” end of a legacy adapter are required to h corporated

into the|plug assembly — see Section 4.5.3.2.1. The USB PD version of the USB hall not be

implemgnted.

Legacy [USB receptacles shall to comply with the low level contact resistance~a 6.1 for 3A.

Legacy [USB receptacles shall comply with the contact current rating specified in bred for 3A

current.

3.2 USB Type-C Connector Mating Interfaces

This slection defines the connector the connector injerface

drawings, pin assignments, and descri

3.21 Interface Definition

Figure|3-1 and Figure 3-3.show, B Full-

Featurgd Type-C plug inte

Figure|3-9 shows the 3 govern

the mgting interoperab erence

only, npt hard regquiremé

Key features, co

1) Figure 3~ 5 right-
angle

2) A i between the top and bottom signals inside the receptacle tongue to
majnage ~ lI-featured applications. The mid-plate shall be connected|to the
PCB ground<with \at least two grounding points. A reference design of the mid-glate is
prgvided jn Sectioh 3.2.2.1.

3) Regention of the cable assembly in the receptacle is achieved by the side-latches| in the
plug and features on the sides of the receptacle tongue. Side latches are required for all
plugs except plugs used for docking with no cable attached. Side latches shall be
connected to ground inside the plug. A reference design of the side latches is provided in
Section 3.2.2.2 along with its grounding scheme. Docking applications may not have side
latches, requiring special consideration regarding EMC (Electromagnetic Compatibility).

4) The EMC shielding springs are required inside the cable plug. The shielding spring shall
be connected to the plug shell. Section 3.2.2.3 shows reference designs of the EMC
spring.

5) Shorting of any signal or power contact spring to the plug metal shell is not allowed. The

spring in the deflected state should not touch the plug shell. An isolation layer (e.g.,
Kapton tape placed on the plug shell) is recommended to prevent accidental shorting due
to plug shell deformation.
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6) The USB Type-C receptacle shall provide an EMC ground return path through one of the

foll
[
[ ]

If fi
the

owing options:

Fingers in the receptacle outer shell

Internal EMC pads

Both external fingers in the shell and internal EMC pads

ngers in the receptacle outer shell are used, then the receptacle springs shall contact
mated plug within the zones defined in Figure 3-2. A minimum of four separate contact

points are required. Additional fingers and points of contact are allowed. See Section

3.2.

If i

2.4 for a reference design of receptacle outer shell fingers.
nternal EMC pads are present in_the receptacle, then they shall comply with the

req
rec

8)

12) All
13) All

14) All
moj

15) All
is i

irements defined in Figure 3-1. The shielding pads shall be cnected to the
ptacle shell. If no receptacle shell is present then the recepta vide a
3 design

nanical
e plug
mating
nented
system

t the electrical conpection

e of the
e.enhclosure“should have features tq guide
ied receptacle shell is present| If the
he specified dimension, then the
ongue to the plug point of entry is 1,5 mm

the USB Type-C plug to manage wire
ection 3.2.2.5 includes the guidelines |and a

e SMT
itional
e 3-6,

VBUS Jpins shall be connected together at the USB Type-C receptacle when it ig in its
unted condition (e.g., all VBUS pins bussed together in the PCB).

Ground return pins shall be connected together at the USB Type-C receptacle when it
n its mounted condition (e.g., all Ground return pins bussed together in the PCB).
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Figure 3-1 — USB Type-C Receptacle Interface Dimensions
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Figure 3-1 (cont)
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Figur’e 3-2 — Reference Design USB Type-C Plug External EMC Spring Contact Zones

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

IEC 62680-1-3:2016 - 35 -
© USB-IF:2015

Figure 3-3 — USB Full-Featured Type-C Plug Interface Dimensions
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Figure 3-3 (cont.)
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>3-4 — Reference Footprint for a USB Type-C
ertical Mount Receptacle (Informative)
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REF. ENCLOSURE DESIGN
USB TYPE C PLUG
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igure 3-5 — Reference Footprint for a USB Type-C
Dual-Row SMT Right Angle Receptacle (Informative)
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Figure 3-6 — Reference Footprint for a USB Type-C Hybrid
Right-Angle Receptacle (Informative)
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Figure 3-7 — Reference Footprint for a USB Type-C Mid-Mount

Dual-Row SMT Receptacle (Informative)
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Figure 3-8 — Reference Footprint for a USB Type-C

Mid-Mount Hybrid Receptacle (Informative)
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This specification requires that all contacts be present in the mating interface of the USB
Type-C receptacle connector, but allows the plug to include only the contacts required for
USB PD and USB 2.0 functionality for applications that only support USB 2.0. The USB 2.0
Type-C plug is shown in Figure 3-9. The following design simplifications may be made when
only USB 2.0 is supported:

Only the contacts necessary to support USB PD and USB 2.0 are required in the plug. All
other pin locations may be unpopulated. See Table 3-5. All contacts are required to be
present in the mating interface of the USB Type-C receptacle connector.
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Unlike the USB Full-Featured Type-C plug, the internal EMC springs may be formed from
the same strip as the signal, power, and ground contacts. The internal EMC springs
contact the inner surface of the plug shell and mate with the receptacle EMC pads when
the plug is seated in the receptacle. Alternately, the USB 2.0 Type-C plug may use the
same EMC spring configuration as defined for the USB Full-Featured Type-C plug. The
USB 2.0 Type-C plug four EMC spring locations are defined in Figure 3-9. The alternate
configuration using the six spring locations is defined in Figure 3-1. Also refer to the
reference designs in 3.2.2.3 for further clarification.

A paddle card inside the plug may not be necessary if wires are directly attached to the
contact pins.

4X R 0.55 MAX.

/ )
i
o]/
—\rﬂ"' % = . ™IS .
— ; - e (FLAT SIDES!
(VIEW SIMPLIFIED FOR CLARITY)
i e T 812 ’
DETAIL D

Figure 3-9 — USB 2.0 Type-C Plug Interface Dimensions
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Figure 3-9 (cont.)

3.2.2 Reference Designs

This section provides reference designs for a few key features of the USB Type-C connector.
The reference designs are provided as acceptable design examples. They are not normative.

3.2.21 Receptacle Mid-Plate (Informative)

The signals between the top and bottom of the receptacle tongue are isolated by a mid-plate
inside the tongue. Figure 3-10 shows a reference design of the mid-plate. It is important to
pay attention to the following features of the middle plate:

e The distance between the signal contacts and the mid-plate should be accurately

controlled since the variation of this distance may significantly impact impedance of the
connector.

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.
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e The mid-plate in this particular design protrudes slightly beyond the front surface of the
tongue. This is to protect the tongue front surface from damage caused by miss-insertion
of small objects into the receptacle.

e The mid-plate is required to be directly connected to the PCB ground with at least two
grounding points.

e The sides of the mid-plate mate with the plug side latches, making ground connections to
reduce EMC. Proper surface finishes are necessary in the areas where the side latches
and mid-plate connections occur.

Hjmn

)

2x 0230 £0.025 —=

C
2x tlosoto0s ¥ 075005 // — { - O 1
2X 0100 40.025
Mid-Plate —/ DATUM ©
X RO.I0

Tangue Top View @ 69 HO04S m

0.150 £0.025

o104 |

B
(e

%) u
Tongye Side View

hes) are located in the plug. Figure 3-11 shows a reference
he plug side latches should contact the receptacle mid-plate
und return path.

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

IEC 62680-1-3:2016 - 47 -

© USB-IF:2015
— 0401003
LATCH THICKNESS
A_ay| [#]o04[A[B[C] ——2X 2804008 —
//I 7 |r<Q’_m @
i N
e\ Tz
I Zl]‘[l: T i i nmmen] || 7A
AECH i} T T T T ]
m (i H il 'I!/l T T 11 EIII’
i 1T 1|1[ T 1]
"l — = ceanies
:[ I T @ 6,130 20025
= — R [&]0.04]4[B]C]
g 1T ]III u/ T 1 7]
1 I I Imma]|
“:ﬂ‘“: H T L =3
LH iy il 1T TI % @i{ﬂ
I o o R T T T 1T 7]
- bz w%
u 1Y
A
3 = 0,800 £0,025 SECTION A-A

TONGUE OPENING

Figure 3-11 — Reference Design of the™R

Referénce fo

/Te io P e Card
O
— —
] '
% s
E.
R\ q

N
N\ Reference for Plug Latch
Termination to Paddle Card

3.2.2.3 nterna Il Springs and Pads (Informative)
Figure i reference design of the internal EMC spring located inside the USB Full-
Featur tog—Fgure—3=t—is—=a reference destgn of-the—nternatEME spring—tocated
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Figure 3-13 — Reference Design of the USB Full-Featured
Type-C Plug Internal EMC Spring
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The internal EMC pad (i.e., ground plate) shown in Figure 3-15 is inside the receptacle. It
mates with the EMC spring in the plug. To provide an effective ground return, the EMC pads
should have multiple connections with the receptacle shell.

SECTION A-A

|
(0.77) L(”. 10)

|1 ) S i Y ) | e )

Figure 3-15 — Reference Design of Internal EMC Pad

3.2.2.4 Optional External Receptacle EMC Springs (Informative)

Some applications may use receptacles with EMC springs that contact the outside of the plug
shell. Figure 3-16 shows a reference receptacle design with external EMC springs. The EMC
spring contact landing zones for the fully mated condition are normative and defined in
Section 3.2.1.
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paddle card thickhess’should have a tolerance less than or equal to + 10%.

The¢ USB. Super3Speed traces should be as short as possible and have a n

differéntial characteristic impedance of 85 Q.

e 3-17
a USB
sign:

ended

ominal

The differential pairs should have a minimum pair-to pair separation ot 0,9 mm.

It is recommended that a grounded coplanar waveguide (CPWG) system be selected as a

transmission line method.

Use of vias should be minimized.

VBUS pins should be bussed together on the paddle card.
GND pins should be bussed together on the paddle card.
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Figure 3-17 — Reference Design for a USB Full-

3.23 Pin Assignments and Descriptions

The usage and assignments of the %
defined in Table 3-4.

C receptacle interface are
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Table 3-4 — USB Type-C Receptacle Interface Pin Assignments

Pin Signal Description Mating Pin Signal Description Mating
Name Sequence Name Sequence
A1 GND Ground return First B12 [ GND Ground return First
Positive half of first Positive half of first
A2 SSTXp1 SuperSpeed TX Second B11 | SSRXp1 SuperSpeed RX Second
differential pair differential pair
Negative half of first Negative half of first
A3 SSTXn1 SuperSpeed TX Second B10 [ SSRXn1 SuperSpeed RX Second
differential pair differential pair
A4 MBYS Bts—Pewer First BS VBHS Bts—Pewer First
A5 |lcct Configuration Second B8 | SBU2 S'deba”d Use Secopd
Channel (SBU) aN
Positive half of the t|v If of\the
A6 Dp1 USB 2.0 differential | Second B7 Dn2 enti ecohd
pair — Position 1 ositjon
Negative half of the ositiverhalf of the
A7 Dn1 USB 2.0 differential | Second B6 Dp2 B 250 differential | Secopd
pair — Position 1 palr '« Rosition
Sideband Use nfiguration
A8 SBU1 (SBU) Second B5 C Channel Secopd
A9 VBUS Bus Power First 4 \)ﬁ Bus Power First
. g O
Negative half of < gative half of
A10 | |SSRXn2 second SuperSpeed | Second 3 SSTXn2 econd SuperSpeed | Second
RX differential pair TX differential pair
Positive half of Positive half of
A11 | |SSRXp2 second SuperSpeed | Second B2 Xp2 second SuperSpeed | Second
RX differeg(?e}g@ir/ TX differential pair
A12 ||GND Grounq\retﬁ’)\ N irst B1> GND Ground return First
NOTES$:
1) Contacts B6 «@ in USB Type-C plug. The receptacle side shall supplort the
USB 2.0 differe 1/Dhd or Dp2/Dn2. The plug orientation determines which |pair is

act|ve. In one imple
pogsible to minimize
shduld not exceed 3,5

ay be shorted on the host/device as close to the receptacle as
Dn2 may also be shorted. The maximum shorting trace|length

2) All|VBUS pinis d\together within the USB Type-C plug and shall be connected togegther at
the| USB Ty e gnnector when the receptacle is in its mounted condition (e.g., all VBUS pins

bugsed
3) All|Grou 1y i H be connected together within the USB Type-C plug and shall be connected
together a C receptacle connector when the receptacle is in its mounted condition (g.g., all

ground retura-pins bussed together on the PCB).

The usage and assignments of the signals necessary for the support of only USB Z.0 with the
USB Type-C mating interface are defined in Table 3-5.
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Table 3-5 - USB Type-C Receptacle Interface Pin Assignments for USB 2.0-only Support

Pin Signal Description Mating Pin Signal Description Mating
Name Sequence Name Sequence
A1 GND Ground return First B12 | GND Ground return First
A2 B11
A3 B10
A4 VBUS Bus Power First B9 VBUS Bus Power First
A5 | cC1 Configuration Second B8 | SBU2 Sideband Use (SBU) | Second
Channel
Positive half of the Negative half

A6 Dp1 USB 2.0 differential Second B7 Dn2 USB 2.0 differential Second
pair — Position 1 pair — Positi 2(\
Negative half of the

A7 Dn1 USB 2.0 differential Second B6 econd
pair — Position 1

A8 SBU1 Sideband Use (SBU) | Second B5 Second

A9 VBUS Bus Power First B4 First

A10 B3 ~ >

A11 \) A

A12 ||GND Ground return GNQD K’ nd return First

NOTE$: \/

1) Thg e USB Type-C receptacle. Unused ¢ontact
loc ing (i.e., not connected).

2) Co plug. The receptacle side shall support the
usS [ /' The plug orientation determines which |pair is
act| naybe shoried on the host/device as close to the receptacle as
pog ; 2 o be shorted. The maximum shorting trace|length
shd

3) Co 2) shall bennot connected unless required for a specified purposég (e.g.,
Au |

4) All ithin the USB Type-C plug and shall be connected togdther at
the en the receptacle is in its mounted condition (e.g., all VBYS pins
bus

5) All onnected together within the USB Type-C plug and shall be connected
tog ptacle connector when the receptacle is in its mounted condition (4.g., all
grojun i

3.3 [able)Construction and Wire Assignments
This ectior—discusses—the—4HSB Typc S uablco, ;Ilb:ud;IIU cabte—econstt uut;un, wire

assignments, and wire gauges.

3.3.1 Cable Construction (Informative)

Figure 3-18 illustrates an example of USB Full-Featured Type-C cable cross-section, using
micro-coaxial wires for USB SuperSpeed. There are four groups of wires: USB D+/D-
(typically unshielded twisted pairs (UTP)), USB SuperSpeed signal pairs (coaxial wires, twin-
axial or shielded twisted pairs), sideband signal wires, and power and ground wires. In this
example, the optional VCONN wire is shown whereas in Figure 3-19 the example is shown with
the VCONN wire removed — the inclusion of VCONN or not relates to the implementation
approach chosen for electronically marked cables (See Section 4.9).
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VCONN — Yellow

Power Return — Tin Plated

F

Po

The U
High-S

OD =4.8mm

Coax are SS pairs — specific pairs not defined in cabf

igure 3-18 — lllustration of a USB Full-Featured T
a Coaxial Wire Example wit

CC - Blue Power — Red

ver Return — Tin Plated Power Return — Tin Plat
SBU Red & Black SBU Red & Black

JSB 2.0 White & Green

5B D-F/D- 1l pair is intended to transmit the USB 2.0 Low-Speed, Full-Spe
peed-signaling while the SuperSpeed signal pairs are used for USB 3.1 Supe

[1Y]
o

bd and
Speed

signali

hg.."Shielding is needed for the SuperSpeed differential pairs for signal integr

ty and

EMC p

3.3.2

erformance.

Wire Assighments

Table 3-6 defines the full set of possible wires needed to produce all standard USB Type-C
cables assemblies. For some cable assemblies, not all of these wires are used. For example,
a USB Type-C cable that only provides USB 2.0 functionality will not include wires 6—15.

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

— 56 —

IEC 62680-1-3:2016

© USB-IF:2015

Table 3-6 — USB Type-C Standard Cable Wire Assignments

N:vni\r:er Signal Name Description

1 GND_PWRrt1 Ground for power return

2 PWR_VBuUS1 VBUS power

3 CC Configuration Channel

4 UTP_Dp Unshielded twist pair, positive

5 UTP_Dn Unshielded twist pair, negative

6 SDPp1 Shielded differential pair #1, positive

7 SDPn1 Shielded differential pair #1, negative

8 SDPp2 Shielded differential pair #2, positive A ~

9 SDPn2 Shielded differential pair #2, negative /\ \

10 SDPp3 Shielded differential pair #3, positive A4
11 SDPn3 Shielded differential pair #3, negative \ \ )
12 SDPp4 Shielded differential pair #4, positive N

13 SDPn4 Shielded differential pair #4,@9\ A\

14 SBU_A Sideband Use ( m )

15 SBU B Sideband Use (\ / \\

16 GND_PWRrt2 Ground f{po}g r<urn ( ptlona(k) M

17 PWR_VBUS2 VBUS power (optional)

18 PWR_VCONN VCONN pov@r (o/g@ne\llwse\Se}t'\on 4.9)

Braid Shield Cable external braid

NOTE:

1) Thip
dral
axi

ire/construction is used for all SDP’s and there
e shields of the coaxial wires. If shielded twisted (

are no
r twin-

Table
cable 4
a USB

legacy
ample,
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Table 3-7 — USB Type-C Cable Wire Assignments for Legacy Cables/Adapters

wir

1) Thip table is based on the assumption that shielded twisted pairis_u
bs. If coaxial wire construction is used, then no drain wires are needed«and t
thrgugh the shields of the coaxial wires. (7

Wire

Number Signal Name Description

1 GND_PWRrt1 Ground for power return

2 PWR_VBuUS1 VBUS power

3 UTP_Dp Unshielded twist pair, positive

4 UTP_Dn Unshielded twist pair, negative

5 SDPp1 Shielded differential pair #1, positive

6 SDPn1 Shielded differential pair #1, negative

7 SDP1_Drain Drain wire for SDPp1 and SDPn1

8 SDPp2 Shielded differential pair #2, positive A ~

9 SDPn2 Shielded differential pair #2, negative /\

10 SDP2_Drain Drain wire for SDPp2 and SDPn2 A4
Braid Shield Cable external braid \ \ )
NOTE: )

and there arg drain
signal ground rgturn is

3.3.3 Wire Gauges and Cable Dia

This specification does not specify
gaugeg for reference purposes only.
cable diameter and flexibility\Multip

Bl wire
cost of
BUS or

Groundl. It is recommended to.use the [o cable

assemply electrical and mect

To maximize c
should| be minimized
diameter may range
may rﬂlrige from

may range fro

ameter

ameter
ameter
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Table 3-8 — Reference Wire Gauges for standard USB Type-C Cable Assemblies

Wire Number Signal Name Wire Gauge (AWG)
1 GND_PWRtt1 20-28
2 PWR_VBUS1 20-28
3 cc 32-34
4 UTP_Dp 28-34
5 UTP_Dn 28-34
6 SDPp1 26-34
Z SDPni 26-34
8 SDPp2 26-34 (
9 SDPn2 263 (O
10 SDPp3 26-34 >
11 SDPn3 26,34\
12 SDPp4 263 O\
13 SDPn4 26-38\
14 SBU_A Xgﬁn\\
15 SBU_B L ()]s
T RGNS AL T
; ST NS
18 -34

Table 3-9 — Referen

PR

e-C to Legacy Cable Assemblips

Wire I}:\u S\g{al‘N/me Wire Gauge (AWG)

1 N Y GNQ}\@% 20-28
2 MR>3u31 20-28
3 /\ “Dp 28-34
4 ~thP_Dn 28-34
%K \ \ ) SDPp1 26-34
<\6\ \\ SDPn1 26-34
N AN\ N SDP1_Drain 28-34
8 ) SDPp2 26-34
9 SDPn2 26-34
t6 SBP2—Bram 2854

Standard USB Type-C Cable Assemblies

USB Full-Featured Type-C Cable Assembly

Figure 3-20 shows a USB Full-Featured Type-C standard cable assembly.

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.

Two standard USB Type-C cable assemblies are defined and allowed by this specification. In
addition, captive cables are allowed (see Section 3.4.3). Shielding (braid) is required to
enclose all the wires in the USB Type-C cable. The shield shall be terminated to the plug
metal shells. The shield should be physically connected to the plug metal shell as close to
360° as possible, to control EMC.
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Figure 3-20 — USB Full-Featured Type-C Standard Cable Assembly

Table p-+o—defines—the—wire—connections—for—the—JSB—Fut-Featured-Fype=C—standard cable
assemply.
Table 3-10 — USB Full-Featured Type-C Standard Cable As
UBB Type-C Plug #1 Wire / Uéﬁ 'Fyge-c\glug #2
Sioral || Wire Soral A lpn ] S

A1, B1| A12, B12 | GND 1[16] | GND_PWRrt1 [GNDZPWRt2], [ A1, BY, At2/B12 | GND
A4, B4| A9, B9 | veus 2 [117] PWR_VBUS1 [PV&R_\@@sz] WAQ, B9 | Vaus
A5 cc 3 ce (\\// OV [as cc
B5 VCONN 18 PWR, VEONN (See Setfion4/9))B5 VConN
A6 Dp1 4 UTP_Dp A6 Dp1
A7 Dn1 5 OTP_Dn N A7 Dn1
A2 SSTXp1 6 é\DPp\\ \ B11 ssRkp1
A3 ssTXn1 \[ 7 sokod, W B10 ssRkn1
B11 SSRXpIN_ sbBp2 A2 SSTXp1
B10 /QS\RXN é sb@2> A3 SSTXn1
B2 NssTxp2n | 10\ SDPp3 A11 ssRkp2
B3 ssrxn2\ [ @) | s0Pn3 A10 SSRKn2
A11 ‘ssrxpz,_ 1[M2 SDPp4 B2 SSTXp2
A10 ( ]ssrxi2) | 13 SDPn4 B3 SSTXn2
A8 /\ QQ&* 14 SBU_A B8 SBU?
B8 UsBuz. | 15 SBU_B A8 SBU
Shell Shiely Braid Shield Shell Shield
NOTE$:
1) Thip_table is based on the assumption that coaxial wire construction is used for all SDP’s and therelare no

2)

3)
4)

5)

Contacts B6 and B7 should not be present in the USB Type-C plug.

All GND pins shall be connected together within the USB Type-C plug.

drain wires. The shields of the coaxial wires are connected to the ground pins. If shielded twisted pair is
used, then drain wires are needed and shall be connected to the GND pins.

Pin B5 (VCONN) of the USB Type-C plug shall be used in electronically marked versions of this cable. See
Section 4.9.

All VBUS pins shall be connected together within the USB Type-C plug. A 10 nF bypass capacitor (minimum
voltage rating of 30 V) is required for the VBUS pin in the full-featured cable at each end of the cable. The
bypass capacitor should be placed as close as possible to the power supply pad.
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A USB 2.0 Type-C standard cable assembly has the same form factor shown in Figure 3-20.

Table 3-11 defines the wire connections for the USB 2.0 Type-C standard cable assembly.

Table 3-11 — USB 2.0 Type-C Standard Cable Assembly Wiring

Segtion 4.9.

4) A
5) A

1) Pin| B5 (VCONN) of the USB Type-C plug

3) All|VBUS pins shall be connected together
the|VBUS pin in the USB 2.0 Type-C cable.

IGND pins shall be connegcted to within
JUSB Type-C plug pi&s that are™ot listed i i

USB Type-C Plug #1 Wire USB Type-C Plug #2
o e o s
A1, BI[ATZ BTZ T GND T GND PWRTT AT, BT, A72-B1Z [ GND
A4, B4| A9, B9 VBUS 2 PWR_VBUs1 A4, B4, 29, BY [ VeUs
A5 cc 3 cc ASA N oc
Bs VCONN 18 %V)R_VCONN (See Section A éf\\ \Vcﬁm
A6 Dp1 4 UTP_Dp Ag\ \ Dp1
A7 Dn1 5 UTP_Dn yw > Dn1
Shell Shield Braid Shield Shell Shied
NOTES:

2) Conptacts B6 and B7 should not be present in\the

e. See

red for

3.4.3

A capt
C plug
opposi

The as
the std
hardwi

alcable

embly that is terminated on one end with a USB Type-
nect means (hardwired or custom detachable) |on the

irlng. for captive USB Type-C cables follow the same wiring assignments as
‘ blies (see Table 3-10 and Table 3-11) with the exception that the

The CC wirg in a captive cable shall be terminated and behave as appropriate to the ftimction

of the productiowhich-itis r\aph\/n (n g haost or Hn\llr\n)

This specification does not define how the hardwired attachment is physically done on the

device side.

3.5 Legacy Cable Assemblies

To enable interoperability between USB Type-C-based products and legacy USB products,
the following standard legacy cable assemblies are defined. Only the cables defined within
this specification are allowed.

For all legacy cable assemblies that support USB PD BFSK usage, the legacy plug shall be
the USB PD version of the plug and appropriate USB PD cable marking is required.
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3.5.1 USB Type-C to USB 3.1 Standard-A Cable Assembly

Figure 3-21 shows a USB Type-C to USB 3.1 Standard-A cable assembly.

- 1 PING —. —
Al I L B12 ’ I “- ", - .» ~~ PIN1
a2 W B ﬁ—’ } ‘ i (& e o
PLUG OVERMOLD CABLE B O\/ERMOL:J PLUG PIN5 “— PIN4
Figure 3-21 — USB Type-C to USB 3.1 Standard-A Cable Assembly
Table B-12 defines the wire connections for the USB Type-C to USB 3 ndard=A cable
assemply.
Table 3-12 — USB Type-C to USB 3.1 Standard-A Cable As
USB Type-C Plug Wire a \l\§\8 3\\1 S\b\nd d-A plug
AN
. Signal Wire Signal . .
Pin Name Number Name N> Signa| Name
1 GND_PWRTrt1 GND
A1, B1,|A12,B12 |GND
7,10 SDP1_Drair},§ P2_Dr in/\ 7 GND_DRAIN

A4, B4,|A9, B9 VBUS 2 /P\QR_VW > / < \ R D VBUS

A5 cc \OW )

B5 VCONN /l

A6 Dp1 3 uUTpP > 3 D+

A7 Dn1 \4\ /TN G{P_bn\) B 2 D-

A2 sSTXpt 5 N . w\épq\ 6 StdA_$SRX+

A3 SSTXrb kN \ \SQP}\ 5 StdA_$SRX-

B11 S@(pi 8< \@}’p\/ 9 StdA_$STX+

B10 SSQ{n\\ \% \/\ S;hbnz 8 StdA_$STX-

Shell @/m\a\h\ Br\éiq Shield Shell Shield

Notes:

1) Thig table i as tion that shielded twisted pair is used for all SDP’s and there afe drain
wirgs. i ction is used, then no drain wires are present and the shields of the coaxifl wires
are o ins

2) Pin]A5 (CC Type-C plug shall be connected to VBUS through a resistor Rp. See Section 4}5.3.2.2
and|Table 4-13 nctional description and value of Rp.

3) Pin|B5/(V.cONN) of the USB Type-C plug shall be used in electronically marked versions of this caljle. See
Section4.9.

4) Contacts B6 and B7 should not be present in the USB Type-C plug.

6) All Ground return pins shall be connected together within the USB Type-C plug.
7) All USB Type-C plug pins that are not listed in this table shall be open (not connected).

5) All VBUS pins shall be connected together within the USB Type-C plug. A bypass capacitor is required
between the VBUS and ground pins in the USB Type-C plug side of the cable. The bypass capacitor shall be
10 nF £ 20 % in cables which incorporate a USB Standard-A plug. The bypass capacitor shall be 100 pF *
20 % (minimum voltage rating of 30 V) in cables which incorporate a USB PD Standard-A plug. The bypass
capacitor shall be placed as close as possible to the power supply pad.

3.5.2

Figure

USB Type-C to USB 2.0 Standard-A Cable Assembly
3-22 shows a USB Type-C to USB 2.0 Standard-A cable assembly.
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A1 - A B12 S g— PNt
Af2 i B1 El i . { DE[ e ‘ Zf I e PINg
PLUG  OVERMOLD  CABLE OVERMOLD ~ PLUG

Figure 3-22 — USB Type-C to USB 2.0 Standard-A Cable Assembly

Table 3-13 defines the wire connections for the USB Type-C to USB 2.0 Standard-A cable
assembly.

ugé\ﬁ.o (S{{nd}Q-A [«

USB Type-C Plug Wire lug
Pin Signal Wire Signal P ignal
Name Number Name me
A1, B1| A12,B12 | GND 1 GND_PWRrt1 < 4 \ BSND
A4, B4| A9, B9 VBUS 2 PWR_VBus1 /\ 1 Q VBUS
A5 cc f.\ S %
BS VCONN [~ \Qi )
A6 Dp1 3 UTP_Dp f\ o\ D+
A7 Dn1 4 oo\ o () Vj D-
Shell Shield Braid \Qmiel \/ Shell Shield
NOTES
1) Pin| BUS through a resistor Rp. See $ection
4.5]3.2.2 and Table 4-13 for'the fun lué of Rp
2) Pin B5 (VCONN) of the US electronically marked versions of this cable. See
Segtion 4.9.

3) Contacts B6 and B7 k

4) All|VBUS pins e cennected tog the USB Type-C plug. Bypass capacitors are not r¢quired
for|the VBUS pins Tn thi .

5) All|Ground returp’p

USB Type<C plug

OVERMOLD PLUG

PLUG OVERMOLD CABLE

Figure 3-23 — USB Type-C to USB 3.7 Standard-B Cable Assembly

Table 3-14 defines the wire connections for the USB Type-C to USB 3.1 Standard-B cable
assembly.
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Table 3-14 — USB Type-C to USB 3.1 Standard-B Cable Assembly Wiring

USB Type-C Plug Wire USB 3.1 Standard-B plug
. Signal Wire Signal . .
Pin Name Number Name Pin Signal Name
1 GND_PWRrt1 4 GND
A1, B1, A12,B12 |GND
7,10 SDP1_Drain, SDP2_Drain 7 GND_DRAIN
A4, B4, A9, B9 VBUS 2 PWR_VBus1 1 VBUS
A5 CcC
B5 VCONN
A6 Dp1 3 UTP_Dp 3 /\ D+
A7 Dn1 4 UTP_Dn 2 A 185
A2 SSTXp1 5 SDPp1 9/\ \ StanE SRX+
A3 SSTXn1 6 SDPn1 8 StdB” $SRX-
B11 SSRXp1 8 SDPp2 \ 6 \ \ ,gtdB_S STX+
B10 SSRXn1 9 SDPn2 < § \ \ StdB_$STX-
Shell Shield Braid Shield §}.ell Shield
NOTES
1) Pin 5.3.2.1
and
2) Pin le. See
Sec
3) Thig e drain
wire Bl wires
are
4) Con

5) All VBUs pins shall b e USB Type-C plug. A bypass capacitor is required

between the VB g US )e-C plug side of the cable. The bypass capacitor ghall be
10nf £ 20% in —@ ince s andard-B plug. The bypass capacitor shall be 100pH + 20%
(mifimum voltage_rati i ables\which incorporate a USB PD Standard-B plug. The |bypass
capgcitor shall be placed as’clese"as ibleto the power supply pad.

6) All Ground returr pin ected fogether within the USB Type-C plug.
7) All USB TyWCS\HI not listed in this table shall be open (not connected).
3.5.4 e USB 2.0 Standard-B Cable Assembly

Figure|3-24 shows.a B Type-C to USB 2.0 Standard-B cable assembly.

PIN 2
A1 B12 F | - I: PIN 3
A12 B1 - | %) |

PIN 4
PIN 1

|
FLUG OVERMOLD CAELE OVERMOLD FLUG

Figure 3-24 — USB Type-C to USB 2.0 Standard-B Cable Assembly

Table 3-15 defines the wire connections for the USB Type-C to USB 2.0 Standard-B cable
assembly.
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Table 3-15 — USB Type-C to USB 2.0 Standard-B Cable Assembly Wiring

USB Type-C Plug Wire USB 2.0 Standard-B plug
g o) ol

A1,B1, A12,B12 | GND 1 GND_PWRrt1 4 GND

A4, B4, A9, B9 VBUS 2 PWR_VBus1 1 VBUS

A5 CcC

B5 VCONN

A6 Dp1 3 UTP_Dp 3 D+

A7 Dn1 4 UTP_Dn

Shell Shield Braid Shield

NOTE$:

1) Pin| A5 (CC) of the USB Type-C plug shall be connected to GND through a~resis

.p.3.2.1

ang

2) Pin| B5 (VCONN) of the USB Type-C plug shall be used in electronj
Segtion 4.9.
3) Contacts B6 and B7 should not be present in the USB Type-

4) All
for

5) A
6) A

Table 4-14 for the functional description and value of Rd.

the VBUS pins in this cable.

iGround return pins shall be connected together within the
USB Type-C plug pins that are not listed\in this_table shall’be

e. See

quired

3.5.5 USB Type-C to U
Figure|3-25 shows a USB
L <> P2
PIN| 1
A B1 — : TS
A1 j
“L PIN| 5
RMOLI LE
igure\3-25 — USB Type-C to USB 2.0 Mini-B Cable Assembly
Table [3€16 defines the wire connections for the USB Type-C to USB 2.0 Mini-B| cable
assembhs
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Table 3-16 — USB Type-C to USB 2.0 Mini-B Cable Assembly Wiring

All
for

A

Pin|

caljle type.

A

USB Type-C Plug Wire USB 2.0 Mini-B plug
Pin Name | Number Name Pin Name
A1,B1, A12,B12 | GND 1 GND_PWRrt1 5 GND
A4, B4, A9, B9 VBUS 2 PWR_VBus1 1 VBUS
A5 CcC
A6 Dp1 3 UTP_Dp 3 D+
A7 Dn1 4 UTP_Dn 2 D-
4 RN
Shell Shield Braid Shield Shelw ~ \'ihield
NOTE$:
1) Pin| A5 of the USB Type-C plug shall be connected to GND through a resjstor ee ectitl\.g.z .1 and
Talple 4-14 for the functional description and value of Rd.
2) Coptacts B6 and B7 should not be present in the USB Type-C plug.

quired

for the

3.5.

6

Figure

AT B12
A1

Table
assem

2 O

Figur

3-17 defines
DIy«

3=

~ USB Type-C to USB 3.1 Micro-B Cable Assembly

e wire connections for the USB Type-C to USB 3.1 Micro-B| cable
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Table 3-17 — USB Type-C to USB 3.1 Micro-B Cable Assembly Wiring
USB Type-C Plug Wire USB 3.1 Micro-B plug
Pin ?‘lig:]ael Nt‘:vr;fer s,jg:;' Pin Signal Name
1 GND_PWRrt1 5 GND
A1, B1, A12,B12 |GND
7,10 SDP1_Drain, SDP2_Drain 8 GND_DRAIN
A4, B4, A9, B9 VBUS 2 PWR_VBus1 1 VBUS
A5 CcC
B5 VCONN
AB Dp1 3 UTP_Dp 3 /\ D+
A7 Dn1 4 UTP_Dn 2 A B3
A2 SSTXp1 5 SDPp1 19/\ \ MiaS\>SRX+
A3 SSTXn1 6 SDPn1 9 MieB” $SRX-
B11 SSRXp1 8 SDPp2 \ 7 \ \ ﬁiCB_s)STX+
B10 SSRXn1 9 SDPn2 < \Q \ \ MicB_$STX-
4\ 1D
Shell Shield Braid Shield ( O Shell Shield
NOTES \/
1) Pin]A5 (CC) of the USB Type-C plug sha GND thrc@w sistor Rd. See Section 4{5.3.2.1

and

2) Pin|B5 (VCONN) of the USB Type-C plug electronically marked versions of this calle. See
Secfion 4.9.

3) Thig e drain
wirgs. Al wires
are

4) Con

5) All equired
bety hall be
10nf + 20%
(mini hpacitor
sho

6) All

7) Pin for the
cab

8) All

3.5.7 USB Type-C to USB 2.0 Micro-B Cable Assembly

Figure 3-27 shows a USB Type-C to USB 2.0 Micro-B cable assembly.

1

Al
Al

B12

B1

PLUG OVERMOLD

OVERM!

OLD PLUG

Figure 3-27 — USB Type-C to USB 2.0 Micro-B Cable Assembly
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Table 3-18 defines the wire connections for the USB Type-C to USB 2.0 Micro-B cable

assem

bly.

—67 —

Table 3-18 — USB Type-C to USB 2.0 Micro-B Cable Assembly Wiring

USB Type-C Plug Wire USB 2.0 Micro-B plug
. Signal Wire Signal . .
Pin Name Number Name Pin Signal Name
A1, B1, A12,B12 |GND GND_PWRrt1 5 GND
A4, B4, A9, B9 VBUS PWR_VBUS1 1 VBUS
A5 CC
B5 VCONN (
A6 Dp1 UTP_Dp 3 A DY
A7 Dn1 UTP_Dn 2< 'R- >
I e
Shell Shield Shield Shell 0\ Shield
NOTES
1) Pin 5.3.2.1
and
2) Pin le. See
Sed]
3) Con
4) All ired for
the VBUS pins in this cable.
5) All Ground return pins shall
6) Pin[4 (ID) of the USB 2.0 for the
cable type.
7) All USB Type-C plug pi
3.6
To ena SB Type-C-based products and legacy USB products,
the fol apter assemblies are defined. Only the adapter assgmblies
defined i
3.6.1 pe-C to~USB 3.1 Standard-A Receptacle Adapter Assembly
Figure|3-28 shows @’USB Type-C to USB 3.7 Standard-A receptacle adapter assembly. This
cable assémbly is defined for direct connect to a USB device (e.g., a thumb drive). $ystem
functiotmﬁrm-ﬁﬁmmmrwmm—ﬁ-mw is not
guaranteed.
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Fi

receptacle adapter assembly.

3-19 defines the wire connections for the USB Type-

Table 3-19 — USB Type-C to USB 3.1 Standard-A Receptacle

to\ USB

ly

ydard-A

ter Assembly Wiring

USB Tlype-C Plug

N
USB%StaMNcept cle

Pin Signal Name Pin K g 7 K ignal Name
4 Q GND

A1, B1| A12, B12 GND . E < )\> oND, DRAIN

A4, B4] A9, BO VBUS 3 VBUS

. e S

65 Voo N N

A6 pp1. N 3 )V D+

A7 Dar N\ ~ D-

A2 \> SSTXQ EE StdA_SSTX+

A3 oy 8 StdA_SSTX-

B11 ¢\ S\SR\XE\ > 6 StdA_SSRX+

B10 R)N 5 StdA_SSRX-

Shell \ Shie Shell Shield

NOTE$:

1)
2)

3)

4)

Pin|
and

Pinf B5, (VCONN) of
Segtion 4.9.

5.3.2.1

e USB Type-C plug shall be used in electronically marked versions of this adaptgr. See

This table is based on the assumption that shielded twisted pair is used for all SDP’s and there are drain
wires. If coaxial wire construction is used, then no drain wires are present and the shields of the coaxial
wires are connected to the ground pins.

Contacts B6 and B7 should not be present in the USB Type-C plug.

All VBUS pins shall be connected together within the USB Type-C plug. A 10 nF bypass capacitor is required
for the VBUS pin in the USB Type-C plug end of the cable. The bypass capacitor should be placed as close
as possible to the power supply pad. A bypass capacitor is not required for the VBUS pin in the Standard-A

receptacle.

All Ground return pins shall be connected together within the USB Type-C plug.

All USB Type-C plug pins that are not listed in this table shall be open (not connected).
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3.6.2 USB Type-C to USB 2.0 Micro-B Receptacle Adapter Assembly

Figure 3-29 shows a USB Type-C to USB 2.0 Micro-B receptacle adapter assembly.

$
S

Table B-20 defines the wire connections for the USB Type 3 i receptacle
adapter assembly.

Taljle 3-20 — USB Type-C to USB 2.0 Micro-B Rec

USB Type-C Plug QS%Z.O N’/lcré[-}) rgcgﬁxacle

ining

Pin Signal Name Pin\ \ ) Signal Name
A1, B1} A12, B12 GND /X 5 GND
A4, B4| A9, BY VBUS | 1 > VBUS
A5
A6 D+
A7 D-
ID
Shell Shield

resistor Rp. See $ection

2)
3) i 0 ected together within the USB Type-C plug. Bypass capacitors are not rgquired
4) Groundireturn~pins/shall be connected together within the USB Type-C plug.

5) All|USPB I'ype-C plug pins that are not listed in this table shall be open (not connected).

3.7 Electrical Characteristics

This section defines the USB Type-C raw cable, connector, and cable assembly electrical
requirements, including signal integrity, shielding effectiveness, and DC requirements.
Chapter 4 defines additional requirements regarding functional signal definition, host/device
discovery and configuration, and power delivery.

Unless otherwise specified, all measurements are made at a temperature of 15° to 35 °C, a
relative humidity of 25 % to 85 %, and an atmospheric pressure of 86 to 106 kPa and all S-
parameters are normalized with an 85 Q differential impedance.
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3.71 Raw Cable (Informative)

Informative raw cable electrical performance targets are provided to help cable assembly
manufacturers manage the procurement of raw cable. These targets are not part of the USB
Type-C compliance requirements. The normative requirement is that the cable assembly
meets the performance characteristics specified in Sections 3.7.3, 3.7.4, and 3.7.5.

The differential characteristic impedance for shielded differential pairs is recommended to be
90 Q + 5 Q. The single-ended characteristic impedance of coaxial wires is recommended to
be 45 Q + 3 Q. The impedance should be evaluated using a 200 ps (10%-90%) rise time; a
faster rise time is not necessary for raw cable since it will make cable test fixture
discontinuities more prominent.

3.7.11 Intra-Pair Skew (Informative)

L jshould
P00 ps

The infra-pair skew for a differential pair is recommended to be le
be megasured with a Time Domain Transmission (TDT) in a different
(10 %-

3.7.1.2

Cable Table

Freque

0,625 GHz -1,2 dB/m -1,0 dB/m
1,25 GHz -1,7 dB/m -1,4 dB/m
2,50 GHz -2,5 dB/m -2,1 dB/m
5,00 GHz -3,9 dB/m -3,1dB/m

7,50 GHz %b\ciBm\ —5/\9 dB/m -5,0 dB/m -4,1 dB/m

JAN
10,00 ¢GHz ,\@\{dB\NQ -7,2 dB/m -6,1 dB/m -4,8 dB/m

12,50 GHz -9 [m -8,2 dB/m -7,3 dB/m -5,5dB/m

15,00 GHz \ \1 ,})\dB%n\) -9,5 dB/m -8,7 dB/m -6,5 dB/m

Table 3-22 — Differential Insertion Loss Examples for USB
SuperSpeed with Coaxial Construction

Frequency J4AWG 32AWG 30AWG 28AWG |
0,625 GHz -1,8 dB/m -1,5 dB/m -1,2 dB/m -1,0 dB/m
1,25 GHz -2,8 dB/m -2,2 dB/m -1,8 dB/m -1,3 dB/m
2,50 GHz -4,2 dB/m -3,4 dB/m -2,7 dB/m -1,9 dB/m
5,00 GHz -6,1 dB/m -4,9 dB/m -4,0 dB/m -3,1dB/m
7,50 GHz -7,6 dB/m -6,5 dB/m -5,2 dB/m -4,2 dB/m
10,0 GHz -8,8 dB/m -7,6 dB/m -6,1 dB/m -4,9 dB/m
12,5 GHz -9,9 dB/m -8,6 dB/m -7,1 dB/m -5,7 dB/m
15,0 GHz -12,1 dB/m -10,9 dB/m -9,0 dB/m -6,5 dB/m
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3.7.2 Mated Connector (Normative)

The mated connector as defined in this specification for USB Type-C consists of a receptacle
mounted on a PCB, representing how the receptacle is used in a product, and a test plug also
mounted on a PCB (paddle card) without cable. This is illustrated in Figure 3-30. Note that the
test plug is used in host/device TX/RX testing also.

Plug Contact

Receptacle /Solder Tails

PCB

3.7.21
The mated connector imp i - nector.
The differential impedance_of from a

40 ps [20 %-80 %) ris within

the limjts shown in Figure

Upper Limit: 94 ohm

Lower Limit: 76 ohm

Figure 3-31 - Recommended Impedance Limits of a USB Type-C Mated Connector

The PCB stack up, lead geometry, and solder pad geometry should be modeled in 3D field-
solver to optimize electrical performance. Example ground voids under signal pads are shown
in Figure 3-32 based on pad geometry, mounting type, and PCB stack-up shown.
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PTH SMT
dyle
ob o bl fayod
. —y 4 [}
7.1
. { [ "
1 L
- P -
!
a | Finish hole diameter | 0.40 %=
b |Annular ring diameter| 0.65 X SMT pad width 0.35
c | Antipad diameter | 1.00 v_[Gap to SMT pad edge]  0.15
i al bl shls. ot T .Y
Antipad center to et = Sl
P e e | 080 W | Ground void width | 1.15
P LAYER STACKING
Unit: mm SIS WOkS
UNIT: INCH

THICKNESS COMMENT

# EF::; 21 cu) | E
ZA

AYER GN
(UNPLATED 1e2 Cu) PZ

o018
0040

001

CORE

LAYER 3 "\}“ -
(L-:Dum 101 c

YER 4
(PLATED 2/202 C

vl

iB) and (15

e differential signal energy transmitted throygh the
ifferential insertion loss limit, which is defiped by
B), (2,5 GHz, -0,35 dB), (5 GHz, -0,45 dB), (10 GHz,

X: 1e+004 |
Y:-0.75
|

[aa]
h=l
g
[=)
= 08 .
c
\
=
g 1 1
j=
8 12} |
g 12
o
£ 14t .
=
16} .
X:1.5e+004
Y:-1.85
1.8} o
| |
L 1 L L L L L
2000 4000 6000 8000 10000 12000 14000

Frequency, MHz

Figure 3-33 — Recommended Differential Insertion Loss Limits
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3.7.2.3 Differential Return Loss (Informative)
The differential return loss measures the differential signal reflection from the mated

connector. Figure 3-34 shows the differential return loss limits as defined by the following
vertices: (100 MHz, -20 dB), (5 GHz, -20 dB), (10 GHz, -13 dB), and (15 GHz, -6 dB).

0
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3.7.2.4 k between SuperSpeed Pairs

The di : : coupling between differential pairg. Both
near-e d connector pairs are specified, as shown in
Figure . imit'ts defined by the following vertices: (100 MHz, —-40 dB),
(5 GHz
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Figure 3-35 - Recommended Differential Crosstalk Limits between SuperSpeed Pairs
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3.7.2.5 Differential Crosstalk between D+/D- and SuperSpeed Pairs (Informative)

The differential near-end and far-end crosstalk between the D+/D- pair and the SuperSpeed
pairs in mated connectors should be managed not to exceed the limit shown in Figure 3-36;
the limit is defined by the following points: (100 MHz, —40 dB), (5 GHz, —40 dB), and (7,5 GHz,
—36 dB).
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Figure 3-36 — Recommende al Near-End and Far-End
Crosstalk Limits between a d SuperSpeed Pairs

3.7.2.6 ion (Informative)
Commpn mode nois i performance. Figure 3-37 illustrates the
recommended m i ted connector pairs as defined by the following

vertices: (100 M »and (10 GHz, -25 dB).
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Figure 3-37 — Recommended Limits for Differential-to-Common-Mode Conversion
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3.7.3 USB Type-C to Type-C Passive Cable Assemblies (Normative)

A USB Type-C to Type-C cable assembly shall be tested using a test fixture with the
receptacle tongue fabricated in the test fixture. This is illustrated in Figure 3-38. The USB
Type-C receptacles are not present in the test fixture. Hosts and devices should account for
the additional signal degradation the receptacle introduces.

The requirements are for the entire signal path of the cable assembly mated with the fixture
PCB tongues, not including lead-in PCB traces. As illustrated in Figure 3-38, the
measurement is between TP1 (test point 1) and TP2 (test point 2). Refer to documentation
located at Cable Assembly and Connector Test Requirements page on the USB-IF website for
a detailed description of a standardized test fixture.

sMA [] TP1

[ |
]: Cable Assembly :[

PCB

able Assembly

The cgble assembly requirements are divided ative’ and normative requirements.
The ipformative sign targets for cable as$embly
manufacturers. The normative requiremen " [failure criteria for cable asgembly
complignce.

3.7.3.1 Recommende < d ive Cable Assembly Characteristi¢s
3.7.3.11 Dif

Figure| 3-39 shows iff ial insertion loss limit for a USB 3.1 Gen 2 Type-(Q cable
assemply, which i 4 dB),
(5,0 GHz, -6 dB),
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Figure 3-39 — Recommended Differential Insertion Loss Requirement
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3.7.3.1.2 Differential Return Loss (Informative)

Figure 3-40 shows the differential return loss limit, which is defined by the following points:
(100 MHz, -18 dB), (5 GHz, -18 dB), (10 GHz, —12 dB), and (15 GHz, -5 dB).
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3.7.3.1.3 Differential Near-End and Far-End alk between SuperSpeed Pairs

Both the near-end cross r-end crosstalk (DDFEXT) are specified, as

shown|in Figure 3- 41 The D imits are defined by the following vertices:
(100 MHz, -37 dB ) , —32 dB), and (15 GHz, —25 dB).
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Figure 3-41 - Recommended Differential Crosstalk Requirement
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3.7.31.4 Differential Crosstalk between USB D+/D- and USB SuperSpeed Pairs
(Informative)

The differential near-end and far-end crosstalk between the USB D+/D- pair and the USB
SuperSpeed pairs should be managed not to exceed the limits shown in Figure 3-42. The

limits are defined by the following points: (100 MHz, —35 dB), (5 GHz, -35 dB), and (7,5 GHz,
—-30 dB).
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Figure 3-42 — Recommended\Differenti nd and Far-End Crosstalk
Requirement be en Pai and USB SuperSpeed Pair

N

3.7.3.2 Normative Sv Pa ble Assembly Requirements

The infegrated .@ e able”assembly compliance (except for insertipn loss
and differential-to-cOm C anversion) to avoid potential rejection of a functioning
cable assembly that i fradifional S-parameters spec at a few frequencies.

3.7.3.21 ion Lo i Nyquist Frequencies (Normative)

The ingertian loss_ fit al ist'frequency measures the attenuation of the cable assemply. To
obtain [tRe insextion fit at Nyquist frequency, the measured cable assembly diffgrential
insertion loss_isNfi vith a smooth function. A standard fitting algorithm and tool shall be
used to extractithe insertion loss fit at Nyquist frequencies. Refer to documentation located at
Cable JAssembly and/Connector Test Requirements page on the USB-IF website for & more
detailed. description about insertion loss fit.

Figure 3-43 illustrates an example of a measured cable assembly insertion loss fitted with a
smooth function; the insertion loss fit at the Nyquist frequency of USB SuperSpeed Gen 2
(5,0 GHz) is -5,8 dB.
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Figure 3-43 - lllustration of Insertion Loss Fi requency
The ingertion loss fit at Nyquist frequency (ILfitatNqg)/shs llowing requiremepts:
e >-AdB at2,5GHz,
e >-pdB at5 GHz, and
e >-[11dB at 10 GHz.
2,5 GHz, 5,0 GHz and 10 G es for USB SuperSpeed Gen {, USB
Super$peed Gen 2, and a data rate, respectively.
The USB SuperSpeed _ ype-C cable assembly is allowed by this
specification an ith th following insertion loss fit at Nyquist frequency
requirg
° > -
° > =
This in e-C to
Type-¢ ¢
3.7.3.2.
The ingeftion loss deviation, ILD, is defined as

ILD(f) = IL(f) = ILfit(f)

It measures the ripple of the insertion loss, caused by multiple reflections inside the cable
assembly (mated with the fixture). The integration of /ILD(f) is called the integrated multi-

reflecti

on (IMR):

[P 111D (P Vi () 2 f
IMR = dB| | - -
J = vin(f)12df
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where fmax = 12.5 GHz and Vin(f) is the input trapezoidal pulse spectrum, defined
in Figure 3-44.

sin(mfT,) . sin(mfTy)

|Vm(f)] = fT, 7fT,

Tp=Unit interval=100 ps
T,=0 to 100% rise time = 0.4T,

Figure 3-44 — Input Pulse Spectrum

IMR hds dependency on ILfitatNg. More IMR may be tolerated whe
IMR linmit is specified as a function of ILfitatNq:

s. The

This is|plotted in Figure 3-45.

2B+

28 E

30 -

/E/QMR Lirnit, d&

ILfitathlg, 4B

igure 3-45 — IMR Limit as Function of ILfitatNq

3.7.3.23 Integrated Crosstalk between SuperSpeed Pairs (Normative)

The integrated crosstalk between all USB SuperSpeed pairs is calculated with the equations
below:

INEXT
. l'f:"-“ﬂlﬁn (FPANEXT (12 +0.125% - 12D (O 17)df + IVad(f)1? INEXTA (f)Iaf
- J [ |vin (F) 12df
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IFEXT

5 llj’rf“*h’m{f] I2(IFEXT(F} 12 + 0.125% - [C2D (FM2)df + IVdd (f) 12 |[FEXTA () |2 df

\ [im==|vin (P)12df

where NEXT(f), FEXT(f), and C2D(f) are the measured near-end and far-end crosstalk
between USB SuperSpeed pairs, and the common-mode-to-differential conversion,
respectively. The factor of 0.1252 accounts for the assumption that the common mode
amplitude is 12.5% of the differential amplitude. NEXTd(f) and FEXTd(f) are, respectively, the
near-end and far-end crosstalk from the D+/D- pair to SuperSpeed pairs. Vdd(f) is the input

pulse {

The integration shall be done for each NEXT and FEXT betwee

locateq
other ¢
INEXT

e INFH
o |FH

3.7.3.2

The in
rest of

where SDD21(f®>he asSembly differential insertion loss, SDD11
SDD22(f) are the p mbly return losses on the left and right
respectively, of a d

The IRL alsq dency on ILfitatNq, and its limit is specified as a fung
ILfitatNq:

It is sh

pectrum evaluated using the equation in Figure 3-44 with Tb=2.08 ps.

at A2, A3 to B10, B11 and B2, B3 to A10, A11 (See Fig
ombinations of USB SuperSpeed pairs is comparativel
and IFEXT shall meet the following requirements:

XT <-40 dB,
XT <-40 dB.

4 Integrated Return Loss (Normati

egrated return loss (IRL) man e cable assembly 3

the system (host and device).

Il N H))@J\&g \&k(f & {}%M(f]l + Ispp22(F)12)df

W{fﬂ df

pwn\in Figure
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Figure 3-46 — IRL Limit as Function of
3.7.3.2.5 Differential-to-Common-Mode Conversion

The differential-to-common-mode conversion is sp mmon
mode hoise from the cable assembly into the 5 icex _Figure 3-47 illustrates the

differential-to-common mode conversian (SCD1 cable
assemply passes if its SCD12/SCD is\le
10 GHEg.
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Figure 3-47 — Differential-to-Common-Mode Conversion Requirement

3.7.3.3 Low-Speed Signal Requirements (Normative)

This section specifies the low speed signal requirements including the impedance for CC and
SBU wires and the coupling among CC, USB D+/D-, VBUS and SBU.

The CC wire shall have a characteristic impedance of 32 Q to 93 Q. The SBU wire shall have
a characteristic impedance of 32 Q to 53 Q. The CC and SBU wires may be unshielded or
shielded.
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Coupling or crosstalk, both near-end and far-end, among the low speed signals shall be
controlled. Table 3-23 shows the matrix of couplings specified.

Table 3-23 — Coupling Matrix for Low Speed Signals

Coupling Matrix D+/D- (DF) VBUS SBU_B/SBU_A
CcC FF, CT FF,CT FF
D+/D- (DF) N/A FF, CT FF
SBU_A/SBU_B FF FF FF
DF: Differential; FF: Full-featured cable; CT: Charge-through cable (including USB 2.0 function).

3.7.3.31 CC to USB D+/D- (Normative)

shown
50 dB),

The djfferential coupling between the CC and D+/D- shal
in Figure 3-48. The limit is defined with the vertices of (0.3 M
(10 MHz, -30 dB), (16 MHz, =26 dB) and (100 MHz, —26 dB):

upling Requirement, dB

10" 10 2

For U$B 2.0-Type-C cables, the singled-ended coupling between the CC and D- shall be
below |the limit shown in Figure 3-49. The limit is defined with the vertices of (0, MHz,
-48,5 dB),(1 MHz, -38 dB), (10 MHz, -18 dB) and (100 MHz, -18 dB).
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Figure 3-50 — Requirement for Single-Ended Coupling between
CC and D- in USB Full-Featured Type-C Cables

3.7.3.3.2 Vbus Coupling to SBU_A/SBU_B, CC, and USB D+/D- (Normative)
The differential coupling between VBUS and USB D+/D- shall be less than the limit shown in

Figure 3-51. The limit is defined by the following vertices: (0.3 MHz, —-40 dB), (1 MHz, -40 dB),
(30 MHz, -40 dB), and (100 MHz, -30 dB).
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Figure 3-52 — Requirement for Single-Ended Coupling between SBU_A and SBU_B
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3.7.3.3.4 Coupling between SBU_A/SBU_B and CC (Normative)

The single-ended coupling between SBU_A and CC, and between SBU_B and CC shall be
less than the limit shown in Figure 3-53. The limit is defined with the vertices of (0,3 MHz,
—65 dB), (1 MHz, -55 dB), (18 MHz, -30 dB), and (100 MHz, -30 dB).

Single-Ended Coupling Refguirement, dB

Figufe 3-53 — Requirement for Single

3.7.3.3.5

rential
ertices

The cqupling between S
D+/D-|[shall be less th
of (0,3|MHz, -80 dB), (80

ouplin

N
L

=70 L

Differential

-80

1

10 10

Frequency [MHz]

Figure 3-54 — Requirement for Coupling between SBU_A
and differential D+/D-, and SBU_B and differential D+/D-
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USB D+/D- Signal Requirements (Normative)

The USB D+/D- lines of the USB Type-C to Type-C cable assembly shall meet the
requirements defined in Table 3-24.

Table 3-24 — USB D+/D- Signal Integrity Requirements

Items Descriptions and Procedures Requirements
Differential EIA 364-108 75 ohms min and 105 ohms max.
Impedance . .

This test ensures that the D+/D- lines of the

cable assembly have the proper impedance.

For the entire cable assembly. 400 ps rise time (20 %-/80’%\)»\
Propadation EIA 364-103 20 ns max.
Dela

y The purpose of the test is to verify the end-to- | 400 ps rise time -80

end propagation of the D+/D- lines of the
cable assembly.
Intra-pfir EIA 364 — 103 100 ps ma\)\ \ \
Skew - -
This test ensures that the signal on both the 400 ps risenti %-80 %).
D+ and D- lines of cable assembly arrive at
the receiver at the same time.
D+/D- |Pair EIA 364 — 101 50 MHZ
Att ti
enugtion This test ensures the D+/D- p 0 MHz
assembly is able to provide ddeq
strength to the receiver in ord 200 MHz
low error rate.
3.7.4 USB Type-C to L
The UEB Type-C to Gen 2;
USB 3]1 Gen 1-0

3.7.41

The U$

e US
e US

B Type-C plugto USB 2.0 Mini-B plug

pR\D /D= Qignal infpgrify rpquirpmpnfc are ann{*ifipr*l in Tahle 3-25

The U&
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Table 3-25 — USB D-+/D- Signal Integrity Requirements for
USB Type-C to Legacy USB Cable Assemblies
Items Descriptions and Procedures Requirements
Differential EIA 364-108 75 ohms min and 105 ohms max.
Impedance

This test ensures that the D+/D- lines of the 400 ps rise time (20 %-80 %).
cable assembly have the proper impedance.

For the entire cable assembly.

Propagation EIA 364-103 10 ns max for USB Type-C to Micro-B cable

Dela assembly; 20 ns max for all other USB Type-C
y The purpose of the test is to verify the end-to- to Iegacg USB cable assemblies. yp

end propagation of the D+/D- lines of the

cable assembly. 400 ps rise time (20 %-)%’%\
Intra-ppir EIA 364 — 103 100 ps max.
Sk
ew This test ensures that the signal on both the 400 ps rise time -80 %)-

D+ and D- lines of cable assembly arrive at
the receiver at the same time.

D+/D- |Pair EIA 364 — 101 >-1,02 dB\@ 50
Attenugtion

This test ensures the D+/D- pair of a cable > -1
assembly is able to provide adequate signal

strength to the receiver in order to maintain a
low error rate.

3.7.4.2
The U$

e US
e US
e US

Design Targets

Differeptia pe ce 76 ohms min and 96 ohms max.
40 ps rise time (20 %-80 %).
Differeptial Insertion Lo s >-2dB @ 100 MHz

> -4 dB @ 2,5 GHz, except for the USB Type-C|plug
to USB 3.1 Standard-A plug cable assembly which is
>-3,6dB @ 2,5 GHz

-6,0 dB max @ 5.0 GHz

Differential NEXT between SuperSpeed Pairs <-34 dB to 5 GHz

Differential NEXT and FEXT between D+/D- and <-30dB to 5 GHz
SuperSpeed Pairs

The normative requirements include the USB D+/D- signaling as specified in Table 3-25, and
the USB SuperSpeed parameters specified in Table 3-27.
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Cable Assembly Signal Integrity Requirements (Normative)

Items

Descriptions and Procedures

Requirements

Differential Insertion
Loss Fit at Nyquist
Frequencies

ILfitatNq is evaluated at both the SuperSpeed Gen 1 and Gen
2 Nyquist frequencies.

> -4 dB @ 2,5 GHz,
except for the USB
Type-C plug to USB

(ILfitatNq) 3,1 Standard-A plug
cable assembly which
is>-3,5dB @

2,5 GHz
-6,0 dB at 5,0 GHz
Integrgted 26 I imey gt + 3.0

Differeptial Multi-
reflectipn (IMR)

£ T k
s L=l RI vin()laf
C [==lvin(PIzdF

b

See Figure 3-5%.

Integrated

Differeptial Crosstalk

J -
F (I Vin(FiF NEXT=(F2 + |vdd( fF| NEXTd

i S R [=1vin(laf
where:
NEXTs = NEXT between SuperSpeed pairs
NEXTd = NEXT between D+/D- a
Vdd(f) = Input pulse m +/
equation shown in Figure 3344 'with T
Integrated -34 dB

Differeptial Crosstalk

on D+/p- (IDDXT)

/\

n’E‘( rul|[r|.ﬁ'u|"}| | & XT'ﬂ|‘ \P‘q’m‘”u 'ﬁ":‘ﬂ’f)

perSpeed to D+/D-
SuperSpeed to D+/D-

Integrated Return < 0.046- ILfitatNg® + 1.8
Lo (RL) < ,\"Q vin( £z |s}nziuf}|=u Ispp11(f)|= +|spD22(f) 2 }.;rf
{\ ‘r:-—_,”m,‘m df See Figure 3-54.

Differeti \ \e d fere\{al to common mode conversion is specified to <-20dB
Common~Mode ntrol the injection of common mode noise from the cable
Convelsion D sS ly into the host or device.

d S¢D21
an ) Frequency range: 100 MHz ~ 10.0 GHz

NOTE

Vdd(f) s ‘also defined in Figure 3-44 with Tb (Ul) = 2.08 ns.

fmax-= 10 GHz (unless otherwise specified); Vin(f) is defined in Figure 3-44 with Tb (Ul) = 100 ps; and
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IMR Limnit, dB

IRL Lirnit, dB

N 5 5 4 3 2 A
ILfitathg, dB

e 3-56 — IRL Limit as Function of ILfitatNq
for USB Type-C to Legacy Cable Assembly

3.7.5 USB Type-C to USB Legacy Adapter Assemblies (Normative)

Only the following standard legacy adapter assemblies are defined:

e USB 2.0 Type-C plug to USB 2.0 Micro-B receptacle
e USB Full-Featured Type-C plug to USB 3.1 Standard-A receptacle

3.7.5.1 USB 2.0 Type-C Plug to USB 2.0 Micro-B Receptacle Adapter Assembly
(Normative)

This adapter assembly supports only the USB 2.0 signaling. It shall not exceed 150 mm total
length, measured from end to end. Table 3-28 defines the electrical requirements.
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Table 3-28 — USB D+/D- Signal Integrity Requirements for USB Type-C

to Legacy USB Adapter Assemblies (Normative)

Items Descriptions and Procedures Requirements
Differential EIA 364-108 75 ohms min and 105 ohms max.
Impedance

This test ensures that the D+/D- lines of the 400 ps rise time (20 %-80 %).
adapter assembly have the proper
impedance.

For the entire adaptor assembly.

Intra-pair Skew | EIA 364 — 103 20 ps max.

This test ensures that the signal on both the 400 ps rise time (20 %-80 %)

D+ and D- lines of adapter assembly arrive at
the receiver at the same time.

Differeptial EIA 364 — 101 -0,7 dB max @ M?-lz

Inserti¢pn Loss ) )
This test ensures the D+/D- pair of an

adapter assembly can provide adequate
signal strength to the receiver.

3.7.5.2 USB Full-Featured Type-C Plug to USB
Assembly (Normative)

The U$EB Full-Featured Type-C plug to i otacle adapter assefnbly is
intend¢d to be used with a direct-attach\d .g. B b drive). A system|is not
guararteed to function when using an adapter a \ ogethér with a Standard USH cable
assemply.

To mifimize the impact % bly\tovsystem signal integrity, the gdapter
assemply should meet th ign targ in Table 3-29.

{&bl 3- esign Targets for USB Type-C to USB 3.1
andard- ssemblies (Informative)
Item Design Targets
Differeptial Return \/ <-15dB to 5 GHz
K\\ \ Normalized with 85 ohms.

Differewt;ﬂ»{sé\lon L\ >-2,4dBto 2,5 GHz, > -3,5 dB to 5 GHz
DifferetiahNEXT-bet Wr&)peed Pairs < -40 dB to 2,5 GHz

\Q\ < -34 dB at 5 GHz
Differeptial NEXT an(i\PE/)(T between D+/D- and <-30dBto 2,5 GHz
Super$péeed-Pairs

The normative requirements for the adapter assembly are defined in Table 3-28 and Table

3-30. The adapter assembly total length is limited to 150 mm max.
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Table 3-30 — USB Type-C to USB 3.1 Standard-A Receptacle
Adapter Assembly Signal Integrity Requirements (Normative)

Items

Descriptions and Procedures

Requirements

Differential Insertion
Loss Fit at Nyquist

ILfitatNq is evaluated at the SuperSpeed Gen 1 Nyquist
frequency.

>-2,4dB at 2,5 GHz
>-3,5dB at 5 GHz

Loss (IRL)

<

\S§\W f'\xl{ﬂ\;\{ (2 | 5oL 100 |2+ | spozz (F1 ]2 0df

1'}\“"/Irn"'lrﬂ'l 24f

Frequency
(ILfitatNq)
Integrated £ P y -38 dB, Tb = 200 ps
Differential Multi- ; =L P vin I=df 27 dB. Tb = 100
i Bl | - s = S
reflection (IMR) ; ,r:"'-'llf'[ﬁiﬂlm‘f p
il
Integralted <
Differeftial Crosstalk ; |‘"-'.|rfmlﬁl | NEXT=(F= + | vdd( fII7 Ihrrxru‘nﬂlﬁdf
on SuperSpeed B T
(1ssx1) W |‘ | vini £)124F
where:
NEXTs = NEXT between SuperSpeed pairs G
NEXTd = NEXT between D+/D- and SuperSpe€d pai
Vdd(f) = Input pulse spectrum on D+/D- paif, eval
using equation shown in Figure 3-44 wi Tb (UI) .
Integrated -23 dB
Differehtial Crosstalk ; r""ulpm'ﬂ| | NEXT(f)I= +|®W%J¢Nﬂ’f
- g
on D+/P- (IDDXT) . ‘l':“' i f}|\§u’f
il
where:
NEXT = Near-end crosstalk SuperSpeedrto D+/D-
FEXTmm perSpeed to D+/D-
fmap(\— 75 GH
Integrgted Return <-14,5dB, Tb = 300 ps

<-12,0 dB, Tb = 100 ps

Diff to Comm mode

B\Kere}»\al\m\Comn}?n Mode conversion (SCD12, SCD21)

<-15dB

NOTE N
Figure[3-44 with Tb

3.7.6 | Shie

The cgble ‘assembly~shielding effectiveness (SE) test measures the EMI and RFI leve
the cableassembly. To perform the measurement, the cable assembly shall be installedg
IXture as shown in

cable €s

fectiveness Requirements (Normative)

igure

fixture are characterized with a VNA.

flm Figure 3-44 with Tb (Ul) = 200 ps; and Vdd(f) is also sped|

€ coupling factors

rom
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Metal tube

SMA I
RF absorber—x

SMA

Figure 3-57 — Cable Assembly Shielding Effectiveness

All USB Type-C cable assemblies shall pass the shielding effectiveness te liance.
The ppss/fail criteria for the USB Type-C to USB Type-G& cable\ assem is |shown
in Figure 3-58a while the pass/fail criteria for the USB. Ty { cable
assemplies is shown in Figure 3-58b. Note that the shieldi juency
band from 4 GHz to 5 GHz is not specified since in this
frequency range.

w
ul

: Coupling factor, dB
4

4000 5000 6000
Frequency, MHz

BX[ype-C to USB Type-C Cable Assemblies

3.7.7

Common made
E Differential mode i
500 1600 4000 5000 6000

Frequency, MHz
(b) For USB Type-C to legacy USB cable assemblies

Figure 3-58 — Shielding Effectiveness Pass/Fail Criteria

DC Electrical Requirements (Normative)

Unless otherwise stated, the tests in this section are performed on mated connector pairs.
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3.7.71 Low Level Contact Resistance (EIA 364-23B)

The low level contact resistance (LLCR) measurement is made from the solder tail of the
receptacle to the soldering point of the plug (including any internal paddle cards, contacts and
substrates of the plug and receptacle). See Figure 3-59. The following requirements apply to
the power and signal contacts:

e 40 mQ (Max) initial for VBUS, GND and all other contacts.

¢ Maximum change (delta) of +10 mQ after environmental stresses.

e Measure at 20 mV (Max) open circuit at 100 mA.

Refer to

USB UsB
Receptacle \ Flug
Contact Solder Tail
o 110
AN
Y,

rement Diagram

3.7.7.2 Dielectric Strength (EIA 3¢

No brejakdown shall occuy’wt is applied between adjacent contpcts of

3.7.7.3 Insul<}n
A minimmum of 100 i stance is required between adjacent contacts of unmated

A currgnt’o S applied collectively to VBUS pins (i.e., pins A4, A9, B4, and B9) and
1,25 A applied R the~VCONN pin (i.e., B5 of the plug connector) with the return path through
the cofresponding GND pins (i.e., pins A1, A12, B1, and B12). A minimum current of (0,25 A
shall also be-applied individually to all the other contacts. When the currents are applied to
the coptacts) the temperature rise shall not exceed 30 °C at any point on the USB Type-C
mated |plug’and receptacle under test, when measured at an ambient temperature of 25(°C.

3.8 Mechanical and Environmental Requirements (Normative)

The requirements in this section apply to all USB Type-C connectors and/or cable assemblies
unless otherwise specified. For USB Type-C plug connectors and cable assemblies, the test
methods are based on an assumption that the cable exits the overmold in line with mating
direction to a USB Type-C receptacle (i.e., straight out the back of the overmold). For USB
Type-C plug connectors and cable assemblies with the cable exiting the overmold in a
different direction than straight out the back (e.g., right angle to the mating direction), test
fixtures and procedures shall be modified as required to accomplish the measurement.
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3.8.1 Mechanical Requirements
3.8.1.1 Insertion Force (EIA 364-13)

The initial connector insertion force shall be within the range from 5 N to 20 N at a maximum
rate of 12,5 mm (0,492") per minute. This requirement does not apply when the connectors
are used in a docking application.

It is recommended to use a non-silicone based lubricant on the latching mechanism to reduce
wear. The effects of lubricants should be restricted to insertion and extraction characteristics
and should not increase the resistance of the mated connection.

3.8.1.2 Extraction Force (EIA 364-13)

The cgnnector extraction force shall be within the range of 8 N to 20 mating
cycles|and within the range of 6 N to 20 N after the specified inser fon/e i dufrability
cycles|(at a maximum rate of 12,5 mm (0,492”) per minute). ikem 5. not apply
when the connectors are used in a mechanical docking application:

educe
stics

It is re¢ommended to use a non-silicone based lubricant o
wear. The effects of lubricants should be restricted to jr
and shpuld not increase the resistance of the mated conn

3.8.1.3 Durability or Insertion/Extraction €)

The dyrability rating shall be 10,000 c SB Type-C connector [family.
The dyrability test shall be done at a a 200 cycles per hour and no ppysical
damage to any part of the connector and ¢ i shall occur.

3.8.1.4
No physical damage or dis inui ms during flexing shall occur to the cable asgembly
with Dimension ecablte diameter and 100 cycles in each of two planes.

3.8.1.5

No physical damage to e embly shall occur when it is subjected to a 40 N axial
load fofr a mipimu hile clamping one end of the cable plug.

3.8.1.6

The UEB Typ ector family shall be tested for continuity under stress using the test
configyrations 'shown/in Figure 3-60. Plugs shall be supplied in a cable assembly (with a
representative overmold. A USB Type-C receptacle shall be mounted on a 2-layer printed
circuit [board (PCB) between 0.8 mm and 1.0 mm thickness. The PCB shall be clamped on
either side of the receptacle no further than 5 mm away from the solder tails. The PCB shall
initially be placed in a horizontal plane, and an 8 N tensile force shall be applied to the cable
in a downward direction, perpendicular to the axis of insertion, for a period of at least
10 seconds. For receptacle designs that do not have a full length shell, the test shall be done
with the connector and associated hardware mounted as in the final product configuration.

The continuity across each contact shall be measured throughout the application of the tensile
force. Each non-ground contact shall also be tested to confirm that it does not short to the
shell during the stresses. The PCB shall then be rotated 90 degrees such that the cable is still
inserted horizontally and the 8 N tensile force shall be applied again in the downward
direction and continuity measured as before. This test is repeated for 180 degree and
270 degree rotations. Passing parts shall not exhibit any discontinuities or shorting to the
shell greater than 1 ps duration in any of the four orientations.
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One method for measuring the continuity through the contacts is to short all the wires at the
end of the cable pigtail and apply a voltage through a pull-up to each of VBus, USB D+, USB
D-, SBU, CC, and USB SuperSpeed pins, with the GND pins connected to ground.

Alternate methods are allowed to verify continuity through all pins.

3.8.1.7

5 mm MAX.

Figure 3-60 — 4-Axis Continui

Wrenching Strength

USB Type-C plugs shall be tested using the meg in the
Univergal Serial Bus Type-C Connegters and\ Ca Compliance Docpument.
Perpendicular moments are applied to the ipped probe for a pdriod of
at leagt 10 seconds when inserted in the te ieve the defined moments |in four
directiq [ e g axis of the plug opening) and|left or
right (ile. onnectors shall meet the following
force thresholds
e A moment of 0-0,75.Nm*(e. g. mm from the edge of the receptacle) is applied to
a plug inserted in thetes i \ he four directions. A single plug shall be used
for [this test. 9 e may occur. The plug shall be mated with the
corftinuity te@ ceés have been applied to verify no damage has
ocdurred that cau dis inuity_ or’shorting. The continuity test fixture shall prqvide a
plahar surface© ocated 6,20 + 0,20 mm from the receptacle Dajtum A,
perpendicular\to \the i insertion. No moment forces are applied to the plug

durfi

oidi

plu

example continuity test fixture to perform the continuity te
Voltage test shall be conducted after the continuity test tg

5t. The
verify
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Figure 3-61 — Reference Wken Continuity Test Fixture
The¢ plug shall disengage fr the t ture or'demonstrate mechanical failure (ile., the
for¢e applied during t pracedu nd drops off) when a moment of 2.00 Nm is
applied to the plug and\down directions and a moment 3.5 Nm is applied| to the
plug in the tions. ew plug is required for each of the four test
dirgctions. An ‘exa hanjcal failure point and an illustration of the wrenching

nd Figure 3-63, respectively.

test fixture are st

L

Compressive extension (mm)

Figure 3-62 — Example of Wrenching Strength Test Mechanical Failure Point

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

IEC 62680-1-3:2016 - 97 -
© USB-IF:2015

Figure 3-63 — Wrenching Strength Test with Cable in Fi

3.8.1.8 Restriction of Hazardous Substances

It is re¢commended that components be RoHS compliant.

3.8.2 Environmental Requirements

The cgnnector interface environmental tests shall foll al Test
Methodology for Assessing the Performance of Eléctri s sed in
Busingss Office Applications.

Since the connector defined has morexthan\0. i 0 A 364-

1000.01 is not required. The temperature life_te gration—and the mixed flowing gas test
duratign values are derived from EIA/364-1000401 sed on the field temperature per the
following.

Table 331 — Enviranmental Test Conditions

N\
Tempefature Life te/sat\@maagrature\ap\d\duréﬂgn \ 105 °C for 120 hour
Tempefature Life tés(};rr};{eﬁéture e%\d dhﬁa\tion\fqr%conditioning 105 °C for 72 hours

Mixed flowing gas tes)\é{rati\OQ \/\ 7 days

1

The pass/fail criteri r the low level contact resistance (LLCR) is as defined in $ection
3.7.71 ility ratings are defined in Section 3.8.1.3.

3.8.2.1 rence Materials (Informative)

This specification does not specify materials for connectors and cables. Connector and cable
manuficturers should select appropriate materials based on performance requiremenis. The
information below is provided for reference only.

NOTE Connector and cable manufacturers should comply with contact plating requirements per the following
options:
Option |

Receptacle

Contact area: (Min) 0,05 um Au + (Min) 0,75 pm Ni-Pd on top of (Min) 2,0 um Ni

Plug

Contact area: (Min) 0,05 pm Au + (Min) 0,75 pm Ni-Pd on top of (Min) 2,0 um Ni

Option 11

Receptacle
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Contact area: (Min) 0,75 pm Au on top of (Min) 2,0 um Ni
Plug
Contact area: (Min) 0,75 um Au on top of (Min) 2,0 um Ni

Other reference materials that connector and cable manufacturers select based on
performance parameters listed in Table 3-32 are for reference only.

Table 3-32 — Reference Materials

Component Materials
Cable Conductor: copper with tin or silver plating
SDP Shield: AL foil or AL/mylar foil
Coaxial shield: copper strand A ~
Braid: Tin plated copper or aluminum /
Jacket: PVC or halogen free substitute ma}e’ﬁ{l \

Cable Pvermold Thermoset or thermoplastic \ \ \/

Connegtor Shells Stainless steel or phosphor bronze

Plug S|de Latches Stainless steel "3

Recepfacle Mid-Plate Stainless steel

Plug Internal EMC Spring Stainless stgekor high)((eld&%g/h c{é};\)er altey

Recepfacle EMC Pad Stainless sﬁe\el orph phor@ronzé\ N/ )\/

Recepfacle Shell Stainless stee/l\_gr pr%s\p}gr bronze

Recepfacle Tongue Glass-filled hylon

Housing iherrye‘p-lﬁthsiz ca\sﬁbl\é\of vmtgs\tﬁding lead-free soldering temperature

NOTE | Halogen-free materials oume considered for all pldstics

3.9

In this sing a
cable &

The cq >ystem
level nf ing plug
mounti n does
not atfempt to rd|ze system docking solutions, therefore there is no interoperability
requirgment for docking solutions.

The f Huvvillg fist—mctudes—the lcquilulllcllia ard guidciillca whren uaillg the—gSB— ype-C

connector for docking:

1) The USB Type-C plug used for docking shall work with compliant USB Type-C receptacle.
It shall comply with all dimensional, electrical and mechanical requirements.

2) If the plug on the dock does not include the side latches, then the dock should provide a
retention or locking mechanism to secure the device to the plug. The retention latches
also serve as one of the ground return paths for EMC. The docking design should ensure
adequate EMC performance without the side latches if they are not present.

3) The internal EMC fingers are not required for the docking plug as long as the receptacle
and plug shells have adequate electrical connection.
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4) Alignment is critical for docking. Depending on system design, standard USB Type-C
connectors alone may not provide adequate alignment for mating. System level alignment
is highly recommended. Alignment solutions are implementation-specific.

5) Fine alignment is provided by the connector. The receptacle front face may have lead-in
features for fine alignment. Figure 3-64 shows an example of a USB Type-C receptacle
with a lead-in flange compared to a receptacle without the flange.

3.10

This s design

and us

3.10.1

Connegtor and\ ca - d pay

attention unding

path. T

e The¢ guality of raw cables should be ensured. The intra-pair skew or the differential to

cormmmon mode conversion of the SuperSpeed pairs has a significant impact on cable EMC
and should be controlled within the limits of this specification.

The cable external braid should be physically connected to the plug metal shell as close to
360° as possible to control EMC. Without appropriate shielding termination, even a perfect
cable with zero intra-pair skew may not meet EMC requirements. Copper tape may be
needed to shield off the braid termination area.

The wire termination contributes to common-mode noise. The breakout distance for the
wire termination should be kept as small as possible to optimize EMC and signal integrity
performance. If possible, symmetry should be maintained for the two lines within a
differential pair.

Besides the mechanical function, the side latches on the plug and the mid-plate in the
receptacle also play a role for EMC. This is illustrated in Figure 3-65:
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1) The side latch should have electrical connection to the receptacle mid-plate (a docking
plug may not have side latches).

2) The side latches should be terminated to the paddle card GND plane inside the plug.

3) The mid-plate should be directly connected to system PCB GND plane with 3 or more
solder leads/tails.

Paddle card (plug)

Paddle card
\

PCB board on
host side

e The internal RFI finge
inner surface of the ph
illustrated in Figure

RN S e
= — A

Figure 3-66 — EMC Finger Connections to Plug Shell

e The EMC fingers inside the plug mates with the EMC pad in the receptacle. It is important
for the EMC pad to have adequate connections to the receptacle shell. As illustrated in
Figure 3-67, there are multiple laser welding points between the EMC pads and the
receptacle shell, top and bottom.

e The receptacle shell should have sufficient connection points to the system PCB GND
plane with apertures as small as possible. Figure 3-67 illustrates an example with multiple
solder tails to connect the receptacle shell to system PCB GND.
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Connection between RFI
pad and receptacle

Shell (receptacle)
RFI pad {7

,,.,.,.,,,/// ‘{Y/\I

Connect receptacle shell to PCB grou

o Apertures in the receptacle and
ungvoidable, a maximum aperture
aps
plup.

Aperture
Aperture

If aperturgs are
recommended. See Figure 3}68 for
seal the apertures inside the cable

nrough

illustrates the recommended spacing between connectors for stacked and side-by-side

configurations.
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~| 12.85

Figure 3-69 — Recommended Minimum Spacing between Connectors

Cable Mating Considerations (Intormative)

Figure
such 3
alignm

allow 11
surfac

the ap

SWRFACE OF PRODUCT)

blication

mating

gdge the
ermold

d. For
hanical
ons to
ipr wall

[

22° REF
A-

Figure 3-71 — Cable Plug Overmold and an Angled Surface

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.



https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

IEC 62680-1-3:2016 - 103 -
© USB-IF:2015

4 Functional
This chapter covers the functional requirements for the signaling across the USB Type-C™

cables and connectors. This includes functional signal definition, discovery and configuration
processes, and power delivery.

For purposes of this description, a USB port operating as a host is referred to as the
Downstream Facing Port (DFP) and a USB port operating as a device is referred to as the
Upstream Facing Port (UFP).

Chapter 5 defines functional extensions that are optional.

4.1 Signal Summary

Table 4-1 summarizes the list of signals used on the USB Type-C c

Table 4-1 — USB Type-C List of Sighals

Signal Group Signal De}‘”\i\Rt;sQ x
Y

SSTXp1, SSTXn1 SuperSpeed USB gerial datavinterface defines 1 differential tfansmit

USB 3 SSRXp1, SSRXn1 pair and 1 differential receive pair. O B Type-C receptdcle,
’ SSTXp2, SSTXn2 tvyo §ets of S r SB signal pins are defined to enable plug

SSRXp2, SSRXn2 Wg feature R
Dp1, Dn1 usB

USB 2.9 i to
Dp2, Dn2
CC1, CC2 ( \/ ) )

Configdration (receptagcle C nghsa { nathdeVILgsted for connection detect, interface
cC (Rlug }\

Auxiliary signals SBU1, SBU2 \ [5idepand use”’
\Vgu% ? \}gB atﬂg bus power
Power v{m\(\p)ﬂg) A US%plug power

/G\ND\ \yé/B cable return current path

4.2 Bi
421

SSTXp1| SSTXad
(SSTXp?, SSTXN2)

e pins are required to implement the system’s transmit path of a USB 3.7 SupgrSpeed
erface. The transmitter differential pair in a port are routed to the receiver differeptial
pair in the port at the opposite end of the path. The USB 3.1 Specification defines gl
electrical characteristics. enumeration, protocol, and management features for this
interface.

Two pairs of pins are defined to enable the plug flipping feature — see Section 4.5.1.1 for
further definition.

SSRXp1, SSRXn1 These pins are required to implement the system’s receive path of a USB 3.1 SuperSpeed

(SSRXp2, SSRXn2) interface. The receiver differential pair in a port are routed to the transmitter differential
pair in the port at the opposite end of the path. The USB 3.1 Specification defines all
electrical characteristics, enumeration, protocol, and management features for this
interface.

Two pairs of pins are defined to enable the plug flipping feature — see Section 4.5.1.1 for
further definition.
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4.2.2 USB 2.0 Pins
Dp1, Dn1 These pins are required to implement USB 2.0 functionality. USB 2.0 in all three modes
(Dp2, Dn2) (LS, FS, and HS) is supported. The USB 2.0 Specification defines all electrical
characteristics, enumeration, and bus protocol and bus management features for this

interface.

Two pairs of pins are defined to enable the plug flipping feature — see Section 4.5.1.1 for
further definition.

4.2.3 Auxiliary Signal Pins

SBU1, SBU2 These pins are assigned to sideband use. Refer to Section 4.3 for the functional

4
FeGuHESMeHtST

4.2.4 Power and Ground Pins

Vbus These pins are for USB cable bus power as defined b) € i \JFhis
source is only present when a DFP-to-UFP connectign acro el i esent
— see Section 4.5.1.2.1. Refer to Section 4.4.2 for_ the\functione i 7 bus.

Vconn Vconn is applied to the unused CC pin to supply ection

4.4.3 for the functional requirements for Vco

GND Return current path.

4.2.5 Configuration Pins

CC1, 4C2, CcC These pins are used to de i f ISB
t hce a
the

4.3 Sideband Use (SBU

The Sjdeband ) are limited to the uses as defined by this
specification and will be defined in future versions of th¢ USB
specifications. Se€ Se 1. 5. or use of the SBU pins in Alternate Modes and Audio
Adaptgr Accesso

The SBU pi ither be open circuit or have a weak pull-down to groind no

These
single-endéed, wires
the catl)le.

pins .are<pre-wired in the standard USB Full-Featured Type-C cable as individual
SBU_A and SBU_B). Note that SBU1 and SBU2 are cross-connetted in

4.4 Power and Ground
4.41 IR Drop

The maximum allowable cable IR drop for ground shall be 250 mV and for VBUS shall be 500
mV through the cable to the cable’s maximum rated VBUS current capacity. When VCONN is
being sourced, the IR drop for the ground shall still be met considering any additional VCONN
return current.

Figure 4-1 illustrates what parameters contribute to the IR drop and where it shall be
measured. The IR drop includes the contact resistance of the mated plug and receptacles at
each end.
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500 mV
y Y
+5V VAN VAN VAN VBUS
Rcontact Rcable (VBus) Rcontact
Source Sink
Rcontact Rcable (GND) Rcontact
GND NV VAN VAA%wt GND
250 mV
Figure 4-1 — Cable IR Drop
Figure|4-2 illustrates what parameters contribute to the IR drop<for\a\po
where |t shall be measured. Note that the powered cable includ
loads (L1 and L2) for the functions in the powered cable such‘as

drop s

4.4.2

The al
by the
allowe

%

+5V
Rcontact cabl us Q c)\>

Iso Iso
()

Source Q Sink
L1 L2
Q onta Rcdble (GND) Rcontact
@M AAA AA/—<— GND
250 mV 4

owable defau

VCONN

VCONN

AR

USB 2.0 Specification and USB 3.1 Specification. Note that due to higher c

le and
o) and

. [The IR

range for VBUS as measured at the DFP receptacle shall be as defined

irrents

T Tegacy devices may experience a higher voltage (Uup 10 5.5V maximum) at ight

loads.

The DFP’s USB Type-C receptacle VBUS pin shall remain unpowered until a UFP is attached.
The VBUS pin shall return to the unpowered state when the UFP is detached. See Table 4-18
for VBUS timing values. Legacy hosts/chargers that by default source VBUS when connected
using any legacy USB connector (Standard-A, Micro-B, etc.) to USB Type-C cable or adapter
are exempted from these two requirements.

A DRP or DFP or UFP with Accessory Support implementing an Rp pull-up as its method of
connection detection shall provide an impedance between VBUS and GND on its receptacle
pins as specified in Table 4-2 when not sourcing power on VBUS (i.e., when in states
Unattached.SRC or Unattached.Accessory).
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Table 4-2 — VBUS Leakage

Minimum Maximum Notes

Leakage between VBUS pins and GND pins on

VBUs Leakage Impedance 72,4 kQ receptacle when VBUS is not being Sourced.

443 VCONN

VCONN is provided by the DFP to power cables with electronics in the plug. VCONN is provided
over the CC pin that is determined not to be connected to the CC wire of the cable.

Initially, VCONN shall be sourced on all DFP USB Type-C receptacles that utili SSTX
and S$RX pins during specific connection states as described in Secti . N may
be sourced on DFP USB Type-C receptacles that do not utilize the § X pins as
descriljed in Section 4.5.2.2. USB PD VCONN_Swap command also i ' means
to reqyest that the attached UFP source VCONN.

Table B-3 provides the voltage and power requirements tha N. See

VCONN| voltage operating range for VCONN-powered Aaccesseri i . dgarding

Table 4-3 — @%ﬁ(c}

Minimum |m}1Q Notes

Voltag¢ 4,75V 5V rts that support VCONN-powered accessor|es are
m \aﬁc‘; ed’to supply at a lower minimum of 2,7

n operating in the PoweredAccessory state.

drawn beyond the specified inrush and mod¢g
wattage.

Bulk Cppacitance O 10 OW The VCONN source shall disconnect the bulk
capacitance from the receptacle when VCONN is
powered off.

To aid|i asgociated with supplying VCONN, a DFP is allowed to either not
source rnYeff Vconr under any of the following conditions:

Power [\ 15 WN Q )Séurce may latch-off VCONN if excessive power is

e Rali
SR

e Ralis’not detected on the CC pin after tCCDebounce when the other CC pin is|in the
SR[:0Open state and the port supports VCONN-powered accessories

the CC pin after tCCDebounce when the other CC pin is|in the

o After completing the USB PD Discover Identity process and determining that VCONN is not
needed

o |f there is no GoodCRC response to USB PD Discover Identity messages

Table 4-4 provides the requirements that shall be met for cables that consume VCONN power.
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Table 4-4 — VCONN Sink Characteristics
Minimum Maximum Notes
Inrush Capacitance 10 puF A cable shall not present more than the
equivalent inrush capacitance to the VCONN
source. The active cable is responsible for
discharging its capacitance.
Power for Electronically 70 mW See Section 4.9.
Marked Cables
Power for Active Cables 1.0W See Section 5.2.
tVcoNNDischarge 250 ms The time from the point that the cable is
detached until vVconNDischarge shall be met.
vVcoNNDischarge 150 mV The VCONN voltage followjng cable detac¢hfand
self-discharge.
The cable may remove or weaken Ra when VCONN is aboy 0 ng&e other
requirgments are met. See Section 4.5.1.2.1.
4.5 Lonfiguration Channel (CC)
4.5.1 Architectural Overview
For thg USB Type-C solution, two pins/on the co @ C2, are used to establish
and manage the DFP-to-UFP connectiqn. i ion, “direct connect” is ysed to
refer tp a device connected directly to\a nb drive). When the deyice is
connegted through a hub, the connectio on the hub and the host port gnd the
connegtion between the device port| an he hub, are treated as sgparate
connegtions. Functionally, the configuration is Used to serve the following purpgses.
e Delect attach of US
o Resolve cable grien a i onnections to establish USB data bus routing
. EstEinsh D two attached ports
e Dis ype-C Current modes or USB Power Delivery
e Configure VCONN
o Discovera@ 1figh nal Alternate and Accessory modes
4.5.1.1 ata Bus\Interface and USB Type-C Plug Flip-ability
Since the USE plug can be inserted in either right-side-up or upside-down pésition,
the hosts and deviecesthat support USB data bus functionality must operate on the signjal pins

that are /actually connected end-to-end. In the case of USB 2.0, this is done by shorting
togethwwmwwwmades.

In the case of USB SuperSpeed signals, it requires the functional equivalent of a switch in
both the DFP and UFP to appropriately route the SuperSpeed TX and RX signal pairs to the

connected path through the cable.

Figure 4-3 illustrates the logical data bus model for a USB Type-C-based DFP connected to a
USB Type-C-based UFP. The USB cable that sits between a DFP and UFP can be in one of

four possible connected states when viewed by the DFP:

e Un-flipped straight through — Position ) < Position ()
e Un-flipped twisted through — Position () <> Position @
e Flipped straight through — Position @ <> Position @
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e Flipped twisted through — Position @ <> Position (D

To establish the proper routing of the active USB data bus from DFP to UFP, the standard
USB Type-C cable is wired such that a single CC wire is position aligned with the first USB

SuperSpeed signal pairs (SSTXp1/SSTXn1 and SSRXp1/SSRXn1) —

in this way, the CC wire

and USB SuperSpeed data bus wires that are used for signaling within the cable track with
regard to the orientation and twist of the cable. By being able to detect which of the CC pins
(CC1 or CC2) at the receptacle is terminated by the UFP, the DFP is able to determine which
SuperSpeed USB signals are to be used for the connection and the DFP can use this to
control the functional switch for routing the SuperSpeed USB signal pairs. Similarly in the
UFP, detecting which of the CC pins at the receptacle is terminated by the DFP allows the
UFP to control the functional switch that routes its SuperSpeed USB signal pairs.

Implementation without Switch

Cable
A

4 possible active

Implement "nwithSW| h
\ Q\ N

SSTX1 ] SS channel routes \2
USB [——— ssrx1 @ "~ U
:hipset F———— SSTX2 o e - ®— ; IpSE1
(Host, = ssrx2 (Host,
Device ) Devicq
¢r Dual) USB D4 /— {g ‘ s or Dual)
/\ ssib eé
cc1 @® OBaps ci
CC Logic and CC Logicand
VCONN switch cc2 cc2 VCONN switch

Figure 4-3 — Logical rts
While Figure 4- stre model
equally applies to.a U
Figure[4-4 illustrates nented
with al USB s nently
attached as ? UFP,
the lodati ns are
fixed nected

states exis
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Direct connect
A

2 possible active

Direct connect device implementation

Figu

The fu
Type-(
device
discret
3.1 desi

4.5.1.2

Given
based
any tw
USB T

UFP and DRP ports.

d-plug no
on connector shape,e.g., as was tse with
tacles canp

ype-C cable. T

hctional requirements for implementing SuperSpeed
receptacle are not included in the scope of thj

an

L ssTx1 =_ SS channel routes ] SSRX1
USB | | mux | Sskxt —® s
chipset [ | R ) B o8
(Host or F—— SSRX2 — = Chipset
Dl (Device)
@ USBD+/— —————
USB D+/— {(2) . n
2 possible
cci @ - cc
CC Logic and / cC Logic
VCONN switch cc2 @ | VCONN (N

nnect De¢vice

ting for the USB
hereare multiplg host,
whick could includeg either

USB Type-A and Type-B conn
be connected together with a st

r USB

e roles
ectors,
andard

2\ Dh? UFP DRP
DFP anc terial Functional Functional
UFP & \ \ F cti/a'lal Non-functional Functional
DRP N Functional Functional Functional’
' Regolutio of%es Mutomatic or manually driven
In the cases where no function results, neither port shall be harmed by this connectign. The
user has 1o Inaepenaently reallize the Invdlld compination and takKe appropriate ac ion to

resolve. While these two invalid combinations mimic traditional USB where DFP-to-DFP and
UFP-to-UFP connections are not intended to work, the non-keyed USB Type-C solution does
not prevent the user from attempting such interconnects. VBUS and VCONN shall not be
applied by a DFP in these cases.

The typical flow for the configuration of the interface in the general USB case of a DFP to a

UFP is as follows:

1) Detect a valid connection between the ports (including determining cable orientation and
DFP/UFP relationship)

2) Optionally discover the cable’s capabilities

3) Optionally establish alternatives to traditional USB power (See Section 4.6.2)
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a) USB PD communication over CC for advanced power delivery negotiation

For cases of DRPs connecting to either DFP, UFP or another DRP, the process is essentially
the same except that during the detecting a valid connection step, the DRP alternates
between operating as a DFP for detecting an attached UFP and presenting as a UFP to be
detected by an attached DFP. Ultimately this results in a DFP-to-UFP connection.

4.51.21 __ Detecting a Valid DFP-to-UFP Connection

The gegneral concept for setting up a valid connection between a DFP

To aid|in defining the functional behavior of CC, a pull-up (Rp)
model |is used — actual implementation in hosts and devices

two mqdels, the first based on a pull-up resistor in the DFP
a currgnt source.

DFP monitors for
connection

Rd

UFP monitors for

orientation
+
4 S—A\AA—
Rd
O—AA—4
Rd .

UFP monitors for
orientation

UFP monitors for
orientation

sed on

ination
e pull-
strates
is with

O—AAA—1

Rd

%

DFP monitors for N / UFP monitors for

__________________________________________

connection orientation

Figure 4-6 — Current Source/Pull-Down CC Model

Initially, a DFP exposes Rp terminations on its CC pins and a UFP exposes Rd terminations
on its CC pins, the DFP-to-UFP combination of this circuit configuration represents a valid
connection. To detect this, the DFP monitors both CC pins for a voltage lower than its
unterminated voltage — the choice of Rp is a function of the pull-up termination voltage and
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the DFP’s detection circuit. This indicates that either a UFP, a powered cable, or a UFP
connected via a powered cable has been attached.

Prior to application of VCONN, a powered cable exposes Ra on its VCONN pin. Ra represents
the load on VCONN plus any resistive elements to ground. In some cable plugs it might be a
pure resistance and in others it may be simply the load.

The DFP has to be able to differentiate between the presence of Rd and Ra to know whether
there is a UFP attached and where to apply VCONN. The DFP is not required to source VCONN
unless Ra is detected.

Two speti ety et i med for
directl ‘ Rd/Rd

The DF ce the

connegtion (tCCDebounce), and hide USB PD BMC communica
Table 4-6 summarizes the port state from the DFP’s perspe

Table 4-6 — Source P@k\

CcC1 CcC2 ate ( \ > Pdsition
)

N/A

Open |[Open |Nothing attached

Rd Open
Sink attached
Open |(Rd

Open |[Ra

Powered cab wit t Sink

Ra Open

Rd Ra
red able wi ink oiYc ered Accessory attached
Ra Rd
De\u/ e aw
Rd Rd N/A
w@*a
Adapter\Ac ode attached
Ra Ra P \ry’lﬁ N/A
(Ap X W)
\ N

When the U BUS, the UFP monitors both CC pins for a voltage greater than its
local ground<The €C pin that is at a higher voltage (i.e. pulled up by Rp in the DFP) ingdlicates
the origntation of the plug.

CRECENCHNCENCHENC)

Table 4-7 summarizes the typical behaviors for simple DFPs and UFPs for each state
in Table 4-6.
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Table 4-7 — Source and Sink Behaviors by State
State Source Behavior Sink Behavior
Nothing attached — Sense CC pins for attach — Sense VBUS for attach
— Do not apply VBUS or VCONN
Sink attached — Sense CC for orientation — Sense CC pins for orientation
— Sense CC for detach — Sense loss of VBUS for detach
— Apply VBUS and VCONN
Powered cable without Sink — Sense CC pins for attach — Sense VBUS for attach
attached - . Lo ¥
UTTTUL G'Jb.lly vDUO U VUOUUININ
Powergd cable with Sink or — Sense CC for orientation — If acces bd, see
Vconntpowered Accessory Sour ption
attachbd — Sense CC for detach th ;
— Apply VBUS and VCONN oerws
Debug|Accessory Mode attached | — Sense CC pins for detach — | ssq@rieshare supported, see
. Sour ehavion, otherwisp, N/A
— Reconfigure for debug N
Audio |JAdapter Accessory Mode — Sense CC pins for detach —\h@c \sser\i?are supported, see
attachgd . . Source\Behavior, otherwisg, N/A
— Reconfigure for analo aud}g
Figure|4-3 shows how the inserted plug ‘eriéntation is et@e at the DFP’s receptgcle by
noting lon which of the two CC pins in eCcef ¢ d termination is sensed. Ngw that
the DAP has recognized that a UFP jsattached\ahd\the plug orientation is determined, it
configyres the SuperSpeed USB data bus r%g 0 gceptacle.
The DFP then turns on VBUS. pin es not connect DFP-to-UFP throygh the
cable, the DFP supplies.VCONN emove the termination. With the UFP now powered,
it configures the USB q e DFP-to-UFP connection.
The DFP monitoﬁ% 2 If the
UFP ig ets its
interfa
Once power
(VBUS ing on
the ca Power
Delive
In the gase-where USB PD PR_Swap is used to swap the source and sink of VBUS, the source
of VCONNvremains unchanged during and after the VBUS power swap. The new lource

monitors the CC wire and the new sink monitors VBUS to detect detach. When a detach event
is detected, any voltages applied to VBUS and VCONN are removed, each port resets its
interface configuration and resumes looking for an attach event.

In the case where USB PD DR_Swap is used to swap the DFP and UFP, the new UFP

mainta

ins sourcing VCONN during and after the data role swap.

In the case where USB PD VCONN_Swap is used to swap the VCONN source, the VBUS
source/sink and DFP/UFP roles are maintained during and after the VCONN swap.

The last step in the normal USB Type-C connect process is for the USB device to be attached

and en

umerated per standard USB 2.0 and USB 3.1 processes.
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4.5.1.3 Configuration Channel Functional Models

The functional models for the configuration channel behavior based on the CC1 and CC2 pins
are described in this section for each port type: DFP, UFP and DRP.

The figures in the following sections illustrate the CC1 and CC2 routing after the CC detection
process is complete. In these figures, VBUS and VCONN may or may not actually be available.

4.5.1.3.1 DFP Configuration Channel Functional Model

Figure 4-7 illustrates the functional model for CC1 and CC2 for a DFP prior to attach. This
illustration includes consideration for the USB PD Provider.

Referri

1)

2)

3)
4)
5)
6)

7)

VBUS Source

Connection
Mux and Marked 5V
CNTL Cable
Detection,
Cold-Socket,
PD <=—» & VCONN
Control

(cc1)

(CCZ) K ] VCONN

cc2

GND
O

ctional

e DFP

bins to
that a
t level

The“\DFP uses the CC pin pull-down characteristic to detect and establish the forrect
routing for the USB SuperSpeed data path and determine which CC pin is intended for
supplying VCONN.

Once a UFP is detected, the DFP enables VBUS and VCONN.

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

The DFP monitors the continued presence of Rd to detect UFP detach. When a detach
event is detected, the DFP removes VBUS and VCONN, and returns to step 2.

If the DFP supports advanced functions (USB Power Delivery and/or Alternate Modes),
USB PD communication is required.

Figure 4-8 illustrates the functional model for CC1 and CC2 for a DFP that is a USB PD
Provider/Consumer (e.g., supports USB PD PR_Swap) prior to attach.
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VBUS Source _‘\7‘,‘7
k VBUS
’ VBUS Sin -] o]
Connection
and Marked
Cable
Mux Detection, 5V VCONN
CNTL Cold-Socket,
& VCONN Rp 1
pD <«—»| Control —"\/\/\—_ il o
| | Presentas | AA A lo oG
Device or Host Rd
(cc1)
(CCZ) VCONN
Rp = 2
Figure 4-8 — DFP Functional Model Supporting onsumer
4.5.1.3.2 UFP Configuration Channel Functio
Figure| 4-9 illustrates the functional f . This illugtration

includgs consideration for both USB Ty

VBUS

Connection
Detection

«—> PD
& >
(cc1)

(cc2)

USB Type-C
Current

Detection
Rd

CCT

ND
O

Figure 4-9 — UFP Functional Model for CC1 and CC2

Referring to Figure 4-9, a port that behaves as a UFP has the following functional
characteristics:

1) The UFP terminates both CC1 and CC2 to GND using pull-down resistors.

2) The UFP determines that a DFP is attached by the presence of power on VBUS.

3) The UFP uses the CC pin pull-up characteristic to detect and establish the correct routing
for the USB SuperSpeed data path.

4) The UFP can optionally monitor CC to detect an available higher USB Type-C Current
from the DFP. The UFP shall manage its load to stay within the detected DFP current limit.
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5) If the UFP supports advanced functions (USB Power Delivery and/or Alternate Modes),
USB PD communication is required.

Figure 4-10 illustrates the functional model for CC1 and CC2 for a UFP that is a USB PD
Consumer/Provider (e.g., supports USB PD PR_Swap) and supports USB PD VCONN_Swap
prior to attach.

1 [ VBUS Source

4.5.1.3.

Figure
prior tq
the US

VBUS
(¢} JTr> VBUs Sink )
Connection
and Marked
Cable
VCONN 5V Detection Mux
Cold-Socket, CNTL
ca o N Rp 8(§Vc0N|I\1
o—t ol —/\/\/— ontrol -
\0—"—0\» AA A Present as
Sink or Source
Rd

(cc1)
(cc2)

VCONN

R SB ek\
cc2 P urrent

o~ A A A \Qet ion

Figure 4-10 — UFP Functional pporting USB PD
Consumer/ roa CONN_Swap

i
;
79
|
v

3 DRP Co nctional Model

4-11 illus s model for CC1 and CC2 for a DRP presenting as|a DFP
attach. I n_includes. cornsideration for both the USB Type-C Currgnt and

B PD features:

VBUS Source e
VBUS
) VBUS Sink <—JTL e}
C ection
and Marked
M Cable
l'JI'L Detection, v Veonn
Cold-Socket,
& VCONN Rp 1
5
pD <«—»| Control —\/\/\—ta_ Lol—0
Present as AA A lo oG
Device or Host
Rd
(cC1)
(cc2) VCONN
USB Type-C Rp
Current AA A cc2
Detection T {’\o-:}** o
HAAA—to
Rd
GND
O

Figure 4-11 — DRP Functional Model for CC1 and CC2
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Referring to Figure 4-11, a port that can alternate between DFP and UFP behaviors has the
following functional characteristics:

1) The DRP uses a FET to enable/disable power delivery across VBUS and initially when in

DF

P mode has VBUS disabled.

2) The DRP uses switches for presenting as a DFP or UFP.

3) The DRP has logic used during initial attach to toggle between DFP and UFP operation:

a) Until a specific stable state is established, the DRP alternates between exposing itself
as a DFP and UFP. The timing of this process is dictated by a period (tDRP),
percentage of time that a DRP exposes Rp (dcSRC.DRP) and role transition time

4) If the DRP supports advanced functions (USB Power
USB PD communication is required.

4.5.1.4 USB PD-based Power Ro 3 Swapping

Table

commagnds.

(tDRPTransition).
When the DRP is presenting as a DFP, it follows DFP operation tg

If a DRP supports USB PD, initially the USB F
operating as a DFP, the USB PD opera
operating as a UFP, the USB PD operate

4-8 summarizes the behaviors

Table Wﬁ?\i t Behavior Summary

detect an atltached

a DFP
hed to
odes),

when
when

swap

N
H@Wa \fle VBus Source/Sink SoonN
PR_Swap /gy:\h ged S»«qpped Swapped Unchanged
DR_Swap §wapp d \/\ changed Unchanged Unchanged
VCONN| Swap l}r{c ngéd\ Unchanged Unchanged Swapped'
' Swhpping Sf VC rt

4.5.2

This s
first s

nd Behavioral Requirements
pctian yprovi the functional and behavioral requirements for implementing CC. The
b-section provides connection state diagrams that are the basis for the remainirlg sub-

sectior

1S.

The terms Source (SRC) and Sink (SNK) used in this section refer to the port’s power role
while the terms DFP and UFP refer to the port’s data role. A DRP (Dual Role Port) is capable
of acting as either a Source or Sink. Typically DFPs are found on hosts and source VBUS
while a UFP is found on a device and sinks power from VBUS. When a connection is initially
made, the port’s initial power state and data role are established. USB PD introduces three
swap commands that may alter a port’s power or data role:

e The PR_Swap command changes the port’s power state as reflected in the following state

ma

chines. PR_Swap does not change the port sourcing VCONN.

e The DR_Swap command has no effect on the following state machines or VCONN as it only
changes the port’'s data role.
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e VCONN_Swap command changes the port sourcing VCONN. The PR_Swap command and
DR_Swap command have no effect on the port sourcing VCONN.

The connection state diagrams and CC behavior descriptions in this section describe the
behavior of receptacle-based ports. The plug on a direct connect device or a device with a
captive cable shall behave as a plug on a cable that is attached at its other end in normal
orientation to a receptacle, These devices shall apply and sense CC voltage levels on pin A5
only and pin B5 shall have an impedance above zOPEN, unless it is a Powered Accessory, in
which case B5 shall have an impedance Ra.

4.5.2.1 Connection State Diagrams

This sgcftion provides reference connection state diagrams tor CC-based be

Refer 1o Section 4.5.2.2 for the specific state transition requirements 9 each state
shownlin the diagrams.

Refer fo Section 4.5.2.4 for a description of which states are a h poit type,
and a list of states where USB PD communication is permittéd

Figurel4-12 illustrates a connection state diagram fora ce (H
e (L i

&\\

"%

Directed from
any state

ErrorRecovery

Directed
from any
state

tErrorRecovery

DebugAccessory

DebugAcc
Detected for
tCCDebounce

Sink Detected for
tCCDebounce

Removed

Attached.SRC

Figure 4-12 — Connection State Diagram: Source

Figure 4-13 illustrates a connection state diagram for a simple Sink (Device UFP).
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Directed from
any state
ErrorRecovery
Directed tErrorRecovery Directed from
from any
any state
state
Dead Disabled
Battery
Unattached.SNK UsB2.0
only and
VBUS
Source \ Detected
tCCDebounce
and VBUS
Detected
VBUS
Removed

Figurel4-14 illustrates bdes.
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Directed from
any state
Directed from Y
any state
Disabled
ErrorRecovery Directed from
any state
tErrorRecovery
Directed AudioAcc( AudioAccessory
from any Removed
state Unattached
Accessory .Accessory
Dead Toggle

Batterh

Unattached.SNK

AudioAcc
Detected for
tCCDebounce

Accessory
Removed

Source
Removed

AttachWait.SNK

tCCDebounce PowAcc =
and VBUlSJ Removed { Unsupported Powered
puUS Detected Accessp Accessory
Rerpoved _

Attached.SNK

Figure

Figurel4-15 illustra
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Directed from
any state

Directed from
any state

ErrorRecovery Directed from Disabled
any state
tErrorRecovery tErorRecovery
Directed from
any state DRP Toggle Unattached.SRC
Connection
Dead DRP Toggle Detected
Battery

Unattached.SNK )

Connection

AttachWait.SRC

Sink Detected for,
tCCDebounce

USB PD PR_Swap
was accepted

and VBUS
VBUS Detected
Removed

Attached.SNK

Received PS_RDY
from original Source
for USB PD PR_Swap

Figure[4-16 illus
including Accessory
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Directed from
any state
Directed from v
any state
Disabled
ErrorRecovery Directed from
any state
tEmorRecover AudioAccessory
tErrorRecovery Y
Directed from DRP Toggle B AudioAcc Removed
any state Unattached.SRC ) /
. DebugAcc Removed
Dead DRP Togale y Connection
Battery g8 P Detected | AydioAcc
Detected o1 Debugh, Ty
tCCDebounce
Unattached.SNK
Source Debu
e Removed Detected Yor
ource tCCDeboun
Detected Connecti
Removed
AttachWait.SR
tCCDebounce
and VBUS
Detected Sink D ctedfo
AttachWait.SNK s Gt Try.SRC Sink CDel ce
Detetted
tCCDebounce p yWait ta RdP:]:)y .
aDm;I \if‘l‘:js and Souxge not ink Remove
etecte
VBUS Detested Detekted
Removed 0
Source Detected N
f . Removed
Attached.SNK or tCCheboy YWait.SN ~—< —-{ Attached.SRC
: and VBUS
Detected SBRD PR_Swa
wa ed

Received PS_RDY
from original Source
for USB PD PR_Swap

4.5.2.2

Entry i
tDRP t

A DRP
to provlide X/BUS.

or, a Sink ma

consume default power from VBUS in any state where it is not rg

bort

verride

quired

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

from one state to another.
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Table 4-9 — Source Port CC Pin State

CC Pin State Port pa.rtne.r 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 4-10 — Sink Port CC Pin State

Port partner CC

CC|Pin State T L Voltage Detected on CC whe(u/‘;&ort as%Rd
ermination ~

SNK.R[r Rp Above minimum vRd-Connect

SNK.O‘)en Open, Ra, Rd Below maximum vRa

4.5.2.21 Disabled State

This st

OJ

The D ing all

The po

borted,
5 after

A port
the po
power-

4.5.2.21.

The pa above

zOPEN

4.5.2.21.
A Sink

A Sour

A DRP

4.5.2.2.2 ErrorRecovery State

This state appears in Figure 4-12, Figure 4-13, Figure 4-14, Figure 4-15 and Figure 4-16.

The ErrorRecovery state is where the port cycles its connection by removing all terminations
from the CC pins for tErrorRecovery followed by transitioning to the appropriate
Unattached.SNK or Unattached.SRC state based on port type.

The port should transition to the ErrorRecovery state from any other state when directed.
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A port may choose not to support the ErrorRecovery state. If the ErrorRecovery state is not
supported, the port shall be directed to the Disabled state if supported. If the Disabled state is
not supported, the port shall be directed to either the Unattached.SNK or Unattached.SRC
states.

4.5.2.2.2.1 ErrorRecovery State Requirements

The port shall not drive VBUS or VCONN, and shall present a high-impedance to ground (above
zOPEN) on its CC pins.

4.5.2.2.2.2 Exiting From ErrorRecovery State

A Sink|shall transition to Unattached.SNK after tErrorRecovery.

A Source shall transition to Unattached.SRC after tErrorRecovery.
A DRPJshall transition to either Unattached.SNK or Unattached, £

4.5.2.2.3 Unattached.SNK State

This stpte appears in Figure 4-13, Figure 4-14, Figure
When {n the Unattached.SNK state, the e.

A port with a dead battery shall enter this

4.5.2.2.3.1 Unattached.SNK Require

The pdrt shall not drive VB
Both CC pins shall be

4.5.2.2.3.2

The poprt shall . , ed, as
indicatp i

A USB default
power |[and_do BUS is

detectgd.

A DRH shall transition to Unattached.SRC within tDRPTransition after the state of bgpth CC
pins is|SNK.Open for tDRP - dcSRC.DRP - tDRP, or if directed.

A Sink with Accessory support shall transition to Unattached.Accessory within tDRPTransition
after the state of both CC pins is SNK.Open for tDRP - dcSRC.DRP - tDRP, or if directed.

4.5.2.2.4 AttachWait.SNK State

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

When in the AttachWait.SNK state, the port has detected the SNK.Rp state on one CC pin
and is waiting for VBUS.
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4.5.2.2.4.1 AttachWait.SNK Requirements

The port shall not drive VBUS or VCONN.
Both CC pins shall be independently terminated to ground through Rd.

It is strongly recommended that a USB 3.1 SuperSpeed device hold off VBUS detection to the
device controller until the Attached.SNK state is reached, i.e. one CC pin is in the SNK.Rp
state. Otherwise, it may connect as USB 2.0 when attached to a legacy host or hub’s DFP.

4.5.2.2.4.2 Exiting from AttachWait.SNK State

A Sink|shall transition to Unattached.SNK when the state of both CC pins N K.OperL for at

least tPDDebounce.

A DRP| shall transition to Unattached.SRC when the state of both for at
least tPDDebounce.
The port shall transition to Attached.SNK if the state <of exactl i been
SNK.Qpen for at least tCCDebounce and VBUS is detecte S e USB
PD co / ! C pins,
but thig
A DRHA § NS ead of
Attached.SNK when the state of one CC pi S . f ce and
VBUS i$ detected.
4.5.2.2.5
This state appears in Figur
ne port
tan be

When |n the Att
initiallyy enters t
changed using USB P

A port|that en ered i i all not
determine or i e USB
PD.

4.5.2.2.51 4. 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 CC pin is connected through the cable (i.e., the CC pin|that is

in the DA D ctatn)

oTNTC TP otatTye

If the port supports signaling on USB SuperSpeed pairs, it shall functionally connect the USB
SuperSpeed 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 CC pin 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 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 4.5.2.3.
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The port may negotiate a USB PD PR_Swap, DR_Swap or VCONN_Swap.

By default, upon entry from AttachWait.SNK or Unattached.SNK, VCONN shall not be supplied
in the Attached.SNK state. If Attached.SNK is entered from Attached.SRC as a result of a
USB PD PR_Swap, it shall maintain VCONN supply state, whether on or off, and its data

role/connections. A USB PD DR_Swap has no effect on which port sources VCONN.

The port may negotiate a USB PD VCONN_Swap. When the port successfully executes USB
PD VCONN_Swap operation and was not sourcing VCONN, it shall start sourcing VCONN within
tVCONNON. The port shall execute the VCONN_Swap in a make-before-break sequence in
order to keep active USB Type-C to USB Type-C cables powered. When the port successfully

executes—_USB PD \/CONN Qwap npnrafinn and was cnnrr-ing MCoONN, it shall stop enurcing

VCONN[within tVCONNOFF.

4.5.2.2.5.2 Exiting from Attached.SNK State

A port

t shall

transitijon to Unattached.SNK when VBUS is no longer presen P! VCONN, the port

shall cease to supply it within tVCONNOFF of exiting Attached:

After rgéceiving a USB PD PS_RDY from the original
port shall transition directly to the Attached.SRC state (i
CC angd supply VBUS), but shall maintain its V

data rgle/connections.

4.5.2.2.6 Unattached.SRC State
This st

When
Access

4.5.2.2

The po
The po
The po

4.5.2.2.6.

The pdrtéshall transition to AttachWait.SRC when:

bp, the
Rp on
and its

or an

¢ The SRC.Rd state is detected on at least one CC pin or
e The SRC.Ra state is detected on both CC pins.

NOTE A cable without an attached device can be detected, when the SRC.Ra state is detected on one CC pin

and the SRC.Open state is detected on the other CC pin. However in this case, the port shall not tran
AttachWait.SRC.

sition to

A DRP shall transition to Unattached.SNK within tDRPTransition after dcSRC.DRP - tDRP, or

if directed.

4.5.2.2.7 AttachWait.SRC State

This state appears in Figure 4-12, Figure 4-15 and Figure 4-16.
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The AttachWait.SRC state is used to ensure that the state of both of the CC pins is stable
after a Sink is connected.

4.5.2.2.71 AttachWait.SRC Requirements

The requirements for this state are identical to Unattached.SRC.

4.5.2.2.7.2 Exiting from AttachWait.SRC State

The port shall transition to Attached.SRC when VBUsS is at vSafe0OV and the SRC.Rd state is
detected on exactly one of the CC pins for at least tCCDebounce.

If the gort supports Audio Adapter Accessory Mode, it shall transition to A Accessory when
the SRIC.Ra state is detected on both CC pins for at least tCCDebounce

If the port supports Debug Accessory Mode, it shall transition to D - Hen the

A Source shall transition to Unattached.SRC and a Di en the

SRC.(pen state is detected on both CC pins.

Unattached.SNK when the
is detected on the other CC

A Soufce shall transition to Unattached.SRC
SRC.(pen state is detected on one CC

4.5.2.2.8 Attached.SRC State

This state appears in Figur

When |n the Attached.SRC's IS en the
port injtially enters this/ stat i t er and
data rdles can b@ )

4.5.2.2.8.1 3

If the port needs . the-orientation of the connector, it shall do so only upo
to the [Attached SR( detecting which CC pin is connected through the cabl
which CC pin\ F :

N entry
e, i.e.,

If the port his state from the AttachWait.SRC state or the Try.SRC state, the
SRC.Rd state.wi on only one CC pin. The port shall source current on this CC gin and
monitof its(State.

If the port has entere IS state from tnhe ached. State as the result of a
PR_Swap, the port shall source current on the connected CC pin and monitor its state.

The port shall provide an Rp as specified in Table 4-13.
The port shall supply VBUS current at the level it advertises on Rp.

The port shall supply VBUs within tVBUSON of entering this state, and for as long as it is
operating as a power source.

The port shall not initiate any USB PD communications until VBUS reaches vSafe5V.
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If the port supports signaling on USB SuperSpeed pairs, it shall:

e Functionally connect the USB SuperSpeed pairs

e For VCONN, do one of two things:
— Apply VCONN unconditionally to the CC pin not in the SRC.Rd state, or
— Apply VCONN to the CC pin in the SRC.Ra state.

A port that does not support signaling on USB SuperSpeed pairs may supply VCONN in the
same manner described above.

The port may negotiate a USB PD PR Swap, DR Swap or VCONN Swap

If the gort supplies VCONN, it shall do so within tVCONNON.

The pdrt shall not supply VCONN if it has entered this state as a resu 3 R| Swap

and was not previously supplying VCONN. A USB PD DR_Swap he € ich port
sources VCONN.

The pgrt may negotiate a USB PD VCONN_Swap. Whe s USB
PD VJONN_Swap operation and was sourcing VCONN, i within
tVCONNOFF. The port shall execute the VCONN_Swap (i 3 ofe-break sequgnce in
order tp keep active USB Type-C to US ~When the port succgssfully

executps USB PD VCONN_Swap operati
VCONN|within tVCONNON.

ONN, it shall start squrcing

4.5.2.2.8.2

A Soufce shall transition/to L 3 on the
monitored CC pin.

When fthe SRC. n [ ed ‘en the monitored CC pin, a DRP shall transition to
Unattaghed.SN s f e Source role. In that case, it shall transjtion to
TryWa|t.SNK. This”tra it.3NK is needed so that two devices that both| prefer

the So P that
would h from
Attach
A port
A port exiting
Attach

After a/SB—PDPR_Swap 5 accepted (e, efther—am Accept message 15 received or
acknowledged), a DRP shall transition directly to the Attached.SNK state (i.e., remove Rp
from CC, assert Rd on CC and stop supplying VBUS) and maintain its current data role,
connection and VCONN supply state.

4.5.2.2.9 Try.SRC State

This state appears in Figure 4-16.

When in the Try.SRC state, the port is querying to determine if the port partner supports the
Sink role.

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

- 128 - IEC 62680-1-3:2016
© USB-IF:2015

4.5.2.2.9.1 Try.SRC Requirements

The port shall not drive VBUS or VCONN.
The port shall source current on both CC pins independently.
The port shall provide an Rp as specified in Table 4-13.

4.5.2.2.9.2 Exiting from Try.SRC State

The port shall transition to Attached.SRC when the SRC.Rd state is detected on exactly one
of the CC pir\e for at least tPDDehaolince

The pqrt shall transition to TryWait.SNK after tDRPTry and the SRC/R t been
detected.

4.5.2.2.10 TryWait.SNK State

This stpte appears in Figure 4-16.

When [in the TryWait.SNK state, the port has failed to : ce and is waiting to
attach|as a Sink. Alternatively the port is respondi ink{being /removed while|in the

Attached.SRC state.

4.5.2.210.1 TryWait.SNK Require

The pdrt shall not drive VBUS or VCONN.
Both CIC pins shall be indepenc i ground through Rd.

4.5.2.2.10.2

The port shall if the state of exactly one CC pin hag been
SNK.OQpen for at leas ¢ BUS is detected. Note the Source may initiale USB
PD communications\w itlhccauseybrief periods of the SNK.Open state on both CC pins,

but this

The pqart s G wattached.SNK after tDRPTryWait if the state of both of the CC
pins is e

4.5.2.2.

This stpte‘appears in Figure 4-14.

The Unattached.Accessory state allows accessory-supporting Sinks to connect to accessories.

This state is functionally equivalent to the Unattached.SRC state in a DRP, except that
Attached.SRC is not supported.

4.5.2.2.111 Unattached.Accessory Requirements

The port shall not drive VBUS or VCONN.
The port shall source current on both CC pins independently.

The port shall provide an Rp as specified in Table 4-13.
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4.5.2.2.11.2 Exiting from Unattached.Accessory State

The port shall transition to AttachWait.Accessory when the state of neither of the CC pins is
SRC.Open.

The port shall transition to Unattached.SNK within tDRPTransition after dcSRC.DRP - tDRP,
and the state of at least one CC pin is SRC.Open or if directed.

4.5.2.2.12 AttachWait.Accessory State

This st

ate appears in Figure 4-14.

The AftachWait.Accessory state is used to ensure that the state of bo

stable

4.5.2.2.121 AttachWait.Accessory Requirements

The re

after a cable is plugged in.

nuirements for this state are identical to Unattached.Acce

4.5.2.2.12.2 Exiting from AttachWait.Accessory State

If the g

The pqrt shall transition to

at leas

If the gort supports VCONN-p
state of oné of its CC pi
concurrently for S

4.5.2.2.

if the

This sf

The Al

4.5.2.2.

The pdrt‘shall reconfigure its pins as detailed in A.

e CC

pins is

when

en the

ben for

y state
RC.Ra

The port shall not drive VBUS or VCONN. A port that sinks current from the audio accessory
over VBUS shall not draw more than 500 mA.

The port shall provide an Rp as specified in Table 4-13.

The port shall source current on at least one of the CC pins and monitor to detect when the
CC pin state is no longer SRC.Ra. If the port sources and monitors only one CC pin, then it
shall ensure that the termination on the unmonitored CC pin does not affect the monitored
signal when the port is connected to an Audio Accessory that may short both CC pins
together.
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4.5.2.2.13.2 Exiting from AudioAccessory State

If the port is a Sink or DRP, the port shall transition to Unattached.SNK when the state of the
monitored CC pin(s) is SRC.Open for at least tCCDebounce.

If the port is a Source, the port shall transition to Unattached.SRC when the state of the
monitored CC pin(s) is SRC.Open for at least tCCDebounce.

4.5.2.2.14 DebugAccessory

This state appears in Figure 4-12, Figure 4-14 and Figure 4-16.

The DgbugAccessory state is used for the Debug Accessory Mode specifig

4.5.2.2.141 DebugAccessory Requirements

This mode is for debug only and shall not be used for comn
produdts.

The pdrt shall not drive VBUS or VCONN.
The pdrt shall provide an Rp as specified in Table 4413.

The pqrt shall source current on at Ieast e CC pin@a d“monitor to detect when the
CC pinl state is no longer SRC.Rd. If the.portime only_one CC pin, it shall source ¢urrent
on the 're he unmonitored pin.

4.5.2.2.14.2 Exiting fro

If the gort is a Sink or DRP ansition to Unattached.SNK when the SR¢.Open
state i§ detected on the [ i

If the

ortis a S@e ‘ sition to Unattached.SRC when the SRC.Opep state
is dete 0

4.5.2.2.

This st

4.5.2.2.15.1 PoweredAccessory Requirements

If the port needs 10 determine the orientation of the connector, 1t shall do so only upon entry
to the PoweredAccessory state by detecting which CC pin is connected through the cable (i.e.,
which CC pin is in the SRC.Rd state).

The SRC.Rd state is detected on only one CC pin. The port shall advertise either 1.5 A or
3.0 A (see Table 4-13) on this CC pin and monitor its state.

The port shall supply VCONN (2.7 V minimum) on the unused CC pin within tVconnON-PA of
entering the PoweredAccessory state.

The port shall not drive VBUS.

When the port initially enters the PoweredAccessory state it shall operate as a DFP.
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The port shall use USB Power Delivery Structured Vendor Defined Messages (Structured

VDMs)

to identify the accessory and enter an Alternate Mode.

4.5.2.2.15.2 Exiting from PoweredAccessory State

The port shall transition to Unattached.SNK when the SRC.Open state is detected on the

monito

red CC pin.

The port shall transition to Unattached.SNK if the attached device is not a VCONN—-Powered
Accessory. For example, the attached device does not support USB PD or does not respond
to USB PD commands required for a VCONN—-Powered Accessory (e.g., Discover SVIDs,

Discov

The p
Alterns

The pq
state.

4.5.2.2

This st

If aVc
state ig

4.5.2.2.

Only o
(see T

The po

4.5.2.2

The pq
monito

4.5.2.3

When |i

operat
Power

r Modes, etc.)

pbrt shall transition to Unsupported.Accessory if it does not
te Mode within tAMETimeout (see Section 5.1).

rt shall cease to supply VCONN within tVCONNOFF of &

.16  Unsupported.Accessory State

ate appears in Figure 4-14.

.16.2

b incone of the sub-states shown in Figure 4-17. The initial Sink Power Sub-S
Defallt. SNK. Subsequently, the Sink Power Sub-State is determined by Source

Type-G

ter an

essory

essory

Power

on the

t shall
tate is
s USB

current advertisement The pnrf in Attached SNK shall remain within the Sink

Power

Sub-States until either VBUS is removed or a USB PD contract is established with the Source.
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Attached.SNK

PowerDefault
.SNK

Figure 4-1

The Sipk is only required to implement ants to

consurme more than default USB curre

4.5.2.3.

This s@ib-state supports\Sinks i ource-
suppligd current.

4.5.2.3.1.

The pgdrt shall dra

If the [port w y Rd to
determine ent\

4.5.2.3.1.2 om PowerDefault.SNK

For any change on CC indicating a change in allowable power, the port shall not transition
until thesiew vRd on CC has been stable for at least tPDDebounce. 1

For a vRd in the vRd-1.5 range, the port shall transition to the Power1.5.SNK Sub-State.
For a vRd in the vRd-3.0 range, the port shall transition to the Power3.0.SNK Sub-State.

4.5.2.3.2 Power1.5.SNK Sub-State

This sub-state supports Sinks consuming current within the two lower ranges (default and
1.5 A) of Source-supplied current.

4.5.2.3.21 Power1.5.SNK Requirements
The port shall draw no more than 1.5 A from VBUS.
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The port shall monitor vRd while it is in this sub-state.

45.2.3.2.2

Exiting from Power1.5.SNK

For any change on CC indicating a change in allowable power, the port shall not transition
until the new vRd on CC has been stable for at least tPDDebounce.

For a vRd in the vRd-USB range, the port shall transition to the PowerDefault. SNK Sub-State
and reduce its power consumption to the new range within tSinkAd;.

For a vRd in the vRd-3.0 range, the port shall transition to the Power3.0.SNK Sub-State.

4.5.2.3.3

This s
3,0 A)

4.5.2.3
The po

The po

4.5.2.3
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until th
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For a
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Table 4

b-state

3.1

3.2

Rd in th

Con

Power3.0.SNK Sub-State

pf Source-supplied current.

rt shall draw no more than 3,0 A from VBUS.

rt shall monitor vRd while it is in this sub-state

4-1.
its power egon’su

supports Sinks consuming current within all three ra

Power3.0.SNK Requirements
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Table 4-11 — Mandatory and Optional States
SOURCE SINK DRP USB PD
Communication

Disabled Optional Optional Optional Not Permitted
ErrorRecovery Optional Optional Optional Not Permitted
Unattached.SNK N/A Mandatory Mandatory Not Permitted
AttachWait.SNK N/A Mandatory’ Mandatory Not Permitted
Attached.SNK N/A Mandatory Mandatory Permitted
Unattached.SRC Mandatory N/A Mandatory Not Permitted
Attacthait.SRC Mandatory N/A Mandatory /\\w)t Permitfed
Attachled.SRC Mandatory N/A Mandatorm A Permitted
Try.SRC N/A N/A Optiong(\ l%t\Per itted
TryWajt.SNK2 N/A N/A Optionah,| Not Pegitfed
Accesgory.Present N/A Optional (Sgtionél\ \ \N\ot/hermitted
AudioAccessory Optional Optional < ti nek‘ Not Permitted
Debugr\ccessory Optional Optional tional Permitted
Unattalched.Accessory N/A Optiona( m \N@ ) Not Permitfed
AttachIWait.Accessory N/A Opt@]\kl\// / N/A\\ Not Permitted
PowergpdAccessory N/A <épt\i\ona\)l K J{I%\/ Permitted
Unsupported.Accessory?® N/A \QBNQnaI _,N/A Not Permitted
PowerpPefault.SNK N/A ( Ma}}d\a\m{y Mandatory Permitted
Power|l.5.SNK N/A \ (@) tionéi\ Optional Permitted
PowerB.0.SNK l\b‘/\( \b'p‘gior\qy Optional Permitted

' Oplional for UFP“applications that
or @ccessories:

4.5.3.1

USB Type-C Port to USB Type-C Port Interoperability Behaviors

, consume USB Default Power and do not support USB PD

interoperability behavior between USB Type-C to USB Type-C ports
-C to legacy USB ports.

The following sub-sections describe typical port-to-port interoperability behaviors for the
various combinations of USB Type-C DFP, UFP and DRPs as presented in Table 4-5. In all of
the described behaviors, the impact of USB PD-based swaps (PR_Swap, DR_Swap or
VCONN_Swap) are not considered.

The figures in the following sections illustrate the CC1 and CC2 routing after the CC detection

process is complete.

4.5.3.1.1

DFP to UFP Behavior

Figure 4-18 illustrates the functional model for a DFP connected to a UFP. The single CC wire
that is in a standard cable is only shown in one of the four possible connection routes, CC1 to

CC1.
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Detection, Connection
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PD <—» &VCOoNN i D
Control VWV L] Rd
(cc1) (cc1)
(c) veomn (cc2)
USB Type-C
Rp « 2 Current
o————/V\V/'H N
Rd Detection
GND GND

The following describes the behavior when a DFP is connec

1) DFP and UFP in the unattached state

2) DFP transitions from Unattached.SRC to Attach

e |DFP detects the UFP’s pullxdown
AttachWait.SRC

e |DFP turns on VBUS and VCONN

3) UFP transitions from Unattached.[SN
maly skip AttachWait.S

4) While the DFP and

. DFPadju@ <
e |UFP detects’and. m

4.5.3.1.2

Figure[4-19.illust

that is|in a standard ca

CC1.

ble is only shown in one of the four possible connection routes,

hrough

. UFP

C wire
CC1 to

Copyright © 2015 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=87cbe5de6d57b90fedbf1948a44580c2

- 136 - IEC 62680-1-3:2016

VBUS Source
Vaus Veus
VBUS Source VBUS Sink .
— Connection
and Marked
Mux Connection Cable Iy
| and Marked sV Veonn Vconn 5V Detection, ux
Cable 4 Cold-Sock CNTL
Detection, ’
Cold-Socket, Rp — ca cc1 Rp & Veonn
PD <—»| & VCONN i { Control  |«—» PD
Control . Present as
: Device or Host
Rd
(cc1) (cc1)
(cc2) Vconn Vconn ()
R USB Type-C
Rp @ cc2 ol Current
. Detection
Rd
T

The fo
1) DF

2) DF
After

3) DRP transitions from

4) WH;

K (and

4.5.3.1.

Figurel4-20_illustrates the functional model for a DRP connected to a UFP. The single JC wire
that is fin.@a/standard cable is only shown in one of the four possible connection routes, £LC1 to
CC1.
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& Vconn Rp — ca 1 Detection
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Rd
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USB Type-C Rp USB Type-C
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Detection o0 © v dev Detection
Rd I
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The fo
1)

2)
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required.

e |UFP detec
4) DRP transitio

resumesstoggling between Unattached.SNK and Unattached.SRC)
o |UFR.monitors'VBUS for detach and when detected, enters Unattached.SNK

is in

nce. It

BNK if

( (and

4.5.3.114 DRP to DRP Behavior

Two behavior descriptions based on the connection state diagrams are provided below. In the
first case, the two DRPs accept the resulting DFP-to-UFP relationship achieved randomly
whereas in the second case the DRP #2 chooses to drive the random result to the opposite

result using the Try.SRC mechanism.

Figure 4-21 illustrates the functional model for a DRP connected to a DRP in the first case
described. The single CC wire that is in a standard cable is only shown in one of the four
possible connection routes, CC1 to CC1. Port numbers have been arbitrarily assigned in the

diagram to assist the reader to understand the process description.
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DRP #1 as a DFP DRP #2 as a UFP
VBUS Source —/ ﬁ] Iﬁ — VBUS Source
Connection Veus Sink <__|TL = o _\_\_L_> Veus Sink Connection
and Marked [ N and Marked

Cable ™
sv Veonn Veonn sv Detection, [—» MUX
oo CNTL

Rp — ca 1 Rp & Vconn

i i Control  |«—» PD
T . Present as
; : Device or Host
Rd Rd

(cc1) (cc1)

(cc2)

Vconn VCONN

USB Type-C
Current
Detection

USB Type-C
; Current
o0 . Detection

CASE |[1: The following describes the behavior when a DRP C RP. In

this flow, the two DRPs accept the resulting DFP-to-UFP relationship achiev Y.

1) Both DRPs
o |DRP #1

2) DRP #1 transitions from Unattach

e |DRP #1

3) DRJP #2 transitions fro

e [DRP #2

4) DRP #1 transitions|f
e |DRP #1
enters A

5) DRP #2 transitien

in the unattached state
and DRP #2 alternate between U

in Unattached.SRC detec K and

ic IWait.SR intes to see CC pull down of DRP #2 for tCCDelpounce,
tta o~

e |DRP #2 after A btected
VBUS, €énters\ Attacr
6) While the DRPs

o |DRP_#1
resumes

monitors CC for detach and when detected, enters Unattached.SNK (and
toggling between Unattached.SNK and Unattached.SRC)

DRP #2
resumes

monitors VBUS for detach and when detected, enters Unattached.SNK (and
toggling between Unattached.SNK and Unattached.SRC)

Figure 4-22 illustrates the functional model for a DRP connected to a DRP in the second case

described.
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DRP #1 as a UFP DRP #2 as a DFP
VBUS Source —/ ﬁ] Iﬁ — VBUS Source
Connection Veus Sink <__|TL = o _\_\_L_> Veus Sink Connection
and Marked [ N and Marked

Cable Cable ™
Detection, sV Vconn Vconn 5V ux

Detection, (—»
Cold-Socket,

Cold-Socket,
& Vconn & Vconn
pD <—»| Control

Control  |«—» PD
Present as
Device or Host

(cc1) (cc1)
(cc2)

Mux
CNTL

Vconn VCONN

USB Type-C USB Type-C
Current H Current
Detection . L Detection

CASE |2: The following describes the behavior when a DRP C RP. In
this flqw, the DRP #2 chooses to drive the random resu ng the
Try.SRC mechanism.

1) Both DRPs in the unattached state
o |DRP #1 and DRP #2 alternate betv
2) DRP #1 transitions from Unattached:

e |DRP #1 in Unattached.SRC det
enters AttachWait.SRC

3) DRP #2 transitions fro
e |DRP #2 in Unatfs

4) DRIP #1 transitions

o [DRP #1i a | inues to see CC pull down of DRP #2 for tCCDelpounce,

K and

5 VBUS

o |[DRP#1 in Attdched.SRC no longer detects DRP #2’s pull-down on CC and transitions
toldnattached.SNK.

¢ DRP #1 in Unattached.SNK turns off VBUS and VCONN and applies a pull-down on CC
o DRP #2 in Unattached.SNK detects pull up on a CC and enters AttachWait.SNK
7) DRP #2 transitions from Try.SRC to Attached.SRC via AttachWait.SRC

e DRP #2 in Try.SRC detects the DRP #1 in Unattached.SNK’s pull-down on CC and
enters AttachWait.SRC

e DRP #2 in AttachWait.SRC times out (tCCDebounce) and transitions to Attached.SRC
e DRP #2 in Attached.SRC turns on VBUS and VCONN
8) DRP #1 transitions from AttachWait.SNK to Attached.SNK

e DRP #1 in AttachWait.SNK after tCCDebounce and detecting VBUS, enters
Attached.SNK
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9) While the DRPs are in their respective attached states:
o DRP #2 adjusts Rp as needed to limit the current DRP #1 may draw
e DRP #1 detects and monitors vRd for available current on VBUS

e DRP #2 monitors CC for detach and when detected, enters Unattached.SRC (and
resumes toggling between Unattached.SNK and Unattached.SRC)

e DRP #1 monitors VBUS for detach and when detected, enters Unattached.SNK (and
resumes toggling between Unattached.SNK and Unattached.SRC)
4.5.3.1.5 DFP to DFP Behavior

: - C wire
that is fin a standard cable is only s CC1 to
i der to

and the process description.

DFP #1

Veus

VBUs Source _‘\TL
Connection

Mpx: | and Marked 5V Veonn
Cable
Detection,
Cold-Socket,
Pp <—»  &Vconn
Control

Connection
and Marked |

Cable CNTL
Detection,
Cold-Socket,
&VCONN  [-—> PD
Control

o
=
=

(cc1) [ |

(cc2)

[ (cc1)

(cc2)

4.5.31.

Figure|4£24illustrates the functional model for a UFP connected to a UFP. The single JC wire
that iS ;II [} Otalldald UGb:U ;O UII:y OhUVVII ;II \YA R A~ \Jf thU fUul PUOO;bIU UUIIIIUUt;UII IUUtUO, 301 tO
CC1. Port numbers have been arbitrarily assigned in the diagram to assist the reader to
understand the process description.
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