BS EN 62680-1-3:2016

Universal serial bus interfaces
for data and power

Part 1-3: Universal Serial Bus interfaces —
Common components — USB Type-C™ cable
and connector specification

o
bSl. Documents

Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016 BRITISH STANDARD

National foreword

This British Standard is the UK implementation of EN 62680-1-3:2016. It is
identical to IEC 62680-1-3:2016.

The UK participation in its preparation was entrusted to Technical Com-
mittee EPL/100, Audio, video and multimedia systems and equipment.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2017.
Published by BSI Standards Limited 2017

ISBN 978 0 580 93068 3
ICS 33.120.20; 33.120.30; 35.200

Compliance with a British Standard cannot confer immunity from
legal obligations.

This British Standard was published under the authority of the
Standards Policy and Strategy Committee on 31 January 2017.

Amendments/corrigenda issued since publication

Date Text affected

Documents

Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

EUROPEAN STANDARD EN 62680-1-3
NORME EUROPEENNE
EUROPAISCHE NORM November 2016

ICS 33.120.20; 33.120.30; 35.200

English Version

Universal serial bus interfaces for data and power - Part 1-3:
Universal Serial Bus interfaces - Common components - USB
Type-C™ cable and connector specification
(IEC 62680-1-3:2016)

Interfaces de bus universel en série pour les données et Universelle serielle Bus Schnittstellen fiir Daten und
I'alimentation électrique - Partie 1-3 : Interfaces de bus Energie - Teil 1-3: Universelle serielle Bus Schnittstellen -
universel en série - Composants communs - Spécification Gemeinsame Komponenten - USB-Typ-CTM Kabel und
des cables et connecteurs de type C™ de bus universel en Steckverbinder Spezifikation
série (IEC 62680-1-3:2016)

(IEC 62680-1-3:2016)

This European Standard was approved by CENELEC on 2016-09-21. CENELEC members are bound to comply with the CEN/CENELEC
Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration.

Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the CEN-CENELEC
Management Centre or to any CENELEC member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CENELEC member into its own language and notified to the CEN-CENELEC Management Centre has the
same status as the official versions.

CENELEC members are the national electrotechnical committees of Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Europiisches Komitee fiir Elektrotechnische Normung

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2016 CENELEC All rights of exploitation in any form and by any means reserved worldwide for CENELEC Members.

= ROGWNENES -

Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016
EN 62680-1-3:2016

European foreword

The text of document 100/2587/CDV, future edition 1 of IEC 62680-1-3, prepared by Technical Area
14 "Interfaces and methods of measurement for personal computing equipment” of IEC/TC 100
"Audio, video and multimedia systems and equipment" was submitted to the IEC-CENELEC parallel
vote and approved by CENELEC as EN 62680-1-3:2016.

The following dates are fixed:

¢ latest date by which the document has to be (dop) 2017-06-21
implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2019-09-21
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of

patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 62680-1-3:2016 was approved by CENELEC as a
European Standard without any modification.
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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 International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent 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.

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

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

The text of this standard is based on the following documents:

CDhV 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 committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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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 provide a support organization and forum for the advancement and adoption of Universal
Serial Bus technology. The Forum facilitates the development of high-quality compatible USB
peripherals (devices), and promotes the benefits of USB and the quality of products that have
passed compliance testing.

ANY USB SPECIFICATIONS ARE PROVIDED TO YOU "AS IS, "WITH NO WARRANTIES
WHATSOEVER, INCLUDING ANY WARRANTY OF MERCHANTABILITY, NON-
INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE. THE USB
IMPLEMENTERS FORUM AND THE AUTHORS OF ANY USB SPECIFICATIONS DISCLAIM
ALL LIABILITY, INCLUDING LIABILITY FOR INFRINGEMENT OF ANY PROPRIETARY
RIGHTS, RELATING TO USE OR IMPLEMENTATION OR INFORMATION IN THIS
SPECIFICAITON.

THE PROVISION OF ANY USB SPECIFICATIONS TO YOU DOES NOT PROVIDE YOU
WITH ANY LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY
INTELLECTUAL PROPERTY RIGHTS.

Entering into USB Adopters Agreements may, however, allow a signing company to
participate in a reciprocal, RAND-Z licensing arrangement for compliant products. For more
information, please see:

http://www.usb.org/developers/docs/http://www.usb.org/developers/devclass_docs#approved

IEC DOES NOT TAKE ANY POSITION AS TO WHETHER IT IS ADVISABLE FOR YOU TO
ENTER INTO ANY USB ADOPTERS AGREEMENTS OR TO PARTICIPATE IN THE USB
IMPLEMENTERS FORUM.”
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Universal Serial Bus
Type-C Cable and
Connector Specification

Revision 1.1
April 3, 2015

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

-6- IEC 62680-1-3:2016 © IEC 2016
© USB-IF:2015

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-C™ cable and connector to implement USB or
third party functionality as expressly described in this Specification; all other uses are
prohibited.

LIMITED COPYRIGHT LICENSE: The USB 3.0 Promoters grant a conditional copyright
license under the copyrights embodied in the USB Type-C Cable and Connector Specification
to use and reproduce the Specification for the sole purpose of, and solely to the extent
necessary for, evaluating whether to implement the Specification in products that would
comply with the specification. Without limiting the foregoing, use of the Specification for the
purpose of filing or modifying any patent application to target the Specification or USB
compliant products is not authorized. Except for this express copyright license, no other rights
or licenses are granted, including without limitation any patent licenses. In order to obtain any
additional intellectual property licenses or licensing commitments associated with the
Specification a party must execute the USB 3.0 Adopters Agreement. NOTE: By using the
Specification, you accept these license terms on your own behalf and, in the case where you
are doing this as an employee, on behalf of your employer.

INTELLECTUAL PROPERTY DISCLAIMER

THIS SPECIFICATION 1S PROVIDED TO YOU “AS 1S WITH NO WARRANTIES
WHATSOEVER, INCLUDING ANY WARRANTY OF MERCHANTABILITY, NON-
INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE. THE AUTHORS OF
THIS SPECIFICATION DISCLAIM ALL LIABILITY, INCLUDING LIABILITY FOR
INFRINGEMENT OF ANY PROPRIETARY RIGHTS, RELATING TO USE OR
IMPLEMENTATION OF INFORMATION IN THIS SPECIFICATION. THE PROVISION OF THIS
SPECIFICATION TO YOU DOES NOT PROVIDE YOU WITH ANY LICENSE, EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS.

All implementation examples and reference designs contained within this Specification are
included 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
respective owners.

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

IEC 62680-1-3:2016 © IEC 2016 -7-
© USB-IF:2015

CONTENTS

O T . 5 2
INTRODUGCTION . .ttt ettt et ettt e e et et e et e et e et e eaeeans 4
Specification Work Group Chairs / Specification Editors.............coooiiiiiiiiiiiciee, 15
Specification Work Group Contributors ... ... 15
Pre-Release Draft Industry Reviewing Companies That Provided Feedback......................... 17
REVISION HiStOrY ... e et e e 17
1 INEFOAUCTION L. e e et 18
1.1 P U DO S e 18
1.2 T ole] o1 T PP 18
1.3 Related DoCUMENTES ... e 19
1.4 CONVENEIONS e 19
1.4.1 PreCedENCE ..o 19
1.4.2 LCE YA o o - PP 19
1.4.3 N T8N0 0] o T=1 o o Ve [P 20

1.5 Terms and Abbreviations ... 21

2 OV BIVIBW Lttt 22
2.1 oY LU ' o o 22
2.2 USB Type-C Receptacles, Plugs and Cables ..........coooiiiiiiiiiiiiiiieee, 23
2.3 Configuration ProCeSS ......iuiiii e 25
2.31 DFP-to-UFP Attach/Detach Detection ...........ccoviiiiiiiiii 25
2.3.2 Plug Orientation/Cable Twist Detection ... 25
2.3.3 Initial DFP-to-UFP (host-to-device) and Power Relationships Detection......... 25
2.3.4 USB Type-C VBUS Current Detection and Usage...........occoeeiiiiiiiiniieneeennns 26
2.3.5 USB PD ComMmMUNICAtION. ...t e en e 27
2.3.6 Functional EXENSIONS .....couiiii 27

2.4 VDU e e 27
25 V4 eTo] 1] o I PP P PP PPTUPPTN 28
2.6 HU D S e 28

3 MECRANICAL .. e 28
3.1 L LY T 28
3.1.1 Compliant CoONNECIOIS ... uuieiiii e e e e e e 28
3.1.2 Compliant Cable Assemblies ........ccooiiiiiiii 28
3.1.3 Compliant USB Type-C to Legacy Cable Assemblies ..........cccoeviiiiiiiininnn.n. 29
3.1.4 Compliant USB Type-C to Legacy Adapter Assemblies ...........c..ccovieiiiiiennnn. 29

3.2 USB Type-C Connector Mating Interfaces...........coooiiiiiii e, 30
3.2.1 Interface Definition...... ..o 30
3.2.2 ReferenNCE DeSIigNS. . e i 45
3.2.3 Pin Assignments and Descriptions.........cocoviiiiiiiiii 52

3.3 Cable Construction and Wire AsSSignmeNnts...........cooeiiiiiiiiiiiiii e 54
3.3.1 Cable Construction (Informative) ..o 54
3.3.2 Wire ASSIgNMENTS ..ieii e e 55
3.3.3 Wire Gauges and Cable Diameters (Informative).............cooooiiinn, 57

3.4 Standard USB Type-C Cable Assemblies.........cooiiiiiiiiiii e 58
3.4.1 USB Full-Featured Type-C Cable Assembly........c.coooiiiiiiiiiiiiiee 58
3.4.2 USB 2.0 Type-C Cable ASSembIY ... 60

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

-8- IEC 62680-1-3:2016 © IEC 2016

© USB-IF:2015

3.4.3 USB Type-C Captive Cable Assemblies ..o 60
3.5 Legacy Cable ASSemblies. .. ..o 60
3.5.1 USB Type-C to USB 3.1 Standard-A Cable Assembly ...........ccooviviiiiiinnnnnns 61
3.5.2 USB Type-C to USB 2.0 Standard-A Cable Assembly ..........ccoooviiiiininnns 61
3.5.3 USB Type-C to USB 3.7 Standard-B Cable Assembly ............ccoviiiiiiiiiinni, 62
3.5.4 USB Type-C to USB 2.0 Standard-B Cable Assembly ...........ccocoviiiiininnnnns 63
3.5.5 USB Type-C to USB 2.0 Mini-B Cable Assembly ..........coooiiiiiiiiiiiiiiieen, 64
3.5.6 USB Type-C to USB 3.1 Micro-B Cable Assembly ...........coocoviiiiiiiiiiiiiienns 65
3.5.7 USB Type-C to USB 2.0 Micro-B Cable Assembly..........ccooiiiiiiiiiiiiiiiien, 66
3.6 Legacy Adapter ASSEMDIIES ....ouiiniiii i 67
3.6.1 USB Type-C to USB 3.1 Standard-A Receptacle Adapter Assembly .............. 67
3.6.2 USB Type-C to USB 2.0 Micro-B Receptacle Adapter Assembly.................... 69
3.7 Electrical CharacteristiCs ... ..ovuiiii i 69
3.7.1 Raw Cable (INformative) ... ... 70
3.7.2 Mated Connector (NOrmative).......oouvii i 71
3.7.3 USB Type-C to Type-C Passive Cable Assemblies (Normative)..................... 75
3.7.4 USB Type-C to Legacy Cable Assemblies (Normative)...........cc.coeeeiiiininnnn. 86
3.7.5 USB Type-C to USB Legacy Adapter Assemblies (Normative)....................... 89
3.7.6 Shielding Effectiveness Requirements (Normative) ............ccocoiiiiiiiiinnnn. 91
3.7.7 DC Electrical Requirements (Normative).........cooeiiiiiiiiiiiiiieeeeee 92
3.8 Mechanical and Environmental Requirements (Normative) ............c.cooiiiin. 93
3.8.1 Mechanical ReqQUIrEMENtS ... ..o e 94
3.8.2 Environmental Requirements. ... ... 97
3.9 Docking Applications (Informative)...........oooiiiii 98
3.10 Implementation Notes and Design GUIdES..........c.vveiiiiiiiiiiiiieie e 99
3.10.1 EMC Management (Informative) ... 99
3.10.2 Stacked and Side-by-Side Connector Physical Spacing (Informative) .......... 101
3.10.3 Cable Mating Considerations (Informative) ..........c.coiiiiiiiiie 102
4 FUNCHONA o 103
4.1 SIgNAl SUMMAIY oo e 103
4.2 Signal Pin DesCriplioNs ...o.iuiie i 103
421 SuperSpeed USB Pins ... 103
4.2.2 USB 2.0 PN it 104
4.2.3 Auxiliary Signal Pins ... 104
4.2.4 Power and Ground PiNS ..o 104
4.2.5 Configuration Pins. .. ..o 104
4.3 Sideband Use (SBU) ... e e e 104
4.4 Power @and GroUNG ........couiiiiii et 104
4.41 1 ] o o J 104
4.4.2 VBl S e 105
4.4.3 VO ONN . L e e 106
4.5 Configuration Channel (CC).......oiiiiii e 107
4.51 Architectural OVerVIEW ..o 107
4.5.2 CC Functional and Behavioral Requirements ..o, 116
4.5.3 USB Port Interoperability Behavior ..........ccocoiiiiiiiii e 134
4.6 P O T e 144
4.6.1 Power Requirements during USB Suspend ..........ccooiiiiiiiiiiiiie, 145

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

IEC 62680-1-3:2016 © IEC 2016 -9-
© USB-IF:2015
4.6.2 VBUS Power Provided Over a USB Type-C Cable.........coooviiiiiiiiiiiiniinn, 145
4.6.3 Supporting USB PD BFSK in Addition to USB PDBMC ...........cccoeviiiiiinnnne. 148
4.7 USB HUDS .. 149
4.8 L0 =T o =T PP 149
4.8.1 DFP @S @ POWET SOUICE ...euieiiiiie e 149
4.8.2 Non-USB Charging Methods..........c.ovuiiii e 150
4.8.3 SINKING D P et 151
4.8.4 Charging UF P ..o 151
4.8.5 Charging a System with a Dead Battery.........coooiiiiiiie 151
4.9 Electronically Marked Cables..........coiiiiiiiiiii e 151
4.10  Vconn-Powered ACCESSOMES .. .uiu i e 153
411 Parameter ValUES ... 153
4.11.1 Termination Parameters ... ..o 153
4.11.2 TimMING Parameters ... ..o 154
4.11.3 Voltage Parameters ... 156
4.12  Summary of Ports by Product TYpe.....oouii e 157
5  FuNClional EXTENSIONS ... ot e 160
5.1 AREINAte MOAES ..o e 160
5.1.1 Alternate Mode Architecture ... ... 160
5.1.2 Alternate Mode Requirements ... ... 160
5.1.3 Parameter ValUes ..o 162
5.1.4 Example Alternate Mode — USB/PCle DOCK ........ccooviiiiiiiiiiiiiiiieeeee, 162
5.2 Managed Active Cables. ... ... 165
5.2.1 Requirements for Managed Active Cables that respond to SOP’ and
SO P e 165
5.2.2 Cable Message StrUCIUre ... 167
5.2.3 Modal Cable Management..........oouiiiii i 167
A Audio Adapter ACCeSSOrY MOE. .. ..o 168
A1 L@ AT Y PP 168
A.2 3 1Y - 1 1 PP 168
A.3 Electrical ReqUIrEMENTS. ... ... e 169
A4 Example Implementations..... ... 171
A.4.1 Passive 3,5 mm to USB Type-C Adapter — Single Pole Detection Switch ..... 171
A.4.2 3,5 mm to USB Type-C Adapter Supporting 500 mA Charge-Through.......... 171
B Debug ACCESSOIY MOAE ... 173
Figure 2-1 — USB Type-C Receptacle Interface (Front View)..........cooooiiiiiiiiiiiiiciieen 23
Figure 2-2 — USB Full-Featured Type-C Plug Interface (Front View)............coocoiiiiiiiiinnn, 23
Figure 3-1 — USB Type-C Receptacle Interface Dimensions...........cocooiiiiiiiiiiiiiiiiens 32
Figure 3-2 — Reference Design USB Type-C Plug External EMC Spring Contact Zones........ 34
Figure 3-3 — USB Full-Featured Type-C Plug Interface Dimensions.............ccccoovviiiiiiinnnns 35
Figure 3-4 — Reference Footprint for a USB Type-C Vertical Mount Receptacle
(T O MIAtIVE ) e e 38
Figure 3-5 — Reference Footprint for a USB Type-C Dual-Row SMT Right Angle
Receptacle (INfOrmMatiVe) ... ... e 39

Figure 3-6 — Reference Footprint for a USB Type-C Hybrid Right-Angle Receptacle
QT al o1 0 F= LAY PN 40

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

-10 - IEC 62680-1-3:2016 © IEC 2016
© USB-IF:2015

Figure 3-7 — Reference Footprint for a USB Type-C Mid-Mount Dual-Row SMT
Receptacle (INfOrmMatiVe) ... ... e e e e e 41
Figure 3-8 — Reference Footprint for a USB Type-C Mid-Mount Hybrid Receptacle
QT o1 0 0F= LAY PN 42
Figure 3-9 — USB 2.0 Type-C Plug Interface Dimensions .........ccocoviiiiiiiiiiiii e 43
Figure 3-10 — Reference Design of Receptacle Mid-Plate ............c.cooiiiiiiiii, 46
Figure 3-11 — Reference Design of the Retention Latch ..o 47
Figure 3-12 — lllustration of the Latch Soldered to the Paddle Card Ground.......................... 47
Figure 3-13 — Reference Design of the USB Full-Featured Type-C Plug Internal EMC
1T o] 1 o [« [ PP 48
Figure 3-14 — Reference Design of the USB 2.0 Type-C Plug Internal EMC Spring............... 49
Figure 3-15 — Reference Design of Internal EMC Pad ... 50
Figure 3-16 — Reference Design of a USB Type-C Receptacle with External EMC
T o] 1 e 1= P 51
Figure 3-17 — Reference Design for a USB Full-Featured Type-C Plug Paddle Card............. 52
Figure 3-18 — lllustration of a USB Full-Featured Type-C Cable Cross Section, a
Coaxial Wire Example With VCONN..... ..o e, 55
Figure 3-19 — lllustration of a USB Full-Featured Type-C Cable Cross Section, a
Coaxial Wire Example WithOUt VCONN ... ... e 55
Figure 3-20 — USB Full-Featured Type-C Standard Cable Assembly ...........ccooviiiiiiiiinnnn, 59
Figure 3-21 — USB Type-C to USB 3.1 Standard-A Cable Assembly............ccocovviiiiiiininnn. 61
Figure 3-22 — USB Type-C to USB 2.0 Standard-A Cable Assembly............cccoiviiiiiiiiiiinni, 62
Figure 3-23 — USB Type-C to USB 3.7 Standard-B Cable Assembly............ccocooiiiiiii, 62
Figure 3-24 — USB Type-C to USB 2.0 Standard-B Cable Assembly...........ccoooiiiiiiiin, 63
Figure 3-25 — USB Type-C to USB 2.0 Mini-B Cable Assembly ..........c.ccooiiiiiiiiiiiiiiie, 64
Figure 3-26 — USB Type-C to USB 3.7 Micro-B Cable Assembly ..........ccocooiiiiiiiiiiiiiinins 65
Figure 3-27 — USB Type-C to USB 2.0 Micro-B Cable Assembly ...........cooiiiiiiiiiiiiiiiin, 66
Figure 3-28 — USB Type-C to USB 3.7 Standard-A Receptacle Adapter Assembly................ 68
Figure 3-29 — USB Type-C to USB 2.0 Micro-B Receptacle Adapter Assembly ..................... 69
Figure 3-30 — lllustration of USB Type-C Mated Connector ............cccooiiiiiiiiiiiiieeeen 71
Figure 3-31 — Recommended Impedance Limits of a USB Type-C Mated Connector............. 71
Figure 3-32 — Recommended Ground Void Dimensions for USB Type-C Receptacle............. 72
Figure 3-33 — Recommended Differential Insertion Loss Limits ............ccoocoiiiiiiiiiiiiinnn, 72
Figure 3-34 — Recommended Differential Return Loss Limits ................coiiiiiinns 73
Figure 3-35 — Recommended Differential Crosstalk Limits between SuperSpeed Pairs ......... 73
Figure 3-36 — Recommended Differential Near-End and Far-End Crosstalk Limits
between D+/D- Pair and SuperSpeed Pairs. ... ..o 74
Figure 3-37 — Recommended Limits for Differential-to-Common-Mode Conversion ............... 74
Figure 3-38 — lllustration of Test Points for a Mated Cable Assembly ................ocooiiinls 75
Figure 3-39 — Recommended Differential Insertion Loss Requirement...............cooooeiiiiinni. 75
Figure 3-40 — Recommended Differential Return Loss Requirement...............coooiiiiiinnnn, 76
Figure 3-41 — Recommended Differential Crosstalk Requirement.............ccocooiviiiiiiiinennen. 76

Figure 3-42 — Recommended Differential Near-End and Far-End Crosstalk
Requirement between USB D+/D- Pair and USB SuperSpeed Pair...............c.ooiiiiiinn. 77

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

IEC 62680-1-3:2016 © IEC 2016 -1 -

© USB-IF:2015

Figure 3-43 — lllustration of Insertion Loss Fit at Nyquist Frequency............ccocooiiiiiin, 78
Figure 3-44 — Input PUISE SPECIIUM ....oeiii e 79
Figure 3-45 — IMR Limit as Function of ILfitatNQg ..o, 79
Figure 3-46 — IRL Limit as Function of ILfitatNQg ..........ccoooiiiii e, 81
Figure 3-47 — Differential-to-Common-Mode Conversion Requirement...............ccoeeeivinnennne. 81
Figure 3-48 — Requirement for Differential Coupling between CC and D+/D—..........cccceevvnnen. 82
Figure 3-49 — Requirement for Single-Ended Coupling between CC and D- in USB 2.0
IR ST O 2= o] 1 83
Figure 3-50 — Requirement for Single-Ended Coupling between CC and D- in USB
Full-Featured Type-C Cables ...t 83
Figure 3-51 — Requirement for Differential Coupling between VBUS and D+/D—..................... 84
Figure 3-52 — Requirement for Single-Ended Coupling between SBU_A and SBU_B ............ 84
Figure 3-53 — Requirement for Single-Ended Coupling between SBU_A/SBU_B and CC....... 85
Figure 3-54 — Requirement for Coupling between SBU_A and differential D+/D-, and

SBU_B and differential D+/D — ... ..o e 85
Figure 3-55 — IMR Limit as Function of ILfitatNg for USB Type-C to Legacy Cable

A S S Iy e e 89
Figure 3-56 — IRL Limit as Function of ILfitatNg for USB Type-C to Legacy Cable

1T =Y 0 ] o PP 89
Figure 3-57 — Cable Assembly Shielding Effectiveness Testing...........ccocoiiiiiiiiiiicinns 92
Figure 3-58 — Shielding Effectiveness Pass/Fail Criteria .............coooiiiiiiiiiiiiiii 92
Figure 3-59 — LLCR Measurement Diagram .........c.ooiiiiiiiii e 93
Figure 3-60 — 4-Axis ContinUIty Test. ... 95
Figure 3-61 — Reference Wrenching Strength Continuity Test Fixture..................coooiiall 96
Figure 3-62 — Example of Wrenching Strength Test Mechanical Failure Point....................... 96
Figure 3-63 — Wrenching Strength Test with Cable in Fixture ............cooooii 97
Figure 3-64 — USB Type-C Cable Receptacle Flange Example..........ccooceiiiiiiiiiiiiiiiiieen, 99
Figure 3-65 — EMC Guidelines for Side Latch and Mid-plate..............ccooiiiiiiiiiiiiii e 100
Figure 3-66 — EMC Finger Connections to Plug Shell...........ooiiiii e 100
Figure 3-67 — EMC Pad Connections to Receptacle Shell ............ccooiiiiiiiiiiiin, 101
Figure 3-68 — Examples of Connector APertures........coooeviiiiiiii e 101
Figure 3-69 — Recommended Minimum Spacing between Connectors ............cccoevoviieennn. 102
Figure 3-70 — Recommended Minimum Plug Overmold Clearance..............cccocoviiiiiiinienann. 102
Figure 3-71 — Cable Plug Overmold and an Angled Surface ...........coocoviiiiiiiiiiiiiniieeeen, 102
Figure 4-1 — Cable IR DIOP v e e e e s 105
Figure 4-2 — Cable IR Drop for powered cables .........coviiiiiiiii e 105
Figure 4-3 — Logical Model for Data Bus Routing across USB Type-C-based Ports............. 108
Figure 4-4 — Logical Model for USB Type-C-based Ports for the Direct Connect Device...... 109
Figure 4-5 — Pull-Up/Pull-Down CC Model ........c.oiniiiiii e 110
Figure 4-6 — Current Source/Pull-Down CC Model .........cooiiiiiiiiiiiiii e 110
Figure 4-7 — DFP Functional Model for CC1 and CC2 ..........coiiiiiiiiiiiiii e 113
Figure 4-8 — DFP Functional Model Supporting USB PD Provider/Consumer...................... 114
Figure 4-9 — UFP Functional Model for CC1 and CC2 .........coiiiiii i 114

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

-12 - IEC 62680-1-3:2016 © IEC 2016
© USB-IF:2015

Figure 4-10 — UFP Functional Model Supporting USB PD Consumer/Provider and

Vo101 - | o PPN 115
Figure 4-11 — DRP Functional Model for CC1 and CC2........cooiiiiiiiii e 115
Figure 4-12 — Connection State Diagram: SOUICEe .........ccoiiuiiiiiiiiiiiii e 117
Figure 4-13 — Connection State Diagram: Sink .........cooooiiiii e 118
Figure 4-14 — Connection State Diagram: Sink with Accessory Support..........ccccoevvvineennen. 119
Figure 4-15 — Connection State Diagram: DRP ... 120
Figure 4-16 — Connection State Diagram: DRP with Accessory and Try.SRC Support......... 121
Figure 4-17 — Sink Power Sub-States ..o 132
Figure 4-18 — DFP to UFP Functional Model............ooii e 135
Figure 4-19 — DFP to DRP Functional Model ...........cooiiiiiii e 136
Figure 4-20 — DRP to UFP Functional Model ....... ..o 137
Figure 4-21 — DRP to DRP Functional Model — CASE 1 ... 138
Figure 4-22 — DRP to DRP Functional Model — CASE 2 ........coiiiiiiiiiiiiieeeee e 139
Figure 4-23 — DFP to DFP Functional Model............ccoiiiiiiii e 140
Figure 4-24 — UFP to UFP Functional Model.............ooiiii e 141
Figure 4-25 — DFP to Legacy Device Port Functional Model...........c..cooiiiiiiiin, 141
Figure 4-26 — Legacy Host Port to UFP Functional Model ... 142
Figure 4-27 — DRP to Legacy Device Port Functional Model................oooiiiiiiiii 143
Figure 4-28 — Legacy Host Port to DRP Functional Model ..., 144
Figure 4-29 — UFP Monitoring for Current in Pull-Up/Pull-Down CC Model.......................... 147
Figure 4-30 — UFP Monitoring for Current in Current Source/Pull-Down CC Model.............. 147
Figure 4-31 — USB PD 0VEr CC PiNs ...iuiiiiii i 148
Figure 4-32 — USB PD BMC Signaling over CC.......couiiiiiiiiiiiie e 148
Figure 4-33 — Example implementation of CC input protectionina UFP ............................. 149
Figure 4-34 — Electronically Marked Cable with VCONN connected through the cable ......... 152
Figure 4-35 — Electronically Marked Cable with SOP’ at bothends................ocooiiiiiiiinnis 152
FIigure 4-36 — DRP TimMing .. oo et 155
Figure 5-1 — Pins Available for Reconfiguration over the Full-Featured Cable..................... 161
Figure 5-2 — Pins Available for Reconfiguration for Direct Connect Applications ................. 161
Figure 5-3 — USB/PCle DOCK EXamMPIe......coiiniiiiiiii e 163
Figure 5-4 — Managed Active Cable Plug SOP’ and SOP” Assignment ...........c..ccooiiieen. 166
Figure 5-5 — Managed Active Cable..... ..o 166
Figure A.1 — Example Passive 3,5 mm to USB Type-C Adapter.........ccoovviiiiiiiiiniiniininen, 171
Figure A.2 — Example 3.5 mm to USB Type-C Adapter Supporting 500 mA Charge-

I8 11 e 18 T | o PP 172
Table 2-1 — Summary of power sUppPlY OPtIONS ..o 27
Table 3-1 — USB Type-C Standard Cable Assemblies ..........c.ooviiiiiiiiiiiiic e, 28
Table 3-2 — USB Type-C Legacy Cable Assemblies ..o 29
Table 3-3 — USB Type-C Legacy Adapter Assemblies ........oooiiiiiiiii e 30
Table 3-4 — USB Type-C Receptacle Interface Pin Assignments ...........ccoccooiiiiiiiiiiiieneennns 53

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

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

- 13 -

Table 3-5 — USB Type-C Receptacle Interface Pin Assignments for USB 2.0-only

S]] o 0T ] AP PSPPI 54
Table 3-6 — USB Type-C Standard Cable Wire Assignments ...........coooviiiiiiiiiiiiiiiiiiiceeeenn, 56
Table 3-7 — USB Type-C Cable Wire Assignments for Legacy Cables/Adapters.................... 57
Table 3-8 — Reference Wire Gauges for standard USB Type-C Cable Assemblies ................ 58
Table 3-9 — Reference Wire Gauges for USB Type-C to Legacy Cable Assemblies............... 58
Table 3-10 — USB Full-Featured Type-C Standard Cable Assembly Wiring........................... 59
Table 3-11 — USB 2.0 Type-C Standard Cable Assembly Wiring .........c.occoiiiiiiiiiniiin s 60
Table 3-12 — USB Type-C to USB 3.7 Standard-A Cable Assembly Wiring ............ccoceeeiennns 61
Table 3-13 — USB Type-C to USB 2.0 Standard-A Cable Assembly Wiring .............ccoceeeviennn. 62
Table 3-14 — USB Type-C to USB 3.1 Standard-B Cable Assembly Wiring ................cceeenne. 63
Table 3-15 — USB Type-C to USB 2.0 Standard-B Cable Assembly Wiring ............ccoccoeienies 64
Table 3-16 — USB Type-C to USB 2.0 Mini-B Cable Assembly Wiring...........cccoiiiiiiiinninnns 65
Table 3-17 — USB Type-C to USB 3.1 Micro-B Cable Assembly Wiring............ccocoveieiiinnannn. 66
Table 3-18 — USB Type-C to USB 2.0 Micro-B Cable Assembly Wiring..............ccooeeiiiinnnn. 67
Table 3-19 — USB Type-C to USB 3.7 Standard-A Receptacle Adapter Assembly Wiring ...... 68
Table 3-20 — USB Type-C to USB 2.0 Micro-B Receptacle Adapter Assembly Wiring............ 69
Table 3-21 — Differential Insertion Loss Examples for USB SuperSpeed with Twisted
= T O o T 1= U [ 1o I 70
Table 3-22 — Differential Insertion Loss Examples for USB SuperSpeed with Coaxial
L0 0 17 £ U o o o 1 70
Table 3-23 — Coupling Matrix for Low Speed Signals ..o 82
Table 3-24 — USB D+/D- Signal Integrity Requirements...........ccooiiiiiiiiiii e 86
Table 3-25 — USB D+/D- Signal Integrity Requirements for USB Type-C to Legacy
USB Cable ASSEMDIIES ....uuiiiiiiie et e e 87
Table 3-26 — Design Targets for USB Type-C to USB 3.7 Gen 2 Legacy Cable
Assemblies (INfOrmative). .. ... 87
Table 3-27 — USB Type-C to USB 3.7 Gen 2 Legacy Cable Assembly Signal Integrity
Requirements (NOrMAtiVe) ... e 88
Table 3-28 — USB D+/D- Signal Integrity Requirements for USB Type-C to Legacy
USB Adapter Assemblies (NOrmMative) ... e 90
Table 3-29 — Design Targets for USB Type-C to USB 3.1 Standard-A Adapter
Assemblies (INTOrMaAtiVe)......c.ii e e 90
Table 3-30 — USB Type-C to USB 3.7 Standard-A Receptacle Adapter Assembly
Signal Integrity Requirements (NOrmative)..........ooiiiiiiii e, 91
Table 3-31 — Environmental Test Conditions...... ..., 97
Table 3-32 — Reference MaterialS........oooiiiiiiii e 98
Table 4-1 — USB Type-C List of Signals........cooiiiii e 103
Table 4-2 — VBUS LEAKAGE ...t e 106
Table 4-3 — VCONN Source CharacteristiCs .........coiuiiiiiiiiiiii e 106
Table 4-4 — VCONN Sink CharacteristiCS........couiiiiiiii e 107
Table 4-5 — USB Type-C-based Port Interoperability..........ccooooiiiiii 109
Table 4-6 — SoUrCe PerspeCtiVe ... 111
Table 4-7 — Source and Sink Behaviors by State .........ccocoiiiiiiiiii 112
Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents

Full document details: BS EN 62680-1-3:2016

Document Sharing Hub


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

- 14 - IEC 62680-1-3:2016 © IEC 2016
© USB-IF:2015
Table 4-8 — USB PD Swapping Port Behavior Summary.........c..coooiiiiiiiiiii e 116
Table 4-9 — Source Port CC Pin State .......cooiiiiiii e 122
Table 4-10 — Sink Port CC Pin State ..o 122
Table 4-11 — Mandatory and Optional States ..., 134
Table 4-12 — Precedence Of POWET SOUICE USAQE. ... ..ueuueiuieiieieiieeteei e neaaee e enaeaeaneenens 145
Table 4-13 — DFP CC Termination (Rp) Requirements ..........cccoiiiiiiiiiii e 153
Table 4-14 — UFP CC Termination (Rd) Requirements ...........cooiiiiiiiiiiiiiee, 154
Table 4-15 — Powered Cable Termination Requirements ... 154
Table 4-16 — UFP CC Termination Requirements..........c..coooiiiiiiiiii e 154
Table 4-17 — SBU Termination ReqUIirements ..........coiiiiiiiiii e 154
Table 4-18 — VBUS and VCONN Timing Parameters..........cooooiiiiiiiiiiiii e 155
Table 4-19 — DRP Timing Parameters .. ..o 156
Table 4-20 — CC TiMiNG «.uuiuiiiii et et e et e e e e e e e e e e e e e e e e e e taeaneens 156
Table 4-21 — CC Voltages on Source Side — Default USB ..o 156
Table 4-22 — CC Voltages on Source Side — 1,5 A @ 5V oo, 156
Table 4-23 — CC Voltages on Source Side = 3,0 A @ SV .o, 157
Table 4-24 — Voltage on Sink CC Pins (Default USB Type-C Currentonly)............cooeenne. 157
Table 4-25 — Voltage on Sink CC pins (Multiple Source Current Advertisements) ............... 157
Table 4-26 — Summary of Ports and Behaviors by Product Type ........c.ocooiiiiiiiiiin, 159
Table 5-1 — USB Safe State Electrical Requirements ... 162
Table 5-2 — USB Billboard Device Class Availability Following Alternate Mode Entry
= T 1 PP 162
Table 5-3 — Alternate Mode Signal Noise Ingression Requirements................ccoeeviiiiinni. 162
Table 5-4 — SOP’” and SOP” TimMiNg . ccuuiiteiiieeie e e e et e e e e e e e e eeanaees 167
Table A.1 — USB Type-C Analog Audio Pin ASSignments ..........coooiiiiiiiiiiiii e, 169
Table A.2 — USB Type-C Analog Audio Pin Electrical Parameter Ratings ........................... 170

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

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

Specification Work Group Chairs / Specification Editors

Intel Corporation
(USB 3.0 Promoter
company)

— 15 -

Yun Ling — Mechanical WG co-chair, Mechanical Chapter Co-editor
Bob Dunstan — Functional WG co-chair, Specification Co-author
Brad Saunders — Plenary/Functional WG chair, Specification Co-author

Seagate Alvin Cox, Mechanical WG co-chair, Mechanical Chapter Co-editor

Specification Work Group Contributors

Advanced-Connectek, Inc.
(ACON)

Advanced Micro Devices
Agilent Technologies, Inc.

Apple

Cypress Semiconductor

Dell

DisplayLink (UK) Ltd.

Electronics Testing Center,
Taiwan

Foxconn

Foxlink/Cheng Uei Precision
Industry Co., Ltd.

Google

Granite River Labs

Hewlett Packard
(USB 3.0 Promoter company)

Glen Chandler

Jeff Chien

Lee (Dick Lee) Ching
Conrad Choy

Steve Capezza
James Choate
Mahmoud Amini
Sree Anantharaman
Paul Baker

Jason Chung

David Conroy

Bill Cornelius

Mark Fu

Rushil Kadakia
Mohammed Hijazi
David Meyers
Pete Burgers

Sophia Liu

Asroc Chen
Allen Cheng
Jason Chou
Edmond Choy
Bob Hall

Robert Chen
Sunny Chou
Carrie Chuang
Wen-Chuan Hsu
Alex Hsue
Joshua Boilard
Jim Guerin
Jeffrey Hayashida
Mark Hayter

Mike Engbretson
Alan Berkema

Robin Castell

Vicky Chuang
Aven Kao
Danny Liao

Alan MacDougall
Walter Fry

William Ferry
Zheng Gao
Girault Jones
Keong Kam

Min Kim

Chris Ligtenberg

Anup Nayak
Jagadeesan Raj
Sean O’Neal
Ernesto Ramirez

Richard Petrie

Chien-Ping Kao
Ji Li

Ann Liu

Terry Little
Steve Sedio
Armando Lee
Dennis Lee
Justin Lin

Tse Wu Ting

Nithya Jagannathan
Lawrence Lam
Ingrid Lin

Adam Rodriguez

Johnson Tan
Michael Krause

Jim Mann

Alan Tsai

Stephen Yang

Will Harris

Nathan Ng
James Orr
Keith Porthouse

Sascha Tietz

Colin Whitby-Strevens

Dennis Yarak

Sanjay Sancheti
Subu Sankaran

Thomas Voor

Pei Tsao

AJ Yang

Yuan Zhang
Jessica Zheng
Andy Yao
Steve Tsai
Wen Yang
Wiley Yang

Junjie Yu

David Schneider
Ken Wu

Linden McClure

Mike Pescetto

Documents

Document Sharing Hub

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

Hirose Electric Co., Ltd.

Intel Corporation
(USB 3.0 Promoter company)

Japan Aviation Electronics
Industry Ltd. (JAE)

JPC/Main Super Inc.
LeCroy Corporation

Lenovo

Lotes Co., Ltd.

LSI Corporation
Luxshare-ICT

MegaChips Corporation
Microchip (SMSC)

Microsoft Corporation
(USB 3.0 Promoter company)

MQP Electronics Ltd.

Nokia Corporation

NXP Semiconductors

Renesas Electronics Corp.
(USB 3.0 Promoter company)

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad

Full document details: BS EN 62680-1-3:2016

— 16 —

Jeremy Buan
William MacKillop
Dave Ackelson
Mike Bell
Kuan-Yu Chen
Hengju Cheng
Bob Dunstan
Paul Durley
Howard Heck
Hao-Han Hsu
Abdul (Rahman) Ismail
Kenji Hagiwara
Masaki Kimura
Toshio Masumoto
Joe Motojima
Ron Muir
Tadashi Okubo
Kazuhiro Saito
Sam Tseng
Daniel H. Jacobs
Rob Bowser
Tomoki Harada
Ariel Delos Reyes
Ernest Han

Mark Ho

Dave Thompson
Josue Castillo
Daniel Chen
Lisen Chen

Alan Kobayashi
Josh Averyt
Mark Bohm
Randy Aull

Fred Bhesania
Anthony Chen
Marty Evans
Vivek Gupta
Robbie Harris
Sten Carlsen
Daniel Gratiot
Pekka Leinonen
Vijendra Kuroodi

Nobuo Furuya

BS EN 62680-1-3:2016

IEC 62680-1-3:2016 © IEC 2016

Gourgen Oganessyan

James Jaussi
Luke Johnson
Jerzy Kolinski
Christine Krause
Yun Ling

Xiang Li

Guobin Liu

Steve McGowan

Kimiaki Saito
Yuichi Saito

Mark Saubert
Toshio Shimoyama
Tatsuya Shioda
Atsuo Tago
Masaaki Takaku

Ray Yang

Wei Lie

Regina Liu-Hwang
Max Lo

Charles Kaun

CY Hsu
Alan Kinningham

John Lin

Donald Perkins

Robert Hollyer
Kai Inha
Jayson Kastens
Andrea Keating

Eric Lee

Pat Crowe
Samuli Makinen
Pekka Talmola
Guru Prasad

Philip Leung

© USB-IF:2015

Sid Tono

Chee Lim Nge
Sridharan Ranganathan
Brad Saunders

Amit Srivastava

Ron Swartz

Karthi Vadivelu

Rafal Wielicki

Jussi Takaneva
Tomohiko Tamada
Kentaro Toda
Kouhei Ueda
Takakazu Usami
Masahide Watanabe

Youhei Yokoyama

Howard Locker

JinYi Tu

Jason Yang

Stone Lin

Pat Young

Mohammed Rahman

lvan McCracken
Toby Nixon

Gene Obie
Srivatsan Ravindran

David Voth

Timo Toivola

Panu Ylihaavisto

Kiichi Muto

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

IEC 62680-1-3:2016 © IEC 2016 - 17 -
© USB-IF:2015
Rohm Co., Ltd. Mark Aaldering Arun Kumar Takashi Sato

Samsung Electronics Co., Ltd.

Seagate

STMicroelectronics
(USB 3.0 Promoter company)
Tektronics, Inc.

Texas Instruments
(USB 3.0 Promoter company)

Kris Bahar
Yusuke Kondo
Soondo Kim
Woonki Kim
Alvin Cox

Tony Priborsky
Nicolas Florenchie
Joel Huloux
Randy White
Jawaid Ahmad
Richard Hubbard

Scott Jackson

Chris Lin

Jagoun Koo
Cheolho Lee

Tom Skaar

Christophe Lorin

Patrizia Milazzo

Win Maung
Lauren Moore

Martin Patoka

Hiroshi Yoshimura

Jun Bum Lee

Dan Smith

Federico Musarra

Pascal Legrand

Anwar Sadat
Sue Vining

Deric Waters

Yoon Lee Brian Quach
Grant Ley Wes Ray

Tyco Electronics Corp. Max Chao Jim McGrath Scott Shuey

(TE Connectivity Ltd.) . ) ) . . .
Robert E. Cid Takeshi Nakashima Hidenori Taguchi
Kengo ljiro Luis A. Navarro Bernard Vetten

Eiji Ikematsu

Masako Saito

Ryan Yu

Joan Leu Yoshiaki Sakuma Sjoerd Zwartkruis
Clark Li Gavin Shih
Mike Lockyer Hiroshi Shirai

VIA Technologies Inc. Terrance Shih Jay Tseng Fong-Jim Wang

Pre-Release Draft Industry Reviewing Companies That Provided Feedback

Aces Johnson Components & Equipment ~ Parade Technology
Co., Ltd. .

Allion Labs, Inc. Pericom
Joinsoon Electronics Mfg. Co. Ltd. Qualcomm

Analogix Semiconductor

JST Mfg. Co., Ltd. i
BizLink International Corp. g Semtech Corporation

Korea Electric Terminal Shenzhen Deren Electronic Co.,

Corning Optical Communications Ltd

LLC Marvell Semiconductor
Motorola Mobility LLC

NEC

Cypress Semiconductor Silicon Image

Simula Technology Corp.
SMK Corporation

Etron Technology Inc.
Fairchild Semiconductor

Fujitsu Ltd.

Newnex Technology Corp.

NXP Semiconductors Sony Corporation

PalCONN/PalNova (Palpilot
International Corp.)

Industrial Technology Research Sumitomo Electric Industries

Institute (ITRI) Toshiba Corporation

Revision History

Revision Date Description
1.0 August 11, 2014 Initial Release
1.1 April 3, 2015 Reprint release including incorporation of all approved ECNs as of the
revision date plus editorial clean-up.

Documents

Document Sharing Hub

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad

Full document details: BS EN 62680-1-3:2016


http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

-18 - IEC 62680-1-3:2016 © IEC 2016
© USB-IF:2015

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 this most popular of
computing device interconnects.

11 Purpose

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

The USB Type-C Cable and Connector Specification is guided by the following principles:

e Enable new and exciting host and device form-factors where size, industrial design and
style are important parameters

o Work seamlessly with existing USB host and device silicon solutions

e Enhance ease of use for connecting USB devices with a focus on minimizing user
confusion for plug and cable orientation

The USB Type-C Cable and Connector Specification defines a new receptacle, plug, cable
and detection mechanisms that are compatible with existing USB interface electrical and
functional specifications. This specification covers the following aspects that are needed to
produce and use this new USB cable/connector solution in newer platforms and devices, and
that interoperate with existing platforms and devices:

e USB Type-C receptacles, including electro-mechanical definition and performance
requirements

e USB Type-C plugs and cable assemblies, including electro-mechanical definition and
performance requirements

e USB Type-C to legacy cable assemblies and adapters

e USB Type-C-based device detection and interface configuration, including support for
legacy connections

e USB Power Delivery optimized for the USB Type-C connector

The USB Type-C Cable and Connector Specification defines a standardized mechanism 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, August 11, 2014
http://www.usb.org/developers/docs

USB BC Battery Charging Specification, Revision 1.2 (including errata and ECNs through
March 15, 2012), March 15, 2012
http://www.usb.org/developers/docs

1.4 Conventions
1.4.1 Precedence

If there is a conflict between text, figures, and tables, the precedence shall be tables, figures,
and then text.

1.4.2 Keywords

The following keywords differentiate between the levels of requirements and options.

1.4.2.1 Informative

Informative is a keyword that describes information with this specification that intends to
discuss and clarify requirements and features as opposed to mandating them.

1.4.22 May

May is a keyword that indicates a choice with no implied preference.

1.4.2.3 N/A

N/A is a keyword that indicates that a field or value is not applicable and has no defined 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).

Copyright © 2015 USB 3.0 Promoter Group. All rights reservad Documents
Document Sharing Hub

Full document details: BS EN 62680-1-3:2016


http://www.usb.org/developers/docs
http://www.usb.org/developers/docs
http://www.usb.org/developers/docs
http://www.usb.org/developers/docs
http://www.usb.org/developers/docs
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016
http://www.avadocuments.com/doc/bs-en-62680-1-3-2016

BS EN 62680-1-3:2016

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

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 implement all such requirements to ensure interoperability with other compliant Devices.

1.4.2.8 Should

Should is a keyword indicating flexibility of choice with a preferred alternative. Equivalent to
the phrase “it is recommended that”.

1.4.3 Numbering

Numbers that are immediately followed by a lowercase “b” (e.g., 01b) are binary values.
Numbers that are immediately followed by an uppercase “B” are byte values. Numbers that
are immediately followed by a lowercase “h” (e.g., 3Ah) are hexadecimal values. Numbers not

"«

immediately followed by either a “b”, “B”, or “h” are decimal values.
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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
Accessory Mode

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

BFSK

Binary Frequency Shift Keying used for USB PD communication over VBUS.

BMC

Biphase Mark Coding used for USB PD communication over the CC wire.

Captive cable

A cable that is terminated on one end with a USB Type-C plug and has a vendor-
specific connect means (hardwired or custom detachable) on the opposite end.

cC

Configuration Channel (CC) used in the discovery, configuration and management of
connections across a USB Type-C cable.

Debug Accessory Mode

The Accessory Mode defined by the presence of Rd/Rd on CC1/CC2, respectively.
See B.

Default VBUS

VBUS voltage as defined by the USB 2.0 and USB 3.1 specifications. Note: where
used, 5 V connotes the same meaning.

DFP

Downstream Facing Port, specifically associated with the flow of data in a USB
connection. Typically the ports on a host or the ports on a hub to which devices are
connected. In its initial state, the DFP sources VBUS and VCONN, and supports data.
A charge-only DFP port only sources VBUS.

Direct connect

The host’s DFP is connected directly with no USB hub in between, either via a cable
or without (e.g., thumb drive), to the device’s UFP.

DRP The acronym used in this specification to refer to a USB port that can operate as
either a Source or a Sink. The role that the port offers may be fixed to either a
Source or Sink or may alternate between the two port states. Initially when operating
as a Source, the port will also take on the role of a DFP and when operating as a
Sink, the port will also take on the role of a UFP. The port’s role may be changed
dynamically either to reverse power or data roles.

DR_Swap USB PD Data Role Swap.

Electronically Marked A USB Type-C cable that uses USB PD to provide the cable’s characteristics.

Cable

Initiator The port initiating a Vendor Defined Message. It is independent of the port’'s PD role

(e.g., Provider, Consumer, Provider/Consumer, or Consumer/Provider). In most
cases, the Initiator will be a host.

Passive cable

A cable 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.

Powered cable

A cable with electronics in the plug that requires VCONN indicated by the presence 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 of data in a USB
connection. The port on a device or a hub that connects to a host or the DFP of a
hub. In its initial state, the UFP sinks VBUS and supports data.

USB 2.0 Type-C Cable

A USB Type-C to Type-C cable that only supports USB 2.0 data operation. This
cable does not include USB 3.1 or SBU wires.

USB 2.0 Type-C Plug

A USB Type-C plug specifically designed to implement the USB 2.0 Type-C cable.

USB Full-Featured

A USB Type-C to Type-C cable that supports USB 2.0 and USB 3.1 data operation.

Type-C Cable This cable includes SBU wires.
USB Full-Featured A USB Type-C plug specifically designed to implement the USB Full-Featured Type-
Type-C Plug C cable.

VCONN-powered
accessory

An accessory that is powered from VCONN to operate in an Alternate Mode.

VCONN_Swap

USB PD VCONN Swap.

VDM Vendor Defined Message as defined by the USB PD specification.

VID A Vendor ID (VID) is a unique 16-bit value assigned by the USB-IF to identify a
vendor.

vSafeOV VBUS “0 volts” as defined by the USB PD specification.

vSafe5V VBUS “5 volts” as defined by the USB PD specification.

2 Overview

2.1 Introduction

The USB Type-C™ receptacle, plug and cable provide a smaller, thinner and more robust
alternative to existing USB 3.1 interconnect (Standard and Micro USB cables and connectors).
This new solution targets use in very thin platforms, ranging from ultra-thin notebook PCs
down to smart phones where existing Standard-A and Micro-AB receptacles are deemed too
large, difficult 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.

Documents
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Using the Configuration Channel, the USB Type-C interconnect defines a simplified 5 volt
VBUS-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 specification but
rather will be provided in future releases of the base USB Specification, i.e., beyond the
existing USB 3.1 Specification.

Figure 2-1 illustrates the comprehensive functional signal plan for the USB Type-C receptacle,
not all signals shown are required in all platforms or devices. As shown, the receptacle signal
list functionally delivers both USB 2.0 (D+ and D-) and USB 3.1 (TX and RX pairs) data buses,
USB power (VBUS) and ground (GND), Configuration Channel signals (CC1 and CC2), and
two Sideband Use (SBU) signal pins. Multiple sets of USB data bus signal locations in this
layout facilitate being able to functionally map the USB signals independent of plug
orientation in the receptacle. For reference, the signal pins are labeled.

Al A2 A3 Ad A5 A6 A7 A8 A9 Al10 All Al12
GND | X1+ | T™>1- | VBUS | cc1 | D+ | D- | SBU1 | VBUS | RX2- | RX2+ | GND
GND | RX1+ | RX1- | VBus | SBU2 | D- D+ | cc2 | veus | TX2- | TX2+ | GND
B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl

Figure 2-1 — USB Type-C Receptacle Interface (Front View)

Figure 2-2 illustrates the comprehensive functional signal plan for the USB Type-C plug. Only
one CC pin is connected through the cable to establish signal orientation and the other CC pin
is repurposed as VCONN for powering electronics in the USB Type-C plug. Also, only one set
of USB 2.0 D+/D- wires are implemented in a USB Type-C cable. For USB Type-C cables that
only intend to support USB 2.0 functionality, the USB 3.1 and SBU signals are not

implemented.
Al2 All Al10 A9 A8 A7 A6 A5 A4 A3 A2 Al
GND ‘ RX2+ | RX2- | VBUS | SBU1 | D- | D+ ‘ cc | VBUS | T™>1- | X1+ | GND
GND | Tx2+ | Tx2- | vBus | vconn SBU2 | VBUS | RX1- | RX1+ | GND
Bl 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.

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

The following USB Type-C cables are defined.

e 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

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

e Captive cable with either a USB Full-Featured Type-C plug or USB 2.0 Type-C plug at one
end

All of the defined USB Type-C receptacles, plugs and cables support USB charging
applications, including support for the optional USB Type-C-specific implementation of the
USB Power Delivery Specification (See Section 4.6.2.4).

All USB Full-Featured Type-C cables are electronically marked. USB 2.0 Type-C cables may
be electronically marked. See Section 4.9 for the requirements of Electronically Marked
Cables.

The following USB Type-C to USB legacy cables and adapters are defined.

e USB 3.1 Type-C to Legacy Host cable with a USB Full-Featured Type-C plug at one end
and a USB 3.1 Standard-A plug at the other end — this cable supports use of a USB Type-
C-based device with a legacy USB host

e USB 2.0 Type-C to Legacy Host cable with a USB 2.0 Type-C plug at one end and a USB
2.0 Standard-A plug at the other end — this cable supports use of a USB Type-C-based
device with a legacy USB 2.0 host (primarily for mobile charging and sync applications)

e USB 3.1 Type-C to Legacy Device cable with a USB Full-Featured Type-C plug at one end
and a USB 3.1 Standard-B plug at the other end — this cable supports use of legacy USB
3.1 hubs and devices with a USB Type-C-based host

e USB 2.0 Type-C to Legacy Device cable with a USB 2.0 Type-C plug at one end and a
USB 2.0 Standard-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

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

e USB 3.1 Type-C to Legacy Micro Device cable with a USB Full-Featured Type-C plug at
one end and a USB 3.7 Micro-B plug at the other end — this cable supports use of legacy
USB 3.1 hubs and devices with a USB Type-C-based host

e 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

e 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

e 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 USB Type-C receptacle, plug and cable solution incorporates a configuration process to
detect a downstream facing port to upstream facing port (DFP-to-UFP) connection for VBUS
management and host-to-device connected relationship determination.

The configuration process is used for the following:

o DFP-to-UFP attach/detach detection

e Plug orientation/cable twist detection

e [|nitial DFP-to-UFP (host-to-device) and power relationships detection

e USB Type-C VBUS current detection and usage

e USB PD communication

o Discovery and configuration of functional extensions

Two pins on the USB Type-C receptacle, CC1 and CC2, are used for this purpose. Within a

standard USB Type-C cable, only a single CC pin position within each plug of the cable is
connected through the cable.

2.3.1 DFP-to-UFP Attach/Detach Detection

Initially, DFP-to-UFP attach is detected by a host or hub port (DFP) when one of the CC pins
at its USB Type-C receptacle senses a specified resistance to GND. Subsequently, DFP-to-
UFP detach is detected when the CC pin that was terminated at its USB Type-C receptacle is
no longer terminated to GND.

Power is not applied to the USB Type-C host or hub receptacle (VBUS or VCONN) until the DFP
detects the presence of an attached device (UFP) port. When a DFP-to-UFP attach is
detected, the DFP is expected to enable power to the receptacle and proceed to normal USB
operation with the attached device. When a DFP-to-UFP detach is detected, the port sourcing
VBUS removes 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-only ports behaviorally map to traditional USB host ports and USB
device ports, respectively. When a host-only port is attached to a device-only port, the
behavior from the user’s perspective follows the traditional USB host-to-device port model.
However, the USB Type-C connector solution does not physically prevent host-to-host or
device-to-device connections. In this case, the resulting host-to-host or device-to-device
connection results in a safe but non-functional situation.

Initially, the DFP sources VBUS and the UFP sinks VBUS. USB PD may then be used to
independently swap both the data and power roles of the ports.

USB hubs have two types of ports, a single UFP that is connected up to a host or another hub
and one or more DFPs for connecting other devices.

A port that supports dual-role operation by being able to shift to the appropriate connected
mode when attached to either a host-only or device-only port is a DRP. In the special case of
a DRP being attached to another DRP, an initialization protocol across the CC pins is used to
establish the initial host-to-device relationship, and in this case, the determination of which is
DFP or UFP is random from the user’s perspective.

Two methods are defined to allow a USB Type-C DRP to functionally swap data roles, one
managed using USB PD DR_Swap and the other emulating a disconnect/reconnect sequence
(see Figure 4-16). As an alternative to role swapping, a USB Type-C DRP may provide useful
functionality by when operating as a host, exposing a CDC/network (preferably TCP/IP) stack
or when operating as a device, exposing a CDC/network interface.

2.3.4 USB Type-C VBUS Current Detection and Usage

With the USB Type-C connector solution, a DFP (host or downstream hub port) may
implement higher source current over VBUS to enable faster charging of mobile devices or
powering devices that require more current than is specified in the USB 3.1 Specification. All
USB host and hub ports advertise via the CC pins the level of current that is presently
available. The USB device port is required to manage its load to stay within the current level
offered by the host or hub, including dynamically scaling back the load if the host or hub port
changes its advertisement to a lower level as indicated over the CC pins.

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

e Default values as defined by a USB Specification
e 15A
e 30A

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:

o Establish power contracts that allow voltage and current outside that defined by the USB
2.0 and USB 3.1 specifications.

e Change the port sourcing VBUS.

e Change the port sourcing VCONN.

e Swap DFP and UFP roles.

¢ Communicate with cables.

The USB Type-C connector solution provides a new path for USB PD communications. Rather
than superimposing a Binary Frequency Shift Keying (BFSK) on VBus, the USB PD Bi-phase
Mark Coded (BMC) communications are carried on the CC wire. In USB Type-C to legacy
applications, the use of USB PD BFSK is allowed.

2.3.6 Functional Extensions

Functional extensions (see Chapter 5) are enabled via a communications channel across CC
using methods defined by the USB Power Delivery Specification.

2.4 Vbus

VBUS provides a path to deliver power between a host and a device, and between a charger
and a host/device. A simplified high-current supply capability is defined for hosts and
chargers that optionally support current levels beyond the USB 2.0 and USB 3.1 specifications.
The USB Power Delivery Specification is supported.

Table 2-1 summarizes the power supply options available from the perspective of a device
with the USB Type-C connector. Not all options will be available to the device from all host or
hub ports — only the first two listed options are mandated by the base USB specifications and
form the basis of USB Type-C Current at the Default USB Power level.

Table 2-1 — Summary of power supply options

Mode of Operation Nominal Voltage Maximum Current Notes

USB 2.0 5V 500 mA Default Current, based on
definitions in the base

USB 3.1 5V 900 mA specifications

USB BC 1.2 5V Upto1,5A Legacy charging

USB Type-C Current @ 1,5A |5V 1,5A i:\fi’(’:‘;;ts higher power

USB Type-C Current @ 3,0 A |5V 3A ﬁ;‘&’é‘;gs higher power

USB PD Configurable up to 20 V | Configurable up to 5 A Directional control and power

level management

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 to clearly identify the
upstream facing port. This requirement is needed because a user can no longer know which
port on a hub is the upstream facing port and which ports are the downstream facing ports by
the type of receptacles that are exposed, i.e., USB Type-B is the upstream facing port and
USB Type-A is a downstream facing port.

3 Mechanical

3.1 Overview

3.11 Compliant Connectors

The USB Type-C™ specification defines the following standard connectors:

e USB Type-C receptacle
e USB Full-Featured Type-C plug
e USB 2.0 Type-C plug

3.1.2 Compliant Cable Assemblies

Table 3-1 summarizes the USB Type-C standard 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. All cables that are
either full-featured and/or are rated at more than 3 A current are Electronically Marked Cables.

Table 3-1 - USB Type-C Standard Cable Assemblies

USB Power |USB Type-C
Cable Ref Plug 1 Plug 2 V(:jrzs)n Lce?lblteh (;l;rtﬁnt Delivery Electronical
9 9 (BMC) ly Marked
CC2-3 3A Optional
USB 2.0 <4m Supported
CC2-5 5A Required
CC3G1-3 3A
88813'1 <2m Supported Required
CC3G1-5 en 5A
CC3G2-3 3A
88823'1 <1m Supported Required
CC3G2-5 en 5A
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 2* USB Version | Cable Length | Current Rating | Electronically
Marked?®
USB 2.0 Optional
AC2-3 Standard-A 3A
USB 2.0 Type-C' | USB 2.0 <4m
USB 2.0 PD Required
AC2-5 Standard-A 5A
USB 3.1 Optional
AC3G2-3 | standard-A USB Full- 3A
F?atured Type- USB 3.1 Gen2 | <1 m
USB 3.1 PD C Required
AC3G2-5 Standard-A 5A
USB 2.0 Optional
CB2-3 USB20T pe- Standard-B 3A
oz y USB 2.0 <4m
USB 2.0 PD Required
CB2-5 Standard-B SA
USB 3.1 Optional
CB3G2:3 1 usB Full- Standard-B 3A
Featured Type- USB 3.1 Gen2 | <1 m
) c? uUsB 3.1 PD Required
CB3G2-5 Standard-B 5A
CmB2 (L:’ZSB 2.0 Type- | ysg 2.0 Mini-B | USB 2.0 <4m 500 mA Optional
B USB 2.0 Type- | USB 2.0 PD Optional
CmB2-3 c? Micro-B USB 2.0 <2m 3A
USB Full-
CmB3G2-3 | Featured Type- :\JA.SB 3.1PD USB 3.1 Gen2 | <1 m 3A Optional
c2 icro-B

T UsB Type-C plugs associated with the “B” end of a legacy adapter cable are required to have Rp termination
incorporated into the plug assembly — see Section 4.5.3.2.2.

2 USB Type-C plugs associated with the “A” end of a legacy adapter cable are required to have Rd termination
incorporated into the plug assembly — see Section 4.5.3.2.1.

3 Electronic 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 resistance 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 Curljent 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 b o Receptacle Notoptional
USB Full- USB 3.1 USB 3.1 PD Receptacle Not .
CAR3G1-3 Featured Type-C? |Standard-A Gen1 <015m |3A Allowed Optional

' USB Type-C plugs associated with the “B” end of a legacy adapter are required to have Rp termination incorporated
into the plug assembly — see Section 4.5.3.2.2. The USB PD version of the USB Micro-B receptacle shall not be
implemented.

2 USB Type-C plugs associated with the “A” end of a legacy adapter are required to have Rd termination incorporated
into the plug assembly — see Section 4.5.3.2.1. The USB PD version of the USB Standard-A receptacle shall not be
implemented.

3 Legacy USB receptacles shall to comply with the low level contact resistance as specified in USB PD 3.6.1 for 3A.
Legacy USB receptacles shall comply with the contact current rating specified in USB PD 3.6.5.1 measured for 3A
current.

3.2 USB Type-C Connector Mating Interfaces

This section defines the connector mating interfaces, including the connector interface
drawings, pin assignments, and descriptions.

3.21 Interface Definition

Figure 3-1 and Figure 3-3 show, respectively, the USB Type-C receptacle and USB Full-
Featured Type-C plug interface dimensions.

Figure 3-9 shows the USB 2.0 Type-C plug interface dimensions. The dimensions that govern
the mating interoperability are specified. All the REF dimensions are provided for reference
only, not hard requirements.

Key features, configuration options, and design areas that need attention:
1) Figure 3-1 shows a vertical-mount receptacle. Other PCB mounting types such as right-
angle mount and mid-mount are allowed.

2) A mid-plate is required between the top and bottom signals inside the receptacle tongue to
manage crosstalk in full-featured applications. The mid-plate shall be connected to the
PCB ground with at least two grounding points. A reference design of the mid-plate is
provided in Section 3.2.2.1.

Retention 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.

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.

5)
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6) The USB Type-C receptacle shall provide an EMC ground return path through one of the
following options:

o Fingers in the receptacle outer shell
e Internal EMC pads
e Both external fingers in the shell and internal EMC pads

If fingers in the receptacle outer shell are used, then the receptacle springs shall contact
the 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
3.2.2.4 for a reference design of receptacle outer shell fingers.

If internal EMC pads are present in the receptacle, then they shall comply with the
requirements defined in Figure 3-1. The shielding pads shall be connected to the
receptacle shell. If no receptacle shell is present, then the receptacle shall provide a
means to connect the shielding pad to ground. See Section 3.2.2.3 for a reference design
of the shielding pad and ground connection.

7) This specification defines the USB Type-C receptacle shell length (6.20 = 0.02 mm) as a
reference dimension. The receptacle shell length of 6.2 mm provides proper mechanical
and electrical mating of the plug to the receptacle in addition to providing both the plug
and receptacle a defined configuration to design to for the wrenching and contact mating
requirements. The USB Type-C receptacle at the system level should be implemented
such that the USB Type-C receptacle connector mounted in the associated system
hardware has an effective shell length equal to the reference dimension.

8) The USB Type-C connector mating interface is defined so that the electrical connection
may be established without the receptacle shell. To prevent excessive misalignment of the
plug when it enters or exits the receptacle, the enclosure should have features to guide
the plug for insertion and withdrawal when a modified receptacle shell is present. If the
USB Type-C receptacle shell is modified from the specified dimension, then the
recommended lead in from the receptacle tongue to the plug point of entry is 1,5 mm
minimum when mounted in the system.

9) A paddle card (e.g., PCB) may be used in the USB Type-C plug to manage wire
termination and electrical performance. Section 3.2.2.5 includes the guidelines and a
design example for a paddle card.

10) This specification does not define standard footprints. Figure 3-4 shows an example SMT
(surface mount) footprint for the vertical receptacle shown in Figure 3-1. Additional
reference footprints and mounting configurations are shown in Figure 3-5, Figure 3-6,
Figure 3-7, and Figure 3-8.

11) The receptacle shell shall be connected to the PCB ground plane.

12) All VBUS pins shall be connected together in the USB Type-C plug.

13) All Ground return pins shall be connected together in the USB Type-C plug.
14)

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

15) All Ground return pins shall be connected together at the USB Type-C receptacle when it
is in 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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Figure 3-2 — Reference Design USB Type-C Plug External EMC Spring Contact Zones
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Figure 3-3 — USB Full-Featured Type-C Plug Interface Dimensions
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Figure 3-4 — Reference Footprint for a USB Type-C
Vertical Mount Receptacle (Informative)
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Figure 3-5 — Reference Footprint for a USB Type-C
Dual-Row SMT Right Angle Receptacle (Informative)
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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)

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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e 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.

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

6 MIN.
EXPOSED SHELL / GND

35 MAX.

4X R 0.55 MAX.

) =2X 0.77 MIN.
e (FLAT SIDES)

(VIEW SIMPLIFIED FOR CLARITY)

DETAIL D

Figure 3-9 — USB 2.0 Type-C Plug Interface Dimensions
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Figure 3-9 (cont.)
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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.
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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.
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* Iy I |
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Figure 3-10 — Reference Design of Receptacle Mid-Plate

3.2.2.2 Side Latch (informative)
The side latches (retention latches) are located in the plug. Figure 3-11 shows a reference

design of a blanked side latch. The plug side latches should contact the receptacle mid-plate
to provide an additional ground return path.
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Figure 3-11 — Reference Design of the Retention Latch
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Figure 3-12 - lllustration of the Latch Soldered to the Paddle Card Ground

3.2.2.3 Internal EMI Springs and Pads (Informative)
Figure 3-13 is a reference design of the internal EMC spring located inside the USB Full-

Featured Type-C plug. Figure 3-14 is a reference design of the internal EMC spring located
inside the USB 2.0 Type-C plug.
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