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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 1.2 as of March 25, 2016.
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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 addfesses the evolving needs of platforms and devices while retaining all of the functional
benefits jof USB that form the basis for this most popular of computing device interconnedts.

1.1 Purpose
This spefification defines the USB Type-C™ receptacles, plug and cables.

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

o nable new and exciting host and device form-factors where(size, industrial dedign and

tyle are important parameters C

o ork seamlessly with existing USB host and device siliconvsolutions

o nhance ease of use for connecting USB devices ‘with a focus on minimizihg user
onfusion for plug and cable orientation ‘

The USB Type-C Cable and Connector Specificationndefines a new receptacle, plug, cgble and
detectiop mechanisms that are compatible with existing USB interface electrical and functional
specificgtions. This specification covers the follewing aspects that are needed to prodluce and
use this new USB cable/connector solution in riewer platforms and devices, and that intefoperate
with exidting platforms and devices: N

e USB| Type-C receptacles, incIud'mg‘electro-mechanical definition and perf¢grmance
requirements QO

e USB| Type-C plugs and cahle" assemblies, including electro-mechanical definitjon and
perfdrmance requirements

e USB|Type-C to legacy cahle assemblies and adapters

e USB|Type-C-based device detection and interface configuration, including support fof legacy
conngctions N

e USB|Power Deijv\ery optimized for the USB Type-C connector

The USB Type-\C~ Cable and Connector Specification defines a standardized mechanism that
supportg Alternate Modes, such as repurposing the connector for docking-specific applicdtions.

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.

1.3 Related Documents

USB Universal Serial Bus Revision 2.0 Specification
2.0 This includes the entire document release package.
http://www.usb.org/developers/docs
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UsSB Universal Serial Bus Revision 3.1 Specification
31 This includes the entire document release package.
http://www.usb.org/developers/docs
USB USB Power Delivery Specification, Revision 2.0, Version 1.2, March 25, 2016
PD USB Power Delivery Specification, Revision 3.0, Version 1.0a, March 25,
2016
http://www.usb.org/developers/docs
UsB USB Billboard Device Class Specification, Revision 1.0, August 11, 2014
BB hitp://www.usb.org/developers/docs

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

1.4 Conventions \

~

N

1.4.1 Precedence

If there |s a conflict between text, figures, and tables, the precedence shall'be tables,|figures,
and ther| text. >

1.4.2 |Keywords O
The follgwing keywords differentiate between the levels of hequirements and options.

1.4.2.1 Informative

Informat|ve is a keyword that describes information with this specification that intends to|discuss
and clarify requirements and features-as opposé&d-to mandating them.

1.4.2.2 May Q)

May is alkeyword that indicates a choice With no implied preference.

1.4.2.3 | NI/A &

N/A is a|keyword that indicates that a field or value is not applicable and has no defingd value
and shall not be checked or used by the recipient.

1.4.2.4 | Normative '
Normatiye“is a keywqrd\that describes features that are mandated by this specification.

1.4.2.5 | Optignal

Optionallis akeyword that describes features not mandated by this specification. Howeer, if an
optional [feature is implemented, the feature shall be implemented as defined by this spedification
(optiona nnrmnfi\/n)

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.
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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.

1.5 Tlrms 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 elecfromcs to

condition the data path signals.

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

Audio Adapter The Accessory Mode defined by thé presence of Ra/Ra on

Accessory Mode CC1/CC2, respectively. See Appendix A.

BFSK Binary Frequency Shift Keymg used for USB PD communication
over VBUS.

BMC Biphase Mark Codingy used for USB PD communication over the
CC wire: N

Captive fable A cable that is terminated on one end with a USB Type-C plug

and has a vendor-specific connect means (hardwired or custom
detachablg) on-the opposite end.

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

Debug Accessory The Accessory Mode defined by the presence of Rd/Rd or Rp/Rp

Mode (DIAM) ~fkon CC1/CC2, respectively. See Appendix B.

Debug apd Testf. ) | The combined hardware and software system that provides a
System (DTS) system developer debug visibility and control when connected to
a Target System in Debug Accessory Mode.

Default VVBUS VBUS vottage as defimed by the 0SB20and oS85
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.
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Term Description

DRD The acronym used in this specification to refer to a USB port that
(Dual-Role-Data) can operate as either a DFP (Host) or UFP (Device). The role
that the port initially takes is determined by the port’'s power role
at attach. A Source port takes on the data role of a DFP and a
Sink port takes on the data role of a UFP. The port’'s data role
may be changed dynamically using USB PD Data Role Swap.

DRP The acronym used in this specification to refer to a USB port that
(Dua|-R In-annr) canoperate 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 data role of a DFP and,
when operating as a Sink, the port will also take onthe datarole
of a UFP. The port’s power role may be changed dynamlcally

using USB PD Power Role Swap. \
DR_Swdp USB PD Data Role Swap. >
Electronjcally A USB Type-C cable that uses USB PD to prowde the cable’s
Marked Cable characteristics.
eMarker The element in an Electronically Marked(Gable that returns

information about the cable in response to a USB PD Discover
Identity command.

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 nat ’i‘n\corporate any electronics to condition the
data path signals. . A'passive cable may or may not be
electronically marked.

Port Parfner Refersto 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_Swalp U§B‘PD Power Role Swap.

Responder ~KThe port responding to the Initiator of a Vendor Defined Message

~X[(VDM). Itis 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 when attached is consuming power
from VBUS; most commonly a Device.

Source Port asserting Rp on CC and when attached is providing power
over VBUS; most commonly a Host or Hub DFP.

SVID General reference to either a SID or a VID. Used by USB PD
Structured VDMs when requesting SIDs and VIDs from a device.

Target System The system being debugged in Debug Accessory Mode.

(TS)
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Term Description

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 PRert Fhe-USB-portasseciatedto-aUSBTyrpe-GCreceptacle—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 ona device o @hub that
connects to a host or the DFP of a hub. In its initial state, the
UFP sinks VBUS and supports data.

N

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

USB 2.0[Type-C A USB Type-C plug specifically desighed to implement the USB
Plug 2.0 Type-C cable.

USB Full-Featured | A USB Type-C to Type-C cable\that supports USB 2.0 and USB

Type-C Cable 3.1 data operation.' This cable includes SBU wires.

USB Full-Featured | A USB Type-C plug speci‘fi‘cally designed to implement the USB

Type-C Plug Full-Featured Type-C@able.

VCONN-powered An‘accessory that ié powered from VCONN to operate in an

accessofy Alternate Mode. )

VCONN_$wap USB PD \[6ONN/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-
IR.to identify a vendor.

vSafeQV| & WBUS “0 volts” as defined by the USB PD specification.

vSafebV| =/ | 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
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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.

Using the Configuration Channel, the USB Type-C interconnect defines a simplified 5 volt VBUS-
based p i i i i i in the USB
3.1 Spetification. More advanced power delivery and battery charging features ovef
Type-C [interconnect are based on the USB Power Delivery Specification. As “a |product
implemeptation 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-intendedto \support future USB
function{I extensions. As such, consideration was given to“frequency‘scaling performance, pin-

out arrgngement and the configuration mechanisms when deyeloping this solutior]. The
definitiop of future USB functional extensions is not in the scop€g,o0f this specification byt rather
will be pfrovided in future releases of the base USB Specification, i.e.,-beyond the existing USB
3.1 Spedification. O

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

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

All A2 A3 Al A5 A6 A7 A8 A9 Al0 All Al2
GND | X1+ | T™>1- | VBus‘| cc1 ‘ D+ | D- | SBU1 | VBUS | RX2- | RX2+ | GND
™
GND | RX1+ | RX1- | VBUS | SBU2 ‘ D- | D+ | cc2 | VBUS | ™2- | ™2+ | GNp
Bl2.  B11 - B10 BO BS B7 B6 BS B4 B3 B2 Bl
&

Figure 2-2/illustrates the comprehensive functional signal plan for the USB Type-C plug. Only
one CC pinis connected through the cable to establish signal orientation and the other JC 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.
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Figure 2-2 USB Full-Featured Type-C Plug Interface (Front View)

A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al
GND ‘ RX2+ | RX2- | VBUS | SBU1 ‘ D- | D+ | cc | VBUS | X1- | TX1+ | GND
GND | Tx2+ | Tx2- | veus | veomn | | | sBuz | veus | Rx1- | Rxa+ | GnD
B1 B2 B3 B4 BS B6 B7 B8 B9 B10 B11 B12
2.2 UBB Type-C Receptacles, Plugs and Cables ‘
Cables and connectors, including USB Type-C to USB legacy cables and adapters) are ¢xplicitly
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. %)
The follqwing USB Type-C receptacles and plugs are defined.
e USB|Type-C receptacle for USB 2.0, USB 3.1 and full-featured Elatforms and devices
e USB|Full-Featured Type-C plug O
e USB|2.0 Type-C plug ‘
The follqwing 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 applicatipns
e Capt|ve 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 rec¢eptacles, plugs and cables support USB charging applications,
including support for the optional USB Type-C-specific implementation of the USH 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 marl{ed See Section 4.9 for the requirements of Electronically Marked Caljles.
The follgwing USB Type-C to USB legacy cables and adapters are defined.
e USB|34 A Aype-C to Legacy Host cable with a USB Full-Featured Type-C plug at one pnd and
a US =11 Type-C-

based dewce with a /egacy 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
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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 3.1 Standard-A receptacle at the other end — this adapter supports lise of a
legagy USB “thumb drive” style device or a legacy USB ThinCard device with a USB 3.1
Typef-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 cba\rging a'USB [Type-C-
based mobile device using a legacy USB Micro-B-based-chargers, €ither captive cable-based
or used in conjunction with a legacy USB 2.0 Standard-A to -Micro-B cable

N
USB Type-C receptacle to USB legacy adapters are explicitly\not defined or allowed. Such
adapterq would allow many invalid and potentially unsafe cable ,connections to be constriicted by
users.
2.3 Configuration Process

The USB Type-C receptacle, plug and/cable solytion incorporates a configuration prqcess to
detect al downstream facing port to upstream facing port (Source-to-Sink) connection fpr VBUS
management and host-to-device connected relationship determination.
The configuration process is used for the following:

[ds)

ource-to-Sink attach/detach det‘éction

e Rlug orientation/cable twist déetection

. nitial power (Source-to-Sink) - detection and establishing the data (Host-tojDevice)

blationship

-

USB Type-C VBUS current detection and usage
« /SB PD communication
O

o iscovery and configuration of functional extensions

Two ping 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 table is
connected\through the cable.

2.3.1 Source-to-Sink Attach/Detach Detection

Initially, Source-to-Sink attach is detected by a host or hub port (Source) when one of the CC
pins at its USB Type-C receptacle senses a specified resistance to GND. Subsequently,
Source-to-Sink 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 Source
detects the presence of an attached device (Sink) port. When a Source-to-Sink attach is
detected, the Source is expected to enable power to the receptacle and proceed to normal USB
operation with the attached device. When a Source-to-Sink detach is detected, the port sourcing
VBUS removes power.
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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 host or device to be established for a successful connection.

2.3.3 Initial Power (Source-to-Sink) Detection and Establishing the Data (Host-to-Device)
Relationship

Unlike existing USB Type-A and USB Type-B receptacles and plugs, the mechanical

charactjmm%ﬁwvﬁm—mmeMish the
relationship of USB host and device ports. The CC pins on the receptacle also serve jto\gstablish

an initiall power (Source-to-Sink) and data (Host-to-Device) relationships prior to thé normal USB
enumerdtion process.

For the purpose of defining how the CC pins are used to establish the. initial power relafionship,
the folloying port power behavior modes are defined. \

~

N

[da)

ource-only — for this mode, the port exclusively behaves as a Source

[da)

ink-only — for this mode, the port exclusively behaves as, a.Sink

(]

ual-Role-Power (DRP) — for this mode, the port can behave either as a Source of Sink
o)

Additionglly, when a port supports USB.data operation, a pert’'s data-behavior modes are|defined.

\

OFP-only — for this mode, the port exclusively.behaves-as'a DFP
UFP-only — for this mode, the port exclusively-behaves as a UFP
Dual-Role-Data (DRD) — for this mode; thie port.can behave either as a DFP or URP

w b=

The DFP-only and UFP-only ports behaviorally map to traditional USB host ports apd USB
device ports, respectively but-may not necessarily do USB data communication. When| a host-
only port is attached to a device-only.port; the behavior from the user’s perspective follows the
traditiongl USB host-to-device portsmodel. However, the USB Type-C connector solutipn does
not phygically prevent host-to-host-or device-to-device connections. In this case, the fesulting
host-to-Host or device-to-deviceiconnection results in a safe but non-functional situation.

Once inftially established, the Source supplies VBUS and behaves as a DFP, and the Sink
consumes VBUS and behaves as a UFP. USB PD, when supported by both ports, may|then be
used to independently. swap both the power and data roles of the ports.

A port that supperts dual-role operation by being able to shift to the appropriate connect¢d mode
when atfached-to~either a Source-only or Sink-only port is a DRP. In the special case of a DRP
being atfached to another DRP, an initialization protocol across the CC pins is used to gstablish
the initigl-host-to-device relationship. Given no role-swapping intervention, the determination of
which is DFPorUfFP s TandonT fronT the USer' s perspective.

Two independent set of mechanisms are defined to allow a USB Type-C DRP to functionally
swap power and data roles. When USB PD is supported, power and data role swapping is
performed as a subsequent step following the initial connection process. For non-PD
implementations, power/data role swapping can optionally be dealt with as part of the initial
connection process. To improve the user’s experience when connecting devices that are of
categorically different types, products may be implemented to strongly prefer being a DFP or a
UFP, such that the DFP/UFP determination becomes predictable when connecting two DRPs of
differing categories. See Section 4.5.1.4 for more on available swapping mechanisms.

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.
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USB hubs have two types of ports, a UFP that is connected up to a DFP (host or another hub)
that initially functions as a Sink, and one or more DFPs for connecting other devices that initially
function as Sources.

234 USB Type-C VBUS Current Detection and Usage

With the USB Type-C connector solution, a Source (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 advertlse via the CC pins the level of current that is presently available.
The US d by the
host or hub, including dynamically scaling back the load if the host or hub port chapges its
advertisgment to a lower level as indicated over the CC pins.

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

e Defallt values as defined by a USB Spegdification
(500|mA for USB 2.0 ports, 900 mA for USB 3.1 ports) O

e 15A ¢

e 3.0A

N
The higher USB Type-C Current levels that can be advert|sed allows hosts and devices| that do
not impl¢ment USB PD to take advantage of higher charglng durrent.
2.3.5 USB PD Communication

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

e Hstablish power contracts that allow voltage and current outside that defined by {he USB
4.0 and USB 3.1 specifications.

e (hange the port sourcing VBUS. -
d

N

) hange the port sourcing VCONN:
wap DFP and'UFP roles:

¢ (Communicate with cables:

0

v

The USB PD Bi-phase IVIark Coded (BMC) communications are carried on the CC wirg of the
USB Typge-C cable. Q

2.3.6 Functional \Extensions

Functional exténsions (see Chapter 5) are enabled via a communications channel acfoss CC
using mlt:éods defined'by the USB Power Delivery Specification.

24 V

VBUS provides a path to deliver power between a host and a device, and between a USB power
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.
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Table 2-1 Summary of power supply options
Maximum
Mode of Operation Nominal Voltage Current Notes
USB 2.0 5V See USB 2.0
USB 3.1 5V See USB 3.1
USB BC 1.2 5V Up to 1.5 A' Legacy charging
USB TyperC Current 5V 1.5A Supports higher power dlevices
@1.5A )
USB TyperC Current 5V 3A Supports higher bower devices
@3.0A
USB PD Configurable up Configurable up Directional‘control and ppwer
to20V to5 A level mapagement
Notes: V
1. USB BC 1.2 permits a power provider to be designed to support a level of power between 0.5 A and 115 A. If the
USB BC 1.2 power provider does not support 1.5 A, then it/is required to:\folow power droop requireménts. A

N
ma

The US
Type-C
to delive
chargers
designeq

up to 5 A.

2.5 Vq(

Once th
receptag
source

(see Se
swapped

Electron
cable.
VCONN i
voltages

B BC 1.2 power consumer may consume up to 1.5 A provided that the‘voltage does not drop below
y occur at any level of power above 0.5 A. Q)

cable assemblies are rated for 3/A. The higher rating of the receptacle enables

for USB PD and appropriately identified via electronic marking are allowed to
o

N

CONN

ction 4.9). - Initially,\ the source supplies VCONN and the source of VCONN
using' USB PD YCONN_Swap.

cally marked\c\ables may use VBUS instead of VCONN as VBUS is available ac
CONN functionally differs from VBUS in that it is isolated from the other end of th

s independent of VBUS and, unlike VBUS which can use USB PD to suppor
VCONN"voltage is fixed at 5 V.

26 H

Ibs

2 V, which

B Type-C receptacle is specified for current capébility of 5 A whereas standgqrd USB

Bystems

r more power over directly attached docking~ solutions or using appropriately designed
with captive cables'when implementingilSB PD. Also, USB Type-C cable asdemblies

support

b connection between host'and device is established, the CC pin (CC1 or CC2) in the
le that is noticonnected wvia the CC wire through the standard cable is repurgosed to
CONN to power circuits™in the plug needed to implement Electronically Marked Cables

may be

oss the
e cable.
higher

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.
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3.1.1

Overview
Compliant Connectors

— 30 -

IEC 62680-1-3:2017

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

© USB-

IF:2016

3.1.2
Table 3
different

lengths
performg

Compliant Cable Assemblies

3 A current are Electronically Marked Cables.

1 summarizes the USB Type-C standard cable assemblies along with- the
ating characteristics. All USB Full-Featured Type-C cables ‘shall support simultianeous,
indepenglent signal transmission on both USB 3.7 (TX and RX pairs) data buses. Th
isted in the table are informative and represents the practical Iength based g
nce requirements. All cables that are either full-featured and/or\are rated at m

Table 3-1 USB Type-C Standard Cable A§sémblies

primary

e cable
n cable
bre than

USB Power USB Type-C
Cablle Ref | Plug 1 Plug 2 Vt-lerziBon L(;e:]blteh %uartzﬁnt Delivery Electronidally
9 ating (BMC) Marked
CL2-3 3A Optiondl
C C USB 2.0 <4 m Supported
CL2-5 5A Required
CCPG1-3 ) 3A
USB 3.1 ,
C C <2m Supported Required
CCpG1-5 Genl N 5A °P !
CCPG2-3 ; 3A
C C USR 311 <1m Supported Required
CCG2-5 jene 5A
USB Typge-C products are also allowed to have a captive cable. See Section 3.4.3.
N
313 Compliant USB(Type-C to Legacy Cable Assemblies
Table 3f2 summarizgs\ the USB Type-C legacy cable assemblies along with the [primary
different|ating characteristics. The cable lengths listed in the table are informat|jve and
represer]ts the practical length based on cable performance requirements. USB 3.71|Type-C
legacy dables<assemblies that only offer performance up to USB 3.7 Gen1 are not allpwed by
this spegification.
For USB_Type-C legacy cable assemblies that incorporate Rp termination, the valud of this

termination is required to be specified to the Default setting of USB Type-C Current even though
the cable assemblies are rated for 3 A. The Rp termination in these cables is intended to
represent the maximum current of a compliant legacy USB host port, not the current rating of the
elf. The cable current rating is intentionally set to a higher level given that there are
numerous non-standard power chargers that offer more than the Default levels established by
the USB 2.0 and USB 3.1 specifications.

cable its
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Table 3-2 USB Type-C Legacy Cable Assemblies
Cable 4 4 UsSB .
Ref Plug 1 Plug 2 Version Cable Length | Current Rating
AC2-3 USB 2.0 Standard-A USB 2.0 Type-C! USB 2.0 <4m 3A
AC3G2-3 USB 3.1 Standard-A USB Full-Featured Type-C?! Uggnsz'1 <1m 3A
CB2-3 USB 2.0 Type-C? USB 2.0 Standard-B USB 2.0 <4m 3A
UsB 31
CB3G2F3 | USB Full-Featured Type-C USB 3.T Standard-B Gen2 <Im 3
CmB4 USB 2.0 Type-C? USB 2.0 Mini-B USB 2.0 <4 m (.\500 mA
CuB2-B USB 2.0 Type-C2 USB 2.0 Micro-B USB 2.0 <2m N 3A
CuB3Gp- ) 2 . USB 3.1
3 USB Full-Featured Type-C USB 3.1 Micro-B Gen2 <1 m\ 3A
Notes: Q D
1. UYB Type-C plugs associated with the “B” end of a legacy adapter cable are required to have' Rp (56 kQ +|5%)

te

mination incorporated into the plug assembly - see Section4.5.3.2.2.

.
B Type-C plugs associated with the “A” end of a legacy adapter,/cable aredequired to have Rd (5.1 kQ 1

2. U§ 20%)
tefmination incorporated into the plug assembly - see Section 4.5.3.2.1.\
3. Rdfer to Section 3.7.4.3 for the mated resistance and temperature rise'required for the legacy plugs.
3.1.4 Compliant USB Type-C to Legacy Adapter-Assemblies
Table 313 summarizes the USB Type-C legacy "adapter assemblies along with the |primary
different|ating characteristics. The cable lengths  listed in the table are informatjve and
represer]ts the practical length based on cable performance requirements.
Table 3-3 USB, Type<C Legacy Adapter Assemblies
Adaptdr Q) s UsB .
Ref Plug ke Receptacle Version Cable Length | Current|Rating
CuBR2-3 USB 2.0 Type-C! ( USB 2.0 Micro-B USB 2.0 <0.15m 3 A
USB 3.1
CAR3G1}3 | USB Full-Featured Type-C? USB 3.1 Standard-A Geni <0.15m 3A
Notes: Q
1. USBType-C plugs.associated with the “B” end of a legacy adapter are required to have Rp (56 kQ * 5%)
teymination in¢orporated 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 are required to have Rd (5.1 kQ + 20%
teyminatien-incorporated into the plug assembly - see Section 4.5.3.2.1.
3. ReffertosSection 3.7.5.3 for the mated resistance and temperature rise required for the legacy receptacleg.

3.2

USB Type-C Connector Mating Interfaces

This section defines the connector mating interfaces, including the connector interface drawings,
pin assignments, and descriptions. All dimensions in figures are in millimeters

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.
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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.

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 achleved by the side-latches in the
irgd for all
lugs except plugs used for docking with no cable attached. Side latches\ shall be
onnected to ground inside the plug. A reference design of the side latchés)is provided
ih Section 3.2.2.2 along with its grounding scheme. Docking applications may ot have
de latches, requiring special consideration regarding EMC (Electro agnetic
ompatibility).

he EMC shielding springs are required inside the cable plug. The shleldmg spring shall
e connected to the plug shell. No EMC shielding spring finger tip. of the UEB Full-
eatured Type-C plug or USB 2.0 Type-C plug-shall be ,exposed- in the plug [housing
pening of the unmated USB Type-C plug (see Figure/3-10). ‘Section 3.2.2.3 shows
eference designs of the EMC spring.

S 0O Mo - O

horting of any signal or power contact spring to the p’IDg metal shell is not allowgd. The
pring in the deflected state should not touch the,'plug shell. An isolation layer (e.g.,
apton tape placed on the plug shell) is recommeénded to prevent accidental shorfing due
b plug shell deformation.

he USB Type-C receptacle shall prowde an EMC ground return path through one of the
bllowing options:

=h - =~ = 0 (N

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

fingers in the receptacle outer shell are used, then the receptacle springs shall ¢ontact
ne mated plug within the-zones defined in Flgure 3-2. A minimum of four separate
ontact points are regquired. Additional fingers and points of contact are allowed. [See
ection'3.2.2.4 for-a'reference design of receptacle outer shell fingers.

internal EMC\\pads are present in the receptacle, then they shall comply yith the
equirements \defined in Figure 3-1. The shielding pads shall be connecteq to the
bceptacledshell.- If .no receptacle shell is present, then the receptacle shall pfovide a
heans {0 _connect the shielding pad to ground. See Section 3.2.2.3 for a reference
esignof the shielding pad and ground connection.

0o = —

=4 o 3= = —

his’ specification defines the USB Type-C receptacle sheII length of 6.20 mm as a

£ = H H Tk LoD T . [l | a4t I bhalll th f
retrerefece—aHmMensSton: rmc—OUU Typoe™o IGUUPLG\JIU TS uUOIyIIUu U 1TTav e STIeTT 1 ng [0}

6.20 + 0.20 mm to provide proper mechanical and electrical mating of the plug to the
receptacle (e.g., full seating of the plug in the receptacle and protection of the receptacle
tongue during insertion/withdrawal). 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 6.20 £ 0.20 mm.

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.
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10.

11.
12.
13.
14.

15.

This specification allows receptacle configurations with a conductive shell, a non-
conductive shell, or no shell. The following requirements apply to the receptacle

contact

dimensions shown in SECTION A-A and ALTERNATE SECTION A-A shown in Figure 3-1:
o |f the receptacle shell is conductive, then the receptacle contact dimensions of
SECTION A-A shown in Figure 3-1 shall be used. The contact dimensions of

ALTERNATE SECTION A-A are not allowed.

e |If the receptacle shell is non-conductive, then the receptacle contact dimensions of

ALTERNATE SECTION A-A shown in Figure 3-1 shall be used. The
dimensions of SECTION A-A are not allowed.

contact

e If there is no receptacle shell, then the receptacle contact dimensions of either

not effectively provide a conductive shell, then a receptacle with “the
dimensions of ALTERNATE SECTION A-A shown in Figure 3-1 should-be use

ermination and electrical performance. Section 3.2.2.5 includes)the guideline
esign example for a paddle card. D)

his specification does not define standard footprints.. Fjigure 3-4 shows an
MT (surface mount) footprint for the vertical receptacle shown in Figure 3-1. A
eference footprints and mounting configurations’ are shown in Figure 3-5, Fig
igure 3-7, and Figure 3-8. e

I VBUS pins shall be connected together in the®USB Type-C plug.
[l Ground return pins shall be connected together in the USB Type-C plug.

Il VBUS pins shall be connected together~at the USB Type-C receptacle when it

A

t

d

T

g

r

F

The receptacle shell shall be connectedto the PCB\ground plane.
A

A

A

mounted condition (e.g., all VBUS pins bussed together in the PCB).
A
i

i$ in its mounted condition (e.g.,.all Ground return pins bussed together in the PC

~

Figure, 331 USB Type-C Receptacle Interface Dimensions

N

"\

paddle card (e.g., PCB) may be used in the USB Type-C plug"to mana

[l Ground return pins shall be conhécted together at the USB Type-C receptacle

SECTION A-A or ALTERNATE SECTION A-A shown in Figure 3-1 may be Used. If
there is no receptacle shell and the receptacle is used in an implementation that does

contact
.

lge wire
5 and a

xample
ditional
ire 3-6,

is in its

when it
B).
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Figure 3-1 USB Type-C Receptacle Interface Dimensions, cont.
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Figure 3-1 USB Type-C Receptacle Interface Dimensions, 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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12.38

Figure 3-3 USB Full-Featured Type-C Plug Interface Dimensions, cont.
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Figure 3-3 USB Full-Featured Type-C Plug Interface Dimensions, cont.
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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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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.

Unlike the USB Full-Featured Type-C plug, the internal EMC springs may be formed from

t
o
t

U
o
r

A
o

ne same strip as the signal, power, and ground contacts. The internal EMC
ontact the inner surface of the plug shell and mate with the receptacle EMCrpa
ne plug is seated in the receptacle. Alternately, the USB 2.0 Type-C plug-may

SB 2.0 Type-C plug four EMC spring locations are defined in Figure)3<9. The &
onfiguration using the six spring locations is defined in Figure 317 Also refe
eference designs in 3.2.2.3 for further clarification. %)

N

paddle card inside the plug may not be necessary if wires a:rédirectly attache

ontact pins.
N

springs
is when
use the

same EMC spring configuration as defined for the USB Full-Featured Type<C plug. The

Ilternate
r to the

d to the
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Figure 3-9 USB 2.0 Type-C Plug Interface Dimensions
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Figure 3-9 USB 2.0 Type-C Plug Interface Dimensions, cont.
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Figure 3-9 USB 2.0 Type-C Plug Interface Dimensions, cont.
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Figure 3-10 USB Type-C Plug EMC Shielding Spring Tip Requirements
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3.2.2 [Reference Designs )
This sedtion provides reference designs for.a_few key features of the USB Type-C cohnector.
The refefence designs are provided as acceptable design examples. They are not normative.
N
3.2.21 Receptacle Mid-Plate (Inforrpative)

The signals between the top and bottom of the receptacle tongue are isolated by a njid-plate
inside thle tongue. Figure 3-11 shows a reference design of the mid-plate. It is importar|t to pay
attention to the following features.of’the middle plate:

) he distance between. the signal contacts and the mid-plate should be accurately
ontrolled since thétvariation of this distance may significantly impact impedance of the

onnector. (
\

o he mid-plate\in this particular design protrudes slightly beyond the front surface of the
tongue. TRis-is to protect the tongue front surface from damage caused by miss-ihsertion
f smallebjects into the receptacle.

. he mid-plate is required to be directly connected to the PCB ground with at lgast two
reunding 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.

Figure 3-11 Reference Design of Receptacle Mid-Plate
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3.2.2.2
The sidg

design
providecﬁ

Side Latch (informative)

latches (retention latches)are located\in the plug. Figure 3-12 shows a rq
a blanked side latch. The plug side\latches should contact the receptacle mid
n additional ground return path.

~

Figure 3-12  Reference Design of the Retention Latch
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Figure 3-13 lllustration of the Latch Soldered to the Paddle Card Ground
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Reference for Plug Latch
/Termlnailon to Paddle Card

02

JUOpobu

N \/
N\ Reference for Plug Latch Q’
Termination to Paddle Card (-0
¥

3.223 Internal EMC Springs and Pads (Informative) \Q/C)

Figure 3t14 is a reference design of the internal EMC spring lgcated inside the USB Full-
Featureq Type-C plug. Figure 3-15 is a reference design he internal EMC spring locafed
inside the USB 2.0 Type-C plug. Q

Q
g
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Figure 3-14 Reference Design of the USB Full-Featured Type-C Plug Internal EMC Spring
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Figure 3-15 Reference Design of the USB 2.0 Type-C Plug Internal EMC Spring
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It is critical that the internal EMC spring contacts the plug shell as close to the EMC spring
mating interface as possible to minimize the length of the return path.

The internal EMC pad (i.e., ground plate) shown in Figure 3-16 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.

Figure 3-16 Reference Design of Internal EMC Pad
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3.224 Optional External Receptacle EMC Springs (Informative)

Some applications may use receptacles with EMC springs that contact the outside of the plug
shell. Figure 3-17 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.

Figure 3-17 Reference Design of a USB Type-C Receptacle with External EMC Springs
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3.225 USB Full-Featured Type-C Plug Paddle Card (Informative)

The use of a paddle card is expected in the USB Full-Featured Type-C Plug. Figure 3-18
illustrates the paddle card pin assignment and contact spring connection location for a USB Full-
Featured Type-C plug. The following guidelines are provided for the paddle card design:

e The paddle card should use high performance substrate material. The recommended
paddle card thickness should have a tolerance less than or equal to £ 10%.

e The USB SuperSpeed traces should be as short as possible and have a nominal
differential characteristic impedance of 85 Q.
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e The wire attach should have two high speed differential pairs on one side and two other
high speed differential pairs on the other side, separated as far as practically allowed.

e Itis recommended that a grounded coplanar waveguide (CPWG) system be selected as a

transmission line method.

e Use of vias should be minimized.

e VBUS pins should be bussed together on the paddle card.

e GND pins should be bussed together on the paddle card.

A1 GND
A2 TX1p
A3 TX1n
A4 VBUS
A5 CC1
A6 Dp

A7 Dn

A8 SBU1
A9 VBUS
A10 RX2n
A11 RX2p
A12 GND

Top Side .
Viewed FromTop

3.23 Pin Assignmentstand Descriptions

The usage and assignm\ents of the 24 pins for the USB Type-C receptacle interface are

in Table [3-4. N
Y

abp3 pied a|pped

GND. B12+

—1 “RX1pBii

— 1 RX1n'B10

. 1. ¥VBUS B9
o 1\8BU2 B8

Bottom Side
Viewed From Bottom

Figure 3-18 Reference Design for a USB Full-Featured Type-C Plug Paddle Ca

(
\

rd

defined
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Pin Signal Description Mating Pin Signal Description Mating
Name Sequence Name Sequence
Al GND Ground return First B12 | GND Ground return First
Positive half of Positive half of
A2 SSTXp1 first SuperSpeed Second B11 | SSRXp1l first SuperSpeed Second
TX differential pair RX differential pair
Negative half of Negative half of
A3 JJTX111 filbl. JU}JCIS}JCCd SCLUI[L‘[ BlG JJRX111 filbl. JU}JCIS}JCCL} JCLUlld
TX differential pair RX differential pair
A4 VBUS Bus Power First B9 VBUS Bus Power Ffrs‘t
Configuration Sideband Use o
A5 CC1 Channel Second B8 SBU2 (SBU) Second
Positive half of the Negative half 'ofithe
A6 Dp1 USB 2.0 differential | Second B7 Dn2 USB 2.0 differential [ Second
pair - Position 1 pair - Pogition 2
Negative half of the Positive half of the
A7 Dn1 USB 2.0 differential | Second B6 Dp2 UsB2.0 differential | Second
pair - Position 1 pair - Position 2
Sideband Use Configuration
A8 SBU1 (SBU) Second B5 CC2 Chanmel Second
A9 VBUS Bus Power First B4 VBUS Bus Power First
Negative half of N Negative half of
A10]| SSRXn2 second SuperSpeed | Second B3 SSTXn2 second SuperSpeed | Second
RX differential pair \ TX differential pair
Positive half of A\ Positive half of
A11|| SSRXp2 second SuperSpeed | Second( B2 SSTXp2 second SuperSpeed | Second
RX differential pair ~ TX differential pair
A12|| GND Ground return | First B1 GND Ground return First
Notgs:
Contacts B6.and B7 should/not be présent in the USB Type-C plug. The receptacle side shall supp¢rt
the USB 2.0 differential pair present on Dp1/Dnl or Dp2/Dn2. The plug orientation determines
which pair is active.lh one implementation, Dp1 and Dp2 may be shorted on the host/device as close
to the receptaclé as possible to minimize stub length; Dn1 and Dn2 may also be shorted. The
maximum sho‘{tin‘g trace length should not exceed 3.5 mm.
All'VBUS pinssshall be connected together within the USB Type-C plug and shall be connected
togethef at\the USB Type-C receptacle connector when the receptacle is in its mounted condition
(e.g-@ll VBUS pins bussed together on the PCB).
Al6round return pins shall be connected together within the USB Type-C plug and shall be
connected together at the USB Type-C receptacle connector when the receptacle is in its mounted
condition (e.g., all ground return pins bussed together on the PCB).
IT LilC COIItdCt L‘lilllU[lbiUllb bilUWll i[l rigulc O-L ALTERINATLE SCUTIUIN A=A dI't ubCL‘l, LilCll L}lC BUS

contacts (A4, A9, B4 and B9) mate second, and signal contacts (A2, A3, A5, A6, A7, A8, A10, Al11, B2,

B3, B5, B6, B7, B8, B10 and B11) mate third.

The usage and assignments of the signals necessary for the support of only USB 2.0 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
Al 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 BS | SBU2 Sideband Use (SBU) | Secord
Channel
Positive half of the Negative half of the -
A6 Dp1 USB 2.0 differential | Second B7 Dn2 USB 2.0 differential (|- S€cond
pair - Position 1 pair - Position 2
Negative half of the Positive half of the
A7 Dn1 USB 2.0 differential | Second B6 Dp2 USB 2.0 diffexential | Second
pair - Position 1 pair - P@Sjtion 2
A8 || sBU1 Sideband Use (SBU) | Second B5 | .cC2 Configuration Second
Channel
A9 VBUS Bus Power First B4 VBUS Bus Power First
|
A10 B3 [
Al1 B2 2
A12]|| GND Ground return First B1 GND Ground return First
Notds:

1. The unused contacts shall not be physicallysdepopulated in the USB Type-C receptacle. Unused
contact locations shall be electrically isolated from power, ground or signaling (i.e., not connected).

2. Contacts B6 and B7 should not be presént\ln the USB Type-C plug. The receptacle side shall supp¢rt
the USB 2.0 differential pair presenten Dp1/Dnl or Dp2/Dn2. The plug orientation determines
which pairis active. In one impleriéntation, Dp1 and Dp2 may be shorted on the host/device as close
to the receptacle’as possible toymihimize stub length; Dnl and Dn2 may also be shorted. The
maximum shorting trace length should not exceed 3.5 mm.

3. Contacts A8 and B8 (SBU1 and SBU2)shall be not connected unless required for a specified purpdse
(e.g., Audio Adapter Accessory Mode).

4.  All VBUS pins shallebe connected together within the USB Type-C plug and shall be connected
together-at the USB Type-C receptacle connector when the receptacle is in its mounted condition
(e.g:, all VBUS ;Qiné bussed together on the PCB).

5. All'Ground Keturn pins shall be connected together within the USB Type-C plug and shall be
connected together at the USB Type-C receptacle connector when the receptacle is in its mounted
conditien (e.g., all ground return pins bussed together on the PCB).

6. 1fthe contact dimensions shown in Figure 3-1 ALTERNATE SECTION A-A are used then the {BuUS
contacts (A4, A9, B4 and B9) mate second, and signal contacts (A5, A6, A7, A8, B5, B6, B7 and|B8)
mate third.

3.3 Cable Construction and Wire Assignments

This section discusses the USB Type-C cables, including cable construction, wire assignments,
and wire gauges.
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3.3.1 Cable Construction (Informative)

Figure 3-19 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 3-20 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).

Figure 3

- - i jal Wire
Example with VCONN

CC —-Blue Powet ;\Red
~N

Poyver Return — Tin Plated PéWer Return — Tin Platged

SBU Red & Black ~~SBU Red & Black

WSB 2.0 White & Green VCONN — Yellow

oD =4.8mm

Coax are SS pairs — specific pairs not defined in cable
N

~

Figure 3-20 lllustration of a USB Full-Featured Type-C Cable Cross Section, a Coaxjal Wire
Example without VCONN

AN

C(\l\—\BIue Power — Red

Poyver Returp ~Tin Plated Power Return — Tin Platéd

SBU Red & Black SBU Red & Black

YSB22.0 White & Green

OD =4.8mm

Coax are SS pairs — specific pairs not defined in cable

The USB D+/D- signal pair is intended to transmit the USB 2.0 Low-Speed, Full-Speed and
High-Speed signaling while the SuperSpeed signal pairs are used for USB 3.1 SuperSpeed
signaling. Shielding is needed for the SuperSpeed differential pairs for signal integrity and EMC
performance.
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3.3.2 Wire Assignments

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.

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

NL‘:vnilrlfer Signal Name Description

T SND—PWRTtt Srourd-forpower Teturmn

2 PWR_VBuUs1 VBUS power

3 CcC Configuration Channel

4 UTP_Dp Unshielded twist pair, positive

5 UTP_Dn Unshielded twist pair, negative \

6 SDPp1 Shielded differential pair #1, positive ¢ f\

7 SDPn1 Shielded differential pair #1, negative

3 SDPp2 Shielded differential pair #2, positive >

9 SDPn2 Shielded differential pair #2, negative

10 SDPp3 Shielded differential pair #3, pasitive

11 SDPn3 Shielded differential pair #34 négative

12 SDPp4 Shielded differential pain#4, positive

13 SDPn4 Shielded differentia! pair#4, negative

14 SBU_A Sideband Use.\

15 SBU_B Sideband Usé

16 GND_PWRrt2 Ground for power return (optional)

17 PWR”_VBUS2 VBljS power (optional)

18 PWR_VCONN N VCONN power (optional, see Section 4.9)

Braid Shield N Cable external braid

Note: t

1. This tabl%\is\based on the assumption that coaxial wire construction is used for all SDP’s

and there are no drain wires. The signal ground return is through the shields of the coaxial
wites. If shielded twisted or twin-axial pairs are used, then drain wires are needed.
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Table 3-7 defines the full set of possible wires needed to produce USB Type-C to legacy cable
assemblies. For some cable assemblies, not all of these wires are needed. For example, a USB
Type-C to USB 2.0 Standard-B cable will not include wires 5-10.

Table 3-7 USB Type-C Cable Wire Assignments for Legacy Cables/Adapters

3.3.3

This spé€cification does not specify wire {;auge. Table 3-8 and Table 3-9 list typical wire
for referfence purposes only. <A large gauge wire incurs less loss, but at the cost

diamete

It is redommended to use thel smallest possible wire gauges that meet the cable a
electrical and mechanical requirements.

To maxi

be minimized as much\as possible. A typical USB Full-Featured Type-C cable outer g

may ran

from 2 nim to 4 mim: A typical USB Type-C to USB 3.1 legacy cable outer diameter m3
from 3 njm to 5 mam.

Wire
Number Signal Name Description
1 GND_PWRrt1 Ground for power return
2 PWR-vBUs4 BusSpower
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 { f\
3 SDPp2 Shielded differential pair #2, positive
9 SDPn2 Shielded differential pair #2, negative A
10 SDP2_Drain Drain wire for SDPp2 and SDPn2 o)
Braid Shield Cable external braid
Note:

a. 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 construgtion is used, then no drain wires are needed
and the signal ground return is'through the’shields of the coaxial wires.

Wire Gauges and Cable Diametets (Informative)

i and flexibility.” Multiple wifes may be used for a single wire such as for VBUS or

AN

mize cable flexibility, all wires should be stranded and the cable outer diamete

pe from 4 mm*o 6 mm while a typical USB 2.0 Type-C cable outer diameter ms

gauges
pf cable
Ground.
5sembly

should
iameter
y range
y range
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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_PWRrt1 20-28
2 PWR_VBuUs1 20-28
3 ccC 32-34
4 UTP_Dp 28-34
5 UTP_Dn 28-34
6 SDPp1 26-34
SDPn1 26-34
SDPp2 26-34
9 SDPn2 26-34 \OR
10 SDPp3 26-34
11 SDPn3 26-34
12 SDPp4 26-34
13 SDPn4 26-34 O
14 SBU_A 32-34
15 SBU_B 32-34
16 GND_PWRrt2 20-28
17 PWR_VBUS2 JN20=28
18 PWR_VCONN .3 32-34

~

Table 3-9 Reference Wire Gauges for USB Type-C to Legacy Cable Assemblids

~

Wire |

Number |“._Signal Name Wire Gauge (AWG)

1 & GND_PWRrt1 20-28

2™\ PWR_VBuUs1 20-28

N3 UTP_Dp 28-34

& 4 UTP_Dn 28-34

5 SDPp1 26-34

6 SDPn1 26-34

SDP1_Drain 28-34

SDPp2 26-34

9 SDPn2 26-34

10 SDP2_Drain 28-34
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3.4 Standard USB Type-C Cable Assemblies

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.

3.4.1

USB Full-Featured Type-C Cable Assembly

Figure 3-21 shows a USB Full-Featured Type-C standard cable assembly.

Table 3
assembl

Figure 3-21 USB Full-Featured Type-C Standard Cable Assembly

P1 ~ P2

‘\

A B12 ——— D \B1
) . R | qQ

T —B1 + S B12

PLUG OVERMOLD CABLE OWERMOLD PLUG

| D

A
10 defines the wire connections for<the USB Full-Featured Type-C standarn
Y.

12

d cable
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Table 3-10 USB Full-Featured Type-C Standard Cable Assembly Wiring

USB Type-C Plug #1 Wire USB Type-C Plug #2
. Signal Wire Signal . Signal
Pin Name Number Name Pin Name
GND 1[16] GND_PWRrt1 A1, B1, A12, GND
Al B1,Al2, B12 [GND_PWRIrt2] B12
A4, B4, A9, B9 VBUS 2[17] PWR_VBus1 [PWR_VBUS2] A4, B4, A9, B9 VBUS
A5 cC 3 cC A5 cC
VCONN 18 PWR_VCONN (See Section B5 VCONN
B5 y
4.9)
A6 Dp1 4 UTP_Dp A6 Dp1
A7 Dn1 5 UTP_Dn A7 Dn1
A2 SSTXp1 6 SDPp1 B11 . O~» SSRXp
A3 SSTXn1 7 SDPn1 B10.0 1. SSRXn
B11 SSRXp1 8 SDPp2 A2 SSTXp
B10 SSRXn1 9 SDPn2 A3 SSTXn
B2 SSTXp2 | 10 SDPp3 O | A1 SSRXp]
B3 SSTXn2 11 SDPn3 “ A10 SSRXn]
Al1 SSRXp2 12 SDPp4 B2 SSTXp4
A10 SSRXn2 13 SDPn4 A\ B3 SSTXnj
A8 SBU1 14 SBU_A B8 SBU2
B8 SBU2 15 SBU.B A8 SBU1
Shell Shield Braid Shield Shell Shield
Notes: )

1. This table s based on the assumption that coaxial wire construction is used for all SDP’s and
there are no drain wireg~ ‘The shields of the coaxial wires are connected to the ground pins. If
shieldedtwisted pair is‘used, then drain wires are needed and shall be connected to the GND
pins.

2. Pin'B5(VCONN) of the USB Type-C plug shall be used in electronically marked versions of thi
cable. See Sedtion 4.9.

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

4. All VBUS ﬁins shall be connected together within the USB Type-C plug. A 10 nF bypass
capaeitor (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 supplypad.

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

3.4.2

USB 2.0 Type-C Cable Assembly
A USB 2.0 Type-C standard cable assembly has the same form factor shown in Figure 3-21.

Table 3-11 defines the wire connections for the USB 2.0 Type-C standard cable assembly.
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Table 3-11 USB 2.0 Type-C Standard Cable Assembly Wiring
USB Type-C Plug #1 Wire USB Type-C Plug #2
. Signal Wire Signal . Signal
Pin Name Number Name Pin Name
A1, B1, A12, B12 GND 1 GND_PWRrt1 A1, B1, A12, GND
B12
A4, B4, A9, B9 VBUS 2 PWR_VBus1 A4, B4, A9, B9 VBUS
A5 cC 3 cC A5 cC
VCONN 18 PWR_VCONN (See Section B5 VCONN
B5 ’
4.9)
A6 Dp1 4 UTP_Dp A6 |.Dp1
A7 Dn1 5 UTP_Dn A7 Dn1
Shel Shield Braid Shield Shell O~ Shield
Notds: N\
1. Pin B5 (VCONN) of the USB Type-C plug shall be used-in electronically marked versions of thig
cable. See Section 4.9. N

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

All VBUS pins shall be connected together within the USB/Typé-C plug. A bypass capacitor is phot
required for the VBUS pin in the USB 2.0 Type-C cable.

4. All GND pins shall be connected together within the USB,Type-C plug.
5. All USB Type-C plug pins that are not listed in this‘table shall-be open (not connected).

343 USB Type-C Captive Cable Assembl‘ies

A captive cable assembly is a cable assembl\y 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 ¢pposite
end. The cable assembly that is hardwiréd is not detachable from the device.

The assembly wiring for captive USB~Type-C cables follow the same wiring assignments as the
standard cable assemblies (seeTable 3-10 and Table 3-11) with the exception that the
hardwirgd attachment on the device side substitutes for the USB Type-C Plug #2 end.

The CC |wire in"a captive; cable shall be terminated and behave as appropriate to the function of
the prodlict to which it.i§ captive (e.g. host or device).

This spegification goéé not define how the hardwired attachment is physically done on th¢ device
side. {

3.5 Legacy/Cable Assemblies

To enableN ili -C- cts, the
following standard legacy cable assemblies are defined. Only the cables defined within this
specification are allowed.

Legacy cable assemblies that source power to a USB Type-C connector (e.g. a USB Type-C to
USB Standard-A plug cable assembly and a USB Type-C plug to USB Micro-B receptacle
adapter assembly) are required to use the Default USB Type-C Current Rp resistor (56 kQ). The
value of Rp is used to inform the Sink how much current the Source can provide. Since the
legacy cable assembly does not comprehend the capability of the Source it is connected to, it is
only allowed to advertise Default USB Type-C Current as defined by the USB 2.0, USB 3.1 and
BC 1.2 specifications. No other Rp values are permitted because these may cause a USB Type-
C Sink to overload a legacy power supply.
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3.5.1

USB Type-C to USB 3.1 Standard-A Cable Assembly

Figure 3-22 shows a USB Type-C to USB 3.1 Standard-A cable assembly.

A1l
A12

Figure 3-22 USB Type-C to USB 3.1 Standard-A Cable Assembly

PLUG OVERMOLD CABLE OVERMOLD PLUG

Table 3112 defines the wire connections for the USB Type-C to USB 3.1 Standard-A cable
assembly. N
Table 3-12 USB Type-C to USB 3.1 Standard-A Cable Assembly Wiring
N\
USB Type-C Plug Wire USB 31 Standard-A plup
. Signal Wire Signal \ Signae'
Pin Name Number Name N Pho Nam
A1,B1,A12,B12 | GND ! GND_PWRr! O |4 oo
4 i 7,10 SDP1_Drain, SDP2.Dfain | | 7 SND—DFA'
A4,B4, A9, B9 VBUS 2 PWR_VBUS1 1 VBUS
AS CcC See Note 2
B5 VCONN \ \
A6 Dp1 3 UTPDp 3 D+
A7 Dn1 4 _UTP_Dn 2 D-
A2 SsTxp1 |5 ., 7 sDPp1 6 )Sg:dA—SSR
A3 ssTxnt. |6 SDPn1 5 SUASER
B11 SSRXpH | 8 SDPp2 9 StdA_SSTX
\
B10 BSRXn1. | 9 SDPn2 8 StdA_SSTX
Shell Y| shield Braid Shield Shell Shield
Notges:

[

1€ This table is based on the assumption that shielded twisted pair is used for all SDP’s and the
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.

2.  Pin A5 (CC) of the USB Type-C plug shall be connected to VBUS through a resistor Rp (56 kQ +
5%). See Section 4.5.3.2.2 and Table 4-15 for the functional description and value of Rp.

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

4. All VBUSs 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 10nF + 20% in cables which incorporate a USB Standard-A plug. The
bypass capacitor shall be placed as close as possible to the power supply pad.

5. All Ground return pins shall be connected together within the USB Type-C plug.
6. All USB Type-C plug pins that are not listed in this table shall be open (not connected).
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3.5.2 USB Type-C to USB 2.0 Standard-A Cable Assembly
Figure 3-23 shows a USB Type-C to USB 2.0 Standard-A cable assembly.

Figure 3-23 USB Type-C to USB 2.0 Standard-A Cable Assembly

Al B12 ﬁ W ap PN
Al2 * B1 i { L) 35 s

m

PLUG OVERMOLD CABLE OVERMOLD PLUG

Table 3113 defines the wire connections for the USB Type-C to USB 2.0 Standard-A cable
assembly. '

Table 3-13 USB Type-C to USB 2.0 Standard-A Cable Assemhly Wiring

USB Type-C Plug Wire USB~2.0 Standard-A plup
S Siara o
A1,B1,A12,B12 | GND 1 GND_PWRrt1 O |4 GND
A4, B4, A9, B9 VBUS 2 PWR_VBUS1 ) 1 VBUS
A5 cC See Note 1
B5 VCONN
A6 Dp1 3 UTP.Dg 3 D+
A7 Dn1 4 UTBLDn 2 D-
Shell Shield Braid _Shield Shell Shield
Notgs: ’

1. Pin A5 (CC) of the USB TypelC plug-shall be connected to VBUS through a resistor Rp (56 kQ|
5%). See Section 4.5.3.2.2"and Table 4-15 for the functional description and value of Rp.

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

3. All VBUs pins shall'be connected together within the USB Type-C plug. Bypass capacitors arg
not required fopthe VBUS pins in this cable.

. __All'Ground rQurh pins-shall be connected together within the USB Type-C plug.
5. ANL.USB Type-C plug pins that are not listed in this table shall be open (not connected).
Y
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3.5.3 USB Type-C to USB 3.1 Standard-B Cable Assembly
Figure 3-24 shows a USB Type-C to USB 3.1 Standard-B cable assembly.

Figure 3-24 USB Type-C to USB 3.1 Standard-B Cable Assembly

P1 P2
. PIN 5 — "M s
At—f1—B12 ==l
;1@;[ ] —— g u S5 Eﬁ’k
A2 %] BT — s s — = o
— PIN o — P
PLUG OVERMOLD CABLE OVERMOLD PLUG PN
Table 3114 defines the wire connections for the USB Type-C to USB 3.7 Standard-B cable
assemblyy. ~G »
Table 3-14 USB Type-C to USB 3.1 Standard-B Cable Ass~émbly Wiring
USB Type-C Plug Wire USB 3.1 Standard-B plup
. Signal Wire Signal O . Signae'
Pin Name Number Name Pin Nam
A1,B1,A12,B12 | GND ! GND_PWRt1 4 o
P A 7,10 SDP1_Drain, SPP2.Drain | 7 SND—DFA'
A4, B4, A9, B9 VBUS 2 PWR_VBUS1 1 VBUS
A5 cC See Note 1 N
B5 VCONN A\
A6 Dp1 3 ] UTP_Dp 3 D+
A7 Dn1 4 " | UTP_Dn 2 D-
A2 SSTXp1 |'5 SDPp1 9 StdB_SSR
X+
SSTXn 6 SDPn1 8 StdB_SSR
A3 -\ X
B11 SSRXp1 8 SDPp2 6 StdB_STX
X +
B10 SSRXn1 9 SDPn2 5 StdB_SYTX
Shell Shield Braid Shield Shell Shield
Notes:

1. Pin A5 (CC) of the USB Type-C plug shall be connected to GND through a resistor Rd (5.1 kQ %
20%). See Section 4.5.3.2.1 and Table 4-16 for the functional description and value of Rd.

2. 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.

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

4. 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 10nF + 20% in cables which incorporate a USB Standard-B plug. The
bypass capacitor shall be placed as close as possible to the power supply pad.

5. All Ground return pins shall be connected together within the USB Type-C plug.
6. All USB Type-C plug pins that are not listed in this table shall be open (not connected).
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3.54 USB Type-C to USB 2.0 Standard-B Cable Assembly
Figure 3-25 shows a USB Type-C to USB 2.0 Standard-B cable assembly.

Figure 3-25 USB Type-C to USB 2.0 Standard-B Cable Assembly

P1 P2
PINP|2N 3
Al 812 ™ T
(i IR = vl
| | \—PINP!IN 4
FLUG OVERMOLD CABLE OVERMOLD PLUG

Table 3115 defines the wire connections for the USB Type-C to USB 2.0 Standard-B cable
assembly. O

~N

Table 3-15 USB Type-C to USB 2.0 Standard-B Cable As:s‘embly Wiring

USB Type-C Plug Wire USB 2.0 Standard-B plup
S Soral O] e | Sl
A1,B1, A12,B12 GND 1 GND_PWRrt1 ’ 4 GND
A4, B4, A9, B9 VBUS 2 PWR_VBuUs/ \ 1 VBUS
A5 CcC See Note 1
B5 VCONN \Y
A6 Dp1 3 UTP Dp 3 D+
A7 Dn1 4 ~ UTP_Dn 2 D-
Shell Shield Braidh-. Shield Shell Shield
Notes: {

1. Pin A5 (CC) of .the USB Type-C plug shall be connected to GND through a resistor Rd (5.1 k(] £
20%). See Section\4.5.3.2.1-and Table 4-16 for the functional description and value of Rd.

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

3. ~All VBUs piné\sh\all be connected together within the USB Type-C plug. Bypass capacitors arg
not required.for the VBUS pins in this cable.

4. “All Ground return pins shall be connected together within the USB Type-C plug.
5. AIl\USB Type-C plug pins that are not listed in this table shall be open (not connected).
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3.5.5 USB Type-C to USB 2.0 Mini-B Cable Assembly
Figure 3-26 shows a USB Type-C to USB 2.0 Mini-B cable assembly.

Figure 3-26 USB Type-C to USB 2.0 Mini-B Cable Assembly

P1 P2z
~PIN 1

AT 512 M ] 3¢ e (B

A12 B4 1
| ="—piN|5

PLUG OVERMOLD CABLE OVERMOLD PLUG

Table 3-16 defines the wire connections for the USB Type-C to USB 2.0 Mini-B cable assgmbly.
\
Table 3-16 USB Type-C to USB 2.0 Mini-B Cable Assemp]y Wiring

USB Type-C Plug Wire ./ USB 2.0 Mini-B plug
P | S| e
Al,B1,A12,B12 | GND 1 GND_PWRrt1 “ 5 GND
A4, B4, A9, B9 VBUS 2 PWR_VBuUs1 1 VBUS
A5 CcC See Note 1
A6 Dp1 3 UTP.Dp 3 D+
A7 Dn1 4 UTPDn 2 D-
N 4 ID
Shell Shield Braid\ | Shield Shell Shield
Notes: )

1. Pin A5 of the USB . Type-G plug shall be connected to GND through a resistor Rd (5.1 kQ +
20%). See Section 4:5.3.2.1 and'Table 4-16 for the functional description and value of Rd.

Contacts B6 andBZ 'should not be present in the USB Type-C plug.

3. All VBUS pins sh\all be connected together within the USB Type-C plug. Bypass capacitors arg
not required for the VBUS pins in this cable.

4. All'GroundXeturn pins shall be connected together within the USB Type-C plug.

5. Pin4 dD) of the USB 2.0 Mini-B plug shall be terminated as defined in the applicable
specification for the cable type.

6. (AINUSB Type-C plug pins that are not listed in this table shall be open (not connected).
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3.5.6 USB Type-C to USB 3.1 Micro-B Cable Assembly
Figure 3-27 shows a USB Type-C to USB 3.1 Micro-B cable assembly.
Figure 3-27 USB Type-C to USB 3.1 Micro-B Cable Assembly
a P2
Al B12
N R~ e S
PLUG OVERMOLD CABLE

Table 3-[17 defines the wire connections for the USB Type-C to USB 3.1 Micro-B cable assembly.

\

~N
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Table 3-17 USB Type-C to USB 3.7 Micro-B Cable Assembly Wiring

USB Type-C Plug Wire USB 3.1 Micro-B plug
. Signal Wire Signal . Signal
Pin Name Number Name Pin Name
A1, B1, A12, B12 GND ! GND_PWRit1 ° o
P BLALS 7,10 SDP1_Drain, SDP2_Drain | 8 SND—DRA'
A4, B4, A9, B9 VBUS 2 PWR_VBuUS1 1 VBUS
AS CcC See Note 1
B5 VCONN
A6 Dp1 3 UTP_Dp 3 D+
A7 Dn1 4 UTP_Dn 2 ) D-
N )
A2 SSTXp1 5 SDPp1 10 ~\ MicB_S3R
( X+
SSTXn1 6 SDPn1 9 MicB_S3R
A3 -
S X-
i 9
B11 SSRXp1 8 SDPp2 _ 7 2/I|CB_S‘_TX
B10 SSRXn1 9 SDPn2 ‘\ 6 MicB_S§TX
4 ID
Shell Shield Braid Shield Shell Shield
Notes: )

1. Pin A5 (CC) of the USB Type-C plug shall be connected to GND through a resistor Rd (5.1 k(] +
20%). See Section 4.5.3.2.1 and Tahle 4-16-for'the functional description and value of Rd.

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

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

4. 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.capacitorshall be 10nF £ 20% in cables which incorporate a USB Micro-B plug. The
bypass capagitor’should be placed as close as possible to the power supply pad.

5. All Ground\re\furn pins shall be connected together within the USB Type-C plug.

6. ~Pin 4 ID)\of the USB 3.1 Micro-B plug shall be terminated as defined in the applicable
spegcification for the cable type.

7. AUSB Type-C plug pins that are not listed in this table shall be open (not connected).
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3.5.7 USB Type-C to USB 2.0 Micro-B Cable Assembly
Figure 3-28 shows a USB Type-C to USB 2.0 Micro-B cable assembly.
Figure 3-28 USB Type-C to USB 2.0 Micro-B Cable Assembly
Pl P2
Al1— B12 . . |B:—PIN 1
] . AL 1 =
A1 B1 5 (2]
PLUG OVERMOLD OVERMOLD PLUG
Table 3-[18 defines the wire connections for the USB Type-C to USB 2.0 Miéro-B cable asjsembly.
N
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 . Signa
Pin Name Number Name Pin Nam
Al,B1,A12,B12 | GND 1 GND_PWRrt1 5 GND
A4, B4, A9, B9 VBUS 2 PWR_VBus1 1 VBUS
A5 CcC See Note 1 ‘
B5 VCONN N )
A6 Dp1 3 UTR-Dp 3 D+
A7 Dn1 4 “UTP_Dn 2 D-
N 4 ID
Shell Shield Braid Shield Shell Shield
Notgs: )

1. PinA5 (CC) of the:USB Type-C plug shall be connected to GND through a resistor Rd (5.1 k(] =
20%). See Seétjon 4.5.3.2.1 and Table 4-16 for the functional description and value of Rd.
Contacts B6 'and B7 should not be present in the USB Type-C plug.

3. All VBuspinhs shall be connected together within the USB Type-C plug. Bypass capacitors ard
not required for the VBUS pins in this cable.

4. All'Greund return pins shall be connected together within the USB Type-C plug.

5. (Pin4 (ID) of'the USB 2.0 Micro-B plug shall be terminated as defined in the applicable
Specification for the cable type.

3.6 Legacy Adapter Assemblies

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

Copyright © 2016 USB 3.0 Promoter Group. All rights reserved.
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3.6.1
Figure 3

cable assembly is defined for direct connect to a USB device (e.g., a thumb drive).
functionality of using this adaptor assembly together with another USB cable assembly is not

USB Type-C to USB 3.1 Standard-A Receptacle Adapter Assembly

-29 shows a USB Type-C to USB 3.1 Standard-A receptacle adapter assembly. This
System

guaranteed.

Figure 3-29 USB Type-C to USB 3.1 Standard-A Receptacle Adapter Assembly

Table 3-
adapter

assembly.

Copyright © 2016 USB 3.0 Promoter Group. All rights reserved.
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Table 3-19 USB Type-C to USB 3.7 Standard-A Receptacle Adapter Assembly Wiring

3.6.2

Notes:

USB 3.1 Standard-A
USB Type-C Plug receptacle
Pin Signal Pin Signal
Name Name
4 GND
A1, B1, A12,B12 | GND 7 GND_DRAI
N
A4, B4, A9, B9 VBUS 1 VBUS
A5 CcC See Note 1
B5 VCONN
A6 Dp1 3 D+
A7 Dn1 2 D- \
N
A2 SSTXp1 9 ftdA—SSTX
A3 ssTxn1 | 8 JPALSSTX
() StdA_SSR
B11 SSRXp1 6 X+
B10 SSRxn1 | 5 FOASSR
Shell Shield Shell” Shield

Pin A5 (CC) of the USB| Type-C plug:shall be connected to GND through a resistor Rd (5.1
kQ o

+ 20%). See Section 4.5.3.2.1.and Table 4=16 for the functional description and value of
Rd. y

This table iscbased on the~a\ssdmption that shielded twisted pair is used for all SDP’s and
there are drain wires. :lf(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 cdpacitor should be placed as close as possible to the power supply pad. A
bypass \ca}acitor is not required for the VBUS pin in the Standard-A receptacle.

All @r&und 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).

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.

Figure 3-30 USB Type-C to USB 2.0 Micro-B Receptacle Adapter Assembly
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Table 3{19 defines the wire connections for the USB Type-C to USB 2.0 Micro-E; re
adapter pssembly.
Table 3-20 USB Type-C to USB 2.0 Micro-B Receptacle Adapter\\A\s\semny Wiri
USB Type-C Plug USB 2.0 Micro-B receptaclé
Signal STgnaI
Pin Name Pin Name
A1,B1,A12,B12 | GND 5 “/'GND
A4, B4, A9, B9 VBUS 1 ) VBUS
A5 CC See Note 1
A6 Dp1 3N D+
A7 Dn1 2 D-
N | 4 ID
Shell Shi‘eld Shell Shield

Notes:

Pin A5 (CC) of the USB TyEJe-C plug shall be connected to VBUS through a resistor Rp
(56 kQ + 5%).  See(Section 4.5.3.2.2 and Table 4-15 for the functional description and

value of Rp.

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. Bypass
capacitor‘s\ar‘e not required for the VBUS pins at the Micro-B receptacle end of this cable.

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

Ceptacle

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

and conf

iguration, and power delivery.

Chapter

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.

3.71 Raw Cable (Informative)
Informat|ve raw cable electrical performance targets are provided to “help cable*agsembly
manufadturers manage the procurement of raw cable. These targets are not _part of the USB
Type-C ¢ompliance requirements. The normative requirement is that the cable,assembly meets
the perfgrmance characteristics specified in Sections 3.7.2, 3.7.4,/and 3.7.4.3.
\
The diffgrential characteristic impedance for shielded differential pairs is-fecommended {o be 90
Q + 5 Q| The single-ended characteristic impedance of coaxial wires-is*recommended {o be 45
Q + 3 Q] The impedance should be evaluated using a 200 ps (10%-90%) rise time; a fapter rise
time is hot necessary for raw cable since it will make cable test fixture discontinuiti¢s more
prominent.
o)
3.711 Intra-Pair Skew (Informative)
The intrg-pair skew for a differential pair is recommended to be less than 10 ps/m. It should be
measurgd with a Time Domain Transmission (TDT). inva differential mode using a 200 pjs (10%-
90%) risp time with a crossing at 50% of the input voltage.
3.71.2 Differential Insertion Loss (Informative)
Cable lops depends on wire gauges, plating‘énd dielectric materials. Table 3-21 and Taple 3-22
show exgmples of differential insertion losses.
Table|3-21 Differential Insertion'koss Examples for USB SuperSpeed with Twisted Pair
Construction
Freqyency 34AWG 32AWG 30AWG 28AWG
0.624 GHz 4.8 dB/m -1.4 dB/m -1.2 dB/m -1.0 dB/m
1.25|GHz -2.5dB/m -2.0 dB/m -1.7 dB/m -1.4 dB/m
2.50|GHz -3.77dB/m -2.9 dB/m -2.5 dB/m -2.1 dB/m
5.00|GHz -5.5 dB/m -4.5 dB/m -3.9 dB/m -3.1 dB/m
7.50|GHz -7.0 dB/m -5.9 dB/m -5.0 dB/m -4.1 dB/m
100C \JHL 0.4 dBI‘III 7.4 UIBI'III U.‘I dBI‘III 4.0 LB/m
12.50 GHz -9.5 dB/m -8.2 dB/m -7.3 dB/m -5.5 dB/m
15.00 GHz -11.0 dB/m -9.5 dB/m -8.7 dB/m -6.5 dB/m
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Table 3-22 Differential Insertion Loss Examples for USB SuperSpeed with Coaxial

Construction

Frequency 34AWG 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 -3.1 dB/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 ~ V=5.7 dB/m

15.0|GHz -12.1 dB/m -10.9 dB/m -9.0 dB/m -6.5dB/m

\
3.7.2 USB Type-C to Type-C Passive Cable Assemblies (Normativef
A USB Type-C to Type-C cable assembly shall be tested using a test fixture with the re¢eptacle
tongue fabricated in the test fixture. This is illustrated in Figure 3-31. The USB|Type-C
receptadles are not present in the test fixture. Hosts and: devices should account|for the
additional signal degradation the receptacle introduces. O
The requirements are for the entire signal path of the cable assembly mated with the fixtlire PCB
tongues/| not including lead-in PCB traces. As illustrated in Figure 3-31, the measurgment is
between| TP1 (test point 1) and TP2 (test point 2):>:r' Refer to documentation located gt Cable
Assembly and Connector Test Requirements page on the USB-IF website for a |detailed
description of a standardized test fixture. )
Figure 3-31 lllustration of Tést Points for a Mated Cable Assembly
SMA P1 O P2 ]
]j E[
Cable Assembly
[ _|SMA
PCB

The cab

edassembly requirements are divided into informative and normative requireme

hts. The

informat

e rpquirpmnnfq are prn\/idpd as dpcign fnrgpfc faor cahle nccpmhly manufactur

prs. The

normative requirements are the pass/failure criteria for cable assembly compliance.

3.7.21
3.7.21.1

Recommended USB SuperSpeed Passive Cable Assembly Characteristics

Differential Insertion Loss (Informative)

Figure 3-32 shows the differential insertion loss limit for a USB 3.7 Gen 2 Type-C cable
assembly, which is defined by the following vertices: (100 MHz, -2 dB), (2.5 GHz, -4 dB), (5.0

GHz, -6

dB), (10 GHz, -11 dB) and (15 GHz, -20 dB).

Figure 3-32 Recommended Differential Insertion Loss Requirement
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Differential Return Loss (Informative)
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33 shows the differential return loss limit, which_ is¢defined by the following poin

MHz, -18 dB), (5 GHz, -18 dB), (10 GHz, -12 dB), and (15-GHz, -5 dB).

Figure 3-33 Recommended Differential Return Loss Requirement
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3.7.21.3

Frequency, MHz

Differential Near-End and Far-End Crosstalk between SuperSpeed Pairs
(Informative)

Both the near-end crosstalk (DDNEXT) and far-end crosstalk (DDFEXT) are specified, as shown
in Figure 3-34. The DDNEXT/DDFEXT limits are defined by the following vertices: (100 MHz, -37
dB), (5 GHz, -37 dB), (10 GHz, -32 dB), and (15 GHz, -25 dB).

Figure 3-34 Recommended Differential Crosstalk Requirement
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3.7.2.1.4 Differential Crosstalk between USB D+/D- andUSB SuperSpeed Pairs

(Informative)

The differential near-end and far-end crosstalk betweegn' the USB D+/D- pair and the USB
SuperSpeed pairs should be managed not to exceed.the limits shown in Figure 3-35. The limits
are defirled by the following points: (100 MHz, -35 dB);" (5 GHz, -35 dB), and (7.5 GHz, -30 dB).

Figurle 3-35 Recommended Differential Near-End and Far-End Crosstalk Requirement
between USB D+/D- Pa\lir‘and USB SuperSpeed Pair
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3.7.2.2

The integrated parameters are used for cable assembly compliance (except for insertion loss and
differential-to-common-mode conversion) to avoid potential rejection of a functioning cable
assembly that may fail the traditional S-parameters spec at a few frequencies.

Normative SuperSpeed Passive Cable Assembly Requirements
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3.7.2.21 Insertion Loss Fit at Nyquist Frequencies (Normative)

The insertion loss fit at Nyquist frequency measures the attenuation of the cable assembly. To
obtain the insertion loss fit at Nyquist frequency, the measured cable assembly differential
insertion loss is fitted with a smooth function. A standard fitting algorithm and tool shall be used
to extract the insertion loss fit at Nyquist frequencies. Refer to documentation located at Cable
Assembly and Connector Test Requirements page on the USB-IF website for a more detailed
description about insertion loss fit. Figure 3-36 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.

Figure 3-36 lllustration of Insertion Loss Fit at Nyquist Frequency
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The insdrtion loss fit at Nyquist\frequency (ILfitatNqg) shall meet the following requirements:
e 33 -4dB at 2.5 GHz,
e 3-6dBat5 GHz and
e 3-11.dBat 10 6Hz.

"\

2.5 GHz, 5.0 GHz«and 10 GHz are the Nyquist frequencies for USB SuperSpeed Gen|1, USB
SuperSpeed Gen-2, and a possible future 20 Gbps USB data rate, respectively.

The USB {SuperSpeed Gen 1-only Type-C to Type-C cable assembly is allowed by this
specification _and shall comply with the following inserfion loss fit at Nyquist fréquency

requirements:
e 2-7.0dBat2.5GHz, and
e >-12dB at 5 GHz.

This insertion fit at Nyquist frequency allows the USB SuperSpeed Gen 1-only Type-C to Type-C
cable assembly to achieve an overall length of approximately 2 meters.

3.7.2.2.2 Integrated Multi-reflection (Normative)
The insertion loss deviation, ILD, is defined as

ILD(f) = IL(f) — ILfit(f)
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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-
reflection (IMR):

[\ LD () 2 |vin() 12df

IMR = dB 7
[Ime\vin(p)|2df

where fmax = 12.5 GHz and Vin(f) is the input trapezoidal pulse spectrum, defined in Figure 3-37.

Figure 3-37 Input Pulse Spectrum

Vin (N =

sin(mfT,.) sin(mfTy)
nfT, mfTy.
T,=Unit interval=100 ps \

T,=0to 100% rise time = 0.4T,
N\

IMR has| dependency on ILfitatNg. More IMR may be tolerated when ILfitatNq decreas¢s. The
IMR limit is specified as a function of ILfitatNg:

IMR < 0.[126 - ILfitatNq? + 3.024 - ILfitatNq — 23.392.
This is pjotted in Figure 3-38.
Figure 3-38 IMR Limit.as Function of ILfitatNq
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3.7.2.23 Integrated Crosstalk between SuperSpeed Pairs (Normative)

The integrated crosstalk between all USB SuperSpeed pairs is calculated with the following
equations:
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IFEXT = dB

where A‘EXT(f), FEXT(f), and C2D(f) are the measured near-end and far-end crosstalk
USB Su

The intggration shall be done for each NEXT and FEXT <between .all. differential pain
largest alues of INEXT and IFEXT shall meet the following requirements:

t
o |
t

The porttto-port crosstalk (TX1 to RX2, TX2 to RX1, TX1to TX2, and RX1 to RX2) is spe]

support
simultan

Crosstal

robustndss of the USB 2.0 link. Since USB Type-C to Type-C Full-Featured cable asg
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[ WVin(F)2(NEXT ()2 + 0.1252 - |C2D(F)|2)df + [Vdd(f)[2 INEXTd(f)|2df

[ \vin(f)[2df

[ WVin(F)2(FEXT()|2 + 0.1252 - |C2D(F)|2)df + [Vdd(f)|? [FEXT(f)|?df

[ vin(p)2df

~

NEXT < -40 dB to 12.5GHz, for TX1 to RX1, TX2 to RX2Z/TX1 to RX2, TX2 to R
b TX2, and RX1 to RX2,

A
FEXT < -40 dB to 12.5GHz, for TX1 to RX1, TX2 0 RX2, TX1 to RX2, TX2 to R
b TX2, and RX1 to RX2. ‘

the usages in which all the four SuperSpeed pairs transmit or receive
pously, for example in an Alternate Mode

K from the USB SuperSpeed pairs-ta"USB 2:0 D+/D- shall be controlled to en

between

erSpeed pairs, and the common-mode-to-differential conversion, respegtively. The
factor of] 0.1252 accounts for the assumption that the common mode amplitude is) 12.59
different|al amplitude. NEXTd(f) and FEXTd(f) are, respectively, the near-end and
crosstalk from the D+/D- pair to SuperSpeed pairs. Vdd(f) is the input pulse spectrum e
using th¢ equation in Figure 3-37 with Tb=2.08 ns. \

o of the
far-end
aluated

s. The
X1, TX1

X1, TX1

cified to
signals

sure the
emblies

may support the usage of USB SuperSpeed or an alternate mode (e.g., DisplayPort), the

crosstalk from the four high speed différential pairs to D+/D- may be from near-end ¢

far-end
with the

where:
NEXT =
FEXT =

following equations:

AN

I 1vin(F) EANEXTL(P)I? + Vin(F) |2 |[FEXT(H|2df
[ vin(p)l2af

IDDXT_INQ(T‘+ FEXT = dB

N

\

Near-end crosstalk from USB SuperSpeed TX pair to D+/D-
Far<end crosstalk from USB SuperSpeed RX pair to D+/D-

osstalk,

crosstalk, or'a-combination_of the two. The integrated crosstalk to D+/D- is cdlculated

fmax =1

where:

oo
£ OTlL

[ vin()RPANEXTL(A 2 + [vin(F)1? INEXT2()|2df

IDDXT_2NEXT = dB 7
Jorvin(F)12af

NEXT1 = Near-end crosstalk from USB SuperSpeed TX pair to D+/D-
NEXT2 = Near-end crosstalk from USB SuperSpeed RX (the RX functioning in TX mode) pair to

D+/D-
fmax = 1

.2 GHz
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The integration shall be done for NEXT + FEXT and 2NEXT on D+/D- from the two differential
pairs located at A2, A3, B10 and B11 (see Figure 2-2) and for NEXT + FEXT and 2NEXT on
D+/D- from the two differential pairs located at B2, B3 A10 and A11 (see Figure 2-2).
Measurements are made in two sets to minimize the number of ports required for each
measurement. The integrated differential crosstalk on D+/D- shall meet the following
requirements:

e IDDXT_1INEXT + FEXT =< -34.5 dB,

e |IDDXT_2NEXT < -33 dB.
3.7.2.2.4—Integrated-Returnl-oss{Normative)

The integrated return loss (IRL) manages the reflection between the cable assembly and|the rest
of the syistem (host and device). It is defined as:

[Ime\vin(£)121SDD21(f)[2(ISDD11(F) |2 + |SDD22(f)|2)df

IRL % dB s
Sy vin(f)12df | N

where §DD21(f) is the measured cable assembly differential  insertion loss, SDD7{(f) and
SDD22(1) are the measured cable assembly return losses on thelléft and right sides, respgectively,
of a diffgrential pair. A

The IRL|also has a strong dependency on ILfitatNg, andits limit-is specified as a furction of
ILfitatNg[:

IRL < 0.046 - ILfitatNg® + 1.812- ILfitatNq — 10.784. ¢
It is shoyn in Figure 3-39.
Figure 3-39 IRL Limit as Function of ILfitatNq

o
G
—
—
< E
'26' 1 1 1 1 1
-12 10 3 -B -4 -2
ILfitathg, dB
3.7.2.25 Differential-to-Common-Mode Conversion (Normative)

The differential-to-common-mode conversion is specified to control the injection of common
mode noise from the cable assembly into the host or device. Figure 3-40 illustrates the
differential-to-common mode conversion (SCD12/SCD21) requirement. A mated cable assembly
passes if its SCD12/SCD21 is less than or equal to -20 dB from 100 MHz to 10 GHz.

Figure 3-40 Differential-to-Common-Mode Conversion Requirement
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Low-Speed Signal Requirements (Normative) -~

This section specifies the electrical requirements for CC and SBU wires and the coupling
CC, USB D+/D-, VBUS and SBU.

among

The CC pnd SBU wires may be unshielded or shielded; and shall have the properties spgcified in
Table 3-P3.
Table 3-23 Electrical Rqui‘rements for CC and SBU wires
Name ) “Description Min Max Units

2Cable_CC Cable characteri\stié impedance on the CC wire 32 93 Q
Cable_CC Cable DQ resistance on the CC wire 15 Q
tCableDelay_CC Cable propagation delay on the CC wire 26 ns
cChablePlug_CC Qap\acitance for each cable plug on the CC wire 25 pF
zCable_SBU Cable characteristic impedance on the SBU wires 32 53 Q
tCableDelay SBUW:N | Cable propagation delay on the SBU wires 26 ns

Coupling orscrosstalk,” both near-end and far-end, among the low speed signals s
controllgd {Table 3-24 shows the matrix of couplings specified.

Table 3-24 Coupling Matrix for Low Speed Signals

hall

Coupling Matrix D- (SE) D+/D- (DF) VBUS SBU_B/SBU_A (SE)
cc FF, CT FF, CT FF, CT FF
D+/D- (DF) N/A N/A FF, CT FF
SBU_A/SBU_B N/A FF FF FF

DF: Differential; FF: Full-featured cable; CT: Charge-through cable (including USB 2.0 function).
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3.7.2.3.1

CC to USB D+/D- (Normative)

The differential coupling between the CC and D+/D- shall be below the limit shown in Figure
3-41. The limit is defined with the vertices of (0.3 MHz, -60.5 dB), (1 MHz, -50 dB), (10 MHz,

~30 dB),

(16 MHz, -26 dB) and (100 MHz, -26 dB).

Figure 3-41 Requirement for Differential Coupling between CC and D+/D-
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shown in Figure 3-42. The limit is.defined with the vertices of (0.3 MHz, -48.5
B dB), (10 MHz, -18 dB) and (100:MHz; -18 dB).
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For USB Full-Featured Type-C cables, the singled-ended coupling between the CC and D- shall
be below the limit shown in Figure 3-43. The limit is defined with the vertices of (0.3 MHz, -8 dB),
(10 MHz, -27.5 dB), (11.8 MHz, -26 dB) and (100 MHz, -26 dB).

Figure 3-43 Requirement for Single-Ended Coupling between CC and D- in USB Full-
Featured Type-C Cables

-20

Single-Ended Coupling Requirement, dB

Frequency [MHZ]

3.7.2.3.1  VBus Coupling to SBU_A/SBU_.B; CC, and USB D+/D- (Normative)

The diffdrential coupling between VBUS and2USB D+/D- shall be less than the limit showr{ in
Figure 3t44. 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).

Figure 3-44 Requirement fo\r Differential Coupling between VBUS and D+/D-
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The loop inductance of VBUS and its coupling factor to low speed lines is controlled to limit noise
induced on low speed signaling lines. The maximum loop inductance of VBUS shall be 900 nH
and the maximum mutual inductance coupling factor (k) between VBUS and low speed signal
lines (CC, SBU_A, SBU_B, D+, D-) shall be 0.3. For fully featured cables, the range of VBUS
bypass capacitance shall be 8nF up to 500nF as any of the values in the range is equally
effective for high-speed return-path bypassing.

3.7.2.3.3 Coupling between SBU_A and SBU_B (Normative)
The single-ended coupling between SBU_A and SBU_B shall be less than the limit shown in

Figure 3-45_ _The limit is defined with the vertices of (ﬂ 3 MHz —-8565 dR) (1 MHz -46

4B), (10

MHz, -2p dB), (11.2 MHz, -25 dB), and (100 MHz, -25 dB).

3.7.2.3.4 Coupling between SBU_A/SBU_B and CC (Normative)
The sindle-ended coupling\between SBU_A and CC, and between SBU_B and CC shall

than the
MHz, -5

Figu

Fiqure 3-45 Requirement for Single-Ended Coupling between SBU_A and~SBU

dB
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~

limit shown inFigure 3-46. The limit is defined with the vertices of (0.3 MHz, -64
5-dB), (18 MHz; -30 dB), and (100 MHz, -30 dB).

\
re 3-46 (Requirement for Single-Ended Coupling between SBU_A/SBU_B ang
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3.7.2.3.8 Coupling between SBU_A/SBU_B and USB D+/D- (Normative)

The coupling between SBU_A and differential D+/D—, -and between SBU_B and differential
D+/D- shall be less than the limit shown in Figure 3-47,"The limit is defined with the veftices of
(0.3 MHz, -80 dB), (30 MHz, -40 dB), and (100 MHz, =40 dB).

Figure B-47 Requirement for Coupling between’S~BU__A and differential D+/D-, and SBU_B
and differential D+/D-

30 >N

Differential Coupling Requirement, dB

1

10
Frequency [MHz]

3.7.24 USB D+/D- Signal Requirements (Normative)

The USB D+/D- lines of the USB Type-C to USB Type-C passive cable assembly shall meet the
requirements defined in Table 3-25.
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Table 3-25 USB D+/D- Signal Integrity Requirements for USB Type-C to USB Type-C
Passive Cable Assemblies
Items Descriptions and Procedures Requirements
Differential EIA 364-108 75 ohms min and 105 ohms
Impedance This test ensures that the D+/D- lines of the cable max.
assembly have the proper impedance.
For the entire cable assembly. 400 ps rise time (20%-
80%).
Propagation EtA—3624=103 26 TS TITax:
Delay The purpose of the test is to verify the end-to-end 400 ps rise time (20%-
propagation of the D+/D- lines of the cable assembly. 80%). ¢
Intra-pair Skew EIA 364 — 103 100 ps max:
This test ensures that the signal on both the D+ and D- | 400 ps rise\time (20%-
lines of cable assembly arrive at the receiver at the 80%).
same time. \ON
D+/D- Pair EIA 364 — 101 2=1,02 dB.@ 50 MHz
Attepuation This test ensures the D+/D~- pair of a cable assembly is |*3.#1.43.dB-@ 100 MHz
able to provide adequate signal strength to the receiver\|J> _5 40 4B @ 200 MHz
in order to maintain a low error rate. >-4.35 dB @ 400 MHz
3.7.25 VBuUs DC Voltage Tolerance (Normative)
A USB Type-C to USB Type-C cable assembly shallitolerate a VBUS voltage of 21 V DC at the

cable ra

electrical aspects of the cable assembly.

3.7.3

The mated connector as defined in this\sﬁecification for USB Type-C consists of a re

mounted
mounted
test plug

ed current (i.e. 3 A or 5 A) applied for one bour as a pre-condition of the testin

\

Mated Connector (Informative)

on a PCB; representing how the receptacle is used in a product, and a test p
on a PCB (paddle card) without.cable. This is illustrated in Figure 3-48. Note
is used in host/device TX/RX testing also.

{

Figure 3-48 Illustration of USB Type-C Mated Connector

N

f
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\
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3.7.31 Differential Impedance (Informative)

The mated connector impedance target is specified to minimize reflection from the connector.
The differential impedance of a mated connector should be within 85 Q £+ 9 Q, as seen from a 40
ps (20% — 80%) rise time. The impedance profile of a mated connector should fall within the
limits shown in Figure 3-49.

Figure 3-49 Recommended Impedance Limits of a USB Type-C Mated Connector

100

Upper Limit: 94 ohm

Impedance, ohms
&
T
A

Lower Limit: 76 ohm’/\

Time

The PCB stack up, lead geometry, and solderpad geometry should be modeled in 3D fielg-solver
to optimize electrical performance. Example ground voids under signal pads are shown in Figure
3-50 baged on pad geometry, mounting type, and PCB stack-up shown.

~
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Figure 3-50 Recommended Ground Void Dimensions for USB Type-C Receptacle
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3.7.3.2 Mated Connector Recommended Differential S-Parameter and Signal Integrity
Characteristics (Informative)
The recdmmended signal integrity characteristics of USB Type-C mated connector pair afe listed
in Table|3-26. N
Table 3-26 USB Type -C-Mated Connector Recommended Signal Integrity Charactefistics
(Informative)
Items ( Descriptions and Procedures Requirements
Diffgrential ILfitatNq is evaluated at both the SuperSpeed Gen 1, Gen2 | 2 -0.6 dB @ |2.5
Inseftiofn, tess Fit at | and future 20 Gbps generation Nyquist frequencies. GHz
Eysq&ztnc'es 2-0.8dB at 5.0 GHz
(ILfitatNq) 2-1.0dB @ 10 GHz
Integrated P <-40dB
Differential Multi- Jo T ULD(HIVin()|2df
reflection (IMR) dB T il Y2
Sy vin(h)12df
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Items Descriptions and Procedures Requirements

Integrated . < -44 dB
Differential Near- s [ WVIOEANEXT(IE +01252 - |C2D(II)S +1Vdd()I: INEXTA(f)[2df
end Crosstalk on I\ vin(F)l2df
SuperSpeed
(INEXT)

where:

NEXT = NEXT between SuperSpeed pairs

NEXTd = NEXT between D+/D- and SuperSpeed pairs
Integrated /[ \ < -44 dB
Diffdrential Far-end | 5] o VoI UF BT+ 0T 25 CZDG P ay + Vaa - FEATagray
Crogstalk on k\’ e \vin()[2df )
Supé¢rSpeed
(IFEKT)

where:

FEXT = NEXT between SuperSpeed pairs

FEXTd = NEXT between D+/D- and SuperSpeed pairs ‘\
Diffgrential The differential near-end and far-end crosstalk between the hSee
Crogstalk on D+/D- D+/D- pair and the SuperSpeed pairs in mated connectars. | Figure 3-51

N
Integrated Return Fmaxyyys <-18 dB
Losq (IRL) e[ [ WinGORISDD2I(EASDDILENP +15RD22( ) 12)df
[ evin(e)2df

Diffdrential to The differential to common mode convéfsion is spécified to | Se€ Figure 3-52
Common Mode control the injection of common mode noise from the cable
Conyersion (SCD12 | assembly into the host or device. *
and SCD21) Frequency range: 100 MHz ~ #00 GHz

Notg: fmax = 12.5 GHz (unless otherwise specified)
Vin(1) is defined in Figure 3-37 with Tb (Ul) = 100\ps;
Vdd(f) is also defined in Figure 3-37 with Tb\(UI) =2.08 ns.

C2D|f) =measured near-end and far-eng crosstalk between USB SuperSpeed pairs, and the common-
modp-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
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Figure 3-51 Recommended Differential Near-End and Far-End Crosstalk Limits between
D+/D- Pair and SuperSpeed Pairs
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3.74 USB Type-C to Legacy Cable Assemblies (Normative)

The USB Type-C to legacy cable assemblies may support USB 2.0 only or USB 3.1 Gen 2; USB
3.1 Gen 1-only Type-C to legacy cable assemblies are not allowed.
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The USB 2.0-only Type-C to legacy USB cable assemblies include:
e USB Type-C plug to USB 2.0 Standard-A plug
e USB Type-C plug to USB 2.0 Standard-B plug
e USB Type-C plug to USB 2.0 Micro-B plug
e USB Type-C plug to USB 2.0 Mini-B plug

(Y

-3:2017
IF:2016

The USH

Table 3427 USB D+/D- Signal Integrity Requirements for USB Type-C to Legacy \US

A imY
| =L =~

H 1 ad e H 4 L o I T okl 2
Dlslldl lllLCsllL)’ lelblll CIIITIILS 4dI'T DlJCLlllCLl I Tdavic J

Assemblies

27
o T

B Cable

Items Descriptions and Procedures Requirements
N\
Diffgrential EIA 364-108 75 ohmsmip and 105-0hms
Impgdance This test ensures that the D+/D- lines of the cable max. %\,
assembly have the proper impedance. 400 psrise time(20%-80%).
For the entire cable assembly. N\
Propgagation EIA 364-103 10 ns max for USB Type-C td
Deldy The purpose of the test is-to verify the end-to-eénd | )| Micro-B cable assembly;

propagation of the D+/D- lines of the cable
assembly.

20 ns max for all other USB
Type-C to legacy USB cable
assemblies.

400 ps rise time (20%-80%).

Intra-pair Skew

EIA 364 — 103

This test-ensures that the signakon*both the D+ and
D- lines of cable assembly arrive at the receiver at
the same time. N

100 ps max.
400 ps rise time (20%-80%).

D+/0

- Pair

Attepuation

EIA 364 —101 h

This test ensures the"D+/D- pair'of a cable
assembly is able tovprovide adequate signal
strength to the receiver.in order to maintain a low
error rate.

-1.02 dB @ 50 MHz

-1.43 dB @ 100 MHz
-2.40 dB @ 200 MHz
-4.35 dB @ 400 MHz

v IV IV IV

3.7.4.2
The USH

USB 3.1 Gen 2 Cable Assemblies (Normative)

Type-C to U\S\B 3.1 Gen 2 legacy cable assemblies include:

SB Types€-plug to USB 3.1 Standard-A plug
SB Type-C plug to USB 3.1 Standard-B plug
SB' Type-C plug to USB 3.1 Micro-B plug

The informative design targets for these cables are provided in Table 3-28.
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Table 3-28 Design Targets for USB Type-C to USB 3.7 Gen 2 Legacy Cable Assemblies

(Informative)

Items Design Targets

76 ohms min and 96 ohms max.
40 ps rise time (20%-80%).

Differential Impedance

Differential Insertion Loss -2dB @ 100 MHz

=
2

-4 dB @ 2.5 GHz, except for the USB
Type-C plug to USB 3.1 Standard-A plug

The normative requirements include the USB D+/D- signaling as{specified in Table 3-27,

GHz
-6.0 dB max @ 5.0 GHz

cabteassembty whichrisZ=3-5dB @25

Differential NEXT between < -34 dB to 5 GHz

SuperSpeed Pairs

Differential NEXT and FEXT
between D+/D- and
SuperSpeed Pairs

< -30dB to 5 GHz

USB Supé¢rSpeed parameters specified in Table 3-29.

Table 3-29 USB Type-C to USB 3.1 Gen.2 Legacy,Cable Assembly Signal Integfi

™)

Requirements (Normative)

and the

Items

Descriptions and Procedures

Requirements

Diffdrential

Inseftion Loss Fit at

ILfitatNq.is evaluated at boththe"SuperSpeed Gen 1 and
Gen2 Nyquist frequencies.

2 -4dB @ 2.5 GHiz,

except for the US|

B

Diffgrential Multi-
reflection (IMR)

5[ 7 ILD () 2Vin(f)[2df
QW KrewvingnRdrf

Nyquist N Type-C plug to UEB
Frequencies ¢ 3.1 Standard-A plug
(ILfifatNq) h cable assembly
which is 2 -3.5 dB @
. 2.5 GHz
2 -6.0dB at 5.0 GHz
Intedrated < 0.126 - ILfitatNgf

+3.024 - [LfitatNq
—21.392

See Figure 3-53.

Differential

(IDDXT)

Crosstalk on D+/D- dB

[ (Vin(f) [INEXT(f)|2 + [Vin(f)[2|[FEXT(f)12)df
[ vin(r)|2af

where:

NEXT = Near-end crosstalk from SuperSpeed to D+/D-
FEXT = Far-end crosstalk from SuperSpeed to D+/D-
fmax = 7.5 GHz

Integrated \ P <-38dB
Diffgrential 3B L AVin ()R INEXTs ()12 + [Vdd(H)I2INEXTA(F)|12)df
Crogstalk on- fmax |y 2
Supé¢rSpeed fO Vin(f*df
(ISSKT) where:
NEXTs = NEXT between SuperSpeed pairs
NEXTd = NEXT between D+/D- and superspeed pairs
Vdd(f) = Input pulse spectrum on D+/D- pair, evaluated
using equation shown in Figure 3-37 with Tb (Ul) = 2.08 ns.
Integrated < -28.5dB
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Items

Descriptions and Procedures

Requirements

Integrated Return
Loss (IRL)

[ Vin(F)[21SDD21(F)[2(ISDDL()? + |SDD22(f)|?)df
[ \vin(p)2af

< 0.046 - ILfitatNg>
+ 1.812- ILfitatNq
—9.784

See Figure 3-54.

Differential to The differential to common mode conversion is specified to <-20dB
Common Mode control the injection of common mode noise from the cable
Conversion (SCD12 | assembly into the host or device.
and SCD21) Frequency range: 100 MHz ~ 10.0 GHz
Notg—fmax—=—+0-GHz{untessotherwise-speeifiet—i{s-defiredrHgtre3-3+with—o-(oH—=+66-ps
and |Vdd(f) is also defined in Figure 3-37 with Tb (Ul) = 2.08 ns.
Figure B-53 IMR Limit as Function of ILfitatNq for USB Type-C to'Legacy Cable Assembly

Figure
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3.7.4.3 Compliant USB Legacy Plugs used in USB Type-C to Legacy Cable Assemblies
The following requirements are incremental to the existing requirements for legacy connectors
when used in compliant USB Type-C to legacy cable assemblies.

3.7.4.31 Contact Material Requirements for USB Type-C to USB Micro-B Assemblies

For USB Type-C to USB Micro-B assemblies, change the contact material in the USB Micro-B
connector to achieve the following Low Level Contact Resistance (EIA 364-23B):

e 20 milliohms (Max) initial for VBUsS and GND contacts,

° laximum r‘h:mgp (dpltn) of +10 milliohms after environmental stresses

3.7.4.3.2 Contact Current Ratings for USB Standard-A, USB Standard-B and USE Micro-
B Connector Mated Pairs (EIA 364-70, Method 2)

When a current of 3 A is applied to the VBUS pin and its corresponding GND pin (| e., pins 1 and
4 in a USB Standard-A or USB Standard-B connector or pins 1 and 5.in a USB Micro-B
connectgr), the delta temperature shall not exceed +30° C at any point on the connectofs under
test, when measured at an ambient temperature of 25° C. ,

3.7.5 USB Type-C to USB Legacy Adapter Assemblies (Normatlve)
Only the|following standard legacy adapter assemblies are defingd:,”

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
3.7.51 USB 2.0 Type-C Plug to USB 2.0 Mlcro B Receptacle Adapter Assembly
(Normative)
This adgpter assembly supports only-the USB2:0 signaling. It shall not exceed 150 mm total
length, measured from end to end. Table 3-30 defines the electrical requirements.

S N

Table 3-30 USB D+/D- Signal Integrity‘ Requirements for USB Type-C to Legacy USB
Adapter-Assemblies (Normative)

~

Items DPescriptions‘and Procedures Requirements
Diffgrential EIA 364-108 75 ohms min and 105 oljms
Impgdance This, tesSt'ensures that the D+/D- lines of the adapter max. o .

assembly have the proper impedance. ggg ps rise time (20%-
Forthe entire adaptor assembly. )
Intrg-pair Skew {"EIA 364~ 103 20 ps max.
\ This test ensures that the signal on both the D+ and 400 ps rise time (20%-
D—"lines of adapter assembly arrive at the receiver at 80%).

the same time.

Diffdrential ElA-364-— 104 0-7-dB-max-@-400-MkHd
Insertion 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 3.7 Standard-A Receptacle Adapter
Assembly (Normative)

The USB Full-Featured Type-C plug to USB 3.1 Standard—A receptacle adapter assembly is
intended to be used with a direct-attach device (e.g., USB thumb drive). A system is not
guaranteed to function when using an adapter assembly together with a Standard USB cable
assembly.
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To minimize the impact of the adapter assembly to system signal integrity, the adapter assembly
should meet the informative design targets in Table 3-31.

Table 3-31 Design Targets for USB Type-C to USB 3.7 Standard-A Adapter Assemblies
(Informative)

Items Design Targets

Differential Return Loss < -15dB to 5 GHz
Normalized with 85 ohms.

Ditferential Insertion Loss 2 -2.4dB to 2.5 GHz, 2 -3.5dB to 5 GHz

Differential NEXT between <-40 dB to 2.5 GHz

SuperSpeed Pairs < -34 dB at 5 GHz

Differential NEXT and FEXT | < -30 dB to 2.5 GHz

between D+/D- and )

SuperSpeed Pairs \

N
The norinative requirements for the adapter assembly are defined in.Table 3-30 and Talle 3-32.
The adapter assembly total length is limited to 150 mm max. \
e
N
N
\
&
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Table 3-32 USB Type-C to USB 3.1 Standard-A Receptacle Adapter Assembly Signal
Integrity Requirements (Normative)

Items Descriptions and Procedures Requirements
Differential ILfitatNq is evaluated at the SuperSpeed Gen 1 Nyquist 2 -2.4dB at 2.5 GHz
Insertion Loss Fit at | frequency. >-3.5dB at 5 GHz

Nyquist Frequency

(ILfitatNgq)
Integrated l P < -38 dB, Tb = 200 ps
Differential Multi- / fn'"‘”IILD(f)IZIVin(f)Ide\ 27 4B Th=100ps

efleblon MRy T yin(prar )

Integrated P < -37dB
Diffdrential iB S AVin(OPINEXTs ()12 + [Vdd (f) |2 INEXTA(f)?)df :
Crogstalk on fmaxy,: 2

Sup¢rSpeed fO Vin(FIdf

(ISSKT) where: \

NEXTs = NEXT between SuperSpeed pairs
NEXTd = NEXT between D+/D- and SuperSpeed pairs

Vdd(f) = Input pulse spectrum on D+/D~ pair, evaluated
using equation shown in Figure 3-37 with Tb(Ul) =2.08

ns.
Integrated - . < -30 dB
Diffdrential L UVin(H)PINEXT ()12 + [Vin(f) |2 IFEXT(OI2)df
Crogstalk on D+/D- dB

(IDDXT) [ vin(F2df.

where: L
NEXT = Near-end crosstalk from¢SuperSpeed to D+/D-
FEXT = Far-end crosstalk from*SuperSpeed to D+/D-

fmax = 1:2 GHz N
Integrated Return Fndxi: 210 5 5 5 < -14.5dB, Tb = 20D
Losq (IRL) dB o Win(f){*sDD21(f)I?(ISDD11(f)|*+|SDD22(f)|?)df ps
. meX yin(r)2ar <-12.0dB, Tb = 10p
ps
Diff fo Comm mode Differentiél <to Common Mode conversion (SCD12, | <-15dB

SCD24)

Notg: fmax = 7.5 GHz; Vin(f)'is defined in Figure 3-37 with Tb (Ul) = 200 ps; and Vdd(f) is also specifie
Figure 3-37 with Tb (Ul) =2.08 ns.

n

N

3.7.5.3 Compli\ént USB'Legacy Receptacles used in USB Type-C to Legacy Adapter
Assemblies

3.7.5.3.1 Contact Material Requirements

Refer to—Sectiom 3743t for comtactmmateriatTequirements—as—these—appty to—tegacy USB

Standard-A and USB Micro-B receptacles used in USB Type-C to Legacy Adapter Assemblies.
3.7.5.3.2 Contact Current Ratings

Refer to Section 3.7.4.3.2 for contact current rating requirements as these apply to legacy USB
Standard-A and USB Micro-B receptacles used in USB Type-C to Legacy Adapter Assemblies.
3.7.6 Shielding Effectiveness Requirements (Normative)

The cable assembly shielding effectiveness (SE) test measures the EMI and RFI levels from the
cable assembly. To perform the measurement, the cable assembly shall be installed in the cable
SE test fixture as shown in Figure 3-55. The coupling factors from the cable to the fixture are
characterized with a VNA.
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Figure 3-55 Cable Assembly Shielding Effectiveness Testing
Metal tube
RF absorber—a / %)
SMA :
All USB [Type-C cable assemblies shall pass the shielding effectiveness \teé‘t for.compliarjce. The
pass/fail| criteria for the USB Type-C to USB Type-C cable assemblies ish)shown in Figule 3-56a
while thg pass/fail criteria for the USB Type-C to legacy USB cable assemblies is shown in
Figure 3t56b. Note that the shielding effectiveness for the frequency band from 4 GHz tp 5 GHz

is not splecified since there is no antenna operating in this frequenc? range.

Figure 3-56 Shielding Effectiveness Pass/Fail Criteria

Caemmopnode

oy =35 cmememmmme s —
© ;
g '40 - \ :
g N s
pt @1 Differential mode i
c -50 ------------- \-F— E
S .-55 . E
O D - '
500. 1600 4000 5000 000
a Frequency, MHz

(a) FQ\I"USB Type-C to USB Type-C Cable Assemblies

<&

Common mode

Differential mode '

Coupling factof, dB
A
S

500 1600 4000 5000 6000
Frequency, MHz

(b) For USB Type-C to legacy USB cable assemblies
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3.7.7 DC Electrical Requirements (Normative)
Unless otherwise stated, the tests in this section are performed on mated connector pairs.

3.7.71 Low Level Contact Resistance (EIA 364-23B)

The low level contact resistance (LLCR) measurement is made across the plug and receptacle
mated contacts and does not include any internal paddle cards or substrates of the plug or
receptacle. See Figure 3-57. The following apply to the power and signal contacts:

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

[é)]

a O—lAA 3 £ : PR
U TIIAZ (IVIdA ) dILCT CTIVITOTTTICTIdAl SUTTS55CS.

=

) leasure at 20 mV (Max) open circuit at 100 mA.
Refer to|Section 3.8 for environmental requirements and test sequences.

Figure 3-57 LLCR Measurement Diagram

LLCR measurement of pin “A1”

O <
L LLCR measurement arega
Pin A1 —® 0 -
e — AN\ Voltmeter
.o e % N terminal
. | Te o §
26 N= 5 ! PWR supply
== 0O = terminal
e J:ht —
Receptacle-side Plug side
" ®

AN

3.7.7.2 Dielectric Strength (EIA 364-20)
No breakdown shalleccur when 100 Volts AC (RMS) is applied between adjacent cortacts of
unmated and mate\d connectors.

3.7.7.3 Insulation Resistance (EIA 364-21)

A minimpmvof 100 MQ insulation resistance is required between adjacent contacts of ynmated
and mated connectors.

3.7.7.4 Contact Current Rating

The current rating testing for the USB Type-C connector (plug and receptacle) shall be
conducted per the following set up and procedures:

e A current of 5 A shall be applied collectively to VBUS pins (i.e., pins A4, A9, B4, and B9)
and 1.25 A shall be applied to the VCONN pin (i.e., B5) as applicable, terminated through
the corresponding 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, as applicable. When
current is applied to the contacts, the temperature of the connector pair shall be allowed
to stabilize. The temperature rise of the outside shell surface of the mated pair above the
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VBUS and GND contacts shall not exceed 30 °C above the ambient temperature. Figure
3-58 provides an illustration of the measurement location.

e The measurement shall be done in still air.

e The connectors shall be oriented such that the accessible outer shell surface is on top
and horizontal to the ground.

e The plug and receptacle may require modification to access solder tails or cable
attachment points.

e Hither thermocouple or thermo-imaging (preferred) method may be /used for tem

measurement

e Hor certification, the connector manufacturer shall provide the receptacle a

o

gamples under test mounted on a current rating test PCB with no copper planes.
glug may use short wires to attach the cable attachment points together rather than using
g current rating test PCB. Qo

The current rating test PCBs shall be of a 2-layer construction. If

berature

nd plug
A cable

2-layer

construction is not possible due to the solder tail&configuration, VBUs and ground

traces shall be located on the outer \|layers w\ith the inner layers rese
signal traces, as required; VCONN traces may’ be routed either on int

'ved for
ernal or

external layers. Table 3-33 defines the requirements for the test PCB thickness

and traces. The trace length applies to-€ach PCB (receptacle PCB and pl

g PCB)

and is from the contact terminal to the current source tie point. Figyre 3-59

provides an informative partial traceillustration of the current rating test P

CB.

If short wires are used instead ‘of a current rating test PCB, the wire length shall
not exceed 70. mm; measuredifrom the plug contact solder point to the ofher end

of the wire.  There shall benie paddle card or overmold included in the tes
Each-plug solder tail shall be attached with a wire with the wire gauge of
forsignals, AWG 32 forpower (VBUS and VCONN), and AWG 30 for ground

Figure3-58 Temperature Measurement Point

set-up.
AWG 36

Measurement

Point: Receptacle
shell top when a

Measurement Point:
Plug shell top when
receptacles with a

receptacle with a non-conductive
conductive shell is shell or no shell is
used used
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Table 3-33 Current Rating Test PCB

Item Trace width (mm) Traoc: éiggtgégm) Thickness
Signal trace 0.25 max. 13 max. 35 um (1 oz. copper)
Ground trace 1.57 max. 38 max. 35 um (1 oz. copper)
VBUS and VCONN 1.25 max. 30 max. 35 um (1 oz. copper)
PCB N/A N/A 0.80 — 1.20 mm

Figure 3-59 Example Current Rating Test Fixture Trace Configuration

L = 30mm max from |
| terminalto tie point*;\

AN @ -\

L = 30mm max from
terminal to tie point

L

‘e Y
o ‘}—T-;-——
o) E 30mm max
. :
\--.. :
A ] H
Casd— : 30mm max
L\ (o ] {
W= o
! |} :
Q (550 i

3.8 Mpchanical and Environmental Requirements (Normative)

The reqtliiréments in this section apply to all USB Type-C connectors and/or cable asgemblies
unless ofherwise specified. For USB Type-C plug conneciors 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.

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.
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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 initial connector extraction force shall be within the range of 8 N to 20 N, measured after a

preconditioning of five insertion/extraction cycles (i.e., the sixth extraction). After an additional

twenty-five insertion/extraction cycles, the extraction force shall be measured again (i.e., the

thirty-second extraction) and the extraction force shall be:
a. V hin 220/ ~f thhe initinl ra~ s nr\d

P
O OO 70 O trreT oo roaoT gy art

b. within the range of 8 N to 20 N.

The extnaction force shall be within the range of 6 N to 20 N after 10,000 insertioh/ extraction
cycles. [The extraction force measurement shall be performed at a maximum, speed of 12.5 mm
(0.492") |per minute. The extraction force requirement does not apply when the connegtors are
used in @ mechanical docking application. \

~

It is recommended to use a non-silicone based lubricant on- the Iatcﬁih‘g mechanism tg reduce
wear. The effects of lubricants should be restricted to insertion @nd extraction charadteristics
and shodild not increase the resistance of the mated connection.

3.8.1.3 Durability or Insertion/Extraction Cycles (EIA 36'3-09)

The durgbility rating shall be 10,000 cycles minimum fordhe USB Type-C connector fam|ly. The
durability test shall be done at a rate of 500 + 50 cycles{per hour‘and no physical damagg to any
part of the connector and cable assembly shall occursy

3.8.14 Cable Flexing (EIA 364-41, Condit‘ion 1)

No physjcal damage or discontinuity over 1rgs during flexing shall occur to the cable agsembly
with Dimlension X = 3.7 times the cable diameter and 100 cycles in each of two planes.

3.8.1.5 Cable Pull-Out (EIA 364138,~Meth0d A)

No phys|cal damage to the cable:assembly shall occur when it is subjected to a 40 N axial load
for a mirlimum of 1 minute while clamping-one end of the cable plug.

AN
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3.8.1.6 4-Axis Continuity Test

The USB Type-C connector family shall be tested for continuity under stress using a test fixture
shown in Figure 3-60 or equivalent.

Figure 3-60 Example of 4-Axis Continuity Test Fixture

73
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Figure 3-60 Example of 4-Axis Continuity Test Fixture, cont.
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Plugs sH
board (H
shall be
clamped
The rece
shall be
distance
perpend

o)
all be supplied with a representative overmoldyer mounted on a 2 layer printe
CB) between 0.8 mm and 1.0 mm. thickness.as applicable. A USB Type-C re
mounted on a 2 layer PCB between 0.8 mmyand 1.0 mm thickness. The PCB
on three sides of the receptacle nofurther than 5 mm away from the receptacle
ptacle PCB shall initially be placed in;@*horizontal plane, and a perpendicular
applied to the plug with a 5 mm ball tlpped probe for a period of at least 10 seco

cular to the axis of insertion. See' Table 3-34 for the force and moment to be ap

Table 3-34"'Force and Moment Requirements

d circuit
ceptacle
shall be
outline.
moment
hds at a

of 15 mm from the mating edgé of the receptacle shell in a downward dlrection,

lied.

Receptacle configuration with Force at 15 mm from receptacle Moment with respect to relceptacle

respgct to mounting surfa(ie shell mating edge (N) shell mating edge (Nm)
Right anglg { 20 0.30
Vertical - 8 0.12

&

The continuity, across each contact shall be measured throughout the application of thg tensile
force. Hach(non-ground contact shall also be tested to confirm that it does not short to the shell
during tte stresses The PCB shaII then be rotated 90 degrees such that the cabI is still
inserted Hre 5 I S c —Fe 4—-shrattbe—apr 3 re—ddwnward

direction and contan|ty 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.

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 VBuUs, 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

USB Type-C plugs on cable assemblies and fixture plugs without overmold (including PCB-mount
USB Type-C plugs) shall be tested using the mechanical wrenching test fixture defined in the
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Universal Serial Bus Type-C Connectors and Cable Assemblies Compliance Document. For plug
without overmold, the supplier shall provide a plug test fixture that conforms to the specified plug
overmold dimensions for the USB Type-C plug (see Figure 3-61). The fixture may be metal or
other suitable material. Perpendicular moments are applied to the plug with a 5 mm ball tipped
probe for a period of at least 10 seconds when inserted in the test fixture to achieve the defined
moments in four directions of up or down (i.e., perpendicular to the long axis of the plug opening)
and left or right (i.e., in the plane of the plug opening). Compliant connectors shall meet the
following force thresholds:

e A moment of 0-0.75 Nm (e.g., 50 N at 15 mm from the edge of the receptacle) is applied

tp a plug inserted In the test fixture in each of the Tour direcfions. A single plug,shall be
sed for this test. Some mechanical deformation may occur. The plug shall be mjated
ith the continuity test fixture after the test forces have been applied to verify.no damage
as occurred that causes discontinuity or shorting. The continuity test fixture shall
rovide a planar surface on the mating side located 6.20 + 0.20 mm from the receptacle
atum A, perpendicular to the direction of insertion. No moment forces are appligd to the
lug during this continuity test. Figure 3-62 illustrates an example\cdntinuity test fixture

tp perform the continuity test. The Dielectric Withstanding Voltage’test shall be
onducted after the continuity test to verify plug compliance.

Figure 3-61 Example Wrenching Strength Test Fixture for-Plugs without Overmold
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Figure 3-62 Reference Wrenching Strength Continuity Test Fixture

S
he plug shall disengage fr the test fixture or demonstrate mechanical failure (i.e., the
brce applied during the rocedure peaks and drops off) when a moment of 20 Nm is

pplied to the plug in.the<up and down directions and a moment 3.5 Nm is appligd to the

lug in the left and ‘right directions. A new plug is required for each of the fpur test
irections._An ple. of the mechanical failure point and an illustration| of the

renching test fixture are shown in Figure 3-63 and Figure 3-64, respectively.

Figure 3 xample of Wrenching Strength Test Mechanical Failure Point

8

© 8541

8o} : ’

42§

Compressive load (N)

T8 Nm
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Compressive extension (mm)
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3.8.1.8

It is recdmmended that components be RoHS compliant.

3.8.2
The con

Since th
1000.01
duration

followind.

The pas
The dura

3.8.21

This spe
manufag
informat

F:2016
Figure 3-64 Wrenching Strength Test with Cable in Fixture
5K
Restriction of Hazardous Substances \

Environmental Requirements <

le connector defined has more than 0.127 mm>wipe length, Test Group 6 in H
is not required. The temperature life tesi 'duration and the mixed flowing
values are derived from EIA 364-1000.01 based on the field temperature

Table 3-35  Envifonmental Test Conditions

Temperature Life test temperature and duration 105 °C for 120 hours

Temperature Life test temperature\and duration for preconditioning 105 °C for 72 hours

Mixed flowing gas test duration 7 days

AN

5/fail criterion for'the low Jevel contact resistance (LLCR) is as defined in Section
bility. ratings.are’defined in Section 3.8.1.3.

Refeyeﬁce Materials (Informative)
cification does not specify materials for connectors and cables. Connector ar

hector interface environmental tests shall follow EIA<364-1000.01, Environmental Test
Methoddlogy for Assessing the Performance of( Electrical Connectors and Sockets
Busines$ Office Applications. \

Jsed in

IA 364-
jas test
per the

3.7.7.1.

d cable

onbelow is provided for reference only.

turers’ should select appropriate materials based on performance requiremen!ls. The

Note: Connector and cable manufacturers should comply with contact plating requirements
per the following options:

Option |

Receptacle

Contact area: (Min) 0.05 pm Au + (Min) 0.75 uym Ni-Pd on top of (Min) 2.0 um Ni
Plug

Contact area: (Min) 0.05 ym Au + (Min) 0.75 uym Ni-Pd on top of (Min) 2.0 ym Ni

Option Il

Receptacle
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Contact area: (Min) 0.75 ym Au on top of (Min) 2.0 ym Ni
Plug
Contact area: (Min) 0.75 um Au on top of (Min) 2.0 ym Ni

Other reference materials that connector and cable manufacturers select based on performance
parameters listed in Table 3-36 are for reference only.

Table 3-36 Reference Materials

[ Component Vatertals

Cable Conductor: copper with tin or silver plating

SDP Shield: AL foil or AL/mylar foil

Coaxial shield: copper strand

Braid: Tin plated copper or aluminum \

Jacket: PVC or halogen free substitute material, D

Cable Overmold Thermoset or thermoplastic

Connector Shells Stainless steel or phosphor bronze >
Plug Side Latches Stainless steel o
Receptacle Mid-Plate Stainless steel

Plug Internal EMC Spring | Stainless steel or high yield stréngth copper alloy

Receptacle EMC Pad Stainless’ steel or phosphor bronze

Receptacle Shell Stainless steel or phosphor bronze

Receptacle Tongue Glass-filled nyloh h

Housing Thermoplasf’rcs capable of withstanding lead-free soldering
temper?ture

Note: Halogen-free materials should-be considered for all plastics

~

3.9 Deocking Applications (I\nformative)

In this specification, docking-refers to plugging a device directly into a dock without using|a cable

assembly. The USB Type-C connector is defined to support such applications.
N\

The conpector is onlypart of a docking solution. A complete docking solution at the syst¢m level
may algo includé<{retention or locking mechanisms, alignment mechanisms, docking plug
mounting solutions, and protocols supported through the connector. This specification does not
attempt | to (standardize system docking solutions, therefore there is no interoplerability
requirement for docking solutions.

The following list includes the requirements and guidelines when using the USB Type-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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3.10 Implementation Notes and-Design Guides

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 3-65 shows an example of a USB Type-C receptacle
with a lead-in flange compared to a receptacle without the flange.

Figure 3-65 USB Type-C Cable Receptacle Flange Example

~

This sedtion discusses a few_implementation notes and design guides to help users degign and

use the USB Type-C conpestors and cables.

3.10.1 |[EMC Managgrhent (Informative)

Connectpr and cable assembly designers, as well as system implementers should pay 3gttention
to receptacle and)cable assembly shielding to ensure a low-impedance grounding path. The

followind are-guidelines'for EMC management:

The |quality of raw cables should be ensured. The intra-pair skew or the differgntial to
com le 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 3-66:
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1. The side latch should have electrical connection to the receptacle mid-

docking plug may not have side latches).

plate (a

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.

Figure 3-66 EMC Guidelines for Side Latch and Mid-plate

Paddle card\(plug)

Paddle card

PCB board on " Middle plane
host side \ @ (receptacle)

The internal RFI finger inside. tHe plug should have adequate connection point
ner surface of the plug.shell.. Four or more connection points are recomme
illustrated in Figure 3-67..

Figur\e 3-67.  EMC Finger Connections to Plug Shell

f

\

Shell (plug)

(1)

RFI spring — N -
\ N A " Connection between RFI
—_ = spring to plug shell

W S I

5 to the
hded as

;\\\\.\\\,‘i\.\\q;\;\ 1

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 3-68, there are multiple laser welding points between the EMC pads

and the receptacle shell, top and bottom.
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The receptacle shell should have sufficient connection points to the system PCB GND
plane with apertures as small as possible. Figure 3-68 illustrates an example with
multiple solder tails to connect the receptacle shell to system PCB GND.

Figure 3-68 EMC Pad Connections to Receptacle Shell

Connection between RFI
pad and receptacle

Shell (receptacle)

RFI pad @ ’\; \,, )
‘-u \ ’.’Z -‘j: ,\,@
............... \ o ,%P\\\\lﬂ'
RFI pad ﬂ//,‘/l/l//l'/lfzz.//l{;l/ ==
@\\‘\IIH

L2

pertures .in the receptacle and plug shells should be minimized. If apertures are
navoidable, a maximum aperture size of 1.5 mm is recommended. See Figure [3-69 for

perture illustrations. Copper tape'may be applied to seal the apertures inside the cable
lug. -

O 0 C >

N
Figure 3-69 Examples of Connector Apertures

Apert -
pertuce
%\, S Aperture

| / Aperture
A J

The receptacle connectors should be connected to metal chassis or enclosures through
grounding fingers, screws, or any other way to manage EMC.

3.10.2 Stacked and Side-by-Side Connector Physical Spacing (Informative)

Stacked and side-by-side USB connectors are commonly used in PC systems. Figure 3-70

illustrates the recommended spacing between connectors for stacked and side-by-side
configurations.
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Figure 3-70 Recommended Minimum Spacing between Connectors

12.85

3.10.3 |Cable Mating Considerations (Informative) )
The recéptacle mounting location, exterior product surfaces, cable overmold,“and plug mating
length nged to be considered to ensure the USB Type-C plug is allowed tor fuIIy engage the USB

Type-C feceptacle. Figure 3-71 illustrates the recommended mlnlmum pLug overmold clearance
to allow the cable plug to fully seat in the product receptacle:
Figure 3-71 Recommended Minimum Plug Overmold Clearance
EIJTDE M N ———
~ . — 74
YAYURY | _ i
N & N |
P2y ey /7  — |
l L‘"‘-_J L{L__ ﬁ__’ \ 2
- EXTERIOR SURFACE OF PRODUCT)
PLUE FOILLEY SEATED IN RECEPTACLE
Figure 3}72 illustrates special considerations required when external walls are angled. Hor such
applicatipns, the USB Type-C receptacle shell may not provide as much mechanical aljgnment
protectign to the receﬁtacle tongue as in the full shell design. Design options to al|low the
le to pass mechanical test requirements include relief in the exterior wall sufface to

receptag
allow use

Figure 3-72 Cable Plug Overmold and an Angled Surface
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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.

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 connectors.

Table 4-1 USB Type-C List of Signals

Signal Group Signal Description

SSTXp1, SSTXn1 SuperSpeed USB serial data interface defines 1
SSRXp1, SSRXn1 differential transmit pair and-1 differential receive
USB 3.1 pair. On a USB Type-C receptacle, two sets of
SSTXp2, SSTXn2 SuperSpeed USB signal pins-are defined to
SSRXp2, SSRXn2 | onaple plug flipping featuréd

USB 2.0/serial data interface defines a differential

USB 2.0 Dp1, Dn1 pair. Oh a USB Type-G’receptacle, two set of
’ Dp2, Dn2 USB 2.0 signal pins\are defined to enable plug
flipping feature .
ce1, ce2 CC channel ';'fthe plug used for connection
i i receptacle ! ugu !
Configuration ( P ) detectinterface configuration and VCONN
CC (plug)
Auxiliary signals SBU1, SBU2 Sideband Use
VBUS ‘ US;B cable bus power
Power VCONN (plug) ‘~\\ USB plug power
GND, ) USB cable return current path

4.2 Signal Pin Descriptions,
4.2.1 |SuperSpeed USB Pins

SSTXp[1, SSTXn1 . These pins are required to implement the system’s transmit path of a
(SSTXp2, SSTXn2) USB)3.1 SuperSpeed interface. The transmitter differential pair in a
port are routed to the receiver 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.

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

(SSRXp2, SSRXn2) USB 3.1 SuperSpeed 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.

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 (LS, FS, and HS) is supported. The USB 2.0
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(Dp2, Dn2) 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 requirements.
4.2.4 Power and Ground Pins
VBUS These pins are for USB cable bus power as defined by the USB
specifications. VBUS is only present when a Source-to-Sink
connection across the CC channel is present — see Section 4.5.1.2.1.
Refer to Section 4.4.2 for the functional requirements for VBUS.
\\
VCONN VCONN is applied to the unused CC pin to supply power to the“focal
plug. Refer to Section 4.4.3 for the functional requirements for
VCONN.
N
GND Return current path.
®)
4.2.5 Configuration Pins
CC1, gCc2, CcC These pins are used to detect connectiensvand configure the interface

4.3 Sideband Use (SBU)

The Side
and add
Section
Accesso

The SBLI
stronger

These p
ended w

across the USB Type-C cables and connectors. Refer to Section 4.5
for the functional definition. Once a ‘eonnection is established, CC1 or
CC2 will be reassigned for providing power over the VCONN pin of the
plug — see Section 4.5.1.2.1. i

N

N

5.1 and Appendix A for\use of the SBU pins in Alternate Modes and Audio
r'y Mode. -

J pinson-a port shall either be open circuit or have a weak pull-down to gr
than zSBUTer@ination.

ns-are pre-Wired in the standard USB Full-Featured Type-C cable as individua

4.4 Power and Ground

4.41

IR Drop

band Use pins (SBU1 and SBU2) are limited to the uses as defined by this spedification
itional functionality will be>defined in future versions of the USB specifications. See

Adapter

bund no

single-

res (SBUEA and SBU_B). Note that SBU1 and SBU2 are cross-connected in thg cable.

The maximum allowable cable IR drop for ground (including ground on a captive cable) 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

consider

ing 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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Figure 4-1 Cable IR Drop

l— 500 mV —l

+5ViI——V/ VN VAVAYA V'V N\ ——VBuUs
Rcontact Rcable (VBuUS) Rcontact

Source Sink

Rcontact Rcable (GND) Rcontact

GND ——~/\AN VAN VV\/ ->—— GND

\
Figure 4}2 illustrates what parameters contribute to the IR drop for a powered cable and where it
shall be |measured. Note that the powered cable includes isolation eléments (Iso) and Iqads (L1
and L2) |for the functions in the powered cable such as USB _PD c¢ontrollers.” The IR drpp shall
remain Helow 250 mV in all cases. -~

Figure 4-2 Cable IR Drop for powered cables

500 mV
'
+5V VAVAYA VAN VAN VBUS
Rcontact Rcable (¥BUs) Rcontact
Iso Rca\ble\(VCONN) Iso
VCONN AN VCONN
(PH) | | (<)
Source k. Sink
L1 L2
{ Rcontact Rcable (GND) Rcontact
GND : VAN VAN V'V ——— GND

A\ L 250mv —l

4.4.2 VBUS

The allowable default range for VBUS as measured at the Source receptacle shall be as defined
by the USB 2.0 Specification and USB 3.1 Specification. Note that due to higher currents
allowed, legacy devices may experience a higher voltage (up to 5.5V maximum) at light loads.

The Source’s USB Type-C receptacle VBUS pin shall remain unpowered and shall limit the
capacitance between VBUS and GND as specified in Table 4-2 until a Sink is attached. The VBuUS
pin shall return to the unpowered state when the Sink is detached. See Table 4-20 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 Source (or device 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
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pins as specified in Table 4-2 when not sourcing power on VBUS (i.e., when in states
Unattached.SRC or Unattached.Accessory).

Table 4-2 VBUS Source Characteristics

Minimum Maximum Notes
Leakage between VBUS pins and GND
VBUS Leakage 72.4 kQ pins on receptacle when VBUS is not
Impedance :
being sourced.
Capacitance between VBUs-anfd GND
VBUS (Japacitance 10 pF pins on receptacle when VBUS [is not
being sourced. -
4.4.3 |VconN O
VCONN ig provided by the Source 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 wi\re of the cable.
Initially, VCONN shall be sourced by all USB Type-C receptacles that source VBUs and ufilize the
SSTX and SSRX pins during specific-connection states @s described in Section |4.5.2.2.

Subsequently, VCONN may be removed under<some cirecumstances as described in Tapble 4-3.

VCONN may also be sourced by USB Type-C receptacles that do not utilize the SSTX and SSRX
pins as ¢lescribed in Section 4.5.2.2. USB-PD VCONNxSwap command also provides thel Source
a means| to request that the attached Sink supply VEONN.
Table 4-3 USB Type-C Source Port’s VCONN Requirements Summary
D+/Dt SSTX/SSRX >3 A . VCONN Requirements
No No No Ngt.required to source VCONN
Yes No No Not required to source VCONN
| Required to source 1 W. VCONN power may be removed after tHe
Yes Yes No source has read the cable’s eMarker and has determined that it|is not
N an active cable.
Required to source 1 W. VCONN power may be removed after tHe
No No Yes source has read the cable’s eMarker and has determined the caple’s
current carrying capacity.
X Required to source 1 W. VCONN power may be removed after tHe
Yes No Yes source has read the cable’s eMarker and has determined the caple’s
current carrying capacity.
Required to source 1 W. VCONN power may be removed after tHe
Yes Yes Yes sotrcetrasread-thecabte seMarkerandas—determined-the—cable’s
current carrying capacity and that it is not an active cable.
Table 4-4 provides the voltage and power requirements that shall be met for VCONN. See
Section 4.9 for more details about Electronically Marked Cables. See Section 4.10 for a wider

VCONN voltage operating range for VCONN-powered accessories.

optional support for an increased VCONN power range in Alternate Modes.
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Table 4-4 VCONN Source Characteristics
Minimum Maximum Notes
Ports that support VCONN-powered
Voltage 475V 55\ accessories are allowed to supply at_a
lower minimum of 2.7 V when operating
in the PoweredAccessory state.
Source may latch-off VCONN if excessive
Pewer -0 peweris—drawn-beyond-the-spesjfied
inrush and wattage.
The VCONN source shall Qiéconn ect the
Bulk Capacitance 10 pF 220 uF bulk capacitance from the recepfacle
when VCONN is powered off.

To aid in

e H
SRC.Rd state

[daNwnl

Table 4-p provides the requirements that shall benet for cables that consume VCONN po

Table 4-5 VCONN:Sink Characteristics

a is not detected on the CC pin after tCCDebounce when the other CC pin i

a is not detected on the CC pin after tCCDebounce when the other CC pin i
RC.Open state and the port supports VCONN-powered accessories

there is no GoodCRC response to-USB PD Discover Identity messages

\

D)

\

reducing the power associated with supplying VCONN, a Source\is allowed to ejther not
source [CONN or turn off Vconn under any of the following-conditions:

5 in the

5 in the

ver.

Minimyfm Maximum Notes
- A cable shall not present mqgre than
the equivalent inrush capacitance to
Inrdsh Capacitance 10 pF the VCONN source. The actiye
A cable is responsible for discharging
its capacitance.
.- N\ .
Power| for Electronically 70 mwW See Section 4.9.
Marked Cables
Power for Active Cables 1.0W See Section 5.2.
The time from the point that|the
tVeonnDischarge 250 ms cable is detached until
vVCONNDischarge shall be met.
. The VCONN voltage following cable
vVCONNDischarge 150 mV detach and self-discharge.

The cable may remove or weaken Ra when VCONN is above 1.0 V as long as the other
requirements are met. See Section 4.5.1.2.1.

4.5
4.51

Configuration Channel (CC)
Architectural Overview

For the USB Type-C solution, two pins on the connector, CC1 and CC2, are used to establish
and manage the Source-to-Sink connection. Note that in this section, “direct connect” is used to
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When the device is

connected through a hub, the connection between a Sink (UFP) on the hub and the Source (host
port) and the connection between the Sink (device port) and a Source (DFP on the hub), are

treated as separate connections.

following purposes.

4511

Since the USB Type-C plug can be inserted in either right-side-up ortpside-down posi
hosts and devices that support USB data bus functionality must operaté on the signal
are actuglly connected end-to-end. In the case of USB2.0, this is(done by shorting toggther the
two D+ gignal pins and the two D- signal pins in the host and device receptacles. In the
USB SuperSpeed signals, it requires the functional equivalent.of a switch in both the N
device tp appropriately route the SuperSpeed TX and RX, signal pairs to the connected path

through

Figure 43 illustrates the logical data bus model foria.USB Type-C-based Host connec
USB Type-C-based Device. The USB cable that sits*between a host and device can be i
four possible connected states when viewed by.the host:

To estab
Type-C
SuperSpeed signal pairs(SSTXp1/SSTXn1 and SSRXp1/SSRXn1) — in this way, the CC

USB SuperSpeed data bus wires that are used for signaling within the cable track with r
the oriertation and‘twist of the cable. By being able to detect which of the CC pins (CC1
at the rgceptacle~is terminated by the device, the host is able to determine which Sup

Detect attach of USB ports, e.g. a Source to a Sink
Resolve cable orientation and twist connections to establish USB data bus routing

Establish data roles between two attached ports

Discover and configure VBUS: USB Type-C Current modes or USB Power Delivéery
Gonfigure VCONN \
Discover and configure optional Alternate and Accessory modes

USB Data Bus Interface and USB Type-C Plug Flip-ability .\

he cable.

Un-flipped straight through — Position\@‘ <> Position D
n-flipped twisted through — Position (@) <> Position @

—

Hlipped straight through = Pasition ) <> Position @)
Rlipped twisted through & Position (@ <> Position @

cableis wired-'such that a single CC wire is position aligned with the fi

Functionally, the configuration channel is used to serve the

ion, the
ins that

case of
ost and

fed to a
h one of

lish the proper routing of the active USB data bus from host to device, the standard USB
st USB
vire and
pgard to
or CC2)

USB sigpals(are to beused for the connection and the host can use this to control the f
switch forrouting the SuperSpeed USB signal pairs.

the CC p

switch that routes its SuperSpeed USB signal pairs.
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Implementation without Switch Cable Implementation with Switch
A

— 4 possible active —

(Host)

SS channel routes
SSTX1 SSRX1

® 4(O)
Uss SSRX1 / SSTX1 MUX Usg
SSTX2 @/ @ SSRX2

chipset SSRX2 SSTX2 chipset
(Device)

P—

USB D+/— i

USB D+/—-

SES)
SIS)

4 possible | )

wiring maps
cc1

CC Logic and et @ / @ | CClogicand
VCONN switch %) o) ccz —\ VconNNSwitch

cc2

While Fi

equally applies to a USB hub’s downstream ports as well. N

Figure 4
with a U
as a cap
of the U
Given th
viewed |

Figu

\

N

gure 4-3 illustrates the functional model as a host connected to a device, thi

-4 illustrates the logical data bus model for.a USB Type-C-based Device (implg
SB Type-C plug either physically incorporated inte’the device or permanently §
tive cable) connected directly tora USB Type-C~based Host. For the device, the
SB SuperSpeed data bus, USB 2.0 data bus, €C and VCONN pins are fixed by
at the device pin locations are fixed, only.'two possible connected states exi

5 model

mented
ttached
location
design.
5t when

y the host.
re 4-4 Logical Model for USB Type:C-based Ports for the Direct Connect Dejvice
o
Implementation with Switch N D}rect connect Direct connect device implementation
A
—r 2 possible active \—
~ SS channel routes
~— SSTX1 =% -® - _ SSRX1
SSRX1 7| SSTX1
USB MUX . / "
ghipset RSN () :
= SSRX2 chipset
(Host or ! .
~\ (Device
Dual) \
3 @® USB D+/-
- S-\USB D+/- .
<& @
2_ Possible
cct ® wiring maps cc
C€ kogicand CC L osic
VCONN SWitch cc2 @ Voonn

The functional requirements for implementing SuperSpeed USB data bus routing for the USB

Type-C receptacle are not included in the scope of this specification.

There are multiple host,

device and hub architectures that can be used to accomplish this which could include either
discrete or integrated switching, and could include merging this functionality with other USB 3.1

design e

4.5.1.2

lements, e.g. a bus repeater.

Connecting Sources and Sinks

Given that the USB Type-C receptacle and plug no longer differentiate host and device roles
based on connector shape, e.g., as was the case with USB Type-A and Type-B connectors, any
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two ports that have USB Type-C receptacles can be connected together with a standard USB

Type-C cable.
and DRP ports.

Table 4-6 USB Type-C-based Port Interoperability

Table 4-6 summarizes the expected results when interconnecting Source, Sink

. DRP
Source-only Sink-only (Dual-Role-Power)

_Source-only Non-functional Functional Functional
Sink-only Functional Non-functional Functional

DRP . . : Y,

(Dual-Role-Power) Functional Functional ‘\Functlonal

* Rdsolution of roles may be automatic or manually driven ) D

In the cgses where no function results, neither port shall be harmed by this connectid
user haqg to independently realize the invalid combination and take appropriate action to
While these two invalid combinations mimic traditional USB where host-to-host and de
device gonnections are not intended to-work, the non-keyea USB. Type-C solution d

prevent
Source (

The typi
to a Sink

1. @

g
J

¢
q

4. U

For cas
another
connecti
Sink ang

n. The
resolve.
vice-to-
oes not

he user from attempting such interconnects. VBUS and VCONN shall not be appljed by a

host) in these cases.
cal flow for the configuration of the interfacevin the general USB case of a Sourc
(Device) is as follows:

etect a valid connection between the*ports (including determining cable orig
ource/Sink and DFP/UFP relationghip)

ptionally discover the cable’s capabilities

ptionally establish alternatives to traditional USB power (See Section 4.6.2)
a. USB PD communication over CC for advanced power delivery negotiation
b. USB Type-C Current modes
c. USBBC 12

SB Device Enﬁmération

N

bs of Dual-Role-Power (DRP) ports connecting to either Source-only, Sink
DRP, the process is essentially the same except that during the detecting
pn step, the DRP alternates between operating as a Source for detecting an 4
presenting as a Sink to be detected by an attached Source. Ultimately this res

Source-t

4.5.1.21

e (Host)

ntation,

only or
a valid
ttached
ults in a

o-Sirk-connection
H-cerRecteh-

Detecting a Valid Source-to-Sink Connection

The general concept for setting up a valid connection between a Source and Sink is based on

being ab

le to detect terminations residing in the product being attached.

To aid in defining the functional behavior of CC, a pull-up (Rp) and pull-down (Rd) termination
model is used — actual implementation in hosts and devices may vary, for example, the pull-up
termination could be replaced by a current source. Figure 4-5 and Figure 4-6 illustrates two

models, the first based on a pull-up resistor in the Source and the second replacing this with a
current source.
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Figure 4-5 Pull-Up/Pull-Down CC Model
Source monitors Sink monitors for
for connection orientation
Cable
+ \ 7 22 ~ /
— "\ \A—0 —AAN—
Rp cc i Rd
AAA S AAA,
Rp / : E\Rd L
Source monitors N~ A Sink monitors for
for connection orientation’
\
\\
Figure 4-6 Current Source/Pull-Down CC Model
Source monitors h Sink monitors for
for connection orientation

Initially,
exposes
of this ¢
CC1 ang
the pull+
Sink, a g

Prior to
load on

S—AAN—
Rd
< K \ | ‘. Rd
Ip / : 1 B\ ' \ —
| ~ <& ‘ o
Source monitors WO N SN A Sink monitors for

for connection J orientation

a Source exposes indebendent Rp terminations on its CC1 and CC2 pins, ang
independent Rd tékminations on its CC1 and CC2 pins, the Source-to-Sink com
rcuit configuration’ represents a valid connection. To detect this, the Source 1

a Sink
bination
honitors

CC2 for a vqltége lower than its unterminated voltage — the choice of Rp is a funpction of

Lp termir@tibn voltage and the Source’s detection circuit. This indicates that
oweredcable, or a Sink connected via a powered cable has been attached.

bpplication of VCONN, a powered cable exposes Ra on its VCONN pin. Ra repres
VVCONN plus any resistive elements to ground. In some cable plugs it might bd

either a

ents the
a pure

resistan

e anda In others It may pe simply the Ioad.

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

Two special termination combinations on the CC pins as seen by a Source are defined for
directly attached Accessory Modes: Ra/Ra for Audio Adapter Accessory Mode (Appendix A) and
Rd/Rd for Debug Accessory Mode (Appendix B).

The Source uses de-bounce timers to reliably detect states on the CC pins to de-bounce the
connection (tCCDebounce), and hide USB PD BMC communications (tPDDebounce).

Table 4-7 summarizes the port state from the Source’s perspective.
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Table 4-7 Source Perspective
CccC1 CC2 State Position
Open Open Nothing attached N/A
Rd Open D
Sink attached
Open Rd @)
Open Ra Q)
Poweredtabte without-Simkattached
Ra Open @
Rd Ra Powered cable with Sink or VCONN- @
Ra Rd powered Accessory attached @
Rd Rd Debug Accessory Mode attached G N/A
(Appendix B) )
Audio Adapter A Mode attached
Ra Ra udio Adapter ccessgry ode attache N/A
(Appendix A)

Once th
ground.
orientati

Table 4-

each state in Table 4-7.

SN

@)

e Sink is powered, the Sink monitors CC1 and €€2 for a voltage greater than
The CC pin that is at a higher voltage (i.e. pufled up by Rp in the Source) indic
bn of the plug.

8 summarizes the typical behaviors for simple Sources (Hosts) and Sinks (Dev

its local
ates the

ces) for
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Table 4-8 Source (Host) and Sink (Device) Behaviors by State

State

Source Behavior

Sink Behavior

Nothing attached

e Sense CC pins for attach

e Do not apply VBUS or
VCONN

e Sense VBUS for attach

Sink attached

e Sense CC for orientation
e Sense CC for detach

e Sense CC pins for
orientation

e Apply VBUS and VCONN

e Sense loss of VvBUS Tor
detach

Powered cable
without Sink
attached

e Sense CC pins for attach

e Do not apply VBUS or
VCONN

e Sense VBUS for attach

Pdwered cable with
Sink or VCONN-

e Sense CC for orientation

N\
o If accessories are
supported; see Source

powered e Sense CC for detach Behavior with exception that
Accessory e Apply VBUS and VCONN VBUS-is not applied.,
attached otherwise, N/A.

»Sense VBUS for detach
e Reconfigure for debug

e Sense CC pins for detach
e Reconfigure for debug

Debug Accessory
Mode attached

Audio Adapter
Accessory Mode
attached

e Sense CC pins for detach

 Reconfigure for-analog
audio

e |f accessories are
supported, see Source
Behavior, otherwise, N/A

o
Figure 4-3 shows how the inserted plug\orientation is detected at the Source’s receptacle by
noting op which of the two CC pins in_the receptacle an Rd termination is sensed. Now [that the
Source [Host) has recognized: that. a” Sink (Device) is attached and the plug orienfation is
determined, it configures the SuperSpeed USB data bus routing to the receptacle.

The Soyrce (Host) then turns: on VBUS.
through fthe cable, the Source supplies VCONN and may remove the termination.

For the CC pin that does not connect Sourcg-to-Sink
With the Sink

(Device)[ now ‘powered,-it_configures the USB data path. This completes the Host-tq-Device
connectipn. \

The Source monifers the CC wire for the loss of pull-down termination to detect detacH. If the
Sink is femoved;-the Source port removes any voltage applied to VBUS and VCONN, r¢sets its
interfacq configuration.and resumes looking for a new Sink attach.

Once a = power

(VBUS as defined by either USB 2.0 or USB 3.1 specifications) may be available depending on
the capabilities of the host and device. These include USB Type-C Current, USB Power Delivery,
and USB Battery Charging 1.2.

In the case where USB PD PR_Swap is used to swap the Source and Sink of VBUS, the supplier
of VCONN remains unchanged during and after the VBUS power swap. The new Source 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 data roles (DFP and UFP), the source
of VBUS and VCONN do not change after the data role swap.
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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 enumerated per standard USB 2.0 and USB 3.1 processes.
4.51.3 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: Source, Sink and Dual-Role-Power (DRP).

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

4.5.1.3.1 Source Configuration Channel Functional Model

Figure 47 illustrates the functional model for CC1 and CC2 for a Source port prior tq attach.

This illugtration includes consideration for USB PD. \

~

Figure 4-7 Source Functional Model for CC1.and CC2

N VBus
VBUS Source jT’~—O
Connection «l\
Mux | and Marked 5V VCONN
CNTL Cable 3
Detection,
Cold-Socket, Rp 5 cc1
PD <«—»| &VCONN Lo—0O
——\/\/\/ S
Control
(cC1)
(cc2) VCONN
N
N
R cc2
S [
GND
™ O
N\

O\

Referring to Fi\gl‘}re 4-7, a port that behaves as a Source has the following functional
charactefristics:

1. The Source uses a FET to enable/disable power delivery across VBUS and initjally the
JourcCe has VBUS disabled.

2. The Source supplies pull-up resistors (Rp) on CC1 and CC2 and monitors both to detect
a Sink. The presence of an Rd pull-down resistor on either pin indicates that a Sink is
being attached. The value of Rp indicates the initial USB Type-C Current level supported
by the host.

3. The Source uses the CC pin pull-down characteristic to detect and establish the correct
routing for the USB SuperSpeed data path and determine which CC pin is intended for
supplying VCONN.

Once a Sink is detected, the Source enables VBUS and VCONN.

The Source can dynamically adjust the value of Rp to indicate a change in available USB
Type-C Current to a Sink.
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6. The Source monitors the continued presence of Rd to detect Sink detach. When a
detach event is detected, the Source removes, if supplied, VBUS and VCONN, and returns
to step 2.

7. |If the Source 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 Source that supports USB PD
PR_Swap.

Figure 4-8 Source Functional Model Supporting USB PD PR Swap

VBUS Source _‘\T,‘i

VBUS
) VBUS Sink <—JTL e}
Connection
and Marked
Cable
Mux D . 5V VCONN
ONTL <— Detection, \
Cold-Socket, o\
& VCONN Rp 'S\t
S
pD <«—»| Control —\/\A\—ta_ N Eavey
Present as A AN o O
Device or Host
Rd N\
(cc1)
(cc2) O VCONN
Rp 51
—4\/\/\/—'0\\0_0_0/0—0
FAAA o
Rd
GND
\\ O

N\ pu—

4.5.1.3.2 Sink'Configuration Chahnel Functional Model

Figure 4}9 illustrates the functional model for CC1 and CC2 for a Sink. This illustration |ncludes
considernation for both USB Type-C Current and USB PD.

Figure4-9 Sink Functional Model for CC1 and CC2

VBus
\O——————9¢—> VBUS Sink

Mux

Connection CNTL

Detection
cc1

Lae)

(cc1)
(cc2)

USB Type-C
Current
Detection

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

1. The Sink terminates both CC1 and CC2 to GND using pull-down resistors.
2. The Sink determines that a Source is attached by the presence of power on VBUS.

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

4. The Sink can optionally monitor CC to detect an available higher USB Type-C Current
The Sink shall manage its load to stay within the detected Source

from the Source.
current limit.

5. If the Sink supports advanced functions (USB Power Delivery and/or Alternate
USB PD communication is required.

Figure 4110 illustrates the functional model for CC1 and CC2 for a Sink that supports

PR_Sw1p and supports USB PD VCONN_Swap prior to attach.

Fig

VBUS

1 VBUS Source

‘lTr> VBuUS Sink

VCONN 5v

cc1

79

Rp

o}~ A
oA .

Rd

Present as
Sink+ér'Source

Conpection
arked
‘Cable
Detection,
Cold-Socket,
& VCONN
Control

|

(cc1)

VCONN

(cc2)

7

Rd*

N

"\

4.5.1.3.3 anli‘RoIe-Power (DRP) Configuration Channel Functional Model

Figure 411 illustrates the functional model for CC1 and CC2 for a DRP presenting as 4
prior to Tttach. This illustration includes consideration for both the USB Type-C Current

USB PDlfeatures.

USB Type-C
Current
Detection

re 4-10 UFP Functional Model Supporting USB PD PR_Swap\ahd VCONN_Swap

Mux
CNTL

PD

Modes),

USB PD

Source
and the
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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 t
followind functional characteristics:
1. The DRP uses a FET to enable/disable power delivery across VBUS and initially
Jource mode has VBUS disabled.

1
1

~

he DRP uses switches for presenting as a Source or Sink.
o
he DRP has logic used during initiaf' attach to toggle between Source and Sink o
a. Until'a specific stable state is established, the DRP alternates between ¢

he

when in

beration:

Xxposing

itself as a“Source and. Sink. “The timing of this process is dictated by & period

(tDRP), percentage:-of time that a DRP exposes Rp (dcSRC.DRP) ¢
transition time (tDRPTransition).

b. When the DRP. is presenting as a Source, it follows Source operation to d
attached_Sink — if a Sink is detected, it applies VBUS, VCONN, and cont
operateas a Source for a minimum of tDRPHold (e.g., cease alternating).

c. When‘ the DRP is presenting as a Sink, it monitors VBUS to detect t
attached toa Source — if a Source is detected, it continues to operate a
(cease alternating).

the-DRP supports advanced functions (USB Power Delivery and/or Alternate

nd role

ptect an
nues to

nat it is
5 a Sink

Modes),

SB PD communication is required

4.51.4

USB Type-C Port Power Roles and Role Swapping Mechanisms

USB Type-C ports on products (USB hosts, USB devices, USB chargers, etc.) can be generally
characterized as implementing one of seven power role behavioral models:

e Source-only

e Source (Default) — strong preference toward being a Source but subsequently capable of
becoming a Sink using USB PD swap mechanisms.

e Sink-only

e Sink (Default) — strong preference toward being a Sink but subsequently capable of
becoming a Source using USB PD swap mechanisms.
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e DRP: Toggling (Source/Sink)
e DRP: Sourcing Device
e DRP: Sinking Host

Two independent sets of swapping mechanisms are defined for USB Type-C port
implementations, one based on role swapping within the initial state machine connection process
and the other based on subsequent use of USB PD-based swapping mechanisms.

4.5.1.4.1

During tl 3 6 connestion—p ;
end up in one of the two following roles associated with the termination of its port:

USB Type-C State-Machine-Based Role Swapping

e Rp = VBUs and VCONN source and behaving as a downstream facing port (4SB Host)

e Rd - VBuUS sink and behaving as an upstream facing port (USB Device)

A USB Type-C DRP-based product may incorporate either or ‘both the Jty.SRC and Try.SNK
swap mechanisms to affect the resulting role. Try.SRC allows a DRP(that has a policy-based
preference to be a Source when connecting to another DRP to effect @.transition from a gestined
Sink rolg to the Source role. Alternately, Try.SNK allows a DRP~that has a policy-based
preference to be a Sink when connecting to another DRP-to efféct<a transition from a dgestined
Source nole to the Sink role. Connection timing and other factors-are involved in this prdcess as
defined |n the USB Type-C state machine operation (see Seéfion 4.5.2). It is importan{ to note
that these mechanisms, Try.SRC andTry.SNK, can only<be used once as part of the initial
connectipn process. '

Try.SRC{ and Try.SNK are intended for lower-complexity products that may have a need |to swap

functional roles when connecting to another multi-role product but otherwise doesn’t bengfit from

implementing USB PD, e.g. connecting twag\phones together for exchanging data and

establishing the phone with active user input in the “host” role.
o

4.5.1.4.2

Following the completion of the initial UsB Type-C state machine connection process, products
may usg USB PD-based swapping-mechanisms to command a change power roles, ddta roles
and whigh end of the cable will supply VEONN. These mechanisms are:

e USB PD PR_Swap.: swabs Source (Rp) and Sink (Rd)
e USBPD DR_Swap\: swaps DFP (host data) and UFP (device data) roles
e USBPD VCONN:Swap : swaps which port supplies VCONN

USB PD-based Power Role} If)ata Role and VCONN Swapping

Table 4-p summar\iZes the behaviors of a port in response to the three USB PD swap conjmands.

Table 4-9 USB PD Swapping Port Behavior Summary

4.5.1.4.3

DFPIUFP Rp/Rd VBUS VCONN

Data Roles Source/Sink Source
PR_Swap Unchanged Swapped Swapped Unchanged
DR_Swap Swapped Unchanged Unchanged Unchanged
VCONN_Swap Unchanged Unchanged Unchanged Swapped*®

* Swapping of VCONN source port

Power Role Behavioral Model Summary

Table 4-10 provides a summary of the defining characteristics of the seven fundamental power

roles.
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CC Functional and Behavioral Requirements

This section provides the functional and behavioral requirements for implementing CC. The first
sub-section provides connection state diagrams that are the basis for the remaining sub-sections.

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-Power) port is capable
of acting as either a Source or Sink. Typically Sources are found on hosts and supply VBUS
while a Sink is found on a device and consumes power from VBUS. When a connection is initially

made, the port’s initial power state and data role are established.

swap co ’ :
. he PR_Swap command changes the port's power state as reflected in the\f
tate machines. PR_Swap does not change the port sourcing VCONN. Q)

[ )
O << O —

Note: U
special ¢
VBUS. A

connected ports. For purposes of this specification, only PR_'Swap is explicitly considerg

behavior

apply PH
regardin

The corn
behavion
captive

orientati
only ang
which c3

4.5.2.1
This sec

Refer to

in the diagrams.

Refer to

list of states where USB PD communication is permitted.

Figure 4

he DR_Swap command has no effect on the following state machines or VCo
nly changes the port’s data role.

CONN_Swap command changes the port sourcing VCONN. The Pﬁ;Swap comm
R_Swap command have no effect on the port sourcing VCONN~'O

SB PD defines another optional swapping mechanism (fR_Swap) that is us
ase where a user interaction could inadvertently triggerid need to change the s
variant of PR_Swap, FR_Swap similarly swaps Source (Rp) and Sink (Rd) betw

requirements and implementations that supportyFR_Swap should, where ap
_Swap-related behaviors to FR_Swap. See the USB PD specification for furthe
g FR_Swap.

nection state diagrams and CC behavior descriptions in this section desc
of receptacle-based ports. The plugion a direct connect device or a device
cable shall behave as a plug on aicable that is attached at its other end in
bn to a receptacle, These devices shall apply and sense CC voltage levels of
pin B5 shall have an impedance above zOPEN, unless it is a Powered Acceg
se B5 shall havean impedance Ra.

Connection State Diagrams

fion provides refergnce connection state diagrams for CC-based behaviors.

Section 4.5.2.2\for the specific state transition requirements related to each stat

Section, 4$5.2.4 for'a description of which states are mandatory for each port typ

1Z/illustrates a connection state diagram for a Source (Host/Hub DFP).

USB PD introduces three
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NN as it
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burce of
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Figure 4-12 Connection State Diagram: Source
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Figure 4-13 illustrates a connection state diagram for a simple Sink (Device/Hub UFP).

Figure 4-13 Connection State Diagram: Sink
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Figure 4-14 illustrates a connection state diagram for a Sink that supports Accessory Modes.

Figure 4-14 Connection State Diagram: Sink with Accessory Support
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Figure 4-15 illustrates a connection state diagram for a simple DRP (Dual-Role-Power) port.

Figure 4-15 Connection State Diagram: DRP
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Figure 4-16 illustrates a connection state diagram for a DRP that supports Try.SRC and
Accessory Modes.

Figure 4-16 Connection State Diagram: DRP with Accessory and Try.SRC Support
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Figure 4-17 illustrates a connection state diagram for a DRP that supports Try.SNK and
Accessory Modes.

Figure 4-17 Connection State Diagram: DRP with Accessory and Try.SNK Support
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Connection State Machine Requirements
o any unattached state when “directed from any state” shall not be used to

AN

r a Sink may consume default power from VBUS in any state where it is not req
/BUS. \

"\

wing two tables define the electrical states for a CC pin in both a Source and a S

transitiovrs from one state to another.

CC1rand CC2 pin states are be used to define the conditions under which a port

bverride

uired to

ink.

rt has CC1 and CC2 pins, each with its own individual CC pin state. The combination of
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Table 4-11 Source Port CC Pin State

Port partner
CC Pin State cc \éoltage Detected on CC when port asserts
Termination P
SRC.Open Open, Rp Above vVOPEN
SRC.Rd Rd Within the vRd range (i.e., between minimum
vRd and maximum vRd)
SRC.Ra Ra Below maximum vRa

Table 4-12 Sink Port CC Pin State

\\
dcC Pin State Port pa.rtne.r CC | Voltage Detected on CC.w*hen port asserfs
Termination Rd ‘1.
SNK.Rp Rp Above minimum vRd-Connect
SNK.Open Open, Ra, Rd Below, maximum vRa

4.5.2.2.1 Disabled State

This stafe appears in Figure 4-12, Figure 4-13, Figure 4-14, Figure 4-15, Figure 4-16 and|Figure
4-17. A\

The Dispbled state is where the port prevents connection from occurring by remgving all
terminatflons from the CC pins. O ‘
The portlshould transition to the Disabled stéte from any other state when directed.
A port nfay choose not to support the-Disabled state. If the Disabled state is not suppoited, the
port shall be directed to either the Unattached.SNK or Unattached.SRC states after powef-on.
452211  Disabled State Requirements
The porf shall<not drive ¥BUS or VCONN, and shall present a high-impedance to ground (above
zOPEN)|on its CC1 and.CGC2 pins.

4.5.2.2.1.2 Exiting From Disabled State

A Sink shall trahsition to Unattached.SNK when directed.

A Sourc<f shall transition to Unattached.SRC when directed.

A DRP shall transition to either Unattached.SNK or Unattached.SRC when directed.

4.5.2.2.2 ErrorRecovery State
This state appears in Figure 4-12, Figure 4-13, Figure 4-14, Figure 4-15, Figure 4-16 and Figure
4-17.

The ErrorRecovery state is where the port removes the terminations from the CC1 and CC2 pins
for tErrorRecovery followed by transitioning to the appropriate Unattached.SNK or
Unattached.SRC state based on port type. This is the equivalent of forcing a detach event and
looking for a new attach.

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.
4.5.2.2.21 ErrorRecovery State Requirements

The port shall not drive VBUS or VCONN, and shall present a high-impedance to ground (above
zOPEN) on its CC1 and CC2 pins.

4.5.2.2.2.2 Exiting From ErrorRecovery State

A Sink shattransitionto-Ynattached-SNKk—eaftertErrorRecovery:
A SourCJa shall transition to Unattached.SRC after tErrorRecovery.
A DRP shhall transition to either Unattached.SNK or Unattached.SRC after tErrorRécovery.

4.5.2.2.3 Unattached.SNK State Q
This stafe appears in Figure 4-13, Figure 4-14, Figure 4-15, Figure 4-1\6~éhd Figure 4-17.

When in|the Unattached.SNK state, the port is waiting to'detect the'presence-of a Source|
N
A port w|th a dead battery shall enter this state while unpowere\d.

4.5.2.2.31 Unattached.SNK Requirements
The port|shall not drive VBUS or VCONN.

Both CC[l and CC2 pins shall be independently terminated to ground through Rd.

4.5.2.2.3.2 Exiting from Unattached.SNK:State
If the pgrt supports USB PD or accessories, the port shall transition to AttachWait.SNK|when a
Source gonnection is detected, as indicated by the SNK.Rp state on at least one of its C{ pins.

A USB P.0 only Sink that doesn’t ‘subport accessories and is self-powered or requites only
default gower and does not support’USB PD may transition directly to Attached.SNK when VBUS
is detected. \

A DRP ghall transition to, Unattached.SRC within tDRPTransition after the state of both CC pins
is SNK.Qpen for tDRP >dcSRC.DRP - tDRP, or if directed.
N

A Sink with Accessory support shall transition to Unattached.Accessory within tDRPTHansition
after the| state of-both the CC1 and CC2 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, Figure 4-16 and Figure 4-17.

When in the AttachWait.SNK state, the port has detected the SNK.Rp state on at least one of its
CC pins and is waiting for VBUS.

4.5.2.2.41 AttachWait.SNK Requirements
The port shall not drive VBUS or VCONN.

Both the CC1 and CC2 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 or the DebugAccessory.SNK state is reached, i.e.
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at least 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 the CC1 and CC2 pins is
SNK.Open for at least tPDDebounce.

A DRP shall transition to Unattached.SRC when the state of both the CC1 and CC2 pins is
SNK.Open for at least tPDDebounce.

The porf shall transition to Attached.SNK after the state of only one of the CC1 or CCZ pins is
SNK.Rp|for at least tCCDebounce and VBUS is detected. Note the Source may initiate' USB PD
communjcations which will cause brief periods of the SNK.Open state on one of the"GC gins with
the statd of the other CC pin remaining SNK.Open, but this event will not exceedhtRDDebpunce.

If the pgrt supports Debug Accessory Mode, the port shall transition to DebugAccessory.SNK if
the stat¢ of both the CC1 and CC2 pins is SNK.Rp for at least tCCDebounce and |VBUS is
detected. Note the DAM Source may initiate USB PD communlcatlons which will cause brief
periods |of the SNK.Open state on one of the CC pins with the 'state of the other|CC pin
remaining SNK.Rp, but this event will not exceed tPDDebounce. , \_

A DRP that strongly prefers the Source role may optlonally\tran3|t|on to Try.SRC ingtead of
Attached.SNK when the state of only one CC pin has been 'SNK.Rp for at least tCCD¢bounce
and VBUB is detected.

4.5.2.2. Attached.SNK State
This stafe appears in Figure 4-13, Figure 4-14, Figdre 4-15,Figure 4-16 and Figure 4-17.
When in| the Attached.SNK' state, the port is attached and operating as a Sink. When the port

initially gnters this state it.is also operatmg as a UFP. The power and data roles can be ¢hanged
using U$B PD commands.

A port that entered this ‘state directly \from Unattached.SNK due to detecting VBUS ghall not
determine orientation or availability-of higher than Default USB Power and shall not use 4YSB PD.

4.5.2.2.9.1 Attached.SNK Requirements

If the port needs to detefmjine the orientation of the connector, it shall do so only upon |entry to
this stat¢ by detecting Which of.the CC1 or CC2 pins is connected through the cable (i.e.| the CC
pin that {s<in the SNK\Rp state).

N
If the pqrt 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 poftihas entered the Attached.SNK state from the AttachWait.SNK or TryWait.SNHK states,
only one the CC1 or CC2 pins 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.
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.
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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 VCONN_Swap operation and was sourcing VCONN, it shall stop sourcing VCONN
within tVCONNOFF.

4.5.2.2.5.2 Exiting from Attached.SNK State

A port that is not in the process of a USB PD PR_Swap or a USB PD Hard Reset shall transition
to Unatt ' j JSB PD
to operate above 5 V, then the port shall transition to Unattached.SNK when VBus falls\below 80%
of the nggotiated value. If supplying VCONN, the port shall cease to supply it within.tVCONNOFF
of exiting Attached.SNK. X

After redeiving a USB PD PS_RDY from the original Source during.a USB PDIPR . Swap; |the port
shall trapsition directly to the Attached.SRC state (i.e., remove Rd from_C€C, assert Rg on CC
and supply VBuUS), but shall maintain its VCONN supply state, whether 0ff or on;, and |its data
role/connections. )

4.5.2.2.6 Unattached.SRC State \\

This stafe appears in Figure 4-12, Figure 4-15, Figure 4-16 and\ Figure 4-17.
When in| the Unattached.SRC state, the port is waiting to detect the presence of a Sink or an
Accessory.

4.5.2.2.4.1 Unattached.SRC Requirements
The port/shall not drive VBUS or VCONN.

The port{shall source current on both the CC1\ éhd CC2 pins independently.

The porfl shall provide a separate Rp termination on the CC1 and CC2 pins as specified jn Table
4-15. Note: A direct-connected Source (e.g. a captive cabled product) presents a sipgle Rp
terminatfon on its CC pin (A5). {

4.5.2.2.4.2 Exiting from Uhattached.SRC State
The port{shall transition to-AttachWait.SRC when VBuUs is vSafe0V and:
e The SRC.Rd sta\té s detected on either CC1 or CC2 pin or
e The SRC.Rf state is detected on both the CC1 and CC2 pins.
Note: A [cable without an attached device can be detected, when the SRC.Ra state is detected

on one ¢f the €C1 or CC2 pins and the other CC pin is SRC.Open. However in this case, the
port shall.nettransition to AttachWait.SRC.

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, Figure 4-16 and Figure 4-17.

The AttachWait.SRC state is used to ensure that the state of both of the CC1 and CC2 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.
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4.5.2.2.7.2 Exiting from AttachWait.SRC State

The port shall transition to Attached.SRC when VBUS is at vSafeOV and the SRC.Rd state is
detected on exactly one of the CC1 or CC2 pins for at least tCCDebounce.

If the port supports Audio Adapter Accessory Mode, it shall transition to AudioAccessory when
the SRC.Ra state is detected on both the CC1 and CC2 pins for at least tCCDebounce.

If the port supports Debug Accessory Mode, it shall transition to
UnorientedDebugAccessory.SRC when the SRC.Rd state is detected on both the CC1 and CC2
pins for at least tCCDebounce.

A Sourc¢ shall transition to Unattached.SRC and a DRP to Unattached.SNK when the\SRC.Open
state is detected on both the CC1 and CC2 pins. )

A Source¢ shall transition to Unattached.SRC and a DRP to Unattached.SNK when {he SRC.Open
state is detected on either the CC1 or CC2 pin and the other CC pinis SRCRa.
\

A DRP [that strongly prefers the Sink role may optionally transitio\n\fo Try.SNK ingtead of
Attached.SRC when VBUS is at vSafeOV and the SRC.Rd state is detected on exactly one of the
CC1 or €C2 pins for at least tCCDebounce.

N

4.5.2.2.8 Attached.SRC State R
This stafe appears in Figure 4-12, Figure 4-15, Figure-4-16%and Figure 4-17.

When in|the Attached.SRC state, the port.is attached afd“operating as a Source. When [the port
initially genters this state it is also operating-as a DFP.\ Subsequently, the initial power gnd data
roles cam be changed using USB PD commands.

4.5.2.2.4.1 Attached.SRC Requirements *

If the port needs to determine the orientation of the connector, it shall do so only upon [entry to
the Attagched.SRC state by detecting which of the CC1 or CC2 pins is connected thrgugh the
cable, i.¢., which CC pin'is in the SRC.Rd state.

If the port has entered this state fr\om the AttachWait.SRC state or the Try.SRC stpte, the
SRC.Rd|state will be on only ohe) of the CC1 or CC2 pins. The port shall source current on this
CC pin gnd monitor. its state:

If the pprt has entere‘d\this state from the Attached.SNK state as the result of a WSB PD
PR_Swalp, the port shall~source current on the connected CC pin and monitor its state.

The port|shall pr\ov‘ide an Rp as specified in Table 4-15.

The port|shall supply VBUS current at the level it advertises on Rp.

The portshall supply VBUS within tVBUSON of entering this state and for as long las it is
operating as a power source.

The port shall not initiate any USB PD communications until VBUS reaches vSafe5V.

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:
o Apply VCONN unconditionally to the CC pin not in the SRC.Rd state, or
o Apply VCONN to the CC pin in the SRC.Ra state.
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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 port supplies VCONN, it shall do so within tVCONNON.

The port shall not supply VCONN if it has entered this state as a result of a USB PD PR_Swap
and was not previously supplying VCONN. A USB PD DR_Swap has no effect on which port
sources VCONN.

The porfl may negotiate a USB PD VCONN_Swap. When the port successfully executes {/SB PD
VCONN_$wap operation and was sourcing VCONN, it shall stop sourcing VEONN within
tVCONNQFF. 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 sucgessfully
executeg USB PD VCONN_Swap operation and was not sourcing VCONN, it shall start $ourcing
VCONN Within tVCONNON. \

~

N

4.5.2.2.4.2 Exiting from Attached.SRC State

A Source shall transition to Unattached.SRC when the SRC.Open state is detected| on the
monitorgd CC pin.

When the SRC.Open state is detected on the monitored Cb pin,-a DRP shall trangition to
Unattached.SNK unless it strongly prefers the Source f0le. In that case, it shall trangition to
TryWait.SNK. This transition to TryWait.SNK is needed/so that two devices that both prefer the
Source fole do not loop endlessly between Source and Sink. In other words, a DRP that would
enter Tfy.SRC from AttachWait.SNK | shall._enter TryWait.SNK for a Sink detagh from
Attached.SRC.

A port shall cease to supply VBUS within tVB‘UsoxFF of exiting Attached.SRC.

A port [that is supplying VCONN shall’ cease to supply it within tVCONNOFF of| exiting
Attached.SRC, unless'it is exiting as,a‘result.of a USB PD PR_Swap.

After a|USB PD PR_Swap s raccepted (i.e., either an Accept message is recdived or
acknowlgdged), a DRP shall transition directly to the Attached.SNK state (i.e., remove Rp from
CC, assprt Rd on CC andsstop supplying VBUS) and maintain its current data role, copnection
and VCONN supply state. {

\
4.5.2.2.9 Try.SRC\State
This stafe appears\"in Figure 4-16.

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

Note: if both Try.SRC and Try.SNK mechanisms are implemented, only one shall be enabled by
the port at any given time. Deciding which of these two mechanisms is enabled is product
design-specific.

4.5.2.2.9.1 Try.SRC Requirements
The port shall not drive VBUS or VCONN.

The port shall source current on both the CC1 and CC2 pins independently.

The port shall provide an Rp as specified in Table 4-15.
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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 CC1 or CC2 pins for at least tPDDebounce.

The port shall transition to TryWait.SNK after tDRPTry and the SRC.Rd state has not been
detected.

4.5.2.2.10 TryWait.SNK State
This state appears in Figure 4-16.

When in[the TryWait.SNK state, the port has failed to become a Source and is waiting\tp attach
as a Sipk. Alternatively the port is responding to the Sink being removedwhilg in the
Attached.SRC state. )
4.5.2.2.101 TryWait.SNK Requirements

The port{shall not drive VBUS or VCONN. A\

~

N

Both the] CC1 and CC2 pins shall be independently terminated to ground’through Rd.

4.5.2.2.10.2 Exiting from TryWait.SNK State h

The porf shall transition to Attached.SNK after tCCDebounce#if or when VBUS is detected. Note
the Source may initiate USB PD communications which will.cause brief periods of the SNK.Open
state on|both the CC1 and CC2 pins, but this.event will notexceed tPDDebounce.

The porf shall transition to Unattached.SNK when the.state of both of the CC1 and CC2 pins is
SNK.Open for at least tPDDebounce. )

4.5.2.2.11 Try.SNK State .
This stafe appears in Figure 4-14 and Figur‘eﬁ-17.

When in| the Try.SNK state, the portxis’ querying to determine if the port partner supplorts the
Source role. -

Note: if both Try.SRC and Try.SNK mechanisms are implemented, only one shall be engbled by
the portlat any given times, Deciding which of these two mechanisms is enabled is |product
design-specific:

4.5.2.2.111 Try.SNk Requirements
The port{shall notdrive VBUS or VCONN.

Both the|CC1-and CC2 pins shall be independently terminated to ground through Rd.

4.5.2.2.11:2” _ Exiting from Try.SNK State

The port shall wait for tDRPTry and only then begin monitoring the CC1 and CC2 pins for the
SNK.Rp state.

The port shall then transition to Attached.SNK when the SNK.Rp state is detected on exactly one
of the CC1 or CC2 pins for at least tPDDebounce and VBUS is detected.

Alternatively, the port shall transition to TryWait.SRC if SNK.Rp state is not detected for
tPDDebounce. A Sink with Accessory Support shall transition to Unsupported.Accessory if
SNK.Rp state is not detected for tDRPTryWait.

Note: The Source may initiate USB PD communications which will cause brief periods of the
SNK.Open state on both the CC1 and CC2 pins, but this event will not exceed tPDDebounce.
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4.5.2.2.12 TryWait.SRC State
This state appears in Figure 4-17.

When in the TryWait.SRC state, the port has failed to become a Sink and is waiting to attach as
a Source.

4.5.2.2121 TryWait.SRC Requirements
The requirements for this state are identical to Unattached.SRC.

4.5.2.2.

The por{ shall transition to Attached.SRC when VBUS is at vSafeOV and the SRCI!Rd |state is
detected on exactly one of the CC pins for at least tCCDebounce. ‘

The por{ shall transition to Unattached.SNK after tDRPTry if neither of the CC1 or CC2 bins are
in the SRC.Rd state.

4.5.2.2.13 Unattached.Accessory State QO
This stafe appears in Figure 4-14.

N
The Unattached.Accessory state allows accessory-supportingsSinks to” connect to dqudio or
VCONN-gowered accessories. O

This stgte is functionally equivalent to the Unattach€d.SRC state in a DRP, except that
Attached.SRC is not supported.

4.5.2.2.13.1 Unattached.Accessory Requirements
The port|shall not drive VBUS or VCONN.

The port|shall source current on both the CE€1 and CC2 pins independently.
The port[shall provide an Rp as specifiéd in Table 4-15.

4.5.2.2.13.2 Exiting from Unattac\hed.Accessory State

The port[shall transition to Attach\Wait.Accessory when the state of both the CC1 and CC2 pins is
SRC.Ralor SRC.Rd. N

A port that supports VCONN-powered accessories also shall transition to AttachWait.Aqcessory
when the¢ state of eitherrCC1 or CC2 pin is SRC.Ra and the other CC pin is SRC.Rd.

&
Otherwige, the pont'shall transition to Unattached.SNK within tDRPTransition after dcSRC.DRP -
tDRP, oy if directed.

4.5.2.2.14." AttachWait.Accessory State
This state appears in Figure 4-14.

The AttachWait.Accessory state is used to ensure that the state of both of the CC1 and CC2 pins
is stable after a cable is plugged in.

4.5.2.2.141 AttachWait.Accessory Requirements
The requirements for this state are identical to Unattached.Accessory.

4.5.2.2.14.2 Exiting from AttachWait.Accessory State

If the port supports Audio Adapter Accessory Mode, it shall transition to AudioAccessory when
the state of both the CC1 and CC2 pins is SRC.Ra for at least tCCDebounce.
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The port shall transition to Unattached.SNK when the state of either the CC1 or CC2 pin is
SRC.Open for at least tCCDebounce.

If the port supports VCONN-powered accessories, it shall transition to PoweredAccessory state if
the state of either the CC1 or CC2 pin is SRC.Rd and the other CC pin is SRC.Ra concurrently
for at least tCCDebounce.

4.5.2.2.15 AudioAccessory State
This state appears in F|gure 4-12, Figure 4-14, Flgure 4-16 and Figure 4-17.

ppendix

4.5.2.2.15.1 AudioAccessory Requirements
The port/shall reconfigure its pins as detailed in Appendix A.

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

The port{shall provide an Rp as specified in Table 4-15,

A S

The port|shall source current on at least one of the CC1 or CC2 pins and monitor to detgct when
the statd is no longer SRC.Ra. If the port sources and monitors only-one of CC1 or CC2, then it
shall engure that the termination on the.unmonitored CC pin does not affect the monitoreld signal
when the port is connected to an Audio Accessory that may short both CC1 and C[C2 pins
together

4.5.2.2.15.2  Exiting from AudioAccessory State
If the poft is a Sink, the port shall transition toUnattached.SNK when the state of the mpnitored
CC1 or €C2 pin(s) is SRC.Open for at least t€CDebounce.

If the poft is a Source or DRP, the port.shall transition to Unattached.SRC when the stafe of the
monitorgd CC1 or.CC2 pin(s) is.SRC.Open for at least tCCDebounce.
4.5.2.2.16 UnorientedDebugAccessory.SRC

This stafe appears‘in Figure 4:12, Figure 4-16 and Figure 4-17.

The Ung rlentedDebugAccessory SRC state is used for the Debug Accessory Mode spegified in

Appendik B, Q

4.5.2.2.16.1 Un\pffentedDebugAccessory.SRC Requirements
This modie is for’debug only and shall not be used for communicating with commercial prqducts.

The port shall provide an Rp as specified in Table 4-15 on both the CC1 and CC2 gins and
monitor tadetect when the state of either is SRC ﬂppn

The port shall supply VBUS current at the level it advertises on Rp. The port shall not drive
VCONN.

The port may connect any non-orientation specific debug signals for Debug Accessory Mode
operation only after entry to this state.

4.5.2.2.16.2 Exiting from UnorientedDebugAccessory.SRC State

If the port is a Source, the port shall transition to Unattached.SRC when the SRC.Open state is
detected on either the CC1 or CC2 pin.

If the port is a DRP, the port shall transition to Unattached.SNK when the SRC.Open state is
detected on either the CC1 or CC2 pin.
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The port shall transition to OrientedDebugAccessory.SRC state if orientation is required and
detected as described in Section B.2.6.1.2.

4.5.2.2.17 OrientedDebugAccessory.SRC State
This state appears in Figure 4-12, Figure 4-16 and Figure 4-17.

The OrientedDebugAccessory.SRC state is used for the Debug Accessory Mode specified in
Appendix B.

4522171 OrientedDebugAccessory.SRC State Requirements
This modle is for debug only and shall not be used for communicating with commercial prgducts.

The por{ shall provide an Rp as specified in Table 4-15 on both the CC1 and CQG2 gins and
monitor fo detect when the state of either is SRC.Open. .

The por{ shall supply VBUS current at the level it advertises on" Rp. " The port shall not drive
VCONN. NO)

N

The port shall connect any orientation specific debug signals fofDebug Accessory Mode
operatiop only after entry to this state. Any non-orientation spec\ific debug signals fof Debug
Accessory Mode operation shall be connected or remain connected in this state.

If the poft needs to establish USB PD communications, it shalf-do so only after entry to th'lis state.
The port[shall not initiate any USB PD communications unti\VBUS reaches vSafe5V. In this state,
the port fakes on the initial USB PD role of DFP/Sourcet

4.5.2.2.17.2 Exiting from OrientedDebugAccessory.SRC State

If the port is a Source, the port shall transition to Unattached.SRC when the SRC.Open|state is
detected on either the CC1 or CC2 pin.

o
If the pqrt is a DRP, the port shall transition to-Unattached.SNK when the SRC.Open [state is
detected on either the CC1 or CC2 pin.C)

4.5.2.2.18 DebugAccessory.SNK\
This stafe appears. in Figure 4-13, Figure 4-14, Figure 4-16 and Figure 4-17.

The De ugAccessory.SNK\state is used for the Debug Accessory Mode specified in Appegndix B.

4.5.2.2.181 Debughccessory.SNK Requirements
This modle is for debug only-and shall not be used for communicating with commercial praducts.

The port|shal'not drive VBUS or VCONN.

The por{ shall provide an Rd as specified in Table 4-16 on both the CC1 and CC2 gins and
monitor to detect when the state of either is SRC.Open.

If supported, orientation is determined as outlined in Section B.2.6.1.1. The port shall connect
any debug signals for Debug Accessory Mode operation only after entry to this state.

4.5.2.2.18.2 Exiting from DebugAccessory.SNK State
The port shall transition to Unattached.SNK when VBUS is no longer present.

4.5.2.2.19 PoweredAccessory State
This state appears in Figure 4-14.

When in the PoweredAccessory state, the port is powering a VCONN-Powered Accessory.
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4.5.2.2.19.1 PoweredAccessory Requirements

If the port needs to determine the orientation of the connector, it shall do so only upon entry to
the PoweredAccessory state by detecting which of the CC1 or CC2 pins 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 of the CC1 or CC2 pins. The port shall advertise
either 1.5 A or 3.0 A (see Table 4-15) 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 DEP! \

The portl shall use USB Power Delivery Structured Vendor Defined Messages (Structured VDMs)
to identify the accessory and enter an Alternate Mode.

4.5.2.2.19.2 Exiting from PoweredAccessory State

shall transition to Unattached.SNK when the SRC.Open state is detected| on the
monitorgd CC pin.

e
The porf shall transition to Try.SNK if the attached devicelis not a YVCONN-Powered Acg¢essory.
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, Discover|Modes,
etc.) or ip a Sink or DRP attached through a Powered\Cable.

The por{ shall transition to Unsupported.Accessery if the attached device is a VCONN-Rowered
Accessory but the port has not successfully entered an’Alternate Mode within tAMETimeput (see
Section

The port{shall cease to supply VCONN within tVCONNOFF of exiting the PoweredAccessory state.

4.5.2.2.20 Unsupported.Accessofy State
This stafe appears. in Figure 4-14.

If a VCONN—powered acce§sory does not enter an Alternate Mode, the Unsupported.Adcessory
state is Qised to wait ungl the accessory is unplugged before continuing.
4.5.2.2.20.1 quﬁbported.Accessory Requirements

Only ong of the'CC1 or CC2 pins shall be in the SRC.Rd state. The port shall advertisel Default
USB Poyer (see Table 4-15) on this CC pin and monitor its voltage.

The portlshall not drive VBUS or VCONN.

4.5.2.2.20.2 Exiting from Unsupported.Accessory

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

4.5.2.3 Sink Power Sub-State Requirements

When in the Attached.SNK state and the Source is supplying default VBUS, the port shall operate
in one of the sub-states shown in Figure 4-18. The initial Sink Power Sub-State is
PowerDefault. SNK. Subsequently, the Sink Power Sub-State is determined by Source’s USB
Type-C current advertisement. The port 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.

Figure 4-18 Sink Power Sub-States
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Attached.SNK

PowerDefault
.SNK

The Sin
consumse

4.5.2.3.1
This suk
supplied
4.5.2.3.1
The port

If the po
if more ¢

4.5.2.3.1

For any
the new

Power1.5.SNK

Y )
\\ / ‘
S
\\ // N

is only required to implement Sink Power. Sub-State transitions if the Sink v
more than default USB current. )

PowerDefault.SNK Sub-State

-state supports Sinks consuming‘cﬁrrent within the lowest range (default) of
current. )

A PowerDefault. SNK'Requirements
shall draw no-more than the default USB power from VBUS. See Section 4.6.2.1

rt wants to consume 'more than the default USB power, it shall monitor vRd to dq
urrent is available from the Source.

N\
.2 Exiting from PowerDefault. SNK

change\in\"VRd indicating a change in allowable power, the port shall not transit
vRd has'been stable for at least tPDDebounce.

vants to

Source-

termine

on until

For a vRid i 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

The port

shall draw no more than 1.5 A from VBUS.

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

Copyright © 2016 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=fdb06efbef500ac999a8cc84a92b2039

IEC 62680-1-3:2017 - 153 -

© USB-I

F:2016

45.2.3.2.2 Exiting from Power1.5.SNK
For any change in vRd indicating a change in allowable power, the port shall not transition until

the new

vRd 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 tSinkAdj.

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 Power3.0.SNK Sub-State

This sub
of Sourc

4.5.2.3.3
The port

The port

4.5.2.3.3

For any
the new

For a vH
and redd

For a vH
reduce i

e-supplied current.

A Power3.0.SNK Requirements

shall draw no more than 3.0 A from VBUS.
shall monitor vRd while it is in this sub-state. QO

.2 Exiting from Power3.0.SNK
N

change in vRd indicating a change in allowable power,"th€ port shall not transit
vVRd has been stable for at least tPDDebounce. ~

ce its power consumption to the new range within tSinkAdj.

s power consumption to the new range within tSinkAdj.

N
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4.5.2.4 Connection States Summary
Table 4-13 defines the mandatory and optional states for each type of port.
Table 4-13 Mandatory and Optional States
USB PD
SOURCE SINK DRP Communication
Disabled Optional Optional Optional Not Permitted
—ErrorRecovery Optional Optional Optional Not-Permitted
Unattached.SNK N/A Mandatory Mandatory Not Permjtted
AttachWait.SNK N/A Mandatory' Mandatory th Permjtted
Attached.SNK N/A Mandatory Mandatory Permittpd
Unattached.SRC Mandatory N/A Mandatgry\ Not Permijtted
AttachWait.SRC Mandatory N/A Mandatory Not Permijtted
Attached.SRC Mandatory N/A Mandatory Permitted
Try.SRC* N/A N/A Optional Not Permitted
TryWait.SNK? N/A N/A | Optional Not Permijtted
Try.SNK* N/A N/AY Optional Not Permijtted
TryWait.SRC® N/A ~N/A Optional Not Permitted
AudioAccessory Optional Optional Optional Not Permijtted
UnorientedDebtégAccessory.SR Optior~1al\6 N/A Optional® Not Pernlitted
OrierjtedDebugAccessory.SRC Op\t\ional6 N/A Optional® Permitted
DebugAccessory.SNK &~ N/A Optional Optional Permitted
Unattached.Accessory N/A Optional N/A Not Permijtted
AttachWait.Accessory. N/A Optional N/A Not Permjtted
PoweredAccessory N/A Optional N/A Permitted
Un supportec!.Ac\cessory3 N/A Optional N/A Not Permijtted
PowerDef%uIt.SNK N/A Mandatory Mandatory Permittpd
Rower1.5.SNK N/A Optional Optional Permitted
Power3.0.SNK N/A Optional Optional Permittpd

Note:

Optional for UFP applications that are USB 2.0-only, consume USB Default Power and do not support USB

PD or accessories.

TryWait.SNK is mandatory when Try.SRC is supported.
Unsupported.Accessory is mandatory when PoweredAccessory is supported.

Try.SRC and Try.SNK shall not be supported at the same time, although an unattached device may
dynamically choose between Try.SRC and Try.SNK state machines based on external factors.

TryWait.SRC is mandatory when Try.SNK is supported.

UnorientedDebugAccessory.SRC is required for any Source or DRP that supports Debug Accessory Mode.
OrientedDebugAccessory.SRC is only required if orientation detection is necessary in Debug Accessory

Mode.
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4.5.3

USB Port Interoperability Behavior

This section describes interoperability behavior between USB Type-C to USB Type-C ports and
between USB Type-C to legacy USB ports.

4.5.31

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

The following sub-sections describe typical port-to-port interoperability behaviors for the various
combinations of USB Type-C Source, Sink and DRPs as presented in Table 4-6. In all of the
described behaviors, the impact of USB PD-based swaps (PR_Swap, DR_Swap or VCONN_Swap)
are not considered.

The figules in the following sections illustrate the CC1 and CC2 routing after the CC dletection

process fis complete.

4.5.3.1.1 Source to Sink Behavior
Figure 4-19 illustrates the functional model for a Source connected to a Sink. The sipgle CC
wire tha{ is in a standard cable is only shown in one of the four possible\gohnection routps, CC1
to CC1. Q.
Figure 4-19 Source to Sink Functional Model
N
Source Sink
R O T~
VaUs $ Vsus Vsus \ Vi Sink
ource BUS Sini
s I
Connection
Mg o | and Marked 5v Vconn mdx
CNfL Cable ) ) comecton | M
Detection, b Detect
Cold-Socket, Rp T ca cc1
P <—>| &VCoNN * s P
Control VWV L] \ Rd
I [ (cc1) ) (cc1)
(cc2) veonn 0, (cc2)
; ¢
USB Type-C
" ot VS etsction

The follqwing describes-the behavior when a Source is connected to a Sink.

i,

AN

Jource and Sinl<\in the unattached state
ource t(aﬁsitions from Unattached.SRC to Attached.SRC through AttachWait.SRIC

e Source detects the Sink’s pull-down on CC and enters Attached.SRC [through
AttachWait.SRC

[da)

Sink transitions from Unattached.SNK to Attached.SNK through AttachWait.SNK. Sink
may skip AttachWait.SNK if it is USB 2.0 only and does not support accessories.

e Sink detects VBUS and enters Attached.SNK through AttachWait.SNK
While the Source and Sink are in the attached state:
e Source adjusts Rp as needed to limit the current the Sink may draw
e Sink detects and monitors vRd for available current on VBUS
e Source monitors CC for detach and when detected, enters Unattached.SRC

¢ Sink monitors VBUS for detach and when detected, enters Unattached.SNK
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4.5.3.1.2 Source to DRP Behavior

Figure 4-20 illustrates the functional model for a Source connected to a DRP. The single CC
wire that is in a standard cable is only shown in one of the four possible connection routes, CC1
to CC1.

The follg

p <« &vconn i H Control  |e—» p|
Control —"\VV\ 1 . Present as .
: sink or Source
Rd

Figure 4-20 Source to DRP Functional Model

-IF:2016
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Detection, .
Cold-Socket, Rp 1 ca 1 Rp & Veonn

[ [ cc1 (cca)
(ce2)

VCONN

~

) USB Type-C
Current
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I

wing describes the behavior when-a Source is.connected to a DRP.
ource and DRP in the unattached state ~

e DRP alternates'between Unattachéd:SRC and Unattached.SNK
ource transitions from UnattachedSRC to Attached.SRC through AttachWait.SR

e Source detects the DRP’s. pull-down on CC and enters AttachWait.SRC
tCCDebounce it then enters”Attached.SRC.

e Source turns on'VBUS‘and VCONN
RP transitions from Unattached.SNK to Attached.SNK through AttachWait.SNK

e DRPin Unattaghed.SNK detects pull up on CC and enters AttachWait.SNH
that state p\ersists for tCCDebounce and it detects VBUS, it enters Attached.S

Vhile the Source and DRP are in their respective attached states:
e Sourcé adjusts'Rp as needed to limit the current the DRP (as Sink) may draw
o DPRP (as Sink) detects and monitors vRd for available current on VBUS

o Source monitors CC for detach and when detected, enters Unattached.SRC

After

(. After
NK.

1. §
2. 9
3. 0
4.\
4.5.31.3

e DRP (as Sink) monitors VBUS for detach and when detected, enters Unattach
(and resumes toggling between Unattached.SNK and Unattached.SRC)

DRP to Sink Behavior

ed.SNK

Figure 4-21 illustrates the functional model for a DRP connected to a Sink. The single CC wire
that is in a standard cable is only shown in one of the four possible connection routes, CC1 to

CC1.

Figure 4-21 DRP to Sink Functional Model
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The follqwing describes the behavior when a DRP is connected to-a Sink:

1.

4.5.3.1.
Two be

DRP and Sink in the unattached state <
e DRP alternates between Unattached.SRC and Unattached.SNK
~
DRP transitions from Unattached.SRC to AttachWait,SRC to Attached.SRC

e DRP in Unattached.SRC detects one ofythe CC pull-downs of Sink wh
Unattached.SNK and DRP enters AttachWait.SRC

It then enters Attached.SRC and.turhs on VBUS and VCONN

—

bquired.
e Sink detects VBUS and enters Attached.SNK
While the DRP and Sink are‘in-their respective attached states:

e Sink detects and monitors-vRd for available current on VBUS

e DRP (as, Source) monitors CC
Unattached:SNK (and resumes
Unattgchéd.SRC)

¢ Sink.monitors VBUS for detach and when detected, enters Unattached.SNK

for detach and when detected,
toggling between Unattached.SN

4 DRP to DRP Behavior

diaaranaa o

Jink transitions from Unattached.S\NK to |Attached.SNK through AttachWaitfl SNK

e DRP (as"Source) adjusts Rp as needed to limit the current the Sink may draw

ch is in

e DRP in AttachWait.SRC detects that\pull down on CC persists for tCCDebounce.

if

enters

K and

! In the

first case, the two DRPs accept the resulting Source-to-Sink relationship achieved randomly
whereas in the second case the DRP #2 chooses to drive the random result to the opposite

result u

sing the Try.SRC mechanism.
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Figure 4-22 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.

CASE 1
flow, the

1.

Figure 4-22 DRP to DRP Functional Model - CASE 1

pg <«—»| Control

S N
DRP #1 transitions from Unattach\edISRC to AttachWait.SRC

DRP #2 transitions from¢Unattached.SNK to AttachWait.SNK

DRP #1 transitions from AttachWait.SRC to Attached.SRC

DRP #2.transitions from AttachWait.SNK to Attached.SNK.

DRP #1 as a Source DRP #2 as a Sink
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| Vsus Vsus .
c . VBUS Sink <— — +— [ VBUs Sink Conpection
and Marked l L and Marked
Cable Cable

<— Detection, v Veonn Veonn sV Detection, [ Mpx
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Rd Rd
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USB Type-C R ® USB Type-C
Current P 2 cc [ Rp D) Current
Detection o0 N 1 e Detection

The following describes the behavior when a DRP is-connected to another DRP}| In this
two DRPs accept the resulting Source-to-Sink relationship achieved randomly.

Both DRPs in the unattached state

DRP #1 and DRP #2 alternate betw&en Unattached.SRC and Unattached.SNK

DRP #1 in Unattached.SRC) detects a CC pull down of DRP #2 in Unattached.SNK
and enters AttachWait.SRC

DRP #2 in UnaItache‘d.SNK detects pull up on a CC and enters AttachWait.SNK

DRP. #1 \iﬁ AttachWait.SRC continues to see CC pull down of DRP| #2 for
tCCDebolince, enters Attached.SRC and turns on VBUS and VCONN

DRP #2 after having been in AttachWait.SNK for tCCDebounce and having detected
VBUS, enters Attached.SNK

While the DRPs are in their respective attached states:

DRP #1 (as Source) adjusts Rp as needed to limit the current DRP #2 (as Sink) may
draw

DRP #2 (as Sink) detects and monitors vRd for available current on VBUS

DRP #1 (as Source) monitors CC for detach and when detected, enters
Unattached.SNK (and resumes toggling between Unattached.SNK and
Unattached.SRC)

DRP #2 (as Sink) monitors VBUS for detach and when detected, enters
Unattached.SNK (and resumes toggling between Unattached.SNK and
Unattached.SRC)
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Figure 4-23 illustrates the functional model for a DRP connected to a DRP in the second case
described.

Mux

Figure 4-23 DRP to DRP Functional Model - CASE 2 & 3
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The following describes the behavior when a DRRfis connected to another DRP
DRP #2 chooses to drive the random result 40 ‘the opposite result using the 7

e DRP #1 and DRP #2 alternate between Unattached.SRC and Unattached.SN
RP #1 transitions from Unattached;SRC to AttachWait.SRC

e DRP #1 in Unattached.SRC. detects a CC pull down of DRP #2 in Unattach
and enters AttachWait.SRE~

RP #2 transitions from Unatt\ached.SNK to AttachWait.SNK
e DRP #2 in Unattached.SNK detects pull up on a CC and enters AttachWait.S
RP #1 transitions-from AttachWait.SRC to Attached.SRC

e DRP #1 ihAttachWait.SRC continues to see CC pull down of DRP
tCCDebounce, enters Attached.SRC and turns on VBUS and VCONN

RP #2 transitions from AttachWait.SNK to Try.SRC.

o DRP #2 in”“AttachWait.SNK has been in this state for tCCDebounce and
VBUS but strongly prefers the Source role, so transitions to Try.SRC

In this

ry.SRC

ed.SNK

NK

#2 for

detects

6. D

7. D

s DRP#Z1n Try.SRC asserts a puil-up on CC and walts
RP #1 transitions from Attached.SRC to Unattached.SNK to AttachWait.SNK

e DRP #1 in Attached.SRC no longer detects DRP #2's pull-down on CC and

transitions to Unattached.SNK.

e DRP #1 in Unattached.SNK turns off VBUS and VCONN and applies a pull-down on

CC

e DRP #1 in Unattached.SNK detects pull up on a CC and enters AttachWait.SNK

RP #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
enters AttachWait.SRC
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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

9. While the DRPs are in their respective attached states:

o DRP #2 (as Source) adjusts Rp as needed to limit the current DRP #1 (as Sink) may
draw

e DRP #1 (QQ Qinl() detects and monitors vRd for available current on \/BUS

e DRP #2 (as Source) monitors CC for detach and when detected,| enters
Unattached.SRC (and resumes toggling between . Unattached)SNK and
Unattached.SRC) :

e DRP #1 (as Sink) monitors VBUS for detach -and. when!“\detected,| enters
Unattached.SNK (and resumes toggling between ' Unhattached.SNK and
Unattached.SRC) A

CASE 3] The following describes the behavior when a DRP is connected to-another DRP| In this
flow, thd DRP #1 chooses to drive the random result' to the opposite result using the Try.SNK
mechanism.

A
1. Both DRPs in the unattached state '

e DRP #1 and DRP #2 alternate between Unattached.SRC and Unattached.SNK
2. DRP #1 transitions from Unattached.SRC to AttachWait SRC

¢ DRP #1 in Unattached.SRC detects a CC pull’ldown of DRP #2 in Unattached.SNK
and enters AttachWait.SRC

3. DRP #2 transitions from Unattached:SNK to AttachWait.SNK
e DRP #2 in Unattached.SNK detects pull up on a CC and enters AttachWait. SNK
4. DRP #1 transitions from AttachWait.SRC to Try.SNK

e DRP #1 in AttachWait.SRC has been in this state for tCCDebounce and detefts DRP
#2’s pull-down on C€’but strongly prefers the Sink role, so transitions to Try.ENK

e DRP#1in Try.SNK asserts a pull down on CC and waits
5. DRP #2 transitio\ns‘ from AttachWait.SNK to Unattached.SRC to AttachWait.SRC.

o DRP #2%in“AttachWait.SNK no longer detects DRP #1’s pull up on CC and trgnsitions
to Unattached.SRC

e DRP #2in Unattached.SRC applies a pull up on CC
o DRP #2 in Unattached.SRC detects a pull down on a CC pin and enters

e DRP #1 detects DRP #2’s pull up on CC and remains in Try.SNK
6. DRP #2 transitions from AttachWait.SRC to Attached.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
7. DRP #1 transitions from Try.SNK to Attached.SNK

e DRP #1 in Try.SNK after detecting VBUS, enters Attached.SNK
8. While the DRPs are in their respective attached states:
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4.5.3.1.5 Source to Source Behavior

Figure 4t24 illustrates the functional model for a Source connected to"a Source- " Fhe si
wire tha{ is in a standard cable is only shown in one of the four possible connection rout
to CC1.| Port numbers have been arbitrarily assigned in the diagram to-assist the re
understgnd the process description. \

The folldwing describes\the behavior when a Source is connected to another Source.
1.

4.5.3.1.6_" Sink to Sink Behavior

Source #1 Sdurce #2
¢
®)
Veus Vs
VBUS Source _‘LrL _L'_L_ VBUS Source
.
Connection / Connection
< and Marked sv Vconn Nconn sv andMarked | M
CNL Cable 4 ) Cable C
Detection, Detection,
Cold-Socket, Rp ) cc1 et Rp Cold-Socket,
P < &vcow i 4 &VCONN  [<—> P
Control —"VVV (| | VAV Control
[ (cc1) \ \ (cc1) [ ]
'CCZ] VCconn VCONN (CCZ)
4 N 4
Rp [Cv e @ Rp

e DRP #2 (as Source) adjusts Rp as needed to limit the current DRP #1 (as Si
draw

e DRP #1 (as Sink) detects and monitors vRd for available current on VBUS

e DRP #2 (as Source) monitors CC for detach and when detected,
Unattached.SRC (and resumes toggling between Unattached.SN
Unattached.SRC)

e DRP #1 (as Sink) monitors VBUS for detach and when detected,
Unattached.SNK (and resumes toggling between Unattached.SN
—UhattachedSRG)

nk) may

enters

K and

enters
K and

~

~N

Figure 4-24 Source to Source Functional Model

JIS
-

AN

Both Sourqesin the unattached state

e Saurce #2 fails to detect a Sink’s pull-down on CC and remains in Unattache

hgle CC
bs, CC1
ader to

. Sourc? #1 fails'to detect a Sink’s pull-down on CC and remains in Unattached.SRC

1.SRC

Figure 4-25 illustrates the functional model for a Sink connected to a Sink. The single CC wire
that is in a standard cable is only shown in one of the four possible connection routes, CC1 to
Port numbers have been arbitrarily assigned in the diagram to assist the reader to
understand the process description.

CC1.
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Figure 4-25 Sink to Sink Functional Model
Sink #1 Sink #2
Vsus VBUs
VBuUs Sink l VBuUs Sink
Mux | |, Mux
CNTL Connect tion Connect tion CNTL
Detecti Detecti
1 1
PD <> ~—> PD
Rd Rd
(cc1) ()
(cc2) (cc2)
USB Type-C USB Typé-C
Current 2 w2 Cufrent
Detection dev v v R‘ dV Detection

The follqwing describes the behavior when a Sink is connected to another Sink.
1. Both Sinks in the unattached state e

e Sink #1 fails to detect pull<up on CC or VBUS\Supplied'by a Source and refnains in
Unattached.SNK '

e Sink #2 fails to detect pull up on CC er'VBUs supplied by a Source and remains in
Unattached.SNK

4.5.3.2 USB Type-C port to Legacy Port Interoperability Behaviors

The following sub-sections describe poft-?o-port interoperability behaviors for the |various

combinafions of USB Type-C Source, Sink and DRPs and legacy USB ports.

4.5.3.2.1 Source to Legacy Device Port Behavior

Figure 4126 illustrates the functiomal model for a Source connected to a legacy device part. This
model is| based on‘having an adapter present as a Sink to the Source. This adapter has a USB
Type-C plug on-one end plagged into the Source and either a USB Standard-B plug, USB Micro-
B plug, WSB Mini-B plug; ‘or a USB Standard-A receptacle on the other end.

N\
Figure-4-26 Source to Legacy Device Port Functional Model

A"
Source Legacy Device Adapter
VBus VBUS Vsus
VBUS Source __L,_L

Connection
Mux: . | and Marked 5v Vconn
CNTL Cable

Detection,

chl(d\;socket, Rp q 1 CC
" P - Standard-B plug

[ (cc1) - Micro-B plug
(cc2) Veonn - Mini-B plug
! -> Standard-A receptacle
Rp cc2

Rd

I
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The following describes the behavior when a Source is connected to a legacy device adapter that
has an Rd to ground so as to mimic the behavior of a Sink.

1. Source in the unattached state
2. Source transitions from Unattached.SRC to Attached.SRC through AttachWait.SRC

e Source detects the Sink’s pull-down on CC and enters AttachWait.SRC. After
tCCDebounce, it enters Attached.SRC.

e Source turns on VBUS and VCONN

3. While the Source is in the attached state:

e Source monitors CC for detach and when detected, enters Unattached.SRC

4.5.3.2.2 Legacy Host Port to Sink Behavior

Figure 4-27 illustrates the functional model for a legacy host port connected’to a Sink. This
model is| based on having an adapter that presents itself as a Source to the\Sink this aqapter is
either a|USB Standard-A legacy plug or a USB Micro-B legacy receptacJe on one end |and the
USB Type-C plug on the other end plugged into a Sink.

Figure 4-27 Legacy Host Port to Sink Functlonal Model

Legacy Host Adapter A Sink

VBus VBus VBus
o .

. ] VBUs Sink

Muy|
CNTL

cc cc1

Rp ) ) Rd

Standard-A plug € (e
Miicro-B receptacle € (cc2)

USB Type-C
Current
Detection

Rd

(
GND GND GND
o

\

The follqwing describes the behavior when a legacy host adapter that has an Rp to VBUS so as
to mimic| the behavior of a Source that is connected to a Sink. The value of Rp shall indjcate an
advertisement of.Default USB Power (See Table 4-15), even though the cable itself can carry 3 A.
This is hecause the cable has no knowledge of the capabilities of the power source, and any
higher ctirrént’is negotiated via USB BC 1.2 or by proprietary means.

1. Simkamtheunattached state

2. Sink transitions from Unattached.SNK to Attached.SNK through AttachWait.SNK if
needed.

e While in Unattached.SNK, if device is not USB 2.0 only, supports accessories or
requires more than default power, it enters AttachWait.SNK when it detects a pull up

on CC and ignores VBUS. Otherwise, it may enter Attached.SNK directly when VBuUS
is detected.

e Sink detects VBUS and enters Attached.SNK
3. While the Sink is in the attached state:

¢ Sink monitors VBUS for detach and when detected, enters Unattached.SNK

Copyright © 2016 USB 3.0 Promoter Group. All rights reserved.


https://iecnorm.com/api/?name=fdb06efbef500ac999a8cc84a92b2039

- 164 — IEC 62680-1-3:2017
© USB-IF:2016

4.5.3.2.3 DRP to Legacy Device Port Behavior

Figure 4-28 illustrates the functional model for a DRP connected to a legacy device port. This
model is based on having an adapter present as a Sink (Device) to the DRP. This adapter has a
USB Type-C plug on one end plugged into a DRP and either a USB Standard-B plug, USB Micro-
B plug, USB Mini-B plug, or a USB Standard-A receptacle on the other end.

Figure 4-28 DRP to Legacy Device Port Functional Model

DRP Legacy Device Adapter
VBUS Source —— ————
Connection VBUs Sink <1TL l veus Vus Veus
and Marked [
Cable
Mg o | Detection, sV VCoNN
CNTL Cold-Socket,
& VCoNN Rp @ «
p] «—»| Control
A -> Standard*B plug
- Miero:B plug
T - Mini-B plug
e Rp - ->-Standard-A receptaclg
Detection ] Pog-o N
Rd |

The follgwing describes the behavior when a DRP&is>connected to a legacy device adapter that
has an Rd to ground so as to mimic the behavior 6f a Sink.

1. DRP in the unattached state

e DRP alternates between Unatté‘cﬁed.SRC and Unattached.SNK
2. DRP transitions from UnattachedSRC to Attached.SRC

e DRP in Unattached,SRC detects the adapter’s pull-down on CC and| enters
AttachWait.SRC

o DRP in AttachWait.SRC times out (tCCDebounce) and transitions to Attached.SRC
e DRPin Attach\ed.SRC turns on VBUS and VCONN

o DRP in AtfachWait.SRC may support Try.SNK and if so, may transition |through
Try.SQK‘and TryWait.SRC prior to entering Attached.SRC

3. While the.DRP is in the attached state:

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

4.5.3.2.4 Legacy Host Port to DRP Behavior

Figure 4-29 illustrates the functional model for a legacy host port connected to a DRP operating
as a Sink. This model is based on having an adapter that presents itself as a Source (Host) to
the DRP operating as a Sink, this adapter is either a USB Standard-A legacy plug or a USB

Micro-B legacy receptacle on one end and the USB Type-C plug on the other end plugged into a
DRP.

Figure 4-29 Legacy Host Port to DRP Functional Model
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Legacy Host Adapter DRP
VBUS Source
V?}Us Vsus VBUS Veus Sink
T _HI in Connection
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Cable
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Cold-Soch x CNTL
& VCONN
: m Control  |«—» PD
4 Sink or Source
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The follgwing describes the behavior when a legacy host adapter thatias an Rp to VBU
to mimiq the behavior of a Source is connected to a DRP. The(value of Rp shall ind

advertis
This is
higher c

1. DRP in the unattached state

2. DRP transitions from Unattached.SNK to Att‘ac~hWait.SNK to Attached.SNK

3. While the DRPis in the attached state:

4.6 Power )

Power d
defined

Power Delivery-specification. The USB Type-C Current mechanism allows the Source

provide

GND GND GND
[

\

~N

ment of Default USB Power (See Table 4-15), even though the cable itself can G
ecause the cable has no knowledge of the capabilities of the power source,
irrent is negotiated via USB BC 1.2 or by proprietary means.

e DRP alternates between Unattached.SRC.and Unattached.SNK

e DRP in Unattached.SNK detects pull l)p on CC and enters AttachWait.SNK.
e DRP in AttachWait.SNK detect§’VBuUS and enters Attached.SNK

e DRP inAttachWait.SNK ma\y support Try.SRC and if so, may transition
Try.SRC and TryWait. SNK"prior to entering Attached.SNK

e DRP monitors VBUS for detach and when detected, enters Unattached.S)
resumes toggling between Unattached.SNK and Unattached.SRC)

by: the USB 2.0 and USB 3.1 specifications, the USB BC 1.2 specification and

S so as
cate an
arry 3 A.
bnd any

through

NK (and

elivery over fhe USB Type-C connector takes advantage of the existing USB meﬂhods as

he USB

to offer

ra USB

more ch]rent than defined by the USB BC 1.2 specification. A USB power source qhall not

ore than 20 V nominal on VBUS. USB PD power sources that deliver power ov

Type-C connector shall follow the power rules as defined in Section 10 of the USB Power
Delivery specification.
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All USB Type-C-based devices shall support USB Type-C Current and may support other USB-
defined methods for power. The following order of precedence of power negotiation shall be
followed: USB BC 1.2 supersedes the USB 2.0 and USB 3.1 specifications, USB Type-C Current
at 1.5 A and 3.0 A supersedes USB BC 1.2, and USB Power Delivery supersedes USB Type-C
Current. Table 4-14 summarizes this order of precedence of power source usage.

Table 4-14 Precedence of power source usage

Nominal Maximum
Precedence Mode of Operation Voltage Current
Highest USB PD Configurable 5A
USB Type-C Current @ 3.0 A 5V 3.0 A
\l/ USB Type-C Current @ 1.5 A 5V 1:5/A
USB BC 1.2 5V \ \Wpto 1.5 A’
USB 3.1 |5V 191 see USB 3.1
Default USB Power
| owest USB 2.0 5V Q See USB 2.0

Notes

1 USB BC 1.2 permits a power provider to be designed to-suppoft)a level of power between 0.5 A pnd
1.5 A. If the USB BC 1.2 power provider does not support 4/5'A, then it’is required to follow power
droop requirements. A USB BC 1.2 power consumer may_consume up to 1.5 A provided that thg
voltage does not drop below 2 V, which may occur at @ny level of power above 0.5 A.

For example, once the PD mode (e.g. a power cgntract has been negotiated) has been entered,
the devige shall abide by that power contractugnoring any other previously made or offered by
the USB| Type-C Current, USB BC 1.2 or USB 2.0 'and USB 3.1 specifications. When|the PD
mode is jexited, the device shall fallback in Grder to the USB Type-C Current, USB BC 1.3 or USB
2.0 and |USB 3.1 specification power leyels.

All USB [Type-C ports shall tolerate being connected to USB power source supplying defqult USB
power, €.g. a host being connected-to a legacy USB charger that always supplies VBUS.

4.6.1 Power Requirements during USB Suspend
USB Type-C implementations with USB Type-C Current, USB PD and VCONN, along with active
cables, nequires the negd {0 expand the traditional USB suspend definition.
4.6.1.1 VBUS R\eqﬁirements during USB Suspend

The USB 2.0 ahd USB 3.1 specifications define the amount of current a Sink is allpwed to
consume during-suspend.

USB sugpénd power rules shall apply when the USB Type-C Current is at the Default USB Power
level or WTW@W‘W@WW i it i ;

When USB Type-C Current is set at 1.5 A or 3.0 A, the Sink is allowed to continue to draw
current from VBUS during USB suspend. During USB suspend, the Sink’s requirement to track
and meet the USB Type-C Current advertisement remains in force (See Section 4.5.2.3).

USB PD provides a method for the Source to communicate to the Sink whether or not the Sink
has to follow the USB power rules for suspend.

4.6.1.2 VCONN Requirements during USB Suspend

If the Source supplies VBUS power during USB suspend, it shall also supply at least 7.5 mA to
VCONN.

Electronically marked cables shall draw no more than 7.5 mA from VCONN during USB suspend.
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4.6.2 VBUS Power Provided Over a USB Type-C Cable

The minimum requirement for VBUS power supplied over the USB Type-C cable assembly
matches the existing requirement for VBUS supplied over existing legacy USB cable assemblies.
USB Power Delivery is an optional capability that is intended to work over un-modified USB
Type-C to USB Type-C cables, therefore any USB Type-C cable assembly that incorporates
electrical components or electronics shall ensure that it tolerate, or be protected from, a VBUS
voltage of 21 V.

4.6.2.1 USB Type-C Current
Default PSB—vottage—amd—currentaredefimed by thet:SB8—20—=amd—tSB—3-f—specificatmns. All
USB Type-C Current advertisements are at the USB VBUS voltage defined. by these
specificgtions. {
The USB Type-C Current feature provides the following extensions:

e Higher current than defined by the USB 2.0, the USB 3.1 .0or the BC 7\.2 specificatipns

e Allows the power source to manage the current it provides . f\

The USB Type-C connector uses CC pins for configuration-including an ability for a S¢urce to
advertis¢ to its port partner (Sink) the amount of current it can supply:

e Defallt values defined by the, uUSB Spedification
(500|mA for USB 2.0 ports, 900 mA for USB 3.1 ports) |

e 15A '

e 30A

A Sink that takes advantage of the additional current offered (e.g., 1.5 A or 3.0 A) shallmonitor
the CC pins and shall adjust its current.consumption within tSinkAdj to remain within the value
advertise¢d by the Source. While a USB PD¢contract is in place, a Sink is not required to|monitor
USB Type-C current advertisements-‘and shall not respond to USB Type-C |current
advertisgments. (

The Sodrce shall supply VBUS to the Sink within tVBUSON. VBUS shall be in the gpecified
voltage fange at the-advertised'current.

A Source (port supplying VBUS) shall protect itself from a Sink that draws current in excegs of the
port’'s U$B Type-C Current/advertisement.
\

The Soyrce adjusistRp (or current source) to advertise which of the three current |evels it
supporty. See Table 4-15 for the termination requirements for the Source to advertise cufrents.

The valye of Rp establishes a voltage (vVRd) on CC that is used by the Sink to determine the
maximum, current it may draw.

Table 4-26 defines the CC voltage range observed by the Sink that only support default USB
current.

If the Sink wants to consume more than the default USB current, it shall track vRd to determine
the maximum current it may draw. See Table 4-27.

Figure 4-30 and Figure 4-31 illustrate where the Sink monitors CC for vRd to detect if the host
advertises more than the default USB current.
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Figure 4-30 Sink Monitoring for Current in Pull-Up/Pull-Down CC Model
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gure 4-31 Sink Monitoring for Current in Current Source/PuII-Dgwn CC Mod
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current advertisement

USB Battery Charging 1.2~

e-C-based BC 1.2w¢hargers that are capable of supplying at least 1.5 A shall a
pe-C Current at\the 1.5 'A level, otherwise the charger shall advertise USB

e-C Curre\nt‘ét 3.0 A may advertise USB Type-C Current at 3.0 A.

Prop\rietary Power Source

Type-C

eceptacle that is capable of supplying at least 1.5 A and less than 3.0 A shall a

el

tery Charging Specification Revision 1.2 defines a method that uses the USB 2.0 D+
pins to advertise VBUS ean’ supply up to 1.5 A. Support for USB BC 1.2 chdrging is

Idvertise
Type-C

ht the Default, USB Power level. A USB Type-C-based BC 1.2 charger that also gupports

btary-power source (i.e., battery charger) with a USB Type-C-captive cable of a USB

dvertise

USB Type-C Current at least at the 1.5 A level.

A proprietary power source with a USB Type-C-captive cable or a USB Type-C receptacle that is
capable of supplying at least 3.0 A shall advertise USB Type-C Current at least at the 3.0 A level.

4.6.2.4

USB Power Delivery

USB Power Delivery is a feature on the USB Type-C connector. When USB PD is implemented,
USB PD Bi-phase Mark Coded (BMC) carried on the CC wire shall be used for USB PD

commun

ications between USB Type-C ports.

At attach, VBUS shall be operationally stable prior to initiating USB PD communications.
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Figure 4-32 illustrates how the USB PD BMC signaling is carried over the USB Type-C cable’s

CC wire.

Figure 4-32 USB PD over CC Pins

Figure 4f33 illustrates USB PD BMC signaling as seen on CC from both the perspectiy
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J
USB F;D‘Explicit Contract is in place, the Source shall advertise a USB Type-C

1.5(Aor 3.0 A. The Source upon entry into an Explicit Contract shall advertis
NSA or 3.0 A after it receives the GoodCRC in response to the first PS_RDY N

specification for a definition of an Explicit Contract.

4.7 USB Hubs

USB hubs are defined by the USB 2.0 and USB 3.1 specifications. USB hubs implemented with
one or more USB Type-C connectors shall comply with the USB 3.1 Specification.

- %L_

e of the

nd Sink. The breaks in the signaling are intended to reprefent the passage of time.
Figure 4-33 USB PD BMC Signaling\over CcC
Connect  Source TX End TX /Sink TX | End TX Disconnect
1.8V —— ~ O | (—

Current
b an Rp
lessage
Delivery

USB hubs shall have an upstream facing port (to connect to a host or hub higher in the USB tree)
that may be a Sourcing Device (See Section 4.8.4). The hub shall clearly identify to the user its
upstream facing port. This may be accomplished by physical isolation, labeling or a combination

of both.
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USB hub’s downstream facing ports shall not have Dual-Role-Data (DRD) capabilities. However,
these ports may have Dual-Role-Power (DRP) capabilities.

CC pins are used for port-to-port connections and shall be supported on all USB Type-C
connections on the hub.

USB hub ports shall not implement or pass-through Alternate or Accessory Modes. SBU pins
shall not be connected (zSBUTermination) on any USB hub port.

The USB hub’s DFPs shall support power source requirements for a Source. See Section 4.8.1.

4.8
4.8.1

Chargers

DFP as a Power Source

Sources| (e.g. battery chargers, hub downstream ports and hosts) may all be used for battery
charging. When a charger is implemented with a USB Type-C receptacle or a USB|Type-C

captive g¢able, it shall follow all the applicable requirements. \

4.8.1.1

4.8.1.2

~

Source shall expose its power capabilities using the USB Type-C Current methqd and it
nay additionally support other USB-standard methods (USB-BC' 1.2 or USB-PD).

A
n

A Source may also expose its identity and/or power capabil\ities using a proprietary (e.g.
non-USB-standard) method. A proprietary method pay source up to 5 Aif |t has a
daptive cable capable of carryingthat level of current See Section 4.6.2.3 for adiditional
requirements.

Source advertising its current capability using USB BC 1.2 shall meet the requifements
n Section 4.6.2.2 regarding USB/Type-C Current advertisement.

—

Source that has negotiated a USB-PD~c¢ontract-shall meet the requirements in|Section
.6.2.4 regarding USB Type-C Current,advertisement.

DI

a Source is capable of supplyin‘g\a voltage greater than default VBuUS, it shall fully
donform to the USB-PD specn‘lcatlon and shall negotiate its power contracts usjng only
USB-PD.

a Source is capable of reve\rsing source and sink power roles, it shall fully copform to
ne USB-PD specification,Jand shall negotiate its power contracts using only USB1PD.

_— o —

a Source is capable. of supplying a current greater than 3.0 A, it shall use the JSB-PD
iscover Identity to)determine the current carrying capacity of the cable.

|

N
USB-based Chargers with USB Type-C Receptacles

A USB-baséd charger with a USB Type-C receptacle (Source) shall only apply gpower to
\[BUS when it detects a Sink is attached and shall remove power from VBUS |[when it
detects the Sink is detached (VOPEN).

A_USB-based charger with a USB Type-C receptacle shall not advertisel current
exceeding 3.0 A except when it uses the USB-PD Discover ldentity mechanism to
determine the cable’s actual current carrying capability and then it shall limit the
advertised current accordingly.

USB-based Chargers with USB Type-C Captive Cables

A USB-based charger with a USB Type-C captive cable that supports USB PD shall only
apply power to VBUS when it detects a Sink is attached and shall remove power from
VBUS when it detects the Sink is detached (VOPEN).

A USB-based charger with a USB Type-C captive cable that does not support USB PD
may supply VBUS at any time. Itis recommended that such a charger only apply power to
VBUS when it detects a Sink is present and remove power from VBUS when it detects the
Sink is not present (VOPEN).
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e A USB-based charger with a USB Type-C captive cable shall limit its current
advertisement so as not to exceed the current capability of the cable (up to 5 A).

e The voltage as measured at the plug of a USB-based charger with a USB Type-C captive
cable may be upto 0.75x1/3V (0<I1=<3A),or0.75x1/5V (0<1=<5A) lower than
the standard tolerance range for the chosen voltage, where | is the actual current being
drawn.

o A USB-based charger that advertises USB Type-C Current shall output a voltage
in the range of 4.75 V — 5.5 V when no current is being drawn and between 4.0 V
—5.5 V at 3 A. The output voltage as a function of foad up to the adveriiged USB
Type-C Current (default, 1.5 A and 3 A) shall remain within the cross-hatched
area shown in Figure 4-34. \

Figure 4-34 USB Type-C Cable’s Output as a Function of Load for Non-PD-basgd USB
Type-C Charging )

5.5V 7

4.75V

4v

2)
cC
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~

Type<C Current Load Line

~

o A USB PD-based.¢harger that has negotiated a voltage V at < 3 A shall putput a
voltage in the, range of'Vmax (V + 5%) and Vmin (V - 5%) when no cirrent is
being drawn~and Vmax and Vmin — 0.75 V at 3 A. Under all loads, th¢ output
voltage ghall remain within the cross-hatched area shown in Figure 4-35.

Figlire 4-35 .0 33 A USB PD-based Charger USB Type-C Cable’s Output as a Fynction
( of Load
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o A USB PD-based charger that has negotiated a voltage V at between 3 A and 5 A
shall output a voltage in the range of Vmax (V + 5%) and Vmin (V — 5%) when no
current is being drawn and Vmax and Vmin — 0.75 V at 5 A. Under all loads, the
output voltage shall remain within the cross hatched area shown in Figure 4-36.

Figure 4-36 3 — 5 A USB PD-based Charger USB Type-C Cable’s Output as a Function
of Load

o

U, LOg¢

e Note: The maximum allowable cab[e\lR\drop for ground is 250 mV (see Section 4.4.1).
his is to ensure the signal integrity“of the CC wire when used for connection detection
gnd USB PD-BMC signaling.

—]

4.8.2 |Non-USB Charging Methods

A charger with a USB Type-C connector may employ additional proprietary charging methods to
source power beyond what is allowed by the USB defined methods. When implemented,
proprietgry methods must-meet the following requirements:

. he method shallonly be used to establish identity and/or a current level at defayilt VBUS
oltage in'a mariner not defined by the USB methods

. he metho\d shall only define the current level and shall not change the voltage delivered
n VBUSS™

o he method shall not alter the Source’s role to supply VBUS or the Sink’s role to gonsume
MBUS

e See Section 4.6.2.3 for additional requirements regarding USB Type-C Current
advertisement.

A product with a USB Type-C connector that consumes power may support proprietary charging
methods, these products shall not support methods that redefine VBUS voltage beyond what is
defined by the USB 2.0 and USB 3.1 specifications.

4.8.3 Sinking Host

A Sinking Host is a special sub-class of a DRP that is capable of consuming power, but is not
capable of acting as a USB device. For example a hub’s DFP or a notebook’s DFP that operates
as a host but not as a device.
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The Sinking Host shall follow the rules for a DRP (See Section 4.5.1.4 and Figure 4-15). The
Sinking DFP shall support USB PD and shall support the DR_Swap command in order to get the
Sink into the UFP data role.

4.8.4 Sourcing Device

A Sourcing Device is a special sub-class of a DRP that is capable of supplying power, but is not
capable of acting as a USB host. For example a hub’s UFP or a monitor’'s UFP that operates as
a device but not as a host.

The Sourcing Device shall follow the rules for a DRP (See Section 4.5.1.4 and Figure 4-15). It
shall also follow the requirements for the Source as Power Source (See Section 4.8.1). The
Sourcing Device shall support USB PD and shall support the DR_Swap command”in' prder to
enable the Source to assume the UFP data role.

4.8.5 Charging a System with a Dead Battery

A system that supports being charged by USB whose battery is dead shallapply Rd to bpth CC1
and CCZ and follow all Sink rules. When it is connected to a Source, DRP or Sourcing|Device,
the systém will receive the default VBUS. It may use any allowed method to increase thelamount

of powell it can use to charge its battery.
N

Circuitry| to present Rd in a dead battery case only needs te. guarantee the voltage on CC is
pulled wjthin the same range as the voltage clamp implementation of Rd in order for a Spurce to
recognize the Sink and provide VBUS. For example,a 209%. resistor of value Rd in series with a
FET with VGTH(max) < VcLAMP(max) with the gate¢weakly pulled to CC would g{arantee
detectiorLand be removable upon power up.

When thle system with a dead battery has suffIC|ent charge it may use the USB PD DR_Swap
message to become the DFP.

N

4.9 Electronically Marked Cables

All USB|Full-Featured Type-C cables shall be electronically marked. USB 2.0 Type-¢ cables
may be ¢lectronically marked. >

~

Electron|cally marked- cables @hall” support USB Power Delivery Structured VDM Discover
Identity command directed toSOP’. This provides a method to determine the charactefistics of
the cable, e.g. its currentsearrying capability, its performance, vendor identification, etc. This
may be feferred to as the.USB Type-C Cable ID function.
\

Prior to pn_explicit SB PD contract, a Sourcing Device is allowed to use SOP’ to discpver the
cable’s identity. _After an explicit USB PD contract has been negotiated, only the Source shall
communjcate with/SOP* and SOP” (see Section 5.2.2).

An elecfronically marked cable incorporates electronics that require VCONN, although MBUS or
another i ' ata bus

signal conditioning circuits shall consume no more than 70 mW from VCONN. During USB
suspend, electronically marked cables shall not draw more than 7.5 mA from VCONN, see Section
4.6.1.2.

Figure 4-37 illustrates a typical electronically marked cable. The isolation elements (Iso) shall
prevent VCONN from traversing end-to-end through the cable. Ra is required in the cable to allow
the Source to determine that VCONN is needed.
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Figure 4-37 Electronically Marked Cable with VCONN connected through the cable
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Figure 4-38 illustrates an electronically marked cable where the VEONN wire does nof extend
through the cable, therefore an SOP’ element is required at each-end of the cable. In tHis case,
no isolation elements are needed.

O
Figure 4-38 Electronically Marked Cable with'SOP’ at both ends
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&
For cablgs that @nly respond to SOP’, the location of the responder is not relevant.

An active cable is an electronically marked cable that incorporates data bus signal conditioning
circuits, [for\eéxample to allow for implementing longer cables. Active cables shall not drgw more
than 1 from VCONN, see Section 4.4.3.

Active cables may or may not require configuration management. Requirements for active
cables that require configuration management are provided in Section 5.2.

Refer to Section 4.4.3 for the requirements of a Source to supply VCONN. When VCONN is not
present, a powered cable shall not interfere with normal CC operation including Sink detection,
current advertisement and USB PD operation.

4.10 VCONN-Powered Accessories

A VCONN-powered accessory is a direct-attach Sink that implements an Alternate Mode (See
Section 5.1) and can operate with just VCONN.
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The VCONN-powered accessory exposes a maximum impedance to ground of Ra on the VCONN
pin and Rd on the CC pin.

When operating in the UFP role and when VBUS is not present, VCONN-powered accessories
shall treat the application of VCONN as an attach signal, and shall respond to USB Power
Delivery messages.

When powered by only VCONN, a VCONN-powered accessory shall negotiate an Alternate Mode.
If it fails to negotiate an Alternate Mode within tAMETimeout, its port partner removes VCONN.

ONN.

When VBUS is supplied, a VCONN-powered accessory is subject to<all of the réquirements for
Alternat¢ Modes, including presenting a USB Billboard Device Class interface. if negotiation for
an Alterpate Mode fails. \

~

N

4.1
4111 C

Table 4-[15 provides the values that shall be used for the Source's Rp-or current source. Other
pull-up Voltages shall be allowed if they remain less than'5/5 ¥yand fall within the correct voltage
ranges dn the Sink side — see Table 4-23, Table 4-24 and‘Table 4-25. Note: when two Bources
are conpected together, they may use different termination methods which could result in
unexpected current flow.

Parameter Values
Termination Parameters

Table 4-15 Source CC Termjnation (Rp) Requirements

Source Current Source Resistor pull-up Resistor pull-up
Advertisement to 1.7 -5.5\ to4.75-5.5V to 3.3V 5%
Default YSR 80 uA £20% 56 ki £ 20% 36 kQ + 20%
156A@5V 180 pA + 8% 22 kQ £ 5% 12 kQ + 5%
30A@5V 330 pA't 8% 10 kQ + 5% 4.7 kQ £ 5%
Nates: {

\.

The Sink

Rd when unpowered and a

Rd implementation.

1. For Rp whenfimplemented in the USB Type-C plug on a USB Type-C to USB 3.7 Standard-A
Cable Assembly, a USB Type-C to USB 2.0 Standard-A Cable Assembly, a USB Type-C to USB
2.0 Micro>B Receptacle Adapter Assembly or a USB Type-C captive cable connected to a USB
host, a\value of 56 kQ + 5% shall be used, in order to provide tolerance to IR drop on VBUS and
GNDRin*the cable assembly.

trimmed Rd when powered).

fde range

Transitions between Rd
implementations that do not exceed tCCDebounce shall not be interpreted as exceeding the
wider Rd range. Table 4-16 provides the methods and values that shall be used for the Sink’s
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Table 4-16 Sink CC Termination (Rd) Requirements
Can detect Max voltage on
Rd Implementation Nominal value power +ag
o1 pin
capability?
*+ 20% voltage clamp’ 1.1V No 1.32V
* 20% resistor to GND 5.1 kQ No 218V
* 10% resistor to GND 5.1 kQ Yes 2.04V
Nate:
. The clamp implementation inhibits USB PD communication although the system can start with the
clamp and transition to the resistor once it is able to do USB PD. )
Table 4-[17 provides the impedance value to ground on VCONN in powered cables.
\
Table 4-17 Powered Cable Termination Requirements
Minimum Impedance Maximum,impedance
Ra 800 Q 1.2 kQ
Note: '
1. The minimum impedance ‘may be less when powering active circuitry.
Table 4{18 provides the minimum impedance valug.to ground on CC for a self-powered device
(Sink) off a device that supports the Disabled state,or ErrorRecovery state to be undetecjed by a
Source. \
Table 4-18 Sink CC,;Termination Requirements
V*Minimum Impedance to GND
zOPEN 126 kQ
Table 4-[19 provides the impedance value for an SBU to appear open.
\ ““Table 4-19 SBU Termination Requirements
<
9 Termination Notes
zSBUTermination = 950 kQ Functional equivalent to an open circuit
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4.11.2 Timing Parameters
Table 4-20 provides the timing values that shall be met for delivering power over VBUS and

VCONN.

-177 -

Table 4-20 VBUS and VCONN Timing Parameters

Minimum

Maximum

Description

From entry to Attached.SRC until
VBUS reaches the minimum vSafe5V

Q

L\ L
LVBUOS

o
U TS

threshold as measured at the
source’s receptacle.

tVBUSOFF

0 ms

650 ms

From the time the Sink is deta\chéd
until the Source removes;VBUS and
reaches vSafeOV (SeeUSB PD).

N\

~

N

VCONNON

Note 1

2 ms

From the time the"Source supplied
VBUS in the Attached.SRC state.
Measured from vSafe5V to the
minimum/,\/CONN voltage (see Table
4-4)

fVCONNON-
PA

0 ms

100 ms

{-PoweredAccessory state until the

Frogmthe time a Sink with accessory
support enters the

Sink sources minimum VCONN voltage
(see Table 4-4)

tVCcoNNOFF

0 ms

~‘\35 ms

From the time that a Sink is detachefd
or as directed until the VCONN suppl
is disconnected and bulk capacitancg
is removed.

tSinkAdj

tPDDebounce

60 ms

Response time for a Sink to adjust its
current consumption to be in the
specified range due to a change in
USB Type-C Current advertisement

Nagte:

Figure 4-39,\illustrates the timing parameters associated with the DRP toggling procesgs.
tDRP parameter represents the overall period for a single cycle during which the port is

"\

1. “VCOoNN may be-applied prior to the application of VBUS

The

pxposed

as both a Source and a Sink. The portion of the period where the DRP is exposed as a Source
is established by dcSRC.DRP and the maximum transition time between the exposed states is
dictated by tDRPTransition.
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Table 4-P1 provides the timing values that shall be met for DRPs.. The cl\ock used to confrol DRP

swap sh
etc. to

Source-to-Sink relationship.

Source 1

buld not be derived from a precision timing source such as a‘erystal, ceramic re
elp minimize the probability of two DRP devices indefinitély ‘failing to resolv
Similarly, the percentage of time that a DRP spends ad
ot be derived from a precision timing source.

Table 4-21 DRP Timing Para’,n\wters

sonator,
b into a
ertising

Minimum Maximum Description
“| The period a DRP shall complete|a
tDRP 50 ms 100.ms Source to Sink and back
) advertisement
N The percent of time that a DRP
icSRC.DRP 30% = 70% shall advertise Source during
tDRP
The time a DRP shall complete
tDRPTransition 0 ms 1 ms transitions between Source and
- Sink roles during role resolution
Wait time associated with the
tDRPTry 75 ms 150 ms Try.SRC state.
tDRPTryW\éit 200 ms 800 ms Wait time associated with the

Try.SNK state.

Table 4-22 provides the timing requirement for CC connection behaviors.
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Table 4-22 CC Timing

Minimum

Maximum

Description

tCCDebounce

100 ms 200 ms

Time a port shall wait before it
can determine it is attached

Time a port shall wait before it
can determine it is either
detached or there has been a

tPDDebounce

10 ms 20 ms

nlnnngn m ISR Ty na

fal
T oo T ypC-oCurToT

due to the potential for USB PD
BMC signaling on CC as
described in the state definitions
The exit condition for the) "
Attached.SRC state may not
apply this timer. o\

tErrorRecovery

25 ms

Time a self-powered port shall
remain-in the 'ErrorRecovery
state. N\

4.11.3

Voltage Parameters

Table 4-p3, Table 4-24 and Table 4-25 provide the CC volfage values that a Source sha
detect what is attached based on the USB Type-C Current advertisement (Default USB,
5V,or 3.0 A@ 5 V) that the Source is offering.

Table 4-23 CC Voltages on-Source Side — Default USB

Il use to
1.5A@

Minimum Voltage Maximum Voltage Threshold
Powered ) >
cable/adapter 0.00 V 0.15V 0.20V
(vRa)
Sink (vRd) 0.25V 1.50 V 1.60 V
No connect '
(VOPEN). - 1.65V

Y

-~/ Table 4-24 CC Voltages on Source Side-1.5A @5V

Minimum Voltage Maximum Voltage Threshold
Powered
cable/adapter 0.00V 0.35V 0.40V
(vRa)
Sink (vRd) 0.45V 1.50V 1.60 V
No connect
(VOPEN) 1.65V
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Table 4-25 CC Voltages on Source Side-3.0A @5V
Minimum Voltage Maximum Voltage Threshold
Powered
cable/adapter 0.00V 0.75V 0.80V
(vRa)
Sink (vRd) 0.85V 245V 2.60V
No connect PR
(VOPEN) A

Table 4-p6 provides the CC voltage values that shall be detected across a Sink’s.Rd for a Sink
that doe$ not support higher than default USB Type-C Current Source advertisements.

Table 4-26 Voltage on Sink CC Pins (Default USB Type-C C\ur}‘ent only)

Detection Min voltage Max voltage Threshold
vRa ~0.25V 0.15 Vil 0.2V
vRd-Connect 0.25V 2.18W

Table 4-p7 provides the CC voltage values that shall:be detected across a Sink’s Rd fof a Sink
that impjements detection of higher than default USB Type-C Current Source advertisements.
This table includes consideration for the effect that, the IR drop across the cable GND hap on the
voltage across the Sink’s Rd. N\

Thble 4-27 Voltage on Sink CC pins\(MuItipIe Source Current Advertisements)

Detection Mip voltage Max voltage Threshold
VRa ) ~0.25'V 0.15V 0.2V
vRd-Connect 025V 2.04V
VRd-USB .\ 0.25V 0.61V 0.66 V
vRd-1.5 0.70 V 1.16 V 1.23V
vRd 3.0 131V 2.04V

5 Funictional Extensions

5.1 Alternate Modes

All hosts and devices (except chargers) using a USB Type-C™ receptacle shall expose a USB
interface. In the case where the host or device optionally supports Alternate Modes:

e The host and device shall use USB Power Delivery Structured Vendor Defined Messages
(Structured VDMs) to discover, configure and enter/exit modes to enable Alternate Modes.

e The device is strongly encouraged to provide equivalent USB functionality where such
exists for best user experience.

e Where no equivalent USB functionality is implemented, the device shall provide a USB
interface exposing a USB Billboard Device Class used to provide information needed to
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identify the device. A device is not required to provide a USB interface exposing a USB
Billboard Device Class for non-user facing modes (e.g., diagnostic modes).

As Alternate Modes do not traverse the USB hub topology, they shall only be used between a
directly connected host and device.

511 Alternate Mode Architecture

The USB Power Delivery Structured VDMs are defined to extend the functionality a device
exposes. Only Structured VDMs shall be used to alter the USB functionality or reconfigure the
pins the USB Type-C Connector exposes. Structured VDMs provide a standard method to
identify fhe modes a device supports and to command the device to enter and exit a mo{e. The

use of Sfructured VDMs are in addition to the normal USB PD messages used to manage power.
Structur¢gd VDMs may be interspersed within the normal USB PD messaging stream, however
they shall not be inserted in the middle of an ongoing PD power negotiation.

The Stryctured VDMs consist of a request followed by a response.. Thecresponse is [either a
successful completion of the request (ACK), an indication that the deviqe\needs time before it
can serVice a request (BUSY), or a rejection of the request (NAK). A host and devicg do not
enter a mode when either a NAK or BUSY is returned.

S
Multiple JImodes may exist and/or function concurrently. For example,-a Structured VDM|may be
used to|manage an active cable at the same time that /apgther Structured VDM is Jused to
manage [the device so that both the cable and device are operating in‘a compatible mode

5.1.2 Alternate Mode Requirements

The host and device shall negotiate a USB PD Explicit Contract before Structured VDMs|may be
used to dliscover or enter an Alternate Mode.

The ACK shall be sent after switching to the Ait‘ernate Mode has been completed by the [UFP for
Enter M¢de and Exit Mode requests. 'See Seéction 6.4.4 in the USB Power Delivery Specification.

If a dev|ce fails to successfully enter‘an Alternate Mode within tAMETimeout then theg device
shall mihimally expose a USB 2.0“interface (USB Billboard Device Class) that is powered by
VBUS.

When a|device offers multiple modes, especially where multiple Alternate Mode definitjons are
needed |n order to_ be compatible with multiple host-side implementations, successfully pntering
an Alterpate Mode may be predicated on only one of the available modes being sucgessfully
recognized by a hosty In this case, the device is not required to expose but may still expose a
USB Billpoard De«ic‘e Class interface to indicate to the host the availability and statup of the
modes i supports.

The hosf mayJsend an Enter Mode after tAMETimeout. If the device enters the mode] it shall
respond|with an ACK and discontinue exposing the USB Billboard Device Class interfage. The
device may expose the USB Billboard Device Class inierface again with updated capabllities.

The current supplied over VCONN may be redefined by a specific Alternate Mode but the power
shall not exceed the current rating of the pin (See Section 3.7.7.4).

5.1.21 Alternate Mode Pin Reassignment

Figure 5-1 illustrates the only pins that shall be available for functional reconfiguration in a full-
featured cable. The pins highlighted in yellow are the only pins that shall be reconfigured.
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Figure 5-1 Pins Available for Reconfiguration over the Full-Featured Cable

Al12 All Al10 A9 A8 A7 Ab A5 A4 A3 A2 Al
GND | RX2+ | RX2- | VBUS | SBU1 | D- | D+ | cc | VBUS | TX1- | X1+ | GND
GND | ™2+ | ™@2- | VBUS |Vc0NN| | | SBU2 | VBUS | RX1- | RX1+ | GND
Bl B2 B3 B4 B5 Bo B7 B8 B9 B10 B11 B12

Figure 512 illustrates the only pins that shall be available for functional reconfiguratien: |n direct
connect [applications such as a cradle dock, captive cable or a detachable notebeok. The pins
highlighted in yellow are the only pins that shall be reconfigured. ~Three additional pins are
availablg because this configuration is not limited by the cable wiring.

Fjgure 5-2 Pins Available for Reconfiguration for Direct Conne\ct\Applications

Al2 All Al0 A9 A8 A7 Ab A5 Ad ‘A3 A2 Al

GND | RX2+ | RX2- | VBUS | SBU1 | D- | D+ | cc ‘ VBUSs I TX1- | X1+ | GND
GND | @2+ | ™@2- | VBUS |VCONN| | | sBU2 [ VBUS | RX1- | RX1+ | GND
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 B1l1 B12

The USB 2.0 data pins (A6, A7) shall remain cennected to the USB host controller durirjg entry,

while in pnd during exit of an Alternate Mode,
o

5.1.2.2 Alternate Mode Electrical Requirements

Signaling during the use of Alternate‘ ‘Modes shall comply with all relevant cable agsembly,
adapter pssembly and electrical requirements of Chapter 3.

Two requirements are specifiedin order to minimize risk of damage to the USB Sup¢rSpeed
transmit{ers and receivers inta USB-host or device:

e When operating-in.an Alternate Mode and pin pairs A11, A10 (RX1) and B11, B1j0 (RX2)
re used, these'shall be AC coupled in or before the USB Type-C plug.

g
e When opeKati\ng in_an Alternate Mode and pin pairs A2, A3 (TX1) and B2, B3 (TX2) are
Used, the )DC blocking capacitors in the system used on these pin pairs for USB
JuperSpeed signaling shall also be used for Alt Mode signaling.

[ ]
< I

ltefmate Mode signals being received at the USB Type-C receptacle shall not exgeed the

Direct connect applications shall ensure that any stubs introduced by repurposing the extra
D+/D- pair do not interfere with USB communication with compliant hosts that short the pairs of
pins together on the receptacle. This can be ensured by placing the Alternate Mode switch close
to the plug, by adding inductors to eliminate the stubs at USB 2.0 frequencies, by AC-terminating
the long stubs to remove reflections at the cost of attenuated signal, or by other means.

When in an Alternate Mode, activity on the SBU lines shall not interfere with USB PD BMC
communications or interfere with detach detection.

The AC coupling requirement results from the use of AC coupling in the USB 3.1 specification.
This requires that the TX signals are AC coupled within the system before the physical connector,
but that the RX signals are DC coupled within the system. There is thus just one DC blocking
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capacitor in each connection between the SuperSpeed transmitter PHY and the SuperSpeed

receiver

PHY.

Figure 5-3 shows the key components in a typical Alternate Mode implementation using a USB
to USB Type-C full featured cable. This implementation meets the AC coupling
requirements, as the capacitors required to be in or before the USB Type-C plug are

Type-C

impleme

nted behind the TX pins in the port partner.

Figure 5-3 Alternate Mode Implementation using a USB Type-C to USB Type-C Cable

UsB Type-C Systerm USE Type-C 1o USE Type C cable USB Type-C System
T T
| i

H ,
A2IAZ § TX14/- A2/ 3 TX14/-

1 1
|_f,,_<

USE{Type-C USB,Type-C

B PHY b USB PH’

conhector conhector

It should be noted that the AC capacitor‘is placed in the system next to the USB

receptad
multiple
local PH
receive

port partner by the AC cap.that'is implemented on the TX path in the port partner.

Figure 5
USB Tyjq
device.
receptag
capacito
device.

RX —my . H 1 . RX:
2
z ; ‘;
|2, B2/B3 1:' THZ+/- B2/B3 | TX2+/-
N
1
AT1/A10 1 RX14/ 117410 ¢ RK1 4+ N\
1
—_— — 2
H | : 2 , 2 : = | 4
_— ) L |
plug \ R plug
Alt Mode PHY orient- UsBType-C USBiTy e O orient- Alt Mode PHY
2 ation connecton Gegfectsr ation 2
2 2 switch 2 /‘ :\ 2 switch 2 2
N :
I i H I
B11/B10 { RX2+/- ¥ BIAB10 § RX2e/~
] H
\
>N

er, and other system caomponents) operate within the common mode limits se
Y. This applies, in the-USB SuperSpeed operation, to both the transmit path
bath within the local system. The receive path is isolated from the common mod

-4 shows the ky Components in a typical Alternate Mode implementation using
e-C to Alternate Mode connector cable, or a USB Type-C Alternate Mode Direqg
In both ¢ases it is' necessary that the system path behind the RX pins on {
le be isolated from external common mode. This requirement is met by incor
rs in-er*behind 'the USB Type-C plug on the Alternate Mode cable or Alternat

Type-C

le, so that'the system comp~on’ents (the orientation switch, the Alternate Mode gelection

l by the
and the
e of the

either a
t Attach
he USB
borating
e Mode
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Figure 5-4 Alternate Mode Implementation using a USB Type-C to Alternate Mode Cable or

Device

USB Type-C System

USB Type-C to Alt Mode cable or

Alt Mode System

In the ¢
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se where the Alt Mode System is required to implement DC blocking capacitofs within

the system between active system components and the Alt Mode connector, then this provides

the necdssary isolation and further capacitors in the USB Type-C to Alt Mode adapter ¢

not necessary, and may indeed impair sighal integrity.

The USB Safe State is-defined by, the USB PD specification. The USB Safe State de

bble are

fines an

electrical state for the SBU1/2-‘and SSTX/SSRX for DFPs, UFPs, and Active Cablgs when

transitio
the USB
electricar‘

entry/exit mechanisms tojthe USB Safe State.

< : Table 5-1 USB Safe State Electrical Requirements

ing between USB and ‘an Alternate Mode. SBU1/2 and SSTX/SSRX must trangition to
Safe State before.entering to or exiting from an Alternate Mode. Table 5-1 def
requirements far the USB Safe State. See the USB-PD Specification for more ¢

nes the
etail on

SBU1/2 SSTX'"2 SSRX?2 B6/B74
‘:ommon- O+ 4 Lo \/ O+ 4 Lo \/ O+ 4 Lo \/ O+ 4 Lo \/
mode Voltage ViV 1.9V ViV 1.9V ViV T.9V ViV T.9V
Impedancg to <4 MO <4 MQ 25 KQ — 4 MQ <4 MQ
ground
Notes:

1.  SSTX common-mode voltage is defined on the integrated circuit side of the AC coupling

capacitors.

2. Unused SSTX and SSRX signals should transition to USB Safe State if wired to the connector

but not used.

3. The DFP and UFP shall provide a discharge path to ground in USB Safe State when a

connection to the USB Type-C receptacle is present.
4. Applies to docking solutions that redefine pins B6 and B7.
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5.1.3

Parameter Values

Table 5-2 provides the timeout requirement for a device that supports Alternate Modes to enable
a USB Billboard Device Class interface when none of the modes supported by the device are
successfully recognized and configured by the DFP to which the device is attached.

Table 5-2 USB Billboard Device Class Availability Following Alternate Mode Entry Failure

While of

Maximum Description

tAMETimeout 1000 ms The time between a Sink attach until

a USB Billboard Device Class
interface is exposed when-an
Alternate Mode is not successfully
entered

signals gperating concurrently that exceeds the Vnoise parameters givén in Table 5-3.

5.1.4

Table 5-3 Alternate Mode Signal Noise Ingression Requirements

erating in an Alternate Mode, the signaling shall not cause nojse \lngression onto USB

Limit O Bandwidth

Vnoise on BMC during BMC Active 30 m\{")| 100 ns time constant filter

Vnoise on BMC during BMC ldle 100.mV 100 ns time constant filter
Vnoise on D+/D- (Single-ended) 40 mV 500 MHz
Vnoise on D+/D- (Differential)  ~| 10 mV 500 MHz

Note: Each Vnoise parameter is the max noise ingression level allowed onto the respective
nterface that is due to two SBU aggressors from the Alternate Mode signaling, under respective
vorse case scenarios. The couplingbetween SBU_A/SBU_B and CC within a USB Type-C cable
hall meet the requirement describéd in Section 3.7.2.3.4. The coupling between SBU_A/SBU_B
hind USB D+/D= within a USB Type-C cable shall meet the requirement described in Section
.7.2.3.5. {

Example Alternaté Mode — USB DisplayPort™ Dock

This exgmple illustrates.the use of Structured VDMs to expose and access functionality
the basi¢ functionality:defined by the USB Type-C Connector. The device uses its USB
connector to make<connection when placed in a cradle dock. This example only illustr
functional connegtions.

5.1.4.1

USB DisplayPort Dock Example

beyond
Type-C
htes the

Ihe cradle dock provides mechanical alignment and attachment in addition to those
provided by the USB Type C connector allowing for only one orientation eliminating the

need for an orientation MUX in the dock.

The dock and system use USB PD to manage charging and power.

The dock uses DisplayPort to drive a DisplayPort-to-HDMI adapter to support connecting

an HDMI monitor.

The dock has a USB hub that exposes two external USB ports and attached internal USB
Devices, e.g. a USB audio Device (a 3.5 mm audio jack), and a USB Billboard Device.
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Figure 5-5 illustrates the USB DisplayPort Dock example in a block diagram form.
Figure 5-5 USB DisplayPort Dock Example
System Display Dock
Orientation !
Muxes !
Open i |— sBui/sBU2 AUX+/- —
SBU1/SBU2 — X — i DP to
L AUXs/- | —— TX2/RX2 — DP Lanes0/1 — HDMI eceptacle
- i —
] 1 DP Lanes [
Gpu [[F DP Canes O71 TXZRXZ —— | E 2/3 ~ HPD ]
DP L. X i J 0SB 2.0 ,
- usB ' use Bgfﬁ:;" ( “| usdAudio
— TX1/RX1 — —— Type-C \ Type-C  — TX1/RX1 — (3.5mm jack)
f USBSS — L Receptacle i Plug [
HPD i - ussss
E USB 3.1 u§sc
USB 2.0 — i Hub, Recdptacle
Mux Control ] Mux Control \
i o v U$B A
CC Logic [— CC1/CC2 X ' — CCNConn —] Recdptacle
PD Controller —— vBus —— | ! | vedge PD Controller. [
i

™)

The sysiem uses USB PD Structured VDMs to commupicate with-the dock to discover that it
supporty a compatible Alternate Mode. The system then"uses a Structured VDM to enhter the
dock mode. Since USB PD is used, it may also be used to negotiate power for the sysiem and
dock. Il this example, the USB SuperSpeed signals-allow the dock to work as a USB-oply dock

when atfached to a system that does not fully support the dock or even USB PD.

5.1.4.2 Functional Overview

N
The follgwing summarizes the behavior resulting from attaching the example USB DisplayPort

Dock for|three likely-host system cases;

1. Host system does not support-USB PD or supports USB PD without Structured VOQMs

O

The host does ngt support USB PD, or supports USB PD but not Structureld VDMs,
so it will not look for SVIDs using the Structured VDM method.

The host willdiscover the USB hub and operates as it would when conngcted to
any USB\hub.

Since.the host will not send an Enter Mode command, after tAMETimgout the
dock—will “expose a USB Billboard Device Class interface that the Host will
enumerate. The host then reports to the user that an unsupported DeVice has
been connected, identifying the type of Device from the USB Billboard Device
Class information.

2. HosT sysiem supports USB PD and structured VDMS but does not support this specific
USB DisplayPort Dock

(o]

The host discovers the USB hub and operates as it would when connected to any
USB hub.

The Host looks for SVIDs that it recognizes. The VID associated with this USB
DisplayPort Dock may or may not be recognized by the Host.

If that VID is recognized by the Host, the Host then requests the modes
associated with this VID. The mode associated with this USB DisplayPort Dock is
not recognized by the Host.

Since the host does not recognize the mode as being supported hence will not
send the Enter Mode command, after tAMETimeout the dock will expose a USB
Billboard Device Class interface that the host will enumerate. The host then
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reports to the user that an unsupported Device has been connected, identifying

the type of Device from the USB Billboard Device Class information.

3. Host system supports this specific USB DisplayPort Dock
o The Host looks for SVIDs that it recognizes. The VID associated with this USB

DisplayPort Dock is recognized by the Host.

o The Host then requests the modes associated with this VID. The mode

associated with this USB/Display Dock is recognized by the Host.

o Since this mode is recognized as supported, the Host uses the Enter Mode

5.1.4.3

The follg
DisplayR

ok wbd =

|
|
H
H
|

command to reconfigure the USB Type-C receptacle and enterAth
DisplayPort Dock mode.

o The USB DisplayPort Dock may optionally expose the USB B/IIboard Devic
interface to provide additional information to the OS.

Operational Summary \

e USB

e Class

wing summarizes the basic process of discovery through confi@uration when the USB

ort Dock is attached to the Host.

ost detects presence of a device (CC pins) and connectof. Brientation
ost applies default VBUS @)
ost applies VCONN because the dock presents Ra
ost uses USB PD to make power contract with the USB-DisplayPort Dock
ost runs the Discover Identify process

a. Sends Discover Identity message ™

b. Receives an ACK message with information identifying the cable
ost runs the Discover. SVIDs procegs

a. Sends Discover SVID méssage

b. Receives an ACK message with list of SVIDs for which the Dock deyi
modes

ost runs the Discover Modes process
a. ‘Sends Discover Modes VDM for the VIDs previously discovered

N\
b. ~Receives an ACK message with a list of modes associated with each VID

ice has

c. f, UsB DisplayPort Dock mode not found, dock will timeout and present {he USB

Biltboard Device Class interface and the OS will inform the user of the
done

d. Else

error -

8. Host runs the Enter Mode process

a. Sends Enter Mode VDM with VID and USB DisplayPort Dock mode

b. Receives an ACK message — Host is now attached to the USB DisplayPort Dock
and supports DisplayPort signaling to interface additional functions in combination

with USB signaling

9. Host stays in the USB DisplayPort Dock mode until

o

Explicitly exited by an Exit Mode VDM

b. System physically disconnected from the USB DisplayPort Dock
c. Hard Reset on USB PD

d. VBUS is removed
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5.2 Managed Active Cables
Active cables that require configuration (managed active cable) shall use USB Power Delivery
Structured VDMSs to discover and configure the cable.

USB Power Delivery Structured VDMs provide a standardized mechanism for identifying and
managing the functionality of active cables.

Some managed active cables only have a single USB PD controller in the cable that responds to
USB PD Structured VDMs sent to SOP’.

When almanaged active cable requires independent management at each end of th¢ cable,
separatd USB PD controllers responding to USB PD Structured VDMs sent to SOP\and SOP”
can be Ipcated in each plug. )

5.2.1 Requirements for Managed Active Cables that respond to SOP’ and SbP”

After a power-on reset event or a USB PD Hard Reset, the USB PD controller attachefd to the
Source s assigned SOP’ and the USB PD controller attached to the (Sink is assigned SOP”.
After a USB PD Cable Reset, the plug being supplied VCONN responds-to SOP’ indepepdent of
whether|it is the plug attached to the Source or Sink. The controllers can sense whether they
are SOR’ or SOP” based on the presence of VCONN/at the plug’s<VCONN pin as only ¢ne port
supplies|VCONN. X
Figure 5-6 illustrates the process that shall be followed tolassign SOP’ and SOP” to the ends
attached to the Source and Sink, respectively, at poweryon. In the Unassigned state, thie active
cable will not respond to any USB PD communication‘sent toSOP’ or SOP”. The pdrameter
tVCoNNgtable allows time for the active cable to setup to communicate.

Figure 5-6 Managed Active Cablé Plug SOP’ and SOP” Assignment

N

VCONN én

~

Unassigned
(SOP’, SOP”)
tVCONNStable
Local VCONN
Present/Absent
Assigned Assigned
SOP’ SOP”

When VCONN is removed, the plug’s local VCONN shall discharge to below its SOP’ detection
threshold within 20 ms.

A managed active cable shall assure that the two USB PD controllers are uniquely assigned via
the mechanism described here, one as SOP’ and the other as SOP”.

Cable Reset

Present Absent

USB PD supports three types of USB Type-C-related swaps that may or may not impact VCONN:

e USB PD VCONN_Swap — The port previously not supplying VCONN sources VCONN and the
assignment of SOP’ and SOP” remain unchanged.

e USB PD DR_Swap — The assignment of SOP’ and SOP” remain unchanged.

e USB PD PR_Swap — The assignment of SOP’ and SOP” remain unchanged.
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Managed active USB Type-C to USB Type-C cables shall by default support USB operation.
Multi-modal cables (e.g., an active cable that supports an Alternate Mode in addition to USB
SuperSpeed) that use the TX/RX signal pairs shall minimally support USB 3.7 Gen 1 operation.
They are encouraged to support both Gen 1 and Gen 2 operation.

Figure 5-7 illustrates a typical managed active cable. The isolation elements (Iso) shall prevent

VCONN from traversing end-to-end through the cable.

DFP to determine that VCONN is needed.

Figure 5-7 Managed Active Cable

Ra is required in the cable to allow the

5.2.1.1

Table 5
commun

cate.

DFP

Managed Active Cable

UFP

VBUS

cc

Iso

VCONN
(Sourced)

(=)

Ra Sop’

— — SoP” pa

LI (Not

GND

Parameter Values
2 provides the power on timing

~

r\eqUirements for SOP’ and SOP” to be r

Table 5:4 SOP’and SOP” Timing

VBUs
cc

\
V/ECONN

sourced)

GND

Maximum

Description

tVcoNnNStable

N\

50-ms

ready for communication.

The time between the application of
VCONN until SOP’ and SOP” shall be

5.2.2

USB PO
require g

define p

"\

Cable Me}sage Structure

Structured VDMs shall be used to identify and manage active cables. Cab

dditional functionality, for example to program parameters in the active electron
fnprini‘nr\ll Structured VV\DMs to prn\/ido the necessary flmr‘finnnlify In all case

cady to

les that
cs, may

5, these

messages shall only use SOP’ and SOP”. They shall not use SOP.

SOP’ and SOP” are defined to allow a vendor to communicate individually with each end the

cable.

For active cables that support both SOP’ and SOP”, after attach or a USB PD Cable Reset, the
plug directly connected to the Source shall only respond to SOP’ and the plug directly connected
to the Sink shall only respond to SOP”.

The assignment of SOP’ and SOP” to each plug remains persistent until VCONN is removed or a
subsequent USB PD Cable Reset.

The Discover ldentity message shall start with SOP’.
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In addition to supporting the Discover Identity message, managed active cables shall support the
following USB Power Delivery Structured VDMs. These VDMs shall start with SOP’.

5.2.3.1

Discover SVIDs

The managed active cable shall return a list of SVIDs that it supports.

5.2.3.2

Discover Modes

The managed active cable shall return a list of Alternate Modes it supports for each SVID.

5.2.3.3

The mar
behavion

5.2.3.4
The man

previouslly entered. Exit Mode shall return the cable to its default USB-operation.

Enter Mode

of the cable following Enter Mode is vendor specific.

Exit Mode
aged active cable shall use the Exit Mode command to exit an Alternate Mode

\

N

A Audjo Adapter Accessory Mode

A.1. Qverview O

Analog qudio headsets are supported by multiplexing four/analog audio signals onto pin
USB Type-C™ connector when in the Audio AdaptetsAccessory Mode. The four analg
signals are the same as those used by a traditionalk3.56 mm headset jack. This makes it

to use 4gxisting analog headsets with a 3.5 mm’to USB Type-C adapter. The audio

architec

charging.

An analg
or it col
enable d

plug.
A.2. [

An anal
integratg

The ana
A5 (CC)
effective

ure allows for an.audio peripheral to_ provide up to 500 mA back to the sys

o
g audio adapter could be a very basic USB Type-C adapter that only has a 3.5
Id be an-analog audio adapter with a 3.5 mm jack and a USB Type-C recep
harge-through.~ The headset shall not use a USB Type-C plug to replace the

etail -

bg audio adapier~shall use a captive cable with a USB Type-C plug or ind
d'USB Type-€ plug.

N
og audio ‘adapter shall identify itself by presenting a resistance to GND of < Ra

resistance to GND shall be less than Ra/2.

aged active cable shall use the Enter Mode command to enter an AIternate Modgle. The

5 on the
g audio
bossible
adapter
tem for

mm jack
tacle to
3.5 mm

ude an

on both

and_B5>(VCcONN) of the USB Type-C plug. If pins A5 and B5 are shorted together, the

A DFP tt

1at supports analog audio adapters shall detect the presence of an analog audio

by detecting a resistance to GND of less than Ra on both A5 (CC) and B5 (VCONN).

adapter

Table A-1 shows the pin assignments at the USB Type-C plug that shall be used to support

analog a

udio.
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Table A-1 USB Type-C Analog Audio Pin Assignments
Plug UsB Analog Audio Location on 3.5 Notes
Pin Name Function mm Jack
A5 cC Connected to digital GND with resistance < Ra.
System uses for presence detect.
B5 VCONN Connected to digital GND with resistance < Ra.
System uses for presence detect.
A6/B6 Dp Right Ring 1 Analog audio right channel
A6 and B6 shall be shorted together in.the adaptler.
A7/B7 Dn Left Tip Analog audio left channel Q)
A7 and B7 shall be shorted together in the”adapter.
A8 SBU1 Mic/AGND Ring 2 Analog audio microphone (OMTP &\YD/T) or Audio GND
(CTIA).
B8 SBU2 AGND/Mic Sleeve Audio GND (OMTP & YD/T or\analog audio micr¢phone
(CTIA). )
A1/A12 GND Digital GND (DGND) Gsed as the ground referenfe and
B1/B12 current return for GCA“CC2, and VBUS.
A4/A9 VBUS Not.connected L@Iess the audio adapter uses thip
B4/B9 connection to provide 5V @ 500 mA for charging the
system’s battery.
Others Other pins éhall not'be connected.

The anajog audio signaling presented by the headset on the 3.5 mm jack is expected to comply
with at Ig@ast one of the following:

> N
e The traditional American headset jack pin assignment, with the jack sleeve used for the
microphone signal, supported by. CTIA-The Wireless Association

e “local Connectivity: WiredAnalogue Audio” from the Open Mobile Terminal Forum
(BMTP) forum

e “[echnical ‘Requirements and Test Methods for Wired Headset Interface of| Mobile
Gommunication Tefminal” (YT/D 1885-2009) from the China Communications Stpndards
Association -
\
When in|the Audio Adapter Accessory Mode, the system shall not provide VCONN power gn either
CC1 or €CC2. Failufe to do this may result in VCONN being shorted to GND when an analgg audio
peripherpl is present.

The systeny shall connect A6/B6, A7/B7, A8 and B8 to an appropriate audio codec uppn entry
into the Audic Ar’lqpi‘nr Ar\r‘nccnry Mode. The connections for A8 (QRI I’I) and B8 (QRI I‘?) ins are
dependent on the adapter’s orientation. Depending on the orientation, the microphone and
analog ground pins may be swapped. These pins are already reversed between the two major
standards for headset jacks and support for this is built into the headset connection of many
codecs or can be implemented using an autonomous audio headset switch. The system shall
work correctly with either configuration.

A.3. Electrical Requirements

The maximum ratings for pin voltages are referenced to GND (pins A1, A12, B1, and B12). The
non-GND pins on the plug shall be isolated from GND on the USB Type-C connector and shall be
isolated from the USB plug shell. To minimize the possibility of ground loops between systems,
AGND shall be connected to GND only within the system containing the USB Type-C receptacle.
Both the system and audio device implementations shall be able to tolerate the Right, Left, Mic,
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and AGND signals being shorted to GND. The current provided by the amplifier driving t
and Left signals shall not exceed £+150 mA per audio channel, even when drivinga 0 Q lo

he Right
ad.

Table A-2 shows allowable voltage ranges on the pins in the USB Type-C plug that shall be met.

Table A-2 USB Type-C Analog Audio Pin Electrical Parameter Ratings

Plyg usB Analog AUd'O Min | Max | Units Notes
Pin Name Function
A6/B6 A Ot anl an v A6 and B6 shall be shorted together in the
o I ’ R analog audio adapter
A7/B7 Dn Left 30| 3.0 Vv AT and B7 shall be shorted togetheriin the
analog audio adapter .
A8 SBU1 Mic/AGND -0.4 | 3.3
B8 SBU2 AGND/Mic -0.4 | 3.3

~

N

The maximum voltage ratings for Left and Right signals are selected ‘to_encompass a
sine waye (2.828 Vp = 5.657 Vpp = 6 dBV) which is a common Iull-scale voltage for
audio output.

Headset| microphones operate on a positive bias 'voltage prO\'/\l“ded by the system’s audi

2 Vrms
headset

o codec

and AC-pouple the audio signal onto it.. Some headsets may produce an audio signal leyel up to

0.5 Vrmg (0.707 Vp = 1.414 Vpp = -6 dBV) but this is kiased so that the voltage does n

bt swing

below GND. The bias voltage during operation is typically around 1.25 V but it varies qlite a bit
dependgrg on the specifics of the manufacturer’s design, therefore the maximum voltage rating

for the §BU pins is selected to allow a variety of e\xisting solutions.

While orle SBU pin carries the Mic signal, the; other SBU pin serves as AGND carrying the return

current for Left, Right, and Mic. If we assufie a worst-case headset speaker impedance

of 16 Q

per spegker, then the worst-case return_current for the speakers is + 0.2 A. If we assyme that
the worsft-case resistance from the AGND pin to GND within the USB Type-C system is 1 Q (due
to FET Ron within the signal multiptexer, contact, and trace resistances), then the voltage of the

AGND pjn with respect to USB(Type-C GND can vary between £ 0.2 V. The minimum
rating fof the SBU pins has been selected to allow for this scenario with some additiona
to account for Mic signal return current and tolerances.

The sysfem shall exhibit no more than -48 dB linear crosstalk between the Left and Rig
channelg and exhibit. no more than -51 dB linear crosstalk from the Left or Right chann
Mic channel.- Crosstalk measurements shall be made using a measurement adapter p
supporty USB Type-C analog audio connections according to Table A-1. In the meas
adapter,| the~Left and Right channels are terminated with 32 Q resistors to AGND,

channel |is¢terminated with 2k Q resistor to AGND; AGND is connected to USB Type-C |
A8, and the_Mic channel is connected to LISB Tylmn-(‘ Plug Pin B8

voltage
margin

ht audio
p| to the
lug that
iIrement
the Mic
Plug Pin

Crosstalk shall be measured by using the system to drive a sine wave signal to the Left output

channel and zero signal to the Right output channel. The system shall configure the Mic

channel

according to the default Mic operating mode supported by the system. AC voltage levels at the

Left, Right and Mic channels are measured across the corresponding termination resisto

rs using

a third-octave filter at the sine signal frequency. Left — Right crosstalk is reported as ratio of the
Right channel voltage to the Left channel voltage expressed in decibels. Similarly, the Left — Mic
crosstalk is reported. The measurements shall be conducted at 31.5, 63, 125, 250, 500, 1000,

2000, 4000, 8000 and 16000 Hz frequencies. The measurements shall be repeated so

that the

sine wave signal is driven to the Right channel and Right — Left and Right — Mic crosstalk results

are obtained. Both USB Type-C plug orientations shall be measured.”
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A.4. Example Implementations
A.4.1. Passive 3.5 mm to USB Type-C Adapter — Single Pole Detection Switch

Figure A-1 illustrates how a simple 3.5 mm analog audio adapter can be made. In this design,
there is an audio plug that contains a single-pole detection switch that is used to completely
disconnect the CC and VCONN pins from digital GND when no 3.5 mm plug is inserted. This has
the effect of triggering the USB Type-C presence detect logic upon insertion or removal of either
the 3.5 mm plug or the audio adapter itself.

USB Type-C
plug

]
D

fab4
Gno [ | ane \\
DGND N\ DGND
SSTXp1 E I_l \S8RXp1
3.5 mm audio jack SSTXnt E Z| SSRXn1
RING2 MIC | AGND N\
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e E
\) DET1 LEEL — AGND / MIC
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SIEEVE AGND/MIC ‘& ) “Dpt | Dn1
note: presence detection swilch is DGND LEFT 1 RIGHT
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(7]
=
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typically connected directly to a
computer or mobile device

f
N\
o\

A.4.2. 3.5 mm t\o*USB Type-C Adapter Supporting 500 mA Charge-Through

Figure A-2 illustrates-a 3.5 mm analog audio adapter that supports charge-through operation.
Charging .power comes into the adapter through a USB Type-C receptacle and is routed|directly
to the adeaptersYUSBHype-Cplug—whichis—pluggedinto-the—devieebeirgeharged—his design
is limited to providing 500 mA of charge-through current since it has no way to advertise greater
current-sourcing capability. The USB Type-C receptacle presents Rd on both of its CC pins
because a CC pull-down must be present for the receptacle to indicate that it wants to consume
VBUS current. USB Type-C systems that support analog audio should ensure that charging is not
interrupted by insertion or removal of the 3.5 mm audio plug and that audio is not interrupted by
insertion or removal of the cable connected to the audio adapter’'s USB Type-C receptacle by
using the system’s presence detection logic monitoring the states of both the CC1 and CC2 pins
and VBUS.
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Figure A-2 Example 3.5 mm to USB Type-C Adapter Supporting 500 mA Charge-Through

3.5 mm audio jack
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via a Type-C cable ~ computer or mobille device
B Debug Accessory Mode'.
. n
B.1. Qverview
This apgendix covers; fhe functional requirements for the USB Type-C Debug Accessofy Mode
(DAM), Debug and’ Test System (DTS), and Target System (TS). The USB Type-C connector is
ideal for|debug ofyclosed-chassis, form-factor devices. Debug covers many areas, ranging from
detailed [ JTAG-Test Access Port (TAP)-level debug in a lab to high-level debug of goftware
applicatipns \in' production. Lab debug requires early debug access to hardware registdrs soon
after regetjvwhereas software debug uses kernel debuggers, etc. to access softwarg state.

Debug Accessory Mode in USB Type-C enables debug of closed-chassis, form-factor devices by
re-defining the USB Type-C ports for debug purposes.

Basic debug requirements are defined as a standard feature, and additional debug features may
be added as per vendor specifications.

B.2. Functional
The USB Type-C Debug Accessory Mode follows a layered structure as shown in

Figure B-1, defining the minimum physical layer for Attach, Detection and Power. Orientation
detection is optional normative. The transport layer is left proprietary and is not covered in this
document.
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Figure B-1 USB Type-C Debug Accessory Layered Behavior
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Figure B-2 shows the pin assignments of the DTS plug that are used to support DAM. The pins
highlighted in yellow are those available to be configured for debug signals. Both CC1 and CC2
are used for current advertisement and optional orientation detection.

Figure B-2 DTS Plug Interface

A12 A1 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1

GND BRX24 RX2- VBUS SBU1 D- Dy CCH VBUS IX1- IX4: GND

GND | Tx2+ | TX2- | vBUS | cc2 D+ D- SBU2 | VBUS | RX1- | RXfy | GND

B B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B|1 2
The DTY and TS must follow the USB Safe State detailed in Section 5.1.2\.2\at all times (whether
in DAM ¢r not). (
B.2.2. Rort Interoperability <
Table B{1 summarizes the expected results when-interconnecting a DTS Source, Sink|or DRP
port to a| TS Source, Sink or DRP port. '

Table B-1 DTS to TS Port Interoperability

DTS Source DTS Sink DTS DRP

TS Sink Functional Non-functional’ Functional
AcceTsSsoSri;kSuw;iport Functianéi‘\ Non-functional’ Functional
TS DRP Fuhctibnal Functional Functional

TS Source Non-functional’ Functional Functional

B.2.3. L

The typi
follows:

1.

4.

1.]n the cases where no_function results, neither port shall be harmed by this connection. Following
USB Safe State ensurés:this.

)
ebug Accessory Mode Entry
N

—

he

cal flow'\for the configuration of the interface in the general case of a DTS to a TS is as

Deteet a valid connection between the DTS (Source, Sink, or DRP) and TS (Sourge, Sink,

OrDRPY

Optionally determine orientation of the plug in the receptacle

Optionally establish USB PD communication over CC for advanced power delivery

negotiation and alternate modes.

orientation of the plug is determined.

USB PD communication is allowed only if the optional

Establish test access connections with the available USB Type-C signals

The DTS DRP will connect as either a Source or a Sink, but its state diagram gives preference to
the Source role.
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B.2.3.1. Detecting a Valid DTS-to-TS Connection

The general concept for setting up a valid connection between a DTS and TS is based on being
able to detect the typical USB Type-C termination resistances. However, detecting a Debug
Accessory Mode connection requires that both CC pins must detect a pull-up (Rp) or pull-down
(Rd) termination. A USB Type-C Cable does not pass both CC wires so a receptacle to
receptacle Debug Accessory Mode connection cannot be detected.

A DTS is only allowed to connect to a TS that is presenting either Rp/Rp or Rd/Rd. Otherwise,
the TS does not support Debug Accessory Mode.

To detegt either an Rp/Rp or Rd/Rd, the DTS must be a captive cable or a direct- attacblu device
with a UBB Type-C plug and the TS must have a USB Type-C receptacle:

B.2.4. Gonnection State Diagrams

This sedtion provides reference connection state diagrams for CC- based behaviors of the DTS.
The TS ¢onnection state diagrams are found in Section 4.5.2. A

Refer to|Section B.2.4.1 for the specific state transition requirements related to each statg shown
in the diagrams. N

Refer to|Section B.2.4.3 for a description of which'states are mandatory for each port tyge and a
list of states where USB PD communication.is permitted.

Figure B3 illustrates a connection state diagram for a DTS Source.

Figure B-3 Connection State-Diagram: DTS Source

N
ErrorRecovery,

<

Directed from
any state

Directed tErrorRecovery Directed from

from any. ¢ any state
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TS
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tCCDebounce
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AttachedDeb
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Figure B-4 illustrates a connection state diagram for a simple DTS Sink.

Figure B-4 Connection State Diagram: DTS Sink
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Figure B|

~
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Figure B-5 Connection State Diagram: DTS DRP
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B.2.4.1.| Connection.State Machine Requirements

"\

The DT$ state machine requirements follow those outlined in Section 4.5.2.2 for the|general
USB Type-C state/machines with the additional following states defined.

Note, VdqonN'shall not be driven by any DTS or TS port in any state.

B.2.4.1.1. Exiting From ErrorRecovery State
This state appears in Figure B-3, Figure B-4, and Figure B-5.

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

The DTS should transition to the ErrorRecovery state from any other state when directed.

A DTS may choose not to support the ErrorRecovery state. If the ErrorRecovery state is not
supported, the DTS shall be directed to the Disabled state if supported. If the Disabled state is
not supported, the DTS shall be directed to either the UnattachedDeb.SNK or
UnattachedDeb.SRC states.
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A DTS Sink shall transition to UnattachedDeb.SNK after tErrorRecovery.

A DTS Source shall transition to UnattachedDeb.SRC after tErrorRecovery.
A DTS DRP shall transition to UnattachedDeb.SRC after tErrorRecovery.
B.2.4.1.2. UnattachedDeb.SNK State

This state appears in Figure B-4 and Figure B-5.

When i
Source.

A DTS with a dead battery shall enter this state while unpowered.
B.2.4.1.2.1 UnattachedDeb.SNK Requirements

The DTY shall not drive VBUS. %)

B.2.4.1.2.2 Exiting from UnattachedDeb.SNK State

The DT$ shall transition to AttachWaitDeb.SNK -whena TS ’§ource connection is detefted, as
indicated by the SNK.Rp state on both of its CC pins.

A DTS DRP shall transition to UnattachedDeb.SRC. within tDRPTransition after the stat¢ of one
or both CC pins is SNK.Open for tDRP -/ dcSRC.DRP: tDRP, or if directed.

When in the AttachWaitDeb.SNK state the DTS has detected the SNK.Rp state on both [CC pins

B.2.4.1.3.1 AttachWaitDeb.SNK Requirements
The requirements for this, state are identical to UnattachedDeb.SNK.
B.2.4.1.3.2 Exiting from AttachWaitDeb.SNK State

A DTS $ink shall*transition to UnattachedDeb.SNK when the state of one or both CQ pins is
SNK.Opegn for.at'teast tPDDebounce.

A DTS DRP,shall transition to UnattachedDeb.SRC when the state of one or both CQ pins is

SNK.Openrfer-atteast+tRrbBbBebotunee:

A DTS Sink shall transition to AttachedDeb.SNK when neither CC pin is SNK.Open after
tCCDebounce and VBUS is detected.

A DTS DRP shall transition to TryDeb.SRC when neither CC pin is SNK.Open after
tCCDebounce and VBUS is detected.

B.2.4.1.4. AttachedDeb.SNK State
This state appears in Figure B-4 and Figure B-5.
When in the AttachedDeb.SNK state, the DTS is attached and operating as a DTS Sink.
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B.2.4.1.4.1 AttachedDeb.SNK Requirements
This mode is for debug only
The port shall not drive VBUS.

The port shall provide an Rd as specified in Table 4-12 on both CC pins if orientation is not
needed. See Section B.2.6 for orientation detection.

The port shall source current on both CC pins and monitor to detect when VBUS is removed.

If the DTS needs to establish a USB PD communications, it shall do so only after entry to this

state. I this state, the DTS takes on the initial USB PD role of UFP/Sink.
The DT$ shall connect the debug signals for Debug Accessory Mode operatiof-only affer entry
to this state.

B.2.4.1.4.2 Exiting from AttachedDeb.SNK State

e appears in Figure B-3 and Figure B-5.
When in|the UnattachedDeb.SRC state, the DTS iswaiting to detect the presence of a T§ Sink

B.2.4.1.51 UnattachedDeb.SRC Requirements

The DTY shall not drive VBUS. > \

The DTS shall source current on both CC pins independently.

The DTY shall provide a unique Rp vla‘lue on each CC pin as specified in Section 4.5.2.3
B.2.4.1.%.2 Exiting from Un\attachedDeb.SRC State

The DTS shall transition ‘tp AttachWaitDeb.SRC when the SRC.Rd state is detected on both CC
pins. Q

A DTS DRP shal\itr‘énsition to UnattachedDeb.SNK within tDRPTransition after dcSRC.DRP -
tDRP, of if directed:

B.2.4.1.6. AttachWaitDeb.SRC State

This stafe appears 1 Fiywc B=3—antd Figwc B=5-

The AttachWaitDeb.SRC state is used to ensure that the state of both of the CC pins is stable
after a TS Sink is connected.

B.2.4.1.6.1 AttachWaitDeb.SRC Requirements
The requirements for this state are identical to UnattachedDeb.SRC.
B.2.4.1.6.2 Exiting from AttachWaitDeb.SRC State

The DTS shall transition to AttachedDeb.SRC when VBUS is at vSafe0V and the SRC.Rd state is
detected on both of the CC pins for at least tCCDebounce.
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A DTS Source shall transition to UnattachedDeb.SRC and a DTS DRP to UnattachedDeb.SNK
when the SRC.Open state is detected on either of the CC pins.

B.2.4.1.7. AttachedDeb.SRC State

This state appears in Figure B-3 and Figure B-5.
When in the AttachedDeb.SRC state, the DTS is attached and operating as a DTS Source.

B.2.4.1.71 AttachedDeb.SRC Requirements

The DTY shall provide a unique Rp value on each CCT pin as specified in Section B.Z2.4,2Z.

The DTP shall supply VBUS current at the level it advertises. See Section.'By2.6.1.1 for
advertising current level. ~,

The DT$ shall supply VBUS within tVBUSON of entering this state, and._for as long |as it is
operating as a power source. \

~

N

If the DT|S needs to establish USB PD communications, it shall do so o:nly after entry to this state.
The DT$ shall not initiate any USB PD communications until VBUS reaches vSafe5V.| In this
state, the DTS takes on the initial USB PD role of DFP/Source.

The DT$ shall connect the debug signals for Debug Accessdry Mode operation only affer entry
to this sfate. \

B.2.4.1.7.2 Exiting from AttachedDeb.SRC State

A DTS Source shall transition to UnattachedDeb.S‘RC‘J when the SRC.Open state is detgcted on
either CC pin. N\

A DTS ORP shall transition to UnattachedDeb.SNK when SRC.Open is detected on eithef CC pin.
A DTS shall cease to supply VBUS wi\thin\tVBUSOFF of exiting AttachedDeb.SRC.
B.2.4.1.8.  TryDeb.SRC State i

I

This stafe appears‘in Figure B-5.

When in[the TryDeb.SRC gtate, the DTS DRP is querying to determine if the TS is also|a DRP,
to favor he DTS taking(the Source role.

B.2.4.1.8.1 Try@éfn.SRC Requirements

The DTY shalknot drive VBUS.

The DTY shall source current on both CC pins independently.

The DTS shall provide a unique Rp value on each CC pin as specified in Section B.2.4.2.
B.2.4.1.8.2 Exiting from TryDeb.SRC State

The DTS shall transition to AttachedDeb.SRC when the SRC.Rd state is detected on both CC
pins for at least tPDDebounce.

The DTS shall transition to TryWaitDeb.SNK after tDRPTry if the state of both CC pins is not
SRC.Rd.

B.2.4.1.9. TryWaitDeb.SNK State

This state appears in Figure B-5.
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When in the TryWaitDeb.SNK state, the DTS has failed to become a DTS Source and is waiting
to attach as a DTS Sink.

B.2.4.1.91 TryWaitDeb.SNK Requirements

The DTS shall not drive VBUS.

Both CC

pins shall be independently terminated to ground through Rd.

B.2.4.1.9.2 Exiting from TryWaitDeb.SNK State

The DTf shall transition to AttachedDeb.SNK when neither CC pin/is SNK.OQps¢

tCCDeb

The DT
SNK.Op

B.2.4.2.

B.2.4.2.1.

When in

Sink shall operate in one of the sub-states shown in Figure B-6.\ The initial TS Sink Powsg

State is
the DTS

pin as shown in Table B-2. The TS Sink in the attached<state shall remain within the TS
ub-States until either VBUS is removed or-a USB PD contract is established with fhe

Power S
Source.

The TS
wants to

Note, a
on each

unce and VBUS is detected.

B shall transition to UnattachedDeb.SNK when the state -of one of‘the CC
bn for at least tPDDebounce or if VBUS is not detected within tPDDebounce.

\
~N

Power Sub-State Requirements ~
TS Sink Power Sub-State Requirements

N
the DebugAccessory.SNK state and the DTS [Source is ‘sUpplying default VBuUS, t

PowerDefaultDeb.SNK. Subsequently, the TS Sink Power Sub-State is determin
Source’s USB Type-C current advertisement determined by the Rp value on eac

Sink is only required to implement TS(Sink Power Sub-State transitions if the
consume more than default USB curcent.

S Source will not use the values in Table B-2. A TS Source will present the s
CC pin using the standard Rp.value for'the desired current advertisement.

n after

pins is

he TS
r Sub-
ed by
h CC
Bink

TS Sink

ame Rp
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Figure B-6 TS Sink Power Sub-States
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Table B-2 Rp/Rp Charging Current Values for a DTS Source
Mode of Operation N cc1 cc2
Default USB Power QO Rp for 3 A Rp for 1.5 A
USB Type-C Current@ 1.5 A Rp for 1.5 A Rp for Default
USB.Type-C Current @ 3 A Rp for 3 A Rp for Default
B.2.4.2.2. PowerDefaultDeb.SNK Sub-State
This subp-state sl}pports DAM Sinks consuming current within the lowest range (default) of
Source-guppliedicurrent;
B.2.4.2.2.1 PowerDefaultDeb.SNK Requirements

The port shall draw no more than the default USB power from VBUS. See Section 4.6.2.1.

If the DTS Sink wants to consume more than the default USB power, it shall monitor vRd on both

CC pins

to determine if more current is available from the Source.

B.2.4.2.2.2 Exiting from PowerDefaultDeb.SNK

For any change on CC indicating a change in allowable power, the DAM Sink shall not transition

until the

new VRd voltages on each CC pin have been stable for at least tPDDebounce.

For vRd voltages on the CC pins indicating 1.5 A mode, the DAM Sink shall transition to the
Power1.5Deb.SNK Sub-State.
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For vRd voltages on the CC pins indicating 3 A mode, the DAM Sink shall transition to the
Power3.0Deb.SNK Sub-State.

B.2.4.2.3. Power1.5Deb.SNK Sub-State

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

B.2.4.2.3.1 Power1.5Deb.SNK Requirements

The DAM-Sink-shalldrawno-more-than1.5-A-from-\/BUS

The DAN Sink shall monitor both vRd voltages while it is in this sub-state.
B.2.4.2.3.2 Exiting from Power1.5Deb.SNK

For any [change on the CC pins indicating a change in allowable power, the DAM Sink ghall not
transitiop until the new vRd voltages on both CC pins have been stable fer at least tPDDg¢bounce.

For vRd|voltages on the CC pins indicating Default USB Power mode({ the port shall tranition to
the PowgrDefaultDeb.SNK Sub-State and reduce its power consumption to the new range within
tSinkAdj

)
For vRq voltages on the CC pins indicating~3 A mode, the port shall transition| to the
Power3.pDeb.SNK Sub-State. ‘

B.2.4.2.4. Power3.0Deb.SNK Sub-State

This sub-state supports DAM- Sinks consummg current within all three ranges (default, 115 A and
3.0 A) of DAM Source-supplied current.

N
B.2.4.2.41 Power3.0Deb.SNK Requirements
The port|shall draw no more than 3.0 A‘ from VBUS.
The port[shall monitor‘both vRdsvoltages while it is in this sub-state.

B.2.4.2.4.2 Exiting from‘Power3.0Deb.SNK

For any|change on the ,€C pins indicating a change in allowable power, the port shall not

For vRd
the Powg
tSinkAdj

For vRd g P
Power1.5Deb.SNK Sub- State

B.2.4.2.5. DTS Sink Power Sub-State Requirements
A DTS Sink follows the same power sub-states defined in Section 4.5.2.3. The TS Source will be
advertising current with a standard Rp value that is the same for each CC pin. If optional

orientation detection is performed, the DTS Sink will only be able to determine the Rp value from
the CC pin that is set for USB PD communication.
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B.2.4.3. Connection States Summary

Table B-3 defines the mandatory and optional states for each type of port. For states allowing
USB PD communication, DAM connections requiring USB PD communication shall determine
orientation by the steps described in Section B.2.6.

B.2.5. DTS Port Interoperability Behavior *
This section describes interoperability. be\havior between DTS ports and TS ports.

B.2.5.1.| DTS Port'to TS Port Interoperability Behaviors

Table B-3 Mandatory and Optional States

USB PD
Communicatio
n
DTS DTS DTS and/or Debug
Source SINK DRP Signal Activity
UnattachedDeb.SNK N/A Mandatory | Mandatory Not,Permitted
AttachWaitDeb.SNK N/A Mandatory | Mandatory | Not Permitted
AttachedDeb.SNK N/A Mandatory | Mandatory'|.” Permitted
UnattachedDeb.SRC | Mandatory N/A Mandatory Not Permitted
AttachWaitDeb.SRC Mandatory N/A Mdndatory Not Permitted
AttachedDeb.SRC Mandatory N/A [\MMandatory Permitted
TryDeb.SRC N/A N/A \ Mandatory Not Permitted
TryWaitDeb.SNK N/A NLA Mandatory Not Permitted

The follgwing sub-sections describe typical port-to-port interoperability behaviors for the|various

combinations of DTS and ’S\Sources, Sinks and DRPs as presented in Table B-1.
B.2.5.1.1. DTS Source to TS Sink Behavior

The follqwing desc¢ribes the behavior when a DTS Source is connected to a TS Sink.
1.
2.

DTS Somjrce and TS Sink in the unattached state

DTS “-Source transitions from UnattachedDeb.SRC to AttachedDeb.SRC |through
AttachWaitDeb.SRC

e DTS Source detects the TS Sink’s pull-downs on both CC pins and enters
AttachWaitDeb.SRC. After tCCDebounce it then enters AttachedDeb.SRC

e DTS Source turns on VBUS

TS Sink transitions from Unattached.SNK to DebugAccessory.SNK through
AttachWait.SNK

e TS Sink in Unattached.SNK detects the DTS Source’s pull-ups on both CC pins and
enters AttachWait.SNK. After that state persists for tCCDebounce and it detects
VBUS, it enters DebugAccessory.SNK

While the DTS Source and TS Sink are in the attached state:
e DTS Source adjusts both Rp values as needed for offered current
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e TS Sink detects and monitors vRd on the CC pins for available current on VBUS and
performs any orientation required

e DTS Source monitors both CC pins for detach and when detected on either pin,
enters UnattachedDeb.SRC

e TS Sink monitors VBUS for detach and when detected, enters Unattached.SNK
B.2.5.1.2. DTS Source to TS DRP Behavior

The following describes the behavior when a DTS Source is connected to a TS DRP.
1. DTS Source and TS DRP in the unattached state
e TS DRP alternates between Unattached.SRC and Unattached.SNK

2. DTS Source transitions from UnattachedDeb.SRC to AttachedDéeb.SRC  [through
ttachWaitDeb.SRC

e DTS Source detects the TS DRP’s pull-downs on both GC pins” and enters
AttachWaitDeb.SRC. After tCCDebounce it thenenters AttachedDeb.SRC

e DTS Source turns on VBUS

3. TS DRP transitions from Unattached.SNK —to De\bugAccessory.SNK through
ttachWait.SNK RS

e TS DRP in Unattached.SNK'detects'the DTS _Source’s pull-ups on both CC pins and
enters AttachWait.SNK. After that state persists for tCCDebounce and it|detects
VBUS, it enters DebugAccessory.SNK

4. While the DTS Source and TS DRP are in their respective attached states:

e DTS Source adjusts both-Rp values(as needed for offered current

I

I

e TS DRP detects and monitors yRd on both CC pins for available current ¢n VBUS
and performs any orientation_required

e DTS Source. monitors. both CC pins for detach and when detected,| enters
UnattachedDeb.SRC. !

e TS DRP-monitors VBUS for detach and when detected, enters Unattached.SNK (and
resumes toggling between Unattached.SNK and Unattached.SRC)

B.2.5.1.3. DTS Sink.to TS Source Behavior
N\
The follqwing describes’ the behavior when a DTS Sink is connected to a TS Source.

TS Source\énd DTS Sink in the unattached state

2. TS Source‘ transitions from Unattached.SRC to UnorientedDebugAccessory.SRC|through
AttachWait.SRC

s 1S Source detects the DTS SINKS puti-downs on both CC pms_and enters
AttachWait.SRC. After tCCDebounce, it enters UnorientedDebugAccessory.SRC.

e TS Source turns on VBUS

3. DTS Sink transitions from UnattachedDeb.SNK to AttachedDeb.SNK through
AttachWaitDeb.SNK.

e DTS Sink in UnattachedDeb.SNK detects the TS Source’s pull-ups on both CC pins
and enters AttachWaitDeb.SNK.

e DTS Sink in AttachWaitDeb.SNK detects that the pull-ups on both CC pins persist for
tCCDebounce and it detects VBUS. It enters AttachedDeb.SNK

e DTS sink determines advertised current from vRd on either CC pin.
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4. |If orientation supported, DTS Sink adjusts Rd on the non-CC communication pin as
needed for orientation detection.

5. |If orientation supported, TS Source detects change in vRd of one of the CC pins and
transitions from UnorientedDebugAccessory.SRC to OrientedDebugAccessory.SRC and
performs any orientation required.

6. While the TS Source and DTS Sink are in the attached state:

e If orientation is supported, DTS sink determines any change in advertised current
from vRd of the CC pin that has been set as the CC communication pin.

e 1S Source monitors both CC pins Jfor detach and when —detecied,] enters
Unattached.SRC

e DTS Sink monitors VBUS for detach and when detected, enters UnattachedDgb.SNK

B.2.5.1.4. DTS Sink to TS DRP Behavior
The folldqwing describes the behavior when a DTS Sink is connected to a\'[S\DRP.

1. DTS Sink and TS DRP in the unattached state !

e TS DRP alternates between Unattached.SRC and Unattached.SNK

2. TS DRP transitions from Unattached.SRC to UnoriertedDebugAccessory.SRC |through
AttachWait. SRC O

e TS DRP in Unattached.SRC detects béth " CC pull-downs of DTS [Sink in
UnattachedDeb.SNK and enters AttachWait‘SRC

e TS DRP in AttachWait.SRC detects that-the pull-downs on both CC pins pdrsist for
tCCDebounce. It then enters UnorieritedDebugAccessory.SRC and turns on VBUS

3. DTS Sink transitions  from “UnattachedDeb.SNK to AttachedDeb.SNK [through
AttachWaitDeb.SNK. @

e DTS Sink in UnattachedDeb.SNK detects the TS DRP’s pull-ups on both £C pins
and enters AttachWaitDeb:SNK. After that state persists for tCCDebouncg and it
detects VBUS, it enters@AttachedDeb.SNK

e DTS sink determines/advertised current from vRd on either CC pin.

7. If orientation is 'supported, DTS Sink adjusts Rd on the non-CC communicatiop pin as
rleeded for orientation detection.

8. If orientation §LTpported, TS DRP detects change in vRd on one of the CC pgins and
t ansitionsio\OrientedDebugAccessory.SRC and performs the required orientation.

9. While thé.TS DRP and DTS Sink are in the attached state:

o , If orientation is supported, DTS sink determines any change in advertised| current
from vRd of the CC pin that has been set as the CC communication pin.

e TS DRP monitors both CC pins for detach and when detected, enters
Unattached.SNK

e DTS Sink monitors VBUS for detach and when detected, enters UnattachedDeb.SNK

B.2.5.1.5. DTS DRP to TS Sink Behavior

The following describes the behavior when a DTS DRP is connected to a TS Sink.

1.

DTS DRP and TS Sink in the unattached state
e DTS DRP alternates between UnattachedDeb.SRC and UnattachedDeb.SNK

2. DTS DRP transitions from UnattachedDeb.SRC to AttachedDeb.SRC

AttachWaitDeb.SRC
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e DTS DRP in UnattachedDeb.SRC detects both of the CC pull-downs of TS Sink
enters AttachWaitDeb.SRC

e DTS DRP in AttachWaitDeb.SRC detects that the pull-downs on both CC pins persist
for tCCDebounce. It then enters AttachedDeb.SRC

e DTS DRP turns on VBUS

3. TS Sink transitions from Unattached.SNK to DebugAccessory.SNK through
AttachWait.SNK

e TS Sink in Unattached.SNK detects the DTS DRP’s pull-ups on both CC pins and
enters AttachWait.SNK

e TS Sink in AttachWait.SNK detects that the pull-ups on both CC plns persist for
tCCDebounce and it detects VBUS. It enters DebugAccessory.SNK

4. While the DTS DRP and TS Sink are in their respective attached states:
o DTS DRP adjusts Rp as needed for offered current \

e TS Sink detects and monitors vRd on the CC pins for avaHabTe current on VBUS and
performs any orientation required

¢ DTS DRP monitors both CC pins for detach{-and when detected,| enters
UnattachedDeb.SNK

O
e TS Sink monitors VBUS for detach and .when detected, enters Unattached.SNK
B.2.5.1.6. DTS DRP to TS DRP Behavior

The follgwing describes the behavior when a, DTS DRP.is connected to TS DRP.

Case #1 \
1. Both DRPs in the unattached state SN

e DTS DRP alternates between UnattachedDeb.SRC and UnattachedDeb.SNK

e TS DRP alternate between-Unattached.SRC and Unattached.SNK

2. DTS DRP transitions fropt\UnattachedDeb.SRC to AttachWaitDeb.SRC

e DTS DRP in UnattachedDeb.SRC detects both CC pull-downs of TS DRP in
Unattached.SNK\and enters AttachWaitDeb.SRC

3. TS DRP transitigns from Unattached.SNK to AttachWait.SNK

¢ TS DRPR.in Unattached.SNK detects both CC pull-ups of DTS DRP and enters
AttachWait. SNK

4. DTS DRP transitions from AttachWaitDeb.SRC to AttachedDeb.SRC
o /DTS DRP in AttachWaitDeb.SRC continues to see both CC pull-downs of TS DRP

fortCCDebhounce—enters AttachaedDaebh SPC and tiirne an \/BliS
Ho—t =800t —ete oA Ha6Re8ai78 o rvo—a o+t A=

5. TS DRP transitions from AttachWait.SNK to DebugAccessory.SNK

e TS DRP detects DTS DRP’s pull-ups on both CC pins for tCCDebounce and detects
VBUS and enters DebugAccessory.SNK

e TS DRP detects and monitors vRd on the CC pins for available current on VBUS and
performs any orientation required

6. While the TS DRP and DTS DRP are in the attached state:
e TS DRP monitors VBUS for detach and when detected, enters Unattached.SNK

e DTS DRP monitors both CC pins for detach and when detected, enters
UnattachedDeb.SNK
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Both DRPs in the unattached state
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e DTS DRP alternates between UnattachedDeb.SRC and UnattachedDeb.SNK

e TS DRP alternate between Unattached.SRC and Unattached.SNK

2. DTS DRP transitions from UnattachedDeb.SNK to AttachWaitDeb.SNK
e DTS DRP in UnattachedDeb.SNK detects both CC pull-ups of TS DRP in
Unattached.SRC and enters AttachWaitDeb.SNK
3. TS DRPtransittons from Unattached-SRC 10 UnorientedDebuUgATTCeSSory.SREC Jthrough
AttachWait.SRC
e TS DRP in Unattached.SRC detects both CC pull-downs ‘of DTS DRP angl enters
AttachWait.SRC
e TS DRP in AttachWait.SRC continues to see both CC_pull-downs of TS PRP for
tCCDebounce, enters UnorientedDebugAccessory.SRC and.tusns on VBUS
4. DTS DRP transitions from AttachWaitDeb.SNK to TryDeb.SRC-‘ |,
e DTS DRP in AttachWaitDeb.SNK continues to see bdth CC pull-ups of TS PRP for
tCCDebounce and detects VBUS, enters TryDeb.SRC
5. TS DRP transitions from UnorientedDebugAccessory.SRC to Unattached.SNK
e TS DRP in UnorientedDebugAccessory.SRC"detects the removal of both CC pull-
downs of DTS DRP and enters UnattachedSNK
6. TS DRP transitions from Unattached.SNK ta AftachWait. SNK
e TS DRP in Unattached.SNK detects both - CC pull-ups of DTS DRP and enters
AttachWait.SNK
7. DTS DRP transitions from TryDeb.SRC to AttachedDeb.SRC
e DTS DRP in TryDeb.SRC»détects both CC pull-downs of TS DRP for tPDD¢bounce
and enters AttachedDeb.SRC
e DTS DRP turns onA/BUS
8. TS DRP transitions from AttachWait.SNK to DebugAccessory.SNK
e TS DRP detec\ts DTS DRP’s pull-ups on both CC pins for tCCDebounce and| detects
VBUS andéenters DebugAccessory.SNK
9. While the DTSYDRP and TS DRP are in their respective attached states:
\\
e DTS DRP adjusts Rp as needed for offered current
e (TS DRP detects and monitors vRd on the CC pins for available current on VBUS and
performs any orientation required
e DTS DRP monitors both CC pins for detach and when detected, enters
UnattachedDeb.SNK
e TS DRP monitors VBUS for detach and when detected, enters Unattached.SNK
B.2.5.1.7. DTS DRP to TS Source Behavior

The following describes the behavior when a DTS DRP is connected to TS Source.

1.

2,

DTS DRP and TS Source in the unattached state
e DTS DRP alternates between UnattachedDeb.SRC and UnattachedDeb.SNK
e TS Source in Unattached.SRC

DTS DRP transitions from UnattachedDeb.SNK to AttachWaitDeb.SNK
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B.2.5.2.

IF:2016

e DTS DRP in UnattachedDeb.SNK detects pull-ups on both CC pins and enters

AttachWaitDeb.SNK

TS Source transitions from Unattached.SRC to UnorientedDebugAccessory.SRC
AttachWait.SRC

through

e TS Source in Unattached.SRC detects both CC pull-downs of DTS DRP and enters

AttachWait.SRC

e TS Source in AttachWait.SRC continues to see both CC pull-downs of DTS DRP for

tCCDebounce, enters UnorientedDebugAccessory.SRC and turns on VBUS

DTS DRP transitions trrom AttachWalitDeb.SNK to TryDeb.SRC

e DTS DRP in AttachWaitDeb.SNK continues to see both CC pull-ups of TS
tCCDebounce and detects VBUS, enters TryDeb.SRC

S Source transitions from UnorientedDebugAccessory.SRC to Unattached.SRC

—]

e TS Source in UnorientedDebugAccessory.SRC detects the rermoval of both
downs of DTS DRP and enters Unattached.SRC

DTS DRP transitions from TryDeb.SRC to TryWaitDeb.SNK

o After tDRPTry, DTS DRP does not see pull-down$ en both CC pin ang
TryWaitDeb.SNK

A
TS Source transitions from Unattached.SRC to UnorientedDebugAccessory.SRC

e TS Source in Unattached.SRC detects pull~downs /on both CC pins ang
AttachWait.SRC

e TS Source continues to detect pull-downs on both CC pins for tCCDebou
enters UnorientedDebugAccessory:SRC and outputs VBUS

DTS DRP transitions from TryWaitDeQ.SNK to AttachedDeb.SNK

e DTS DRP sees pull-ups .on both cc pins for tCCDebounce and detects V
enters AttachedDeb.SNK

needed for orientation.detection

orientation supported, TS Source detects change in vRd on one of the CC ¢

—

While the TS Saeurce and DTS DRP are in the attached state:

o If orieptation is supported, DTS DRP determines any change in advertised
from~vRd of the CC pin that has been set as the CC communication pin.

o TS “Source monitors both CC pins for detach and when detected,
Unattached.SRC

ansitions to OrienfedDebugAccessory.SRC and performs the required orientation.

DRP for

CC pull-

enters

enters

nce and

BUS and

o |f orientation required, DTS DRP adjusts Rd on the non-CC communication pin as

ins and

current

enters

DTS Port to non-DAM TS Port Interoperability Behaviors

v DTS DRPmomitors VeUs for detactrant whenm detected; enters tmattactedbeb. SNK

The following sub-sections describe the non-functional port-to-port interoperability behaviors for
the various combinations of DTS and TS Sources, Sinks, and DRPs that do not support DAM.

B.2.5.2

A. DTS Source to non-DAM TS Sink Behavior

The following describes the behavior when a DTS Source is connected to a non-DAM TS Sink.

1.
2.

DTS Source and TS Sink in the unattached state

DTS Source transitions from UnattachedDeb.SRC to AttachedDeb.SRC
AttachWaitDeb.SRC
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e DTS Source detects the non-DAM TS Sink’s pull-downs on both CC pins and enters

AttachWaitDeb.SRC. After tCCDebounce it then enters AttachedDeb.SRC
e DTS Source turns on VBUS

3. Non-DAM TS Sink transitions from Unattached.SNK to AttachWait.SNK.

¢ Non-DAM TS Sink in Unattached.SNK detects the DTS Source’s pull-ups on
pins and enters AttachWait.SNK.

both CC

e Non-DAM TS Sink continues to detect pull-ups on both CC pins and stays in
AttachWait.SNK because it does not support DAM (will not enter Attached.SNK

because it does not detect SNK.Open on either pin)
4. While the DTS Source and non-DAM TS Sink are in their final state:

e DTS Source adjusts Rp as needed for offered current

e Non-DAM TS Sink may draw USB default current from DTS Source as pernjitted by
Section 4.5.2.2 but will not enter DAM \

o DTS Source monitors both CC pins for detach ‘and When detected, enters
UnattachedDeb.SRC

e Non-DAM TS Sink monitors both CC pins for detdehi“and when detected] enters
Unattached.SNK A

B.2.5.2.2. DTS Source to non-DAM TS DRP Behavior
The follqwing describes the behavior whena DTS Source is connected to a non-DAM TS DRP.
1. DTS Source and non-DAM TS DRP in-the unattached state
e Non-DAM TS DRP alternates between Unattached.SRC and Unattached.SNK
2. DTS Source transitions | from UnattachedDeb SRC to AttachedDeb.SRC |through
AttachWaitDeb.SRC

e DTS Source detects the ndn—DAM TS Sink’s pull-downs on both CC pins angl enters
AttachWaitDeb.SRC.. After tCCDebounce it then enters AttachedDeb.SRC

e DTS Source turns an VBUS

3. Non-DAM TS DRP trapsitions from Unattached.SNK to AttachWait.SNK.

e Non-DAM TS _DRP in Unattached.SNK detects the DTS Source’s pull-ups |on both
CC pins and.enters AttachWait. SNK.

. Non-D\AM TS DRP continues to detect pull-downs on both CC pins and ptays in
AttachWait.SNK because it does not support DAM (will not enter Attactied.SNK
because it does not detect SNK.Open on either pin)

4. Whilethe DTS Source and non-DAM TS DRP are in their final state:

e DTS Source adjusts Rp as needed for offered current

e Non-DAM TS DRP may draw USB default current from DTS Source as permitted by
Section 4.5.2.2 but will not enter DAM

e DTS Source monitors both CC pins for detach and when detected, enters
UnattachedDeb.SRC

e Non-DAM TS DRP monitors both CC pins for detach and when detected, enters
Unattached.SRC

B.2.5.2.3. DTS Sink to non-DAM TS Source Behavior

The following describes the behavior when a DTS Sink is connected to a non-DAM TS Source.

1.

Non-DAM TS Source and DTS Sink in the unattached state
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2. Non-DAM TS Source transitions from Unattached.SRC to AttachWait.SRC

e Non-DAM TS Source detects the DTS Sink’s pull-downs on both CC pins and enters
AttachWait.SRC.

e Non-DAM TS Source continues to detect pull-downs on both CC pins and stays in
AttachWait.SRC because it does not support DAM (will not enter Attached.SRC
because it does not detect SRC.Rd on only one CC pin)

3. DTS Sink transitions from UnattachedDeb.SNK to AttachWaitDeb.SNK.

e DTS Sink in UnattachedDeb.SNK detects the non-DAM TS Source’s pull-ups on both
CCT pins and enters AftachWaiiDeb.SNK

e DTS Sink remains in AttachWaitDeb.SNK because it does not'detect VBUS
4. While the non-DAM TS Source and DTS Sink are in their final state: \

e Non-DAM TS Source monitors both CC pins for detach and when' detected, enters
Unattached.SRC \

\

~

e DTS Sink monitors VBUS for attach and both CC._'pinsi-for detach and enters
UnattachedDeb.SNK when both CC pins go to SNK.Open
N

B.2.5.2.4. DTS Sink to non-DAM TS DRP Behavior
A
The folldqwing describes the behavior when-a DTS Sink is connected to a non-DAM TS DRP.

1. DTS Sink and non-DAM TS DRP in the unattachéd'state
e Non-DAM TS DRP alternates between Unattached.SRC and Unattached.SNK
e DTS Sink in UnattachedDeb.SNK

2. Non-DAM TS DRP ftransitions from Una‘tta(‘:hed.SRC to AttachWait.SRC

e Non-DAM TS DRP detects t\he“lSTS Sink’s pull-downs on both CC pins and enters
AttachWait.SRC.:

¢ Non-DAM TS DRP continués to“detect pull-downs on both CC pins and ptays in
AttachWait.SRC" because it does not support DAM (will not enter Attached.SRC
because it does notidetect SRC.Rd on only one CC pin)

3. DTS Sink transitions.from UnattachedDeb.SNK to AttachWaitDeb.SNK.

e DTS Sink 'm\UnattachedDeb.SNK detects the non-DAM TS DRP’s pull-ups [on both
CC pins \a\n?]‘ enters AttachWaitDeb.SNK

e DTS Sink remains in AttachWaitDeb.SNK because it does not detect VBUS
4. While the hon-DAM TS DRP and DTS Sink are in their final state:

o /Non-DAM TS DRP monitors both CC pins for detach and when detected| enters
Unattached SNK

e DTS Sink monitors VBUs for attach and both CC pins for detach and enters
UnattachedDeb.SNK when both CC pin go to SNK.Open

B.2.5.2.5. DTS DRP to non-DAM TS Sink Behavior
The DTS DRP to non-DAM TS Sink behavior follows the flow in Section B.2.5.2.1
B.2.5.2.6. DTS DRP to non-DAM TS DRP Behavior

The DTS DRP to non-DAM TS DRP behavior follows the flows in Section B.2.5.2.2 and Section
B.2.5.2.4 depending on the role forced by the non-DAM TS DRP
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B.2.5.2.7. DTS DRP to non-DAM TS Source Behavior
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The following describes the behavior when a DTS DRP is connected to non-DAM TS Source.

1. DTS DRP and non-DAM TS Source in the unattached state
e DTS DRP alternates between UnattachedDeb.SRC and UnattachedDeb.SNK
e Non-DAM TS Source in Unattached.SRC
2. DTS DRP transitions from UnattachedDeb.SNK to AttachWaitDeb.SNK
e DTS DRP in UnattachedDeb.SNK detects pull-ups on both CC pins and enters
AttachWaitDeb.SNK
3. Non-DAM TS Source transitions from Unattached.SRC to AttachWait.SRC \
e Non-DAM TS Source in Unattached.SRC detects pull-downs on both’CC gins and
enters AttachWait.SRC
e Non-DAM TS Source continues to detect pull-downs on both &C pins and stays in
AttachWait.SRC because it does not support DAM (will- R0t enter Attached.SRC
because it does not detect SRC.Rd on only one CC pin)
e DTS Sink remains in AttachWaitDeb.SNK because it does not detect VBUS
5. While the non-DAM TS Source and DTS DRP are in the\ir final state:
e Non-DAM TS Source monitors both' CC pins_for detach-and when detected, enters
Unattached.SRC
e DTS DRP monitors VBUS for attachc.apd both CC pins for detach and enters
UnattachedDeb.SRC when both CC pin go to SNK.Open
B.2.5.2.8. DTS Sink to non-DAM TS Sink with Accessory Support Behavior
o
The follgwing describes the behavior when*a DTS Sink is connected to a non-DAM USB| Type-C
TS Sink with Accessory Support.
1. DTS Sink and non-DAM TS:Sink with Accessory Support (“non-DAM TS Sink’| for the
remainder of this flow) in~the unattached state
e Non-DAM TS Sink alternates between Unattached.SNK and Unattached.Acce ssory

e DTS Sink:in UnattachedDeb SNK
Non-DAM TS S%k transitions from Unattached.Accessory to AttachWait.Accessor

AttachWait.Accessory

y

e Non- DAM TS Sink detects the DTS Sink’s pull-downs on both CC pins andl enters

e ,Non-DAM TS Sink continues to detect pull-downs on both CC pins and ent¢rs USB

Type-C Debug Accessory Mode

3. DTS Sink transitions from UnattachedDeb.SNK to AttachWaitDeb.SNK.

e DTS Sink in UnattachedDeb.SNK detects the non-DAM TS Sinks pull-ups
CC pins and enters AttachWaitDeb.SNK

e DTS Sink remains in AttachWaitDeb.SNK because it does not detect VBUS

4. While the non-DAM TS DRP and DTS Sink are in their final state:

¢ Non-DAM TS Sink monitors both CC pins for detach and when detected,

Unattached.SNK

on both

enters

e DTS Sink monitors both CC pins for detach and enters UnattachedDeb.SNK when

both CC pins go to SNK.Open
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B.2.6. Orientation Detection

Orientation detection is optional normative. A USB Type-C port supporting Debug Accessory
Mode is not required to perform orientation detection. If orientation detection is required, this
method shall be followed.

B.2.6.1. Orientation Detection using Rd and/or Rp Values

In this optional normative flow, the DTS shall always initiate an orientation detection sequence,
independent of its role as Source, Sink, or DRP. This means that the TS must detect this

orientatipr—seguence—and—perform—multiptexirg—to—oriert—and—econrreet—the—port——sigrals to the

proper channels as well as determine the proper CC pin for USB-PD communication.

B.2.6.1.1. Orientation Detection with DTS as a Source

When the DTS is presenting an Rp, it shall present asymmetric ‘Rp' valués (Rp1/Rp2) on
CC1/CCR to indicate orientation to the TS. The DTS as a source shall indicate a|weaker
resistive[value on CC2. Table B-2 shows the values of Rp resistance on¢ach CCpin to[indicate
orientatipn and advertise the USB Type-C current available ‘on VBUS.See Table 4-15 fof the Rp
resistan¢e ranges.

Once the¢ TS sink enters the DebugAccessory.SNK state, (after¢the’vRd-on both CC pins is stable
for tPDOebounce, it will orient its signal multiplexor based on the detected orientation ipdicated
by the r¢lative voltages of the CC pins. The CC pin with thé 'greater voltage is the plug|CC pin,
which egtablishes the orientation of the DTS plug in the TS receptacle and also indicates the
USB-PD| CC communication wire. The TS Sink cannot perform USB-PD communication or
connect jany orientation-sensitive debug signals untihorientation is determined.

B.2.6.1.2. Orientation Detection with DTS(as a Sink
When the DTS is a sink, /it shall follow-a two=step approach.

he DTS sink shall present Rd/Rd on the CC pins of the debug accessory plug. [This will
ut the system into debug actessory mode

1.

nce the DTS sink enters)AttachedDeb.SNK state, it shall present a resistance tolGND of
Ra on B5(CC2)

IA_ O ol |

The asyjnmetric signaling\is detected by the TS Source in the UnorientedDebugAccesspry.SRC
state. Once Detected, the TS Source will move to the OrientedDebugAccessory.SRC. Once the
TS sour¢e enters the:OrientedDebugAccessory.SRC state, after the SRC.Ra level is detgcted on
one of the CC pin§; it will orient its signal multiplexor based on the detected orientation ipdicated
by the re¢lativevoltages of the CC pins. The CC pin with the greater voltage is the plug|CC pin,
which egtablishes theorientation of the DTS plug in the TS receptacle and also indicates the
USB-PD| CCscommunication wire. The TS Source cannot perform USB-PD communi
connect ' TOTT= Tt i ot TOTT i

B.3. Security/Privacy Requirements:

Debug port(s) typically provide system access beyond the normal operation of USB hardware
and protocol. Additional protection against unintended use is needed. The design
must incorporate appropriate measures to prohibit unauthorized access or modification of the
unit under test and to prevent exposure of private user data on the unit under test. The method
of protection is not explicitly defined in this specification.

The vendor shall assert as part of USB compliance certification that:

e The device has met the requirement to protect the system’s security and user’s privacy
in its vendor-specific implementation of the port, and
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o The device requires the user to take an explicit action to authorize access to or
modification of the unit.

C USB Type-C Digital Audio

This appendix is reserved for the future definition of the USB Type-C Digital Audio support.

NOTE: All Engineering Change Notice’s (ECN) and Errata documents as \of Decen

ber 06,

2016 th3t pertain to this core specification follow the last page of the specification starting

on page

217, Ree
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Title: Correction for Attached.SNK
Applied to: USB Type-C Specification Release 1.2, March 25,
2016

Brief description of the functional changes:

Figure B-5 incorrectly labels AttachedDeb.SNK as TryDeb.SRC (exit path from TryWaitDeb.SNK).
Correcting figure

Benefitg as a result of the changes:

Corrects flow to match text and avoid confusion

An ass¢ssment of the impact to the existing revision ‘and systems that durrently
conform to the USB specification:

No impadt

An analysis of the hardware implications;

An analysis of the software implications:

An analysis of the compliance testing implications:

Copyright © 2016 USB 3.0 Promoter Group. All rights reserved.



https://iecnorm.com/api/?name=fdb06efbef500ac999a8cc84a92b2039

-218 - IEC 62680-1-3:2017
© USB-IF:2016

USB Type-C ENGINEERING CHANGE NOTICE

Actual Change

(a). Figure B-5
From Figure:
Figure 5-7 Connection State Diagram: DTS DRP

Directed from

Directed from
any state

any state

Disabled

ErrorRecovery
tErrorRecovery

Directed
from any
state

UnattachedDeb
.SRC

Dead
Battery |

TS
Detected

UnattachedDeb
.SNK

AttachWaitDeb

TS
Removed

Detected

TS Removed

for tPDDebounce TS Detected for

tCCDebounce

AttachWaitDeb
.SNK

Rémoyved

AttachedDeb
.SRC

TS Detected for
tCCDebounce
and VBUS Detected

TS Detected for
tPDDebounce

yDeb.SKC TryWaitDeb

.SNK

\ tDRPTry and
TS not Detected

A VBUS . | NG TS Detected for
emove! tCCDebounce and
VBUS Detected

TS not Detected for

TryDeb.SRC tPDDebounce
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To Figure:
Figure 5-8 Connection State Diagram: DTS DRP
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tErrorRecovery
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UnattachedDeb
.SRC

Dead
Battery

TS
Detected
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Debug Accessory Appendix

Applied to: USB Type-C Specification Release 1.2, March 25,

2016

Brief description of the functional changes:

Section 4.5.2.2.12.2 incorrectly lists the exit condition from TryWait.SRC to Attached.SRC as
waiting for tCCDebounce. This should be corrected to tPDDebounce.

Benefitg as a result of the changes:

Corrects fext to match state diagram and avoid confusion

An ass¢ssment of the impact to the existing revision ‘and systems that durrently

conforn

to the USB specification:

No impag

t

An anal

ysis of the hardware implications;

An anal

ysis of the software implications:

An anal

ysis of the compliance testing implications:
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Actual Change

(a). Section 4.5.2.2.12.2

From

Text:

4.5.2.2.12.2 Exiting from TryWait.SRC State

The port shall transition to Attached.SRC when VBUS is at vSafeQV and the

SRCR foto to olod o ol 41 Lol o A £ 41 4
- olAlT 1o UTLTULITU UlT TAAULy UTITC UT UIT UL PITTo TUT alt ITdol

tCCDe

The port shall transition to Unattached.SNK after tDRPTry:if neither of the

CC2 pi

To Te
4.5.2.2.

The port shall transition to Attached.SRC when VBUS!is at vSafeOV and the
SRC.Rd state is detected on exactly one of the CC pins for at least
tcCGbepounce tPDDebounce. ‘

The po
CC2 pi

bounce.

ns are in the SRC.Rd state. \

xt:
12.2 Exiting from TryWait.SRC State

AS

rt shall transition to Unattached.SNK-after tDRPTry if neither of the (
s are in the SRC.Rd state.

CC1 or

CC1 or
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Change plug overmold length from MAX to REF

1-3:2017
IF:2016

Applied to: USB Type-C Specification Release 1.2, March 25,

2016

Brief description of the functional changes:

USB Type C spec has defined the plug overmold length as 35 mm max. The CabCon-WG suggests

that it be

changed from MAX to REF.

Benefits' as a result of the changes:

The plug ¢vermold width and height of the plug are critical dimensions that have implications if vio
he overmold is not a critical dimension. Overmold length can be used tojenclose electromics

length of {
needed fo
REF will 4

I applications that require special parts for alternate modes. Changing‘the length from M
llow extra room for such electronics without violation of the spegification.

ated. The

AX to

An ass¢ssment of the impact to the existing revision and systems that G

conforn

to the USB specification:

urrently

No impadg

t to existing product.

An anal

ysis of the hardware implications:

None

An anal

ysis of the software implications:

None

An anal

ysis of the compliance testing implications:

None
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Actual Change

(a). From, Figure 3-3, Page 38

g5 MIM. B -]
EXPOSED SHELL ~# GWND
I
— — o H
HYAY
y e
N/ S |
[
\\ \ N\
= (=
] ) _
— DS C |
e
FoANRX
(a). To, Figure 3-3, Page 38 .
y & MIN.
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N ™
—] —— T3 7—< H
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isioliz|
@
L 1
(35)
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(b). From, Figure 3-9, Page 47

5 MIN. B -
EXPOSED SHELL ~ GMND

-

|

i

.|.C'£
)

</

|r

L
L@
(—
c

/I

35 (MAXE

(b). To, Figure 3-9, Page 47

B MIN.
EXFOSED SHELL / GND
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Title: Source VCONN Discharge

Applied to: USB Type-C Specification Release 1.2, March 25,
2016

Brief description of the functional changes:

1) Add a new state, UnattachedWait.SRC, to the Source Connection State Diagram. No change is
required to any other host/device state diagrams. A Source that was providing VCONN in the
previous Attached.SRC state will transition from Attached.SRC to UnattachedWait.SRC. A

3)

source that was not providing VCONN shall transition to Unattached.SRC. In
UnattachedWait.SRC, the source will complete the VCONN turn off and discharge, the G
that was providing VCONN in the previous Attached.SRC state. The Source exits
UnattachedWait.SRC when both the CC pin being discharged is below vVCONNDischar
VCONN is turned off.
Modify VCONN Source Bulk Capacitance requirement to be similar to how the VBUS byy
capagitance is specified in USB 2.0 and 3.1. ~\

Remqve degenerate condition, under Table 4-4, for not supplying L\ CONN.

A S

C pin
ge and

ass

Benefitg as a result of the changes:

1)

Therg is an operability issue with cables that weaken-Ra when connected to a port that

emplgys the Source Connection State Diagram.. Theproblem sequence is as follows:
Sourge is connected to a Sink with a cable that weakens Ra when VCONN is applied. 2

1) The
) The

Sourde sees a Sink detach while the cable remains attached to the Source port. 3) The Source

transitions to Unattached.SRC, removes VCONN and applies Rp to both CC pins. The
conngcted to the weakened cable Ra is strang enough to keep the cable from discharg
VCONN pin to the level needed to reset-Rato full strength. 4) Instead of the Source C(
conngcted to the cable VCONN pin, getting pulled below vRa (SRC.Ra), it instead hang
voltage within the vRd range (SRC:Rd) or above VOPEN (SRCpen). 5) Since the port
wrong CC pin state; it no longer operates as expected. 6) For example, if the Source
intergrets the cable VCONN pjimnas a SRC.Rd, while the other end of the cable is detach
wrongly transition to Attached-SRC, apply VBUS, and report an incorrect super-speed |
polarity. This state will persist until the cable is detached from the Source.

Note that this problemcdoes not affect DRPs since a DRP goes to Unattached.SNK wh
Attached.SRC and sees a Sink detach. The DRP will then apply an Rd to both CC pin
will d{scharge the cable VCONN pin.

This ECR will reguire the Source to turn off VCONN and discharge the CC pin, that was
providing VCONN in the previous Attached.SCR state, to allow the cable to reset Ra to
strength before the Source identifies the electrical state of its CC pins.

To maintain operability with a connected port that uses Try.SRC Support, the Source i

Rp

ing its
pin,

5 at a
sees the

ed, it will
ne

en itis in
5 which
full

h

UnattpchédWait. SRC _must maintain a valid Rp connection on the CC pin connected thhrough

the cable.
The VCONN and VBUS bypass capacitance will be specified in a consistent manner.
A degenerate condition under Table 4-4 will be removed.
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An assessment of the impact to the existing revision and systems that currently
conform to the USB specification:

1) Many existing Type-C Source controllers will be non-compliant with these changes. Most
controllers do not currently have the ability to discharge the CC pins to the new discharge
requirements. All hardware based controllers will not have the new UnattachedWait.SRC state.

An analysis of the hardware implications:

1) Non-g¢ompliant Type-C controllers will need to be redesigned to add the CC diseharge function.
Hardware based controllers will need to be redesigned to add the new UnattachedWaif.SRC
state,

An analysis of the software implications:

None

An analysis of the compliance testing implications:

1) Add g test to confirm that the source goes from Attach€d.SRC toUnattachedWait.SRC when
the squrce is providing VCONN in Attached.SRC

2) Add g test to confirm that a valid Rdch-termination.is provided in UnattachedWait.SRCJ|on the
CC pin that was providing VCONN in the previous*Attached.SRC state.

3) Add 4 test to confirm that a valid Rp terminatiof’/is provided in UnattachedWait.SRC on the CC
pin thlat was connected through/the cable in the previous Attached.SRC state.

4) Add { test to confirm the pin being discharged is discharged below vVconnDischarge Qefore
exiting UnattachedWait.SRC.

5) Add 4 test to confirm VCONN is no lofiger supplied after leaving UnattachedWait.SRC.
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Actual Change

(a). Section 4.4.3 Vconn, Page 121

From Text:

Table 4-4 VCONN Source Characteristics

Minimum

Maximum

Notes

Ports that support VCONN-powered

<

oltage

475V

55V

accessories are allowed to sujply at a
lower minimum-of 2.7 V when gperating
in the Powered.Accessory|state.

FPower

1.0W

Source may latch-off VCONN if gxcessive
power/ is drawn\\beyond the $pecified
inrush and modevattage:

Bulk Japacitance

10 pF

220 pF

The VCcONN(sotrce shall disconnect the
bulk capacitance from the rgceptacle
whenVCoONN.is powered off.

™)

To aid ip reducing the power associated with supplying VCe@NN, a Source is allowed to eifther not

source VLONN or turn off Vconn under any of the following-cenditions:

* Ra is n¢t detected on the CC pin after tCCDebounce &when the other CC pin is in the SRC.Rd $tate
* Ra is npt detected on the CC pin after tCCDebounce when the other CC pin is in the SRC.Ogen state
and the port supports VCONN-powered accessoriés "

o If therd is no GoodCRC response to USB PD Discover ldentity messages

To Tekt: ‘
Table 4:4 VcoNN Source Characteristics
Minimum Maximum Notes
Ports that support VCONN-powered
accessories are allowed to supply at a
Vpltage 475V 55V lower minimum of 2.7 V when gperating
in the Powered.Accessory state.
Source may latch-off VCONN if gxcessive
l[ower 1.0W power is drawn beyond the $pecified
inrush and mode wattage.
Do lopogt oo oball dicccnpea: fon
BuleCopaeianes Ol N Bl eosaeitanes fpono fhe wecepmcoels
R o e
Discharge  resistance applied in
Rdch 30 Q 6120 Q UnattachedWait.SRC between the CC pin

being discharged and GND.

To aid in reducing the power associated with supplying VCONN, a Source is allowed to either not
source VCONN or turn off VCONN under any of the following conditions:
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e Ra is not detected on the CC pin after tCCDebounce when the other CC pin is in the SRC.Rd state

s e O e T

o If there is no GoodCRC response to USB PD Discover Identity messages
If the power source used to supply VCONN power is a shared power source for other USB VCONN and
VBUS outputs, it must be bypassed with capacitance identical to the VBUS capacitance requirements

of USB 3.1 Section 11.4.4 - Dynamic Attach and Detach. Any VCONN power source bypass capacitance
must be isolated from the CC pins when VCONN is not being provided.

\
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(b). Section 4.5.2.1 Connection State Diagrams, Figure 4-12, Page

135

From Figure:
Figure 4-12 Connection State Diagram: Source
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~N
. J
To Figure: .
Figure 4-12 Connection State Diagram: Source
! ~
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(c). Section 4.5.2.2.8.2 Exiting from Attached.SRC State, Page 146

From Text:

A Source shall transition to Unattached.SRC when the SRC.Open state is detected on the monitored

CC pin.
To Text:
A Source| that is supplying VconN shall transition to UnattachedWait.SRC when the SRC. Oper
detected|on the monitored CC pin.
A Source that is not supplying VCONN shall transition to Unattached.SRC ‘when thie SRC.Opet]
detected|on the monitored CC pin. \\
(d). Add new UnattachedWait.SRC section
NG
New Text:
l’\
4.5.2.2.9 UnattachedWait.SRC State
This state appears in Figure 4-12.
When in|the UnattachedWait.SRC state, the port is dlscharglng the CC pin that was providin
in the prpvious Attached.SRC state. \
>N
4.5.2.2.9.1 UnattachedWait.SRC Requireménts
The port|shall not eénable VBUS or"VCONN. )
The port{shall complete the VCONN furn off initiated when leaving the previous Attached.SRC
The port| shall continue toprevide an Rp termination, as specified in Table 4-14, on the C(
being didcharged. (
\
The port|shall not Q‘rc;\;ide an Rp termination on the CC pin being discharged.
The port[shall previde an’Rdch termination, as specified in Table 4-4, on the CC pin being dis
The port|shall discharge the CC pin being discharged below vVcoNnDischarge.

4.5.2.2.9.2 Exiting from UnattachedWait.SRC

state is

state is

g VCONN

state.

pin not

charged.

The port shall transition to Unattached.SRC when both the CC pin is below vVcoNNDischarge and

VCONN is

turned off.
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(f). Section 4.5.2.4 Connection States Summary, Page 154

From Text:

4.5.2.4 Connection States Summary

Table 4-13 defines the mandatory and optional states for each type of port.
Table 4-13 Mandatory and Optional States

UsSB PD
I BER UFR BDRR Cemmunication
Di4ab|ed Optional Optional Optional ~Not |Permitted
Errorﬂ{ecovery Optional Optional Optional Not [Permitted
Unattaghed.SNK N/A Mandatory Mandatory Not [Permitted
AttachWait.SNK N/A Mandatory! Mandato\ry Not [Permitted
Attached.SNK N/A Mandatory Mahdétory Pérmitted
Unattaghed.SRC Mandatory N/A Mandatory Not [Permitted
AttachWait.SRC Mandatory N/A Mandatory Not [Permitted
Attached.SRC Mandatory N/A Mandatory Pérmitted
Try|SRC ¢ N/A NFA Optional Not [Permitted
TryWait.SNK 2 N/A ‘N/A Optional Not [Permitted
Try[|SNK 4 N/A \ N/A Optional Not [Permitted
TryWait.SRC 5 N/A N/A Optional Not [Permitted
AudioAccessory Optional N Optional Optional Not [Permitted
UnorientedDebugAccessor Optional\6 N/A Optional © Not [Permitted
y|{SRC Q
OrientedDe‘?;gAccessory. ~\Optional ¢ N/A Optional © Permitted
$ (
DebugAccessory.SNK\ \ N/A Optional Optional Pérmitted
Unattached.Accessory N/A Optional N/A Not [Permitted
AttachWajt.Accessory N/A Optional N/A Not [Permitted
Powered.Accessory N/A Optional N/A Pefrmitted
Unsupporteg.Accessory N/A Optional N/A Not Permitted
PowerDefault.SNK N/A Mandatory Mandatory Permitted
Power1.5.SNK N/A Optional Optional Permitted
Power3.0.SNK N/A Optional Optional Permitted

Note:

1. Optional for UFP applications that are USB 2.0-only, consume USB Default Power and do not support USB PD or

accessories.

2. TryWait.SNK is mandatory when Try.SRC is supported.
3. Unsupported.Accessory is mandatory when PoweredAccessory is supported.

4. Try.SRC and Try.SNK shall not be supported at the same time, although an unattached device may dynamically choose
between Try.SRC and Try.SNK state machines based on external factors.
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5. TryWait.SRC is mandatory when Try.SNK is supported.

6. UnorientedDebugAccessory.SRC is required for any Source or DRP that supports Debug Accessory Mode.
OrientedDebugAccessory.SRC is only required if orientation detection is necessary in Debug Accessory Mode.

To Text:

4.5.2.4 Connection States Summary

Table 4-13 defines the mandatory and optional states for each type of port.
Table 4-13 Mandatory and Optional States

_N_USB PD
DFP UFP DRP Communication

Diqabled Optional Optional Optional Not[Permitted
Errorﬂ{ecovery Optional Optional Optional Not [Permitted
Unattaghed.SNK N/A Mandatory Mand,a\tory Not [Permitted
AttachWait.SNK N/A Mandatory! Mandatory Not [Permitted

Attached.SNK N/A Mandatory Mandatory Permitted
Unattaghed.SRC Mandatory N/A Mandatory Not [Permitted
AttachWait.SRC Mandatory N/A Mandatory Not [Permitted

Attached.SRC Mandatory (N/A Mandatory Pérmitted
UnattachkdWait.SRC Manﬁﬁ'tsry or ~ N/A N/A Not [Permitted
Try[|SRC 4 N/A N/A Optional Not [Permitted
TryWait.SNK 2 N/A. N/A Optional Not |Permitted
Try|SNK 4 N/A N/A Optional Not [Permitted
TryWait.SRC 5 N/A N/A Optional Not [Permitted
AudioAccessory Optional Optional Optional Not [Permitted

UnorientedDebugAccessor Optional © N/A Optional © Not [Permitted

ylsrRc \

OrientedDe;;gAccéssory. Optional © N/A Optional ® Permitted
DebugAcg¢essory.SNK N/A Optional Optional P¢rmitted
Unattached.Accessory N/A Optional N/A Not Permitted
AttachWait.Accessory N/A Optional N/A Not Permitted

Powered.Accessory N/A Optional N/A Permitted
Unsupported.Accessory N/A Optional N/A Not Permitted
PowerDefault.SNK N/A Mandatory Mandatory Permitted

Power1.5.SNK N/A Optional Optional Permitted
Power3.0.SNK N/A Optional Optional Permitted

Note:
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1. Optional for UFP applications that are USB 2.0-only, consume USB Default Power and do not support USB PD or
accessories.

2. TryWait.SNK is mandatory when Try.SRC is supported.

3. Unsupported.Accessory is mandatory when PoweredAccessory is supported.

4. Try.SRC and Try.SNK shall not be supported at the same time, although an unattached device may dynamically choose
between Try.SRC and Try.SNK state machines based on external factors.

5. TryWait.SRC is mandatory when Try.SNK is supported.

6. UnorientedDebugAccessory.SRC is required for any Source or DRP that supports Debug Accessory Mode.
OrientedDebugAccessory.SRC is only required if orientation detection is necessary in Debug Accessory Mode.

7. Mandatory for a DFP that was providing VcoNnN in the previous Attached.SRC state. N/A for a DFP that was not
providing VCONN in the previous Attached.SRC state.

(e). Section 4.11.2 Timing Parameters, Table 4-20, Page\‘l77

\

From [Text: e

4.11.2 Timing Parameters
N

Table 4-20 provides the timing values that shall be met for delivering power over VBUS and VCONN.
®)

Table 4-20 VBUS and VCONN Timing'Parameters

Minimum Maximum Notes
From entry to Attached.SRC until|\VBUS
tVBUSON 0Oms 275 ms reaches the minimum vSafe5V thfeshold

as measured at the source’s receptacle.

. From the time the Sink is detachdd until
tVBUSOFF Oms ) 650 ms the Source removes VBUS and reaches
vSafeQV (See USB PD).

From the time the Source supplied VBUS
K { in the Attached.SRC state. Measuired

tVELONNON Note] 2ms from vSafe5V to the minimum VCPNN

\ voltage (see Table 4-4)

From the time a Sink with accesspry
support enters the PoweredAccegsory
state until the Sink sources mininjum
VCONN voltage (see Table 4-4)

tVCONNON-PA ..\ 0 ms 100 ms

From the time that a Sink is detaghed or
as directed until the VCONN supply is
disconnected and bulk capacitange is
removed.

tVqoNNOFF 0Oms 35ms

Response time for a Sink to adjust its
current consumption to be in the specified
range due to a change in USB Type-C
Current advertisement

tSinkAdj tPDDebounce 60 ms
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To Text:
4.11.2 Timing Parameters
Table 4-20 provides the timing values that shall be met for delivering power over VBUS and VCONN.

Table 4-20 VBUS and VCONN Timing Parameters

Minimum Maximum Notes

\J From entry to Attached.SRC unitil|\VBUS
tVBUSON 0Oms 275 ms reaches the minimum vSafe5Vithfeshold
as measured at the sourcélsreceptacle.

From the time the Sinkis)detachdd until
tVBUSOFF 0 ms 650 ms the Source removes VBUS and reaches
vSafe0V (See USB.PD).

From the time the-Source supplied VBuS
in the Attachied:SRC state. Measlired
from vSafe5V to the-minimum VCPNN
voltage'(sée Table 4-4)

tVCONNON Note 1 2ms

From:the time a Sink with accesspry
support enters the PoweredAccessory
state until the Sink sources minimum
VCONN voltage (see Table 4-4)

tVCgNNON-PA 0 ms 100 ms

From the time that a Sink is detaghed or
as directed until the VCONN supply is

disconnected and-bulk-capacitange-is
opneod,

tVJONNOFF 0ms 35.ms

@ Response time for a Sink to adjust its

d: . \ current consumption to be in the $pecified
tginkAd] tPDDehouncey 69 ms range due to a change in USB Type-C
! Current advertisement
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Title: USB Type-C ECR on the SRC-to-TrySRC looping
Applied to: USB Type-C Specification Release 1.2, March 25, 2016
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Brief description of the functional changes:

If a Type-C Source has a long tVBUSoff delay, the Source may not connect with a Try.SRC
machine.

First, when Source outputs the VBUS (1) and Try.SRC DRP will enter Try.SRC (2). As Rd of
Try.SRC DRP is removed, Source enters Unattached.SRC (3). After tDRPTry, no connection can

be made

If the re
Attached
further d
Source W
to Try.SR

Figure 4-1

As a DRH
ensure th
dischargi
dischargs

The two nachines return to the original (1) and (2) states. And loop forever.

17 terorRecovery—_

and ITY.ORU DRF enters Iryvwall.oNK (4) and source enters Attacnvvalt.oRGC (9

sidue voltage of VBUS from (1) is still not fully discharged,. Try.SRC DRP

SNK (6) but Source cannot enter Attached.SRC as VsafeQV is required.”After
scharged, Try.SRC DRP will enter unattached.SNK (7) & AttachedWait.SNK
ill finally enter Attached.SRC (7*) and start to output VBUS againx\Try.SRC DR
C (9).

~

N

N

6 Conmnection State Diagram: DRP with Accessory and Try.SRC Support Figure 4-12 Connection State Di
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will always\|eave Attached.SNK if VBUS is removed without any delay, it is neg
at the DRP entering Attached.SNK is due to VBUS supplied by the Source bl
ng residue voltage in capacitor. A condition can be added to ensure VBU
d.once, and the detected VBUS (to enter Attached.SNK) is supplied by Attached

).

vill enter
VBUS is
(8) and
P returns

gram: Source

essary to
t not the
5 is fully
SRC.

The last |

detected.

to:

detected.

ine in 4.5.2.2.9.2 could change from:

The port shall transition to TryWait.SNK after tDRPTry and the SRC.Rd state has not been

The port shall transition to TryWait.SNK after tDRPTry and the SRC.Rd state has not been
detected and VBUS is within vSafe0QV, or after tTryTimeout and the SRC.Rd state has not been
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And Table 4-19 in 4.11.2 could change from:

Minimum Maximum | Description
The period a DRP shall complete
tDRP 50 ms 100 ms a Source to Sink and back
advertisement
The percent of time that a DRP
dcSRC.DRP 30% 70% shall advertise Source during
tDRP
The time a DRP shall complete
tDRPTransition 0 ms 1ms transitions between Source and
Sink roles during.role resoldtion
Wait time associated with’the
tDRPTry 75 ms 150 ms Try.SRC state.
. Wait time associatethwith the
tDRPTryWait 400 ms 800 ms TryWait. SNK side
to: \.
Minimum Maximum ‘| Désdription
The period-a DRP shall complete
tDRP 50 ms 100'ms a’'Source‘to Sink and back
advertisement
The percent of time that a DRP
dcSRC.DRP 30% 0% shall advertise Source during
- tDRP
Q& The time a DRP shall complete
tDRPTransition Oms. 1ms transitions between Source and
\ Sink roles during role resolution
N Wait time associated with the
tDRPTry 75ms 150 ms Try.SRC state.
. p Wait time associated with the
tDRPTryWait 400.ms 800 ms TryWait. SNK state
. ¢ Timeout for transition from
tTryTlmeout\ 550ms 1100ms Try.SRC to TryWait.SNK
&
One exgeption~is legacy hosts or captive chargers (a A-to-C cable with VBUS
available) and it is the reason for the tTryTimeout timeout needed.

b always

The additional

delay of

tTryTimeout here Plus the delay of tCCDebounce from
TryWait.SNK to Attached.SNK can also ensure the residue VBUS fully discharged anyway.
550msec, min(tTryTimeout) + 100msec, min(tCCDebounce) > = 650msec, max(tVbusoff).
The max value of tTryTimeout is set to double of min value as other timing parameters.

Benefits as a result of the changes:

It can solve the looping problem due to the slowly discharged VBUS.
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An assessment of the impact to the existing revision and systems that currently
conform to the USB specification:

Try.SRC DRP state machine will take longer to connect to legacy hosts or captive
chargers.

based, a
LC Logic
controller is hardware-based and therefore unable to be updated, then it mustthe replaced.

An analysis of the software implications:

None.

An analysis of the compliance testing implications:

Compliahce testing needs to validate this requirement.
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The port shall transition to TryWait.SNK after tDRPTry and the SRC.Rd state has not
been detected.

to:

The pof
been dg
has not

(b). Tdole 4-19in 4.11.2

change

been detected.

from:

t shall transition to TryWait.SNK after tDRPTry and the SRC.Rd‘s’tate
ptected and VBUS is within vSafeQV, or after tTryTimeout and thé-SRC.R

N

has not
d state

Minimum

Maximum

Description

tDRP

50 ms

100 ms

The period a DRP shall complete
& Source to 'Sink and back
advertisement

dcSRC.DRP

30%

70%

\

The percent of time that a DRP
shall advertise Source during
tDRP

tDRPTransition

0 ms

>N

1 ms

The time a DRP shall complete
transitions between Source and
Sink roles during role resolution

tDRPTry

75 ms.

150 ms

Wait time associated with the
Try.SRC state.

tDRPTryWait

400 ms

800 ms

Wait time associated with the
TryWait.SNK state

to:

<&

Minimum

Maximum

Description

iDRP

50 ms

100 ms

The period a DRP shall complete
a Source to Sink and back
advertisement

dcSRC.DRP

30%

70%

The percentof time thata DRP
shall advertise Source during
tDRP

tDRPTransition

0 ms

1 ms

The time a DRP shall complete
transitions between Source and
Sink roles during role resolution

tDRPTry

75 ms

150 ms

Wait time associated with the
Try.SRC state.

tDRPTryWait

400 ms

800 ms

Wait time associated with the
TryWait.SNK state

tTryTimeout

550ms

1100ms

Timeout for transition from
Try.SRC to TryWait.SNK
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Title:

USB Type-C ENGINEERING CHANGE NOTICE
USB 2.0 Type-C receptacle

Applied to: USB Type-C Specification Release 1.2, March 25,

2016

Brief description of the functional changes:

Define a USB 2.0 Type-C receptacle.

Benefits' as a result of the changes:

The marKet is demanding a USB 2.0 Type-C receptacle connector.
Opportuniity for cost improvement versus full featured receptacle version.
Lower pif count can be used to space solder tails, improving inspection,/rework, and the

process.

soldering

An ass¢ssment of the impact to the existing revision and systems that G

conforn

to the USB specification:

urrently

N/A

An anal

ysis of the hardware implications:

Allows fo
detriment

al effects of the USB 3.1 signal contacts being not present in the receptacle.

r possible cost savings in new designs. Testing by multiple manufacturers showed no

An anal

ysis of the software implications:

N/A

An anal

ysis of the compliance testing implications:

Adds reg
procedur

eptacle. pinsconfiguration to the existing full featured version. No impag
S

t to test
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Actual Change

(a). Section 2.1, Text, Page 23

From Text:
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
Sidebanf—Use (SBU T signat pins.  Multipte setsof USB data bus signattocations m this layout
facilitate| being able to functionally map the USB signals independent of plug orientation in the
receptadle. For reference, the signal pins are labeled. \

To Tekt:

Figure 211 illustrates the comprehensive functional signal plan for the USB Full- Featurgd Type-
C recepiacle, not all signals shown are required in all platforms or dewices. “As shdwn, the
receptadle signal list functionally delivers both USB 2.0 (D+ and D-).‘and USB 3.7 (TX|and RX
pairs) data buses, USB power (VBUS) and ground (GND), Configuration Channel signgls (CC1
and CCZ2?), and two Sideband Use (SBU) signal pins. Multiple, sets of USB data bup signal
locationg in this layout facilitate being able to functionally map the USB signals independent of
plug origntation in the receptacle. For reference; the signal(pins are labeled. For the YSB 2.0
Type-C feceptacle, the USB 3.1 signals-are.not/implemented.

(b). Section 2.2, Text, Page 25

From [Text:
The folloyving USB Type-C receptacles-and plugs are defined.
USB Type-C receptacle for USB 2.0, USB 3.1 andfull-featured platforms and devices

+|USB Full-Featured Type-C plug Q)
+|USB 2.0 Type-C plug .
To Tekt: 3

The folloyving USB Type-C receptacles and plugs are defined.
USB Type-C Full-Featured receptacle for USB 2.0, USB 3.1 and full-featured platforms pnd
evices N
USB 2.0 Type=C-fegeptacle for USB 2.0 platforms and devices
USB Full-Featured Type-C plug
USB 2.0 TypexC plug

Qs

(c). Section 3.1.1, Text, Page 30
From [Text:

3.1.1 Compliant Connectors

o o o O

The USB Type-C™ specification defines the following standard connectors:
* USB Type-C receptacle
e USB Full-Featured Type-C plug
e USB 2.0 Type-C plug

To Text:

3.1.1 Compliant Connectors
The USB Type-C™ specification defines the following standard connectors:
* USB Type-C Full-Featured receptacle
* USB 2.0 Type-C receptacle
* USB Full-Featured Type-C plug
* USB 2.0 Type-C plug
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(d). Section 3.2.1, Item 10, Page 33
From Text:

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.

To Tekt:

10. This specification does not define standard footprints. Figure 3-4 shows an example SMT
(purface 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,
Higure 3-7, and-Figure 3-8, Figure 3-9, and Figure 3-10.

(
\
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(e). Section 3.2.1, Figure 3-8, Page 45

From Figure 3-8:
No change to Figure 3-8.

To: Add additional new Figure 3-9 and Figure 3-10 after Figure 3-8:

Figure 3-9 Reference Footprint for a USB 2.0 Type-C Through Hole Right Angle Receptacle
(Informative)
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