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Scope of this Revision
The 1.1 revision of the specification is intended for product design. Every attempt has been made to ensure a
consistent and implementable specification. Implementations should ensure compliance with this revision,

Revision History

November 11, 1994 Supersedes 0.6e.

December 30, 1994 Revisions to Chapters 3-8, 10, and 17. Added
appendixes.

 

April 13, 1995 Revisionsto all the chapters. 

August 25, 1995 Revisions to all the chapters.

November 13, 1995 Revisions to Chapters 1, 2, 5-11.

January 15, 1996 Edits to Chapters 5, 6, 7, 8, 9, 10, and 17 for
consistency.

 

 

September 23, 1998 Updatesto all chapters to fix problemsidentified.
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Chapter1
Introduction

1.1 Motivation

The motivation for the Universal Serial Bus (USB) comes from three interrelated considerations:

* Connection of the PC to the telephone
It is well understood that the merge of computing and communication will be the basis for the next
generation of productivity applications. The movement of machine-oriented and human-oriented data
types from onelocation or environment to another depends on ubiquitous and cheap connectivity.
Unfortunately, the computing and communication industries have evolved independently. The USB
provides a ubiquitous link that can be used across a wide range ofPC-to-telephone interconnects.

e Ease-of-use

The lack of flexibility in reconfiguring the PC has been acknowledged as the Achilles* heelto its
further deployment. The combination of user-friendly graphical interfaces and the hardware and
software mechanisms associated with new-generation bus architectures have made computers less
confrontational and easier to reconfigure, However, from the end user’s point of view, the PC’s I/O
interfaces, such as serial/parallel ports, keyboard/mouse/joystick interfaces, etc., do not have the
attributes of plug-and-play.

* Port expansion
The addition of external peripherals continues to be constrained by port availability. The lack ofa bi-
directional, low-cost, low-to-mid speed peripheral bus has held back the creative proliferation of
peripherals such as telephone/fax/modem adapters, answering machines, scanners, PDA’s, keyboards,
mice. etc. Existing interconnects are optimized for one or two point products. As each new function
or capability is added to the PC, a new interface has been defined to address this need.

The USBis the answer to connectivity for the PC architecture. It is a fast, bi-directional, isochronous,
low-cost, dynamically attachable serial interface that is consistent with the requirements of the PC
platform of today and tomorrow.

1.2 Objective of the Specification
This document defines an industry-standard USB. The specification describes the bus attributes, the
protocol definition, types of transactions, bus management, and the programming interface required to
design and build systems and peripherals that are compliant with this standard.

The goal is to enable such devices from different vendors to interoperate in an open architecture. The
specification is intended as an enhancementto the PC architecture, spanning portable, business desktop,
and home environments. It is intended that the specification allow system OEMs andperipheral developers
adequate room for product versatility and market differentiation without the burden of carrying obsolete
interfaces or losing compatibility.
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1.3 Scope of the Document
e Target audience

The specification is primarily targeted to peripheral developers and system OEMs,but provides
valuable information for platform operating system/ BIOS/ device driver, adapter IHVs/ISVs, and
platform/adapter controller vendors.

« Benefit

This version of the USB Specification can be used for planning new products, engineering an early
prototype, and preliminary software development. All final products are required to be compliant with
the USB Specification 1.1.

1.4 Document Organization
Chapters |] through 5 provide an overview forall readers, while Chapters 6 through 11 contain detailed
technical information defining the USB.

* Peripheral implementers should particularly read Chapters 5 through 11.

* USB Host Controller implementers should particularly read Chapters 5 through 8, 10, and 11,

* USBdevice driver implementers should particularly read Chapters 5, 9, and 10.

This document is complemented and referenced by the Universal Serial Bus Device Class Specifications.
Device class specifications exist for a wide variety of devices. Please contact the USB Implementers
Forum for further details.

Readers are also requested to contact operating system vendors for operating system bindings specific to
the USB.
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Chapter 2
Terms and Abbreviations

This chapter lists and defines terms and abbreviations used throughoutthis specification.

ACK

Active Device

Asynchronous Data

Asynchronous RA

Asynchronous SRC

Audio Device

Handshake packet indicating a positive acknowledgment.

A device that is powered andis not in the Suspendstate.

Data transferred at irregular intervals with relaxed latency requirements.

The incoming data rate, Fs,, and the outgoing data rate, Fs,, of the RA process

are independent(i.e., there is no shared master clock). See also Rate
Adaptation.

The incoming sample rate, Fs,, and outgoing sample rate, Fs,, of the SRC
process are independent(i.e., there is no shared master clock). See also
Sample Rate Conversion.

A device that sources or sinks sampled analog data.

AWG# The measurement ofa wire’s cross section, as defined by the American Wire
Gauge standard.

Babble Unexpected busactivity that persists beyond a specified point in a frame.

Bandwidth The amountofdata transmitted per unit of time, typically bits per second (b/s)
or bytes per second (B/s).

Big Endian A methodofstoring data that places the most significant byte of multiple-byte
values at a lower storage addresses. For example, a 16-bit integer stored in big
endian format places the least significant byte at the higher address and the
most significant byte at the lower address. See also Little Endian.

Bit A unit of information used by digital computers. Represents the smallest
plece of addressable memory within a computer. A bit expresses the choice
between twopossibilities and is typically represented by a logical one (1) or
zero (0).

Bit Stuffing Insertion of a “0”bit into a data stream to cause an electrical transition on the
data wires, allowing a PLL to remain locked.

b/s Transmission rate expressed in bits per second.

Bis Transmission rate expressed in bytes per second.

Buffer Storage used 1o compensate for a difference in data rates or time of occurrence
of events, when transmitting data from one device to another.

Bulk Transfer Oneof the four USB transfer types. Bulk transfers are non-periodic, large

Bus Enumeration

bursty communication typically used for a transfer that can use any available
bandwidth and can also be delayed until bandwidth is available. See also
Transfer Type.

Detecting and identifying USB devices,
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Byte

Capabilities

Characteristics

Client

Configuring
Software

Control Endpoint

Control Pipe

Control Transfer

CRC

cri

Cyclic Redundancy
Check (CRC)

Default Address

Default Pipe

Device

Device Address
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A data elementthat is eight bits in size.

Thoseattributes of a USB device that are administrated by the host.

Those qualities of a USB device that are unchangeable; for example, the
device class is a device characteristic,

Software resident on the host that interacts with the USB System Software to
arrange data transfer between a function and the host. The client is often the
data provider and consumer for transferred data.

Software resident on the host software that is responsible for configuring a
USB device. This may be a system configurator or softwarespecific to the
device.

A pair of device endpoints with the same endpoint numberthat are used by a
control pipe. Control endpoints transfer data in both directions and therefore
use both endpoint directions of a device address and endpoint number
combination. Thus, each control endpoint consumes two endpoint addresses.

Same as a message pipe.

One ofthe four USB transfer types. Control transfers support
configuration/command/status type communications between client and
function. See also Transfer Type.

See Cyclic Redundancy Check.

Computer Telephony Integration.

A check performed on data to see if an error has occurred in transmitting,
reading, or writing the data. The result of a CRC is typically stored or
transmitted with the checked data. The stored or transmitted result is

compared to a CRC calculated for the data to determineif an error has
occurred,

An address defined by the USB Specification and used by a USB device when
it is first powered or reset. The default address is OOH,

The message pipe created by the USB System Software to pass control and
status information between the host and a USB device’s endpoint zero.

A logical or physical entity that performs a function, The actual entity
described depends on the contextof the reference. At the lowestlevel, device
mayrefer to a single hardware component, as ina memory device. Ata
higherlevel, it may refer to a collection ofhardware components that perform
a particular function, such as a USBinterface device. At an even higher level.
device may refer to the function performed by an entity attached to the USB;
for example, a data/PAX modem device. Devices may be physical, electrical,
addressable, and logical.

When used as a non-specific reference, a USB device is either a hub ora
function.

A seven-bit value representing the address of a device on the USB. The
device address is the default address (00H) when the USB deviceIsfirst
powered or the device is reset. Devices are assigned a unique device address
by the USB System Software.
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EOF
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External Port

False EOP
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A uniquely addressable portion of a USB device that is the source or sink of
information in a communication flow between the host and device. See also

Endpoint Address.

Resources provided by UB devices. such as buffer space and endpoints. See
also Host Resources and Universal Serial Bus Resources.

Software that is responsible for using a USB device. This software may or
may not also be responsible for configuring the device for use.

The direction of data flow from the host or away from the hosi. A
downsiream port is the port on a hubelectrically farthest from the host that
generates downstream data traffic from the hub, Downstream ports receive
upstream datatraffic.

Whenreferring to hardware, an I/O pad that drives an external load. When
referring to software, a program responsible for interfacing to a hardware
device; that is. a device driver.

Double word. A data element that is two words(i.e., four byies or 32 bits) in
size.

Theability to attach and remove devices while the hostis in operation.

See Electrically Erasable Programmable Read Only Memory.

See Electrically Erasable Programmable Read Only Memory.

Non-volatile rewritable memory storage technology.

The user ofa host.

See Device Endpoint.

The combination of an endpoint number and an endpoint direction on a USB
device. Each endpoint address supports datatransfer in one direction.

The direction ofdata transfer on the USB. Thedirection can be either IN or

OUT. IN refers to transfers to the host; OUT refers to transfers from the host.

A four-bit value between 0H and FH,inclusive, associated with an endpoint
on a USB device.

End-of-Frame.

End-of-Packet.

See Port.

A spurious, usually noise-induced eventthat is interpreted by a packet receiver
as an EOP.

The time from the start of one SOF token tothestart of the subsequent SOF
token; consists of a Series of transactions.
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Full-duplex
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Handshake Packet
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Host Controller

Driver (HCD)
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Hub Tier

Interrupt Request
(IRQ)
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IRP

IRQ

Isochronous Data

Isochronous Device
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Endpoint

Isochronous Source

Endpoint

TIsochronous

Transfer
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A sequence of framesthat exhibit a repeating pattern in the number of samples
transmitted per frame. For a 44.1kHz audio transfer, the frame pattern could
be nine frames containing 44 samples followed by one frame containing 45
samples.

See Sample Rate.

Computer data transmission occurring in both directions simultaneously.

A USB device that provides a capability to the host, such as an ISDN
connection, a digital microphone, or speakers.

A packet that acknowledges or rejects a specific condition. For examples, see
ACK and NAK.

The host computer system where the USB Host Controlleris installed. This
includes the host hardware platform (CPU, bus, etc.) and the operating system
in use.

The host's USB interface.

The USB software layer that abstracts the Host Controller hardware. The Host
Controller Driver provides an SPI for interaction with a Host Controller. The
Host Controller Driver hides the specifics of the Most Controller hardware
implementation.

Resources provided by the host, such as buffer space and interrupts. See also
Device Resources and Universal Serial Bus Resources.

A USBdevicethat provides additional connections to the USB.

The level of connect within a USB network topology, given as the number of
hubs through which the data has to flow.

A hardware signal that allows a device to requestattention from a host. The
host typically invokes an interrupt service routine to handle the condition that
caused the request.

One ofthe four USB transfer types. Interrupt transfer characteristics are small
data, non-periodic, low-frequency, and bounded-latency. Interrupt transfers
are lypically used io handle service needs. See also Transfer Type.

An identifiable request by a software client to move data betweenitself (on the
host) and an endpoint of a device in an appropriate direction,

See I/O Request Packet.

See Interrupt Request.

A stream of data whose timing is implied by its delivery rate.

An entity with isochronous endpoints, as defined in the USB Specification,
that sources or sinks sampled analog streams or synchronous data streams.

An endpoint that is capable of consuming an isochronousdata stream that is
sent by the host.

An endpoint that is capable of producing an isochronous data stream and
sending it to the host.

One of the four USB transfer types. Isochronous transfers are used when
working with isochronous data. lsochronous transfers provide periodic.
continuous communication between host and device. See also Transfer Type.
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A tendency toward lack of synchronization caused by mechanicalor electrical
changes. More specifically, the phase shifi of digital pulses over a
iransmission medium.

Transmission rate expressed in kilobits per second.

Transmission rate expressed in kilobytes per second.

Methodofstoring data that places the least significant byte of multiple-byte
values at lower storage addresses, For example, a 16-bit integer stored inlittle
endian format placesthe least significant byte at the lower address and the
most significant byte at the next address. See also Big Endian.

Loss of bus activity characterized by an SOP without a corresponding EOP.

Least significantbit.

Least significant byte.

Transmission rate expressed in megabits per second.

Transmission rate expressed in megabytes per second.

A bi-directional pipe that transfers data using a request/data/status paradigm.
The data has an imposedstructure that allows requests to bereliably identified
and communicated.

Most significantbit.

Most significant byte.

Handshake packet indicating a negative acknowledgment.

A method of encoding serial data in which ones and zeroes are represented by
opposite andalternating high and low voltages where there is no return to zero
(reference) voltage between encodedbits. Eliminates the need for clock
pulses.

See Non Reiurn to Zero Invert.

Host software or data siructure representing a USB entity.

A bundle of data organized in a group for transmission. Packets typically
contain three elements: control information (e.g., source, destination, and
length), the data to be transferred, and error detection and correctionbits.

The logical buffer used by a USB device for sending or receiving a single
packet. This determines the maximum packetsize the device can send or
receive.

A field in a USB packet that indicates the type of packet, and by inference, the
format of the packet and the type oferror detection applied to the packet.

A token, data, or handshake packet: a transaction has three phases.

A circuit that acts as a phase detector to keep an oscillator in phase with an
incoming frequency.

A device thal has a physical implementation; e.g., speakers, microphones, and
CD players.

See Packet [D.
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A logical abstraction representing the association between an endpoint on a
device and software on the host. A pipe has severalattributes; for example, a
pipe may transfer data as streams (stream pipe) or messages (messagepipe).
See also Stream Pipe and MessagePipe.

See Phase Locked Loop.

Asking multiple devices, one at a time, if they have any data to transmit.

See Power On Reset.

Point of access to or from a system or circuit. For the USB, the point where a
USB deviceis attached.

Restoring a storage device, register, or memory toa predetermined state when
poweris applied.

Ether a fixed data rate (single-frequency endpoints), a limited numberofdata
rates (32kHz, 44. 1kHz, 48kHz, ...), or a continuously programmable data rate.
The exact programming capabilities of an endpoint must be reported in the
appropriate class-specific endpoint descriptors.

A specific set ofrules, procedures, or conventions relating to format and
timing of data transmission between two devices.

See Rate Adaptation,

The process by which an incoming data stream, sampled ai Fs,. is converted to

an outgoing data stream, sampled at Fs,.with a certain loss of quality,
determined by the rate adaptation algorithm. Error control mechanismsare
required for the process. Fs, and Fs, can be different and asynchronous. Fs, is
the input data rate of the RA;Fs, is the output data rate of the RA,

A request made to a USB device contained within the data portion of a SETUP
packet.

The action of completing service for a transfer and notifying the appropriate
software client of the completion.

A USB hubdirectly attached to the Host Controller. This hub is attached to
the host(tier 0).

The downstream port on a Root Hub.

The smallest unit of data on which an endpoint operates: a property of an
endpoint.

The number of samples per second, expressed in Hertz (Hz).

A dedicated implementation of the RA process for use on sampled analog data
streams. The error control mechanism is replaced by interpolating techniques.

A procedure provided by a System ProgrammingInterface (SPI).

The period between consecutive requests to a USB endpoint to send or receive
data,

The deviation of service delivery from its scheduled delivery time.

The numberofservices to a given endpointper unit time.

See Start-of-Frame.

Start-of-Packet.
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See System ProgrammingInterface.

See Sample Rate Conversion.

Onepart of the sequence composing a control transfer: stages include the
Setup stage, the Data stage, and the Status stage.

The first transaction in each frame, An SOF allows endpoints to identify the
start of the frame and synchronizeinternal endpointclocks to the host.

A pipe that transfers data as a stream of samples with no defined USB
structure.

A classification that characterizes an isochronous endpoint’s capability to
connectto other isochronous endpoints.

The incoming data rate, Fs,, and the outgoing data rate, Fs,, ofthe RA process

are derived from the same master clock. There is a fixed relation between Fs,
and Fs,.

The incoming sample rate, Fs,, and outgoing samplerate, Fs,, of the SRC

process are derived from the same master clock. There is a fixed relation
between Fs; and Fs,.

A defined interface to services provided by system software.

See Time Division Multiplexing.

Passive components attached at the end of cables to prevent signals from being
reflected or echoed.

A method oftransmitting multiple signals (data, voice, and/or video)
simultaneously over one communications medium byinterleaving a piece of
each signal one after another.

The detection of a lack of bus activity for some predetermined interval.

A type ofpacket that identifies what transaction is to be performed on the bus.

The delivery of service to an endpoint; consists of a token packet, optional
data packet, and optional handshake packet. Specific packets are
allowed/required based on the transaction type.

One or more bus transactions to move information between a software client

and its function.

Determines the characteristics of the data flow between a software client and

its function. Four transfer types are defined: control, interrupt, bulk, and
isochronous.

The time a device needs to wait to begin transmitting a packet after a packet
has been received to prevent collisions on the USB. This time is based on the
length and propagation delay characteristics of the cable and the location of
the transmitting device in relation to other devices on the USB.

See Universal Serial Bus Driver.

The host resident software entity responsible for providing commonservices
to clients that are manipulating one or more functions on one or more Tost
Controllers.
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Virtual Device
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Resources provided by the USB, such as bandwidth and power. See also
Device Resources and Host Resources

The direction of data flaw towards the host. An upstream port is the port on a
device electrically closest to the host that generates upstream data traffic from
the hub. Upstream ports receive downstream data traffic,

A devicethat is represented by a software interface layer. An example of a
virtual device is a hard disk with its associated device driver and client

software that makes it able to reproduce an audio .WAY file.

A data elementthat is two bytes (16 bits) in size.
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Chapter 3
Background

This chapter presents a brief description of the background of the Universal Serial Bus (USB), including
design goals, features ofthe bus, and existing technologies.

3.1 Goals for the Universal Serial Bus

The USBis specified to be an industry-standard extension to the PC architecture with a focus on Computer
Telephony Integration (CTI), consumer, and productivity applications. The following criteria were applied
in defining the architecture for the USB:

e Ease-of-use for PC peripheral! expansion

* Low-cost solution that supports transfer rates up to 12Mb/s

* Full support for real-time data for voice, audio, and compressed video

e Protocol flexibility for mixed-mode isochronous data transfers and asynchronous messaging

e« Integration in commodity device technology

* Comprehension of various PC configurations and form factors

« Provision of a standard interface capable of quick diffusion into product

* Enablement of new classes of devices that augment the PC’s capability.
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3.2 Taxonomy of Application Space
Figure 3-1 describes a taxonomyfor the range of dalatraffic workloads that can be serviced over a USB.
As can be seen, a 12Mb/s bus comprehends the mid-speed and low-speed data ranges. Typically, mid-
speed data types are isochronous, while low-speed data comesfrom interactive devices. The USB being
proposedis primarily a desktop bus but can be readily applied to the mobile environment. The software
architecture allows for future extension of the USB by providing support for multiple USB Host
Controllers.

PERFORMANCE APPLICATIONS ATTRIBUTES

HIGH-SPEED High Bandwidth

* Video, Disk Guaranteed Latency
* 25 - 500Mb/s EREeae.

 
 

Figure 3-1. Application Space Taxonomy

3.3. Feature List

The USB Specification provides a selection ofattributes that can achieve multiple price/performance
integration pointsi and can enable functionsthat allow differentiation at the system and componentlevel.
Features are categorized by the following benefits:

Easy to use for end user

* Single model for cabling and connectors

* Electrical details isolated from end user (e.g., bus terminations)

«  Self-identifying peripherals, automatic mapping of function to driver, and configuration

* Dynamically attachable and reconfigurable peripherals

12
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Wide range of workloads and applications

e Suitable for device bandwidths ranging from a few kb/s to several Mb/s

* Supports isochronous as well as asynchronoustransfer types over the same set of wires

* Supports concurrent operation of many devices (multiple connections)

* Supports up to 127 physical devices

* Supports transfer of multiple data and message streams between the host and devices

« Allows compound devices(i.c., peripherals composed of many functions)

* Lowerprotocol overhead, resulting in high bus utilization

Isochronous bandwidth

* Guaranteed bandwidth and low latencies appropriate for telephony, audio, etc.

« Jsochronous workload may use entire bus bandwidth

Flexibility

« Supports a wide range of packet sizes, which allows a range of device buffering options

e« Allows a wide range of device data rates by accommodating packet buffer size and latencies

e Flow controlfor buffer handling is built into the protocol

Robustness

e Error handling/fault recovery mechanismis built into the protocol

« Dynamic insertion and removal of devicesis identified in user-perceived real-time

* Supports identification of faulty devices

Synergy with PC industry

* Protocol is simple to implementand integrate

* Consistent with the PC plug-and-play architecture

« Leverages existing operating system interfaces

Low-cost implementation

« Low-cost subchannel at ],5Mb/s

* Optimized for integration in peripheral and host hardware

e Suitable for development of low-cost peripherals

« Low-cost cables and connectors

e Uses commodity technologies

Upgrade path

e Architecture upgradeable to support multiple USB Host Controllers in a system

13
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Chapter 4
Architectural Overview

This chapter presents an overview of the Universal Serial Bus (USB) architecture and key concepts. The
USB is a cable bus that supports data exchange between a host computer and a wide range of
simultaneously accessible peripherals. The attached peripherals share USB bandwidth through a host-
scheduled, token-based protocol, The bus allows peripherals to be attached, configured, used, and
detached while the host and other peripherals are in operation.

Later chapters describe the various components of the USB in greater detail.

4.1 USB System Description
A USBsystem is described by three definitionalareas:

« USB interconnect

« USB devices

* USBhost.

The USB interconnect is the manner in which USB devices are connected to and communicate with the

host. This includes the following;

« Bus Topology: Connection model between USB devices and the host.

* Inter-layer Relationships: In terms of a capability stack, the USB tasks that are performed at each
layer in the system.

* Data Flow Models: The manner in which data moves in the system over the USB between producers
and consumers.

* USB Schedule: The USB provides a shared interconnect. Accessto the interconnect is scheduled in
order to support isochronousdatatransfers and to eliminate arbitration overhead.

USB devices and the USB host are described in detail in subsequent sections.
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4.1.1 Bus Topology
The USB connects USB devices with the USB host. The USB physical interconnectis a tiered star
topology. A hubis al the center of each star, Each wire segmentis 4 point-to-point connection between
the host and a hub or function, or a hub connected to another hub or function. Figure 4-1 illustrates the
topology of the USB.

 
Figure 4-1. Bus Topology

4.1.1.1 USB Host

There is only one host in any USB system. The USB interface to the host computer system is referred to as
the Host Controller. The Host Controller may be implemented in a combination of hardware, firmware, or
software. A root hubis integrated within the host system to provide one or more attachment points.

Additional information concerning the host may be found in Section 4.9 and in Chapter 10.

4.1.1.2 USB Devices

USB devices are one of the following:

* Hubs, which provide additional attachment points to the USB

« Functions, which provide capabilities to the system, such as an ISDN connection, a digital joystick, or
speakers.
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USB devices present a standard USBinterface in terms of the following:

« Their comprehension of the USB protocol

e Their response to standard USB operations, such as configuration and reset

« Their standard capability descriptive information.

Additional information concerning USB devices may be found in Section 4.8 and in Chapter 9,

4.2 Physical Interface
The physical interface ofthe USB is described in the electrical (Chapter 7) and mechanical (Chapter 6)
specifications for the bus.

4.2.1 Electrical

The USBtransfers signal and power over a four-wire cable, shown in Figure 4-2. The signaling occurs
over two wires on each point-to-point segment.

There are two data rates:

* The USB full-speed signaling bit rate is 12Mb/s.

« A limited capability low-speed signaling modeis also defined at 1.5Mb/s.

The low-speed mode requires less EMI protection. Both modes can be supported in the same USB bus by
automatic dynamic mode switching between transfers. The low-speed modeis defined to support a limited
number of low-bandwidth devices, such as mice, because more general use would degrade busutilization.

The clock is transmitted, encoded along with the differential data. The clock encoding scheme is NRZI
with bit stuffing to ensure adequate transitions. A SYNCfield precedes each packetto allow the
receiver(s) to synchronize their bit recovery clocks.

 
Figure 4-2. USB Cable

The cable also carries VBUS and GND wires on each segmentto deliver power ta devices. VBUS is
nominally +5V at the source. The USB allows cable segments of variable lengths. up to several meters, by
choosing the appropriate conductor gauge to match the specified IR drop andotherattributes such as
device power budget and cable flexibility. In order 1o provide guaranteed input voltage levels and proper
termination impedance, biased terminations are used at each end ofthe cable. The terminations also permit
the detection of attach and detach at each port and differentiate between full-speed and low-speed devices.

4.2.2 Mechanical

The mechanical specifications for cables and connectors are provided in Chapter 6. Al) devices have an
upstream connection. Upstream and downstream connectors are not mechanically interchangeable, thus
eliminating illegal loopback connections at hubs. The cable has four conductors: a twisted signal pair of
standard gauge and a powerpair in a range of permitted gauges. The connector is four-position, with
shielded housing, specified robustness, and ease of attach-detach characteristics.
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4.3 Power

The specification covers two aspects of power:

* Powerdistribution over the USB deals with the issues of how USB devices consume powerprovided
by the host over the USB.

* Power managementdeals with how the USB System Software and devicesfit into the host-based

power management system.

4.3.1 Power Distribution

Each USB segment provides a limited amount of power over the cable. The host supplies powerfor use by
USB devices that are directly connected. In addition, any USB device may have its own powersupply.
USB devices that rely totally on power from the cable are called bus-powered devices. In contrast, those
that have an alternate source of powerare called self-powered devices. A hub also supplies powerforits
connected USB devices. The architecture permits bus-powered hubs within certain constraints of topology
that are discussed later in Chapter 11. In Figure 4-4 (see Section 4.8.2.1), the keyboard, pen, and mouse
can all be bus-powered devices.

4.3.2 Power Management

A USBhost may have a power managementsystem that is independent of the USB. The USB System
Software interacts with the host’s power management system to handle system power events such as
suspend or resume, Additionally, USB devices typically implement additional power managementfeatures
that allow them to be power managed by system software.

The powerdistribution and power managementfeatures of the USB allow it to be designed into power-
sensitive systems such as battery-based notebook computers.

4.4 Bus Protocol

18

The USBis a polled bus. The Host Controller initiates all data transfers.

All bus transactions invalve the transmission of up to three packets. Each transaction begins when the Host
Controller, on a scheduled basis, sends a USB packet describing the type and direction of transaction, the
USB device address, and endpoint number. This packetis referred to as the “token packet.” The USB
device that is addressed selects itself by decoding the appropriate address fields. In a given transaction,
data is transferred either from the host to a device or from a device to the host. The direction of data

transfer is specified in the token packet. The source of the transaction then sends a data packetor indicates
it has no data to transfer. The destination, in general, responds with a handshake packet indicating whether
the transfer was successful.

The USB data transfer model between a source or destination on the host and an endpoint on a devicets
referred to as a pipe. There are two types of pipes: stream and message. Stream data has no USB-defined
structure, while message data does. Additionally, pipes have associations of data bandwidth, transfer
service type, and endpoint characteristics like directionality and buffer sizes, Most pipes comeinto
existence when a USB device is configured. One message pipe, the Default Control Pipe. always exists
once a device is powered, in order to provide access to the device’s configuration, status. and control
information.

The transaction schedule allows flow control for some stream pipes. At the hardwarelevel, this prevents
buffers from underrun or overrun situations by using a NAK handshaketo throttle the data rate. When
NAKed,a transactionis retried when bus time is available. The flow contro! mechanism permits the
construction of flexible schedules that accommodate concurrent servicing of a heterogeneous mix ofstream
pipes. Thus, multiple stream pipes can be serviced atdifferent intervals and with packets ofdifferent sizes.
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4.5 Robustness

There are several attributes of the USBthat contribute to its robustness:

* Signal integrity using differential drivers, receivers, and shielding

* CRCprotection over control and data fields

* Detection of attach and detach and system-level configuration of resources

e Self-recovery in protocol, using timeouts for lost or corrupted packets

* Flow control for streaming data to ensure isochrony and hardware buffer management

* Data and control pipe constructs for ensuring independence from adverse interactions between
functions.

4.5.1 Error Detection

The corebit error rate of the USB medium is expected to be close to that of a backplane and any glitches
will very likely be transient in nature. To provide protection against such transients, each packet includes
error protection fields. When data integrity is required, such as with lossless data devices, an error
recovery procedure may be invoked in hardware or software.

The protocol includes separate CRCs for contro] and data fields of each packet. A failed CRC is
considered to indicate a corrupted packet. The CRC gives 100% coverage on single- and double-bit errors.

4.5.2 Error Handling
The protocol allows for error handling in hardware or software. Hardware error handling includes
reporting and retry of failed transfers. A USB Host Controller will try a transmission that encounters errors
up to three times before informing the client software of the failure. The client software can recover in an
implementation-specific way.

4.6 System Configuration

The USB supports USB devices attaching to and detaching from the USB at any time. Consequently,
system software must accommodate dynamic changes in the physical bus topology.

4.6.1 Attachment of USB Devices

All USB devices attach to the USB through ports on specialized USB devices known as hubs. Hubs have
status indicators that indicate the attachment or removal of a USB device on oneofits ports. The host
queries the hub to retrieve these indicators In the case of an attachment, the host enables the port and
addresses the USB device through the device’s control pipe at the default address.

The host assigns a unique USB address the to the device and then determinesif the newly attached USB
device is a hub or a function The host establishes its end of the control pipe for the USB device using the
assigned USB address and endpoint numberzero.

If the attached USB device is a hub and USB devices are attached to its ports, then the above procedure is
followed for each of the attached USB devices.

If the attached USB deviceis a function, then attachmentnotifications will be handled by host software that
is appropriate for the function.
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4.6.2 Removal of USB Devices

When a USB device has been removed from one of a hub’sports, the hub disables the port and provides an
indication of device removal to the host The removal indication is then handled by appropriate USB
System Software. [f the removed USB device is a hub, the USB System Software must handle the removal
of both the hub and of all of the LISB devices that were previously attached to the system through the hub.

4.6.3 Bus Enumeration

Bus enumeration is the activity that identifies and assigns unique addresses to devices attached to a bus.
Because the USB allows USBdevicesto attach to or detach from the USB at any time, bus enumeration is
an on-going activity for the USB System Software. Additionally, bus enumeration for the USB also
includes the detection and processing of remoyals.

4.7 Data Flow Types
The USB supports functional data and control exchange between the USB host and a USB deviceas a set
of either uni-directional or bi-directional pipes. USB data transfers take place between host software and a
particular endpoint on a USB device. Such associations between the host software and a USB device
endpointare called pipes. In general, data movement though one pipe is independent from the data flow in
any other pipe. A given USB device may have many pipes. As an example, a given USB device could
have an endpoint that supports a pipe for transporting data to the USB device and another endpointthat
supports a pipe for transporting data from the USB device.

The USB architecture comprehends four basic types of data transfers:

* Control Transfers: Used to configure a device at attach time and can be used for other device-specific
purposes, including control of other pipes on the device.

* Bulk Data Transfers: Generated or consumedin relatively large and bursty quantities and have wide
dynamic latitude in transmission constraints.

« Interrupt Data Transfers: Used for characters or coordinates with human-perceptible echo or feedback
response characteristics.

* Jsochronous Data Transfers: Occupy a prenegotiated amount of USB bandwidth with a prenegotiated
delivery latency. (Also called streaming real time transfers).

A pipe supports only one of the types of transfers described above for any given device configuration. The
USB data flow model is described in more detail in Chapter 5.

4.7.1 Control Transfers

Contro! data is used by the USB System Software to configure devices when they are first attached. Other
driver software can choose to use control transfers in implementation-specific ways. Data delivery is
lossless.

4.7.2 Bulk Transfers

Bulk data typically consists of larger amounts of data, such as that used for printers or scanners. Bulk data
is sequential. Reliable exchange of data is ensured at the hardware level by using error detection in
hardware and invoking a limited numberof retries in hardware. Also, the bandwidth taken up by bulk data
can vary, depending on other bus activilies-
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4.7.3 Interrupt Transfers
A small, limited-latency transfer to or from a device is referred to as interrupt data. Such data may be
presented for transfer by a device at any time and is delivered by the USBat a rate no slowerthan is
specified by the device.

Interrupt data typically consists of event notification, characters, or coordinates that are organized as one or
more bytes. An example of interrupt data is the coordinates from a pointing device. Although an explicit
timing rate is not required, interactive data may have response time boundsthat the USB must support.

4.7.4 lsochronous Transfers

Isochronous data is continuous and real-time in creation, delivery, and consumption. Timing-related
information is implied by the steady rate at which isochronous data is received and transferred.
Isochronous data must be delivered at the rate received to maintain its timing. In addition to delivery rate,
isochronous data may alsobe sensitive to delivery delays. For isochronous pipes, the bandwidth required
is typically based upon the sampling characteristics of the associated function. The latency requiredis
related to the buffering available at each endpoint.

A typical example of isochronous data is voice. If the delivery rate of these data streams is not maintained,
drop-outs in the data stream will occur due to buffer or frame underruns or overruns. Evenif data is
delivered at the appropriate rate by USB hardware, delivery delays introduced by software may degrade
applications requiring real-time turn-around, such as telephony-based audio conferencing.

The timely delivery of isochronous data is ensured at the expense of potential transient losses in the data
stream. In other words, any error in electrical transmission is not corrected by hardware mechanisms such
as retries. In practice, the core bit error rate of the USB is expected to be small enough not to be an issue.
USB isochronousdata streams are allocated a dedicated portion of USB bandwidth to ensure that data can
be delivered at the desired rate. The USBis also designed for minimal delay of isochronous data transfers.

4.7.5 Allocating USB Bandwidth
USB bandwidth is allocated among pipes. The USB allocates bandwidth for some pipes when a pipeis
established. USB devices are required to provide some buffering of data. It is assumed that USB devices
requiring more bandwidth are capable of providing larger buffers. The goal for the USB architecture is to
ensure that buffering-induced hardware delay is bounded to within a few milliseconds.

The USB’s bandwidth capacity can be allocated among manydifferent data streams. This allows a wide
range of devices to be attached to the USB. For example, telephony devices ranging from 1BtD all the
way up to T] capacity can be accommodated. Further, different device bit rates, with a wide dynamic
range, can be concurrently supported.

The USB Specification defines the rules for how each transfer type is allowed access to the bus.

4.8 USB Devices

USB devices are divided into device classes such as hub,locator, or text device. The hub device class

indicates a specially designated USB device that provides additional USB attachment points (refer to
Chapter 11). USB devices are required to carry information for self-identification and generic
configuration. They are also requiredat all times to display behavior consistent with defined USB device
states.

4.8.1 Device Characterizations

All USB devices are accessed by a USB address that is assigned when the deviceis attached and
enumerated. Fach USB device additionally supports one or more pipes through which the host may
communicate with the device. All USB devices must support a specially designated pipe at endpoint zero
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to which the USB device’s USB contro] pipe will be attached. All USB devices support a common
accesses mechanism for accessing information through this contra] pipe.

Associated with the control pipe at endpoint zerois the information required to completely describe the
USB device. This information falls into the following categories:

* Standard: Thisis information whose definition is commonto all USB devices and includes items such

as vendoridentification, device class, and power management. Device, configuration, interface, and
endpoint descriptions carry configuration-related information aboutthe device. Detailed information
about these descriptors can be found in Chapter 9.

® Class: The definition of this information varies, depending on the device class of the USB device.

* USB Vendor: The vendor of the USB device is free to put any information desired here. The format,
however, is not determined by this specification.

Additionally, each USB device carries USB control and status information.

4.8.2 Device Descriptions

Two major divisions of device classes exist: hubs and functions, Only hubs havethe ability to provide
additional USB attachment points. Functions provide additional capabilities to the host.

4.8.2.1 Hubs

Hubs are a key elementin the plug-and-play architecture of the USB. Figure 4-3 shows.atypical hub.
Hubssetve to simplify USB connectivity from the user’s perspective and provide robustness at low cost
and complexity.

Hubsare wiring concentrators and enable the multiple attachment characteristics of the USB. Attachment
points are referred to as ports. Each hub converts a single attachment point into multiple attachmentpoints.
The architecture supports concatenation of multiple hubs.

The upstream port of a hub connects the hub towards the host. Each of the downstream ports of a hub
allows connection to another hub or function. Hubs can detect attach and detach at each downstream port
and enable the distribution of power to downstream devices. Each downstream port can be individually
enabled and attached to either full- or low-speed devices. The hub isolates low-speed ports from full-speed
signaling.

A hub consists of two portions: the Hub Controller and the Hub Repeater. The Hub Repeater is a
protocol-controlled switch between the upstream port and downstream ports. It also has hardware support
for reset and suspend/resumesignaling. The Host Controller provides the interface registers to allow
communication to/from the host. Hub-specific status and control commands permit the host to configure a
hub and to monitor and controlits ports.

  

 
Port Port Port
#1 #2

Figure 4-3. A Typical Hub
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Figure 4-4 illustrates how hubs provide connectivity in a typical computer environment,

TYPICAL USB ARCHITECTURAL

CONFIGURATION

Hub/Function Hub/Function Host/Hub

eresSeScie

Function Function Function Function Function

 
Figure 4-4. Hubs in a Desktop Computer Environment

4.8.2.2 Functions

A function is a USB device that is able to transmit or receive data or control information over the bus. A

functionis typically implemented as a separate peripheral device with a cable that plugs into a port on a
hub. However, a physical package may implement multiple functions and an embedded hub with a single
USB cable. This is known as a compound device. A compound device appears to the host as a hub with
one or more non-removable USB devices.

Each function contains configuration informationthat describes its capabilities and resource requirements.
Before a function can be used. it must be configured by the host. This configuration includesallocating
USB bandwidth and selecting funclion-specific configuration options.

Examples of functions include the following:

* A locator device such as a mouse,tablet, or light pen

® An input device such as a keyboard
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An output device such as a printer

A telephony adapter such as ISDN,

4.9 USB Host: Hardware and Software

The USB host interacts with USB devices through the Host Controller. The host is responsible for the
following:

Detecting the attachment and removal of USB devices

Managing control flow betweenthe host and USB devices

Managing data flow between the host and USB devices

Collecting status and activity statistics

Providing powerto attached USB devices.

The USB System Software on the host manages interactions between USB devices and host-based device
software. There are five areas ofinteractions between the USB System Software and device software:

Device enumeration and configuration

Isochronous data transfers

Asynchronousdata transfers

Power management

Device and bus management information.

Wheneverpossible, the USB System Software uses existing host system interfaces to manage the above
interactions,

4.10 Architectural Extensions

The USB architecture comprehends extensibility at the interface between the Host Controller Driver and
USB Driver. Implementations with multiple Host Controllers, and associated Host Controller Drivers, are
possible.
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Chapter 5
USB Data Flow Model

This chapter presents information about how data is moyed across the USB. The informationin this
chapteraffects all implementers. The information presented is at a level above the signaling and protocol
definitions of the system. Consult Chapter 7 and Chapter 8 for more details about their respective parts of
the USB system. This chapter provides framework information that is further expanded in Chapters 9
through 11. All implementers should read this chapter so they understand the key concepts of the USB.

5.1 Implementer Viewpoints
The USB provides communication services between a host and attached USB devices. However, the
simple view an end user sees of attaching one or more USBdevicesto a host. as in Figure 5-1, is in fact a
little more complicated to implement than is indicated by the figure. Different views of the system are
required to explain specific USB requirements from the perspective ofdifferent implementers. Several
important concepts and features must be supported to provide the end user with the reliable operation
demanded from today’s personal computers. The USB is presented in a layered fashion to ease explanation
and allow implementers of particular USB products to focus on the details related to their product.

USB Host USB Device 
Figure 5-1. Simple USB Host/Device View

Figure 5-2 shows a deeper overview ofthe USB.identifying thedifferent layers of the system that will be
described in more detail in the remainder of the specification. In particular, there are four focus
implementation areas:

e USB Physical Device: A piece of hardware on the end of a USB cable that performs some useful end
user function.

* Client Software: Software that executes on the host, corresponding to a USB device. This client
software is typically supplied with the operating system or provided along with the USB device.

e USB System Software: Software that supports the USB inaparticular operating system. The USB
System Softwareis typically supplied with the operating system, independently of particular USB
devices or client software.

e USB Host Controller (Host Side Bus Interface): The hardware and software that allows USB devices
to be attached to a host.

There are shared rights and responsibilities between the four USB system components. The remainder of
this specification describes the details required to support robust, reliable communication flows between a
function andits client.
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| Implementation Focus Area
Figure 5-2. USB Implementation Areas

As Shownin Figure 5-2, the simple connection of a host to a device requires interaction between a number
of layers and entities. The USB BusInterface layer provides physical/signaling/packet connectivity
between the host and a device. The USB Device Layeris the view the USB System Software has for
performing generic USB operations with a device. The Function Layer provides additional capabilities to
the host via an appropriate matched client software layer. The USB Device and Function layers each have
a view of logical communication within their layer that actually uses the USB Bus Interface Layer to
accomplish data transfer.

The physical view of USB communication as described in Chapters 6, 7, and 8 is related to the logical
communication view presented in Chapters 9 and 10, This chapter describes those key concepts that affect
USB implementers and should be read by all before proceeding to the remainderof the specification to find
those details most relevant to their product.

To describe and manage USB communication, the following concepts are important:

* Bus Topology: Section 5.2 presents the primary physical and logical components of the USB and how
they interrelate.

« Communication Flow Models: Sections 5,3 through 5.8 describe how communication flows between
the host and devices through the USB and defines the four USBtransfer types.

* Bus Access Management: Section 5.9 describes how bus access is managed within the host to support
a broad range of communication flows by USB devices.

* Special Consideration for Isochronous Transfers: Section 5.10 presents features of the USB specific to
devices requiring isochronous data transfers. Device implementers for non-isochronous devices do not
need to read Section 5.10.
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There are four main parts to USB topology:

5.2.1

Host and Devices: The primary components of a USB system.

Physical Topology: How USB elements are connected.

Logical Topology: The roles and responsibilities of the various USB elements and how the USB
appears from the perspective ofthe host and a device.

Client Software-to-function Relationships: How client software and its related function interfaces on a
USB device view each other,

USB Host

The host’s logical composition is shown in Figure 5-3, and includes the following:

USBHost Controller

Aggregate USB System Software (USB Driver, Host Controller Driver, and host sofiware)

Client.

 
 

 

 
 

+65 aE se
TeeSieeemoma

USB System SW

 
 

USB Host
Controller 
 

> acti) communications flow

~<a Logical communications flow

Figure §-3. Host Composition

The USBhast occupies a unique position as the coordinating entity for the USB. In additionto its special
physical position, the host has specific responsibilities with regard to the USB andits attached devices.
The host controls all access to the USB. A USB device gains accessto the bus only by being granted
access by the host. The host is also responsible for monitoring the topology of the USB.

For a complete discussion of the host and its duties, refer to Chapter 10,
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5.2.2 USB Devices

A USB physical device’s logical composition is shown in Figure 5-4, and includes the following:

e USB bus interface

* USBlogical device

® Function.

USB physical devices provide additional functionality to the host. The types of functionality provided by
USB devices vary widely. However, all USB logical devices present the same basic interface to the host.
This allows the host to manage the USB-relevant aspects of different USB devices in the same manner.

To assist the host in identifying and configuring USB devices, each device carries and reports
configuration-related information. Some of the information reported is common amongall logical devices.
Other information is specific to the functionality provided by the device. The detailed format of this
information varies, depending on the device class of the device.

For a complete discussion of USB devices, refer to Chapter9.

Physical Device

|
 

 
 
 

AG Function

USB Logical
Device

 Sa

USB Bus
Interface

Sr acttal communications flow

-RTE Logical communications flow

Figure 5-4. Physical Device Composition
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5.2.3 Physical Bus Topology

Devices on the USB are physically connected to the host via a tiered star lopology, as illustrated in
Figure 5-5. USB attachmentpoints are provided by a special class of USB device known as a hub. The
additional attachment points provided by a hub are called ports. A host includes an embedded hub called
the root hub. The host provides one or more attachment points via the root hub. USB devicesthat provide
additional functionality to the host are known as functions. To prevent circular attachments, a tiered
ordering is imposed on the star topology ofthe USB. This results in the tree-like configuration illustrated
in Figure 5-5,

 
 

Figure 5-5. USB Physical Bus Topology

Multiple functions may be packaged together in what appears to be a single physical device. For example.
a keyboard and a trackball might be combinedin a single package. Inside the package, the individual
functions are permanently attached to a hub andit is the internal hub that is connected to the USB. When
multiple functions are combined with a hub in a single package, they are referred (o as a compound device.
From the host’s perspective, a compound device is the same as a separate hub with multiple functions
attached. Figure 5-5 also illustrates a compound device.
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5.2.4 Logical Bus Topology
While devices physically attach to the USB ina tiered, star topology, the host communicates with each
logical device as if it were directly connected to the root port. This creates the logical view illustrated in
Figure 5-6 that corresponds to the physical topology shown in Figure 5-5. Hubsare logical devices also,
but are not shownin Figure 5-6 to simplify the picture. Even though most host/logical deviceactivities use
this logical perspective, the host maintains an awareness of the physical topology to support processing the
removal of hubs. When a hub is removed, all ofthe devices attached to the hub must be removed from the
host’s view of the logical topology. A more complete discussion of hubs can be found in Chapter 11.

 
Figure 5-6. USB Logical Bus Topology

5.2.5 Client Software-to-function Relationship
Even though the physical and logical topology of the USB reflects the shared nature of the bus, client
software (CSw) manipulating a USB function interface is presented with the view that it deals only with its
interface(s) of interest. Client software for USB functions must use USB software programminginterfaces
to manipulate their functions as opposed to directly manipulating their functions via memory or I/O
accesses as with other buses (e.g.. PCI, EISA. PCMCIA,etc.). During operation, client software should be
independentof other devices that may be connected to the USB. This allows the designer of the device and
client software to focus on the hardware/software interaction design details. Figure 5-7 illustrates. a device
designer's perspective of the relationships of client software and USB functions with respect to the USB
logical topology of Figure 5-6.
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Figure 5-7. Client Software-to-function Relationships
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5.3 USB Communication Flow

The USB provides a communication service between software on the host and its USB function. Functions
can have different communication flow requirements for different client-to-function interactions. The USB
provides better overall bus utilization by allowing the separation of the different communication flows to a
USB function. Each communication flow makes use of some bus access to accomplish communication
between client and function. Each communication flow is terminated at an endpoint on a device. Device
endpoints are used to identify aspects of each communication flow.

Figure 5-8 shows a more detailed view of Figure 5-2. The complete definition ofthe actual
communication flows of Figure 5-2 supports the logical device and function layer communication flows.
These actual communication flows cross several interface boundaries. Chapters 6 through 8 describe the
mechanical, electrical, and protocol interface definitions of the USB “wire.” Chapter 9 describes the USB
device programming interface that allows a USB device to be manipulated fromthe host side of the wire.
Chapter 10 describes two host side software interfaces:

« fost Controller Driver (11CD): The software interface between the USB Host Controller and USB
System Software. This interface allows a range of Host Controller implementations without requiring
all host software to he dependent on any particular implementation. One USB Driver can support
different Host Controllers without requiring specific knowledge of a Host Controller implementation,
A Host Controller implementer provides an HCD implementation that supports the Host Controller.

* USB Driver (USBD): Theinterface between the USB System Software and the client software. This
interface provides clients with convenient functions for manipulating USB devices.
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Figure 5-8, USB Host/Device Detailed View
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A USB logical device appears to the USB system asa collection of endpoints, Endpoints are grouped into
endpoint sets that implement an interface. Interfaces are views to the function. The USB System Software
manages the device using the Default Control Pipe. Client software managesan interface using pipe
bundles (associated with an endpoint set). Client software requests that data be moved across the USB
between a buffer on the host and an endpoint on the USB device. The Host Controller (or USB device,
depending on transfer direction) packetizes the data to moveit over the USB. The Host Controller also
coordinates when busaccess is used to movethe packet of data over the USB.

Figure 5-9 illustrates how communication flows are carried over pipes between endpoints and hostside
memory buffers. The following sections describe endpoints, pipes, and communication flows in more
detail.

Client

Communication

Flows

  
 
 USB Logical Device

Interface

Figure 5-9. USB Communication Flow

Software on the host communicates with a logical device via a set of communication flaws. The set of
communication flows are selected by the device software/hardware designer(s) to efficiently match the
communication requirements of the device to the transfer characteristics provided by the USB.

5.3.1 Device Endpoints

32

Anendpointis a uniquely identifiable portion ofa USB devicethalis the terminus of a communication
flow between the host and device. Each USB logical device is composed of a collection of independent
endpoints. Each logical device has a unique address assigned by the system at device attachmenttime.
Each endpoint on a deviceis given at design time a unique device-determined identifier called the endpoint
number, Each endpoint has a device-determined direction of data flow. The combinationofthe device
address, endpoint number, and direction allows each endpoint to be uniquely referenced. Each endpointis
a simplex connection that supports data flow in one direction: either input (from device to host) or output
(from host to device).

An endpointhas characteristics that determine the type oftransfer service required between the endpoint
and the client software. Endpoints describe themselves by:

* Their bus access frequency/latency requirements

* Their bandwidth requirements

e Their endpoint number

* Theerror handling behavior requirements

¢ Maximum packetsize that the endpoint is capable of sending or receiving
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® The transfer type for the endpoint (refer to Section 5.4 for details)

« The direction data is transferred between the endpoint and the host.

Endpoints other than those with endpoint numberzero are in an unknownstate before being configured
and may not be accessed by the host before being configured.

5.3.1.1 Endpoint Zero Requirements
All USBdevices are required to implement a default control method that uses both the input and output
endpoints with endpoint number zero. The USB System Software uses this default control method to
initialize and generically manipulate the logical device (e.g., to configure the logical device) as the Default
Control Pipe (see Section 5.3.2). The Default Control Pipe provides access to the device’s configuration
information and allows generic USB status and control access. The Default Control Pipe supports contro]
transfers as defined in Section 5.5. The endpoints with endpoint numberzero are always accessible once a
device is attached, powered, and has received a busreset.

5.3.1.2 Non-endpoint Zero Requirements
Functions can have additional endpoints as required for their implementation. Low-speed functions are
limited to two optional endpoints beyond the two required to implement the Default Control Pipe. Full-
speed devices can have additional endpoints only limited by the protocol definition (i.e., a maximum of 15
additional input endpoints and 15 additional output endpoints).

Endpoints other than those for the Default Control Pipe cannot be used until the device is configured as a
normalpart of the device configuration process (refer to Chapter 9).

5.3.2 Pipes
A USBpipe is an association between an endpoint on a device and software on the host. Pipes represent
the ability to move data between software on the host via a memory buffer and an endpoint on a device.
There are two different, mutually exclusive, pipe communication modes:

* Stream: Data moving through a pipe has no USB-definedstructure

* Message: Data moving through a pipe has some USB-definedstructure.

The USB doesnot interpret the content ofdata it delivers through a pipe. Even though a message pipe
requires that data be structured according to USB definitions, the content of the data is not interpreted by
the USB.

Additionally, pipes have the following associated with them:

* <A claim on USB bus access and bandwidth usage.

« A transfertype.

e The associated endpoint’s characteristics, such as directionality and maximum data payload sizes. The
data payload is the data that is carried in the data field of a data packet within a bus transaction (as
defined in Chapter 8).

The pipe that consists of the two endpoints with endpoint numberzero is called the Default Control Pipe.
This pipe is always available once a device Js powered and has received a bus reset. Other pipes come into
existence when a USB device is configured. The Default Control Pipe is used by the USB System
Software to determine device identification and configuration requirements, and to configure the device,
The Default Control Pipe can also be used by device-specific softwareafter the device is configured. The
USB System Software retains “ownership” of the Default Contro! Pipe and mediates use of the pipe by
other client software.
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A software client normally requests data transfers via 1/O Request Packets (IRPs) to a pipe and then either
waits or is notified when they are completed. Details about [RPs are defined in an operating system-
specific manner. This specification uses the term to simply refer to an identifiable request by a software
client to move data between itself (on the host) and an endpointof a device in an appropriate direction. A
software client can cause a pipe to return all outstanding IRPsif it desires, The software client is notified
that an IRP has completed whenthe bus transactions associated with it have completed either successfully
or due to errors.

If there are no IRPs pending orin progress for a ptpe, the pipe is idle and the Host Controller will take no
action with regard to the pipe; i.e., the endpoint for such a pipe will not see any bustransactions directed to
it. The only time bus activity is present for a pipe is when IRPs are pending for that pipe.

[fa non-isochronous pipe encounters a condition that causes it to send a STALLtothe host (refer to
Chapter 8) or three bus errors are encountered on any packet of an IRP, the [RP is aborted/retired,all
outstanding IRPsare also retired, and no further IRPs are accepted until the software client recovers from
the condition (in an implementation-dependent way) and acknowledgesthe halt or error condition via a
USBDcall. An appropriate status informs the software client of the specific IRP result for error versushalt
(refer to Chapter 10). Isochronous pipe behavior is described in Section 5.6,

An IRP may require multiple data payloads to move the client data over the bus. The data payloads for
such a multiple data payload [RP are expected to be ofthe maximum packetsize until the last data payload
that contains the remainder of the overall [RP. See the description of each transfer type for more details.
For such an IRP, short packets(1.e., less than maximum-sized data payloads) on input that do not
completely fill an IRP data buffer can have one of two possible meanings, depending upon the expectations
ofa client:

® A client can expect a variable-sized amount of data in an IRP. In this case, a short packet that does not
fill an IRP data buffer can be used simply as an in-band delimiter to indicate “end of unit of data.”
The [RP should be retired without error and the Host Controller should advance to the next IRP.

« Aclient can expect a specific-sized amount of data. In this case, a short packet that does not fill an
IRP data buffer is an indication of an error. The IRP should beretired, the pipe should bestalled, and
any pending IRPs associated with the pipe should also be retired.

Because the lost Controller must behave differently in the two cases and cannot know onits own which
way to behave for a given IRP, it is possible to indicate per IRP which behaviorthe client desires.

An endpoint can inform the host thatit is busy by responding with NAK. NAKsare not used as a retire
condition for returning an [RP to a software client. Any number ofNAKscan be encountered during the
processing of a given IRP. A NAKresponseto a transaction does not constitute an error and is not counted
as one of the three errors described above.

5.3.2.1 Stream Pipes

34

Stream pipes deliver data in the data packet portion of bus transactions with no USB-required structure on
the data content. Data flows in at one end of a stream pipe and out the other end in the same order. Stream
pipes are always uni-directional in their communication flow,

Data flowing through a stream pipe is expected to interact with what the USB believesis a single client.
The USB System Software is not required to provide synchronization between multiple clients that may be
using the same stream pipe. Data presented to a stream pipe is moved through the pipe in sequential order;
first-in, first-out.

A stream pipe to a device is bound to a single device endpoint numberin the appropriate direction(i.e.
corresponding to an IN or OUTtoken as defined by the protocol] layer), The device endpoint number for
the opposite direction can be used for someother stream pipeto the device.

Stream pipes support bulk, isochronous, and interrupt transfer types, which are explained in later sections.

ZTE/SAMSUNG 1007-0050

IPR2018-00111



ZTE/SAMSUNG 1007-0051 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

5.3.2.2 Message Pipes
Messagepipesinteract with the endpointin a different manner than stream pipes. First, a request is sent to
the USB device from the host. This request is followed by data transfer(s) in the appropriate direction.
Finally, a Status stage follows at somelater time. In order to accommodate the request/data/status
paradigm, message pipes impose a structure on the communication flow that allows commandsto be
reliably identified and communicated. Message pipes allow communication flow in both directions,
although the communication flow may be predominately one-way. The Default Control Pipe is always a
message pipe.

The USB System Software ensures that multiple requests are not sent to a message pipe concurrently. A
device is required to service only a single message request at a time per message pipe. Multiple software
clients on the host can make requests via the Default Control Pipe, but they are sent to the deviceinafirst-
in, first-out order. A device can control the flow of information during the Data and Status stages based on
its ability to respond to the host transactions (refer to Chapter 8 for more details).

A message pipe will not normally be sent the next message from the host until the current message’s
processing at the device has been completed. However, there are error conditions whereby a message
transfer can be aborted by the host and the message pipe can be sent a new message transfer prematurely
(from the device’s perspective). From the perspective of the software manipulating a message pipe, an
error on somepart of an IRP retires the current IRP and all queued IRPs. The software client that
requested the IRP is notified of the IRP completion with an appropriate error indication.

A messagepipe to a device requires a single device endpoint number in both directions (IN and OUT
tokens). The USB does not allow a message pipe to be associated with different endpoint numbers for each
direction.

Message pipes support the control transfer type, which is explained in Section 5.5.

5.4 Transfer Types
The USB transports data through a pipe between a memory buffer associated with a software client on the
host and an endpoint on the USB device. Data transported by message pipesis carried in a USB-defined
structure, but the USB allows device-specific structured data to be transported within the USB-defined
message data payload. The USBalso defines that data moved overthe bus is packetized for any pipe
(stream or message), but ultimately the formatting and interpretation of the data transported in the data
payload of a bus transaction is the responsibility of the client software and function using the pipe.
However, the USB provides different transfer types that are optimized to more closely match the service
requirements of the client software and function using the pipe. An IRP uses one or more bus transactions
to move information between a sofiware client andits function.

Each transfer type determines various characteristics of the communication flow including the following:

e Data format imposed by the USB

« Direction of communication flow

* Packet size constraints

® Busaccess constraints

* Latency constraints

® Required data sequences

® Error handling.

The designers of a USB device choose the capabilities for the device’s endpoints. When a pipe is
established for an endpoint, most of the pipe’s transfer characteristics are determined and remain fixed for
the lifetime of the pipe. Transfer characteristics that can be modified are described for each transfer type.
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The USB defines four transfer types:

« Control] Transfers: Bursty, non-periodic, host software-initiated request/response communication,
typically used for command/status operations.

*  Isochronous Transfers: Periodic, continuous communication between hast and device, typically used
for time-relevant information. This transfer type also preserves the concept oftime encapsulated in the
data. This does not imply, however, that the delivery needs of such data is always time-critical.

« Interrupt Transfers: Small-data, low-frequency, bounded-latency communication.

e Bulk Transfers: Non-periodic, large-packet bursty communication, typically used for data that can use
any available bandwidth and can also be delayed until bandwidthis available.

Each transfer type is described in detail in the following four major sections. The data for any IRP is
carried by the data field ofthe data packet as described in Section 8.4.3. Chapter 8 also describes details of
the protocol that are affected by use of each particular transfer type.

5.5 Control Transfers

Control transfers allow access to different parts of a device. Control transfers are intended to support
configuration/command/status type communication flows between client software andits function. A
control transfer is composed of a Setup bus transaction moving request information from host to function,
zero or more Datatransactions sending data in the direction indicated by the Setup transaction, and a Status
transaction returning status information from function to host. The Status transaction returns “success”
when the endpoint has successfully completed processing the requested operation. Section 8.5.2 describes
the details of what packets, bus transactions, and transaction sequences are used to accomplish a control
transfer. Chapter 9 describes the details of the defined USB commandcodes.

Each USB deviceis required to implement the Default Control Pipe as a message pipe. This pipe is used
by the USB System Software. The Default Control Pipe provides access to the USB device's
configuration, status, and control information. A function can, but is not required to, provide endpointsfor
additional control pipes for its own implementation needs,

The USB device framework (refer to Chapter 9) defines standard, device class, or vendor-specific requests
that can be used to manipulate a device’s state. Descriptors are also defined that can be used to contain
different information on the device. Control transfers provide the transport mechanism to access device
descriptors and make requests of a device to manipulate its behavior.

Control transfers are carried only through message pipes. Consequently, data flows using control transfers
must adhere to USB data structure definitions as described in Section 5.5.1.

The USB system will make a “best effort” to support delivery of control transfers between the host and
devices. A function andits client software cannot request specific bus access frequency or bandwidth for
control transfers. The USB System Software mayrestrict the bus access and bandwidth that a device may
desire for contro] transfers. These restrictions are defined in Section 5.5.3 and Section 5.5.4.

5.5.1 Control Transfer Data Format

The Setup packet has a USB-defined structure that accommodates the minimum set of commands required
to enable communication between the host and a device. The structure definition allows vendor-specific
extensions for device specific commands. The Data transactions following Setup have a USB-defined
structure except when carrying vendor-specific information. The Status transaction also has a USB-defined
structure. Specific control transfer Setup/Data definitions are described in Section 8.5.2 and Chapter 9.
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5.5.2 Control Transfer Direction

Control transfers are supported via bi-directional communication flow over message pipes. Asa
consequence, when a control pipe is configured, it uses both the input and output endpoint with the
specified endpoint number.

5.5.3 Control Transfer Packet Size Constraints

An endpoint for control transfers specifies the maximum data payload size that the endpoint can accept
from or transmit to the bus. The USB defines the allowable maximum control data payload sizesforfull-
speed devices to be either 8, 16, 32, or 64 bytes. Low-speed devices are limited to only an eight-byte
maximum data payload size. This maximum applies to the data payloads of the Data packets following a
Setup; ie., the size specified is for the data field of the packet as defined in Chapter 8, not including other
information that is required by the protocol. A Setup packet is always eight bytes. A control pipe
(including the Default Control Pipe) always uses its wdaxPacketSize value for data payloads.

An endpoint reportsin its configuration information the value for its maximum data payload size. The
USB does not require that data payloads transmitted be exactly the maximum size;i.e, if a data payload is
less than the maximum,it does not need to be padded to the maximum size,

All Host Controllers are required to have support for 8-, 16-, 32-, and 64-byte maximum data payload sizes
for full-speed contro) endpoints and only eight-byte maximum data payload sizes for low-speed control
endpoints. No Host Controller is required to support larger or smaller maximum data payloadsizes.

In order to determine the maximum packetsize for the Default Control Pipe, the USB System Software
reads the device descriptor. The host will read the first eight bytes of the device descriptor. The device
always responds with atleast these initial bytes in a single packet. After the host reads the initial part of
ihe device descriptor, it is guaranteed to have read this default pipe’s wMaxPacketSizefield (byte 7 of the
device descriptor). It will then allow the correctsize for all subsequent transactions. Forall other control
endpoints, the maximum data payload size is known after configuration so that the USB System Software
can ensure that no data payload will be sent to the endpointthat is larger than the supported size. The host
will always use a maximum data payload size ofat least eight bytes.

An endpoint must always transmit data payloads with a data field less than or equal to the endpoint’s
wMaxPacketSize (refer to Chapter 9). When a control transfer involves more data than can fit in one data
payload of the currently established maximum size, all data payloads are required to be maximum-sized
except for the last data payload, which will contain the remaining data,

The Data stage of a contral transfer from an endpointto the host is complete when the endpoint does one of
the following:

* Hastransferred exactly the amountofdata specified during the Setup stage

« Transfers a packet with a payload size less than wMaxPacketSize or transfers a zero-length packet.

When a Daia stage is complete, the Host Controller advances to the Status stage instead of continuing on
with another data transaction. If the Hast Controller does not advance to the Status stage when the Data
stage is complete, the endpoint halts the pipe as was outlined in Section 5.3.2. Ifa larger-than-expected
data payload is received from the endpoint, the IRP for the control transfer will be aborted/retired.

The Data stage of a control transfer from the host to an endpoint is complete whenall ofthe data has been
transferred. If the endpoint receives a larger-than-expected data payload from the host, it halts the pipe.
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5.5.4 Control Transfer Bus Access Constraints

Control transfers can be used by full-speed and low-speed USB devices.

An endpoint has no way to indicate a desired bus access frequency for a control pipe. The USB balances
the bus access requirementsofall control pipes and the specific IRPs that are pending to provide “best
effort” delivery of data between client software and functions.

The USB requires that part of each frame be reserved to be available for use by control transfers as follows:

* Ifthe control transfers that are attempted (in an implementation-dependent fashion) consumeless than
10% of the frame time, the remaining time can be used to support bulk transfers (refer to Section $.8).

« A control transfer that has been attempted and needsto be retried can beretried in the current ora
future frame;i.e., it is not required to be retried in the same frame.

« Ifthere are more contro] transfers than reserved time, but there is additional frame timethat is not

being used for isochronousor interrupt transfers, a Host Controller may move additional control
transfers as they are available.

e  Ifthere are too many pending control transfers for the available frame time, contro] transfers are
selected to be moved overthe bus as appropriate.

*  Ifthere are contro! transfers pending for multiple endpoints. control transfers for the different
endpoints are selected according to a fair access policy that is Host Controller implementation-
dependent.

* A transaction of a control transfer that is frequently being retried should not be expected to consume
an unfair share ofthe bus time.

These requirements allow control transfers between host and devices to be regularly moved overthe bus
with “best effort.”

Therate of contro! transfers to a particular endpoint can be varied by the USB System Softwareat its
discretion, An endpoint andits client software cannot assumea specific rate of service for control
transfers. A control endpoint may see zero or more transfers in a single frame. Bus time madeavailable to
a software client and its endpoint can be changed as other devices are inserted into and removed from the
systemor also as control transfers are requested for other device endpoints.

The bus frequency and frame timing limit the maximum numberofsuccessful control transfers within a
frame for any USB system to less than 29 full-speed cight-byte data payloads or less than four low-speed
eight-byte data payloads. Table 5-1 lists information about different-sized full-speed contro! transfers and
the maximum numberoftransfers possible in a frame. This table was generated assumingthat there is one
Data stage transaction and that the Data stage has a zero-length status phase. The table illustrates the
possible power of two data payloads less than or equal to the allowable maximum data payload sizes. The
table does not include the overhead associated with bit stuffing.
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Table 5-1, Full-speed Control Transfer Limits

Protocol Overhead (45 bytes)|(9 SYNC bytes, 9 PID bytes, 6 Endpoint + CRC bytes, 6
CRC bytes, 8 Setup data bytes, and a 7-byte interpacket
delay (EOP,etc.))

Data Max Bandwidth Frame Max Bytes Bytes/Frame
Payload (bytes/second) Bandwidth|Transfers|Remaining Useful Data

per
Transfer

32000 

62000  
120000

224000 

384000 24 36  
608000 19 37 

832000 13 | 8364

pe[|
The 10% frame reservation for non-periodic transfers means that in a system with bus time fully allocated,
all full-speed control transfers in the system contend for a nominal three control transfers per frame.
Because the USB system uses control transfers for configuration purposes in addition to whatever other
control transfers other client software may be requesting, a given software client and its function should not
expect to be able to make use of this full bandwidth for its own control purposes. Host Controllers are also
free to determine how the individual bus transactions for specific control transfers are moved over the bus
within and across frames. An endpoint could see all bus transactionsfor a control transfer within the same
frame or spread across several noncontiguous frames. A Host Controller, for various implementation
reasons, may not be able to provide the theoretical maximum numberofcontrol transfers per frame.

 
Bothfull-speed and low-speed control transfers contend for the same available frame time. Low-speed
control transfers simply take longerto transfer, Table 5-2 lists information about different-sized low-speed
packets and the maximum number of packets possible in a frame, The table does not include the overhead
associated with bit stuffing. For both speeds, because a control transfer is composed of several packets, the
packets can be spread over several frames to spread the bus time required across several frames.
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Table 5-2. Low-speed Control Transfer Limits

 
 
  
  
  

 

 

  
 

 

Protocol Overhead (46 bytes)

Max Bytes Bytes/Frame
Transfers|Remaining Useful Data

3

3 43 6

27% 3 37 12

5.5.5 Control Transfer Data Sequences
Control transfers require that a Setup bus transaction be sent from the host to a device to describe the type
of contro! access that the device should perform. The Setup transactionis followed by zero or more
control Data transactions that carry the specific information for the requested access, Finally, a Status
transaction completes the control transfer and allows the endpointto return the status of the control transfer
to the client software. After the Status transaction for a contral transfer is completed, the host can advance
to the next control transfer for the endpoint. As described in Section 5.5.4, each control transaction and the
next control transfer will be moved over the bus at some Host Controller implementation-defined time.

Data Max Bandwidth Frame

Payload|(Approximate) Bandwidth
per Transfer

 

 

  
 

The endpoint can be busyfor a device-specific time during the Data and Status transactions of the contro]
transfer. During these times when the endpoint indicatesit is busy (refer to Chapter 8 and Chapter 9 for
details), the host will retry the transaction at a later time.

If a Setup transaction is received by an endpoint before a previously initiated contro! transfer is completed,
the device musi abort the current transfer/operation and handle the new control Setup transaction. A Setup
transaction should not normally be sent before the completion of a previous control transfer. However,if a
transfer is aborted. for example, due to errors on the bus, the host can send the next Setup transaction
prematurely from the endpoint’s perspective.

After a halt condition is encountered or an error is detected by the host, a control endpoint is allowed to
recover by accepting the next Setup PID:i.e., recovery actions via some other pipe are not required for
control endpoints. For the Default Control Pipe, a device reset will ultimately be required to clear the halt
or error condition if the next Setup PID is not accepted.

The USB provides robust error detection and recovery/retransmission for errors that occur during control
transfers. Transmitters and receivers can remain synchronized with regard to where theyare in a control
transfer and recover with minimum effort. Retransmission of Data and Status packets can be detected by a
receiver via data retry indicators in the packet. A transmitter can reliably determinethat its corresponding
receiver has successfully accepted a transmitted packet by information returned in a handshake to the
packel. The protocolallows for distinguishing a retransmitted packet from its original packet except for a
control Setup packet. Setup packets maybe retransmitted due to a transmission error; however, Setup
packets cannotindicate that a packetis an original or a retried transmission.
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5.6 lsochronous Transfers

In non-USB environments, isochronoustransfers have the general implication ofconstant-rate, error-
tolerant transfers. In the USB environment, requesting an isochronoustransfer type provides the requester
with the following:

* Guaranteed access to USB bandwidth with boundedlatency

« Guaranteed constant data rate through the pipe as long as data is provided to the pipe

* Inthe case ofa delivery failure due to error, no retrying of the attempt to deliver the data,

While the USB isochronoustransfer type is designed to support isochronous sources and destinations,it is
not required that software using this transfer type actually be isochronous in order to use the transfer type.
Section 5.10 presents more detail on special considerations for handling isochronous data on the USB,

5.6.1 Isochronous Transfer Data Format

The USB imposes no data content structure on communication flows for isochronous pipes.

5.6.2 Ilsochronous Transfer Direction

An isochronouspipeis a stream pipe and is, therefore, always uni-directional. An endpoint description
identifies whether a given isochronous pipe’s communication flow is into or out of the host. Ifa device
requires bi-directional isochronous communication flow, two isochronous pipes must be used, one in each
direction,

5.6.3 lsochronous Transfer Packet Size Constraints

An endpoint in a given configuration for an isochronous pipe specifies the maximum size data payloadthat
it can transmit or receive. The USB System Software uses this information during configuration to ensure
that there is sufficient bus time to accommodate this maximum data payload in each frame. If there is
sufficient bus time for the maximum data payload, the configuration is established; if not, the configuration
is not established. The USB System Software does not adjust the maximum data payload size for an
isochronouspipe as is the case for a control pipe. An isochronous pipe can simply either be supported or
not supported in a given USB system configuration.

The USBlimits the maximum data payload size to 1,023 bytes for each isochronous pipe. Table 5-3 lists
information about different-sized isochronous transactions and the maximum numberoftransactions

possible in a frame. The table does not include the overhead associated with bit stuffing.
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Table 5-3. Isochronous Transaction Limits

Protocol Overhead (9 bytes)|(2 SYNC bytes, 2 PID bytes, 2 Endpoint + CRC bytes, 2 CRC
bytes, and a 1-byte interpacket delay)

Data Max Frame Max Bytes Bytes/Frame
Payload Bandwidth Bandwidth Transfers|Remaining Useful Data

per Transfer

150000  

272000 

460000

704000

 
960000 

 
1152000 

1280000 

1280000128

512 1024000

 
 

 
4023 1023000   

Any given transaction for a isochronous pipe need not be exactly the maximum size specified for the
endpoint. The size of a data payload is determined by the transmitter (client software or function) and can
vary as required from transactionto fransaction. The USB ensures that whatever size is presented to the
Host Controller is delivered on the bus. The actual size of a data payload is determined by the data
transmitter and may be less than the prenegotiated maximum size. Bus errors can change the actual packet
size seen by the receiver. However, these errors can be detected by either CRC on the data or by
knowledge the receiver has about the expected size for any transaction.

5.6.4 lsochronous Transfer Bus Access Constraints

42

Isochronoustransfers can be used only by full-speed devices.

The USBrequires that no more than 90% of any frame be allocated for periodic (isochronous and
interrupt) transfers.

An endpointfor an isochronous pipe does not include information about bus access frequency. All
isochronous pipes normally move exactly one data packet each frame(i.e., every Ims). Errors on the bus
or delays in operating system scheduling of client software can result in no packet being transferred for a
frame. Anerror indication should be returned as status to the client software in such a case. A device can

also detect this situation by tracking SOF tokens and noticing two SOFtokens without an intervening data
packet for an isochronous endpoint,
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The bus frequency and frametiming limit the maximum numberofsuccessful isochronous transactions
within a frame for any USB system to less than 151 full-speed one-byte data payloads. A Host Controller,
for various implementation reasons, may not be able to provide the theoretical maximum number of
isochronous transactions per frame.

5.6.5 lsochronous Transfer Data Sequences

Isochronous transfers do not support data retransmission in response to errors on the bus. A receiver can
determine that a transmission error occurred. The low-level USB protocol does not allow handshakes to be
returned to the transmitter of an isochronous pipe. Normally, handshakes would be returnedto tell the
transmitter whether a packet was successfully received or not. For isochronous transfers, timeliness is
more important than correctness/retransmission, and given the low error rates expected on the bus, the
protocol is optimized by assuming transfers normally succeed. [sochronous receivers can determine
whether they missed data during a frame. Also, a receiver can determine how much data was lost. Section
5.10 describes these USB mechanisms in moredetail,

An endpointfor isochronous transfers never halts because there is no handshake to report a halt condition.
Errors are reported as status associated with the IRP for an isochronoustransfer, but the isochronous pipe 15
not halted in an error case, If an error 1s detected, the host continues to process the data associated with the
next frameofthe transfer, Limited error detection is possible because the protocol! for isochronous
transactions doesnot allow per-transaction handshakes.

5.7 Interrupt Transfers
Theinterrupt transfer type is designed to support those devices that need to send or receive small amounts
of data infrequently, but with bounded service periods. Requesting a pipe with an interrupt transfer type
provides the requester with the following:

* Guaranteed maximum service period for the pipe

® Retry of transfer attempts at the next period, in the case of occasional delivery failure due to error on
the bus.

5.7.1 Interrupt Transfer Data Format
The USB imposes no data content structure on communication flows for interrupt pipes.

5.7.2 Interrupt Transfer Direction
An interrupt pipe is a stream pipe and is therefore always uni-directional. An endpoint description
identifies whether a given interrupt pipe’s communication flow is into or out of the host.

5.7.3 Interrupt Transfer Packet Size Constraints

An endpoint for an interrupt pipe specifies the maximum size data payload that it will transmit or receive.
The maximum allowable interrupt data payload size is 64 bytes or less for full-speed. Low-speed devices
are limited to eight bytes or less maximum data payload size, This maximum applies to the data payloads
ofthe data packets; i.c.. the size specified is for the data field of the packet as defined in Chapter 8, not
including other protocol-required information. The USB does not require that data packets be exactly the
maximum size; i.e., ifa data packet is less than the maximum,it does not need to be paddedto the
maximum size,

All Host Controllers are required to have support for up to 64-byte maximum data payload sizes for full-
speed interrupt endpoints and eight bytes or less maximum data payload sizes for low-speed interrupt
endpoints. No Host Controller is required to support larger maximum data payload sizes.
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The USB System Software determines the maximum data payload size that will be used for a interrupt pipe
during device configuration. This size remains constant for the lifetime of a device's configuration. The
USB System Software uses the maximum data payload size determined during configuration to ensure that
there is sufficient bus time to accommodate this maximum data payload in its assigned period. If there is
sufficient bus time, the pipe is established; if not, the pipe is not established. The USB System Software
does not adjust the bus time madeavailable to an interrupt pipe as is the case for a control pipe. An
interrupt pipe can simply either be supported or not supported in a given USB system configuration.
However, the actual size of a data payloadis still determined by the data transmitter and may be less than
the maximum size.

An endpoint must always transmit data payloads with a data field less than or equal to the endpoint’s
wifaxPacketSize value. A device can move data via an interrupt pipe that is larger than wAdaxPacketSize.
A software client can accept this data via an IRP for the interrupt transfer that requires multiple bus
transactions without requiring an [RP-complete notification per transaction. This can be achieved by
specifying a buffer that can hold the desired data size. The size of the buffer is a multiple of
wMaxPacketSize with some remainder. The endpoint must transfer each transaction except the last as
wMarPacketSize and the last transaction is the remainder. The multiple data transactions are moved over
the bus at the period established for the pipe.

When an interrupt transfer involves more data than can fit in one data payload ofthe currently established
maximum size, all data payloads are required to be maximum-sized exceptfor the last data payload, which
will contain the remaining data, An interrupt transfer is complete when the endpoint does one of the
following:

* Has transferred exactly the amountofdata expected

« Transfers a packet with a payload size less than w\daxPacketSize or transfers a zero-length packet.

Whenan interrupt transfer is complete, the Host Controller retires the current JRP and advances to the next
IRP. Ifa data payload is received that is larger than expected, the interrupt [RP will be aborted/retired and
the pipe will stall future [IRPs until the condition is corrected and acknowledged,

5.7.4 Interrupt Transfer Bus Access Constraints

Interrupt transfers can be used by full-speed and low-speed devices.

The USB requires that no more than 90% of any frame beallocated for periodic (isochronous and
interrupt) transfers.

The bus frequency and frame timing limit the maximum numberofsuccessfulinterrupt transactions within
a frame for any USB system to less than 108 full-speed one-byte data payloads or 14 low-speed one-byte
data payloads. A Host Controller, for various implementation reasons, may not be able to provide the
above maximum numberof interrupt transactions per frame.

Table 5-4 lists information about different sized full-speed interrupt transactions and the maximum number
of transactions possible in a frame. Table 5-5 lists similar information for low-speed interrupt transactions.
The tables do not include the overhead associated with bit stuffing.
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Table 5-4. Full-speed Interrupt Transaction Limits

Protocol Overhead (13 bytes)|(3 SYNC bytes, 3 PID bytes, 2 Endpoint + CRC bytes, 2
CRC bytes, and a 3-byte interpacket delay)

Data Max Frame Bytes/Frame
Payload Bandwidth Bandwidth|Transfers|Remaining Useful Data

per Transfer

107000
 

200000 

352000
 

568000
 

816000  

1056000  
1216000

ax 1500000
An endpointfor an interrupt pipe specifies its desired bus access period. A full-speed endpoint can specify
a desired period from Ims to 255ms,. Low-speed endpoints are limited to specifying only 10ms to 255ms.
The USB System Software will use this information during configuration to determine a period that can be
sustained. The period provided by the system may be shorter than that desired by the device upto the
shortest period defined by the USB (lms). The client software and device can depend only on the fact that
the host will ensure that the time duration between two transaction attempts with the endpoint will be no
longer than the desired period. Note that errors on the bus can prevent an interrupt transaction from being
successfully delivered over the bus and consequently exceed the desired period. Also, the endpointis only
polled when the software client has an IRP for an interrupt transfer pending. If the bus time for performing
an interrupt transfer arrives and there is no IRP pending, the endpoint will not be given an opportunity to
transfer data at that time. Once an IRP is available, its data will be transferred at the next allocated period.
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Table 5-5, Low-speed Interrupt Transaction Limits
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Interrupt transfers are moved over the USB by accessing an interrupt endpoint every period. For input
interrupt endpoints, the host has no way to determine whether an endpoint will source an interrupt without
accessing the endpoint and requesting an interrupt transfer. If the endpoint has no interrupt data to transmit
when accessed by the host, it responds with NAK. An endpoint should only provide interrupt data when it
has an interrupt pending to avoid having a sofiware client erroneously notified of IRP complete. A zero-
length data payload is a valid transfer and may be useful for some implementations.

5.7.5 Interrupt Transfer Data Sequences

Interrupt transactions may use either alternating data toggle bits, such that the bits are toggled only upon
successful transfer completion, or a continuously toggling of data toggle bits. The hast in any case must
assumethat the device is obeying full handshake/retry rules as defined in Chapter 8. A device may choose
to always toggle DATA0/DATAI PIDsso that it can ignore handshakes from the host. However, in this
case, the client software can miss some data packets when an error occurs, because the Host Controller
interprets the next packet as a retry of a missed packet.

Ifa halt condition is detected on an interrupt pipe due to transmission errors or a STALL handshake being
returned from the endpoint, all pending IRPs are retired. Removalof the halt condition is achieved via
software intervention through a separate control pipe. This recovery will reset the data toggle bit to
DATAO for the endpoint on both the host and the device. Interrupt transactions are retried due to errors
detected on the bus that affect a given transfer,

5.8 Bulk Transfers

46

The bulk transfer type is designed to support devices that need to communicaterelatively large amounts of
data at highly variable times where the transfer can use any available bandwidth. Requesting a pipe witha
bulk transfer type provides the requester with the following:

* Access to the USB ona bandwidth-available basis

« Retry of transfers, in the case of occasional delivery failure due to errors on the bus

* Guaranteed delivery of data, but no guarantee of bandwidth or latency.

Bulk transfers occur only on a bandwidth-available basis. For a USB with large amountsof free
bandwidth, bulk transfers may happen relatively quickly; for a USB withlittle bandwidth available, bulk
transfers may trickle out overa relatively long period oftime.
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5.8.1 Bulk Transfer Data Format

The USB imposes no data content structure on communication flows for bulk pipes.

§.8.2 Bulk Transfer Direction

A bulk pipe is a stream pipe and, therefore, always has communication flowing either into or out of the
host for a given pipe. Ifa device requires bi-directional bulk communication flow, two bulk pipes must be
used, one in each direction.

5.8.3 Bulk Transfer Packet Size Constraints

An endpoint for bulk transfers specifies the maximum data payload size that the endpoint can accept from
or transmit to the bus. The USB defines the allowable maximum bulk data payload sizes to be only 8 16,
32, or 64 bytes. This maximum applies to the data payloads of the data packets; i.e.; the size specifiedis
for the data field of the packet as defined in Chapter 8, not including other protocol-required information.

A bulk endpoint is designed to support a maximum data payload size. A bulk endpoint reports in its
configuration information the value for its maximum data payload size. The USB does not require that
data payloads transmitted be exactly the maximum size;i.e., if a data payload is less than the maximum,it
does not need to be padded to the maximum size.

All Host Controllers are required to have support for 8-, [6-, 32-, and 64-byte maximum packetsizes for
bulk endpoints. No Host Controller is required to support larger or smaller maximum packet sizes.

During configuration, the USB System Software reads the endpoint’s maximum data payload size and
ensures that no data payload will be sent to the endpointthatis larger than the supportedsize.

An endpoint must always transmit data payloads with a data field less than or equal 10 the endpoint’s
reported wMaxPacketSize value. When a bulk IRP involves more data than can fit in one maximum-sized
data payload, all data payloads are required to be maximum size exceptfor the last data payload, which
will contain the remaining data. A bulk transfer is complete when the endpoint does oneofthe following:

e Has transferred exactly the amount of data expected

® Transfers a packet with a payload size less than wMaxPacketSize or transfers a zero-length packet.

When a bulk transfer is complete, the Host Controller retires the current [RP and advances to the next IRP.
\f a data payload is received that is larger than expected, all pending bulk IRPs for that endpoint will be
aborted/retired.

5.8.4 Bulk Transfer Bus Access Constraints

Bulk transfers can be used only by full-speed devices.

An endpoint has no way to indicate a desired bus access frequency for a bulk pipe. The USB balances the
bus access requirementsofall bulk pipes and the specific IRPs that are pending to provide “good effort™
delivery of data between client software and functions. Moving control transfers overthe bus has priority
over moving bulk transfers.

There is no time guaranteed to be available for bulk transfers as there is for control transfers. Bulk
transfers are moved over the bus only on a bandwidth-available basis. If there is bus time that is not being
used for other purposes, bulk transfers will be moved over the bus. If there are bulk transfers pending for
multiple endpoints, bulk transfers for the different endpoints are selected according to a fair access policy
that is Host Controller implementation-dependent.

All bulk transfers pending in a system contend for the same available bus time. Becauseofthis, the bus
time made available for bulk transfers to a particular endpoint can be varied by the USB System Software
at its discretion. An endpoint and its client software cannot assumea specificrate of service for bulk
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transfers. Bus time made available to a software client and its endpoint can be changed as other devicesare
inserted into and removed from the system or also as bulk transfers are requested for other device
endpoints. Client software cannot assume ordering between bulk and control transfers; i.e., in some
situations, bulk transfers can be delivered ahead of control transfers.

The bus frequency and frame timing limit the maximum numberof successful bulk transactions within a
frame for any USB system to less than 72 eight-byte data payloads. Table 5-6 lists information about
different-sized bulk transactions and the maximum numberoftransactions possible in a frame. Thetable
does not include the overhead associated with bit stuffing.

Table 5-6. Bulk Transaction Limits

Protocol Overhead (13 bytes)|(3 SYNC bytes, 3 PID bytes, 2 Endpoint + CRC bytes, 2 CRC
bytes, and a 3-byte interpacket delay)

Data Max Bandwidth Frame Bytes/Frame
Payload (bytes/second) Bandwidth|Transfers|Remaining Useful Data

per Transfer

107000 

200000 

352000 

568000 

816000 

1056000  

1216000

1500000

    
Hast Controllers are free to determine how the individual bus transactions for specific bulk transfers are
moved over the bus within and across frames. An endpoint could see all bus transactions for a bulk
transfer within (he same frame or spread across several frames. A Host Controller, for various
implementation reasons, may not be able to provide the above maximum numberoftransactions per frame.

5.8.5 Bulk Transfer Data Sequences
Bulk transactions use data toggle bits that are toggled only upon successful transaction completion to
preserve synchronization between transmitter and receiver when transactions are retried dueto errors.
Bulk transactions are initialized to DATAO when the endpoint is configured by an appropriate control
transfer. The host will also start thefirst bulk transaction with DATAQ. Ifa halt condition is detected on

an bulk pipe due to transmission errors or a STALL handshake being returned from the endpoint,all
pending IRPsare retired. Removalof the halt condition is achieved via software intervention through a
separate control pipe. This recovery will reset the data toggle bit to DATAOfor the endpoint on both the
host and the device.

Bulk transactions are retried due to errors detected on the bus that affect a given transaction.
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5.9 Bus Accessfor Transfers

Accomplishing any data transfer between the host and a USB device requires some use of the USB
bandwidth, Supporting a wide variety of isochronous and asynchronous devices requires that each
device’s transfer requirements are accommodated, The process of assigning bus bandwidth to devicesis
called transfer management. There are several entities on the host that coordinate the information flowing
over the USB: client software, the USB Driver (USBD), and the Host Controller Driver (HCD).
Implementersof these entities need to know the key concepts related to bus access:

« Transfer Management: The entities and the objects that support communication flow over the USB.

e Transaction Tracking: The USB mechanismsthat are used to track transactions as they move through
the USB system.

« Bus Time: The timeit takes to move a packet of information over the bus.

* Device/Software Buffer Size: The space required to support a bus transaction.

* Bus Bandwidth Reclamation: Conditions where bandwidth that wasallocated to other transfers but

was not used and can now be possibly reused by control and bulk transfers.

The previous sections focused on how client software relates to a function and what the logical flows are
over a pipe between the two entities. This section focuses on the different parts of the host and how they
must interact to support moving data over the USB. This information mayalso be of interest to device
implementers so they understand aspects of whatthe host is doing when a client requests a transfer and
how that transfer is presented to the device.

5.9.1 Transfer Management
Transfer management involves several entities that operate on different objects in order to move
transactions over the bus:

e Client Software: Consumes/generates function-specific data to/from a function endpoint via calls and
callbacks requesting IRPs with the USBDinterface.

* USB Driver (USBD): Converts data in client [IRPs to/from device endpointvia calls/callbacks with the
appropriate HCD. A single client IRP may involve one or moretransfers.

® Host Controller Driver (HCD): Converts [RPs to/from transactions (as required by a Host Controller
implementation) and organizes them for manipulation by the Host Controller. Interactions between
the HCD andits hardware is implementation-dependentand Is outside the scope of the USB
Specification,

« lost Controller: Takes transactions and generates bus activity via packets ta move function-specific
data across the bus for each transaction.

Figure 5-10 shows how theentities are organized as information flowsbetween client software and the
USB. The objects of primary interest to each entity are shownat the interfaces between entities.
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Figure 5-10. USB Information Conversion From Client Software to Bus

5.9.1.1 Client Software

Client software determines what transfers need to be made with a function, It uses appropriate operating
system-specific interfaces to request IRPs. Client software is aware only ofthe set ofpipes (i.e., the
interface) it needs to manipulate its function. The client is aware of and adheresto all bus access and
bandwidth constraints as described previously for each transfer type. The requests madeby the client
software are presented via the USBD interface.

Someclients may manipulate USB functions via other device class interfaces defined by the operating
system and may themselves not make direct USBD calls. However, there is always some lowestlevel
client that makes USBDcalls to pass IRPs to the USBD. AIl IRPs presented are required to adhere to the
prenegotiated bandwidth constraints set when the pipe was established. If a function is moved from a non-
USB environmentto the USB, the driver that would have directly manipulated the function hardware via
memory or I/O accessesis the lowest client software in the USB environmentthat now interacts with the
USBDto manipulate the driver’s USB function.
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After client software has requested a transfer ofits function and the request has been serviced, the client
software receives notification of the completion status ofthe IRP. If the transfer involved function-to-host
data transfer, the client software can access the data in the data buffer associated with the completed IRP.

The USBDinterface is defined in Chapter 10.

5.9.1.2 USB Driver

The Universal Serial Bus Driver (USBD)is involved in mediating bus access at two general times:

* While a device is attached to the bus during configuration

« During normal transfers.

When a device 1s attached and configured, the USBDis involved to ensure that the desired device
configuration can be accommodated on the bus. The USBD receives configuration requests from the
configuring software that describe the desired device configuration: endpoint(s), transfer type(s), transfer
period(s), data size(s), etc. The USBDeither accepts or rejects a configuration request based on bandwidth
availability and the ability to accommodate that request type on the bus. If it accepts the request, the
USBDcreates a pipe for the requester of the desired type and with appropriate constraints as defined for
the transfer type. Bandwidth allocation for periodic endpoints does not have to be made whenthe deviceis
configured and, once made, an bandwidth allocation can be released without changing the device
configuration.

The configuration aspects of the LISBDaretypically operating system-specific and heavily leverage the
configuration features of the operating system to avoid defining additional (redundant) interfaces.

Once a device is configured, the software client can request [RPs to move data betweenit and its function
endpoints.

5.9.1.3 Host Controller Driver

The Host Controller Driver (HCD)is responsible for tracking the [RPs in progress and ensuring that USB
bandwidth and frame time maximumsare never exceeded. When IRPs are madefor a pipe, the HCD adds
them to the transaction list. When an IRP is complete, the HCD notifies the requesting software client of
the completion status for the IRP. If the IRP involved data transfer from the functionto the software client,
the data was placed in the client-indicated data buffer.

IRPs are defined in an operating system-dependent manner.

5.9.1.4 Transaction List

Thetransactionlist is a Host Controller implementation-dependent description of the current outstanding
set of bus transactions that need to be run on the bus. Only the HCD andits Host Controller have access to
the specific representation. Each description contains transaction descriptions in which parameters, such as
data size in bytes, the device address and endpoint number, and the memory area to whichdatais to be sent
or received, are identified.

A transaction list and the interface between the HCD andits Host Controller is typically represented in an
implementation-dependentfashion and is not defined explicitly as part of the USB Specification.

5.9.1.5 Host Controller

The Host Controller has access to the transactionlist and translates it into bus activity. In addition, the
Host Controller provides a reporting mechanism wherebythe status of a transaction (done, pending,halted,
etc.) can be obtained. The Host Controller converts transactions into appropriate implementation-
dependentactivities that result in USB packets moving over the bus topology rooted in the root hub.
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The Host Controller ensures that the bus access rules defined by the protocol are obeyed, such as
inter-packet timings. timeouts, babble, ete. The HCD interface provides a way for the Host Controller ta
participate in deciding whether a new pipe is allowed access to the bus. This is done because Host
Controller implementations can haverestrictions/constraints on the minimum inter-transaction times they
may support for combinations of bus transactions.

The interface between the transaction list and the Host Controller is hidden within an HCD and Host

Controller implementation.

5.9.2 Transaction Tracking

52

A USB function sees data flowing across the bus in packets as described in Chapter 8. The Host Controller
uses some implementation-dependent representation to track what packets to transfer to/from what
endpoints at what time or in what order. Most client software does not want to deal with packetized
communication flows because this involves a degree of complexity and interconnect dependency that limits
the implementation. The USB System Software (USBD and HCD)provides support for matching data
movement requirements of a client to packets on the bus. The Host Controller hardware and software uses
IRPs to track information about one or more transactions that combineto deliver a transfer of information

between the client software and the function. Figure 5-11 summarizes how transactions are organized into
IRPs for the four transfer types. Detailed protocol information for each transfer type can be found in
Chapter 8. More information about client software views of [RPs can be found in Chapter 10 and in the
operating system specific-information fora particular operating system.

| Data Flow Types All transfers are
composed of one ar more
transactions, An [RP
corresponds to one or
more transfers,

IRP

A contro! transfer is an OUT
Control Transfer Setup transaction fallowed
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Setup | Data
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transactions.
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Figure 5-11. Transfers for Communication Flows
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Even though IRPstrack the bus transactions that need to occur to move a specific data flow over the USB,
Host Controllers are free to choose how the particular bus transactions are moved over the bus subject to
the USB-defined constraints (e.g., exactly one transaction per frame for isochronoustransfers). In any
case, an endpoint will see transactions in the order they appear within an IRP unless errors occur, For
example, Figure 5-12 shows two IRPs, one each for two pipes where each IRP contains three transactions.
For any transfer type, a Host Controller is free to move thefirst transaction of the first IRP followed by the
first transaction ofthe second IRP somewhere in Frame |, while moving the secondtransaction of each
IRP in opposite order somewhere in Frame 2. If these are isochronoustransfer types, that is the only
degree of freedom a Host Controller has. If these are control or bulk transfers, a Host Controller could

further move more or less transactions from either IRP within either frame. Functions cannot depend on
seeing transactions within an [RP back-to-back within a frame nor should they depend on not seeing
transactions back-to-back within a frame.

 
 

  

  

IRP 4 IRP 2r

Transaction Transaction Transaction ge Transaction ||Transaction |1-0 4-1 | | ge0 2-4 |

Frame 1 Frame 2
oken Data, oken, Data, oken, Data, oken, Data,

handshake Handshake Handshake Handshake
4-0 2-0 2-1 t+1  

Figure 5-12. Arrangement of IRPs to Transactions/Frames
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5.9.3 Calculating Bus Transaction Times

54

When the USB System Software allows a new pipeto be created for the bus, it must calculate how much
bus time is required for a given transaction. That bus time is based on the maximum packet size
information reported for an endpoint, the protocol overhead for the specific transaction type request, the
overhead due to signaling imposedbit stuffing, inter-packet timings required by the protocol,
inter-transaction timings, etc, These calculations are required to ensure that the time available in a frameis
not exceeded. The equations used to determine transaction bus timeare:

KEY:

Data_be The byte count of data payload

HastDelay The time required for the host to prepare for or
recover from the transmission; Host Controller
implementation-specific

Floor () The integer portion of argument

HubLSSetup The time provided by the Host Controller for hubs toa
enable low-speed ports; measured as the delay from the
end of the PRE PID to the start of the low-speed SYNC;
Minimum of four full-speed bit times

BitStutfitTime Function that calculates theoretical additional time

required due to bit stuffing in signaling; worst case
is (1.1667*8*Data_be)

Full-speed (Input)

Non-Isochronous Transfer (Handshake Included)

= 9107 + (83.54 * Floor(3.167 + BitStuffTime(Data_be))) + HostDelay

Isochronous Transfer (No Handshake)

= 7268 + (83.54 * Floor(3.167 + BitStuf£Time(Data_be)})) + Host_Delay

Full-speed (Output)

Non-Isochronous Transfer (Handshake Included)

= 9107 + (83.54 * Floor(3.167 + BitStuffTime(Data_bec})) + Host_Delay

Tsechronous Transfer (No Handshake)

= 6265 + (83.54 * Floor(3.167 + BitStuffTime(Data_bc})) + Host_Delay

Low-speed (Input)

= 64060 + (2 * HubLSSetup) +
(676.67 * Floor(3.167 + BitStuffTime (Data_be))) + Host_Delay

Low-speed (Output)

= 64107 + (2 * HubLSSetup) +
(667.0 * Floor(3.,167 + BitStuffTime(Data_be)}) + Host_Delay

The bus times in the above equations are in nanoseconds and take into account propagation delays due to
the distance the device is from the host. These are typical equations that can be used to calculate bus time;
however, different implementations may choose to use coarser approximations of these times.

The actual bus time taken for a given transaction will almost always be less than that calculated because bit
stuffing overhead is data-dependent. Worst case bit stuffing is calculated as 1.1667 (7/6) times the raw
lime (i.e., he BitStuffTime function multiplies the Data_be by 8*1.1667 in the equations), This meansthat
there will almost always be time unused on the bus (subject to data pattern specifics) after all regularly
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scheduled transactions have completed. The bus time made available due to less bit stuffing can be reused
as discussed in Section 5.9.5,

The Host_Delay term in the equations is Host Controller- and system-dependent and allowsfor additional
time a Host Controller may require due to delays in gaining access to memory or other implementation
dependencies. This term is incorporated into an implementation ofthese equations by using the transfer
managementfunctions provided by the HCDinterface. These equations are typically implemented by a
combination of USBD and HCD software working in cooperation. The results ofthese calculations are
used to determine whethera transfer or pipe creation can be supported in a given USB configuration.

§.9.4 Calculating Buffer Sizes in Functions and Software
Client software and functions both need to provide buffer space for pending data transactions awaiting their
turn on the bus. For non-isochronous pipes, this buffer space needs to be just large enough to hold the next
data packet. If more than one transaction request is pending for a given endpoint, the buffering for each
transaction must be supplied. Methods to calculate the precise absolute minimum buffering a function may
require because ofspecific interactions defined betweenits client software and the function are outside the
scope of the USB Specification.

The Host Controller is expecied io be able to support an unlimited numberoftransactions pending for the
bus subject to available system memory for buffer and descriptor space, etc. Host Controllers are allowed
to limit how many frames into the future they allow a transaction to be requested.

For isochronous pipes, Section 5.10.4 describes details affecting host side and device side buffering
requirements. In general, buffers need to be provided to hold approximately twice the amountof data that
can be transferred in Ims.

5.9.5 Bus Bandwidth Reclamation

The USB bandwidth and bus access are granted based on a calculation of worst case bus transmission time
and required latencies. Flowever, due to the constraints placed on different transfer types and the fact that
the bit stuffing bus time contribution is calculated as a constant but is data-dependent, there will frequently
be bus time remaining in each frame time versus what the frame transmission time was calculated to be. In
order to support the most efficient use of the bus bandwidth, control and bulk transfers are candidates to be
moved over the bus as bus time becomes available. Exactly how a Host Controller supports this is
implementation-dependent. A Host Controller can take into account the transfer types of pending IRPs and
implementation-specific knowledge of remaining frame time to reuse reclaimed bandwidth.

5.10 Special Considerations for Isochronous Transfers
Support for isochronous data movement between the host and a device is one of the system capabilities
supported by the USB. Delivering isochronousdata reliably over the USB requires careful attention to
detail. The responsibility for reliable delivery is shared by several USBentities:

* The device/function

e The bus

e The Host Controller

® One or more sofiware agents.

Because time is a key part of an isochronoustransfer, it is important for USB designers to understand how
time is dealt with within the USB by these differententities.

All isochronous devices must report their capabilities in the form of device-specific descriptors. The
capabilities should also be provided in a form that the potential customer can use to decide whether the
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device offers a solution to his problem(s). The specific capabilities of a device can justify price
differences.

In any communication system, the transmitter and receiver must be synchronized enoughto deliver data
robustly. In an asynchronous communication system, data can be delivered robustly by allowing the
transmitter to detect that the receiver has not received a data item correctly and simply retrying
transmission of the data,

In an isochronous communication system, the transmitter and receiver must remain time- and data-
synchronized to deliver data robustly. The USB does not support transmission retry of isochronous data so
that minimal bandwidth can be allocated to isochronous transfers and time synchronization is not lost due
to aretry delay. However,it is critical that a USB isochronous transmitter/receiver pairstill remain
synchronized both in normal data transmission cases and in cases where errors occur on the bus.

In many systems that deal with isochronous data, a single global clock is used to whichall entities in the
system synchronize. An example of such a system is the PSTN (Public Switched Telephone Network).
Given that a broad variety of devices with different natural frequencies may be attached to the USB, no
single clock can provide all the features required to satisfy the synchronization requirementsofall devices
and software while still supporting the cost targets of mass-market PC products. The USB defines a clock
model that allows a broad range of devices to coexist on the bus and have reasonable cost implementations.

This section presents options or features that can be used by isochronous endpoints to minimize behavior
differences between a non-USB implemented function and a USB version of the function. An example is
included to illustrate the similarities and differences between the non-USB and USB versions ofa function.

The remainderofthe section presents the following key concepts:

e USB Clock Model: What clocks are present in a USB system that have impact on isochronous data
transfers

e USB Frame Clock-to-function Clock Synchronization Options: How the USB frame clock canrelate
to a function clock

« SOFTracking: Responsibilities and opportunities of isochronous endpoints with respect to the SOF
token and USB frames

* Data Prebuffering: Requirements for accumulating data before generation, transmission, and
consumption

« Error Handling: Isochronous-specific details for error handling

* Buffering for Rate Matching: Equations that can be used to calculate buffer space required for
isochronous endpoints.

5.10.1 Example Non-USB Isochronous Application
The example used is a reasonably generalized example. Other simpler or more complex cases are possible
and the relevant USB features identified can be used or not as appropriate.

The example consists of an 8kHz mono microphone connected through a mixer driver that sends the input
data stream to 44k/z stereo speakers. The mixer expects the data to be received and transmitted at some
sample rate and encoding. A rate matcher driver on input and output converts the sample rate and
encoding from the natural rate and encoding of the deviceio the rate and encoding expected by the mixer.
Figure 5-13 illustrates this example.
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Figure 5-13. Non-USB Isochronous Example
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A master clock (which can be provided by software driven from the real time clock) in the PC is used to
awaken the mixerto ask the input source for input data and to provide output data to the output sink. In
this example, assume it awakens every 20ms. The microphone and speakers each have their own sample
clocks that are unsynchronized with respect to cach other or the master mixer clock. The microphone
producesdata at its natural rate (one-byte samples, 8,000 times a second) and the speakers consumedata at
their natural rate (four-byte samples, 44.100 times a second). The three clocks in the system can drift and
jitter with respect to each other. Each rate matcher may also be runningat a different natural rate than
either the mixer driver, the input source/driver, or output sink/driver.

The rate matchers also monitor the long-term data rate oftheir device compared to the master mixer clock
and interpolate an additional sample or merge two samplesto adjust the data rate of their device to the data
rate of the mixer. This adjustment may be required every couple of seconds,but typically occurs
infrequently. The rate matchers provide someadditional buffering to carry through a rate match.

Note: Some other application might not be able to tolerate sample adjustment and would need someother
means of accommodating master clock-to-device clock drift or else would require some means of
synchronizing the clocks to ensure that no drifi could occur.

The mixer always expects to receive exactly a service period of data (20msservice period) from its input
device and produce exactly a service period ofdata for its output device. The mixer can be delayed up to
less than a service period if data or space is not ayailable from its input/output device. The mixer assumes
that such delays do not accumulate.

The input and output devices and their drivers expect to be able to put/get data in response to a hardware
interrupt from the DMA controller when their transducer has processed one service period ofdata. They
expect to get/put exactly one service period of data. The input device produces 160 bytes (ten samples)
every service period of 20ms. The output device consumes 3,528 bytes (882 samples) every 20ms service
period. The DMA controller can movea single sample between the device and the host bufferat a rate
much faster than the sample rate of either device.

The input and output device drivers provide two service periods of system buffering. One buffer is always
being processed by the DMAcontroller. The other buffer is guaranteed to be ready before the current
buffer is exhausted. When the current buffer is emptied, the hardware interrupt awakens the device driver
and it calls the rate matcher to give it the buffer. The device driver requests anew IRP with the buffer
before the current buffer is exhausted.

The devices can provide two samples of data buffering to ensure that they always have a sample to process
for the next sample period while the system is reacting to the previous/next sample.

The service periods of the drivers are chosen to survive interrupt latency variabilities that may bepresent in
the operating system environment. Different operating system environments will require different service
periods for reliable operation. The service periods are also selected to place a minimuminterrupt load on
the system, because there may be other software in the system that requires processing time.
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5.10.2 USB Clock Model

Time is present in the USB system via clocks. In fact, there are multiple clocks in a USB system that must
be understood:

« Sample Clock: This clock determines the natural data rate of samples moving between client software
on the host and the function. This clock does not need to be different between non-USB and USB

implementations.

* Bus Clock: This clock runs ata 1.000ms period (1kHz frequency) and is indicated by the rate of SOF
packets on the bus. This clock is somewhat equivalent to the 8MHzclock in the non-USB example.
In the USB case, the bus clock is often a lower-frequency clock than the sample clock, whereas the bus
clock is almost always a higher-frequency clock than the sample clock in a non-USB case,

® Service Clock: This clock is determined by the rate at which client software runs to service IRPs that
may have accumulated between executions. This clock also can be the same in the USB and non-USB
cases.

In most existing operating systems,it is not possible to support a broad range of isochronous
communication flows if each device driver must be interrupted for each sample for fast samplerates.
Therefore, multiple samples, if not multiple packets, will be processed by client software and then given to
the Host Controller to sequence over the bus accordingto the prenegotiated bus access requirements.
Figure 5-14 presents an example for a reasonable USB clock environment equivalent to the non-L/SB
example in Figure 5-13.
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Figure 5-14. USB Isochronous Application
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Figure 5-14 showsa typical roundtrip path of information from a microphoneas an input device to a
speaker as an output device. The clocks, packets, and buffering involved are also shown. Figure 5-14 will
be explored in more detail in the following sections,

The focus of this example is to identify the differences introduced by the USB compared to the previous
non-USB example. The differences are in the areas of buffering, synchronization given the existence of a
USB bus clock, and delay. The client software above the device drivers can be unaffected in most cases.

5.10.3 Clock Synchronization
In order for isochronous data to be manipulated reliably, the three clocks identified above must be
synchronized in some fashion. If the clocks are not synchronized, several clock-to-clock attributes can be
present that can be undesirable:

* Clock Drift: Two clocks that are nominally running at the samerate can, in fact, have implementation
differences that result in one clock running faster or slower than the other over long periods of time. If
uncorrected, this variation of one clock compared to the other can lead to having too muchortoolittle
data when data is expected to always be presentat the time required.

* Clock Jitter: A clock may vary its frequency over lime due to changes in temperature, etc. This may
also alter when data is actually delivered compared to whenit is expected to be delivered.

* Clock-to-clock Phase Differences: If two clocks are not phase locked, different amounts of data may
be available at different points in time as the beat frequency of the clocks cycle out over time. This
can lead to quantization/sampling related artifacts.

The bus clock provides a central clock with which USB hardware devices and software can synchronize to
one degree or another. However, the software will, in general, not be able to phase- or frequency-lock
precisely to the bus clock given the current support for “real time-like” operating system scheduling
support in most PC operating systems. Software running in the host can, however, know that data moved
over the USB is packetized. For isochronoustransfertypes, a single packet of data is moved exactly once
per frame and the frame clock is reasonably precise. Providing the software with this information allowsit
to adjust the amount of data it processesto the actual frame time that has passed.

5.10.4 Ilsochronous Devices

The USBincludes a framework for isochronous devices that defines synchronization types, how
isochronous endpoints provide data rate feedback, and how they can be connected together. Isochronous
devices include sampled analog devices (for example, audio and telephony devices) and synchronous data
devices. Synchronization type classifies an endpoint accordingto its capability to synchronize its data rate
to the data rate of the endpoint to whichit is connected. Feedback is provided by indicating accurately
what the required datarate is, relative to the SOF frequency. The ability to make connections depends on
the quality of connection that is required, the endpoint synchronization type, and the capabilities of the host
application that is making the connection. Additional device class-specific information may be required,
depending on the application.

Note: the term “data” is used very generally, and may refer 1o data that represents sampled analog
information (like audio), or it may be more abstract information. “Data rate” refers to the rate at which
analog information is sampled, or the rate at which data is clocked.

61

ZTE/SAMSUNG 1007-0077

IPR2018-00111



ZTE/SAMSUNG 1007-0078 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

The following information is required in order to determine how to connect isochronous endpoints:

=» Synchronization type:

— Asynchronous: Unsynchronized, although sinks provide data rate feedback

— Synchronous: Synchronized to the USB*s SOF

— Adaptive: Synchronized using feedback or feedforward data rate information

* Available data rates

« Available data formats.

Synchronization type and data rate information are needed to determine if an exact data rate match exists
between source and sink, or ifan acceptable conversion process exists that would allow the source to be
connected to the sink. It is the responsibility of the application to determine whether the connection can be
supported within available processing resources and other constraints (like delay). Specific USB device
classes define how to describe synchronization type and data rate information.

Data format matching and conversion is also required for a connection, but it is not a unique requirement
for isochronous connections. Details about format conversion can be found in other documentsrelated ta

specific formats.

§.10.4.1 Synchronization Type
Three distinct synchronization types are defined. Table 5-7 presents an overview of endpoint
synchronization characteristics for both source and sink endpoints. The types are presented in order of
increasing capability.

Table 5-7. Synchronization Characteristics

Asynchronous|Free running Fs Free running Fs

Provides implicit feedforward (data stream)|Provides explicit feedback (interrupt pipe)

Synchronous Fs locked to SOF Fs locked to SOF

Uses implicit feedback (SOF) Uses implicit feedback (SOF)

Adaptive Fs locked to sink Fs locked to data flow

Uses explicit feedback (control pipe) Uses implicit feedforward (data stream)

 
§.10.4.1.1 Asynchronous
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Asynchronous endpoints cannot synchronize to SOF or any other clock in the USB domain, They source
or sink an isochronous data stream at either a fixed data rate (single-frequency endpoints), a limited
numberof data rates (32kHz, 44.1kHz, 48kHz, ...), or a continuously programmable data rate. If the data
rate is programmable, it is set during initialization of the isachronous endpoint. Asynchronous devices
must report their programming capabilities in the class-specific endpoint descriptor as described in their
device class specification, The data rate is locked to a clock external to the USB or to a free-running
internal clock. These devices place the burden of data rate matching elsewhere in the USB environment.
Asynchronous source endpoints carry their data rate information implicitly in the number of samples they
produce per frame. Asynchronous sink endpoints must provide explicit feedback information to an
adaptive driver (refer to Section 5,10,4.2).
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An example of an asynchronous source is a CD-audio player that provides its data based on an internal
clock or resonator. Another example is a Digital Audio Broadcast (DAB) receiver or a Digital Satellite
Receiver (DSR), Here too, the sample rate is fixed at the broadcasting side and is beyond USB control.

Asynchronous sink endpoints could be low-cost speakers, running off of their internal sample clock,

Anothercase arises when there are two or more devices present on the USB that need to have mastership
control over SOF generation in order to operate as synchronous devices. This could happen if there were
two telephony devices, each locked to a different external clock. One telephony device could be digitally
connected to a Private Branch Exchange (PBX)that is not synchronized to the ISDN. The other device
could be connected directly to the ISDN. Each device will source or sink data to/from the network side at
an externally driven rate. Because only one of the devices can take mastership over the SOF, the otherwill
sink or source data at a rate that is asynchronous to the SOF, This example indicates that every device
capable of SOF mastership may be forced to operate as an asynchronousdevice.

5,.10.4.1.2 Synchronous

Synchronous endpoints can have their clock sysiem (their notion of time) controlled externally through
SOFsynchronization. These endpoints must be doing one of the following:

e Slaving their sample clock to the [ms SOFtick (by means of a programmable PLL).

e Controlling the rate of USB SOFgeneration so that their data rate becomes automatically locked to
SOF. In case these endpoints are not granted SOF mastership, they must degenerate to the
asynchronous modeof operation (refer to the asynchronous example).

Synchronous endpoints may source or sink isochronous data streamsat either a fixed data rate (single-
frequency endpoints), a limited number of data rates (32kHz, 44.1kHz, 48kHz, ...), or a continuously
programmable data rate. If programmable, the operating data rate is set during initialization ofthe
isochronous endpoint. The number of samples or data units generated in a series of USB framesis
deterministic and periodic. Synchronous devices must report their programming capabilities in the class-
specific endpoint descriptor as described in their device class specification.

An example of a synchronous source is a digital microphone that synthesizes its sample clock from SOF
and produces a fixed number of audio samples every USB frame. Another possibility ts a 64kb/s bit-
stream from an ISDN “modem.” Ifthe USB SOF generation is locked to the PSTN clock (perhaps through
the same ISDN device), the data generation will also be locked to SOF and the endpointwill produce a
stable 64kb/s data stream, referenced ta the SOFtime notion.

5.10.4.1.3 Adaptive

Adaptive endpoints are the most capable endpoints possible. They are able to sourceor sink data at any
rate within their operating range. Adaptive source endpoints produce data at a rate thatis controlled by the
data sink. The sink provides feedback (refer to Section 5.10.4.2) to the source, which allows the sourceto
know the desired data rate of the sink. Adaptive endpoints can communicate with al] types of sink
endpoints. For adaptive sink endpoints, the data rate information is embeddedin the data stream, The
average numberofsamples received during a certain averaging time determines the instantaneous datarate.
If this number changes during operation, the data rate is adjusted accordingly.

The data rate operating range may center around onerate (e.g., 8kKHz), select between several
programmable or auto-detecting data rates (S2kHz, 44.1kHz, 48kHz, ...), or may be within one or more
ranges (e.g., 5kHzto |[2kHz or 44kHz to 49kHz). Adaptive devices must report their programming
capabilities in the class-specific endpoint descriptor as described in their device class specification

An example of an adaptive source is a CD player that containsa fully adaptive sample rate converter (SRC)
so that the output sample frequency no longer needs to be 44.1kHz but can be anything within the
operating range of the SRC. Adaptive sinks include such endpoints as high-end digital speakers, headsets,
etc.
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5.10.4.2 Feedback

64

An asynchronous sink provides feedback to an adaptive source by indicating accurately whatits desired
data rate (Ft) is, relative to the USB SOF frequency. The required data rate is accurate to better than one
sample per second (1Hz) in order to allow a high-quality source rate to be created andto tolerate delays
and errors in the feedback loop.

The Fr value consists of a fractional part, in order to get the required resolution with 1kHz frames, and an
integer part, which gives the minimum numberof samples per frame. Ten bits are required to resolve one
sample within a 1kHz frame frequency (1000 / 210 = 0.98). This is a ten-bit fraction, represented in
unsigned fixed binary point 0.10 format. The integer part needs ten bits (2°10 = 1024) to encode up to
1,023 one-byte samples per frame. The ten-bit integer is represented in unsigned fixed binary point 10.0
format. The combined Ff value can be coded in unsigned fixed binarypoint 10.10 format, whichfits into
three bytes (24 bits). Because the maximum integer valueis fixed to 1,023, the 10.10 numberwill be lefi-
justified in the 24 bits, so that it has a 10.14 format. Only thefirst ten bits behind the binary point are
required. The lower four bits may be optionally used to extend the precision ofFf, otherwise, they shall be
reported as zero. The bit and byte ordering follows the definitions of other multi-byte fields contained in
Chapter 8.

Each frame, the adaptive source adds Ff to any remaining fractional sample count from the previous frame,
sources the number of samples in the integer part of the sum, andretains the fractional sample count for the
next frame. The source can look at the behavior ofFf over many frames to determine an even more
accurate rate, if it needsto.

The sink can determine Ff by counting cycles of a clock with a frequency ofFs * 2“P for a period of
2(10-P) frames, where P is an integer. P is practically boundto be in the range [0,]0] because there is no
point in using a clock slower than Fs, and no point in trying to update more than once a frame. The
counter is read into Ff and reset every 2°(10-P) frames. As long as no clock cycles are skipped, the count
will be accurate over the long term. An endpoint needs to implement only the numberofcounterbits that
it requires for its maximum Ff,

A digital telephony endpoint, for example, will usually derive its 8kHz Fs by dividing down the 64kHz
clock (P=3) which it uses to serialize the data stream, The 64k}z clock phase can also give an additional
one bit of accuracy, effectively giving P=4. This would give Ff updates every 2*(10-4) = 64 frames. A 13-
bit counter would be required to obtain F'¢, with three bits for eight samples per frame, and ten bits for the
fractional part. The 13 bits would provide a 3.10 field within the 10.14 Fr value, with the remaining bits
set to zero.

The choice of P is endpoint-specific. Use the following guidelines when choosing P:

* P should be in the range |1,9],

« Larger values of P are preferred, because they reduce the size ofthe frame counter and increase the
rate at which Ffis updated. More frequent updatesresult in a tighter control of the source data rate.
which reducesthe buffer space required to handle Ff changes.

* P should be less than ten so that Fr is averaged across at least two frames in order to reduce SOFjitter
effects.

® P should not be zero in order to keep the deviation in the number of samples sourced to less than | in
the event of a lost Ffvalue.

lsochronous transfers are used to read Ff from the feedback register. The desired reporting rate for the
feedback should be 2*(10-P) frames. Ff will be reported at most once per update period. There is nothing
to be gained by reporting the same Ff value more than once per update period. ‘The endpoint may choose
to report Ff only if the updated value has changed from the previous Ffvalue.

It is possible that the source will deliver one too many or one too few samples over a long period, due to
errors or accumulated inaccuracies in measuring Ff. The sink must have sufficient buffer capability to
accommodate this. When the sink recognizes this condition, it should adjust the reported Ff value to
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correct it. This may also be necessary to compensate for relative clock drifts. The implementation of this
correction process is endpoint-specific and is not specified.

An adaptive source may obtain the sink data rate information from an adaptive sink that is locked to the
same clock as the sink, as would be the case for a two-way speech connection, In this case, the feedback
pipe is not needed.

§.10.4.3 Connectivity

In order to fully describe the source-to-sink connectivity process, an interconnect mode! is presented. The
model indicates the different components involved and how they interact to establish the connection.

The model provides for multi-source/multi-sink situations. Figure 5-15 illustrates a typical situation
(highly condensed and incomplete). A physical device is connected to the host application software
through different hardware and software layers as described in the USB Specification. At the client
interface level, a virtual device is presented to the application. From the application standpoint, only
virtual devices exist. It is up to the device driver and client software to decide what the exactrelation is
between physical and virtual device.
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Figure 5-15. Example Source/Sink Connectivity

Device manufacturers (or operating system vendors) must provide the necessary device driver software and
client interface software to convert their device from the physical implementation to a USB-compliant
software implementation (the virtual device). As stated before, depending on the capabilities built into this
software, the virtual device can exhibit different synchronization behavior from the physical device.
However, the synchronization classification applies equally to both physical and virtual devices. All
physical devices belong to one ofthe three possible synchronization types. Therefore, the capabilities that
have to be built into the device driver and/orclient software are the sameas the capabilities of a physical
device. The word “application” must be replaced by “device driver/client software.” In the case of a
physical source to virtual source connection,“virtual source device” must be replaced by “physical source
device” and “virtual sink device” must be replaced by “virtual source device.” In the case of a virtual sink
to physical sink connection, “virtual source device” must be replaced by “virtual sink device” and “virtual
sink device” must be replaced by “physical sink device.”
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Placing the rate adaptation (RA) functionality into the device driver/client software layer has the distinct
advantageofisolating all applications, relieving the device from the specifics and problemsassociated with
rate adaptation. Applications that would otherwise be multi-rate degenerate to simpler mono-rate systems.

Note: the modelis notlimited to only USB devices. For example, a CD-ROM drive containing 44.1kHz
audio can appear as either an asynchronous, synchronous, or adaptive source. Asynchronous operation
means that the CD-ROMfills its buffer at the rate that it reads data from the disk, and the driver empties
the buffer according to its USB service interval. Synchronous operation meansthat the driver uses the
USB service interval (e.g., 10ms) and nominal sample rate of the data (44.1kHz) to determine to put out
44] samples every USB service interval. Adaptive operation would build in a sample rate converter to
match the CD-ROM outputrate to different sink sampling rates.

Using this reference model,it is possible to define what operations are necessary to establish connections
between various sources and sinks. Furthermore, the model indicates at what level these operations must
or can take place. First there is the stage where physical devices are mapped onto virtual devices and vice
versa. This is accomplished by the driver and/or client software, Depending on the capabilities included in
this software, a physical device can be transformedinto a virtual device of an entirely different
synchronization type. The second stage is the application that uses the virtual devices. Placing rate
matching capabilities at the driver/client level of the software stack relieves applications communicating
with virtual devices from the burden ofperforming rate matching for every device that is attached to them.
Oncethe virtual device characteristics are decided, the actual device characteristics are not any more
interesting than the actual physical device characteristics of another driver.

As an example, consider a mixer application that connects at the source side to different sources, each
running at their own frequencies and clocks. Before mixing can take place, all streams must be converted
to acommon frequency and locked to a common clock reference. This action can be performedin the
physical-to-virtual mapping layer or it can be handled by the application itself for each source device
independently. Similar actions must be performedat the sink side. [f the application sends the mixed data
stream out to different sink devices, it can either do the rate matching for each device itself or it can rely on
the driver/client software to do that, if possible,

Table 5-8 indicates at the intersections what actions the application must perform to connect a source
endpoint to a sink endpoint.
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Table 5-8. Connection Requirements

Source Endpoint

Sink Endpoint|Asynchronous Synchronous Adaptive 

Asynchronous|Async Source/Sink RA Async SOF/Sink RA Data + Feedback
See Note 1. See Note 2. Feedthrough

See Note 3. 

Synchronous Async Source/SOF RA Sync RA Data Feedthrough +
See Note 4. See Note 5. Application Feedback

See Note 6.

Adaptive Data Feedthrough Data Feedthrough Data Feedthrough
See Note 7. See Note 8. See Note 9.

 
Asynchronous RA in the application. Fsj is determined by the source, using the feedforward information
embeddedin the data stream, FSo is determined by the sink, based on feedback information from the

sink. !f nominally Fsj = Fso, the process degenerates to a feedthrough connection if slips/stuffs due to

lack of synchronization are tolerable. Such slips/stuffs will cause audible degradation in audia
applications.

Asynchronous RA in the application. Fsj is determined by the source but locked to SOF. Fsg is
determined by the sink, based on feedback information from the sink. If nominally Fsj = Fsq, the

process degenerates to a feedthrough connectionif slips/stuffs due to lack of synchronization are
tolerable. Such slips/stuffs will cause audible degradation in audio applications.

If FSfalls within the lacking range of the adaptive source, a feedthraugh connection can be established.
Fsj = FS and both are determined by the asynchronous sink, based on feedback information from the

sink. If FSq falls outside the locking range of the adaptive source, {he adaptive source is switched to
synchronous mode and Note 2 applies.

Asynchronous RA in the application. Fsj is determined by the source. Fsis determined by the sink
and locked to SOF, If nominally Fsj = Fso, the process degenerates to a feedthrough connectionif
slips/stuffs due to lack of synchronization are tolerable, Such slips/stuffs will cause audible degradation
in audio applications.

Synchronous RA in the application. Fsj is determined by the source and locked to SOF. Fsq is
determined by the sink and locked to SOF. Jf Fs; = Fs», the process degenerates to a loss-free

feedthrough connection.

The application will provide feedback to synchronize the source to SOF. The adaptive source appears
to be a synchronous endpoint and Note 5 applies.

\f Fsj falls within the locking range of the adaptive sink, a feedthrough connection can be established.
Fs; = FS and both are determined by and locked to the source.

if Fsj falls outside the locking range of the adaptive sink, synchronous RAis donein the host to provide
an FSthat is within the locking range of the adaptive sink.

\f Fs; falls within the locking range of the adaptive sink, a feedthrough connection can be established.
Fso = Fsj and both are determined by the source and lacked to SOF.

If Fs; falls outside the lacking range of the adaptive sink, synchronous RA is donein the host to provide
an FSo thatis within the locking range of the adaptive sink.

The application will use feedback control to set FS of the adaptive source when the connectionis set

up. The adaptive source operates as an asynchronous sourcein the absence of ongoing feedback
information and Note 7 applies.
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In cases where RA is needed but not available, the rate adaptation process could be mimicked by sample
dropping/stuffing. The connection could then still be made, possibly with a warning about poor quality;
otherwise, the connection cannot be made.

5.10.4.3.1 Audio Connectivity
Whenthe aboveis applied to audio data streams, the RA processis replaced by sample rate conversion,
which is a specialized form of rate adaptation. Instead of error control, some form of sample interpolation
is used to match incoming and outgoing sample rates. Depending on the interpolation techniques used, the
audio quality (distortion, signal to noise ratio, etc.) of the conversion can vary significantly. In general,
higher quality requires more processing power.

§.10.4.3.2 Synchronous Data Connectivity

For the synchronous data case, RA is used. Occasional slips/stuffs may be acceptable to many applications
that implement some form of error control. Error control includes error detection and discard, error
detection and retransmit, or forward error correction. The rate of slips/stuffs will depend on the clack
mismatch between the source and sink, and may be the dominant error source of the channel. If the error
control is sufficient, then the connection can still be made.

5.10.5 Data Prebuffering
The USBrequires that devices prebuffer data before processing/transmission to allow the host more
flexibility in managing when each pipe’s transaction is moved over the bus from frameto frame.

For transfers from function to host, the endpoint must accumulate samples during frame X until it receives
the SOF token for frame X+1. [t “latches” the data from frame X into its packet buffer and is now ready to
send the packet containing those samples during frame X+1, Whenit will send that data during the frame
is determined solely by the Host Controller and can vary from frame to frame,

For transfers from host to function, the endpoint will accept a packet from the host sometime during frame
Y. Whenit receives the SOF for frame Y+1, it can thenstart processing the data received in frame Y.

This approach allows an endpoint to use the SOF token as a stable clock with very little jitter and/or drift
whenthe Host Controller moves the packet over the bus. This approach also allows the Host Controller to
vary within a frame precisely when the packetis actually moyed oyer the bus. This prebuffering
introduces some additional delay between when a sampleis available at an endpoint and when it moves
over the bus compared to an environment where the bus access is at exactly the same time offset from SOF
from frameto frame.

Figure 5-16 showsthe time sequence for a function-to-hosttransfer (IN process). Data D, is accumulated
during frame F/at time 7), and transmitted to the host during frame Fi+1. Similarly, for a host-to-function
transfer (OUT process), data D, is received by the endpoint during frame Fi+! and processed during frame
Fi+2.
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Figure 5-16. Data Prebuffering

5.10.6 SOF Tracking
Functions supporting isochronous pipes must receive and comprehend the SOF token to support
prebuffering as previously described. Given that SOPs can be corrupted, a device must be prepared to
recover from a corrupted SOF. These requirements limit isochronoustransfers to full-speed devices only,
because low-speed devices do not see SOFs on the bus. Also, because SOF packets can be damaged in
transmission, devices that support isochronous transfers need to be able to synthesize the existence of an
SOF that they may noi see due to a buserror.

Isochronoustransfers require the appropriate data to be transmitted in the corresponding frame. The USB
requires that when an isochronoustransfer is presented to the Host Controller, it identifies the frame
numberfor the first frame. The Host Coniroller must not transmit the first transaction before the indicated

frame number. Each subsequenttransaction in the [RP must be transmitted in succeeding frames. If there
are no transactions pending for the current frame, then the Host Controller must not transmit anything for
an tsochronouspipe. If the indicated frame number has passed, the Host Controller must skip(1.e., not
transmit) all transactions until the one corresponding to the current frame is reached.

5.10.7 Error Handling

70

Isochronous transfers provide no data packet retries (i.e., no handshakes are returned to a transmitter by a
receiver) so that timeliness of data delivery is not perturbed. However,it is still important for the agents
responsible for data transport to know when an error occurs and how the error affects the communication
flow. In particular, for a sequence of data packets (A, B, C, D), the USBallowssufficient information such
that a missing packet (A, _, C, D) can be detected and will not unknowingly be turned into an incorrect
data or time sequence (A, C, D or A, _, B, C, D). The protocol provides four mechanismsthat support this:
exactly one packet per frame, SOF, CRC, and bus transaction timeout,

e [sachronous transfers require exactly one data transaction every frame for normal operation. The USB
does not dictate what data is transmitted in each frame. The data transmitter/source determines

specifically what data to provide. This regular data-per-frame provides a framework that is
fundamental to detecting missing data errors. Any phase of a transaction can be damaged during
transmission on the bus. Chapter 8 describes how each errorcase affects the protocol.

* Because every frame is preceded by an SOF and a receiver can see SOFsonthe bus, a receiver can
determinethat its expected transaction did not occur between two SOFs. Additionally, because even
an SOF can be damaged, a device must be able to reconstruct the existence of a missed SOF as
described in Section 5.10.6,
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e A data packet may be corrupted on the bus: therefore, CRC protection allows a receiver to determine
that the data packetit received was corrupted.

« The protocol defines the details that allow a receiver to determine via bus transaction timeoutthat it is
not going to receive its data packetafter it has successfully seen its token packet.

Once a receiver has determined that a data packet was not received, it may need to knowthesize ofthe
data that was missed in order to recover from the error with regard to its functional behavior, If the
communication flow is always the same data size per frame, then the size is always a known constant.
However, in some cases the data size can vary from frame to frame. In this case, the receiver and
transmitter have an implementation-dependent mechanism to determinethe size of the lost packet.

In summary, whether a transaction is actually moved successfully over the bus or not, the transmitter and
receiver always advancetheir data/buffer streams one transaction per frame to keep data-per-time
synchronization. The detailed mechanisms described above allow detection, tracking, and reporting of
damaged transactions so that a function orits client software can react to the damagein a function-
appropriate fashion. The details of that function- or application-specific reaction are outside the scope of
the USB Specification.

5.10.8 Buffering for Rate Matching
Given that there are multiple clocks that affect isochronous communication flows in the USB, buffering is
required to rate match the communication flow across the USB. There must be buffer space available both
in the device per endpoint and on the host side on behalf of the client software. These buffers provide
space for data to accumulate until it is time for a transfer to move over the USB. Given the natural data
rates of the device, the maximum size of the data packets that move over the bus can also be calculated.
Figure 5-17 showsthe equations used to determine buffer size on the device and host and maximum packet
size that must be requested to support a desired data rate. These equations allow a device andclient
software design time-determined service clock rate (variable X). sample clock rate (variable C), and sample
size (variable 8). The USB allows only one transaction per bus clock. These equations should provide
design information for selecting the appropriate packet size that an endpoint will report in its characteristic
information and the appropriate buffer requirements for the device/endpoint andits client software. Figure
5-14 showsactual buffer, packet, and clock values for a typical isochronous example.
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Figure 5-17. Packet and Buffer Size Formulas for Rate-Matched Isochronous Transfers

The USB data model assumes that devices have some natural sample size and rate. The USB supports the
transmission of packets that are multiples of sample size to make error recovery handling easier when
isochronous transactions are damaged on the bus. [fa device has no natural sample size orifits samples
are larger than a packet,it should describe its sample size as being one byte. If a sample is split across a
data packet, the error recovery can be harder when an arbitrary transaction is lost. In some cases, data
synchronization can be lost unless the receiver knows in what frame numbereach partial sample is
transmitted. Furthermore, if the number of samples can vary due to clock correction (e.g., fora
non-derived device clock), it may be difficult or inefficient to know whenapartial sample is transmitted.
Therefore, the USB does not split samples across packets.
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Chapter 6

Mechanical

This chapter provides the mechanical andelectrical specifications for the cables, connectors. and cable
assemblies used to interconnect USB devices. The specification includes the dimensions, materials,
electrical, and reliability requirements. This chapter documents minimum requirements for the external
USBinterconnect. Substitute material may be used as long as it meets these minimums,

6.1 Architectural Overview

The USB physical topology consists of connecting the downstream hub port to the upstream port of another
hub or toa device. The USB can operate at two speeds. Full-speed, 12 Mb/s, requires the use ofa shielded
cable with two power conductors and twisted pair signal conductors. Low-speed, 1.5 Mb/s, relaxes the
cable requirement. Low-speed cable does not require shielding or twisted pair signal conductors.

The connectors are designed to be hot plugged. The USB Icon on the plugs provides tactile feedback
making it easy to obtain proper orientation.

6.2 Keyed ConnectorProtocol
To minimize end user termination problems, USB uses a “keyed connector” protocol. The physical
difference in the Series “A” and “B” connectors insure proper end user connectivity. The “A” connector is
the principle means of connecting USB devices. All USB devices must have an “A” connector. The “B”
connector allows device vendors to provide a standard detachable cable. This facilitates end user cable
replacement. Figure 6-1 illustrates the keyed connector protocol.

Series "A" Connectors Series "B" Connectors

¢ Series "A" plugs are Series "B" plugs are
always oriented upstream always oriented
towards the Host System downstream towardsthe

USB Device

 

"A" Plugs
(From the

USB Device)

       
 

     
        
 
 
  

"B" Plugs
(Fromthe

Hast System)

 
 

 
   

  
 
 

 
    

 
  

 
 

     
   

 
 

 
 

  
 
  

 
  

   

"A" Receptacles
(Downstream Output

from the USB Host or
Hub)

        
   "B" Receptacles

(Upstream Input to the
USB Device or Hub)

        
   

  
  

 
      
 

 
  

 
 

  
       

   
 
        
  

   
   
 

          
  

 
Figure 6-1. Keyed Connector Protocol

The following list explains how the plugs and receptacles can be mated:
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® Series “A” receptacle mates with a Series “A” plug. Electrically, Series “A” receptacles function as
outputs from host systems and/or hubs.

* Series “A” plug mates with a Series “A” receptacle. The Series “A” plug alwaysis oriented towards
the host system.

* Series “B” receptacle mates with a Series “B” plug (male). Electrically, Series “B” receptacles
function as inputs to hubsor devices,

e Series “B” plug mates with a Series “B” receptacle. The Series “B” plug is always oriented towards
the USB hubor device.

6.3 Cable

USBcable consists of four conductors, two power conductors and two signal conductors.

Full-speed cable consists of a signaling twisted pair, VBuUs, GND, and an overall shield. Full-speed cable
must be markedto indicate suitability for USB usage (see Section 6.6.2). Full-speed cable may be used
with either Low-speed or Full-speed devices. When Full-speed cable is used with Low-speed devices, the
cable must meet all Low-speed requirements.

Low-speed cable does not require twisted signaling conductors or the overall shield,

6.4 Cable Assembly
This specification describes three USB cable assemblies. Detachable cable, Full-speed captive cable, and
Low-speed captive cable.

The color used for the cable assembly is vendor specific, recommended colors are White, Grey, or Black.

6.4.1 Detachable Cable Assemblies

Full-speed devices can utilize the “B” connector. This allows the device to have a detachable USB cable.
This eliminates the need to build the device with a hardwired cable and minimizes end user problemsif
cable replacement is necessary.

Devices utilizing the “B” connector must be designed to work with worst case maximum length detachable
cable. Detachable cable assemblies may be used only on Full-speed devices. Using a Full-speed detachable
cable on a Low-speed device may exceed the maximum Low-speed cable length.

Figure 6-2 illustrates a detachable cable assembly.
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Figure 6-2. USB Detachable Cable Assembly
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Detachable Cables must meet the following electrical requirements:

« The cable must be terminated on one end with an overmolded Series “A” plug and the opposite end is
terminated with an overmolded Series “B” plug.

* The cable must be rated for Full-speed.

* The cable impedance must match the impedance of the Full-speed drivers. The drivers are
characterized to drive specific cable impedance. Refer to Section 7.1.1 for details.

* The maximum allowable cable length is determined by signal pair attenuation. Refer to Section 7.1.17
for details.

* The maximum allowable cable length determined by the cable propagation delay. The USButilizes an
unterminated transmission scheme. Exceedingthis limit will cause signaling reflections to interfere
with data transmission. Refer to Section 7.1.14 for details.

* Differences in propagation delay between the two signal conductors must be minimized. Refer to
Chapter 7.1.3 for details.

« The GND lead provides a common ground reference between the upstream and downstream ports. The
maximum cable length is limited by the voltage drop across the GND lead. Refer to Section 7.2.2 for
details. The minimum acceptable wire gauge is calculated assuming the attached device is high power

* The VBUsSlead provides power to the connected device. For detachable cables. the VBUS requirement
is the same as the GND lead.

6.4.2 Full-speed Captive Cable Assemblies

Full-speed captive cable assemblies may be used with either Full-speed or Low-speed devices. Assemblies
are considered captive if they are provided with a vendor-specific disconnect means. When using a Full-
speed captive cable on a Low-speed device the cable must meetall Low-speed requirements.

Figure 6-3 illustrates a Full-speed cable assembly.
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Figure 6-3. USB Full-speed Hardwired Cable Assembly
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Full-speed Captive Cables must meet the following electrical requirements:

* The cable must be terminated on one end with an overmolded Series “A” plug and the opposite end is
vendorspecific. [f the vendor specific interconnectis to be hot plugged tt must meet the same
performance requirements as the USB “B” connector,

* The cable must be rated for Full-speed.

@ The cable impedance must match the impedance of the Full-speed drivers. The drivers are
characterized to drive specific cable impedance. Refer to Section 7.1.1 for details.

* The maximum cable length is determined by the attenuation of the signal pair. Refer to Section 7.1.17
for details.

* The maximum cable length is determined by the propagation delay though the cable. The USButilizes
an unterminated transmission scheme, exceedingthis limit will cause signaling reflections to interfere
with data transmission. Refer to Section 7.1.14 for details.

« Differences in propagation delay between the two signal conductors must be minimized. Referto
Section 7.1.3 for details.

* The GND lead provides a common reference between the upstream and downstream ports. The
maximum cable length is determined by the voltage drop across the GND lead. Refer to Section 7.2.2
for details. The minimum wire gauge is calculated using the worst case current consumption.

* The VBuS lead provides powerto the connected device. The minimum wire gauge is vendorspecific,

6.4.3 Low-speed Captive Cable Assemblies
Assemblies are considered captiveif they are provided with a vendor-specific disconnect means. Low-
speed cable may only be used on Low-speed devices.

Figure 6-4 illustrates a Low-speed cable assembly.
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Figure 6-4. USB Low-speed Hardwired Cable Assembly
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Low-speed Captive Cables must meet the following electrical requirements:

« The cable must be terminated on one end with an overmalded Series “A” plug and the opposite end is
vendor specific, If the vendor specific interconnectis to be hot plugged it must meet the same
performance requirements as the USB “B” connector.

e® Low-Speed drivers are characterized for operation over a range ofcapacitive loads. This value includes
all sources of capacitance on the D+ and D-lines, not just the cable. Cable selection must insure that
total load capacitance falls between specified minimum and maximum values. If the desired
implementation does not meet the minimum requirement, additional capacitance needs to be added to
the device. Refer to section 7.1.1.2 for details.

* The maximum Low-speed cable length determined by the rise and fall times of Low-speed signaling.
This forces Low-speed cable to be significantly shorter then Full-speed. Refer to Section 7.1.1.2 for
details.

e Differences in propagation delay between the two signal conductors must be minimized. Refer to
Section 7.1.3 for details.

*» The GND lead provides a commonreference between the upstream and downstream ports. The
maximumcable length is determined by the voltage drop across the GND lead. Refer to Section 7.2.2
for details. The minimum wire gauge is calculated using the worst case current consumption.

e The Vaus lead provides power to the connected device. The minimum wire gauge is vendor specific.

6.4.4 Prohibited Cable Assemblies

USB is optimized for ease of use. The expectation it that if the device can be plugged in it will work.
By specification, the only conditions that prevent a USB device from being successfully utilized are
lack of power, lack of bandwidth, and excessive topology depth. These conditions are well understood
by the system software.

Non-acceptable cables may work in somesituations but they cannot be guaranteed to workin all
instances.

e Extension cable

Cables that provide a Series “A” plug with a series “A”receptacle or a Series “B” plug with a
Series “B” receptacle. This allows multiple cable segments to be connected together, possibly
exceeding the maximum permissible cable length.

e« Cable assembly that violates USB topology rules
A cable with both ends terminated in either Series “A” plugs or Series “B” receptacles. This cable
allows two downstream ports to be directly connected.

 

Note: This prohibition does not prevent using a USB device fo provide a bridge between two USB
busses.

« Low-speed detachable cable
Detachable cables must be Full-speed. Low-speed devices are prohibited from using detachable
cables. Detachable cable is Full-speed rated, using a long Full-speed cable exceeds the capacitive
load of Low-speed.

6.5 Connector Mechanical Configuration and Material Requirements
The USB Iconis used to identify USB plugs and the receptacles. Figure 6-5 illustrates the USB Icon
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Figure 6-5. USB Icon

6.5.1 USB Icon Location

The USB Iconis embossed, in a recessed area, on the topside of the USB plug. This provides easy user
recognition and facilitates alignment during the mating process. The USB Icon and Manufacture’s logo
should not project beyond the overmold surface. The USB Icon is required, while the Manufacture’s logais
recommended, for both Series “A” and “B” plug assemblies. The USB Icon is also located adjacent to each
receptacle. Receptacles should be oriented to allowthe Icon on the plug to be visible during the mating
process. Figure 6-6 illustrates the typical plug orientation.
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Figure 6-6. Typical USB Plug Orientation
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6.5.2 USB Connector Termination Data

Table 6-1 provides the standardized contact terminating assignments by numberand electrical value for
Series “A” and Series “B” connectors.

Table 6-1. USB Connector Termination Assignment

Contact

Number
Signal Name

Typical Wiring

Assignment 

VBUS Red 

D- 

D+

GND 

6.5.3 Series “A” and Series “B” Receptacles

 
Shield

  White

Drain Wire

Electrical and mechanical interface configuration data for Series "A" and Series "B" receptacles are shown
in Figure 6-7 and Figure 6-8. Also, refer to Figure 6-12, Figure 6-13, and Figure 6-14 at the end ofthis
chapter for typical PCB receptacle layouts.
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Figure 6-7. USB Series "A" Receptacle Interface and Mating Drawing
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Figure 6-8, USB Series "B" Recptacle Interface and Mating Drawing
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6.5.3.1 Receptacle Injection Molded Thermoplastic Insulator Material
Minimum UL 94-V0 rated, thirty percent (30%) glass-filled polybutylene terephthalate (PBT) or
polyethylene terephthalate (PET)or better.

Typical Colors: Black, Gray and Natural.

Flammability Characteristics: UL 94-V0rated.

Flame Retardant Package must meet or exceed the requirements for UL, CSA, VDE,etcetera,

Oxygen Index (LOD): Greater than 21%. ASTM D 2863.

6.5.3.2 Receptacle Shell Materials
Substrate Material: 0.30 + 0.05 mm phosphor bronze, nickel silver or other copper based high strength
materials.

Plating:

1. Underplate: Optional. Minimum 1.00 micrometers (40 microinches) Nickel. In addition,
manufacturer may use a copper underplate beneath the nickel.

hm Outside: Minimum 2.5 micrometers (100 microimches) Bright Tin or Bright Tin-Lead.

6.5.3.3 Receptacle Contact Materials
Substrate Material: 0.30 + 0.05 mm minimum half-hard phosphor bronze or other the high strength copper
based material.

Plating: Contacts are to be selectively plated.

A. Option |

1. Underplate: Minimum 1.25 micrometers (50 microinches) Nickel. Copper over base material
is optional.

2. Mating Area: Minimum 0.05 micrometers (2 microinches) Gold over a minimum of0.70
micrometers (28 microinches) Palladium.

3. Solder Tails: Minimum 3.8 micrometers (150 microinches) Bright Tin-Lead over the
underplate.

B. Option Il

1. Underplate: Minimum 1.25 micrometers (50 microinches) Nickel. Copper over base material
is optional.

2, Mating Area: Minimum 0,05 micrometers (2 microinches) Gold over a minimum of0.75
micrometers (30 microinches) Palladium-Nickel.

3. Solder Tails: Minimum 3.8 micrometers (150 microinches) Bright Tin-Lead over the
underplate.

C. Option IT

1. Underplate: Minimum 1.25 micrometers (50 microinches) Nickel. Copper over base material

tel

is optional.

Mating Area: Minimum 0.75 micrometers (30 microinches) Gold.

Solder Tails: Minimum 3.8 micrometers (150 microinches) Bright Tin-Lead overthe
underplate.
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6.5.4 Series “A” and Series “B” Plugs
Electrical and mechanical interface configuration data for Series "A" and Series "B" plugs are shownin
Figure 6-9 and Figure 6-10.
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6.5.4.1 Plug Injection Molded Thermoplastic Insulator Material
Minimum UL 94-V0 rated, thirty percent (30%) glass-filled polybutylene terephthalate (PBT) or
polyethylene terephthalate (PET)or better.

Typical Colors: Black, Gray and Natural.

Flammability Characteristics: UL 94-V0 rated.

Flame Retardant Package must meet or exceed the requirements for UL, CSA and VDE.

Oxygen Index (LOI): 21%. ASTM D 2863.

6.5.4.2 Plug Shell Materials
Substrate Material: 0.30 + 0.05 mm phosphor bronze, nickel silver or other surtable material.

Plating:

A. Underplate: Optional. Minimum 1.00 micrometers (40 microinches) nickel. In addition,
manufacturer may use a copper underplate beneath the nickel.

B. Outside: Minimum 2.5 micrometers (100 microinches) brighttin or bright tin-lead.

6.5.4.3 Plug (Male) Contact Materials
Substrate Material. 0.30 + 0.05 mm half-hard phosphor bronze.

Plating. Contacts are to be selectively plated.

A. Option I

1, Underplate: Minimum 1.25 micrometers (50 microinches) nickel. Copper over base material
is optional.

2. Mating Area: Minimum 0.05 micrometers (2 microinches) gold over a minimum of0.70
micrometers (28 microinches) palladium.

3. Solder Tails: Minimum 3.8 micrometers (150 microinches) bright tin-lead over the
underplate.

B. Option I

lL. Underplate: Minimum 1.25 micrometers (50 microinches) nickel. Copper over base material
1s optional,

i] Mating Area: Minimum 0.05 micrometers (2 microinches) gold over a minimum of 0,75
micrometers (30 microinches) palladium-nickel.

3. Wire Crimp/Solder Tails: Minimum 3.8 micrometers (150 microinches) bright tin-lead over
the underplate.

C. Option fil

|. Underplate: Minimum 1.25 micrometers (50 microinches) nickel. Copper over base material
is optional.

2. Mating Area: Minimum 0.75 micrometers (30 microinches) gold.

3. Solder Tails: Minimum 3.8 micrometers (150 microinches) bright tin-lead over the
underplate.
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6.6 Cable Mechanical Configuration and Material Requirements
Full-speed and Low-speed cables differ in data conductor arrangement and shielding. Low-speed cable
does not require twisted data conductors or a shield. Figure 6-11 showsthe typical Full-speed cable
construction,

Non-Twisted Power Pair: Polyvinyl Chloride (PVC) Jacket
Red: Vaus

Black: Power Ground

 
 

 
 

Outer Shield > 65% Interwoven

Tinned CopperBraid

Inner Shield Aluminum

Metallized Polyester 

Twisted Signaling Pair:
White: D-

Green: D+

28 AWGTinned

CopperDrain Wire

Figure 6-11. Typical Full-speed Cable Construction

6.6.1 Description
Full-speed cable consists of one 28 to 20 AWG non-twisted powerpair and one 28 AWGtwisted data pair
with an aluminum metallized polyester inner shield. 28 AWGstranded tinned copperdrain wire. > 65%
tinned copper wire interwoven (braided) outer shield and PVCouter jacket.

Low-speed cable does not require the data pair be twisted or a shield and drain wire.
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6.6.2 Construction

Raw materials used in the fabrication ofthis cable shall be of such quality that the fabricated cable is
capable ofmeeting or exceeding the mechanical and electrical performancecriteria of the most current
USB Specification Revision, and all applicable domestic and international safety/testing agency
requirements,e.g., UL, CSA, BSA, NEC,et cetera, for electronic signaling and power distribution cables in
its category.

Table 6-2. Power Pair

American Wire|Nominal Conductor

Gauge (AWG) Outer Diameter Conductors

0.381 mm (0.015”)

0.406 mm (0.016")

0.483 mm (0.019")

0.508 mm (0.020”)

0.610 mm (0.024”)

0.610 mm (0.024")

0.762 mm (0.030")

0.787 mm (0.031”)

0.890 mm (0.035")

0.931 mm (0.037”)

 

 

 

    
Note: Minimum conductor construction shall be stranded tinned copper.

Non-Twisted PowerPair:

A. Wire Gauge: Minimum 28 AWGorasspecified by the user contingent upon the specified cable
length. Refer to Table6-2.

B. Wire Insulation: Semirigid polyvinyl chloride (PVC).

1. Nominal Insulation Wall Thickness: 0.25 mm (0.010).

2. Typical Power(V,,,.) Conductor: Red Insulation.

3. Typical Ground Conductor: Black Insulation.

Signal Pair:

A. Wire Gauge: 28 AWG minimum. Refer to Table 6-3.

Table 6-3. Signal Pair

American Wire Nominal Conductor Stranded Tinned

Gauge (AWG) Outer Diameter Conductors oa 0.381 mm (0.015") 7x 36
0,406 mm (0.016") 19x40
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Note: Minimum conductor construction shall be stranded tinned copper

B. Wire Insulation: High-density polyethylene (HDPE), alternately foamed polyethylene or foamed
polypropylene.

1, Nominal Insulation Wall Thickness: 0.31 mm (0.012”).

2. Typical Data Plus (+) Conductor: Green Insulation,

3. Typical Data Minus (-) Conductor: White Insulation,

C. Nominal Twist Ratio (not required for Low-speed): One full twist every 60 mm (2.36”) to 80 mm
(3.15”).

Aluminum Metallized Polyester Inner Shield (not required for Low-speed):

A. Substrate Material: Polyethylene terephthalate (PET) or equivalent material.

B. Metallizing; Vacuum deposited aluminum.

C. Assembly:

1. The aluminum metallized side of the inner shield shall be positioned facing out to ensure
direct contact with the drain wire.

2. The aluminum metallized inner shield shall over lap by approximately one-quarterturn.

Drain Wire (not required for Low-speed):

A. Wire Gauge: Minimum 28 AWGstranded tinned copper (STC) non-insulated. Refer to Table
6-4.

Table 6-4. Drain Wire Signal Pair

American Wire Nominal Conductor Stranded Tinned
Gauge (AWG) Outer Diameter Conductors

0.381 mm (0.015")

0.406 mm (0.016")
 

Interwoven (Braided) Tinned Copper Wire (ITCW) Outer Shield (not required for Low-speed):

A. Coverage Area: Minimum 65%.

B. Assembly. The interwoven (braided) tinned copper wire outer shield shall encase the aluminum
metallized PET shielded powerand signalpairs and shall be in direct contact with the drain wire.

Outer Polyviny! Chloride (PVC) Jacket:

A. Assembly: The outer PVC jacket shall encase the fully shielded power and signal pairs and shall
be in direct contact with the tinned copper outer shield,

B. Nominal Wall Thickness: 0.64 mm (0.025”),

Marking; The cable shall be legibly marked using contrasting color permanentink.

A. Minimum marking information for Full-speed cable shall include:

USB SHIELDED <Gauge/2C + Gauge/2C> UL CM 75° C— UL Vendor ID

B. Minimum marking information for Low-speed cable shall include:

USB specific marking is not required for Low-speed cable.
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Nominal Fabricated Cable Outer Diameter:

This is a nominal value and may vary slightly from manufacturer to manufacturer as function of the
conductor insulating materials and conductor specified, Refer to Table 6-5.

Table 6-5. Nominal Cable Diameter

Shielded USB Nominal Outer

Cable Configuration Cable Diameter

4.06 mm (0.160")

4.32 mm (0.170")

4.57 mm (0.1807)

4.83 mm (0.190")

5.21 mm (0.205”)

 

 

 

  
6.6.3. Electrical Characteristics

All electrical characteristics shall be measured at or referenced to +20? C (68° F).

Voltage Rating: 30 Vrms maximum,

Conductor Resistance: Conductor resistance shall be measured in accordance with ASTM-D-4566 Section
13. Refer to Table 6-6.

Conductor Resistance Unbalance (Pairs): Conductor resistance unbalance between two (2) conductors of
any pair shall not exceed five percent (5%) when measured in accordance with ASTM-D-4566 Section 15,

Table 6-6. Conductor Resistance

American Ohms (©) / 100 Meters
Wire Gauge (AWG) Maximum

 

 

  
6.6.4 Cable Environmental Characteristics

Temperature Range:

A. Operating Temperature Range: 0° C to +50°C.

B. Storage Temperature Range: -20° C to +60° C,

C. Nominal Temperature Rating: +20°C.

Flammability: All plastic materials used in the fabrication of this product shall meet or exceed the
requirements ofNEC Article 800 for communications cables Type CM (Commercial).
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The product shall be ULlisted per UL Subject 444, Class 2, Type CM for Communications Cable
Requirements.

6.7 Electrical, Mechanical and Environmental Compliance Standards
Table 6-7 lists the minimum testcriteria for all USB cable, cable assemblies and connectors

Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards

Test Description

Visual and Dimensional

Inspection

Insulation Resistance

Test Procedure

EIA 364-18

Visual, dimensional and functional
inspection in accordance the USB
quality inspection plans.

EIA 364-21

The object of this test procedure is
to detail a standard method to

assess the insulation resistance of
USB connectors. This test

procedure is used to determine the
resistance offered by the insulation
materials and the various seals ofa

connector to a DC potential
tending to produce a leakage of
current through or on the surface of
these members.

Performance Requirement

Must meet or exceed the

requirements specified by the
most current version of Chapter 6
of the USB Specification.

1.000 MQ) minimum,

 

Dielectric

Withstanding Voltage

Low Level

Contact Resistance

94

 
EIA 364-20

The object of this test procedure is
to detail a test method to prove that
a USB connector can operate
safely at its rated voltage and
withstand momentary over
potentials due to switching, surges
and/or other similar phenomena.

ETA 364-23

The objectof this test is to detail a
standard method to measure the

electrical resistance across a pair of
mated contacts such that the

insulating films, if present, will not
be broken or asperity melting will
not occur,

 The dielectric must withstand 500
VACfor one minute at sea level.

30 mQ maximum when measured

at 20 mV maximum open circuit
at 100 mA. Mated test contacts

must be in a connector housing.
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description

Contact Current

Rating

Test Procedure

EIA 364-70 — Method B

The object ofthis test procedure is
to detail a standard method to

assess the current carrying capacity
of mated USB connector contacts.

Performance Requirement

1.5 A at 250 VAC minimum
when measured at an ambient

temperature of 25° C. With
powerapplied to the contacts, the
AT shall not exceed +30° C at

any point in the USB connector
undertest.

 

Contact Capacitance

EIA 364-30

The object ofthis test is to detail a
standard methodto determine the

capacitance between conductive
elements of a USB connector.

 2 pF maximum unmated per
contact

  

Insertion Force

 

Extraction Force

ELA 364-13

The object ofthis test is to detail a
standard method for determining
the mechanical forces required for
inserting a USB connector.

EIA 364-13

The object of this test is to detail a
standard method for determining
the mechanical forces required for
extracting a USB connector.

35 Newtons maximum ata_
maximum rate of 12.5 mm

(0,492") per minute

10 Newtons minimum at a
maximum rate of 12.5 mm

(0.492”) per minute

 

Durability

 
EJA 364-09

The objectof this test procedure is
to detail a uniform test method for

determining the effects caused by
subjecting a USB connectorto the
conditioning action of insertion
and extraction, simulating the
expected life of the connectors,
Durability cycling with a gauge is
intended only to produce
mechanical stress. Durability
performed with mating
components is intended to produce
both mechanical and wearstress.

1,500 insertion/extraction cycles
ata maximum rate of 200 cycles
per hour 
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description

Cable Pull-Out

Physical Shock

 
Test Procedure

EIA 364-38

Test Condition A

The object of this test procedureis
to detail a standard method for

determining the holding effect of a
USB plug cable clamp without
causing any detrimental effects
upon the cable or connector
components when the cable is
subjected to inadvertent axial
tensile loads.

EIA 364-27

Test Condition H

The objectofthis test procedureis
to detail a standard method to

assess the ability of a USB
connector to withstand specified
severity of mechanical shock.

Performance Requirement

After the application of a steady
state axial load of 40 Newtons for
one minute

No discontinuities of ] uS or
longer duration when mated LSB
connectors are subjected to 11 ms
duration 30 Gshalf-sine shock

pulses. Three shocks in each
direction applied along three
mutually perpendicular planes for
a total of 18 shocks

 

Random Vibration

96

ELA 364-28

Test Condition V Test Letter A

This test procedure is applicable ta
USB connectors that may, in
service, be subjected to conditions
involving vibration. Whether a
USB connectorhas to function

during vibration or merely to
survive conditions of vibration

should be clearly stated by the
detailed product specification. In
either case, the relevant

specification should always
prescribe the acceptable
performancetolerances,

 Nodiscontinuities of 1 uS or
longer duration when mated USB
connectors are subjected to 5.35
Gs RMS. 15 minutes in each of

three mutually perpendicular
planes 
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description

Thermal Shock

Test Procedure

EIA 364-32

Test Condition I

The object of this test is to
determine the resistance of a USB

connector to exposure at extremes

of high and low temperatures and
to the shock ofalternate exposures
to these extremes, simulating the
worst case conditions for storage,
transportation and application.

Performance Requirement

10 Cycles —55"C and +85°C. The
USB connectors under test must
be mated

 

Humidity Life

EIA 364-31

Test Condition A Method III

The object of this test procedureis
to detail a standard test method for

the evaluation ofthe properties of
materials used in USB connectors

as they are influenced by the
effects of high humidity and heat.

168 Hours minimum (seven (7)
complete cycles). The USB
connectors undertest shall be

tested in accordance with EIA
364-31

 

Solderability

ELA 364-52

The object of this test procedure is
to detail a uniform test method for

determining USB connector
solderability, The test procedure
contained herein utilizes the solder

dip technique. It is not intended to
test or evaluate solder cup, solder
eyelet, other hand-soldered type or
SMTtype terminations,

USB contact solder tails shall

pass 95% coverage after one hour
steam aging as specified in
Category 2

 

Flammability

UL 94 V-0

This procedure is to ensure
thermoplastic resin compliance to
UL flammability standards.

The manufacturer will requireits
thermoplastic resin vendor to
supply a detailed C of C with
each resin shipment. The C of C
shall clearly show the resin’s UL
listing number, lot number, date
code, et cetera.
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description Test Procedure Performance Requirement

The object ofthis test is to insure Impedance must be in the range
the signal conductors have the specified in Table 7-9 (Zo)
proper impedance.

1. Connect the Time Domain

Reflectometer (TDR) outputs
to the impedance/delay/skew
test fixture (Note 1), Use
separate 50 Ohm cables for the
plus (or true) and minus (or
complement) outputs. Set the
TDR headto differential TDR
mode.

Connect the Series "A" plug of
the cable to be tested to the

text fixture, leaving the other
end open-circuited.

Cable Imedance

Only required for Full-speed

 
Define a waveform composed
of the difference between the

true and complement
waveforms, to allow
measurementofdifferential

impedance.

Measure the minimum and

maximum impedances found
between the connector and the

open circuited far end ofthe
cable.
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description

Signal Pair Attenuation

Only required for Full-speed  
Test Procedure

The objectofthis test is to insure
that adequate signal strengthis
presented to the receiver to
maintain a low error rate.

Connect the Network

Analyzer output port (port |)
to the input connector on the
attenuation test fixture (Note
2).

Connect the Series “A” plug
of the cable to be tested to the

test fixture, leaving the other
end open-circuited.

Calibrate the network analyzer
and fixture using the
appropriate calibration
standards, over the desired
frequency range.

Follow the method listed in

Hewlett Packard Application
Note 380-2 to measure the

open-ended response of the
cable.

Short circuit the Series “B”

end (or bare leads end, ifa
captive cable), and measure
the short-circuit response.

Using the software in H-P
App. Note 380-2 or
equivalent, calculate the cable
attenuation, accounting for
resonance effects in the cable
as needed,

  
Performance Requirement

Refer to Section 7.1.17 for

frequency range and allowable
attenuation.
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description

Propagation Delay

100

 
Test Procedure

The purpose of thetest is to verify
the end to end propagation ofthe
cable,

1. Connect one output of the
TDRsampling head to the D+
and D- inputs of the
impedance/delay/skew test
fixture (Note 1). Use one 5003
cable for each signal. and set
the TDR headto differential
TDR mode.

Connect the cable to be tested
to the test fixture. If

detachable, plug both
connectors in to the matching
fixture connectors. If captive,
plug the series “A” plug into
the matching fixture
connector, and solder the
stripped leads on the other end
to the test fixture.

Measure the propagation delay
of the test fixture by
connecting a short piece of
wire across the fixture from

input to output, and recording
the delay.

Removethe short piece of
wire and re-measure the

propagation delay. Subtract
from it the delay of the test
fixture measured in the

previousstep.

  
Performance Requirement

Full-speed

See Section 7.1.1.1, Section

7.1.4, Section 7.1.16 and Table
7-9 (TFSCBL)

Low-speed

See Section 7.].1.2, Section
7.1.16 and Table 7-9 (TLSCBL)
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Table 6-7. USB Electrical, Mechanical and Environmental Compliance Standards (Continued)

Test Description Test Procedure Performance Requirement

This test insures that the signal on Propagation skew must meet
both the D+ and D-lines arrive at the requirementsaslisted in
the receiver at the same time. Section 7.1.3.

|. Connect the TDRto the

fixture with test sample
cable, as in the previous
section.

2. Measure the difference in

Propagation Delay Skew delay for the two conductors
in the test cable, Use the
TDR cursorsto find the

open-circuited end of each
conductor (where the
impedance goes infinite),
and subtract the time
difference between the two
values.

 
 

The purpose of this test is to insure See Section 7.1.1.2 and Table
the distributed inter-wire 7-7 (CLINUA)
capacitance is less then the lumped
capacitance specified by the Low-
speed transmit driver.

1. Connectthe one lead of the

Impedance Analyzer to the D+
pin on the
impedance/delay/skew fixture

Only required for Low-speed (Note |), and the other lead to
the D- pin,

Capacitive Load

Connect the series "A" plug to
the fixture, with the series “B”

end leads open-circuited.

Set the Impedance Analyzerto
a frequency of 100 kHz, to
measured the capacitance.

  
Notel: Impedance, propagation delay and skew test fixture.

This fixture will be used with the TDR for measuring the time domain performance ofthe cable undertest.
The fixture impedance should be matched to the equipment, typically 50. Coaxial connectors should be
provided on the fixture for connection from the TDR.

Note 2: Attenuation text fixture

‘This fixture provides a means ofconnection from the network analyzer to the Senes "A" plug. Since USB
signals are differential in nature and operate over balanced cable, a transformer or balun (North Hills
NH13734 or equivalent) is ideally used. The transformer converts the unbalanced (also knownas single-
ended) signal from the signal generator which is typically a 509 output, to the balanced (also known as
differential) and likely different impedance loaded presented by the cable. A second transformer or balun
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should be used on the other end of the cable undertest, to convert the signal back to unbalanced from of the
correct impedance to match the network analyzer.

6.7.1 Applicable Documents
American National Standard/Electronic Industries Association

ANSVETA-364-C (12/94)—Electrical Connector/Sacket Test Procedures
Including Environmental Classifications

American Standard Test Materials

ASTM-D-4565 Physical and Environmental Performance Properties
of Insulation and Jacket for Telecommunication

Wire and Cable, Test Standard Method

ASTM-D-4566 Electrical Performance Properties ofInsulation and
Jacket for Telecommunication Wire and Cable, Test
Standard Method

Underwriters’ Laboratory, Inc.

UL STD-94 Test for Flammability of Plastic materials for Parts
in Devices and Appliances

UL Subject-444 Communication Cables

6.8 USB Grounding
The shield must be terminated to the connector plug for completed assemblies. The shield and chassis
are bonded together. The user selected grounding scheme for USB devices and cables must be consistent
with accepted industry practices and regulatory agency standards for safety and EMI/ESD/RFI.

6.9 PCB Reference Drawings
The following drawings describe typical receptacle PCB interfaces. This is included for information
purposes only.
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Chapter7
Electrical

This chapter describes the electrical specification for the USB. It contains signaling, powerdistribution,
and physical layer specifications.

7.1 Signaling
The signaling specification for the USBis described in the following subsections.

7.1.1 USB Driver Characteristics

The USBusesadifferential output driver to drive the USB data signal onto the USB cable. Thestatic
output swing ofthe driver in its low state must be below VOL (max) of 0.3V with a 1.5kQ load to 3.6V and
in its high state must be above the VOH (min) of 2.8V with a 15kQ load to groundas listed in Table 7-5,
Full-speed drivers have more stringent requirements, as described in Section 7.1.1.1. The output swings
between the differential high and low state must be well-balanced to minimize signal skew. Slew rate
cantrol on the driver is required to minimize the radiated noise and cross talk. The driver's outputs must
support three-state operation to achieve bi-directional half-duplex operation.

USB devices must be capable of withstanding continuous exposure to the waveforms shown in Figure 7-1
while in any drive state. These waveformsare applied directly into each USB data pin from a voltage
source with an output impedance of 39Q. The open-circuit voltage of the source shown in Figure 7-1 is
based on the expected worst-case overshoot and undershoot.

It is recommended that these DC and ACstresses be used as qualification criteria against whichthe long-
term reliability of each device is evaluated,

Evaluation Setu

D+ or D- pin
on USB connector

nearest device

USB Rsprc
Device

os

| | 166.7ns
Rsrc= 39¢ 12% — (6MHz)

- 4.6V 
 

4-20ns
  

-1.0V 
The signal produced by the voltage generator may be
distorted when observedai the data pin due to input
protection devices possibly incorporated in the USBdevice.

Figure 7-1. Maximum Input Waveforms for USB Signaling

A USB device must be able to withstand a continuous short circuit of D+ and D- to VRUS, GND,other data

line, or the cable shield at the connector. The device must not be damaged whenpresented with a driving
signal that provides a duty cycle of 50% transmit and 50% receive. The transmit phase consists of a
symmetrical signal that toggles between drive high and drive low. This requirement must be met for max
value of VBUS,
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7.1.1.1 Full-speed (12Mb/s) Driver Characteristics
A full-speed USB connection is made througha shielded, twisted pair cable with a characteristic
impedance (Z,) of 900 +15% and a maximum one-way delay of 26ns. The impedance ofeach of the
drivers (ZDRV) must be between 28Q and 44Q_ i.e. within the grey area in Figure 7-3.

For a CMOS implementation, the driver impedance will typically be realized by a CMOS driver with an
impedancesignificantly less than this resistance with a discrete series resistor making up the balance as
shownin Figure 7-2. The series resistor Rs is included in the buffer impedance requirement shown in
Figure 7-3. In the rest of the chapter, references to the buffer assume a buffer with the series impedance
unless stated otherwise.

Buffer Output Imped. (ZauF)

Rs 
 
 

D+ (280 to 44Q Equiv. imped.)

 

 
 
 

Identical

CMOS

Buffers
 
 

D- (289 to 44Q Equiv. Imped.)

Rs

Figure 7-2. Example Full-speed CMOSDriver Circuit

 

The buffer impedance must be measured for driving high as well as driving low. Figure 7-3 showsthe
composite V/I characteristics for the full-speed drivers with included series damping resistor (RS). The
characteristics are normalized to the steady-state, unloaded output swing of the driver. The normalized
driver characteristics are found by dividing the measured voltages and currents by the actual swing of the
driver undertest. The normalized V/I curve for the driver must fall entirely inside the shaded region. The
V/T region is bounded by the minimum driver impedance above and the maximum driver impedance
below. The minimum drive region is intersected by a constant current region of |6.1VOH|mA when driving
low and -/6.1 Vou|mA when driving high. This is the minimum current drive level necessary to ensure that
the waveform al the receiver crosses the opposite single-ended switching level on thefirst reflection.

Whentesting, the current into or out ofthe device need not exceed +10.71* VOH mAandthe voltage
applied to D+/D- need not exceed 0.3*VOnH for the drive low case and need not drop below 0.7*VOH for
the drive high case,
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drive low

lout

(mA) Slope=4/28 A
10.74 * [Vou Test Limit Cerca

6.1 * |[Vou|

2.32 1 Slope = 1/44Q
1

0 I

0 0.3V 0.27*Voy  0.3*Vox Vour (Volts) Vox

0

drive high Si ‘jade
ope = Pe

-6.4*|Vou

-10.71* [Vou]4= — oe Pestlimitee- ---*|slope = 1/280

lout
(mA) 
  

0 Vout (Volts) 0.7 Vou 0.73 Vor Vox

Figure 7-3. Full-speed Buffer V/I Characteristics
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Figure 7-4 showsthe full-speed driver signal waveforms.

   

One Bit
Time

(42Mbis}

Driver Li ot eB

‘= a tIVss ee
One-Way

Trip Cable

5 DelayVix (min) ! SN4 Signal pins pass
Receiver input spec levels

Signal Pins after one cable

delay |
Vit (max) ~ hh

Vss
 

Figure 7-4. Full-speed Signal Waveforms

7.1.1.2 Low-speed (1.5Mb/s) Driver Characteristics

A low-speed device must have a captive cable with the Series A connector on the plug end. The
combination of the cable and the device must have a single-ended capacitance of no less than 200pF and no
more than 450pF on the D+ or D-lines,

The propagation delay (TLSCBL) of a low-speed cable must be less than 18ns. This is to ensure that the
reflection occurs during the first half of the signal rise/fall, which allows the cable to be approximated by a
lumped capacitance.

 

 
   

One Bit
Time

(1.5Mb/s)

Vin (min) \\ paseoa
Driver spec levelswith minimal

Signal Pins reflections and
ringing

Vit (max) ———

Vss

Figure 7-5. Low-speed Driver Signal Waveforms

7.1.2. Data Signal Rise and Fall

The output rise time and fall times are measured between 10% and 90%ofthe signal (Figure 7-6). Rise
and fall time requirements apply to differential transitions as well as to transitions between differential and
single-ended signaling.
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Therise and fall times for full-speed buffers are measured with the load shown in Figure 7-7. The rise and
fall times must be between 4ns and 20ns, and matched to within +10% to minimize RFI emissions and
signal skew. The transitions must be monotonic.

The rise and fall times for low-speed buffers are measured with the load shown in Figure 7-8. The
capacitive load shown in Figure 7-8 is representative of the worst-case load allowed by the specification.
A downstream port is allowed 150pF of input/output capacitance (CIND). A low-speed device (including
cable) may have a capacitance ofas little as 200pF and as much as 450pF. This gives a range of 200pF to
600pF as the capacitive load that a downstream low-speed buffer might encounter, Upstream buffers on
low-speed devices must be designed to drive the capacitance of the atlached cable plus an additional
150pF. Ifa low-speed buffer is designed for an application where the load capacitance is knownto fall ina
different range, the test load can be adjusted to match the actual application. Low-speed buffers on hosts
and hubs that are attached to USB receptacles must be designed forthe 200pF to 600pF range. The rise
and fall time must be between 75ns and 300nsfor any balanced, capacitive test load. In all cases, the edges
must be matched to within +20% to minimize RFI emissions and signal skew. The transitions must be
monotonic.

For both full-speed and low-speed signaling, the crossover voltage (VCRS) must be between 1.3V and
2.0V.

This specification does not require matching signal swing matching to any greater degree than described
above. However, whensignaling, it is preferred that the average voltage on the D+ and D- lines should be
constant. This meansthat the amplitude ofthe signal swing on both D+ and D- should be the same; the
low and high going transition should begin at the same time and change ai the same rate; and the crossover
voltage should be the same when switching to aJ or K. Deviations from signal] matching will result in
common-modenoisethat will radiate and affect the ability of devices and systems to passtests that are
matdated by government agencies.

Fall Time 

 

Differential
Data Lines 

Figure 7-7. Full-speed Load
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Low-speed

 
C.= 200pF to 600pF C. = 50pF to 150pF

Low-speed downstream port load Low-speed upstream port load

Figure 7-8. Low-speed Port Loads

Note: the CL for low-speed port load only represents the range of loading that might be added when the
low-speed device is attached to a hub. The low-speed buffer must be designed to drive the load ofits
attached cable plus CL. A low-speed buffer design that can drive the downstream port test load would be
capable of driving any legitimate upstream load.

7.1.2.1 Driver Usage

The upstream ports (towards the host) of all hubs and full-speed functions must use full-speed drivers.
The upstream hub port transmits data at both full- and low-speed data rates. However, the signaling
always uses full-speed signaling conventions and edge rates (refer to Figure 7-13 Upstream Full Speed Port
Transceiver and Table 7-1 Signaling Levels), Transmission of low-speed data does not changethe driver’s
characteristics. The upstream port of low-speed functions must use a low-speed driver.

External downstream ports of all hubs (including the host), are required to be capable of both driver
characteristics, such that any type of device can be plugged in to these ports. Whenthe transceiveris in
full-speed modeit uses full-speed signaling conventions and edgerates. In low-speed it uses low-speed
signaling conventions and edgerates (refer to Figure 7-14 Downstream Port Transceiver and Table 7-1
Signaling Levels).

7.1.3 Cable Skew

The maximum skew introduced by the cable between the differential signaling pair (i.c., D+ and D-
(TSKEW)) must be less than 400pS and is measured as described in Section 6.7.

7.1.4 Receiver Characteristics

A differential input receiver must be used to accept the USB data signal. The receiver must feature an
input sensitivity (VDI) of at least 200mV when both differential data inputs are in the differential common
mode range (VCM) of 0.8V to 2.5V, as shown in Figure 7-9.

In additionto the differential receiver, there must be a single-ended receiver for cach of the two datalines.
The receivers must have a switching threshold between 0.8V (VIL) and 2.0V (VIH). It is recommendedthat
the single-ended receivers incorporate hysteresis to reduce their sensitivity to noise.

Both D+ and D- may temporarily be less than Vih(min) during differential signal transitions. This period
can be up to 14ns (TrsT) for full-speed transitions and up to 21 0ns (TLST) for low-speed transitions. Logic
in the receiver must ensure that that this is not interpreted as an SEQ,
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Differential Input Voltage Range

Differential Output
Crossover

Voltage Range

TD eee oo oOo2 04 06 0.8 1.0. 1.2, 14 16 FB 20 22 24 26 28 BO BB nme 4.6

 
Input Voltage Range(volts)

Figure 7-9. Differential Input Sensitivity Range

7.1.5 Device Speed Identification
The USBis terminated at the hub and function ends as shown in Figure 7-10 and Figure 7-11. Full-speed
and low-speed devices are differentiated by the position of the pull-upresistor on the downstream end of
the cable:

e  Full-speed devices are terminated as shown in Figure 7-10 with the pull-up resistor on the D+ line.

*  Low-speed devices are terminated as shown in Figure 7-11 with the pull-up resistor on the D- line.

* The pull-down terminators on downstream ports are resistors of 15k +5% connected to ground.

The design of the pull-up resistor must ensure that the signal levels satisfy the requirements specified in
Table 7-1. In order to facilitate bus state evaluation that may be performedat the end ofa reset, the design
must be able to pull-up D+ or D- from 0V to VIH (min) within the minimum reset relaxation time of 2.5us.
A device that has a detachable cable must use a 1.5kQ +5%resistor tied 10 a voltage source between 3.0V
and 3.6V (VTERM)to satisfy these requirements. Devices with captive cables may use alternative
termination means. However, the Thevenin resistance of any termination must be no less than 900.

Note: Thevenin resistance of termination does not include the 15kQ +5%resistor on host/hub.

The voltage source on the pull-up resistor must be derived from or controlled by the power supplied onthe
USBcable such that when VBUS is removed, the pull-up resistor does not supply current on thedata line to
which it is attached.
 

Full-speed or —Full-speed USB
Low-speed USB Transceiver

Transceiver
Zo=900 +15%

Rpa=15KQ +5% Hub Upstream Port
Host or or

Hub Port Rou=1.5KQ 45% Full-speed Function

 
Figure 7-10, Full-speed Device Cable and Resistor Connections
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Full-speed or
Low-speed USB

Transceiver

Rpa=15KQ +5%

Rpu=1.5KQ +5% (nominal)
Hub Port Low-speed Function

 
Figure 7-11. Low-speed Device Cable and Resistor Connections

7.1.6 Input Characteristics
The input impedance of D+ or D- without termination should be > 300 kQ (ZINP). The input capacitance of
a port is measured at the connector pins. Upstream and downstream ports are allowed different values of
capacitance. The maximum capacitance (differential or single-ended) (CIND)allowed on a downstream
port of a hub or host is 150pF on D+ or D-. This is comprised of up to 75pF of lumped capacitance to
ground on each line at the transceiver and in the connector, and an additional 7SpF capacitance on each
conductor in the transmission line between the receptacle and the transceiver. The transmission line
between the receptacle and RS must be 90€ +15%). 

The maximum capacitance on an upstream port of a full-speed device with a detachable cable (CINUB)is
LOOpF on D+ or D-. This is comprised of up to 75 pF of lumped capacitance to ground on eachline at the
transceiver and in the connector, and an additional 25pF capacitance on each conductorin the transmission
line between the receptacle and the transceiver. The difference in capacitance between D+ and D- must be
less than 10%.

For full-speed devices with captive cables. the device itself may have up to 75pF of lumped capacitance to
ground on on D+ and D-. The cable accounts for the remainder of the input capacitance.

A low-speed deviceis required to have a captive cable. The input capacitance of the low-speed device will
include the cable. The maximum single-ended ordifferential input capacitance of a low-speed deviceis
450pF (CLINUA).

For devices with captive cables, ihe single-ended input capacitance must be consistent with the termination
scheme used. The termination must be able to charge the D+ or D- line from 0V to VIH (min) within 2.5us.
The capacitance on D+/D- includes the single-ended input-capacitance of the device (measured from the
pins on the connector on the cable) and the 150pFof input capacitance of the host/hub.

An implementation may use small capacitors at the transceiver for purposes of edge rate control. The sum
ofthe capacitance ofthe added capacitor (CEDGE), the transceiver, and the trace connecting capacitor and
transceiver to RS must not exceed 75pF (either single-ended ordifferential) and the capacitance must be
balanced to within 10%. The added capacitor, if present, must be placed between the transceiver pins and
Rs (see Figure 7-12)

Use of ferrite beads on the D+ or D- lines of full-speed devices is discouraged.
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aii Cense

Figure 7-12. Placement of Optional Edge Rate Control Capacitors

7.1.7 Signaling Levels
Table 7-1 summarizes the USB signaling levels. The source is required to drive the levels specified in the
second coJumn and the target is required to identify the correct bus state when it sees the levels in the
third column. (Target receivers can be more sensitive as long as they are within limits specified in the
fourth column).
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Table 7-1, Signaling Levels

Signaling Levels

At originating source At final target connector

connector(at endofbit time) Acceptable

Differential “1” D+ > VoH (min) and D- < VoL (max)|(D+) - (D-) > 200mV
and D+ > VIH (min)

  
  
  
 
 
 

  Bus State

 
 

 
  

Differential “0” D- > VOH (min) and D+ < Vat (max)|(D-) - (D+) > 200mV (D-)- (B+) > 200mV
and D- > Vix (min)

 
 
  
  
 
  
 
 
 

Single-ended 0 (SEO)|D+ and D-< VoL (max) D+ and D- < Vi_(max)|D+ and D- < Vin (min) 
Data J state:

Low-speed Differential “O" Differential “0”

Full-speed Differential “1” Differential “1” 

DataKsiate:

Low-speed Differential “1” Differential “1°

Full-speed Differential “O" Differential “O"

Idle state:

Low-speed

 
 

 
 

 
 
 

 

 
 

D- > Viz (min) and

D+ < ViL (max)

D+ > Vinz (min) and

D- < VIL (max)

D- > Vinz (min) and

D+ < ViH (min)

D+ > Vikz (min) and

D- < VIH (min)
 
 
 
 

Full-speed

 

 
 

 Resumestate Data K state Data K state 

 
 

Start-of-Packet (SOP)|Data lines switch from Idle to K state 

  
  

 
 

End-of-Packet (EOP)*|SEO for approximately 2 bit times’ SEOfor > 1 bit time* SEO for = 1 bit time”
followed by a J for 1 bit time® followed by a J state followed by a J state

for 1 bit time

 
  
 

Disconnect

(at downstream port)
SEO for 22.5us

   

  
Connect

(at downstream port)
NLA. Idle for =2ms Idle for =2.5 us 

D+ and D- =< VOL (max) for =10ms D+ and D- < VIL (max)|D+ and D- < VIL (max)
for >10ms for 22.5 us

Note 1: The width of EOPis defined in bit times relative to the speed of transmission. (Specification EOP widths are
given in Table 7-5 and Table 7-6.)

Note 2: The width of EOPis defined in bit times relative to the device type receiving the EOP. Thebit time is
approximate.

Note 3: The width of the J state following the EOPis definedin bit times relative to the buffer edge rate. The J state from
a low-speed buffer must be a low-speedbit time wide and from a full-speed buffer, a full-speed bit time wide.

Note 4: The keep-alive is a low-speed EOP.
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The J and K data states are the two logical levels used to communicate differential data in the system.
Differential signaling is measured from the point where the data line signals cross over. Differential data
signaling is not concerned with the level at which the signals cross, as long as the crossover voltage meets
the requirements in Section 7.1.2, Note that, at the receiver, the Idle and Resumestates are logically
equivalent to the J and K slates respectively.

As shownin Table 7-1]. the J and K states for full-speed signaling are inverted from those for low-speed
signaling. The sense of data, idle, and resume signaling is set by the type of device that is being attached to
aport. [fa full-speed device is attached to a port, that segment of the USB usesfull-speed signaling
conventions (and fast rise and fall times), even if the data being sent across the data linesis at the low-
speed data rate, The low-speed signaling conventions shown in Table 7-1] (plus slow rise and fall times)
are used only between a low-speed device and the port to whichit is attached.

3

  | 18Ka t5%
) orequivalent

 
p- RxD

RxD+

TxD+

OE

TxD-

RxD+

RxD-

TxD+

OE
Speed

Gutput Buffers

TxD-

 
: Note: additional logic is required

15K 45% ‘ to invert signal polarity on
‘ ’ data in/out when low-speed

} devices are attached.

Figure 7-14. Downstream Port Transceiver
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7.1.7.1 Connect and Disconnect Signaling
When nofunction is attached to the downstream port of the host or hub, the pull-downresistors present
there will cause both D+ and D- to be pulled below the single-ended low threshold of the host or hub port
whenthat port is not being driven by the hub. This creates an SEO state on the downstream port. A
disconnect condition (TDDIS) is indicated if the host or hub is not driving the data lines and an SEO persists
on a downstream port for more than 2.5us (see Figure 7-15),

A connect condition (TDCNN) will be detected when the hub detects that one of the datalinesis pulled
above its VIH threshold for more than 2.5us (see Figure 7-16 and Figure 7-7).

Hubs may optionally determine the speed of the attached device by sampling the state of the bus
immediately before driving SEO to indicate a reset condition to the device. Alternatively, the hub may float
the bus after driving reset and perform busstate evaluation afier 2.5uis as shown in Figure 7-18.

All signaling levels given in Table 7-1 are set for this bus segment (and this segment alone) once the speed
of the attached device is determined. The mechanics of speed detection are described in Section 11.8.2.

D+/D-

 
MMe TINKSeoeeeeee reeeeeeeeeeaeaONeeeeeS

Device Disconnect

Disconnected Detected

Figure 7-15. Disconnect Detection

Vss  
Device Connect

Connected Detected

Figure 7-16, Full-speed Device Connect Detection
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D-

VIH ecgpgil grr ——ees

Vss

Device Connect
Connected Detected

Figure 7-17. Low-speed Device Connect Detection

VOH(min) ~

Vin(miny
Differential

VIL data lines
ViL(max) » on Ss=

VOL(max) — : a —ee —— i
Vss 

Diff 1 or
Diff 0 > 10ms

| seo
Port driving Resetcompleted Bus evaluated after reset:

reset and busis floated Diff 1 = FS connected
Diff O= LS connected
SEO = Disconnected

Figure 7-18. Bus State Evaluation after reset (optional)

Because USB components may be hot plugged, and hubs may implement power switching, it is necessary
to comprehend the delays between power switching and/or device attach and when the device’s internal
powerhas stabilized. Figure 7-19 showsall the events associated with both tuming on port power with a
device connected and hot-plugging a device. There are six delays and a sequence of events that are defined
by this specification.
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Figure 7-19. Power-on and Connection Events Timing

Atl—This is the amount of time required for the hub port power switch to operate. This delay is a
function of the type of hub port switch. Hubsreport this time in the hub descriptor (see Section
11.15.2.1), which can be read via a request to the Hub Controller (see Section 11.16.2.4). Ifa
device were plugged into a non-switched or already-switched on port, Atl is equal to zero.

At2 (TSIGATT)Thisis the maximum time from when VBUSis up to valid level (4.01 V) to when a device
has to signal attach. At2 represents the time required for the device's internal powerrail to stabilize
and for D+ or D- to reach VIH (min) at the hub. At2 must be Jess than 100msforall hub and device
implementations. (This requirement only applies if the device is drawing powerfrom the bus).

At3 (TATIDB) This is a debounce interval with a minimum duration of 100msthat is provided by the USB
System Software. It ensures that the electrical and mechanical connection is stable before software
attempts to reset the attached device. The interval starts when the USB System Softwareis notified
ofa connection detection, The interval restarts if there is a disconnect. The debounceinterval

ensures that poweris stable at the device for at least |00ms before any requests will be sent to the
device,

At4 (T2susP) Anytime a device observes no busactivity, it must obey the rules of going into suspend (see
Section 7.1.7.4).

AtS (TDRST) Thisis the period of time hubs drive reset to a device. Refer to Section 11.5.1.5 for details.

At6 (TRSTRCY) The USB System Software guarantees a minimum of 10ms for reset recovery. Device
response to any bus transactions addressed to the default device address during the reset recovery
time is undefined.

120

ZTE/SAMSUNG 1007-0136

IPR2018-00111



ZTE/SAMSUNG 1007-0137 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

7.1.7.2 Data Signaling
Data transmission within a packet is done with differential signals.

Thestart of a packet (SOP) is signaled by the originating port by driving the D+ and D- lines from the Idle
state to the opposite logic level (K state), This switch in levels represents the first bit of the SYNCfield.
Hubs must limit the change in the widthofthefirst bit of SOP whenit is retransmitted to less than +5ns.
Distortion can be minimized by matching the nominal data delay through the hub with the output enable
delay of the hub.

The SEOstate is used to signal an end-of-packet (EOP). EOP will be signaled by driving D+ and D- to the
SEO state for two bit times followed by driving the lines to the J state for one bit time. The transition from
the SEOto the J state defines the end of the packet al the receiver. The J state is asserted for one bit time
and then both the D+ and D- output drivers are placed in their high-impedance state. The bus termination
resistors hold the bus in the Idle state. Figure 7-20 shows the signaling for start and end of a packet.
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VOL(max) of

 
 

 

 

 

 

VSS"Busidie|Bus“Busidie|SOPiabe Bit
of Packet

Last Bit Bus Driven to
of Packet J State at end

of EOP

 

VOH(min)-

Vik(min)
  

 

 
 

Figure 7-20. Packet Voltage Levels
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7.1.7.3 Reset Signaling
A hubsignals reset to a downstream port by driving an extended SEO at the port. After the reset is
removed, the device will be in the Default state (refer to Section 9.1).

The reset signaling can be generated on any Hub or Host Controller port by request from the USB System
Software. The reset signaling must be driven for a minimum of 10ms (TDRST). After the reset, the hub
port will transition to the Enabled state (refer to Section 11.5). Host Controllers and the USB System
Software must ensure that resets issued to the root ports drive reset long enough to overwhelm any
concurrent resume attempts by downstream devices. Resets from root ports should be nominally 50ms
(TDRSTR). It is not required that this be 50ms of continuous Reset signaling. However,if the reset is not
continuous, the interval(s) between signaling reset must be less than Jms (TRHRSI).

A device seeing an SEO on its upstream port for more than 2.5us (TDETRST) may treat that signal as a
reset. The reset must have taken effect before the reset signaling ends.

Hubswill propagate traffic to a newly reset port after the port is in the Enabled state. The device attached
to this port must recognize this bus activity and keep from going into the Suspendstate.

Hubs must be able to accept all hub requests and devices must be able to accept a SetAddress() request
(refer to Section 11.16.2 and Section 9.4 respectively) after the reset recovery time 10ms (TRSTRCY)after
the reset is removed. Failure to accept this request may cause the device not to be recognized by the USB
system software. Hubs and devices must complete commands within the times specified in Chapter 9 and
Chapter 11.

Reset must wake a device from the Suspendstate.

7.1.7.4 Suspending
All devices must support the Suspend state. Devices can go into the Suspend state from any poweredstate.
They begin the transition to the Suspend state after they see a constant Idle state on their upstream bus lines
for more than 3.0ms. The device must actually be suspended, drawing only suspend current from the bus
after no more than 10msofbus inactivity on all its ports. Any bus activity on the upstream port will keep a
device out of the Suspend state. In the absence of any other bustraffic, the SOF token (refer to
Section 8.4.2) will occur once per frame to keep full-speed devices from suspending. In the absence of any
low-speed traffic, low-speed devices will see at least one keep-alive (defined in Table 7-1) in every frame
in Which an SOF occurs, which keeps them from suspending. Hubs generate this keep-alive as described in
Section 11.8.4.1.

While in the Suspendstate, a device must continue to provide powerto its D+ (full-speed) or D- (low-
speed) pull-up resistor to maintain an idle so that the upstream hub can maintain the correct connectivity
status for the device.

7.1.7.4.1 Global Suspend

Global suspend is used when no communication is desired anywhere on the bus and the entire bus is placed
in the Suspend state. The host signals the start of global suspend by ceasingall its transmissions (including
the SOF token). As each device on the bus recognizes that the busis in the Idle state for the appropriate
length of time, it goes into the Suspendstate,

7.1.7.4.2 Selective Suspend

Segments of the bus can be selectively suspended by sending the command
SetPortFeature(PORT_SUSPEND)to the hub port to which that segmentis attached. The suspended port
will block activity to the suspended bus segment and devices on that segment will go into the Suspendstate
after the appropriate delay as described above.
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Section 11.5 describes the port Suspendstate andits interaction with the port state machine. Suspendis
further described in Section 11.9.

7.1.7.5 Resume

If a device is in the Suspend state, its operation is resumed when any non-idle signaling is received on its
upstream port. Additionally, the device can signal the system to resume operation if its remote wakeup
capability has been enabled by the USB System Software. Resume signaling is used by the host ora
device to bring a suspended bus segment back to the active condition. Hubs play an importantrole in the
propagation and generation of resume signaling. The following description is an outline of a general
global resume sequence. A complete description of the resume sequence, the special cases caused by
selective suspend, and therole of the hub are given in Section 11.9.

The host may signal resume (TDRSMDN)at any time. It must send the resumesignalingfor at least 20ms
and then end the resumesignaling with a standard, low-speed EOP (two low-speed bit times of SEO
followed by a J). The 20ms of resumesignaling ensures that all devices in the network that are enabled to
see the resume are awakened. The EOPtears down the connectivity established by the resumesignaling
and prepares the hubs for normal operation. After resuming the bus, the host must begin sending bus
traffic (at least the SOF token) within 3ms to keep the system from going back into the Suspendstate.

A device with remote wakeup capability may not generate resume signaling unless the bus has been
continuously in the Idle state for Sms (TWTRSM). This allows the hubsto get into their Suspend state and
prepare for propagating resumesignaling. The remote wakeup device must hold the resume signaling for
at least lms but for no more than 15ms (TDRSMUP). At the end ofthis period, the device stops driving the
bus(puts its drivers into the high-impedancestate and does not drive the busto the J state).

If the hub upstream of a remote wakeup device is suspended,it will propagate the resumesignaling to its
upstream port and to all of its enabled downstream ports, including the port that originally signaled the
resume. The hub must begin this rebroadcast (TURSM)of the resumesignaling within 100us of receiving
the original resume. The resume signal will propagate in this manner upstream until it reaches the host ora
non-suspended hub (refer to Section 11.9), which will reflect the resume downstream and take control of
resume timing. This hub is termed the controlling hub. Intermediate hubs (hubs between the resume
initiator and the controlling hub) drive resume (TDRSMUP)on their upstream port for at least Ims during
which time they also continue to drive resume on enabled downstream ports. An intermediate hub will
stop driving resume on the upstream port and reverse the direction of connectivity from upstream to
downstream within 15msafter first asserting resume on its upstream port. Whenall intermediate hubs
have reversed connectivity, resume is being driven from the contralling hub throughall intermediate hubs
andto all enabled ports. The controlling hub must rebroadcast the resume signaling within 100us
(TURSM)and ensures that resume is signaled for at least 20ms (TDORSMDN). The hub may then begin
normal operation by terminating the resume process as described above.

The USB System Software must provide a 10ms resume recovery time (TRSMRCY) during which it will not
attempt to access any device connected to the affected (just-activated) bus segment.

Port connects and disconnects can also cause a hub to send a resumesignal and awaken the system. These
events will cause a hub to send a resumesignal only if the hub has been enabled as a remote-wakeup
source. Refer to Section 11.4.4 for more details.

Refer to Section 7.2.3 for a description of power control during suspend and resume.

7.1.8 Data Encoding/Decoding
The USB employs NRZI data encoding when transmitting packets. In NRZI encoding, a “1”is represented
by no changein level and a “0” is represented by a change in level. Figure 7-21 shows a data stream and
the NRZI equivalent. Thehigh level represents the J state on the data lines in this and subsequentfigures
showing NRZI encoding. A string of zeros causes the NRZI data to toggle each bit time. A string of ones
causes long periods with no transitions in the data.
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Figure 7-21. NRZI Data Encoding

 

7.1.9 Bit Stuffing
In order to ensure adequate signal transitions, bit stuffing is employed by the transmitting device when
sending a packet on USB (see Figure 7-22 and Figure 7-24), A zero is inserted after every six consecutive
ones in the data stream before the data is NRZI encoded, to force a transition in the NRZI data stream.

This gives the receiver logic a data transition at least once every seven bit times to guarantee the data and
clock lock. Bit stuffing is enabled beginning with the Syne Pattern and throughout the entire transmission.
The data “one”that ends the Syne Pattern is counted as the first one in a sequence. Bit stuffing by the
transmitter is always enforced, without exception. If required by the bit stuffing rules, a zero bit will be
inserted even ifit is the last bit before the end-of-packet (EOP) signal.

The receiver must decode the NRZI data, recognize the stuffed bits, and discard them. If the receiver sees
seven consecutive ones anywhere in the packet, then a bit stuffing error has occurred and the packet should
be ignored. The timeinterval just before an EOPis a special case, The last data bit before the EOP can
become stretched by hub switching skews. This is known as dribble and can lead to the caseillustrated in
Figure 7-23, which shows where dribble introduces a sixth bit that does not require a bit stuff. Therefore,
the receiver must accept a packet for which there are up to six full bit times at the port with no transitions
prior to the EOP.

Data Encoding Sequence:

Raw Data | || |

a. Sync Pattern Be Packet Data ee
Stuffed Bit

Bit Stuffed Dataopiii
ae Syne Pattern Packet Data >

Six Ones —>|
NRZI Se eS eS ESSeee
Encoded Data 4 Syne Patternee Packet Data we

Figure 7-22, Bit Stuffing
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Figure 7-23. Illustration of Extra Bit Preceding EOP
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Figure 7-24. Flow Diagram for Bit Stuffing
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7.1.10 Sync Pattern
The NRZIbit pattern shown in Figure 7-25 is used as a synchronization pattern andis prefixed to each
packet. This pattern is equivalent to a data pattern of seven zeroes followed by a one (80H).

he — SYNC PATTERN —————>

NRZI Data Idle/PIDO}PID4)
Encoding

Figure 7-25. Syne Pattern

7.1.11 Data Signaling Rate
The full-speed data rate is nominally 12.000Mb/s. The data-rate tolerance for host, hub, and full-speed
functions is =0.25% (2,500ppm). The accuracy of the Host Controller’s data rate must be known and
controlled to better than +0.05% (500ppm). This tolerance includes inaccuracies from all sources:

* Initial frequency accuracy

* Crystal capacitive loading

*® Supply voltage on the oscillator

* Temperature

® Aging.

The low-speed data rate is nominally 1.50Mb/s. The permitted data-rate tolerance for low-speed functions
is £1.5% (15,000ppm). This tolerance includes inaccuracies from all sources:

» Initial frequency accuracy

* Crystal capacitive loading

« Supply voltage on the oscillator

e Temperature

® Aging.

This tolerance allows the use of resonators in low cost, low-speed devices.

7.1.12 Frame Interval and FrameInterval Adjustment
The USB defines a frame interval to be 1.000ms +500ns long. The frame interval is measured from any
point in an SOFtoken in one frame fo the same point in the SOF token of the next frame.

The Host Controller must be able to adjust the frame interval. There are two possible componentsto the
frame interval adjustment. If the host’s data rate clock is not exactly 12.000Mb/s, then the initial +0.05%
frame interval accuracy can be met by changing the default numberofbits per frame from the nominal of
12.000. A Host Controller component that has a range of possible clock-source values may have to make
this initial frame count a programmable value. An additional adjustment of +15 full-speed bit timesis
required to allow the host to synchronize to an external time reference. During normal bus operation,
software may not changethe frame interval by more than onefull-speed bit time every six frames. If no
adjustment is being made, the frame interval repeatability (difference in frame interval between two
successive frames) must be less than 0.5 full-speed bit times (TRFI). If an adjustment is being made the
frame interval repeatability must be less than 1.5 full-speed bit times (TRFIAD)).
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Hubsand certain full-speed functions need to track the frame interval. They also are required to have
sufficient frame timing adjustment to compensate for their own frequency tolerance and track the host's
+15 full-speed bit time variability.

7.1.13 Data Source Signaling
This section covers the timing characteristics of data produced and sent from a port (the data source).
Section 7.1.14 covers the timing characteristics of data that is transmitted through the Hub Repeater section
ofa hub. In this section, TPERIOD is defined as the actual period of the data rate that can have a range as
defined in Section 7.1.11.

7.1.13.1 Data Source Jitter

The source of data can have some variation (jitter) in the timing of edges of the data transmitted. The time
between any set of data transitions is N * TPERIOD + jitter time, where ‘N* is the numberofbits between
the transitions. The datajitter is measured with the same load used for maximum rise and fall times and is
measured at the crossover points of the data lines, as shown in Figure 7-26.

 Crossover
Points  Differential

Data Lines  

 
 
 

Integer multiples of Tperion

Paired

Transitions

Figure 7-26. Data Jitter Taxonomy

  Consecutive
Transitions  
 

* Forfull-speed transmissions, the jitter time for any consecutive differentia! data transitions must be
within +2.0ns and within +1.0ns for any set of paired (JK-to-next JK transition or KJ-to-next KJ
transition) differential data transitions.

*® For low-speed transmissions,the jitter time for any consecutive differential data transitions must be
within +25ns and within +] 0ns for any set of paired differential data transitions.

These jitter numbers includetiming variations due to differential buffer delay and rise and fall time
mismatches, internal clock source jitter, and noise and other random effects.

7.1.13.2 EOP Width

The width of the SEO in the EOP is approximately 2 * TPERIOD. The SEO width is measured with the same
load used for maximum rise and fall times and is measured at the same level as the differential signal
crossover points of the data lines (see Figure 7-27).
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Figure 7-27. SEO for EOP Width Timing

« Forfull-speed transmissions, the SEO for EOP width from the transmitter must be between 160ns and
175ns.

« For low-speed transmissions, the transmitter’s SEO for EOP width must be between 1.25us and 1.50us.

These ranges include timing variations due to differential buffer delay and rise and fall time mismatches
and to noise and other random effects.

A receiver must accept any valid EOP. Receiver design should note that the single-ended input threshold
voltage can be different from the differential crossover voltage and the SEO transitions will in general be
asynchronousto the clock encaded in the NRZI stream.

« A full-speed EOP may have the SEO interval reduced to aslittle as 82ns (TFEOPR) and a low-speed
SEO interval may be as short as 670ns (TLEOPR).

A hub may tear down connectivity if it sees an SEO ofat least Tryst or TLSTfollowed byatransition to the
J state. A hub must tear down connectivity on any valid EOP.

7.1.14 Hub Signaling Timings
The propagation ofa full-speed, differential data signal through a hub is shown in Figure 7-28. The
downstream signaling is measured without a cable connected to the port and with the load used for
measuring rise and fall times. The total delay through the upstream cable and hub electronics must be a
maximum of 70ns (THDD1). If the hub has a USB detachable cable, then the delay (THDD2) through hub
electronics and the associated transmission line must be a maximum of 44nsto allow for a worst-case cable

delay of 26ns (TFSCBL). The delay through this hub is measured in both the upstream and downstream
directions, as shown in Figure 7-28B, from data line crossover at the input port to data line crossoverat the
output port.

128

ZTE/SAMSUNG 1007-0144

IPR2018-00111



ZTE/SAMSUNG 1007-0145 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

 

 
 
 

 

 
  

Upstream End
of Cable

Crossover

 
 
 

50% Point of

 
 
   

  

Vss——. ee { <b50%Point of
Initial Swing Data Line

Downstrea ee Delay Upstream End ee Gieeeatarwnstream pstream
Port Whine (max) of Cable 70ns (max) aa Font

Vss.——_ le —Sa

 
A. Downstream Hub Delay B. Upstream Hub Delay

 
downstream signaling

upstream signaling

C. Measurement Points

Figure 7-28. Hub Propagation Delay of Full-speed Differential Signals

Low-speed propagation delay for differential signals is measured in the same fashion as for full-speed
signaling. The maximum low-speed hub delay is 300ns (TLHDD). This allows for the slower low-speed
buffer propagation delay and rise and fall times. It also provides time for the hub to re-clock the low-speed
data in the upstream direction.

Whenthe hub acts as a repeater, it must reproduce the received,full-speed signal accurately on its outputs.
This meansthat for differential signals, the propagation delays of a J-to-K state transition must match
closely to the delays of a K-to-J state transition. For full-speed propagation, the maximum difference
allowed between these two delays (THDJ1) (see Figure 7-28 and Figure 7-42) for a hub plus cable is +3.0ns.
Similarly, the difference in delay between any two J-to-K or K-to-J transitions through a hub (THDJ2) must
be less than +1.0ns. For low-speed propagation in the downstream direction, the corresponding allowable
jitter (TLDHI1) is +45ns and (TLDH/2) +15ns, respectively. For low-speed propagation in the upstream
direction, the allowable jitter is £45ns in both cases (TLUHN and TLUTHJ2).

An exception to this caseis the skew that can be introducedin the Idle-to-K state transition at SOP (Trsop
and TLSOP) (refer to Section 7.1.7.2). In this case, the delay to the opposite port includes the time to enable
the output buffer. However, the delays should be closely matched to the normal hub delay and the
maximum additional delay difference over a normal J-to-K transition is +5.0ns. This limits the maximum
distortion of the first bit in the packet.

Note: because of this distortion of the SOPtransition relative to the next K-to-J state transition, the first
SYNCfield bit should not be used to synchronize the receiver to the data stream.

The EOP must be propagated through a hub in the same wayas the differential signaling. The propagation
delay for sensing an SEO must be noless than the greater of the J-to-K, or K-to-J differential data delay (to
avoid truncating the last data bit in a packet), but not more than 15ns greater than the larger of these
differential delays at full-speed and 200nsat low-speed (to prevent creating a bit stuff error at the end of
the packet). EOP delays are shown in Figure 7-43.

Because the senselevels for the SEO state are not at the midpoint of the signal swing, the width of SEO
state will be changed as it passes through each hub. A hub may not change the width of the SEO state ina
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full-speed EOP by more than +15ns (TFNESK), as measured by the difference of the leading edge and
trailing edge delays of the SEO state (see Figure 7-43). An SEO from a low-speed device has long rise and
fall times and is subject to greater skew, but this conditions exists only on the cable from the low-speed
device to the port to whichit is connected. Thereafter, the signaling uses full-speed buffers and their faster
rise and fall times. The SEO from the low-speed device cannot be changed by more than +300ns (TLHESK)
as it passes through the hub to which the device is connected. This time allows for somesignal
conditioning in the low-speed port to reduce its sensitivity to noise.

7.1.15 Receiver Data Jitter

The data receivers for all types of devices must be able to properly decode the differential data in the
presence of jitter. The moreof the bit cell that any data edge can occupyandstill be decoded, the more
reliable the data transfer will be. Data receivers are required to decode differential data transitions that
occur in a window plus and minus a nominal quarterbit cell from the nominal (centered) data edge
position. (A simple 4X over-sampling state machine DPLL can be built that satisfies these requirements.)
This requirementis derived in Table 7-2 and Table 7-3. The tables assume a worst-case topologyoffive
hubs between the hast and device and the worst-case numberofseven bits between transitions. The

derived numbers are rounded up for ease ofspecification.

Jitter will be caused by the delay mismatches discussed above and by mismatches in the source and
destination data rates (frequencies). The receive data jitter budgets for full- and low-speed are given in
Table 7-2 and Table 7-3. These tables give the value and totals for each source of jitter for both
consecutive (next) and paired transitions. Note that the jitter component related to the source or destination
frequency tolerance has been allocated to the appropriate device(i.e., the source jitter includes bit shifts
due to source frequency inaccuracy over the worst-case data transition interval). The output driverjitter
can be traded off against the device clock accuracy in a particular implementation as long as the jitter
specification is met.

The low-speed jitter budget table has an additionalline in it because thejitter introduced by the hubto
which the low-speed device is attached is different from all the other devices in the data path. The
remaining devices operate with full-speed signaling conventions (though at low-speed datarate).
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Table 7-2. Full-speed Jitter Budget

Jitter Source Full-speed

Next Transition Paired Transition

Total (ns)|Each (ns)

Source Driver Jitter 2.0 2.0 1.0 1.0

Source Frequency Tolerance (worst-case)]| 0.21/bit 1.5 0.21/bit 3.0

4.0Source Jitter Total

HubJitter 3.0 1.0

Jitter Specification

 

Destination Frequency Tolerance 0.21/bit : 0.21/bit

Table 7-3. Low-speed Jitter Budget

  
Jitter Source Low-speed Upstream

Next Transition Paired Transition

Each (ns)| Total (ns) |Each (ns)| Total (ns)
Function Driver Jitter 25.0 10.0 10.0

Function Frequency Tolerance (worst-case) 10.0/bit 10.0/bit 140.0

Source (Function) Jitter Total 150.0

Hub with Low-speed Device Jitter 45.0 45.0

Remaining (full-speed) Hubs'Jitter , | 4.0

Jitter Specification 152.0 199.0

Host Frequency Tolerance 4 Tibit 12.0 1.7/bit 24.0

HostReceiverJitter Budget

 

  
Low-speed Downstream

Paired Transition

Total(as)

Host Driver Jitter ‘ 1.0 1.0

Host Frequency Tolerance (worst-case) 1.7/bit 24.0

Source (Host) Jitter Total 25.0

Hub with Low-speed Device Jitter 15.0 15.0
1.0 4.0

 

Remaining (full-speed) Hubs’Jitter 3.0 :

Jitter Spec 71.0 44.0

Function Receiver Jitter Budgetf|tato||t84.0|
Note’ this table describes the host transmitting at low-speed data rate using full-speed signaling to
a low-speed device through the maximum number ofhubs, When the host(s directly connected to
the low-speed device, then it uses low-speed data rate and low-speed signaling, and the host has to
meet the source jitter listed in the “Jitter Specification” row.
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7.1.16 Cable Delay
Except(in certain cases) for the SOP, only one data transition is allowed on a USB cable at atime. A full-
speed signal edge has to propagate to the far end of the cable, return, and settle within one full-speed bit
time. Therefore, the maximum total one-way signal propagation delay allowed is 30ns. The allocation for
cable delay is 26ns. A maximum delay of 3nsis allowed from a Host or Hub Controller downstream port
to Its exterior downstream connector, while a maximum delay of Ins is allowed from the upstream
connectorto the upstream port of any device. For a standard USB detachable cable, the cable delayis
measured from the Series A connector pins to the Series B connector pins and is no more than 26ns. For
other cables, the delay is measured from the series A connector to the point where the cable is connected fo
the device.

The maximum one-way dala delay on a full-speed cable is measured as shown in Figure 7-29.

One-waycable delay for low-speed cables must be less than 18ns. Itis measured as shown in
Figure 7-30.
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Figure 7-29. Full-speed Cable Delay
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Figure 7-30. Low-speed Cable Delay
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7.1.17 Cable Attenuation

The allowable attenuation of the signal pair (D+, D-) for full speed signaling per cable is listed in Table
7-4. The cable attenuation measurementis defined in Section 6.7.

Table 7-4. Signal Attenuation

Frequency (MHz) Attenuation (maximum) dB/cable

0.256

0.512

|arr|Tf2

 

 4.000 0.39

8.000 0.57

24.000 0.95

48.000 1.35

7.1.18 Bus Turn-around Time andInter-packet Delay
Inter-packet delays are measured from the SE0-to-J transition at the end of the EOPto the J-to-K transition
that starts the next packet.

  
A device is required to allow twobit times of inter-packet delay. The delay is measured at the responding
device with a bit time defined in terms of the response. This provides adequate time for the device sending
the EOPto drive J for one bit time and then turn off its output buffers.

The host must provideat least two bit times of J after the SEO of an EOP and the start of a new packet
(Tipp). Ifa function is expected to provide a responseto a host transmission, the maximum inter-packet
delay for a function or hub with a detachable (TRspIpp1) cable is 6.5 bit times measured at the Series B
receptacle. If the device has a captive cable, the inter-packet delay (TRSPIPD2) must be less than 7.5 bit
times as measured at the Series-A plug. These timings apply to both full-speed and low-speed devices and
the bit times are referenced to the data rate of the packet.

The maximum inter-packet delay for a host response is 7.5 bit times, measured at the host's port pins.
There is no maximum inter-packet delay between packets in unrelated transactions,

7.1.19 Maximum End-to-end Signal Delay
A device expecting a responseto a transmission will invalidate the transactionif it does not see the start-of-
packet (SOP)transition within the timeoutperiod after the end of the transmission (after the SEO-to-J state
transition in the EOP). This can occur between an IN token and the following data packet or between a
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data packet and the handshake packet(refer to Chapter 8). The device expecting the response will not time
out before 16 bit times but will timeout before 18 bit times (measured at the data pins of the device from
the SEQ-to-J transition at the end of the EOP). The host will wait at least 18 bit times for a response to start
before it will start a new transaction.

Figure 7-31 depicts the configuration ofsix signal hops (cables) that results in allowable worst-case signal
delay, The maximum propagation delay from the upstream end of a hub’s cable to any downstream port
connector is 70ns.

Host
Controller 

Cable Delay + Hub Delay — 70ns (each) Propagation Delay ~ 30ns

Figure 7-31. Worst-case End to End Signal Delay Model

7.2 PowerDistribution

This section describes the USB powerdistribution specification.

7.2.1 Classes of Devices

The powersource and sink requirements of different device classes can be simplified with the introduction
of the concept of a unit load. A unit load is defined to be 100mA. The numberofunit loads a device can
draw is an absolute maximum,not an average over time. A device may be either low-powerat one unit
load or high-power, consuming up to five unit loads. All devices default to low-power. The transition to
high-poweris under software contro]. It is the responsibility of software to ensure adequate poweris
available before allowing devices to consume high-power.

The USB supports a range of power sourcing and power consuming agents; these include the following:

* Root port hubs: Are directly attached to the USB Host Controller. Hub poweris derived fram the
same source as the Host Controller. Systemsthat obtain operating power externally, either AC or DC
must supply at least five unit loads to each port. Such ports are called high-power ports. Battery-
powered systems may supply either one or five unit loads. Ports that can supply only one unit load are
termed low-powerports.

* Bus-powered hubs: Draw all of their power for any internal functions and downstream ports from
VBUS on the hub’s upstream port. Bus-powered hubs may only draw up to one unit load upon power-
up, and five unit loads after configuration. The configuration poweris split between allocations to the
hub, any non-removable functions and the external ports. External ports in a bus-powered hub can
supply only one unit load per port regardless of the current draw on the other ports of that hub. The
hub must be able to supply this port current when the hub ts in the Active or Suspendstate,

*  Self-powered hubs: Powerfor the internal functions and downstream ports does not come from
VBus. However, the USB interface of the hub may draw up to one unit load from its upstream VBUS
to allow the interface to function when the remainder ofthe hub is powered down. Hubs that obtain
operating powerexternally (from the USB) must supply five unit loads to each port. Battery-powered
hubs may supply either one or five unit loads per port.

* Low-power bus-powered functions: All power to these devices comes from VBUS. They may draw
no more than one unit load at any time.

* High-power bus-powered functions: All power to these devices comes from VBUS. They must draw
no more than one unit load upon power-up and may draw upto five unit loads after being configured,
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« Self-powered functions: May draw up to one unit load from VBUSto allow the USBinterfaceto
function when the remainder of the function is powered down. All other power comes from an
external (to the USB)source.

No device shall supply (source) current on VBUSat its upstream port at any time. From VBUS onits
upstream port, a device may only draw (sink) current, They may not provide power to the pull-up resistor
on D+/D- unless VBUS is present (see Section 7.1.5), On power-up, a device needs to ensure thatits
upstream portis not driving the bus, so that the device is able to receive the reset signaling. Devices must
also ensure that the maximum operating current drawn by a device is one unit load, until configured. Any
device thal draws powerfrom the bus must be able to detect lack of activity on the bus, enter the Suspend
state and reduce its current consumption from VBUs(refer to Section 7.2.3 and Section 9.2.5.1).

7.2.1.1 Bus-powered Hubs
Bus-powered hub power requirements can be met with a power control circuit such as the one shownin
Figure 7-32. Bus-powered hubs often containat least one non-removable function. Poweris always
available to the hub’s controller, which permits host access to power management and other configuration
registers during the enumeration process. A non-removable function(s) may require that its power be
switched, so that upon power-up the entire device (hub and non-removable functions) draws no more than
one unit load. Power switching on any non-removable function may be implemented either by removing
its power or by shutting off the clock. Switching on the non-removable functionis not required if the
aggregate power drawn by it and the Hub Controlleris less than one unit load. However, as long as the
hub port associated with the function is in the Power-off state, the function must be logically reset and the
device must appear to be not connected. The total current drawn by a bus-powered deviceis the sum ofthe
current to the Hub Controller, any non-removable function(s), and the downstream ports.

Figure 7-32 showsthe partitioning of power based upon the maximum upstream current draw offive unit
loads: one unit load for the Hub Controller and the non-removable function, and one unit load for each of
the external downstream ports. If more than four external ports are required, then the hub will need to be
self-powered. If the non-removable function(s) and Hub Controller draw more than one unit load, then the
numberofexternal ports must be appropriately reduced. Power control to a bus-powered hub may require
a regulator. If present, the regulator is always enabled to supply the Hub Controller. The regulator can
also power the non-removable functions(s). Inrush current limiting must also be incorporated into the
regulator subsystem.

Downstream
Upstream Data Ports
Data Port

Upstream V Bus Non-removable
S unit loads Function
 

(und load - [poricte

 | unit load/port 
 

Downstream VBUS

Figure 7-32. Compound Bus-powered Hub

Powerto external downstream ports of a bus-powered hub must be switched. The Hub Controller supplies
a software controlled on/off signal from the host, which is in the “off’ state when the device is powered up
or after reset signaling. When switched to the “on”state, the switch implements a soft turn-on function that
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prevents excessive transient current from being drawn from the upstream port. The voltage drop across the
upstream cable, connectors, and switch in a bus-powered hub must not exceed 350mV at maximum rated
current.

7.2.1.2 Self-powered Hubs
Self-powered hubs have a local powersupply that furnishes power to any non-removable functions and to
all downstream ports, as shown in Figure 7-33. Power for the Hub Controller, however, may be supplied
from the upstream VBUS (a “hybrid” powered hub) or the local power supply. The advantage of supplying
the Hub Controller from the upstream supply is that communication from the host 1s possible even if the
device’s power supply remains off. This makes it possible to differentiate between a disconnected and an
unpowered device. If the hub draw powerfor its upstream port from VBUS, It may not draw more than one

 

 
 

unit load.

Upstream Vaus Downstreammi unit load (max) ~~ Regulator; - - Data PortsHub Controller

Upstream
Data Port

Non-removableLocal Power :
Function

Supply

 
 

Current Limit

Current Limit

Figure 7-33. Compound Self-powered Hub

5 unit joads/port Downstream Veus

The numberofports that can be supported is limited only by the address capability of the hub and the
local supply.

Self-powered hubs may experience loss of power. This may be the result of disconnecting the power cord
or exhausting the battery. Under these conditions, the hub may force a re-enumerationofitself as a bus-
powered hub. This requires the hub to implement port power switching onall external ports. When power
is lost, the hub must ensure that upstream current does not exceed low-power. All the rules of a bus-
powered hub then apply.

7.2.1.2.1 Over-current Protection

The host and all self-powered hubs must implement over-current protection for safety reasons, and the hub
must have a way to detect the over-current condition and report it to the USB software. Should the
aggregate current drawn by a gang of downstream ports exceed a preset value, the over-current protection
circuit removes or reduces powerfrom all affected downstream ports. The over-current conditionis
reported through the hub to Host Controller, as described in Section 11.13.5. The preset value cannot
exceed 5,0 A and mustbe sufficiently above the maximum allowable port current such that transient
currents (e.g. during power up or dynamic attach or reconfiguration) do nottrip the over-current protector.
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If an over-current condition occurs on any port, subsequent operation of the USB is not guaranteed_ and
once the condition is removed,it may be necessary to reinitialize the bus as would be done upon power-up.
The over-current limiting mechanism must be resettable without user mechanical intervention. Polymeric
PTCs and solid-state switches are examples of methods, which can be used for over-current limiting.

7.2.1.3 Low-power Bus-powered Functions
A low-powerfunction is one that draws up fo one unit load from the USB cable when operational, Figure
7-34 showsa typical bus-powered, low-powerfunction, such as a mouse. Low-powerregulation can be
integrated into the function silicon. Low-power functions must be capable of operating with input VBUS
voltages as low as 4.40V, measured at the plug end of the cable.

 
i i

Upstream Vpus——— Regulator {1i

Figure 7-34. Low-power Bus-powered Function

7.2.1.4 High-power Bus-powered Functions
A function is defined as being high-powerif, when fully powered, it draws over one bul less than five unit
loads from the USB cable. A high-power function requires staged switching of power. It must first come
up in a reduced powerstate of less than one unit load. At bus enumeration time,its total power
requirements are obtained and compared against the available power budget. If sufficient powerexists, the
remainder ofthe function may be powered on. A typical high-power function is shown in Figure 7-35.
The function’s electronics have been partitioned into two sections. The function controller contains the
minimum amountof circuitry necessary to permit enumeration and power budgeting. The remainderof the
function resides in the function block. High-power functions must be capable of operating in their low-
power(one unit load) mode with an input voltage as low as 4.40V, so that it may be detected and
enumerated even when plugged into a bus-powered hub. They must also be capable of operating at full
power(upto five unit loads) with a VBUS voltage of 4.75V, measured at the upstream plug end of the
cable.

Upstream x
Data Port Function Controller 1 unit load

(max) 
S unit joads (max)Upstream VBUS _» Regulator |

Figure 7-35. High-power Bus-powered Function

7.2.1.5 Self-powered Functions

Figure 7-36 shows a typical self-powered function, The function controller is powered either from the
upstream bus via a low-powerregulator or from the local power supply. The advantage of the former
schemeis that it permits detection and enumeration of a self-powered function whose local power supplyis
turned off. The maximum upstream powerthat the function controller can draw is one unit load, and the
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regulator block must implement inrush current limiting. The amount of powerthat the function block may
draw is limited only by the local power supply. Because the local power supplyis not required to power
any downstream bus ports, it does not need to implement currentlimiting, soft start, or power switching.

Upstream
Data Port Function Controller

Upstream Veus _1 Unit load (max)

  Local Power
Supply 

Figure 7-36. Self-powered Function

7.2.2 Voltage Drop Budget
The voltage drop budget is determined from the following:

« The voltage supplied by high-powered hub ports is 4.75V to 5.25V.

« The voltage supplied by low-powered hub ports is 4.4V to 5.25V.

* Bus-powered hubs can have a maximumdrop of 350mV from their cable plug (where they attach to a
source of power) to their output port connectors (where they supply power),

* The maximum voltage drop (for detachable cables) between the A-series plug and B-series plug on
VBUS is 125mV (VBUSD).

*« The maximum voltage drop for all cables between upstream and downstream on GND is 125mV
(VGNDD).

« All hubs and functions must be able to provide configuration information with as little as 4.40V at the
connector end of their upstream cables. Only low-powerfunctions need to be operational with this
minimum voltage,

* Functions drawing more than one unit load must operate with a 4.75V minimum input voltage at the
connector end of their upstream cables,

Figure 7-37 shows the minimum allowable voltages in a worst-case topology consisting of a bus-powered
hub driving a bus-powered function.

Hostor Bus-powered Low-power
Powered Hub Hub Function

4.397V 4.378V

O.D15V o.410V 0.0n3V 0.022 
4 Referenced Referenced .io Source ta Huo

“Undertransient conditions, supply at hub can drop from 4.400V to 4,070V

Figure 7-37. Worst-case Voltage Drop Topology (Steady State)
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7.2.3 Power Control During Suspend/Resume
Suspend currentis a function of unit load allocation. All USB devices initially default to low-power. Low-
powerdevices or high-powerdevices operating at low-powerare limited to 500A of suspend current. If
the device is configured for high-power and enabled as a remote wakeup source, it may draw up to 2.5mA
during suspend. When computing suspend current, the current from VBUS through the bus pull-up and
pull-downresistors must be included, Configured bus-powered hubs may also consume a maximum of
2.5mA, with 500A allocated to each available external port and the remainder available to the hub andits
internal functions. If a hubis not configured, it is operating as a low-power device and mustlimit its
suspend current to 500A.

While in the Suspend state, a device may briefly draw more than the average current. The amplitude of the
current spike cannot exceed the device powerallocation 100mA (or 500mA). A maximum of1.0 secondis
allowed for an averaging interval. The average current cannot exceed the average suspend current limit
(ICCSH or [CCSL, see Table 7-5) during any 1.0s interval (TsUSAVG1). The profile of the current spike is
restricted so the transient response of the power supply (which may be an efficient, low-capacity, trickle
powersupply) is not overwhelmed. Therising edge of the current spike must be no more than 100mA/us.
Downstream ports must be able to absorb the 500mA peak current spike and meet the voltage droop
requirements defined for inrush current during dynamic attach (see Section 7.2.4.1), Figure 7-38
illustrates a typical example profile for an averaging interval. [f the supply to the pull-up resistor on D+/D-
is derived from VBUS, then the suspend current will never go to zero because the pull-up and pull-down
resistors will always draw power.

 
 

 

 
 

3 ICONFIGURED(max)é
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Edge rate must : Current Spike
not exceed .

1O0OmMA/uLs

| IccsjHiL)
 essaceisseteepcenceteepcpshospewegehesesapesa

 
 

SS———ee——r—_  
Averaging Intervaltime

Figure 7-38. Typical Suspend Current Averaging Profile

Devices are responsible for handling the bus voltage reduction due to the inductive andresistive effects of
the cable. When a hub is in the Suspendstate, it must still be able to provide the maximum current per port
(one unit load of current per port for bus-powered hubsand five unit loadsper port for self-powered hubs).
This is necessary to support remote wakeup-capable devices that will power-up while the remainderof the
system is still suspended. Such devices, when enabled to do remote wakeup, must drive resumesignaling
upstream within 10msofstarting to draw the higher, non-suspend current. Devices not capable of remote
wakeup must draw the higher current only when not suspended.

Whendevices wakeup, either by themselves (remote wakeup) or by seeing resume signaling, they must
limit the inrush current on VBUS, The target maximum droop in the hub VBUS is 330mV. The device must
have sufficient on-board bypass capacitance or a controlled power-on sequence such that the current drawn
from the hub does not exceed the maximum current capability of the port at any time while the deviceis
waking up.
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7.2.4 Dynamic Attach and Detach
The act of plugging or unplugging a hub or function must not affect the functionality of another device on
other segments of the network, Unplugging a function will stop the transaction between that function and
the host. However, the hub to which this function was attached will recover from this condition and will

alert the host that the port has been disconnected.

7.2.4.1 Inrush Current Limiting

When a function or hub is plugged into the network, it has a certain amount of on-board capacitance
between VBUS and ground. In addition, the regulator on the device may supply current to its output bypass
capacitance and to the function as soon as poweris applied. Consequently, ifno measures are taken to
prevent it, there could be a surge of current into the device which might pull the VBUS on the hub below its
minimum operating level. Inrush currents can also occur when a high-power function is switched into its
high-power mode. This problem must be solved by limiting the inrush current and by providing sufficient
capacitance in each hub to prevent the power supplied to the other ports from going out of tolerance. An
additional motivation for limiting inrush currentis to minimize contact arcing, thereby prolonging
connector contactlife.

The maximum droop in the hub VBUSis 330mV,or about 10% of the nominal signal swing from the
function. In order to meet this requirement, the following conditions must be met:

* The maximum load (CRPB) that can be placed at the downstream end of a cable is 10uF in parallel
with 440. The 10uF capacitance represents any bypass capacitor directly connected across the VBUS
lines in the function plus any capacitive effects visible through the regulator in the device. The 442
resistance represents one unit load of current drawn by the device during connect.

« Ifmore bypass capacitance is required in the device, then the device must incorporate some form of
VBUS surge current limiting, such that it matches the characteristics of the above load-

e The hub downstream port VBUS powerlines must be bypassed (CHPB) with no less than 120uF of low-
ESR capacitance per hub. Standard bypass methods should be used to minimize inductance and
resistance between the bypass capacitors and the connectors to reduce droop. The bypass capacitors
themselves should have a low dissipation factor to allow decoupling at higher frequencies.

The upstream port of a hubis also required to meet the above requirements. Furthermore, a bus-powered
hub must provide additional surge limiting in the form ofa soft-start circuit when it enables powerto its
downstream ports.

A high-power bus-powered device that is switching from a lower power configuration to a higher power
configuration must not cause droop > 330 mV on the VBUS at its upstream hub. The device can meetthis
by ensuring that changes in the capacitive load it presents do not exceed 10uF.

Signal pins are protected from excessive currents during dynamic attach by being recessed in the connector
such that the power pins makecontactfirst. This guarantees that the powerrails to the downstream device
are referenced before the signal pins make contact. In addition, the signal lines are in a high-impedance
state during connect, so that no current flowsfor standard signal levels.

7.2.4.2 Dynamic Detach

Whena device is detached from the network with power flowing in the cable, the inductance ofthe cable
will cause a large flyback voltage to occur on the open end of the device cable. This flyback voltage is not
destructive. Proper bypass measures on the hub ports will suppress any coupled noise. The frequency
rangeof this noiseis inversely dependent on the length of the cable, to a maximum of 60MHz for a one-
meter cable. This will require some low capacitance, very low inductance bypass capacitors on each hub
port connector. The flyback voltage and the noise it creates is also moderated by the bypass capacitance on
the device end of the cable, Also, there must be some minimum capacitance on the device end of the cable
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to ensure that the inductive flyback on the open end ofthe cable does not cause the voltage on the device
end to reverse polarity. A minimum of |.0uF is recommended for bypass across VBUS.

7.3 Physical Layer
The physical layer specifications are described in the following subsections.
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7.3.1 Regulatory Requirements

All USB devices should be designed to meet the applicable regulatory requirements.

7.3.2 Bus Timing/Electrical Characteristics
Table 7-5, DC Electrical Characteristics

[Parameter[Symon]conations[|wn[wax[Unis
Supply Voltage:

High-power Port Note 2, Section 7.2.1 

Low-powerPort Note 2, Section 7.2.1 

Supply Current:

High-power Hub Port (out) IccPRT Section 7.2.1 

Low-power Hub Port (out) locuPT Section 7.2.4

Low-power Function(in) 

Unconfigured Function/Hub(in)

Suspended Low-power Device Section 7.2.3 

Input Levels:

lv—_| Note 4, Section 7.1.4————Input Sensitivity \(D+)-(D-)| 0.2
Fae T- 9: Note 4

Differential Common Mode Includes Vp) range: 2.5 V
Range Figure 7-9: Note 4

Output Levels:

High (Driven) |VoH—_|Note 4, 6,|Note4,6,Section7.1.1|PAAOutput Signal Crossover Vers Measured asin Figure a3 =0 =
Voltage 7-6; Note 10

Decoupling Capacitance:

Downstream Port Bypass VBus to GND, Section 120 uF
Capacitance (per hub) 7.2.4.1

Upstream Port Bypass Veus to GND; Note 9, 1.0 10.0 uF
Capacitance Section 7.2.4.1
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Table 7-5. DC Electrical Characteristics (Continued)

Sytci|__contione|wan|wer[unt
Input Capacitance:

aaPort ieee2: Section 7.1.6 oe|UpstreamPort(wiocable)|Port (w/o cable)|cinua||Note3;Section7.1.6|3; Section 7.1.6|100|
Transceiver edge rate control CEDGE Section 7.1.6
capacitance

 

Terminations:

Bus Pull-up Resistor on 1.5kQ 45% 1.425 1.575 kQ
Upstream Port Section 7.1.5

Bus Pull-down Resistor on 15kQ +5% 14.25 15.75 kQ
Downstream Port Section 7.1.5

Input impedance exclusive of Section 7.1.6 300 kQ
pullup/pulldown

Termination voltage for Section 7.1.5 3.0 3.6 Vv
upstream port pullup (RPU)
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Table 7-6. Full-speed Source Electrical Characteristics

synbor| condone[win[nae_[ana]
Driver Characteristics:

Rise Time Figure 7-6; Figure 7-7 

Fall Time Figure 7-8; Figure 7-7

Differential Rise and Fall Time TFREM (TFR/TFF) Note 10, Section
Matching 7.12

Driver Output Resistance Section 7.1.1.4

Clock Timings:

Full-speed Data Rate Averagebit rate, Section 41.9700 42.0300
7.1.11

|FrameintevvalInterval Trrame|Section 7.1.12 0.9995 4.0005|ms|
Consecutive Frame Interval TRFI No clock adjustment
JitterConsecutive FrameInterval With clock adjustment haemhaJitter

Full-speed Data Timings:

Source Jitter Total (including Note 7, 8, 12, 10;
frequency folerance): Measuredas in Figure

To Next Transition 7-39;
For Paired Transitions

  
 

Source Jitter for Differential Note 8: Figure 7-40;
Transition to SEO Transition Note 14 

ReceiverJitter: Note 8; Figure 7-41
To Next Transition TJRI
For Paired Transitions TJR2 

Source SEOinterval of EOP TFEOPT Figure 7-40 

Receiver SEOinterval of EOP TFEOPR Note 13; Section 7.1.13.2;

Figure 7-40
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Table 7-7. Low-speed Source Electrical Characteristics

symvoi| Govan[win[wan[nia]
Driver Characteristics:

Transition Time:

Rise Time
Fall Time

Measured as in Figure 7-6
 

Rise and Fall Time Matching

Upstream Port CLINUA
(w/cable, low-speed only)

Clock Timings:

Low-speed Data Rate TLORATE

Yo80(TLR/TLF) Note 10

Note 1; Section 7.1.6

Section 7.1.11 

Low-speed Data Timings:

Upstream port source Jitter
Total (including frequency
tolerance):

To Next Transition
For Paired Transitions

TuobJi
TudJ2

Upstream port source Jitter for
Differential Transition to SEO
Transition

Upstream port differential
ReceiverJitter:

To Next Transition
For Paired Transitions

TOJRI
TOJR2

TODJ1
ToDJ2

TuJR4
TusR2

Source SEO interval of EOP

Downstream port source Jitter
Total (including frequency
tolerance):

To Next Transition
For Paired Transitions

Downstream port source Jitter
for Differential Transition to SEO
Transition

Downstream port Differential
RecelverJitter:

To Next Transition
For Paired Transitions

Receiver SEOinterval of EOP

Note 7, 8; Figure 7-39

Note 8; Figure 7-40;
Note 17

Note 8; Figure 7-41

Note 7, 8; Figure 7-39

Note 8; Figure 7-40:
Note 114

Note 8: Figure 7-40

Figure 7-40

Note 13; Section 7.1.13.2;
Figure 7-40

 

 

Width of SEO interval during
differential transition

TLEOPR

TLST Section 7.1.4
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Table 7-8. Hub/Repeater Electrical Characteristics

Full-speed Hub Characteristics (as measured at connectors): 

Driver Characteristics: Upstream port and
(Refer to Table 7-6) downstream ports

configured as full-speed

HubDifferential! Data Delay: Note 7, 8

(with cable) Figure 7-42A
(without cable) Figure 7-42B

Hub Differential Driver Jitter: Note 7, 8; Figure 7-42,
(including cable) Section 7.1.14

To Next Transition
For Paired Transitions 

Data Bit Width Distortion after SOP Note 8; Figure 7-42

Hub EOP Delay Relative to THDo Treorp|Note 8; Figure 7-43

Hub EOP Output Width Skew TFHESK|Note 8; Figure 7-43

 

Low-speed Hub Characteristics (as measured at connectors):

Driver Characteristics: Downstream ports
(Refer to Table 7-7) configured as low-speed

HubDifferentia! Data Delay Note 7, 8; Figure 7-42 

Hub Differential DriverJitter Note 7, 8; Figure 7-42
(including cable):

Downstream port :

To Next Transition TLOHJ4
For Paired Transitions TLOHJ2

Upstream port:

To Next Transition TLUHS1
For Paired Transitions TLUHJ2

Data Bit Width Distortion after SOP Note 8: Figure 7-42

Hub EOP Delay Relative to THon Note 8: Figure 7-43

Hub EOP Output Width Skew Note 8; Figure 7-43
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Table 7-9. Cable Characteristics (Note 14)

VBUSSenetdrop for VeusDeenee |V2.2
detachable cables

GND Voltage drop(forall Voenoo section 7.2.2
cables)

Differential Cable Impedance (902 415%); 103.5
(full-speed)

Cable Delay (one way) Section 7.1.16

Full-speed TFSCBL

Low-speed TLSCBL a:Cable Skew TSKEW Section 7.1.3 

Unmated Contact Capacitance Cuc Section 6.7

 
Note 1: Measured at A plug

Note 2: Measured at A receptacle

Note 3: Measured at B receptacle
Note 4: Measured at A or B connector

Note 5: Measured with RL of 1,425kQto 3.6V

Note & Measured with RL of 14.25kQ0 to GND

Note 7: Timing difference between the differential data signals

Note 8: Measured at crossoverpoint of differential data signals

Note 9: The maximum load specification is the maximum effective capacitive load allowed that meets the target
Vaus drop of 330mV

Note 10: Excluding the first transition from the Idle state

Note 11; The two transitions should be a (nominal) bit time apart
Note 12: For both transitions of differential signaling

Note 13: Must accept as valid EOP

Note 14: Single-ended capacitance of D+ or D- is the capacitance of D+/D- to all other conductors and, if present,
shield in the cable. |,e., to measure the single-ended capacitance of D+, short D-, VBUS, GND and the
shield line together and measure the capacitance of D+ to the other conductors.

Note 15: For high power devices (non-hubs}) when enabled for remote wakeup
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Time to detect a downstream port
connect event

Awake Hub

Suspended Hub

Time to detect a disconnect event

at a downstream port:
Awake Hub

Suspended Hub

Duration of driving resume to a
downstream port; Only from a
controlling hub

Event Description Symbol Conditions

Table 7-10. Hub Event Timings

  

 
 

Section 11.5 and Section
TATA

25 2000 us
25 72000 us

Section 7.1.7.1

2 2.5 us
2 70000.0 us

TDRSMON|Nominal; Section 7.1.7.5 20 ms
and Section 11.5

 

Time from detecting downstream
resume to rebroadcast.

Duration of driving reset to a
downsiream port

  
Section 7.1.7.5

Only for a
SetPortFeature

(PORT_RESET)request;
Section 7.1.7.3 and
Section 11.5 

Overall duration of driving reset to
downstream port, root hub

only for root hubs;
Section 7.1.7.3 

Maximum interval between reset

segments used to create TORSTR

 

 Time to evaluate device speed
after reset

 
only for root hubs; each
reset pulse must be of
length Torst; Section
7.1.7.3 

Optional
Section 11.8.2

TDSPDEV

 

 Time to detect a long K from
upstream

  
  

Section 11.6.1

 

 
 
  
 

Time to detect a long SEO from
upstream

Duration of repeating SEO
Upstream

Duration of sending SEO upstream
after EOF1
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Section 11.6.2 
 

Optional
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Table 7-11. Device Event Timings

Parameter Symbol|Conditions—_|Min
Time from internal power goodto Figure 7-19
device pulling D+/D- beyond ViHz
(min) (signaling attach) 

Debounceinterval provided by Figure 7-19
USB system software after attach

Maximum time a device can draw T2SuSsP Section 7.1.7.4

power >suspend power when bus
is continuouslyin idle state  

Maximum duration of suspend TSUSAVGI Section 7.2.3
averaging interval 

Period of idle bus before device Device must be

can initiate resume remote-wakeup
enabled, Section
ee pe

Duration of driving resume TORSMUP Section 7.1.7.5
upstream

  
 

Resume Recovery Time TRSMRCY Provided by USB
System Software;
Section 7.1.7.5 

Time to detect a reset fromm TDETRST Section 7.1.7.3

upstream

Reset Recovery Time TRSTRCY Section 7.1.7.3 

Inter-packet Delay Tipp Section 7.1.18
 

Inter-packet delay for device TRSPIPD1 Section 7.118
response w/detachable cable 

Inter-packet delay for device TRSPIPD2 Section 7.1.18
response w/captive cable 

SetAddress() Completion Time TDSETADDR Section 9.2.6.3

Time to complete standard TORQCMPLTND|Section 9.2.6.4
request with no data
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Table 7-11. Device Event Timings (Continued)

  Time to deliver first and TORETDATA1|Section 9.2.6.4 500 ms

subsequent (except last) data for
standard request

Time to deliver last data for TDRETDATAN|Section 9.2.6.4 50 ms

standard request
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7.3.3 Timing Waveforms

TpeRIoD <-> | | I | | |

a Crossover  
  

 
 

 

Differential
Data Lines

Consecutive
Transitions

N : Trerion + Teo

 Paired
Transitions

N * Trerion + Tcue

Figure 7-39. Differential Data Jitter

Trerion | | | Crossover Point | |
 
 
 
 
 
   
 

Differential
Data Line

 Diff. Data-to-
SEO Skew

Source EOP Width:=Tresor
N * Tperion + Txceop TLeopt

Receiver EOP Width: Treopr,
TEQrPR

Figure 7-40. Differential-to-EOP Transition Skew and EOP Width

Tperion -—|| | | |

Differential

Data Lines 
Tae

QA KY ~
ConsecutiveA Transitions __4

N* Tperion + Taurs

Paired
Transitions

N * Teeaion + Txsrz

Figure 7-41. Receiver Jitter Tolerance

  TPERIOD is the data rate of the receiver that can have the range as defined in Section 7.1.11
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Upstream 
  

  

 
  
 

 

 

End of Upstream Crossoverbee Port of hub Point
Cable / 50% Point of

*—~ {nitial Swing
Nf5 ne , ae erVss_

50% Point of

palane Hub Delay Downstream HubDelay Initial SwingPort of hub Downstream Port of hub
Troon Tuooz

Vss —— ——_ss: =

A. Downstream Hub Delay with Cable B. Downstream Hub Delay without Cable

 

 
 
  

  
 

Crossover
Point

 Hub Delay CrossoverUpstream
Port.or End Upstream ee” €~Point

of Cable Taos
Tuooz

Ia peer=

C. Upstream Hub Delay with or without Cable

Hub Differential Jitter:

Trout = THoox(J) - THoox(K) oF THoox(K) - THoox(J) Consecutive Transitions

THouz = Troox(J) - Tuoox(J) or Tropx(K) = Tipox(K) Paired Transitions

Bit after SOP Width Distortion (same as data jitter for SOP and next J transition):

Trsop = THopx(next J) - THoox(SOP)

Low-speed timings are determined in the same wayfor:

Tixooy Trost: TLogn2s TeuHut: Tous: aNd Tysop

 
Figure 7-42. Hub Differential Delay, Differential Jitter, and SOP Distortion 

 Note: Measurementlocations referenced in Figure 7-42 and Figure 7-43 are specified in Figure 7-28
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50% Point of

Upstream Initial Swing
End of
Cable

Vss

/
Downstream
Port of hub

ve

A. Downstream EOP Delay with Cable

Downstream _
Port

Vss —

Upstream
Port or

End of Cable

Vss—.

 |.WSs

aewe——

 
 
  
 

y Crossover
Point

Extended
Upstream

Port of hub

/
Downstream
Port of hub

B. Downstream EOP Delay without Cable

Crossover
Point

Extended

 

Crossover
Point

/ Extended

C. Upstream EOP Delay with or Without Cable

EOPDelay:

Treorp = Teory ~ THopx
(Teory Meansthat this equation applies to Teor. and Teop+)

EOP Skew:

TrHesk = Teops - Teor:

Low-speed timings are determined in the same wayfor:

TLeorp and T.yesk

 
Figure 7-43. Hub EOP Delay and EOP Skew
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Chapter 8
Protocol Layer

This chapter presents a bottom-up view of the USB protocol, starting with field and packet definitions.
This is followed by a description of packet transaction formats for different transaction types. Link layer
flow control and transaction level fault recovery are then covered. The chapter finishes with a discussion
of retry synchronization, babble, and loss of bus activity recovery.

8.1 Bit Ordering
Biis are sent out onto the busleast-significant bit (LSb) first, followed by the next LSb, throughto the
most-significant bit (MSb)last. In the following diagrams, packets are displayed such that both individual
bits and fields are represented (in a left to right reading order) as they would moveacrossthe bus.

8.2 SYNC Field

All packets begin with a synchronization (SYNC) field, which is a coded sequence that generates a
maximum edgetransition density. The SYNC field appears on the bus as IDLE followed by the binary
string “KJIKJKIKK,”in its NRZI encoding. It is used by the inputcircuitry to align incoming data with the
local clock and is defined to be eight bits in length. SYNC serves only as a synchronization mechanism
and is not shownin the following packet diagrams(refer to Section 7.1.10). The last twobits in the SYNC
field are a marker that is used to identify the end of the SYNCfield and, by inference, the start of the PID.

8.3 Packet Field Formats

Field formats for the token, data, and handshake packets are described in the following section. Packet bit
definitions are displayed in unencoded data format. The effects of NRZI coding and bit stuffing have been
removed for the sake of clarity. All packets have distinct Start- and End-of-Packet delimiters. The Start-
of-Packet (SOP) delimeter is part of the SYNC field. and the End-of-Packet (EOP) delimiter is described in
Chapter7.

8.3.1 Packet Identifier Field

A packet identifier (PID) immediately follows the SYNC field of every USB packet. A PID consists ofa
four-bit packet type field followed by a four-bit check field as shown in Figure 8-1. The PID indicates the
type of packet and, by inference, the format of the packet and the type of error detection applied to the
packet. The four-bit check field of the PID ensures reliable decoding of the PID so that the remainder of
the packet is interpreted correctly. The PID checkfield is generated by performing a one’s complement of
the packet type field. A PID error exists if the four PID check bits are not complements of their respective
packet identifierbits.

(LSb) (MSb)

Figure 8-1. PID Format
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The host and all functions must perform a complete decoding of all received PID fields. Any PID received
with a failed check field or which decodes to a non-defined value is assumed to be corrupted andit, as well
as the remainderofthe packet, is ignored by the packet receiver. [fa function receives an otherwise valid
PID fora transaction type or direction that it does not support, the function must not respond. For
example, an IN-only endpoint must ignore an OUTtoken. PID types, codings, and descriptions are listed
in Table 8-1.

Table 8-1. PID Types

a
Address + endpoint numberin host-to-function
transaction

Address + endpoint numberin function-to-host
transaction

Start-of-Frame marker and frame number

Address + endpoint numberin host-to-function
transaction for SETUP to a control pipe 

Data packet PID even

Data packet PID odd

Handshake Receiver accepts error-free data packet

NAK Rx device cannot accept data or Tx device cannot send
data

STALL Endpointis halted or a control pipe request is not
supported.

Special Host-issued preamble. Enables downstream bustraffic
to low-speed devices.

*Note: PID bits are shown in MSb order. When sent on the USB,the rightmost bit (bit 0) will be sent first.

 
PIDsare divided into four coding groups: token, data, handshake, and special, with the first two
transmitted PID bits (PID<0:1>) indicating which group. This accountsfor the distribution of PID codes.

8.3.2 AddressFields

Function endpoints are addressed using two fields: the function address field and the endpoint field. A
function needs to fully decode both address and endpointfields. Address or endpoint aliasing is not
permitted, and a mismatch on cither field must cause the token to be ignored. Accesses to non-initialized
endpoints will also cause the token to be ignored.
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8.3.2.1 Address Field

The function address (ADDR)field specifies the function, via its address, that is either the source or
destination of a data packet, depending on the value of the token PID. As shownin Figure 8-2, a total of
128 addresses are specified as ADDR<6:0>. The ADDRfield is specified for IN, SETUP, and OUT
tokens. By definition, each ADDR value defines a single function. Upon reset and power-up, a function’s
address defaults to a value of zero and must be programmedby the host during the enumeration process.
Function address zero is reserved as the default address and may not be assigned to any otheruse.

(LSb) (MSb)

Figure 8-2. ADDRField

8.3.2.2 Endpoint Field

An additional four-bit endpoint (ENDP)field, shown in Figure 8-3 permits more flexible addressing of
functions in which more than one endpointis required. Except for endpoint address zero, endpoint
numbers are function-specific. The endpoint field is defined for IN, SETUP, and OUT token PIDsonly.
All functions must support a control pipe at endpoint numberzero (the Default Control Pipe). Low-speed
devices support a maximum ofthree pipes per function: a control pipe at endpoint number zero plus twa
additional pipes (either two control pipes, a control pipe and a interrupt endpoint, or two interrupt
endpoints). Full-speed functions may support up to the maximum of 16 endpoint numbersofanytype.

Figure 8-3. Endpoint Field

8.3.3 Frame NumberField

The frame numberfield is an | 1-bit held that is incremented by the host on a per-frame basis. The frame
number field rolls over upon reaching its maximum value of 7FFH, andis sent only in SOFtokensat the
start of each frame.

8.3.4 Data Field

The data field may range from zero to 1,023 bytes and must be an integral numberofbytes. Figure 8-4
showsthe format for multiple bytes. Data bits within each byte are shifted out LSbfirst.

 
MSb (LSb)

Byte N-T Byte N Byte N+1

Figure 8-4. Data Field Format

Data packet size varices with the transfer type, as described in Chapter5.
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8.3.5 Cyclic Redundancy Checks
Cyclic redundancy checks (CRCs) are used to protectall non-PID fields in token and data packets. In this
context, these fields are considered to be protected fields. The PID is not included in the CRC check of a
packet containing a CRC. All CRCs are generated over their respective fields in the transmitter before bit
stuffing is performed. Similarly, CRCs are decoded in the receiver after stuffed bits have been removed.
Token and data packet CRCs provide 100% coverageforall single- and double-bit errors. A failed CRC is
considered to indicate that one or moreof the protectedfields is corrupted and causes the receiver to ignore
those fields, and, in most cases, the entire packet.

For CRC generation and checking, the shift registers in the generator and checker are seeded with an all-
ones pattern. For each data bit sent or received, the high order bit of the current remainder is XORed with
the data bit and then the remainderis shifted left one bit and the low-orderbit set to zero. If the result of

that XOR is one, then the remainder is XORed with the generator polynomial.

Whenthelast bit of the checked field is sent, the CRC in the generatoris inverted and sent to the checker
MSb first. When thelast bit of the CRC is received by the checker and no errors have occurred, the
remainder will be equal to the polynomialresidual.

A CRCerror exists if the computed checksum remainderat the end of a packet reception does not match
the residual.

Bit stuffing requirements must be met for the CRC, and this includes the need to insert a zero at the end of
a CRC if the preceding six bits were all ones,

8.3.5.1 Token CRCs

A five-bit CRC field is provided for tokens and covers the ADDR and ENDPfields of IN, SETUP, and
OUTtokensor the time stampfield of an SOF token. The generator polynomial is:

G(X)=KN4+N41

The binary bit pattern that represents this polynomial is 00101B. [fall token bits are received without
error, the five-bit residual at the receiver will be 01100B.

8.3.5.2 Data CRCs

The data CRC is a 16-bit polynomial applied over the data field of a data packet. The generating
polynomialis:

G(X) = X"“+ XY+ X’+4

The binary bit pattern that represents this polynomial is 1000000000000101B. If all data and CRCbits are
received without error, the 16-bit residual will be 1000000000001 101B.

8.4 Packet Formats

This section shows packet formats for token, data, and handshake packets. Fields within a packet are
displayed in these figures in the order in which bits are shifted out onto the bus.
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8.4.1 Token Packets

Figure 8-5 showsthe field formats for a token packet. A token consists of a PID, specifying either IN,
OUT,or SETUP packet type: and ADDR and ENDPfields. For OLIT and SETUPtransactions, the address
and endpoint fields uniquely identify the endpoint that will receive the subsequent Data packet. For IN
transactions, these fields uniquely identify which endpoint should transmit a Data packet. Only the host
can issue token packets. IN PIDs define a Data transaction from a function to the host. OUT and SETUP
PIDs define Data transactions from the host to a function,

& bits 7bits 4 bits 5 bits

re[soon[esr]eres
(==

Figure 8-5. Token Format

Token packets have a five-bit CRC that covers the address and endpoint fields as shown above. The CRC
does not cover the PID, which has its own check field. Token and SOF packets are delimited by an EOP
after three bytes of packet field data. [fa packet decodes as an otherwise valid token or SOF but does not
terminate with an EOPafter three bytes, it must be considered invalid and ignored by the receiver.

8.4.2 Start-of-Frame Packets

Start-of-Frame (SOF) packets are issued by the host at a nominalrate of once every 1.00ms +0.0005ms.
SOF packets consist of a PID indicating packet type followed by an 11-bit frame numberfield as illustrated
in Figure 8-6,

8 bits 11 bits 5 bits

a
Figure 8-6. SOF Packet

The SOF token comprises the token-only transaction that distributes an SOF marker and accompanying
frame numberat precisely timed intervals corresponding to the start of each frame. All full-speed
functions, including hubs, receive the SOF packet. The SOF token does not cause any receiving function
to generate a return packet; therefore, SOF delivery to any given function cannot be guaranteed. The SOF
packet delivers two pieces of timing information. A function is informed thal an SOF has occurred whenit
detects the SOF PID. Frame timing sensitive functions, which do not need to keep track of frame number
(e.g., a hub), need only decode the SOF PID; they can ignore the frame number and its CRC. Ifa function
needs to track frame number, it must comprehend both the PID and the time stamp. Full-speed devices that
have no particular need for bus timing information may ignore the SOF packet.
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8.4.3 Data Packets

A data packet consists of a PID, a data field containing zero or more bytes of data, and a CRC as shown in
Figure 8-7, There are two types of data packets, identified by differing PIDs: DATAO and DATA. Two
data packet PIDs are defined to support data toggle synchronization (refer to Section 8.6).

8 bits 0-1023 bytes 16 bits

a
fe

Figure 8-7. Data Packet Format

Data must always be sentin integral numbers of bytes. The data CRC is computed overonly the data field
in the packet and does not include the PID, which has its own check field.

8.4.4 Handshake Packets

Handshake packets, as shown in Figure 8-8, consist of only a PID. Handshake packets are used to report
the status of a data transaction and can return values indicating successful reception of data, command
acceptance or rejection, flow control, and halt conditions, Only transaction types that support flow control
can return handshakes. Handshakes are always returned in the handshake phase of a transaction and may
be returned, instead of data, in the data phase. Handshake packets are delimited by an EOPafter one byte
of packetfield. Ifa packet decodes as an otherwise valid handshake but does not terminate with an EOP
after one byte, it must be considered invalid and ignored by the receiver.

8 bits

Figure 8-8. Handshake Packet

There are three types of handshake packets:

*« ACKindicates that the data packet was received without bit stuff or CRC errors over the data field and that
the data PID was received correctly. ACK may be issued either when sequence bits match and the receiver
can accept data or when sequence bits mismatch and the sender and receiver must resynchronize to each
other (refer to Section 8.6 for details), An ACK handshakets applicable only in transactions in which data
has been transmitted and where a handshake is expected, ACK can be returned by the host for IN
transactions and by a function for OUT or SETUP transactions.

« NAKindicates that a function was unable to accept data from the host (OUT)or that a function has no data
to transmit to the host (IN). NAK can only be returned by functions in the data phase of IN transactions or
the handshake phase of OUTtransactions. The host can never issue NAK. NAKis used forflow control
purposes to indicate that a function is temporarily unable to transmit or receive data, but will eventually be
able to do so without need ofhost intervention.

¢ STALL Is returned by a function in response to an IN token or after the data phase of an OUTtransaction
(see Figure 8-9 and Figure 8-13). STALL indicates that a function is unable to transmit or receive data, or
that a control pipe request is not supported. The hosi is noi permitted to return a STALL under any
condition.

160

ZTE/SAMSUNG 1007-0176

IPR2018-00111



ZTE/SAMSUNG 1007-0177 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

The STALL handshakeis used by a device in one of two distinct occasions. Thefirst case, known as
“functional stall,” is when the Halt feature associated the endpoint is set. (The (alt feature is specified in
Chapter 9 of this document.) A special case of the functional stall is the “commandedstall.” Commanded
stall occurs when the host explicitly sets the endpoint’s Halt feature, as detailed in Chapter 9. Once a
function’s endpointis halted, the function must continue returning STALL until the condition causing the
halt has been cleared through host intervention.

The second case, known as “protocol stall,” is detailed in Section 8.5.2. Protocol stall is unique to control
pipes. Protocolstall differs from functional stall in meaning and duration. A protocol STALLis returned
during the Dataor Status stage of a control transfer, and the STALL condition terminates at the beginning
of the next control transfer (Setup). The remainderofthis section refers to the general case of a functional
stall.

8.4.5 Handshake Responses
Transmitting and receiving functions must return handshakes based upon an order of precedence detailed
in Table 8-2 through Table 8-4. Not all handshakes are allowed, depending on the transaction type and
whether the handshakeis being issued by a function or the host. Note that if an error occurs during the
transmission of the token to the function, the function will not respond with any packets until the next
token is received and successfully decoded.

8.4.5.1 Function Responseto IN Transactions
Table 8-2 showsthe possible responses a function may make in response to an IN token. Ifthe functionis
unable to send data, due to a halt or a flow control condition, it issues a STALL or NAK handshake,
respectively. Ifthe function is able to issue data, it does so. Ifthe received token is corrupted, the function
returns no response.

Table 8-2. Function Responses to IN Transactions

Token Received Function Tx Function Can|Action Taken

Corrupted EndpointHalt Transmit Data
Feature

Set Issue STALL handshake

No|issue NAK handshake
Issue data packet

8.4.5.2 Host Responseto IN Transactions
Table 8-3 shows the host response to an IN transaction. The host is able to return only one type of
handshake: ACK. Ifthe host receives a corrupted data packet, it discards the data and issues no response.
Ifthe host cannot accept data from a function, (due to problems such as internal buffer overrun) this
condition is considered to be an error and the host returns no response. If the host is able to accept data
and the data packet is received error-free. the host accepts the data and issues an ACK handshake.
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Table 8-3. Host Responses to IN Transactions

Data Packet Host Can Handshake Returned by Host
Corrupted AcceptData

aaee

8.4.5.3 Function Response to an OUT Transaction

 
Handshake responses for an OUT transaction are shownin Table 8-4. Assuming successful token decode,
a function, upon receiving a data packet, may return any one of the three handshake types. If the data
packet was corrupted, the function returns no handshake. Ifthe data packet was received error-free and the
function’s receiving endpointis halted, the function returns STALL. If the transaction is maintaining
sequence bit synchronization and a mismatchis detected (refer to Section 8.6 for details), then the function
returns ACK and discards the data. If the function can accept the data and has received the data error-free,
it returns ACK, If the function cannot accept the data packet due to flow contro] reasons, it returns NAK.

Table 8-4. Function Responses to OUT Transactions in Order of Precedence

Data Packet|Receiver Sequence Bits|Function Can|Handshake Returned
Corrupted Halt Accept Data by Function

Feature

8.4.5.4 Function Response to a SETUPTransaction

=a 
SETUP defines a special type of host-to-function data transaction that permits the hostto initialize an
endpoint’s synchronization bits to those ofthe host. Upon receiving a SETUP token, a function must
accept the data. A function may not respond to a SETUP token with either STALLor NAK and the
receiving function must accept the data packet that follows the SETUP token. Ifa non-control endpoint
receives a SETUP token, it must ignore the transaction and return no response.

8.5 Transaction Formats

Packet transaction format varies depending on the endpoint type. There are four endpoint types: bulk,
control, interrupt, and isochronous.
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8.5.1 Bulk Transactions

Bulk transaction types are characterized by ihe ability to guarantee error-free delivery of data between the
host and a function by meansof error detection and retry. Bulk transactions use a three-phase transaction
consisting of token, data, and handshake packets as shown in Figure 8-9. Under certain flow control and
halt conditions, the data phase may be replaced with a handshakeresulting in a two-phase transaction in
which no data is transmitted,

Idle

Token

Data Handshake  

Idle 

 J Host [_] Function

Figure 8-9. Bulk Transaction Format

When the host is ready to receive bulk data, it issues an IN token. The function endpoint responds by
returning either a data packet or, should it be unable to return data, a NAK or STALL handshake, NAK
indicates that the function is temporarily unable to return data, while STALL indicates that the endpointis
permanently halted and requires USB System Software intervention. If the host reccives a valid data
packet, it responds with an ACK handshake. Ifthe host detects an error while receiving data, it returns no
handshakepacket to the function.

Whenthe host is ready to transmit bulk data,it first issues an OUT token packet followed by a data packet.
If the data is received without error by the function it will retumone of three handshakes:

« ACKindicates that the data packet was received without errors and informsthe host that that it may
send the next packet in the sequence.

® NAKindicates that the data was received without error but that the host should resend the data because

the function was in a temporary condition preventing it from accepting the data (c.g., buffer full).

* Ifthe endpoint was halted, STALLis returned to indicate that the host should not retry the
transmission becausethere is an error condition on the function.

If the data packet was received with a CRCorbit stuff error, no handshakeis returned.
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Figure 8-10 shows the sequencebit and data PID usage for bulk reads and writes. Data packet
synchronization is achieved via use ofthe data sequence toggle bits and the DATAO/DATA] PIDs, A bulk
endpoint’s toggle sequenceIs initialized to DATAO when the endpoint experiences any configuration event
(configuration events are explained in Sections 9.1.1.5 and 9.4.5), Data toggle on an endpoint is NOT
initialized as the direct result of a short packet transfer or the retirement of an IRP.

Write
DATAO DATA‘ DATAOM

Bulk
Read No ny] ..

DATAO DATA1 DATAOM

Figure 8-10. Bulk Reads and Writes

The host always initializes the first transaction of a bus transfer to the DATAO PID with a configuration
event. The second transaction uses a DATA] PID, and successive data transfers alternate for the remainder
of the bulk transfer. The data packet transmitter toggles upon receipt of ACK,and the recciver toggles
upon receipt and acceptance of a valid data packet(refer to Section 8.6),

8.5.2 Control Transfers

Control transfers minimally have two transaction stages: Setup and Status. A control transfer may
optionally contain a Data stage between the Setup and Status stages. During the Setup stage, a SETUP
transaction is used to transmit information to the control] endpoint of a function. SETUP transactions are
similar in format to an OUT, but use a SETUPrather than an OUT PID. Figure 8-1] shows the SETUP
transaction format. A SETUP always uses a DATAO PIDforthe data field of the SETUP transaction. The
function receiving a SETUP must accept the SETLP data and respond with ACK,if the data is corrupted,
discard the data and return no handshake.

Idle

Data

Handshake 
Idle

[_] Function

Figure 8-11. Control SETUP Transaction

 

TheData stage. if present, of a control transfer consists of one or more IN or OUT transactions and follows
the same protocol rules as bulk transfers. All the transactions in the Data stage must be in the same
direction (i.¢., all INs or all OUTs), The amount of data to be sent during the data phase and its direction
are specified during the Setup stage. [f the amount of data exceeds the prenegotiated data packet size, the
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data is sent in multiple transactions ([Ns or OUTs)that carry the maximum packet size. Any remaining
data is sent as a residual in the last transaction.

The Status stage of a control transfer is the last operation in the sequence. A Status stage is delineated by a
changein direction of data flow from the previous stage and always uses a DATA] PID. If, for example,
the Data stage consists of OUTs, the status is a single IN transaction. [If the control sequence has no Data
stage, then it consists of a Setup stage followed by a Status stage consisting of an IN transaction.
Figure 8-12 showsthe transaction order, the data sequence bit value, and the data PID types for control
read and write sequences. The sequencebits are displayed in parentheses,

Setup Data Status
Stage Stage Stage

SeSh a

Control SETUP(0) OUT(1) OUT(0) = OUT(0/1)Write

 

DATAO DATA1 DATAD DATA DATA1

Read
DATAO DATA DATAO DATAOM DATA’

Setup Status
Stage Stage

on eo

Control
DATAD DATA1

Figure 8-12. Control Read and Write Sequences

When a STALL handshakeis sent by a control endpoint in either the Data or Status stages of a control
transfer, a STALL handshake must be returned on all succeeding accesses to that endpoint until a SETUP
PID is received. The endpoint is not required to return a STALL handshakeafter it receives a subsequent
SETUP PID.

8.5.2.1 Reporting Status Results
The Status stage reports to the host the outcomeof the previous Setup and Data stages of the transfer.
Three possible results may be returned:

* The command sequence completed successfully.

e The command sequence failed to complete.

e The functionis still busy completing command.

Status reporting is always in the function-to-host direction. The Table 8-5 summarizes the type of
responses required for each. Control write transfers return status information in the data phase of the Status
stage transaction. Control read transfers return status information in the handshake phase of a Status stage
transaction, after the host has issued a zero-length data packet during the previous data phase.
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Table 8-5. Status Stage Responses

Status Response|Control Write Transfer|Control Read Transfer
(sent during data phase) (send during handshake phase)

Function completes Zero-length data packet ACK handshake

STALL handshake STALL handshake 

Function is busy NAK handshake NAK handshake

 
For control reads, the host sends an OUT token to the control pipe to initiate the Status stage. The host
may only send a zero-length data packet in this phase but the function may accept any length packet as a
valid status inquiry. The pipe’s handshake response to this data packet indicates the currentstatus. NAK
indicates that the function is still processing the command andthat the host should continue the Status
stage. ACK indicates that the function has completed the command and is ready to accept a new
command. STALLindicates that the function has an errorthat preventsit from completing the command.

For contro] writes, the host sends an IN token to the control pipe to initiate the Status stage. The function
responds with either a handshake or a zero-length data packet to indicate its current status. NAK indicates
that the function is still processing the command and that the host should continue the Status stage; return
of a zero-length packet indicates normal completion of the command; and STALLindicates that the
function cannot complete the command. The function expects the host to respond to the data packetin the
Status stage with ACK. Ifthe function does not receive ACK,it remains in the Status stage of the
command and will continue to return the zero-length data packet for as long as the host continues fo send
TN tokens.

If during a Data stage a commandpipeis sent more dataoris requested to return more data than was
indicated in the Setup stage (see Section 8.5.2.2), it should return STALL. Ifa control pipe returns STALL
during the Data stage, there will be no Status stage for that control transfer.

8.5.2.2 Variable-length Data Stage
A control pipe may have a variable-length data phase in which the host request more data than is contained
in the specified data structure. When al] of the data structure is returned to the host, the function should
indicate that the Data stage is ended by returning a packet that is shorter than the MaxPacketSize for the
pipe. If the data structure is an exact multiple of wMaxPacketSize for the pipe, the funtion will retum a
zero-length packet to indicate the end of the Datastage.

8.5.2.3 Error Handling on the Last Data Transaction
If the ACK handshake on an IN transaction is corrupted, the function and the host will temporarily disagree
on whether the transaction was successful. If the transaction is followed by another IN, the toggle retry
mechanism will detect the mismatch and recover from the error. If the ACK was onthe last IN of a Data

stage, the toggle retry mechanism cannot be used and an alternative scheme must be used.

Thehost that successfully received the data of the last IN will send ACK., Later, the host will issue an
OUTtokento start the Status stage of the transfer. If the function did not receive the ACK that ended the
Data stage, the function will interpret the start of the Status stage as verification that the host successfully
received the data. Control writes do not have this ambiguity. If an ACK handshake on an OUT gets
corrupted, the host does not advance to the Status stage andretries the last data instead. A detailed analysis
of retry policy is presented in Section 8.6.4.
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8.5.2.4 STALL Handshakes Returned by Control Pipes
Control pipes have the unique ability to return a STALL handshake due to function problemsin contro)
transfers. If the device is unable to complete a command,it returns a STALL in the Data and/or Status
stages of the control transfer. Unlike the case of a functionalstall, protocolstall does not indicate an error
with the device. The protocolstall condition lasts until the receipt ofthe next SETUP transaction and the
function will return STALL in response to any IN or OUTtransaction on the pipe until the SETUP
transaction is received. [In general, protocolstall indicates that the request or its parameters is not
understood by the device and thus provides a mechanism for extending USB requests.

A control pipe may also support functionalstall as well, but this is not recommended. This is a
degenerative case, because a functional stall on a contro) pipe indicates that it has lost the ability to
communicate with the host, If the control pipe does support functionalstall, then it must possess a Halt
feature, which can be set or cleared by the hast. Chapter 9 details how to treat the special case of a Halt
feature on a control pipe. A well-designed device will associate all of its functions and Halt features with
non-control endpoints. The control pipes should be reserved for servicing USB requests.

8.5.3 Interrupt Transactions

Interrupt transactions may consist of IN or OUTtransfers. Upon receipt of an [N token, a function may
return data, NAK, or STALL. If the endpoint has no new interrupt information to return (i.e., no interrupt
is pending), the function returns a NAK handshake during the data phase. If the Halt feature is set for the
interrupt endpoint, the function will return a STALL handshake. If an interrupt is pending, the function
returns the interrupt information as a data packet. The host, in response to receipt of the data packet, issues
either an ACK handshake if data was received error-free or returns no handshake if the data packet was
received corrupted. Figure 8-13 showsthe interrupt transaction format.

Idle

Token

Data

Handshake

Idle

 
Figure 8-13. Interrupt Transaction Format

Whenan endpointis using the interrupt transfer mechanism for actual interrupt data, the data toggle
protocol must be followed. This allows the function to know that the data has been received by the host
and the event condition may be cleared. This “guaranteed” delivery of events allows the function to only
send the interrupt information until it has been received by the host rather than having to send the interrupt
data every time the function is polled and until the LSB System Software clears the interrupt condition.
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When used in the toggle mode, an interrupt endpointis initialized to the DATAO PLD by any configuration
event on the endpoint and behaves the sameas the bulk transactions shownin Figure 8-10.

An interrupt endpoint may also be used to communicate rate feedback information for certain types of
isochronous functions. When used in this mode, the data toggle bits should be changed after each data
packetis sent to the host without regard to the presence or type of handshake packet. This capability is
supported only for interrupt [IN endpoints.

8.5.4 lsochronous Transactions

tsochronous (ISO)transactions have a token and data phase, but no handshake phase, as shownin Figure
8-14. The host issues either an IN or an OUTtoken followed by the data phase in which the endpoint(for
INs) or the host (for OUTs) transmits data. [SO transactions do not support a handshake phaseorretry
capability.

idle

 
Idle

Host CL] Function

See Note Below

 

Figure 8-14. Isochronous Transaction Format

Note: a device or Host Controller should be able to accept either DATAO or DATAL. A device or Host
Controller should only send DATAO.

ISO transactions do not support toggle sequencing.

8.6 Data Toggle Synchronization and Retry

The USB provides a mechanism to guarantee data sequence synchronization between data transmitter and
receiver across multiple transactions. This mechanism provides a means of guarantecing that the
handshake phase of a transaction was interpreted correctly by both the transmitter and receiver.
Synchronization is achieved via use of the DATAO and DATA] PIDsandseparate data toggle sequence
bits for the data transmitter and receiver. Receiver sequence bits toggle only when the receiver is able to
accept data and receives an error-free data packet with the correct data PID, Transmitter sequencebits
toggle only when the data transmitter receives a valid ACK handshake. The data transmitter and receiver
must have their sequence bits synchronized atthe start of a transaction. The synchronization mechanism
used varies with the transaction type. Data toggle synchronization is not supported for ISO transfers.
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8.6.1 Initialization via SETUP Token

Control transfers use the SETUP token forinitializing host and function sequence bits. Figure §-15 shows
the host issuing a SETUP packet to a function followed by an OLIT transaction, The numbersin the circles
representthe transmitter and receiver sequence bits. The function must accept the data and return ACK.
Whenthe function accepts the transaction, it must set its sequence bit so that both the host’s and function’s
sequence bits are equalto one at the end of the SETUP transaction.

Host Device

SETUP

DATAQ

Accept
data

ACK

Figure 8-15. SETUP Initialization

8.6.2 Successful Data Transactions

Figure 8-16 shows the case where two successful transactions have occurred. For the data transmitter, this
meansthat it toggles its sequence bit upon receipt of ACK. The receiver toggles tts sequence bit only if it
receives a valid data packet and the packet’s data PID matchesthe current value of its sequence bit. The
transmitter only toggles its sequence bit after it receives and ACK to a data packet.

During each transaction, the receiver compares the transmitter sequence bit (encodedin the data packet
PID as either DATAO or DATA1) withits receiver sequencebit. If data cannot be accepted, the receiver
must issue NAK and the sequence bits of both the transmitter and receiver remain unchanged. If data can
be accepted and the receiver's sequence bit matches the PID sequencebit, then data is accepted and the
sequence bit is toggled. Two-phase transactions in which there is no data packet leave the transmitter and
receiver sequence bits unchanged.

DATAD DATA1

Accept Accept
data data

ACK ACK

.2
Transfer / Transfer i+ 4

Figure 8-16. Consecutive Transactions
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8.6.3 Data Corrupted or Not Accepted
If data cannot be accepted or the received data packetis corrupted, the receiver will issue a NAK or
STALL handshake,or timeout, depending on the circumstances, and the receiver will not toggle its
sequence bit. Figure 8-17 shows the case wherea transaction is NAKed and then retried. Any non-ACK
handshake or timeout will generate similar retry behavior. The transmitter, having not received an ACK
handshake, will not toggle its sequence bit. As a result, a failed data packet transaction leaves the
transmitter’s and receiver's sequence bits synchronized and untoggled. The transaction will then beretried
and, if successful, will cause both transmitter and receiver sequence bits to toggle.

DATAO DATAO

Reject Accept
data data

NAK ACK

Transfer f Retry
Transfer j

Figure 8-17. NAKed Transaction with Retry

8.6.4 Corrupted ACK Handshake

The transmitter is the last and only agent to know for sure whether a transaction has been successful, due to
its receiving an ACK handshake. A lost or corrupted ACK handshake can lead to a temporary loss of
synchronization between transmitter and receiver as shownin Figure 8-18. Here the transmitter issues a
valid data packet, which is successfully acquired by the receiver: however, the ACK handshakeis
corrupted.

DATAO DATAO DATA1

Accept Ignore
data data

‘ailedACK ACK ACK

a
Transfer / Transfer i Transfer i+ 4

(retried)

Figure 8-18, Corrupted ACK Handshake with Retry

At the endoftransaction i, there is a temporary loss of coherency between transmitter and receiver, as
evidenced by the mismatch between their respective sequence bits. The receiver has received good data,
but the transmitter does not know whetherit has successfully sent data. On the next transaction, the
transmitter will resend the previous data using the previous DATAQ PID. The receiver’s sequencebit and
the data PID will not match, so the receiver knowsthat it has previously accepted this data. Consequently,
it discards the incoming data packet and does not toggle its sequence bit. The receiver then issues ACK,
which causes the transmitter to regard the retried transaction as successful. Receipt of ACK causes the
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transmitter to toggle its sequence bit, At the beginning of transaction +1, the sequence bits have toggled
and are again synchronized.

The data transmitter must guarantee that any retried data packetis identical (same length and content) as
that sent in the original transaction, If the data transmitter is unable, because of problems suchas a buffer
underrun condition, to transmit the identical amountofdata as was in the original data packet, it must abort
the transaction by generating a bit stuffing violation. This causes a detectable errorat the receiver and
guarantees that a partial packet will not be interpreted as a good packet. The transmitter should nottry to
force an error at the receiver by sending a known bad CRC. A combination of a bad packet with a “bad”
CRC may be interpreted by the receiver as a good packet.

8.6.5 Low-speed Transactions

The USB supportssignaling at two speeds: full-speed signaling at 12.0Mb/s and low-speed signaling at
1.5Mb/s. Hubs disable downstream bus traffic to all ports to which low-speed devices are attached during
full-speed downstream signaling. This is required both for EMI reasons and to prevent any possibility that
a low-speed device might misinterpret downstream a full-speed packet as being addressed to it.
Figure 8-19 shows an IN low-speed transaction in which the host issues a token and handshake and
receives a data packet.

Hub enables low-

 

Hub disables low-
speed port outputs speed port outputs

santeehukepaad v Token sent at low-speed y
‘~ & 

Data packet sent at low-speed

 
Hub disables low-

Hub enables low- speed port outputs
Preamble speed port outputs

sent at full-speed Handshake sent at low-speed vy
eeeeSo——S—eS
 
    Hub setup

Figure 8-19. Low-speed Transaction

All downstream packets transmitted to low-speed devices require a preamble. The preamble consists of a
SYNC followed by a PRE PID,both sentat full-speed. Hubs must comprehend the PRE PID;all other
USB devices may ignore it and treat it as undefined, After the end of the preamble PJD, the host must wait
at least four full-speed bit times during which hubs must complete the process of enabling the repeater
function on ports that are connected to low-speed devices, During this hub setup interval, hubs mustdrive
their full-speed and low-speed ports to their respective Idle states. Hubs must be ready to repeat low-speed
signaling on low-speed ports before the end of the hub setup interval, Low-speed connectivity rules are
summarized below:

1. Low-speed devicesare identified during the connection process and the hub ports to which they are
connected are identified as low-speed.

2. All downstream low-speed packets must be prefaced with a preamble (sent at full-speed). which turns
on the output buffers on low-speed hub ports.
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3. Low-speed hub port output buffers are turned off upon receipt of EOP and are not turned on again
until a preamble PID is detected.

4. Upstream connectivity is not affected by whether a hub port is full- or low-speed.

Low-speed signaling begins with the host issuing SYNC at low-speed, followed by the remainder of the
packet. The end of the packetis identified by an End-of-Packet (EOP), at which time all hubs tear down
connectivity and disable any ports to which low-speed devices are connected. Hubs do not switch ports for
upsiream signaling; low-speed ports remain enabled in the upstream direction for both low-speed and full-
speed signaling.

Low-speed and full-speed transactions maintain a high degree of protocol commonality. However, low-
speed signaling does have certain limitations which include:

* Data payload is limited to eight bytes, maximum

*® Onlyinterrupt and contro! types of transfers are supported

# The SOF packetis not received by low-speed devices.

8.7 Error Detection and Recovery

The USB permits reliable end-to-end communication in the presence oferrors on the physical signaling
layer. This includesthe ability to reliably detect the vast majority of possible errors and to recover from
errors on a transaction-type basis. Control transactions, for example, require a high degree of data
reliability; they support end-to-end data integrity using error detection and retry, Isochronoustransactions.
by virtue oftheir bandwidth and latency requirements, do not permit retries and must tolerate a higher
incidence of uncorrected errors.

8.7.1 Packet Error Categories
The USB employsthree error detection mechanisms: bit stuff violations, PID check bits, and CRCs. Bit
stuff violations are defined in Section 7.1.9. PID errors are defined in Section 8.3.1. CRC errors are

defined in Section 8.3.5.

With the exception of the SOF token, any packet that is received corrupted causes the receiver to ignore it
and discard any data or other field information that came with the packet. Table 8-6 lists error detection
mechanisms, the types of packets to which they apply, and the appropriate packet receiver response.

Table 8-6, Packet Error Types

PID Check, Bit Stuff Ignore packet 

Address Bit Stuff, Address CRC Ignore token 

Frame Number Bit Stuff, Frame Number CRC Ignore Frame Numberfield 
8.7.2 Bus Turn-around Timing

Neither the device nor the host will send an indication that a received packet had an error. This absence of
positive acknowledgementis considered to be the indication that there was an error. As a consequence of
this method oferror reporting, the host and USB function need to keep track of how muchtime has elapsed
from when the transmitter completes sending a packet until it begins to receive a response. This time is
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referred to as the bus turn-around time. Thetimerstarts counting on the SE0-to-"J’ transition of the EOP
strobe and stops counting when the Idle-to-‘K’ SOPtransition is detected. Both devices and the host
require turn-around timers. The device bus turn-around time is defined by the worst case roundtrip delay
plus the maximum device response delay (refer to Section 7.1.18). Ifa response is not received within this
worst case timeout, then the transmitter considers that the packet transmission has failed. USB devices
timeout no soonerthan 16 bit times and nolatter than 18 bit times after the end ofthe previous EOP. If the
host wishes to indicate an error condition via a timeout, it must wait at least 18 bit times before issuing the
next token to ensure that all downstream devices have timed out.

As shownin Figure 8-20, the device uses ils bus turn-around timer between token and data or data and
handshake phases. The hostusesits timer between data and handshake or token and data phases.

If the host receives a corrupted data packet, it must wait before sending out the next token. This wait
interval guarantees that the host does not attempt to issue a token immediately after a false EOP.

— Stir
device waits host waits

[iw] [tata] [Handshake|
SS OF
host waits device waits

Figure 8-20. Bus Turn-around Timer Usage

8.7.3 False EOPs

False EOPs must be handled in a manner which guarantees that the packet currently in progress completes
before the host or any other device attempts to transmit a new packet. If such an event were to occur, it
would constitute a bus collision and have the ability to corrupt up to two consecutive transactions.
Detection of false EOP relies upon the fact that a packet into which a false EOP has been inserted will
appear as a truncated packet with a CRC failure. (The last 16 bits of the packet will have a very low
probability of appearing to be acorrect CRC.)

The host and devices handle false EOPsituations differently. When a device sees a corrupted data packet,
it issues no response and waits for the host to send the next token. This scheme guaranteesthat the device
will not attempt to return a handshake while the host maystill be transmitting a data packet. [fa false ROP
has occurred, the host data packet will eventually end, and the device will be able to detect the next token.
Ifa device issues a data packet that gets corrupted with a false EOP, the host will ignore the packet and not
issue the handshake. The device, expecting to see a handshake from the host, will timeout.

If the host receives a corrupted data packet, it assumes that a false EOP may have occurred and waits for 16
bit times to see if there is any subsequent upstream traffic. Ifno bus transitions are detected within the 16
bit interval and the bus remainsin the Idle state, the host may issue the next token. Otherwise, the host
waits for the deviceto finish sending the remainderof its packet. Waiting 16 bit times guarantees two
conditions:

« Thefirst condition is to make sure that the device has finished sending its packet. This is guaranteed
by a timeout interval (with no bustransitions) greater than the worst case six-bit time bit stuff interval.

* The second condition is that the transmitting device's bus turn-around timer must be guaranteed to
expire.

Note that the timeoutintervalis transaction speed sensitive. For full-speed transactions, the host must wait
16 full-speed bit times: for low-speed transactions, it must wait 16 low-speed bit times.
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If the host receives a data packet with a valid CRC,it assumes that the packet is complete and need not
delay in issuing the next token,

8.7.4 Babble and Lossof Activity Recovery
The USB mustbe able to detect and recover from conditions which leave it waiting indefinitely for an EOP
or which leave the bus in something other than the Idle state at the end of a frame.

* Lossofactivity (LOA)is characterized by SOP followed by lack of bus activity (bus remains driven to
a ‘J’ or ‘K’) and no EOPat the end of a frame.

* Babble is characterized by an SOP followed by the presence of busactivity past the end of a frame.

LOA and babble have the potential to either deadlock the bus or force out the beginning of the next frame.
Neither condition is acceptable, and both must be prevented from occurring. As the USB component
responsible for controlling connectivity, hubs are responsible for babble/LOA detection and recovery. All
USB devices that fail to complete their transmission at the end of a frame are prevented from transmitting
past a frame’s end by having the nearest hub disable the port to which the offending deviceis attached.
Details of the hub babble/LOA recovery mechanism appear in Section 11.8.1.
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Chapter 9
USB Device Framework

A USBdevice maybedivided into three layers:

* The bottom layer is a bus interface that transmits and receives packets,

® The middle layer handles routing data between the bus interface and various endpoints on the device.
An endpointis the ultimate consumer or providerofdata. It may be thought of as a source or sink for
data.

* The top layer is the functionality provided by the serial bus device; for instance, a mouse or ISDN
interface.

This chapter describes the commonattributes and operations of the middle layer of a USB device. These
attributes and operations are used by the function-specific portions of the device to communicate through
the bus interface and ultimately with the host.

9.1 USB Device States

A USB device has several possible states. Some ofthese states are visible to the USB andthe host, while
others are internal to the USB device. This section describes those states.

9.1.1 Visible Device States

This section describes USB device states that are externally visible (see Figure 9-1). Table 9-1 summarizes
the visible device states,

Note: USB devices perform a reset operation in responseto reset signaling on the upstream port. When
reset signaling has completed, the USB deviceis reset.
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Figure 9-1. Device State Diagram

176

ZTE/SAMSUNG 1007-0192

IPR2018-00111



ZTE/SAMSUNG 1007-0193 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

Table 9-1. Visible Device States

Address|Configured|Suspended

Device Is nat attached to
the USB. Otherattributes

are not significant. 

Device is attached to the

USB, but is not powered.
Otherattributes are not

significant.

Device is attached to the

USB and powered, but
has not been reset.

Device is attached to the

USB and powered and
has been reset, but has

not been assigned a
unique address. Device

respondsat the default
address.

 

ial

Yes Yes

Yes Yes Yes

Yes

Yes No

Yes Yes

Device is, at minimum,
attached to the USB and

iS powered and has not
seen bus activity for 3 ms.
It may also have a unique
address and be

configured for use.
However, because the

device is suspended, the
host may not use the
device's function.

 Device is attached to the

USB, powered, has been
reset, and a unique
device address has been

assigned. Device is not
configured.

Device is attached to the

USB, powered, has been
reset, has a unique

address, is configured,
and is not suspended.
The host may now use
the function provided by
the device.
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9.1.1.1 Attached

A USB device may be attached or detached from the USB, The state of a USB device whenit is detached
from the USB is not defined by this specification. This specification only addresses required operations
and attributes once the deviceis attached.

9.1.1.2 Powered

USB devices may obtain power from an external source and/or from the USB through the hub to which
they are attached. Externally powered USB devices are termed self-powered. Although self-powered
devices may already be powered before they are attached to the USB,they are not considered to be in the
Poweredstate until they are attached to the USB and VBUsis applied to the device.

A device may support both self-powered and bus-powered configurations. Some device configurations
support either power source, Other device configurations may be available only if the device is self-
powered, Devices report their power source capability through the configuration descriptor. ‘The current
power sourceis reported as part of a device’s status. Devices may change their power source at any time:
e.g., from self- to bus-powered. [fa configuration is capable of supporting both power modes, the power
maximum reported for that configuration is the maximum the device will draw from VBUSin either mode.
The device must observe this maximum, regardless of its mode. If a configuration supports only one
power mode and the power source of the device changes, the device will lose its current configuration and
address and return to the Poweredstate. If a device is self-powered and its current configuration requires
more than ]00mA,then if the device switches to being bus-powered, ii must return to the Addressstate.
Self-powered hubs that use VBUS to power the Hub Controller are allowed to remain in the Configured
state if local poweris lost. Refer to Section 11.14 for details.

A hub port must be powered in order to detect port status changes, including attach and detach. Bus-
powered hubs do not provide any downstream poweruntil they are configured, at which point they will
provide poweras allowed by their configuration and power source. A USB device must be able to be
addressed within a specified time period from when power is initially applied (refer to Chapter 7). After an
attachment to a port has been detected, the host may enable the port, which will also reset the device
attached to the port.

9.1.1.3 Default

After the device has been powered. it must not respond to any bus transactionsuntil it has receivedareset
from the bus. After receiving a reset, the device is then addressable at the default address.

9.1.1.4 Address

All USB devices use the default address when initially powered or after the device has been reset, Each
USBdevice is assigned a unique address by the host after attachmentor after reset. A USB device
maintains its assigned address while suspended.

A USB device responds to requests on its default pipe whether the device is currently assigned a unique
addressor is using the default address.

9.1.1.5 Configured
Before a USB device’s function may be used, the device must be configured. From the device’s
perspective, configuration involves writing a non-zero value to the device configuration register.
Configuring a device or changing an alternate setting causes all of the status and configuration values
associated with endpointsin the affected interfaces to be set to their default values. This includessetting
the data toggle of any endpoint using data toggles to the value DATAO.
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9.1.1.6 Suspended
In order to conserve power, USB devices automatically enter the Suspended state when the device has
observed no bustraffic for a specified period (refer to Chapter 7), When suspended, the USB device
maintains any internal status, including its address and configuration.

All devices must suspend if bus activity has not been observed for the length of time specified in
Chapter 7. Attached devices must be prepared to suspend at any time they are powered, whether they have
been assigned a non-default address or are configured. Bus activity may cease due to the host entering a
suspend modeofits own, In addition, a USB device shall also enter the Suspended state when the hub port
it is attached to is disabled. This is referred to as selective suspend.

A USBdevice exits suspend mode whenthere is bus activity. A USB device may also request the hostto
exit suspend modeor selective suspend by using electrical signaling to indicate remote wakeup. The
ability of a device to signal remote wakeup is optional. If a USB device is capable of remote wakeup
signaling, the device must support the ability of the host to enable and disable this capability. When the
device is resect, remote wakeup signaling must be disabled.

9.1.2 Bus Enumeration

When a USB devicets attached to or removed from the USB, the host uses a process known as bus
enumeration to identify and manage the device state changes necessary. When a USB deviceis attached to
a powered port, the following actions are taken:

1. The hub to which the USB device is now attached informsthe host of the event via a reply onits status
change pipe (refer to Section 11.13.3 for more information). At this point, the LSB deviceis in the
Powered state and the port to whichit is attached is disabled.

2. The host determines the exact nature of the change by querying the hub.

3. Now that the host knowsthe port to which the new device has been attached, the host then waits forat
least 100 ms to allow completion of an insertion process and for powerat the device to becomestable,
The host then issues a port enable and reset commandto that port. Refer to Section 7.1.7.1 and Figure
7-19 for sequence of events and timings of connection through devicereset.

4. The hub maintains the reset signal to that port for 10 ms (See Section 11.5.].5). When the reset signal
is released, the port has been enabled. The USB device js now in the Default state and can draw no
more than 100mA from Vpus. All of its registers and state have been reset and it answers to the
default address.

5, The host assigns a unique address to the LSB device, moving the device to the Addressstate.

6. Before the USB device receives a unique address, its Default Control Pipeis still accessible via the
default address. ‘The host reads the device descriptor to determine whatactual maximum data payload
size this USB device’s default pipe can use.

7. The host reads the configuration information from the device by reading each configuration zero to
n-1, where # is the number of configurations, This process may take several milliseconds to complete.

8. Based on the configuration information and how the USB device will be used, the host assigns a
configuration value to the device. The device is now in the Configured state andall of the endpoints in
this configuration have taken on their described characteristics. The USB device may now draw the
amount of VRUS powerdescribed in its descriptor for the selected configuration, From the device’s
point ofview it is now ready foruse.

When the USB device is removed, the hub again sends a notification to the host. Detaching a device
disables the port to which it had been attached. Upon receiving the detach notification, the host will update
its local topological information.
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9.2 Generic USB Device Operations
All USB devices support a commonset of operations. This section describes those operations.

9.2.1 Dynamic Attachment and Removal
USB devices may be attached and removedat any time. The hubthat provides the attachment point or port
is responsible for reporting any change in the state of the port.

The host enables the hub port where the device is attached upon detection of an attachment, which also has
the effect of resetting the device. A reset USB device has the following characteristics:

* Respondsto the default USB address

« Is not configured

* Is not initially suspended,

When a device is removed from a hub port, the hub disables the port where the device was attached and
notifies the host of the removal

9.2.2 Address Assignment

When a USBdeviceis attached. the host is responsible for assigning a unique address to the device. This
is done after the device has been reset by the host and the hub port where the device is attached has been
enabled.

9.2.3 Configuration

A USB device must be configured before its function(s) may be used. The host is responsible for
configuring a USB device. The host typically requests configuration information from the USB device to
determine the device’s capabilities.

Aspart of the configuration process,the host sets the device configuration and, where necessary, selects
the appropriate alternate settings for the interfaces.

Within a single configuration, a device may support multiple interfaces. An interface is a related set of
endpoints that present a single feature or function ofthe device to the host. The protocol used to
communicate with this related set of endpoints and the purpose of each endpoint within the interface may
be specified as part of a device class or vendor-specific definition.

In addition, an interface within a configuration may havealternate settings that redefine the numberor
characteristics of the associated endpoints. If this is the case, the device shall support the GetInterface()
and Setinterface() requests to report or select the current alternative setting for the specified interface.

Within each configuration, each interface descriptor contains fields that identify the interface number and
the alternate setting. Interfaces are numbered from zero to one less than the number of concurrent
interfaces supported by the configuration. Alternate settings range from zero to one less than the number
ofalternate settings for a specific interface. The default setiing when a deviceis initially configuredis
alternate setting zero.

In support of adaptive device drivers that are capable of managing a related group of USB devices,the
device and interface descriptors contain Class, SubClass, and Protocol fields. These fields are used to

identify the function(s) provided by a USB device and the protocols used to communicate with the
function(s) on the device. A class code is assigned to a group of related devices that has been characterized
as a part of a USB Class Specification. A class of devices may be further subdivided into subclasses and
within a class or subclass a protocol code may define howthe Host Software communicates with the
device.
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Note: the assignmentofclass, subclass and protocol codes must be coordinated but is beyond the scope of
this specification.

9.2.4 Data Transfer

Data may be transferred between a USB device endpoint and the host in one of four ways. Refer to
Chapter 5 for the definition of the four types of transfers. An endpoint number may be used for different
types ofdata transfers in different alternate settings. However, once an alternate setting is selected
(including the default setting of an interface), a USB device endpoint uses only one data transfer method
until a different alternate setting is selected.

9.2.5 Power Management
Power management on USB devices involves the issues described in the following sections.

9.2.5.1 Power Budgeting

USB bus poweris a limited resource. During device enumeration, a host evaluates a device's power
requirements. If the power requirements of a particular configuration exceed the poweravailable to the
device, Host software shall not select that configuration.

USB devicesshall limit the power they consume from VBUS to one unit load or less until configured.
Suspended devices, whether configured or not, shall limit their bus power consumption as defined in
Chapter 7. Depending on the powercapabilities of the port to which the device is attached, a USB device
may be able to draw upto five unit loads from VBUS after configuration.

9.2.5.2 Remote Wakeup

Remote wakeup allows a suspended USB deviceto signal a host that may also be suspended. This notifies
the host that it should resume from its suspended mode, if necessary, and service the external event that
triggered the suspended USBdeviceto signal the host. A USB device reports its ability to support remote
wakeupin a configuration descriptor. If a device supports remote wakeup, it must also allow the capability
to be enabled anddisabled using the standard USB requests.

Remote wakeup is accomplished using electrical signaling described in Section 7.1.7.5,

9.2.6 Request Processing
With the exception of SetAddress() requests (see Section 9.4.6), a device may begin processing of a request
as soon as the device returns the ACK following the Setup. The device is expected to “complete”
processing of the request before it allows the Status stage to complete successfully. Some requestsinitiate
operations that take many milliseconds to complete. For requests such as this, the device class is required
to define a method other than Status stage completion to indicate that the operation has completed. For
example, a reset on a hub port takes at least 10 ms to complete. The SetPortFeature(PORTRESET)(see
Chapter 11) request “completes” when thereset on the port is initiated. Completion of the reset operation
is signaled when the port's status changeis set to indicate that the port is now enabled. This technique
prevents the host from having to constantly poll fora completion whenit is known that the requestwill
take a relatively long period of time.

9.2.6.1 Request Processing Timing
All devices are expected to handle requests in a timely manner. USBsets an upperlimit of 5 seconds as
the upperlimit for any commandto be processed. This limit is not applicable in all instances. The
limitations are described in the following sections. [t should be noted that the limitations given below are
intended to encompass a wide range of implementations. If all devices in a USB systemused the
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maximum allotted time for request processing the user experience would suffer. For this reason,
implementations should strive to complete requests in times that are as short as possible.

9.2.6.2 Reset/Resume Recovery Time
After a port is reset or resumed, the USB System Software is expected to provide a “recovery”interval of
10 ms before the device attached to the port is expected to respond to data transfers. The device may
ignore any data transfers during the recovery interval.

After the end of the recovery interval (measured from the end of thereset or the end of the EOPat the end
of the resume signaling) the device must accept data transfers at any time.

9.2.6.3 Set Address Processing

After the reset/resume recovery interval, if a device receives a SetAddress() request, the device must be
able to complete processing of the request and be able to successfully complete the Status stage of the
request within 50 ms. In the case of the SetAddress() request, the Status stage successfully completes when
the devices sends the zero-length Status packet or when the device sees the ACK in response to the Status
stage data packet,

After successful completion of the Status stage, the device is allowed a SetAddress() recovery interval of 2
ms. At the end of this interval, the device must be able to accept Setup packets addressed to the new
address. Also, at the end of the recovery interval the device must not respond to tokens sent to the old
address (unless, of course, the old and new addressis the same.)

9.2.6.4 Standard Device Requests
For standard device requests that require no Data stage, a device must be able to complete the request and
be able to successfully complete the Status stage of the request within 50 ms ofreceipt of the request. This
limitation applies to requests to the device, interface, or endpoint.

For standard device requests that require data stage transfer to the host, the device must be able to return
the first data packet to the host within 500 ms of receipt of the request. For subsequent data packets, if
any, the device must beable to return them within 500 ms of successful completion of the transmission of
the previous packet. The device must then be able to successfully complete the status stage within 50 ms
after returning the last data packet,

For standard device requests that require a data stage transfer to the device, the 5-second limit applies.
This meansthat the device must be capableof accepting all data packets from the host and successfully
completing the Status stageif the host provides the data at the maximum rate at which the device can
accept it. Delays between packets introduced by the host add to the time allowedfor the device to
complete the request.

9.2.6.5 Class-specific Requests

Unless specifically exempted in the class document, all class-specific requests must meet the timing
limitations for standard device requests. If a class documentprovides an exemption, the exemption may
only be specified on a request-by-request basis.

A class document may require that a device respond more quickly than is specified in this section. Faster
response may be required for standard and class-specific requests.

9.2.7 Request Error
When a request is received by a devicethat is not defined for the device, is inappropriate for the current
setting of the device, or has values that are not compatible with the request, then a Request Errorexists.
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The device deals with the Request Error by returning a STALL PID in response to the next Data stage
transaction or in the Status stage of the message. It is preferred that the STALL PID be returned at the next
Data stage transaction, as this avoids unnecessary busactivity.

9.3 USB Device Requests

All USB devices respond to requests from the host on the device’s Default Control Pipe. These requests
are made using control transfers, The request and the request’s parameters are sentto the device in the
Setup packet. The host is responsible for establishing the values passedin the fields listed in Table 9-2.
Every Setup packet has eight bytes.

Table 9-2. Format of Setup Data

ee
bmRequestType 1 Bitmap Characteristics of request:

D7: Data transferdirection
0 = Host-to-device
1 = Device-to-host

5 Type
0 = Standard

1= Class
2 = Vendor
3 = Reserved

0° Recipient
0 = Device
1 = Interface

2 = Endpoint
3 = Other
4...31 = Reserved

wValue 2 Word-sizedfield that varies according to
request

4 windex 2 Index or Word-sized field that varies according to
Offset request; typically used to pass an index or

offset

wLength 2 Numberof bytes to transfer if there is a
Data stage

9.3.1 bmRequestType

This bitmappedfield identifies the characteristics of the specific request. In particular, this field identifies
the direction of data transfer in the second phase of the control transfer. The state of the Direction bit is
ignored if the wLength field is zero, signifying there is no Datastage.

 
The USB Specification defines a series of standard requests that all devices must support. These are
enumerated in Table 9-3. In addition, a device class may define additional requests. A device vendor may
also define requests supported by the device.
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Requests may be directed to the device, an interface on the device, or a specific endpoint on adevice, This
field also specifies the intended recipient of the request. When an interface or endpoint is specified, the
windex field identifies the interface or endpoint.

9.3.2 bRequest

This field specifies the particular request. The Type bits in the bmRequestTvpe field modity the meaning of
this field. This specification defines values for the bRequest field only when the bits are reset to zero,
indicating a standard request (refer to Table 9-3).

9.3.3 wValue

The contents of this field vary according to the request. It is used to pass a parameter to the device,
specific to the request.

9.3.4 windex

The contents ofthis field vary according to the request. It is used to pass a parameter to the device.
specific to the request.

The w/ndex field is ofien used in requests to specify an endpoint or an interface. Figure 9-2 showsthe
format of w/ndex when it is used to specify an endpoint,

ieNaSa
Reserved (Reset to zero) Endpoint Number

Reserved (Reset to zera)

Figure 9-2. wiIndex Format when Specifying an Endpoint

 
The Directionbit is set to zero to indicate the OUT endpoint with the specified Endpoint Number and to
one to indicate the IN endpoint. In the case of a control pipe, the request should have the Directionbit set
to zero but the device may accepteither value of the Direction bit.

Figure 9-3 showsthe format of w/ndex when it is used to specify an interface.

poofoefoe|omfePePe
interface Number

peePom|oe|oe|om|e||e
Reserved (Reset to zero)

Figure 9-3. windex Format when Specifying an Interface

 
9.3.5 wLength

This field specifies the length of the data transferred during the second phase of the control transfer. The
direction of data transfer (host-to-device or device-to-host) is indicated by the Direction bit of the
bmRequestiype field. If this field is zero, there is no data transfer phase.
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On an input request, a device must never return more data than Is indicated by the wLength value; it may
return less, On an output request, wLengih will always indicate the exact amount ofdata to be sent by the
host. Device behavior is undefined if the host should send more data than is specified in wLengih.

9.4 Standard Device Requests

This section describes the standard device requests defined for all USB devices. Table 9-3 outlines the
standard device requests, while Table 9-4 and Table 9-5 give the standard request codes and descriptor
types, respectively,

USB devices must respond to standard device requests, whether the device has been assigned a non-default
address or the device is currently configured.
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Table 9-3. Standard Device Requests

00000000B CLEAR_FEATURE Feature Zero Zero
000000018 selector Interface

00000010B Endpoint

10000000B GET_CONFIGURATION Zero Zero Configuration
Value

{0000000B GET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language Length
Descriptor ID

Index

40000001B GET_INTERFACE Zero Interface

10000000B GET_STATUS Zero Two
10000001B Interface

10000010B Endpoint

00000000B SET_ADDRESS Device Zero Zero
Address

000000008 SET_CONFIGURATION
Value

00000000B SET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language Length
Descriptor ID

Index

00000000B SET_FEATURE Feature Zero None
00000001B Selector Interface

00000010B Endpoint

00000001B SET_INTERFACE Alternate Interface None

Setting

  
 
 
 

 
 

   
 
 

 
 
   
 

 Alternate
Interface 
 

 
 
 Device,

Interface, or
Endpoint
Status  
 Configuration Zero Zero     
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Table 9-4. Standard Request Codes

GET_STATUS 

 
 

 

 
 

CLEAR_FEATURE

Reserved for future Use

SET_ADDRESS 

  

  
GET_DESCRIPTOR

GET_CONFIGURATION 

SET_CONFIGURATION 

GET_INTERFACE

Table 9-5. Descriptor Types

DEVICE

CONFIGURATION 

STRING

INTERFACE

ENDPOINT

 
Feature selectors are used when enabling or setting features, such as remote wakeup, specific to a device,
interface, or endpoint. The values for the feature selectors are given in Table 9-6.
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Table 9-6, Standard Feature Selectors

If an unsupported or invalid request is made to a USB device, the device responds by returning STALLin
the Data or Status stage of the request. Ifthe device detects the error in the Setup stage,it is preferred that
the device returns STALLat the earlier of the Data or Status stage. Receipt of an unsupported or invalid
request does NOTcause the optional //al/r feature on the controlpipe to be set. [f for any reason, the
device becomes unable to communicate via its Default Control Pipe due to an error condition, the device
must be reset to clear the condition and restart the Defauli Contro!Pipe.

  
   

9.4.1 Clear Feature

This request is used to clear or disable a specific feature.

00000000B CLEAR_FEATURE Feature Zero Zero
00000001B Selector Interface

00000010B Endpoint

Feature selector values in walue must be appropriate to the recipient. Only device feature selector values
may be used whentherecipient is a device, only interface feature selector values may be used when the
recipient is an interface, and only endpoint feature selector values may be used when the recipientis an
endpoint.

  
  

  

Refer to Table 9-6 for a definition of which feature selector values are defined for whichrecipients.

A ClearFeature() request that references a feature that cannot be cleared, that does not exist, or that
references aninterface or endpointthat does not exist will cause the device to respond with a Request
Error.

If wLength is non-zero, then the device behavioris not specified.

Default state: Device behavior whenthis request is received while the deviceis in the Default state
is not specified.

Addressstate: This request is valid when the deviceis in the Addressstate; references to interfaces
or to endpoints other than endpoint zero shall cause the device to respond with a
Request Error.

Configured state: This request is valid when the device is in the Configured state.
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9.4.2 Get Configuration
This request returns the current device configuration value.

100000008+|GET_CONFIGURATION SiaYeRET ConfigurationValue

If the returned value is zero, the device is not configured.

 
  

 

If wFalue, windex, or wLength are not as specified above, then the device behavioris not specified.

Default state: Device behavior when this request is received while the device is in the Default state
is not specified.

Address state: The value zero shall be returned.

Configured state: The non-zero bConjfigurationValue of the current configuration shall be returned.

9.4.3 Get Descriptor

This request returns the specified descriptor if the descriptor exists.

bmRequestType bRequest wValue windex wLength

10000000B GET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language ID Length
Descriptor (refer to

Index Section 9.6.5)

The wValue field specifies the descriptor type in the high byte and the descriptor index in the low byte
(refer to Table 9-5), The w/ndex field specifies the Language |D for string descriptors or is reset to zero for
other descriptors, The wLengthfield specifies the number of bytes to return. If the descriptor is longer
than the wLength field, only the initial bytes ofthe descriptor are returned. If the descriptor is shorter than
the wLength field, the device indicates the end of the control transfer by sending a short packet when
further data is requested. A short packet is defined as a packet shorter than the maximum payload size or a
NULLdata packet (refer to Chapter 5),

The standard request to a device supports three types of descriptors: DEVICE, CONFIGURATION,and
STRING. A request for a configuration descriptor returns the configuration descriptor, all interface
descriptors, and endpoint descriptorsforall of the interfaces in a single request. The first interface
descriptor follows the configuration descriptor. The endpoint descriptors for the first interface follow the
first interface descriptor, Lf there are additional interfaces, their interface descriptor and endpoint
descriptors follow thefirst interface’s endpoint descriptors. Class-specific and/or vendor-specific
descriptors follow the standard descriptors they extend or modify.

 

All devices must provide a device descriptor and at least one configuration descriptor. If a device does not
support a requested descriptor, it responds with a Request Error.

Default state: This is a valid request when the deviceis in the Defaultstate.

Addressstate: This is a valid request when the device is in the Addressstate.
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Configured state: This is a valid request when the deviceis in the Configuredstate,

9.4.4 Get Interface

This request returns the selected alternate setting for the specifiedinterface.

   
   

 

bm|bmRequestTypepe bRequest wValue|wlength|
{000000168 GET_INTERFACE Zero Interface Altemate

Setting

Some USB devices have configurations with interfaces that have mutually exclusive settings. This request
allows the host to determine the currently selected alternative setting.

lf wl‘alue or wLength are not as specified above, then the device behavioris not specified.

if the interface specified does not exist, then the device responds with a Request Error.

Default state: Device behavior whenthis requestis received while the device is in the Default state
is not specified.

Addressstate: A Request Error responseis given by the device.

Configured state: This is a valid request when the device is in the Configuredstate.

9.4.5 Get Status

This request returns status for the specified recipient.

 10000000B GET_STATUS Zero Zero Device,
10000001B Interface Interface, or

10000010B Endpoint Endpoint
Status

The Recipient bits of the bmRequest]ype field specify the desired recipient. The data returnedis the
current status of the specified recipient.

Lf wValue or wLength are not as specified above, or if w/mdex is non-zero for a device status request, then
the behavior ofthe deviceis not specified.

If'an interface or an endpointis specified that does not exist then the device responds with a Request Error.

Default state: Device behavior when this request is received while the device is in the Default state
is not specified.

Address state: If an interface or an endpoint other than endpoint zero is specified, then the device
responds with a Request Error.

Configured state: [fan interface or endpoint that does not exist is specified, then the device responds
with a Request Error.
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A GetStatus() request to a device returns the information shownin Figure 9-4.

areieIeaeeeeeenea“ar[ot
Reserved (Reset to zero) Remote Self

Wakeup Powered

Reserved (Reset to zero)

Figure 9-4. Information Returned by a GetStatus() Request to a Device

  
  

The SelfPowered field indicates whetherthe deviceis currently self-powered. If DO is reset to zero, the
device is bus-powered. If D0 is set to one, the device is selfpowered. The Se/fPowered field may not be
changed by the SetFeature() or ClearFeature() requests.

The Remote Wakeup field indicates whether the device is currently enabled to request remote wakeup. The
default mode for devices that support remote wakeupis disabled. If D1 is reset to zero, the ability of the
device to signal remote wakeupis disabled. If D1 is set to one, the ability of the device to signal remote
wakeup is enabled. The Remote Wakeup field can be modified by the SetFeature() and ClearFeature()
requests using the DEVICE_REMOTE_WAKELP feature selector. This field is reset to zero when the
device is reset.

A GetStatus() request to an interface returns the information shownin Figure 9-5

poofoeTo|omTo|mefo|
Reserved (Resetto zero)

Reserved (Resetto zero)
 

Figure 9-5. Information Returned by a GetStatus() Request to a Interface
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A GetStatus() request to an endpoint returns the information shownin Figure 9-6.

janeTTee]eefh|we]eeTpoklleee
Reserved (Reset to zero) Halt

Reserved (Resetto zero)
 

Figure 9-6. Information Returned by a GetStatus() Request to an Endpoint

The Halt feature is required to be implemented forall interrupt and bulk endpoint types. [f the endpoint is
currently halted, then the Ha/t feature is set to one. Otherwise, the Halt feature is reset to zero. The [alt
feature may optionally be set with the SetFeature(ENDPOINT_FLALT) request. When set by the
SetFeature() request, the endpoint exhibits the samestall] behavior as if the field had been set by a hardware
condition. If the condition causing a halt has been removed, clearing the Halt feature via a
ClearFeature(ENDPOINTHALT) request results in the endpoint no longer returning a STALL. For
endpoints using data toggle, regardless of whether an endpoint has the //a/t feature set, a
ClearFeature(ENDPOINT_HALT) request always results in the data toggle being reinitialized to DATAO.
The Halt feature is reset to zero after either a SetConfiguration() or SetInterface() request even if the
requested configuration or interface is the same as the current configuration or interface,

It is neither required nor recommended that the Ha/t feature be implemented for the Default Control Pipe.
However, devices may set the Ha/t feature of the Default Control Pipe in order to reflect a functional error
condition, If the feature is set to one, the device will return STALLin the Data and Status stages of each
standard request to the pipe except GetStatus(), SetFeature(), and ClearFeature() requests. The device need
not return STALL forclass-specific and vendor-specific requests.

9.4.6 Set Address

This request sets the device address for all future device accesses.

bmRequestType bRequest wValue|windex|wLength 00000000B SET_ADDRESS Device Zero Zero None
Address

The wWalue field specifies the device address to use for all subsequent accesses.

As noted elsewhere, requests actually may result in up to three stages. In thefirst stage, the Setup packet is
sent to the device. [In the optional second stage, data is transferred between the host and the device. In the
final stage, status is transferred between the host and the device. The direction of data and status transfer
depends on whetherthe hostis sending data to the deviceor the device is sending data to the host. The
Status stage transfer is always in the opposite direction of the Data stage. If there is no Data stage, the
Status stage is from the device to the host.

Stagesafter the initial Setup packet assume the same device address as the Setup packet. The USB device
does not change its device address until after the Status stage of this request is completed successfully.
Note that this is a difference between this request and all other requests. For all other requests, the
operation indicated must be completed before the Status stage.

If the specified device address is greater than 127, or if windex or wLengih are non-zero, then the behavior
of the device is not specified.
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Device response to SetAddress() with a value of0 is undefined.

Default state: If the address specified is non-zero, then the device shall enter the Addressslate;
otherwise, the device remains in the Default stale (this is nol an error condition).

Address state: If the address specified is zero, then the device shall enter the Default state;
otherwise, the device remains in the Address state but uses the newly-specified
address.

Configured state:©Device behavior when this request is received while the device is in the Configured
state is not specified.

9.4.7 Set Configuration

This request sets the device configuration.

The lower byte of the walue field specifies the desired configuration. This configuration value must be
zero or match a configuration value from a configuration descriptor. If the configuration value is zero, the
device is placed in its Address state. The upper byte ofthe wl’a/ye field is reserved.

  

 

 

  

If windex, wLength, or the upper byte of wVa/ue is non-zero, then the behavior of this request is not
specified.

Default state: Device behavior whenthis request is received while the device is in the Default state
is not specified,

Addressstate: Lf the specified configuration value is zero, then the device remains in the Address
state. If the specified configuration value matches the configuration value from a
configuration descriptor, then that configuration is selected and the device enters the
Configured state. Otherwise, the device responds with a Request Error.

Configured state; _‘1If the specified configuration value is zero, then the device enters the Addressstate.
If the specified configuration value matches the configuration value from a
configuration descriptor, then that configuration is selected and the device remains in
the Configured state, Otherwise, the device responds with aRequest Error.

9.4.8 Set Descriptor
This request may be used to update existing descriptors or new descriptors may be added.

000000008 SET_DESCRIPTOR Descriptor Language ID Descriptor Descriptor
Type and (refer to Length
Descriptor|Section 9.6.5)

Index or zero 
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The wValue field specifies the descriptor type in the high byte and the descriptor index in the low byte
(refer to Table 9-5), The w/adex field specifies the Language [D for string descriptors or is reset to zero for
other descriptors. The wLengrh field specifies the number of bytes to transfer from the host to the device.

[f this request is not supported then the device will respond with a Request Error.

Default state: Device behavior whenthis requestis received while the device is in the Default state
is not specified.

Addressstate: Lf supported,this is a valid request when the device is in the Addressstate.

Configured state: —_[f supported, this is a valid request when the deviceis in the Configuredstate.

9.4.9 Set Feature

This requestis used to set or enable a specific feature.

 oo0000000B SET_FEATURE Feature Zero Zero None
00000001B Selector Interface

ooo00c010B Endpoint

Feature selector values in w’alue must be appropriate to the recipient. Only device feature selector values
may be used when the recipient is a device; only interface feature selector values may be used when the
recipient is an interface, and only endpoint feature selector values may be used whenthe recipient is an
endpoint.

Refer to Table 9-6 for a definition of which feature selector values are defined for which recipients. A
SetFeature() request that references a feature that cannotbeset orthat does not exist causes a STALLto be
retumed in the Status stage ofthe request.

If wLength is non-zero, then the behavior of the device is not specified.

If an endpointor interface is specified that does not exist, then the device responds with a Request Error.

Default state: Device behavior when this request is received while the device is in the Default state
is not specified.

Address state: [fan interface or an endpoint other than endpoint zero is specified, then the device
responds with a Request Error.

Configured state: This is a valid request when the deviceis in the Configuredstate.
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9.4.10 Set Interface

This request allows the host to select an alternate setting for the specified interface.

bmRequestType bRequest wValue windex wLength 

00000001B SET_INTERFACE Alternative Interface Zero
Setting 

Some USB devices have configurations with interfaces that have mutually exclusive settings. This request
allows the host to select the desired alternate setting. If a device only supports a default setting for the
specified interface, then a STALL may be returned in the Status stage of the request.

If the interface or the alternative setting does not exist, then the device responds with a Request Error.If
wLength is non-zero, then the behavior of the device is not specified,

Default state: Device behavior whenthis request is received while the device is in the Default state
is not specified.

Addressstate: The device shall respond with a Request Error.

Configured state: This is a valid request when the deviceis in the Configured state.

9.4.11 Synch Frame
This request is used to set and then report an endpoint’s synchronization frame.

bmRequestType bRequest windex wLength Data 

10000010B SYNCH_FRAME Endpoint Two Frame
Number 

When an endpoint supports isochronoustransfers, the endpoint may also require per-frame transfers to
vary in size according to a specific pattern. The host and the endpoint must agree on which frame the
repeating pattern begins. The numberof the frame in which the pattern began is returned to the host. This
frame numberis the one conveyed to the endpoint by the last SOF prior to thefirst frame of the pattern.
Alternatively, the device may use this requestto restart the pattern. In this case, the device would save the
frame number in each SOF and return this value in the Data stage of this transfer and restart the pattern on
each IN of the Data stage.

This value is only used for isochronous data transfers using implicit pattern synchronization. Ifw Value is
non-zero or wLength is not two, then the behaviorofthe device is not specified.

If the specified endpoint does not support this request, then the device will respond with a Request Error.

Default state: Device behavior when this request is received while the deviceis in the Defaultstate
is not specified.

Addressstate: The device shall respond with a Request Error.

Configured state: This is a valid request when the device is in the Configured state.
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9.5 Descriptors
USB devices report their attributes using descriptors. A descriptor is a data structure with a defined format.
Each descriptor begins with a byte-wide field that contains the total numberof bytesin the descriptor
followed by a byte-wide field that identifies the descriptor type.

Using descriptors allows concise storage ofthe attributes of individual configurations because each
configuration may reuse descriptors or portions of descriptors from other configurations that have the same
characteristics. In this manner, the descriptors resemble individual data recordsin a relational database.

Where appropriate, descriptors contain references fo string descriptors that provide displayable information
describing a descriptor in human-readable form. The inclusion ofstring descriptors is optional. However,
the reference fields within descriptors are mandatory. If a device does not support string descriptors,string
reference fields must be resetto zero to indicate no string descriptoris available.

If a descriptor returns with a value in its length field that is less than defined by this specification, the
descriptor is invalid and should be rejected by the host. If the descriptor returns with a value in its length
field that is greater than defined by this specification, the extra bytes are ignored by the host, but the next
descriptor is located using the length returned rather than the length expected.

A device may return class- or vendor-specific descriptors in two ways.

1. Ifthe class or vendor specific descriptors use the same formatas standard descriptors (e.g. start with a
length byte and followed by a type byte), they may be returned interleaved with standard descriptors in
the configuration information returned by a GetDescriptor(Configuration) request. In this case, the
class or vendor-specific descriptors typically follow a related standard descriptor they modify or
extend.

Nw Ifthe class or vendor specific descriptors are independentof configuration infomrationor use a non-

standard format, a GetDescriptor() request specifying the class or vendor specific descriptor type and
index may be usedto retrieve the descriptor from the device. A class or vendor specification will
define the appropriate way to retrieve these descriptors.

9.6 Standard USB Descriptor Definitions
The standard descriptors defined in this specification may only be modified or extended by revision of the
Universal Serial Bus Specification. “

Note: An extension to the USB 1.0 standard endpoint descriptor has been published in Device Class
Specification for Audio Devices Revision 1.0. This is the only extension defined outside USB Specification
that is allowed. Future revisions of the USB Specification that extend the standard endpoint descriptor will
do so as to not conflict with the extension defined in the Audio Device Class Specification Revision 1.0.

9.6.1 Device

A device descriptor describes general information about a USB device. It includes information that applies
globally to the device and all of the device’s configurations. A USB device has only one device descriptor.

All USB devices have a Default Control Pipe. The maximum packet size of a device’s Default Control
Pipe is described in the device descriptor. Endpoints specific to a configuration and its interface(s) are
described in the configuration descriptor. A configuration andits interface(s) do not include an endpoint
descriptor for the Default Control Pipe. Other than the maximum packetsize, the characteristics of the
Default Control Pipe are defined by this specification and are the same forall USB devices.

The 6NumConfigurations field identifies the number of configurations the device supports, Table 9-7
showsthe standard device descriptor.
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Table 9-7. Standard Device Descriptor

bLength Number Size of this descriptor in bytes 

bDescriptorType Constant DEVICE Descriptor Type

USB Specification Release Numberin
Binary-Coded Decimal(i.e., 2.10 is 210H).
This field identifies the release of the USB

Specification with which the device andits
descriptors are compliant.

 
bDeviceClass Class code (assigned by the USB).

If this field is reset to zero, each interface

within a configuration specifies its own
class information and the various

interfaces operate independently.

lf this field is set to a value between 1 and

FEH, the device supports different class
specifications on different interfaces and
the interfaces may not operate
independently. This value identifies the
class definition used for the aggregate
interfaces, (For example, a CD-ROM
device with audio and digital data
interfaces that require transport control to
eject CDs or start them spinning.)

If this field is set to FFH, the device class

is vendor-specific. 

bDeviceSubClass SubClass Subclass code (assigned by the USB).

These codes are qualified by the value of
the bDeviceClass field.

lf the bDeviceClassfield is reset to zero,
this field must also be reset to zero.

If the bDeviceClassfield is not set to FFH,

all values are reserved for assignment by
the USB.
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Table 9-7. Standard Device Descriptor (Continued)

[orem[fase|vow[oon
bDeviceProtocol Protocol Protocol code (assigned by the USB).

These codes are qualified by the value of
the bDeviceClass and the
bDeviceSubClassfields. If a device

supports class-specific protocols on a
device basis as opposed to an interface
basis, this code identifies the protocols
that the device uses as defined by the
specification of the device class.

If this field is reset to zero, the device

does not use class-specific protocols on a
device basis. However, it may use class-
specific protocols on an interface basis.

If this field is set to FFH, the device uses

a vendor-specific protocol on a device
basis.

bMaxPacketSize0 Number Maximum packet size for endpoint zero
(only 8, 16, 32, or 64 are valid)

10 idProduct

12 bedDevice

14 iManufacturer

Product ID (assigned by the
manufacturer) 

Device release numberin binary-coded
decimal 

Index of string descriptor describing
manufacturer

iProduet Index of string descriptor describing
product

 
(SerialNumber Index of string descriptor describing the

device's serial number

bNumConfigurations Numberof possible configurations
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9.6.2 Configuration

The configuration descriptor describes information about a specific device configuration. The descriptor
contains a bConfigurationValue field with a value that, when used as a parameter to the SetConfiguration()
request, causes the device to assume the described configuration.

The descriptor describes the numberofinterfaces provided by the configuration. Each interface may
operate independently. For example, an ISDN device might be configured with two interfaces, each
providing 64kB/s bi-directional channels that have separate data sources or sinks on the host. Another
configuration might present the ISDN device as a single interface, bonding the two channels into one
128kB/s bi-directional channel.

Whenthe host requests the configuration descriptor,all related interface and endpoint descriptors are
retumed (refer to Section 9.4.2).

A USB device has one or more configuration descriptors. Each configuration has one or more interfaces
and each interface has zero or more endpoints. An endpointis not shared amonginterfaces within a single
configuration unless the endpointis used by alternate settings of the same interface. Endpoints may be
shared amonginterfaces that are part of different configurations without this restriction.

Once configured, devices may support limited adjustments to the configuration. Ifa particular interface
has alternate settings, an alternate may be selected after configuration. Table 9-8 shows the standard
configuration descriptor,

Table 9-8. Standard Configuration Descriptor

a
bLength Number Size of this descriptor in bytes 

bDescriptorType Constant|CONFIGURATION Descriptor Type

wTotalLength Number Total length of data returned for this
configuration. Includes the combined length
of all descriptors (configuration, interface,
endpoint, and class- or vendor-specific)
returned for this configuration.

bNuminterfaces Numberof interfaces supported by this
configuration

5Configuration Value Value to use as an argumentto the
SetConfiguration() request to select this
configuration 

iConfiguration Index of string descriptor describing this
configuration
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Table 9-8. Standard Configuration Descriptor (Continued)

fese[rw[ave[toe
bmAttributes Bitmap Configuration characteristics

D7: Reserved(set to one)
D6: Self-powered
D5: Remote Wakeup

D4,..0: Reserved (reset to zero)

D7 is reserved and must be set to one for
historical reasons.

A device configuration that Uses power from
the bus and a local source reports a non-zero
value in MaxPowerto indicate the amount of

bus power required and sets D6. The actual
power source at runtime may be determined
using the GetStatus(DEVICE) request(see
Section 9.4.5).

lf a device configuration supports remote
wakeup, D5 is set to one.

MaxPower 1 mA Maximum power consumption of the USB
device from the busin this specific
configuration when the device is fully
operational. Expressed in 2mA units(i.e., 50
= 100mA).

Note: a device configuration reports whether
the configuration is bus-powered orself-
powered, Device status reports whetherthe
device is currently self-powered. If a device is
disconnected from its external power source,
it updates device status to indicate that itis no
longer self-powered,

A device may not increase its power draw
from the bus, whenit loses its external power
source, beyond the amountreported byits
configuration.

lf a device can continue to operate when
disconnecied from its external power source,
it continues to do so. If the device cannot

continue to operate,it fails operations it can
no longer support, The USB System Software
may determine the causeof the failure by
checking the status and noting the loss of the
device's power source.
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9.6.3 Interface

This descriptor describes a specific interface within a configuration. A configuration provides one or more
interfaces, each with zero or more endpoint descriptors describing a unique set of endpoints within the
configuration. When a configuration supports more than oneinterface, the endpoints for a particular
interface follow the interface descriptor in the data returned by the GetConfiguration() request. An
interface descriptor is always returned as part of a configuration descriptor. Interface descriptors cannot be
directly accessed with a GetDescriptor() or SetDescriptor() request.

An interface may include alternate settings that allow the endpoints and/ortheir characteristics to be varied
after the device has been configured. The default setting for an interface is always alternate setting zero.
The SetInterface() request is used to select an alternate setting or to return to the default setting. The
GetInterface() request returms the selected alternate setting.

Alternate settings allow a portion of the device configuration to be varied while other interfaces remain in
operation. Ifa configuration has alternate settings for one or more ofits interfaces, a separate interface
descriptor and its associated endpoints are included for eachsetting.

If a device configuration supported a single interface with two alternate settings, the configuration
descriptor would be followed by an interface descriptor with the bJ/nterfaceNumber and bAllernateSelting
fields set to zero and then the endpointdescriptorsfor that setting, followed by another interface descriptor
and its associated endpoint descriptors. The second interface descriptor’s bInterfaceNumber held would
also be set to zero, but the bAlternateSetiing field of the second interface descriptor would be set to one.

If an interface uses only endpoint zero, no endpointdescriptors follow the interface descriptor and the
interface identifies a request interface that uses the default pipe attached to endpoint zero. In this case, the
bNumEndpoints field shall be set to zero.

An interface descriptor never includes endpoint zero in the number of endpoints. Table 9-9 showsthe
standard interface descriptor.
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Table 9-9. Standard Interface Descriptor

foe]row[om|vos|ton
ze bLength Size of this descriptor in bytes

ce bDescriptorType La INTERFACEDescriptor Type
binterfaceNumber

  
  
 

Numberof interface. Zero-based value

identifying the index in the array of
concurrent interfaces supported bythis
configuration.

  

  
 
 

  

  
 

bAlternateSetting Number Value used to select alternate setting for
the interface identified in the prior field

 
 
 
 

 

   Number Number of endpoints used bythis
interface (excluding endpoint zera). If this
value is zero, this interface only uses the
Default Control Pipe.

bNumEndpoints

 
  
  
 
 

  binterfaceClass Class code (assigned by the USB),

 A value of zero is reserved for future
standardization.

 
  
 

 lf this field is set to FFH, the interface

class is vendor-specific.
 
 
  
 

All other values are reserved for

assignment by the USB. 
 

 

  SubClass binterfaceSubClass Subclass code (assigned by the USB).
These codes are qualified by the value of
the binterfaceClassfield.

   
 
 

 If the binterfaceClassfield is reset to

zero, this field must also be reset to zero. 
 If the blnterfaceClassfield is not set to

FFH, all values are reserved for

assignment by the USB.

  
  

202

ZTE/SAMSUNG 1007-0218

IPR2018-00111



ZTE/SAMSUNG 1007-0219 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

Table 9-9, Standard Interface Descriptor (Continued)

Tome]mefom|wae[oie
binterfaceProtoco!l

9.6.4 Endpoint

  |
eeeSs

Protocol code (assigned by the USB).
These codes are qualified by the value of
the binterfaceClass and the
binterfaceSubClassfields. |f an interface

supports class-specific requests, this
code identifies the protocols that the
device uses as defined by the
specification of the device class.

lf this field is reset to zero, the device

does not use a class-specific protocol on
this interface.

If this field is set to FFH, the device uses
a vendor-specific protocolfor this
interface.

Index of string descriptor describing this
interface

Each endpointused for an interface has its own descriptor. This descriptor contains the information
required by the host to determine the bandwidth requirements of each endpoint. An endpoint descriptoris
always returned as part of the configuration information returned by a GetDescriptor(Configuration)
request. An endpoint descriptor cannot be directly accessed with a GetDescriptor() or SetDescriptor()
request. There is never an endpoint descriptor for endpoint zero, Table 9-10 showsthe standard endpoint
descriptor.

Table 9-10. Standard Endpoint Descriptor

[omen]ros[sm|te|oe

aed bDescriptorlype
bEndpointAddress Endpoint  

Size of this descriptor in bytes

ENDPOINTDescriptor Type

The address of the endpoint on the USB
device described by this descriptor. The
addressIs encodedasfollows:

Bit 3...0: The endpoint number
Bit 6...4¢ Reserved, reset to zero

Bit 7: Direction, ignored for
control endpoints

0 = OUT endpoint
1 = 1N endpoint
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Table 9-10. Standard Endpoint Descriptor (Continued)

a
bmAttributes Bitmap This field describes the endpoint's

attributes whenIt is configured using the
bConfiguration Value.

Bit 1..0: Transfer Type
00 = Contral
01 =Isochronous
10 = Bulk

41 = Interrupt

All other bits are reserved.

-mi
Fi-

9.6.5 String
String descriptors are optional. As noted previously, if a device does not support string descriptors,all
references to string descriptors within device, configuration, and interface descriptors must bereset to zero,

 
 

Maximum packet size this endpointis
capable of sending or receiving whenthis
configuration is selected.

 

 For isochronous endpoints, this value is
used to reserve the bus timein the

schedule, required for the per-frame data
payloads. The pipe may, on an ongoing
basis, actually use less bandwidth than
that reserved. The device reports, if
necessary, the actual bandwidth used via
its normal, non-USB defined mechanisms.

  
  
  
  

 For interrupt, bulk, and control endpoints,
smaller data payloads may be sent, but
will terminate the transfer and may or may
not require intervention to restart. Refer
to Chapter 5 for more information.

   
 
 Interval for polling endpoint for data
transfers. Expressed in milliseconds. 

  This field is ignored for bulk and contro!
endpoints. For isochronous endpoints
this field must be set to 1_ For interrupt
endpoints, this field may range from 1 to
255.

 

  
 

String descriptors use UNICODEencodings as defined by The Unicode Standard, Worldwide Character
Encoding, Version 1.0, Valumes I and 2, The Unicode Consortium, Addison-Wesley Publishing Company,
Reading, Massachusetts. The strings in a USB device may support multiple languages. When requesting a
string descriptor, the requester specifies the desired language using a sixteen-bit language ID (LANGID)
defined by Microsoft for Windowsas described in Developing International Software for Windows 93 and
Windows NT, Nadine Kano, Microsoft Press, Redmond, Washington. String index zero for all languages
retums a siring descriptor that contains an array of two-byte LANGID codes supported by the device.
Table 9-11 shows the LANGID code array. A USB device may omit all string descriptors. USB devices
that omit all string descriptors shall not return an array of LANGID codes.
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The array of LANGIDcodes is not NULL-terminated. The size of the array (in bytes) is computed by
subtracting two from the value of thefirst byte of the descriptor.

Table 9-11. Codes Representing Languages Supported by the Device

[ome]Few[sm|voue|ometion
<—- bLength Size of this descriptor in bytes

abDescriptorlype +|constant|STRING Descriptor Type
wLANGID[O] Number LANGID code zero

The UNICODEstring descriptor (shownin Table 9-12) is not NULL-terminated. The string lengthis
computed by subtracting two from the value ofthe first byte of the descriptor.

  
Table 9-12. UNICODEString Descriptor

[ems]Few|oie|von|Soin
|a|bLength Size of this descriptor in bytes

bDescriptorType STRING Descriptor Type

bString FN|Number|UNICODEencodedstring
 

9.7 Device Class Definitions

All devices must support the requests and descriptor definitions described in this chapter, Most devices
provide additional requests and, possibly, descriptors for device-specific extensions. In addition, devices
may provide extended services that are common to a group of devices. In order to define a class of
devices, the following information must be provided to completely define the appearance and behavior of
the device class.

9.7.1 Descriptors
If the class requires any specific definition of the standard descriptors, the class definition must include
those requirements as part of the class definition. In addition, if the class defines a standard extended set of
descriptors, they must also be fully defined in the class definition. Any extended descriptordefinitions
should follow the approach used for standard descriptors; for example, all descriptors should begin with a
length field.

9.7.2 Interface(s) and Endpoint Usage
When a class of devices is standardized, the interfaces used by the devices, including how endpoints are
used, must be included in the device class definition. Devices may further extend a class definition with
proprietary features as long as they meet the base definition of the class.
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9.7.3 Requests

All of the requests specific to the class must be defined.
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Chapter 10
USB Host: Hardware and Software

The USBinterconnect supports data traffic between a host and a USB device. This chapter describes the
host interfaces necessary to facilitate USB communication between a software client, resident on the host,
and a function implemented on a device. The implementation described in this chapter is not required. This
implementation is provided as an example fo illustrate the host system behavior expected by a USB device.
A host system may provide a different host software implementation as long as a USB device experiences
the shame host behavior.

10.1 Overview of the USB Host

10.1.1 Overview

The basic flow and interrelationships of the USB communications model are shownin Figure 10-1

Host Interconnect Device

 
Ss acticommunications flow

Logical communications flow

Figure 10-1. Interlayer Communications Model

The host and the device are divided into the distinct layers depicted in Figure 10-1. Vertical arrows
indicate the actual communication on the host. The corresponding interfaces on the device are
implementation-specific. All communications between the host and device ultimately occur on the
physical USB wire. However, there are logical host-device interfaces between each horizontallayer.
These communications, between client software resident on the host and the function provided by the
device, are typified by a contract based on the needsof the application currently using the device and the
capabilities provided by the device.

This client-function interaction creates the requirementsfor all of the underlying layers and their interfaces.
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This chapter describes this model fromthe point of view ofthe host and its layers. Figure 10-2 describes,
based on the overall view introduced in Chapter 5, the host’s view of its communication with the device.

Host Interconnect

' '

Client

managesinterfaces 

 
  
 
 
 

Pipe Bundle
to an interface

Default Pipe

to Endpoint Zero

USB System
manages pipes

HW-Defined

 
 
 
 

Host
Controller

USB Wire  
 

USB Bus

Interface

Pipe: Represents connection
abstraction between two horizontal
layers

Interprocess Communication 
Figure 10-2. Host Communications
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There is only one host for each USB. The major layers of a host consist of the following:

® USB bus interface

« USB System

* Client,

The USBbusinterface handles interactions for the electrical and protocol layers (refer to Chapter 7 and
Chapter 8). From the interconnect point of view, a similar USB businterface is provided by both the USB
device and the host, as exemplified by the Serial Interface Engine (SIE). On the host, however, the USB
bus interface has additional responsibilities due to the unique role of the host on the USB andis
implemented as the Host Controller. The Host Controller has an integrated root hub providing attachment
points ta the USB wire.

The USB System uses the Host Controller to manage data transfers between the host and USB devices.
The interface between the USB System and the Host Controller is dependent on the hardware definition of
the Host Controller. The USB System, in concert with the Host Controller, performs the translation
betweenthe client's view of data transfers and the USB transactions appearing on the interconnect. This
includes the addition of any USB feature support such as protocol wrappers. The USB System is also
responsible for managing USB resources, such as bandwidth and bus power,so that client access to the
USBis possible.

The USB System has three basic components:

* Host Controller Driver

« USB Driver

* Host Software.

The Host Controller Driver (HCD) exists to more easily map the various Host Controller implementations
into the USB System,such that a client can interact with its device without knowing to which Host
Controller the device is connected. The USB Driver (USBD)provides the basic host interface (USBDI) for
clients to USB devices. The interface between the HCD and the USBDis known as the Host Controller

Driver Interface (HCDI). This interface is never available directly to clients and thus is not defined by the
USB Specification. A particular HCDIis, however, defined by each operating system that supports various
Host Controller implementations.

The USBD provides data transfer mechanismsin the form of I/O Request Packets (IRPs), which consist of
a request to transport data across a specific pipe. In addition to providing data transfer mechanisms, the
USBDis responsible for presenting to its clients an abstraction of a USB device that can be manipulated for
configuration and state management. Aspart of this abstraction, the USBD ownsthe default pipe (see
Chapter 5 and Chapter 9) through which all USB devices are accessed for the purposes of standard USB
control. This default pipe represents a logical communication between the USBD andthe abstraction of a
USB device as shownin Figure 10-2.

In some operating systems, additional non-USB System Software is available that provides configuration
and loading mechanismsto device drivers. In such operating systems, the device driver shall use the
provided interfaces instead of directly accessing the USBDI mechanisms.

The client layer describes all the software entities that are responsible for directly interacting with USB
devices. When each device is attached to the system, these clients might interact directly with the
peripheral hardware. The shared characteristics of the USB place USB System Software betweenthe client
and its device; that is, a client cannot directly access the device’s hardware.
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Overall, the host layers provide the following capabilities:

e Detecting the attachment and removal ofUSB devices

s Managing USBstandard control flow between the host and USB devices

« Managing data flow between the host and USB devices

* Collecting status and activity statistics

* Controlling the electrical interface between the Host Controller and USB devices, including the
provision of a limited amount of power.

The following sections describe these responsibilities and the requirements placed on the USBDIin greater
detail. The actual interfaces used for a specific combination of host platform and operating system are
described in the appropriate operating system environment guide.

All hubs (see Chapter 11) report internal status changes and their port change status via the status change
pipe. This includes a notification of when a USB deviceis attached to or removed from oneoftheir ports,
A USBDclient generically known as the hub driver receives these notifications as owner ofthe hub’s
Status Change pipe. For device attachments, the hub driver then initiates the device configuration process.
In some systems, this hub driver is a part of the host software provided by the operating system for
managing devices.

10.1.2 Control Mechanisms

Control information may be passed between the host and a USB device using in-band or out-of-band
signaling. In-band signaling mixes control information with data in a pipe outside the awarenessofthe
host. Out-of-band signaling places conirol information in a separate pipe.

There is a message pipe called the default pipe for each attached USB device. This logical association
between a host and a USB device is used for USB standard control flow such as device enumeration and

configuration. The default pipe provides a standardinterface to all USB devices. The default pipe may
also be used for device-specific communications, as mediated by the USBD, which ownsthe default pipes
of all of the USB devices.

A particular USB device mayallow the use of additional message pipesto transfer device-specific control
information. These pipes use the same communications protocolas the default pipe, but the information
transferred is specific ta the USB device and is not standardized by the USB Specification.

The USBD supports the sharing of the default pipe, which it owns and uses, with its clients, It also
provides access to any other control pipes associated with the device.

10.1.3 Data Flow

The Host Controller is responsible for transferring streams of data between the host and USB devices.
These data transfers are trealed as a continuous stream of bytes. The USB supports four basic types of data
transfers:

* Control transfers

*  lsochronous transfers

* Interrupt transfers

« Bulk transfers.

For additional information on transfer types, refer to Chapter 5.

Each device presents one or more interfaces that a client may use to communicate with the device. Each
interface is composed of zero or more pipes that individually transfer data between the client and a
particular endpoint on the device. The USBD establishes interfaces and pipesat the explicit request of the
Host Software. The Host Controller provides service based on parameters provided by the Host Software
when the configuration request is made.
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A pipe has several characteristics based on the delivery requirements of the data to be transferred.
Examples of these characteristics include the following:

* the rate at which data needs to be transferred

* whether data is provided at a steady rate or sporadically

* how long data may be delayed before delivery

* whetherthe loss of data being transferred is catastrophic.

A USB device endpoint describes the characteristics required for a specific pipe. Endpoints are described
as part of a USB device's characterization information. For additional details, refer to Chapter 9.

10.1.4 Collecting Status and Activity Statistics
As acommon communicantfor all control and data transfers between the host and USB devices, the USB
System and the Host Controller are well-positionedto track status and activity information. Such
information is provided upon request to the Host Software, allowing that software to manage status and
activity information. This specification does not identify any specific information that should be tracked or
require any particular format for reporting activity and status information.

10.1.5 Electrical Interface Considerations

The host provides power to USB devicesattached to the root hub. The amount of power provided by a port
is specified in Chapter 7.

10.2 Host Controller Requirements
In all implementations, Host Controllers perform the same basic duties with regard to the USB andits
attached devices. These basic duties are described below.

The Host Controller has requirements from both the host and the USB. The followingis a brief overview
of the functionality provided. Each capability is discussed in detail in subsequent sections.

State Handling As a component of the host, the Hast Controller reports and manages
its states.

Serializer/Deserializer For data transmitted from the host, the Host Controller converts
protocol and data information from its native format to a bit stream
transmitted on the USB, For data being receivedinto the host, the
reverse operation is performed.

Frame Generation The Host Controller produces SOFtokens at a period of Ims.

Data Processing The Host Controller processes requests for data transmission to and
from the host.

Protocol Engine The Host Controller supports the protocol specified by the USB.

Transmission Error All Host Controllers exhibit the same behavior when detecting and
Handling reacting to the defined error categories.

Remote Wakeup All host controlers must havethe ability to place the bus into the
Suspended state and to respond to bus wakeup events,

Root Hub The root hub provides standard hub function to link the Host
Controller to one or more USB ports.
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Host System Interface Provides a high-speed data path between the Host Controller and host
system.

The following sections present a more detailed discussion of the required capabilities of the Host
Controller.

10.2.1 State Handling
The Host Controller has a series of states that the USB System manages. Additionally, the Host Controller
provides the interface to the following two areas of USB-relevantstate:

* State change propagation

* Root hub.

The root hub presents to the hub driver the same standard states as other USB devices. The Host Controller
supports these states and their transitions for the hub. For detailed discussions of USBstates, including
their interrelations and transitions, refer to Chapter 9,

The overall state of the Host Controller is inextricably linked with that of the root hub andofthe overall
USB. Any Host Controller state changes that are visible to attached devices must bereflected in the
corresponding device state change information such that the resulting Host Controller and device states are
consistent.

USB devices request a wakeup through the use of resumesignaling (refer to Chapter 7), devices to return to
their configured state. The Host Controller itself may cause a resume event through the same signaling
method. The Host Controller must notify the rest of the host of a resume event through a mechanism or
mechanismsspecific to that system’s implementation.

10.2.2 Serializer/Deserializer

The actual transmission of data across (he physical USB takes places as a serial bit stream. A Serial
Interface Engine (SIE), whether implemented as part ofthehost or a USB device, handles theserialization
and deserialization of USB transmissions. On the host, this SIE is part of the Host Controller.

10.2.3 Frame Generation

lt is the Host Controller's responsibility to partition USB time into 1ms quantities called “frames.” Frames
are created by the Host Controller through issuing Start-of-Frame (SOF) tokens at 1.00ms intervals as
shown in Figure 10-3. The SOFtokenis the first transmission in the frame period. After issuing a SOF
token, the Host Controlleris free to transmit other transactions for the remainderof the frame period.
When the Host Controlleris in its normal operating state, SOF tokens must be continuously generated at
the Imsperiodic rate, regardless of the other bus activity or lack thereof. [f the Host Controller enters a
state where it 1s not providing power on the bus , it must not generate SOFs. When the Host Controller is
not generating SOFs, it may enter a power-reducedstate.

 

 

L E
« Frame N-1 sak rame N ee Frame N+1

E | SOF| SOF SOF [
2) <f- —/* /* Feo

EOF interval (Frame N-1) EOF Interval (Frame N) EOF Interval (Frama N#7)

Figure 10-3. Frame Creation

The SOF token holds the highest priority access to the bus. Babble circuitry in hubs electrically isolates
any active transmitters during the End-of-Frame (EOF)interval, providing an idle bus for the SOF
transmission,
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The Host Controller must allow the length of the USB frameto be adjusted by +1 bit time (refer to Section
10.5.3.2.4). The Host Controller maintains the current frame numberthat may be read by the USB System.

The following apply to the current frame number:

e Used to uniquely identify one frame from another

* I[ncremented at the end of every frame period

e Valid through the subsequent frame.

The host transmits the lower || bits of the current frame number in each SOF token transmission. When

requested from the Host Controller, the current frame numberis the frame numberin existence at the time
the request was fulfilled. The current frame numberas returned by the host (Host Controller or HCD)is at
least 32 bits, although the Host Controller itself is not required to maintain more than 11 bits.

The Host Controller shal! cease transmission during the EOF interval, When the EOFinterval begins, any
transactions scheduled specifically for the frame that has just passed are retired, Ifthe Host Controller is
executing a transaction at the time the EOFintervalis encountered, the Host Controller terminates the
transaction.

10.2.4 Data Processing
The Host Controller is responsible for receiving data from the USB System and sendingit to the USB and
for receiving data from the USB and sending it to the USB System. The particular format used for the data
communications between the USB System and the Host Controller is implementation specific, within the
rules for transfer behavior described in Chapter 5.

10.2.5 Protocol Engine
The Host Controller manages the USB protocollevel interface. It inserts the appropriate protocol
information for outgoing transmissions. It also strips and interprets, as appropriate, the incoming protocol
information.

10.2.6 Transmission Error Handling
The Host Controller must be capable of detecting the following transmission error conditions, which are
defined from the host’s point of view:

*® Timeout conditions after a host-transmitted token or packet. These errors occur when the addressed
endpoint is unresponsive or when the structure of the transmission is so badly damagedthat the
targeted endpoint does not recognizeit.

« Data errors resulting in missing or invalid transmissions:

— The Host Controller sends or receives a packetshorter than that required for the transmission: for
example, a transmission extending beyond EOFor a lack of resources available to the Host
Controller.

— An invalid CRC field on a received data packet.
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* Protocol errors:

— An invalid handshake PID, such as a malformed or inappropriate handshake

— Afalse EOP

— A bit stuffingerror.

For each bulk, command, and interrupt transaction, the host must maintain an error count tally. Errors
result from the conditions described above, not as a result of an endpoint NAKing a request. This value
reflects the numberof times the transaction has encountered a transmissionerror. If the error count tally
for a given transaction reaches three, the host retires the transfer. Whenatransfer is retired due to
excessive errors, the last error type will be indicated. Jsochronoustransactions are attempted only once,
regardless ofoutcome, and, therefore, no error count is maintainedforthis type.

10.2.7 Remote Wakeup
If USB System wishes to place the bus in the Suspendedstate, it commands the Host Controller to stopall
bustraffic, including SOFs. This causes all USB devices to enter the Suspended state, In this state, the
USB System may enable the Host Controller to respond to bus wakeup events. This allows the Host
Controller to respond to bus wakeup signaling to restart the host system.

10.2.8 Root Hub

The root hub provides the connection between the Host Controller and one or more USB ports. The root
hub provides the same functionality as other hubs (See Chapter 11), except that the hardware and software
interface between the root hub and the Host Controller is defined by the specific hardware implementation.

10.2.8.1 Port Resets

Section 7.1.7.3 describes the requirements of a hub to ensure all upstream resume attempts are
overpowered with a long reset downstream, Root hubs may provide an aggregate reset period ofat least
50ms. Ifthe reset duration is controlled in hardware and the hardware timer is <50ms, the USB System can
issue several consecutive resets to accumulate a sufficiently long reset to the device.

10.2.9 Host System Interface
The Host Controller provides a high-speed bus-mastering interface to and from main system memory. The
physical transfer between memory and the USB wire is performed automatically by the Host Controller.
When data buffers need to be filled or emptied, the Host Controller informs the ISB System.

10.3 Overview of Software Mechanisms

The HCD and the USBD present software interfaces based on different levels of abstraction. They are,
however, expected to operate together in a specified mamnerto satisfy the overall requirements of the USB
System (see Figure 10-2). The requirements for the USB System are expressed primarily as requirements
for the USBDI. The division of duties between the USBD and the HCDis not defined. However, the one
requirement of the HCDI that must be metis that it supports, in the specified operating system context,
multiple Host Controller implementations.

The HCD provides an abstraction of the Host Controller and an abstraction of the Host Controller's view of
data transfer across the USB. The USBDprovides an abstraction of the USB device andofthe data
transfers between the client of the USBD andthe function on the USB device. Overall, the USB System
acts as a facilitator for transmitting data between the client and the function and as a control pointfor the
USB-specific interfaces of the USB device. As part of facilitating data transfer, the USB System provides
buffer management capabilities and allows the synchronization ofthe data transmittal to the needs of the
client andthe function,
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The specific requirements for the USBDIare describedlater in this chapter, The exact functions that fulfill
these requirements are described in the relevant operating system environment guide for the HCDI and the
USBDI. The procedures involved in accomplishing data transfers via the USBDIare described in the
followingsections.

10.3.1 Device Configuration
Different operating system environments perform device configuration using different software
components and different sequences of events. The USB System does not assumea specific operating
system method. However, there are some basic requirements that must be fulfilled by any USB System
implementation. In some operating systems existing host software provides these requirements. In others,
the USB System provides the capabilities.

The USB System assumes a specialized client of the USBD,called a bub driver, that acts as a
clearinghouse for the addition and removal of devices froma particular hub. Once the hub driver receives
such notifications, it will employ additional host software and other USBDclients, in an operating system
specific manner, to recognize and configure the device. This model, shown in Figure 10-4,is the basis of
the following discussion,

 
<—— Configuration

Control

“Optional
Configuration
Control

Figure 10-4, Configuration Interactions

Whena deviceis attached, the hub driver receives a notification from the hub detecting the change. The
hub driver, using the information provided by the hub, requests a device identifier from the USBD. The
USBDin turn sets up the default pipe for that device and returns a device identifier to the hub driver.
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The device is now ready to be configured for use. For each device, there are three configurations that must
be complete before that device is ready for use:

1. Device Configuration: This includes setting up all of the device’s USB parameters and allocatingall
USBhost resources that are visible to the device. This is accomplished by setting the configuration
value on the device. A limited set of configuration changes, such as alternate settings, is allowed
without totally reconfiguring the device. Once the deviceis configured, if is, from its point ofview,
ready for use.

2. USB Configuration: In order to actually create a USBD pipe ready for use by a client, additional USB
information, not visible to the device, must be specified by the client. This information, known as the
Policy for the pipe, describes how the client will use the pipe. This includes such items as the
maximum amountof data the client will transfer with one IRP, the maximum service interval theclient
will use, the client’s notification identification, and so on.

3. Function Configuration: Once configuration types | and 2 have been accomplished,the pipeis
completely ready for use from the USB’s point of view, However, additional vendor- or class-specific
setup may be required before the client can actually use the pipe. This configuration is a private matter
between the device and the client and is not standardized by the USBD.

The following paragraphs describe the device and USB configuration requirements.

The responsible configuring software performs the actual device configuration. Depending on the
particular operating system implementation, the software responsible for configuration can include the
following:

® The hub driver

e Other host software

« A device driver.

The configuring software first reads the device descriptor, then requests the description for each possible
configuration. It may use the information providedto load a particular client, such as a device driver,
which initially interacts with the device. The configuring software, perhaps with input from that device
driver, chooses a configuration for the device. Setting the device configuration sets up all of the endpoints
on the device and retums a collection of interfaces to be used for data transfer by USBD clients. Each
interface is a collection of pipes ownedbyasingle client.

This initial configuration uses the default settings for interfaces and the default bandwidth for each
endpoint. A USBD implementation may additionally allow the client to specify alternate interfaces when
selecting the initial configuration. The USB System will verify that the resources required for the support
of the endpointare available and, if so, will allocate the bandwidth required. Refer to Section 10.3.2 for a
discussion of resource management.

The device is now configured, but the created pipes are not yet ready for use. The USB configuration is
accomplished whenthe client initializes each pipe by setting a Policy to specify how it will interact with
the pipe. Among the information specified is the client’s maximum service interval and notification
information. Among the actions taken by the USB System, as a result of setting the Policy, is determining
the amount of buffer working space required beyond the data buffer space provided by the client. The size
of the buffers required is based upon the usage chosen by the client and upon the per-transfer needs of the
USB System.

The client receives notifications when IRPs complete. successfully or due to errors. The client may also
wake up independently of USB notification to check the status of pending IRPs.

The client may also choose to make configuration modifications, such as enabling an alternate setting for
an interface or changing the bandwidth allocated to a particular pipe. In order to perform these changes,
the interface or pipe, respectively, mustbeidle.
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10.3.2 Resource Management
Whenevera pipe is setup by the USBD for a given endpoint, the USB System must determineif it can
support the pipe. The USB System makes this determination based on the requirementsstated in the
endpoint descriptor. One of the endpoint requirements, which must be supported in order to create a pipe
for an endpoint, is the bandwidth necessary for that endpoint’s transfers. There are two stages to check for
available bandwidth. First the maximum execution time for a transaction is calculated. Then, the frame
schedule is consulted to determineif the indicated transaction will fit.

The allocation of the guaranteed bandwidth for isochronous and interrupt pipes, and the determination of
whethera particular control or bulk transaction will fit into a given frame, can be determined by a software
heuristic in the USB System. Ifthe actual transaction execution time in the Host Controller exceeds the
heuristically determined value, the Host Controller is responsible for ensuring that frame integrity is
maintained (refer to Section 10.2.3). The following discussion describes the requirements for the USB
System heuristic.

In order to determine if bandwidth can be allocated, or if a transaction can be fit into a particular frame, the
maximum transaction execution time must be calculated. The calculation of the maximum transaction

execution time requires that the following information be provided. (Note that an agent other than the
client may provide someofthis information.)

e Numberof data bytes (wAfaxPacketSize) to be transmitted.

« ‘Transfer type.

* Depth in the topology. If less precision is allowed, the maximum topology depth may be assumed.

This calculation must include the bit transmission time, the signal propagation delay through the topology,
and any implementation-specific delays, such as preparation or recovery time required by the Host
Controller itself Refer to Chapter 5 for examples of formulas that can be used for such calculations.

10.3.3 Data Transfers

‘The basis for all client-function communicationis the interface: a bundle of related pipes associated with a
particular USB device.

Exactly one client on the host manages a given interface. The client initializes each pipe of an interface by
setting the Policy for that pipe. This includes the maximum amountofdata to be transmitted per [RP and
the maximum service interval for the pipe. A service interval is stated in milliseconds and describes the
interval over which an [RP’s data will be transmitted for an isochronous pipe. It describes the polling
interval for an interrupt pipe. The client is notified when a specified request is completed. The client
manages the size of each IRP such thatits duty cycle and latency constraints are maintained. Additional
Policy information includes the notification information for the client.

The client provides ihe buffer space required to hold the transmitted data. The USB System uses the Policy
to determine the additional working space it will require.

The client views its data as a contiguous serial stream, which it manages in a similar manner to those
streams provided over other types of bus technologies. Internally, the USB System may, depending on its
own Policy and any Host Controller constraints, break the client request down into smaller requests to be
sent across the USB. However, two requirements must be met whenever the ISB System choosesto
undertake such division:

« The division of the data stream into smaller chunksis not visible to the client.

« USB samples are not split across bus transactions.

Whena client wishes to transfer data, it will send an IRP to the USBD. Depending onthe direction of data
transfer, a full or empty data buffer will be provided. When the request is complete (successfully or due to
an error condition), the IRP andits status is returned to the client. Where relevant, this status is also
provided on a per-transaction basis.
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10.3.4 Common Data Definitions

In order to allow theclient to receive request results as directly as possible from its device,it is desirable to
minimize the amount of processing and copying required between the device and the client. To facilitate
this, some contro! aspects of the IRP are standardized such that different layers in the stack may directly
use the information provided by the client. The particular format for this data is dependent on the
actualization of the USBDIin the operating system. Some data elements may in fact not be directly visible
to the clientat all, but are generated as a result ofthe client request.

The following data elements define the relevant information for a request:

e Identification of the pipe associated with the request. Identifying this pipe also describes information
such as transfer type for this request.

« Notification identification for the particular client.

« Location and length of data buffer that is to be transmitted or received.

« Completion status for the request. Both the summary status and, as required, detailed per-transaction
status must be provided.

« Location and length of working space. This is implementation-ependent.

The actual mechanisms used fo communicate requests to the USBD are operating system-pecific.
However, beyond the requirements stated above for what request-related information must be available,
there are also requirements on how requests will be processed. The basic requirements are described in
Chapter 5. Additionally, the USBD provides a mechanism to designate a group of isochronous IRPs for
which the transmission of the first transaction of each IRP will occur in the same frame. The USBD also

provides a mechanism for designating an uninterruptable set of vendor- or class-specific requests to a
default pipe. No other requests to that default pipe, including standard, class, or vendor request may be
inserted in the execution flow for such an uninterruptable set. [f any request in this set fails, the entire set is
retired.

10.4 Host Controller Driver

The Host Controller Driver (HCD)is an abstraction of Host Controller hardware and the Host Controller’s
view of data transmission over the USB, The HCDI meets the following requirements:

* Provides an abstraction of the Host Controller hardware.

* Provides an abstraction for data transfers by the Host Controller across the USB interconnect.

* Provides an abstraction for the allocation (and de-allocation) of Host Controller resources, to support
guaranteed service to USB devices,

* Presents the root hub and its behavior according to the hubclass definition. This includes supporting
the root hub suchthat the hub driverinteracts with the root hub exactly as it would for any hub. In
particular, even though a root hub can be implemented in a combination of hardware and software, ihe
root hub respondsinitially to the default device address(from a client perspective), returns descriptor
information, supports having its device address set, and supports the other hub class requests.
However, bus transactions may or may nol need to be generated to accomplish this behavior given the
close integration possible between the Host Controller and the root hub.

The HCD provides a software interface (HCDI) that implements the required abstractions. The function of
the HCDis to provide an abstraction, which hides the details of the Host Controller hardware. Below the
Host Controller hardware is the physical USB andall the attached USB devices.

The HCDis the lowest tier in the USB software stack. The HCD has only oneclient: the Universal Serial
Bus Driver (USBD). The USBD mapsrequests from many clients to the appropriate HCD, A given HCD
may manage many Host Controllers.

The HCDIis not directly accessible from a client. Therefore, the specific interface requirements for the
HCDIare not discussed here.
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10.5 Universal Serial Bus Driver

The USBD provides a collection of mechanisms that operating system components, typically device
drivers, use to access USB devices. The only access to a USB device ts that provided by the USBD, The
USBD implementations are operating system-specific. The mechanisms provided by the USBD are
implemented using as appropriate and augmenting as necessary the mechanisms provided by the operating
system environment in which the USB runs. The following discussion centers on the basic capabilities
required for all USBD implementations. For specifics of the USBD operation within a specific
environment, see the relevant operating system environment guide for the USBD. A single instance of the
USBDdirects accesses to one or more HCDsthat in turn connect to one or more Host Controllers, If

allowed, how USBDinstancing is managed is dependent upon the operating system environment.
However, from the client’s point of view, the USBD with which the client communicates managesall of
the attached USB devices.

10.5.1 USBD Overview

Clients of USBD direct commands to devices or move streams of data to or from pipes. The USBD
presents two groups of software mechanisms to clients: command mechanisms and pipe mechanisms,

Command mechanismsallow clients to configure and control USBDoperation as well as to configure and
generically control a USB device. In particular, command mechanisms provideall access to the device's
default pipe.

Pipe mechanismsallow a USBDclient to manage device specific data and control transfers. Pipe
mechanisms do not allow a client to directly address the device’s default pipe.

Figure 10-5 presents an overview of the USBDstructure.
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Figure 10-5. Universal Serial Bus Driver Structure

10,.5.1.1 USBDInitialization

Specific USBDinitialization is operating system-dependent. When a particular USB managed by USEDis
initialized, the management information for that USB is also created. Part ofthis managementinformation
is the default address device andits default pipe.
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When a device is attached to a USB,it responds to a special address known as the default address (refer to
Chapter 9) until its unique addressis assigned by the bus enumerator. In order for the USB System to
interact with the new device, the default device address and the device’s default pipe must be available to
the hub driver whenr a device is attached. During device initialization, the default address is changed to a
unique address.

10.5.1.2 USBD Pipe Usage
Pipes are the method by which a device endpointis associated with a Host Software entity. Pipes are
owned by exactly one such entity on the host. Although the basic concept ofa pipe is the same no matter
who the owner, somedistinction of capabilities provided to the USBD client occurs between two groups of
pipes:

* Default pipes, which are owned and managed by the USBD

* All other pipes, which are owned and managed by clients of the USBD.

Default pipes are never directly accessed by clients, although they are often used to fulfill some pari of
client requests relayed via command mechanisms.

10.5.1.2.1 Default Pipes
The USBDis responsible for allocating and managing appropriate buffering to support iransfers on the
default pipe that are not directly visible to the client such as setting a device address. For those transfers
that are directly visible to the client, such as sending vendor and class commandsor reading a device
descriptor, the client must provide the required buffering.

10.5.1.2.2 Client Pipes

Any pipe not owned and managed by the USBD can be owned and managed by a USBDclient. From the
USBD viewpoint, a single chent owns the pipe. In fact, a cooperative group of clients can managethe pipe,
provided they behave as a single coordinated entity when using the pipe.

The client is responsible for providing the amount of buffering it needs to service the data transfer rate of
the pipe within a service interyal attainable by the client. Additional buffering requirements for working
space are specified by the USB System.

10.5.1.3 USBD Service Capabilities
The USBD provides services in the following categories:

* Configuration via command mechanisms

e ‘Transfer services via both command and pipe mechanisms

* Event notification

* Status reporting and error recovery.
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10.5.2 USBD Command Mechanism Requirements
USBD command mechanismsallow a client generic access to a LSB device. Generally, these commands
allow the client to make read or write accesses lo one ofpotentially several device data and control spaces.
The client providesas little as a device identifier and the relevant data or empty buffer pointer.

USBD commandtransfers do not require that the USB device be configured. Many of the device
configuration facilities provided by the USBD are commandtransfers.

Following are the specific requirements on the command mechanisms provided.

10.5.2.1 Interface State Control

USBDclients must be able to set a specified interface to any settable pipe state. Setting an interface state
results in all of the pipes in that interface movingto that state. Additionally, all of the pipes in an interface
may be reset or aborted.

10.5.2.2 Pipe State Control
USBDpipestate has two components:

* Host status

« Reflected endpointstatus.

Wheneverthe pipe status is reported, the value for both components will be identified. The pipe status
reflected from the endpointis the result of the endpoint being in a particular state. The USBDclient
manages the pipe state as reported by the USBD. Forany pipestate reflected from the endpoint, the client
must also interact with the endpoint to change the state.

A USBDpipe is in exactly one of the following states:

* Active: The pipe’s Policy has been set and the pipeis able to transmit data. The client can query as to
whether any IRPs are outstanding for a particular pipe. Pipes for which there are no outstanding IRPs
are still considered to be in the Active state as long as they are able to accept new IRPs.

e Halted: An error has occurred on the pipe. This state may also be a reflection of the corresponding
Halted endpoint on the device.

A pipe and endpoint are considered active when the device is configured and the pipe and/or endpointis
not stalled. Clients may manipulate pipestate in the following ways:

e Aborting a Pipe: All of the IRPs scheduled for a pipe are retired immediately and returmed to the client
with a status indicating they have been aborted. Neither the host state nor the reflected endpoint state
of the pipe is affected.

* Resetting a Pipe; The pipe’s IRPs are aborted, The host state is moved to Active. If the reflected
endpointstate needs to be changed, that must be commanded explicitly by the USBDclient.

* Clearing a Halted pipe: The pipe's state is cleared from /alted to Active.

* Halting a pipe: The pipe's state is set to Halted.

10,5.2.3 Getting Descriptors
The USBDI must provide a mechanism to retrieve standard device, configuration andstring descriptors, as
well as any class- or vendor-specific descriptors.
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10.5.2.4 Getting Current Configuration Settings
The USBDI must provide a facility to return. for any specified device, the current configuration descriptor.
If the device is not configured, no configuration descriptor is retumed. This action is equivalent to
returning the configuration descriptor for the current configuration by requesting the specific configuration
descriptor, It does not, however, require the client to know the identifier for the current configuration.
This will return all of the configuration information, including the following:

s All of the configuration descriptor information as stored on the device, including all of the alternate
settings for all of the interfaces

e Indicators for which of the alternate settings for interfaces are active

*® Pipe handles for endpoints in the active alternate settings for interfaces

e Actual wfaxPacketSize values for endpoints in the active alternate settings for interfaces.

Additionally, for any specified pipe, the USBDI must providea facility to return the wMaxPacketSize that
is currently being used by the pipe.

10.5.2.5 Adding Devices
The USBDI must provide a mechanismfor the hub driver to inform USBD ofthe addition of a new device
to a specified USB andto retrieve the USBD ID of the new USB device. The USBDtasks include
assigning the device address and preparing the device's default pipe for use.

10.5.2.6 Removing Devices
The USBDI must provide a facility for the hub driver to inform the USBDthat a specific device has been
removed.

10.5.2.7 Managing Status
The USBDImustprovide a mechanism for obtaining and clearing device-based status, on a device,
interface, or pipe basis.

10.5.2.8 Sending Class Commands
This USBDI mechanism is used byaclient, typically a class-specific or adaptive driver, to send one or
more class-specific commandsto a device.

10.5.2.9 Sending Vendor Commands
This USBDI mechanism is used by a client to send one or more vendor-specific commandsto a device.

10.5.2.10 Establishing Alternate Settings
The USBDI must provide a mechanism to change the alternate setting for a specified interface. As a result,
the pipe handles for the previous setting are released and new pipe handles for the interface are returned.
For this request to succeed the interface mustbeidle; i.e., no data buffers may be queued for any pipesin
the interface.
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10.5.2.11 Establishing a Configuration
Configuring software requests a configuration by passing a buffer containing the configuration information
to the USBD. The USBD requests resources for the endpoints in the configuration, and if all resource
requests succeed, the USBDsets the device configuration and returns interface handles with corresponding
pipe handles for all of the active endpoints. The default values are used forall alienate settings for
interfaces,

Note: the interface implementing the configuration may require specific alternate settings to be identified.

10.5.2.12 Setting Descriptors
For devices supporting this behavior, the USBDIallowsexisting descriptors to be updated or new
descriptors to be added,

10.5.3 USBD Pipe Mechanisms
This part of the USBDIoffers clients the highest-speed, lowest overhead data transfer services possible.
Higher performanceis achieved by shifting some pipe managementresponsibilities from the LSBDto the
client. As aresult, the pipe mechanisms are implemented at a more primitive level than the data transfer
services provided by the USBD command mechanisms. Pipe mechanismsdo notallow access to a device’s
default pipe.

USBDpipetransfers are available only after both the device and USB configuration have completed
successfully. At the time the device is configured, the USBD requests the resources required to support all
device pipes in the configuration. Clients are allowed to modify the configuration, constrained by whether
the specified interface or pipeis idle.

Clients provide full buffers to outgoing pipes andretrieve transfer status information following the
completion of arequest. The transfer status returned for an outgoing pipe allowsthe client to determine the
success orfailure of the transfer.

Clients provide empty buffers to incoming pipes and retrieve the filled buffers and transferstatus
information from incoming pipes following the completion of a request. The transfer status returned for an
incoming pipe allows a client to determine the amount and the quality of the data received.

10.5.3.1 Supported Pipe Types
The four types of pipes supported, based on the four transfer types. are describedin the following sections.

10.5.3.1.1 lsochronous Data Transfers

Each buffer queued for an isochronous pipe is required to be viewable as a stream of samples. As with all
pipe transfers, the client establishes a Policy for using this isochronouspipe, including the relevant service
interval for this client. Lost or missing bytes. which are detected on input, and transmission problems,
which are noted on output, are indicated to the client.

The client queuesa first buffer, starting the pipe streaming service. To maintain the continuous streaming
transfer model used in all isochronous transfers, the client queues an additional buffer before the current
bufferis retired.

The USBDis required to be able to provide a sample stream view ofthe client's data stream. In other
words, using the client’s specified method of synchronization, the precise packetization of the data is
hidden from the client. Additionally, a given transaction is always contained completely within some client
data buffer.

For an output pipe, the client provides a buffer of data. The USBDallocates the data across the frames for
the service period using the client's chosen method of synchronization,
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For an inputpipe, the client must provide an empty buffer large enough to hold the maximum numberof
bytes the client’s device will deliver in the service period. Where missing or invalid bytes are indicated, the
USBD mayleave the space that the bytes would have occupied in place in the buffer and identify the error.
One of the consequences ofusing no synchronization methodis that this reserved space is assumed to be
the maximum packetsize. The buffer-retired notification occurs when the IRP completes. Note that the
input buffer need not be full when returned to the client.

The USBD mayoptionally provide additional views of isochronous data streams. The USBDis also
required to be able to provide a packet stream view ofthe client’s data stream.

10.5.3.1.2 Interrupt Transfers

The Interrupt out transfer originates in the client of the USBD andis delivered to the USB device. The
Interrupt in transfer originates in a USB device andis delivered to a client of the USBD. The USB System
guaranteesthat the transfers meet the maximum latency specified by the USB endpointdescriptor.

The client queues a buffer large enough to hold the interrupt transfer data (typically a single USB
transaction). When all of the data is transferred, or if the error threshold is exceeded, the IRP is returned to
the client.

10.5.3.1.3 Bulk Transfers

Bulk transfers may originate either from the device or the client. No periodicity or guaranteed latency is
assumed. Whenall of the data is transferred, or if the error threshold ts exceeded, the IRP is returned to the
client.

10.5.3.1.4 Control Transfers

All message pipes transfer data in both directions. In al] cases, the client outputs a setup stage to the device
endpoint. The optional data stage may be either input or output and thefinal statusis always logically
presented to the host. For details of the defined message protocol, refer to Chapter 8,

The client prepares a buffer specifying the command phase and any optional data or empty buffer space.
The client receives a buffer-retired notification whenall phases of the control transfer are complete, or an
error notification, if the transfer is aborted due to transmission error.

10.5.3.2 USBD Pipe Mechanism Requirements
The following pipe mechanismsare provided.

10.5.3.2.1 Aborting IRPs
The USBDI must allow IRPs for a particular pipe to be aborted.

10.5.3.2.2 Managing Pipe Policy

The USBDI must allow a client to set and clear the Policy for an individual pipe or for an entire interface,
Any IRPs made by the clientprior to successfully setting a Policy are rejected by the USBD.

10.5.3.2.3 Queuing IRPs
The USBDI must allow clients to queue [RPs for a given pipe. When IRPs are returnedto the client, the
requeststatus is also returned. A mechanism is provided by the USBDto identify a group of isochronous
IRPs whosefirst transactionswill all occur in the same frame.
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10.5.3.2.4 Being a Master Client

The Master Client is allowed to adjust the number ofbit times in a frame. This mechanism is used to
synchronize the USB to a device, such as an ISDN port. A client requesting masterstatus identifies itself
with an interface handle for the device from whichit is mastering.

The USBDI mustallow a client to request becoming a Master Client for a given USB andto release this
capability when it is no longer required. The USB will grant Master Client Status only to a single client.
Attempts by other clients to become the Master Client are ignored until the current Master Client
relinquishes control. The Master Client may explicitly release master status, or the client's master status
will be automatically released when the referenced device is reset or detached.

10.5.4 Managing the USB via the USBD Mechanisms
Using the provided USBD mechanisms, the following general capabilities are supported by any USB
System.

10.5.4.1 Configuration Services
Configuration services operate on a per-device basis. The configuring software tells the USBD whento
perform device configuration, A hub driver has a special role in device management and providesat least
the following capabilities:

* Device attach/detach recognition, driven by an interrupt pipe owned by the hub driver

* Device reset, accomplished by the hub driver by resetting the hub port upstream of the device

® Tells the USBD to perform device address assignment

* Power control.

The USBDIadditionally provides the following configuration facilities, which may be used by the hub
driver or other configuring software available on the host:

« Device identification and access to configuration information (via access to descriptors on the device)

* Device configuration via command mechanisms.

Whenthe hub driver informs the USBD ofa device attachment, the USBDestablishes the default pipe for
the new device.

10.5.4.1.1 Configuration Management
Configuration managementservices are provided primarily as a set of specific interface commands that
generate USB transactions on the default pipe. The notable exception is the use of an additional interrupt
pipe that delivers hub status directly to the hub driver.

Every hub initiates an interrupt transfer when there is a changein the state of one of the hub ports.
Generally, the port state change will be the connection or removal of a downstream USB device. (Refer to
Chapter 11 for more information.)
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10.5.4.1.2 Initial Device Configuration

The device configuration process begins when a hub reports, via iis status change pipe, the connection of a
new USB device.

Configuration managementservices allow configuring software to select a USB device configuration from
the set of configurations listed in the device. The USBD verifies that adequate poweris available and the
data transfer rates given for all endpoints in the configuration do not exceed the capabilities of the USB
with the current schedule before setting the device configuration.

10.5.4.1.3 Modifying a Device Configuration
Configuration management services allow configuring software to replace a USB device configuration with
another configuration from the set of configurations listed in the device. The operation succeeds if
adequate poweris available and the data transfer rates given for all endpoints in the new configuration fit
within the capabilities of the USB with the current schedule. If the new configurationis rejected, the
previous configuration remains,

Configuration managementservices allow configuring software to return a USB device ta a Not
Configured state.

10.5.4.1.4 Device Removal

Error recovery and/or device removal processing begins when a hub reports via its status change pipe that
the USB device has been removed,

10.5.4.2 Bus and Device Management
Bus and Device Managementservices allow a client to become the Master Client on a USB,and as the
Master Client, to adjust the numberofbit times in a frame on that bus. A Master Client may add or
subtract one bit time to the current USB frame. Adjusting SOFs more frequently than once every 6ms has
undefined results.

10.5.4.3 Power Control

There are two cooperating levels of power managementfor the USB: bus and device level management.
This specification provides mechanisms for managing power on the USB bus. Device classes may define
class-specific power control capabilities,

All USB devices must support the Suspendedstate (refer to Chapter 9). The device is placed into the
Suspended state via control of the hub port to which the device is attached. Normal device operation ceases
in the Suspend State, however, if the device is capable of wakeup signaling and the device is enabled for
remote wakeup it may generate resumesignaling in response to external events.

The power management system maytransition a device to the Suspended state or power-off the device in
order to control and conserve power. The USBprovides neither requirements nor commandsforthe device
state ta be saved and restored across these transitions. Device classes may define class-specific device state
save-and-restore capabilities.

The USB System coordinates the interaction between device powerslates and the Suspendedstale.
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10.5.4.4 Event Notifications

USBDclients receive several kinds of event notifications through a numberof sources:

« Completion of an action initiated by a client.

« Interrupt transfers over stream pipes can deliver notice of device events directly to USBD clients. For
example, hubs use an interrupt pipe to deliver events corresponding to changes in hubstatus.

e Event data can be embedded by devices in streams.

* Standard device interface commands, device class commands, vendor-specific commands, and even
general control transfers over message pipes canall be used to poll devices for event conditions.

10.5.4.5 Status Reporting and Error Recovery Services
The command and pipe mechanisms both provide status reporting on individual requests as they are
invoked and completed.

Additionally, USB device status is available to USBD clients using the command mechanisms.

The USBD provides clients with pipe error recovery mechanisms by allowing pipes to be reset or aborted.

10.5.4.6 Managing Remote Wakeup Devices
The USB System can minimize the resume power consumption ofa suspended USB tree. This is
accomplished by explicitly enabling devices capable ofresumesignaling and controlling propagation of
resume signaling via selectively suspending and/or disabling hub ports between the device and the nearest
self-powered, awake hub.

In some error-recovery scenarios, the USB System will need to re-enumerate sub-trees. The sub-tree may
be partially or completely suspended. During error-recovery, the USB System musi avoid contention
between a device issuing resume signaling and simultaneously driving reset down the port. Avoidanceis
accomplished via managementof the devices’ remote wakeup feature and the hubs’ port features. The
rules are as follows:

« Issue a SetDeviceFeature(DEVICEREMOTE_WAKEUP)request to the leaf device, only just priorto
selectively suspending any port between where the device is connected and the root port (via a
SetPortFeature(PORT_SUSPEND)request).

* Do not reset a suspended port that has had a device enabled for remote wakeup without first enabling
that port.

10.5.5 Passing USB Preboot Control to the Operating System
A single software driver owns the Host Controller. If the host system implements USB services before the
operating system loads, the Host Controller must provide a mechanism that disables access by the preboot
soitware and allows the operating system to gain control. Preboot USB configuration is not passed to the
operating system. Once the operating system gains controlit is responsible to fully configure the bus. If
the operating system provides a mechanism to pass control back to the preboot environment, the bus will be
in an unknown state, The preboot software should treat this event as a powerup.

10.6 Operating System Environment Guides
As noted previously, the actual interfaces between the USB System and host software are specific to the
host platform and operating system, A companion specification is required for each combination of
platform and operating system with USB support. These specifications describe the specific interfaces used
to integrate the USB into the host. Each operating system provider for the USB System identifies a
compatible Universal USB Specification revision.
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Chapter 11
Hub Specification

This chapter describes the architectural requirements for the USB hub. It contains a description of the two
principal sub-blocks: the Hub Repeater and the Hub Controller. The chapter also describes the hub's
operation for error recovery, reset, and suspend/resume. The second half of the chapter defines hub request
behavior and hub descriptors.

The hub specification supplies sufficient additional information to permit an implementerto design a hub
that conforms to the USB specification.

11.1 Overview

Hubs provide the electrical interface between USB devices and the host. Hubsare directly responsible for
supporting many of theattributes that make USB userfriendly and hide its complexity from the user.
Listed below are the major aspects of USB functionality that hubs must support:

e Connectivity behavior

* Power management

*® Device connect/disconnect detection

® Busfault detection and recovery

* Full- and low-speed device support.

A hub consists of two components: the Hub Repeater and the Hub Controller. The Hub Repeateris
responsible for connectivity setup and tear-down. It also supports exception handling, such as bus fault
detection and recovery and connect/disconnect detect. The Hub Controller provides the mechanism for
host-to-hub communication. Hub-specific status and control commands permit the host to configure a hub
and to monitor and control its individual downstream ports.
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11.1.1 Hub Architecture

Figure 11-1 shows a hub and the locations of its upstream and downstream ports. A hub consists of a Hub
Repeater section and a Hub Controller section. The Hub Repeater is responsible for managing connectivity
on a per-packet basis, while the Hub Controller provides status and control and permits host access to the
hub.

Port 0

Upstream Port Upstream Port State Machine

Repeater

Downstream Port
State Machine(s)

 
Port 1 Port2 Port N

Downstream Ports

Figure 11-1. Hub Architecture

11.1.2 Hub Connectivity

Hubs display differing connectivity behavior. depending on whether they are propagating packettraffic or
resumesignaling, or are in the Idle state.
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11.1.2.1 Packet Signaling Connectivity
The Hub Repeater contains one port that must always connectin the upstream direction (referred to as the
upstream port) and one or more downstream ports. Upstream connectivity is defined as being towards the
host, and downstream connectivity is defined as being towards a device. Figure 11-2 showsthe packet
signaling connectivity behavior for hubs in the upstream and downstream directions. A hub also has an
Idle state, during which the hub makes no connectivity. When in the Idlestate, all of the hub’s portsare in
the receive mode waiting forthe start of the next packet.

 Downstreamynstream |__|

Downstream Upstream Idle
Connectivity Connectivity (No Connectivity)

[| Enabted Port
Port not Enabled

Figure 11-2. Hub Signaling Connectivity

Tf a downstream hubport is enabled (i.e., in a state where it can propagate signaling through the hub) and
the hub detects a Start-of-Packet (SOP) on that port, connectivity is established in an upstream direction to
the upstream port of that hub, but not to any other downstream ports. This means that when a device or a
hub transmits a packet upstream, only those hubs in line between the transmitting device and the host will
see the packet. Refer to Section 11.8.3 for optional behavior when a hub detects simultaneous upstream
signaling on more than one port.

In the downstream direction, hubs operate in a broadcast mode. When a hub detects an SOPonits
upstream port. it establishes connectivity to all enabled downstream ports. Ifa port is not enabled, it does
not propagate packet signaling downstream.
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11.1.2.2 Resume Connectivity

Hubs exhibit different connectivity behaviors for upstream- and downstream-directed resume signaling. A
hub that is suspendedreflects resume signaling from its upstream port to all of its enabled downstream
ports. Figure 11-3 illustrates hub upstream and downstream resume connectivity.

Enabled Port

Disabled or
Suspended
Port

MIL
Enabled or

Suspended
Port

TH 
Downstream Connectivity Sonaiing

Upstream Connectivity

Figure 11-3. Resume Connectivity

ifa hub is suspended and detects resume signaling from a selectively suspended or an enabled downstream
port, the hub reflects that signaling upstream and to all of its enabled downstream ports, including the port
that initiated the resume sequence. Resume signaling is not reflected to disabled or suspended ports. A
detailed discussion of resume connectivity appears in Section 11.9,

11.1.2.3 Hub Fault Recovery Mechanisms
Hubsare the essential USB componentfor establishing connectivity between the host and other devices. It
is vital that any connectivity faults, especially those that might result in a deadlock, be detected and
prevented from occurring. Hubs need to handle connectivity faults only when they are in the repeater
mode.

Hubs must also be able to detect and recover from lost or corrupted packets that are addressed to the Hub
Controller. Because the Hub Controller is, in fact, another USB device, it must adhere to the same timeout
rules as other USB devices, as described in Chapter 8.

11.2 Hub Frame Timer

Each hub has a frame timer whose timing is derived from the hub’s local clock and is synchronized to the
host frame period by the host-generated Start-of-Frame (SOF). The frame timer provides timing references
that are used to allow the hub to detect a babbling device and prevent the hub from being disabled by the
upstream hub. The hub frame timer must track the host frame period and be capable of remaining
synchronized with the host even if two consecutive SOF tokens are missed by the hub.
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The frame timer must lock to the host’s frame timing for worst case tolerances and offsets between the host
and hub. The offsets have to accommodate the hub oscillator tolerance (< S00ppm) and accuracy
(< 2500ppm) as well as the host’s allowed frame tolerance of < 500ppm. The range of the hub frame timer
is:

12,000 * 1+(hub accuracy + hub tolerance + host tolerance)

The host tolerance is allowed to be £500ppm, meaning that a frame time is between ().9995ms and
1.0005ms, absolute. If the hub’s oscillator is at the limits of its accuracy and tolerance, it can be running at
between 11,964,000Hz and 12.036.000Hz. [f the host is generating an SOF every 1.0005ms and the hub is
running at 12,036,000H~z, then the hub’s frame timer will count 12,042 times between each SOF. Ifthe
host is generating an SOF every 0.9995ms and the hub is running at 11,964,000H>z, then the hub’s frame
timer will count 11,958 times between each SOF. If the hub accuracy and tolerance are both zero, the hub
frame timer range is +6 bit times.

11.2.1 Frame Timer Synchronization
A hub’s frametimeris clocked by the hub’s clock source and is synchronized to SOF packets that are
derived from the host’s frame timer. After a reset or resume, the hub’s frame timeris not synchronized.
Wheneverthe hub receives two consecutive SOF packets, its frame timer should be synchronized.
Synchronized is synonymouswith lock(ed), A example for a method of constructing a timer that properly
synchronizes is as follows.

The hub maintains three timer values: frame timer (down counter), current frame (up counter), and next
frame (register). After a reset or resume,a [lag is set to indicate that the frame timer is not synchronized.

Whenthefirst SOF token is detected, the current frame timer resets and starts counting once per hub bit
time. On the next SOF,ifthe timer has not rolled over, the value in the current frame timeris loaded into
the next frame register and into the frame timer. The current frame timerIs reset to zero and continues to
count and theflag is set to indicate that the frame timeris locked. Ifthe current frame timer has rolled over
(exceeded 12,043 —a test at 16,383 is adequate), then an SOF was missed and the frame timer and next
frame values are not loaded and the flag indicating that the timer is not synchronized remainsset.

Whenever the frame timer counts downto zero, the current value of the next frame register is loaded into
the frame timer. When an SOFis detected, and the current frame timer has not rolled over, the value of the

current frame timeris loaded into the frame timer and the next frame registers. The current frame timeris
then reset (o zero and continues to count. If the current frame timer has rolled over, then the value in the

next frame register is loaded into the frame timer. This process can cause the frame timer to be updated
twice in a single frame: once when the frame timer reaches zero and once when the SOFis detected.

The synchronization circuit described above depends on successfully decoding an SOF packet identifier
(PID), This means that the frame timer will be synchronized to a timethatis at least 16 bit times into the
frame. Each implementation will take some time to react to the SOF decode and set the appropriate
timer/counter values. (This reaction time is implementation-dependentbut is assumedto be Jess than four
full-speed bit times.) Subsequent sections describe the actions that are controlled by the frametimer.
These actions are defined at the EOF1, EOF2, and EOF points, which should nominally be the same points
in time throughout the bus. EOF] and EOF2are defined in later sections. These sections assumethat the
hub’s frame timer will count to zero at the end of the frame (EOF). Thecircuitry described above will
have the frame timer counting to zero 16-20 bit timesafter the start of a frame (or end of previous frame).
The timings and bit offsets in the later sections should be advanced to accountfor this offset (add 16-20 bit
times to the EOF] and EOF2 points.)

The frame timer provides a indication to the hub Repeater state machine to indicate that the frame timer has
synchronized to SOF and that the frame timer is capable of generating the EOF | and EOF2 timing points.
This signal is important after a global resume because of the possibility that a device may have been
detached and a different speed device attached while the host was generating a long resume (several
seconds) and the disconnect cannot be detected. A different speed device will bias D+ and D- to appear
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like a K on the hub which would then be treated as an SOP and,unless inhibited, this SOP would propagate
though the resumed hubs. Since the hubs would not have seen any SOF’satthis point, the hubs would not
be synchronized and, thus, unable to generate the EOF1 and EOF2 timing points. The only recovery from
this would be for the host fo reset and re-enumerate the section of the bus containing the changed device.
This scenario is prevented by inhibiting any downstream port from establishing connectivity until the hub
is locked after a resume.

11.2.2 EOF1 and EOF2 Timing Points
The EOF! and EOF2are timing points that are derived from the hub’s frame timer. These timing points
are used to ensure that devices and hubs do not interfere with the proper transmission of the SOF packet
from the host. These timing points have meaning only when the frame timer has been synchronized to the
SOF.

The host and hub frame markers, while all synchronized to the host’s SOF, are subject to certain skews that
dictate the placement of the EOF points. Figure | |-4 illustrates critical End-of-Frame (EOF) timing points,
Table L1-1 summarizes the host and hub EOFtiming points.

EOF‘ EOF2

Bit times SOF

50 40 30 20 40 0

I EOF1 range 4 Fa EOF2 range —
Figure 11-4. EOF Timing Points

At the EOF? point, any port that has upstream connectivity will be disabled as a babbler. Hubs prevent
becoming disabled by sending an End-of-Packet (EOP) to the upstream hub before that hub reachesits
EOF? point(i.e., at EOF1).

Note: a hub is permitted to send the EOP if upstream connectivity is not established at EOF! time. A hub
must send the EOPif connectivity is established from any downstream port at the EOF! point.

The EOF2 point is defined to occur at least one bit time before the first bit of the SYNC for an SOP. The
period allowed for an EOPis four full-speed bit times (the upstream port on a hub is always full-speed.)

Although the hub is synchronized to the SOF, timing skew can accumulate between the host and a hub or
between hubs. This timing skew represents the difference between different frame timers on different hubs
and the host. The total accumulated skew can be as large as +9 bit times. This is composed of+1 bit times
per frame of quantization error and +] bit per frame of wander. The quantization error occurs when the
hub times the interval between SOFs and arrives at a value that is off by a fraction ofa bit time but, due to
quantization, is rounded to a full bit. Frame wander occurs when the host's frame timeris adjusted by the
USB System Software so that the value sampled by the hub in a previous framediffers from the frame
interval being used by the host. These values accumulate over multiple frames because SOF packets can
be lost and the hub cannot resynchronize its frame timer. This specification allows for the loss of two
consecutive SOPs, During this interval the quantization error accumulates to +3 bit times and the wander
accumulates ta +l +2 + 3 = +6 for a total of +9 bit times of accumulated skew in three frames. This skew

timing affects the placement of the EOF! and EOF2 points as follows.

Note: although the USB System Softwareis not allowed to cause the frame interval to change more than
one bit time every six frames, the hub skew timing assumesthat the frameinterval can change onebit time
per frame. This cannot be reduced because it would create interoperability problems with hubs designed to
previous versions of this specification.
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A hub must reach its EOF2 point onebit time before the end of ihe frame. In order to ensure this, a 9-bit
time guard-band must be added so that the EOF2 point is set to occur when the hub's local frame timer
reaches 10. A hub must complete its EOP before the hub to whichit is attached reaches its EOF2 point. A
hub may reach its EOF2 point nine bit times before bit time 10 (at bit time 19 before the SOF). To ensure
that the EOP is completed by bit time 19, it must start before bit time 23. To ensure that the hub starts at
bit time 23 with respect to another hub, a hub must set its EOF1 point nine bit times ahead ofbit time 23
(at bit time 32), Ifa hubsets its timer to generate an EOPat bit time 32, that EOP maystart as much as 9
bit times early (at bit time 41),

Table 11-1. Hub and Host EOF Timing Points

Nominal

Numberof

Description Bits from
Start of SOF

End-of-Frame point #1 

End-of-Frame paint #2
 

11.3 Host Behavior at End-of-Frame

11

11

It is the responsibility of the USB host controller (the host) to not provoke a response from a device if the
response would cause the device to be sending a packet at the EOF2 point. Furthermore, because a hub
will terminate an upstream directed packet when the hub reaches its EOF] point, the host should notstart a
transaction if a response from the device (data or handshake) would be pending or in process when a hub
reaches its EOF! point. The implications of these limitations are described in the following sections.

In defining the timing points below,the last bit interval in a frame is designated as bit time zero. Bit times
in a frame that occur beforethe last have values that increase the further they are from bit time zero(earlier
bit times have higher numbers). These bit time designations are used for convenience only and are not
intended to imply a particular implementation. The only requirement of an implementationts that the
relative bit time values be preserved,

.3.1 Latest Host Packet

Hubsare allowed to send an EOP ontheir upstream ports at the EOF! pointif there is no downstream-
directed traffic in progress at thal time. To prevent potential contention, the host is not allowed to start a
packet if connectivity will not be established on all connections before a hub reaches its EOF 1 point. This
means that the host must not start a packet after bit time 42.

Note: although there is as much as a six-bit time delay between the time the host starts a packet andall
connections are established, this time need not be added to the packetstart time as this phase delay exists
for the SOF packet as well, causing all hub frame timers to be phase delayed with respect to the host by the
propagation delay, There is only one bit time of phase delay between any two adjacent hubs and this has
been accounted for in the skew calculations.

.3.2 Packet Nullification

[fa device is sending a packet (data or handshake) when a hubin the device’s upstream path reachesits
EOF! point, the hub will send a full-speed EOP. Any packetthat is truncated by a hub mustbe discarded.

A host implementation may discard any packet that is being received at bit time 41, Alternatively, a host
implementation may attempt to maximize busutilization by accepting a packetif the packetis predicted to
start at or before bit time 41.
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11.3.3 Transaction Completion Prediction
A device can send two types of packets: data and handshake. A handshake packet is always exactly 16 bit
times long (sync byte plus PID byte.) The time from the end of a packet fromthe host until the first bit of
the handshake must be seen at the hostis 17 bit times. This gives a total allocation of 35 bit times from the
end of data packet from the root(start of EOP)until it is predicted that the handshake will be completed
(start of EOP) from the device. Therefore, if the host is sending a data packet for which the device can
return a handshake (anything other than an isochronous packet), then if the host completes the data packet
and starts sending EOPbefore bit time 76, then the host can predict that the device will complete the
handshake and start the EOP for the handshake on or before bit time 41, For a low-speed device, the 36 bit
times from start of EOP from root to start of EOP from the device are low-speed bit times, which convert |
to eight into full-speed bit times, Therefore, if the host completes the low-speed data packet by bit time
329, then the low-speed device can be predicted to complete the handshake before bit time 41

Note: ifthe host cannot accept a full-speed EOP as a valid end of a low-speed packet, then the low-speed
EOP will need to complete before bit time 41, which will add 13 full-speed bit times to the low-speed
handshaketime.

As the host approaches the end of the frame,it must ensure thatit does not require a device to send a
handshakeif that handshake can’t be completed before bit time 41. The host expects to receive a
handshakeafter any valid, non-isochronous data packet. Therefore, if the host is sending a non-
isochronous data packet whenit reaches bit time 76 (329 for low-speed), then the host should start an
abnormal termination sequence to ensure that the device will not try to respond. This abnormal termimation
sequence consists of 7 consecutive bits of | followed by an EOP. The abnormal termination sequenceis
sent at the speed ofthe current packet.

If the host is preparing to send an [N token, it may not send the token if the predicted packet from the
device would not complete by bit time 4]. The maximum valid length of the response from the deviceis
known by the host and should be used in the prediction calculation. For a full-speed packet, the maximum
interval between the start of the IN token and the end of a data packetis:

token_length + (packetlength + header +CRC) * 7/6 + 18

Where tokenlength is 34 bit times, packetlength is the maximum numberofdatabits in the packet,
headeris eight bits of syne and eight bits of PID, and CRC is 16 bits. The 7/6 multiplier accounts for the
absolute worst case bit-stuff on the packet and the 18 extra bits allow for worst case turn-around delay. For
a low-speed device, the same calculation applies but the result must be multiplied by 8 to convert fo full-
speed bit times and an additional 20 full-speed bit times must be added to account for the low-speed prefix.
This gives the maximum number ofbit times betweenthe start of the IN token and the end of the data
packet, so the token cannotbe sent if this numberofbit times does not exist before the earliest EOF! point
(bit time 41). (E.g., take the results of the above calculation and add 41. If the numberofbits left in the
frameis less than this value, the token may not be sent.)

The host is allowed to use a more conservative algorithm than the one given above for deciding whether or
not to start a transaction. The calculation mightalso include the time required for the host to send the
handshake when oneis required, as there is no benefit in starting a transfer if the handshake cannot be
completed.
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11.4 Internal Port

The internal port is the connection between the Hub Controller and the Hub Repeater. Besides conveying
the serial data to/from the Hub Controller, the internal port is the source of certain resume signals. Figure
11-5 illustrates the internal port state machine: Table 11-2 definesthe internal port signals and events.

Rx_Suspend

 

  

 
 

 |= Logical NOT

Suspend Delay

Resume_Event

Figure 11-5. Internal Port State Machine

Table 11-2. Internal Port Signal/Event Definitions

Signal/Event Name|Event/Signal Description
Source 

EO! Internal | End of timed interval 
Rx_Suspend Receiver Receiveris in the Suspend state

Hub Controller A resume condition exists in the Hub Controller

11.4.1 Inactive

This state is entered wheneverthe Receiver is not in the Suspendstate.

 
11.4.2 Suspend Delay

This state is entered from the Inactive state when the Receiver transitions to the Suspendstate.

This is a timed state with a 2ms interval,

11.4.3 Full Suspend (Fsus)
This state is entered when the Suspend Delay interval expires.
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11.4.4 Generate Resume (GResume)
This state is entered from the Fsus state when a resume condition exists in the Hub Controller. A resume

condition exists if the C_PORTSUSPENDbitis set in any port or if the hub is enabled as a wakeup
source and anybit is set in a Port Change field or the Hub Changefield (as described in Table [1-14 and
Table 11-10, respectively).

In this state, the internal port generates signaling to emulate an SOP_FD to the Hub Repeater.
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11.5 Downstream Ports

The following sections provide a functional description ofa state machine that exhibits the correct behavior
for a downstream port on a hub.

Figure 11-6 is an illustration of the downstream port state machine. The events and signals are defined in
Table 11-3. Each of the states is described in Section 11.5.1. In the diagram below, some ofthe entry
conditions into states are shown without origin. These conditions have multiple origin states and the
individualtransitions lines are not shown so that the diagram can be simplified. The description ofthe
entered state indicates from whichstates the transition is applicable.

Port Outputs in States
Configuration = 0 # = Logica) OR

& = Logical AND

Not 1 = Logical NOT The hub is not configured.
ClearPortFeature(PORT_POWER) # CentigureSetConfiguration(non-zero) #

Power_Source_Ovf #
Over-currant Powered_off: Port for gang) requires

Powered-off explicit request to transition.

SetPorFeature(PORT_POWER)

 
SetConfiguration(non-zera)

Disconnect_Delect
Disconnected: Pert does not propagate
any traffic in either direction. The port is

 
 

  

 

 

Disconnected in HiZ. Port is timing length of JK (2,5ps
to 2ms)

SetPortFeatura(PORT_DISABLE)

Disabled Disabled: Port cannot propagate any
traffic. The port is in Hiz.

SetPortFeature(PORT_RESET}

Reseiting Resetting: Onve SEO through the port for10ms.

EQI

Rx_Suspend & (SEO # K)
Enabled Enabled: Port can propagate bath

upstream and downstream traffic

 
  

 
 

 

 

 

Transmit: Port propagates downstream
directedtraffic,

Retr_Enter_WFEOPFU
#Rx_Resume

SeiPortFeature(PORT_SUSPEND)  |Retr_ExitWFEOPFU

Suspended

(IRx_Suspend & K) #
ClearPortFeature(/PORT_SUSPEND

Resuming

EG

K
Restart_E

Figure 11-6. Downstream Hub Port State Machine

 
Rx_Suspend & (SEO # K)

 
Suspanded: Notraffic is propagated
downstream or upstream,

  
 

 

 

Resuming: Drive ‘Kk’ for 2Omseaemeearan:
 

 SendEOP Low-speed EOPis sent (2 low-
speed bit times of SEO fallowed by 7 low-
speed bit time of 'J'),

 
  
  

Restar_S and Restant_E Port enters oneof these states to wait for clocks to restart
Delayinterval is implementation-
dependent but cannot be more than 10ms
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Table 11-3. Downstream Hub Port Signal/Event Definitions

Signal/Event Name

Power_source_off

Event/Signal
Source

Implementation-
dependent 

Over-current Hub Controller

Description

Powerto the port not available due to over-current or
termination of source power(e.g., external power removed)

Over-current condition exists on the hub or the port 

SEO

Internal End of a timedinterval or sequence 

Internal 

Disconnect_Detect Internal

SEO received on port

Long SEO detected on port (See Section 11.5.2) 

LS

J

Hub Controller Low-speed device attached to this port 

Hub Controller

Internal

SOFtoken received 

‘J’ received on port 

K Internal ‘K’ received on part 

Rx_Resume

Rx_Suspend

Rptr_ExitWFEOPFU

Rptr_Enter_WFEOPFU

Receiver Upstream Receiver in Resumestate 

Receiver Upstream Receiver in Suspend state 

Hub Repeater

Hub Repeater

Hub Repeater exits the WFEOPFUstate 

Hub Repeater enters the WFEOPFU state  

Port_Error Internal Error condition detected (see Section 11.8.1) 

Configuration = 0

 
Hub Controller

 
Hub controller's configuration value is zero

 
11.5.1 Downstream Port State Descriptions

11.5.1.1 Not Configured
A port transitions to and remains in this state whenever the value of the hub configuration is zero. While
the port is in this state, the hub will drive an SEO on the port (this behavior is optional on root hubs). No
other active signaling takes place on the port whenit is in this state.
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11.5.1.2 Powered-off

This state is supported forall hubs.

A port transitions to this state in any of the following situations:

* From any state except Not Configured when the hub receives a ClearPortFeature(PORT_POWER)
request for this port

* From any state when the hub receives a SetConfiguration() request with a configuration value other
than zero

e From any state except Not Configured when poweris lost to the port or an over-current condition
exists.

A port will enter this state due to an over-current condition on another port if that over-current condition
may have caused the powersupplied to this port to drop below specified limits for port power (see Section
7.2.1.2.1 and Section 7.2.4.1),

Ifa hub was configured while the hub was self-powered, then if external poweris lost the hub must place
all ports in the Powered-offstate. If the hub is configured while bus powered, then the hub need not
change port status if the hub switched to externally applied power. However, if external poweris
subsequently lost, the hub must place ports in the Powered-offstate.

In this state, the port's differential and single-ended transmitters and receivers are disabled.

Control of powerto the port is covered in Section 11.11.

11.5.1.3 Disconnected

A port transitions to this state in any of the followingsituations:

* from the Powered-offstate when the hub receives a SetPortFeature(PORT_POWER)request

* from any state except the Not Configured and Powered-off states when the port's disconnect timer times
out

« from the Restart_S or Restart_E state at the end of the restart interval.

In the Disconnectedstate, the port's differential transmitter and receiver are disabled and only connection
detection is possible.

This is a timed state. While in this state, the timer is reset as long as the port’s signallines are in the SEO
state. [f anothersignaling state is detected, the timer starts, Unless the hub is suspended with clocks
stopped, this timer's duration is 25s to 2ms.

If the hub is suspended with its remote wakeup feature enabled then on a transition from the SEO state on a
Disconnected port the hub will start its clocks and time this event. The hub must be ableto start its clocks
and time this event within 12msof the transition. [fa hub does not have its remote wakeup feature
enabled, then transitions on a port that is in the Disconnected state are ignored until the hub is resumed.

11.5.1.4 Disabled

A port transitionsto this state in any of the following situations:

* From the Disconnected state when the timer expires indicating a connection is detected on the port

e From any but the Powered-off, Disconnected, or SenseSEOstates on receipt of a
ClearPortFeature(PORTENABLE)request

® From the Enabled state when an error condition is detected on the port
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A port in the Disabled state will not propagate signaling in either the upstream or the downstream direction.
While in this state, the duration of any SEO received on the port is timed.

11.5.1.5 Resetting

11

Unlessit is in the Powered-off or Disconnected states, a port transitions to the Resetting state upon receipt
ofa SetPortFeature(PORTRESET) request. The hub drives SEO on the port during this timed interval.
The duration of the Resetting state is nominally 10ms to 20ms (10msis preferred).

5.1.6 Enabled

A port transitionsto this state in any of the following situations:

« At the end ofthe Resettingstate

« From the Transmit state when the Hub Repeaterexits the WFEOPFUstate

* From the Suspended state if the upstream Receiveris in the Suspend state when a'K' is detected on the
port

« At the end of the SendEOPstate.

While in this state, the output ofthe port's differential receiver is available to the Hub Repeaterso that 'J’-
to-'K'transitions can establish upstream connectivity.

11.5.1.7 Transmit

11

11

242

For full- and low-speed ports this state is entered in either ofthe following situations:

* from the Enabledstate if the upstream Receiveris in the Resumestate

* immediately from the Restart_S or Restart_E state ifa'K' is detected on the port.

Fora full-speed port, this state is entered from the Enabled state on the transition of the Hub Repeater to
the WFEOPFUstate. Whilein this state, the port will transmit the data that is received on the upstream
port.

For a low-speed port, this state is entered from the Enabledstate if.a full-speed PRE PID is received on the
upstream port. While in this state, the port will retransmit the data that is received on the upstream port
(after proper inversion).

5.1.8 Suspended

A port enters the Suspended state from the Enabled state whenit receives a
SetPortFeature(PORT_SUSPEND) request. While a port is in the Suspendedstate. the port's differential
transmitter is disabled.

An implementation is allawed to have a SEO ‘noise’ filter for a port that is in the suspended state. This
filter can time the length of SEO and, if the length of the SEOis shorter than 2.5u1s, the port may remain in
this state. However, this filler may not be used if the hub is suspended and the clocks are stopped. Rather.
if the hub is suspended with its clocks stopped, a transition to SEO on a suspended port must cause the port
to immediately transition to the Restart_S state. This 1s to insure that the attached deviceis not reset and
placed at the default address without having the hub disable the port.

5.1.9 Resuming
A port enters this state from the Suspendedstate in either of the following situations:

e Ifa'K'is detected on the port and the Receiveris not in the Suspendstate
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* When a ClearPortPeature(PORTSUSPEND)requestis received.

This is-a timed state with a nominal duration of 20ms(the interval may be longer under the conditions
described in the note below). While in this state, the hub drives a 'K' on the port.

Note: a single timer is allowed to be used to time both the Resetting interval and the Resuming interval
and that timer may be shared among multiple ports. When shared, the timer is reset when a port enters the
Resumingstate or the Resetting state. If shared, it may not be shared among morethan ten ports as the
cumulative delay could exceed the amount of time required to replace a device and a disconnect could be
missed.

11.5.1.10 SendEOP

This state is entered from the Resumingstate if the 20ms timer expires. It is also entered from the Enabled
state when an SOF(or other FS token) is received and a low-speed devicesis attached to this port. In this
state, the hub will send a low-speed EOP (two low-speedbits times of SEO followed by one low-speed bit
times of J). At the end of the EOP,the state ends.

Since the transmitted EOP should be offixed length, the SendEOP timer, if shared, should not bereset. If
the hub implementation shares the SendEOPtiming circuits between ports, then the Resumingstate should
not end until an SOF (or other FS token) has been received (see Section 11.8.4.1 for Keep-alive generation
rules).

11.5.1.11 Restart_S/Restart_E

A port enters the Restart_S state from the Suspended stale or enters the Restart_E state from the Enabled
state when an SEO or'K' is seen at the port and the Receiver is in the Suspendedstate.

These states are needed to ensure that a transient SEO, which may be seen at the start of resume signaling,
does not cause the port to be disabled.

In these states, the port continuously monitors the busstate and exits to the Transmit state immediately on
seeing the K state. In this case, the port completes its transition to the Transmit state within 100us after
entering the Restart_S or Restart_E state. If the busstate is not 'K’, the port transitions to the Disconnected
state. This transition should happen within 10ms of entering the Restart_S or RestartEstate.

11.5.2 Disconnect Detect Timer

Each port is required to have a disconnect timer. This timer is used to constantly monitor the ports single-
ended receivers to detect a disconnect event. The reason for constant monitoringis that a noise event on the
bus can cause the attached device to detect a reset condition on the bus after 2.5ys of SEO on the bus. If the
hub does nat place the port in the disconnect state before the device resets, then the device can beat in the
Default Address state with the port enabled. This can cause systemserrors that are very difficult to isolate
and correct.

This timer should be reset whenever the D+ and D- lines on the port are not in the SEO state or when the
port is not in the Enabled, Suspended, or Disabled states. This timer may have a timeout that is a short as
1.99415 (2.0us - 3000ppm) but should not be longer than 2.508us (+3000 ppm). Whenthis timer expires,it
generates the DisconnectDetectsignal to the port state machine.
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11.6 Upstream Port
The upstream port has four components: transmitter, transmitter state machine, receiver and receiverstate
machine. The transmitter andits state machine are the Transmitter, while the receiver and its state machine

are the Receiver. Both the transmitter and receiver have differential and single-ended components. The
differential transmitter and receiver can send/receive ‘J' or 'K' to/from the bus while the single-ended
components are used fo send/receive SEO, suspend, and resumesignaling. In this section, whenit is
necessary to differentiate the signals sent/received by the differential componentofthe transmitter/receiver
from those of the single-ended components, DJ and DK will be used to denote the differential signal and
SJ, SK and SEO will be used for the single-ended signals.

It is assumed that the differential transmitter and receiver are turned off during suspend to minimize power
consumption. The single-ended componentsare left on at all times, as they will take mmimal! power.

11.6.1 Receiver

The receiver state machine is responsible for monitoring the signaling state of the upstream connection to
detect long-term signaling events such as bus reset, resume, and suspend. Figure 11-7 illustrates the state
transition diagram. Table 11-4 defines the signals and events referenced in Figure 11-7.

Tx_active
State Machine Exports:

Rx_Bus_Reset(Bus_Reset)
Rx_Suspend(Suspend)
Rx_Resume(Resume)

  
 
 

§
——

Ba[Reame_-——

ei
ReceivingSEO =i

Bus Reset [Ls

 
 

  # = Logical OR

 
  
 

 
 
 

 
 

Figure 11-7. Upstream Port Receiver State Machine
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Table 11-4. Upstream Hub Port Receiver Signal/Event Definitions

Signal/Event Event/Signal Description
Name Source

Tx_active Transmitter Transmitter in the Active state 

Internal Receiving a'J’ (IDLE) on the upstream port

Internal End of timed interval 

Internal Receiving a'K' on the upstream port

Internal Receiving an SEO on the upstream port 

Implementation-|Power_On_Reset
dependent

 
11.6.1.1 ReceivingJ

This state is entered from any state except the Suspend state if the receiver detects an SJ (or Idle) condition
on the bus or while the Transmitter is in the Activestate.

This is a timed state with an interval of 3ms. The timeris reset each time this state is entered.

The timer only advances if the Transmitteris in the Inactivestate.

11.6.1.2 Suspend
This state is entered ifthe 3ms timer expires in the Receiving] state. When the Receiver enters this state,
the Hub Controller starts a 2ms timer. If that timer expires while the Receiveris still in this state, then the
Hub Controller is suspended. When the Hub Controller is suspended, it may generate resume signaling.

11.6.1.3 ReceivingK
This state is entered from any state except the Resume state when the receiver detects an SK condition on
the bus and the Hub Repeateris in the WFSOP or WFSOPFUstate. This is a timed state with a duration of
2.5us to 100us. The timer is reset each timethis state starts.

11.6.1.4 Resume

This state is entered from the ReceivingK state when the timer expires.

This state is also entered from the Suspend state while the Transmitter is in the Sresumestate or if there is a
transition to the K state on the upstream port.

If the hub enters this state when its timing reference is not available, the hub may remain in this state until
the hub’s timing reference becomesstable, If this state is being held pending stabilization of the hub’s
clock, the Receiver should provide a K to the repeater for propagation to the downstream ports. When
clocks are stable, the Receiver should repeat the incoming signals.

Note: constraints on hub behaviorafter reset require that the hub be able to start clocks and get them stable
in less than ]0ms.
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6.1.5 ReceivingSE0

This state is entered from any state except Bus_Reset when the receiver detects an SEO condition and the
Hub Repeater is in the WFSOP or WFSOPFUstate. This is a timed state. The minimum interval for this
state is 2.5us. The maximum depends on the hub but this interval must timeout early enough suchthat if
the width ofthe SEO on the upstream port is only 10ms, the Receiver will enter the Bus_Reset state with
sufficient time remaining in the 10msinterval for the hub to complete its reset processing. Furthermore, if
the hub is suspended when the Receiverentersthis state, the hub must be able to start its clocks, time this
interval, and completeits reset processing within 10ms. It is preferred that this interval be as long as
possible given the constraints listed here. This will provide for the maximum immunity to noise on the
upstream port and reduce the probability that the device will reset in the presence of noise before the
upstream hub disables the port.

The timeris reset each timethisstate starts.

11.6.1.6 Bus_Reset

This state is entered from the ReceivingSEO state when the timer expires. As long as the port continues to
receive SEO, the Receiver will remain in thisstate.

Thisstate is also entered while power-on-reset (POR)is being generated by the hub’s local circuitry. The
state machine cannot exit this state while PORis active.

11.6.2 Transmitter

246

This state machine is used to monitor the upstream port while the Hub Repeater has connectivity in the
upstream direction. The purpose of this monitoring activity is to prevent propagation of erroneous
indications in the upstream direction. In particular, this machine prevents babble and disconnect events on
the downstream ports of this hub from propagating and causing this hub to be disabled or disconnected by
the hub to whichit is attached. Figure 11-8 is the transmitter state transition diagram. Table 11-5 defines
the signals and events referenced in Figure 11-8.

Rx_Bus_Reset

 
 
 

State Machine Exports:

Tx_Active(Active)
Tx_Resume(Sresume)

Rptr_WFEOP &
IRx_Suspend  

 

# = Logical OR

& = Logical AND

! = Logical NOT

GEOPTU

Figure 11-8. Upstream Hub Port Transmitter State Machine
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Table 11-5, Upstream Hub Port Transmit Signal/Event Definitions

Signal/Event Event/Signal Description
Name Source

Rx_Bus_Reset Receiver Receiveris in the Bus_Resetstate 

EOF1 Frame Timer Hub frame time has reached the EOF1 point or is between
EQF1 and the end of the frame

J Internal Transmitter transitions to sending a'‘J' and transmits a ‘J’ 

RptrWFEOP Hub Repeater|Hub Repeateris in the WFOEPstate 

K Internal Transmitter transmits a 'K’ 

SEQOsent Internal At least one bit time of SEO has been sent through the
transmitter 

Rx_Suspend Receiver Receiveris in Suspend state 

Internal End oftimed interval

 
11.6.2.1 Inactive

This state is entered at the end of the SendJ state or while the Receiver is in the BusReset state. This state
is also entered at the end of the Sresumestate. While the transmitteris in this state, both the differential

and single-ended transmit circuits are disabled and placed in their high-impedance state.

11.6.2.2 Active

This state is entered from the Inactive state when the Hub Repeater transitions to the WFEOPstate. This
state is entered from the RepeatingSEOstate if ihe first transition after the SEQ is not to the J state. In this
state, the data from a downstream port is repeated and transmitted on the upstream port.

11.6.2.3 RepeatingSEO
The port enters this state from the Activestate when onebit time of SEO has been sent on the upstream
port. While in this state, the transmitteris still active and downstream signaling is repeated on the port.
This is a timed state with a duration of 23 full-speed bit times.

11.6.2.4 SendJ

The port enters this state from the RepeatingSEOstateifeither the bit timer reaches 23 or the repeated
signaling changes from SEO to'J', This state is also entered at the end of the GEOPTUstate. This state
lasts for one full-speed bit time. During this state, the hub drives an SJ on theport.
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11.6.2.5 Generate End of Packet Towards Upstream Port (GEOPTU)
The port enters this state from the Active or RepeatingSEOstate if the frame timer reaches the EOF1 point.

In this state, the port transmits SEO for two full-speedbit times.

11.6.2.6 Send Resume (Sresume)
Theport enters this state from the Inactive state if the Receiver is in the Suspend state and the Hub
Repeater transitions to the WFEOPstate. This indicates that a downstream device (or the port to the Hub
Controller) has generated resumesignaling, causing upstream connectivity to be established.

On entering this state, the hub will restart clocks if they had been turned off during the Suspendstate,
While in this state, the Transmitter will drive a 'K' on the upstream port. While the Transmitteris in this
state, the Receiver is held in the Resume state. While in the Resumestate, all downstream ports that are in
the Enable siate are placed in the Transmit state and the resume on this port is transmitted to those
downstream ports.

The port stays in this state for at least Ims but for no more than [Sms.
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11.7 Hub Repeater
The Hub Repeater provides the following functions:

e Sets up and tears down connectivity on packet boundaries

e Ensures orderly entry into and out of the Suspendstate, including proper handling of remote wakeups

The state machine in Figure 11-9 showsthe states and transitions needed to implement the Hub Repeater.
Table 11-6 defines the Hub Repeater signals and events. The following sections describe the states and the
transitions.

Several of the state transitions below will occur when an EOP is detected. When suchatransitionis

indicated,the transition does not occur until after the hub has repeated the SE0-to-']' transition and has
driven ‘J’ for at least one bit time (bit time is determined by the speed of the port.)

Someof the transitions are tiggered by an SOP. Transitions ofthis type occur as soonas the hub detects
the 'J'-to-"K’ transition, ensuring that the initial edge of the SYNCfield is preserved.

Rx_Bus_!— |wesopru State Machine Exports:
Rptr_WFEOP(WFEOP)

SOP_FU UEOP & !Lock Rptr_WFSOPFU(WFSOPFU)
Rptr_Enter_WFEOPFU
Rptr_ExitWFEOPFU

Rx!see) wreEoPrU|wreoreu|

oe,Lf|wesor

DEOPLoeSOP_FDEOF2|wreor

 

  UEOP & Lock

 
 

# = Logical OR

& = Logical AND
Rx_Suspend oe

! = Logical NOT

  
Figure 11-9. Hub Repeater State Machine
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Table 11-6. Hub Repeater Signal/Event Definitions

Signal/Event Event/Signal Description
Name Source

Rx_Bus_Reset Receiver Receiveris in the Bus_Resetstate 

UEOP Internal EOPreceived fromthe upstream port

Internal Generated when the Transmitter enters the SendJ state 

Frame Timer Frame timeris at the EOF1 point or between EOF1 and End-of
Frame 

Frame Timer Frame timeris at the EOF2 point or between EOF2 and End-of-
Frame  

Lock Frame Timer Frame timeris locked 

Rx_Suspend Receiver Receiveris in the Suspendstate 

Rx_Resume Receiver Receiveris in the Resume state

Internal SOP received from downstream port or Hub Controller.
Generated on the transition from the Idle to K state on a port.  

Internal SOP received fram upstream port, Generated onthe transition
from the Idle to K state on the upstream port,

 
11.7.1 Wait for Start of Packet from Upstream Port (WFSOPFU)

This state is entered in either of the following situations:

* From any other state when the upstream Receiveris in the BusResetstate

« From the WFSOPstate if the frame timer is at or has passed the EOF1 point

« From the WFEOPstate at the EOF2 point.

* From the WFEOPFUif the frame timer is not synchronized (locked) when an EOPis received on the

upstream port.

In this state, the hub is waiting for an SOP on the upstream port and transitions on downstream ports are
ignored by the Hub Repeater. While the Hub Repeateris in this state, connectivity is not established.

This state is used during the End-of-Frame (past the EOF1 point) to ensure that the hub will be able to
receive the SOF whenit is sent by the host.

11.7.2 Wait for End of Packet from Upstream Port (WFEOPFU)
The hub enters this state if the hub is in the WFSOP or WFSOPFUstate and an SOPis detected on the

upstream port. The hubalso entersthis state from the WFSOP, WFSOPFU, or WFEOPstates when the
Receiver enters the Resumeslate.

While in this state, connectivity is established from the upstream port to all enabled downstream ports.
Downstream ports that are in the Enabled state are placed in the Transmit state on the transition to this
state.
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11.7.3 Wait for Start of Packet (WFSOP)
This state is entered in any of the followingsituations:

e From the WFEOPstate when an EOPis detected from the downstream port

® From the WFEOPFU state ifthe frame timer is synchronized (locked) when an EOPis received from

upstream

* From the WFSOPFU or WFEOPFU siates when the upstream Receivertransitions to the Suspend
state.

A hubin this state is waiting for an SOP on the upstream port or any downstream port that is in the
Enabled state. While the Hub Repeateris in this state, connectivity is not established.

11.7.4 Wait for End of Packet (WFEOP)

This state is entered from the WFSOPstate when an SOPis received from a downstream port in the
Enabledstate.

In this state, the hub has connectivity established in the upstream direction and the signaling received on an
enabled downstream port is repeated and driven on the upstream port. The upstream Transmitter is placed
in the Active slate on the transition to this state.

If the Hub Repeateris in this slate when the EOF2 point is reached, the downstream port for which
connectivity is established is disabled as a babble port.

Note: the Transmitter will send an EOP at EOF1 but the Hub Repeater stays in this state until the device
sends an EOP or the EOF2 pointis reached.

11.8 Bus State Evaluation

A hubis required to evaluate the state ofthe connection on a port in order to make appropriate port stale
transitions, This section describes the appropriate times and means for several of these evaluations.

11.8.1 Port Error

A Port Error can occurs on a port that is in the Enabled state. A Port Error condition exists when::

« The hub is in the WFEOPstate with connectivity established upstream from the port when the frame
timer reaches the EOF2 point.

« Atthe EOF2 point the Hub Repeater is in the WFSOPFUstate and there is other than an Idle/J state on
the port.

If upstream-directed connectivity is established when the frame timer reaches the EOF] point, the upstream
Transmitter will generate a full-speed EOP to prevent the hub from being disabled by the upstream hub.
The connected port is then disabled if ii has not ended the packet and returned to the Idle state before the
frame timer reaches the EOF? point.

11.8.2 Speed Detection

The speed of an attached device is determined by the placementof a pull-up resistor on the device (see
Section 7.1.5). When a device ts attached, the hub is expected to detect the speed of the device by sensing
the Bus Idle state. Due to connect and start-up transients, the hub may not be able to reliably determine the
speed ofthe device until the transients have ended. The USB System Software is required to "debounce"
ihe connection and provide a delay between the time a connection is detected and the device is used (see
Section 7.1.7.1). At the end of the debounceinterval, the device is expected to have placed its upstream
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port in the Idle state and be able to react 10 reset signaling. The USB System Software must send a
SetPortFeature(PORT_RESET) request to the port to enable the port and make the attached device ready
for use. This provides a convenient time for the hub to evaluate the speed of the device attached to the
port. Speed detection can be doneat the beginning of the port reset as the port leaves the Disabled state or
ai the end of the port reset between the end of the Resetting state and the start of the Enabledstate.

Ifan implementation chooses to do speed evaluation on entry to the Resetting state from the Disabled state,
it will set the PORT_LOW_SPEEDstatus according to the condition of the D+ and D- lines at that time.
(Note: if both D+ and D- are highat this time, the hub may stay in the Disabled state andset the
C_PORT_ENABLEbit to indicate that the hub could not determine the speed ofthe device. Otherwise the
hub should assume that the device is low-speed.) This determines the speed of the device and the Idle/J
state for the port. The hub will then drive an SEO for the duration ofthe Resetting state timer, At the end
ofthe Resetting state, the hub will drive the lines to the J state that is appropriate for the speed of the
attached device and transition to the Enabledstate.

Note: because the SendEOPstate also exits to the Enabled state, an implementation might exit the
Resetting state to the SendEOPstate without driving the 'I’ and thenlet the SendEOPcircuit complete the
operation.

Ifan implementation chooses to do speed evaluation on exit from the Resetting state, then it will need an
additionalstate called the Speed_eval state, At the end of the Resetting state, the hub will float the D+ and
D- lines and allow the lines to settle to the Idle state appropriate for the attached device. At the end of the
Speed_eval state, the hub will set the PORT_LOW_SPEEDstatus as appropriate. The Speed_eval state
must last for at least 2.5s but no longer than Ims. It is possible that the port will detect a disconnect
condition during the speed evaluation. If so, the port transitions to the Disconnected state and will not
enter the Enabledstate.

11.8.3 Collision

If the Hub Repeater is in the WFEOPstate and an SOPis detected on another enabled port, a Collision
condition exists, There are two allowed behaviors for the hub in this instance.

Thefirst, and preferred, behavioris to *garble* the message so thatthe host can detect the problem. The
hub garbles the message by transmitting a'K' on the upstream port. This 'K' should persist until packet
traffic from all downstream ports ends. The hub should use the last EOP to terminate the garbled packet.
babble detection is enabled during this garbled message.

A second behavioris to block the second packet and, whenthe first message ends, return the hubto the
WFSOPFUor WFSOPstate as appropriate. Ifthe second stream is still active, the hub may reestablish
connectivity upstream. This methodis not preferred, as it does noi convey the problem tothe host.
Additionally, if the second stream causes the hub to reestablish upstream connectivity as the hostis trying
to establish downstream connectivity, additional packets can be lost and the host cannot properly associate
the problem.

11.3.4 Full- versus Low-speed Behavior

The upstream connection of a hub must always be a full-speed connection. All downstream ports of a hub
that are attached to USB connectors must be able to support both full-speed and low-speed devices. When
low-speed data is sent or received through a hub's upstream connection,the signaling is full-speed even
thoughthe bil times are low-speed.

Full-speed signaling must not be transmitted to low-speed ports.

Ifa port is detected to be attached to a low-speed device, the hub port's output buffers are configured to
operate at the slow slew rate (75-300ns), and the port will not propagate downstream-directed packets
unless they are prefaced with a PRE PID. When a hub receives a PRE PID,it must enable the drivers on
the enabled, low-speed ports within four bit times of receiving thelast bit of the PID.
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Note: when the driveris turned on, the upstream port will be in the 'J' state and the downstream ports
should be driven to the samestate.

Low-speed data follows the PID and is propagated to both low and full-speed devices. Hubs continue to
propagate downstream signaling to all enabled ports until a downstream EOPis detected, at which timeall
output drivers are turned off.

Full-speed devices will not misinterpret low-speed traffic because no low-speed dala pattern can generate a
valid full-speed PID.

When a low-speed device transmits, it does not preface its data packet with a PRE PID. Hubswill
propagate upstream-directed packets of any speed using full-speed signaling polarity and edge rates.

For both upstream and downstream low-speed data, the hub is responsible for inverting the polarity of the
data before transmitting to/from a low-speed port.

Although a low-speed device will send a low-speed EOPto properly terminate a packet, a hub may
truncate a low-speed packet at the EOF] point with a full-speed EOP. Thus, hubs must always be able ta
tear down connectivity in response to a full-speed EOP regardless ofthe data rate ofthe packet.

Because of the slow transitions on low-speed ports, when the D+ and D- signal lines are switching between
the 'J' and 'K', they may both be below 2.0V for a period of time that is longer than a full-speed bit time. A
hub must ensure that these slow transitions do not result in termination of connectivity and must not result
In an SEO being sent upstream,

11.8.4.1 Low-speed Keep-alive
All hub ports to which low-speed devices are connected must generate a low-speed keep-alive strobe,
generated at the beginning of the frame, which consists of a valid low-speed EOP (described in Section
7.1.13.2). The strobe must be generated at least once in each frame in which an SOFis received from the
host. This strobeis used to prevent low-speed devices from suspendingif there is no other low-speed traffic
on the bus. The hub can generate the keep-alive on any valid full-speed token packet. The following rules
for generation of a low-speed keep-alive must be adheredto:

e A keep-alive must minimally be derived from each SOF. Jt is recommendedthat a keep-alive be
generated on any valid full-speed token.

® The keep-alive muststart by the eighth bit after the PID of the full-speed token.

11.9 Suspend and Resume
Hubs must support suspend and resume both as a USB device and in terms ofpropagating suspend and
resume signaling. Hubs support both global and selective suspend and resume. Global andselective
suspend are defined in Section 7.1.7.4. Global suspend/resumerefers to the entire bus being suspended or
resumed withoutaffecting any hub’s downstream port states; selective suspend/resumerefers to a
downstream port of a hub being suspended or resumed without affecting the hub state. Global
suspend/resume is implemented through the root port(s) at the host. Selective suspend/resume is
implemented via requests to a hub, Device-initiated resumeis called remote-wakeup (see Section 7.1.7.5).

Figure 11-10 showsthe timing relationships for an example remote-wakeup sequence. This example
illustrates a device initiating resumesignaling through a suspended hub (*B’) to an awake hub (“A*). Hub
‘A’ in this example times and completes the resume sequence andis the "Controlling Hub". The timings
and events are defined in Section 7.1.7.5,
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Figure 11-10. Example Remote-Wakeup ResumeSignaling

Here is an explanation of what happensat each t,:

Suspended device initiates remote-wakeup by driving a'K' on the data lines.

t, Suspended hub ‘B’ detects the ‘K’ on its downstream port, wakes up enough within 100us to reflect
the resume upstream and down throughall enabled ports.

Hub ‘A’ is not suspended (implication is that the port at which ‘B’ is attachedis selectively
suspended), detects the “K’* on the selectively suspended port where *B’ is attached, and reflects the
resume signal back to ‘B’ within 100s.

Device ceases driving ‘K’ upstream.

t, Hub ‘B’ ceases driving *K* upstream and down all enabled ports and begins repeating upstream
signaling to all enabled downstream ports.

Hub ‘A’ completes resume sequence, after appropriate timing interval, by driving a low-speed EOP
downstream.

The hub reflection time is much smaller than the minimum duration a USB device will drive resume

upstream. This relationship guarantees that resume will be propagated upstream and downstream without
any gaps.

11.10 Hub Reset Behavior

The following sections describe hub reset behavior andits interactions with resume, attach detect, and
power-on,

11.10.1 Hub Receiving Reset on Upstream Port
Reset signaling to a hub is defined only in the downstream direction, whichis at the hub's upstream port.
A hub maystart its reset sequenceif it detects 2.5us or more of continuous SEO signaling and must
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complete its reset sequence by the end of the reset signaling.

Note: the 2.5us lower limit is set by a need to prevent low-speed EOP strobes from being interpreted as
reset.

A suspended hub mustinterpretthe start of reset as a wakeup event; it must be awake and have completed
its reset sequence by the end of reset signaling.

After completion of the reset sequence, a hubis in the followingstate:

* Hub Controller default address is 0

* Hubstatus change bits are set to zero

e Hub Repeater is in the WFSOPFUstate

s Transmitter is in the Inactive state

« Downstream ports are in the Not Configured state and SEQ driven on all downstream ports.

-11 Hub Port Power Control

Self-powered hubs may have power switches that control delivery of power downstream ports butit is not
required. Bus-powered hubs are required to have power swilches. A hub with power switches can switch
powerto all ports as a group/gang, to each port individually, or have an arbitrary number of gangs of one
or more ports .

A hub indicates whetheror not it supports power switching by the setting of the Logical Power Switching
Mode field in wHubCharacteristics.1f a hub supports per-port power switching, then the powerto a port Is
turned on when a SetPortFeature(PORT_POWER)requestis received for the port. Port poweris turned off
whenthe portis in the Powered-off or Not Configured states. Ifa hub supports ganged power switching,
then the powerto all ports in a gang is turned on when any port in a gang receives a
SetPortFeature(PORTPOWER)request. The power to a gangis not turned off unlessall ports in a gang
are in the Powered-off or Not Configured states. Note, the pawerto a port is not turned on by a
SetPortFeature(PORT_POWER) tf both C_HUB_LOCALPOWERand Local PowerStatus(in
wHubStatus) are set to 1B at the time when the request is executed and the PORT_POWERfeature would
be turned on.

Although a self-powered hub is not required to implement power switching, the hub must support the
Powered-off state for all ports. Additionally, the hub must implement the PortPwrCtriMask (all bits set to
1b) even though the hub has no powerswitches that can be controlled by the USB System Software.

Note: to ensure compatibility with previous versions of USB software, hubs must implement the Logical
Power Switching Modefield in wHubCharacteristics. This is because some versions of SW will not use
the SetPortFeature() request if the hub indicates in wHubCharacieristics that the port does not support port
power switching, Otherwise, the Logical Power Switching Modefield in wHubCharacteristics would have
become redundantas of this version of the specification.

The setting of the Logical Power Switching Mode for hubs with no power switches should reflect the
manner in which over-current is reported. For example, if the hub reports over-current conditions on a per-
port basis, then the Logical Power Switching Mode should beset to indicate that power switching is
controlled on a per-port basis.

For a hub with no power switches, bPwrOn2PwrGood should beset to zero.

-11.1 Multiple Gangs
A hub may implement any number of power and/or over-current gangs. A hub that implements more than
one oyer-current and/or power switching gang must set both the Logical Power Switching Mode and the
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Over-current Reporting Mode to indicate that power switching and over-current reporting are on a per port
basis (these fields are in wiuhCharacteristics.) Also, all bits in PortPwrCuiMask must be set to 1b.

When an over-current condition occurs on an over-current protection device, the over-currentis signaled
on all ports that are protected by that device. When the over-currentis signaled, all the ports in the group
are placed in the Powered-off state, and the CPORT_OQVER-CURRENTfield is set to 1B onall the ports.
Whenport status is read from any port in the group, the PORT_OVER-CURRENTfield will be set to 1b as
long as the over-current condition exists. The C_PORT_OVER-CURRENTfield must be cleared in each
port individually.

When multiple ports share a power switch, setting PORT_POWER on anyport in the group will cause the
powerto all ports in the group to turn on. It will not, however, cause the other ports in that group to leave
the Powered-off state. Whenall the ports in a group are in the Powered-offstate or the hub is not
configured, the powerto the ports is tumed off.

Ifa hub implements both power switching and over-current, it is not necessary for the over-current groups
to be the same as the power switching groups.

If an over-current condition occurs and power switches are present, then all power switches associated with
an over-current protection circuit must be tured off. If multiple over-current protection devices are
associate with a single power switch then that switch will be tumed off when any of the over-current
protection circuits indicates an over-current condition.

.12 Hub I/O Buffer Requirements
All hub ports must be able to detect and generate all the bus signaling states described in Table 7-1. This
requires that hub be able to independently drive and monitor the D+ and D- outputs on each ofits ports.
Each hub port must have single-ended receivers and transmitters on the D+ and D- lines as well as a
differential receiver and transmitter. Details on voltage levels and drive requirements appear in Chapter 7.

-12.1. Pull-up and Pull-down Resistors

Hubs, and the devices to which they connect, use a combination of pull-up and pull-down resistors to
control D+ and D- in the absenceoftheir being actively driven. These resistors establish voltage levels
used to signal connect and disconnect and maintain the data lines at their idle values when not being
actively driven. Each hub downstream port requires a pull-down resistor (Rpd) on each data line; the hub
upstream port requires a pull-up resistor (Rpu) on its D+ line. Values for Rpu and Rpd appear in Chapter7.

.12.2 Edge Rate Control
Downstream hub ports must support transmission and reception of both low-speed and full-speed edge
rates. The respective signaling specifications are given in Chapter 7. Edge rate on a downstream port must
be selectable, based upon whether a downstream device was detected as being full-speed or low-speed.
The hub upstream port always uses full-speed signaling, andits output buffers always operate with full-
speed edgerates and signalpolarities.

.13 Hub Controller

The Hub Controller is logically organized as shown in Figure 11-11.
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Figure 11-11. Example Hub Controller Organization

11.13.17 Endpoint Organization
The Hub Class defines one additional endpoint beyond Default Contro] Pipe, which is required forall
devices: the Status Change endpoint. The host system receives port and hub status changenotifications
through the Status Change endpoint. The Status Change endpoint is an interrupt endpoint. If no hub or
port status changebits are set. then the hub returns an NAK when the Status Change endpointis polled,
Whenastatus changebit is set, the hub responds with data, as shown in Section | 1.13.4, indicating the
entity (hub or port) with a change bit set. The USB System Software can use this data to determine which
status registers to access in order to determine the exact cause of the status change interrupt.

11.13.2 Hub Information Architecture and Operation
Figure 11-12 shows howstatus, status change, and control information relate to device states. Hub
descriptors and Hub/Port Status and Contro! are accessible through the Default Control Pipe. The Hub
descriptors may be read at any time, When a hub detects a change on a port or when the hub changesits
ownstate, the Status Change endpoint transfers data to the host in the form specified in Section 11.13.4.

Hubor port status change bits can be set because of hardware or software events. Whenset, these bits
remain set until cleared directly by the USB System Software through a ClearPortFeature() request or by a
hub reset. While a changebitis set, the hub continues to report a status change when polled untilall
changebits have been cleared by the USB System Software.
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Figure 11-12. Relationship of Status, Status Change, and Control Information to Device States

   
The USB System Software uses the interrupt pipe associated with the Status Change endpointto detect
changes in hub and port status.

258

ZTE/SAMSUNG 1007-0274

IPR2018-00111



ZTE/SAMSUNG 1007-0275 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

11.13.3 Port Change Information Processing

Hubsreport a port's status through port commandson a per-port basis. The USB System Software
acknowledgesa port change by clearing the change state correspondingto the status change reported by the
hub. The acknowledgmentclears the changestate for that port so future data transfers to the Status Change
endpoint do not report the previous event. This allows the process to repeat for further changes (see Figure
L1-13.)

System Software requests Interrupt Pipe notification for Status Change Information

  
Hub NAKs

No Change Data
Available ?status change

IN token 
Yes

Interrupt Pipe returns Hub and Port Status Change Bitmap

Interrupt Pipe notification retired 

System Software reads Hub or Port status (for affected ports)

 

 

Yes + Accumulate change informaiion
Any Changed

State?
« System Software clears

corresponding change state  
No

System Software processes accumulated change information

Re-initialize Interrupt Pipe for Status Change endpoint

Return to

beginning

Figure 11-13. Port Status Handling Method

11.13.4 Hub and Port Status Change Bitmap
The Hub and Port Status Change Bitmap, shown in Figure | 1-14, indicates whether the hub or a port has
experienced a status change. This bitmap also indicates whichport(s) have had a changein status. The
hub returns this value on the Status Change endpoint. Hubsreport this value in byte-increments. Thatis, if
a hub has six ports, it returns a byte quantity and reports a zero in the invalid port numberfield locations.
the USB System Software is aware of the numberof ports on a hub(this is reported in the hub descriptor)
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and decodes the Hub and Port Status Change Bitmap accordingly. The hub reports any changes in hub
status in bit zero of the Hub and Port Status Change Bitmap.

The Hub and Port Status Change Bitmapsize varies from a minimum size of one byte. Hubs report only as
manybits as there are ports on the hub, subject to the byte-granularity requirement(i.e., round up to the
nearest byte).

+t

N pindpatheeaEpaeaeeee ee 1 |
 

Port N. change detected

+—___.
 

en
Port 2 change detected

Part 1 change detected
Hub change detecied

Figure 11-14. Hub and Port Status Change Bitmap

Any time the Status Change endpointis polled by the host controller and any of the Status Changedbits are
non-zero, the Hub and Port Status Change Bitmapis returned. Figure 11-15 shows an example creation
mechanism for hub and port changebits.

— —— _ _ PerPortlegic <
t +.

 

Logics! OR
|

Change |

Information [— |
|

 

  
N

Figure 11-15. Example Hub and Port Change Bit Sampling

11.13.5 Over-current Reporting and Recovery
USB devices must be designed to meet applicable safety standards. Usually, this will mean thata self-
powered hub implementcurrent limiting on its downstream ports. If an over-current condition occurs,it
causes a status and state change in one or more ports. This change is reported to the USB System Software
so that it can take corrective action,
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A hub may be designed to report over-current as either a port or a hub event. The hub descriptorfield
wHubCharacteristics is used to indicate the reporting capabilities of a particular hub (see Section 11.15.2),
The over-currentstatusbit in the hub or port status field indicates the state of the over-current detection
whenthe status is returned, The over-current status change bit in the Hub or Port Changefield indicates if
the over-currentstatus has changed.

When a hub experiences an over-current condition, it must placeall affected ports in the Powered-off state.
Ifa hub has per-port power switching and per-port current limiting, an over-current on one port mayslill
cause the power on anotherport to fall below specified minimums. In this case, the affected port is placed
in the Powered-off state and C_PORT_OVER_CURRENTissetfor the port, but
PORT_OVER_CURRENTisnotset. Ifthe hub has over-current detection on a hub basis, then an over-
current condition on the hub will cause all ports to enter the Powered-off state. However, in this case,
neither C_PORT_OVER_CURRENT nor PORT OVERCURRENTisset for the affected ports,

Host recovery actions for an over-current event should include the following:

1. Host gets change notification from hub with over-current event.

2. Host extracts appropriate hub or port change information (depending on the information in the
change bitmap).

3. Host waits for over-current status bit to be cleared to 0.

4, Host cycles poweron to all of the necessary ports (e.g., issues a SetPortFeature(PORT POWER)
request for each port).

A Host re-enumeratesall affected ports.

11.14 Hub Configuration
Hubsare configured through the standard USB device configuration commands. A hubthat is not
configured behaves like any other device that is not configured with respect to power requirements and
addressing. If a hub implements power switching, no poweris provided to the downstream ports while the
hubis not configured. Configuring a hub enables the Status Change endpoint. The USB System Software
may then issue commandsto the hub to switch port power on andoff at appropriate times.

The USB Sysiem Software examines hub descriptor information to determine the hub’s characteristics. By
examining the hub’s characteristics, the USB System Software ensures that illegal power topologies are not
allowed by not powering on the hub’s ports if doing so would violate the USB power topology. The device
status and configuration information can be used to determine whether the hub should be used as a bus or
self-powered device. Table 11-7 summarizes the information and howit can be used to determine the
current power requirements of the hub.

Table 11-7. Hub Power Operating Mode Summary

Configuration Descriptor Hub
bmAttributes|Device Status Explanation

MaxPower|(Self Powered)|(Self Power)

  N/A

This is an illegal set of information.

N/A

A device which is only self-powered, but does
not have local power cannot connect to the Bus
and communicate.
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Table 11-7. Hub Power Operating Mode Summary (Continued)

HubConfiguration Descriptor 

bmAttributes

(Self Powered)|(Self Power)MaxPower

Device Status Explanation

Self-powered only hub and local power supply is
good. Hub status also indicates local power
good, see Section 11.16.2.5. Hub functionality is
valid anywhere depth restriction is not violated. 

Bus-powered only hub. Downstream ports may
not be powered unless allowed in current
topology. Hub device status reporting Self
Powered is meaningless in combination of a
zeroed bmAttributes. Sel-Powered.,    

This hub is capable of both self and bus-
powered operating modes.It is currently only
available as a bus-powered hub.

This hub is capable of both self- and bus-
powered operating modes.It is currently
available as a self-powered hub.

A self-powered hub has a local power supply, but may optionally draw one unit load from its upstream
connection. This allows the interface to function when local poweris not available (see Section 7.2.1.2).
Whenlocal power is removed (either a hub-wide over-current condition or local supply is off), a hub of
this type remains in the Configured state but transitions all ports (whether removable or non-removable) to
the Powered-off state. While local poweris off, all port status and change information read as zero andall
SetPortFeature() requests are ignored (requestis treated as a no-operation). The hub will use the Status
Change endpoint to notify the USB System Software of the hub event (see Section 11.16.2.5 for details on
hub status).

The MaxPowerfield in the configuration descriptor is used to report to the system the maximum powerthe
hub will draw from VBus when the configuration is selected. For bus-powered hubs, the reported value
must not include the power for any of external downstream ports. The external devices attaching to the hub
will report their individual power requirements.

A compound device may power both the hub electronics and the permanently attached devices from VBUS.
The entire load may be reported in the hubs' configuration descriptor with the permanently attached
devices each reporting self-powered, with zero MaxPower in their respective configuration descriptors.
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11.15 Descriptors

Hubdescriptors are derived from the general USB device framework. Hub descriptors define a hub device
and the ports on that hub. The host accesses hub descriptors through the hub’s default pipe.

The USB specification (refer to Chapter 9) defines the following descriptors:

* Device

* Configuration

* Interface

* Endpoint

® String (optional).

The hub class defines additional descriptors (refer to Section 11.15.2). In addition, vendor-specific
descriptors are allowed in the USB device framework. Hubs support standard USB device commandsas
defined in Chapter 9.

11.15.1 Standard Descriptors
The hub class pre-defines certain fields in standard USB descriptors. Otherfields are either
implementation-dependent or not applicableto this class.

Note: for the descriptors and fields shown below.thebits in a field are organized in a little-endian fashion:
that is, bit location 0 is the least significant bit and bit location 7 is the most significant bit of a byte value.

Device Descriptor

bDeviceClass = HUB_CLASSCODE(09H)

bDeviceSubClass = 0

Interface Descriptor

bNumEndpoinis = |

binterfaceClass = HUBCLASSCODE(09H)

binterfaceSubClass = 0

hinterfaceProtocol = 0

Configuration Descriptor

MaxPower = The maximum amount of bus powerthe hub will consume in this
configuration

Endpoint Descriptor (for Status Change Endpoint)

hEndpointdddyess = Implementation-dependent; Bit 7: Direction = In(1)

wMaxPacketSize = Implementation-dependent

bmAttribuies = Transfer Type = Interrupt (00000111B )

binterval = FFH (Maximum allowable interval)

The hub class driver retrieves a device configuration from the USB System Software using the
GetDescriptor() device request. The only endpoint descriptor that is returned by the GetDescriptor()
request is the Status Change endpoint descriptor.
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11.15.2 Ciass-specific Descriptors

11.15.2.1 Hub Descriptor
Table 11-8 outlines the various fields contained by the hub descriptor.

Table 11-8. Hub Descriptor

[ose[FisSe[SCnernonsd
bDescLength 1 Number of bytes in this descriptor, including this byte   

 
 

bDescriptorType Descriptor Type, value: 29H for hub descriptor
bNbrPorts
 
 
 

Number of downstream ports that this hub supports  

D1...00; Logical Power Switching Mode
oo:

Ot:
1X:

D2:
OQ:
1:

Ganged power switching (all ports’ power at
once)
Individual port power switching
Reserved. Used only on 1.0 compliant hubs
that implement no power switching.

Identifies a Compound Device
Hubis not part of a compound device
Hub is part of a compound device

D4,,.D3; Over-current Protection Mode
oo; Global Over-current Protection, The hub

reports over-current as a summation ofall
ports’ current draw, without a breakdown of
individual port over-current status.
Individual Port Over-current Protection. The

hub reports over-current on a per-port basis.
Each port has an over-currentindicator.
No Over-current Protection. This option is
allowed only for bus-powered hubs that do not
implement over-current protection.  

 
 

D15..D5: Reserved

bPwrOn2PwrGood Time (in 2ms intervals) from the time the power-on
sequence begins on a port until poweris good on that
port, The USB System Software uses this value to
determine how long to wait before accessing a
powered-on port.

Maximum current requirements of the Hub Controller
electronics in mA.  bHubContrCurrent
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Table 11-8. Hub Descriptor (Continued)

Seeneeea—
DeviceRemovable Variable,

depending
on

number of
porns on

hub

Variable|PortPwrCtriMask Variable,

depending
on

number of

ports on
hub

Indicates if a port has a removable device attached.

This field is reported on byte-granularity. Within a
byte, ifno port exists fora given location, the field
representing the port characteristics returns 0.

Bit Value definition:
OB - Device is removable
1B - Device ts non-removable

This is a bitmap corresponding to the individual ports
on the hub:

Bit 0: Reserved for future use
Bit 1: Port 4
Bit 2: Port 2

Bit nm: Port n (implementation-dependent, up ta a
maximum of 255 ports).

This field exists for reasons of compatibility with
software written for 1.0 compliant devices. All bits in
this field should be set to 1B. This field has one bit for

each port on the hub with additional pad bits, if
necessary, lo make the numberof bits in the field an
integer multiple of 8.
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11.16 Requests

11.16.1 Standard Requests
Hubshavetighter constraints on request processing timing than specified in Section 9.2.6 for standard
devices because they are crucial to the 'time to availability’ of all devices attached to USB. The worst case
request timing requirements are listed below(apply to both Standard and Hub Class requests):.

1. Completion time for requests with no data stage: 50 ms

2. Completion times for standard requests with data stage(s)
Time from setup packetto first data stage: 50 ms
Time between each subsequent data stage: 50 ms
Time between last data stage and status stage: 50 ms

As hubsplay such a crucial role in bus enumeration, it is recommended that hubs average response times
be less than Smsfor all requests.

Table 11-9 outlines the various standard device requests.

Table 11-9. Hub Responses to Standard Device Requests

bRequest Hub Response

CLEAR_FEATURE Standard 

GET_CONFIGURATION Standard

GET_DESCRIPTOR Standard

GET_INTERFACE Undefined. Hubs are allowed to support only one interface

GET_STATUS Standard

 

SET_INTERFACE Undefined, Hubs are allowed to support only one interface 

SYNCH_FRAME Undefined. Hubs are not allowed to have isochronous
endpoints

 
Optional requests that are not implemented shall return a STALLin the Data stage or Status stage of the
request.
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11.16.2 Class-specific Requests
The hub class defines requests to which hubs respond, as outlined in Table 11-10. Table 11-11 defines the
hub class request codes. All requests in the table below except for GetBusState() and SetHubDescriptor()
are mandatory.

Table 11-10. Hub Class Requests

ClearHubFeature

ClearPortFeature

GetBusState

GetHubDescriptor

GetHubStatus

00100000B

001000118

10100071B

101000008

101000008

 

GetPortStatus

SetHubDescriptor

SetHubFeature

SetPortFeature

10100011B

007000008

007000008

0010001 1B

CLEAR_ FEATURE

CLEAR_ FEATURE

GET_ STATE

GET_DESCRIPTOR

GET_ STATUS

GET_STATUS

SET_DESCRIPTOR

SET_FEATURE

SET_ FEATURE

Feature
Selector 

Feature
Selector 

Descriptor Zero or
Type and|Language
Descriptor ID

Index

Descriptor
Length

Per-Port
BusState

Descriptor

 

Zero Zero

Descriptor Zero or

Type and|Language
Descriptor ID

Index

Feature
Selector

Feature
Selector

Descriptor

Length Hub
Status
and

Change
Indicators

Port

Status
and

Change
Indicators

Descriptor
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Table 11-11. Hub Class Request Codes

cecafe

a
Reserved for future use

 
 
  
  
  
 
  

 
 

 

GET_DESCRIPTOR

Table 11-12 gives the valid feature selectors for the hub class. See Section 11.16.2.5 and Section 11.16.2.6 for
a description of the features.

Table 11-12. Hub Class Feature Selectors

a

C_HUB_LOCAL_POWER Hub Si=f
C_HUB_OVER_CURRENT Hub

eeee

  

  
  

  
  

 
 

 

 

PORT_OVER_CURRENT 

 
 

PORT_RESET

 
 
 

 

C_PORT_ENABLE

C_PORT_SUSPEND 
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11.16.2.1 Clear Hub Feature

This request resets a value reported in the hubstatus.

|bmRequesttype||Request.||walue whenath|
007000008 CLEAR_ FEATURE Feature zero Zero

Selector

Clearing a feature disables that feature; refer to Table 11-12 for the feature selector definitions that apply to
the hub as arecipient. Ifthe feature selector is associated with a changeindicator, clearing that indicator
acknowledges the change. This request format is used to clear either the CHUB_LOCAL_POWERor
C_HUB_OVER_CURRENTfeatures.

It is a Request Error if w!’a/ue is not a feature selector listed in Table 11-12 or if wladex or wLength are not
as specified above.

 

Ifthe hub is not configured, the hub's responseto this request is undefined,

11.16.2.2 Clear Port Feature

This request resets a value reported in the port status.

 00100011B CLEAR_ FEATURE Feature Zero
Selector

The port number must be a valid port numberfor that hub, greater than zero.

Clearing a feature disables that feature or starts a process associated with the feature: refer to Table 11-12
for the feature selector definitions. Ifthe feature selector is associated with a change indicator, clearing
that indicator acknowledges the change. This request formatis used to clear the following features:

* PORTENABLE

° PORTSUSPEND

* PORTPOWER

¢ ©PORTCONNECTION

* CPORTRESET

° CPORTENABLE

* (CPORTSUSPEND

¢ CPORTOVERCURRENT.

Clearing the PORT_SUSPEND feature causes a host-initiated resume on the specified port. If the port Is
not in the Suspendedstate, the hub shouldtreatthis request as a functional no-operation.

Clearing the PORTENABLEfeature causes the port to beplaced in the Disabled state. If the port is in the
Powered-off state, the hub should treat this request as a functional no-operation.

Clearing the PORT_POWERfeature causes the port to be placed in the Powered-off state and may, subject
to the constraints due to the hub’s method of power switching, result in power being removed from the
port. Refer to Section 11.11 on rules for howthis request is used with ports that are gang-powered.
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It is a Request Error if wVa/ue is not a feature selector listed in Table 11-12, if wlacex specifies a port that
doesn't exist, or if wLength is not as specified above. It is not an error for this request to try to clear a
feature that is already cleared (hub should treat as a function no-operation).

If the hub is not configured, the hub's response to this request is undefined.

11.16.2.3 Get Bus State

This is an optional per-port diagnostic request that returns the bus state value, as sampled at the last EOF2
point.

 10100011B GET_ STATE zero Per-Port Bus
State

The port number must be a valid port number for that hub, greater than zero. If an invalid port numberis
specified or if w/alue or wLength are not as specified above, then the hub shall return a STALLin the Data
stage of the request (aborting the Status stage).

Hubs may implement an optional diagnostic aid to facilitate system debug. Hubs implementthis aid
through this optional request. This diagnostic feature provides a glimpse of the USB busstate as sampled
at the last EOF2 sample point.

Hubsthat implement this diagnostic feature should store the bus state at each EOF2 state in preparation for
a potential request in the following USB frame.

The data returned is bitmappedin the following manner:

Bit0: The value of the D- signal

Bit |: The value of the D+ signal

Bits 2-7: Reserved for future use and are reset to zero.

The hub must be able to return the bus state in the Data stage transaction within the frame in which the
request was received. If the hub does not receive ACK for the data packet, the device is not required ta
return the same data packet if the host continues with the Data stage. Rather, the hub will always retum the
bus state at the immediately prior EOF2 sample point along with the DATAO PID,

Hubsthat do not implementthis request shall return a STALL in the Data stage of the request (aborting the
Status stage).

If the hub is not configured, the hub's response to this request is undefined,
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11.16.2.4 Get Hub Descriptor
This request returns the hub descriptor.

10100000B GET_DESCRIPTOR Descriptor Descriptor Descriptor
Type and Length
Descriptor

Index
 

The GetDescriptor() request for the hub class descriptor follows the same usage modelas that of the
standard GetDescriptor() request (refer to Chapter 9). The standard hub descriptor is denoted by using the
value bDescriptorType defined in Section 11.15.2.1, All hubs are required to implement one hub
descriptor, with descriptor index zero.

If wLenegth is larger than the actual length of the descriptor, then only the actual length is returned. If
wLeneth is less than the actual length of the descriptor, then only thefirst wLengrh bytes of the descriptor
are returned; this is not considered an error even if wLengrh is zero,

It is a Request Error if wla/ue or windex are other than as specified above.

If the hub is not configured, the hub's responseto this request is undefined.

11.16.2.5 Get Hub Status

This request returns the current hub status and the states that have changed since the previous
acknowledgment.

10100000B GET_STATUS Zero Zero Four Hub Status
and Change

Indicators

Thefirst word ofdata contains wHubStatus (refer to Table 11-13). The second word ofdata contains
wHubChange (refer to Table 11-14).

  
  

It ts a Request Error if w Value, windex, or wLength are other than as specified above.

If the hub ts not configured, the hub's response to this request is undefined.
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Table 11-13. Hub Status Field, wHubStatus

Description

Local Power Source; This is the source of the local power supply.

This field indicates whether hub power (for other than the SIE) is being provided by an extemal source or
from the USB. . Thisfield allows the USB System Software io determine the amouni of power available from
a hub to downstream devices.

0 = Local power supply good
1 = Local power supply lost (inactive)

Over-current Indicator:

lf the hub supports over-current reporting on a hub basis, this field indicates that the sum ofall the ports’
current has exceeded the specified maximum and all ports have been places in the Powered-off state. If the
hub reports over-current on a per-port basis or has no over-current detection capabilities, this field is always
zero. For more deiails on over-current protection, see Section 7.2.1.2.1.

0 = No over-current condition currently exists
1 =A hub over-current condition exisis 

There are no defined feature selector values for these status bits and they can neither be set nor cleared by
the USB System Software.

Table 11-14. Hub ChangeField, wHubChange

Local Power Status Change: (C_HUB_LOCAL_POWER)This field indicates that a change has
occurred in the hub's Local Power Source field in wHubStaius.

This field is initialized to zero when the hub receives a bus reset.

0 = No change has occurred to Local Power Status
| = Local Power Status has changed

Over-Current Indicator Change: (C_HUB_OVER_CURRENT)Thisfield indicates if a change has
occurred in the Over-Current field in wHubStatus.

This field is initialized to zero when the hub receives a bus reset.

0 = No change has occurred to the Over-Current Indicator
1 = Over-Current Indicator has changed

 

Reserved

 
These bits return 0 when read.

Hubs may allow setting ofthese change bits with SetHubFeature() requests in order to support diagnostics.
Ifthe hub does not support setting of these bits, it should either treat the SetHubFeature() request as a
Request Error or as a functional no-operation. When set, these bits may be cleared by a ClearllubFeature()
request. A request to set a feature that is already set or to clear a feature that is already clear has no effect
and the hub will not fail the request.
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11.16.2.6 Get Port Status

This request returns the current port status and the currentvalue ofthe port status change bits.

 
 

  
  

10100011B GET_STATUS Zero Port Four Port Status
and Change

Indicators.

The port number must be a valid port numberfor that hub, greater than zero.

Thefirst word of data contains wPortStatus (refer to Table 11-15). The second word of data contains
wPortChange (refer to Table | 1-14).

Thebit locations in the wPortStatus and wPortChange fields correspond in a one-to-one fashion where
applicable,

It is a Request Error if wla/we or wLength are other than as specified above or if windex specifies a port
that does not exist.

If the hub is not configured, the behavior of the hub in response to this request is undefined.
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11.16.2.6.1 Port Status Bits

Table 11-15. Port Status Field, wPortStatus

Current Connect Status: (PORT_CONNECTION)This field reflects whetheror not a device is currently
connected to this port.

0 = No device is present
1 =Adevice is present on this port

Port Enabled/Disabled: (PORT_ENABLE)Ports can be enabled by the USB System Software only, Ports
can be disabled by either a fault condition (disconnect event or other fault condition) or by the USB System
Software.

0 = Portis disabled
1 = Port is enabled 

Suspend: (PORT_SUSPEND)Thisfield indicates whetheror not the device onthis port is suspended.
Setting this field causes the device to suspend by not propagating bus traffic dawnstreamThisfield my be reset
by a request or by resumesignaling from the device attached to the part.

0 = Not suspended
1 = Suspended or resuming

Over-current Indicator: (PORT_OVER_CURRENT)

lf the hub reports over-current conditions on a per-port basis, this field will indicate that that the current drain on
the port exceeds the specified maximum.For more details, see Section 7.2.1.2.1.

0 = All no over-current condition exists on this port
1 = An over-current condition exists on this port,

 

Reset: (PORT_RESET)This field is set whenthe host wishes to reset the attached device. It remains set
until the reset signaling is turned off by the hub.

0 = Reset signaling not asseried
1 = Reset signaling asserted
 

Reserved

These bits returm O when read.

Port Power: (PORT_POWER)This field reflects a port’s logical, power control state. Because hubs can
implement different methods of port power switching, this field may or may not represent whether poweris
applied to the port. The device descriptor reports the type of power switching implemented by the hub.

0 = This port is in the Powered-off state
1 = This port is not in the Powered-off state

Low Speed Device Attached: (PORT_LOW_SPEED)Thisis relevantonly if a device is attached.

0 = Full-speed device attached to this port
1 = Low-speed device attached to this port

 

 

Reserved

These bits retum 0 when read,
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11.16.2.6.1.1 PORT_CONNECTION
When the Part Powerbit is one, this bit indicates whether or not a device is attached. This field reads as
one whena deviceis attached; it reads as zero when no device is attached. This bit is reset to zero when

the port is in the Powered-offstate or the Disconnectedstates. It is set to one when the port is in the
Poweredstate, a device attach is detected (see Section 7.1.7.1) and the port transitions from the
Disconnected state to the Disabled state.

SetPortFeature(PORTCONNECTION)and ClearPortFeature(PORTCONNECTION)requests shall not
be used by the USB System Software and must be treated as no-operation requests by hubs.

11.16.2.6.1.2 PORT_ENABLE

This bit is set when the port is allowed to send or receive packet data or resumesignaling.

This bit may be set only as a result of a SetPortFeature(PORT_RESET) request. When the hub exits the
Resetting state or, if present, the Speed_evalstate, this bit is set and bus traffic may be transmitted to the
port. This bit may be cleared as the result of any of the following:

* The port being in the Powered-offstate

« Receipt of a ClearPortFeature(PORTENABLE) request

e Port_Error detection

* Disconnect detection

* Whenthe port enters the Resetting state as a result of receiving the SetPortFeature(PORT_RESET)
request.

The hub response to a SetPortFeature(PORTENABLE) request is not specified. The preferred behavioris
that the hub respond with a Request Error. This may not be used by the USB System Software. The
ClearPortFeature(PORT_ENABLE)request is supported as specified in Section | 1.5.1.4.

11.16.2.6.1.3 PORT_SUSPEND

This bit is set ta one whenthe port is selectively suspended by the USB System Software. Whilethis bit is
set, the hub does not propagate downstream-directed traffic to this port, but the hub will respond to resume
signaling from the port. This bit can be set only if the port’s PORTENABLEbitis set and the hub
receives a SetPortFeature(PORTSUSPEND) request. This bit is cleared to zero on the transition from the
SendEOPstate to the Enabled state, or on the transition from the Restart_S state to the Transmit state, or on
any event that causes the PORTENABLEbit to be cleared while the PORT_SUSPENDbitis set.

The SetPortFeature(PORTSUSPEND) request may be issued by the USB System Software at any time but
will have an effect only as specified in Section 11.5.

11.16.2.6.1.4 PORT_OVER-CURRENT

This bit is set to one while an over-current condition exists on the port. This bit is cleared when an over-
current condition does not exist on the port.

If the voltage on this port is affected by an over-current condition on another port then this bit is sct and
remains set until the over-current condition on the affecting port is removed. When the over-current
condition on the affecting port is removed,this bit is reset to zero if an over-current condition does not
exist on this port.

QOver-current protection is required on sel{-powered hubs(it is optional on bus-powered hubs) as outlined
in Section 7.2.1.2.1.
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The SetPortFeature(PORT_OVER_CURRENT) and ClearPortFeature(PORT_OVER_CURRENT)
requests shall not be used by the USB System Software and may be treated as no-operation requests by
hubs.

11.16.2.6.1.5 PORT_RESET

This bit is set while the port is in the Resetting state. A SetPortFeature(PORTRESET) request will initiate
the Resetting state if the conditions in Section 11.5,1.S are met. This bit is set to zero while the port is in
the Powered-off state.

The ClearPortFeature(PORTRESET) request shall not be used by the USB System Software and may be
treated as a no-operation request by hubs.

11.16.2.6.1.6 PORT_POWER

This bit reflects the current powerstate of a port. This bit is implemented on all ports whether or not actual
port power switching devices are present.

While this bit is zero, the port is in the Powered-off state. Similarly, anything that causesthis port to go to
the Power-off state will cause this bit to be set to zero.

A SetPortFeature(PORT_POWER)will set this bit to one unless both CHUB_LOCALPOWERand
Local PowerStatus (in wHubStatus) are set to one in which case the requestis treated as a functional no-
operation.

This bit may be cleared underthe following curcumstances:

© Hub receives a ClearPortFeature(PORTPOWER).

* An over-current condition exists on the port.

* An over-current condition on another port causes the power onthis port to be shutoff.

The SetPortFeature(PORT_POWER)and ClearPortFeature(PORT_POWER) requests may be issued by the
USB System Software whenever the port is not in the Not Configured state, but will have an effect only as
specified in Section 11.11.

11.16.2.6.1.7 PORT_LOW_SPEED

This bit has meaning only when the PORT_ENABLEbitis set. This bit is set to one if the attached device
is low-speed,

The SetPortFeature(PORT_LOW_SPEED)and ClearPortFeature(PORT_LOW_SPEED)requests shall not
be used by the USB System Software and may be treated as no-operation requests by hubs.
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11.16.2.6.2 Port Status Change Bits
Port status change bits are used to indicate changes in port status bits that are notthe direct result of
requests. Port status change bits can be cleared with a ClearPortFeature() request or by a hub reset. Hubs
mayallow setting of the status change bits with a SetPortFeature() request for diagnostic purposes. Ifa
hub does noi support setting of the status change bits, it may either treat the request as a Request Error or as
a functional no-operation. Table 11-16 describes the variousbits in the wPortChangefield.

Table 11-16. Port Change Field, wPoritChange

Connect Status Change: (C_PORT_CONNECTION) Indicates a change has occurred in the port's Current
Connect Status. The hub device sets this field as described in Section 11.16.2.6.2.1.

0 = No change has occurred to Current Connectstatus
1 = Current Connect status has changed

Port Enable/Disable Change: (C_PORT_ENABLE)Thisfield is set to one when a port is disabled because
of a Port_Error condition (see Section 11.8.1).

 

Suspend Change: (C_PORT_SUSPEND)Thisfield indicates a change in the host-visible suspendstate of
the attached device. It indicates the device has transitioned out of the Suspend stateThisfield is set only when
ihe entire resume process has completed. That is, the hub has ceased signaling resume onthis port.

0 = No change
1 = Resume complete

Over-Current Indicator Change: (C_PORT_OVER_CURRENT)Thisfield applies anly to hubsthat report
over-current conditions on a per-port basis (as reporied in the hub descriptor).

0 = No change has occurred to Over-Current Indicator
1 = Over-CurrentIndicator has changed

 

Ifthe hub does not report over-current on a per-port basis, then this field is always zero,

Reset Change: (C_PORT_RESET) Thisfield is set when reset processing on this port is complete.

0 = No change
1 = Reset complete 

These bits return 0 when read.

 
11.16.2.6.2.1 C_PORT_CONNECTION

Thisbit is set when the PORT_CONNECTIONbit changes because of an attach or detach detect event (see
Section 7.1.7.1). This bit will be cleared to zero by a ClearPortFeature(C_PORT_CONNECTION)request
or while the port is in the Powered-off state.

11.16.2.6.2.2 C_PORT_ENABLE.

This bit is set when the PORT_ENABLEbit changes from one to zero as a result of a Port Error condition
(see Section 11.8.1.). This bit is not set on any other changes to PORT_ENABLE.

This bit may beset if, on a SetPortFeature(PORTRESET)the port stays in the Disabled state because an
invalid idle state exists on the bus (see Section 11.8.2),

This bit will be cleared by a ClearPortFeature(C_PORTENABLE) request or while the port is in the
Powered-off state.

277

ZTE/SAMSUNG 1007-0293

IPR2018-00111



ZTE/SAMSUNG 1007-0294 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

11.16.2.6.2.3 C_PORT_SUSPEND

This bit is set on the following transitions:

e ontransition from the Resumingstate to the SendEOPstate

® on transition from the Restart_S state to the Transmit state.

This bit will be cleared by a ClearPortFeature(C_PORT_SUSPEND)request, or while the port is in the
Powered-offstate.

11.16.2.6.2.4 C_PORT_OVER-CURRENT

This bit is set when the PORTOVERCURRENTbit changes from zero to one or from one to zero. This
bit is also set if the port is placed in the Powered-off state due to an over-current condition on another port.

This bit will be cleared when the port is in the Not Configured state or by a
ClearPortFeature{(C_PORT_OVER-CURRENT)request.

11.16.2.6.2.5 C_PORT_RESET

This bit is set when the port transitions from the Resetting state (or, if present, the Speed_eval state) to the
Enabled state.

This bit will be cleared by a ClearPortFeature(C_PORT_RESET)request, or while the port is in the
Powered-off state.

11.16.2.7 Set Hub Descriptor
This request overwrites the hub descriptor.

00100000B SET_DESCRIPTOR Descriptor Descriptor Descriptor
Type and Length
Descriptor

Index 
The SetDescriptor request for the hub class descriptor follows the same usage modelas that of the standard
SetDescriptor request(refer to Chapter 9). The standard hub descriptoris denoted by using the value
bDeseriptorType defined in Section 11.15.2.1. All hubs are required to implement one hub descriptor,
with descriptor index zero.

This request is optional. This request writes data to a class-specific descriptor, The host providesthe data
that is to be transferred to the hub during the data transfer phase of the control transaction. This request
writes the entire hub descriptor at once.

Hubs mustbuffer all the bytes received from this request to ensure that the entire descriptor has been
successfully transmitted from the host. Upon successful completion of the bus transfer, the hub updates the
contents of the specified deseriptor.

It is a Request Errorif w/ndex is not zero or if wLength does not match the amountofdata sent by the host.
Hubsthat do not support this request respond with a STALL during the Data stage of the request.

If the hub is not configured, the hub's response to this request is undefined.
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11.16.2.8 Set Hub Feature

This request sets a value reported in the hubstatus,

001000008 SET_ FEATURE Feature Zero z2ero None
Selector

Setting a feature enables that feature; refer to Table | 1-12for the feature selector definitions that apply to
the hub as recipient, Change indicators may not be acknowledged using this request,

 
 

 
 
 

It is a Request Error if wVa/ue is not a feature selector listed in Table 11-12 or if windex or wLength are not
as specified above.

If the hub is not configured, the hub's responseto this request is undefined.

11.16.2.9 Set Port Feature

This request sets a value reported in the port status.

bm|bmRequestType|pe bRequest|whength| 0010001718 SET_ FEATURE Feature Zero
Selector

The port number must be a valid port numberfor that hub, greater than zero.

Setting a feature enablesthat feature or starts a process associated with that feature; see Table 11-12 for the
feature selector definitions that apply to a port as a recipient. Change indicators may not be acknowledged
using this request. Features that can be set with this request are:

* PORTRESET

* PORT_SUSPEND

*® PORT_POWER

* CPORT_CONNECTION*

» CPORT_RESET*

* CPORT_ENABLE*

« CPORT_SUSPEND*

¢ C PORT_OVER_CURRENT*.

*denotes features that are not required to be set by this request.

Setting the PORT_SUSPEND feature causes bus traffic to cease on that port and, consequently, the device
to suspend. Setting the reset feature PORT_RESET causes the hub to signal reset on that port. When the
reset signaling is complete, the hub sets the CPORTRESETchangeindicator and immediately enables
the port. Refer to Section 11.10 for a complete discussion of host-initiated reset behavior. Also see
Section 11.16.2.6.1 for further details.

The hub must meet the following requirements:
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* Ifthe port is in the Powered-off state, the hub must treat a SetPortFeature(PORT_RESET)request as a
functional no-operation.

« Ifthe port is not in the Enabled or Transmitting state, the hub must treat a
SetPortFeature(PORTSUSPEND) request as a functional no-operation.

e Ifthe port is not in the Powered-off state, the hub musttreat a SetPortFeature(PORT_POWER)request
as a functional no-operation.

It is a Request Error if wValue is not a feature selector listed in Table 11-12, if w/ndex specifies a port that
doen't exist, or if wLength is not as specified above.

If the hub is not configured, the hub's response to this request is undefined.
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bandwidth reclamation, 5.9.5
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endpoint descriptors, 9.6.4
hub descriptors, 11.15.2.1, 11.16.2.4, 11.16.2.7
interface descriptors, 9.6.3
string descriptors, 9.6.5

bDeviceClass field, 9.6.1, 11.15.1
bDeviceProtocolfield (device descriptors), 9.6.1
bDeviceSubClassfield, 9.6.1, 11.15.1
bEndpointAdoressfield, 9.6.4, 11.15.1
bHubContrCurrentfield (hub descriptors), 11.75.2.4
bi-directional communication flow, 5.6.2, 5.8.2
big endian, defined, 2.0 glossary
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binterfaceNumberfield (interface descriptors), 9.6.3
binterfaceProtoco!field, 9.6.3, 11.15.1
binterfaceSubClassfield, 9.6.3, 11.15.1
bintervalfield, 9.6.4, 17,15.1
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bitmaps of hub and port status changes, 11.13.4
bit ordering, 8.1
bits, defined, 2,0 glossary
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bit stuff violations, 8.7.1
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defined, 2.0 glossary
overview, 7.1.9
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bit time zero, 11.3
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interface descriptors, 9.6.3
string descriptors, 9.6.5

blocking packets in Collision conditions, 11.8.3
blunt cut termination, 6.4.2, 6.4.3
bmAttributes field

configuration descriptors, 9.6.2
endpoint descriptors, 9.6,4
hub descriptors, 11.14, 11.15.1

bMaxPacketSizedfield (device descriptors), 9.6.1
bmRequesiTypefield

hub class requests, 11.16.2
overview, 9.3.1

Setup data format, 9.3
standard device requests, 9.4

bNbrPorts field (hub descriptors), 11.15.2.1
bNumConfigurationsfield (device descriptors), 9.6.1
bNumEndpoints field, 9.6.3, 11.15.1
bNumInterfacesfield (configuration descriptors), 9.6.2
bPwrOn2PwrGoodfield, 11.11, 11.15.2.1
bRequestfield

hub class requests, 11.16.2
overview, 9.3.2

Setup data format, 9.3
standard device requests, 9.4
standard hub requests, 11.16.1

broadcast mode of hub operation, 11.1.2.1
B/S or b/S, defined, 2.0 glossary
bSiring field (string descriptors), 9.6.5
buffers

buffer impedance, 7.1.1.1
calculating sizes in functions and software, 5.9.4
client pipes and, 10.5.1.2.2
client role in, 10.3.3, 10.5.3
defined, 2.0 glossary
endpoint buffer size, 4.4
hub I/O buffer requirements, 11.12:11.12.2
identifying location and length, 10.3.4
interrupt transfers and, 5.7.3
isochronous transfers and, 5.10.4.2

non-USBisochronous application, 5.10.1
packet buffers, 2.0 glossary
prebuffering data, 5.10.5
rate matching and, 5.10.8
rise and fall times for full-speed buffers, 7.1.2
USBDrole in allocating, 10.5.1,2.1

bulk transfers
bus access constraints, 5.8.4
data format, 5.8.1

data sequences, 5.8.5
defined, 2.0 glossary, 5.4
direction, 5.8.2
overview, 4.7.2,5.8

packet size, 5.8.3, 9.6.4
transaction format, 8.5.1
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bulk transfers (continued)
transaction organization within IRPs, 5.9.2
USBDpipe mechanism responsibilities, 10,5.3.1.3

bus accessfor transfers
bulk transfer constraints, 5.8.4
bus bandwidth reclamation, 5.9.5
calculating buffer sizes, 5.9.4
calculating bus transaction times, 5.9.3
client software role in, 5.9.1.1
control transfer constraints, 5.5.4
HCD role in, 5.9.1.3
Host Controller role in, 5.9.1.5
interrupt transfer constraints, 5.7.4
isochronous transfer constraints, 5.6.4
transactionlist, 5.9.1.4
transaction tracking, 5.9.2
transfer management, 5.9.1:5.9.1.5
transfer type overview, 5.4
USBD role in, 5.9.1.2

bus clock, 5.10.2, 5.10.3, 5.10.8
bus enumeration

defined, 2.0 glossary
device initialization, 10.5.1,1
overview, 4.6.3, 9.1.2
re-enumerating sub-trees, 10.5.4.6
staged power switching in functions, 7.2.14
USB System Software role, 4.9

Bus Managementservices, 10.5.4.2
bus-powered devices and functions

configuration descriptors, 9.6.2
defined, 4.3.1
device states, 9.1.1.2

high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
powerbudgeting, 9.2.5.1

bus-powered hubs
configuration, 11.14
defined, 4.3.1, 7.2.1
device states, 9.1.1.2
overview, 7.2.1.1
powerswitching, 11.11
voltage drop budget, 7.2.2

bus protocol overview, 4.4
Bus_Reset receiver state, 11.6.1, 11.6.1.6
bus states

detecting, 11.16.2.3
evaluating after reset, 7.1.7.1
global! suspend, 7.1.7.4.1
Host Controllerrole in state handling. 10.2.1
signaling levels and, 7.1.7

bus timing/electrical characteristics, 7.3.2
bus topology, 5.2:5.2.5

client-software-to-function relationship, 5.2.5
defined, 4.1
devices, 5.2.2
hosts, 5.2.1
illustrated, 4.1.1

logical bus topology, 5.2.4
physical bus topology, 5.2.3

bus transaction timeout in isochronoustransfers,
5.10.7

bus turn-aroundtime, 2.0 glossary, 7.1.18, 8.7.2

bypass capacitors, 7.2.4.1, 7.2.4.2
bytes, defined, 2.0 glossary

Cc
cable assemblies, 6.4:6.4.4
cable attenuation, 7.1.17

cable delay
electrical characteristics, 7.3.2 Table 7-9
full-speed cables, 6.4.2
hub differential delay, differential jitter, and SOP

distortion, 7.3.3 Figure 7-42
hub EOP delay and EOP skew,7.3.3 Figure 7-43
hub signaling timings, 7.1.14
inter-packet delay and, 7.1.18
low-speed cables, 6.4.3, 7.1.7.2
overview, 7.1.16
propagation delay, 6.4.1, 6.7 Table 6-7, 7.1.1.2
skew delay, 6.7 Table 6-7, 7.1,3, 7.3.3 Figure 7-43

cables

attenuation, 7.1.17
cable assemblies, 6.4:6.4.4
cable delay (See cable delay)
captive cables

full-speed captive cable assemblies, 6.4.2
inter-packet delay and, 7.1.18
low-speed captive cable assemblies, 6.4.3
maximum capacitance, 7.1.6
termination, 7.1.5

color choices, 6.4
construction, 6.6.2
description, 6.6.1
detachable cables

cable delay, 7.1.16
connectors and, 6.2
detachable cable assemblies, 6.4.1

inter-packet delay and, 7.1.18
low-speed detachable cables, 6.4.4
maximum capacitance, 7.1.6
termination, 7.1.5
voltage drop budget, 7.2.2

electrical characteristics and standards, 4.2.1,
6.6.3, 6.7, 7.3.2 Table 7-9

end-to-end signal delay, 7.1.19
environmental characteristics, 6.6.4, 6.7

flyback voltage, 7.2.4.2
full-speed cables, 6.4.2
impedance, 6.4.1, 6.4.2, 6.7 Table 6-7
input capacitance, 7.1.6
length, 6.4.1, 6.4.2, 6.4.3
listing, 6.6.5
low-speed cables, 6.4.3, 6.4.4
mechanical configuration and material

requirements, 6.6:6.6.5, 6,7
overview, 6.3
prohibited cable assemblies, 6.4.4
pull-out standards, 6.7 Table 6-7
shielding, 6.6, 6.6.1
termination, 7.1.5

voltage drop budget, 7.2.2
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calculations

buffering for rate matching, 5.10.8
buffer sizes in functions and software, 5.9.4
bus transaction times, 5.9.3

capabilities, defined, 2.0 glossary
capacitance

after dynamic attach, 7.2.4.1
decoupling capacitance, 7.3.2 Table 7-5
input capacitance, 7.1.6, 7.3.2 Table 7-5
low-speed buffers, 7.1.1.2, 7.1.2
low-speed cable capacitive loads, 6.4.3
optional edge rate control capacitors, 7.1.6
pull-up resistors and, 7.1.5
single-ended capacitance, 7.1.1.2
small capacitors, 7.1.6
target maximum droop and, 7.2.4.1
unmated contact capacitance, 7.3.2 Table 7-9

capacitive load, 6.7 Table 6-7
captive cables

full-speed captive cable assemblies, 6.4.2
inter-packet delay and, 7.1.18
low-speed captive cable assemblies, 6.4.3
maximum capacitance, 7.1.6
termination, 7.1.5

changebits
device states, 11.13.2

hub and port status change bitmap, 11.13.4
hub status, 11.16.2.5

over-current status change bits, 11.13.5
port status changebits, 11.16.2.6.2:11.16.2.6.2.5
Status Change endpoint defined, 11.13.41

changepropagation, host state handling of, 10.2.1
characteristics of devices, 2.0 glossary, 9.6.2
C_HUB_LOCAL_POWER,11.11, 11.16.2, 11.16.2.1,

11.16.2.5, 11.16.2.6.1.6
C_HUB_OVER_CURRENT,117.16.2, 11.16.2.1
C_HUB_OVER_POWER,11.16.2.5
classes of devices. See device classes

Classfield, 9.2.3, 9.6.3

class-specific descriptors, 9.5, 11.15.2.1
class-specific requests.

hub class-specific requests, 11.16.2:11.16.2.9
time limits for completing, 9.2.6.5
USBDI mechanisms, 10.5.2.8

ClearFeature() request, CLEAR_FEATURE
ClearHubFeature() request, 11.16.2.1
ClearPortFeature() request, 11.16.2.2
endpoint status and, 9.4.5
hub class requests, 17.16.2
hub requests, 11.16.1
overview, 9.4.1
standard device request codes, 9.4

ClearHubFeature() request
clearing hub features, 11.16.2.5
hub class requests, 11.16.2
hub class-specific requests, 11.16.2.1

clearing pipes, 10.5.2.2
ClearPortFeature() request

clearing status changebits, 11.13.2, 11.16.2.6.2
C_PORT_CONNECTION, 11.16.2.6.2.1
C_PORT_ENABLE, 11.16.2.6.2.2
C_PORT_OVER-CURRENT,11.16.2.6.2.4

ClearPortFeature() request (continued)
C_PORT_RESET, 11.16.2.6.2.5
C_PORT_SUSPEND,11.16.2.6.2.3
hub class requests, 11,16.2, 11.16.2.2
PORT_CONNECTION,11.16.2.6.1.1
PORT_ENABLE,11.5.1.4, 17.16.2.6.1.2
PORT_LOW_SPEED, 11.16.2.6.1.7
PORT_OVER_CURRENT,11.16.2.6.1.4
PORT_POWER,11,5.1-2. 11.16.2.6.1.6
PORT_RESET, 11.16.2.6.1.5
PORT_SUSPEND,11.5.1.9

client pipes, 10,5.1.2.2
client software

in bus topology, 5.2, 5.2.1, 5.2.5
client software-to-function relationships, 5.2, 5.2.5
in communication flow, 5.3
control transfers and, 5.5

defined, 2.0 glossary
as implementation focus area, 5.1
Master Client status, 10.5.3.2.4, 10,.5.4.2
notification identification, 10.3.4
role in configuration, 10.3.4
role in data transfers, 10.3.3
service clock and, 5.10.2
in source-to-sink connectivity, 5.10.4.3
in transfer management, 5.9.1, 5.9.1.1

clock model

buffering for rate matching, 5.10.8
bus clock, 5.10.2

clock encoding schemein electrical specifications
overview, 4.2.1

clock synchronization, 5.10.3
clock-to-clock phase differences, 5.10.3
defined, 5.10
hub clock source, 11.2.1
in non-USBisachronous application, 5.10.1
overview, 5.10.2

sample clock, 5.10.2
service clock, 5.10.2

using SOFtokens as clocks, 5.10.5
clock timings, 7.3.2 Table 7-6, 7.3.2 Table 7-7
CMOSdriver circuit, 7.1.1.1
codes, See specific types of codes
Collision conditions, 11.8.3
color choices

cables, 6.4
plugs, 6.5.4.7
receptacles, 6.5.3.1

commanded stalls, 8.4.4

commands. See requests
common mode rangefordifferential input sensitivity,

7.14

Communication Cables (UL Subject-444), 6.7.1
Communication Cables (UL Subject-444), 6.6.5
communication flow, 5.3:5.3.2.2
completed operations, 92.6
completed transactions, 11.3.3
completion times for hub requests, 11.16.1
compound devices

bus-powered hubs, 7.2.1.1
in bus topology, 5.2.3
defined, 4.8.2.2
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compound devices (continued)
hub descriptors for, 11.15.2.1
power configuration, 11.14
self-powered hubs, 7.2.1.2

conductor resistance unbalance, 6.6.3
conductors

mechanical specifications, 4.2.2
power and signal conductors in cables, 6.3, 6.6.2
resistance, 6.6.3

configuration
bus enumeration, 4.6.3, 9.1.2
configuration management, 10,5.4.1.4
Configured device state, 9.1.1.5
control transfers and, 5.5.4

descriptors, 9.4.3, 9.5, 9.6.1:9.6.4, 11.15.1 (See
also descriptors)

device attachment, 4.6.1
device configuration, 10.3.1
device removal, 4.6.2, 10.5.4.1.4

function configuration, 10.3.4
hubs, 17.14
information in device characteristics, 4.8.4
initial device configuration, 10.5.4.1.2
interrupt transfers and, 5.7.4
modifying device configuration, 10.5.4.1.3
multiple configurations, 9.6.4
multiple interfaces, 9.2.3
operations overview, 9.2.3
powerdistribution and, 7.2.1
remote wakeup capabilities, 9.2.5.2
requests

configuration requests, 5.9.1.2
GetConfiguration() request, 9.4.2
SetConfiguration() request, 9.4.7

required configurations before usage, 10.3.1
USB configuration, 10.3.1
USBDI mechanismsfor getting current settings,

10.5.2.4

USBDrole in, 5.9.1.2, 10.5.4.1:10.5.4.1.4
Configuration = 0 signal/event, 11.5
configuration descriptors, 9.4.3, 11.15.1
Configured device state

in bus enumeration process, 9.1.2
overview, 9.1.1.5
standard device requests and, 9.4.1:9.4.11
visible device state table, 9.1.1 Table 9-7

configuring software, defined, 2.0 glossary
Connect busstate, 7.1.7, 7.1.7.1
connecting devices. See dynamic insertion and

removal

connection status, 11.16,.2.6.2, 11.16.2.6.2.1
connectivity

audio connectivity, 5.10.4.3.1
hub fault recovery mechanisms, 11.1.2.3
Hub Repeater responsibilities, 11.1
hubs, 11.1, 19,1.2:11.1.2.3

packet signaling connectivity, 11.1.2.1
resume connectivity, 11.1.2.2
source/sink connectivity, 5.10.43
synchronous data connectivity, 5.10.4.3.2

connectors

input capacitance, 7.1.6
inrush current and, 7.2.4.1
interface and mating drawings, 6.5.3, 6.5.4
keyed connector protocol, 6.2
mechanical configuration and material

requirements, 4.2.2, 6.5:6.5.4.3
orientation, 6.5.1
Series "A" and Series "B" plugs, 6.5.4
Series "A" and Series "B"receptacles, 6.5.3
standards for, 6.7
termination data, 6.5.2
USB Icon, 6.5

construction, cable, 6.6.2
contact arcing, minimizing, 7.2.4.1
contact capacitance standards, 6.7 Table 6-7
contact current rating standards, 6.7 Table 6-7
contact materials, 6.5.3.3, 6.5.4.3
control endpoints, 2.0 glossary See also control

transfers

controlling hubs, defined, 7.1.7.5
control mechanisms

device states and control information, 11.13.2
Host Controller control flow management, 4.9
of USB host, 10.7.2

control pipes, 2.0 glossary. See a/so control transfers;
messagepipes; pipes

control transfers

bus access constraints, 5.5.4
control pipes in device characteristics, 4.8.4
data format, 5.5.4
data sequences, 5.5.5
defined, 2.0 glossary, 5.4
device requests, 9.3
direction, 5.5.2
error handling on last data transaction, 8.5.2.3
full-speedlimits, 5.5.4 Table 5-7
low-speedlimits, 5.5.4 Table 5-7
overview, 4.7.1, 5.5
packet size, 5.5.3, 9.6.4
protocolstalls, 8.4.4
reporting status results, 8.5.2.1
stages, 2.0 glossary, 5.5
STALL handshakes returned by control pipes,

8.5.2.4

transaction format, 8.5.2
transaction organization within IRPs, 5.9.2
USBD pipe mechanism responsibilities, 10.5,.3.1.4
variable-length data stage, 8.5.2.2

corrupted transfers and requests
in control transfers, 8.5.2
corrupted ACK handshake, 8.5.2.3, 6.6.4
corrupted CRCs, 10.2.6
corrupted IN tokens, 84.5.1
corrupted PIDs, 8.3.1
corrupted SOF packeis in isochronous transfers,

5.10.6

in data toggle, 8.6.3
error detection and recovery, 8.7:8.7.4
function response to OUTtransactions, 8.4.5.3
host responseto IN transactions, 8.4.5.2
NAK or STALL handshake,8.6.3
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costs of implementation, 3.3
C_PORT_CONNECTION

clearing, 11.16.2.2
defined, 11.16.2.6.2.1
hub class feature selectors, 11.16.2

Port Changefield, 11.16.2.6.2
SetPortFeature() request, 11.16.2.9

C_PORT_ENABLE
ClearPortFeature() request, 11.16.2.2
defined, 11.16.2.6.2.2
hub class feature selectors, 11.16.2
Port Changefield, 11.16,2.6.2
SetPortFeature() request, 11.16.2.9

C_PORT_OVER_CURRENT
clearing, 11.16.2.2
defined, 11.16.2.6.2.4
hub class feature selectors, 11.16.2
over-current conditions, 11.17.1, 11.13.5
Port Changefield, 11.16.2.6.2
SetPortFeature() request, 11.16.2.9

C_PORT_RESET
clearing, 11.16.2.2
defined, 11.16.2.6.2.5
hub class feature selectors, 11.16.2
Port Changefield, 11.16.2.6.2
SetPortFeature() request, 11.16.2.9

C_PORT_SUSPEND
clearing, 11.16.2.2
defined, 11.16.2.6.2.3
hub class feature selectors, 11.162

Port Changefield, 11.16.2.6.2
resume conditions and, 11.4.4
SetPortFeature() request, 11.16.29

CRCs

bit stuffing, 7.1.9
in bulk transfers, 8.5.1
corrupted CRCs, 10.2.6
in data packets, 8.3.5.2, 8.4.3
defined, 2.0 glossary
in error detection, 8.7.1
overview, 8.3.5
protection in isochronoustransfers, 5.10.7
resending, 8.6.4
in token packets, 8.3.5.1, 8.4.1
USB robustness and, 4.5, 4.5.1

cross-overpoints of data lines, 7.1.13.2
cross-overvoltage in signaling, 7.1.2
crystal capacitive loading, 7.1.11
CTI, 2.0 glossary, 3.1
current

current averaging profile, 7.2.3
current spikes during suspend/resume, 7.2.3
supply current, 7.3.2 Table 7-5

current frame in hub timing, 11.2.1
currentlimiting

bus-powered hubs, 7.2.1.1
dynamic attach and detach, 7.2.4.1
in over-current conditions, 11.13.5
power control during suspend/resume, 7.2.3
remote wakeup and, 7.2.3
self-powered functions, 7.2.1.5

cyclic redundancy check, See CRCs
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D
D+ or D- lines

average voltage, 7.1.2
signaling levels and, 7.1.7
Signal termination, 7.1.5
during signal transitions, 7.1.4
single-ended capacitance, 7.1.1.2
standardized contact terminating assignments,

6.5.2
data

data defined, 5.10.4
data encoding/decoding, 7.1.8
data prebuffering, 5.10.5
data processing role of Host Controller, 10.2.4

DATAO/DATA1 PIDs, 8.3.1 Table 8-7
in bulk transfers, 5.8.5, 8.5.1

comparing sequencebits, 8.6.2
in control transfers, 8.5.2
in data packets, 8.4.3
in interrupt transactions, 8.5.3
interrupt transfers and, 5.7.5
synchronization and. 8.6

data field in packets, 8.3.4, 8.4.3
data flow model. See transfers

data flow types. See transfer types
data formats

bulk transfers, 5.8.1
control transfers, 5.5.4
interrupt transfers, 5.7.1
isochronoustransfers, 5.6.1, 5.10.4
overview, 5.4

Data J state. See J bus state
Data K bus state. See K bus state

data packets
bus protocol overview, 4.4
data CRCs, 8.3.5.2
In tsochronous transfers, 8.5.4
overview, 6.4.3

packet field formats, 8.3:8.3.5.2
data payload

bulk transfer data packets, 5.8.3
calculating transaction times, 5.9.3
defined, 5.3.2

interrupt transfers, 5.7.3
isochronoustransfers, 5.6.3
packet size constraints, 5.5.3, 5.6.3

data PIDs, 8.3.1 Table 8-1, See also DATAQ/DATA1
PIDs

data rates

adaptive endpoints, 5.10.4.1.3
asynchronous endpoints, 5.10.4.1.1
in buffering calculations, 5,10,.8
data-rate tolerance, 7.1.11
defined, 5.10.4
in electrical specifications overview, 4.2.1
feedback for isochronoustransfers, 5.10.4.2
full-speed source electrical characteristics, 7.3.2

Table 7-6

low-speed source electrical characteristics, 7.3.2
Table 7-7

overview, 7.1.11
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data rates (continued)
sample clock and, 5.10.2
synchronous endpoints, 5.10.4.1.2

data retry indicators in control transfers, 5.5.5
data sequences

bulk transfers, 5.8.5
control transfers, 5.5.5
interrupt transfers, 5.7.5
isochronoustransfers, 5.6.5

data signaling, 7.1.7.2
data signal rise andfall time. See rise andfall times
data sourcejitter, 7.1.13.1, 7.1.15
data source signaling, 7.1.13
Data stage

in control transfers, 5.5, 5.5.5, 8.5.2
error handling on last data transaction, 8.5.2.3
lengih of data, 9.3.5
packet size constraints, 5.5.3
variabletength data stages, 3.5.2.2

data toggle
bulk transfers, 5.3.5
in bulk transfers, 8.5.1
corrupted ACK handshake,8.6.4
data corrupted or not accepted, 8.6.3
in data packets, 8.4.3
initialization via SETUP token, 8.6.1

in interrupt transactions, 8.5.3
interrupt transfers and, 5.7.5
low-speed transactions, 8.6.5
overview, 8.6
successful data transactions, 8.6.2

data transfers. See data packets; Data stage:
transfers

DC electrical characteristics, 7.3.2 Table 7-5
debounce intervals in connection events, 7.1.7.1
debouncing connections, 11.8.2
decoupling capacitance, 7.3.2 Table 7-5
default addresses of devices, 2.0 glossary, 9.1.1.4,

10.5.1.1
Default bus state, 7.1.7.3

Default Control Pipe
in bus enumeration process, 9.1.2
in communication flow, 5.3
control transfer packet size constraints, 5.5.3
defined, 4.4, 5.3.2
endpoint zera requirements, 5.3.1.1
as message pipe, 5.3.2.2
size description in descriptors, 9.6.7

Default device state

overview, 9.1.7.3
standard device requests and, 9.4,1:9.4.11
visible device state table, 9.1.1 Table 9-1

default pipes, 2.0 glossary, 10.5.1.2.1
delays. See cable delay; differential delay;

propagation delay
delivery rates In isochronoustransfers, 4.7.4
DEOPsignal/event, 11-7
descriptors

accessing, 11.15.1
in bus enumeration process, 9.1.2
class-specific descriptors, 9.5, 11,15.2.1
configuration descriptors, 9.6.2, 10.3.1, 10.5,2.4

descriptors (continued)
control transfers and, 5.5, 5.5.3
defined, 9.5
device class definitions, 9.7, 9.7.4
device descriptors, 9.4 Table 9-5, 9.6.1:9.6.5
endpoint descriptors, 9.6.4
getting descriptors, 9.4.3, 10.5.2.3
hub descriptors, 11.15:11.15.2.1, 11.16.2.4,

11,16.2.7

interface descriptors, 9.2.3, 9.6.3
isochronoustransfer capabilities, 5.10
listing remote Wakeup capabilities, 9.2.5.2
overview, 9.5:9.7.3
seiting descriptors, 9.4.8, 10.5.2.12
string descriptors, 9.6.5
USBDI mechanismsfor getting descriptors,

10,5.2.3

vendor-specific descriptors, 9.5
deserialization of transmissions, 10.2.2
detachable cables

cable delay, 7.1.16
connectors and, 6.2
detachable cable assemblies, 6.4.1
inter-packet delay and, 7.1.18
low-speed detachable cables, 6.4.4
maximum capacitance, 7.1.6
termination, 7.1.5

voltage drop budget, 7.2.2
detached devices, 9.1.1.1, 9.1.2
detaching devices. See dynamic insertion and

removal

detecting bus state, 11.16.2.3
detecting connect and disconnect conditions, 7.1.7.1
detecting errors. See error detection and handling
detecting hub and port status changes, 11.13.2,

11.13.3, 11.13.4

detecting over-current conditions, 7.2.1.2.1
detecting speed of devices. See speed detection
Developing International Software for Windows 95

and Windows NT, 9.6.5
device addresses, 2.0 glossary. See also addresses:

devices
device classes. See a/so USB device framework

class codes, 9.2.3
defined, 4.8
descriptors, 9.2.3, 9.6.1, 9.7
device characteristics, 4.8.1
device class definitions, 9.7
getting class-specific descriptors, 9.5
hub class-specific requests, 11.16.2:11.16.2.9
interfaces and endpoint usage, 9.7.2
requests, 9.7.3
standard, class, and vendorinformation, 4.8.1

Device Class Specification for Audio Devices
Revision 1.0,9.6

device descriptors
descriptor types, 9.4 Table 9-5
device class descriptors, 9.2.3, 9.7
GetDescriptor() request, 9.4.3
getting class-specific descriptors, 9.5
hubs, 11,15.4
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device descriptors (continued)
overview, 9.6.1
standard definitions, 9.6.1:9.6.5

device drivers, 5.10.4.3, 10.3.1
device endpoints, 2.0 glossary, 5.3.1.1. See also

endpoints
device-initiated resume. See remote wakeup
Device layer

descriptors, 9.5:9.7.3
device states, 9.1:9.1.2
generic USB device operations, 9.2:9.2.7
standard device requests, 9.4:9.4.11
in USB device framework, 9

USB device requests, 9.3:9.3.5
Device Managementservices, 10.5.4.2
Device release numbers, 9.6.1
DEVICE_REMOTE_WAKEUP,9.4 Table 9-6
DeviceRemovable field (hub descriptors), 11.15.2.1
device resources, 2.0 glossary. See also buffers;

endpoints
devices. See a/so USB device framework

address assignment, 9.1.2, 9.2.2
characteristics and configuration (See also device

descriptors)
configuration, 4.8.2.2,9.2.3
data-rate tolerance, 7.1.14

descriptors, 9.5:9.7.3, 9.6.1
device characteristics, 4.8.1

device classes, 4.8, 9.7
device descriptions, 4.8.2:4.8.2.1
device speed, 7.1.5, 7.1.7.1, 11.8.2
host role in configuration, 10.3.1
optional endpoints, 5.3.1.2
USBDrole in configuration, 10.5.4.1:10.5.4.1.4

data transfer, 9.2.4
communication flow requirements, 5.3
control transfers and, 5.5
detailed communication flow illustrated, 5.3

differing bus accessfortransfers, 5.9
Jitter budget table, 7.7.15
responseto IN transactions, 8.4.5.4
responseto OUTtransactions, 8.4.5.3
response to SETUP transactions, 8.4.5.4
role in bulk transfers, 8.5.4

device event timings, 7.3.2 Table 7-17
devices defined, 2.0 glossary
dynamic attach and detach, 9.2.1

powerdistribution, 7.2.4:7.2.4.2
removing, 10.5.2.6, 10.5.4.1.4
USBDI mechanisms, 10.5.2.5, 10.5.2.6

generic USB device operations, 9.2°9.27
powerdistribution, 7.2.1, 9.2.5

bus-powered devices, 4.3.1, 7.2.1.1
dynamic attach and detach, 7.2.4:7.2.4.2
high-powerbus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
powersupply and, 4.3.1
self-powered devices, 4.3.1, 7.2.1.2, 7.2.1.5
suspend/resume conditions, 7.2.3
voltage drop budget, 7.2.2
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devices (continued)
requests

host communication, 10.1.1

request errors, 9.2.7
request processing, 9.2.6:9.2.6.5
standard device requests, 9.4:9.4.11
USB device requests, 9.3:9.3.5

status

device states, 9.1:9.1.2, 11.13.2
getting device status, 9.4.5
getting port status, 11.16.2.6.1.1

types of devices
compound devices, 4.8.2.2
functions, 4.8,2.2
nubs, 4.8.2.1
mapping physical and virtual devices, 5.10.4.3
virtual devices, 2.0 glossary

in USB topology, 4.1.1.2,5.2,5.22,9.0
device software, defined, 2.0 glossary
diagnostic requests, 11.16.2,3
diameter of cables, 6.6.2
dielectric withstanding voltage standards, 6.7 Table 6-

7

Differential 1 bus state, 7.1.7
Differential 2 bus state, 7.1.7
differential data jitter, 7.3.3 Figure 7-39, 7.3.3 Figure

7-42

differential delay, 7.3.2 Table 7-8, 7.3.3 Figure 7-42
differential-ended components in upstream ports, 11.6
differential input receivers, 7.1.4, 7.1.6
differential output drivers, USBD as, 7.1.1
differential signaling, 7.1.7, 7.1.7.2
differential-to-EOP transition skew, 7.3.3 Figure 7-40
dimensional inspection standards, 6.7 Table 6-7
Direction bit, 9.3.1, 9.3.4
direction of communication flow, 5.4

bmRequestType field, 9.3.1
bulk transfers, 5.8.2

bus protocol overview, 4.4
control transfers, 5.5.2

interrupt transfers, 5.7.2
isochronoustransfers, 5.6.2

disabled ports, 17.5, 11.5.1.4, 11.16.2.6.1,
41.16.2,6.2

Disabled state, 11.5, 11.5.1.4
disabling features, 9.4.1
discarding packets, 11.3.2
Disconnect_Detect signal/event, 11.5, 11.5.2
Disconnected state

connect and disconnect signaling, 7.1.7.4
downstream ports, 11.5, 11.5.1.3
signaling levels and, 7.1.7

disconnecting devices. See dynamic insertion and
removal

disconnect timer, 11.5.2
distortion, minimizing in SOP, 7.1.7.2
documents, applicable standards, 6.7.1
down counters in hub timing, 11.2.4
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downstream ports and hubs
downstream connectivity defined, 17.1,2.1
downstream defined, 2.0 glossary
downstream plugs, 6.2
downstream ports defined, 4.8.2.1
downstream port state machine, 11.5
full- or low-speed drivers and, 7.1.2.1
in hub architecture, 11.1.4

hub delay, 7.3.3 Figure 7-42
hub descriptors, 11.15.2.1
hub EOP delay and EOP skew,7.3.3 Figure 7-43
input capacitance, 7.1.6
jitter, 7.3.2 Table 7-7
port state descriptions, 11.5.1:11.5.1.11
pull-up and pull-downresistors, 11.12.41
signaling delays, 7.1.14
transceivers, 7.1.7

drain wires, 6.5.2, 6.6.1, 6.6.2
dribble, defined, 7.1.9
drift, 5.10.1, 5.10.3
driver characteristics

full-speed (12Mb/S) driver characteristics, 7.1.1.1
full-speed source electrical characteristics, 7.3.2

Table 7-6

low-speed (1.5Mb/S) driver characteristics, 7.1.1.2
low-speed source electrical characteristics, 7.3.2

Table 7-7
overview, 7.1.1

drivers

defined, 2.0 glossary
role in configuration, 10.3.1
in Source-to-sink connectivity, 5.10.4.3

droop, 7.2.3, 7.2.4.1
dual pin-type receptacles, 6.9
durability standards, 6.7 Table 6-7
DWORD,defined, 2.0 glossary
dynamic insertion and removal, 9.2.1

attaching devices, 4.6.1
defined, 2.0 glossary
detecting insertion and removal, 4.9, 9,2.1
Hub Repeater responsibilities, 11.1
hub support for, 11.1
powercontrol, 7.2.3, 7.2.4:7.2.4.2
power-on and connection events timing, 7.1.7.1
removing devices, 4.6.2
USB robustness and, 4.5

Ee
E2PROM defined, 2.0 glossary
ease-of-use considerations, 1.1
edgesof signals

cable dejay, 7.1.16
data sourcejitter, 7.1.13.1
edgetransition density, 8.2
hubs and edge rate control, 11.12.2
optional edge rate control capacitors, 7.1.6

EEPROM,defined, 2.0 glossary
Ejectrical Connector/Socket Test Procedures, 6.7.1
Electrically Erasable Programmable Read Only

Memary (EEPROM), 2.0 glossary

Electrical Performance Properties of Insulation and
Jacket for Telecommunication Wire and Cable,
6.7.1

electrical specifications, 6.1, 7
applicable documents, 6.7.1
bus timing/electrical characteristics, 7.3.2
cables, 6.3, 6.4:6.4.4, 6,6:6.6.5
connectors, 6.2. 6.5:6.54.3
overview, 4.2.1, 6
PCB reference drawings, 6.9
physical layer specifications, 7.3:7.3.3
powerdistribution, 7.2.3, 7.2.4:7,.2.4.2, 7.2:7.2.1.5
signaling, 7.1:7.1.19
standardsfor, 6.7, 7.3.1
timing waveforms, 7.3.3
USB grounding, 6.8

embedded hubs, 4.8.2.2, 5.2.2

EMI, USB grounding and, 6.8
enabled ports

connectivity and, 11.1.2.1
downstream ports, 11.5, 11.5.1.6
getting port status, 11.16.2.6.1
PORT_ENABLEbit, 11.16.2.6.1.2
port status changebits, 11.16.2.6.2

Enabled state, 11.5, 11.5.1.6
encoding data, 7.1.8
End-of-Frame (EOF). See EOFs
End-of-Packet (EOP). See EOPs
End-of-Packet bus state, 7.1.7, 7.1.7.2
end-of-packet delimiter. See EOPs
ENDPfield, 8.3.2.2, 8.3.5.1, 8.4.1

endpoint addresses, 2.0 glossary, 5.3.1, 9.6.4
endpoint descriptors, 9.4.3, 9.6.1, 9.6.3, 9.6.4
endpoint direction, defined, 2.0 glossary
endpointfield (ENDP), 8.3.2.2, 8.3.5.1, 8.4.1
ENDPOINT_HALT,9.4 Table 9-6
endpoint numbers, 2.0 glossary, 5.3.1
endpoints

addresses, 9.6.4
characteristics, 5.3.1
description in descriptors, 9.4.3, 9.6.1, 9.6.3, 9.6.4
in device class definitions, 9.7.2
direction offlow, 5.3.1
endpoint addressfield, 8.3.2.2
endpointaliasing, 8.3.2
endpoint zero requirements, 4.8.1, 5.3.1.1, 5.3.1.2,

5.3.2

getting endpoint status, 9.4.5
Hub Controller endpoint organization, 11.13.1
in interfaces, 9.2.3,9.6.2,9,.6.3
logical devices as collections of endpoints, 5.3
message pipes and, 5.3.2.2
non-endpoint zero requirements, 5.3.1.2
overview, 5.3.1
pipes and, 4.4, 5.3.2
Programmable data rates, 2.0 glossary
reflected endpoint status, 10.5.2.2
role in data transfers, 4.7
samples, 2.0 glossary
specifying in windexfield, 9.3.4
stream pipes and, 5.3.2.1
synchronization frame, 9.4.14
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endpoint synchronization type, 5.10.4, 5.10.4.1
endpoint zero

Default Control Pipe and, 5.3.2
in device characteristics, 4.8.1
non-endpoint zero requirements, 5.3.1.2
requirements, 5.3.1.1

end-to-end signal delay, 7.7.19
end users, 2.0 glossary, 3.3
enumeration. See bus enumeration

environmental characteristics for cables, 6.6.4
environmental compliance standards, 6.7
EOF1 or EOF2 signal/event

frame timer and, 11.2.1, 11.2.2
host behavior at end-of-frame, 11.3
in Hub Repeater state machine, 11.7
in transmitter state machine, 11.6.2

EOFs

defined, 2.0 glossary
in frame timer synchronization, 11.2.1
host behavior at end-of-frame, 11.3:11.3.3
Host Controller frame generation, 10.2.3
in transaction completion prediction, 11.3.3

EOI signal/event
in downstream port state machine, 11.5
in internal port state machine, 11.4
in receiver state machine, 11.6.1
in transmitter state machine, 11.6.2

EOPbusstate, 7.1.7, 7.1.7.2
EOPs

defined, 2.0 glossary
differentialto-EOPtransition skew and EOP width,

7.3.3 Figure 7-40
EOPdelimiter, 8.3
EOPwidth, 7.1.13.2, 7.3.3 Figure 7-40
error detection through bus turn-around timing,

8.7.2

extra bits and, 7.1.9
false EOPs, 2.0 glossary, 3.7.3
handshake packets and, 8.4.4
hub EOP delay and EOP skew,7.3.3 Figure 7-43
hub/repeater electrical characteristics, 7.3.2 Table

7-8

hub signaling at EOF 1, 11.3.1
intervals between IN token and EOP, 11.3.3

propagation delays, 7.1.14
equations

buffering for rate matching, 5.10.8
buffersizes in functions and software, 5.9.4
bus transaction times, 5.9.3

error detection and handling. See a/so corrupted
transfers and requests

babble and loss of activity recovery, 8.7.4
bit stuff violations, 8.7.1
bulk transfers and, 5.8.5, 8.5.4
bus turn-aroundtiming, 8.7.2
control transfers and, 5.5.5, 8.5.2.1
corrupted ACK handshake, 8.5.2.3, 8.6.4
corrupted SOFpackets in isochronoustransfers,

5.10.6

CRCs,8.3.5, 8.7.1
data corrupted or not accepted, 8.6.3
error count tally, 10.2.6
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error detection and handling (continued)
error handling for transfers, 5.4
error handling on last data transaction, 8.5.2.3
false EOPs,2.0 glossary, 8.7.3
Host Controller role in, 10.2.6
Hub Repeater responsibilities, 11.1
hub role in, 17.1.2.3
interrupt transfers and, 5.7.5
isochronoustransfers and, 5.6.4, 5.6.5, 5.10.7
overview, 8.7
packet error categories, 8.7.1
PID checkbits, 8.7.4
Port Error conditions, 11.8.4
Request Errors, 9.2.7
sample size and, 5.10.8
short packets and error conditions, 5.3.2
synchronous data connectivity, 5.10.4.3.2
USBDrole in, 10,5.4.5
USB robustness and, 4.5.1, 4.5.2

ESD, USB grounding and, 6.8
eventnotifications, USBD and, 10.5.4.4
exception handling. See error detection and handling
extended descriptor definitions, 9.7.1
extensibility of USB architecture, 4.10
extension cables, 6.4.4

externally-powered hubs, 7.2.1. See also self
powered hubs

extraction force standards, 6.7 Table 6-7

F
failed data transactions, 8.6.3
false EOPs,2.0 glossary, 8.7.3
fault detection. See error detection and handling
features

hub class feature selectors, 11.16.2
SetFeature() request, 9.4.9
setting hub features, 11.16.2.8
standard feature selectors, 9.4 Table 9-6

feedback for isochronous transfers, 5.10.4.2
ferrite beads, 7.1.6

fields. See names of specific fields
flammabllity

cables, 6.6.4

Series "A" and Series "B" plugs, 6.5.4.1
Series "A" and Series "B" receptacles, 6.5.3.1
standards, 6.7 Table 6-7

flexibility of USB devices, 3.3
flow control mechanisms

in bus protocol overview, 4.4
handshake packets and, 8.4.4
USB robustness and, 4.5

flyback voltage, 7.2.4.2
format of USB device requests, 9.3
formulas

buffering for rate matching, 5.10.8
buffer sizes in functions and software, 5.9.4
bus transaction times, 5.9.3

frame clock, 5.70.3
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frame intervals

frame interval adjustment, 7.1.12
full-speed source electrical characteristics, 7.3.2

Table 7-6

low-speed source electrical characteristics, 7.3.2
Table 7-7

repeatability, 7.17.12
frame numberfield, 8.3.3, 8.4.2
frame numbers, 5.10.6, 8.3.3, 8.4.2, 10.2.3
frame pattern, defined, 2.0 glossary
frames. See also frametimers

allocating bandwidth, 4.7.5, 5.9.1:5.9.1.5, 10.3.2
available time in frames, 5.5.4, 5.6, 5.6.4, 5.7.4,

5.8.4, 5.9.5
bandwidth reclamation, 5.9.5
bit time zero, 11.3

control transfer reserved portions, 5.5.4
defined, 2.0 glossary
frame generation responsibilities of Host Controller,

10.2.3

frame intervals, 7.1.12, 7.3.2 Table 7-6, 7.3.2 Table
f-7

frame numberfield, 8.3.3, 8.4.2
frame numbers, 5.10.6, 8.3.3, 8.4.2, 10.2.3
frame timers, 11.2:11.2.2
frame wanderdefined, 11.2.2
host behavior at end-of-frame, 11,3
interrupt transfer limitations, 5.7.4
isochronoustransferlimitations, 5.6.3, 5.6.4
Master Client status, 10.5.3.2.4, 10.5.4.2
one transaction per frame in isochronoustransfers,

5.10.7

organization of transactions within, 5.9.2
samples per frame in isochronoustransfers,

§.10.4.2

SOF packets, 8.4.2
SOF tracking, 5.10.6

frame timers

frame wander, 11.2.2
hub frame timer, 114.2:17,.2.2
timing skew, 11.2.2

frame wander, defined, 11.2.2
frequency-locked clocks, 5.10.3
Fs. See SRC

Fsus state, 11.4, 17.4.3
full-duplex, defined, 2.0 glossary
full-speed buffers, 7.1.2
full-speed cables

cable delay, 7.1.16
captive cable assemblies, 6.4.2
construction, 6.6, 6.6.2
description, 6.6.1
listing, 6.6.5
specifications, 6.3
standards for, 6.6.3, 6.6.4, 6.7

full-speed driver characteristics (72Mb/S), 7.1.1.1
full-speed functions and hubs

bulk transfers and, 5.8.4
cable and resistor connections, 7.1.5
connect detection, 7.1.7.1
control transfers and, 5.5.3, 5.5.4, 5.5.4 Table 5-7
data-rate tolerance, 7.1.11

full-speed functions and hubs (continued)
detachable cables and, 6.4.1

full-speed source electrical characteristics, 7.3,2
Table 7-6

full- vs. low-speed port behavior, 11.8.4
getting port status, 11.16.2.6.1
hub/repeaterelectrical characteristics, 7.3.2 Table

7-8

hub support for, 11.1
input capacitance, 7.1.6
interrupt transfers and, 5.7.3, 5.7.4 Table 4-4
isochronoustransfers and, 5.6.4

optional endpoints, 5.3.1.2
signal termination, 7.1.5
SOFPID and, 8.4.2
speed detection and, 11.8.2
Transmit state and, 11.5.1.7

full-speed signaling
calculating transaction times, 5.9.3
data rates, 4.2.1
data source jitter, 7.1.13.4
edge rates, 11.12.2
EOP width, 7.1.13.2
full-speed loads, 7.1.2
intervals between IN token and EOP, 11.3.3
J and K states, 7.1.7

jitter budget table, 7.1.15
propagation delays, 7.1.14

Full Suspend (Fsus)state, 11.4, 11.4.3
function address field (ADDR), 8.3.2.1
functional stall, 8.4.4, 8.5.2.4
Function layer

detailed communication flow, 5.3
illustrated, 5.1
interlayer communications model, 10.1.7

functions. See a/so devices

address assignment, 9.1.2, 9.2.2
characteristics and configuration (See a/so device

descriptors)
configuration, 4.8.2.2, 9.2.3
data-rate tolerance, 7.1.11
descriptors, 9.5:9.7.3, 9.6.1
device characteristics, 4.8.1
device classes, 4.8, 9.7
device speed, 7.1.7.1, 11.8.2
host role in configuration, 10.3.1
optional endpoints, 5.3.1.2

data transfer, 9.2.4
communication flow requirements, 5.3
contro! transfers and, 5.5
detailed communication flow illustrated, 5.3
differing bus accessfor transfers, 5.9
jitter budgettable, 7.1.15
response to IN transactions, 8.4.5.4
response to OUTtransactions, 8.4.5.3.
response to SETUP transactions, 3.4.5.4
role in bulk transfers, 8.5.1

device event timings, 7.3.2 Table 7-17
devices defined, 2.0 glossary
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dynamic attach and detach, 9.2.4
powerdistribution, 7.2.4:7.2.4.2
removing, 10.5.2.6, 10.5.4.1.4
USB mechanisms, 10.5.2.5, 10.5.2.6

generic USB device operations, 9.2:9.2.7
overview, 4.8.2.2
powerdistribution, 7.2.1, 9.2.5

bus-powered devices, 4.3.1, 7.2.1.4
dynamic attach and detach, 7.2.4:7.2.4.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
power supply and, 4.3.1
self-powered functions, 7.2.1.2, 7.2.1.5
suspend/resume conditions, 7.2.3
voltage drop budget, 7.2.2

requests
host communication with, 10.7.4

request errors, 9.2.7
request processing, 9.2.6:9.2.6.5
standard device requests, 9.4:9.4.11
USB device requests, 9.3:9.3.5

status, 9.1:9.1.2,9.4.5
types of devices

compound devices, 4.8.2.2
functions, 4.8.2.2
hubs, 4.8.2.1

mapping physical and virtual devices, 5,10.4.3
virtual devices, 2.0 glossary

in USB topology, 4.1.1.2, 5.2.2,5.2.3, 9.0
function-to-host transfers. See IN PID

G
gang-mode power control, 11.15.2.4
garbling messagesin Callision conditions, 11.8.3
Generate End of Packet Towards Upstream Port state

(GEOPTU), 11.6.2, 11.6.2.5
Generate Resume siate, 11.4, 11.4.4
generic USB device operations, 9.2:9.2.7
GEOPTUstate, 11.6.2, 11.6.2.5

GetBusState() request, 11,16.2, 11,16.2.3
GetConfiguration() request, GET_CONFIGURATION

hub requests, 11.16.1
overview, 9.4.2

returning interface descriptors, 9.6.3
standard device request codes, 9.4

GetDescriptor() request, GET_DESCRIPTOR,
142918:

endpoint descriptors, 9.6.4
GetDescriptor(CONFIGURATION) request,9.5,

9.6.4

GetHubDescriptor() request, 11.16.2.4
hub class requests, 11.16.2
hub descriptors, 11.16.2.4
hub requests, 117.16.7
interface descriptors, 9.6.3
overview, 9.4.3
standard device request codes, 9.4

GetHubDescriptor() request, 11.16.2, 11.16.2.4
GetHubStatus() request, 11,16.2, 17,16.2.5
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GET_INTERFACE
hub requests, 11.16.17
overview, 9.4.4
standard device request codes, 9.4

Getlnterface() request
alternate settings for interfaces, 9.2.3
interface descriptors, 9.6.3
overview, 9.4.4

GetPortStatus() request, 11.16.2,
11.16.2.6:11.16.2.6.2.5

GET_STATE, 117.16.2, 11.16.2.3
GetStatus() request, GET_STATUS, 9.4.5

GetHubStatus() request, 11.16.2.5
GetPortStatus() request, 17.16.2.6
hub class requests, 11,16.2
overview, 9.4.5

standard device request codes, 9.4
global resumes

frame timer synchronization, 11.2.1
hub support, 17.9
signaling, 7.1.7.5

global suspend, 7.1.7.4.1, 17.9
glossary, 2.0
GND leads

cable electrical characteristics, 7.3.2 Table 7-9
captive cable assemblies, 6.4.2, 6.4.3
detachable cables, 6.4.1

electrical specifications overview, 4.2.1
standardized contact terminating assignments,

6.5.2

GResumestate, 11.4, 11.4.4
grounding, 6.8

H
halted pipes, 10.5.2.2
Halt feature

bulk transfers, 5.8.5
control transfers, 5.5.5, 8.5.2.4
functionalstalls, 8.4.4
GetStatus() request, 9.4.5
interrupt transfers, 5.7.5, 8.5.3
isochronoustransfers, 5.6.5

responses to standard device requests, 9.4
handshakes, 8.3.1 Table 8-1, See also ACKs; NAKs;

STALLs

ACK PID, 8.3.1 Table 81
bulk transfers, 8.5.1
bus protocol overview, 4.4
defined, 2.0 glossary
function responseto IN transactions, 8.4.5.1
function response to OUTtransactions, 8.4.5.3
function response to SETUPtransactions, 8.4.5.4
handshake responses, 8.4.5, 8,4,5:8.4.5.4
host response to IN transactions, 8.4.5.2
isochronoustransfers, 5.6.5, 5.10.7
NAK PID, 8.3.1 Table 8-7
overview, 8.4.4

packetfield formats, 8.3:8.3.5.2
STALLPID, 8.3.1 Table 8-1
total allocation of bit times, 11.3.3

hardwired cable assemblies, 6.4.2
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HCD (Host Controller Driver)
defined, 2.0 glossary, 5.3
HCDI(Host Controller Driver Interface), 10.1.1,

10.4
overview, 10.4
software interface overview, 10.3

in transfer management, 5.9.1, 5.9.1.3
in USB topology, 5.2.1, 10.1.1

HCDI (Host Controller Driver Interface), 10.1.1, 10.4
high-powered devices

bus-powered functions, 7.2.1, 7.2.1.4
high-powerports. 7.2.1
voltage drop budget, 7.2.2

host, 10
in bus topology, 4.1.1.1, 5.2, 5.2.4
collecting status and activity statistics, 10.1.4
components, 10.1.1
contro! mechanisms, 10.1.2

EQF1 and EOF2timing points, 11.2.2
host behavior at end-of-frame, 11.3:11.3.3
host-to-hub communications, 11.4
resource management, 10.3.2
responsibilities and capabilities, 10.1.1
role in assigning addresses, 9.2.2
role in configuration, 9.2.3, 10.3.1
synchronizing hub frame timer to host frame

period, 11.2
data flow, 10.1.3

commondata definitions, 10.3.4
data-rate tolerance, 7.1.11
data transfer mechanisms, 10.1.3, 10.3.3
detailed communication flowillustrated, 5.3

host responseto IN transactions, 8.4.5.2
interlayer communications model, 10.1.1
role in bulk transfers, 6.5.4

defined, 2.0 glossary, 4.9
electrical considerations, 10.1.5

jitter budget table, 7.1.15
over-current protection, 7.2.1.2.1
over-current recovery, 11.13.5

hardware and software, 10.0

Host Controller Driver (HCD), 10.4 (See alsa HCD)
Host Controller responsibilities, 4.9, 10.2 (See also

Host Controller)
host tolerance, hub frame timer and, 11.2
operating system environment guides, 10.6
overview of USB Host, 10.1:10,1.5

power management overview, 4.3.2
software mechanisms, 10.3:10.3.4
status in USBDpipe state, 10.5.2.2
Universal Serial Bus Driver (USBD), 10.5:10.5.5

(See also USBD (USB Driver))
USB System Software responsibilities, 4.9 (See

also USB Sysiem Software)
Host Controller, 4.9

in bus topology, 5.2.1
calculating buffer sizes in functions and software,

5.9.4

data transfer mechanisms,10.1.3
bulk transfers, 5.8.3
control transfers, 5.5.3, 5.5.4

data processing, 10.2.4

Host Controller

data transfer mechanisms (continued)
data-rate tolerance, 7.1.11
interrupt transfers, 5.7.3
role in transfer management, 5.9.1, 5.9.1.5
tracking transactions, 5.9.2
transactionlist, 5.9.1.4

transmission error handling, 10.2.6
defined, 2.0 glossary, 4.9
frame generation, 10.2.3
HCD and HCDI overview, 10.4 (See also HCD;

HCDI)
host behavior at end-oFframe, 11.3

host-system interface, 10.2.9
as implementation focus area, 5.4
implemented in USB Businterface, 10.1.1
multiple Host Controllers, 4.10
passing preboot control to operating system, 10.5.5
port resets, 10.2.8.1
protocol engine, 10.2.5
remote wakeup and, 10.2.7
requirements, 10.2
root hub and, 10.2.8
serializer/deserializer, 10.2.2
state handling, 10.2.7
status and activity monitoring, 10.1.4
USB System interaction, 10.1.1

Host Controller Driver. See HCD (Host Controller
Driver)

Host Controller Driver Interface (HCDI), 10.1.4, 10.4
host resources, 2.0 glossary
host side bus interface, See Host Controller
host software

in bus topology, 5.2.1
as component of USB System, 10.1.4
pipes and, 10.5.1.2
status and activity monitoring, 10.1.4

host-to-function transfers. See OUT PID

hot plugging. See dynamic insertion and removal
Hub Changefield, 11.4.4, 11.16.2.5
hub class definitions

additional endpoints, 11.13.41
feature selectors, 11.16.2
request codes, 11.16.2
root hub and, 10.4

Hub Controller, 11.13:11,13.15
control commands, 11.1
defined, 4.8.2.1
endpoint organization, 11.13.41
hub and port changeinformation processing,

11,13.3, 11.13.4
in hub architecture, 11.1.1, 11.13.2
internal port connection, 11.4
over-current reporting and recovery, 11.13.5
powerdistribution and, 7.2.1.4
role in host-to-hub communications, 11.1
status commands, 71.1

hub descriptors, 11.13.2
hub drivers, 10.3.1
hub frametimer, 17.2:11.2.2
hub oscillator tolerance, 11.2
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Hub Repeater
Collision conditions, 11.8.3
connectivity setup and tear-down, 17.1
defined, 4.8.2.1
dynamic insertion and removal, 11.1
electrical characteristics, 7.3.2 Table 7-8

fault detection and recovery, 11.1
in hub architecture, 11.1.1
hub signaling timings, 7.1.14
internal port connection, 11.4
packet signaling connectivity, 11.1,2.1
repeater state descriptions, 11.2.1, 11.7:11.7.4
Wait for End of Packet (WFEOP), 11.7.4
Wait for End of Packet from Upstream Port state

(WFEOPFU), 11.7.2
Wait for Start of Packet (WFSOP), 11.7.3
Wait for Start of Packet from Upstream Port state

(WFSOPFU), 11.7.1
Hub Repeater state machine, 11.2.1, 11,7
hubs, 11, See also Hub Controller; Hub Repeater,

ports
architecture, 4.1.1.2, 174.1
bus states

bus state evaluation, 11.8:11.8.4.4
collision, 11.8.3
connect/disconnect detection, 11.7
full- vs. low-speed behavior, 11.8.4
getting bus state, 11.16.2.3
low-speed keep-alive, 7.1.7, 11.8.4.1
port error, 11.8.4
reset behavior, 11.10, 11.10.14
speed detection, 11.8.2
status change detection, 11.13.2, 11.13.4

in bus topology, 5.2.3, 5.2.4
characteristics and configuration, 11.14

clearing features, 11.16.2.5
data-rate tolerance, 7.1.17

descriptors, 11.13.2, 11.15, 11.15:11,15.2.4,
11.16.2.7

full- vs. low-speed behavior, 17.8.4
input capacitance, 7.1.6
speed detection of devices, 11.8.2
typical configuration illustrated, 4.8.2.1

connectivity behavior, 14.1, 11.1.2:11.1.2.3
controlling hubs, 7.1.7.5
defined, 2.0 glossary
downstream ports, 11.5:11.5.1.11
dynamic insertion and removalrole, 4.6.1, 4.6.2
embedded hubs, 4.8.2.2
fault detection and recovery, 11.1
Hub Controller, 4.8.2.1, 11.1, 11.13:11.13.15 (See

also Hub Controller)
hub drivers, 10.3.1
Hub Repeater, 4.8.2.1, 7.3.2 Table 7-8, 11.1,

11,7:11.7.4 (See also Hub Repeater)
hub tier, 2.0 glossary
intermediate hubs, 7.1.7.5
internal ports, 11.4:11.4.4
\/O buffer requirements, 11.12:11.12.2
overview, 4.8.2.1, 11.1:11.1.23
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hubs (continued)
power management, 11.1

bus-powered hubs, 4.3.1, 7.2.1.1
hub port power control, 11.11
multiple gangs, 11.11.14
over-current reporting and recovery, 11.13.5
power source and sink requirements, 7.2.1
self-powered hubs, 7.2.1.2
surge limiting, 7.2.4.7

requests, 11.16:11,16.2.9
root hubs, 2.0 glossary
signaling and timing

edge rate control, 11.12.2
host behavior at end-of-frame, 11-3:11.3.3

hub differential delay, 7.3.3 Figure 7-42
hub EOP delay and EOP skew, 7.3.3 Figure 7-

43

hub event timings, 7.3.2 Table 7-10
hub frame timer, 11.2, 11.2:11.2,2
hub oscillator tolerance, 11.2
hub signaling timings, 7.1,14
hub switching skews, 7.1.9
jitter budget table, 7.1.15
low-speed keep-alive strobe, 7.1.7, 11.84.41
power-on and connection events timing, 7.1.7.1
reset signaling, 7.1.7.3
resumesignaling, 7.1.7.5
signaling delays, 7.1.14
suspend and resumesignaling, 11.9
tracking frame intervals, 7.1.12

upstream ports, 11.6, 11.6:11.6.2.6
Hub State Machine, 11.1.1
Hub Status field, 11.16.2.5
humidity life standards, 6.7 Table 6-7
hybrid powered hubs, 7.2.7.2
hysteresis in single-ended receivers, 7.1.4

iConfiguration field (configuration descriptors), 9.6.2
Icon for USB plugs and receptacles, 6.5, 6.5.1
Idle bus state

data signaling overview, 7.1.7.2
hub connectivity and, 11.1.2.4
Idlé-to-K state transition, 7.1.14

NR2ZI data encoding, 7.1.8
signaling levels and, 7.1.7

idle pipes, 5.3.2, 10.5,2.2
idProductfield (device descriptors), 9.6.1
idVendorfield (device descriptors), 9.6.1
interface field (interface descriptors), 9.6.3
iManufacturerfield (device descriptors), 9.6.1
impedance

cable impedancetests, 6.7 Table 6-7
detachable cable assemblies, 6.4.1

differential cable impedance, 7.3.2 Table 7-9
full-speed captive cable assemblies, 6.4.2
full-speed connections, 7.1.1.1
input impedance of ports, 7.1.6
zero impedance voltage sources, 7.1.1

implementer viewpoints of data flaw models, 5.1
Inactive state, 11.4, 11.4.1, 11.6.2, 11.6.2.1
in-band signaling, 10.1.2
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initial frequency inaccuracies, 7.1.11
initialization of USBD, 10.5.1.1
injection molded thermoplastic insulator material,

6.5.3.1, 6.5.4.1
inner shielding in cables, 6.6.2
IN PID, 8.3.1 Table 8-17

ACK handshake and, 6.4.4
ADDRfield, 8.3.2.1
bit times and, 11.3.3
bulk transfers, 8.5.1
control transfers, 8.5.2, 8.5.2.1
ENDP field, 8.3.2.2

error handling on last data transaction, 8.5.2.3
function responseto, 8.4.5.1
host responseto, 8.4.5.2
interrupt transactions, 8.5.3
intervals between IN token and EOP, 11.3.3
isochronous transfers, 8.5.4

low-speed transactions, 8.6.5
NAK handshake and, 8.4.4
prebuffering data, 5.10.5
STALL handshake and, 3.4.4
token CRCs,8.3.5.4
token packets, 8.4.1

input capacitance, 7.1.2, 7.3.2 Table 7-5
input characteristics (signaling), 7.1.6
input impedance of ports, 7.1.6
input levels, 7.3.2 Table 7-5
inputs (Series "B" receptacles), 6.2
input sensitivity of differential input receivers, 7.1.4
inrush currentlimiting

bus-powered hubs, 7.2.1.1
dynamic attach and detach,7.2.4.1
remote wakeup and, 7.2.3
self-powered functions, 7.2.1.5
suspend/resumeand, 7.2.3

inserting devices. See dynamic insertion and removal
insertion force standards, 6.7 Table 6-7
instancing of USBD, 10.5
insulation

cables, 6.6.2
insulator materials, 6.5.3.1, 6.5.4.7
resistance standards, 6.7 Table 6-7

interconnect model, 4.1, 6.10.4.3
interface class codes, 9.6.3
interface descriptors

GetDescriptor() request, 9.4.3
hubs, 11.15.74
overview, 9.6.3

interface numbers, 9.2.3,9.6.3
interfaces

alternate interfaces, 9.2.3, 10.5.2.10
alternate settings, 9.6.3
in configuration descriptors, 9.6.2
defined, 9.2.3
in device class definitions, 9.7.2
as endpoint sets, 5.3
getting interface status, 9.4.4,94.5
host-system interface, 10.2.9
interface class codes, 9.6.3

interface descriptors, 9.4.3, 9.6.3, 11.15.1
interface numbers, 9.2.3, 9.6.3

interfaces (continued)
interface subclass codes, 9.6.3

plug interface and mating drawings, 6.5.4
setting interface state, 9.4.10, 10.5.2.4
specifying in windex field, 9.3.4

interfaces of plugs, 6.5.3
interface state control, 10.5.2.1
interface subclass codes, 9.6.3
interlayer communications model, 4.1, 10.1.1
intermediate hubs, 7.1.7.5
internal clock source jitter, 7.7.13.1
internal ports

Full Suspend (Fsus) state, 11.4.3
Generate Resume (GResume)state, 11.4.4
Inactive state, 11.4.1

Suspend Delay state, 11.4.2
internal port state machine, 11.4
inter-packet delay, 7.1.18
interrupt endpoints, 11.13.1
interrupt requests, defined, 2.0 glossary
interrupt transfers

bus access constraints, 5.7.4
data format. 5.7.1

data sequences, 5.7.5
defined, 2.0 glossary, 5.4
direction, 5.7.2

full-speed transfer limits, 5.7.4 Table 5-4
low-speed transfer limits, 5.7.4 Table 5-4
overview, 4.7.3, 5.7
packet size, 5.7.3,964
transaction format, 8.5.3
transaction organization within IRPs, 5.9.2
USBDpipe mechanism responsibilities, 10.5.3.1.2

intervals
debounceintervals in connection events, 7.1.7.1
frameintervals, 7.1.12, 7.3.2 Table 7-6, 7.3.2 Table

7-7

Resetting state and Resuming state intervals,
11.5.1.9

resume and recovery intervals for devices, 9.2.6.2
service and polling intervals, 2.0 glossary, 9.6.4,

10.3.3

timeout intervals, 8.7.3
between IN token and EOP, 11.3.3

interwoventinned copperwire, 6.6.2
\/O buffers. See buffers

/O Request Packets. See IRPs
(Productfield (device descriptors), 9.6.1
IRPs. See also requests; transfers

aborting/retiring, 5.3.2, 10.5.3.2.1
class-specific requests, 9.2.6.5
client software role in, 5.9.1.1
defined, 2.0 glossary, 5.3.2
HCDtracking of, 5.9.1.3
multiple data payloads in, 5.3.2
pipes and, 5.3.2
queuing IRPs, 10.5,3.2.3
request processing overview, 9.2.6
reset/resume recovery time, 9.2.6.2
set address processing, 9.2.6.3
STALLS and, 5.3.2
standard device requesis, 9.2.6.4, 9.4:9.4.74
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IRPs (continued)
timing, 9.2.6.1, 9.2.6.3, 9.2.6.4
transaction organization within IRPs, 5.9.2
USB device requests, 9.3:9.3.5
USBDrole in, 10.1.1

IRQs, defined, 2.0 glossary
(SerialNumberfield (device descnptors), 9.6.1
isochronous data, defined, 2.0 glossary
isochronous devices, defined, 2.0 glossary
isochronous sink endpoints, defined, 2.0 glossary
isochranous source endpoints, defined, 2.0 glossary
isochronous transfers

buffering for rate matching, 5.10.8
bus access constraints, 5.6.4
clock model, 5.10.2
clock synchronization, 5.10.3
connectivity, 5,10.4.3
data format, 5.6.1
data prebuffering, 5.10.5
data sequences, 5.6.5
defined, 2.0 glossary, 5.4
direction, 5.6.2

endpoint synchronization frame, 9.4.14
error handling, 5.10.7
feedback, 5.10.4.2
Wlustrated, 5.10.2
isochronous device framework, 5.10.4
non-USB example isochronous application, 5.10.1
overview, 4.7.4, 5.6
packet size, 5.6,3, 9.6.4
SOFtracking, 5.10.6
special considerations, 5.10:5.10,8
synchronization types, 5.10.4.1.1, 5.10.4.1.2,

95.10.4.1.3

transaction format, 8.5.4
transaction organization within IRPs, 5.9.2
USBD pipe mechanism responsibilities, 10.5.3.4.1
USB features and, 3.3
USB System Softwarerole, 4.9

ISO transfers. See isochronoustransfers

ITCW (interwoven tinned copper wire), 6.6.2

J
jacketing in cables, 6.6.2
J bus state

data signaling overview, 7.1.7.2
J-to-K state transition, 7.1.14
NRZ! data encoding, 7.1.8
signaling levels and, 71.7

jitter
clockjitter, 5.10.3
data source jitter, 7.1.13.1
defined, 2.0 glossary
differential data jitter, 7.3.3 Figure 7-39
differentialjitter, 7.3.3 Figure 7-42
full-speed source electrical characteristics, 7.3.2

Table 7-6

hub/repeater electrical characteristics, 7.3.2 Table
7-8

internal clock source jitter, 7.1.13.1
low-speed source electrical characteristics, 7.3.2

Table 7-7
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jitter (continued)
in non-USBisochronous application, 5.10.1
output driverjitter, 7.1.15
receiver data jitter, 7.1.15, 7.3.3 Figure 7-47
service jitter, 2.0 glossary

J signal/event
differential transmissions, 11.6
downstream port state machine, 11.5
receiver state machine, 11.6.1
transmitter state machine, 11.6.2

K
KB/S and kb/S, defined, 2.0 glossary
K bus state

data signaling overview, 7.1.7.2
Idle-to-K state transition, 7.1.14
K-to-J state transition, 7.1.14
NRZI data encoding, 7.1.8
signaling levels and, 7.1.7

keep-alive strobe, 7.1.7, 7.1.7.4, 11.84.41
keyed connector protocol, 6.2
K signal/event

differential transmissions, 171.6

downstream port state machine, 11.5
receiver state machine, 11.6.1
transmitter state machine, 11.6.2

L
LANGID codearray, 9.6.5
languageIDsin string descriptors, 9.6.5
latency constraints for transfers, 5.4
latest host packet, 11.3.1
least-significantbit, 2.0 glossary, 8.1
length of cables, 6.4.1,6.4.2,6.4.3
listing, UL listing for cables, 6.6.5
little endian, defined, 2.0 glossary
LOA,2.0 glossary, 8.7.4
load capacitance, 6.4.3, 6.7 Table 6-7
Local Power Sourcefield, 11.16.2.5
Local Power Status Changefield, 11.16.2.5
Local PowerSiatus field, 11.16.2.6.1.6

local power supplies, 7.2.1.2, 7.2.1.5
locking hub frametimer, 11.2.1
Lock siaqnal/event, 11.7
logical bus topology, 5.2, 5.2.4
logical devices

in bus topology, 5.2.2
as collections of endpoints, 5.3
detailed communication flow illustrated, 5.3

unique addresses and endpoints, 5.3.1
Logical Power Switching Modefield, 11.11, 11.11.1,

41.16.2.4

logo location on connectors, 6.5.1
LOI, 6.5.3.1, 6.5.4.1
loss of bus activity. See LOA
low level contact resistance standards, 6.7 Table 6-7
low-power bus-powered functions, 7.2.1, 7.2.1.3
low-power hubs, 7.2.2
low-power ports, 7.2.1
low-speed buffers, 7.1.2
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low-speed cables
cable environmental characteristics, 6.6.4
captive cable assemblies, 6.4.3
configuration overview, 6.6
construction, 6.6.2
description, 6.6.1
detachable cables, 6.4.4
listing, 6.6.5
specifications, 6.3
standards for, 6.6.3, 6.7

low-speed driver characteristics (1,5Mb/S), 7.1.1.2
low-speed functions and hubs

cable and resistor connections, 7.1.5
connect detection, 7.1.7.1
control transfers and, 5.5.3,5.5.4,5.54 Table 5-1
data-rate tolerance, 7.1.17
detachable cables and, 6.4.1
detecting, 11.16.2.6,.1.7
full-speed captive cable assemblies, 6.4.2
full- vs. low-speed port behavior, 11.8.4
getting port status, 11.16.2.6.1
hub/repeater electrical characteristics, 7.3.2 Table

7-8

hub support for, 11.1
input Capacitance, 7.1.6
interrupt transfers and, 5.7.3, 5.7.4 Table 5-4
low-speed captive cable assemblies, 6.4.3
optional endpoints, 5.3.1.2
signal termination, 7.1.5
speed detection and, 11.8.2
Transmit state and, 11.5.1.7

low-speed keep-alive strobe, 7.1.7, 7.1.7.4, 11.8.4.1
low-speed signaling

calculating transaction times, 5.9.3
data rates, 4.2.1

data source jitter, 7.1.13.1
data toggle synchronization and retry, 3.6.5
edge rates, 11.12.2
EOP width, 7.1.13.2
intervals between IN token and EOP, 11.3.3
J and K states, 7.1.7
jitter budget table, 7.1.15
low-speed loads, 7.1.2
propagation delays, 7.1.14
transactionsillustrated, 8.6.5

low-speed source electrical characteristics, 7.3.2
Table 7-7

LSb and LSB

in bit ordering, 8.1
defined, 2.0 glossary

LS signal/event, 11.5

male plug contact materials, 6.5.4.3
Manufacturer's logo location, 6.5.1
Manufacturer's names in device descriptors, 9.6.1
mapping physical and virtual devices, 5.10.4.3
marking on cables, 6.6.2
Master Client status, 5.10.4.1.1,10.5.3.24, 10.5.4.2
master clock, 5.10.1
mastership control over SOF, 5.10.4.1.1, 10.5.3.2.4,

{0.5.4.2

material requirements
cables, 6.6:6.6.5
connectors, 6.5;6.5.4.3

mating area materials, 6.5.3.3, 6.5.4.3
MaxPowerfield, 9.6.2, 11.14
MB/S, defined, 2.0 glossary
Mb/S, defined, 2.0 glossary
mechanical specifications, 6, 6.1

applicable documents,6.7.1
architectural overview, 6.1
cable assembly,6.4:6.4.4
cables, 6.3, 6.6:6.6.5

connectors, 6.2, 6.5:6,5.4.3
overview, 4.2.2, 6
PCBreference drawings, 6.9
standards for, 6.7, 6.7.1
USB grounding, 6.8

message pipes. See a/so control pipes, pipes
In bus protocol overview, 4.4
defined, 2.0 glossary, 5.3.2
overview, 5.3.2.2

microphone non-USB isochronous application, 5.10.1
microphone USB isochronous application, 5.10.2
modifying device configuration, 10.5.4.1.3
monotonic transitions, 7.1.2
most-significantbit, 2.0 glossary, 8.1
MSb and MSB, 2.0 glossary, 8.1
multiple gangs, hubs and, 11.11.1

N
NAKs

in bulk transfers, 8.5.1
busy endpoints, 5.3.2
in control transfers, 8.5.2.1

data corrupted or not accepted, 8.6.3
defined, 2.0 glossary
function response to IN transactions, 8.4.5.1
function response to OUT transactions, 8.4.5.3
in interrupttransfers, 5.7.4, 8.5.3
overview, 8.3.1 Table 8-1, 8.4.4

NEC Article 800 for communications cables, 6.6.4
next frame in hub timing, 11.2.1
No Acknowledge packet. See NAKs
nominal cable diameter, 6.6.2

nominal! cable temperatures, 6.6.4
nominal twist ratio in signal pair, 6.6.2
non-acceptable cables, 6.4.4
Non Return to Zero Invert. See NRZI encoding
non-twisted powerpair in cables, 6.6.1, 6.6.2
non-USB isochronaus application, 5.10.4
Not Configured state, 17.5, 11.5.1.4
NR2ZI encoding, 7.1.8

bit stuffing, 7.1.9
defined, 2.0 glossary
in electrical specifications overview, 4.2.1
sync pattern, 7.1.10

O
objects, defined, 2.0 glossary
offsets between host and hub, 11.2

one-way propagation delay, 7.1.16, 7.3.2 Table 7-6,
7.3.2 Table 7-7
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open architecture, USB development and, 1.2
open-circuit voltage, 7.1.1
operating systems

companion specifications, 10.6
device configuration, 10.3.1
interaction with USBD, 10.5

passing preboot control to, 10.5.5
operating temperatures for cables, 6.6.4
operations, generic USB device operations, 9.2:9.2.7
optional edge rate control capacitors, 7.1.6
out-of-band signaling, 10.1.2
OUT PID, 8.3.1 Table 8-7

ACK handshake and,8.4.4
ADDRfield, 8.3.2.1
in bulk transfers, 8.5.1
in control transfers, 8.5.2, 8.5.2.1

in data toggle, 8.6.1
ENDPfield, 3.3.2.2
function response to OUT transactions, 8.4.5.3
in interrupt transfers, 8.5.3
In isochronoustransfers, 8.5.4
NAK handshake and, 8.4.4
prebuffering data, 5.10.5
STALL handshake and, 8.4.4
token CRCs, 8.3.5.1
in token packets, 6.4.1

output driver jitter, 7.1.15
output levels, 7.3.2 Table 7-5
output receptacles, 6.2
output rise andfall times, 7.1.2
outside plating, 6.5.3.2, 6.5.4.2
aver-current conditions

C_PORT_OVER-CURRENTbit, 11.16.2.6,2.4
getting port status, 11.16.2.6.1
over-current gangs, 11.11.1
over-current protection in self-powered hubs,

7.2.1.2.1

PORT_OVER-CURRENTbit, 11.16,2.6,1.4
port status changebits, 11.16.2.6.2
protection mode descriptors, 11.15.2.1
reporting and recovery, 11,13.5
signaling, 11.11.14

Over-Current Indicator Change field, 11.16.2.5
Over-Current Indicator field, 11.16.2.5
Over-current Reporting Modefield, 17.11.1
Over-current signal/event, 11.5
over-sampling state machine DPLLs,7.1.15
oxygen index, 6.5.3.1, 6.5.4,1

P
packet buffers, defined, 2.0 glossary
packet field formats, 8.3

addressfields, 8.3.2:38.3.2.2
cyclic redundancy checks (CRC), 8.3.5:8.3.5.2
data field, 8.3.4, 8.4.3
frame numberfield, 8.3.3, 8.4.2
packet identifier field, 8.3.1 (See also PIDs)

packet formats
data packets, 4.4, 8.3.5.2, 8.3:8.3.5.2, 8.4.3, 8.5.1,

8.5.4

handshake packets, 8.4.4 (See a/so handshakes)
handshake responses, 8.4.5:8.4.5.4
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packet formats (continued)
overview, 8.4
packetfield formats, 8,3:3,3.5.2
SOF packets, 5.10.2, 5.10.4.1.1,5.10.4.1.2, 8.4.2
token packets, 4.4,8.3.5.1,8.41,8,5.1,854

packetidentifier field (PID). See PIDs
packet IDs. See PIDs
packetnullification, 11.3.2
packets. See a/so packetfield formats; packet

formats; packet size
bit stuffing, 7.1.9
blocking in Collision conditions, 11.8.3
bus protocol overview, 4.4
data packets defined, 4.4
data signaling overview, 7.1.7.2
defined, 2.0 glossary
error detection and recovery, 8.7:8.7,4
handshake packets defined, 4.4
hub connectivity and, 11.7.2.1
inter-packet delay, 7.1.18
one transaction per frame in isochronous transfers,

5.10.7

packetfield formats, 8.3:8.3.5.2
packetformats, 8.4:8.4.5.4
packetnullification, 11.3.2
packetsize (See packet size)
packet voltage levels, 7.1.7.2
short packets, 5.3.2
splitting samples across packets, 5.10.8
SYNCfield, 8.2
token packets defined, 4.4
transaction formats, 8.5:8.5.4

packetsize
in buffering calculations, 5.10.8
bulk transfer constraints, 5.8.3
characteristics for transfers, 5.4
control transfer constraints, 5.5.3
determining missing packet size, 5.10.7
in device descriptors, 9.6.1
in endpoint descriptors, 9.6.4
interrupt transfer constraints, 5.7.3
isochronous transfer constraints, 5.6.3

packetvoltage levels, 71.7.2
partitioning of power, 7.2.1.1
pattern synchronization, 9.4.11
PBT(polybutylene terephthalate), 6.5.3.1, 6.5.4.1
PCB reference drawings, 6,9
PC industry, USB and, 3.3
PC-to-telephone interconnects, 1.1
performance criteria for electrical, mechanical and

environmental compliance, 6.7
period transfers. See interrupt transfers; isochronous

transfers

peripheral devices, 4.8.2.2, See also devices:
functions

per-port currentlimiting, 11.13.5
per-port power switching, 11.11, 11.13.5
PET(polyethylene terephthalate), 6.5.3.1, 6.5.4.1
phase delay for SOF packets, 11.3.1
phase differences, clock synchronization and, 5.10.3
phase-locked clocks, 5.10.3
Phase Locked Loop, defined, 2.0 glossary
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phases,defined, 2.0 glossary
Physical and Environmental Performance Properties

of Insulation and Jacket for Telecommunication

Wire and Cable, 6.7.1

physical bus topology, 5.2, 5.2.3, 6.1
physical devices

connectivity illustrated, 5.10.4.3
defined, 2.0 glossary
as implementation focus area, 5.1
logical components in bus topology, 5.2.2

physical interface, 4.2:4.2.2
physical shock standards, 6.7 Table 6-7
PID errors, defined, 8.3.1
PIDs

corrupted PIDs, 8.3.1
in data packets, 8.4.3
data PIDs

DATAQ/DATA1 PIDs, 8.3.1 Table 8-1
bulk transfers, 5.8.5
in bulk transfers, 8.5.7

comparing sequence bits, 8.6.2
in control transfers, 8.5.2
in data packets, 8.4.3
in interrupt transactions, 8.5.3
interrupt transfers and, 5.7.5
synchronization and, 8.6

defined, 2.0 glossary
full- vs. low-speed port behavior, 11.8.4
in handshake packets, 8.4.4
handshake PIDs, 8.3.1 Table 8-7

ACK PID
in bulk transfers, 8.5.1
in control transfers, 8.5.2, 8.5.2.1
corrupted ACK handshake,8.5.2.3, 8.6.4
in data toggle, 8.6, 8.6.1, 8.6.2
defined, 2.0 glossary
function response to QUTtransactions,

8.4.5.3

host response to IN transactions, 8.4.5.2
overview, 8.3.1 Table 8-1, 8.4.4
in request processing, 9.2.6

NAK PID

in bulk transfers, 8.5.1
busy endpoints, 5.3.2
in contro! transfers, 8.5.2.1
data corrupted or not accepted, 8.6.3
defined, 2.0 glossary
function responseto IN transactions, 8.4.5.1
function response to OUTtransactions,

8.4.5.3

in interrupt transfers, 5.7.4, 8.5.3
overview, 8.3.1 Table 8-1, 3.4.4

STALL PID

in bulk transfers, 5.8.5, 8.5.1
in control transfers, 8.5.2.1
data corrupted or not accepted, 8.6.3
functional and commandedstalls, 8.4.4
function response to IN transactions, 8.4.5.1
function response to OUT transactions,

8.4.5.3

in interrupt transfers, 5.7.5, 8.5.3
overview, 8.3.1 Table 8-1, 8.4.4

PIDs
handshake PIDs

STALL PID (continued)
protocolstalls, 8.4.4
Request Error responses, 9.2.7
responses to standard device requests, 9.4
returned by control pipes, 8.5.2.4

overview, 8.3.1
PID checkbits, 8.7.1
PID errors, 8.3.1

special PIDs
PRE PID

inter-packet delays and, 7.1.78
low-speed port behavior and, 11.8.4
low-speed transactions, 8.6.5
overview, 8.3.1 Table 8-1
Transmit state and, 11.5.1.7

in start-of-frame packets, 8.4.2
in token packets, 8.4.1
token PIDs, 8.3.1 Table 6-7

OUT PID
ACK handshake and, 8.4.4
ADDRfield, 8.3.2.1
in bulk transfers, 8.5.1
in control transfers, 8.5.2, 8.5.2.4
in data toggle, 8.6.1
ENDP field, 8.3.2.2
function response to OUT transactions,

8.4.5.3

in interrupt transfers, 8.5.3
in isochronous transfers, 8.5.4
NAK handshake and, 8.4.4
overview, 8.3.1 Table 8-17

prebuffering data, 5.10.5
STALL handshake and,8.4.4
token CRCs, 8.3.5.1

in token packets, 8.4.1
IN PID

ACK handshake and, 8.4.4
ADDRfield, 8.3.2.1
bit times and, 11.3.3
bulk transfers, 8.5.1
control transfers, 8.5.2, 8.5.2.1
ENDP field, 8.3.2.2
error handling on last data transaction,

8.5.2.3

function responseto, 8.4.5.1
host responseto, 8.4.5.2
interrupt transactions, 8.5.3
intervals between IN token and EOP, 11.3.3
isochronoustransfers, 8.5.4

low-speed transactions, 8.6.5
NAK handshake and, 8.4.4
overview, 8.3.1 Table 8-1
prebuffering data, 5.10.5
STALL handshake and, 8.4.4
token CRCs, 8.3.5.1

token packets, 8.4.1

299

ZTE/SAMSUNG 1007-0315

IPR2018-00111



ZTE/SAMSUNG 1007-0316 
IPR2018-00111

Universal Serial Bus Specification Revision 1-1

PIDs

token PIDs (continued)
SETUP PID

ACK handshake and, 8.4.4
ADDR field, 8.3.2.1
in control transfers, 8.5.2
in data toggle, 8.6.1
ENDP field, 8.3.2.2

function response to SETUP transactions,
8.4.5.4

overview, 8.3.1 Table 8-7
token CRCs, 8.3.5.1
in taken packets, 8.4.7

SOF PID (See also SOFs)
frame numberfield, 8.3.3
overview, 8.3.1 Table 8-7
start-of-frame packets, 5.4.2

pins
dual pin-type receptacles, 6.9
inrush current and, 7.2.4.1

single pin-type receptacles, 6.9
pipes

aborting or resetting, 10.5.2.2, 10.5.3.2.4
active, stalled, or idle status, 10.5.2.2
allocating bandwidthfor, 4.7.5
characteristics and transfer types, 5.4
client pipes, 10.5.1.2.2
data transfer mechanisms, 10.1.3
Default Control Pipe, 4.4 (See also Default Control

Pipe)
default pipes, 10.5.1.2.1
defined, 2.0 glossary, 4.4
in device characteristics, 4.8.1
identification, 10.3.4
Master Client status, 5.10.4.1,1, 10.5,3.2.4,

10.5.4.2

overview, 5.3.2, 10.5.1, 10.5.3
pipe state control, 10,5.2.2
pipe usage, 10.5,.1.2
Policies, 10.3.1, 10.3.3, 10.5.3.2.2
queuing IRPs, 10.5.3,2.3
role in data transfers, 4.7
service and polling intervals, 10.3.3
stream and messagepipes, 4.4, 5.3.2, 5.3.2.4,

5.3.2.2

supported pipe types, 10.5.3.1:10.5.3.1.4
USBD pipe mechanism responsibilities,

10.5.1:10.5,3.2.4
USB robustness and, 4.5

pipe state control, 10.5.2.2
pipe status, 10.5,.2.2
plating

plug contact materials, 6.5.4.3
plug shell materials, 6.5.4.2
receptacle contact materials, 6.5.3.3
receptacle shell materials, 6.5.3.2

PLL, defined, 2.0 glossary
plugs

interface and mating drawings, 6.5.3
keyed connector protocol, 6.2
materials, 6.5.4.1,6.5.4.2,6.5.4.3
orientation, 6.5.1
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plugs (continued)
Series "A" and Series "B" plugs, 6.5.4
standardsfor, 6.7
termination data, 6.5.2
USBIcon, 6.5, 6.5.1

Policies

defined, 10.3.1
setting, 10.3.3
USBDI mechanisms, 10.5.3.2,.2

polling
defined, 2.0 glossary
endpoints, 9.6.4
setting intervals for pipes, 10.3.3

polybutylene terephthalate (PBT), 6.5.3.1, 6.5.4.1
polyethylene terephthalate (PET), 6.5.3.1, 6.5.4.4
POR signal/event

Bus_Reset state and, 11.6.1.6
defined, 2.0 glossary
in receiver state machine, 11.6.1

Port Change field, 11.4.4, 11.16.2.6.2
PORT_CONNECTION

defined, 11,16.2.6.1.1
hub class feature selectors, 11.16.2
Port Status field, 11.16.2.6.1

PORT_ENABLE
clearing, 11.16.2.2
defined, 11.16.2.6.1.2
hub class feature selectors, 11.162
Port Error condition, 11,16.2.6.2.2
Port Status field, 11,16.2.6.1

Port Error condition, 11.8.1, 11.16.2.6.2.2
Port_Error signal/event, 11.5
PORT_LOW_SPEED

defined, 11.16.2.6.1.7
hub class feature selectors, 11.16.2

Port Status field, 11.16.2.6.1
speed detection and, 11.8.2

PORT_OVER_CURRENT
defined, 11.16.2.6.1.4
hub class feature selectors, 11.16.2
over-current conditions and, 17.71.74, 11.13.5
Port Status field, 11.16.2.6.1

PORT_POWER
clearing, 11.16.2.2
defined, 11.16.2.6.1.6

hub class feature selectors, 11.16.2
Port Status field, 11.16.2.6.1
SetPortFeature() request, 11,16.2.9
shared power switching and, 11.17.1

PortPwrCtriMaskfield

hub descriptors for, 11.15.2.1
multiple gangs and, 11.11.14
power switching settings, 11.11

PORT_RESET
defined, 11.16.2,.6.1.5
hub class feature selectors, 11.16.2
Port Status field, 11_16.2.6.1
SetPortFeature() request, 11.16.2.9
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ports. See also hubs
in bus topology, 5.2.3
clearing features, 11.16.2.2
data source signaling, 7.1.13
defined, 4.8.2.1
disconnecttimer, 11.5.2

downstream ports, 4.8.2.1, 11.5:11.5.1.11
full- vs. low-speed port behavior, 17.8.4
getting bus state, 11.16.2.3
in hub architecture, 11.1.1

hub configuration and, 11.14
hub descriptors, 11.15:11.15.2.1
hub internal ports, 11.4:11.4.4
input capacitance, 7.1.6
over-current reporting and recovery, 11.135
port expansion considerations in USB

development, 1.1
power control, 11.11
resetting, 10.2.8.1
root ports, 2.0 glossary
setting port features, 11.16.2.9
status

bus state evaluation, 11,8:11.8.4,1

detecting status changes, 11.13.2. 11.13.3
hub and port status change bitmap, 11.13.4
port status bits, 11.16.2.6.1:11.16.26.2.5

upstream ports, 4.8.2.1, 11.6:11.6.2.6
port status change bits, 11.16.2.6.1:11.16.2.6.2.5
Port Status field, 11.16.2.6.1
PORT_SUSPEND

clearing, 11.16.2.2
defined, 11.16.2.6.1.3
hub class feature selectors, 11.16.2

Port Status field, 11.16.2.6.1
SetPortFeature() request, 11.16.2.9

power budgeting, 7.2.1.4, 9.2.5.1
power conductors in cables, 6.3
powercontrol circuits in bus-powered hubs, 7.2.1.1
powerdistribution and management. See also over-

current conditions; powerswitching
classes of devices, 7.2.1:7.2.1.5

bus-powered devices or hubs, 4.3.1, 7.2.1.4
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
self-powered devices or hubs, 4.3.1, 7.2.1.2,

tee

configuration characteristics
hub descriptors for power-on sequence,

11.15.2.4

information in device characteristics, 4.8.1
power consumption in configuration descriptors,

9.6.2

power source capability in configuration, 9.1.1.2
dynamic attach and detach, 7.2.3, 7.2.4:7.2.4.2
Host Controller role in, 4.9
host role in, 10.1.5

hub support for, 11.1
loss of power, 7.2.1.2
over-current conditions, 7.2.1.2.1, 11.13.5 (See

also over-current conditions)
overview, 4.3.1, 4.3.2, 9.2.5
power budgeting, 7.2.1.4, 9.2.5.1

powerdistribution and management (continued)
powerstatus

control during suspend/resume, 7.2.3
device states, 9.1.1.2
port power states, 11.16.2.6.1.6, 11.16.2.9

power switching, 11.11, 11.11.41
remote wakeup, 7.2.3, 9.2.5.2
USB System role, 10.5.4.3
USB System Software role, 4.9
voltage drop budget, 7.2.2

Powered device state, 9.1.1 Table 9-7, 9.1.1.2
Powered Off state, 11.5, 11.5.1.2

powered-on ports, 11.16.2.9
Power On Reset. See PORsignal/event
power-on sequence, 11.15.2.4
powerpair construction, 6.6.2
powerpins, 7.2.4.1
Power_source_off signal/event, 11.5
powerswitching

bus-powered hubs, 7.2.1.1
getting port status, 11.16.2.6.1
hub descriptors for, 11.15.2.1
hub port power control, 11.11
power-on and connection events timing, 7.1.7.1
power switching gangs, 11.11.17
staged powerswitching, 7.2.1.4

preamble packet See PRE PID
preboot control, passing to operating systems, 10.5.5
prebuffering data, 5.10.5
prepared termination, 6.4.2, 6.4.3
PRE PID, 8.3.1 Table 8-7

inter-packet delays and, 7.1.18
jow-speed port behavior and, 11.8.4
low-speed transactions, 8.6.5
Transmit state and, 11.5.1.7

product descriptions in device descriptors, 9.6.1
Product |Ds in device descriptors, 9.6.1
programmable data rate, defined, 2.0 glossary
prohibited cable assemblies, 6.4.4
propagation delay

cable delay, 7.1.16
detachable cables, 6.4.1

end-to-end signal delay, 7.1.19
full- and low-speed signals, 7.1.14
full-speed cables, 6.4.2
full-speed source electrical characteristics, 7.3.2

Table 7-6

low-speed cables, 6.4.3, 7.1.1.2
low-speed source electrical characteristics, 7.3.2

Table 7-7

tests, 6.7 Table 6-7
propagation delay skew, 6.7 Table 6-7
protected fields in packets, 8.3.5
protocol codes

defined, 9.2.3

in device descriptors, 9.6,1
in interface descriptors, 9.6,3

protocol engine requirements of Host Controller,
10.2.5

protocol errors, detecting, 10.2.6
Protocol field, 9.2.3

a0
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Protocol layer, 8
bit ordering, 8.1
bus protocol, 4.4
data toggle synchronization and retry, 8.6:8.6.5
error detection and recovery, 8.7:8.7.4
packetfield formats, 8.3:8.3.5.2
packet formats, 8.4:8.4.5.4
SYNCfield, 8.2
transaction formats, 8.5:8.5.4

protocols
defined, 2.0 glossary
protocol codes, 9.2.3, 9.6.1, 9.6.3

protocolstall, 8.4.4, 8.5.2.4
pull-up and pull-down resistors

buffer impedance measurement, 7.1.1.1
hub requirements, 11.12.1
powercontrol during suspend/resume, 7.1.7.4,

7.2.3

signal termination, 7.1.5

Q
queuing IRPs, 10.5.3.2.3

R
RA(rate adaptation)

asynchronous RA, 2.0 glossary
audio connectivity and, 5.10.4.3.1
defined, 2.0 glossary
in source-to-sink connectivity, 5.10.4.3
synchronous data connectivity, 5.10.4.3,2
synchronous RA, 2.0 glossary

random vibration standards, 6.7 Table 6-7

rate adaptation. See RA (rate adaptation)
rate matchers

asynchronous endpoints, 5.10.4.1.4
buffering for rate matching, 5.10.8
client softwarerole, 5.10.4.3

in non-USB isochronous application, 5.10.1
synchronous endpoints, 5.10.4.1.2

ratings, full-speed, 6.4.1, 6.4.2
read/write sequences

in bulk transfers, 8.5.1
in control transfers, 6.5.2, 8.5.2.4

real-time clock, 5.10.1
real-time data transfers. See isochronous transfers
receivers

receive phase of signaling, 7.1.1
receiver characteristics, 7.1.4
receiverjitter, 7.1.15, 7.3.2 Table 7-6, 7.3.2 Table

7-7, 7.3.3 Figure 7-41
receiver sequencebits, 8.6, 8.6.2
receiver state descriptions, 11.6.1
receiver state machine, 11.6, 11.6.1

receiver state machine, 11.6, 11.6.1
ReceivingJ state, 11.6.1, 11.6.1.1
ReceivingK state, 11.6.1, 11.6.1.3
ReceivingSEO state, 11.6.1, 11,.6.7.5
receptacles

interface and mating drawings, 6.5.3
keyed connector protocol, 6.2
materials, 6.5.3.1, 6.5.3.2, 6.5.3.3
PCBreference drawings, 6.9
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receptacles (continued)
Series "A" and Series "B" receptacles, 6.5.3
standardsfor, 6.7
termination data, 6.5.2
USBIcon, 6.5, 6.5.4

Recipientbits, 9.4.5
recovering from errors. See error detection and

handling
recovery intervals for devices, 9.2.6.2
re-enumerating sub-trees, 10.5.4.6
reflected endpoint status, 10.5.2.2
registers in hub timing, 11.2.1
regulators in bus-powered hubs, 7.2.1.1
regulatory requirements for USB devices, 7.3.1
reliable delivery in isochronous transfers, 5.10
remote wakeup

in configuration descriptors, 9.6.2
Host Controller role, 10.2.7
inrush current and, 7.2.3
overview, 9.2.5.2

resumesignaling, 7.1.7.5, 9.1.1.6
timing relationships, 11.9
USB System role in, 10.5.4.6

Remote Wakeupfield, 9.4.5
removable devices, 11.15.2.1
removing devices. See dynamic insertion and removal
RepeatingSEOstate, 11.6.2, 11.6.2.3
replacing configuration information, 10.5.4.1.3
reporting rates for feedback, 5.10.4.2
request codes, 9.4 Table 9-4, 11.16.2
Request Errors, 9.2.7
requests. See also PIDs; names ofspecific requests

bRequestfield, 9.3.2
class-specific requests, 9.2.6.5, 10,5.2.8,

11.16:11.16.2.9

completion times for hub requests, 11.16.14
control transfers and, 5.5
defined, 2.0 glossary
in device class definitions, 9.7.3
nub standard and class-specific requests,

11.16:179.16,2.9

information requirements for, 10.3.4
overview, 9.2.6

port status reporting, 11,.13.3
request processing timing, 9.2.6.1
reset/resume recovery time, 9.2.6.2
set address processing, 9.2.6.3
standard device requests, 9.2.6.4, 9.4:9.4.11
standard feature selectors, 9.4 Table 9-6
standard hub requests, 11.16:11.16.2.9
standard request codes, 9.4 Table 9-4
USBD command mechanisms, 10.5.2:10.5,.2.12

USB device requests, 9.3:9.3.5
vendor-specific requests, 10.5.2.9

required data sequences for transfers, 5.4
reserved portions of frames, 5.5.4
Reset bus state

downstream ports, 11.5, 77.5.1.5
in power-on and connection events, 7.1.7.1
reset signaling, 7.1.7.3
signaling levels and, 7.1.7
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reset condition

in bus enumeration process, 9.1.2
C_PORT_RESETbit, 11.16.2.6.2,5
Default device state and, 9.1.1.3
device characteristics, 9.2.1
getting port status, 11.16.2.6.1
hub reset behavior, 11,10

PORT_RESET bit, 17.16.2.6.1.5
port status changebits, 11.16.2.6.2
remote wakeup and, 10.5.4.6
reset recovery time, 7.1.7.3, 9.2.6.2
resetting pipes, 10.5.2.2
SetPortFeature(PORT_RESET) request, 11.16.2.9
USB System and, 10.2.8.1

reset signaling, 7.1.7.3
resistance ratings, 6.6.3
resistors

pull-up and pull-downresistors, 7.1.1.1, 7.1.5,
7.1.7.4, 7.2.3, 11.12.14

series damping resistors, 7.1.1.4
resonators, data-rate tolerance and, 7.1.11
resource management, USB System role in, 10.3.2
Restart_S/Restart_E states, 11.5, 11.5.1.11
Resume busstate

downstream ports, 11.5, 11.5.1.9
overview, 7.1.7.5
receivers, 11.6.1, 11.6.1.4

reset signaling and, 7.1.7.3
signaling levels and, 7.1.7

Resume_Eventsignal/event, 11.4
resumeintervals for devices, 9.2.6.2
resume signaling

hub support, 11.1.2.2, 11.9
power control during suspend/resume,7.2.3
remote wakeup and, 10.5.4.6
resume conditions in Hub Controller, 11.4.4
single-ended transmissions, 11.6

retire, defined, 2.0 glossary
retiring IRPs. See aborting/retiring transfers
RFI, USB grounding and, 6.8
rise andfall times

data sourcejitter, 7.1.13.1
driver usage, 7.1.2.1
full-speed connections, 7.1,1.1
full-speed source electrical characteristics, 7.3.2

Table 7-6

low-speed source electrical characteristics, 7.3.2
Table 7-7

overview, 7.1.2
SEO from low-speed devices, 7.1.14

robustness of USB, 3.3, 4.5:4.5.2
root hub

in bus topology, 5.2.3
defined, 2.0 glossary
HCD! presentation of, 10.4
Host Controller and, 10.2.8, 10.2.8.1
state handling, 10.2.1

root port hub, defined, 7.2.1
root ports, 2.0 glossary, 11.9
Rptr_EnterWFEOPFU signal/event, 11.5
Rptr_ExitWFEOPFU signal/event, 11.5
Rptr_WFEOPsignal/event, 11.6.2

Rx_Bus_Reset signal/event, 11.6.2, 11.7
Rx_Resumesignal/event, 11.5, 11,7
Rx_Suspend signal/event, 11.4, 11.5, 11.6.2, 11.7

S
sample clock

buffering for rate matching, 5.10.8
defined, 5.10.2
synchronous endpoints, 5.10.4.1.2

sampled analog devices, 5.10.4
Sample Rate Conversion. See SRC
samples

defined, 2.0 glossary
sample size in buffering calculations, 5.10.8
samples per frame in isochronoustransfers,

5.10.4.2

scheduling
access to USB interconnect, 4.1
transaction schedule in bus protocol overview, 4.4

SEOsent signal/event, 11.6.2
SEO signal/event

in data signaling, 7.1.7.2
downstream port state machine, 11.5
Not Configured state, 11.5.1.1
propagation delays, 7.1.14
pull-down resistors and, 7.1.7.1
receiver state machine, 11.6.1
reset signaling, 7.1.7.3
SEOinterval of EOP, 7.3.2 Table 7-6, 7.3.2 Table

if

signaling levels and, 7.1.7
single-ended transmissions, 11.6

SEO width, 7.1.13.2, 7.1.14, 7.3.2 Table 7-6, 7.3.2
Table 7-7

selective resume signaling, 11.9
selective suspend signaling

defined, 9.1.1.6
hub support, 11.9
overview, 7.1.7.4.2

self-powered devices and functions
configuration descriptors, 9.6.2
defined, 4.3.1, 7.2.1
device states, 9.1.1.2
overview, 7.2.7.5

Self Poweredfield, 9.4.5
self-powered hubs

configuration, 11.14
defined, 7.2.4
device states, 9.1.1.2
over-current protection, 7.2.7.2.7
overview, 7.2.1.2
power switching, 17.11

self-recovery, USB robustness and, 4.5
SendEOPstate, 11.5, 11.5.1.10
SendJ state, 11.6.2, 11,6.2.4
Send Resumestate (Sresume), 11.6.2, 11.6.2.6
sequence of transactions in frames, 5.9.2
Serial Interface Engine (SIE), 10.1.1, 10.2.2
serializer/desenalizer, 10.2.2
serial numbers in device descriptors, 9.6.1
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Series "A" and "B" connectors

detachable cables and, 6.4.1
keyed connector protocol, 6.2
plugs

injection molded thermoplastic insulator
material, 6.5.4.1

interface drawings, 6.5.4
plug (male) contact materials, 6.5.4.3
plug shell materials, 6.5.4.2

receptacles
injection molded thermoplastic insulator

material, 6.5.3.1
interface and mating drawings, 6.5.3
PCB reference drawings, 6.9
receptacle contact materials, 6.5.3.3
receptacle shell materials, 6.5.3.2

standardsfor, 6.7
USBIcon, 6.5, 6.5.1

series damping resistors, 7.1.1.1
service, defined, 2.0 glossary
service clock, 9.10.2, 5.10.8

service intervals, 2.0 glossary, 10.3.3
servicejitter, defined, 2.0 glossary
service periods of data, 5.10.1
service rates, defined, 2.0 glossary
SET_ADDRESS

hub requests, 11.16.14
overview, 9.4.6
standard device request codes, 9.4

SetAddress() request
overview, 9.4.6

reset recovery time and, 7.1.7.3
time limits for completing processing, 9.2.6.3

SetConfiguration() request, SET_CONFIGURATION
hub requests, 11.16.1
overview, 9.4.7

Powered-off state and, 11.5.1.2
setting configuration in descnptors, 9.6.2
standard device request codes, 9.4

SetDescriptor() request, SET_DESCRIPTOR
getting endpoint descriptors, 9.6.4
hub class requests, 11.16.2
hub requests, 17.16.1
interface descriptors and, 9.6.3
overview, 9.4.8

SetHubDescriptor() request, 11.16.2.7
standard device request codes, 9.4

SetDeviceFeature(DEVICE_REMOTE_WAKEUP)
request, 10.5.4.6

SetFeature() request, SET_FEATURE, 9.4.5, 9.4.9
hub class requests, 11.16.2
hub requests, 11.16.17
overview, 9.4.9

SetHubFeature() request, 11.16.2.8
SetPortFeature() request, 11.16.2.9
standard device request codes, 94

SetHubDescriptor() request, 11.16.2, 11.16.2.7
SetHubFeature() request, 11.16.2, 11.16.2.5,

11.16,2.8

Setinterface() request, SET_INTERFACE,9.2.3,9.4,
9.4.10, 9.6.3, 11.16.1
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setPortFeature() request
hub class requests, 11.16.2, 11.16.2.9
PORT_CONNECTION, 11.16.2.6.1.1
PORT_ENABLE,11.16.2.6.1.2
PORT_LOW_SPEED,11.16.2.6.17
PORT_OVER_CURRENT,11.16.2.6.1.4
PORT_POWER

Disconnected state and, 11.5.1.3

port powersettings, 11.17
port powerstates, 11.16.2.6.1.6
requirements, 11.16.2.9

PORT_RESET
completion, 9.2.6
C_PORT_ENABLEbit, 11.16.2.6.2.2
evaluating device speed during, 11.8.2
initiating port reset, 11.16.2.6.1.5
in port enabling, 11.16.2.6.1.2
requirements, 11.16.2.9
Resetting state and, 11.5.1.5

PORT_SUSPEND,10.5.4.6
requirements, 11.16.2.9
selective suspend, 7.1.7.4.2
suspending ports, 14.5.1.8, 11.16.2.6.1.3

power-off conditions and, 11.14
SETUP PID, 8.3.1 Table 8-1

ACK handshake and, 8.4.4
ADDRfield, 8.3.2.1
in control transfers, 8.5.2
in data toggle, 8.6.1
ENDPfield, 8.3.2.2
function responseto, 8.4.5.4
token CRCs, 8.3.5.1
in token packets, 3.4.1

setup siage
in control transfer data sequences, 5.5.5
in contro] transfers, 5.5, 8.5.2
data format for USB device requests, 9.3

shell

conductors, 6.5.2
plug shell materials, 6.5.4.2
receptacle shell materials, 6.5.3.2

shielding
grounding, 6.8
low-speed and full-speed cables, 6.6
outer and inner cable shielding, 6.6.1
shielded cablesillustrated, 6.4.1

standardized contact terminating assignments,
6.5.2

short circuits, USB withstanding capabilities, 7.1.1
short packets

defined, 9.4.3
detecting, 10.2.6
multiple data payloads and, 5.3.2

SIE (Serial Interface Engine), 10.1.1, 10.2.2
signal conductors in cables, 6.3
signal edges. See edgesof signals
signaling

bit stuffing, 7.7.9
cable attenuation, 7.1.17
connect and disconnect signaling, 7.1.7.1
data encoding/decoding, 7.1.8
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signaling (continued)
data rate, 7.1.11

data signaling. 7.1.7.2
delay

bus turn-around time andinter-packet delay,
7.1.18

cable delay, 7.1.16
cable skew delay, 7.1.3
maximum end-to-end signal delay, 7.1.19

frameinterval and frame interval adjustment,
71,12

hub signaling timings, 7.1.14
in-band and out-of-band, 10.1.2
input characteristics, 7.1.6
jitter, 7.1,13.1, 7.1.15 (See alsojitter)
low-speed (1.5Mb/S) driver characteristics, 7.1.1.2
overview, 7.1
receiver characteristics, 7.1.4, 7.1.15
reset signaling, 7.1.7.3
resume signaling, 7.1.7.5
rise and fall time, 7.1.2, 7.1.2.1
signal attenuation, 7.1.17
signal edges (See edgesof signals)
signaling levels, 7.1.7:7.1.7.5
signal integrity, 4.5
signal termination, 7.1.5
source signaling, 7.1.13, 7.1.13.1, 7.1.13.2
suspend signaling, 7.1.7.4
sync pattern, 7.1.10
USBdriver characteristics, 7.1.1

signal matching, 7.1.2
signal pair attenuation, 6.4.1, 6.7 Table 6-7
signal pair construction, 6.6.2
signal pins, 7.2.4.1
signal swing, 7.1.2
signal termination, 7.1.5
Single-ended 0 bus state (SEO)

in data signaling, 7.1.7.2
pull-down resistors and, 7.1.7.1
reset signaling, 7.1.7.3
signaling levels and, 7.1.7

single-ended capacitance, 7.1.1.2
single-ended components in upstream ports, 11.6
single-ended receivers, 7.1.4, 7.1.6
single pin-type receptacles, 6.9
sink endpoints

adaptive sink endpoints, 5,10.4.1,3
audio connectivity, 5.10.4.3.1
connectivity overview, 5.10.4.3
feedback for isochronous transfers, 5.10.4.2
synchronization types, 5.10.4.1
synchronous data connectivity, 5.10.4.3.2

skew

cable skew delay, 6.7 Table 6-7, 7.1.3, 7.3.2 Table
7-9

differential-to-EOPtransition skew, 7.3.3 Figure 7-
40

hub EOP delay and EOPskew,7.3.3 Figure 7-43
hub/repeater electrical characteristics, 7.3.2 Table

7-8

hub switching skew, 7.1.9
|dle-to-K state transition, 7.1.14

skew (continued)
minimizing signal skew, 7.1.1
timing skew accumulating, 11.2.2

slips in synchronous data, 5.10.4.3.2
small capacitors, 7.1.6
SOFPID, 8.3.1 Table 8-1

frame numberfield, 8.3.3
start-of-frame packets, 8.4.2

SOFs

bus clock and, 5.10.2
defined, 2.0 glossary
in downstream port state machine, 11.5
error recovery in isochronous transfers, 5.10.7
frameintervals, 7.1.12

frame timer synchronization, 11.2, 11.2.1
Host Controller frame generation, 10.2.3
loss of consecutive SOFs, 11.2.2
masiership contro! and synchronization, 5.10.4.1.1,

§,10.4,.1.2

overview, 8.4.2
tracking, 5.10.6, 5.10.7
using as clocks, 5.10.5

soft-start circuits, 7.2.4.1
software interfaces. See client software; HCDI; host;

USBDI; USB System software
solderability standards, 6.7 Table 6-7
solder tails, 6.5.3.3,6.5.4.3
SOPbusstate, 7.1.7, 7.1.7.2
SOP_FDsignal/event

generating, 11.4.4
in Hub Repeater state machine, 11.7

SOP_FU signal/event, 11.7
SOPs, 8.3

error detection through bus turn-aroundtiming,
8.7.2

frame timer synchronization and, 11.2.1
Idle-to-K state transition, 7.1.14

SOPdistortion, 7.3.3 Figure 7-42
timeout periods and, 7.1.19

source endpoints
adaptive source endpoints, 5.10.4.1.3
audio connectivity, 5.10.4.3.1
connectivity overview, 5.10.4.3
feedbackfor isochronoustransfers, 5.10.4.2
synchronization types, 5.10.4.1
synchronous data connectivity, 5,10.4.3.2

source jitter, 7.3.2 Table 7-6, 7.3.2 Table 7-7
source/sink connectivity, 5.10.4.3
special PIDs (PRE PID), 8.3.1 Table 8-7

inter-packet delays and, 7.1.18
low-speed port behavior and, 11.8.4
low-speed transactions, 8.6.5
Transmit state and, 11.5.1.7

specific-sized data payloads, 5.3.2
speed detection

atiached devices, 11.8.2

detecting low-speed functions and hubs,
11.16.2.6.1.7

detecting speed of devices, 7.1.7.1
termination and, 7.1.5

Speed_eval state, 11.8.2
SPI, defined, 2.0 glossary

305

ZTE/SAMSUNG 1007-0321

IPR2018-00111



ZTE/SAMSUNG 1007-0322 
IPR2018-00111

Universal Serial Bus Specification Revision 1.1

splitting sample across packets, 5.10.8
SRC

asynchronous SRC,2.0 glossary
audio connectivity and, 5.10.4,3.1
defined, 2.0 glossary
synchronous SRC, 2.0 glossary

Sresume State, 11.6.2, 11.6.2.6
staged powerswitching, 7.2.1.4
stages in control transfers, defined, 2.0 glossary, 5.5.

See also Data stage: Setup stage; Status
stage

STALLs, 8.3.1 Table 8-1
in bulk transfers, 5.8.5, 8.5.1
in control transfers, 8.5.2.4

data corrupted or not accepted, 8.6.3
functional and commandedstalls, 8.4.4
function responseto IN transactions, 8.4.5.1
function response to OUTtransactions, 8.4.5.3
in interrupt transfers, 5.7.5, 8.5.3
overview, 5.4.4
protocol stalls, 5.4.4
Request Error responses, 9.2.7
responsesto standard device requests, 9.4
returned by coniral pipes, 8.5.2.4

standard device information, 4.8.1
standard device requests, 92.6.4,949411, 11.161
standards (applicable documents), 6.7.1
standard USB descriptor definitions, 9.6.1:9.6.5
Siart-of-Frame. See SOFs
Start-of-Packet. See SOPs

Start-of-Packet bus state (SOP), 7.1.7, 7.1.7.2
start-of-packet delimiter. See SOPs
star topology, 5.2.3
state handling. See bus states; status
static output swing of USBD,7.1.1
status. See a/so status changebits

device states, 10.5.2.7, 11.13.2
Host Controller role in, 4.9
host's role in monitoring status and activity, 10.1.4
hub and port status change bitmap, 11.13.4
hub status, 11.16.2.5
notification of completion status, 10.3.4
port change information processing, 11.13.3
port status, 17.16.2.6:11.16.2.6.2.5
port status change bits, 11.16.2.6.2:11.16.2.6.2.5
USBDeventnotifications, 10.5.4.4

USBD status reporting and error recovery, 10.5.4.5
status change bits. See a/so Status Change endpoint

detecting changes, 11.13.2
device states, 11.13.2
hub and port status change bitmap, 11.13.4
hub status, 11.16.2.5
over-current status changebits, 11.13.5
port status changebits, 11.16.2.6.2:11.16.2.6.2.5

Status Change endpoint
defined, 11.13.1
device states and, 11.13.2

hub and port status change bitmap, 11.13.4
hub configuration and, 11.14
hub descriptors, 11.15.14
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Siatus stage
in control transfers, 5.5, 5.5.5, 8.5.2
reporting status results, 8.5.2.1

storage temperatures for cables, 6,6.4
stranded tinned conductors, 6.6.2
streaming real time transfers. See isochronous

transfers

stream pipes
bulk transfers and, 5.8.2
in bus protocol overview, 4.4
defined, 2.0 glossary, 5.3.2
interrupt transfers and, 5.7.2
isochronoustransfers and, 5.6.2
overview, 5.3.2.7

string descriptors
GetDescriptor() request, 9.4.3
as optional, 9.5
overview, 9.6.5

stuffed bits. See bit stuffing
subclasses

device subclass codes, 9.2.3, 9.6.1
interface subclass codes, 9.2.3, 9.6.3

SubClassfield, 9.2.3
substrate materials

plug contact materials, 6.5.4.3
plug shell materials, 6.5.4.2
receptacle contact materials, 6.5.3.3
receptacle shell materials, 6.5.3.2

successful transfers, 8.6.2, 10.3.4
supply current, 7.3.2 Table 7-5
supply voltage

DC electrical characteristics, 7.3.2 Table 7-5
oscillators, 7.1.11

surgelimiting, 7.2.4.4
Suspend bus state

global suspend, 7.1.7.4.1
overview, 7.1.7.4
powercontrol during suspend/resume, 7.2.3
reset signaling, 7.1.7.3
resume signaling, 7.1.7.5
selective suspend, 7.1.7.4.2

Suspend Delaystate, 11,4, 11.4.2
suspended devices

global suspend, 7.1.7.4.1
hub support for suspend signaling, 11.9
powercontro] during suspend/resume, 7.2.3
power-on and connection events, 7.1.7.1
remote wakeup, 9.2.5.2, 10.2.7, 10.5.4.6
resumesignaling, 7.1.7.5
selective suspend, 7.1.7.4.2
single-ended transmissions, 11.6
Suspend busstate, 7.1.7.4
Suspended device state, 9.1.1.6

suspended hubs
hub reset behavior, 11.10.1
resume signaling and, 11.1.2.2

suspended ports
C_PORT_SUSPEND, 11.16.2.6.2.3
getting port status, 11.16.2.6.1
port status change bits, 11.16.2.6.2
PORT_SUSPEND,14.16,2.6.1.3, 11.16.2.9
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Suspended state, 9.1.1 Table 9-1, 9.1.1.6, 11.5,
11.5.1.8

Suspend state, 11.6.1, 11.6.1.2
switching thresholds for single-ended receivers, 7.1.4
SYNC field

in data signaling, 7.1.7.2
in electrical specifications overview,4.2.1
overview, 8.2

SynchFrame() request, SYNCH_FRAME, 9.4, 9.4.11,
11.16.1

synchronization, See also synchronization types
clock synchronization, 5.10.3
data-per-time synchronization, 5.10.7
data toggle synchronization, 8.4.3, 8.6:3.6.5
endpoint synchronization frame, 9.4.11
frame timer synchronization, 11.2, 11.2.1
jitter, 2.0 glossary (See alsojitter)
physical and virtual devices, 5.10.4.3
SYNC field, 8.2
sync pattern, 7.1.10
transmitter and receiver synchronizationin

isochronoustransfers, 5.10

synchronization types
adaptive, 5.10.4.1.3
asynchronous, 5.10.4.1.1
defined, 2.0 glossary, 5.10.4
overview, 5.10,4.1

synchronous, 5.10.4.1.2
synchronous data connectivity, 5.10.4.3.2
synchronous data devices, 5.10.4
synchronous endpoints, 5.10.4.1.2, 5.10.4.3
synchronous RA, 2.0 glossary, 5.10.4.3
synchronous SRC, 2.0 glossary
sync pattern, 7.1.9, 7.1.10
system configuration. See configuration
System Programming Interiace, defined, 2.0 glossary
system software. See USB System Software

T
taxonomyof application space, 3.2
TDM, defined, 2.0 glossary
telephoneinterconnects, 1.1
temperature

data-rate inaccuracies and, 7.7.11

ranges for cables, 6.6.4
termination

blunt cut and prepared termination, 64.2, 6.4.3
DC electrical characteristics, 7.3.2 Table 7-5

defined, 2.0 glossary
detachable cable assemblies, 6.4.1

electrical specifications overview, 4.2.1
full-speed captive cable assemblies, 6.4.2
low-speed captive cable assemblies, 6.4.3
signal termination, 7.1.5
USB topologyrules, 6.4.4

termination data, 6.5.2
test criteria for electrical, mechanical and

environmental compliance, 6.7
Test for Flammability of Plastic Materials for Parts in

Devices and Appliances, 6.7.4
thermal shock standards, 6.7 Table 6-7
Thevenin resistance, 7.1.5

tiered star topology, 5.2.3
Time Division Multiplexing (TDM), 2.0 glossary
timed states

Disconnected state, 11,5.1.3

Resuming state, 11.5.1.9
timeout

bus transaction timeout, 5.10.7
defined, 2.0 glossary
detecting timeout conditions, 10.2.6
timeoutintervals in error detection, 8.7.3

timing, See also cable delay; propagation delay;
skew; synchronization, timing waveforms

bus timing/electrical characteristics, 7.3.2
bus transaction time calculations, 5.9.3

bus turn-aroundtiming, 8.7.2
clock model, 5.10.2

clock synchronization, 5.10.3
completion times for hub requests, 11.16.1
current frame timer, 17.2.4
data source signaling, 7.1.13
device event timings, 7.3.2 Table 7-17
frameinterval adjustments, 7.1.12
frame timer, 11.2.4
hub event timings, 7.3.2 Table 7-10
hub frame timer, 11.2:11.2.2
hub signaling timings, 7.1.14
isochronous transfer feedback, 5,10.4.2
isochronoustransfer importance, 5.10
next frame timer, 11.2.1
in non-USBisochronous application, 5.10.1
port disconnect timer, 11.5.2
power-on and connection events timing, 7.1.7.1
remote wakeup timing relationships, 11.9
request processing timing, 9.2.6.4
Resetting state and Resuming state intervals,

1te

SEO for EOP width timing, 7.1.13.2
skew accumulating between host and hub, 17.2.2
SOF PID timing information, 8.4.2
SOFtokens as clocks, 5.10.5

synchronization types, 5.10.4.1
timing waveforms, 7.3.3

differential data jitter, 7.3.3 Figure 7-39
differential-to-EOPtransition skew and EOP width,

7.3.3 Figure 7-40
hub differential delay, differential jitter, and SOP

distortion, 7.3.3 Figure 7-42
hub EOPdelay and EOP skew, 7.3.3 Figure 7-43
receiver jitter tolerance, 7.3.3 Figure 7-41

toggle mode. See data toggle
token packets

in bulk transfers, 8.5.7

bus protocol overview, 4.4
CRGs,8.3.5.1
defined, 2.0 glossary
in isochranaous transfers, 8.5.4
overview, 6.4.1

packetfield formats, 8.3:8.3.5.2
token PIDs, 8.3.1 Table 8-1. See also |N PID; OUT

PID; SETUP PID; SOF PID
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topology
bus topology, 4.1, 4.1.1, 5.2:5.2.5
hub tiers defined, 2.0 glossary

transaction completion prediction, 17.3.3
transaction list

defined, 5.9.1.4
HCD role in, 6.9.1.3
Host Controller and, 5.9.1.5

transactions

allocating bandwidth for, 5.9.1:5.91.5, 10.3.2
buffer size calculations, 5.9.4
bus protocol overview, 4.4
defined, 2.0 glossary
error detection and recovery, 8.7:8.7.4
organization within IRPs, 5.9.2
timeout, 5.10.7
tracking transactions, 5.9.2
transaction completion prediction, 11.3.3
transaction formats

bulk transfers, 5.8.4, 8.5.1
control transfers, 5.5.4, 8.5.2:8.5.2.3
interrupt transactions, 8.5.3
isochronous transfers, 5.6.3, 5.10.6, 5.10.7,

8.5.4

overview, 8.5
transactionlist, 5.9.1.3, 5.9.1.4, 5.9.1.5
transaction schedule, 4.4
transaction time calculations, 5.9.3

transfer management, 5.9.1:5.9.7.5
allocating bandwidth, overview, 4.7.5, 5.9.1.4
client software, 5.9.1.1
HCD, 5.9.1.3
Host Controller, 5.9.1.5
illustrated, 5.9.1
transactionlist, 5.9.1.4
USB driver, 5.9.1.2
USB System, 10.3.2

transfers, 5.0. See also transactions; names of
specific transfer types(i.e., bulk transfers)

bulk transfers, 2.0 glossary, 4.7.2, 5.8:5.8.5, 6.5.1
bus accessfor transfers, 5.9:5.9.5

bus bandwidth reclamation, 5.9.5
calculating buffer sizes in functions and

software, 5.9.4

calculating bus transaction times, 5.9.3
transaction tracking, 5.9.2
transfer management, 5.9.1:5.9.1.5

bus protocol overview, 4.4
bus topology, 5.2:5.2.5
communication flow, 4.1, 5.3:5,3,.2.2
control transfers, 4.7.1, 5.5:5,5.5,8,5.2:3.5.2.4
data prebuffering, 5.10.5
data signaling overview, 7.1.7.2
defined, 2.0 glossary
error detection and recovery, 8.7:8.7.4
Host Controller responsibilities, 4.9, 10.1.3
hub connectivity and, 17.7.2.1
implementer viewpoints, 5.4
interrupt transfers, 2.0 glossary, 4.7.3, 5.7:5.7.5,

8.5.3

isochronous transfers, 2.0 glossary, 4.7.4,
5.6:5.6.5, 5.10;5,10,8, 8.5.4
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transfers (continued)
operations overview, 9.2.4
organization of transactions within frames, 5.9.2
overview, 5.0
period transfers, 5.6.4
power management, 9.2.5
request processing, 9.2.6:9.2.6.5
standard device requests, 9.4:9.4.11
time limits for completing, 9.2.6.4, 9.2.6.5
transaction formats, 8.5:8.5.4

transfer types, 4.7:4.7.5, 5.4:5.8.5
USB device requests, 9.3:9.3.5
USBDrole in, 10.1.1, 10.5.3:10.5,3.2.4
USB System role in, 10.3.3

transfer types. See a/so transactions; transfers;
namesofspecific transfer types(i.e., bulk
transfers)

allocating USB bandwidth, 4.7.5
bulk transfers, 2.0 glossary, 4.7.2, 5.8
in calculating transaction times, 5.9.3
control transfers, 4.7.1, 5.5
interrupt transfers, 2.0 glossary, 4.7.3, 5.7
isochronous transfers, 2.0 glossary, 4.7.4, 5.6
for message pipes, 5.3.2.2
overview, 4.7:4.7.5, 5.4
pipes and, 44
for stream pipes, 5.3.2.1
transfer types defined, 2.0 glossary

transmit phaseof signaling, 7.1.1
Transmit state, 17.5, 11,5.1.7
transmitters

Active state, 11.6.2.2
Generate End of Packet Towards Upstream Port

state (GEOPTU), 11.6.2.5
Inactive state, 11.6.2.1
RepeatingSEOstate, 11.6.2.3
SendJ state, 11.6.2.4

Send Resume state (Sresume), 11.6.2.6
transmitter data jitter, 7.1.13.1
transmitter sequence bits, 8.6, 8.6.2
transmitter state descriptions, 11.6.2
transmitter state machine, 11.6, 11.6.2

transmitter state machine, 11.6, 11.6.2
truncated packets, 11.3.2
turn-around times

defined, 2.0 glossary
error detection, 8.7.2
overview, 7.1.18

turning poweron for ports, 17.17
twisted data pair in cables, 6.6.1
Tx_active signal/event, 11.6.1
Tx_resume signal/event, 11.6.1

U
UEOPsignal/event, 11.7
UL listing for cables, 6.6.5
UL STD-94, 6.7.1
UL Subject-444, 6.6.5, 6.7.1
unacceptable cables, 6.4.4
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underplating
plug contact materials, 6.5.4.3
plug shell materials, 6.5.4.2
receptacle contact materials, 6.5.3.3
receptacle shell materials, 6.5.3.2

Underwriter's Laboratory, Inc., 6.6.5, 6.7.4
The Unicode Standard, Worldwide Character

Encoding, 9.6.5
UNICODEstring descriptors, 9.6.5
unique addresses

assigning after dynamic insertion or removal, 4.6.3
device initialization, 10.5.1.1
operations overview, 9.2.2
SetAddress() request, 9.4.6
time limits for completing addressing, 9.2.6.3

Universal Serial Bus

architectural extensions, 4.10

bus protocol, 4.4
clock model, 5.10, 5.10.2
components, 5.1
configuration, 4.6:4.6.3, 10.3.1
data flow and transfers, 4.7:4.7.5, 5.1-5.10.8

description, 4.1:4.1.1.2
feature list, 3.3

goals, 3.1
host hardware and software, 4.9, 10.2:10.6
hubs, 17.1:11.16
mechanical and electrical specifications, 6.1:6.9,

FV AAY, FS7.3.3
motivation for development, 1.1
physical interface, 4.2:4.2.2
powerdistribution, 4.3:4.3.2,7.2:7.242
protocollayer, 8.1:8.7
range of USBdata traffic workloads, 3.2
robustness and error detection/recovery, 4.5:4.5.2
USB device framework, 9.1:9.7.3
USB devices, 4.8:4.8.2.2
USB schedule, 4.1

Universal Serial Bus Driver. See USBD (USBDriver)
Universal Serial Bus Resources, 2.0 glossary
up counters in hub timing, 11.2.1
upgrade paths, 3.3
upstream plugs, 6.2
upstream ports and hubs

defined, 4.8.2.1
full-speed drivers and, 7.1.2.1
full-speed port transceiver, 7.1.7
hub architecture, 11.1.1
hub EOP delay and EOP skew,7.3.3 Figure 7-43
input capacitance, 7.1.6
jitter, 7.3.2 Table 7-7
low-speed source electrical characteristics, 7.3.2

Table 7-7

pull-up and pull-down resistors, 11.12.1
receivers, 17.6.1:11.6.1.6
reset on upstream port, 11.10.1
signaling delays, 7.1.14
transmitters, 11.6.2:11.6.2.6
upstream connectivity defined, 11.1.2.1
upstream defined, 2.0 glossary
upstream hub delay, 7.3.3 Figure 7-42

USB. See Universal Serial Bus

USB BusInterface layer
In bus topology, 5.2.2
detailed communication flow illustrated, 5,3

Host Controller implementation, 10.1.1
illustrated, 5.4
interlayer communications model, 10.1.1

USBD (USB Driver). See also USBD! (USB Driver
Interface)

in bus topology, 5.2.1
command mechanisms, 10.5.1:10.5.2.12

as component of USB System, 10.1.1
configuration and, 10.3.4
control mechanisms, 10.1.2
data transfer mechanisms, 10.1.3

defined, 2.0 glossary, 5.3, 10.5
driver characteristics, 7.1.1
full-and low-speed drivers, 7.1.1.1, 7.7.1.2, 7.1.2.4
HCDinteraction with, 10.4
hub drivers, 10.3.1
initialization, 10.5.1.1
overview, 10.5.1
passing preboot control to operating system, 10.5.5
pipe mechanisms, 5.9.1.2, 10.5.1:10.5.3.2.4
request data format mechanisms, 10.3.4
service capabilities, 10.5.1.3
software interface overview, 10.3
in transfer management, 5.9.1, 5.9.1.2
USB System and, 10.5.4:10.5.4.6

USB device framework, 9, 9.7.2

descriptors, 9.5:9.7.3
device class definitions, 9.7:9.7.3
generic USB device operations, 9,2:9.2.7

address assignment, 9.2.2
configuration, 9.2.3
data transfer, 9.2.4
dynamic attachment and removal, 9.2.1
power management, 9.2.5
request error, 9.2.7
request processing, 9.2.6:9.2.6.5

standard descriptor definitions, 9.6°9,.6.4
standard device requests, 9.4:9.4.11
USB device requests, 9.3:9.3.5
USBdevice states, 9.1:9.1.2

USB Device layer
detailed communication flow illustrated, 5.3
illustrated, 5.1

interlayer communications model, 10.1.1
USB devices. See devices

USBDI(USB Driver Interface)
adding devices, 10.5.2.5
alternate interface mechanisms, 10.5.2.10
getting descriptors, 10.5.2.3
granting Master Client status, 10.5.3.2.4, 10.5.4.2
removing devices, 10.5.2.6
role in request data format, 10.3.4
sending class commands,10.5.2.8
sending vendor commands, 10.5.2.9
setting descriptors, 10.5,2.12
software interface overview, 10.3

USBhost. See host
USBhost controller. See Host Controller
USB Icon, 6.5, 6.5.4
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USB interconnect model. 4.1, 5.10.4.3
USB Logicai Devices. See logical devices
USB Physical Devices. See physical devices
USB schedule, 4.1

USB Specification Release Number, 9.6.1
USB System. See also HCD; host software; USBD

allocating bandwidth, 10.3,2
buffers and, 10.2.9
data transfer role, 10.3.3

HCD component, 10.1.4
Host Controller interaction, 10.1.1
host software component, 10.1.1
power management, 10.5.4.3
remote wakeup, 10.2.7, 10.5.4.6
software interface overview, 10.3
state handling, 10.2.1
status and activity monitoring, 10.1.4
USBD component, 10.1.1

USB System Software
asynchronous data transfers, 4.9
bus enumeration, 4.9

in bus topology, 5.2.1
in communication flow, 5.3
detecting hub and port status changes, 11.13.2
as implementation focus area, 5.1
interrupt transfer support, 5.7.3
isochronous transfer support, 4.9
power management, 4.9
rale, 4.9

V
variable-length data stages, 8.5.2.2
variable-sized data payloads, 5.3.2
VBusleads

bypassing, 7.2.4.1
cable electrical characteristics, 7.3.2 Table 7-9
detachable cables, 6.4.1
in electrical specifications overview, 4.2.1
full-speed captive cable assemblies, 6.4.2
low-speed captive cable assemblies, 6.4.3
standardized contact terminating assignments,

6.5.2

upstream port power supply and, 7.2.1
Vendor IDs in device descriptors, 9.6.1
vendorinformation in device characteristics, 4.8.1

vendor-specific descriptors, 9.5
vendor-specific requests, 10.5.2.9
VI characteristics of full-speed connections, 7.1.1.1
virtual devices, 2.0 glossary, 5.10.43
visible device states, 9.1.4

Visual inspection standards, 6.7 Table 6-7
voltage

average voltage on D+/D- lines, 7.1.2
cross-over voltage in signaling, 7.1.2
droop, 7.2.3, 7.2.4.1
flyback voltage, 7.2.4.2
full-speed connections, 7.1.1.1
open-circuit voltage, 7.1.1
ratings for cables, 6.6,3
reduction due to cable resistive effects, 7.2.3
supply voltage, 7.3.2 Table 7-5
Voltage drop budget, 7.2.2
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voltage (continued)
valtage drops, 7.2.1.4
voltage drop topology, 7.2.2
zero impedance voltage sources, 7.1.1

WwW
Wait for End of Packet from Upstream Port state

(WFEOPFU), 11.7, 11,7.2
Wait for End of Packet (WFEOP)state, 11.7, 11.7.4
Wait for Start of Packet from Upstream Part state

(WFSOPFU), 11.7, 11.7.1
Wait for Start of Packet (WFSOP)state, 11.7, 11.7.3
wander, defined, 11.2.2
waveforms

differential data jitter, 7.3.3 Figure 7-39
differential-to-EOPtransition skew and EOP width,

7.3.3 Figure 7-40
full-speed driver signal waveforms, 7.1.1.1
hubdifferential delay, differential jitter, and SOP

distortion, 7.3.3 Figure 7-42
hub EOP delay and EOP skew,7.3.3 Figure 7-43
maximum input waveformsfor signaling, 7.1.4
receiver jitter tolerance, 7.3.3 Figure 7-47

WFEOPFUstate, 11.5.1.6, 11.7, 11.7.2
WFEOPstate, 11.7, 11.7.4
WFSOPFUstate, 11.7, 11.7.4
WEFSOPstate, 11.7, 11.7.3
wHubChangefield, 11.16.2.5
wHubCharacteristics field

hub desenptor, 11.15.2,1
multiple gangs and, 17.11-1
over-current reporting, 11.13.5
power switching settings, 71.11

wHubStatus field, 11.16.2.5
windex field

hub class requests, 11.16.2
overview, 9.3.4

Setup data format, 9.3
standard device requests, 9.4

wire gauge in cables, 6.6.2
wire insulation in cables, 6.6.2
wiring assignments for conductors, 6.5.2
wLANGID/] field (string descriptors), 9.6.5
wLength field

hub class requests, 11.16.2
overview, 9.3.5
Setup data format, 9.3
standard device requests, 9.4

wMaxPacketSizefield

bulk transfers and, 5.8.3

control transfer packet size, 5.5.3
endpoint descriptors, 9.6.4
hub descriptors, 11.15.1
interrupt transfer packet size, 5.7.3
variable-length data stages, 8.5.2.2

words, defined, 2.0 glossary
working space, location and length of, 10.3.4
worst casebit stuffing, 5.9.3
wPortChangefield, 11.16.2.6, 11.16.2.6.2
wPortStatus field, 11.16.2.6, 11.16.2.6.1
wTota/Lengih field (configuration descriptors), 9.6.2
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wValuefield

hub class requests, 11.16.2
overview, 9.3.3
Setup data format, 9.3
standard device requests, 9.4

Zz
zero impedance voltage sources, 7.1.4
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