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

Test Description

Flammability

Test Procedure

UL 94 V-0

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

Performance Requirement

The manufacturerwill require its
thermoplastic resin vendorto
supply a detailed C of C with each
resin shipment. The C of C shall
clearly show theresin’s UL listing
number, lot number, date code,
etc. 

Flammability

 
UL 94 V-0

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

 

Cable Impedance
(Only required for high-/full-speed)

110

The object of this test is to insure
the signal conductors have the
proper impedance.

1. Connect the Time Domain

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

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

text fixture, leaving the other
end open-circuited.

Define a waveform composed
of the difference betweenthe

true and complement
waveforms, to allow
measurementofdifferential

impedance.

Measure the minimum and

maximum impedances found
between the connector and the

open circuited far end of the
cable.

 
The manufacturerwill require its
thermoplastic resin vendorto
supply a detailed C of C with each
resin shipment. The C of C shall
clearly showthe resin’s UL listing
number, lot number, date code,
etc. 

Impedance mustbein the range
specified in Table 7-9 (20). 
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Table 6-7. USB Electrical, Mechanical, and Environmental Compliance Standards (Continued)

Test Description Test Procedure Performance Requirement

Theobject of this test is to insure Refer to Section 7.1.17 for
that adequate signal strengthis frequency range and allowable
presented to the receiverto attenuation,
maintain a low errorrate.

1. Connect the Network Analyzer
output port (port 1) to the input
connectoron 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
andfixture using the
appropriate calibration
standards over the desired

frequency range.

Signal Pair Attenuation
(Only required for high-/full-speed)

Follow the methodlisted in

Hewlett Packard Application
Note 380-2 to measure the

open-ended responseof the
cable.

Short circuit the Series “B” end

(or bare leads end,if a 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.
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Table 6-7. USB Electrical, Mechanical, and Environmental Compliance Standards (Continued)

 
Test Description

Propagation Delay

112

 
Test Procedure

The purpose ofthetestIs to verify
the end to end propagation of the
cable.

1. Connect one output of the
TDR sampling head to the D+
and D- inputs of the
impedance/delay/skewtest
fixture (Note 1). Use one 50 2
cable for each signal and set
the TDR headto differential
TDR mode.

Connect the cable to be tested
to the testfixture. 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 endto the test
fixture.

Measure the propagation delay
of the testfixture by
connecting a short piece of
wire acrossthefixture from

input to output and recording
the delay.

Removethe short piece of wire
and remeasure the

propagation delay. Subtract
from it the delay of the test
fixture measuredin the

previous step.

 
Performance Requirement

High-/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 7.1.1.2,
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 meetthe
both the D+ and D-lines arrive at requirements aslisted in
the receiver at the sametime. Section 7.1.3.

Connect the TDRtothefixture

with test sample cable, as in
the previous section.

Propagation Delay Skew . Measure the difference in
delay for the two conductorsin
the test cable. Use the TDR

cursorsto find the open-
circuited end of each

conductor (where the
impedance goesinfinite) and
subtract the time difference
between the two values. 

The purpose ofthis test is to insure|See Section 7.1.1.2 and Table 7-7
the distributed inter-wire (CLINUA).
capacitance is less than the
lumped capacitance specified by
the low-speed transmit driver.

1. Connect the one lead of the

Impedance Analyzer to the D+
pin on the
impedance/delay/skew fixture
Note 1 id the other lead t

Only required for low-speed Nad ae © omeriese te
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
measure the capacitance.

   
Note1: Impedance, propagation delay, and skewtest fixture

This fixture will be used with the TDR for measuring the time domain performance of the cable under test. The
fixture impedance should be matched to the equipment, typically 50 2. Coaxial connectors should be provided
on thefixture for connection from the TDR.

Note 2: Attenuation text fixture

This fixture provides a means of connection from the network analyzer to the Series "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 known as single-ended) signal
from the signal generator whichis typically a 50 © output to the balanced (also knownasdifferential) and likely
different impedance loaded presented by the cable. A second transformer or balun should be used on the other
end of the cable undertest to convert the signal back to unbalanced form of the correct impedance to match the
network analyzer.
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6.7.1 Applicable Documents

American National Standard/Electronic Industries Association

ANSI/EIA-364-C (12/94)—Electrical Connector/Socket 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 of Insulation 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 drawings in Figure 6-12, Figure 6-13, and Figure 6-14 describe typical receptacle PCB interfaces.
These drawings are included for informational purposes only.

114

ZTE/SAMSUNG 1008-0142

IPR2018-00110



ZTE/SAMSUNG 1008-0143 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

 

Reference Drawing Only
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Figure 6-12. Single Pin-type Series "A" Receptacle
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Figure 6-13. Dual Pin-type Series "A" Receptacle
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Figure 6-14. Single Pin-type Series 'B" Receptacle
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Chapter7
Electrical

This chapter describes the electrical specification for the USB. It contains signaling, power distribution, and
physical layer specifications. This specification does not address regulatory compliance. It is the responsibility
of product designers to make sure that their designs comply with all applicable regulatory requirements.

The USB 2.0 specification requires hubs to support high-speed mode. USB 2.0 devices are not required to
support high-speed mode. A high-speed capable upstream facing transceiver must not support low-speed
signaling mode. A USB 2.0 downstream facing transceiver must support high-speed, full-speed, and low-speed
modes.

To assurereliable operation at high-speed datarates, this specification requires the use of cables that conform to
all current cable specifications.

In this chapter, there are numerousreferencesto strings of J’s and K’s,or to strings of 1’s and 0’s. In each of
these instances, the leftmost symbolis transmitted/received first, and the rightmostis transmitted/receivedlast.

7.1 Signaling

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

Overview of High-speed Signaling

A high-speed USB connection is made througha shielded, twisted pair cable that conformsto all current USB
cable specifications.
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+3.3V

Rpu_Enable p—---—--—-—-—--—-—-----—-—--—--—-—---—_-—----ey

HS_Current_Source_Enable |<a 1
‘the circuitry required to enable and

disable 4, ane only required In
upstream facing ransceiversHigh Speed Curent Driver | Note: The Rpu pull-up resistor, and

LSIFS Driver iRs

LS/FS_Data_Driver_Input Daleputleaa | RpuAssert_Single_Ended_Zero ae 6
FS_Edge_Mode_Sel Rs

LS/FS_Driver_Output_Enable
Data+

HS Differential Data Receiver “PD [ Data-
olor rTransmission Envelope Date

LS/FS_Differential_Receiver_Output otLSVFS Differential Data Receiver P

HS_Disconnect <1Detector .Disconnection Envelope

SE_Data+_Receiver_Output |
5 Note: The Rad resisters to ground

SE_Data-_Receiver_Output a are only required in downstream
Single Ended Receivers facing tanscelvers

Rpd Rpd

Figure 7-1, Example High-speed Capable Transceiver Circuit

Figure 7-1 depicts an example implementation whichlargely utilizes USB 1.1 transceiver elements and adds the
new elements required for high-speed operation.

High-speed operation supports signaling at 480 Mb/s. To achievereliable signaling at this rate, the cable is
terminated at each end with a resistance from each wire to ground. The valueofthis resistance (on each wire)is
nominally set to 1/2 the specified differential impedance of the cable, or 45 ©. This presents a differential
termination of 90 Q.

For a link operating in high-speed mode, the high-speed idle state occurs when the transceivers at both ends of
the cable present high-speed terminations to ground, and whenneither transceiver drives signaling current into
the D+ or D- lines. This state is achieved by using the low-/full-speed driver to assert a single ended zero, and to
closely control the combinedtotal of the intrinsic driver output impedance andthe Rs resistance (to 45 Q,
nominal), The recommendedpractice is to makethe intrinsic driver impedanceas low as possible, and to let Rs
contribute as much of the 45 Q as possible. This will generally lead to the best termination accuracy with the
least parasitic loading.

In order to transmit in high-speed mode, a transceiver activates an internal current source whichis derived from
its positive supply voltage and directs this current into one of the two data lines via a high speed current steering
switch. In this way, the transceiver generates the high-speed J or K state on the cable.

The dynamic switching of this current into the D+ or D- line follows the same NRZI data encoding scheme used
in low-speed or full-speed operation and also in the bit stuffing behavior. To signal a J, the current is directed
into the D+ line, and to signal a K, the currentis directed into the D- line. The SYNC field and the EOP
delimiters have been modified for high-speed mode.
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The magnitudeofthe current source and the value of the termination resistors are controlled to specified
tolerances, and together they determine the actual voltage drive levels. The DC resistance from D+ or D- to the

device ground is required to be 45 £2 +10% when measured withouta load, and the differential output voltage
measuredacrossthe lines (in either the J or K state) must be +400 mV +10% when D+and D-are terminated
with precision 45 Q resistors to ground.

The differential voltage developed across the lines is used for three purposes:

e A differential receiver at the receiving end of the cable receives the differential data signal.

e A differential envelope detector at the receiving end of the cable determines whenthelink is in the Squelch
state. A receiver uses squelch detection as indication that the signal at its connectoris not valid.

e Inthe case of a downstream facing hub transceiver, a differential envelope detector monitors whether the
signalat its connectoris in the high-speed state. A downstream facing transceiver operating in high-speed
modeis required to test for this state at a particular point in time whenit is transmitting a SOF packet, as
described in Section 7.1.7.3. This is used to detect device disconnection. In the absence ofthe far end

terminations, the differential voltage will nominally double (as compared to when a high-speed device is
present) when a high-speed J or K are continuously driven for a period exceeding the round-trip delay for
the cable and board-traces between the two transceivers.

USB 2.0 requires that a downstreamfacing transceiver must be able to operate in low-speed, full-speed, and
high-speed signaling modes. An upstream facing high-speed capable transceiver must not operate in low-speed
signaling mode, but mustbe able to operate in full-speed signaling mode. Therefore, a 1.5 kQ pull-up on the D-
line is not allowed for a high-speed capable device, since a high-speed capable transceiver must neversignal
low-speed operation to the hub port to whichit is attached.

Table 7-1 describes the required functional elements of a high-speed capable transceiver, using the diagram
shownin Figure 7-1 as an example.
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Table 7-1. Description of Functional Elements in the Example Shownin Figure 7-1 

Description  
 

 
 The low-/full-speed driver is used for low-speed andfull-speed transmission. It

is required to meetall specifications called out in USB 1.1 for low-speed andfull-
speed operation, with one exception. The exceptionis that in high-speed
capable transceivers, the impedance of each output, including the contribution of
Rs, must be 45 QO +10%.

Low-/full-speed Driver  
  
  
  
 
 

 
 Theline terminations for high-speed operation are created by having this driver

drive D+ and D- to ground. (This is equivalent to driving SEO in the full-speed or
low-speed mode.) Becauseof the output impedance requirement described
above,this provides a well-controlled high-speed termination on each data line
to ground. This is equivalent to a 90 Q differential termination.

  
 

 

 

   Low-/full-speed Differential The low-/full-speed differential receiver is used for receiving low-speed andfull-
Receiver speed data. 
 

 
 

  Single Ended Receivers The single ended receivers are used for low-speed and full-speed signaling. 
 
 

 

 

 High-speed Current Driver The high-speed currentdriver is used for high-speed data transmission. A
current source derived from a positive supply is switched into either the D+ or D-
lines to signal a J or a K, respectively. The nominal value of the current source
is 17.78 mA. Whenthis current is applied to a data line with a 45 © termination
to ground at each end, the nominalhigh level voltage (VHSOH) is +400 mV. The
nominaldifferential high-speed voltage (D+ - D-) is thus 400 mV for a J and
-400 mV fora K.

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  

 

The current source must comply with the Transmit Eye Pattern Templates
specified in Section 7.1.2.2, starting with the first symbol of a packet. One
meansof achieving this is to leave the current source on continuously when a
transceiver is operating in high-speed mode. If this approach is used, the
current can be directed to the port ground whenthe transceiveris not
transmitting (the example design in Figure 7-1 shows a controlline called
HS_Current_Source_Enable to turn the current on, and anothercalled
HS_Drive_Enable to direct the current into the data lines.) The penalty of this
approachis the 17.78 mAofstanding current for every such enabled transceiver
in the system.

 
  The preferred designis to fully turn the current source off whenthe transceiver

is not transmitting. 
 

 
 

 
  
 
 

High-speed Differential Data
Receiver

The high-speeddifferential data receiver is used to receive high-speed data. It
is left to transceiver designers to choose betweenincorporating separate high-
speed and low-/full-speed receivers, as shown in Figure 7-1, or combining both
functionsinto a single receiver.
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Table 7-1. Description of Functional Elements in the Example Shownin Figure 7-1 (Continued)

Transmission Envelope This envelope detector is used to indicate that data is invalid when the
Detector amplitude of the differential signal at a receiver's inputs falls below the squelch

threshold (VHSsq). It must indicate Squelch when the signal drops below
100 mV differential amplitude, and it must indicate that the line is not in the
Squelch state when the signal exceeds 150 mV differential amplitude. The
response time of the detector must be fast enough to allow a receiver to detect
data transmission, to achieve DLLlock, and to detect the end of the SYNCfield

within 12 bit times, the minimum number of SYNCbits that a receiveris
guaranteed to see. This envelope detector mustincorporatea filtering
mechanism that prevents indication of squelch during the longestdifferential
data transitions allowed by the receiver eye pattern specifications.

Disconnection Envelope This envelope detector is required in downstream facing ports to detect the high-
Detector speed Disconnect state on the line (VHSoSc). Disconnection mustbe indicated

when the amplitude of the differential signal at the downstream facing driver's
connector 2625 mV, and it must not be indicated whenthe signal amplitude is
<525 mV. The outputof this detector is sampled at a specific time during the
transmission of the high-speed SOF EOP,as described in Section 7.1.7.3. 

Pull-up Resistor (Rev) This resistor is required only in upstream facing transceivers and is used to
indicate signaling speed capability. A high-speed capable device is required to
initially attach as a full-speed device and musttransition to high-speed as
describedin this specification. Once operating in high-speed, the 1.5 kQ
resistor must be electrically removed from the circuit. In Figure 7-1, a control
line called Reu_Enableis indicated for this purpose. The preferred embodiment
is to attach matched switching devices to both the D+ and D-lines so as to keep
the lines' parasitic loading balanced, even though a pull-up resistor must never
be used on the D-line of an upstream facing high-speed capable transceiver.
Whenconnected,this pull-up must meetall the specifications called out for full-
speedoperation.

 
Pull-down Resistors (Rep) These resistors are required only in downstream facing transceivers and must

conform to the samespecifications called out for low-speed andfull-speed
operation.  

7.1.1 USB Driver Characteristics

The USB usesa differential output driver to drive the USB data signal onto the USBcable.

For low-speed and full-speed operation, the static output swing of the driverin its low state must be below Voi
(max) of 0.3 V with a 1.5 kQ load to 3.6 V, andin its high state must be above the Vou (min)of 2.8 V with a
15 kQ load to groundas listed in Table 7-7. Full-speed drivers have more stringent requirements, as described
in Section 7.1.1.1. The output swings betweenthe differential high and low state must be well-balanced to
minimize signal skew. Slew rate control on the driver is required to minimize the radiated noise andcrosstalk.
The driver’s outputs must support three-state operation to achieve bi-directional half-duplex operation.

Low-speed and full-speed USB drivers must never“intentionally” generate an SE] on the bus. SE] is a state in
which both the D+ and D- lines are at a voltage above Vose1 (min), whichis 0.8 V.

High-speed drivers use substantially different signaling levels, as described in Section 7.1.1.3.

USBports must be capable of withstanding continuous exposure to the waveforms shownin Figure 7-2 while in
any drive state. These waveformsare applied directly into each USB data pin from a voltage source with an
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output impedance of 39 Q. The open-circuit voltage of the source shown in Figure 7-2 is based on the expected
worst-case overshoot and undershoot.

AC Stress Evaluation Setu 

D+ or D- pin
on USB connector

nearest device

 
 

Se

USB
Device -1.0V

166.7ns

(6MHz)

   Rsrac = 390 42%

The signal produced by the voltage generator may be
distorted when observedat the data pin due to input
protection devices possibly incorporated in the USB

device,

Figure 7-2. Maximum Input Waveforms for USB Signaling

Short Circuit Withstand

A USBtransceiver is required to withstand a continuous short circuit of D+ and/or D- to VBUS, GND,other data
line, or the cable shield at the connector, for a minimum of 24 hours without degradation. It is recommended
that transceivers be designed so as to withstand such short circuits indefinitely. The device must not be damaged
underthis short circuit condition when transmitting 50% ofthe time and receiving 50% ofthe time(in all
supported speeds). The transmit phase consists of a symmetricalsignal that toggles between drive high and
drive low. This requirement must be met for max value of VBUS(5.25 V).

It is recommendedthat these AC and short circuit stresses be used as qualification criteria against which the
long-term reliability of each device is evaluated.

7.1.1.1 Full-speed (12 Mb/s) Driver Characteristics

A full-speed USB connection is made through a shielded, twisted pair cable with a differential characteristic
impedance (Zo) of 90 2 15%, a common mode impedance (Zc) of 30 Q +30%, and a maximum one-way
delay (Trscsc) of 26 ns. When the full-speed driveris not part of a high-speed capable transceiver, the
impedance ofeach ofthe drivers (Zprv) must be between 28 2 and 44 Q,i.e., within the gray area in Figure 7-4.
Whenthe full-speed driver is part of a high-speed capable transceiver, the impedanceofeach ofthe drivers
(ZHspRV) must be between 40.5 Q and 49.5 Q,i.e., within the gray area in Figure 7-5.

For a CMOSimplementation,the driver impedance will typically be realized by a CMOSdriver with an
impedancesignificantly less than this resistance with a discrete series resistor making up the balance as shown in
Figure 7-3. The series resistor Rs is included in the buffer impedance requirement shownin Figure 7-4 and
Figure 7-5. In the rest of the chapter, references to the buffer assume a buffer with the series impedance unless
stated otherwise.
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Buffer Output Imped. (Zeur)

D+ (28Q to 44Q Equiv. Imped.) 
 

Identical

CMOS

ye Buffers 
D- (28Q to 44Q Equiv. Imped.)

Figure 7-3. Example Full-speed CMOSDriver Circuit (non High-speed capable)

Full-speed Buffers in Transceivers Which are Not High-speed Capable

The buffer impedance must be measured fordriving high as well as driving low. Figure 7-4 showsthe
composite V/I characteristics for the full-speed drivers with included series dampingresistor (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 under
test. The normalized V/I curve for the driver must fall entirely inside the shaded region. The V/I 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 |6.1 VOH| mA when driving low and -|6.1 VOH| mA
whendriving high. In the special case of a full-speed driver which is driving low, and whichis part of a high-
speed capable transceiver, the low drive region is intersected by a constant current region of 22.0 mA. Thisis
the minimum currentdrive level necessary to ensure that the waveform at the receiver crosses the opposite
single-ended switching levelon the first reflection.

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

Full-speed Buffers in High-speed Capable Transceivers

Figure 7-5 shows the V/I characteristics for a Full-speed buffer whichis part of a high-speed capable
transceiver. The output impedance, Zusprv (including the contribution of RS), is required to be between 40.5 2
and 49.5 9. Additionally, the output voltage must be within 10mV of ground when no current is flowing in or
out of the pin (VHsTERM).
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Figure 7-4. Full-speed Buffer V/I Characteristics
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Figure 7-5. Full-speed Buffer V/I Characteristics for High-speed Capable Transceiver
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Figure 7-6 showsthe full-speed driver signal waveforms.
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Signal Pins

Vss
One-Way
Trip Cable

Delay

Vin (min) Se\ Signal pins pass
Receiver input spec levels

Signal Pins after one cable
delay
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Vss

Figure 7-6. Full-speed Signal Waveforms

7.1.1.2 Low-speed (1.5 Mb/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 200 pF and no more than 450 pF
on the D+ or D-lines.

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

Figure 7-7 shows the low-speed driver signal waveforms.

Vin (min) 4+. Signal pinspass output
Driver speclevels

si 1 Pi with minimalignal Pins reflections and
ringing
  

Figure 7-7. Low-speed Driver Signal Waveforms
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7.1.1.3 High-speed (480 Mb/s) Driver Characteristics
A high-speed USB connection is made through a shielded, twisted pair cable with a differential characteristic
impedance (Zo) of 90 Q +15%, a common mode impedance (Zcm) of 30 2 +30%, and a maximum one-way
delay of 26 ns (Trsca_). The D+ and D-circuit board traces which run betweena transceiverandits associated

connector should also have a nominal differential impedance of 90 Q, and together they may add an additional
4 ns of delay between the transceivers. (See Section 7.1.6 for details on impedancespecifications of boards and
transceivers.) The differential output impedance of a high-speed capable driver is required to be 90 2 10%.
Wheneither the D+ or D- lines are driven high, VHsou (the high-speed mode high-level output voltage driven on
a data line with a precision 45 © load to GND) must be 400 mV +10%. Ona line whichis not driven, either
becausethe transceiveris not transmitting or because the oppositeline is being driven high, Vxsot (the high-
speed mode low-level output voltage driven on a data line with a 45 Q load to GND) must be 0 V+ 10 mV.

Note: Unless indicated otherwise, all voltage measurements are to be made with respectto the local circuit
ground.

Note: This specification requires that a high-speed capable transceiver operating in full-speed or low-speed
mode must have a driver impedance (ZxHsprv) of 45 2 +10%. It is recommendedthat the driver impedances be
matched to within 5 © within a transceiver. For upstream facing transceivers which do not support high-speed
mode,the driver output impedance (Zprv) must fall within the range of 28 QO to 44 Q.

On downstream facing ports, Represistors (15 kQ2 +5%) must be connected from D+ and D- to ground.

Whena high-speed capable transceiver transitions to high-speed mode, the high-speedidle state is achieved by
driving SEO with the low-/full-speed drivers at each endofthe link (so as to provide the required terminations),
and by disconnecting the D+ pull-up resistor in the upstream facing transceiver.

In the preferred embodiment, a transceiveractivates its high-speed current driver only when transmitting high-
speed signals. This is a potential design challenge, however, since the signal amplitude andtiming specifications
must be met even onthefirst symbol within a packet. Asa lessefficient alternative, a transceiver may causeits
high-speed current source to be continually active while in high-speed mode. Whenthe transceiveris not
transmitting, the current may be directed into the device ground rather than through the current steering switch
whichis used for data signaling. In the examplecircuit, steering the current to ground is accomplished by
setting HS_Drive_Enable low.

In CMOS implementations, the driver impedancewill typically be realized by the combination of the driver’s
intrinsic output impedance and Rs. To optimally control Zusprvand to minimize parasitics, it is preferred the
driver impedance be minimized (under 5 ©) and the balance of the 45 © should be contributed by the Rs
component.

Whena transceiver operating in high-speed modetransmits, the transmit currentis directed into either the D+ or
D- data line. A J is asserted by directing the current to the D+ line, a K by directing it to the D- line.

Wheneachofthe data lines is terminated with a 45 Q resistor to the device ground,the effective load resistance
on each side is 22.5 ©. Therefore, the line into which the drive current is being directed rises to 17.78 ma *
22.5 © or 400 mV (nominal). The other line remains at the device ground voltage. Whenthe current is directed
to the opposite line, these voltages are reversed.

7.1.2 Data Signal Rise and Fall, Eye Patterns
The following sections specify the data signal rise and fall times for full-speed and low-speed signaling, and the
rise time and eye patterns for high-speed signaling.
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7.1.2.1 Low-speed and Full-speed Data Signal Rise and Fall
For low-speed and full-speed, the output rise time andfall times are measured between 10% and 90% ofthe
signal (Figure 7-8). Rise and fall time requirements apply to differential transitions as well as to transitions
between differential and single-ended signaling.

Therise and fall times for full-speed buffers are measured with the load shownin Figure 7-9. Therise andfall
times must be between 4 ns and 20 ns and matched to within +10% to minimize RFI emissions and signal skew.
The transitions must be monotonic.

Therise and fall times for low-speed buffers are measured with the load shown in Figure 7-10. The capacitive
load shown in Figure 7-10 is representative of the worst-case load allowed by the specification. A downstream
facing transceiver is allowed 150 pF of input/output capacitance (CIND). A low-speed device (including cable)
may have a capacitanceofaslittle as 200 pF and as much as 450 pF. This gives a range of 200 pF to 600 pF as
the capacitive load that a downstream facing low-speed buffer might encounter. Upstream facing buffers on
low-speed devices must be designed to drive the capacitance of the attached cableplus an additional 150 pF. If
a low-speed buffer is designed for an application where the load capacitance is knownto fall in a 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 for the 200 pF to 600 pF range. Therise andfall time must be
between 75 ns and 300 ns for 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 1.3 V and 2.0 V.

For low-speed and full-speed, this specification does not require matching signal swing matching to any greater
degree than described above. However, when signaling, it is preferred that the average voltage on the D+ and
D- lines should be constant. This means that the amplitude of the signal swing on both D+ and D- should be the
same; the low and high goingtransition should begin at the same time and changeat the samerate; and the
crossover voltage should be the same when switching to a J or K. Deviations from signal matching will result in
common-modenoise that will radiate and affect the ability of devices and systemsto pass tests that are
mandated by governmentagencies.

Rise Time Fall Time

 
 

Differential
Data Lines

Figure 7-8. Data Signal Rise and Fall Time

Full-speedBuffer

if Rs |TxD+ | ‘' t
‘ '
1 im CL
t Rs tt

TxD- | > AA 1v t
' '

Sonne nnnD Cx
C.= 50pF

Figure 7-9. Full-speed Load
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C.= 200pF to 600pF C.= 50pF to 150pF

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

Figure 7-10. Low-speed Port Loads

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

7.1.2.2 High-speed Signaling Eye Patterns and Rise and Fall Time
The following specifications apply to high-speed mode signaling. All bits, including thefirst and last bit of a
packet, must meet the following eye pattern requirements for timing and amplitude.

TP 4 TP2 TP3 TP4

Connector 
Hub Circuit Board Device Circuit Board

Figure 7-11. Measurement Planes

Figure 7-11 defines four test planes which will be referenced in this section. TP1 and TP4are the points where
the transceiver IC pins are soldered to the hub and devicecircuit boards, respectively. TP2 is at the mated pins
of the A connector, and TP3is at the mated pins ofthe B connector(or, in the case of a captive cable, where the
cable is attached to the circuit board). The following differential eye pattern templates specify transmit
waveform and receive sensitivity requirements at various points and under various conditions.

Whentesting high-speed transmitters and receivers, measurements are made with the Transmitter/Receiver Test
Fixture shownin Figure 7-12. In either case, the fixture is attached to the USB connectorclosest to the
transceiver beingtested.
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Transmitter Test Attenuation: Voltage at Scope Inputs = 0.760 * Voltage at Transmitter Outputs
Receiver Test Attenuation: Voltage at Receiver Inputs = 0.684 * Voltage at Data Generator Outputs

Test Supply Voltage

+

15.8 Ohms To 50 Ohm Inputs of a
USB High Speed Differential

Connector Oscilloscope, or 50 Ohm
Nearest Outputs of a High Speed
Device Differential Data

UnderTest Generator 
Figure 7-12. Transmitter/Receiver Test Fixture

Note: Whentesting the upstream facing port of a device, VBUS must be provided from the time the deviceis
placed in the appropriate test mode until the test is completed. This requirement will likely necessitate
additional switching functionality in the test fixture (for example, to switch the D+ and D- lines between the host
controller and the test instrument). Such additions must have minimal impact onthe high frequency
measurementresults.

Transmit eye patterns specify the minimum and maximum limits, as well as limits on timing jitter, within which
a driver must drive signals at each of the specified test planes. Receive eye patterns specify the minimum and
maximum limits, as well as limits on timing jitter, within which a receiver must recoverdata.

Conformance to Templates 1, 2, 3, and 4 is required for USB 2.0 hubs and devices:

Template 1; Transmit waveform requirements for hub measured at TP2, and for device (without a captive
cable) measured at TP3

Template 2: Transmit waveform requirements for device (with a captive cable) measured at TP2

Template 3: Receiver sensitivity requirements for device (with a captive cable) when signalis applied at TP2

Template 4: Receiversensitivity requirements for device (without a captive cable) when signal is applied at
TP3, and for hub whensignalis applied at TP2

Templates 5 and 6 are recommended guidelines for designers:

Template 5: Transmit waveform requirements for hub transceiver measured at TP1, and for device transceiver
measured at TP4

Template 6: Receiver sensitivity requirements for device transceiver whensignalis applied at TP4, and for hub
transceiver at when signalis applied at TP]
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Template 1

Figure 7-13 showsthe transmit waveform requirements for a hub measured at TP2, and for a device (without a
captive cable) measured at TP3.

 

 
 
 
 

 
 
 
 

 
Level 1

+ 400mV
Differential
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Voltage Level (D+ - D-) Time (% of Unit Interval) 
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Point 4 62.5% Ul

Point 5 37.5% Ul
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Figure 7-13. Template 1
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Template 2

Figure 7-14 showstransmit waveform requirements for a device (with a captive cable) measured at TP2.
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Figure 7-14. Template 2
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Template 3

Figure 7-15 showsreceiver sensitivity requirements for a device (with a captive cable) whena signal is applied
at TP2.

Level 1
 

+ 400mV
Differential

 

0 Volts
Differential

 

PIN| TTY
|oteNLYfon||
PEPamy

Differential
 

 
Level 2
 

0% Unit Interval 100%

 

Voltage Level (D+ - D-) Time (% of Unit Interval) 
 

   
 
 
 
 

Level 1 

 

 

   
  
 
 

 

Level 2

Point 2 90%Ul

Point 3 40%Ul 
 
 
 

 

Point 4 60% UI  

 Point 5 40% Ul  
 

 
 
 Point 6  

Figure 7-15. Template 3

Note: This eye is intended to specify differential data receiver sensitivity requirements. Levels | and 2 are
outside the Disconnect Threshold values, but disconnection is detected at the source (after a minimum of32bit
times without any transitions), not at the target receiver.
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Template 4

Figure 7-16 showsreceiver sensitivity requirements for a device (without a captive cable) whensignal is applied
at TP3, and for a hub whena signalis applied at TP2.
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Level 1 N/A  

Level 2

15%Ul 

85%Ul

Point 3 35% Ul 
 
 

Point 4 65% UI

 

 

Point 5 35% UI  

Point 6 65% UI

 
Figure 7-16. Template 4

Note: This eye is intended to specify differential data receiver sensitivity requirements. Levels 1 and 2 are
outside the Disconnect Threshold values, but disconnection is detected at the source (after a minimum of32 bit
times without any transitions), not at the target receiver.
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Template 5

Figure 7-17 shows transmit waveform requirements for a hub transceiver measured at TP] andfor a device
transceiver measured at TP4.
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Figure 7-17. Template 5
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Template 6

Figure 7-18 showsreceiver sensitivity requirements for a device transceiver whenasignalis applied at TP4 and
for a hub transceiver whena signalis applied at TP1.
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Figure 7-18. Template 6

Note: This eye is intended to specify differential data receiver sensitivity requirements. Levels | and 2 are
outside the Disconnect Threshold values, but disconnection is detected at the source (after a minimum of32 bit
times without any transitions), not at the target receiver.
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High-speed Signaling Rise and Fall Times

The transition time of a high-speed driver mustnot be less than the specified minimum allowabledifferential
rise and fal] time (THsr and TusF). Transition times are measured when driving a reference load of 45 Q to
ground on D+ and D-, Figure 7-12 shows a recommended “Transmitter Test Fixture” for performing these
measurements,

For a hub,or for a device with detachable cable, the 10% to 90% high-speed differential rise and fall times must
be 500 ps or longer when measuredat the A or B receptacles (respectively).

For a device with a captive cable assembly,it is a recommended design guideline that the 10% to 90% high-
speed differential rise and fall times must be 500 ps or longer when measuredat the point where the cableis
attached to the device circuit board.

It is required that high-speed data transitions be monotonic over the minimumvertical openings specified in the
preceding eye pattern templates.

7.1.2.3 Driver Usage

The upstream facing ports of functions must use one andonly oneof the following three driver configurations:

1. Low-speed —Low-speed drivers only

2. Full-speed — Full-speed drivers only

3. Full-/high-speed — Combination full-speed and high-speed drivers

Upstream facing USB 2.0 hub ports mustuse full-/high-speed drivers. Such ports must be capable of
transmitting data at low-speed and full-speed rates with full-speed signaling, and at the high-speed rate using
high-speed signaling. Downstream facing ports (including the host) must support low-speed, full-speed, and
high-speed signaling, and must be able to transmit data at each of the three associated data rates.

In this section, there is reference to a situation in which high-speed operationis “disallowed.” This topic is
discussed in depth in Chapter 11 of this specification. In brief, a high-speed capable hub's downstream facing
ports are “high-speed disallowed” if the hub is unable to establish a high-speed connection on its upstream
facing port. For example, this would be the case for the downstream facing ports of a high-speed capable hub
when the hub is connected to a USB 1.1 host controller.

Whena full-/high-speed device is attached to a pre-USB 2.0 hub,or to a hub port which is high-speed
disallowed, it is required to behave as a full-speed only device. Whena full-/high-speed deviceis attached to a
USB 2.0 hub whichis not high-speed disallowed, it must operate with high-speed signaling and datarate.

7.1.3 Cable Skew

The maximum skew introduced by the cable between the differential signaling pair (i.e., D+ and D- (TSKEW))
must be less than 100 ps and is measured as described in Section 6.7.

7.1.4 Receiver Characteristics

This section discusses the receiver characteristics for low-speed, full-speed, and full-/high-speed transceivers.

7.1.4.1 Low-speed and Full-speed Receiver Characteristics

A differential input receiver must be used to accept the USB data signal. The receiver must feature an input
sensitivity (Vp1) of at least 200 mV when both differential data inputs are in the differential common mode range
(Vem) of 0.8 V to 2.5 V, as shown in Figure 7-19.
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In addition to the differential receiver, there must be a single-ended receiver for each of the two data lines. The
receivers must have a switching threshold between 0.8 V (ViL) and 2.0 V (Vin). It is recommendedthat the
single-ended receivers incorporate hysteresis to reduce their sensitivity to noise.

Both D+ and D- may temporarily be less than Vin (min) during differential signal transitions. This period can be
up to 14 ns (TFST) for full-speed transitions and up to 210 ns (TLST) for low-speedtransitions. Logic in the
receiver must ensure that that this is not interpreted as an SEO.

Differential Input Voltage Range

Differential Output
Crossover

oltage Range 
“1.0 sees 00 O02 O4 O8 O8 %10 412 44 #16 18 20 22 24 26 28 3.0 3.2 smn 4.6

Input Voltage Range(volts)

Figure 7-19. Differential Input Sensitivity Range for Low-/full-speed

7.1.4.2 High-speed Receiver Characteristics
A high-speed capable transceiver receiver must conform to the receiver characteristics specifications called out
in Section 7.1.4.1 when receiving in low-speed or full-speed modes.

As shownin Figure 7-1, a high-speed capable transceiver which is operating in high-speed mode “listens” for an
incomingserial data stream with the high-speed differential data receiver and the transmission envelope
detector. Additionally, a downstream facing high-speed capable transceiver monitors the amplitude of the
differential voltage on the lines with the disconnection envelope detector.

Whenreceiving in high-speed mode,the differential receiver must be ableto reliably receive signals that
conform to the Receiver Eye Pattern templates shownin Section 7.1.2. Additionally,it is a strongly
recommended guideline that a high-speed receiver should be able to reliably receive such signals in the presence
of a common modevoltage component (Vuscm) over the range of —50 mV to 500 mV (the nominal common
mode componentof high-speed signaling is 200 mV). Low frequency chirp J and K signaling, which occurs
during the Reset handshake, should be reliably received with a common mode voltage range of—50 mV to
600 mV.

Reception of data is qualified by the output of the transmission envelope detector. The receiver must disable data
recovery whenthe signal falls below the high-speed squelch level (Vussq) defined in Table 7-3. (Detector must
indicate squelch when the magnitudeofthe differential voltage envelope is < 100 mV, and must not indicate
squelch if the amplitude of differential voltage envelope is > 150 mV.) Squelch detection must be done with a
differential envelope detector, such as the one shownin Figure 7-1. The envelope detector usedto detect the
squelch state must incorporate a filtering mechanism that prevents indication of squelch during differential data
crossovers.

The definition of a high-speed packet's SYNC pattern, together with the requirements for high-speed hub
repeaters, guarantee that a receiver will see at Jeast 12 bits of SYNC (KIKJKJKJKJKK) followed by the data
portion of the packet. This means that the combination of squelch response time, DLL lock time, and end of
SYNCdetection must occur within 12 bit times. This is required to assure that the first bit ofthe packet payload
will be received correctly.

In the case of a downstream facing port, a high-speed capable transceiver must include a differential envelope
detector that indicates when the signal on the data exceeds the high-speed Disconnect level (Vuspsc) as defined
in Table 7-3. (The detector mustnot indicate that the disconnection threshold has been exceededif the
differential signal amplitude is $525 mV, and must indicate that the threshold has been exceededif the
differential signal amplitude is [625 mV.)
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When sampled at the appropriate time, this detector provides indication that the device has been disconnected.
The details of how the disconnection envelope detector is used are described in Section 7.1.7.3.

7.1.5 Device Speed Identification
The following sections specify the speed identification mechanisms for low-speed, full-speed, and high-speed.

7.1.5.1 Low-/Full-speed Device SpeedIdentification
The USBis terminated at the hub and function ends as shown in Figure 7-20 and Figure 7-21. Full-speed and
low-speed devices are differentiated by the position ofthe pull-up resistor on the downstream endofthe cable:

*  Full-speed devices are terminated as shownin Figure 7-20 with the pull-up resistor on the D+line.

e Low-speed devices are terminated as shown in Figure 7-21 with the pull-up resistor on the D- line.

e The pull-down terminators on downstream facing portsare resistors of 15 kQ +5% connected to ground.

The design of the pull-up resistor must ensure that the signal levels satisfy the requirementsspecified in
Table 7-2. In orderto facilitate bus state evaluation that may be performedat the end ofa reset, the design must
be able to pull-up D+ or D- from 0 V to VIH (min) within the minimumreset relaxation time of 2.5 ts. A device
that has a detachable cable must use a 1.5 kQQ +5% resistor tied to a voltage source between 3.0 V and 3.6 V
(VTERM)to satisfy these requirements. Devices with captive cables may usealternative termination means.
However, the Thevenin resistance of any termination mustbe no Jess than 900 22.

Note: Thevenin resistance of termination does not include the 15 kQ +5% resistor on host/hub.

The voltage source on the pull-up resistor must be derived from or controlled by the power supplied on the USB
cable such that when VBUSis removed,the pull-up resistor does not supply current on the dataline to whichit is
attached.
 

~ Full-speed USBFull-speed or :Transceiver
Low-speed USB

Transceiver
=900 +15%

Rpw=15KQ +5% Hub Upstream Portor

Hub Port Ryi=t.5KO 25% Full-speed Function

D+
Full-speed or Transceiver

Low-speed USB
Transceiver

Slow Slew Rate

Rpg=15KQ 25% Buffers

Host or Rpu=1.5KQ +5%
Hub Port Low-speed Function

 
Figure 7-21. Low-speed Device Cable and Resistor Connections
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7.1.5.2 High-speed Device SpeedIdentification
The high-speed Reset and Detection mechanismsfollow the behavioral model for low-/full-speed. Whenresetis
complete, the link must be operating in its appropriate signaling mode (low-speed, full-speed, or high-speed as
governed by the preceding usage rules), and the speed indicationbits in the port status register will correctly
report this mode. Software need only initiate the assertion of reset and read the port status register upon
notification of reset completion.

High-speed capable devicesinitially attach as full-speed devices. This means that for high-speed capable
upstream facing ports, Reu (1.5 kQ 45%) must be connected from D+ to the 3.3 V supply (as shownin
Figure 7-1) through a switch which can be opened under SW control.

After the initial attachment, high-speed capable transceivers engage in a low level protocol during reset to
establish a high-speedlink and to indicate high-speed operation in the appropriate port status register. This
protocol is described in Section 7.1.7.5.

7.1.6 Input Characteristics

The following sections describe the input characteristics for transceivers operating in low-speed, full-speed, and
high-speed modes,

7.1.6.1 Low-speed and Full-speed 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 facing and downstream facing ports are allowed different
values of capacitance. The maximum capacitance(differential or single-ended) (Cinp) allowed on a
downstream facing port of a hub orhost is 150 pF on D+ or D- when operating in low-speed or full-speed. 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 75 pF capacitance on each conductorin 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 facing port ofa full-speed device with a detachable cable (Cinus) is
100 pF on D+ or D-. This is comprised of up to 75 pF of lumped capacitance to ground on each line at the
transceiver and in the connector and an additional 25 pF capacitance on each conductorin the transmission line
between the receptacle and the transceiver. The difference in capacitance between D+ and D- mustbeless than
10%.

Forfull-speed devices with captive cables, the device itself may have up to 75 pF of lumped capacitance to
ground on D+ and D-. The cable accounts for the remainderof the input capacitance.

A low-speed device is required to have a captive cable. The input capacitance of the low-speed device will
include the cable. The maximum single-endedor differential input capacitance of a low-speed device is 450 pF
(Cinua).

For devices with captive cables, the 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 0 V to Vin (min) within 2.5 us.
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 150 pF of input capacitance ofthe host/hub.

An implementation may use small capacitors at the transceiver for purposes of edge rate control. The sum of the
capacitance of the added capacitor (Cepce), the transceiver, and the trace connecting capacitor and transceiver to
Rs must not exceed 75 pF(either single-ended or differential) 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 7-22).

Use offerrite beads on the D+ or D- lines of full-speed devicesis discouraged.
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TxD+ > WA
lide

TxD- =

Cencetk)
Figure 7-22. Placement of Optional Edge Rate Control Capacitors for Low-/full-speed

7.1.6.2 High-speed Input Characteristics
Figure 7-23 showsthe simple equivalent loading circuit of a USB device operating in high-speed receive mode.

 
  Transceiver Chip Boundary

Chip If TerminationsIntegrated On-die 
Legacy Driver  
 

  
 

 
 

(Output Impedance = Zoey, |
' Sa Data+

es USB Cable Data-

 
 

Connector

(if cable is
detachable)
 

 
 Device Circuit Board 

Figure 7-23. Diagram for High-speed Loading Equivalent Circuit

Whenoperating in high-speed signaling mode, a transceiver must meetthe following loading specifications:

1. DC output voltage andresistance specifications

2. TDRloading specification

Additionally, it is strongly recommendedthat a transceiver componentoperating in high-speed signaling mode
should meet the following Jumped capacitance guideline.

The useofferrites on high-speed data lines Is strongly discouraged.

DC output voltage and resistance specifications — A transceiverthatis in high-speed mode must
present a DC load on each ofthe data lines nominally equivalent to 45 Q to ground. The actual resistance,
Zusprv, must be 40.5 92 < Zusprv < 49.5 Q. The output voltage in the high-speed idle state (VHsTERM)is
specified in Table 7-3

TDRloading specification — The AC loadingspecifications ofa transceiver in the high-speedidle state are
specified in termsof differential TDR (Time Domain Reflectometer) measurements.

These measurements govern the maximum allowable transmission line discontinuities for the port connector, the
interconnect Jeading from the connectorto the transceiver, the transceiver package, and the transceiverIC itself.
In the special case of a high-speed capable device with a captive cable, the transmission line discontinuities of
the cable assembly are also governed.
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The following specifications must be met with the incidentrise time of the differential TDR set to 400 ps. It is
importantto note thatall times are “as displayed” on the TDR and are hence “roundtrip times.”

Termination Impedance (ZHsTERM) is measured on the TDRtraceat a specific measurementtime following the
connector reference time. The connector reference time is determined by disconnecting the TDR connection
from the port connector and noting the time of the open circuit step. For an A connector, the measurement time
is 8 ns after the connector reference location. For a B connector, the measurement timeis 4 ns after the

connector reference location. The differential termination impedance mustbe:

80 © < ZusterM < 100 Q

Through Impedance (ZxustHrv)is the impedance measured from 500 ps before the connector reference location
until the time governed by the Termination impedance specification,

70 © < Zusturu < 110 Q

In the Exception Window (asliding 1.4 ns windowinside the Through Impedance time window),the differential
impedance may exceed the Throughlimits. No single excursion, however, may exceed the Through limits for
more than twice the TDRrise time (400ps).

In the special case of a high-speed capable device with a captive cable, the same specifications must be met, but
the TDR measurements must be made through the captive cable assembly. Determination ofthe connector
reference time can be moredifficult in this case, since the cable may not be readily removable from the port
being tested. It is left to the tester of a specific device to determine the connector reference location by whatever
meansare available.

Lumped capacitance guideline for the transceiver component

Whencharacterizing a transceiver chip as an isolated component, the measurement can be performedeffectively
at the chip boundary shownin Figure 7-23 without USB connectors or cables. Parasitic capacitanceofthe test
fixture can be corrected by measuring the capacitanceofthe fixture itself and subtracting this reading from the
reading taken with the transceiver inserted. If the terminations are off-chip, discrete Rs resistors should be in
place during the measurements, and measurements should be taken on the “connectorside” of the resistors. The
transceiver should be in TestSEONAK modeduringtesting.

Capacitance measurements are taken from each of the data lines to ground while theotherlineis left open. The
instrument used to perform this measurement must be able to determine the effective capacitance to ground in
the presence ofthe parallel effective resistance to ground.

Capacitance to Ground on each line: CHsLoap< 10 pF
Matching of Capacitances to Ground: < 1.0 pF

The guidelineis to allow no more than 5.0 pF for the transceiverdie itself and no more than an additional 5 pF
for the package. The differential capacitance across the transceiver inputs should be no more than 5.0 pF

7.1.7 Signaling Levels
The following sections specify signaling levels for low-speed, full-speed, and high-speed operation.

7.1.7.1 Low-/Full-speed Signaling Levels
Table 7-2 summarizes the USB signaling levels. The source is required to drive the levels specified in the
second column,and the target is required to identify the correct bus state whenit 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 7-2. Low-/full-speed Signaling Levels

Bus State Signaling Levels

At originating source At final target connector

connector(at end ofbit time) Acceptable

Differential “1” D+ > Vou (min) and D- < Voi (max)|(D+) - (D-) > 200 mV (D+) - (D-) > 200 mV
and D+ > VIH (min)

Differential “0” D- > VoH (min) and D+ < VoL (max)|(D-) - (D+) > 200 mV (D-) - (D+) > 200 mV
and D- > VIH (min)

Single-ended 0 (SEQ)|D+ and D- < VoL (max) D+ and D- < Vi_(max)|D+ and D- < VIH (min)

Single-ended 1 (SE1 D+ and D- > Vose1(min D+ and D- > Vi_ (max
Data J state:

Low-speed

Full-speed

Differential “Oo”

Differential “1”

Differential “0”

Differential “1” 

Data K state:

Low-speed Differential “1” Differential “1”

Differential “0”

 

Full-speed Differential “0”

Idle state:

Low-speed D- > ViHz (min) and D- > ViHz (min) and

D+ < Vit (max) D+ < VIH (min)

Full-speed D+ > ViHz (min) and D+ > Vinz (min) and

Resume state 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’|SEO for > bit time’ SEOfor = 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 NA SEO for 22.5 us
(at downstream port)

Connect idle for 22 ms idle for 22.5 us
(at downstream port)

D+ and D- < VOL (max) for2=10ms_|D+ and D- < VIL (max)|D+ and D- < VIL (max)
for 210 ms for 22.5 us

 
Note 1: The width of EOPis definedin bit times relative to the speed of transmission. (Specification EOP widths are given in

Table 7-7 and Table 7-8.)

Note 2: The width of EOPis definedin 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 froma
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 dataline 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 states respectively.

As shownin Table 7-2, the J and K states for full-speed signaling are inverted from those for low-speed
signaling. The sense ofdata, idle, and resumesignaling is set by the type of device that is being attached to a
port. Ifa 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 lines is at the low-speed data rate. The
low-speed signaling conventions shownin Table 7-2 (plus slow rise and fall times) are used only between a low-
speed device and the port to whichit is attached.

RxD

RxD+

RxD-

TxD+

OE

TxD-

 
RxD+

RxD-

TxD+

OE
Speed

TxD-

 
Note: Additional logic is required

to invert signal polarity on15K45% \

' data in/out when low-speeddevices are attached.

Figure 7-25. Downstream Facing Low-/full-speed Port Transceiver
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The high-speed signaling voltage specifications in Table 7-3 must be met when measuring at the connector
closest to the transceiver, using precision 45 Q loadresistors to the device ground as reference loads. All
voltage measurements are taken with respect to the local device ground.

Bus State
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Table 7-3. High-speed Signaling Levels

Required Signaling Levelat
Source Connector
 

High-speed Differential “1"

Ff

 DC Levels:

VHSOH (min) = D+ < VHSOH (max)

VHSOL (min) < D- < VHSOL (max)

See Note 1.

AC Differential Levels:

A transmitter must conform to

the eye pattern templatescalled
out in Section 7.1.2.

See Note 2.

+ 
Required Signaling Levelat

Target Connector

AC Differential Levels

Thesignal at the target connector
must be recoverable, as defined

by the eye pattern templates
called out in Section 7.1.2.

 
See Note 2. 

 
High-speed Differential "0" DC Levels:

VHSOH (min) < D- < VHSOH (max)

VHSOL (min) < D+ < VHSOL (max)

See Note 1.

AC Differential Levels:

A transmitter must conform to

the eye pattern templates called
out in Section 7.1.2.

See Note 2. 

High-speed J State High-speedDifferential “1”

AC Differential Levels:

The signal at the target connector
must be recoverable, as defined
by the eye pattern templates
called out in Section 7.1.2.

See Note 2.

 

High-speed Differential “1" 

High-speed K State

 
High-speedDifferential “0” High-speed Differential “oO” | 
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Table 7-3. High-speed Signaling Levels (Continued)

 

   

 

 

 

Chirp J State DC Levels: AC Differential Levels
(differential voltage; applies only
during reset when both hub and VcHIRPJ (min) < (D+ - D-) < Thedifferential signal at the target
device are high-speed capable) VcHIRPJ (max) connector must be = 300 mV

-

Chirp K State DC Levels: AC Differential Levels
(differential voltage; applies only
during reset when both hub and VCHIRPK (min) < (D+ - D-) < The differential signal at the target
device are high-speed capable) VCHIRPK (max) connector must be < -300 mV

—

High-speed Squelch State NA Vussa - Receiver mustindicate
squelch when magnitude of
differential voltage is <100 mV;
receiver mustnot indicate squelch

if magnitude of differential voltage
is 2150 mV.

See Note 3.

High-speedIdle State DC Levels:

VHsoI min < (D+, D-) < VHsol max

See Note 1.

AC Differential Levels:

Magnitude ofdifferential voltage is
< 100 mV

See Note 3.

z =|
Start of High-speed Packet Data lines switch from high-speed Idle to high-speed J or high-speed

|880K) K state.
Endof High-speed Packet Data lines switch from high-speed J or K to high-speedIdle state.
(HSEOP)

|

High-speed Disconnect State NA Vusosc - Downstream facing port
(at downstream facing port) mustnotindicate device

disconnectionif differential voltage
is < 525 mV, and mustindicate
device disconnection when

magnitude of differential voltage is
> 625 mV,at the sample time
discussed in Section 7.1.7.3.

 
Note 1:

Note 2:

Note 3:

Note 4:

 
 

 
Measured with a 45 © resistor to ground at each dataline, using test modes Test_J and Test_K

Measured using test mode Test_Packetwith fixture shown in Figure 7-12

Measuredwith fixture shown in Figure 7-12, using test mode SEQ_NACK

A high-speed driver must never“intentionally” generate a signal in which both D+ and D- are driven to a level above
200 mV. The current-steering design of a high-speed driver should naturally preclude this possibility.
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7.1.7.3 Connect and Disconnect Signaling
When no function is attached to the downstream facing port of a host or hub in low-/full-speed, the pull-down
resistors present there will cause both D+ and D- to be pulled below the single-ended low threshold of the host
or hub transceiver whenthat port is not being driven by the hub. This creates an SEO state on the downstream
facing port. A disconnect condition is indicated if the host or hub is not driving the data lines and an SEO
persists on a downstream facing port for more than TDDIS (see Figure 7-26). The specifications for TDDIS and
TDCNN are defined in Table 7-13.

A connect condition will be detected when the hub detects that one of the data lines is pulled above its VIH
threshold for more than TDCNN (see Figure 7-27 and Figure 7-28).

Hubs must determine the speed ofthe attached device by sampling the state ofthe bus immediately before
driving SEO to indicate a reset condition to the device.

All signaling levels given in Table 7-2 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-

WELZUIeenerrrreemmmennmnemnentsomramrnt

VEeeei

Vss 
Device Disconnect

Disconnected Detected

Figure 7-26. Low-/full-speed Disconnect Detection

D+

a

Vss  
Device Connect

Connected Detected

Figure 7-27. Full-/high-speed Device Connect Detection
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Vss

Device Connect

Connected Detected

 

Figure 7-28. Low-speed Device Connect Detection

Because USB components maybe hot plugged, and hubs may implement powerswitching,it is necessary to
comprehend the delays between power switching and/or device attach and when the device’s internal power has
stabilized. Figure 7-29 showsall the events associated with both turning on port power with a device connected
and hot-plugging a device. There are six delays and a sequenceofevents that are defined by this specification.

Attach DetectedIKHub port Reset Recovery  
 

 
 

 

bo Po ob | !

power OK i i/\Time

Hubport i i : : oe
power-on ‘ i | ' '

i | 24.01V it ' i USB System Software
Veus \ i | ' { reads device speed1 1 1 i

ViH(min) -----VeawiciheSewaejf) fooAaeCea Poafoo
Nib esPeacoat a foe ceefedeas.

a oe PUM of GL |
oe oo i | alD- ' 1 tot i ' ba i 10 j

¢—pig—— 100ms —____!5}tot Le
E aad At2 igi 100ms__} | 9

Att itt— 18 Ate

Figure 7-29. 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. Hubs report 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) This is the maximum time from when VBUSis upto 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 less than 100 msfor all hub and device
implementations. (This requirement only applies if the device is drawing power from the bus.)

At3. (TATTDB) This is a debounce interval with a minimum duration of 100 ms that 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 Software is notified of a
connection detection. The interval restarts if there is a disconnect. The debounceinterval ensures that

poweris stable at the device for at least 100 ms before any requests will be sent to the device.

Ata (T2susPp) Anytime a device observes no busactivity, it must obey the rules of going into suspend (see
Section 7.1.7.6).
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AtS (TDRST) This is the period of time hubs drive reset to a device. Refer to Section 7.1.7.5 and
Section 11.5.1.5 for details.

At6 (TRSTRCY) The USB System Software guarantees a minimum of10 msfor reset recovery. Device
response to any bus transactions addressed to the default device address during the reset recovery time is
undefined.

High-speed capable devices must initially attach as full-speed devices and must comply with all full-speed
connection requirements. A high-speed capable downstream facing port must correctly detect the attachment of
low-speed and full-speed devices and must also comply with all low-speed and full-speed connection behaviors.

Transition to high-speed signaling is accomplished by meansofa low level electrical protocol which occurs
during Reset. This protocol is specified in Section 7.1.7.5.

A downstream facing transceiver operating in high-speed mode detects disconnection of a high-speed device by
sensing the doubling in differential signal amplitude across the D+ and D-lines that can occur when the device
terminations are removed. The Disconnection Envelope Detector output goes high when the downstream facing
transceiver transmits and positive reflections from the open line return with a phase which is additive with the
transceiver driver signal. Signals with differential amplitudes > 625 mV mustreliably activate the Disconnection
Envelope Detector. Signals with differential amplitudes < 525 mV must never activate the Disconnection
Envelope Detector.

To assure that this additive effect occurs and is of sufficient duration to be detected, the EOP at the end of a

high-speed SOFis lengthened to a continuousstring of 40 bits without any transitions, as discussed in
Section 7.1.13.2. This length is sufficient to guarantee that the voltage at the downstream facing port’s
connectorwill double, since the maximum allowable roundtrip signal delay is 30 bit times.

When a downstream facing port is transmitting in high-speed mode and detects that it has sent 32 bits without a
transition, the disconnection envelope detector’s output must be sampled once during transmission of the next
8 bits at the transceiver output. (In the absence ofbuserrors, the next § bits will not include a transition.) If the
sample indicates that the disconnection detection threshold has been exceeded, the downstream facing port must
indicate that the high-speed device has been disconnected. See Section 11.12.4.

7.1.7.4 Data Signaling
Data transmission within a packet is done with differential signals.

7.1.7.4.1  Low-/Full-Speed Signaling

The start 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 SYNC field. Hubs must
limit the change in the width ofthe first bit of SOP whenit is retransmitted to less than + 5 ns. 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 SEO to
the J state defines the end of the packet at 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 7-30 showsthe signaling for start and end of a packet.
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VOH(min)

VIH(min)
  

 
 

VIL(max)

VOL(max)

VSS" BusIdle
SOP First Bit

of Packet

Last Bit BusDriven to

of Packet J State at end
of EOP

 

VoH(min)

ViH(min)
 

 

  
Figure 7-30. Low-/full-speed Packet Voltage Levels

7.1.7.4.2 High-speed Signaling

The high-speed Idle state is when both lines are nominally at GND.

The source of the packet signals the Start of Packet (SOP) in high-speed mode by driving the D+ and D-lines
from the high-speed Idle state to the K state. This K is the first symbol of the SYNC pattern (NRZI sequence
KJKIKJKI KIKIKIKI KIKIKJKJ KJIKIKJKK) as described in Section 7.1.10.

The high-speed End of Packet (EOP) begins with a transition from the last symbol before the EOPto the
opposite symbol. This opposite symbolis thefirst symbol in the EOP pattern (NRZ 01111111 with bit stuffing
disabled) as described in Section 7.1.13.2. Upon completion of the EOP pattern, the driver ceases to inject
current into the D+ or D-lines, and the lines return to the high-speed Idle state. The high-speed SOF EOPis a
special case. This SOF EOPis 40 symbols withouta transition (rather than 8 for a non-SOFpacket).

Thefact that the first symbol in the EOP pattern forces a transition simplifies the process of determining
precisely whichis the last bit in the packet prior to the EOP delimiter.
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7.1.7.5 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).

As an additional requirement, 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. It
is requiredthat resets from root ports have a duration of at least 50 ms (TDRSTR). It is not required that this be
50 ms of continuous Reset signaling. However,if the reset is not continuous, the interval(s) between reset
signaling must be less than 3 ms (TRHRSI), and the duration of each SEO assertion must be at least 10 ms
(TpRST).

A device operating in low-/full-speed mode that sees an SEO onits upstream facing port for more than 2.5 Ls
(TDETRST) maytreat that signal as areset. 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 attachedto this
port must recognize this bus activity and keep from going into the Suspendstate.

Hubs mustbe able to acceptall hub requests and devices must be able to accept a SetAddress() request (refer to
Section 1 1.24.2 and Section 9.4 respectively) after the reset recovery time 10 ms (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 commandswithin the times specified in Chapter 9 and Chapter 11.

Reset must wake a device from the Suspendstate.

It is required that a high-speed capable device can be reset while in the Powered, Default, Address, Configured,
or Suspended states shown in Figure 9-1. The reset signaling is compatible with low-/full-speed reset. This
meansthat a hub must successfully reset any device (even USB 1.X devices), and a device must be successfully
reset by any hub (even USBI.X hubs).

If, and only if, a high-speed capable device is reset by a high-speed capable hub whichis not high-speed
disallowed, both hub and device must be operating in the default state in high-speed signaling mode at the end of
reset. The hub port status register must indicate that the port is in high-speed signaling mode. This requirement
is met by having such a device and such a hub engagein a low level protocol during the reset signaling time.
The protocol is defined in such a way that USB 1.X devices will not be disrupted from their normalreset
behaviors.

Note: Because the downstream facing port will not be in Transmit state during the Reset Protocol, high-speed
Chirp signaling levels will not provoke disconnect detection, (Refer to Section 7.1.7.3 and Section 11.5.1.7.)

Reset Protocol for high-speed capable hubs and devices

1. The hub checks to make sure the attached device is not low-speed. (A low-speed deviceis not allowed to
support high-speed operation. Ifthe hub determinesthatit is attached to a low-speed device, it does not
conduct the following high-speed detection protocol during reset.)

2. The hub drives SEO. In this description of the Reset Protocol and High-speed Detection Handshake,the
start of SEO is referred to as time TO.
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3. The device detects assertion of SEO.

a) Ifthe device is being reset from suspend, then the device begins a high-speed detection handshakeafter
the detection of SEO for no Jess than 2.5 ps (TFILTsE0). Since a suspended device will generally haveits
clock oscillator disabled, the detection of SEO will cause the oscillator to be restarted. The clock must

be useable (although not necessarily settled to 500 ppm accuracy)in time to detect the high-speed hub
chirp as described in Step 8.

b) Ifthe device is being reset from a non-suspended full-speed state, then the device begins a high-speed
detection handshake after the detection of SEO for no less than 2.5 ps and no more than 3.0 ms
(Twrrstes).

c) Ifthe device is being reset from a non-suspended high-speedstate, then the device must wait no less
than 3.0 ms and no more than 3.125 ms (Twrrev) before reverting to full-speed. Reversion to full-
speed is accomplished by removing the high-speed termination and reconnecting the D+ pull-up
resistor, The device samples the busstate, and checks for SEO (reset as opposed to suspend), no less
than 100 pts and no more than 875 ps (Twrtrstus) after starting reversion to full-speed. If SEO (reset) is
detected, then the device begins a high-speed detection handshake.

High-speed Detection Handshake(not performed if low-speed device detected by hub):

Note: In the following handshake, both the hub and device are required to detect Chirp J’s and K’sof specified
minimum durations. It is strongly recommended that “gaps” in these Chirp signals as short as 16 high-speedbit
times should restart the duration timers.

4. The high-speed device leaves the D+ pull-up resistor connected, leaves the high-speed terminations
disabled, and drives the high-speed signaling current into the D- line. This creates a Chirp K on the bus.
The device chirp must last no less than 1.0 ms (TucH) and must end no more than 7.0 ms (TUCHEND) after
high-speed Reset time TO.

5. The hub mustdetect the device chirp after it has seen assertion ofthe Chirp K for no less than 2.5 us (TFILT).
If the hub does not detect a device chirp, it must continue the assertion of SEO until the end ofreset.

6. No more than 100 us (Twrpcw)after the bus leaves the Chirp K state, the hub must begin to send an
alternating sequence of Chirp K’s and Chirp J’s. There must be no Idle states on the bus betweenthe J’s
and K’s. This sequence mustcontinue until a time (TpcHse0) no more than 500 us before and no less than
100 ps before the end of Reset. (This will guarantee that the bus remains active, preventing the device from
entering the high-speed Suspendstate.) Each individual Chirp K and Chirp J mustlast no less than 40 ps
and no more than 60 us (Tpcusir).

7. After completing the hub chirp sequence, the hub asserts SEO until end of Reset. At the end ofreset, the
hub musttransition to the high-speed Enabled state without causing any transitions on the data lines.

8. After the device completesits chirp, it looks for the high-speed hub chirp. At a minimum,the deviceis
required to see the sequence Chirp K-J-K-J-K-J in order to detect a valid hub chirp. Each individual Chirp
K and Chirp J must be detected for no less than 2.5 us (TriLT).

a) Ifthe device detects the sequence Chirp K-J-K-J-K-J, then no more than 500 us (Twrus) after detection,
the device is required to disconnect the D+ pull-up resistor, enable the high-speed terminations, and
enter the high-speed Default state.

b) Ifthe device has not detected the sequence Chirp K-J-K-J-K-J by a time no less than 1.0 ms and no
more than 2.5 ms (Twrrs) after completing its own chirp, then the device is required to revert to the
full-speed Default state and wait for the end of Reset.

7.1.7.6 Suspending
All devices must support the Suspend state. Devices can go into the Suspendstate from any poweredstate.
They begin the transition to the Suspendstate after they see a constantIdle state on their upstream facing bus
lines for more than 3.0 ms. The device must actually be suspended, drawing only suspend current from the bus
after no more than 10 msofbusinactivity on all its ports. Any bus activity on the upstream facing port will keep
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a device out of the Suspendstate. In the absence of any other bus traffic, the SOF token (refer to Section 8.4.3)
will occur once per (micro)frameto keep full-/high-speed devices from suspending. In the absence of any low-
speedtraffic, low-speed devices will see at least one keep-alive (defined in Table 7-2) in every frame in which
an SOFoccurs, which keeps them from suspending. Hubs generate this keep-alive as describedin
Section 11.8.4.1.

While in the Suspend state, a device must continue to provide power to its D+ (full-/high-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.

Additional Requirements for High-speed Capable Devices

From the perspective of a device operating in high-speed mode, a Reset and a Suspendareinitially
indistinguishable, so the first part of the device response is the same as for a Reset. When a device operating in
high-speed mode detects that the data lines have been in the high-speed Idle state for at least 3.0 ms, it must
revert to the full-speed configuration no later than 3.125 ms (Twrrev)after the start of the idle state. Reversion
to full-speed is accomplished by disconnectingits termination resistors and reconnecting its D+ pull-upresistor.
Noearlier than 100 [1s and no later than 875 [is (Twrrstus) after reverting to full-speed, the device must sample
the state of the line. Ifthe state is a full-speed J, the device continues with the Suspend process. (SEO would
have indicated that the downstream facing port was driving reset, and the device would have goneinto the
“High-speed Detection Handshake” as described in Section 7.1.7.5.)

A device or downstream facing port which is suspended from high-speed operation actually transitions to full-
speed signaling during the suspend process, but is required to rememberthat it was operating in high-speed
mode when suspended. When the resume occurs, the device or downstream facing transceiver must revert to
high-speed as discussed in Section 7.1.7.7 without the need for a reset.

7.1.7.6.1 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 ofglobal suspend by ceasingall its transmissions (including the
SOFtoken). 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.

After 3.0 ms of continuous idle state, a downstream facing transceiver operating in high-speed must revert to the
full-speed idle configuration (high-speed terminations disabled), but it does not enable full-speed disconnect
detection until 1.0 ms later. This is to make sure that the device has returned to the full-speedIdle state prior to
the enabling offull-speed disconnect detection, thereby preventing an unintended disconnect detection. After re-
enabling the full-speed disconnect detection mechanism, the hub continues with the suspend process.

7.1.7.6.2 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 suspendedport will block activity to the suspended bus
segment, and devices on that segmentwill go into the Suspendstate after the appropriate delay as described
above.

When a downstream facing port operating in high-speed mode receives the SetPortFeature(PORT_SUSPEND)
command,the port immediately reverts to the full-speed Idle state and blocks any activity to the suspend
segment. Full-speed disconnectdetection is disabled until the port has been in full-speedidle for 4.0 ms. This
prevents an unintended disconnectdetection. After re-enabling the full-speed disconnect detection mechanism,
the hub continues with the suspend process.

Section 11.5 describes the port Suspendstate andits interaction with the port state machine. Suspendis further
described in Section 11.9.
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7.1.7.7 Resume

If a deviceis in the Suspendstate, its operation is resumed when any non-idle signaling is received on its
upstream facing port. Additionally, the device can signal the system to resume operationif its remote wakeup
capability has been enabled by the USB System Software. Resumesignaling is used by the host or a device to
bring a suspended bus segmentbackto the active condition. Hubs play an importantrole in the propagation and
generation of resumesignaling. 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, andthe role ofthe
hub are given in Section 11.9.

The host may signal resume (TDRSMDN)at any time. It must send the resumesignaling for at least 20 ms and
then end the resumesignaling in one of two ways, depending on the speed at whichits port was operating when
it was suspended. If the port was in low-/full-speed when suspended, the resume signaling must be ended with a
standard, low-speed EOP (twolow-speedbit times of SEO followed by a J). [f the port was operating in high-
speed when it was suspended, the resume signaling must be ended witha transition to the high-speedidlestate.

The 20 msof resumesignaling ensures that all devices in the network that are enabled to see the resumeare
awakened. The connectivity established by the resumesignaling is torn down by the End of Resume, which
prepares the hubs for normal operation. After resuming the bus, the host must begin sending bus traffic (at least
the SOF token) within 3 msofthestart ofthe idle state to keep the system from going back into the Suspend
state.

A device with remote wakeup capability may not generate resumesignaling unless the bus has been
continuously in the Idle state for 5 ms (TWTRSM). This allows the hubsto get into their Suspend state and
prepare for propagating resume signaling. The remote wakeup device must hold the resumesignaling for at
least 1 ms but for no more than 15 ms (TDRSMUP), At the end of this period, the device stops driving the bus
(puts its drivers into the high-impedancestate and does notdrive the bus to the J state).

If the hub upstream of a remote wakeup device is suspended,it will propagate the resumesignaling to its
upstream facing port and to all of its enabled downstream facing ports, including the port that originally signaled
the resume. Whena hubis propagating resumesignaling from a downstream device, it may transition from the
idle state to K with a risetime faster than is normally allowed. The hub must begin this rebroadcast (TURSM) of
the resume signaling within | ms of receiving the original resume. The resumesignal will propagate in this
mannerupstream until it reaches the host or a non-suspendedhub(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
facing port for at least ] ms during which time they also continue to drive resume on enabled downstream facing
ports. An intermediate hub will stop driving resume on the upstream facing port and reverse the direction of
connectivity from upstream to downstream within 15 msafter first asserting resume on its upstream facing port.
Whenall intermediate hubs have reversed connectivity, resume is being driven from the controlling hub through
all intermediate hubs and to all enabled ports. The controlling hub must rebroadcast the resume signaling within
1 ms (TURSM)and ensures that resumeis signaled for at least 20 ms (TDRSMDN). The hub may then begin
normaloperation by terminating the resume process as described above.

The USB System Software must provide a 10 ms 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 resume signal 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.

If the hub port and device were operating in high-speed prior to suspend, they are required to "remember"that
they were previously operating in high-speed, and they must transition back to high-speed operation, without
arbitration, within two low-speedbit times ofthe K to SEO transition. The inactivity timers must be started two
low-speedbit times after the K to SEO transition. Note that the transition from SEO to J which would normally
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occurat the end of full-speed resumesignaling is omitted if the link was operating in high-speed at the time
whenit was suspended.

It is required that the host begin sending SOF’s in time to prevent the high-speed tree from suspending.

7.1.8 Data Encoding/Decoding
The USB employs NRZI data encoding whentransmitting packets. In NRZI encoding, a “1”is represented by
no changein level and a “0”is represented by a change in level. Figure 7-31 showsa data stream and the NRZI
equivalent. The high level represents the J state on the data lines in this and subsequent figures showing NRZI
encoding. A string of zeros causes the NRZI data to toggle each bit time. A string of ones causes long periods
with notransitions in the data.

o 1103101000212 00321 @«+%0

Data Idle

NRZI « Idle

Figure 7-31. 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 7-32 and Figure 7-34). A zerois inserted after every six consecutive onesin 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 stuffingis
enabled beginning with the Sync Pattern. The data “one” that ends the Sync Pattern is countedasthefirst one in
a sequence. Bit stuffing by the transmitter is always enforced, except during high-speed EOP. If required by the
bit stuffing rules, a zero bit will be inserted evenifit 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.

7.1.9.1 Full-/low-speed

Full-/low-speed signaling usesbit stuffing throughout the packet without exception. If the receiver sees seven
consecutive ones anywherein the packet, then a bit stuffing error has occurred and the packet should be ignored.
The time interval just before an EOPis a special case. The last data bit before the EOP can becomestretched by
hub switching skews. This is knownas dribble and canlead to the caseillustrated in Figure 7-33, which shows
where dribble introduces a sixth bit that does not require a bit stuff. Therefore, the receiver must accept a packet
for whichthere are upto six full bit times at the port with notransitionsprior to the EOP.

Data Encoding Sequence:

Raw Data

<a Sync Patternea Packet Data —
Stuffed Bit

Bit Stuffed Dataoe
“q- Sync Pattern Packet Datai

Six Ones —>
NeatieaYL

Encoded Data | “ Sync Pattern>+.Packet Data|
Figure 7-32. Bit Stuffing
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EOP|EOP) Jy

Data  

Acceptable
Extra Bit,
No Error      

Figure 7-33. Illustration of Extra Bit Preceding EOP (Full-/low-speed)

Power Up

No Packet
Transmission

ResetBit
Counter to 0

Is Packet
Transfer
Done?

Figure 7-34. Flow Diagram for Bit Stuffing
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7.1.9.2 High-Speed
High-speed signaling uses bit stuffing throughout the packet, with the exception ofthe intentionalbit stuff errors
used in the high-speed EOPas described in Section 7.1.13.2.

7.1.10 Sync Pattern
The SYNCpattern used for low-/full-speed transmission is required to be 3 KJ pairs followed by 2 K’s fora total
of eight symbols. Figure 7-35 shows the NRZIbit pattern, which is prefixed to each low-/full-speed packet.

i — SYNC PATTERN —_——>

NRZI Data idle [e100\r%)
Encodina

Figure 7-35. Sync Pattern (Low-/full-speed)

The SYNCpattern used for high-speed transmission is required to be 15 KJ pairs followed by 2 K’s, for a total
of 32 symbols. Hubsare allowed to drop up to 4 bits from the start of the SYNC pattern when repeating
packets. Hubs mustnot corrupt any repeated bits of the SYNCfield, however. Thus, after being repeated by
5 hubs, a packet’s SYNCfield maybeas short as 12 bits.

7.1.11 Data Signaling Rate

The high-speed data rate (THspraT) is nominally 480.00 Mb/s, with a required bit rate accuracy of +500 ppm.
For hosts, hubs, and high-speed capable functions, the required data-rate accuracy when transmitting at any
speed is +0.05% (500 ppm). Thefull-speed rate for such hubs and functions is TroraTHs. The low-speed rate for
such hubs is TLpRATHs (a low-speed function must not support high-speed).

The full-speed data rate is nominally 12.000 Mb/s. Forfull-speed only functions, the required data-rate when
transmitting (TrpraTe) is 12.000 Mb/s £0.25%(2,500 ppm).

The low-speed data rate is nominally 1.50 Mb/s. For low-speed functions, the required data-rate when
transmitting (TLpRaATE)is 1.50 Mb/s 1.5% (15,000 ppm). This allows the use of resonators in low cost, low-
speed devices.

Hosts and hubs mustbeable to receive data from any compliant low-speed, full-speed, or high-speed source.
High-speed capable functions must be able to receive data from any compliant full-speed or high-speed source.
Full-speed only functions must be able to receive data from any compliant full-speed source. Low-speed only
functions mustbe able to receive data from any compliant low-speed source.

The above accuracy numbersinclude contributions from all sources:

e Initial frequency accuracy

e Crystal capacitive loading

¢ Supply voltage onthe oscillator

e Temperature

e Aging

7.1.12 Frame Interval

The USB defines a frameinterval (TrRAME) to be 1.000 ms +500 ns long. The USB defines a microframe
interval (THsFRAM) to be 125.0 ps +62.5 ns long. The (micro)frameinterval is measured from any point in an
SOFtoken in one (micro)frame to the same point in the SOF token of the next (micro)frame.
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Since the Host Controller and hubs must meet clock accuracy specification of +0.05%, they will automatically
meet the frame interval requirements without the need for adjustment.

The frame interval repeatability, TRFI (difference in frame interval between two successive frames), must be less
than 0.5 full-speed bit times. The microframeinterval repeatability, THsrri (difference in the microframe
interval between two successive microframes, measuredat the host), must be less than 4 high-speedbit times.
Each hub mayintroduce at most 4 additional high-speedbits of microframejitter.

Hubsandcertain full-/high-speed functions need to track the (micro)frameinterval. They also are required to
havesufficient frame timing adjustment to compensate for their own frequency inaccuracy.

7.1.13 Data Source Signaling
This section covers the timing characteristics of data produced and sent fromaport (the data source).
Section 7.1.14 covers the timing characteristics of data that is transmitted through the Hub Repeatersection of a
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

This section describes the maximum allowable data sourcejitter for low-speed, full-speed, and high-speed
signaling.

7.1.13.1.1 Low-/full-speed Data Source Jitter

The source of data can have somevariation(jitter) in the timing of edges of the data transmitted. The time
betweenanyset ofdatatransitions 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 crossoverpoints of the data lines, as shown in Figure 7-36.

Differential
Data Lines 

integer multiples Of Tperiop

Paired

Transitions

Figure 7-36. Data Jitter Taxonomy

  
 

Consecutive
Transitions

  

e Forfull-speed transmissions,the jitter time for any consecutive differential data transitions must be within
+2.0 ns and within +1.0 ns 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
+25 ns and within +10 ns for any set of paired differential data transitions.

These jitter numbers include timing variations due to differential buffer delay and rise and fall time mismatches,
internal clock source jitter, and noise and other random effects.

7.1.13.1.2 High-speed Data Source Jitter
High-speed data within a single packet must be transmitted with no morejitter than is allowed by the eye
patterns defined in Section 7.1.2 when measuredovera sliding window of 480 high-speed bit times.
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7.1.13.2 EOP Width

This section describes low-speed, full-speed, and high-speed EOP width.

7.1.13.2.1 Low-/full-speed EOP

The width of the SEO in the EOP is approximately 2 * TPERIOD. The SEO width is measured with the same load
used for maximum riseand fall times and is measured at the samelevelas the differential signal crossover
points of the data lines (see Figure 7-37).

Tperion> | | |

Data
Crossover

Level

 
  
 
 
 

  

 
Differential
Data Lines

SEO for

EOP

Width

Figure 7-37. SEO for EOP Width Timing

e Forfull-speed transmissions, the SEO for EOP width from the transmitter must be between 160 ns and
175 ns.

e For low-speed transmissions, the transmitter’s SEO for EOP width must be between 1.25 Us and 1.50 Ls.

These ranges include timing variations dueto differential buffer delay and rise and fall time mismatches andto
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 SEOtransitions will in general be
asynchronousto the clock encoded in the NRZI stream.

e A full-speed EOP may have the SEO interval reducedto aslittle as 82 ns (Treopr) and a low-speed SEO
interval may be as short as 670 ns (TLEOPR).

A hub may tear down connectivity if it sees an SEO of at least Trst or TLst followed bya transitionto the J state.
A hub must tear down connectivity on any valid EOP.

7.1.13.2.2 High-speed EOP

In high-speedsignaling, a bit stuff error is intentionally generated to indicate EOP. A receiveris required to
interpret any bit stuff error as an EOP.

For high-speed packets other than SOF's, the transmitted EOP delimiter is required to be an NRZ byte of
01111111 without bit stuffing. For example, if the last symbol prior to the EOPfield is a J, this would Jead to an
EOP of KKKKKKKK.

For high-speed SOF's, the transmitted EOP delimiteris required to be 5 NRZ bytes withoutbit stuffing,
consisting of OLL11111 LL111111 11111111 11111111 11111111. Thusifthe last bit prior to the EOPfield is a
J, this would lead to 40 K's on the wire, at the end of which the lines mustreturn to the high-speedIdle state.
This extra EOPlengthis of no significance to a receiver; it is used for disconnect detection as discussed in
Section 7.1.7.3.

A hub mayadd at most 4 random bits to the end of the EOP field when repeating a packet. Thus after
5 repeaters, a packet can have up to 20 random bits following the EOP field. A hub, however, must not corrupt
any of the 8 (or 40 in the case of a SOF) required bits of the EOPfield.
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7.1.14 Hub Signaling Timings

This section describes low-speed, full-speed, and high-speed hubsignaling timings.

7.1.14.1 Low-/full-speed Hub Signaling Timings
The propagation ofa full-speed, differential data signal through a hub is shown in Figure 7-38. The downstream
signaling is measured without a cable connectedto the port and with the load used for measuringrise and fall
times. The total delay through the upstream cable and hubelectronics must be a maximum of 70 ns (THDD1). If
the hub has a detachable USB cable, then the delay (THDD2) through hubelectronics and the associated
transmission line must be a maximum of44 ns to allow for a maximum cable delay of 26 ns (TFSCBL). The
delay through this hub is measured in both the upstream and downstream directions, as shown in Figure 7-38B,
from data line crossoverat the input port to data line crossoverat the outputport.
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downstream signalin:
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Figure 7-38. 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 300 ns (TLHDD). This allows for the slower low-speed buffer propagation
delay and rise andfall times. It also provides time for the hub to re-clock the low-speed data in the upstream
direction.

Whenthe hubactsas a repeater, it must reproduce the received, full-speed signal accurately on its outputs. This
meansthatfor 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 7-38 and Figure 7-52) for a hub plus cable is +3.0 ns. Similarly, the difference
in delay between any two J-to-K or K-to-J transitions through a hub (THDJ2) mustbe less than +].0 ns. For low-
speed propagation in the downstream direction, the corresponding allowable jitter (TLDHJ1) is +45 ns and
(TLDHJ2) +15 ns, respectively. For low-speed propagation in the upstream direction, the allowablejitter is
+45 ns in both cases (TLUHJ1 and TLUHJ2).

An exception to this case is the skew that can be introduced in the Idle-to-K state transition at SOP (TFSOP and
TLSOP)(refer to Section 7.1.7.4). 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

162

ZTE/SAMSUNG 1008-0190

IPR2018-00110



ZTE/SAMSUNG 1008-0191 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

additional delay difference over a normalJ-to-K transition is +5.0 ns. This limits the maximum distortion ofthe
first bit in the packet.

Note: Because of this distortion ofthe SOPtransition relative to the next K-to-] state transition, the first SYNC

field bit should not be used to synchronizethe receiver to the data stream.

The EOP must be propagated through a hub in the same wayas thedifferential signaling. The propagation delay
for sensing an SEO must be noless than the greaterof 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 15 ns greater than the larger ofthese differential delays’
at full-speed and 200 ns at low-speed (to prevent creating a bit stuff error at the end ofthe packet). EOP delays
are shownin Figure 7-53.

Because the sense levels for the SEO state are not at the midpointof the signal swing, the width of SEO state will
be changedas it passes through each hub. A hub maynot change the width of the SEOstate in a full-speed EOP
by more than +15 ns (TFHESK), as measured by the difference ofthe leading edge and trailing edge delays ofthe
SEOstate (see Figure 7-53). An SEO from a low-speed device has long rise and fall times and is subject to
greater skew,but these conditions exist 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 +300 ns (TLHESK) as it passes through the hub to which
the device is connected. This time allows for somesignal conditioning in the low-speed transceiverto reduceits
sensitivity to noise.

7.1.14.2 High-speed Hub Signaling Timings
Whena hub acts as a repeater for high-speed data, the delay of the hub (THsHpp) must not exceed 36 high-speed
bit times plus 4 ns (the trace delays allowed for the hub circuit board), This delay is measured from the last bit
ofthe SYNCfield at the input connector to the last bit of the SYNCfield at the output connector.

A high-speed hub repeater must digitally resynchronize the buffered data, so there is no allowance for
cumulative jitter (within a single packet) as a high-speed packet passes through multiple repeater stages. Within
a single packet, the jitter must not exceed the eye pattern templates defined in Section 7.1.2 over a sliding
window of 480 high-speedbit times.

Dueto the data synchronization process, the propagation delay of a hubrepeateris allowed to vary at most
5 high-speedbit times (THsHpv). The delay including this allowed variation must not exceed 36 high-speedbit
times plus 4 ns. (This allows for some uncertainty as to when an incoming packet arrives at the hub with respect
to the phase of the synchronization clock.)

163

ZTE/SAMSUNG 1008-0191

IPR2018-00110



ZTE/SAMSUNG 1008-0192 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

7.1.15 Receiver Data Jitter

This section describes low-speed,full-speed, and high-speed receiverdatajitter.

7.1.15.1 Low-/full-speed 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 more ofthe 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 canbebuilt that satisfies these requirements.) This requirementis derived in
Table 7-4 and Table 7-5. The tables assume a worst-case topology of five hubs between the host and device and
the worst-case numberof sevenbits betweentransitions. The derived numbers are rounded upfor ease of
specification.

Jitter will be caused by the delay mismatches discussed above and by mismatchesin the source and destination
data rates (frequencies). The receive datajitter budgets for full- and low-speed are given in Table 7-4 and
Table 7-5. These tables give the value and totals for each sourceofjitter 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 sourcejitter includes bit shifts due to source frequency inaccuracy
over the worst-case data transition interval). The output driver jitter can be traded off against the device clock
accuracy in a particular implementation as long asthe jitter specification is met.

The low-speed jitter budget table has an additionalline in it because the jitter introduced by the hub to 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 data rate).

Table 7-4. Full-speed Jitter Budget

Jitter Source Full-speed

Next Transition Paired Transition

Total (ns) Total (ns)

Source Driver Jitter i 2.0 1.0 :

Source Frequency Tolerance (worst-case)} 0.21/bit Ls 0.21 /bit ;

Source Jitter Total 3.5

Hub Jitter 3.0 15.0

Jitter Specification 18.5

Destination Frequency Tolerance 0.21/bit 0.2 1/bit6

Receiver Jitter Budget|20.0|
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Table 7-5. Low-speed Jitter Budget

Jitter Source Low-speed Upstream

Each(nsTotal(ns)[Each(ns)Total(ns)
Function DriverJitter 25.0 25.0 10.0

Function Frequency Tolerance (worst-case) 10.0/bit 70.0 10.0/bit 140.0

Source (Function) Jitter Total 95.0 150.0

Hub with Low-speed Device Jitter 45.0 45.0 45.0 45.0

Remaining (full-speed) Hubs’Jitter 2 12.0 1,0 0

Jitter Specification 152.0 199.0

Host ceaenesTolerance 1.7/bit 12.0 1.7/bit 24.0
[HostReesiversiterBudget|__|esa]‘|aaa|

Low-speed Downstream

Host DriverJitter 2.0 2.0 1.0 1.0

Host Frequency Tolerance (worst-case) 1.7/bit 12.0 1.7/bit 24.0

Source (Host) Jitter Total 14.0 25.0

Hub with Low-speed Device Jitter 45.0 45.0 15.0 15.0

Remaining(full-speed) Hubs’Jitter 12.0 1.03.0

Jitter Spec 71.0 44.0

Function Frequency Tolerance

[FunctionReceiveriterBudset|=|aano||ta
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 of hubs. When the hostis directly connected to
the low-speed device,it uses low-speed data rate and low-speed signaling, and the host has to meet
the sourcejitter listed in the “Jitter Specification” row.

 

 
7.1.15.2 High-speed Receiver Data Jitter

A high-speed capable receiver must reliably recover high-speed data when the waveformsat its inputs conform
to the receiver sensitivity eye pattern templates. The templates, which are called out in Section 7.1.2.2, specify
the horizontal and vertical eye pattern opening over a 480 bit time sliding window overthe duration of a packet.
Thus, for example, a high-speed receiver within a function must reliably recover data with a peakto peak jitter
of 30%, measuredat its B receptacle (as described by Template 4).

Such conformanceis tested using Test Mode Test_Packet, as defined in Section 7.1.20.

It is a recommendeddesign guideline that a receiver’s BER should be <= 10°” whenthereceiversensitivity
requirementis met.

7.1.16 Cable Delay

The maximum total one-way signal propagation delay allowed is 30 ns. The allocation for cable delay is 26 ns.
A maximum delay of 3 ns is allowed from a Host or Hub Controller downstream facing transceiverto its
exterior downstream facing connector, while a maximum delay of 1 nsis allowed from the upstream facing
connectorto the upstream facing transceiver of any device. For a standard USB detachable cable, the cable
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delay is measured from the Series A connectorpins to the Series B connectorpins and is no more than 26 ns.
Forother cables, the delay is measured from the series A connectorto the point where the cable is connected to
the device. The cable delay must also be less than 5.2 ns per meter.

The maximum one-waydata delay on a full-speed cable is measured as shownin Figure 7-39.

One-waycable delay for low-speed cables must be less than 18 ns. It is measured as shownin Figure 7-40.
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Figure 7-39. Full-speed Cable Delay
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7.1.17 Cable Attenuation

USB cables must not exceed the loss figures shown in Table 7-6. Between the frequenciescalled out in the
table, the cable loss should be no more than is shown in the accompanying graph.

Table 7-6. Maximum Allowable Cable Loss 

 

 

 

 

 

 

 

 

 

 

Frequency (MHz) Attenuation (maximum) dB/cable
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7.1.18 Bus Turn-around Time andInter-packet Delay

This section describes low-speed,full-speed, and high-speed bus turn-around time and inter-packetdelay.

7.1.18.1 Low-/Full-Speed Bus Turn-around Time andInter-packet Delay
Inter-packet delays are measured from the SEO-to-J transition at the end of the EOPto the J-to-K transition that
starts the next packet.

A device must provideat least two bit 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 offits output buffers.

The host must provideat least two bit times of J after the SEO of an EOP andthe start of a new packet (TIPD). If
a function is expected to provide a responseto a host transmission, the maximum inter-packet delay for a
function or hub with a detachable (TRSPIPD1) 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 measuredat 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.

7.1.18.2 High-Speed Bus Turn-around Time and Inter-packet Delay

High-speed inter-packet delays are measured from time whentheline returns to a high-speed Idle State at the
end of one packet to whentheline leaves the high-speed Idle State at the start of the next packet.

Whentransmitting after receiving a packet, hosts and devices must provide an inter-packet delay ofat least 8 bit
times (THsippop) measuredat their A or B connectors (receptacles or plugs).

Additionally, if a host is transmitting two packets in a row, the inter-packet delay must be a minimum of88bit
times (THsippsp), measured at the host’s A receptacle. This will guarantee an inter-packet delay ofat least 32 bit
times at all devices (when receiving back to back packets). The maximum inter-packet delay provided by a host
is 192 bit times within a transaction (Tusrspipp1) measured at the A receptacle. Whena host respondsto a
packet from a device, it will provide an inter-packet delay of at most 192 bit times measured at the A receptacle.
There is no maximum inter-packet delay between packets in unrelated transactions.

When a device with a detachable cable respondsto a packet from a host,it will provide an inter-packet delay of
at most 192 bit times measured at the B receptacle. If the device has a captive cable, it will provide an inter-
packet delay of at most 192 bit times plus 52 ns (2 times the max cable length) measured at the cable's A plug
(THsRsPIPD2).

7.1.19 Maximum End-to-end Signal Delay
This section describes low-speed, full-speed, and high-speed end-to-end delay.

7.1.19.1 Low-/full-speed End-to-end Signal Delay

A device expecting a responseto a transmission will invalidate the transaction if it does not see the start-of-
packet (SOP)transition within the timeout period after the end of the transmission (after the SEO-to-J state
transition in the EOP), This can occur between an JN token and the following data packet or between a 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 SE0-to-
J transition at the end of the EOP). The host will wait at least 18 bit times for a response to start beforeit will
start a new transaction.
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Figure 7-41 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 facing connector on
that hub is 70 ns.

Host
Controller 

Cable Delay + Hub Delay < 70ns (each) Propagation Delay < 30ns

Figure 7-41. Worst-case End-to-end Signal Delay Model for Low-/full-speed

7.1.19.2 High-Speed End-to-end Delay

A high-speed host or device expecting a response to a transmission must not timeout the transaction if the inter-
packet delay is less than 736 bit times, and it must timeout the transaction if no signaling is seen within 816 bit
times.

These timeoutlimits allow a response to be seen even for the worst-case roundtrip signal delay. In high-speed
mode, the worst-case roundtrip signal delay model is the sum of the following components:

12 max length cable delays (6 cables) =312ns

10 max delay hubs (5 hubs) 40 ns + 360 bit times

192 bit times1 max device response time

Worst-case round trip delay = 352 ns +552bit times = 721 bit times

7.1.20 Test Mode Support
To facilitate compliance testing, host controllers, hubs, and high-speed capable functions must support the
following test modes:

e Test mode Test_SEO_NAK: Upon command,a port’s transceiver must enter the high-speed receive mode
and remain in that mode until the exit action is taken. This enables the testing of output impedance, low
level output voltage, and loading characteristics. In addition, while in this mode, upstream facing ports (and
only upstream facing ports) must respond to any IN token packet with a NAK handshake(only if the packet
CRCis determined to be correct) within the normal allowed device response time. This enables testing of
the device squelch level circuitry and, additionally, provides a general purpose stimulus/responsetest for
basic functional testing.

e Test mode Test_J: Upon command, a port’s transceiver must enter the high-speed J state and remainin that
state until the exit action is taken. This enables the testing of the high output drive level on the D+ line.

e Test mode Test_K: Upon command,a port’s transceiver mustenter the high-speed K state and remain in
that state until the exit action is taken. This enables the testing ofthe high output drive level on the D- line.

* Test mode Test_Packet: Upon command,a port mustrepetitively transmit the following test packet until
the exit action is taken. This enables the testing of rise and fall times, eye patterns, jitter, and any other
dynamic waveform specifications.

Thetest packet is made up by concatenating the following strings. (Note: For J/K NRZI data, and for NRZ
data, the bit on theleft is the first one transmitted. “S” indicatesthat a bit stuff occurs, which inserts an
“extra” NRZI data bit. “* N” is used to indicate N occurrencesof a string of bits or symbols.)
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NRZI Symbols NRZ Bit Strings Numberof NRZ Bits
(Fields)

{KJ * 15}, KK {00000000 * 3}, 00000001 32

(SYNC)

KKIKJIKKK 11000011 8

(DATAO PID)

JKJKIKJK * 9 00000000 * 9 72

JIKKJJKK * 8 01010101 *8 64

JIJIKKKK * 8 01110111 *8 64

|SJIVIKKKKKKK*8|0, {111118 *15}, 111111 97
JIJIJIIK * 8 S, 1111118, {01111118 * 7} 55

{JKKKKKKK * 10}, JK 00111111, {SO111111 * 9}, SO 72

JIIKKKJIKKKKIKKK 0110110101110011 16

(CRC16)

JIIIIIII 01111111 8

(EOP)

 
 

A port in Test_Packet mode must send this packet repetitively. The inter-packet timing must be no less than
the minimum allowable inter-packet gap as defined in Section 7.1.18 and no greater than 125 us.

e Test mode TestForceEnable: Upon command, downstream facing hub ports (and only downstream
facing hub ports) must be enabled in high-speed mode, even if there is no device attached. Packets arriving
at the hub’s upstream facing port must be repeated on the port whichis in this test mode. This enables
testing of the hub’s disconnect detection; the disconnect detect bit can be polled while varying the loading
on the port, allowing the disconnect detection threshold voltage to be measured.

Test Mode Entry and Exit

Test modeof a port is entered by using a device specific standard request (for an upstream facing port) or a port
specific hub class request (for a downstream facing port). The device standard request
SetFeature(TEST_MODE)is defined in Section 9.4.9. The hub class request SetPortFeature(PORT_TEST)is
defined in Section 11.24.2.13. All high-speed capable devices/hubs must support these requests. These requests
are not supported for non-high-speed devices.

Thetransition to test mode must be complete no later than 3 ms after the completion of the status stage ofthe
request.

For an upstream facing port, the exit action is to power cycle the device. For a downstream facingport,the exit
action is to reset the hub, as defined in Section 11.24.2.13.
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7.2 Power Distribution

This section describes the USB powerdistribution specification.

7.2.1 Classes of Devices

The powersource and sink requirements ofdifferent device classes can be simplified with the introduction of the
concept of a unit load. A unit load is defined to be 100 mA. 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, consumingupto five unit loads. All devices default to low-power. Thetransition to high-poweris under
software control. 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 includethe following:

e Root port hubs: Are directly attached to the USB Host Controller. Hub poweris derived from the same
source as the Host Controller. Systems that obtain operating powerexternally, either AC or DC, must
supply at least five unit loads to each port. Such ports are called high-powerports. 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 powerfor any internal functions and downstream facing ports from
VBUS on the hub’s upstream facing port. Bus-powered hubs may only draw up to one unit load upon
power-upandfive 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 onthe other ports of that hub. The hub must be
able to supply this port current whenthe hubis in the Active or Suspendstate.

e Self-powered hubs: Powerfor the internal functions and downstream facing ports does not come from
VBUS. However, the USB interface of the hub may draw up to one unit load from VBUSon its upstream
facing port to allow the interface to function when the remainderof the hub is powered down. Hubsthat
obtain operating power externally (from the USB) must supply five unit loads to each port. Battery-
powered hubs may supply either one or five unit loads perport.

e Low-power bus-powered functions: All powerto these devices comes from VBUS. They may draw no
more than oneunit load at any time.

e High-power bus-powered functions: All power to these devices comes from VBUS. They must draw no
more than one unit Joad upon power-up and may draw upto five unit loads after being configured.

®  Self-powered functions: May draw upto one unit load from VBUSto allow the USB interface to function
whenthe remainderof 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 facing port at any time. From VBUSonits
upstream facing port, a device may only draw (sink) current. They may not provide powerto the pull-up resistor
on D+/D- unless VBUSis present (see Section 7.1.5). When VBUSis removed, the device must remove power
from the D+/D- pull-up resistor within 10 seconds. On power-up, a device needs to ensure that its upstream
facing port is 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 that
draws powerfrom the bus mustbe 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).
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7.2.1.1 Bus-powered Hubs
Bus-powered hub power requirements can be met with a powercontrol circuit such as the one shownin
Figure 7-42. Bus-powered hubs often contain at least one non-removable function. Poweris always available to
the hub’s controller, which permits host access to power managementand 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 function is not required if the aggregate power drawnbyit and the
Hub Controller is less than one unit load. However, as long as the hub port associated with the functionis 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 device is the sum of the current to the Hub Controller, any non-removable
function(s), and the downstream facing ports.

Figure 7-42 showsthepartitioning of power based upon the maximum current draw (from upstream) 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 facing ports. If more than four external ports are required, then the hub will need to be
self-powered. Ifthe non-removable function(s) and Hub Controller draw more than one unit load, then the
numberof external ports must be appropriately reduced. Power control to a bus-powered hub mayrequire 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 currentlimiting must also be incorporated into the regulator subsystem.

  
 

Downstream
Upstream Hub Controller Data Ports
Data Port

Iportetet

pstream VBus Non-removableSunit loads Function
| unit load - Iponetrl 

 
 

[unit load/port
Downstream VBUS

Figure 7-42. Compound Bus-powered Hub

Powerto external downstream facing 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
prevents excessive transient current from being drawn from upstream. The voltage drop across the upstream
cable, connectors, and switch in a bus-powered hub must not exceed 350 mV at maximum rated current.

7.2.1.2 Self-powered Hubs
Self-powered hubs have a local power supply that furnishes power to any non-removable functionsandto all
downstream facing ports, as shown in Figure 7-43. 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 is 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 draws powerforits upstream facing port from VBUS, it may not draw more than one unit
load.
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Figure 7-43. Compound Self-powered Hub

The numberof ports 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-enumeration ofitself as a bus-powered
hub. This requires the hub to implement port power switching on all external ports. When poweris 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 facing ports exceed a preset value, the over-current protection circuit removes
or reduces powerfrom all affected downstream facing ports. The over-current condition is reported through the
hub to Host Controller, as described in Section 11.12.5. The preset value cannot exceed 5.0 A and must be
sufficiently above the maximum allowable port current suchthat transient currents (e.g., during power up or
dynamic attach or reconfiguration) do nottrip the over-current protector. If an over-current condition occurs on
any port, subsequent operation of the USBis 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 andsolid-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 to one unit load from the USB cable when operational. Figure 7-44
showsa typical bus-powered, low-power function, 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
4.40 V, measured at the plug end ofthe cable.
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Upstream .
Data Port Function

: 1

Upstream VeusrrcnotRegulator '
1 unit load (max) t i

 
Figure 7-44, 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 but no more than five unit
loads from the USB cable. A high-power function requires staged switching of power. It must first come upin
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 power exists, the remainderof the
function may be powered on. A typical high-power function is shown in Figure 7-45. The function’s electronics
have beenpartitioned into two sections. The function controller contains the minimum amountofcircuitry
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 4.40 V,so that it may be detected and enumerated even whenpluggedinto a bus-
powered hub. They must also be capable ofoperating at full power (up to five unit loads) with a VBUS voltage
of 4.75 V, measured at the upstream plug endof the cable.

Upstream ,
Data Port Function Controller 
 

1 unit load
(max)

1

Upstream Veus 1‘ >PE unit londs (max) Regulator 1

Figure 7-45. High-power Bus-powered Function

7.2.1.5 Self-powered Functions

Figure 7-46 showsa typical self-powered function. The function controller is powered either from the upstream
bus via a low-powerregulatoror from the local power supply. The advantage of the former schemeis thatit
permits detection and enumeration of a self-powered function whose local powersupply is turned off. The
maximum upstream powerthat the function controller can draw is one unit load, and the regulator block must
implementinrush current limiting. The amount of powerthat the function block may draw is limited only by the
local power supply. Becausethe local powersupply is not required to power any downstream busports, it does
not need to implement currentlimiting, soft start, or power switching.
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Upstream
Data Port Function Controller

Upstream Veus
1 unit load (max)

Local Power

Supply

 
Figure 7-46. Self-powered Function

7.2.2 Voltage Drop Budget
The voltage drop budgetis determined from the following:

The voltage supplied by high-powered hubportsis 4.75 V to 5.25 V,

The voltage supplied by low-powered hubports is 4.4 V to 5.25 V.

Bus-powered hubs can have a maximum drop of 350 mV 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 VBUSis
125 mV (VBUSD).

The maximum voltage drop forall cables between upstream and downstream on GND is 125 mV (VGNDD).

All hubs and functions must be able to provide configuration information with aslittle as 4.40 V at the
connectorend oftheir upstream cables. Only low-powerfunctions need to be operational with this
minimum voltage.

Functions drawing more than one unit load must operate with a 4.75 V minimum inputvoltageat the
connector end of their upstream cables.

Figure 7-47 shows the minimum allowable voltages in a worst-case topology consisting of a bus-powered hub
driving a bus-powered function.

Host or Bus-powered Low-power
Powered Hub Hub Function

4.397V 4.378V4,735V 4.640V

0.015V 0.110V 0.003V 0.022V
 

a Referenced Referenced >to Source to Hub

*Undertransient conditions, supply at hub can drop from 4.400V to 4.070V

Figure 7-47. 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 devicesinitially default to low-power. Low-
powerdevices or high-power devices operating at low-powerare limited to 500 LA of suspend current. If the
deviceis configured for high-power and enabled as a remote wakeup source, it may draw up to 2.5 mA during
suspend. When computing suspend current, the current from VBUS through the buspull-up and pull-down
resistors must be included. Configured bus-powered hubs may also consume a maximum of 2.5 mA,with
500 LA 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 500 LA.

While in the Suspendstate, a device may briefly draw more than the average current. The amplitude of the
current spike cannot exceed the device powerallocation 100 mA (or 500 mA). A maximum of 1.0 secondis
allowed for an averaging interval. The average current cannot exceed the average suspend current limit (ICCSH
or ICCSL, see Table 7-7) during any 1.0-second interval (TSUSAVG1). The profile of the current spikeis
restricted so the transient response of the power supply (which maybe anefficient, low-capacity,trickle power
supply) is not overwhelmed. The rising edge of the current spike must be no more than 100 mA/1s.
Downstream facing ports must be able to absorb the 500 mA peak current spike and meet the voltage droop
requirements defined for inrush current during dynamic attach (see Section 7.2.4.1). Figure 7-48 illustrates a
typical example profile for an averaging interval. If 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-downresistors will always
draw power.

 
 

itPiel eenapgecahineepelainlmeieslerreeSeep

ICONFIGURED(max) 
 
 
 
 

Edge rate must
not exceed

100mMA/us

 

 
 

Iccs@y)

Averaging Interval time

Figure 7-48. Typical Suspend Current Averaging Profile

Devices are responsible for handling the bus voltage reduction due to the inductive andresistive effects of the
cable. Whenahubisin the Suspend state, it must still be able to provide the maximum currentper port (one
unit load of current per port for bus-powered hubsandfive unit loads per port for self-powered hubs). This is
necessary to support remote wakeup-capable devices that will power-up while the remainder of the system is
still suspended. Such devices, when enabled to do remote wakeup, must drive resume signaling upstream within
10 ms ofstarting to draw the higher, non-suspend current. Devices not capable of remote wakeup must draw the
higher current only when not suspended.

When devices wakeup,either by themselves (remote wakeup) or by seeing resumesignaling, they mustlimit the
inrush current on VBUS. The target maximum droopin the hub VBUS is 330 mV. The device must have
sufficient on-board bypass capacitance or a controlled power-on sequencesuchthat the current drawn from the
hub does not exceed the maximum current capability ofthe port at any time while the device is waking up.
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7.2.4 Dynamic Attach and Detach
The act of plugging or unplugging a hub or function must notaffect 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
Whena function or hubis 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, if no measures are taken to preventit, 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-powerfunction is switched into its high-power mode. This problem
must be solved bylimiting the inrush current and by providing sufficient capacitance in each hubto prevent the
powersupplied to the other ports from going out of tolerance. An additional motivation for limiting inrush
current is to minimize contact arcing, thereby prolonging connector contactlife.

The maximum droopin the hub VBUSis 330 mV,or about 10% of the nominal signal swing from the function.
In order to meet this requirement, the following conditions must be met:

e The maximum load (CRPB)that can be placed at the downstream end of a cable is 10 UF in parallel with
44 ©. The 10 WF capacitance represents any bypass capacitor directly connected across the VBUSlines in
the function plus any capacitive effects visible through the regulator in the device. The 44 © resistance
represents one unit load of current drawn by the device during connect.

e 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 facing port VBUS powerlines must be bypassed (CHPB) with noless than 120 LF 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 facing 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 powertoits
downstream facing ports.

A high-power bus-powered devicethat is switching from a lower power configuration to a higher power
configuration must not cause droop > 330 mV on the VBUSat its upstream hub. The device can meet this by
ensuring that changesin the capacitive load it presents do not exceed 10 UF.

Signal pins are protected from excessive currents during dynamicattach 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-impedancestate during
connect, so that no current flows for standard signal levels.

7.2.4.2 Dynamic Detach
Whena device is detached from the network with power flowing in the cable, the inductance of the 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 hubports will suppress any coupled noise. The frequency range of
this noise is inversely dependent on the length of the cable, to a maximum of 60 MHz for a one-metercable.
This will require some low capacitance, very low inductance bypass capacitors on each hub port connector. The
flyback voltage and the noiseit creates is also moderated by the bypass capacitance on the device end ofthe
cable. Also, there must be some minimum capacitance on the device end of the cable to ensure that the
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inductive flyback on the open end of the cable does not cause the voltage on the device end to reverse polarity.
A minimum of1.0 LF is recommended for bypass across VBUS.

7.3 Physical Layer

The physicallayer specifications are described in the following subsections.

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 7-7. DC Electrical Characteristics

Symbol|_conaitons[win[wax[Une
Supply Voltage: 

High-powerPort 

Low-powerPort 

Supply Current:

High-power Hub Port (out) Section 7.2.1

Low-power HubPort (out) Section 7.2.1

High-power Function(in) ICCHPF Section 7.2.1

 

 

 

Low-powerFunction (in) ICCLPF Section 7.2.1 

Unconfigured Function/Hub (in)|Iccinit Section 7.2.1.4

Suspended High-power Device Section 7.2.3; Note 15 Poesaan
Suspended Low-powerDevice Section 7.2.3 |500s|]ga|

Input Levels for Low-/full-speed:  

High (driven) Note 4, Section 7.1.4 

High (floating) Note 4, Section 7.1.4 

Low 

Differential Input Sensitivity |(D+)-(D-)|;
Figure 7-19; Note 4

Differential Common Mode Includes Voi range;
Range Figure 7-19; Note 4

Input Levels for High-speed:

 

 

High-speed squelch detection Section 7.1.7.2
threshold (differential signal (specification refers to
amplitude) differential signal

amplitude)

 
 

178

ZTE/SAMSUNG 1008-0206

IPR2018-00110



ZTE/SAMSUNG 1008-0207 
IPR2018-00110

Universal Seria] Bus Specification Revision 2.0

Table 7-7. DC Electrical Characteristics (Continued)

[Parameter|Symbot|conditons[win|_Wax_[Unie
High speed disconnect VHspsc|Section 7.1.7.2 525 625 mV
detection threshold (differential (specificationrefers to
signal amplitude) differential signal

amplitude)

High-speed differential input Section 7.1.7.2
signaling levels Specified by eye pattern

templates

—

Output Levels for Low-/full-speed:

High (Driven) VoH Note 4, 6, Section 7.1.1 2.8

Output Signal Crossover

  

  
 
 

High-speed data signaling VHSCM
common mode voltage range

(guideline for receiver)

   
o oo

  
oa oO

No oMeasured asin 1.3
Voltage

oOa wn Figure 7-8; Note 10

Output Levels for High-speed:
   

 
 

 

High-speedidle level VHsol Section 7.1.7.2 -10.0 mV

VHSOH Section 7.1.7.2 360|440 mV
VHSOL Section 7.1.7.2 mV

VCHIRPJ Section 7.1.7.2 700 1100 mV

VCHIRPK Section 7.1.7.2 mV

CHPB

High-speed data signaling high

High-speed data signaling low

Chirp J level (differential
voltage)

Chirp K level (differential
voltage)

pal
=

Decoupling Capacitance:

Downstream Facing Port VBUS to GND, 120
Section 7.2.4.1Bypass Capacitance (per hub)
 

 
Upstream Facing Port Bypass CRPB
Capacitance

VBUS to GND;Note 9,
Section 7.2.4.1 — oO kh o oO nm

Input Capacitance for Low-/full-speed:

Downstream Facing Port Note 2; Section 7.1.6.1

Upstream Facing Port (w/o CiNuB Note 3; Section 7.1.6.1
cable)

Transceiver edge rate control CEDGE Section 7.1.6.4
capacitance

ef
er

pF

00

75
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Table 7-7. DC Electrical Characteristics (Continued)

Symvat|condions[win[Wax|uni
Input Impedance for High-speed:

TDRspecfor high-speed Section 7.1.6.2
termination

Terminations: 

Bus Pull-up Resistor on 1.5kQ+5%
Upstream Facing Port Section 7.1.5

Bus Pull-down Resistor on 15 kQ +5%

Downstream Facing Port Section 7.1.5

Input impedance exclusive of Section 7.1.6
pullup/pulldown(for low-/full-
speed) 

Termination voltage for Section 7.1.5
upstream facing port pullup
(RPu)

Terminations in High-speed: 

Termination voltage in high- VHSTERM|Section 7.1.6.2
speed

 
Table 7-8. High-speed Source Electrical Characteristics

Driver Characteristics:

 
Symbot [conaiions[win[wax[Uni

Driver waveform requirements Specified by eye pattern
templates in Section 7.1.2 

Driver Output Resistance ZHSDRV Section 7.1.1.1
(which also serves as high-
speed termination) 

Clock Timings:

High-speed Data Rate Section 7.1.11 479.760 480.240

MicroframeInterval Section 7.1.12 124.9375 125.0625

Consecutive Microframe THSRFI Section 7.1.12 4 high-
Interval Difference speed bit

times

High-speed Data Timings:

180

Data source jitter Source and receiverjitter specified by the eye pattern
templates in Section 7.1.2.2

Receiverjitter tolerance P
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Table 7-9. Full-speed Source Electrical Characteristics

[Farrersymvo]_constons[win[waxUne

[fete———SSS*di[Feerargnere|«|[wm
Fartine=i|ierive|«|ao|me

Differential Rise and Fall Time TFRFM (TFR/TFF) Note 10, 441.41 %
Matching Section 7.1.2

Driver Output Resistance for Section 7.1.1.1 Q
driver which is not high-speed
capable

Clock Timings:

Full-speed Data Rate for hubs TFDRATHS|Averagebitrate, 11.9940 12.0060|Mb/s
and devices which are high- Section 7.1.11
speed capable

Full-speed Data Rate for TFDRATE|Averagebit rate, 11.9700 12.0300|Mb/s
devices which are not high- Section 7.1.11
speed capable

Frame Interval Section 7.1.12 4.0005|ms|
Consecutive FrameInterval TRFI No clock adjustment
Jitter Section 7.1.12

Full-speed Data Timings:

Source Jitter Total (including Note 7, 8, 12, 10:
frequency tolerance): Measured asin

To Next Transition Tow Figure 7-49;
For Paired Transitions Tou

Source Jitter for Differential TFDEOP|Note 8; Figure 7-50; -2
Transition to SEO Transition Note 11

ReceiverJitter: Note 8; Figure 7-51
To Next Transition TJR1
For Paired Transitions TJR2

Source SEO interval of EOP TFEoPT|Figure 7-50  

Receiver SEO interval of EOP Note 13; Section 7.1.13.2:

Figure 7-50

Width of SEO interval during Section 7.1.4
differential transition
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Table 7-10. Low-speed Source Electrical Characteristics

syntet| Conditions[win[wax[Uni]
Driver Characteristics:

Transition Time:

Rise Time TLR

"ierTime TLFRise and Fall Time|RiseandFallTimeMatching_|TLREM

 

Measured asin Figure 7-8
 

(TLR/TLF) Note 10 

Upstream Facing Port CLINUA
(w/cable, low-speed only)

Clock Timings:

Low-speed Data Rate for hubs aewhich are high-speed capable pene |e7.4.41 1.4775| 1.5225
Low-speed Data Rate for
devices which are not high-

aeceoiccunesgwnncapablefLow-speedDataTimings:Data Timings:
Upstream facing port source
Jitter Total (including frequency
tolerance):

TuDJ1
TuDJ2

To Next Transition
For Paired Transitions

Note 1; Section 7.1.6

 

Section 7.1.11 1.50075] Mb/s

Note 7, 8; Figure 7-49

 

Upstream facing port source TLDEOP
Jitter for Differential Transition
to SEO Transition

Upstream facing port differential
ReceiverJitter:

To Next Transition
For Paired Transitions

Downstream facing port source
Jitter Total (including frequency
tolerance):

To Next Transition
For Paired Transitions

Note 8; Figure 7-50;
Note 11

95
150

Note 8; Figure 7-51

-75
-45

-25
14

Note 7, 8; Figure 7-49

 

Downstream facing port source
Jitter for Differential Transition
to SEO Transition

Downstream facing port
Differential Receiver Jitter:

To Next Transition
For Paired Transitions

182
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Table 7-10. Low-speed Source Electrical Characteristics (Continued)

Source SEOinterval of EOP TLeopT|Figure 7-50 1.25 1.50 Us

Note 13; Section 7.1.13.2; 670 ns

Figure 7-50

Width of SEOinterval during Section 7.1.4 210
differential transition

Table 7-11. Hub/Repeater Electrical Characteristics

Symbol ondions|_—_win[won[Un
Full-speed Hub Characteristics (as measured at connectors):

   Receiver SEOinterval of EOP TLEOPR  

 

Driver Characteristics: Upstream facing port and
(Refer to Table 7-9) downstream facing ports

configured as full-speed

Hub Differential Data Delay: Note 7, 8

(with cable) Figure 7-52A
(without cable) Figure 7-52B

Hub Differential Driver Jitter: Note 7, 8; Figure 7-52,
(including cable) Section 7.1.14

To Next Transition -3 3
For Paired Transitions -4 {

Data Bit Width Distortion after SOP Note 8; Figure7-s2|-5|5|ns|
Hub EOP Delay Relative to THop Note 8; Figure 7-53 Foo|tsons|
Hub EOP Output Width Skew Note 6 Figure 7-53

Low-speed Hub Characteristics (as measured at connectors):

 

 

Driver Characteristics: Downstream facing ports
(Refer to Table 7-10) configured as low-speed

Hub Differential Data Delay Note 7, 8; Figure 7-52 

Hub Differential DriverJitter Note 7, 8; Figure 7-52
(including cable):

Downstream facing port :

To Next Transition TLDHJ1
For Paired Transitions TLDHJ2

Upstream facing port:

To Next Transition TLUHJ1

For Paired Transitions TLUHJ2

Data Bit Width Distortion after SOP Note 8; Figure 7-52

Hub EOP Delay Relative to THop Note 8; Figure 7-53

Hub EOP Output Width Skew

 
183

ZTE/SAMSUNG 1008-0211

IPR2018-00110



ZTE/SAMSUNG 1008-0212 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Table 7-11. Hub/Repeater Electrical Characteristics (Continued)

High-speed Hub Characteristics (as measured at connectors): 

—
Driver Characteristics: Upstream facing port and
(Refer to Table 7-8) downstream facing ports

configured as high-speed 

Hub Data Delay (without cable): THSHDD|Section 7.1.14.2 36 high-
speed bit
times +

4ns

Hub Data Jitter: Specified by eye patterns
in Section 7.1.2.2 

Hub Delay Variation Range: THSHDV|Section 7.1.14.2 5 high-
speed bit

times

  

184

ZTE/SAMSUNG 1008-0212

IPR2018-00110



ZTE/SAMSUNG 1008-0213 
IPR2018-00110

Universal] Seria] Bus Specification Revision 2.0

Table 7-12. Cable Characteristics (Note 14)

Symbol|condone|__win_[Mex|Unie
Veus Voltage drop for VeBuUSsD Section 7.2.2 125 mV
detachable cables

GND Voltage drop(forall VGNOD Section 7.2.2 125 mV
cables)

Differential Cable Impedance (90 2 +15% 103.5 Q

21.

Zo );
(full-/high-speed)

Common mode cable ZCM (30 Q 30%); 0 39.0 Q
impedance(full-/high-speed)

 

Specified by table and
graph in Section 7.1.17

 Cable Delay (one way) Section 7.1.16

Full-/high-speed TFSCBL
Low-speed TLSCBL

Cable Skew TSKEW Section 7.1.3

Unmated Contact Capacitance Cuc Section 6.7

Cable loss

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 1.425 kO to 3.6 V.

Note 6: Measured with RL of 14.25 kO to GND.

Note 7: Timing difference betweenthe differential data signals.
Note 8: Measured at crossoverpointof differential data signals.

Note 9: The maximum load specification is the maximum effective capacitive load allowed that meets the target
Veus drop of 330 mV.

Note 10: Excluding thefirst 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. That is, to measure the single-ended capacitance of D+, short D-, VBUS, GND, and
the shield line together and measure the capacitance of D+ ta the other conductors.

Note 15: For high power devices (non-hubs) when enabled for remote wakeup.
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Event Description

Time to detect a downstream

facing port connect event
Awake Hub

Suspended Hub

Table 7-13. Hub Event Timings

Conditions

Section 11.5 and
Section 7.1.7.3

 

Time to detect a disconnect event

at a hub's downstream facing port 

Duration of driving resume to a
downstream port; only from a
controlling hub

Time from detecting downstream
resumeto rebroadcast

Duration of driving reset to a
downstream facing port

 TobIS

TDRSMDN  Section 7.1.7.3

Nominal: Section
7.1.7.7 and
Section 11.5

 
Section 7.1.7.7

Only fora
SetPortFeature

(PORT_RESET)
request;
Section 7.1.7.5 and
Section 11.5

  
 

Overall duration of driving reset to
downstream facing port, root hub

TORSTR Only for root hubs;
Section 7.1.7.5 

Maximum interval between reset

segments used to create TORSTR

Time to detect a long K from
upstream

Time to detect a long SEO from
upstream

TRHRSI

TURLSEO

Only for root hubs;
each reset pulse must
be of length TorsT;
Section 7.1.7.5

Section 11.6

Section 11.6

 

Duration of repeating SEO
upstream (for low-/full-speed
repeater)

Duration of sending SEO upstream
after EOF1 (for low-/full-speed
repeater)

TURPSEG

TUDEOP

Section 11.6

Optional
Section 11.6

 

Inter-packet Delay (for high-
speed) for packets traveling in
same direction

Inter-packet Delay (for high-
speed) for packets traveling in
opposite direction
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Table 7-13. Hub Event Timings (Continued)

Inter-packet delay for device/root THSRSPIPD1|Section 7.1.18.2
hub response w/detachable cable
for high-speed 

Reset Handshake Protocol:

Time for which a Chirp J or Chirp Section 7.1.7.5
K mustbe continuously detected
(filtered) by hub or device during
Reset handshake

  
Time after end of device Chirp K Section 7.1.7.5
by which hub muststart driving
first Chirp K in the hub's chirp
sequence  

Time for which eachindividual TocHsit|Section 7.1.7.5
Chirp J or Chirp K in the chirp
sequence is driven downstream
by hub during reset  

 
Time before end of reset by which|TocHseo|Section 7.1.7.5
a hub must end its downstream

chirp sequence
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Table 7-14. Device Event Timings

Figure 7-29 

Debounceinterval provided by
USB system software after attach

Figure 7-29 

Maximum time a device can draw

power >suspend power when bus
is continuously in idle state

Maximum duration of suspend
averaging interval

Period of idle bus before device
can initiate resume

T2SUSP

TSUSAVGI

Section 7.1.7.6

Section 7.2.3

Device must be

remote-wakeup
enabled
Section 7.1.7.5

 
 

Duration of driving resume
upstream

TDRSMUP Section 7.1.7.7

 

Resume Recovery Time TRSMRCY Provided by USB
System Software;
Section 7.1.7.7  

Time to detect a reset from

upstream for non high-speed
capable devices

Reset Recovery Time

TDETRST

TRSTRCY

Section 7.1.7.5

Section 7.1.7.5 

Inter-packet Delay (for low-/full-
speed)

TIPD

 

Inter-packet delay for device
response w/detachable cable for
low-/full-speed

TRSPIPD1

Section 7.1.18

 
Section 7.1.18

 

Inter-packet delay for device
response w/captive cable for low-
/full-speed
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Parameter

SetAddress() Completion Time

Table 7-14. Device Event Timings (Continued)

TDSETADDR

Conditions

Section 9.2.6.3 

Time to complete standard
request with no data

TDRQCMPLTND Section 9.2.6.4

 

Time to deliverfirst and

subsequent (exceptlast) data for
standard request

TDRETDATA1

 

Time to deliver last data for

standard request

Inter-packet delay for device
response w/captive cable (high-
speed)

TDRETDATAN

 
THSRSPIPD2

 Section 9.2.6.4

Section 9.2.6.4

Section 7.1.18.2

 

SetAddress() Completion Time

Time to complete standard
request with no data

Reset Handshake Protocol:

Time for which a suspendedhigh-
speed capable device must see a
continuous SEO before beginning
the high-speed detection
handshake

Time a high-speed capable device
operating in non-suspendedfull-
speed mustwait after start of SEO
before beginning the high-speed
detection handshake

Time a high-speed capable device
operating in high-speed mustwait
after start of SEO before reverting
to full-speed

Time a device must wait after

reverting to full-speed before
sampling the busstate for SEO
and beginning the high-speed
detection handshake

TDSETADDR

TDROQCMPLTND

Section 9.2.6.3

Section 9.2.6.4

 

TFILTSEO

TWTRSTFS

Section 7.1.7.5

 

Section 7.1.7.5

Section 7.1.7.5

 

TWTRSTHS Section 7.1.7.5

 
189

ZTE/SAMSUNG 1008-0217

IPR2018-00110



ZTE/SAMSUNG 1008-0218 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Table 7-14. Device Event Timings (Continued)

Minimum duration of a Chirp K Section 7.1.7.5
from a high-speed capable device
within the reset protocol

Timeafter start of SEO by which a|TUCHEND Section 7.1.7.5
high-speed capable device is
required to have completedits
Chirp K within the reset protocol 

Time between detection of Section 7.1.7.5
downstream chirp and entering
high-speed state 

Time after end of upstream chirp Section 7.1.7.5
at which device reverts tofull-

speed default state if no
downstream chirp is detected
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7.3.3 Timing Waveforms

Tperiop -—| | | | | |

Crossover
A“ oints
 
 
 

Differential
Data Lines
 

 
 Consecutive

Transitions

N* Teerion + Taos
 

 
 
 

Paired
Transitions

N* Tperton + Txpuz

 
 
 

Figure 7-49. Differential Data Jitter for Low-/full-speed
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 Diff. Data-to-
SEO Skew

N * Trenton + Txneor
 

 
Source EOP Width: Treopr

LEOPT 
 Receiver EOP Width: Trropr,

LEOPR

Figure 7-50. Differential-to-EOP Transition Skew and EOP Width for Low-/full-speed
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Differential
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Paired
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Figure 7-51. Receiver Jitter Tolerance for Low-/full-speed

  TPERIODis the data rate of the receiver that can have the range as defined in Section 7.1.11.
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Hub Differential Jitter:

Tost = Tupox(J) - Tuopx(K) or Tuoox(K) - Tuppox(J) Consecutive Transitions

Tyoy2 = Tuoox(J) - THopx(J) Or THoox(K) - Tuoox(K) Paired Transitions

Bit after SOP Width Distortion (sameas data jitter for SOP and next J transition):

Trsop = Tuopx(next J) - Typpx(SOP)  
Low-speed timings are determined in the same wayfor:

Tipps Tuono TiouH2: Tiunst TLusas and Tisop Sl

Figure 7-52. Hub Differential Delay, Differential Jitter, and SOP Distortion for Low-/full-speed

Measurementlocations referenced in Figure 7-52 and Figure 7-53 are specified in Figure 7-38. 
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Figure 7-53. Hub EOP Delay and EOP Skew for Low-/full-speed
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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 ofretry
synchronization, babble, loss of bus activity recovery, and high-speed PING protocol.

8.1 Byte/Bit Ordering
Bits are sent out onto the bus least-significant bit (LSb)first, followed by the next LSb, through to the most-
significant bit (MSb) last. In the following diagrams, packets are displayed such that both individual bits
and fields are represented (in a Jeft to right reading order) as they would moveacrossthe bus.

Multiple byte fields in standard descriptors, requests, and responses are interpreted as and moved overthe
busin little-endian order, i.e., LSB to MSB.

8.2 SYNC Field

All packets begin with a synchronization (SYNC)field, which is a coded sequence that generates a
maximum edgetransition density. It is used by the inputcircuitry to align incoming data with the local
clock. A SYNC from aninitial transmitter is defined to be eight bits in length for full/low-speed and 32bits
for high-speed. Received SYNC fields may be shorter as described in Chapter 7. SYNC serves only as a
synchronization mechanism and is not shownin the following packet diagrams(refer to Section 7.1.10).
Thelast two bits in the SYNCfield are a markerthat is used to identify the end ofthe SYNCfield and, by
inference, the start ofthe 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 andbit stuffing have been
removedfor the sake of clarity. All packets have distinct Start- and End-of-Packet delimiters. The Start-of-
Packet (SOP) delimiter 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 of a
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 ofthe 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
packetis interpreted correctly. The PID checkfield is generated by performing a one’s complementofthe
packettype field. A PID errorexists if the four PID check bits are not complementsoftheir respective
packet identifierbits.

(LSb) (MSb)

Figure 8-1. PID Format

The host and all functions must perform a complete decodingofall 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
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as the remainderofthe packet, is ignored by the packet receiver. If a function receives an otherwise valid
PID for a transaction type or direction that it does not support, the function must not respond. For example,
an IN-only endpoint must ignore an OUT token. PID types, codings, and descriptionsare listed in
Table 8-1.

Table 8-1. PID Types

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 SETUPto a control pipe

Data packet PID even

Data packet PID odd

Data packet PID high-speed, high bandwidth isochronous
transaction in a microframe (see Section 5.9.2 for more
information)

Data packet PID high-speedfor split and high bandwidth
isochronoustransactions (see Sections 5.9.2, 11.20, and
11.21 for more information)  

Handshake Receiver accepts error-free data packet

Receiving device cannot accept data or transmitting
device cannot send data

Endpoint is halted or a control pipe request is not
supported

No response yet from receiver (see Sections 8.5.1 and
11.17-11.21)

Special (Token) Host-issued preamble. Enables downstream bus
traffic to low-speed devices.

(Handshake)Split Transaction Error Handshake (reuses
PREvalue)

(Token) High-speed Split Transaction Token (see
Section 8.4.2)

PING (Token) High-speed flow control probe for a bulk/contro!
endpoint (see Section 8.5.1)Reserved

Reserved PID

*Note: PID bits are shown in MSb order. When sent on the USB, the rightmostbit (bit 0) will be sentfirst.
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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 accountsforthe distribution of PID codes.

8.3.2 Address Fields

Function endpoints are addressed using two fields: the function addressfield and the endpointfield. A
function needs to fully decode both address and endpointfields. Address or endpointaliasing is not
permitted, and a mismatch oneither field must cause the token to be ignored. Accesses to non-initialized
endpoints will also cause the token to be ignored.

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 OUTtokens
and the PING and SPLITspecial token. 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 programmedbythe host
during the enumeration process. Function addresszero is reserved as the default address and may not be
assigned to any otheruse.

(LSb) (MSb)

ar]Atty]ateaaa,Lac,faa|Aaa,
Figure 8-2. ADDR Field

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 endpoint is required. Except for endpoint address zero, endpoint numbers
are function-specific. The endpointfield is defined for IN, SETUP, and OUTtokens and the PING special
token. 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 numberzero plus
two additional pipes (either two control pipes, a control pipe and a interrupt endpoint, or two interrupt
endpoints). Full-speed and high-speed functions may support up to a maximum of 16 IN and OUT
endpoints.

Figure 8-3. Endpoint Field

8.3.3 Frame NumberField

The frame numberfield is an 11-bit field that is incremented by the host on a per-frame basis. The frame
numberfield rolls over upon reaching its maximum value of 7FFH andis sent only in SOF tokensat the
start of each (micro)frame.

8.3.4 Data Field

The data field may range from zero to 1,024 bytes and must be an integral numberofbytes. Figure 8-4
shows the format for multiple bytes. Data bits within each byte are shifted out LSbfirst.
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MSb (LSb) MSb (LSb)

D 7

Byte N-1 Byte N Byte N+1

Figure 8-4. Data Field Format

Data packetsize varies with the transfer type, as described in Chapter 5.

8.3.5 Cyclic Redundancy Checks
Cyclic redundancy checks (CRCs)are usedto protect all non-PID fields in token and data packets. In this
context, these fields are considered to be protected fields. The PIDis 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 decodedin the receiver after stuffed bits have been removed.
Token and data packet CRCs provide 100% coverage for all single- and double-bit errors. A failed CRC is
considered to indicate that one or moreofthe protected fields 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 orderbit 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 XORis one, then the remainder is XORed with the generator polynomial.

Whenthelast bit of the checkedfield is sent, the CRC in the generatoris inverted and sent to the checker
MSbfirst. When the last bit of the CRC is received by the checker and no errors have occurred, the
remainderwill be equal to the polynomialresidual.

A CRCerrorexists if the computed checksumremainderat the end of a packet reception does not match the
residual.

Bit stuffing requirements must be met for the CRC,and this includes the needto insert a zero at the end of a
CRCifthe 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 PING and SPLITspecial tokens also include a
five-bit CRC field. The generator polynomialis:

G(X) = X'+ X'+1

Thebinary bit pattern that represents this polynomial is 00101B. If all 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"+ X"+ X'+1

The binary bit pattern that represents this polynomial is 1000000000000101B. If all data and CRCbits are
received withouterror, the 16-bit residual will be 1000000000001 101B.

198

ZTE/SAMSUNG 1008-0226

IPR2018-00110



ZTE/SAMSUNG 1008-0227 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

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 whichbits are shifted out onto the bus.

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. The PING special token packet also has the
samefields as a token packet. For OUT and SETUPtransactions, the address and endpointfields 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. For PING transactions, these fields uniquely
identify which endpoint will respond with a handshake packet. Only the host can issue token packets. An
IN PID defines a Data transaction from a function to the host. OUT and SETUPPIDsdefine Data

transactions from the host to a function. A PING PID defines a handshaketransaction from the function to
the host.

(Isb) (msb)

 

 
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. If a 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 Split Transaction Special Token Packets
USB defines a special token for split transactions: SPLIT. This is a 4 byte token packet comparedto other
normal 3 byte token packets. The split transaction token packet provides additional transaction types with
additional transaction specific information. Thesplit transaction token is used to support split transactions
betweenthe host controller communicating with a hub operating at high speed with full-/low-speed devices
to someof its downstream facing ports. There are twosplit transactions defined that use the SPLIT special
token: a start-split transaction (SSPLIT) and a complete-split transaction (CSPLIT). A field in the SPLIT
special token, described in the following sections, indicates the specific split transaction.

8.4.2.1 Split Transactions
A high-speed split transaction is used only between the host controller and a hub whenthe hubhasfull-
/low-speed devices attached to it. This high-speed split transaction is usedto initiate a full-/low-speed
transaction via the hub and somefull-/low-speed device endpoint. The high-speed split transaction also
allows the completion status ofthe full-/low-speed transaction to be retrieved from the hub. This approach
allows the host controllerto start a full-/low-speed transaction via a high-speed transaction and then
continue with other high-speed transactions without having to wait for the full-/low-speed transaction to
proceed/complete at the slower speed. See Chapter 11 for more details about the state machines and
transaction definitions ofsplit transactions.

A high-speedsplit transaction has twoparts: a start-split and a complete-split. Split transactions are only
defined to be used betweenthe host controller and a hub. No other high-speed orfull-/low-speed devices
everuse split transactions.
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Figure 8-6 shows the packets composing a genericstart-split transaction. There are two packets in the token
phase: the SPLIT special token andafull-/low-speed token. Depending onthe direction of data transfer and
whether a handshakeis defined for the transaction type, the token phaseis optionally followed by a data
packet and a handshake packet. Start split transactions can consist of 2, 3, or 4 packets as determined by the
specific transfer type and data direction.

 
Token Phase

Figure 8-6. Packets in a Start-split Transaction

Figure 8-7 shows the packets composing a generic complete-split transaction. There are two packets in the
token phase: the SPLIT special token and a full-/low-speed token. A data or handshake packetfollows the
token phase packets in the complete-split depending on the data transfer direction and specific transaction
type. Complete split transactions can consist of 2 or 3 packets as determined by the specific transfer type
and data direction.

 
Token Phase

Figure 8-7. Packets in a Complete-split Transaction

The results of a split transaction are returned by a complete-split transaction. Figure 8-8 showsthis
conceptual “conversion” for an example interrupt IN transfer type. The host issues a start-split (indicated
with 1) to the hub and then can proceed with other high-speed transactions. Thestart-split causes the hub to
issue a full-/low-speed IN token sometimelater (indicated by 2). The device respondsto the IN token(in
this example) with a data packet and the hub responds with a handshaketo the device. Finally, the host
sometimelater issues a complete-split (indicated by 3) to retrieve the data provided by the device. Note that
in the example, the hub provided the full-/low-speed handshake (ACKin this example) to the device
endpoint before the complete-split, and the complete-split did not provide a high-speed handshaketo the
hub.
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Figure 8-8. Relationship of Interrupt IN Transaction to High-speed Split Transaction

A normal full-/low-speed OUTtransaction is similarly conceptually “converted”into start-split and
complete-split transactions. Figure 8-9 showsthis “conversion” for an example interrupt OUTtransfer
type. The host issues a start-split transaction consisting of a SSPLIT special token, an OUT token, and
a DATApacket. The hub sometimelater issues the OUT token and DATApacketonthefull-/low-
speed bus. The device responds with a handshake. Sometime later, the host issues the complete-split
transaction and the hub responds with the results (either full-/low-speed data or handshake) provided by
the device.
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Figure 8-9. Relationship of Interrupt OUT Transaction to High-speed Split OUT Transaction

The next two sections describe the fields composing the detailed start- and complete-split token packets.
Figure 8-10 and Figure 8-12 showthefields in the split-transaction token packet. The SPLIT special token
follows the general token format and starts with a PID field (after a SYNC) and ends with a CRCSfield
(and EOP). Start-split and complete-split token packets are both 4 bytes long. SPLIT transactions must
only originate from the host. The start-split token is defined in Section 8.4.2.2 and the complete-split token
is defined in Section 8.4.2.3.

8.4.2.2 Start-Split Transaction Token

(Isb) (msb) 

 
Figure 8-10. Start-split (SSPLIT) Token

The Hub addrfield contains the USB device address of the hub supporting the specified full-/low-speed
device for this full-/low-speed transaction. This field has the samedefinition as the ADDRfield definition
in Section 8.3.2.1.

A SPLIT special token packet with the SC (Start/Complete)field set to zero indicates that this is a start-split
transaction (SSPLIT).

The Port field contains the port numberofthe target hub for whichthis full-/low-speed transaction is
destined. As shownin Figure 8-11, a total of 128 ports are specified as PORT<6:0>. The host must
correctly set the port field for single and multiple TT hub implementations. A single TT hub
implementation may ignore the port field.
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(LSb) (MSb)

Figure 8-11. Port Field

The S (Speed) field specifies the speed for this interrupt or control transaction as follows:

e 0Q-—Full speed

e | —Low speed

For bulk IN/OUTand isochronousIN start-splits, the S field must be set to zero. For bulk/control IN/OUT,
interrupt IN/OUT,and isochronousIN start-splits, the E field must be set to zero.

Forfull-speed isochronous OUTstart-splits, the S' (Start) and E (End)fields specify how the high-speed
data payload correspondsto data for a full-speed data packet as shown in Table 8-2.

Table 8-2. Isochronous OUT Payload Continuation Encoding

High-speed to Full-speed Data Relation

High-speed data is the middle ofthe full-
speed data payload

0 1|High-speed data is the end ofthe full-speed
data payload

High-speeddata is the beginning of thefull-
speed data payload 

High-speed datais all of the full-speed data
payload.

  
 

Isochronous OUTstart-split transactions use these encodings to allow the hub to detect various error cases
due to lack of receiving start-split transactions for an endpoint with a data payload that requires multiple
start-splits. For example, a large full-speed data payload may requirethree start-split transactions:a start-
split/beginning,a start-split/middle and a start-split/end. If any of these transactions is not received by the
hub,it will either ignore the full-speed transaction (if the start-split/beginning is not received),or it will
force an error for the correspondingfull-speed transaction (if one of the other two transactions are not
received). Other error conditions can be detected by not receiving a start-split during a microframe.

The ET (Endpoint Type) field specifies the endpoint type ofthe full-/low-speed transaction as shown in
Table 8-3.

 

' The S bit can be reused for these encodings since isochronoustransactions must not be low speed.
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Table 8-3. Endpoint Type Values in Split Special Token 

 

ET value Endpoint
(msb:isb) Type

00 Control

01 Isochronous

10 Bulk

11 Interrupt

   
This field tells the hub which split transaction state machineto use for this full-/low-speed transaction.

The full-/low-speed device address and endpoint numberinformation is contained in the normal token
packetthat follows the SPLIT special token packet.

8.4.2.3 Complete-Split Transaction Token

 

 

(Isb) (msb)

Field |SPLIT} Hub|SC |Port| S|UJET) CRC5

PID|Addr

Bits 8 7 1|7|1]1} 2 5    
Figure 8-12, Complete-split (CSPLIT) Transaction Token

A SPLITspecial token packet with the SC field set to one indicates that this is a complete-split transaction
(CSPLIT).

The U bit is reserved/unused and mustbe reset to zero(0B).

The other fields of the complete-split token packet have the samedefinitions as for the start-split token
packet.

8.4.3 Start-of-Frame Packets

Start-of-Frame (SOF) packets are issued by the host at a nominal rate of once every 1.00 ms +0.0005 msfor
a full-speed bus and 125 ps 0.0625 ps for a high-speed bus. SOF packets consist of a PID indicating
packet type followed by an 11-bit frame numberfield asillustrated in Figure 8-13.

(Isb) (msb) 

FrameNumber CRC5  
Figure 8-13. SOF Packet

The SOF token comprises the token-only transaction that distributes an SOF marker and accompanying
frame numberatprecisely timed intervals correspondingto the start of each frame. All high-speed andfull-
speed functions, including hubs, receive the SOF packet. The SOF token doesnot cause any receiving
function to generate a return packet; therefore, SOF delivery to any given function cannot be guaranteed.
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The SOF packet delivers two pieces of timing information. A function is informed that an SOF has
occurred whenit detects the SOF PID. Frametiming sensitive functions, that do not need to keep track of
frame number(e.g., a full-speed operating hub), need only decode the SOF PID;they can ignore the frame
numberand its CRC. Ifa function needsto 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.

8.4.3.1 USB Frames and Microframes

USBdefines a full-speed 1 ms frame time indicated by a Start Of Frame (SOF) packet each and every Ims
period with definedjitter tolerances. USB also defines a high-speed microframe with a 125 ps frame time
withrelated jitter tolerances (See Chapter 7), SOF packets are generated (by the host controller or hub
transaction translator) every Ims for full-speed links. SOF packets are also generated after the next seven
125 us periods for high-speedlinks.

Figure 8-14 showsthe relationship between microframes and frames.

Full/Low-Speed FrameSize (1 ms)
ims ims

 
 

 

 eee

Full-Speed USB FrameTicks Full-Speed Isochronous Data Payload

High-Speed Micro-Frames (125 us)
i ; eee 

USB 2.0 Micro-Frame Ticks

(1/8'* Full-Speed Frame) \y High-Speed Isochronous Data Payload
Figure 8-14. Relationship between Frames and Microframes

High-speed devices see an SOF packet with the same frame numbereight times (every 125 ls) during each
1 ms period. If desired, a high-speed device can locally determine a particular microframe “number” by
detecting the SOF that had a different frame numberthan the previous SOF andtreating that as the zeroth
microframe. The next seven SOFs with the same frame numbercan be treated as microframes | through 7.
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8.4.4 Data Packets

A data packet consists of a PID,a data field containing zero or more bytes of data, and a CRC as shownin
Figure 8-15. There are four types of data packets, identified by differing PIDs: DATA0, DATAI1, DATA2
and MDATA. Twodata packet PIDs (DATAO and DATA]) are defined to support data toggle
synchronization (refer to Section 8.6). All four data PIDs are used in data PID sequencing for high
bandwidth high-speed isochronous endpoints (refer to Section 5.9). Three data PIDs (MDATA, DATAO,
DATA) are used in split transactions (refer to Sections 11.17-11.21).

(Isb) (msb) 

CRC16

  
Figure 8-15. Data Packet Format

Data must always be sent in integral numbers of bytes. The data CRC is computed over only the data field
in the packet and does not include the PID, which has its own checkfield.

The maximum data payload size allowed for low-speed devices is 8 bytes. The maximum data payloadsize
for full-speed devices is 1023. The maximum data payload size for high-speed devices is 1024 bytes.

8.4.5 Handshake Packets

206

Handshakepackets, as shown in Figure 8-16, 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
acceptanceorrejection, flow control, and halt conditions. Only transaction types that support flow control
can return handshakes. Handshakesare alwaysreturned in the handshake phaseofa transaction and may be
returned, instead of data, in the data phase. Handshake packets are delimited by an EOPafter one byte of
packet field. If a packet decodes as an otherwise valid handshake but does not terminate with an EOPafter
one byte, it must be considered invalid and ignored by the receiver.

(Isb) (msb)

 
Figure 8-16. Handshake Packet

There are four types of handshake packets and one special handshake packet:

e 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 handshakeis applicable only in
transactions in which data has been transmitted and where a handshakeis expected. ACK can be
returned by the host for IN transactions and by a function for OUT, SETUP, or PINGtransactions.

e 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 OUT or PINGtransactions. The host can never issue NAK.
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NAKis used for flow control purposesto indicate that a function is temporarily unable to transmit or
receive data, but will eventually be able to do so without need of host intervention.

e STALLis returned by a function in response to an IN tokenor after the data phase of an OUTorin
response to a PING transaction (see Figure 8-30 and Figure 8-38). STALL indicates that a function is
unable to transmit or receive data, or that a control pipe request is not supported. Thestate of a
function after returning a STALL (for any endpoint except the default endpoint) is undefined. The host
is not permitted to return a STALL underany condition.

The STALL handshakeis used by a device in one of two distinct occasions. Thefirst case, known as
“functionalstall,” is when the Halt feature associated with the endpointis set. (The Halt feature is

specified in Chapter 9 ofthis document.) A special case ofthe functionalstall is the “commanded
stall.” Commandedstall occurs when the host explicitly sets the endpoint’s Halt feature, as detailed in
Chapter 9. Once a function’s endpoint is halted, the function must continue returning STALL until the
condition causing the halt has been cleared throughhost intervention.

The second case, knownas “protocolstall,” is detailed in Section 8.5.3. Protocol stall is unique to
control pipes. Protocolstall differs from functionalstall in meaning and duration. A protocol STALL
is returned during the Data or Status stage of a control transfer, and the STALL condition terminatesat
the beginning of the next control transfer (Setup). The remainderof this section refers to the general
case ofa functionalstall.

e NYETisa high-speed only handshakethat is returned in two circumstances. It is returned by a high-
speed endpointas part ofthe PING protocol]described later in this chapter. NYET mayalso be
returned by a hub in responseto a split-transaction when the full-/low-speed transaction has not yet
been completed or the hubis otherwise not able to handlethe split-transaction. See Chapter 11 for
more details.

e ERRisahigh-speed only handshakethatis returned to allow a high-speed hubto report an error on a
full-low-speed bus. It is only returned by a high-speed hubaspart of the split transaction protocol.
See Chapter |] for more details.

8.4.6 Handshake Responses

Transmitting and receiving functions must return handshakes based upon an order of precedence detailed in
Table 8-4 through Table 8-6. 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 ofthe token to the function, the function will not respond with any packets until the next token
is received and successfully decoded.

8.4.6.1 Function Responseto IN Transactions

Table 8-4 showsthe possible responses a function may makein 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. If the function is able to issue data, it does so. If the received token is corrupted, the function
returns no response.
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Table 8-4, Function Responses to IN Transactions

Token Received Function Tx Function Can|Action Taken

Corrupted EndpointHalt Transmit Data
Feature

Don't care Don't care Return no response 

Set Don't care Issue STALL handshake
 

No Issue NAK handshake
 

Yes Issue data packet

 
8.4.6.2 Host Responseto IN Transactions

Table 8-5 shows the host response to an IN transaction. Thehost is able to return only one type of
handshake: ACK.If the host receives a corrupted data packet, it discards the data and issues no response.
If the host cannot accept data from a function, (due to problems such asinternal buffer overrun)this
condition is consideredto be an error and the host returns no response. If the host is able to accept data and
the data packetis received error-free, the host accepts the data and issues an ACK handshake.

Table 8-5. Host Responses to IN Transactions

Data Packet Host Can Handshake Returned by Host
Corrupted Accept Data 

8.4.6.3 Function Response to an OUTTransaction

Handshake responses for an OUTtransaction are shown in Table 8-6. 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. If the data packet was received error-free and the
function’s receiving endpointis halted, the function returns STALL. If the transaction is maintaining
sequencebit synchronization and a mismatchis detected (refer to Section 8.6 for details), then the function
returns ACKanddiscards the data. If the function can accept the data and hasreceived the data error-free,
itreturns ACK. Ifthe function cannot accept the data packet due to flow control reasons, it returns NAK.

208

ZTE/SAMSUNG 1008-0236

IPR2018-00110



ZTE/SAMSUNG 1008-0237 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Table 8-6. Function Responses to OUT Transactions in Order of Precedence

Data Packet|Receiver SequenceBits|Function Can|Handshake Returned
Corrupted Halt by Function

Feature

 

ee

8.4.6.4 Function Response to a SETUP Transaction
SETUPdefines a specialtype of host-to-function data transaction that permits the host to initialize an
endpoint’s synchronizationbits to those of the host. Upon receiving a SETUPtoken, a function mustaccept
the data. A function may not respond to a SETUPtoken with either STALL or NAK,andthe receiving
function must accept the data packet that follows the SETUP token. If anon-control endpoint receives a
SETUP token,it must ignore the transaction and return no response.

 
8.5 Transaction Packet Sequences

The packets that comprise a transaction varies depending on the endpoint type. There are four endpoint
types: bulk, control, interrupt, and isochronous.

A host controller and device each require different state machines to correctly sequence each type of
transaction. Figures in the following sections show state machines that define the correct sequencing of
packets within a transaction of each type. The diagrams should not be taken as a required implementation,
but to specify the required behavior.

Figure 8-17 shows the legend for the state machine diagrams. A circle with a three-line border indicates a
reference to another (hierarchical) state machine. A circle with a two-line border indicates an initial state.
A circle with a single-line border represents a simplestate.
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- Contains other state machines

- Initial state of a state machine

- State in a state machine

- Entry and exit of state machine

- Joint used to connect transitions

Condition a ..
—Athons - Transition: taken when condition

is true and performs actions

 
Figure 8-17. Legend for State Machines

The “tab” shapes with arrowsare the entry or exit (respectively in the legend) to/from the state machine.
The entry/exit relates to anotherstate in a state machineat a higherlevel in the state machine hierarchy.

A diamond(joint) is used to join several transitions to a commonpoint. A joint allowsa single input
transition with multiple output transitions or multiple input transitions and a single outputtransition. All
conditions on the transitions of a path involving a joint must be true for the path to be taken. A path is
simply a sequenceoftransitions involving one or morejoints.

A transition is labeled with a block with a line in the middle separating the (upper) condition and the (lower)
actions, The condition is required to be true to take the transition. The syntax for actions and conditionsis
VHDL. Theactions are performed if the transition is taken. A circle includes a namein bold and
optionally one or more actions that are performed uponentry to thestate.

The host controller and device state machines are in a context as shownin Figure 8-18. The hostcontroller
determines the next transaction to run for an endpoint and issues a command (HC_cmd)to the host
controller state machines. This causes the host controller state machines to issue one or more packets to
moveover the downstream bus (HSD1).

The device receives these packets from the bus (HSD2), reacts to the received packet, and interacts with its
function(s) via the state of the corresponding endpoint (in the EP_array). Then the device may respond with
a packet on the upstream bus (HSU1). The host controller state machines can receive a packet from the bus
(HSU2)and provide a result of the transaction back to the host controller (HC_resp). The details of what
packets are sent on the bus is determined by the transfer type for the endpoint and whatbusactivity the state
machines observe.

The state machinesare presented in a hierarchical form. Figure 8-19 showsthe top level state machines for
the host controller. The non-split transactions are presented in the remainder of this chapter. The split
transaction state machines (HC_Do_start and HC_Do_complete) are described and shownin Chapter 11.
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Transaction=‘Transaction

commands Results Host

Controller 
 

Downstream Upstream
Bus

Device

Functions 

 
Figure 8-18. State Machine Context Overview

 

HCProcesscommand

HC_Do_complete

HC_Do_nonsplit

Figure 8-19. Host Controller Top Level Transaction State Machine Hierarchy Overview

 

The host controller state machines are located in the host controller. The host controller causes packets to
be issued downstream (labeled as HSD1) andit receives upstream packets (labeled as HSU2).

The device state machines are located in the device. The device causes packets to be issued upstream
(labeled as HSU1) andit receives downstream packets (labeled as HSD2).

The host controller has commandsthattell it what transaction to issue next for an endpoint. The host
controller tracks transactions for several endpoints. The host controller state machines sequence to
determine what the host controller needs to do next for the current endpoint. The device has a state for each
of its endpoints. The device state machines sequence to determine whatreaction the device has to a
transaction.

The appendix includes some declarations that were used in constructing the state machines and may be
useful in understanding additional details of the state machines. There are several pseudo-code procedures
and functions for conditions and actions. Simple descriptions of them are also included in the appendix.

Figure 8-20 shows an overview ofthe overall state machine hierarchy for the host controller for the non-
split transaction types. Figure 8-21 showsthe hierarchy of the device state machines. The state machines

211

ZTE/SAMSUNG 1008-0239

IPR2018-00110



ZTE/SAMSUNG 1008-0240 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

common to endpoint types are presented first. The lowest level endpoint type specific state machines are
presented in each following endpointtype section.

 HC_Do_nonsplit

HC_HS_BCO

HC_DoBCINTO

HC_DoBCINTI

HC_Do_IsochO

HC_Do_Isochl

  
  
 
  
 

 
Figure 8-20. Host Controller Non-split Transaction State Machine Hierarchy Overview

Device_Process_trans

DevdoOUT
[ Dev Do IsochO

Dev_Do_BCINTO

[ Dev HS BCO

Dev_doIN
Dev Do Isochl

Dev_Do_BCINTI

Dev_HSping

Figure 8-21. Device Transaction State Machine Hierarchy Overview

  
212

ZTE/SAMSUNG 1008-0240

IPR2018-00110



ZTE/SAMSUNG 1008-0241 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Global Actions Concurrent Statements Architecture Declarations Signals Status State Register Statements

he woe eee 6,0,ok,in_di ALLDATA, F, Fii hsul BULK, NAK,0,0,o0k,in_dir, TRUE, ALLDATA, FALSE, FA
Fachape List device INT ‘0 ‘token rnp  +o¢ Process Declarationsleee std_logic_1164
leee numeric_std
usb2statemachines behay_package

| Packet_ready(HSD2) 
Figure 8-22. Device Top Level State Machine

' token.PID /= tokenOUT and
_ token.PID /= tokenIN and

' token.PID /= tokenSETUP and

'token.PID /= ping and
_(token.PID = ping and
_not device.HS)  

 
 

_token.PID = tokenOUT or
_token.PID = tokenSETUP
 

 device.HS and

token.PID = ping
 

Device_process_trans

Figure 8-23. Device_processTrans State Machine
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token.PID = tokenSETUP and

_ device.ep(token.endpt).ep_type /= control
 
 

 

 
 

  
 
  

 

 

-(token.PID = tokenSETUP and
- device.ep(token.endpt).ep_type = control) or

_token.PID = tokenOUT

 
 (not device.HS and

_ (device.ep(token.endpt).ep_type = bulk or
_ device.ep(token.endpt).ep_type = control)) or
_ device.ep(token.endpt).ep_type = interrupt

device.HS and

' (device.ep(token.endpt).ep_type = bulk or
_ device.ep(token.endpt).ep_type = control)

Device_Do_OUT

Figure 8-24. Dev_do_OUT State Machine
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device.ep(token.endpt).ep_type=isochronous

 
_device.ep(token.endpt).ep_type = bulk or

_ device.ep(token.endpt).ep_type = control or
- device.ep(token.endpt).ep_type = interrupt

Device_Do_IN

Figure 8-25. Dev_do_IN State Machine
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 . HC_cmd.ep_type = bulk or

~HC_cmd.ep_type = control or
~HC_cmd.ep_type = interrupt

(not HC_cmd.HS and
(HC_cmd.ep_type = bulk or
HC_cmd.ep_type = control)) or
HC_cmd.ep_type = interrupt

-HC_omd.HS and
»(HC_cmd.ep_type = bulk or
_ HC_cmd.ep_type = control)

 
 
 

HC_Do_nonsplit 

Figure 8-26. HC_Do_nonsplit State Machine
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8.5.1 NAK Limiting via Ping Flow Control

Full-/low-speed devices can have bulk/control endpoints that take time to process their data and, therefore,
respond to OUTtransactions with a NAK handshake. This handshake response indicates that the endpoint
did not accept the data becauseit did not have space for the data. The host controller is expected to retry the
transaction at somefuture time when the endpoint has space available. Unfortunately, by the time the
endpoint NAKs, mostofthe full-/low-speed bus time for the transaction had been used. This means that the
full-/low-speed bus haspoorutilization when there is a high frequency of NAK’d OUTtransactions.

High-speed devices must support an improved NAK mechanism for Bulk OUT and Control endpoints and
transactions. Control endpoints must support this protocol for an OUTtransaction in the data and status
stages. The control Setup stage must not support the PING protocol.

This mechanism allowsthe device to tell the host controller whetherit has sufficient endpoint space for the
next OUTtransaction. If the device endpoint does not have space, the host controller can choose to delay a
transaction attemptfor this endpoint and instead try some other transaction. This can lead to improved bus
utilization. The mechanism avoids using bus timeto send data until the host controller knowsthat the
endpoint has space for the data.

The host controller queries the high-speed device endpoint with a PING special token. The PING special
token packet is a normal token packet as shown in Figure 8-5. The endpoint either responds to the PING
with a NAKor an ACKhandshake.

A NAKhandshakeindicates that the endpoint does not have space for a wMaxPacketSize data payload. The
host controller will retry the PING at somefuture time to query the endpoint again. A device can respond to
a PING with a NAKfor long periods of time. A NAK responseis not a reason for the host controller to
retire a transfer request. If a device responds with a NAKin a (micro)frame,the host controller may choose
to issue the next transaction in the next b/nierval specified for the endpoint. However, the device must be
prepared to receive PINGsas sequential transactions, e.g., one immediately after the other.

An ACK handshakeindicates the endpoint has space for a wMaxPacketSize data payload. The host
controller must generate an OUTtransaction with a DATA phaseas the nexttransaction to the endpoint.
The host controller may generate othertransactions to other devices or endpoints before the OUT/DATA
transaction for this endpoint.

If the endpoint responds to the OUT/DATAtransaction with an ACK handshake, this means the endpoint
accepted the data successfully and has room for another wMaxPacketSize data payload. The host controller
continues with OUT/DATAtransactions (which are not required to be the next transactions on the bus) as
long asit has transactions to generate.

If the endpointinstead responds to the OUT/DATAtransaction with a NYET handshake,this meansthat the
endpoint accepted the data but does not have room for another wMaxPacketSize data payload. The host
controller must return to using a PING tokenuntil the endpoint indicates it has space.
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HSD2.x or

not device.ep(token.endpt).space_avail 

  
 
 

(not HSD2.x) and
-HSD2.CRC16 = ok and
_ device.ep(token.endpt).space_avail

Dev_accept_data;

 

  
 

 

HSD2.x /=

device.ep(token.endpt).toggle and
HSD2.CRC16 = ok

token.PID = tokenSETUP and
HSD2.PID = datax

_HSD2.x = device.ep(token.endpt).toggle and
~HSD2.CRC16 = ok and

device.ep(token.endpt).space_avail

Dev_accept_data;

  
  

 
 

 

_ lssue_packet(HSU1, ACK);  
 

 
  
 

  
   

token.PID = tokenOUT and
HSD2.PID = datax
 

HSD2.x = device.ep(token.endpt).toggle and
HSD2.CRC16 = ok and

not device.ep(token.endpt).space_avail

Issue_packet(HSU1, NAK);

 

  
  
  

 
 | Dehkpkt2 }  

 

device.ep(token.endpt).ep_trouble

Issue_packet(HSU1, STALL);

 

 

 (HSD2.PID = datax and  fo | _ HSD2.CRC16 = bad)or
| Dev_waltOdata -HSD2.PID/=datax or

Wait_for_packet( _ HSD2.timeout i
\HSDa2,ITG); D f

Dev_Do_BCINTO

Figure 8-27. Host High-speed Bulk OUT/Control Ping State Machine

8.5.1.1 NAK Responses to OUT/DATA During PING Protocol
The endpoint mayalso respond to the OUT/DATAtransaction with a NAK handshake. This meansthat the
endpoint did not accept the data and does not have space for a wMaxPacketSize data payload atthis time.
The host controller must return to using a PING token until the endpoint indicatesit has space.

A NAKresponseis expected to be an unusual occurrence. A high-speed bulk/control endpoint must specify
its maximum NAKrate in its endpoint descriptor. The endpointis allowed to NAK at most one time each
binterval period. A NAK suggests that the endpoint responded to a previous OUTor PING with an
inappropriate handshake, orthat the endpoint transitioned into a state where it (temporarily) could not
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accept data. An endpoint can use a b/nterval ofzero to indicate that it never NAKs. An endpoint must
always be able to accept a PING from the host, evenif it never NAKs.

Ifa timeout occurs after the data phase, the host must return to using a PING token. Note that a transition
back to the PING state does not affect the data toggle state ofthe transaction data phase.

Figure 8-27 showsthe host controller state machinefor the interactions and transitions between PING and
OUT/DATAtokens and the allowed ACK, NAK, and NYET handshakes for the PING mechanism.

Figure 8-29 shows the device endpoint state machine for PING based on the buffer space the endpoint has
available.  

not dévice.ep(token,endpt).space_avail .
"Issue_packet(HSUT,NAK); |  
 
 

 

' device.ep(token.endpt).space_avail

Issue_packet(HSU1, ACK):

 

 

device.ep(token.endpt).ep_trouble
_”\ssue_packet(HSU1, STALL);   
 

Dev_HS_ping

Figure 8-28. Dev_HS_ping State Machine
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HSD2.x = device.ep(token.endpt).toggle and
HSD2.CRC16 = ok and

not device.ep(token.endpt).space_avail

Issue_packet(HSU1, NAK); 
 

HSD2.x /= device.ep(token.endpt).toggle and
HSD2.CRC16 = ok

HSD2.x = device.ep(token.endpt).toggle and
HSD2.CRC16 = ok and

device.ep(token.endpt).space_avail

Dev_accept_data;
   

 

 
_ device.ep(token.endpt) space_avail

-|ssue_packet(HSU1, ACK);

not device.ep(token.endpt).space_avail

Issue_packet(HSU1, NYET);
HSD2.PID = datax —

 

 

 

device.ep(token.endpt).ep_trouble

Issue_packet(HSU1, STALL); 
 

 Packet_ready(HSD2)

 
  
  

[| _(HSD2.PID = datax and
| Dewewaltdatas -HSD2.CRC16 = bad)or
 Wait_for_packet( _HSD2.PID /= datax or

 HSD2.timeout\HSD2,ITG);  /

Dev_HS_BCO |

Figure 8-29. Device High-speed Bulk OUT /Control State Machine

 

 

Full-/low-speed devices/endpoints must not support the PING protocol. Host controllers must not support
the PING protocolfor full-/low-speed devices.

Note: The PING protocolis also not included as part ofthe split-transaction protocol definition. Some
split-transactions have equivalent flow control without using PING. Othersplit-transactions will not benefit
from PING asdefined. In any case, split-transactions that can return a NAK handshake have small data
payloads which should have minor high-speed bus impact. Hubs must support PING ontheir contro]
endpoint, but PINGis not defined for the split-transactions that are used to communicate with full-/low-
speed devices supported by a hub.
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8.5.2 Bulk Transactions

Bulk transaction types are characterized by the ability to guarantee error-free delivery of data between the
host and a function by meansoferror detection and retry. Bulk transactions use a three-phase transaction
consisting oftoken, data, and handshake packets as shownin Figure 8-30. Undercertain flow control and
halt conditions, the data phase may be replaced with a handshakeresulting in a two-phasetransaction in
which no data is transmitted. The PING and NYETpackets must only be used with devices operating at
high-speed.

 

 
High-speed OUT only

oken

Error

ata

Idle

andshake

[|] Hest [_] Function

Figure 8-30. Bulk Transaction Format

Whenthe 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 STALLindicates that the endpointis
permanently halted and requires USB System Software intervention. Ifthe host receives a valid data
packet, it responds with an ACK handshake. Ifthe host detects an error while receiving data, it returns no
handshake packet to the function.

Whenthe hostis ready to transmit bulk data,it first issues an OUT token packet followed by a data packet
(or PINGspecial token packet, see Section 8.5.1). If the data is received without error by the function,it
will return one ofthree (or four including NYET,for a device operating at high-speed) handshakes:

e ACKindicates that the data packet was received withouterrors and informsthe host that it may send
the next packet in the sequence.

e 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 (e.g., bufferfull).

e Ifthe endpoint was halted, STALLis returned to indicate that the host should notretry the transmission
because there is an error condition on the function.

If the data packet was received with a CRC orbit stuff error, no handshakeis returned.

Figure 8-31 and Figure 8-32 show the host and device state machines respectively for bulk, control, and
interrupt OUTfull/low-speed transactions. Figure 8-27, Figure 8-28, and Figure 8-29 show thestate
machines for high-speed transactions. Figure 8-33 and Figure 8-34 show the host and device state machines
respectively for bulk, control, and interrupt IN transactions.
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(HSU2.PID /= STALL and
HSU2.PID /= NAK and

HSU2.PID /= ACK) or
HSU2.timeout

 

 
 

 
 \ Wait_for_packet(/ ee BCIerror

\HSU2,ITG); \. IncError, /

 ErrorCount < 3

RespondHC(Do_same_cmd);

 
 
 
 
 

 
 

 
 

  
 
 

- Packet_ready(HSU2)
 

 

| Issue_packet(HSD1, datax);
| ErrorCount >= 3
RespondHC(Do_halt);

notHC_cmd.setup  —

Issue_packet( HSU2.PID = STALL
RespondHO(Do_halt);
  

 
HC_cmd.setup

Issue_packet(HSD1, tokensetup);

 
 

 

 

HSU2.PIDSNAK~
RespondHC(Do_same_cmd);”

 

 
HSU2.PID = ACK

RespondHC(Do_next_cmd);

 

Notallowed for control
settip transaction

HC_Do_BCINTO

Figure 8-31. Bulk/Control/Interrupt OUT Transaction Host State Machine
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HSD2.x or

not device.ep(token.endpt).space_avail  
 
    

 
 

- (not HSD2.x) and

/HSD2.CRC16 = ok and i
_ device.ep(token.endpt).space_avail
: Dev_accept_data;
 

 

  
 

  
  

  
 
 

 

HSD2.x /=

device.ep(token.endpt).toggle and
HSD2.CRC16 = ok

' token.PID = tokenSETUP and HSD2.x = device.ep(token.endpt).toggle and
' HSD2.PID = datax _ HSD2.CRC16 = ok and

_device.ep(token.endpt).space_avail

Dev_accept_data;

 
  
 
 

“Issue_packet(HSU1, ACK); token.PID = tokenOUT and
- HSD2.PID = datax

HSD2.x = device.ep(token.endpt).toggle and
HSD2.CRC16 = ok and

not device.ep(token.endpt).space_avail

Issue_packet(HSU1, NAK);

   
  
 
  
 
 

  

 

device.ep(token.endpt).ep_trouble

Issue_packet(HSU1, STALL);  - Packet_ready(HSD2)

 
  

" (HSD2.PID = datax and
_ HSD2.CRC16 = bad)or
~HSD2.PID /= datax or| Dev_wait_Odata | :
_ HSD2.timeout. Wait_for_packet( ,

HSD2,ITG);

 
  

Dev_Do_BCINTO

Figure 8-32. Bulk/Control/Interrupt OUT Transaction Device State Machine
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_ (HSU2.PID /= NAK and
~HSU2.PID /= STALL and

'HSU2.PID /= datax) or
_ (HSU2.PID = datax and

»HSU2.CRC16 = bad) or
-HSU2.timeout

 

 
 

 
 

 
 
 
 
 
 
  
 

BClLerror |
\. IncError; /

 

 
 
   

 - Packet_ready(HSU2)

 ErrorCount < 3

RespondHC(Do_same_cmd);

 

HSU2.PID=STALL

-RespondHC(Do_halt);
 ErrorCount >= 3Waitdata ae

_ RespondHC(Do_halt);- Wait_for_packet(/
\.HSU2,ITG); | 
  
  

 
  

 

Issue_packet(HSD1, tokenIN);

 
HSU2.PID = NAK

dHC(D

HSU2.PID = datax and
HSU2.CRC16 = ok and

HSU2.x=HC_cmd.toggle
HC_Accept_data:

HSU2.PID = datax and
HSU2.CRC16 = ok and

» _HSU2.x /= HC_cmd.toggle

_Issue_packet(HSD1, ACK);
_RespondHC(Do_same_cmd);

 

 

  : Issue_packet(HSD1, ACK);
_RespondHC(Do_next_cmd);

HC_Do_BCINTI

Figure 8-33. Bulk/Control/Interrupt IN Transaction Host State Machine
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: levice.ep(token.endpt).ep_trouble
Issue_packet(HSU1, STALL);

 

 
 

device.ep(token.endpt).data_avail

'  Issue_packet(HSU1, datax);

| not device.ep(token.endpt).data_avail
Issue_packet(HSU1, NAK);

  

 
| Wait_for_packet( |

.HSD2,1TG), f
  

HSD2.PID = ACK

RespondDev(Do_next_data);

  
 

 
-Packet_ready(HSD2)

_HSD2.PID /= ACK or
_ HSD2.timeout

 Dev_Do_BCINTI

Figure 8-34. Bulk/Control/Interrupt IN Transaction Device State Machine

Figure 8-35 shows the sequencebit and data PID usage for bulk reads and writes. Data packet
synchronization is achieved via use of the data sequence toggle bits and the DATAO/DATAI PIDs. A bulk
endpoint’s toggle sequenceis initialized to DATAO whenthe 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 packettransfer or the retirement of an IRP.

Write {0} (1) (0/1)DATAG DATA1 DATAQ/

Bulk
Read IN (0) IN (1) wae IN (0/1)

DATAG DATAI DATAO/

Figure 8-35. Bulk Reads and Writes

The host alwaysinitializes 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 receiver toggles upon
receipt and acceptanceofa valid data packet(refer to Section 8.6).

8.5.3 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. SETUPtransactions are
similar in format to an OUT but use a SETUP rather than an OUT PID. Figure 8-36 shows the SETUP
transaction format. A SETUP always uses a DATAOPIDforthe data field of the SETUPtransaction. The
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function receiving a SETUP must accept the SETUP data and respond with ACK;if the data is corrupted,
discard the data and return no handshake.

Idle

Handshake 
Idle

[=] Host [__] Function

Figure 8-36. Control SETUP Transaction

The Data stage, if present, of a control transfer consists of one or more [IN or OUTtransactions and follows
the sameprotocolrules as bulk transfers. All the transactions in the Data stage must be in the same
direction (i.e., all INs or all OUTs). The amount of data to be sent during the data stage andits direction are
specified during the Setup stage. If the amount of data exceeds the prenegotiated data packetsize, the data
is sent in multiple transactions (INs or OUTs) that carry the maximum packet size. Any remaining data is
sent as a residualin the last transaction.

The Status stage of a control transferis the last transaction in the sequence. Thestatus stage transactions
follow the same protocol sequence as bulk transactions. Status stage for devices operating at high-speed
also includes the PING protocol. 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 8-37 showsthetransaction 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

Write
DATAG DATA1 DATAO DATAO/1 DATA1

Read
DATAG DATA1 DATAO DATAOM DATA1

Setup Status
Stage Stage

eS

Control
DATAG DATA1

Figure 8-37. Control Read and Write Sequences
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When a STALL handshakeis sent by a control endpoint in either the Data or Status stages of a control
transfer, a STALL handshake mustbe returned on all succeeding accesses to that endpoint until a SETUP
PID is received. The endpointis not required to return a STALL handshakeafterit receives a subsequent
SETUPPID. For the default endpoint, ifan ACK handshakeis returned for the SETUPtransaction, the host
expects that the endpoint has automatically recovered from the condition that caused the STALL and the
endpoint must operate normally.

8.5.3.1 Reporting Status Results
The Status stage reports to the host the outcomeofthe previous Setup and Data stages ofthe transfer. Three
possible results may be returned:

e The command sequence completed successfully.

e The command sequencefailed to complete.

e The function is still busy completing the command.

Status reporting is always in the function-to-host direction. Table 8-7 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.

Table 8-7. Status Stage Responses

{sent during data phase) {sent during handshake phase)

For control reads, the host must send either an OUTtoken or PING special token (for a device operating at
high-speed)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 packetasavalid status inquiry. The pipe’s handshake
responseto this data packet indicates the current status. NAK indicates that the functionisstill processing
the command andthat the host should continue the Status stage. ACK indicates that the function has
completed the command andis ready to accept anew command. STALLindicates that the function has an
error that prevents it from completing the command.

  

  
  

For control 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 functionis still processing the commandandthat 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 packet in the Status
stage with ACK.Ifthe function does not receive ACK,it remainsin the Status stage of the command and
will continue to return the zero-length data packet for as long as the host continues to send IN tokens.

If during a Data stage a commandpipeis sent more data oris requested to return more data than was
indicated in the Setup stage (see Section 8.5.3.2), it should return STALL. Ifa control pipe returns STALL
during the Data stage, there will be no Status stage for that control transfer.
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8.5.3.2 Variable-length Data Stage

A control pipe may have a variable-length data phase in which the host requests more data than is contained
in the specified data structure. Whenall of the data structure is returned to the host, the function should
indicate that the Data stage is ended by returning a packetthat is shorter than the AfaxPacketSize for the
pipe. Ifthe data structure is an exact multiple ofwMaxPackerSize for the pipe, the function will return a
zero-length packet to indicate the end of the Data stage.

8.5.3.3 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 whetherthe transaction was successful. If the transaction is followed by anotherIN,the toggle retry
mechanism will detect the mismatch and recover from the error. If the ACK was on the last IN of a Data

stage, the toggle retry mechanism cannotbe used and an alternative scheme mustbe used.

Thehost that successfully received the data of the last IN will send ACK. Later, the host will issue an OUT
token to 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 OUTgets
corrupted, the host does not advanceto the Status stage andretries the last data instead. A detailed analysis
ofretry policy is presented in Section 8.6.4.

8.5.3.4 STALL Handshakes Returned by Control Pipes

Control pipes have the uniqueability to return a STALL handshake due to function problemsin control
transfers. If the device is unable to complete a command, it returns a STALLin the Data and/orStatus
stages ofthe control transfer. Unlike the case of a functional stall, protocol stall does not indicate an error
with the device. The protocol STALLcondition lasts until the receipt of the 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 orits parameters are 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 control pipe indicates that it has lost the ability to
communicate with the host. If the contro] pipe does support functionalstall, then it must possess a Halt
feature, which can beset or cleared by the host. Chapter 9 details how totreat the special case of a Halt
feature on a contro! 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.

8.5.4 Interrupt Transactions

Interrupt transactions may consist of IN or OUTtransfers. Upon receipt of an IN token, a function may
return data, NAK, or STALL. Ifthe 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
returnsthe interrupt information as a data packet. The host, in response to receipt of the data packet, issues
either an ACK handshakeif data was received error-free or returns no handshakeif the data packet was
received corrupted. Figure 8-38 showsthe interrupt transaction format.

Section 5.9.1 contains additional information about high-speed, high-bandwidth interrupt endpoints. Such
endpoints use multiple transactions in a microframe as defined in that section. Each transaction for a high-
bandwidth endpoint follows the transaction format shown in Figure 8-38.

228

ZTE/SAMSUNG 1008-0256

IPR2018-00110



ZTE/SAMSUNG 1008-0257 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Token

Data

Handshake 
[] Host [[_] Function

Figure 8-38. 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 USB System Software clears the interrupt condition. When
used in the toggle mode,an interrupt endpointis initialized to the DATAO PID by any configuration event
on the endpoint and behaves the sameas the bulk transactions shown in Figure 8-35.

8.5.5 Isochronous Transactions

Isochronoustransactions have a token and data phase, but no handshake phase, as shownin Figure 8-39.
Thehost 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. Isochronoustransactions do not support a handshake phaseorretry
capability.

Idle

 
Idle

[] Host [(_] Function

See Note Below

Figure 8-39, Isochronous Transaction Format
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Note: A full-speed device or Host Controller should be able to accept either DATAO or DATA PIDsin
data packets. A full-speed device or Host Controller should only send DATAOPIDsin data packets. A
high-speed Host Controller must be able to accept and send DATA0, DATA1, DATA2, or MDATAPIDsin
data packets. A high-speed device with at most | transaction per microframe must only send DATAO PIDs
in data packets. A high-speed device with high-bandwith endpoints (e.g., one that has more than 1
transaction per microframe) mustbe able to accept and/or send DATA0, DATA1, DATA2, or MDATA
PIDsin data packets.

Full-speed isochronous transactions do not support toggle sequencing. High-speed isochronoustransactions
with a single transaction per microframe do not support toggle sequencing. High bandwidth, high-speed
isochronoustransactions support data PID sequencing (see Section 5.9.1 for more details).

Figure 8-40 and Figure 8-41 show the host and device state machines respectively for isochronous OUT
transactions. Figure 8-42 and Figure 8-43 show the host and device state machines respectively for
isochronousIN transactions.

  
“Issue_packet(HSD1, tokenOUT);

 
Issue_packet(HSD1, datax);

 | H_IDo_next 
RespondHC(Do_next_cmd);

HC_Do_lsochO

Figure 8-40. Isochronous OUT Transaction Host State Machine
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~HSD2.PID /= datax or

(HSD2.PID = datax and
HSD2.CRC16 = bad) or

- HSD2.timeout

Dev_Record_error;

 
 

  
 

‘HSD2.PID =datax and
HSD2.CRC16=ok

Dev_Accept_data;
 
 E Dev_wait_data 2

Wait_for_packetf ;
4 HSD2, ITG); e

 
 

Dev_Do_IsochO

Figure 8-41. Isochronous OUT Transaction Device State Machine

 
HSU2.PID = datax and
HSU2.CRC16 = ok

HC_Accept_data;-Packet_ready(HSU2)

 

 
 

 

HSU2.PID /= datax or

' (HSU2.PID = datax and
» HSU2.CRC16 = bad) or
. HSU2.timeout

 
 
 

‘Wait_Isochl_resp_ }
Wait_for_packet(
\HSU2, TG), /  H_IIDo_next

aeroe170),
 

| Issue_packet(HSD1, tokenIN);
ep/ Seeensuetee

| RespondHC(Do_next_cmd);

 

HC_Do_!sochl

Figure 8-42, Isochronous IN Transaction Host State Machine
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Issue_packet(HSU1, datax); -- data0

 |D_Do_tinext 
  RespondDev(Do_next_data) 

Dev_Do_Isochl

Figure 8-43. Isochronous IN Transaction Device State Machine

8.6 Data Toggle Synchronization and Retry

The USBprovides a mechanism to guarantee data sequence synchronization between data transmitter and
receiver across multiple transactions. This mechanism provides a means of guaranteeing that the handshake
phase of a transaction wasinterpreted correctly by both the transmitter and receiver. Synchronization is
achieved via use of the DATAO and DATA PIDsandseparate data toggle sequencebits for the data
transmitter and receiver. Receiver sequencebits toggle only whenthereceiver is able to accept data and
receives an error-free data packet with the correct data PID. Transmitter sequence bits toggle only when the
data transmitter receives a valid ACK handshake. The data transmitter and receiver must have their

sequencebits synchronizedat the start of a transaction. The synchronization mechanism used varies with
the transaction type. Data toggle synchronization is not supported for isochronoustransfers.

The state machines contained in this chapter and in Chapter 11 describe data toggle synchronization in a
more compact form. Instead of explicitly identifying DATAO and DATA, it uses a value “DATAx”to
represent either/both DATA0/DATAI PIDs. In some cases wherethe specific data PID is important,
another variable labeled “x” is used that has the value 0 for DATAO and 1 for DATAI.

High-speed, high-bandwidth isochronousand interrupt endpoints support a similar but different data
synchronization technique called data PID sequencing. That technique is used instead of data toggle
synchronization. Section 5.9.1 defines data PID sequencing.
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8.6.1 Initialization via SETUP Token

Host Device

SETUP

 
Figure 8-44. SETUP Initialization

Control transfers use the SETUP tokenforinitializing host and function sequence bits. Figure 8-44 shows
the host issuing a SETUPpacketto a function followed by an OUTtransaction. The numbers in the circles
represent the 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
sequencebits are equal to one at the end of the SETUP transaction.

8.6.2 Successful Data Transactions

Figure 8-45 showsthe case where two successful transactions have occurred. Forthe data transmitter, this
meansthat it toggles its sequence bit upon receipt of ACK. The receiver toggles its sequence bit onlyifit
receives a valid data packet and the packet’s data PID matches the current value of its sequence bit. The
transmitter only toggles its sequencebit after it receives an ACKto a data packet.

During each transaction, the receiver comparesthe transmitter sequence bit (encoded in the data packet PID
as either DATAO or DATA1) withits receiver sequence bit. If data cannot be accepted, the receiver must
issue NAKandthe sequencebits 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
sequencebit is toggled. Two-phase transactions in which there is no data packet leave the transmitter and
receiver sequencebits unchanged.

ab#3 ar2Bp
3

ACK ACK

Transfer i Transfer i+ 4

Figure 8-45. Consecutive Transactions

8.6.3 Data Corrupted or Not Accepted
If data cannot be accepted orthe received data packetis corrupted, the receiverwill issue a NAK or STALL
handshake, or timeout, depending on the circumstances, and the receiver will not toggle its sequencebit,
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Figure 8-46 shows the case where a 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 transactionwill then be retried and, if successful,
will cause both transmitter and receiver sequencebits to toggle.

DATAO DATAO

Reject Accept
data data

NAK ACK

Transfer / Retry
Transfer j

Figure 8-46. NAKed Transaction with Retry

8.6.4 Corrupted ACK Handshake

The transmitter is the last and only agent to know for sure whethera transaction has been successful, due to
its receiving an ACK handshake. A lost or corrupted ACK handshake can Jead to a temporary loss of
synchronization between transmitter and receiver as shown in Figure 8-47. 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

ACK ACKailed ACKGr@
Transferi Transferi Transfer i+ 1

(retried)

Figure 8-47. Corrupted ACK Handshake with Retry

At the end oftransaction i, there is a temporary loss of coherency between transmitter and receiver, as
evidenced by the mismatch betweentheir 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 DATAO PID. The receiver’s sequence bit and the data PID
will not match, so the receiver knowsthat it has previously accepted this data. Consequently, it discards the
incomingdata packet and doesnot toggle its sequence bit. The receiver then issues ACK, which causes the
transmitter to regard the retried transaction as successful. Receipt of ACK causesthe transmitter to toggle
its sequence bit. At the beginning oftransaction i+1, the sequence bits have toggled and are again
synchronized.

The data transmitter must guarantee that any retried data packet is 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 amount of data as was in the original data packet, it must abort
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the transaction by generatingabit stuffing violation for full-/low-speed. An error for high-speed must be
forced by taking the currently calculated CRC and complementingit before transmitting it. This causes a
detectable error at the receiver and guaranteesthat a partial packetwill not be interpreted as a good packet.
The transmitter shouldnot try to force an error at the receiver by sending a constant known bad CRC. A
combination of a bad packet with a “bad” CRC maybeinterpreted by the receiver as a good packet.

8.6.5 Low-speed Transactions

The USBsupports signaling at three speeds: high-speed signaling at 480 Mb/s,full-speed signalingat
12.0 Mb/s, and low-speed signaling at 1.5 Mb/s. Hubsisolate high-speed signaling from full-/low-speed
signaling environments.

Within a full-/low-speed signaling environment, 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 8-48 shows an IN low-speedtransaction in which the host (or TT) issues a token and handshake and
receives a data packet.

Hub enables low- Hubdisables low-
speed port outputs speed port outputs

gentetakensed y Token sent at low-speed y
ee7ra 

Data packet sent at low-speed

 

Hub disables low-
Hub enables low- speed port outputs

Preamble speed port outputs
sent at full-speed y Handshakesentat low-speed y

oe
Figure 8-48. Low-speed Transaction

All downstream packets transmitted to low-speed devices withina full-/low-speed signaling environment
require a preamble. Preambles are never used in a high-speed signaling environment. 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 mayignore it and treat it as undefined. At the end of the preamble PID,the host (or
TT)drives the bus to the Idle state for at least one full-speed bit time. This Idle period on the busis termed
the hub setup interval andlasts for at least four full-speed bit times. During this hub setup interval, hubs
must drive 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 devices are 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 PIDis detected.

4. Upstream connectivity is not affected by whether a hub port is full- or low-speed.

Low-speed signaling begins with the host (or TT) issuing SYNC at low-speed, followed by the remainder of
the packet. The end of the packet is 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
upstream signaling; low-speed ports remain enabled in the upstream direction for both low-speed andfull-
speed signaling.

Low-speed andfull-speed transactions maintain a high degree of protocol commonality. However, low-
speed signaling does have certain limitations which include:

« Data payloadis limited to eight bytes, maximum.

e Only interrupt and control types oftransfers are supported.

e¢ The SOFpacket is not received by low-speed devices.

8.7 Error Detection and Recovery

The USB permitsreliable end-to-end communication in the presence oferrors on the physical signaling
layer. This includes the 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 of their bandwidth and latency requirements, do not permit retries and musttolerate 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 8-8 lists error detection
mechanisms,the types of packets to which they apply, and the appropriate packet receiver response.

Table 8-8. Packet Error Types
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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 much time has elapsed
from whenthe transmitter completes sending a packet until it begins to receive a response packet. This time
is referred to as the bus turn-around time. Devices and hosts require turn-around timers to measure this
time.

Forfull-/low-speed transactions, the timer starts counting on the SEO-to-‘J’ transition of the EOP strobe and
stops counting whenthe Idle-to-‘K’ SOPtransition is detected. For high-speed transactions,the timerstarts
counting whenthe data lines return to the squelch level and stops counting whenthe datalines leave the
squelch level.

The device bus turn-aroundtime is defined by the worst case roundtrip delay plus the maximum device
response delay (refer to Sections 7.1.18 and 7.1.19 for specific bus turn-around times). If a responseis not
received within this worst case timeout, then the transmitter considers that the packet transmission has
failed.

Timeoutis used and interpreted as a transaction error condition for many transfer types. If the host wishes
to indicate an error condition for a transaction via a timeout, it must wait the full bus turn-around time
before issuing the next token to ensure that all downstream devices have timed out.

As shownin Figure 8-49, the device uses its bus turn-around timer between token and data or data and
handshake phases. Thehost usesits timer between data and handshake or token and data phases.

If the host receives a corrupted data packet, it may require additional wait time before sending out the next
token. This additional wait interval guarantees that the host properly handles false EOPs.

OUT/SETUP Handshake

—I [eromnnnns|
device waits host waits

Li] Handshake
-—H -——+
host waits device waits

Figure 8-49. 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 havetheability to corrupt up to two consecutive transactions.
Detection of false EOP relies upon the fact that a packet into which a false EOP hasbeeninserted will
appear as a truncated packet with a CRC failure. (The last 16 bits of the data packet will have a very low
probability of appearing to be a correct CRC.)

The host and devices handle false EOPsituations differently. When a device receives a corrupted data
packet,it issues no response and waits for the host to send the next token. This scheme guarantees that the
device wil] not attempt to return a handshake while the host maystill be transmitting a data packet. Ifa
false EOP 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
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packet and not issue the handshake. The device, expecting to see a handshake from the host, will timeout
the transaction.

If the host receives a corrupted full-/low-speed data packet, it assumesthat a false EOP may have occurred
and waits for 16 bit times to see if there is any subsequent upstream traffic. If no 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 device to finish sending the remainderofits full-/low-speed packet.
Waiting 16 bit times guarantees two conditions:

e Thefirst condition is to make sure that the device has finished sending its packet. This is guaranteed by
a timeout interval (with no bus transitions) greater than the worst case six-bit time bit stuff interval.

e The second conditionis that the transmitting device’s bus turn-around timer must be guaranteed to
expire.

Note that the timeout interval is transaction speed sensitive. For full-speed transactions, the host must wait
full-speed bit times; for low-speed transactions, it must wait low-speed bit times.

If the host receives a corrupted high-speed data packet,it ignores any data until the data lines return to the
squelch level before issuing the next token. For high-speed transactions, the host does not need to wait
additional time (beyond the normalinter-transaction gap time)after the data lines return to the squelch
level.

If the host receives a data packet with a valid CRC,it assumes that the packet is complete and requires no
additional delay (beyond normal inter-transaction gap time) 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 a
full-/low-speed EOPor which leave the bus in something otherthan the Idle state at the end of a
(micro)frame.

e Full-/low-speed loss of activity (LOA) is characterized by an SOP followed by lack of bus activity (bus
remains driven to a ‘J’ or ‘K’) and no EOPatthe end ofa frame.

e Full-/low-speed babble is characterized by an SOP followed by the presenceofbus activity past the end
of a frame.

e High-speed babble/LOAis characterized by the data lines being at an unsquelched level at the end of a
microframe.

LOAand babble havethe potential to either deadlock the bus or delay the beginning of the next
(micro)frame. Neither condition is acceptable, and both must be prevented from occurring. As the USB
componentresponsible 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 (micro)frame are
prevented from transmitting past a (micro)frame’s end by having the nearest hub disable the port to which
the offending device is attached. Details of the hub babble/LOA recovery mechanism appear in
Section 11.2.5.
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Chapter 9
USB Device Framework

A USBdevice maybedivided into three layers:

e The bottom layer is a bus interface that transmits and receives packets.

e The middle layer handles routing data between the bus interface and various endpoints on the device.
An endpointis the ultimate consumeror provider of data. It may be thoughtof as a source orsink for
data.

e 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 USBdevice has several possible states. Someofthesestates are visible to the USB and the host, while
others are internal to the USB device. This section describes thosestates.

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 response to reset signaling on the upstream facing port.
Whenreset signaling has completed, the USB deviceis reset.
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Table 9-1. Visible Device States

Device is not attached to
the USB. Otherattributes

are notsignificant.

Deviceis attached to the

USB, butis 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.

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. 

Device is, at minimum,
attached to the USB and

is powered and has not
seenbusactivity 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.
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9.1.1.1 Attached

A USBdevice may be attached or detached from the USB. Thestate of a USB device whenit is detached
from the USBis not defined by this specification. This specification only addresses required operations and
attributes once the device is attached.

9.1.1.2 Powered

USB devices may obtain power from an external source and/or from the USBthrough the hub to which they
are attached. Externally powered USB devices are termed self-powered. Although self-powered devices
may already be poweredbefore they are attached to the USB,they are not considered to be in the Powered
state 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 deviceis self-
powered. Devices report their power source capability through the configuration descriptor. The current
powersourceis reported as part of a device’s status. Devices may change their powersource at any time,
e.g., from self- to bus-powered. If a 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 powersource of the device changes, the device will lose its current configuration and address
and return to the Powered state. If a device is self-powered andits current configuration requires more than
100 mA,then if the device switches to being bus-powered,it must return to the Addressstate. Self-powered
hubs that use VBUS to power the Hub Controllerare allowed to remain in the Configuredstate if local
poweris lost. Refer to Section 11.13 for details.

A hubport 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 beable to be
addressed within a specified time period from when powerisinitially applied (refer to Chapter 7). After an
attachmentto a port has been detected, the host may enable the port, which will] also reset the device
attachedto the port.

9.1.1.3 Default

After the device has been powered, it must not respond to any bus transactionsuntil it has received a reset
from the bus. After receiving a reset, the device is then addressableat the default address.

Whenthe reset process is complete, the USB deviceis operating at the correct speed(i.e., low-/full-/high-
speed). The speed selection for low- and full-speed is determined by the device termination resistors. A
device that is capable of high-speed operation determines whetherit will operate at high-speed as a part of
the reset process (see Chapter 7 for more details).

A device capable of high-speed operation must reset successfully at full-speed when in an electrical
environmentthat is operating at full-speed. After the device is successfully reset, the device must also
respond successfully to device and configuration descriptor requests and return appropriate information.
The device may or maynotbe able to support its intended functionality when operating at full-speed.

9.1.1.4 Address

All USB devices use the default address wheninitially powered or after the device has been reset. Each
USB deviceis assigned a unique address by the host after attachmentor after reset. A USB device
maintains its assigned address while suspended.

A USBdevice responds to requests on its default pipe whetherthe device is currently assigned a unique
addressor is using the default address.
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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 correctly processing a SetConfiguration() request with a non-zero
configuration value. Configuring a device or changing an alternate setting causesall ofthe status and
configuration values associated with endpoints in the affected interfaces to be set to their default values.
This includes setting the data toggle of any endpoint using data toggles to the value DATAO.

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 suspendifbus activity has not been observed for the length oftime 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 dueto the host entering a
suspend modeof its 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 whenthereis bus activity. A USB device mayalso request the host to
exit suspend modeorselective suspend by using electrical signaling to indicate remote wakeup. Theability
of a device to signal remote wakeupis optional. If a USB device is capable of remote wakeup signaling, the
device must support the ability ofthe host to enable and disable this capability. When the device is reset,
remote wakeupsignaling must be disabled.

9.1.2 Bus Enumeration

When a USBdeviceis attached to or removed from the USB,the host uses a process knownas bus
enumeration to identify and managethe device state changes necessary. When a USBdeviceis attached to
a poweredport, the following actions are taken:

1. The hub to which the USB device is now attached informsthe host of the event viaareplyonits status
changepipe (refer to Section 11.12.3 for more information). At this point, the USB device is in the
Poweredstate and the port to whichit is attached is disabled.

2. The host determines the exact nature of the change by querying the hub.

3. Nowthat the host knowsthe port to which the new device has been attached, the host then waits forat
least 100 msto 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 7.1.7.5 for
sequenceofevents and timings of connection through devicereset.

4. The hub performsthe required reset processing for that port (see Section 11.5.1.5). Whenthe reset
signal is released, the port has been enabled. The USB device is now in the Default state and can draw
no more than 100 mA from VBUS. Allof its registers and state have been reset and it answers to the
default address.

5. The host assigns a unique address to the USB 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 what actual 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 7 is the numberofconfigurations. This process may take several milliseconds to complete.

243

ZTE/SAMSUNG 1008-0271

IPR2018-00110



ZTE/SAMSUNG 1008-0272 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

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 VBUS powerdescribed in its descriptor for the selected configuration. From the device’s
point of view, it is now ready for use.

Whenthe USB device is removed, the hub again sendsa notification to the host. Detaching a device
disables the port to which it had been attached. Uponreceiving the detachnotification, the host will update
its local topological information.

9.2 Generic USB Device Operations
All USB devices support a commonsetofoperations. This section describes those operations.

9.2.1 Dynamic Attachment and Removal

USB devices may be attached and removedat any time. The hub that provides the attachment point orport
is responsible for reporting any changein thestate 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:

e Respondsto the default USB address

e Is not configured

e Is not initially suspended

Whena 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 USB deviceis 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 USBdevice must be configured beforeits function(s) may be used. The hostis 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 must support the GetInterface()
request to report the current alternate setting for the specified interface and SetInterface() requestto select
the alternate 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 numberofconcurrent interfaces
supported by the configuration. Alternate settings range from zero to one less than the numberofalternate
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settings for a specific interface. The default setting when a deviceis initially configured is alternate setting
Zero.

In support of adaptive devicedrivers 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 andthe 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 how the Host Software communicates with the
device.

Note: The assignmentofclass, subclass, and protocol codes must be coordinated but is beyond the scope of
this specification.

9.2.4 Data Transfer

Data maybe transferred between a USB device endpoint andthe host in one of four ways. Refer to
Chapter 5 for the definition of the four types oftransfers. An endpoint number maybeusedfor different
types of data 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 USBdevices 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.

USBdevices shall limit the power they consume from VBUSto 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
maybe able to draw upto five unit loads from VBUSafter configuration.

9.2.5.2 Remote Wakeup
Remote wakeupallows a suspended USBdeviceto 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 reportsits ability to support remote
wakeup in a configuration descriptor. If a device supports remote wakeup,it must also allow the capability
to be enabled and disabled using the standard USB requests.

Remote wakeup is accomplished using electrical signaling described in Section 7.1.7.7.

9.2.6 Request Processing

With the exception of SetAddress() requests (see Section 9.4.6), a device may begin processing ofa request
as soonas 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 requests initiate
operations that take many milliseconds to complete. For requests such asthis, 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(PORT_RESET)(see
Chapter 11) request “completes” whenthe reset on the port is initiated. Completion of the reset operation is
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signaled whenthe port’s status changeisset to indicate that the port is now enabled. This technique
prevents the host from having to constantly poll for a completion whenit is knownthat the request will 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 secondsas the
upperlimit for any commandto be processed. This limit is not applicablein all instances. The limitations
are described in the following sections. It should be noted that the limitations given below are intended to
encompass a wide range of implementations. If all devices ina USB system used the 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 attachedto 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 the reset or the end ofthe EOPat the end
of the resumesignaling), 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
device sends the zero-length Status packet or when the device sees the ACK in responseto 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 endofthis interval, the device must be able to accept Setup packets addressed to the new
address. Also, at the end ofthe recovery interval, the device must not respond to tokenssentto 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 msof receipt 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 packetto the host within 500 msof receipt of the request. For subsequent data packets, if any, the
device must be able to return them within 500 msof successful completion of the transmission of the
previous packet. The device must then be able to successfully complete the status stage within 50 msafter
returning the last data packet.

For standard device requests that require a data stage transfer to the device, the S-second limit applies. This
meansthat the device must be capable of acceptingall data packets from the host and successfully
completing the Status stage if 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 allowed for the device to complete the
request.
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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 document provides an exemption, the exemption may
only be specified on a request-by-requestbasis.

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.

9.2.6.6 Speed Dependent Descriptors
A device capable of operation at high-speed can operate in either full- or high-speed. The device always
knowsits operational speed due to having to manageits transceivers correctly as part of reset processing
(See Chapter 7 for more details on reset). A device also operates at a single speed after completing the reset
sequence. In particular, there is no speed switch during normal operation. However, a high-speed capable
device may have configurations that are speed dependent. That is, it may have some configurations that are
only possible when operating at high-speed or somethat are only possible when operatingat full-speed.
High-speed capable devices must support reporting their speed dependent configurations.

A high-speed capable device responds with descriptor information that is valid for the current operating
speed. For example, whenadeviceis asked for configuration descriptors, it only returns those for the
current operating speed (e.g., full speed). However, there must be a way to determinethe capabilities for
both high- and full-speed operation.

Twodescriptors allow a high-speed capable device to report configuration information about the other
operating speed. The two descriptors are: the (other_speed) device_qualifier descriptor and the
other_speedconfiguration descriptor. These two descriptors are retrieved by the host by using the
GetDescriptor request with the corresponding descriptor type values.

Note: These descriptors are not retrieved unless the host explicitly issues the corresponding GetDescriptor
requests. If these two requests are not issued, the device would simply appearto be a single speed device.

Devices that are high-speed capable mustset the version numberin the bedUSBfield oftheir descriptors to
0200H. This indicates that such devices support the other_speed requests defined by USB 2.0. A device
with descriptor version numbersless than 0200H should cause a Request Error response (see next section)if
it receives these other_speed requests. A USB 1.x device (i.e., one with a device descriptor version less
than 0200H) should not be issued the other_speed requests.

9.2.7 Request Error

When a request is received by a device that 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 Error exists.
The device deals with the Request Error by returning a STALLPID in responseto the next Data stage
transaction or in the Status stage of the message. It is preferred that the STALL PID bereturnedatthe next
Data stage transaction, as this avoids unnecessary busactivity.
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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 contro] transfers. The request and the request’s parameters are sent to the device in the Setup
packet. The host is responsible for establishing the values passed in the fields listed in Table 9-2, Every
Setup packet has eight bytes.

Table 9-2, Format of Setup Data

Characteristics of request:

D7: Data transfer direction
0 = Host-to-device
1 = Device-to-host

Type
0 = Standard
1 = Class
2 = Vendor
3 = Reserved

Recipient
0 = Device
1 = Interface

2 = Endpoint
3 = Other
4...31 = Reserved

bRequest Value Specific request(refer to Table 9-3)

Value Word-sizedfield that varies according to
request

windex 2 Index or Word-sizedfield that varies according to
Offset request; typically used to pass an index or

offset

wLength 2 Count Numberof bytes to transferif there is a
Data stage

9.3.1 bmRequestType
This bitmappedfield identifies the characteristics ofthe specific request. In particular, this field identifies
the direction of data transfer in the second phaseofthe control transfer. The state of the Direction bit is
ignored if the wLengthfield is zero, signifying there is no Data stage.

  
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.

Requests may be directed to the device, an interface on the device, or a specific endpoint on a device. This
field also specifies the intended recipient ofthe request. When an interface or endpoint is specified, the
windex field identifies the interface or endpoint.
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9.3.2 bRequest
This field specifies the particular request. The 7ype bits in the bmRequestType field modify the meaning of
this field. This specification defines values for the bRequestfield only whenthebits 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 of this field vary according to the request. It is used to pass a parameterto the device, specific
to the request.

The w/ndex field is often used in requests to specify an endpointor an interface. Figure 9-2 showsthe
format of w/ndex whenit is used to specify an endpoint.

EasEase
Direction Reserved (Reset to zero) Endpoint Number

PARALIEEEAA
Reserved (Resetto zero)

Figure 9-2, wIndex Format when Specifying an Endpoint

 
The Direction bit 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 Direction bit set to
zero but the device may accepteither value of the Direction bit.

Figure 9-3 shows the format ofw/ndex when it is used to specify an interface.

poorfoefoe|omfoe|meTo|
Interface Number

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 phaseofthe control transfer. The
direction of data transfer (host-to-device or device-to-host) is indicated by the Direction bit of the
bmRequestType field. If this field is zero, there is no data transfer phase.

Onan input request, a device must never return more data thanis indicated by the wLength value; it may
return less. On an output request, wLength will always indicate the exact amountofdata to be sent by the
host. Device behavior is undefinedif the host should send more data than is specified in wLength.
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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, even if the device has not yet been assigned an
address or has not been configured.

Table 9-3. Standard Device Requests

00000000B CLEAR_FEATURE Feature Zero Zero
00000001B Selector Interface

00000010B Endpoint

100000008|GET_CONFIGURATION|ConngurationValue

10000000B GET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language Length
Descriptor ID

Index  

10000001B GET_INTERFACE Interface Alternate
Interface 

10000000B GET_STATUS Zero Device,
10000001B Interface Interface, or

10000010B Endpoint Endpoint
Status

00000000B SET_ADDRESS Device zero Zero None
Address

00000000B SET_CONFIGURATION Configuration
Value

00000000B SET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language Length
Descriptor ID

Index

00000000B SET_FEATURE Feature Zero Zero
00000001B Selector Interface

00000010B Endpoint

000000018 SET_INTERFACE Alternate Interface Zero

a|100000108|SYNCHFRAME|FRAME|Ze|Endpoint||two|FrameNumberNumber
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Table 9-4, Standard Request Codes

bRequest 

GET_STATUS 

CLEAR_FEATURE 

Reservedfor future use  

SET_FEATURE 

Reserved for future use

SET_ADDRESS 

GET_DESCRIPTOR

SET_DESCRIPTOR 

GET_CONFIGURATION 

SET_CONFIGURATION 

GET_INTERFACE 

SET_INTERFACE 

SYNCH_FRAME

 
Table 9-5. Descriptor Types

Descriptor Types

DEVICE

CONFIGURATION

STRING

INTERFACE

ENDPOINT

DEVICE_QUALIFIER

OTHER_SPEED_CONFIGURATION 

INTERFACE_POWER'

 
"The INTERFACEPOWERdescriptoris defined in the currentrevision of the USB Interface Power
Management Specification.
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