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11.20.2 Interrupt Split Transaction State Machines

 st 

_ Issue_packet(HSD1, SSPLIT);

 

  
 

RespondHC(Do_complete);

 
HC_Do_intOS$

Figure 11-72. Interrupt OUTStart-split Transaction Host State Machine
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/  HSU2.PID=NAK 

 

 
 

 
 

_Issue_packet(HSD1, CSPLIT);  
 

___HSU2,PID = ACK
RespondHC(Do_next_cmd); 

-HSU2.PID=NYET ©  
  

 
not HC_cmd.last

espondHC(Do_next_complete);

 
 

_ Issue_packet(HSD1, tokenOUT);
   

 
 

  

 

-HSU2.PID=ERR

 _(HSU2.PID /= STALL and
_ HSU2.PID /= NAKand
_ HSU2.PID /= ACK and
'HSU2.PID /= ERR and

 HSU2.PID /= NYET) or
HSU2.timeout

 
 
 

 
  

 
 _ ErrorCount >= 3 

  
 

ErrorCount < 3

_RespondHC(Do_comp_immed_now);

HC_Do_IntOCS

Figure 11-73. Interrupt OUT Complete-split Transaction Host State Machine
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-HSD2.PID /= DATAx or

-HSD2.timeout

 
  
 ~ HSD2.CRC16 = ok

- Data_into_SS_ pipe; shi  

/HSD2.CRC16 = bad _

Figure 11-74. Interrupt OUTStart-split Transaction TT State Machine
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| CS_Buff.match.down_result = r_trans_err 
Issue_packet(HSU1, ERR);

 
=r_nak

Issue_packet(HSU1, NAK);  
   _CS_Buff.match.down_result = r_stall

- Issue_packet(HSU1, STALL);

 

 | TT_Do_IntOCS
Figure 11-75. Interrupt OUT Complete-split Transaction TT State Machine

 
| RespondHC(Do_complete); | 

 
HC_Do_IntiSS

Figure 11-76. Interrupt IN Start-split Transaction Host State Machine
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ce2

 
ErrorCount < 3

RespondHC(Do_start);
 

 

 
 

not HC_cmd.last

_RespondHC(Do_next_complete);

 
 

  
  
 

 

 

FUSU2PID= NVET | HSU2.PID = NAK
-RespondHC(Do_start);

  

- HSU2.PID = STALL

_ RespondHC(Do_halt);
 

| Issue_packet(HSD1, tokenIN); 
 ‘Packet_ready(HSU2) HSU2.PID /= STALL and

HSU2.PID /= ERR)or
HSU2.timeout

HC_Do_intiCS

  

Figure 11-77. Interrupt IN Complete-split Transaction Host State Machine
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HSU2.x=HC_cmd.toggle

“RespondHC(Do_next_cmd);  

  
RespondHC(Do_start);  

 
 
 
 

 

HSU2.x /=HC_cmd.toggle

HC_Reject_data;

 ieeeoo

~RespondHC(Do_halt);

_ HSU2.PID = DATAx and
: ErrorCount < 3
_HSU2.CRC16= ok |
_ HC_Accept_data;
 - RespondHC(Do_comp_immed_now); |EHD

-HSU2.PID = MDATA and
_HSU2.CRC16 = ok

HC_Accept_data;

(HSU2.PID = MDATAor
HSU2.PID = DATAx) and
HSU2.CRC16 = bad

-(HSU2.PID /= MDATA and
HSU2.PID /= DATAx) or
HSU2.timeout

HC_Data_or_error

Figure 11-78. HC_Data_or_Error State Machine

  Data_into_SS_pipe;

TT_Do_IntiSs

Figure 11-79. Interrupt IN Start-split Transaction TT State Machine
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| CS_Buff.match.down_result = r_moredata |
Issue_packet(HSU1, MDATA);

 
 

 
 

 

 
 
 

  

 CS_Buff.match.down_result = r_lastdata

Issue_packet(HSU1, DATAx):

CS_Buff.match.down_result = r_trans_err

Issue_packet(HSU1,ERR);

 

| Issue_packet(HSU1, NAK);

_CS_Buff.match.state = old ch2 
CS_Buff.match.down_result = r_stall

Issue_packet(HSU1, STALL);
 

  
 

S_Buff.match.state = no_match

| Issue_packet(HSU1, NYET); 

 _CS_Buff.match.state match_busy

TT_Do_IntiCS

Figure 11-80. Interrupt IN Complete-split Transaction TT State Machine

11.20.3 Interrupt OUT Sequencing

Interrupt OUTsplit transactions are scheduled by the host controller as normal high-speed transactions with
the start- and complete-splits scheduled as described previously.

Whenthere are several full-/low-speed transactions allocated for a given microframe,they are saved by the
high-speed handlerin the TT in the start-split pipeline stage. The start-splits are saved in the order they are
received until the end of the microframe. At the end of the microframe, these transactions are available to
be issued by the full-/low-speed handler on the full-/low-speed bus in the order they were received.

In a following microframe (as described previously), the full-/low-speed handler issues the transactions that
had been savedin the start-split pipeline stage on the downstream facing full-/low-speed bus. Some
transactions could be leftover from a previous microframesince the high-speed schedule wasbuilt assuming
best case bit stuffing and the full-/low-speed transactions could be taking longer on the full-/low-speed bus.
Asthe full-/low-speed handler issues transactions on the downstream facing full-/low-speed bus,it saves the
results in the periodic complete-split pipeline stage and then advancesto the next transaction in the start-
split pipeline.

In a following microframe (as described previously), the host controller issues a high-speed complete-split
transaction and the TT responds appropriately.
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High
Speed
Bus

| 64 bytes w/
| HS CRC16

(125us microframe,

Full/Low-

Speed

Bus —
64 bytes

Figure 11-81. Example of CRC16 Handling for Interrupt OUT

 
 
 
 

Thestart-split transaction for an interrupt OUTtransaction includes a normal CRC16 field for the high-
speed data packetof the data phaseofthe start-split transaction. However, the data payload of the data
packet containsonly the data payload of the corresponding full-/low-speed data packet; i.e., there is only a
single CRC16 in the data packetofthe start-split transaction. The TT high-speed handler must check the
CRConthestart-split and ignore the start-split if there is a failure in the CRC checkof the data packet. If
the start-split has a CRC checkfailure, the full-speed transaction must not be started on the downstream bus.
Figure 11-81 shows an example of the CRC16 handling for an interrupt OUTtransaction andits start-split.

11.20.4 Interrupt IN Sequencing

Whenthe high-speed handler receives an interrupt start-split transaction, it saves the packet in the start-split
Pipeline stage. In this fashion, it accumulates some numberofstart-split transactions for a following
microframe.

At the beginning of the next microframe (as described previously), these transactions are available to be
issued by the full-/low-speed handler on the downstream full-/low-speed bus in the order they were saved in
the start-split pipeline stage. The full-/low-speed handler issues each transaction on the downstream facing
bus. The full-/low-speed handler responds tothe full-/low-speed transaction with an appropriate handshake
as described in Chapter 8. Thefull-/low-speed handler saves the results of the transaction (data, NAK,
STALL,trans_err) in the complete-split pipeline stage.

During following microframes, the host controller issues high-speed complete-split transactions to retrieve
the data/handshake from the high-speed handler. Whenthe high-speed handler receives s complete-split
transaction, the TT returns whatever data it has received during a microframe. If the full-/low-speed
transaction wasstarted and completed in a single microframe, the TT returnsall the data for the transaction
in the complete-split response occurring in the following microframe. If the full-/low-speed CRC check
passes, the appropriate DATAO/I PID for the data packetis used. If the full-/low-speed CRC checkfails, an
ERR handshakeis used and there is no data packet as part of the complete-split transaction.

If the full-/low-speed transaction spanned a microframe, the TT requires two complete-splits (in two
subsequent microframes) to return al] the data for the full-/low-speed transaction. The data packet PID for
the first complete-split must be an MDATAto tell the host controller that another complete-split is required
for this endpoint. This MDATA response is made without performing a CRC check(since the CRC16 field
has not yet been received onthefull-/low-speed bus). The complete-split in the next microframe must use a
DATAO/I1 PID if the CRC checkpasses. If the CRC check fails, an ERR handshake response is made
instead and there is no data packet as part of the complete-split transaction. Since full-speed interrupt
transactions are limited to 64 data bytes or less (and low-speed interrupt transactions are limited to 8 data
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bytes or less), no full-/low-speed interrupt transaction can span morethan a single microframe boundary;
i.e., no more than two microframesare ever required to complete the transaction.

The complete-split transaction for an interrupt IN transaction must not include the CRC16 field received
from the full-/low-speed data packet(i.e., only a high-speed CRC16 field is usedin split transactions). The
TT must use a high-speed CRC16 on each complete-split data packet. If the full-speed handler detects a
failed CRC check,it must use an ERR handshakeresponse in the complete-split transaction to reflect that
error to the high-speed host controller. The host controller must check the CRC16 on each returned
complete-split data packet. A CRCfailure (or ERR handshake) on any (partial) complete-split is reflected
as a CRCfailure onthetotal full-/low-speed transaction. This meansthat for a case wherea full-/low-speed
interrupt spans a microframe boundary, the host controller can acceptthe first complete-split without
errors, then the second complete-split can indicate that the data from the first complete-split must be
rejected asif it were never received by the host controller. Figure 11-82 shows an example ofan interrupt
IN and its CRC16 handling with corresponding complete-split responses.

High
Speed
Bus  

 

 

 
64 bytes w/

125us microframe HS CRC16

Full/Law-
Speed
Bus

2bytes 62 bytes

Figure 11-82. Example of CRC16 Handling for Interrupt IN

11.21 Isochronous Transaction Translation Overview

Isochronoussplit transactions are handled by the host by scheduling start- and complete-split transactions as
described previously. Isochronous JN split transactions have more than two schedule entries:

* Oneentry for the start-split transaction in the microframe before the earliest the full-speed transaction
can occur

« Other entries for the complete-splits in microframes after the data can occur on the full-speed bus
(similar to interrupt IN scheduling)

Furthermore, isochronoustransactionsare split into microframe sizedpieces; e.g., a 300 byte full-speed
transaction is budgeted multiple high-speed split transactions to move data to/from the TT. This allows any
alignmentof the data for each microframe.

Full-speed isochronous OUTtransactions issued by a TT do not have corresponding complete-split
transactions. They must only havestart-split transaction(s).

The host controller must preserve the same order for the complete-split transactions(as for the start-split
transactions) for IN handling.
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Isochronous INshavestart- and complete- split transactions. The “first” high-speedsplit transaction for a
full-speed endpointis alwaysa start-split transaction and the second (and others as required) is always a
complete-split no matter what the high-speed handler ofthe TT responds.

The full-/low-speed handler recombines OUTdata in its local buffers to recreate the single full-speed data
transaction and handle the microframeerror cases. The full-/low-speed handler splits IN response data on
microframe boundaries. \

Microframe buffers always advance no matter what the interactions with the host controller or the full-speed
handler.

11.21.1 lsochronous Split Transaction Sequences

The flow sequence and state machinefigures show the transitions required for high-speed split transactions
for a full-speed isochronoustransfer type for a single endpoint. These figures must not be interpreted as
showing any particular specific timing. In particular, high-speed or full-speed transactions for other
endpoints may occurbefore orafter these split transactions. Specific details are described as appropriate.

In contrast to bulk/control processing, the full-speed handler must not do localretry processing onthe full-
speed busin responseto transaction errors (including timeout) of an isochronoustransaction.

Start split

eeeere]
| | | |

If all of If beginning If middle If last
payload of payload of payload of payload

| | | |

stl | st2} st3 st4j

SSPLIT-all||SSPLIT -begin||SSPLIT -mid] |SSPLIT -end 

 
 

Trans_err
ATAO sel

not trans_err, Trans.err
Data_into_SSpipe Down_error

sh se2:
v

Go to next

cmd

Figure 11-83. Isochronous OUTStart-split Transaction Sequence
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Start split

 
Data_into_SS'_pipe

|

Go to

complete split

Figure 11-84. Isochronous IN Start-split Transaction Sequence

In Figure 11-85, the high-speed handler returns an ERR handshake for a “transaction error”of the full-speed
transaction.

The high-speed handler returns an NYEThandshake whenit cannot find a matching entry in the complete-
split pipeline stage. This handles the case wherethe host controller issued the first high-speed complete-
split transaction, but the full-/low-speed handler has not started the transaction yet or has not yet received
data back from the full-speed device. This can be due to a delay from starting previous full-speed
transactions.

The transition labeled "TAdvance"indicates that the host advancesto the next transaction for this full-speed
endpoint.

Thetransition labeled "DAdvance"indicates that the host advances to the next data area ofthe current

transaction for the current full-speed endpoint.
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Complete split

Trans_err [a] Cr

 

 

intimeNosplitresponsefound
DAMSOTpny

4 : old/Tvans_err oaaia oldfmor-edataanna: od ch
ne7|ERR|DATAO||MDATA||NYETcour

[ODee ro --4coy ce4j | i WH.yyNotfrans_err |re |
| | | :

iferr_count<3 iferr_count>=3 | not Pratserr ue peace | |
retry immed. | |  ‘rans_err = Last Not jastcomp. split | lakt | i

p- sp 4 4 | toce7 ce co i
) NeLeaay 2a |

Recofd error chil 1 |
NN Notlast ch3

T ch4y
TAdvance |

v

Go to next Go to next

cmd comp.split

Figure 11-85. Isochronous IN Complete-split Transaction Sequence
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11.21.2 IsochronousSplit Transaction State Machines

HC_cmd.datapart = alldata

 Issue_packet(HSD1, SSPLIT); -- all

 

 
 

 
: HC_cmd.datapart = enddata i
_Issue_packet(HSD1, SSPLIT); ~end -

 
 
 

   
 

 

»_ HC_omd.datapart = begindata
Issue_packet(HSD1, SSPLIT); -- begin

 

 
 HC_cmd.datapart = middata

Issue_packet(HSD1, SSPLIT); -- middata

 

 
HC_Do_IsochOSS

Figure 11-86. Isochronous OUT Start-split Transaction Host State Machine
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i HSD2.PID = DATAx and HSD2.CRC16 = ok and i Fe
' split.datapart = enddata and SS_Buff.isochO and i - SRRTOTS
_(SS_Buff.lastdata = middata or SS_Buff.isochO <=false; i
_SS_Bufflastdata = begindata) ’ SS_Buff.saw_split <=false;
DeaEero spacerpeeg | Data_intoSS.pipe: |

 
  

 
 

 

 

 
 
 
 

 

HSD2.PID = DATAx and HSD2.CRC16 = ok and

split.datapart = middata and SS_Buff.isochO and
_ (SS_Buff.lastdata = begindata or
_ SS_Buff.lastdata = middata)  

 

 

 
SS_Buff.lastdata <= middata;
SS_Buff.saw_split <= true;
Data_into_SS_pipe;

 

 

  

HSD2.PID = DATAx and :
HSD2.CRC16 = ok and

split.datapart = begindata and
(not SS_Buff.isochO)

 
'SS_BuffisochO <= true;
| SS_Buff.lastdata <= begindata;
_SS_Buff.saw_split <= true;
: Data_into_SS_pipe;

std

 
 
 

 
 
 

 
 

! HSD2.PID = DATAx and HSD2.CRC16 = ok and
- split.datapart = alldata and (not SS_Buff.isochO) 

- HSD2.PID /= DATAx or
' HSD2.timeout or

Packet_ready(HSD2) chocRoig=bador0ener
_ Bad_lsochOut(SS_Buff,split)

SS_Buff.isochO

SS_Buff.isochO <= false;
 
 

 TT_Do_IsochOSS

Figure 11-87. Isochronous OUTStart-split Transaction TT State Machine

There is a condition in Figure 11-87 on transition se1/se2 labeled “Bad_IsochOut”. This conditionis true
when noneofthe conditionsontransitions st] through st4 are true. The action labeled “Down_error”
records an errorto be indicated on the downstream facing full-speed bus for the transaction corresponding
to this start-split.
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  _Issue_packet(HSD1, SSPLIT);

 
 

-Issue_packet(HSD1, tokenIN); |

 
 | RespondHC(Do_complete);

 

HC_Do_IsochiSS

Figure 11-88. Isochronous IN Start-split Transaction Host State Machine
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HSU2.PID = DATAx and

  
 

 

HSU2.CRC16 = ok

HC_Accept_data: —_—eee}
aes RespondHC(Do_next_cmd);

| eSUSPIEMDATA@R|«<<"=:idseae
 2 HSU2.CRC16 = ok RespondHC(Do_next_complete);

 

 
  
 

 

: (HSU2.PID = MDATAor
_ HSU2.PID = DATAx) and

HSU2.CRCi16 = bad
  
 ErrorCount <3

RespondHC(Do_comp_immed_now);

 

 
_(HSU2.PID /= NYET and
_HSU2.PID /= DATAx and

_HSU2.PID /= MDATA and
_HSU2.PID /= ERR)or
-HSU2.timeout

);

 
 

ctt Issue_packet(HSD1, CSPLIT);

HC_Do_IsochiCs

Figure 11-89. Isochronous IN Complete-split Transaction Host State Machine

In Figure 11-89, the transition “ce8” occurs when the high-speed handler responds with an MDATAto
indicate there is more data for the full-speed transaction, but the host controller knows that this is the last
scheduled complete-split for this endpointfor this frame. Ifa DATAO response from the high-speed
handler is not received before the last scheduled complete-split, the host controller records an error and
proceedsto the next transaction for this endpoint (in the next frame).
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TT_Do_lIsochiSS

Figure 11-90. Isochronous IN Start-split Transaction TT State Machine

 
  
 
 

 

_CS_Buff.match.down_result = r_moredata

Issue_packet(HSU1, MDATA);

 CS_Buff.match.state = old

CS_Buff.match.down_result = r_trans_err

Issue_packet(HSU1, ERR);

 

CS_Buff.match.state = no_match

Issue_packet(HSU1, NYET);

 

TT_IsochICS |
Figure 11-91. Isochronous IN Complete-split Transaction TT State Machine
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11.21.3 Isochronous OUT Sequencing
The host controller and TT must ensurethat errors that can occurin split transactions of an isochronousfull-
speed transaction translate into a detectable error. For isochronous OUTsplit transactions, once the high-
speed handler has received an “SSPLIT-begin”start-split transaction token packet, the high-speed handler
musttrack start-split transactions that are received for this endpoint. The high-speed handler musttrack that
a start-split transaction is received each and every microframe until an “SSPLIT-end”split transaction token
packet is received for this endpoint. If a microframe passes without the high-speed handler receiving a
start-split for this full-speed endpoint, it must ensure that the full-speed handler forcesa bitstuff error on the
full-speed transaction. Any subsequent “SPLIT-middle” or “SPLIT-end”start-splits for the same endpoint
must be ignored until the next non “SPLIT-middle” and non “SPLIT-end”is received (for any endpoint
supported by this TT).

The start-split transaction for an isochronous OUTtransaction must not include the CRC16 field for the full-
speed data packet. Fora full-speed transaction, the host would compute the CRC16 ofthe data packet for
the full data packet (e.g., a 1023 byte data packet uses a single CRC16 field that is computed once by the
host controller). For a split transaction, any isochronous OUTfull-speed transaction is subdivided into
multiple start-splits, each with a data payload of 188 bytes or less. For each of these start-splits, the host
computes a high-speed CRC16 field for each start-split data packet. The TT high-speed handler must check
each high-speed CRC16 value oneachstart-split. The TT full-speed handler mustlocally generate the
CRC16 value for the complete full-speed data packet. Figure 11-92 shows an exampleofa full-speed
isochronous OUTpacketand the high-speedstart-splits with their CRC16 fields.

If there is a CRC checkfailure on the high-speedstart-split, the high-speed handler must indicate to the full-
speed handlerthat there was an error in the start-split for the full-speed transaction. If the transaction has
been indicated as having a CRCfailure (or if there is a missed start-split), the full-speed handler uses the
defined mechanism for forcing a downstream corrupted packet. If the first start-split has a CRC check
failure, the full-speed transaction mustnot be started on the downstream bus.

Additional high-speed start-split transactions for the same endpoint must be ignored after a CRC checkfails,
until the high-speed handler receives either an “SSPLIT-end”start-split transaction token packet for that
endpoint ora start-split for a different endpoint.

  
 

 
| 2 bytes w/

HS CRCI6

188 bytes 2 bytes
Figure 11-92, Example of CRC16 Isochronous OUT Data Packet Handling
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11.21.4 Isochronous IN Sequencing
The complete-split transaction for an isochronousIN transaction must not include the CRC16 field for the
full-speed data packet (e.g., only a high-speed CRC16 field is used in split transactions). The TT must not
pass the full-speed value received from the device and instead only use high-speed CRC16 values for
complete-split transactions. If the full-speed handler detects a failed CRC check at the end of the data
packet(e.g., after potentially several complete-split transactions on high-speed), the handler must use an
ERR handshakeresponseto reflect that error to the high-speed host controller. The host controller must
check the CRC16 on each returned high-speed complete-split. A CRC failure (or ERR handshake) on any
(partial) complete-split is reflected by the host controller as a CRC failure on the total full-speed transaction.
Figure 11-93 shows an example ofthe relationships of the full-speed data packet and the high-speed
complete-splits and their CRC16 fields.

High
Speed

Bus  
 

 2+186 bytes w/ +
HS CRC16 i 1 byte w/

HS CRC16
1 byte w/
|

125us microframe i/ HS CRCI6 
Full
Speed
Bus

3 bytes 188 bytes

Figure 11-93. Example of CRC16 Isochronous IN Data Packet Handling

11.22 TT Error Handling
The TT has the same requirements for handling errors as a host controller or hub. In particular:

e Ifthe TT is receiving a packet at EOF2 of the downstream facing bus, it must disable the downstream
facing port that is currently transmitting.

e Ifthe TT is transmitting a packet near EOF1 of the downstream facing bus, it must force an abnormal
termination sequenceas defined in Section 11.3.3 and stop transmitting.

e Ifthe TT is going to transmit a non-periodic full-/low-speed transaction, it must determinethat thereis
sufficient time remaining before EOF] to complete the transaction. This determination is based on
normal sequencing of the packets in the transaction. Since the TT has no information about data
payload size for INs, it must use the maximum allowedsize allowed for the transfertype in its
determination. Periodic transactions do not need to be included in this test since the microframe

pipeline is maintained separately.

11.22.1 Loss of TT Synchronization With HS SOFs

The hub hasa timer it uses for (micro)frame maintenance. It has a | ms frame timer when operatingat full-
/low-speed for enforcing EOF with downstream connected devices. It has a 125 tts microframe timer when
operating at high-speed for enforcing EOF with high-speed devices. It also uses the 125 ts microframe
timer to create a 1 ms frametimer for enforcing EOF with downstream full-/low-speed devices when
operating at high-speed. The hub (micro)frame timer must always stay synchronized with host generated
SOFsto keep the bus operating correctly
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In normal hubrepeater(full- or high-speed) operation (e.g., not involving a TT), the (micro)frame timer
loses synchronization wheneverit has missed SOFsfor three consecutive microframes. While timer
synchronization is lost, the hub does not establish upstream connectivity. Downstream connectivity is
established normally, even when timer synchronization is lost. When the timer is synchronized, the hub
allows upstream connectivity to be established when required. The hubis responsible for ensuring that
there is no signaling being repeated/transmitted upstream from a device after the EOF2 point in any
(micro)frame. The hub must notestablish upstream connectivity if it has lost (micro)frame timer
synchronization since it no longer knows accurately where the EOF2pointis.

11.22.2 TT Frame and Microframe Timer Synchronization Requirements
Whenthe hubis operating at high-speed and hasfull-/low-speed devices connected on its downstream
facing ports (e.g., a TT is active), the hub has additional responsibilities beyond enforcementofthe (high-
speed) EOF2 point onits upstream facing port in every microframe. The TT must also generate full-speed
SOFs downstream and ensure that the TT operates correctly (in bridging high-speed andfull-/low-speed
operation).

A high-speed operating hub synchronizesits microframe timer to 125 jis SOFs. However,in orderto
generate full-speed downstream SOFs,it must also have a | ms frame timer. It generates this | ms frame
timer by recognizing zeroth microframe SOFs,e.g., a high-speed SOF when the frame numbervalue
changes compared to SOF ofthe immediately previous microframe.

In order to create the | ms frame timer, the hub must successfully receive a zeroth microframe SOFafterits
microframetimer is synchronized. In order to recognize a zeroth microframe SOF, the hub must
successfully receive SOFs for two consecutive microframes where the frame number increments by 1 (mod
2°11). When the hub has donethis, it knows that the second SOFis a zeroth microframe SOFand thereby
establishes a 1 ms frametimerstarting time. Note that a hub can synchronize both timers with as few as
two SOFsif the SOFs are for microframe 7 and microframe0,i.e., if the second SOFis a zeroth
microframe SOF.

Oncethe hub has synchronizedits 1 ms frametimer, it can keep that timer synchronizedas long as it keeps
its 125 jis microframe timer synchronized (since it knows that every 8 microframes from the zeroth
microframe SOFis a 1 ms frame). In particular, the hub can keepits frame timer synchronized evenifit
misses zeroth microframe SOFs(as long as the microframe timer stays synchronized).

So in summary, the hub can synchronize its 125 ts microframetimerafter receiving SOFs of two
consecutive microframes. It synchronizes its 1 ms frame timer whenit receives a zeroth microframe SOF
(and the microframe timer is synchronized). The 125 js microframe timer loses synchronization after three
SOFsfor consecutive microframes have been missed. This also causes the 1 ms frame timerto lose

synchronization at the sametime.

The TT must only generate full-speed SOFs downstream whenits 1 ms frame timer is synchronized.

Correct internal operation ofthe TT is dependent on both timers. The TT must accurately know when
microframes occurto enforce its microframe pipeline abort/free rules. It knowsthis based on a
synchronized microframe timer (for generally incrementing the microframe number) and a synchronized
frame timer (to know whenthe zeroth microframeoccurs).

Since loss of microframe timer synchronization immediately causes loss of frame timer synchronization, the
TT stops normal!operation once the microframe timer loses synchronization. In an error free environment,
microframe timer synchronization can berestored after receiving the two SOFsfor the next two consecutive
microframes(e.g., synchronization is restored at least 250 is after synchronization loss). As long as SOFs
are not missed, frame timer synchronization will be restored in less than 1 ms after microframe
synchronization. Note that frame timer synchronization can be restored in a high-speed operating case in
muchless time (0.250-1.250 ms) than the 2-3 ms required in full-speed operation. Once the frame timeris
synchronized, SOFs can be issued on downstream facing full-speed ports for the beginning of the next
frame.
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Once the hub detects loss of microframe timer synchronization, its TT(s):

1. Must respond to periodic complete-splits with any responses buffered in the periodic pipeline (only
good for at most 1 microframe of complete-splits).

2. Must abort any buffered periodic start-split transactions in the periodic pipeline.

3. Must ignore any high-speed periodic start-splits.

4, Muststop issuing full-speed SOFs on downstream facing full-speed ports (and low-speed keep-alives
on low-speed ports).

5. Mustnotstart issuing subsequent periodic full-/low-speed transactions on downstream facing full-/low-
speed ports.

6. Must respond to high-speedstart-split bulk/control transactions.

7. Buffered bulk/control results must respond to high-speed complete-split transactions.

8. Pending bulk/control transactions must not be issued to full-/low-speed downstream facing ports. The
TT buffers used to hold bulk/control transactions must be preserved until the microframetimeris re-
synchronized. (Or unti] a Clear_TT_Buffer request is received for the transaction).

Note that in any case a TT mustnot issue transactions of any speed on downstream facing ports when its
upstream facing port is suspended.

A TTonly restores normal operation on downstream facing full-/low-speed ports after both microframe and
frame timers are synchronized. Figure Figure 11-94 summarizes the relationship between high-speed SOFs
and the TT frame and microframetimer synchronization requirementsonstart-splits.

For suspend sequencing of a hub, a hubwill first lose microframe/frame timer synchronization at the same
time. This will cause its TT(s) to stop issuing SOFs (which should be the only transactions keeping the
downstream facing full-/low-speed ports out of suspend). Then the hub (along with any downstream
devices) will enter suspend.

Upon a resume,the hub will first restore its microframe timer synchronization (after high-speed transactions
continue). Then in less than 1 ms (assuming noerrors), the frame timer will be synchronized and the TT
canstart normal operation (including SOFs/keep-alives on downstream facing full-/low-speed ports).

Microframes

Yo Y, i Y; i Y, Y, i Y; Ye Y, i (Y+T),  ¢
} |

:

| | : |; : i : i } g 1 i t

SOF No No No SOF SOF SOF SOF SOF SOF
SOF SOF SOF

v v v

Lose Microframe & Frame Microframe Timer Microframe & Frame

Timer Synchronization, Re-synchronized; Timer Synchronized,
Ignore start-splits Frame timer unsynchronized,=Acceptstart-splits

Ignore start-splits

Figure 11-94. Example Frame/Microframe Synchronization Events
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23 Descriptors

Hubdescriptors are derived from the general USB device framework. Hub descriptors define a hub device
and the ports on that hub. The host accesses hub descriptors through the hub’s default pipe.

The USBspecification (refer to Chapter 9) defines the following descriptors:

e Device

e Configuration

e Interface

e Endpoint

e String (optional)

The hubclass defines additional descriptors (refer to Section 11.23.2). In addition, vendor-specific
descriptors are allowed in the USB device framework. Hubs support standard USB device commands as
defined in Chapter 9.

.23.1 Standard Descriptors for Hub Class

The hubclass pre-defines certain fields in standard USB descriptors. Other fields are either
implementation-dependentornot applicableto this class.

A hubreturns different descriptors based on whetherit is operating at high-speed or full-/low-speed. A hub
can report three different sets of the descriptors: one descriptor set for full-/low-speed operation and two
sets for high-speed operation.

A huboperating at full-/low-speed has a device descriptor with a bDeviceProtocol field set to zero(0) and an
interface descriptor with a bInterfaceProtocolfield set to zero(0). The rest of the descriptors are the same
for all speeds.

A huboperating at high-speed can have one of two TT organizations: single TT or multiple TT. All hubs
must support the single TT organization. A multiple TT hub has an additional interface descriptor (with a
corresponding endpoint descriptor). The first set of descriptors shown below must be providedbyall hubs.
A hubthat has a single TT must set the bDeviceProtocol field of the device descriptor to one(1) and the
interface descriptor bInterfaceProtocolfield set to 0.

A multiple TT hub must set the bDeviceProtocolfield of the device descriptor to two (2). The first interface
descriptor has the bInterfaceProtocolfield set to one(1). Such a hubalso has a secondinterface descriptor
where the bInterfaceProtocolis set to two(2). When the hub is configured with an interface protocol of
one(1), it will operate as a single TT organized hub. Whenthe hub is configured with an interface protocol
of two(2), it will operate as a multiple TT organized hub. The TT organization must not be changed while
the hub has full-/low-speed transactions in progress.
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Note: For the descriptors and fields shown below,thebits in a field are organized in a little-endian fashion;
that is, bit location 0 is the least significant bit and bit location 7 is the most significantbit of a byte value.

Full-/Low-speed Operating Hub

Device Descriptor (full-speed information):

bLength 12H

bDescriptorType 1 

| bcdUSB 0200H
bDeviceClass HUB_CLASSCODE(09H)

 

aa

bNumConfigurations ] 

Device_Qualifier Descriptor (high-speed information): 

 

 

 

bLength 0AH |
bDescriptorType 6

bedUSB 200H el

bDeviceClass HUB_CLASSCODE(09H)

bDeviceSubClass 0

bDeviceProtocol 1 (for single TT)or 2 (for
multiple TT)

bMaxPacketSize0 64 
bNumConfigurations 1 

 

 
 

 
 
 
  

 

 

bLength 09H

bDescriptorType 2

wTotalLength N

bNumInterfaces

 iConfiguration
bmAttributes

bMaxPower

 

 
 

The maximum amountofbus

powerthe hub will consumein
full-/low-speed configuration
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Interface Descriptor: 

bInterfaceNumber

09H

4

bAlternateSetting

bNumEndpoints

 

HUB_CLASSCODE(09H)

eins|e
Berea||
=

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

 
 

 

bDescriptorType 5 

bEndpointA ddress Implementation-dependent;
Bit 7: Direction = In(1)

bmAtiributes Transfer Type = Interrupt
(00000011B)

wMaxPacketSize Implementation-dependent

binterval FFH (Maximum allowable
interval)

  
OtherSpeedConfiguration Descriptor (High-speed information):

bNumInterfaces 1 (for single TT) or 2 (for
multiple TT)

09H

7

SConfigurationValue

bMaxPower The maximum amountof bus

powerthe hub will consumein
high-speed configuration
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Interface Descriptor:

bLength 09H

 

  

 
 

  

 

bDescriptorType

bInterfaceNumber

bAlternateSetting

bNumEndpoints

 

 

bInterfaceClass HUB_CLASSCODE(09H) 

  

 
  

  

bInterfaceSubClass 0

bInterfaceProtocol 0 (for single TT)
1 (for multiple TT)

Unterface i 

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

5

 

 

bDescriptorType

bEndpointAddress

wMaxPacketSize

Interface Descriptor (present if multiple TT hub):

bLength

 

 
  

 

Implementation-dependent;
Bit 7: Direction = In(1)

Transfer Type = Interrupt
(000000118 )

 

  
 

 
 

 

 Implementation-dependent

 
 
 

FFH (Maximum allowable
interval)

 

bDescriptorType 

bInterfaceNumber 

bAlternateSetting 

bNumEndpoints

bInterfaceClass

bInterfaceSubClass

HUB_CLASSCODE(09H)

  
 
 

 
 

bInterfaceProtocol 

Unterface   
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Endpoint Descriptor (present if multiple TT hub):

bEndpointAddress Implementation-dependent;
Bit 7: Direction = In(1)  bmAttributes Transfer Type = Interrupt
(00000011B )

wMaxPacketSize Implementation-dependent

bInterval FFH (Maximum allowable
interval)  

High-speed Operating Hub with Single TT

Device Descriptor (High-speed information):

 
 

 

bDeviceSubClass 0

bDeviceProatocol 1

bMaxPacketSize0 64 

bNumConfigurations 1 

 

bLength 0AH

bDescriptorType

bedUSB

bDeviceClass

bDeviceSubClass

bDeviceProatocol
 

bMaxPacketSize0

 
bNumConfigurations
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Configuration Descriptor (high-speed information):

bLength 

bDescriptorType

wTotalLength

 

 

bNumInterfaces

bmAttributes Z

bMaxPower The maximum amount of bus

powerthe hub will consumein
this configuration

 
bLength 09H

bDescriptorType 4

0bAlternateSeiting

 
 

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE(09H)

bInterfaceSubClass 0

0 (single TT)

 

 

 

bInterfaceProtocol 

interface i

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

bDescriptorType 5

bEndpointAddress Implementation-dependent;
Bit 7: Direction = In(1)

bmAttributes Transfer Type = Interrupt
(0000001 1B) 

Implementation-dependentwMaxPacketSize
 

FFH (Maximum allowable
interval)

binterval
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Other_Speed_Configuration Descriptor(full-speed information): 

bLength  
bDescriptorType  
 

 

 

 

Interface Descriptor:

wTotalLength N

bNumInterfaces 1

bConfigurationValue x
iConfiguration y.
bmAttributes Z

bMaxPower The maximum amountof bus 
high-speed configuration
powerthe hub will consumein

 

 

 

 

  bLength 09H

bDescriptorType 4

bInterfaceNumber 0

bAlternateSetting 0

bNumEndpoints 1

|binterfaceClass|HUB_CLASSCODE(09H)_|

binterfaceSubClass 0

|binterfaceProtocol[0‘|

Endpoint Descriptor (for Status Change Endpoint):

 
 

  
 

bLength 07H

bDescriptorType 5

bEndpointAddress Implementation-dependent;
Bit 7: Direction = In(1) 

bmAttributes 
 

 
 

wMaxPacketSize

bInterval

 
 

Transfer Type = Interrupt
(00000011B )

 
 

Implementation-dependent

FFH (Maximum allowable
interval)
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High-speed Operating Hub with Multiple TTs

414

Device Descriptor (High-speed information):

bLength 12H

bDescriptorType 1

bedUSB

bDeviceClass

bDeviceSubClass

200H

HUB_CLASSCODE(09H)

bDeviceProtocol 2 (multiple TTs) 

 bMaxPacketSize0 | 64
bNumConfigurations

 
Device_Qualifier Descriptor (full-speed information):

bDescriptorType

bedUSB

 
  
 
 
  

bLengith     

 

 
 
 
 

 

bDescriptorType

bConfigurationValue

bMaxPower The maximum amountofbus

powerthe hub will consumein
this configuration
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Interface Descriptor:

bLength 

bDescriptorType 

bInterfaceNumber 0

bInterfaceClass HUB _CLASSCODE(09H)

binterfaceSubClass 0

biInterfaceProtocol 1 (single TT)

 

 

interface i

 
Endpoint Descriptor (for Status Change Endpoint):

bEndpointAddress Implementation-dependent;
Bit 7: Direction = In(1) 

bmAttributes Transfer Type = Interrupt
(00000011B) 

wMaxPacketSize Implementation-dependent

bInterval FFH (Maximum allowable
interval)

  
Interface Descriptor:

irae [2

bNumEndpoints

 

 
  
  
  
 

  
 

 
  

 
 

 

bInterfaceClass HUB_CLASSCODE(09H)

binterfaceSubClass 0

binterfaceProtocol 2 (multiple TTs)
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Endpoint Descriptor:

se

ier

bEndpointAddress Implementation-dependent;
Bit 7: Direction = In(1)

bmAttributes Transfer Type = Interrupt
(00000011B )

wMaxPacketSize Implementation-dependent

   

 
 

 

 
   binterval  
 

FFH (Maximum allowable
interval)

Other_Speed_Configuration Descriptor (full-speed information):  bLength 09H

bDescripiorType 7

wTotalLength N

bNumInterfaces 1

bConfigurationValue Xx

i1Configuration y
bmAttributes Zz

bMaxPower The maximum amountofbus

powerthe hub will consume in
high-speed configuration

Interface Descriptor:

prisoner[O
arte[O
imbsine

ress
reread[0
fines
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Endpoint Descriptor (for Status Change Endpoint):

 
 bDescriptorType 3 

bEndpointAddress 
 
 
 
 

bmAttributes

wMaxPacketSize

bInterval

 

 
 

 Implementation-dependent;
Bit 7: Direction = In(1)

Transfer Type = Interrupt
(00000011B)

Implementation-dependent

FFH (Maximum allowable
interval)

 

 

 
 

 
  

The hubclass driver retrieves a device configuration from the USB System Software using the
GetDescriptor() device request. The only endpoint descriptor that is returned by the GetDescriptor() request
is the Status Change endpoint descriptor.

11.23.2 Class-specific Descriptors

11.23.2.1 Hub Descriptor
Table 11-13 outlines the various fields contained by the hub descriptor.

Table 11-13. Hub Descriptor

 
wHubCharacteristics

a
|0|bDesctength=sss|lt Numberof bytes in this descriptor, including this byte

—— bDescriptorType|4|Descriptor Type, value: 29H for hub descriptor
5NbrPorts Numberof downstream facing ports that this hub

supports

D1...D0: Logical Power Switching Mode
00:

01:
1X:

 
 

  
Ganged power switching (all ports’ powerat
once)
Individual port power switching
Reserved. Used only on 1.0 compliant hubs
that implement no power switching

Identifies a Compound Device
Hubis not part of a compound device.
Hubis part of a compound device.

D4...D3: Over-current Protection Mode
00: Global Over-current Protection. The hub

reports over-current as a summation ofall
ports’ current draw, without a breakdown of
individual port over-current status.
Individual Port Over-current Protection. The

hub reports over-current on a per-port basis.
Each port has an over-current status.
No Over-current Protection. This option is
allowed only for bus-powered hubs that do not
implement over-current protection.
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[ofeet[Feta|See]_—Seserion=

7—
DeviceRemovable Variable,

depending
on

number of

ports on
hub

Variable|PortPwrCtriMask Variable,
depending

on
numberof

ports on
hub

D6...05: TT Think Time

00: TT requires at most 8 FS bit times of inter
transaction gap onafull-/low-speed
downstream bus.

01: TT requires at most 16 FS bit times.
10: TT requires at most 24 FSbit times.
11: TT requires at most 32 FS bit times.

D7: Port Indicators Supported
0: Port Indicators are not supported onits

downstream facing ports and the
PORT_INDICATORrequest has no effect.
Port Indicators are supported onits
downstream facing ports and the
PORT_INDICATORrequestcontrols the
indicators. See Section 11.5.3.

D15.,..08: Reserved 

Time(in 2 ms intervals) from the time the power-on
sequence begins on a port until power is good on that
port. The USB System Software usesthis value to
determine how long to wait before accessing a
powered-onport. 

Maximum current requirements of the Hub Controller
electronics in mA. 

Indicates if a port has a removable device attached.
This field is reported on byte-granularity. Within a
byte, if no port exists for a given location, the field
representing the port characteristics returns 0.

Bit value definition:
OB - Device is removable.
1B - Device is non-removable

This is a bitmap correspondingto the individual ports
on the hub:

Bit 0: Reserved for future use.
Bit 1: Port 1
Bit 2: Port 2

Bit n: Port n (implementation-dependent, up to a
maximum of 255 ports).

This field exists for reasons of compatibility with
software written for 1.0 compliant devices. All bits in
this field should be set to 1B. This field has one bit for

each port on the hub with additional padbits,if
necessary, to make the number ofbits in the field an
integer multiple of 8.
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11.24 Requests

11.24.1 Standard Requests
Hubshavetighter constraints on request processing timing than specified in Section 9.2.6 for standard
devices because they are crucial to the "time to availability" of all devices attached to USB. The worst case
request timing requirements are listed below (apply to both Standard and HubClass requests):

1. Completion time for requests with no data stage: 50 ms

2. Completion times for standard requests with data stage(s)
Time from setup packet to first data stage: 50 ms
Time between each subsequentdata stage: 50 ms
Time betweenlast data stage and status stage: 50 ms

As hubsplay such a crucial role in bus enumeration,it is recommended that hubs average response times be
less than 5 ms for all requests.

Table 11-14 outlines the various standard device requests.

Table 11-14. Hub Responses to Standard Device Requests

GET_INTERFACE Undefined. Hubs are allowed to support only one
interface.

ecmrene—
ceo
eciseemron

SET_INTERFACE Undefined. Hubs are allowed to support only one
interface.

SYNCH_FRAME Undefined. Hubs are not allowed to have isochronous
endpoints.

Optional requests that are not implemented shall return a STALLin the Data stage or Status stage of the
request.
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11.24.2 Class-specific Requests
The hub class defines requests to which hubs respond,as outlined in Table 11-15. Table 11-16 defines the
hub class request codes. All requests in the table below except SetHubDescriptor() are mandatory.

Table 11-15. Hub Class Requests

ClearHubFeature 00100000B CLEAR_ FEATURE Feature
Selector  

ClearPortFeature 00100011B CLEAR_ FEATURE Feature Selector,
Selector Port

ClearTTBuffer 00100011B|CLEAR_TT_BUFFER|Dev_Adadr, TT_port
EP_Num 

GetHubDescriptor 10100000B GET_DESCRIPTOR Descriptor Zero or Descriptor|Descriptor
Type and Language Length
Descriptor ID

Index

GetHubStatus 40100000B GET_ STATUS Hub
Status and

Change
Status

GetPortStatus 10100011B GET_ STATUS

SetHubDescriptor 00100000B SET_DESCRIPTOR Descriptor Zero or Descriptor|Descriptor
Type and Language Length
Descriptor ID

Index

SetHubFeature 00100000B SET_ FEATURE Feature
Selector

SetPortFeature 00100011B SET_ FEATURE Feature Selector,
Selector Port

GetTTState 10100011B GET_TT_STATE TT_Flags TT State
Length

StopTT 00100011B STOP_TT Port Zero None
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Table 11-16. Hub Class Request Codes

ecems|
focreef4

RESERVED(used in previous 2
specifications for
GET_STATE)

SET_ FEATURE

Reservedfor future use

GET_DESCRIPTOR

SET_DESCRIPTOR

CLEAR_TT_BUFFER 

RESET_TT 

GET_TT_STATE 

STOP_TT

 
Table 11-17. Hub Class Feature Selectors

a
C_HUB_LOCAL_POWER Hub 0

C_HUB_OVER_CURRENT Hub 4

romsowecvon|e

PORT_SUSPEND Port 2

PORT_OVER_CURRENT Port 3

PORT_RESET Port 4

    
 
  

  

     

Table 11-17 gives the valid feature selectors for the hub class. See Section 11.24.2.6 and Section 11.24.2.7 fora
description of the features.
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Table 11-17. Hub Class Feature Selectors (continued)

einenvate
PORT_POWER 

PORT_LOW_SPEED 

C_PORT_CONNECTION 

C_PORT_ENABLE 

C_PORT_SUSPEND 

C_PORT_OVER_CURRENT 

C_PORT_RESET 

PORT_TEST 

PORT_INDICATOR

 
11.24.2.1 Clear Hub Feature

This request resets a value reported in the hubstatus.

|bmRequesttype|pe|Request|ee|ee wLength
00100000B CLEAR_ FEATURE Feature Zero

Selector

Clearing a feature disables that feature; refer to Table 11-17 for the feature selector definitions that apply to
the hub as a recipient. If the feature selector is associated with a status change, clearing that status change
acknowledges the change. This request format is used to clear either the CHUBLOCALPOWERor
C_HUB_OVER_CURRENTfeatures.

 
  

It is a Request Errorifw)alwe is not a feature selectorlisted in Table 1 1-17 or if windex or wLength are not
as specified above.

If the hubis not configured, the hub’s response to this request is undefined.

11.24.2.2 Clear Port Feature

This request resets a value reported in the port status.

00100011B CLEAR_ FEATURE Feature Selector Zero
Selector

The port number must be a valid port numberfor that hub, greater than zero. The port field is located in bits
7..0 of the windex field.
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Clearing a feature disables that feature or starts a process associated with the feature; refer to Table 11-17
for the feature selector definitions. If the feature selector is associated with a status change, clearing that
status change acknowledges the change. This request format is used to clear the following features:

¢ PORT_ENABLE

¢ PORTSUSPEND

* PORTPOWER

® PORT_INDICATOR

* CPORTCONNECTION

* CPORTRESET

* CPORTENABLE

* CPORTSUSPEND

* CPORTOVERCURRENT

Clearing the PORTSUSPEND feature causes a host-initiated resume on the specified port. If the port is
not in the Suspendedstate, the hub should treat this request as a functional no-operation.

Clearing the PORT_ENABLEfeature causes the port to be placed in the Disabled state. If the port is in the
Powered-off state, the hub should treat this request as a functional no-operation.

Clearing the PORT_POWERfeature causes the port to be placed in the Powered-off state and may, subject
to the constraints due to the hub’s method of power switching,result in power being removed from the port.
Refer to Section 11.11 on rules for how this request is used with ports that are gang-powered.

The selector field identifies the port indicator selector when clearing a port indicator. The selector field is in
bits 15..8 of the windex field.

It is a Request Error ifw Valve is not a feature selector listed in Table 11-17, if w/ndex specifies a port that
does notexist, or if wLength is not as specified above. It is not an error for this requestto try to clear a
feature that is already cleared (hub should treat as a functional no-operation).

If the hub is not configured, the hub's responseto this request is undefined.

11.24.2.3 Clear TT Buffer

This request clears the state of a Transaction Translator(TT) bulk/control bufferafter it has been left in a
busy state due to high-speed errors. This request is only defined for non-periodic endpoints;e.g., if it is
issued for a periodic endpoint, the response is undefined. After successful completion of this request, the
buffer can again be used by the TT with high-speed split transactions for full-/low-speed transactions to

attachedCanons|edevices.|bmRequestType||bequest,||wvalue|windex|wlensth|Data_|
00100011B CLEAR_TT_BUFFER Device_Address, TT_port Zero

Endpoint_Number 
If the hub supports a TT perport, then wIndex must specify the port number of the TT that encountered the
high-speed errors (e.g., with the busy TT buffer). If the hub provides only a single TT, then w/Jndex must be
set to one.
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The deviceaddress, endpoint_number, and endpoint_typeofthefull-/low-speed endpoint(as specified in
the corresponding split transaction) that may have a busy TT buffer must be specified in the wValuefield.
The specific bit fields used are shown in Table 11-18.

It is a Request Error if w/mdex specifies a port that does not exist, or if wLength is not as specified above. It
is not an error for this request to try to clear a buffer for a transaction that is not buffered by the TT ( should
treat as a functional no-operation).

If the hub is not configured, the hub’s response to this request is undefined.

Table 11-18. wValue Field for Clear_TT_Buffer

Field Bits 

 
 
  
 

 

 

 

3..0 | Endpoint Number
10..4 | Device Address
12.11 Endpoint Type

Reserved, must be zero

Direction, 1 = IN, 0= OUT 
 

11.24.2.4 Get Bus State

Previous versions of USB defined a GetBusState request. This request is no longer defined.

11.24.2.5 Get Hub Descriptor
This request returns the hub descriptor.

10100000B GET_DESCRIPTOR Descriptor Descriptor|Descriptor
Type and Length
Descriptor

Index
 

The GetDescriptor() request for the hub class descriptor follows the same usage modelas that of the
standard GetDescriptor() request (refer to Chapter 9). The standard hub descriptor is denoted by using the
value bDescriptorType defined in Section 11,.23.2.1. All hubs are required to implement one hub descriptor,
with descriptor index zero.

If wLength is larger than the actual length of the descriptor, then only the actual length is returned. If
wLength is less than the actual length of the descriptor, then only the first wLength bytes of the descriptor
are returned; this is not considered an error even if wLengthis zero.

It is a RequestError if wValue or wIndex are other than as specified above.

If the hub is not configured, the hub’s responseto this request is undefined.
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11.24.2.6 Get Hub Status

This request returns the current hubstatus andthestates that have changed since the previous
acknowledgment.

 10100000B GET_ STATUS Zero Zero Four Hub Status
and Change

Status

The first word of data contains wHubStatus (refer to Table 11-19). The second word ofdata contains
wHubChange(refer to Table 11-20),

It is a Request Error if w Value, w/ndex, or wLength are otherthan as specified above.

If the hub is not configured, the hub’s responseto this request is undefined.

Table 11-19. Hub Status Field, wHubStatus

Description

Local Power Source: This is the source of the local power supply.

This field indicates whether hub power(for other than the SIE) is being provided by an external source or
from the USB. This field allows the USB System Software to determine the amount of poweravailable from
a hub to downstream devices.

0 = Local power supply good
1 = Local power supply lost (inactive)

  
Over-current:

lf the hub supports over-current reporting on a hub basis, this field indicates that the sum ofall the ports’
current has exceeded the specified maximum andall ports have been placed in the Powered-off state. If the
hub reports over-current on a per-port basis or has no over-current detection capabilities, this field is always
zero. For more details on over-current protection, see Section 7.2.1.2.1.

0 = No over-current condition currently exists.
1 = A hub over-current condition exists.

2-15 Reserved

Thesebits return 0 when read.

There are no defined feature selector values for these status bits and they can neither be set nor cleared by
the USB System Software.
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Table 11-20. Hub ChangeField, wHubChange

aes08
Local PowerStatus Change: (C_HUB_LOCAL_POWER)Thisfield indicates that a change has
occurred in the hub’s Local Power Sourcefield in wHubStatus.

This field is initialized to zero when the hub receives a bus reset.

0 = No change has occurred to Local PowerStatus.
1 = Local Power Status has changed.

 

Over-Current Change: (C_HUB_OVER_CURRENT)Thisfield indicatesif a change has occurredin the
Over-Currentfield in wHubStatus.

This field is initialized to zero when the hub receives a bus reset.

0 = No changehas occurred to the Over-Current Status.
1 = Over-Current Status has changed.

2-15 Reserved

Thesebits return 0 when read.

Hubs mayallow setting ofthese change bits with SetHubFeature() requests in order to support diagnostics.
If the hub does not support setting of these bits, it should either treat the SetHubFeature() request as a
Request Error or as a functional no-operation. Whenset, these bits may be cleared by a ClearHubFeature()
request. A requestto set a feature thatis already set or to clear a feature that is already clear has no effect
and the hub will notfail the request.

 
11.24.2.7 Get Port Status

This request returns the current port status and the current value of the port status changebits.

 10100011B GET_STATUS zero Port Four Port Status.
and Change

Status

The port number must be a valid port number for that hub, greater than zero.

The first word of data contains wPortStatus (refer to Table 11-21). The second word of data contains
wPortChange (refer to Table 11-20).

Thebit locations in the wPortStatus and wPortChange fields correspond in a one-to-one fashion where
applicable.

It is a Request Error if wVa/ue or wLength are other than as specified above or if w/ndex specifies a port that
does not exist.

If the hub is not configured, the behavior of the hub in responseto this request is undefined.
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11.24,2.7.1 Port Status Bits

Table 11-21. Port Status Field, wPortStatus

Description

Current Connect Status: (PORT_CONNECTION)Thisfield reflects whetheror not a device is currently
connectedto this port.

0 = No deviceis present.
1 =A device is present on this port.

Port Enabled/Disabled: (PORT_ENABLE)Ports can be enabled by the USB System Software only. Ports
can be disabled byeither a fault condition (disconnect event or other fault condition) or by the USB System
Software.

0 = Portis disabled.
1 = Portis enabled.

Suspend: (PORT_SUSPEND)Thisfield indicates whetheror not the device onthis port is suspended.
Setting this field causes the device to suspend by not propagating bustraffic downstream. This field may be
reset by a request or by resumesignaling from the device attachedto the port.

0 = Not suspended.
1 = Suspended or resuming.

Over-current: (PORT_OVER_CURRENT)

lf the hub reports over-current conditions on a per-port basis, this field will indicate that the current drain on the
port exceeds the specified maximum. For more details, see Section 7.2.1.2.1.

0 = All no over-current condition exists on this port.
1 = An over-current condition exists on this port.

Reset: (PORT_RESET) Thisfield is set when the hostwishesto resetthe attached device. It remains set
until the reset signaling is turned off by the hub.

0 = Resetsignaling not asserted.
1 = Reset signaling asserted.

5-7 Reserved

These bits return 0 when read.

Port Power: (PORT_POWER)Thisfield reflects a port's logical, power control state. Because hubs can
implementdifferent methods of port power switching, this field may or may not represent whether power is
applied to the port. The device descriptor reports the type of power switching implemented by the hub.

7

0 = This port is in the Powered-off state.
1 = This port is not in the Powered-off state.

Low- Speed Device Attached: (PORT_LOV_SPEED)Thisis relevantonly if a device is attached.

0 = Full-speed or High-speed device attached to this port (determined by bit 10).
1 = Low-speed device attachedto this port.

High-speed Device Attached: (PORT_HIGH_SPEED)Thisis relevantonly if a device is attached.

0 = Full-speed device attached to this port.
1 = High-speed device attachedtothis port.

Port Test Mode : (PORT_TEST)Thisfield reflects the status of the port's test mode. Software uses the
SetPortFeature() and ClearPortFeature() requests to manipulate the port test mode.

0 = This port is not in the Port Test Mode.
1 = This port is in Port Test Mode.

Port Indicator Control: (PORT_INDICATOR)Thisfield is set to reflect software control of the port indicator.
For more details see Sections 11.5.3, 11.24.2.7.1.10, and 11.24.2.13.

0 = Port indicator displays default colors.
1 = Port indicator displays software controlled color.

13-15 Reserved

These bits return 0 when read.
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11.24.2.7.1.1 PORT_CONNECTION

When the Port Powerbitis one, this bit indicates whether or not a device is attached. This field reads as one
whena deviceis attached; it reads as zero when no device is attached. This bit is reset to zero when the port
is in the Powered-off state or the Disconnected states. It is set to one whenthe port is in the Poweredstate,
a device attach is detected (see Section 7.1.7.3), and the port transitions from the Disconnectedstate to the
Disabled state,

SetPortFeature(PORT_CONNECTION)and ClearPortFeature(PORT_CONNECTION)requests shall not
be used by the USB System Software and must be treated as no-operation requests by hubs.

11.24.2.7.1.2 PORT_ENABLE
This bit is set when the port is allowed to send or receive packet data or resumesignaling.

This bit may be set only as a result of a SetPortFeature(PORT_RESET) request. When the hub exits the
Resettingstate or, if present, the Speed_eval state, this bit is set and bus traffic may be transmitted to the
port. This bit may be cleared as the result of any of the following:

e The port being in the Powered-off state

e Receipt of a ClearPortFeature(PORT_ENABLE)request

e  Port_Error detection

e Disconnect detection

e Whenthe port enters the Resetting state as a result of receiving the SetPortFeature(PORT_RESET)
request

The hub response to a SetPortFeature(PORT_ENABLE)requestis not specified. The preferred behavioris
that the hub respond with a Request Error. This may not be used by the USB System Software. The
ClearPortFeature(PORT_ENABLE)requestis supported as specified in Section 11.5.1.4.

11.24.2.7.1.3 PORT_SUSPEND

Thisbit is set to one whenthe port is selectively suspended by the USB System Software. While this bit is
set, the hub does not propagate downstream-directedtraffic to this port, but the hub will respond to resume
signaling from the port. This bit can be set only if the port’s PORT_ENABLEbitis set and the hubreceives
a SetPortFeature(PORTSUSPEND)request. This bit is cleared to zero onthe transition from the SendEOP
state to the Enabledstate, or on the transition from the Restart_S state to the Transmit state, or on any event
that causes the PORT_ENABLEbitto be cleared while the PORT_SUSPEND bit isset.

The SetPortFeature(PORT_SUSPEND)request may be issued by the USB System Software at any time but
will have an effect only as specified in Section 11.5.

11.24.2.7.1.4 PORT_OVER-CURRENT

This bit is set to one while an over-current condition exists on the port. This bit is cleared when an over-
current condition does not exist on the port.

If the voltage onthis port is affected by an over-current condition on anotherport, this bit is set and remains
set until the over-current condition on the affecting port is removed. When the over-current condition on
the affecting port is removed,this bit is reset to zero if an over-current condition does not exist on this port.

Over-current protection is required on self-powered hubs(it is optional on bus-powered hubs) as outlined in
Section 7.2.1.2.1.

The SetPortFeature(PORT_OVER_CURRENT)and ClearPortFeature(PORT_OVER_CURRENT)requests
shall not be used by the USB System Software and maybetreated as no-operation requests by hubs.
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11.24.2.7.1.5 PORT_RESET

This bit is set while the port is in the Resetting state. A SetPortFeature(PORT_RESET) requestwill initiate
the Resetting state if the conditions in Section 11.5.1.5 are met. This bit is set to zero while the port is in the
Powered-offstate.

The ClearPortFeature(PORT_RESET) request shall not be used by the USB System Software and may be
treated as a no-operation request by hubs.

11.24.2.7.1.6 PORT_POWER

This bit reflects the current powerstate of a port. This bit is implemented onall ports whetheror not actual
port powerswitching devices are present.

Whilethis bit is zero, the port is in the Powered-off state. Similarly, anything that causesthis port to go to
the Power-off state will cause this bit to be set to zero.

A SetPortFeature(PORT_POWER)will set this bit to one unless both CHUBLOCALPOWERandLocal
PowerStatus (in wHubStatus) are set to one in which case the request is treated as a functional no-
operation.

This bit may be cleared under the following curcumstances:

e Hubreceives a ClearPortFeature(PORT_POWER).

e An over-current condition exists on the port.

e An over-current condition on another port causes the poweronthis port to be shutoff.

The SetPortFeature(PORT_POWER)and ClearPortFeature(PORT_POWER)requests may be issued by the
USB System Software wheneverthe port is not in the Not Configured state, but will have an effect only as
specified in Section 11.11.

11.24.2.7.1.7 PORT_LOW_SPEED

This bit has meaning only when the PORT_ENABLEbitis set. Thisbit is set to one if the attached device
is low-speed. If this bit is set to zero, the attached device is either full- or high-speed as determined by bit
10 (PORT_HIGH_SPEED,see below).

The SetPortFeature(PORT_LOW_SPEED)and ClearPortFeature(PORT_LOW_SPEED)requests shall not
be used by the USB System Software and maybe treated as no-operation requests by hubs.

11.24.2.7.1.8 PORT_HIGH_SPEED
This bit has meaning only when the PORT_ENABLEbit is set and the PORT_LOW_SPEEDbitis set to
zero. Thisbit is set to one if the attached device is high-speed. Thebit is set to zero if the attached device
is full-speed.

The SetPortFeature(PORT_HIGH_SPEED)and ClearPortFeature(PORT_HIGH_SPEED)requests shall not
be used by the USB System Software and maybe treated as no-operation requests by hubs.

11.24.2.7.1.9 PORT_TEST

Whenthe Port Test Modebit is set to a one (1B), the port is in test mode. The specific test modeis
specified in the SetPortFeature(PORT_TEST) request by the test selector. The hub provides no standard
mechanism to report the specific test mode; therefore, system software must track which test selector was
used. Refer to Section 7.1.20 for details on each test mode. See Section 11.24.2.13 for more information

about using SetPortFeature to control test mode.
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This field may only beset as a result of a SetPortFeature(PORT_TEST) request. A port PORTTEST
request is only valid to a port that is in the Disabled, Disconnected, or Suspendedstates. If the port is not in
one of these states, the hub must respond with a requesterror.

This field may becleared as a result of resetting the hub.

11.24.2.7.1.10 PORT_INDICATOR

Whenthe Port Indicator port status is set to a (1B), the port indicator selector is non-zero. The specific
indicator modeis specified in the SetPortFeature(PORT_INDICATOR)request by the indicator selector.
The GetPortStatus(PORT_INDICATOR)provides no standard mechanism to report a specific indicator
mode; therefore, system software must track which indicator mode was used. Refer to Sections 11.5.3 and
11.24.2.13 for details on each indicator mode.

This field may only beset as a result of a SetPortFeature(PORT_INDICATOR)request.

This field may be cleared as a result of a SetPortFeature(PORT_INDICATOR)request with Indicator
Selector = Default or a ClearPortFeature(PORT_INDICATOR)request.

This feature must be set when host software detects an error on a port that requires user intervention. This
feature must be utilized by system softwareif it determines that any of the following conditionsare true:

e A high powerdeviceis plugged into a low powerport.

e A defective device is plugged into a port (Babble conditions, excessive errors, etc.).

e An overcurrent condition occurs which causes software or hardwaretoset theindicator.

The PORT_OVER_CURRENTstatusbit will set the default port indicator color to amber. Setting the
PORT_POWERfeature,sets the indicatorto off.

This feature is also used when host software determines that a port requires user attention. Many error
conditions can be resolved if the user moves a device from one port to another that has the proper
capabilities.

A typical scenario is when a user plugs a high powerdevicein to a bus-powered hub. If there is an
available high powerport, then the user can be directed to move the device from the low-powerport to the
high powerport.

I. Host software would cycle the PORT_INDICATORfeature of the low-powerport to blink the indicator
and display a message to the user to unplug the device from the port with the blinking indicator.

2. Using the CPORT_CONNECTIONstatus change feature, host software can determine whenthe user
physically removed the device from the low-powerport.

3. Host software would next issue a ClearPortFeature(PORT_INDICATOR)to the low-powerport
(restoring the default color), begin cycling the PORT_INDICATORofthe high-powerport, and display
a messagetelling the user to plug the device into the port with the blinking indicator.

4. Using the CPORT_CONNECTIONstatus change feature host software can determine whenthe user
physically inserted the device onto the high powerport.

Host software must cycle the PORT_INDICATORfeatureto blink the currentcolor at approximately
0.5 Hz rate with a 30-50% duty cycle.
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11.24.2.7.2 Port Status Change Bits

Port status change bits are used to indicate changesin port status bits that are not the direct result of
requests. Port status change bits can be cleared with a ClearPortFeature() request or by a hub reset. Hubs
mayallow setting ofthe status change bits with a SetPortFeature() request for diagnostic purposes. If a hub
does not support setting of the status changebits, it may either treat the request as a Request Error or as a
functional no-operation. Table 11-22 describes the variousbits in the wPortChangefield.

Table 11-22. Port Change Field, wPortChange

Connect Status Change: (C_PORT_CONNECTION)Indicates a change has occurred in the port's Current
Connect Status. The hub device sets this field as described in Section 11.24.2.7.2.1.

0 = No change has occurred to Current Connect status.
1 = Current Connect status has changed.

Port Enable/Disable Change: (C_PORT_ENABLE)Thisfield is set to one whena port is disabled because
of a Port_Error condition (see Section 11.8.1).

Suspend Change: (C_PORT_SUSPEND)Thisfield indicates a changein the host-visible suspendstate of
the attached device. It indicates the device has transitioned out of the Suspend state. This field is set only
whenthe entire resume process has completed. That is, the hub has ceased signaling resume on this port.

0 = No change.
1= Resume complete.

Over-Current Indicator Change: (C_PORT_OVER_CURRENT)Thisfield applies only to hubsthat report
over-current conditions on a per-port basis (as reported in the hub descriptor).

0 = No change has occurred to Over-Current Indicator.
1 = Over-Current Indicator has changed.

If the hub does notreport over-current on a per-port basis, thenthis field is always zero.

Reset Change: (C_PORT_RESET)Thisfield is set when reset processing on this port is complete.
0 = No change.
1 = Reset complete.

§-15 Reserved

These bits return 0 when read.

11.24.2.7.2.1 C_PORT_CONNECTION

This bit is set when the PORT_CONNECTIONbit changes becauseofan attach or detach detect event (see
Section 7.].7.3). This bit will be cleared to zero by a ClearPortFeature(C_PORTCONNECTION)request
or while the port is in the Powered-offstate.

 
11.24.2.7.2.2 C_PORT_ENABLE

This bit is set when the PORT_ENABLEbit changes from oneto zero asaresult of a Port Error condition
(see Section 11.8.1). This bit is not set on any other changes to PORT_ENABLE.

This bit may be set if, on a SetPortFeature(PORT_RESET), the port stays in the Disabled state because an
invalid idle state exists on the bus (see Section 11.8.2).

This bit will be cleared by a ClearPortFeature(C_PORT_ENABLE)requestor whilethe port is in the
Powered-off state.
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11.24.2.7.2.3 C_PORT_SUSPEND

This bit is set on the following transitions:

*e Ontransition from the Resumingstate to the SendEOPstate

* Ontransition from the Restart_S state to the Transmitstate

This bit will be cleared by a ClearPortFeature(C_PORT_SUSPEND)request, or while the port is in the
Powered-off state.

11.24.2.7.2.4 C_PORT_OVER-CURRENT
This bit is set when the PORT_OVER_CURRENTbit changes from zero to one or from one to zero, This
bit is also set if the port is placed in the Powered-off state due to an over-current condition on anotherport.

This bit will be cleared whentheport is in the Not Configuredstate or by a
ClearPortFeature(C_PORT_OVER_CURRENT)request.

11.24.2.7.2.5 C_PORT_RESET

This bit is set when the port transitions from the Resetting state (or, if present, the Speed_eval state) to the
Enabledstate.

This bit will be cleared by a ClearPortFeature(C_PORT_RESET)request,or while the port is in the
Powered-offstate.

11.24.2.8 Get_TT_State

This request returns the internal state of the transaction translator in a vendorspecific format. A TT
receiving this request must have first been stopped via the Stop_TT request. This request is provided for
debugging purposes.

 10100011B GET_TT_STATE TT_Flags TT State TT State
Length

The TT_Flagsbits 7..0 are reserved for future USB definition and must be set to zero. The TT_Flags
bits 15..8 are for vendorspecific usage.

The TTstate returned in the data stage of the control transfer for this request is shown in Table 11-23.

Table 11-23. Format of Returned TT State

ee[awe[eee
TT_Return_Flags Bits 15..0 are reserved for future

USBdefinition and must be set
to zero. Bits 31..16 are for

vendor specific usage. 

TT_specific_state Implementation dependent
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If the hub supports multiple TTs, then w/ndex must specify the port numberof the TT that will return
TT_state. Ifthe hub provides only a single TT, then Port mustbe set to one.

Thestate of the TT after processing this requestis undefined.

It is a Request Error, if w/mdex specifies a port that does not exist. If wLength is larger than the actual
length of this request, then only the actual length is returned. If wLength is less than the actual length ofthis
request, then only thefirst wLength bytes of this request are returned; this is not considered anerror even if
wLengthis zero.

If the hub is not configured, the hub’s response to this request is undefined.

11.24.2.9 Reset_TT
This request returns the transaction translator in a hub to a knownstate,

Under some circumstances, a Transaction Translator (TT) in a hub may be in an unknownstate suchthatit
is no longer functioning correctly. The Reset_TT request allows the TT to be returned to thestateit is in
immediately after the hub is configured. Reset_TT only resets the TT internal data structures (buffers) and
pipeline andits related state machines. After the reset is completed, the TT can resumeits normal
operation. Reset of the TT is de-coupled from the otherparts ofthe hub (including downstream facing ports
of the hub, the hub repeater, the hub controller, etc), Other parts of the hub are not reset and can continue
their normal operation. The downstream facing ports are notreset, so that when the TT resumes its normal
operation, the corresponding attached devices continue to work;i.e., a new enumeration processis not
required. The working of downstream FS/LS devices are disrupted only during thereset time of the TT to
which they belong.

 

  

If the hub supports multiple TTs, then w/ndex must specify the port numberof the TT that is to be reset. If
the hub provides only a single TT, then Port mustbe set to one. For a single TT Hub, the Hub can ignore
the Port number.

It is a Request Error, if w/ndex specifies a port that does not exist, or if wLength is not as specified above.

If the hub is not configured, the hub’s responseto this request is undefined.

11.24.2.10 Set Hub Descriptor

This request overwrites the hub descriptor.

001000008 SET_DESCRIPTOR Descriptor Descriptor Descriptor
Type and Length
Descriptor

Index
 

The SetDescriptor request for the hub class descriptor follows the same usage modelas that of the standard
SetDescriptor request (refer to Chapter 9). The standard hub descriptor is denoted by using the value
bDescriptorType defined in Section 11.23.2.]. All hubs are required to implement one hub descriptor with
descriptor index zero.
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This request is optional. This request writes data to a class-specific descriptor. The host provides the data
that is to be transferred to the hub during the data transfer phase of the control transaction. This request
writes the entire hub descriptor at once.

Hubs must buffer all the bytes received from this request to ensure that the entire descriptor has been
successfully transmitted from the host. Upon successful completion of the bus transfer, the hub updates the
contents of the specified descriptor.

It is a Request Error if w/ndexis not zero or if wLength does not match the amountofdata sent by the host.
Hubsthat do not support this request respond with a STALL during the Data stage of the request.

If the hubis not configured, the hub’s response to this request is undefined.

11.24.2.11 StopTT
This request stops the normal execution of the transactiontranslator so that the internal TT state can be
retrieved via Get_TT_State. This request is provided for debugging purposes.

The only standardized method to restart a TT after a Stop_TT request is via the Reset_TT request.

  

  

If the hub supports multiple TTs, then w/mdex must specify the port numberofthe TT that is being stopped.
If the hub provides only a single TT, then Port must be set to one. For a single TT Hub, the Hub can ignore
the Port number.

It is a Request Error, ifw/ndex specifies a port that does not exist, or ifwLength is not as specified above.

If the hub is not configured, the hub’s responseto this request is undefined.

11.24.2.12 Set Hub Feature

This request sets a value reported in the hubstatus.

|bmRequestType|Request||wwatue|}whength
00100000B SET_ FEATURE Feature Zero Zero

Selector

Setting a feature enablesthat feature; refer to Table 11-17 for the feature selector definitions that apply to
the hub as recipient. Status changes may not be acknowledgedusingthis request.

 
It is a Request Errorifw Value is not a feature selector listed in Table 11-17 or if windex or wLength are not
as specified above.

If the hub is not configured, the hub’s responseto this request is undefined.
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11.24.2.13 Set Port Feature

This request sets a value reportedin the port status.

00100011B SET_ FEATURE Feature zero
Selector Selector

The port number must be a valid port numberfor that hub, greater than zero. The port numberis in theleast
significant byte (bits 7..0) of the w/ndex field. The most significant byte ofw/ndex is zero, except when the
feature selector is PORT_TEST.

 

  
 

Setting a feature enables that feature or starts a process associated with that feature; see Table 11-17 for the
feature selector definitions that apply to a port as a recipient. Status change may not be acknowledged using
this request. Features that can be set with this requestare:

e PORTRESET

e PORT_SUSPEND

e PORT_POWER

e PORT_TEST

e PORT_INDICATOR

e C_PORT_CONNECTION*

e C_PORT_RESET*

e C_PORT_ENABLE*

e CPORT_SUSPEND*

e CPORT_OVER_CURRENT*

* Denotes features that are not required to be set by this request

Setting the PORT_SUSPEND feature causes bustraffic to cease on that port and, consequently, the device
to suspend. Setting the reset feature PORT_RESETcauses the hubto signal reset on that port. When the
reset signaling is complete, the hub sets the C_PORT_RESETstatus change and immediately enables the
port. Also see Section 11.24.2.7.1 for further details.

Whenthefeature selector is PORT_TEST,the mostsignificant byte (bits 15..8) of the wi/ndexfield is the
selector identifying the specific test mode. Table 11-24 lists the test selector definitions. Refer to
Section 7.1.20 for definitions of each test mode. Test mode of a downstream facing port can only be used in
a well defined sequence of hub states. This sequence is defined as follows:

1) All enabled downstream facing ports ofthe hub containing the port to be tested must be
(selectively) suspended via the SetPortFeature(PORT_SUSPEND)request. Each downstream
facing port ofthe hub mustbe in the disabled, disconnected, or suspendedstate (see Figure 11-9).

2) A SetPortFeature(PORT_TEST) request must be issued to the downstream facing port to be tested.
Only a single downstream facing port can be in test_mode at atime. Thetransition to test mode
must be complete no later than 3 msafter the completion of the status stage of the request.

3) The downstream facing port undertest can now betested.

4) During test_mode, a port disconnect or resume status change on one of the suspended ports (not
including the port undertest) must cause a status change (C_PORT_CONNECTIONor
C_PORT_SUSPEND)report (See Section 11.12.3 and 11.24.2.7.2) from the hub. Note: Other
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status changes may or may not be supported in a hub with a downstream facing port in test mode.
The reporting of these status changes can allowatest application to restore normal operation of a
root hub without requiring a non-USB keyboard or mousefor user input. For example, a USB
device attached to the root hub can be disconnected to notify the test application to restore normal
root hub operation.

During test_mode, the state of the hub downstream facing ports must not be changed by the host
(i.e., hub class requests other than the Get_Port_Status() request must not be issued by the host).
Note: The hub mustalso be reset before a SetPortFeature(PORT_TEST)can be used to place the
port into another test mode.

After the test is completed, the hub (with the port undertest) must be reset by the host or user.
This must be accomplished by manipulating the port of the parent hub to which the hub undertest
is attached. This manipulation can consist of one of the following:

a) Issuing a SetPortFeature(PORTRESET)to port of the parent hub to which the hub undertest
is attached.

b) Issuing a ClearPortFeature(PORT_POWER)and SetPortFeature(PORT_POWER)to cycle
powerof a parent hub that supports per port powercontrol.

c) Disconnecting and re-connecting the hub undertest from its parent hub port.

d) Fora root hub undertest, a reset of the Host Controller may be required as there is no parent
hub of the root hub.

Behaviorof the hub undertest and its downstream facing ports is undefined if these requirements
are not met.

Table 11-24. Test Mode Selector Codes

1H

COH-FFH|Reserved for Vendor-Unique test selections
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Whenthe feature selector is PORT_INDICATOR,the mostsignificant byte of the w/ndex field is the
selector identifying the specific indicator mode. Table 11-25lists the indicator selector definitions. Refer
to Sections 11.5.3 and 11.24.2.7.1.10 for indicator details. The hub will respond with a requesterrorif the
request contains an invalid indicatorselector.

Table 11-25. Port Indicator Selector Codes

Value Port Indicator Color Port Indicator
Mode

Color set automatically, as Automatic
defined in Table 11-6

Cs

The hub must meetthe following requirements:

 

 

  
  

 

e Ifthe port is in the Powered-offstate, the hub must treat a SetPortFeature(PORT_RESET)request as a
functional no-operation.

e Ifthe port is not in the Enabled or Transmitting state, the hub musttreat a
SetPortFeature(PORTSUSPEND)request as a functional no-operation.

e Ifthe port is not in the Powered-off state, the hub must treat a SetPortFeature(PORT_POWER)request
as a functional no-operation.

It is a Request Error if w Value is not a feature selectorlisted in Table 11-17, if w/ndex specifies a port that
does not exist, or if wLength is not as specified above.

If the hub is not configured, the hub’s response to this requestis undefined.
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Appendix A
Transaction Examples

This appendix contains transaction examples fordifferent split transaction cases. The cases are for
bulk/control OUT and SETUP,bulk/control IN, interrupt OUT,interrupt IN, isochronous OUT, and
isochronous IN,

A.1—_ Bulk/Control OUT and SETUP Transaction Examples
Legend:

(S): Start Split

(C): Complete Split

Summary of cases for bulk/control OUT and SETUPtransaction

e Normal cases

Figure

feomonime|

rssmrooneen|mas
scureenmomen|[roma
pecumimasmameen|(rons

HS ACK(S) smash Figure A-4

Figure A-5

   
  
  
  

  
   
 

 

sonreenmen|(ama
sonreronosammenan|(roma  
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HS ACK(C) smash Figure A-9

fsrcnoseeonnewan|
esconenemen|[roma

FS/LS OUT/SETUP3 strikes smash FPFlgureate
FS/LS DATAO/1 smash

FS/LS DATAO/1 3 strikes smash Figure A-12 p
FS/LS ACK smash Figure A-13 P|
FS/LS ACK3 strikes smash Figure A-14 ys

e No buffer(on hub) avallable cases

Figure

No smash(HS NAK(S)) Fioueats|
HS NAK(S) smash frigueatefo
HS NAK(S)3 strikes smash friuweat?||

e CS(Complete-split transaction) earlier cases

Reference|Similar Figure
Figure

No smash(HS NYET) Figure A-18

HS NYET smash Figure A-19

Figure A-20

HS NYET 83 strikes smash Figure A-21 a

e Device busy cases

Case Reference|Similar Figure
Figure
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HS NAK(C) 3 strikes smash Figure A-10

FS/LS NAK smash Figure A-13

 

 FS/LS NAK3 strikes smash Fl Figure A-14
e Devicestall cases

Figure

No smash Figure A-23

HS STALL(C) smash Figure A-9

HS STALL(C) 3 strikes smash

 

  
Host Hub joysevice

(data toggle) (status) \(data toggle)
0 Old/x 0

stl SSPLIT et

sdl DATAO ag
——

shi ACK shl Pending/x

=OUI
DATAO

=|
Ready/ack

——
Old/ack

ch ACK ch3

Figure A-1. Normal No Smash
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>2Mas

BESot
aeS

QlhoA]<E/E™SitFoOOo;ar=<»7272?s4Sax23&m23=33OoowreoOA2fa

—/|a=aseot-—/a/2a].gy®SFan]Bee3/3]3Ee;=28feEelHl,om*F&FE&{|HI/]oee;Sl/Alae=|Zj=a3/2Sleleemrl/ElEsM=/E]BlOloe&1>]<9OoAle!Oo“aloO]as“4A]Oolap=<OO};<2S|&4—a‘===!3/3]BeZ|3a3]BlOF=aa:cea&o-_=
Host

(data toggle)

Figure A-2. Normal HS DATA0O/1 Smash
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FS/LS
device

(data toggle)

Hub
(status)

"Sune rcs>

OUT/SETUP,,,

SSPLIT

DATAO

stl

st2

sd

TRANS ERR

=eteEIS2/6Flalaleleteeenm;oOo;race
"ss=r222>

TRANS ERR
sel

SSPLIT(retry)

s/oeta=ia

a}5]&o1a=/3)3
"ss=r222>

TRANS ERR
sel

se2->se5

ENDPOINT HALT

Host

(data toggle)

Figure A-3. Normal HS DATAO/1 3 Strikes Smash
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Host Hub aves
(data toggle) (status) \(data toggle)

0 Old/x | 0

stl SSPLIT sti

sii DATAO oi,
sao

ACK ____shl___ Pending/x
a

TRANSERR
se2->se4

st! SSPLIT(retry)stl

st2 OUT/SETUP,,,
Hubignoresthis

iDATAO.
sh?’ (Hub already has

a _ hist.)|—_OUTSETUP
DATAO

la
Ready/ack

CSPLIT
ctl ey

Old/ack

ch ACK ch3

Figure A-4. Normal HS ACK(S) Smash(case 1)
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FS/LSHubHost

(data toggle) o222Ds

MSo-Ayai

no]SSleev>}<<OoO;ag=<eeSrRE-£¢->

2>2g85=&anesis33333ess3~6e2£2325toatewennnnnnnnnnnnnnnnnnance
1{

_ =f=sa2a=af]BeaS*].2]Bea
1

e\8leEatx)EIS/Se3FEfaleEe/3SfeE/eERsux/e/eexa|e]&wal2]teOta|2/afoOvA|a}Alo]ap=iod“/]olag=<oO];oO]<1ea},aa3]3|2°3]3]BROS3]3]OS
1i

VeoS_—
Figure A-5. Normal HS ACK(S) Smash(case 2)
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Host
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|
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Hub FS/LS
(status) device

\(data toggle)
Old/x 1g

—Sy
——

ACK —____shl___|Pending/x

—— —ourserur
se2->se4 1

_oe
SSPLIT(retry) Ready/ackstl

PRSrene
s2__ OUT/SETUP,,,

Hubignoresthis
DATAO.

(Hubalready has
this data.)

TRANS ERR
se2->se4

SSPLIT(retry)
stl

si2 OUT/SETUP.,,,

stl

Hubignores this

3 DATAO.
ACK_____si_-- (Hubalready has

4-------> this data.)

TRANS_ERR
se2->se5

ENDPOINT HALT

|
Figure A-6. Normal HS ACK(S)3 Strikes Smash
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FS/LSHub

(status)

Host
(data toggle) device

(data toggle)

OUT/SETUP

DATAO

ACK

Old/x

OUT/SETUP.

(no match the
address field.)

>

sdl

shl

ctl

OUT/SETUP,,,5

st]

OUT/SETUP,,,
DATAO

OUT/SETUP

CSPLIT(retry imm.)

SSPLIT

ACK

ce2->ce3

stl

st2

sd]

shl

ctl

ct]

ct2

ch3

ct2

TRANS ERR

Figure A-7. Normal HS CSPLIT Smash
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Host Hub eeevice

(data toggle), (status) {(data toggle)
0 Old/x 0

—et
mee! DATAO sdl

si ACK shl Pending/x

ren
DATAO

oom l
——oO

Ready/ack

a) CSPLIT

ct QUT/SETUP>
oh Hubignoresthis

OUT/SETUP.

(no match the
address field.)

TRANS ERR
ce2->ce3

a CSPLIT(retry imm.)

e2  QOUT/SETUP>
i Hubignoresthis

OUT/SETUP.

(no match the
address field.)

TRANS ERR
ce2->ce3

ctl CSPLIT(retry imm.)

Hubignoresthis
OUT/SETUP.

(no match the
addressfield.)

TRANSERR
ce2->ce4

ENDPOINTHALT

Figure A-8. Normal HS CSPLIT3 Strikes Smash
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FS/LSHubHost

(data toggle) Ss

MEo=BuaB

OilsOfElem|<=OoOo;a<otaea“oD&4£&SSa33FE3§5a645SOre_---------------|—!-_naaaPaSyraatuO)GEe3/3]Si>3/3]6AnA\ope=)~13[2EBt£5Ela|sEs1&=<=|”1m=|RielER=Befe]Miafe]&/2>/<90“|>D{oO}nfo}Oowm;Oo;A<Oo©|Oo©=f1Als|Be3]So)BhOS3]8|28ao68|3VeoS_
Figure A-9. Normal HS ACK(C) Smash.
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FS/LSHubHost

Bs

EBEo=-

Wis4/<
aSap&Oo]ag=“ad3>$4333:§42355zoAyteoOpgaal.=36DAL”””””CCOACAEE_—-f—+1aamameeale/3]Bee3].338ae3<3ae3§~\D~‘D-'a&\=|e2/e\E/a]e&{BR1&fw\e}a\Sleleg»>feluiale!uiafe]uiESB/5/298&{D/oO!BilalO}Bi>!ofD“lO;af=Oo];oO;<iyoF/O<3yoF/O<}y.=|BFmet|BPE=]2]BfSs3]3|23]3|23]3|ge&

1

iiVosv&VeoyCOeeeeeeeee
6D2

oo3
2

Figure A-10. Normal S ACK(C) 3 Strikes Smash
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nove1.28~>&Mos

FPSOaaweuesatwacistinmsnuipemursneeamn@2

A=3Hs=ao/|»2ay>;=§3==Milo&W/oY;<aYyji<e/e@gel/eeuw=|<a>/<foOoO]aOo]ay=<"oeEzjaa)awnaz:2
a=ra32zi)&aSsx3sSmes533°oafeoS|S]Bs3/3]3—3|_3]3a,a>[oO==#1Dii~|iB/e/<5/2)&5/25/3/Sfa5|=5[5]&ww“alolay<Oo]Oo]ZOo/o]=i)ae3]3]653]3]068oSa

Host

(data toggle)

Figure A-11. Normal FS/LS DATAO0/1 Smash
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Host Hub iris
(data toggle), (status) \(data toggle)

0 Old/x 0

sl SSPLIT gy

sdl DATAO sd
——

' 1
1 I 1
t I ' 1
I I 1 1
i ' 1 I
! t 1 !
! I 1 |
1 t 4 '
! t 1 !I I ! 1
' t 1 '
1 ' 1 I
' t 1 I
t ' 1 I

ACK shl ' Pending/x |
I shl ! ' |

OUT/SETUP1 1 1 I
' \ { DATAO |

| "SOU wewe meee
| 3 ! |

TRANS_ERR !1 1 1 I

| TRANS ERR1 ! 1 I

es 71 2 1 1 I

——A_S—— i | OUT/SETUP(localretry)i i INRrareeee11 1 1 l
NYET chlo i DATAO

iee\ ("Peewee 1! ! ! EBEuas t! : ! >:
{ ' { TRANS ERR1 1 t

| TRANS ERR
'
(

OUT/SETUP(localretry)
i i iSSi

\ DATAO
1 ' |S eeeet 1 I EEeReg 1| | ! >

TRANS ERR!1 I ! 1

{ TRANS_ERR1 I

ot CSPLIT(retry) 3 Ready/stall ! 3 TIMES TRANS ERR 7
Ii.1 i i
I ct2OUT/SETUP |
eg' | Old/stall I {

' ap ‘STALL, 02. |—— !
I I t '
| ENDPOINT HALT

Figure A-12. Normal FS/LS DATA0/1 3 Strikes Smash
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FS/LS
Host Hub device

sams) ‘(data toggle): { iC(data toggle), : .0} 1 Old/x 7| !

isi SSPLIT 7 7 !!|__.o_ounsetr.>| !ieee 1 I |
| ett DATAO | | |

| I

ACK shl Pending/x 7i< ; OUT/SETUP
| tae
—,| t ! :| 1 ! ACK____-nana=- 7! | | een |
| 1| TRANS ERR1 \

cl CSPLIT ! !1 :

iret I \
NYET chl__ | OUT/SETUP(local refry)> 7—papagn !| 7 > Device does

ACK inot receive—Oithis data,
| Readyiack (Data toggle

tis still ‘1°.t CSPLIT(retry) 7{ wi ctl 1 | !|__#oom ! |! ct2 | |en!  Old/ack !! i

|a !7 | | |
| |

Figure A-13. Normal FS/LS ACK Smash
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FS/LSHubHost
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Figure A-14. Normal FS/LS ACK3 Strikes Smash
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(data toggle)

Figure A-15. No buffer Available No Smash (HS NAK(S))
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Figure A-16. No Buffer Available HS NAK(S) Smash
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HubHost
(data toggle)

FS/LS
device

(data toggle)

SSPLIT
stl

OUT/SETUP,,,
DATAO

st2

sd
sd]

TRANS_ERR
se2->se4

sd]
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OUT/SETUP.,,
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sd

a

SSPLIT(retry)stl

sd]

sh3
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TRANS _ERR
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ENDPOINT HALT

Figure A-17. No Buffer Available HS NAK(S) 3 Strikes Smash
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Figure A-18. CS Earlier No Smash (HS NYET)
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Figure A-19. CS Earlier HS NYET Smash(case 1)
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Figure A-20. CS Earlier HS NYET Smash(case 2)
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ctl

ct2

ce2->ce3
TRANS ERR

ctl
ctl

CSPLIT(retry imm.)

OUT/SETUPct2
ct2

TRANS ERR
ce2->ce4

ENDPOINT HALT

Host
(data toggle)

Figure A-21. CS Earlier HS NYET 3 Strikes Smash
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FS/LSHubHost

»22Ds
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BBSgit

3

Figure A-22. Device Busy No Smash(FS/LS NAK)
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Host Hub =
: ; evice(data togele) (status) j(data toggle)

0} | Old/x 1 0I

Te| | |
st QUT/SETUP

—————>I '
ACK shl Pending/x {

i shl 1 ! i
| OUT/SETUPieg,'

DATAO

==
! | ee| | Ready/stall |

!I 1

|OUTSET | !
' Old/stall |1 1

| geSTA| | ,! ‘ \
1 ' |
1 ' {

| ENDPOINT HALT

Figure A-23. Device Stall No Smash(FS/LS STALL)
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A.2

Legend:

(S):

(C):

464

Universal Serial Bus Specification Revision 2.0

Bulk/Control IN Transaction Examples

Start Split

Complete Split

Summary of cases for bulk/control IN transaction
° Normal cases

=efigure

commwee[|
svn|Pome||
fsssurseacan|rane[|
snes||ma|
enesaneees||Pama|

HS ACK(S) smash

  
  

 
 

Figure A-27

Figure A-28  

HS ACK(S)3 strikes smash
 
fsnomme|iam
smo>wacme|_|ent

FS/LS IN smash Figure A-34

FS/LSIN 3 strikes smash Figure A-35

FS/LS DATAO/1 smash Figure A-36

 

 
 
 
 

 

 

FS/LS DATAO/1 3 strikes smash Figure A-37
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FS/LS ACK smash Figure A-38 

FS/LS ACK 3 strikes smash Nofigure 

No buffer(on hub) avallable cases

figure

No smash(HS NAK(S))|Figueasefo

HS NAK(S)3 strikes smash|rueast|

CS(Complete-split transaction) earlier cases

Reference Similar figure
figure

 
No smash(HS NYET) Figure A-42 

HS NYET smash Figure A-43

Figure A-44 

HS NYET3 strikes smash Nofigure

 
Device busy cases

Case Reference

figure

No smash(HS NAK(C)) Figure A-45

Similar figure

HS NAK(C) smash Figure A-32 
 
 
 

  

 

HS NAK(C)3 strikes smash Figure A-33 

FS/LS NAK smash Figure A-36 

FS/LS NAK3 strikes smash Figure A-37
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e Devicestall cases

figure

omeome|
fesraucmm[|

asst[|Pama
assim[|Fama

 

  
  

  

 
 

Host Hub FS/LS
(data toggle), (status) ; device

1 I 1 i(data toggle)
0} | Old/x | 01 t 1 1

1 I 1 11 I ! 1
1 I 1 !
1 I ! I

ee t
shi ACK shl Pending/x

1 I ! I
! ! ! I

'

! 3 |Sai |1 ' 1 1! ! 1 I

{ DATAO
jr"

Ready/data ! ACK
! 7 jl
{ {

| !
1 1 t t
1 1 I I

i | Old/data1 1 I I
1 1 I I
1 1 I I
! 1 t I
1 1 t I

Figure A-24. Normal No Smash
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Nveml—>2Nas

aso—
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Zhé4|a=

245aa-g83xq23s3°2g==&*5aa=>zBmas=Ase33“3B5¢93>ee5ZZES
4

1

iSF]F]43]3]%!gb}&um°&Ee=<a=4Be!WwWw)I3!mn—!Gayst— ==wyaSZe06S]=3]33-

=o—_
Host

(data toggle)

Figure A-25. Normal HS SSPLIT Smash
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Host

(data toggle)

0

Universal Serial Bus Specification Revision 2.0

Hub

(status)

Old/x

~-~-8tl___SSPLIT
2 IN>
sg Hubignoresthis

IN.

(no match the
address field.)

1 1
1 I
I I
I t
I I
I I1 1
I 1
I !
I I
I '
U t
I I
I I1 1
I I
I I
I I
I I

TRANS ERR | |
sed->se2 ;I I

---%1___SSPLIT(retry)
st2 NO>
Os| Hub ignoresthis |

| IN. |
| (no match the |
| addressfield.) |I I

TRANS ERR |
se4->se2 {

~-.-Stl___SSPLIT(retry)
2 No>| i
eg! Hubignoresthis !

(IN. \
| (no match the |
| address field.) |t I
1 1

TRANS_ERR ! '
sed->se3 ' {' 1

ENDPOINT HALT

Figure A-26. Normal SSPLIT 3 Strikes Smash

FS/LS
device

\(data toggle)
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FS/LSHubHost

(data toggle) ye
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E
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FS/LS
device

HubHost

aBa3

z

eRwwS|aga“si_ol==<>3a23=s=52we5por—!—a-_a;B]3~s|3]45]3/8|e's&\&&o—Ad—sfacowm,Gyatseewm;clOraa\oe]+ol1t_Ctms —=—wy=a\Z|2i]3]S}6s1Vosgerrnnnnnnnnnnnm»>-
6D2i]za

Figure 4-28. Normal HS ACK(S) Smash(case 2)

470

ZTE/SAMSUNG 1008-0498

IPR2018-00110



ZTE/SAMSUNG 1008-0499 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

FS/LSHubHost
(data toggle) 2ep=2Ds

MEO-z

ELSZlal<syg_co
ow

&333oayme
=—|a—!|al]&1aa]alFymaulalFyBgE121o\\—\&1EiS'E!—J)—S||81||3!5||¥!Al&<itAZz<1i)z<\\SlcytSI«x\5]cn1B1a12'tol:ol‘olxaiwl=wl-wlal1ze3:zie3]21Z|31121AVvVveIVvEI

ENDPOINT HALT

Figure A-29. Normal HS ACK(S) 3 Strikes Smash
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oeaes>£Aas

OSoa<
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wa
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Host

(data toggle)

Figure A-30. Normal HS CSPLIT Smash
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novewe]2—>=Aas

feSo-=
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o

Host

(data toggle)

Normal HS CSPLIT3 Strikes SmashFigure A-31.
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noveH-e2>=Mos

aSo-a
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Figure A-32. Normal HS DATAO/1 Smash
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oe423—>&Mos

SSoOioO

chy<OZ}all=
s2g$3sSex==smss553oameo
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Host

(data toggle)

Figure A-33. Normal HS DATA0/1 3 Strikes Smash
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noea3>=Mos

mos-4
it

7]_
e

2i|2!of<z!s|2)eZtZ|all<}ee!ty!n‘Z|
-

!

o

Ea—2733gatLeat>ames533°awia°
2

ff,&2ae]Es|ai|5B5ie“alZl=<Oo;4]2Oo/!14!]ai)a3}3}8o-_-
Host

(data toggle)

Figure A-34. Normal FS/LS IN Smash
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Host
(data toggle)

ENDPOINT HALT

Figure A-35. Normal FS/LS IN 3 Strikes Smash

477

ZTE/SAMSUNG 1008-0505

IPR2018-00110



ZTE/SAMSUNG 1008-0506 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

o28seeAos

BSS=a

72"ZBn—,4oafeaaceoao<aao};<aS|el=Z|asZ|Al<:&aoyWw:&:sga2zrs3SSe5>3mes53x°aoeoO3/3]43/3]3eee
=

KebESel.|&51.|¥SBlo|&“|Z|=oO;4]ZOo/4/aa3BSa3)66SEO000002000°00SS=
wmoooefsod

2

Figure A-36. Normal FS/LS DATAO/1 Smash
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FS/LSHost
(data toggle)

Hub

33Dsaso
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Figure A-37. Normal FS/LS DATAO/1 3 Strikes Smash

479

ZTE/SAMSUNG 1008-0507

IPR2018-00110



ZTE/SAMSUNG 1008-0508 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

oeASmee8Mos

iHGE=aams{Luioy12;3

!=S<A.<Pat<a&2;of<!Z|al<
II1IiiI

sg2ga3s>3sBex5=3=33Mas333533oOo.peOoafaao)3/3]43]33]3]43]3]3&ESb+eSPe4fs!Eosom-Ble}oAls]<BoOAls]<wn;<OaQa“al&<O&aa8Sa]3)68a3}4a3)4Siei=woco~~oDwaayaesgEe3ges
3835reRAg

Figure A-38. Normal FS/LS ACK Smash
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Figure A-39. No Buffer Available No Smash(HS NAK(S))
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Figure A-40. No Buffer Available HS NAK(S) Smash
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Figure A-42. CS Earlier No Smash(HS NYET)
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FS/LSHubHost
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Figure A-43. CS Earlier HS NYET Smash(case 1)
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Figure A-44. CS Earlier HS NYET Smash(case 2)
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Figure A-45. Device Busy No Smash(FS/LS NAK)
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Host

(data toggle)

0
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Hub FS/LS
(status) device

| f \(data toggle)
Old/x 0

Es: !
2 Ne?! ! !4 ! t

1 i 1 I

sh! ACK. shl | Pending/x |1 ! t
1 ! [
1 ! 1

IN1 t 1

1 1!SeI!! ! t

t i STALL
‘~——T—~—~—St t 1

! Ready/stall '! 1 1
! ! !

7

— 7
' 1 1

aS\ Old/stall
! | !

ENDPOINT HALT I i 1

Figure A-46. Device Stall No Smash(FS/LS STALL)
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A.3 Interrupt OUT Transaction Examples
Legend:

(S); Start Split

(C): Complete Split

Summary of cases for Interrupt OUTtransaction

e Normal cases

Reference|Similar Figure
Figure

No smash Figure A-47

(FS/LS handshake packet is done by M+1)

Figure A-48

psanmee|nh
feameemecen[wmf
sownrome|
sonnnseemen[mew|
scsruromnrama|
scsrursanmomn——[wwese|
jwomoomn|Pae
somosammome|‘rawenso
reac(rome|
sicxosamewen[rama
scuree|om

FS/LS OUT 3 strikes smash fwonaue f
sownrome[

i
on

 
 
 

  

 
HS SSPLIT 3 strikes smash

 

  
  

  
  

 
 
 

  
FS/LS DATAO/1 3 strikes smash

FS/LS ACK smash Figure A-54
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| FS/LS ACK3 strikes smash | Nofigure | |

Searcing

Similar Figure 

 
Reference

Figure

CS(Complete-split transaction) earlier cases

Case Reference|Similar Figure
Figure

No smash (HS NYETand FS/LS handshake|Figure A-56
packet is done by M+2)

No smash(HS NYET and FS/LS handshake|Figure A-57
packet is done by M+3)

 

 
  

 
 

 

 
 
  

  

HS NYET smash Figure A-58

HS NYET3 strikes smash Figure A-59

Abort and Free cases

Case Reference|Similar Figure
Figure

No smash and abort (HS NYETand FS/LS Figure A-60
transaction is continued at end of M+3)

No smash and free(HS NYETand FS/LS Figure A-61
transaction is not started at end of M+3)

Case Reference|Similar Figure
Figure

FS/LStransaction error cases

HS ERR smash [Figure A-51
HS ERR3 strikes smash |Figure A-52

Device busy cases
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Case Reference|Similar Figure
Figure

HS NAK(C) 3 strikes smash i» Figure A-52
FS/LS NAK smash ee Figure A-53

e Devicestall cases

Reference|Similar Figure
Figure

No smash Figure A-63

HS STALL(C) smash Figure A-51

 
   

HS STALL(C) 3 strikes smash aFigure A-52
FS/LS STALL smash yy Figure A-53 
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uFrame M+]
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uFrame M+4

uFrame M+5
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Hub FS/LS
(SS: start sp. status device

1 CS: comp.sp. status) {(data toggle)
SS:Free/x 0

ee
—_—ote

shl DATAO sd!

SS:Pending/x

CS:Ready/ack
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Figure A-51. Normal HS ACK(C) Smash
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Figure A-52, Normal HS ACK(C) 3 Strikes Smash
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Figure A-58. CS Earlier HS NYET Smash
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Figure A-60. Abort and Free Abort(FS/LS Transaction is Continued at End of M+3)
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aoe------Poorernnnnnn4

uFrame M+3 i Host does not issue 2nd CSPLIT, \
| because host already receives NAK |

xemmncene!onprevious microframe,|
uFrame M+4 | Host does not issue 3rd CSPLIT, =}

| because host already receives NAK {

ee|onpreviousmicroframe._______|uFrame M+8

em to SSPLIT(retry)
1 stl !Il 12 '

sl OUT sti t

se DATAO gs
{ ISSSPOSShseeeeeeSeereat

uFrame M+9 | |
1 '
t \I I! 1
I |! 1
\ I1 1
I '1 1
t t

eecco----  eslanienienienienienieaienienieniententetesetentetesteetatetemetetest
!
1
1
1
1I
11
1
1
1
I
1
;

Figure A-62. Device Busy No Smash(FS/LS NAK)

Hub

(SS: start sp. status

CS: comp.sp. status)
SS:Free/x

SS:Pending/x

CS:Ready/nak

CS:Old/nak

SS:Pending/x

CS:Ready/ack

CS:Old/ack

aa- -es otaei

eeaaaannhonnfe++++4nenepee
FS/LS
device

\(data toggle)
0

4

aeeeereerneeteeeeeereenyacoopereteetntegeee
eeee|
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becausethis endpointis already
ENDPOINT HALT.

(data toggle) (SS: start Sp. status device
t ' CS: comp.sp. status) \(data toggle)

0 §S:Free/x 1 01

uFrame M | stl SSPLIT st] | |
|—|1 t I [dl
I 5 DATAO shl
! | | |
i | SS:Pending/x | |

ae.eeeee
uFrame M+1 | OUTi 1 \mire 1

| 1 | DATAO |

, ——$> |
| 1 { STALLi ————| CS:Ready/stall |

steinsateersteerospeneeserrataaeRdeinleenein
uFrame M+2

jot ! !1 7 r ! 1 !
peo we
| | |

SE | 71 1 1 1

! | 7 |
| ENDPOINTHALT

ee|owennanenennnenntwesniawaanennnannnnenfinnnennpannesfinnnnmnnn
uFrame M+3 | Host does notissue2ndCSPLIT, | CS:Free/x { \

| because this endpointis already | : i

wennL-ENDPOINTHALT.0
uFrame M+4 ! Host does notissue 3rd CSPLIT, | SS:Free/x i |

I i ! !I 1 t 1

Figure A-63. Device Stall No Smash(FS/LS STALL)
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A.4 Interrupt IN Transaction Examples

Legend:

(S): Start Split

(C): Complete Split

Summary ofcases for Interrupt OUTtransaction

Normal cases

Case Reference|Similar Figure
Figure

No smash Figure A-64
(FS/LS data packetis on M+1) 

HS SSPLIT smash Figure A-65

sniroemeinanfoie|
smo|e

smoneeeenmim|
contendemas|
conurowmnan[emer|
 HS IN(C) smash Figure A-66

HS IN(C) 3 strikes smash Figure A-67

HS DATAQ/1 smash Figure A-68 

HS DATAO/1 3 strikes smash Figure A-69

reicninmrane|
Feiswammmn[ww|
recommen[rama|
raisomersaem[wwe|

a
—

FS/LS ACK smash Figure A-72

 
FS/LS ACK 3 strikes smash
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e Searcing

Reference|Similar Figure
Figure 

e CS(Complete-split transaction) earlier cases

Case Reference|Similar Figure
Figure

No smash (HS MDATAand FS/LS Figure A-74
transaction is on M+1 and M+2)

No smash (HS NYETand FS/LS Figure A-75
transaction is on M+2)  

No smash (HS NYET and MDATAand Figure A-76
FS/LS transaction is on M+2 and M+3)

No smash (HS NYETand FS/LS Figure A-77
transaction is on M+3)

HS NYET smash Figure A-78 Lo
HS NYET3 strikes smash Figure A-79 we

e Abort and Free cases

Reference|Similar Figure
Figure

No smash and abort (HS NYETand FS/LS|Figure A-80
transaction is continued at end of M+3) 

No smash and free(HS NYETand FS/LS Figure A-81
transaction is not started at end of M+3)

 
e FS/LStransaction error cases

Case Reference|Similar Figure
Figure

HS ERR smash ae Figure A-68
HS ERR3 strikes smash a Figure A-69 
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e Device busy cases

Case Reference|Similar Figure
Figure

HS NAK(C) smash aa Figure A-68 

HS NAK(C) 3 strikes smash cy Figure A-69
FS/LS NAK smash Figure A-71

FS/LS NAK 3 strikes smash No figure

e Devicestall cases

Case Reference|Similar Figure
Figure

HS STALL(C) smash iS Figure A-68
HS STALL(C)3 strikes smash Figure A-69

  
 

FS/LS STALL smash Figure A-71 
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SS: start sp. status 1

(data toggle), Jest ee) _ device\ 1 CS: comp.sp.stati \(data toggle)
0} | SS:Free/x \ 1 0i i 1 I

wero |eSSPLITgg | |I 2 i i 1

ZNae ! !
| | | |

1 SS:Pending/x | 1areFeoeeeneroanneeeeoe

uFrame M+1 |} ! '1 t ! 1

{ IN 'I i i I

i 1 iOn1i 1 i 1

i { f DATAO Ii 1 i i

eo!
| | Segase! ! Lai i 1 I

<<===Fnanneeeneeeeeeee
uFrame M+2 i ctl CSPLIT ' i f

‘ieee |1 ct? IN 1 i 1

j—2_Na| | !! 1 !cd .

ch7 __DATAO eee
1! I i 1I I i 1

i 1 i 1

aisteceeeaaceseeRnoanPhe
uFrame M+3 | Host doesnotissue 2ndCSPLIT, | CS:Free/x |

because host already receives ! 1
1 DATAO on previous microframe. | \

| !t ! 1 t1 ! ' 1
t t ! t
1 ' ! 1
t t ! t
! t ! t
! I ! 1

Seenaitcumuccwisccmypemuntmunet °°+4.
uFrame M+4 i Host does notissue 3rd CSPLIT, 1 SS:Free/x ' 1

| because host already receives | { 1
! DATAO on previous microframe. |
! t ! 1
i 1 i I
1 \ 1 \
1 i 1 i
1 i 1 1
I i 1 i

eraneaCeeseeuFrame M+5 | I \ \i i 1 i

Figure A-64. Normal No Smash(FS/LS Data Packet is on M+1)
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Hub
(SS: start sp. status
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Host
(data toggle)

>'\'1\'3|||3oo'I'iI1=1111t'\{I\1gS11111oI1\iI1Sseisieeifna-1|———<—<=—=<=Wes|———eeeeeeeeee Ulisangiiki1~—~ree“lll7~aD7V\|\|I\111'I1\1'|I'I1''I1I\'1\|iiIII1|{'1{\II\|II-!!|!'1'11S111i11<HlII'1\bEaI\I!\I<a)I\I!1\ZzII\'1\Sa<I\I{1I''I'1'{\\'1\\\I'1\|\\1{I|I\{1\|\|\\1\itaI|111gIlgq-------------=2-+qeeeeeeefeeeeeeeepeeaeeaeeeeeedeeeeeaafeeeeee=---o=231ft=|"anea1!i'aioywuSyl1I'|='“aona!1'1iiy{ogsge2!|i!1aIEhes!{\|\a\8PeetftSe4Ayet|8|0Basi1\|I\I|\IIISeataeapit----------4+--+d====te------4+--+---=AiI1|!1'IIi'||\\7.itIIios1=a4|slatto=/a1iadfei1BYSPslotBlSpsyotBS)Spslttays|B/S]81I111'!It1tot£!'''I!Ilie8'Iet1teIe1&ee=<1S=!'[==ae&c=&|Ii=<—!\iitoiofy|'iEEa!11oya1=1&=itpeI1=<viltl1“se1Als14)=ziorewFa'Als“ales11O;&4OFS}41OF&Zzprays1ro,&a..!I!I1iioI1!I1\\8tt'I!|=\|ib!IaohoSitel=|Us92)iosgB\a!'o!sfa|lay9=alAIa)oaoIaaoi33oloilitHith1133oa\\\\u)it\\!I111io'i:1!1itot1t\|II|\IweaeeeeeeeeeegreeseeeereeeeeeireteeeeSieeeoeeeepcenreteaeeeeeereareeeeeeeSerenteo111%ifi=-\\i1to1it=a=i=Liei=i=®fea;ee,2eo812i2516.&1§1§111§1&itei14a'ies1beetra'reaiaa=aa=a=
Figure A-65. Normal HS SSPLIT Smash
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Host Hub FS/LS
deeteel (SS:start sp. status device(data toggle), i CS: comp.sp. status) \(data toggle)

0 SS:Free/x 0

uFrame M stl SSPLIT is
_«oN>

1 !
1 I ! 1
I I t !
I l I 1
I I t !I 1 I 1
I I t 11 I ! 1
1 t ! 1
I I I 1

|
1 1 SS:Pending/x 1See ratteaaaaaaDaaaaaaaaaara

uFrame M+] | i ' \I 1 I I

IN
I ' IOrIt 1 1 1

|
1 \ DATAO i——"— !

Ceeg ie1 1 ! I

eee[ceeeeeee
uFrame M+2 | aaucGth. CSPLIT ' !

PTeetera t t 1
{2 IN ~ 7
; rags | Hubignores this | |
\ | IN(nomatch | |
: | the Address field}, \
| TRANS ERR
i cel->ce8 ! ! H

'
1 ctl CSPLIT(retry imm.) | i !! ctl ! ' !

oeIN 7 |12
;——_ eo |
| ! ! !

ch? DATAO cd SOLE |
1}1 ! ! 1

sonomaPeeryearnreneersiriscrctnotet
uFrame M+3 | Host does not issue 2nd CSPLIT, ! CS:Free/x I 1

| because host already receives 1 | |
| DATAO on previous microframe. i \ !

sonnmaesegaracernmen
uFrame M+4 ! Host does not issue 3rd CSPLIT, I SS:Free/x I i

| because host already receives ! ! |
| DATAO on previous microframe. | ! i

soommnarspreroertanserrTEAA EET1 1 1 1uFrame M+5

Figure A-66. Normal HS CSPLIT Smash
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Host Hub FS/LS
Atntoect (SS:start sp. status device(data toggle), | CS: comp. sp. status) \(data toggle)

0 SS:Free/x 0

uFrame M st] SSPLIT <i
nt
ee

uFrame M+1

uFrame M+2 ---t] CSPLIT

2 IN >
ee

TRANS_ERR
cel->ce8

ctl CSPLIT(retry imm.)

TRANS ERR
cel->ce8

~~tt! CSPLIT(retry imm.)

TRANS ERR
cel->ce7

ENDPOINT HALT

Host does not issue 2nd CSPLIT,

because this endpointis already
ENDPOINT HALT.

Host does not issue 3rd CSPLIT,

because this endpointis already
ENDPOINT HALT.

eeofSeiepifpreaeaeeaereel
uFrame M+5 |

ee oO5 51Z
1IiIi1!II1I cgteteitnmteeeeeetrmetgtkympueemeigsaeepeeeepeeete

eliitpriappwnes
Figure A-67, Normal HS CSPLIT 3 Strikes Smash
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Host Hub FS/LS
seutane (SS:start sp. status device(data toggle), CS: comp.sp.status) \(data toggle)

0 SS:Free/x | 0

uFrame M stl SSPLIT ‘
gpeg
a

$S:Pending/x

uFrame M+1 Bi----------+--+—
CS:Ready/lastd:

OoSs>=

uFrame M+2

ctl CSPLIT reggge
2a

|
|
|
!
|
!
|
'
I
I
!
!
I
I
TrI
I
I
IU
I
I
I
I
l
|
I
I
I
!
I
t
I
+
'
\
1
t
1
|
!

! cl
DATAO, avenue

|
|
|1
|1
1
1
1
1
1
1
1
1
!
|
!!
t
I
!
'
'
!'
t
t
I
I
I
I
I
I
t
I
I
I
I
|
II
t

eeeee
CS:Old/lastdata

genes

TRANS ERR
cel->ce8

aA CSPLIT(retry imm.)
tl
aN
SO
Host does not issue 2nd CSPLIT,
because host already receives
DATAOon previous microframe.

Host does not issue 3rd CSPLIT,
because host already receives
DATAQOon previous microframe.

uFrame M+5

Sesistblsep'ox'aecbasantosisELpaxgnatssovloostabasestoatensckcnenatedcinexpabewiencosaspainnaanpiasonasiepaamcLSeedmMSIGLDeeETw-4-------4-----4---==---=+--+
Figure 4-68. Normal HS DATAO/1 Smash
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Host Hub FS/LS
(data toggle), i =agape device

: . Sp. stan |(data toggle)
0 SS:Free/x 0

uFrame M stl SSPLIT stl
_oNast2

SS:Pending/x ah

CS:Ready/lastd Qaw
aee Z

ctl CSPLIT of
=ee“8
ane

DATAO c

Quee cette tes
TRANS_ERR

cel->ce.

CS:Old/lastdata

!
1
I!
1
1
1
1
I
I
1
1
1
I
11
1
1
1
I
1
1
11
I
1
t
1
1
1
t
t
t
a
t
t
1
1!
41
1'
!
1
1
1
1
1
i
1
'

8

i “a CSPLIT(retry imm.)'

ee\ ct2 IN

\iet
I! .

DATAO cd an1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
I1
I1
I1
1
1
1
1
1
U
I
I
1
'
1
I
.
t
t
1
1
1
1
A
1

TRANS ERR
cel->ce8

ctl CSPLIT(retry imm.)
a'?ct2 IN ct2

DATAO cd
pumnmeenee eee

TRANSERR
cel->ce7

ENDPOINT HALT

CS:Free/xHost does not issue 2nd CSPLIT,
because this endpointis already
ENDPOINT HALT.

miopniaeeapeeegel
Hostdoes notissue 3rd CSPLIT, SS:Free/x
because this endpointis already
ENDPOINT HALT.

eeee aeeeeee
Figure A-69. Normal HS DATA0O/1 3 Strikes Smash
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Hub

(SS: start sp. status
Host

(data toggle)

FS/LS
device

(data toggle)s)tuCS: comp.sp. sta

SSPLIT

afppeee
uFrame M+1

err+CS:Ready/trans

wornpanneefnpe====+

ctl

ct

ch3

CSPLITctl

ct

ce

ce2->ce6

uFrame M+2

uFrame M+3

Host does not issue 3rd CSPLIT,
becausehost already receives

uFrame M+4

ERR on previous microframe.

Poorteeeeee

1--------------------------4--~~~+SS:Pending/x

stl SSPLIT(retry)stl

st2 IN :
eseeeeeeeloonseee eeeeeee

uFrame M+8

uFrame M+9

DATAO

ACKCS:Ready/lastdat

5aE

oeeeew8Zz
Ea

3¢5a53aoOoa
E

eeteSo
£.©

a]S13“
E

=So5“|o¢-Be<oOo]4]a-/af¢&33‘oOwarnnaannnn==== _
=vo5tL,”
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aii
_—

d
ch7 DATAO c

Figure A-71. Normal FS/LS DATAO/1 Smash

CS:Old/lastdata

Host Hub FS/LS
(SS: start sp. status device

(deen mBBEle), 1 CS: comp.sp. status) (data toggle)
oj SS:Free/x 0

uFrameM {=9, SSPLIT
\ ~ stl i 1 '

. i t
[ae _is |

SS:Pending/x {
_

paras enaeofaaaaaaaSaaaa
uFrame M+1 ! INI I itei1 i 1 1

i { f DATAO a!
susueeeeseee

{ I t 1
{ {! NS_ERR 1
| cs :-Ready/trans {egRANS_ERR {
i T {

w-------- bana nnn annannnnanannn nnn fon nn nnnnnnnfnn nnnnnnnnnnnnnnnntenn==
uFrame M+2 | cu CSPLIT ' i
eg|1

ee |
| | CS:Old/trans_err \I ERR ch3 ! 1 1
t ce2 ! ! t
3 7 3
' TRANS ERR on FS/LS !
I ce2->ce6 | t 1

~--~-----fannaaannnnnnnnnnnnnnnennaa fannie nn nanananfnnnneeeanna
uFrame M+3 | Host does not issue 2ndCSPLIT, | CS:Free/x : '

| because host already receives { i !
| ERR on previous microframe. t ' {

~-------- ponnnnannnn-nnnnnannannnnnanfnnn nanannnn fanaannnnanannnnanannnnfnnnnnnnn
uFrame M+4 t Host does not issue 3rd CSPLIT, | SS:Free/x f {

| becausehost already receives f i {
; ERR on previous microframe, t | {

SSSPctaeReeee
| t Dlg aberaaaaace eacee eetes

cenDeeee qM+8
BERMES a1 SSPLIT(retry)
| 3 !{ ! i I
= | ! !
t | SS:Pending/x | |

eeenearcrSlee“aan:aie“cmlncelahatacaba
uFrame M+9 ! ' I IN |

I I Iee=Il! I ! !

DATAOI

' to"1 I 1

RemapACR1 1 1 1

( 11
eeeeee SE tceeoemeIEE

uFrame M+10 ctl CSPLIT ' {
! I
1 1
i I! 1
I I
1 I
1 I
1 I
1 I1 1
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Host

(data toggle)

o

uFrame M

uFrame M+8

uFrame M+9 Somantnnapnenaennnangeenn=
uFrame M+10}i

1
1

Host does

not receive ;
this data. |
Data toggle |
is still ‘1’.

Universal Serial Bus Specification Revision 2.0

al CSPLIT gy,

chr DATAQ_ cd

Host does not issue 2nd CSPLIT,
because host already receives
DATAOon previous microframe,

because host already receives
DATAQOon previous microframe.

ctl CSPLIT - ]

_an>ct2

ooleeteeheeeeeneee
Hub FS/LS

(SS:start sp. status device
CS: comp.sp. status) \(data toggle)

§8:Free/x 0

SS:Pending/x Lanseeeneeeneeeeeeee
1
1
1
11
1
1
1
1
1
11

———ee eeeee ee eeeeeeeeee Fe ere es es ee-!

IN

oy|
DATAO \1

1

CS:Ready/lastd tta ACK \mete iBSae i
1 > i1 |

eerie!Ween1 !
1 I
1 t
! t
! I
! t

f t1

CS:Old/lastdata} '1 [
1 t
1 I
1 I
1 I

weseee|ceeceeESea

CS:Free/x i |1 I
1 I
1 I
1 I
1 I

paimemeeeee! Ohcccmiccnioecetenn Sindeeed nialcsprecitas

SS:Free/x : |' I
1 I
i I
1 I1 1

icineeee!Weeeeeeeee
1 1

—e ee eeeeeeeeheeaa a aaaaaee eo ee eeee ee eeeeeee=1 1
t I1 1
1 t
1 I1 '
I I1 I

. t I
SS:Pending/x 1 I

acoeeedeeeecnnenesiweneseeenn eeeeee
| I1
i IN 11 I

i 1
I

|yll I1 I

BNEcy|I I
t I
I |

--------- Dsppepossvmnppp JoT saet I
I I
I I1 I
I 'I I

' !
1

CS:Old/lastdata} |1 !
1 1
I !
I !

Figure A-72. Normal FS/LS ACK Smash
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Host Hub FS/LS
otatonst®) (SS:start sp. status device

\ CS: comp.sp. status) \(data toggle)
0 SS:Free/x 1 0

uFrame M stl SSPLIT si 1

st2

SS:Pending/x

'1 1
1 1 1
1 I I1 1 1
1 1 1
1 1 1
1 ! I
i I I
1 [ I
1 [ I1 i 1
1 1 '1 1 1
1 t I

reccoerMgrt ree ctheny Ree ene eee entree TEEeeeereBer emciehitale errs eee eeeeBeaeee,eeeREARS Teak aloeeee ee eeeeceeeor emer eee

uFrame M+1 | | i |t 1 1 1

i IN
' | \hsI1 1 ' 1

I 1 i DATAQO |1 I ' 1

$+"|
! 1 eeey'1 1 1 1

{ ilwe-------$---------ftetee

uFrame M+2 | ctl CSPLIT { { {
Ty|
{22__IN aw1 t 1 1

| {Does not matchthid {
(CSPLIT on first | {

I tentry ofCS.Then | {
TRANS_ERR (HUB does not

cel->ce8 ‘respond any packet \' 1 I 4

' tl CSPLIT(retry imm.) ! { \i ctl ! ' i
i I i12

—_— co |
7

ch? DATAO cd CS OIenaeatat
lt t i tI 4 I I

onfeneticfennner
uFrame M+3 | Host doesnotissue2ndCSPLIT, {| CS:Free/x | i

| because host already receives t ' {
| DATAO on previous microframe. | H t

~----=--- panna nnnnnnnnnaannanannnnnnnnenannn nnnfnamennnnanannn
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x Hy '

| because host already receives ‘ t
| DATAQOon previous microframe. | ‘ ;

~-------- pawnnnwnnnnnnnnnnnnnnnnnnnnfennnnnnnnnnnn penn nn ennanenannnnnnnnanadannnanan
uFrame M+5 ! ' I i

Figure A-73. Searching No Smash
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522

Host

(data toggle),
0

uFrame M

uFrame M+1

uFrame M+2

uFrame M+3

uFrame M+4

uFrame M+5

aafpfnrnpnnneejne+
Figure A-74.

Universal Serial Bus Specification Revision 2.0

Hub FS/LS
(SS: start sp. status device

1 CS: comp.sp. status) \(data toggle)
SS:Free/x 0

stl SSPLIT gy
_#

$S:Pending/x eraoaaaeee
'
I \
\ |
' I
! \
' '
! |
I \
' I
I \t t
' t
| \
1penniesnee eee eeeeeeeneenaeee ISE ee aSee' I
1 I
( I
i I' t
1 I
i '
i I
i I
i I

!' IN I1 I

1Ti
!  CS1:Ready/morkdata DATAO !
1 y Jinnaaan-------4Meaeunaanueue———— poectl

nineeeCS2:Ready/lastqaia ace
e2__ IN et2 ' 1 aeI ! I

chs_MDATA cd | CS1:Old/moredata
! ! t

SieteaemiteenearestHeereseenee rasteeeeeereneeneeenetienae eens1 ! '
1) CS1:Free/x 1 I1

Sl7 |
ct? IN | |

\ 1 {

ch? DATAO cd | CS2:0ldilastdath |I \ {
! 1 1
\ | {

aeaaaaTSSSaeeaaaSeReSeSee ea Seaeeaeaseaaa
Host does not issue 3rd CSPLIT, | SS:Free/x \
because host already receives | CS$2:Free/x ; i
DATAOon previous microframe. |! 1 '

1 1 1
1 ' 11 1 !
1 ! 11 ! !
1 1 1mee eeeeeeeeeeeeed-dh
1 1 1
' \ \1 1 1

. CS Earlier No Smash(HS MDATAandFS/LS Data Packet is on M+1 and M+2)
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Host

(data toggle),

uFrame M

uFrame M+3

uFrame M+4

Universal Serial Bus Specification Revision 2.0

sl SSPLIT sg,
si2

Set
——

che40NYET___ch

ctl CSPLIT ctl

ee
ch? DATAO_ ocd

Host does not issue 3rd CSPLIT,
because host already receives
DATAQOon previous microframe.

Figure A-75. CS Earlier No Smash(HS NYETand FS/LS Data Packet is on M+2)

Hub FS/LS
(SS:start sp. status device

1 CS: comp.sp.status) \(data toggle)
SS:Free/x \ 1 0

! !1 I
1 II 1
' II 1

1 !
SS:Pending/x |eeeeeeeeeeeI 1

1 I
1 I
1 'i 1
I I
I I1 1
I I
t I
I I
i I
I 1I 1
1 1
I I1 t
I 1inee ae oeaeenanaa
I 1! 1

i>}1 1
I 1

DATAO i

a
eeeLoe

7I 1
I !
' !
I !
I 1
I !
I 1

| |
CS:Old/lastdata! i

I !

acaciaSeanceenaunrecricaseracans
SS:Free/x

CS:Free/x : '
! 3[ 1
I 11 !
' !t 1
1 1
1 1
i 1

oeeeeeeedeeeeee eee ee ee eeeeeeeee ew eeeee eeee eee
1 1
1 t
1 1
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Host Hub FS/LS
(data toeete) (SS:start sp. status device

1 1 CS: comp.sp. status) \(data toggle)
0 SS:Free/x 0

uFrame M
sul SSPLIT st!

1 1
1 ! ! !
I 1 I I
I | I \
I 1 I \
I 1 I 1
I | I 1
I 1 I I
I \ I |
i 1 I {

1 i SS:Pending/x 1 !SeaDaaageTEPTBTEPPSEPSSTE

uFrame M+] | : 1 ;I 1 1 1
I I I I
I 1 1 1
I 1 I I
I I I I
I I I I
I 1 I I
I ! 1 1
I i I I
I 1 1 1
I I I I
t I | {
I 1 1 !
I I I I
' 1 t t
I I \ {

=<===neeeaaaa

uFrame M+2—ot |
! ct? IN ! 1 I

(SN ! |
{1 NYET ch4 I ' IN I

ig pe1 I ' I

| | CS1:Ready/morkdata DATAO :

pte ee mation it aeproneaaFi M+3

Ramen ea copii gy | cstRenvinaackae' i }1 2 i 1 '

ise ! i
1 | !
1 chs MDATA 2 t CS1:Old/moredata |
i i { |t ' ! 1
I ! 1 !

oeienwennPonauUEuFrame M+4 1 | §S:Free/x ' 't]

——ttCS1:Free/xI 4 1 I {

{tt !
ch? DATAO cd SSeCenaa

1 | {
reDe

uFrame M+5 1 ' CS2:Free/x 1 !

Figure A-76. CS Earlier No Smash(HS NYET and MDATAand FS/LS Data Packet is on M+2 and M+3)
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FS/LS
device

(data toggle))

Hub
(SS: start sp. status
CS: comp.sp.stat

Host
(data toggle)

uFrame M+1

ahneee

uFrame M+2

s/a/=zouoa5Eenm2}7)oooO]Z|Zz=|a2uoa
eeeee ee eepeafpfneee

uFrame M+3
IN

DATAO

ACKCS:Ready/lastdat

ct]

ct2

ch4

CSPLIT

IN

NYET

cil

ci2

ché

---------4+------—~-------- -- - -— -—- -ffaaaroee

nanannanangeoos3
x333cs5o6=iQI]aoOuoolbeSa<a<Oo]4]as/aSoOao-=

+=ouEeosi=

CS:Free/xuFrame M+5

Figure A-77. CS Earlier No Smash(HS NYETand FS/LS Data Packet is on M+3)
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Host Hub FS/LS
(SS:start sp. status device

(data toggle), | CS: comp.sp.status) j(data toggle)
0 SS:Free/x a)

uFrame M stl SSPLIT sieeegst2 IN

SS:Pending/x

ctl CSPLIT et 1

_eact2

NYET oeotee
4-00 CS:Ready/lastd
TRANS_ERR icc, _

cel->ce8

!
1
I
i
i
i1
I1
11
i1
i
t1
1t
iee,
!
i1
i1
|
1
!
1
1
i1
i!
i
i
1
it

| el CSPLIT(retry imm.)
{ai\
It ct2

Se\
i
i1
i
i
i
.i
1
i
it
1
t
1
1
!
\!
!
i!
1
t
1
!
!
i1
i
i
i
i
i
‘ke
i
i

ch6 NYET ch4

eoaaaaaaBheeeeeeeeepeeoHe=+fl
uFrame M+3

al CSPLIT sy,a
—_e_—s«*tS

ch7 DATAO c
CS:Oldlastdata

I1 I1 !1 !1 1! 1 1!!!1 !I'!''1! 1 ! !|||!!1 1

SS:Free/x
CS:Free/x

Host does not issue 3rd CSPLIT,
because host already receives
DATAO on previous microframe.

ownlicenweeedeweeeeeneenewedecennewereaneseeoieeeeeeeeeLee
nnfinimineltm aeeeayaeesenpedoal

Figure A-78. CS Earlier HS NYET Smash
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IN.CSPLITearlier.HS NYET 3 strikes smash

Host Hub FS/LS
Kats iogeic) (SS: start sp. status deviceala togeie

8s 1 1 CS: comp. sp. status) (data toggle)
0 | | SS:Free/x { 10i I ! I

wow pOa
ie e ! !

| (
SS:Pending/x !SorenessSe

uFrame M+1 | : { |aee

uFrame M+2 1 ct CSPLIT eH i i IN |
ee a= eo |
I \ DATAONYET ___ch4__o +"!
l Q------00 ORs1

| TRANS ERR \ (1
i cel->ce8 . {
| ctl CSPLIT(retry imm.) | 1 \
OF? (t I ' 1

}$SSee |1 1 1 1
I — ' 1 1

NYET ___cht_-- | t
UheeeEE 1 ‘ 1

<
| TRANS _ERR i
| cel->ceS ! ! |

ct) CSPLIT(retry imm.)I ctl t i '

!ae
i |
I t 1 |

NYET ____s_--t
i ! | !
| TRANS ERR |
f cel->ce7 | | {

| ENDPOINT HALT
ceceeiiaeeiaianaal Prrrrr tr rm nnnnnn nnn mnmanannemmmnmeeen Pa mmmnsamme mmmemmame

uFrame M+3 | Host does notissue 2nd CSPLIT, | i '
| because this endpointis already { ‘ |
| ENDPOINT HALT, | | I

seefannieecientnfanennenncaanafonnnnnntinnnnnsnenncenenntadanaaceees
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x : '

| because this endpointis already | CS:Free/x \ |
| ENDPOINT HALT. i i '

pencefateenaennenfennenninnnnendtnentnnananndfiacetn
uFrame M+5 ! : : :

Figure A-79. CS Earlier HS NYET3 Strikes Smash
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Hub
(SS:start sp. status

Host
(data toggle)

FS/LS
device

(data toggle))us
CS: comp.sp.stat

stlSSPLIT

IN st2

uFrame M+1
BeeSeeeeoeSeSeSaeeeaeaSeeee

z=/a/=oovoSésairwZzaOIGZ,—Oo3]33
aoe=5iia=

eeeee ee eebaaaaaaehaaaaaaoe==

'11!!111i

eecacaaSSSoeaNes4.1ahd:@e01bii1Beofsé<t51aN33|<etot{ZzOs-21|1a2='zu‘m@28i|o1I!eSOi1ay1We:wonqann411111!ee3|11aina'iIiIsaanSnapaaeeeeeeqreceereeenenne=4i111-|lal1eecenfotSs]so]t1so]ofit111{&bK!&bia,1o&IwZz51WwZzaIOf&Hoeoa!
3

A
1a=cooim#8“€amyoO5]33iof33\31111i11taoeaaeeaaayegeseaeeeele3ii=Cs\otow1115iiiteaa

«1 SSPLIT(retry)
uFrame M+8

st]

st2IN

afeaaaaaoeeeee

uFrame M+9

DATAO

ACKqtCS:Ready/lastd:

_--------oOaza3ownO
oo7uoOoOeo=xa<Oo]4]awrSa3]$3swgrnonnno====-

=o5i.a

Figure A-80. Abort and Free Abort(HS NYET and FS/LS Transaction is Continued at End of M+3)
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FS/LS
device

(data toggle)

Hub

(SS: start sp. status
Host

(data toggle) S)
u

CS: comp.sp. stat

stl

st2

SSPLIT

IN

stl

si2

ctl

ci

ch4

CSPLIT

IN

NYET

ctl

(2

ch6é

 

uFrame M

uFrame M+]
wee ea eeee hheeodaefeeaeeaeeeeeeeeee

uFrame M+2

Seaeleeeeaeeeeeeee

silal=zoy;oF8obe5S
a

oOo;4]Z=oO3]S}0S
oO+=oE—_am=

woeLeeeedoeeeee eeelewennnnneeoeeeeeeee ee eeeedeneee ee==

4
.'2é|.!§3t3{5\41ry1£{wn1o1&{21=1=\eeeeeeeeeeeeeea

1I
x'

i
3&t“a\“1

1
mietenmintomenceicats4

\\

—};/a]/3/5)3
Iii

ES=:=||AlxaiOrsa1
#

t

—Co-™3|33\3
1iI1

————eeeeeeeee++\+\=i:8a\
stl

st2

SSPLIT(retry)

IN

stl

(2

uFrame M+8

onepee eeeeeneaafeeee

uFrame M+9
IN

DATAQ

ACK

wee wn eeeaeeeeeheeeeeeee

~oeeee—a3az°wO

=|oooFKe2=<E<
Ww

Oo|gs]aot>3g]35ngennnnnonoe
+=5&=

Figure A-81. Abort and Free Free(HS NYETand FS/LS Transaction is not Started at End of M+3)
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Host

(data toggle),
0

uFrame M
st! SSPLIT st]

Ee IN st2

Host does not issue 2nd CSPLIT,
because host already receives
NAKon previous microframe.

uFrame M+4 | Host does not issue 3rd CSPLIT,
because host already receives
NAKon previous microframe.

uFrame M+8

stl

uFrame M+9SesateenntoerententeniademeDien
uFrame M+10

ctl CSPLIT 2haact2 IN ct2

ch?_DATAQ_ us

aenSsacachinaaaalsalaSkSailwbScAplesca2iameikeoknsbachSmShhlatmhnaanckSaSlaoesonesnnClrec
Figure A-82. Device Busy No Smash(FS/LS NAK)

Hub
(SS: start sp. status

CS: comp.sp. status)
SS:Free/x

$S:Pending/x

CS:Ready/nak

CS:Old/nak

SS:Pending/x

CS:Ready/lastd:

j-———fe+nnaanneeenenenenfneneeen
CS:Old/lastdata

CeeeeeeaaseaaeeeacaeltaaleeeLet
FS/LS
device

\(data toggle)
0
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because this endpointis already
ENDPOINT HALT.

Host Hub FS/LS
data togate) (SS: start sp. status device

es | CS: comp.sp.status) \(data toggle)
0] | S$S:Free/x { 0

uFrameM | J, SSPLIT
! s st] U 1 1
| ee mw 1Sl

ie ! |
' 1 SS:Pending/x ! |1 I 1 1
1 I ! !

ae mieten ieneaaa0snaoc irenf me nteiaSaieepoenroloaatineepeperi

uFrame M+1 | | ' IN
pg|1 I ! 1

| | ' STALL '
1 I I<_©'
| 1 |
{ | CS:Ready/stall 1
t eu 5aeSreeaLOtSreat eT eeeareyeyeyTyae =

uFrame M+2 ! ctl CSPLIT '
ageS
(—__N oo, | |
}|

et STALL ch3 CS:Old/stall
i——_eei I i
| ENDPOINT HALT

operasbo sopenestnoo,accuecsuecendacuteandceoasceseeeenuseeundeso
uFrame M+3 | Host does not issue 2nd CSPLIT, [| CS:Free/x i

| because this endpoint is already | i
| ENDPOINT HALT.

---------f------------------~------~--4--~----------4--------------------------4---------
uFrame M+4 : Host does not issue 3rd CSPLIT, | SS:Free/x { i1 1 1 1

{! I 1 I
! ! : :

Figure A-83. Device Stall No Smash(FS/LS STALL)
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A.5 Isochronous OUTSplit-transaction Examples

Reference

Figure

Normal: small payload (<=188) 

Normal: large payload (> 188) 

HS SSPLIT-all corrupted, HS OUT corrupted

HS SSPLIT-begin corrupted

HS OUTafter the HS SSPLIT-begin is corrupted

HS DATAOcorrupted (large payload)

HS SSPLIT-mid or OUT or DATAO corrupted

,

2

-—

_—
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1) Normal. Payload <= 188 bytes:

Full-speed
device

(toggle)

HUB

SS:start-split buffer status

Qo

ba=qaco3cJocca|—=wn5

AFpeesaes
=4e

7op£&aa&25aes2g=a#aSseeraeeermGow

—re

Blef2
a

OyBinn<qwmoOo/8]3opmeww
Qo

=
oOo2Fl#fybeastA
“TT

al|||

 
OUT

fepetefefeircftmltptipSeffttiso

uFrame M+1

uFrame M + 2

SoSeeeeSeeeeeeeSeShaeeeee

uFrame M+8

uFrame M + 8 +1

feeeeeeeeeee
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2) Normal. Payload > 188 Bytes

Full-speed
device
(toggle)

HUB

SS:start-split buffer statusHost

 |

i

Il'1I!1!''2IttfSISSeSSSeSpeeRRSRaeeeaSeaSeeee
14

cs]!i112i!1''9|1I|:v3oi:ig]&]zIa!iBi©<x_;s1I/ie'}|é2|14aBoBobopferngoodpeneccccccneeeeeeee#219agi,Agosag:aSei,BetyPeiPegeaiaf|ae’le8Ailgoanm,|AtsataTouIoocogivauoawmllHwmil/inA/LaHaq&ae23ioaa4oa2Fufyot4iss2ecSeeart&AS5&Ae3971S38osay2oewyja5/185%B5"8A------7---5--4-=2--[nnnnnnnnbnnwnnnnpnnnnnPennngnnnpnnn===11I11a1z1a'={am!otii!a\!1'Gp1omogIon13|“8|a|37|esies\cs1eS°'>1°to!5|72fi8afALa|Ay&1AYE;eiqi1xix'wnA1A1wa1w21I!\ia]wx|om]wa'a]woaIos]ww.x1a]a]&1a]a]FBa3|a]%2'1{i'
|eeeeeAreecSLiRSSeS°o!aPt!s1+Ia'ee|"|!+1+1a2'='s's‘ogIv|\1bo'Ea!a!gcss5;5f=5feM5es©aa
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Full-speed
device
(toggle)

HUB

3) HS SSPLIT-all corrupted (missing or CRC erroretc.)
HS OUTcorrupted

SS: start-split buffer statusHost

CS: complete-split buffer status: not needed
stl SSPLIT-all

st5

sd1_ DATAO

uFrame M

uFrame M+ 1

uFrame M +2

Asaaeeaia

stl

sel

SSPLIT-all

DATAO

stl

uFrame N+ 8

aa===aaa a a aaaaa bbaaaaaaa baaaaa aaaaaaaaa a adee++

uFrame N+8+1
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4) HS DATAOcorrupted

Full-speed
device
(toggle)

HUB

SS:start-split buffer status

CS: complete-split buffer status: not needed

SSPLIT-all

DATAO

stl

st5

sdl

TS ee eeelyS
rtrrrrepercn n=

0

uFrame M +1

weeeenel oeeee eeee ee eeeeeeeaaaaaaa heiaaeeeeeeeeee=

L neem mewee reweeeneeeeeewe wed eeeeleeeewemeewre eeeeweleweee

wee eeee deeeeeeeeeahbaeoeeaoeee

eeeoeeeeeeeeeeeeeeenneeeeeeeeh eeeeeneww wen.neeeeeeeeeseeeeeenleeeee
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5) HS SSPLIT-begin corrupted (missing or CRC erroretc.)

Full-speed
HUB device

Host SS:start-split buffer status (toggle)
(toggle) i Gs: complete-split biffer status: not needed ii I ' i

01 st2 M i 1 SS: Free | I 0{nnn=SPLIT-begin Transbee
«. —>|

uFrame M 1gt |
sdl {OUT token and |

' DATAO | DATAO packet ignobed |

aNb SS antes ersaied{1 t 1 1
TereTeer teredTTETTereeeeeaeeeeeeeneReereeeereeeere tee

| :! st3 ‘mi ' 1 I

uFrame M+1! —_—_—e {'

|__sts
!ggSSPLIT-mid, Out, and DATAO 0
I s ! packet ignored ' I

DATAO shl 1No SS entry created
{1 ' i i

I 1 \ \
aekhrtnaieySs2eenrenfrhoeoSyamn

| | ,
st3 SSPLIT-mid ' {! 1 I i

geel SSPLIT-mid, OUT, and DATAO
| ONpacket ignored \ 61 1No SS entry created 1

sd1_DATAO ! 1 l

uFrame M + 2| iI ' ' i
I i I I
1 ! 1 !
1 + 1 1-—<<==-== ben eeeee We eeeeee enaaddaaaafbaaaaaeeeebeee

| 7 7
| st4 SSPLIT-end i | |

ss : 7\ ' \ \
I st5 ' 1

uFrame M +3 I 1SSPLIT-end, out and DATAO I
i dl ' packet ignored I i Oo

" DATAO No SS entry created

a1 1 1 1
! 1 1 I
' 1 1 1
' i i \
\ ' I i
I ' I \

aaaaaaaaaaai t 1 1
\ i I \t i 1 1
I ' i \
\ 1 I 1
' ' \ \
' 1 I \

| | to\ ' I I
\ i I I
\ ! I i
I ' \ I
i 1 I I1 1 1 1
1 1 I 1
\ i ' !
\ ' I \
I ' ' I
1 1 I i
I 1 I I
I ! 1
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6) HS OUTafter the HS SSPLIT-begin is corrupted

Host

(toggle)

uFrame M

uFrame M+1

uFrame M + 2

uFrame M+ 3

538

aoeeo5-54----
sal

--oy----=-======= eeneeeeeneseseeseees|eeeena=

Full-speed
HUB device
SS: start-split buffer status (toggle)

€S: complete-split buffer status: not needed :1 i i

st2 SSPLIT-begin 1 SS: Free 0
st5 i 1 I

‘essrsetensesetentnasaeOUT. Trans_err $el ' |
hentia>|

sdi1 DATAO ! ' 1sel 1 IU 1

| DATAO packet ighored |
------------------------------ 4__NoSSentrycreated_______-_---------------|--------1 1 1

st SSPLIT-mid
|

st5 { ! i

ngSSPLIT:mid, OUT, and DATAO | 0
| packet ignored I '

sdl_DATAO shl \No SS entry created| |i ' i
i \ \

academiesciara eaeecieaenc ei maaan aaa aaaaac ieraataieiabaaieiniiesiiaianmaaiar'©\aeiaid 2: Wiceioabaaaiaiiae ceca aeaaaeimee as aieiadminia aeeaimemiminaiiaaaaia A aebataamnesanaemetciaataa

| 7 7
st8 SSPLIT-mid | 1 1i 1 i

_SSPLIT-mid, OUT, and DATAO
Oo !packetignored | 1 01No SS entry created

sdl ! I I
DATAO oe
=>i i ii 1 1

i 1 11 1 '
1 ' I

SetSHRoeeneA ocitincemnnee beWeeUES

! 7 7
st4 SSPLIT-end | {

- | | 3
: \SSPLIT-end, OUI and DATAOi 0Reees packet ignored i
sdl1 DATAO iNo SS entry created '

shl i | {
{i i

i i1
L

SReeeaeoaeeecioegeiSeeeLecotwes
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7) HS DATAOcorrupted

Full-speed
HUB device

Host SS: start-split buffer status (toggle)
(toggle) ' GS: complete-split buffer status: not needed ,i i i i

0} st2 SSPLIT-begin 1 SS: Free 1 0

st5 i

uFrame M sg I1 1 z z I
: sdl {SSPLIT-begin and NUTtoken ignored '
! DATAO |No SS entry created \|\®@@e RC ‘ edotc e eeRe : !
1 7I i I isaaTS Un ctace eenereranTeTemeeeEeEM ee os ee nae eePtr aera na a eae yee eee Teeeeteeeeee ted eteeeepee ee eeeey

I' st3 “mi 1 1 1
aimed! SSPLIT-mid i i

| ___st6
!RRegSSPLIT-mid, OUT, and DATAO | 0
1 i packet ignored ' I

sdi_DATAO shi \No SS entry created
{ |i i i i

i i i i
SeHsh=fra Sane SSSSS aesSeeeeePeeeeeeeeSeneeeyeae

| | ! 7
st3 SSPLIT-mid \ { |1 1 I 1

st5 ISSPLIT-mid, OUT, and DATAO
! AEgt packet ignored \ \ 01 iNo SS entry created 1
1 sdi_ DATAO 1 ! I

uFrameM+2 | shl \ ' I
| | |i 1 i i
i i i i
i i i i

eccopissesfaaaeeeeeeeeeeeeeheeeereereiee

|
| st4 SSPLIT-end | I I
i i i i
i st5 \ |

uFrameM+3 ! 'SSPLITend, OUT, and DATAO
ipacket ignored 0

f sdl1 DATAO 1No ss entry created j

i ——— 1i 1 i i
1 I ! 1
i 1 i ii ' 1 i
i i i i

eerrrrnnnnnnPerrennennepeeennnei i i i
\ i i i1 1 ! 1
i i i i
1 1 1 !
I i i i
i i i i

| 01 1 1 1
i i i i
I i i i
i i i i
i i i i
i ' i i
1 1 1 1
! t ! 1
i i i i
i 1 i i
1 i i i
i 1 i i
{ i i
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8) HS SSPLIT-mid or OUT token or DATAOpacketafterit is
corrupted

 

 
 

Full-speed
HUB device

Host SS:start-split buffer status (toggle)
(toggle) ' CS: complete-split buffer status: not needed \i i i i

0 st2 SSPLIT-begin SS: Free 01 1 ! 1

i st5
uFrame M '!

1 1 1 1

sd1_ DATAO
shl Ns |

| CréateSS{0] entry Wwith status = Pending
ee1 ennepee eeeenEENErereE nTre Vesaeco ener, 1 Feeerstve sn ob en gcpgsniciei eeeeeeee

i ON (
i st3 Limi i : i '

siamese}2S8Pmid A |__our
| “ou,a \
1 1 | 1
| | 7 |

sdl DATAO | OUT, and DATAOphcket
: lignored \ ;
! | No SS[1] entry credted |I 1 1 1

aeFannin nnnnn a nnn nnn nnnnaan nananbeSORawaTOFPeCoRUed~~~ “en
st3. SSPLIT-mid II ! 1 I

st5 | SSPLIT-mid, out and DATAO FS handlet generates a_bit-
| packet ignored i stuffing erroy on full-speed bus
'No SS entry created

sdl1 DATAO \
uFrameM+2 |! i |

1 i \ i
i i ' \

eeeEieepa

\ st4é SSPLIT-end { | \

i st | !
uFrame M +3 ! 1SSPLIT-mid, out, and DATAO {

1 | packet ignored \ 1 0
sdl DATAO \No SS entry createdI shl 1 \ \I i \ i

1 1 1 11 1 1 1
1 1 t 1
1 1 t 1
Deccaneetehaepeeeece Poceeeegeute chenoceseeePezscngteresa:Sss5==ros=> 7 T r\ i \ i
i 1 ' i! 1 ! 1
1 1 1 I
i i \ i
i i ' i
1 i i i

| 01 1 t 1
1 i \ i
\ i \ \
\ i ' i
i i i i
i i \ i
1 1 1 1
1 I 1 1
1 ! 1 i
\ i i \
i i \ i
i 1 i i1 1 !
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A.6 IsochronousIN Split-transaction Examples

Figure

eeeressnrenmes
HS CSPLIT corrupted

Consecutive HS CSPLIT corrupted

HS IN corrupted 2

Consecutive HS IN corrupted 8

HS data corrupted (case 1) 9

HS data corrupted (case 2) 10

TT has more data than HS expects 11

HS CStoo early (full-speed data not available yet) 12

Full-speed timeout or CRC error 13
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1) Normal: full-speed bus transaction does not cross microframe
boundary

Full-speed
HUB

®'Oo_'>‘o:
BDoe:°7s1TaeealsleSdeeaCaeee1'''1'''''''''

1<i|&
'yoga?&a!¢!ft:eon=“!sgath5{wo£5$:$es4+€&&g'&=eS—t:Sa\Ho%=%Pot$é2Be=iRea.o'SlooaaiBim£82a;OMOOSs2a6et9ov]oOOoSAeicoe4Ce1I1|

BByoA
'

et9'aa'
1I''aeeaeeekeiaeeeeiool

o=+#3z!7=aoOo&gI8msFeyaarafy
so

ohaaeeaaaanaeeeaapeaeeeee

last

CS=Old/last data

aaeeee

uFrame M + 2

uFrame M+3

SSSSeeeeee(occ ecreewoo4
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2) Normal: full-speed bus transaction crosses microframe boundary

  

 
 

cd2|MDATA*

HUB Full-speed
Host SS:start-split buffer status device
(toggle) ' \CS: complete-split buffer statns , (toggle)

0}
I 1 1 t 01 i \

stl SSPLIT SS= Free
uFrame M ag

pi
}SaCreate SS entry with status + Pending !

sanaan ponnnnnnnnnnnnnnnnenednnnnnnnnnnennnnepennennnnnnnncnnnenenennnapecnncnas
IN! i | I

I ; ee
1 Create CS entry 1

uFrame M+1 \ SS = Free DATAO

i i 1 I
aebeeenneenanenneee eenen deneeeeeeeeeedieeeeennnnenecns ae

| Ceaste CSIaut _— CSIo}!= Ready/more-datare en’

| ctl CSPLIT pres = a
3 | =
| _ct2 IN 1 i

Frame M +2 | -— |
Ye OS | Send dataja-CS{0) withi i

: 11
1

o
Ey

:3 q------------CS[0] = Old/more data f------------------1

t | SU =BReady/more-da
i:pocaaamnnnnnnnannonnnnnnt-— ceeatsCS]entryTY = iO! 1 | I

' ctl t im 1

uFrameM+3!  ¢t¢2 IN ! . ! !i 1 1 I

7 eee Send data ff CSI1) with!1 MDAT. \ S[2] = Ready/last-data
' igo i i

MDATA 222gtS11) - Old/more data +”
i f |

c

ee_
i fi i \

| | / | |1 i ? 1

ctl CSPLIT 7 / ! |! a 1 '
uFrame M + 4 ct2 —IN /

i ' Send data in CS[2] with} \

1 I !

DATAQ cdeMCsi2] = Oldlast data!
1 i i

Oo | ' ! I
hl! 1 ! I
! 1 ! i
' 1 ! !

H 1 i
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Full-speed

SS:start-split buffer status

HUB

Universal Serial Bus Specification Revision 2.0

3) HS SSPLIT corrupted

77=I&bo1p!!!Sanetorasescomces---------------4-----------------------2-2-22-2-225522nnnnnnnnnnnnnnnnnnaannnn-=--
1

Iii\i1,I1'iI'I1i1I11I141'Ii'1j\\''1i\1|\1i11iI11iIii'i\I:I1{|!essticatcencsssceaitasivsohaaacesttcsnseaieBsaseceerereaeeiaceee6{7=inia41!Ibegzz‘&ii5q|22&avo!=|2f#e8goy1i68|::!q2'29&ze|=g&oDAaa!!3a'32Op|IEoa1ae3of|'ag9'cAn&eo!1Sa\notionBEliemeneemine!LeeeneennnrcUOereeeseiireaconersaI'tHi11a1Bd|!:!=1Hii1S|!!322|Bs7i&oeai3iAii\|'BPo-“*ssI;11Ql»ane?|ai;OFAsurOFoni11Seeka»hseeamnI||ieeego|iiooB83'naannenaponennnnnnndennncnnccnnnsBpBaneNeBBoaneee©s!++Basaoa|ez|,|:_3aoa.5'51oma%!
3

iyfe&333
IPR2018-00110

ZTE/SAMSUNG 1008-0572

544



ZTE/SAMSUNG 1008-0573 
IPR2018-00110

Universal Seria] Bus Specification Revision 2.0

4) IN after HS SSPLITcorrupted

=]®
S.

oo!—egi338wosestheeclaeoemine!GdnrfsdawwranevofaceseinesabeeesanhsehndSeaa111111111111111111!I111IBojoo8BeaeZ|aS|ao3|aBYno@a|5fh8anfm6ia|eaea2|mao8orCNaneBisheaterreeteaeiF!:!aa}'=PoAyi|a,a|o/3)|wymyiiIit:1SeeeiestaweosJWpeeeseaes'mo
ao1ne=52F2msA:=aBy

elpgpSealsenSoetshinaidla arate oa aeaeiereere

Leccegreseeeod4S

ggz2Bo@
oo

aa2
tla

saonaFYa}|#8gl|&ARcAiwnoOZal$LeJ39ansofaanN4a#qs2oiscccetsass853reactiestoateansceeisMs+.=Aa§
oOfl[ey=|

If not last CS > ch3

If last CS > ce6

==F-|weenLL ---
EOeeOF

uFrame M + 3
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5) HS CSPLITcorrupted

7ev
a.

va'
=e=2

30%°\qos1aerraareaJaaesaee1111i!11!!111

a
|&|A

bo(7A1ddIBI4aeeeeeeeeee+:Leeeeeofa |3a5::aq.g25.23&Se25Ag%25Bséa36Su"fe33B538MssgRad2&
ea]

EX—JfoeWwwm

3]3eeeeeeeeeeeeeeeeS|aceeeeeeeeeeee°{rtsti+=“3gi=©2gIafoe|=3a
&

to-------ee

data withlast

Old/ast data

IN is ignored

1 -> ce3

Immediate retry CS

cs

aeeeeee

Timeout ce7

Err_count

ee ae eeeyoeaaa

uFrame M +2

uFrame M +3
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6) Consecutive HS CSPLIT corrupted

HUB Full-speed
Host SS: start-split buffer status device
(toggle) \ \CS: complete-split buffer staths (toggle)1

0! Igi i i

1 stl=SSPLIT SS = Free
uFrame M a|

|; 2 |
eeereCreate SS entry with status + Pending '

1 1 1 I

annooe
| | a |
1 Create CS entry !ry,:

SS = Free I !
uFrame M+1 } | } DATA

1 CS = Ready/last data

I 1 | i
—To

| 1 CSPLIT |* tbieteetetsernay i

fTnsec { ! 1
| _oi2 IN a

uFrame M +2 | ! _. { 1
| 1 IN is ignoredI i i

Timeout ce7 | No responseis given i

Err_count = 1 -> ce3
Immediate retry CS ! i I

| ! !
| ctl CSPLIT
ft : ' 1

e INad !

! t INis ignored ' i

Timeout ce7 No responseis given
Err_count = 2 -> ce3 | i
Immediate retry CS I

; |! I I i
1 I ! '

|tl CSPLITsstreetttnttane I

penning { ! '

1 I ' 1

ooIN is ignored
\ } \ '

Timeout ce7 | No responseis given

Err_count = 3 -> ce4
Record error {
Go to next cmd

! ! 3 |
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7) HS IN corrupted

a=}v
S.
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fe382!68@Pssfy8{—W@!wnamad9eedseeeeeI11I'
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|t'eeeeeeeee|ooea
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Dianeee

|~-----~---------------------------------------
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1
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eoeeenLenhnhneeeLeeee
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8) Consecutive HS IN corrupted

HUB Full-speed
Host SS:start-split buffer status device
(toggle) \ ‘CS: complete-split buffer staths , (toggle)

0! | {
{ ' | 0
1__stl SSPLIT SS = Free

uFrame M sn
{ t
! !Create SS entry with status + Pending I
i

| |
caePoWmnnnnanananannanncaadcnnannnnnennanenan nna pacmannnnennenemanpnnanan

! | |__IN 3
| Create CS entry 1as
t \ SS = Free 1 |

uFrame M+1} { DATA: i
I i CS = Ready/last data |
| | | !1 1 1 '

ceinhiese measpersovsSiteSphehniiwiiunlGRaiaiaaSd,loalrc

7 | | |
1 ctl CSPLIT |1
! 1 I '
I ct? I 1

eenteeeeeters, |uFrame M + 2 si> timeout! t 1

Timeout ce7 | No responseis given 1
Err_count = 1 -> ce3
Immediate retry CS ! | i

{
7 ! |

ctl CSPLIT !I I I !

| ct2 IN
iee cel!
Bt> timeout | '

Timeout ce7 No responseis given
Err_count = 2 -> ce3 ! ' {
Immediate retry CS

! ' t

: 3 ! !
ctl =CSPLIT

1 I I 1

| ct2 IN
jen cot | | !

eeneridsteny> timeout7 1 I |

Timeout ce7 | No responseis given

Err_count = 3 -> ce4 \
Record error ' | i
Go to next cmd

! ,
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9) HS data corrupted (case 1)

sYv
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bo
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10) HS data corrupted (case 2)

 
 

 
 

HUB Full-speed
Host SS:start-split buffer status device
(toggle) \ CS: complete-split buffer staths i(toggle)' I I !

v1 ! 3
1 tl SSPLIT SS = Free

uFrame M Pe
' I ! \i i i

! eeeCreate SS entry with status + Pending 1
' { |
I ‘| t i

eeficeemseneemetttraeremtot freemenYromeemencsieiecennnncinannnnieeltt

Create CS entry

uFrame M +1 | ! SS = Free t ;1 1 1 1

'
| ! | |oeLecceeeeeeeeeeee aaag neaaSe

CreateSthentry Ready/begin-data
ctl CSPLIT 1 i osi i

1aneg tga? ict2 IN ! - "
I re | \

uFrame M + 2 a" '' f _— ! I
\ ed2 | - \ |

ae eee \ Ma sond begin-data in CSf) :
4 eee | with MDATA' 1 1 |
'CRC error ce5 | | !

eerrreee apennaeeeL-CS10} =—Old/begin data--1---> aa
rHC rejects data 1 4 . [

t _— \
| Tadvance a”
i |Implementor can decide |
| ‘what to do on_the ;
i ‘continuing full-speed bus |
: \Any way the data herewe 1

‘useless x
1 ! i 1
! 1 4 1 i
! ! - |

copeLeveusesLenouameunueceIeeuacnauueg Auscussnewercuunenaeraeurebane
B! I I [

' I I t
! 1 I I
' 1 I I
! 1 ' |
! i I I
1 i \ 1' 1 I I
' 1 I I
1 i \ i
1 I ' I
' I I !
i i i i
i 1 i i! I I I
i i ' i
! I I I
| I I I
! I I !! I I I
1 I ' I
1 I ' I
i i 1 1

| ! 1 7
i | i i1 1
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11) TT has more data than HC expects

 
 

x HUB Full-speedost SS: start-split buffer status device
(toggle) i \CS: complete-split buffer staths (toggle)

0!
i :

1 stl=SSPLIT SS = Free
sFraneat |g | |1 { i i1

'OrigCreate SS entry with status 4 Pending
7 |
! |

TNTpromtreettntdennnnbennnnnnenerrrmeresbrowneeee
i IN1 I ! 1

i {Ds|
' Create CS entry

uFrame M +1 | 1 SS = Free \ :
| ' ! !

{ | CS[0]
STaoee prommmmmmrnnnnncesennnon 4=CreateSiH entryomy Tooporrenei i

| ctl  CSPLIT
\oeaoeyi - i| et? te !; IN 4 :

uFrame M +2 |ie a i {
Send begin-data in Cs{o}1

MDATA ed2 | WieSens
¢—_"450 =Old/more data | i
tch4 I | CS{1]

saiaiaicimniainn_~~ CreateCSE] entry“ae aanni i Z i
; ctl OSPLIT 1 = t
{ ' a+ {

uFrame M+3 ! we | ;
| 2 IN | Send mid-data_in “CS{1}1! og! with me ! !1 *

MDATA  cd2 i£0 Old/more data1 1 I 1\ iSn = Ready/more-data !
Seer--ch4____--____-_---~---1-~-------------------1---; wetseeeens eeeu

i

: 7 4 !
1 1 CSPLIT 7}

uFrame M+4 | «ex “ CS[3]=Ready/last-d |* a ta

Ti Send mvffdata in CSf P= See eete |withAMDATA /\ ' = 1 \

MDATA 41 g6s)2] = Old/more coe |a ———— i i1 1 1

HC has|sen@the last CS, but it i + { \
receives | MDATA, so something ‘ / | {
goes wrohg -> ce8 : - \ |

ooo4d------------~-------------------------- NEaeeeearnornwear maeee
[3] = Old/Mast-data
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12) HS CStoo early (full-speed data not available yet)

HUB Full-speed
Host SS: start-split buffer status device
(toggle) 1 \CS: complete-split buffer staths , (toggle)1 1

0! ! :\ I 1 O
\ stl SSPLIT SS = Free

uFrame M eet !
es
7 tieCreate SS entry with status + Pending |I l | I

i : t
~nana-fonnnnnnnnnnnnnnnnnnnnnndannnnnnnnnnnnnnnnnnnnfennnnnnnnnnnnnnnnnnnnnananbeeeni i i i

i i I i
i ' i I
! I I |
' i I 14 1 U !
1 i I 1

uFrame M+1} k | '
'1 1 | I
! 1 I 1
1 1 I i.

TottenFS1

ctl §=CSPLIT !i
I l | IoN !\

uFrame M + 2 |Oe ; \ |
' 1 Search not complete in 1 !

_ tiei

Timeout ce7 1 ! :
Err_cofint = 1 -> ce3 | 1
Immediate retry CS 1 ! }

t1 I I I
{
| etl CSPLIT |
iweoo! I i1 ! t

=e
tc . i |

1 No split response found
h4. |

[—— | Respond with NYET! 1 1 |
1 1 ! I

This isjnot the last CS -> ch3 ! | |_a-to

7 | | 7
il CSPLIT { IN

=' Create CS entry |te| ct2 ' SS = Free I :
uFrame M + 3 1 ' ! DATA ;pg' CS = Ready/last data! I! 1 ! I

ed1 'Send last data with | {

oo"'DATAO! I I I1 ! 1

‘chi \CS = Old/lastdata
'i I 1 I

| 1 1 1
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Full-speed
device

HUB

Universal Serial Bus Specification Revision 2.0

13) Full-speed timeout or CRC error

SS: start-split buffer status
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Appendix B
Example Declarations for State Machines

This appendix contains example declarations used in the construction of the state machines in
Chapters 8 and 11. These declarations may help in understanding some aspects of the state machines.
There are three sets of declarations: global declarations, host controller specific declarations, and
transaction translator declarations.

B.1 Global Declarations
LIBRARY IEEE;

USE IEEE.std_logic_1164.al1;

PACKAGE behav_package IS

CONSTANT FIFO_DEPTH : INTEGER := 3; -- Size of bulk buffer.
-- Determines how many outstanding
-- Split transactions are allowed.

CONSTANT ERROR_INJECT_DEPTH : INTEGER := 16; -- Size of Error Inject FIFO.

TYPE ep_types IS (bulk, control, isochronous, interrupt); -- endpoint types

TYPE directions IS (in_dir, out_dir); -- data transfer directions

TYPE pids IS (NAK, ACK, STALL, -- possible packet PIDs
tokenIN, tokenOUT, tokenSETUP,
SOF, ping,
MDATA,
DATAx, -- represents both DATAO and DATA1
CSPLIT, SSPLIT,
NYET, ERE,

TRANS_ERR) ; -- pseudo PIDs for error cases

TYPE cmds IS (start_split, completesplit, nonsplit, SOF); -- HC commands

TYPE data_choices IS (alldata, begindata, enddata, middata);
-- isochronous data part for an HC command

TYPE HCresponses IS ( -- what HC should do next for this command
do_start, -- do start-split transaction
docomplete, -- do complete-split transaction
do_complete_immediate,

-- do complete-split immediately before doing a different transaction
do_halt,

-- do endpoint halt processing for the endpoint of this command
do_next_cmd, -- do next command for this endpoint

-- advance data pointer appropriately
do_same_cemd, -- do same command over again
do_comp_immed_now,

-- do complete-split imediately within same microframe
do_next_complete,

-- do next complete-split in next microframe (periodic)
do_next_ping,
do_ping,
do_out,
do_idle -- Response not active - Used for Simulation

i

TYPE Devresponses IS (
do_next_data,
do_nothing

a
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TYPE waits IS [
ITG, -- wait up to an inter packet (intra transaction) gap

-- for the next packet.
none); -- wait forever for next packet

TYPE CRCs IS (bad, ok);

TYPE states IS (old, pending, ready, no_match, match_busy);
-- states of a buffer

TYPE results IS ( -- full/low speed transaction result in a buffer
r_ack,
r_nak,
r_trans_err,
r_stall,
r_baderc,
r_lastdata,
r_moredata,
r_data);

TYPE epinfo_rec IS RECORD
space_avail : boolean;
data_avail : boolean;
eptype : ep_types;
ep_trouble : boolean;
toggle : boolean;
END RECORD;

TYPE epinfoarray IS ARRAY(1 DOWNTO 0) OF epinfo_rec;

TYPE device_rec IS RECORD
ep : epinfo_array;
HS : BOOLEAN;
END RECORD;

TYPE match_rec IS RECORD -- result of matching a high-speed complete-split
state : states;

down_result : results;
END RECORD;

TYPE HS_bus_rec IS RECORD
-- partial high speed transaction state from a high speed bus

ep_type : eptypes;
PID : pids;
dev_addr : INTEGER RANGE 0 TO 127;
endpt : INTEGER RANGE © TO 15;
CRC16 ¢ (RCs;
direction : directions;
x : boolean;
datapart : data_choices;
ready : boolean;
timeout : boolean;
END RECORD;

TYPE command_rec IS RECORD -- command state that the HC must act upon
eptype : eptypes;
cmd : omds;
setup : boolean; -- true is control setup
ping : boolean;
HS : boolean;
dev_addr : INTEGER RANGE 0 TO 127;
endpt : INTEGER RANGE © TO 15;
CRC16 : CRCs;
direction : directions;

datapart : data_choices;
toggle : boolean;
last : boolean;
END RECORD;
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TYPE be_buf_status IS (OLD,NU,NOSPACE); -- Responses from CompareBCbuff.

TYPE BC_buff_rec IS RECORD -- (partial) state of a bulk/control buffer
match : Match_rec;
index INTEGER RANGE 0 TO (FIFO_DEPTH-1);
status : be_bufstatus;
END RECORD;

TYPE CS_buff_rec IS RECORD
-- (partial) state of a periodic complete-split buffer

match : match_rec;
store : hs_bus_rec;
END RECORD;

TYPE SS_buff_rec IS RECORD
saw_split: boolean;
isocho: boolean; -- was the last transaction an isochronous OUT 5S
lastdata: data_choices;

-- if isochO is true, then what was the last data portion
END RECORD;

TYPE cam_rec IS RECORD -- Information stored in the bulk/control Buffer.
store hs_bus_rec;
match : match_rec;
END RECORD;

TYPE phases IS (SPLIT, TOKEN, DATA); -- Error Inject phases.

TYPE err_inject_rec IS RECORD -- Error Injection FIFO record.
phase phases;
timeout boolean;
ere CRCs;
pid : boolean;
END RECORD;

TYPE err_inject_type IS ARRAY((ERROR_INJECT_DEPTH - 1) DOWNTO 0)
of err_inject_rec;

TYPE cam_type IS ARRAY((FIFO_DEPTH - 1) DOWNTO 0) OF cam_rec;

--returns true when there is a packet ready to receive from a bus

FUNCTION Packet_ready(HS_bus_in: HSbusrec) RETURN boolean;

-- wait until there is a packet ready on a bus
PROCEDURE Wait_for_packet (HSbusin: HS_bus_rec; wait_type: waits) ;

PROCEDURE RespondDev (dr: devresponses);

PROCEDURE HCAccept_data;

PROCEDURE HC_Reject_data;

PROCEDURE Dev_Accept_data;

PROCEDURE Dev_Record_error;
END behav_package;
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B.2 Host Controller Declarations
shared
shared
shared
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

VARIABLE ErrorCount : integer :=0;
VARIABLE HC_response_v : HCresponses;
VARIABLE rd_ptr : integer RANGE 0 TO (ERROR_INJECT_DEPTH-1) := 0;
HSU2_ready : boolean;
HC_command_ready : boolean := FALSE;
HC_cmd : command_rec;
HCresponse : HCresponses;
err_inject_fifo : err_inject_type;
wr_ptr : integer RANGE 0 TO (ERROR_INJECT_DEPTH-1) := 0;

PROCEDURE Issue_packet (SIGNAL HS_bus_out : OUT HS_bus_rec;

BEGIN
pid : pids) IS

HS_bus_out.eptype <= HC_cmd.eptype;
HS_bus_out.endpt <= HC_cemd.endpt;
HS_bus_out.dev_addr <= HC_cemd.dev_addr;
HS_bus_out.direction <= HC_cmd.direction;
HS_bus_out.datapart <= HC_cmd.datapart;

HS_bus_out.x <= HC_cmd.toggle; se: 22?

-- Check for Error injection when FIFO is not empty.
IF (wr_ptr /= rd_ptr) THEN

CSPLIT)) OR

-- Insert an error during SPLIT phase ?
IF ((err_inject_fifo(rd_ptr).phase = SPLIT AND (pid = SSPLIT OR pid =

-- Insert an error during Token phase ?
(err_inject_fifo(rd_ptr).phase = TOKEN AND

(pid = tokenIN OR pid = tokenOUT OR pid = tokenSETUP)) OR
-- Insert an error during Data phase ?

(err_inject_fifo(rd_ptr).phase = DATA AND (pid = MDATA OR pid = DATAx)))THEN

HS_bus_out.crel6 <= err_inject_fifo(rd_ptr)
HS_bus_out.timeout <= err_inject_fifo(rd_ptr)
IF (err_inject_fifo(rd_ptr}).pid) THEN

HS_bus_out.pid <= TRANSERR;ELSE

HS_bus_out.pid <= pid;
END IF;

-- Update read pointer.
IF (rd_ptr = (ERROR_INJECT_DEPTH-1)) THEN

rd_ptr := 0;
ELSE

rd_ptr := rd_ptr + 1;
END IF;

-- Otherwise issue packet with no errors.
HS_bus_out.creleé <= ok;
HS_bus_out.timeout <= FALSE;
HS_bus_out.pid <= pid;

END IF;

-- Otherwise issue packet with no errors.
ELSE

HS_bus_out.crel6é <= ok;
HS_bus_out.timeout <= FALSE;
HS_bus_out.pid <= pid;

END IF;

HS_bus_out.ready <= TRUE;
HS_bus_out.ready <= FALSE after 500 ps;
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END Issue_packet;

-- Get next command for HC to execute.
ret-- NOT USED FOR THIS IMPLEMENTATION

PROCEDURE HC_Get_next_command IS
BEGIN
END;

PROCEDURE RespondHC (HCresponse : HCresponses)
BEGIN

HCresponse_v := HCresponse;

Is

-- Update command status for the next time the command will be executed by HC.-- NOT USED FOR THIS IMPLEMENTATION 1

PROCEDURE Update_command (SIGNAL HCdoneBEGIN
HCdone <= TRUE;

END;

PROCEDURE IncError IS
BEGIN

ErrorCount := ErrorCount + 1;

-- Record Error for current command.
-- NOT USED FOR THIS IMPLEMENTATION

PROCEDURE Record_error ISBEGIN
ErrorCount := 0;

END;

559

ZTE/SAMSUNG 1008-0587

IPR2018-00110



ZTE/SAMSUNG 1008-0588 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

B.3 Transaction Translator Declarations

shared VARIABLE cam : cam_type; -- TT buffer.
shared VARIABLE BC_buff : BC_buff_rec;
shared VARIABLE CS_Buff : CS_buff_rec;
shared VARIABLE rd_ptr : integer RANGE 0 TO (ERROR_INJECTDEPTH-1) := 0;
shared VARIABLE derror_v : boolean;
shared VARIABLE ss_avail_v : boolean;
shared VARIABLE periodic : boolean := FALSE;
shared VARIABLE error_time :time := 1000000000 ns;
SIGNAL split : HS_bus_rec; -- Stored Shared Split Token
SIGNAL token : HS_bus_rec; -- Stored Token
SIGNAL SS_Buff : SS_buffrec;
SIGNAL CS_Buff_sig : CS_buff_rec;
SIGNAL mem : Ccam_rec;
SIGNAL memwrite : boolean;

SIGNAL err_inject_fifo : err_inject_type;
SIGNAL wr_ptr : integer RANGE 0 TO (ERROR_INJECT_DEPTH-1) := 0;
SIGNAL derror : boolean;
SIGNAL ss_avail : boolean;

-- Is_no_space - Returns true when there is no space in the Bulk/Control buffers
for the current start-split.

function Is_no_space(BC_buff: BC_buff_rec) return boolean is
variable result:boolean:=FALSE;

begin
IF (BC_buff.status = NOSPACE) THEN

result := TRUE;
END IF;
return result;

end Is_nospace;

function Is_new_SS(BC_buff: BC_buff_rec) return boolean is
variable result:boolean:=FALSE;

begin
IF (BC_buff.status = NU) THEN

result := TRUE;
END IF;
return result;

end Is_new_SS;

function Is_old_SS(BC_buff: BC_buff_rec) return boolean is
variable result: boolean: =FALSE;

begin
IF (BC_buff.status = OLD) THEN

result := TRUE;
END IF;
return result;

end Is_old_Ss;

out HS_busrec;procedure Issue_packet (signal HS_bus_out :
i : pids) ISpid

begin

-- Setup HS packet based on whether its periodic or bulk.
IF (periodic = TRUE) THEN

HS_bus_out.ep_type
HS_bus_out.endpt <=
HS_bus_out.dev_addr <=

<= CSBuff.store.ep_type;
Cs_Buff.store.endpt;
CS_Buff.store.dev_addr;
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HS_bus_out.direction
HS_bus_out .datapart

= CSBuff.store.directio
= CS_Buff.store.datapart

117
'

HS_bus_out.x <= CS_Buff.store.x; ae 222?ELSE

HS_bus_out.eptype <= cam(BC_buff.index) .store.ep_type;
HS_bus_out.endpt <= cam(BC_buff.index).store.endpt;
HS_bus_out.dev_addr <= cam(BC_buff.index).store.dev_addr;
HS_bus_out.direction <= cam(BC_buff.index) .store.direction;
HS_bus_out.datapart <= cam(BC_buff.index) .store.datapart;
HS_bus_out.x <= cam(BC_buff.index) .store.x; -- 2???

-- Update bulk/control with state information which may have been updated
-- by the complete-split state machines.
cam(BC_buff.index) .match.state BC_buff.match.s
IF;END

-- Check for Error injection when FIFO is not empty.
IF (wr_ptr /= rd_ptr) THEN

HS_bus_out.crelé <= err_inject_fifo(rd_ptr) .cre

tate;

HS_bus_out.timeout <= err_inject_fifo(rd_ptr) .timeout;
IF (err_inject_fifo(rd_ptr).pid) THEN

HS_bus_out.pid <= TRANSERR;ELSE

HS_bus_out.pid
END IF;

<= pid;

--IF (now > error_time }) THEN
-- Update read pointer.
IF (rd_ptr = (ERROR_INJECT_DEPTH-1)) THEN

rd_ptr := 0;ELSE

rd_ptr := (rd_ptr + 1);
END IF;

--END IF;

errortime now;

-- Otherwise issue packet with no errors.
ELSE

HS_bus_out.crels6 <= ok;
HS_bus_out.timeout <= FALSE;
HS_bus_out.pid <= pid;

END IF;

HS_bus_out.ready <= TRUE;
HS_bus_out.ready <= FALSE after 500 ps;

end Issue_packet;

-- returns true when wrong combination of split start and
FUNCTION Bad_IsochOut (SS_Buff:SS_Buff_rec;

split : HS_bus_rec) RETURN boolean
VARIABLE result:boolean:=FALSE;

BEGIN

result := ((split.datapart = enddata OR split.datapart
NOT(SS_Buff.lastdata=begindata OR SS_Buff

((split.datapart begindata OR split.datapar
SS_Buff.isochoO) OR

((split.datapart middata OR split.datapart
SS_Buff.isochd);

RETURN result;

END BadIsochOut;

- Save the Packet for use later.-- Save

last isoch out transaction

Is

middata) AND
.lastdata middata)) OR
t alldata) AND

enddata) AND NOT
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procedure Save(hs_busin : IN HS_bus_rec;
SIGNAL hs_bus_out: OUT HS_bus_rec) IS

begin
hs_bus_out <= hs_busin;

end Save;

-- Compare_BCbuff - This procedure is used to look at the BC buffer to determine
-- whether the packet should be stored. Compare_BC_buff will
-- initialize BC_buff with the buffer location information.

procedure Compare_BCbuff Is
variable match:boolean:=FALSE;

begin

-- Assume nospace and intialize index to 0.
BCbuff.status := NOSPACE;
BC_buff.index := 0;

FOR i IN 0 to FIFO_DEPTH-1 LOOP
IF NOT match THEN

-- Re-use buffer with same Device Address/End point.
IF (token.endpt = cam(i).store.endpt AND

token.dev_addr = cam(i).store.dev_addr AND
(({token.direction = cam(i).store.direction AND

split.ep_type /= CONTROL) OR
split.ep_type = CONTROL)) THEN

-- If The buffer is already pending/ready this must be a retry.
IF (cam(i).match.state = READY OR cam(i).match.state = PENDING) THEN

BC_buff.status := OLD;ELSE

BC_buff.status := NU;
END IF;

BC_buff.index := i;
match := TRUE;

-- Otherwise use the buffer if it's old.
ELSIF (cam(i}).match.state = OLD) THEN

BC_buff.status := NU;
BC_buff.index := i;

END IF;
END IF;

END LOOP;

BC_buff.match.state := cam(BC_buff.index) .match.state;

end CompareBCbuff;

-<= Feceehedata - Store start-split into bulk/control buffer. Index is setupin a previous call to Compare_BCbuff.

Procedure Accept_data IS
begin

cam(BC_buff.index).store := token;
cam(BC_buff.index).match.state := PENDING;
BC_buff.match.state := PENDING;

end Accept_data;

-- Match_split_state - This procedure finds the BC buffer location which matches
-- the current complete-split.

procedure Match_split_state IS
variable match:boolean:=FALSE;

begin
BC_buff.match.state := NOMATCH;
BC_buff.index := 0;

FOR i IN 0 to FIFODEPTH-1 LOOP
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IF NOT match THEN
-- Is this the buffer used for the start-split
-- corresponding to this complete-split?
-- If it is... store information into BCbuff and
-- indicate match was found.

IF (token.endpt = cam(i).store.endpt AND
token.dev_addr
token.direction

BC_buff.match.state

= cam(i).store.dev_addr AND
= cam(i).store.direction) THEN

= cam(i).match.state;
BC_buff.match.down_result := cam(i).match.down_result;
BC_buff.index :=
match := TRUE;

END IF;
END IF;

END LOOP;

periodic := FALSE;

end Match_split_state;

1 '

-- Setup Issue Packet.

PROCEDURE Down_error IS
BEGIN

derror_v := TRUE;
END Down_error;

procedure Data_into_SS_pipe IS
begin

CS_Buff.match.state := MATCHBUSY;
ss_avail_v := TRUE;

end Data_into_SS_pipe;

procedure Past_match IS
begin

periodic := TRUE;
end Fast_match;

-- Setup Issue Packet.
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Appendix C
Reset Protocol State Diagrams

This appendix presents state diagrams that provide implementation examples for the reset protocol as described
in Section 7.1.7.5. These state diagrams should be considered as an example to guide implementers; the
description ofthe reset protocol and the high-speed reset handshakein Section 7.1.7.5 is the complete required
behavior. By necessity, state diagrams incorporate some implementation dependentparts that, although
describing the reset protocol correctly, can also be implementedin a different way yielding similar behavior.

Anytimer used in these state diagrams should have a resolution that allowsit to always keep to the allowed time
frame. For instance, if a timer times out between a time Tyyex(min) and T+yyer(max), the timer should have a
minimal] resolution ofat least 1 clocktick in the range ofTeg. In a numberofplaces, a time T-yyer is
mentioned in a state diagram; while in the tables in Section 7.3, a range is given forthis time. In that case, the
time represents a chosen value in the range such thatit is at least 1 clocktick of the associated timer away from
the upper boundary of that range. Under these conditions,a state in the state diagrams will never miss a branch
because the associated timer overstepped the time-out condition.

In the state diagramsin this appendix, a timer can be either Run, Started, or Cleared. Ifa timer is Run,it will
update itself every clocktick. Ifa timer is Cleared, it is stopped and its contents are reset to zero. A timerthat is
Started is first cleared and then immediately run. Stopping of a timer is never done explicitly in the state
diagrams.

C.1 Downstream Facing Port State Diagram
This section describes the reset protocol state diagram for the downstream facing port.

The state diagram shownin Figure C-1 showsall the necessary and required behavior of a downstream facing
port in case ofa reset. As this is the initiating party in the reset protocol, the hub enters the Resetting state
through a request from the host (the SetPortFeature(PORT_RESET) command). The downstream facing port
then drives an SEOto initiate the reset and at the sametimestarts a timer TO to time the whole reset procedure.

Ifthe attached device is low-speed, then the only way that reset ends is when the timer TO times out (Tpgsr) and
the bus returns to idle. Whether a device is low-speed is determined prior to entering the Resetting state in the
status bit PORT_LOW_SPEED. Thisis described in more detail in Section 11.8.2. When reset has completed,
the hub enters the low-speed Enabledstate.

If the attached device is full-speed and not high-speed capable,it will end reset when timer TO expires (Tprsr)
and the hub has not detected a valid upstream chirp (continuous Chirp K). It will then enter the full-speed
enabledstate.

Last, if the attached device is high-speed capable,it will send back an upstream chirp sometimeafter the SEO
has been asserted on the bus. Theactual time before the upstream chirp starts depends on whetherthe attached
device was suspended or awakeat the timethe reset started. The loop between the blocks with “Clear timer T1”
and “Runtimer T1”represents the 2.5 [1s (Tpy_7) filtering the reset protocol asks for.

Note: The timer T1 is required to bereset after an interruption of 16 high-speedbit-times ofthe continuous
Chirp Kk. that makes up the upstream chirp. It may be reset by any shorter interruption.

If the filtering ofthe upstream chirp takes too muchtime, the downstream facing port may notbe ableto finish
its downstream chirp in time to be able to end the reset procedure in time. Therefore, when timer TO reaches
beyond the time Tycrenp (time to detect an upstream chirp), the hub is put in a wait state, whichit leaves after
the timer has timed out the complete reset protocol (Tprsr). It will then enter the full-speed enabledstate,
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Figure C-1. Downstream Facing Port Reset Protocol State Diagram

Whenthe downstream-facing port has successfully detected an upstream chirp,it will start transmitting the
downstream chirp as soon as it has seen the bus leave the Chirp K state. This end ofthe upstream chirp will
return the bus to the SEO state. So immediately (actually within 100 Us (Twrpcy) after the end ofthe upstream
chirp according to Section 7.1.7.5), the hub drives a Chirp K for 40 to 60 Us (Tpcuprr), then a Chirp J for 40 to
60 us, then a Chirp K,etc. It continues with this alternating sequence until timer TO has come within 100 to
500 us (Tpcuseo) of the end of reset (Tprsr). When this time is reached, the downstream-facing port finishes the
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40 to 60 Ls of continuoussignaling it was busy with whenthe timer TO exceeds the value of Tprsr — Tpcuseo
before driving SEO until the end ofreset.

C.2 Upstream Facing Port State Diagram
This section describes the reset protocol state diagrams for the upstream facing port. The state diagram for the
upstream facing port is more complicated than the diagram for the downstream facing port as the device can be
in any possible state whenit receives a reset signal. Therefore, the state diagram has been split into two parts:

e The reset detection state diagram which describes the way a device reacts to reset signaling on its upstream
facing port (see Figure C-2)

e The reset handshakestate diagram that explains how a high-speed capable device performs a handshake
procedure with the hub upstream to communicate each others high-speed capabilities and have both enter a
high-speedstate at the end of reset (see Figure C-3)

Therefore, all of these states must be covered in the diagram. Also, the fact that for a high-speed capable device
a suspendis initially indistinguishable from a reset requires that the state diagram for the upstream facing port
addresses the suspend procedure as well.

At thestart of the reset, we can be any possible state, but we can collect them into three groups, where each
group is handled differently, but all states in the same group handle reset in the same way. Thestates are as
follows:

e Suspended
e Powered, FS Default, FS Address, and FS Configured
e HS Default, HS Address, and HS Configured

These groupsofstates correspondto an identical list of possibilities as described in Section 7.1.7.5 under item 3
of the reset protocol.

C.2.1 Reset From Suspended State
As can be seen from Figure C-2, the device wakes up from the Suspendedstate as soon as it sees a K or an SEO
on the bus. A J would be indistinguishable from idle on the bus that a suspended device sees normally. On
seeing a K,the device will initiate a resume process. Forthe details of this process, see Section 7.1.7.7. On
seeing an SEO, the device could enter the reset handshake procedure, soit starts timer TO.

Theactual reset handshakeis only started after seeing a continuousassertion of SEO for at least 2.5 js (Try7sg0).
The loop between the blocks with “Clear timer T1” and “Run timer T1” representsthis filtering. If the device
has not detected a continuous SEO before timer TO exceeds the value of Tycuenp - Tucu, the device goes back
into the Suspendedstate.

A device coming from suspend mostprobably hadits high-speed clock stopped to meet the power requirements
for a suspended device (see Section 7.2.3). Therefore, it may take sometimetolet the clock settle to a level of
operation whereit is able to perform the reset detection and handshake with enoughprecision. In the state
diagram, a time symbol Tyre;is used to have the device wait for a stable clock. This symbolis not part ofthe
USB 2.0 specification and does not appear in Chapter 7. It is an implementation specific detail of the reset
detection state diagram for the upstream facing port, where it is marked with a asterisk (*). Twrcrx should have
a value somewhere between 0 and 5.0 ms. This allowsat least 1.0 ms time to detect the continuous SEO.

If the device has seen an SEOsignal on the bus forat least Tpyrse0, then it can safely assumeto have detected a
reset and can start the reset handshake.
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Remove HS
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Start timer T1 ISEO &
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SEO &
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SEO

Clear timer T1 TO > Tycuenn - Tuc &
Tl <Tritrseo

ISEO &

Tl <Trirseo

Run timer T1

T1 2 Trierseo

(*)~~Note: Tyrexx is a symbolthat is only used in this state diagram. It is not part of the USB 2.0
specification and does not appear in Chapter 7. It is an implementation specific detail of this
state diagram. See Section C.2.1 for a detailed description.

Figure C-2, Upstream Facing Port Reset Detection State Diagram
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Figure C-3. Upstream Facing Port Reset Handshake State Diagram
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C.2.2 Reset From Full-speed Non-suspendedState
Timer TO is started when seeing an SEO oridle state from a full-speed Non-suspendedstate.

Ifa J (idle) is detected and the timer TO exceeds the value of 3.0 ms while no change has been detected in the
state of the bus, the device is suspended.

If an SEOis detected and the timer TO times out the value of Twrpsrrs (between 2.5 [ls minimum and 3.0 ms
maximum) while no change has been detected in the SEO state, the device canstart the reset handshake. On any
line state change, the device aborts the detection of reset or suspend from upstream and returnsto its previous
state.

C.2.3 Reset From High-speed Non-suspendedState
Timer TO is started when seeing a high-speed idle on the bus from a high-speed Non-suspendedstate. If
anything else than idle is detected on the bus, the device aborts detection of a reset and returns to its previous
state. When timer TO exceeds the value of Twrrey (between 3.0 ms minimally and 3.125 ms maximally), the
device reverts to full-speed by switching off its high-speed terminations and connecting the D+ pull-up resistor
to the D+line.

The reset protocol allows some time for debouncing andsettling of the lines in the new state (Twrrsrys). After
this time, the line should be sampled to see whether the device should be suspended (on detecting a full-speed
idle) or reset (on detecting SEO).

If an idle was detected, the device should suspend; if an SEO was detected, the device canstart the reset
handshake.

If something other than an idle or an SEO, in other words, a K, was detected, the device will also enter the
suspended state. However, on seeing the K, the device will immediately resume, effectively returning to the
high-speedstate.

C.2.4 Reset Handshake

At this point, the behavior of devices has become independentoftheinitial state they were in whenthereset
started. The reset handshakeis started by the device, when it sends an upstream chirp thatis at least 1.0 ms long
and stops before the timer TO hits the 7.0 ms mark. Note: This is the same timer TO that wasstarted in the reset
detection state diagram in Figure C-2.

A choice of implementation is available here. The one presented in the state diagram in Figure C-3 is where a
timer T2 is started when the Chirp K is asserted to time the minimum required duration of the upstream chirp.
The Chirp K is stopped when timer T2 exceeds the value of Tycy. Another approach would be to wait until the
timer TO exceeds the value of Tycuenp, before ending the upstream chirp. Both conform to the requirements of
the reset protocol in Section 7.1.7.5, and the choice may depend on theparticular application.

As soon as the upstream chirp has ended, the device starts listening for the downstream chirp. In order to detect
at least a K-J-K-J-K-J pattern,it first starts looking for a continuously asserted Chirp K. The method employed
in this state diagram is counting the numberofK-J transitions. Here K and J are actually Chirp K and Chirp J,
respectively, asserted continuously for at least 2.5 jis (Tri.r).

Continuousassertion is determined by the loop between the “Clear timer T4” and “Run timer T4”. Thisis
similar to the method used in the downstream facing port state diagram in Figure C-1 to detect the upstream
chirp. After this, a continuous Chirp J is detected in the same manner, mostlikely, even using the same
hardware. Now we have detected one K-J transition. Until we have detected three K-J transitions in the same

way, we will not revert to high-speed.

The whole procedure of detecting the downstream chirp is timed by timer T3 which requires the device to
perform the detection ofthe K-J-K-J-K-J for at least 1.0 ms, but at most 2.5 ms. Ifthe device is unable to detect
a sufficient numberofK-J transitions before the timer T3 times out at Ty-ps, the device enters the full-speed
default state. Reset ends when the bus state changes from SEO to idle. The time Ty-7rs is given a wide range to
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allow sufficient leverage for a device which has awoke from suspendto useits (possible not yet stable) clock to
time this durationreliably.

Reversion to high-speed whenthe device has detected the K-J-K-J-K-J pattern is accomplished by enabling the
high-speed terminations and disconnecting the pull-up resistor from the D+-line. According to Section 7.1.7.5,
you may wait up to 500 us before actually reverting to high-speed, but in this state diagram,this reversion is
done immediately after detection of three K-J transitions. After this switching ofterminations and pull-up, the
device enters the high-speed Default state. The end ofreset is signified by the first packet that is received, most
likely an SOF packet.
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Index

Oth microframe, 9.4.11, 11.14.2.3, 11.18.3,
11.22.2

"3 strikes and you’re out" mechanism, 11.17.1
4X over-sampling state machine DPLLs,

fAAGA

A

abnormaltermination sequences, 11.3.3
aborting/retiring transfers

aborting control transfers, 5.5.5
after loss of synchronization, 11.22.2
client role in, 10.5.2.2
conditions for, 5.3.2
message pipes and, 5.3.2.2
packet size and, 5.5.3
Transaction Translator’s role, 11.18.6,

11.18.6.1

USBDIrole, 10.5.3.2.1
accessfrequency of control pipes, 5.5.4
Acknowledge packet. See ACKs
ACKs,8.3.1 Table 8-1

in bulk transfers, 8.5.2, 11.17.1
in control transfers, 8.5.3, 8.5.3.1, 11.17.1
corrupted ACK handshake,8.5.3.3, 8.6.4
in data toggle, 8.6, 8.6.1, 8.6.2
defined, 2.0 glossary
function response to OUTtransactions,

8.4.6.3

host responseto IN transactions, 8.4.6.2
overview,8.4.5
PING flow control and OUTtransactions,

8.5.1, 8.5.1.1
Ready/ACKstatus, 11.15
in request processing, 9.2.6

AC loading specifications, 7.1.6.2
A connectors. See Series "A" and "B" connectors

AC stress evaluative setup, 7.1.1
actions in state machines, 8.5, 11.15
active devices, defined, 2.0 glossary
active pipes, 10.5.2.2
adaptive endpoints

connection requirements, 5.12.4.4
feedback for isochronoustransfers, 5.12.4.2
overview, 5.12.4.1.3

adding devices. See dynamic insertion and
removal

Address device state

bus enumeration process, 9.1.2
overview, 9.1.1.4
standard device requests, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-7

addresses

Address device state, 9.1.1.4, 9.1.1 Table 9-1,
9.1.2, 9.4.1 to 9.4.11

aliasing, 8.3.2
assignment

after dynamic insertion or removal, 4.6.3
bus enumeration, 2.0 glossary, 4.6.3, 9.1.2
deviceinitialization, 10.5.1.1
operations overview, 9.2.2
re-enumerating sub-trees, 10.5.4.5
staged powerswitching in functions and,

7.2.1.4

time limits for completing, 9.2.6.3
USB System Softwarerole, 4.9

endpoint addresses, 5.3.1, 9.6.6
SetAddress() request, 9.4.6

addressfields

address field (ADDR), 8.3.2.1, 8.3.5.1, 8.4.1,
8.4.2.2

endpoint field (ENDP), 8.3.2.2, 8.3.5.1, 8.4.1
Hub addressfield, 8.4.2.2
packet addressfields, 8.3.2 to 8.3.2.2

ADDRfield

overview,8.3.2.1
token CRCs,8.3.5.1
in token packets, 8.4.14

Adopters Agreement, 1.4
advancing pipeline pseudocode, 11.18.7
aging, data-rate inaccuracies and, 7.1.11
aliasing addresses, 8.3.2
“all" encoding, 11.18.4
allocating bit times in handshake packets, 11.3.3
allocating buffers. See buffers
allocating USB bandwidth

transfer management, 5.11.1 to 5.11.1.5
USB System role, 10.3.2

alternate settings for interfaces
configuration requirements, 10.3.1
GetlInterface() request, 9.4.4
in interface descriptors, 9.6.5
Setlnterface() request, 9.4.10
USBDI mechanisms, 10.5.2.10
USB support for, 9.2.3

American National Standard/Electronic

Industries Association, 6.7.1
American Standard Test Materials, 6.7.1
ANSI/EIA-364-C (12/94), 6.7.1
applications

in source-to-sink connectivity, 5.12.4.4
USBsuitability for, 3.3
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architectural overview of USB

architectural extensions, 4.10
bus protocol, 4.4
bus topology, 4.1.1
data flow types, 4.7 to 4.7.5
hub architecture, 4.8.2.1, 11.1.1, 11.12.2
mechanical and electrical specifications, 4.2 to

4.2.2, 6.1
physical interface, 4.2 to 4.2.2
power, 4.3 to 4.3.2
robustness anderror handling, 4.5 to 4.5.2
system configuration, 4.6 to 4.6.3
USB devices, 4.1.1.2, 4.8 to 4.8.2.2
USBhost, 4.1.1.1, 4.9
USB system description, 4.1 to 4.1.1.2

assigning addresses. See addresses; bus
enumeration

ASTM-D-4565, 6.6.3, 6.7.1
ASTM-D-4566, 6.6.3, 6.7.1
asynchronousdata transfers, 2.0 glossary, 4.9
asynchronous endpoints

connection requirements, 5.12.4.4
feedback for isochronoustransfers, 5.12.4.2
overview, 5.12.4.1.1

asynchronous RA,2.0 glossary, 5.12.4.4. See
also RA (rate adaptation)

asynchronous SRC, 2.0 glossary. See also SRC
Attached device state

in bus enumeration process, 9.1.2
overview, 9.1.1.1
visible device state table, 9.1.1 Table 9-7

attaching devices. See dynamic insertion and
removal

attenuation, 7.1.17
attributes of devices in configuration descriptors,

9.6.3

attributes of endpoints in endpoint descriptors,
9.6.6

audio connectivity, 5.12.4.4.1
Audio Device Class Specification Revision 1.0,

9.6

audio devices, defined, 2.0 glossary
automatic port color indicators, 11.5.3
available time in frames and microframes

bulk transfers and, 5.8.4

bus bandwidth reclamation, 5.11.5
control transfers and, 5.5.4

interrupt transfer bus access constraints, 5.7.4
isochronous transfers and, 5.6, 5.6.4

AWG, 2.0 glossary, 6.6.2

B
babble

Collision conditions and detection, 11.8.3
defined, 2.0 glossary
EOF2timing points and, 11.2.5
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babble (continued)
EOF and babble detection, 11.2.5.

error detection and recovery, 8.7.4
transaction tracking and, 11.18.7

background of USB development, 3.1 to 3.3
backwards compatibility of USB 2.0, 3.1
bAlternateSetting field (interface descriptors),

9.6.5, 11.23.1
bandwidth

allocating for pipes, 4.4, 4.7.5
bandwidth reclamation, 5.11.5
defined, 2.0 glossary
transfer management, 4.7.5, 5.11.1 to

5.11.1.5, 10.3;2
USB system role in, 10.3.2

battery-powered hubs, 7.2.1
bedDevice field (device descriptors), 9.6.1
bcedUSBfield (device descriptors), 9.2.6.6, 9.6.1,

11.23.1

bcdUSBfield (device qualifier descriptors), 9.6.2,
41.23.1

bConfiguration Value field
configuration descriptors, 9.6.3, 11.23.14
other speed configuration descriptors, 9.6.4,

1:23.41
B connectors. See Series "A" and "B" connectors

bDescLengthfield (hub descriptors), 11.23.2.1
bDescriptorTypefield

configuration descriptors, 9.6.3, 11.23.1
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
hub descriptors, 11.23.2.1, 11.24.2.5,

41.24.2.10

interface descriptors, 9.6.5, 11.23.1
other speed configuration descriptors, 9.6.4,

41.23.1

string descriptors, 9.6.7
bDeviceClassfield

device descriptors, 9.6.1, 11.23.14
device qualifier descriptors, 9.6.2, 11.23.1

bDeviceProtocolfield

device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.14

bDeviceSubCliassfield

device descriptors, 9.6.1, 11.23.14
device qualifier descriptors, 9.6.2, 11.23.14

“beginning" encoding, 11.18.4
bEndpointAddressfield (endpoint descriptors),

9.6.6, 11.23.1
best casefull-speed budgets, 11.18.1, 11.18.4
bHubContrCurrentfield (hub descriptors),

11.23.2.1

bi-directional communication flow, 5.6.2, 5.8.2
big endian, defined, 2.0 glossary
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binterfaceClassfield (interface descriptors),
9.6.5, 11.23.1

bInterfaceNumberfield (interface descriptors),
9.6.5, 11.23.1

binterfaceProtocolfield (interface descriptors),
9.6.5, 11.23.1

binterfaceSubClassfield (interface descriptors),
9.6.5, 11.23.14

bintervalfield (endpoint descriptors), 9.6.6,
41.23.1

bit cells, decoding, 7.1.15.1
bitmaps of hub and port status changes, 11.12.4
bit ordering, 8.1
bits, defined, 2.0 glossary
bit stuffing

bit stuffing errors, 11.3.3, 11.15, 11.22
bit stuff violations, 8.7.1
calculating transaction times, 5.11.3
defined, 2.0 glossary
high-speed signaling and,7.1
microframe pipeline and, 11.18.2
overview, 7.1.9

bit times

bit time designations, 11.3
bit time zero, 11.3
before EOF, 11.2.5
in transaction completion prediction, 11.3.3

bLengthfield
configuration descriptors, 9.6.3, 11.23.14
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.14
endpoint descriptors, 9.6.6, 11.23.1
interface descriptors, 9.6.5, 11.23.1
other speed configuration descriptors, 9.6.4,

41.23.1

string descriptors, 9.6.7
blinking indicators. See indicators
blocking packets in Collision conditions, 11.8.3
blunt cut termination, 6.4.2, 6.4.3
bmAttributes field

configuration descriptors, 9.6.3, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
hub descriptors, 11.13
other speed configuration descriptors, 9.6.4,

41.23.1
bMaxPacketSize0field

device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1

bMaxPowerfield, 9.6.3
configuration descriptors, 11.23.1
other speed configuration descriptors, 9.6.4,

1123.1

bmRequestTypefield
hub class requests, 11.24.2
overview,9.3.1
Setup data format, 9.3

bmRequestTypefield (continued)
standard device requests, 9.4

bNbrPorts field (hub descriptors), 11.23.2.1
bNumConfigurationsfield

device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1

bNumEndpoints field (interface descriptors),
9.6.5, 11.23.1

bNumiInterfacesfield

configuration descriptors, 9.6.3, 11.23.1
other speed configuration descriptors, 9.6.4,

11.23.1

bPwrOn2PwrGoodfield, 11.11, 11.23.2.1
bRequestfield

hub class requests, 11.24.2
overview, 9.3.2
Setup data format, 9.3
standard device requests, 9.4
standard hub requests, 11.24.1

bReservedfield (device qualifier descriptor),
9.6.2

broadcast mode of hub operation, 11.1.2.1
B/S or b/S, defined, 2.0 glossary
bString field (string descriptors), 9.6.7
budgets, best case full-speed budget, 11.18.1,

11.18.4
buffers

buffer impedance, 7.1.1.1
buffer match tests, 11.17.17

bulk/control transfer buffering requirements,
41.17.4

calculating sizes in functions and software,
5.11.4

clearing, 11.17.5, 11.24.2.3
client pipes and, 10.5.1.2.2
client role in, 10.3.3, 10.5.3
defined, 2.0 glossary
elasticity buffer, 11.7.1.3
endpoint buffersize, 4.4
identifying location and length, 10.3.4
interrupt transfers and, 5.7.3
isochronous transfers and, 5.12.4.2
non-periodic transaction buffers, 11.14.1,

41.14.2.2, 11.17, 11.17.4
non-USB isochronous application, 5.12.1
packet buffers, 2.0 glossary
periodic transaction buffers, 11.14.2.1
prebuffering data, 5.12.5
rate matching and, 5.12.8
rise andfall times for full-speed buffers,

Caer
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buffers (continued)
Transaction Translator buffers

overview, 11.14.1
resetting, 11.24.2.9
space required, 11.19
underrun or overrun states and error

counts, 10.2.6
USBDrole in allocating, 10.5.1.2.1

bulk transfers. See also non-periodic
transactions

buffering requirements, 11.14.2.2, 11.17.4
bus access constraints, 5.8.4
data format, 5.8.1
data sequences,5.8.5
defined, 2.0 glossary, 5.4
direction, 5.8.2
failures, 11.17.5
NAKrates for endpoints, 9.6.6
non-periodic transactions, 11.17 to 11.17.5
overview,4.7.2, 5.8
packet size, 5.8.3, 9.6.6
scheduling, 11.14.2.2
split transaction examples, A.1, A.2
split transaction notation for, 11.15
state machines, 8.5.1, 8.5.1.1, 8.5.2, 11.17.2
transaction format, 8.5.2

transaction organization within IRPs, 5.11.2
USBDpipe mechanism responsibilities,

10.5.3.1.3

bus accessfor transfers

bulk transfer constraints, 5.8.4
bus accessperiods, 5.12.8
bus bandwidth reclamation, 5.11.5

calculating buffer sizes, 5.11.4
calculating bus transaction times, 5.11.3
client software role in, 5.11.1.1
control transfer constraints, 5.5.4
HCDrole in, 5.11.1.3
Host Controller role in, 5.11.1.5
interrupt transfer constraints, 5.7.4
isochronous transfer constraints, 5.6.4
transactionlist, 5.11.1.4
transaction tracking, 5.11.2
transfer management, 5.1.1 to 5.11.1.5
transfer type overview, 5.4
USBDrole in, 5.11.1.2

bus clock, 5.12.2, 5.12.3, 5.12.8
bus enumeration

defined, 2.0 glossary
deviceinitialization, 10.5.1.1
enumeration handling, 11.12.6
overview, 4.6.3, 9.1.2
re-enumerating sub-trees, 10.5.4.5
staged powerswitching in functions, 7.2.1.4
USB System Softwarerole, 4.9
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bus-powered devices and functions
configuration descriptors, 9.6.3
defined, 4.3.1
device states, 9.1.1.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
power budgeting, 9.2.5.1

bus-powered hubs
configuration, 11.13
defined, 4.3.1, 7.2.1
device states, 9.1.1.2
overview,7.2.1.1
powerswitching, 11.11
voltage drop budget, 7.2.2

bus protocol overview,4.4
Bus_Reset receiver state, 11.6.3, 11.6.3.9
bus states

evaluating after reset, 7.1.7.3
global suspend, 7.1.7.6.1
Host Controller role in state handling, 10.2.1
signaling levels and, 7.1.7.1, 7.1.7.2
Transaction Translator tracking, 11.14.1

bus timing/electrical characteristics, 7.3.2
bus topology, 5.2 to 5.2.5

client-software-to-function relationship, 5.2.5
defined, 4.1
devices, 5.2.2
hosts, 5.2.1
illustrated, 4.1.1
logical bus topology, 5.2.4
physical bus topology, 5.2.3

bus transaction timeout in isochronous transfers,
5412:7

bus turn-around time, 2.0 glossary, 7.1.18 to
7.1.18.2, 8.7.2, 11.18.2

busy (ready/x) state, 11.17.5
bypass capacitors, 7.2.4.1, 7.2.4.2
bytes, defined, 2.0 glossary

Cc

cable assemblies, 6.4 to 6.4.4
cable attenuation, 7.1.17
cable delay

electrical characteristics, 7.3.2 Table 7-12
high-/full-speed cables, 6.4.2
hub differential delay, differential jitter, and

SOP distortion, 7.3.3 Figure 7-52
hub EOP delay and EOPskew,7.3.3 Figure

7-53

hub signaling timings, 7.1.14.1
inter-packet delay and, 7.1.18.1
low-speed cables,6.4.3, 7.1.1.2
overview, 7.1.16
propagation delay, 6.4.1, 6.7 Table 6-7,

7.1.1.2
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cable delay (continued)
skew delay, 6.7 Table 6-7, 7.1.3, 7.3.3 Figure

7-83
cables

attenuation, 7.1.17
cable assemblies, 6.4 to 6.4.4
cable delay (See cable delay)
captive cables

high-/full-speed captive cable assemblies,
6.4.2

inter-packet delay and, 7.1.18.1
low-speed captive cable assemblies, 6.4.3
maximum capacitance, 7.1.6.4
termination, 7.1.5.1

color choices, 6.4
construction, 6.6.2
description, 6.6.1
detachable cables

cable delay, 7.1.16
connectors and, 6.2
detachable cable assemblies, 6.4.1
inter-packet delay and, 7.1.18.1
low-speed detachable cables, 6.4.4
maximum capacitance, 7.1.6.1
termination, 7.1.5.1
voltage drop budget, 7.2.2

electrical characteristics and standards,4.2.1,
6.6.3, 6.7, 7.3.2 Table 7-12

end-to-end signal delay, 7.1.19.1
environmental characteristics, 6.6.4, 6.7

flyback voltage, 7.2.4.2
high-/full-speed cables, 6.4.2
impedance, 6.4.1, 6.4.2, 6.7 Table 6-7
input capacitance, 7.1.6.1
length, 6.4.1, 6.4.2, 6.4.3
listing, 6.6.5
low-speed cables,6.4.3, 6.4.4, 7.1.1.2
mechanical configuration and material

requirements, 6.6 to 6.6.5, 6.7
overview,6.3
prohibited cable assemblies, 6.4.4
pull-out standards, 6.7 Table 6-7
shielding, 6.6, 6.6.1
termination, 7.1.5.1

voltage drop budget, 7.2.2
calculations

buffering for rate matching, 5.12.8
buffer sizes in functions and software, 5.11.4
bus transaction times, 5.11.3

capabilities, defined, 2.0 glossary
capacitance

after dynamic attach, 7.2.4.1
decoupling capacitance, 7.3.2 Table 7-7
input capacitance, 7.1.6.1, 7.3.2 Table 7-7
low-speed buffers, 7.1.1.2, 7.1.2.1
low-speed cable capacitive loads, 6.4.3

capacitance (continued)
lumped capacitance guidelines for

transceivers, 7.1.6.2
optional edge rate control capacitors, 7.1.6.1
pull-up resistors and, 7.1.5.1
single-ended capacitance, 7.1.1.2
small capacitors, 7.1.6.1
target maximum droop and, 7.2.4.1
unmated contact capacitance, 7.3.2 Table 7-

12

capacitive load, 6.7 Table 6-7
captive cables

high-/full-speed captive cable assemblies,
6.4.2

inter-packet delay and, 7.1.18.1
low-speed captive cable assemblies, 6.4.3
maximum capacitance, 7.1.6.1
rise andfall times, 7.1.2.1, 7.1.2.2
TDR measurements and, 7.1.6.2
termination, 7.1.5.1

changebits
device states, 11.12.2
hub and port status change bitmap, 11.12.4
hub status, 11.24.2.6
over-current status changebits, 11.12.5
port status changebits, 11.24.2.7.2 to

11.24.2.7.2.5

Status Change endpoint defined, 11.12.1
changepropagation, host state handling of,

10.2.1

characteristics of devices, 2.0 glossary, 9.6.3,
9.6.4

Chirp J and K busstates, 7.1.4.2, 7.1.7.2,
7.1.75,C6.1, C.2.4

C_HUB_LOCAL_POWER,11.11, 11.24.2,
41.24.2.1, 11.24.2.6, 11.24.2.7.1.6

C_HUB_OVER_CURRENT,11.24.2, 11.24.2.4
C_HUB_OVER_POWER,11.24.2.6
classes of devices. See device classes

Classfield, 9.2.3, 9.6.5
class-specific descriptors, 9.5, 11.23.2.1
class-specific requests

hub class-specific requests, 11.24.2 to
11.24.2.13

timelimits for completing, 9.2.6.5
USBDI mechanisms, 10.5.2.8

Cleared timer status, C.0
ClearFeature() request, CLEAR_FEATURE

ClearHubFeature() request, 11.24.2.1
ClearPortFeature() request, 11.24.2.2
endpoint status and, 9.4.5
hub class requests, 11.24.2
hub requests, 11.24.1
overview, 9.4.1

standard device request codes,9.4
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ClearHubFeature() request
clearing hub features, 11.24.2.6
hub class requests, 11.24.2
hub class-specific requests, 11.24.2.1

clearing pipes, 10.5.2.2
ClearPortFeature() request

clearing status changebits, 11.12.2,
41.24.2.7.2

C_PORT_CONNECTION,11.24.2.7.2.1
C_PORT_ENABLE,11.24.2.7.2.2
C_PORT_OVER-CURRENT,11.24.2.7.2.4
C_PORT_RESET,11.24.2.7.2.5
C_PORT_SUSPEND,11.24.2.7.2.3
hub class requests, 11.24.2, 11.24.2.2
PORT_CONNECTION, 11.24.2.7.1.1
PORT_ENABLE,11.5.1.4, 11.24.2.7.1.2
PORT_HIGH_SPEED,11.24.2.7.1.8
PORT_INDICATOR,11.24.2.2, 11.24.2.7.1.10
PORT_LOW_SPEED,11.24.2.7.1.7
PORT_OVER_CURRENT,11.24.2.7.1.4
PORT_POWER,11.24.2.13
PORT_POWER,11.5.1.2, 11.24.2.7.1.6
PORT_RESET,11.24.2.7.1.5
PORT_SUSPEND,11.5.1.10

ClearTTBuffer() request, CLEAR_TT_BUFFER
checking for busy state, 11.17.5
hub class-specific requests, 11.24.2,

11.24.2.3

client pipes, 10.5.1.2.2
client software

in bus topology, 5.2, 5.2.1, 5.2.5
client software-to-function relationships, 5.2,

5.2.5

in communication flow, 5.3
control transfers and, 5.5

defined, 2.0 glossary
as implementation focus area, 5.1
notification identification, 10.3.4
role in configuration, 10.3.1
role in data transfers, 10.3.3
service clock and, 5.12.2
in source-to-sink connectivity, 5.12.4.4
in transfer management, 5.11.1, 5.11.1.1

clock model

buffering for rate matching, 5.12.8
bus clock, 5.12.2
clock encoding schemein electrical

specifications overview,4.2.1
clock synchronization, 5.12.3
clock-to-clock phasedifferences, 5.12.3
clock tolerance, 11.7.1.3

defined, 5.12
frame clocks, 11.18.3
hub clock source, 11.2.3
in non-USBisochronousapplication, 5.12.1
overview, 5.12.2
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clock model (continued)
receive clock, 11.7.1.2, 11.7.1.3
sample clock, 5.12.2
service clock, 5.12.2
transmit clock, 11.7.1.3
using SOFtokens as clocks, 5.12.5

clock timings, 7.3.2 Table 7-8, 7.3.2 Table 7-9,
7.3.2 Table 7-10

CMOSdrivercircuit, 7.1.1.1
CMOSimplementations, 7.1.1.3
codes. See specific types of codes
Collision conditions, 11.8.3
color choices

cables,6.4
indicator lights on devices, 11.5.3 to 11.5.3.1
plugs, 6.5.4.1
receptacles, 6.5.3.1

commanded stalls, 8.4.5
commands. See requests
common mode rangefordifferential input

sensitivity, 7.1.4.1
Communication Cables (UL Subject-444), 6.6.5,

6.7.1

communication flow, 5.3 to 5.3.3

Compare_BC_buff algorithm, 11.17.1
completed operations, 9.2.6
completed transactions, 11.3.3
complete-split transactions

buffering, 11.14.2.1, 11.17
bulk/control transactions, 11.17, 11.17.1
CSPLIT transaction tokens, 8.4.2.3
defined, 11.14.1.2
isochronoustransactions, 11.21
notation for, 11.15
overview, 11.14.1
scheduling, 11.14.2.1, 11.18.4
spacefor, 11.18.6.3
split transaction overview, 8.4.2, 8.4.2.1
TT state searching, 11.18.8

completion times for hub requests, 11.24.1
composite devices, 5.2.3
compound devices

bus-powered hubs,7.2.1.1
in bus topology, 5.2.3
defined, 4.8.2.2
hub descriptors for, 11.23.2.1
powerconfiguration, 11.13
self-powered hubs, 7.2.1.2

conditions in state machinetransitions,8.5,
11.15

conductor resistance unbalance, 6.6.3
conductors

mechanical specifications, 4.2.2
powerand signal conductorsin cables,6.3,

6.6.2

resistance, 6.6.3
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configuration
bus enumeration, 4.6.3, 9.1.2
configuration management, 10.5.4.1.1
Configured device state, 9.1.1.5
control transfers and, 5.5.4
descriptors, 5.3.1.1, 9.4.3, 9.5, 9.6.1 to 9.6.4,

11.23.1 (See also descriptors)
device attachment, 4.6.1
device configuration, 10.3.1
device removal, 4.6.2, 10.5.4.1.4
function configuration, 10.3.1
hubs, 11.13
information in device characteristics, 4.8.1
initial device configuration, 10.5.4.1.2
interrupt transfers and, 5.7.4
modifying device configuration, 10.5.4.1.3
multiple configurations, 9.6.1
multiple interfaces, 9.2.3
operations overview,9.2.3
other-speed configurations, 9.6.2
powerdistribution and, 7.2.1
remote wakeup capabilities, 9.2.5.2
requests

configuration requests, 5.11.1.2
GetConfiguration() request, 9.4.2
SetConfiguration() request, 9.4.7

required configurations before usage, 10.3.1
USBconfiguration, 10.3.1
USBDI! mechanismsfor getting current

settings, 10.5.2.4
USBDrole in, 5.11.1.2, 10.5.4.1 to 10.5.4.1.4

Configuration = 0 signal/event, 11.5 Table 11-5
CONFIGURATIONdescriptor, 9.4 Table 9-5
configuration descriptors, 9.4.3, 9.6.4, 11.23.1
Configured device state

in bus enumeration process, 9.1.2
overview, 9.1.1.5
standard device requests and, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-1

configuring software, defined, 2.0 glossary
Connect busstate, 7.1.7.1, 7.1.7.3

connecting devices. See dynamic insertion and
removal

connection status, 11.24.2.7.2, 11.24.2.7.2.1

connectivity
audio connectivity, 5.12.4.4.1
hub fault recovery mechanisms,11.1.2.3
Hub Repeater responsibilities, 11.1
hubs, 11.1, 11.1.2 to 11.1.2.3
packet signaling connectivity, 11.1.2.1
resume connectivity, 11.1.2.2
source/sink connectivity, 5.12.4.4
synchronousdata connectivity, 5.12.4.4.2
tearing down, 11.2.5

connectors

input capacitance, 7.1.6.1
inrush current and, 7.2.4.1
interface and mating drawings,6.5.3, 6.5.4
keyed connectorprotocol, 6.2
mechanical configuration and material

requirements, 4.2.2, 6.5 to 6.5.4.3
orientation, 6.5.1
referencetimes, 7.1.6.2
Series "A" and Series "B"plugs, 6.5.4
Series "A" and Series "B" receptacles, 6.5.3
standardsfor, 6.7
termination data, 6.5.2
USBIcon, 6.5

construction, cable, 6.6.2
contact arcing, minimizing, 7.2.4.1
contact capacitance standards, 6.7 Table 6-7
contact current rating standards, 6.7 Table 6-7
contact materials, 6.5.3.3, 6.5.4.3
control endpoints, 2.0 glossary. See a/so control

transfers

controlling hubs, defined, 7.1.7.7
control mechanisms

device states and control information, 11.12.2
Host Controller control flow management, 4.9
of USB host, 10.1.2

control pipes, 2.0 glossary. See also control
transfers; messagepipes; pipes

control transfers. See a/so non-periodic
transactions

buffering, 11.14.2.2, 11.17.4
bus access constraints, 5.5.4
control pipes in device characteristics, 4.8.1
data format, 5.5.1
data sequences, 5.5.5
defined, 2.0 glossary, 5.4
device requests, 9.3
direction, 5.5.2
error handling on last data transaction, 8.5.3.3
failures, 11.17.5
full-speed limits, 5.5.4 Table 5-2
high-speedlimits, 5.5.4 Table 5-3
low-speed limits, 5.5.4 Table 5-7
NAKrates for endpoints, 9.6.6
non-periodic transactions, 11.17 to 11.17.5
overview,4.7.1, 5.5
packetsize, 5.5.3, 9.6.6
protocolstalls, 8.4.5
reporting status results, 8.5.3.1
scheduling, 11.14.2.2
simultaneoustransfers, 5.5.4
split transaction examples, A.1, A.2
split transaction notation for, 11.15
stages, 2.0 glossary, 5.5
STALL handshakesreturned by controlpipes,

8.5.3.4
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control transfers (continued)
state machines, 8.5.1, 8.5.1.1, 8.5.2, 11.17.2
transaction format, 8.5.3
transaction organization within IRPs, 5.11.2
USBDpipe mechanism responsibilities,

10.5.3.1.4

variable-length data stage, 8.5.3.2
converting split transactions, 11.14.1
corrupted transfers and requests

in control transfers, 8.5.3
corrupted ACK handshake,8.5.3.3, 8.6.4
corrupted CRCs, 10.2.6
corrupted IN tokens, 8.4.6.1
corrupted PIDs,8.3.1
corrupted SOF packets in isochronous

transfers, 5.12.6

in data toggle, 8.6.3
error detection and recovery, 8.7 to 8.7.4
function response to OUTtransactions,

8.4.6.3

host responseto IN transactions, 8.4.6.2
NAK or STALL handshake,8.6.3

costs of implementation, 3.3
C_PORT_CONNECTION

clearing, 11.24.2.2
defined, 11.24.2.7.2.1
hub class feature selectors, 11.24.2
Port Changefield, 11.24.2.7.2
port status changes, 11.24.2.7.1.10
SetPortFeature() request, 11.24.2.13

C_PORT_ENABLE
ClearPortFeature() request, 11.24.2.2
defined, 11.24.2.7.2.2
hubclass feature selectors, 11.24.2
Port Changefield, 11.24.2.7.2
SetPortFeature() request, 11.24.2.13

C_PORT_OVER_CURRENT
clearing, 11.24.2.2
defined, 11.24.2.7.2.4
hub class feature selectors, 11.24.2
over-current conditions, 11.11.1, 11.12.5
Port Changefield, 11.24.2.7.2
SetPortFeature() request, 11.24.2.13

C_PORT_RESET
clearing, 11.24.2.2
defined, 11.24.2.7.2.5
hubclass feature selectors, 11.24.2
Port Changefield, 11.24.2.7.2
SetPortFeature() request, 11.24.2.13

C_PORT_SUSPEND
clearing, 11.24.2.2
defined, 11.24.2.7.2.3
hub class feature selectors, 11.24.2
Port Changefield, 11.24.2.7.2
resume conditions and, 11.4.4
SetPortFeature() request, 11.24.2.13
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CRCs

in bulk transfers, 8.5.2
corrupted CRCs,10.2.6
CRC16 handling, 11.15, 11.18.5, 11.20.3,

11.20.4, 11.21.3, 11.21.4
CRC checkfailures, 11.15, 11.20.3, 11.20.4,

11.21.3, 11.21.4
in data packets, 8.3.5.2, 8.4.4
defined, 2.0 glossary
in error detection, 8.7.1
overview, 8.3.5
protection in isochronous transfers, 5.12.7
resending, 8.6.4
in token packets, 8.3.5.1, 8.4.1
USB robustness and, 4.5, 4.5.1

cross-over points of data lines, 7.1.13.2.1
cross-overvoltage in signaling, 7.1.2.1
crystal capacitive loading, 7.1.11
CSPLIT (complete-split transactions). See

complete-split transactions
CTI, 2.0 glossary, 3.1
current

current averagingprofile, 7.2.3
current spikes during suspend/resume, 7.2.3
high-speed current driver, 7.1 Table 7-1
high-speedsignaling and, 7.1.1.3
supply current, 7.3.2 Table 7-7

current frame in hub timing, 11.2.3.1
currentlimiting

bus-powered hubs,7.2.1.1
dynamic attach and detach, 7.2.4.1
in over-current conditions, 11.12.5
power contro! during suspend/resume,7.2.3
remote wakeupand, 7.2.3
self-poweredfunctions, 7.2.1.5

cyclic redundancy check. See CRCs

D
D+ or D-lines

average voltage, 7.1.2.1
high-speed signaling and, 7.1, 7.1.1.3
impedance,7.1.6.1
pull-up resistors and, 7.1
signaling levels and, 7.1.7.1
signal termination, 7.1.5.1
during signaltransitions, 7.1.4.1
single-ended capacitance, 7.1.1.2
standardized contact terminating

assignments,6.5.2
test mode, 7.1.20

data

data defined, 5.12.4
data encoding/decoding, 7.1.8
data prebuffering, 5.12.5
data processing role of Host Controller, 10.2.4
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DATAQO/DATA1/DATA2 PIDs

in bulk transfers, 5.8.5, 8.5.2
comparing sequencebits, 8.6.2
in control transfers, 8.5.3
in data packets, 8.4.4
high-bandwidth transactions and, 5.9.1, 5.9.2
high-speed DATA2 PIDs,8.3.1 Table 8-1
in interrupt transactions, 5.7.5, 8.5.4, 11.20.4
synchronization and, 8.6
Transaction Translator response generation,

11.18.5

data field in packets, 8.3.4, 8.4.4
data flow model. See transfers

data flow types. See transfer types
data formats. See also specific types of transfers

bulk transfers, 5.8.1
control transfers, 5.5.1
interrupt transfers, 5.7.1
isochronous transfers, 5.6.1, 5.12.4
overview, 5.4

Data J state. See J bus state
Data K busstate. See K busstate

data packets
bus protocol overview, 4.4
data CRCs,8.3.5.2
in isochronoustransfers, 8.5.5
packetfield formats, 8.3 to 8.3.5.2
packet overview, 8.4.4
spreading over several frames, 5.5.4

data payload
bulk transfers, 5.8.3
calculating transaction times, 5.11.3
defined, 5.3.2
interrupt transfers, 5.7.3
isochronous transfers, 5.6.3
maximum sizes, 8.4.4
non-zero data payload, 5.6.3
packetsize constraints, 5.5.3, 5.6.3

data phases
aborting, 11.18.6.1
transaction notation for, 11.15

data PIDs. See DATA0O/DATA1/DATA2 PIDs;
DATAO/DATA1 PIDs; MDATA PIDs

data rates

adaptive endpoints, 5.12.4.1.3
asynchronous endpoints, 5.12.4.1.4
in buffering calculations, 5.12.8
data-rate tolerance, 7.1.11
defined, 5.12.4
in electrical specifications overview, 4.2.1
feedbackfor isochronoustransfers, 5.12.4.2
full-speed source electrical characteristics,

7.3.2 Table 7-9

high-speed source electrical characteristics,
7.3.2 Table 7-8

data rates (continued)
low-speed sourceelectrical characteristics,

7.3.2 Table 7-10

overview, 7.1.11
sample clock and, 5.12.2
synchronous endpoints, 5.12.4.1.2

data recovery unit, 11.7.1.2
data retry indicators in control transfers, 5.5.5
data sequences

bulk transfers, 5.8.5
control transfers, 5.5.5
interrupt transfers, 5.7.5
isochronoustransfers, 5.6.5

data signaling, 7.1.7.4 to 7.1.7.4.2
data signalrise andfall time. See rise andfall

times

data sourcejitter, 7.1.13.1 to 7.1.13.1.2,
7.1.14.2, 7.1.15.1

data source signaling, 7.1.13 to 7.1.13.2.2
Data stage

in control transfers, 5.5, 5.5.5, 8.5.3
error handling on last data transaction, 8.5.3.3
length of data, 9.3.5
packet size constraints, 5.5.3
variable-length data stages, 8.5.3.2

data toggle
bulk transfers, 5.8.5
in bulk transfers, 8.5.2
corrupted ACK handshake,8.6.4
data corrupted or not accepted, 8.6.3
in data packets, 8.4.4
data toggle sequencing, 8.5.5
high bandwidth transactions and, 5.9.1
initialization via SETUP token, 8.6.1
in interrupt transactions, 8.5.4
interrupt transfers and, 5.7.5
low-speed transactions, 8.6.5
overview, 8.6
successful data transactions, 8.6.2

data transfers. See data packets; Data stage:
transfers

DC electrical characteristics, 7.3.2 Table 7-7
DC output voltage specifications, 7.1.6.2
DC resistance of plugs, 6.6.3

debounceintervals in connection events, 7.1.7.3
debouncing connections, 11.8.2
declarations in state machines

global declarations, B.1
Host Controller declarations, B.2
Transaction Translator declarations, B.3

decoupling capacitance, 7.3.2 Table 7-7
default addresses of devices, 2.0 glossary,

9.1.1.4, 10.5.1.1
Default bus state, 7.1.7.5
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Default Control] Pipe
in bus enumeration process, 9.1.2
in communication flow, 5.3
control transfer packet size constraints, 5.5.3
defined, 4.4, 5.3.2
endpoint zero requirements, 5.3.1.1
as messagepipe, 5.3.2.2
size description in descriptors, 9.6.1

Default device state

overview, 9.1.1.3
standard device requests and, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-7

default pipes, 2.0 glossary, 10.5.1.2.1
delays. See cable delay; differential delay;

propagation delay
delivery rates in isochronoustransfers, 4.7.4
DEOPsignal/event, 11.7.2.3 Table 11-17
descriptor index, 9.4.3, 9.4.8
descriptors

accessing, 11.23.14
in bus enumeration process,9.1.2
class-specific descriptors, 9.5, 11.23.2.1
configuration descriptors, 9.6.3, 9.6.4, 10.3.1,

40.5.2.4

control transfers and, 5.5, 5.5.3
defined, 9.5
descriptor index, 9.4.3, 9.4.8
device class definitions, 9.7, 9.7.1
device descriptors, 9.4 Table 9-5, 9.6.1 to

9.6.5

endpoint descriptors, 9.6.6
getting descriptors, 9.4.3, 10.5.2.3
hub descriptors, 11.23 to 11.23.2.1, 11.24.2.5,

11.24.2.10

interface descriptors, 9.2.3, 9.6.5
isochronoustransfer capabilities, 5.12
listing remote wakeup capabilities, 9.2.5.2
other speed configuration descriptor, 9.6.4
overview,9.5 to 9.7.3

setting descriptors, 5.3.1.1, 9.4.8, 10.5.2.12
speed dependentdescriptors, 9.2.6.6, 9.6.4
string descriptors, 9.6.7
USBDI mechanismsfor getting descriptors,

10.5.2.3

vendor-specific descriptors, 9.5
deserialization of transmissions, 10.2.2
detachable cables

cable delay, 7.1.16
connectors and, 6.2

detachable cable assemblies, 6.4.1
inter-packet delay and, 7.1.18.1
low-speed detachable cables,6.4.4
maximum capacitance, 7.1.6.1
termination, 7.1.5.1

voltage drop budget, 7.2.2
detached devices, 9.1.1.1, 9.1.2
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detaching devices. See dynamic insertion and
removal

detecting connect and disconnect conditions,
(A438, 1:20

detecting errors. See error detection and
handling

detecting hub and port status changes, 7.1.7.5,
11.12.2, 11.12.3, 11.12.4

detecting over-current conditions, 7.2.1.2.1
detecting speed of devices. See speed detection
Detection mechanism, 7.1.5.2

Dev_Do_BCINTI state machine, 8.5.2 Figure 8-
34

Dev_Do_BCINTOstate machine,8.5.2 Figure 8-
32

Dev_Do_IN state machine,8.5 Figure 8-25
Dev_Do_lIsochl state machine, 8.5.5 Figure 8-43
Dev_Do_lsochO state machine, 8.5.5 Figure 8-

41

Dev_Do_OUTstate machine, 8.5 Figure 8-24
Dev_HS_BCOstate machine, 8.5.1.1 Figure 8-

29

Dev_HS_ping state machine, 8.5.1.1 Figure 8-28
device addresses, 2.0 glossary. See also

addresses; devices
device classes. See also USB device framework

class codes, 9.2.3
defined, 4.8
descriptors, 9.2.3, 9.6.1, 9.7
device characteristics, 4.8.1
device class definitions, 9.7
device qualifier descriptors, 9.6.2
getting class-specific descriptors, 9.5
hub class-specific requests, 11.24.2 to

11.24.2.13

interfaces and endpoint usage, 9.7.2
requests, 9.7.3
standard, class, and vendorinformation, 4.8.1

Device Class Specification for Audio Devices
Revision 1.0, 9.6

DEVICEdescriptor, 9.4 Table 9-5
device descriptors

descriptor types, 9.4 Table 9-5
device class descriptors, 9.2.3, 9.7
device qualifier descriptors, 9.6.2
GetDescriptor() request, 9.4.3
getting class-specific descriptors, 9.5
hubs, 11.23.14
overview, 9.6.1
speed dependent descriptors, 9.2.6.6
standard definitions, 9.6.1 to 9.6.5

device drivers, 5.12.4.4, 10.3.1
device endpoints, 2.0 glossary, 5.3.1.1. See also

endpoints
device-initiated resume. See remote wakeup
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Device layer
descriptors, 9.5 to 9.7.3
device states, 9.1 to 9.1.2
generic USB device operations, 9.2 to 9.2.7
standard device requests, 9.4 to 9.4.11
in USB device framework, 9
USB device requests, 9.3 to 9.3.5

Device_Process_trans state machine, 8.5 Figure
8-23

device qualifier descriptors, 9.2.6.6, 9.4.3, 9.4
Table 9-5, 9.6.1, 9.6.2

Device release numbers, 9.6.1
DEVICE_REMOTE_WAKEUP,9.4 Table 9-6
DeviceRemovable field (hub descriptors),

123251

device resources, 2.0 glossary. See also buffers:
endpoints

devices. See a/so USB device framework

address assignment, 9.1.2, 9.2.2
characteristics and configuration (See also

device descriptors)
configuration, 4.8.2.2, 9.2.3
data-rate tolerance, 7.1.11
descriptors, 9.5 to 9.7.3, 9.6.1
device characteristics, 4.8.1
device classes, 4.8, 9.7
device descriptions, 4.8.2 to 4.8.2.1
device speed, 7.1.5 to 7.1.5.2, 7.1.7.3,

11.8.2

host role in configuration, 10.3.1
optional endpoints, 5.3.1.2
USBDrole in configuration, 10.5.4.1 to

10.5.4.1.4

data transfer, 9.2.4
communication flow requirements, 5.3
control transfers and, 5.5
detailed communication flow illustrated, 5.3
differing bus accessfor transfers, 5.11
jitter budget table, 7.1.15.1
PINGflow control, 8.5.1, 8.5.1.1
responseto IN transactions, 8.4.6.1
response to OUTtransactions, 8.4.6.3
response to SETUPtransactions, 8.4.6.4
role in bulk transfers, 8.5.2

device event timings, 7.3.2 Table 7-14
devices defined, 2.0 glossary
device state machines, 8.5
dynamic attach and detach, 9.2.1

powerdistribution, 7.2.4 to 7.2.4.2
removing, 10.5.2.6, 10.5.4.1.4
USBDI mechanisms, 10.5.2.5, 10.5.2.6

generic USB device operations, 9.2 to 9.2.7
port indicators, 11.5.3 to 11.5.3.1

devices (continued)
powerdistribution, 7.2.1, 9.2.5

bus-powered devices, 4.3.1, 7.2.1.1
dynamic attach and detach, 7.2.4 to 7.2.4.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
powersupply and,4.3.1
self-powered devices, 4.3.1, 7.2.1.2, 7.2.1.5
suspend/resumeconditions, 7.2.3
voltage drop budget, 7.2.2

requests
host Communication, 10.1.1
request errors, 9.2.7
request processing, 9.2.6 to 9.2.6.6
standard device requests, 9.4 to 9.4.11
USB device requests, 9.3 to 9.3.5

state machines,8.5, 8.5.2, 8.5.5
status

device states, 9.1 to 9.1.2, 11.12.2
getting device status, 9.4.5
getting port status, 11.24.2.7.1.1

subtree devices after wakeup, 10.5.4.5
turn-around timers, 8.7.2
types of devices

composite devices, 5.2.3
compound devices, 4.8.2.2, 5.2.3
functions, 4.8.2.2
hubs, 4.8.2.1

mapping physical and virtual devices,
5.12.4.4

virtual devices, 2.0 glossary
in USBtopology, 4.1.1.2, 5.2, 5.2.2, 9.0

device software, defined, 2.0 glossary
device state machines,8.5. See also specific

state machines under Dev_
diameter of cables, 6.6.2
diamond symbols in state machines, 8.5, 11.15
dielectric withstanding voltage standards, 6.7

Table 6-7

Differential 0 bus state, 7.1.7.2
Differential 1 bus state, 7.1.7.1, 7.1.7.2
Differential 2 bus state, 7.1.7.1
differential data jitter, 7.3.3 Figure 7-49, 7.3.3

Figure 7-52
differential delay, 7.3.2 Table 7-11, 7.3.3 Figure

7-52

differential-ended components in upstream
ports, 11.6.1, 11.6.2

differential envelope detectors, 7.1
differential input receivers, 1, 7.1, 7.1.4.1, 7.1.6,

7.1 Table 7-1

differential output drivers, USBDas,7.1.1
differential signaling, 7.1.7.1, 7.1.7.2, 7.1.7.4.1
differential termination impedance, 7.1.6.2
differential-to-EOPtransition skew, 7.3.3 Figure

7-50
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