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11.20.2 Interrupt Split Transaction State Machines

\ st

Issue_packet(HSD1, SSPLIT);

Issue_packet(HSD1, tokenOUT);

Issue_packet(HSD1, DATAX);

RespondHC(Da_complete);

HC_Do_IntOSS \

Figure 11-72. Interrupt OUT Start-split Transaction Host State Machine
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HSU2.PID = NAK
RespondHC(Do_start);

. _HSU2.PID = STALL
- RespondHC(Do_hal);

Issue_packet(HSD1, CSPLIT);

HSU2.PID = ACK
espondHC(Do_next_cmd);

 HSU2.PID=NYET |

a8 not HC_cmd.last
ce7  RespondHC(Do_next_complete);

' HC_cmd.Jast

Issue_packet(HSD1, tokenOUT);

ErrorCount < 3

Packet_ready(HSU2) . RespondHC(Do_start);

 (HSU2.PID /= STALL and
- HSUZ.PID /= NAK and
- HSU2.PID /= ACK and
| HSU2.PID /= ERR and
- HSU2.PID /= NYET) or
| HSU2 timeout

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 /= DATAxOr |
HSD2.timeout i

 HSD2.PID = DATAX |

. Packet_ready(HSD2)

ok
shi __ Data_into_SS_pipe;

se2

'HSD2.CRC16=bad

TT_Do_IntOSS

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

ch4

ch3 CS_Buff.match.down_result = r_nak
Issue_packet(HSU1, NAK);

CS_Buff.match.down_result = r_ack
Issue_packet(HSU1, ACK);

CS_Buff.match.state = old

- CS_Buff.match.down_result = r_stall
 Issue_packet(HSU1, STALL);

CS_Buff.match.state = no_match
' Issue_packet(HSU1, NYET);

CS_Buff.match.state = match_busy

TT_Do_IntOCS

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

st1

Issue_packet(HSD1, SSPLIT);

Issue_packet(HSD1, tokenIN);

RespondHC(Do_complete);

HC_Do_IntiSS |

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

HSU2.PID = ERR )
ErrorCount < 3

not HC_cmd.last '
| RespondHC(Do_next_complete);

m\m

Issue_packet(HSD1, CSPLIT);, |

[HIBZFID S NYET, | HSU2.PID = NAK

' RespondHC(Da_start);

. HSU2.PID = STALL
- RespondHC(Do_halt);

(HSU2.PID /= NAK and
HSU2.PID /= STALL and
HSU2.PID /= NYET 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;

~ ErrorCount >=3 :
- RespondHC(Do_halt);

' HSU2.PID = DATAx and
ErrorCount < 3

- HSU2.CRC16 = ok

RespondHC(Do_comp_immed_now);

HC_Accept_data;

S

' HSU2.PID = MDATA and
' HSU2.CRC16 = ok

HC_Accept_data;

(HSU2.PID = MDATA or
HSU2.PID = DATAX) and
HSU2.CRC16 = bad

(HSU2.PID /= MDATA and
HSUZ2.PID /= DATAX) or
HSU2 timeout

HC_Data_or_error

Figure 11-78. HC_Data_or_Error State Machine

Data_into_SS_pipe;

TT_Do_IntlSS

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);

CS_Buff.match.down_result = r_nak
. Issue_packet(HSU1, NAK);

ch2

CS_Buff.match.down_result = r_stall
Issue_packet(HSU1, STALL);

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

When there are several full-/low-speed transactions allocated for a given microframe, they are saved by the
high-speed handler in 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 saved in the start-split pipeline stage on the downstream facing full-/low-speed bus. Some
transactions could be leftover from a previous microframe since the high-speed schedule was built assuming
best case bit stuffing and the full-/low-speed transactions could be taking longer on the full-/low-speed bus.
As the 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 advances to 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 |

E 64 bytes w/
{ HS CRC16

1125us microframe |
Full/Low-
Speed
Bus mm———
64 bytes
Figure 11-81. Example of CRC16 Handling for Interrupt OUT

The start-split transaction for an interrupt OUT transaction includes a normal CRC16 field for the high-
speed data packet of the data phase of the start-split transaction. However, the data payload of the data
packet contains only the data payload of the corresponding full-/low-speed data packet; i.e., there is only a
single CRC16 in the data packet of the start-split transaction. The TT high-speed handler must check the
CRC on the start-split and ignore the start-split if there is a failure in the CRC check of the data packet. If
the start-split has a CRC check failure, 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 OUT transaction and its start-split.

11.20.4 Interrupt IN Sequencing

When the 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 number of start-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 to the full-/low-speed transaction with an appropriate handshake
as described in Chapter 8. The full-/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. When the 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 was started and completed in a single microframe, the TT returns all 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 DATAOQ/1 PID for the data packet is used. If the full-/low-speed CRC check fails, an
ERR handshake is 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 all the data for the full-/low-speed transaction. The data packet PID for
the first complete-split must be an MDATA to 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 on the full-/low-speed bus). The complete-split in the next microframe must use a
DATAUO0/1 PID if the CRC check passes. 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 more than a single microframe boundary;
i.e., no more than two microframes are 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 used in 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 handshake response 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 CRC failure (or ERR handshake) on any (partial) complete-split is reflected
as a CRC failure on the total full-/low-speed transaction. This means that for a case where a full-/low-speed
interrupt spans a microframe boundary, the host controller can accept the first complete-split without
errors, then the second complete-split can indicate that the data from the first complete-split must be
rejected as if it were never received by the host controller. Figure 11-82 shows an example of an interrupt
IN and its CRC16 handling with corresponding complete-split responses.

High
Speed
Bus

64 bytes w/

125us microframe HS CRC16

ORI, . Cu——

Fuil/Low-
Speed
Bus

2 bytes 62 bytes

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

11.21 Isochronous Transaction Translation Overview

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

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

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

Furthermore, isochronous transactions are split into microframe sized pieces; 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
alignment of the data for each microframe.

Full-speed isochronous OUT transactions issued by a TT do not have corresponding complete-split
transactions. They must only have start-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 INs have start- and complete- split transactions. The “first” high-speed split transaction for a
full-speed endpoint is always a start-split transaction and the second (and others as required) is always a
complete-split no matter what the high-speed handler of the TT responds.

The full-/low-speed handler recombines OUT data in its local buffers to recreate the single full-speed data
transaction and handle the microframe error 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 Isochronous Split Transaction Sequences

The flow sequence and state machine figures show the transitions required for high-speed split transactions
for a full-speed isochronous transfer 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 occur before or after these split transactions. Specific details are described as appropriate.

In contrast to bulk/control processing, the full-speed handler must not do local retry processing on the full-
speed bus in response to transaction errors (including timeout) of an isochronous transaction.

Start split
- ) T ) T 1
| | | |
If all of If beg:inning If middle If last

pa)ifload of pajlrload of pa*_{kload of |;bayload

i | | |
stli st?i stSi st4i
SSPLIT-all | [SSPLIT -begin||SSPLIT -mid| |SSPLIT -end

; } ' '

st5
A 4
ouT
sd]l v Host [ T ]
Trans _err
DATAO sel
not trans_err, Trans: err
Data_into_SS pipe Dowr_error
shl se2
M v
Go to next
cmd

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

st ll

SSPLIT

Trans err

st2 v
T
Data_:'n%a_SS ' pipe
|
v

Go to
complete split

selé

A\

Host

(]

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 NYET handshake when it cannot find a matching entry in the complete-
split pipeline stage. This handles the case where the 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 advances to the next transaction for this full-speed

endpoint.

The transition labeled "DAdvance" indicates that the host advances to the next data area of the current

transaction for the current full-speed endpoint.
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Complete split

ct ll

iferr_count<3 iferr_count>=3

retry immed. :

| CSPLIT
Trans_err ¥ o2
IN
Host [ TTJ
&l Fast: ,match '
Search not complete
in time No split response found
Traps_err ‘ !
i + old/T f;'am‘_err old/lastdata ola’é’m oredata
e’ ce?% cd% ch‘-, °h4,
Ine frr [ ERR ] [DATAO] [MDATA] [ NYET]
cour : :
''''''''''' i = - Y.
cef}'; cedi i L v _v Not frans_err I[_ .:
! : not Trans err DAdvance i i
i
!

i

|

| . . !
trans_err ch_ZY L+st Not ’ast

! laft ! i i

|

comtp split i ‘l, toce7 ce8 : cei :
._._._..!_._ —-—-—-—\.“ J!_‘/_r— -------- !\.“ i ‘/.r ''''' i
Recotd error i Bl !
___________ \ 4 Not last ch3 !
T chdy Py
TAdvance ;
Go to next Go to next
cmd comp. split

Figure 11-85. Isochronous IN Complete-split Transaction Sequence

397

ZTE/SAMSUNG 1008-0425
IPR2018-00110



Universal Serial Bus Specification Revision 2.0

11.21.2 Isochronous Split Transaction State Machines

E HC_cmd.datapart = alldata
- Issue_packet(HSD1, SSPLIT); -- all

; HC_cmd.datapart = enddata _
flssue_packet[HSDL SSPLIT); --end

. HC_cmd.datapart = begindata
Issue_packet(HSD1, SSPLIT); -- begin

HC_cmd.datapart = middata
Issue_packet(HSD1, SSPLIT); -- middata

Issue_packet(HSD1, tokenOUT);

Issue_packet(HSD1, DATAX);

sh1

RespondHC(Do_next_cmd);

HC_Do_IsochOSS

Figure 11-86. Isochronous OUT Start-split Transaction Host State Machine
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HSD2.PID = DATAx and HSD2.CRC16 = ok and
 split.datapart = enddata and SS_Buff.isochO and
| (SS_Buff lastdata = middata or

- SS_Buff lastdata = begindata)

SS_Buff.isochO <= false;
: SS_Buff.saw_split <=false;
i Data_into_SS_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.saw_split <= true;
Data_into_SS_pipe;

HSD2.PID = DATAx and
HSD2.CRC16 = ok and
split.datapart = begindata and
(not SS_Buff.isochO)

std

- SS_Buff.isochO <= true;

. SS_Buff.lastdata <= begindata;
- SS_Buff.saw_split <= true;

: Data_into_SS_pipe;

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

set/se2

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

' HSD2.CRC16 = bad or :
- Bad_IsochOut(SS_Buff, split)y - Data_into_SS_pipe;

Packet_ready(HSD2)

not SS_Buff.isochO

SS_Buff.isochO
SS_Buff.isochO <= false;
Down_error;

| TT_Do_lsochOSS |

Figure 11-87. Isochronous OUT Start-split Transaction TT State Machine

There is a condition in Figure 11-87 on transition sel/se2 labeled “Bad_IsochOut”. This condition is true
when none of the conditions on transitions st1 through st4 are true. The action labeled “Down_error”
records an error to be indicated on the downstream facing full-speed bus for the transaction corresponding
to this start-split.
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st1

Issue_packet(HSD1, SSPLIT);

RespondHC(Do_complete);

HC_Do_lsochiSS |

Figure 11-88. Isochronous IN Start-split Transaction Host State Machine
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HSUZ2.PID = DATAx and
HSU2.CRC16 = ok

HC_Accept_data;

RespondHC(Do_next_cmd);

HSU2.PID = MDATA and not HC_cmd.last
- HSU2.CRC16 = ok

. HC_Accept_data;

RespondHC(Do_next_complete);

RespondHC(Do_next_cmd);

i HSU2.PID = NYET @ HC_cmd.last

HSU2.PID = ERR

: (HSUZ.PID = MDATA or
. HSU2.PID = DATAX) and
HSU2.CRC16 = 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

el Issue_packet(HSD1, CSPLIT);

| HC_Do_lsochiCS

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 MDATA to
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 endpoint for this frame. If a DATAO response from the high-speed
handler is not received before the last scheduled complete-split, the host controller records an error and
proceeds to the next transaction for this endpoint (in the next frame).
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Data_into_SS_pipe;

TT_Do_lsochiSS

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

token.PID /= tokenIN or
cel  token.timeout

cd2

CS_Buff.match.down_result = r_moredata
cd1 Issue_packet(HSU1, MDATA),

CS_Buff.match.state = old

ce? CS_Buff.match.down_result = r_lastdata
~ Issue_packet(HSU1, DATAX); -- Data0

CS_Buff.match.down_result = r_trans_err
Issue_packet(HSU1, ERR);

token.PID = tokenIN

i CS_Buff.match.state = no_match

Issue_packet(HSU1, NYET);

CS_Buff.match.state = match_busy

TT_lsochiCs |

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 ensure that errors that can occur in split transactions of an isochronous full-
speed transaction translate into a detectable error. For isochronous OUT split transactions, once the high-
speed handler has received an “SSPLIT-begin” start-split transaction token packet, the high-speed handler
must track start-split transactions that are received for this endpoint. The high-speed handler must track 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 forces a 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 OUT transaction must not include the CRC16 field for the full-
speed data packet. For a full-speed transaction, the host would compute the CRC16 of the 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 QUT full-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 on each start-split. The TT full-speed handler must locally generate the
CRCI16 value for the complete full-speed data packet. Figure 11-92 shows an example of a full-speed
isochronous OUT packet and the high-speed start-splits with their CRC16 fields.

1f there is a CRC check failure on the high-speed start-split, the high-speed handler must indicate to the full-
speed handler that there was an error in the start-split for the full-speed transaction. If the transaction has
been indicated as having a CRC failure (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 must not be started on the downstream bus.

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

2 bytes w/
HS CRC16

Y
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 isochronous IN 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 handshake response to 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 of the relationships of the full-speed data packet and the high-speed
complete-splits and their CRCI16 fields.

Speed

Bus
i ! i [ 2+186 bytes w/
F = | 1byew/ { | HS CRC16 i 1bytew/
i125us microframe i/ HSCRCI16 | HS CRC16

Fuil
Speed
Bus

e

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 sequence as defined in Section 11.3.3 and stop transmitting.

s [fthe TT is going to transmit a non-periodic full-/low-speed transaction, it must determine that there is
sufficient time remaining before EOF1 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 allowed size allowed for the transfer type 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 has a timer it uses for (micro)frame maintenance. It has a 1 ms frame timer when operating at full-
/low-speed for enforcing EOF with downstream connected devices. It has a 125 ps microframe timer when
operating at high-speed for enforcing EOF with high-speed devices. It also uses the 125 pis microframe
timer to create a 1 ms frame timer 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
SOFs to keep the bus operating correctly
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In normal hub repeater (full- or high-speed) operation (e.g., not involving a TT), the (micro)frame timer
loses synchronization whenever it has missed SOFs for 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 hub is 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 not establish upstream connectivity if it has lost (micro)frame timer
synchronization since it no longer knows accurately where the EOF2 point is.

11.22.2 TT Frame and Microframe Timer Synchronization Requirements

When the hub is operating at high-speed and has full-/low-speed devices connected on its downstream
facing ports (e.g., a TT is active), the hub has additional responsibilities beyond enforcement of the (high-
speed) EOF2 point on its 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 and full-/low-speed
operation).

A high-speed operating hub synchronizes its microframe timer to 125 ps SOFs. However, in order to
generate full-speed downstream SOFs, it must also have a 1 ms frame timer. It generates this 1 ms frame
timer by recognizing zeroth microframe SOFs, e.g., a high-speed SOF when the frame number value
changes compared to SOF of the immediately previous microframe.

In order to create the 1 ms frame timer, the hub must successfully receive a zeroth microframe SOF after its
microframe timer 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
2711). When the hub has done this, it knows that the second SOF is a zeroth microframe SOF and thereby
establishes a 1 ms frame timer starting time. Note that a hub can synchronize both timers with as few as
two SOFs if the SOFs are for microframe 7 and microframe 0, i.e., if the second SOF is a zeroth
microframe SOF.

Once the hub has synchronized its 1 ms frame timer, it can keep that timer synchronized as long as it keeps
its 125 ps microframe timer synchronized (since it knows that every 8 microframes from the zeroth
microframe SOF is a 1 ms frame). In particular, the hub can keep its frame timer synchronized even if it
misses zeroth microframe SOFs (as long as the microframe timer stays synchronized).

So in summary, the hub can synchronize its 125 pus microframe timer after receiving SOFs of two
consecutive microframes. It synchronizes its 1 ms frame timer when it receives a zeroth microframe SOF
(and the microframe timer is synchronized). The 125 ps microframe timer loses synchronization after three
SOFs for consecutive microframes have been missed. This also causes the 1 ms frame timer to lose
synchronization at the same time.

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

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

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 be restored after receiving the two SOFs for the next two consecutive
microframes (e.g., synchronization is restored at least 250 ps 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
much less time (0.250-1.250 ms) than the 2-3 ms required in full-speed operation. Once the frame timer is
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, Must stop issuing full-speed SOFs on downstream facing full-speed ports (and low-speed keep-alives
on low-speed ports).

5. Must not start issuing subsequent periodic full-/low-speed transactions on downstream facing full-/low-
speed ports.

6. Must respond to high-speed start-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 microframe timer is re-
synchronized. (Or until a Clear_TT Buffer request is received for the transaction).

Note that in any case a TT must not issue transactions of any speed on downstream facing ports when its
upstream facing port is suspended.

A TT only 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 microframe timer synchronization requirements on start-splits.

For suspend sequencing of a hub, a hub will 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 no errors), the frame timer will be synchronized and the TT
can start normal operation (including SOFs/keep-alives on downstream facing full-/low-speed ports).

Microframes

Yo Y, 3 Y, Y, Y, i Ys ¢ Y ? Y, (Y+1),
g :

! : i ; : :
i ; ! ¥ i i i 1 i
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,  Accept start-splits

Ignore start-splits

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

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

The USB specification (refer to Chapter 9) defines the following descriptors:
e Device

e  Configuration

e Interface

e Endpoint

e  String (optional)

The hub class 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 hub class pre-defines certain fields in standard USB descriptors. Other fields are either
implementation-dependent or not applicable to this class.

A hub returns different descriptors based on whether it 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 hub operating at full-/low-speed has a device descriptor with a bDeviceProtocol field set to zero(0) and an
interface descriptor with a blnterfaceProtocol field set to zero(0). The rest of the descriptors are the same
for all speeds.

A hub operating 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 provided by all hubs.
A hub that has a single TT must set the bDeviceProtocol field of the device descriptor to one(1) and the
interface descriptor blnterfaceProtocol field set to 0.

A multiple TT hub must set the bDeviceProtocol field of the device descriptor to two (2). The first interface
descriptor has the bInterfaceProtocol field set to one(1). Such a hub also has a second interface descriptor
where the blnterfaceProtocol is 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. When the 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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Full-/Low-speed Operating Hub

Device Descriptor (full-speed information):

bLength 12H

bDescriptorType 1

bcdUSB 0200H

bDeviceClass HUB_CLASSCODE (09H)
bDeviceSubClass 0

bDeviceProtocol 0

bMaxPacketSize() 64

bNumConfigurations 1

Device_Qualifier Descriptor (high-speed information):

bLength 0AH

bDescriptorType 6

bedUSB 200H

bDeviceClass HUB_CLASSCODE (09H)

bDeviceSubClass 0

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

bMaxPacketSize() 64

bNumConfigurations 1

Configuration Descriptor (full-speed information):

bLength 09H

bDescriptorType 2

wTotalLength N

bNumlnterfaces 1

bConfigurationValue X

iConfiguration Y

bmAttributes Z

bMaxPower The maximum amount of bus

power the hub will consume in
full-/low-speed configuration

Note: For the descriptors and fields shown below, the bits in a field are organized in a little-endian fashion;
that is, bit location 0 is the least significant bit and bit location 7 is the most significant bit of a byte value.
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Interface Descriptor:

bLength 09H

bDescriptorType -+

binterfaceNumber 0

bAlternateSetting 0

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0

binterfaceProtocol 0

ilnterface i

Endpoint Descriptor (for Status C

hange Endpoint):

blLength 07H
bDescriptorType 5
bEndpoiniAddress Implementation-dependent;

Bit 7: Direction =1In(1)

bmAttributes

Transfer Type = Interrupt

(00000011B)
wMaxPacketSize Implementation-dependent
binterval FFH (Maximum allowable

interval)

Other Speed_Configuration Descriptor (High-speed information):

bLength 09H

bDescriptorType 7

wTotalLength N

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

bConfigurationValue X

iConfiguration X

bmAttributes Z

bMaxPower The maximum amount of bus

power the hub will consume in
high-speed configuration
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Interface Descriptor:

bLength 05H
bDescriptorType 4
binterfaceNumber 0
bAlternateSetting 0
bNumEndpoints 1
binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0
bInterfaceProtocol 0 (for single TT)
1 (for multiple TT)
iInterface i

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

bDescriptorType 5

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

bmAttributes Transfer Type = Interrupt
(000000118 )

wMaxPacketSize Implementation-dependent

binterval FFH (Maximum allowable

interval)

Interface Descriptor (present if multiple TT hub):

bLength 09H

bDescriptorType 1

binterface Number 0

bAlternateSetting 0

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0

binterfaceProtocol 2

ilnterface i
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Endpoint Descriptor (present if multiple TT hub):

bLength 07H

bDescriptorType 5

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):

bLength 12H

bDescriptorType 1

bcdUSB 200H

bDeviceClass HUB_CLASSCODE (09H)
bDeviceSubClass 0

bDeviceProtocol 1

bMaxPacketSize()

64

bNumConfigurations

Device_Qualifier Descriptor (fu

1l-speed information):

bLength 0AH

bDescriptorType 6

bedUSB 200H

bDeviceClass HUB_CLASSCODE (09H)
bDeviceSubClass 0

bDeviceProtocol 0

bMaxPacketSizel) 64

bNumConfigurations 1
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Configuration Descriptor (high-speed information):

bLength 09H

bDescriptorType 2

wTotalLength N

bNuminterfaces 1

bConfigurationValue X

iConfiguration Y

bmAttributes Z

bMaxPower The maximum amount of bus

power the hub will consume in
this configuration

Interface Descriptor:

bLength 09H

bDescriptorType 4

binterfaceNumber 0

bAlternateSetting 0

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0

binterfaceProtocol 0 (single TT)

ilnterface i

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

bDescriptorType 5

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

bmAtiributes Transfer Type = Interrupt
(00000011B)

wMaxPacketSize Implementation-dependent

binterval FFH (Maximum allowable

interval)
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Other_Speed_Configuration Descriptor (full-speed information):

bLength 0SH

bDescriptorType 7

wTotalLength N

bNumlnterfaces 1

bConfigurationValue X

iConfiguration Y

bmAtiributes Z

bMaxPower The maximum amount of bus

power the hub will consume in

high-speed configuration

Interface Descriptor:

bLength 09H

bDescriptorType 4

binterfaceNumber 0

bAlternateSetting 0

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0

binterfaceProtocol 0

ilnterface i

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

bDescriptorType 5

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

bmAttributes Transfer Type = Interrupt

(00000011B )

wMaxPacketSize

Implementation-dependent

binterval

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

Device Descriptor (High-speed information):

bLength 12H

bDescriptorType 1

bedUSB 200H

bDeviceClass HUB_CLASSCODE (09H)
bDeviceSubClass 0

bDeviceProtocol 2 (multiple TTs)
bMaxPacketSize( 64

bNumConfigurations 1

Device_Qualifier Descriptor (full-speed information):

bLength 0AH

bDescriptorType 6

bedUSB 200H

bDeviceClass HUB_CLASSCODE (09H)
bDeviceSubClass 0

bDeviceProtocol 0

bMaxPacketSize() 64

bNumConfigurations 1

Configuration Descriptor (high-speed information):

bLength 09H

bDescriptorType 2

wTotalLength N

bNumInterfaces 1

bConfigurationValue X

iConfiguration Y

bmAtiributes Z

bMaxPower The maximum amount of bus

power the hub will consume in
this configuration
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Interface Descriptor:

bLength 09H

bDescriptorType 4

binterfaceNumber 0

bAlternateSetting 0

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0

binterfaceProtocol 1 (single TT)

ilnterface i

Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

bDescriptorType ]

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

bmAttributes Transfer Type = Interrupt

(00000011B)

wMaxPacketSize

Implementation-dependent

binterval

FFH (Maximum allowable
interval)

Interface Descriptor:

bLength 09H

bDescriptorType 4

binterfaceNumber 0

bAlternateSetting 1

bNumEndpoints 1

binterfaceClass HUB_ CLASSCODE (09H)
binterfaceSubClass 0

bInterfaceProtocol 2 (multiple TTs)

ilnterface i

415

ZTE/SAMSUNG 1008-0443
IPR2018-00110



Universal Serial Bus Specification Revision 2.0

Endpoint Descriptor:

bLength 07H

bDescriptorType 5

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 0SH

bDescriptorType 7

wTotalLength N

bNumlnterfaces 1

bConfigurationValue X

iConfiguration Y

bmAttributes Z

bMaxPower The maximum amount of bus

power the hub will consume in
high-speed configuration

Interface Descriptor:

bLength 09H

bDescriptorType 4+

binterfaceNumber 0

bAlternateSetting 0

bNumEndpoints 1

binterfaceClass HUB_CLASSCODE (09H)
binterfaceSubClass 0

binterfaceProtocol 0

ilnterface i
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Endpoint Descriptor (for Status Change Endpoint):

bLength 07H

bDescriptorType 3

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

bmAttributes Transfer Type = Interrupt
(00000011B)

wMaxPacketSize Implementation-dependent

binterval FFH (Maximum allowable
interval)

11.23.2.1 Hub Descriptor

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

11.23.2 Class-specific Descriptors

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

Table 11-13. Hub Descriptor

Offset | Field Size Description
0 bDesclength 1 Number of bytes in this descriptor, including this byte
1 bDescriptorType 1 Descriptor Type, value: 29H for hub descriptor
2 bNbrPorts 1 Number of downstream facing ports that this hub
supports
3 wHubCharacteristics 2 D1...D0: Logical Power Switching Mode
00: Ganged power switching (all ports’ power at
once)
01: Individual port power switching
1X:  Reserved. Used only on 1.0 compliant hubs
that implement no power switching
D2: Identifies a Compound Device
0: Hub is not part of a compound device.
1: Hub is part of a compound device.
D4...D3: Over-current Protection Mode
00: Global Over-current Protection. The hub
reports over-current as a summation of all
ports’ current draw, without a breakdown of
individual port over-current status.
01: Individual Port Over-current Protection. The
hub reports over-current on a per-port basis.
Each port has an over-current status.
1X: No Over-current Protection. This option is
allowed only for bus-powered hubs that do not
implement over-current protection.
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Offset

Field

Size

Description

D6...D5: TT Think Time
00: TT requires at most 8 FS bit times of inter
transaction gap on a full-low-speed
downstream bus.
01:  TT requires at most 16 FS bit times.
10:  TT requires at most 24 FS bit times.
11:  TT requires at most 32 FS bit times.

D7: Port Indicators Supported

0: Port Indicators are not supported on its
downstream facing ports and the
PORT_INDICATOR request has no effect.

1: Port Indicators are supported on its
downstream facing ports and the
PORT_INDICATOR request controls the
indicators. See Section 11.5.3.

D15...D08: Reserved

bPwrOn2PwrGood

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 uses this value to
determine how long to wait before accessing a
powered-on port.

bHubContrCurrent

Maximum current requirements of the Hub Controller
electronics in mA.

DeviceRemovable

Variable,
depending
on
number of
ports on
hub

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

Bit value definition:
0B - Device is removable.
1B - Device is non-removable

This is a bitmap corresponding to 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).

Variable

PortPwrCtriMask

Variable,
depending
on
number of
ports on
hub

This field exists for reasons of compatibility with
software written for 1.0 compliant devices. All bits in
this field should be set to 1B. This field has one bit for
each port on the hub with additional pad bits, if
necessary, to make the number of bits in the field an
integer multiple of 8.
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11.24 Requests

11.24.1 Standard Requests

Hubs have tighter constraints on request processing timing than specified in Section 9.2.6 for standard

devices because they are crucial to the "time to availability" of all devices attached to USB. The worst case

request timing requirements are listed below (apply to both Standard and Hub Class requests):

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 subsequent data stage: 50 ms
Time between last data stage and status stage: 50 ms

As hubs play 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

bRequest Hub Response
CLEAR_FEATURE Standard
GET_CONFIGURATION Standard
GET_DESCRIPTOR Standard

GET_INTERFACE

Undefined. Hubs are allowed to support only one

interface.
GET_STATUS Standard
SET_ADDRESS Standard
SET_CONFIGURATION Standard
SET_DESCRIPTOR Optional
SET_FEATURE Standard

SET_INTERFACE

Undefined. Hubs are allowed to support only one

interface.

SYNCH_FRAME

Undefined. Hubs are not allowed to have isochronous

endpoints.

Optional requests that are not implemented shall return a STALL in 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

Request bmRequestType bRequest wValue windex wlLength Data
ClearHubFeature 00100000B CLEAR_ FEATURE Feature Zero Zero None
Selector
ClearPortFeature 00100011B CLEAR_ FEATURE Feature Selector, Zero None
Selector Port
ClearTTBuffer 00100011B CLEAR_TT_BUFFER Dev_Addr, TT_port Zero None
EP_Num

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

Descriptor ID
Index
GetHubStatus 10100000B GET_ STATUS Zero Zero Four Hub
Status and
Change
Status
GetPortStatus 10100011B GET_ STATUS Zero Port Four Port
Status and
Change
Status
ResetTT 00100011B RESET_TT Zero Port Zero None

SetHubDescriptor 001000008 SET_DESCRIPTOR Descriptor Zero or Descriptor | Descriptor
Type and Language Length

Descriptor ID
Index
SetHubFeature 00100000B SET_FEATURE Feature Zero Zero None
Selector
SetPortFeature 00100011B SET_FEATURE Feature Selector, Zero None
Selector Port
GetTTState 10100011B GET_TT_STATE TT_Flags Port TT State TT State
Length
StopTT 00100011B STOP_TT Zero Port Zero None
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Table 11-16. Hub Class Request Codes

bRequest Value
GET_ STATUS 0
CLEAR_ FEATURE 1
RESERVED (used in previous 2
specifications for
GET_STATE)
SET_ FEATURE 3
Reserved for future use 4-5
GET_DESCRIPTOR 6
SET_DESCRIPTOR 7
CLEAR_TT_BUFFER 8
RESET_TT 9
GET_TT_STATE 10

STOP_TT

11

Table 11-17 gives the valid feature selectors for the hub class. See Section 11.24.2.6 and Section 11.24.2.7 for a

description of the features.

Table 11-17. Hub Class Feature Selectors

Recipient Value
C_HUB_LOCAL_POWER Hub 0
C_HUB_OVER_CURRENT Hub 1
PORT_CONNECTION Port 0
PORT_ENABLE Port 1
PORT_SUSPEND Port 2
PORT_OVER_CURRENT Port 3
PORT_RESET Port 4
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Table 11-17. Hub Class Feature Selectors (continued)

Recipient Value
PORT_POWER Port 8
PORT_LOW_SPEED Port 9
C_PORT_CONNECTION Port 16
C_PORT_ENABLE Port 17
C_PORT_SUSPEND Port 18
C_PORT_OVER_CURRENT Port 19
C_PORT_RESET Port 20
PORT_TEST Port 21
PORT_INDICATOR Port 22
11.24.2.1 Clear Hub Feature
This request resets a value reported in the hub status.
bmRequestType bRequest wValue windex wlLength Data
00100000B CLEAR_FEATURE Feature Zero Zero None
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 C HUB_LOCAL_POWER or
C_HUB_OVER_CURRENT features.

It is a Request Error if w¥alue is not a feature selector listed in Table 11-17 or if windex or wlLength are not

as specified above.

If the hub is 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.

bmRequestType bRequest wValue windex wLength Data
00100011B CLEAR_ FEATURE Feature Selector | Port Zero None
Selector

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

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 fo clear the following features:

e PORT ENABLE
e PORT SUSPEND

e PORT POWER

e PORT _INDICATOR

e C_PORT CONNECTION

e C_PORT RESET

« C_PORT ENABLE

e C_PORT SUSPEND

e C_PORT OVER CURRENT

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

Clearing the PORT_ENABLE feature 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_POWER feature 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 if wValue is not a feature selector listed in Table 11-17, if windex 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
feature that is already cleared (hub should treat as a functional no-operation).

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

11.24.2.3 Clear TT Buffer

This request clears the state of a Transaction Translator(TT) bulk/control buffer after 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
attached full-/low-speed devices.

bmRequestType bRequest wValue windex | wLength Data

00100011B CLEAR_TT_BUFFER Device_Address, TT_port Zero None
Endpoint._ Number

If the hub supports a TT per port, 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/ndex must be
set to one.
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The device address, endpoint_number, and endpoint_type of the full-/low-speed endpoint (as specified in
the corresponding split transaction) that may have a busy TT buffer must be specified in the wValue field.
The specific bit fields used are shown in Table 11-18.

It is a Request Error if windex 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
Bits Field

3.0 Endpoint Number
10..4 Device Address
12..11 Endpoint Type

14..13 Reserved, must be zero

15 Direction, 1 =IN, 0=0UT

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.

bmRequestType bRequest wValue windex wlLength Data
101000008 GET_DESCRIPTOR Descriptor Zero Descriptor Descriptor
Type and Length
Descriptor
Index

The GetDescriptor() request for the hub class descriptor follows the same usage model as 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 wlength is zero.

It is a Request Error if wValue or windex are other than as specified above.

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

This request returns the current hub status and the states that have changed since the previous
acknowledgment.

bmRequestType bRequest wValue windex wlLength Data
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 of data contains
wHubChange (refer to Table 11-20).

It is a Request Error if wValue, windex, or wLength are other than as specified above.

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

Table 11-19. Hub Status Field, wHubStatus

Bit Description

0 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 power available from
a hub to downstream devices.

0 = Local power supply good

1 = Local power supply lost (inactive)

1 Over-current:

If the hub supports over-current reporting on a hub basis, this field indicates that the sum of all the ports’
current has exceeded the specified maximum and all 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
These bits 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 Change Field, wHubChange

Bit Description

0 Local Power Status Change: (C_HUB_LOCAL_POWER) This field indicates that a change has
occurred in the hub's Local Power Source field in wHubStatus.

This field is initialized to zero when the hub receives a bus reset.
0 = No change has occurred to Local Power Status.
1= Local Power Status has changed.

1 Over-Current Change: (C_HUB_OVER_CURRENT) This field indicates if a change has occurred in the
Over-Current field in wHubStatus.

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

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

2-15 Reserved
These bits return 0 when read.

Hubs may allow setting of these 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. When set, these bits may be cleared by a ClearHubFeature()
request. A request to set a feature that is already set or to clear a feature that is already clear has no effect
and the hub will not fail the request.

11.24.2.7 Get Port Status

This request returns the current port status and the current value of the port status change bits.

bmRequestType bRequest wValue windex wLength Data
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).

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

It is a Request Error if wlValue or wLength are other than as specified above or if windex specifies a port that
does not exist.

If the hub is not configured, the behavior of the hub in response to this request is undefined.
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11.24.2.7.1 Port Status Bits

Table 11-21. Port Status Field, wPortStatus

Bit Description
0 Current Connect Status: (PORT_CONNECTION) This field reflects whether or not a device is currently
connected to this port.

0 = No device is present.

1 = A device is present on this port.

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

0 = Port is disabled.

1 = Port is enabled.

2 Suspend: (PORT_SUSPEND) This field indicates whether or not the device on this port is suspended.
Setting this field causes the device to suspend by not propagating bus traffic downstream. This field may be
reset by a request or by resume signaling from the device attached to the port.

0 = Not suspended.

1 = Suspended or resuming.

3 Over-current: (PORT_OVER_CURRENT)

If 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.

4 Reset: (PORT_RESET) This field is set when the host wishes to reset the attached device. It remains set
until the reset signaling is turned off by the hub.

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

57 Reserved
These bits return 0 when read.

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

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

g Low- Speed Device Attached: (PORT_LOW_SPEED) This is relevant only if a device is attached.

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

10 High-speed Device Attached: (PORT_HIGH_SPEED) This is relevant only if a device is attached.

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

11 Port Test Mode : (PORT_TEST) This field 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.

12 Port Indicator Control: (PORT_INDICATOR) This field 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 Power bit is one, this bit indicates whether or not a device is attached. This field reads as one
when a device is 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 when the port is in the Powered state,
a device attach is detected (see Section 7.1.7.3), and the port transitions from the Disconnected state 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 resume signaling.
This bit may be set only as a result of a SetPortFeature(PORT_RESET) request. When the hub exits the

Resetting state or, if present, the Speed_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

® Receipt of a ClearPortFeature(PORT_ENABLE) request
e Port Error detection

e Disconnect detection

o When the port enters the Resetting state as a result of receiving the SetPortFeature(PORT_RESET)
request

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

11.24.2.7.1.3 PORT_SUSPEND

This bit is set to one when the port is selectively suspended by the USB System Software. While this bit is
set, the hub does not propagate downstream-directed traffic to this port, but the hub will respond to resume
signaling from the port. This bit can be set only if the port’s PORT_ENABLE bit is set and the hub receives
a SetPortFeature(PORT _SUSPEND) request. This bit is cleared to zero on the transition from the SendEQP
state to the Enabled state, or on the transition from the Restart_S state to the Transmit state, or on any event
that causes the PORT_ENABLE bit to be cleared while the PORT_SUSPEND bit is set.

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 on this port is affected by an over-current condition on another port, 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 may be treated 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) request will 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-off state.

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 power state of a port. This bit is implemented on all ports whether or not actual
port power switching devices are present.

While this bit is zero, the port is in the Powered-off state. Similarly, anything that causes this 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 C_ HUB_LOCAL_POWER and Local
Power Status (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:

o Hub receives a ClearPortFeature(PORT_POWER).

* An over-current condition exists on the port.

e An over-current condition on another port causes the power on this port to be shut off.

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

11.24.2.7.1.7 PORT_LOW_SPEED

This bit has meaning only when the PORT_ENABLE bit is set. This bit 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 may be treated as no-operation requests by hubs.

11.24.2.7.1.8 PORT_HIGH_SPEED
This bit has meaning only when the PORT_ENABLE bit is set and the PORT_LOW_SPEED bit is set to
zero. This bit is set to one if the attached device is high-speed. The bit 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 may be treated as no-operation requests by hubs.

11.24.2.7.1.9 PORT_TEST

When the Port Test Mode bit is set to a one (1B), the port is in test mode. The specific test mode is
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 be set as a result of a SetPortFeature(PORT_TEST) request. A port PORT TEST
request is only valid to a port that is in the Disabled, Disconnected, or Suspended states. If the port is not in
one of these states, the hub must respond with a request error.

This field may be cleared as a result of resetting the hub.

11.24.2.7.1.10 PORT_INDICATOR

When the Port Indicator port status is set to a (1B), the port indicator selector is non-zero. The specific
indicator mode is 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 be set 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 software if it determines that any of the following conditions are true:

» A high power device is plugged into a low power port.
e A defective device is plugged into a port (Babble conditions, excessive errors, etc.).
®  An overcurrent condition occurs which causes software or hardware to set the indicator.

The PORT_OVER_CURRENT status bit will set the default port indicator color to amber. Setting the
PORT_POWER feature, sets the indicator to 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 power device in to a bus-powered hub. If there is an
available high power port, then the user can be directed to move the device from the low-power port to the
high power port.

I. Host software would cycle the PORT INDICATOR feature of the low-power port 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 C_PORT_CONNECTION status change feature, host software can determine when the user
physically removed the device from the low-power port.

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

4. Using the C_ PORT_CONNECTION status change feature host software can determine when the user
physically inserted the device onto the high power port.

Host software must cycle the PORT _INDICATOR feature to blink the current color 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 changes in 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
may allow setting of the status change bits with a SetPortFeature() request for diagnostic purposes. If a hub
does not support setting of the status change bits, it may either treat the request as a Request Error or as a
functional no-operation. Table 11-22 describes the various bits in the wPortChange field.

Table 11-22. Port Change Field, wPortChange

Bit Description
0 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.

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

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

0 = No change.

1= Resume complete.
3 Over-Current Indicator Change: (C_PORT_OVER_CURRENT) This field applies only to hubs that 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 not report over-current on a per-port basis, then this field is always zero.

4 Reset Change: (C_PORT_RESET) This field is set when reset processing on this port is complete.

0 = No change.
1 = Reset complete.

5-15 Reserved
These bits return 0 when read.

11.24.2.7.2.1 C_PORT_CONNECTION

This bit is set when the PORT_CONNECTION bit changes because of an attach or detach detect event (see
Section 7.1.7.3). This bit will be cleared to zero by a ClearPortFeature(C PORT CONNECTION) request
or while the port is in the Powered-off state.

11.24.2.7.2.2 C_PORT_ENABLE

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

This bit may 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) request or while the 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  On transition from the Resuming state to the SendEOP state
e  On transition from the Restart_S state to the Transmit state

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

11.24.2.7.2.4 C_PORT_OVER-CURRENT

This bit is set when the PORT_OVER_CURRENT bit changes from zero to one or from one to zero. This
bit is also set if the port is placed in the Powered-off state due to an over-current condition on another port.

This bit will be cleared when the port is in the Not Configured state or by a
ClearPortFeature(C_PORT_OVER_CURRENT) request.

11.24.2.7.2.5 C_PORT_RESET

11

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

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

.24.2.8 Get_TT_State

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

bmRequestType bRequest wValue windex wLength Data
10100011B GET_TT_STATE TT_Flags TT_Port TT State TT State
Length

432

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

The TT state 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

Offset Field Size (bytes) Comments

0 TT_Return_Flags 4 Bits 15..0 are reserved for future
USB definition and must be set
to zero. Bits 31..16 are for
vendor specific usage.

4 TT_specific_state Implementation dependent
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If the hub supports multiple TTs, then windex must specify the port number of the TT that will return
TT state. If the hub provides only a single TT, then Port must be set to one.

The state of the TT after processing this request is undefined.

It is a Request Error, if windex 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 of this
request, then only the first wLength bytes of this request are returned; this is not considered an error even if
wlength is zero.

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

11.24.2.9 Reset_TT

This request returns the transaction translator in a hub to a known state,

bmRequestType bRequest wValue windex wLength Data

00100011B RESET_TT Zero TT_Port Zero None

Under some circumstances, a Transaction Translator (TT) in a hub may be in an unknown state such that it
is no longer functioning correctly. The Reset TT request allows the TT to be returned to the state it is in
immediately after the hub is configured. Reset TT only resets the TT internal data structures (buffers) and
pipeline and its related state machines. After the reset is completed, the TT can resume its normal
operation. Reset of the TT is de-coupled from the other parts of the 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 not reset, so that when the TT resumes its normal
operation, the corresponding attached devices continue to work; i.e., a new enumeration process is not
required. The working of downstream FS/LS devices are disrupted only during the reset time of the TT to
which they belong.

If the hub supports multiple TTs, then windex must specify the port number of the TT that is to be reset. 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, if windex 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 request is undefined.

11.24.2.10 Set Hub Descriptor

This request overwrites the hub descriptor.

bmRequestType bRequest wValue windex wLength Data
001000008 SET_DESCRIPTOR Descriptor Zero Descriptor Descriptor
Type and Length
Descriptor
Index

The SetDescriptor request for the hub class descriptor follows the same usage model as that of the standard
SetDescriptor request (refer to Chapter 9). The standard hub descriptor is denoted by using the value
bDescriptorType defined in Section 11.23.2.1. 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 windex is not zero or if wlLength does not match the amount of data sent by the host.
Hubs that do not support this request respond with a STALL during the Data stage of the request.

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

11.24.2.11 Stop_TT

This request stops the normal execution of the transaction translator so that the internal TT state can be
retrieved via Get_TT State. This request is provided for debugging purposes.

bmRequestType bRequest wValue windex wLength Data

00100011B STOP_TT Zero TT_Port Zero None

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 windex must specify the port number of the 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, if windex 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 request is undefined.

11.24.2.12 Set Hub Feature

This request sets a value reported in the hub status.

bmRequestType bRequest wValue windex wlLength Data
00100000B SET_FEATURE Feature Zero Zero None
Selector

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

It is a Request Error if wValue 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% response to this request is undefined.
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11.24.2.13 Set Port Feature

This request sets a value reported in the port status.

bmRequestType bRequest wValue windex wLength Data

001000118 SET_FEATURE Feature Port Zero None
Selector Selector

The port number must be a valid port number for that hub, greater than zero. The port number is in the least
significant byte (bits 7..0) of the w/ndex field. The most significant byte of windex 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 request are:

e PORT RESET

e PORT_SUSPEND

¢ PORT_POWER

e PORT TEST

e PORT _INDICATOR

e C _PORT_CONNECTION*

e C_PORT RESET*

e C PORT ENABLE*

e C_PORT _SUSPEND*

e C _PORT OVER CURRENT*
* Denotes features that are not required to be set by this request

Setting the PORT_SUSPEND feature causes bus traffic to cease on that port and, consequently, the device
to suspend. Setting the reset feature PORT RESET causes the hub to signal reset on that port. When the
reset signaling is complete, the hub sets the C_ PORT_RESET status change and immediately enables the
port. Also see Section 11.24.2.7.1 for further details.

When the feature selector is PORT TEST, the most significant byte (bits 15..8) of the windex field 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 of the hub containing the port to be tested must be
(selectively) suspended via the SetPortFeature(PORT _SUSPEND) request. Each downstream
facing port of the hub must be in the disabled, disconnected, or suspended state (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 a time. The transition to test mode
must be complete no later than 3 ms after the completion of the status stage of the request.

3) The downstream facing port under test can now be tested.

4) During test_mode, a port disconnect or resume status change on one of the suspended ports (not
including the port under test) must cause a status change (C_PORT_CONNECTION or
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 allow a test application to restore normal operation of a
root hub without requiring a non-USB keyboard or mouse for 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 must also 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 under test) must be reset by the host or user.
This must be accomplished by manipulating the port of the parent hub to which the hub under test
is attached. This manipulation can consist of one of the following:

a) Issuing a SetPortFeature(PORT RESET) to port of the parent hub to which the hub under test
is attached.

b) Issuing a ClearPortFeature(PORT_POWER) and SetPortFeature(PORT_POWER) to cycle
power of a parent hub that supports per port power control.

¢) Disconnecting and re-connecting the hub under test from its parent hub port.

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

Behavior of the hub under test and its downstream facing ports is undefined if these requirements
are not met.

Table 11-24. Test Mode Selector Codes

Value Test Mode Description

OH Reserved

1H Test J

2H Test_ K

aH Test_SEO_NAK

4H Test_Packet

5H Test_Force_Enable
06H-3FH | Reserved for Standard Test selections
40H-BFH | Reserved
COH-FFH | Reserved for Vendor-Unique test selections

ZTE/SAMSUNG 1008-0464
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When the feature selector is PORT_INDICATOR, the most significant byte of the windex field is the

selector identifying the specific indicator mode. Table 11-25 lists 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 request error if the
request contains an invalid indicator selector.

Table 11-25. Port Indicator Selector Codes

Value Port Indicator Color Port Indicator
Mode
0 Color set automatically, as Automatic
defined in Table 11-6
1 Amber
2 Green Manual
3 Off
4-FFH Reserved Reserved

The hub must meet the following requirements:

e [fthe port is in the Powered-off state, the hub must treat a SetPortFeature(PORT_RESET) request as a

functional no-operation.

e [fthe port is not in the Enabled or Transmitting state, the hub must treat a
SetPortFeature(PORT_SUSPEND) request as a functional no-operation.

o 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 wValue is not a feature selector listed in Table 11-17, if windex 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 request is undefined.
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Appendix A
Transaction Examples

This appendix contains transaction examples for different 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 SETUP transaction

e Normal cases

Case Reference | Similar Figure
Figure

No smash Figure A-1
HS SSPLIT smash Figure A-2
HS SSPLIT 3 strikes smash Figure A-3
HS OUT/SETUP(S) smash Figure A-2
HS OUT/SETUP(S) 3 strikes smash Figure A-3
HS DATAO/1 smash Figure A-2
HS DATAD/1 3 strikes smash Figure A-3
HS ACK(S) smash Figure A-4

Figure A-5
HS ACK(S) 3 strikes smash Figure A-6
HS CSPLIT smash Figure A-7
HS CSPLIT 3 strikes smash Figure A-8
HS QUT/SETUP(C) smash Figure A-7
HS OUT/SETUP(C) 3 strikes smash Figure A-8
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HS ACK(C) smash Figure A-9
HS ACK(C) 3 strikes smash Figure A-10
FS/LS OUT/SETUP smash Figure A-11
FS/LS OQUT/SETUP 3 strikes smash Figure A-12
FS/LS DATAO/1 smash Figure A-11
FS/LS DATAO/1 3 strikes smash Figure A-12
FS/LS ACK smash Figure A-13
FS/LS ACK 3 strikes smash Figure A-14
No buffer(on hub) avallable cases
Case Reference | Similar Figure
Figure
No smash(HS NAK(S)) Figure A-15
HS NAK(S) smash Figure A-16
HS NAK(S) 3 strikes smash Figure A-17
CS(Complete-split transaction) earlier cases
Case Reference | Similar Figure
Figure
No smash(HS NYET) Figure A-18
HS NYET smash Figure A-19
Figure A-20
HS NYET 3 strikes smash Figure A-21
Device busy cases
Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-22

HS NAK(C) smash

Figure A-9
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HS NAK(C) 3 strikes smash

Figure A-10

FS/LS NAK smash

Figure A-13

FS/LS NAK 3 strikes smash

Figure A-14

Device stall cases

Case Reference | Similar Figure
Figure
No smash Figure A-23
HS STALL(C) smash Figure A-9
HS STALL(C) 3 strikes smash Figure A-10
FS/LS STALL smash Figure A-13
FS/LS STALL 3 strikes smash Figure A-14
Hub FS/LS
(status) device
! \(data toggle)
Old/x 0
{—=L ST : :
% ' !
: p— sdl DATAO sdl |
K ACK shl E Pending/x i E
s OUUSEIE
i : | DATAO E
I i N ! |
| 4—’/AC£/
| ! Ready/ack ! i
= CPLT o | : |
% l
ACK ch3 | Old/ack ! i
ch3 1 1 1
i i
I ]
: ! !
Figure A-1. Normal No Smash
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Host Hub ES/!"S
evice
(data loggle): : (status) : i(data toggle)
0! ) | Old/ix i 0

stl SSPLIT "

N}

1

|~ OUISETUR, | ’
sdl DATAO

TRANS ERR
! sel !
| TRANS ERR ! !
: se2->sed
|
i 5 :
! SSPLIT(retry) :

N}
gl DATA0 . |

\ bt

ACK shl

| = Oy

I 1 1 I

| ! DATAO |
b 1

ACK

ch3

] I I / I
] 1] 1 ]
1 1 1 ]
] Ready/ack i
i i
i i
| o CSPIT : i
: ctl : :
| OUETE, | |
i i
E ACK ch3 Old/ack i
i I
g d

Figure A-2. Normal HS DATAO0/1 Smash
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stl SSPLIT .

N}
i
st2 OUT/S ETUPS 0

TRANS ERR
sel
TRANS ERR
se2->sed
s SSPLIT(retry)

N}
s2___OQUT/SETUP_, ™ !

TRANS ERR
sel
TRANS_ERR
se2->ged
SSPLIT(retry)

sil

N’
w’
sd] DATAO

------.......’

TRANS ERR
sel
TRANS_ERR
se2->ged
ENDPOINT HALT

Figure A-3. Normal HS DATA0/1 3 Strikes Smash

Hub

(status)

Old/x

FS/LS

device
\(data toggle)
10
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(data toggle)l

0

stl SSPLIT st

st2 OUT/SETUP,

T

ACK _shiT___
DECEEE
TRANS ERR
i se2->sed
i
5 SSPLIT(retry)

N}
sdl DATAO

e R

h2
shi ACK s!

CSPLIT

ctl
ctl

%’
1

| o3 ACK ch3

N |

Hub

(status)

Old/x

Pending/x

Hub ignores this
DATAO,

(Hub already has
this data.)

Ready/ack

Old/ack

OUT/SETUP

N
\

ACK

PR S

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

FS/LS

device
|(data toggle)
1

i1 0

1
1
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%’
1
s2____OUT/SETUP, i

! sdl DATAOD sdl '
* 1

ACK ____ shi___
| 4=
]
TRANS_ERR |
| se2->sed
! ]
I
i
SSPLIT(retry)

stl

'N}
sil_ DATA0  _ |

T —

| s ACK 52 |
i
1
1
) ]
) 1
] 1
i
i
! a1 CSPLIT
ctl :
= NI
]
1
i 3 ACK ch3

Hub

(status)

Old/x

Pending/x

Ready/ack

Hub ignores this
DATAD.

(Hub already has
this data.)

Old/ack

OUT/SETUP

. e
N

ACK i

"’/ 1

Figure A-5. Normal HS ACK(S) Smash(case 2)

FS/LS
device

0

\(data toggle)
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Host
(data tc»g,g,ll:)I

0

Universal Serial Bus Specification Revision 2.0

stl SSPLIT "

—\]>
—=__OUTETRY o
sl DATAO 7 |

ACK ___ shll___|
PRREE L l i
TRANS_ERR ;
se2->sed !
SSPLIT(retry)

stl

N’E
sl DATA0

——

ACK s ___
PR
1
TRANS ERR |
se2->se4
stl SSPLIT(retry) !

N’
sdl DATAO d

TRANS ERR
se2->se5

ENDPOINT HALT i

Hub

(status)

Old/x

Pending/x

Ready/ack

Hub ignores this
DATAQ.

(Hub already has
this data.)

i Hub ignores this
| DATALQ.

(Hub already has
this data.)

OUT/SETUP

—_—
N

ACK

PR S

Figure A-6. Normal HS ACK(S) 3 Strikes Smash

FS/LS

device
|(data toggle)
I o
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! stl SSPLIT at

1
IN’:
i il DATA0

. ACK shl
1
: ]
1
]
1
i
| i CSPLIT E
hhhhhhhhhhhhhhhhhhh 1
«2 _ QUT/SETUP P |

T

! TRANS ERR

ce2->cel

al CSPLIT(retry imm.) !

N} i

ACK ch3

Hub

(status)

Old/x

Pending/x

Ready/ack

Hub ignores this
OUT/SETUP,
(no match the
address field.)

Old/ack

OUT/SETUP

 —pttis >
N

ACK

1 /

Figure A-7. Normal HS CSPLIT Smash

FS/LS
device

|(data toggle)

0
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Host
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(data toggle),

0

stl SSPLIT st

:N’
sl DATAO0

! \’

shl ACK shl

CSPLIT

TRANS ERR
ce2->cel

CSPLIT(retry imm.)

c2 OUT/SETUP

T

i TRANS ERR
ce2->ce3

CSPLIT(retry imm.)

TRANS _ERR
ce2->ced

E ENDPOINT HALT

[}
[}
]

Hub

(status)

Old/x

Pending/x

Ready/ack

Hub ignores this
OUT/SETUP.
(no match the
address field.)

Hub ignores this
QUT/SETUP.
(no match the
address field.)

Hub ignores this
OUT/SETUP.
(no match the
address field.)

OUT/SETUP

o —»
N

ACK

PR S

Figure A-8. Normal HS CSPLIT 3 Strikes Smash

FS/LS

device
{(data toggle)
i 0

!
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sl___SSPLIT

sdl DATAO sd

ctl

CSPLIT
ctl

@2 OQUT/SETUP,,

o =2,

TRANS ERR

ce2->ced

ctl

CSPLIT(retry imm.)

N»

ch3

ACK ch3

Hub

(status)

Old/x

Pending/x

Ready/ack

Old/ack

OUT/SETUP

—_—

Figure A-9. Normal HS ACK(C) Smash

i \) i
DATAO

FS/LS
device

0

\(data toggle)
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(data toggle)

0

sl SSPLIT

| sl DATAO
! shl ACK sl

w  CSPLIT

e el
%

! TRANS_ERR

: ce2->cel

o CSPLIT(retry imm.)

N>
%}

ACK _ch3 ___
£ suascanng
TRANS ERR
i cel->celd
i
1
ctl CSPLIT(retry imm.)

IN_’

TRANS ERR

H ce2->ced

ENDPOINT HALT

Hub

(status)

Old/x

Pending/x

Ready/ack

Old/ack

(]
1

OUT/SETUP

N

ACK

SR S

Figure A-10. Normal S ACK(C) 3 Strikes Smash

FS/LS

device
\(data toggle)
0
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Hub FS/LS
; (status) | \ device
| i |(data toggle)
i Old/x 1 i 0
et OUDSIIR, ) | |
e I I
1 1 ]
| sd1 DATAO sdl i ‘ i
’ I ]
shi ACK shl Pending/x ! i
| QU |
] 1
DATAO !
EEimnmn Emmpg :
: ! “p i
: TRANS_ERR |
]
! TRANS_ERR !
dl _ CSPLIT i i i
N> : i |
@2 OUT/SETUP  » | :
N» [ l
1 i
‘Mu ! ! w:cifﬂ
i | DATAO i
: N i '
] 1
i ACK !
| Ready/ack t :
I I
I 1
a1 CSPLIT(retry) | :
& OUTEETRG | i i
1 1
i Old/ack |
ch3 ACK chd 1 I
i i i
[} ] 1
] I 1
1 I 1
1 I ]
Figure A-11. Normal FS/LS DATA0/1 Smash
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Host Hub dissice
(data t(}g,,cg,le}I (status) \(data toggle)
0 Old/x i 0

sl SSPLIT

) DATAO ol
1

H shl ACK g

Pending/x .
OUT/SETUP

TRANS ERR

@l CSPLIT

I
1 2 ] ]
| —2OUTSETUR, | o OHIREN R oeel ]
1 ]
i DATAO

‘,Chl/_w
i
1 1

TRANS ERR
TRANS ERR

QUT/SETUP(local re

L
DATAOQ

! TRANS ERR

ry)

e i o i o e

TRANS ERR i
1 CSPLIT (retry) i Ready/stall 3 TIMES TRANS ERR

N’

]
W i Old/stall i
I : 1
i ENDPOINT HALT ! i i

Figure A-12. Normal FS/LS DATAO0/1 3 Strikes Smash

452

ZTE/SAMSUNG 1008-0480
IPR2018-00110



Universal Serial Bus Specification Revision 2.0

Host Hub device
(data toggle), (status) ! I(data toggle)
0 Old/x | i 0

stl SSPLIT "

\’
st2 OUT/SETUP 2

1
1
1
I 1
1 I
[} I
1 ]
i I
i I
1 1 ]
\p | i i
| — sdl DATAOQ sdl i i
I <hl ACK shi i Pending/x ! E
- ! — oumervr |
| i i DATAO |
: ! N y
| | | ACK -
! ! | - !
] ]
! TRANS_ERR
1
| %’ i : !
]
| gt sl B e
| | ! DATAO i
I ) ]
] 1 .
| ’ 1Device does
i ‘,’JEI(/_/ :nol receive
1 | Ready/ack i ithis data.
i i iData toggle
«1 CSPLIT(retry) | tis still ‘1.
& _i | i
i % ! ! i
I |
1 Old/ack 1
I | |
i i

Figure A-13. Normal FS/LS ACK Smash
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Host Hub (I;‘S/LS
(data ogel), o Guws) (e g
I ] 1
0 | Old/ix I 0
s SSPLIT .

ST i
1
1 1
sl DATA0 i i |
] ﬂ
' shl ACK shl i Pending/x

ctl CSPLIT ctl

I ] NYET chl

| e

o
=
)
>
()

—
c
Z
i
&
~

o
=
-
=
o

TRANS _ERR
CSPLIT(retry) T

ctl 5 Ready/stall 3TIMES TRANS ERR [
! \»
Old/stall 1

2 STALL ch2

)
)
[}
|
I
)
ch |
i
i
i
]
I
)
i

ENDPOINT HALT

Figure A-14. Normal FS/LS ACK 3 Strikes Smash
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stl SSPLIT o

N’
st2 OUT/SETUP i

\’ i
sdl DATAQ o

—o 2

s3 NAK -

SSPLIT(retry)
stl

2 QUT/SETUP,

stl

ctl CSPLIT .

S DT g

2___OUT/SETUP,

T =,

ch3 ACK ch3

Hub

(status)

No buffers
available |
]

4

olax €771

Pending/x H
1
1

Ready/ack

Old/ack

_Time passes and some other
transaction frees buffer

OUT/SETUP

T
N

ACK

- M

Figure A-15. No buffer Available No Smash (HS NAK(S))

FS/LS
device

\(data toggle)
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Host Hub yLs
evice
(data Iogg]e)= (status) . I(data toggle)
0! No buffers 0
! i available

sl SSPLIT - ' :

N’ i i
sdl DATAO " i i

e RITNG |

] NAK s
P e e
S ! ; :
| TRANS ERR
se2->sed : !
] 1
sl SSPLIT(retry) ! !

| N}
I
sdl DATAOQ o

e

stl

N,
2 OUT/SETUP_,
| gl DATAO
N: E !

1

<hi ACK shl Pending/x

! - NAK sh3 | i
i E Time passes and some other !
&1 transaction frees buffer
: Old/x H
| SSPLIT(retry) i i
i

OUT/SETUP

] |
1
b 1

ACK

«— |

I Ready/ack

@l CSPLIT

@: | i
Old/ack

ACK ch3

¢_C’|E/_’//’_— ]

I L}

] I
I I

Figure A-16. No Buffer Available HS NAK(S) Smash
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si___ SSPLIT

I

oAt >

NAK _sh3’_
T
TRANS _ERR
se2->sed
SSPLIT(retry)

st]

| N’
s2__ OUT/SETUP_,

T I

NAK __sh3
&
TRANS_ERR
se2->sed
stl SSPLIT(retry)

N>
sdl DATAO sd

TRANS ERR
se2->se5

ENDPOINT HALT

Figure A-17. No Buffer Available HS NAK(S) 3 Strikes Smash

Hub

(status)

No buffers
available

1
1
i
i
I

FS/LS

device
|(data toggle)
1 0

457

ZTE/SAMSUNG 1008-0485
IPR2018-00110



458

Host
(data toggle)

0

Universal Serial Bus Specification Revision 2.0

s___SSPLIT

—)1 DATAQ <di

shl ACK shl

ctl CSPLIT =

1

| NYET chl

e

@l CSPLIT

N’
%

ch3 ACK ch3

Hub

(status)

Old/x

Pending/x

Ready/ack

Oldfack

OUT/SETUP

T
N

ACK

PR S

Figure A-18. CS Earlier No Smash (HS NYET)

FS/LS
device
(data toggle)
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sl SSPLIT

sdl DATAOQ

N’

<hi ACK shl

ctl CSPLIT i

N’
ct2 OUT/SETUP 2

—<2_ OUTIETUR,, > |

TRANS_ERR

ce2->ce3

i CSPLIT(retry imm.)

N’
%

ch3 ACK ch3

Hub

(status)

Old/x

Pending/x

Ready/ack

Old/ack

OUT/SETUP

N
N

ACK

PR S

Figure A-19. CS Earlier HS NYET Smash(case 1)

FS/LS

device
(data toggle)

0
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st SSPLIT

—tl DATAO i
a1 ACK shl .

ctl CSPLIT e

\’

TRANS ERR
ce2->ced

i CSPLIT(retry imm.)

N}
—=_ OUTFET R |
1

NYET chl__ 1

«—

ol CSPLIT(retry)

N’
%’ E

ch3 ACK ch3

Hub

(status)

Old/x

Pending/x

Ready/ack

Old/ack

OUT/SETUP

a0
N

Figure A-20. CS Earlier HS NYET Smash(case 2)
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sl SSPLIT

sdl DATAO

N’

shl ACK shl

ctl CSPLIT <t

N’
)
= I,

TRANS _ERR
ce2->cel

étl CSPLIT(retry imm.)

e
5 I
I

TRANS_ERR i
ce2->cel

! CSPLIT(retry imm.)

N‘b :

TRANS _ERR 1
ce2->ced I
ENDPOINT HALT

Hub

(status)

Old/x

Pending/x

Ready/ack

Buffer remains
busy until !
Clear_TT_buffer
request

OUT/SETUP

N

ACK

PR - S

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

FS/LS

device
{(data toggle)

0
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Host
(data toggle),
I
0|
i
E stl SSPLIT ¢l
st2 ouT -

sdl DATAOD od

<hl ACK shl

i ctl CSPLIT ct

1 1

ct2

. e NAK s

- sl SSPLIT(retry),

)

st2
sd1 DATAO L

—_—

sh ACK shl

1

1

1

1

I
ctl CSPLIT et

| %’
ch3 ACK ch3

| — |

Hub

(status)

Old/x

Pending/x

Ready/nak

Old/nak

Pending/x

Ready/ack

Old/ack

FS/LS

device
(data toggle)

0

Figure A-22. Device Busy No Smash(FS/LS NAK)
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stl SSPLIT i

N’
il DATAO

<hl ACK shl

ctl CSPLIT 1

N’
ct2 0

UT/SETUP _,
ct2

—2_ QUTSETUR, >

w '

ENDPOINT HALT !

Hub

(status)

Old/x

Pending/x

Ready/stall

Old/stall

]
OUT/SETUP i

o
T —— |

STALL

o S —

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

FS/LS
device

0

|(data toggle)
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A.2 Bulk/Control IN Transaction Examples
Legend:
(S): Start Split

(C): Complete Split

Summary of cases for bulk/control IN transaction

e Normal cases

Case Reference | Similar figure
figure
No smash Figure A-24
HS SSPLIT smash Figure A-25
HS SSPLIT 3 strikes smash Figure A-26
HS IN(S) smash Figure A-25
HS IN(S) 3 strikes smash Figure A-26
HS ACK(S) smash Figure A-27
Figure A-28
HS ACK(S) 3 strikes smash Figure A-29
HS CSPLIT smash Figure A-30
HS CSPLIT 3 strikes smash Figure A-31
HS IN(C) smash Figure A-30
HS IN(C) 3 strikes smash Figure A-31
HS DATA0/1 smash Figure A-32
HS DATAO/1 3 strikes smash Figure A-33
FS/LS IN smash Figure A-34
FS/LS IN 3 strikes smash Figure A-35
FS/LS DATAO0/1 smash Figure A-36
FS/LS DATAO/1 3 strikes smash Figure A-37

464

ZTE/SAMSUNG 1008-0492

IPR2018-00110



Universal Serial Bus Specification Revision 2.0

FS/LS ACK smash Figure A-38
FS/LS ACK 3 strikes smash No figure
No buffer(on hub) avallable cases
Case Reference Similar figure
figure
No smash(HS NAK(S)) Figure A-39
HS NAK(S) smash Figure A-40
HS NAK(S) 3 strikes smash Figure A-41
CS(Complete-split transaction) earlier cases
Case Reference Similar figure
figure
No smash(HS NYET) Figure A-42
HS NYET smash Figure A-43
Figure A-44
HS NYET 3 strikes smash No figure
Device busy cases
Case Reference Similar figure
figure
No smash(HS NAK(C)) Figure A-45
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 NAK 3 strikes smash Figure A-37
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e  Device stall cases

Case Reference Similar figure
figure
No smash Figure A-46
HS STALL(C) smash Figure A-32
HS STALL(C) 3 strikes smash Figure A-33
FS/LS STALL smash Figure A-36
FS/LS STALL 3 strikes smash Figure A-37
Host Hub FS/LS
(data toggle) (status) device
i i - (data toggle)
0 | Oldx i 0
: si2 IN " i
\’ h
ACK shl___ 1 Pending/x |

Z

1 Ready/data ACK

1
:%’i
I
%:

chs DATAOQ % Old/data
1

Figure A-24. Normal No Smash
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Host

(data toggle),

0
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TRANS_ERR
sed->sel
\ i SSPLIT(retry)
N’
=2 IN 512
s ACK shl

ctl CSPLIT o

1

ci2

chs DATAOD L

Hub

(status)

Old/x

Hub ignores this
IN.

(no match the
address field.)

Pending/x

Ready/data

Old/data

IN

ACK

|

Figure A-25. Normal HS SSPLIT Smash

FS/LS

device
i(data toggle)
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Host Hub FS/.LS
(data toggle) (status) device
i i i (data toggle)
01 Old/x 0
| __sl___ SSPLIT ; : !
512 w > i |
\) Hub ignores this i
- i IN. | H

(no match the
address field.) i

i TRANS_ERR | i

sed->se2

——-St1___ SSPLIT(retry) i i

st2 IN >
\» Hub ignores this i
i IN. |
(no match the
address field.)

TRANS _ERR
! sed->sel

! \’ Hub ignores this
IN.

(no match the

! address field.) | !

TRANS ERR
sed->se3

! ENDPOINT HALT !

1 1

Figure A-26. Normal SSPLIT 3 Strikes Smash
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Host Hub E‘S/!_.S
c
(data toggl':): : (status) | :(dmea‘t‘;}lggﬁ .
0 | Old/x i i 0
=S | |
I 2 IN st2 i E i
. 1 ]
| ACK _____Ei'.'.l.-_--- Pending/x i !
s I :
!
| TRANS ERR . i I
sed->se2 : :
] 1
' SSPLIT! ! |
ST | |
\» 1 1
%’ ' ! i
] 1
: shl ACK L2 i I
i
i i
I : IN E
| T T,
i i DATAOQ
1 1 ]
1 1 ]
E E Ready/data i *} i
: |
]
—C_CPT | i i
]
i <2 N o2 i i
]
s  DATAO i Old/data 5
] 1) I
] 3 I i

Figure A-27. Normal HS ACK(S) Smash(case 1)
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Host

(data toggle)I
0 :'
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stl SSPLIT -

1
I%I

. st2
ACK __shl___
I 4 ____________ :
TRANS ERR |
sed->geld !
| sl SSPLIT(retry) |
512 N 0
| ACK sh2 I

| shl |

\b
%
1
|

- 1

1
1

1

|

1

[}

[}

1

1

|

1

[}

1

] ctl CSPLIT
] ct
1

I

1

1

1

1

1

[}

1

1

Hub

(status)

Old/x

Pending/x

Ready/data

Old/data

FS/LS

device
(data toggle)

0

IN

DATAQ ,
]

ACK

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

(data toggle)I
I

0
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Hub FS/LS
(i) device
! ! |(data toggle)
Old/x | i 0
2 N e T | |
. 1
ACK _____,Etl‘....-- ! Pending/x i
o= : 5
IN |
TRANS_ERR . : \, :
sed->se2 H ! DATAQ H
i z i
1 1
stl SSPLIT(retrygl] ! Ready/data : ACK !
\} 1 1 \—b 1
2 N o E
[}
ACK .»--—Etlz""" 1 1 i
S | : :
!
TRANS_ERR i
sed->ged i i i
1 1
«1  SSPLIT(retry) i
N’ s
]
2 IN 2 | | g
I ]
ACK sh2 ___ | |
____________ i i
477 i i
] ]
] 1 ]
] 1 ]
TRANS_ERR i |
sed->sed i i
ENDPOINT HALT
Figure A-29. Normal HS ACK(S) 3 Strikes Smash
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Host

(data toggle)

0
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shi ACK shl
4._.__0_”_____(ESPLIT
TRANS ERR

ceb->ced

al CSPLIT(retry imm.)

N’ I
o2 IN

ci2

chs DATAO cd

Hub

(status)

Old/x

Pending/x

Ready/data

Hub ignores this
IN.

{no match the
address field.)

Old/data

FS/LS
device
(data toggle)

0

Figure A-30. Normal HS CSPLIT Smash
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Host
(data toggle)

0
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stl SSPLIT o

IN}
st2 N

st2
]
I

i - ACK shl

TRANS ERR

ceb->ced

/

! TRANS ERR
i ceb->ced

P ——_.tl___ CSPLIT(retry imm.)

ct2 N

TRANS ERR
cef->ced
i ENDPOINT HALT

—e W T

Hub

(status)

Old/x

Pending/x

Ready/data

Hub ignores this
IN,

(no match the
address field.)

Hub ignores this
IN.

(no match the
address field.)

Hub ignores this
IN.

(no match the
address field.)

1
1
I

Figure A-31. Normal HS CSPLIT 3 Strikes Smash

FS/LS
device
|(data toggle)
i 0
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Host
(data toggle)

0

Universal Serial Bus Specification Revision 2.0

stl SSPLIT .

N’
st2 IN

si2

ACK shl

shl

@l CSPLIT

N’
%’

----DfIA-OII‘CdJ"

TRANS _ERR
ceb->ced

atl CSPLIT(retry imm.)

N}
ci2 IN

ct2

W

Hub

(status)

Old/x

Pending/x

Ready/data

Old/data

IN

DATAQ
I

| ACK

Figure A-32. Normal HS DATAO0/1 Smash

FS/LS

device
I(data toggle)
P 0
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Host

(data toggle),

0
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stl SSPLIT sl
v

e IN 512

<hl ACK shl

ctl CSPLIT 54

1

ct2

DATAO , sl us

TRANS_ERR
cef->ced

ctl CSPLIT(retry imm.)

N’ 1
c12 IN

— N .

DATAO, , ¢ um

4-------

TRANS ERR

ceb->ced

CSPLIT(retry imm.)

ctl

N}
2
= IN ct2
DATAQ C!

4-lll----.. e
TRANS ERR

ceb->ced
ENDPOINT HALT

Hub

(status)

Old/x

Pending/x

Ready/data

Old/data

IN

DATAQ
I

ACK

Figure A-33. Normal HS DATAO0/1 3 Strikes Smash

FS/LS
device

0

|(data toggle)
]
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Host
(data toggle)

0
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! %} i
st2 IN in
i \) 1
i w1  ACK shi |
[} [}
' :
[}
1 1
i o  CSPLIT |
ctl i
1 1
| . NYET chl___ i

w1 CSPLIT(retry)

N’
%’ :
]
]

hs DATAO

Hub

(status)

Old/x

Pending/x

Ready/data

Old/data

FS/LS

device
(data toggle)

0

TRANS ERR

&

ACK i

— Ak

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

01

Universal Serial Bus Specification Revision 2.0

stl SSPLIT 4

1
e w

s12

shl ACK shl
i CSPLIT

ctl

cl2 N i

NYET chl

P

e CSPLIT(retry)
N’
ct2 IN -

‘W

ENDPOINT HALT

(]
(]
1

Hub

(status)

Old/x

Pending/x

Ready/stall

Old/stall

S
********* >
TRANS _ERR
__________ IN(local retry)
~~~~~~~~ -»>
| TRANS_ERR
-______A____'ll\l{local retry)
********* >

TRANS ERR
3TIMES TRANS ERR

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

FS/LS

device
\(data toggle)

]
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Host Hub deviee
(data toggle), | (status) : i(data toggle)
0 Old/x t 0

stl SSPLIT .

N_’ : I
st2 IN ! !

st2
i o ACK shl : Pending/x |
]
1 1 I
] ] I
I
IN
! ! T
I I I T.
! I‘IIIID‘:-AIOI""I
| .,  CSPLIT . !
i atl i | TRANS_ERR
ct2 IN
ct2 TRANS ERR
I NYET chl

| ‘,'Ch’”/ | !
i 1 1
w’
&-

Ready/data ACK

T ey,

it CSPLIT(retry)

N’
I
1

chs DATAD cd Old/data
1

Figure A-36. Normal FS/LS DATAO0/1 Smash
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Host
(data toggle),

0
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sl SSPLIT

N_’
st2 IN

shl

ct2

st2
ACK shl
CSPLIT

ctl
IN 2

. NYET ___ch

—

o1 CSPLIT(retry)
N’
o2 IN ct2

W

ENDPOINT HALT

Hub

(status)

Old/x

Pending/x

Ready/stall

Old/stall

IN

i DATAD
4--ll""'
TRA

NS _ERR
TRANS ERR

1
I
|
]

‘----D.‘?Iﬁ.‘-o--"“

TRANS ERR

IN(local retry)

T ee——_ L,

DATAO gmn

‘n---------

TRANS ERR
3TIMES TRANS_ERR
TRANS_ERR

Figure A-37. Normal FS/LS DATAO0/1 3 Strikes Smash

FS/LS

device
\(data toggle)
{0
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e
Scuw
= g
) ws
=TEe -
+ o
o4
I mw
i »
I pa
! <
H o
o ! £ o
2 & A
]
gl aof < Z af <
!
]
I
]
]
I
!
- =2
27 8 S : E g :
= » = 2 o 5 2 =
Z: 5 E g 3 2 § 3
=] o =1 o - 7 (@]
% B = 5| ] B z| 2 = 8] 8] B
= = = £ = =
= o4 = = = Y = >
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8 3 3 3 % 9 3 3 9 3
2 s T - 4
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w oon — @
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2 S8y
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Figure A-38. Normal FS/LS ACK Smash
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Host Hub FS/LS
(data toggle) (status) : device
! ! _— |(data toggle)
0! | o buffers 0
i | available H
st SSPLIT i i |
: stl : !
st2 N o2 : ,
1 1
[}
sh3 NAK sh3 i !
i
1
1
[}
1
|
1
1

__4— Time passes and some other
Old/x “« ! transaction frees buffer

. SSPLIT(retry)
N’
M :

]
1

shl ACK shl Pending/x

Ready/data ! ACK

ctl CSPLIT .

N’
ci2 N

ct2

1

E as DATAO0 __cd
1y

I

Figure A-39. No Buffer Available No Smash(HS NAK(S))

Old/data
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Host
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(data toggle),

0

sl SSPLIT

I

I

I

I

I

]
e N
1

si2

[ e
I
1
1
I
I
I
|}
i
[}
1

NAK sh3___
PR
TRANS_ERR

sed->se2
1
i «  SSPLIT(retry)
N’I
H L IN st2
1
1
] 3 NAK sh3
1
1
1
|
1
]

o SSPLIT(retry)
_________—__—————:iL_’_
i % IN st2
1

o ACK sh

leo 8l CSPEIT

I

]
1

Hub
(status)

No buffers
available

ol €7

Pending/x

Ready/data

Old/data

Time passes and some other
transaction frees buffer

e o ot A et e Sl

Figure A-40. No Buffer Available HS NAK(S) Smash

FS/LS

device
|(data toggle)
0
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Host

(data logg]e)I

0
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stl SSPLIT x

N’
st2 IN

st2
NAK sh3 ___
PR
TRANS_ERR
sed->sel
«  SSPLIT(retry)
N’
= IN st2
NAK  sh3 ___
P
TRANS _ERR
sed->se2
a1 SSPLIT(retry)
N}
= IN st2
NAK Y
PSS
TRANS ERR
sed->sel
ENDPOINT HALT

Figure A-41. No Buffer Available HS NAK(S) 3 Strikes Smash

Hub
(status)

No buffers
available

FS/LS

device
\(data toggle)
0
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Host

(data Iogglc)I

0
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*“"S_w

Figure A-42. CS Earlier No Smash(HS NYET)

Hub FS/!JS
(status) device
H i \(data toggle)
i Old/x i 0
] 1
=S w : .
1 1 ]
|2 N : |
—— i
! <hl ACK shl i Pending/x i |
I 1
i i |
] 1 ]
I 1 1 I
1 1 1 1
I 1 I
i |
. CSPLIT i
:_\c”> | : .
I N i i
N>
] 1
]
w ! ! !
y i i
I
]
] ]
i i i
| 1 IN
| \b |
]
H i DATAO
] 1
] 1 1
| Ready/data | ACK |
\> i
]
| .  CSPLIT(retry)
N) i | i
2 _BY 2 i i |
o ——=2 :
i | Old/data !
i | |
1 ]
1 1
! !
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Host Hub dovies
(data mggle}= : (status) ! I(data toggle)
0! Old/x i e

stl SSPLIT »

N’:
5t2 IN !

i st2 '
1
&1 ACK shl i Pending/x
1 I
1 ]
1 ]
1
1
1)
1 ]
1 I
1 1
I i
i i
1 |
1 ]
i i
1 1
CSPLIT | i
ctl I 1 !
ctl ! :
= IN ct2 i
1
1

1
! TRANS ERR i DATAQ
ceb->ced k’ .

i Ready/data ACK
I

|

< CSPLIT(retry imm.)

N’ :
ct2 IN

1
2 i
ctd H
1

(]
1
]

hS DATAO [ Old/data
1

Figure A-43. CS Earlier HS NYET Smash(case 1)
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Host Hub S‘S/LS
) evice
(data loggle}: (status) |(data toggle)
0 Old/x 1 0

sl SSPLIT

N_’
512 N

! st2
]

ACK shl Pending/x

shl

: c12 |
| |
' NYET ____chl___| | |
. !
| TRANS_ERR i
! cef->ced ; H
I L}
w  CSPLIT(etry imm.) !

N’ I

2 IN B
\5 . IN
NYET chl

-

Ready/data %
1
el CSPLIT(retry) i
N’
ci2 IN -
Old/data

chs DATAQ c

Figure A-44. CS Earlier HS NYET Smash(case 2)
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Host
(data toggle)

0
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stl SSPLIT "

1

st2
o ACK. shl
i CSPLIT
ctl
%
ch2 NAK ch2
p SSPLIT(retry)

N’
M’

s ACK hl
el CSPLIT

ctl
e N ct2

s DATAO _cd

Hub

(status)

Old/x

Pending/x

Ready/nak

Old/mak

Pending/x

Ready/data

Old/data

|

Figure A-45. Device Busy No Smash(FS/LS NAK)

FS/LS

device
i(data toggle)

0
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Host Hub ES/LS
evice
(data toggle) | (status) ! i(data toggle)
0 Old/x )

shi ACK shl | Pending/x

\

Ready/stall E

]
1 ]
ct2 IN o i i

STALL ch3 Old/stall i

4_":'13’/’,
1

| ENDPOINT HALT

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 OUT transaction

e Normal cases

Case Reference | Similar Figure

Figure

No smash Figure A-47

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

HS SSPLIT smash Figure A-48

HS SSPLIT 3 strikes smash No figure

HS OUT(S) smash Figure A-48

HS OUT(S) 3 strikes smash No figure

HS DATAO/1 smash Figure A-48

HS DATAD/1 3 strikes smash No figure

HS CSPLIT smash Figure A-49

HS CSPLIT 3 strikes smash Figure A-50

HS OUT(C) smash Figure A-49

HS OUT(C) 3 strikes smash Figure A-50

HS ACK(C) smash Figure A-51

HS ACK(C) 3 strikes smash Figure A-52

FS/LS OUT smash Figure A-53

FS/LS OUT 3 strikes smash No figure

FS/LS DATAD/1 smash Figure A-53

FS/LS DATAO/1 3 strikes smash No figure

FS/LS ACK smash Figure A-54
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FS/LS ACK 3 strikes smash No figure
Searcing
Case Reference | Similar Figure
Figure
No smash Figure A-55
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 NYET 3 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)
FS/LS transaction error cases
Case Reference | Similar Figure
Figure
HS ERR smash Figure A-51
HS ERR 3 strikes smash Figure A-52

Device busy cases

ZTE/SAMSUNG 1008-0518
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Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-62
HS NAK(C) smash Figure A-51
HS NAK(C) 3 strikes smash Figure A-52
FS/LS NAK smash Figure A-53
FS/LS NAK 3 strikes smash No figure
* Device stall cases
Case Reference | Similar Figure
Figure
No smash Figure A-63
HS STALL(C) smash Figure A-51
HS STALL(C) 3 strikes smash Figure A-52
FS/LS STALL smash Figure A-53
FS/LS STALL 3 strikes smash No figure
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Host Hub FS/LS
(dns togale) (SS:. start sp. status device
\ ! CS: comp. sp. statl.ls) |(data toggle)
0 | SS:Free/x 10
uFrame M sl SSPLIT |

1

I

]

]

]

i N’
1

! shl DATAQ ol

H »
]

]

uFrame M+1

[}
]
I
I
I
]
I
I
I
I
I
I
1
]
1
I
4
I

I
i SS:Pending/x
1

>
0O
~

I

]

I

i

: 4//
] B

i\ CS:Ready/ack

i

—————————————————————————————————— o o o
uFrame M+2 i ctl CSPLIT ctl i
I I
{—2_OUT E
[}
I )
H CS:0Old/ack 1
i ch2 ACK L i
1 i
I
_______________________ :' _—--\-__—_—_—_—_——.m_—_—_—_—.——‘l»‘-—-_—-—___
uFrame M+3 | Host does not issue 2nd CSPLIT, i CS:Free/x ! !
because host already receives ACK ! ! !
on previous microframe. : ! !
i i
1 I
1 )
1 I
I 1 [}
I [} 1
I 1 1
I I ]
""""" e
uFrame M+4 ! Host does not issue 3rd CSPLIT, ! SS:Free/x !
! because host already receives ACK | !
! on previous microframe. ! !
i i i
I I 1
1 [} ] [}
1 [} I )
[} 1 I 1
] [} 1 1
] [} I I
______ i —————— —— : [ ;-m—— ——ﬁ__#_u___ﬂ—________
uFrame M+5 i ! ! !
Figure A-47. Normal No Smash(FS/LS Handshake Packet is Done by M+1)
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(data toggle) (SS:. start sp. status device
CS: comp. sp. status) (data toggle)
] SS:Free/x 0
uFrame M %’
sdl DATAO
IIIII........
TRANS_ERR
_________________________ seli... ol i i o _: et
uFrame M+1 1
___________________________________________________ T S S
uFrame M+2 ctl CSPLIT & |
]
X; |
%’ |
]
I
6  NYET chs :
i i
1 ]
Frame M43 | Ty T R R
SETERETE Ll OSPEITY o4 |
i |
E o2 ouT - | E
1 [} I
] 1 I
] ) 1 I
1) 1) 1 I
—_— I e ) e ——————— |
srery 1 i ]
e . ! |
- re— & | : |
f—<2__ OUT w : :
e : :
- ] 1 I
w7 NYET chs i i
1 I
______________ e et p AT Snes Sl A .
e R T R e s
Fi M+8
frrame SSPLIT(retry)

st]

N’
sl DATA0

1
. SS:Pending/x

e -_— -_— B D e e e

uFrame M+9 ouT

|

uFrame M+10, ctl CSPLIT c

tl
T

| ct2

ACK ch2

CS:Old/ack
ch2

Figure A-48. Normal HS DATA0/1 Smash
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(data toggle) (SS: start sp. status device
) ! CS: comp. sp. smt!us) \(data toggle)
0| | SS:Free/x ' H)
) I I 1
uFrame M i %’ i E i
i i i ]
= O e ] | i
i i 1 i
i e DATAD gy T i i
i i i |
! t SS:Pending/x | }
————————— i e i e e e e i et s i o e ] e
uFrame M+1 i E i ouT
1 1 1 \b
! ! ! DATAO
i H ! \ 1
| i | AcK
i "//‘—
| | CS:Ready/ack |
e PRS- .
uFrame M+2 | ____atl  CSPLIT | :
[T e— - ! :
! o2 ouT ! !
i \ 1 i
: Hub ignores this i '
: OUT because no : :
E TRANS ERR match the address i i
! cel->ceb ! | .
) [} I )
i i | i
} 41 CSPLIT(retry imm.) ! . :
: a | :
1 I I [}
L e i |
! I CS8:Oldfack 1 [
| ap ACK a2 o !
N —_— :
1 I 1
—————— facommien e s
uFrame M+3 | Host does not issue 2nd CSPLIT, ! CS:Freefx I
! because host already receives ACK 4 !
! on previous microframe, ! !
i | |
————————— esci e, SESpR
uFrame M+4 | Host does not issue 3rd CSPLIT, |  SS:Free/x H
{ because host already receives ACK | |
| on previous microframe. : ! !
I ) 1 I
Figure A-49. Normal HS CSPLIT Smash
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Clita togale) (SS: start sp. status device
A0SR ! CS: comp. sp. status) I(data toggle)
0| SS:Free/x {0
1
uFrameM | sl SSPLIT i
i \* ]
| ) i
: %’ :
1 []
i sd1 DATAQ <hl !
ﬁ )
1 1)
! SS:Pending/x !
————————— T -4 e
uFrame M+1 E OuUT i
1
| \> 1
] DATAD !
! —
! ACK !
I 4_///_
i CS:Ready/ack i
————————— :--—————————————————————————-I————— - - - —: -
WFrame M#2 | ____l __ CSPLIT :
____________ ]
T e ———— 1
i ct2 ouT > Hub ignores this :
! \> OUT.( no match !
H | the Address field)] !
1 1 1
| TRANS_ERR | |
! cel->ceb H !
| | ‘
| ——_¢tl___ CSPLIT(retry imm.) ! i !
T T » ! 1 i
| €2 OuT i i |
i \D i Hub ignores this | i
{ OUT.(no match | |
| the Address field) t
TRANS_ERR ! !
cel->ceb H 1
| |
~—-_tl___ CSPLIT(retry imm.) ! !
---------- » i Hub ignores this | :
%’ OUT.( no match | H
the Address field), H
i :
[}
{ TRANS_ERR i i
E cel->ce5 :
1
| ENDPOINT HALT i
_________ I — - S S, S
uFrame M+3 | Host does not issue 2nd CSPLIT, CS:Free/x i
E because this endpoint is already i
_______ i ENDPOINTHALT. B N
uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x H
{ because this endpoint is already |
i ENDPOINT HALT. i
Figure A-50. Normal HS CSPLIT 3 Strikes Smash
495

ZTE/SAMSUNG 1008-0523

IPR2018-00110



Universal Serial Bus Specification Revision 2.0

Host Hub FS/LS
S (SS: start sp. status device
gele), 1 CS: comp. sp. status) |(data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT =

N’
s2 ouT

sdl DATAO <h

SS:Pending/x

1
1 1) 1
i | 1
i | i
1 | 1
1 1) 1
1 ) 1
1 ] 1
1 1) 1
i i i
1 ) 1
i i i
1 1) 1
i I 1
1 1) 1
1 1) 1
1 1) 1
--c-.-t--t-ﬂl-—a-i - i T‘ ————————————————— —: —————————
uFrame M+1 ! ! ! ouT !
I I H \» 1
f ! $ DATAOQ i
: ! : N | i
i i i ACK I
: : X ——|
i | CS:Ready/ack | |
! ! . R, 1 S
uFrame M+2 | al CSPLIT | ! i
al i i i
i i i
%} ! ! :
[ i . _ [ i
i ACK 2 E CS:Old/ack i i
S | : :
i i i
TRANS_ERR | i i
] 1 I
cel->ceb I 1 |
i i i
i i i
] 1 ]
w1 CSPLIT(retry imm.) | | |
ctl I :
] 1
| our > !
! ! !
PR . !
1 ] ]
1| : :
_________ i s e 4 L e s i
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x ]
| because host already receives ACK | |
| on previous microframe. : H
i i i |
i i I |
————————— P———————————————————————————‘I—-————————————T—-————-——-‘——--ﬁa-o-\'-‘--—-“----—-——:-—————————
uFrame M+4 | Host does not issue 3rd CSPLIT, : S58:Free/x : !
] 1 ]

i because host already receives ACK
on previous microframe.

Figure A-51. Normal HS ACK(C) Smash
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data toggle) (SS: start sp. status device
{datatoge E: ! CS: comp. sp. status) I(data toggle)
0 | SS:Free/x 0
1 ]
1
uFrame M i st SSPLIT sl i
1 e 1
%’ !
sd1 DATAOQ shl
1
| SS:Pending/x I
—— o ——————————— _: ————————————— e ————————————— _: —————————
uFrame M+l | *’
DATAO
I
]
. 1
‘/ﬁ/ |
CS:Ready/ack
uFrame M+2 | ctl CSPLIT(retry imm.) !
: ctl :
i ct2 ouT o i
1 1 . I
E ACK w2 i CS:0Old/ack i
| e | |
{ TRANS_ERR i i i
i cel->ce6 \ | :
: : : |
! CSPLIT(retry imm.) | ! !
I ctl 1 I 1
o : |
-%’ | !
1 1
ACK _ch2 ___ i i
__________ I
= i
TRANS_ERR ;
cel-=ceb !
]
al CSPLIT(retry imm.) i
N’
c12 ouUT -
ACK 2 ___1
| e 5
TRANS_ERR |
cel->ce5 :
ENDPOINT HALT :
____________________________________ o e ] e
uFrame M+3 | Host does not issue 2nd CSPLIT, i CS:Free/x
because this endpoint is already !
_____ ENDPOINTHALT. i e L SRTY e
uFrame M+4 ; Host does not issue 3rd CSPLIT, {  SS:Free/x
because this endpoint is already |
ENDPOINT HALT. i i

Figure A-52. Normal HS ACK(C) 3 Strikes Smash
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Host
(data mggle)I
]

=

uFrame M

Universal Serial Bus Specification Revision 2.0

sl SSPLIT

sdl

Hub

(SS: start sp. status
CS: comp. sp. status) !

SS:Free/x

SS:Pending/x

uFrame M+1

uFrame M+2

o e 28 S s i o e e o

uFrame M+4

ctl CSPLIT &

1

ct2

chd

PR W R

TRANS _ERR on FS/LS
ce2->cel

Host does not issue 2nd CSPLIT,
because host already receives ERR

Host does not issue 3rd CSPLIT,
because host already receives ERR

uFrame M+8

w1 SSPLIT(retry)

N_}
512 ouT

st2

sdl
shl

uFrame M+9

e B i s ettt m

uFrame M+10]
1

1

@l CSPLIT

ACK ch2

i R S

FS/LS

device
(data toggle)

ouT

eeo DATAL >

TRANS_ERR
CS:Ready/trans jerr
CS:Old/trans_err
i
:
I
i
)
I
I
[)
_____________ .}____________________-.-—_-_.-._..Au..‘_.._-_
CS:Free/x !
i
)
_____________ e
SS:Free/x ! i
' i
' i
) 1
_____________ o . . . . . . . . . . ]
1
______________ A A I B S|
1
1
1
1
i
1
i
1
1
1
1
i
i
SS:Pending/x |
_________________________________________ !
i
—gi
i
DATAO |
—
PR S
1
CS:Ready/ack i
___________ J
i
I
I
I
I
i
CS:0Old/ack !
:
I
I
I

Figure A-53. Normal FS/LS DATA0/1 Smash
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Hub

(SS: start sp. status
1 CS: comp. sp. stat:]s) !

SS:Free/x

Host
(data mggle)I

0
uFrame M

sl SSPLIT

—) DATAO shi

SS:Pending/x

FS/LS

device
(data toggle)

0

uFrame M+1

e o e St 0 00t - o s
[}
]
]

CS:Ready/trans }efRANS_ERR

]
[}
1]
1
1
1
I
I
1
I
I
1
I
+
I
1
1
[}
I
I

—

uFrame M+2

e e ——————
A A N ———

N’
CS:Old/trans_e

TRANS ERR on FS/LS
ce2->cel

3
~
\
1
1
i
e e et e kit e e 5 et i e e

T

uFrame M+3 ! Host does not issue 2nd CSPLIT, CS:Free/x
because host already receives ERR

Fm—————t

uFrame M+4 ! Host does not issue 3rd CSPLIT,
because host already receives ERR

uFrame M+8
st SSPLIT(retry)

___hﬁ-___hﬁ‘___*““———iil__’h
sdl DATAO g

\MP

SS:Pending/x

uFrame M+9

T o
Ni
/5

CS:Ready/ack !

T e e et mlad

Device does
not receive
this data.
Data toggle
is still 17,

uFrame M+10 ctl CSPLIT ofl

ct2

dick o~ CS:Old/ack

"C_h?.//

Figure A-54. Normal FS/LS ACK Smash

e e e e e - e e e i e e e e e e e e

e me s e —————— e e ——————————
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Host

(data toggle)

0
uFrame M

uFrame M+1

uFrame M+2

uFrame M+4

Universal Serial Bus Specification Revision 2.0

st SSPLIT .

CSPLIT

ouT

TRANS_ERR

cel ->ceb

ctl

ACK

N’
—=_on o
sil_ DATAO

shl

ctl

ct2

CSPLIT(retry imm.)

N_’
cl2 ouT

ct2

ch2

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

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

Hub

(SS: start sp. status

SS:Free/x

SS:Pending/x

CS:Ready/ack

CS: comp. sp. status)

FS/LS

device
|(data toggle)
0

iDncs not match thi
:CSPL[T on first
:cntry of CS.Then
:HUB does not
trespond any packet

CS:Old/ack

o |

Figure A-55. Searching No Smash
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Hub

(SS: start sp. status

CS: comp. sp. stat

SS:Free/x

SS:Pending/x

CS:Ready/ack

CS:0Old/ack

SS:Free/x
CS:Free/x

4

FS/LS

device
(data toggle)

Host
(data toggle)
0
uFrame M %’
4
%’
dl
sl DATA0
————————— ettt |
uFrame M+1 H
1)
1
1)
[
————————— o e ]
%’
W
1
1
1
--------- e ——————————— ]
uFrame M+3 | 1 CSPLIT !
1 2 1
| —2_ OUT w2 |
1 1
I 9 1
| 2 ACK as |
1 i
1
e -:
uFrame M+4 1 Host does not issue 3rd CSPLIT, !
because host already receives ACK !
on previous microframe. !
I
1
1
1
1
1
i
uFrame M+5 E !

I
I
]
1
[}
1
I
1
1
[}
I
I
1
)
1
+
1
I
I
I
]
I
I
i
I
I
I
I
I
I
I
4
I
I
I

Figure A-56. CS Earlier No Smash(HS NYET and FS/LS Handshake Packet is Done by M+2)
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(data toggle) She e device
! CS: comp. sp. statlus] (data toggle)
0 | SS:Freeix | 0
uFrame M %} | |
] ]
st2 ouT o5 i i
I
g DATAD 7 i
] I
[} ]
{  SS:Pending/x |
_____________________ S S o e e e e
uFrame M+] E E
i i
I 1
1 I
I I
1 1 1
] I 1
[} ) ]
) 1 1
I 1 1
I 1 1
_________ [P SO I | TSV | S,
uFrame M+2 %’ i i
1 )
@ our ., > ;
I I
] i
ché NYET o : i i
| i i
I i 1
--------- R SRS S S ——— 2 S ——
uFrame M+3 i otk CSPLIT E *’ i
! N’ | DATAO i
1 I 1
! 2 OUT 7 : N i
: : i !
hs /
ché NYET = I CS:Ready/ack i
i |
[} ]
“““““““““ R e - -
F M+4 1 SS:Free!.
uFrame %’ i ree/x E i
%’ i E i
) 1
i CS:Old/ack 1
a ACK o2 | ; |
1 i 1 |
uFrame M+5 i CS:Free/x i i

Figure A-57. CS Earlier No Smash(HS NYET and FS/LS Handshake Packet is Done by M+3)
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Host Hub FS/LS
I (SS:. start sp. status device
! 1 CS: comp. sp. status) \(data toggle)
0 SS:Free/x | 0
uFrame M stl SSPLIT s

1
|
1
1
1
1
]
i
st2 |
1
i
1
i
1
i
!

SS:Pending/x

] ]
] ]
I ]
] ]
] ]
I I
] ]
I I
1 ]
I ]
I I
] ]
] ]
] ]
1 I
1 1
————————— e ————————————— dmm e ——————— e ——————————— ——————
uFrame M+1 | i \ i
i | 1 i
] ] 1 1
] [} I 1
(] [} 1 1
) ] ] 1
] 1 ) 1
(] I I I
] 1 ) 1
] [} I [}
] 1 1 1
] I L] [}
s . i o s i H -
1 1 1 ) 1
rrameMi2{ —el_ CSPLIT o | comeatyinc | i
i @2 _ourT 0 | i i
1 1 ) 1
1 1 ] 1
i NYET ____chs__. | | ;
| 4= : : !
1 ] ] ]
] ] 1 ]
| TRANS_ERR i i i
: cel->ce6 i E i
ctl CSPLIT(retry imm.) | | i
ctl I ] ]
ct2 ouT o 1 | E
]
s ]
DI Ly :
o B S RS [ —— P ————— _E _________
uFrame M+3 cil CSPLIT |
ctl :
2 ]
%» |
]
CS:0ld/ack I
e ACK 2 : i
1 i i i
1 1 ] 1
————————— T ———— e TR
uFrame M+4 | Host does not issue 3rd CSPLIT, ! SS:Free/x ! !
: because host already receives ACK | CS:Free/x } .
{ on previous microframe. H H i
————————— R A
uFrame M+5 ! { ! !

Figure A-58. CS Earlier HS NYET Smash
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Host
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(data togg]c]I
i

0
uFrame M

uFrame M+1

uFrame M+2

Hub

(SS: start sp. status

! CS: comp. sp. stat}ls)

SS:Free/x

SS:Pending/x

FS/LS

device
\(data toggle)

0

ct2
NYET ____chs__.
PP
TRANS_ERR
cel->ceb

@l CSPLIT

@ o

uFrame M+4

NYET ____chs __.
£ e
TRANS_ERR
cel->ceb
ctl CSPLIT
_\Cllb
ci2 ouT 2
NYET ____chs __.
"
TRANS_ERR
cel->ces
ENDPOINT HALT
e i il S i e e
Host does not issue 2nd CSPLIT,
because this endpoint is alrcady
ENDPOINTHALT. ______
Host does not issue 3rd CSPLIT,
because this endpoint is already
ENDPOINT HALT.

CS:Ready/ack

SS:Free/x

Figure A-59. CS Earlier HS NYET 3 Strikes Smash
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Host _ Hub
datatoggle) (SS: start sp. status
( ! CS: comp. sp. status)
0 SS:Free/x
uFrame M %}
si2 ouT <0
sdl DATAO <hl
SS:Pending/x
____________________________________________________ s s s e e
uFrame M+1 |
uFrame M+2 %}
1
1
ct2 ouT -
s NYET chs
_________ I-.—.—...._....—-.—.._.._..___......____________________.L___________________________
uFrame M+3 i il CSPLIT
! N—b
1
1
1
i w ouT
i i | ——— TA0 i
e e e
SRR cspur 0 U | Hubstops sending this dataand |
! \, ! ! forces a bit stuffing error. !
i o2 ouT 1 | 1
k N’ ! ! H
I ) 1 I
| chs 1 i !
| ce? NYET i | |
I ] 1 I
_________ A~ RS SR S -
] ] [} I
SRR i ;
+
TR o SSPLIT(retry) : :
N’ :
I
st2 ouT a3 |
sdl DATAO <hl
SS:Pending/x
R e e e e e e e e 2 e e e e e e R R e
uFrame M+9 ouT
L o
i DATAO
‘//@;/'
CS:Ready/ack : _J
_________ e o o o - i PR p—— i
uFrame M+10 ctl CSPLIT ot i E
1 ]
—= o g | s
I CS:Old/ack ! 1
oz ACK 2 i E
1 | i i
[} 1 1

Figure A-60. Abort and Free Abort(FS/LS Transaction is Continued at End of M+3)

FS/LS
device

!(data toggle)

0
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uFrame M+4
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@l CSPLIT

N
o

Host xub FS/LS
Attt (SS: start sp. status device
(data toge e): ! CS: comp. sp. statlus) (data toggle)

0 i i SS:Free/x i 0
s | SPUT |
1 ) I
—e o, a
! --_-...___5'jl DATAO shll ! !
I ] )
I 1 1
| i SS:Pending/x |
————————— B e e L e, 1 P o g
uFrame M+1 { i i
————————— e T o
uFrame M+2 | ctl CSPLIT i ! -
1 I 1
, \b
i c12 ouT 3 E E
1 ] 1
1 (] I
i ché NYET chs E i
1 ] 1
| | |
_____________________ ——mmd | S
uFrame M+3 » CSPLIT ! !
1 1
fo e U w | !
[ 1
1 [} 1
I“_in__JjZEﬂ;___.EEL——E ;
i i
__________________ A e ——————
1 I
| 1
1
1
1
1
1
[}
1
1
1
1
1
]
]

uFrame M+10

1

|
i NYET chs
: ce7
I
iy E 08D e ——— ]
I 1
_________ e —
T 1
uFrame M+8
i 1 SSPLIT(retry) i
1 N} |
1 ]
I st2 I
: ouT <t |
i sdl_ DATAQ |
H shl |
1 ]
1 |
_________ ] e S
T q
uFrame M+9 | :
1 |
1 ]
1 I
1 1)
[ I
| i
i 1
1 1
1 1
1 1
1 1
L J
I 1
1 1
I I
I 1
I 1
i 1
| 1
I 1
] 1
I 1
I 1
| [
| 1
| 1
| 1

SS:Pending/x

——-91___JE§E££I;___51__'b
a2 QUT B

ACK ch2

o
=
2

Pl

CS:0ld/ack

Figure A-61. Abort and Free Free(FS/LS Transaction is not Started at End of M+3)
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Host Hub FS/LS
(datactogale) (SS: start sp. status device
! ! CS: comp. sp. statlusj (data toggle)
01 | SS:Freex | 0
X i i
M |0 STy | i
I 3 1 1
i OUI__w | :
I 1 ]
! e——A A gy T |
i i |
1 | SS:Pending/x |
e [ - St B
uFrame M+1 | ! ! ouT
! i i \’
: i ] DATAO
i | I \*
i I i NAK
1 I )
| | H/// i
! | CS:Ready/nak | ;
““““““ T = i i i e
uFrame M+2 | ctl CSPLIT ! !
T ——— |
I 1 ]
i CS:Oldmak |
i3 NAK chd ¢ i
i i
1 1
A B S e s L L = Rl T s e S e e s s o g o
uFrame M+3 | Host does not issue 2nd CSPLIT, i CS:Free/x i
because host already receives NAK | i
on previous microframe. J i I
__________ B Uit ol RN e R S b
uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x | |
1 because host already receives NAK | i
| _on previous microframe. ] _é
! e e e |
_________ s_______________-____..___.._ S S I ) oot e S
uFrame M+8§ | i
! o1 SSPLIT(retry) | !
: stl : :
1 12 | |
=] w :
) 1 ]
! sdl DATAO shi E i
H | SS:Pending/x
————————— P e e e e e e e e e e e e e e e —————— i o o e e e
uFrame M+9 i E i OuUT
1 | 1 x’
! ! ! DATAO
i E E N ;
i i L
! | CS:Ready/ack |
————————— fFm————— e e e e e e e e e e e e
uFrame M+10| ctl CSPLIT i i i
(UL @ i !
! i\ CS:Old/ack | 1
[} 1 5 1 I
P : :
1 i i i
h i i i
! ! : !
Figure A-62. Device Busy No Smash(FS/LS NAK)
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FS/LS

device
(data toggle)

0

because this endpoint is already

e e e e

Host Hub
o2 102le) (SS: start sp. status
(dmatoggie ! CS: comp. sp. statlus}
0 i SS:Free/x
uFrame M stl SSPLIT sl !
i
Gapa L N
d1 |
8 DATAO shl i
1
i SS:Pending/x
———————————————————————————————————— Hmm e ———————
uFrame M+1 i
i
I
I
I
I
i
|
| CS:Ready/stall
e e i i i i £
uFrame M+2 i
2 .
o ouT 2
i
i
i
| ENDPOINT HALT
_________ L Lk v
uFrame M+3 | Host does not issue 2nd CSPLIT, CS:Free/x
{ because this endpoint is already
_________ L ENDPOINTHALT. &
I
uFrame M+4 ! Host does not issue 3rd CSPLIT, SS:Free/x
i
I
I

ENDPOINT HALT.

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 of cases for Interrupt OUT transaction

e Normal cases

Case Reference
Figure

Similar Figure

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

HS SSPLIT smash Figure A-65

HS SSPLIT 3 strikes smash No figure

HS IN(S) smash Figure A-65
HS IN(S) 3 strikes smash No figure

HS CSPLIT smash Figure A-66

HS CSPLIT 3 strikes smash Figure A-67

HS IN(C) smash Figure A-66
HS IN(C) 3 strikes smash Figure A-67
HS DATAO/1 smash Figure A-68

HS DATAO/1 3 strikes smash Figure A-69

FS/LS IN smash Figure A-70

FS/LS IN 3 strikes smash No figure

FS/LS DATAO/1 smash Figure A-71

FS/LS DATAO0/1 3 strikes smash No figure

FS/LS ACK smash Figure A-72

FS/LS ACK 3 strikes smash No figure
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Searcing
Case Reference | Similar Figure
Figure
No smash Figure A-73
CS(Complete-split transaction) earlier cases
Case Reference | Similar Figure
Figure
No smash (HS MDATA and FS/LS Figure A-74
transaction is on M+1 and M+2)
No smash (HS NYET and FS/LS Figure A-75
transaction is on M+2)
No smash (HS NYET and MDATA and Figure A-76
FS/LS transaction is on M+2 and M+3)
No smash (HS NYET and FS/LS Figure A-77
transaction is on M+3)
HS NYET smash Figure A-78
HS NYET 3 strikes smash Figure A-79
Abort and Free cases
Case 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)
FS/LS transaction error cases
Case Reference | Similar Figure
Figure
HS ERR smash Figure A-68
HS ERR 3 strikes smash Figure A-69
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* Device busy cases

Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-82
HS NAK(C) smash Figure A-68
HS NAK(C) 3 strikes smash Figure A-69
FS/LS NAK smash Figure A-71
FS/LS NAK 3 strikes smash No figure
e Device stall cases
Case Reference | Similar Figure
Figure
No smash Figure A-83
HS STALL(C) smash Figure A-68
HS STALL(C) 3 strikes smash Figure A-69
FS/LS STALL smash Figure A-71
FS/LS STALL 3 strikes smash No figure
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SS: start sp. status 1
(data toggle) ( ‘S Pe S devnce
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i
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Figure A-64. Normal No Smash(FS/LS Data Packet is on M+1)
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Host Hub FS/LS
= l (SS: start sp. status device
(data toggle), 1 CS: comp. sp. status) |(data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT o

S
—= N .

] 1
] 1 1 |
] i [} 1
1 1 ] 1
I 1 ] I
I ] ] 1
] 1 ] 1
] 1 ] 1
] ] ] 1
I ] I 1
: : : |
! ! SS:Pending/x ! |
S T e 1 ) Rt i Jer e s
uFrame M+1 | i ' H
I ] ] ]
| | | IN |
I i i \’ 1
1 ] ] 1
! : : :
i : 1 DATAQ i
: : i «/ i
: : CS:Remdyﬁl::lsld'e}lﬂ*> i
! ! ! ty
1 1 ] I
“““““““ - S S i B T
uFrame M+2 : .,___l-‘_U___ CSPLIT ! ! :
et S 1] 1] I
i 2 N > ! ! |
H \» i Hub ignores this | |
| i IN.(nomatch | !
s | the Address ﬁcld).' :
| TRANS_ERR : : !
! cel->ce8 ! ! H
: ' : :
! ctl CSPLIT(retry imm.) ! !
I ) 1 1
| ———I @ : :
: : :
E ch? DATAD cd 1 CS:O]d!Iastdalai
1} I
] 1
1 J— B ——— o e e e .y e - ] [
] 1 1
uFrame M+3 | Host does not issue 2nd CSPLIT, ! CS:Free/x !
! because host already receives ! i
| DATAD on previous microframe. i !
e L oy s i s i R o ke i o i i g it e g g oy domowps bt s g e o
uFrame M+4 | Host does not issue 3rd CSPLIT, | SSiFree/x |
! because host already reccives ! !
{ DATAD on previous microframe. | 4
_________ | R —— | — 1 Sy SR P ——
1 ] ]
1 ] I
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Figure A-66. Normal HS CSPLIT Smash
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Host Hub FS"!‘S
(data toggle), ; ((53531 i‘j:,;ﬁ;‘iﬁ‘;ﬁus) device
: - Sp. stat} (data toggle)
0 SS:Free/x i 0
uFrame M stl SSPLIT <

1

SS:Pending/x

uFrame M+1

IN

Ty

DATAD
CS:Ready/lastd L‘:A\CK—>
1

uFrame M+2

o e

TRANS_ERR

cel->ced

TRANS_ERR
cel->cel

PR CSPLIT(retry imm.)

TRANS ERR
cel->ce7
ENDPOINT HALT

Host does not issue 2nd CSPLIT,
because this endpoint is already
ENDPOINT HALT.
Host does not issue 3rd CSPLIT,
because this endpoint is already
ENDPOINT HALT.

e e e e e e e

uFrame M+5 |

e e e e e e i e e e e e e e e e e e e e e e e

Figure A-67. Normal HS CSPLIT 3 Strikes Smash
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Host
(data toggle)

0
uFrame M

uFrame M+1

Universal Serial Bus Specification Revision 2.0

stl SSPLIT g

N’
%}

ctl CSPLIT &

N’
— N e

d
IIIID:\IAIOl--CJ--

1 CSPLIT(retry imm.)

N}
%’

a7 DATAO <

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

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

PR AR (U S S S ——

Hub FS/LS
(SS: start sp. status device
CS: comp. sp. status) I(data toggle)
SS:Free/x 0

SS:Pending/x

I
I
I
|
I
I
I
I
]
I
I
]
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|
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1
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1
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CS:0ld/lastdata
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|
1
1
1
1
1
]
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1 I
_____________ e e e R e e R S s BT S
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] I
] I
1 i
1 i
1 i
————————————— -r———————————————————————————'—————-—-—w
§5:Free/x : !
1 i
i I
I |
| i
i i
_____________ TR e U e o R o R )
| |
] I

Figure A-68. Normal HS DATA0/1 Smash

ZTE/SAMSUNG 1008-0544
IPR2018-00110



Host

(data mgg]e)I

0
uFrame M

Universal Serial Bus Specification Revision 2.0

s SSPLIT

e N o

st2

Hub

(SS: start sp. status

CS: com
SS:Free/x

SS:Pending/x

p. sp. stal}ls)

I
]
I

FS/LS

device
(data toggle)
0

uFrame M+1

IN

T ey

CS:Readyflastdat%’

uFrame M+2

ctl CSPLIT o

__—h---____‘-___“"‘————l_._’.b
%’

DATAO c
‘u-llii""q.-

TRANS_ERR

cel->ce:

8
ol CSPLIT(retry imm.)

-_______-____———JEL_*b
___Jﬂzﬁ-—lti___ﬁ____EEi_*b

DATAQO C
lll"...--q.-

->ce8 .
el CSPLIT(retry imm.)

_—___—______—__——iiL_’_
ct2 IN
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pusdns

cel->ce7
ENDPOINT HALT

———

CS:0ld/astdata

]
I
I
I
I
]
I
I
1
I
I
I
(]
]
]
]
]
L]
]

uFrame M+3
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(T

i S ko i G ot i i s e e e

Figure A-69. Normal HS DATAUO/1 3 Strikes Smash
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(data toggle) {gS.' start sp. status device
! 1 CS: comp. sp. status) (data toggle)
0| | SS:Free/x 0
I I
uFrame M | stl SSPLIT
I stl
: 2 ]
i st IN o
i SS:Pending/x
____________________________________________________ A
wFrameM+1, N !
______________ !
: s
i
i
Tl 1
CS:Readyitrans_l_e RANS_ERR i
———————————————————————————————————— ] e o e . o ] B e e
uFrame M+2 E ctl CSPLIT |
i \b
i c12 IN &
I -
: ERR s Cs:0l d!trans_eri'
I ce2 '
I 1 1
i i i
{ TRANS_ERR on FS/LS H :
: ce2->ceb : :
- pomaee f-monmmmoemeee : e
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x : !

because host already receives H ! !

ERR on previous microframe. ! : !

4 ekt e e e e el
i
uFrame M+4 ! Host does not issue 3rd CSPLIT, ! 85:Freefx i i

because host already receives !

ERR on previous microframe. H
___________________________________________________________________ ———— A
————————————————————————————————————————————————————————————————————— ! —— -

i
uFrame M+8
o | 4 SSPLIT(retry) :
I
2N 2
i I : i
S8:Pend
_________ R Sl o0, SOSR — -
uFrame M+9 | ! ! IN
i | el
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| | i k’
: g CS:Rcady!lastde}taA\CK—’
1 I I
i | i 1
————————— e S S R S
uFrame M+10] ctl CSPLIT al : !
1 \’ i 1
—e W |
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i i i
I ] I
i 1 i
t L} 1
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Figure A-70. Normal FS/LS IN Smash
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I 1
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1 I
I i
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] 1
I 1
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_________ R
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_________ T S H e L L SR e
]

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

T ——
)
— N L
:
1
1
1
1
|

h7 DATAD cd
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)
)
i i
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I ]
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_________ R ) Nl e R PO E MR e
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T R e e e e A
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1 stl 1
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i i
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uFrame M+9 ! !
I |
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1
]
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]
]
]
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Figure A-71. Normal FS/LS DATAO0/1 Smash
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uFrame M+10

Host does
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1
e N
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.
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Figure A-72. Normal FS/LS ACK Smash
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Host Hub FS/LS
ot tapald (SS: start sp. status device
| CS: comp. sp. status) \(data toggle)
0 SS:Free/x 0
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I
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P e B | |
N a e
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I
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1
| .,
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1
1 I
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————————— T e e
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————————— e e e TR
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Figure A-73. Searching No Smash
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--------- Prmras T e i femmme e e
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Figure A-74

. CS Earlier No Smash(HS MDATA and FS/LS Data Packet is on M+1 and M+2)
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Figure A-75. CS Earlier No Smash(HS NYET and FS/LS Data Packet is on M+2)
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1 I 1
1 ) 1
e e | ‘
i i i |
i chs MDATA 2 E CS]:OId!mored:ala E
[} ) 1 ]
[} 1) 1 ]
I 1 1 !
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Figure A-76. CS Earlier No Smash(HS NYET and MDATA and FS/LS Data Packet is on M+2 and M+3)
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1
@7 DATAO __cd CS:Old/lastdatal
1

I I
I I
I ]
T i B e S e e it A s e i
I I
I I
] 1

uFrame M+5 i CS:Free/x

Figure A-77. CS Earlier No Smash(HS NYET and FS/LS Data Packet is on M+3)
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Host Hub FS/LS
(SS: start sp. status device
(data toggle), 1 CS: comp. sp. status) (data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT s

______________—————l__’,
s12 IN

SS:Pending/x

=
&
5
&
=
X
e e e e e e e

___________________________________ Ml
uFrame M+2 %’ IN
_@ N » B
NYET _____E!l_“____
& CS:Ready/lastd 1%’ |
TRANS_ERR 1
cel->ced

]
! el CSPLIT(retry imm.)

__—-—_____—___———JiL_,_

"__EEE___IEEEJL——-—:ﬁﬂ-_-—

uFrame M+3 . CSPLIT )

-_-__________——————l__"
ct2 IN

o e e e e e o o o o e e
)
2
>
=

e e e e e S e e e e e e ——

1
1 ct2
| \b
i DATAO0 ¢ CS:Old/lastdata
H ch? I [
1 I 1
11 I |
1 ] 1
1 i [
_________ e s i i o e 5 i i i T i
uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x |
| because host already receives CS:Freef/x |
| DATAO on previous microframe. i
i i
I |
| |
_________ r"___________—————————————— —————————————T————————_— - e
uFrame M+35 ! !

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

Host Hub FS/LS
d : (SS: start sp. status device
(data togg e): CS: comp. sp. status) (data toggle)
0 SS:Free/x 0
uFrameM {.__ s!  SSPLIT
1 \b
1 2
| st2 IN o
1
i SS:Pending/x
_________ e = e e I o | e
uFrame M+1 |
_________ i.___________________..__..,_-_._..-_-,,..-....,.. = -
]
uFrame M+2 i %’ IN
j—<2 N o2 T
i DATAQ
| NYET  chd___ k/
| geesmmmmmm et CS:ReadyflastdqtaAC\l(>
)
i TRANS_ERR 1
i cel->ced . 1 | |
! ctl CSPLIT(retry imm.) | ! !
i N_, i i i
[} I ] 1
@ | :
I I ) 1
! =y I i 1
i NYET ___cbd___ | i i
ol o i e R I ] I
< i : |
| TRANS_ERR ! ! i
: cel->ced : : :
i «1  CSPLIT(retry imm.) i i i
1 ctl t 1 |
! $ : ! :
S S :
I 1 1
| NYET ____chd___ |
A
{ TRANS_ERR
i cel->ce?
| ENDPOINT HALT
_________ e o R R . e e
uFrame M+3 | Host does not issue 2nd CSPLIT,
! because this endpoint is already
{ ENDPOINT HALT.
_________ 'I'___________--_____________'I_-___-______'"I'____---_________________-"1-________
uFrame M+4 | Host does not issue 3rd CSPLIT, SS:Free/x
| because this endpoint is already CS:Free/x
{ ENDPOINT HALT.
_________ 'I'_____________________'___"I-__"----"-'"""T_"'"-"—""""_'_'"_"'""'"""'-"1""'______
uFrame M+5 !

Figure A-79. CS Earlier HS NYET 3 Strikes Smash
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Host Hub FS/LS

(SS: start sp. status device

CS: comp. sp. slat}ls) !(data toggle)
0 SS:Free/x 0

uFrame M stl SSPLIT i

1
N e

(data toggle)

SS:Pending/x

————————— N e - ——mmmm e —————

uFrame M+2 ctl CSPLIT A !

NYET ch4

1
I
I
M :
L}
I
1

L e e e i e
I
I

uFrame M+3 i

ctl CSPLIT "

1

ci2

e ] s

] DATAO
-------------- b Wl BB e
S5S:Freefx ‘ -

1
Hub removes this data packet on a
buffer and hub does not send ACK.

uFrame M+4

ctl CSPLIT S

1

ct2

A, Sl B e S ey | o U K aecel

‘W

_________ L ____ged>eob

uFrame M+8 SSPLIT(retry)
stl

_|
I
I
[}
[}
[}
I
1
I
I
[}
I
[}
I
I
[}
1
}
]
]
1
)
]
]
]
I
1

e e e e e

Pr— B ——— L P S e, — e, — e — e ——————

uFrame M+9

DATAQ
i CS:Ready/ lmtdal%

e i o o o

uFrame M+10 ctl CSPLIT o

1

ct2

ch? DATAD cd CS:0ld/lastdata
1

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

TS E S S SIS,
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Host
(data toggle)

o

uFrame M

Universal Serial Bus Specification Revision 2.0

stl SSPLIT p

N)
si2 IN

st2

Hub

(SS: start sp. status

SS:Free/x

SS:Pending/x

CS: comp. sp. status)

FS/LS

device
\(data toggle)

0

uFrame M+1

uFrame M+2

uFrame M+3

uFrame M+4

uFrame M+8

uFrame M+9

uFrame M+10

e e e

0
o
)
o
£
B
£
/’
0
o
U [P S 0 L SUL | R

_____ -T==

it oo et e st L o o 0

o ittt B ittt

I
i%’
]

NYET ch4

PP

. i 5 i O e o

SS:Free/x

s SSPLIT(retry)

_—____—____-___——jﬂ__’h

e [ o o o o o e e o o

S§:Pending/x

———— -

Hub frees this transaction from SS.

ctl CSPLIT e

ci2

CS:0ld/lastdata

Figure A-81. Abort and Free Free(HS NYET and FS/LS Transaction is not Started at End of M+3)
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Host
(data toggle)
0
uFrame M o1 SSPLIT
stl
512
IN st2
uFrame M+]
i
1
1
1
1
1
1
1
1
_________ +__________________________
uFrame M+2 | atl CSPLIT ctl
T el
| 2 N o
chl NAK chl
uFrame M+3 | Host does not issue 2nd CSPLIT,

because host already receives
NAK on previous microframe.

Hub

(SS: start sp. status
! CS: comp. sp. Stat}lS)

§S:Free/x

SS:Pending/x

CS:Ready/nak

CS:0ld/nak

e e

FS/LS

device
|(data toggle)

0

e e e e e e S S

CS:Free/x

uFrame M+4

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

uFrame M+8

uFrame M+9

sl SSPLIT(retry)

_\s“’
%’

SS:Pending/x

IN

T
4——%}——-

CS:Rcadleastd#tﬂ*’

uFrame M+10

ctl CSPLIT %

1

c12

47 DATAQ g

CS:0ld/lastdata

Figure A-82. Device Busy No Smash(FS/LS NAK)
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Host Hub FS/LS
08 (SS: start sp. status 1
(data toggle) ) SP- device
CS: comp. sp. status) (data toggle)
[t} SS:Free/x 0
uFrame M sl SSPLIT
stl
M»
SS:Pending/x |
1
v T I A P L PR RS = i s
uFrame M+1 _l'N\b
- AL
CS:Ready/stall
uFrame M+2 ctl CSPLIT ol
i \)
1
! ch3 CS:0ld/stall
o S | |
1 [ 1
: : :
| ENDPOINT HALT ! ! !
......... R ! s e,
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x i i
i because this endpoint is already i i i
| ENDPOINT HALT. l i i
————————— e LSS SR : e
uFrame M+4 : Host does not issue 3rd CSPLIT, | SS:Free/x ! .
| because this endpoint is already i i i
| ENDPOINT HALT. i | |
Figure A-83. Device Stall No Smash(FS/LS STALL)
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A.5 Isochronous OUT Split-transaction Examples

Case Reference
Figure
Normal: small payload (<=188) 1
Normal: large payload (> 188) 2
HS SSPLIT-all corrupted, HS OUT corrupted 3
HS DATAO corrupted (small payload) 4
HS SSPLIT-begin corrupted 5
HS OUT after the HS SSPLIT-begin is corrupted 6
HS DATAO corrupted (large payload) 7
HS SSPLIT-mid or OUT or DATAO corrupted 8
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1) Normal. Payload <= 188 bytes:

Host
(toggle)

uFrame M

uFrame M+ 1

stl  SSPLIT-all

stb

DATAO

TOKN

w
:r
‘I—J

HUB

S8S: start-split buffer status

| SS: Free

SS: Pending

uFrame M + 2

uFrame M + 8

(*S: complete-split buffer status: not needed
I

Full-speed

device
(toggle)

—— e e e e e e e ———————

B ittt P

uFrame M + 8 +1
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2) Normal. Payload > 188 Bytes

Host
(toggle)

uFrame M

st2  SSPLIT-begin

sth

sdl DATAOQ

shl

uFrame M + 1

uFrame M + 2

uFrame M + 3

st3 SSPLIT-mid

st3  SSPLIT-mid

sth

sdl DATAOQ

e
T ——y it~ onin

sth

shl Create SS(3) with |
tatus = Pending |
:__g_z'a.ui ! en mgi

534

HUB

SS: start-split buffer status

‘ SS: Free

| stabys= Pending
1

Create SS[1] with

\sta‘tus = Pending |

CS: complete-split bqiffer status: not needed

Efe,ate SS[0] entry with

Full-speed

device
(toggle)

Create 55[2] with

)
[)
]
status = Pending !

—

*:ssm?me'"":?‘*a"
!
1
1
1
| |
1 1
1 1
i
S— -
TSS9 Free T TTTTTT T -
S5(3): Free
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3) HS SSPLIT-all corrupted (missing or CRC error etc.)
HS OUT corrupted

Host
(toggle)

uFrame M

uFrame N + 8

uFrame N+ 8+1

Full-speed
HUB device
SS: start-split buffer status (toggle)
: QS: complete-split buffer status: not needed ;
I L}
- st1  SSPLIT-all SS: Free | P o
| o—— Trans_err H !
T 3 ST | !
| st5 sode P |
I [}
I 1
: \K’ i :
! sdl DATAO ! OUT token and !
! DATAOQ packets igijored !
! SS: Free ! !
o e e ; ———- ———- r
] ] ]
] 1 1
] 1 1
1 1
i | i
1 [} 1
] ] [}
] 1 1
b e e 5 p— e e e S IR{ SRR
| | i
] ] 1
I [} 1
I I [}
] ] ]
1 ] ] 1
1 ] 1
1 1 1
I i
———— ——— ! - - ! P—
| i i
] ] I
I ] I
| — F— P—— I — R ! R —— L -
1 ] I ]
: : :
st1  SSPLIT-all iSS: Free |
stl : : :
] ] 1
1 ] ]
R — QUT.. . i !
bl — » | | |
DATAOQ i VHS handler TIMEQUT !
| =Q i DATAO packet ignored :
1 ! SS: Free !
I ]
| | |
—————————————————————————————————————— e -— - . . e ] e
1 I ] ]
1 ] 1
1 1 ]
] ]
]
]
1 ] ]
1 ] ]
]
1 ]
e e e e e S —— A ———————— JI -
]
1 ]
i
1 1
] ]
]
I
i 1 |
] ]
] ] ]
I ]
I I
I I I
I I
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4) HS DATAO corrupted

Full-speed

device
(toggle)

HUB

SS: start-split buffer status

Host

(S: complete-split byffer status: not needed

——————

————————— e e

SSPLIT-all
DATAO
@ ® [ ] @

stl
sto
sdl

(toggle)

=]

uFrame M

uFrame M + 1

———————

uFrame M + 2
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5) HS SSPLIT-begin corrupted (missing or CRC error etc.)

Host
(toggle)

uFrame M

uFrame M + 1

uFrame M + 2

uFrame M + 3

shl ! No SS entry created
i
1)
1

st3 SSPLIT-mid

sth

\K packet ignored
No SS entry createclh

sdl DATAOQ

w:

st4 SSPLIT-end

sth

DATAOQ

N

Full-speed
HUB device
S8S: start-split buffer status (toggle)
(8: complete-split bt?ffer status: not needed i
i i
st2 )] ] S8: Free i | 0
............................... S SPLITbegln Trans_prr : !
s ——— ’ i i
: \QUT\b ! :
sdl OUT token and | !
DATAO | DATAO packet ignoyed |
\ No SS entry created :
| |
L) 1 1
------------------------------ o lome T s prbekocacTar s miba sl T s s
| i
st3 SSPLIT-mid ; ;
st5 i | i
\OULI‘\" SSPLIT-mid, OUT, and DATAO Lo
sdl DATAO packet ignored | !
i
1
i
i

|SSPLIT-end, OU‘Il
TQU_T\b packet ignored

T e I e e e e i
1 i 1
] ] 1
] ] 1
1 ]
1 i
] 1
SSPLIT-mid, OUT, and DATAO !
| 1
1
| 0
1
]
1
1
1
| 1
i 1
] ]
] ]
A ——————— e |
[ ] ] 1
) ] 1
i 1
| 1
i 1
i 1
| 1
1
and DATAOD :
i i 0
No SS entry created i
]
1
1
1 1
] 1
i 1
1 |
T (S [
T r
] 1
| |
] 1
]
1 1 0

e M e e e i e i e e i
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6) HS OUT after the HS SSPLIT-begin is corrupted

Full-speed
HUB device
Host SS: start-split buffer status (togele)
(toggle) | €S: complete-split buffer status: not needed :
I I 1 1
0 i st2  SSPLIT-begin i SS: Free i )
1
std i I
uFrame M | . QUT. . Trans_err sel i i
: ..................................... "I E
sdl  DATAQ !
sel | i
| i DATAO packet ig'{llored i
—— — - ———d-NoSSentrycreaded L ________
] ]
]
i st3 “mi 1 I
uFrame M + 1 | %’: i
i st5 i
\Q.U:I‘\b SSPLIT:mid, OUT, and DATAO 10
i 1 packet ignored
i sdl DATAO shl |No SS entry created
N !
R . v ]
- . S - L R
' :
st3 SSPLIT-mid ! !
]
st5 SSPLITmid, OUT, and DATA0 |
! \ka | packet ignored I 0
No SS entry create@
sd1 DATAQ |
uFrame M + 2 shl i
: :
1 1
1
________ SR i SRS s e e e e e e e s e e
|
st4  SSPLIT-end i i
e '
{ st5 |
uFrame M + 3 SSPLIT-end, O and DATAQ
packet ignored | 0
sdl DATAO No SS entry create i
; bl p | '
|
]
1 1
________ Tt (T T e R e e (S
] 1
1
]
1
1
1 1
i 0
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7) HS DATAO corrupted
Full-speed
HUB device
: start-split buffer status (toggle)
Host Ss lit buff
(toggle) (S: complete-split buffer status: not needed :
i i
0 st2  SSPLIT-begin SS: Free i i 0
' : |
st ! !
uFrame M \Q.U_T\’ :
! sd1 DATAO {SSPLIT-begin and PUT token ignored
i No SS entry created i
® o0 RC error o 1
®ee e % A .f*i |
1 )
1)
- -1 —— e A R Frmmmnmenn
1
st3 “mi |
T SSPLIT-mid !
' st5 i :
\QUT\" SSPLIT-mid, OUT, and DATAO i 0
packet ignored 1
i sl DATAO shi 1 No SS entry created
' \E I !
1
- “‘h“__l _______________________________ L . S s e o r _________________________ T ERAIT T——
: st3 SSPLIT-mid i |
] 1
s.tﬁ\> SSPLIT:mid, OUT, and DATAO i
\—Q-UT\> packet ignored | 0
! No SS entry created
I sd1 DATAO ! i
uFrame M + 2 shl ! :
| | i
1 I 1
_____ Py o " | WS | s i i
1 1 |
st¢ SSPLIT-end i
1
| st5 :
uFrame M + 3 |SSPLITend, OUT, and DATAO |
ipacket ignored | i 0
! sdl DATAO e No SS entry createa:i i
1 1
| \ : !
I ] |
| |
______________________________________________ cala A i
1 T :
i i i i
1 1 ] 1
I 1 1
| ] i
i i |
| | | i 0
i i i
i i i
i 1 i
i i i i
i i i i
I 1 1
| i i
i i i
i i 1
: : | :
539

ZTE/SAMSUNG 1008-0567
IPR2018-00110



Universal Serial Bus Specification Revision 2.0

8) HS SSPLIT-mid or OUT token or DATAO packet after it is
corrupted

Full-speed
HUB device
Host S8S: start-split buffer status (toggle)
(toggle) QS: complete-split b{lﬂ‘er status: not needed :
i i
0 st2  SSPLIT-begin SS: Free | o
1 1 ]
| sth | | i
uFrame M H i
1
1 ] I
i sdl DATAO i i f
shl I\ H H
Cre‘mQSS[G] entry Ewith status = Pending E
SR S - s ' — S—
: ! N, !
t,3 1 . -
Hrama et} Hiet 5 SPLIT ___Tld | OU'I'\’
i S5 T >| i D ATAO :
! ! ! !
sdl DATAO | OUT, and DATAO phcket
lignored |

1No SS[1] entry creqbed
1 i

______ "___________________________'___"Kt'Sofrdﬁﬁﬁ:e_rm__i"fe?:ﬁfdbﬁ____________ v
, st3  SSPLIT-mid | §
1 1 I
i sth ISSPLIT—mid, OUT, and DATAO FS handlen generates a bit-
i packet ignored stuffing errot on full-speed bus
No SS entry createtil

! sdl DATAO ! i !

uFrame M +2 | shl ! !
: 1
i |

________ e SR S R R s AT

i | i
| ___st4 SSPLIT-end ! !
i
i
H stb i

uFrame M +3 | ISSPLIT—mid, OU".dI', and DATAO I
1 1 packet ignored I ! 0
E sdl DATAQ No SS entry crea : |
i shl 1 i
] i i
1 i i
1 1 I ]
1 1 ] 1
[} I ]
1 1 [}

""" Feforite St ety e e e e e e e e e e et e s e i e i
| i i
] 1 I I
1 1 ) ]
1 1 ] 1
i i ]
i i i
] i i
: : 0
1 1 1 ]
1 i i
i i ]
] i i
i i i
i i i
1 1 I ]
1 1 I ]
] 1 I ]
i 1 i i
] 1 i ]
i ] i i
] 1 ]
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Isochronous IN Split-transaction Examples

Case Reference
Figure
Normal: full-speed bus transaction does not cross microframe boundary | 1
Normal: full-speed bus transaction crosses microframe boundary 2
HS SSPLIT corrupted 3
IN after HS SSPLIT corrupted 4
HS CSPLIT corrupted 5
Consecutive HS CSPLIT corrupted 6
HS IN corrupted 7
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 CS too 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
Host
(toggle)
0
i stl  SSPLIT
uFrame M st2

1
uFrame M + 2 | \
! 1 Send last

1
\IN\’ Create SS entry with status -
)

ctl  CSPLIT

ct2 IN

DATAQ cdl !
M CS = Old/last data |
1 I

data with

i DATAOQ

uFrame M + 3 !

542

Full-speed
HUB Pl =n
SS: start-split buffer status evice
\CS: complete-split buffer statis (toggle)
1
]
I
0
SS = Free i !
H i
I
]
L Pending ;
! ]
]
_________ L L P (e
! IN :
i Create CS entry ! \
S5 = Free i
DATA!
1 CS = Ready/last data !
1
: ]
1 ]
o G e e e T L e
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2) Normal: full-speed bus transaction crosses microframe boundary
HUB

SS: start-split buffer status

Host
(toggle)

uFrame M

uFrame M + 1

stl  SSPLIT

st2

I
:SS:F‘ree
)

(CS: complete-split buffer statys
] i

Create SS entry with status # Pending

Full-speed
device

, (toggle)

I

0

Create CS entry
SS = Free

uFrame M + 2

uFrame M + 3

ctl  CSPLIT

ct2 IN

=

o e . o

[
]

ctl

ct2 N !

=m

DY R e SESCE e S L 1 )

uFrame M + 4

i

T

MDATA i 4

T
L“‘
=

I‘%S[l] = Old/more data »
* /

>
=
o
2

Create CS[1] entry

-

Send data_jn «CS[0] with
MDATA *

CSI[0] = Old/more data

:/‘

]

]

1
L
= Ready/more-data

Create CS[2] entry

Send datas T CS[1] with!
MDAT.
-~ &

o

w data in CS[2] with]|
TAQ !

CS[2] = Old/last data

I
I
[}
I
I
I
I
I
I
I
I
I
I
|
I
SIU = Beadv/more-data ____

I
I
I
[}
I
I
I
I
I
I
S[2) = Ready/last-data i
I

I

I

I

[}

]

]

[}
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3) HS SSPLIT corrupted
HUB Full-speed
Host S8: start-split buffer status device
(toggle) ! {CS: complete-split buffer status , (toggle)
o ; a E
0
. stl SSPLIT i8S = Free i i
v N Tr ans_e: : :
uFrame ! e }?[gnore SSPLIT | |
I I ]
gnore IN i E
No SS entry created 1 1
1 ] 1
______________________ ———— JI ————— ____I - ——
1
]
i i
1 1 1
| i ;
1
uFrame M + 1 i
| i
1 ] 1
1 I 1
i i
——————— T e T -, - - - -
: |
ctl  CSPLIT i |
1 1
| _ct2 IN :
uFrame M + 2 ! o
Search not complete ini

544

Timeout ce7
Err count=1 -> ce3d
Immediate retry CS

| _ctl  CSPLIT

ct2 IN

\g

T
e

time

No split response found
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4) IN after HS SSPLIT corrupted

H HUB Full-speed
ost 88S: start-split buffer status device
(toggle) ICS: complete-split buffer stat#l,ls ! (toggle)
0 | | |
sl SSPLIT ISS = Free | i
uFrame M 49 i E
-
D e IN.. =l i i
.......................... >| : :
No SS entry created ! |
_____ i s i s sl o S e s e
| | |
I ]
I 1
1 1
I 1
| 1
] ! |
uFrame M + 1 | | i :
| i
1 [}
1 1
] ! |
_ b . i e i B ————— b s
: ] | ’
¢tl  CSPLIT | i !
1 1
2 IN . i !
i i ! i
uFrame M + 2 i i Search not complete 'mi i
. ti
Timeout ce7 e i
1
1
]

Err count =1 -> ced
Immediate retry CS

¢l CSPLIT

1
1
ct2 IN !

No split response found

| | NYET " i

If not last CS > ch3 |
If last CS > ce6 !

AR o gl { S S e e i e e L L L sl s L e L

]
uFrame M + 3 ! 1

e v [ Lo
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5) HS CSPLIT corrupted
HUB Full-speed
Host S8: start-split buffer status device
(toggle) 3 \CS: complete-split buffer statyis (toggle)
o :
0
stl  SSPLIT ISS = Free H
uFrame M | i 1
st2 !
\K’ Create SS entry with status £ Pending !
1

_______ o =, i r i il i e

i i Create CS entry i \ i
SS =Free

uFrame M + 1 DATAQ i

CS = Ready/last data 1

1
[}
uFrame M + 2 : ! _
i i IN is ignored 1
Timeout ce7 i
Err_count =1 -> ce3
Immediate retry CS i

5 o ]
No response is given i
[)

ctl  CSPLIT
1
1
1
1 1 1
N Send last data withi :
c cdl DATAO
| DATAO I
% CS = Old/last data .
]
1 ]
__________ I..__ = e 1.________ o i o s A s W e e
uFrame M + 3 ! 1 !
1
1
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6) Consecutive HS CSPLIT corrupted

Full-speed
- HUB i)
ost SS: start-split buffer status evice
(toggle) i ICS: complete-split buffer status , (toggle)
o | i H |
[0
stl  SSPLIT S = Free !
uFrame M | \N ! i
st2 :
\LN\’ Create SS entry with status £ Pending :
i i
1 1
. N ;
! ! Create CS entry ! \b
SS = Free !
uFrame M + 1 DATA :
(8 = Ready/last data !
: i | .
1 I
_______ e e i o5 i 5ol i WP - - s i
| 1 CSPLIT , !
..................... [
P TG H I I
| o2 IN a |
uFrame M + 2 | \ s !
! ] IN is ignored !
1 1
Timeout ce7 | No response is given i
Err_count = 1 -> ce3 ] i
Immediate retry CS !
! : ’
| oser | |
P —— !
b T i I
i ct2 IN HI' i
]
i \i} IN is ignored i
Timeout ce7 | o
No response is given [
Err_count = 2 -> ce3 E o i
Immediate retry CS E i
i
i i i
[} 1 ]
i1 CSPLIT | |
....................... 1
e I I
i 2 N - i |
i
1 1 ]
i \bi IN is ignored |
! I i
Timeout ce7 i No response is given E i
Err_count = 3 -> ced i :
Record error : |
Go to next cmd ! E |
| | i
i
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Create CS entry

7) HS IN corrupted
HUB
Host SS: start-split buffer status
(toggle) ICS: complete-split buffer statn::s
0 i i
: st SSPLIT S = Free i
uFrame M | i
st2 1 :
\JN\.‘ Create SS entry with status + Pending
|
i
= FEA : i .......I. o
i
i
i
1
i
1
1

! SS = Free
uFrame M + 1 ! DATA!
' CS = Ready/last data
. i
“““““ B | Hitg
I ]
]
E ctl  CSPLIT
]
sz 1 h_] 1 | |
--------------------------------- |
uFrame M + 2 E T P timeout

Timeout ce7
Err_count =1 -> ce3
Immediate retry CS

No response is given

uFrame M + 3

548

¢l CSPLIT

,Qm\b
\| Send last data withi
! DATAQ

I? CS = Old/last data

| DATAO

I
I
I
o —————
I
I
]
]
]

Full-speed

device
(toggle)

0
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8) Consecutive HS IN corrupted

HUB Full-speed
Host S8S: start-split buffer status device
(toggle) | ICS: complete-split buffer statys | (toggle)
01 i i
i i
i I 0
stl  gSPLIT S = Free i
uFrame M | ! i
i i
MLLN\* Create SS entry with status # Pending i
| i
' |
_______ P e Bz ———J: - - - __-.._-Ir________
i IN |
! Create CS entry \ :
1 SS = Free ! !
uFrame M + 1 : i DATA |
H CS = Ready/last data |
|
i i
= - P R R — ————-: —————————— ———-i.— - _-—-i— ________
ekl CSPLIT : | |
1
i i
1 t2 ]
.................................. 1
uFrame M+2,  TTTSseeen P! timeout i !
1
i
Timeout ce7 No response is given E
Err_count = 1 -> ce3 ! : i
Immediate retry CS ! | i
| I |
| i :
! ¢l CSPLIT E ! !
I I ! H
o w a |
| @8 IN el ! -
........................ 1
; """ HI‘ timeout !

& 1 ] 1)
Timeout ce? i No response is given E
Err_count = 2 -> ce3 |
Immediate retry CS | E

| | ' |
i ! CSPLIT |
! ' ’ :
1oct2 IN
P —— cel
: ................... > Hmeotik ! H
! ! : I
Timeout ce7 No response is given E
Err_count = 3 -> ce4 ! !
Record error ! } i
Go to next cmd E E
; : ; !
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9) HS data corrupted (case 1)

Full-speed
0s S3: start-split buffer status evice
(toggle) | CS: complete-split buffer statlis , (toggle)
1
0 ! L
| __ stl  SSPLIT iSS = Free ; i
uFrame M i i
H \LN\J Create SS entry with status + Pending
: I
1 1
i 1
_______ (e e = o] - AT, ! P
| : i IN
I i Create CS entry 1 \
! SS = Free !
uFrame M + 1 | ! DATAQ
! CS = Ready/last data :
1
______ H o e e L B e B R R e e i
: 1
ol CSPLIT H |
1
P ct2 IN i
uFrame M + 2 | ;
i ' Send last data w1th|
e DATAOD
DATAO . "0 o i ;
.“ eeeod CS = Old/last data :
__________ \CRC.exroreeli . __f . -~ . s s i
HC rejects data i ! !
|
1
]

:And advances

uFrame M + 3
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10) HS data corrupted (case 2)

Host
(toggle)

uFrame M

stl  SSPLIT
st2

HUB

S8S: start-split buffer status
ICS: complete-split buffer statiis
] ]

i
ISS = Free

Create SS entry with status £

uFrame M + 1

Create CS entry

SS = Free

uFrame M + 2

¢tl  CSPLIT

ct2 IN

e S
e

MDATA %2

gV

i CRC error ceb

-

-

-

- 1
*Send begin-data in CSfo)

with MDATA

THC rejects data

TAdvance

-

Create €S entry-——=~

Implementor can decide
the

what to do

useless

on

+

| continuing full-speed bus
1Any way the data here

-

-CS10} =Old/begin data-~-- -

{

Full-speed

device
(toggle)
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11) TT has more data than HC expects

HUB Full-speed
Host S8: start-split buffer status device
(toggle) ICS: complete-split buffer staths i(toggle)
1 1
0 | : i
: st SSPLIT 55 = Free | :
uFrame M st2 i i
i i
i \IM Create SS entry with status ¢ Pending i
= |
_— — ____4: ______________________ o S— —
i E i IN !
1
i Create CS entry \
i SS = Free
11F‘ramel’\'l+1i : : DATAO :
I 1 ]
[} ) ]
| ! CS[0] = Ready/more-data |
_______ f T =S "'1h@anr88h1ﬁnn3f""‘"""""""“": R
1 I .
i 1 CSPLIT : | .~ |
e . - !
E ct2 l-N' b & i
uFrameM+2: \ . ¢,/— :
I | Sgnd begin-da#a in CS[0] ! !
E MDATA cd2 w:ﬁ MBATA i E
:’? %S[O] = Old/more data i
{chd J | OS] = i
---------- i - o ,’“ﬁ‘rEz‘tt‘e‘CSEZTEﬁfr_y_""‘.'""";_: S
: - - :
! ctl  CSPLIT ) .-
1)
uFrame M + 3 ! \ )
(3 IN | Send mid-data_in “CSI1]! I
\bi with MDA/ !

uFrame M + 4
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HC has
receives

ahe oo s s s
: ]
: A
¢l CSPLIT | R
o*
ct2  IN % ' CSl3]

MDATA _cdl i ACS[2] = Old/more da}a’

1 1 ’
isen e last CS, but it

| MDATA, so something

1
1
1
1
I
[}
[}
1
1
1
1
I
1
)
1
I
I
[}
I
L
]
1
|
1
|
I
I
[}
|
I
1
1
|
|
I
|
I
I
I
]
1
|
I
I
I
I
L S

[3] = Old/1ast-data
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12) HS CS too early (full-speed data not available yet)

HUB Full-speed
Host S8: start-split buffer status device
(toggle) ICS: complete-split buffer statiis (toggle)
i
0 i i
1 i 0
st SSPLIT iSS = Free !
uFrame M \bi !
st2 ] : |
I \I—N\’: Create S8 entry with status + Pending !
| | ;
———————————————————————————————— T booomoees
1 I I
1 I [}
[} 1 I I
1 1 I 1
] i I 1
: : :
uFrame M+ 1 ! i H
| : |
1 i I
[] I I
] 1 1
________________________________ i e 2 e R e b i
] 1 I
i ! i
ctl  CSPLIT H i I
I \’:
i I I
| 2 IN : |
uFrame M + 2 \ . :
! 1 Search not complete in ! 1
! | time !
i
Timeoyt ce7 ! !
Err_,cu{mt =1->ce3 ! ! !
Immedjate retry CS ! ! !
H : i
: | :
{ 1 CSPLIT ; i :
! I 1 I
] 1 I
i i
! \ ' |
i No split response found i !
hd i
| NYET ¢ Respond with NYET i |
1] 1
i i
This isinot the last CS -> ch3 ! ! |
________ S S S S S
: :
i__ctl  CSPLIT | IN
' ! Create CS entry H \:
| ct2 S8 = Free !
uFrame M + 3 | ! DATA!
:\LN\> CS = Ready/last datal !
I i 1 I
i cdl 1Send last data with |
:w DATAO !
| 1 I
I 1 I
Ichl 1CS = Old/last data :
i i
i i
: 1 1 :
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13) Full-speed timeout or CRC error

HUB Full-speed
Host S8S: start-split buffer status device
(toggle) | \CS: complete-split buffer staths , (toggle)
i : |
0
stl  SSPLIT ISS =Free
uFrame M 1 i
st2 H !
\m\, Create SS entry with status i Pending
] 1 H
[ ]
e ey i e e e e o : o e o i s M e e e N
I : IN
i Create CS entry \ !
e | 4 DATAO i
o0
uFrame M + 1 i CS = Ready/ 4......
t ! (trans_err or CRC error) :
)
i i i
N - e o .: __________________ : - e e | S ——
1
i _ct1  CSPLIT :
)
1 I
ct2 IN . i |
|
uFrame M + 2 -
! i Send ERR
)
w €S = Oldx : |
[}
)
HC rdcord error 1 . T
______ TAdvénce ! o i
! i i
) I
i
uFrame M + 3 | !
] : i
]
I ]
i
i
i
' :
i | i
I
]

st s i e T e R S ST v

i i o S e R PO R S
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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.all;
PACKAGE behav package IS

CONSTANT FIFO DEPTH : INTEGER := 3; -- 8ize 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 DATAC and DATAlL

CSPLIT, SSPLIT,

NYET, ERR,

TRANS“ERR}; -- pseudo PIDs for error cases
TYPE cmds IS (start_split, complete_split, nonsplit, SOF); -- HC commands

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

TYPE HCresponses IS5 ( -- what HC should do next for this command
do_start, -- do start-split transaction
do_complete, -- 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_cmd, -- 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 (pericdic)
do_next_ping,
do_ping,
do_out,
do_idle -- Response not active - Used for Simulation

)i

TYPE Devresponses IS (
do_next_data,
do_nothing

)i
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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_badcrc,
r_lastdata,
r_moredata,
r_data) ;

TYPE epinfo_rec IS5 RECORD

space_avail : boolean;
data_avail : boolean;
ep_type : ep_types;
ep_trouble : boolean;
toggle : boolean;

END RECORD;
TYPE epinfo_array IS ARRAY (1 DOWNTO 0) OF epinfo_rec;

TYPE device_rec IS RECORD

ep : epinfo_array;
HS : BOOLERN;
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 : ep_types;
PID : pids;
dev_addr : INTEGER RANGE 0 TO 127;
endpt : INTEGER RANGE 0 TO 15;
CRC16 : CRCs;
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
ep_type : ep_types;
cmd : cmds;
setup : boolean; -- true is control setup
ping : boolean;
HS : boolean;
dev_addr : INTEGER RANGE 0 TO 127;
endpt : INTEGER RANGE 0 TO 15;
CRC16 : CRCs;
direction : directions;
datapart : data_choices;
toggle : boolean;
last : boolean;

END RECORD;
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TYPE bc_buf status IS (OLD,NU,NOSPACE) ; -- Responses from Compare BC buff.
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_buf_ status;
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 S8
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;
crec 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: HS_bus_rec) RETURN boolean;

-- wait until there is a packet ready on a bus
PROCEDURE Wait_for packet (HS _bus_in: HS_bus_rec; wait_type: waits);

PROCEDURE RespondDev (dr: devresponses);

PROCEDURE HC_Accept 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 VARIABLE ErrorCount integer :=0;

shared VARIABLE HC_response_v HCresponses;
shared VARIABLE rd ptr integer RANGE 0 TO (ERROR_INJECT DEPTH-1) := 0;
SIGNAL HSU2_ready boolean;

SIGNAL HC_command_ready : boolean := FALSE;
SIGNAL HC_cmd : command_rec;

SIGNAL HCresponse HCresponses;
SIGNAL err_inject fifo err_inject_type;
SIGNAL wr_ptr integer RANGE 0 TO (ERROR_INJECT DEFTH-1) := 0;

PROCEDURE Issue_packet (SIGNAL HS bus_out : OUT HS_bus_rec;
pid : pids) IS
BEGIN

HS bus out.ep type <= HC_cmd.ep type;
HS_bus_out.endpt <= HC_cmd.endpt;
HS_bus_out.dev_addr <= HC_cmd.dev_addr;
HS_bus_out.direction <= HC cmd.direction;
HS_bus_out.datapart <= HC_cmd.datapart;

HS _bus_out.x <= HC_cmd.toggle; ~is: 2RR9.

-- Check for Error injection when FIFO is not empty.
IF (wr_ptr /= rd_ptr) THEN

-- Insert an error during SPLIT phase ?
IF ((err_inject_fifo(rd_ptr).phase = SPLIT AND (pid = SSPLIT OR pid =
CSPLIT)) OR

-- 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.crclé <= err_inject_fifo(rd_ptr).crc;
HS_bus_out.timeout <= err inject_ fifo(rd ptr).timeout;
IF (err_inject_fifo(rd ptr).pid) THEN
HS_bus_out.pid <= TRANS ERR;
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;
ELSE
-- Otherwise issue packet with no errors.
HS_bus_out.crclé <= ok;
HS_bus_out.timeout <= FALSE;
HS_bus_out.pid <= pid;
END IF;
-- Otherwise issue packet with no errors.
ELSE
HS_bus_out.crclé <= 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.
-- NOT USED FOR THIS IMPLEMENTATION !!!
PROCEDURE HC_Get_next_command IS

BEGIN

END;

PROCEDURE RespondHC (HCresponse : HCresponses) IS
BEGIN
HC_response_v := HCresponse;

-- Update command status for the next time the command will be executed by HC.
-- NOT USED FOR THIS IMPLEMENTATION !!!

PROCEDURE Update_command (SIGNAL HCdone : OUT boolean) IS
BEGIN

HCdone <= TRUE;
END;

PROCEDURE IncError IS
BEGIN
ExrorCount := ErrorCount + 1;

-- Record Error for current command.
-- NOT USED FOR THIS IMPLEMENTATION !!!

PROCEDURE Record_error IS
BEGIN
ErrorCount := 0;

END;
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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 VARIARBLE rd ptr : integer RANGE 0 TO (ERROR_INJECT DEPTH-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 : H5 bus_rec; -- Stored Shared Split Token
SIGNAL token : HS bus_rec; -- Stored Token

SIGNAL SS_Buff : SS_buff_rec;

SIGNAL CS_Buff_ sig : CS_buff rec;

SIGHAL mem : cam_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
SIGNAL ss_avail

boolean;
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_no_space;

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;

procedure Issue_packet (signal HS_bus_out : out HS_bus_rec;
pid : pids) IS
begin

-- Setup HS packet based on whether its periodic or bulk.
IF (periodic = TRUE) THEN

HS_bus_out.ep_type <= CS_Buff.store.ep_type;
HS bus_out.endpt <= C5_Buff.store.endpt;
HS _bus_out.dev_addr <= CS_Buff.store.dev_addr;
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HS bus_out.direction <= CS_Buff.store.direction;
HS_bus_out.datapart <= C5 Buff.store.datapart;
HS_bus_out.x <= CS_Buff.store.x; = 2222

ELSE
HS_bus_out.ep_type <= cam(BC_buff.index).store.ep_type;
HS bus_out.endpt <= cam(BC_buff.index).store.endpt;
H5_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; -- 2227
-- 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.state;

END IF;

-- Check for Error injection when FIFO is not empty.
IF (wr_ptr /= rd _ptr} THEN

HS_bus_out.creclé <= err_inject_fifo(rd ptr).crc;
HS_bus_out.timeout <= err_inject_fifo(rd_ptr).timeocut;
IF (err_inject_fifol(rd ptr).pid) THEN

HS bus out.pid <= TRANS_ERR;
ELSE

HS_bus_out.pid <= pid;
END IF;

--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;

error_time := now;

-- Otherwise issue packet with no errors.

ELSE
HS_bus_out.crcls <= 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 last isoch out transaction
FUNCTION Bad_IsochOut (SS_Buff : SS_Buff_rec;
split : HS_bus_rec) RETURN boolean IS
VARIABLE result:boolean:=FALSE;
BEGIN

result := ((split.datapart = enddata OR split.datapart = middata) AND
NOT(SS_Buff.lastdata = begindata OR SS_Buff.lastdata = middata)) OR
((split.datapart = begindata OR split.datapart = alldata) AND
SS_Buff.isochO) OR
((split.datapart = middata OR split.datapart = enddata) AND NOT
SS_Buff.isochO);

RETURN result;
END Bad IsochOut;

-- Save - Save the Packet for use later.
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procedure Save(hs_bus_in : IN HS bus_rec;
SIGNAL hs_bus_out: OUT HS bus_rec) IS
begin
hs_bus_out <= hs_bus in;
end Save;

-- Compare_BC_buff - 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_ BC_buff IS

variable match:boolean:=FALSE;
begin

-- Assume nospace and intialize index to 0.
BC_buff.status := NOSPFACE;
BC_buff.index := 0;

FOR i IN 0 to FIFQO_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 Compare_ BC_ buff;

- Accept data - Store start-split into bulk/control buffer. Index is setup
in a previous call to Compare_BC buff.

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 := NO_MATCH;
BC_buff.index := 0;

FOR i IN 0 to FIFO DEPTH-1 LOOP

562

ZTE/SAMSUNG 1008-0590
IPR2018-00110



Universal Serial Bus Specification Revision 2.0

IF NOT match THEN
-- Is this the buffer used for the start-split
-- corresponding to this complete-split?
-- If it is... store information into BC buff and
-- indicate match was found.

IF (token.endpt = cam({i).store.endpt AND
token.dev_addr = cam(i).store.dev_addr AND
token.direction = cam(i).store.direction) THEN

BC_buff.match.state := cam(i) .match.state;
BC_buff.match.down_result := cam(i).match.down_result;

BC_buff.index := i;
match := TRUE;
END IF;
END IF;
END LOOP;
periodic := FALSE; -- Setup Issue Packet.

end Match_split_state;

PROCEDURE Down_error IS
BEGIN

derror_v := TRUE;
END Down_error;

procedure Data_into SS_pipe IS

begin
CS_Buff.match.state := MATCH_BUSY;
ss_avail_v := TRUE;

end Data_into_SS_pipe;

procedure Fast_match IS
begin

periodic := TRUE; -- Setup Issue Packet.
end Fast_match;
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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 of the reset protocol and the high-speed reset handshake in Section 7.1.7.5 is the complete required
behavior. By necessity, state diagrams incorporate some implementation dependent parts that, although
describing the reset protocol correctly, can also be implemented in a different way yielding similar behavior.

Any timer used in these state diagrams should have a resolution that allows it to always keep to the allowed time
frame. For instance, if a timer times out between a time Ty gr(min) and T-yper(max), the timer should have a
minimal resolution of at least 1 clocktick in the range of Tyjyer. In @ number of places, a time Toypgg 1S
mentioned in a state diagram; while in the tables in Section 7.3, a range is given for this time. In that case, the
time represents a chosen value in the range such that it 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 diagrams in this appendix, a timer can be either Run, Started, or Cleared. If a timer is Run, it will
update itself every clocktick. Ifa timer is Cleared, it is stopped and its contents are reset to zero. A timer that 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 shown in Figure C-1 shows all the necessary and required behavior of a downstream facing
port in case of a 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 SEO to initiate the reset and at the same time starts a timer T0 to time the whole reset procedure.

If the attached device is low-speed, then the only way that reset ends is when the timer T0 times out (Tpgst) 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. This is described in more detail in Section 11.8.2. When reset has completed,
the hub enters the low-speed Enabled state.

If the attached device is full-speed and not high-speed capable, it will end reset when timer TO expires (Tpgsy)
and the hub has not detected a valid upstream chirp (continuous Chirp K). It will then enter the full-speed
enabled state.

Last, if the attached device is high-speed capable, it will send back an upstream chirp some time after the SE0
has been asserted on the bus. The actual time before the upstream chirp starts depends on whether the attached
device was suspended or awake at the time the reset started. The loop between the blocks with “Clear timer T1”
and “Run timer T1” represents the 2.5 ps (Tgy ) filtering the reset protocol asks for.

Note: The timer T1 is required to be reset after an interruption of 16 high-speed bit-times of the continuous
Chirp K that makes up the upstream chirp. It may be reset by any shorter interruption.

If the filtering of the upstream chirp takes too much time, the downstream facing port may not be able to finish
its downstream chirp in time to be able to end the reset procedure in time. Therefore, when timer TO0 reaches
beyond the time Tycpenp (time to detect an upstream chirp), the hub is put in a wait state, which it leaves after
the timer has timed out the complete reset protocol (Tprsy). It will then enter the full-speed enabled state,
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SetPortFeature(PORT_RESET)

Drive SEQ
Start timer TO

!

Clear timer T1
TO0 = Tprst & 'y TO0 = Tprst &
PORT_LOW_SPEED =0 PORT_LOW_SPEED =1

'High-speed K &

% TO< Thiivii s Highspeed K & DN T,
T0 > Togsr T1 < Tewr PORT_LOW_SPEED =0
TO = Tycuenp & v
WAIT ‘T' “Teir | Run fimer T
'High-speed K &
T2 2 TDCHBIT & Tl2 TF]LT
TO < Tprst - Tocnseo
Drive ChirpJ  [% Drive Chirp K
Start timer T2 > Start timer T2
TO < Togrst - Tochseo &
T2 2 Tocusir
TO 2 Tprst - Tocuseo & TO 2 Tprsr - Tocuseo &
T2 2 Tpengrr Drive SE0 T2 = Tpcusir
TO = Tprsr

Figure C-1. Downstream Facing Port Reset Protocol State Diagram

When the 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 of the upstream chirp will
return the bus to the SE0 state. So immediately (actually within 100 ps (Twrpcn) after the end of the upstream
chirp according to Section 7.1.7.5), the hub drives a Chirp K for 40 to 60 us (Tpcusir), then a Chirp J for 40 to
60 ps, then a Chirp K, etc. It continues with this alternating sequence until timer TO has come within 100 to
500 ps (Tpcpseo) of the end of reset (Tpgrst). When this time is reached, the downstream-facing port finishes the
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40 to 60 ps of continuous signaling it was busy with when the timer TO exceeds the value of Tpgst — Tpenuseo
before driving SEQ until the end of reset.

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 when it 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 handshake state 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-speed state 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 suspend is initially indistinguishable from a reset requires that the state diagram for the upstream facing port
addresses the suspend procedure as well.

At the start 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. The states are as
follows:

»  Suspended
e Powered, FS Default, FS Address, and FS Configured
e  HS Default, HS Address, and HS Configured

These groups of states correspond to 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 Suspended state as soon as it sees a K or an SE0
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. For the details of this process, see Section 7.1.7.7. On
seeing an SEQ, the device could enter the reset handshake procedure, so it starts timer T0.

The actual reset handshake is only started after seeing a continuous assertion of SEQ for at least 2.5 us (T rsgo).
The loop between the blocks with “Clear timer T1” and “Run timer T1” represents this filtering. [f the device
has not detected a continuous SE0 before timer TO exceeds the value of Tycuenp - Tucn, the device goes back
into the Suspended state.

A device coming from suspend most probably had its high-speed clock stopped to meet the power requirements
for a suspended device (see Section 7.2.3). Therefore, it may take some time to let the clock settle to a level of
operation where it is able to perform the reset detection and handshake with enough precision. In the state
diagram, a time symbol Tysepx is used to have the device wait for a stable clock. This symbol is not part of the
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 (*¥). Twrcik should have
a value somewhere between 0 and 5.0 ms. This allows at least 1.0 ms time to detect the continuous SEO.

If the device has seen an SEO signal on the bus for at least Try 1sgo, then it can safely assume to have detected a
reset and can start the reset handshake.
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idle

lidle

Start timer TO

TO 2 Twrrev

Remove HS
terminations
Connect D+ pull-up

Start timer T1

resistor

SEO0 &
T1 2 Twrrstas

ISE0 &
T1 = Tyrrstus

SE0 | idle
A 4
Start timer T0
idle & SE0 &
T0=>3.0 ms

Start timer TO

TO 2 Tyrek*

TO 2 Tycneno

- Tucu
Clear timer T1
SEO ISE0 &
Tl < TF]Ly
Run timer T1

T1 2 Teyseo

TO = Tycheno - Tucn &
T1 < Tewrseo

(*)  Note: Tyrcik is a symbol that 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.
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\

Drive Chirp K
Start timer T2

T22 Tyen

Stop Chirp K
Clear counter C0
Start timer T3

'

Clear timer T4

7

High-speed K 'High-speed K &
T4 <Tenr

Run timer T4
Co<3 &
Clear timer T4

High-speed J !High-speed J &
T4 <Tenr

Run timer T4

T42 THL\

Enable HS
terminations
Disconnect
D+ pull-up resistor

Increase CO
C0<3&
T3 = Twrrs

Figure C-3. Upstream Facing Port Reset Handshake State Diagram

T3 2 Tyrrs
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C.2.2 Reset From Full-speed Non-suspended State

Timer TO is started when seeing an SEO or idle state from a full-speed Non-suspended state.

Ifa ] (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 SEQ is detected and the timer T0 times out the value of Tyrrsres (between 2.5 ps minimum and 3.0 ms
maximum) while no change has been detected in the SEO state, the device can start the reset handshake. On any
line state change, the device aborts the detection of reset or suspend from upstream and returns to its previous
state.

C.2.3 Reset From High-speed Non-suspended State

Timer TO is started when seeing a high-speed idle on the bus from a high-speed Non-suspended state. 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 T0 exceeds the value of Tyygey (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 and settling of the lines in the new state (Twrrstns). 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 SEQ).

If an idle was detected, the device should suspend; if an SE0 was detected, the device can start the reset
handshake.

If something other than an idle or an SEQ, 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-speed state.

C.2.4 Reset Handshake

At this point, the behavior of devices has become independent of the initial state they were in when the reset
started. The reset handshake is started by the device, when it sends an upstream chirp that is 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 was started 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 Tycp. 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 the particular 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-I pattern, it first starts looking for a continuously asserted Chirp K. The method employed
in this state diagram is counting the number of K-J transitions. Here K and J are actually Chirp K and Chirp J,
respectively, asserted continuously for at least 2.5 ps (Tgyr).

Continuous assertion is determined by the loop between the “Clear timer T4” and “Run timer T4”. This is
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, most likely, 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 of the 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 number of K-J transitions before the timer T3 times out at Tyqrs, the device enters the full-speed
default state. Reset ends when the bus state changes from SEO to idle. The time Tyws is given a wide range to
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allow sufficient leverage for a device which has awoke from suspend to use its (possible not yet stable) clock to
time this duration reliably.

Reversion to high-speed when the 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 ps 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 of terminations and pull-up, the
device enters the high-speed Default state. The end of reset is signified by the first packet that is received, most
likely an SOF packet.
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9.6.5, 11.231
binterfaceProtocol field (interface descriptors),
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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
interface descriptors, 9.6.5, 11.23.1
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11.23.1
string descriptors, 9.6.7
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endpoint descriptors, 9.6.6, 11.23.1
hub descriptors, 11.13
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11.23.1
bMaxPacketSizeO field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bMaxPower field, 9.6.3
configuration descriptors, 11.23.1
other speed configuration descriptors, 9.6.4,
11:23.1
bmRequestType field
hub class requests, 11.24.2
overview, 9.3.1
Setup data format, 9.3

bmRequestType field (continued)
standard device requests, 9.4
bNbrPorts field (hub descriptors), 11.23.2.1
bNumConfigurations field
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
bNuminterfaces field
configuration descriptors, 9.6.3, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
bPwrOn2PwrGood field, 11.11, 11.23.2.1
bReguest field
hub class requests, 11.24.2
overview, 9.3.2
Setup data format, 8.3
standard device requests, 9.4
standard hub requests, 11.24.1
bReserved field (device qualifier descriptor),
96.2
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, 11.17.1
bulk/control transfer buffering requirements,
11.17.4
calculating sizes in functions and software,
511.4
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 buffer size, 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,
11.14.2.2,11.17,11.17.4
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 and fall times for full-speed buffers,
a2
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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
USBD role 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
NAK rates 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, 8.56.2, 11.17.2
transaction format, 8.5.2
transaction organization within IRPs, 5.11.2
USBD pipe mechanism responsibilities,
10.5.3.1.3
bus access for transfers
bulk transfer constraints, 5.8.4
bus access periods, 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
HCD role 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
transaction list, 5.11.1.4
transaction tracking, 5.11.2
transfer management, 5.1.1t0 5.11.1.5
transfer type overview, 5.4
USBD role in, 5.11.1.2
bus clock, 5.12.2, 5.12.3, 5.12.8
bus enumeration
defined, 2.0 glossary
device initialization, 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 power switching in functions, 7.2.1.4
USB System Software role, 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
power switching, 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,
5427
bus turn-around time, 2.0 glossary, 7.1.18 to
71.18.2,87.2,11.18.2
busy (ready/x) state, 11.17.5
bypass capacitors, 7.2.4.1,7.2.4.2
bytes, defined, 2.0 glossary

C

cable assemblies, 6.4to 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 EOP skew, 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,
71.1.2
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cable delay (continued)
skew delay, 6.7 Table 6-7, 7.1.3, 7.3.3 Figure
7-53
cables

attenuation, 7.1.17

cable assemblies, 6.4 t0 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, 7.1.6.1
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 and fall times, 7.1.2.1, 7.1.2.2
TDR measurements and, 7.1.6.2
termination, 7.1.5.1
change bits
device states, 11.12.2
hub and port status change bitmap, 11.12.4
hub status, 11.24.2.6
over-current status change bits, 11.12.5
port status change bits, 11.24.2.7.2 to
11.24.2.7.2.5
Status Change endpoint defined, 11.12.1
change propagation, host state handling of,
10.2.1
characteristics of devices, 2.0 glossary, 9.6.3,
96.4
Chirp J and K bus states, 7.1.4.2, 7.1.7.2,
7.1.75,C.1,C24
C_HUB_LOCAL_POWER, 11.11, 11.24.2,
11.24.2.1,11.24.2.6, 11.24.2.7.1.6
C_HUB_OVER_CURRENT, 11.24.2, 11.24.2.1
C_HUB_OVER_POWER, 11.24.2.6
classes of devices. See device classes
Class field, 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
time limits 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 change bits, 11.12.2,
11.24.2.7.2
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, 11.24.2.71.7
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 scheme in electrical
specifications overview, 4.2.1
clock synchronization, 5.12.3
clock-to-clock phase differences, 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-USB isochronous application, 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 SOF tokens 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
CMOS driver circuit, 7.1.1.1
CMOS implementations, 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 range for differential input
sensitivity, 7.1.4.1
Communication Cables (UL Subject-444), 6.6.5,
6.7.1
communication flow, 5.3t0 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
isochronous transactions, 11.21
notation for, 11.15
overview, 11.14.1
scheduling, 11.14.2.1, 11.18.4
space for, 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
power configuration, 11.13
self-powered hubs, 7.2.1.2
conditions in state machine transitions, 8.5,
11.15
conductor resistance unbalance, 6.6.3
conductors
mechanical specifications, 4.2.2
power and signal conductors in cables, 6.3,
6.6.2
resistance, 6.6.3
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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 t0 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
power distribution 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
USB configuration, 10.3.1
USBDI mechanisms for getting current
settings, 10.5.2.4
USBD role in, 5.11.1.2, 10.5.4.1 t0 10.5.4.1.4
Configuration = 0 signal/event, 11.5 Table 11-5
CONFIGURATION descriptor, 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, 9.4.1to 9.4.11
visible device state table, 9.1.1 Table 9-1
configuring software, defined, 2.0 glossary
Connect bus state, 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, 11.1.2t0 11.1.2.3
packet signaling connectivity, 11.1.2.1
resume connectivity, 11.1.2.2
source/sink connectivity, 5.12.4.4
synchronous data 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 connector protocol, 6.2
mechanical configuration and material
requirements, 4.2.2, 6.5t0 6.5.4.3
orientation, 6.5.1
reference times, 7.1.6.2
Series "A" and Series "B" plugs, 6.5.4
Series "A" and Series "B" receptacles, 6.5.3
standards for, 6.7
termination data, 6.5.2
USB lcon, 6.5
construction, cable, 6.6.2
contact arcing, minimizing, 7.2.4.1
contact capacitance standards, 6.7 Table 6-7
contact current rating standards, 6.7 Table 6-7
contact materials, 6.5.3.3, 6.5.4.3
control endpoints, 2.0 glossary. See also control
transfers
controlling hubs, defined, 7.1.7.7
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; message pipes; pipes
control transfers. See also 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-speed limits, 5.5.4 Table 5-3
low-speed limits, 5.5.4 Table 5-1
NAK rates for endpoints, 9.6.6
non-periodic transactions, 11.17 to 11.17.5
overview, 4.7.1, 5.5
packet size, 5.5.3, 9.6.6
protocol stalls, 8.4.5
reporting status results, 8.5.3.1
scheduling, 11.14.2.2
simultaneous transfers, 5.5.4
split transaction examples, A.1, A.2
split transaction notation for, 11.15
stages, 2.0 glossary, 5.5
STALL handshakes returned by control pipes,
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
USBD pipe mechanism responsibilities,
10.5.3.14
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 OUT transactions,
8.46.3
host response to 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 Change field, 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
hub class feature selectors, 11.24.2
Port Change field, 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 Change field, 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
hub class feature selectors, 11.24.2
Port Change field, 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 Change field, 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 check failures, 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-over voltage 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 averaging profile, 7.2.3
current spikes during suspend/resume, 7.2.3
high-speed current driver, 7.1 Table 7-1
high-speed signaling and, 7.1.1.3
supply current, 7.3.2 Table 7-7
current frame in hub timing, 11.2.3.1
current limiting
bus-powered hubs, 7.2.1.1
dynamic attach and detach, 7.2.4.1
in over-current conditions, 11.12.5
power control during suspend/resume, 7.2.3
remote wakeup and, 7.2.3
self-powered functions, 7.2.1.5
cyclic redundancy check. See CRCs

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 signal transitions, 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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DATAO/DATA1/DATAZ2 PIDs
in bulk transfers, 5.8.5, 8.5.2
comparing sequence bits, 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 DATAZ2 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 bus state. See K bus state
data packets
bus protocol overview, 4.4
data CRCs, 8.3.5.2
in isochronous transfers, 8.5.5
packet field formats, 8.3t0 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
packet size constraints, 5.5.3, 5.6.3
data phases
aborting, 11.18.6.1
transaction notation for, 11.15
data PIDs. See DATAQ/DATA1/DATAZ2 PIDs;
DATAO/DATA1 PIDs; MDATA PIDs
data rates
adaptive endpoints, 5.12.4.1.3
asynchronous endpoints, 5.12.4.1.1
in buffering calculations, 5.12.8
data-rate tolerance, 7.1.11
defined, 5.12.4
in electrical specifications overview, 4.2.1
feedback for isochronous transfers, 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 source electrical 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
isochronous transfers, 5.6.5
data signaling, 7.1.7.4t0 7.1.7.4.2
data signal rise and fall time. See rise and fall
times
data source jitter, 7.1.13.1 t0 7.1.13.1.2,
7.1.14.2,71.15.1
data source signaling, 7.1.13t0 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
debounce intervals 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,
9.1.14,10.5.1.1
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 message pipe, 5.3.2.2
size description in descriptors, 9.6.1
Default device state
overview, 9.1.1.3
standard device requests and, 9.4.1t0 9.4.11
visible device state table, 9.1.1 Table 9-1
default pipes, 2.0 glossary, 10.5.1.2.1
delays. See cable delay; differential delay;
propagation delay
delivery rates in isochronous transfers, 4.7.4
DEOP signallevent, 11.7.2.3 Table 11-11
descriptor index, 9.4.3, 9.4.8
descriptors
accessing, 11.23.1
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,
10.5.2.4
control transfers and, 5.5, 5.5.3
defined, 9.5
descriptor index, 9.4.3, 9.4.8
device class definitions, 8.7, 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
isochronous transfer capabilities, 5.12
listing remote wakeup capabilities, 9.2.5.2
other speed configuration descriptor, 9.6.4
overview, 9.5t0 9.7.3
setting descriptors, 5.3.1.1, 9.4.8, 10.5.2.12
speed dependent descriptors, 9.2.6.6, 9.6.4
string descriptors, 9.6.7
USBDI mechanisms for 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,
TA.8,8.1.20
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_BCINTO state machine, 8.5.2 Figure 8-
32
Dev_Do_IN state machine, 8.5 Figure 8-25
Dev_Do_lsochl state machine, 8.5.5 Figure 8-43
Dev_Do_lsochQO state machine, 8.5.5 Figure 8-
41
Dev_Do_OUT state machine, 8.5 Figure 8-24
Dev_HS_BCO state 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
1124:2:13
interfaces and endpoint usage, 9.7.2
requests, 9.7.3
standard, class, and vendor information, 4.8.1
Device Class Specification for Audio Devices
Revision 1.0, 9.6
DEVICE descriptor, 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, 11.23.1
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 10 8.7.3
device states, 9.1t0 9.1.2
generic USB device operations, 9.210 9.2.7
standard device requests, 9.4 to 9.4.11
in USB device framework, 9
USB device requests, 9.3 t0 8.3.5
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),
11.23.2:1
device resources, 2.0 glossary. See also buffers;
endpoints
devices. See also 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 t0 4.8.2.1
device speed, 7.1.5t07.1.5.2, 7.1.7.3,
11.8.2
host role in configuration, 10.3.1
optional endpoints, 5.3.1.2
USBD role 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 access for transfers, 5.11
jitter budget table, 7.1.15.1
PING flow control, 8.5.1, 8.5.1.1
response to IN transactions, 8.4.6.1
response to OUT transactions, 8.4.6.3
response to SETUP transactions, 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
power distribution, 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)
power distribution, 7.2.1, 9.2.5
bus-powered devices, 4.3.1, 7.2.1.1
dynamic attach and detach, 7.2.4 t0 7.2.4.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
power supply and, 4.3.1
self-powered devices, 4.3.1,7.2.1.2,7.2.1.5
suspend/resume conditions, 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 t0 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, 8.56.2, 8.5.5
status
device states, 9.1 t0 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,
512.4.4
virtual devices, 2.0 glossary
in USB topology, 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, USBD as, 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-EOP transition skew, 7.3.3 Figure
7-50
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