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1120.2 Interrupt Split Transaction State Machines

  

Issue_packet{HSD1. SSPLIU;

 

  
 

RespondHC{Do_complete);

 
Hc_oo_:ntoss

Figure 11-72. Interrupt OUT Start-split Transaction Host State Machine
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. HSU2.PID = NAK 

; lssue_packet(HSD1. CSPLIT);

__ Issue__packet(HSD1, tokenOUT]; 

Packet read (HSUZ)

 (HSUZPID i: STALL and
HSU2.P1D r: NAK and
Hsu2.Plor=AcK and
HSU2.PID!= ERR and

HSUZHD r= NYEI'] or
HSU2.timeout

 

 
 

 
  

 
 . ErrorCount >= 3 

  
 

ErrorCount € 3

5 RespondHC(Do_corrlp_immed_now}:

Hc_Do_Intocs

Figure 11-73. Interrupt OUT Complete—split Transaction Host State Machine
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_ HSD2.P|D {3 DATAX or

_ HSD2.timeout

  
 
 

 : HSD2.CRC16 - 0k
5?” 3 Data into 53 i e'  
  

$22  

HSD2.CRC16 :- bad

Figure 11-74. Interrupt OUT Start-split Transaction TT State Machine
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CS_Buff.match.down_result = r_trans*err
 

IssuejackeflHSUL ERR);

 
= r_nak

IssuejackeKHSUL NAK);

  
  
 

_ CS_Buff.match.down_result = r_sial|

: Issue_packe1(HSU1, STALL);

 

 I TT_Do_lntOCS

Figure 11—75. Interrupt OUT Complete-split Transaction ”IT State Machine

 
RespondHC(Do_eomplete);

 
HC_Do_lntISS

Figure 11-76. Interrupt IN Start-split Transaction Host State Machine
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 ErrorCount < 3

RespondHC(Do_-stan); !

 

 

 

 

   
 
 

 

5 not HC_cmd.last

RespondHC(Do_next_complete);

  

. HSU2.P|D = NAK
RespondHC{Do_starl);

: HSU2.F'|D = STALL

; RespondHC(Do_ha[t);

 

  
 

(HSUZPID I: NAK and
HSU2.P|D :‘= STALL and
HSUZPID l= NYET and

HSU2.PID I: ERR] or
HSU2.timeout

HC_Do_!ntICS

 

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

5 RespondHC(Do_next_cmd); :  

  
ReapondHC(Do_start); ..  

 

 

 
 

 

HSU2.x l= HC_cmd.toggle 1

: HC_Reject_data;

 _— EFFOFCDUntb=3

ERespmndHC‘.(Dcn_halt);

HSU2.P|D = DATAx and

Hsuzcrzme = 0k

HC_Accept_wdata:

ErrorCount < 3 
HSU2.PID = MDATA and
HSU2.CRC16 = 0k

HC_Accept'_data;

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

' (HSU2.PlD 1: MDATA and '
HSU2.PID f: DATAX) or
HSU2.timeout

HCWDatavorfierror

Figure 11-78. HC_Data_nr_Error State Machine

  DataFintouSSJipe;

TT_Do_|ntISS

Figure 11-79. Interrupt IN Start-split Transaction TT State Machine

' RespondHC(Do_comp_immed_now); E

391

ZTE/SAMSUNG 1008-0419

|PR2018—001 1O



ZTE/SAMSUNG 1008-0420 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

: CS_Buff.match.down_result = r_moredata

lssue_packet(HSU1, MDATA); E

 
 

 
 

 

 
 

 
  

 
CS_Buff.match.down_result = r_|astdata

Issue_packet(HSU1. DATAx);

CS_Buff.match.down_result = r_trans_err

" Issuejacket(HSU1 ,ERR);

 

i lssue_packet(HSU1, NAK};

CSWBuffmatchstate = old 6,12 
CS_Bufi.match.down_result = r_stali

issuejackemHSU1, STALL)‘
 

 
 

 

 

 

S_Buff.match.state = no_rnatch

_ lssuejackeflHSUL NYET); 

 iCS_Buff.match.state match_busy _

'|'|'_Do_int|CS

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

1120.3 Interrupt OUT Sequencing

392

Interrupt OUT split transactions are scheduled by the host controller as norlnal high—speed transactions with

the start- and complete-splits scheduled as described previously.

When there are several full-flow-speed transactions allocated for a given microfi'ame, they are saved by the

high-speed handler in the 'IT in the start-split pipeline stage. '[he 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-flow-speed handler on the full-flow-speed bus in the order they were received.

In a following microframe (as described previously), the full-flow-speed handler issues the transactions that

had been saved in the start-split pipeline stage on the downstream facing full-flow-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-flow—speed transactions could be taking longer on the full-flow-speed bus.

As the fiJll-flow-speed handler issues transactions on the dowustream facing full-flow-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 
E 64 bytes w!
HS CRC16

mm5

Full/Low—

Speed
Bus

 
 

 
64 bytes

Figure 11-8]. Example of CRC16 Handling for Interrupt OUT

The start-split transaction for an interrupt OUT transaction includes a normal CRC 1 6 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-tlow-speed data packet; i.e., there is only a

single CRC] 6 in the data packet ofthe statt—spl it 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 ll-SI shows an example ofthe CRCl6 handling for an interrupt OUT transaction and its start-split.

1120.4 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-llow-speed handler on the dDWnstream full-flow-speed bus in the order they were saved in

the start-split pipeline stage. The full-flow-speed handler issues each transaction on the downstream facing

bus. The full-llow-speed handler responds to the full-flow-speed transaction with an appropriate handshake

as described in Chapter 8. The full-flow-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)Irhandshake from the high-speed handler. When the high-speed handler receives 5 complete-split

transaction, the TT returns whatever data it has received during a microframe. If the full-flow-speed

transaction was Started and completed in a single microframe, the "IT returns all the data for the transaction

in the complete-Sp] it response occurring in the following microframe. If the full-{Iow-speed CRC check

passes, the appropriate DATAOI‘ I PID for the data packet is used. if the full-llow-speed CRC check fails, an

ERR handshake is used and there is no data packet as part of the com plete-split transaction.

If the full—flow—speed transaction spanned a microframe, the TT requires two complete-splits (in two

subsequent microfram es) to return all the data for the full-Klow«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 CRC l 6 field

has not yet been received on the full-flow-speed bus}. The complete-split in the next microframe must use a

DATACI:r l PID if the CRC check passes. If the CRC check fails, an ER handshake response is made

instead and there is no data packet as part of the complete-5p] it 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-flow-speed interrupt transaction can span more than a single microfr‘ame 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-flow-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 ER 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-flow-speed transaction. This means that for a case where a full-flow-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 “-82 shows an example of an interrupt

IN and its CRC16 handling with corresponding complete-split re5ponses.

High

Speed

Bus   
 

 

 
l

64 bytes wt
125us microfiame HS CRC16

Full/Low-

Speed

Bus

2 bytes 62 bytes

Figure 11-82. Example of CRClfi Handling for Interrupt [N

11.21 Isochronous Transaction Translation Overview

394

Isochronous spl it 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:

II One entry for the start-split transaction in the microfi'ame before the earliest the full-speed transaction
can occur

II 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 toffrom the "IT. 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-spl it
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 ofthe TT responds.

The fiill-r’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 filll-J'low~speed handler splits IN response data on
microframe boundaries. _ \

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

11.21.1 lsochronous Split Transaction Sequences

The flow sequence and state 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 bulkfcontrol 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

!_''''''''''''''' _! ''''''''''l______!'''''''''''''''''1.
I | | |

If a'll of If beginning If middle Ifliist
payiload of paj'Ioad of payload of payload

| | l I

st] ' st2' st3 ' st4'

SSPLIT-all SSPLTT ~begin SSPLIT -rnid SSPLIT -end   

 
   

.............................................................

Tréansyrr
DATAO set;

not Ironic”, Transierr
Data_t'n§‘0_SS_pipe Domierror

shli se2§
V Y

Go to next

cmd

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

51]

 
Data_in%0_SS_pipe

!
v

Go to

complete split

Figure 11-84. lsochronous 1N Start-split Transaction Sequence

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

The high-speed handler retums 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-flow-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 ofthe current

transaction for the current full-Speed endpoint.
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Complete split

ct]

TranLerr
_E".................................................... Ct2

Fastimarch '

 

 

 

eel; _
Searchnofcompfew.........

: inn'me ........NOSPt'Irr-eb'pomfmd
$ Tra-z-s_err t.................................... 1 ............................................. =

¢ + ofd/Téanterr ofdé’lastdam oia’é’moredara
ce7i ceZLi Cd 1% cdzv ch41;

'“° 1?“ DA TAO MDA TA 1 NYET 1
couq

r———————————1 i r' "I r' “1 i.____

cef}; 0641' i i ' _____ _Y Not lrans_err il— -:
i i I ' . .

if err_count < 3 if err_c¢:tunt >= 3 i not i Traus_err 33 vance ! !
retry immed. ! ! trans_?rr __Y L+st Not last
com s lit ! ! ! Ink—t ' ' i

P. P i ‘I' ! to ce? ceg : cc; i
-—'—-—-T-— —-—-_-_\-..__ L_/'r—’ ————————!\-..__ i _/'r ————— i

Record error chli 1— l
i___________Y Not last 6113 !

T ch4+_________ ________+
TAddance !

V

Go to next Go to next

cmd comp. split

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

398

E HC_cmd.datapart = alldata

glssue_packe1(HSD1, SSPLlT);—all .—

 

  

 _: HC_cmd.datapart = enddata

glssueJJackeflHsm SSPLIT)‘
 st1

-- end
  

  

 

 
 

 313 HC_cmd.datapart = begindata

glssueJaackeflHsm, SSPLIT); -~ begin

 

 HC_cmd.datapart middata

IssueJaacket(HSD1, SSPLIT); "middata
  

HCHDcLIsochOSS

Figure 11-36. Isochronous OUT Start-split Transaction Host State Machine
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HSD2.PID = DATAX and HSDZCRC16 = 0k and -E g _

splitdatapart = enddata and SSHBufstochO and E {ii
(SS_Bufi.Iastdata = middata or SS_Buff.isoch0 <= false; '—

SS_Buff.lastdata = begindata) —. SS_Buff.saw_split <=fa|se; .
.. . .. . ............ Data_into_SS_pipe; :

 
  

 
 

 
 

 
  

  
 
 

 
 

 

 

 

 
 

 

 

 
 
 

 

splitdatapart = middata and SS_Buff.isochO and
(SS_Buff.Iastdata = begindata or

SS_Buff.lastdata = middata)

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

DatafiintcHSSjipe;

 
 

HSDZPID = DATAx and
HSD2.CRC16 = ok and

splitdatapart = begindata and
{not SS_Buff.isoch0)

st4

SS_Buff.isoch0 <3 true;
SS_Buff.Iastdata <= begindata;
SS_Buff.saw_split <: true;
Data_into_SSJ3ipe;

HSD2.PID = DATAX and HSD2.CRC16 = 0k and

spliLdatapart 3 alldata and {not SS_Buff.isochO) 

m1..‘.'§fi?........
HSD2.PID I: mm or
HSDZ.timeout or

PackeLreadytHSDZ) _ HSD2.CRC16 : bad or _..........................................
Bad_lsoch0ut(SS_Bufi, split)

 
 

SS_Buff.isochO

SS_Buff.isochO <= false; I

 

I T?_Do_lsochOSS

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

 

There is a condition in Figure 11—8? on transition selr‘se2 labeled “Bad_IsochOut". This condition is true
when none of the conditions on transitions st] through s14 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.

399

ZTE/SAMSUNG 1008-0427

|PR201 8-001 10



ZTE/SAMSUNG 1008-0428 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

 

 ssue_packet(HSD1. SSPLIT);

 
 

' |ssue_packet(HSD1. tokenlN};  

  
ReapondHC(Do_complete);

 

HCuDomlsochISS

Figure 11-88. lsochronous IN Start-split Transaction Host State Machine
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HSU2.P|D = DATAX and
HSU2.CRC16 = 0k

HC_Accept_data; 

  
 

 

 
RespondHC(Do_next_cn1d);

 
not HC_ond.last _

RespondHC{Do next complete}

 

 
HSUZPID = MDATA and
HSU2.CRC16 = ok
 

 

(HSU2.P|D = MDATA or

E HSU2.PID = DATAX) and
HSU2 CRC16 — bad  
 
  

   ErrorCount < 3

RespondHC(Do_oomp_immed_now};

 

 
 

ErrorCount >= 3 .I ........................................................ _i (:93
Iced 

' (HSU2.P|D I: NYET and
HSU2.PID I: DATAx and

; HSU2.PID I: MDATA and

; HSU2.PID t: ERR) or
' HSU2.timeout

 

ct1 IssueJackeflHSD‘l. CSPLIT};

HC_Do_lsochECS

Figure 11—89. Isochronous [N Complete-split Transaction Host State Machine

In Figure 11—89, the transition “ceS” 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}.

401

ZTE/SAMSUNG 1008-0429

|PR201 8-001 10



ZTE/SAMSUNG 1008-0430 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

 

'I'l'_§30_lsochiSS

Figure 11-90. Isoehronous IN Start-split Transaction 'I‘T State Machine

 
  

  

 
 

 

S__Buff.match.down_result = r_moredata

Issue acket(HSU1 MDATA)‘

Gag CS_Buff.match.down__result = rfllastdata

Issue_packet(HSU1, DATAX); -- Datao

  CS Buff match state = old 

CS_Buff.match.down_result 2 r_trans_err

Issue_packet(HSU1, ERR};

 

CS_Buff.match.state = no_match

Issuerpacket{HSU1, NYED;

 

'l'l'_lsoch|CS ]

Figure 11-9]. Isochronous IN Complete-split Transaction Tl" State Machine
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11.213 lsochronous 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-

specd handler has received an “SSPLlT-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 “SSPLlT-end” split transaction token

packet is received for this endpoint. If a microfiame 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-spl its 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 OUT 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 CRC 16 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

CRCl 6 value for the complete fiJll-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.

if 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-spl it 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 fullvspeed 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.

High

Speed
Bus   

 
 

  

183 byte w
HS CRCIG

2 bytes w!
HS CRC16

E

Full

Speed

Bus Cf; ;—/'WW L9

188 bytes 2 bytes

Figure “-92. Example of CRC16 lsochronous OUT Data Packet Handling
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1121.4 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 CRC] 6 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 CRC 1 6 values for

complete-split transactions. If the full-speed handler detects a failed CRC check at the end of the data

packet (e.g., afier potentially several complete-split transactions on high-speed), the handler must use an

ER 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-5p] it is reflected by the host controller as a CRC failure on the total full-speed transaction.

Figure 1 1-93 shows an example of the relationships of the full-speed data packet and the high-speed

complete—splits and their CRCJG fields.

High

Speed

Bus    

 

 2+] 86 bytes wt
HS CRC16

 
1 byte w!
HS CRC16

1 byte wt

ilZSus microframc HS CRC16
 

Full

Speed
Bus

3 bytes 188 bytes

Figure 11-93. Example of CRC16 lsoehronous 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:

I If the TT is receiving a packet at EOF2 of the downstream facing bus, it must disable the downstream

facing port that is currently transmitting.

a If the TT is transmitting a packet near EOFl of the dowustream facing bus, it must force an abnormal

termination sequence as defined in Section 11.3.3 and stop transmitting.

I If the TT is going to transmit a non-periodic full-flow-speed transaction, it must determine that there is

sufficient time remaining before EOF] to complete the transaction. This determination is based on

normal sequencing of the packets in the transaction. Since the TT has no information about data

payload size for INS, it must use the maximum 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.

1122.1 Loss of TT Synchronization With HS SOFs

404

The hub has a timer it uses for (m icro)fi'ame maintenance. It has a 1 ms frame timer when operating at full-

flow-speed for enforcing EOF with downstream connected devices. It has a 125 1.15 microfiame timer when

operating at high-speed for enforcing EOF with high-speed devices. It also uses the 125 ps microframe

timer to create a 1 ms frame timer for enforcing EOF with dowustream full-r‘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 T1), 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 nonnally, 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 repeatedftransmitted upstream from a device atter the EOF2 point in any

(micro)frame. The hub must not establish upstream connectivity if it has lost (micro)fi'ame timer
synchronization since it no longer knows accurately where the EOF2 point is.

1122.2 TT Frame and Microframe Timer Synchronization Requirements

When the hub is operating at high-speed and has full-llow-speed devices connected on its downstream

facing ports (e.g., a TT is active), the hub has additional responsibilities beyond enforcement ofthe (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-llow-speed
operation).

A high-speed operating hub synchronizes its microframe timer to 125 tls 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 ofthe immediately previous microframe.

In order to create the 1 ms frame timer, the hub must successfiilly 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

2"] I). 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 ifit

misses zeroth microframe SOFs (as long as the microframe timer stays synchronized).

So in summary, the hub can synchronize its 125 its microfiame 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 its 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 'IT must only generate full-speed SOFs downstream when its 1 ms frame timer is synchronized.

Correct internal operation ofthe TT is dependent on both timers. The 'IT must accurately know when

microframes occur to enforce its microframe pipeline abortifree 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 tim er loses synchronization. In an error free environment,

microframe timer synchronization can be restored afier receiving the two SOFs for the next two consecutive

microfram es (e.g., synchronization is restored at least 250 ps after synchronization loss). As long as SOFs
are not missed, fi'ame 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 {0250-1250 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.

405
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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).

Must abort any buffered periodic startnsplit transactions in the periodic pipeline.

Must ignore any high-speed periodic start-splits.

Must stop issuing full-speed SOFs on downstream facing full-speed ports (and low-speed keep-alives

on low-speed ports).

speed ports.

Must not start issuing subsequent periodic full-llow-speed transactions on downstream facing full—flow-

Must respond to high-speed start-split bulkz'control transactions.

Buffered bulkfcontrol results must respond to high-speed complete-split transactions.

8. Pending bulkicontrol transactions must not be issued to filll-i’low-speed downstream facing ports. The

TT buffers used to hold bulkfcontrol 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-flow-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 microframefframe 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-flow-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 (afier high-speed transactions
continue). Then in less than 1 ms (assuming no errors), the flame timer will be synchronized and the TT

can start normal operation (including SOstkeep-alives on downstream facing full—flow-speed ports).

Microtrames

Yo YI

SOF

Y2 f Y1 Y4 . Y5 : Ya Ya {Y+‘l]n
2 i E l

s i

E : 2 _ ::‘ t f 5 5 E r

N” N” sor SOF 30F 50F SOF SOF50F 50F

V V Y

Lose Microtrame 8: Frame Microfrarne Timer Microframe 8. Frame

Timer Synchronization. lie-synchronized; Timer Synchronized.
Ignore start-splits Frame timer unsynchronized,

Ignore start-splits
Accept start-splits

Figure 11-94. Example FramefMicroframe Synchronization Events
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11.23 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:

- Device

0 Configuration

0 Interface

0 Endpoint

0 String (optional)

The hub class defines additional descriptors (refer to Section 1123.2). In addition, vendor-specific

descriptors are allowed in the USB device framework. Hubs support standard USB device commands as

defined in Chapter 9.

11.23.1 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-flow—speed. A hub

can report three different sets of the descriptors: one descriptor set for full-llow-speed operation and two

sets for high-speed operation.

A hub operating at full-flow-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 blnterfaceProtocol 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(l ), it will operate as a single TT organized hub. When the hub is configured with an interface protocol

of tW0(2), it will operate as a multiple TT organized hub. The TT organization must not he changed while
the hub has full»:’]ow~speed transactions in progress.
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Full-(Low-speed Operating Hub

Device Descriptor (full-speed information):

bLength

 

0200H 

bNumConfigw'ations

HUB_CLASSCODE (09H) 
 

Device_Qualifier Descriptor (high-speed information): 

 

 

 

 

bLength OAH l
bDescn'ptorType 6

.6ch83 200H i.—_____l

bDeviceCiass HUB_CLASSCODE (09H)

bDeviceSubCfass U

bDevfceProtocoJ' l (for single TT) or 2 (for

multiple TT)

bMaxPacketSizefl 64

bNumConfiguratfons l 

 

  

  

 

 
 

bNumInteifaces

 iConfi ration

bLength 09H

bDescrfptorType 2

wTorat'Lengrh N

 
 

 
bmA“ribmes

  
 

bMaxPower
 
 
  

The maximum amount ofbus

power the hub will consume in
fitIl—How—s eed confi uration

 

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: 

bfnteifaceNumber

09H

4

bA fiemafeSetfing

bNumEndpaints

 

—_
—_
——

Endpoint Descriptor (for Status Change Endpoint):

 
 

 

bDescrI'prorType 5 

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

bmAw‘t'butes Transfer Type = Interrupt
(0000001 1B)

wMaxPacketSize lm plementation-dependent

blmervaf FFH (Maximum allowable

interval)

Other_SpeedfiConfiguration Descriptor (High-speed information}:

bNumInfleaces l {for single TT) or 2 (for

multiple TT)

bConmr‘msz’

The maximum amount of bus

  
   

  
  

  power the hub will consume in
hi_h-seed confi uration    
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Interface Descriptor:

blengrh i 09H

 

  
 

bDescri'ptorType

blnterfaceNumber

bAItemateSetting

bNumEndDoims

  

  
 

 

 

bfnteifaceCfass HUB_CLASSCODE (09H) 

  

 

  

  

hinteifaceSubCIass 0

hinterfaceProtocal 0 (for single TT)

l (for multiple TT)

Hnterface ' 

Endpoint Descriptor (for Status Change Endpoint):

bLengIh 07H

5

 

 

bDescriptorType

bEndpoimAddress

wMaxPacketSr'ze

Interface Descriptor (present if multiple TT hub):

bLengIh

 

 
  

 

Implementation-dependent;

Bit 7: Direction = In(1)

Transfer Type = Interrupt

(000000] IB )
 

  

 

 
 

 
 

 

 Implementation-dependent

 
 
  

FFH (Maximum allowable

interval )

 

bDescriptorType 

bfnterfaceNumber 

bAhemateSetting 

bNumEndpoz'ms

blnterfaceCe'ass HUB_CLASSCODE (09H)

bInteifaceSabClass 0 

bfnteifacertocoi 

Unleiface   

ZTE/SAMSUNG 1008-0438

|PR201 8-001 10



ZTE/SAMSUNG 1008-0439 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Endpoint Descriptor (present if multiple TT hub):

  
bLengrh

bEndpoinMa’dress 1mplementation-dependent;

Bit 7: Direction= In(l)

bmArtribmes Transfer Type = Interrupt

(000000113 )

wMaxPacketSize Implementation-dependent

bfnterva! FFH (Maximum allowable

interval)  

High-speed Operating Huh with Single TT

Device Descriptor (High-speed information):

 
 

 

bDeviceSubCIass 0

bDeviceProtoco! l

bMaxPacketSizeO 64 

bNomConfigw‘ariom l 

 

bLengIh OAH

bDescripIorType

bchSB

bDeviceCiass

bDeviceSobClass

bDeviceProioco.’
 

bMaxPaeketszeO

 
bNumConfigurafions
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Configuration Descriptor (high—speed information):

bLength 

bDescriptor'Type 

wTotaHength 

bNumImerflrces

bConfi_ ration Value X

bmAttribates Z

 
 

 

bMamever The maximum amount of bus

power the hub will consume in

this configuration

Interface Deseriptor:

bLength 09H

bDescrfptorType 4

hinterfaceNumber

bA ItemateSetting

 
0 

bNumEndpoinis l 

bInterfaceCiaSS HUB_CLASSCODE {09H} 

hinterfaceSubCfass 0 

blnterfaceProtocoi 0 {single TT) 

Hmerfaee

bDescrfptorType

bEndpointAddress

bm/i ttribmes

 
Endpoint Descriptor {for Status Change Endpoint):

bLength 07H

Implementation-dependent;

Bit 7: Direction = In(1) 

Transfer Type = Interrupt

(0000001 13) 

wMaxPaeketSize Implementation-dependent 

blnter'vaf
 

FFH (Maximum allowable

interval)
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0ther_Speed_Configuration Descriptor (full-speed information): 

bLength  

bDescriprorType  

 

 

 

 

Interface Descriptor:

wTotaILength N

bNumIflterfaces l

bCorgfigm'ation-Valae X

I'Configw'arion Y
bmAttn‘butes Z

bMaxPower The maximum amount of bus 
hi ghvspeed configuration

power the hub will consume in

 

 

 

 

  bLength 09H

bDescriptorType 4

blnterfaceNnmber 0

5A IternateSem‘ng 0

bNumEndpoims 1

W

W—

W

Endpoint Descriptor (for Status Change Endpoint):

 
 

  
 

bLengt‘h 07H

bDescriptorType 5

bEndpointAddress lmplementation-dependent;

Bit 7: Direction =In(1) 

bmAm'ibutes 
 

 
 

wMaxPacketSr'ze

bInterval

 

 
 Transfer Type = Interrupt

(0000001 13 )

 

 

Implementation~dependent

FFH (Maximum allowable
interval)
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High-speed Operating Hub with Multiple '[Ts

Device Descriptor {High-speed information):

bchSB 200H

bDeviceClass HUB_CLASSCODE (09H)

bDevfceSubCiass 0

bLength 

  
  

  

 

 

 

  

 

 

 

 

bDeviceProrocoi 2 {multiple TTS}

bMaxPackenS‘izeO ' 64
bNumConfigw-ations 1

Devi ce_Qualifier Descriptor (fiJIl-speed information): 
 

 
  
  

 
 

  

bDescriptoi-Type

bchSB

bDeviceProtocoi 0

 

bMaxPacketSizeO  
bNumConfiguratians 

Configuration Descriptor (high-speed information):

09H

 

 
 

 

 
 

 

 

bLength

 
 

bDescriptorType

wTotaILengih

2

b”“”””“”f“m —
bConfi ran-Wane

bMaxPowei The maximum amount of bus

power the hub will consume in
this confi-uration
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Interface Descriptor:

 

bDescrprorType 

blnterfaceNumber 0

bNumEndpoinm

MmeifaceClass HUB‘CLASSCODE (09H)

0bfnreifaceSubClass

bInteIfaceProrocof 1 (single TT)

 

 

Hnterface i

 
Endpoint Descriptor (for Status Change Endpoint):

bEndpofmAddress Implementation-dependent;
Bit 7: Direction = 111(1) 

bmAm'r'bMeS Transfer Type = Interrupt
(000000] 1B) 

wMaxPacketSize Implementation-dependent 

bin-term! FFH (Maximum allowable

interval)

 
Interface Descriptor:

—0

bNumEndpoinis

 

 
  
  

  

 
 

  
 

 
  

 
 

 

blnteifaceCl-fiss HUB_CLAS SCODE (09H)

bfnterfaceSubClaSS 0

bfmerfaceProrocol 2 (multiple TTs}
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Endpoint Descriptor:

W

bEndpoinmdai‘ess Implementatiomdependent;
Bit 7: Direction = In(l)

bmun'butes Transfer Type = Interrupt

(000000113 )

wMaxPacketSr‘ze Implementation-dependent

 

  
  

  

 
 

  
 
 

 
bInterva! FFH (Maximum allowable

interval)

Other_Speed_Configuration Descriptor (full-speed information):

bLength 09H

bDescrr‘ptorType 7

wTotalLength N

bNumIm‘leaeeS I

bConfi ratio” Value X

iConfi; ration Y
bmA {tributes Z

mePower The maximum amount of bus

power the hub will consume in
hi h-s need confiuration

 
Interface Descriptor:

__
——

—_
—_
——
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Endpoint Descriptor (for Status Change Endpoint):

 
  bDescriptorType 5

 
 

 
 

 
 

 

bEndpor'nMddress Im plementation-dependent;

Bit 7: Direction = In(1)

 

 

 

bmAtrri'butes  

 
 

Transfer Type = Interrupt

(000000 1 IB)

wMaxPackersze Implementation-dependent

Miner-vat FFH (Maximum allowable
interval)

  
 

The hub class driver retrieves a device configuration from the USB System Software using the

GetDescriptorO device request. The only endpoint descriptor that is returned by the GetDescriptor(} request

is the Status Change endpoint descriptor.

1123.2 Class-specific Descriptors

11.23.21 Hub Descriptor

Table [1-13 outlines the various fields contained by the hub descriptor.

Table 11-13. Hub Descriptor

mum—
n—— Number of bytes in this descriptor. including this byte
— bDescrrptorType — Descriptor Type value: 29H for hub descriptor

bNbrPorts Number of downstream facing ports that this hub
suppons

wHubCharactertsti'cs DI. .:DD 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 3 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.
Individual Port Over—current Protection. The

hub reports over—current on a per—port basis.
Each part has an over-current status.
No Over-current Protection. This option Is
allowed only for bus—powered hubs that do not
implement over-current protection.
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mm“—

-bpwron2PwrGaad -
DeviceRemovabfe Variable

depending
on

number ot

ports on
hub

Variable PorthrCtrtMask Variable.
depending

on
number of

ports on
hub

DG...DS: TT Think Time

00: TT requires at most 3 FS bit times of inter
transaction gap on a full-llow-speed
downstream bus.

01: “IT requires at most 15 F8 bit times.
10: TT requires at most 24 F8 bit times.
11: TT requires at most 32 F5 bit times.

07: Port Indicators Supported
0: Port Indicators are not supported on its

downstream facing ports and the
PORTHINDICATOR request has no effect.
Port Indicators are supported on its
downstream facing ports and the
PORT_INDICATOR request controis the
indicators. See Section 11.5.3.

I315...DB: Reserved 

Tlme (in 2 ms intervals) from the time We 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. 

Maximum current requirements ot the Hub Controller
electronics in mA. 

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

Bit value definition:
DB - 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).

This field exists for reasons of compatibility with
software written for 1.0 compliant devices. All bits in
this field should be set to 13. This field has one bit for

each port on the hub with additional pad bits. it
necessary. to make the number of bits in the field an
integer muitiple of B.
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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 USE. The worst case

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

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

2. Completion times for standard requests with data stage(s)
Time from setup 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 "-14. Hub Responses to Standard Device Requests

bRequest Hub Response

CLEAR_FEATURE Standard

GET_CONFIGU RATION Standard

GET_DESCR | PTOR Standard

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

GET_STATUS Standard

SET_lNTERFACE 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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1124.2 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 SetHubDescriptofl) are mandatory.

Table 11-15. Hub Class Requests

CIearHubFeature 001000003 CLEAR_ FEATURE Feature
Selector  

CIearPortFeature 0010001 1 B CLEAR“ FEATURE Feature
Seiector

CIearTTBuffer 0010001113 CLEAR_TT_3UFFER Dev_Addr‘ Tr_purr
EPMNum 

GetHubDescriptor 101000003 GET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language Length
Descriptor ID

Index

GetHubStatus 101000003 GETg STATUS Hub
Status and

Change
Status

GetPortStatus 101000113 (SET_ STATUS

SetHubDescriptor 001000003 SET_DESCRIPTOR Descriptor Zero or Descriptor Descriptor
Type and Language Length
Descriptor ID

Index

SetHubFeature 001000003 SET_ FEATURE Feature
Seiector

SetPortFeature 0010001 13 SET_ F EATURE

GetTTState 101000110 GET_TT_STATE 'I'I'_F|ags

StopTT 001000113 STOPJT Port Zero None
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Table 11-16. Hub Class Request Codes

RESERVED (used in previous

Specifications for
GET_STATE)

Reserved for future use

GET_DESCR|PTOR

SET_DESCR|PTOR

CLEAR_‘|'|'_BUFFER 

RESETW‘I'I' 

GET__1T_STATE 

STDP__TT

 
Table ] 1-17 gives the valid feature selectors for the hub class. See Section 11.24.16 and Section 11.24.17 for a

description of the features.

Table 11-17. Hub Class Feature Selectors

cyuefimcmfleowee 

C HUB”OVERCURRENT

PORTWSUSPEND Port 2

PORT_OVER_CURRENT Port 3

PORT_RESET Port 4
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Table 11-17. Hub Class Feature Selectors (continued)

——

PORT__POWER 

PORTfiLOWflSP EED 

C_PORT_CONNECTION 

CwPORT_ENABLE 

C_PORT_SUSPEND 

C_PORT_OVER*CURRENT 

C_F'ORT_RESET 

PORT_TEST 

PORT_INDICATOR

 
11.24.2.1 Clear Hub Feature

This request resets a value reported in the hub status.

001000003 CLEAR_ FEATURE Feature Zero Zero
Selector

Clearing a feature disables that feature; refer to Table ll- 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 wVaIue is not a feature selector listed in Table l l-17 or if winds): or wLength are not

as specified above.

Ifthe 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.

00100011B CLEAR_ FEATURE Feature Selector Port Zero
Selector

The port number must be a valid port number for that hub, greater than zero. The port field is located in bits
7..0 ofthe winds): field.
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Clearing a feature disables that feature or starts a process associated with the feature; refer to Table 1 1-17

for the feature selector definitions. If the feature selector is associated with a status change, clearing that

status change acknowledges the change. This request format is used to clear the following features:

. PORT_ENABLE

- PORT__SUSPEND

. PORT_POWER

. PORT_lNDlCATOR

. C_PORT_CONNECTION

- C_PORT_RESET

- C_PORT_ENABLE

- C_PORT_SUSPEND

. C_PORT_0VER_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 1].] l 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 lS..3 ofthe wlndex field.

It is a Request Error ifw Value is not a feature selector listed in Table 1 1-17, if wlndex specifies a port that

does not exist, or if wLengrh 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 hu b's reSponse to this request is undefined.

11.24.23 Clear TT Buffer

This request clears the state of a Transaction Translator(TT) bulkz‘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 T1" with high-speed split transactions for full-flow-speed transactions to

attached fiJll-tlow-Speed devices.

001000118 CLEAR_T|'_BUFFER Devioe_Address, TT_port Zero
EndpoinLNumber 

lfthe hub supports a TT per port, then wlndex 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 wlndex must be
set to one.
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The device_address, endpoint_number, and endpoint_type of the full-ilow-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).

Ifthe hub is not configured, the hubs response to this request is undefined.

Table 11-18. wValue Field for Clear_TI‘_Buffer

Field  Bits 

 
  

  
 

 

 

 
3..0 ‘ Endpoint Number
10..4 ‘ Device Address
12..“ Endpoint Type

Reserved, must be zero

Direction, 1 = IN, 0 = OUT 
 

11.24.2.4 Get Bus State

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

11.24.25 Get Hub Descriptor

This request returns the hub descriptor.

101000003 GET_DESCR|PTOR Descriptor Descriptor Descriptor
Type and Length
Descriptor

Index 
The GetDescriptorO request for the hub class descriptor follows the same usage model as that of the

standard GetDescriptorO request (refer to Chapter 9). The standard hub descriptor is denoted by using the

value bDescriptorType defined in Section 1 1.23.2.1. 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 wLengi‘h bytes of the descriptor

are returned; this is not considered an error even if wLength is zero.

It is a Request Error if wVal'ne or windex are other than as specified above.

Ifthe hub is not configured, the hubs response to this request is undefined.
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11.24.25 Get Hub Status

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

acknowledgment.

 101DDOODB GETW STATUS Zero Zero Four Hub Status
and Change

Status

The first word of data contains wHubStattrs (refer to Table 11-19). The second word of data contains

wHubChange (refer to Table 11-20).

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

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

Table 11-19. Hub Status Field, wHubSt‘atus

Description

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

This field indicates whether hub power (for other than the SIE) is being provided by an external source or
from the USE. 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)

  
0V er—c Lll’l'Bl'lt:

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 7.2.12.1.

D = No over—current condition currently exists.
1 = A huh overvcurrent 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, wHubChenge

_
Local Power Status Change: (C_HUB_LOCAL_POWER) This field indicates that a change has
occurred'In the hub’s Local Power Source foldIn wHubStatus

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

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

 

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 I] when read.

Hubs may allow setting ofthese change bits with SetI-lubFeatureO requests in order to support diagnostics.

If the hub does not support setting of these bits, it should either treat the Setl—IubFeatureO request as a

Request Error or as a functional no-operation. When set, these bits may be cleared by a Clearl—lubFeatureO

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.

 
11.24.27 Get Port Status

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

 101000113 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 wPorIStaIus (refer to Table 1 1-21). The second word of data contains

wPortChange (refer to Table 1 1-20}.

The bit locations in the wPortStarus and wPorrChange fields correspond in a one-to-one fashion where

applicable.

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

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

Table 11-2]. Port Status Field, what-(Status

Description

Current Connect Status: {PORT_CONNECT]ON} This field reflects whether or not a device is currently
connected to this port.

[I = No device is present.
1 = A device is present on this port.

Port EnabledlDlsabled: (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.

[I = Port is disabled.
1 = Port is enabled.

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.

Over-current: {PORTgOVER_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 72.1.21.

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

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.

5—? Reserved

These bits return 0 when read.

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

I

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

Low- Speed Device Attached: (PORT_LOW_SPEED) This is relevant only it 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.

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.

Port Test Mode : (PORT_TEST} This field reflects the status of the port‘s test mode. Soflware uses the
SetPortFeatureO and ClearPortFeatureO requests to manipulate the port test mode.

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

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. 11.24.211.10. and 11242.13.

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

13-15 Reserved

These bits return 0 when read.

427

.3 _L

_L N

_s O 
ZTE/SAMSUNG 1008—0455

|PR2018-00110



ZTE/SAMSUNG 1008-0456 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

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_CONNECTlON) and CIearPortFeature(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 ofthe following:

I The port being in the Powered-off state

0 Receipt of a ClearPortFeature(PORT_ENABLE) request

0 Port_Error detection

0 Disconnect detection

- 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 1 1.5.1.4.

11.24.237.13 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_ENAB LE bit is set and the hub receives

a SetPortFeature(PORT_SUSPEND) request. This bit is cleared to zero on the transition from the SendEOP

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 ”.5.

11.24.2.7.1.4 PORT_0VER-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 oven-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(PORTflOVER_CURRENT) and ClearPortFeaturefPORTWOVER_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 “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 wHubSiatus) 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:

- Hub receives a ClearPortFeature(PORT_POWER).

I An overmcurrent condition exists on the port.

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

The SetPortFeature(PORT_POWER) and CIearPortFeature(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 ifthe attached device

is low-Speed. Ifthis 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_HIGHWSPEED

This bit has meaning only when the PORT_ENABLE bit is set and the PORT_LOWvSPEED 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_H]GH_SPEED) and ClearPortFeature(PORT_PHGH_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 (13), 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 11242.13 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.

11.24.2.7.1.1 0 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 GetPonStatus(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 1 1.5.3 and
] 1.24.2.13 for details on each indicator mode.

This field may only be set as a result of a SetPortFeature(PORT_INDlCATOR) request.

This field may be cleared as a result of a SetPortFeature{PORT_INDICATOR) request with Indicator

Selector = Default or a C]earPortFeature(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:

I A high power device is plugged into a low power port.

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

I An overcurrent condition occurs which causes software or hardware to set the indicator.

The PORT_0VER_CURRENT status hit will set the default port indicator color to amber. Setting the

PORTgPOWER 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. lfthere 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.

1. Host software would cycle the PORTwINDICATOR 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 CIearPortFeature(PORT*fNDICATOR) to the low-power port

(restoring the default color), begin cycling the PORT_1NDICATOR 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_1NDICATOR 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 ofthe status change bits with a SetPonFeatureO request for diagnostic purposes. Ifa hub

does not support setting of the status change hits, 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, wPori‘CIiauge

Connect Status Change: (C_PO RT_CONNECTION) indicates a change has occurred in the port's Current
Connect Status. The hub device sets this field as described in Section 11.24.2121

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

Port EnableiDisable Change: (C_PO RT_ENABLE) This field is set to one when a port is disabled because
of a Port_Error condition (see Section 11.8.1).

Suspend Change: (C_PO RT_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 Su3pend state. This field is set only
when the entire resume process has completed. That is, the hub has ceased signaling resume on this port.

{J = No change.
1 = Resume complete.

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].

U = No change has occurred to Ouer~Current Indicator.
1 = Over-Current Indicator has changed.

If the hub does not report overncurrent on a per—port basis, then this field is always zero.

Reset Change: (CWPORT‘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 1 1.8.1). 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:

I On transition from the Resuming state to the SendEOP state

- 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_0VER_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_O\/ER‘_CURRENT) request.

11.24.2.7.2.5 C_PORT_RESET

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

This bit will be cleared by a ClearPortFeature{C_PORT_RESET} request, or while the port is in the
Powered-off state.

1 1.24.2.8 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 St0p_TT request. This request is provided for

debugging purposes.

 101000118 GET_1T_STATE TLFlags 1T State TT State
Length

The TT_Flags bits 7..0 are reserved for future USB definition and must be set to zero. The TT_FIags

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

mm—m
'[T_ReturnFlags Bits 15.0 are reserved for future

USB definition and must be set
to zero. Bits 31.16 are for

vendor specific usage. 

Tl'_spec.ific_state Implementation dependent
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Ifthe hub supports multiple TTs, then winder must specify the port number ofthe TT that will return

TT__state. Ifthe hub provides only a single 'IT, then Port must be set to one.

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

It is a Request Error, if winder 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 wLengt}: 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’s response to this request is undefined.

11.24.19 Reset_TT

This request retums the transaction translator in a hub to a known state.

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 "IT can resume its normal

Operation. Reset of the TT is de-coupled from the other parts ofthe hub (including downstream facing ports

of the hub, the hub repeater, the hub controller, etc). Other parts of the hub are not reset and can continue

their normal operation. The downstream facing ports are 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 FSJ’LS devices are disrupted only during the reset time of the TT to
which they belong.

 

  

Ifthe 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 hubs response to this request is undefined.

11.24.2.10 Set Hub Descriptor

This request overwrites the hub descriptor.

001 000008 SET_DESCRI PTOR Descriptor 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

bDescriptoii-Type 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 h0st 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 fi'om 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 wLengrh 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’s 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 GethT_State. This request is provided for debugging purposes.

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

 

 
  

 

If the hub supports multiple TTs, then winds): must specify the port number ofthe 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, ifwindex specifies a port that does not exist, or ifwLengrh is not as specified above.

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

11.24.2.12 Set Hub Feature

This request sets a value reported in the hub status.

001000003 SET“ FEATURE Feature Zero Zero
Selector

Setting a feature enables that feature; refer to Table ”-1 7 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 w Value is not a feature selector listed in Table l 1-] '1' or if winder: or wLengIh are not

as specified above.

Ifthe hub is not configured, the hub’s 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.

001000118 SET_ FEATURE Feature Port Zero
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 windex field. The most significant byte ofwinder 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 1 1-17 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:

. PORT_RESET

o PORT_SUSPEND

- PORT_POWER

o PORT_TEST

- PORT_[NDICATOR

. C_PORTWCONNECTION*

- C_PORT_RESET*

o C_PORT_ENABLE*

I C_PORT_SUSPEND*

- C‘PORT_OVER_CURRENT*

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

Setting the PORT_SUSPEND feature causes bus traffic to cease on that port and, consequently, the device

to suspend. Setting the reset feature PORT_RESET causes the hub to signal reset on that port. When the

reset signaling is complete, the hub sets the C_PORT__RESET status change and immediately enables the

port. Also see Section 11.24.21] for further details.

When the feature selector is PORT_TEST, the most significant byte (bits 15.3} of the windex field is the

selector identifying the specific test mode. Table 1 1-24 lists the test selector definitions. Refer to

Section 7.1.20 for definitions of each test mode. Test mode of a downstream facing port can only be used in

a well defined sequence of hub states. This sequence is defined as follows:

1) All enabled downstream facing ports ofthe hub containing the port to be tested must be

(selectively) suspended via the SetPortFeature(PORT_wSUSPEND) request. Each downstream

facing port ofthe hub must be in the disabled, disconnected, or suspended state (see Figure 11-9).

2) A SetPortFeaturdPORT_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 11.123 and 11.24212) 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-USE 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__rnode, 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 ofthe parent hub to which the hub under test

is attached. This manipulation can consist ofone ofthe 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.

c) 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 he required as there is no parent
hub ofthe 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

Test Mode Description

2 H Test_K

3 Test_SEO_NAK

4H

5H

05H-3FH

40HuBFH

CDH-FFH

 

 

  

  
  
  

  

 

Test_Packet

Test_Force_Enable
Reserved for Standard Test selectiOns

  
  

Reserved

Reserved for Vendor-Unique test selections
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When the feature selector is PORT_INDICATOR, the most significant byte of the winder field is the

selector identifying the specific indicator mode. Table 11-25 lists the indicator selector definitions. Refer

to Sections 11.5.3 and 11.24.211.10 for indicator details. The hub will respond with a request error ifthe

request contains an invalid indicator selector.

Table 11-25. Port Indicator Selector Codes

Value Port Indicator Color Port Indicator
Mode

-Color set automatically, asdefined in Table 11-6

-—

The hub must meet the following requirements:

 

 

  
  

 

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

functional no—operation.

0 1fthe port is not in the Enabled or Transmitting state, the hub rnust treat a

SetPortFeature(PORT_SUSPEND) request as a functional no-operation.

o If the 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 iwaaiue is not a feature selector listed in Table 11-17, ifwindex specifies a port that

does not exist, or if wiles-gm is not as Specified above.

If the hub is not configured, the hub’s re5ponse 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

hulkfcontrol OUT and SETUP, hulkicontrol IN, interrupt OUT, interrupt IN, isochronous OUT, and
isochronous IN.

A.1 BulkIControl OUT and SETUP Transaction Examples

Legend:

(S): Start Split

(C): Complete Split

Summary of cases for bulk/control OUT and SETUP transaction

- Normal cases

Figure

—--
—-—
——-

HS 0UT!SETUP{S) smash - Figure A—2
HS OUT!SETUP(S) 3 strikes smash -Figure A—3
HS mum smash

HS DATAUJ' 1 3 strikes smash

HS ACK(S) smash Figure A-4

 

  
  
  

  
 
 
 
 
 
 

 

 Figure A~5
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HS ACK(C) smash Figure A—Q

HS ACK(C) 3 strikes smash Figure A—1 0 -

FSILS OUTISETUP smash -Figure A-11
FSILS OUTISETUP 3 strikes smash Figure A-12

FSILS DATAOH smash Figure A-11

FS/LS DATAOH 3 strikes smash Figure A-12

FS/LS ACK smash Figure A-13

FSILS ACK 3 strikes smash Figure A-14

 
O No buffer(on hub) available cases

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

Reference SimilarFigure

Figure

No smash[HS NYET)

HS NYET smash Figure A—19

 
o CS(Complete-split transaction) earlier cases

Figure A-ZD

HS NYET 3 strikes smash Figure A-21

0 Device busy cases

Case Reference Similar Figure

Figure
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HS NAK(C) 3 strikes smash Figure A-1O

FSILS NAK smash Figure A43

 

 FSILS NAK 3 strikes smash -Figure A44

0 Device stall cases

Figure

Figure A-23

HS STALL(C) smash Figure A-Q

HS STALL(C] 3 strikes smash

 

  
Host Hub dFS/PS_ ev1ce

(data toggle] (status) :(dala toggle)
0 Oldfx 0

5‘1 SSPLIT

S 1 OUTa’SETUP5l2

sh] ACK 5'11 Pendingi’x

wDATAD

kfi/i '
Readyz‘ack

0" CSPLIT c“

Oldfack

ch3 ACK ch3

Figure A—l. Normal No Smash
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Figure A-3. Normal HS DATAOH 3 Strikes Smash

4a

ZTE/SAMSUNG 1008-0471

|PR2018—001 1O



ZTE/SAMSUNG 1008-0472 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

Host Hub (ES/LSBVICC

(data toggIEJI (status) :(data toggle]
o 01de ' 0

311 SSPLIT

N’
W»5'“ DATAO

Nb
ACK "”911.--— Pendingfx

4____________

w
5:22—35:34

st I SSPLIT{retry}

N

5'“ DATAO Hub ignores this

& DATAD.shZ (Hub already has

AC“ mesdataa wDATAO

]

wfi/L
Readylack

CSPLIT

cll c"

Oldlack

ch3 ACK c113

Figure A-4. Normal HS ACK(S] Smash(case I)
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Host Hub 5.385%
(data tognlgllz)I (status) :(data toggle}

0 Oldfx I 0

a: SSPer S”

50 OUTISETUPSQ

ACK ___§lll——-- Pcfidlngfx

‘______________ w,
w %582-3534 1

k/fif/
stl SSPLlTlretry} Readyfack

N.
wsfl DATAO Hub ignores this

Na“ DATAB-
ACK sh2 __ (Hub already has

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

TRANS ERR
se2->se4

m SSPLIT{retry)

N,

at“ DATAO

N,
Hub ignores this

1 DATAO.
AQKfl_______5ll“_——v- (Hub already has

‘-------- this data.)

TRANS ERR
se2-bse5

w

Figure A—6. Normal HS ACK(S) 3 Strikes Smash
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OU'I‘ISETUPm2

SSPLIT

OUTKSETU P5L2
DATAO

ACK

CSPLIT(reIry imm.)

ACK

caE—>ce3

sll

sl2

sdl

sh]

ct]

cl]

(:12

ch25

ct

TRANS ERR

Host

(data toggle)

Figure A-7. Normal HS CSPLI'I‘ Smash
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Host Hub SIS/LSBVICB

(data toggle)l (status) :(data togglc)
0 Oldfx 0

stl SSPLIT 5:1

I St“ DATAO 5d]

sh] ACK shl Pending6:

%DATAO

+ 1

4%
Readyfack

c” CSPLIT

:12 OUTKSETUP "“
\

Hub ignores this
OUTISETUP.

(no match the
address field.)

TRANS ERR
cc2—>co3

CSPLIT(retry imm .)

:0 OUTISETUP "“

\
Hub ignores this
OUTISETUP.

(no match the
address field.)

TRANS ERR
ee2->oe3

cu CSPLIT(retry imm.)

Hub ignores this
OUTISETUP.

(no match the
address field.)

mam
0:320:34

w

Figure A-8. Normal HS CSPLIT 3 Strikes Smash
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Figure A-IZ. Normal FSI’LS DATAOI’I 3 Strikes Smash
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Figure A-IS. Normal FSILS ACK Smash
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Universal Serial Bus Specification Revision 2.0
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Figure A-l7. No Buffer Available HS NAK(S) 3 Strikes Smash
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Figure A-18. CS Earlier No Smash (HS NYET)
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Figure A-l9. CS Earlier HS NYET Smash(case I)
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Figure A—ZI}. CS Earlier HS NYET Smash(case 2)
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Figure A-ZI. CS Earlier HS NYET 3 Strikes Smash
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Figure A-22. Device Busy No Smash(FSi‘LS NAK)
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Host

(data toggle]I
0

Universal Serial Bus Specification Revision 2.0

Hub FS/LS

. (status) I . dance
I I .[data toggle)

i 0wa E I 0

W,I i E
- | I

5'1" DA FAD Ed] I I I
p I I I

shl ACK sh] E Pending): E E

i a%i
i E DATAO i
: ENI
I I k/E’fli/ I
i Readyfslall E iI I I
I I I
I I I

w.I i E
I Oldfslal] I :

W: i :I I II I I

ENDPOINT HALT I I I

Figure A-23. Device Stall No Smash(FS.-’LS STALL)
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A2

Legend:

(S):

(C):
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Universal Serial Bus Specification Revision 2.0

BulkiControi IN Transaction Examples

Start Split

Complete Split

Summagg of cases for bulk/control [N transaction
0 Norm 3! cases

Reference

fig u re

HS ACK(S) smash Figure A~27

Similar figure  

 

 
 

  
 
 
 

Figure Aw25

Figure A-ZB 
Figu re A-28

HS ACK(S) 3 strikes smash

FSi'LS IN smash Figure A-34

  
 

 

FSr'LS IN 3 strikes smash Figure A-35 

FSi'LS DATAOII smaSh Figure A—3B 

FSILS DATAOII 3 strikes smash Figure A-37
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Universal Serial Bus Specification Revision 2.0

FSILS ACK smash Figure A—3B 

FSILS ACK 3 strikes smash No figure 

N0 buffer(on hub) available cases

figure

No smash(HS NAK(S}} --

HS NAK(S) 3 strikes smash --

CS(Comple1e—split transaction} earlier cases

Reference Similar figure

figure

No smash(HS NYET} Figure A—42 -
HS NYET smash Figure A413

  
 

Figure A—44 

HS NYET 3 strikes smash No figure

  
Device busy cases

Case Reference Similar figure

figure

N0 smash(HS NAK(C)} Figure A45

 
 
 
 

  
 

HS NAK(C} smash Figure A-32 

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

FSILS NAK smash Figure A-3B 

FSJ'LS NAK 3 strikes smash Figure A-37
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Universal Serial Bus Specification Revision 2.0

0 Device stall cases

figure

———
—-—

—-—
—-—

 

  
  

  

 

 

Host Hub

(data tugglc)l (stains)

0 01de

5” SSPLIT

w
w.

chS

I I
I I I
I I II I l
I I I
I I |
I I I
I I I
l I I
I I I
I I I

I I , I
: sh] ACK 5h] : Pendingfx :
: : :l I I

I I I
I I I
I I I

: : : DATAOI I I
I I I

i E Ready/data E ACK
: : 1N
I I I

IW.I II I I

: “2 IN ca : :

I DATAO I Oldldata i
: : :I I |
l I |

s : I

Figure A-24. Normal N0 Smash

FS/LS

device
:(data toggle)
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Universal Serial Bus Specification Revision 2.0

FS/LS

device
(data toggle)

IN

DA'I‘AO

ACK

(no match the
address field.)

all

312

SM

ctl

c12

SSPLIT(retry)

CSPLIT

DATAO

IN

ACK

IN

all

12

shl

ct]

all

chS

Figure A~25. Normal HS SSPLIT Smash
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Universal Serial Bus Specification Revision 2.0

Host Hub FS/.LS
' s

U i Oldfx U

E ---.—5_”_____S_S_PLIT
E St? 1N ______’
E\ Hub ignores thisI IN.

E (no match the
: address field.)

E TRANS ERR
: se4->se2I
I

E -_-_5_”_____S_SPLIT{ren-y)
stl IN ________+

Hub ignores this
IN.

(no match the
address field.)

se4->se2

Huh ignores this
IN.

(no match the
address field.)

TRANS ERR
se4—bse3

E>Za: mg

BN'DPOI'NT HALT

Figure 11-26. Normal SSPLIT 3 Strikes Smash
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Figure A-Z'T. Normal HS ACKfS) Smash(case l)
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Universal Serial Bus Specification Revision 2.0

Host

(data toggle) Semu.L.m”on1....V.tSem

deo1mm

mmmDAa
xmbon”,Myduunfmxmm.Hm.wmm0PR
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Figure A-29. Normal HS ACK(S) 3 Strikes Smash
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Figure A-30. Normal HS CSPLIT Smash
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Normal HS CSPLIT 3 Strikes SmashFigure A-3].
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(data toggle}

FS/LS

device

IN

DATAO

ACK

Hub

(status)

Oldfx

cl]

(:12

cd

Universal Serial Bus Specification Revision 2.0

51]

512

shl

ct]

ctE

I I In“ ‘ -

CSPLIT

CSPLIT(rctry imm.)

DATAO

SSPLIT

IN

IN

ACK

ccfi->cc4

IN

ctl

ct2

chS

TRANS ERR

Host

[data toggle)

Figure A-32. Normal HS DATAWI Smash
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Universal Serial Bus Specification Revision 2.0

FSILS

device
Host

(data toggle)
MggmM

anI0

MKACNBAammma.mwmmmamDPR0

IJ,I1.;IImImImmmmmflmafia"wmqmflImImITwm"mmummummmm.mM.nM.nSSSfimACmD"cmnnCWDan.ma.em.mam.__.r3__2lll ISawIISaw]I8&1amhsum.-mmmm.-mmam_.mamRCTCT.m5

0

Figure A—33. Normal HS DATAGII 3 Strikes Smash
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Figure A-34. Normal FSILS IN Smash
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Figure A-35. Normal FSJ'LS IN 3 Strikes Smash
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Figure A—36. Normal. FSILS DATAOJ'I Smash
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Figure A-37. Normal FSJ'LS DATAOJ'I 3 Strikes Smash
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Universal Serial Bus Specification Revision 2.0
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Figure A-38. Normal FSI'LS ACK Smash
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Figure A-4l]. No Buffer Available HS NAK(S) Smash
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Figure A-42. CS Earlier No Smash(HS NYET)
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See,mgVm86m

den1
M

T.Kmmm

0.2nm”mw

RIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
m

Hxmm.WMMnNmfluxiv.d.wHmwmmwD.OPRO
S

sIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
u

.Ima_.nHamHam".mnaAM55SCC0.“.WC0Cm,,maT.HT._.HM.mmmnW“mMSSU%mACmN__RCmD.Rd._m“E;lI..l36I53mmmom."Nmmm.m.“m4T0.l
Host

(data toggle}

Figure A—43. CS Earlier HS NYET Smash(case l)
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em;(“mSem

Fdwo1
mm

mmmDA

0.2nD“mVe

RIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
m

n]atx4|.m.wmwmmmIX.1FduHmwmmWD.0PRD
S
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Host

(data toggle)

Figure A-44. CS Earlier HS NYET Sm ash(case 2)
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emSr.WmmfimSEM

den.l
M

MmmmNmDAkmbaa,mummm.mm“mxmW.nm.W.mHmwmmwmaw0PROPRO.l .ll2.l.l.lmmmmamaWammammdcmTnHnmIILmmmmmmwmSWACmNSmACmDmphmmp“w.mmmmwm0I
Host

(data toggle)

Figure A-45. Device Busy No Smash(FSfLS NAK)
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Host Hub FS/LS
d tat l I I device

I: a ogg 6): I (s a US] I :(data toggle]
0 I I 0wa i I oI

5%.i E iI I | I

I 5”” I“ so : : :
I I . I I

E sh] ACK 5'11 E Pcndmghc I iI I I I
I I I I
I I I I

I I I IN II I l I

I I I\>II I I I

I I I STALL :I I I I

I : :/:
I I Readyfstall I II I l I
I- I I I
I I I I

I I I I

E%’E E i
: Cl2 [N all : : :l I I I

I I I I

IW: Oldrstall ; :I I I I

1 I I I I
: ENDPOINT HALT : g I

Figure A-46. Device Stall No Smashfli‘SiLS STALL)
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A.3 Interrupt OUT Transaction Examples

Legend:

(S): Start Split

(C): Complete Split

Summggg of cases for Interrupt OUT transaction

' Normal cases

Reference Similar Figure

Figure

No smash Figure A447

(FSILS handshake packet is done by NIH}

HS SSF'LIT smash -Figure A—43
HS SSF'LIT 3 strikes smash No figure -

Figure A-48

 

 
 
 

  
 
 

 
HS OUT(S) smash

HS OUT(S} 3 strikes smash

HS DATfititiir 1 smash Figure A48

HS DATAOH 3 strikes smash No figure

HS CSF'LIT smash Figure A—4Q

HS CSF'LIT 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

FSILS OUT smash Figure A—53

FSILS OUT 3 strikes smash No figure

FSILS DATADH smash Figure A—53

FSILS DATAOJIr 1 3 strikes smash No figure

FSILS ACK smash Figure A-54
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l FSILS ACK 3 strikes smash | No figure I I

O Searcing

Reference Similar Figure

Figure

—--

I CS(C0mplete-split transaction) earlier cases

Case Reference Similar Figure

Figure

No smash (HS NYETand FSILS handshake Figure A-56
packet is done by M+2)

No smash(HS NYET and FSILS handshake Figure A-57
packet is done by M+3)

HS NYET smash Figure A-58 _
HS NYET 3 strikes smash Figure A—59 -

I» Abort and Free cases

Case Reference Similar Figure

Figure

No smash and abort {HS NYETand FSILS Figure A-BO
transaction is continued at end of M+3)

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

o F SELS transaction error cases

Case Reference Similar Figure

Figure

 

  
 

 

 
 

HS ERR 3 strikes smash -Figure A-52
 

0 Device busy cases
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Case Reference Similar Figure

Figure

HS NAK(C) 3 Strikes smash -Figure A-52
FSJLS NAK smash -Figure A~53

I Device stall cases

Reference Similar Figure

Figure

Figure A-BS

HS STALL((C) smash Figure A-51

 
   

HS STALL((C) 3 strikes smash -Figure A52
FSILS STALL smash -Figure A—53 
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Host Hub FS/IJS
d t i (SS: start sp. status devnce

I a 31033 all I CS: camp. sp. statfls) :(dam toggle)
o SS:FreeI'x 0

uFrame M 5” SSPLIT

‘_——_‘_____—___h*—Ei_d.

5'” DATAO

w

I I
I I I I
I I I |
I I I I
I I I I
I I I I
I I I I
I I I I
I I I II I I I
I I I I
I I I I
I I I I
I I I I
I I _ I I
l : SSzPendIngI'x I g

_________ y—fi4———_____—F—LA-——__wm‘—u1—————-~w‘———-T————Lp4—n—————————————————1—————————
uFramc M+I E : : OUT :

I I I\bI
I I I DATAO I

E E i ‘5 i 1

: E C82Readyfack E i
————————— L——————¢_-—--—n————————¢.o—n—————1———————.——————T—————-.—————————————————————'I—————____

uFramc M+2 i Cl] CSPLIT I I I

:N,: I :
Iw, E 5
I
I I I I
| | CSZOldI'raCk I I

I II; ACK “‘1 I I II I I I

I I I I II I I I

————————— f———————————————————————————|—————————————T———-—————_—_—_—.—~________n——|lo-—_______
uFrame M+3 Ii Host does not issue 2nd CSPLlT, E CS1FreeI'x I :

i because host already receives ACK : 1 :
: on previous microframc. : : :
I I I II I I I
I I I II l I I
I I I I
I I I I
I I I I
I I I I

“““““.‘“"""““'“""""“"I'""'"'""1""“"""""“""“""T““"“'
uFrame M+4 : Host does 1101 Issue 3rd CSPLIT, : SS:Frecfx : i

: because host already receives ACK : : :
l on previous microframc. : : :
I I I II l I I
I I I I
l I I I
I I I I
I I I I
I I I I

————————— Il-———————_______...-n_.-—.—_______—:————u-____—..—-—.Il-———__....____.-.-.————....__..-_u-———:——._.___._.__
uFrame M+S : : : i

Figure A-47. Normal N0 Smash(FSfLS Handshake Packet is Done by M+1)
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\I.________Scum”________
__

mkmb__unIn__Svt:nHIw“
em
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Host Hub FSI’LS
d t t | (SS: start sp. status device

I a a 083 e): i CS: comp. sp. status} I(data toggle)
I] I I SS:FreeI'x I i UI I I I

uFrameM EW.I I II I I I

: 5‘2 0"” sa I I II I I I

I 5'11 DATA” SIII I I I

I I SS:PendingI’x I I
"""""I'""'"'"""""""""'I""'""""T"""""'""""“"""I"""“"

uFrame M+l i : I OUT I
I I IxI
I I I DATAU II I I I

I I I ’ I lI I I ACK I

I I :/I
I I CS:Ready!ack I I

.........IWWW-m...”“Hanan—“n“.—._...I___....__.__._J',__.._______.—______________I_________

uFrame M+2 I ._____C_ll__h CSPLIT I I I
I ----------------, I I I

Ik.i i ‘
I I I I

I IHub ignores this I I
i IOUT because no I I

E TRANS ERR Imatch the address I E
I eel->ccfi I I II I I I

I I I I

I c” CSPLIT[retryimm.) I I I

IN,I I II I I I

i “‘3 0‘” I I II I CS:OldJ'ack I |

IWI 5 Il I I | II I I I

—————————I——mm"mm-m------J.-------------+--------------------------+--------
uFrame M+3 I Host does not issue 2nd CSPLlT, I CS:FreeI'x I I

I because host alreadyr receives ACK I I I
I on previous micmframe. I I i
I I I II I I l

---------r----'“""unnn“nu-'1"-“nu""Tun“"“""‘"‘“"'””"“"*"I"""""

uFrame M+4 I Host does not issue 3rd CSPLIT, I SSIFreehs I I
I because hostalrcady receivesACK I I I
I on previous micmfi‘arne. I I Il I I I

Figure A49. Normal HS CSPLIT Smash
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Host

(data toggle)

O

uFrame M

uFrame M+l

uFrame M+2

uFrame M+4

Universal Serial Bus Specification Revision 2.0

5“ SSPLIT

512 OUT

h_—_———H~‘_—___———-—fli_*._
_ sdI DATAO 5h]

___ at] C

TRANS ERR
ct: ] ace!)

TRANS ERR
eel—)ce5

ENDPOINT HALT

Host does not issue 2nd CSPLlT,
because this endpoint is already
ENDPOINT HALT‘

Host does not issue 3rd CSPLIT,

because this endpoint is already
ENDPOINT HALT.

__-—_-1------a-__-___________________________________-—___-—-—___----r--_____________f_________________ 9.

SPLIT

:12 OUT _____
\—>

st]

p _______‘_‘_--—--_----__-_______________________________L——————————-—---$----_—___________
______J______L

Hub

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

SS:Free:’x

SS:Pendinglx

CSLReadyiack
--+-ah-——_________+_________________

Hub ignores this :
OUT.( no match :
the Address field):I

Huh ignores this I
OUT.( no match i
the Address field):

Hub ignores this I
OUT.( no match :
the Address new):I

_-_---4______+__________

FS/LS

device
:(data toggle)

C

________-___--_+-_-----_--______

__..._-......-......._--..-—......__________________________________.L
______J

Figure A60. Normal HS CSPLIT 3 Strikes Smash
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Host Hub FSI'LS
d t t 1 (SS: start 313. status device

[ a a 02°53 3), I CS: comp. sp. status) :(data toggle)
0 SS:FreeI'x 0

uFrame M w.
512 OUT 513
5‘51 DATAD

SS:Pendinng

I II I I I
I I I II I I I
I I I II I I I
I I I II I I I
I I I II I I II I I I
I I I II I I I
I I I II I l I
I I I II I I I

————————— :——fitflu—anouonnnufinnnuuh—nm—‘Iun-fifio-‘n—“mbfiuTan————————————_———_————————:——————_—_
uFrame M+l I I I OUT I

I I I\bI
I I I DATAD I

I I INI l
I I I ACK I

I I I/I
I I CS:ReadyIaek I I

mmmmmmmmm fumfinnv-Afi—Mn—unwnomowmwow-buta—‘wufi-p-‘r—munn-nu—bé—h————¢-————————_—_——————————:—————___—
uFrame M+2 I CSPLIT I I II 011 I I I

I ell I I I

I .2 I I I

I*>I I I
I ACK _EI,‘_2._....— I CS:O]dI’ack I I
I 4"""""""""" I I II I I I

I TRANS ERR I I II I I I
I eel->eefi I I II I I I
I I I I
I I I I

I CSPLIT[retryimm.} I I II '3” I I I

:N.I I I
I “2 OUT u: I I II I I I

I I I I
I an ACK ““2 I I II I I I

1 I I I I_________ r-"______"____'_-_-_--_-_--'I-'-___-______T---_-__________-_-_-_______I_------'--

uFrame M+3 I Hus! clues nol issue 2nd CSPLIT, I CS:FreeI‘x I I
I because host already receives ACK I I I
I on previous mieruframe, I I I
I I I II I I I

————————— r—————————————————I————————-—‘I—-————————————T-————-—I——I——-Lmfimtn—fifi—n——_—_—:_—_—_————
uFramI: M+4 I Host. does not issue 3rd CSPLIT, I SS:FreeI’x I II I I

I because host already receives ACK
on previous mierofi'ame.

Figure A-Sl. Normal HS ACK(C) Smash
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because this endpoint is already
ENDPOINT HALT.

Host Hub FS/LS
{data toggle] (SS: start Sp. status device

I I CS: comp. Sp. statIIs] I(data toggle)
O I I SS:FreeI’x I I 0I I

uFrame M I stl SSPLIT 5” I I II I I I

Iw.I E II I I I

I 561 DATAO sh] I I II | I I

I I SS:PendingI'x I I————————— +———-———-———-————-——-——-——-q--—---———---—+-——-----—--————-—-————----q---—-—---

uFramc M+l I I I OUT I
I I I\>I
I I I DATAO II I I I

I I INI l
I I I KEEP—I, I
I I CS:Ready!ack I I---------

uFramc M+2 I c” CSPLIT[reIryimm.) I I I

:N’I : I
I*II i iI I _ I I

I ACK #__EIlZe—-- I CSDldfack I I
I 4---------- I I II I I I

I TRANS ERR I I I

I am I I II I I I

I CSPLITLretryimm.) I I II ctl I I I

IN,I I I
I I I II I l I

I ACK 1112.--- I I I___________ I

I "W i i I
I TRANS ERR I I I
I cel~>ce6 I I II I I I

I c” CSPLIT(retry imm.) I I I

I all OUT m I I I
I i E E
I ACK “”913..." I I I
I 4----------- I : I
I I I I
I TRANS ERR I I I
I Del->ce5 I I I
I ENDPOINTHALT I I I---------k-—-----—--—------—--~-«---q------——-————+—-—-»n-—-—---—--—-—--—---—4---—-----

uFramc M+3 I Host docsnot issue 2nd CSPLIT, I CS:Frch'x I I
I because this endpoint is already I I I

_________I_F;UDP91UIJlél_—_T;____-_‘__w-1'___W_________I____#________F-"_____-_____:___q_____
uFrame M+4 I Host does not issue 3rd CSPLIT, I SS:Freefx I II I I I

I I I II I I I

Figure A-52. Normal HS ACK(C) 3 Strikes Smash
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498

Universal Serial Bus

uFrarnc M+ID I311 CSPLIT cl
q—_——_———_—_—_‘————l__._
%

A(j( ch3

.‘,;Ia,__———————---‘

Host

(data toggle)I II I

0 I II , I

uFrame M I 511 33pm [‘ S“ I| 3 I

: 51— OUT st? :
I sdl DATAO II SM I

I § II I
I I

_________+__________________________4

uFrame M+l I I
I II I
I I
l I
I I
t I
I I
l I
I I
l I
I I
I I

————————— h—————————-————————-———————4

uFrame M+2 I all CSPLIT :11 II I
1

5 m— OUT mg aI I

I ERR cm I

I“—————___————————____-I
I :
I TRANS ERR on FSIjLS I
I ceZ-bce3 I

_________I—""""""""""""'I
UFT‘dfl'lC M+3 I Host does not issue 2nd CSPLIT, I

I because host already receives ERR I

_________I_en_er_exi_uys_91_ig£fi2r_n§;________JI

uFrame M+4 I Host does not issue 3rd CSPLI'I‘, I
I because host aiready receives ERR I

_________1.9njarsxofimjeryframs-____,__"J

_________ I__________________-__,-II“IuFrame M+8 ' I

I S“ SSPL1T{retry) I
I ———____——_________jfl__.hI
I I

I 5‘2 OUT SIZ II SH I

IwII I
I I

--------- I----------------------------I
uFrame M+9 I I

I II I
I II I
I I
I I
I I
I I
I I
I I
I I

_________L__________________________JI
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Specification Revision 2.0

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

CS: comp. sap. stath) I(data toggle)
SS:FreeJ’x 0

SS:Pendingfx

OUT

___—__—__BEEE;5“"—-*-
unun.....>
TRANS ERR

CS :Readyz‘transierr_____________+__________________________

_____________+________________ ~--___-1_______________l________________
CS:OIdftr'dns e :1________

SS:Fendingfx

CS:Readyfack

CSZOldJ'ack

———-—————-—-——F--------F------—-F~h---h---—k-———————— _______________L_______________L_______________L_L______L______L___________
Figure A-53. Normal FSIILS DATAGI’I Smash
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Host Hub FS/LS
d 1 (55: start sp. status device

I ate Iugg e), I CS: curnp. Sp. status) :(data toggle)
0 SS:FreeIx 0

uFrame M 5‘1 SSPLIT st
‘——_—_——————__—————l__._

3‘“ DATAD

N}
SS: Pendingx’x

L________________
uFrame M+l ___________+________________

CS:Readyltransj_efiRANS ERR
+__-____________

uFrame M+2 9“ CSPLIT

h_———__—__—___———J1L_ib

ERR eh4

“_;Ei—————_—P-____-—__
TRANS ERR on FSILS

ce2—>ce§

lust does not issue 2nd CSPLIT,

because host already receives ERR

If I l l lII lIIII+II I I IIIIIIIIIIIIIIIIl I I III

CS:Old:’trans__e _________q________
Host does not issue 311:] CSPLIT,
because host already receives ERR

uFrame M+3

S” SSPLIT(retry)

—_-_____—___—__———ffl__..

5‘“ DATAU

N5“ SS:Pendingfx

uFrame M+9

EDevice clues
NI not receive

gthis data.
/:Data toggleCS:Ready)'ack Iis still ‘ l’.

p~—wu---—_—_—_—r______—————————r-rn---_P—__—__h————————-——-----_-*______————-——-1_--______________
uFrame M+lD

C” CSPLIT c
N.
w»

ACK ch2

M

Figure A-54. Normal FSILS ACK Smash

CS:Old!‘ack

8
r5
3.‘S.o5{-9 E2‘oE"F ____________---L--_____________L______-______--L-L------L----__L_______________---x---____________L________--_---___ _____-—--——————h—_————__———__—_p—__——-—————————p—+——————p—————_p
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(SS: start Sp. status device
(data toggle]l I 08' com 5 status) II I - Pv P‘ I [(data toggle)

0 I I SS:FreeI"x I I 0I I I

uFrame M I S” SSPLIT S” I I II I I I

Iw.I I EI , I I

I 5'“ D“ A0 shl I I I
I I I I
I I SS:Pendingfx I I

————————— +————--—---------——-————---q---—--—————--+-————--—-—-———--—------———1-~«-—----
uFrame M+l I I I OUT I

I I I\.I
I I I DATAU II I I I

I : INI 1I I I ACK I

I I I/I
I I CS:ReadyI’aI:k I I---------+

uFramc M+2 I ctl CSPLIT I I II ct] I I I

I 012 I I I
I OUT a2 I I I

I IDoes not match IIIEEI I
I ICSPLIT on first I I
I Ientry of CS.Then I I
' 'HUB does not I II TRANS ERR I I I

II eel a>ce6 Irespond any packetI II
I I I I
I , . I I I
I c” CSPLH {retry Imm.) I I I
IN,I I I
I “2 OUT 0.2 I I I
I I I II -, I , I I

I chZ ACK l3I'l-- I CS.0]d}ack I I
I I I I II I I I

_________I’__——_——_-‘—_--_-_____-____'I-‘—_-_-__———_T‘—_____________________-_-"I""--_____

uFrarne M+3 I Host does not issue 2nd CSPLIT, I CSLFreefx I I
I because host ahead).I receives ACK I I I
I on previous mieroframc. I I I
I I I II I I I

---------+-—-—————--—--——--F-'~-‘“‘--"-~‘-"-—--I———----—-—-——+—--—-—-—--"---H-~v~-v--——-—-----I------”‘—-r
uFran-Ic M+4 I Host does not issue 3rd CSPLIT, I SS:Frce.-’x I II I I I

because host already receives ACK
on previous microframe.

Figure A-55. Searching No Smash
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H t HUI) FS/LSOS .
(SS: start sp. status dev1ce

(data toggle) CS‘I i . comp. 3p. slath) :(data toggle}
0 I I SS:FreeJx II I I

uFrame M E St] SSPLIT 51] E i
' 5‘3 OUT ' '

(II

I I I

I : SS:Pendingfx I
"""""I'"""""""'-"""""'I""""“"'I

uFrame M+l : : :I I I
I I I
I I I
I I I
I I I
I I I
I I I
I I I
I I I
I I I
I l' I
I I I

"""""I'""""""""""""""I""""“"'IF +2 I]

u rameM IwE CSIReadyI’acl-c E
: 612 OUT ca : :

IW-: :. I II I I
I I I

————————— r—n.n-—-v—~_———_———————————————_:_——————————_—t
uFrame M+3 : ct] CSPLIT : :

:N,i iI ’} I l

I I I
I I CSIOldJ'ack I

I ch2 ACK Ch: 5 E
1 I I II I I

*********I""”"‘""”"""““"“"I""""'““I
uFrame M+4 : I-Iost does not issue 3rd CSPLIT, : SS1FreeJ'x :

: because host already receives ACK : CS:F]-celx :
: on previous microfiame. : :
I I II I I
I I I
I I I
I I I
I I I
I I I

“““““I""‘““““"“‘“““““‘I‘““““"“‘T
uFrame M+5 : i i

 
Figure A-Sfi. CS Earlier No Smash(HS NYET and FSJLS Handshake Packet is Done by M+2)
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1._____macaw.“u_____w__,m.mwn_nn_,SVI"nnnhem____.deonnuInuIIIIIIIIIIIIIIIIII._.IIIIIIIIIIIIIII._.lllllllllllllll._.IIIIIIIIIIIIIIII4IIIIIIIIIIIIIII._III__.____t____h____~____ah___w____uA______uuuun_U_nuAunn"mTKHn__AC__n".6DAu_a”nnn_n2______nunnun.m_.___.mnhnnnV.M_u___eIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIRmmMM,_,k.mr"nms.m.__m__.w8m;gnu.__I._um»_tbu...H.1,__Va_..vma_;.Ma“Sn—16dfi__.M.3”W.6wmem_F_e_ml_m.1HM.HP_._R_FO_F.mmm..‘_.p_.__...._..e.._.SS“__S.5S_SS5C*n___mllllllllllllllllllw.IIIIIIIIIIIIIII._qIIIIIIIIIIIIIII.n.uuuuuuuuuuuuuuuu.uIIIIIIIIIIIIIII.“IIIB.____I&_nnuna.l.552llI.l2I2Iammwm"am.mmua.mmumwM__s_nnnnmT0u“T"T“Tw
r

l__I_l_l,arm"RTm"me“nTxfinSUA__SUm_SUV1_SUC~USOD"“CO"CON“COA______._____.l2.ln"I26"I.26".l9.2uu.q,d.n_mahe"amm"mu.m__________________.I. IIIIIIIIIIIIIIIIII.u.IIIIIIIIIIIIIII.0.IIIIIIIIIIIIIII.u.IIIIIIIIIIIIIIII.flIIIIIIIIIIIIIII._TIICl1twoI"a"a"a“H.MDM_M_M_M__M.MMc“e"B“e"c"eHmm_m"mL“m_mr.H_HIn.fi.fi_FuUuuUU
|PR2018—001 1O
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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

d t t l {SS:slartsp.sta1us device
I a a 033 e): I CS: comp. 5p_stat}ls) :(data toggle}

0 : I ss;FreeIx lI I I

uFrame M : sIl SSPLIT s” I :
I\’| |I 7 I I

I I I

I 5d] DATAG shi I I
I ’ I I
I I SS:Pendinglx I

————————— +——————————————————-———————1————--———--——¢
uFrame M+l I I I

I I II | I
I I |
I I I
I I I
I | l
I I I
I I I
I I II I I
I I I
I | I

"""""f"‘""‘"“"""'""“"I"'"""""I
uFrame M+2 I C” CSPLIT I _ I

: on I CS‘ReadyI'ack I
I OUT I II I I

i NYET ”915.--- E E
:-4--------- : II I I
I I I

: TRANS ERR l iI I I

: eel-beef) : I

I c” CSPLIT{retry imm.) : i

IN.I II I l'

I “a ()U1‘ cm I II I I
I I I
I 5 I I

i.4FJTE__jjIEJ;——-—9L"‘l II I I

--------- I-----—----—--------------—I—------------I

uFramc M+3 : m CSPLIT : {
I all I II I I

IW,I II I I
I I CS:Old.-’ack I

5 ch: ACK m E 5I I l

'I : I
--------- I-—-——————————-—--------—-—I—-—-—-——-----+

uFrame M+4 : Host does not issm: 3rd CSPLIT, : SS:Frchx :
: because has! already receives ACK : CS:Freelx :
: on previous microfiamc, I [

————————— I——-—-—-————-—-—------—--——I———-—-——--—--+
uFramc M+5 ' I I

Figure A—SS. CS Earlier HS NYET Smash
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 ea,“"“"SCfla____L.IM._____Irv-l____Sem“nn“Fdfifl*l.__.1“na__llllllllllllllllllaIII:IIInIIII:II4|IIIIIIIIIIIIIIIIIIIIIIIIIII:I:I:IIIIII:IIIIIIIIIIIIIIIIIIIIfiIIIIIJIIIIIII"nn_____._______..___..___.___u_n0nHn_A___“TT“n_UA___OD_______0.nn_u2un_u
n

.munun.mnnnnv.I,___85mIIIIIIIIIIIIIIIIIh.IIIIIIIIIIIIIII+IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIII.lllllllRum___.nme”n;"ann.mIDJWXmu."m."x“xm“Wurwm"_m.6._fl]mmc._e_m_mm“HMOFD..._R_F_Fa$1.9.S.""S."S.“S.D.$585._C.C_SS6C"nnusIIIIIIIIIIIIIIIIII._.IIIIIIIIIIIIIII._.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_1IIIIII.IIIIIIIu___..~_Bnu__..,.H"fl1__.....F3.5..TV;_TH.V...I.l.I2.I.r.2.I.I.rmm.mn"aam"amhr...uu.2“LM"Ln8_____”Pm_PmS_______fim_Sflmnn_..,_“as"csmnmu"nT...nT__n13m1mmei.i..wLTT"ETE.HTEHTEEmma?”PUAUY.UY.UY.#59nS__S.S__S_A_.m.mA_.m.MAUSODH"CON”RC0N“R,.UC0N“RanmeHhmeH___Rm_Rm_RwT.n_mT‘n.BTun“p:__E,,__E>N;mN;mN...III.lll_S}lS]12$10onueOmmmn"apa“Naaflu"Namu."Nmpndeude___M.M.MD_flaD.maD__...N.omN.omN""4T4T4TEnflbEquEIIIIIIIIIIIIIIIIIIFIIIIIIIrIIIIIIIFIIIIIIIIrIJ¢1IIIIIIIIIIIIIIIIIIIrItIrlitIItIIIIIIIIIIIIIIIrrTriiIILIIIIIIIa.0_.I.2.3.4tflu"+"+"+“+mm;M_M_M_M_MMe“c"cn...“EHmm_m_m_m_m.Dr._f_f_T_r.(F._F._F._rr“F.uuuuU
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Figure A-59. CS Earlier HS NYET 3 Strikes Smash
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FSILS

device
(data toggle)

1tri'iP“'""'—"'Hub stops sending this data an
forces a bit stuffing error.

OUT

DATAO

OUT

DATAO

5)ID

Hub

(SS: start sp. status

CS:ReadyJ’ack i

CS: comp. sp. sta
SS Frcdx

51 l

512

sh I

5!}

sh]

all

1:12

ch2

st}

SSPLIT

OUT

DATA!)

CSPLIT

CSPLIT

OUT

NYET

SSPLlT(rctry}

OUT

DATAO

CSPLIT

O UT

ACK

ctl

L2

chfi

ell

L2

ch2

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

J________-____L

_.___‘_._‘___..L_________-_-____.__..._‘__.s-..._L__

st]

512

sdl

"""“'r"""""'"""""""'

uFramc NH] 0

all

12

ce'aII

_________L-___£€3____________________

uFramc M+9

Host

(data toggle)

uFramc M+2

“Frame M+3

uFramc M+4

uFrame M+8

|PR2018—001 10
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Figure A-60. Abort and Free Abort(FS}LS Transaction is Continued at End of M+3)
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i,__

0D9~k__nnMun"Co:_______"nm.l%nun____mden_,_nn“n1“VllIIIIIIIIIIIIIIII_ll“llllllllllllll _IIIIIIIIIIIIIII.IIIIIIIIIIIIIII_II_lllllllllll__4J444n111:1IIIIIIIIIIIIIJIIIIIIIIIIIIIII"_nM.n“nu___.fi_______________.m__.____H______Ham__fl_____n________D__e_____.1__._____m__a0_____n___.A_n"_F_mn"“TTK___F_W__a”uAPM_"uaE“n"onAn____m________s____“___"eu"u_____m___u“_“Tmu"_n.J____H____s__a_____5mlllllllllllllllll+lll.IIIIIIIIIIIIIII.IIIIIIIIIIIIIIII.IIIIIIIIIIIIIIII_.l!TlllllllllllllllTlllllllllllllI.IIIIIIIIIIIIIIImm_____.__asa:unIE3mP3____3mkL"mJmmnnu_mnHmuM;uum.en___uenHnuw"WHumoHW____H_.R.R_O.555an"n“s.n“Es."s.gssun“"sIs"c“cf._____M__IIIIIIIIIIIIIIIIIIqIIJIIIIIIIII:Ina:JnnIIIIIIIIIIIIIJIIIIIIIIIIIIIIIJ||1||I|||I||||||II1IIIII:IIIIIIIJIIIIIIIIIIIIIII_____._______.__u"hun“nu.l.I.1......II5.I5.I II.7.mmwmmmw...mmuwhc"mmm“Minnam.mn"aw,w___nuuHnn“nun"wmnnTU__T_T_T__Wu0__TIA__IT_IT_IT__IA__ImTT"“ngunganmimTT""mTKcu”UA“__cunuV1_cunuV._cuHu_.Q”nuA”__on“VP»SODnnCONnhe0Nn“LONnnSODn"Po0A____a___._______IIMnla.6_|6_l1.iw_l__o.2mmw”nummmammmmamwmmflwm“aahe.______n._______..................H--.“._.nH..._rL_i.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIk_]_2__a___m1agoTT1,noInL.T0oM.M_M_M_M._M_M_MHMc“cue"en...“T:"e"emm.m_m_m_m._m_m_mwF.«Dru—F.”_E.H_E.u__Ern._.l.ru1u_U_u_ua_u_W.W
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Figure A-fil. Abort and Free Free(FSfLS Transaction is not Started at End of M+3)
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Host

[damtogghl II I

”i E
uFrame M I S” SSPLIT 5” I

I\.II ‘} I

I 3L OUT 5G I
I [II I

I S DATA0 *1 I
I fi II I
I I

_________pun—-n»~-—»—-_-—_______--__4

uFrame M+1 I I. II II I
I II I
I I
I II I
I Il I
I II I

————————— lune—u-.-»»—_-..____.._________.1

uFrame M+2 I an CSPLIT m II I
I '3

I Ck OUT CE II l
I I

I ch3 “AK ”‘3 I
I II l

---------f—-------------------------fi

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

_________I_en_ersxi911§misefrflnfinnnnj
uFrame M+4 I Host does not issm: 3rd CSPLIT, I

I because has: already receives NAK I

_________I_qn£exe£§mjsr9§3w-_m______I---------

uFrmn hd+8

c I 5" SSPLIT{retry} I
:N,:I [2 I

: 5 OUT 5'2 :I I

I 5d] DATAO sh1 I
I g II I--------- r--------------------------1

uFramc M+9 I I
I II I
I II II I
I II I
I II I
I II I
I I

---------r—--——————-———--————————-—-1

uFrame M+ lOI cu cspuT c“ I
I\’I
I l

I ‘13 OUT cu II l
I I12 I
I ch2 ACK E II I
l I
I I
l !

Hub

(SS: start sp. status

CS: comp. Sp. status] I
SS:Free{x I I

I II I
I I
I I
I I
I I
I I
I I
I I

: :
SS:PEnding)’x I I

"""""""I"‘"“""""""""""I

:k.:I I

I DATAO I

Ell-I-ll-III-IIIIIII-l'pI
I NAK I
W/ :

CS:Readylna.k I I-------------+-——-—--------------—-—----4
l I
I I
l. I
I I
I I
I I
I I

03:01dmak I I
I II I
I I
I I_____________T-_____________________-__-fl

CS‘.Frccfx I I
I II I
I I_____________T_________-e,-___-_________1

SS:Freee’x I I
I II I
I I

——————————— T""-""-—-—--"--"—“-"“fiI I
_____________f--________________________fl

I I
I I
I I
I I
I I
I l
I I
I I
I I
I l'
I l

I I
SS:Pendinglx I I_____________ 1___________e-e-___________fl

I I

:k:I I

I DATAO I

I III-IIIIIIIIIIIII-Il'pi
:4‘FF———_::EE___________I

CS:Readymck I I_____________T______________-_-_________fl
I I
I I
I I
I I
I I

I I
CS:01dfack I I

I II I
I I
I I
! I

Figure A-GZ. Device Busy No Smash(FSi’LS NAK)

FS/LS

device
[data toggle)
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because Ihis endpoint is already
ENDPOINT HALT.

(data toggle) (SSS start SP, status device
: : CS: comp. 5p. statlus} :(dala toggle)

0 i i SS1FrecI’x i l 0I

uFrame M l S“ SSPLIT s“ l l l
i “2 E E iI I I Id]
: 5 DATAO shl l l :
: : : I
l : SS:Pendingfx : l

"""""l'"""'"""'""""""‘l""”””""T”‘““'“"““"""""'l'""""
uFrame M+1 l : : OUT :

I I I\>I
l l : DATAO I

i i i """'l|> E]
l l l STALL l
I /
g E cs:ReadyIsI;aII i E

————————— IL————_—_——_———_———_————-——-I'————----H-—-L-__________________———————l—————____

uFrame M+2 i E E f

1*JE iI 2 . I I I
: °‘ ()“1‘ m2 : I :
: : I :

EW! i EI I I I
I I I I

: : : :
' w I I I

---------I--------—--*~*~~+~~*-~————4————-—-----—-+—-—-—-—-—————-—-—------—-—4—--w~—»--
uFrame M+3 : l~losl does not issue 2nd CSPLIT, : CS1FrceI'x : :

l because this endpoint is already : l :

_________ I_§UEEEHEJLHIIJ;___________4_____________;_________-_II__I____I_____4_________
uFram: M+4 : Host does not issue 3rd CSPLIT, : SS:Frcelx : :

I l l II I I II I I I

Figure A-63. Device Stall No Smash(FSII'LS STALL)
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A.4 Interrupt [N Transaction Examples

Legend:

Universal Serial Bus Specification Revision 2.0

(S): Start Split

(C): Complete Split

Summary of cases for Interrupt OUT transaction

Normal cases

Case Reference Similar Figure

Figure

No Smash

{FSILS data packet is an NIH)
Figure A-64
 

HS SSPLIT smash Figure A—65

HSIN(S] smash -Figure A-65
HS |N[S] 3 strikes smash

HS CSPLIT smash

HS CSPLIT 3 strikes smash

HS |N{C) smash

Figure A456

Figure AWE?

 

H5 |N{C) 3 strikes smash 

HS DATAOH smash

Figure A~66

Figure A—67

Figure A-BB 

HS DATAOH 3 strikes smash

FSILS IN smash

FSi’LS [N 3 strikes smash

FSJ’LS DATAOi' 1 smash

FSiLS DATAO! 1 3 strikes smash

FSr'LS ACK smash

FSILS ACK 3 strikes smash

 Figure A—BQ

Figure A—72

No figure
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- Seareing

Reference Similar Figure

Figure 
0 CS(Comp]ete-split transaction) earlier cases

Case Reference Similar Figure

Figure

No smash (HS MDATA and FSJLS Figure A44
transaction is on M+1 and M+2)

No smash (HS NYET and FSILS Figure A-75
transaction is on M+2)  

No smash {HS NYET and MDATA and Figure A-76
FSILS transaction is on M+2 and M+3]

No smash (HS NYET and FSJLS Figure A—Y?
transaction is on M+3)

HS NYET smash Figure A—YB -
HS NYET 3 strikes smash Figure A—YQ -

. Aborl and Free eases

Reference SimilarFigure
Figure

No smash and abort (HS NYETand FSILS Figure A-SO
transaction is continued at end of M+3)

 
 

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

 
o FSFLS transaction error cases

Case Reference Similar Figure

Figure

HS ERR smash - Figure A-68
HS ERR 3 strikes smash - Figure A-SQ
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Universal Serial Bus Specification Revision 2.0

0 Device busy cases

Case Reference Similar Figure

Figure

HS NAKIEC) 3 strikes smash -Figure A—BQ
FSILS NAK smash Figure A—71

FSILS NAK 3 strikes smash No figure

O Device stall cases

Case Reference Similar Figure

Figure

HS magmas -Harem

  
HS STALL(C) 3 strikes smash Figure A-BQ 

FSILS STALL smash Figure A—71 
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Host

(data toggle). II I

o I I

uFrame M ! st! SSPLI'I‘ s” i
I\+I
E SQ IN 312 E
I\>II I
I I
I I

——————— r"‘—"""“"““'“""""1

uFramI: M+I : :
i II I
I I
I I
I I
I II I
I II I
I I
I I
I I
I I
I I
I I

————————— r——————————————-———-I-—————————:
uFraJne M+2 : cli CSPLIT C” :

I\>I
i a: IN (:12 g
:\>:I I

cd

i ch? DATAO i
1 i II I

---------F-—----—---—------—-————-—--II
uFrame M+3 II HosI does noI issue 2nd CSPLIT, 1

i because host already receives :
: DATAD on previous microfiame. :
i lI I
I I
I I
I I
I I
I I
I I

"""""i'"""““"""“"""”""‘I
uFraJne M+4 : Host does not issue 3rd CSPLIT, :

: because host already receives :
: DATAO on previous microfiame. :
I lI I
I I
I I
I I
I I
I I

"""""f”‘"”"""""""““‘“'I
uFrame M+5 : :

512

Hub FSfLS

(SS: start 513. status device

CS: comp. Sp. status] :(data toggle)
SS:Frch'x : i 0I I

I I
I I
I I
I I
I I
I I

' :
SS:PcndingI‘x E :_____________ T'—-‘"'"“”""""'""""n"'————‘—I I

I I

' I
I
I IN 1I I

' I
I

:&i
I II I

CS:Rcady!lastdét% iI II I
I I l_____________ +__________________________q___-_____
I I
I I
I I
I I
I I
I I
I I
I I

CS:OldJ'lastdatai EI I
I I
I I
I I

_____________+____.—u.u”H....m._.__..____________.___————au—

CS:FrceI‘x i EI I
I I
I I
I II I
I I
I II I
I I
I I
I I
I I
I I

_____________ .I.____—-—-——-——-———————n-.—-.—ww_w.-.—.__—..l_.__————---‘

S‘izFreeI’x E iI I
I I
I II I
I I
I I
I I
I I
I I
I I
I I
I I

_____________ 4........._,______________...___._.__....._.|......,_______
I I
I I
I I

Figure A-64. Normal No Smash(FSI’LS Data Packet is on M+1)
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FSILS

device

Hub

(SS: start 5p. status

Universal Serial Bus Specification Revision 2.0

Host
(data toggle)

I,__.A____We__.___________.._E______._mw_n_nhuum_u_______.MD___L___I..r\lllllllllllllll_II_IIIIIIIIIIIIII _IIIIIIIIIIIIIIIFIIIIIIIIIIIIIII_|_IIIIIIIIIIIIIII _IIIIIIIIIIIIIII_lllllllllllllllll.-|_.—4.—I.l—I._u_________—_______________—_______fl___.___—___m___A___n________nnnLnnnu__g____0____L___A___u____T.K___.____AC,__a___.Nn__._____lDAw__e___.w__e___.,__.___h___.___._._____._______h____.____n_ununnn9;_______t_mIIIIIIIIIIIIII\l.ITIII.llllllllllllll.—lllllllllllllll+IIIIIIIIIIIIIII4i...lllllllllllllllI.llllllllllJd-I|II_lllllllllllllllmgmnnnWnnnmnmcmmun...“_._w__Wu_m_mwxmmsnunwnnnnwnu.aS.1.pwmmmnunwnnmnmnmm.F..WmM______nor._R_D_c.sbiA"unw_n9.nsnsS8UNc______S_C_CCHILm________________lllllllllllllllll1IIJIIIIllllnuanIJIIIIIIIIIIIIIII4IrtrltlllrIIIIIAIJIIIIIIIIlusts:IJIIIIIIIIIIIIIIIJIIIIIrIIIIIIIII’__________________n_n__nnnn___l4_I_4_|o4__l2__Ha____aMbe_mww_mmhc__)m.9.n.cHmw_____q___L.__W._ua______m__Tu__TnTuTMuHuuT0I.__IT._I.T._.IT.__I__I.AL.__LE_LE_LE__L__LT.D...__P.Y_P.Y_PY__P.__D..AS.N__SN_SN_SN__SN__SNS__In_CINnCINnCINn_SInnCID(U____.____q_fl__m.___..__6_..____1.uho_noa.n_uam_uaam..._ua__Ia.n5”.S__ccC_ccC_CCcc._S5__aCC___,______._w_________w____________lllllllllllllllllu.III“!lllIlllII!lllI"lllllllllllllllellllllllllllllII"IInlIIllIIIItllll[Inllllllllllllllllnlmllltlllllllll0_H._H..4.”_M....._.mw.m.)_].l________+M_M.M_M_M__M_M_Mcnc__ene__e_,uc_e_emum"m_m_mwhm_mnm.I_.1EN..F_Er..._c_n_FL.Er....mu._nnHuUuuuuu
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Universal Serial Bus Specification Revision 2.0

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

gg I I CS: comp. sp. statlus} I(data toggle)
0 SS:FreeIx 0

uFrame M 5" SSPLIT

N.
w.

I I
I I I I
I I I I
I I I I
I I I II I I I
I I I II I I I
I | I I
I I I I

I I I I
I I SS:Pendingfx I I————————— 'I'_----—-——____--_"---"“""““‘I""Am—“‘"u"“‘__T"-"“‘"_"’"'"'"'"’"'_"'_""""'I_______-_

uFrame M+l I I I II I I I

I I I IN I

I I I\>I
I I I I

I I I I
I I I DATAIJ I
I I IKI
I I CSIReadyfIaSIda'J-a*> I: I I I,I I l I

““““““I‘”“””""““‘""'"""'I""“"""'I“"“““““"“"'"“"'I"'"""
uFrame M‘I'Z I ..___L‘_U___ CSPLIT I I II ______________ l l' I

I :12 IN > I I I
I\>I Hub ignores this I I
I I IN.[ no match I I
I I the Address field)I I
I TRANS ERR I I I
I eel->ee8 I I I
I I I I
I c” CSPLIT[retry imm.) I I I' ct] l l I

I ___‘*2"““***--————~a.I I It-

I ° 1“ cm I I :
I I I I

I ch? DATA!) cd I CS:0]d.I'IasIdataI I
I I I I II | I I

~~~~~~~~~ I**--~*-------—-*----------I-------------+--------------------------I---------
uFrame M+3 I Host does not issue 2nd CSPLIT, I CSZFreefx I I

I because host already receives I I I
I DATAO on previous microfiame. I I I

---------I-------*---‘*---*‘*~-“****I*“*-—*hee—ee-I—~—"~"~~*"~"--------------I---------
uFrame M+4 I Host does not issue 3rd CSPLIT, I SS:FreeIx I I

I because hosl already receives I I I
I DATAO on previous microframe. I I I

—————————f-----------'--------*'~-*~I*-*****"*-*"~I-*-*'--*------------------I—--------I I I I

Figure A-66. Normal HS CSPLIT Smash
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Universal Serial Bus Specification Revision 2.0

Host Hub FSILS
{data toggie) (SS: start sp. status device

. I CS: comp. sp. stains) :(data toggle]
0 SS:FreeJx 0

uFrame M 51] SSPLIT

_—__—____——__————ifl-’_
%

SS:Pendingz‘x

uFrame M+I

CS:Readyilastd

uFrame M+2 -___'3“ CSPLIT

c121N "‘
_\>

TRANS ERR
ceL>u$

ct] CSPLIT(reIIy imm.)

TRANS ERR
cc] Jces

....___C“ CSPLIT(retry imm.)

TRANS ERR
ce] ->cc?

ENDPOINT HALT

Host does not issue 2nd CSPLIT,

because this endpoint is already
ENDPOINT HALT.

___________-___---—-—-------_-_-______________-—____L__________________J
uFrame M+3 CS:FreeI'x

_______fl__-————--n-----_-_—‘_________—_—____—_—________————T——————--q---__-__fi_—______—_____
I IIIIIIII

fl
III I II I III I I II II II IIIIIIII

uFrame M+4 I Host does not issue 3rd CSPLIT,
because this endpoint is already
ENDPOINT HALT.

uFrame M+5 :

nF5 ”IZ.

IIIIIIIIII .' .__J____-—_J—___-—_J—-—___-—__________—————————————-——_-n—----__-—______L__________________J______________ .__q-—___-—q—_-—___q—__——————————————————————-—---------—-—_____________+____w__-—_________q_____________
-__J_______J_______J

Figure A-IST. Normal HS CSPLIT 3 Strikes Smash
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Universal Serial Bus Specification Revision 2.0

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

( 3‘3 egg '3). CS: comp. sp. status) :[data toggle)
D SS1Freefx ' 0

uFrame M 5” SSPLIT stl
512 IN

N,
SS: Pendingfx

uFrame M+l

W
1*.

Ha...---—...-...._.._|___.._________
CS:Readyflastd

uFrame M+2
'3” CSPLIT

012 [N

N»c

IIIPfIA-Oll'lu"

all ___________+—-.-—.
CS:OldJ'lastdata

TRANS ERR
cel ->ce8

ct] CSPLIT(relry imm.)

!—_—__—__—_—__—‘——£E__’_
w}

W DATA-1]

Host does not issue 2nd CSPLIT,
because host already receives
DATAD on previous mieroframe.

1_‘—"-_1‘————————————————-—-'---‘---‘“‘*1----—-—-—-—-——fl———‘————-—-———
uFrame M+4 l Host does not issue 3rd CSPLIT,

because host already receives
DATAD on previous microfi'ame.

__.l_______.l._______.l______________________________________.L-—+———————+—---+-—-------------
Figure A—68. Normal HS DATAflr'l Smash
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Universal Serial Bus Specification Revision 2.0

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

33 I I CS: comp. Sp. statps) :[data toggle)
0 SS:Freefx 0

uFrarne M 5” SSPLIT S
N512 IN ME

SS : Pendingix

uFrame M+l
J

CS:Readyz‘lastd
+————N—————————————q————————————— 2

I3” CSPLIT

N’
w.

uFrame M+2

CS:0|d{lastdata

TRANS ERR
ce ln>c93

m CSPLIT(retry imm.)

____——_____——_———J£L_*’
w.

DATA0 9

III-ll'l'lqi-

TRANS ERR
ce I ->ceE

c” CSPLIT(retry imm.)

h—_—_-______-————JiL_’_0Q IN th

DATAD Cd
IIIIIIIIIIJII

w
eel->06!

ENDPOINT HALT

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

CS: Freefx

1—--n-a+-—___________________________________________————————————————-—?------—-—_________fi______________ -__--_l_______________________________________________________________L
uFrame M+4 l Host does not issue 3rd CSPLIT,

because this endpoint is already
ENDPOINT HALT.

._.l_-————J-—————_.L—..n...-.-—.-n--—..--...._..._....._....___.._____________________________-—___.L-_-—___-—__________|______________ -_4----__+______+__________________________-—————————-———~—---------
Figure A-69. Normal HS DATAGII 3 Strikes Smash
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J_w_sek_w.,un"H“Cu:______namiw“hun“uu“Sam"h_n“nu"Fawn“unn"nnJiiiiiiiiiiiiiiiiia[IIIIIIIIIIIIIII4|IIIIIIIIIIIIIIIIIJIIIIIIIJIIIIIIIJIIfiIIIIIIIIIII4|IIIIIIIIIIIIrIJrI4|¢1|I|IIIII:_*____fi__n_unn"Hnn_u____~________w____________________________nhnnu“unu_~—___.__U__a___.__A__~______TK______n-_AC_"Wnnn”_"mDA"___m___*___on.Ennnw"unl_____w.__n_hM_______o"qmuunM"nnis._._______
.I_

1,_T_______Ws__e__h___t_R5mIIIIIIIIIIIIIIII«IIIIIIIIIIIQTIilwIIIIIIIumlllllllllInIIIIIIII"IIIIIIIlull".IIIIIIIIIIIInIIIIIIIIIIMilli."IIIIIIIIwIIIIIImt_n___fi___t_anmewx.m_S_.__x.%_d.w50.W.I._m_w__fl:4._mf.burs.“.l..M;_t_X.k__m.V._.lmusnmmnmnw"wMmn"m"mnwlI.Pv.I.WHmmFkHR.n0"F”a.”n"k"Ru0c518.S...S_no..3.F3._S“NW9.m3.55S.C_C_C,5_nS"CuCSSC._______8 rlIIIIIIIIIIIIIIIII._wIIIIIIIIIIIIII+IIIIIIIIIIIIIIIIIII“IIIIIIIInIIIIIIInull".IIIIIIIIIIIJ“IIIIIIIIIIIIIIIJ"lllllllllllllllu._______Buunu_nnnm1un23_nfiTa__2 __2rmm__um.m“LsauLsannlma""amm&___me_Pwm__W__u“"Cdfiufidfi""a__a__S_dco_dco__r.nnmnn“nmflammuhmmnnmfl“nmvmu“nF"wwmuwmmu_m__mT.l___nSm__SNmm_.M.Mm_.m.mm__SN__SNAUS“"ClEmantamutamunsI"“ClD__.mfimwm_mmm____u"Eimhpuuhp:"nl.ln}—SC“Pu]In...-mm_"mm.wNmnmmoummm_nmasn"am.w___ta_ta____uum"mmmummmun"nPhTLnbchlELFh_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILIIIIIIIIIIIIIIIfl.________0l0123439l|“umIIn+u+:+"+"+00M_M_M_M_M__M_M_Mme_c_c_E.E__e_E_cHt__m_m___m_m_mmm"m"rn.m____T..___l__I_.If.F..F_F_F_F.__F_F_FuuUuuuuu
|PR2018—001 1O
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Figure A-‘lfl. Normal FSJ'LS IN Smash
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Universal Serial Bus

*h_————_____—_———J1L_*h
_—_£E———JEL_______Ei_iF

ch? DATAO Cd

Host

(data toggle}I II I

0 I I

uFrame M I S” SSPLIT I' stl '

I 2 I
I 5‘ IN sl2 II I
I II I
I I
I I

--------- r----------------—---—-----1

uFrame M+I I I
I II I
I I
I II I
I II I
I II I
I II II I
I I

————————— +—————w——--—-————————u--n-—1
uFrame M+2 I cu CSPLIT cu ;

l_____________________’,I
IN\. EI I

I h3 I

I ce2 El ‘1 ' C I
i :
I TRANS ERR an F I'LS I
I ce2—>ce6 I

_________I——-—-un—w-fl---____________%
uFt'ame M+3 I Host does not issue 2nd CSPLIT, I

I because has: already receives I
I ER on previous microframe. I_________ L__________________________JI I

uFrame M+4 I Host does not issue 3rd CSFLIT, I
I because host alreadyr receives I
I ER on previous microfiamc. I

————————— +-------------——--—--------II I

_________r-—____________________-_-_1F M+B
" "m I SSPLIT(reI:ry} II Q] I

5 5‘2 IN 5.2 5I II I

_________I'*”"”*""""""“"“'I
uFratrIe M+9 I I

I II I
I I
I I
I I
I II I
I I
I I
I II I

_________L-_‘-_--___________________1
uFrame M+10 ct] CSPLIT I

II
I
II
I
I
I
I
II

Specification Revision 2.0

Hub

(SS: start sp. status

CS: comp. sp. status) I
SS:Freefx I I

: II I
I I
I I
I II I

: :
SS:Pcndinglx : I

I :_____________ T---_______________________fl_________

I IN II I

:\:
‘ DATAO '

I Illll'-'-'--'II I
I I

I IN

CS:Rcady/transIcrIRA S—ERR I
————————————— Ls,____________________-__JI I

I I
I I
I II I
I II I

CS :Oldftrans_crI‘ I
I :I I
I I
I I
I II I
l I
l I

_____________+s~--__________________-___%
CS:Freeht I I

I II I
I i

------------- +----—————————-—-——————----I
SS:FreeI'x I I

I II l
I I

_____________l-_________________________JI t
I —————————————————————— i_____________ T____ 1I I
I I
I I
I I
I I
I I
I I
I I
I I

SS:PcI-Idt'ngfx I I
————————————— +4.”..-————————————————————-.-.Jl

I IN\> I
I I
I I

I I

CS:ReadyI’lastdeI ACK I
:m\. II I

_____________I---____________-________-u4I I
I I
I I
I I
I I

I I
CSZOldI'Iasldala: I

: :I I
I II I

Figure A—71. Normal FSI'LS DATAOI'I Smash

FS/LS

device
(data toggle}
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Universal Serial Bus Specification Revision 2.0

Ilost

[data toggle]I I

o : :

uFrame M I stl SSPLIT S“ II I

I I
I I
I I
I I

_________r"'""“""""""""'1

uFrame M+l I I
I II I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I

_________ r-—____________________-___1

ufimneM+2I cu CSPLn‘ an I
I\I
I I

I I
I I

: ch? DATAO Cd :
1 I II II I

_________ T—______-____________-_---_1

uFrame M+3 I Host does not issue 2nd CSPLIT, I
I because hesl already reeeives I
I DATAU on previous micmframe. II I_________‘r—""""""“"—"———"'1

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

.........III---_--he_-__‘___________4

_________I“---___________-.._........__u.I
uFrame M+B I 5:] sspuT S“ II I

I 1 I

I\=I I

I I
“““““I““"“““““““—““‘—I

uFrdme M+9 I I
I II I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I

_________r'—'""""""""""—"1

uFrame mm: on CSPLIT m i
I\pI
I I

[2
I I; IN ct2 i

Host dues : I- I I

netrecewe I ch? DATAfl I
[his data. : :
Data toggle I I
is Still ‘1'.

Hub

(SS: Stan sp. status

| CS: comp. 5]). status) :
SS: Freefx

SS: Pendin ga’x u--—----_-q_-h--________
I
I
I
II
I
I
I
I
I
II

_____________________________________ _:I

IN :

xi
DATAO II

I

CS:ReadyIlasId'rIta.____ ACK I________________ I
: ---> :I I

...........T-__-______________________fiI I
I I
I I
I I
I I
I I

: :
CS:Old!|asldalaI I

: :I I
I I

____________ I__________________________IT _'I

CS:Freefn I I
I II I
I I
I I

____________T_-_--—_—___-__—-—-————-____1

SS:Free!x I I
I II I
I II I

____________ T--___-_-________--___-—____I
I I

»»»»»»»»»»»»+~__~______________________qI I
I II I
I I
I II I
I I

: :SSfPe d‘

--___f_1“E§_I__________________________ J;
: I
I IN I

I\>II I

IWI
I II I

CS1Readyflastd2It ACK I

:a\.:I II I
------------T--------------------------fiI I

I I
I II I
I II I

I I
C520ldr‘lastdataI I

I II I
I I

Figure A-72. Normal FSILS ACK Smash
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Universal Serial Bus Specification Revision 2.0

(data toggle} (SS: start sp. status device
I I CS: comp 5P-S‘31I15) I(data toggle)

0 I I SS:FreeI’x I I 0I I I I

"PW“ IWI I II ‘I I I I

I 5L II“ II I I I
: I I I
I I SS:PendingI’x I I““““““““T_“""L“'--A‘-__"_"__“—_""__'*'T_'__"""‘"'“'“"'"T_"~—’*—*_‘_'_""'_"'*""_"_"_""T'—_"‘""__

uFrame M+I I I I II I I I

I I I IN I

I I I\>I
I I I I
I I I I

I I I DATA-1] II I I I

I I Ik.”:
I I CSIRBadyflaSIdfi%. II I I I

I I I I 1————————— r-——-—~——-——~———-——-——~——————-———-I-—-—-———--«——---+--——v—w—-—-—~—------——---—----——I-—-----———

unmsz I I II I I I

I IN I I I
I IDoos not match thisI I
I ICSPLIT on firsl I I

I Ierm'}r ofCSJ'hen I I
I MIR—R IHUB does not I I
I cc1->ccs :respond any packetI II _ I I I

I c” CSPLIT(relry 1mm.) I I I

I'----—-—______;1L_._I I II I I I

: ‘9 IN a: I I I
I I I I
I DATAO Cd I CS:Oldflastda1aI II ch? ' I l

1 I I I II I I I

--------- I----------------------------I-------------I---------------------------I---------
uFrame M+3 I Host does not issue 2nd CSPLIT, I CS:FreeI’x I I

I because host already receives I I I
I DATAO on previous microi'rame. I I I

--------- I---—----—-—-——————-————-—-I----—-——-—---I------------—-—-—---------I——-—-—---
uFrarne M+4 I Host does not issue 3rd CSPLIT, I SS:FrecI'x I I

I because host already receives I I I
I DATAU on previous microfi'amc. I I I

--------- I-—------—-—-———-—————-—-—-I--—-—-————---+--------——-————-—----—----I————----—
uFrarnc M+S ' | I I

Figure A513. Searching Nu Smash
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Universal Serial Bus Specification Revision 2.0

Host

(data toggle]I
C

uFramc M st] SSPLIT S
N
w

I
I
I
I
II
II
I
II
II
I1I
I
I
I
I
II
I
i
l
II
II
I
I
I
I

——————————————————————————————————— 4

uFramc M+2 E (:11 CSPLlT m E
IH____________—________i’|I ct2 I

: IN 012 :I I
I I
I Cd I

: chS MDATA :I I
I I
I I

"""""I"“"""""'"“""""IuFrame M+3 I I
I 6” CSPLIT I
: cll :
I on! [N |I I

:N.gI I
I Cd I

: ch? DATAO :
1 I II I————————— L——————————————————————————4

I .

uFramc M+4 i Host does not Issue 3rd CSPLIT, E
I because hast already receives :
I DATA!) on prewous mlcroframe. Il I
I Il I
I Il I
I Il I
I I

————————— L—nnww—-———————————————————4

uFrame M+S I i

Hub

(SS: Stan sp. status

I CS: comp. sp. slatlus] :
SS:FreeI"x

SS:PendingI’x _______________4_____________
C32zReadyflasléaN>I

cs 1 :Oldlmorcdéta

CSI:FIceI’x

C52zOldflastdat

SS:Freefx
C52 :Freefx --r--------+—--=—----—-+--

FS/LS

device
(data toggle)

(I

Figure A-74. CS Earlier Nu Smash(HS MDATA and FSILS Data Packet is on M+l and M+2)
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Universal Serial Bus

Host

(data toggle). 'I I

0 l I

uFrame M E at] sspLIT 5” E
I\’II l

E 50. IN 512 II I
I II I

————————— +~--‘~---n---~—«¢~—-~——~~--4
uFrarne M+l I E

l II I
I II I
I I
I I
I I
I II I
I II I
I I
I I
I I
I I

————————— h—F—n——————mnmwafi‘H—~~“uuubfi

uFrame M+2 E c1! CSPLlT c“ E
I\>|
E IN\, 5I I
I I

ch4

I chfi NYET I
. :I I
I I

"""""i‘""""'""""““""1

uFrame M+3 E ct] CSPLIT I
iN}II th IN I

I I

I ch? DATAO cd I
1 : :I I

"""""I"“““"“""““""“'l
uFrame M+4 I Host does not issue 3rd CSPLlT, I

: because host already receives E
I DATAO on previous microframe. I
: :I I
I I
I I
l I
I II I

"""""f""""“"""“""""'l
uFrame M+S I I

Figure A-‘IS. CS Earlier No SmashIH

Specification Revision 2.0

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

CS: comp. 5p. statlus] :(dala toggle)

SS:Freefx E E 0I I
I I
I II I
I II I
I I

I

SS:Pending!x E I.............T__-__‘____________________fi_________I I
I I
I I
I II I
I I
I II I
I I
I I
I I
I I
I II I
I I
I II I
I Ifififififififififififififi+~*hm-fififi~*—_n_‘__________fiq_________
I II I
I I
I n“ II I
I l

E DATAD EI I
I I

C81Readyllasidqlak. i
I I
I I

————————————— +——————-———————————————————4—J—————u*I l
I I
I I
I l'
I I
I I
I I
I I
I I

CSIOldflastdataE EI I
I I
I I
I I

————————————— T—————————————————————-.———-.—Il-.—.--—--———.—w
SS:Freefx I I
CS:Freelx I :I II I

I I
I lI I
I II I
I I
I I
I I

_____________ .I.___________________________l_________
I I
I I
I l

S NYET and FSI’LS Data Packet is on M+2)
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Universal Serial Bus Specification Revision 2.0

Host Hub FS/LS
(data mggle) (SS: Stan sp. status device

I I CS: comp. sp. stath) :(data toggle)
D SS:FrcI:I'x 0

uFrame M 5“ SSPLIT

N,

I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

I I I I
: : SS:PendingI‘x : :"""""T“""""""""""""1""""""'T"""""""-"'-"""'1"‘““““—

uFrameM+1 I I : :I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

————————— r———————————————————————————:—————————————I:————————————————————-——————:—————-—-—-—¢-

uFrame M+2 IWI I II all [N I I I

:\i = =I I I lI NYET 0'14 I I IN I

gM: :\iI I I I

I : CS 1:ReadyI’morf:da{a DATAO :

---------r---'----------—"—--—-'--"Il-'—---——-----T-M1-—-—-—---F M+3

“ m“ i m cspm I cs2:Rawweak> EI\+I I II 2 I I I

.k’ I I 1: : : I

: chs MDATA " : CS]:OIdfmoredlala :
I I I II I I I
I l I I

''''''''I’"""‘""""'""""""'I"""""'"‘T“""““‘""""""""‘I‘“““"uFrame M+4 I I SS:FreeI’x I II]

I 2 I I I

Ik)I I II : : I

E ch? DATAO cd I C82:Oldflastdat? ;
l l I I I

“““““f""“"““““‘“‘“““““'I‘““”“"““I”""‘”“"““”""“""'I“"""“
uFrame M+3 : : C82:Freefx : :

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

device
(data toggle}

IN

DATAO

ACK

J

Hub

(SS: Stan sp. status
CS: comp. sp. stat

83$de

CS:Free!x

cl ]

(:0

CM

Universal Serial Bus Specification Revision 2.0

CI]

c12

cd

CSPLIT

IN

NYET

CSPLIT

IN

DATAO

ell

ell

ehfi

ct]

t2

chir

C

—————————+——————————————————————————q—————————————+——————————————————————————q————-——F_

_—-.—.....__—L_—_————————-——————————————-———l-u-.-—-—--.-.-—~.-—-—-—-—-l.—-——.—..——w»~——w———-——-——-n—vw—w———I—————————

”m---_n_apa;nwhhn-_#_fi--_____fi______q_____________+__________________________4_________

[lost

(data toggle)

uFrame M+2

uFrame M+3

uFrame M+4

uFrame M+5

uFrame M+l
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Figure A-TT. CS Earlier No Smash(HS NYET and FSILS Data Packet is on M+3)
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Host Hub FS/LS
(SS: start sp. status device(I I I I

( a a 033 e}, I CS: camp‘ Sp. statPs} :{dalatoggle}
0 SSIFIeez'x [I

uFrame M SK] SSPLlT

N.
w’

58: Pending-’3:

uFrame M+l

uFrame M+2 C” CSPLIT

d2 HQ all!

NYET ”“514”,-
‘------------ CS:Ready.-’lastd

W
eel—boefi

1*» _

c” CSPLIT{relry imm.)

h___-____—____‘——£flq_._cl" IN

N,
NYET 0'14

M

0“ CSPLIT

_—_——__—___—___———£fl__’.C“ IN

ch? DATAO C

/E __________________________________L____J_____________
uFrame M+3

4________________—————&L-nn-------F_-__4_____________
CS:OIdflasldata

II II II II II I IIIII IIIIIIiI I I |I||IlI I

uFrame M+4 Host does not issue 3rd CSPLIT,
because host already receives
DATAO on previous micrufiame.

SS: Freefx
CS: Freelx

uFrame M+5

__r__________1_——————————~q_"_fl_________________________—————————r——*—1_n"___________ ___L__________J__——————————————J------_--_________________________L____J______________
___p__________4_____ ___L__________J

Figure A—78. CS Earlier HS NYET Smash

526

ZTE/SAMSUNG 1008-0554

|PR201 8-001 10



ZTE/SAMSUNG 1008-0555 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

IN.CSPLIT earlier.HS NYET 3 strikes smash

Host Hub FSILS
(d t t l ) (SS: start sp. status device

aa 0 “E

g” I ICS:comp.sp.statIls) :(data toggle)
0 I I SS:Free!x : I oI l I

uFrameM I st! SSPLIT s” I I II I I I

I 1N I E i
I I I I
I I SS:Pendingfx I I--------- r--------------‘-----------1-----'--'----T-'-'---'---'--------------1---------

uFrarne M+l I I I I---------

uFrame M+2 I C” CSPLIT ct] I I IN I
I I I :\’lI “L 1“ m2 I I I
I I I DATAO I
I NYET _£Il4__” I IH,I
I 4.............. I CS:ReactyilastdzIta1643\K> I
I

I TRANS ERR I I I 1

I DEI->CES _ I I I
I m CSPLIT{retry1rnm.} I I I

IN+I I II I I I

Iw.: : :I I I I
I ‘ ‘ I I I
I NYET _E‘l‘*_——- I I I
| -------------- I I I

I ‘r I I I
I TRANS ERR I : I
I eel->938 I I I

I c“ CSPLIT{retry imm.) I I II cl] I I I

i$I I :
IN,I I II I I I
I NYET ____213.1--- I I I
I +------ I E i
I TRANS ERR I I I
I eel->067 I I I

I ENDPOINT HALT I I I
--------- r'----‘-‘-'j--------'----'-1"-'-'"-"""'T"""""""—‘"'"-'"""'"'""'"1""-""-'-

uFrame M+3 I Host does not Issue 2nd CSPLIT, I I I
I because this endpoint is already.r I I I
: ENDPOINT HALT. I I I

--------- I---—-—-—--—-—-----------——I—-—---—------+--—----------------—-—-———I—-----———
uFrame M+4 I Host does not issue 3rd CSPLIT, I SS:Freelx I I

I because this endpoint is already.r I CS:Freefx I I
I ENDPOINTHALT. I I I

"""""r‘T‘

Figure A-79. CS Earlier HS NYET 3 Strikes Smash
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}_______.
e

I...___u___‘vSW3_________m.lg_________Vm"nu_unu“Spun________deo"nnnnnM1.1|._rrrrrrrrrrrrrrr__II._.III-III-I“---I-l---l---I“--I-lllll.“l“.lll-lJr:1llr11--.“--lliiil-h___.__n_____aK__._____nC__~_wnn_Tn_.Mn_nuu“mmIuuun"WmIun___0Mn._._0_ununmgI_An___so___T.K_A1.1AC_nnmD-mw“u_mDAn_nnrmmH"un0.___.-wd.___2____mm“___n____lm...g.__onnn_3.“.Inn.1___u____.mJnnn"Hm"unnmSmllllllllllllll“llllnnIIIIIIIIIIIIIIII"IIIIIIIIIIIIIIIIInIIIIIIIIIIIIIIIInllulIIIIIIIIIId.IIIIIIIIIIIMlIIII"IIIIIIIIIW.IIIIIm1._h.____tanan”m...___.m.”mnd.mb;xm."huI__m.“wnmt.l_.lauWflfld._*_d__d..M_Mmmmm._n_c__m.c_lwHmoFp"uH"auu3RMn.gr...mm5S._._S__3..a_Spgmss“uM"suns"wc
SI."

__9____Hmlllllllllllllll"III.“IIIIIIIIIIIIIII.hIIIIIIIIIIIIIIIIJuuuuuuuuuuuuuuu.“uuuullllllllll.u.IIIIIIIIIIIIIIII.HIIIIIIIIIIIIIII_BnunnnnuHl_______w.mua__uaM_uaM_u2m__ua__uadSS__cCc_cCr._CU.__}SS__ccce______Y__S______U__M______m__s_u_t__{__r.T._.T._T._T.__T.__T.0eI__UT._UT..UT.__I_.UA.wDLI""PEnPEMPE""BL:"“PTnSN__SNY_SNW.SNY__SN_‘SNAUSIn_CIN_CIuCIN_“SIn__CID____m__________nn2an26u23.w_nn2..,mmn"ammuuumummmc.umm.u_mm.m__________________________J IIIIIIIIIIIIIII"III...uuuuuuuuuuuuuuu;_.................uIIIIIIIIIIIIIIIAll".uuuuuuuuuu._\uuuuuuuuuuuuuuuu.Tm.IIIIIIIIIIIIIkl23489l1“an.T:Iu+"T.“+_+00M_M_M_M“M__M_M_MM..T.T.T.T.nT.T.T.HmmLum“m.m__m"m“mIh_c.”_fi__..n“Hu"c.”_c.“_Huuuuuuuu
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Figure A-Bfl. Abort and Free Abort(HS NYET and FSJ'LS Transaction is Continued at End of M+3}
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[data toggle]

FS/LS

device
5]

U

Hub

(SS: start 5p. status
CS: comp. 513.5181

Host

(data toggle)

51]

312

SSPLIT

IN

st]

12

uFrarne M

CSPLITCt] 
uFrame M--l

—_———————L———_______‘__-____n--—-p——4nn——»-———————+———_______—___———__—_—_———4—————————

uFrarne M--2

NYETch6

—————————L—————————-———h—t'h’*hdFFWF4———-—-_—---—-+--—--------——-—————-——-———4—

uFrarne M+3

_________L__________________________J___w__rm-~-«fiiL—u———————————____________J_________

uFrarnc M+4

NYET

Rkaceé

ce3

_________L_—*«

uFrame M+8
SSPLIT(relry)

[N

st]

st?IN

_*_Hhfi—-—p-————————————_____________q_____________+___-—_-—___-—________-‘___4-_»---w«_

uFrame M+9

DATAO

ACK

IIIIIIIIImi...8mmWO.SC

uaCccT0uApm
Cu

CmDI_...rmm..m[milillwl
+MmnU

Figure A-Sl. Aborl and Free Free(HS NYET and FSILS Transaction is not Started at End of M+3)
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€12

m? DATAO c

Host

(data mggle)l II I

”I I
uFrame M I SSPLIT :I 51]

: st] {I I

: 5‘2 I“ 5.2 I
' I
I I
I I
I I
I __________________________ _I

_________I' I
uFrarne M+l : II

I I
I I
I I
I I
I I
I I
I I
I I

"""""r"-"'-"“-"""""""1
uFrarne M+2 I 011 CSPLIT C” :I

I\}I
i&.iI I
' chl '
: ch] NAK :
' I
I I
I I

~~~~~~~~~ Iv—w~——————~~—~—~~——~—————WI
uFrame M+3 I Host does not issue 2nd CSPLIT, I

I because host already receives I

I NAK on previous mierofi'ame. EI
"""""""""Y"""'"tfihht"*h'"_"_"'-_"_j

uFrame M+4 I I-Iost does not issue 3rd CSPLIT, I
I because host already receives I
I NAK on previous mierofi‘ame. I

--------- I---—----------------------II _________________________1
_________ I" II

"mm M” I U SSPLIT{rctry) I
I

I

Ew.II
‘ J""""""+*"'*"_F'"*""""'"‘"""""F"'I

uFrame M+9 : i
‘ I
I I
I I
I I
I I
I I
I I
I I
' I
I _______J

‘‘‘‘‘‘‘‘I‘h“““"*‘h““‘“h_‘—” :
uFrame M+IU 0“ CEIPLIT ctl :

m\> 5
III
I
II
I

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

CS: comp. sp. status) :(data toggle}
SS:FreeI'x 0

SS: PendingI'x

' I
I I
I I
I I
I I
l

' I
I

' I
I I
I I
I I
I

I _________________________ _:_________
-------------1" I

I IN Il

I\>:
i NAK II I

I/:
CS:Ready!nak I I

_____________ {.___________________________:_________
' I
I I
I II

' I
I I
I I

cs:0IcIII-.ak : I
I I
I I
I I

————————————— Inr—v—y—nw—I—v—n——_—w-—-——-—-—v———w—v..l__—_—————
T I

CS:Free.-’x : :
I I
I I
I II —————————————————————————

_____________T--__-____- 1
SS:FreeI’x I :

I I
' I
I I

_____________ I_—__—____________________—__I_____.‘-.-.-.
I I_____________,__________________________fl_________

' I
I I
I

' I
I I
I I
I I
I I
I I‘ ' I

__§§;‘ic:‘£"_"_3i’£4__________________________J._________
I IN EI\II I
i DATAO II I
I I

CS:ReadyflastdiIt3*’ I
I

I I l
_____________l#-___a-____#____-___H_____{,H~______

I I
I I
I I
I I
I I
I I
I I

CS:OIdIlastdata: :I

I I
I Il I

Figure A—82. Device Busy No Smash(FSiLS NAK)
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because this endpoinl is already
ENDPOINT HALT,

Host Hub FSILS
(data m [e) (SS: start Sp. status device

33 I I CS: comp. sp. statIIs) :(data toggle)
0 I I SS1Freelx I I 0l I I I

uFrame M I S" SSPLIT I I I' SM | l I

I M m I I I
I\,I E I
I I SS:Pending/x I II I I I
I I I I

---------r~»~—---------F*»*»~—w~-~~~1—-**~*-*-—«*~1----*"-----~-*---"**—**—~*fie-**-----

uFraIne M+I I I I IN I

: I :\,II I I I

I I I STALL I
I I I‘II/ II I : I
I I CS:RcadyI'stall I II __ _ I I I"""""""""r*"""—— “ F—“*"""-'-""""1----""-'-----T----"""——"“'-'-'-"'"'"'"""1----'----

uFrame M+2 I on CSPLIT I I I

IN“ I I
I “2 IN 012 I I I
I I I I

I De: STALL ch3 I CS:OIdJstall I I
I/I I I
I I I I
I ENDPOINT HALT I I I

.........I-------—--————--------—-—-I—------------I———-————-------——-———--———I-—-------
uFrame M+3 I Host does not issue 2nd CSP‘LIT, I cs:FreeIx I I

I because this cndpnim is already I I I
I ENDPOINT HALT, I I I

————————— I----—---—--———-—-------—-——-I-------------I———-—-——------—-——--——-—-—-I--—---—--
uFrame M+4 I Host does not issue 3rd CSPLIT, I SS:Free{x I II I I I

I I I II I I I
I ! I !

Figure A-83. Device Stall No Smash(FSI’LS STALL)
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A.5 Isochronous OUT Split-transaction Examples

—RaferenBe
Normal: small payload (G188) 

Normal: large payload (> 188) 

HS SSPLIT-all corrupted, HS OUT corrupted

HS DATAD corrupted (small payload)

HS SSPLlT~begin corrupted 5

HS OUT after the HS SSPLIT—begin is corrupted

HS DATAO corrupted (large payload) 7

HS SSPLIT—mid or OUT or DATAD corrupted
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Full-speed
device
(toggle)

gs: complete-split hglffer status: not needed

SS: start—split buffer status

HUB

2) Normal. Payload > 188 Bytes

Host

(toggle)

sh]

51:2 SSPLIT—begin

sdl DATAO

st5
uFrame M

t.._—___
.I

____

 
"

_

nh____

nuG"IIIIIIIIIIIIIIIIIIIIu.IIIIIIIIIIIIIIIIIIII._FIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIn"n_n___nunnhnm$________u_W_nHn‘nonn.___mmm_ahI
m0Au\a_____vn.__u_..IIIIIIIIIIIIIIIIIIIruuuuuuuuuuuuuuuuuuIx.llllllllllllllllllllTuuuuuuuuuuuuuuuuuuuuu_gm‘fimma“.\.humu.mfim.mn‘wwCWm\“Wm‘n"\wkImm.a$9.aws.S=mS__\_rw=\_r.rnmm\m..mwmmmmW”Fnmm_._MwmuDaw.«.4mm,_rE_Sr.mms.\Wm_C\_SCCS"IIIIIIIIIIIIIIIIIIII"IllllllllllllllllllllJIIIIIIIIIIIIIIIIIIIII_IIIIIIIIIIIIIIIIIIIIIII__nunu_n______MuM_M_nsnSusnmmnamdmnmnmnmn__d_nnounonnonnLm._LAnLAWmPA_PT_PTwWEDn%mn«wm"mu..~_a_351_351_451W__gammmamnay.mH_._WmnW__4,_.,IIIIIIIIIIIIIIIIII —"ultI-"llllllllllllllIIIIIIIIIIIIIIIIIIIIIIlllllliilil-I‘lllllll"T1.1L“_r,+n2_3vwM_+n+HWmnmnmHam_m_m.“r

uwmM
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3) HS SSPLIT—all corrupted (missing or ORG error etc.)

HS OUT corrupted

___

_____.e__nnnMuCI;u___Hn.leu_____wmohonwn__
__dm....................“r..........L............TL........................4................J.................unwn______un__H____nwn____w_nnunrn__w____nnwun‘_n__mnnrHnnt__m.__mnurnnu.s.un__Hnnt__r____sm___Wnnus______tawn"flMT__mmum.___wUM__aW..............3-4..........4............w..............o-o......r................r................fl.t.1__fl¢Em.nnhdm__fl.Mi__bPne___,It__nInEn"fl“ab__mmhmennrHhm__.mJD.%.m0e__fl_m1m0mnnm“nA“n__r_raAr_BmmTT..__r_FhTF_uUano.UAS__fl_:SA..__S.S.SODS____SS__Hsc....................__...........4............T--+--.£.........m.m..nm---L................L.................__

_r_mbumwn3’unm.unHnWnnmr.nnrn11nuau_r_amn_____m._n1_"fl"__aunMnma___num_,__n"0__HmM_n__TAnuLmT____1mT__P.n__w_LTA__mA__h_P.Sm____UD__sDnn__naannn.u__.____.51m__.l.. td______assun__mm1nnnnv_m____w___unnn__
__IIIIIIIIIIIIIIIIIIIITIIIFIIII}!IL.IillllIIIIIrIIILIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_1_2__0.mn"0_____1._Mfl+n+nn8_+_tM...erM_M__1+_3_Slmh__ab_e_ew_0ga‘_w_e_+_r__Hmmm_mN(nurraeFFruuwm
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4) HS DATAO corrupted

Full-speed

SS: start-split buffer status

HUB
Host

(ES: complete-split h11ffer status: not needed

SSPLIT—allStl

0_______L_-”--———————————————----——u—-—4——————————————+m-—unu—~—————————-———————_L

uFrame M + 1

____.___._.L,4---_______________-_.._______J______________1.-..--———-—————————————————_L_______
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5) HS SSPLIT—beg‘in corrupted (missing or ORG error etc.)

Full-speed
HUB device

Host SS: start-split buffer status (toggle)
(toggle) I ('33: complete-split. bIIIffer status: not needed II I I I

0 I st2 - ' :33: Free I I 0
I ...............................SSPLITbegln “MS—h“ I I
E 315 ........................>E I I

uFrame M IkI I I
I Sal IOUT token and. I I
I DATAO :DATAO packet ignoked I

ININ“ 55 an“? “at” II I I II I I I
_______ 'I-_____-_____--__----___---_-"'--_I-_-"""-"--T-*__--'____--_"'"'-"-__--__I'--______

I I I II 513 - ‘ I I I

uFrame M + 1 I £>I I II

i as I i I

I TKISSPLIT—mid, OU'II. and DATAO I 0I S I packet ignored I I

i DATAO shl END SS entry create? E
I I I II I I I
I I I I

_______|_.._____________________________1.______________,__________________________..______-....

I I I I
I st3 SSPLIT—mid I I II I I I

I 5I5\>ESSPLIT-mid, DUI}, and DATAO I
I \KIpacket ignored I I I]I INo SS entr}.Ir create? I
I 5:11 DATAO I I I

uFrame M + 2 IN: I II I I I
I I I I
I I I I
I I I I———————— L——————————————————————————————-I——————————————-|I——————————————————————————I————————

I : I I
I SM SSPLIT—end I I I

I\I I II I I I
I 5t5 I I

uFrame M + 3 I :SSPLIT—end, DUI; and DATAO I
I :11 Ipacket ignored I I 0
i s DATAD END 35 entryIr createIlI E

.NI . .
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

''''''r"'-"—"'""—'-'-"-'—"-"“I"-"'-"'-'"T'"—""'-""""""""r"""'I l I I
I I I II I I I
I I I I
I I I I
I I I I
I I I I

I : I I 0I I I I
I I I I
I I I I
I I I I
I I I II I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I
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6) HS OUT after the HS SSPLIT—beg‘in is corrupted

Full-speed

HUB _ device
Host SS: start-split hufl'er status (toggle)
(toggle) I 98: complete—Split bofl'er status: not needed II I I I

0 I st2 SSPLITJJeg-jn 1ISS: Free I I o
I I I I
I 35 s I I

nFrame M I .............................QUTIIIIIIIIIII Trans err gel I I
E .....................................’5; E i
I sell DATAO : : I
: sel I : I
: : DATAO packet ignored :

_______1:“_____________________________.E-NeMW-______________________..E_..__.._.._-I I I I
I st3 _ ' I I I

33\m; = ‘
E sts i I I

E NR!SSPLIT-mid, OU'II, and DATAII I o
I I packet ignored I I

E Sdl DAT-AD shl ENE! SS Entry created E
I I I II I I I
I I I I

""""""Tm..-“MM---—___-_..-.._....._....mu..._rw.__*-d4-_._.,-~l__.-~-__-__________________.l_________

: : : I
: st3 SSPLIT—mid : g gI I I I

iN!SSPLIT-mid, 0111'. and DATAU E
:k:packet ignored I I 0: :No SS entry created :
: sdl DATAO : I I

uFrame M + 2 : SI”- : I I
I I I II I I II I I I
I I I I

———————— l--————---—————————--——————-——-—-l—————---———-——+————-—-——-—————--—-———-—--l—-----I—-—

: : : :
I 5'94 SSPLIT—end I I I

I\I : II I I I
I st5 I I

uFrame M + 3 I :SSPLIT—end, (:IUIIr and DATAU I
: : packet ignored I I 9
: sdl DATAO :No SS entry created II shl I II I I
I I I
I I I
I I I
I II I

________r""'"“"""““"“'““" ______________ __________________________l________
I I
I I
I I
I I
I )I I
I I

I I 0I I
I I
I II I
I I
I I
I I
I I
I II I
I I.I I
I I

______________________J__ -g—ayu—--~--__-__-___4____-___
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7) HS DATAO corrupted

HUB

Host SS: start—split buffer status

(toggle) SIS: complete-split bnfl‘er status: not neededI I

0 st2 SSPLI‘ILbeg-in Iss: Free

I
I
I
II
I

I\
: st5

uFrame M : Max.I sdl :SSPLIT-beg'in and OUT token ignored
II
I
II
I

53:4 SSPLIT—end

DATAO 'No SS ent createdI o 0 RC ' ’5’

I o o o (a Carder-5‘3 I
I I

_______ r________________n______________:_____-_~“____T_W_____,-_"-__eI I I
I eta _ ' I I

uFrameM+ 1 : &>: II

i 55 i i

I WRESSPLIT—mid, GUI, and DATAO
I I packet ignored I

E Sdl DATAO 31.11 ENoSSentry create?
:\I :I I I
I I I

““““““1"-"-"--"-'—"-'-'-'"'---"r"-'-'""-'"F""""-""""

: : :
: st3 SSPLIT—mid ; II I I

E NISSPLIT—mid, GUI, and DATAO
: MEX»:packet ignored I: :No SS entryr createtil
: sdl DATAO : :

uFrameM+2 : 3111 : I
I I II I I
I I I

________ l———————————————————————————————-l——————————————+—————————————————

II
II
I
I

I
I
I
I
I
II
I st5

uFrameM+3 : SSPLI'Ilend, 0qu and DATAD
: packet ignored III
I
I
l
l
I
I
I

sdl DATAO No SS entry create
I

wiII
I

—----—---—---4-—---flr

Full-speed
device

(toggle)
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8) HS SSPLIT—mid or OUT token or DATAO packet after it is

corrupted

 

 
 

5‘64 SSPLIT-end

Full-speed
HUB device

Host SS: start—split bufi‘er status (toggle)
(toggle) I SIS: complete-split heifer states: not needed II I I I

I] I st2 SSPLIT—begin I SS: Free I I III I I I

I st5 I I I

uFrame M E E I iI
I I I I

: sdl DATAO I I I
I shl I\ I I

i iCre‘atQSSKI] entry Ewith status = Pending E_______ I “WM...--..._-I.....__.._........_-___.._..I, |”#‘*LH‘__”‘“*_.4I____‘_¥_‘_.H_‘____‘__”___“__H_______l “WWW.”

I I x I II st3 - ' I " I I

mm”: ..............................I.8?”de I x I OUT\.‘
E 51.5 .............................>E E DATAO E
I I I I
: sdl DATAO mm, and DATAD phcket I
: :ignored : I
:\:No SSH] entryI creelted :I I I I

------I"-----------------------------:ArsosraswfijfieI-feeardea"---------- "-E--""---

i sta SSPLIT-mid i i i 0I I I I

E st5 ESSPLIT—mid, 0111', and DATAO FS handleri generates a bit-
: :packet ignored I stuffing erroll' on full-speed bus
: :No SS entry created :
: sdl DATAO I I I

uIfi‘ame M + 2 : Shl : i I
I I I II I I I
I I I I

________I.---_-__________---___________...I______________I___--______________----___I.__--___

II
II
I51.5

I
I
I
I
I
I

I

ufiameM+3 : \K’
I
II
I
I
II
I
I
I
I

I
I
I
I
I

:I

SSPLIT—mid, OU‘JII, and DATAO I
packet ignored I : DI

I
I
II
I
I
I
I

sdl DATAO No 85 entrj.r created

______________________J_________ ______________________1________
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A.6 lsochronous IN Split-transaction Examples

Case Reference

Figure

Normal: full-speed bus transaction does not cross microframe boundary

Normal: full-speed bus transaction crosses microframe boundary

HS SSPLIT corrupted

IN after HS SSPLIT corrupted -
HS CSPLIT corrupted

Consecutive HS CSPLIT corrupted

HS IN corrupted

Consecutive HS IN corrupted

HS data corrupted {case 1}

HS data corrupted (case 2)

TT has more data than HS expects

HS CS too early (full-speed data not available yet)

Full-speed timeout or ORG error
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1) Normal: full—Speed bus transaction does not cross microframe

boundary

.0e
W

Sm“lru!mnm.mg_deom
LIIIIIIIIIIIIIIIIIII

____._...________.._._______nAnmMm__m.nmDnd__n__ennm”MEL..............n.....................inmnmnn3mndnwat"min.m_ew”;_mmum"Se.MnH.mmhpw_cmon_m.tnum_.mF_.flahme_a:___De_e_aM61eS_IS3_ l1mm.mS_csC_m0BMmmn“.mT__Us:=e__eASHES5mm“"SDCSniaLb.n...............+IIIIIIIIIIIIIIII_nnu__1unwmnnoPnnHAsnnLTS__PAnnsmD1__flbLam____2numa____llllllllllllllllll—IIIIIIIIIIIIIIII—IIIIIIIIIIIIIIIII.Un1n2_+_+mMmMee
_m_

mmFFuu

uFrame M

uF‘rame M + 3

__________--______—__I__‘-__—______---__—______-'I'_______-__---_-_____--_____—-__F____»———1
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2) Normal: full-speed bus transaction crosses microframe boundary

st2 I

HUB Full—speed
“05‘: SS: start~split buffer status dEVlCE
(1903319) ES: complete-split buffer statim (1903318)

I] I II I 0

stl SSPLIT I38 = Free I
uF‘rame M I

I

Create 55 entry with status $ PendingI/

  

 
 

I
I
II
l
I
I
I
I
II
I
I
I
I I

a : I
""""I""'““'-'"“-"'-"I""""‘"“"'“"'I

: I : INI I I

E I Create CS entryr E\
uFrame M + 1 I I SS = Free I DATAOI I I

I i iI I I

-------I-'""""""""'"uni—"C—"géél'l'lnznn"I""“""""“_"? CSTOIIE"REEJy?HIBre-datarea an

I “1 CSPLIT : w i , - ’ I
: I : . / ' :
I ct2 IN I 'I’ I

Frame M + 2 I I ‘ I I i
u I I Sand data)1 65%} with: Icd2 DA -

I MDATA ' fl 3“” I i
'3 MCSIO] =01dfmore data I I

9114 I I I

"""""I'm""""“'""“"I"Gaga"csr21:aas§"‘"":r*m“ sm’jflmmm‘dafim‘I I I I
' ctl I I/ I

I CSPLIT I , / I i
uFrame M + 3 I ct2 IN , , / i I

INSand data. In/ csu] with! I
i ‘ MEAT If SI2] = Readyflast—data iI I I I

I MDATA ”32 sI1] = Dldlmore data /I I
I / I I

0 I £114 1 a I I
----------/

i i / i EI I o I I

I ctl CSPLIT I , / I I
uFrame M + 4 I at}? IN ' / I Il | I I

' ' Se data in cslz] withI I
I

I I I

I DATAO cal 03m = Oldnaat data I II I I
0 ' I I I

Ichl I I II I I I
I I I I
I I I I

I I I i
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3) HS SSPLIT corrupted

Full-speed

e__

.mm,nn_w1gHnmdmaHnn.................L.+
_

_w__..__h__h__fl__n_uH__.n_u_____*_____.__..__.__.________..__u_
_

_un5_._.m.................u...............4_...........m........................................._..................Sm__.1nuS___ar__.w.m_“fl__mu_ru_nm.,m_ebd__nm“mmmnumnnba.Tm__m_mmmmnummHMWemNmmm.mnIed._w“WmmgmmmmMuHgmmmmam_HH?N"IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIILllllllllllllllllllfl4“m4nm_umumnun.n_L_wmmmm0mTmu
_

S.nnP_m.Pm9wnn_sN1esNsc_1m__CIHm:rCIC\_Iua.s_n2 cmmasnm.2mmmmaMmflm6mmH..................rmr_mma4__.r..l.oM_unm.nEmHHma”aa,mmmmMuMle_ea_m_mmm3..mmnm(uFF“nuuu
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4) IN after HS SSPLIT corrupted

de
m

Swnn_u_.,..v.mnnnueannnFdmnn_IIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIILIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIIIIIIIIIIII___________________________________________________________________________.w.................n...............4......................................................n..................xmmm.mntr__m,muanmmmmmnb_mumn_mm"fla__m_hS__n._.t.M.__ts_1mm__mm_5kem.nutn.D.__H.BmmmanumewnUSI__0_.e.mn.n..SSN__ShN_H$CIIIISIIIIIIMII.“uuuuuuuuuuuuuuu4..uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu._IIIIIIIIIIIIIIIIII. _._1m.nH_auHmunnMnnn3wmuunasTTmmSmunLcCu6_s_A_P5yP\7ehu"%NamSmSc_1flH_.l.1eCC\7Was.w“um__W.tS_n.S_FumwmmmnmmCu__uwrmctin.“_uuuuuuuuuuuuuuuuuLinnluuuululuu.nllnnnnuullmceillunnnnnuullluu-mm-IIIITIIIIIIIIIIIIIIIIII0M1n9..mmmff_3M_+_+flhT.T.n+t)enMnME_Msmmnenenemm,mmmnmf.nFFFuuu
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5) HS CSPLIT corrupted

dB
m.
e

6c)nun.wknuu8Wm0fl__FdawuIIIIIIIIIIIIIIIIIIrIllriilllllllLm____.u_._A.__un_._e_.__nmuuTunA_mnNDn.1_I_.mh_RWn.m,.....................maSmmwWanm.raud_tammeW.a_muhHna"mmmua“.M.eh_Ca.Mwm._mmm“Wmenm.“=__"mmmE“awwHBaFm_.Ua.m__ann..r_.HSSSC__SClllllSIIIIIIIIIInIIIIIIIIIIIIIIId.____nnnnH__LnnP__SHns_n2__mmnn_______nuuuuuuuuuuuuuuuuuuruulllllulLoMmHmtaenM_Slm_e_0fl_m.Hmmm:lH.F
u

data withlast.

IN is ignored

1 -> ce3

Immediate retry CS

DATAO

Timeout ce'}r

Err count

uFrame M + 2
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6) Consecutive HS CSPLIT corrupted

HUB Full-speed
HOSt SS: start—split buffer status dev1ce
(toggle) . ECS: complete-split buffer statEIs I (toggle)I

o I i I i oI l I

I stl SSPLIT fss = Free : :
uFramB M E \A E E

I “2 . I I
: \K’:Create SS entry with status =IE Pending E
I I I II | I I

-------E-----------------------+---------------------E--*-----**~*~--**-***-~~-*E*--***~-
I i : IN =
I I Create CS entry,r :\>E
I I SS = Free : E

“Frame M + 1 E : : DATA I
E I CS 2 Readyflast data I I
I i I :
I I I L

""""E_______________________+:____________________,E________M_”masons“? mm"
i 331 CSPLIT I i i..................... |

I .......................................... I l l

5 s2 IN ’3 i i
uFrame M + 2 I I _ _ E E

E I IN IS Ignored I I1 I I

Timeout (:67 E No response is given I E
Err_count = 1 —> C83 E E I
Immediate retry CS ; I I

I I I I
I . I I

: 531. CSPLIT E : :
I ................................................. ' I I
I “2 IN ...........n' I E
i I E :
I I IN is ignored E E

TimBOUt CE? I No response is given I I
Err_count = 2 -> C83 : I I

Immediate retry CS E E EI I I

. I i iI I I f

5 ,,_5=t1 CSPLIT I E E.................... I

I ....................................... ' | I

I | I i

E \bE IN is ignored E E. I I '

Timeout (:97 E No response is given E E
Err_c0unt = 3 ~> nee E I I
Record error E I I

Go to next cmd E E E
I ‘ ‘ i
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Pe

S__1.cm\mm.mm_
I.l

ueW.onnhFdmnnH..................rL“nu__.__w__a____w_________p___nAnHmw...mm__aonm.nNDnu2mnInunm___.wP.__.mm.IIV.._.uvIuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuumsmmMmHmnmsu_m..w_nmu1..«VJth_.0man5ur”mMnnmam%WmmHwmaummmwHsemM.mdm_.mwwwHmmm".. t_D.Hmm.a=__.s5fi_naSWk...__eS.olMummpma.Maswumwom_BBmmFmhMmm.mm___au.55.__mHH.mNo.3.m._tmHEnrim.....m..1..............................H..............................._........................—__‘u.u_fl_.1.._muuwnwTMMnmmuu3sonP_uTmCHAnas...u_m...2wmMn__n.__w.uSN..1.mSND_t1unC.1...n...__C.1nptm_.M.m...te_s._nm._m__12...1mu.1Hm_oHHam.omwcnc..................H................H.m.mm........................_.........................12.3m0Mm+H+muEIm+1.eM.MMSummHeMeneg.._Hmmmmm_m\I/r.n.FF_E.7!nuu
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8) Consecutive HS IN corrupted

Full-speed
H HUB d .

051: SS: start—split bufl'er status ewce
(toggle) I :35: complete~split buffer statils I (toggle)

: I i i
0 : i : : o

I 51:1 SSPLIT 338 = Free : :
uFrame M EN E i

: | : :
: Mk;Create SS entry with status if Pending :
I I i I
: . - :

_______r--___-___—__——__-__-___J.——-___-————------_—'_+———""qF"w"'“'“"""_-“'-'lr-__---__
: i E IN :
: : Create CS entry :\:
: : SS = Free : :

uFrame M + 1 : : : DATA :
: I CS = Readyflast data : :
: i : :I I I I

_______ L---____________________1--___________________4.---..»......-....fig»..--4...._....__.._l.________

: : : :

i “1 CSPLIT : i iI
I I I I
I 81:2 I I

.................................... I
uFrame M + 2 E .......H timeout i iI

I I I

Timeout CB7 I No response is given i E
Err_count 2 1 -> ce3 E E :
Immediate retry CS : : l

I l I I
I ' I I
: ctl CSPLIT E : :I | I i

I ...I=t2 IN E E
: ................................................. cel : : i
l """""""" H: timeout : t. | I I

TlmeOUt eel? i No response is given i i
Err_count = 2 —> ce3 : l I

Immediate retry CS i i EI I I

i : a aI

5 ctl CSPLIT E E iI | I l

i . ct2 IN . i :
: .................................................. “91 l l i

E ..................."E timeout E E' 1 I I

Timeout (:87 i No response is given i i
Err_count = 3 -> ce4 E : :
Record error : 2 :

Go to next cmd E E i
: I i i
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9) HS data corrupted (case 1)

HUB

tIls
SS: start-split buffer status

:03: complete-split bufi'er staI
I
I

ES:Free

uFrame M

Pending+

1?

Create SS entry with status

J
II
II
I
I
I
I
II
I
I
I
I
I

_______________________4_____________________

DATAO

4——————————————————————————L—————u~‘

Readyflast data

Create CS entrj,r
=: FreeSS

CS

_______J.

uFrame M + 1

uFrame M + 2

CROHIDLQQQ

"—"n-“FHC rejects data
And advances

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

 

HUB Full-speed
“051; SS: start-split. buffer status deVice
(toggle) . ES: complete-split buffer statIIIs (toggle)I | I I

”E = a a
I 5“ SSPLIT :68 = Free I :

uFrameM EN I II | ! lI I I

iNCreate SS entry with status :IE Pending :
I I I I
I J I I

_______I_‘“““““_Hd_"""' :"""""_""""" I __________________________:_________

i : 5m\>i
I

i i Create CS entry 5 E
uFrameM+1I I SS=Free I II I I I

I I I I
I I I I_______ L_______________________¢__ ____; _____L________

: : fireate-CSITI‘enW : ReadyI'begin-data
E c“ CSPLIT I I iI

:N J I
I ct2 IN I , z II / I

uFrameM+2:\ ./' :I . / I
I 0:12 I ’ |

I MDAE‘A. . . . I‘Send begin-data in CS I
1% o I 0 I with MDATA :I I I
'CR error ce5 I '

__________ I _ -_,____ --_--e----..ux--.csIoI.—_,01dxbegndata_ -__-_______-______' _____
[HG reJects aata I ‘l I-' _ / I

ETAdvance I A, I
I I Implementur can decide I
I :what to do an the I
I :mntinuing full-speed bus I

I :Any way the data herey' I
: Iuseless , II I

: / II ' I

I x'/ :______________________________________________________________________________r““‘

--------------F----—___"_'—_"-""""""""F
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11) T1" has more data than HC expects

 
 
 

uFrame M + 3 OnMI
Send mid-data/ in/CSI1]
with MDIgfip/

'RSl‘rr: Oldfmore data

HUB Full-speed
“05‘: SS: start-split buffer status device
(toggle) : ES: complete-split buffer statils :(toggle)

o g i I l
i stl SSPLIT res = Free E 5

mm :N E II I I II

: NR5!Create SS entryr with status 4% Pending i
I : I :
I 1 1 :

_______Ir_______________________ :_____________________ : __________________________l______u__I I I IN I

: : :\:
E ! Create CS entry i i

uF‘rame M + 1 I I SS = Free I I
i I : DATAO iI I I
I I I l

: : I CS[0] = Readylmore-data :
""""I---------"""-""----1-"Create'csmentry-““’.‘"""""""“':"‘ “‘I‘”“"‘"""'I I I I

: ctl CSPLIT : : , :

:\ : . I :
E m I ,A" E

uFrame M + 2 iN ./ I i
: Send heg'in_dam in CSED] : :

E RIDATA I with MDfiTA E E
E?$sIoI— Oldfmore date : I
lei-14 I : CSll] = — I

_________________________________ .L__ _____ _________'__________,( ___________‘ _____
: Create CSE‘ZT entry I . :—I I , I

CSPLIT i J, o / EI I

. I
' i
I I

iII
I
I
I
I

__———————_—---—___fi_
\:

--P——------
MDATA

c

HC has isenhe last OS, but. it.
receives IHMDATA so something
goes wrohg -> eeS

CS [2] = Oldfmore deta'

T_--- 5

I

E CS[2] : Readyfmore-data
__________I__c.h4._______________unifieh_.._____M__..___- ____ ____________________:______

: E / :
i : f.‘ :I O

I on CSPLIT i 'x i iI

uFrameM+4I\ / E E
I% Send de-data in CS CSIB] =Readyflest—deta I' I DATA '

E : wiflyld / E' [11 I I

' iI
I

lI
I
I

4
I

[3} = Oldflast-date.
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12) HS CS too early (full-speed data not available yet)

HUB Full-speed
H051: SS: start-split buffer status dEVlCE
(toggle) I ICS: complete-split buffer statIIs I (toggle)I I

0 I i : II I l 0

I an SSPLIT [ES : Free I I
uFrame M I \>I I I

I “2 . : :
: \IN\.ICreate SS entry with status I Pending II I I I

I I I I
———————r+rI . I l

I I I I
I I I I
I I I 1
I I I II I I I
I . I I

uF‘rame M+ 1 I I I I
I I I II I I I
I I I I

I I I L
""""I”"“'"""'"""“'1"""“'“"“"""I“""""“"""""“‘”I """"I

I “1 CSPLIT I I II
I I I I

Iam\~. i :'I

uFrame M + 2 I \5: . I I
I I Search not complete In I I
I I “me : II

TimemIt ce't' I I I
ErrflcuIInt = 1 —> ce3 I I I
Immediate retry CS I I I

I I I II I I I

I ' I I
I m CSPLIT I I :
I \H I I
I I I
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13) Full-speed timeout or CRC error
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Appendix B

Example Declarations for State Machines

This appendix contains example declarations used in the construction ofthe state machines in
Chapters 8 and 11. These declarations may help in understanding some aspects ofthe 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; -- Size of bulk buffer.
-- Determines how many outstanding
—— Split transactions are allowed.

CONSTANT ERROR#INJECTHDEPTH : INTEGER := 16; —- Size of Error Inject FIFO.

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

TYPE directions IS (in_dir, out_dirl; —— data transfer directions

TYPE pids IS (NAK, ACK, STALL, -- possible packet PIDS
tokenIN, tokenOUT. tokenSETUP,
SOP. ping,
”DATA,
DATAx, —— represents both DATAO and DATAl
CSPLIT, SSPLITr
NYETr ERR,

TRANS_ERR}; -- pseudo PIDs for error Cases

TYPE cmds IS (start_split, complete_split, nonsplit, SOP); —— HC commands

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

TYPE HCresponses IS ( —— what HC should do next for this command
do_start, —— do start—split transaction
doflcomplete. —— do complete—split transaction
do_complete_immediate,

«e 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 (periodic)
do_next_ping,
do_ping,
do_out.
do_idle —— Response not active — Used for Simulation

l:

TYPE Devresponses IS {
do_next_data,
do_nothing

l;
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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, 0k};

TYPE States IS (old, pending, ready, no_match, match_husy);
—— 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 IS RECORD
spacewavail : hoolean;
data_avail : boolean;
ep_type : ep_types:
ep_trouh1e : hoolean;
toggle : hoolean;
END RECORD;

TYPE epinfo_array IS ARRAYtl DOWNTO 0} OF epinfo_rec;

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

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

down_result : results;
END RECORD;

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

ep_type : ep_types;
PID : pids;
dev_addr : INTEGER RANGE 0 T0 127;
endpt : INTEGER RANGE 0 TO 15;
CRClE : CRCs;
direction : directions;
x : boolean;
datapart : data_choices;
ready : hoolean;
timeout : hoolean;
END RECORD;

TYPE command_rec Is RECORD ~— command state that the He must act upon
epfitype : ep_types;
cmd : cmds;
setup : boolean; —— true is control setup
ping : boolean;
HS : boolean;
dev_addr : INTEGER RANGE 0 T0 127;
endpt : INTEGER RANGE 0 T0 15;
CRClE : CRCS;
direction : directions;

datapart : data_choioes;
toggle : boolean;
last : boolean;
END RECORD;
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TYPE bc_buf_status IS {0LD,NU.NOSPACE);

TYPE BCflbuff_rec Is RECORD
match : match_rec;
index

status : be_buf_status;
END RECORD;

TYPE CSfibuff_rec IS RECORD

-- Responses from Compare_BC_huff.

-— (partial) state of a bulk/control buffer

INTEGER RANGE 0 To (FIPOflDEPTH-l);

—— (partial) state of a periodic complete-split buffer
match
store
END RECORD;

: match_rec;

TYPE SS_buff_rec IS RECORD
saw_split: boolean;
isochO: boolean;
lastdata: data_choices;

: hs_hus_rec;

-- was the last transaction an isochronous OUT 35

—— if isooho is true, then what was the last data portion
END RECORD;

TYPE cam_rec IS RECORD
store hs_bus_rec;
match : match_rec;
END RECORD;

TYPE phases IS (SPLIT, TOKEN, DATE);

TYPE err_injectmrec IS RECORD
phase phases;
timeout . boolean;
crc : CRCS;
pid : boolean;
END RECORD:

-- Information stored in the hulk/control Buffer.

-- Error Inject phases.

-- Error Injection FIFO record.

TYPE err_inject_type IS ARRAY({ERROR_INJECT_DEPTH - l} DOWNTO 0)
of err_inject_rec;

TYPE cam_type IS ARRAYI£FIFO_DEPTH - I} DOWNTO 0) OF canLrec;

--returns true when there is a packet ready to receive from a bus

FUNCTION Packet_ready(HS_hus_in: HS_pus_rec) RETURN boolean;

-~ wait until there is a packet ready on a bus
PROCEDURE Wait_for_packet{Es‘bus_in: Hs_bus_rec; wait_type: waits);

PROCEDURE RespondDeder: devrespomses);

PROCEDURE HC_Accept_data;

PROCEDURE HC‘Reject_data;

PROCEDURE Dev_Accept_data;

PROCEDURE Dev_Record_error;
END behav_package;
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Host Controller Declarations
shared VARIABLE ErrorCount

shared VARIABLE HC_response_V
shared VARIABLE rd_ptr
SIGNAL HSU2_ready
SIGNAL HC_pommand_ready
SIGNAL HC_cmd
SIGNAL HCresponse
SIGNAL err_inject_fifo
SIGNAL wr_ptr

integer :=0;
HCresponses;
integer RANGE 0 To (ERROR__INJECT_DEPTH-l} := a;
boolean;
hoolean := FALSE;
command_rec;
HCresponses;
err_inject_type;
integer RANGE 0 TO {ERROR_INJECT_DEPTH-l) := O;

PROCEDURE Issue_packet{SIGNAL HS_bus_out : OUT HS_bus_rec;
pid : pids} IS

BEGIN

HS_bus‘out.
HS_bus_out.

Hwaus_out.

ep_type <= HC_Cmd.ep_type;
endpt <= HC_cmd.endpt;

HS_bus_out.dev_addr <2 HC_cmd.dev_addr;
HS_bus_put.direction <= HC_cmd.direction;
HS_bus_out.datapart <= HC_cmd.datapart;

x c: HC_cmd.toggle; —— ????

-— Check for Error injection when FIFO is not empty.
IF (wr_ptr /= rd_pl:.r) THEN

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

.crc;

.timeout;

IT)) OR
-- Insert an error during Token phase ?

(err_inject_fifo{rd_ptr).phase = TOKEN AND
(pid = tokenIN 0R pid = tokenOUT 0R pid = tokenSETUPIJ OR

-- Insert an error during Data phase ?
(err_inject_fifo{rd_ptr}.phase = DATA AND {pid = HDATA OR pid = DATAx))}

HS_bus_out.crc16 <= err_inject_fifotrd_ptr)
HS_hu5_out.timeout <2 err_inject_fifo(rd_ptr1
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.crc16 <= ok;
HS_bus_out.timeout <= FALSE;
HS_hus_out.pid <= pid;

END IF;

-- Otherwise issue packet with no errors.
ELSE

HS_bus_out.crc16 4: ok;
HS_bus_out.timeout <= FALSE;
HS_hus_out.pid e: pid;

END IF;

HS_bus_out.ready <= TRUE;
HS_bue_out.ready <= FALSE after 500 ps;
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END Issue_packet:

-- Get next Command for RC to execute.
-- NOT USED FOR THIS IMPLEMENTATION !!!

PROCEDURE HC_Get_next_command IS
BEGIN

PROCEDURE RespondHC (HCresponse : HCresponses) IS
BEGIN

HCfireSponse_v := HCresponse;

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

PROCEDURE Update_command (SIGNAL HCdone : OUT boolean) IsBEGIN
HCdone <= TRUE;

END;

PROCEDURE IncError IS
BEGIN

EIrOI‘COLlflI'. := Error-Count + l;

-- Record Error for current command.
-- NOT USED FOR THIS IMPLEMENTATION 2!!

PROCEDURE Record_error ISBEGIN
ErrorCount := 0;

END;

559

ZTE/SAMSUNG 1008-0587

|PR201 8-001 10



ZTE/SAMSUNG 1008-0588 
IPR2018-00110

Universal Serial Bus Specification Revision 2.0

3.3 Transaction Translator Declarations

560

shared VARIABLE cam : cam_type; -- IT buffer.
shared VARIABLE BC_buff BC_buferec;
shared VARIABLE CS_Buff CS_buff_rec:
shared VARIABLE rd;ptr integer RANGE 0 T0 (ERROR_INJECT;DEPTH-11 := 0;
shared VARIABLE derror_v : boolean;
shared VARIABLE SS_aVail_V : boolean;
shared VARIABLE periodic : boolean := FALSE;
shared VARIABLE error_time :time :2 1000000000 ns;
SIGNAL split : Hs_bus_rec; -- stored Shared Split Token
SIGNAL token : HS_bus_rec; -- stored.1bken
SIGNAL SS_Buff : SS_buff_rec;
SIGNAL CS_Buff_sig : CS_buff_rec;
SIGNAL mam : cam_rec;
SIGNAL memwrite : boolean;

SIGNAL err_inject_fifo : err_inject_type;
SIGNAL wr_ptr : integer RANGE 0 T0 lBRROR_INJECT_DEPTH-1} := 0;
SIGNAL derror : hoolean;
SIGNAL ss_avai1 : hoolean;

-- Is_nowspace - 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 hoolean is
variable result:boolean:=FALsE;

begin
IF (BC_buff.status = NOSPACE} THEN

result := TRUE;
END IF:
return result;

and Is_n0_space;

function Is_new_SS(EC_huff: BC_buff_rec) return boolean is
variable result:boolean:=FALSE;

begin
I? [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:hoolean:=PALSE;

begin
IF (BChbuff.statu5 = OLD} THEN

result := TRUE;
END IF;
return result;

and Is_old_SS ,-

procedure Issue_packet(signal HS_hus_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 a: CS_Buff.store.endpt;
HS_bus_out.dev_addr <= CS_Bu£f.store.dev_addr:
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HS_bus_out.direction <= CS_Buff.storB.direction;
HS_bus_out.datapart <= CS_Buff.store.datapart;
HS_bus_out.x <= CS_Buff.store.x; —— ????ELSE

HS_busdput.epfltype <= camKBC;huff.index}.Store.ep_type;
HS_hus_out.endpt = cam(BC_buff.index}.store.endpt;
HS_bus_out.dev_addr <= cam(EC_buff.index}.store.dev_addr;
HS_bus_out.direction <2 camiBC_buff.index}.store.direction;
HS_hus_out.datapart <= CamiBC_huff.index).Store.datapart;
HS_bus_out.x <= cam(BC_buff.index).Store.x; -- ????

-- Update bulk/control with state information which may have been updated
-- by the complete-split state machines.
camiBC_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.crc16 s: err_inject_fifo(rd;ptr).crc:
HS_bus_out.timeout <= err_inject_jifoird;ptr).timeout;
IF (err_inject_fifoird_ptr}.pid) THEN

HS_bU.5_O'L'lt .pid at: TRANS_ERR;ELSE

Hs_bus_out.pid <= pid;
END IF;

--IF (now > error_time 3 THEN
-- Update read pointer.
IF {rd_ptr = IERROR_INJECI‘_DEPTH—1)) THEN

rd_ptr := D;ELSE

rd_ptr := {rd_ptr + 1);
END IF;

——END IF;

error_tim3 := now;

-- Otherwise issue packet with no errors.
ELSE

HS_bus_out.crc16 <= 0k;
HS_bus_out.timeout <2 FALSE;
HS_bus#put.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_:rsoch0ut {SS_Buff ; SS_Buff_rec;

split : HS_bus“rec) RETURN boolean IS
VARIABLE result:boolean:=FnLSE;

BEGIN

result := ((5p11t.datapart = enddata OR split.datapart = middata) AND
NOT(SS_Buff.1astdata = begindata OR SS_Buff.1astdata = middataii 0R

((Split.datapart = hegindata OR split.datapart = alldata} AND
SSfiBuff.isochO} OR

{(split.datapart = middata OR split.datapart = enddata) AND NOT
SS_Buff.isochO);

RETURN result;

END Bad_IsochOut;
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procedure Saveihs_bu5_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 Etored. Compare_BC;huff will
initialize BC_buff with the buffer location information.

procedure Compare_EC_buff IS
variable match:hoolean:=FBLSE;

begin

—— Assume nospace and intialize index to 0.
Bc_buff .status ;=
EC_buff . index :=

NOSPACB;
0:

FOR 1 IN 0 to FIFO_DEPTH—1 LOOP
IF NOT match THEN

—~ Re-use buffer with same Device Address/End point.
IF (token.endpt = camii).5tore.endpt AND

token.dev_addr = cam{i).stcre.dev_addr AND
((token.direction = camii).store.direction AND

Split.ep_type /= CONTROL} 0R
Split.ep_type = CONTROL!) THEN

-- If The buffer is already pending/ready this must be a retry.
IF (camIi).match.state =

BC_buff.status :2 OLD;ELSE

BC_huff.5tatus := NU;
END IF;

BC_buff.index := 1;
match := TRUE;

-- Otherwise u5e the buffer if it's old.
ELSIF {camti}.match.state = OLD) THEN

BCLbuff.status .= NU;
BC_buff.index := i;

END IF;
END IF:

END LOOP;

BC_buff.match.5tate := camIBC_buff.index}.match.state;

end Compare_BC_buff;

READY OR cam(i).match.state = PENDING} THEN

—— 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;
camiBC_buff.index).match.state := PENDING;
BC_buff.match.state := PENDING;

end Accept_data;

-- Match_sp1it_state - This procedure finds the BC buffer location which matches
the current complete-split.

procedure Match_split_§tate IS
variable match:hoo1ean:=FALSE;

begin
BC_buff.match.State := NO_MATCH;
EC_buff.index := 0;

FOR 1 IN 0 to FIFO_DEPTH—1 LOOP
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IF NOT match THEN
Is this
corres

If it i
indicat

(token.
token.
token.

BC_huff.
EC_buff.
BC_huff.
match

END IF;
END IF;

END LOOP;

periodic := FALSE;

the buffer used for the start-split
pending to this complete—split?
5... store information into BC;buff ande match was found.

cam(i).store.endpt AND
cam(i}.store.dev_addr AND
Camti}.5tore.direction} THEN

endpt =
dev_addr =
direction =

cam(i}.match.state;
= camii).match.down_resu1t;

match.state :
match.down result :

1index := 1
:= TRUE;

—— Setup Issue Packet.

end Hatch_split_state;

PROCEDURE Down_error
BEGIN

derror_v
END Down’error;

TRUE ;

IS

procedure Datawinto_ss_pipe IS
begin

CS_Buff.match.state MATCH_BUSY;
ss_avai1_v := TRUE;

end Data_into_SS_pipe;

procedure Past_match
begin

periodic : TRUE;
end Fast_match;

IS

—— Setup Issue Packet.
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Appendix C

Reset Protocol State Diagrams

This appendix presents state diagrams that provide implementation examples for the reset protocol as described

in Section 7.1.7.5. These state diagrams should be considered as an example to guide implementers; the
description ofthe reset protocol and the high-speed reset handshake in Section 7.] .15 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 T-nMER(min) and TnMER{max), the timer should have a
minimal resolution ofat least 1 clocktick in the range ofTTIMER. In a number ofplaces, a time T'I‘lMER is

mentioned in a state diagram; while in the tables in Section 7.3, a range is given forthis time. In that case, the

time represents a chosen value in the range such 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. lfa timer is Run, it will
update itself every clocktick. If a 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-] shows all the necessary and required behavior of a downstream facing
port in case ofa reset. As this is the initiating party in the reset protocol, the hub enters the Resetting state

through a request from the host (the SetPortFeature(PORT_RESET) command). The downstream facing port
then drives an 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 (TDRST) 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 1 1.8.2. When reset has completed,
the hub enters the low-speed Enabled state.

If the attached device is fiJll-speed and not high-speed capable, it will end reset when timer T0 expires (TDRST)

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 afier the SEO

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 its (Tm-r) filtering the reset protocol asks for.

Note: The timer T1 is required to be reset after an interruption of 16 high-speed bit-times ofthe continuous

Chirp K that makes up the upstream chirp. It may be reset by any shorter interruption.

If the filtering ofthe 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 T0 reaches

beyond the time TUCHEND (time to detect an upstream chirp), the hub is put in a wait state, which it leaves alter

the timer has timed out the complete reset protocol (TDRs-r). It will then enter the full-speed enabled state.
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Figure 01. 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 ofthe upstream chirp will

return the bus to the SEO state. So immediately (actually within 100 us (TWTDCH) alter the end ofthe upstream

chirp according to Section 7.1.7.5}, the hub drives a Chirp K for 40 to 60 us (TDCHW), then a Chirp J for 40 to

60 us, then a Chirp K, etc. It continues with this alternating sequence until timer T0 has come within 100 to

500 us (TDCHseo) of the end of reset (Tons-r) When this time is reached, the downstream-facing port finishes the
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40 to 60 us of continuous signaling it was busy with when the timer TO exceeds the value of TDRST — TDCHSEO

before driving SEO until the end of reset.

0.2 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:

0 The reset detection state diagram which describes the way a device reacts to reset signaling on its upstream
facing port (see Figure C-2)

0 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 r65et (see Figure (2-3)

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:

I Suspended

O Powered, FS Default, FS Address, and FS Configured

- HS Default, HS Address, and HS Configured

These groups of states correspond to an identical list of p0ssibilities as described in Section 7.1 .715 under item 3

of the reset protocol.

0.2.1 Reset From Suspended State

As can be seen from Figure (3-2, the device wakes up from the Suspended state as soon as it sees a K or an SEO

on the bus. A J would be indistinguishable from idle on the bus that a suspended device sees non'nally. On
seeing a K, the device will initiate a resume process. For the details ofthis process, see Section 7.1.7.7. On

seeing an SEO, the device could enter the reset handshake procedure, so it starts timer TO.

The actual reset handshake is only started after seeing a continuous assertion of SEO for at least 25 us (TFMSEO).
The loop between the blocks with “Clear timer T1” and “Run timer T1" represents this filtering. lfthe device

has not detected a continuous SEO before timer T0 exceeds the value of Tucneno - TUCH, 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 Twrcm 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 (*). Turrag should have
a value somewhere between 0 and 5.0 ms. This allows at least 1.0 ms time to detect the continuous SEO.

1]" the device has seen an SEO signal on the bus for at least Tmrsso, then it can safely assume to have detected a
reset and can start the reset handshake.
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SEO | idle Line state change

.

T0 2 T
“R“ SEO &

To Z TWTRSTFS
Remove HS
terminations

Connect D+ pull-up
resistor

Start timerTl !SEO &
T1 2 TWRSTHS

SEO 81.

T1 2 TWTRSTHS

SEO

Clear timer Tl T0 2 TUCHEND _ TLl'CH &
T] 4 TFILTSEG

[SEO 8:.

Tl < TFILTSED

Run timer TI

TI 2 TFILTSEO

(*) Note: TWTCLK 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 ofthis
state diagram. See Section C.2.l for a detailed description.

Figure C-2. Upstream Facing Port Reset Detection Slate Diagram
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Drive Chirp K
Start timer T2

Stop Chirp K
Clear counter C0

Start timer T3

Clear timer T4

Highvspeed K tHigh-speed K &
T4 < TFILT

  

 
  

 

€04.38;

T3<Twn=5

Clear timer T4

High—speed J IHigh-speed J &
T4 < TFILT 

Increase C0

Enable HS

terminations

Disconnect

D+ pull-up resistor

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

T3 2 Twrrs
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0.2.2 Reset From Full-speed Non-suspended State

Timer T0 is started when seeing an SEO or idle state from a full-speed Non-suspended state.

If a J (idle) is detected and the timer T0 exceeds the value of 3.0 ms while no change has been detected in the

state of the bus, the device is suspended.

Ifan SEO is detected and the timer T0 times out the value ofTw-mms {between 2.5 us 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.

0.2.3 Reset From High-speed Non-suspended State

Timer T0 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 OfTw'f‘REv (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 {Twas-ms}- After

this time, the line should be sampled to see whether the device should be suspended (on detecting a fiJlI-speed
idle) or reset (on detecting SEO).

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

If something other than an idle or an SEO, in other words, a K, was detected, the device will also enter the

suspended state. However, on seeing the K, the device will immediately resume, effectively returning to the
high-speed state.

0.2.4 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 T0 hits the 7.0 ms mark. Note: This is the same timer T0 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 TUCH. Another approach would be to wait until the
timer T0 exceeds the value of TUCHEND, 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-J pattern, it first starts looking for a continuously asserted Chirp K. The method employed

in this state diagram is counting the number ofK«J transitions. Here K and J are actually Chirp K and Chirp J,

respectively, asserted continuously for at least 2.5 as (THU).

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 G] to detect the upstream

chirp. After this, a continuous Chirp] 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 ofthe K-J-K-J-K-J for at least 1.0 ms, but at most 2.5 ms. 1f the device is unable to detect

a sufficient number of K-J transitions before the timer T3 times out at TWS, the device enters the full-speed

default state. Reset ends when the bus state changes from SEO to idle. The time Tw‘rps 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 fi'om the D+-line. According to Section 7.1.7.5,

you may wait up to 500 us before actually reverting to high-speed, but in this State diagram, this reversion is
done immediately after detection of three [(-1 transitions. After this switching ofterminations 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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0th microframe, 9.4.11, 11.14.23, 11.183,
11.222

"3 strikes and you're out" mechanism, 11.17.1
4X over-sampling state machine DPLLs,

7.1.15.1

A

abnormal termination sequences, 11.3.3
abortinglretiring transfers

aborting control transfers, 5.5.5
after loss of synchronization, 1122.2
client role in, 10.5.2.2

conditions for, 532

message pipes and, 5.3.2.2
packet size and, 5.5.3
Transaction Translator’s role, 11.186,

11.18.61

USBDI role, 10.5.3.2.1

access frequency of control pipes, 5.5.4
Acknowledge packet. See ACKs
ACKs, 8.3.1 Table 8-1

in bulk transfers, 8.5.2, 11171
in control transfers, 8.5.3. 8.5.3.1, 11.17.1

corrupted ACK handshake, 8.5.3.3, 8.6.4

in data toggle, 8.6, 8.6.1, 862
defined, 2.0 glossary
function response to OUT transactions,

8.4.6.3

host response to IN transactions, 8.4.6.2
overview, 8.4.5
PING flow control and OUT transactions,

8.5.1, 8.5.1.1

ReadylACK status, 11.15
in request processing, 9.2.6

AC loading specifications, 7.1.6.2
A connectors. See Series "A" and "B" connectors

AC stress evaluative setup, 7.1.1
actions in state machines, 8.5, 11.15

active devices, defined, 2.0 glossary
active pipes, 10.5.2.2
adaptive endpoints

connection requirements, 5.12.4.4
feedback for isochronous transfers, 5.12.42
overview, 5.12.413

adding devices. See dynamic insertion and
removal

Address device state

bus enumeration process, 9.1.2
overview, 9.1.1.4

standard device requests, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-1

addresses

Address device state, 9.1.1.4, 9.1.1 Table 9-1,
9.1.2, 9.4.1 to 9.4.11

aliasing, 8.3.2
assignment

after dynamic insertion or removal, 4.6.3
bus enumeration, 2.0 glossary, 4.6.3, 9.1.2
device initialization, 10.5.1.1

operations overview, 9.2.2
re-enumerating sub-trees, 10.5.4.5
staged power switching in functions and,

7.2.1.4

time limits for completing, 9.2.6.3
USB System Software role, 4.9

endpoint addresses, 5.3.1, 9.6.6

SetAddress() request, 9.4.6
address fields

address field (ADDR), 8.3.2.1. 8.3.5.1, 8.4.1,
8422

endpoint field (ENDP), 8.3.2.2, 8.3.5.1, 8.4.1
Hub address field, 8.4.2.2

packet address fields, 8.3.2 to 8.3.2.2
ADDR field

overview, 8.32.1

token CRCs, 8.3.5.1

in token packets, 8.4.1
Adopters Agreement, 1.4
advancing pipeline pseudocode, 11.18.?
aging, data-rate inaccuracies and, 7.1.11
aliasing addresses, 8.3.2

"all" encoding, 11.18.4
allocating bit times in handshake packets, 11.3.3
allocating buffers. See buffers

allocating USB bandwidth

transfer management, 5.11.1 to 5.11.1.5
USB System role, 10.3.2

alternate settings for interfaces
configuration requirements, 10.3.1

Gellnterfaceo request, 9.4.4
in interface descriptors, 9.6.5
Setlnterface() request, 9.4.10
USBDI mechanisms, 10.5.2.10

USB support for, 9.2.3
American National StandardlElectronic

Industries Association, 6.7.1
American Standard Test Materials, 6.7.1

ANSIlEIA-364-C (12l94), 6.7.1
applications

in source-to—sink connectivity, 5.12.4.4
USB suitability for, 3.3
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architectural overview of USB

architectural extensions, 410

bus protocol. 44

bus topology, 4.1.1
data flow types, 4.7 to 4.7.5
hub architecture, 4.8.2.1, 11.1.1, 11.122

mechanical and electrical specifications, 4.2 to
4.2.2, 6.1

physical interface, 4.2 to 4.2.2
power, 4.3 to 4.3.2
robustness and error handling. 4.5 to 4.5.2
system configuration, 4.6 to 4.6.3
USB devices, 4.1.1.2, 4.8 to 4.8.2.2
USB host, 4.1.1.1, 4.9

USB system description, 4.1 to 4.1.1.2
assigning addresses. See addresses; bus

enumeration

ASTM-D-4565, 6.6.3, 6.7.1
ASTM-D-4566, 6.6.3, 6.7.1

asynchronous data transfers. 2.0 giossary, 4.9
asynchronous endpoints

connection requirements, 5.12.4.4
feedback for isochronous transfers, 5.12.4.2
overview, 5.12.411

asynchronous RA, 2.0 glossary, 5.12.4.4. See
aiso RA (rate adaptation)

asynchronous SRC, 2.0 giossary. See aiso SRC
Attached device state

in bus enumeration process, 9.1.2
overview. 9.1.1.1
visible device state tabte, 9.1.1 Tabie 9-1

attaching devices. See dynamic insertion and
removal

attenuation, 7.1.17

attributes of devices in configuration descriptors,
9.6.3

attributes of endpoints in endpoint descriptors.
9.6.6

audio connectivity, 5.12.4.4.1

Audio Device Ciass Specification Revision 1. 0,
9.6

audio devices, defined, 2.0 giossary
automatic port color indicators, 11.5.3
available time in frames and microframes

bulk transfers and, 5.8.4

bus bandwidth reclamation, 5.11.5
control transfers and, 5.5.4

interrupt transfer bus access constraints, 5.7.4
isochronous transfers and, 5.6, 5.6.4

AWG, 2.0 giossary, 6.6.2

babble

Collision conditions and detection, 11.8.3

defined, 2.0 giossary

EOF2 timing points and, 11.2.5
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babble (continued)
EOF and babble detection, 11.2.5.1

error detection and recovery, 8.7.4
transaction tracking and, 11.187

background of USB development, 3.1 to 3.3
backwards compatibility of USB 2.0, 3.1
bAitemateSetting fieid (interface descriptors),

9.6.5,1123.1
bandwidth

allocating for pipes, 4.4, 4.7.5
bandwidth reclamation, 5.11.5

defined, 2.0 giossary

transfer management, 4.7.5, 511.1 to
5.11.15.10.32

USB system role in, 10.3.2
battery«powered hubs, 7.2.1
bco‘Device field (device descriptors). 9.6.1

bco‘USB field (device descriptors). 9.2.6.6, 9.6.1,
1123.1

bchSB field (device qualifier descriptors), 9.62,
1123.1

bConfiguration Vaiue field
configuration descriptors, 9.6.3, 1123.1
other speed configuration descriptors, 9.6.4,

1123.1
B connectors. See Series " " and "B" connectors

bDescLength field (hub descriptors), 1123.2.1
bDescriptorType field

configuration descriptors, 9.6.3. 1123.1
device descriptors, 9.6.1, 1123.1

device qualifier descriptors, 9.6.2, 1123.1
endpoint descriptors, 9.66, 1123.1
hub descriptors, 11232.1, 11.24.25,

11.24210

interface descriptors, 9.6.5, 1123.1

other speed configuration descriptors, 9.6.4,
1123.1

string descriptors, 9.6.7
bDeviceCiass field

device descriptors. 9.6.1, 1123.1

device qualifier descriptors. 9.62, 1123.1
bDeviceProtoc0i field

device descriptors, 9.6.1. 1123.1

device qualifier descriptors. 9.62, 1123.1
bDeviceSubCiass field

device descriptors, 96.1, 1123.1

device qualifier descriptors, 9.6.2, 1123.1
"beginning" encoding, 11.184
bEndpoinMddress field (endpoint descriptors),

9.66, 1123.1

best case full-speed budgets, 11.181, 11.184

bHubContrCurrent field (hub descriptors),
11.2321

bi-directional communication flow, 5.6.2, 5.8.2

big endian, defined, 2.0 giossary
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binferfaceCIass field (interface descriptors),
96.5. 1123.1

binterfaceNumber field (interface descriptors),
9.6.5, 11231

bfnferfaceProtocof field (interface descriptors),
9.6.5, 1123.1

bfnferfaceSubCfass field (interface descriptors),
9.6.5, 1123.1

binfeivai field (endpoint descriptors), 96.6,
1123.1

bit cells, decoding, 7.1.15.1

bitmaps of hub and port status changes, 11.12.4
bit ordering, 8.1
bits, defined, 2.0 gfossary

bit stuffing
bit stuffing errors, 11.3.3, 11.15, 1122
bit stuff violations, 8.7.1

calculating transaction times, 5.11.3
defined, 20 giossary

high-speed signaling and, 7.1

microframe pipeline and, 11.182
overview, 7.1.9

bit times

bit time designations, 11.3
bit time zero, 11.3
before EOF, 11.2.5

in transaction completion prediction, 11.3.3
bLengfh field

configuration descriptors, 9.6.3, 1123.1
device descriptors, 9.6.1, 1123.1

device qualifier descriptors, 9.6.2, 1123.1
endpoint descriptors, 9.6.6, 1123.1
interface descriptors, 9.6.5, 1123.1

other speed configuration descriptors, 9.6.4,
1123.1

string descriptors, 9.6.7
blinking indicators. See indicators

blocking packets in Collision conditions, 11.8.3
blunt cut termination, 6.42, 6.4.3
bmAftributes field

configuration descriptors, 9.6.3, 11231
endpoint descriptors, 9.66, 1123.1
hub descriptors. 11.13

other speed configuration descriptors, 9.6.4,
1123.1

bMaxPacketSi’zeO field

device descriptors, 9.6.1, 1123.1

device qualifier descriptors, 9.6.2, 1123.1
bMaxPowerfield, 9.6.3

configuration descriptors. 1123.1

other speed configuration descriptors, 9.6.4,
1123.1

meequeszype field
hub class requests, 11.242
overview, 9.3.1

Setup data format, 9.3

meequestType field {c0nfinued}
standard device requests, 9.4

bNbrPorfs field (hub descriptors), 11232.1
bNumConfiguratfons field

device descriptors, 9.6.1, 1123.1
device qualifier descriptors, 9.6.2, 1123.1

bNumEndpofnfs field (interface descriptors),
9.6.5, 1123.1

bNumfnterfaces field

configuration descriptors, 9.6.3, 1123.1
other speed configuration descriptors, 96.4,

1123.1

warOnZPwrGooo‘ field, 11.11, 112321

bRequest field
hub class requests. 11.242
overview, 9.3.2

Setup data format, 9.3
standard device requests, 9.4
standard hub requests, 1124.1

bReserved field (device qualifier descriptor),
9.6.2

broadcast mode of hub operation, 11.1.2.1
BIS or bIS, defined, 2.0 gfossary
bStrfng field (string descriptors), 9.6.7

budgets, best case full-speed budget, 11.131,
11.184

buffers

buffer impedance, 7.1.1.1
buffer match tests, 11.171

bulklcontrol transfer buffering requirements,
11 .17.4

calculating sizes in functions and software,
5.11.4

clearing, 11.17.5, 1124.2.3
client pipes and, 105.122
client role in, 10.3.3. 10.5.3

defined, 2.0 gfossary

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, 5.12.42

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 gfossary

periodic transaction buffers, 11.142.1
prebuffering data, 5.12.5
rate matching and, 5.12.8
rise and fall times for full-speed buffers,

7.1.2.1
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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, 11.14.22, 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 11.175
overview, 4.7.2. 5.8

packet size, 5.8.3, 9.6.6
scheduling, 11.14.22
split transaction examples, A.1, A2
split transaction notation for, 11.15
state machines, 8.5.1, 8.5.1.1, 852, 11.172
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. 5.1.1 to 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. 11.126
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

5’76

bus-powered devices and functions
configuration descriptors, 9.6.3
defined, 4.3.1
device states, 9.1.1.2

hig h-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. 722

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 timinglelectrical characteristics, 7.3.2
bus topology, 5.2 to 5.2.5

client-sofbvare-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,
5.127

bus turn-around time, 2.0 glossary, 7.1.18 to
7.1.18.28.7.2,11.18.2

busy (readylx) state, 11.17.5
bypass capacitors, 7.2.4.1, 7.2.4.2
bytes, defined, 2.0 glossary

C

cable assemblies, 6.4 to 6.4.4
cable attenuation, 7.1.17

cable delay
electrical characteristics, 7.32 Table 7-12

high-lfull-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,
7.1.1.2
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cable delay (continued)
skew delay, 6.7 Table 6-7, 7.1.3, 7.3.3 Figure

7-53
cables

attenuation. 7.1.17
cable assemblies, 6.4 to 6.4.4

cable delay (See cable delay)

captive cables
high-lfull-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-lfull-speed cables, 6.4.2
impedance, 6.4.1, 6.4.2, 6.7 Table 6—7

input capacitance, 7.1 .61
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
capacflance

after dynamic attach, 7.2.4.1
decoupling capacitance, 73.2 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
singleended capacitance, 7.1 .12
small capacitors, 7.1.6.1
target maximum droop and, 7.2.4.1
unmated contact capacitance, 73.2 Table 7-

12

capacitive load, 6.7 Table 67
captive cables

hig h-lfull-speed captive cable assemblies,
6.4.2

inter-packet delay and, 7.1.18.1
low-speed captive cable assemblies, 64.3
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, 11.125
port status change bits, 11.24.2.7.2 to

11.24.2725

Status Change endpoint defined, 1112.1
change propagation, host state handling of,

10.2.1

characteristics of devices, 2.0 glossary, 9.6.3,
9.6.4

Chirp J and K bus states, 7.1.4.2, 7.1.7.2,
7.1.7.5, 0.1, 0.2.4

C_HUB_LOCAL_POWER, 11.11, 1124.2,
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, 11.23.21
class-specific requests

hub class-specific requests, 11.242 to
11.24.2.13

time limits for completing, 9.2.6.5
USBDl mechanisms, 10.5.2.8

Cleared timer status, C.0

ClearFeatureO request, CLEAR_FEATURE
ClearHubFeatureO request, 11.24.2.1
ClearPortFeatureO request, 11.24.2.2
endpoint status and, 9.4.5
hub class requests, 1124.2
hub requests, 11.24.1
overview, 9.4.1

standard device request codes, 9.4
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ClearHubFeatureO request
clearing hub features. 11.24.26
hub class requests. 1124.2

hub class~specific requests. 11.24.21
clearing pipes. 10.5.22
ClearPortFeatureO request

clearing status change bits. 11.122.
11242.72

C_PORT__CONNECTION. 11.24.2721
C_PORT_ENABLE. 11.24.2722
C_PORT_OVER-CURRENT. 11.24.2724
C_PORT_RESET. 11.24.27.25
C_PORT_SUSPEND. 11.24.27.23
hub class requests. 11.242. 11.2422

PORT_CONNECTION. 11.24.2711

PORT_ENABLE. 11.5.1.4. 11.24.2712
PORT_HIGH_SPEED. 11.24.2718
PORT_IND1CATOR. 1124.2.2. 11.24.27.110
PORT_LOW_SPEED. 11.24.2717

PORT_OVER_,CURRENT. 11.24.2714
PORT_POWER. 11.24.213
PORT_POWER. 11.5.1.2. 11.24.2716
PORT_RESET. 11.24.2715
PORT_SUSPEND. 11.5.1 .10

Clear'l'l'BufferO request. CLEAR_TT_BUFFER
checking for busyr state. 11.17.5
hub class~speciflc requests. 11.242.

1124.2.3

client pipes. 10.5.1.2.2
client software

in bus topology. 5.2. 5.21. 5.25
client software-to-function relationships. 52.

5.2.5

in communication flow. 5.3
control transfers and. 55

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. 5.128
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. 5.123
clock tolerance. 11.7.1.3

defined. 5.12
frame clocks. 11.133
hub clock source. 11.2.3

in non-USB isochronous application. 5.12.1
overview. 5.122

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. 7.32 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. 115.3 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. 5.3 to 5.3.3

Compare_BC_buff algorithm. 11.17.1
completed operations. 9.28
completed transaction 5. 11.3.3
complete-split transactions

buffering. 11.14.21. 11.17
bulklcontrol transactions. 11.17. 11.17.1
CSPLIT transaction tokens. 8.4.2.3

defined. 11.1412
isochronous transactions. 11.21
notation for, 11.15
overview. 11.14.1

scheduling. 11.14.21. 11.18.4
space for. 11.18.63

split transaction overview. 84.2. 84.21
TT state searching. 11.188

completion times for hub requests. 1124.1
composite devices. 52.3

compound devices
bus-powered hubs. 7.2.1.1
in bus topology, 5.2.3
defined, 4.8.2.2
hub descriptors for. 11.23.21
poWer configuration. 1 1 .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.
6.62

resistance. 6.6.3
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configuration
bus enumeration, 4.6.3, 9.1.2

configuration management, 10.5.4.1.1
Configured device state, 9.1.1.5
control transfers and, 5.5.4

descriptors, 5.3.1.1, 9.4.3, 9.5, 9.6.1 to 9.6.4,
11231 (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
GetConfigurationO 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 to 10.5.4.1.4

Configuration = 0 signallevent, 11.5 Table 11-5
CONFIGURATION descriptor, 9.4 Table 9-5
configuration descriptors, 9.4.3, 9.6.4, 1123.1
Configured device state

in bus enumeration process, 9.1.2
overview, 9.1.1.5

standard device requests and, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-1

configuring software, defined, 2.0 glossary
Connect 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, 5.12.441

hub fault recovery mechanisms, 11.1.2.3
Hub Repeater responsibilities, 11.1
hubs, 11.1, 11.1.2 to 11.1.2.3

packet signaling connectivity, 11.1.2.1
resume connectivity, 11.1.2.2
sourcelsink connectivity, 5.12.4.4
synchronous data connectivity, 5.12.442
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, 6.5 to 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 Icon, 6.5

construction, cable, 6.6.2

contact arcing, minimizing, 7.2.4.1
contact capacitance standards, 6.7 Table (3-?

contact current rating standards, 6.7 Table (3-?
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. 11.122

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, 11.14.22, 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. 20 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. 5.54 Table 5—1

NAK rates for endpoints. 9.6.6
non-periodic transactions, 11.17 to 11.175
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, 11.14.22
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, 852, 11.172
transaction format. 8.5.3

transaction organization within IRPs, 5.11.2

USBD pipe mechanism responsibilities,
10.5.3.1.4

variable-length data stage, 8.5.3.2

converting split transactions, 11.14.1
corrupted transfers and requests

in control transfers, 8.5.3

corrupted ACK handshake, 8.5.3.3. 8.6.4
corrupted CRCs. 10.2.6
corrupted 1N tokens. 8.4.6.1
corrupted PleI 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,

8.4.6.3

host response to IN transactions, 8.4.6.2
NAK or STALL handshake, 8.6.3

costs of implementationI 3.3
C_F'ORT_CONNECT|ON

clearing. 11242.2
defined, 1124.27.21
hub class feature selectors, 1124.2

Port Change field, 11242.7.2

port status changes, 11.242.71.10
SetPortFeatureO request, 11.242.13

C_P0 RT_ENAB LE

ClearPortFeatureO request. 11.2422
defined, 11.242.722
hub class feature selectors. 1124.2

Port Change field, 11242.72
SetPortFeature() request. 1124.2.13

CWPORTHOVER_CURRENT
clearing. 11.24.22
defined, 11242.72.4
hub class feature selectors, 11.242

over-current conditions, 11.11.1, 11.12.5

Port Change field, 1124.2.72
SetPortFeatureO request. 1124.2.13

C_PORT_RES ET
clearing. 1124.22
defined. 11.242725
hub class feature selectors. 1124.2

Port Change field. 11242.72
SetPortFeatureO request, 1124.2.13

C_PORT_SUSPEND
clearing, 1124.2.2
defined. 11.242.72.13
hub class feature selectors, 11.242

Port Change field, 11242.7.2
resume conditions and, 11.4.4

SetPortFeatureO request, 1124.213

580

CRCs

in bulk transfers, 8.5.2

corrupted CRCs. 10.2.6
CRC16 handling.11.15. 11.18.5.1120.3,

11.20.4,11.21.3,11.21.4
CRC check failures. 11.15. 1120.3. 1120.4,

11.21.3,11.21.4

in data packets. 8.3.52, 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, 7.1.1321
cross-over voltage in signaling, 7.1.2.1
crystal capacitive loading, 7.1.11
CSPLIT (complete-split transactions). See

complete-split transactions
CTl, 2.0 gfossary, 3.1
current

current averaging profile, 7.2.3
current spikes during suspendtresume, 7.2.3
high—speed current driver, 7.1 Table 74'
high-speed signaling and. 7.1.1.3

supply current, 7.32 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 suspendlresume. 7.2.3
remote wakeup and, 72.3
self-powered functi0ns, 7.2.1.5

cyclic redundancy check. See CRCs

D
0+ or 0- lines

average voltage, 7.12.1
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 encodingidecoding, 7.1.8
data prebuffering, 5.12.5

data processing role of Host Controller. 10.2.4
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DATAOIDATA1lDATA2 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 DATAZ PIDs, 8.31 Table 8-1'

in interrupt transactions. 5.7.5, 8.5.4, 11204
synchronization and, 8.6

Transaction Translator response generation,
11.185

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, 5.61, 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, 44
data CRCs. 8.3.5.2
in isochronous transfers, 8.5.5

packet field formats, 8.3 to 8.3.5.2
packet overview, 8.4.4
spreading over several frames, 5.5.4

data payload
bulk transfers, 5.8.3

calculating transaction times, 5.11.3
defined, 5.3.2

interrupt transfers, 5.7.3
isochronous transfers, 5.6.3
maximum sizes, 8.4.4

non-zero data payload, 5.6.3
packet size constraints, 5.5.3, 5.6.3

data phases

aborting, 11.18.61
transaction notation for. 11.15

data PIDs. See DATAOlDATAHDATAZ PIDs;
DATAOlDATA1 PIDs: MDATA PIDs

data rates

adaptive endpoints, 5.12.4.1.3
asynchronous endpoints, 5.12.411

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,
7.32 Table 7—9

high-speed source electrical characteristics,
7.3.2 Table 7-8

data rates (continued)
low-speed source electrical characteristics,

7.32 Table 7— to

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, 7.1.7.4 to 71.7.42
data signal rise and fall time. See rise and fall

times

data source jitter, 7.1 .13.1 to 7.1 .13.1 .2,
7.1.14.2, 7.1.15.1

data source signaling, 7.1.13 to 7.1.13.2.2
Data stage

in control transfers, 5.5, 5.5.5. 8.5.3

error handling on last data transaction, 8.5.3.3
length of data, 9.3.5
packet size constraints, 5.5.3
variable-length data stages, 8.5.3.2

data toggle
bulk transfers, 5.8.5
in bulk transfers, 8.5.2
corrupted ACK handshake, 8.6.4

data corrupted or not accepted, 8.6.3
in data packets, 8.4.4

data toggle sequencing, 8.55
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»?

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, 8.2
Transaction Translator declarations, B.3

decoupling capacitance, 7.3.2 Table 7-7

default addresses of devices, 2.0 glossary,
9.1.1.4,10.5.1.1

Default bus state, 7.1.7.5
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Default Control Pipe
in bus enumeration process, 9.1.2
in communication flow, 5.3

control transfer packet size constraints, 5.5.3
defined, 4.4, 5.3.2

endpoint zero requirements, 5.3.1.1
as 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, 9.4.1 to 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 signalievent, 11.7.2.3 Table 11-11
descriptor index, 9.4.3, 9.4.8
descriptors

accessing. 11.231
in bus enumeration process, 9.1.2
class-specific descriptors, 9.5, 11.23.21

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, 9.7, 9.7.1

device descriptors, 9.4 Table 9-5, 9.6.1 to
9.6.5

endpoint descriptors, 9.6.6

getting descriptors, 9.4.3, 10.5.2.3
hub descriptors, 11.23 to 11.23.21, 11.24.25,

11.24210

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. 9.5 to 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

582

detaching devices. See dynamic insertion and
removal

detecting connect and disconnect conditions,
7.1.7.3, 7.1.20

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_BC|NTl state machine. 8.5.2 Figure 8-
34

Dev_Do_BC|NTO state machine, 8.5.2 Figure 8-
32

Dev_Do_|N state machine, 8.5 Figure 8—25

Dev_Do_lsochl state machine, 8.5.5 Figure 8-43
Dev_Do_lsochO 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, 11.242 to

11.24213

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
GetDescriptorO request, 9.4.3

getting class-specific descriptors, 9.5
hubs, 11.231
overview, 9.6.1

speed dependent descriptors, 9.2.6.6
standard definitions, 9.6.1 to 9.6.5

device drivers, 5.12.4.4, 10.3.1

device endpoints, 2.0 glossary, 5.3.1.1. See also
endpoints

device-initiated resume. See remote wakeup
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Device layer
descriptors, 9.5 to 9.7.3
device states, 9.1 to 9.1.2

generic USB device operations, 9.2 to 9.2.7
standard device requests, 9.4 to 9.4.11
in USB device framework, 9

USB device requests, 9.3 to 9.3.5
Device_Process_lrans slate machine, 8.5 Figure

8—23

device qualifier descriptors, 9.2.6.6, 9.4.3, 9.4
Table 9-5, 9.6.1, 962

Device release numbers, 9.6.1

DEVICEHREMOTE_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 to 4.8.2.1
device speed, 7.1.5 to 7.1.5.2, 7.1.7.3,

11.8.2

host role in configuration, 10.3.1
optional endpoints, 5.3.1.2
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, 4.31, 7.21.1
dynamic attach and detach, 7.2.4 to 7.2.4.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
power supply and, 4.3.1
self—powered devices, 4.3.1, 7.2.1.2, 7.2.1.5
suspendlresume 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 to 9.2.6.6
standard device requests, 9.4 to 9.4.11
USB device requests. 9.3 to 9.3.5

state machines, 8.5, 8.5.2, 8.5.5
status

device states, 9.1 to 9.1.2, 11.12.2

getting device status, 9.4.5
getting port status, 11.24.2.7.1.1

subtree devices after wakeup, 10.5.4.5
turn-around timers, 8.7.2

types of devices
composite devices, 5.2.3
compound devices, 4.8.2.2, 5.2.3
functions, 4.8.2.2
hubs, 4.8.2.1

mapping physical and virtual devices,
5.12.4.4

virtual devices, 2.0 glossary
in 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 stale, 7.1.7.1, 7.1.7.2

Differential 2 bus stale, 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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