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Universal Serial Bus Specification Revision 2.0

Host Hub FS’IIJS
(data Ingglc) (Rlatusl deVICCI I I :Idala toggle]

0 I I 0|de I I nl _ I I I

I%5 I al - | l

I "V In I I :
I I I I
I 511 I ACK 53“ : PendingI'x I :
I/I I :| I | l

I I I I
I I I {N I

I I l\.l
I I | lI I | l

I I I STALL I
I I | I
I I Readyfslall I II I I II I | ll I | ll I | l

I m CSI‘LIT I I I

{N.I I I
IN\Q ‘ I
I I | II I I I

I _ STALL cm I Uldr’slall I II LII} I I I

. I I I i
I ENDPOINT HALT I I I

Figure A416. Device Stall NI) Smash(FSILS STALL)
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Universal Serial Bus Specification Revision 2.0

A.3 Interrupt OUT Transaction Examples

Legend:

[3): Start Split

(C): Complete Spiil

Summary of cases for lnleu'upt OUT transaction
Normal cases

—--Fig u re

No smash Figure A4?

(FSILS handshake packet is done by M+1 )

HS SSPLIT smash Figure A48

HS SSPLIT 3 strikes smash No figure

HS OUT(S) smash Figure A43

HS OUT((8} 3 strikes smash

HS DATADH smash Figure A48 -

HS CSPLIT smash Figure A49

 

 

 

HS CSPLIT 3 strikes smash Figure A-50

HS OUT(C) smash Figure A49 

HS OUT({C} 3 strikes smash Figure A-SD

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 DATAOH smash Figure A-53 -

FSfLS ACK smash Figure A-54 -
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Universal Serial Bus Specification Revision 2.0

FSI’LS ACK 3 strikes smash No figure 

I Scarring

Case Reference Similar Figure
Figure 

I CS(Complete-split transaction} earlier cases

Case Reference Similar Figure
Figure

No smash (HS NYETand FSI'LS handshake Figure A-SB
packet is done by NIH-2} 

No smash(HS NYET and FSFLS handshake Figure A-S?
packet is done by M+3}

HS NYET smash Figure A-SS -
HS NYET 3 strikes smash Figure A69 -

I Abort and Free cases

Case Reference Similar Figure
Figure

No smash and abort (HS NYETand FSILS Figure A—SO
transactionIs continued at end of M+3)

 
 

No smash and freefHS NYETand FSI’LS Figure A61
transaction is not started at end of M+3)
 

I FSI’LS transaction error cases

Reference SimilarFigure
Figure

HS ERR smash Figure A-S‘i 

HS ERR 3 strikes smash Figure A62 
I Device busy cases
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Universal Serial Bus Specification Revision 2.0

Case Reference Similar Figure
Figure

No smash(HS NAMED Figure A-62

HS NAK((C) smash Figure A—51

 

HS NAK((C) 3 strikes smash - Figure A—52
FSILS NAK smash - Figure A-53

I Device siall cases

Case Reference Similar Figure
Figure

———

HS STALLlC) smash - Figure A—51

 
HS 3TALL(C) 3 strikes smash - Figure A-52
FSILS STALL smash - Figure A63 
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Host
{data toggle]

ul-‘ramc M

Lil-lame M+Id 1"‘44*4****4*4***1*44*HVfiggggwgggrv~figggg~4fifigg~41vf4444ffivf4w444fi44ul-‘ramc M+3

ul-‘ramc M+4

492

Universal Serial Bus Specification Revisiun 2.0

5” SSPLIT ,

N’512 our 912

DATAD .

w

m CSPLIT .

N+
W.

1 ACK ch?3

H051 does not issue 3nd CSPLIT.

because hnst already receives: ACK
011 previous. micrnl‘ramc.

.L________________.l._______________.L________________L_________________
‘r H051 does not issue 3rd CSPLlT.

because host alreadyr receives ACK
an previnus micmframc.

Hub
(SS: star! 513‘ status

CS: comp. 5p. status} :
SS: Free“):

SS: Pcndinge’x

CS: Ready-’ack

CS;U|d.-’ack --+-————--—————-+--———--—-——-—-+————---————-+-————--————-+-————--————--
Figure A47. Normal No Smush(FSfLS Handshake Packet is Done by NIH)

FSILS
device

{data loggle)
H
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 Sem"uuunuLcguuuunuw.wmuuuunuea___F10%0uuu__T_(______IIIIIIIIIIIIIIIIIIIII_III_IlIlllIllIIllll_lIIIIIIIIIIIIIII_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII._IIIIIllIIIIIIII_IIIIIIIIIIIIIII_________unu
___

_________________________________nnu
___

_____0_uuuu“TmKn___________UAC______ODA____uuu
___o.u_uu__2In______n______m‘w___unum

‘___
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Universal Serial Bus Specification Revisiun 2.0

Host Hub FSfLS
[data mggfie] (Sb: slarl sp. sums dEVICE: { C31Cump. Sp. stalys} :(dala toggle)

II : : SS:FreeIx : l a

uFrame M I m SSPLIT _ I I I
:N,: : :
a OUT a a al | I 13d] ‘

: —___DAIIAII ml : : :
I | I |

I I - r I iI 1 SS1Pcndmgx I ‘
"""".'"f""""'""“""""""T"“"""“T'""'"“"T""""“"'1"""“'

LLFrame M- I : Ir : 0LT }
I | I\.I: i : DA'I‘AO 1

: : :NI I: i : ACK 1

: : :‘/:
E It CS:Re.-Ldyfack E 1'

---------r---------------------------I-------------1----------------------------I---------
uFramc M=2 : __-..‘I'___7 CSPLI‘I‘ E : i

l | I I

I II'ILlh ignores. [his I I
I :0er Iwrauw nu I 1

i TRANS ERR :1 maich the address E i
: eel-w : : ll | I I

l l l i
: ml CSPLIltretrg,I Imm.) : : 1

:N,.I : :: m2 OUT : i 1

:N: : 1' I CSZORIII'EICIL I |

a m :‘ a 2i I r I 1. I | I I---------

uFIaIne M *3 I Hos! does 1101 issue 3nd CSPIJT. I C‘S:Freefx I II I I |

: hen-muse has: already receives ACK : : g
: on previous micrnfrmuc : : 1'
1 l l 1_________ l __________________________ I_____________I__________________________ l_________r ‘I 1' '1

uF-‘mme Med! : Hue! does not icsue 3rdf‘Sl‘ILIT, ,1 SS:FmeI\ : II
: because host already receives ACK : : 1
: nn pmvious microfinme. : : 1'l | I I

Figure A49. Normal HS CSPLIT Smash
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Host
(data toggle]

D
uFrame M

uFrame M+1

“Frame M+2

umee M+3

tlFran‘ic M+4

Universal Serial Bus Specification Revision 2.0

l

iI

i SII sspLiT m
5 at! our SQI \

: 5‘“ DATAD W
: +IIP ,,,,,,,,,,,,,,,,,,,,,,,,,,I

iI
IIII
IIl
I

iI

f __________________________
: -___L_H ____L_fSPL1T

E at: OUT ------p
:\+
i

ETRAN ERR
: cal-boat;III

TRANS ERR
eel->056

-- -..""1 CJSPL lT(rclry imm.)
ca OUT ""
\

TRANS ERR
uelaucfi

[ENDPOINT HALT

Host dncs not issue 2nd CSPLIT.
bccausc this cndpoim is already
ENDNJINT HALT.

H051 docs not issun: 3rd (‘SPLIT,
because IhJS cndpoim rs already

I I‘NDPOINI' HALT.

_____1______T__________________
______J______l_______________________________________________________L_______________l_________________

Hub
(SS: starl sp. status

CS: camp. 5p. status)SS: |-'rcc’.'<

Hub ignore-s: thi
UUT.( no Imtch
the Address fie d

n

Hub ignores this
UUT.( no match i

the Address ficldht

Hubignorcs this ‘
UUT.( rm match I
the Address fieldi

CS: Freex'x w;waivavw4-4+44VVWfi4w4fifi
Figure A-SI]. Normal H5 CSPLIT 3 Strikes Smash

______J______l_______________________________________________________l_______________i________________
FS/LS
device

[data lnggle)
{J
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4%

Universal Serial Bus Specification Revision 2.0

I because host already receives ACK
on previous :nicmli'amcI

Host Hub FSI’LS
{data m} ’1‘} Iss: stari sp. status device

5“" L I I CS: camp. 5;). 51:11:15] {Mala toggle]
0 I I ss:I-‘rw.~; I I n. I ‘ I l I

uI-IamcM I sI] 3,5an m I I I
I It: our .1, I : I
IN.I I I
I 5‘“ DATA" III I I I
INI I I
I I SS:PcndingI’x I Iwwwwwwwww kwwwwwwwwwwvwr—rw~~~w~rv~ww4rrwww~w~~wv—fi+~wvwwwr~~w"v~w~w~w—ww~—v~w4~-~wvw~vw

uFramcMH I I I OUT I
I I I\>II I I DATAU I

I I INI I
I I I ACK I

I I :/II I (‘3:Rcadyfack I I---------

ul-ranIcM+3 I c” LSPLIT I I II ct] I 1 I
I .I I I I
I ”‘ OUT er: I I Il I . ‘. ’ I I

I ACK 912.--— I (.5.UIdfi'nck I I
I +---""""""" I I I
I TRmcg v.33 I I I
I CEI-I'Ci‘l'i I I I| | I l
| | l I| | 1 I

I \ CSPLIT(rc1ryi111I]I.) I I II LII I I I

IN,I I I
I crfi OUT “2 I I I
I I I I

IWI I I
| | l |

1 I I I I_________ I—__’________"_""_________'_’"I_'___’__'____"_7___’____'__—_'________’_"__‘I__"__—_—_

ul’ramcMI—B I H031 docs nolissuc 2nd C‘SPLIT. I (Sfmc’x I I
I because host already receives ACK I I I
I on previous nlicmliamc I I I
I I I I| | I l--------- l----------------------------l-------------1----------------------------(---------

LII-‘ramcMH I Hml nines not issue 3rd (.‘SPLIT. I bSfi-‘rcc’x I I| l I

Figure A-Sl. Normal HS ACK(C) Smash
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Host
(data toggle]

0
uFrame M

uI-‘rame M+1

“Frame M+2

uFramc- M+4

Universal Serial Bus Specification Revision 2.0

H051 does not issue 3rd (TSPLlT‘

because this cndpninl is already
liNDmiNT HALT.

ll Il I

i i

E 3‘” SSPLIT s“ E
E 512 0111‘ SE El \ I

: 5‘“ DATAD shl :
:N:l ll IIv wwwwwwwwwwwwwwwwwwwwwwwwww viI II I
l Il I
l II II II I
l Il Il I
l Il II Il I

i”""""""""""""""."‘"‘i
: C” (TSPLITUclry 1mm.) :

: ‘__“__‘-_“_‘——EL_*Li
I I

5 MK 5111.- - E

5‘--------- a
I T AN. F. R i
: cell-bod! :
I I

: L'll CSPLIT(rctry imm.) :I :1! l

' ~12 OUT :
i ifi—‘:~“‘_—‘~"“—-EE_‘.biI I

l ACK ____5112__--:
:4—------------ al I

: R h ‘ ERR :
: CEL>M :I I

E C” CSPL1T(rclryinlin.) E

:N,:
l I

i ACK _,__-£112.--— 5
a4--------- a
: TRANS ERR I

i anti-Xvi? i
: IENDPOINT HALT :r- --------------------------4

: Hostdoesnotissue 1nd CSI‘LIT. :
i because Lhis endpoinl is already i
LEISDFQINIflL-MLL ___________ J
l ll ll l
l ll I

Hub
(SS: starl 5p. status

CS: camp. 5p. stalils) iSS: |-'rcc’.'<

SS: Pcndmgi‘x

CS1Readyfack

(ISIOIdJack

SS: Freak

-~44fi4774v~flag~a4-4fi~rvg-ffi4-kflvAavw744~vvv4--A-4i4~gr~w4-rAv~44-4-+4kwggfiv~fivvggfiw+wgfififorrg—A~vrfi ______J______l_______________________________________________________________i_______________i________________
Figure A-52. Normal HS ACK(C) 3 Strikes Smash

FS/LS
device

[data lnggle]
{I
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Universal Serial Bus Specification Revision 2.0

Host Hub FS/LS
d'ta , ,1 _ (SS: start sp. status device

( d was C) I CS: comp. sp. status) :(data toggle)0 SS:FTee/x I)
ul-‘rame M 511 SSPLIT

N1»5‘7 OUT

IIIII

:I

sdl I
:IlI

DATAO ‘

N51“ S S: Pending/X
uFrame M+1 _____________+_________________
uFrame M+2 0“ CSPLIT

N»01.7 OUT

w
TRANS ER 011 FS/LS

eel->063

Host does 1101 issue 211d CSPLIT,
because host already receives ERR

,,
uFrame M+3

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

uFr-ame M+8

sl 1 SSPLIT(ret1'y)

N"517 OUTk stZ
5‘11 DATAO

uFrame M+9

F_‘———‘——_‘———_‘P—_—__‘——____—_‘7—f__—___V__—__‘r—‘———___—‘—_——_—_—T‘—_——_______—__f—_—____—_—__—__———
uFrame M+10 “'1 CSPLIT

N,ct”— OUT

IIII

I| C12
:I
|III
|

ACK W CS:Ol<.L/'ack

Figure A-53. Normal FS/LS DATAD/l Smash

_______________L_______________L_______________L_L______L______L__________________L_______________L
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Host
(data toggle)

0
ulVrame M

LLFrame M+l

LLFrame M+2

LLFrame M+8

11 Frame M+9

11 Frame M+l 0

Universal Serial Bus Specification Revision 2.0

511 SSPLlT

st2 OUT

- Sdl DATAU shl

stl

‘3“ CSPLlT

N.C” OUT_ ct2

'h4
ch4 ER L

TRANS ERR 011 FS/LS
ce7->ee3
 

Host does not issue 211d CSPLIT,
because host already receives ERR

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

 

5H SSPLIT(1‘et1'y)

N“517 OUTV——‘———‘——_‘———_‘l——_—_—‘——_—————_V——1’“—_——V——‘—_—‘l——‘—————_—‘—_——_———T‘—————_—_—_——_—T—_—_—_——_—_———_———
0“ CSPLIT ,

N’Ct? OUT

_______________|________________|________________|__J.______|_______I___________________.I._______________.I._________________
Hub

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

S S: Free/X

SS:Pcndi11g/X

CS:Ol<l/'ack

()UT

m»
NACK

H"_________

||||||
|I
|||||
|I
||+|
||I
||
I|||

 
\>E

Figure A-54. Normal FS/LS ACK Smash

FS/LS
device

(data toggle)
0

Device does
not receive

this data.
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Universal Serial Bus Specification Revisiun 2.0

I because host already receives ACK
on previous Inicmfi'amcI

Host Hub FSI’LS
lSS: stari sp. status device

{data mggle}! I (.‘5‘ mm m t II I - - P- I! - 5 51:15} Iidala toggle]
0 I I SS:I-‘rco’x I I II. I ‘ I ! I

Lll‘lalnCM I stl SSPLIT m I I II I“: OUT I I t

I 5‘“ DATA" II. I I I
INI I I
I I SS:PcndingbI I Iwwwwwwwww kw—wwwwwwwwvwr—r—~—~w~~v~ww4-wwww~w~~wv—fi+~wvwwwr~~w"—~w~w~w—ww~—r~w4~-wwvwwvw

uFramcMH I I I OUT I
I I l\>II I I DATAU I

I I INI I
I I I MK I

I I :/II I (‘3:Rcadyfack I I---------

LII-ramcMH. I c” LSPLIT I I II ct] I I I

I “[1 OLIT I I I
I “‘3 I I I| IBM: not match this I

I ICSPLIT on first I I
I IcnIry nI‘C'SIhcn I I
I IE IN‘ EBB IHUB dncsnm I I
I cc l-bcefl Irespcmd any packeII I
I I I II I 1 I

I \ CSPLIT(rc1ryi111I]I.) I I II 1.1! I I I

IN,I I I
I ”3 OUT “I I I I
I I I I
I ACK eh: I (‘SIOIdIack I I

IM-I I I
| | l |

1 I I I I--------- r--*-———--*-*-"'---*-———-—*1-*——*-*--*-*-1---*——-*----———-----*-*'--1-—*—-—---

ul’ramcMI—B I H031 docs nolissuc 2nd C‘SPLIT. I (Sfmc’x I I
I because host aIready receives ACK I I I
I on previous micmfiamc I I I
I I I I| | I t--------- l----------------------------I-------------1----------------------------(---------

LII-‘ramcMH I Hml nines not issue 3rd (.‘SPLIT. I bSfi-‘rcc’x I I| l I

Figure A-SS. Searching No Smash
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Universal Serial Bus Specification Revision 2.0

H ast H llb FS/LS
(d' ’ ]_ (SS: starl 5p. status device

(Ila IOLg L1 I (73: camp. 5p. stah‘ls) :[data toggle]
U SSH-Tow: ’ l {JI

uFramc M 51! SSPLIT “l i' I

51! OUT “2 iI

“11 DATAD i|III

uI—‘rame M+1

“Frame M+2 CH ['SPLIT c”
.a\>

U— OUT C12

9115 \IYET c115

uI-‘ramc M+3 C” CSPLIT cll
1

W

uFramc M+4 H051 does not issue 3rd CSPLIT,
because hosl already receive); ACK
on previous micmfi'amc.

uFrame M+5

-‘r———-—"—————--r-"-—---—--T—‘——"'-—--—-1’—--—-'-————"T-—--"——-—"-— ___L_______________L________________1_______________L_______________L_________________ 
Figure A—Sfi. CS Earlier No Smash(HS NYE’I‘ and FSJ'LS Handshake Packet is Done by M+2)
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Universal Serial Bus Specification Revision 2.0

Host Hub FSI’LS
ISS: stari sp. stalus device

{dam Inggle} I C5: camp. 5!). stains] {Idala toggle}
II I

0 I I SS:I-‘rce’.~c I I II. I ‘ I I I

uI-IameM I sII 3,5an m I I I

IkI I I
| L | I |
I | I |

| | I |

I I SS:PcndingI’x I I777777777 I7777777777r77777777777777747777777777777Iiiiririir777777777777777774777777777

uFramcMH I I I I
I I I I| | I || | I || | I I| | I I
| | I l| I I I
| | I I| | I |I | I |I | I I| | I |--------- I“W-W-*--‘--V'"-"W-v~--“Vi“--'--l*“--—-"W-“v-'-+'-----'--'-'-'v-"iv—W‘W-ww-nv-"l-‘vv-"WW-‘W

LII-'rameMI-l I 611 CSPLIT I I I

IN,I I I
I It? OUT m I I I
I\,I I II _ ‘ I I r
I III N‘IET I“ I : I| | I I
I | I || | I k

_________ I.—-—-nun—"-—_-__-—-----.I-——_—_-—-_-__i-"nu—"OUT---"__-__--.I-—-—-___-
uFranIcM+3 I I I\DI

c I ‘

I%> I I we I
I «:12 OUT on I INI II ' | l . |

I I IA?I‘ . . s

I chl’I NVET Lb I CS1Readyfack i I;
I I I I| | I I

“““““I“‘“““““‘“‘“‘“““‘1““““‘““I‘“““‘“‘“““‘““““‘I“‘“"“: ‘. ' .r

LII ranIe M+4 I CH CSI‘LIT m I 33.8.“ch I I
I\>I l I| 1 | I |

I “— 0W I I I| | l |
I I CSLIJIdI'ack I I

I (I: ACK ““1 I I I| | l I

I I I I I
"""""I"""'""""““""""'I""""“"'I“""“"“"""“"""'I"""'“

III-“tame M+5 I I {SJ-‘mcfx I I

Figure A-S'I‘. CS Earlier So SmasMHS NYE’I‘ and FSI’LS Handshake Packet is Done by M+3)
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Universal Serial Bus Specification Revision 2.0

Host . HUI). . FS/IJS
data toggle] (SS. marl 5p. status deuce

I l (.‘S: camp. 5p. sIaIIls) IIdata [ought]
U SSH-Team I ' {I

uFrame M «II ESPLIT

 
Il Il II I II I I
I I II I II I Il I II I II I I
l I Il I I
l l Il I II I Il I Il I I

""""""""" I“"”’"“"”"'"'"""’"*"'"'I TuI-‘rame M+1 I I I
: I II | II | II I [I I I
I I II I II I I
l I II I II I II I I

"""""""I"““""“""""“"‘"‘I I
“Frame M+2 I 91' [TSPLIT c” I I

I\>I I
I M OUT M I Il I I

I \IYET “511:- I I
I 4""""""" I II I I
I I I

I T AN. F. R I I

E eel-bow I I
I c” CSPLIT(rclr_\Ir imm.) I I' CII ' I
:KI II 912 GUT I II all I I
I I II . ‘ I 5 | I

I III, NY” c‘ I Il l I

--------- I--------------------------I I
uI’raI-ne M+3 I _ I CSFLIT I I

I “ w I II ‘I2 I I

=\.= II I I

I I I Il I I

""""""I""""""_""_'"_""I I I
uFrame M+4 I Host does not issuc31'd (TSPLIT. I SS:I-'rw’x I I

I because host already receivesACK I CSfl-‘rcefx I I
I cmprcviuus mjcmfiame. I I I_________ L-_______________-______-_-J---_________-L___-___________________--_J-________l | I |
l | I |uFl'anle M+5

Figure A-58. CS Earlier HS NYE'I' Smash
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Universal Serial Bus Specification Revision 2.0

because this endpoint is already
liKDI’UINI HALT.

Host Hub FSI’LS
{data mgglc} ISS: stari sp. status device

I I CS: camp. 5;). 51:11:15] {Mala toggle}
0 I I SS:I-‘rco’x I. I ‘ I I

ul-ramc M I it] SfiPLIT m I I

Iw}I Il | l

I 5'11 DAT/H] 5]” I I
| > | I
I I SS:Pcndinge’x Iwwwwwwwww kwwwwwwwwwwvwr—rww~~w~rv~w~4-rw~w~w~~wv—fi+

uFramcMH I I I
I I I| | I| | l| | J| | l
| | I| | I

I I II | l| | l| | I

"""""""I'""""""""""“"""I"“'""“""II a. +7 '1] V V

”IramLM ' IwI (‘8:Rcadyr'ack I
| | l

I NY ET __th“__ I I

5"""""" i a
I TRANS ERR I I
I cal-rccé I I
I I Il I ‘ ‘ | l

\+ II I g I l
: “- ”UT m2 : :| | l

I NYET _5115____ I I
I+----------- a a
I TRANS ERR I I1 cc I-Pcefi I I
I I I
I ct! (.‘SPLIT I I

IN.I I
| | I

: “‘1 OUT d3 : 1| | I
I | I

I NYET____‘:§5_--- I I

I‘"""""" I a
I TRANS ERR I 1
I eel-)ccS I I

I w I I""""" r““—————‘——""“‘—"———‘1————————"——'T

Illiramc M+3 I H051 docs n01 iI-‘ISIIL‘ 2nd CSPLIT. I I: S:Fr\cca'x I
I because IhIR endpoint is already I I

_________ 'L'i'SDl’EJJEIfiéLl-"m"w“-.IWWWWWWJ.| | l

uFraInc M+4 I H051 does not issue 3rd CSPLlT. I SS:Frcca’.x I
I I I| | 1l | I

 
Figure A-59. CS Earlier HS NYE'I‘ 3 Strikes Smash
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Universal Serial Bus Specification Revision 2.0

1] Frame M+10 Ctl CSPLIT ,

N’C” OUT

III

I

IN;
I

I

IVIII

Host

(data togglc)l II I

0 I I
ulVrame M I 5U SSPLIT m II II 7 I

IW» =I I

I Sdl DATAU 5111 I
I g II I————————— p———-————————————-—-——-—-——4

LIFrame M+1 I i
————————— I——————————————————————————I

11Frame M+2 I ctl CSPLIT m I
IaII r) I
I 01- OUT “2 II II I

IMN‘M II I
---------I--------------------------IFr'me M+3 | I

u a IWI
I II I

I C13 OUT “2 II II I
4 5

IWII I
--------- I--------------------------IFr-1neM+4 I I

u I :W:
I I
I .7 .
I LL OUT “2 II II I

I CC7 bYET 0115 II I

_________ I____9c_3_____________________II I
I I

_________ I.___________________________IF ’ M+8

” “me I (u SSPLIT(ret1-y) :
IN.I
I I

I I
I I

I Sdl DATAO Sill II I

I I I“““““r'““"““““"“"““‘1
11F1‘ameM+9 I I

I II II I
I II II II II I

I I
_________ L__________________________IIII

II
IIII
IIII
I

Hub
(SS: start sp. status

CS: comp. sp. statIIs)S S: Free/X

SS:Pcnding/X

SS:Free/x

SS:Pending/x

CS:Ready/ack

CS:OlIl/'ack

OUT

______ 1fl—i-I-F4Hub stops sending [his data an
forces a bit stuffing error.

|||||
|I
|||||
|I
||+|
|
iI

||
I||||||
||||l|
||I
||||
|||||||J.I||
|I|||||
|I||IJ_
||

T|||I
|||||
I||I
||

T|I
||
|I
|||||||
i||||

|I
||||
||||
I

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

FS/LS
device

(data toggle)
0
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Universal Serial Bus Specification Revision 2.0

 e,m,"_CuC.W__L.l_mvo__/Vt__Cu6mu"FdLMo_1_(\__IIIIIIIIIIIIIIIIII4IIIIIIIIIIIIIIJIIIIIIIIIIIIIII__________________mMu
_

uTKn_AFV__DA___u_
_

________u_
_

\m)__shIIIIIIIIIIIIIIIII4IIIIIIIIIIIIIIAIIIIIIIIIIIIIII1a,my.a"at:SD.Nb.M.kbpsm.m..W1Wusmmm"2mHm:p"3nsmk,S_S.S3.55S_C.CSC__ix__IIIIIIIIIIIIIIIIII4IIIIIIIIIIIIIJIIIIIIIIIIIIIII________________________12H""125“125“125:121n"127mag__mmm_mam_muw__)mmha___amm______Wn______t_______B________1__ro“in“n“nInon_nII.LTATn__LTT_LT_LT__.LM__LTKP__P_L.01“T..01“E__Pm__D._‘SWm__SWm_SOm_5OM__SOm__SWM________S__C_C_L__S__C________________121"Tamulgsulzvznutzlu"129mam__ama_aam_mamg.mam__aaa________________________________IIIIIIIIIIIIIIIIIIplILIIIIIIIIIIIIIILIIIIIIIIIIIIIIILIIIIIIIIIIIIIIILIIrIIIIIIIIIIIIIIIrIIIIIIIIIIIIILIIIIIIIIIIIIIII_017.348911ku_uu"uu"0MM%1_H._+_H._H.__+_H._H.00N_N_M_N_N__M_N_bTc_e_e_e_e__e_c.6HMm"mum"m"m:m"m"mdm_w.m_w_m__m_m_m(F_F_F_F_F__F_F_Fuuuuuuuu
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Figure A-fil. Abort and Free Free(FS/LS Transaction is not Started at End of M+3)
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Host
(data toggle)

0
ulVrame M

uFrame M+l

uFrame M+2

uFrame M+8

uFrame M+9

ul-‘rame M+l OI

1

Universal Serial Bus Specification Revision 2.0

I II II I

I I

i 5L1 SSPLlT m EI t2 I

:W.II I
(II

I 5 DATA() shl :
I II II II- —————————————————————————— -lI I
I II II I
I II I
I II II II II II II I
I II I

I'""""""""""""""'I1 ‘ ‘

i ell OI | 0‘52 EI II I
A K 'h3

I ch3 N L I
I II It- -------------------------- -I

I Host dues 11m issue 211d CSPLIT, I
I because host alIeady receives NAK I

I_9n_21132i911§111isr9§3131§-_ ________I
I Hnst does not issue 3rd (ISPLIT, I
I because host already receives NAK I
I on Erevious microfiume. I1' ——————————————————— ‘I

I __________________________ 4
I I
: stl SSPLlT(retl'y) :
I st] :

I 59 OUT $2 II (II I
I S DATAO shl :
I g II I
I' —————————————————————————— 'II II II I
I II I
I II II I
I II I
I II I
I II II I

I’ __________________________ 1‘ l
I I

i 09 OUT “2 iI I
I . 112 I
: Chl ACK C :
I II I
! !

Hub
(SS: start sp. status

CS: comp. sp. statlus)S S: Free/X

SS:Pendi11g/X

C S : Ready/flak

CS : O] d/‘nak

SS:Pending/X

C S : Ready/ack

CS : Old/ack

+ __________________________

I
+

1.

T

T ___________________________I
1,

1.

OUT

m»
M
4/39?1, __________________________

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

FS/LS
device

(data toggle)
0
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Universal Serial Bus Specification Revision 2.0

because this endpoint is already
ENDPUINT HALT.

Host Hub FSI’LS
{dam mgglcl ISS. stari 3p: stalus deuce

I I Ch. comp. up. stalIJs] Iidala toggle}
0 I I SS:i-‘rco’.~c I I (I. I ‘ I 1 I

uI-ramc M I it] SfiFLIT 9.1] I I II I“: OUT I l t

I ‘9 I i I
I 5‘“ DATA" III I I I
INI I I
I I SS:PendingI’x I Iwwwwwwwww kwvwvmww~ww~r—rw~~~w~rv~rw-I-rm-w~mfi77-”+~v-vmmr~~w-v~w~~~wmmv—v~w-I~v~wvw~vw

uFramc-MH I I I OUT I
I I l\>II I I DATMJ I

I I I ‘5 I l
I I I STALL I
l “#_———-"__-_fl‘flr-—_.
I I (‘3:Rcadymll I I

————————— Iw",“WW-“_____-_M“_--,I_w_-n-W,"n1-““n"---“w-“HM---"IWMW-“

LII-'ramcM4-3 I I I I

aw; I II . 7 I 1 I

I ‘" ”UT on I : I
I I I I
I chl STA ”- “M I I I
I4// I I II | l I
I I I II IENDPOINT HALT I l I

————————— I~--—————————-——-——-————~—~I-————~—~—————I-~—————~~-——————~-~——~——~-I———~——-——
uFramc M+3 I Hosl does. not i55uc 2nd CSPLIT. I (8:17mcfx I I

I because this cndpoim is already I I I
_________ ' _'£?5[’_P9_“}:r_':li"1—l___________I_____________L________________-________J_________

III-'rame MM Hnsl does nnl irauc 3rd [TSPLIT‘ I SS: FrceI'x I I
I I I| l || l I———————r

Figure A-63. Device Still] No SmnsMFSILS STALL}
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Universal Serial Bus Specification Revision 2.0

A.4 Interrupt IN Transaction Examples
Legend:

(S): Stan Split

(C): Complete Spiil

Summary ol‘cases for interrupi OUT liansaciion

I Normal cases

Case Reference Similar Figure
Figure

No smash Figure A-64
[FSILS data packet is on M+1)

—--

HS |N[S) smash Figure A—BS

HS INIS) 3 strikes smash No figure

HS CSPLIT smash Figure A436 -
HS CSPLIT 3 strikes smash Figure A—S? -
HS IN{C))smash Figure A—BS

 

 

HS IMO) 3 strikes smash Figure A—S?

HS DATADii smash Figure A438 -
HS DATADH 3 strikes smash Figure A-BQ -

FSILS IN smash Figure A—70 -

FSILS DATADH smash Figure A-?1 -
FSILS DATAOH 3 strikes smash No figure 

FSILS ACK smash Figure A-T2
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O Searcing

Case Reference Similar Figure
Figure 

0 C5tComplote-spiit transaction) earlier cases

Case Reference Similar Figure
Figure

No smash (HS MDATA and FSILS F'gurs A—74
transaction is on M+1 and M+2)

No smash (HS NYET and FSJLS F'gure A—75
transaction is on MHZ)

No smash (H5 NYET and MDATA and F'gure A-7E
FSELS transaction is on M+2 and M+3]

FNo smash (HS NYET and FSILS ‘gure A—i’T
transaction Is on M+3)

HS NYET smash F'gure A-i’B

HS NYET 3 strikes smash F'gure A—i’Q

0 Aburl and Free cases

Case Reference Similar Figure
Figure

No smash and abort [HS NYETand FSILS Figure A—SD
transaction is continued at end of M+3)

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

t FSILS transaction error cases

Reference Similar Figure
Figure

  
 

HS ERR smash - Figure A-BB

HS ERR 3 strikes smash - Figure A459
 

SID
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Universal Serial Bus Specification Revision 2.0

t Device busy cases

Case Reference Similar Figure
Fig u re

No smash(HS NAK(C}) Figure A-82

HS NAK(C) smash Figure A—65

 

HS NAK(C) 3 strikes smash Figure A—69 

FSILS NAK smash Figure A—i’1

I Device stall cases

Case Reference Similar Figure
Figure

HS STALL(C) smash - Figure A—SB
HS STALHC) 3 strikes smash Figure A-SQ

 
 

FSJ'LS STALL smash Figure A—?1 

5]]
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U niversal Serial

Host
{data toggle]

ul-‘ramc M 5” SSPLIT ,

_&——“_~—hk—‘_‘*—41L_ib512 IN 912

LII-lame M+|

Lil-'aamc M+ m CSPLIT .

k—_“‘-__—‘H—_“*——iiL_ib

m DATA!) u

Hos! does not issue 3nd CSPLIT.

because hnst already receives:
DATAU on previous Illiclflfi'alnc.

Id V”‘44*4****4*4***1*44*HVfiggggwgggrv~figggg~4fifigg~gfifgflggffivfgw444fi44ul-‘ramc M+3 L________________1_______________L__________________J______________
ul-‘ramc M+4 I Has! does not issue 3rd CSPLIT.

because host alreadyr receives
DATAU on previous micmframc.

Bus Specification Revisiun 2.0

Hub
(SS: star! 513‘ status

CS: comp. 5p. status} :
SS: 1%ch

SS:Pendinge’x 4______________
III
IIIIII
II
I

_______________________________________ I-.l Il I

I II N II II II I

: Hull-AU, :
I I
l I

Lxs:r{eadynm1dfl:1*> E
I II II I------------- +-"----‘---"“-‘-“‘-"“------'-I
l II I
l Il II I
l Il Il I

CS:Old.-‘Iasldalai EI II II II I------------- II----------------------‘------I

(b lrrm'x i El I
l Il Il Il II II I
I II Il II I
l II I————————————— 4‘;-—-—-A——--——-—-—-—-——-n——--—-——-A--—-—lI

‘33::I‘rccu’x : EI I
l Il Il II II II I
I II II II II I

————————————— ¥—————-—----—--—-—-———-—-——Jl Il Il I

Figure A454. Normal No SmasmFSJLS Data Packet is an MH)

5!?!

FSILS
device

{data loggle)
ll
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x;__Sek"uuuun__cg________Iu.lg________wvmuuuuuun_ea________Fd“0_______1_(T________IIIIIIIIIIIIIIIIIfill|_llIIIIIlIIIIII._.IIIIIIIIIIlIIII4IlIIIIIIIIIIIII4II_IIIIIIIIIIIIIIII_IIIIIIIIIIIIIIII_IIIIIIIIIIIIIII________________________________________________________________________uuuuuun0u_______A________TK________N.F»________mz________DA_________0uuu__un_.________2________w___nunuu___J1________mu___uuun_eE___tIIIIIIIIIIIIIIh}TIILIIIIIIIIIIIIII¢IIIIIIIIIIIIIII4IIIIIIIIIIIIIII4|iIIIIIIIIIIIIIIILIIIIIIIIIIIIIiIIIIIIIIIIIIIIIRmms.d_______m._wnmmma______k_M_Musu.twHuuuuuumgn,1uT.nb.sxmtsnY,5“p.A.aS______.1_d_1fluSPemmm______m_a_wmmcnd______m_e_1fHumoHuvmd______P_R_O.UMmC.. .1lA______.._m)._«.3.E....Wmm~e____u"$"C_CpSSJmh____J.________a6c1__J.J.J.J_J_J.JIIIIIIIIIIIIIIIII1||JIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIu________B+____unn_I_____a___4_4_4____1..__12_H2_121__M2__12m____aaw_Caw._maHu_\V);sH__aam_____Sh______wnul______.m__uuTuTuTu_unuToHmn__UT_UT_HT__mnuHA.mP."Jr."wmw_wmigm_.mmmuS_______US__m__Cm_CN_Cm__S__CD____6_________e____h____w__nu____a.____l26I.26_.l1.32__12__127m“wu_aamuaam_aamm__aa__aam___________________________________IIIIIIIIIIIIIIIIIrIILIIIIIIIIIIIIIILIIIIIIIIIIIIIIILIIIIIIIIIIIIIIILILIIIIIIIIIIIIIIILIIIIIIIIIIIIIIILIIIIIIIIIIIIIIImu______8_9_mtdb0_H_H_B_H__+n+u+1T1__1____m%N_M_N_M_M__M_M_Mte_c.e_e_c__e_e_em1_1_n_m_1__m_1_1HnnInn.aa_a.a_a_aunanaummnunununuh__a_a_nuuU.U.uU.UU
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Figure A-65. 1V ormal l-lS SSPLl'l‘ Smash
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Universal Serial Bus Specification Revisiun 2.0

Host Hub FSI’LS
lSSI stari sp. status device

{data mggle}! I (.‘5‘ mm m t lI I - - P- I! - 5 :1 I15} Iidala toggle]
0 I I SS:i-‘rco’x I I II. I ‘ I a I

Lll‘lalnCM I stl SSPLIT m I I II I“: I l t

Iw,I I II I I I
I I SS:Pcnding.’x I I""""""r"'-'—"""'-""'"'-"'1'—"'-"'-"—T"-"'-"'---"""‘-'-"'1'-'-"—"

uFranIc MH I I I I| | l |

I I I IN I

I I l\bI
| | l I
| | I |

I I I DATAU I

I : I ‘_.—-——-— I
I I CS:Ready.Ilasld§l ACK I
I I Ia\> I I| | I l--------- Fwn-w-—--—-----------v-----v-l*-----"~---v--+-wv-------------vv-w-------|-v--v-w-‘-

uIrramcM+2 I ____c_11___ CSPLIT I I I
I ‘ -------------’ I 1 II “2 IN I I I
I\5I Hubignomslhis I I
I I [Ni no match I I
I I the Address field)‘ I
I TRANS ERR I I I
I cu]->cu3 I I I
I I I I
I c” CSPLITIrctry imm.) I I II ct] I I I

I .I\p I I I
I I I I| | l r

I ch? DATA!) Ld I C SIOIMasldaIaI I
1 I I I I| | l |

--------- I--------------------------I-------------I--------------------------I—--------
uFramc M+3 I Hosldoes notisxuc 2nd CSP'LIT‘ I CSiFl’OC'K I I

I lsccauschnstalrcady receives I I I
I DATAU m1 previous Inicmfwme. I I I

"""""I—“—“""""—'—'“"""I""""—"'—I'—'“""""“"“""““I""“'“
uFramcMHI I H051dwsnolissucSrdCSPLlT. I SSII-‘rcc’x I I

I because hostaiready receives I I I
I DATA“ on previnus: micmfranm. I I I......... L-_-_._____-__-_-_-_--______.l----_-_----_-l_-_____-__-___..__-__-___-__F____-__-_

I I I I

Figure A—66. Normal HS CSPLIT Smash
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Host
(data toggle]

D

‘——fl"-'--fi—--———fi'-—'————"--—--'—-——-—-—'--—-———"----—-T'—-—-——'-————"--1—--"——-—"--
11F rame M

uFramc M+1

“Frame M+2

uFramc M+3

uFran'Ir: M+4

LII-Tame M+S

Universal Serial Bus Specification Revision 2.0

51' SSPLIT

512 [N

TRAN ERR
cc 1 Jacki

_ _- £3: _ __ _(ISPL1T(rclry imm.)

at? [N ______"F
\b

TRANS ERR
eel-rues

-_ __L'_I 1____ ESPLITUclry imm.)
ell [N "p

\

TRANS ERR
eel 49:?

EN DPOINT HALT

Host does not issue 2nd CSPLITA

because [his mdpnini is nlmndy
ENDPUENT HALT.

Host does not issue 3rd CSPLIT.
because this. cndpm'm is already
ENDI’OINT HALT.

.___|________|________I____________________________________________________J.___________________l______________
Hub

(SS: starl 5p. status

CS: cramp. 5p. startls) :SS: |-'rcc.’.'<

SS: Pending-5; 4Vfwf",4_4~hfifi
III
IIIIII
II
I

_______________________________________ I_‘I II II II I
r EV II II |
I I

I DATAD :I I

I“I, :
Cfiikeadyflaslda‘W’ I

I II |I I
-------------+----——---------—-----~—-—-qI II I

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

_____________ I"___w___"_W_waw_~_‘_~_wfi~4T |

CS:Frce.-'x I II II II II I
_____________ I__________________________|T 1

SS I-roc’x I II II II I
I |I I

-----------T-----'-"--"------"-----flI II I

Figure A457. Normal HS CSPLI'I‘ 3 Strikes Smash

FS/LS
device

[data lnggle)
I]
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Universal Serial Bus Specification Revisiun 2.0

Host H u b FSI’LS
ISS: stari sp. status device

I C5: camp. 5}). 51:11:15] :[dala toggle}

SS:i-‘rco’x I II

{data Ingglc}

D
ul-‘ralnc M

SS:Pcnding.’x 4___‘-_---___-
uFranIc M+ I

./ ._...._.._.._.,___..______l_._____.._....
C 55:1Leznfly.Ilasld

LII-Tame M+2

I l l I ll I I I I I I I:lI I I I I I I I I I 1il I I I I I I

cl! CSPLIT ‘

L¥——“_“-_—“*~aiflfi_.~L1" 1N

CS:DId-’Iasldata

TRANS ERR
IxI-I-oex

m CSPLIT(rc1ry imm.)

‘aH_H¥_‘L-‘—*_‘h_‘*‘-—ELL__.bm w

w
ch'f DATA0 '5‘

ul-"ramc M+3 H051 docs uol issue 2nd CSPLIT.
because host already receives
DATAD on previuus Inicmframc.

I||II
|||||I
II
||F

I|II
||||II
||I
II||p

I||||I||II
|
|||II|||
I|IIII
|
||
|||||||I
IP||

uFrzunc M+~4 I H051 does not issue 3rd CSPLIT‘
because host already receives
DATAU on previous microfi‘amc.

__J_______J_______J______________________________________L__________________J______________ -_4_-__‘__4__---‘_4-----_--__-----_m__-_--_--__d-__--__--+--_- ._J..._..____4.....—_w—.._l._____.____.__.._......__._______..__.._.__.v___w
Figure A-ES. Normal HS DA’I‘AIJI‘I Smash
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Universal Serial Bus Specification Revision 2.0

H OSt H lib FS/LS
d' ’ 1 (SS: starl 5p. status device

( “'3 ”Lg c] l CS: camp. 5p. status) :[dam [eagle]0 SS: |-'rcc’.'< fl

uFrame M sll SSPLIT “l

512 [N St?

uFramc M+1

“Frame M+2
cll CSPLIT ‘

‘__“__‘-_“_‘——EL_*LCI7 [\1

N.

TRANS ERR
ca: 1 - Does _
m1 CSF‘LIT(rch-_\,r Imm.)

‘-~H¥-‘__“-‘*——£fl‘_..m? [NL 61.2

DATAU C
III-II-I-Icull

R N‘ ERR
celJoeH

fl 1 (.‘SFLIT( retry imm.)

N’an [\I

N.
DATA“ Cd

‘IIIIIIIIII '-
TRANS ERR

(xi-hoe?
END ENT HALT

uFrm11L‘. M+3 Host does not issue 1nd CSI'LIT.
because Lhis endpoint is already
IENDPOENT HALT._________ r__________________________

uFramc- M+4 : H051 does not issue 3rd (TSPLIT‘
i because this cndpnim is alreadyENDPO!NT HALT.

-—'——'T'“——"----——————"—————-‘-‘-—---—--—--—————"'---—-?—--—-'-————"--1—--"——-—"-- .__l_______|.______.I._______________________________________________________________J.___________________l______________ __J______J______l_______________________________________________________________l__________________J_____________
uFrume M+5 E

Figure A-EQ. Normal HS DA'I'AOII 3 Strikes Smash
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518

Host
(data Toggle)

0
ul-‘rame M

uFramc M+1

uFrume M+2

"
uFrame M+3

uFramc M+8

uFrame M+9

ul-‘rame M+10

Universal Serial Bus Specification Revision 2.0

m SSPLIT stl

st2 IN

._““____““_——:E‘_._

N»617 IN

TRANS_ERR 011 FS/LSeel—>ce6

Host does 1101 issue 211d CSPLIT,
because host already receives
IERR mi previnus mic‘mfi'ame.

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

 

0” CSPLIT

_‘—“.“—_“‘*‘—JE‘_._0:7 IN

II
III

I ct2lIII
II
II

- DATAO Cd01‘“

_______________L_______________|_____________l__

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

S S: Free/x

SS: Pending/x

CS:Old/1astdata

|||
I|

I
CS:O]d/lrans er'r|

I|
I||

:|
1

_______________L_______________L
Figure A-70. Normal FS/LS IN Smash

FS/LS
device

(data toggle)
0
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Host
(data toggle)

0
ulVrame M

uFranic M+l

uFrame M+2

11Framc M+8

uFrame M+9

l—‘——_‘———‘———_——l—‘———‘——_‘——'I—_I———__—_‘I———‘—_—_l——‘———_—_—‘—_——_———T——————‘———_——_——‘l_—_—_——_—_———_———
uFrame M+ l 0

Universal Serial Bus Specification Revision 2.0

m SSPLIT Stl
st2

UV 39

‘3“ CSPL IT

M.a? UV- ct2

ERR umceZ

TRANS_ERR 011 FS/LSce7—>ce6
 

Host does not issue 211d CSPLIT,
because host already receives
IIRR on previous microfi‘ame.

Host does not issue 3rd CSPLITa
because host aheady receives
ER 011 previous microframe.

 

0“ CSPL IT 7

N,ct2 TN cfl

V] DATAO cd
Lfl

_______________L_______________|_____________I__|________I________|___________________.L________________.I.________________
Hub

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

S S: Free/X

S S: Pending/x

CS:Ready/t1‘aus

CS:OId/lrans e

 

SS:Pending/x

C S: Ready/last

CS:Old/lastdata

+—+——————————————+————————————————

_&__________

_________.:!________

F———————————4——F———————F———————F
———————————————P———
wk»

 | I | | | I I | I I | | I I | I I I | I | | | I I |
J

_______________L_______________L___________
Figure A-71. Normal FS/LS DATAO/l Smash

FS/LS
device

(data toggle)
0
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520

Host
(data toggle)

0
ul-‘rame M

II II II II II II I
I II I
I II II II II I
I I--------- r--------------------------1

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

_________ I'__________________________-I

uFrainc M+2 : m CSPLIT II ml I
I 7 I

I ct- IN ct2 II I
I 'LII I

IWI1i II I_________ 'I—__________________________‘I

uFrame M+3 I Host does not issue 2nd CSPLIT, I
I because host already receives I
I DATAO on previous nucrofi'ame. II I

_________ I-__________________________-I

uFrame M+4 I Host does not issue 3rd (‘SPLII I
I because host already receives I
I DATAO on previous microfiaine. I

————————— I——————————————————————————4
————————— I-———————-—-———-——-———-—————-I

uFi-ame M+8 I stl SSPLTT m I
I\5I
I II II I

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

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

———————— r——‘—‘—‘——‘—“—————‘———‘—‘—1

uFrame M+lOI ctl CSPLIT ctl II I

I\+I
I ct2 IN ME I

Host does I I
not receive I - DATA0 cdl I

this data. IMIData toggle I Iis still ‘1‘.

Universal Serial Bus Specification Revision 2.0

5‘1 SSPLlT

N,st IN

Hub
(SS: Stan sp. status
CS: comp. sp. status)

S S: Free/x

SS: Pending/x

||||||
|I
|||||
|TI|I|
I||
I

I
CS: Ready/1astddta.||

I_____________ T

I|
I|

I
< :s: ( )1 d/lastdata II|

I|_____________ T

CSzFree/x I||I

I_____________ T

58:1-‘ree/x I||
I

I_____________ T|_____________ +

III||

I

S S: Pending/X i.

l_J_______J_______J_______________J________________
III
IIII
I

I

CS:Ready/1215tdzI,l'd*>

CS: Old/lastdata

|
|||

T

I|||||
|I|
||||

III

I

WI
IIIII
IIII

Figure A-72. Normal FS/LS ACK Smash

FS/LS
device

(data toggle)
I)
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Universal Serial Bus Specification Revision 2.0

Host Hub FS/LS
(d' ’ 1 (SS: starl 5p. status CIQVIC'B

«Ia IOLg C]: I CS: camp. 5p. starIls) IIdflT-a lnggle]
0 I I SSH-Team I {JI I |

LII-'rame M I sll SSPLIT m I II ' I I

I m: [N m I Il I |l I |
I l |I I |-------- r'-‘-—---‘-------'—‘-'--'-'1 1"-—-——'-

uFramc M+1 I I Il I |

I I 1N I

I I \+I
l I |
I | |

I I wI
I I |
l I |

I I (IS:Re.I1dg,vIIasIdzI”k> II I I I
—————————

“Frame M+2 IWI I I
I I I I
I IDUus not match [III I
: IL‘SPLIT on first I I

I H ‘ Icmry ofCS.'I'hcn I II w IHUB does not I I

I “1'3“‘5 Ircspond any packctI II _ I I I

I cu CSPLIT(rclry Imm.) I I II c” I I I

I\+I I I
: ”3 T” a; I I I
I I I II I I . ._ I I I I

I cum DATA!) L I Lama“ IamdalaI :
I; : I I II | I |

--------- I--------------------------I-------------I--------------------------I---------
u}?1’ame ME; I Host does not Issue 2nd CSI’LIT. I Lh:1—'rccfx I I

I bccause host already receives I I I
I DATA!) on previous Injcrol‘mmc. I I I

---------- I--------------------------I-------------I--------------------------I---------
“Frame M+4 I H051 does not issue 3rd CSPLIT. I SS: Frccfx I I

I because hast already receives I I I
I DATAI} on previous microi'mme. I I I

--------- I----------------—---------I-------------+--------------------------I---------
ufirame EMS ' ' I '

Figure A-Ts. Searching N0 Smash
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522

Universal Serial Bus Specification Revision 2.0

Host
{data Inggle}

D

LII-'I'amc M st] SSFLIT eII

uFranIc M+I

LII-'ramcMI-l W
M»

uFranI ‘ M+3

" c” (TSPLIT N
Wa?

‘1 7 DATAII ed

uFra nIc M +4 Hnsl does not issue 3rd L'SPLIT.

because host already receives
DATA" nII IIrcvinus IIIIcmframc.

III-“tame MI—S

ra“ -r
m .z.. U)- :1,; .rr...

I'3 ___L_______________L________________L_______________L__________________J______________
IIIII
|IIIII
II
||F

IIII
IIIIII
II
|||IIp

I||IIIIIII
I
|IIp

III
||lIII
I
|I
IIIL

III
l|IIII
I|IIIL

II

SS: i-‘rco’x I III

SS:PcndiIIg.’x -_-_u____----‘_4_-_‘-_-_--__- I||||
II||

i

”\Jl |

CS 1: Rmdyfmurtxiala DATAU I

___________ +-"‘.._wil#w__-__.fl_fl
l I
I ‘ |

(fSZ:Rmdy-’lasl¢a&. II I 'l |

CS] :Oldimoredallla I
i II |I Il |___________ .-_--__-----_____--______--4_____

(5]:Frw’x i I
: II |1 |1 Il |

i I
('310ldila91datgl I

I Il |J I

___________*‘““‘*“““““““““‘fi“““
33$:Frcdx i I
(Slme’x : I

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

___________ L_________________-_________[_____1 |l |l I

Figure N74. CS Earlier No Smash[HS MDATA and FSI’LS Data Packet is an NIH and M+2)

I I I I | | | I I I I | | || | I I I I | | | I I I J______w——~I I | | |

H u b FSI‘LS
:35: mm sp. stalus device

I C5: camp. 5!). stalys] {{dala toggle}
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Universal Serial Bus Specification Revision 2.0

Host

(data toggle} I
C

-‘r———-—"—————--r-"-—---—--T—‘——"'-—--—-?—--—-'-————"--fi--"——-—"-—
uFramc M $1 I SSPL IT

512 [N

uFramc M+I

“Frame M+2 W.
:12 [N c1}.

NYET c114

uI-‘ramc M+3

C” CSPLIT c
N>

‘ DATAU CdL117

H051 does not issue 3rd CSPLIT,
because hosl already mceiuau
DATAI) ml previous micmframc.

uFramc M+4

uFrame M+5

___L_______________.L________________J._______________J.___________________l______________
Figure A-TS. CS Earlier No Smash(H

Hub
(SS: starl 5p. status

CS: camp. 5p. stah‘ls) i
SS: |-'rcc’.'< ’ '

SS: Pcndi ng-‘x

L |L |
L IL |l |L |L |L |
L |L |
L |

_____________ L__________________________JT |L |L |L |L |L |
L |L |
L |L |L |L |
L |L I
L |L |L |L |L |-------------+-w—-——-----u------vu-~———-q

L LL INL |

L L

L |L |

CS:Rcady-'I%Idfita*. I
L |L |-------------+--------------------------fiL |L |L |L |
L |L |L |L |L IL |

CS:0I¢IIasldalaI L||
||_______________________________________ .I

‘35' l- rm'x
(hi-reef): AwfikgAfikgfivvwwrgrvvigvgjfi

S NYET and FSI'LS Data Packet is on M+2}

FS/LS
device

[data luggle]
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Universal Serial Bus Specification Revision 2.0

Host Hub FSI’LS
ISS: stari sp. stalus device

{dam mggle} I C5: camp. 5!). stalIJs] {Id‘dla toggle}

“Hmfiamfii,cIl IN ct! awn-“www-C82:Oldfla51dal
Cm mun m

II |

0 I I SS:i-‘rco’.~c I I (I. I ‘ I 1 I

LII-lama M I st] 3,5an till I I I
I II: N I, I : II L I I I

I I I I
I I SS:Pcnding.’x I I--------- r-----——‘---————-----————--1'———-'--'————T----———----—————----———---1--———----

uFranIc MH I I I I
I I I II I I I
I I I II I I II I I II I I II I I II I I I
I I l II | I |
| | I I| | I |I I I II I I II I I Iwwwwwwwww Fwnw,_“w_w--"_w_-fl-_“w-‘_--4‘“__—_WW_“w-"+~w__“__"---_"-V_w-wnww__-_4,-“www-_w

LII-'ramcMI-l I III (:SPLIT I I I

I\,I I I‘7

I I I II NYET L‘h-I- I 1 IN I

I chi! I I\>II I I I

I I (‘31;Izwdyrmmp‘mm DATAI) I

--------I---"-""""'---'-'""-'-'I'---"""u-f'M-Innn""-' x +1

WWMI m GMTIH Immww&~hifi,,fiaiI\*I I I| ~1 | 1 |

I 'N I I I '
I I I I
I M DATA ad? I ('S 1 :Oldimm'edala I
I “1'5 I I II I I II I I II I I

————————— ILA—-——a--——-A-—-—-——--———-—————--——A-—-AJI-——--————-————-—J—--—-——-——-A-—-—-—-———-———-—-——-—-—-——- -—-——-————-—uFranIc M+4 I I SS:Frcch:II -

I c (SPLIT c I csurmm
I II |I II I
I |I II II II |I- -II II II I __‘p---III-“tame M+5 C 8221’ rccfx

Figure ~76. CS Earlier Nu Smash(HS NYE'I' and MDATA and FSILS Data Packet is on M+2 and “+33
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Universal Serial Bus Specification Revision 2.0

Host Hub FS/LS
(SS: starl 5p. status CIQVICQ

(dam logng I ('3‘ mm $ I lI , - - P--P-53I15) :[data luggle]
U I I SSH-Item I I {I. I I I I

III ram:- M I sell SSPLIT m I ‘I II I I |
I - T I I |

: “" 1“ su : I I
I I . I I
I I SS: Pond] ng-‘x I I--------- r--------------------—-----1--—----------T----—---------------------1---------

uFramc M+I : : I I
I I I II I P |
l | I |I I I |
I | I II I I II I I |I I I |
I I I Il I I |
l I I |l I I |l I I |I I I |l I I |

'I""""" I""""""""""""""""" “I""""""""""T""""""""""""""""""“I"""""

III-tame M+2 IW.I I I.1

i I I I
I I I I
: cm WET ”‘4 : I Il I I |
I I I |l I I |

--------- I.———————--——————-"n"—-—"I“——--"nu-I—-——-——-—————-----—————-—--I-———-————
: 1 l I I |

"mm Mi" I cII CSPLIT I I m I
:N,: I\,II mg I I I

Iw.I I DATAI] II I I |
. ~14 w,

I cm. V YET ‘ ' I CS:RcadyfIasld:It ACK I
: : I“\> : I.........Ln---“_-_--u-“uh“-_“L---H---_---i---a---___-__------__“--_I-__---_-_

_ I I ‘I 7 1 I I

uI‘ran'Ic M+4 I C” CSFLIT ‘1' I ‘SSerc‘x ‘I I
INI I Il .j I I |

: ‘1‘ W : I I
I I I I

E ch? DATAI} Cd E CS:OI¢UIasldala I I
I : I I————————— L-———————--——————--—————-——-I————-—————--- --———————————————-————---——I———————-—l l |l I |l l |AwfiyggfiuFrame M+5

Figure A-TI'. CS Earlier No Smash(HS NYET and FSI'LS Data Packet is on M+3}
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Universal Serial Bus Specification Revision 2.0

Host Hub FSI‘PS
{dam mggle} I ‘5‘: :2; 3p: mm dewce. _ 1:. up. stalys] {[dala toggle}

0 SS: i-‘rco’x ' I “

ul-‘I'alnc M 5” SSFLIT m
{3 IV

SS:Pcnding.’x

ul’ramc M+2
C” CSPLIT c
N,(:12 [\I ----_u____-y--‘_4___‘-_-_--__

fl“),—
CS:Readyflmldallflk.TR N.‘ ER

cc 1- 31:53

m CSPLIT(rcIry imm.)

IIIII
IIIIII
II
III'

I
iL

IIIII
II
IIIIIIII
IIIII

IN,
I
I £11 ]_\jI
IIIIIIII
F

IIII
I
II
IIIIIII
I
I'

lIII
IIIIII.II

A all

\IYET c114

ume‘ M+3

4-----_____---‘____-_-
C” CSPLIT c
N,cIZ IN d2

C S101dfilasldata
Cm DATAU c

SS:I-‘rccfx
CSTmcfx

H031 docs not issue 3rd CSPLIT.
because has! IIJIIcaIIy receives
DATAU on previous micmfiramc.

___L__________J________________4__________________________________L____4______________
__‘p-----_-___4-_---

III-“tame M+5 I

Figure A-TB. CS Earlier HS NYE’I' Smash
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Universal Serial Bus Specification Revision 2.0

IN.CSPLIT earlierHS NYET 3 strikes smash

Host
{data toggle]

u

uFranie M

LlF'l'flmE M+1

uFramc M+2

uFrame M+3

uFI'amc M+4

uFraII'Ie M+5

s” SSPLIT M
N”-511 [V sl2

IIIII
I
IIIIII
II

'IIlI
4

IIIIIIII
I

IIIl
II
I
llllI

Il
r __________________________Il
l

I' __________________________

E ‘12 1N £12I

i NYET __§114__-- .
a4—"""""""" a
i TEANg [ERR iI eel->008 _ I
: c” CSPLITUelryumm.) :

:\,:
I I

I L12 [N 611 i
I I
: NYET #2114.-- :

a4------------ a

I TRAN§ ERR E
: col->008 :

I m CSPLIT(relryimm.) I

IN.I
I I

: “I? IN :
I I

I NYET__7__5114___- i
2‘------- a
: mans {arm :
I Gel—>00? :

I [ENDPOINT HALT Er------------------------- -|

I H051 does not issue 2nd CSI‘LITA :
: hecauselhis endpnimis already :
: ENDPOINT HALT. :I I
F __________________________ "I

I Hostdocs not issue 3rd (TSPLIT. :
: because Ihis endpoimis already :
: ENDPDINT HALT. :
'r -------------------------- 1'I I

Hub
(58: mm 5p. sIaIus

SS: Frcca’x

SS: PE ndingflx

(‘S1Readyflaal

WPV“wagqghWWWVWIVflVa,fiwgvhffiflflqfiflfi

I CS; comp. 5p. stall“)

+4~44~kvv-7444~w
/

W
“1*,

‘fiAw‘wwrv*~Iwkww*44—I
Figure A-79. CS Earlier HS NYET 3 Strikes Smash

FSILS
device

[data Ingglo]
n
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Universal Serial Bus Specification Revision 2.0

Host Hub FS/LS
d'ta , ,1 (SS: Stan sp. status device

( d TOEE C) I CS: comp. sp. status) I(data toggle)
0 SS:FTce/x ' I)

ul-‘ran‘Ic M 511 SSPLIT

N’st IN

SS: Pending/x

CS:Old/1astdata

|| I || I |I I || I || I |l I |
| I || I |
I I || I || I |
| I || I |
| I |--------- r--------------------------1-------------T--------------------------1---------

uFramcM+1 I I I I---------

uFramc M+2 IWI I II 7 I I I

IkI I II I I I
I m NWT 0“ I I I
I I I I| I | I| I | I

“““““I'"""""“"“"“""‘"I'""‘"""‘1"“‘““""““""““'"I‘“““"uFrameM+3 I I | I

IWI I II I7 I I I

I W» I I II I I I
I ch6 NYET 0114 I I IN I
IK/I I\pI
I I I DATAO I

“““““I'"""""“"""""""'I'""“'7""I"‘—i‘irl1 """‘I""""'
umee M+4 I c‘rl CSPLIT I SS:Free/x I I

I ‘N" I I Hub removes this data packet 011a I
I ma IN ‘7 I I buffér and hub does notsend ACK. I
I LI‘ I I I| I | I

I 003 NET ch4 I I I
I I I I

_________ I.___40.29.0261_________________I_____________I___________________________I_________| I | I
I I | I--------- r--'—‘-—--‘—“-—--—---'--—-1'—-—--‘—‘----T—‘-‘—-——-"—--—-—'—--—-—'—1-—'—-—-"

LlFl‘afllc M+8 I “I SSPLIT(retry) I I I

IN,I I I| 7 I | I

I IN I I I
I I SS:Pending/x I I————————— +——————————————————————————4—————————————+——————————————————————————4—————————

ul-‘rame M+9 I I I II I I m I

I I IaI
I I | I

I I I DATAO I| I | I| I | I

I I CS:Rcady/lastd2Ita*+ II I I I 1
————————— I————————————————————————————:—————————————-L———————————————————————————:—————————

uFrame M+10 all CSPLIT m I I
aI Ict2 IN I I

:12 I II I
I II II II I
I I
I I

0117 DATAO Cd

Figure A-8I]. Abort and Free Abort(HS NYET and FS/LS Transaction is Continued at End of 1V1+3)
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Universal Serial Bus Specification Revision 2.0

Host
(data toggle)

0

ulVrame M 5U SSPLIT m
st2 IN

uFrame M+10 I311 CSPL IT

M,ct7 IN

0117 DATAO Cd

|| I| I| I| l| I| I
| l| I
| I| I| I
| I| I
| l--------- r--------------------------1

11FramcM+l I I---------

11Fran16M+2 I 011 CSPLIT m I
I\bI
| I| l

I Ch6 [\ Y «T Ch4 I| l| I| I

“““““I“""“““"“"““""‘I11FrameM+3 I I
I 0“ CSPLIT '
I_—————‘—_——““‘——ifl_‘._I
| I

| I
| I

I 0116 NYET 014 I| I| l| I

--------- I--------------------------I
uFrulne M+4 | ‘ ‘ I

I 0‘1 LbPLlT I
I .7 I
I IL IN m2 :
I :| I

I 003 bYET ch4 :| I

_________ I____gc_2;/:c_cfg_________________I
I I“““““r"—'--—“‘—“——--—“‘--“—1

uFrame M+8 I m SSPL1T(reIIy) I

IN"I
| I

I “2 IN 512 I| l| I
| l————————— +——————————————————————————4

1117ramc M+9 I I
I :| I| I| I
| I| I| l| I
| I| l| I| I| l————————— L———————————————————————————I

I

IIIllI
IlII
lI

Hub
(SS: start sp. status

I CS: comp. sp. statlus)
II

S S: Free/X

S S: Pending/x

 
SS:Free/x Hub Bees Lhis ll‘ullS'dCLlUII from SS.

|||||
|I
||I
||
|T||I$
||I
||
I||||||
|||I||
|||
||||
|||||||J.

I|
|I|||||
|I
||IJ_
||

T||||
|||||
I+|I||
||I
||||

CS:Old/lastdata

.______________L________________l__________J__L_______________L

FS/LS
device

(data toggle)
0

Figure A-81. Ahort and Free Free(HS NYET and FS/LS Transaction is not Started at End of NI+3)
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530

Host
(data Toggle)

0
ul-‘rame M

II II II I| II I| I
l II I
I II II I
I II I
I II I
I I--------- r--------------------------1

uFrame M+1 I I
I II I
I II lI II II I| lI II I

————————— r——————————————————————————1

uFramc M+2 I m CSPLIT m I
I\+II 7., I
I a“ W m2 I
I II hl I

I MIL/ii,AKC II II I
I I

————————— I——-——————-——————-—————————I
uFrame M+3 I Host does not issue 211d CSPLIT, I

I because host already receives I
I NAK on previous micmfi‘ame. II I

“““““r“‘—‘“-“—“‘—“—“‘—“‘-1

uFramc M+4 I Host does not issue 3rd CSPLIT, I
I because host already receives I
I NAK 011 previous microfiame. I

————————— I — — II I
————————— I— —I

uFrame M+8 I I
I SSPLTT(rctry) II stl I

I stl II 2 I
I 5‘ N 5.12 :I I
I I

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

I II I| II II I
I I| II I
I I| lI I

_________ L__________________________JI
uFrame M+10 0H CSPLIT C I

IIII
IIIII
I

Universal Serial Bus Specification Revision 2.0

m SSPLIT stl
st2 IN

N’

 

Cm DATAO cdl

_\Il+(:17 IN

Hub
(SS: Stan sp. status

CS: comp. 513. Status)S S: Free/x

SS: Pending/x

CS:Ready/nak

CS:O]d/11ak

FS/LS
device

(data toggle)
0

 

SS: Pending/x

CS: Old/lastdata

Figure A-82. Device Busy No Smash(FS/LS VAK)
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Host
(data toggle]

O
uFrame M

uI-‘rame M-I-I

uFrume M+2

uFramc M+4

Universal Serial Bus Specification Revision 2.0

SSPLIT

512 IN

“ll CSPLIT c
—‘n_“_-‘__“*———fl_fl>an N

N}

4‘d_EE___Ei[§EELfl#—Jfilflfl-
E NDI’OINT H ALT

Hurst dues nul imuc 2nd {‘SPLIT‘
because this cndpnim is almady
ENDI’OINT HALT.

Host does not issue 3rd CSPLIT.
lI

because [hm cndpoini is already I

ENDPOINT HALT. I

‘_-__"—T__-—“_1_—_""‘__-_-‘——_1—_—"___-_"‘7‘-_-“"__-—"“_ J______-1---______________J_____________J________________
Hub

(SS: starl 5p. status

CS: cramp. 5p. startls)
II

SS: |-'rw.'< '

SS: Pending-5;

III
IIIIII
II
I

II

_____________I
I IN
[\

I4‘*-—-—gfl£EE§ElL—-‘”fld__
[I

csmmwum I
------------- I---------------------------.I |I |I |I |I |

I |

E :
CS:Old.-I31a|1 I I

I II |[ |
I |I |I |-------------Y'-"'-‘---"'-'-"----""fi

(sum-m I I
I II |
I |I |————————————— +—————----————————--———————fl

SSJWmflx I I
I II |I |
I !

Figure A-83. Device Stall Nu Smash(FSflLS STALL}

FS/LS
device

[data lnggle)
{J
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Universal Serial Bus Specification Revision 2.0

A.5 Isochronous OUT Split-transaction Examples

Case Referen ce

Fig ure

Normal: small payload [<=188)

Normal: large payload {> 188)

HS SSPLETall corrupted HS OUT corrupted -
HS DATAU oorrupted((small payload) 

HS SSPLlT-begin corrupted

HS OUT after the HS SSPLIT-begin is corrupted -
HS DATAO corrupted (large payload)

HS SSPLlT-mid or OUT or DATAD corrupted
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Universal Serial Bus Specification Revision 2.0

1) Normal. Payload <= 188 bytes:

Full-speed
device
[loggiol

HUB

ILIl'i'cr status: not. neededSS? slarI-splil buffer status
S: complete-spin b

SSPLITia [1cl}

€15

Edi
DATAO 5h]

_0_______

I'I
IIIIIIII
I____|—

 

OUT

.I|
III|||||
I———————I———————————————————————————————J——————————————+————————————————————

LIFI'IaInc M + I

ll Frau": M + Z

uFranm M + 8

ul’ranm M + 8 +l
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Universal Serial Bus Specification Revision 2.0

2) Normal. Payload > 188 Bytes

Full-speed
HUB device

Host SS: startesplit buffer status (toggle)
(toggle) ICS: conlpleLe-hplit blyfler status: not neededI I

0 St? SSPLlT—begin 553 Free 0
mH m

éeate SSIO] entry with
status: Pending I

I
I|I|I

I \}
uFrame M I

gIIII|I
IIl | | | | l l
1
l | l l l | | l l | l | l l | l l l l | | | l l | l | l l |

.I_ 4_

uFrame M + 1

Create SSH] with
status = Pending

I/ _1___________________
Create SSIZ] with
status = Pending\ ~ \

ul’rame VI + 2

N

\~

______ _‘_______________________________i_____§_~_______ _________SSO:F ~

sts SSPLITemid i [I r00 \1-I I

N; 5I II I

Mk}: :
sdl DATAO : :

I II II II II I

"""""""""""""""""‘ISSIDTFITe—e_____:h
St4 SSPLlT—end

Qr‘fi
uFI'ame M + 3

9h] Create SS (3) with

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
6;HI9?: H18('D

55(3): Free

 
II||
I|
II|II
II
III
I

IIl.
I

II|
I
I

iI
: sdl DATAO|II

I
]I_I

IIIII
III
IIIII
II|
II|I
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Universal Serial Bus Specification Revision 2.0

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

HS OUT corrupted

Full-speed
HUB device

HOSt SS: start-split buffer status (toggle)
(toggle) I ICS: complete-spur blluffer status: not needed II I I I

0 I 5:1 SSPLIT—all Iss: Free I I 0I Transierr I I II . V ............. ' ' '

: sts 5“ ’: : :uFI‘aJneM l I I I

i i i i
I Sdl DATAO I OUT token and I I
I I DATAO packers igIIored I
I I SS: Free I II I I I_______T___-____________-____-____-___'I_____-__-____-T________-____-____-_______I'____-___
I I I II I I I
I I I I

ul’rame M + l I I I I
I I I Il l l l
I I I I

_______ I______________________________J______________i__________________________L_0_______I I I II I I I| | I |I I I II I I I

LIFrame M + 2 I I I I
I I I II I I II I I I““““ r‘—"“—“"—“—““—‘—“—‘—‘—“I"—“““““—T—"‘—"—“—“““‘““""I‘“"““I I I II I l I
I I I I________ L_______________________________I______________J.__________________________L_______I I I I

0 I I I I
I stl SSPLlTiall I89 From I I
I 5” I I I

uFrach+8 I I I I
: ---------OUT” l i I
I b I I II sdl I . I

I DATA0 1 I HS handler TIMEQUT I

:NIDATAO packet ignored II ISS:F1~ee I Il l I ll l I l
I I I II I I I_______ _l_______________________________L______________|__________________________J________I I I I
I I I II I I II I I Il l I l

uFrame N + 8 + l I I I I
I I I II I I I
I I I I
I I I II I I I
I I I II I I II I I I

_______ J---____________________________L______________|.____-_________________-__.I_-____-_I I I II I I I
I I I II I I I
I I I Il l I lI I I II I I II I I II I I II I I II I I I
I I I II I I I
I I I II I I II I I
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Universal Serial Bus Specification Revision 2.0

5) HS SSPLIT—begin corrupted (missing or CRC error etc.)

Full-speed
HUB device

Host SS: startesplit buffer status (toggle)
(toggle) (IIS: complete-split blIlffel" status: not neededI I

0 stZ SSPLITebegin I 88: Free. 0,,,,,,,, , Transierr 

llFramo M II

WIGHTtoken and
DATAO I |)A'I'A0 packer i gnared

N:N" SS ”my “WWII II

III

. I
st5 "I I

III

I I

I I

uFrame M + 1 \I I
| I

SIS : :

\Q-LL'IK’ISSPLITimid. OUII, and DATAO E o5‘11 I packet ignored I I

DATAO sh] END SS entry createufi E
I I II I II | I------_I___________-_________-_________I'______________l--____-____-____________-_.I__-____-_

I I I I
I 513 SSPLITemid I I I| I I I

5 NHSSPLIT—mid. OUTI, and DATAO E
I \Q-LIJK}:packet ignored I : 0: :No SS entry createcIl :
I sdl DATAO I I I

ul’rame M + 2 I Sh] I I :I I I I| I I II I I I| I I I
________ L———————————————————————————————I——————————————+——————————————————————————|————————

I I I I
I St4 SSPLITeend I l I

I\I I I
| I- I I I
I Sta I I

uFrame M + 3 : :SSPLIT-end, OUTI and DATAO :I Ipacket ignored I I 0
I Sdl INo SS entry created II DATAO I ~ I II shl I I II I 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 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 : o| 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| I | I
I I I I
I I I I| I | II I I
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Universal Serial Bus Specification Revision 2.0

6) HS OUT after the HS SSPLIT—begin is corrupted

 

Full-speed
HUB device

HOSt SS: startesplit buffer status (toggle)
(toggle) I |CS: complete-split bLIIffer status: not needed II | | I

0 I stZ SSPLITIbegin I SS: Free I I 0
I I I I| | | I

uFrame M I éel I I
I I I I| | | I| | | |
I I I I

I I I I
I I DAT/\O packet ignored I

_______ I. '__NoSS_emI:y_m:ealIed_________________________I_________I I I I| | | I
I st3 PLIT, ’d I I I

uFrameMI—l Ik: I I
I st5 i i i

I \HISSPLIT—mid. OI III. and DATAO I I)I I I packet ignored I I
I bdl DATAO Shl INo SS enLry created I| | | I

| | | |
I I I I______ —I—__________——___——_____________I—__—____—____——I___________——____—____—___'I_______——

I I I I
I St3 SSPLIT—mid I I I| | | I

I W!SSPLIT—mid. OUTI, and DATAO I
I \HIpacket ignored I I 0I I No 83 entry createclII I
I sdl DATAO : : l

uFrame M + 2 I Shl I I I
I I I II I I I| | | I

________ I———————————————————————————————4——————————————+——————————————————————————I————————

I I I I
I st4 SSPLITrend I I I

I\I I I
| | | |
I St5 . I

IIFrame M + 3 I , I SSPLIT-end, OUTI and DATAO I
I I packet ignored I I 0
I sdl DATAO I No 53 entry created II shl I I II I I I| | | |
I I I I| I | || | | || | | I

""""r"""“"'"'-'""-"u"-'-'I"""-'"--'-T"""-“-"“""""""r"""'I I I I| I | |
I I I I| | | I| | | I| | | || I | |

I I I I 0| | | 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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Universal Serial Bus Specification Revision 2.0

7) HS DATAO corrupted

Full-speed
HUB device

HOSt SS: startesplit buffer status (toggle)
(toggle) I ICS: complete-split bLIIffer status: not needed II I l I

o E stZ SSPLlTrbegin E SS: lI'ree E E o
I\I I II st5 I I I

uFrame M Ikl I I
I I I I

I sdl I SSPLIT—begin and OUT token ignored I

I . . DATAO I No SS entry created II 0....CRCerrors I I II O Q . I I II I I I| I I I
I I I I_______ T______________________________‘l______________T__________________________I_________

I I I I' St3 PLITemid ' I '

uFrame M + 1 I SS\>I I II I

I st5 I I I

I MEX“SSPLIT—inid, OU’IE. and DATAO I I)I I I packet ignored I I

E bdl DATAO Shl ENu SS entry c1'eaLe(El I
I I I II I l I
I I I I______ —I____——___——____—____________—__I———____—______—l____——___——____—______—___‘I——___—___

I I I I
I st3 SSPLIT—mid I I II I I I

IN!SSPLIT—Inid. OUFII. and DATAO I
I WIpacket ignored I I 0I I No SS entry createcIl I
I sdl DATAO I I I

umeeMfl I NI I II I I II l I II I I I________ I———————————————————————————————4——————————————+——————————————————————————|————————

I I I I
I St4 SSPLITrcnd I I I

I\I I I
| | l |
I St5 I I

IIFrame M + 3 I , I SSPLIT—end. OUTEL and DATAU I
I Ipacket ignored I I 0
I sdl DATAO I No SS cntly createull I

. NI I I
I I I II I I II I I II I l || | l |I I l |

"""""r""-"-'-"-'-"-“-'-“-'-“1""-'-"nu-T“'-'“'-'""""“"""r"""'I I I II I l || | l |I I l |I I l || | l |I I l |

I I I I 0I I l |I I I II l l I| | l |I I l |I | l |I I I II l l II I I II I l |I I l || | l |I I I
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Universal Serial Bus Specification Revision 2.0

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

corrupted

Full-speed
HUB device

HOSt SS: starrisplir buffer status (Loggle)
(toggle) I ICS: complctcisplit biluffcr status: not neededI | |

0 I stz SSPLIT—begin I SS: Free I 0
I st5 I I

uFrame M I WI I
I I I
| I |

I Sdl DATAO I I
I Shl I\ II I I

I : Cr
. 4

...... _st3 SSPLIT—mid

T'

uFrame M + l ' I x I OUT\>
 

 
 

Sdl DATAO I OUT, and DATAO phcket
I ignored :

N:No SSH] entry creqted|

l
l||
l||||
|l

i| |

______ ‘r_______—__—___________—__—____T/st() ‘, dfifi’fi—(iffitl—l’c—Cfir—dba—_—____—____l

: st3 SSPLITimidl|ll
ll|
ll
|l
|||
|l

I I

i I o
“ISSPLITimid, OU'II. and DATAO FS handlen' generates a bit-
\HI packet ignored I stuffing ermI on full-speed bus5 0 83 entry createcII i

Sdl DATAO I I I
ub’l‘anle M + 2 Shl : i E

I I II I II I I———————— L——————————————————————————————4——————————————+——————————————————————————I————————

I I I I
I 5t4 SSPLITiend I I I

I\i : :I SIS : I :
IIFI‘ame NI + 3 : , : SSPLIT—mid. OU'II. and DATAO :

I :packet ignored I I 0
I sdl DATAO :No SS enu'y created II shl I I II I I II | I I
I I I II I I II I | I
I I I I

________ 1.________________________________________________________________________|________I II II II II I
I II I

I l 0I II II I
I II II I
I II II II II I
I II I
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Universal Serial Bus Specification Revision 2.0

A.6 Isochronous IN Split-transaction Examples

Case Reference

Figure

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

Normal: lullnspeed bus transaction crosses microframe boundary

HS SSPLIT corrupted

IN afier HS SSPLET corrupted 

HS CSPLlT 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 earl).r (full-speed data not available yet)

Full-«speed timeout or ORG error
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Universal Serial Bus Specification Revision 2.0

1) Normal: full—speed bus transaction does not cross microframe

boundary

Full-speed
device
(toggle)

HUB
Host
(toggle)

SS: startisplit buffer status
C isS: complete-split buffer stat

Pending
A:

Create SS entry with status

uFrame M

DATAO

Create CS entry
38 : Free

_______L_______________________4_____________________.L__________________________L________

uFrame M + 1

LLFramC M + 2

u | “name M + 3
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Universal Serial Bus Specification Revision 2.0

2) Normal: full—speed bus transaction crosses microframe boundary

 

 

HUB Full-speed
HOSt SS: start-split buffer status deVIce
(toggle) I ICS: complete-split buffer SLaLlIlS I ("1331“)

0 I I I Il I | l 0| , , , I I

: 5” SSPLIT lbs 2 Free I I
uFrame M EN I I

I $2 I I I
I

: \K‘ICreate 83 entry with status il Pending I
: E : :
I ' I I

______________________________ I______________________I__________________________I_________
: I IN :I I

I Create CS entry I\>II I

uFrameM+l : SS: FICC I DATAO II I

I I II I I______________________________ 4-____________________J.___________________
7, I 7, cm I-=_R55d_y7r_nBrP-data

1 Create (IS[1] entryct CSPLIT

\Send data/114mm with
d2 MDAIA ‘

MDATA C A‘
MCS[0] = Old/more data114

\

\

ARC-\

________‘________
r

/

II
I

1 4 '

___________EL___-________________T_____________j/L_____T______-____-____________-_:__-__' I I

i / : 1,t1 ' ' I
r CSPLIT I / I i

ul’rameM+4 ct2 IN E / I I
NSerd data in CS[2] with: I

I , TAO : :
d1 ' I '

DATA” C CS[Z] :Uld/last data I I

0 i I
I II I
I II II
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Universal Serial Bus Specification Revision 2.0

3) HS SSPLIT corrupted

Host
{toggle}

u Frame M

t1|~'|‘amv M + |

uFramc M + 2

Timeout cc?

Err_coun1 = l —) {:93
Im

Ifnol last CS -) ch3
Iflasl CS -) m6

u|"raml: M + 3

544

HUB
SS: starlisplit. hufi'er status
K18: completv-splil buffer stall.I

 

:

C” CSPLIT E

IIII
IIIIII
IIIIIIII
1.

III
|IIIII
IIII
L

III
II
||IIIIII

mediate retry CS

' CSPLIT
ct]

NYET

I

"""""'-""-'F""""""'

I

...... 5” SSPLIT '85; = F1149
"""""""" _ 71" ' .eni

512 ' 'Filgnum SSP] .ITI

NMQMIN
N0 55 entry createdI

Sea rch 11m mmpletetime

No splil response found

In ___-____-—---—-__-—__---______---_-____---__________—L____-—-______—q—_—_-_-_____-_--
t'ls

Full-speed
device
{toggle}

0
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Universal Serial Bus Specification Revision 2.0

4) IN after HS SSPLIT corrupted

Host

(toggle)

u Frame M

uFI'aInr- M + 2

Tinleuul. ce?

Erricount = 1 -> (:03

Immediate reLr’y CS

”not last CS 9 c113
Iflasl CS —) (n36

uFramc M + 3

HUB Full-speed
SS: start—split. buffer Status '

| £5: (mnplctt-spiil buffer stale” I dEVlce| I I I {toggle}

I = E E
I all SSPLI'I' :88 = Free : I
I : : :
l 5'2 I I i

: -II. ...u’: : :
: : No SS on try (:mamd : :
I ----------------------- 4 --------------------- I --------------------------I --------
I i : :
I E : :I I I II I I II I I I
I I I II I I II I I II I I |I I I l
I I I II I I IL _______________________ .I _____________________ 4 __________________________ I. ________

I l
i E” CSPLIT :

I \‘N
i cl.2 i N .

I
I I

i\ISearch IInI (IJIIIIIIIIIO In

"I CSPLIT

I12 {N

chd
NYET\I/

'-"""""'""'F""""""'

Lime

N0 split response found -—-———————--—-——h—————-—-——-—-———-——-—————-————————----—————-—-
545
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5) HS CS PL'IT corrupted

Host

(toggle)

uFI'amc M

uFt’anm M + I

uFmInII M I- 9.

Timeout. ce?

Erricount = 1 -> (:03
Im

ui'rame M + 3

546

HUB

|
i|

mediate reLr’y CS

L” CSPLIT

K; [N

cd I
DATAO

fi
//

——-———_——————————-——————r———————
i

-_______-____-__“_____--r____

IN is ignored

No I‘QSpflI'le‘.‘ is given

Sm‘lri
DATN'J

iasl. (Iaia with

C5 = Oltlflast data ....__....__..-..-..-_-..-..---......-___-____------..-__......--____-—--_w-_-w-....-_-..-|.-___-...._--..---..I...._--
SS: start-split buffer 5|.alu5

I F5: mlnpietc-splil bufTer static;
I : :
I' ' I
I 3” SSPLI'l‘ '5‘?» = FW- :
‘\A =j 312 I :

1: \IK’ECream SS (may with status 4" Pending
‘. :
1| I
1" ““““““““““““‘I “““““““““““““““““““““““““

i : IN

1| : Cream CS entry \
i : 53 = [Free| : DATA0

5 : C3 = Readyflast data?I
| I
I I

I'. _______________________ .' _______________________________________________
I I
‘. ...."” CSPLIT :I ........ I
I ------ , I

1: are [N ""5:
II

\N

Full-speed
device
(toggle)

f]
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6) Consecutive HS CSPLIT corrupted

HUB Full-speed
H051: SS: start-5 lit hufl'ar status dewcep
IlofiSIL-I I {25: uIIIIIplelc-splil bul'fnrsralils . (WI-ISMI I I

U : E I : n' I . I I

: 5“ SSPLIT :68 = me I l
”Frame M E\J I I

: 5|.2 t I E
|

:kgCreate SS unlry with status 12 Pending :
I I I II I I I

-------4

: E I IN :
: I Cream CS (IIILrj,r :\.:
: I 53 = Free : :

I

III-Tame M + 1 I g I DATAD II I C5 = HIaIIyI’II—mt data | I
I I I II r l II l I I,,,,,,,1,777,,,,,,7,77,,,,,,7,,,a7,,,,,,,,7,,,,,,,,,,,4777,77,,,7,7,,,,,,,7,,,,,,L,,i,,,,,

I i I I
I £1 CSPLIT I I g

: rI? IN .E I :
LII-Tame M -I- 2 I : I I

: I ]N Is Ignnreti I :I I I

Timeuul CE? I NI'I response is given I E
Err_coum' = 1 -> m3 E I :
Immediam retry CS I I I

I i I II I I I

I I” CSPLIT I I I' '”'"---- k | I

I at? IN ""‘H‘ I I

I\» I E
I F [N Is Ignored I I

Timenul CE? I No respnnse is given I I
Err_coum = 2 7; €03 : I I

Immediate retry CS I I E
I
I I I

i I I I
I - I I
: , I?“ CSPLIT I I I

I ch [N "Mb: I II I I |

I\ I :
: : IN IS ignored I :I | I

Timeout CO7 I No response I3 given I E
Err_count = 3 -> {284 E I :
Record error i I I

Go to next cmd I I E
I

I I I II I
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7) HS IN corrupted

HUB Full-speed

LII-Tame M + 2 """"" -- '7 ('01

H051: SS: start-5 lit LIufl'ar siatus dewcep
[[014ng I (IS: urImplnIn-splil bul'fnrsral 3'15. . (mi-ISMI I

U ' I I I
l K . : II
: sll SSPLIT {KS = Free :

Ill-'ramn M : \hi I
E 5|.2 , E
: NRJCreate SS entry with status Pending :
l j l

"""" I'"""""""""""'.‘"""""'""""" ""—""""'""""""I'""""
: : IN :
: r Cream CS mu)» \.:
: : 53 = Free :

K

ul-‘rame M + 1 : I DAT/\{J :
: I C5 = Rnadya’laht data :

K

I I I,,,,,,,LIIIII,,,,7,77,,,,,,,7,,+,,,,,I,,,,,,,,III,,,, 7,7,,7,,,,,,,,,,,,,7,,,,,,L,,I,,,,,

: :
: “1 CSPLIT :

EN
: ..I.'.|.?-._.._ IN '
:
I I_ 1111190111.

Timeout cc?
ErrJnmnt. = l —> CBS

[mmedialu retry CS

No response Is given

”1 CSPLIT

Send last data wlllI
DNI‘AU

DATA!)

[7

—v—w——www-w—www~w~—~——~—pfi----_q
I

CS = ()kUI’dbl. data

llFr’dl'llf‘. M T 3

I
IIIIIIIII
iII

II
J

IIIIII
IIII
IIII4

IIIII
III
II
|IIIIII
III
IIIIIII
IIIIIIIII
IIIII
IIII
L

IIIII
III
||IIIIIII
III
III

""“""“""“““"'P“"
548
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8) Consecutive HS IN corrupted

Full-speed
H HUB d _

OSt SS: start—split. buffer status EVIce
““88“" I p8: complete-5pm buffer math: I ”"32le

o I I I :
I I I : 0
: 5“ SSPLIT I68 = Free ; :

ul’ranm M I\d E I
I I2 I I I
IKCreate SS entry wilh slams f Pending I
: I : :I I I I

-------Ll“

: I I IN :
I I Cream: CS Irnlry I\>I
I I 55 = Free I I

LII-Tame M I» I I I I DATA II I C5 = Readyflmt data I I
: : : :I I I II I I I_______ I._______________________.I___________________-—J.__________________________|.________

I I I I

I E” CSPLIT I I I| l
I I I I
' L12 -——-—________~ ' '
: 1N___ cu] I : :

uFramcM + 2 I ...... .’I limmul E II I ' l || I I

TimCDuI C07 I No response Is given I E
Err_(:oum. = 1 —:> (:03 I i I
[mmediale retry CS I : I

: I i iI I

: c“ CSPLIT I E :
: I : :I [:12 [N I I
I ce] I I I

I ..._...§I tlmEOIJI I I
TiInCDUI CC? I No response is given I I
Err_munt = 2 —> ce3 I I ' I I I

[Inmediate retry CS I I I
|

. I I II I I II I I I

I 6‘1 CSPLIT : I I
I I I :
I ”“912 IN I I I
I .__ Ct'l I I I
I --------------b: timeout : I
' : : :

Timeout (:07 I No response is given I I
Err_count : 3 —> ce4 I I I
Record error I I I

Go In next cmd I I I
|

. I I II I

549
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dem.
E

SC77

.-l1...77nvk__77ue0%U7777FdU7777IIIIIIIIIIIIIIIIILIIIIIIIIIIIIIIILIIIIIIIIIIIIIIIIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1III_w7
__77._77_777_777_777__7_.77_.777——7_

__7
.777_777_7777m7777A777ma7ND777

II—

0m.I777Lm777_(7_Ms P.7777.mIWIIIIIIIIIII..T||I|7IIIIIIIIIIIIIII.7IIIIIIIIIII_.|..IIIIIIIII7r|IIIInIIIInInInIIIIInInIIIIIIIIIIIIIIIIIIIIIIJIII..l.a.5m7U.77mmflm7a7W77RI.7...w_d.7\77nmms7m.1a.77_0.I.m.m_n.Ilr7wa77amum..ow.7mm7_HumW47m\Na7d77fi.0“fl1_07.7:R97fl.7_..IH...n_r.I7Ia777mHw.n_m77777mH7_nrWWW.S7.IS.57.JM775Hm.wS_C5C_M077mB77mM7,77wM37m8mm7&DQ77.mSprllslllllllllJlllllllllllllllallllllllllllllllllI77lllllllllllllllllllllllllllllllllllllllllllllll7r]!a77o77I77H1.77a\II_7L7_H.I.77.77.mmH77no77L7a“nuwP.77m.“A.57I7c,7_7T7a(m_.LA.maw7d77WD7.7mn_e__CNO07Ca7T.I_7.l.H7eV_0..7H,.Q__Ie7.m.d_u.S_72.7.1.a7m“_7HH.n17d7077cRCn7C7.7CrHA7IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII7 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1|:Iwnq7H7a7a7aN7.1.7.17+7dt}w_N.7h7M7Shn_07e7..7SBwmm_m.m7m_HHm.ru.m.m7m_m,um
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10) HS data corrupted (case 2)

  
 
 

HUB Full-speed
Host SS: mart-5pm hufi‘or status dEViCE
0088“!) . ITS: (:nmplmo-Rplit buffer maths Itlugglej

n I l I I
: - I I
I 5'” SSPLIT :55 = Free I I

UFI'aI‘I‘II.‘ M E 5' 2 I I II . I I

I \Lkbiflvalp SR vmry wilh Stat.th 4:: I’fllll‘llng I
I I I II I I I

-------firl . | I
I I I [N I

: : IxI
E I Cream CS (InLrj,I i II a

III-Tame M +1 I : 53 = "'0'" I I
I I I Il . I I

I I I I——————— L——————————————————————— —— ————-L —————I———-.—————

I 1 ‘CmatLrCSI'l'l Entry" I ,SIUI = Readyfbegin-data
E C“ CSPLIT I I I
: I J/ ' I
: :12 IN : , x I I

III-'ranm .\I’I + 2 I I / ' / I II o I I
' I / I I
I EdZ . - I I

I MBA—FA. . . . :tSCIILI lmgin—data in CSHII I
L1 0 I O ' : with MIJA'l'A I II I I I
'CR error €05 . ' ‘—————————— ' —— ————————————————————1———CS EDI-(Mu 'ndaut—'———— ——————————————————‘ —————

E-HC- rejects data I [III lg. _I/ ‘ r
ITAdvance I .. ’ I

I A"
II

I :Implumunlor can decide
I :whal. In do 011 ”111-!
I :mntinuing szlI-mmrl busI U )._o

I :Any way lhr‘ data hell?' ”Isak-55I I 4III
II
I

___--_-_-_-_-----___________h-----
551
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11) TT has more data than HC expects

HUB Full-speed
H051: SS: start-split buffer status dEViCC
(toggle) I ICS: complete-split buffer statIIIs :(toggle)

0 I I I Il I l

: S“ SSPLIT 83 = Free : :I ' I I I

uh tame M EN I I| |

I W»!Create SS entry with status I Pending I
I I I II I I

_______L_______________________ ______________________| __________________________ L ________

IN

Create CS entry \

 
 
 

‘
ulI'mme M + 3

“2 1N Send mid -data/in /CS[I]
\with MBA/Ag/

I MDATA I [Sm’ Old/more data

II
4

I I I

I I i

I I I
i I I

uFramc M + 1 I I SS = Free I DATAOI I I
I I II I I

I I I CSIOI : Ready/more-data
-------I'“""""“"““""“I“Create‘€3[’l‘]entry -—--4.-—--—-—--—-—--—-—--r¢ ---.L--—---——I I I I

I Ctl CSPLIT I I , I
ct I ,

I IN I , 2. I
uFrame M+2 I\I v./ I I

I I Send hegin-«12m in CS[0]: :d2 I
I MDATA I withM KIA I I
M€SIO]= Old/111013 data I II I

Ich4 i I CS[1] I
_________________________________ I___C_reaL_e_CS[_ZTen[r—y_____I_______": _"_________'____nI ' a

‘11 CSPLIT : l ’ /
I zI’

III_-__________________1_ Il

I CSIZI = Ready/mure-data
__________ I._I;l;14-____-____________-I.___-____-____________-____ __________________________I I II I I I

I . ' I
I I ‘ /I' I
I “1 CSPLIT ' / I II I , I I

uFrame M + 4 Emi '/ I CS[3] : Ready/last-data E
I \A Send 1Infifedata in CS I' I 'tl , DATA '

I I WI J)“ /: I
I I I I
I MDATA '[CSIZI= Old/more date! I I

4,-—"""‘I / I IHC has Isen he last CS, but it I ' I I
Ieceives IMDATA so something I / I I
goes wwhg > c08 I ' I I

—————————————————————————————————I—————————————— ———————l——————————————————————————-:——————
SB] = Old/1215 L-daLa
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12) HS CS too early (full-speed data not available yet)

Full-speed
H t HUB d '05 SS: slarl-splil buffer stratus EVICE
“933101 I ['15: ItIunpleIr-split huffisrslaths . “DI-{I419}I I

I} I I I II _ ' _ | | U
I 31.1 SSPLIT lSS = I-ree I I

uFranu: M I \d I I
: SIZ I I I
I \LN\.ECream 35 entry with stalus I- Pending I
I I I I
: I ' '
----------------------- I --------------------- + -------------------------- I- --------l I | II I I II I I II I I |I I I II I I I

I I I I

ul-‘ranln M + 1 I I I I
I I I II I I II I I II I I I_______ L__-_..___.._-—..__..___..___.I_____-_____-________-J.-______-_____-____________L________

I : I I
I all CSPLIT I I I

I \N I I
I ma IN I I I

I

ul‘ranlfi: M + 2 IN I I
I I Search not complete in: II I Limo I II I I I

'I‘inmmII m? I I I
Err cuIlnt : 1. .3. £03 I I I
lmnlmfiatn I'ulry CS I I I

: E I II I I |

I . I I I
: LII CSPLIT I I II II I |
' 9 I I I
: “"' IN I I I
I I I I
I I Na spill response found I II I I I

.14

I&I Remand with NYI-j'I' I II i I I
'Ihls ishml 11w.- lasl C5 -> chi} I I I| I I I

""""I'"""""'""'"""'T'""""""""""I"""""'"""""""'I'"""'
I

I “1 CSPLIT I I IN I

I\I CrI‘I‘rIlI-ECS an“)I I\II ([2 I 58 = Fme I I
uFranm M + 3 I I I DATA I

INK I C5 = Readyi'last dalaIW:I I I I

I ccll ISentl last data with I I
: :DA'I'AU : I
I I I I
Iclll :CS = OIdI'Iasl (13121 I I
I I I I
: - ' I
I ' I I
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dem

smu"

Lnl‘m__.n.ma%uuun
Un__

Fdfl“unnIIIIIIIIIIIIIIIIILIIIIIIIIIIIIIIILIIIIIIIIIIIIIIIIIIIIIPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_|Il__.._._____i_____u_u.u.nnOnu___unuCnuun._u_n_mm...mun.__uM.unn
__

xD.__0.we"Wnnun,0.unu_.mmH_m.u.n.ums.uw4.__jE51.3.u_a_._aMrmumnun
nr,

0mmmnWCuun.hrmuh_uIf_._aPI.1_:1Yo._mM."w_Sm..mw._"mumm.w“fin.eon"u_mu»m_.mFRs..nD.film0_an__=n_R.m.__S«m9.pa.“um.“mmH.RMnn5nmNin_..l_FD._MTBmmFu.uum__u_5C_W.HC3.._flmmasas.muuacun.meSWNIIIIEIIIIIIIIII“IIIIIIIIIIIIIIIh.IIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITII‘____mC_nunmR_n2_nwC\uumn_.m.mHunuuL_UIPnnHu_uSuuLRun0.5_.D:R__e__SNEnnmIunCl..u.n.Uu.wuum"_dS__H«Mn."nwuuccm?n__..IP.................+..............L..................«a..............................................S0uIn2...n_iw3_.I.Mu+n+Hum+n.I..l1I._uawuwumuu_W10mmm_m_n_hn..IJ I_l\I/HmPnm.m_3,iu.l:F.F.luHu
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Universal Serial Bus Specification Revision 2.0

Appendix B

Example Declarations for State Machines

This appendix contains example declarations used in the consll'uelion ofthe state machines in
Chapters 8 and l 1. These declarations mayr help in understanding some aspects of the state machines.
There are three sets ot‘deelararions: global declarations. host controller specific declarations. and
transaction translator declarations.

3.1 Global Declarations
Ll BEAR! 1.35:3;
USE 11531-3. std _logic _1:64 .all;

PACKAGE: behav package Is

CONS IAN]! F1 E‘O_DEPI‘JI LN'I‘BGSR :- 3.- -— size of bulk buffer.
-- Determines how many outstanding

Split transactions are allowed.

CONSIAN'I' ERROR_1NJEC'I‘_DEPTH : INTEGER. := :5: -- Size 01' Error Inject FIFO.

TYPE ep_types l3 (hulk, control, isochronous. interrupt); -— endpoint types

TYPE directions is tin dir. out dirt : -— data transfer directions

TYPE pids 15‘. max, ACK. STALL. -— possible packet Plus
tokenlN, tokenOU'l’, tokenSE'I‘UP,
305‘. ping,
MDA‘E'A:
DATAx, represents both DATAO and DATA].
CSPLI'J', SSPLll‘,
NYET, ERR,
TRANS_3RR}; —- pseudo PIDs for error :ases

TYPE cmds IS [start split, complete split, nonsplit, 50F].- C commands

TYPE data_choicee IS talldata. begindata. enddata. middatal:

'1‘! P3
do
do

isochronous data part for an RC command

HCresponses IS { -- what iiC should do next for this command
start.
complete,

-- do start-split transaction
do complete split transaction

do_complete_immedia:e,

do_same__r:md.

do complete split immediately before doing a different transaction
do_ha1t:,

-- do endpoint halt procesmng for the endpoint of this command
do_next_::md. -- do next command for this endpoint

advance data pointer appropriately
-- do same command over again

do _comp___ immed now.

I :

do complete split imediately within same microframe
do_next_oomplete .

do next complete split in next microframe [periodicl
do_nexr__ping.
do ping.
defiant.
do idle Response not active Used for Simulation

"PEPE Devresponses £3 E
do_nexr___tlata.
do no thing

l :
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TYPE waits is {
I'I'G,

none};

TYPE CRCs is (bad, 0k};

, wait up to an inter packet [intra transaction} gap
—- for the next packet.

wait forever for next packet

TYPE states is (old, pending, ready, no match, match_buay);-— states at a buffer

TYPE results 15 E
r_ack,
r_nak,
r_trans_err.
Install,
r_badcrc,
r_1astdata.
r_moredata.
r_data) ;

TYPE epinfo_rec IS RECORD
spaceuavail
data_avail
EPMEWG
ep_trouh1e
toggle
3ND RECORD .-

full/low speed transaction result in a buffer

hoolean;
haciean;
ep types;
boolean:
boolean;

TYPE epinfo_array IS ARRAYII DOWNTO 0) OF epinfc_rec:

TYPE deviceyrec IS RECORD
EP
HS :
END RECORD;

T292 match_rec is RECORDstate

down_result3ND RECORD;

TYPE Hs_hus_rec IS RECORD

epinfo_array;
BOOLEAN ;

-- result of matching a high—speed complete—split
states;
results;

-— partial high speed transaction state from a high speed bus
ep_type : ep_types:
PID : pidB;
deviaddr : lNTEGEK RANGE 0 T0 12?;
endpt : INTEGER RANGE 0 TO 15;
CRClfi : CRCs;
direction : directions;
x : boolean;
datapart : dataichoices;
ready : hoolean;
timeout : hoolean:
END RECORD;

TEPB command_rec IS RECORD -- command state that the HC must act upon
ep type : ep_types;
cmd : cmds;
setup ; hoolean; -- true is :ontro] setup
ping : boolean:
HS : 330013311;
dev_addr : INTEGER RANGE 0 TO 127;
enfipt : INTEGER RANGE 0 TO 15:
CRClG : CRCS;
direction : directions:
datapart : data_chnice3:
toggle . boclean;
last : 130012811;
3ND RECORD:
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TYPE bo_buf_status IS {OLD.NU.NOSPACE}I .' -- Responses; from Compare_BC__bufE,

TYPE BC__bufE_ rec IS RECORD (partial) state of a bulk/control buffer
match : match_rec;
index INTEGER RANGE 0 T0 [FIFO_DEPTH' 1.} .7
status : bc_buf_atatu9;
END RECORD:

TYPE CS__huff__rec IS RECORD
-- {partial} state of a periodic complete—591i: buffer

match : match._ rec;
store hs_bua_rec;
END RECORD,-

TYPB S$_bufE_rec IS RECORD
saw'split: hoolean;
isocho: booleem; -- was the last transaction an isochronoua OUT 35
lastdata: data_choices;

-- if isocho is true, then what was the last data portion
am: 330039;

TYPE cam___rec IS RECORD Information stored in the bulkg’control Buffer.
store : 115 bus rec;
mat Ch : match_ree;
END RECORD.-

TEPE phases LS (SPLIT, I'DKBN. DATA}: -- Error Inject phases.

TYPE err_inject_rec is RECORD -- Error Injection Ell-‘0 record.
phase phases:
timeout boolean:
crc : CRCs;
{aid : bnolean;
END RECORD,-

TYPE err_inject_type LS mum!tlm0a_xwa¢w_uswu - 1: 005mm m
of erriinjectirec:

TYPE cam_type IS ARRAYHFLFO_DEPTH - 1.} DOHN'I‘G 0] OF :am_rec;

-—rei:urr1.s true when there is a packet ready to recelve from a bus

PUNCI‘LON Packet readyiusubus in: HS__bus real RETURN boolean;

wait until there is a. packet ready on a bus
PROCEDURE Wain for__packett1-is bus_in: HS___bus__rec; wait type: waits]:

PROCEDURE RespondDeVidr: devresponsesi;

PROCEDURE “Cinecept idata;

PROCEDURE HCV Reject data;

PROCEDURE Dev_Accept_data;

PROCEDURE Dev _Recordl_error;
END behavgackage .-
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32 Host Controller Declarations
shared VARIABLE ErrorCount integer i=0;
shared VARIABLE IIC_response_v nCresponses :
shared VARIABLE rd_ptr integer RANGE 0 TC lERROR_1NJSCT_DEPTH-l) :n 0:
SIGNAL HSUQ ready boolean;
SIGNAL acicomnandiready
SIGNAL. :—Ic_cmd

boolean : = FALSE.-
command_recr

SIGNAL HCrespanse HCreaponses:
SiauaL err_inje:t_fi£o err_inject_type;
SIGNAL wr__ptr integer was 0 TO i3RROR_INJ3CT_D3PTH-1] := o;

-- lsaue a packet onto the HS bus.

PROCEDURE Issue_packetE81GNAL HS_bus out : OUT HS_bu3_rec;
pic! : 91:15} IsBEGLN

us_bus_out.ep_type <: u€_cmd.ep_type;
HS bus out.endpt <= HC cmd.endpt;
u3_busflaut.dev_addr c: ”C cmd.dev addr;
HS_‘::us_cmt . direction a HC_crnd . cli rem: ion:
I-is_bus_out . datapart :2 ”(Lunch datapart;

HS_bus_out.x <2 HCLcmd.toggle: -- ????

—— Check for Error injection when FIFO is not empty.
IF [wr_ptr f: rdLPtr} THEN

insert an error during SPLIT phase ?
LE‘ Herriinjectififolrdjtr) phase . SPLIT AND (pici - SSPLIT OR pid =

CSPLIT}i OR
Insert an error during Token phase ?

ierr_inject_fifoird_ptri‘phase . TOKEN AND
[pid = tokenIN 0R pid = tokenOUT DR pid = tokenSETUPi} OR

Insert an error during Data phase ?
[err_inject_fifo[rd_ptr}.phase = DATA AND (pid = MDATA OR pid = DATAXJJ)THEN

HS_bus_outrcr¢16 (n err_inject_fifoird_ptriAcre:
HS_bu5_out.timeout a: err inject fifoird ptrJ.timeout;
IE' terr_inject_£i£otrd_ptri .pid) T113"

Hsibusiout.pid a: TRANSiERR;ELSE

HS_hus_out.pid <= pid;
END 1?,-

Update read pointer.
IF :rd_ptr w iERROR_INJEc-1'_DEPT1l—1iI THEN

rd ptr := D;
ELSE

rd_ptr :— rd_ptr + 1:
END IF:

ELSE
-- Otherwise issue packet with no errors.
HS_bue_out.:rc16 <= 0k;
HS bus_out.timeout <= FALSE;
us_bus_out.pid r: pid;

END IF:

-- Otherwise issue packet with no errors.ELSE
HS_bus_out.crcl6 <= 0k;
HS_bus_out.timeout re FALSE:
HS_bus_out.pid <= pid;

END LP;
HS_hus_out.ready <= TRUE;
HS bus out.ready <= FALSE after 500 pa;
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END lssue_packet;

- Get next command for HC to execute.
-- NUT USED FOR. 'l'HlS LME‘LflMENl‘Al‘iDN 1H

PROCEDURE HC_Get_next_command ISBEGIN
END;

—- Tell: me what happened to this command.

PROCEDURB RespondHC {Heresponse : HCresponses} LSBEGIN
HC_response_v :- HCresponse:

Update comm! status for the next time the command will. be executed by RC.
NOT USED FOR THIS IMPLEMENTATION Ell

PROCEDURB Update_command {SIGNAL HCdone : OUT hoolean) ISBEGIN
quone (- TRUE;

END:

-- Increment "3 strikes" error count for endpoint transaction.

PROCEDURE IncError LS
BEGIN

ErrorCount := ErrorCount + 1;
END;

-- Record Error for current comand‘
-- NOT USED FOR THIS lMPLEiMENTAl'lON

 

PROCEDURE Record_error ISBEGIN
ErrarCount. := 0;

END;
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5.3 Transaction Translator Declarations

560

shared
snared
ahared
shared
shared
ahared
shared
shared
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SlGNAL

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
split
token
35,3uff

cam
BC_buff
CS_Buff
rdhptr
derroriv
as_avail_v
periodic
error_time

CS_Buf f_sigmen
memwrite
erriinjectififo
wr_ptr
derror
$3_avail

: oamLtype; -- TT buffer.
: BC_buff_reC;
, CS_buff_rec;
. integer RANGE o 10 (ERROR lNJECTHDEPTH-E)
: boolean:
: booleanr
: boolean := FALSE:
:time ,= 1000000000 n5;
- HSnpusmrec; Stored Shared Split Token

HS bus rec; -- Stored Token
ssmbuff_rec:
CS_buff_rec;

. cam rec;
: boolean;

erriinjectitype:
, integer RANGE o 10 i5RROR_INdECT_DEPTH-l} := 0;
: boolean;

hoolean;

II D

—— Ls_no_gpace — Returns true when there is no apace in the BulRIControl buffers
for the current start-split.

function Is_no_space(BC_buff: HC_buff_rec} return boolean is
variable result:booleen:=FALSB:

begin
IF {BC_buff.statuE = NOSPACE] THEN

result :=
sun In;
return result;

end Is_no_space:

TRUE;

-— Is_newLSS — Returns true when the current high speed start-split is new.

function 15_new_SSlEC_huff: BC_buff_rec} return hoolean is
variable resultzboolean:=FALSE;

begin
I? (BC_buff.status - NU) THENresult :=
END IF:
return result:

end Ie_new_SS;

TRUE;

-— iS_old_SS — Returns true when the current high speed start-split is a retry.

function Is_o1d_S$lHCLbuf£: BC_huff_rec} return hoolean is
variable result:boolean:=FALSE;

begin
I? {BC_buff.status - OLD} THEN

result :=
END 1F;
return result:

and 15_old_SS;

TRUE:

procedure Issue packettsignal HS bus out : out Hsflbusirec;

begin
pid : pidsi ls

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

US_bue_out.ep_type
Hsubusuout.endpt
HwauaTout.dev_addr

c: CS_Buff.store.ep_type;
<= CSmBufif.store.endpt;
<= CS_Bu£E.stare.devvaddr;
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HS_bus_out.direction
us_hus_out.datapart
HSmbus_out.x

ELSE

HSWbusuout.epmtype
HS_hus_out.endpt
HS_hus_out.dev add:
u3_bus_out.direction
HSdbua_out.datapart
HS_bu5_uut.x

<= CS_EufE,stare.direction;
<= CS_BufE.store.datapart;
<= CS EufE.stDre.x: , ????

<= camiBC buff.index}.store.ep type;
<u camtBC_buff.index}.store.endpt:
<= camiBC buff.indexi.5tore.dev addr;
<n camiBC_butfiindex}.store.direction;

camEEC_buff.index).store.datapart;
camiEC_buff.index}.store.x: —- ????

- Update bulkfcontrol with state information which may have been updated
—- by the complete—split state machines.
camiflCLDuff.index).match.state := Bc_huff.match.state:

3ND LP;

,, Check for Error injection when FIFO is not empty.
IF twr_ptr I: rdmptri THSN

HS_bus_out.crcl€ <: err_inject_fifoird_ptri.crc;
HS bus_out.timeout <= err_inject_fifoird_ptzi.timeout:
LP (err_injectmfifotrdwptri.pid} THEN

H3_bus_ou:.pidELSE
uS_bus_out.pid

END LF:

<- TRANS_ERR:

<- pld:

--1F [now ) errorntime ] THEN
-- Update read pointer.
IE‘ lrd_ptr = [ERROR_INJECI'_DEPI1I 1}} THEN

rd_ptr :u D;
ELSE

rd_ptr := Erd ptr + 1):
END IF;

--3ND IF;

error_time := now;

*7 Otherwise isaue packet with ma errors.ELSE

HS_busmout.crc16
HS’busnout.timeout
US_hus_ont7pid

END IF:

Hsibusmout.ready
H$_bus_out.ready

and Issue_Packet;

q:
q:
<-

0k:
FALSE,-
pid;

TRUE;
FALSE after 500 ps:

,, returns true when wrong combination of split start and last isoch out transaction
FUNCTION Ead_IEochOut {SS_Bu

split

BEGIN

result := ilsplit.datapart

ff : SS_Buff_rec:
: Hsmbu5_reci RETURN booiean IS

VARIABLE result:hoolean:=FALSE;

enddata 0R split.datapart = middata} AND
N0r(55_nuff.1astdata = hegindata 0R SS_Buff.1astdata a middatai} GR

(isplit.datapart begindata OR split.datapart = alldatai AND
SS_Buff.isochDJ OR

llsplit.datapart - midddta OR aplit.datapart - enddatai AND NOT
ssiauff.isochfl

RETURN result:
END Bad_£soch0ut;

Jr
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procedure Saveihs_bus_in : IN HS_bus_rec:
SIGNAL. ha_hus_out: OUT lis_bu5_rec) is

begin
he_‘nue_out c: hs_bus_in;

and Save;

~ Compare_EC_buff , This procedure is used to look at the BC buffer to determine
-— whether the packet should be stored. Compare_BC_buff will
-— initialize BC__buff with the buffer location information.

procedure Compare_BC___buff [3
variable match: hoolean : =E'ALSE;

begin

- - Assume nospace and intialize index to D.
BC_buff.status :- NOSPACE:
BC_buff.index :- 0;

FOR i IN 0 to E'lE‘O___DHP'l'H—1 LOOPIF NOT match THEN
- Re-use buffer with same Device Addreesfsnd point.

I? {token.endpt = camli} .store.e11dpt AND
mken.dev_acldr - camiii .store.clev_addr END

iitokendirection = camli} .store.directian AND
split.e9_type !- COM'RDL} 011

splitepitype = CONTROL.” THEN

—— if The buffer is already pending/ready this must be a retry.
IF icamii} .match.state = READY OR camii} .match.state = PENDING} THEN

BC_buff.status :-—- OLD;ELSE
BC_buff.etatus :2 NU;

END 15‘;
BC buff.index := i;
match : - TRUE :

-- Otherwise use the buffer if it‘s old.
ELSIE‘ icamlii .match.state = OLD) THEN

BC_buff . status - 
BC_i:vuff.index := i;

END IF;
END IF;

END LOOP;

BC _'nuff . match. state := camiBC_huff .index) .match.etate;

end Compa re_BC_buff :

- Accept _data Store start-split. into bulk/control buffer. Index is setup
in a previous call to Compareiflcibuff.

procedure Acceptj‘lata IS
begin

camiBC__buff.index} .store := token,-
cam (BC_buff . index) .match. state : = PENDING:
BC__buff .match. state := PENDING;

and Acceptfiata;

-— Match_split_state — This procedure finds the BC buffer location which matches
H the current cmnpleteisplit.

procedure Match_5p1itlstate IS
variable match:‘noolean:=FALSS;

begin
BC_buff .match.state := NO_HATCH:
3C_‘ouff.inc1ex := CI;

mg i LN a to L‘lPO_DEP‘1'11—'|_ 1.009
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IF NOT match THEN
-- 13 this the buffer used for the start—split

corresponding to this complete split?
-— if it i5.i. store information into BC_buEf andindicate match was found.

IF {token.endpt = camti).store.endpt AND
token.dev_addr z camii).store.dev;addr AND
token‘direction = camii) .atore.direction) THEN

BC_buff.match.stai-.e
BC_buff . match . down__re3ult

cam {i} . match. state;
cam ii} .match.down_re5ult:

BC_buff.index := 1;
match := TRUE:

END IF:
END IF;

END LOOP:

periodic := FALSE; -- Setup issue Packet.

end Match_lp1 it_state:

-- RECOI‘CI an error in the SS pipeline far fowarcling on the downstream DDS.

PROCEDURE Down_error IS
BEGIN

derror_v :a I'RLIB:
END Down_error;

procedure Data into SS___pipe IS
begin

CS_Buff.match.state :- MATCH_BUSY:
safavailiv :a TRUE;

end Data_im:o_SS_pipe;

procedure Fast match [5
begin

periodic := TRUE; -- Setup Issue Packet.
and Fast? match;
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Appendix C

Reset Protocol State Diagrams

This appendix presents state diagrams that provide implementation examples for the reset protocol as described
in Section 7.1.7.5. These state diagrams should be considered as an example to guide implementers; the
description of the reset protocol and the high-speed reset handshake in Section 7.1.7.5 is the complete required
behavior. By necessity1 state diagrams incorporate some implementation dependent parts that. although
describing the reset protocol correctly, can also be implemented in a different way yielding similar behaviori

Any timer used in these state diagrams should have a resolution that allows it to always keep to the allowed time
Framer For instance, if a timer times out between a time T1-.M;.,R(rnin) and TTlt...-_R(max)‘ the timer should have a
minimal resolution ofat least 1 eloektiek in the range ofT-lmm. In a number of places. a time T-mmt is
mentioned in a state diagram; while in the tables in Section 7.3, a range is given for this time. In that case. the
time represents a chosen value in the range such that it is at least 1 eiocktiek of the associated timer away from
the upper boundary of that range. Under these conditions. a state in the state diagrams will never miss a branch
because the associated timer overstepped the time-out condition.

In the state diagrams in this appendix. a timer can be either Run. Started. or Cleared. If a timer is Run‘ it will
update itself every eloektick. 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—l shows all the necessary and required behavior ofa downstream facing
port in case of a reset. As this is the initiating party in the reset protocol. the hub enters the Resetting state
through a request from the host (the SetPortFeaturetHJRT_RESET] command} The downsneam 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 lowispeed. then the only way that reset ends is when the timer T0 times out (TURN) 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_LUW_SPEED. This is described in more detail in Section 11.8.2. When reset has completed.
the hub enters the low-speed Enabled state.

If the attached device is full-speed and not high-speed capabte, it will end reset when timer T0 expires (Tum-r)
and the hub has not detected a valid upstream chirp (continuous Chirp K} It will then enter the full-speed
enabled state.

Last. it'the attached device is high-speed capable. it will send back an upstream chirp some time after 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 Keep between the blocks with “Clear timer T1"
and “Rim timer T1" represents the 2.5 [.15 (THU) filtering the reset protocol asks for.

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

It" the filtering of the upstream chirp takes too much time‘ the downstream facing port may not be able to finish
its downstream chirp in time to be able to end the reset procedure in time. Therefore. when timer T0 reaches
beyond the time I‘m-mp (time to detect an upstream chirp). the hub is put in a wait state. which it leaves after
the timer has timed out the complete reset protocol (Tum-J. It will then enter the full-speed enabled state.
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. Resetting

Set90rtl7eaturetPORT_RESET)

Resetting

Drive SEO
Start timer T0

Clear timerTI

T0 2 Tens: &
PORT_LOW_SPEED = a

TD 2 Team 3’-
PORT_L()W_SPEE D = 1

 
 

 
 

FS Default !H*E"‘5P°*=d K 3‘ LS Default
T0 ‘C TUKIHtND & High-speed K &

Te 2 Tom Tl < Tm PORT_LOW_SPEED — e
To 2 TUCl-HEN'D &

EHigh-speed K 81.

72 2 TDCIIISIT 3‘1 TI 2 TH”
To C TDRST ' Tux-1:950

Drive Chirp J " Drive Chirp K
Start timer T2 Start timer T2

T0 < Tnks'r ' Tucnstu 31
T2 2 TDCIIBIT

T0 3 Tuner - Turn-ism & T0 3 TDRS'I‘ - Tncnsm 31-
T2 2 Tmrltnt'r T2 2 TIXTHBITDrive 5130

TU 9- Tmst

HS Default

Figure C«l. Downstream Facing Port Reset Protocol State Diagram

When the domtstream-facing port has successfully detected an upstream chirp, it will start transmitting the
downstream chirp as seen as it has seen the bus leave the Chirp K state. This end of the upstream chirp will
return the bus to the SEO state. So immediately (actually within 100 ps(Tw1-D(-") after the end of the upstream
chirp according to Section 7.115), the hub drives a Chirp K for 40 to (10 1.15 (Tm—"311). then a Chirp J for 40 to
60 [.13. then a Chirp K. etc. It continues with this alternating sequence until timer T[] has come within 100 to
500 us (TmrmJ of the end of reset (Tons-1‘)- When this time is reached. the downstream—facing port finishes the
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40 to 60 its of continuous signaling it was busy with when the timer T0 exceeds the value of'Tms-r — Tncnsr-n
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 reset (see Figure (3—3]

Therefore. all ofthese states must be covered in the diagram. Also1 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 ofthe 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:

II Suspended
I Powered. FS Default. FS Address. and FS Configured
0 HS Default. HS Address, and HS Configured

These groups of states correspond to an identical list ofpossibilitics as described in Section 7. l .15 under item 3
of the reset protocol.

0.2.1 Reset From Suspended State

As can be seen from Figure C2. the device wakes up From the Suspended state as soon as it sees a K or an SEO
on the bus. A I would he indistinguishable from idle on the bus that a suspended device sees normally. On
seeing a K, the device will initiate a resume process. For the details of this process, see Section 7.1.7.7. 0n
seeing an SEO. the device could enter the reset handshake procedure. so it starts timer T0.

The actual reset handshake is only started after seeing a continuous assertion of SEO for at least 2.5 us (Tmmm).
The loop between the blocks with “Clear timer T1" and “Run timer Tl” represents this filtering. Ifthe device
has not detected a continuous SEO before timer Ti] exceeds the value of Tummy, - Tum, 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 symboi Twwlx is used to have the device wait for a stable clock. This symbol is not part of the
USB 2.0 specification and dues not appear in Chapter 7. ll is an implementation specific detail ofthc reset
detection state diagram For the upstream facing port. where it is marked with a asterisk (*). Twrrm should have
a value somewhere between 0 and SJ] ms. This alien's at least 1.0 ms time to detect the continuous SEO.

[f the device has seen an SEO signal on the bus for at least TF||_nEu. then it can safely assume to have detected a
reset and can start the reset handshake.
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HS Default Powered

HS Address.- PS Default
HS configured ITS-Address '

.FS Configured

. r'

Idle ’Idlc SEO | idle Line state change

St rt 1’ T0
Start timer T0

T0 2 Tm” idle at SEU e
To 2 3.0 “'15 T0 2 ij'nfi‘rps

Remove HS
terminations

Connect D+ pull—up
resistor

Start timer Tl

 
!SEO &

T I 2 TWTRbTHEi

:Suspeddéd
K

Start timer 1'0 Initiate Resume

process

Clear til-”er T] To 2 TlK‘IIEND ' TUFH &
Tl < Trims-no

SEO 8!.

T] 2 Twms‘rns

T1 3 TI-‘ll than

Start reset handshake pruccss 

{“3 Note: Turrflx is a symbol that is only used in this state diagram. It is not part of the USB 2.0
specification and does not appear in Chapter 7. It is an implementation specific detail of this
state diagram. See Section (3.2.1 for a detailed description.

Figure C-Z. Upstream Facing Port Reset Detection State Diagram
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Figure (3-3. Upstream Facing Port Reset Handshake State Diagram
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6.2.2 Reset From Full—speed Non-suspended State

Timer T0 is started when seeing an SEO or idle state fi'om a fuli-specd Non—suspended state.

[fa .l (idle) is detected and the timer T0 exceeds the value of 3.0 ms white no change has been detected in the
state of the bus. the device is suspended.

If an SEI} is detected and the timer T0 times out the value of TersnS [between 2.5 us minimum and 3.0 ms
maximum) while no change has been detethd in the SEO state. the device can start the reset handshake. On any
line state change, the device aborts the detection ofreset 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 Tl] exceeds the value of Twrnsv (between 3.0 ms minimally and 3.125 ms maximally). the
device rcvcrts to fitll—spccd 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 dc‘oouncing and settling of the lines in the new state (Tttl'rnsnm}. Alter
this time. the line should be sampled to see whether the device should be suspended [on detecting a hill—speed
idle) or reset (on detecting SEO).

[fan idle was detected. the device should suspend; if an SEO was detected. the device can start the reset
handshake.

it" 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.

6.2.4 Reset Handshake

570

At this point. the behavior ofdeviccs 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 timcr T0 that was started in the reset
detection state diagram in Figure 02.

A choice of implementation is available here. The one presented in the state diagram in Figure ('—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 olemlr Another approach would be to wait until the
timer Ti] exceeds the value omemJ. before ending the upstream chirp. Both conform to the requirements of
the resct protocol in Section 7'. l .15, and the choice may depend on the particular application.

As soon as the upstream chirp has ended, the device starts listening for the domtstteam chirp. In order to detect
at least a K-J-K-J-K-J pattern. it first stare-i looking for a continuously asserted Chirp K. The method employed
in this state diagram is counting the number of K—J transitions. Here K and .l are acnlally Chirp K and Chirp J.
respectively. asscrtcd continuousiy for at least 2.5 us [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 thc downstream facing port state diagram in Figure C-l to detect thc upstrcam
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 reven to high—speed.

The whole procedure of detecting the downstream chirp is timed by timer T3 which requires the device to
perform the detection of the K-J-K-J-K-J for at least 1.0 ms, but at most 2.5 ms. If the device is unable to detect
a sufficient number of [(-1 transitions before the timer T3 times out at Tit-Tm, the device enters the full-speed
default statc. Reset ends when the bus state changes from SEO to idle. The time Twmg is given a wide range to
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allow sufficient leverage fora device which has awoke from suspend to use its (possible not yet stable] clock to
time this duration reliably.

Reversion to highvspeed when the device has detected the K-J-K—JvaJ pattern is accomplished by enabling the
high—speed terminations and disconnecting the pull-up resistor from the D+~line. According to Section 11.7.5.
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 10] transitions. After this switching of terminations and pull—up. the
device enters the high-speed Default state. The end of reset is signified by the first packet that is received, most
likelyr an SOF packet.
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4X over-sampling state machine DPLLs.
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A

abnormal termination sequences. 11.3.3
abortinglreti ring transfers

aborting control transfers, 5.5.5
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Transaction Translator‘s role. 1118.6,
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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, 11.171
corrupted ACK handshake. 8.5.3.3. 8.6.4
in data toggle. 3.6. 3.6.1. 8.8.2
defined, 2.0 glossary
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8.4.6.3
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overview, 8.4.5
PING flow control and OUT transactions.

8.5.1. 8.5.1.1

ReadylACK status. 11.15
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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. 5.12.4.2
overview. 5.12.413

adding devices. See dynamic insertion and
removal
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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. 9.2.8.3
U88 System Software role. 4.9

endpoint addresses. 5.3.1. 9.8.8
SetAddresst) request, 9.4.8

address fields

address field (ADDR). 8.3.2.1. 8.3.5.1. 8.4.1.
8.4.2.2

endpointfield (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. 8.3.2.1
token CRCs, 8.3.5.1
in token packets. 8.4.1

Adopters Agreement. 1.4
advancing pipeline pseudocode, 1118.7
aging. data-rate inaccuracies and. 7.1.11
aliasing addresses. 8.3.2
"all“ encoding. 1118.4
allocating bit times in handshake packets. 11.3.3
allocating buffers. See buffers
allocating USB bandwidth

transfer management. 5.111 to 5.11.1.5
USB System role. 10.3.2

alternate settings for interfaces
configuration requirements, 10.3.1
Getlnterface() request, 9.4.4
in interface descriptors. 9.6.5
Setlnterfacei) 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
ANSIlElA-364-C (12l94). 6.7.1
applications
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architectural overview of USB

architectural extensions, 4.10
bus protocol. 4.4
bus topology. 4.1.1
data flow types. 4.7 to 4.7.5
hub architecture. 4.8.2.1. 11.1.1. 11.122
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 glossary. 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
also RA (rate adaptation)

asynchronous SRC. 2.0 glossary. See also SRC
Attached device state

in bus enumeration process. 9.1.2
overview. 9.1.1.1
visible device state table. 9.1.1 Table 9-1

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. 5.12.441
Audio Device Class Specification Revision 1.0,

9.6

audio devices. defined. 2.0 glossary
automatic port color indicators. 11.5.3
available time in frames and microframes

bulk transfers and. 5.6.4
bus bandwidth reclamation. 5.11.5
control transfers and. 5.5.4
interrupt transfer bus access constraints. 5.7.4
isochronous transfers and. 5.6. 5.6.4

AWG. 2.0 glossary, 6.6.2

babble
Collision conditions and detection. 11.6.3

defined. 2.0 glossary
EOF2 timing points and. 11.2.5
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babble (continued)
EOF and Debbie detection. 11.2.5.1
error detection and recovery. 8.7.4
transaction tracking and. 11.18.?

background of USB development. 3.1 to 3.3
backwards compatibility of USB 2.0. 3.1
bAlternateSetting field (interface descriptors).

9.6.5. 1123.1
bandwidth

allocating for pipes. 4.4. 4.7.5
bandwidth reclamation. 5.11.5
defined. 2.0 glossary
transfer management. 4.7.5. 5.11.1 to

5.11.15.10.32
USB system role in. 10.3.2

battery-powered hubs. 7.2.1
bco‘Device field (device descriptors). 9.6.1
bchSB field (device descriptors). 9.2.6.6. 9.6.1.

1123.1

bchSB field (device qualifier descriptors}. 9.6.2.
1123.1

bConliguration Value field
configuration descriptors. 9.6.3. 1123.1
other speed configuration descriptors. 9.6.4.

1123.1
B connectors. See Series "A" and "B" connectors

bDescLenglh field (hub descriptors). 11232.1
bDescriptorType field

configuration descriptors. 9.6.3. 1123.1
device descriptors. 9.61. 1123.1
device qualifier descriptors. 9.62. 1123.1
endpoint descriptors. 9.6.6. 1123.1
hub descriptors. 11.23.21. 11.24.25.

11242.10

interface descriptors. 9.6.5. 1123.1
other speed configuration descriptors. 9.6.4.

1123.1

string descriptors. 9.6.7
bDeviceClass field

device descriptors. 9.6.1. 11231
device qualifier descriptors. 9.6.2. 1123.1

bDeviceProlocol field

device descriptors. 96.1. 1123.1
device qualifier descriptors. 9.6.2. 1123.1

bDeviceSubClass field

device descriptors. 96.1. 1123.1
device qualifier descriptors. 9.6.2. 1123.1

"beginning" encoding. 11.1B.4
bEndpointAddress field (endpoint descriptors).

96.6. 11.231
best case ful|~speed budgets. 11.161. 11.184
bHubContrCurrent field (hub descriptors).

11232.1
bi-directional communication flow. 5.6.2, 5.8.2
big endian. defined. 2.0 glossary

PA_0001 784

Huawei V. FISI Exhibit No. 1007 - 602/650



Huawei v. FISI Exhibit No. 1007 - 603/650

Universal Serial Bus Specification Revision 2.0

binterfaceCIass field (interface descriptors).
9.65. 1123.1

blnterfaceNumberfield (interface descriptors}.
9.65. 1123.1

blnterfaceProtocol field (interface descriptors),
9.6.5. 1123.1

blnterfaceSubCi‘ass field (interface descriptors).
96.5. 1123.1

binterval field (endpoint descriptors). 9.66.
1123.1

bit ceils. decoding. 7.1.15.1
bitmaps of hub and port status changes. 11.12.4
bit ordering. 3.1
bits. defined. 20 giossary
bit stuffing

bit stuffing errors. 113.3. 11.15, 1122
bit stuff violations. 8.7.1
calculating transaction times. 5.11.3
defined. 2.0 glossary
high-speed signaling and. 7.1
microframe pipeline and. 11.182
overview. 7.1.9

bit times

bit time designations, 113
bit time zero. 11.3
before EOF. 11.2.5
in transaction completion prediction. 11.3.3

bLengtn field
configuration descriptors. 9.6.3. 11231
device descriptors. 9.6.1. 1123.1
device qualifier descriptors. 9.62. 1123.1
endpoint descriptors, 9.6.6. 1123.1
interface descriptors. 9.6.5. 11231
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
bmAttributes field

configuration descriptors, 9.6.3. 1123.1
endpoint descriptors. 9.6.6. 1123.1
hub descriptors. 11.13
other speed configuration descriptors. 9.6.4.

1123.1
bMexPacketSizeO field

device descriptors, 9.6.1. 1123.1
device qualifier descriptors. 9.62. 1123.1

bMaxPcwerfield. 9.6.3
configuration descriptors, 1123.1
other speed configuration descriptors. 9.6.4.

1123.1

meequestType field
hub class requests, 11242
overview. 9.3.1
Setup data format. 93

meequestType field (continued)
standard device requests. 9.4

bNbrPorts field {h u b descriptors). 1 1 23.2.1
bNumConfigurations field

device descriptors. 9.6.1. 1123.1
device qualifier descriptors. 9.6.2. 1123.1

bNumEndpoints field (interface descriptors).
9.6.5. 1123.1

bNumlnterfaces field

configuration descriptors. 96.3. 1123.1
other speed configuration descriptors. 9.6.4.

1123.1
warOn2PwrGood field. 11.11. 11232.1
bRequest field

hub class requests. 1124.2
overview. 9.32
Setup data format. 93
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 his. defined. 2.0 glossary
bString 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. 11.17.1
bulkicontrol transfer buffering requirements.

11.17.4

calculating sizes in functions and software.
5.1 1.4

clearing. 11.17.5. 11242.3
client pipes and. 105.122
client role in, 10.3.3. 10.5.3
defined. 2.0 giossery
elasticity buffer. 11.7.1.3
endpoint buffer size. 4.4
identifying iocation and length. 10.3.4
interrupt transfers and. 5.7.3
isochronous transfers and. 5.12.4.2
non-periodic transaction buffers. 11.141.

11.14.2.2.11.17.11.17.4
non-USE isochronous application. 5.12.1
packet buffers, 2.0 glossary
periodic transaction buffers. 11.1421
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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