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FS/LS ACK 3 strikes smash ‘ No figure
Searcing
Case Reference | Similar Figure
Figure
No smash Figure A-55
CS(Complete- plit tran action earlier ca e
Case Reference | Similar Figure
Figure
Nosmash SN a FS/LS ha shake | Figure A-56
a ketis o e )
No smash SN a FS/LSha shake | Figure A-57
a ketis o e 3)
SN smash Figure A-58
SN 3 strikes smash Figure A-59
Abort and Free ca ¢
Case Reference | Similar Figure
Figure
Nosmasha a ort SN a FS/LS Figure A-60
tra sa tio is o ti ue ate of 3)
Nosmasha free SN a FS/LS Figure A-61
tra sa tio is otstarte ate of 3)
FS/LS tran action error ca ¢
Case Reference | Similar Figure
Figure

S RRsmash
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Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-62
HS NAK(C) smash Figure A-51
HS NAK(C) 3 strikes smash Figure A-52
FS/LS NAK smash Figure A-53
FS/LS NAK 3 strikes smash No figure
e Device stall cases
Case Reference | Similar Figure
Figure
No smash Figure A-63
HS STALL(C) smash Figure A-51
HS STALL(C) 3 strikes smash Figure A-52
FS/LS STALL smash Figure A-53
FS/LS STALL 3 strikes smash No figure
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Figure A-47. Normal No Smash(FS/LS Handshake Packet is Done by M+1)
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Figure A-48. Normal HS DATA0/1 Smash
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Host Hub FS/LS
(datn toggle) (SS:. start sp. status device
| CS: comp. sp. statlus) |(data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT st

1
e o ——

st2
sd1 DATAO s

N

SS:Pending/x

e e e

on previous microframe.

[}
[} } [}
] I 1
] } ]
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| | M i |
i i AcK |
| | 4_// I
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_________ R SR
uFrame M+2 i _~__C_tl_~_ CSPLIT i i
T T T T e | |
! W: ! |
} } 1
' {Hub ignores this | '
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i TRANS ERR i match the address i i
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T —— | :
} 2 1 } 1
o . a |
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e AR | |
1 i i i
————————— e e
uFrame M+3 ! Host does not issue 2nd CSPLIT, ! CS:Free/x ! !
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Figure A-49. Normal HS CSPLIT Smash
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Figure A-50. Normal HS CSPLIT 3 Strikes Smash
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Host Hub FS/LS
data tonel (SS: start sp. status device
(data toggle), 1 CS: comp. sp. status) |(data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT st
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1 because host already receives ACK
on previous microframe.
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Figure A-51. Normal HS ACK(C) Smash
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Figure A-52. Normal HS ACK(C) 3 Strikes Smash
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Figure A-53. Normal FS/LS DATAO0/1 Smash
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Figure A-55. Searching No Smash
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Host Hub FS/LS
’ 1 (SS: start sp. status device
(data toggle), t CS: comp. sp. status) |(data toggle)
0 SS:Free/x i 0
uFrame M stl SSPLIT st

1

st2
il DATAO

NG

SS:Pending/x

[} I
[} I I
[} [} [}
[} I I
[} [} [}
[} [} [}
[} [} [}
[} I I
[} I I
[} [} [}
| [} [}
[} [} [}
[} [} [}
[} [} [}
[} I I
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————————— P ¢
uFrame M+1 1 : :
: | |
[} [} [}
[} [} [}
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[} [} [}
[} I I
[} [} [}
[} [} [}
| [} [}
[} [} [}
“““““ e
+ tl
uFrame M+2 i W i CS:Ready/ack i
[} [}
i ct2 ouT 2 : :
[} [} [}
i NYET ____chs___1 i
R e | |
i i |
i TRANS_ERR i i
i cel->ce6 i i
' ctl CSPLIT(retry imm.) | '
Tl :
[} [} [}
i ct2 ouT " i i
[} [} [}
[ h5 1 1
| W ] ]
[} [} [}
“““““ T
uFrame M+3 : otl CSPLIT : :
: a :
[} [} [}
! ct2 OouUT " : :
[} [}
i ACK o ¥ | CSOldack !
e | |
3 | i
--------- -1
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x '
| because host already receives ACK | CS:Free/x '
| on previous microframe. ' '
“““““

Figure A-58. CS Earlier HS NYET Smash
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because this endpoint is already
ENDPOINT HALT.
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ENDPOINTHALT. R !
I I
Host does not issue 3rd CSPLIT, | SS:Free/x '
: :
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Figure A-59. CS Earlier HS NYET 3 Strikes Smash
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Figure A-60. Abort and Free Abort(FS/LS Transaction is Continued at End of M+3)
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Figure A-61. Abort and Free Free(FS/LS Transaction is not Started at End of M+3)
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Host Hub FS/LS
(data toggle) (SS:. start sp. status device
| 1 CS: comp. sp. statlus) I(data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT st

1

st2
il DATAO

—~—un S

SS:Pending/x
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1
W

ct2

CS:Old/ack
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] |
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————————— D e s e ettt ittt B TR E
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[} I I I

[ 1 . 1 I
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| ch3 1 1 1

[} [} [} [}

] | | |

[} I I I
————————— e A e
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x ' '

i because host already receives NAK | | |

i on previous microframe. | i |
_________ | It e e
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x | |

| because host already receives NAK | ' '

| on previous microframe. ' ' i
--------- T T T T T T T T e e e e [ e e e e m—————— -
—————————
uFrame M+8

i SSPLIT(retry) | | |

| stl | | 1

T : :

| 2 | | |

| — = OUT e | |

: sdl DATAO | i i

i | : |
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""""" -
F M+9
uFrame i i i OUT i

| I I \ I
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: : : M i

[} I [} [} 1

: : e A ——

[} I I I

! I CS:Ready/ack | |
————————— e e e Sttt

1 I [} [}
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] | | |

[} I I I
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| I [} [}

[} [} [} [}

! ! ! !

Figure A-62. Device Busy No Smash(FS/LS NAK)
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Host Hub FS/LS
(data toggle) (SS:. start sp. status device
| 1 CS: comp. sp. statlus) I(data toggle)
0 SS:Free/x 0
uFrame M stl SSPLIT st

1

st2
sl DATA0

NG

SS:Pending/x

because this endpoint is already
ENDPOINT HALT.

[} [}
| | | |
[} | | |
[} | | |
| | | |
[} | | |
[} | | |
[} [} [} [}
| | | |
[} | | |
[} | | |
| | | |
| | | |
[} | | |
[} [} [} [}
| | | |
[} | | |
————————— e e e et et ettt
uFrame M+1 i i i ouT i
I | | \ |
' ' ' DATAO '
| i i m—
! ! ! STALL !
| I I N I
! I CS:Ready/stall | '
--------- e
uFrame M+2 i i i i
L i i
| 2 | | |
| —— OUT o : :
i | | |
! chl STALL chl : : :
| | |
[} | | |
i i i i
! ENDPOINT HALT : : :
———————— 0 el st Ity
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x ' '
| because this endpoint is already i i i
_________ ENDPOINTHALT. % b h
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x '
i i i
[} | |
| | |

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

(S): Start Split
(C): Complete Split

Summary of cases for Interrupt OUT transaction

e  Normal cases

Case Reference
Figure

Similar Figure

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

HS SSPLIT smash Figure A-65

HS SSPLIT 3 strikes smash No figure

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

HS CSPLIT smash Figure A-66

HS CSPLIT 3 strikes smash Figure A-67

HS IN(C) smash Figure A-66
HS IN(C) 3 strikes smash Figure A-67
HS DATAO0/1 smash Figure A-68

HS DATAO/1 3 strikes smash Figure A-69

FS/LS IN smash Figure A-70

FS/LS IN 3 strikes smash No figure

FS/LS DATAO0/1 smash Figure A-71

FS/LS DATAO/1 3 strikes smash No figure

FS/LS ACK smash Figure A-72

FS/LS ACK 3 strikes smash No figure
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Searcing
Case Reference | Similar Figure
Figure
No smash Figure A-73
CS(Complete-split transaction) earlier cases
Case Reference | Similar Figure
Figure
No smash (HS MDATA and FS/LS Figure A-74
transaction is on M+1 and M+2)
No smash (HS NYET and FS/LS Figure A-75
transaction is on M+2)
No smash (HS NYET and MDATA and Figure A-76
FS/LS transaction is on M+2 and M+3)
No smash (HS NYET and FS/LS Figure A-77
transaction is on M+3)
HS NYET smash Figure A-78
HS NYET 3 strikes smash Figure A-79
Abort and Free cases
Case Reference | Similar Figure
Figure
No smash and abort (HS NYETand FS/LS Figure A-80
transaction is continued at end of M+3)
No smash and free(HS NYETand FS/LS Figure A-81
transaction is not started at end of M+3)
FS/LS transaction error cases
Case Reference | Similar Figure
Figure
HS ERR smash Figure A-68
HS ERR 3 strikes smash Figure A-69
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e Device busy cases

Case Reference | Similar Figure
Figure
No smash(HS NAK(C)) Figure A-82
HS NAK(C) smash Figure A-68
HS NAK(C) 3 strikes smash Figure A-69
FS/LS NAK smash Figure A-71
FS/LS NAK 3 strikes smash No figure
e Device stall cases
Case Reference | Similar Figure
Figure
No smash Figure A-83
HS STALL(C) smash Figure A-68
HS STALL(C) 3 strikes smash Figure A-69
FS/LS STALL smash Figure A-71
FS/LS STALL 3 strikes smash No figure

511

LINKPLAY EXHIBIT 1013

Page 539 of 650



Universal Serial Bus Specification Revision 2.0

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

1
W—»

st2

] |
[} I I
[} [} [}
] | |
[} [} [}
[} I [}
| I [}
[} [} [}
[} I I
[} [} [}
] | |
[} [} [}
[} I [}
[} ] I
————————— s e
uFrame M+1 | ' '
] | |
| | IN |
| I [}
1 1 \ 1
[} [} [}
' ' DATAO '
[} [} [}
[} I [}
i i CS:Ready/lastd: |m+* i
[} [} [} [}
i i i 1
————————— D ettt ittt o bttt (et E e
uFrame M+2 | ¢l CSPLIT I l i
T T : |
| —<2 N w2 | : :
| : : |
| DATAQ __cdl | CS:Old/lastdatai i
: & | | |
3 : : |
| I [} [}
————————— D e e e ettt e e T B e
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x | |
i because host already receives i i i
! DATADO on previous microframe. ! ! !
: i i i
] | | |
[} I I I
[} [} [} [}
] | | |
[} [} [} [}
[} I [} [}
[} [} [} [}
“““““ 2
uFrame M+4 ! Host does not issue 3rd CSPLIT, : SS:Free/x : :
! because host already receives ! ! !
: DATAO on previous microframe. : : :
: i i i
] | | |
[} [} [} [}
[} I [} [}
[} [} [} [}
] | | |
[} I I I
""""" 1
uFrame M+5 ! ! ! !
Figure A-64. Normal No Smash(FS/LS Data Packet is on M+1)
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Figure A-65. Normal HS SSPLIT Smash
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data togel (SS: start sp. status device
(data toggle), 1 CS: comp. sp. status) (data toggle)
[} I I I
0 | SS:Free/x | {0
uFrame M i stl SSPLIT | | |
L : :
[ 2 1 1 1
——— 2 : |
i | | |
! : SS:Pending/x : :
--------- T T T T T T T T T T T oo oo oooooo
uFrame M+1 | : ! !
[} I I I
i | | IN |
1 1 1 \ 1
[} I I I
| | | |
: l l DATAQ l
s a —
! : CS:Ready/l:;1stda}ta+_> |
[} [} | |
i | | i1
————————— e e et ettt
uFrame M+2 1 ____ctl __ CSPLIT i i i
R > i i
: \ i Hub ignores this | |
i i IN.(no match | i
! i the Address field), |
| TRANS_ERR ' ' '
! cel->ce8 ' ' '
: : : :
! otl CSPLIT(retry imm.) ! : :
T —— : :
[} I I I
 —— N w | |
i | | |
! DATAO cd I CS:Old/lastdata! i
! ch7 ' ' i
L | | |
[} [} | |
————————— i B B
uFrame M+3 ! Host does not issue 2nd CSPLIT, : CS:Free/x : :
| because host already receives : : :
| DATAQO on previous microframe. ! ! !
————————— e ey e
uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : :
! because host already receives : : :
| DATAQO on previous microframe. | | |
--------- B e
uFrame M+5 ! ! ! !

Figure A-66. Normal HS CSPLIT Smash
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Host Hub FS/LS
(SS: start sp. status device
(data toggle)l 1 CS: comp. sp. status) |
! RS p- sp. staty |(data toggle)
0 | | SS:Free/x | i 0
uFrame M i stl SSPLIT | | |

T | |

| 2 | | |

s N e : |

i i i i

! : SS:Pending/x : :
--------- e it sttty Il
uFrame M+1 | : ! !

[} | | |

i | | IN |

1 1 1 \ 1

[} [} [} [}

| | | |

| : : DATAQ |

! : CS:Ready/l:;lstda}taW_> |

[} | | |

i | | i1
————————— D e e T T e T T
uFrame M+2 1 ____etl __ CSPLIT i i i

v T T T e | | |

|2 N > | |

| \ | | |

[} | | |

[} | | |

| | | |

| | | :

| TRANS_ERR : : :

! cel->ce8 ' ' '

i -—__tl___ CSPLIT(retry imm.) i i i

v T T T ——— 1 1 1

| —2 N > : :

| \ I I I

| | | |

[} | | |

[} | | |

i i i i

| TRANS_ERR ! ! !

! cel->ce8 ' : !

i -—-_ctl___ CSPLIT(retry imm.) i i i

T | | |

|2 N > | |

| \ | | |

[} | | |

[} [} [} [}

| | | |

[} | | |

i | | |

! TRANS_ERR ! ! !

' cel->ce7 i | :

| ENDPOINT HALT i i i
‘‘‘‘‘‘‘‘‘ ettty Ittt sttt ittt
uFrame M+3 | Host does not issue 2nd CSPLIT, | CS:Free/x ' '

| because this endpoint is already ' ' '

! ENDPOINT HALT. ! ! !
--------- SRS S S
uFrame M+4 | Host does not issue 3rd CSPLIT, | SS:Free/x | |

| because this endpoint is already ' ' '

! ENDPOINT HALT. ! ! !
--------- SR S S —

| |
' '

uFrame M+5 |

Figure A-67. Normal HS CSPLIT 3 Strikes Smash
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Host Hub FS/LS
data tonel (SS: start sp. status device
(data toggle), 1 CS: comp. sp. status) |(data toggle)
0 SS:Free/x i 0
uFrame M stl SSPLIT st

1
W—»

st2

uFrame M+1

CS:Ready/lastd: 't%
|
I
|

uFrame M+2

ctl CSPLIT ot

H
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DATA cd
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TRANS ERR
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otl CSPLIT(retry imm.)

___———_——_—_—__———EE__'>
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Host does not issue 2nd CSPLIT,
because host already receives
DATADO on previous microframe.

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

CS:Free/x

B 2 2 e b

uFrame M+5 |

e g K gy Ol AUy Sy U S,

e ]

Figure A-68. Normal HS DATA0/1 Smash
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Host Hub FS/LS
data tonel (SS: start sp. status device
(data toggle), 1 CS: comp. sp. status) |(data toggle)
0 SS:Free/x i 0
uFrame M stl SSPLIT st

1
W—»

st2

uFrame M+1

CS:Ready/lastd: 't%
|
I
|

uFrame M+2
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Figure A-70. Normal FS/LS IN Smash
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uFrame M+10 ctl CSPLIT otl

W’

ct2

ay  DATA0___cdl

—

Host

(data toggle)I \
] |
0 i

]
uFrame M ! stl SSPLIT !
! stl |
[} t2 I
y—== N 2!
[} [}
[} [}
[} [}
] |
______ I__________________________|
o H 1
uFrame M+1 |
| :
] |
[} I
[} [}
1 |
[} [}
[} [}
[} [}
] |
| ]
--------- === ———————-—------ A
uFrame M+2 | ctl CSPLIT ol '
i \ |
[} [}

2

: o IN ct2 i

]
1 |
[} hl [}
! i NAK = !
] |
[} I
[} [}
1 I |
‘‘‘‘‘‘‘‘ T—— == === —--mmmm———————— 1
uFrame M+3 | Host does not issue 2nd CSPLIT, |
| because host already receives i
| NAK on previous microframe. '
1 ]
--------- e it btddy |
uFrame M+4 | Host does not issue 3rd CSPLIT, '
| because host already receives '
| NAK on previous microframe. |
--------- N
] |
_________ VTt

+

urrameMIS L SSPLIT(retry) i
:___‘_-——____—‘_——jﬁ__,>:
[} t2 I
P — IN s
[} [}
[} [}
--------- t----
uFrame M+9 | '
: :
[} [}
[} [}
] |
[} I
[} [}
[} [}
[} [}
[} [}
[} [}
] |
_________ L ]
[} I
| [}
[} [}
[} [}
[} [}
] |
[} I
[} [}
[} [}
[} [}
[} [}
[} [}
] |
[} I
[} I

Hub FS/LS
(SS: start sp. status device
CS: comp. sp. statlus) (data toggle)
SS:Free/x : 10
i i
[} [}
[} [}
I I
I I
[} [}
: :
SS:Pending/x : :
e I
"""""""" R a0
| IN |
[} [}
' \ '
' NAK '
I I
| N |
CS:Ready/nak i i
_____________ L O
I I
[} [}
[} [}
[} [}
I I
I I
i i
CS:Old/nak | '
: :
I I
[} [}
| e e e e |
————————————— e -
CS:Free/x ' '
| |
[} [}
I I
| e e |,
————————————— T--———-—- -
SS:Free/x ' '
i i
[} [}
[} [}
[} e
[ ] I
I I
_____________ S SO
[} [}
[} [}
[} [}
[} [}
[} [}
I I
I I
[} [}
' :
SS:Pending/x : |
_____________ L T SYPREPREIPRI ST
i IN i
[} [}
| \ !
i DATAO :
I I
[} [}
CS:Re:;ldy/lastdzi,ta*_> |
[} [}
| 1
L |

CS:Old/lastdata

Figure A-82. Device Busy No Smash(FS/LS NAK)
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Host Hub FS/LS
(SS: start sp. status device
(data toggle)I i CS: comp. sp. status) !
: - Sp. statt |(data toggle)
0 SS:Free/x 0
uFrame M ¢l SSPLIT

stl
st2 IN 2

SS:Pending/x

uFrame M+1

CS:Ready/stall

uFrame M+2

@l CSPLIT

W

ct2

, STALL __ch3 CS:Old/stall

&
ENDPOINT HALT

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

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

uFrame M+4

SS:Free/x

B e et e et e S et
S R P
e S T e

e e e ___

Figure A-83. Device Stall No Smash(FS/LS STALL)
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A5 Isochronous OUT Split-transaction Examples
Case Reference
Figure
Normal: small payload (<=188) 1
Normal: large payload (> 188) 2
HS SSPLIT-all corrupted, HS OUT corrupted 3
HS DATAQO corrupted (small payload) 4
HS SSPLIT-begin corrupted 5
HS OUT after the HS SSPLIT-begin is corrupted 6
HS DATAO corrupted (large payload) 7
HS SSPLIT-mid or OUT or DATAO corrupted 8
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1) Normal. Payload <= 188 bytes:

Full-speed
device

(toggle)

HUB

SS: start-split buffer status

Host

ffer status: not needed

S: complete-split b

C

(toggle)

SSPLIT-all

stl

uFrame M

shil

DATAO

0

ouT

e ",

uFrame M + 1

uFrame M + 2

uFrame M + 8

uFrame M + 8 +1
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Full-speed
device

(toggle)

SS: start-split buffer status

HUB
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2) Normal. Payload > 188 Bytes
Host
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3) HS SSPLIT-all corrupted (missing or CRC error etc.)
HS OUT corrupted

Full-speed
device

(toggle)

HUB

SS: start-split buffer status

Host

ffer status: not needed

S: complete-split b

C

SS: Free

Trans_err

SSPLIT-all

stl

st5

DATAO

sd1

(toggle)

uFrame M

uFrame M + 1

L

gy g gy gy gy gy

uFrame M + 2

stl

SSPLIT-all

stl

uFrame N + 8

UT
red

(¢}

DATAO packet igno

HS handler TIME!
SS: Free

sel

DATAO

uFrame N + 8 + 1
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4) HS DATAQO corrupted

Full-speed
device

HUB

SS: start-split buffer status

CS: complete-split b

Host

(toggle)

SS: Free
Ignore SS

SSPLIT-all
DATAO

st5
sd1

®0 oo ® 09 .CEC.err.orieZ

stl

uFrame M

uFrame M + 1

0

gy g gy gy gy gy

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

Host
(toggle)

uFrame M

uFrame M + 1

HUB

SS: start-split buffer status

d-

______________________________ |
st3 SSPLIT-mid i

|
W»i
|

|
T“:

|

|

———

st3  SSPLIT-mid

sdl  DATAO

%2}
:
‘_

L

______________________________ .
[}

st4 SSPLIT-end i

[}
Wﬂ

[}
TQ-U-T\*:

DATAO

%2}
:
‘_

e

4————

st2 ; . SS: Free |

.............................. DOPLTEDBIN  mvans e |
......................................... I

- ”,1 i

| I

| I

T‘O'U-T\*: OUT token and |

DATAO ! DATAO packet ignofed
M: No SS entry createdl
[}

—_—

[ I

SSPLIT-mid, OU
packet ignored
No SS entry create

9

SSPLIT-mid, OUT,
packet ignored
No SS entry create

SSPLIT-end, OUT|
packet ignored I
No SS entry createu:l

CS: complete-split buffer status: not needed

and DATAO

and DATAO

and DATAO

Full-speed

device
(toggle)
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6) HS OUT after the HS SSPLIT-begin is corrupted

Host
(toggle)

uFrame M

uFrame M + 1

HUB

SS: start-split buffer status

stz SSPLIT-begin

""""""""""""""""""""""" ouT Trans_err sel

[}
|
[}
m:
[}
[}
[}
[}

e I Nl
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.

[}
SS: Free

CS: complete-split buffer status: not needed

DATAO packet ighored

-NoSSentrycreated ________________________

T I,

SSPLIT-mid, OU
packet ignored
No SS entry create

9

o —

|
|
|
|
|
-
|
|
|
|
|
|

______ A o
| |
| |
' st3  SSPLIT-mid '
| |
i W‘H SSPLITmid, OUT,
! \Q-U_T\*: packet ignored |
: : No SS entry createuli
. sdl DATAO ' .
| Shl | |
uFrame M +2 | M: :
| | |
| | |
| | |
________ b e e}
: : :
| st4  SSPLIT-end | |
| | |
T |
| std !
uFrame M + 3 : ! SSPLIT-end, OU”I!,
! : packet ignored :
! sdl DATAO ! No SS entry createull
i shl I i
| | |
| | |
| |
| |
________ e

538

and DATAO

and DATAO

and DATAO

Full-speed

device
(toggle)
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7) HS DATAO corrupted
Full-speed
HUB device
Host SS: start-split buffer status (toggle)
(toggle) \ CS: complete-split buffer status: not needed \
| | | |
0 i stz SSPLIT-begin i SS: Free i i 0
T : |
! st5 ! ! |
uFrame M ! \-O-U_T\*: ! !
' sd1 DATA | SSPLIT-begin and OUT token ignored '
| | |
100 o oo 0 CRC error :No SS entry createu’:i :
| 000 | | !
| | | |
| | | |
| | | |
_______ L e e
| | | |
! st3 PLIT-mi ! ! !
uFrame M + 1 | w-}: ' |
| | | |
! st5 ! ! |
i \QLLT\_»E SSPLIT-mid, OUT, and DATAO Lo
I 1 packet ignored I I
i sdl__DATAO iNo SS entry created |
' shl 1 \ I
: : | :
| | | |
| | | |
______ e e A
| | | |
! st3  SSPLIT-mid ! ; !
| | | |
i W‘H SSPLIT-mid, OUT, and DATAO i
i \-Q-U_T\*I packet ignored | !
I I I 10
: : No SS entry createuli :
: sdl  DATAO : : :
uFrame M +2 | shl ' ' |
| | | |
| | | |
| | | |
________ e O MY SRR
| | | |
| st4  SSPLIT-end | | i
| | |
T | |
I st | I
uFrame M +3 | ! SSPLIT-end, OU”I!, and DATAO !
: : packet ignored : : 0
! sdl DATAO ! No SS entry createull !
I shl I I I
: M: : !
| | | |
| | | |
| | |
! | |
________ SOOI ISR
0
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8) HS SSPLIT-mid or OUT token or DATAOQ packet after it is

corrupted
Host
(toggle) \
[}
0 i st2
[}
| st5
uFrame M |
[}
[}
| sdl
|
i
[}
_______ [
i
! st3
uFrame M + 1 | "o,
| st5
i
[}
[}
| sdl
|
[}
[}
[}

540

\l ignored :

1 No SS[1] entry credted

st3

st5

sdl

st4

st5

sdl

[}

SSPLIT-mid ! :
[} [}
| SSPLIT-mid, OUT,
! packet ignored :
: No SS entry createuli

DATAO i i

shl ' '

[} [}

[} [}

[} [}

[} [}

[} [}

_____________________ 4 +
i i

SSPLIT-end | |
[} [}
: :
[}
| SSPLIT-mid, OUT,
: packet ignored |

DATAOQ 1 No SS entry created

shi | |
[} [}
[} [}
[} [}
[} [}
[} [}
] [}
_____________________ 4
[}
i
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}

and DATAO

and DATAO

Full-speed
HUB device
SS: start-split buffer status (toggle)
CS: complete-split bl:lffer status: not needed \
| [} |
SSPLIT-begin | SS: Free i 10
| | |
| [} |
| [} |
| [} |
| [} |
| [} |
DATAO | i i
shl I\ ' '
i Cre;atQ SS[0] entry :With status = Pending i
_____________________ I S S I
R :r
SSPLIT-mid ! o | OuT !
.............................. mid w
......................... »: : DATAO :
| |
| |
DATAO | OUT, and DATAO placket

FS handlen generates a bit-
stuffing erroy on full-speed bus
|
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Isochronous IN Split-transaction Examples

Case Reference
Figure
Normal: full-speed bus transaction does not cross microframe boundary | 1
Normal: full-speed bus transaction crosses microframe boundary 2
HS SSPLIT corrupted 3
IN after HS SSPLIT corrupted 4
HS CSPLIT corrupted 5
Consecutive HS CSPLIT corrupted 6
HS IN corrupted 7
Consecutive HS IN corrupted 8
HS data corrupted (case 1) 9
HS data corrupted (case 2) 10
TT has more data than HS expects 11
HS CS too early (full-speed data not available yet) 12
Full-speed timeout or CRC error 13
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1) Normal: full-speed bus transaction does not cross microframe
boundary

Full-speed
device

(toggle)

HUB

Host

SS: start-split buffer status

Pending

+

Free

S: complete-split buffer statiis

Create SS entry with status

ic
SS

SSPLIT

stl
st2

(toggle)
uFrame M

DATAQ

Free
Ready/last data

Create CS entry

SS
CS

uFrame M + 1

Old/last data

CS =

uFrame M + 2

uFrame M + 3
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2) Normal: full-speed bus transaction crosses microframe boundary

Host
(toggle)

uFrame M

uFrame M + 1

uFrame M + 2

uFrame M + 3

uFrame M + 4

Full-speed
HUB .
SS: start-split buffer status device
| ICS: complete-split buffer statyis | (toggle)
| | | |
| | | |
| 1 h | | 0
' st SSPLIT ISS = Free ! :
| | | |
o . | |
' \U\I\A Create SS entry with status + Pending '
| | | |
| | | |
R, e SR, .
| | | |
i : ! IN !
| | T
' | Create CS entry ! !
1 ' SS = Free | 1
| | | |
| | | |
| | | |
| | | |
T 1 Crente CS1 ot VT CS[01i= Ready/iore-data
reate en
| ctl_ CSPLIT ! R - |
T T P :
1 _ct2 IN i _:/ :
— ol :
: i Send data )n 'C§[O] withi !
d2 MDATA -
| MDATA _*_ IOA | |
M CS[0] = Old/more data | |
tch4 ! i H
[} | [}
U __ L | ___ S[1] = Ready/more-data ____
I'"" Create CS[2] entry T
1 | P
ctl CSPLIT i “
! 7
|
|
|

\N Send data (CS[I] with
MDATA”
7~

ctl  CSPLIT

Sepd data in CS[2] with

I

[}

[}

[}

[}

[}

[}

i

i ct2 IN
[}

' DATAO
1 4

i

[}

[}

[}

S[2] = Ready/last-data

L
______________ ARSI E—
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Full-speed
device

(toggle)

SS: start-split buffer status

HUB
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3) HS SSPLIT corrupted
Host

S: complete-split buffer statiis

IC

(toggle)

| |
I I '
i i |
i i |
=] i i
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Full-speed
device

SS: start-split buffer status

HUB

Universal Serial Bus Specification Revision 2.0

4) IN after HS SSPLIT corrupted

Host

S: complete-split buffer statiis

ic

(toggle)

i i
3 “ ! i
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= ] I I
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5) HS CSPLIT corrupted

Full-speed
device

(toggle)

HUB

Host

SS: start-split buffer status

Pending

+

Free

S: complete-split buffer statyis

Create SS entry with status

ic
SS

SSPLIT

stl
st2

(toggle)
uFrame M

DATAQ

Ready/last data

SS
CS =

_——————e e e =

uFrame M + 1

|||||||||||||||||||||||||||||||||| ommmmmmooee-
=
2
=)
%) «©
4 =
-
g 3 - =
o 2 0O
v & dm Il
m =) S< wn
~
H s}
(5]

i R0 o
B go = P
i AP L =
A = A <
wniz — n| z ]
O = >~ o~ Ol =
- g =58 = =
g © wwﬁ = © mC

; g o g

Bl

+ TEI
=
<5}
£
«
St
e
=

e e e e e

uFrame M + 3
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6) Consecutive HS CSPLIT corrupted

uFrame M + 2

|

Sy S

IN is ignored

HUB Full-speed
Host SS: start-split buffer status device
(toggle) ! ICS: complete-split buffer statyis ! (toggle)
| |
0 | i 0
! st SSPLIT ISS = Free : |
uFrame M i \h: i i
| —2 | | |
' \U\I\A Create SS entry with status + Pending '
: | | :
| | | |
————— A .
] ] ]
| I |
: ! IN :
! ! Create CS entry \* !
! ! SS = Free !
uFrame M + 1 | ' DATAQ '
: | CS = Ready/last data :
|
| l |
| I |
_______ e
| :
i .l CSPLIT !
........................ I
Lo |
a >
|
|
|
|

Timeout ce7
Err_count =1 -> ce3
Immediate retry CS

No response is given

¢l CSPLIT

|

|

| |

: \“I

! IN is ignored

Timeout ce7
Err_count = 2 -> ce3
Immediate retry CS

No response is given

ctl  CSPLIT

|
|
\N IN is ignored

Timeout ce7
Err_count = 3 -> ce4
Record error

Go to next cmd

Z

No response is given
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7) HS IN corrupted
Host

(toggle)

S: complete-split buffer statiis
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(toggle)
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8) Consecutive HS IN corrupted

Full-speed
Host HUB devi
os SS: start-split buffer status evice

(toggle) | ICS: complete-split buffer statyis | (toggle)

| | | |

0. | | .

! stl SSPLIT ISS = Free : |
uFrame M i | i i

H— : : :

' \S\U\‘\N Create SS entry with status + Pending '

! I ' |

| | |

1 ! |

Timeout ce7
Err_count = 3 -> ce4
Record error

Go to next cmd

No response is given

|
|
_______:_ _______________________ Jl______________________: __________________________ :_ ________
! i . |
! ! Create CS entry : \* !
: I SS = Free ! :
uFrame M + 1 | i ' DATAQ '
: | CS = Ready/last data ! :
|
| | | |
| | | |
_______ e
| | | |
i 1 CSPLIT ! i i
|
| | | |
Ioct2 | I
T - | |
: »: timeout i i
|
Timeout ce7 | No response is given i i
Err_count = 1 -> ce3 i ! :
Immediate retry CS : ! !
| | | |
| | | |
: ¢l CSPLIT i ! :
| | | |
i ct2 IN i i
i cel | I I
LT 1 |
[ ’I}' timeout ' |
. i I I
Timeout ce7 i No response is given | |
Err_count = 2 -> ce3 ! ' '
Immediate retry CS ! i i
|
. | | |
! ! ! !
| _ctl CSPLIT ! i |
|
| | | |
i .z IN i i i
L cel | H |
i """"""""" N timeout i i
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
' |
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9) HS data corrupted (case 1)
Host
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o) I I
0 ! ! | _
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10) HS data corrupted (case 2)

HUB Full-speed
Host SS: start-split buffer status device
(toggle) ICS: complete-split buffer statyis 1(toggle)
0 i |
st SSPLIT SS = Free
uFrame M

st2

|
|
|
|
\ !
|
i
\LN\>< Create SS entry with status + Pending
|
|
|
!

|
|
_______________________________ g g g g g g SN

] |
| |
| |
| |
i | Create CS entry

|

uFrame M + 1 | ! SS = Free
| |
| |
| |
_______ by —— _—— —_————————

' -E ate €St entry” eady/begin-data
i ¢l CSPLIT |

|
' \N
i c2 IN ! .-

-
uFrameM+2i\>i -
|
I cd2 -
i MDATA. o000 A’Send begin-data in CSJ0]
11 eoo 0 with MDATA
|
'CRC error ce5
---------- e s e __1___CS[0]=Old/begindata-}-——_ ———
HC rejects data ol 1="
1 —
iTAdvance & -
' Implementor can decide
' what to do on the
' continuing full-speed bus
! Any way the data here /is'
! useless .
| /7
! .
|
|
__________ L

AN
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11) TT has more data than HC expects

Host
(toggle)

uFrame M

uFrame M + 1

uFrame M + 2

uFrame M + 3

uFrame M + 4

[}
[}
[} 1 [}
: | :
: stl  SSPLIT ISS = Free !
[} 1 [}
e T i
: : |
' \LN\N Create SS entry with status + Pending
| | |
e A
| l |
1 1 ! IN
| | |
i | Create CS entry |
| | SS=Free |
| | |
[} 1 [}
[} 1 [}
| | |
ittt ittty +--Create €SfHentry —---7--------
[} 1 [}
i ctl  CSPLIT ' i
[}
[} 1 [} -
i m P -~
T o
: i Send begindata in CS|[0] :
2 ith MDATA
| MDATA % = |
M CS[0] = Old/more data |
| cha | | csiil=
_______________________ Y R
r I "Create CS[2] entry T
[} 1 [}
| 1 CSPLIT ! .
| \bi . /{:
| ct2 IN | Send mid—data/in /CS[I] |
i \ with MDATA i
1 e 1
i MDATA  cd2 ! ‘S[‘f]’: Old/more data i
| | |
[}
L_chd o ___ J:. _____________________ J:. _____
| e
[} - [}
¢l CSPLIT i s
[}
|
[}
[}
[}

HC has

552

[}
:senthe last CS, but it

receives | MDATA, so something

HUB

SS: start-split buffer status
ICS: complete-split buffer statiis
| |

’ CS[3
Send m#f-data in CS 3]
with MDATA

/

MDATA _ cdl__i ACS[2] = Old/more datat

- TR

[3] = Old/last-data

Full-speed

device
! (toggle)

= Ready/last-data
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12) HS CS too early (full-speed data not available yet)

HUB Full-speed
Host SS: start-split buffer status device
(toggle) | ICS: complete-split buffer statiis | (toggle)
| 1 | |
o | | o
: st SSPLIT ISS = Free : |
uFrame M i \ i i
: st2 | : :
' \U\I\bi Create SS entry with status + Pending '
| 1 | |
| ! | |
——————— S S FS—
| 1 | |
| 1 | |
| 1 | |
| 1 | |
| 1 | |
| 1 | |
| 1 | |
uFrame M + 1 | ! ' '
| ! | |
1 | 1 1
1 | 1 1
| 1 | |
_______ ot SRS E
: | | :
i ¢l CSPLIT | i i
I \ I I
| 2 IN ! i |
|
uFrame M + 2 | \l | i
! i Search not complete in : :
: l time : :
|
Timeoyt ce7 ! ' '
Err_copnt =1->ce3 : : :
Immedjate retry CS : ' '
| ! | |
| 1 | |
: | | :
| _tl  CSPLIT | : ;
i \. i I
| | | |
e | a a
! \ . | I
i No split response found i i
h4
i w Respond with NYET i i
| [} |
| [} |
This isjnot the last CS -> ch3 ' |
| [} |
_____________________ g

Create CS entry

ct2 SS = Free

DATAQ

CS = Ready/last data

|
|
|
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
M

cdl 1Send last data with

DATAO

CS = Old/last data

o
=
—
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13) Full-speed timeout or CRC error

Full-speed
device

(toggle)

HUB

Host

SS: start-split buffer status

S: complete-split buffer statiis

ic

(toggle)

SS = Free

SSPLIT

stl

uFrame M

Pending

+

Create SS entry with status

uFrame M + 1

Ready/

CS =

_——————e e e =

I
I
i
I
||||||||||||||| L
“
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
“
x|
~
2 = |
4} o 1
= '
1) |
»w O !
I
i
I
o [}
[} I
© 1
i
I
I
1 B
2 i
Z K |
— ol
(=2}
=l
2 S|
13
S\S
................. =g
N e
+ TS
= |
PN 1
E i
s i
ot
3 1
=

uFrame M + 3
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Appendix B
Example Declarations for State Machines

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

B.1 Global Declarations

LIBRARY IEEE;
USE IEEE.std logic 1164.all;

PACKAGE behav package IS

CONSTANT FIFO_ DEPTH INTEGER := 3; -—- Size of bulk buffer.

-- Determines how many outstanding

-- Split transactions are allowed.
CONSTANT ERROR INJECT DEPTH INTEGER := 16; -- Size of Error Inject FIFO.

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

TYPE directions IS (in dir, out dir); -- data transfer directions

TYPE pids IS (NAK, ACK, STALL, -- possible packet PIDs

tokenIN, tokenOUT, tokenSETUP,

SOF, ping,

MDATA,

DATAX, -- represents both DATAO and DATAL

CSPLIT, SSPLIT,

NYET, ERR,

TRANS_ ERR) ; —-- pseudo PIDs for error cases
TYPE cmds IS (start split, complete split, nonsplit, SOF); -- HC commands
TYPE data choices IS (alldata, begindata, enddata, middata);

isochronous data part for an HC command
TYPE HCresponses IS
do_start,
do complete,
do complete immediate,
-- do complete-split immediately before doing a different transaction
do_halt,
-- do endpoint halt processing for the endpoint of this command

( —--— what HC should do next for this command
-- do start-split transaction
-- do complete-split transaction

do_next cmd, -- do next

-- advance

do_same_cmd, -—- do same
do comp_ immed now,

-- do complete-split imediately

do_next_complete,

-- do next complete-split in next microframe

do_next ping,
do_ping,
do_out,
do_idle

)i

TYPE Devresponses IS (
do_next data,
do_nothing

)i

command for this endpoint
data pointer appropriately
command over again

within same microframe

(periodic)

-- Response not active - Used for Simulation
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TYPE waits IS (
ITG,

none) ;
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-- wait up to an inter packet (intra transaction) gap

-- for the next packet.
-- wait forever for next packet

TYPE CRCs IS (bad, ok);

TYPE states IS (old, pending, ready, no _match, match busy);
-- states of a buffer

TYPE results IS
r_ack,
r nak,

( -- full/low speed transaction result in a buffer

r_ trans_err,

r stall,

r_badcrc,
r lastdata,
r _moredata,

r_data);

TYPE epinfo_rec IS RECORD

space avail
data avail

ep_type

ep_trouble

toggle

boolean;
boolean;
ep_types;
boolean;
boolean;

END RECORD;

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

TYPE device_rec IS RECORD

ep
HS

epinfo array;
BOOLEAN;

END RECORD;

TYPE match rec IS RECORD

state

down result

states;
results;

END RECORD;

TYPE HS bus rec IS RECORD

-- partial high speed transaction state from a high speed bus

-- result of matching a high-speed complete-split

ep_type ep_types;
PID pids;
dev_addr INTEGER RANGE 0 TO 127;
endpt INTEGER RANGE 0 TO 15;
CRC16 CRCs;
direction directions;
X boolean;
datapart data choices;
ready boolean;
timeout boolean;
END RECORD;
TYPE command rec IS RECORD -- command state that the HC must act upon
ep_ type ep_ types;
cmd cmds;
setup boolean; -- true is control setup
ping boolean;
HS boolean;
dev_addr INTEGER RANGE 0 TO 127;
endpt INTEGER RANGE 0 TO 15;
CRC16 CRCs;
direction directions;
datapart data choices;
toggle boolean;
last boolean;

END RECORD;
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TYPE bc buf status IS (OLD,NU,NOSPACE); -- Responses from Compare BC buff.
TYPE BC buff rec IS RECORD -- (partial) state of a bulk/control buffer
match match rec;
index INTEGER RANGE 0 TO (FIFO DEPTH-1);
status bc buf status;
END RECORD;
TYPE CS _buff rec IS RECORD
-- (partial) state of a periodic complete-split buffer
match match rec;
store hs bus_rec;
END RECORD;
TYPE SS buff rec IS RECORD
saw_split: boolean;
isochO: boolean; -- was the last transaction an isochronous OUT SS
lastdata: data choices;
-- if isochO is true, then what was the last data portion
END RECORD;
TYPE cam_rec IS RECORD -- Information stored in the bulk/control Buffer.
store hs bus_rec;
match match rec;
END RECORD;
TYPE phases IS (SPLIT, TOKEN, DATA); -- Error Inject phases.
TYPE err inject rec IS RECORD -- Error Injection FIFO record.
phase phases;
timeout boolean;
crc CRCs;
pid boolean;
END RECORD;
TYPE err inject type IS ARRAY ((ERROR INJECT DEPTH - 1) DOWNTO 0)
of err inject rec;
TYPE cam type IS ARRAY ((FIFO DEPTH - 1) DOWNTO 0) OF cam rec;

--returns true when there is a packet ready

FUNCTION Packet ready(HS bus in: HS bus rec)

to receive from a bus

RETURN boolean;

-- wait until there is a packet ready on a bus

PROCEDURE Wait for packet (HS bus in: HS bus_

PROCEDURE RespondDev (dr: devresponses) ;

PROCEDURE HC_Accept data;
PROCEDURE HC Reject data;
PROCEDURE Dev_Accept data;

PROCEDURE Dev_Record_error;
END behav package;

rec; walt type: waits);
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B.2 Host Controller Declarations

shared VARIABLE ErrorCount :  integer :=0;

shared VARIABLE HC_response v : HCresponses;

shared VARIABLE rd ptr : integer RANGE 0 TO (ERROR INJECT DEPTH-1) := 0;
SIGNAL HSUZ2_ ready : boolean;

SIGNAL HC_command ready : boolean := FALSE;

SIGNAL HC_ cmd : command_rec;

SIGNAL HCresponse : HCresponses;

SIGNAL err_ inject fifo : err_inject type;

SIGNAL wr_ptr : integer RANGE 0 TO (ERROR_INJECT_DEPTH-1) := 0;

PROCEDURE Issue packet (SIGNAL HS bus out : OUT HS bus rec;
pid : pids) IS
BEGIN

HS bus out.ep type <= HC cmd.ep type;

HS bus_out.endpt <= HC_cmd.endpt;

HS bus_out.dev_addr <= HC_cmd.dev_addr;
HS bus out.direction <= HC cmd.direction;
HS bus_out.datapart <= HC_cmd.datapart;

HS bus out.x <= HC cmd.toggle; - 2222

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

-- Insert an error during SPLIT phase ?
IF ((err_inject fifo(rd ptr).phase = SPLIT AND (pid = SSPLIT OR pid =
CSPLIT)) OR

-- Insert an error during Token phase ?

(err_inject fifo(rd ptr).phase = TOKEN AND

(pid = tokenIN OR pid = tokenOUT OR pid = tokenSETUP)) OR

-- Insert an error during Data phase ?

(err inject fifo(rd ptr).phase = DATA AND (pid = MDATA OR pid = DATAX)))

THEN
HS bus out.crcl6 <= err inject fifo(rd ptr).crc;
HS bus out.timeout <= err inject fifo(rd ptr).timeout;
IF (err_inject fifo(rd ptr).pid) THEN
HS bus_out.pid <= TRANS_ERR;
ELSE
HS bus out.pid <= pid;
END IF;
-- Update read pointer.
IF (rd ptr = (ERROR_INJECT DEPTH-1)) THEN
rd ptr := 0;
ELSE
rd ptr := rd ptr + 1;
END IF;
ELSE
-- Otherwise issue packet with no errors.
HS bus_out.crcl6 <= ok;
HS bus out.timeout <= FALSE;
HS bus out.pid <= pid;
END IF;
-- Otherwise issue packet with no errors.
ELSE
HS bus out.crcl6 <= ok;
HS bus out.timeout <= FALSE;
HS bus out.pid <= pid;
END IF;
HS bus out.ready <= TRUE;
HS bus_out.ready <= FALSE after 500 ps;
558
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END Issue packet;

-- Get next command for HC to execute.
-- NOT USED FOR THIS IMPLEMENTATION !!!
PROCEDURE HC_Get next command IS

BEGIN

END;

PROCEDURE RespondHC (HCresponse : HCresponses) IS
BEGIN

HC_response_v := HCresponse;
END;

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

PROCEDURE Update command (SIGNAL HCdone : OUT boolean) IS
BEGIN

HCdone <= TRUE;
END;

PROCEDURE IncError IS
BEGIN

ErrorCount := ErrorCount + 1;
END;

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

PROCEDURE Record error IS
BEGIN
ErrorCount := 0;

END;
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Transaction Translator Declarations

shared
shared
shared
shared
shared
shared
shared
shared
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
split
token
SS_Buff
Cs_Buff sig
mem

memwrite
err_inject_fifo
wr_ptr

derror

ss_avail

cam
BC buff
CS_Buff

rd ptr
derror_ v
ss_avail v
periodic
error time

: cam_type;
BC_buff rec;
CS buff rec;
integer RANGE 0 TO

boolean;

boolean;

boolean := FALSE;
1000000000

rtime :=
: HS bus_rec;
HS bus_ rec;
SS _buff rec;
CS_buff rec;
cam_rec;
boolean;
err inject type;
integer RANGE 0 TO
boolean;
boolean;

-— TT buffer.

(ERROR_INJECT DEPTH-1) := 0;

ns;
-- Stored Shared Split Token
-- Stored Token

(ERROR_INJECT DEPTH-1) := 0;

-- Is_no_space - Returns true when there is no space in the Bulk/Control buffers

-= for the current start-split.

function Is no space (BC buff: BC buff rec) return boolean is
variable result:boolean:=FALSE;

begin
IF (BC buff.status =

result := TRUE;

END IF;
return result;

end Is_no space;

NOSPACE) THEN

function Is new SS(BC buff: BC buff rec) return boolean is

variable result:boolean:=FALSE;

begin
IF (BC_buff.status = NU) THEN
result := TRUE;
END IF;

return result;
end Is new_ SS;

function Is old SS(BC buff: BC buff rec) return boolean is

variable result:boolean:=FALSE;

begin
IF (BC buff.status = OLD) THEN
result := TRUE;
END IF;

return result;
end Is old SS;

procedure Issue packet (signal HS bus_out
pid

out HS bus_rec;
pids) IS
begin

-- Setup HS packet based on whether its periodic or bulk.
IF (periodic = TRUE) THEN
HS bus_out.ep type
HS bus_out.endpt
HS bus out.dev addr

<= CS Buff.store.ep type;
<= CS_Buff.store.endpt;
<= CS_Buff.store.dev_addr;
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HS bus_out.direction <= CS_Buff.store.direction;
HS bus out.datapart <= CS Buff.store.datapart;
HS bus out.x <= CS Buff.store.x; -— 22722
ELSE
HS bus_out.ep_ type <= cam(BC_buff.index) .store.ep_type;
HS bus_out.endpt <= cam(BC_buff.index) .store.endpt;
HS bus out.dev addr <= cam(BC buff.index) .store.dev addr;
HS bus_out.direction <= cam(BC_buff.index) .store.direction;
HS bus_out.datapart <= cam(BC_buff.index) .store.datapart;
HS bus out.x <= cam(BC buff.index).store.x; -= 22?2

-- Update bulk/control with state information which may have been updated
-- by the complete-split state machines.
cam (BC_buff.index) .match.state := BC_buff.match.state;

END IF;

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

HS bus_out.crclé6 <= err _inject fifo(rd ptr).crc;
HS bus_out.timeout <= err inject fifo(rd ptr).timeout;
IF (err inject fifo(rd ptr).pid) THEN

HS bus_out.pid <= TRANS ERR;
ELSE
HS bus_out.pid <= pid;
END IF;
--IF (now > error_time ) THEN
-- Update read pointer.
IF (rdﬁptr = (ERRORﬁINJECTiDEPTH—l)) THEN
rd ptr := 0;
ELSE
rd ptr := (rd ptr + 1);
END IF;
--END IF;
error time := now;

-- Otherwise issue packet with no errors.

ELSE
HS bus_out.crclé6 <= ok;
HS bus_out.timeout <= FALSE;
HS bus_out.pid <= pid;
END IF;
HS bus_out.ready <= TRUE;
HS bus_out.ready <= FALSE after 500 ps;

end Issue_ packet;

-- returns true when wrong combination of split start and last isoch out transaction
FUNCTION Bad_IsochOut (SS_Buff : SS Buff rec;
split : HS bus rec) RETURN boolean IS
VARIABLE result:boolean:=FALSE;
BEGIN

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

RETURN result;
END Bad IsochOut;
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procedure Save (hs_bus in : IN HS bus_rec;
SIGNAL hs bus out: OUT HS bus rec) IS
begin
hs bus_out <= hs bus_in;
end Save;

-- Compare BC buff - This procedure is used to look at the BC buffer to determine
- whether the packet should be stored. Compare BC buff will
- initialize BC_buff with the buffer location information.
procedure Compare BC buff IS

variable match:boolean:=FALSE;
begin

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

FOR i IN O to FIFO DEPTH-1 LOOP
IF NOT match THEN

-- Re-use buffer with same Device Address/End point.

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

split.ep type /= CONTROL) OR

split.ep type = CONTROL)) THEN

-- If The buffer is already pending/ready this must be a retry.
IF (cam(i) .match.state = READY OR cam(i) .match.state = PENDING) THEN

BC buff.status := OLD;
ELSE

BC_buff.status := NU;
END IF;
BC buff.index := i;
match := TRUE;

-- Otherwise use the buffer if it’s old.
ELSIF (cam(i) .match.state = OLD) THEN

BC buff.status := NU;
BC_buff.index := i;
END IF;
END IF;
END LOOP;
BC_buff.match.state := cam(BC_buff.index).match.state;

end Compare BC buff;

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

procedure Accept data IS

begin
cam(BC_buff.index) .store := token;
cam(BC_buff.index) .match.state := PENDING;
BC buff.match.state := PENDING;

end Accept data;

-- Match split state - This procedure finds the BC buffer location which matches
- the current complete-split.
procedure Match split state IS

variable match:boolean:=FALSE;

begin
BC buff.match.state := NO_MATCH;
BC buff.index := 0;

FOR i IN O to FIFO DEPTH-1 LOOP
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IF NOT match THEN

-- Is this the buffer used for the start-split
-- corresponding to this complete-split?

-- If it is...
-- indicate mat

IF (token.endpt

store information into BC_buff and
ch was found.

= cam (i) .store.endpt AND

token.dev_addr = cam(i).store.dev_addr AND

token.direc

BC_buff.match
BC buff.match
BC buff.index
match := TRUE
END IF;
END IF;
END LOOP;

periodic := FALSE;

end Match split state;

tion = cam(i) .store.direction) THEN

.state = cam(i) .match.state;
.down_result := cam(i).match.down result;
= iy

’

-- Setup Issue Packet.

PROCEDURE Down_error IS
BEGIN

derror v := TRUE;
END Down_error;

procedure Data into SS pipe IS

begin
CS Buff.match.state :=
ss_avail v := TRUE;

end Data_into SS pipe;

MATCH BUSY;

procedure Fast match IS
begin

periodic := TRUE;
end Fast match;

-- Setup Issue Packet.
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Appendix C
Reset Protocol State Diagrams

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

Any timer used in these state diagrams should have a resolution that allows it to always keep to the allowed time
frame. For instance, if a timer times out between a time Trpypr(min) and Tpygr(max), the timer should have a
minimal resolution of at least 1 clocktick in the range of Trpygr. In a number of places, a time Trpygr 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 clocktick of the associated timer away from
the upper boundary of that range. Under these conditions, a state in the state diagrams will never miss a branch
because the associated timer overstepped the time-out condition.

In the state diagrams in this appendix, a timer can be either Run, Started, or Cleared. Ifa timer is Run, it will
update itself every clocktick. If a timer is Cleared, it is stopped and its contents are reset to zero. A timer that is
Started is first cleared and then immediately run. Stopping of a timer is never done explicitly in the state
diagrams.

C.1 Downstream Facing Port State Diagram

This section describes the reset protocol state diagram for the downstream facing port.

The state diagram shown in Figure C-1 shows all the necessary and required behavior of a downstream facing
port in case of a reset. As this is the initiating party in the reset protocol, the hub enters the Resetting state
through a request from the host (the SetPortFeature(PORT RESET) command). The downstream facing port
then drives an SEO to initiate the reset and at the same time starts a timer TO to time the whole reset procedure.

If the attached device is low-speed, then the only way that reset ends is when the timer TO times out (Tprst) and
the bus returns to idle. Whether a device is low-speed is determined prior to entering the Resetting state in the
status bit PORT_LOW_SPEED. This is described in more detail in Section 11.8.2. When reset has completed,
the hub enters the low-speed Enabled state.

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

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

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

If the filtering of the upstream chirp takes too much time, the downstream facing port may not be able to finish
its downstream chirp in time to be able to end the reset procedure in time. Therefore, when timer TO reaches
beyond the time Tycyenp (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 (Tprst). It will then enter the full-speed enabled state.
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IResetting

SetPortFeature(PORT RESET)

Resetting

|

Drive SEO
Start timer TO

!

Clear timer T1

PORT _LOW_SPEED =1

I:S-Default

TO > TDRST & A TO > TDRST &
PORT LOW SPEED =0
ES-Default !High-speed K &
TO <Tuycuenp & High-speed K &
TO > Tppsr T1 <Trur PORT_LOW_SPEED =0
TO 2 Tycueno & v
WAIT =Tt | Run timer T1

T2 2 Tpcusir &
TO < Tprst - Tocrsko

'High-speed K &

Drive ChirpJ  [%
Start timer T2

T1 2 Ty
Drive Chirp K
> Start timer T2

T0 2 TDRST - TDCHSEO &
T2 > TDCHBIT

TO < Tpgrsr - Tocnseo &
T2 = Tpcusir

Drive SEO

TO > TDRST

HS-Default

T0 2 TDRST - TDCHSEO &
T2 > TDCHBIT

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

When the downstream-facing port has successfully detected an upstream chirp, it will start transmitting the
downstream chirp as soon as it has seen the bus leave the Chirp K state. This end of the upstream chirp will
return the bus to the SEO state. So immediately (actually within 100 us (Twrpcy) after the end of the upstream
chirp according to Section 7.1.7.5), the hub drives a Chirp K for 40 to 60 us (Tpcugir), then a Chirp J for 40 to
60 us, then a Chirp K, etc. It continues with this alternating sequence until timer TO has come within 100 to
500 us (Tpcusko) of the end of reset (Tprst). When this time is reached, the downstream-facing port finishes the
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40 to 60 ps of continuous signaling it was busy with when the timer TO exceeds the value of Tprst — Tpchsgo
before driving SEO until the end of reset.

C.2 Upstream Facing Port State Diagram

This section describes the reset protocol state diagrams for the upstream facing port. The state diagram for the
upstream facing port is more complicated than the diagram for the downstream facing port as the device can be
in any possible state when it receives a reset signal. Therefore, the state diagram has been split into two parts:

e The reset detection state diagram which describes the way a device reacts to reset signaling on its upstream
facing port (see Figure C-2)

e The reset handshake state diagram that explains how a high-speed capable device performs a handshake
procedure with the hub upstream to communicate each others high-speed capabilities and have both enter a
high-speed state at the end of reset (see Figure C-3)

Therefore, all of these states must be covered in the diagram. Also, the fact that for a high-speed capable device
a suspend is initially indistinguishable from a reset requires that the state diagram for the upstream facing port
addresses the suspend procedure as well.

At the start of the reset, we can be any possible state, but we can collect them into three groups, where each
group is handled differently, but all states in the same group handle reset in the same way. The states are as
follows:

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

These groups of states correspond to an identical list of possibilities as described in Section 7.1.7.5 under item 3
of the reset protocol.

C.2.1 Reset From Suspended State

As can be seen from Figure C-2, the device wakes up from the Suspended state as soon as it sees a K or an SEQ
on the bus. A J would be indistinguishable from idle on the bus that a suspended device sees normally. On
seeing a K, the device will initiate a resume process. For the details of this process, see Section 7.1.7.7. On
seeing an SEO, the device could enter the reset handshake procedure, so it starts timer TO.

The actual reset handshake is only started after seeing a continuous assertion of SEO for at least 2.5 us (Tgy1sgo)-
The loop between the blocks with “Clear timer T1”” and “Run timer T1” represents this filtering. If the device
has not detected a continuous SEO before timer TO exceeds the value of Tycuenp - Tucn, the device goes back
into the Suspended state.

A device coming from suspend most probably had its high-speed clock stopped to meet the power requirements
for a suspended device (see Section 7.2.3). Therefore, it may take some time to let the clock settle to a level of
operation where it is able to perform the reset detection and handshake with enough precision. In the state
diagram, a time symbol Tyrcik is used to have the device wait for a stable clock. This symbol is not part of the
USB 2.0 specification and does not appear in Chapter 7. It is an implementation specific detail of the reset
detection state diagram for the upstream facing port, where it is marked with a asterisk (*). TwrcLk should have
a value somewhere between 0 and 5.0 ms. This allows at least 1.0 ms time to detect the continuous SEO.

If the device has seen an SEQ signal on the bus for at least Tgy 1sgo, 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 ES Default
HS Configured ES Address
FS Configured
A
idle lidle . .
SEO | idle Line state change
. A 4
Start timer TO Start i To
art timer
T02 Twmrey idle & SE0 &
TO >3.0 ms TO > TWTRSTFS
Remove HS
terminations
Connect D+ pull-up
resistor
Start timer T1 ISEO &
T1 2 Twrrsras
SE0 &

T1 2 Twrrstns
Suspended

SEVA Aw‘

Start timer TO Initiate:Resume
process
TO 2 Twrek™® | TO = Tycuenn
- Tycu
Clear timer T1 TO > TUCHEND _ TUCH &
T1 < Terrsro
ISE0 &

SEO

T1<W

Run timer T1

Tl 2 TFILTSEO

Start-reset*handshake process

(*)  Note: TwrcLk is a symbol that is only used in this state diagram. It is not part of the USB 2.0
specification and does not appear in Chapter 7. It is an implementation specific detail of this
state diagram. See Section C.2.1 for a detailed description.

Figure C-2. Upstream Facing Port Reset Detection State Diagram
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Start of reset handshake process

!

Drive Chirp K
Start timer T2

T2 > Tyen

Stop Chirp K
Clear counter CO
Start timer T3

!

/V Clear timer T4
High-speed K 'High-speed K &
T4 < Ty
Run timer T4
C0<3&
T3 <Twrrs T42 Trux
Clear timer T4
High-speed J 'High-speed J &
T4<T
v FILT
Run timer T4
T4 > TFIL\
Increase CO
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Enable HS
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Disconnect
D+ pull-up resistor C0<3& T3 2 Twrrs
T3 = Twrrs
i A 4
HS-Default FS:Default
Figure C-3. Upstream Facing Port Reset Handshake State Diagram
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C.2.2 Reset From Full-speed Non-suspended State

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

If a J (idle) is detected and the timer TO exceeds the value of 3.0 ms while no change has been detected in the
state of the bus, the device is suspended.

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

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

Timer TO is started when seeing a high-speed idle on the bus from a high-speed Non-suspended state. If
anything else than idle is detected on the bus, the device aborts detection of a reset and returns to its previous
state. When timer T0 exceeds the value of Twrrgy (between 3.0 ms minimally and 3.125 ms maximally), the
device reverts to full-speed by switching off its high-speed terminations and connecting the D+ pull-up resistor
to the D+ line.

The reset protocol allows some time for debouncing and settling of the lines in the new state (Twrrstns). After
this time, the line should be sampled to see whether the device should be suspended (on detecting a full-speed
idle) or reset (on detecting SEO).

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

If something other than an idle or an SEO, in other words, a K, was detected, the device will also enter the
suspended state. However, on seeing the K, the device will immediately resume, effectively returning to the
high-speed state.

C.2.4 Reset Handshake

At this point, the behavior of devices has become independent of the initial state they were in when the reset
started. The reset handshake is started by the device, when it sends an upstream chirp that is at least 1.0 ms long
and stops before the timer TO hits the 7.0 ms mark. Note: This is the same timer TO that was started in the reset
detection state diagram in Figure C-2.

A choice of implementation is available here. The one presented in the state diagram in Figure C-3 is where a
timer T2 is started when the Chirp K is asserted to time the minimum required duration of the upstream chirp.
The Chirp K is stopped when timer T2 exceeds the value of Tycy. Another approach would be to wait until the
timer TO exceeds the value of Tycygnp, before ending the upstream chirp. Both conform to the requirements of
the reset protocol in Section 7.1.7.5, and the choice may depend on the particular application.

As soon as the upstream chirp has ended, the device starts listening for the downstream chirp. In order to detect
at least a K-J-K-J-K-J pattern, it first starts looking for a continuously asserted Chirp K. The method employed
in this state diagram is counting the number of K-J transitions. Here K and J are actually Chirp K and Chirp J,
respectively, asserted continuously for at least 2.5 us (Tgyr).

Continuous assertion is determined by the loop between the “Clear timer T4 and “Run timer T4”. This is
similar to the method used in the downstream facing port state diagram in Figure C-1 to detect the upstream
chirp. After this, a continuous Chirp J is detected in the same manner, most likely, even using the same
hardware. Now we have detected one K-J transition. Until we have detected three K-J transitions in the same
way, we will not revert to high-speed.

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

Reversion to high-speed when the device has detected the K-J-K-J-K-J pattern is accomplished by enabling the
high-speed terminations and disconnecting the pull-up resistor from the D+-line. According to Section 7.1.7.5,
you may wait up to 500 us before actually reverting to high-speed, but in this state diagram, this reversion is
done immediately after detection of three K-J transitions. After this switching of terminations and pull-up, the
device enters the high-speed Default state. The end of reset is signified by the first packet that is received, most
likely an SOF packet.
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defined, 2.0 glossary
high-speed signaling and, 7.1
microframe pipeline and, 11.18.2
overview, 7.1.9
bit times
bit time designations, 11.3
bit time zero, 11.3
before EOF, 11.2.5
in transaction completion prediction, 11.3.3
bLength field
configuration descriptors, 9.6.3, 11.23.1
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
interface descriptors, 9.6.5, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
string descriptors, 9.6.7
blinking indicators. See indicators
blocking packets in Collision conditions, 11.8.3
blunt cut termination, 6.4.2, 6.4.3
bmAttributes field
configuration descriptors, 9.6.3, 11.23.1
endpoint descriptors, 9.6.6, 11.23.1
hub descriptors, 11.13
other speed configuration descriptors, 9.6.4,
11.23.1
bMaxPacketSizeO field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bMaxPower field, 9.6.3
configuration descriptors, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
bmRequestType field
hub class requests, 11.24.2
overview, 9.3.1
Setup data format, 9.3

bmRequestType field (continued)
standard device requests, 9.4
bNbrPorts field (hub descriptors), 11.23.2.1
bNumConfigurations field
device descriptors, 9.6.1, 11.23.1
device qualifier descriptors, 9.6.2, 11.23.1
bNumEndpoints field (interface descriptors),
9.6.5, 11.23.1
bNuminterfaces field
configuration descriptors, 9.6.3, 11.23.1
other speed configuration descriptors, 9.6.4,
11.23.1
bPwrOn2PwrGood field, 11.11, 11.23.2.1
bRequest field
hub class requests, 11.24.2
overview, 9.3.2
Setup data format, 9.3
standard device requests, 9.4
standard hub requests, 11.24.1
bReserved field (device qualifier descriptor),
9.6.2
broadcast mode of hub operation, 11.1.2.1
B/S or b/S, defined, 2.0 glossary
bString field (string descriptors), 9.6.7
budgets, best case full-speed budget, 11.18.1,
11.18.4
buffers
buffer impedance, 7.1.1.1
buffer match tests, 11.17.1
bulk/control transfer buffering requirements,
11.17.4
calculating sizes in functions and software,
5.11.4
clearing, 11.17.5,11.24.2.3
client pipes and, 10.5.1.2.2
client role in, 10.3.3, 10.5.3
defined, 2.0 glossary
elasticity buffer, 11.7.1.3
endpoint buffer size, 4.4
identifying location and length, 10.3.4
interrupt transfers and, 5.7.3
isochronous transfers and, 5.12.4.2
non-periodic transaction buffers, 11.14.1,
11.14.2.2,11.17,11.17 .4
non-USB isochronous application, 5.12.1
packet buffers, 2.0 glossary
periodic transaction buffers, 11.14.2.1
prebuffering data, 5.12.5
rate matching and, 5.12.8
rise and fall times for full-speed buffers,
7.1.21
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buffers (continued)
Transaction Translator buffers
overview, 11.14.1
resetting, 11.24.2.9
space required, 11.19
underrun or overrun states and error
counts, 10.2.6
USBD role in allocating, 10.5.1.2.1
bulk transfers. See also non-periodic
transactions
buffering requirements, 11.14.2.2, 11.17.4
bus access constraints, 5.8.4
data format, 5.8.1
data sequences, 5.8.5
defined, 2.0 glossary, 5.4
direction, 5.8.2
failures, 11.17.5
NAK rates for endpoints, 9.6.6
non-periodic transactions, 11.17 to 11.17.5
overview, 4.7.2, 5.8
packet size, 5.8.3, 9.6.6
scheduling, 11.14.2.2
split transaction examples, A.1, A.2
split transaction notation for, 11.15
state machines, 8.5.1,8.5.1.1,8.5.2, 11.17.2
transaction format, 8.5.2
transaction organization within IRPs, 5.11.2
USBD pipe mechanism responsibilities,
10.5.3.1.3
bus access for transfers
bulk transfer constraints, 5.8.4
bus access periods, 5.12.8
bus bandwidth reclamation, 5.11.5
calculating buffer sizes, 5.11.4
calculating bus transaction times, 5.11.3
client software role in, 5.11.1.1
control transfer constraints, 5.5.4
HCD role in, 5.11.1.3
Host Controller role in, 5.11.1.5
interrupt transfer constraints, 5.7.4
isochronous transfer constraints, 5.6.4
transaction list, 5.11.1.4
transaction tracking, 5.11.2
transfer management, 5.1.1 t0 5.11.1.5
transfer type overview, 5.4
USBD role in, 5.11.1.2
bus clock, 5.12.2,5.12.3,5.12.8
bus enumeration
defined, 2.0 glossary
device initialization, 10.5.1.1
enumeration handling, 11.12.6
overview, 4.6.3, 9.1.2
re-enumerating sub-trees, 10.5.4.5
staged power switching in functions, 7.2.1.4
USB System Software role, 4.9

576

bus-powered devices and functions
configuration descriptors, 9.6.3
defined, 4.3.1
device states, 9.1.1.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
power budgeting, 9.2.5.1
bus-powered hubs
configuration, 11.13
defined, 4.3.1, 7.2.1
device states, 9.1.1.2
overview, 7.2.1.1
power switching, 11.11
voltage drop budget, 7.2.2
bus protocol overview, 4.4
Bus_Reset receiver state, 11.6.3, 11.6.3.9
bus states
evaluating after reset, 7.1.7.3
global suspend, 7.1.7.6.1
Host Controller role in state handling, 10.2.1
signaling levels and, 7.1.7.1, 7.1.7.2
Transaction Translator tracking, 11.14.1
bus timing/electrical characteristics, 7.3.2
bus topology, 5.2 t0 5.2.5
client-software-to-function relationship, 5.2.5
defined, 4.1
devices, 5.2.2
hosts, 5.2.1
illustrated, 4.1.1
logical bus topology, 5.2.4
physical bus topology, 5.2.3
bus transaction timeout in isochronous transfers,
5.12.7
bus turn-around time, 2.0 glossary, 7.1.18 to
7.1.18.2,8.7.2,11.18.2
busy (ready/x) state, 11.17.5
bypass capacitors, 7.2.4.1,7.2.4.2
bytes, defined, 2.0 glossary

C

cable assemblies, 6.4 to 6.4.4
cable attenuation, 7.1.17
cable delay
electrical characteristics, 7.3.2 Table 7-12
high-/full-speed cables, 6.4.2
hub differential delay, differential jitter, and
SOP distortion, 7.3.3 Figure 7-52
hub EOP delay and EOP skew, 7.3.3 Figure
7-53
hub signaling timings, 7.1.14.1
inter-packet delay and, 7.1.18.1
low-speed cables, 6.4.3,7.1.1.2
overview, 7.1.16
propagation delay, 6.4.1, 6.7 Table 6-7,
7.1.1.2
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cable delay (continued)
skew delay, 6.7 Table 6-7, 7.1.3, 7.3.3 Figure
7-53
cables
attenuation, 7.1.17
cable assemblies, 6.4 10 6.4.4
cable delay (See cable delay)
captive cables
high-/full-speed captive cable assemblies,
6.4.2
inter-packet delay and, 7.1.18.1
low-speed captive cable assemblies, 6.4.3
maximum capacitance, 7.1.6.1
termination, 7.1.5.1
color choices, 6.4
construction, 6.6.2
description, 6.6.1
detachable cables
cable delay, 7.1.16
connectors and, 6.2
detachable cable assemblies, 6.4.1
inter-packet delay and, 7.1.18.1
low-speed detachable cables, 6.4.4
maximum capacitance, 7.1.6.1
termination, 7.1.5.1
voltage drop budget, 7.2.2
electrical characteristics and standards, 4.2.1,
6.6.3,6.7,7.3.2 Table 7-12
end-to-end signal delay, 7.1.19.1
environmental characteristics, 6.6.4, 6.7
flyback voltage, 7.2.4.2
high-/full-speed cables, 6.4.2
impedance, 6.4.1, 6.4.2, 6.7 Table 6-7
input capacitance, 7.1.6.1
length, 6.4.1,6.4.2,6.4.3
listing, 6.6.5
low-speed cables, 6.4.3,6.4.4,7.1.1.2
mechanical configuration and material
requirements, 6.6 to 6.6.5, 6.7
overview, 6.3
prohibited cable assemblies, 6.4.4
pull-out standards, 6.7 Table 6-7
shielding, 6.6, 6.6.1
termination, 7.1.5.1
voltage drop budget, 7.2.2
calculations
buffering for rate matching, 5.12.8
buffer sizes in functions and software, 5.11.4
bus transaction times, 5.11.3
capabilities, defined, 2.0 glossary
capacitance
after dynamic attach, 7.2.4.1
decoupling capacitance, 7.3.2 Table 7-7
input capacitance, 7.1.6.1, 7.3.2 Table 7-7
low-speed buffers, 7.1.1.2, 7.1.2.1
low-speed cable capacitive loads, 6.4.3

capacitance (continued)
lumped capacitance guidelines for
transceivers, 7.1.6.2
optional edge rate control capacitors, 7.1.6.1
pull-up resistors and, 7.1.5.1
single-ended capacitance, 7.1.1.2
small capacitors, 7.1.6.1
target maximum droop and, 7.2.4.1
unmated contact capacitance, 7.3.2 Table 7-
12
capacitive load, 6.7 Table 6-7
captive cables
high-/full-speed captive cable assemblies,
6.4.2
inter-packet delay and, 7.1.18.1
low-speed captive cable assembilies, 6.4.3
maximum capacitance, 7.1.6.1
rise and fall times, 7.1.2.1, 7.1.2.2
TDR measurements and, 7.1.6.2
termination, 7.1.5.1
change bits
device states, 11.12.2
hub and port status change bitmap, 11.12.4
hub status, 11.24.2.6
over-current status change bits, 11.12.5
port status change bits, 11.24.2.7.2 to
11.24.2.7.2.5
Status Change endpoint defined, 11.12.1
change propagation, host state handling of,
10.2.1
characteristics of devices, 2.0 glossary, 9.6.3,
9.6.4
Chirp J and K bus states, 7.1.4.2, 7.1.7.2,
7.1.75,C1,C24
C_HUB LOCAL_POWER, 11.11, 11.24.2,
11.24.2.1,11.24.2.6,11.24.2.7.1.6
C_HUB_OVER CURRENT, 11.24.2, 11.24.2.1
C_HUB_OVER_POWER, 11.24.2.6
classes of devices. See device classes
Class field, 9.2.3, 9.6.5
class-specific descriptors, 9.5, 11.23.2.1
class-specific requests
hub class-specific requests, 11.24.2 to
11.24.2.13
time limits for completing, 9.2.6.5
USBDI mechanisms, 10.5.2.8
Cleared timer status, C.0
ClearFeature() request, CLEAR_FEATURE
ClearHubFeature() request, 11.24.2.1
ClearPortFeature() request, 11.24.2.2
endpoint status and, 9.4.5
hub class requests, 11.24.2
hub requests, 11.24.1
overview, 9.4.1
standard device request codes, 9.4
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ClearHubFeature() request
clearing hub features, 11.24.2.6
hub class requests, 11.24.2
hub class-specific requests, 11.24.2.1
clearing pipes, 10.5.2.2
ClearPortFeature() request
clearing status change bits, 11.12.2,
11.24.2.7.2
C_PORT_CONNECTION, 11.24.2.7.2.1
C_PORT_ENABLE, 11.24.2.7.2.2
C_PORT_OVER-CURRENT, 11.24.2.7.2.4
C_PORT_RESET, 11.24.2.7.2.5
C_PORT_SUSPEND, 11.24.2.7.2.3
hub class requests, 11.24.2, 11.24.2.2
PORT_CONNECTION, 11.24.2.7.1.1
PORT_ENABLE, 11.5.1.4,11.24.2.7.1.2
PORT_HIGH_SPEED, 11.24.2.7.1.8
PORT_INDICATOR, 11.24.2.2, 11.24.2.7.1.10
PORT_LOW_SPEED, 11.24.2.7.1.7
PORT_OVER_CURRENT, 11.24.2.7.1.4
PORT_POWER, 11.24.2.13
PORT_POWER, 11.5.1.2,11.24.2.7.1.6
PORT_RESET, 11.24.2.7.1.5
PORT_SUSPEND, 11.5.1.10
ClearTTBuffer() request, CLEAR_TT_BUFFER
checking for busy state, 11.17.5
hub class-specific requests, 11.24.2,
11.24.2.3
client pipes, 10.5.1.2.2
client software
in bus topology, 5.2, 5.2.1,5.2.5
client software-to-function relationships, 5.2,
5.2.5
in communication flow, 5.3
control transfers and, 5.5
defined, 2.0 glossary
as implementation focus area, 5.1
notification identification, 10.3.4
role in configuration, 10.3.1
role in data transfers, 10.3.3
service clock and, 5.12.2
in source-to-sink connectivity, 5.12.4.4
in transfer management, 5.11.1, 5.11.1.1
clock model
buffering for rate matching, 5.12.8
bus clock, 5.12.2
clock encoding scheme in electrical
specifications overview, 4.2.1
clock synchronization, 5.12.3
clock-to-clock phase differences, 5.12.3
clock tolerance, 11.7.1.3
defined, 5.12
frame clocks, 11.18.3
hub clock source, 11.2.3
in non-USB isochronous application, 5.12.1
overview, 5.12.2

578

clock model (continued)
receive clock, 11.7.1.2, 11.7.1.3
sample clock, 5.12.2
service clock, 5.12.2
transmit clock, 11.7.1.3
using SOF tokens as clocks, 5.12.5
clock timings, 7.3.2 Table 7-8, 7.3.2 Table 7-9,
7.3.2 Table 7-10
CMOS driver circuit, 7.1.1.1
CMOS implementations, 7.1.1.3
codes. See specific types of codes
Collision conditions, 11.8.3
color choices
cables, 6.4
indicator lights on devices, 11.5.3 to 11.5.3.1
plugs, 6.5.4.1
receptacles, 6.5.3.1
commanded stalls, 8.4.5
commands. See requests
common mode range for differential input
sensitivity, 7.1.4.1
Communication Cables (UL Subject-444), 6.6.5,
6.7.1
communication flow, 5.3 to 5.3.3
Compare_BC_buff algorithm, 11.17.1
completed operations, 9.2.6
completed transactions, 11.3.3
complete-split transactions
buffering, 11.14.2.1, 11.17
bulk/control transactions, 11.17, 11.17.1
CSPLIT transaction tokens, 8.4.2.3
defined, 11.14.1.2
isochronous transactions, 11.21
notation for, 11.15
overview, 11.14.1
scheduling, 11.14.2.1, 11.18.4
space for, 11.18.6.3
split transaction overview, 8.4.2, 8.4.2.1
TT state searching, 11.18.8
completion times for hub requests, 11.24.1
composite devices, 5.2.3
compound devices
bus-powered hubs, 7.2.1.1
in bus topology, 5.2.3
defined, 4.8.2.2
hub descriptors for, 11.23.2.1
power configuration, 11.13
self-powered hubs, 7.2.1.2
conditions in state machine transitions, 8.5,
11.15
conductor resistance unbalance, 6.6.3
conductors
mechanical specifications, 4.2.2
power and signal conductors in cables, 6.3,
6.6.2
resistance, 6.6.3
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configuration
bus enumeration, 4.6.3, 9.1.2
configuration management, 10.5.4.1.1
Configured device state, 9.1.1.5
control transfers and, 5.5.4
descriptors, 5.3.1.1,9.4.3, 9.5, 9.6.1 t0 9.6 .4,
11.23.1 (See also descriptors)
device attachment, 4.6.1
device configuration, 10.3.1
device removal, 4.6.2, 10.5.4.1.4
function configuration, 10.3.1
hubs, 11.13
information in device characteristics, 4.8.1
initial device configuration, 10.5.4.1.2
interrupt transfers and, 5.7.4
modifying device configuration, 10.5.4.1.3
multiple configurations, 9.6.1
multiple interfaces, 9.2.3
operations overview, 9.2.3
other-speed configurations, 9.6.2
power distribution and, 7.2.1
remote wakeup capabilities, 9.2.5.2
requests
configuration requests, 5.11.1.2
GetConfiguration() request, 9.4.2
SetConfiguration() request, 9.4.7
required configurations before usage, 10.3.1
USB configuration, 10.3.1
USBDI mechanisms for getting current
settings, 10.5.2.4
USBD role in, 5.11.1.2, 10.5.4.1t0 10.54.1.4
Configuration = 0 signal/event, 11.5 Table 11-5
CONFIGURATION descriptor, 9.4 Table 9-5
configuration descriptors, 9.4.3, 9.6.4, 11.23.1
Configured device state
in bus enumeration process, 9.1.2
overview, 9.1.1.5
standard device requests and, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-1
configuring software, defined, 2.0 glossary
Connect bus state, 7.1.7.1, 7.1.7.3
connecting devices. See dynamic insertion and
removal
connection status, 11.24.2.7.2, 11.24.2.7.2 1
connectivity
audio connectivity, 5.12.4.4.1
hub fault recovery mechanisms, 11.1.2.3
Hub Repeater responsibilities, 11.1
hubs, 11.1, 11.1.210 11.1.2.3
packet signaling connectivity, 11.1.2.1
resume connectivity, 11.1.2.2
source/sink connectivity, 5.12.4.4
synchronous data connectivity, 5.12.4.4.2
tearing down, 11.2.5

connectors
input capacitance, 7.1.6.1
inrush current and, 7.2.4.1
interface and mating drawings, 6.5.3, 6.5.4
keyed connector protocol, 6.2
mechanical configuration and material
requirements, 4.2.2, 6.5t06.5.4.3
orientation, 6.5.1
reference times, 7.1.6.2
Series "A" and Series "B" plugs, 6.5.4
Series "A" and Series "B" receptacles, 6.5.3
standards for, 6.7
termination data, 6.5.2
USB Icon, 6.5
construction, cable, 6.6.2
contact arcing, minimizing, 7.2.4.1
contact capacitance standards, 6.7 Table 6-7
contact current rating standards, 6.7 Table 6-7
contact materials, 6.5.3.3, 6.5.4.3
control endpoints, 2.0 glossary. See also control
transfers
controlling hubs, defined, 7.1.7.7
control mechanisms
device states and control information, 11.12.2
Host Controller control flow management, 4.9
of USB host, 10.1.2
control pipes, 2.0 glossary. See also control
transfers; message pipes; pipes
control transfers. See also non-periodic
transactions
buffering, 11.14.2.2, 11.17.4
bus access constraints, 5.5.4
control pipes in device characteristics, 4.8.1
data format, 5.5.1
data sequences, 5.5.5
defined, 2.0 glossary, 5.4
device requests, 9.3
direction, 5.5.2
error handling on last data transaction, 8.5.3.3
failures, 11.17.5
full-speed limits, 5.5.4 Table 5-2
high-speed limits, 5.5.4 Table 5-3
low-speed limits, 5.5.4 Table 5-1
NAK rates for endpoints, 9.6.6
non-periodic transactions, 11.17 to 11.17.5
overview, 4.7.1, 5.5
packet size, 5.5.3, 9.6.6
protocol stalls, 8.4.5
reporting status results, 8.5.3.1
scheduling, 11.14.2.2
simultaneous transfers, 5.5.4
split transaction examples, A.1, A.2
split transaction notation for, 11.15
stages, 2.0 glossary, 5.5
STALL handshakes returned by control pipes,
8.5.34
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control transfers (continued)
state machines, 8.5.1,8.5.1.1,8.5.2, 11.17.2
transaction format, 8.5.3
transaction organization within IRPs, 5.11.2
USBD pipe mechanism responsibilities,
10.5.3.1.4
variable-length data stage, 8.5.3.2
converting split transactions, 11.14.1
corrupted transfers and requests
in control transfers, 8.5.3
corrupted ACK handshake, 8.5.3.3, 8.6.4
corrupted CRCs, 10.2.6
corrupted IN tokens, 8.4.6.1
corrupted PIDs, 8.3.1
corrupted SOF packets in isochronous
transfers, 5.12.6
in data toggle, 8.6.3
error detection and recovery, 8.7 to 8.7.4
function response to OUT transactions,
8.4.6.3
host response to IN transactions, 8.4.6.2
NAK or STALL handshake, 8.6.3
costs of implementation, 3.3
C_PORT_CONNECTION
clearing, 11.24.2.2
defined, 11.24.2.7.2.1
hub class feature selectors, 11.24.2
Port Change field, 11.24.2.7.2
port status changes, 11.24.2.7.1.10
SetPortFeature() request, 11.24.2.13
C_PORT_ENABLE
ClearPortFeature() request, 11.24.2.2
defined, 11.24.2.7.2.2
hub class feature selectors, 11.24.2
Port Change field, 11.24.2.7.2
SetPortFeature() request, 11.24.2.13
C_PORT_OVER_CURRENT
clearing, 11.24.2.2
defined, 11.24.2.7.2.4
hub class feature selectors, 11.24.2
over-current conditions, 11.11.1, 11.12.5
Port Change field, 11.24.2.7.2
SetPortFeature() request, 11.24.2.13
C_PORT_RESET
clearing, 11.24.2.2
defined, 11.24.2.7.2.5
hub class feature selectors, 11.24.2
Port Change field, 11.24.2.7.2
SetPortFeature() request, 11.24.2.13
C_PORT_SUSPEND
clearing, 11.24.2.2
defined, 11.24.2.7.2.3
hub class feature selectors, 11.24.2
Port Change field, 11.24.2.7.2
resume conditions and, 11.4.4
SetPortFeature() request, 11.24.2.13

580

CRCs
in bulk transfers, 8.5.2
corrupted CRCs, 10.2.6
CRC16 handling, 11.15, 11.18.5, 11.20.3,
11.20.4,11.21.3,11.21.4
CRC check failures, 11.15, 11.20.3, 11.20.4,
11.21.3,11.21.4
in data packets, 8.3.5.2, 8.4.4
defined, 2.0 glossary
in error detection, 8.7.1
overview, 8.3.5
protection in isochronous transfers, 5.12.7
resending, 8.6.4
in token packets, 8.3.5.1, 8.4.1
USB robustness and, 4.5, 4.5.1
cross-over points of data lines, 7.1.13.2.1
cross-over voltage in signaling, 7.1.2.1
crystal capacitive loading, 7.1.11
CSPLIT (complete-split transactions). See
complete-split transactions
CTI, 2.0 glossary, 3.1
current
current averaging profile, 7.2.3
current spikes during suspend/resume, 7.2.3
high-speed current driver, 7.1 Table 7-1
high-speed signaling and, 7.1.1.3
supply current, 7.3.2 Table 7-7
current frame in hub timing, 11.2.3.1
current limiting
bus-powered hubs, 7.2.1.1
dynamic attach and detach, 7.2.4.1
in over-current conditions, 11.12.5
power control during suspend/resume, 7.2.3
remote wakeup and, 7.2.3
self-powered functions, 7.2.1.5
cyclic redundancy check. See CRCs

D

D+ or D- lines
average voltage, 7.1.2.1
high-speed signaling and, 7.1, 7.1.1.3
impedance, 7.1.6.1
pull-up resistors and, 7.1
signaling levels and, 7.1.7.1
signal termination, 7.1.5.1
during signal transitions, 7.1.4.1
single-ended capacitance, 7.1.1.2
standardized contact terminating
assignments, 6.5.2
test mode, 7.1.20
data
data defined, 5.12.4
data encoding/decoding, 7.1.8
data prebuffering, 5.12.5
data processing role of Host Controller, 10.2.4
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DATAO/DATA1/DATAZ2 PIDs
in bulk transfers, 5.8.5, 8.5.2
comparing sequence bits, 8.6.2
in control transfers, 8.5.3
in data packets, 8.4.4
high-bandwidth transactions and, 5.9.1, 5.9.2
high-speed DATAZ2 PIDs, 8.3.1 Table 8-1
in interrupt transactions, 5.7.5, 8.5.4, 11.20.4
synchronization and, 8.6
Transaction Translator response generation,
11.18.5
data field in packets, 8.3.4, 8.4.4
data flow model. See transfers
data flow types. See transfer types
data formats. See also specific types of transfers
bulk transfers, 5.8.1
control transfers, 5.5.1
interrupt transfers, 5.7.1
isochronous transfers, 5.6.1, 5.12.4
overview, 5.4
Data J state. See J bus state
Data K bus state. See K bus state
data packets
bus protocol overview, 4.4
data CRCs, 8.3.5.2
in isochronous transfers, 8.5.5
packet field formats, 8.3 to 8.3.5.2
packet overview, 8.4.4
spreading over several frames, 5.5.4
data payload
bulk transfers, 5.8.3
calculating transaction times, 5.11.3
defined, 5.3.2
interrupt transfers, 5.7.3
isochronous transfers, 5.6.3
maximum sizes, 8.4.4
non-zero data payload, 5.6.3
packet size constraints, 5.5.3, 5.6.3
data phases
aborting, 11.18.6.1
transaction notation for, 11.15
data PIDs. See DATAO/DATA1/DATA2 PIDs;
DATAO/DATA1 PIDs; MDATA PIDs
data rates
adaptive endpoints, 5.12.4.1.3
asynchronous endpoints, 5.12.4.1.1
in buffering calculations, 5.12.8
data-rate tolerance, 7.1.11
defined, 5.12.4
in electrical specifications overview, 4.2.1
feedback for isochronous transfers, 5.12.4.2
full-speed source electrical characteristics,
7.3.2 Table 7-9
high-speed source electrical characteristics,
7.3.2 Table 7-8

data rates (continued)
low-speed source electrical characteristics,
7.3.2 Table 7-10
overview, 7.1.11
sample clock and, 5.12.2
synchronous endpoints, 5.12.4.1.2
data recovery unit, 11.7.1.2
data retry indicators in control transfers, 5.5.5
data sequences
bulk transfers, 5.8.5
control transfers, 5.5.5
interrupt transfers, 5.7.5
isochronous transfers, 5.6.5
data signaling, 7.1.7.4 t0 7.1.7.4.2
data signal rise and fall time. See rise and fall
times
data source jitter, 7.1.13.1 t0 7.1.13.1.2,
7.1.14.2,7.1.15.1
data source signaling, 7.1.13 t0 7.1.13.2.2
Data stage
in control transfers, 5.5, 5.5.5, 8.5.3
error handling on last data transaction, 8.5.3.3
length of data, 9.3.5
packet size constraints, 5.5.3
variable-length data stages, 8.5.3.2
data toggle
bulk transfers, 5.8.5
in bulk transfers, 8.5.2
corrupted ACK handshake, 8.6.4
data corrupted or not accepted, 8.6.3
in data packets, 8.4.4
data toggle sequencing, 8.5.5
high bandwidth transactions and, 5.9.1
initialization via SETUP token, 8.6.1
in interrupt transactions, 8.5.4
interrupt transfers and, 5.7.5
low-speed transactions, 8.6.5
overview, 8.6
successful data transactions, 8.6.2
data transfers. See data packets; Data stage;
transfers
DC electrical characteristics, 7.3.2 Table 7-7
DC output voltage specifications, 7.1.6.2
DC resistance of plugs, 6.6.3
debounce intervals in connection events, 7.1.7.3
debouncing connections, 11.8.2
declarations in state machines
global declarations, B.1
Host Controller declarations, B.2
Transaction Translator declarations, B.3
decoupling capacitance, 7.3.2 Table 7-7
default addresses of devices, 2.0 glossary,
9.1.1.4,10.5.1.1
Default bus state, 7.1.7.5
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Default Control Pipe
in bus enumeration process, 9.1.2
in communication flow, 5.3
control transfer packet size constraints, 5.5.3
defined, 4.4, 5.3.2
endpoint zero requirements, 5.3.1.1
as message pipe, 5.3.2.2
size description in descriptors, 9.6.1
Default device state
overview, 9.1.1.3
standard device requests and, 9.4.1 to 9.4.11
visible device state table, 9.1.1 Table 9-1
default pipes, 2.0 glossary, 10.5.1.2.1
delays. See cable delay; differential delay;
propagation delay
delivery rates in isochronous transfers, 4.7.4
DEOP signal/event, 11.7.2.3 Table 11-11
descriptor index, 9.4.3, 9.4.8
descriptors
accessing, 11.23.1
in bus enumeration process, 9.1.2
class-specific descriptors, 9.5, 11.23.2.1
configuration descriptors, 9.6.3, 9.6.4, 10.3.1,
10.5.2.4
control transfers and, 5.5, 5.5.3
defined, 9.5
descriptor index, 9.4.3, 9.4.8
device class definitions, 9.7, 9.7.1
device descriptors, 9.4 Table 9-5, 9.6.1 to
9.6.5
endpoint descriptors, 9.6.6
getting descriptors, 9.4.3, 10.5.2.3
hub descriptors, 11.23 to 11.23.2.1, 11.24.2.5,
11.24.2.10
interface descriptors, 9.2.3, 9.6.5
isochronous transfer capabilities, 5.12
listing remote wakeup capabilities, 9.2.5.2
other speed configuration descriptor, 9.6.4
overview, 9.510 9.7.3
setting descriptors, 5.3.1.1, 9.4.8, 10.5.2.12
speed dependent descriptors, 9.2.6.6, 9.6.4
string descriptors, 9.6.7
USBDI mechanisms for getting descriptors,
10.5.2.3
vendor-specific descriptors, 9.5
deserialization of transmissions, 10.2.2
detachable cables
cable delay, 7.1.16
connectors and, 6.2
detachable cable assembilies, 6.4.1
inter-packet delay and, 7.1.18.1
low-speed detachable cables, 6.4.4
maximum capacitance, 7.1.6.1
termination, 7.1.5.1
voltage drop budget, 7.2.2
detached devices, 9.1.1.1, 9.1.2

582

detaching devices. See dynamic insertion and
removal
detecting connect and disconnect conditions,
7.1.7.3,7.1.20
detecting errors. See error detection and
handling
detecting hub and port status changes, 7.1.7.5,
11.12.2,11.12.3,11.12.4
detecting over-current conditions, 7.2.1.2.1
detecting speed of devices. See speed detection
Detection mechanism, 7.1.5.2
Dev_Do_ BCINTI state machine, 8.5.2 Figure 8-
34
Dev_Do_ BCINTO state machine, 8.5.2 Figure 8-
32
Dev_Do_IN state machine, 8.5 Figure 8-25
Dev_Do_lIsochl state machine, 8.5.5 Figure 8-43
Dev_Do_IsochO state machine, 8.5.5 Figure 8-
41
Dev_Do_OUT state machine, 8.5 Figure 8-24
Dev_HS BCO state machine, 8.5.1.1 Figure 8-
29
Dev_HS ping state machine, 8.5.1.1 Figure 8-28
device addresses, 2.0 glossary. See also
addresses; devices
device classes. See also USB device framework
class codes, 9.2.3
defined, 4.8
descriptors, 9.2.3,9.6.1, 9.7
device characteristics, 4.8.1
device class definitions, 9.7
device qualifier descriptors, 9.6.2
getting class-specific descriptors, 9.5
hub class-specific requests, 11.24.2 to
11.24.2.13
interfaces and endpoint usage, 9.7.2
requests, 9.7.3
standard, class, and vendor information, 4.8.1
Device Class Specification for Audio Devices
Revision 1.0, 9.6
DEVICE descriptor, 9.4 Table 9-5
device descriptors
descriptor types, 9.4 Table 9-5
device class descriptors, 9.2.3, 9.7
device qualifier descriptors, 9.6.2
GetDescriptor() request, 9.4.3
getting class-specific descriptors, 9.5
hubs, 11.23.1
overview, 9.6.1
speed dependent descriptors, 9.2.6.6
standard definitions, 9.6.1 t0 9.6.5
device drivers, 5.12.4.4, 10.3.1
device endpoints, 2.0 glossary, 5.3.1.1. See also
endpoints
device-initiated resume. See remote wakeup
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Device layer
descriptors, 9.5t09.7.3
device states, 9.1t09.1.2
generic USB device operations, 9.2 t0 9.2.7
standard device requests, 9.4 to 9.4.11
in USB device framework, 9
USB device requests, 9.3 t0 9.3.5
Device Process_trans state machine, 8.5 Figure
8-23
device qualifier descriptors, 9.2.6.6, 9.4.3, 9.4
Table 9-5,9.6.1, 9.6.2
Device release numbers, 9.6.1
DEVICE_REMOTE_WAKEUP, 9.4 Table 9-6
DeviceRemovable field (hub descriptors),
11.23.2.1
device resources, 2.0 glossary. See also buffers;
endpoints
devices. See also USB device framework
address assignment, 9.1.2, 9.2.2
characteristics and configuration (See also
device descriptors)
configuration, 4.8.2.2,9.2.3
data-rate tolerance, 7.1.11
descriptors, 9.5t0 9.7.3, 9.6.1
device characteristics, 4.8.1
device classes, 4.8, 9.7
device descriptions, 4.8.2 t0 4.8.2.1
device speed, 7.1.5t07.1.5.2, 7.1.7.3,
11.8.2
host role in configuration, 10.3.1
optional endpoints, 5.3.1.2
USBBD role in configuration, 10.5.4.1 to
10.5.4.1.4
data transfer, 9.2.4
communication flow requirements, 5.3
control transfers and, 5.5
detailed communication flow illustrated, 5.3
differing bus access for transfers, 5.11
jitter budget table, 7.1.15.1
PING flow control, 8.5.1, 8.5.1.1
response to IN transactions, 8.4.6.1
response to OUT transactions, 8.4.6.3
response to SETUP transactions, 8.4.6.4
role in bulk transfers, 8.5.2
device event timings, 7.3.2 Table 7-14
devices defined, 2.0 glossary
device state machines, 8.5
dynamic attach and detach, 9.2.1
power distribution, 7.2.4 t0 7.2.4.2
removing, 10.5.2.6, 10.5.4.1.4
USBDI mechanisms, 10.5.2.5, 10.5.2.6
generic USB device operations, 9.2 t0 9.2.7
port indicators, 11.5.3 to 11.5.3.1

devices (continued)
power distribution, 7.2.1, 9.2.5
bus-powered devices, 4.3.1, 7.2.1.1
dynamic attach and detach, 7.2.4t07.2.4.2
high-power bus-powered functions, 7.2.1.4
low-power bus-powered functions, 7.2.1.3
power supply and, 4.3.1
self-powered devices, 4.3.1,7.2.1.2,7.2.1.5
suspend/resume conditions, 7.2.3
voltage drop budget, 7.2.2
requests
host communication, 10.1.1
request errors, 9.2.7
request processing, 9.2.6 t0 9.2.6.6
standard device requests, 9.4 t0 9.4.11
USB device requests, 9.3 t0 9.3.5
state machines, 8.5, 8.5.2, 8.5.5
status
device states, 9.1109.1.2, 11.12.2
getting device status, 9.4.5
getting port status, 11.24.2.7.1.1
subtree devices after wakeup, 10.5.4.5
turn-around timers, 8.7.2
types of devices
composite devices, 5.2.3
compound devices, 4.8.2.2,5.2.3
functions, 4.8.2.2
hubs, 4.8.2.1
mapping physical and virtual devices,
5.12.4.4
virtual devices, 2.0 glossary
in USB topology, 4.1.1.2, 5.2, 5.2.2, 9.0
device software, defined, 2.0 glossary
device state machines, 8.5. See also specific
state machines under Dev_
diameter of cables, 6.6.2
diamond symbols in state machines, 8.5, 11.15
dielectric withstanding voltage standards, 6.7
Table 6-7
Differential O bus state, 7.1.7.2
Differential 1 bus state, 7.1.7.1, 7.1.7.2
Differential 2 bus state, 7.1.7.1
differential data jitter, 7.3.3 Figure 7-49, 7.3.3
Figure 7-52
differential delay, 7.3.2 Table 7-11, 7.3.3 Figure
7-52
differential-ended components in upstream
ports, 11.6.1, 11.6.2
differential envelope detectors, 7.1
differential input receivers, 1,7.1,7.1.4.1, 7.1.6,
7.1 Table 7-1
differential output drivers, USBD as, 7.1.1
differential signaling, 7.1.7.1,7.1.7.2, 7.1.7.4 1
differential termination impedance, 7.1.6.2
differential-to-EOP transition skew, 7.3.3 Figure
7-50
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dimensional inspection standards, 6.7 Table 6-7
Direction bit, 9.3.1,9.3.4
direction of communication flow, 5.4
bmRequestType field, 9.3.1
bulk transfers, 5.8.2
bus protocol overview, 4.4
control transfers, 5.5.2
interrupt transfers, 5.7.2
isochronous transfers, 5.6.2
disabled ports, 11.5, 11.5.1.4, 11.24.2.7 .1,
11.24.2.7.2
Disabled state, 11.5, 11.5.1.4
disabling features, 9.4.1
discarding packets, 11.3.2
Disconnect_Detect signal/event, 11.5.2, 11.5
Table 11-5
Disconnected state
connect and disconnect signaling, 7.1.7.3
detecting, 7.1, 7.1.4.2,7.1.20
downstream ports, 11.5, 11.5.1.3
signaling levels and, 7.1.7.1, 7.1.7.2
disconnecting devices. See dynamic insertion
and removal
disconnection envelope detectors, 7.1.7.3, 7.1
Table 7-1
disconnect timer, 11.5.2
distortion, minimizing in SOP, 7.1.7.4.1
DLL lock, 7.1
documents, applicable standards, 6.7.1
down counters in hub timing, 11.2.3.1
downstream facing ports and hubs
Disconnect state detection, 7.1
downstream connectivity defined, 11.1.2.1
downstream defined, 2.0 glossary
downstream facing port state machine, 11.5
downstream plugs, 6.2
downstream ports defined, 4.8.2.1
driver speed and, 7.1.2.3
enumeration handling, 11.12.6
high-speed driver characteristics and, 7.1.1.3
high-speed signaling and, 7.1.7.6.1, 7.1.7.6.2,
11.1.1
in hub architecture, 11.1.1
hub delay, 7.3.3 Figure 7-52
hub descriptors, 11.23.2.1
hub EOP delay and EOP skew, 7.3.3 Figure
7-53
input capacitance, 7.1.6.1
jitter, 7.3.2 Table 7-10
multiple Transaction Translators, 11.14.1.3
port state descriptions, 11.5.1 to 11.5.1.14
reset state machines, C.1
signaling delays, 7.1.14.1
signaling speeds, 7.1
status changes, 11.12.6
test mode support, 7.1.20
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downstream facing ports and hubs (continued)
transceivers, 7.1, 7.1.7.1, 7.1.7.2
downstream facing transceivers, high-speed
signaling and, 7, 7.1
downstream packets (HSD1), 8.5, 11.15
drain wires, 6.5.2, 6.6.1, 6.6.2
dribble, defined, 7.1.9.1
drift, 5.12.1, 5.12.3
driver characteristics
full-speed driver characteristics, 7.1.1.1
full-speed source electrical characteristics,
7.3.2 Table 7-9
high-speed driver characteristics, 7.1.1.3
high-speed source electrical characteristics,
7.3.2 Table 7-8
low-speed driver characteristics, 7.1.1.2, 7.1
Table 7-1
low-speed source electrical characteristics,
7.3.2 Table 7-10
overview, 7.1.1
drivers
defined, 2.0 glossary
role in configuration, 10.3.1
in source-to-sink connectivity, 5.12.4.4
droop, 7.2.3,7.2.41
dual pin-type receptacles, 6.9
durability standards, 6.7 Table 6-7
DWORD, defined, 2.0 glossary
dynamic insertion and removal, 9.2.1
attaching devices, 4.6.1
defined, 2.0 glossary
detecting insertion and removal, 4.9, 9.2.1
Hub Repeater responsibilities, 11.1
hub support for, 11.1
power control, 7.2.3, 7.2.4 t0 7.2.4.2
power-on and connection events timing,
7.1.7.3
removing devices, 4.6.2
USB robustness and, 4.5

E
E field (End), 8.4.2.2
E2PROM defined, 2.0 glossary
ease-of-use considerations, 1.1
EBEmptied signal/event, 11.7.1.4 Table 11-10
edges of signals
cable delay, 7.1.16
data source jitter, 7.1.13.1.1
edge transition density, 8.2
optional edge rate control capacitors, 7.1.6.1
EEPROM, defined, 2.0 glossary
elasticity buffer, 11.7.1.3
Electrical Connector/Socket Test Procedures,
6.7.1
Electrically Erasable Programmable Read Only
Memory (EEPROM), 2.0 glossary
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