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

'( data toggle) 
0 Old/x 0 

stl SSPLIT stl 

st2 IN ~ 
st2 

~ 
ACK shl Pending/x 

shl .... 
IN 

STALL ... 
Ready/stall 

ctl CSPLIT ctl 

ct2 IN ~ 
ct2 

~ 
STALL ch3 Old/stall 

ch3 .... 
ENDPOINT HALT 

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

(S) : Start Split 

(C): Complete Split 

Summary of cases for Interrupt OUT transaction 

• Nonnal cases 

Case 

No smash 

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

HS SSPLIT smash 

HS SSPLIT 3 strikes smash 

HS OUT(S) smash 

HS OUT(S) 3 strikes smash 

HS DAT A0/1 smash 

HS DAT A0/1 3 strikes smash 

HS CSPLIT smash 

HS CSPLIT 3 strikes smash 

HS OUT(C) smash 

HS OUT(C) 3 strikes smash 

HS ACK(C) smash 

HS ACK(C) 3 strikes smash 

FS/LS OUT smash 

FS/LS OUT 3 strikes smash 

FS/LS DAT A0/1 smash 

FS/LS DAT A0/1 3 strikes smash 

FS/LS ACK smash 

Reference Similar Figure 
Figure 

Figure A-47 

Figure A-48 

No figure 

Figure A-48 

No figure 

Figure A-48 

No figure 

Figure A-49 

Figure A-50 

Figure A-49 

Figure A-50 

Figure A-51 

Figure A-52 

Figure A-53 

No figure 

Figure A-53 

No figure 

Figure A-54 
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I FS/LS ACK 3 strikes smash No figure 

• Searcing 

Case Reference Similar Figure 
Figure 

No smash Figure A-55 

• CS(Complete-split transaction) earlier cases 

Case Reference Similar Figure 
Figure 

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

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

HS NYET smash Figure A-58 

HS NYET 3 strikes smash Figure A-59 

• Abort and Free cases 

Case Reference Similar Figure 
Figure 

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

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

• FS/LS transaction error cases 

Case Reference Similar Figure 
Figure 

HS ERR smash Figure A-51 

HS ERR 3 strikes smash Figure A-52 

• Device busy cases 
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Case Reference Similar Figure 
Figure 

No smash(HS NAK(C)) Figure A-62 

HS NAK(C) smash Figure A-51 

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

FS/LS NAK smash Figure A-53 

FS/LS NAK 3 strikes smash No figure 

• Device stall cases 

Case Reference Similar Figure 
Figure 

No smash Figure A-63 

HS ST ALL(C) smash Figure A-51 

HS ST ALL(C) 3 strikes smash Figure A-52 

FS/LS ST ALL smash Figure A-53 

FS/LS ST ALL 3 strikes smash No figure 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM st! 

st2 

shl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 0 

st! • st2 • 
sdl~ 

1 
SS:Pending/x 

---------r--------------------------1-------------+--------------------------~ --------

uFrameM+l OUT 

DATAO 

ACK 

CS:Ready/ack 
I ---------r--------------------------~-------------+--------------------------~ 

uFrame M+2 ctl CSPLIT 
ctl 

ct2 OUT • ct2 • CS:Old/ack 
ACK ch2 

ch2 .... 
I ---------r--------------------------~-------------+--------------------------~ 

uFrame M+3 Host does not issue 2nd CSPLIT, CS:Free/x 
because host already receives ACK 
on previous microframe. 

I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+4 Host does not issue 3rd CSPLIT, 

because host already receives ACK 
on previous microframe. 

I 

SS:Free/x 

---------~--------------------------~-------------+--------------------------~ 
I I I I 

uFrame M+5 , , , , 
I I I I 

Figure A-47. Normal No Smash(FS/LS Handshake Packet is Done by M+l) 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl SSPLIT stl 

st2 OUT st2 

sdl DAT AO • ............. ,,,.. 
TRANS ERR 

SS:Free/x 0 

---------L--------------------S~---- -------------i--------------------------~---------1 I I I 

uFrame M+ 1 : : : : 
---------r--------------------------,-------------T--------------------------,---------

uframe M+2 ct! CSPLIT : 
ctl I 

ct2 OUT 

ch6 NYET 

ct2 

ch5 

•: 
I 

.: 
I 

I 

I 

I 

I 

I ---------r--------------------------,-------------T--------------------------- --------
uframe M+3 

ctl CSPLIT ctl 

ct2 OUT ct2 

ch6 NYET ch5 

I ---------r--------------------------,-------------r------------------------------------
uFrame M+4 

ell CSPLIT ct! 

OUT • ct? 
cl2 

• NYET ch5 ce7 

---------r ____ ce3 ____________________ 
1 

_____________ r--------------------------, --------
, I I I ---------r--------------------------4-------------T--------------------------~---------

uframe M+S 
st! SSPLIT(retry) 

stl 

st2 OUT st2 

, SS:Pending/x 

sdl DATAO 
shl~ 

---------r--------------------------4-------------T--------------------------~ 
uFrame M+9 : OUT 

I 

I 

I 

I 

I 

I 

I 
I 

I 

: CS:Ready/ack -4111 

DATAO 

ACK 

---------r--------------------------,-------------T--------------------------, 
uFrame M+ 10: ctl CSPLIT 

I 

I 

I 

I 

I 

I 

I 

I 

I 

: .... 
I 

ct2 

ch2 

OUT 

ACK 

ell 

ct2 

ch2 
CS:Old/ack 

Figure A-48. Normal HS DATA0/1 Smash 
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Host 
(data toggle) 

0 

uFrame M st! 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT st! 

OUT • st2 

DATAO • 
sh!. 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'(data toggle) 

0 

---------~--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 OUT 

DATAO 

ACK 

CS:Ready/ack 
I ---------~--------------------------~-------------+--------------------------~ --------

uFrame M+2 ____ ct! 

ct2 

CSPLIT 

OUT --------• 

TRANS ERR 
cel->ce6 

ct! CSPLIT(retry imm.) 
ct! 

ct2 OUT • ct2 

• ACK ch2 
ch2 ... 

I 

I 

I 

I 

I 

I 
I 

:Hub ignores this 
10UT because nu 

match the address 

CS:Old/ack 

--------- -------------------------- -------------~--------------------------~---------
uFrame M+3 Host does not issue 2nd CSPLIT, 

because host already receives ACK 
on previous microframe. 

' I I , CS:Free/x , , 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

I I I I ---------r--------------------------,-------------T-------------------------- ---------
uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives ACK : : : 
: on previous microframe. : : : 
I I I I 

Figure A-49. Normal HS CSPLIT Smash 
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Host 
( data toggle) 

0 

uFrame M stl 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

OUT • st2 

DATAO • 
shl~ 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'( data toggle) 
0 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 OUT 

DATAO 

ACK 

CS:Ready/ack 
I 

---------r--------------------------~-------------+--------------------------~ --------
uFrameM+2 ____ ct! CSPLIT : 

I 

ct2 OUT ---------.... Hub ignores this : 

TRANS ERR 
cel->ce6 

• OUT.( no match : 
the Address fieldY, 

----'::~--- CSPLIT(retry imm.) 
ct2 -~~-;:-----------.... 

TRANS ERR 
cel->ce6 

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

----'::~ CSPLIT(retry imm.) 
ct2 ----~~-;:-----------.... Hub ignores this 

OUT.( no match 

TRANS ERR 
cel->ce5 

ENDPOINT HALT 

• the Address field~ 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I I ---------r--------------------------~-------------+--------------------------~ --------
uFrame M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because this endpoint is already : : : 
: ENDPOINT HALT. : : : ---------r--------------------------4-------------T--------------------------~---------

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 

Figure A-50. Normal HS CSPLIT 3 Strikes Smash 
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Host 
( data toggle) 

0 

uFrameM stl 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

OUT • st2 

DATAO • 
shl~ 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'( data toggle) 
0 

---------r--------------------------,-------------+--------------------------~ --------
uFrame M+ 1 OUT 

DATAO 

ACK 

CS:Ready/ack 
I ---------r--------------------------~-------------+--------------------------~ --------

uFrame M+2 ctl CSPLIT 

ct2 OUT 

ACK 
-<11111--------

TRANS ERR 
cel->ce6 

ctl 

ct2 • ch2 ___ _ 

ctl CSPLIT(retry imm.) 
ctl 

ct2 OUT ~ 
ct2 • ACK ch2 

ch2 
..... 

CS:Old/ack 

I ---------r--------------------------,-------------T--------------------------, --------
uframe M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because host already receives ACK : : : 
: on previous microframe. : : : 
I I I I 
I I I I 
I I I I 

---------r--------------------------,-------------+--------------------------~---------
uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives ACI( : : : 
on previous microframe. 

Figure A-51. Normal HS ACK(C) Smash 
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Host 
( data toggle) 

0 

uFrame M stl 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

OUT • st2 

DATAO • 
shl~ 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'( data toggle) 
0 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 OUT 

DATAO 

ACK 

CS:Ready/ack 
I 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+2 

ctl CSPLIT(retry imm.) 
ctl 

ct2 OUT 

ACK 
<11111---------

TRANS ERR 
cel->ce6 

ct? 

ch2 ___ _ 

ctl CSPLIT(retry imm.) 
ctl 

ct2 OUT 

ACK 
<11111---------

TRANS ERR 
cel->ce6 

ct? 

ch2 ___ _ 

ctl CSPLIT(retry imm.) 
ctl 

ct2 OUT 

ACK 
<11111---------

TRANS ERR 
cel->ce5 

ENDPOINT HALT 

ct2 

ch2 ___ _ 

CS:Old/ack 

I 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because this endpoint is already : : : 
: ENDPOINT HALT. : : : ---------r--------------------------,-------------T--------------------------~---------

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 0 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 : OUT 

I 

I 

I 

I 

I 

I 

I 

I 

I 

DATAO • ••••••••••••• a,,,,... 

: TRANS ERR 

1 
CS:Ready/trans_j_err 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+2 ctl CSPLIT : 

----....::..::.:..::.::_::_ _ _'.:c~tl~......_ : 

ct2 OUT • 1 

ERR 

TRANS ERR on FS/LS 

ct2 : 

• CS:Old/trans err 
ch4 - I 

I 

I 

I 

I 

I 

I 

ce2->ce3 : 
---------L-------------------------- -------------i------------------------------------1 I I I 

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

_________ L on r_revious microframe. ________ J _____________ l_ _________________________ J ________ _ 
I I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives ERR : : : 

________ -L on r_revious microframe. ________ J ____________ -L--_______________________ J ________ _ 
I I I I 

---------L--------------------------~-------------i---------------------------' --------
uframe M+8 

stl SSPLIT(retry) 
stl 

st2 OUT • st2 

sdl DATAO • 
shl~ 

uFrame M+9 

---------L--------------------------1 

uFrame M+ 10: __ ct_1 __ .::C..::S:.:.P.:L::I...:.T __ ~ct~l-...._ 

i ct2 OUT ct2 • 

: . 
I 

I ch2 
: .... 
I 

I 

ACK ch2 

SS:Pending/x _____________ i __________________________ _ 

OUT 

DATAO 

ACK 

CS:Ready/ack .... _____________ i __________________________ _ 

CS:Old/ack 

Figure A-53. Normal FS/LS DATA0/1 Smash 
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Host 
( data toggle) 

0 

uFrameM stl 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

OUT • st2 

DATAO • 
shl~ 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

1
( data toggle) 

0 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 : OUT 

I 

: DATAO ..... 

1-----------.a~ I ~ 
I ACK 
I :....---------

1 CS:Ready/trans_j_effRANS ERR 
---------r--------------------------~-------------+--------------------------~ --------

uFrame M+2 ell CSPLIT 

ct2 OUT 

ch4 ERR 

TRANS ERR on FS/LS 
ce2->ce3 

ctl 

ct? 

ch4 

1 
I 

I 

I 

I 

I 

I 

CS:Old/trans ett 
- I 

I 

I 

I 

I 

I 

I 

I 

I 
--------- -------------------------- _____________ i ___________________________________ _ 

I I I I 

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

_________ L on r_revious microframe. ________ J _____________ l_ _________________________ J ________ _ 
I I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives ERR : : : 

---------L on r_revious microframe. ________ J _____________ L _________________________ J ________ _ 
I I I I 

---------L--------------------------~-------------i---------------------------' --------
uFrameM+8 

stl SSPLIT(retry) 
stl 

st2 OUT • st2 

sdl DATAO • 
shl~ 

uFrameM+9 

---------L--------------------------1 

uFrame M+ 10: 
I 

I 
I 

I 

I 

I 

I 

ct! 

ct2 

I ch2 :. 
I 

I 

CSPLIT ctl 

OUT ct2 

ACK ch2 

--~~~~e~~~n~~-i------------------------------------
1 
I 

OUT I 

I 

I 

DAT AO ..... :Device does 
••••11111••.;••-~h•~ : not receive 

ACK 11111" :this data. 
:Data toggle 

CS:Ready/ack ..... hs still 'l ' . _____________ i __________________________ --------

CS:Old/ack 

Figure A-54. Normal FS/LS ACK Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 0 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------,-------------+--------------------------~ --------
uFrame M+ 1 OUT 

DATAO 

ACK 

CS:Ready/ack 
I ---------r--------------------------~-------------+--------------------------~ 

uFrame M+2 CSPLIT : : 
ct) I I 

---------_:C~t)~ ....... I I 
ct2 OUT ~ i i 

TRANS ERR 
cel->ce6 

ct2 I I 

• :Does not match thi~ 
:csPLIT on first : 
:entry of CS.Then : 
:mm does not : 
:respond any packet 

1 

ctl CSPLIT(retry imm.) 
ctl 

ct2 OUT ~ 
ct2 • ACK ch2 CS:Old/ack 

ch2 .... 
I ---------r--------------------------,-------------T--------------------------, --------

uframe M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 
: because host already receives ACK : : : 
: on previous microframe. : : : 
I I I I 
I I I I 
I I I I 

---------r--------------------------,-------------+--------------------------~---------
uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives ACI( : : : 
on previous microframe. 

Figure A-55. Searching No Smash 
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Host 
(data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 0 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------1-------------+---------------------------1 --------

uFrame M+ 1 

OUT 

DATAO 

I ~ 
---------r--------------------------~-------------+----------ACK---------- -I--------

uFrame M+2 ctl CSPLIT ..... 
----..::..::..:....:::.::...:__-...'.c:_tl:_.... CS:Ready/ack 

ct2 OUT • ct? • NYET ch5 
ch6 

..... 
I ---------r--------------------------~-------------+--------------------------~ 

uFrame M+3 ctl CSPLIT 
ctl 

ct2 OUT • ct2 • CS:Old/ack 
ACK ch2 

ch2 • 
I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+4 Host does not issue 3rd CSPLIT, 

because host already receives ACK 
on previous microframe. 

I 

SS:Free/x 
CS:Free/x 

---------~--------------------------~-------------+--------------------------~ 
I I I I 

uFrame M+5 , , , , 
I I I I 

Figure A-56. CS Earlier No Smash(HS NYET and FS/LS Handshake Packet is Done by M+2) 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 0 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------,-------------+--------------------------~ --------

uFrame M+ 1 

I ---------r--------------------------~-------------+--------------------------~ 
uFrame M+2 ctl CSPLIT 

ctl 

ct2 OUT • ct2 • NYET ch5 
ch6 

..... 
I ---------r--------------------------~-------------+----------O"'tJT------------~ 

uFrame M+3 
ctl CSPLIT ctl DAT AO • 

~ ct2 OUT ct2 
ACK 

CS:Ready/ack ch6 NYET ch5 

I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+4 

ctl 
SS:Free/x 

CSPLIT ctl 

ct2 OUT • ct2 • CS:Old/ack 
ACK ch2 

ch2 
..... 

I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+5 : : CS:Free/x : : 

I I I I 

Figure A-57. CS Earlier No Smash(HS NYET and FS/LS Handshake Packet is Done by M+3) 
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Host 
( data toggle) 

0 

uFrame M stl 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

OUT • st2 

DATAO • 
shl~ 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'( data toggle) 
0 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 

OUT 

DATAO 

I ~ 
---------r--------------------------~-------------+----------A.GK---------- -I--------

uFrame M+2 ctl CSPLIT : ..... 
----....::..:~:.::._:__~c'.:tl~ ..... :, CS:Ready/ack 

ct2 OUT ct? , 

.: 
NYET ..,.. ________ _ 

TRANS ERR 
cel->ce6 

chS ____ : 

ctl CSPLIT(retry imm.) 
ctl 

ct2 OUT • ct? 

• NYET ch5 
ch6 

-------------~--------------------------~ --------
uFrame M+3 

ctl CSPLIT 
ctl 

ct2 OUT • ct2 • CS:Old/ack 
ACK ch2 

ch2 
..... 

--------- -------------------------- _____________ i ___________________________________ _ 
I I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives ACK : CS:Free/x : : 
: on previous microframe. : : : 

---------L--------------------------~-------------L-------------------------- ---------1 I I I 
uFrame M+5 ' 1 1 , 

Figure A-58. CS Earlier HS NYET Smash 
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Host 
( data toggle) 

0 

uFrameM stl 

st2 

sdl 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

OUT • st2 

DATAO • 
shl~ 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'( data toggle) 
0 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 

OUT 

DATAO 

I ~ 
---------r--------------------------~-------------+----------ACK---------- ~ --------

uFrame M+2 ctl CSPLIT ctl ..... 
CS:Ready/ack 

ct2 OUT 

NYET ..,.. ________ _ 

TRANS ERR 
cel->ce6 

ctl CSPLIT 

ct2 OUT 

NYET ..,.. _______ _ 

TRANS ERR 
cel->ce6 

ctl CSPLIT 

ct2 OUT 

NYET ..,.. ________ _ 

TRANS ERR 
cel->ce5 

ENDPOINT HALT 

• ct2 • ch5 ___ _ 

ctl • ct2 • ch5 ___ _ 

ctl 

ct2 • 
• chS ___ _ 

I ---------r--------------------------,-------------T-------------------------- ---------
uframe M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because this endpoint is already : : : 
_________ L ENDPOINT HALT. ___________ J _____________ l_ _________________________ : ________ _ 

I I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 

Figure A-59. CS Earlier HS NYET 3 Strikes Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------~-------------+--------------------------~ 
uFrame M+ 1 : : : : 
---------L--------------------------~-------------L--------------------------

uframe M+2 ell CSPLIT 
ell 

ct2 OUT • ct2 • 
ch6 NYET ch5 

0 

-------------~--------------------------~ --------
uFrame M+3 

ell CSPLIT ell 

ct2 OUT • ct2 • NYET ch5 
ch6 

..... 
--------------------------

ell CSPLIT ell 

uFrame M+4 

ct2 OUT • ct? • NYET ch5 
ce7 

..... 

OUT 

DATAO 
--;;~ir~;/~----.L ~~~--~---.-.-.-.~__J 

Hub stops sending this data anr 
forces a bit stuffing error . 

--------- ____ ce3 _________________________________ .L __________________________ __J ________ _ 
I I I I 
I I I I ---------r--------------------------,-------------T--------------------------,---------

uframe M+8 
sll 

st2 

sdl 

SSPLIT(retry) 

OUT 

DATAO 

stl • st? 

• shl~ 

1 
SS:Pending/x 

---------r--------------------------,-------------T---------------------------
uframe M+9 : : OUT 

I I 
I I 
I I DATAO 
I I 
I I 
I I 
I I 
I I ACK 
I I 

: CS:Ready/ack : ..... 
---------L-------------------------- -------------L---------------------------1 

uFrame M+ 10: 
I 

I 
I 

I 

I 

I 

I 

ell 

ct2 

I ch2 
: ..... 
I 

I 

CSPLIT 

OUT 

ACK 

ctl • ct2 • CS:Old/ack 
ch2 

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

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

FS/LS 
device 

1
( data toggle) 

0 

uFrameM stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------~-------------+--------------------------~ 
uFrameM+l : : : : 
---------L--------------------------~-------------L--------------------------

uframe M+2 ctl CSPLIT 
ctl 

ct2 • ct2 OUT 

• 
ch6 NYET ch5 

0 

-------------~--------------------------~ --------
uFrame M+3 

ctl CSPLIT ctl 
ct2 OUT • ct2 • NYET ch5 
ch6 .... 

-------------L--------------------------~ 
ctl CSPLIT 

SS:Free/x Hub frees this transaction from SS. 
ctl 

uFrameM+4 

ct2 OUT • ct2 • NYET ch5 
ce7 .... 

_________ L ____ Ct'.) ____________________ -------------L--------------------------~---------
1 I I I 
I I I I ---------r--------------------------,-------------T--------------------------- --------

uframeM+8 
stl SSPLIT(retry) 

stl 

st2 OUT st2 

sdl DATAO • shl~ 

1 1 
SS:Pending/x 

---------r--------------------------,-------------T---------------------------
uFrameM+9: 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

---------L--------------------------1 

uFrame M+ 10: __ ct_1_---.:C:.:S:::.:P:...:L::I:_:T~-.::ct::l_...._ 

i ct2 OUT ct2 • 

: . 
I 

I ch2 
: .... 
I 

I 

ACK ch2 

OUT 

DATAO 

ACK 

CS:Ready/ack .... 

CS:Old/ack 

Figure A-61. Abort and Free Free(FS/LS Transaction 1s not Started at End ofM+3) 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 0 

stl • st2 • 
shl~ 

1 
SS:Pending/x 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 1 : OUT 

I 

: DATAO ..,._ 

i ------... ;;.;;.---1~ 
I ~ 
I NAK 
~.£---_:.~.:.------

' CS:Ready/nak : 
---------r--------------------------~-------------+--------------------------~ --------

uFrame M+2 ctl CSPLIT 

ct2 OUT 

ch3 NAK 

ctl 
' I 

I 

•: 
ct? I 

• i CS:Old/nak 
chJ I 

I 

I 

I 

I ---------r--------------------------4-------------T--------------------------~ --------
uframe M+3 : Host does nol issue 2nd CSPLIT, : CS:Free/x : : 

: because host already receives NAK : : : 
I · . fr I I I 

---------}- on 2_rev1ous nucro ame. --------~-------------+---------------------------:---------
uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives NAK : : : 
I · · fr I I I ---------f- on 2_rev1ous nucro ame. --------+------------+-------------------------- :---------
, I I I 

---------r--------------------------,-------------T--------------------------~---------
uframeM+8 

stl SSPLIT(retry) 
stl 

st2 OUT st2 

1 
SS:Pending/x 

sdl DATAO 
shl~ 

---------r--------------------------4-------------T--------------------------~ 
uFrameM+9 

OUT 

DATAO 

ACK 

, CS:Ready/ack .... 
---------r--------------------------4-------------T--------------------------~ 

uFrame M+l01 ctl CSPLIT 
ctl 

ct2 OUT • ct2 • CS:Old/ack 
ACK ch2 

ch2 
.... 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

sdl 

SSPLIT 

OUT 

DATAO 

SS:Free/x 

stl 

st2 

shl~ 

1 
SS:Pending/x 

---------r--------------------------~-------------+--------------------------~ 
uFrame M+ 1 OUT 

DATAO 

STALL 

CS:Ready/stall 
I 

0 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+2 

ctl CSPLIT ctl 

ct2 OUT ~ 
ct2 • STALL chl 

chl 
..... 

ENDPOINT HALT 
I ---------r--------------------------,-------------T-------------------------- ---------

uframe M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 
: because this endpoint is already : : : 

------ ___ L ENDPOINT HALT. -- ------- __ J ____ ------- __ l_ ___ ----- -- ----- -- ----- ___ : ___ ------
' I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 

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

(S) : Start Split 

(C): Complete Split 

Summary of cases for Interrupt OUT transaction 

• Normal cases 

Case 

No smash 
(FS/LS data packet is on M+1) 

HS SSPLIT smash 

HS SSPLIT 3 strikes smash 

HS IN(S) smash 

HS IN(S) 3 strikes smash 

HS CSPLIT smash 

HS CSPLIT 3 strikes smash 

HS IN(C) smash 

HS IN(C) 3 strikes smash 

HS DAT A0/1 smash 

HS DAT A0/1 3 strikes smash 

FS/LS IN smash 

FS/LS IN 3 strikes smash 

FS/LS DATA0/1 smash 

FS/LS DAT A0/1 3 strikes smash 

FS/LS ACK smash 

FS/LS ACK 3 strikes smash 

Reference Similar Figure 
Figure 

Figure A-64 

Figure A-65 

No figure 

Figure A-65 

No figure 

Figure A-66 

Figure A-67 

Figure A-66 

Figure A-67 

Figure A-68 

Figure A-69 

Figure A-70 

No figure 

Figure A-71 

No figure 

Figure A-72 

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 MOAT A 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 MOAT A and Figure A-76 
FS/LS transaction is on M+2 and M+3) 

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

HS NYET smash Figure A-78 

HS NYET 3 strikes smash Figure A-79 

• Abort and Free cases 

Case Reference Similar Figure 
Figure 

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

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

• FS/LS transaction error cases 

Case Reference Similar Figure 
Figure 

HS ERR smash Figure A-68 

HS ERR 3 strikes smash Figure A-69 
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• Device busy cases 

Case Reference Similar Figure 
Figure 

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

HS NAK(C) smash Figure A-68 

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

FS/LS NAK smash Figure A-71 

FS/LS NAK 3 strikes smash No figure 

• Device stall cases 

Case Reference Similar Figure 
Figure 

No smash Figure A-83 

HS STALL(C) smash Figure A-68 

HS ST ALL(C) 3 strikes smash Figure A-69 

FS/LS ST ALL smash Figure A-71 

FS/LS ST ALL 3 strikes smash No figure 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM st! 

st2 

SSPLIT 

IN 

SS:Free/x 0 

st! 

st2 

1 
SS:Pending/x 

---------,--------------------------,-------------T------------------------------------
uframeM+l 

IN 

DATAO 

-ti 
CS:Ready/last~ta. ____ .....:..A.::.:C::::K::_ ____ --.a... 

I ..... 

I I ---------r--------------------------~-------------+--------------------------~ 
uFrame M+2 ctl CSPLIT : 

----....::..::..:....::.::._:..._ _ _'.c'.:tl~......_ : 
ct2 IN • , 

ct2 • i 

..-ch7 
DATAO cdl CS:Old/lastdata: 

I 

I 

I 

I 

I I ---------r--------------------------~-------------+--------------------------~ 
uFrame M+3 Host does not issue 2nd CSPLIT, CS:Free/x 

because host already receives 
DA TAO on previous microframe. 

I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+4 Host does not issue 3rd CSPLIT, 

because host already receives 
DA TAO on previous rn.icroframe. 

I 

SS:Free/x 

---------~--------------------------~-------------+--------------------------~ 
I I I I 

uFrame M+5 , , , , 
I I I I 

Figure A-64. Normal No Smash(FS/LS Data Packet is on M+l) 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

_________ ,,,,.. 
SS:Free/x 

Hub ignores this 
IN.( no match 
the Address field) 

I I 

0 

---------r--------------------------4-------------T--------------------------~ --------
uframe M+l : : : : 
---------L--------------------------~-------------i--------------------------~---------

uFrame M+2 ell CSPLIT 

ct2 IN 

ch6 NYET 

ell 

ct2 

ch4 

1 
I 

I 

.: 
I 

I 

•: 
I 

I 

I 

I 

I 

---------~--------------------------~-------------+--------------------------~ --------
uFrame M+3 

ell CSPLIT ctl 

ct2 IN • ct? • NYET ch4 
ch6 

.... 
I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+4 

ell CSPLIT ell 

ct2 IN • ct? 

• NYET ch4 
ce3 

ce2->ce6 
I 

---------~--------------------------~-------------+--------------------------~ 
I I I I 

---------L--------------------------~-------------i---------------------------' 
uFrame M+8 

stl 

st2 

uFrame M+9 

SSPLIT(retry) 
stl 

IN st2 

---------L--------------------------1 

uFrame M+ 10: 
I 

I 
I 

I 

I 

I 

I 

ell 

ct2 

i 4111 ch7 

I 

CSPLIT ctl 

IN ct2 

DATAO cdl 

SS:Pending/x 

_____________ i __________________________ _ 
I 

i ------.:IN.::...:..... _____ __ 

: DATAO 

i 4111 
CS:Ready/lastrutta.. _____ A:....::..::C::.:K.:_ ____ ....._ 

: .... _____________ i __________________________ _ 
I 

I 

I 

I 

I 
I 

I 

I 

CS:Old/lastdata : 
I 

I 

I 

I 

I 

Figure A-65. Normal HS SSPLIT Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 : 

I 

: IN : ----....::.:..__ ____ __...... 
I 

I 

i 411 
CS:Ready/lastrura.. _____ ..:_A.::.:C:::.K:.:.._ ____ __..._ 

I .... 

DATAO 

I I ---------r--------------------------~-------------+--------------------------~ --------
uFrame M+2 ctl CSPLIT : 

---- I 

ct2 IN --------a.- : 
I 

Hub ignores this : 

TRANS ERR 
cel->ce8 

ctl 

ct2 

-4ch7 

CSPLIT(retry imm.) 
ctl 

IN ct2 

DATAO cdl 

IN.( no match : 
the Address field~ 

CS:Old/lastdata
1 
I 

I 

I 

I 

--------- -------------------------- -------------L--------------------------~---------
I 1 I I 

uFrameM+3 : Host does not issue 2nd CSPLIT, , CS:Free/x , , 
I I I 
I I I 
I I I 

: because host already receives 
: DAT AO on previous microframe. : : : 

---------L--------------------------~-------------L--------------------------~---------1 I I I 
uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives : : : 
: DAT AO on previous microframe. : : : 

---------L--------------------------~-------------L--------------------------~---------
1 I I I 

uFrame M+5 1 , , , 

Figure A-66. Normal HS CSPLIT Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 : 

I 

: IN : ----...::.:..:_ ____ __..... 
I 

I 

i -4 
CS:Ready/lastrura.. _____ ..:.A.:C:::.K:.::..._ ____ ___..... 

I ..... 

DATAO 

I I 
---------r--------------------------~-------------+--------------------------~ --------

uFrameM+2 ____ ctl CSPLIT 

ct2 IN 

TRANS ERR 
cel->ce8 

________ ..,.. 

----':!~_ CSPLIT(retry imm.) 
ct2 ---;------------..... 

TRANS ERR 
cel->ce8 

----':!~_ CSPLIT(retry imm.) 
ct2 ---; ..... 

TRANS ERR 
cel->ce7 

ENDPOINT HALT 
I ---------r--------------------------,-------------T-------------------------- ,---------

uframe M+ 3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 
I I I I ---------r--------------------------,-------------T-------------------------- ---------

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 
I I I I ---------r--------------------------,-------------T--------------------------,---------

uframe M+5 : : : : 
I I I I 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 : 

I 

: IN : ----....::.:..__ ____ __..... 
I 

I 

i -4 
CS:Ready/lastrura.. _____ ..:_A.::_:C:::.K:.:.._ ____ __..._ 

I .... 

DATAO 

I I ---------r--------------------------~-------------+--------------------------~ --------
uFrame M+2 : 

ctl CSPLIT ctl : 

ct2 IN ct2 • 
DATAO .fd~ • • 

.....a········· 
TRANS ERR 

cel->ce8 

ctl CSPLIT(retry imm.) 
ctl 

ct2 IN .... 
ct2 • DATAO cdl 

..- ch7 

I 

I 

I 

I 

I 
I 

CS:Old/lastdata: 

---------r--------------------------4-------------T--------------------------~ --------
uframe M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because host already receives : : : 
: DAT AO on previous microframe. : : : 
I I I I 

---------r--------------------------4-------------T--------------------------~---------
uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives : : : 
: DAT AO on previous microframe. : : : 
I I I I ---------r--------------------------4-------------T--------------------------~---------

uframe M+S : : : : 

Figure A-68. Normal HS DA TA0/1 Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 : 

I 

: IN : ----....::.:.:_ ____ __..... 
I 

I 

i ..ti 
CS:Ready/lastrura.. _____ ..:.A.:C:::.K:.::..._ ____ ___..... 

I ..... 

DATAO 

I I 
---------r--------------------------~-------------+--------------------------~ --------

uFrame M+2 
ell CSPLIT ctl 

ct2 IN 
ct? 

DATAO cdl • • 

<OIIIIIIIII··········· 
TRANS ERR 

cel->ce8 

ell CSPLIT(retry imm.) 
ctl 

ct2 IN • ct? 

• DATAO cdl • • 

<OIIIIIIIII··········· 
TRANS ERR 

cel->ce8 

ell CSPLIT(retry imm.) 
ctl 

ct2 IN 
ct? 

DATAO cdl • • 

<OIIIIIIIII··········· 
TRANS ERR 

cel->ce7 

ENDPOINT HALT 
I 

' I 

I 

I 

I 

I 

I 

I 
I 

CS:Old/lastdata: 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+ 3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because this endpoint is already : : : 
: ENDPOINT HALT. : : : ---------r--------------------------4-------------T--------------------------~---------

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : ---------r--------------------------,-------------T--------------------------,---------

uframe M+5 I I I I 

Figure A-69. Normal HS DATA0/1 3 Strikes Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM 
stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

sl2 

SS:Pending/x 

I ---------r--------------------------4-------------T--------------------------~ --------
uframe M+l : IN 

I 

I 

I 

I 

I 

I 

I 

: TRANS ERR 
CS:Ready/trans + err 

I 

I 

I I 

--------· 

---------r--------------------------~-------------+--------------------------~ --------
uFrame M+2 ctl CSPLIT : ------=..:..::.-=..::..::_ _ _:c~tl~......_ : 

~ IN • I 

ct2 : 

ce2 
ERR 

TRANS ERR on FS/LS 
ce2->ce6 

ch3 
• CS:Old/trans err 

- I 

I 

I 

I 

I 

I 

I 

I 

I 

--------- -------------------------- -------------L------------------------------------
uFrame M+3 

I 

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

1 I I 

: CS:Free/x : : 
I I I 
I I I 

: ERR on previous microframe. : : : 
---------L--------------------------~-------------L-------------------------- ---------1 I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives : : : 
: ERR on previous microframe. : : : 

---------L--------------------------~-------------L-------------------------- ---------1 I I I 
I I I I ---------r--------------------------,-------------T--------------------------,---------

uframe M+8 : : : : 
: stl SSPLIT(retry) : : : 
I st) I I I 

: st2 IN •: : : 
: st2 : : : 

: • : SS:Pending/x : : 
---------L--------------------------~-------------L--------------------------~ --------

uFrame M+9 

---------L--------------------------
1 

uFrame M+ 10: 
I 

I 

I 

I 

I 

I 

I 

ctl 

ct2 

i ..a ch7 

I 

CSPLIT ctl 

IN ct2 

DATAO cdl 

1 

: ------.:IN:.::..:. ______ ....._ 
I 

: DATAO 

i ...... ..-... ~-----
CS:Ready/last1ta.. ____ --...:A:...::.::C:.:K:_ ____ ......_ 

I • 
I 

-------------L--------------------------~ --------
1 
I 

I 

I 

I 

I 

I 

CS:Old/lastdata: 
I 

I 

I 

I 

I 
I 

Figure A-70. Normal FS/LS IN Smash 
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Host 
( data toggle) 

0 

uframe M 
stl 

st2 
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SSPLIT 
stl 

IN sl2 

I 

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

SS:Free/x 

SS:Pending/x 

FS/LS 
device 

1
( data toggle) 

0 

---------r--------------------------4-------------T--------------------------~ --------
uframe M+l : IN : -----..:.:...:_ ____ __....._ 

I 

: DATAO • • • • 

:......ii········· 
I 

I 

I TRANS ERR 
CS:Ready/trans J_ err 

I I 
---------r--------------------------~-------------+--------------------------~ --------

uframe M+2 ell CSPLIT 

ct2 IN 

ce2 
ERR 

TRANS ERR on FS/LS 
ce2->ce6 

ctl 

ct? 

ch3 

1 
I 

I 

I 

I 

I 

I 

CS:Old/trans ett 
- I 

I 

I 

I 

I 

I 

I 

I 

I 

--------- -------------------------- -------------L------------------------------------
uframe M+3 

I 

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

1 I I 

: CS:Free/x : : 
I I I 
I I I 

: ERR on previous microframe. : : : 
---------L--------------------------~-------------L-------------------------- ---------1 I I I 

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives : : : 
: ERR on previous microframe. : : : 

---------L--------------------------~-------------L-------------------------- ---------1 I I I 
I I I I ---------r--------------------------,-------------T--------------------------,---------

uframe M+8 : : : : 
: st! SSPLIT(retry) : : : 
I st) I I I 

: ~ IN •: : : 
: st? : : : 

: • : SS:Pending/x : : 
---------L--------------------------~-------------L--------------------------~ --------

uFrame M+9 

---------L--------------------------
1 

uframe M+ 10: 
I 

I 

I 

I 

I 

I 

I 

ctl 

ct2 

i ..-ch7 

I 

CSPLIT ctl 

IN ct2 

DATAO cdl 

1 

i -----IN:::...:. ______ ......._ 
I 

I 

I DATAO 

i ..-
CS:Ready/last4ta.. _____ A:....::.::C::.:K.:__ ____ ......_ 

I .... 
I 

-------------L--------------------------~ --------
1 
I 

I 

I 

I 

I 

I 

CS:Old/lastdata: 
I 

I 

I 

I 

I 
I 

Figure A-71. Normal FS/LS DATA0/1 Smash 
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Host 
( data toggle) 

0 

uFrameM stl 

st2 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

IN st2 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

1
( data toggle) 

0 

---------r--------------------------,-------------T------------------------------------
uframeM+l : 

! ------.:IN::.:. ______ ...._ 

I 

: DATAO 

: ..-
CS:Ready/lastdata____ ACK ! ___________________ .,. 

I I ---------r--------------------------,-------------T--------------------------, --------
uframe M+2 ctl CSPLIT : 

-----.:::.:::_:._:.:..:_ __ ~ct_:_l_....._ : 

~ IN • I 

ct2 I 

..-ch7 DATAO cdl 
I 

I 

CS:Old/lastdata: 
I 

I 

I 

I 

I I ---------r--------------------------,-------------T--------------------------, --------
uframe M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because host already receives : : : 
: DAT AO on previous microframe. : : : 
I I I I ---------r--------------------------,-------------T--------------------------,---------

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives : : : 
: DATAOonpreviousmicroframe. : : : 
I I I I ---------r--------------------------,-------------T--------------------------,---------
1 I I I ---------r--------------------------~-------------+--------------------------~---------

uFrame M+8 : st! SSPLIT : : : 
I stl I I I 

: st2 IN •: : : 
I st2 I I I 

: . : : : 
: : SS:Pending/x : : 

---------L--------------------------~-------------i-------------------------- --------1 
I 

i -----..:IN::.:. ______ ....._ 
uFrameM+9 

I 

I DATAO !.111111111'4~----
CS:Ready/last~ta.. ____ ---...'..A..::.:C:::::K:.:._ ____ ......_ 

I ... 

I I ---------r--------------------------,-------------T--------------------------- --------
uframe M+ 10: ctl CSPLIT ctl : 

I I 

: ~ IN .,_ : 
I ct2 I 

Host does : • : 
notreceive : DATAO cdl CS:Old/lastdata: 
h. d '4lllllll~c~h~7-~;;---•••• t 1s ata. : ..... : 
Data toggle : : 
is still 'I ' . 

Figure A-72. Normal FS/LS ACK Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 : 

I 

: IN : -----....::.:.:_ ____ __..... 
I 

I 

i 4111 
CS:Ready/lastrura.. _____ ..:.A.::.C::::K:.::..._ ____ ___..... 

I ..... 

DATAO 

I I 
---------r--------------------------~-------------+--------------------------~ --------

uFrame M+2 ell CSPLIT : : - ----.::...:~:.::._:--~C~tl:_........_ I I 

ct2 IN •: : 
- ----...::_.:_ ___ _::ct:?_~ I I 

I I 

• :Does not match lhiJ 

TRANS ERR 
cel->ce8 

ctl CSPLIT(retry imm.) 
ctl 

ct2 IN ct? 

4111 ch7 
DATAO cdl 

:csPLIT on first : 
:entry of CS.Then : 
:mm does not : 
:respond any packet: 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

CS:Old/lastdata: 
I 

I 
I 

I 
--------- -------------------------- _____________ i ___________________________________ _ 

I I I I 

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

: DA TAO on previous microframe. : : : 
---------L--------------------------~-------------i-------------------------- ---------1 I I I 

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host already receives : : : 
: DATAO on previous microframe. : : : 

---------L--------------------------~-------------i---------------------------'---------1 I I I 
uFrame M+5 ' 1 1 , 

Figure A-73. Searching No Smash 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 

IN 

1 CSl:Ready/mor~data DATAO 

u~;a~;~;2-r----:~----CS~~ri----:~----~-------------r~iltllill~iiii .. ~A~C;K~_.. .... ~~~ --------
ctl IN • CS2:Ready/last4at:aa----...::...:::::.::. _____ •...._ 

------....:.:...:_ ___ ~ct::_2_•...._ i 

411 ch5 
MDATA cd2 CS 1 :0 ld/mored!ta 

I 

I 

I 

I 

I I ---------r--------------------------~-------------+--------------------------~ 
uFrame M+3 CSl:Free/x : 

ctl CSP LIT ctl : 

ct2 IN 

411 ch7 
DATAO 

ct2 

cdl 

I 

I 

I 

I 

I 

CS2:0ld/lastdat~ 
I 

I 

I 

I 

I I 
---------~--------------------------~-------------+--------------------------~ 

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

I 

SS:Free/x 
CS2:Free/x 

---------~--------------------------~-------------+--------------------------~ 
I I I I 

uFrame M+5 , , , , 
I I I I 

Figure A-74. CS Earlier No Smash(HS MDATA and FS/LS Data Packet is on M+l and M+2) 
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Host 
(data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------,--------------------------,-------------T------------------------------------
uframe M+ 1 

I 

---------r--------------------------~-------------+--------------------------~ 
uFrame M+2 ctl 

ctl CSPLIT 

ct2 IN ct? 

ch6 
NYET ch4 

I 

I 

I IN : ----..:.::...:_ ____ __ 
I 

I 

I DATAO 

i ,4 
CS:Ready/lastd~ta... ACK 

I : ..... ---------r--------------------------~-------------+--------------------------~ 
uFrame M+3 : 

ctl CSP LIT ct! : 

ct2 IN 

,4ch7 DATAO 

ct2 

cdl 

I 

I 

I 

I 

I 

CS:Old/lastdata: 
I 

I 

I 

I 

I I 
---------~--------------------------~-------------+--------------------------~ 

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

I 

SS:Free/x 
CS:Free/x 

---------~--------------------------~-------------+--------------------------~ 
I I I I 

uFrame M+5 , , , , 
I I I I 

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

j ______ _ 
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Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T------------------------------------
uframe M+ 1 

I ---------r--------------------------~-------------+--------------------------~ 
uFrame M+2 ctl CSPLIT : 

----.::..::..:..::.:::..::.__~c'.:tl~......_ : 
~ IN • I 

ct2 • i 

ch6 
NYET ch4 

I 

I 

I 

~ : 

IN 

1 
CS1:Ready/mor~data DATAO 

---------r--------------------------~-------------t~~iilllll~iiii .. ~allllllll .. lal!!!~~~ --------
uFrame M+3 d '11111111 

ctl CSPLIT ctl CS2:Ready/last :ata ____ ..:A.:.C:::.K:..:.... ____ _...... 

ct2 IN • : • 

411 ch5 
MDATA 

ct2 I 

• I 

cd2 CS1:0ld/mored~ta 
I 

I 

I 

I 

I I 
---------~--------------------------~-------------+--------------------------~ 

uFrameM+4 
ctl CSPLIT 

ct2 IN 

411 ch7 
DATAO 

ctl 

ct2 

cdl 

SS:Free/x 

CS1:Free/x 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

CS2:0ld/lastdat~ 
I 

I 

I I 
---------~--------------------------~-------------+--------------------------~ 

uFrame M+5 : : CS2:Free/x : : 
I I I I 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------,--------------------------,-------------T------------------------------------
uframe M+ 1 

I 

---------r--------------------------~-------------+--------------------------~ 
uFrame M+2 ctl CSPLIT ctl 

ct2 IN • ct? • NYET ch4 
ch6 .... 

I ---------r--------------------------~-------------+--------------------------~ 
uFrame M+3 : 

ctl CSP LIT ct! : 

ct2 IN ct2 

ch6 NYET ch4 

I 

I 

I 

I 

IN 

DATAO 

i ,4 
CS:Ready/last~ta... ____ ....:A.:C=.:.:K:_ ____ ..._ 

I .... 

I I 
---------~--------------------------~-------------+--------------------------~ 

uFrame M+4 
ctl CSPLIT 

ct2 IN 

,4ch7 DATAO 

ctl 

ct2 

cdl 

SS:Free/x 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

CS:Old/lastdata: 
I 

I 

I I 
---------~--------------------------~-------------+--------------------------~ 

uFrame M+5 : : CS:Free/x : : 
I I I I 

Figure A-77. CS Earlier No Smash(HS NYET and FS/LS Data Packet is on M+3) 

525 

PA_0001735 



526 

Universal Serial Bus Specification Revision 2.0 

Host 
( data toggle) 

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T-------------------------- ,---------
uframe M+ 1 : : : : 

I I I I 
I I I I 

---------L--------------------------~-------------L--------------------------~ --------
uFrame M+2 ctl CSPLIT ctl 

ct2 IN ct2 

NYET ch~---
<11111---------

TRANS ERR 
cel->ce8 

ctl CSPLIT(retry imm.) 
ctl 

ct2 IN • ct2 • NYET ch4 
ch6 .... 

I 

1 
I 

I 

I 

I 

I 

IN 

: DATAO :4"4~----
CS:Ready/lastru(ta.. ____ -.:...:A:.::C::K:.._ ___ _ 

... 

---------r--------------------------,-------------T------------------------------------
uframe M+3 : 

ctl CSP LIT , 
--~--.:::.:::_:._:.:..:._ __ ~ct~l-...._ : 

~ IN ... I 

-4ch7 DATAO 

ct2 I 

cdl 

I 

I 

CS:Old/lastdata: 
I 

I 

I 

I 

I I ---------r--------------------------,-------------T--------------------------, --------
uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because host already receives : CS:Free/x : : 
: DA TAO on previous microframe. : : : 
I I I I 
I I I I 
I I I I 
I I I I 

---------~--------------------------~-------------+--------------------------~---------
1 I I I 

uFrame M+5 , , , , 
I I I I 

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

Host 
( data toggle) 

0 

uFrameM 

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

FS/LS 
device 

'( data toggle) 

SS:Free/x 0 

stl SSPLIT sll 

st2 IN • st2 

, SS:Pending/x 
---------r--------------------------,-------------T-------------------------- ---------

uframeM+l : : : : 
I I I I 

---------~--------------------------~-------------+--------------------------~---------
uFrame M+2 ct! CSPLIT ctl 

ct2 IN ct2 

NYET ch~---
<11111---------

TRANS ERR 
cel->ce8 

ct! CSPLIT(retry imm.) 

ct2 IN 

NYET 
<11111--------

TRANS ERR 
cel->ce8 

ctl 

ct2 

ch~---

ct! CSPLIT(retry imm.) 
ctl 

ct2 IN 

NYET 
<11111---------

TRANS ERR 
cel->ce7 

ENDPOINT HALT 

• ct2 • ch~---

I 

' I 

i ------.:IN.::...:..... _____ __ 
I 

I 

I DATAO 

i -4 
CS:Ready/lastc!4ta.. ____ -..:.A.::.C::::.K:.:..__ ____ ......_ 

..... 

---------r--------------------------,-------------T-------------------------- ---------
uframe M+3 : Host does not issue 2nd CSPLIT, : : : 

: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 
I I I I ---------r--------------------------,-------------T-------------------------- ---------

uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because this endpoint is already : CS:Free/x : : 
: ENDPOINT HALT. : : : 
I I I I ---------r--------------------------,-------------T-------------------------- ---------

uframe M+5 ! ! ! ! 

Figure A-79. CS Earlier HS NYET 3 Strikes Smash 
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Host 
( data toggle) 

0 

uFrameM stl 

st2 

Universal Serial Bus Specification Revision 2.0 

SSPLIT stl 

IN st2 

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

SS:Free/x 

1 
SS:Pending/x 

FS/LS 
device 

'( data toggle) 

0 

---------r--------------------------,-------------T-------------------------- ---------
uframe M+ 1 : : : : 

I I I I 

---------~--------------------------~-------------+--------------------------~---------
uFrame M+2 ctl CSPLIT ctl 

ct2 IN • ct2 • NYET ch4 
ch6 .... 

I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+3 

ctl CSPLIT 

ct2 IN 

ch6 NYET 

.... 

uFrame M+4 
ctl CSPLIT 

ct2 IN 

ce3 NYET 

.... 

ctl • ct2 • ch4 

ctl • ct2 • ch4 

IN 

DATAO --ss~ir~~/~----L~-.-• .-.--~--11!!!1!!~~-' --------
Hub removes this data packet on a 
buffer and hub does not send ACK. 

_________ L ____ ce2->ceQ ________________ -------------~---------------------------'---------
' I I I 
I I I I ---------r--------------------------,-------------T-------------------------- ---------

uframe M+8 : stl SSPLIT(retry) : : : 
: stl : : : 
: st2 IN •: : : 
I st2 I I I 

: • : SS:Pending/x : : 
I I I I 

---------r--------------------------,-------------+--------------------------~---------
uFrame M+9 ' I 

i -----..:IN'.:.:_ _____ __ 
I 

: lllll&.--~D~A~T.A110 ___ _ 

i ~--CS:Ready/last~ta... ____ ..:.A.:.C:..K::..:::.... ____ __ 

I • 

I I 
---------~--------------------------~-------------+--------------------------~ --------

uFrame M+ 10: ct! CSPLIT : 
I ctl I 

: ct2 IN • : 
: ct2 : 
I • I 

: DAT AO cdl CS:Old/lastdata: : ,4ch7 : 
I I 
I I 

' ' 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

st2 

1 
SS:Pending/x 

---------r--------------------------,-------------T-------------------------- ---------
uframe M+ 1 : : : : 

I I I I 

---------~--------------------------~-------------+--------------------------~---------
uFrame M+2 ctl CSPLIT ctl 

ct2 IN • ct2 • NYET ch4 
ch6 .... 

I 

---------~--------------------------~-------------+--------------------------~ 
uFrame M+3 

ctl CSPLIT ctl 

ct2 IN • ct2 • NYET ch4 
ch6 

-------------i--------------------------~ 
uFrame M+4 

ctl CSPLIT 
SS:Free/x Hub frees this transaction from SS. 

ctl 

ct2 IN • ct? 

ce3 NYET ch4 

--------- ----~~>~6 ________________ -------------i--------------------------~---------
1 I I I 
I I I I ---------r--------------------------,-------------T--------------------------,---------

uframe M+8 : stl SSPLIT(retry) : : : 
: stl : : : 

: st2 IN •: : : 
I st? I I I 

: • : SS:Pending/x : : 
I I I I 

---------r--------------------------,-------------+--------------------------~---------
uFrame M+9 ' I 

i -----...:'.:IN.:.:_ _____ __ 
I 

I 

I DATAO 

i ,4 
CS:Ready/last~ta.. _____ ..'..A.'.::C~K::._ ____ __ 

I .... 

I I 
---------~--------------------------~-------------+--------------------------~ --------

uFrame M+ 10: ctl CSPLIT : 
I ctl I 

: ct2 IN • : 
: ct2 : 
I • I 

: DAT AO cdl CS:Old/lastdata: : ,4ch7 : 
I I 
I I 

' ' 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrameM 
stl 

st2 

SSPLIT 

IN 

SS:Free/x 

stl 

sl2 

SS:Pending/x 

I ---------r--------------------------4-------------T--------------------------~ 
uFrame M+l : : : IN : 

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

: : : NAK : 
: : : .... : 
: : CS:Ready/nak : : 
I I I I 
I I I I ---------r--------------------------,-------------r---------------------------

uFrame M+2 ctl CSPLIT 
ctl 

ct2 IN • ct2 
~ 

NAK chl CS:Old/nak 
chl .... 

I 

0 

---------r--------------------------,-------------r-------------------------- ---------
uFrame M+3 : Host does not issue 2nd CSPLIT, : CS:Free/x : : 

: because host ah-cady receives : : : 
: NAK on previous microframe. : : : 
I I I I ---------r--------------------------,-------------r-------------------------- ---------

uFrame M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 
: because host ah-eady receives : : : 
: NAK on previous microframe. : : : 
I I I I ---------r--------------------------,-------------r--------------------------,---------
1 I I I ---------r--------------------------4-------------T--------------------------~---------

uframe M+8 : : : : 
: stl SSPLIT(retry) : : : 
I stl I I I 

: st2 IN .: : : 
: st2 : : : 

: • : SS:Pending/x : : 
---------L--------------------------~-------------i-------------------------- --------

' uFrame M+9 i ------.:IN::.:. ______ ....._ 

: DATAO 

i .... ..-~----
CS:Ready/last,ta.. ____ ---...:.A..::.:C:::::K::._ ____ ....._ 

I ~ 
--------- -------------------------- _____________ i ___________________________ --------

I 

uFrame M+ 10: 
I 

I 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

ctl 

ct2 

..a ch7 

CSPLIT 

IN 

DATAO 

ctl 

ct2 

cdl 

' I 
I 

I 

I 
I 

I 

I 

CS:Old/lastdata: 
I 

I 

I 

I 

I 

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

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

FS/LS 
device 

'( data toggle) 
0 

uFrame M 
stl 

st2 

SSPLIT 

IN 

SS:Free/x 0 

stl 

sl2 

SS:Pending/x 

I ---------r--------------------------4-------------T--------------------------~ --------
uframe M+l : : : IN : 

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

: : : STALL : 
: : : .... : 
: : CS:Ready/stall : : 
I I I I 
I I I I ---------r--------------------------,-------------T------------------------------------

uframe M+2 ct! CSPLIT 
ctl 

ct2 IN • ct2 • STALL ch3 CS:Old/stall 
L._::Ce:_2 _ _:_:.:.::_::::::----• 

ENDPOINT HALT 
I ---------r--------------------------4-------------T--------------------------~ --------

uframe M+3 : Host does nol issue 2nd CSPLIT, : CS:Free/x : : 
: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 
I I I I 

---------r--------------------------4-------------T--------------------------~---------
uframe M+4 : Host does not issue 3rd CSPLIT, : SS:Free/x : : 

: because this endpoint is already : : : 
: ENDPOINT HALT. : : : 
! ! ! ! 

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

Case Reference 
Figure 

Normal: small payload (<=188) 1 

Normal: large payload (> 188) 2 

HS SSPLIT-all corrupted, HS OUT corrupted 3 

HS DATAO corrupted (small payload) 4 

HS SSPLIT-begin corrupted 5 

HS OUT after the HS SSPLIT-begin is corrupted 6 

HS DAT AO corrupted (large payload) 7 

HS SSPLIT-mid or OUT or DAT AO corrupted 8 
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1) Normal. Payload<= 188 bytes: 

Host 
(toggle} 

HUB 
SS: s tart-split buffer status 

Full-speed 
device 
(toggle} 

0 

uFrameM 

yS: complete-split bl!lffcr status: not needed 
I 

stl SSPLIT-all : SS: Free 
I 

--~-----------.... i 

SS: Pending 

St5 I 

-----.f.,QJ.ILILIL ______ ......._' 
.: sdl I 

DATAO I 

shl - i 
I 

0 

-------r------------------------------,--------------T--------------------------r--------
1 I I I 
I I I I 

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

_______ l ______________________________ J ______________ l _____________________ ~~l-~------
1 I I I 

: :ss: Free : : 
I I I I 
I I I I 

uFrame M + 2 : : : : 
I I I I 
I I I I 
I I I I 
I I I I -------,------------------------------,--------------,--------------------------r--------
1 I I I 
I I I I 
I I I I 

--------L------------------------------~--------------L--------------------------L-------
0 

uFrameM + 8 

-------- ---------------------------------------------L-------------------------- -------

uFrame M + 8 +1 

--------r------------------------------,--------------T--------------------------r-------
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2) Normal. Payload> 188 Bytes 

Host 
(toggle) 

0 

uFrameM 

uFrame M + 1 

st2 

HUB 
SS: start-split buffer status 
yS: complete-split bl!iffer status: not needed 
I 

SSPLIT-begin : SS: Free 

--~-------=------..... i 
St5 I 

-----1,,Q,1.JLILIL ______ ___... I 

.: 
sdl DATAO 

I 

I 

shl 1
, h : G'~te SS[O] entry with 

... : sta~s= Pending : 
I , I 

Full-speed 
device 
(toggle) 

0 

r i '-. T r 

I ' 

st3 SSPLIT-mid : ~ OUT 
st5 .: _______ .,. 

----06l.l.1.LI.!I _______ _.... 1 

sdl DATAO 
.i 

I 

I 

shl - : Create SS[l] with 
- : ~atus = Pending 

I .. 

------~-------------------------------~----....... ~------r----- ------------------i---------
1 ...... I 

uFrameM+ 2 

st3 SSPLIT-mid 
: SS[O]: Free .. ....,:. 
I .. 

--~----------.J ..... i 
St5 I 

- -----1.0J..ILILIL ______ ___..., 
.: 

sdl DATAO 
I 

I 

shl - : Create SS[2] with 
- : ~atus = Pending 

: ................. 
I - .. --------1-------------------------------iSSTf}· Free ----~- - .. ------ -----------1--------

: -. st4 SSPLIT-end I 

---s~t5:-----------. ! 

uFrame M + 3 - -----1.0J..ILILIL ______ ___... 1 

•: 
I 

shl - : Create SS(3) with 
: status = Pending 
,......._.. I 

I ......._.. I 

: --"'t--
--------r------------------------------,sST2): Free ----- ___ ......__ - • _ -----... 

sdl DATAO 

SS(3): Free 
0 
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3) HS SSPLIT-all corrupted (missing or CRC error etc.) 
HS OUT corrupted 

Host 
(toggle) 

HUB 
SS: start-split buffer status 

Full-speed 
device 
(toggle) 

0 

uFrameM 

yS: complete-split bl!iffer status: not needed 
I 

stl SSPLIT-all : SS: Free ··················· ~;.:~~~;! 
St5 I 

QTJT I 

~: 
I 

: OUT token and 
1 t : DATAO packets igqored 

... : SS: Free : 

sdl DATAO 

I I 

0 

-------r------------------------------,--------------T--------------------------r--------
1 I I I 
I I I I 
I I I I 

uFrame M + 1 : : : : 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I Q 

-------~------------------------------~--------------+--------------------------~--------
' I I I 
I I I I 
I I I I 
I I I I 
I I I I 

uFrame M + 2 : : : : 
I I I I 
I I I I 
I I I I 
I I I I -------,------------------------------,--------------,--------------------------r--------
1 I I I 
I I I I 
I I I I 

--------L------------------------------~--------------L--------------------------L-------
0 

uFrame N + 8 

stl 

1 
I 

I 

SSPLIT-all :ss: Free 
----------~St~l--.... I ~i 

OUT I 

··········································~: 
I 

1 HS handler TIMEOUT 
sel - : DATAO packet igno~ed 

- :ss: Free : 
I I 

sdl 
DATAO 

I I 
I I 

I I I 
-------~-------------------------------L-------------- -------------------------4--------

uFrame N + 8 + 1 

------- -------------------------------L-------------- ------------------------- --------
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4) HS DATAO corrupted 

Host 
(toggle) 

0 

uFrameM 

HUB 
SS: start-split buffer status 
yS: complete-split bl!iffer status: not needed 
I 

stl SSPLIT-all : SS: Free 
I ----=-----------_. ... i 

St5 I 

------...JQl.,IJ.J.J.IJ.I _______ ___.... I 

sdl ~: 
DATAO I SS: Free 

• • • e • • • • CRC error~2 : Ignore SS . . . : 
I 

I 

Full-speed 
device 
(toggle) 

0 

-------r------------------------------,--------------T--------------------------r--------
1 I I I 
I I I I 
I I I I 

uFrame M + 1 : : : : 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I Q 

-------~------------------------------~--------------+--------------------------L--------
1 I I I 
I I I I 
I I I I 
I I I I 
I I I I 

uFrame M + 2 : : : : 
I I I I 
I I I I 
I I I I 
I I I I -------,------------------------------,--------------,--------------------------r--------
, I I I 
I I I I 
I I I I 

--------L------------------------------J--------------L--------------------------L-------

I 

-------J-------------------------------L-------------- -------------------------J--------

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

HUB 
Full-speed 
device 

Host 
(toggle) 

0 

uFrameM 

SS: start-split buffer status 
yS: complete-split bl!lffer status: not needed 
I 

st2 SSPLIT-begin : SS: Free 
Tran~f, IT 

st5 ~, 
------.JQ61.l.I.1.IT..L ______ ___. ... I 

sdl .... : OUT token and 
DATAO :DATAO packetign red h : No SS entry create~ 

11111'1 I 

I I 

(toggle) 

0 

-------r------------------------------,--------------T--------------------------r--------
1 I 
I I 
I I 
I I ----=-----------__..' I st5 .... : : 

--~-~Q~!LILIL. ______ __..._: .J 
~, SSPLIT-mid, Ou 11, and DATAO 

sdl -: packet ignored : 
DATAO shl :NoSSentrycreatedt 

h: : 
11111'1 I 

st3 SSPLIT-mid 
uFrame M + 1 

0 

I I I I ------,-------------------------------r--------------r-------------------------,---------
1 I 
I I 
I I 
I I ---::-----------.a...' I st5 .... : SSPLIT-mid omf and DATAO 
I ' I' - -----IQ,,l.l,T .LITL ______ ---111,. , packet ignored , 

.... : No SS entry create~ 
I I 
I I 

shl - i i 

st3 SSPLIT-mid 

0 

uFrameM +2 
sdl DATAO 

I I 
I I 

--------~------------------------------~--------------+--------------------------~-------
' I I I 
I I 
I I st4 SSPLIT-end ---=--------------...1~1 I I I 

st5 .... , I 

- ---:---~QU!J.T.J.T:.__ ______ .... : SSPLIT-end, OUT\ and DATAO 
I , I 

.... , packet ignored , 
sdl DATAO :NoSSentrycreate~ 

shl h : : 
11111'1 I 

I I 

uFrameM +3 
0 

I I 
I I --------r------------------------------,-------------- --------------------------r-------

0 

537 

PA_0001747 



Universal Serial Bus Specification Revision 2.0 

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

HUB 
Full-speed 
device 

Host 
(toggle) 

0 

uFrameM 

stZ 

SS: start-split buffer status 
yS: complete-split bl!iffer status: not needed 
I 

SSPLIT-begin i SS: Free 

--s-t~S------=----.J~..._ i 
.......................... .QLJ.T... Trans_err $el 

sdl DATAO 

················ ·······················~: 
I 

I 

sel 1 

- i DATAO packet igi:iored 

(toggle) 

0 

-------r------------------------------~-..J.:,JuSSP..n!l:~o:ea~ed_------------------------r--------
1 I 

SSPLIT-mid : : ----=-----------~I I I I 

st5 .: : 
- ---~Q,1.ILILIL_ ______ __...: .J 

1 SSPLIT-mid, Ou 11, and DATAO 
• : packet ignored : 

shl : No SS entry created!_ 

hi i 111"1 I 

st3 
uFrame M + 1 

0 

sdl DATAO 

I I I I ------,-------------------------------r--------------r-------------------------,---------
1 I 
I I 
I I 
I I -

------------__...' I ~I I 
st5 ~:SSPLIT-mid, OUI[, and DATAO 

- -----1..,Q,1.JLILIL_ ______ _..... 1 packet ignored 1 

•: No SS entry create<d 
I I 
I I 

shl' i i 
.... I I 

st3 SSPLIT-mid 

0 

uFrameM + 2 
sdl DATAO 

I I 
I I 

--------~------------------------------~--------------+--------------------------~-------
' I I I 
I I 
I I -----=-----------...111,..I I I I 

st5 .I I 
- ----1Q,,1.LT LTIL_ ______ ...111,..: SSPLIT-end, ourt and DATAO 

I . I 
• 1 packet ignored 1 

: No SS entry created!_ 
I I 

shl' : : 
.... I I 

I I 

st4 SSPLIT-end 

uFrameM + 3 
0 

sdl DATAO 

I I 
I I --------r------------------------------,-------------- --------------------------r-------

0 
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7) HS DATAO corrupted 

HUB 
Host SS: start-split buffer status 
(toggle) yS: complete-split btJ1ffer status: not needed 

I I 

SSPLIT-begin : SS: Free : 
I I ---=------_:=-----..i...l I 

st5 .: : 
r\ I I - -----(.y~JLILIL __________ , I 

I I 

sdl •: SSPLIT-begin and PUT token ignored 

e e e DATAO CRC .:No SS entrycreate<t 
e • • • errors 1 1 . . . . : : 

I I 

0 st2 

uFrarne M 

I I 

Full-speed 
device 
(toggle) 

0 

-------r------------------------------,--------------T--------------------------r--------
1 I 

SSPLIT-mid : : ----=-----------~I I I I 

st5 .: : 
- ---J.0,,1.LILII1-______ ___...: ,J 

A I SSPLIT-rnid, Ou 11, and DATAO 
~:packet ignored : 

shl : No SS entry created! 

hi i 
.... I I 

st3 
uFrarne M + 1 

sdl DATAO 

0 

I I I I ------,-------------------------------r--------------r-------------------------,---------
1 I 
I I 
I I 
I I ---=-----------~' I st5 .: SSPLIT-mid OU~ and DATAO 
I ' I' -----1.0~ILILIL ______ --._: packet ignored : 

•: No SS entry create~ 
I I 

shl' i i 
.... I I 

st3 SSPLIT-mid 

sdl DATAO 
uFrarne M + 2 

0 

I I 
I I 

--------~------------------------------~--------------+--------------------------~-------
' I I I 
I I 
I I ----=-----------_...' I 
I I 

st5 .I I 
- ----J06U1.LIJ.I _______ ...... : SSPLIT-end, ourI and DATAO 

.,packet ignored 1 

: No SS entry created! 
I I 

shl' : : 
.... I I 

I I 

st4 SSPLIT-end 

uFrarne M + 3 

sdl DATAO 

0 

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

0 
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8) HS SSPLIT-mid or OUT token or DATAO packet after it is 
corrupted 

Host 
(toggle} 

0 

uFrarne M 

uFrarne M + 1 

uFrameM + 2 

HUB 
Full-speed 
device 

SS: start-split buffer status (toggle) 

st2 

yS: complete-split bl!lffer status: not needed 
I 

SSPLIT-begin : SS: Free 

--=st~S~-----=-----·.a.. i 
-----1.Q,1.ILILIL ______ ---11,,.: .: 

sdl DATAO I 

I 

shl :, 

- : Cre~ SS[O] entry }vith status = Pending 
I , I 

r i '-. i i 
st3 SSPLIT-mid : : OUT : 

I ~I I 

st5 ········ ·· ······· .: : .: 

r, I I I ------.1..u.IJ.II.L. ______ _...,.' I I .,.: : : 
: OUT, and DATAO pµcket : sdl DATAO 

- _____________ ..... : ignored : : 

: No SS[l] entry cre~ted : 
I I I 
I I I 

-, iArSOF,"clown_errofrecoraecl i 

0 

I I I 

st3 SSPLIT-mid : : : o 
--=~---------_....' I I 

st5 •: SSPLIT-mid OUF and DAT AO FS handlerl generates a bit-
-----1.QJ.ILILIL ______ _....: packet ignor~d :' stuffing errot on full-speed bus 

•: No SS entry create~ : 
I I I 
I I I sdl DATAO 

shl - : : : I I I 
I I I 
I I I 
I I I 
I I I 

--------~------------------------------~--------------+--------------------------~-------
' I I I 
I I 
I I st4 SSPLIT-end 

-
---=:-----------J~I I I I 

st5 .I I 
- -----1.,Q,1.JLILIL ______ _....: SSPLIT-rnid, OUT,, and DATAO 

I . I 
• 1 packet ignored 1 

: No SS entry created! 
I I 

shl h : : 
... I I 

I I 

uFrarnc M + 3 
0 

sdl DATAO 

I I 
I I --------r------------------------------,-------------- --------------------------r-------

0 
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A.6 Isochronous IN Split-transaction Examples 

Case Reference 
Figure 

Normal: full-speed bus transaction does not cross microframe boundary 1 

Normal: full-speed bus transaction crosses microframe boundary 2 

HS SSPLIT corrupted 3 

IN after HS SSPLIT corrupted 4 

HS CSPLIT corrupted 5 

Consecutive HS CSPLIT corrupted 6 

HS IN corrupted 7 

Consecutive HS IN corrupted 8 

HS data corrupted (case 1) 9 

HS data corrupted (case 2) 10 

TT has more data than HS expects 11 

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

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

Host 
HUB 
SS: start-split buffer status 

Full-speed 
device 

(toggle) :CS: complete-split buffer stat4's (toggle) 
I I 
I I 
I I 

SS = Free : 
I I 

0 

stl 
0 

SSPLIT 
I I 

~ : uFrameM 
I I 
I I -.I Create SS entry with status T Pending 
I I 
I I 
I I 

-------,-----------------------~---------------------'--------------------------r--------

uFrameM + 1 

I 

Create CS entry 
SS = Free 

CS = Ready/last data 

IN 

4 DATAO 

-------L-----------------------~---------------------~-------------------------- --------
1 I 
I I 

ctl CSPLIT : : 
I I 
I I -.: : 
I I 

uFrame M + 2 ' 1 

•: Send last data with : 

DATAO cdl J DATAO i 

: 4 : CS = Old/last data : 

Fhl I : 

----------r-----------------------L---------------------r--------------------------r-----

uFrameM +3 

I I 
--------4------------------------r--------------------~--------------------------~-------

1 I I I 
I I I I 
I I 
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2) Normal: full-speed bus transaction crosses microframe boundary 

Host 
HUB 
SS: start-split buffer status 

Full-speed 
device 

(toggle) 

0 

stl SSPLIT 
uFrameM 

st2 

:CS: complete-split buffer statilis 
I 

I 

I 

I 

I 

I 

I 

I 

I 

I I 
I I 

._.: Create SS entry with status T Pending 
I I 
I I 
I I 

(toggle) 

0 

-------,-----------------------~---------------------'--------------------------r--------

uFr ame M + 1 

I 

Create CS entry 
SS = Free 

IN 

-------L-----------------------~---------------------~-------------------
1 I / 
: Create CS[l] entry : / " 
: : .,. 
I I / 

~ :.,. .. -,,,,,,,, -: 
Send data ,...iP .. c!([o] with: 

cd2 MDAJ;." : 
MDATA ..A" : 

o 1 ~ CS[O] = Old/more data : 

ctl CSPLIT 

uFrameM+ 2 

~h4 I : 

----------~-----------------------t--create CSrzT entry ----t----/- _SllJ = Rea<!yjmore-da~a ----

ctl CSPLIT : : / ' 

uFrameM+ 3 

: ,.-,i 
I I 

~ ,/ : 
I / I 
1 Send data- m CS[l] with: / 

---'•"'": MDATK"' 1 CS[2] = Ready/last-data 
I / f 

MDATA cdZ J• /: A ~ ~S[l] = Old/more data , : 

0 : 111111111 : / : 
I ch4 I ' I 

----------' -----------------------t------------- /' -----t--------------------------

uFrameM+ 4 

0 

ctl 

chl 
I 

I 

I 

I 

I 

ct2 

CSPLIT 

IN 

DATAO 

1 I 

: / : 
I I 
I I 

: / : 
I I ---•"'": / : 

cdl 

: Sel)d data in CS[2] with 1 

~ DATAO 
I , 

~CS[2] = Old/last data 
I 

I 

I 

I 

I 

I 

I 

I 
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3) HS SSPLIT corrupted 

Host 
(toggle) 

0 

uFrameM 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer statilts 
I 

I 

I 

stl SSPLIT SS = Free 

st2 

Trans errl 
········· ................. :.,-..:Ignore SSPLIT 

I 

I 

.:ignore IN 
No SS entry created 
I 

Full-speed 
device 
(toggle) 

0 

-------,-----------------------~--------------------- --------------------------r--------

uFrame M + 1 

I -------L-----------------------~---------------------~--------------------------
1 I 
I I 
I I 
I I 

ctl CSPLIT 
I I 
I I 

~ : 
I I 
I I 

--__. ..... , Search not complete in: uFrameM+ 2 

Timeout ce7 
Err_count = 1 -> ce3 
Immediate retry CS 

ctl CSPLIT 

time 

.. , IN 
: No split response found 

NYET 

If not last CS 7 ch3 
If last CS 7 ce6 

.: 
I 

I 

ch4 : 

d 
I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

I 
I I 
I I 

-------- '------------------------L---------------------

uFrameM+ 3 
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4) IN after HS SSPLIT corrupted 

Host 
(toggle) 

0 

uFrameM 

stl SSPLIT 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer stat4's 
I 

I 

I 

:Ss = Free 
I 

I 

st2 -.: 
TN sel : 

.. ······· ................ ..,.: 
: No SS entry created 
I 

Full-speed 
device 
(toggle) 

-----------------------~--------------------- -------------------------- --------

uFrame M + 1 

-------L-----------------------~---------------------~--------------------------L--------
1 I 
I I 

: ctl CSPLIT : 
I I 
I I 

: ct2 ~ 
I I 

uFrame M + 2 :
1 

...... : 

- Search not complete in 

Timeout ce7 
Err_count = 1 -> ce3 
Immediate retry CS 

ctl CSPLIT 

NYET 

If not last CS 7 ch3 
If last CS 7 ce6 

uFrameM +3 

time 

No split response found 

ch4 
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5) HS CSPLIT corrupted 

Host 
(toggle) 

0 

uFrameM 

uFrame M + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer stat{is 
I I 
I I 
I I 

SS = Free : 
I I 

stl SSPLIT 
I I --_.~ .. , : 
I I 

st2 
I I 

.: Create SS entry with status t Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

I 

Create CS entry 
SS = Free 

CS = Ready/last data 

IN 

~ DATAO 

Full-speed 
device 
(toggle) 

0 

-------L-----------------------~---------------------+--------------------------L--------
1 I 
I I 

: ctl CSPLIT : 
I I 
: ··········································..,J 

1 ct2 IN 1 
I I 

uFrame M + 2 :
1 

__...: 

- IN is ignored 

Timeout ce7 
Err_count = 1 -> ce3 
Immediate retry CS 

ctl CSPLIT 

chl 
DATAO 

cdl 

~ 
I 

I 

No response is given 

-..: Send last data with 1 

: DATAO : 
d : 

: CS = Old/last data : 
I I 
I I 
I I 
I I 
I I 

----------L-----------------------+---------------------L--------------------------
uFrame M + 3 
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6) Consecutive HS CSPLIT corrupted 

Host 
(toggle) 

0 

uFrame M 

uFrame M + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer statilis 
I I 
I I 
I I 

stl SSPLIT lss = Free : 
I I 
I I 

-.: : st2 I I 
I I 

.: Create SS entry with status 7 Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

I 

Create CS entry 
SS = Free 

CS = Ready/last data 
:4 DATAO 

Full-speed 
device 
(toggle) 

0 

-------L-----------------------~---------------------~--------------------------L--------1 I 
I I 

: ctl CSPLIT : 
I I 

: ············································~ 
1 ct2 IN 1 
I I 

uFrame M + 2 : -.: 

Timeout ce7 
Err_count = 1 -> ce3 
Immediate retry CS 

ctl CSPLIT 

ct2 IN ···········································"t 

I 

I 

IN is ignored 

No response is given 

~ IN is ignored 

Timeout ce7 
Err_count = 2 -> ce3 
Immediate retry CS 

ctl CSPLIT 

No response is given 

ct2 IN············································~ 

Timeout ce7 
Err_count = 3 -> ce4 
Record error 
Go to next cmd 

I 

I 

----., .. , IN is ignored 

No response is given 
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7) HS IN corrupted 

Host 
(toggle) 

0 

uFrame M 

uFrame M + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer statilis 
I I 
I I 
I I 

stl SSPLIT lss = Free : 
I I 
I I 

-.: : st2 I I 
I I 

.: Create SS entry with status 7 Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

I 

Create CS entry 
SS = Free 

CS = Ready/last data 
:4 DATAO 

Full-speed 
device 
(toggle) 

0 

-------L-----------------------~---------------------+--------------------------L--------1 I 
I I 

: ctl CSPLIT : 
I I 
I I 

: !;Jf -.: 
1 eel 1 

uFrame M + 2 : ............ .. .. ... ............... ..,..: timeout 

Timeout ce7 
Err_count = 1 -> ce3 
Immediate retry CS 

ctl CSPLIT 

DATAO 

~ 
I 

I 

No response is given 

~ Send last data with 1 

: DATAO : 
d : 

: CS = Old/lasl dala : 
I I 
I I 
I I 
I I 
I I 

----------L-----------------------+---------------------L--------------------------
uFramel\,1 + 3 
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8) Consecutive HS IN corrupted 

Host 
(toggle} 

0 

uFrameM 

uFrameM + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer stat{ts 

I 

I 

I 

I 

I 

I 

stl SSPLIT 
I 

I 

I 

I I 
I I 

._.: Create SS entry with status 7 Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

I 

Create CS entry 
SS = Free 

CS = Ready/last data 

IN 

~ DATAO 

Full-speed 
device 
(toggle} 

0 

-------L-----------------------~---------------------~--------------------------L--------
1 I 
I I 

: ctl CSPLIT : 
I I 
I I 

: ct2 IN ~ 
uFrame M + 2 i ··············· ···············································~el ... ,...: timeout 

I 

Timeout ce7 
Err_count = 1 -> ce3 
Immediate retry CS 

ctl CSPLIT 

ct2 IN ~ 

No response is given 

eel 1 

··········································~ timeout 

Timeout ce7 
Err_count = 2 -> ce3 
Immediate retry CS 

ctl CSPLIT 

ct2 ~ 

No response is given 

························································· ~~~ ,...: timeout 

Timeout ce7 
Err_count = 3 -> ce4 
Record error 
Go to next cmd 

No response is given 
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9) HS data corrupted ( case I) 

Host 
(toggle) 

0 

uFrameM 

uFrame M + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer statµs 
I I 
I I 
I I 

SS = Free : 
I I 

stl SSPLIT 
I I ---~, .. , : 
I I 

st2 
I I 

_.: Create SS entry with status t Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

I 

Create CS entry 
SS = Free 

CS = Ready/last data 
- DATAO 

Full-speed 
device 
(toggle) 

0 

-------L-----------------------~---------------------~--------------------------L--------
1 I 
I I 
I I 
I I 

ctl CSPLIT 
I I 
I I 

~ : 
I I 

uFrameM + 2 I I 

---'•"'": Send last data with: 
c<ll : DATAO : 

DATAO • • e: : 
• • • • • : CS = Old/last data : 

I I 

__________ ~C RC error ce5 __________ l ____________________ -}-_______________________ --r- ___ _ 

HC rejects data 
And advances 

uFrameM+ 3 

I I --------,------------------------, --------------------~--------------------------~-------
' I I I 
I I I I 
I I 
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I 0) HS data corrupted ( case 2) 

Host 
(toggle) 

0 

uFrameM 

uFrameM + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer statilis 
I I 
I I 
I I 

stl SSPLIT lss = Free : 
I I 
I I 

-.: : 
I I 
I I 

.: Create SS entry with status t Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

Create CS entry 
SS = Free 

IN 

-------L-----------------------1---creat:FeSttj~ntry-----t----------------~.,....,; 
I I _.,.. 

uFrameM + 2 

ctl CSPLIT : : .,.. 
I I / 
I ,.,..-

~ .,..~ 
: / : 

•: / : 
cd2 : - / : 

MDATA • • e :ksend begin-data in csikJJ 
e e e e e : with MDATA : 

I I 

Full-speed 
device 
,(toggle) 

----------~S:~ ___ e!!~!-~~~----------l---CS[Ol=-Oldib6gm4ata--}----
1 HC reiects data : , .,.. - ------------------r-----
I :.J I ""I 

iTAdvance : ~ - .,.. : 
I I 

: Implementor can decide : 
: what to do on the : 
1 continuing full-speed bus V 
I ; 

: Any way the data here iJ : 
,useless / 1 
I ; I 

: / : 
I ; I 

: / : 
---------- -----------------------L----------"Jj.---------'--------------------------
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11) TT has more data than HC expects 

Host 
(toggle) 

0 

uFrameM 

uFrameM + 1 

HUB 
SS: start-split buffer status 
:CS: complete-split buffer statilis 
I I 
I I 
I I 

stl SSPLIT lss = Free : 
I I 
I I 

-.: : 
I I 
I I 

.: Create SS entry with status T Pending 
I I 
I I 
I I 

-----------------------~---------------------'--------------------------

Create CS entry 
SS = Free 

IN 

CS[O] = Ready/more-data 
-------L-----------------------1---creat:FeSttj~ntry-----t-----------------~-,....,. 

I I .., 

ctl CSPLIT : : _., • 

uFrameM + 2 

I I .., 

.,.! I .., 

~ .J.. 
I • I 
I .., I 

•: Send begin-d..ita ·in CS[O] : 
cd2 : with ~QKI'A : 

MDATA d _., : 
I - :~s[O] = Old/more data : 
: ch4 : : CS[l] = Ready/ 

----------~-----------------------L---------------------}----------~ : Create CS[2] entiy 1 • 

I I / 

ctl CSPLIT : : / : .....r. 
•: /.. 

1 Send mid-dat:!,in CS[l] 

---..: .. : with MD~ 

uFrameM + 3 ct2 

I • 

MDATA cd2 J,.s[-rf"=Old/moredata 

,d : 
1 111111111 1 CS[2] = Ready/more-data 

__________ : _ch{ ___________________ l __________________________ --------------------

ctl 

uFrameM + 4 

CSPLIT / , 
/ 

I 

I 
I , 

/i 
I 
I 

I 

I 

I 
, I 

I , I 

Send rnttf-data in csi 
~ wit9-)<lDATA /~ 

I /r I 
MDATA cdl qM CS[2] =Old/more data' : 

• I / I 

HC has ,sen he last CS, but it : : 

CS[3] = Ready/last-data 

Full-speed 
device 
,(toggle) 

receives : MDATA, so something : / : 
goes wrong -> ce8 : ' : 

---------i------------------------,-------------:1------~--------------------------t------
~[3] = Old/last-data 
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12) HS CS too early (full-speed data not available yet) 

Host 
HUB 
SS: start-split buffer status 
:CS: complete-split buffer statµs (toggle) 
I I 
I I 
I I 

0 

SS = Free : 
I I 

stl SSPLIT 
I I ---~, .. , : 
I I 

uFrameM 
st2 

I I -.I Create SS entry with status t Pending 
I I 
I I 
I I 

-------------------------------~---------------------'--------------------------

uFrame M + 1 

I 

Full-speed 
device 
(toggle) 

0 

-----------------------~---------------------~--------------------------L--------
ctl CSPLIT 

ct2 

uFrameM + 2 

Timem.) ce7 
Err_coi[mt = 1 -> ce3 
Imme~ate retry CS 

ctl CSPLIT 

NYET 

This is:not the last CS -> ch3 

1 I 
I I 
I I 
I I 
I I 
I I 

~ : 
I I 
I I 

---'-."'"' Search not complete in: 

ch4 

•: 
I 

I 

time 

.: No split response found 
I 

I 

: Respond with NYET 
I 

I 

I 

I 

I 
I I --------~-----------------------T---------------------+--------------------------~-------
1 I 
I I 

: ctl CSPLIT : IN 
:- Create CS entry : 
: ct2 -. SS = Free : 

uFrameM+3 :- : -- DATAO 
: CS = Ready/last data 1 

-

I 

I 

I 

i --:chl 
I 

I 

I 

I 

I 

cdl Send last data 

1
DATAO 

I 

I 

: CS = Old/last data 
I 

I 

I 

I 

with 
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13) Full-speed timeout or CRC error 

Host 
HUB 
SS: start-split buffer status 

Full-speed 
device 

(toggle) :CS: complete-split buffer stat{ts (toggle) 
I I 
I I 
I I 

SS = Free : 
I I 

0 

stl 
0 

SSPLIT 
I I --_.~ .. , : 
I I 

uFrame M 
st2 

I I 
.: Create SS entry with status t Pending 

I I 
I I 
I I 

------- -----------------------~---------------------'-------------------------- --------

uFrame M + 1 

1 
I 

I 

I 

Create CS entry 1 

SS = Free : 

IN 

:~ DATAO • • e e 
CS = Ready/ : • • • • 
(trans_err or CRC err6r) 

I 

I I 
-------L-----------------------~---------------------~--------------------------L--------

ctl CSPLIT 

uFrameM+ 2 

:~ 
ERR ce2 

1 
I 

I 

I 

I 

~ 
I 

I 

I 

•: SendERR 
I 

I 

d CS= Old/x 
I 

I 

I 

HC r~cord error 1 ------TAdv~nce _____________________ L _____________________ r--------------------------r-----

uFrameM+ 3 

I I --------1------------------------r--------------------,--------------------------~-------
1 I I I 
I I I I 
I I 

554 

PA_0001764 



Universal Serial Bus Specification Revision 2.0 

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, 
tokenIN, tokenOUT, tokenSETUP, 
SOF, ping, 
MDATA, 

possible pac ket PIDs 

DATAx, -- represents both DATAO and DATAl 
CSPLIT, SSPLIT, 
NYET, ERR, 
TRANS ERR); -- pseudo PIDs for error c ases 

TYPE cmds IS (start split, complete split, nonsplit, SOF); 

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

- - HC commands 

TYPE HCresponses IS ( 
do start, 
do_complete, 

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

) ; 

do complete_immediate, 
-- do complete-split 

do halt, 
-- do endpoint halt 

do next cmd, 

do_same_ cmd, 
do comp immed now, 

do complete - split transaction 

immediately before doing a different transaction 

processing for the endpoint of this command 
do next command for this endpoint 
advance data pointer appropriately 
do same command over again 

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

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

TYPE Devresponses IS ( 
do next_data, 
do_nothing 

) ; 
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TYPE waits IS ( 
ITG, 

none); 

TYPE CRCs IS (bad, ok ) ; 

wait up to an inter packet (intra transaction) gap 
for the next packet . 

wait forever for next pac ket 

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

TYPE results IS 
rack, 

TYPE 

r nak, 
r_trans err, 
r stall, 
r_badcrc, 
r _ lastdata, 
r_rnoredata, 
r data); 

epinfo_rec IS RECORD 
space_avail 
data avail 
ep_type 
ep_trouble 
toggle 
END RECORD; 

-- full / low speed transaction result in a buffer 

boolean; 
boolean; 
ep_types; 
boolean; 
boolean; 

TYPE epinfo array IS ARRAY(l DOWNTO 0) OF epinfo_rec; 

TYPE device rec IS RECORD 
ep 
HS 

epinfo_array; 
: BOOL3AN; 

END RECORD; 

TYPE match rec IS RECORD -- result of matching a high-speed complete-split 
state states; 
down result results; 
END RECORD; 

TYPE HS bus rec IS RECORD 
partial high 

ep_type 
PID 

speed transaction state from a high speed bus 
ep_types; 

dev addr 
endpt 
CRC16 
direction 
X 

datapart 
ready 
timeout 
END RECORD; 

TYPE command rec IS RECORD 
ep_type 
cmd 
setup 
ping 
HS 
dev addr 
endpt 
CRC16 
direction 
datapart 
toggle 
last 
END RECORD; 

pids; 
INT3GER RANGE OTO 127; 
INT3GER RANGE OTO 15; 
CRCs; 
directions; 
boolean; 
data choices; 
boolean; 
boolean; 

- - command state that the HC must act upon 
ep types; 
cmds; 
boolean; 
boolean; 
boolean; 

-- true is control setup 

INT3GER RANGE OTO 127; 
INT3GER RANGE OTO 15; 
CRCs; 
directions; 
data choices; 

boolean; 
: boolean; 
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TYPE be 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 INT3GER RANGE OTO (FIFO_DEPTH-1); 
status be buf status; 
END RECORD; 

TYPE CS buff rec IS RECORD 
(partial ) 

match 
store 

state of a periodic complete-split buffer 
match_rec; 
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 
store 

-- Information stored in the bulk/control Buffer . 
hs bus rec; 

match match_rec; 
END RECORD; 

TYPE phases IS (SPLIT, TOK.EN, DATA ) ; Error Inject phases. 

TYPE err_inject rec IS RECORD Error Injection FIFO record. 
phase phases; 
timeout boolean; 
ere CRCs; 
pid boolean; 
END RECORD; 

TYPE err_inject_type IS ARRAY((ERROR_INJECT DEPTH - 1) DOWNTO 0) 
of err_inject rec; 

TYPE cam_type IS ARRAY((FIFO DEPTH - 1 ) DOWNTO 0 ) OF cam_rec; 

--returns true when there is a packet ready to receive from a bus 

FUNCTION Packet ready(HS bus in: HS bus rec) RETURN boolean; 

-- wait until there is a packet ready on a bus 
PROCEDURE Wait for packet(HS bus in: HS bus rec; wait type: waits); 

PROCEDURE RespondDev(dr : devresponses ) ; 

PROCEDURE HC_Accept data; 

PROCEDURE HC_Reject_data; 

PROCEDURE Dev_Accept data; 

PROCEDURE Dev_Record_error; 
END behav_package; 
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B.2 Host Controller Declarations 
shared VARIABLE ErrorCount integer : =0; 
shared VARIABLE HC _response V HCresponses; 
shared VARIABLE rd_ptr integer RANGE 0 TO (ERROR_ 
SIGNAL HSU2_ready boolean; 
SIGNAL HC 

-
command_ready boolean . - FALSE; 

SIGNAL HC cmd command rec; -
SIGNAL HCresponse HCresponses; 
SIGNAL err_inject fifo err_inject_type; 
SIGNAL wr ptr integer RANGE 0 TO (ERROR_ 

-- Issue a packet onto the HS bus. 

PROCEDURE Issue packet(SIGNAL HS bus out 
pid 

OUT HS_bus rec; 
: pids) IS 

13.i,GlN 

HS ous_out.ep_type 
HS_Dus_out.endpt 
HS Dus out.dev addr 

<= HC_cmd.ep_type; 
<= HC_cmd.endpt; 
<= HC cmd.dev_addr; 

HS_Dus_out.direction <= HC_cmd.direction; 
HS ous out.datapart <= HC_cmd.datapart; 

HS DUS out.x <= HC cmd.toggle; - - ???? 

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 

INJECT DEPTH-1) 

INJECT DEPTH-1) 

SSPLIT OR pid 
CSPLIT)) OR 

THEN 

558 

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? 

ELSE 

(err inject fifo(rd_ptr) .phase= DATA AND (pid = MDATA OR pid 

HS bus out.crc16 <= err_inject_fifo(rd_ptr) .ere; 
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 
END IF; 

<= pid; 

Update read pointer. 
IF (rd_ptr = (ERROR_INJECT DEPTH-1)) THEN 

rd ptr := O; 
ELSE 

rd_ptr .- rd ptr + 1; 
END IF; 

-- Otherwise issue 
HS bus out.crc16 
HS bus out.timeout 
HS bus out.pid 

packet with no errors. 
<= ok; 
<= FALSE; 
<= pid; 

END IF; 

Otherwise issue packet with no errors. 
ELSE 

HS bus out.crc16 
HS bus out.timeout 
HS_bus out.pid 

<= ok; 
<= FALSE; 
<= pid; 

END IF; 
HS_Dus_out.ready 
HS_Dus_out.ready 

<= TRUE; 
<= FALSE after 500 ps; 

. - 0. 

. - 0. 

DATAx))) 
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END Issue_packet; 

-- Get next command for HC to execute. 
- - NO'l' USJ:,JJ J,'OH. 'l'HlS lMPLJ:,MJ:,N'l'Al'lON ! ! ! 

PROCEDURE HC Get next command IS 
BEGIN 
END; 

-- Tells HC what happened to this command. 

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; 

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

PROCEDURE IncError IS 
BEGIN 

ErrorCount .- ErrorCount + l; 
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 VARIABLE cam cam_type; -- TT buffer. 

BC buff_rec; 
CS_buff rec; 
integer RANGE OTO (ERROR_INJECT DEPTH-1) .- O· 
boolean; 
boolean; 
boolean.- FALSE; 

shared VARIABLE BC buff 
shared VARIABLE CS Buff 
shared VARIABLE rd_ptr 
shared VARIABLE derror v 
shared VARIABLE ss avail v 
shared VARIABLE periodic 
shared VARIABLE error time 
SIGNAL split 

:time .- 1000000000 ns; 

SIGNAL token 
SIGNAL SS Buff 
SIGNAL CS Buff sig 
SIGNAL mem 
SIGNAL memwrite 
SIGNAL err_inject fifo 
SlGNAL wr_ptr 
SIGNAL derror 
SIGNAL ss avail 

HS bus rec; Stored Shared Split Token 
HS_bus rec; -- Stored Token 
SS_buff_rec; 
CS buff rec; 
carn_rec; 
boolean; 
err_inject type; 
integer l<ANG.i, O 'l'O (i,:mml<_lNJ.i,C'l' JJJ,Fl'H-1) . - O · 
boolean; 
boolean; 

-- Is no space - Returns true when there is no space in the Bulk/Control buffers 
- - for the current start-split. 

function Is no space(BC buff: BC buff rec) return boolean is 
variable result:boolean : =FALSE7 

:Oegin 
IF (BC_buff.status = NOSPACE) THEN 

result := TRUE; 
END IF; 
return result; 

end Is no space; 

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

function Is new_SS(BC_buff: BC buff rec) return boolean is 
variable result:boolean:=FALSE; 

:Oegin 
IF (BC buff.status= NU) THEN 

result := TRUE; 
END IF; 
return result; 

end Is new_SS; 

- - IS old_SS - Returns true when the current high speed start-split is a retry. 

function Is old_SS(BC_buff: BC buff rec) return boolean is 
variable result:boolean:=FALSE; 

:Oegin 
IF (BC buff.status= OLD) THEN 

result := TRUE; 
END IF; 
return result; 

end Is old_SS; 

-- Issue_packet - Issue a packet onto the HS bus. 

procedure Issue_packet(signal HS bus out 
pid 

out HS_bus rec; 
: pids) IS 

:Oegin 

- - Setup HS packet based on 
IF (periodic= TRUE) THEN 

HS_bus_out.ep_type 
HS_bus_out.endpt 
HS bus out.dev addr 

whether its periodic or bulk. 

<= CS Buff.store.ep_type; 
<= CS_Buff.store.endpt; 
<= CS_Buff.store.dev_addr; 
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HS bus out.direction 
HS_bus_out.datapart 
HS bus out.x 

<= CS Buff.store.direction; 
<= CS_Buff.store.datapart; 
<= CS_Buff.store.x; -- ???? 

ELSE 
HS_bus_out.ep_type 
HS_bus_out.endpt 

<= cam(BC buff.index) .store.ep type; 
<= cam(BC=buff.index) .store.endpt; 

HS bus out.dev addr 
HS bus out.direction 
HS_bus_out.datapart 
HS bus out.x 

<= cam(BC buff.index) .store.dev_addr; 
<= cam(BC_buff.index) .store.direction; 
<= cam(BC_buff.index) .store.datapart; 
<= cam(BC buff.index) .store.x; -- ???? 

-- 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.crc16 <= err_inject_fifo(rd_ptr) .ere; 
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 
END IF; 

<= pid; 

--IF (now> error time) THEN 
Update read pointer. 

IF (rd_ptr = (ERROR_INJECT_DEPTH - 1)) THEN 
rd_ptr := O; 

ELSE 
rd_ptr .- (rd_ptr + 1); 

END IF; 
--END IF; 

error time := now; 

Otherwise issue packet with no errors. 
ELSE 

HS bus out.crc16 
HS bus out.timeout 
HS_bus_out.pid 

END IF; 

HS_bus_out.ready 
HS bus out.ready 

end Issue_packet; 

<= ok; 
<= FALSE; 
<= pid; 

<= TRUE; 
<= FALSE after 500 ps; 

-- returns true when wrong combination of split start and last isoch out transaction 
FUNCTION Bad_IsochOut (SS_Buff : SS_Buff_rec; 

split : HS_bus rec) RETURN boolean IS 
VARIABLE result:boolean:=FALSE; 

BEGIN 

result .- ((split.datapart = enddata OR split.datapart = middata) AND 
NOT(SS_Buff.lastdata = begindata OR SS_Buff.lastdata = middata)) OR 

((split.datapart = begindata OR split.datapart = alldata) AND 
SS Buff.isochO) OR 

( (split.datapart = middata OR split . datapart = enddata) AND NOT 
SS Buff. isochO) ; 

RETURN result; 
END Bad_IsochOut; 

-- Save - Save the Packet for use later. 
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procedure Save(hs_bus_in: IN HS_bus_rec; 
SIGNAL hs bus out: OUT HS bus rec ) IS 

oegin 
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; 

oegin 

Assume nospace and intialize index to 0. 
BC buff.status .- NOSPACE; 
BC buff . index .- O· 

FOR i IN Oto 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 
oegin 

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; 

oegin 
BC buff . match . state .- NO MATCH; 
BC buff . index := O; 

FOR i IN Oto 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 ... store information into BC buff and 
indicate match was found. 

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

BC buff.match . state .- cam(i) .match.state; 
BC_buff.match.down_result .- cam(i) .match.down_result; 
BC buff.index:= i; 
match.- TRUE; 

END IF; 
END IF; 

END LOOP; 

periodic := FALSE; 

end Match_split state; 

-- Setup Issue Packet. 

-- Record an error in the SS pipeline for fowarding on the downstream bus. 

PROCEDURE Down error IS 
BEGIN 

derror v := TRUE; 
END Down_error; 

procedure Data_into_SS_pipe IS 
:Oegin 

CS Buff.match.state.- MATCH BUSY; 
ss_avail_v := TRUE; 

end Data_into_SS_pipe; 

procedure Fast match IS 
:Oegin 

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 T TIMER(min) and T TIMER(max), the timer should have a 
minimal resolution of at least l clocktick in the range of T TIMER· In a number of places, a time T TIMER 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 l clocktick of the associated timer away from 
the upper boundary of that range. Under these conditions, a state in the state diagrams will never miss a branch 
because the associated timer overstepped the time-out condition. 

In the state diagrams in this appendix, a timer can be either Run, Started, or Cleared. If a timer is Run, it will 
update itself every clocktick. 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 (T DRST) 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 (TnRsr) 
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 Tl" 
and "Run timer Tl" represents the 2.5 µs (T FTLT) filtering the reset protocol asks for. 

Note: The timer Tl 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 T ucHEND ( 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 (T DRsr). It will then enter the full-speed enabled state. 
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TO 2 ToRsT & 
PORT LOW SPEED= 0 - -

Drive SEO 
Start timer TO 

TO 2 ToRsT & 
PORT LOW SPEED= l - -

!High-speed K & 
TO < T UCHEND & 

Tl < TFTLT 
High-speed K & 

TO 2 ToRsT PORT LOW SPEED= 0 - -

TO 2 T UCHEND & 
~--W-AI-'--T--~ Tl< TFTLT ~-R-u_n__._ti_m...ie_r_T_l_~ 

Drive Chirp J 
Start timer T2 

TO 2 T DRST - T DCHSEO & 
T2 2TucHB rT 

T2 2 T DCHBIT & 
TO < T DRST - T DCHSEO 

TO < T DRST - T DCHSEO & 
T2 2 TocHBTT 

Drive SEO 

TO 2 ToRsT 

!High-speed K & 

Drive Chirp K 
Start timer T2 

TO 2 T DRST - T DCHSEO & 
T2 2 TucHBTT 

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 µs (Twmett) after the end of the upstream 
chirp according to Section 7.1.7.5), the hub drives a Chirp K for 40 to 60 µs (T ocHBTT), then a Chirp J for 40 to 
60 µs , then a Chirp K, etc. It continues with this alternating sequence until timer TO has come within 100 to 
500 µs (ToettSEO) of the end ofreset (ToRsT), When this time is reached, the downstream-facing port finishes the 
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40 to 60 µs of continuous signaling it was busy with when the timer TO exceeds the value of T DRST - T urnsEo 

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: 

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

• 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 ofreset (see Figure C-3) 

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

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

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

These groups of states correspond to an identical list of 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 Kor an SEO 
on the bus. A J would be indistinguishable from idle on the bus that a suspended device sees normally. On 
seeing a K, the device will initiate a resume process. 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 µs (T FILTSEo). 

The loop between the blocks with "Clear timer Tl" and "Run timer Tl " represents this filtering. If the device 
has not detected a continuous SEO before timer TO exceeds the value of T ucHEND - T ucH, 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 T wTcLK 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(*). T WTCLK should have 
a value somewhere between O and 5.0 ms. This allows at least 1.0 ms time to detect the continuous SEO. 

If the device has seen an SEO signal on the bus for at least T FILTSEo, then it can safely assume to have detected a 
reset and can start the reset handshake. 
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SEO I idle Line state change 

Start timer TO 

!SEO& 
T 1 2 T WTRSTHS 

idle & 
TO 2 3.0 ms 

SEO& 
TO 2 T WTRSTFS 

SEO& 
Tl 2 T WTRSTHS 
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TO 2 TucHEND 
-TucH 

Clear timer Tl 

!SEO& 
SEO 

Run timer Tl 

Tl 2 T FTLTSEO 

TO 2 T UCHEND - TUCH & 
Tl < T FILTSEO 

(*) Note: T wrcLK 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 

PA_0001778 



Universal Serial Bus Specification Revision 2.0 

C0<3 & 
T3 < TwTFS 

Enable HS 
terminations 
Disconnect 

D+ pull-up resistor 

Drive Chirp K 
Stait timer T2 

T2 ~ TucH 

Stop Chirp K 
Clear counter CO 

Stait timer T3 

High-speed K !High-speed K & 
T4 <TFILT 

Run timerT4 

High-speed J 

Run timerT4 

T4 ~ TmT 

C0<3 & 

T3 ~ TwTFS 

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

T3 ~TwTFs 
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C.2.2 Reset From Full-speed Non-suspended State 
Timer TO is sta1ted 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 T wrnsTFs (between 2.5 µs 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 sta1ted 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 TO exceeds the value ofTwTREV (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 de bouncing and settling of the lines in the new state (T WTRsn-rs). After 
this time, the line should be sampled to see whether the device should be suspended (on detecting a full-speed 
idle) or reset ( on detecting SEO). 

If an idle was detected, the device should suspend; if an SEO was detected, the device 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 

570 

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 ofT ucH· Another approach would be to wait until the 
timer TO exceeds the value of T ucHEND, before ending the upstream chirp. Both conform to the requirements of 
the reset protocol in Section 7.1.7.5, and the choice may depend on the particular application. 

As soon as the upstream chirp has ended, the device starts listening for the downstream chirp. In order to detect 
at least a K-J-K-J-K-J pattern, it first starts looking for a continuously asserted Chirp K. The method employed 
in this state diagram is counting the number ofK-J transitions. Here Kand J are actually Chirp Kand Chirp J, 
respectively, asse1ted continuously for at least 2.5 µs (T FILT), 

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 T WTFs, the device enters the full-speed 
default state. Reset ends when the bus state changes from SEO to idle. The time TwTFs 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 µs 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 ofreset is signified by the first packet that is received, most 
likely an SOF packet. 
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