TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

Data Manual

Literature Number: SLLU099B
AUGUST 2007 —-Revised February 2008

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Q‘ TEXAS
INSTRUMENTS



TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

Contents

1 a1 e Te [ o1 o] o TP B
1.1 =Y (U] (= PP B

1.2 D707 o} 1T o S fa

1.3 LI L= U Rt g 0 ] £ 4

LI 70 R 1o o Y- PP 4

LI T = = T 1 (o 4 1 [ilS|

1.3.3 Signals Sorted by Terminal NUMDEI ......uuieiieiiiiii s s s r e r e [ils)

1.3.4  Signals SOrted DY NAME ..cuuiuiieeieiiieiererraranraeraraaraeaasansaraasansansasanrarsanansasssransansnssnsansnsnnsnnn i}

IR TR T =Y 0110 = U U o (T o il ]

2 Electrical CharacteriStiCs. .........c.ooiniii e e e e s 26
2.1 Absolute Maximum RatiNgs .. uuue ettt et r s aas Pa

2.2 Recommended Operating ConditioNS .....cvuiieiieeiiiiiii i ae s PG

2.3 Electrical CharacteriStiCS, PHY DIiVer . .uu.ueetteeeettttrrsrassresssssannnssssseseeeerrrrerssssssnssnnnnnnnnnnnns P83

2.4 Electrical Characteristics, PHY RECEIVEI . . ...ttt st ettt i s e e e s s s rssasaasssnnnnnnnnnnnes D3

2.5 Electrical CharaCteristiCS, GeNEIal ...ttt ittteessssssnnnnnneetereearsrrsssssssssnnnnnnnnnnnns P9

2.6 LI =T F= U O = T Tox (= ) o PJ

2.7 Switching Characteristics for PHY PoOrtion .....uue i s nas

2.8 Switching Characteristics for PCl Interface .....ooevveeiiiiiiii e 30

3 PHY Section Register Configuration ......... ... e
4 PHY Section Application Information...............oooo e
4.1 Power-Class ProgrammMing ...uu.e s ie et issrass s ra st s st s santas s e rrsaaeanrnens B2

4.2 =T B U= T 39

43 (078253 £ T @ =TT | = (o 1= 1= o o P 39

4.4 BUS RSO 1ttt e 0

5 Principles of Operation (IEEE Std 1394b-2002 Interface) ...........ccccooviiiiiiiiiniii e A2
5.1 LLC SeCtion ServiCe REQUEST ... c.uutieiiiiiie et et ettt e et e e s e s e e e s e s m e s e san e e sesaneannanenn E3

LT (0L I - U4 1] =Y PN Egq

5.3 TS0 3

LS S - T -0 01 PN Ed

6 TSB83AA23 Link Layer Controller Programming Model ...,
6.1 PCI Configuration REgIStErS uuuueiusieiiiiiiii i e r s aneas B3

6.1.1 Vendor ID RegiSter ..uuuuueiiiiiiiieiii e b4

6.1.2 DeViCe ID RegISTEr 1uueiietiiiii i e eas b4

6.1.3  CommaNd RegiSter..uuueieiitiie it b4

6.1.4  Status RegiSter «uuuiiuiiie i e *

6.1.5 ReViSioN 1D RegiSter «uuuuesiiiii i e e ba

6.1.6  Class Code REGISTEr .uuuiuiiuiieitiiti e e e

6.1.7  Cache Line Size RegiSter ..uuuuiieiiiiii i e b3

6.1.8 Latency Timer RegiSTOr «uuu ettt r s e e r s a et n e aanreas b3

6.1.9  Header Type RegiSter vttt et b3

6.1.10 Built-In Self-Test (BIST) Register. ..o s e e

6.1.11  OHCI Base AdAress RegiSter. .. uuuuueeieieieiaeieaee e et e e e s e s e s e s e n s e aean e

6.1.12 Tl Extension Base Address RegiSter ...uuuuiiiiiiiiiiiiiiiiii e aes b0

6.1.13 CardBus CIS Base Address Register.....ccvviiiiiiiiiiiiiiiiiiirn i e b0

6.1.14 CardBus CIS Pointer REgISIer . uuuuiiieiieiitiiiii e e r e s e e rnes Bl

6.1.15 Subsystem Vendor ID RegiSter.....uuuu it v es p2

6.1.16  Subsystem ID RegiSter ..uuuuiueiieiiiiii i b2

6.1.17 Power Management Capabilities Pointer RegiSter.....ccvviiiiie i viierear e rieeraneeenens *

6.1.18  Interrupt Line REgISTEr «uueuiiieiit it E3

6.1.19  Interrupt Pin RegISter «.uuuiiueiiiiii i e B3

2 Contents [Bubmit Documentation Feedbach



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLU099B&partnum=

TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

6.2

6.1.20  MinimUumM Grant RegISter....uu ettt e s s s e e B3
6.1.21  Maximum Latency RegiSter ...uuu i e &
6.1.22  OHCI CoNtrol REGISTEr ..uuutieiiiiit it s rr s s s e e e e anes &
6.1.23 Capability ID RegiSter. vt e p3
6.1.24  Next-ltem Pointer REGISIEr vuuueuuieiiiiiiiiiir e B3
6.1.25 Power Management Capabilities RegiSter ....uuuiiiiieiiiiiiiii e b3
6.1.26 Power Management Control and Status RegiSter.....uuiiiiiiiiiiiiiiiiii i e r e aaeeas pg
6.1.27 Power Management Extension RegiSter ......vvurviiieiiiiiiiii i e B4
6.1.28 Power Management Data Register ....uiviiiiiiiiiiiiiiiii i e E2
6.1.29 Multifunction Select RegiSter....uu i e &
6.1.30 Miscellaneous Configuration RegiSter .......vuvieiiiiiiiii e b3
6.1.31 LLC Section Enhancement Control REgIStEr ....vuuiieiiiiiiiiiii i e e
6.1.32  Subsystem AcCCESS ReGISIEr 1uuiuuiiiiieiiiiiii e e 2
6.1.33 GPIO Control REgiSter ..uuuuiieiiciiiiiii i /2
L@ O I o 1T 1] (=Y P 3
6.2.1  OHCI Version REgIStEr ...uuuiuieiiieiiieiirer s s e s e s e s s s s s e ranas 3
O € U | (@ I U= 1= (= s
6.2.3  Asynchronous Transmit Retries RegiSter ....vvuuiiiiiiiiiiiiiiiiiiii i e 145
T2 O | T B - 1 - T 1= o 1] (=T 2
6.2.5 CSR Compare Data RegiSter ...uuuiuiiieiiiiiiiiiii s 1|
6.2.6  CSR CONtrol REgISTEr . ueieieieeie it ettt e et e e s e s s s e s s e s n s e e e e s sanen s nanennnn 2
6.2.7  Configuration ROM Header REgISter ....uuuiiiiiiiiieiiiiiii e aes /3
6.2.8  Bus Identification RegiSter......uve i e 78
6.2.9  BUS OptioNS REGISIEr .unuiiieiie it e e e e e e e e e e e
6.2.10  GUID High RegiSter «uuuuueiiiuiiitiei et e e s s e s e s s a s e s e neans 3
6.2.11  GUID LOW ReQISIruusutiiieiie it i s s a s e s s s e rrans B0
6.2.12 Configuration ROM Mapping RegiSter......iuiieiiiiiiiiiiiiiii i s e e e EJ
6.2.13 Posted Write Address LOW RegiSter ...uiuuuiiiieiiiiiiiiiiei e naees B0
6.2.14 Posted Write Address High Register.......ccviiieiiiiiiiiii e Bl
6.2.15  OHCI Vendor ID RegISIEr .. .uuueueiii et ae ettt e e s e s e n s e s e n s e e e e s e e eneaenn Bl
6.2.16 Host Controller Control RegiSter.....uuuirueiitiiiiii i e e aes B2
6.2.17 Self-ID Buffer Pointer Register.....ouuiieiieiiiiiii e B3
6.2.18  Self-ID CoUNt REGISTEr 1.uuutieiiiiit it r s s s s e e nrns &
6.2.19 Isochronous Receive Channel Mask High Register .......cccciviiiiiiiiiiiiiiiiiiiiiieieciene e B9
6.2.20 Isochronous Receive Channel Mask Low Register......ccvviiieiiiiiiiiiiiiiinicen e B3
6.2.21 Interrupt Event RegiSter cuuuui i e B4
6.2.22  Interrupt Mask RegiSter....uuue it e B3
6.2.23 Isochronous Transmit Interrupt Event Register......ovevviiiiiiiiiiiiii e 00
6.2.24 Isochronous Transmit Interrupt Mask Register ....c.uvviiiiiiiiiiiiiiiii i e Ed
6.2.25 Isochronous Receive Interrupt Event Register ...c.uviiieiiiiiiiiiiiii e e Bl
6.2.26 Isochronous Receive Interrupt Mask Register.......vvuvveiiiiiiiiiiiiinr e D2
6.2.27 Initial Bandwidth Available Register.....cvuiiiieiiiiiiiiii s e B2
6.2.28 Initial Channels Available High Register.......uoouviiiiiiiiiii e
6.2.29 Initial Channels Available Low RegiSter ....vuuiiuiiiiiiiiiiiiiir e e B3
6.2.30 Fairness Control REGISTEr ..uuuuiueiiiiieiie it s r s sr s r s n e rans D3
6.2.31  LLC Section Control RegiSter....uuuutiieiitiitiisiiirri i e nrnes D
6.2.32 Node Identification Register.....ccviiieiiiiiiii B4
6.2.33  PHY Layer Control RegiSter. .. ettt s s s s s s r s s s n e s e rnes D3
6.2.34 Isochronous Cycle Timer ReGISter ..uuuuuueiieiiiiiiii i e e aes
6.2.35 Asynchronous Request Filter High Register .....uviiieiiiiiiii e g
6.2.36 Asynchronous Request Filter Low Register....cciiiiiiiiiiiiiiiiiiiiiisi i e B2
6.2.37 Physical Request Filter High Register .....uiiuiiiiiiiiiii i e e B2
6.2.38 Physical Request Filter Low Register.....ccvveiiiiiiiiiiiiiiii e D3

Contents 3



TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

6.2.39 Physical Upper Bound Register (Optional RegiSter) ... .cuvieiviiieiiiiiiiiiiiniiinienenae 09

6.2.40 Asynchronous Context Control RegiSter ......vveeiuiiieiiiiiiiii e D9

6.2.41 Asynchronous Context Command Pointer RegiSter.......vveviiiiiiiiiiiiiiiiieri e 100

6.2.42 Isochronous Transmit Context Control RegiSter .....vuuvieiieiiiiiiiiiiiiii s

6.2.43 Isochronous Transmit Context Command Pointer Register......cvveviiiiiiiiiiiiiiiiiiinaas o

6.2.44 Isochronous Receive Context Control RegiSter.....uvuuiiiieiiiiiiiiiiiirr e o3

6.2.45 Isochronous Receive Context Command Pointer Register.......ocvveiiiiiiiiiiiiiiiiiiiinieenas 04

6.2.46 Isochronous Receive Context Match Register ......vvuviiiieiiiiiiii s o4

6.3 T1 EXIENSION REGISIEIS 1uutiie it et r e eas 103

6.3.1 DV Timestamp ENhanCemMeNtS .....uuieiieeiitiii i et s e s nnneaas 03

6.3.2  MPEG2 Timestamp ProCeaUIE. . ...uuuiiieiieiiiisiiiisrrn s enenas

6.3.3  Isochronous Receive Digital Video Enhancements ......occviiiiiiiiiiiiiiiiiiiiiie i e f0g

6.3.4  Isochronous Receive Digital Video Enhancements Register........ocvviiiiiiiiiiiiiiiiniiiiinnns 100

6.3.5  Link Enhancement RegisSter ....c.uiueiiiiiiiiiiii e [0y

6.3.6  Timestamp OffSet REGISIEr «.uuiuuiiieiiiiiii i s s eeaas 13

7 General-Purpose Input/Output (GPIO) Interface..........c.covviiiiiiiiiiiii e LK
8 Serial EEPROM INTEITACE .........ouieiiiiiiiiii ettt e et e e e e e e e e e eenns 12

4 Contents Bubmit Documentation Feedbach



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLU099B&partnum=

TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

List of Figures

2-1 I Qe =T I =T =T o 30
2-2 Setup and Hold Time Waveforms for Dx, CTLX, and LREQ INPULS ....uveeineiiiiiiiiiiiiii i 30
2-3 Dx and CTLx Output Delay Relative to XCLK Waveforms.....ovviiieiiiiiiiiii e e s e e aes il
4-1 Typical Twisted Pair IEEE Std 1394a-2000 Cable CONNECONS . ..uvutiieiiutieiineritiiens i reraeraeresaneaenaens 38
4-2 Typical DC-Isolated Outer Shield Termination .......veveeeiiiiiii i e e 33
4-3 Non-DC-Isolated Outer Shield Termination......o.uie i s r s saaerneaas 39
5-1 PHY Section-LLC Section INterface ......vviiieiieiiiiiiii i e s aes i
5-2 LREQ/PHY_LREQ REQUESE StrEaM uuuusiseaitisersitiaesitiaerasat st sa s ssrasss s s saerasassassasansasansannns E3
5-3 U = LWL I = Vg ) (T P B2
5-4 PINT (PHY Section INterrupt) Strea@m ...ttt e st eanrnes |
5-5 Normal Packet RECEPION ...uuueiiie i s ue
5-6 Normal Packet Reception With Optional Bus Status Transfer ......eieiiioiiiii i re e e naaeeas g
5-7 N UL Lo (= =T o= o] [ o pQ
7-1 LG L 1@ BN oo o =T = il

List of Figures 5



TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

List of Tables
3-1 Base Register ConfigUIation ... ... .u ettt et il
3-2 Base Register Field DeSCriptioNS .uuueieeriieiiiiirirr s r e aes il
3-3 Page-0 (Port-Status) Register Configuration ......ueseeseeeie st eieeattee e e raesaeaaeraneaaraanransaneeaneannannes
3-4 Page-0 (Port-Status) Register Field DesCriptioNS. ... ue et iiitiiieiiae e ieeri e rassrrs s s saan s saaneaanneanneaans 34
3-5 Page 1 (Vendor ID) Register Configuration .......veveeeieisiiiiinri i aes 35
3-6 Page 1 (Vendor ID) Register Field DeSCriptioNs <.t it raaaa e s r et e s sreanne s sasam e s sanamn s sanannns 33
3-7 Page 7 (Vendor-Dependent) Register Configuration .......ueeeieoeeiiie i ris it e e s s s e sanenaas 39
3-8 Page 7 (Vendor-Dependent) Register Field DeSCrplioNS ....uuveeiiisiiisiiisiirinsssrias s rninenneennnnens 33
4-1 Lo o O =T I oYY g o] (T o - B2
5-1 CTL Encoding When PHY Section Has Control of the BUS .....vevviiieiiiiiiiiiiiiini e E3
5-2 CTL Encoding When LLC Section Has Control of the BuS......cccviiiieiiiiiiiiiii s 3
5-3 Request Stream Bit Length ... ..o e "
5-4 LTS o 01Ty B Y] o= =y g T T[T T 7]
5-5 U =T 1] i
5-6 Bus-Request FOrmat ENCOAING .. .uuuuurintiiitiiiiiti i ra s ra s s raa s rr s rra s s s s e n e raneaanrenas A5
5-7 Bus-Request Speed ENCOTING «.uuuiueiieiiiieiieiitiii s e r e r st s s s et r e nes E3
5-8 Read Register REQUEST ...uuiieiiieiiiii i s s
5-9 LA CER R (=0 ] (= g 1= o U oY A6
5-10 Link NOtifiCation REQUEST. ...ttt s s r e e e st s s s s e n e s s n s san s s neannneannanns g
5-11 2 L TS =1 S E7
5-12 PHY Status Transfier ENCOMING .« .uueeeeeiteraeesaaesaaeraaeesaanesaasesanseaanssaanesannesaansaannsaansraanesannesannssnn 13
5-13 Register Read (Solicited and Unsolicited) PHY Status Transfer Encoding ......cccvviiiiiiiiiiiiiiiiiiiiniieneeeaes A3
5-14 Receive Speed Codes and FOMMAL ....uiiuiieiieiiiiiiiii i s s e rrnes
5-15 Link-Request-Type Encoding During Packet TranSmiSSiON ...u.esivesrissiieniinisinriisni s snnenaas B
5-16 Link-Request Speed-Code Encoding During Packet TranSmiSSioN ....u.vveesveiieiiiiiiiiiiieiin s e El
5-17 Link-Request Format Encoding During Packet TranSmiSSiON.....uuvesiiiesiiiiirinisiisinissiessnnennnnrnnnnaas
5-18 Subaction End-Notification Encoding During Packet TranSmiSSiON .....cveseieoeiiiniiaeraareraeenaeeraaneaanneanneens ¥
5-19 Format Type DUring Grant CyCle .. .uuuuiiiie i it r s e r s s s s s s s s se s ssanrsan s san e saneanneann ¥
5-20 Grant Type Values DUring Grant CYCl ..uuuuuueiiesiie i r it s s r s s n s s s s n s raa s san e naneas ¥
5-21 Speed Type Values DUriNg Grant CYClE . ..uuueire e iieeiaieeaa e raaeeaae e anesaan e saareaan e saanesaaneraneaanneannnns ¥
6-1 Bit Field ACCESS Tag DeSCriPONS +uuuiueiiutieieeitiie ittt ra sttt r s st r s a s s e rnnes B3
6-2 PCI Configuration Register Map ......iueiieiiiiiiiiiii i e s r e n e B3
6-3 Command Register DESCrIDtION .. ettt et e e e e s e e eaanesaan e saa s e san e saan e saaneaannesanneaannrannnnn b3
6-4 Sy e UL ES R R LT o 1] (=T g L= ] o (o o b9
6-5 Revision ID Register DeSCriPtiON . ...ttt eri st rra s s s s a s s s e ta s s s s s s saan e taneaanneaan bd
6-6 Class Code RegiSter DESCHPON ....uuueeitieieat et r e e a e e s e raean s e s eamsn s eansan s eansansnsansnansanenrsn 3|
6-7 Cache Line Size Register DESCriPtiON .. uu et etiete it st s s s s s s san e sa s saanssanasaanssaanesannsannnss b3
6-8 Latency Timer Register DeSCHPHON ...ttt s e s r e s s s sa s s n e r e aanreans b3
6-9 Header Type Register DeSCription ... ettt e e rr e e s r et e s saa e e s saaann e s sannn e s sannnnns b3

6 List of Tables Bubmit Documentation Feedbach



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLU099B&partnum=

TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

6-10 Built-In Self-Test (BIST) Register DeSCrPHON «..uu sttt n i aes b9
6-11 OHCI Base Address Register DeSCHPHON «.uuuueieeieeiiiii i e s raeeas b9
6-12 T1 Base Address Register DeSCriPHON .uuuuesiieiiiiiiii i i rr e s s s s a e naes b0
6-13 CardBus CIS Base Address Register DeSCriPtON ...uuieeiiiieiieiiiir i ne e El
6-14 CardBus CIS Pointer Register DeSCriplion .....uieeeieiieiiiiiiii i v eeas Bl
6-15 Subsystem Vendor ID Register DeSCIIPHON ..uuuuiue it st s r s s s s s e sr s s s saa s sarsan e aanens *
6-16 Subsystem ID Register DeSCriPtiON . ... e e ettt b2
6-17 Interrupt Line Register DeSCHPLION uuiuuiiuiiie i s e i n i aes B3
6-18 Interrupt Line and Pin Register DeSCHPLON .uuuesiiesiiiiiiis i e rr s r e s r e ranreas B3
6-19 Minimum Grant Register DeSCriPiON ...ue st e e B3
6-20 Maximum Latency Register DeSCriPHON ...uuieiieeiie i e e aaas &
6-21 OHCI Control Register DESCHPION ... ue ettt ittt sr s e s s s e s st e s san s s saa s s n s e e anens &
6-22 Capability ID Register DeSCIIDON .. uuue ettt ri sttt aa e s e s e rra s raan e ianeas b3
6-23 Next-ltem Pointer Register DeSCrPON ...uuuusiecieiiiii i s s nnaaas b3
6-24 Power Management Capabilities Register DeSCrPtON ...uvueiiesieiiiieiiiirrie i s s e e e raes b4
6-25 Power Management Control and Status Register DesSCription .....uvveevieiisiiiiiiii e b0
6-26 Power Management Extension Register DesCription.......vveeviieiiiiiiin e e 3|
6-27 Power Management Data Register DeSCHPtON ..uuueevietiiieiiiiieri i r i r s i er e nsa e nenaas B4
6-28 MUItIfUNCLION SeleCt REGISIEr +uuuiiutie ittt ernnans &
6-29 Miscellaneous Configuration Register......c.vveiiiiiiiiiiiiii s sn s s e enaenas DY
6-30 LLC Section Enhancement Control Register DesCription .....ueiviiieiiiiiiiii e aes
6-31 Subsystem Access Register DeSCriPtioN . ... s et 2
6-32 GPIO Control Register DeSCrPiON .uuueieeiiiieiiiiiii i s e s e e raneas 2
6-33 (@ O I 1= 113 (=Y a1V T N
6-34 OHCI Version Register DeSCriDtioN . uuu e e ettt rae st sr e e s s st s e s s ssan e s e ranens 3
6-35 GUID ROM Register DesCriplioN....uuueieeisiiiiiiierisras s rsr s s saa s nrsasannrnens [
6-36 Asynchronous Transmit Retries Register DesCription....uvsivieiiiiiiiii i e us
6-37 CSR Control Register DESCHPHION . .uuuuiueisieiiie i sttt e r e a i a e e raneas 14|
6-38 Configuration ROM Header Register DesCription.....uueiieiieiieiiiiiiie i s e raeeas /8
6-39 Bus Options Register DESCriDtiON . ... u ettt et s s e e s s s s e s st e s s s ran s e nans 3
6-40 Configuration ROM Mapping Register DeSCriPtON «.uuuueiiuiie it naeeas B0
6-41 Posted Write Address Low Register DesCription ....iuecveeieiieiiiiiiini i s e ees B0
6-42 Posted Write Address High Register DesSCHPtON ... eeuius i iiiiiis i i rr s aaas Bl
6-43 Vendor ID Register DESCHPHON . v uuuuutieiiei i st r et r e s e s r s srran e aaneas B2
6-44 Host Controller Control Register DeSCHPHION uuuusiue i e e aes B2
6-45 Self-ID Count Register DESCHPHON .. uu ettt st e s s s s e s s n s a s s s n s s e rnens &
6-46 Isochronous Receive Channel Mask High Register DesCription.....cueveevisiisieiiiieiinenn e e ennnaes B5
6-47 Isochronous Receive Channel Mask Low Register Description .......cveeviiiieiiiiiiiiiiiiinrs e B3
6-48 Interrupt Event Register DeSCriptioN .uuu . e iisiie i s e s s r e rr e eas B7
6-49 Interrupt Mask Register DeSCrPHION .. .uuiuiie it e e e n i nes B9
6-50 Isochronous Transmit Interrupt Event Register Description .....vvuuveiieiiiiiiiiiir e e K|

List of Tables 7



TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

6-51 Isochronous Receive Interrupt Event Register DesCriplion .. ...eiiisiii i i n e r e e eaas D2
6-52 Initial Bandwidth Available Register DesCription .....uucveieiiiiiiiii e D2
6-53 Initial Channels Available High Register DesSCriptioN ... ..ee et e r e r e e ne s anenaaeeans D3
6-54 Initial Channels Available High Register DeSCription ... .. i i i n e eas D3
6-55 Fairness Control RegiSter DeSCriPtiON ... u s e ieiss et r s s e ra s s r e s s s a s saan s saan s saneaanneaas D7
6-56 LLC Section Control Register DESCHPHON ..uuu ettt s e e r s s e s s s e s n s n e D7
6-57 Node Identification RegiSter DeSCIPIION ... ettt r s e srr s st s sa s saan e saneaannenn 03
6-58 PHY Layer Control Register DesCriplion ....u.ecveeisiiiiiiiis e s e aes D3
6-59 Isochronous Cycle Timer Register DESCHPON . .uuuuutiie et eiiretereeeeareaaneraan e saanesanreaannsaaneraaneaanneann D3
6-60 Asynchronous Request Filter High Register DesCription .......iveiviiiiiiiiiiiiii e B2
6-61 Asynchronous Request Filter Low Register DesCription v...uv.eiviiiiiiiiiiirirss s e s e aeas B7
6-62 Physical Request Filter High Register DesCription ... ...cooi it e s rananees D3
6-63 Physical Request Filter Low Register DeSCriPtiON ... e i e s e e e e naaneaas D3
6-64 Asynchronous Context Control Register DeSCription ... s i i e s aes 09
6-65 Asynchronous Context Command Pointer Register DeSCrPtoN ...v.uvveeiieiriiiiieriiiiria i seeaas 100
6-66 Isochronous Transmit Context Control Register DesCription .....vuuveiisiiiiiiiiii i e [0
6-67 Isochronous Receive Context Control Register Description .....cvusiieiieiiiiiiiiin e 03
6-68 Isochronous Receive Context Match Register DeSCHPON ....u.eeiiiiiii i r e e aneeaneaas 103
6-69 TI EXteNSION REGISTEr M 1 uueutiieiitii ettt et e e e e s e s s s e s s s e a s nr e s e a e ens 03
6-70 Isochronous Receive Digital Video Enhancements Register Description......ccvevvieiiiiiiiiiniiecninnnnnens [0y
6-71 Link Enhancement Register DesCriptioN. ... e e e s r st e s aan e s sannn e eanns 109
6-72 Timestamp Offset Register DeSCriPliON. .. .uuu et s nraas 139
8-1 RS T = U == T 1 1T o 3

8 List of Tables Bubmit Documentation Feedbach



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLU099B&partnum=

{'? TEXAS

INSTRUMENTS

www.ti.com

TSB83AA23 IEEE Std 1394b-2002
PHY and OHCI Link Device

SLLU099B—-AUGUST 2007—-REVISED FEBRUARY 2008

Introduction

Features

Fully Supports Provisions of IEEE Std
1394b-2002 Revision 1.33+ at 1-Gigabit
Signaling Rates

Fully Supports Provisions of IEEE Std
1394a-2000 and IEEE Std 1394-1995 for
High-Performance Serial Bus

Fully Interoperable With Firewire™, i.LINK™,
and SB1394 Implementations of IEEE Std 1394
Provides Three Fully Backward-Compatible,
(IEEE Std 1394a-2000 Fully Compliant)
Bilingual IEEE Std 1394b-2002 Cable Ports at
up to 800 Megabits per Second (Mbps)

Full IEEE Std 1394a-2000 Support Includes:

— Connection Debounce

— Arbitrated Short Reset

— Multispeed Concatenation

— Arbitration Acceleration

— Fly-By Concatenation

— Port Disable/Suspend/Resume

Extended Resume Signaling for Compatibility
With Legacy Digital Video (DV) Devices
Power-Down Features to Conserve Energy in
Battery-Powered Applications

Low-Power Sleep Mode

Fully Compliant With Open Host Controller
Interface (OHCI) Requirements

Cable Power Presence Monitoring

Cable Ports Monitor Line Conditions for Active
Connection to Remote Node

Register Bits Give Software Control of
Contender Bit, Power-Class Bits, Link Active
Control Bit, and IEEE Std 1394a-2000 Features
Interoperable With Other 1394 Physical Layers
(PHYs) Using 1.8-V, 3.3-V, and 5-V Supplies
Low-Jitter, External Crystal Oscillator Provides
Transmit and Receive Data at 100/200/400/800
Mbps and Link-Layer Controller (LLC) Clock at
49.152 MHz and 98.304 MHz

Separate Bias (TPBIAS) for Each Port

Software Device Reset (SWR)

Fail-Safe Circuitry Senses Sudden Loss of
Power to the Device and Disables Ports to
Ensure That TSB83AA23 Does Not Load
TPBIAS of Any Connected Device and Blocks
Any Leakage From the Port Back to Power
Plane

IEEE Std 1394a-2000-Compliant
Common-Mode Noise Filter on Incoming Bias
Detect Circuit to Filter Out Crosstalk Noise
Port Programmable to Force IEEE Std
1394a-2000 Mode to Allow Use of IEEE Std
1394a-2000 Connectors (IEEE Std 1394b-2002
Signaling Must Not Be Put Across IEEE Std
1394a-2000 Connectors or Cables)

3.3-V and 5-V PCI Signaling Environments

Serial-Bus Data Rates of 100 Mbps, 200 Mbps,
400 Mbps, and 800 Mbps

Physical Write Posting of up to Three
Outstanding Transactions

Serial ROM or Boot ROM Interface Supports
2-Wire Serial EEPROM Devices

33-MHz/32-Bit PCI Interface
Multifunction Terminal (MFUNC Terminal 1):

— PCI_CLKRUN Protocol Per PCI Mobile
Design Guide

— General-Purpose 1/0 (GPIO)

— CYCLEIN/CYCLEOUT for External Cycle
Timer Control for Customized
Synchronization

PCI Burst Transfers and Deep FIFOs to

Tolerate Large Host Latency

Transmit FIFO—5K Asynchronous

Transmit FIFO—2K Isochronous

Receive FIFO—2K Asynchronous

Receive FIFO—2K Isochronous

DO, D1, D2, and D3 Power States and PME

Events Per PCI Bus Power Management

Interface Specification

Programmable Asynchronous Transmit

Threshold

Isochronous Receive Dual-Buffer Mode

Out-of-Order Pipelining for Asynchronous
Transmit Requests

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this document.

OHCI-Lynx is a trademark of Texas Instruments.

Firewire is a trademark of Apple Computer, Inc.

i.LINK is a trademark of Sony Kabushiki Kaisha TA Sony Corporation.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 2007-2008, Texas Instruments Incorporated
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1.2 Description

The TSB83AA23 is an integrated IEEE Std 1394b-2002 link-layer controller (LLC) design and physical
layer (PHY) design combined in a single package to meet the demanding requirements of today’s 1394
bus applications. The TSB83AA23 device is capable of exceptional 800-Mbps performance; thus,
providing the throughput and bandwidth to move data efficiently and quickly between the PCl and 1394
buses. The TSB83AA23 device also provides outstanding ultralow power operation and intelligent
power-management capabilities. The device provides the IEEE 1394 LLC function and PHY function and
is compatible with 100-Mbps, 200-Mbps, 400-Mbps, and 800-Mbps serial-bus data rates.

The TSB83AA23 operates as the interface between 33-MHz/32-bit PCl local bus and an IEEE Std
1394a-2000 or IEEE Std 1394b-2002 serial-bus interface. It is capable of supporting serial data rates at
98.304, 196.608, 393.216, 491.52, or 786.432 Mbps (referred to as S100, S200, S400, S400B, or S800
speeds, respectively). When acting as a PCl bus master, the TSB83AA23 device is capable of multiple
cache-line bursts of data, which can transfer at 132M bytes/s for 32-bit transfers after connecting to the
memory controller.

Due to the high throughput potential of the TSB83AA23 device, it possible to encounter large PCI and
legacy 1394 bus latencies, which can cause the 1394 data to be overrun. To overcome this potential
problem, the TSB83AA23 implements deep transmit and receive FIFOs (see [Seclion 1.1], Features, for
FIFO size information) to buffer the 1394 data, thus, preventing possible problems due to bus latency.
This also ensures that the device can transmit and receive sustained maximum-size isochronous or
asynchronous data payloads at S800.

The TSB83AA23 LLC section implements other performance enhancements to improve overall
performance of the device, such as a highly-tuned physical data path for enhanced SBP-2 performance,
physical post writing buffers, multiple isochronous contexts, and advanced internal arbitration.

The TSB83AA23 LLC section also implements hardware enhancements to better support digital video
(DV) and MPEG data stream reception and transmission. These enhancements are enabled through the
isochronous receive digital video enhancements register at Tl extension offset A80h (see Beclion 6.3.4,
Isochronous Receive Digital Video Enhancements Register). These enhancements include automatic
time-stamp insertion for transmitted DV and MPEG-formatted streams, and common isochronous packet
(CIP) header stripping for received DV streams.

The CIP format is defined by the IEC 61883-1:1998 specification. The enhancements to the isochronous
data contexts are implemented as hardware support for the synchronization time stamp for both DV and
audio/video CIP formats. The TSB83AA23 device supports modification of the synchronization time-stamp
field to ensure that the value inserted via software is not stale — that is, less than the current cycle timer
when the packet is transmitted.

The TSB83AA23 performance and enhanced throughput make it an excellent choice for today’s 1394 PC
market; however, portable, mobile, and even desktop PC power-management schemes continue to
require devices to use less and less power, and TI's 1394 product line has continued to raise the bar by
providing the lowest-power 1394 devices in the industry. The TSB83AA23 device represents the next
evolution of TI commitment to meet the challenge of power-sensitive applications. The TSB83AA23 device
has ultralow operational power requirements and intelligent power-management capabilities that allow it to
conserve power autonomously based on the device usage. The TSB83AA23 LLC section fully supports
DO, D1, D2, and D34y c01q POWer states, as specified in the PC 2001 Design Guide requirements and the
PCI Power Management Specification. PME wake-event support is subject to operating-system support
and implementation.
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As required by the 1394 Open Host Controller Interface Specification (OHCI) and IEEE Std 1394a-2000,
internal control registers are memory mapped and nonprefetchable. The PCI configuration header is
accessed through configuration cycles as specified by the PCI/ Local Bus Specification, and provides
plug-and-play (PnP) compatibility. Furthermore, the TSB83AA23 LLC section is fully compliant with the
latest PCI Local Bus Specification, PCl Bus Power Management Interface Specification, |IEEE Std
1394b-2002, IEEE Std 1394a-2000, and 1394 Open Host Controller Interface Specification.

The TSB83AA23 PHY section provides the digital and analog transceiver functions needed to implement a
three-port node in a cable-based IEEE 1394 network. Each cable port incorporates two differential line
transceivers. The transceivers include circuitry to monitor the line conditions as needed for determining
connection status, for initialization and arbitration, and for packet reception and transmission.

The TSB83AA23 is powered by multiple voltage supplies, 3.3-V supplies for /0 and the LLC section, and
a core voltage supply for the PHY section. The core voltage supply is supplied to the PLLVDD_CORE and
DVDD_CORE terminals in accordance with the requirements in the recommended operating conditions.
The PLLVDD_CORE terminals must be separated from the DVDD_CORE terminals, the PLLVDD_CORE
terminals are decoupled with 1-pF and smaller decoupling capacitors, and the DVDD_CORE terminals
separately decoupled with 1-uF and smaller decoupling capacitors. The separation between DVDD_CORE
and PLLVDD_CORE can be implemented by separate power-supply rails, or by a single power-supply rail,
where the DVDD_CORE and PLLVDD_CORE are separated by a filter network to keep noise from the
PLLVDD_CORE supply. In addition, REG_EN must be asserted low to enable the internal voltage
regulator for the LLC section. If REG_EN is not pulled low, the a 1.8-V power rail must be applied to the
REG18 pins.

The TSB83AA23 requires an external 98.304-MHz crystal oscillator to generate a reference clock. The
external clock drives an internal phase-locked loop (PLL), which generates the required reference signal.
This reference signal provides the clock signals that control transmission of the outbound encoded
information. The power-down (PD) function, when enabled by asserting the PD terminal high, stops
operation of the PLL.

Data bits to be transmitted through the cable ports are latched internally, combined serially, encoded, and
transmitted at 98.304, 196.608, 393.216, 491.52, or 983.04 Mbps (referred to as S100, S200, S400,
S400B, or S800 speed, respectively) as the outbound information stream.

To ensure that the TSB83AA23 conforms to the IEEE Std 1394b-2002 standard, the BMODE terminal
must be asserted.

NOTE
The BMODE terminal does not select the cable-interface mode of operation. The BMODE
terminal selects the internal PHY section-LLC section interface mode of operation and
affects the arbitration modes on the cable. BMODE must be pulled high during normal
operation.

The cable interface can follow either the IEEE Std 1394a-2000 protocol or the IEEE Std 1394b-2002
protocol on all ports. The mode of operation is determined by the interface capabilities of the ports being
connected. When any of the ports are connected to an IEEE Std 1394a-2000-compliant device, the cable
interface on that port operates in the IEEE Std 1394a-2000 data-strobe mode at a compatible S100, S200,
or S400 speed. When a bilingual port is connected to an IEEE Std 1394b-2002-compliant node, the cable
interface on that port operates per the IEEE Std 1394b-2002 standard at S400B or S800 speed. The
TSB83AA23 automatically determines the correct cable interface connection method for the bilingual
ports.
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To operate a port as an IEEE Std 1394b-2002 bilingual port, the data-strobe-only terminal for the port
(DSO or DS1) must be pulled to ground through a 1-kQ resistor. The port must be operated in the IEEE
Std 1394b-2002 bilingual mode when an IEEE Std 1394b-2002 bilingual or an IEEE Std 1394b-2002
Beta-only connector is connected to the port. To operate the port as an IEEE Std 1394a-2000-only port,
the data-strobe-only terminal (DS0 or DS1) must be pulled to 3.3-V V¢ through a 1-kQ resistor. The only
time the port must be forced to the data-strobe-only mode is if the port is connected to an IEEE Std
1394a-2000 connector (either 6 pin, which is recommended, or 4 pin). This mode is provided to ensure
that IEEE Std 1394b-2002 signaling is never sent across an IEEE Std 1394a-2000 cable.

During packet reception, the serial data bits are split into 2-, 4-, or 8-bit parallel streams by the PHY
section and sent to the link-layer controller (LLC) section. The received data is also transmitted (repeated)
on the other connected and active cable ports.

Both the twisted pair A (TPA) and the twisted pair B (TPB) cable interfaces incorporate differential
comparators to monitor the line states during initialization and arbitration when connected to an IEEE Std
1394a-2000-compliant device. The outputs of these comparators are used by the internal logic to
determine the arbitration status. The TPA channel monitors the incoming cable common-mode voltage.
The value of this common-mode voltage is used during IEEE Std 1394a-2000-mode arbitration and sets
the speed of the next packet transmission. In addition, the TPB channel monitors the incoming cable
common-mode voltage on the TPB pair for the presence of the remotely supplied twisted pair bias
(TPBIAS) voltage.

When connected to an IEEE Std 1394a-2000-compliant node, the TSB83AA23 PHY section provides a
1.86-V nominal bias voltage at the TPBIAS terminal for port termination. The PHY section contains three
independent TPBIAS circuits (one for each port). This bias voltage, when seen through a cable by a
remote receiver, indicates the presence of an active connection. This bias voltage source must be
stabilized by an external filter capacitor of 1 pF.

The line drivers in the TSB83AA23 PHY section are designed to work with external 112-Q termination
resistor networks to match the 110-Q cable impedance. One termination network is required at each end
of a twisted-pair cable. Each network is composed of a pair of series-connected 56-Q resistors. The
midpoint of the pair of resistors that is connected to the TPA terminals is connected to its corresponding
TPBIAS voltage terminal. The midpoint of the pair of resistors that is directly connected to the TPB
terminals is coupled to ground through a parallel RC network, with recommended values of 5 kQ and
270 pF. The values of the external line-termination resistors are selected to meet the standard
specifications when connected in parallel with the internal receiver circuits. A precision external resistor
connected between the RO and R1 terminals sets the driver output current, along with other internal
operating currents.

When the power supply of the TSB83AA23 is off while the twisted-pair cables are connected, the
TSB83AA23 transmitter and receiver circuitry present to the cable a high-impedance signal that does not
load the device at the other end of the cable.

When the TSB83AA23 PHY section is used without one or more of the ports brought out to a connector,
the twisted-pair terminals of the unused ports must be terminated for reliable operation. For each unused
port, the port must be forced to the IEEE Std 1394a-2000-only mode (data-strobe-only mode), after which
the TPB+ and TPB- terminals can be tied together and then pulled to ground; or the TPB+ and TPB-
terminals can be connected to the suggested normal termination network. The TPA+ and TPA- terminals
of an unused port can be left unconnected. The TPBIAS terminal can be connected through a 1-pF
capacitor to ground or left unconnected.

The TESTM, TESTW, SE, and SM terminals are used to set up various manufacturing test conditions. For
normal operation, the TESTM and TESTW terminals must be connected to Vpp through a 1-kQ resistor.
The SE and SM terminals must be tied to ground through a 1-kQ resistor.
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Three package terminals are used as inputs to set the default value for three configuration status bits in
the self-ID packet. They can be pulled high through a 1-kQ resistor or hardwired low as a function of the
equipment design. The PCO, PC1, and PC2 terminals indicate the default power class status for the node
(the need for power from the cable or the ability to supply power to the cable). The contender bit in the
PHY register set indicates that the node is a contender either for the isochronous resource manager (IRM)
or for the bus manager (BM). On the TSB83AA23, this bit can be set only by a write to the PHY register
set. If a node is to be a contender for IRM or BM, the node software must set this bit in the PHY register
set.

The LPS (link power status) terminal of the PHY section works with the LKON terminal to manage the
power usage in the node. The PHY_LPS signal from the LLC section is used with the LCtrl bit (see
Bection 1.3.9) to indicate the active/power status of the LLC section. The LPS signal also resets, disables,
and initializes the PHY section-LLC section interface (the state of the PHY section-LLC section interface is
controlled solely by the LPS input, regardless of the state of the LCtrl bit). The LPS terminal of the PHY
section must be connected to the PHY_LPS terminal of the LLC section during normal operation.

The LPS input is considered inactive if it remains low for more than the LPS_RESET time (see the LPS
terminal definition) and is considered active otherwise. When the PHY section detects that the LPS input
is inactive, the PHY section-LLC section interface is placed into a low-power reset state in which the CTL
and D outputs are held in the logic 0 state and the LREQ input is ignored; however, the PCLK output
remains active. If the LPS input remains low for more than the LPS_DISABLE time (see the LPS terminal
definition), the PHY section-LLC section interface is put into a low-power disabled state in which the PCLK
output is also held inactive. The TSB83AA23 continues the necessary PHY repeater functions required for
normal network operation, regardless of the state of the PHY section-LLC section interface. When the
interface is in the reset or disabled state and the LPS input is again observed active, the PHY section
initializes the interface and returns to normal operation. The PHY section-LLC section interface is also
held in the disabled state during hardware reset. When the LPS terminal is returned to an active state
after being sensed as having entered the LPS_DISABLE time, the TSB83AA23 issues a bus reset. This
broadcasts the node self-ID packet, which contains the updated L bit state (the PHY section and LLC
section now being accessible).

The PHY section uses the LKON terminal to notify the LLC section to power up and become active. When
activated, the output LKON signal is a square wave. The PHY section activates the LKON output when the
LLC section is inactive and a wake-up event occurs. The LLC section is considered inactive when either
the LPS input is inactive, as previously described, or the LCtrl bit is cleared to 0. A wake-up event occurs
when a link-on PHY packet addressed to this node is received, or conditionally when a PHY interrupt
occurs. The PHY section deasserts the LKON output when the LLC section becomes active (both