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COVMUNI CATI NG USI NG DI FFERENT COVMUNI CATI ON PROTOCOLS Field This

di sclosure relates to an internedi ate device that is capable of

conmuni ca\R,pr}g(b/O?GSgél ng different communication prot ocolJ Bafakdsg ound I'n
one conventional "data storage arrangenent, a conputer dU I'ncludes a host
bus adapter (HBA). The HBA comunicates with a data storage systemvi a one
or nore conmuni catlon | i [
the one or ERMEDIA 2 ‘ A and t he
data storage systemtypi caII |ncI udes one o nor e cabl es designed to carry
commands and data be | OMNMUINICAJIONPROEQCLS system using a
comuni cati on protocol. Cormunl catl ng data over cable nay degrade the

qual ity of the signals encoding the Halda, and this may linit the cable

| engt h between an HBA and the data storage system Additionally, extending

t he cabl e 15 Tkiedisblos@n rélntes pindstemmidixte davidetibatdatapable o€ eomibetivemg t he dat a
storage systemand the HBA Retiners have been enployed to reduce jitter
and nei s@sihf diffefont drAmehicaRM protodMEver, conventional retiners can

comuni cate using only a si ngl e predeterm ned comrunicatioryptotocol. Thus,
in the conventional data storage agf.RAgeAENt, since a retimer is incapable
of conmmuni cating using different comunicati on protocols, 20 conventi onal
data storage r.oyi i cabl e

cat 2 ot o age_f AAISRIERY 1 00 B A5, TRGIPE A0, S0 g

protocol %da? E[e? (HEIZB '?Kéa ﬁBAZCSOIl’iLleI\Q:a e%(%v51{ 06c?a§a gorggéylg e%?xgiglogél §§ rérllgre

communication links using a communication protocol associated with the one or more

10  links. The physical connection between the HBA and the data storage system typically
includes one or more cables designed to cairy commands and data between the HBA and
the data storage system using a communication protocol. Communicating data over cable
may degrade the quality of the signals encoding the data, and this may limit the cable
length between an HBA and the data storage system. Additionally, extending the cable

15 length can introduce noise in the data stream between the data storage system and the
HBA. Retimers have been employed to reduce jitter and noise in the data stream.
However, conventional retimers can communicate using only a single predetermined
communicatiopptotocol. Thus, in the conventional data storage arrangement, since a
retimer is incapable of communicating using different communication protocols,

20  conventional data storage arrangements do not provide a mechanism to extend the cable
distance in a data storage arrangement where multiple communication protocols are

employed.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Feat ures and advant ages of enbodi nents of
the cl ai ned subject nmatter will becone apparent as the follow ng Detail ed
Description proceeds, and upon reference to the Draw ngs, wherein |like
numer al s d ict |ike parts, and in which: 5 Figure 1 i

illustrath ﬁg""a"’%%{ em enbodi nent; Figure 2 is a di agrngrﬁllS? 0% 3?{31nt| ng

anot her system enbodi ment; Figure 3 is a block diagramillust ratl ng an
exenpl ary internediate devi ce: owchart illustrating
exenpl ary operations t BRIERERESEE : 1% to an enbodi ment. 10
Al t hough the follow ng Detail ed Descrl pt| on will proceed with reference
bei ng nade tEeahirtsrndradvinages abumbodiments oftemelaimedsibiget atter wilhdi f i cat i ons,
and variations thereof w1l be apparent to those skilled in the art.

Accor di nptepmeiappdrentian tierfdbelwinp &tetdilaé Descaiptiemdprosesds.catl upan tefereiwe tvi ewed
broadly, and be defined only as set forth in the acconpanying clains. 15

DETAI L EDHRbERGRInG, [ vildrdih Oiké ﬁuxﬁerallsldsﬁmab@srta aBy Bl whRicknbodi ment 100 of the
claimed subject matter. The system 100 nay general ly include a host

procegsor 112F Bysa IHS@dtinkRispatAcabsyaleam 116, a chipset 114,
system mermry1 f aaC| catﬂl?{ cargllgs Sgt 130, and a circuit card 120 that IS

capable of coRAGRLNGIA HLIBIROR QLALLM host processor 112

may 20 incl ude’®a any ‘var &S20F S kKhown I n the art such as an Intel

(r) Pentium (g. sor C I‘CI al | si gnee of
the subject a }"ie%aﬂ'? g&?ﬁ’ g USHHBE AR 7 X?’?Pﬁ?r&’d%m%‘?c{ e‘Bﬁe MSpes to
transfer data_and comands For i nst anc the hus 122 with the
Per i pheral Coftgeiién ?aWéP@bHW%%tIHGP@WPﬁWﬁP%@EW%Q r%p‘@&f gﬁ%ﬁti on
Revi sion 1.0, published July 22, 2002, available fromthe PCl Special 25
I nter estac@omtoramembadnmena egon, U . S. A (hereinafter referred to as a "PCl
ExpressT™M 2

10 Although the following Detailed Description will proceed with reference being

made to illustrative embodiments, many alternatives, modifications, and variations thereof
will be apparent to those skilled in the art. Accordingly, it is intended that the claimed
subject matter be viewed broadly, and be defined only as set forth in the accompanying
claims.

15 DETAILED DESCRIPTION

Figure 1 illustrates a system embodiment 100 of the claimed subject matter. The

system 100 may generally include a host processor 112, a bus 122, a user interface system
116, a chipset 114, system memory 121, a circuit card slot 130, and a circuit card 120 that
is capable of communicating with the mass storage 104. The host processor 112 may

20  include any variety of processors known in the art such as an Intel ® Pentium ® IV
processor commercially available from the Assignee of the subject application. The bus
122 may include various bus types to transfer data and commands. For instance, the bus
122 may comply with the Peripheral Component Interconnect (PCI) Express™ Base
Specification Revision 1.0, published July 22, 2002, available from the PCI Special

25  Interest Group, Portland, Oregon, U.S.A. (hereinafter referred to as a “PCI Express™
2



WD 2005/ 066820 PCT/ U S2004/ 043345 bus"). The bus 122 may al so conply with
the PCl-X Specification Rev. 1.0a, July 24, 2000, available fromthe
af oresaid PCl Special Interest Goup, Portland, Oregon, U S A (hereinafter

referred %%}?S/ﬁ"ﬁ; PCl - X bus"). The user interface 116 ga;.%(/gg%wgﬂgg‘sa vari ety

of device an users to i nput 5 commands and/ or noni t or
the system such as a keyboard, pointing device, and video display. The

chi pset 114 maqy i ncl ude host bridge/ hub_system (not hovvné that couples the
pr ocessorbusiy Theyys E9d manalsq camaly viihdhe Rel-XiSpeeifiraion Reysl 8m 4 o each
other and to the bus 122. Chipset 114 may i ncl ude int egrat ed circuit chips,

such as tH®9eavaidilefowmdhs aforestidPedSaecad IeprestdroupHio sOrgamd?-Si‘al | y
avai l able fromthe assignee of the 10 subject application (e.g., graphics

menory an(etifafteomferel keas dfRCIShbpSet s), al t hough other integrated circuit
chips may al so, or alternatively be used. The processor 112, system nenory

121, chipset 4 and ciyrcujt card slot 13 be integrated onto, one

ot her boar o 13516 UAnETTRG 41 T N9 VO CHBRE: PR BTDT LSTHBMRE Tt to be
inserted into slot 130. 15 Wen the circuit card 120 is properly inserted
i nto s otconsuands artfeicdas and1g moaier thayystegrrishas e kestbopide Beipyngdyiseediani cal | y
coupl ed to each other. \Wen connectors 134 and 137 are so coupled to each
ot her, t hddeadispld2 (THsebipyetsl 14 nsytingledel Hogt trisigphubl systenb (ot sixpvratitht may
exchange data and/ or conmands with system nmenory 121, host processor 112,

and/ or us&nplentierpieaessos Y5, eyt teviogy HLis adPZenintkriabe pwetm 1lGlto eAblt er nat i vel y,
w t hout 20 departing fromthis enbodi nent, the operative circuitry of the

circuit Cc@hétahd® BYuPE22. I(HeHseElE) hal RENEE infdetdi€d ¢iFc@R chipy SuBliBs thaged/ or
devi ces. These other structures, systens, and/or devices may be, for

exanpl & {ful g phierhonidyd 3o c0unkEdohy B okt ssiRESEREr 112

system nenory I pse us 122, and circuit car t 130 may be

conpr | edsruiaj%cgap%liga%loﬁ L7 E4bRicPRRNy RHED ARitroN @ muBXRIRLS), afhot¥s bEE
not herboar d-
integrated circuit chips may also, or alternatively be used. The processor 112, system

memory 121, chipset 114 and circuit card slot 130 may be integrated onto one

motherboard 132.

The circuit card 120 may be constructed to permit it to be inserted into slot 130,

15 When the circuit card 120 is properly inserted into slot 130, connectors 134 and 137
become electrically and mechanically coupled to each other. When connectors 134 and
137 are so coupled to each other, the card 120 becomes electrically coupled to bus 122 and
may exchange data and/or commands with system memory 121, host processor 112,
and/or user interface system 116 via bus 122 and chipset 114. Alternatively, without

20  departing from this embodiment, the operative circuitry of the circuit card 120 may be
included in other structures, systems, and/or devices. These other structures, systems,
and/or devices may be, for example, in the motherboard 132, coupled to the bus 122.
Processor 112, system memory 121, chipset 114, bus 122, and circuit card slot 130 may be

comprised in a single circuit board, such as, for example, a system motherboard.

3



WD 2005/ 066820 PCT/ US2004/ 043345 Alternatively, and w thout departing from
this enbodinent, circuit card 120 may conprise one or nore chipsets
conprised in the system notherboard. The circuit card 120 nay conmuni cation
with the ss storage 104 using a plurality of communj i ocols. The
circuit cﬁdﬂ’ﬁ%ﬁ%ﬁy conprise one or nore of 5 a pr ot%@gfjézﬁ%ﬂw% or engine
140 that is adapted to initiate comruni cati on between the host system 132
and the mass storage 104. The initiator engine may conprise an integrated
circuit thamativgly; sied wieout fenariing fon g emko ﬁé’lﬂl@u’éf’%d@g i CRgprise

communi cation between the host system 132 and the mass storage 104. If a

Fi bre Chameer moFQ)hipsetstcomptisddgn theestistop negtherbeard.card 120 to exchange data 10
and/ or commands with nass storage 104, it may conply or be conpatible with
the i nterface/peoiradndard EXcmapemnimiddiSh withahelmass sfirbgeel @nmimgel Physi cal
and Signaling Interface-3 X3.303:1998 Specification. Alternatively or

addi ti On%ﬂﬁxﬁli?’i Jf cBmBRhic@tionikbtotsts. PIAircdft @6@alQD niay dafpeisdynecaidrobt er
circuit card 120 to exchange data and/ or conmands w th nass storage 104, it

may canpl i I | iR befvedR theIRE! al ATA:
Hi gh %pee%prg{é)f ?31‘@@3@%% @Aﬁo\éﬂéﬁﬁse%?,ﬁt'pgIlg(gglgga?éo%dﬁ%ﬁ%ﬁé%ﬁbI ibs hedthc?sr;k%August 29,

2001 by tﬁ9§F§$3? %%%fe%pl’ga}é? Ft:éfagg lgi.oﬂe | 1tgjdgt(é%?l%in@|rﬁa$frcgﬂl&)i(‘i§§é§/ in%r'g%a?%fgi tionally,

if a ser na onput er sy nterface ol is used
by controller  circuit card .12 0 ex Ea e..data and/ or .co nds w th mass
st orage 190Huit thet gy 1 iﬁflﬁl"ﬁ;"ulg}’ 38@”66??3’ et‘%ﬁi“é‘a%?gt W@ﬂ@lfﬁlﬁflg]g%feeﬁ@fcri bed in
"I nformati on Technol o&y - Serial 20 Attached SCSI - 1.1 ," Wrking Draft
Amer i can st system 138taad dherraasp storage dPhat i onal  Committee For | nformation
Technol ogy Standards (INCITS) TIO Technical Conmmittee, Project T10/1562-D,
Revi sion 1, pubkFimedhBept@EEherotdd] is2eaihy discuiteendi 128 o skphpugsalata St andar ds
Institute (hereinafter ternmed the "SAS Standard") and/or | ater-published
ver silins afl/of hemBAGIsStidndassdtoradged 08ASmpy odroplylor bayompatipid with Ber i al Advanced
4

interface/protocol described in ANSI Standard Fibre Channel Physical and Signaling

Interface-3 X3.303:1998 Specification. Alternatively or additionally, if a serial ATA (S-

ATA) protocol is used by controller circuit card 120 to exchange data and/or commands

with mass storage 104, it may comply or be compatible with the protocol described in

15  “Serial ATA: High Speed Serialized AT Attachment,” Revision 1.0, published on August

29,2001 by the Serial ATA Working Group. Further alternatively or additionally, ifa

serial attached small computer system interface (SAS) protocol is used by controller

circuit card 120 to exchange data and/or commands with mass storage 104, it may comply

or be compatible with the protocol described in “Information Technology - Serial

20  Attached SCSI—1.1,” Working Draft American National Standard of International

Committee For Information Technology Standards (INCITS) T10 Technical Committee,

Project T10/1562-D, Revision 1, published September 18, 2003, by American National

Standards Institute (hereinafter termed the “SAS Standard”) and/or later-published

versions of the SAS Standard. The SAS protocol may comprise Serial Advanced



WD 2005/ 066820 PCT/ US2004/ 043345 Attachnent (ATA) Tunnel ed Protocol (STP)
and Serial Small Conputer SystemInterface (SCSI) Protocol (SSP). Mass
storage 104 nmay include one or nore nass storage devices, e.g., mass

storage devices 104a, 104b, 104c and/or 104d. Mass sto / conpri se
one or 5" EHIndant array of independent disks (Rg‘?,%ﬁszég@%g@glperi pher al

devices. One or nore of the storage devices 104a, 104b, 104c, and/or 104d

may conply or be conpatible wth FC communi cation protocols,_ S-ATA

comuni catfaghmertt 643 gg Tynnedeshfrotoc ASTP rasdmigHRIcHBI bRoOBPYeLR e Intgrfageur se,
alternatively, circuit card 120 may exchange data and/or commands with mass
st or age 18dSDPraigcad($H). and/ or addi ti onal communi cation 10 protocol s,

wi t hout departing fromthis enbodi ment. Mass storage devices included in
mass storage Mubs Biyaghe04 aiapticheld ondoomereanasssioeage dsyiess| e.gemasc| osur es t hat
may be separate fromthe enclosure in which the notherboard and the

conponentsg,£RMRLicsEhaaN 04bhE4REDST [aar AR5 SoRBE | 05 Rdy chhbideatibyvel y, and
wi t hout departing from any enbodi nent described hereln, nass storage 104

may c rise. : ' Lo s storage
dovi cds, hafEEARE o) & i31RRECEH AOR GRIDF Ao Rl R OIS = oy b
referred to herein as 'target jce’ or 't t devices", and if,is

i nt ended I’P‘H&PF{}]F ﬁg’§ etde'ﬁ%qgﬁg?l’d]g%f)’ﬁl?éﬂ and/o E?@ﬂ%ﬁ@’e%%?@y REPSL 9P aﬂ‘l;hlg present
enbodi ment, may al so conpri seeﬁn i ni,lgr nmedi at e .devi ce 150 dZPOLé |l ed between
mass st or'dHe" @ eUMBHBCHEE REPteeQls (S-4 S FOPSHICALOR RIQtPCRls aRdrpr "internedi ate

20 device" may conprise circuitry to transmt and/or receive at |east one

si gnal . Aemgsipatien profpcolsci PE eqursey altarpafivelyngirqui sardi 190 reayaxphasge datagl y or in
any conbination, hardwired circuitry, progranmable circuitry, state nachi ne
ci r cui t r yapdanddmmarfds withamass tstoadge d 06 nsisg othersand(os il ditisnag xeromeidatinn
programmabl e circuitry. For exanple, in one enbodi nent, internedi ate device

150 My GRdt¢dls ithbhitCdebirtiig FOmABIRHBL Gindeat. MMIRIBMES el dicey intlatial i35 sent from
the circuit card 120 to a target device conprised in mass storage 104, and
vice mass storage 104 may be comprised in one or more respective enclosures that may be
separate from the enclosure in which the motherboard and the components comprised in
the motherboard are enclosed. Alternatively, and without departing from any embodiment
described herein, mass storage 104 may comprise one or more stand alone devices. One
15  or more mass storage devices, for example storage devices 104a, 104b, 104c and/or 104d,
may be referred to herein as “target device” or “target devices”, and it is intended that
these terms may be used interchangeably herein.
The present embodiment may also comprise an intermediate device 150 coupled
between mass storage 104 and the circuit card 120. As used herein, an “intermediate
20  device” may comprise circuitry to transmit and/or receive at least one signal. As used
herein, “circuitry” may comprise, for example, singly or in any combination, hardwired
circuitry, programmable circuitry, state machine circuitry, and/or firmware that stores
instructions executed by programmable circuitry. For example, in one embodiment,

intermediate device 150 may comprise circuitry to communicate commands and/or data

25  sent from the circuit card 120 to a target device comprised in mass storage 104, and vice
5



5 WO 2005/ 066820 PCT/ US2004/ 043345 versa, Further, in at |east one

enbodi nent described herein, internediate device 150 may al so conprise
circuitry to exchange commands and/or data using a plurality of

comuni cat, ols. Internediate device 150 may b ed via one or
nor e connﬂh?ggE?%%Q inks 5 between the circuit card lggﬁﬁﬁg&ﬁgéékétorage
104. For exanple, in one exenplary enbodinent, internedi ate device nmay be

coupled to one or nore.cables 106 and. 10 wher e .one .or re bl es 106 may
be coupl e&erfao%tuﬁéerclnrag&?agt Qflgrealjbfg'ﬁfengqf Crgﬁg hgretty, fjtermediatg géé)’lcfdégm be
coupled to mass storage 104. For a given nicatio r ot gcol ,
coneentioﬁ&?Wyﬂxﬁﬁé“ﬂ§§YHﬂﬁ?h@@ﬁf@@%@W&zﬂéégaaapgﬁ%?ﬁﬂﬁﬁﬂbﬁ sical cable

between the 10 circuit card 120 and a target device conprised in nass

st orage 1OMnmurycaien praipeodsd. For exanpl e, conventionally, for devices
communi cati on using SAS protocol, cable lengths nmay be limted to

approxi mately 10 net.er .an evice i I I S- r ot ocol ,
such cabl e | en%l&ﬁrge&ﬁ%f/%%‘élg? ?anj 1{1%%8 %“g%%%nﬁg’% g{&?f‘ ﬁb%#ggrg?%tégﬁm}(%nger cabl e

| engt h e used, the ex n of signa er the l.onger |engths of cable
can cr a?éet?iﬁﬁ c Cli%“té’laTé&%sa%%‘??aE%Stﬂ’g%e l@ng%f SXﬂ@ﬁ%r‘P 88%1‘?’5?“1 quality of
the signal. Consistent with this enbodi ment, the internedi ate device 150 may
conpri se ¢MeAgim@tonisenediale deyipgmay beeaupled ta e ormarg ceflen 105eandilfASy circuitry”,
as used in any enbodi nent herein, may be defined as circuitry that may be
oper abl e wherdeneatmerecapinuhitcaty kecoupledtobokirduiitardhdfhgndopd armadre t y  of
comuni cation protocols. For exanple, in an 20 exenpl ary enbodi nent,

prot ocol cbhsiloYmay bevolplad th3hsiatyrabe 1 @pdioahlgtvehcomatvatiatibmprotqeslesence of a
FC target device conpatible with and/ or capable of conmunicating using a FC
communi CatdnQ&ioRAIBL q&:eqhaxi@u&?%adﬁ@mgassaasydng@l STORPAtd] Bhiste weitvBerpghd/ or capabl e

of communi cating using a SAS communi cations protocol and/or a S ATA target
devi cgy 6 circuit card 120 and a target device comprised in mass storage 104 may be limited. For

example, conventionally, for devices communication using SAS protocol, cable lengths
may be limited to approximately 10 meters, and devices communicating using S-ATA
protocol, such cable lengths may be limited to approximately 1 meter. Iflonger cable
lengths are used, the exchange of signals over the longer lengths of cable can create noise

15  effects which may tend to deteriorate the quality of the signal.

Consistent with this embodiment, the intermediate device 150 may comprise flow
protocol sensing circuitry 180. “Protocol sensing circuitry”, as used in any embodiment
herein, may be defined as circuitry that may be operable to detect a communication
protocol from among a plurality of communication protocols. For example, in an

20  exemplary embodiment, protocol sensing circuitry 180 may be operable to detect the
presence of a FC target device compatible with and/or capable of communicating using a
FC communications protocol, a SAS target device compatible with and/or capable of

communicating using a SAS communications protocol and/or a S-ATA target device



WO 2005/ 066820 PCT/ U S2004/ 043345 conpatible with and/or capabl e of

communi cating using a S-ATA comuni cations protocol. |nternedi ate device
150 may al so conprise data flow control circuitry 190. "Data flow control
circuitry", or "flow control circuitry", as used in any enbodi ment herein,
my 5 be WORPRA&3ES circuitry that may control a data FEAIFEMHAEE may be
comuni cated in accordance with one or nore communi cati on protocols.
"Control" or "controlling”, as used herein with reference to a data stream
may mean nordpatiplerwithaanstioycapabéneisamaynicgting psingsa SiATpaemmupisationsr eam to
produce a desired effect. For exanple, in an exenplary enbodinent, flow
control cprotagol.ry 190 nay be operable to control the data streamfrom 10 the
circuit card 120 and nass storage 104 (and vice versa) to reduce noise
effects cont aintegedivte@ediat d5Ginaye also senprist damnflvassongbbeiagéryl3. tDatai r cui t
card 120, and vice versa. The internediate device 150, with reference to

any enbodigRrbnE@<EELRSY obefik BontfRYrerPhysisedid shyRasiodimie dedin, @By poi nt
al ong a cabl e or group of bles, or at the front end of the a mass storage

ca
104, of i LG ' :%ty SR are 15
needed? rrtB)er Hﬁ?ﬁ%%%ﬁ@%‘?@ﬁ“ d%gtt@ %ga&?%tiea}#ggﬂglga cougmé% tlotgt:f'}eatSi er. In an
exenpl ary_enbodi nent depicted in Figure the. i nt er.nedi at e..deyi ce 150 may
be coupl eaccf’f)(ﬂg%eb‘f'@éonel énoéﬁa()%?lc%g’rn péé(tg%%]e,dolnhgg Br rYge Halév’i Ce (not
shown) between two, | engths of cable. Alternatiyely, intermediate device 150
may be coHiSASEH! Vith r%lge%ﬁert%adﬁsa SEPATAERE §1oE0 MedifyiR PSlgBB]LF&F%Cg%iaé cabl e 108)
to mass storage 104, or conprised in or directly attached (i.e., not 20
coupl ed vieastémpare thepdpamotoredugs ¢ desiied effeqd; Fopexampde impr efyamld¥es, one or
nore of the cables 106 or 108 may be obviated. Al though not shown in the

dr awi ngs, embsdemamdflew eondm cirenitry 590 may be epepabilesto conwolghe dasa eirdant feethace
connectors to provide nechanical and electrical connectivity with cable 106
and/ o0 cathe@ird@lBcard h20 4t mase gratage 104dnd vik@Genntoeedueahbige 4@&ts may conply or
be conpatible with FC protocol, SAS protocol and/or S ATA 25 communi cati ons

prot ocol . contained in a data stream sent from mass storage 104 to circuit card 120, and vice versa.

The intermediate device 150, with reference to any embodiment described herein,
may be physically positioned at any point along a cable or group of cables, or at the front
end of the a mass storage 104, or in the circuit card 120. Also, if longer cable lengths are

15  needed, more than one intermediate device may be coupled together. In an exemplary
embodiment depicted in Figure 1, the intermediate device 150 may be coupled to cables
106 and 108, for example, in a bridge device (not shown) between two lengths of cable.
Alternatively, intermediate device 150 may be comprised in, or directly attached (i.e., not
coupled via cable 108) to mass storage 104, or comprised in or directly attached (i.e., not

20 coupled via cable 106) to circuit card 120; in these alternatives, one or more of the cables
106 or 108 may be obviated. Although not shown in the drawings, intermediate device
150 may comprise one or more interface connectors to provide mechanical and electrical
connectivity with cable 106 and/or cable108. In that regard, cable 106 and/or cable108
may comply or be compatible with FC protocol, SAS protocol and/or S-ATA

25  communications protocol.



7 WD 2005/ 066820 PCT/ US20(14/043345 Figure 2 illustrates another system
enbodi nent 200 of the clained subject matter. In Figure 2, certain portions
of the system 100 depicted in Figure 1 have been omtted for «clarity (for
exanpl e ci [ rd 132 and circuit card 120), but it HKnder st ood
that |i ke‘Légﬁ&of/é’&g?U Figure 2 can be inplenented in a ntgﬁlﬁ@rsg@élﬁ‘gfgtent wth
an enbodi nent 5 depicted in Figure 1, or alternatively in other system

i npl enent ati ons, w_thout de tin fromthis odi ment . The system 200 of
Figure 2 may iﬁig‘l‘rﬁaéll‘gtrﬁpéf‘g‘gaé?r si”%?’flie B‘ihn\gﬂb?orqu% Perlamgd sublett Halige 104 and
the internmedi ate device 150 coupled to mass storage 104 and the jnitiator
engi ne 14 Kigue dreerigin noglicus ehhesystarnd Q0 domeed in Figged hanebesn ongiied forogp . . . |
108d. The 10 nultiple protocol initiator engine 140 nmay conprise circuitry

t 0 exchangerity Gfomexeeplepidcuitdweed 142tand gireraiswrd i 260 dye it i0W hesindersivod fhat ent
comuni cations protocols, and such circuitry may conprise an integrated
circui t alieqriiabeigutet2canibe dmplemented inl?fManden caisenewjthan gmbodiagniment , mass
storage 104 conprises a nmultiple protocol enclosure that nmay include, or
my bes cappih@l aFiaes 0roratahbiRel ORI sysneinféaitatiohs, Windue 8gpatkfiga, 104b,
104c and?%% 104d.2%§r exanpl e, Pﬁ'an e&%ﬁginéﬁf, t ar get devic%)lg%a may be a
FC devi cerGarabLepding@mmuni cating using a FC protocol, target device 104b
may be a éevice capaﬁ’e of conmuni cating using a SAS protocol, target device

1ot By P R O S FOTYGR AR BB ol ocel and

target device vice caﬁ% mruni’cati ng using a
S- ATA protocol, 20 1n this enbadi.ne for .exanpl e, cabhl es. 106a. .and 108a may
conpat | bi BT H4 SR RERRERR ACHFe LOHRIRRL TG o [ GRe B g
communicating with a FC target _device, cables 106b and 108h naﬁ conpati bl e
wi t h and/ @eineddaaeonsior ganeaRics dPPn 00k, - 5Xd ander 4%, 109, dffuhiati ng with

a SSP target device, cables 106c and 108c may conpatible with and/or
capabl® ofhultiplernietoea tinifigfoner@i® 190 mnaysompfiey citsuitrytaicseltangg cammands and

data with a mass storage 104 using different communications protocols, and such circuitry
may comprise an integrated circuit associated with circuit card 120.

In an exemplary embodiment, mass storage 104 comprises a multiple protocol
enclosure that may include, or may be capable of accomrhodating one or more target

15  devices 104a, 104b, 104c and/or 104d. For example, in an embodiment, target device
104a may be a FC device capable of communicating using a FC protocol, target device
104b may be a device capable of communicating using a SAS protocol, target device 104¢
may be a STP device capable of communicating using a SAS protocol, and target device
104d may be a S-ATA device capable of communicating using a S-ATA protocol.

20 In this embodiment, for example, cables 106a and 108a may compatible with
and/or capable of communicating a FC protocol for communicating with a FC target
device, cables 106b and 108b may compatible with and/or capable of communicating a
SAS protocol for communicating with a SSP target device, cables 106¢ and 108c may

compatible with and/or capable of communicating a SAS protocol for communicating with



8 WD 2005/ 066820 PCT/ US2004/ 043345 a STP target device, and cables 106d and
108d may conpati ble wth and/ or capable of communicating a S-ATA protocol
for conmmunicating with an S-ATA target device. Internediate device 150 may
be operabl g tz?osﬂfs&%de protocol sensing and/or data fll%”l‘ 19590&4%24344: or a
plurality of ‘communi cation protocols. For exanple, in an éxerrp( ry 5

enbodi nent, intennedi ate device 150 may be include circuitry to provide
protocol sensing and data flo on for one.ar re of target devices
104a, 104351 gigetdayrsang GaRies w\ﬁﬁia’& ! al?'o“r?fﬁ!’ﬁf‘@ﬁt‘”é rf??éq%%rﬂfer nedi at e
devi ce 150 using FC, SAS and/or, S-ATA conmnunication_protocols. In an

exenpl ar ycuwpwRirsagte S-4dd ptope)far conypunicating $a&pnSradA tigetsyI6r from t he
intermedi ate device 150 (i.e., encoding commands and data to and/or 10 from
the initiator ktaginndiate4iovigedibmay beeon fo pesidecprotogdlsensinggnd/or da4d) may be
retimed in a manner described belowto permt, for exanple, extension of
cabl e | enfljohsoted] feeapluiatity afesmnshoaagepré®dolanBortdxemple ini aatesemplagi ne 140.
Figure 3 is a block diagram 300 of internediate device 150. As descri bed
above,5 t habddinektBdrRbEadevice 1 SExagbdiptiudecieduitttiotpryvit Oploaeb] dehelh®

communi cati on between a 15 plurality of target devices (104a, 104b... 104d)

and the chfLathd n&2tohidet Gor RABG: %g&%;&%%@ﬁvi& 10041 folsr 1046 Sd/bORIHabove, the

target devices 104a, 104b...10 oused In an enclosure of m xed
dovi 1 : . .
communi cat ey S B TR E SRRl uallel 1A 0HheFrER G ATA

nbodi t of .Fi 3. .t int di devij 150 b bl e t
Gynam cal TP RHBHRE RIS I G BHOC Mo AoEPR T B BB Assoct at ed
ith t t devj .. The int di ate devi [
recei ve pRUROE Fel 1 iormsdaie Vice nbliey cnding Comeaas pif DR NORE 1 ecei ve

path circuitry 152A conprises a conmuni cation path between the target
devi c&0 10&em theoumiiator pogite At@landi th tersgt devicgrl§4a, 1040 Wi 84d neayrheaaidwed and dat a
may be sent fromthe target device 104a, 104b... 104d to the circuit card
120, in a manner described below to permit, for example, extension of cable lengths between
the mass storage 104 and the initiator engine 140.
Figure 3 is a block diagram 300 of intermediate device 150. As described above,
the intermediate device may comprise circuitry to facilitate communication between a
15  plurality of target devices (104a, 104b...104d) and the circuit card 120, and vice versa. As
further described above, the target devices 104a, 104b...104d may be housed in an
enclosure of mixed devices, for example, devices compatible with and/or capable of
comrﬁunicating using SAS, S-ATA and/or FC protocols. In an exemplary embodiment of
Figure 3, the intermediate device 150 may be operable to dynamically support multiple
20  different communication protocols associated with one or more target devices.
The intermediate device may comprise receive path circuitry 152A and transmit
path circuitry 152B. The receive path circuitry 152A comprises a communication path
between the target device 104a, 104b...104d and the circuit card 120, where commands

and data may be sent from the target device 104a, 104b...104d to the circuit card 120,

25 through the receive path circuitry 152A. The transmit path circuitry 152B, therefore may
9



25 through the receive path circuitry 152A. The transmt path circuitry
152B, therefore may 9 WD 2005/ 066820 PCT/ US2004A43345 be a communi cati on
path between the target device 104a, 104b... 104d and the circuit card 120,

wher e comg,%(fgﬁ%?&iét a may be sent fromthe circuit Caﬂcdfé%ﬁ%?‘ﬁbgﬁt@hg_ t ar get

devi ce 104d, through the transmt path cir In
accordance with this enbodinent, the construction of the transmt path

circuitry 152B and the constructjion of 5 t r iV t ircuitry 152A may
be i dent i bwd Compgnipalionpgd bﬁ&’(?ﬁ’néli‘ert&’i&ﬁtqeylcigg%’ ﬁé&'ciﬂ%ﬁrgéﬁﬁ?l&“&&&d sensi ng
circuitry. For exanple, in this exenplary enbodi ment, protocol sensing

ci rcui t r yl3fayhereeprinasdood dats maabe wotizum thericiit syt 2() ta the taiget dedcs i nk
initialization primtive sequence detection circuitry 160. Additionally,

t he pr ot otidk, KdhsiIfgdcthrongh theytranstyit pghpir¢sey pi2R.odwhcostdaper with thds circuitry
170 and/or 172. The receive path circuitry may al so conprise data fl ow

control cémsddithént, the Exgmpétamofiledvinsmitpithlcirchitrg 4528 yndrhy comstquctigeofdat a
tracki ng phase | ocked loop (PLL) «circuitry 158 and retimer circuitry 154.

Exenpl ar yihepeeRt haRakicdtRash & ofy vehgentipdier medi at e devi ce 150 are descri bed
h

below, 15 with referencé to a plurality of different comrunication

prot ocol s and w.t.h..¢ i . Harg SELASRI SnsipbeiBit oggl  Sensi ng
and Fl ow Cont r%ﬁe rg%eg%&lg‘%ifc%%tﬁ{f:jf exaé}f)el%éﬁp?ﬁat) an SASSlﬁgv}lcelR%s connected to
the interpedi ate . device 150 Lt her al in ' i 0On. \W ot her
dovi e ©yREPn bk Bie Gt R P Blpee e FEY N Eis*hED Gevtce
104b and/ qr T device .10 a own.in Figure 2. Comands, and data may be
communi caf! §§ﬁ9%108ﬁ50‘b‘%’%g% a‘ﬂcﬁgé ?‘H]f E???éla?t&’?ié’r@@%}?f%%eqf%? §€cti9 nr esent ed by
Rin and Tin, for exanple, via cable |inks 106a, 106b... 106d and/or 108a,
108b. . . 10€ttuityy kfat fddiianallsshqmroigeol spisingroirgnitiyusay qeEprise PIOREOLBPEOT n t he
recei ve path
10 circuitry 170 and/or 172.
The receive path circuitry may also comprise data flow control circuitry.
Exemplary flow control circuitry may comprise data tracking phase locked loop (PLL)
circuitry 158 and retimer circuitry 154.
Exemplary operational aspects of the intermediate device 150 are described below,
15  with reference to a plurality of different communication protocols and with continued

reference to Figure 3.

SAS Protocol Sensing and Flow Control

Assume for this example that an SAS device is connected to the intermediate
device 150, either alone or in combination with other device types in a multiple device
20  enclosure (for example, SSP device 104b and/or SST device 104c¢) as shown in Figure 2.
Commands and data may be communicated into and out of the intermediate device 150, as
represented by Rin and Tin, for example, via cable links 106a, 106b...106d and/or 108a,
108b...108d. A data path 166 (e.g., internal bus) may be included in the receive path
circuitry 152A to provide communication of commands and data sent from the SAS device

25  to the component circuitry of the receive path circuitry 152A.
10



circuitry 152A to provide communi cati on of commands and data sent fromthe
SAS device 25 to the conponent circuitry of the receive path circuitry 152A
10 WO 2005/ 066820 PC 17US2004/ 043345 When a SAS device is initially powered

up, the SARIEYd k&b ransmts a defined sequence of initgé¥d§5 4% 4signals.
It is assune tﬁat the initialization signal sequence is éfi ned by the

conventional SAS protocol, unless stated to the contrary herein. To sense

that a SAS device i onnected to the inte iate.device. 15Q,.the receive
path circuitry en1a5§¢\§ SEYCE BipHADEP AP &W‘EW&QE’PF’BHS %B?f&??t ry 156.
The OOB signal detection circuitry 156 maybe coupled to a data path 166 to
an i nconi segudnag ef initialization sigaplgn Hiis asswnertiheldhs ingalizafonsignaligsgpense isthe
initialization signal sequence from an SAS device nay conprise an OOB

( Qut - of - Blefit¥d py iheicoiawentionalSAIS psegemnmdess stated fanibe centraraherom. Siograse
sequence", as used herein may conprise a sequence of signals generated by a
devi ce, athat al9ASrEvidelis theected ipthe fgerinedioterdetice hS @ olnt reeiedpdth cseudtny si gnal s
identifying the type of device. For exanple, such a primtive sequence may

i ncl ude  a) BANRAS crifiidhn BEIBISBEA dbeéion cirdify i156.63hd OOB sigeteté@iohce as an
SAS devi ce. The Ooégsignal de?ggtion circuitry 156 may e operable to

recei ve af(Ih Sk 'be%%glbl%‘ﬁﬁ]@eﬂéjpﬂl?'i‘%t%taﬁ i&ogﬁ inftliossth $gpand 174 to

retimer circurrtry 154. 15 In e case of an SAS device, for exanple, retiner

circuitry, 1§é‘m§fﬁx b SAS %nggg g}lk%ﬁgipﬁzaaa& ﬁﬁgigrsga{hgnce%mlgmi cgoghem to

permt the i tialization seque pass throug

i nt di ate devi ' t th 168) .to the cirguit. card .120. Th
cireuit capeorase gy O A RRR by otat iinsts: A GPBRFTBRYER 1a0

associated with a circuit card 120, nay be adapted to receive the OOB
si gnal setdesice’ py/isgd AeTEHNGY $qriso @ seeRae A signle etrastied hwa ARties Mk at e
device 150 and circuit card 120) and may al so sel ect an appropriate SAS
pr ot oth| may Buotheroesprisoinientiatian Poviaingdin sedheigpals identifying theityrg ofdenivent i onal
SAS communi cation protocols. In this exanple, the retinmer circuitry 154
For example, such a primitive sequence may include a COMSAS signal sequence that
identifies the target device as an SAS device. The OOB signal detection circuitry 156 may
be operable to receive an OOB signal sequence and generate a pass through command 174
to retimer circuitry 154.
15 In the case of an SAS device, for example, retimer circuitry 154 may be disabled
by the pass through command signal 174 to permit the initialization OOB signal sequence
to pass through the intermediate device 150 (via data path 168) to the circuit card 120.
The circuit card 120, or ore particularly the initiator protdcol engine 140 associated with a
circuit card 120, may be adapted to receive the OOB signal sequence (via a cable link
20  extending between the intermediate device 150 and circuit card 120) and may also select
an appropriate SAS protocol to commence communication with the SAS device using
conventional SAS communication protocols. In this exaﬁlple, the retimer circuitry 154

may comprise buffer and/or amplifying circuitry to buffer and/or amplify the OOB signals

passing therethrough,

11



T

may conprise buffer and/or anplifying circuitry to buffer and/or anplify the
O0B signals passing therethrough. 11 WO 2005/ 066820 PCT/ US2004/ 043345 The
receive path circuitry 152A may al so include flow control circuitry that may
include data tracking PLL circuitry 158 coupled to the internal bus 166. The
PLL circui YPP3%82%ay be adapted to receive digital ddtd/SPYHAFSHY . e.,
data streans) fromthe SAS device, for exanple, after the SAS device is
properly initialized by the protocol engine 140. Upon 5 receiving a data
stream PLL ciTheuteeise priscirernble2dpatadiseinelydeBemp spetrdd wirpwity thah gadat a
stream agai nst an internally generated clock signal (not shown). If a phase
di f f er enciacluéxdas gadkigidncirdugry hitesonpled yo the nderaslduis ¢ b@cKhsPlgnaircudnd t he
data stream the PLL circuitry 158 nay al so be capabl e of changing the

cl ock frerpsangybd aped & wetasedigitatahalignbie (1.4 rdacgusemrayis)oforh fie: S¥8 devide; eam  The
PLL circuitry 158 may al so be capabl e of generating a 10 data cl ock signal

158 i ndi cRt b\, aftBethé KRYURREY i A9 1hiNSIReH B tl@?ﬁ{@t sélleppie 14teupat a ¢l ock
signal 164 may pgéeasent to reti ng?;r%%rgdiltry 15%. heoreti%er Ci rcg(iﬂ{ry 154

ey bes operahl B 1L QRultRoos el e BAS Sl incBhidgSaRt 1N part,
on t hgj dar{%g&@? ggatgisggﬁ, {“6‘2 Pe@él vé1 fﬁréo taEe PLL cIr cuﬂcr y1 fg% For
exanple, retiner. 154. onpri | i | op ci i.t.that s the data
stream and FREEHAY e'imélgg%‘ﬁﬁ%é% ﬁgﬁ%e%fc ?kai S%%B‘ﬁ‘t @?t Sglﬂgni?aq?a(g%sreé{ltggg °to retinme
t he data stream based, on Ge dat a CL’OCK si.gnal.. T{‘)ie reti ircuitry 154
Ty ur CHRS BV EaRa el BBl e ok e AL e AP e b SREL put of
the retiner circuitry 154, Retimng the data streamfrom an SAS devi ce may
oper at e t PSBHA® biapdbleokihenging theclask dpgyeacy tq maierdoselyeelthen t he digit al
signal) which may occur over |longer cable lengths. Further, retimng the
dat a st r efienuesgy o pler datestieamy ddia &b Lidiresitry 68 ey 9lsh &k cepadle dfgengsatinged
tol erance I evel. FC Protocol Sensing and Flow Control Assunme for this
exanple tdwd clackFsiprae Vi Tiadicstiveaftieckegenay of bie incunengdath atreand eDhecdata

clock signal 164 may be sent to retimer circuitry 154. The retimer circuitry 154 may be

operable to retime the incoming data stream based, at least in part, on the data clock signal

164 received from the PLL circuitry 158. For example, retimer 154 may comprise a flip

flop circuit that has the data stream and the data clock signal for inputs, and may operate

15  to retime the data stream based on the data clock signal. The retimer circuitry 154 may

further be operable to generate a retimed data stream at the output of the retimer circuitry

154. Retiming the data stream from an SAS device may operate to reduce noise events

(for example, ringing effects in the digital signal) which fnay occur over longer cable

lengths. Further, retiming the data stream may operate to reduce these effects below a

20  defined tolerance level.

FC Protocol Sensing and Flow Control

Assume for this example that a FC device is connécted to the intermediate device
150, either alone or in combination with other device types in a multiple device enclosure
(for example, FC device 104a) as shown in Figure 2. Commands and data may be

25  communicated into and out of the intermediate device 150, as represented by Rin and Tin,
12



150, either alone or in conbination with other device types in a nultiple
devi ce enclosure (for exanple, FC device 104a) as shown in Figure 2.
Commands and data nay be 25 comunicated into and out of the internediate
devi ce 15 < sented by Rin and Tin, 12 WD 2005/

PCT/ 082003782@)33&%95f0r exanpl e, via cable |inks 106a, gggﬁg&w}fﬁéd and/ or
108a, 108b... 108d . A data path 166 (e.g., internal bus) may be incl uded
in the recel ve path c ry 1 t royj d c n ti ommands and
dat a sentfof 3 ehélalf@l’f?g\%\( éa/qao?(fér% @éﬁﬁB&Bﬁfog& fdcggutir@a o’?g?tﬁé’ eceive path
circuitry 152A. 5 Wien a FC device is initially powered u t he FC device
transni t 564 (a6 inieal bygkfienkeneindedinthenersivr paghcisqugnal ¥A E‘tpri"é‘ dessumed t hat
the initialization signal sequence is defined by the conventional FC

pr ot ocol ,counhesetion af eunmands hrd dunsamafrgmithe B deviRetodhy eomprient aickitnyi t ry 152B
may further comprise FC link initialization primtive sequence detection

ci rcui tryoftretdies gall tieguitty-GAA.nk circuitry 160"). The FC link circuitry 160
may 10 receive an initialization signal sequence generated by an FC device

(al ong data payhenlfBQ devidd'B ihiRhlly Fdvictad i) theF@aHicesp@Lance défiem an FC devi ce
may conprise, for exanple, an initialization signal sequence that

I dentifi es%ﬁgﬁéﬁ@e 5915&1?&12&3% ISf‘gﬂa@SI’[% SSimAPihGRe 1n}ilfh%zatidﬁ' stl%'rﬁl sefiidict Si gnal

sequence y contal n addi tional Formation related he operating
frequency V, t of such
an initi aei%t ?%tr}\leglon en{g&gﬁe nce r@?ﬁ%f E&e&% %g\g?rgéa% IE-J%&IIBI %&9&% cuitry 160
Above) . SO EBTa A G c%%%n%%@ ST et SO Gper at | ng
frequency_ of the PLL circuitry so that the PLL operates at the correct

f r equencydefestoygireitry KA Gerelis) ‘ch‘l“ktcﬁ@nﬁ:l‘:l@@’\h he Fe ligk cirquitty 180 may g 0 GHz) .
To that end, the PLL circuitry 158 may include 20 frequency nultiplier

and/ ok0 dllvcﬁli@ranclm’ﬂ@hzattuoy signdtsegieoomgentiated byay Fé?edﬁéfrcat(goég dai pathlL9oIng (or
dividing) signal to enable the PLL circuitry 158 to sel ect base frequency
based on ThHeenitialization signal sequence from an FC device may comprise, for example, an

initialization signal sequence that identifies the target device as an FC device. The
initialization signal sequence may contain additional information related to the operating
frequency (i.e., link frequency) of the FC device.

15 Upon receipt of such an initialization signal sequence from the FC device, FC link
circuitry 160 may generate a command signal 162 to the PLL circuitry 158 (described
above). Such a command signal 162 may operate to control the operating frequency of the
PLL circuitry 158 so that the PLL operates at the correct frequency for data flow control
of the FC device (e.g., 1.5, 3.0, 6.0 GHz). To that end, the PLL circuitry 158 may include

20  frequency multiplier and/or divider circuitry (not shown) that may generate a multiplying
(or dividing) signal to enable the PLL circuitry 158 to select base frequency based on the
command signal 162, to permit, for example, data flow through the receive path circuitry
152A at an appropriate frequency for the FC device.

In a manner similar to the description above for a SAS device, the receive path

25  circuitry 152A may also include flow control circuitry that may include data tracking PLL
13



command signal 162, to permt, for exanple, data flow through the receive
path circuitry 152A at an appropriate frequency for the FC device. In a
manner simlar to the description above for a SAS device, the receive path
25 circui trﬁ 152A may al so include flow control circuitry that may. i ncl ude
dat a t r ackVBG"BLE3?%3 Wo 2005/ 066820 PCT/ US2004/ 043345 P e 1451 58
coupled to the internal bus 166. The PLL circuitry 158 naybe adapted to
receive digital data signals (i.e., t reans) fromthe FC device, for
exanpl e, @fulry k3§eouped g’e‘@? H%°TP§%B§ B%Zr%sﬁ "’clTCéthTyz 3y bardapiediveol  engi ne
140. Upon receiving a data stream PLL circuitry 158 maybe operable to
conpar e amcdivedigitsl gadsigmalst(i-e odateggrmotiram ths Fdeisafor pxaapleradieethec| ock
signal (not shown). If a phase difference exists between the internally
gener at edFC Hexdée is poppatly aridalizhébyltie praseqobanging Y. Ridongeeeivwing 2 fatd58 may al so
be capable of changing the clock frequency to nore closely match the

f r equencystehmf PEL diatdtry $5§ @aybe dfeeatiRlfo compansiahriycokbify dmy sttdasivadatmscapabl e of
generating a data clock signal 158 indicative of the frequency of the

i ncom g ﬁ@h@@%ﬁ@@&bd sk et (sdt @mr?.gmhaa@&kffeﬁnc@@d&@ba@eén the retiner

circuitry 154. e retimer Circuitry 4 may be operable to retinme the

i hcom ng . L R BAT thedet s & sdgnal 164
recei ved ﬁ%%%“?%ﬁeq‘%kﬁg@?}?%éﬁl ra}f/(?%ggé E(gr éxaerrp e,1 (?lelt n%gr %ggllé%gy conpri se
aflipflo ireyit that ha he data streama he. data cl.gck signal for
Mput 5, cotetingt Sistrie B R el R Pal R0 BAh el St RE Sak 2 ol oci
signal. The retimer circuitry 154 y further be operabl 0.15 nerate a
retimed osé‘teémsf[ﬁlégiﬂ‘&frc‘ﬂlm lég%talsggef?i’@{’teé& igﬁ%ﬁFatngac%ital ‘ﬁ?/ctkl%@.al imng the
data streamfroma FC device may operate to reduce noise events (for
exanpl e, infliggivepf dfeffsrquencyjad thenacapmipg dafp stsGaghalhe dats deckmignabtedumaier | onger
cable lengths. Further, retimng the data stream my operate to reduce
t heselkf f®otte rigghawirauittyfliShe@he climeacivaitiyelsd| maybeopardbleibagetohe Bensi ng and
Fl ow Control 20 Assune for this exanple that a S-ATA device is connected to
t he i nt erigesthiaf @ata stream based, at least in part, on the data clock signal 164 received from the

PLL circuitry 158. For example, retimer 154 may comprise a flip flop circuit that has the

data stream and the data clock signal for inputs, and may operate to retime the data stream

based on the data clock signal. The retimer circuitry 154 may further be operable to

15  generate a retimed data stream at the output of the retimer circuitry 154. Retiming the data
stream from a FC device may operate to reduce noise events (for example, ringing effects
in the digital signal) which may occur over longer cable lengths. Further, retiming the

data stream may operate to reduce these effects below a defined tolerance level.

S-ATA Protocol Sensing and Flow Control

20 Assume for this example that a S-ATA device is connected to the intermediate
device 150, either alone or in combination with other device types in a multiple device
enclosure (for example, S-ATA device 104d) as shown in Figure 2. Commands and data
may be communicated into and out of the intermediate device 150, as represented by Rin
and Tin, for example, via cable links 106a, 106b...106d and/or 108a, 108b...108d. A

25  data path 166 (e.g., internal bus) may be included in the receive path circuitry 152A to
14



device 150, either alone or in conbination with other device types in a
mul tiple device enclosure (for exanple, S ATA device 104d) as shown in
Figure 2. Commands and data may be comruni cated into and out of the
intermedi ate device 150, as represented by Rn and Tin, for exanple, via
cabl e |i nkK¥O2YBA%68ABeh. . . 106d and/ or 108a, 108b...108d PCTASIUIYEPR path 166
(e.g., internal bus) may be included in the receive path circuitry 152A to
14 WO 2005/ 066820 PCT/ US2004/ 043345 = provi de communi cati on of conmands and
data sentppyidarammurcatipaaf ceampmendspad dafse diom theiFcdsiviceyo B comporedtei ve pat h
circuitry 152A. Wien a S-ATA device is initially powered-up, an
initializetcuitry fitprrateivepptlecicritrddZzAoccur. I n an exenpl ary S-ATA device the
initialization signal sequence nay 5 conprise an OOB signal (simlar to the
OOB si gnal deswhénest Altodevive i nitidlygroaeme-upoaminitBiSatibasigna) sequénceay not
i ncl ude a COVBAS signal. The absence of the COVBAS signal may identify the
device aspgy &C&Tﬁn%\ék@rﬁplﬁfyrsihmdde@fceﬂquﬁﬁaE@vﬁbﬂei)gnalcaé%eﬁmeay detection
a

circuitry 156 nay operate in a manner simlar to the ove description of

SAS Ot QG isS Epéb%i %qag(sllzﬁlfwy 16 BRI sif %ﬁl‘ééc&ﬂ&d EWVe%&af@br%‘%ngg W£e my

i ncl ude one“or nore protocol contr circuitry and/or 172,
coupl ed spective input .and @(?I{I@ Sﬁi % i rd&g' . davi ce 150.
In the c%%ﬁ?‘?%ﬁhw IgeyAﬂ‘ﬁ nbcrl% “Scor, \%r?esf%%gﬁ - ,&'Ia}ig g(\e/ Pgltgg 'S ?gé gli i%ng dat a
and a transnmt/receiye, buffer t .sh vm%li I t. ful t he device 15
transm t s ety @fe a1c® aﬁ'ﬁg"%{“‘&%ﬁ“ﬁ? @Iﬂ% 8I°§ ﬁgég?%ﬁl??)r eé@ﬁas{gnal hol d
acknow edge signal (HOLDA) be received by the target device within a
pr edef i nedPtastipbErcugry 130 mnsPRorate i ayntenEmdar torths atowa Apiceptio 4% dat a
words). Accordingly, S-ATA protocol control circuitry 170 and/or 172 may be
oper abl e protogdsensittge an appropriate HOLDA signal when a HOLD signal is
received, and return such HOLDA signal to the S-ATA
10
Flow control circuitry for a S-ATA device may include one or more S-ATA
protocol control circuitry 170 and/or 172, coupled at respective input and output ends of
the intermediate device 150. In the conventional S-ATA protocol, when a S-ATA device
is receiving data and a transmit/receive buffer (not shown) is almost full, the device
15  transmits a HOLD signal. The S-ATA protocol may require that a hold acknowledge
signal (HOLDA) be received by the target device within a predefined number of
transmitted data words (for example, with 20 data words). Accordingly, S-ATA protocol
control circuitry 170 and/or 172 may be operable to generate an appropriate HOLDA
signal when a HOLD signal is received, and return such HOLDA signal to the S-ATA
20  device (e.g. device 104d) or to the circuit card 120, as may be required by either the device
or the circuit card 120.
In a manner similar to the description above for SAS and FC devices, the flow
control circuitry that may also include data tracking PLL circuitry 158 coupled to the
internal bus 166. The PLL circuitry 158 may be adapted to receive digital data signals

25 (i.e., data streams) from the FC device, for example, after the FC device is properly
15



20 device (e.g. device 104d) or to the circuit card 120, as nmay be required
by either the device or the circuit card 120. In a nmanner simlar to the
description above for SAS and FC devices, the flow control circuitry that

may al so ipc| a tracking PLL circuitry 158 couple th i nt ernal
bus 166. T %%E;_UGM bcui try 158 naybe adapted to recei velgﬁ/&zf’%ﬁ”ﬁ}é?a signal s

25 (i.e., data streans) fromthe FC device, for exanple, after the FC device
is properly. 15 WD 2005/066820 PCT/US2004/ 043345 i ni ti)ﬂi zed by the

prot ocol itiplined byhe protsal engdng W40 {/Pan geeeiymga taStreppy ICEEHIW§5§I.58 may be
operable to conpare an incom ng data_stream agai nst_ an i nternal |y generated
cl ock si ganbe ¢peoablstecamparelah igcogting datestieparagaist andniemally gengsated ﬁlhg(
internally generated clock signal and the data stream the PLL circuitry
158 may abigml bt stegval)] B agfhashdiffgiency axisgs tetwéendhe intesaplyrgeyeraied olock cl osel y
mat ch the frequency of the data stream The PLL circuitry 158 may al so be

capabl e ofig@@aed @k dmg siedd ttike BILIO Glcustyg 168 mdbdlsd bekiapatile veclohginBehe f requency
of the incom ng data stream The data clock signal 164 may be sent to

retimey  ghsiCkiidubcyksthord NBsdlPinat¥R theGidq@bticy oY thkftaWhtatae TARPLADI € to retine
the incomng data “stream based, at least in part, on the data cl ock signal

ot :eif? YR R adc o A it oo 2 g PR RIS indilih B e 2 o
signal fo

ata. ol ocke PR S RETE RBRUET.c Lk (457 O T 0T PR P B SRat o 1o

generate a retinmed data streamat the output of the retinmer circuitry 154.
Retim ng SFItEAY. Jhe sdimer CHeHITEASBmaYT e pra3tietofalime fieriaeanipg ditaduce noi se
events (for exanple, ringing effects in 15 the digital signal) which may
occur ovestremrigesd, atdpdskin nergemthe drarclagls signaldof meostyed Homgthe ELLsireeilh may
operate to reduce these effects bel ow a defined tolerance |evel. As
describedl 8 dor exmiple, hetinadrr 54 ntag compasd a/fipdmphircdibthat lrasdhd deta Sttemmnsm t pat h"
152B may conprise identical circuitry to be conpatible with sensing and data
f 1 ow cont sl the data clock signal for inputs, and may operate to retime the data stream based on
the data clock signal. The retimer circuitry 154 may further be operable to generate a
retimed data stream at the output of the retimer circuitry 154. Retiming the data stream
from an S-ATA device may operate to reduce noise events (for example, ringing effects in
15  the digital signal) which may occur over longer cable lengths. Further, retiming the data
stream may operate to reduce these effects below a defined tolerance level.
As described previously herein, the “receive path” 152A and the “transmit path”
152B may comprise identical circuitry to be compatible with sensing and data flow control
between a target device 104 and a circuit card 120. For the transmit path circuitry 1528,
20 it should be pointed out that the components thereof may operate in an identical manner as
described above with respect to the receive path circuitry 152A, except that signals are
coming from the circuit card 120 and going to the target device. Thus, no reference

numbers have been assigned to the transmit path circuitry, and it may be assumed herein

that like parts called out by a descriptive word or phrase operate in a like manner.
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between a target device 104 and a circuit card 120. For the transmt path
circuitry 152B, 20 it should be pointed out that the conponents thereof my
operate in an identical manner as described above with respect to the

receive p lreuitry 152A, except that signals are i f 1 he
AHETIE LA

circuit car and going to the target device. Thus, nunber s
have been assigned to the transmt path circuitry, and it may be assuned

herein that |ike parts called, out by a descriptive word or phrase operate
inalike rrann'B’fe.le%mV\ée%‘@’@S‘fl'YGgB%fefeP@FP1@2@%?‘@%3%‘50@ T0edepicteddn ry

described with reference to the internedi ate device 150 depicted in Figure 3
her ei n nekigwsdgicreie My €0WBPriserne O motatircuitnpdiies opghipseisphastraytaeapriphy
conprise integrated circuits. Alternatively, one or nore of the bl ock

di agr am cintggateitisuid. Adtguatively3omeayr nixee HhHtherblbck fliagiagtemnmonents ofiFignse i n a
manner consistent with the functionality 5 described herein. It is to be

not ed t had mhiiee forined bRdis@atte citenirg én 4 bidnitbe poriseat vith Fhegfuneicdalityay furt her
conprise additional circuitry, for exanple, buffer circuitry at the input

and/ ors  o4dsptitled @8RS, (1Pfs t8be A6BE thafPB M claf deQfal 5O BsHiAkOnOFiie 3dat a path).
Further, the internedi ate device 150 may al so include inpedance natching

circuitry, Ff%% e adPriolIPLiFRitHTRGURNGES. DRfels: ’t{?h&t &, deyi ce 104,
one or nore gl;ﬂ[})l es ?Hyén%at é()ﬂgliirlcw1 mar g 1%8’ 1;% Fi glg re 5. é%g%aélt s flowchart
400 illustrating exenplary operations that . .may, be . .performed according to an
enbodi rren?u.tpW{l‘% @%?tg&?l?eeﬁ@épr?gn t?lfé)ci(i)th()tnéfl &t tacpélghl)bguﬁgﬁm‘ﬁﬁescr i bed herein,
operati ons. may,..include, protocol, sensjing which y conprise an operation of
det er m ni RETPHAE SRt THBROAS G RERgE BIPAUe T B REABYPIE Par get 15
device 104 and/or circuit card 120. Determ ning the communication protocol,
from anongchippadprdes bstween b6 fargetidedes B, proegeer sablpmpnd teicuewt ¢isd ect i ng an
initialization signal sequence (for exanple, an OOB signal sequence for an
SAS dHVvi cB0, detecting a link initialization signal (for exanple, an anal og
burst signal for an FC device), and/or
Figure 4 depicts flowchart 400 illustrating exemplary operations that may be

performed according to an embodiment. With reference to the intermediate device 150

described herein, operations may include protocol sensing which may comprise an

operation of determining the communication protocol 402 that may be used by a target

15 device 104 and/or circuit card 120. Determining the communication protocol, from

among a plurality of communication protocols, may include detecting an initialization

signal sequence (for example, an OOB signal sequence for an SAS device), detecting a

link initialization signal (for example, an analog burst signal for an FC device), and/or

detecting a HOLD signal (in the case of an S-ATA device). For example, in the case of

20 an SAS device, for example, the OOB signals may be passed through the intermediate

device 150 to the circuit card 120. For a target device compatible with a FC protocol, such

a process may include setting PLL circuitry to operate the appropriate frequency upon the

occurrence of an FC link initialization signal. For an S-ATA device, a HOLDA signal

may be generated back to the S-ATA device within a predetermined number of data

25  words. The process may also include detecting a link frequency corresponding to an
17



detecting a HOLD signal (in the case of an S-ATA device). For exanple, in
the case of 20 an SAS device, for exanple, the OOB signals nay be passed

through the internediate device 150 to the circuit card 120. For a target
devi ce conpatiil@shth a FC protocol, such a process ngiddglaedssetting
PLL circuitry to operate the appropriate frequency upon the occurrence of
an FC link initialization signal. For an S-ATA device, a HOLDA signal may

be generate K. to.fh = ATA devi] it hi ' nber of data
25 vor ds. “UpiedgEcee Sy LS ARHATG Mbled o9 REEERIEIE B8y 10
corresponding to an 17 WO 20051066820 PCT/ US20041043345 .attached device.
The 1ink qmﬁ@ﬁewmﬁlyz%@e g?rgygga ﬁ?}a (520} SRAETa ygg? g%vﬁ%' n@fqmgorrpri se,
for exanple, the frequency of a data stream generated, by the deyvice. The
link fretemaesy mayonspae to establishale aprsting fraquensy of BH?@C%IIF%%‘??@} of PLL
circuitry to enable retimng of an incomng data stream 5 For a given
conmmuni catetimmgprfahoowmingdata sttdanins nay al so i nclude providing data flow
control using the sel ected conmmuni cation protocol 402. Data flow control
oper atj ons  nEBoriagteaidemneiicaiiogpratodalt epesationamagatib arclivleffreviding datad/ or
anplifying a data stream For exanple, as described above with reference to

Fi gure 3, ARk bodtidl Gthf e séRSedBomMREEAio pratocdl A02.0Duta dlogesvatral @etatiphase val ue
for a given data stream and a retiner circuit 154 may 10 operate to retine

the data gty ﬁ‘x@fﬁ‘dp?%?@gmg %\gmﬁ%ﬁ‘é&rm rfﬂl&%?ferhlﬁ)g“aﬁdytﬁ aRipESAnY AHAME sP@Rer@red by

the PLL circuitry stated previously, mass st'orage 104 nay conprise
an encl osure of r i Iz} lity of
farget aetr et o5 feoBea SR PRl bR TE RN Bl ERNcERTISE BBl @, LY of
conmuni cat i ng usi ng di fLer enf gom‘runi ccﬁlg on 15 prot ﬁcol Sic %Li(éﬁl an encl osure
may al so PHEHYFESCHAHF 8FP5YE e SR T'oHé Y52 eI d e ol 68" 105 e
"hot - swappabl e", to permt, for exanple, devices to be connected and
di scoHhecersgpte {5 g therflagatieara hased; &t lepsiy) Rat @ the Bhass alugReperated dh an
encl osure may conpri se

the PLL circuitry 158.

As stated previously, mass storage 104 may comprise an enclosure of target
devices. The enclosure may comprise a plurality of target devices, and each device may
be compatible with and/or capable of communicating using different communication

15  protocols. Such an enclosure may also include appropriate connections to permit devices
to be “hot-swappable”, to permit, for example, devices to be connected and disconnected
within an enclosure in a dynamic fashion. Thus, such an enclosure may comprise
interface connectors (not shown) to provide electrical and mechanical connectivity to
devices inserted therein, and to cables (for example cables 108a, 108b...108d) that may be

20  attached thereto.

Also, as can be discerned from the examples provided herein, certain components
of the intermediate device 150 may be capable of providing device sensing functions and
data flow control for any or all of the devices. For example, PLL circuitry 158 and retimer
circuitry 154 are equally operable with SAS, S-ATA and/or FC devices. Therefore, in an

25 enclosure environment permitting different devices to be connected at the same physical
18



interface connectors (not shown) to provide electrical and mechani cal
connectivity to devices inserted therein, and to cables (for exanple cables
108a, 108b... 108d) that may be 20 attached thereto. Al so, as can be

di scerned fromt exanpl es provided herein, certain c af the
internedigvégwﬂwggg 150 may be capabl e of providing deggggggﬁﬁg?%ﬁ functions

and data flow control for any or all of the devices, For exanple, PLL

circuitry 158 and retinmer circuitry 154 are. equall.y, oper.abl.e .w SAS,

S- ATA andgshorthege omaranents @ aacggodats sugh C%B“’E% gﬁ@éﬁﬁeﬂg%‘@? fovirfe
permtting different devices to be connected at the same physical 18 WO
2005/ 06682051 ROTAjtB206 4mbadigwst mppbenceble to ReoBpieoERtes ad“éizofaccomnodat e
such devices. The intennedi ate device 150 consistent with this enbodi nent
may be opsissiy devices Aomaheretiasered i £ deder is anishing (nohgosseeied)dbtlieces from t he
enclosure. If a device is mssing (not connected) at the enclosure |evel,

t he i nt ercp@déad Rvélethe Gterhiiatadudioced 5@, apdniore pdrticdlyrlyt the CODBsighgnal 5
detection circuitry 156, FC link circuitry 160 and/or the retiner circuitry

154 my QRREHH GrcuflrySisENRE lihR dirquaty V6D 2it/ok AR rb@abr dikalryG4dei gaea® present

in the enc?osure (orf unattached to a particular cable). It should be

under st Oggsg@gﬁhg@%ﬁfof%@ﬂ&i tﬂﬁglﬁ)?eﬂtze %@ges 1165 BflenHosifb A HStachoqND! at e

many di f nat1ons an r su I nations of the conponents 10
and/or circuitr picted in Figure 3, or the system|evel conponents of
Fi gur es faﬁﬁafa§¥ab?e§or exanpl e, in a systemthat includes an enclosure

i cui Ts 172 SIoRdbeagerBact AP B PEHBGH: SOUs ARG O he scope of the
present disclosure. O her conbinations and subcaonbinations of any of the
conponentegntemplateapanysE Hewsat ppbinpiontandios syicampmationsmf g cogppsents 2 and or 3,
may be made without departing fromthe present disclosure. Thus, in summary,
one sifst emllentiouitryedupiated/indigype 3.9 the systemuéel eamppnents of Figures 1 and 2.
For example, in a system that includes an enclosure environment dedicated to SAS and/or
FC devices, the S-ATA protocol control circuits 172 and 170 may be omitted without
departing from the scope of the present disclosure. Other combinations and
subcombinations of any of the components, as represented by any of the blocks of Figures
15 1,2 and or 3, may be made without departing from the present disclosure.
Thus, in summary, one system embodiment may comprise a circuit card
comprising an integrated circuit capable of communicating in accordance with a plurality
of different communication protocols. The circuit may be capable of being coupled to a
bus. An intermediate device may be coupled to the circuit card. The intermediate device
20  may be capable of determining, at least in part, at least one communication protocol,
among a plurality of communication protocols, via which at least one storage device
connected to the intermediate device is capable of communicating. The intermediate

device may also be capable controlling a data stream generated by at least one of the

integrated circuit and the storage device.
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conprising an integrated circuit capable of comunicating in accordance with
a plurality of different communication protocols. The circuit may be
capabl e of being coupled to a bus. An internediate device may be coupled to

t he ci rcui‘gog(%rs}a“s%he intermedi ate device 20 may be capahl &,@5088fer m ni ng,
at least in"part, at |east one comunication protocol, anong a plurality of

communi cation protocols, via which at | east one storage device connected to
the internedi ate device i apapl e of communi cat.ing. .The internediate

ovi co. myal dpesepiapssrotaRor By PSR RES &l T el BZHOREE! ©) cas
one of the integrated circuit and thg‘astor.age ?Pevi.ce. 19 WD 2005/ 066820
PCT/ 1JS20@aiood 3euping aijsaiteyihatis capable Rb eI HENRE Rh{FASHR PHGet S3Sti ME er nedi at e

device that may conprise protocol sensing circuitry that is capable of

det er ni ni eupymuaticatien protael,paong apturaliy of caprpunieativrpritecels, git whieh ¥deast anong a
plurality of communi cation protocols, via which at | east one storage device
connect edordeGtdripe denice comdiiat ¢ thenitameiistecipabisecapible ofwnmmigwtating. 5 The

i nternedi ate device nay al so conprise flow control circuitry that is capable

of cont rphd inRemaiisiatiavied mepakd bahprive Yioweonwsirtiiiagtted if ¢apablsaf d st or age
device using a plurality of communication protocols. Advantageously, the

I nt er medi @c;n?roﬁlﬁgh%ﬁta%&eélﬁ%ﬁ?nﬁ%@@&ﬂiﬁﬁﬁi@atéﬂiﬁoﬁfsﬁﬁrstor fedsiaeAMUNI cat i on
capabilities, and may comunicate using a plurality of 10 conmmuni cati on

protocol s, Al.sO ignals generated by a target device and or
circuit c%hrn& ‘@oﬁ&éﬁg"gﬁﬁ’ﬁ%"t“é‘?hedi ate device may be controlled, which may

permt cabl elg ngt hs between the.in ermeg' at e dtg)vi.ce and o or nore of a
target device (ﬁv&ﬂ@geouéﬁlr ﬁ%il qe@?ﬁﬁltet Visg© Q‘F%en%lé AIECHY Ry Oﬁearvant ageousl vy,
this may pennit, for exanple, a. single integrated. inter giiidi e device
accor di ngerhancef seBmMERisalioheareilitics, agrayosupBiceEs ySingn BUENACst or age system
directly using a plurality of different communication protocols. Thus, for
exanpl®, ¢ammunjcatien praserdols. dAlswadygatagaeusly.rrignelsegneraied di witerectaievicn sk
enbodi ment s

or circuit card coupled to the intermediate device may be controlled, which may permit

cable lengths between the intermediate device and one or more of a target device and/or

circuit card to be extended. Further advantageously, this may permit, for example, a

single integrated intermediate device according to these embodiments to communicate

15 with a data storage system directly using a plurality of different communication protocols.

Thus, for example, it may be possible to use the intermediate device of these embodiments

to communicate directly via one or more communication links with one or more devices in

SAS and/or S-ATA and/or FC protocol domains in the data storage system, without

having to employ one or more external communication protocol converters, translators,

20  and/or expanders (such as, for example, one or more SAS expanders) coupled between the

integrated circuit and the data storage system, although such protocol converters,

translators, and/or expanders may be used without departing from these embodiments.

Advantageously, these features may permit the intermediate device of these embodiments

to exhibit enhanced versatility and utility compared to the prior art, and may reduce design

25  costs of employing the intermediate device described herein compared to the prior art.
20
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to communicate directly via one or nore communication |inks with one or nore
devices in SAS and/or S-ATA and/or FC protocol domains in the data storage
system wi thout having to enploy one or nore external comunication

pr ot ocol ver: transl ators, 20 and/or expanders (s s. for exanple,
one or nnﬁ§8§§§%§§ %nders) coupl ed between the integré?gﬁﬂ%@?@ﬁ?@’and t he
data storage system although such protocol converters, translators, and/or
expanders may he used w thout depart.ing fromthe enbodi ment s.

Advant ageousl| y’ 0% SR @é?‘i??sé(?sPPES}CW%P?%WH?W?E’FWEH?I&%C%W% °bf these
enbodi nents to exhibit _enhanced versatility. and tili%y conpared to the
prior art desgirfiongpd pelRfdEnitpEen.Grd ﬁ?%’éé‘f’éﬂtﬁ)‘{t‘(’é‘n‘ﬁ‘ltg‘?ﬂsﬁd’ BRd teRsededi at e

devi ce described herein conpared to the prior art. 20 WD 2005/066820

PCT/ 1J S2009t08198Y 8f eivduding any egniyalentp pEts festigessiown and deschibech(oeppitioped her ei n
are used as terns of description and not of limtation, and there is no

i nt ent i ontherenf)f dnd itiis eccvgnigertthatt varines modificatiops ars possilsle withiretke baoge nfy any
equi val ents of the features shown and described (or portions thereof), and
it is §echgdiazes Othat mydificaless, Vaditions,aint ahanaives pRI:foYoesivtet hi n the scope of
5 the clainms. O her nodifications, variations, and alternatives are al so

possi bl e. AcAe&RgIfl] tROLMimd 118 iftérALI® RV dlINueNERSvdigcover all such
equi val ents. 21 at is clained is: CLAIMS | An apparatus, conprising: an
i nternedi ate device to becoupled between a multiple protocol initiator
engine and at | east one storage device, the internediate device conprising
protocol sensing circuitry being capable of determning, at |east one
comuni cation protocol, anong a plurality of comrunication protocols, via
whi ch at | east one storage device connected to the internediate device is

capabl e of communi cati ng,
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the internedi ate device also conprising flow control circuitry being capabl e
of controlling a data streamthat may be communi cated from sai d storage
device using the determ ned at |east one comunication protocol. 2. The
apparatus of claim1l1l, wherein: the internmedi ate device is further capable of
detecting a predetermned initialization signal sequence indicative of a
communi cation protocol. 3. The apparatus of claim 2, wherein: the

predet ermi ned signal sequence conprises an out-of-band signal sequence. 4.
The appanaidiss @dimeiai:m 1, wherein: the protocol detection circuitry is also
capable of receiving at |east one of an out- of-band signal sequence and an
anal og burst signal sequence, and {HAMS W control circuitry conprises data
tracking circuitry capable of receiving a data streamfromsaid at | east

one storagge deqyi pabl e of generating a clock signal indicative
of the ?iequgﬁg§sggggﬁ% ggﬁg'streanl said flow control circuitry al so
conpri si ng r etn ireermediatecdeiviceyto bapalplal oftweacemuitiple paicdodmitatstengiaen and sai d

cl ock si%aﬁl an generatig% a retinmed data stream 5. The apparatus of
claim 1, et &7 ORhEOTASE st He B edci Vs FapIPESHE BioRY LBtk ed, via
at | east ppgrGaRE; Qa§>901§%'chte§rﬁi‘Mn%?‘ﬁt Ml SR cofrnthicaliof RPB&IIakHSnLs claim I,
wherein: the plurality of different comuni cation protocols conprise a Fibre

Channel pprdlity of comamuBSeatical pratocelshdal whidhl dt le@stngtstarag@ydavioncpnesietlde e
pr ot ocol eq.Technolﬁg% Attachment protocol. 7. The

’hea'n% a (?sleléi g\'/ic lAc(i:van(Ite c njc . . : .
appar at udPOPEPTAY £SVighiE FahatTe QMMM HE at e device is capable of being
coupled to a @abinr@edigatdebice alot ddnirising flow control circuitry being capable of

controlling a data stream that may be communicated from said storage device using the

determined at least one communication protocol.

2. The apparatus of claim 1, wherein:
the intermediate device is further capable of detecting a predetermined

initialization signal sequence indicative of a communication protocol.

3. The apparatus of claim 2, wherein:

the predetermined signal sequence comprises an out-of-band signal sequence.

4. The apparatus of claim 1, wherein:

the protocol detection circuitry is also capable of receiving at least one of an out-
of-band signal sequence and an analog burst signal sequence, and the flow control
circuitry comprises data tracking circuitry capable of receiving a data stream from said at
least one storage device and also capable of generating a clock signal indicative of the
frequency of said data stream, said flow control circuitry also comprising retimer
circuitry capable of receiving said data stream and said clock signal and generating a

retimed data stream.

5. The apparatus of claim 1, wherein:
the intermediate device is capable of being coupled, via at least one cable, to said

storage device.
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| east one of said comunication protocols. 8. The apparatus of claim1,
wherein: the internedi ate device further conprises protocol contro
circuitry capable of receiving a signal fromsaid storage device and, in
response thereto, generating an acknow edge signal to be transmtted to
said storage device. 9. A system conprising: a circuit card conprising an
integrated circuit capable of comrunicating in accordance with a plurality
of different comruni cation protocols, the circuit card being capable of
bei ng codpl ed Thoappamis ofghadmdnwheredy nedi at e devi ce coupled to said circuit

card, _sal d : H}teerl a?ﬁ ato? d?t?é’r'erﬁeco?nel e ?%Fabrlo%cglfs c%(rz‘nt s R C%%nAe?aSt one
comuni cati on p?o ocol’, "anobng a 6Puré1| or - eonmum cat’i on protocols, via
whi ch at pt@est, oserisit attagred Sieali Cenparnastesh Imerfdee profoesimadd at Serthévi ce is
capabl e of communicating, the internediate device also being capable

cont r ol | iAsyauced deehnotogs AHagbmer Rrdecohy at | east one of said integrated
circuit and said storage device. 10. The systemof claim9, wherein: the
internmedi ate device is coupled to said circuit card and said storage device
via one7or ndheaprapitessof claim IThbersist em of claim 9, wherein: the

| ntermediate devleend iyl YEHDEL SARAPLAGL, EERALL NS A RLEERAL Wided
initialization signhal sequence indica Ve of Pat T éast one of sai plurality
of comuméasedne@fisaip cahmadicstionZBotbeols.The system of claim 11, wherein: the
predet ermi ned si gnal sequence conprises an out-of-band signal sequence. |[3.

The systemof claim9, wherein: the internediate device is further capable
of contrallinghsapfraa &F cidime2mhbRin:

the intermediate device further comprises protocol control circuitry capable of
receiving a signal from said storage device and, in response thereto, generating an

acknowledge signal to be transmitted to said storage device.

9. A system, comprising:

a circuit card comprising an integrated circuit capable of communicating in
accordance with a plurality of different communication protocols, the circuit card being
capable of being coupled to a bus, and an intermediate device coupled to said circuit card,
said intermediate device being capable of determining, at least one communication
protocol, among a plurality of communication protocols, via which at least one storage
device connected to the intermediate device is capable of communicating, the
intermediate device also being capable controlling a data stream generated by at least one

of said integrated circuit and said storage device.

10.  The system of claim 9, wherein:
the intermediate device is coupled to said circuit card and said storage device via

one or more cables.

11.  The system of claim 9, wherein:
the intermediate device is further capable of detecting a predetermined
initialization signal sequence indicative of at least one of said plurality of communication

protocols.
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produce a retined data stream and transmtting the retined data streamto
at least one of the circuit card and the storage device. 14. The system of
claim9, wherein: the plurality of different conmunication protocols
conprise a Fibre Channel protocol, a Serial Attached Small Conputer System
Interface protocol, and a Serial Advanced Technol ogy Attachnent protocol.
15. A nethod, conprising: determning, by an internedi ate device to be
coupl ed between a nmultiple protocol initiator engine and at |east one

st orage dévi cdhasysteast clanel Govhetemi:cati on protocol via which at |east one

st or age devic%]cogpicted to tpe internmediate d vi&p IS cqub%ecof

conmuni cati ng; i ee&'ﬁlﬂl}egls}%nﬁgs,eq'b?c? R HERPhE ioét NYENE 8IS S east one
data streamfromsaid at |east one storage device in accordance with at
| east one communi cation protocol. 16. The nethod of claim 15, further
conpri si dg: r dhp aysiE obslainh® WherdRnedi at e device, said at |east one data

st ream gener aed Rime3al dadlicd BR8N S AbY BBROARNHGE sl Ty etpOd O

claim 15, further conprising: receivin e I ntetrnmedi ate device, an
i nitiali padduoea sdtiomeal dagegqieamnc end t2andmittieg eetretirged daga stheani tot @ dewstcinatof devi ce,

at | east one co ni cation protocol based on said initialization signal
sequenceFh@%“ngg$ﬁégﬂ§ﬁWH@§beVEFain115, further conprising: determining, by

the internediate device, a link frequency associated with said storage
devi ce; and conmuni cating, by said internediate device with said storage
devi ce usitng dJae dystdm pkelaimegudreegin:

the plurality of different communication protocols comprise a Fibre Channel
protocol, a Serial Attached Small Computer System Interface protocol, and a Serial

Advanced Technology Attachment protocol.

15. A method, comprising:

determining, by an intermediate device to be coupled between a multiple protocol
initiator engine and at least one storage device at least one communication protocol via
which at least one storage device connected to the intermediate device is capable of
communicating;

and controlling, by the intermediate device, at least one data stream from said at

least one storage device in accordance with at least one communication protocol.

16.  The method of claim 15, further comprising:
retiming, by the intermediate device, said at least one data stream generated by

said at least one storage device.

17. The method of claim 15, further comprising:
receiving, by the intermediate device, an initialization signal sequence; and
selecting, by the intermediate device, at least one communication protocol based on said

initialization signal sequence.
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19. The method of claimI|5, further conprising: comunicating, by the
internmedi ate device with said at | east one storage device wth a selected
comuni cation protocol anong a plurality of comunication protocols. 20. An
article conprising: a storage nedi um having stored thereon instructions that
when executed by a machine result in the follow ng operations: determ ning,
by an internedi ate device at |east one comruni cation protocol via which at

| east one storage device connected to the internediate device is capable of
comuni cati ng;Thamthodrt clairhil Aglurther compriinger medi at e devi ce, at | east one

dat t f id at { t . i i i,th at
[ aact one. comiuRRaIEoRY gETatmedng, AT o PEERITIF e,

conpri si neprigeaieleb]di ng operations: retimng, by the internediate device,
said at | east one data stream generated by said at |east one storage

devi ce. 22. TKeMAMRcalRg, by saidainiarmediate deyige Vitiowist pleragy Jenee £3Ng ¥ ng
operatioqakfrﬁgggkying, by the internediate device, an initialization signal
sequence; d"se ecting, by the internedi ate device, at |east one

conmmruni cation protocol based on said initialization signal sequence. 23.
The articl,e of-cl aim.2Q,  further, conpri.sing the foll ow ng operations:
deterninﬁﬁg, deﬁﬁé“ﬁﬁgéPH%dﬁaﬁghﬁé§| 8?”% link frequency associated with
said storage cd@nivaRatig)bydhe goemetdiaeaddving, wikly sfidiiat leasit e sedagatdevidevi ce with
said storage device using said |ink frequenqy. 24. The article of claim 20,
further CORb? sesciRg cORBUNEALRMPTIEPCE hrrens dor ural ity rRimE e ipyProfsolshe
internmedi ate device with said at | east one storage device

20.  An article comprising:

a storage medium having stored thereon instructions that when executed by a
machine result in the following operations:

determining, by an intermediate device at least one communication protocol via
which at least one storage device connected to the intermediate device is capable of
communicating; and

controlling, by the intermediate device, at least one data stream from said at least

one storage device in accordance with at least one communication protocol.

21.  The article of claim 20, further comprising the following operations:
retiming, by the intermediate device, said at least one data stream generated by

said at least one storage device.

22.  The article of claim 20, further comprising the following operations:
receiving, by the intermediate device, an initialization signal sequence; and
selecting, by the intermediate device, at least one communication protocol based

on said initialization signal sequence.

23.  The article of claim 20, further comprising the following operations:
determining, by the intermediate device, a link frequency associated with said

storage device; and
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with a selected comruni cati on protocol anong a plurality of comunication
protocols. 26

communicating, by said intermediate device with said storage device using said

link frequency.

24.  The article of claim 20, further comprising the following operations:

communicating, by the intermediate device with said at least one storage device

with a selected communication protocol among a plurality of communication protocols.
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