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WD 2005/ 066820 PCT/ US2004/ 043345 | NTERVEDI ATE DEVI CE

CAPABLE OF COMMUNI CATI NG USI NG DI FFERENT COVMUNI CATI ON
WORWEOGE2® Field This disclosure relates to RAT/US2004/043345

i nternmedi ate device that is capable of comunicating

5 using different comuni cation protocols. Background

' nmmmrsgg@;%' g*vxé@t@Af»hmmacmﬁmﬁmAﬁNG USING
corpt €S a adapter |

HBA communi

nore co 2 H 5 P
prot ocol associ at ed vvlth the one or nore 10 links. The
physi cal connection bet weent: HBA and the data

storage systemtypically includes one or nore cabl es
desThindisctosurcaclates do amrintermediate drvice thattigeapabidef deBmunicating
and the data storage system using a conmmuni cation

usify diffecsnlk coraprmivatio@piodgtotiat a over cable may degrade
the quality of the signals encoding the data, and this

may limt the cable |engjRkhetyeen an HBA and the

data storage system Additionally, extending the cable

o2 R P PG5BSR hEE A o o
hav ed to reduce jitter and noise.in the
adagtef ZH§ZSe gﬁ?nﬁﬁ%wmcé@ﬁ ‘iﬂﬁ%\?m%? SHE$g Viene or more
comuni cate using only a si ngI e predeterm ned
congronmioatianelitiks nyimgacmmmuticationiprotoed asweiater Wish e aiwtax more

storage arrangenent, since a retinmer is incapable of

links0 Ming Phesital Ronktiog belivfebe terHBAcmduhé d4b boragerspitonaysically
20 conventional data storage arrangenents do not

1ncRxﬁQ§’ bri¥CorandR eHBIBS 88Rided 8 E@rﬂdcdrﬁﬁa&ﬁbin@ daf BARBGEhE BIEA and
data stor age arrangenent where nul ti p e ConTanl cati1on

the gef% / ?ﬁ%ﬁ%ﬁ&ﬁ% L géfrﬁ%uni%guén M@to%gp 56(91%6:1 1cating 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
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
communicatiopsstotocol. Thus, in the conventional data storage arrangement, since a
retimer is incapable of communicating using different communication protocols,
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 subj ect
worbis@eeszd | | becone apparent as the foll ow ngrPOetUaRI0@M43345

Descripti on proceeds, and upon reference to the

Drawi ngs, wherein |ike numerals depict |ike parts, and

i n which: 5 mgEepkSCRIBPTIINGFEME DREAWRIGDY a

system enbodiment; Fgure Z 1s a diagramilTustrating

ano e t S_a bloc di
f et ARl S RS %ddma 8 R delmF hgEct gy v
gure 4 is a flowhart illustrating exenplary
becea@raapar@ﬁga&th%\folmnweﬁéﬁé DR tption JEQseaTa gnd ¥pepreference to
enbodi ment. 10 Although the follow ng Detailed
theMrgwirigss Whereini lille numwrale depiptt likerpafteraadde whéthng  made to
illustrative enbodi nents, many alternatives,
modFigugeat is@tﬁagraﬁldlluﬁfdtiagia@psemrmﬁﬁﬂimem/j Il be
apparent to those skilled in the art. Accordingly, it

i's F%ﬁ%@%da di Qﬁlam 1hﬁstﬁtﬁ%'£ﬁ6’thelsé§1§ﬂeﬁ%mﬁ@&1ﬁ1%ﬁt be vi ewed

br oa be defi ned as’“set forth in'th e

acc TAlLED Pl ure
T EERRLY dhpody @‘f"%‘}%‘lel#ﬁ%tg%% A TP QF i&; i
The stem 100 ma ener |nclude

SUb tep‘{% edlagishartustigting sxepplary.png &%nﬁ %@a&)@ performed
system 116, a chipset 114, system nenory 121, a

accoiding fotancemspdéznent. 130, and a circuit card 120 that is
capabl e of communicating with the nmass storage 104.
TheAlbsighphe feRaing DithiledPDe2dtiption witl @reved wathi refeyeret being
processors known in the art such as an Intel (r)

mag@ﬁtlllﬂéﬁaﬁ% emYodiiRECERAY aﬁ&ﬁﬁ@x‘e@' Iﬁbﬁlﬁcgt\ﬁﬁisl ﬁi%i \%rfaﬁQﬁ@ thereof
Assignee of the Subject application.

w1lrgmg§e§19%&hx&r§k ezinlggﬁe %I‘K pgg orc%nigé(zﬂﬁ%l%tceélgl%%ﬁ%ﬁ% %almed

t he Peri pheral nen ect pressT™M
subigAL AT L PTOBR FaY b Gined n B8 P4 erie %wwpanymg
2002, available fromthe PCl Special 25 Interest
Clal@Soup, Portland Oregon, U S. A (hereinafter referred
to as a "PCl ExpressTM 2
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
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

Interest Group, Portland, Oregon, U.S.A. (hereinafter referred to as a “PCI Express™
2
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WO 2005/ 066820 PCT/ US2004/ 043345 bus"). The bus 122

may al so conply with the PCl-X Specification Rev.
wa.20@&/06d2by 24, 2000, avail able fromthe af or es@iud200@043345

Speci al Interest Goup, Portl and, Oregon, U S A

(hereinafter referred to as a "PCl-X bus"). The user

bt $hé 861254 ay Riko LAGLHARIRMEIIEK KoBlifidonaesy. fI %k, Tuly 24,

man users tao I nput commands and/ or data and

20@8;\9:\/%1 blet ﬁgmsﬂg %t‘égesall ?qlasspea?tﬁ%g ﬁ;ggrg?ﬁ%fgﬁ%%gOregon, U.S.A.
i ncl ude host brid e/hu%ﬁ;sstem (not shown) that

I n
(heé‘%ﬂ}%ﬁteéé’efﬁﬁédﬁ’r%ﬁcae system menory 121, and user
interface system 116 to each other and to the bus

oo 8 SO S B S

chi psets correr |aII romthe.assj gnee of, .

cowﬁi A 1§ ﬂ}q S?’@Ielﬁ suclb?saez)g?y(pgagdeﬂg@?ngﬂavwe, and
/0O control I er hub ch| pset s), although ot her

videpdisglaxt dhechivseli kl4annpacivdy hagtbsidee/hut systam faqt sheyn)ibat
used. The processor 112, system nenory 121, chi pset

couples thedrocessond 12, s}aatctnsﬂle]noryaal,remﬂl user interfage aysten dmé to each
one notherboard 132. The circuit card 120 may be

othePAEE foURd Bk 122, [EHipet 114 nda9 iMBudeiaREtAsl diftu@t chipt subBQs those
15 When the circuit card 120 is properly i nserted into

seléc!t(gd fr&%ﬁnte E%Qf&yfc@%t%%fp%%s ?Qﬁjlo m]eeag'fﬁal fﬁ&ﬁgﬁe#dﬁ‘f{ﬂe a%ﬁ%hé’e of the
conne 34 and . 137 are s ou 0. each
sufit SEtion b go@anbics Beaery it PRttt chiised). 15hoven other
and npy exchange data and/qr conmands wit h system
integsaed 91rq12&ch1%@ﬁy plsecaadigmatryely be gsesl. ofhepsasesper Idef system
system 116 via bus 122 and chi pset 114. Alternatively,
mewiotrh d2t, chpseteddranid egciit cardishit 43@ nay die ieagratedmto one
operative circuitry of the circuit card 120 nmay be
motHiehdae@d32z.n ot her structures, systens, and/or devices.
These ot her structures, systens, and/or devices may
be, for exanple, in the notherboard 132, coupled to
t heTheisirawteard Fhmes beconstictedyie pemiti o by ingerted into slot 130.
chi pset 114, bus 122, and circuit card slot 130 maybe
Wlheanie ¢ismndt dard B20sis podperlyiinenied irldo alod 1 3G wohneasors id4 and 137
exanpl e, a system not herboard. 3
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
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
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W t hout departing fromthis enbodinent, circuit card
wQ2005mags2conpri se  one or nore chi psets conpri BEWUSEN04/043345

t he system not herboard. The circuit card 120 may

conmuni cation with the nmass storage 104 using a

Alt%é‘%'ﬁg‘%l;rf Yo Ot e RIAHERS 8 tAlsQnffoRirfent, c’ﬁﬁ:uﬁiclﬁﬁiiiio 1%8Y Somprise

conprise one of nore of 5 a protoco

initiator epgine .140. t ' oinitiate

ong. ghraH Cj’éqsle%gzo 1\%%&;%1 tpgéy%tw%%?% ?5%?%%&'132 and the mass
storage 104. The_ initiator en ine.@@% cogﬁgise 3& .
i nt eghacisent qard L2 may cammRieafinR Fiiddhe PrRgtsterege d iapsipg 2
capabl e of initiating comunication between the host

plusalgy eficaBRuaivdtiothprotaesls. skhercirguit ¢ard, 120fmay qongprise one or more of
Channel (FC) protocol is used by circuit card 120 to

a peot6dr gidiatda bggind 04(athei is adsmadriniditiavd ¢dmmasisatidndsetgeen the host
104, it may conply or be conpatible with the

syd&équ §8% l@ﬁ@ﬁféﬁﬂés@?&'rag@ﬂ@ﬂr 'ﬁ%@nitﬁto@@ﬁginfgm%ﬁ rfsk Bh @ntegrated

annel Physical and Signaling Interface-

. X3, 303: 1998, Specj fi ' e i C
cird e pa B el g3 I ol ISR dorBiitiqnpetveen the
used by _controller circujt card 120 to exchange data
ho%ﬁﬂﬁﬁp1é§ﬁﬁgﬁﬁ§mﬁﬁ#WF$% -storage 104, it may conply
or be conpatible with the protocol described in 15
" Sef aFibrTChansehiF Bpeetdcdas peedibyesdronit caud 120Hererehange data
Revi sion 1.0, published on August 29, 2001 by the

andper ¢aahmAIdd Wikl ki sygstédagel pO4, Funihesmplly toe ba adbmpatible oiith the
additionally, if a serial attached small conputer

int&YREAo A1 R bR (PARIST B AIdafOFiblSChERE By skaldddXisdling

circuit card 120 to exchange data and/or commands W th

IntORaR-3 5(?2:69% 9§§)§Eecii{1)%a§%¥. (A?Wiv?rlgror Qﬁd@g@ﬁ?}é ngigs%rim NN (S-

€ protocol "destri n ntor mat1 on

Serial 20 Attached SCSI -1, 1 " rKi Dr af t rican
AT ohst b g gt AR Skt Seslibnet e apgpr commands
| nformati on Technol ogy Standards (INC TS) T10 o
withaudsaisomgeddinit mageomphy oy kecgo lesgith the prespreli dgacribed in
publ i shed Septenber 18, 2003, by Anerican Nationa
“Scstah Aday . dHighn§teed Sesal{ded A6l Asth¢lemerit & RewdidohE0, fd%shed on August
Standard") and/or |ater-published versions of the SAS

29, 308N G tHe S AFASWAIRING CHoupBFudRFRItbH:8tiveY bRhdditionally, if a
Advanced 4
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
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
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WD 2005/ 066820 PCT/ US2004/ 043345 Attachment (ATA)

Tunnel ed Protocol (STP) and Serial Small Conputer
weypsaismasd2nt er f ace (SCSI) Protocol (SSP). MassPeTMISAHE/043345

104 may include one or nore mass storage devices,

e.g., mass storage devices 104a, 104b, 104c and/or

Attdd) ag@;‘tﬁ@%? h%m%%gggfﬁ %?@ b4l S?Hé%kleﬁmpﬁ‘tefrlgggem Interface

redun rray of I sks ( D) “and
i pher vices. One or nore of the storage devices

(SC%SL%&%@ELS,%MC, and/ or 104d may conply or be

conpatible with FC co ni cati on protocols,. S-ATA

coniass Heiiee A0brey SRS ong i e SRS SR IRTIES Pein mass

protocols. O course, alternatively, circuit card 120
stomgy devicdsaifge, dbal Odsraddior 104hmasksstoiagt 1hmey somptigeone or

104 using other and/or additional comunication 10

moi¥ 1ol @ahSarrayi dhaddpefdmadiskO RAI Mt vr pedpiasli deeives. One or
Mass storage devices included in mass storage 104 may

mo%goyﬁgé;a&sagsqeeiee 201 04BD Guc m&cmzmemansdrgﬁgﬁgﬁe th@batible

parate fromthe enclosure in Whic

. er boar.d and the .c ent.s CONpLi s in
wit PR e AP el o S SR e TR G oty Stforias
departing from any enbodi pent , descri bed herein, Ss
conypgHonIRtoRels cORpPIER ageﬁ@a%quW@ugt"éWdUQI rggeexchange data
devices. One 15 or nore nmass storage devices, for
andéx aopingands orithgeasd storages 0408 g olldetland/po 4dditinenl gomnoudtation
may be referred to herein as "target device" or
protocalsgwithé\e\dep@sing frdfdthistenifodimérendeshs ktvedge dehizeeinchided in
may be used interchangeably herein. The present
ma§ERASEITRIH mARYe BORFris8 TR bhS 6r Abrd r’é@fe‘bﬁ?@é&ﬁ&uﬁ&%ﬁ%ay be
150 coupl ed * between mass storage 104 and the circuit
sl e SR ARRS NG B R B R b i
| east. one signal . used herein, "circuitry’' m )
the mﬁmgﬁég alfeoeﬁw@i%éﬁg?méﬁlwéwné pithquigdgpa ebroR ey frbodiment
hardwired circuitry, programmable circuitry, state
desergleidi heeein, mesgistorgge HMdnayr camprisgane ot mere staeg alone devices. One
i nstructions executed by progranmable circuitry. For
or 188 iise stordgeqideicedyifordixamiple, storagé deviedi 1ot e, 1ddb) DRlichnd/or 1044,
may conprise circuitry to comuni cate commands and/ or

mafBé ffdred@Herdif 8 thRt Fvicettiolh “GAsd ddwlest ’,garﬁ‘l_ it fi'i8Rhded that

devi ce conprised in mass storage 104, and vice
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
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

sent from the circuit card 120 to a target device comprised in mass storage 104, and vice
5
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at | east one enbodi nent described herein, internediate
wdevismecstb0 nay al so conprise circuitry to exeQamgeo04/043345

commands and/or data using a plurality of

comuni cation protocols. Internediate device 150 nay

Ver%te FoPUBY, GflaMbat BREeBbodTRIcRt &REMMBHAI Heddih ARtekibligte Rvice 150 may
etween’the circuit card 120 and nass storage 104. For

n
s GRS s SRR, b LS R4
108, mhere one or nore cables 106 may be coupled to
comrpglicatiop Aretoealsd 120, and one or nore cabl es 108 may
be coupl ed to mass storage 104. For a given

Wﬁ}é&lﬂn@@{ate%vwe%@%i be OAPMEREd &[&f’dr'rﬂoretcﬁﬁmﬁﬁfféa%ﬁ‘lmks
pr acti ca

usabl e gth of physical cabl e between

rd. 120 nd a et L oLl S
berye¥Be it 450350 5 S8%F 104 U oYL G iR ety
conventjonally, for devices c ni cation u
embodimentomtermagiale Jeifgpy b WP%EU P ORF PLEOTGL2D 1es%§ and 108,
approximately 10 neters, and devices conmuni cating
whare ongoiSnai/cables d06 awly, beswupled &bthe cirewigcard 12Qyarnskone or more
limted to approximately 1 nmeter. If |onger cable

cable8nO8 Iy&feQ:oUﬁl%d to biags @¥@paNYR Bdr asiiveiad@Emausicatidieprotocol,
| onger | engths of cable can create noise 15 effects

con‘@@ﬁtﬁ)tﬂ'rlﬁ?%o ntzl:agltngglt'l 9{%&&%&@&5& tlél%ﬂ%‘?ﬂﬂytsiéapéabié"@etween the

di ment
e15

I at.e dev m rise flo ro
oresLiSTRMAH i SolPbe IR aratts AulhE o, or
exagps SRR ”Sd%%lgé'%%émaﬂxﬁéﬁio% 1@%&& grotocol cabfe Tength

communi cation protocol fromanong a plurality of
may bertimited &t appoximatedy b sietdrs and daviptseconimurieating using S-ATA.
exenpl ary enbodi nent, protocol sensing circuitry 180
prof®eyl, behaabledbh@hd Mag Bt &iefited heapRotiaante 1 aficter. FIE longepedble
devi ce conpatible wth and/ or capabl e of communicati ng

len%ﬁé 08 vled, e &&%@%‘ dFRinANRSVEF @b ' leﬂgtﬁé@f E#J1884n create noise

evi ce conpatib wi t " and/ or capabl
oS G 5k Rt o ov0

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
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
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WO 2005/ 066820 PCT/ US2004/ 043345 conpatible with
and/ or capabl e of communi cating using a S-ATA
woansaeseat i ons protocol . I nternedi ate devi ceP@BWSHMY/043345
al so conprise data flom1control circuitry 190. "Data
flow control circuitry", or "flow control circuitry",
corfit HBREHith BnFocapaRe &F U&ﬂ%nuhﬁﬁﬁﬁ%‘usi ¥ S-RTR&ofhimEedions
Ircuitry that may control a data streamthat may be
nicated in accordance with one or nore
mnggﬁﬂgnlcation protocols "Control" or "controlling"
used her h reference.to ata stream nay “
o ST dR1Cs 1S gre 2158 aRtng Qoo Babiol SHCpEpAI0. “Data
the stream to produce a desired effect. For_ exanple,
flow gorirol sxeniplyirar “flemraaitebeircuiiry oas ewsedtin any embedimenyherein, may
190 may be operabl e to control the data streamfrom 10
be ddfimed as cinduitrg drad mhy Qontnel adrssstetaor thaiemidPhe (@nnhuvicated in
versa) to reduce noise effects contained in a data

acc%ﬁﬁ&'ﬂvﬁl@ Bhe bf AR TRRTNSiSLtRADrdiBdols O“CodtedI? br %&oﬁ%@” as
vice versa. The int erme iate device 150, with

e
useld ﬁ&%g ﬁﬁ réfgrggg tooarr@ g&lé any gg&fcﬁ% g‘gﬂgﬂﬁ{ged ﬁg%:{f%}{c&ﬁng, at
roup of cables, or at nd of the a nass
lea{ frppafh dheyrpany fO prodyeen e Pfioits 7 p3omols wgn gxemplary
| onger cable lengths are 15 needed, nore than one
embogimenteflpwiceniehatisaityalp Ovsay brigneseble tuesnivef the|datangiream from
exenpl ary enbodi nent depicted in Figure 1, the

the cintdt caed il 20 endimdsscstorhpé 1 ovhfanbt &iceoesaktd rfeducalylisseffet 36
and 108, for exanple, in a bridge device (not shown)

conPENERRA da¥stieMALRSHGh RABkRrage A 86 BidduiVé@rd 120, and vice versa.
i nternmedi ate devi ce 150 may be comprised in, or

d' rﬁ?e e E&l%%?]&& 158 W1t15]9etfereﬁ& laﬁg e}ﬂbgdlr‘ﬁge%{t ?gs]cggcd herein,

mass S ora conpr sea | n”or

t 20 co ed via cable 106),.to

maﬁﬁ? Stcaﬂépaﬂ&%e 3t A0y REiL, ﬁglgpg acable oy group ézﬂzlr»‘s b pthe front
of the cables 106 or 108 nmamy be obvi ated. Although

endrpd theshaaps Storagh £04 05 i ﬁhg@lrcmlh e 180 Adsw, ifdongss catﬂs dengths are
may conprlse one or nore interface connectors to

neeged) wicde the oha hitemiedéate detiectay batouptahiogethen i Inyanwixtinplary
cabl e 106 and/or cablel08. In that regard, cable 106

emBYAhet depRlcAliRPigtBY, (he IMRbincAiatd8e i PR by Be ¥bipledo cables

protocol, SAS protocol and/or S-ATA 25 conmuni cati ons

106%8t1%§91}0r 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
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

communications protocol.
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illustrates another system enbodi nent 200 of the
wobheismee2subj ect matter. In Figure 2, certain PpOTAISZNN8/043345

of the system 100 depicted in Figure 1 have been

omtted for «clarity (for exanple circuit board 132

andpig feoilfuseabea syQitth eg{boklﬁn%ﬂ? 206 optgl%ia%%qegg%ﬂer tmatter.

like parts of Figure 2 can be inplenented in
nsi~st.ent. W L ' y I ih,Figure 1..
i 59052 ke iy 01 SERRSLAS0N B OB B D FlAS o
wi t hout departing fr this epbodingnt. The system
clarztadP%fexwma@rcgczﬂ ﬁa%;di 135]395 elraulb?aagarg@)a bittif 5 g Wgmmderstood that

engi ne 140, mass storage 104 and the internediate
likegenis ©f Figse 2 supbeimplemented ise oranner coosistanidvithen embodiment
initiator engine 140 via one or nore cables
depiddéhinIQgine .1, oddltetnaivelyoin oflisd aystdi Ginplementafils, witteul Qeparting
mul ti ple protocol initiator engine 140 may conprise
froffithis bhibb¥intedt.€Xchange commands and data with a nass
storage 104 using different comruni cations protocols,

S T R el S
storgg% ? @%g}edﬁ tthg Hgn?%iqﬁatég {1%8%6 ﬁ%ﬁcq%gg%&é zt?a%%?to;r?élg t1 Igg Iagd the initiator

capabl e of accommbdati ng one or nore target 15
enggiwviddada aier, masebles @ﬂga, Hitdy -0 06D anfl/ orrd18ae kabpl. 4 08d.n The
an enbodi ment, target device 104a may be a FC device
multipieadrb®col inttamrenginatld0 maysiongrle Ecyitro toexhangada@hands and
device 104b may be a devi ce capabl e of comuni cating

datdW¥itR 9 rRasSARraeal026RIng didE8RT co@MintiSatibBé Brotd@s, RRd BuckIdrcuitry
devi ce capable of comuni cating using a SAS protocol,

ma%?&&%ﬁsrega%inggl\ﬁitéﬁecircﬁﬁ %gso@@?&f%giﬂg F%@I@ﬁ ?%% ce capabl e

nmuni cati’ng using a In this
e di ment, . for ex | e, cabl es a and 108a nm
corBaeBPEblar FmbERE MeSnpreEe db: Comms dnnglepreecol
g)raot ocol for comunicating wwth a FC target device,
enclogiedhat Tpbinglde, O Biyrhecapaiip af aqsommpdating aag of more target
capabl e of communicating a SAS protocol for
devivesdds, ¢ 64b, 1 @4ewbtdiornl (B8P Foaexphpldevian embodimheas, tdfpetdevice
and 108c may conpatible with and/or capable of
1046 YA LRC idBGc@ capAbleifebRERInidafihg OB HHC Rlotddd], Warkbt device
104b may be a device capable of communicating using a SAS protocol, target device 104c
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.
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
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8 WO 2005/ 066820 PCT/ US2004/ 043345 a STP target

devi ce, and cables 106d and 108d may conpatible wth
wanaismeeeapabl e of comuni cating a S- ATA pr ot ecolustmn/043345

conmuni cating with an S-ATA target devi ce.

I nternedi ate device 150 may be operable to provide

a Sﬂf Pdtrgf.ﬁ AevRENSIAELRE IOQ arkitloRd nhdyonsyARbIeOkith 8d/8r capable of
plurality of I |

communi cation protocols. For exanple, in

an exenpl aty, enbodi ren i nt ec.nedi.at '

conRu e B BRES T Corab I i S B B Qe TR
data flow control, for qQne or re of, target devices
10datermedgte degige 1AAICRPREDIE RGPS EcRpg/or data
w th the internediate device 150 using FC, SAS and/ or

flovBeaniir] formpluralicnof emmpuricaon protorelsaFoesxamilady an exemplary
enbodi nent, one or nore signals transmtted to and/or

emBodaneithatdriediaredtivited S0endycte ihBId¢ tirenitry enpodidegrotocol sensing
commands and data to and/or 10 fromthe initiator

and 1A% fgk?w L4016 e drisork BF B8fet dBVICEL1MAAP04b1 9G4 andlB4Bh4,
may be

retinme i'n a manner- descri bed below to permt,

for exanpl e, ext i on. of ecabl .

whigh e SP AP Gae A R Predime A Gk 130 ISR YOS el 5-ATA
3 is a block diagram 300 of internedi ate device 150. .

comuguieaion nsetgeelpolian e"teﬁ@lqrﬁte@rbﬁg’&ﬁl%ﬁré’n&é\‘i mage figpals transmitted
conprise circuitry to facilitate conmunication between

to and/o6 fipnuthe finteyneadiate devdea 1 Weliec escodimepmmands and dogdyp and/or
and the circuit card 120, and vice versa. As further

frorfl @iscCinithest eabimned A0tahé/of thegeagetidoviceelD44,0Web. . 114d) may Bédetimed
may be housed in an enclosure of m xed devices, for

in aS%AHHR} BescHBYd 5@SwIOPRAiL, PorSextinblb, 8RhA6n 6NN l%nglﬁs between
comuni cat1 ng using SAS, S-ATA and/or FC protocol's. In

an _exenpl enphadi . . Figure 3, the internedi ate
thea’él% %8%%%gbﬁ%&%gq%lgg@ggﬁén{%&gynarri cally support

multiple . 20 different communicatio rof ocol s .

as SG8HEt e a&]l?qlf pezarg 300y intprpegigte 3%‘8?%@- }f‘ﬁ@esmbed above,

i nternmedi ate device may conprise receive path
the pitermexdiats davdceanan dompragesiicritrygatipcibiafeceampyniog g, befween a
receive path circuitry 152A conprises a conmuni cati on
plufaéityhof theindsvices liB04aat @bt . . tedd) and fd4drcuit @ddd. 120] Settiviaeidersa. As
the circuit card 120, where commands and data nay be

furtB& desé AN a'bg% glgé' @fdet B8MEGE 049440 1 0MAd makOtohdiled #ean

circuit card 1

enclosure of mixed devices, for example, devices compatible with and/or capable of
comfnunicating 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
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,

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



10

15

20

25

25 through the receive path circuitry 152A. The

transmt path circuitry 152B, therefore may 9 WO
waQen/eeas20 PCT/ US2004/ 043345 be a comruni caPComsSp@ii4334s

bet ween the target device 104a, 104b...104d and the

circuit card 120, where conmands and data may be sent

be a&%%%ﬁrﬂ&lt@j}gﬁ% Eertg/gég tht 28 oL Qeb it 1024, a9kb d8\04E Bnd #RABscuit card

' the“transmt path circuitry

152B. I n acgor e W th thi nbadi .
120, B et cBBEHS OFS g Y s o R 2016 she tapppt dovice
O i o O el i 13 bl Vi

conprise protocol sensing circuitry. For exanple, in
emhodirsers xthepbastyuctom offihatiansmip path sirehit el deBregiddhe earistrpetion of
may conprise OOB signal detection circuitry 156 and
the Feleivk lthi ddichitd) 1522 map bpideriitdlve sequence detection
circuitry 160. Additionally, the protocol sensing

Ci rgJul ' I, QLo
e R

exalglgﬁ){nio ?scqg(;%%%lle{rizgrvrvlké 'rﬁiergﬁiggcﬁtigéoqgélisgly% (I:,ilé G ag%érélé{igé’\bOB
sigmde catcarrgaty Dol T B S aesehatiraa

device 150 are described below, 15 with reference to
circaityyl 160al Additiarfallyj the pragacol sensingriitsaitiyomay conpdss protosg! support

with continued reference to Figure 3. SAS Protocol
circoRRSI 70Gndrd 1Fow Control Assume for this exanple that

an SAS device is connected to the internediate device

1505 8bERE pith RRELIRY thd), AR sk ABta v cSHithE Cirbigiy C e
?m tl glll

types in a e"device 20 enclosure (for exanple,

SSP device 104b. and/ or S Vi '
ExeRly Aoy B aRIat 4 A STrR RO AE s piRe IR M L)
. and out of the inter j ate device 150, as
circpiyy BSAMddtpgr MBI n, for exanple, via cable
i nks 106a, 106b...106d and/or 108a,. 108b...108d. A
datExepgtléry Dp6ragiona) aspacts afthaintdymsiliateedeving SAcireidesgribed below,
the receive path
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
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 comrnands and data sent from the SAS device

to the component circuitry of the receive path circuitry 152A.
10
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circuitry 152A to provide communi cation of commuands

and data sent fromthe SAS device 25 to the conponent
woi2oesiees2y of the receive path circuitry 152A PCTA@SYD4/043345

2005/ 066820 PCT/ US2004/ 043345 When a SAS device is

initially powered up, the SAS device transmts a

defWﬁ&‘ga ?ﬁg l{ﬁ{)ﬁ@ iOfnitiallytpoRleledaly, B SA YBevise trhisnifs a defined

assume at the initialization signal sequence is
defined. by. t he conyentiQ > N .
seqighieg BT O ) e iy g longibh 83 spquence i
device is connected to the i pt er meaisa%hg devi cg3 150,
definebby thespyeenyard AT Eliﬂtqqf’; uggleps staterhto the OBy hersin obg sense
signal detection circuitry 156. The OOB si gnal o
that et A dévore is conmagiedrty thigtenmpdipie dewiep(180, the recetvgtnatipeitayitry
166 to an incomng initialization signal sequence
152849 &diEprBAan VB eaznall@edtioncirabitry dt560 The iQyDRIsignal detection
sequence froman SAS device may conprise an OOB
irchitt 58 fmAand) lath ta HOT6Y toSRAHGIGRe iilalization signal
cm&ll iltsi%a{?l zat |0(1)l [égiqghgl\é%%gquence", as u%ed herein r%ly

oGP STOTISS 55 00 BEIR Dol HELh v

such signal s_identjfyi the type . of device. . . For. .. .
msscaRapi e A0 QU0 (G R\ G S ShPRFe i lzation signa
COVBAS signal sequence that identifies the target .
sequbavt’; es needderehABiayepmpeise TReUEDR ofisigrals geaeriad yrp device, and
circuitry 156 may be operable to receive an OOB
maySfughar cobgstise efermmtbrgwnesimidan augas gndlhidentyfyirgnthentyye of device.
174 to retimer circuitry 154. 15 In the case of an

gfh?n VduER a pridhiti P& SRk Roe thf) inBRite & ICOMISASYsidipd sétRién&tethat
For |S&@Fbg' g;&tﬁé pggg tﬁroﬁ%h coﬁnand signa%§€7§ﬁ¥o

oo R P AP 0 OB AR s may

erne evi ce a pat

168) . to the circuit .card 120. he circuit gard.120

be PRI BTN AL STHPRSAPBEpTBIE N DO Shotigand 174
associated with a circuit card 120,. may be adapted to

to retgpeicireuittyel SBOB si gnal sequence (via a cable link 20
ext endi ng between the internediate device 150 and
ci rauhd casaoflanl 8AF denitefiay exdngile,yetimet circaitria pft mpy batdesabled
SAS protocol to commence communi cation with the SAS

by € gés%%ﬂéﬁ'gﬁl Som&ARY §ighal0Ta o PoMIEMETRIAREAATOB signal sequence
protocol s In this exanple, the retinmer circuitry 154
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
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 exarhple, the retimer circuitry 154

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

passing therethrough.

11
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may conprise buffer and/or anplifying circuitry to

buffer and/or anplify the OOB signals passing
woOhers@wés2zough. 11 WO 2005/ 066820 PCT/ US2004/ 04 BB81AS200he43345

receive path circuitry 152A may al so include fl ow

control circuitry that may include data tracking PLL

ci r’fﬂél rEEéfVéI]%ghs Eﬁ%igirg g 5 Qa,g rﬁ%&éd‘ﬁﬁﬁlﬁ@ hp%nﬂr@ﬁcir% fﬂaa{—may

circu:try r apted to receive digita

. .S .. e at a. st f t. devd for. .
B4 o OISR R, S st
B R R T L R ST

an incomng data stream against an internal

for genglgtaddr teGAS diviweais plopstly stitielved byfthep engine 140. Upon
difference exists between the internally generated

recéiViag i datagh@hmaPUL theuittat1a8 sidyemmpetdbe foldonpareati incyming data
158 may al so be capabl e of changing the clock

streérg?g&ﬁg?t?a)él al%@rt%é%l&%gﬁ%@&ﬁ YocWaidnil deshdwiaUenslase tiffdiénce

circurtry 158 may al so be capabl e

o AFRE 08B0 BB S BBl R AL Y i
b B e R B ST e B

the inconm ng data stream based, at least in part, on
frequiecydefithe datesikeasi.gfa¢ PLL Gircwity diS6 eapyfalenbe ¢ppalple|of generating a
circuitry 158. For exanple, retiner 154 may conprise a

datd ¢lbék si%ﬁe@ 58 iifdisitive bfige frayseidyeofdid mcsmirgadatastetah€The data
data clock signal for inputs, and may operate 15 to

cloc{}_{ﬁs‘iéﬂﬁ? 160Faf BE erfitth ?@fﬁé}%ﬁ‘é‘ﬁt@q suhend adtand! @ekitsi Baahay be

eretinmer-circuitry 154 may” further be operable to
onsP 3B uf AL IR BB IATEL KRR 8L Stk i
68t PR, RO haTRTErES ) S
Tl it e thedlatias GG e gat poFls FgntIgor bpabeandhgs operate

effects below a 20 defined tol erance |level. FC
to r&lia¢ AraataSeramiasaheh fHeaata@dodkr signals Thenetifier cirbwisry 154 may

exanpl e that a FC device is connected to the
furth &R JREAILA B R8Yh&S: 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

defined tolerance level.

FC Protocol Sensing and Flow Control

Assume for this example that a FC device is connected 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

communicated into and out of the intermediate device 150, as represented by Rin and Tin,
12
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150, either alone or in conmbination with other device
types in a nmultiple device enclosure (for exanple, FC
wdevismecst04a) as shown in Figure 2. Commands aRATAER@4/043345

may be 25 communi cated into and out of the
i nternedi ate device 150, as represented by R n and

P f f
g R SR O0 D, oo

108
L6608y TEPALR) A e (S dnd By DR iy, R BlpiShice
152A to provide _co ni cati.on nds and dat a
comgupticatiopf cppmendy Bt fiEn fgsﬁﬁoﬁ?ﬁe g R enmpapentgirouitry
the receive path circuitry 152A. 5 Wien a FC device is
of thenier¢ise pythporepiteyd S8, the FC device transnits a
defined sequence of initialization signals. It is
as SWhedla Fitadevideds Initidliyalowsadd wp) tiss P dbvise quesnties 4 defined
defined by the conventional FC protocol, unless stated

sequicdct BEInsPHZA R siBNE! M is zﬁ@@rﬁéd’ fat ﬂ%lilﬁtlﬁlhia@iklh kignallsedBence is
may further conpFise FClink initialization primtive

deﬁgggfg)‘i ﬁ}% con?%ﬁ%}%&l' ﬁzgxcoﬁ%%;‘l‘ 1151?(%(3: Ig’t?%gl(t e%%&ﬁ#ﬁhc’%%}' RaKeive

pat}gﬁgq%g{yg Igl%%%#%%%%bﬁsﬁ{?%nﬁe@%alqza%gg%n 1&\% getqggnc%y
initialization s sequence from an FC devi ce may

detestiom eiredtry 1169 (lvx%a%w FC émk cirapitty 4160 Dat TherF G ligh edreuitry 160 may
sequence t hat identlfl es the target device as an FC

recefievarciitialibgtion sigral sdquendd genemitagiial ansl( device (aleng data path 166).
contain additional information related to the

TheQQi%lﬁﬁEdtR)ﬁ 51 AESH4BAE ffdm 8a FC deRlceimeamsiisk, P exdifplEGn

devi ce. pon recelpt of such an initialization
1n1t1§fé%@%h sf’%lgpgerﬂg rtffﬁ?l&éﬂ?if gg‘:th%%@ggteqleé/gc% as a[:l l?C ﬁvﬁ&u '"ltl{ey

1n1t1§11%agl§lpts§%1 Iggzlfl:aré’:: ggrgtgln@ga %ﬁll 1{1 B@}]{:ﬁ;}{a to the operating
frequencY of the PLL circuitry 158 so that the PLL
frequpraydi-es link feaeenep) ofdbe FErdsyisency for data flow
control of the FC device (e.g., 1.5, 3.0, 6.0 Giz).
To Upwmat reesipt, oftsheh &l inittalizationt signal 5&uenye fromlthe EC28vice, FC link
frequency mul tiplier and/or divider circuitry (not

ST P eI S DML 00 L sl
abo&é)?%ldglq‘&\éogﬁﬁﬁg s%'ﬂalt 7 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
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

circuitry 152A may also include flow control circuitry that may include data tracking PLL
13
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command signal 162, to permt, for exanple, data flow
through the receive path circuitry 152A at an
wapprsgpeészat e frequency for the FC device. | n aPOBMIS2I04/043345
simlar to the description above for a SAS device, the
receive path 25 circuitry 152A may al so include flow

c1rcﬁf%81 1R co‘ﬁgfeﬁ% tHeYinfehall biERY66. MRl Biaédtry 1188 hia%e%klhpted to
3 "WD 2005/ 066820 PCT/ US2004/ 043345 circuitry 158

rece(f\(? @ éﬁgl O&g?at gl%tlé Gt erdgﬁl S s)lfﬁﬁn ltﬁréngtl AbbicE) fE) a}-ﬁ[ﬂf% Ja%t%r the

ﬁecelve |g|ta a signa

at.a strea eV| ,.after
FC 3%06 Reraerpatht? %‘ﬁ% FP§P 0! EFine 2 ﬁa'?ﬁeé?ewlzﬁ pilagp
engi ne 140. Upon receiving a data stream PLL
stregiiny BL.L cirguitiyd Strayayte epseabivlocomparcReeming datreBrmppainst an
data stream against an 5 internally generated clock
intesiadlgalenématet chdvkwignal (not showmas & aiplfase deference ik stsshetween the
between the internally generated clock signal and the

inteflAlIG %%héﬁﬁﬂlcldclk%lg%lal—arﬁi thé dhth lshteakp EhORY.LHiithel 58 may also be
capabl e of changing the cl ock frequency to nore

cap%}%ﬁ?!:ﬁ’angﬁllﬁctﬁe Ei]ggk %ﬂé@?éﬁ]@g to/ gieccgg%gfﬂltaﬂ: tgée fr:rg 1 IC}Z g?gle data
strefifle TH kﬂ%‘fu 5 LsS R al Os bl of Rentbfing p ”eTﬁ%‘ﬁénal 158

may be 10 sent to retimer circuitry 154. The retine
indigqtiventithy remenan of the iegeatingfda ﬁ@e%t The dataglock siewal h‘gl may be

data stream based, at least in part, on the data clock
sentstogetirherld@rbuitec Bidv eFhefretimet d:iﬁ:uiti%Ll.Sébinay be bpsratls8o rdtiome the

exanple, retimer 154 may conprise a flip flop circuit

incdial daSstlehf basd, at Ishst @apara e thd@atsl alodk elgskl Gl 1@beied from the
for inputs, and nmay operate to retine the data stream

PLL?ggﬁﬂtr_\g T?%Pf%rgt%ta@gg Qé%ﬁn%'lg@% 1-59?rgwrfs@ bl ﬁoﬁ 'cfr&ﬁ't {hgi’has the

oper a to ener at
dat a str m out t.of the retiner
dataBipRmpgsid A elodR sRAB oL bl i B 81’?566?}86%8%6 ﬁ%;ﬂa’fa stream
erate to reduce_ noi se events (far exa ngin
baS%f eihe slaty gloakagml.g il haretigiey gasyitrgd pd Hlab’&??nb%r&?rf’l’@(ﬁ@?e to
| onger cable lengths. Further, retimng the data

genetiatecraretineey dafaestmbm at theroatint of fHegstmet ¢isitsy b4. oRetaming the data
defined tol erance | evel. S-ATA Protocol Sensing and

strelth @rca RO &HVl(%QnéSSngifﬂe toredubd Soisx@ptse forfeabmpledriAdifig effects
to

device is connecte the i ntennedi ate
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

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

data path 166 (e.g., internal bus) may be included in the receive path circuitry 152A to
14
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devi ce 150, either alone or in conbination with other
device types in a nultiple device enclosure (for

wexensmees20 S- ATA devi ce 104d) as shown i n Fi gur BCRUS2004/043345
Commands and data may be comruni cated into and out of
the internedi ate device 150, as represented by R n

proﬁﬁg cdthunicfio AEBBandsi add @afl send frétk ShelB@@evice to the component
. 106d and/or 108a, 108b...108d . A 25 data path

01r0}1§18' cgﬁhcgre’c ﬁe‘%)gﬁln&lcyﬁli}lsﬂfg y be included in the

ei ve It cl Ato 14 WD 2005/ 066820
S20 4/ 3 rovide co ni cati.on.of. commands
e sk 8 SSAA e it et oGPtk R, GBI EHig8 AURAl scquence
circuitry of the receive path circuitry 152A. Wen a
maySeeRTA bean exemipiary S AT Al doyicg heeindipliggionggignal sequence may
initialization signal sequence may occur. In an

confpreph Q0B SgAdlAsieaiar cethie OB nighalbddsedtddmbose grithlreference to a
sequence may 5 conprise an OOB signal (simlar to the

SA%l&)%@@{na? 25EhicRAd 1 TBOMS AW dighal €TES S5teficd 6f tHe COMSAS signal
devi ce) but may not include a COVBAS signal. The

ma%@‘%@@% &\“T’é Lt é‘%é@%?st%é"iﬁeﬁ. celfé>h§§§‘éig%§1

et o S e L A2 TR B et o s

protocol sensing. 10 Flow control circuitry for a
proge@mangdesi ce may i ncl ude one or nmore S-ATA protoco
control circuitry 170 and/or 172, coupl ed at
respective i nput and output ends of the internediate
device 150. In the conventional S-ATA protocol, when a

S- AibwieHir6sircufiry R€ 8ISVATA dé@icd nddindlutié 8RS 61 inbfesaiTve
buffer (not shown) is alnost full, the device 15

protﬁoggﬁg{ébfﬁ @‘ﬁ](f%?{(lﬁ%ﬁb%gi%d’%{&sg ?%f%ﬁg ogtgut ends of
oe SR R oA ARG Pl o el St devic

20 data wor dsgr Accor di ngﬁ% S- ATA protaocol cont
is reepiving datyandrotranfenibrecaiyo b (et shoumak dmogt fylnide é@%we
an appropriate HOLDA signal when a HOLD signal is

transite b VLD aipmhal. €Fher Sy AJUC prokdOloDéivay irgpudrde that athodd Sskiidwledge
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
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

(i.e., data streams) from the FC device, for example, after the FC device is properly
15
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20 device (e.g. device 104d) or to the circuit card

120, as may be required by either the device or the
woiioasess2car d 120. In a manner simlar to the PCT/US2004/043345

description above for SAS and FC devices, the flow

control circuitry that may al so include data tracking

init%dg{}{cﬁ% Ff&aqoi- E’ﬁ;gl{icg gm e0pdiPreb&iQing AL §tfdant) P8 1 1GRitry 158

rcurtry may be adapted to receive

igital .data signals 25. (i:e. t
mahepefirie® Qoo B il sol Bl GRRmgP Bubhfed clock
. properly 15 WD 2005/ 066820, PCT/ US2004/ 043345
signah(nof ghdvaed L phase dpfesense SKisshgHenApn %B%W geeEted flgek
a data stream PLL circuitry 158 may be operable to
signebargkthe datn streaosthe §LE Uiy S8rmayelsnbe capablemnfehprging the
generated clock signal (not shown). If a phase
cloctti tfe‘qgemqs nore sloselp eliateiethe firquémy e e daya siesaar. aTledPLL
cl oc signal and the data stream the PLL circuitry

circ%i?@ A A% lg’eecazﬁgl% RJr %Fﬁraﬁw&tﬁ Blotk SigRalCl %qh%ﬁc%tive of the

guency to nore closely match the frequency o he

data stream The, PL ci r-gui - -
frequenicy] bq%éheolfm%lgﬁlgrdgﬁ gea &2} a&ag%/%é(a(gss} gnallﬁJl i@g%% sent to retimer
. indicative of the frequency, of t i ncam ng dat a.
circwiiydath TheetyagrL1erbigkl 'rai%be %ﬁ%kp rﬁ&ﬁ@éﬂ? megming data
retimer circuitry 154. The retiner circuitry 154 may,
streqye bageds atbast iroparkioh ke daieclopl sighald 6daeceivesifram thewRsle gircuitry
at least in part, on the data clock signal 164
158 SoLenuathlé, remmehEsRhhy comprisetar §ip fdplhBuit Bort hextheplat, stream
retimer 154 may conprise a flip flop circuit that has

and HREIARLBCIS LiERATOr RPGs! A AR} Sperate ehrebi@NBl dh@ strbdtR Bhsed on
and may operate to retine the data stream based on

e fdata. cl.o ' . L [ ' 4
the 417 i} SigBh1o e TERO, oD L% Rl B bogrihip e e o
.at _the output of the retimer circuitry 154. .Retin ng
retiip R S GERGH Pl P PR G T RIS KDY i B ecleigprcam
reduce noi se events (for exanple, ringing effects in )
from Bn SHAT didgiicaimayi apeeaty toykdede neisp cyerts %fom?éampléﬁgwng effects in
cable lengths. Further, retimng the data stream may
the digaalasignal)ovtiiell img ochasweelohgatabledbuptha Keflienadtiming the data
tol erance level. As described previously herein, the

strearh $&8/ ofRrd o YedddedResd et B Beloly ARSIl tHldfnce leveRB may

conprise identical circuitry to be conpatible with

S€ %é &%CI‘%E% p&ié‘JiB‘qu& R¥¥eft® mer‘%ceive 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 152B,

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 shoul d be
weabestoeet2out t hat t he conponents thereof nmay operaSeooumM43345

an identical manner as described above with respect

to the receive path circuitry 152A, except that

S ofl cﬁrcﬁ{fﬁ' ATV N AR NG IR Hdrmedhet dediled™d depicted in

going to the target device. Thus, no reference

._nurper s _have bee gned t.o the nsni h .
Figdf P p g gaairve RS CHRSEnaSod T ThippdF iy gy comprise
arts called out by a descriptive word_ or phrase .
integ@éqdaqi@ujtﬁ éltpqn@’gv%iﬁrﬂpglqr nlcgg Vs bdeskshagiay components of Figure

PCT/ US2004/ 043345 The circuitry described with
3 mapbefaned of discrete ¢inmuétryriscd mpenatconsigentsothdgifoncignality
Figure 3 herein may conprise one or nore circuit
desérisbdIREiRr TtGiotsatoted thas theteremuipiié devicd Iiledppadtadiin Figure 3
circuits. Alternatively, one or nore of the block

mayP R AR A8 oRalirchitEY F6 ex3mBRY bﬁ’i?erfc‘i’xrcﬂ'ﬁﬂlhéiztlﬁeeinput and/or

discrete circuitry in a rmanner conSistent wt

functional | 5 descri . herein. ' t

oup 3503 B3 bt mebiTpls 1860 08 H Bl upd ek PP, G BE

. may further ¢ rise .additjonal circujtry, for

inteB R eVt AP QIO NS HRDAARES TGP L PRy B EppDle f
ends (or at other appropriate |ocations along the data

matplairhjpedapeastbietweentthetargat deyiae §04 oae geiosecabls, ard/thg ciyeuit card
i ncl ude i npedance matching circuitry, for exanple, to

120mat ch i npedances between the target device 104, one or
nmore cables, and the circuit card 10 120. Figure 4
depﬂ’igﬂ& 4 dQNEHAGY 0400 St diRb IeREmBMAPPYeRtlons that may be
operations'that nay be perforned according to an

nbodi ment. ' c ] I : Wo

verfRg88 hERing WAL El B Svhf rdBont R A BLIENAAS, 150
sensi ng .whi ch may conprise an oper.ation.of .

desgiaeg Gy OTHE T B TG Ro g 556 PRSI RIRRS B
used by a target 15 device 104 and/or circuit card

opetarion obdeterminiigihe commoination petecoh49? tebmey be upghhy a target
anmong a plurality of conmunication protocols, may

devicacloddead/de tealit ¢agd 420.i Determainizeathe comnsingratibn pedemhdeom
(for exanple, an OOB signal sequence for an SAS

am&RVd SIfdality6t @mirhidicaion! frotocod18] hhylnc Bk ideR cah@aalnitdlRbtion
exanpl e, "an anal og burst signal for an FC device),

sign%? géq%%nce (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
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

words. The process may also include detecting a link frequency corresponding to an
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detecting a HOLD signal (in the case of an S-ATA

device). For exanple, in the case of 20 an SAS devi ce,
woanosmsenrpl e, the OOB signals may be passed t hpougis2dome43345

internedi ate device 150 to the circuit card 120. For

a target device conpatible with a FC protocol, such a

atta%ﬂca%§ﬁe Mg LiRE Lfﬂé?l%n%? brlay e Jehbrafddr tafgét H&ViGH ah@hRy

e approprl ate frequency upon the “occurrence of an

|n| a , ;

compptr Orrittne T § e A sl s e LR RE: The tink

devi ce W|th|n a predet erm ned urrber of ta 25 wo
frequgn@c@&%atmesgﬂg@h thecqnsepting eélbl?feca(gof&’i Giruttry o Siible

frequency corresponding to an 17 WD 2005/ 066820
retirR(0E/0f)8a aebhling 848 streamached devi ce. The |ink frequency

may be generated by a target device, and may

C OIHj ia $@venf cdmnexasaoR prétbeolf sreations ynayfalsw idelude ptoveding data

generated by the device. The link frequency nay

flowP Bt Gsih® tlﬁe%géd%nﬁﬁ{ﬁu&@i%ﬁ %Edtﬁ&blm)g q %fhcﬂ’m@fzoﬁiﬁdl operations

CIrCUItry to ena retimng of an i ncom ng dat a

o SRR AR BEIRROIE A A S g o o
il LY IR P e

data stream and/ or buffering and/ or anpli f a data
intreduce gemer#or phescavahiiesfor agiveasiots deama %TQMHM CerUlt 154 may
reference to Figure 3, PLL circuitry 158 may operate

opeta€e tol 1Bfime gucdatgsrantbaed apfeastein paityen fhephasegiahergedatated by
stream and a retimer circuit 154 nay 10 operate to
thePﬁibﬂ%uﬁ sgata stream based, at least in part, on the
ase value generated by the PLL C|rCU|try 158. As

Levi ous
e PR R S50 T AR IR
conprise pl ur aI ity of t devi ce and
devigey, Bl ShgPs TS h ORI APy OhfaieS 3%15?5&@ eafhh device may
comruni cating using different communication 15
be qompetible|veith Bty capabieef eumeniqeiingasing differentieommunication
appropri ate connections to pernmt devices to be
protobels.- Suelpgaddcbosurd maypalsorirclude apprpeiatel connabtivhs epermitidevices
connected and disconnected w thin an enclosure in a
to b8 ¥REWaph RSP, 38 perhllti For XdfPle2 BeABE 16 D lcBniRRYedCRARNidcAnected
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
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

enclosure environment permitting different devices to be connected at the same physical
18
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interface connectors (not shown) to provide electrica

and nechani cal connectivity to devices inserted
wohers@eer20 and t o cabl es (for exanpl e cabl es 108aT/US2004/043345

108b...108d) that may be 20 attached thereto. Al so,

as can be discerned fromthe exanpl es provi ded herein,

1ocag1 oh! Ak cl%giﬁg;geﬁe tsn a@bninlate ¥uth BBEES ertéaNiciBedide dede 150

capab prOV|d|ng devi ce sensing functions and

ta fl o
oS5 P e LGP b ey
I I AS, S— ATA
i e Tf?f@%%fe elosren i SRR ITTHS R %ﬂ@sﬁﬁ@ﬁeﬁ the
permtting di fferent devices to be connected at the
encloaure gy she wtermediawslenins)S0se8bmoraptisstabaiho A3 signal

| ocati on, these conponents can accommbdate such

detedelvh cRQUItry 66 FC tnkreidévdtre 1 6@ wid/er the Getimartdicattgnt5dnahgenerate
thi s enbodi nent may be operable to acconmodate

a m%ﬁa“l {RE Sl BPHeFhctThat HoMBvide Y i8ent oW teﬁ‘ﬁoﬁﬂf@ (QSaRached to a
device I's mssing (not connected) at the

artc? g | evel, the internedi ate devi ce 150, and nore
p bg €U rly the OB signal 5 detection circuitry 156,

FC [ 1 nk rcujtr 0 a d/or the ret r circuitry 154
1 i b endessrdodhan Sftbecitienspt BRerstidiione
deV| ce is present in the enclosure (or unattached to a
conjsamplate mlaay dgﬁ@b@t)combun@ﬁ@m@/@esubmb@am of filag campements
enbodi nents of the present disclosure contenplate

andreritcwlir fdepreted in Gidure 3] drahssyatedd fevelseongmmbnts af Figusesoff and 2.
t he conponents 10 and/or circuitry depicted in Figure

For %xarﬁﬁlet i@lea SERLEM BYRUeCATRRMRMeenHrofhe Richte@RS SAS and/or
For ‘exanpl é, in a systemthat includes an enclosure

FC gé%ﬁekofgg?: T%G&JOPO%%)F(%H%I é&%lt?riQ% ggd 1‘%%11%?5)% %ﬁﬁtt%& Bfthout

con Clrcul and

onltted t hout ge arti %fon1gﬂ SCo f th
depipn ioim Hiesevirsefias Pesems Aelgmgen WQTYE’HEP%OHS and

subconbi nati ons of any of the conponents,
subeasphinations of any ofilg comppratsh Ry EapEeseRted by aRE §f thg blocks of Figures

and or 3, may be made w thout departing fromthe
1, 2phd e 8f mdy e hedld métholhdeparting feummtterpreseahéiscgsaitrem

enbodi mrent may conprise a circuit card

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
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

comruni cating in accordance with a plurality of
wai2bds@ees2d conmmuni cati on protocols. The circui PCIAg2(08/043345

capabl e of being coupled to a bus. An internedi ate

device may be coupled to the circuit card. The

| Nt @haESHaRIt8s ElaMbdiferOmiPinchide GARABING ddte A6¥i8E tHaP Y comprise
at least in part, at |east one comuni cati on protocol,

I . . c vi

profRBERn o LRl ot Ko AT RS AATR forp gt one
i nternedi ate devi ce is. capabl.e of co ni cati ng.. The

comRVBF R P ReO LT EL2 BT 6 oA ARP D OROGIA Hgoat least
data stream generated by at | east one of the o

onej staragg daviet eoinnecied togthel interenediaby dayiceds gapable afropmnunicating.
2005/ 066820 PCT/ US2004/ 043345 One appar at us

Theeinteoniedivtet devity maycdlsdeonaprise flosr comtiiohtiecudiey itlet i daphblowy
conprise protocol sensing circuitry that is capable

con@blIFgtaedaM fidach that mhP8s torhfuRRbfed fiim b@@@ﬁorafyéeievice using a
comuni cation protocol, anong a plurality o

pluga? o?ﬁ?%ﬁﬁ@atfgn 81%8{)1*33 via which at |least one

rage devi ce connected to the internedi ate device is

capabl e of c nicati The i nt er nedi.at e devi c

o AT L B b Ao QG TSR FPDgheges ey Sfer

capable of controlling a data streamthat may be
enhgugetheameaniertion sapabalitipssansk ragecuamppisatg disig agplurality of

plurality of communi cation protocols. Advantageously,
confrhenitatioarprewicels e Adevidventageoublyssageatb getiensted by atargetfdegice and

enhanced communi cation capabilities, and may

or HRIMICRBleH 36 112 inteRhetliat idbYic®Mma Be COMMMNIS dhichnay permit
protocol s. Al so advantageously, signals generated by a

cab%eﬂ%%h%g%&)e&?@%qgtenﬁédi&% rd‘é%l:é a F o‘ﬁ (grgH&Jve\E)? 8&5}%{;&vice and/or

ate device nay be con

. perm cabl e .l t hs between the .i.nternedi gtg device
cirdfgoie b6 Extropet oftitier ATpBReau SR G e Grame,
_card to be extended. Further advantageously, this may
single fegrated dteranasdigie deviee acgprdingtoj thess grhodimeis r GasynuRieate
devi ce according to these enbodi nents to commruni cate
witil 5 dafatstoragedas@nsdiorcily ersmg sitpdumalifyr afcli ffgrents¢omgmenication protocols.
plurality of different communication protocols. Thus,

ThufsOfor @Xﬂgﬂlﬁﬁt mialy bEosHBleROEST the entérdnddivte HHEce of these embodiments
i nternmedi ate device of these enbodi nents

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,
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

costs of employing the intermediate device described herein compared to the prior art.
20



to communicate directly via one or nore comruni cation

links with one or nore devices in SAS and/or S-ATA
wanwsmeeEC prot ocol domains in the data storageCsySL@®an43345

wi t hout having to enpl oy one or nore external

communi cation protocol converters, translators, 20

andr Y te AP AT pBestiDHE Whith hal©becdxeiflbfed IR7E€in Afe HRRHAS terms of
SAS expanders) coupl ed between the integrated circuit

des@rglgioﬂl a9t 8¢ ]?ﬁ’lﬁg € artd B ?liﬁtgﬁ’c‘r@f' S e RsPbP gL%ﬁ%rms nd
converters, ranslators, and/ or expanders may be Jeed
wi t.hout .departing from.thesg.e di ments. . .
XDV £ SO yE oin v Herls B 08 FAleD S anddescribed (or portions
i nternedi ate device of .these_enbodi nents _to exhibit
therspifl canddbiisveeegaizedithay varpepsynedifieafions grsapassibleovithia the scope of
art, and may reduce design 25 costs of enploying the
the tlatmas. n@theame difeatioss, dastionfadd hlermatvesanpalse dodsible.he
prior art. 20 WD 2005/066820 PCT/ US2004/ 043345 The
AcdofdifiEly e cBXRE 8fShRA8edNoicoher i dVeich egmvﬂeﬁds.oy ed herein
are used as terns of description and not of
limtation, and there is no intention, in the use of
such terns and expressions, of excluding any
equi val ents of the features shown and described (or
portions thereof), and it is recognized that various
nodi fications are possible within the scope of 5 the
clainms. Other nodifications, variations, and
alternatives are also possible. Accordingly, the
clains are intended to cover all such equivalents. 21
WO 2005/ 066820 PCT/ US2004/ 043345 What is clained is:
CLAIM5 1. An apparatus, conprising: 5 an internedi ate
devi ce conprising protocol sensing circuitry being
capable of determning, at least in part, at | east
one comuni cation protocol, anong a plurality of
communi cation protocols, via which at |east one
storage device connected to the internediate device is
capabl e of communicating, the internedi ate device al so
conpri si ng
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flow control circuitry being capable of controlling a
data streamthat may be 10 communi cated from said
wetaarsages2devi ce usi ng at | east one of a pl ural PCY/US2004/043345
conmuni cation protocols. 2. The apparatus of claim1,
wherein: the internediate device is further capable of
whitk eeliihBgisa predeternmned initialization signal
sequence | ndicative of a comuni cation protocol. 15 3.
The apparatus of claim2, phgfgin: the predeterm ned
si gnal sequence conprises—arm out-of - band si gna
sequence. 4. The apparatus of claim 1, wherein: the
L pr ooB EBPargEs-cOMPHSNE rcuitry is al so capabl e of
receiving at |east one of an out- of-band_signa
s e cpreintesmadidteale vies SPBETIBIUE Protasd) sensingejiraibedbeias eepahle of
flow control 20 circuitry conprises data tracking
det@inigiug {4t Yeasvipaiakteatdéast enecommgniaatitat mrowicok amohg apheality of
at | east one storage device and al so capabl e of

con@8RGEAIdnNFodcElk Ofk W@ﬂicﬂhrh@heaisﬂﬁie%@érb%’@d@fice_td&n@cftéd:‘ﬁ%ﬁé‘Cy
of said data stream said flow control circuitry also

inteéﬁ?%%ﬂéiie@%e rlseéel JEle ogicérglﬁiélhgo%ﬁtinéqg@ﬁlt%%giagee&e%é@ . r?énprising

\
a stréam an ocK 'signal ‘and generati

a retinmed data, stream .25 5..The aratys. of claim
flow ol CHPITY P3ingrspas P BETHIY IS 6t BASAE De  he
i ntermedi ate device is capable of being coupled, via
comymunieated fromesaichtipiage devieausing atlershore efcapluealitpof qemunication
apparatus of claim1, wherein: the plurality of
prowicblser ent conmuni cati on protocols conprise a Fibre
Channel 5 protocol, a Serial Attached Snall Conputer

2. Sysfmﬂpa;a@gsfm@rlgw,@@in; and a Serial Advanced
Technol'ogy Attachnent protocol. 7. The apparatus of
Cl ah MhdternMifEiVice 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:
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the internedi ate device is capable of being coupled to
a cable conpatible with at |east one of said
woansaeseat i on protocols. 10 S. The appar at us BETIS2A0A043345
1, wherein: the internediate device further conprises
protocol control circuitry capable of receiving a
si oialintbrRdmiaadevisd Brcaﬁﬁalg 81%&1?% 8éihled, Rl RINRNGR @ble, to said
| east 1 n part thereto,” generating an acknow edge
i . to be transmitted to said storage device. 9. A
StOréﬁgp‘g‘ﬁ]céconprising: 15 a circuit card conprising an
intﬁgrated cithLt capabl.e of communicating in
ac c OPOHIAEAN QUFIAmAY, W¥herGRy of di fferent conmuni cation
protocols, the circuit card being capable of being
couihe plureldty #f Wifferentggmanmication pratpealeceipmiissa lhibrefleannel
to said circuit card, said internedi ate device being
prowaphblSeriaf Atisthed SnmailriCymmited $3a8im [menfeetprotatol| akd Saiud
comuni cation protocol, anong a plurality of

AdFRARBUTEGRLIRY AtRhACH] protokbl Whi ch at |east 20 one
st orage devi Ce connected to the internedi ate device is

7. ca ébag)p%at&so fnolatv}}{%gm the internedi ate device
[

al so ng capabl e con ro?ling a data stream gener at ed

6.

by at .l east..one .of.said.infeqgrated circuif and sajd .
o o puE g dovigs is 3ARAtls S Ga e pouples ragablgOmBRRDIE with at
the internmedi ate device is coupled to said circuit

least gpejohsdd eemapusicatieprosolsce via 25 one or nore
cabl es. 23 WD 2005/ 066820 PCT/ US2004/ 043345 11. The

8. sysTlempphratisaofivldm iwdessim: t he i nternedi ate device is
further capable of detecting a predeterm ned

| Ni the adtbrRdiAO dSHE Rk thSLSUARRESs protboREINB] efrcditry lc88ble of
one of said plurality of conmunication protocols. 5

S T R R LY R
gengreaﬂrlilge A géknowledge 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 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 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.
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13. The systemof claim9, wherein: the internedi ate
device is further capable of controlling said data
wenosaee20 produce a retinmed data stream andPCT/US2004/043345
transmtting the retinmed data streamto at |east one
of 10 the circuit card and the storage device. 14.
11_Then§é/§;s§em Of c1&ihPd Ryibreipher ein: the plurality of
n

di fferént communi cation protocols conprise a Fibre

rial u
Sy Pem e aSiee 8 rufht- el SFUERATT nieRARUN
Attach 1 t h
1n1t@§%%gq%lsq?gy s%?éqbﬁ%icﬂgr Y ?a(t: re@gtsqnelq% s%tglpgur{glg‘voogﬁommumcatlon
i nternedi ate device at | east one communi cation
profoeolsocol via which at | east one storage device
connected to the internediate device is capabl e of
12. conmhedysei ofxlaiantl, edietdiol | i ng, at least in part, by
the internedi ate device, at |east one data stream 20
from %Péd@teﬁhlﬂeﬁ 3zhalORGuéice rc@ﬂlﬁﬂ%‘éh%tbﬂb@&?ﬁﬁﬁé} @E(ﬁlence

with at | east one conmuni cati on pr ot ocol .

nmet , her conpri si ng: retl m ng, by
13théﬁ&ﬂ?§%ne dé@kgéh said at | east one data stream

gen rated | east e storage devi 25 17
I o tronrdbes rdos P furtier chaalli oo eig istiggy o
2005/ 066820 PCT/ US2004/ 043345 receiving, by the
produsearebaicd dataguodm.anddransmitiing thezgiined datp givedm to at least one of
sequence; and selecting, by the internedi ate devi ce,
the afrclieasd andthectormgerdevaei on prot ocol based on said
initialization signal sequence. 18. The nethod of
14. ¢l aiwB shatend S dIARN9, GAERSASI Ng: 5 determ ning, by the
i nter nedi ate device, a |ink frequency associated with
sai

fle 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, at least in part, 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, at least in part, 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:
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storage device; and conmmuni cating, by said

i nternmedi ate device with said storage device using
weoeawd/oebi2nk frequency. 19. The method of cl ai nP@BUS2004/043345

further conprising: 10 comuni cating, by the

internedi ate device with said at | east one storage

devieegiving B}'fﬂtlfé ifehRsdifg dePIBUA iﬁﬁffa}@ﬂioﬁrsgnag%qgmv P

. 2
plurality of communication protocols. 2 rticle
a)

co | Sing. di.um_havi.n tored.thereon
el By e R R BRSOl rlSh BEprot base
in.the foll ow nq operations: 15 determ ning, at | east
on gaid putiglizatign jgng ﬁ?@%eﬁ%‘ai ate device at |east one
communi cation protocol via which at |east one storage
18. devTeemethod of cletn 16, furtber cunaprisend): at e device is
capabl e of communicating; and controlling, at least in
par deterinininpebyt the énterndidte dehdvé, adinkatequedst asemgatddivith said
stream fromsaid at | east one storage device in
storde6 B6HeNGRdWM th at | east one communi cation 20
protocol. 21. The article of claim20, further
conpri Sj e.fol:liow Lab:Lons:. r.ati by t :
Bl Sy AR PR ARLLORR shR sl R ol seia
.mgﬁnerated by said at |east one storage device. 22.
linkriedUepY-c| e of claim 20, further conprising the
fol |l owi ng operations: 25 receiving, by the
19.i nt Ehamnetibad of eleim & &, fugther epimprisingzat i on si gnal
sequence; and 25 WD 2005/066820 PCT/ US2004/ 043345
sel @ntmmgcating, bhtheiinteenedigiealeeice @xtheaid Aaledseasd stoage device
comuni cation protocol based on said initialization

witl h 9818t te® BSHANER atidPprofdt8] AhbheEl Bluedlit bREShABnichtéd ﬁx%’focols.

conprising the follow ng operations:” determning, by

the,j ' evice, a link frequency associ at ed
20. tAhhgglﬁgéT@o%ﬁ}sﬁlg‘?

—

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

determining, at least in part, 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, at least in part, 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
25
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5 storage device; and communi cating, by said

i nternmedi ate device with said storage device using
weoeaw/oebi2nk frequency. 24. The article of clai RCRWS2004/043345

further conprising the follow ng operations:

communi cating, by the internediate device with said at

lcgarrsr%fLer??E B (;cﬁé ggtgrttr%g}é%t& g%%eg aWeﬁ%? Srﬁ%\ §%}§ﬁg$:%ion protocol based
on sad 1 tlallzgttionOSI}glli)al gécﬁl%gcl:es.’ 26
23.  The article of claim 20, further comprising the foliowing operations:
determining, by the intermediate device, a link frequency associated with said
storage device; and
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.

26



