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PCT/ US98/ 24536 1 METHOD AND DEDI CATED FRAME BUFFERS FOR RECEI VI NG FRAMES 5
Field of the Invention The present invention relates to the field of

mass- st orage devices. Mre particularly, this invention relates to an

i nproved fibre-channel arbitrated- |1oop ("FC ALV) apparatus and method
havi ng dedi cat™®@%%368te buffers for 10 receiving frames. BICKFPBEAIof the
I nventi on One key conponent of any conputer systemis a device to store
data. Conputer systens have many different devices where data can be
stored. One 15 comon place for storing nmassive anounts of data in a
conputer systemis on a disc drive. The nost basic parts of a disc drive
are a disc that is rotated, an actuator that noves a transducer to various
| ocations over the disc, and circuitry that is used to wite and read data
to and fromthe disc. The disc drive also includes circuitry for encoding
data so that it can be succ¥EIHOD ANDDEDIATHED FRAMEBUFFERS  tten to the
disc surface. A mcroprocessor conpdRIERCEIINGFRAMESPEr ations of the disc
drive, in addition to passing the data back to the requesting conmputer and
taking data fron?a requesting conputer for storing to the disc. The
interface for transferring data bet\/\?ﬁg%_g%%l ve and the rest of the
conputer systemis typically a bus o as the Small Conputer
25 Systens Interface (nge)ltmmnhomlaﬁsmmeﬁtiénfmass-smgedemeaspects of
such interfaces ar%&gé%lﬁ& g@srﬁve% nreﬂt 0daclalr %%dfvbre-' ous. d fgs from
di fferent manufacturers can er chang e dm.% can onn dto a
common i nterface. W“E@-@ﬂﬁh@&aﬁsm&m@hﬁéﬂaﬁndﬁm&ﬂmﬂebﬁfm st andar ds
committee of an Qrgecslzatﬂan{l such as the Anerican National Standards
Institute (" ANSH One standardi zed interface for exchanging
dat a between various storage devices and various conputers is the fibre
channel . In some enbodi ments, the 2

Background of the Invention

One key component of any computer system is a device to store data.

Computer systems have many different devices where data can be stored. One

15 common place for storing massive amounts of data in a computer system ison a
disc drive. The most basic parts of a disc drive are a disc that is rotated, an
actuator that moves a transducer to various locations over the disc, and circuitry
that is used to write and read data to and from the disc. The disc drive also
includes circuitry for encoding data so that it can be successfully retrieved from

20 and written to the disc surface. A microprocessor controls most of the operations
of the disc drive, in addition to passing the data back to the requesting computer
and taking data from a requesting computer for storing to the disc.

The interface for transferring data between the disc drive and the rest of

the computer system is typically a bus or channel, such as the Small Computer

25 Systems Interface (“SCSI”), or the Fibre Channel. Certain aspects of such
interfaces are often standardized in order that various devices from different
manufacturers can be interchanged and all can be connected to a common
interface. Such standards are typically specified by some standards committee of
an organization such as the American National Standards Institute (“ANSI?).

30 One standardized interface for exchanging data between various storage

devices and various computers is the fibre channel. In some embodiments, the



fibre-channel standard includes arbitrated | oops (described further bel ow).
In sonme enbodi nents, the fibre-channel standard supports a SCSI-Iike
protocol for controlling data transfers. Fibre channels represent
significant advantages over Small Conputer 5 Standard Interface ("ScSr')
designs. Fibre channels provide significantly higher bandw dt hs rently
up to about 10¥OMAAMytes per second, conpared to between tRfd %\ﬁenty
nmegabyt es per second for traditional SCSI designs. Fibre channel S provide
greater connectivity in that up to one-hundZed twenty-six devices
(including the host) may be connected, as conpared to a maxi mum of 10
sevén or fifteen de 'ce i | cal v ron nt . . the fibr hannel
can be attached vvit g‘?‘}?@l%’\{‘gﬁﬁ ??rarbdﬁ% ?nﬁﬁegéﬁﬁ?'ebeg’“g ch. A

fibre channel usi ngsomaaambamnfehe,ahéﬁlﬁtaichaexﬁaduﬁdaedﬁxpmramm&pzdiosdlmes of

up to thirty nmeters baﬁ«‘ﬁ g?dew and up to ten kilometers using fibre
optics for an ent i r PHERYMA Esorrpared to a maximumtotal |ength of up
to twenty-five meters fopibrd% sent i aﬂvan'td@eﬁ%}&ﬁilyc&%nts

errors in data transgmni ssion are detected throu use of parity, whereas in
fibre channels, &rrStandaxg nterfaea{'$GSI9designsa Fmﬂ%mglsmr@wrs@;ﬁcm higher

cyclic- redundancy C wﬁﬁ?scéﬁm@mg:ﬁé ormation

can be found in U S%gat gggkentlé;%@ng%gfg&eﬁ fﬂm ng a CRC
Generator in a Ml tbetwmnﬁwmemlfglnnﬁ'ma@y@s&rsmndfomadlﬂmmlSI;SJGSSIWA entitled
168/ 20B Encoder, h:h%efsg ovidle e‘iﬁcf‘o'nﬂv 1&}9 ttol%}/xé h&%mgml?elxchann ol

assigned to the present assli gnee I'nc
arbitrated | oop (" Fdvitks @nql@ngthelmﬂt)atayyesdnamhdmk cempmednoerm&m;mmgfa

by, 0 o0t e, Dbl Sy S g e B o B L1
106.25 MHZ. One for amaeﬁedaﬁth&&idglaommdafdldd?mdeqmr@ SIERAI AlfBEL dhinrel S.  Pat .
R I
fibre-channel arbitpswes dedodg, a(nalﬁgmédgﬁm(ﬂ,l,dt@m Jbré Bpitd B g W ces, each
called "a node," to be connect ed t oget her. ge may be any device (a
channel, as compared to a maximum total length of up to twenty-five meters for
15 SCSIenvironments. In SCSI environments, errors in data transmission are
detected through use of parity, whereas in fibre channels, errors are identified by
a running disparity and cyclic-redundancy-code check (“CRC check™)
information. More information can be found in U.S. Pat. No. 5,802,080 entitled
“CRC Checking Using a CRC Generator in a Multi-port Design,” and U.S. Pat.
20 No. 5,663,724 entitled “16B/20B Encoder,” both by the present inventor,
Westby, and commonly assigned to the present assignee Seagate Technology,
Inc.
The fibre-channel arbitrated loop (“FC-AL”) is an industry-standard
system employing a byte-oriented DC-balanced (0,4) run-length-limited 8B/10B-
25 partitioned block-transmission code scheme. The FC-AL operates at a clock
frequency of 106.25 MHZ. One form of an 8B/10B encodet/decoder is
described in U.S. Pat. No. 4,486,739 granted December 4, 1984 for “Byte
Oriented DC Balanced (0,4) 8B/10B Partitioned Block Transmission Code” by
Franaszek etal. -
30 A fibre-channel arbitrated loop (“FC-AL”) allows for muttiple devices,

each called “a node,” to be connected together. A node may be any device (a



3 conputer, workstation, printer, disc drive, scanner, etc.) of the
conputer system having an interface allowing it to be connected to a

fi bre-channel "topol ogy" (defined just below). Each node has at |east one
port, called an NL port ("node- |oop port") to provide access to other
nodes. The conponents that connect two 5 or nore ports to

col l ectively P2, "t opol ogy" or a "loop." Each node co?rﬁ.llnggé%%éﬁg wth
all other nodes within the provided topology or |loop. Ports are the
connections in a fibre-channel node, though’which data nay pass over the
fibre channel to ports of other nodes (the outside world). A typical

fi bfe-channel driv it S kaged: W § hi | Ve Each
port 10 includes goﬁg'lﬁ ?II’ g?"%‘%‘é?@&&’-ﬁ%n%v 5%%?%?%%%%&%?%ﬁ%ﬁ o the
porf and one to carhaying af intenfadeiatlowing it tobe ¢dneecipditd a filte-chanhiéli“opology’s a seri al

data connection, a L. one. e di ment.. each fi s actyal |l y.a .coaxi al
wre (e.g., coaxi alrzg%ié‘f){l@?tr%{%”gg%%%f&}Eggtge%oé‘ﬁ%&&réa%&?g a?oéy(i '??‘%1 ose

pr oxi {n tyI t?- gne ?Mﬁpfmt ﬁ?}tob?vmmss&mb?eﬁml tﬂ‘hczf]brriﬂohmtsﬂmfl\thcbmbt&gient ed as
an optical fiber_for at |eas ome of i, e,d.,..Men_nodes are
separated by an %pﬁfﬁ‘é’mméﬁg?mgle%%ﬁé@Rg‘(‘]%‘él‘ggyngﬂ‘ii QR e e abi net s
or, especially, difubgs@nimiditatesivitball othdfiRdRMWithinthe protiBéFtopsgAR IdRg. t 0 each
port (one carrying data_into the port, the other carrying data out fromthe
port) is called a "IinkPoryfie the cqmpqtionsin g fibre-charps] Rods thqueh wdick deta ynay

| nformation or si gRalstvBARKRGE thahtl td SRS BEothd abdYs e HRHESworkC A itk can 20

handle multi ple types of franmes (e.g., initiralization, data, "and control

frames). Since eacHibre-ghennel duiveihastwors paskaged within dherdriye’s oedey Eachoptets ar e

connected to ongya . »00, 1y\%}55,%]f5!:1;2 J [}Fﬁ itrate for
control of the F%om%a%lgé;gﬁg?% d‘gf'a o“trans g}lg%ﬁhi?%l rgtolg%ﬁ" Is the
process of coordi naeinigfarmationaaibef thepotie tBachnifiber” i setialdate comsctiopandoin of t he

| oop. Fi bre-channel arbitrated | oops. .at.tach | tiple nades in the | oop
Wi thout hubs o SwioPE PRI e SR s 5ty Mo 1t o iRt ons 1o
establish a poi nt - tconduoiors usdd tvaer theunsleare dn ¢lase iptoxinkify-to Abe dndthar)dh sthet but ed

t opol ogy where each port inclydes.at, | east the m cessary.finction
to establish the ciep'@ﬁ‘?lﬁmtﬁ’ﬁﬁﬁ?lﬁ?r??lgfl@gq %%O%ﬂgib% #zeaﬁtssg@eggﬁsconnect
any nunber of nosiepathqé.peehen ndesureseparted by appretistilediytare sufH &Gbd&Gn node

orts. In sone enbodi.nents, each no [ | ude ual .ports ach connect ed
P o dgfkerent cabinets or, especigﬁy, eren?busﬂdqugs. THe patir of(ﬁ%ers

connected to each port (one carrying data into the port, the other carrying data

out from the port) is called a “link™ and is part of each topology. Links carry
information or signals packaged in “frames” between nodes. Each link can
20 handle multiple types of frames (e.g., initialization, data, and control frames).
Since each fiber carries data in one direction only, nodes are connected to
one another along a loop, wherein the nodes must arbitrate for control of the loop
when they have data to transfer. “Arbitration” is the process of coordinating the
nodes to determine which one has control of the loop. Fibre-channel arbitrated
25 loops attach multiple nodes in the loop without hubs or switches, The node ports
use arbitration operations to establish a point-to-point data-transfer circuit. FC-
AL is a distributed topology where each port includes at least the minimum
necessary function to establish the circuit. The arbitrated-loop topology is used
to connect any number of nodes between two and one-hundred twenty-six (126)
30 node ports.
In some embodiments, each node includes dual ports (each connected to



4 a separate | oop) which provide redundancy, so that if one loop fails, the
other one can fulfill the loop duties. Dual ports also allow tw hosts
(e.g., two host conputers) to share a single drive. In typical first- and
second-generation FC-AL drives, the two ports 5 shared the
frame-validation and franme-generation logic. This neant that if one port
was receivi ngWa926dhsnitting a franme, the alternate port Rﬁy"wgﬁ‘tively
busy (since it could not sinultaneously use the frane-validation and
frame-generation logic), and the alternate $ort was thus forced to deny its
host - bus adapter perm ssion to send frames. Sone host-bus adapters woul d

contfinuously have to 10 arhitrate d attenpt to.senqd a jra ver and
over until the pri ﬁﬁ?‘?‘a&o‘f’?pg& QH?V?AE&I@P‘S@%E S‘?ﬂﬁ“f‘vgmﬁg%"pd{’l‘isyt%m?‘é’ to
trapsnmit on one pobhe cah fidlfill iH¥ooplditi&s) MialGRES Slso AldwAW BEuNE.of dh@hdst ansfer on

a given port would have to be paysed in order to send a response or perform
| oop initializati oformBmitsrsdo shapreasinelg drivenat e) port. CRC Background 15

Most data-transm ssi on RRGAGE HRD InEiPid)eehdritidh FELOC ing, i twdipot) an error
code, based on the header and payl oad dagta of the transm ssion, is checked

to verify the it egharadithoframaalidationiagpdflamesmentionlogipahismgany thetif one such

error- checking sc &gﬁaﬁm- Gednhifth (ME‘Q - Wb Ceraktivy tion.
A typical circuit gnp oyl né‘q@% errdgir%mgﬁec |’§g&%(mte]%?g§ﬁél ude %UJZ%IC checker
to 20 verify the (sicedcotld noffsimdzetonsiy ustabefraner-vididatiod and foRE-graeatiat or t o

generate CRC infor kan r..digi d ej.ng. tr.ansm In multi-port
designs, a CRC chegol%%acb’ ag%g'xgaal t%é%ln\g%’\sg{ng?or?ﬁst{) g%ng lg&éﬁbg%%%p?%r each port
to handl e veri fi capermissioh tesad framese iSeme holt-Hug abpteve wduld eontinaoghrhavetoe CRC

i nformation for, each.diqital rd bei transmtted.. ln nany appligations,
the circuit or *Oooﬁgl%%pﬁ'?ﬁé%s&nﬁ%ﬁ%?%mfef s°|¥Frt‘§m]othe BW“&B?I‘EBIB% t at a

time. For exanpl e, Atoghhe drivh was@nly4ble Y& raitini R BRE PoRtauk & fihe ! 1hrsOme Basss, an

mul ti-port interface rrlgﬂule to _a conmputer network woul d ﬁré“egare an

transmt data throBgRowsdpta frausier on @ elygh portyould havg iq e papseflin orignfRsrf ¢ he

| oop-interface nDAk&pdHisd bt peAtbineIBp inktRliER6R b Me dMbA(akdHiad) PPl Ural ports at
a given tine. 30 One approach to reception of data through plural

ports is to sinpl yGR(hBagkgronsdept i on of data through other ports when one
port is alreadyjs ecei Vi gstdadAransmission operations employ error checking by which an

error code, based on the header and payload data of the transmission, is checked

to verify the integrity of the received header and payload data. One such error-
checking scheme employs cyclic-redundancy-code (“CRC”) information. A
typical circuit employing CRC error checking will include a CRC checker to

20 verify the integrity of received data words and a CRC generator to generate CRC
information for digital words being transmitted. In muiti-port designs, a CRC
checker and a CRC generator must be available for each port to handle
verification of each received digital word and to generate CRC information for
each digital word being transmitted. In many applications, the circuit or loop-

25 interface module transmits on only one port at a time. For example, a disc-drive
subsystem communicating through a multi-port interface module to a computer
network would prepare and transmit data through only a single port at any given
time. However, the loop-interface module might attempt to receive data through
plural ports at a given time.

30 One approach to reception of data through plural ports is to simply inhibit
reception of data through other ports when one port is already receiving data.



5 This approach all ows conmon resources, such as the CRC checker or the
frame- validation logic, to be shared anong the several ports. The first
port to receive data seizes use of the common resources to the exclusion of
the other ports, and the other ports are inhibited fromreceiving data.
Hence, incom ng. data cannot. 5 be received on the other ports and the other
ports are |i-nWO8WHH the function of data transm ssi on. Hw§“§ﬁ%?5§ch
resulted in the other ports receiving a "busy"” condition in response to
requests to transmit data, and necessitated repeating the sequence to
request transm ssion of data again and again, until the first port

conpl eted the opergtion it er orm and,fr e cQ n resource.
10 Loop Initializ ﬁ@ﬁ%&ﬁﬁ&ﬁﬁ?ﬂ%fﬁ? § 5 Bﬂﬁg’ﬁmwg‘“?rtt Scessary
to "initialize" a Jaedtionidg®s; 1o skdrédUma gﬂﬁlsévempm& dat st sok todseeite! | as
when a | oop- |nterfEce nDduIe is connected into the channe or when the

fibre channel is 2ep 13p of thepqmmgn TsseprcetHo the exeluvionefiths othes pefspids hed by

transmtting | oop-thdbthirpohd At hfﬂfbltg@f’r@m%ﬁ%k Bfa.! DORe, iFUNBYEdata dabnot> @
| oop-interface nodul e connected to is already receiving data

through a port éorh?é%qeéldd%thanwmbe ﬂmﬁﬁﬁébmmﬁ’erthﬁ‘efé@hmdﬁl e ni ght

not be able to re I der such
ci rcunst ances theqﬁat a Arﬁgsrllér? gghcglréesﬁgédaﬂﬂlae%g&fa%op Initi é |{%§t ion is
al l owed to pr oceectofxdinmmrd;spom tnanqueststoetrwsmtdata;end neogssitatgd repehtingthé on
sequence w | | staII | ' A until the

ot her 1 oop (of the ed[ 9e ueS% ?“ m’#‘ﬁ aggpé%cga}gva{nh %g;{%‘éf#& eover, if
t he | oop-int erface;:om&tdd&bedpaﬂthenwnmribnm;tgﬂﬂm«!}utﬂﬁporamomretséum, t he
nodul es cannot he mwt her port while loop initialization
i's occurring ofl T S have received considerabl e
attention in connecti ompwahloaﬁnetwrmarisﬁeetseaiytbf“udﬁeuﬁe’bﬂbwmrmrt@us

devi ces of a conputet, netgF)é articul arl fibr channelgégoffer

si gni fi cant advant® jtion R logp-interiacs medyls iy connestedigo: ) pses

in terns of hi gherm@m%%em@ﬁsﬁemﬁaw&ahptynnammmrorm&ﬂy of
attachnent of nodul es, reater transm ssion di stance, and other factors.

For exanple, at y [Reeommplished; by frausmiting inop-imitialigation data qpfo ss lpep. tHomeuenil ( 15)
nodul es wi th a1} otaboglintdRACRodde déRndRd @RS oo R aff@ztd E&mviﬂ@%ﬁﬁ@ﬁo@hfa' bre

channel can handl e up to one-hundred twenty-six ( 2 nodules with a
port connected to another loop, that loop-interface modu e might not be able to

receive the loop-initialization data. Normally, under such circumstances the data
transfer is suspended, and loop initialization is allowed to proceed first. In other
instances, the loop-initialization sequence will stall, and go into a continuous-

20 retry mode until the other loop (of the dual-loop node) completes receiving data.
Moreover, if the loop-interface modules can receive only on one loop at a time,
the modules cannot receive data through another port while loop initialization is
occurring on one channel.

Fiber links have received considerable attention in connection with

25 transmission of data between various devices of a computer network. More
particularly, fibre channels offer significant advantages over Small Computer
System Interface (“SCSI”) buses in terms of higher bandwidth, greater
connectability, greater ease of attachment of modules, greater transmission
distance, and other factors. For example, a typical SCSI bus is able to handle up

30 to fifteen (15) modules with a total distance of up to about 25 meters, whereas a
fibre channel can handle up to one-hundred twenty-six (126) modules with a
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Per/rS98124536 6 di stance of about thirty neters between nodul es using

el ectrical transm ssion, or up to ten kilometers using optical

transm ssion. Thus, in order to achieve a data- transfer rate of, for
exanple, a terrab te/second peak, it would require up to sevent buses
but woul d nee¥ 815lhbout ten fibre channel s. It is |rrport CFEIU%X gﬁst a
channel be brought up to operation (i.e., "initialized") as early as

possi ble to reduce the | oad of data trafflé t hat woul d ot herwi se be inposed
on other channels. There is, therefore, a need for an arrangement to permt
multi-port | oop- terfa es t eceive .data a n- dat.a. frames on
plural channels 1 ]Stg}cﬁuffbgﬁqgﬁgwms egnfnlo %srﬂsf“gfggd% trmsf‘?éont?{annel
whil e receiving daipxoen lﬁlbméthrsmsmg)bpﬁcai tiahsniissiont Thuos, in arlidri@idhizne adda-r esponse

franes on plural chaﬂgel S fmJIta eous her(g1 e§{5< .al s a need for better
and increased dat aTROHECRER 1% pRKdt ¥ TIF?qB‘FF‘H‘HPp buffers.
15 seventy SCSI b&mx»bu!zine&b&ﬂ} 5B6R1Yen ke fhaiR4IS OdlisamporBadi cat ed

frame buffers for receiving franes. Dedicated receive buffers for receiving

non- dat a frames? art@at3<h brouehiaipdn opsartion Gre-» Sinftighized s carfyag @ossivlean
arbitrated-1oop fiRremed@OREA of iR e M%ﬁﬁoﬁmgéﬁmg%oseahﬁoﬂéﬁsem

i nvention provides a comuni cations channel systemth I ncludes a first 20
channel node havi rijagpelsi r st port and a second port. Each port is located in

the channel node, and 1908{& é&fﬁr&a}%mg%e&e&*?@ %ﬁt@ﬁ@b&&ﬁ) d-1 oop

communi cati ons channel . e’ sy s on- c Ip frane
buffer, located i rintetfeceaiminhetormdedaﬁaendn@abta\ﬂangs6np1mal;clfanndn t he channel .

I n one enbodi Qnsz, Ghi frarre buff i ncludes, as 25
conponent el egéﬁt ssng‘hl h%%arﬁﬁnﬁgﬁgﬁ%’f%‘eﬁ 3§éecgtv1n§§?t§°’&oupl ed to
the first port to anethed, netomhmurldxtmmadm:ﬂréspmﬁaxhemmlhﬁchmel& port, and
a second i nbound non eratlv coupled tq .the second port to
recei ve i nbound nosﬁmd‘%f‘ﬁmﬁsg'a%?efsra@ﬂlat“ﬁeéi %’8?&?“ lﬂ‘e?seg)%m%‘?fﬁ‘ "8 nbodi ment
further includes asnpsbility fdridata biofel 6 on-siigteters. r ecei ved non-data frames are

first received 30 into the fist inbound non-data-franme buffer and then are
transferred fromthe

15 Summary of the Invention
A method and dedicated frame buffers for receiving frames. Dedicated
receive buffers for receiving non-data frames are provided for each port of a two-

port node in an arbitrated-loop fibre-channel design. In one embodiment, the
present invention provides a communications channel system that includes a first
20 channel node having a first port and a second port. Each port is located in the
channel node, and each port supports a fibre-channel arbitrated-loop
communications channel, The system also includes a dedicated on-chip frame
buffer, located in the channel node, for receiving frames from the channel.
In one embodiment, the dedicated on-chip frame buffer includes, as
25 component elements, a first inbound non-data buffer operatively coupled to the
first port to receive inbound non-data frames from the first port, and a second
inbound non-data buffer operatively coupled to the second port to receive
inbound non-data frames from the second port. One such embodiment further
includes an off-chip buffer, wherein received non-data frames are first received
30 into the first inbound non-data-frame buffer and then are transferred from the
first non-data-frame buffer to the off-chip buffer.



first non-data-frame buffer to the off-chip buffer. 7 1 n anot her

enbodi nent, the dedicated on-chip fanme buffer further includes, as a
conponent el enent, a data-frame buffer operatively coupled to both the
first port and the second port to receive inbound data frames fromthe
first port and the second port. One such enbodi ment further includ an

of f-chip S buM®$92615per ati vel y coupl ed the data-frane buf f BFTUESRERR ve

i nbound data franmes which are transferred fromthe data-frame buffer, and
to nove outbound data franes (data franmes ffroma disc surface that are
going to a conmuni cati ons channel) fromthe off-chip buffer to the
dat&-frane buffer. In yet another.e di pent ., . t he. dedi cated -chip frame
buffer, as 10 conpone?(’fMgfmﬁrxﬁ@?eﬁlga@ﬁﬁéﬁ%%ﬁmﬁﬁﬁdata buf f er
operatively coupl edctidesfasa chmpcientienient, @ dits-Grainy Buffen bpustively@buplaiita f r anes
fromthe first port, and a secqnd i nbqund non-data byuffer operatjvely

coupl ed to the secisf Bgﬁp%“'ﬁg?ﬁwgﬁ’%fﬂfﬁﬁwﬁdﬂpﬂ%é} tﬂ‘éaé?‘f’gg"’f“r‘h‘?nthe
second port, and afifddjoRahd 818Beddtd . OB Sich embstitert BlHdkSitlclhdes b 6fElchipSt  port
to receive inbound data frames fromthe first 15 port. One such enbodi nent

further included dwiighppesivslysarrled the datastreme hulfeytocengiyr inbornddatadrames i ane
buffer to receive JRbBosLdaifthRd FbAMRS Ik tafer, b Ho9E bRbouhl Q%L T he

data-franme buffer, and to nove outbound data fiames (data franes froma

di sc surface that framesddntafipmes igmachisesmifacs thabare geingiermeommupisationhe of f - chi p
buffer to the dat %h&%ﬁ?nc%éSff-ch@%uffertothe&at&-ﬂmﬁ?ﬁﬁ’fe‘?”bom ments, the system
e t

further includes a nagnetic-disc- storage drive operatively coupled to the
first channel node, andn yeteuntignembodimert.dhe dedicatedorachipframeibuffeaamel node,

wherein the seggnd, chann node. i iyel ownpl first channel
node in a fi brg-echcé)%lﬁg e"ﬂc’)lg%gn?snmgr 8%5??@%{1[“&%% ér}-h'%%ﬁgfe%? weleﬁlyt he first
and second channelconpledt® thefintspht tb feeeife inbamd Adn-datdframes|froar the firsapet- | oop

comuntcall one. el MRSl SERBE by bR Ga RS ERBY O°° °
relationship to thecdivetiaboun@neh-dues fraaies fiomfthd stondpon, b a igdframa vt a fir st
IR S T TN O AN T W
15 port. One such embodiment further includes an off-chip buffer, operatively
coupled the data-frame buffer to receive inbound data frames which are
transferred from the data-frame buffer, and to move outbound data frames (data
frames from a disc surface that are going to a communications channel) from the
off-chip buffer to the data-frame buffer.
20 In some embodiments, the system further includes a magnetic-disc-

storage drive operatively coupled to the first channel node, and a computer
system having a second channel node, wherein the second channel node is
operatively coupled to the first channel node in a fibre-channel loop in order to
transfer data between the first and second channel nodes through the fibre-

25 channel arbitrated-loop communications channel,

Another aspect of the present invention provides a disc drive that
includes a rotatable disc, a transducer in transducing relationship to the rotating
disc, and a first channel node having a first port and a second port, each port
supporting a fibre-channel arbitrated-loop communications channel. The first

30 channel node is operatively coupled to the transducer. The disc drive also
includes a dedicated on-chip frame buffer, located in the channel node, for



30 channel node is operatively coupled to the transducer. The disc drive
al so includes a dedicated on-chip frane buffer, located in the channel
node, for WD 99t 26151

PCTI US98/ 24536 8 receiving frames fromthe communi cati ons channel. In one
enbodi ment, the_on- chip buffer includes, as conponent elenents, a first

i nbound non- dWDAASK er operatively coupled to the first JEHUPRWceive

i nbound non-data franes fromthe first port, and a second i nbound non-data
buffer operatively coupled to the 5 secon¥l port to receive inbound
non-data franmes fromthe second port. In one such enbodi nent, the disc

driwve further includes an off-chip buffer, erein received non-data frames
are first recei ve&ecP’l’f’t"(gf{aHEs;fP’P e@ﬁ‘%ﬁ’ﬁﬂ‘%%ﬂ’@&@%?@bm% M9 t hen

are transferred fRpbhité ihdiides, a8 Qoingdaén elemai®; alfid {dburddhoh agta Bfifffer Chi p
buffer. 10 Yet anot her aspect of the present invention provides a

communi cat i ons chansretivelyeonpled to i firstpert forecsivednboyad nap-dagaciragies from)the

supporting a fibr n ' - ﬁﬂf%g | ' el on each
of a first port aﬁfrfqg&@e%gﬁggﬁgﬁﬁ%@gw%t c aﬁrﬁﬁgﬁgd ;lgd(}g?{éi npl ement i ng
a dedi cat ed f r &ive stnofd port forreceive irfbowrgimon+data fraimesfoae the secpnd parkilvorgy  dat a
frames and non-da f 0 | &R and (d)
transmtting fran%%hfe%%ﬁ]w}?'ﬁ;eﬁ’ @égﬁggﬁgﬁﬁ%ﬂ%&gﬁ&gﬁpﬁgﬁﬁgﬁdi ment of
this nmethod, the ierpivedmon-datafranies pre(fiost rdceivéikintoitieciirstdaiwuad sineatasfranged) (i)

impl ementing a figst., inbound non-data buffer operatdvel led to the
first port, a sec%ﬂﬁeri %@ﬁﬂ&“’ﬁ%{‘ﬁ“ t%ﬁ?@ﬁ%ﬁ%tﬁa{?&%ﬁ%ﬁﬁgﬁeg to the
second port; and ftchig bufferci ving step (c) furither includes 20 steps of:
(c)(i) receivi i nboupd non-data franmes fromthe first port .into the first
i nbound non- da?‘g buf f e?‘?t a&ﬂfg‘e’(“‘éﬁeﬁ ?f;ﬂlﬁpéisg’w‘rVﬁﬁﬁ%Pmﬁ?aaﬁ%WPB‘afaS°’?sr ames from
the second port i RhanbiRetRAC TR nditda iithdedsiepd of: a (4) $hipdtting @Ttbres¢hafinel

enbodi ment of the nmethod further includes a step_of (e) inplenenting an
of f- chip buffer @piaied-loen ?%HmaBWSthﬂé’”F?ﬁiﬂ a@ﬁgﬂ%@@gpﬁéa“é’?d Bl 25 the

receiving step (C)off:ﬁfs%lﬁhnélﬁ&dc‘ld@hﬁpl&hﬁﬁn%’idéd?&éﬂﬂaﬂaebﬁﬂé?ﬁﬁéﬁfsﬂg the

recei ved non-data frames fromthe non-data-frane buffer to the off-chip

buffer. 1n anot herchanaplgere (o) receiving datp frames and Aop-dataizames o thg dedigted; el udes a
step 15 frame buffer; and (d) transmitting frames from the dedicated frame buffer.

In one embodiment of this method, the implementing step (b) further

= o))

includes a step of  (b)(i) implementing a first inbound non-data buffer
operatively coupled to the first port, a second inbound non-data buffer
operatively coupled to the second port; and the receiving step (c) further includes

20 steps of: (c)(i) receiving inbound non-data frames from the first port into the
first inbound non-data buffer; and (c)(ii) receiving inbound non-data frames
from the second port into the second inbound non-data buffer. One such
embodiment of the method further includes a step of (¢) implementing an off-
chip buffer operatively coupled to the first channel node; and

25 the receiving step (c) further includes a step of (c)(iii) transferring the received
non-data frames from the non-data-frame buffer to the off-chip buffer.

In another embodiment, the implementing step (b) further includes a step
of (b)(ii) implementing a first inbound non-data buffer operatively coupled to
the first port, a second inbound non-data buffer operatively coupled to the second

30 port, and a data-frame buffer operatively coupled to both the first port and the
second port; and the receiving step (c) further includes a step of (c)(iv)



of (b)(ii) inplementing a first inbound non-data buffer operatively coupled
to the first port, a second i nbound non-data buffer operatively coupled to
the second 30 port, and a data-frame buffer operatively coupled to both the
first port and the second port; and the receiving step (c) further includes
a step of (c¢)(iyv) 9 receiving inbound data frames fromthe first port
into the dat W@PMSIbUffer. One such enbodi nent of the metEEFSHEHPher

i ncludes a step of (f) inplenmenting an off-chip buffer operatively coupled
to the first channel node, the receiving sfep (c) firther includes a step
of (c)(v) receiving received data frames into the data- 5 frane bufer and
theh transferring the.receiv data franmes.from.the d <fr byf{fer to
the of f-chip buf f-é'?q,ewéfﬁdﬁlf%‘?g%ﬁ stfiofrh”tgegfsé[ffn('ﬁtf%fe %‘%Fh% a step
of (d) (i) noving dashenibodimmat éfftiei mahic fudhed tchB@nstEpiof @YlinkyMntentifgarof f - chi p
buffer (e.g., fro%q’eeﬂ di sc surf aice nd q&i‘ggn %ngqéhﬁg data frames to be
transmitted from tofchys buffeponsratively eoupled tq the figsh¢hgonel Bode; the receiying stop I'n
anot her enbodi menteyrhriked ficiRbd Wkbp of %v) fEBégﬂ]ﬁEféEéiwa dataSimePintd tHE §AALT

i ncludes a step of (b)(iii) inplénme n I rst inbound non-data buffer

operatively coupl demeduffpreand then transéyming the wesivsd date ippeyiom e-datatdfameuf f er
operatively coupl %‘Jﬂ?ﬁohﬂ%ﬁﬁﬁﬁmﬂfgﬂt d the ﬂ&ﬂm@ﬁ%&g@]ﬁ% erMthiasd 2 QHET L1 vely

coupled to both the tirst port an e second and the receiVving step
(c) 15 further i efl(dfesmosingdata frhmesthat @xeity be wapemitied into b offrebiiphufferdat a

frames fromthe fiygst . 0t ' ' - dat ,lgh!‘%lf- . (CXvii)
recei ving i nbound (%'g'h?&gﬁeéil rsglfn%cgﬁn?gﬁn%ﬁmg&gggg%aq%g?g%ibgt 0 '1§stecond
i nbound non- dat a Htonf the pif{chip(bufferit) thederifmamadufferbound data franes fromthe

first port intog,the data-frame buffer:..and I X) .receivin ceived data
frames into thgodat a-fﬁ’h%{hﬁﬁ??b@amgﬂﬁdfé% mettﬁoé%é? P%ﬂ%‘?%\i% ﬁﬁg@ig’"&rcei ved
data franmes from tihduddas step oD umplementing b lfiest ibbundalohdath bhiffer . One such
enbodi nent of the nethod further, ipncludes a st 0 g). i enenting an

of f-chip buffer ofRFAaEY e‘f"W%‘Ef?ﬁP%ﬁ“&Q?“{ %?c?ﬂ%@“%%ﬁ%}a b?l%tjare; and the
transmtting step opehtifely dodfled iothd s¢eked portdn@ B dth-frel} bifiicr op@imively dat a frames

to be transmtted into the off-chip butfer (e.g., fromthe disc _surface),
and 25 then novi r?Q“RlWe“’(?a?’éh?ﬁté‘r?é’gaP mﬁéecf’ﬁ(‘da??g‘iﬁaf‘ég‘&‘q@‘ﬁ%lsﬁ%@f_f-chi p

buffer to the gqat FodtepiRIu Pt of: FOB) RN HBIULS n@H-ddtd RariEB ARG Ur t her

i ncl ude transferring ] . s L.
first port into the first inbound non-data buffer; (c)(vii) receiving inbound non-

b=t

data frames from the second port into the second inbound non-data buffer;
{c)(viii) receiving inbound data frames from the first port into the data-frame
buffer; and (c)(ix) receiving received data frames into the data-frame buffer and

20 then transferring the received data frames from the data-frame buffer to the off-
chip buffer. One such embodiment of the method further includes a step of (g)
implementing an off-chip buffer operatively coupled to the first channel node;
and the transmitting step (d) further includes a step of (d)(ii) moving data
frames to be transmitted into the off-chip buffer (e.g., from the disc surface), and

25 then moving the data frames to be transmitted from the off-chip buffer to the
data-frame buffer. Some embodiments of the method further include transferring
data through the fibre-channel arbitrated-loop communications channel between
a magnetic-disc-storage drive that is operatively coupled to the first channe] node
and a computer system having a second channel node, wherein the second

30 channel node is operatively coupled to the first channel node by the fibre-channel
arbitrated-loop communications channel.



data through the fibre-channel arbitrated-Ioop conmunications channel

bet ween a nagnetic-di sc-storage drive that is operatively coupled to the
first channel node and a conmputer system having a second channel node,
wherein the second 30 channel node is operatively coupled to the first
channel node. by _the fibre-channel arbitrated-loop comuni cati ons channel .
Anot her aspecWQf*268t present invention provi des an inprovBET/EAR cati ons
channel systemthat includes a channel node having a first port and a
second port, each port supporting a fibre-¢thannel arbitrated-Ioop

communi cations channel, and a dedi cated buffer nmechanismfor receiving 5
frafes. Thus, the presept inventip provi des .a significant performance.

enhancenent by al | owi ng*1otEErspedt gt t8¢ Prsesat inxgetion prafides apdmpiquedor ror e

dedi cat ed non- dat acdmthirdéaBoMHAmIEl syRGHE that iEludkah 3hdnh@HBde RaVind aded b6t €d
transmt buffer. In sone enbodi nents, such receivi n? IS pertorned even

while the node is 3% aserand Perkisadnpsrtyunnoing difibrerobanns! #bitraledrdespt ane on one or
both of the out bougghhidGfisns cRakL én%acfeﬁi@&é&’&ﬂl@rB&h&ﬁﬁnﬂr?ﬁ(éﬁvo a port is

optionally perforned sinultaneously with transmtting on t her fiber of
the same port. 5 fram®yief Description of the Drawings FIG 1 is a block

diagram of a disc driv i j.bre-channel .node ipterface. FIG 2 is
a bl ock di agram of inf grrh#%??e%-sﬁgndfle#no@%g% é%s%ﬁgff‘nﬁ%eiﬂr?an?ﬁ%' invention. 5
FIG 3 is a bl ock ehhampementdy abowindreceivihgofiveh-data dremesib ené orasore Bedicaled0. Fl G

Bl ook di agr am of s ASABIRPD R g ‘pldmel Sastliensd ispmgpufr b & 6 s

a bl ock di agram of somefentbodimehtssaeH redediiny i6 paforabd s GHild thdRodeld G 7 is a
bl ock di agram a.fipre-channel, receiv th circui 0,.10 FIG 8 is a
bl ock di agram % C -'Eb(%?ﬂ%?‘“ﬁgépﬁﬁ%‘g ARGAILPNG Or b‘ﬁ?ﬂf@i’?‘&%‘?‘iﬂ%l.

fibers. That is, receiving on one fiber of a port is optionally performed

simultaneously with transmitting on the other fiber of the same port.



FIG 9 is a block diagramof a fibre-channel receive-frane non-data buffer
circuit 53. FIG 10 is a block diagramof a fibre-channel data-franme buffer
circuit 55. FIG 11 is a block diagramof a fibre-channel conmon receive
path circuit 59. 15 FIG 12 is a block diagram of a fibre-channel
transfer-control, circuit 60. FIG 13 is a block diagramof a fibre-channel
transmt pathWgi99eeist 70. FIG 14 is a block diagram of a PEFEP¥S243hnel
transmt-frame buffer circuit 73. FIG 15 is a block diagram of a
fibre-channel data transmt path circuit 801 Detailed Description 20

In the foll owing detailed description of the preferred enbodi nents,
reférence is made to the acconpapying draw ngs Wmch forma part hereof
and in which are shown, by way ofngh Peseription;of the Dxgwings ¢ enbodi nents in

whi ch the inventi opiarays momﬂ%&dx&@ﬁdxdctdnw 1600w ﬁB?Q-@ﬁa%hédeetlH@ffaé&t her
enmbodi ments may be utilized and structural changes nmay be made w t hout

departing from t heFibdpea block diggranpef ipfoamation-hamdlingiayistom. 120G usingthent i on
described in this appllﬁ@gn{ﬁg is useful for all types of disc drives,

i ncl udi ng hard-di sc drives | P drives, floppy-disc drives, optical-disc
drives, CDROM ('SCoﬁliﬁ'aatls%dblgtdcdiwuﬁdﬁbrﬁellmnq}m)dedntbﬁ@sphiaﬂm any ot her type

of drives, syst ensg %ﬂjsp r of 30

I nexpensi vel| ndepen ent d| sC veoﬂsﬁb%'c%&gggs?aégﬁé& on)" or ot her
devi ces, where datEI(hSes cblock diageant efth doripaveteniogici30 essdambblda kep opevi ces or
I nformati on-

PcT/ US98/ 24536 12 ﬁlgﬁ i %@“‘2&@?%"“1ff?’%&*l’?ﬁ“"é%%&?‘ﬁ@hf’%‘““‘"ﬂe present
i nvention is usef ufId. ﬂlmﬁl&hdﬁgmﬁdﬁﬁﬂ)ré-d{mmmdv&ﬁaﬂﬂﬁmuﬁﬂﬁ, such as hubs

and switches (s re.u to C ect ral_fi breschannel |gops to one
anot her), workélté f@é ?‘Pﬁ&ﬂ@m%?%mwe er-TgeeiVe PR CHENI Y- handl i ng
systenms that are CPNNOG aelsio&rum”grafm O ibréchabht Rudélle-fiiddd AdnadatithuffeQircuiBel ow
are four interrelated sections which describe the present invention: 1.

Dedi cat ed Frame Buffer Por Loop Initialization and Responses; |1l Dedicated

Frame Buffers for Bef bW aMock'd®gR oflafibre-dand Ddabd-fodrs KRR it 55.
FIG. 11 is a block diagram of a fibre-channel common receive path circuit 59.
15 FIG. 12 is a block diagram of a fibre-channel transfer-control circuit 60.
FIG. 13 is a block diagram of a fibre-channel transmit path circuit 70.

FIG. 14 is a block diagram of a fibre-channel transmit-frame buffer circuit 73.
FIG. 15 is a block diagram of a fibre-channel data transmit path circuit 80.

20 In the following detailed description of the preferred embodiments,
reference is made to the accompanying drawings which form a part hereof, and
in which are shown, by way of illustration, specific embodiments in which the
invention may be practiced. It is to be understood that other embodiments may
be utilized and structural changes may be made without departing from the scope

25 of the present invention.

The invention described in this application is useful for all types of disc
drives, including hard-disc drives, ZIP drives, floppy-disc drives, optical-disc
drives, CDROM (“compact-disc read-only memory”) drives, and any other type
of drives, systems of drives (such as a “redundant array of

30 inexpensive/independent disc drives,” or RAID, configuration) or other devices,

where data are communicated between drives and other devices or information-



CRC for Data Integrity in On-Chip Menory; and 1V. Method and 10 Apparatus
to Reduce Arbitrated-Loop Overhead. Section IV is the section pimaril vy
related to the details of the present invention; however, the other
sections provide relevant information as to the overall environnent for the
i nvention. Figure 1 shows a_bl ock diagram of a disc-drive device 100 wth a
fibre- 15 ch3¥norReéwbde interface. Referring to Figure 2 aBCHESB2436 Fi gure
1, a fibre-channel |oop-interface circuit 1220 includes a dedi cated
transnmt-frame buffer 73 for loop initialiation and responses. ("Loop
initialization" is acconplished by transmtting a sequence of one or nore

speci ali zed non-d rane d monitoring responses to those 20 frames)
toinitialize a fi ‘ ﬁﬁ'@f(’al?’dﬁ‘ﬁeem m%s@gméﬁn&mmmﬂmuaefﬂlrlam sent in

response to CONMMBNGerftesifotidh dise evided mhaidaﬁﬁbsmﬁ&iaﬁtaaesT(@&hfah b Gasdalignnel
arbitrated-|1 oop conmuni cations channel” 1250 (al so called a I oop 1250, or
fibre- channel | oofPnpsstplural fbretchangeldgons dp @@mﬂmr)sapdcs@am, mﬂmenﬁ

di sc-storage devic nﬁ&-ﬂ? e r handl i ng
devices. In one ZS%eerjn‘%gia%lgnt H‘E)re g%%%ﬁst%ﬁt%%cﬂg%fcﬁéggagg% al

communi cat i ons Shashanne! abitratediienp. embodi nents two or ‘nor e parallel lines (or

"fibers") are used to i RN Havi.ng such a
dedi cated transmt- fraggﬂ{)vg%F%m%&{eﬁfeg%ngﬁsew%‘g}%sﬁgg'ﬁfpreﬁergffg'fm 8tt node
1220 to be transrriIﬂledgaﬁediﬁhmékuﬁinmemphﬂhﬁmmaindmsqmmfds;IIe anot her

port is transmtti ce| fra 0 6 are seri al
lines, one line 11§9(P&rte‘f \r?#d'r}% ﬁﬁﬂ’ ! %Ffﬁé'gg%‘g’ %%}'aﬁ?ﬁ’bound
data, both Iines 1¢Rca'ndnatanﬁtegﬁmﬁ@n-uaptmema@ﬁaﬁmmmmﬂd of , WO
9926151 PCT/ US98/ 24536

13 communi cati dls ARRATALY t9 Beduce sabitrasdf.qon Qysrhead.o Sertion[f isdheseqtion  53' and

55) are al so provighflarfiprelsaaah the @etailslor i ﬂ?éscxﬁlﬂ\)éﬁhdﬁoﬁdweﬁ}&dﬁe ofublot € that
each bl ock having a reference nuneral with a prine ( 3') provides the

sanme function as t‘f?é‘%P@?ﬁéﬂﬂﬁ%‘@?‘%‘ﬁnﬁ@Wﬁfﬁﬂén"ﬁ"wt(@ﬂy’ 53), but
IS used for a sepamddiop | 00p port or comunications channel.)
Cyclic-redundancy-code information received fromthe fibre channel 1250
along with a frane is Figwre shows g plock diagram of a disc-drive device 100 with a fibre-

15 channel node interface.

Referring to Figure 2 as well as Figure 1, a fibre-channel loop-interface
circuit 1220 includes a dedicated transmit-frame buffer 73 for loop initialization
and responses. (“Loop initialization” is accomplished by transmitting a sequence
of one or more specialized non-data frames (and monitoring responses to those

20 frames) to initialize a fibre-channel loop. “Responses” are non-data frames sent
in response to commands or inquiries from other nodes.) The fibre-channel
arbitrated-loop communications channel 1250 (also called a loop 1250, or fibre-
channel loop 1250) can be used to communicate data between disc-storage
devices 100 and computers 1202 or other information-handling devices, In one

25 embodiment, fibre-channe] loop 1250 is a serial communications channel; in
other embodiments two or more parallel lines (or “fibers”) are used to implement
fibre-channel loop 1250. Having such a dedicated transmit-frame buffer 73
allows one port 116 of a dual-port node 1220 to be transmitting initialization or
response frames while another port is transmitting or receiving data frames. The

30 ports 116 are serial lines, one line 117 for inbound data, and another line 118 for
outbound data, both lines 117 and 118 connecting to, and forming part of,



or nore frame buffers (53, 53" or 55), and | ater checked to ensure the
integrity of the data while in the frame buffer (53, 53" or 55). Control of
a loop 1250 is maintained (i.e., the |loop connection is held open) as |ong
as a programmable 10 anount of data is available for transmi ssion, in
order to reduce.the overall _ampbunt of time spent arbitrating for control of
the | oop 1250W0%268he enbodi nents, disc drive 100 i ncl udeBCHUS9824536
magnet i c- st orage head- disc assenbly (ADA") 114 having one or nore disc
platters 134, one or nore magnetic read/wile transducers 150 per disc
platter, and an armactuator 15 assenbly 126. Signals between the
transducers (or "heads" DA .i.nterfac 13 .trans data to and from
the disc platters T5" “‘gﬁ?ﬁ S“Fﬂ’é‘ L'lﬁ‘?pslgsg ’5?)%% ted recgiye au 1%'561) Ye.g.,

di s¢ drive 1256 ofarsmgapmvmdmﬂ%ugmlm%ampmd@%dta&are%amo&B (e.g.,

a conventi onal | drive and one or nore such‘ conventional disc drives
1256 i s connect ed aying a refesence pumeraLwikh 2 pRES (o 83 provides thogmedungtion aso

connect to a | oop mécéﬂ@&dﬁﬁﬁﬁeﬁhtﬁﬁ%gﬂﬁﬁeﬁ@gs fb‘% sh&d'fér%‘oééﬁfﬁ?:l I'n other

enbodi nents, a "disc drive" 1's typified i rive 1 gure 2,
and incl udes a fodi&op Pﬂ"é‘i’rﬁa@@“&@%@mﬂlﬂm Coelicredundaricy-codeduformstior 1256 i n

overal | disc drivendffls dof BBREERRHNTERS dofl i Habnd il I it BpSLET e

fromand to off- chip b e 1 nvention provides a
on-chip buffer 1190rmmftamelzﬁfera(ﬁ3tSB@réﬁameMeokbd)mnsumthhumgat}a)f

ey on ot a. | i Bl e Finf Yl G218\ o 57 Ch R BBa R 1Oy @
buf f er . 73 vvhih ch, iman@se@ﬁbomemtcpma?n?}ehm@ﬂnmmaéigtaaamluﬁhlynabu bo': h t

ports I n othe e purrer s use on one por at a
tine), and a sharg%%) Fwa%ﬁr"qug f traggmission, 0 ffwea Gml checker . 596
(see Figure 11). |mmmfmmeﬂ¢mtuadmf¢da&d{dmfeeoépulzw bel ow, forty words

of transmt-frame buffer 73 are . reseryed for Port A and forty words 14
are reserved for Port BSoms ebpdims Btr"tdésccélﬂﬁeB’@“i"i‘l‘#?%@?&'@d"'&?mg%@aéarre tine.

Such an enbodi rfentdlsc&sﬁﬁibly\(ﬂﬁbﬂt’) 119 hﬁ‘ﬁi{g&ﬂo}iﬂ@reﬁ%l@ﬂaﬁéﬁ liﬂ'bﬁé’or"iﬂ)(rg
transmt-frame buffers, for each port, which can be used

si mul taneously. | rf“%ﬁ‘f‘ét‘"s‘ W%‘ﬁﬂ'é‘&?f‘?ﬁ?ﬁtlsoéﬁ'@wcﬁa“ﬂhﬁ@@n%ﬁwml s thirty-six
bits wide (thinsy-dsshbiiat28. Bighals Betwadddhd t5aubas ot YheRdd"Fand HDA interface

113 transfer data to and from the disc platters 134. Thus, the “disc drive” of
some embodiments (e.g., disc drive 1256 of Figure 1) includes HDA 114 and
HDA interface 113 (e.g., a conventional SCSI drive), and one or more such
conventional disc drives 1256 is connected to an external node interface 1220 in

20  order to connect to a loop or fibre-channel topology, as shown in Figure 1. In
other embodiments, a “disc drive” is typified by the disc drive 100 of Figure 2,
and includes a node interface 1220 integrated with the disc drive 1256 in overall
disc drive 100. In one embodiment, data are in turn transferred from and to off-
chip buffer 111. The invention provides a dedicated on-chip buffer 119, which,

25 in the embodiment shown, includes a receive-non-data-frame buffer 53
(alternately called an “inbound non-data buffer 53”) for each port (i.e., buffers 53
and 53'), a transmit-frame buffer 73 which, in one embodiment, can be used
simultaneously by both ports (in other embodiments, a single buffer is used by
only one port at a time), and a shared data-frame buffer 55, along with a CRC

30  checker.596 (see Figure 11). In one embodiment described more fully below,
forty words of transmit-frame buffer 73 are reserved for Port A and forty words



The CRC validity-checking information that is received with data franes
fromthe fibre-channel |oops 1250 is stored with the data in data-frane

buf fer 55, and then checked when the data are read out of data-frane buffer
55, thus providing checking for data errors that nay arise as the data
frames reside in 10 data-frame buffer 55 or anywhere earlier in the travel
of the data fWABRSISKS| i | arly, CRC validity-checking i nfor REFP¥8245B@at i s
received with non-data franmes fromthe fibre-channel |oops 1250 is stored
with the data in non-data- frane buffer 5314or 53'), and then checked when
the data are read out of non- data-franme buffer 53 (or 53'), thus providing
checking for data errorsdtséT rmy ‘13 arise as the non-data_franes reside

i n non-dat a- f rame BEIFEY® al%‘ﬁ? 59’ ?H‘QP’B&?W%E‘F%IFQ@F%W%“@%eSU@aveI of
the.data frames. MneinbRERRAEH 6 uuﬂaﬂeatfoslaagymﬁ%ﬁa?d@éﬁ rfinbl SSRA FRFGCESSOr
and is used to hel@ﬂceontrol the overall data transfer, routing, signalling,

error recovery, ISy PReHpPL Fagh RSt thicbéanlﬁmsedlsﬁmﬂwopﬂbshme sushent i on,
fibre-channel | nt rfta@nchh s bRl VeSS diffPLR XALdk Ay 4o anPld o S

error checking, _and | oop arbitration, scrl bed
embodi ment, | oop- e four parity bit)ver bl ocks 115 (i.e., "115 and 115 ) i ncl ude

port transcelvers whi ¢ t hr ough
Port A and Port B to tgégkbrghc &%‘&ﬁgﬁﬁﬂéﬁ%éﬁ“‘gg@% %5{ ﬂ’r%%ztsmbfinnect ed
thereto. In sone eﬁ'mtlmﬁbm;mieflaqzsdéﬁﬁlmssnremvﬁthaheedatanpklmcﬁﬁmwum&Se,xt er nal
25 transceivers; e|v ane | ocat ed
on-chip in block 1#8?&%121?%15%%?}9”%{1%@& deotuﬁ%ft‘#‘faagfﬁm ?‘B?faces (i.e.,
ri ght side rel ati \eoviding tieckingfos datd atfors thitmeylarideld thleatalﬁaﬁiéé feside indl €

Phey are twont J0bi BE TRHEPLItrE s AP hes BRI PEoreval o o g Femey ¢ A
transcei ver 115 arﬂimﬂaﬂyt caavraamamw@fg idQrndation thhOk f&éxbéar\ﬁﬂpﬁbﬂﬂﬁ@ node

i nterface 1220. SO nents port transceivers 115 and 115' are

i ntegrated withi nr}?“?nﬁﬁ?‘ reschappgl lqogs 1350 ds stored with e fate iron-detae

transcei vers 115 Mebllﬁ‘er,53I(&@3‘;%6%&@&&%&@%‘&@%&%&%&é’f’doﬁer

functions are inplenented on circuits separate fromchip 110. In other

enbodi ment s, t r anseeriamedulions3{prs3nhes Roviding eheeldngsfondatawstons thitandy  seri al
| oop 1250 and ¢4 Rride ak@he MARERI MRS M idh 128 AR bERS 35 k(ﬁlﬂ'}&t lon to

ten-bit anywhere earlier in the travel of the data frames. Microprocessor 112 is any

suitable high-speed processor, and is used to help control the overall data
transfer, routing, signalling, error recovery, etc., within disc drive 100. In the
present invention, fibre-channel interface chip 110 provides improved frame

20 buffers, error checking, and loop arbitration, as described below,

In one embodiment, loop-port transceiver blocks 115 (i.e., 115 and 115"

include port transceivers which serialize and deserialize data transfers through
Port A and Port B fo the fibre-channel loops 1250 (see Figure 2) connected
thereto. In some embodiments, transceivers 115 are implemented as external

25  transceivers; in other embodiments, these transceivers are located on-chip in
block 110. In some embodiments, the right-side interfaces (i.e., right side
relative to the transceiver 115 or 115 of Figure 1) are parallel input-output
signals that are ten bits wide; in other embodiments, they are twenty bits wide.
Together, blocks 110, 111, 112, port-A transceiver 115 and port-B transceiver

30  115'form fibre-channel node interface 1220. In some embodiments, port
transceivers 115 and 115' are integrated within a single chip 110. In other



wi de or twenty-bit-w de data occurs on-chip. Figure 2 is a schematic view
of a conputer system 1200. Advant ageously, the present invention is

wel |l -suited for use in conputer system 1200. Conputer system 1200 nay al so
be called an electronic systemor an 10 infornation-handling system and
includes -a central processing unit ("CPU"), a nenory and a system bus.
Conmput er syst &¥@926451 | ncl udes a CPU i nformati on- handl i ng B¢EUENR245302
having a central processing unit 1204, a randontaccess nenory ("RAM') 1232,
and a system bus 1230 for communi catively déupling the central processing
unit 1204 and the random access nenory 1232. The CPU 15

i nformati on-handlin /stem 1202 i ncl udelsaﬁé he fi leie channel node interface
1220. Each one of £ t3the tansceyps d 13 apd By B8 Ren on- handl i ng syst ens
100_t hr ough 100' u@srtauéame@ﬁam@fmﬁarogsQeﬁgpxaﬁént@oqewﬁ@sépaéémc fibre-
channel node interface 1220. In sone enb ments, nultiple disc drives 1256
are connected to al¥® si ngl e node interface 1220, for exanple in a RAID
redundant array of memgﬂ{bg gegx%s ' Job AL T on,
guch t hat devi cg 100" is a R%\l}ﬁ%dé??%eggg I SC ﬂg?%v%éﬁlyﬁ%f%ﬁg it

i nf or mati on- handi i nefiabloep é2ﬁ0132®2h1né§0 whsmlmﬁmeudeatmm/dcsqmahmmqomn-bmt erface
circuit 1209 that Ry g [ put bus 1210 and sever al

peri pheral devi ces%%uogﬁw%@&lgﬁ%fh, ancf:%gjs 1216, that nay be attached
to the input/output busFlgmaisPshémﬂfmrvwwafa\cbmmemysjemm2ﬂ0ude hard di sc
drives, magneto- opt,i4 flo noni t ors boards and
ot her such peri pher aﬁ%ltagiwi@t%greseﬁ&}fggiom Wil'%ﬁedof%'gf “b%’mPB‘ﬁ ygﬁemdew ce
may use the fibre- dmm&impmmmmmwﬂwwmﬂm&mmdmmarm t he

| mprovenent s in i bre-chanpel,..node interface 12 descri bed,. For
each 30 devi cel el“lf?fg’raf?féﬂ*ﬁ‘dbﬁﬁﬁ ysteip apdinglu TReEsTREpit (d @31?9& to
any given | oop 125hemory ahd a@fsten®bild0 do ﬁt%ré?&erﬁ)l%(ﬁﬂélﬂ&@gwgtxhﬁﬂﬁdﬁ’oﬂ-

i ncl udes a second CPU i nformation-hand syst em 1202' (which is identi cal
or simlar to syst8mdlipgsstemizizbe Versrﬂqeatr progRseing tilyl 20k arandsmacessini ch i s

Hgggt ' ? 3}“ | Eﬁ fg”lt é?ﬁ???%@m”aﬁzﬂ%ﬁ a5y busA 25 A SRR GA Pl Bitphng (" RAM)

the central processing unit 1204 and the random-access memory 1232, The CPU

15 information-handling system 1202 includes the fibre-channel node interface
1220. Each one of the one or more disc-storage information-handling systems
100 through 100" includes one or more disc-drive device 1256 and a fibre-
channel node interface 1220.

In some embodiments, multiple disc drives 1256 are connected to a

20 single node interface 1220, for example in a RAID (redundant array of
inexpensive/ independent disc drives) configuration, such that device 100'is a
RAID array of disc drives. The CPU information-handling system 1202 may
also include an input/output interface circuit 1209 that drives an internal
input/output bus 1210 and several peripheral devices, such as 1212, 1214, and

25 1216, that may be attached to the input/output bus 1210. Peripheral devices may
include hard-disc drives, magneto-optical drives, floppy-disc drives, monitors,
keyboards and other such peripherals. Any type of disc drive or other peripheral
device may use the fibre-channel methods and apparatus (especially, e.g., the
improvements in fibre-channel node interface 1220) described herein. For each

30 device, either the A port or the B port can be used to connect to any given loop
1250.



5 1232), and a system bus 1230' (which is identical to system bus 1230) for
comuni catively coupling central processing unit 1204' and randontaccess
menory 1232'. CPU information-handling system 1202' includes its own fibre-
channel node interface 1220' (which is identical to node interface 1220),
but is connected to one or nore disc systens 100 (in this illustrated
exampl e, it i 9WEI510 connected to disc system 100, but FRTEEWEA3Exanpl es
is connected to all devices or disc systens 100 through | 00) through a
second fibre-channel |oop 1250' (separate dfd i ndependent from | oop 1250).
This configuration allows the two CPU systens 1202 and 1202' to share one

or nore of the disc sys (&%3 1) | br e- channel s for each

CPU system 1202. In yetb ?ﬁ’glgo ﬂé{r%%t%(ﬁaﬁgdno? ﬁo ly'in lé‘g?sé‘esg %59 hr ough

100., and al | CPU sz;femmmn-hafanngsystemgnozaaﬁcmsmemoammmraew syfler@ 0202) | 0ops

1250 and 1250 e di nent [ nventi on does not support

out - of - or der del i Vg?{]n%ﬁ;en pémﬁsﬂﬁé‘glt ﬁl‘ﬁ &?‘f‘"’gt’%‘ i’ﬂﬁﬂﬁ%?ene%chsﬁs}ngﬂmt

accordi ng anot her ap®&)H mRdvm- ﬁi:es%hﬁnﬁfyG(SmM”) mggﬁhﬁﬁhs@énﬁ&ltdmmms a
words for transmtting

t | f 0 dat
Bnd. recei ving ik pdeidimdas an?,w%&fwwﬂwwcegteaysmmw»sszamr o

5,260, 933, entitl edomamap@m I Pl Alnd DAGAmMERICRI W TH
QUT- OF- ORDER DELI VERY, b Rouse re- Channel Specifications

used in building ofeme ?m@ﬁp lbﬁonmenqbﬁ@&mysqewa%'mhld¢mlméib& t he

fol I owi ng ANSI St aggahéisiode intedfdcenn B ﬁ}ﬂ@ﬂﬁ
X3T11/ Project 755D Rev. 3mFe> ycsel cal % S gna | ngﬁ*;aetm’c ézgeIZ%O),tEtgr e

Channel FGC AL connected to one of Y dise sysigine 400 @obis/ilRestratediexamplebit isjasted Loop

,I:\Ir Blr ter g{] 23 nﬁloo 0 1'8‘ gnne ed to &sc s¥1ste|m p&ﬁiﬂﬁ Otilé Ecz%ﬁgstls éolznng’c %ﬁ?ﬁl&ievmes
Rev. 012 Protocol poqhs&sas;pms 100 through 100") through a se¢8nfitGe-cHAfe! loop 1250’
(separate and independent from loop 1250). This configuration allows the two
CPU systems 1202 and 1202' to share one or more of the disc systems 100 using
separate fibre-channel loops for each CPU system 1202. In yet other
15 embodiments, all devices 100 through 100", and all CPU systems 1202 through

1202/, are connected to both loops 1250 and 1250".

In one embodiment, the present invention does not support out-of-order
delivery of data frames. The fibre-channel controller, according another
embodiment of the present invention, also implements a protocol for organizing

20 data frames of the code words for transmitting and receiving purposes, which
protocol is disclosed in U.S. Pat. No. 5,260,933, entitled
ACKNOWLEDGMENT PROTOCOL FOR SERIAL DATA NETWORK WITH
OUT-OF-ORDER DELIVERY, by G, L. Rouse. The Fibre-Channel
Specifications used in building one embodiment of the present invention include

25 the following ANSI Standards:



15 1. Dedicated Frane Buffer for Loop Initialization and Responses For one
enbodi nent of the present invention, franme buffers have been added to the
third-generation application-specific integrated circuit ("ASIC') chip (the
fibre-channel interface chip 110) to allow both ports to be active

simul taneously. .Two buffers. that receive non-data franes (also called
"receive- 20 YR¥W26¥ a-franme buffers" 53 and 53' of Fi gur e PEJUSHR4P¢ ovi ded
to all ow commands and FCP frames (fibre-channel -protocol frames) to be
recei ved simultaneously at both ports of tH& node (and also to permit

ful | -dupl ex operations, i.e., receiving on one fiber of a port while
transmtting on th } lsc drive

100 (see Figure 2) Fite FRmpelFEB new commndsX{OH/Rseipt 75 H¥Rew43a frames)
on one port during a data transfer on the sanmephysied sosi@hdMingdftedripe Ot her
port, rather than waiting until a pause or the end of the transfer. By
havi ng the commands earlier than in conventional approaches, the present
invention allowss t ppreORIFBAGR-AP be sorted andypft m-g&gm%g@“gat a
transfers are progressing, thus inproving the per#or&ance ‘of the system
1200. The transmit-frame buffer 73 (see descr iubitateddoofi gure 13) all ows
response frames to be transmtted on one port while a data transfer is
active on the alternate port. This transmt-franme buffer 73 also all ows

| oop initializati olfitreoChannd@FCsklDer f or med on GXRTIPPrdjectil 1 I3DRevp&BSi Ng or
waiting for the transfer to conplete on the OF$$%W§BB% In a dual -ported

fi bre-channel arbitrated | oop design, on-chip Rers may be used to
manage i nbound HhdFiu Glemnel FOPanes. The on- chiXBTAORAM may b@®ee@ipi gured in

vari ous ways to st&k@g@@P?gégﬁce bet ween perf nce and silicon real

estate. The presen ion details the of a dedicated frame
buffer 119 and a single-frame transmt path 7Qotfeek are used to store and
transmt fibre-chapnel !nnp-i nitialization frames . and si I"Igl e-framge

fi bre-channel responses. 10 In a dual -ported design, one port may be

receiving or trens fidsidifhadihile Blet ok Do Ritaritdaa WikforsiS OUr CES 10

handl e the transfer. y counters an
For one embodiment of the present invention, frame buffers have been

added to the third-generation application-specific integrated circuit (“ASIC™)
chip (the fibre-channel interface chip 110) to allow both ports to be active
simultaneously. Two buffers that receive non-data frames (also called “receive-
20 non-data-frame buffers” 53 and 53' of Figure 1) are provided to allow
commands and FCP frames (fibre-channel-protocol frames) to be received
simultaneously at both ports of the node (and also to permit full-duplex
operations, i.e., receiving on one fibet of a port while transmitting on the other
fiber of the same port). This allows a disc drive 100 (see Figure 2) to receive
25 new commands (or other non-data frames) on one port during a data transfer on
the same port and/or on the other port, rather than waiting until a pause or the
end of the transfer. By having the commands earlier than in conventional
approaches, the present invention allows the commands to be sorted and
optimized while data transfers are progressing, thus improving the performance
30 of the system 1200.
The transmit-frame buffer 73 (see description of Figure 13) allows
response frames to be transmitted on one port while a data transfer is active on
the alternate port. This transmit-frame buffer 73 also allows loop initialization to



state machines may be required to handle this type of nulti-frane sequence.
Wt hout duplicating the design for each port or pausing the data transfer,
in the present invention a limted anmount of logic is required to provide
15 functions for the alternate port to allow it to receive and transmt
frames while the primary port is transferring data. In sone_enbodi nents of
the present i WAMRHSh a dedicated transnit-frame buffer 7BCTESBPHR ded
(shown in Figure 13), along with single-frame-transmt-path circuit 70, to
provide the ability to transnit frames on d8e port while the other port is
transferring data. The logic 20 may be configured dynam cally, so that

either port may transfer data or use.the transmidt.-fra buffer 73. \Wen
data are transferri%ﬁéergoﬁmf‘ﬁ%n?ﬂgi Nth%%mmsgﬁgryvggggfoaﬁ%itrgpﬁfczrg?fo(%ﬂcft% bei ng
p_erf“or rre_d on the alohﬁrenﬁieep@ﬂ_rt_, t_he data transfer ijs allowed to continue
framss) that 25 are robd erpeltbarrIR AP BRrOPe FHEPARD P8 | {ten to
a frame buffer (e. Guffer mapbdtised tof hadag: ibuhe indobtboSErdnhed U TRe dn3dhip A

m croprocessor 112 has wite/read access to the_transmt-frame buffer 73 to

allow it to exam n&AMmaxbeconfisyred Wariousvays tq ks apelarce Retvsdl ng it to be

transmtted out. TResREALSR] O i ahathe phiser: BfechicatiBR dotafts Bl Meddlai N t he
frame buffer. (The "header" of a frane 30 _includes such information as the

Source ldentifier, dsbeptrdfemmedytionll9 ande dngleframe wmsmit pathi7p thet arppsed e f r ane.
The fngl ot rame-  #oRos el SRidncd RS sfliogoh Rl e SheSipieTnom 11 e.)
m cr opr ocessor 112 fibreschawnis] wsponses. frame and i ncl udes the start-of- frame
and end-of -frang, del i m{ers 2 r . LG-red ncy- code
("CRC') informatlon. 5.fnea _ g\?&gér%%ag(%ngi’f’{tgﬁ {s)';%?%“ﬁggljns er’"ggg%n t he
pri mary p](c)rt and tlanduqlmtgm teﬁmgs&ﬁmamﬁemaaMalﬁfnsﬂmM?modouﬁt?@E)d
response frane is requir at a nsfer.i s allo 0 _continue
W Thout 1t o upt | G ERBRY PGP GREP RS i e S PRERtT =T 80 mces  he
header and payl oad of tWitht@tsinpiivatngfthedetigh fir@adhiportiof pausing thedata frensfuef fer 73.
The single-frame-t r_aﬂlgmt circujt ,O,gfsenbl efj the 10, franme, and includes
the start-of - f r ame "Hi%g PEFRE givention gdmited amquntof ogic ig reguited 1o pravide

15 functions for the alternate port to allow it to receive and transmit frames while

-

the primary port is transferring data. In some embodiments of the present
invention, a dedicated transmit-frame buffer 73 is provided (shown in Figure 13),
along with single-frame-transmit-path circuit 70, to provide the ability to
transmit frames on one port while the other port is transferring data. The logic

20 may be configured dynamically, so that either port may transfer data or use the
transmit-frame buffer 73.

When data are transferring on the primary port and loop initialization is
being performed on the alternate port, the data transfer is allowed to continue
without interruption. Loop-initialization frames (which are non-data frames) that

25 are received are validated before the frame is written to a frame buffer (e.g.,
transmit- frame buffer 73; see Figure 13). A microprocessor 112 has write/read
access to the transmit-frame buffer 73 to allow it to examine and modify a
received frame before allowing it to be transmitted out. The “header” and
“payload” of the frame are stored in the frame buffer. (The “header” of a frame

30 includes such information as the Source Identifier, Sequence Count, and
Originator Identifier of the frame. The “payload” of a frame is the main body of



the frame CRC information. Sone additional |oop control logic is also
provided to open the | oop 1250 for frame transm ssion. Referring to Figure
14, transmt-frame buffer 73 requires wite and read pointers (733 and 734,
respectively). (Al though sonetines denoted as a 15 "single-frane
transmt-frame buffer” or a "transmt-franme buffer,” buffer 73 is
generical | y-aWOPMISINi t -frane buffer,” and in ot her enbodiBFHSEHEBr or 73

i ncludes one or nore transmt franes for each one of one or nore ports; the
term"transnit-frane buffer” is used herei to include all such

enbodi nents.) The single-franme-transmt circuit 70 (a detai I ed description

of which is shown Io 0 I ure th counter

71, transmt-frani \Iﬁ/ﬁﬁg‘%‘gﬁq gie"f]fgll %ﬁ&‘%@ﬂ%‘? glgag}%%ee éﬂﬂe hi t

lr)lr}JI t Ik pljexer (" W}Jx"ao?ﬁill of&dib;ﬁ*o@%ﬂ[l? adsaﬁmés;tm&nmaﬁncaﬁmae ﬁa:gurr;e 3is a
oc i agram of a_fibr a e-interface | 25 The

fibre-channel nod-fam® eeﬁ”ﬁ&ﬁ‘se] fﬁﬁ?ecé]"'%?ﬁe’?ﬁn W@%ﬁ%@ ﬁ'gm?ﬁ(? i¢rFedgRiapcy-

responsi bl e for thgdé( @R@gmmgﬁonprot ocol including the arbitrated | oop

logic and fram ng | ogic e enbodi nent is optimzed for a class-3 SCSI

i mpl enentation fsee théVMdAEf@ﬁ’é%?fFFé‘&anmww@Pd ing only the
SCSI upper - | evel %&g&ﬁbn ?}@@h%ef -PlotcbbIRE e?‘} e @k‘x’iﬂ&%}r c@.{i’xjﬁd thd CP")

standard. The fibre anne I nt erfac des four
on-chip franme buf fdataransfer 153110W6§50 mnwem;hotnontazmugn Refemting to Kigure 3.and

ful |l -dupl ex operat uf fer
bandwi dt hs. The fi‘JBfrag)-%c cannlyﬁbhmg%s |n epta?'ogl C e% Jse(gmlmnter aces to a
m cropr ocessor 112xans*xit-@am_a|bhﬁw§3nﬂ'b¢smpgl@frmmsmit2n¢mt 7@casﬁfemylzs thet he fibre-
oresent cond ¢ 18 SRS BrLbe RARREHERE R pTb Bl g desge 11
The fibre-channel theftamé GRerﬁfenmnbmgﬂ;ozneJaH&melouplemnb!/\bgnlcdnmsomﬁsﬁdeal rcuits
20 (one for Port n Port B,. each port having a data-in
interface and a inP&P?ﬂfg °HPZ#%0§§%f §¥9™ | oop comuni cati ons),

| oop-control circuit 4Refealitito Fiutedd, ﬂm%aa&fervsﬁqmwﬂmemdread

40), .receive-path |Q transfer-control |0gic

si ngl e- f r ame- t r ansBA °’EK73?,GP‘% 73f‘€)"°SRCF‘é‘f? {AJG%A’P@WH}C{‘W&? depeted p34,x") 79, 10
dat a- f r ame- t r angm 4sipftfarteinsmit Bam@ BEtTe GaCREREBSRAe DulbeTbudee789. These

generically a “transmit-frame buffer,” and in other embodiments buffer 73

includes one or more transmit frames for each one of one or more ports; the term
“transmit-frame buffer” is used herein to include all such embodiments.) The
single-frame-transmit circuit 70 (a detailed description of which is shown below

20 in Figure 13) requires a frame-length counter 71, transmit-framing state machine
72, CRC generator 76, and transmit multiplexer (“mux™) 74.

Figure 3 is a block dlagram of a fibre-channel node-interface chip 110.

25 The fibre-channel node-interface logic 110 in the present invention is responsible
for the fibre-channel protocol including the arbitrated loop logic and framing
logic. One embodiment is optimized for a class-3 SCSI implementation (see the
FC AL specifications noted above) using only the SCSI upper-level protocol
defined by the fibre-channel protocol (“FCP”) standard. The fibre-channel node-

30 interface logic 110 includes four on~chip frame buffers (53, 53', 55, and 73) to
assist in dual-port and full-duplex operations, as well as to support a vatiety of



bl ocks support such functions as receive-frane processing,
transmt-data-frane generation, single-frame-transmt generation, transfer
control, and processor interfacing. Mcroprocessor interface circuit 90
provi des m croprocessor 112 access 15 to the registers and counters in the
fibre-channel node-interface |logic 110. (Wen a "m croprocessor” is
described, it Y%2#5he understood that such termincl udes BRYUSE3MI e
programuabl e | ogic device.) The interface registers are initialized by an
external mcroprocessor 112 prior to respof®ing of the fibre- channel
interface. Qutput transfers are initialized through this interface and 20

status of received : £ Il abl e thro this.interface. The input
signals for Figur eb@fﬁ?ﬁ%{dﬁﬁq@h gAﬁhgﬁgéffWéﬁg%glﬁve“ sl°%f§€£d1ﬁlmﬂ?&?%m t he
fibce channel 16 i atmicromogessoni k2, whick ulidws2ticibpocdsar 11240 caifipuf? thé\Nig822 whi ch
conveys data input Jfromthe fibre channel 16 into.loop port circuit 20 for
Port B. DATA FROM W%ﬂf%“%‘ﬁé&%ﬁé’%‘o@% an W&%%%ﬁﬂ%@’l“&&ﬁ? ghopt the presegt
buffer 111 to recetonditionbhthd GbrethirdnbimoéinkrBLHbERI D52 conveys data to
off-chip buffer 111 fr recei ve path 50, BUFFER STATUS 3061 provides
s Ebgrehapel o

status to transfse_r con ApEserice logis 110 aluiesgvplopR potb oiscuitat o VPU
interface 90 provi 2e(onelfh P6:% ARG aklttler for PESE BESHch ¥& NavidkaWHalth SheREOCESSOr
112. READENABLE 3092 and WRI TE- ENABLE 3093 into MPU interface 30 90 provide
enabl e signal's froffd detasyt secsiacesp sappott logp gpramynisgtions},Joen-cantrohgircuit 40

m croprocessor 11218 cAfd ome litadd S ilenit AR BN : - ) conveys
21 data to the fi b(r e gharjnel 16 frgar% lf(t)o ETi%ort %ﬁ{lgéggo’%g%rcgggoﬁt A, and
BOUT 3024 conveys Wgic§0;singld-fants-tanemit kisenit0, ti@sthit-path nodtiplexer ¢'max’) 94 t 20
for Port B. Loqp Pkt flhl Gl . . Flqure 4 is aJplack di agram of
a fi bre-channelq Io%:t)ég%%%%?&%&@%?sﬂrﬁ%dﬂcﬁp&cﬁ A 'r‘\f.'a“a«g@i %f one
enbodi ment of the Ylpekseupipoit suchiforictionsias odceiske fratheprotessny, tramsmit-dagpfrpey t

circuits 20 to sup .a dual .ported fibre-channel interface for direct
attachment of peri%ﬁ%é’%% g ﬁ'ﬁ%ﬁ‘g}“?’ﬂ Ifematen ¥ "e°-°8ﬁ§n IPSEBH por t
circuit 20 includemterfoding.ve regi ster 21, 8B/ 1 OB decoder |ogic 22,

wor d-sync state 10 maghi ne 23, 1.0sS -of.—re(‘ggi ve-cl ock detector 24,
| 0ss- of -sync timer 25 lf:%)ﬁo%cgdr_lt ace circuit 90 provides microprocessor 112 access

15 to the registers and counters in the fibre-channel node-interface logic 110.

(When a “microprocessor” is described, it is to be understood that such terin

includes any suitable programmable logic device.) The interface registers are

injtialized by an external microprocessor 112 prior to responding of the fibre-

channel interface. Output transfers are initialized through this interface and
20  status of received transfers is available through this interface.

The input signals for Figure 3 include A_IN 3021 which conveys data
input from the fibre channel 16 into loop port circuit 20 for Port A, and B_IN
3022 which conveys data input from the fibre channel 16 into loop port circuit
20 for Port B. DATA FROM OFF-CHIP BUFFER 3051 conveys data from off-

25  chip buffer 111 to receive path 50. TO OFF-CHIP BUFFER 3052 conveys data
to off-chip buffer 111 from receive path 50. BUFFER STATUS 3061 provides
status to transfer control 60. MPU ADDRESS 3091 and MPU DATA 3095 into
MPU interface 90 provide address and data, respectively, from microprocessor
112. READ_ENABLE 3092 and WRITE_ENABLE 3093 into MPU interface

30 90 provide enable signals from microprocessor 112. Signals MPU 3076 allow
microprocessor 112 to access transmit-frame buffer 73. A_OUT 3023 conveys



| oop logic 26, and 8B/ 10B encoder 27. In one enbodi nent, each of |oop port
circuits 20 interface to external transceivers 115 (see Figure 1) using a
ten-bit data interface. In such an enbodi nent, the transceivers 115
serialize and deserialize serial data to and from15 a parallel interface
(e.g., aten-bit-wde or a twenty-bit-wide interface). In other

enbodi nent s, - WISt anscei vers 115 are integrated into chPFTAE24586c
parallel data (input fromthe fibre channel) are captured using receive
clocks fromthe receiver portion of each tr2dnsceiver 115, and are converted
to a twenty-bit-w de format before decoding using a parallel 8B/ 10B

decoder. The si xt een- bi ta 20  plus two k-characters (used to_denote
speci al ordered setdgﬁat%l&‘@?'Sﬁé’Ha"(?ﬁ‘elé@B‘lP?i?P%cﬁ“H“‘%%QH%HF ?‘&g‘bﬁ'ldcpr—éma‘ei ng

placed in the arbi 3024 @fvéyd aita kdH8é Sbrd Ghanrd) @6 GeRedp okt cirbifie 2164 ore.ed- | oop
logic 26 is re-synchronized to the transmtter clock and may be passed to

the receive-framng logic or re-transmtted on the |loop 1250 through
encoder 27. In one&g&g&&_@ﬂ&%ﬁncoder 27 converts one eight-bit character
to 25 one ten-bit character during each operation; in other enbodinents,
two or nore eight-bit chigngdties block diagram o fietchanne) laohgor eirquit2foRbe ng
nunber of ten-bit | JeTel . :

5,663, 724 entit| ed%%r"g’%’%%”‘éﬁé’g‘%%%’“%@{f‘h% °g?ﬁip§er§§‘?e“y?®88§%?“3§%°ze

i ncl udes a | oop st adenticahblop pert cianito2(ie sempos e tual povctfibre-chadnd irae face for y
insert and delete functjons. Laop-port circuits. 30 | npl enent _t he
Arbitrated-Loop Pr &%@8%%@??%’@ erf’l ] {%H’@e WW%?%H%&P%%FOWB? d- Loop
ANSI standard (i . e.circdif208hclades tedeiviregifter21, BB/ OB ddvoder ddpin/22) word-sydstdt®h one
enbodi nent, fibre-channe ata.are transmtte erially . and converted to
ten-bit parall eﬁ&dﬂagﬁsﬁilh’ﬂ‘@s?f‘%eéﬁeé‘ﬁ%dr&f‘f ‘.quRi‘lséﬁgé"# BEeLddeproBrieds ot ur es
the ten-bit data (Aedphogd®26, afd 8H310R\end0d227.f rom the transcei ver 115 using
cl ocks generated by the_receiver portion of transceiver 115. The data are 5

i mredi atel y converted t B angembdiment.cach ofdoqpipog cireuity, 20 intssfags to extempabict er s
wi de) before being tﬁﬁs%éi‘%&stlfﬁ“gézé@}glké‘ﬁ)ﬁﬁéhnﬁbiﬂﬁ&‘?ﬁ@ffac&ﬁn sk fough cal | ed

an "8B/| OB decoder," decoder I n one enbodi nent, converts one _ten-bit
character to one eicEipdipest, tp ganseqivers Haseripdizaand Jesspalizg serighdata 19 apd fram

enbodi ment s, twys or, I;HBHQ ihteack (d.g. GIAH-Bi Witle Dr 2 EWenfy AN Gk Gfferk2BL)0 1t differ
correspondi ng nunber of
embodiments, these transceivers 115 are integrated into chip 110. The parallel
data (input from the fibre channel) are captured using receive clocks from the
receiver portion of each transceiver 115, and are converted to a twenty-bit-wide
format before decoding using a parallel 8B/10B decoder. The sixteen-bit data
20 plus two k-characters (used to denote special ordered sets) are then checked for
word validity before being placed in the arbitrated-loop logic 26. The output of
the arbitrated-loop logic 26 is re-synchronized to the transmitter clock and may
be passed to the receive-framing logic or re-transmitted on the loop 1250 through
encoder 27. In one embodiment, encoder 27 converts one eight-bit character to
25 one ten-bit character during each operation; in other embodiments, two or more
eight-bit characters are converted into the corresponding number of ten-bit
characters in each operation. (See U.S. Pat. No. 5,663,724 entitled “16B/20B
Encoder.”) The arbitrated-loop logic 26 includes a loop state machine, an
ordered-set decoder, and elasticity insert and delete functions. Loop-port circuits
30 20 implement the Arbitrated-Loop Protocol as defined in the Fibre-Channel
Arbitrated-Loop ANSI standard (i.e., FC-AL and/or FC-AL?2, described above).



10 eight-bit characters in each operation. The BB/l OB decoder |ogic 22

I nputs the encoded data captured by the receive register 21. Two ten-bit
characters are decoded in parallel to output two eight-bit characters.
Runni ng di sparity of the input characters is checked and error status is
passed to word-sync state machine 23, as well as to the arbitrated- 15

| oop | ogic 26V"Né 5 ve running disparity is forced on t hePREXS98E#8%r ed set
following a running disparity error. Violations to the coding rules are

al so checked and code-violation status is @dssed to word-sync state machine
23. The Ioss-of-receive cl ock detector 24 detects when the receive cl ocks

fromthe transcei ver have S V\hen "l oss-of -receive-cl ock" 20
condition is detect ed ?fﬁmgfgﬂ’éc' aZS“P‘?“‘F@é?“aQﬂH“Qjat a are
prevented from goi Iagweﬂécbtottéiﬁbxﬁlaﬁﬂ)eldmaady%étfaa&&ﬁeﬂ A8PREQHeGegtirop FIFO is a
first-in first-out nenor%?tegé)pl caIIy used to interface between busses or

processes havi ng diFfEREFY ddgtaYA BNA02E o B N13022) firom,ihe wansee@ 15 descri bed
nore bel ow) is transifg élbad gbridhdtdd Yk éjree%W%P{)drﬁonrcﬁ"hgﬁ’éca%illlg e data are

Wrd-sync state machine 23 1ogic nmonitors the 1nput streamior word sync.
Wor d-sync i s achl \‘FB@“%W@‘MWWP@%“O&‘V@&"E&MOAHCsteips*,enalnechdmtemmdt)wth

proper byte/cont r0beféﬁad’eﬁlﬁ?%gﬂi#og%ﬁgmﬂwgec'a@ergﬂtﬁftﬂoﬁf@hc@ﬁl {lnval i d

characters are detected efI'ned-per At FC- PH
(i.e., FC-PH Physi cé/168 e:cgdm”ldaqmgerlzamrohamboxﬁﬂém cdrients @ettendG6D/ Rev. 4. 3)

standard. Wen 30 1.0 l,nt 0 t e FIFO in
arbitrated-1oop | og%gﬁezw%e%h%s\‘g&%%@syn |%§PP3§'°BSIH st erpbp H’éﬁn&r M ne
when a | oss-of - mr&@mmwn%mMmdebmmemﬁ&pmdlﬁmm&&r@ t han one
maxi mum frane t |0 it ma p to a frane tine to detect three
valid ordered siedt“saf&ﬁt\m ‘ﬁ'a’faﬁﬁerg ‘{T‘ﬁ‘f’@ é#‘ﬁf‘res m croprocessor 112 is
interrupted with the L%W}@W&deﬂk@baﬂﬁipuﬁm%ﬂiod@&‘iaca§ﬁrd‘d|’b§“the't may

take action. 5 $ at ed o | ogi ¢, 26, i.ncl udes
| oop-el asticity FI Eﬁel"?’f?ﬁ’ﬁwf: e depefief iypagallel fG@E@HéWPogl c,

| oop- st at e- machi neeﬂgﬁtﬁhﬁchaﬁbt&[sellﬁmﬁﬂé dxspams)roflms ﬁlpﬁwhm&cﬂs%h&ke& 2fp- out put
mul tiplexer |ogic, and m scel |l aneous functions, | oop-elasticity. FIFO

provi des the buf f eFFH§AUSAIRIEE 1 Worpsyna\ st TRIsHIng 83,tah well as to the arbitrated-
15  loop logic 26. Negative running disparity is forced on the next ordered set

following a running disparity error. Violations to the coding rules are also

checked and code-violation status is passed to word-sync state machine 23.
The Joss-of-receive-clock detector 24 detects when the receive clocks

from the transceiver 115 have stopped. When a “loss-of-receive-clock”

20 condition is detected, word-sync state machine 23 is reset and data are prevented
from going into the FIFO in arbitrated-loop logic 26 (a FIFO is a first-in first-out
memory, typically used to interface between busses or processes having different
speeds). The current-fill-word (“CFW?, described more below) is transmitted
until word sync is re-gained.

25 Word-sync state machine 23 logic monitors the input stream for word
sync. Word-sync is achieved when three valid ordered sets are detected with
proper byte/contro] character alignment, and no intervening invalid characters
are detected. “Loss-of-word-sync” is defined per the FC-PH (i.e., FC-PH
Physical & Signalling Interface X3T11/Project 755D/Rev. 4.3) standard. When

30 word-sync is achieved, data are input into the FIFO in arbitrated-loop logic 26.

The loss-of-sync timer 25 is used to determine when a loss-of-word-sync



I nput data (cl ocked by the receive clock) with the transmt clock. The | oop
FIFO 10 control logic nonitors the status of the arbitrated-1oop | ogic 26
to determ ne whether an insert or delete operation may be required. O dered
sets are decoded by the ordered- set-recognition | ogic. These ordered sets

I ncl ude FC-PH defined ordered sets (i.e., FC PH Physical & Signalling

I nterface X3TWOPRFI§] ect 755D/ Rev. 4.3), which include fraREVHEP4%4% ers and
arbitrated-1oop ordered sets. 15 The current-fill-word-selection |ogic
nonitors the loop states and decoded order@d sets to determne the
current-fill-word ("CFW). Wen the arbitrated Ioop I s enabl ed, a hardware

state machi ne uses I er.formthe.lo f.uncti ons
described in the F&&@ﬁwgtgse% Bl%%hg?&ggq@mm anne @E&e&ﬂeﬁﬁﬁ‘tj’?@f ed Loop
st andard X3T11/ Pr ojake tp 8@G(Rinikdime 14 dBtect diredalid erder2®setsthWhee thidtnedl 2

Arbitrated Loop standard X3T1 1/ Project 11 I n uts LOOP A
TRANSM T CONTROL OFRAHEY &ugigeree %W&EE%@@ @%&%@%@%ﬁ 6427

provi de input to ambnamaaseﬁbthﬁﬁﬂni teGacéh. from the logic in Figure 6. The
out puts LOOP A STATES AND CONTROL 6422 and LOOP B STATES AND CONTROL 6432

control the output of tHi25tratedslopplogic?a inchidesa lappselpisiy FEOskoap BEO: o t he

| oop-control |0gi Ccontfdl pici didérsll sebddd Oaﬁé%% s?a%ﬁhﬁxetl%lé Qﬁrén?ﬁl@ State
machi ne (see Figure 6 he outputs L A DATA 4026 an B DATA 4027

provide data to t hBorksslsetion logic, lenpautnybmukiplexes lmw%ns@llmuﬁnnctmns
respectively of Fi gHdRodd asdcﬁ%ﬂ?@ &gmﬁ'enng%ﬁﬁ@?\g%gﬁmh 8 27

accepts the sixteen-bit at a k- chara al'ways 0)
from ar bi t r at ed- | otnput dstpi (clocked by the aereive plockl with the transeit ¢logk. tThe lnop FEIQ: oded

{780 L4, oo, kg ol e o o SRR eI e 072 2L,
stream |n other ewbetbiérrap insert otxistete dperatidm mayCheaequired r Grdéred sets aré deedded bi t s)
o, Son 11 P |l b bRl LSO b SR 2
status to indi cat eondxed sdtdyie.cRO-PEf PhHysical® Slﬁﬁﬂlﬁg)ntdeicé KBTHVProfectbei ng
b S IS TR (L A I HE TN S
port is 15  The current-fill-word-selection logic monitors the loop states and decoded
ordered sets to determine the current-fill-word (“CFW”). When the arbitrated
loop is enabled, a hardware state machine uses the ordered-set decodes to
perform the loop functions described in the FC-AL standard (i.e., Fibre-Channel
FC-AL1 Arbitrated Loop standard X3T11/Project 960D/Rev. 4.5, or Fibre-
20 Channel FC-AL2 Arbitrated Loop standard X3T11/Project 1133D/Rev. 6.3).
The inputs LOOP A TRANSMIT CONTROL OUTPUTS 6425 and LOOP B
TRANSMIT CONTROL OUTPUTS 6427 provide input to arbitrated-loop logic
26 from the logic in Figure 6. The outputs LOOP A STATES AND CONTROL
6422 and LOOP B STATES AND CONTROL 6432 control the output of the
25 respective loops and provide status to the loop-control logic, which in turns
generates requests to the loop-state machine (see Figure 6). The outputs LOOP
A DATA 4026 and LOOP B DATA 4027 provide data to the respective local
ports (to blocks 51 and 51' respectively of Figure 7).
In one embodiment, 8B/10B encoder logic 27 accepts the sixteen-bit data
30 and 2 k-characters (lower k is always 0) from arbitrated-loop logic 26. In one

embodiment, the inputs are encoded into two ten-bit characters which are



transmtting (in an Opened state) or when arbitrated-loop logic 26 is
transmtting a primtive, the running disparity is forced to negative at
the start of each non- 10 EOF primtive. The output signals A-QUT 3023 and
BOUT 3024 transnmt data to the respective transceivers 115 and 115'. Figure
5 shows conparator logic 30 used, in one enbodinent, to hold a | oop open,
once control- WO%RHFeved by arbitration. The amount of OFFFGH$ LABLE
DATA 5011 is conpared to a predeterm ned val ue X-FRAMES 15 5013 (which, in
one enbodinent, is a progranmmabl e value, ak¥ an optimal value is determ ned
enpirically; in one enbodinent, this value is set to one franme) by
conpar at or 5010. The_ amun f . DATA- ERAME DATA I LABLE 5Q15, .i,s conpared
to a predeterni nedsqygfﬁgw'{m@%i %@ﬁ‘fm‘ﬁe@%ﬁ?e %‘ﬁdﬁﬁsﬂfh is a

progr ﬁgi gabl e val E_eonvafﬁihl Edutz0rp taiserill smeai#um d:tﬁerdmb&?mrﬁggoﬁ@en-ﬁﬂpi r ihCﬂ I y];c in
one enbodinment, this value is set.to the numher of words.in qgne- half of a
frame: in one enbotheFSHES (Le-Haremy &Fﬁé%ﬁ&%ﬂn@g@b{ma&?wgr}akw S i s about
1,000) by conpar at ginvartslie dabiND a@ariat stR@hd THE IRt ARHipMXeF 79 Figpd1sh ti ons
are net, and outputs HOLD LOOP OPEN signal 5019. Figure 6 is a block

di agr am of | oop-coMe BPvidesstagysto ingdi "&Wgw@aﬂd&fﬁaﬂ’&%@%) delimitesisi t (" XM T")
circuit 40). LoOpP- GORH trisfefrid, flilowlt dnB&fer 7 1EIEE the cBékt Bbe [dhCAHMRS contr ol
l ogic to generate requests to the appropriate arbitrated-Toop staté nachi ne
(in arbitrated-| oopf thoBPE baed o thpewrrenfyunming disparityB)Alsos whesl the pgrtiso gener at e
requests to the trégém - J F.am | 4 . . and 81
(see Figure 15) to egléngélg%}s%flﬁ%s ?%sﬂﬁﬁatwgﬁlcﬁqy&&ﬁ%nf
Transm t - dat a- sequepmmitive,dip ronnidg dispatitydeforded tp regdtiva it thestart of eactt ioal- when a

transfer is reques by.m c [0CesSsSOo nshit & ssequencer | ogic
21 55 noni t afs #ﬁg ppidiVer @fﬁgﬁu&uﬁaﬂsﬁ&g %@E@EM@W bs 1 NPUTS
6411 and gener at esditetoahd respect{ve transceiestablSeamli Igstal s TRANSM T CONTROL OUTPUTS
6413) for each stage of_.the.transfer. dy and

Thi | t h fer-
FCP responses to be genpég‘ﬁ?%@WW@’H%@?%@%&°@%@%&S@J{QK r 112. 5
Loop-port A/ B opentoep BhenPdncs ttiire] igBchidved by dBitrhRAl ThéymamtofGFF-CRIFt B)

handie the case wge f Mg PO 51 PR IS et iR e Sl 1 ! 007

15 5013 (which, in one embodiment, is a programmable value, and an optimal value

is determined empirically; in one embodiment, this value is set to one frame) by
comparator 5010. The amount of DATA-FRAME DATA AVAILABLE 5015 is
compared to a predetermined value Y-WORDS 5017 (which, in one
embodiment, is a programmable value, and an optimal value is determined

20 empirically; in one embodiment, this value is set to the number of words in one-
half of a frame; in one embodiment, there are about 2000 words, and Y-WORDS
is about 1,000) by comparator 5012. AND gate 5014 detetmines when both
conditions are met, and outputs HOLD LOOP OPEN signal 5019.

Figure 6 is a block diagram of loop-control circuit 40 (also called frame

25 transmit (“XMIT™) circuit 40). Loop-control circuit 40 (see Figures 3 and 6)
includes control logic to generate requests to the appropriate arbitrated-loop state
machine (in arbitrated-loop logic 26 of Port A and Port B) as well as to generate
requests to the transmit framing state machines 72 (see Figutre 13) and 81 (see
Figure 15) to begin transmitting frames or R_RDY's.

30 Transmit-data-sequencer logic 41 includes logic that is activated when a
transfer is requested by microprocessor 112. Transmit-data-sequencer logic 41



1250 is opened to transmt frames. This |logic generates requests to
arbitrate and to close the loop 1250, and requests to transmt R RDY's and
frames of various sorts, and can be configured for half-duplex or

full -dupl ex operation. 10 The follow ng conditions nmust be net to
begin a request .to arbitrate: - a request from m croprocessor 112 to
transnit a fr XFRINABA xnit port enable, - the transmttingPEHEEBRE3E n t he
Monitoring state, - transfer-length count not zero, 15 - no request

from microprocessor 112 to pause a transfe23 and - (non-data transfer, or
data-wite transfer wwth transfer-ready not yet transmtted with data
threshold net, or dat. ad transfer with hreshold nmet and data-franme
buf fer threshold nfB? ’3“%” ransfer “smg\fm&ﬁmswdm ML ATV IV S 4 1

hal f- dupl ex node, ﬁd@%&emﬂabl&”@éa&ﬁﬁlbkigﬁéjsMSmCoNﬂ‘Rﬁl% state.
When the port is %;I ured for full- |'ex_mode, RRDY's may

transmtted in eit 20 ﬁa%qoﬁ@t@@f% S@’cl%wséhem-ﬁamdﬂigt cause an
RRDY Lo be transi eidleds BleidfersebdiRh iferiifibbr dibfiobestipd o0l 1)

avai |l abl e and outstand| ng R RDY's | ess an maxi num
(Buf f er - t o- Buf f &r Credllpolé:mﬁf‘-@One@'goféroﬁﬂétﬁm#hmhﬂﬁ’m@s)cmdlﬁ!@dmw)ow in

Figure 12, issues ] 0 frames to be
sent. This credit }lggalgg{seuce %@y;estiéé) ?o;&&%@ﬁﬁﬁm@eﬁ_ H’?he por VYl%p configured
for hal f-dupl ex rrddéoISfQPamnd:f.OMmﬁérMcsariﬁmlbglegemrateymdaemtoarbiﬁae@en
state. \Wen the p for full- ranes my be
transnmitted in Opce{é%lg% l?w%% @G%PM@?R W§° PER®Y i n

full -dupl ex node Izprts, Iamdéanaﬁeaﬁfgmeﬂlﬁﬁ'mlfdupleﬁ&ﬁﬂl-ﬂtgﬂméraﬁax transmt a
frame wll be nerate nal e follow onditions are net: -
data-firane bu er ﬂ?w% tf°£5¥n83t% BTE?'PZ’Fg‘PGI‘BH?SF@rarWﬁlt i s

avai | abl e (RRDY recel Ved}eqﬁestfrmnmlcmpmm 1B 13 trhisaiied fdme Wikh it porf €ad
transfer and transfer-| engthagounter (in block 609; see Figure 12) is

non-zero

- the transmitting port is in the Monitoring state,
- transfer-length count not zero,
15 - no request from microprocessor 112 to pause a transfer, and
- (non-data transfer, or data-write transfer with transfer-ready not yet
transmitted with data threshold met, or data-read transfer with data threshold met
and data-frame buffer threshold met).

20 When the port is configured for half-duplex mode, R_RDY'"s may be
transmitted only when in the Opened state. When the port is configured for full-
duplex mode, R_RDY's may be transmitted in either Opened state or Open state.
Conditions that cause an R_RDY to be transmitted include “Buffer-to-Buffer
Credit (BB_Credif) available and outstanding R RDY's less than maximum

25 BB_Credit.” (Buffer-to-Buffer Credit control logic 603, which is described
below in Figure 12, issues buffer credit to the connected port to allow frames to
be sent. This credit is issued by sending R_RDY's.)

When the port is configured for half-duplex mode, frames may be
transmitted only when in the Open state. When the port is configured for full-

30 duplex mode, frames may be transmitted in Open state or in Opened state if the

port was opened in full-duplex mode by the frame recipient.



Condi tions that cause the | oop 1250 to be closed include: - no
Buffer-to-Buffer Credit is avail able when entering the Opened state 10

- there are no outstanding R RDY's and no nore BBCredit is avail abl e when
in Opened state - a processor busy request is active when the port is in
Opened state. - the transfer has conpleted - data-read transfer operation
and data are MSY%92¢!81 | abl e 15 - aCLSprimtive i s PEPFEY énd no
nore BBCredit is available - a m croprocessor pause request is pendi ng and
the logic is between frames Referring agai3 to Figure 6, |oop-port A/B
open-init-control state 20 nmachines 46 (Port A) and 46' (Port B) handle the

Genor at s request s to AR EFE SR RGl b peodisha whenallbedlAie for each
port (46 and 46', cosdifi@siateidty). These state machines will generate a

request to transmt a frange when _m croprocessor 112 requests it, and wll
moni tor for the transni S&#-Hpme putfer S kasdatagwailablpen t he transmission is

conpl ete, a transf er - COBMgE B0l bR NIORTREIRESRASSOr 112, The
inputs to block 40 include PORT BB CREDI T AVAﬁ CABLE TO NSM T R RDY 6017

and PORT CREDI T° AVAI LABRR-dats tramaiiism drtasresirausfesmd Gragsfardengthponngeri(it) , LOOP A
STATES AND CONTROL 6422 an =S AND CONTROL 6432 (see Figure
PR 9055 Rt {3 iendide

4), and DATA AVAI LABLE 6019 e outputs from bl ock 40
i ncl ude 27 TRANSM T CONTROL QUTPUTS 6413, LOOP A TRANSM T CONTRCL

regarding the oi ngeatps Bt Slnd il 2R o Pt B o ( n e section
entitled Single-Frame- TneBufftrto-Baffir Oiiditdsivailable wiienlehterifhtile Opéned stheane
fot o 1500, TTHE! VLT P8RS dobuulitRl ROGYEnd nohire BABRG isSvallable™! 7' 0P
when in Opened state

- a processor busy request is active when the port is in Opened state

- the transfer has completed

- data-read transfer operation and data are not available

15 - a CLS primitive is received and no more BB_Credit is available
- a microprocessor pause request is pending and the logic is between

frames

Referring again to Figure 6, loop-port A/B open-init-control state
20 machines 46 (Port A) and 46’ (Port B) handle the case of when the loop 1250 is
in the Open-Init state. This logic 46 and 46' generates requests to transmit
frames. There is one state machine for each port (46 and 46', respectively).
These state machines will generate a request to transmit a frame when
microprocessor 112 requests it, and will monitor for the transmission of the EQOF.
25 When the transmission is complete, a transfer-complete is generated to
microprocessor 112.
The inputs to block 40 include PORT BB_CREDIT AVAILABLE TO
TRANSMIT R_RDY 6017 and PORT CREDIT AVAILABLE TO TRANSMIT
A FRAME 6020 (see Figure 12), LOOP A STATES AND CONTROL 6422 and
30 LOOP B STATES AND CONTROL 6432 (see Figure 4), and DATA
AVAILABLE 6019 (See Figure 12). The outputs from block 40 include



on-chip frame buffer .119 may be used to manage i nbound and out bound
frames. Franes received and transmtted are usually stored in a large
off-chip area (e.g., 10 off-chip buffer 111) at a slower transfer rate.
Even when off-chip buffer 111 is capable of the full transfer rate for a
single port,. for a dual -ported design the bandw dth required will be nuch
greater, addi NP%8#5ti onal cost. On-chip frane buffer 119 PRVISE24%E AL ASI C
110 (see Figure 1) may be configured in various ways to strike a bal ance
bet ween performance, silicon real estate, ¥nd cost. The 15 present
specification details the use of dedicated frame buffers 53 and 53

(components of th = chi f ceiv on- dat a
type franes simnul ?Qﬁ‘ﬁ%@t@ﬂ@@@ﬁ)‘%@&m @iﬁ’\kﬁq&éﬁﬁ}%{ﬁlm di cat ed
| arge data- frame QUTPETS 625( 8d300P B TRANSHNT CONTRIOZ, QUEPETS 6427 chi p frane
buffer 119). In a dual -glg}gptred desi gn according to the present invention,

frames may be 20 recei Grormation teeprding the single-frame Hpnsmitpath is fored f r anes are
usual 'y noved to aRGwihHadction eatitled SERle-IRirhe-SRhMmilBAR EXcdid 7o, af ter they are
recei ved. Each frane nust be validated rame cycli c-redundancy-code
("CRC') informa®ion nust be checked before transferring the frame of f-chip.
To avoi d duplicati ; |V @ | | and CRC-checker | ogi c,

i ndi vi dual recei vel-ﬁ‘%?)érlli-liﬁé{ a- %n‘é%g(%?%%@ e]rng%%%ﬂ%nd 53" are provi ded, one
at each port 116, to ali@dual-perted fibtecchivmel arbigatod bhop designt120Q; theufferatn f ul |

I nterface rates, _ r -at-a-ti val i dat.ed nd ansferred
off-chip. A Iargeaoc%g:#@n cfab[%gf-grf'ﬁg?n%%)’ﬁs?&érto%?ag mg?ugs%q%@‘?oagéﬁ‘%esbe shar ed
bet ween t he ports Bandshedeivddaral tranymitted are amialiestored intaiapsorf-thipdre(e.g)ne port

whil e non-data fr . [ ived on . the oth ort Si t apeousl y.
Further, si ncel{)mg%ép%}ﬁ%ﬁgﬁ%%?%“ﬁsg‘éé&gvtggﬁi’%\ﬂ%gﬁﬂpgﬁeéigﬂsport, a
singl e port can beapabiendhetfill trghsfenthtd focesinglegorifor b 8al ponsd dekigethe 28 For
exanple, the Port A receive.fiber 117 can receive non-data franes into
non-data receive bbﬁ?‘ivé‘ﬁ&%%q%‘iwguieﬁ@cbgﬁmﬁa‘f fifipnal F‘H&ro’ﬂl_gp T8ME; t her
transmtting data buffaH9 id the FCdal ASKT RIORsel FighR1) iay b&éontip@Bdivatiou’d
non-data frames fromtragsmit-fianme buffer 73; and sinul taneouslﬁ?Port B

can receive 5 non-"Gt 19 ke sbalancs bepyeenpariormance siliconygal egate sd cogh

transmitting nom- Qﬁés&xtfs%e%iﬁéﬁﬁénrdéﬁlli 1he GBf Hedidaftd Frald bhfdrs I3 ot s3dat a franes
fromdata-frame buffer 55
(components of the overall on-chip frame buffer 119) to receive non-data type

frames simultaneously on each port, as well as providing a dedicated large data-
frame buffer 55 (also a component of the overall on-chip frame buffer 119).
In‘a dual-ported design according to the present invention, frames may be

20 received on both ports 116 simultaneously. The frames are usually moved to and
stored in a larger off-chip memory 111 afier they are received. Each frame must
be validated and the frame cyclic-redundancy-code (“CRC”) information must be
checked before transferring the frame off-chip. To avoid duplicating the receive-
frame-validation and CRC~checker logic, individual receive-non-data-frame

25 buffers 53 and 53' are provided, one at each port 116, to allow frames to be
received simultaneously at full interface rates, and then read one-at-a-time,
validated, and transferred off-chip. A large common data-frame buffer 55 is also
provided to be shared between the ports so that data may be received or
transmitted on one port while non-data frames are received on the other port

30 simultaneously. Further, since two individual one-way fibers are provided at

each port, a single port can be transmiiting and receiving at the same time.



(in the case where Port Ais transmtting non-data franmes). Either the
data-frane buffer 55, or one of the receive-frane buffers 53 or 53', may be
selected to use the receive-frame-validation |ogic and CRC checker. Note
that, for one 10 enbodinment of the present invention, a single data-frane
buffer 55 is. provided, and can only used for one port 116 at a tine, and is
used for eithgv)% ﬁﬁénfttlng or receiving at any one tine. 5?6

enbodi ments, nultiple data-frame buffers 55 are provided to renove such a
restriction. Also note that, for one enbodf¥ent of the present invention, a
single transmt-frane buffer 73 is 15 provided, and can only used for one

port 116 at a tine. In QEE nt s lty,pl e transmt.- frane buffers
73 are provided to remlf/bé su@ﬁyg’%?e'q?‘r gﬁ?%ﬁ&”“f%’ eéﬁt}g%dﬁam

si myl t aneous | oop mmucmadatazredemmuﬁﬂéswhil@ﬂﬁPbﬂmtﬁ&xkkﬁitﬁwﬂisiﬁteﬁhe'responses to
be sent) on both pgrts. Wien an inbound dat sfer is active, either
data or non-data fﬁ%{ﬁﬁ’g‘%‘?tﬂr@' g‘?’é@@ff&g&%&}q{’ﬁ eOTpFasRittineondata; t he same
time, non-data fraﬁfaﬁeslmynmsmffﬁm\é@dﬁ&mtmsﬁfm&{eeaﬂﬁp&pskma%m frames
(whi ch include header | oad, CRC, and frune delimters) are placed into

a large data-fr rren‘B’Lﬂ 1o pAnrdata fensive hiter 53 awhile trapsmigtisapa-data ncl ude
header, payl oad, %esm&mmmewm@%)dﬂms%ﬁ%wﬁm&ﬁ

recei ve-frame buffers 53 (or 53'"). There is one recei ve- frane buffer 53

provi ded for each %%cwmweﬁwmmlmmqmm@émah@mmm@awm 53' or
55) has data avai |l gfHeess, iok oﬂ&éfﬁe@&eﬁ@&%&%%ﬁ'ﬁ& rzsygt%t %gee%%b%g @b i dation

| ogi ¢ 595 and the CRC-checker |ogic see en an out bound
data transfer is alberageive- ﬁ'amavﬂtdahmdoacsldt(immereﬂofem lfier ope i mary port At

ot apay! oad | & Pen e ook FTRE et ol TR BE AR 57 1l o1 s

and stored until tmcnmoldyﬁadéortonapmfHﬁatanmb;egdrsuse(d%eexﬁuaadmmmﬁBC and

29 frame delimter f h s rea e

buffer.) At the saérfe e%,@%ggo% i{{ng #‘"rzli‘?é F‘V&T%’H’ “iéfér t he
primary or alter naﬁearppnbMedl'toeemesakmtaaes‘uﬁcﬁiGESABﬁ ﬁotWthat, f@né 0 t he

recei ve-frame buffers 53“?‘51%5‘?12{ t o .be eId uatll the, fr ,Hffer I's given

access to the receltRIs FeepidRYeR %%s’ﬁ g transpifcirangs 1gi ¢ 596.
15  provided, and can only used for one port 116 at a time. In other embodiments,

multiple transmit-frame buffers 73 are provided to remove such a restriction, and
to allow truly simultaneous loop initialization operations (or other non-data
responses to be sent) on both ports.
When an inbound data transfer is active, either data or non-data frames
20 may be received on the primary port. At the same time, non-data frames may be
received on the alternate port. Data frames (which include header, payload,
CRC, and frame delimiters) are placed into a large data-frame buffer 55 while
non-data frames (which also include header, payload, CRC, and frame
delimiters) are placed in smaller receive-frame buffers 53 (or 53'). There is one
25 receive-frame buffer 53 provided for each port 116. When one of the three
frame buffers (53, 53' or 55) has data available, it will be selected to use the
receive-validation logic 595 and the CRC-checker logic 596 (see Figure 11).
‘When an outbound data transfer is active, data frames are transmitted on
the primary port. At the same time, non-data frames may be received on either
30 port. The data payload is read from off-chip and written to the data-frame buffer
55 and stored until the interface transfer can begin. (The header, CRC, and



Priority is given to the data-firanme buffer 55 in order to provide the data
transfer with the highest perfornmance possible. The non-data frames wll be
handl ed when the data transfer pauses or is conplete. If one of the
receive-frame buffers 53 fills, such that |oop Buffer-to-Buffer Credit is
no | onger avail able, the 10. wite/read operation of the data-franme buffer
55 wi |l be sudYRNBEE to free receive-frane bufer space so PHEPSI824336
Buffer-to-Buffer Credit will again be available. Inbound data fiames my
accunul ate in the data-fianme buffer 55 dur??]g this time, since new franes
may be witten to the data-frane RAM 555 while the read was suspended for a
short tine. Qutbou Jranes, .aval l abl.e 15 faqr the_.interfa y be
reduced tenporarily ggél!%a&f a‘l‘%adfif%er@‘?ﬁ e?sr'%m&?"h@?ﬁ%eg‘g%ﬂg%ﬁg% t he RAM
555 _whi |l e the wri t sanmwetbne nepdatdfeainds aray be febeivdd dniefther the filitdagy of aitémate bl ock
di agram of fibre-channgl receiye-path and frame-, buffers bl gck 50 (see
Figure 3). Recei ve?%g?ﬁle%ﬁ'%?tPﬁﬁ'BgWWﬂ@tﬁ%é%e’gﬁ E’E@‘?‘f% ?’égéP d
frame(s) and sendshdldentiitirfRit)butferiegivénacedss oGk BeetvetaBlidios gk 598 anduf f er
transmt circuit 70 or stores the frame(s) in

111) or to the single-fiane-
one of the three fgﬁ 'hﬁ‘%ﬂ g€ ¥hat receive frames (teceive-non-data-frane
buffers 53 or 53", or Q‘%foﬁtyfiﬁEiRF@n@lﬂiefﬁfa-éd@e-buﬁﬁl‘eﬁriﬁﬁﬁblﬁ@g%@gdaﬂécha{ancl udes

the pre-buffer- receive-frame processing (blocks 51 an

dat a- f r ane- buf f er (wensfer pithsherigbest pesfrmanse apngibleo The mon-datecframesvalhbelat a- f r ane
buffers 53 and 53’ h&ﬁﬁ@%&ﬁﬁghﬁa&g@feﬂfﬁug OIEEf lgﬁgflébo&?f)g@ereceive- e

data-frane-buffer transfer-length couhters controller 56,
conmon recei ve pat bt 534l suolt thetrloopBuffer-tocBuffes Cradis dsew, lofigeraviailahls, thet 0 bl ock

51 include L %%eadd(%@ﬁg' ;pﬂfi r , I‘% TAT ND CONTROL
6422 (which glus?gAi nputs t {l%rﬁree&g'f%ﬁnéﬁuﬁgﬁgtss o] gqsg%néeﬁ'ﬁg?ncl ude LOCP
B DATA 4027 from Hegriveeframe bufidr $pasro thaB BufEFATFBafek RediGhIIRAgkn 6¢132 (whi ch

also inputs to Fig alhe. i ts to data-frame buffer 55 jnglude
OFF- CHI P BUFFER DA%’/K%’S%P"%P%%Q?H&?R’” &l e dhfrrtEme RO Font ol s
dat a-frane buffer daringitlhs tnee rsinb@newSiranne ImaBbE-RAt o fletibtast@iear AM1565
frame-buffer controller 56,that a se 1s required sually dug to a
buf fer not being ag*uietin%reﬁ%gbswew?e? °%?#‘?’éﬂ‘_§?’eb‘-‘$‘é‘f'é%ﬁt§2"&%em ableg; gng]
LDCOUNTERS 754115si fpfthe$ntérhacel fifapibd edided Ritipbratilyldanpsthis tinleSdife frames may

be read from the RAM 555 while the write was suspended for a short time.

Figure 7 is a block diagram of fibre-channel receive-path and frame-
buffers block 50 (see Figure 3). Receive-path and frame-buffers block 50
processes received frame(s) and sends the frame(s) directly off-chip (to off-chip
20 buffer 111) or to the single-frame-transmit circuit 70 or stores the frame(s) in one
of the three frame buffers that receive frames (receive-non-data-frame buffers 53
or 53', or data~frame buffer 55). The receive path 50 includes the pre-buffer-
receive-frame processing (blocks 51 and 51'), data-frame-buffer multiplexer 52,
port-A and port-B receive-non-data-frame buffers 53 and 53’ respectively, data-
25 frame buffer 55, data-frame-buffer transfer-length counters 54, frame-buffer
controller 56, common receive path 59, and buffer interface 58 blocks.
The inputs to block 51 include LOOP A DATA 4026 from Figure 4, and
LOOP A STATES AND CONTROL 6422 (which also inputs to Figure 6). The
inputs to block 51' include LOOP B DATA 4027 from Figure 4, and LOOP B
30 STATES AND CONTROL 6432 (which also inputs to Figure 6). The inputs to
data-frame buffer 55 include OFF-CHIP BUFFER DATA 3051. Signal DATA



5 counters 54 to |oad counter values. Qutput signal BXFRCNTZERO 7542
indicates that all the data of a transfer is in the selected frane buffer.
Frame buffer controller 56 provides read enabl e signals RD ENABLE 7532 to
the port A receive-non-data frane buffer 53, RDENABLE 7552 to the
data-frame buffer 55, and RDENABLE 7533 to 10 the port B & on- dat a
frame buffer WB99268li f er- control -i nterface 58 provides sel% é&@ KZZ???)

and/ or enabl e signals CONTROLS FOR OFF- CHI P BUFFER 7589 for off-chip buf f er
11. Qutput DATA TO OFF- CH P BUFFER 3052 pri¥vi des received data franes and
non-data frames to off-chip buffer I11. Data-franme-buffer nultiplexer 52

sel ects the data q | eg te machi ne
512 fromthe port%( ﬁéﬁggb? f’ﬁ&%‘&&&&%}‘%ﬁ‘ig‘%%‘%{ﬁ’ﬁﬁ X out put of
this nultiplexer E’:ﬂJR)PfA\HSﬂ@SGl tignattad frarhe-bufer botftroBer Sﬁﬁhat\apiusdﬁtrﬂlu&éﬁi state

[ I 8511 d I l b
e oo oo GRMRL T SRk b e B Bl SRS o

di agramof a fi br&gﬂaamatommmfimrsxghamdaa-ﬁmrmﬁera&ns@mﬁgmsI ng- pat h
circuit 51, which prepares a frane received fromthe fibre channel 1250 to

be inputted intd GRS SEiodosdipountervalies puffers (53, 53', or 55).

Pre-buffer-receive-pat bue,hpﬁéﬁaﬁé:mmdeﬂ@wmmm‘c@cesmlﬂv@d&ar@m ng state
machi ne 512, pre-buffer-receive-franme I'ength counter 5155gand its

nul t| pl exer 514), tapderEsintheywleried framebyifer. ﬂmehﬂ%cmﬂw provigegiepd i cat ed
(i.e., 25 inpl en%ﬂmeim%mm BNl 'B@ﬂ&tpé gc{]rtezggegmvén&{‘@atfﬁ’ﬁrﬁe fhftes! NCE

frarres may be recelved both ports sinu
Pre- buffer-recei vé3f, R&IEN@BQEé’lSé? m&ﬂ%ﬁﬁi@uﬂhﬁ& M@M@i@?ﬁgm eamto

gg% g(r:tmeg,e \évlhggaé s are ge%é’érqggtje or ea?iﬁﬁ%oisgc \l‘lﬁ‘ i %ga er, ﬁ?; :o:tyl oad,
anq 30 frame de! i rpravides selaamstobat atdépr agablei smaISGJQI\HBQ}JSSFGR)@FF-E%B id
Phat vi ol ate the nerRRTse Mo iAo o B BRXA RS OB TP BUFERRE 2 ©
Pre-buffer-recei vaob2 p\zmdbsaa@hhd dmlﬁhmes a'idﬁon-sntdfmmheab alt‘-clﬁljabumglnm ng of a
frame with the maxinu nb {a%e-buﬁg;[ lgxf;alcxer g& se?ecg d¥ata anh %he Ollt%ét% I;)f ) of
15  buffer-receive state machine 512 from the port which has the DATA XFER CTL
7521 bit set. The output of this multiplexer 52 provides the data-frame buffer 55
with data and state signals (8511 and 8512, respectively, in Figure 10) so that
data can be written into data-frame-buffer RAM 555 (see Figure 10).
Figure 8 is a block diagram of a fibre-channel pre-buffer-receive-frame-

-

20 processing-path circuit 51, which prepares a frame received from the fibre
channel 1250 to be inputted into one of the three frame buffers (53, 53', or 55).
Pre-buffer-receive-path block 51 includes pre-buffer-receive-framing state
machine 512, pre-buffer-receive-frame length counter 515 (and its multiplexer
514), and EOF-modifier logic 513. This block 51 is duplicated (i.e.,

25 implemented once in each port) for Port A and Port B, since frames may be
received on both ports simultaneously.

Pre-buffer-receive-framing state machine 512 monitors the input stream
to determine when frames and R_RDY's are being received. When an SOF is
detected, signals are generated for each word of the header, the payload, and

30 frame delimiters. This state machine 512 checks for invalid primitives received



S either the command, other or data-buffer areas of the frame buffer which
wll be the destination of the received franme, based of the R CTL field of
t he header of the received frane. If the counter reaches zero before the
ECF is detected, a length error is detected. This function hel ps prevent
overrunning the_all ocated space in the frame buffers. 10

EOF- modi fi er- MWY@6¥13 checks an i nbound frame to see whet REFUPE2HE6 5 qata
frame, and generates an enable for the frame buffers. EOCF-nodifier |ogic
513 captures the Routing-Control field of #he inbound frane to be used by
the pre-buffer-receive-frarne | ength counter 515. EOCF-nodifier |ogic 513

B oen b o ouqn g lee? B feiBha S (B Lot Sh R uhRGh Rk ", T, O°
signal s LOOP A DATIngh gfossblg dis20R chripteB/EQK)27 from Figure 4 are coupled to
ECF-nodi fier logic 513.5 L A STATES AND, CONT 642 n OOP B STATES
AND CONTROL 6432 (whi cif ‘%Wgﬁ;“ﬁfﬁ’ﬁf' "'éf‘@‘ﬂr“%““é")‘%’éi‘f"éfé‘a %ﬂ&%”&%‘“‘?’ﬂ%ﬁ mat i on
regardi ng the | oopa f2hOwith the hakinudOfrari@leRith @s Seletted WhukiipEr ST4YEr 8517

provi des i nfor rrgtiqgﬂrﬂ@gardi ng the naxi mum frane size for data franes,
control frames dnd® °@W§?‘P§5°%°ﬁﬂﬁ‘%‘b‘ﬁf-%ﬁ’éi‘s°§mf@ﬁﬁbég%m’ﬂé‘?h‘ﬂﬂ@? Qut put
Si gnal 5 PRE- BUFFEREBQEHMon B iHd1 i, FBE) o T EAFLAR: RAATES, 8512

provi de data and state information to non- 25 dat@a buffers 53 an 3' (see

Figure 9), and dat®efeceifed fame df theepunter rgaches zprq before BeSOF igifeieptedi of a
fibre-channel recejeNgr BOR K@kt ?ﬁﬁpﬁgié’ésx{ li[%kg Blebét b&en%ﬁni*xg e allocgt

recei ve-non-data-franme buffer 53 inc recei ve-. rane-buffer wite
control 533, receispacefinthedrameouflersr ead control 534, receive- frae-buffer

RAM 535, receivg- f r anegu fehisshiad: receive-. 30 .
frame-buffer f\r{lgrre counterﬁqg@?&l%??%h%ﬁf%ﬁg%‘m?ggﬁnﬁ& %Frgn?ﬂé%ltd%e each
for 32 bot h Por dataXrame] aikbgenerBes an enalde for dwdlamehyffiye E@Emodididr logicbot h

iR e R S e PO EE TN
9539) for the randopmbafferas®ive-frame length counter 515. EOF-modifier logic 513 also
modifies the EOF field so that more-detailed status information may be passed
15 through the frame buffers to the common receive path 59.

Input signals LOOP A DATA 4026 and LOOP B DATA 4027 from
Figure 4 are coupled to EOF-modifier logic 513. LOOP A STATES AND
CONTROL 6422 and LOOP B STATES AND CONTROL 6432 (which also
input to Figure 6) provide status information regarding the loop 1250 to state

20 machine 512. MAX FRAME SIZE 8517 provides information regarding the
maximum frame size for data frames, control frames and other frames to
multiplexer 514 and counter 515.

Output signals PRE-BUFFER-RECEIVE DATA 8511 and PRE-

BUFFER-RECEIVE STATES 8512 provide data and state information to non-
25 data buffers 53 and 53' (see Figure 9), and data-frame buffer 55.

Figure 9 is a block diagram of a fibre-channel receive-non-data-frame-
buffer circuit 53. The receive-non-data-frame buffer 53 includes the receive-
frame-buffer write control 533, receive-frame-buffer read control 534, receive-
frame-buffer RAM 535, receive-frame-buffer status block 536, and receive-

30 frame-buffer frame counter 531. This circuit 53 is implemented once each for




5 menory ("RAM') in receive-frane-buffer RAM 535. Wen data for a frane
are received, the state enables frompre-buffer-receive state nmachine 512
are used to develop a wite enable (WE 9539) to the RAM 535. The address is
incremented and a wap bit (WRAP 9538) is provided to be used by

recei ve-frane-buffer status._block 536 to determ ne how nuch space is

avail able in MX¥2ME1frame- 10 buffer RAM 535. The data f PERP#88H%ort
circuit 20 are translated fromsixteen bits wide to thirty-two bits w de
and a flag bit is devel oped to indicate an350F or EOF deliniter. The CRC
fromthe received franme i s passed through non-data- franme-buffer RAM 535 to
protect the data. LS, e I nf ormati.on as received fromthe fibre
channel is stored g"@%"?%@“&@?&% B R EReIve4on PR BT Wit h t he
data, and then is gimeltdnecishs t he data are read out of the non-data-frane

buffer 53 (e.g., as th are.trapsferred to the off-chip buffer 111), in
order that any errors ﬁ%ﬁ?l""éﬁ?@"e‘{; I WHEe-q9niro] block p3igencrates grdrasy(WRER

non- dat a- f rame buf 9537), data CWIDATED536), Aeltvisle £xables OME 5539) Er i rendolddcedd 0S€ 1N
the data in transit on the fibre channel | oo 250 are al so detected). The

i nput signal's td bPERRYSRANO) p mecipsiramebuff pyigta i pAragBEte and
PRE- BUFFER- RECE| VEegeithERe Sath endbis frofn! pidibiteRleceifd datt Fn?étﬁﬁ = 1? Grelulse
versions of signals that are clocked into a register for Gatér tae) MPU

DATA 9533 and MPU SavelrEgaritezaable (WE9IN taothe BAMESSr The &idress is incremented

Recei ve-frame- buf fgp . £ I r ress 25
(RPTR 9541) for the raece I\-)/le- ra£§%&%ﬁ?@%§&f§§§£§ifd§%ﬁvﬁfﬁ?’g@§%a ( RDAT
9540) from t he RAMtEEEhlodk3A td detempink hdw emcit spaceriphvadablom réceive-flaimgur e 7)
sel ects the reggi ves - ffer 53 . a.read.to.th .

recei ve-frane- ggff@’rﬂ%%%' itréggﬁaég %tif.ol) fﬂlgmé%larzggrs? tfag‘ﬂ?tﬁ%"gﬁﬁ‘ﬁfeﬁ'ﬂ and a
wrap bit (WRAP 954t wide tortitinty-thexbitsowitiecand adldg biy istdeweldped & ivdicdts argobetf f er
status block 536 t t.er.m w nmuch s e is avajlable in the

recei ve-frame buff%?lg%l ‘g&g&%égwgéﬁ%ﬁﬁ%ﬁ?ﬂ?ﬁgw é’ﬂ“mnaiﬁarer RAM
535 are captured ifrinte-buffeeBAM §35 t8 prdtect thSSatdTOMat i RICROinférbRtidd 80 bit to
determ ne the frame'seatart apd end. An enable is devel oped to be used by

the common recei ve iy oo thetbre & sjored igto;the poa.data-famebulfer 33 2lang val i d.
The input signdbks with @k agk abdtheh RChtiie ABkKd dathlafFehd out of the non-data-frame

buffer 53 (e.g., as they are transferred to the off-chip buffer 111), in order that
any errors that arise in the data as they reside in the non-data-frame buffer 53 can

be detected (of course, errors that arose in the data in transit on the fibre channel
loop 1250 are also detected). The input signals to block 53 include PRE-

20 BUFFER-RECEIVE DATA 8511 and PRE-BUFFER-RECEIVE STATES 8512
(see Figure 8), and registered (i.c., versions of signals that are clocked into a
register for later use) MPU DATA 9533 and MPU ADDRESS 9534 from
microprocessor 112.

Receive-frame-buffer read-control block 534 generates a read address

25 (RPTR 9541) for the receive-frame-buffer RAM 535 and captures data (RDAT
9540) from the RAM 535. When frame-buffer controller 56 (see Figure 7)
selects the receive-non-data-frame buffer 53, a read to the receive-frame-buffer
RAM 535 is enabled. The address is incremented and a wrap bit (WRAP 9542)
is provided to be used by the receive-frame-buffer status block 536 to determine

30 how much space is available in the receive-frame buffer RAM 535. The data
from the receive-frame-buffer RAM 535 are captured into a register and



READENABLE 9535 from m croprocessor 112. The output signals fromblock 5
534 include RECElI VE NON- DATA BUFFER DATA 9543, and NON- DATA VALI D READ
9546. Receive-frame-buffer RAM 535 includes a synchronous RAM The RAMi s
thirty-three bits wide (a thirty-two-bit data word plus an SOF/ ECF fl ag
bit) and three-hundred and four (304) words |ong. The SOF, _header ayl oad,
10 CRC, and WOPYiSy received non-data frame are witten Y%”Y%?gzﬁ-s\’ﬁ/l 535 to
be held until access to the off-chip buffer 111 and common receive path 59
is available. In one enbodi ment, a built-if® self-test controller allows the
receive- frame-buffer RAM 535 to be tested with data patterns devel oped

specifically for t .

Recei ve-buffer-sta usR’Ei OC:E ég%a%ggn%grg%%ﬁ & vvrl e ang déa%n%ng}’lﬁfsers of the
recei ve-framne- buff@vethBBBuseabﬁmbeﬁmmaerewﬁﬁmrsm(mFﬁgﬁébnohlﬂicﬁapty and,
If the buffer is no man C le in the
recei ve- frame- buf‘P’%ﬁn %@gg%é %‘lﬁf‘ﬁﬂ’g‘gto(?&c]f %?@ %P‘gec&@\égt Al LABLE
SPACE 954% are usn%&.%eﬂh&t 95335:3 dwﬁaioedpr&emmm Bhe &ﬁ%dt sighbdd enibidek Whet her
receive- me- byffe 5 re res _access t he common receive
path 59. The ou pu§3§ %@eﬁ%ﬁgy@%ﬁ ﬁgmﬁ}%&e‘?‘q‘é g P NI TA cont r of

| ogi ¢ 603 (see Fi gupaBIDREAD®sAEt er mi ne whet her credit is avail able.

Recei ve-frame-buffer frame-counter bl ock 531 counts the nunber of franes

currently in the recei RéseivefigngbufeeRANFSInpiudesgynesonous RAM (Thes 05
norement ed vhen aRARATRS el Bk (PhAoLRES (B oRTRIDM SR M35 and

decrenented when a frane |s read fromrecei ve-frame-buffer RAM 53 The

count ( COUNT OF FR#WE@ thieetbundreagsauy (3043 worsle tnpy The RO headen, Pwaguf fer
Credit trol 480 Lt
edi t control 4§03-ke ﬁgmg? ﬁ{g&f ﬂrdﬁ?rﬁaaq{ %‘&&X%ﬁ@%are Hol ayed,

enbodi nent, all i nputs (except t going Into
to provide 30 adeqhﬁédmtﬂhmcdssmtheoff-chlp(hdﬁlgmmwmmosr@etybpahSﬁnsagram of a

L re;channel ot g LLafe IR St o R A ML B iyl 1l
dat a-f ranme- buf f er ®4h4-Buiifer RAM 385fto herestixdiwitiedata patierns developed speclﬁcally for
the physical layout of the memory.

15 Receive-buffer-status block 536 compares the write and read pointers of
the receive-frame-buffer RAM 535 to determine whether the buffer is empty and,
if the buffer is not empty, how many frames of space are available in the receive-
frame-buffer RAM 535. The outputs of this block 536 (AVAILABLE SPACE
9545) are used by the frame-buffer controller 56 to determine whether receive-

20 frame-buffer RAM 535 réquircs access to the common receive path 59. The
outputs are also used by the Buffer-to-Buffer Credit control logic 603 (see Figure
12) to determine whether credit is availabie.

Receive-frame-buffer frame-counter block 531 counts the number of
frames currently in the receive-frame-buffer RAM 535. The counter 531 is

25 incremented when a frame is written into receive-frame-buffer RAM 535 and
decremented when a frame is read from receive-frame-buffer RAM 535. The
count (COUNT OF FRAMES IN BUFFER 9544) is used by the Buffer-to-Buffer
Credit control 603 to determine whether credit is available. In one embodiment,
all inputs (except the clock) going into the RAM are delayed, to provide

30 adequate hold time.



status bl ock 556, data-frame-buffer franme counter 551, and
data-frane-capture 5 block 552. Only one data transfer is allowed at any
given tine, so data-frane buffer 55 is shared by Port A and Port B.

Dat a-frame-buffer wite-control block 553 generates address (VPTR 9555),
data (WDAT 9554), and wite enables (W 9557) for the dat a-frarre-wguffer
RAM 555. For YWO#261d operation (data to be witten to the W@éﬁ’sf'z“ en a 10
data frane is received, state enables from pre-buffer-receive state machine
512 are used to develop a wite enable (WB49557) to the nenory 555. For a
read operation (data to be read fromthe disc), enables from frane-buffer

confroller 56 are usedgto vel a.Wwite.enabl.e 9557) .t the. nenory
555. The address is in(F:l qﬁfse%ﬁgﬂ‘od‘w%%’?°*wé°r§a‘©%§'€%b‘n‘@“ﬁ /i ded to
be used by the dat5s: Dith-frafne buffer 155 irickidessdatut frstnelbuffekwiite Goritfal 53 @4tsi ne how
much data/space is. avagil.able in -fr - Qu 555.,. For wite
operation, the Qatfﬁ?“fef Wﬁ%‘ﬂ%‘gldﬁ@%ﬁgﬁyﬁ . tarfesner | si xt een
bits wide to thirtgadsMbeRiSES ditdamendifa fahRGolitdr S5F afledl-fRfélcdpfurd Ndi cat e

an SOF or EOF delimter. The CRC fromthe received franme is passed through
dat a- f r ame- buf f &r Be155%50nl3 opg datactransier s alipyed at any givemtime,jsg datafiamerc

informati on as reqgmyess i GRBILIPok ARLE pela@nnel is stored into the
data-franme buffer 55 along with the data, and then is checked as the data

are read out of the daDatafframesbuffers wiile-cogrol blogk 553 gencrates\addess WPARsferred to

s they rosi de i n Phg g VDA ORH cnd A Skl L S Bl L e,

errors that arose buffet RMda6 aFoma writeppsration (datalte b grittdni th the dischmhed a | oop 1250
are al so detectgd),..| L gent I go]o) e} h ata from
of f - chip buff 16 e e R ?nc?'r’le%:%é\’?/g’r"tbe?’@)g" PR acid 8182 &, 11O
ftirty-two bits watkeusadith deaclog ywiite enuble(WE 2557) to the mkmoty S5heFatatread The 1 nput
signals to bl ock 553 j.nc),ude PRE-BUFFER- RECEI VE DATA 85 and
PRE- BUFFER- RECEI v@PE’?éﬁ'Eég‘l‘J%gibf 'f"éigé" 5 dis ’eéﬁat,\’{e ?i“fﬁﬂﬁi%‘%’ EPRolleE. o P
BUFFER 3051 (see FRrgusedtodevelop a wite Ehdbie (WE1935T toceanethdrR 555. Thaddress t he
dat a-f ranme- buf f er [RAM 555 are protected CRC information if fhe data are
passing fromthe f¥ WF’&!’EW&&%E‘%BE“ é’?%g%ggb‘é Pﬁvﬁﬁ‘?@r@)"s‘f‘i&g ate-
data-firme-buf igr A taber adaes BIGR356 B delt@mint how Riukh data/space is available in
data-frame-buffer RAM 555. For a write operation, the data from loop port

circuit 20 are translated from sixteen bits wide to thirty-two bits wide and a flag
bit is developed to indicate an SOF or EOF delimiter. The CRC from the
received frame is passed through data-frame-buffer RAM 555 to protect the data.
20 That is, the CRC information as received from the fibre channel is stored into the
data-frame buffer 55 along with the data, and then is checked as the data are read
out of the data-frame buffer 55 (e.g., as they are transferred to the off-chip buffer
111), in order that any errors that arise in the data as they reside in the data-frame
buffer 55 can be detected (of course, errors that arose in the data in transit on the
25 fibre channel loop 1250 are also detected). In one embodiment, for a read
operation, the data from off-chip buffer 111 are translated (or converted) from
sixteen bits wide to thirty-two bits wide and parity is generated to protect the
data. The input signals to block 553 inciude PRE-BUFFER-RECEIVE DATA
8511 and PRE-BUFFER-RECEIVE STATES 8512 (see Figure 8), and DATA
30 FROM OFF-CHIP BUFFER 3051 (see Figure 3).



buffer 111, but are protected by parity if they have passed fromthe
off-chip 5 buffer 111 to RAM 555 for transm ssion to the fibre-channel

| oop 1250 (in the latter case, CRC information is added to the data going
onto the fibre channel after the data | eave data-frane-buffer RAM 555).

Dat a- frame- buf fer read-control bl ock 554 generates a read address (RPTR
9559) for dat ANO99861buf f er RAM 555 and captures data (RDATCUESBR458% from
RAM 555. For a write operation (data to be witten to the disc), the frame
buffer controller 56 selects the data-framdSbuffer 55 and a read to the
menory i s enabled. For a read operation (data to be read fromthe disc),
the transmt-frame statg nmachine 81. (s FiLgure 1 e I read of the
menory. The address is ?1}1“5?13%%?'%??%5’%%8%'9\}’%53%%%%%%E%sm‘brovi ded
to be used by the gmtated by CR informdrioh tfahe dutapdreigassihgdfedm HeGibteochd@ieblodp ne how
much data/ space is |l ghle in the frame buffer wite operation,
the data fromthe #%"%ﬂ% )%ﬁg?t%‘g@’&ﬁ‘gﬁt{feémg%r%ﬁ%it%g‘@P&é’%w
monitored for the bhfkg lbi,tb&térﬁpﬁ&f;ﬁdB?Mtﬁih&cfhﬁ@?ésﬁecﬁﬁﬁiﬂxe%ﬁf&hgﬁd, so that
an enabl e can be d ngelrﬁged for th;qscommn receive path 59 to indicate when

data are valid. Fo LEp RN S53¢ fos franspyissiog &g the fibrsichenpetloen IR (nty  puffer

RAM 555 are capt ur gfted dabe) CROiRBISARA isHa8edith theRRth igbivg bito RlagbkEGanntiie oOut put
signals from bl ock 554 include DATA FRAME BUFFER DA%‘A 9564, DATA VALI D READ

9563, and DATA PARAftey therdatateays data-frame-huffer RAM B39 er RAM 555 i ncl udes a

synchronous RAM and, i npahgSeResH NERcontfbl '11554i gf riesbdd troller. In
one enbodi nent, the RAMis 25 %rty-s?x Etld%s W % ?asathlrtgfegvm-bit dat a

word plus four SOF(BRFR 9359)fobata frame-pufier RAMbH§5And aaptures ABARBDNTRS58ong. For
a wite operati t e [ | 8C) . er,
payl oad, CRC, aﬁg &@%ﬁgsge@giraveggébg%a §°115 {Lgtr?gé ger‘)émv\%ﬁqﬁhgngéf )on’[% e M 555
to be held until abcf&sontmllm‘rﬁéselteét_sﬂahdgta-tﬁum&buffetﬁammiemmWisve pat h
The. payl oad onl y | Sk Fot PR o aate B B R BRERIRESS0™ ' 56
can be opened and sthe nehahine 8Y @eecHiguré £3) endbles diegeadruf dedinteRiviry. Fheladdregdtid S
(except the clock).qgoing i,ntp the l.ayed, to.proyid dequate hold
time. Data-frane- bm%eg;fegtgg ﬁ‘?‘ﬁ%‘”‘ﬂ? B%%%émgga@ﬁ%b%ﬂegb g‘ﬁ ead
poi nters 15 frame buffer status block 556 to determine how much data/space is available in

the frame buffer. For a write operation, the data from the frame buffer RAM are

captured into a register and monitored for the flag bits to determine the frame’s

start and end, so that an enable can be developed for the common receive path 59
to indicate when data are valid. For a read operation, the data from data-frame-

20 buffer RAM 555 are captured into a register and the parity is checked. The
output signals from block 554 include DATA FRAME BUFFER DATA 9564,
DATA VALID READ 9563, and DATA PARITY ERROR 9562.

Data-frame-buffer RAM 555 includes a synchronous RAM and, in one

embodiment, a built-in self-test controller. In one embodiment, the RAM is

25 thirty-six bits wide (a thirty-two-bit data word plus four SOF/EOF flag bits or
parity bits) and 3,232 words long. For a write operation (data to be written to the
disc), the SOF, header, payload, CRC, and EOF of a received data frame are
written to the RAM 555 to be held until access to the off-chip buffer 111 and
common receive path 59 is available. For a read operation (data to be read from

30 the disc), the payload only is written to RAM 555 to be held until the loop 1250



of data-frane-buffer RAM 555 to determ ne whether the buffer is enpty and,
iIf 5 the buffer is not enpty, how many franes of data/space. are avail able
in the buffer. For a wite operation, the outputs of this bl ock 556
(AVAI LABLE SPACE 9561) are used by the frame-buffer controller 56 to

determne that the data-frane buffer 55 requires access t n
recei ve path WO92H# out puts are al so used by the Buffer-&)égﬁ?@% edit

control 603 (see Figure 12) 10 to deternLg whet her credit is avail able.
For a read operation (data to be read fro he disc), the |oop-control
bl ock 40 nonitors the anpbunt of data in the franme buffer to determ ne

whet her a frame ¢ ] ' -t r - Lyt must be
T eE T o At ST LA A ol
is al so generate clat)@un e p e. t he even
that a whole franme is val Ut, SN process (is_bei .accumnmul at ed
in data-frame buffer 5 atztiaﬁ 7’@%‘*"%’%%%%%3%5?8?’9&%. ‘I‘.ﬁ?ﬁmﬁeﬁé}%’"ﬁ fer
frame- count er bl océf datatfranebuffsr R AN 556 nddutermine whetirershechuffeeis temytyiand, if

dat a- f r me- buf f er, Ré%g%guskgﬁ ir]_gut sigrnalsfFRé)\/EQJT 9550 . Counter 551 is
i ncrement ed wheR a 10t FEPYRY ety Kamaqntsaa/spachas avalable MBent ed when a
frame is read fromdRRM &bl wrild\eperafio) the(sutpii i tisBNE 566 (ARAMVABLUEN BUFFER
9566) is used by t&%&léiﬁe -tgéFEi’ffer Crte}%it coné{ol 6(()3 to d&term’ ne

whet her credit is ' 1gare Y fhe framechyffer roptellepiqtosetormipsthetdhes ¢ he
recei ved data frangud-fighéBuffep PSHeqiited AdtkssEOBBLEmMIW Red(Vd phil $9ETHRET 9551) when

the enabl e-capture 25 npde is enabled and captures various fields of the

frame header. Thes@WRHs aealsq wadly Pyl Buffe Grediboaol iy (senBigusd2y ead by
m croprocessor 1§12y, Jeeffind M?&he?géli? istaQai ah%.u Fér a@ead?%hx%%iéri @5&’ 10"

transfer-length counters 54 control inc es two that control how
read data are pref&omtgdischths lodpecodtmoldlock 40monitoks the aBount of didatin ther ane- buf f er

Shoul d be f ot chod Faaebutiel® eafie wighald daie YARK shlelibE I0MERMNY 10 far -
A dat a- f r ame- buf f ebuffer tureshold miustibg iniet achitrae to(open the o8 12800 dkdafedframes used to
determ e how it St SeRub 06 DA e b Rolibgsh
15 the event that a whole frame is not available but is in process (is being
accumulated in data-frame buffer 55 and/or off-chip buffer 111).
Data-frame-buffer frame-counter block 551 counts the number of frames
currently in data-frame-buffer RAM 555 using input signals FRAME_OUT
9550. Counter 551 is incremented when a frame is written into RAM 555 and
20 decremented when a frame is read from RAM 555. The count (signal COUNT
OF FRAMES IN BUFFER 9566) is used by the Buffer-to-Buffer Credit control
603 to determine whether credit is available.
Data-frame-capture block 552 monitors the received data frame (using
input signal ENABLE DATA WRITE DETECT 9551) when the enable-capture
25 mode is enabled and captures various fields of the frame header. These values
(DATA CAPTURE QUTPUT 9565) may then be read by microprocessor 112.
Referring again to Figure 7, data-frame-buffer transfer-length counters 54
control includes two counters that control how read data are prefetched into the
data-frame buffer 55. A data-frame-buffer transfer-length counter (in block 54)
30 isused to determine how much data should be fetched from the off-chip buffer
111 for a fibre-channel transfer. A data-frame-buffer transmit-length counter (in




shoul d get access to the off-chip buffer I Il (a process described in the
foll ow ng paragraph). 5 Franme-buffer controller 56 determ nes which
of the three frane buffers (i.e., data-frame buffer 55, port-A

recei ve-non-data-franme buffer 53 , or port-B receive-non-data-franme buffer
53') should be granted access to the resources of off-chip buffer 1 1 1. If
a port is in MOWRSISInitialization state and that port's PCT/USIBR4536

recei ve-non-data-frane buffer 53 (i.e., 53 or 53") is not enpty, the | oop-
10 initialization fiane is given highest priority, so that |oop
initialization can progress. The data transfer is given the next-highest

priority, and wll ) ong. as the receive-nop-data-fra buffers

53 do not fill up. b&? Eéﬁgygﬁeg?%e" uﬁ'gﬁg‘@%ﬁ%’fh&iﬁ%&é&ﬁéﬁ?@F@ no

53 01 11 'be grant od ancess Lo the oLl b Bul e e e Bt e
Wi e granted _acces 0 of.f - chi er 11l to drain sone

frames, and then tR&Y ei*“’("?%%%‘?“é? WPM@%LM?SW}’?‘#‘PQCWW buf f er

(55, 53 or 53") thatragept)i res the off-chip buffer resources will be granted

access to the ﬁtéf-chi p l%uff%r 111. In the event both ports receive a frame
at the same tine Port WaRpPdpiiggongiolienybistcamigesrwhichof thefhrse framae buffers

frame- buf f er - cont r gle., ah@Hame uifir%s Spoft-A e bt 4815 30 BBl T chi P
20 buffer 11 1, it continues to service that frane buffer unléss the
alternate port's r&C8VgBoOeaR-Famebuliendd) shonldde emated péckss fo the réspircdsafi zat i on
is started, or a dgfnbwaBsiAs. | : Fr. . i (t wll be
transferred to the of_f{-pchi p @Ef@#’?’{‘?ﬁr’hgg"%r g@?-%&%%‘g\r‘@%&gﬁ he port.
The transfer of dareseivenoedat-framiousy @e., Font §3O) seot enfpyatid lodpe of f-chi p 25

buffer 111 may RakSEdioR Yrabnd -control -i.nferface.lagic 58 in the
event that the data rate OPr om ?ﬁé%}lﬁlgg?%&gﬁ%nﬁ%é? h‘@é‘ﬂ?\%’f’ﬁ'&g"gﬂ%?a&i ned to
of f-chi p buffer 11progfessydihe ddta trarsfenistgiven khechestetighest@hiotityamd wvill eshiibve pat h
circuit 59, which kes,  the frame com uf. o ne the fra buffers
(55 53 o 55, " anoEs e B (RApe Bk 51 fos L sl gnb i 111
This logic 59 recoméiveson:-duta-fithe Wiffdrs 53 ab In@ér hasob Tottd fimne] thaiPattlealar ecei ved
header for validation checki ng%? Th 3,? CRC | a checked and the frane is
routed to the appr 8’6?’?’%’?‘3"% € bd’%@%\s%‘f" I erapied ecess to the off-chip buffer
15 111 to drain some frames, and then the data transfer will be resumed.
The first frame buffer (55, 53 or 53') that requires the off-chip buffer
resources will be granted access to the off~chip buffer 111. In the event both
ports receive a frame at the same time, Port A will be given access first, Once
the frame-buffer-control block 56 gives a frame buffer access to the off-chip
20 buffer 111, it continues to service that frame buffer unless the alternate port’s
receive-non-data-frame buffer 53 fills, or initialization is started, or a data

2

transfer is started. Frames on a given port will be transferred to the off-chip
buffer 111 in order-of-delivery to the port.
The transfer of data between frame-buffer controller 56 and the off-chip
25 buffer 111 may be paused by the buffer-control-interface logic 58 in the event
that the data rate from the fibre channel cannot be sustained to off-chip buffer
111,
Figure 11 is a block diagram of common receive path circuit 59, which
takes the frame coming out of one of the frame buffers (53, 53', or 55) and
30 prepares the frame for the off-chip buffer 111. This logic 59 recognizes the SOF
and captures information from the received header for validation checking. The



buffer 11 1. Receive-buffer-decode bl ock 591 decodes the start-of-franme and
end-of - frane delimters (derived frominput data signal FRM BUFFER DATA
9570 and 5 enabl e signal VAL-READ 9571), and generates signals to be used
by the conmmon receive path 59 for frame-validity checks. The EOF delimter
may have error status (frame-length error or running-disparity error)
enbedded whi clVO¥26Whverted for the receive-path bl ocks. R@E’E%%”é’-zﬁ:’%lrm ng
state machine 592 nonitors the input streamto 10 determ ne frane

boundari es. Wien an SOF is detected, signaB& are generated to allow each
word of the header to be captured and to enable the CRC checker 596,

header - val i dati on . buffer, cantrol s.598 (al on 1 th 5991,
5992, and 5993). Steg‘?égﬁlaegﬁ’?%gdggg‘%@ &8¢ %4*8ﬁ‘eiaavgvff%9faﬁem%aﬁf-vﬁ%ei ved
duri,ng the header bufferfibr. transfers that violate the maxi numfrane | ength
15 allowed. Since the gomon regeive path 59 can be paused tenporarily,
the state outputs of stlgetc'gv?fg‘ﬁ??ﬁ °°é@§g§?gélﬁﬁﬁ° G ‘°%%"§&“ii\9%d'%d t hen
inactive in order frivas délinfitefsi(@etied féth ipat dbkighal FROA BURRER IDXCKSoF0engNab! ed
properly. Recei e-fr&lrﬁrin I‘anth counter (mux 5931 and counter 5932) is

| oaded at the begi TRPH§EBE VAL REMD %7{)s2ndgenorgies signaisto bewsed e h of ei t her
the 20 command, O&daaﬁonxeeeiﬂq;aﬁasbrf&*ﬁn{ewaﬁmy%hamélfhepﬁ%ﬁ@i&ﬁeﬂrh&ﬁ 9572),
e rane. ft?le

based on the RCTL field fromthe header of the receiv
count er reaches ze$Trsiatus (famerengticyrrar er maring -diseprityertor)embeddsd whishés ror i s

detected and the fER0BtedFol T KESVel ddls This function hel ps prevent
overrunning the all ocat edospace ier#at}ﬁg o?’f-chi p buffer 1 11 for the frane.

25 Recei ve- f r alRec¢ieafiening sipte machii $2lmdnfdrs thednput fteamitgnal s from t he
recei ve-fram ngqst ‘ii-@l@ .10 t various fields qf a

recei ved heade?. Tﬁe cg}%tureﬁovai uetg‘s“g'r%gwuégﬁwbmftﬁ%s’fgf‘é?“r@'-eggﬁa&’g‘tt? on

| ogi c. When a fr anallowsaclewend\wéthe h&iE: to be cdpatredaind ekendbl6 the IORkchedee CRC at
the end of the fr Gl f a error, i.s,. de ed (i.ndj ed by CRC STATUS
9596), 30 the 1 S head ?"E’gési‘gf”h%"é‘fp‘?‘a?ésrﬁ%‘}@%é"c‘,ﬂﬁgﬂlﬁg#"c@’egr”ggé%%bl ed by
the receive- 395992 Zamitl 199931 State nivekihé 502 chéoks fopivalbrimiGteskitivigader fiel d,

payload field, an ddur:llng the header and for transfers that violate the maximum frame length

15 allowed. Since the common receive path 59 can be paused temporarily, the state
outputs of state machine 592 are pulses that go active and then inactive in order
that the frame-capture-and-validation blocks are enabled properly.

Receive-framing length counter (mux 5931 and counter 5932) is loaded
at the beginning of a frame with the maximum frame length of either the

20 command, other, or data frame (from signals MAX SIZE INPUTS 9572), based
on the R_CTL field from the header of the received frame. If the counter reaches
zero before the EOF is detected, a frame-length error is detected and the frame is
marked invalid. This function helps prevent overrunning the allocated space in
the off-chip buffer 111 for the frame.

25 Receive-frame-header-capture block 594 uses the signals from the
receive-framing state machine 592 to capture the various fields of a received
header. The captured values are used by the frame-validation logic.

When a frame is received, CRC-checker block 596 checks the CRC at the
end of the frame. Ifa CRC error is detected (indicated by CRC STATUS 9596),
30 the frame is marked invalid. The CRC checker 596 is enabled by the receive-



word are processed. IIl. Using Fibre-Channel CRC for Data Integrity in
On-Chip Menory 5 According to one aspect of the present invention,
frame buffers that tenporarily store fibre-channel franes allow franes to
be received at the maxi num fibrechannel -interface data-transfer rate. The
frame may then be transferred to off-chip storage at a slower, nore
manageabl e r at¥ 99845 ous nechani sns, such as parity, CRC, BET/Y95a4536
redundancy functions, are optionally 10 wused to protect the data while
they are being stored in the frame buffer. 3Pn one enbodi nent,
data-integrity checking is enhanced by passing the received fibre-channel

cycl’i c- redundancy (o ‘1.1 h.the.fr buf fer | th ta
(i.e., the CRCis s%tg‘glfﬁg(fta%}?%&'{nﬁggﬂgo m:ﬁﬂhg%%q%lé,%ﬁ?a}ﬁ'ﬁ?&, m}ﬁ%’g?hen
read out with the fwoalwe patocassddater tinme), extra parity bits that would 15

make the RAM wi der may be elimnated. (In various enbodi nents, the frane
buffer is data-fianme buffer 55 and/or recei ve-non-data-frane buffer 53 or

53'). The CRC i s chHCUsiflg RibreChikiRl CRUFoRDEtaTRRGrify iR Ot ORipMdthayd before
to off-chip buffer 111). Extra parity

they are transferred Off_cgt{ilﬁgstgi'e" J

bits on the inbolnd dat 4% £a7AsBeeL of thepresertiyeation frmg Rvffeethatnt er f ace to
the inbound side OkenipdfuriBfstort HBRERhAHAEL fBimed Athw R8s kd6: RLiRAYNE. S| de of the
frame buffer to the input_of the CRC checker 596. Since the interface to

the of f-chip RAM hawaineun Bp-yhaspe-interfaes latp-transfen rate.  The frama mag thehbover  Ft an
the on-chip RAVS apg Rl-QWe off s&ﬁgeJﬁ'a*afo%gt}:%mﬁ&a%{?ﬁi@ﬁtérvﬁh?s, the

common receive path logic 59 canh be~“shared between e non- dat a-frane
buffers 53 and 53' meghagismhcueloaspatity SGRC lon btherredBdancy fupctisms, a@RPtioteliyker 596

oY S A Sl B, o1
of f-chip buffer 111). | In ono ehbalirhent,idbtatiftegriBRhevidngis enttancetiby pabsing thehe frane
Do L. L. el D e G B b O 2
CRC checkers woul dbiffersieithlthe dita (ie2., theCRC Rdtorddtifito helffahedirffervifhlthe fritad, hs 51
and S1) 4010 Qg RIRRSh U e e FREPAIL IS0 206 RSP
15 make the RAM wider may be eliminated. (In various embodiments, the frame
buffer is data-frame buffer 55 and/or receive-non-data-frame buffer 53 or 53').
The CRC is checked after the data are read from the RAM and before they are
transferred off-chip (i.e., to off-chip buffer 111). Extra parity bits on the inbound
data paths can also be eliminated from the interface to the inbound side of the
20 frame buffer and from the outbound side of the frame buffer to the input of the
CRC checker 596.
Since the interface to the off-chip RAM handles only one transfer at-a-
time and is slower than the on-chip RAMSs and slower than the fibre-channel
transfer rates, the common receive path logic 59 can be shared between the non-
25 data-frame buffers 53 and 53', and the data-frame buffer 55. Only one CRC
checker 596 is necessary, since the CRC is checked just before the frame goes
off-chip (i.e., is transferred from the on-chip buffer 53, 53', or 55 to the off-chip
buffer 111). In contrast, if the CRC were not stored in the frame buffers with the
frame and then checked on the way to the off-chip buffer 111 (called “passing
30 the CRC through the on-chip frame buffers™), two CRC checkers would be
needed (i.e., placed within the pre-buffer paths 51 and 51°).




direction, when data are transferred fromthe slower off-chip buffer 111,
tenporarily stored in a frane buffer, and transmtted at the maxi num dat a-
transfer rate on the fibre-channel interface. 5 Wien a frane is
received, the RCTL field is decoded by routing- control-decode bl ock 5933
to determine the type of frame being received. The R CTL D%ﬁ@&”&%fgsed to
route the fraW@%¥1¥ihe appropriate area of the off-chip b , and to
determ ne which validity checks are to be nmade on the frane.
Header - val i dation | ogi ¢ 595 anal yzes the c8%htents of the receive-frane 10
header. Based on the RCIL field of the frane, various fields are verified.

If any of the validity ghe lﬁﬁlfail na?gg-gt f the f.rame is
considered invalid. If %%% | |df“§/°n3%3%?e ali S%O%OQE%;%%&??%CMW a

dat a-wite transf ediréctioncihen d3ta frt aaafened Asmakic slalr off-chip bnfféradi,

Recei ve-frame-status bl ack 597 gathers_infqornmati. out the received 15
frame and bl ocks i f%{}le”faﬂ%cf&?%{“f‘g E’\‘?‘S’rﬁn Wﬁ“tgeaf“?@ﬁpﬁf‘mﬁ’ﬂb‘ga\g’énerat es
si gnal FRANVE STATUgaf&Behte dif théfibre@i@nélSni@iceval id, it is essentially

ignored (unless a data transfer is actjve). nd. counter 5992 is used to
track how many conmand Wpﬁh’e@%‘émeﬁﬁ?damﬁ@dcgﬁ%és%?ﬁ?ﬁmww of the

of f-chip buffer 11domrol¥iRBdeblock!sosh 1 QAetefiRHRE Gpt SF fiietdeit@deceivid, STHEOUNT €7
5992 is increnmented. \Wen mcrogrocessor 112 has finished with a conmand,

it nust decrenent Rh€Tk§rdsisedioapitethe fomp tothesnmtpraaty A ofihe ofbEIREVENTS
9574 fromm CropfOﬁgﬁqn%-d&hﬂﬁ&g@@&m}aﬂ&%&J&B%Eg,ggé%x{tﬁgﬂﬁﬁ. CVD

RCVD I RQ 9578. "O space counter 1l i1s"used to tr OW nmuch space
remains in 25 the "ot hideaderswalidatioh logiee95 fuialyzes the ¢nnfentsrof the tectiveifiame si gnal

MPU | NCREMVENTS 75 f.r 0 ) r (o) .V ,

BT o 1o Bt 1 b et BalBach WO T 3a detferande VarBha 08 iMerinied 10

frame that is neit mgrofghecalidityviiecks failaoncdabs-déita frame,itls: frapeds vansidered When a
command frame is recei t.h ff-chi uf fer 111 is.full. Wen

ni cr opr ocessor 1121@&{]3?%%;3(#%%1%01% ,mfetﬁf’?ﬂggdatgﬂmt‘fﬁ%‘ﬁ@ﬁgnt t he
"ot her" space counh&iveRigibpiotesssidiZBnetifiddat t here is space for another

frame. The "other" spag, COURLEL B02hol S ahES urShla! Sl Ehceived

15 frame and blocks invalid data frames from going off-chip, and generates signal
FRAME STATUS 9580. Ifa frame is not valid, it is essentially ignored (unless
a data transfer is active).
Command counter 5992 is used to track how many command frames are
contained in the command area of the off-chip buffer 111. When a valid
20 command is received, this counter 5992 is incremented. When microprocessor
112 has finished with a command, it must decrement the command counter 5992
(using signal MPU DECREMENTS 9574 from microprocessor 112). Block
5992 outputs interrupt request CMD RCVD IRQ 9578.
er” space counter 5991 is used to track how much space remains in
25 the “other” area of the off-chip buffer 111 (using signal MPU INCREMENTS
9575 from microprocessor 112), for giving out Buffer-to-Buffer Credit. This
counter 5991 is decremented when a valid frame that is neither a command nor a
data frame is received, or when a command frame is received when the off-chip
buffer 111 is full. When microprocessor 112 has finished with a frame, it must
30 increment the “other” space counter 5991 to indicate that there is space for
another frame. The “other” space counter 5991 indicates (signal OTHER



COUNT 9576, and interrupt request OTHER RCVD | RQ 9577) the nunber of frames
wth will fit in the "other" area of the off-chip buffer 111. Wen a frane
is received, receive-firae-buffer control 598 (which generates signals

| NCR/ DECR 9573 to decrenent other counter 5991 and 5 increnent command
counter 5992) and | ast-4-generation |ogic 5993 generate signals (CONTROLS
FOR OFF- CH P BORH®5Y5389) to the | ogic of off-chip buffer PAHUS¥24% ect the
frame to the proper area. Figure 12 is a block diagram of a fibre-channel
transfer-control circuit 60, which includedlcontrol logic for the receive
and transmt portions of the logic. 10 Transfer-control circuit 60

i ncludes transfer QNP : er-10; ' 1itrol 603

Dat a- avai | abl e/ space- cou% g?ﬂigllgc PE &“e&‘?yﬁt’%‘gi‘cgﬁ’eﬁﬁd?@m’%ﬂ“ﬂmmfA
AVAI.LABLE 6019) of flames witleirvilbfitfin thei‘gtha] aesofthe sifitidp bsffavai.| abl e, dependi ng
on whet her the operatiog,ls data-wife or dat a-r ead. a data-wite
transfer, 15 data-avai ?’&B?%ﬁ?ﬁ%ﬁé‘é“&%%feéf%g’ﬂe?{’ °‘?”§’°h§écpr’6hi ndi cat e
how much space is gomidiesizighalf INCR/BECR 9573 fofdaBadnt bihed dagnteteso81 pey ti on of the
of f-chip buffer 111 to all ow BE—Credlt to be issued, On_a data-read

transfer, data- avaficeoEHes -Wﬁ?%?z)ﬁ}ddwwt@ﬂéﬂg&ﬁW%ﬁmfecate how
many data frames akigndy@ANIROLS FOR OFFLIHIP BUFPER Y555 to e bgic BeGrdidy er ence

in the buffer pointers 1s conpared agai nst m croproce oadabl e
(i.e., progranmabl BYyfesdilodisgptitheframedp themeopetaesnunber of words per

frame(s). Buffer-to-Bufgighe ¥ RA I .G | S fter. credit
(signal PORT BBCREDI T AVAI LABLE bﬁ?ﬁg%f@%ﬁfﬁ%&g&ﬁg{ St LA Ot e
port to allow fran@¥ichénchdesseontrol I8¢ for the ecteive arsl tiagsuitpbriigns oEthe iogir. 25

RRDY's. The anpgynt ' : n rt is, deternine '~ 1). how
nuch receive spac eTlgngfgt\réﬁf[gb e'ynl%nb 10@@5}14?’% S EgRls aﬂﬁ“@%’:}"'&?’&% %F‘i“ve 100
2) how nuch recei veontob@. i s avail able in recei ve-non-data-frane buffer 53

and dat a-frane buffer a}t%gémc'}adglésg;)ag%fi?\{lgtgrl@gc&?%%r%v%%:savﬁhuex&ipa?igh(lgwﬁn t he

credit, the port with rv
AVAILABLE 6019) of how much off-chip space or data is available, depending

on whether the operation is a data-write or a data-read. On a data-write transfer,

15  data-available/space-counter block 604 is used to indicate how much space is
available (in terms of frames) in the data portion of the off-chip buffer 111 to
allow BB_Credit to be issued. On a data-read transfer, data-available/space-
counter block 604 is used to indicate how many data frames are available in the
off-chip buffer 111. The difference in the buffer pointers is compared against

20 microprocessor-loadable (i.e., programmable) values which indicate the number
of words per frame(s).

Buffer-to-Buffer Credit control logic 603 issues buffer credit (signal
PORT BB_CREDIT AVAILABLE TO TRANSMIT R_RDY 6017) to the
connected port to allow frames to be sent. This credit is issued by sending
25 R _RDY's. The amount of credit given to any port is determined by:
1) how much receive space is available in off-chip buffer 111 for disc
drive 100
2) how much receive space is available in receive-non-data-frame buffer
53 and data-frame buffer 55 for disc drive 100



could potentially send franmes that could occupy the avail able space 5

The Buffer-to-Buffer Credit is determ ned on a-per-port basis. The

Buf fer-to-Buffer Credit control block 603 generates signhals to the

| oop-Port A/ B open-control blocks 42 and 42' (see Figure 6) to indicate
when credit is available. The | oop-control block 40 will then control the
transmi ssi on SYORRM1s. The renmi nder of transfer-control EFFESASRIEO
contains counters used 10 during a transfer. Received-RRDY counters 606
det ernine how many R RDY's of credit have W8en received on each port from
I nputs PORT RRDY RECEI VED 6010 (one each for Port A and Port B) and PORT
FRAVE TRANSM TTED 6011 e.each for Port, A and.Par.t , d out put signal
PORT CREDI T AVAI LABLE iven B el Byt ive AB0S opepel . oy
counters 601 deternine how reauly pheffialfy Sendfframeetiticola vecupp e at4iglem tt ed on
each port frominputs PORT RRDY TRANSM TTED 6001 (one each for Port A and
Port B) and PORT FRAME RECEI®A® 6002 (one each for Port A and Port B).
Sequence counter 607 is used on data-wite transfers to check that received
frames arrive in order and is used on data-read transfers to 20 generate

t he SEQUENCE 6022 e Byfleprior Butter Crpdit Adeteamined an aper-gont hasiss Thes .

Rel ati ve-of f set coppffetio HAeet Crelit &l ; 5 te the
RELATI VE- OFFSET COUNT 6823 t rarr?srﬁﬁit ed kiq%tﬁ'? %g%%ggg@?{)?%%al{)% ]?br@g&nfgg

Transfer-1| ength co@ptoetontseldlacks 42sand 42' ¢sed Figurerfi) treindicate whertcreilittinavaiatie, ansf er

and provides an i nghCRK 9&19(0 mﬁa e transfer
25 has conpleted. Si l%g‘)-e- r?i-me- rangﬁ%%%%g%ﬂ%ﬁﬁ%&g 13 is a

bl ock di agram of si ngl eTleremainder aftsansfer-@mtrbl oircwitél donfaths taumtess dsedr e channel .
One enbodi ment . [ESSH | _nventd rovid fibre- 30

channel - | oop-i n@;r FQ@ cl rcu'%’tﬂe\‘f\%?eghﬁ-i ap?f igrs;aﬁgﬁ? PR sni t-firanme
buf fer 73 for | oopR_RD¥rsdficedit hawe baentecebap oneh portiuin ighuSURORER GaDv cat ed

transm t1ing 1 ni ti SECEARSROIoR st ReBiH A BRLbor R RSB ¢ i
transmtting or reTRANSMITTED®011 (one each for Port A and Port B), and output signal
PORT CREDIT AVAILABLE TO TRANSMIT A FRAME 6020. Transmitted-
15 R_RDY counters 601 determine how many R_RDY’s of credit have been
transmitted on each port from inputs PORT R_RDY TRANSMITTED 6001 (one
each for Port A and Port B) and PORT FRAME RECEIVED 6002 (one each for
Port A and Port B). Sequence counter 607 is used on data-write transfers to

check that received frames arrive in order and is used on data-read transfers to
20 generate the SEQUENCE COUNT 6022 transmitted in the headers of data

frames. Relative-offset counter 608 is used on data-read transfers to generate the

RELATIVE-OFFSET COUNT 6023 transmitted in the headers of data frames.

Transfer-length counter 609 is used to determine how much data to transfer and

provides an indication (TRANSFER LENGTH COUNT 6024) when the transfer
25 has completed.

ingle-Frame-Transmit-Path Circuit 7(

Figure 13 is a block diagram of single-frame-transmit-path circuit 70 for
a fibre channel. One embodiment of the present invention provides a fibre-

30 channel-loop-interface circuit which includes a dedicated transmit-frame buffer
73 for loop initialization and responses. Having such a dedicated transmit-frame



"conmuni cating') data franes. If a | oop experiences |oss-of-sync or other
probl ens, the |loop 1250 nust be re-initialized, and the dedicated
transmt-frame 5 buffer 73 allows this function to occur w thout disrupting
a data transfer or other function that could be in progress on the other

| oop connected to the other port of the dual-port node interface, th
porltos can be ¥AAM6/heous!y !Oni tialized as vvelol . Further, Fﬁ'f’g”g’ééf?@at ed
transmt-frame buffer 73 all ows responses, acknow edgnments, or other
non-data transfers to be transmitted out off3one port 10 while the other
port is in use. Thus, single-firne-transmt-path circuit 70 in conjunction

ort i m t-path circuit 70 in conj
Fesponse funct | ons FaF angvthE Bot Bt A0 Foof Bl bk 4 PHGR Y

accepts i nputs MPUrdsfikiBA\Birhes a2 atalledr port fsoramsmitting pr ecdvisgpfie] 12) , RECEl VE

PATH DATA 7003 and.RECEI VE..PAT 7004 (frames fromthe 15 receive
path 50). Transmit- TFRAE H’F&e‘éa‘%nbﬂéi’%’sﬂ‘!&%@?ﬁ SKRCFYREASUSATA 3005,
and, through bl ockgrobleni/tHe 166p 1280Mnusb e BTz Bl thoddditated dakshidfsme

i ncl udi ng CRC whj clg re.tgo be transmtted). The single-frame-transmt-path
circuit 70 accepts Y'@ﬁﬁé G this AOEHRR t GERYE Wi dighpineadatatrangfen s othemans i ¢
frames which resi d@unktion that c8ild 8¢ Brpréghés ok $h8 BBI 1bop cdfinecteli e B Rkt of 3. THi s
circuit 70 generates the proper frame delimter, reads the header and

payl oad from the fHMgsdualmernmede interfaceg Batynartegantn simpitensepshoritalizediss CRC
gener at or 76. Thi Sweir Fiiter, il iAo ARKAGRCSLARSUbMs elionkOP P!

circuit 20 for transmtting the curren - Wor to 1'ndi cate when the
end- of - fanme (" EOF" jcknawisdgments; erotieet non-dath transfersitd batranbmittedowa@onetportgener at e
the second 25 a . 0N e Dl LURR di sparity.
Single-franme-t r%s?‘n’ﬁpég’%g@grﬁr(r’n?@%ilﬁ?ge'?gﬁlg’%&ngi%tés%r%equeslﬁggt?s#%ﬂs?pg%al

SENDFRAME 7001) f r eenjurietion withomivoopracedsorch 12 opérstesto ptovide davpsinitializatidnramde. \When

a franme is transm d hi,s_ state chin 2.provides selects (i.e.,
sel ect signal s) fo%e Y %U‘B%rof‘? on"% qﬁﬁ‘%‘??ﬁe@%ﬁ?’"?%ﬂ?ﬁaﬁ??éﬁ%%‘f
mul ti pl exer 74, i ninpodMPIBDOADABLE! 7002 (data fiomanierogmicéssart1é2)s REOCEBURr, and
payl oad to be transgfegr he .prope ' ' machj ne_ 72 al so
gener at es enabl es ?éﬁlﬂgg{%@%eaﬂg&: 5 ‘FE7%A?E%OA‘%WP§% ?fr?nﬁlr}lgo(?’ﬁwovi ded
to the 8B/ 10B erscoskeeivepat SHE Trunghiltdrade bufferd igicféités@utputs MPU READ

DATA 3095, and, through blocks 74 and 76, XMT_DPTH DATA 7007

(outbound frames including CRC which are to be transmitted).

The single-frame-transmit-path circuit 70 accepts requests from the loop-
control circuit 40 to transmit frames which reside in the single-frame transmit-
20 frame buffer 73. This circuit 70 generates the proper frame delimiter, reads the
header and payload from the frame buffer, and generates the proper CRC with
CRC generator 76. This circuit 70 also generates signals to the loop port circuit
20 for transmitting the current-fill-word and to indicate when the end-of-frame
(“EOP™) is being transferred, to allow the encoder to generate the second
25 character of the EOF based on the current running disparity.
Single-frame-transmit state machine 72 accepts requests (via signal
SEND_FRAME 7001) from the loop-control circuit 40 to transmit a frame.
‘When a frame is transmitted, this state machine 72 provides selects (i.e., select
signals) for each portion of the frame sent to the transmit multiplexer 74, in order
30 to allow the frame delimiters, header, and payload to be transferred at the proper
times. This state machine 72 also generates enables to the CRC generator 76.



when to transmt the EOF signal. Wen a frame has been transmtted, signals
are generated and sent back to | oop-control circuit 40 to allowit to
continue operation.. 5 Single-frame-transmt frane-1length counter
71 is used to allow the hardware to determ ne how long the frane is, in
order to all.owthe final CRC to be output at the appropriate tine (the CRC
i s repeat ed'yWOMPRUFLt ed one-word-at- a-time and accunul at BeTA¥8R45 dat a
portion of the franme is output). Counter 71 is |oaded at the begi nning of
the fiame froma transmit-frane-length regféter and 10 enabled while the
frame is being transmtted. Counter 71 is enabled by single- frame-transmt

State mchine 72 {0 BARRIGkE P b predie et Bt 0y o ebme  out put
of single-fiane-trwhenbtramsmipté EOB kighdd! Wher a fédmé Bas dBen tRRsHhitthd) sighdls CRC
generator 76 to determne th esi dual word included, before the 15

EOF, which feeds WSWW&F%EP1?@"?‘19@]6%‘-“1)‘39'9“3?‘?’&5‘? gondigie see Fi gur e
3). The single-frasgrdtioansmt state machine 72 generates the selects for
this multiplexer. 74 to allow the franme delimters, header, and payload to

be transferred at the &%ﬁmq—mwitml@gthroawmmiwsr:qltoauawm er
generat or bl ock 75nA@iRE 15 dRREmiA RSW Bn e%gwe%ﬁrﬂ%%?lo&%éﬁﬁCﬁb!t%-Word’
om t he gl e- ra

and ECF delimters are transmtting f sin rane- nsmi circuit
70. The output si gbrAupuxatie appropriste Bme (hoCRG is ropeatedlycalaniated onepwartt-at-

mul tipl exer 79 whighndet &L mna i ﬁgg. h .
single-frame-transmt - pa‘ﬁ? Cl r%ﬁ%%& [ gu°:’13’?ﬂ‘§?’§§§§s°ﬁ)‘fp8§k%81"&3r7ém of a
fi bre-channel tr aniloaded af the hegitmirigfof the T@me Fom d transrhit-framedrngthregister and
single-franme trngnsy i fer .73 [ncl s,.singles fr -buffer wite
control 733, silggléeﬂ-a lf‘grre-lﬁu%%"rw e gk%%??%geﬁ- %Qﬂtggﬁéfe??ﬁ%smgie'
frane-transnit - f r afendtdnbmit s@kivhagBine 7 andgrevides stams (i.easans infdnmaden) buf fer 73
is used to store recejVv | ogp-iRitialization fr out bou
| oop-initializati obna%ﬁ%s?rag%‘?“ 723&#%ﬁmawe‘moem?b?%ﬁ%esens&te{}%r ds of
transmt buffer RAM 733he6utputef sieglefidme-trhdinifintdut dulliplxdras idandspgyt foeser ved
for Port B, in onetheERBdi ment . * W99 2&%31 . .
PCr/ US988a4536 45 € generator 76 to determine the residual word included before the
15 EOF, which feeds through multiplexer 79 to loop-port circuit 20 (see Figure 3).
The single-frame-transmit state machine 72 generates the selects for this
multiplexer 74 to allow the frame delimiters, header, and payload to be

transferred at the proper times.

Single-transmit-fill-character generator block 75 determines when a K-
20  character, current-fill-word, and EOF delimiters are transmitting from the single-
frame-transmit circuit 70. The output signals XMIT CONTROLS 7010 go to the
transmit-path multiplexer 79 which determines which loop has access to the
single-frame-transmit-path circuit 70.
Figure 14 is a block diagram of a fibre-channel transmit-frame buffer 73.
25 Inthis embodiment, a single-frame transmit-frame buffer 73 includes single-
frame-buffer write control 733, single-frame-buffer read control 734, and single-
frame-transmit-frame buffer RAM 735. Single-frame transmit-frame buffer 73 is
used to store received loop-initialization frames, outbound loop-initialization
frames, and outbound single frames. Forty words of transmit buffer RAM 735

30 arereserved for Port A and forty are reserved for Port B, in one embodiment.



Single-frame-buffer wite-control block 733 generates address (WPTR 141 1),
data (WDAT 1410), and wite enables (WE 1412) for single-frame-buffer RAM
735. The inputs include DATA FROM RECEI VE PATH 1401, PORT A FRAME 1403,
PORT B FRAME 1404, registered MPU DATA 9533, and 5 regi stered MPU ADDRESS
9534. When a lqop-initialization finmue is received, the frame is first
stored in on@@26Btei ve- non-data-franme buffers (53 or 53PFIURERIS6t can
nove through the common receive path 59 for validation. Rather than
transferring the fane to the off-chip buf 4r 111, the frane is witten into
single- frame transmt-frame buffer 73. This also allows the off-chip

buffer 111 to be 10 re qedi cated to a data,.ty.ansfer on,th ernate
port. The data fromtﬂgmglggﬁmﬁ%’Pﬁé’Fge'fmﬁ lﬁ?(ﬁgﬁ?%tegiagmmgr#s wide to
tﬂi rL y-two ?i t?‘] wldm)ﬁdah(ﬂﬁlﬁmﬁlmb,iﬁﬁ@?ﬁwm(wm 14112) for Gupte-framelBifRE M ned on
t he basis of the port th which the fr ted. croprocessor
112 al so may wri tM%%'n ednpufsipclude Bbm&h&é%wl’@lf% modi fy a
| oop-initializati GRAMRIFIIOPORP BYRAME 1403, Rpfisled MPU DATR. 9588 ahd Y i S
generated to protect the data in single-frane transmt-franme buffer 73.

& ngl e- 11 ame- { ransveersiMPUADRBRSS S5t Bihens lseR-intanlizafion dPme ascerivedad

address (RPTR 141 : | = ad L AN | d
captures data (RDiﬂ'lg t%%?f% Bﬁ %%@?ﬁ?n%%%@%g%rﬁ??%%ﬁgﬁ? fﬁ%ﬁ%’%@&%ﬁ%‘%ﬁw 20

1407 and XM T STATiRSn mogsthrongle the coramen regtive Hathedfi fogvalidation. Retbtrithee 72 enabl es

a frame for transg [ 2] - b R fer RAM
735" s enabl e ( orinn® SR feofkin B Pt ol if G sy bt

M cr opr ocessor 1_12’ranayraadnﬁtafrmbilffeh?£ Thiscalse aﬂoWa‘thcoi_h’-ohia(buﬁ'ersllhtorhecei ved
are 25 captur B PHEOAReS kOF e et Bkl BRAT rhe IR B oRg out put
PARI TY ERROR 1416 )port aiertgihslatéd frove sikteamisityiviiddoo fttiirty-tvid/Bits 7ade dnd celschetinga

synchr onous RAM an i n.gne enbodi nent, a built-in self-test caontroller.
The RAM 5t 1ty Maresspr 8 o Pl e BisF e aRE PR AUy b ¢
of parity) and ei gddsyoctatsdat i ons 30 | ong. The header and payl oad of a frane

are placed into transnjt-frame buffer RAM 735 to, be held f.or m croprocessor
112 'Ito o examine or for %%fﬂ%’ﬁ‘?%‘?f g{? Bg“r‘?may it 10 single-trame ransmit frame buffer

15 73 to modify a loop-initialization frame or to set up an outbound frame. Parity is
generated to protect the data in single-frame transmit-frame buffer 73.

Single-frame-transmit-buffer read-control block 734 generates a read
address (RPTR 1414) for the single-frame-transmit buffer RAM 735 and
captures data (RDAT 1413) from the RAM 735. Inputs include SEND FRAME

20 1407 and XMIT STATES 1408. When the single-framing state machine 72
enables a frame for transmission, a read of the single-frame-transmit buffer RAM
735 is enabled (outputting SINGLE_FRAME TRANSMIT BUFFER DATA
1415). Microprocessor 112 may also read this frame buffer to access a received
loop-initialization frame. The data from the transmit-frame buffer RAM 735 are

25 captured into a register and parity is checked (generating output PARITY
ERROR 1416).

Single-frame-transmit buffer RAM 735 includes a synchronous RAM
and, in one embodiment, a built-in seif-test controller. The RAM is thirty-six
bits wide (a thirty-two-bit data word plus four bits of parity) and eighty locations

30 long. The header and payload of a frame are placed into transmit-frame buffer

RAM 735 to be held for microprocessor 112 to examine or for transmission on




the I oop 1250. In one enbodinent, all inputs (except the clock) going into
the RAM are del ayed, to provide adequate hold tinme. Figure 15 is a bl ock

di agram of data transmit path circuit 80, which accepts requests fromthe

| oop-control logic 40 to transmt frames. Circuit 80 5 generates the
proper frame delLimter, builds the header fromthe m croprocessor- |oadable
regi sters, andVQ¥R6¥Ates the CRC. Circuit 80 al so generat eBCHIBH82586 ¢ o t he
| oop port circuit 20 for transmtting the current-fill-word and to indicate
when the EOF is being transferred, to all of6the encoder to generate the
second character of the EOF based on the current running disparity. 10

Data-transmt-fram,ng st chin 1 accepts ,request si gnal  SEND- FRAME

8001) fromthe | 008!"3%?& @éﬁ ﬂci?é’f” Emﬁ‘@%{’ﬁ‘%’taﬁé‘ﬁ’é‘%(?x%’tﬁf"é’iﬂ?b gRngAnta ther ane i s

transmtted, this RAM eredslajddn® peovideraastjusiesold@hect s for each portion of the

frame to transmt nmulti ,Iexgr,s??gjt allow the frane delimters, header, and
g 5 l‘ﬁf‘i ) , :

payl oad to be transferr qf data transmit nathy pirewit ${b whicha| so
generates 15 enabk&®pts feqhéyts faRthe RIS 1 %-mmsanmgi? fifit RGN
e

transmtted, signals are generated back to the | oop-control logic 40 to
allow it to contd ngercrateshe nronenfame delimitep brilds ghetheadsfiom thegmicioproceserd- t o

al | ow the hardwar e d,@:ielegitiisNad a}gedtég%ém éi%moiﬂ%?ﬁ‘%‘eg@?%h%ége CRC to

be generated at the appropri a’t.e | a-transmt counter 82
i s | oaded at the 2t lonpgiortieireryt 26for tremsthittingahd quoentifillewsrd andtoiisdidateane

| engt h-regi ster an - WO r i i transmited.
Data-transmt f rangv-hFﬂ;%gF Egé%%l}'lﬁ géah%gﬂglds%éqﬁ%\gﬁg%gﬁ)@&ttﬂéerie%?i%té‘?ﬁef‘?'}dr am ng
state machi ne 81 aprhhrgetepof e EOF bated on tha clrrdnoruntiag dismiiey. machi ne t o det er mi ne
when to enabl e e CRC rator. 87. e_ouyt of data-frane- sm t
out put mul tipl eiogr 86 ilggga'ﬁ'a%ﬁ'bﬁf{mqlgg%}%mﬂ“’g&@ﬁ@tﬁé‘?q&f%ﬁéﬁﬂ\%ﬁ%h f eeds
the data transnmit PRAMER001) fdme e loopGontFdl dogitod0ao trirmetd fianfel WHeAg St at e
machi ne 81 generategs the selects.for this I tiplexer 86 tqQ allow the frane
delimters, header?’a‘gﬁiftﬁﬁﬁ}’i" %‘{jal’%s%"emf‘?h&’r‘?gﬁgﬂvg’las s;feqs g“ﬁ&t}ﬁgf"’nt"ifrres. The
i nputs incl ude FRAWe fibdedfransiit AnuBiiiker 8604 RIRW REGhrd BERmMiBA Roadek RANSFER
COUNTS 8006, and TRANSEER- READY 30 PAYLOAD 80Q7. The, outputs include
dﬁgﬁ?ﬂéﬁ%ﬁm

STATES TO FRAME BUPHH] _ t hggerper timege Plafri macking 8 helpageapraten
mul tipl exer 86 ret exaBled Rh¥ORC/gencrator 87. When a frame has been transmitted, signals

are generated back to the loop-control logic 40 to allow it to continue.
Data-transmit frame-length counter 82 is used to allow the hardware to
determine how long the frame is, to allow the CRC to be generated at the
appropriate time. Data-transmit frame-length counter 82 is loaded at the
20 beginning of the frame from the transmit-frame length-register and enabled while
the frame is being transmitted. Data-transmit frame-length counter 82 is enabled
by the transmit-framing state machine 81 and provides status back to the state
machine to determine when to enable the CRC generator 87.
The output of data-frame-transmit output multiplexer 86 is an input to the
25 CRC generator 87 which feeds the data transmit path multiplexer 79. The data
transmit framing state machine 81 generates the selects for this multiplexer 86 to

allow the frame delimiters, header, and payload to be transferred at the proper
times. The inputs include FRAME BUFFER DATA 8004, HEADER
REGISTERS 8005, TRANSFER COUNTS 8006, and TRANSFER-READY
30 PAYLOAD 8007. The outputs include STATES TO FRAME BUFFER READ
CONTROL 8009. A delimiter generator in multiplexer 86 determines which



47 start-of-franme (SOF) and end-of-frame (EOF) primtive to use when
transmtting frames. The output of the data-frane-transmt-output

mul tipl exer 86 is transferred through the CRC generator 87 to determ ne the
CRC residual word 5 included before the EOF. Enables for CRC generator 87
cone fromthe data- transmt-fram ng state nachine 81. Control is also
provi ded to t WORSISIB encoder 27 (see Figure 4) to det er fPREVSRA24334 o
transmt the EOF signal. The output of CRC generator 87 is XMIDPTH DATA
8008 (outbound franes including CRC which & e to be transnmtted). 10

Data Transfer Fill Character bl ock 85 determ nes when a K-character,

current-fill-word, and.EOF (mters_.are smtiing fromthe data
transmt path ci rcﬂ%‘f'°§§?mér¢$§1’ gﬁﬁ‘#ﬁ?@"’%ﬁ@ﬂ%{ PA’W‘WS’%B’OWS’@@W&)
transmt path mul tfrph&xer 79 which determ nes which | oop has access to the
data transmt path circyi The out put of transmt-path

t go. 15
nul tipl exer 79 (see Fi é’“%)lt of the datar framertrangnit-prtpydspultiplexsi#6 ipor t - B
arbi trated-1oop | %&@fe&@d%&u@ﬁ&e{%&&ﬁ&r?tﬁﬁ%ﬁﬁ ¢ CRE St o control

signals fromthe single-frane pa and data path 80 are selected by
transmt-path mdl tinpldsdchefopethe BOF h Bngbles ferCRSbgencratpr Sheomictfrouathb dated t i pl exer

79 al so mul ti pl exegydfy _f&ﬂlﬁ%Y | thg ;.l ; i 20 both
ports to transmt si nuﬁt ane séﬁq'{lﬁl .e\éﬁfetbﬁ%&(fﬁlgﬁgg ogtédrggﬁjtge%/ﬁ@e\ﬁuce
Ar bi trat ed- Loop Ovencbdend7 (see Eigire B) to-detenminewheartd irsnsmitalb EQbgiged sTign 1200, a
node interface 122 gg; I fﬂi‘t ﬂ-ﬁ LAt r,access to the | oop
1250. A priority s@g@%ﬁ*legef E%reslé?%o ePer b%‘eﬂvxﬁ]loéﬁouﬁbé)?’?‘? s control
of the | oop 1250, imdddiag CREiwhichese tode hremsmifted).used to assure that ports are
not starved. atarg vice . fhe dis rive 100 usual ly is given a
| ower priori t?sltohan a %%W%FM&W#&EV&% Sleppines When af-p °%BO may have
to wait to win ar beurtest-filbwordDind EOH delimiterd bic@ansmittiflg FoRake d@itiinghie t hei r
access. Wen the node .interface 122Q o 6 gains 30, control of
the | oop 1250, it ?&8@&@%@5@%&%@@?@@@93@Eqné@ntﬁgtht he | oop
1250, in order to muMiplxdT0VEREISEimifdsWHidchabdpdas 4066ss BSthe Bith iR pAk@t @ are
circuit 80.
15 The output of transmit-path multiplexer 79 (see Figure 3) is an input to
the Port-A and Port-B arbitrated-loop logic 26 within loop-port circuit 20, The
data and control signals from the single-frame path 70 and data path 80 are
selected by transmit-path multiplexer 79 to the proper port. Transmit-path
multiplexer 79 also multiplexes the R_RDY primitive to the ports. This allows
20 both ports to transmit simuitaneously.

IV. Method and Apparatus to Reduce Arbitrated-Loop Overhead
In a fibre-channel arbitrated-loop design 1200, a node interface 1220 of
loop port 116 must arbitrate for access to the loop 1250. A priority system is
25 used to determine which port gains control of the loop 1250, and a “fairness”
scheme is used to assure that ports are not starved. As a target device, the disc
drive 100 usually is given a lower priority than a CPU 1202, with the result that
the drive 100 may have to wait to win arbitration until higher-priority devices
complete their access. When the node interface 1220 of loop port 116 gains
30 control of the loop 1250, it sends as many frames as possible before closing the
loop 1250, in order to avoid unnecessary arbitration cycles. But when data are



48 no | onger avail able, the node interface 1220 of |oop port 116 cl oses the
| oop 1250 to all ow other ports access to the |oop 1250. This is the nethod
used in certain other controller architectures. The present invention

provi des a nmechani smfor enhancing | oop performance by changing the rules
for the 5 decision of whether or not to close the | oop 12%8:%}#%?;%60n dat a
avail ability W@%28lport, which thus reduces overall | oop ad. In
certain other controller architectures, when the End-of-Franme delimter is
transmtted, the port determ nes whether aftfother frane is available. If
data are no |longer available (for exanple, if a full frame is not available
for 10 transm ssi | ai n becone
avai l abl e shortly n§? %ng?%}rﬁighgiebglghﬁ%gm%%%? I%ZU%SO? Ilog)ﬁg)??rl ;@Eelgsggg%#% ater and

wi n.arbitration. H2f®oallownthenprrs gecessdo the dovpfl@250. This is the meltmppsedsn as t he

| ast frame of the transfer becones.availafhle, c letion of the transfer is
del ayed, which mf%%ﬁ%?ﬂ"@gwﬁﬂ@tggf'gﬂ@W?ﬁ@ﬂem&? 2can be
proceslsled. 15 ) mmhaﬂdﬁﬁfopéﬁﬁﬁﬁ%bdp@ﬂ??ﬁﬁcwmhfiﬁ%tﬁemfbiﬂk;m Lolrd
controller archjtecture designs ich a WS e lo 250 to.pbe he open
by a port if data "?‘P"%ﬂ%%“ﬂ’@“&\? ?Qﬁf@vﬂmhﬁe‘g& Qmalvﬁ'ﬁ“g"ll%ﬁ? reduce

t he nunber of ti M prd@BRh thils ABLHRS veldidbopverhe port 116 nust arbitrate
during an outgoing data transfer, and may thus allow transfers to conplete

sooner. In one embodi nitfertain pider copoliepayohitegtures, whea the Eagoftamedgimigerpat i on
of sufficient furt{gistffca t%ﬁe%%gi?%ﬁ%&o&@rﬂa&%&ﬁva@lﬁﬂd Kahh b that

port's retaining control of when both of the follow ng conditions
are met: - at | eadp longerayaitableffos example, Higifall Game ispptavailahle for at | east Y- words

of data are avgy! qﬁ},&.&&&hﬁﬁ@%:@aﬁ A% sk Satp y%ggi Hebbn 1 h

enbodi nent, the value o e X represents the er of ?l?agfr?es whi ch
need to be avai | alshestly aftarwards £¢ the pprp miystfafhitrate] againjIaterand avin arbitrktéeap t he | oop

1250 hel d open) a yal. Y. r of words
whi ch need Fo %oe é@fglg%q%l%'%@'@%ﬁgemorﬁfwgpﬁ%?g%ﬁflﬁﬁ%&or ee?)?&%ﬂ eeeg t he | oop
1250 hel d open) arbecones hvalaplercampletionpef diupr teansfedis delfyed,gvhichhyayfresultivea e code
via 30 m croprocesds]gr b%tlz@ I 0. anot hgr réboodisrsreft, the I oop 1250 is held
open when a predetg MR Antant or g s Pﬁ(ﬁf Hecessari | y specified as a
nunber of frangs) The present invention provides a mechanism for controller architecture

designs which allows the loop 1250 to be held open by a port if data will shortly
be available to the port. This may reduce the number of times a node interface
1220 of loop port 116 must arbitrate during an outgoing data transfer, and may
thus allow transfers to complete sooner. In one embodiment, the loop 1250 is
20 held open in anticipation of sufficient further data becoming available to a port
(to justify that port’s retaining control of the loop) when both of the following
conditions are met;
- at least X-frames are available off-chip, and
- at least Y-words of data are available in the data-frame buffer 55.
25 In one such embodiment, the value of X (where X represents the number of
frames which need to be available in the off-chip buffer 111 in order to keep the
Ioop 1250 held open) and the value for Y (where Y represents the number of
words which need to be available in the on-chip buffer in order to keep the loop
1250 held open) are each separately programmable (e.g’., by firmware code via
30 microprocessor 112). In another embodiment, the loop 1250 is held open when a
predetermined amount of data (nhot necessarily specified as a number of frames)



49 is available in the off-chip buffer 1 1 1 (in one such enbodi nent, the
predeterm ned anount of data required to be available in the off-chip
buffer 111 is progranmable). In another enbodi nent, the |loop 1250 is held
open when a predeterm ned anount of data (not necessarily specified as a
nunber of words) is 5 available in the on-chip buffer 119 (in one such
enbodi ment, t WO 9PRE@ALt er ni ned anount of data required to b BR4S¥ e in

t he on- Chlp buffer 119 is progranmable). In one enbodi nent, the | oop 1250
is held open if the predeterm ned amount of9data is avallable (at | east
one-half frane on-chip and at |east one frame available off-chip), but the
transfer of a frane _wi. art 0O an entire frane is available
on-chi p. For ’exanpﬁsg‘,'al4 *’r‘%’h{é“‘-aﬁﬁﬁ‘aibmgﬁt“l ip gnespch gmbpdiagnt e ane buffer 55
i s l.arge enough twﬁmmmdhﬁaﬁﬁoﬁdaﬁéqm&&favﬁﬁbﬁlﬁmeefch ibsfrEraes of
the maxi num frane size of 12_bytes). Data that are elng ransmtted are

first moved into ofProgrmsnables knangther embodment; the loop 12604k held gpenavhen@4) . and
then into on-chip ﬁﬁmdknn&édaﬁm@wmwaaanghdsamﬂ9g¥dayda¥anaﬁ&ﬁoﬁa&m

transferred out of data-frame buffer 55 at u about one- hundre% and- si x
nmegabyt es per séco?Y&’la%mlt@m'q]illM%HBdmmwhemh@lmcm,rtbtfmdetemmnbff chip

buf fer LLL to on- clhdhnfof dinlniduiBs Bk beBE e Gupbudfs Hloper rate, 11 less

than a full frane is a into on- anme buffer 55, it
may still be pOSS|mpgammablshrmomdmbadxmemsémkfoprIZMhéwopmfmbete transfer

of the entire frai e&'tgrmf%e?m&mftw&ataléw b%" e&aﬁﬁ"r g’[% 'O%H?ton of

one- hundr ed- and- si’Xx negabytes per secon
the frame i s novedeashome ﬁmwmlabhloﬁdqi),a:ufmaMsbeeﬁarﬁéwinefooﬂmﬁxhﬂ)se dat a

are needed for ording to one enbodi nent the present
i nvention, the Poop fﬁ’fgﬁ%w?gﬂ% en if at |east one-half a frame of
data is contained in omoﬁénampltam&néﬁﬂmmtfﬂﬁonﬁlpcﬁ&ci}ﬁeﬂuﬁ&%s igpne frame
of data are contai ned in one_such errbodl ment, this

- ff 1
amount of data nee8r§8°?°d‘5€§’etl? % tg}"%“"fﬂ%"%ﬁ sPo&amesof theymarimnhe ' | oop

open") is about onkanidwuesofDHABteE)s Dika tHitlark Veidg Gonseiiitdd abdfikGhove@irkd - €-
one-half of a 2, 11%§:b%( f}rameé and ahqut two-thousand bytes of 30 data
atip g 111 (e

in off-chip buffer® fiomyzdiskpiatier 134390 thewintq onochin datas pei ng
programmabl e vabuefand GifeAs S T9picallly dith G ®R brRAGESEE but bl data-FramO B §H QI MeNt

up to about one-hundred-and-six megabytes per second, while, in one
embodiment, the transfer from off-chip buffer 111 to on-chip data-frame buffer
35 occurs at a slower rate. If less than a full frame is already moved into on-chip
data-frame buffer 55, it may still be possible to start a frame transfer and

20 complete transfer of the entire frame out at the full fibre-channel speed of (about)
one-hundred-and-six megabytes per second, as long as the last portion of the
frame is moved into the on-chip data-frame buffer 55 before those data are
needed for transfer out.

Thus, according to one embodiment the present invention, the loop 1250
25  is held open if at least one-half a frame of data is contained in on-chip data-frame
buffer 55, and at least one frame of data are contained in off-chip buffer 111. In
one such embodiment, this amount of data needed to keep control of the loop
1250 (to “hold the loop open”) is about one-thousand bytes of data in on-chip
buffer 55 (i.c., one-half of a 2,112-byte frame), and about two-thousand bytes of
30 data in off-chip buffer 111 (i.e., one 2,112-byte frame), both amounts being
programmable values that are set by microprocessor 112. In one embodiment,



50 the loop 1250 is held open if the predeterm ned anount of data is

avai l abl e, as just described, but the transfer of a frame will start only
after an entire frane is available on-chip; in one such enbodi nent, CFW
(current-fill word) signals are transmtted onto the | oop 1250 until the

entire frame is. on-chip and transmssion 5 of the frame can st r4%3r? A count
of the nunberW8P4¥nes available to transfer out is produ'Ecér()Usrﬁ2 e
controller in off-chip buffer 111 of one enbodi nent of the present

i nvention. A firmnare-progranmabl e count X% ranes (the nunmber of franes
needed in off- chip buffer 111 to keep the | oop open), is conpared agai nst
the count of the nu r. frar avallable to tr f.er. .i.n order to
det er mi ne whet her ]tg%kogpg%l%%i‘f ?pafﬂlr@ﬁ?%‘e‘?’ “ar é?i?m?"ﬁi%fac{;% Sgaliabls B e

buffer. The dat a- fjusiid@escHbdd But therafsfer@fa fraine prilRddv ériipifier an eifigeifrdnte is
tenporarily store data, fromoff-chip s|oper ry, so.that the data can be
transnitted at theavﬁﬂﬁﬁ%lf’%' Ppelnc‘ﬁ'ﬁﬁwglequ’ﬂymtw r( ?t‘f,ﬂ}g’@rél)ﬂﬁmt‘,sc?ﬁepar at or

i s used to conpar GranbiRitt8dBits the Mopd 25 Puriy thie ettt Gacik {slohithiphad SalsaissibR 1 ane
buffer against a firmvare programmabl e count, Y-words (the nunber of words .
needed in on-chfp Qfl!h"fféﬂm%’s“_ﬁtﬁﬂ'keep t he | oop open), "to deterni ne whet her

suf ficient data are al gl drihelrifibéidl fruhel Balible S fadsfer BUichrbied PP 1250

open. The values of X and Y are firnware programmble to allow thi's |ogic
to be used with atbmnévl}ermof&phlpwfquli?aqafgxaﬁmabgﬁerg@ﬁﬁf_sthaprysepmwn}xo@ol utions
and 20 tansfer raf ganwiRGediffimdle bl XPEERE e HBERL fgﬁnégzxte%dgemi}ﬁfﬂ t he

| oop 1250 open an avo‘lv%&gn extra arbitration cycle shortly

be avail able to a ¢hiphuffed b1 tTheepithed popld8a), ingempanest aghiastithel cduntpéthewai t i ng f or
data to becone v':ﬁg ' S Al |?Q4|f rjod of time
(for exanple, flgrqi e {&@nfgegﬁfléﬁ%{bto %’%Z’F%Prﬁg{%mﬁéégﬂg&gtdgtﬁﬁe si nce

t hi s woul d pr eventavaildberto ramsfes iromthe datatfiamp bdfis.0The dam-foend affer isgn dai-ansf er s.
51 Concl usion

chip RAM that is used to temporarily store data from off-chip slower memory, so
that the data can be transmitted at the full fibre-channel interface rate. A second
comparator is used to compare the amount of data available within the data-

15 frame buffer against a firmware programmable count, Y-words (the number of
words needed in on-chip buffer 55 to keep the loop open), to determine whether
sufficient data are already in the data-frame buffer to hold the loop 1250 open.
The values of X and Y are firmware programmable to allow this logic to be used
with a variety of off-chip random access memory (“RAM”) solutions and

20 transfer rates.

One goal of the present invention is to hold the loop 1250 open and avoid
an extra arbitration cycle when data will shortly be available to a port 116. The
loop 1250 must not be held open waiting for data to become available if the wait
will be for an extended period of time (for example, for the time required to

25 perform a head switch), since this would prevent other ports on the loop 1250
from performing transfers.



A fibre-channel loop interface circuit (1220) has been descri bed that

I ncl udes a dedicated transmt-frane buffer (73) for loop initialization and
responses. Having such a dedicated transmt-frame buffer (73) allows one
port 5 (116) of a dual-port node (1220) to be transmitting initialization
or response frapges while another port (116) is transmtting or receiving
data frames. DRESEd receive buffers (53 and 55) are al sECHPERHAY for
each port (116) of a two-port node (1220). Cyclic-redundancy code

i nformation recei ved fromthe fibre-channel’1(1250) along with a frame is
stored in one of the three frame 10 buffers (53, 53 or 55). These data
and CRC are |ater gge&k%d to ensure the integrity of the data while in the
frame buffer (53, 5). Control of a loop is naintained (i.e., the

| oop connection is hel dAdibesghami! loopteRfaceindiin(1020yhay Geemdestibed @afl, Whi ch
optionally is determ ned . programn called a "programmbl e amount of
data"), is avail abI“g;i 8???%&%5&3@@%#?5%?&’“%?’&%{) fordoopgnitializgtiensande over al |
anmount of tine spemdspésky. Hading Bethfa@edicAi taiimiRfrathHBurter PB) LilodRQhe pdrf! ONE
enbodi nent, the ir esent invention Plr ovi des a conmuni cations channel system

(1200) . The systenf{i£20fA duahearinede (1329)ite be transmitting|initigizatiquor 2ponsevi ng a
first port (116) am:nésﬁﬁ%@m&fﬁ’o}t((Iﬁ%gmanﬁxﬁﬁilﬁgg%&i‘gﬂ%%a}%_C ted in the

channel node (1220), and each port supporti néq ‘hannel

arbitrated- 20 lo diéﬁ?dﬂﬁ?ﬁi‘@dl“ffelﬁﬁémﬁﬁ)sﬂrﬁ faogoyided forcadypare(l ) pPA0) al so
incl udes a dedi cat ggl, &iﬁ&b?lr%gés Fefiila %@ei@i{oﬂﬁﬂ%ﬂf&&@eé ggannel

node (1220), for recelving rom the chann n one enbodi nent, the
dedi cat ed on-chi p fibwgrehatingk (1250) elon®vith aFhmclisstoredsn aerf thedinee frimerent s, a
first inbound ngn- ffer 3 | v, | ed 2 the first
port (116) to rfetgelggfg&?ﬁg’oéu?’ﬁar%\%h%‘-ﬁéaggg&%dgn@?#%fﬁegkéﬁ?ggsuﬁeotp? (116),
and a second i nbourdegnitynofdlet databwifile én thé Haing buffee (531 53! ad 55).cOotobof 4100 ise
second port (116) tQ.recei romthe second port

L 8Cs (ive i;nlgound %‘Pn-di\ltlg f%ﬁl s f
(116). One such enBOHHER" TP REP COPRENORESA RPLY £ 'OPf 15 AUPHTH™ 3905 |
V\,hergi n r](cacei veg p?ﬂdahégxaichgpma) léﬁ&%téﬁrﬁﬁddb&r@fo@fa?mdng'ghl?dtahe Li rfs_t I nbound
non- dat a- f rane buf fer an en qre . sferred fromthe first
non- dat a- frame buf f‘%tpgﬁﬁ‘%af g °{J‘$]afa-n)’ %rﬁvﬁ&% grdangmigsion, in agder to

15 reduce the overall amount of time spent arbitrating for control of the loop (1250).

In one embodiment, the present invention provides a communications
channel system (1200). The system (1200) includes a first channel node (1220)
having a first port (116) and a second port (116), each port (116) located in the
channel node (1220), and each port (116) supporting a fibre~-channel arbitrated-
20 loop communications channel (1250). The system (1200) also includes a
dedicated on-chip frame buifer (119), located in the channel node (1220), for
receiving frames from the channel.
In one embodiment, the dedicated on-chip frame buffer (119) includes, as
component elements, a first inbound non-data buffer (53) operatively coupled to
25  the first port (116) to receive inbound non-data frames from the first port (116),
and a second inbound non-data buffer (53') operatively coupled to the second
port (116) to receive inbound non-data frames from the second port (116). One
such embodiment further includes an off-chip buffer (111), wherein received
non-data frames are first received into the first inbound non-data-frame buffer
30 (53)and then are transferred from the first non-data-frame buffer (53) to the off-
chip buffer (111).



I n anot her enbodi nent, the dedicated on-chip frane buffer (119) further

I ncl udes, as a conponent elenent, a data-frame buffer (55) operatively
coupled to both the first port (116) and the second port (116) to receive
i nbound data frames fromthe first port (116) and the second port (116).
One such enbodinment 5 firther includes an off-chip buffer {111’E
operatively c®P8#5t he data-frame buffer (55) to receive St a
frames which are transferred fromthe data- frame buffer (55), and to nove
out bound data franes (data franes froma dP3c surface (134) that are going
to a communi cati ons channel (1250)) fromthe off- chip buffer (111) to the
dat a-frane buffer (55)'In10 her .e

-ln_ yet,ang odi t edi cat ed
on-chip frame buffer (1 f@?@erggb%%%b%gﬁ?e%le?%ﬁgﬁ 4P TR Fﬁi%gl Igjhg‘ftgﬁt
i nbaund non- dat a binkcludes, 4&B0ompprenatlement,a danadidmeduffar (55)opérativly coapled (116) to
recei ve i nbound nop-dat ranes 0 he first t (116).,, and a second
i nbound non- dat a bg’fwg}ﬁfwwrf)gg)ﬁq%%??°m@gg)lt‘b’(efﬂl@g‘g'é‘ﬁ‘ﬁgﬁa%ort (1 16)
to receive inbOUﬂdfr&ﬁ&ﬁiﬂﬁ&eﬁi&@ﬁ&ﬁ(lﬁﬁ%ﬂﬁﬁ%e&ﬁ@ﬁd?d(flmfOné@chéxﬂﬂo@men@nd a
data-franme buffer Fugli%rrig eratively coupled to the first_port (1 16) to

recei ve i nbound dai s £q pffchip buffer (K1), opsratively reypled e dataripme nhodi ment

furither includes Bafe(45) tetiftUhtiofhd dateldames WRfhate 4B YmdaGHI e adthle
dat a-franme buffer %gg) to receive inbound data frames which are transferred

fromthe data- frafemebuifes(55.58 to mewgs onowndydatadimesidata famenfiomadiss (data
channel | (1260)) 11 St ooy Bl rebatle d RRlm{h 08 ol 01 BOD HOL 6 T er
(55). In some enbochipbeffes (11ihts thedateelimngeltadien (S5)ur t her i ncl udes a magneti c-
(1220, “anda domput or yefBEhA A BeRONE il ob dio e bufid 13T o 1900
wherein the 25 secwumnedtalemehts,indeie{ 2729 jnboendope-dath bufiéry53) operétivelyt o t he
1oL chennel nose Shie) o Bedpbd 11638 DERAF b B AR SRR St ¢ e
fibre-channel arbi peraide), halsecontinboumirionaata bafia($83) opérhal) coufledtolte aspect
O e BT eont Sl P R O 55 R kU bl 300 R U1
rotating disc (1534]116QasH Dddid-frahe SURRNGS) opeREeely dotgled td Wy fikpot (116)8¢  port
(116) receive inbound data frames from the first port (116). One such embodiment

further includes an off-chip buffer (111), operatively coupled the data-frame

buffer (55) to receive inbound data frames which are transferred from the data-

frame buffer (55), and to move outbound data frames (data frames from a disc

20 surface (134) that are going to a communications channel (1250)) from the off-
chip buffer (111) to the data-frame buffer (55).
In some embodiments, the system (1200) further includes a magnetic-
disc-storage drive (1256) operatively coupled to the first channel node (1220),
and a computer system (1202) having a second channel node (1220), wherein the
25 second channel node (1220) is operatively coupled to the first channel node
(1220) in a fibre-channel loop (1250) in order to transfer data between the first
and second channel nodes (1220) through the fibre-channel arbitrated-loop

communications channel (1250),

Another aspect of the present invention provides a disc drive (100) that
30 includes a rotatable disc (134), a transducer (150) in transducing relationship to
the rotating disc (134), and a first channel node (1220) having a first port (116)



and a second port (116), each port (1 16) supporting a fibre-channel
arbitrated- | oop commnuni cati ons channel (1250). The first channel node
(1220) is operatively coupled to the transducer (150). The disc drive (100)
al so includes a dedicated on-chip frame buffer (119), located in the
channel node. (1220), for 5 _receiving franes fromthe comunicati ons
channel (1250W09%%6Bhe enbodi ment, the on-chip buffer (119PCTHBIRHEE, as
conponent elenents, a first inbound non- data buffer (53) operatively
coupled to the first port (116) to receive3nbound non-data franmes fromthe
first port (116), and a second i nbound non-data buffer (53") operatively

coupl ed to the secon ort, (1 to receive i nbound_non-data 10 franes
fromthe second pola{‘éj? qmﬁ?&@é@’&?ﬁ%@ﬁ‘ﬂ?ﬂ%ﬂ&*}ﬁ gebanelarbiirateds (100)

firther includes amopfchmahhigatiors fififnef d35d) Thevel Glrhel R Y(1220) i90N- dat a
frames are first received into the first i nbound non-data-franme buffer (53)

and then are transPBBElycounied tadhortrapsduces 6190} okhg dise drive (0Pmlsp inchues g o t he
of f-chip buffer (1}d3 _cgﬂ,q{,a!prﬁr uffen ' [ provi des
a communi cati ons 1%3&(:1%%%2‘&3' met hoc?. Th??’#g{aﬁeg???ﬁ%‘%ﬁﬁﬂ?°§{@%§’5’§?‘? (a)

supporting a fi bBY erespixingdiamgs f5om theicemmunicgiopoehaunsl d28@)0 fnsonsiembpdilext] 250) on
each of a first po ' nel node
(1220): (b) inpl gn%ﬁr?t#%@ab“gg’gﬁ‘ ?3?@@??3%@"@8@%@’?%? fifs inbbuR3BATC! 0
channel node (1220ﬂmbnfferK5309Mﬁvglyda¢mcdfto&w_ékstgorﬂ(lﬂéhoda:biareinbaurds to the
ced oated 1 DUl g b oo A e AT BB
i npl enenting step (53) dbem}iwia@rwhmedmdm:eonaﬁmlstleﬁ)toﬁ'Tcéigﬁ (nbbun;imo?-amnti ng a
first inbound ngp-data puffer (5 ative coypl.ed to the first port
(116), a secondpq]ngraﬁ’ﬁﬁg?mme&ﬁ thﬂ?azé) %‘B%“G)SX%«E‘E’B?‘W@P&e%&BW‘@d to the
second port (116); (rooyifurther ifichades ai 6TBckip Biffer C)11Y, whérbialredeived hsledatstiags of © 30

Xi i Vi i nb d -data f f the first port (116) into the
o Tt o aiistatrpped infods SS(ipepund Son-dat-frame buffel 33) and thenare

transferred from the first non-data-frame buffer (53) to the off-chip buffer (111).
Yet another aspect of the present invention provides a communications
15 channel method. This method includes steps of:
(2) supporting a fibre-channel arbitrated-loop communications
channe] (1250) on each of a first port (116) and a second port (116) of a
first channel node (1220);
(b) implementing a dedicated frame buffer (119) in the first
20 channel node (1220);
(c) receiving data frames and non-data frames to the dedicated
frame buffer (119); and
(d) transmitting frames from the dedicated frame buffer (119),
In one embodiment of this method, the implementing step (b) further includes a
25 stepof

(b)(i) implementing a first inbound non-data buffer (53)
operatively coupled to the first port (116), a second inbound non-data
buffer (53') operatively coupled to the second port (116);
and the receiving step (c) further includes steps of:
30 (cXi) receiving inbound non-data frames from the first port (116)
into the first inbound non-data buffer (53); and



54 (c)(ii) receiving inbound non-data franes fromthe second port (116)
into the second i nbound non-data buffer (53'). One such enbodi nent of the
met hod further includes a step of (e) inplenmenting an off-chip buffer (111)
operatively coupled to the first channel node (1220); and 5 the receiving
step (c) fiurther includes a step of (c)(iii) transferring the received
non-dat a fran¥@9%%26%h t he non- data-frame buffer (53) to t BISPEEFACh buf fer
(111). In another enbodinment, the inplenmenting step (b) further includes a
step of (b)(ii) inplenenting a first inboutfd non-data buffer (53) 10
operatively coupled to the first port (116), a second inbound non-data

buffer (53') operatively coupled to the secon rt (116), and, a_dat a-
frame buffer (55) operative&&"ﬁ%ﬁfb‘f"&ms‘?}m B?’Hgﬁtﬁ%’?ﬁs&rs?fn%%f?mdﬁg) and the
second port (116); and(1¥spiniethesecondgniiug@ndredata buffein@s").i ncl udes a step of 15
(c)(iv) receiving jinbouynd data fr s fromthe first por 116) into the
data-frame buffer W&W%W8h°%ﬂ$?g4@%@°[“ﬂ@Br?é%r?ggf)g'ﬁéf 1O nel udes
a step of (i) inplmepndhipinfan(10f)yopsdireibisupled to(thelfint chameniddy al2yo)caidp! ed to

the first channel node (1220); the receiving step (c) fluther includes a
step of 20 > me’ecelvm%%tfl(@)f“ﬂh?fé‘?@‘}dﬁﬁa?@t@i ved data frames into the

dat a-frame buffer (55) and gcttﬁnu&ﬁ&é@ﬁﬁgethéie@avéd%naﬂsﬁhz&s@&r&@ﬁ@nsﬁ.aﬁes from
the data-frame buffer (55) to the off-chig buffer (111); and'the

transnmitting step (d) Fatetfigme bpfier|(3A) tasthe offchip buffer(b))-i ) novi ng data franes
that are to be tr ' ' the: = | (111)
(e.g., fromthe dﬁggﬂast{ljérr? g‘%ﬁ%&ﬁ@?@%ﬁﬁ%}“ﬁo@ fﬁghét;ﬂ{gﬂlggétgagtﬁognes to be
t ransmi Lt ed Ltr)om t he of f - ch{pMGibinfplesren{ingld firstinbouhdnanadata buffer(§8) buf f eL (55).
I n anot her e I ment i ' rther

I ncl udes a steggof 30 QMMI%&&%FLE)H??W??@%%&WQ%;ﬂr’l‘gﬁgg&%{r‘é I nbound
non-data buffer (53) o ppeffat(s3)alpyratieiypdoapled o thdwecdndpett (16), end ddefd-, a second
i nbound non-dat a frame buffer (55) operatively coupled to both the first port (116) and the

second port (116);

and the receiving step (c) further includes a step of
15 (c)(iv) receiving inbound data frames from the first port (116) into
the data-frame buffer (55).
One such embodiment of the method further includes a step of (f) implementing
an off-chip buffer (111) operatively coupled to the first channel node (1220);
the receiving step (c) further includes a step of
20 (c)(v) receiving received data frames into the data-frame buffer
(55) and then transferring the received data frames from the data-frame
buffer (55) to the off-chip buffer (111);
and the transmitting step (d) further includes a step of
(d)(i) moving data frames that are to be transmitted into the off-
25 chip buffer (111) (e.g., from the disc surface (134)) and then moving the
data frames to be transmitted from the off-chip buffer (111) to the data-
frame buffer (55).
In another embodiment of the method, the implementing step (b} further includes
a step of
30 (b)(iii) implementing a first inbound non-data buffer (53)
operatively coupled to the first port (116), a second inbound non-data



55 buffer (53') operatively coupled to the second port (116), and a data-
frame buffer (55) operatively coupled to both the first port (116) and the
second port (116); and the receiving step (c) further includes steps of: 5
(c)(vi) receiving inbound non-data franes fromthe first port (116) into
the first inbound non-data buffer (53); (c)(vii) receiving inbound non-data
frames from t WP¥BEGhd port (116) into the second i nbound REHYSERESBHUf f er
(53"); (c)(viii) receiving inbound data frames fromthe first port (116) 10
into the data-frame buffer (55); and (c)(i§§ receiving received data franes
into, the data-frame buffer (55) and then transferring the received data

frames fromthe data-fr . t of f -chi ffer (11 1). One
such enbodi ment of the b?rleﬁtgrh(ggmp%alﬁ%ﬁ"luﬁféfE‘Jog&geéseﬁmﬁdtpé’ﬁ%l%y’(aﬁ;afi )l emrent i ng
15 an of f-chip buffer (frtk)bufipdsHtoperetivelycouplecid bbih the Rrstipoft$l 16y hanae! node
(1220); and the transm'sgéoi Qﬁ?{i{{?@f(d) further includes a step of (d)(ii)
novi ng data franes to be (g itted into the off-chip buffer (11 I)(e.qg.,
fromthe di sc surfandehert@hing stepr(e) futiien indlidésept e data frames to be

transmtted fromthe off-chi&guff,er I11) to the data-frame 20
buffer (55). SoRe enbodi menf{edvBfeceiying inbopdnopdataifiames fiom thedirst pamh €116) r i ng

data through the fi breigbaeTRitimvoiddoaldad blhee 5§om"runi cations channel
(1250) between a magnetic-djsc-storage drive (1256) that is operatively

coupl ed to the first channefc)XFbyeceivingiphound aondatasfiames Sromdhesteeond p2R02)

havi ng a second channel 1398 the secbrdifbbund NAEE second channel node
(1220) is operatively (go:?gl ed tséect he fi Pst cagdngr%g P@g e (1220) by the

fi bre-charnel arbitrated-| o@G¥viiidreseiving imbpundslate frameefroni 1R 30t pori(idher aspect

of the present jpnventi g, Bl A¥h$eme Rl oyaed communi cations channel system
(1200) that includes a channetiﬂ noge%@’)%go having a first port (116) and

a second port (116), each p)ix) tetdiving sasgipat datarfoames into the data-frame buffer
(55) and then transferring the received data frames from the data-frame
buffer (55) to the off-chip buffer (111).
One such embodiment of the method further includes a step of (g) implementing
15 an off-chip buffer (111) operatively coupled to the first channel node (1220); and
the transmitting step (d) further includes a step of
(d)(ii) moving data frames to be transmitted into the off-chip
buffer (111)(e.g., from the disc surface (134)), and then moving the data
frames to be transmitted from the off-chip buffer (111) to the data-frame
20 buffer (55).
Some embodiments of the method further include transferring data through the
fibre-channel arbitrated-loop communications channel (1250) between a
magnetic-disc-storage drive (1256) that is operatively coupled to the first channel
node (1220) and a computer system (1202) having a second channel node

[¢]

25 (1220), wherein the second channel node (1220) is operatively coupled to the
first channel node (1220) by the fibre-channel atbitrated-loop communications
channel (1250).

Another aspect of the present invention provides an improved
communications channel system (1200) that includes a channel node (1220)
30  having a first port (116) and a second port (116), each port (116) supporting a



56 fibre-channel arbitrated-loop communications channel (1250), and a

dedi cated buffer nechanism for receiving franmes. Thus, the present

i nvention provides a significant performance enhancenent by all ow ng
receiving of non-data franes to one or nore dedicated 5 non-data buffers
(53) and/or receiving data franmes to a dedi cated data buffer 53%' In sone
enbodi nents, WOP2REAL dat a buffers (53) are provided, and aF%T’éi? e to
si mul t aneously receive on both inbound fibers (118) of a dual - port

fi bre-channel interface node (1220). In sof® embodi nents, one data buffer
(55) is provided, and is operable to receive on either inbound fiber (11

8) of a dual- 10 rt.fibre-.channel interface nod 0 LN, S

enbodi nents, such Bg%@m"ﬁ%“ lﬁ‘%&%?%ﬁ?@ﬂ“\%ﬂr@ é#ﬁe’?’ﬁ%}%gdﬂcﬁ% ) is

;si lr)m,l ta?eou;sly t r abeffer hieci@isaiforreceiviiigfrdnicane on one or both of the outbound
i bers (118). That is, recejving on one fiher (1 17) of _.a port is

optional |y performnmed simﬂs{‘h‘h@' §W‘9VCR}.1?‘}'P’?Y‘§"H§%¥@%?%T5PW ®ot her fi ber
(118) of the sane pgHahcembat by allowing kdceiving bfndaSlataTrARIES 1oQe of Made dbdicatadoove
description is intended to be illustrative, and not restrictive, Although

numer ous char acter per-faiabufes (33)\ad/origesiving datadframes o adadicateddsia Ruflsr ¢ he
present invention payemReRP entidith&ttd, Rvd fonldi bhifer® B3) A8 pRARREd, 2R b,

together with detarls of the structure and function of various enbodi nents,

many ot her enbodi meparableiedinianagasly regeivieandiofhsinbgupd fibess (138) of gguslwatt t o t hose
f skill in th | e’ b a1y f th
o 0 e o B e A S MR

i nventi on shoul d, wth reference to t ended
clai ms, al ong Wi t histfnevided] dndssonsmblefto regrivecul eitherdntiopndifiber (i 18) ofla dutlai s ar e

entitled. 57, Mhat s cl ai ieS: 1 ' system
conprising: a fllol’ sPo%ﬁgfﬁ'ﬁégmgFg%tgﬁ cg\l}?%g(lzamﬁi @gwgéo}}rl?@%%&zm%gg%ﬁgﬁﬁort,
each port 5 suppor id pegformeliehercewlilealremetie €220)tiy skhelthntansly tranemitiing @ adn-ons

]E: Q?n nel; and a ded Idg,tg ed e 81? Bxgeh(;r BOTL ro?{ﬁ'é on?t%&nﬁ rﬁberls ?ﬁ% eﬂla{ irs], rgcré?vir?gho%r})rﬁg | node,

fiber (117) of a port is optionally performed simultaneously with transmitting on
the other fiber (118) of the same port.

15 1t is to be understood that the above description is intended to be
illustrative, and not restrictive. Although numerous characteristics and
advantages of various embodiments of the present invention have been set forth
in the foregoing description, together with details of the structure and function of
vatious embodiments, many other embodiments and changes to details will be

20 apparent to those of skill in the art upon reviewing the above description. The
scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims
are entitled.



receiving frames fromthe channel. 2. The system according to claim1,
wherein the dedicated on-chip frane 10 buffer includes: a first inbound
non-data buffer operatively coupled to the first port to receive inbound
non-data franmes fromthe first port; and a second i nbound non-data buffer
operatively coupled to the second port to receive inbound non-data frames
fromthe secomiopmelsy 15 3. The system accordi ng to cl aiPEFYSISMBE her
conprising: an off-chip buffer, wherein received non-data franes are first
received into the first inbound non-data-frs@me buffer and then are
transferred fromthe first non-data-frame buffer to the off-chip buffer. 20
4. ~ The systemaccording to claim1, wherein the dedicated on-chip frane
buf fer includes: a Vit s-ofaimeddshuf f er operatively coupled to both the first
port_ and the second port to receive inbound data frames fromthe first port
and the second 25 port. 5. The system according to claim4, further
conprising: an of f dlehi pAisammanicgisns ehapnebyptemisgpbrsing: he data-frane buffer to

recei ve i nbound data fr chaki rhg‘_%i 285 ]@.tr g,;q]#npte = frame

buffer, and to 30 nove gﬁ%ﬁouncffgoa?tga {r"%mss{ roaﬁg?%ec 0 -éﬁa?gb%ﬁffer to the

glaéI a-frage bqu gﬁr.fsuppoﬁ&g@.ﬁfbre-chMTa'ymwcm?gmnmm?ﬁwchhm'ehnnd anrfeicn t he

edi cated on-chip frane Lfern in ; | . -data buffer
BUf b B RS b hdaBls ) BEBHA A0 69

operatively coupled to ¢ I'rs O recerve in nonzdata frames
fromthe first por trecefving frames from tiwehanmdl. i nbound non-data buffer operatively
coupled to the second port to receive inbound non-data frames fromthe
second port; and a data-franme buffer operatively coupled to the first port

to receive inbound2dat aThd sysess atdofding tb lafn [,SthefRfi the dedicated on-chip frame
10  buffer includes:
a first inbound non-data buffer operatively coupled to the first port to
receive inbound non-data frames from the first port; and
a second inbound non-data buffer operatively coupled to the second port
to receive inbound non-data frames from the second port.
15
3. The system according to claim 2, further comprising:
an off-chip buffer, wherein received non-data frames are first received
into the first inbound non-data-frame buffer and then are transferred from the
first non-data-frame buffer to the off-chip buffer.
20
4. The system according to claim 1, wherein the dedicated on-chip frame
buffer includes:
a data-frame buffer operatively coupled to both the first port and the
second port to receive inbound data frames from the first port and the second
25 port.

5. The system according to claim 4, further comprising:
an off-chip buffer operatively coupled the data-frame buffer to receive
inbound data frames which are transferred from the data-frame buffer, and to
30 move outbound data frames from the off-chip buffer to the data-frame buffer.

[



10 7. The system according to claim®6, further conprising: an off-chip
buffer, wherein received data franmes are first received into the data-frane
buffer and then are transferred fromthe data-frane buffer to the off- chip
buffer, and wherein transmtted data frames first noved into the off-chip
buffer and then -are noved fromthe off-chip buffer to the data-frane
buffer. 15 8 WOMRABIsystem according to claim 7, further EGHYFPR#SAE:
magneti c-di sc-storage drive operatively cou Ied to the first channel node;
and a conputer system having a second chani@l node, wherein the second 20
channel node is operatively coupled to the flrst channel node in a

fibre-channel |oopgin en the. first .and second
channel nodes through ?Fl% s%gaécoﬁq%ﬁgfﬂa%’%vfh? V%ﬁ?egbcﬁte‘éfSWHM’El ons
channel . 9. A dbsfferdincludes:conpri si ng: 25 a rotatable disc; a

: : ' . : h |
hawing o first port. anchEreUBROHRSREMRE biSRe pPegEveD CarBls0 P gishie panel node
arbi trated-| oop comﬂnéﬁﬁbxiﬂﬁh&n-ﬁh@ﬂﬁkﬁ&ﬁ&@&eﬁmm node operatively
coupled to the tyansducer; % a dedi.cated on-chip frane buffer,

located in the channel H&E ‘?Wq@éé%aﬁmge’fqpiﬁ%‘éd}f%ﬂﬂw&%ﬁﬁﬂﬂ%’m 59

10.  The disc dri b&e&@@ﬁ@uﬂ&n&n%a@dﬁﬁ@s%om"&fk?d’e@dnﬁp&x@eanﬂled' cated on-chip
frame buffer includes: a first inbound non-data buffer oper atii vel y coupl ed

to the first port to rect@taEanepdigneperativelyequpled tatheSrst pastipreseivei r st port ;

and 5 a SeqfdBthd daGriils oM widaié ppul f er operatively coupled to the
second port to receive inbound non-data‘franmes fromthe second port. 11.

The disc drive according to claim10, further conprising: an off-chip
First | nbound nsh dat a {eapaet PR BipRt Rkl ShokB6F 170, om the
an off-chip buffer, wherein received data frames are first received into the
data-frame buffer and then are transferred from the data-frame buffer to the off-
chip buffer, and wherein transmitted data frames first moved into the off-chip
buffer and then are moved from the off-chip buffer to the data-frame buffer.
15
8. The system according to claim 7, further comprising:
a magnetic-disc-storage drive operatively coupled to the first channel
node; and
a computer system having a second channel node, wherein the second
20 channel node is operatively coupled to the first channel node in a fibre-channel
loop in order to transfer data between the first and second channel nodes through
the fibre-channel arbitrated-loop communications channel.

9. A disc drive comprising:
25 a rotatable disc;
a transducer in transducing relationship to the rotating disc;
a channel node having a first port and a second port, each port supporting
a fibre-channel arbitrated-loop communications channel, the channel node
operatively coupled to the transducer; and
30 a dedicated on-chip frame buffer, located in the channel node, for

TR A




first non-data-frame buffer to the off-chip buffer. 12. A conmmuni cati ons
channel nethod conprising steps of: (a) supporting a fibre-channel
arbitrated-1oop communi cati ons channel on 15 each of a first port and a
second port of a first channcl node; (b) inplenmenting a dedicated frane
buffer in the first channel node; (c) receiving data franes and non-data
franmes to the WUt ed franme buffer; and (d) transmitti ngPEFEBR458G om t he
dedi cated franme buffer. 20 13. The net hod according to claim 12, wherein
the inplenmenting step (b) further includes5% step of (b)(i) inpl ement i ng a
first inbound non-data buffer operatively coupled to the first port, a

or e and whor el fie. rERAG A BRaRbe Kot Horein ettt e (35 (1)

recej ving i nbound bfferit@tuded:r anes fromthe first port into the first

i nbound non-data buffer;_and 30 [ rece|V|ng i nbound
non-data frmes from t HiEd EWW“%WQH‘?’@“’?&WB?CQ gt pestio dat a
buffer. 60 14. mgh@mmhggnaggms%ﬁ@eﬁ}s% I Atk further conprising a

step of (e) inplenmenting an off-chip buffer operatlvely coupled to the
first channel ndde; and® %canddnhonnd nopudatadpBenppergtivelyaeugled tofthe setnnd ppmic| udes a

step of (c)(iii) tiapshkR qﬁﬁi rames fromthe first
non-dat a-franme buffer to tﬂr?ggdoédg‘edaﬁ ei’?fé’m i‘g’ﬂ&% met hod -according to
claim12, wherein the inplenenting step (b) 10 further includes a step of
(b)(ii) |rrplerrent| a ffer eratively coupled to
the first port, a ggcon@{ S%oun g&;rgin g’tczliaq%tlpf@#h%ﬁ%r?%fﬁr\%l y coupled to the
second port, and a dat anfoffachip tufifef, eheroinaccrived sdnydacafiynies dre first received

10  into the first inbound non-data-frame buffer and then are transferred from the

first non-data-frame buffer to the off-chip buffer.

12. A communications channel method comprising steps of:
() supporting a fibre-channel arbitrated-loop communications channel on
15  each of a first port and a second port of a first channel node;
(b) implementing a dedicated frame buffer in the first channel node;
(c) receiving data frames and non-data frames to the dedicated frame
buffer; and
(d) transmitting frames from the dedicated frame buffer.

20
13, The method according to claim 12, wherein the implementing step (b)
further includes a step of
(b)(i) implementing a first inbound non-data buffer operatively
coupled to the first port, 2 second inbound non-data buffer operatively
25 coupled to the second port;

and wherein the receiving step (c) further includes steps of:
(c)(i) receiving inbound non-data frames from the first port into
the first inbound non-data buffer; and
30 (c)(ii) receiving inbound non-data frames from the second port

into the second inbound non-data buffer.

g



to both the first port and the second port; 15 and wherein the receiving
step (c) further includes a step of (c)(iv) receiving i nbound data franes
fromthe first port into the data-frame buffer. 20 16. The net hod
according to claim 15, further conprising a step of (f) inplenenting an

of f-chip buffer .operatively coupled to the first channel node; wherein the
recei ving st eWQ¥R6BLrt her includes a step of 25 PCT/USSR/24534, )
receiving received data frames into the data-frane buffer and then
transferring the received data frames fromf®he data-frame buffer to the

of f-chip buffer, and wherein the transmtting step (d) further includes a

step of 61 (d) (i ing data franes.to transmtted intp the off-chi
buf]l‘oer and theEl 371(331%ng t??égﬁléq%zfc‘f %@4@62%@5%%@%%% the off- chiB

buffer to the dat a-frange)ipidn@htingan offichip bufdCopaRititefcapratdkhfrst 0 Cl ai m 12,
wherein the inplenmenti tep, (b) ftrther includes a step of (b)(iii)

i npl ementing a fi rgllmpag%;ﬁ%ﬁ‘?%on-data buf fer operatively coupled to the
first port, a second inbound non-data buffer operatively coupled to the
second port, and a data-frane buffer operatively coupled 10 to both
the first port and Wheeinibe meeivipg piep (ChRutheringludena steroft ecei vi ng step (c)

further includes steps of: Q@)zl)\r?t%iﬁlgﬁggh\# ivwl%ﬁ]%ﬁé%rff&ﬂ{%gﬂ@ﬁl%efﬁr@ms from

the first port into the first -dat a ;

(c)(vii) receiving i nbmendlatadramtufferfte thews-chipdmffehe second port into the
second i nbound non-data buffer; (c)(viii) receiving i nbound data franes
fromthe first port into the data-frame buffer; and (c)(ix) receiving
recei ved data framk$ i nfhe mdtimddadcondifig tarinirh U2, fwherein the implementing step (b)

10 further includes a step of
(b)(ii) implementing a first inbound non-data buffer operatively
coupled to the first port, a second inbound non-data buffer operatively
coupled to the second port, and a data-frame buffer operatively coupled
to both the first port and the second port;
15
and wherein the receiving step (c) further includes a step of
{c)(iv) receiving inbound data frames from the first port into the
data-frame buffer.

20 16.  The method according to claim 15, further comprising a step of
(©) implementing an off-chip buffer operatively coupled to the first
channel node;

wherein the receiving step (c) further includes a step of
25 (c)(v) receiving received data frames into the data-frame buffer
and then transferring the received data frames from the data-frame buffer
to the off-chip buffer;

and wherein the transmitting step (d) further includes a step of

A



20 and then transferring the received data franes fromthe
data-frane buffer to the off-chip buffer. 18. The nethod according to claim
17, fiuther conprising a step of (g) inplenenting an off-chip buffer
operatively coupled to the first 25 channel node; and wherein the
transmtting step (d) further includes a step of (d)(ii) noving data frames
to be transmi WMOS¥2818k 0 the of f-chip buffer and then novi ngPEHESZE}F 1 r anes
to be transmtted fromthe off- 30 chip buffer to the data-frane
buffer. 62 19. The nmet hod according tél claim 18, further conprising a
step of (h) transferring data through the fibre-channel arbitrated-I|oop

communi cati ons channel bet 1 a nagpetj c-di sc-stor.age drive_ that is
operatively coupled to thequg&s‘f"vé"ﬁé{%ﬁéjfmﬁﬁ@ emu%dﬁﬁ%f?ce&'%%t em havi ng
a 5, second channel nodgffersdne tieh hotiRg theAQ REmed 3B ehnsiekd fiot @PEFAt i vel y
coupled to the first channel nogg by the fibre-channel arbitrated-Ioop

communi cati ons channel Chipjpuffer tathe dataritame Mttgns channel system conpri si ng:
10 a first channel node having a first port and a second port, each
port supporting a fibre-channel arbitrated-loop comunicati ons channel; and
dedi cat ed buffef n¥ans Themethod a¢opiding to elgimet2, wherein the implementing step (b)

further includes a step of _

(b)(iii) implementing a first inbound non-data buffer operatively
coupled to the first port, a second inbound non-data buffer operatively
coupled to the second port, and a data-frame buffer operatively coupled

10 to both the first port and the second pott;

and wherein the receiving step (c) further includes steps of:
(c)(vi) receiving inbound non-data frames from the first port into
the first inbound non-data buffer;
15 (c)(vii) receiving inbound non-data frames from the second port
into the second inbound non-data buffer;
(c)(viii) receiving inbound data frames from the first port into the
data-frame buffer; and
(c)(ix) receiving received data frames into the data-frame buffer
20 and then transferring the received data frames from the data-frame buffer
to the off-chip buffer.

18.  The method according to claim 17, further comprising a step of
(g) implementing an off-chip buffer operatively coupled to the first
25 channel node;

and wherein the transmitting step (d) further includes a step of
(d)(ii) moving data frames to be transmitted into the off-chip .
buffer and then moving the data frames to be transmitted from the off-
30 chip buffer to the data-frame buffer.
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19.  The method according to claim 18, further comprising a step of

(h) transferring data through the fibre-channel arbitrated-loop
communications channel between a magnetic-disc-storage drive that is
operatively coupled to the first channel node and a computer system having a
second channel node, wherein the second channel node is operatively coupled to
the first channel node by the fibre-channel arbitrated-loop communications

channel.

20. A communications channel system comprising:
a first channel node having a first port and a second port, each port
supporting a fibre-channel arbitrated-loop communications channel; and

dedicated buffer means for receiving frames.
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