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METHOD AND DEDPEZIED FRAVE BUFFER FOR LRXCIHUS98/24558

I NI TI ALI ZATI O\I AND RESPONSES 5

Field of the Invention The fdresent invention relates to the
field of mass-storage devices. More particularly, this invention
relates to an inproved fibre-channel arbitrated- | oop ("FC AL")
apparatus and net hod having a dedicated frane buffer for |oop 10
initialization and responses. Backgr ound
of the Invention One key conponent of any conputer system

is a device to store data. PRYS lﬁﬁl\@f‘ di fferent
devi ces where data can be W&%ﬁ”ﬁ?@ f?A comon a%e or "storing
massi ve anmounts of data |E(H1L0@B1[HITB¥EIMTIGNMDRESPONSES“ sc drive.
The nost basic parts of a disc drive are a disc that is rotated, an

actuat or that “noves a transducer to various |ocations over the disc, and
circuitry that is used to V\Wtato and fromthe
disc. The disc drive also [ U y for encoding data so

that it can be succesé’ﬁnlph-gsenﬁnvémmadelhtesmthefiylkloﬂmdssvutbrhgede\ti@est he disc
surface. A m'cro%é?)cess ég%.ls npst g{ t he Qperat(i]ggs of the
disc drive, in a i l%a yeRtion ralates t ar pprgved,fbreschanngliarhitratsdput er
and taking data Y FRCLADY) EM &%d‘

The interface fo?dtraﬁgferr%’%hﬂég!tsgﬁ et weednﬁaﬁ'}“«‘gséd‘l%sdl |€aé£g§‘é&%rﬁf§“roggt of
t he conput er Wysinitializatiog pnd sdspgnsas.bus or channel, such as the Snal |
Comput er 25 Systens Interface ("SCSI"), or the Fibre Channel. Certain
aspects of such I nterfaces are often standardi zed in order that
various devices fromdifferent Mkﬁﬂﬁﬁ&#ﬁ?ﬁgﬁan be i nterchanged
and all can be connected to a conmbn rnterface. Such standards are
typical ly specified bPnsder companent of anyocomputerssystem is a device &nstoreghad. zat i on
such as the Anmerican Nati naI St andar%&ql rﬁgéltute ("ANSI"

b Viods e fath 544 b oo Onse

One st andar di zed 1°RH r‘?féz

?ﬁ\e/i ces and Viari @Hﬁnﬁﬁfﬁlwe%ﬁstbﬁné hfasdivdiBoaliabf Glta inl £'cctfReST0RH HRRES:

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 2 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



2 fibre-channel standard includes arbitrated | oops (described
further below). In sone enbodi nents, the fibre-channel standard
supports aj%@§19-9}2k{~'5§ protocol for control ling data transpPerasos/ 24558

Fi bre channel's represent significant advantages over Small Conputer 5
Standard Interface ("SCSI") designs. Fibre channels provide significantly
hi gher bandwi dt hs, currently up to about 106 negabytes per second,
conpared to between two and twenty negabytes per second for
traditional SCSI I Is hes lﬁe@&ﬁf ivity
I'n that up to oneﬁﬁ%n%%eltsmwgg?@-lglgd&magﬂgéik(F:H gz‘#ﬁ%ﬁ ingért e hdgl%l) may
be connected, as sonpemboditnents, the{ibrechanbellstandarl/suppaonts 4 SCSElike grmioand fori n
typi cal SCSI environnents, The fibre channel can be attached with a
si ngl e connect or . $QTHT deteiransierSi re a switch. A fibre channel usi ng
coaxial electrical Congygt ohsueRAAERH Slmiftbal ABGARaAE oVl Sl Cofblireft o S
bet ween devices, and up to ten kil‘ometersS using tibre optics tor an entire
channel , as cofipaStadard Iatenfazs (SESTY tdasighse ritjbie chinnegls grovidemignifidanthy highter s

for 15 SCSI envifon s. In SCSI envir nts, errors in data _
transnission are an‘ggaé’ét‘é’élr_ef‘ Y%&gll?é‘é?@g‘_ﬁ&%yf??w& £omparedip o
channel s, errors Bét@vggﬁlgﬂ% (h:éd %&%mg%aé)?&é?@ﬁe@&lﬁo? R287toHaIRER] designs.

cyclic-redundancy-co ormation. Nbre

i nformati on can bEitrecmahnels provéde Saater dmne& 8§ an @80 up e ond-buhdred twehBGREix
Checking Using a Generaj.or .in a Ml ti-port sign, " d US. Pat._20
No. 5, 603, 724" ent FEYIEES GOPIn e AR 1Y De cREAAyy a3 FRBARSF L A At BF
West by, and Cqmmﬁ%n%?ﬁfﬁgﬁﬁeﬁ&stiﬂg;?gda%@@i eRADNARAR, TPRIRBFEHARINGNRY -

I nc. The fi1 bre-channel Itrated loop ("FC-AL) is an

i ndust ry- st andar dattached switht aesinglerpbmnectog aud Sgesamobrequire @ dwidch.bAl fibre eblarng] 4)
run-length-limted .8B/10B-, 25 .partitioned bl ock-transm ssion, code schene.
The FG AL oper at oUsile eamisTepridilcondu A tnegpicy ot ifsiess st SUHEDBIRTOr an
8B/ 10B encoder / deggihRen dévices, andi?ﬁftbﬂkﬁom&eﬁ-lﬁing%reo s for 486ntird9 9r ant ed
Decenber 4, 1984 for "Byte i ented DC Bal anced (0, 4) 8B/10B
Partitioned Bl ockchanelas semparediiamakipum totalHength of uik toctwenty-frgpmeters for A

([ore-chanel s biphegga“ECclypbl . L

gﬂlﬁ%?%ggl%\éilﬁ?}%‘idevi ce (a
=" detected through use of parity, whereas in fibre channels, errors are identified by
" arunning 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 encoder/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 et al.

30 A fibre-channel arbitrated loop (“FC-AL”) allows for multiple 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- channgbobrapnl ogy" (defined just below). Each nodBCRASISR5PE 45t
one port, called an NL port ("node- | oop port") to provide access to
ot her nodes. The conponents that connect twdb 5 or nore ports together are.
col lectively called a "topology" or a "loop." Each node comruni cat es
with all other nodes within the provided topol ogy or |oop.

Ports are the cocomputenmorkstationf ptinter, disgidnive, ssanher, athipofjthe\whmphted systemay
~pass over the fibre channel. to,ports, of, other npdes.(the outgjde wo,ld). A
typi cal fi %@%%%?rkﬁf’ ia{}&wwgt%c&gm@e%tg% 8&%‘?"1&%"9*‘?& drive's
node. Each port ' 1 Pt ad & 0 N{)@W’ ¢ tion
into the port an@ﬁgﬁ%dlﬁgy gaéw?cg%rhymia%%l g%ﬁgt&i{sg%neo%?ﬂgfn t&ih?port. gg%@
"fiber" is a serioap poett’htoquavide a¢asss toanthkr nodes. The compoaemts thateonnecttwh

Loe whan' s heS oo e et iy S B8BGbr g GRS IS
enbodi nents, a fLORrcontmbiiBAtedwith 8l oftfer ABAQRKitGA khd profided RWpoddgy Ga8ép.SONE
of its 15 path (e.g., when nodes are separated by an appreciable

di stance, such as nodBerts are the comieé¢tionsdma fibabchannel mode, thepglcvhichydata may

different buildings). The pair, of fibers connected to ea ort. (pne
Car ryl ng data | PGS eier 6 EPre Shlne)th Bores of pther oo e outsidd gty B frpichf
port) is called fpreldHakneldRivehas R faorihf pRR&JedWIRRh BBV drivie’ S WotleC Hakl port

I nformation or signals pa_ckaged in ™franes"™ between nodes. Each link can 20
handl e nul ti Pe ingpwsies afpairioffifbers’e— gne to sarmyiinformatiominto thatpert anddne dot r ol
frames). . oSl nce ea i ber, r.rigs gdata i. ne direction,anly,
nodes are connect&Y intgorma%on8ﬂggfath8§’ﬂ%'r %g?kb n@’eé 15(?056?2\/&%@? ggnpection. agddn
nust arbitrate fghe &Mbbdifilent)adFodr@Pittually a M¥AR:A1 Wit e B2 ¢Ba A Rppét
transfer. "Arbitration" is the process of "coordi nating the nodes to

det ermi ne whi ch oonslugtess,ased when e notes dre ipeloss prowinaiketornste anothier); it athier25

| oops attach nultiple nodesdn the |oop wthout .h swm.tches. node
ports 2 se apPofiafialsnd st s MpleBeRisd AR bprdH Rep for it Asp AR 18

dat a-tr ansf ensci pai(e.g., Mhen nodes A sépardtediby inl apgptécisblé 8i3Gn0€\suein gy fodea &l

port includes at |east the m ni num necessary function tg establish the

circuit. The arbriffesentgabigets or.csprcinlly, Aiffenent fuildings) Fhepair@ffiberty nunber of
nodes between twg, 3t NG A I F@nk WX 3hts ided 402 pot? thd SHEr BRFAy 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-chaunne] 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.



4 In sonme enbodi ments, each node includes dual ports (each

connected to a separate |oop) V\/m ch provide redundancy, so that if one
| oop fails,wdhenasher one can fulfill the | oop duties. PSEHPSHAPE al so
allow two hosts (e.g., two host conputers) to share a single drive. 5

In typical first- and second-generation FC4AL drives, the two ports

shared the frane-validation and frane-generation logic. This neant that if "’
one port was receiving or transmtting a frane, the alternate port was
ef fectively busy In(ssimembioﬂumnﬂ dachoiodeiimelhdes el ysdris (m dohaected to
frane-validation and fra eneratL te port

was thus forced a&SSp¥aiflopp W r&ﬁ‘&ﬂaﬁ?ye%ﬁa%éfndéé‘%ﬁ Tframes.
Some host-bus aqgglgh mm%éloggghg%mw@mﬁo bflow two hBSS {4 gfveo ﬂ%&i

attenpt to send a frane over a e primry po t
Al so, the drive mumk)mahéxeatsmgﬂdmt on one port at a tinme. In sone

cases, an & out boungyglgt tra er r% %‘?ﬁpﬁ?—{ ‘f?s gf‘pg\l/)glz%o be
pausedln order to séem ffﬁﬂ%‘g‘ i tion on
the other (al tersﬂﬁlteﬁ)th@ﬁﬁﬁne-v;iﬁda on an@%gnﬁwa%éﬁgfaﬁ\:lﬂ%%c. '\I,‘\;{l].llsnheant thatMPohe

dat a-transm ssi on operations enploy error ecki ng error
code, based on tgoet \hazﬁﬂeelvmgdarpayéxmmhgtaﬁame,fthe hhernaialpertivmletﬁfeptwdy bhgcked

to verify the integrit t he recei ved header Ioa data. One, such
error- 20 check(ng"' lihuftnk Honipacousfives e femanidtonaad esscuepetation
i nf or mat ' on. lg%llg),ta)iﬂ &H@Alte?ﬁa‘i&?ﬁr? v/ﬁé‘"ﬁiu@!‘br@gd Q?En?ﬁfs%st%ﬁ%hgﬁtgr will

I ncl ude a CRC ch e integrity of recelve ata words
and a CRC gehr qlmmsmmge mendafmnﬁR(Some hosi-hinadapterowotldreontigidualy have ds

genorat or must  HELIEPR PSPl 5 A BN ove, e b pEFery Bee Floed
each received d' Alsb; %e \ﬂﬁﬁrguéé‘gn&%b%%faﬂ&rﬁlt GRenkt PbRafB tikdd) Ih 96me casesSALN

digital word being transmtted. In many applications, the circuit or | oop-
i nterface nodul eoutbamsratatransfepohy given geot woeld have torkes paised inoaderite serad

di sc-drive . subsystem c | cat, .nrough | - t interface
nodul e to a conpti® a/nseorpﬁ'gq Q’R h&%%?’éﬁﬁ%ée%h%wﬁ?o%ata t hr ough
only a singlesport at any given 30 tine. However, the |oop-interface

nodul e m ght atterr;()_} to receive data through plural ports at -a given
tine. c

Most data-transmission 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-

20 checking scheme employs cyclic-redundancy-code (“CRC”) information. A
. typical circuit employing CRC error checking will include a CRC checker to
verify the integrity of received data words and a CRC generator to generate CRC
information for digital words being transmitted. In multi-port designs, a CRC
checker and a CRC generator must be available for each port to handle
25 verification of each received digital word and to generate CRC information for
each digital word being transmitted. In many applications, the circuit or loop-
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
30 time. However, the loop-interface module might attempt to receive data through

plural ports at a given time.



5 One approach to reception of data through plural ports is
to sinply inhibit reception of data through other ports when one port
i s al ready. masedneIsy data. This approach all ows common rRESHUSWERISSEsuch
as the CRC checker or the frane- validation logic, to be shared anong
the several ports. The first port to receivéd 5 data seizes use of the
conmon resources to the exclusion of the other ports, and t he ot her
ports are inhibited fromreceiving data. Hence, incom ng data cannot

be received on the ot lmreqmrdashwrbceptmnmﬂdatathmughparrdﬂdmhﬁ tsitn@lyt Bibit
function of dat g trfansm SSi Th| s approach resulted in_ the other
ports receiving &cocptiey ot data thrg thergorts v é’ﬁ@ﬁ@’é 1§ glrgady seoeivng datar ansni t

data, and necess:[thil &Hﬁm SSi

of data again an rn 6&5%?1vat ]rgsfou%%rg‘th%%gs{hgodrrp Eﬁé%e%{%laﬂgg}@fﬁlon
it was perform ngyahdnhohrlegd tofbetshared amonp theaeoetalgorts. The ﬁrsﬂ-;fzﬁ@to recewe
Initializatio Bckgr und I n plural |oop networks, S

necessary to ' taze ZE%“S%ftB%H"EF‘PBFCS&HmSi‘ fogthe exclusipmpf theipthes Psﬁﬁseeéllded
as well as when %é rpdﬁseaﬁ'é ﬁﬁﬁlﬁﬁgwn‘?réc a Iza%héenitmq.oml r%dattggl hannel

or when the fibre c IS powere oh IS o

acconpl i shed by ﬂaeacuemeﬂtmnbebthoppmrm andah¢ 6ﬁérmrts(hé Hmietl @o tﬂmham of
However, if ano-LnIer ce nodul e nne ed to the |oop is_ already
recei ving data tf zussion '@Eﬁﬁppé‘?ﬁ‘f & & Atherperts wepivingstbusy”

| oop-interface mpgidifo it cﬂﬁ& tcf)ﬁ: ﬁ@tsetottpangrgﬁ dafaC E?ctegk?tatedr eating the

| oop-initialization data. under such ciIfcunstances
transfer is sltﬁ)specqjxg:ds:ewrdqthasbwansmmsmimfzdm“gmnmcbddaﬁu\ﬂdtllmelﬁm%ﬁd first.

I n ot her instanf?dththeloo-lnlt |zat|ons uence will stall, and
go into a conti n§oERieted the operation jtyvas perfprming gad § thsgiemrgen resaurce.
dual -1 oop node) conpl etes receiving data. I\/breover I f the

| oop-interface nodul es can recel ve onIy on one loop at a tinme, 25 the
nmodul es cannot r doop\nitiklizs Backgrommdt her port while loop initialization
S occurring on |.i nks have received
considerabl e attentio W‘@gﬂ%ﬁﬁwf}“ﬂt%ﬂems&vﬂpa}ﬁw 8iloQn afipzag eFer ween
various devi cgs @Bnﬂnﬁﬂm&&iemﬁi%ﬂﬁs“ﬁ@ﬁﬁl tegﬂ;EéhﬁH{xé ¢ rg/

channel s of fer significant advant ages over S0 lfl nput er é%) 0 eh{éﬁqmo

I nterface ("SCSI the ¢hanes], orwhesrthe ¢haghediis bamteddp hhntgalmtlen is ordinarily

connectabilit [ eat e of a hment, ter _.transm ssion
Y g.ccompeilshe Y transmi %tmgcloop-ilmtl alization clfata onto e oop. However, if

a loop-interface module connected to the loop is already receiving data through a

port connected to another loop, that loop-interface module might not be able to

20. 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-
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,

25  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
transmission of data between various devices of a computer network. More
particularly, fibre channels offer significant advantages over Small Computer

30 System Interface (“SCSI”) buses in terms of higher bandwidth, greater

connectability, greater ease of attachment of modules, greater transmission



6 di stance, and other factors. For exanple, a typical SCSI bus is

able to handle up to fifteen (15) nodules with a total distance of up
to about 25uRfoBlkfsy Whereas a fibre channel can handl e uFGTg/s98i24558
one- hundred twenty-six (126) nodules with a di stance of about thirty

met ers between nodul es using electrical tragsmssion, or 5 up to ten
kil ometers using optical transm ssion. Thus, in order to achieve a data-
transfer rate of, for exanple, a terrabyte/second peak, it would require up

to seventy cBURRSHRY Factsis] Hon@shpe)latysibal SCSIdns s dble tcimudieaiys
It is inportant that a channel be brought up to_operation_(i

.e.,
"initialized") ato fftetny(14) modules with atetal distanee pfiep lopbaubES Mgtess, hereas @ ¢ hat

woul d 10 otherw_.se he inposed an !ﬁ:f,- &l S
therefore, a neeﬁ%&@ﬂgﬁwmwﬁwﬁée'g‘g@n&.? M t'?l§rg})%@ r?%d(%l]lo- a
interface nmodul egideshck @ 8botf tEAY tneiits bowites aicdules asig eleotrivalratsntifsiom ek s
simul taneously, or to transmt franes on one, channel while recejving data

on anot hér , uprto ten kilometers usingioptieal transmissionn dhys ¥pendsetorachinye aglgta-
plural channels 15 simultaneously., There j and
i ncreased data-c ﬁ‘?ﬁ‘ﬁ%ﬁba © °€r£‘g Xpmple, ?,t@%)a?)yiggstegén?&grﬁlé,g?lﬁ'ﬁu{)dﬁ{e%ﬁ%ﬁ;gﬁ)f fers.

Summary of the | RueHiy SCSI buses but would néedBiilh @bt ich filrdichadrets. f r ane buf f er
for loop initialization and 20 responses. A fibre-channe] |pop interface

circuit is described tlhistimparaatdbat achannel bgbrught upitorqpgrationdi-¢ ane buf f er
for loop initialigzal.len [ ' . franes
sent in response flz}aﬁl&ﬁ?gﬂ%seagiggﬁé%ﬁl? ansrefl é’coentlﬁ éﬂ)%ﬂ%gtﬁ ﬁtg?&ﬁ%@ﬁ%% Vi ng
such a dedi cajgd Jihernssd Be-ibipossd didtherchahheds)s one port of a dual - port
node to be transmtting initialization or response franes while anqther 25
port is transmitting dbeae is theefore; aagsdrfopan aEgReemep to;pRTTRIt ApylY-portpop-
frames; and, in . fe facgﬂl%dﬁﬁp%dﬁrag&% datﬁ'é.ﬁ@%n—ﬁﬁtam_fﬁﬁrptl&apﬁihﬁé@O be
si mul t aneousl y r eCET ng ranes. he “present 1 nvention
provi des an i npr aiimditameuEly) crab ansmit fianes bn one chansylwhile rebeivingdatantes a
first channel node havi ng{ dual ports, each port supporting,3 1
fi bre- channel ar*‘WﬁHé&-PG’GBS‘%‘éFP%#TéB TeERINSH A3 AR }urgléﬁ:ax s
Lt o ¢ ¢ ale SRRalLLS! THU'EE lsb Aol bOAE a1 iERE AR08 BRGI R
conponent fraine bufters :
: capability for data stored in on-chip buffers.

um f the Inventi
A method and dedicated frame buffer for loop initialization and
20 responses. A fibre-channel loop interface circuit is describe_d that includes a
" dedicated transmit-frame buffer for loop initialization and responses
(“responses” are non-data frames sent in response to commands or inquiries from
other nodes). Having such a dedicated transmit-frame buffer allows one port of a
dual-port node to be transmitting initialization or response frames while another
25 port is transmitting data frames, response frames, or initialization frames; and, in
one embodiment, either or both ports can also be simultaneously receiving
* frames.
The present invention provides an improved communications channel
system that includes a first channel node having dual ports, each port supporting
30 afibre-channel arbitrated-loop serial communications channel, and a dedicated
frame buffer (which includes one or more specialized component frame buffers)



7 within the first channel node for loop initialization and

responses. In sone enbodi nents, the dedicated frame buffer is
configured @@ gRep-chip buffer and i ncludes: a first i ACORPSAS8dat a
buffer coupled to a first port, a second i nbound non-data buffer

coupled to a second port, a data-franme buffer coupled to both the 5 first
port and the second port, and an outbound transmt-frame buffer coupled to’
at | east one of the first and second ports. Optional ly, the

system further i Qgihiilge first haindl b folr Idol infialigatichibnd réspdhses. In sty@ef or s
|l oop initialization substantially sinultaneously on both the first port

and the second pembodistents, the dedioatediftame bufferiis canfighecdinsranon-chip b
bt Tt .0 B B0 A 5 A R A R

havi ng aboulP%Y

thirty-six bits WhAl@atabuffer codpléd foda de¥bhdipdrt aliatasfrane bifer covpledity bt the- 1 N
anot her enbodi ment, the dedicated frame buffer includes a
transmt-framd béifsteoriandihestcond port,agd n oythound transmit-frame buffer coupledtecond

ports for loop injtializati,0 nd sJesponses. 15 In sone

enbodi ment s of tﬁtfegéﬁgﬁ&h}#ggﬁ?‘gﬁgﬁﬁ%.mfém buf fer transm ts | oop
initialization or res Mﬁﬁﬁéﬁﬂh@sﬁsteﬁﬁﬁu&@f includBs & RopLihBiafiBitionl dideuit that

si mul t aneousl y a second port transmts data. In one such enbodi nent,

t he system f ur t h@erforms lopp dnitjalization sehsgantially simultanequsly a1 haththe finstport
perforns loop initiallizatipn tanttall o ST epusly on both the
first port and tﬁ@dggcsgﬁémﬁ%ﬁﬁlﬁg@ﬁ%agg{hgﬁaﬁsqlﬁfaﬁf%@gh&ﬁﬁfrarre buf fer.
I'n some enbodipgre inbodimérte; tiy/dddedated fRenéibeifadhdaddsraxrasmit fr&he bffer having
configured as an on-chip buffer and includes a dedicated transmt-frane

buf f er couplabentteighty woedsdiwherein,dn thisiease; sach “waed” e tirtyrsixdhitsswidsr- | oop

initialization a u g[ﬂg ' .cated
transmt-frame blr“}%i F“’“i"é@%%‘%?‘é‘iﬁ‘f‘ ??ngi(‘)sﬁhi%or s&%%?@%nﬁiﬁgqg%(%%{e&hal f
of the buffer's dageodffsr inchides attrapsrit-frame bl caupied &5 athedst o oft the first
buffer's space for a second port and the system further I ncl udes a

| oop-i ni tial i zat 2B seqondpotts fordeominitialization alrespAnsesal i zati on substantially

si mul t aneousl y on bot £ . ' 4N the
transmt-fr arrl\)eS buf fer %&%%ﬁ?@%&@?sis@?%%%ﬁﬁeﬁﬁ?gW¥ﬁ%;s;ﬁ%{lem '
30 further incl logsinitializgtion orxreshomsesintd figse polit,i wisilecsubgtamihllysimbRardeousiy

node, and a conput er system connected to second _node (or,
equival ently, a @Oﬁgﬁ}d@oﬁ trdnsmits data. In one such emabod?ment, the systergl further

includes a loop-initialization circuit that performs loop initialization substantially
simultaneously on both the first port and the second port using data in the
20  transmit-frame buffer. '
In some embodiments of the system, the dedicated frame buffer is
configured as an on-chip buffer and includes a dedicated transmit-frame buffer
. coupled to at least one of the first and second ports for loop initialization and
responses. In one such embodiment, the dedicated transmit-frame buffer is
25 coupled to both ports and reserves about half of the buffer’s space for a first port
and another half of the buffer’s space for a second port and the system further
includes a loop-initialization circuit that performs loop initialization substantially
.. simultaneously on both the first port and the second port using data in the
transmit-frame buffer. Optionally, any of these embodiments of the system
30 further includes a magnetic-disc-storage drive coupled to the first node, and a

computer system connected to a second node (or, equivalently, a computer



8 system havi ng a second node), wherein the second node is coupled
to the first node in a conmuni cati ons channel in order to transfer
dat a betwegpglohgsiki r st and second nodes. Anot her aspect POT/USPB2455% sent
i nvention provides a nethod that i ncl udes supporting a fibre-channel
arbitrated-1oop serial communications 5 chgnnel on each of two ports of a
first channel node, and receiving frames in to, and transmtting
frames out from a dedicated franme buffer located in the first channel
node. systeth BaViEg £ 5ofld ABdd)swhérein e BRoRARodd RRodFISH Erthedirky ane
buffer includes a first inbound non-data buffer coupled to a first
port, a second imiizin@ coomunicasionychasnelisordastptransferdlata betweenithg dirst and

data-franme buffer coupled tao hoth th | rst Lt . and, t he copd. port,
and = dedi cat ed TP RGeS el famedfor sl idveprion gV A et iy O
provi de perfor m pghdde®suppeitinga fibraichihet bdsteASd-100p! skrigl dduirh@iefiont y on

both the first port and the second port using data in the dedicated
transnit-frand channelfeach ofpwe porty ofia finshehagaelinode candireceiving frames in t9g| udes

bi 15w de. (¢ r 94 upoppibe s e B0 oA e PRAEFf BT b iy 1S X

enbodi nent s provikianélaioder ansmtting franmes from t he dedicated frane

buffer that includes transmtting loop-initialization and response
frames from a dedi cat Busameembedimentsof theunetbed, dheidedieated frame bulfeninelydesf

the first and se . r LRl thaJ ' 0
Qner enbodi ment & Shf e oo atatifick Bhigh &l fo S et e bAIRRIAE not data
subst anti al | y0si bufiférasoapled ity a econl ot data-fragie buffer toupledtostoth therfysoisdra on
t he first port. I.n_sone enbadinments of the nethod, the

dedi cated frane 8 thesegond port, apdya dedieateditransmibirame buffer. igmeyergines pHdEudes
a dedi cated tranﬁn‘gh{ - f [ -£d. : first
and second ports or°d|ﬂ5§§a? E%%%lng%oPg%ﬁgjﬁﬁilOB%g#g%gzgg@%g&g%% uch
enbodi nent , " t he Hetlithafies pbntand thet setomiporiusiigedata in the dedicated trankniic-fiaadeh

ports and reserves_about ha]f of the buffer's space for a first por
and anot her hal f byffer {&p Iy thed %@ﬁ@ﬁehuﬁ@dﬁﬂb}d?ﬁfr@%ﬁﬂt'g’%egﬂ%f%d

further lsnc f ) | h@llt# | ZatH: QR {rﬁrnt’i- o :
si mul taneousllg o%ggﬁ%g%ﬁ?ﬁdggg‘%o?ét}h%n ﬁ‘g‘ﬂs‘%‘(’)‘ﬁﬁa%o t tﬁtlurtl%blésata in
the transm t - f r anmd fouk parity Hits). aSarhé embodimentsipréviderfordranemitting fremaese frond

furth I ncl ud t f | d . epe s us
urther includes @ B nted frante bt tl?a%gnc g&s%‘ansmitﬁng loop-initialization and

response frames from a dedicated transmit-frame buffer coupled to at least one of

the first and second ports for loop initialization and responses.

20 Other embodiments of the method also provide for receiving data
substantially simultaneously on the second port while transmitting data on the
first port.

In some embodiments of the method, the dedicated frame buffer is
configured as an on-chip buffer and includes a dedicated transmit-frame buffer

25 coupled to at least one of the first and second ports for loop initialization and
responses. In one such eﬁlbédiment, the dedicated transmit-frame buffer is
coupled to both ports and reserves about half of the buffer’s space for a first port |
and another half of the buffer’s space for a second port and the method further
includes performing loop initialization substantially simultaneously on both the

30 first port and the second port using data in the transmit-frame buffer. In another
such embodiment, the method further includes transferring data between a



9 magneti c-di sc-storage drive coupled to the first node and a

conputer system coupled to a second node (or, equivalently, a conputer
syst em havi Rgoagsaepnd " node), wherein the second node i sPECHHSPHNFD
the first node in a conmunications channel in order to transfer data
between the first and second nodes. 5 9Thus, the present invention
provi des a significant perfornmance enhancenent by all ow ng

transm ssion of loop-initialization franes and/ or response frames from

a dedi cat ed tr ansiagndiittdise-stohuge drive opepledtocthé first hadsaid a edinputer systehher or
bot h outbound fibers_ of a dual-port fibre-channel interface node. In

some enmbodi ment s, Capied toraseeondirads (of, quivalenityya computer wystem haviageggeonds 10
si mul t aneously regejXi : i i hers. apd/ or
receiving a non-dlgl a ,f\?geggmgﬁé geﬁgﬁggE%ég{a@@?ﬂ@?%g@g@%@@%ﬁoﬁ1
transmitting on ocianhéliarorddr ta transfer data betveanthe firstemd fsecomdchodedTul t aneousl y
W th receiving on_t he other fiber of the sane port.

10 5 Thus, the presengjnventiesprovidss a significantrerformanesy s

FIG 1 is a block,di ! Y¥&: 10 it h- ' node
nterface. . priiangigiedly sotiirlintiioh bt 1860 hicatbE RERBERRYGTC U

1200 i ncor por at i nggsponse frames front b dedicsted Rtnsniiv Bufférdhat is bperfbl&Sto BansmitoR! ock
di agram of a fibre-chanpel node-interface chip 110. FIG 4 is a block
di agram of a fi br €thergnReth qutkaynd dibersqtadyal-porg fibre-chanpel dnterfagenedep In c k

di agram of conpar g}.Rf ehBS; [WoF : ' : :

hold a | oop open. © F?%ﬁleg&i’ gﬁgqﬁalng@ksg@:ﬁég am ofnéa?l?ll1 %’?g?c earhor(]iglls

| oop- control dDr csimultdfieously reédiGng a data frarhé ox knelofihe dubonhd fibkistand/oghannel

receive path circuit, 50. .
P receiving a non-data frame on one or both of the inbound fibers. That is,

transmitting on one fiber of a port is optionally performed simultaneously with

receiving on the other fiber of the same port.



FIG 8 is a block diagramof a fibre-channel pre-buffer-receive path
circuit 51. FIG 9 is a block diagramof a fibre-channel receive-frane
non-data bu{ffgongidcuit - 53. FIG 10 is a blrorkusdsaessam of
a fibre-channel data-frame buffer circuit 55. 15 FIG 11 is a block

di agram of a fibre-channel comon receive pgjh circuit 59. FIG 12 is
a bl ock diagramof a fibre-channel transfer-control circuit 60. FI G
13 is a block diagramof a fibre-channel transmt path circuit 70.

FIG 14 is a block di agram of aﬁﬂlgﬁ%ﬁﬁﬂﬂﬁ|gfiﬂﬂ)§ﬂ'%!g§raﬁe buffer circuit
73. FIG 15 is a block diagramof a re- channe ata transmt path
circuit 80. 20 FIG. 1is ablock diagram of a disc drive 100 mthaﬁbr@gha@nplggpdgegtgrfam i on
In the foll ow ng ripti .0 rred e nent s
reference is madgij‘t%"ofl f%eﬁggﬁm%? 3 "’av‘\ﬁaﬁ%‘g'hﬁfﬁ% s?’%?ghb‘?rﬁBé‘?“t"Wf‘éf‘é‘b&

and in which are ®dotent Bweddon. of illustration, specific enbodi nents

in which the I nventi on may be actlced It is to be understood that
ot her enbodi nént FIGayis ablock)élaQIaFnO l@rﬂhamqlmd%mrf?@h&h@elsmnay be made

t hout d rtin Q he on.
\‘II'Mhe ioﬁvente:ogn lzleg'g{"'lg Flﬁcl?ﬁ.‘agragb%ﬁfggﬁe-cm%ﬁ%o [q‘l’l?%lﬁriy types of disc
dr It yesI 11 ncl udi NEFIGa5 & slbloek diakii@s of conipatbrBEic J0 1Be8Yin dné @rn%ﬂi\ﬂfb%t to
optical -disc

dri ves, CDROM (" corrpad@@labmpro@am— only nenory") drives, and any ot her type

of drives, syste of . such "redu ant a

| nexpensi ve/ i ndeﬁﬁdé elgd%ﬂ%gf?‘aﬁﬁrre-%'f EERFH S‘Sfé‘{‘f trﬁo or ot her

devi ces, 10h 16, P RbREE diagram!of £ ibrcHamhelesieive pattesirauitch00t her devi ces
or information- 5 handling systens. In sone enbodi nents, the present

i nvention i s useffIG. 8 is ablesk diagram of & fibeecchannel prorbyfferrsecivenath eicuit dbh as
hubs and sw tche S

"oops 10 one. another ;o taReRAReHBREr A Bore-chapfAlHRHe fecké finudi Bt BRIRH
i nf ormati on- handl i ng s35stens that are connected on a fibre- channel
arbitrated | oop.

~
=

FIG. 10 is a block diagram of a fibre-channel data-frame buffer circuit 55.
15" FIG. 11 is a block diagram of a fibre-channel common receive path circuit 59.
- FIG. 12 is a block diagram of a fibre-channel transfer-control circuit 60.
FIG. 13 is ablock 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

Detailed Description
In the following detailed description of the preferred embodiments,

25 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
of the present invention.

30 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



10 Bel ow are four interrelated sections which describe the present

i nventi on: ~|. Dedicated Frane Buffer for Loop Initialization and
Responses;. kg 9926152 Dedi cat ed Frane Buffers for Receiving FraPempUsId/idsss

Usi ng Fi bre- Channel CRC for Data Integrity in On-Chip Menory; and IV.
Met hod and Appar atus to Reduce Arbitragjed-Loop Overhead. Section IV is
the section 15 primarily related to the details of the present invention;
however, the other sections provide relevant information as to the

overal | envi r onnmgfives, ODRO® (“compaidﬂ)diﬁatréa‘aﬂonl% memory”) drives,2ind'ah§ othep BPes a
bl ock diagram of a disc-drive device 100 with a fir{)re- channel "node
interface. 20  ofdrives, systames ofidsiyes uph guz Eredundantaray ofs Figure 1, a

fi bre-channel | o0Qp-ilJ [ ARE I incl udes ..a dedi cat ed.
transmit-frame bit}%x Q'?ﬁ%’@g%ﬁng%nﬁ dlggr? |(ﬁ‘|’§%’| g’éﬁ%&?’ con?fjgt%ﬁanf 85?)‘8?&@.‘“@" Loop
initialization" wheficdsareicohdthnivatdd twtwedn drived add S@eH@REEes or infofthatidie Of
nore speci alized non-data franes (and nonitoring responses to those

frames) to inPti Bandingsystemselnsomeaembaodiments; the presentdivention iswsefuldn aode anes

sent 25 in respgpse E ' L L from other, nodes.) The

fi br e- channel a?‘%lg{é}a[ eg-%%$°8%%%§ SRS S %ﬁﬁﬁéfw’%ﬁ@r‘% Eﬁegc}ocal | ed
a | oop 1250, or térreet plural fibedehmnatl 1bsyito bAS Aother), Wertkstagshs, gﬁﬁtéf@:ruﬁd cate
dat a between di sc-stgrage ) devi ces 100 and conputers 1202 or ot her

i nf or mat i on- handPtheg denates dnformatignehandling systesen thetare connsctedomaanfibtie- | oop

1250 is a serial ' | channel; in 30 other enbodinments two or
nore parallel | iﬁes %o%bﬁ?aﬁggpép') are used to inplement fi bre-channel
| oop 1250. Hd@i ng suclBetowlardifoa iatbrielatetisstttiosrvtileh BedcfiBE thépresent invention:
12 al l ows_one_port 116 of a dual-port node 1220 to be transmtting

initialization of- Dedicated ¥rameBuffer forx Lapp Initializatien and Respenses; s t t i ng

or receiving dat S . e setd J i e line 117
for inbound dat a?e&%«%’i’%ﬁ%ﬁ%?ﬁxlffﬁ%s @E? e? %’%ﬂpg ﬂranbeﬁt i}m{ﬂ“&}ﬁﬁ? e'ﬁﬁ?ﬂn?li nes
117 and 118 conn@RC fer Data huteprit9iniOw Ohéy Medhory; and IVIMUtEGd hadS channel

| oop 1250. Dedi c;t ed receiye buffers (53, 53" and 55) are al so
provi ded for eacHPp3ratus e Reduge A ed-Leep Overheade Sestion B¥ dnthgiseetion

having a refggen ] ' : .orovides the same
function as 1 ist he g{e?dé%%\tgn ?%&H@éﬁfe?%%ﬁ%}lﬁgﬁ%ﬁv%g%&ef,e,r53), but
is used for a sepetisheprovide relegqnt nfbtmationcatothv ®atdlbafirohmentior the

Cycli c-redundanC}/ﬁv%gggni nf or mati on

- Figure 1 shows a block diagram of a disc-drive device 100 with a fibre-
channel node interface.

20 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
frames) to initialize a fibre-channel loop. “Responses” are non-data frames sent

25. . inresponse 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
embodiment, fibre-channel loop 1250 is a serial communications channel; in

30 - 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



10 received fromthe fibre channel 1250 along with a franme is stored in

one of one m)re frame buffers (53, 53" or 55), and |ater checked to
ensure the |‘Qb?g blts "~ the data while in the frame buf f BCTAUS826388 or
55). Control al oop 1250 is mai ntained (i.e., the | oop connection
I's held open) as long as a progranmabl e 12anount of data is avail able
for transm ssion, in order to reduce the overall 15 anount of tine spent
arbitrating for control of the |oop 1250. In some enbodi nents,

di sc drive 100 i ngjd+eshedpoMOIERdf aciual- géﬂ%démmno be tranSthfiin@imslizhtion oHDA" )

114 having one or nore disc platters one or nore magneti c
read/ write transdwesponse ﬁamepé\rlnlmas@thpn mrt isitranamifting orseneisingdatadirames. The

assenbly 126. Signals tvveen he tra d d

Mo fave 20 1134 % OB i5¢ | S i tand 858, Sp el 36 18 6
the "disc drive” eétbounddawmaﬂenmcmmﬁamemmemgﬁf;a@ﬁfdf@uﬂgzﬁt&f Fi gure
1) includes HDA 114 and HDA interface 113 (e.g.,.a conventional SCS|

drive), and oné& osommugicstiens channel dapm 1230 &fpé;cat;ﬂsecewei tpdters) (93653 gnd 55)

oop o1 11 bre- chaNRapbREL P a8 BEElS SE pldapmsnqde (Blblt GRRRCL 10 2

enbodi ments, a " dhsfngla téf@ren¢§nﬁtﬂéMWRHalpﬁrﬁd'(e gqlssg mkwlm thOSarfé funcAon &s 2,
and i ncl udes a node interface 1220 inteqrated wth_ the disc drive 1256 in

overal | di scthgrcomesponding Ylock witkows thfi prime (e-g1ad ), butds mdtfgf g separate

transferred from ff- e | des a
dedi cat ed on-chi pmbagfpfoer ffglm catﬁné &alﬁ}{él.) b?'%ﬂclreré@‘ga"n‘z\ég S gé\%xnrghlg%cl udes
a receive-non4dat ibc'éivamfrohuﬁkﬂbr@&aﬁﬁel(labomdi?tvaﬂya ramk eistared ih 6BhOofNene
non-data buffer 53") for each _port (I ers 53 and 53

transnmit-frane bup¥merefzamp buffersi(33, ﬁ@rMme egked toensuye the lnte)gnty of
13 - simultageons] %hﬁé( PRk BB e¥ ({;3 94 IB?%S@”%&HHT%%?%WS{%%M

buffer is used by y one port a share rane
buffer 55, along maiﬂiamdiﬁﬁ the loophemk@tzoﬁmm(l@epenﬁagwng ad d)programaiable
enbodi ment descri bed nore fuIIy bel ow, forty words of transmit-frame

buffer 73 are resampngt qf&atq:g,aym)qurmsgglsmdgogierg}@ peedthe ouerallor  por t
B, so both poris: gag f'ti(ﬂéé #ﬁ\kﬁ/ﬂ: %rﬁﬂxaﬁhg%&ecoﬁ&@ofthgﬁmpqﬁgb an

enbodi ment i s equival ent arate forty-word transmnt-frane
buffers, one fot* each im)scimeeﬂnbodmreats ﬂlecdnwllﬂﬂmmhﬂesmma@qnc-dmagmhe&lch

girv?gdi ment énga? gu ISB%?qqrﬁ)%wg”) 114 ﬁamnrgtc}ﬁesolr)r(no% cwiatters(l% | cr)rE 6rtrg\gredat a
' magnetic read/write transducers 150 per disc platter, and an arm actuator
assembly 126. Signals between the transducers (or “heads™) and HDA interface
20 113 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
order to connect to a loop or fibre-channel topology, as shown in Figure 1. In
25 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,
in the embodiment shown, includes a receive-non-data-frame buffer 53
30 (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



10 The CRC validity-checking information that is received with data
frames fromthe fibre-channel |oops 1250 is stored with the data in
data-frane’ tw{;f'gﬁﬂgg, "and then checked when the data ar ePCBASIT:MSSHS
data-franme bu 1‘9 , thus provi di ng checking for data errors that may
arise as the data franmes reside in dat g4f rane buffer 55 or anywhere
earlier in the travel of the data frames. 15 Simlarly, CRC

val i dity-checking information that is received with non-data frames
fromthe fibre-ch y R fHefleitbbdimiche, 8shalelbuffes i it &
frame buffer 53 (%r %&Q n theﬁblzsh(zlcs:ged when t he dat aglare read out yof

non- dat a- f r enly ohepbrtat 8 Emedrand 3 shared date-framns befiferd Sc Alosg with  GRGlat a

errors that may arjse as_the n: dat a f.rates reside.in nensdata-frame
buffer 53 (or 53' Fhesker3Po @?ﬁj@bﬁ’éﬁ‘eﬂgah ‘?‘??_ren?tf?%fm?_‘ttﬁﬁv ed gorp %@lyg%ilgw’
frames. M cropr ocggaankorkildf trinsiii¥-frame buSfét Y3 RreGedtredd foPPEA ADALRHYWordand
Is used to help control the overall data transfer, routing,

si gnal |i ng, er 5or aregeseresd/for Boxt B, sobothipertsican belinitialized ot the sampdime. Such

Ut for's. error ot RPRRETELeHyA L e i e g bR paflBhf tkne "2
I'n one enbodi ment u,}0QPsROGE edchFSE Mhithcall be Gkd sichbitideotsly. Idbnedighl115')

i nclude port transcelvers which'serialize and deserialize data transfers

t hr ough Por embodimenB@ach &f theset ‘iveords s thiniraixrkits wide (ihirtypbuo dafaditsi gur e
2) connected ﬁi?@{reto .g{u sonme enbodi nents, transceivers 115 are
i npl erented as ex2® parity ls?'ranscei vers; in other enbodi nents, these

transcei vers ape | ocat qlhe@RE RhlityochdBking iiffokmatich thatls FeRBived Witiat® fthmes t he
right-side interfaces (i.e., right side relative to the transceiver

115 or 115' of Fi dronethe)fibae-chanaeblopps 1356 e stovwt wisk the data in data-frame buffer 55,

14 signals th are te I ts, wi,de; in other .e ' yeel are
twenty bits wide. anﬁhe%: 8?1??39"3“8%%*33 ?Erfd,ea‘fi(l"?,dfitgftﬁ)%%ﬁﬁ&tsrs aﬁ’g%ei ver
115 and port-B ”?P&ﬁ&hﬁ%heckingﬁiaétafe&bfﬁtﬁﬁthﬁ &ive a8 te dislfaines Rsidedse 1220.
In some enbodi nents, port transceivers 115 and 115' are integrated '

within asingle c Idaja-fraroe bufferciSsrangwhernisadienin the travelof thednie bapes.s 115 and
ol ement ed ontli APy GRE FRUA AR ol iy Rk RR S fomdata |
enbodi ment s, . t r anSRehesdtdin iheHitae-chafeElopps 1250 ik aeal with deadatd ivenon-data-ser i al
| oop 1250 and chip 110, wherein_the serialization/deserialization_to
ten-bit frame buffer 53 (or 53"), and then checked when the data are read out of non-
data-frame buffer 53 (or 53", thus providing checking for data errors that may
arise as the non-data frames reside in non-data-frame buffer 53 (or 53) or
20 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
buffers, error checking, and loop arbitration, as described below.
25 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 to the fibre-channel loops 1250 (see Figure 2) connected
~ thereto. In some embodiments, transceivers 115 are implemented as external
- transceivers; in other embodiments, these transceivers are located on-chip in

30 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



10 wide or twenty-bit-w de data occurs on-chip. Figure 2 is a
schematic view of a conputer system 1200. Advant ageousl y, the present
i nvention i sylited for use in conputer system 1200pCcTiuBYB4658
syst em 1200 y a so be called an el ectronic systemor an

i nformati on-handling systemand includes a ggntral processing unit ("CPU"),
a 15 menory and a system bus. Conputer system 1200 includes a CPU

i nformati on- handl i ng system 1202 having a central processing unit

1204, a random acﬁglﬁs that are'?@ﬂ‘ﬂfé&wfde%'ﬂtﬁer%ﬁx%gdm%ﬁ@s the9)ued AVenBBitslwife. f or

communi catively co he central processing unit 1204 and the
random access ne@mgeﬂiﬁ&ﬂocl@hldom.l 112 pmmmlmlhimﬂpmg-&vadﬁoz

i ncl udes the fibre-chann 220. Each onpe of the one or
more di sc- st or agel ﬁsﬁ? JPszﬁ%%:l. ?g%?sol ﬁlsonieoeén ‘?‘lﬁ%ﬁtﬁ’ '
i ncl udes one or f@&:ﬁcabém%'aﬁ&lﬂs’\ék&ﬂteg?é&mﬂﬂinaas’i %1“ tip 110, I¢b@epel node

interface 1220. I n sone enbodi nents, e disc drives 1256
are connected §o0 anbodlmeatsn@belfanMBlermllér amthSIZQﬂudmgtheaxanpl e in a RAID

(redundant array of , ex i ndependent di sc. drives
confi gurati on, af‘ﬁear{d 5@’\'/%f %6'{‘°"is§r°a pieme ﬁ‘&‘(‘?“é’ﬁ 88?2"%&0“6?1?19%
The CPU i nfor mat | pfp.handl i ng system 1202 may al so include an

i nput/output interface circuit 1209 that drives an internal
i nput / out put bus 1210 Mmbmhmw,lm@?erﬂbm are merely interfaces betveen 2het

and 1216, that. [ t/ou bus ,1210.
Peripheral devi ce¥® °§gﬁsﬁ &C?fgqﬁg’rﬁﬁ'ﬂ?@ctﬂ% r@.géatﬁ) Seralizaion tofpn-bit
drives, floppyedi §fdetdr tWRfty-BiRWideddata occurs onkéiipoar ds and ot her such
peri pher als. Any type of disc drive or other peripheral

15 devi ce may uFigurei2isfa mhem@htawnwlofmwmtﬁra)'ﬂﬂeméﬁﬁ@ at us
(especially, e. nts.. node §terface

15565 Cuaser | bea nakifiessonsty ER pRsEN R tioR s wall- St B Ee AR et SR G

port can be used {20(008aFhkter Systerty 120048y A1 Be called ah 2Rtronie system or afne
enbodi ment of system 1200 optionally includes a second CPU

i nf or mat i on-'handl infermagionchandbigpsystephandhinplydespeesnirabproegssing wnit{fCPY B pst em
L202) | o 5Pk b RUSRCH Bl B, (D Lk d R ety
(whi ch is identi chandlingfspétem 1202 hﬂﬁﬂﬁ a caiftéhl prevgssig it 204 3 Gandowhacess S
dentical t 0, syst %Tn%#? (‘ﬁl@”) ];%2, and a system bus 1230 for communicatively coupling
the central processing unit 1204 and the random-access memory 1232. The CPU
information-handling system 1202 includes the fibre-channel node interface
20 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
single node interface 1220, for example in a RAID (redundant array of
25 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
1216, that may be attached to the input/output bus 1210. Peripheral devices may
30 include hard-disc drives, magneto-optical drives, floppy-disc drives, monitors,
keyboards and other such peripherals. Any type of disc drive or other peripheral



10 communi catively coupling central processing unit 1204' and

random access menory 1232'. CPU i nformation-handling system 1202

i ncl udes it gyPyunesisadr e- " channel node interface 1220' (WPCTU§%8/24558
identical to node interface 1220), but is connected to one or nore
disc systens 100 (in this illustrated exanpkg, it is just connected to
di sc system 100', but in other exanples is connected to all devices 15 or
di sc systens 100 through 100) through a second fibre-channel |oop 1250

(separate and i ndepRedftust (R A8 RRarkPRktholll bid Q@a}awwﬁécmﬁhgg\eﬁethe
t wo CPU systens 1202 and 1202' to share one or nore of thé di’s

systens 100 usi ngmproven@ebanﬁbee -¢hapnel- mlldamtalfadeddﬁg) describertthereinl Foy sadhm
1202. In yet oth

0 th 100", and al |
CPU syst ens 1202%%‘1“81@??"%‘ gg‘&]%‘%$8%% e 0 pittet &Bé’gi‘?@daghda

1250 12560 one enbodi ment, the present I nvention does not
support out - of - or der del i very of data franes. The fi bre-channel

control l er, adcordi ng Quermbgdiment of systeri lrzﬁﬂppbtﬂnailbren@uéqsaae;:ond/GHU on,

al so i Iemants rotoco r o ani franes,of th

wor ds ?gr t ransni ?@Fﬁﬁu% a‘}‘@&éﬁ 129?88’9&%“%@}’@ ¢pl 9E simlag o, e“i‘gg&z)

di scl osed in U Shaf ceﬁ@al 0&§Qn§§ﬁt 1204 gghﬁﬂ is 1denﬁcﬁ%@ﬂ§5g§'8@ﬁ'n§@]m
FOR SERI AL DATA NET DER DELI VERY, by L. RoOuse

The Fi bre- Channel1204), arspbm—amsamemm(swﬁ mm(mrm@mn@ermmumm of

16 " "k bre- cRianand el bus 1230 fotRhielb el e BT BN Ry 4. 5

Physi cal & Si Hﬁa|cbhﬂ:§l.ui16$tﬁéf fpling &ntrll proGessivg ! 1204 aﬁlel random-access
X3T11/ Proj ect 960D Rev. y¥elpling f%

Arbitrated Loop memory lﬁﬁg'r CRYh informatiog-handling system 1202' includex§3 owmMitopect
i(l)ggD/ Rev. 6.3 channel node interface 1220' (which is identical to node interface 122%5 II;[t rlsa ted
connected to one or more disc systems 100 (in this illustrated example, it is just
connected to disc system 100, but in othér examples is connected to all devices
15 or disc systems 100 through 100" through a second fibre-channel 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
embodiments, all devices 100 through 100", and all CPU systems 1202 through
20 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-channe} controller, according another
- embodiment of the present invention, also implements a protocol for organizing
~ data frames of the code words for transmitting and receiving purposes, which
25 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
the following ANSI Standards:
30



10 Fi bre Channel FCP X3T10/ Rev. 012

Prot ocol for SCSI X3. 2
69- 199X 15\\/6199/29%5” cated "Frame Buffer for Loop InitializatipCT/Haes/24558
Responses For one enbodi nent of the present invention, frame

buffers have been added to the third-genengti on application-specific
integrated circuit ("ASIC") chip (the fibre-channel interface chip 110)
to allow both ports to be active si mul t aneously. Two buffers that
recei ve non-data fi@d€Raiel Fe-Mal ed "recerve- oy TTers”
53 and 53" of Fi gﬁre 1? ar ngrPgSi ded to all ow ?@Tlggqnﬂgﬁtt@sgﬁaglt frames
(fibre-channel -protocol franmes) to be recei ved Physicali@8ighalliaglstesfacet bot h
ports of the node (and also to permt full-duplex operations, i.e.,
receiving on one fiber of a port while transmtting on the other fiber
of the same pokt) Fipl&Chailel PSAR di sc drive 100x399¢/Prbigtt ROBIREY 4 £CeI Ve

25 new conmands (or other non-data frames) on one port” during a data

transfer on the sanme port and/or on the ot AebitratedtLoopat her than
waiting until a pause or the end of the transfer. By having the
commands earlier than in conventional approaches, the present

invention allows Filge CRERRIEE-AI be sorted and x31118RbEE ASIDYRLY. §.Fat a
transfers are progressing, thus inproving the performarice 30 of the system

1200. The transnit-frame buffer 73 @Ashitrattddaooppti on of Figure

13) allows r opse f S to be transmtt one port il e a data
transfer is aépi vgﬁ’gﬁaﬁm&?ﬁg alternate port. %:?},'1'38{ ransm t-f:f{:??feg%f fer

73 al so al | ows | opgytdddl Fbrat@Siat i on to X3.2

17 be perforned on one port w thout pausing or waiting for the

transfer to conplete on the other port. 69-199X In a dual -ported
fibre-channel ar bt melan '
used to manage i nbound and out bound frames. The on-chip 5 RAM nay be

conf i gur ed i N gar | OYEHIMALS Frlme Butle? 16x LabNAR Gihd Respofifés of mance and

silicon real estate. The present specificdtion details t use of a

dedi cat ed frane buf f er Fon onegmbadinent@if thef present tnvemtion, frametbufféfs havabear e
used to -*%¥"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 fiber 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



store and transmt fibre-channel |oop-initialization frames and

single-frane fi bre-channel responses. 10 In a dual -ported
desi gn, ongy§9ése18RY be receiving or transmitting data BETUSS8/2455% 0t
of the ASIC resources to handle the transfer. Many counters and state

machi nes may be required to handle this tya&@ of nulti-franme sequence. ]
Wt hout duplicating the design for each port or pausing the data transfer,
in the present invention a limted anmount of logic i.s required to provide
15 functions f obe pdrforaleti@nromt poptavithoubpalsingwsriviaiting foe tled transfordo tomplkens t
frames while the primary port is transferring data. In sone

enbodi nents of t%ﬂﬁﬁr%g‘?!rwm I nvention, a dedicated transmt-frane

buffer 73 is provided 1l '&U%ﬁnﬁe'i : s th s
single-frame-transm t?{oi iottg(tiuﬁE3 70, to)aﬁbrlg?/ﬁegé@dtlhe lg{*%nlliltcyptff)ame
transmt franes buffasmaybetusediol rariage intichad apbodtbound framed. €Thid srgcldpt a. The
|l ogic 20 may _be configg{?ed Ejyna Lcally, so that, ei % er port may transfer
data or use tfe RAMmay 12yred fR.vasihup yays tp strike a balance betwegion data are
transferring on (WYY, OPri N Ldaal i ' ' . '
perfornmed on thelt’a trg{rahat e dpégfr?%‘%n rt@ﬂgzs gf gl‘ﬂte éﬁés??{e%ﬁ?fsﬂcgﬁ?%agﬁlﬁtge?g%? ??lue

Wi t hout i nt er r updédicated frampe buffer Hi9 andtai sinplé-franie srahishit platteT (ethatare dsédito
frames) that 25 are received, are validated.befo,re t he frgn;e is. witten to

a frame buffer (#of and transmitfire-ghannet jogpanifiphizatipn frames apd minglerfzams) A
m cr opr ocessor lﬁgremlirgﬁ{ h&Rd access to the transmt-franme buffer
73 to allowit to examne a 8 modi fy a recei ved frane before all ow ng

it to be traddmnitted hua dudliperted desigi, onepart may be'rpesiving dt trafisnhitting daage are
stored in the fra huffer. (The "header" of a_ frane 3 i.ncl udes such

i nformation as tﬁ%%sﬁ@?gﬂ‘gﬁwgﬁﬁﬁ@m hiransiffd hﬂ'f‘““"&“?"ﬁ?ﬁ&ior
L S\g ng'g; '2225‘2” t Ngtafe" ARG ineS Hay RRAUGARA to Rhndle HigFpe l0f niJPG-ﬁ‘ﬁﬁié’sfgf?éMePf

data to be transnitt e®itholb duplicatjhg therdesign foramasimport pa pimsiy the datafrapsfes, 3) ,
under control of .m cr.ogrﬁﬁﬁis r 112 f@ssisenbl es the fra and
i ncl udes the st afttigfpresent inventiong £ unf, it logicis feaAvingd te pray and

generates thqsf r pRti6NCTor thel ARBHISHSY to allow it to rec&iV€ &nd irki¥mil fraMbOWHRE! ON.
5 When data frames are transferring on the primary port and the

transni ssion of themrimary postisbansfersng data. [reme erabodimentsfof sheepriesent equi r ed,
Referring to Fi glenaot: a deciobtel gl Rty 74 f ol konole i rilee b
payl oad of the rglpgRwith difigleHrahit! tearishifit-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



transmt-frame buffer 73. The single-franme-transmt circuit 70 assenbl es

t he 10 frame and includes the start-of-frame and end-of-frane
delimters and generates - the frame CRC i nformati on. FEymnes9s 24558
addi ti onal” MY rol logic is also provided to open the | oop
1250 for frame transm ssion. 18 Referring to Figure 14, _
transmt-frame buffer 73 requires wite and tead pointers (733 and
734, respectively). (Al though sonetines denoted as a 15 -"single-frame

transmt-frame buffer”, qQr. a it ransml L fire ) i+ patR 90 (&% Fidurk 3). und
generically a "t régggstl%t{e-t Tame oaf?gér%mélang |£H§sﬁg%paet$rboégﬁen%gbsz’f%e?r 73

i ncl udes one or rgehtol sfvikidprodessurtld 2f asserblesithefeanuf andrincladestthe staptenft s; t he
term "transmt-frame buffer" is used hereﬁ:lhn to incj).ude, al.l such

enmbodi ments.) Therame and end-ef-figne delimiters and gensratessthe fiame cyglig-redyadancys 4
description of whigh : 20 in Figure 13) requires a
frame-1length coun‘ioé'ra(gl,{é?ﬁang'%tl&i‘yr am ng state machi ne 72, CRC
generator 76, snd tranWheh datalfianpds@xetrarsforting pn #e. primary port and the

Fi bre- Channel Interface, Descr i_Bt i Qn Fi ggre 3is a (PI ock
di agram of a fi brizanspassi ofiad Iei'?lltl"é\nf’]a_g’é’t%ﬂ (FGP)gesponse Hame iy fgquired, the

responsi bl duth BT RIORES cbbilnbd i B Eflon, elingo Fipuce 3,
arbitrated | oop |mipréprotebsér HZiplares the header ant pgyload Gihe eesponserfearhe into the
optim zed for a class-3 _SCSI inplenentation (see t

he . .
speci fi cati ons notawmibHows bulfen (3. oHhe sipgle-frams;: @2&@1{6&}3 P aﬁ?%‘ﬁﬁ?ﬁ?‘k‘e

defined by the,fiRre: tf‘Pa(iP--" an | A0S el
node- 30 ?P nt@%ﬁgggép{ég%dggﬁ | néﬁ%ﬁ@s %ﬁrr§Ci gfln- C ?Se%gﬁé a@u%ﬁ%‘%}gﬂ?%,
53', 55, and 73) the frame CRC infommaticyi. Someladditigmal loopredntrol logiduphles provided

operations, as well as to, su vari ety of

19 buf f er bﬁ’rﬂﬁf‘d‘[‘%@@%ﬁgé%qr&aé‘-“’c%ﬁ S1%%ode- i nterface I ogic 110 al so

interfaces to am Rtefb?{%&%ﬁ%ﬁgﬁrelll@mﬂi’ﬁﬁﬁﬁmﬁ%ﬁﬂérﬁ& GREORBESME rddl t O
chahne

configure the fibre- node-interface logic 110 and to read
status i nf ormat i opoiatersi(738ed 34gespectively)c ofidihongn sarhetithes denbted-aslaannel

node-interface_.logic 110 5 . Th i Br e- ghannel .node- intgrface..l.0gi c
110 incl udes oG | e'é@ﬂetﬁifnﬂf’bﬁ'@'%meg“&eﬁﬁr?gﬂm{'ﬁ'%‘ﬁ% eléné“g?{g%%ér f or
Port B, each port ghpYichily &“@aisri-flard befféIChd in other BfhbadikRings eufferi7Bt er f ace

to support |oop comrunications), |oop-control circuit 40
' : 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.

-Fibre- terface Description
Figure 3 is a block diagram 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-channe! 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 protocoi
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 variety of



(also called frane-transmt circuit 40), receive-path |ogic 50,
transfer-control | ogic 60, single-frame-transmt circuit 70,

transmt- p’a%;‘g,gsti;zpl exer ("mux") 79, 10 data-frane-transm tPqEU$PSI28588C

80, and m croprocessor interface 90. These bl ocks support such
functions as receive-frane processing, tranggit-data-frane generati on,
single-frame-transmt generation, transfer control, and processor :
i nterfacing. M croprocessor interface circuit 90 provides

m cr opr ocessor lﬁﬁ’fﬁ . _ LSt _: 1D didd 7
fibre-channel node-i ?\P g‘?%‘ééelsl gg? ?:ila%léd ﬁxﬁﬁ?\}@gﬁagﬂﬁ%fc?rlgg}%clg{g%ﬁs tios
described, it is d4midreproceisorski@pwhichailowsoiictoprovessor 112 trc¢andigurethy fibwe-t abl e

programuabl e | ogi ¢ device.) The interface, registers.are initialized by
an external ni cr ofhapael 9de-inte °ﬁrl?%FIE@@%?ﬁgﬁ‘gFtﬁ@sé‘Fa}%FH%“%?hoé‘th‘e present
channel i nt er f acCoon@ldir hd bR hlmethoad rdRE 1g¢ 110 ough this Tnterface

and 20 status of recelved transters Is avallable through this interface.
The input signfls for TFhgfivre-channet hodeintdridc8 ddyic W0 tichries tey toopaiost circuits

i f he fib | i | [ |t . f . , d
BN 3005 WA ipne IR Fnofeir Brl i eath Fith hevighaRerin B | oop
port circuit , Sa&g%éaé-oﬁﬁpie E%B@Emy%wj&tﬁ%ﬁo%é&%& ERMAY 50

data from of f - I'p butfer recerve path 50. TO OFF- CH P BUFFER
3052 conveys dat a(also calledfrafme-trahsmit loirtdie40)] teteivequathr logizi S0 taasfhr-&mtrdBUFFER

STATUS 3061 provides . Status to transfer control §O0. A S, 3091
and MPU DATA 309508} 9 single-fs0-frARSGRIE GEGHIG (P, &%Wﬁ'é’agb‘a}‘&&éx&ﬁ% 3378

respectively, 1§ ORuIRGHRD Eﬁé@a’m ic 80L hf debldBl et Bite o aThdRl TE
ENABLE 3093 irllt;)o MPU I nterface ‘30 ogbc pr’ov‘f1 e enhable signals from

m croprocessor 11BloclSi spppbr shdh fuB@ims ak kereive-frameprocessinge ransprit-f4ta-frane

access transmt-frame buff.er, 73. AQUT 3023 canveys

20 datn t ERIERIONyFiBEle amecFansaiit SReTarioB TS CRRTelfd BISCISSPT por ¢
A, “and BOUT Berfachiveys data to the fibre channel 16 fromloop port
circuit 20 for Port B. Loop Port Circuits 20 5 Figure 4 is a

bl ock di agram of a fi bMicroprosassbr intesface circuit9Q proividesmicrppeocessor 112 access
I \iABr e- channel lg esjcogtrﬁe %.;gis s aﬁcrlrltcgc())ﬁjnite[.rrls3 ?1% th(e):fﬁbg‘g-gha%gme Eorge-iinpe\l%gé io%?c i ﬂ)c | udes
(When a “microprocessor” is described, it is to be understood that such term
includes any suitable programmable logic device.) The interface registers are
initialized by an external microprocessor 112 prior to responding of the fibre-
channel interface. Qutput 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



I dentical |oop port circuits 20 to support a dual -ported fibre-channel

I nterface for direct attachnment of peripherals. In one enbodi nent,

fi bre- channgygleg@gispor t "~ circuit 20 includes receive regi BCBUSIBI24558
8B/ 10B decoder |l ogic 22, word-sync state 10 nachine 23,

| oss-of -recei ve-cl ock detector 24, |oss-of-ggnc tinmer 25, arbitrated-

| oop | ogic 26, and 8B/ 10B encoder 27. I n one enbodi nent, each
of loop port circuits 20 interface to external transcei vers 115 (see

Figure 1) using aditgfy thelfivietitanhelt K9 fréih Soop porSeifduitad0 for Port AYRAEBTOUT t he
transcei vers 115 serialize and deserialize serial data to and from 15 a

paral | el interfac3034ecogveysadatasto-the fibugi channel 16 fromeloop porticinghid 30ifer Rort Bee) .
I n ot her enbodi ments, these transceivers 115 are integrated into chip
110. The parallel data (input fromthe fibre channel) are captured
using receive cl 05@%@‘2@@35_29 recei ver portion of each transceiver
115, and are converted to a twenty-bit-w de format before decodi ng
using a paral | 8 8B/ 1o&mﬁmbloqk1élagnamef@1ﬁlmchmeélmpomwu:t\z@ The
k- characters (use denqt the ed for
Word val i di 1y ber BPiEERRE dorieh Lot ermhiih ot EhS o Rind iy eGSRy
out put of t hRleafitdl ﬂdo}i;ﬁﬂt él%ﬁﬁs hogd ﬁxp?:@rt'a?dubﬁp&ydalcﬁﬁr%héﬁ@ IrfterfdtR for
transmtter clock and passed 'to the receive-fram ng] | ogi c or
o

re-transmitted ondirest att@&mem@pmphw@ In one emhediment, fibre-chanpgkloepporti nent ,
encoder 27 conver %ﬁc\ﬁ{fo ﬁcﬂ{&% C(L.IV s?&t sfaﬂo 5dec8&§ 1%&92? \Rr%r% ﬁpgﬁfﬁ?g

during each opera er-e

characters argQcomaekihed3] Iﬁﬁslof-i‘beexi‘r@-broeﬁ ﬂeﬂeduoflm nmh@f-sﬁfc tinGet-23), hrbitrated-
charact ers in each operation. (See U S. Pat. No. 5,663,724 entitled

" 16B/ 20B Enclneerogis 26hand:8B/19B sneader 3bp | ogi ¢ 26 i ncl udes a | oop state

machi ne, an order ot e
functions. Loop-port c?rc%?%mg§3&g%eﬁc%qé%§m%ﬂﬁ%%r g??';é'?ae%?ggg%hﬁéot ocol
as defined in theu&d&éﬁeﬁﬂaﬁl‘(eéeﬁgure 1uking b aéebit Haraintéfiide. Ihatchoard (i . €.,
FC- AL and/or FC AL2 scri ped above)

21 - prabad *‘é‘ﬁﬁ%ﬁ@ﬁ@ve‘ﬁ%ﬁ &erialize and d%ﬁa%ll?&rssnelr%m andfgpm
|| d i: 115
Rece: ve r ogi star BPARet Sibcibe (F, fleh120te o o (HEAG MR IdiSnleH DS Ky

from t he transce€i embodihients, thesstrampceivers 44 5 grenintegtatet] into ¢H1pll&c@h<vparaheirt i on
of transceiver

wide (i.e., two tBﬁagﬁugﬁgmégﬁﬁpgew&g)ér?tcaepééqegﬁlg‘ﬁgrééﬁg,eﬁg venty ol Lo

the 8B/ 10B decodegecgier pbrtidR'¢8BachAtdn8CiRR 115, and are converted to a twenty-b1t—w1de
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-AL2, described above).



"8B/ 10B decoder," decoder 22, in one enbodi nent, converts one ten-bit
character to one eight-bit character during each operation; in other
enbodi nent s, r% or nore ten-bit characters are convert edPCRUS98/24558
correspondi r’(‘&o% er of 10 eight-bit characters in each operation.

The 8B/ 10B decoder logic 22 inputs the encodgd data captured by the
receive register 21. Two ten-bit characters are decoded in parallel to

out’put two ei ght-bit characters. Running disparity of the input
characters is checked gighe embodithE®Y, ﬁﬁfe%ﬂéﬁnél%aﬁ%éﬁﬁnén@itﬂé&%&na%&%dﬁate
machi ne 23, as well as to tehe arbi tf at ed- oop logic 26. Negative

runni ng di sparit ycomvefted tetin<hit panalleh data bwrthletrwcs&ct 115. Rdcsivegegisigr 21
runni ng disparity error, Violatjo c re _al sa

checked and code- %Rﬂlr&?ﬂ't‘}ﬁe% fdgta n@s—ﬁé@?iﬁﬁeﬁ&?@s@?ﬁ%ﬁ%@@fﬁ%ﬁﬁe 23.
The | oss-of -recei ygnelpeks dPBy tié rilR5RE HeriRT thaiSeeivRf 315 S ThE A8t Sre
fromthe transceiver 115 have stopped Wien"a "l oss-of -recei ve-cl ock"” 20

~condition is dét enhnﬂ&atn]ycbmyﬂedﬂtta&teatyrintsh#ﬂe(m,ﬁvmtp&mcharmtmwad&&r e

prevent ed ng into, the EIFO i rbitrated-) c, 26 (a FIFO
is afirst-in fi rgg%g"u{’ eiig P”S?FE&’B ‘F?/ﬁb@&%l ‘chﬁgeé(ﬁt dd‘lﬁﬁ{)@*wg@eél Bet ween
busses or processegp/ign! &rofﬂrf”f&f:@d& 22,1in on%@ﬁ%&ﬁnen{%n%&"ti&i&teﬁibht' wor d
("CFW, described nore below)’is transmtted until word sync is

re- gai ned. 25 charamm-mymghs-ibtttchammhdummm@gcmtmmmto@hx entbodiments,
stream for word rd-sync is achlevd n three aI|d rdes ed
sets are detect edt‘O(?Pﬁ oretex-gqnb%\@.é UF CORY 8?15‘?51’8? T %d no
i ntervening i nyal E%P@_Bﬁrcﬁ%@&,% in each GeRatibal ect ed "Loss- of - Word sync" is
defined per the FC C PH Physical & Signalling Interface

X3T11/ Proj ect 755D/ Rev The SB)’IQB denvdemiogipP2rings therence dta capturied bgdhe dat a

are input into the FIFO i.n a rateds| o | .0

22 Fererveauist 2Ly K8 b SBared e dckoded in marallshéo gint iy

| 0ss- of - wor d- sync ejght-bitchmditietsO Rutming i garity 6568 inful Charaéterstis ahecke®andxi num
frame tine (since it may take up to a frame tine to detect three valid

ordered sets). Wheror BaBisis passed to wordvspm gate machingA3, ae wsb as 1o thejazbitrated-

t t ed t
![ gkgr rag{) I gn W ltg.l thOp kg%e%;ﬁj% *unnv f r(ﬁ%ﬂtﬁfls fg}c ghl ncﬁéﬁ 0§&fé&1 &tt I may
| oop- el asti ci ty FiffiRwinganimifdisparity@adr. Vﬁolhﬁtﬁis&o ﬂwaﬂt@dumtaxaae@de

| ogi c, |oop-state-machine logic, current-fill-
" checked and code-violation status is passed to word-sync state machine 23.

-

The loss-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/control 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.



wor d-sel ection | ogic, |oop-output multiplexer logic, and m scel | aneous
functi ons. The | oop-el asticity FIFO provides the buffering required to
re- synchrowgggﬂﬁﬁ i nput data (clocked by the receive clpckisas/dbss: he
transmt cloCk e loop FIFO control logic nonitors the status of the
arbitrated-1oop logic 26 to determ ne ophet her an insert or delete
operation nmay be required. Ordered sets are decoded by the

or der ed- set -recogni tion logic. These ordered sets include FC PH defined
ordered sets (i.e., F@nhPlasPhy. @j{miméie 23119 0gdd tb AstetmirR viRnt 1§SLIL WBFRERRt 15
755D/ Rev. 4. 3), whlch include Trame delinmters and arbitrated-|oop ordered
sets. The cwndmnnlﬁaslheemmedent&renemdmn wgimaximum Bame tine (Bmopltsnat es

and decoded rdered set t rd ("CFW ).
Wien the arbitra B“Pmafﬁaﬁ’(? ‘é?a‘ﬂé’r'@?xé‘i eq@t %"Wgﬁ #ME uses the
or der ed- set decoeifﬁrefsommopmw,g&qnm PRrhQRR Wi i USS-OFSSYNCitdrfupk he

FC- AL standard (1. | br'e- Channel 20 C-AL1 Arbitrated Loop standard
X3T11/ Pr oj ect 596@@&6\&)254180311&0?“1!}'%930&011 Channel FC-AL2 Arbitrated Loop

standard X3T11/ Projec 3 The inputs.L T
CONTROL OUTPUTS 6425 Th ibieetEloop loeit 2 nctyde? Asernlriip T Q ks TR ovi e
i nput to arbitratgflrdl 308c, dPdkred set-deco%lé 164i6 flbéﬂlﬁta{e%h&mé\l gw BhrRerf-filiLhe

out puts LOOP A STATES AND CONTROL 6422 and LOOP B STATES AND CONTROL

6432 control theW@Cd-leGC’tmn logie, loop-ouip@slpéhlpiexer logine endimdiscellansoye functionss t o

t he | oop-control h enera est to t

| oop-state machi Ih ?osogéelﬁ%ﬁ}rgi% pyq}%sm%ﬂgng&yredt ég and
LOOP B DATA 4027 inpubiitd €clééked biy@hd iwewesn@ek;)twmeﬂiemkmu clockpqufeao&;s BIRD ocks
51 and 51' respectively of Figure 7). I n one enbodi nent, 8B/ 10B

encoder |ogic 27ceritdjesic mmltgns%b@gm%pfﬁmﬂatrated-lomag@% dsteroine: s
(lover kis al mﬁ&e@e{'&ﬁ%ﬁﬁfﬁé&gtﬁgmhgg H)g&l%gké:qugrgd prx] gcffe e dec?ded

23 enmbodi nen

I'Aput s~ are encode AR SRE s
which are : sepati adertdderrstoptitioniogiel Thedd didered séts aitheki RGPHlddfirdegee
Figure 1), which converts the data to a serial stream_ In other

embodi ment s} bot Brdeggd ssts (ie., FCoPH Physieal & Pignalling {nterface X3 TWyPrgjest sent i n
ol ], TS, 4 e BB e e
I ndi cat e when t-h&he cdrredt-fili-awed-§elédtioh logle monitomsithe bop statdsandgletodedst er r ed,
to allowthe ene Odcieeref s7e'cst t(()) ei(:aeln(ralcmte Q gun(':e%-rﬁ l(-:\}vox:[d (QSF‘&% \\flh tﬁe ar)bltrated
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
- 20 FC-AL1 Arbitrated Loop standard X3T11/Project 960D/Rev. 4.5, or Fibre-
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
25 6422 and LOOP B STATES AND CONTROL 6432 control the output of the
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
- ADATA 4026 and LOOP B DATA 4027 provide data to the respective local
ports (to blocks 51 and 51' respectively of Figure 7).
30 In one embodiment, 8B/10B encoder logic 27 accepts the sixteen-bit data
and 2 k-characters (lower k is always 0) from arbitrated-loop logic 26. In one



of the EOF based on the current running disparity. Al so, when the port is
transmtting (in an QOpened state) or when arbitrated-I|oop Iogéc 26 IS

transmitti ngpddheise primtive, the running disparity is forceBCTHSHASE ve
at the start of each non- EOF primtive. The output signals AQUT 3023
and BOUT 3024 transmt data to the re2pective transceivers 115 and
115" . Figure 5 shows conparator |ogic 30 used, in one

enbodi ment, to hold a | oop open, once control is achieved by

arbi tration. Thembodimentpthe GifatCite Bnddded AvtatwoBirEbiDaiaragers which arenpar ed to
a predeterm ned val ue ,X- FRA

VE 9013 (which, in one.enbadinenf, is a
pr ogr anmabl e valsﬁaraﬁﬂ&ngﬁul PreAt 3 fue, t‘anscmyir I(Jgt(@ereﬁqlﬁ‘é‘i?cigﬁﬁnﬁrc*’cal ly: in
one enmbodi ment, hhi&t4Rb dataits a$6iallsesti® I 5tAEFImbYMiments, (gt or 5010.
The anount of DATA- FRAME DATA AVAI LABLE 5015 is conpared to a

predet er mi ned vahamactérs(DRDBVERY Dit§)dre sdnt in paralhe t6@ Granseeivedi ¥ which s a
programmabl e val ue, an n optimal. val ue,is determ ne emi.rically; in
one enbodi men , CPHY%‘ts\ngaétaitga%ﬁ‘allsHe?‘He aﬁﬁ%%m%fm\maﬁéefﬂﬁ (B%Eélg“re%) hal f
of a frane; in ' - 9 A DS

s Bbout 1 000) A T e B g e e ot
condi tions are rbeing taansfarredpiot adloMObhD eh@@er ZPENseddcy thel coBs@etype (or “flavor™)

Figure 6 is a bl lagqram of .1 oop-contr.ol .circuit,.40 (,al called frane
Cransni ¢ (~xu 7o the PR HaSa o e GuReiHuTBE ippdth wise Wikadefitics 5 and
6) i ncl udesrAemitial (e G%én@d 9RRg bR vbeh SICRER1JAD 1b5R 28R irainhiad

arbitrated-1oop state machine (in arbitrated-1oop logic 26 of Port A

and Port B) b aprimitive; thegenningdisparity is forepdde negativehthetstarhefidach fioamri ng
state mohi nes 12otsee fLouhe A, A%k (56% 19 ud¥] BUPbob PubSill

transmtting fr

24 - datd RS tdspeltiva toasiepReL119 @ad €181 includes logic that is
activated when a transfer is requested by m croprocessor 112.

Transni t - dat a- sequencEigutegyshowsromparaterdagic 30 n1sedhdn ppeermbediment, teyholdput
signal s TRANSM T _STATUS | NPUT 411, . and. r ! o Aol y
enabl e signal s ‘IlﬂingRﬁ’ °&%\ﬁ‘i¥%ﬁ’?&#ﬂﬁ¥%" b%a%ﬁ%%%f %géﬂﬁggégngémﬁe
transfer. This aAWVeMBABIE DATASSENT-ik easlpared tb £ HRRdetermined YRl SEFRIAMES

generated w thout intervention of mcroprocessor 112. -Loop- port

A/ B open- cont r ol 38 8{whichs imenrembpdiment; 1s agrogrammpble yaiug,angpn optimahwalue e
the case where t0Q.R0hinel anfpRTERT; MordMBlHI A mdrt Yhls Viiue 1S b Bfie KARR) by
comparator 5010. The amount of DATA-FRAME DATA AVAILABLE 5015 is
compared to a predetermined value Y-WORDS 5017 (which, in one
20 embodiment, is a programmable value, and an optimal value is determined

| 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 determines when both
conditions are met, and outputs HOLD LOOP OPEN signal 5019.

25 Figure 6 is a block diagram of loop-control circuit 40 (also called frame
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 Figure 13) and 81 (see

30 Figure 15) to begin transmitting frames or R_RDY's.



1250 is opened to transmit frames. This |ogic generates requests to
arbitrate and 10 to close the | oop 1250, and requests to transmt R RDY's

and franes Qo Yyaidi8s's "sorts, and can be configured for HGTUSRHRA4ESE or
ful |l -dupl ex operati on. The follow ng conditions nmust be net to
begin a request to arbitrate: - 24 request from m croprocessor

112 to transmt a frane with xmt port enabl e, 15

- the transnmitting port is in the Mnitoring state,

transfer-1ength count Tehsmittdata-sequencer logxc 41-incladeslgpieshatfis amlvated when a
m croprocessor 112 to pause a transfer, - (non-data
transfer, or dat aragsfaras reanerigddy wqqpr?qeaﬁgfléfl I&r&wlh‘éﬁtavauencer logic 41

t 1t t d th
threshol d et 20 Sohfors et ulfp g spglSTRAASMIPSTATUS NP RS ALY,
the port is confi agmr@@lexfams “andblest] (ipd. ,esnabbdégnal?, TMSW@HTROL OUTPUTS

transmtted only in the Ope dst te. ort onf yred for
full - dupb ex6‘hl§3§°r eRcIRsieecof Hg trapster éﬂ’é?ﬁ{]"c E@Pst at e

or Open st ate. gesg&gg“olb%r? %%%Héﬁigﬁf)ﬁgvg?ﬁ?fﬁmp rBéé%Ebﬁ-”i‘ ted include

"Buffer-to-Buffe e an outstanlng R RDY' s
| ess t han maxi num LﬁﬁﬁpmﬂlAVB ‘opérBodriten] state iiadHimes 42r(@dittA)camdt420(PoroB) C

Che” connect ed por KRy e caR iSRS P is opencg by nfber rpbast 6 whrn (e Joom s e
by sendi ng R_RDY' F%§O 39 genedto transrmt‘ﬁﬁmte?e'lﬁg'i& i Eefe?ﬁéév\%gn £ %Ebltr te and

hal f - dupl ex nobde, frane transmtte
state. Wen t he ptmrdlosesthcmmpllgﬁﬂ eaddfrcqueﬁtsltcb transrmtR RDY's and frames of various

SRate it tne "B oL SRR maevie R BB B efege " P

reci pi ent . Tﬁefcﬁmﬁﬁgc&ﬂlﬁdn@%ﬁtbe&efm&uquuéﬁt& EbapaLed when
al | thefollovvlng conditions are net - data-frane fer 55
has data available -  -arequestfrom m#rOmoccsgowaZrtema@smmatfrwwuhuxnabptmT( RRDY
recei ved) - non- da&a transfer, or data-read transfer and
transfer-| ength counter (i n®

15 - the transmitting port is in the Monitoring state,

15 - transfer-length count not zero,
- no request from microprécessor 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
20  and data-frame buffer threshold met).

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.
25 Conditions that cause an R_RDY to be transmitted include “Buffer-to-Buffer
Credit (BB_Credit) available and outstanding R_RDY'"s less than maximum
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.)
30 ‘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-



bl ock 609; see Figure 12) is non-zero 10 Conditions that cause the | oop

1250 to be cl osed incl ude: - no Buffer-to-Buffer Credit is

avai |l abl e %& &ring the Opened state -t her e RGRUSRS/24558
out st andi ng s and no nore BB Credit is avail able

when in Opened state - a processr busy request is active when
the port is in Opened state 15 - the transfer has conpl eted

- data-read transfer operation and data are not avail able ' - a

CLS prinitive is ggslét #defdnesmapbetrditiine in Opencstate babi Opened state if the - a
m cropr ocessor pause request is gendl ng and the | ogic,is between
frames 20 port wagepened,ip ful gapﬁxwdpbgmeeﬁ@nermerﬁort A B

-init- | dl
Che case of when t he | Sdaoslsiiva it Nl be Bindifif Mhen G124 ibuily; 2

46 and 46' gener at@fditieuesiet:t o transmt frames. There is one state
machi ne for each port (46 and 46’ respectlvel . 25 These state nmachi nes .
wi Il generate & request date-frammbuffar 53 bes dafa aypilable m croprocessor 112

requests it, and wll k‘t{epfo-ﬁﬂ{??x;?%fiftrlm '(R“RﬁfY When

the transmission is corrp er-conpl ete—I's genera ed to

m croprocessor 112. - non-data trandief, or dptatread wardferakid #@nsfasclendth doukiEr (in
BBCREDI T AVAI LABLE TO 30 TRANSMT R BDY 6017 and PORT CREDI T AVAI LABLE TO
TRANSM T A FRAVE 6020 (blask 68Dyseedigure 12) ismpnZeIOTATES AND CONTROL 6422
and _ 26 LOOP B
STATES AND CONTROL 6432 (see Figure 4), and DATA AVAI LABLE 6019 ( See

Figure 12). The oWopditions thattduse tie 166p 1250 toche closed TiebdsM T CONTROL OUTPUTS
6413, LOOP A TRANSM T CONTRQL PUTS 6425, . and LOOP B TRANSM T, CONTROL
OUTPUTS 6427. 5 - nPLﬁ‘{ff?éwtO-ﬁ#%Tdeﬂdﬁ ayailghlegvheg antrring the Opepsdsiate

transmt path is found there %%'&%d@%%&?g RERDYA b Ho ﬁlbx%GhB_Credn is available

Si ngl e- Frame- Transm t - Pat rcul
when in Opened state

- a processor busy request is active when the port is in Opened state
15 - the transfer has completed
- data-read transfer operatioﬁ and data are not available
- a CLS primitive is received and no more BB_Credit is available
- a microprocessor pause request is pending and the logic is between
frames
20
Referring again to Figure 6, loop-port A/B open-init-control state
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).
25 These state machines will generate a request to transmit a frame when
~ microprocessor 112 requests it, and will monitor for the transmission of the EOF.
- When the transmission is complete, a transfer-complete is generated to
- microprocessor 112.
_ The inputs to block 40 include PORT BB_CREDIT AVAILABLE TO
30 TRANSMIT R_RDY 6017 and PORT CREDIT AVAILABLE TO TRANSMIT
A FRAME 6020 (see Figure 12), LOOP A STATES AND CONTROL 6422 and



1. Dedicated Frane Buffers for Receiving Franes In a

dual -ported fibre-channel arbitrated-|oop design 1200, the buffers in 10
on-chip fragge %glgfr 119 rmay be used to nanage i nbound and oRCHUSRR4EF&NES.
Frames received. and transmtted are usually stored in a large off-chip area
(e.qg., of f-chip buffer 111) at a sloweg 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 bandwi dth required will be nuch

greater, adding BQ@FBSMTE@ANDQ)NX"R@LE&%e&F:gurM hed DAIA i n the FC AL

ASI C 110 (see Fi 1) may be configured in various ways to strike a
bal ance bet ween rﬁﬂ ARLF60195Se¢ Fignre B Thewoutnuts Riom bleski40 implade

(conponents of  REABRMER PONFIRE O fertts i 4068 o TRANM CohrioRz .

type f r amesQUTPII TS 6425/ 8hd LOOPEB IR ANSMIT TONEROLASUTPUMISHE42g. &
dedi cated | arge data- 20 frame buffer 55 téal so a conponent of the overall

on- chi p framedbuffer Fumher information regarding aagle-fpamwsaébp@hl%@yeddu ng to
t he present .inve N, 4 . bot h ports 116
si mul t aneousl y. g‘%‘}g&“f'é}%%ng$%qﬁ‘§{? 0 d in a |larger

off-chip menmory 111 after they are received. Each frame nust be
val i dated and the franme c&l i c-redundancy-code ("CRC') information nust be
25 checked bef oHe DegligatedFyameBuffers foxReceivingcknamesTo avoi d duplicating

t he receive- fra ] [B]g g&g djyvi

recei ve- non- dat a- frameiHaa M@lﬂ%&%{j girlgléea'l an @gfﬁfz"gﬁ@%@%\ﬁq’ d%aiéj,b ? g’\rég)%g{uselgch
port 116, toi1al | ewvchipifisfic baffdrel 19 may beaned weshafageihbound@ind loytbdund Glaies.
interface rates, _and then read one-at-a-tine val i dat ed, and

transferred off-EmsrﬂFql%ﬁdq@ dwonsmitted sreusually atoredrip aargs offschip awa toe.,
provided to be Sgﬁ‘r&ﬁpﬂfmq nonl%%xlt? §ﬁr}£§tE93{@héWﬁ%ﬁxgﬁ&ﬁeg ?Iller

transmtted on one p ranes are recelve
port WO 99taabkeof the full transfer rate for a single port, for a dual-ported design the 27

T e
the same ti b¥!;fer119 mtheFCEQEA@f@Wb%sggthﬁug ?fﬁaﬁbﬁ&?ﬁﬁiﬁ%ﬁ%}\oa}7 can

recei ve non- ata nto non-data’receive t he
Port A transm t fiapeto stfike abalendeﬁ:etween pebformancepsilicommgalisstate, fand cost. Them

dat a- f buf f 55,
ata-trame butte E)resent spec1£icr:§1%§1 lls & use of ge&lcated frame buffers 53 and 53'

(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-
20 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
received on both ports 116 simultaneously. The frames are usually moved to and
stored in a larger off-chip memory 111 after they are received. Each frame must
be validated and the frame cyclic-redundancy-code (“CRC”) information must be

25 checked before transferring the frame off-chip. To avoid duplicating the receive-
frame-validation and CRC-checker logic, individual receive-non-data-frame
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
30" 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



frames fromtransmt-frame buffer 73; and sinmultaneously Port B can receive
non-data frames to non-data receive buffer 53' while transmtting non-data
frames from {iomoreise-frame buffer 73 or data frames from dat aPIGTAR8BIBer

55 (in the case where Port Ais transmtting non-data franes).
Ei ther the data-frane 10 buffer 55, or op® of the receive-franme buffers.
53 or 53', may be selected to use the recei ve-frane-validation
| ogic and CRC checker. Note that, for one enbodi ment of the present

invention, a singlsimultdneotsipnBurthetfshiceGvoiindipidudl siecway fibers are prodlidedat onl y
used for one portﬁécllg at a.time, and is used for either transmtting

or receiving at a Rerty4 simgle port gambe transmifingand gecaiving phthe same fime: ane
buffers 15 55 are Wal=Ya Wi FARE | e
that, for one (@ exifple) o PO fecBie tr | F7 b RULOPnofa3fl (G
transm t-frane bufitemondatsreceive bufferfi3owhiticthe PortdA eransmit fibet S E8lisfeftheone
port 116 at a tine. In,qth multiple transmt-frane

nbodi , Jé
buffers 73 are r&{ﬂ%@@p@%@%S gﬁ%ﬂééaﬁgﬁb‘@q 8y, OlgWansmitting noncdata| | ow
trul i | t AT -1 ' Al -d 20
eponsea 1o be s danSAdriehdihit Halc YheRP 93, Yl Wiihulalcp 1) Bor 10l By 2

t ranﬁ fer is acti ve:,ondatm&?]mdﬂlbamnfdammedae ht(xjﬂfesraﬁﬁfswlﬁle transmitgﬂg nbg-dagcei ved

on the primary port. At.the sane.tine, nop-data franmes my be

received on the aléﬂﬁﬁ%nﬁﬁ?mtﬁm&g%%é&?@l@eﬁa%é“ﬁml?“%ﬁ%ad,

CRC, and frane delg gt @@wﬂ@P@h@Pﬁ%ahEﬁxﬁfi%h&%ﬂﬁg%’sﬁ.r J%&@-ﬁf
e header, , . an

whi | e 25 non-data frames (which also 1nc payl oa
frame He| ibviffer §§,)orane of therectiveaframe buiffers 58 azisS3t nfaydesecleofetias sd3

(or 53'"). There ig,one. recei ve-fra ffer 53 provided for each
port 116. Wien Onzh%fec?wg-f{ameé\éali%auon ﬁ’glcf?“gerggﬁt?;‘?‘%ﬁe’s Nate thatzforgness) has
data avail abl e, i tep\odim&R of BleSbRHL 19 . %ﬁg | jjon
| ogic 595 and the CRC crﬂecker E:Ietggi ct%lQ%M(ﬁgléégiﬁ:ﬂgbeu‘%aéa tl‘rﬁrk %ssmkﬂo%%a,

When an out bound dadgan palysssed faroneperit 16 atiatimef arahis wised for eitherransméttingn

gih,? hg; ' mary port. c.)'f-‘tre:cteE]vemés a rta%ytolng%mep%]bg%’ gmiaggirrrl%%ts%lt?ﬁg rggt%-e#ramv eéj blg&‘@r_s

The data payl opsl is5 drepebvideditd Kirhovel¥ubh 3 3&btitioh! %séﬁot%li'ﬁat, fandrame buffer
55 and stored until the interface transfer can begin. (The eaaer, 'CRC, and

frane delimters &mbogdifaerd ofthepresehtinyventing, a singlecttanismitafrarhe biffen?s isuf f er . )

At th ti : - b d Lth t '
or alternate 5 pareioRhdnd Shfoh BnrBle uin) fF fid Ber T Sher Fobedtiebts o

buffers 53 or 53 rhltiple transmit-frame buffers 73 are provided to remove such a restriction, and

to allow truly simultaneous loop initialization operations (or other non-data
20 responses to be sent) on both ports.
When an inbound data transfer is active, either data or non-data frames
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
25 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
- 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).
30 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



hel d until the frame buffer is given access to the receive-validation |ogic
595 and CRC- checker | ogic 596. Priority is given to the
dat a- f rame fehBEsseS i n order to provide the data t r anspermsvs/msthe

hi ghest perfornmance possible. The non-data frames will be 10 handl ed when
the data transfer pauses or is conplete. |f,0ne of the receive-frane
buffers 53 fills, such that |oop Buffer-to-Buffer Credit is no | onger

avai l abl e, the wite/read operation of the data-frame buffer 55 will

be suspended to e I by & 3 ften o HrAata-

Buffer-to- Buffer{)%?'e P?dexﬁalp?ﬂg’g%%né%gﬁsm%g@gialﬁgbl e. ??lbounéa ggxtng}%‘uﬁgﬁes
may accunul at e i 65 ahd stdetdaurdtil drecinterfatetransfer ton beginr (The hdader, CR@ andi nce new

frames may be witten t.o.the data-fra M 555 ile the a S
suspended for a SRBEdelimiters &g e%?@%%%@eguﬁé&%%

I nterface may be d | I Bt o dif ks y
be read fromt hes@&%ﬂggsn%%ﬁ?%igk vy{l/ra?;% r%é\kgl?? pééﬂr?gﬁtge? ig?}ﬁagy éﬂgﬁﬁ?t?ane.

Figure 7 is a5bl pokt. Thegonwtatffrémdsrage whistem i the eeceivieefranae buffiers 58 oaid-to 2@
buffers bl ock 50 ee .Fi e 3)...Recei ve- pat d frame-buffers .bl.ack 50
rocesses 1 ocet vEHR I B g vEn 2 pr I dh Sy PR o pEig 555 o
off-chip buidRat-cheeker logic 498, the single-frame-transmt circuit 70 or
stores the frane(s) in one of the three franme buffers that receive

frames (receive- non- dRriarity isrgivepo the datsframe buffer SS3 ordento paevidé therdatduf f er
55). The receive _path 50.i.ncl.udes the pre-buffer-_.25 recejve-fr
processi ng (bl oc g,gangj_e:r \gﬁ.hﬂseihxggesgg o W%ﬁ‘ﬁ’ﬁ’e r%ﬂ@i‘fﬂ?ze@e%ﬁpge

port-A and paigt - Bahd6® WhEn R Hatiodsrsher paBsel Uf fs@ofphete. Af®ne 3f tHeGS R ¢d-FrufleY
dat a- frame buffer 55, data-frame-buffer transfer-length counters 54,

f r ame- buf f er butferst53dilise sudbghatdoemBniferstodBuifer Credit Boo langeriayailable, the

I nterface 58 bl ocks. . T LNput S .4 o] ol include LOOP A
DATA 4026 from Fi F’éeaﬁi,°p§F@°§6fﬂBd§%Ah§‘$ﬁ¥E§%rﬁ\%waﬁﬁ?lﬂ&éﬁﬁﬂg° B5Fi ch al so
inputs to Fi gur e r&eivelifime buffer $HALH o thet MR to-Bliffer Teddihwill 49k B DATA 4027
fromFigure, 4, and LOOP B

29 STATES' axmlabiprinbpurshdata frampsmay pecymulgie insthe daterfzame bffer Sthe
i nputs to data-.| buf {. ' E- FEER .
Sona Dara 157 gRikb AR RS 1560 bRet By B bufteh fo B GeRacR AV,
52. Signal " B h-real GlasSugpeadad fob a sherttimel i0utbound dlatadfrdres Hailablat a

pause is required 5 (ysually due tqQ a buffer no ,beiﬂr_}g able to _keep up with
a transfer-rate BefdgARierace may be reduced temporarily during this time, since 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-

20 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
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-

25 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-

- 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
- 30 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



Si gnal LDCOUNTERS 7541 signals to data-frame-buffer transfer-length
counters 54 to | oad counter val ues. Qut put signal BXFRCNT_ZERO
7542 indijca‘;vg§ h}?\?i all the data of a transfer is in thePCFIUSO8R4ESS r ane
buffer. Frane Bu er controller 56 provides read 10 enable signals

RD ENABLE 7532 to the port A receive-non-dagiga frane buffer 53,

RD ENABLE 7552 to the data-frane buffer 55, and RDENABLE 7533 to t he
port B receive-non-data frame buffer 53'. Buffer-control-interface 58

provi des sel ect, SFTATESCANBOONTROL 6432 @m&a&lmmﬁg\ﬁ .OFfre faplis to
BUFFER 7589 for of f-chip buffer 111. Qut gut DATA TO OFF- CHI P BUFFER 15

3052 provi des r edata-frasnedenffer 55 amaladeQHF FWEFER IMEABOSbf Bignal PAJIA f er

out put s of pre. XFERGONTROCHLor)d dde- Rk vatrS R o7 STt "W cn-
has the DATA XFEBUFTRAUSE 7561%stignild toTRime-Biffer@oh@oller®6 thiti sSpaiise is eh@iiay 52
provi des the data-frame buffer 55 w th data and state signals (8511

and 8512, respec(usvallydue ta athudier aotipingsable tesceep@p witht a trangieatebandwadth).nt o

ragram of a1 oyl RGP UATEEES 78 ipdls o dey Pae-buttek bl Baleh © "

circuit 51, whi cEounterpss esloadicoaneer vaassl ved fromthe fibre channel
1250 to be inputted into one of the three frame buffers (53, 53', or 55).
Pre- buf f er - r ecei ve- paPtmit sigralBXFR-CNde LEBQ-1347% indicates that old the data afa st at e

25 machi ne 512, - L- ke 1, I |t

mul ti pl exer “%Z?RE?L eé%ﬁ&grr%ﬁeer Bglﬁ%ﬁm%@%ﬁggg SJgdi}ﬁclléss réad
duplicated (il0e. enable sighdlPROTENABLE 532 tothe poh Afectivenoh-daed frarfe BiifferPor t
B, since franmes may_be recei ved on both ports sinultaneousl

P e_buf fer - r coei 55, RDMFVABLE I552 fartbr data-foame husferiss; and RD. ENABLE 753%ta 30

to det erm ne whep, f | of | i's

det ect ed, signal gheéirog{%zen%yalfe %ﬁﬁ%\%#&\%{‘% o%ﬁ%ﬁ‘éﬁ%ﬁ&‘@ﬁ%ﬁw oad,

and provides select, strobe, and/or enable signals CONTROLEFOR OFF{CHIPe

delimters. This_state nachine 512 chf?cks for invalid gri nﬁi ves received
qr P4

during the headeBLB’rFE[ga?ﬁ&?afGr affchimpbutier41d s PupptiRATey -CHEP BLIFRER,
Pr - buffer- 1 0o o057 piovilel xlifich 0af <Rl 36n B pmes tp offchip butfer 111, o
a frane with the maxi Data-framesbuffenpnbtiplexer S2 selette theldataand thp loatpats &fipgg- of
o 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
20 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-

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
25 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.,
. 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
30 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



either the command, other or data-buffer areas of the frane buffer which

w il be the destination of the received frane, based of the R CTL
field of the~ of " the received frame. If the countecT/USe834858 zer o
before the I's detected, a |l ength error is detected. This function

hel ps prevent overrunning the allocated 103gpspace in the frame buffers.
EOF-nodi fier logic 513 checks an inbound frame to see whether it is a
data franme, and generates an enable for the frane buffers. EOF-nodifier

| ogi ¢ 513 caphe g@ﬁnﬁtgﬁ. ‘?%Eé'tﬁgngeﬁi]bé 1V) Elil&l(g fdgfinmﬁ ﬂrﬂﬁﬂifggrécéﬁ'@& to

be used by the re-buffer-receive-trane [ ength counter 515.
ECF- nodi fi er | ogdwringlthe hkader dbpayherdi dnd dar travsfarOhat vielate the maximum frame

nore-detailed status infqQrmation nay b sed t hrough the frane

buffers to the c@ﬁﬁ@‘rﬂ’? %Ee'f?aﬁ??'é@.teedé) - | nput signals LOOP A
DATA 4026 and LOOP B PRIbARFéceiveffame lenéﬁi QDdhr 418 oadudRit Btk Beinning of
EO-- nodifier logic 513. LOOP A STATES AN CONTROL 6422 and chﬁ B

STATES AND COSITRDfrasw3gitl thieimdximimofrage lengthi(as sedeckidhyr mubliplexen§149efst at us
i nformation regardi ng the | oo 250 tate hi n 2. .ERAMVE
S| 76 8517 pr ovi B e R ofter 8 it guticareas of g pptPEaich gl Heoy
data frames, conjfeQiestifA¥Rof MetediRY frdh@WaSed df the R_CTUIfidlPbeNeheadedt orNd
counter 515. Qut put- signal s PRE- BUFFER- RECEl VE DATA 8511 and

PRE- 25 BUFFER- RetezecdivedTiraras Kthecquntey retcheszero befaresha EOF intdetentedi an t o
- data byff 53 and 53'...c ] 9 d dat a-f buf f.er 55.
Flgure 9 is a bl SORRASisAnEwed Th Rkt hiEs pyediyeiofog i iote

buf fer circuify 53pactnetHedPhe/Bufftes)- dat a-frame buffer 53 includes the
recei ve- frame-buffer wite control 533, receive-franme-buffer read

control 534, receive- EQF-mpodifies lagig $ 3 chrelg %@BPOWMWMWi@E ast at us
block 536, and 1 ceiong:, g oeddh AP U Rl ER MR UMR, FOP-rcllh 1651

31 bot h Post3 fapiiifes B RodtingSCoie@! fitAsTshdmbolel frafietd/Bshud byahd ports
si mul t aneousl y. Recel ve-frame-buffer wite-control block 533

gener at es addr es preciiirreceive-ame }qngﬂmcgm(ev\;éﬁ. BOZenodifigelogiq 118 alsmbl es (VE
2320 o L RS By e W Wl i SRR B Sl <
pre- buf f er - r ec€i vgoagpthe franedbufferHtbah@cemmsn fedetve path 59.
' k 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
20 input to Figure 6) provide status information regarding the loop 1250 to state
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-

25 BUFFER-RECEIVE STATES 8512 provide data and state information to non-
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-

"~ 30 frame-buffer RAM 535, receive-frame-buffer status block 536, and receive-
frame-buffer frame counter 531. This circuit 53 is implemented once each for



develop a wite enable (WE 9539) to the RAM 535. The address is increnented
and a wap bit (WRAP 9538) is provided to be used by receive-frane-buffer

st atus bl bokoD3a6tse det er rii ne how nuch space is avail abl e i n PCEAS$4FB ane-
10 buffer RAM 535. The data fromloop port circuit 20 are translated from

si xteen bits wide to thirty-two bits W#ilde and a flag bit is devel oped
to indicate an SOF or EOF deliniter. The CRC fromthe received frame -
i s passed through non-dat a- frame-buffer RAM 535 to protect the data.

That is, the CR®bathfPortrandBor B, since frames map de reasivedivoa Hotloparts hannel i s
stored into the non:data-frame buffer 53 along 15 wth the data, and then
i s checked as t HuMyYaneousy. (cad out -of the non-data-frame buffer 53

(e.g., as they are trapshi¢dfadelbRfer@rifd-fortddl Blgelefsw erlebdtbs addte & (@EHTR hat

any errors that arise 1n the data as they reside in The non-data-frane
buffer 53 can  953Mdatie(WDALI9336), anduwrite enableso{WEI3539) for theorandorhiascesat a i n

t It the fib " s N 125 l.so .det ect . _The i t
Si gnal s L0 bl o KPBBORY C RAN Heeccits F e BaHeERORT 02 oW Hh g toE ke 416
PRE- BUFFER- RECEI PéEei$Id’,~TE§st§éJe%?bles frofnYRE-bitfeifeReivt staftYHadlitge $12a8%séd 1o°: -

versions of signals that are clocked i'nto a register for later use)
MPU DATA 9533 andevieRlp 2\WHRESBDRIIVE P53 to the RAME $ 3 r Dascasklpess i incremented

Recei ve- f r ane- buf f d- cont k 534 { : d 25
(ROTR 65415 T or  EHEA PEEEt EVRAR DS ) Mo Vidad AEBEL TS st P Bt ot
9540) from the RAMu3BRockWiBHo HERABMEKbHAhuGORRESIs ahildbe fny88eiTe-HaftR- 7)

sel ects the recel ve-non-data-franme buffer 53, a r'ead to the )
r ecei ve- f r amd0bubiffer RAM 530 1e3tats fomdadp pert cirenit 2(0are drapslatedifrom sixtgened

d bit VRAP, 9542). i, i to. b d I
ey o e PR idetd Shicty g i #BaS Hd ek Bt i asvafsed i folfrete an8QE of ¢
avarl abl e 11 {NeBORAM ! TH8 CR ok (RONcHBM 5T i6pisied trough! AL

recei ve-frane-buffer RAM 535 are captured into a register an

32 noni t or frgmeduffen RAMAGS ito protest thetdatayi That is) therGRGdnformation asand end.

An enable is devel,aped..t ..be ;used .by, t 0, nr i v h 59,(see
A e sy to i naleave HRR e Bl i Yot W aRESE: R UAIRRES,
534 incl ude REG withREPdata, andthédyoBEdkeq 23 thefdagiard reud vt 6 B8 0h-dhixfrarhBe
out put signals fromblock 5 534 include RECElI VE NO\- DATA BUFFER -DATA

9543, and NON- DAbwffer 53 (e\gy asitheymsptrgusferred 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.e., 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




Recei ve-frame-buffer RAM 535 includes a synchronous RAM The RAM i s
thirty-three bits wide (a thirty-two-bit data word plus an SOF/ ECF fl ag
bit) and tKy§gsheigslred and four (304) words |long. The SOF, hRGHESIS/4ESA oad,
10 CRC, and EOF of a received non-data frame are witten to the RAM 535 to

be hel d until access to the off-chip Baffer 111 and common receive
path 59 is available. In one enbodinent, a built-in self-test
controller allows the receive- frame-buffer RAM 535 to be tested with
data patterns dexehieed forrpecilid sittd detératine the frantess spity sdcéd. | Ay entblefs t he
menory. 15 Recei ve-buffer-status block 536 conpares the wite and

read pointers ofdeveloped Fﬂbber@éé by thes qommonreceive patlng H3ee FigurecDde tadieatenet her

the buffer is e Wframs
of space are avar(%é‘o 1% 4rrfemce veggﬁﬁg{(ﬂ#igcw‘%‘}o HHX

outputs of this mmmymiﬁ&hﬁnﬁfb%&essorllﬂ54ﬁb oﬁlp&t sig@ds fom Block
frame-buffer controller 56 to determ ne whether rece ane- buf f er

RAM 535 requi 3 esd34cinelyde B@WEWAF&%WEEBQ%TMSQ@d NON'Qét p%t s are
al so used by they fer Credit control logic 603 (see Figure
12) to determ ne %iéﬁg@rgdét I's avail abl e.

Recei ve-frane-buf fer Recive-fanebaffetRAMKSIBihcldest syrichronoustRAM O0The
frames currently in the receive-frane-buffer RAM 535. The counter 531 is 25

i ncrement ed whenRAM jshirtyrthregbits ide (athisty-yasbi date ward phisranSOREQTF-Bag and

Count ( CONT O TR ARR AR niph R And RS Holds fobp " TROSDE headehpagiaag. 1
Credit contr®d 60RC, andiBOErofiareceivedinonrdacy feathé atesvritien toald RAM 535 aebe

enbodi nment , all inputs (except, the_clock) going into, the M are
del ayed, to pr oviedd unil ac&‘éﬁé(ﬁ‘%lﬁleé’%gﬁmﬂ buffgp1 11 and common receive path 59

gﬁffer circuit afﬁlﬂ%el%g? rarre ??ﬁméé [ ncﬁtﬂgﬁﬁm ?glgggg%ega%‘faef e

wite control 55ffamebuffer RAM 535 trise tostéd eithrdatacpattenisrdeielopet] specifically for
dat a- franme- buf f er RAMﬁgai daé{;l-frarre- buf f er status bl ock 556,
dat a- f r ame- buf f cthephy Hiont ehthememaryy qat a-frame-capture 5 bl ock 552.

Only one dat g5ty ansf eReée?v@ﬁﬁf?éﬁ%@t@ébl@él&’ 538 dfpadsBe wifle S Rall bd
buffer 55 is shared by Port A and B. Dat a- f r arre- bufer
write-control i thekedba:- @an&baffasRANﬁﬁﬁw dewpmine whether the buffer is empty and,
' ' if the buffer is not empty, how maﬁy 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 requires 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 available.
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.



9555), data (WDAT 9554), and wite enables (WE 9557) for the data-frane-
buffer RAM 555. For a wite operation (data to be witten to the disc),
when a 10" da) svdeise i s received, state enables from pre-buf PETASER2IS
state machi ne 512 are used to develop a wite enable (WE 9557) to the
menory 555. For a read operation (datazgo be read fromthe disc),
enabl es from frame-buffer controller 56 are used to develop a wite
enabl e (WE 9557) to the nenory 555. The address is incremented and a

wap bit (wap 9556) iBigitediifabldok didpraioff alfibré-beartie! data-Hamd e chehit er
status bl ock 556 to_determ ne how nuch data/space is available in

dat a- f r ame- buf f er55RRetasfame pyffer;5SSyincludesgata-framerbutfes svrite cantreldih3l data- port

circuit 20 are tr | i ' bk Y3 bi t.s wi de
and a frag o R BhBS ke it sE R bl RANY S5 e e
CRC from the stitesblovie 856, /datkfrinfe-bafecfarhé cQudér 35| and daaSrami &AM
555 to protect _the data. 20 That is, the CRC information as received from

the fibre chanhelblpek 31%rQ@ulyione datafiransier is aligwgd pt anysiven time, godata-tragnen t h
t he data, and thq;;ﬁ? g@gﬁﬁ&%@gﬂatﬁﬁe read out of the
r Ee. g., as-t ]

data-frane buffe ey are’'transferred to the off-chip buffer

111), in order that arData+raesbiffiatwriteicontrolblédkesSHichertted didyess EWPIR i n t he
dat a-frane buffer 55 can be detected (of course, errors that arose in

the data in transS3haia{VDAT 9554).and natte enables(WE 9567)fos the data-femeet ed) .
| nbodi d kON, f ff-chip buff
111 r et rans! at Sy RAMISY Fora el bttt o Yrfuerl G5 BBl ¢ oo

bits w de andlpardatyframe eresinéd; dtateenablel Goin prlecbuffer-redbdedstate tachine 12
signals to bl ock 553 i ncl ude PRE- BUFFER- RECEI VE DATA 8511 and

PRE- BUFFER- RECE| \Ate B3edtedeyeiop a write enabls (WESS57) tej thgaremery S55rdar @rpadcHl P

BUFFER 3051 (see FEj . _
34 ‘*ﬁ?%@ itz to be read from the disg,enables from frame -buffer contraller 56 pav
555 are pr ot earé astdoty deRop afwaritevhdbde(WE 955¢) @athe niieorp35Si The ha@ess he

fibre-channel | oqp, 1255) (dzge Fi gure 2) though data-frane-buffer RAM 555
and then to the dJffmeEemented andg pran bit (Wrap 8536)45 proyidadde bemsed by thei daje-i f

1) aneee, DacFo, SRS i 4556 Lfine Ky R PAURRL Bople
information is adihtmframettuéfed RAM §65.nBormtveitd dperdticn; theatutnfroin loop porf t er
e Jote, enve, daaul e BULLats FAM 23 i oty <0 o WA Y

. 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 albng 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 include 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).



(RPTR 9559) for data-frame-buffer RAM 555 and captures data (RDAT 9558) 10
fromRAM 555. For a wite operation (data to be witten to the disc), the
frame " WefbgEissontrol ler 56 sel ects the data-frame buf f ePCEASISISSS r ead
to the nmenory is enabl ed. For a read operation (data to be read from
the disc), the transmt-frame state maghi ne 81 (see Figure 15) enables
the read of the nenory. The address is I ncremented and a wap bit '
(WRAP 9560) is provided to be used by the data- 15 frame buffer status

bl ock 556 to determ neTHigyinBielknibddinémadata inthedsth fRimebiffer RANESSS #8E
‘buffer. For a wite operation, the data fromthe frane buffer RAM are

captured into a rsetested by £RC miammpatioadf thedataase passipgifran thedfibretchannel loaphe

common'ecei ve. padiogge Hburee] tiolgh 48R USRI SR AR e bet
operation, the déﬁlﬂfeiwmlﬂﬁh@-ﬁrbﬁaﬁdbﬁgaﬁi?ﬂfﬂﬁyh%@eﬁﬁéﬁﬂdmtﬁ@@ﬁfw into a
regi ster and the pari ti/?Ei s_checked. The out put signals from bl ock 554

i ncl ude DATA FraNmfisuttEre RAMASSS by transmissipp tothgAjbreychanmel lpgp 325Q g thatA
PAR TY ERROR 956 . - f, - i
et omous AN dater case, CRC infortlin'il A 18 e Yot Uth O Bmol A itk Fhafine

control ler. |In ongdeetHeattitaRave ddthErafidMuffer RAMISEF).t y-si x bits wide (a
thirty-two-bit data word plus four SOF/ ECF flag bits or parity bits)
and 3,232 words | ong. Patp-framg-buffergpad-eantiohblogk 554 genepatesip read addeess t he

witlen to the o3 SMbor Bl i RERANE 55) off {855y 8 RDAT 0585 1) ©
and combl rfeeAiRAMSESH Fod aivarite vpérafibn Qlatdi0beavritemcto alxedist), thie ff4hdé a t 0

be read from30 the disc), the payload only is witten to RAM 555 to be
held until fhe I qugg@rolier 56 selects the data-frame buffer 55 and a read to the memory is

35 - can be d : ] | Jyeat I

i nputs (except é}l%{éﬁ'e P‘?P%é«%ﬁ% %ﬁgn?%ﬁ%ikﬁﬁﬁgﬁgﬁfgﬁfﬁ%?ﬂkde
adequat e hol d ti nstate machine 81 (sce Higire-15) amabldsuhé mad of tHeunerhdryc Khe addessiizar es
the wite and read pointers f data-frane-buffer. RAM 555 to determn ne
whet her the’buff elpcqeglegpﬁgltaydgﬁﬁap&t(\@{A?}%Gﬁpp@rvufeg ta & ugsd by thedats- nany
frames of dat g$8PRGEH ' : . ML L :
operati on, thg&out pu% gﬁ% tﬂliagkggig%%%&\m%%&%%daﬁg %%é\éﬁg%l%f}e 1zfllre
used by the fréamethbfifafrerbuffent Fod 4 writeséperationgthe datarfeorn Kt frathe buffer RAM are

dat a- f buf f 5 ' . tq th . ' th 59. T,
out put 5 o e al so RRBICE{HHD AESEFT R maNSH oF D AR Yo AE BSOS FLDE >

Fi gure 12) 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 périty 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/EQF 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



10 to determne whether credit is available. For a read operation (data to

be read fromthe disc), the | oop-control block 40 nonitors the anopunt
of data in't 9,26152frame buffer to determ ne whether a frane peEITUSIB/24558
transm tted. ata-frame- buffer threshold nust be net to arbitrate
to open the |oop 1250. A data-frane- bugser-hold threshold is also
generated to allow the | oop 1250 to be held open in 15 the event that a
whole frane is not available but is in process (is being accumnul at ed

in data-frame buf bgf boepaiRd/afd dff datLRamliniuéd o dhblembodiment, all mputs (except
Dat a- f r ane- buf f er frarre counter block 551 counts the nunmber of 'frames

currently in dat aiherdaek)tgoiﬁgantd:thm aps delgyddn puprovidgrade guaridaole Cirfe.

9550. Counter 551i5| nt en a is witten into M, 555 and
20 decrenented when a %‘"\ gb"\dgg &ﬁr‘?%%p&ﬁ? %b’vﬁﬁ?a‘% ﬁ'eéﬂgf’m@('ﬂl\ﬂ'
OF FRAMES I N BUFF%Ba%é@@&mé-suﬂ&quW55m &Mﬂﬁeﬁeﬁd@bu@éﬁg leptPMd, of

603 to determ ne whether credit is avail
Dat a- f r ame- captiur ehdbuffdr iSact emmy,thwsmameframceof/&ta/dpaca afg availablgsn the

1 | ENABLE.DATA WRI T 551
o Il b SFtiEh far Aowrils SRELIOthE AUtPuLs o this Mock oo AVAML AR 22
val ues ( DATA spATHBEe Qi biEd D9 QR FrRE-HubRP cHRrdIRA96 ?Nd&kﬁﬁxﬁ@ﬂ%ﬂféor

112. Referring again t0 Figure 7, data-franme-b
transfer-1|ength coatefage uffer 55 reqmmsragbessmﬂmdmmmmrecmmpethsﬁ% Hte cont r ol

h dd f f buf 5.
ot a1 rare: but £ er CRRRIEAR G Ry fo Bncter o Hhiehr ShaiEsantoh 803 o Eliare 42)
determ ne how ygichg Q@&ﬁnﬁx@%ﬂeﬁm@ @reﬁﬁt1§5‘€di'la5fe0 "ot B geff Jr?eﬁdiioﬂ (Bxht16be read 111

for a fibre-channel transfer. A data-franme-buffer transmt-Ilength counter

(in from the disc), the loop-control block 40 monitors the an@@nt of data initheck - 54)
I's used to determmne ho data s e fetc from t.he -

chip buffer 111 b hbé%g%g?ﬁa Crgpe E’ﬁﬁ’fe’é? Lot 8%@‘9&1’3&61&8%1%?% ane
buf f er shoul thuifet thresh8REmhe e et @b mdaatat@uﬁénethe ob 1250P 10888 Frame-
described in the foll ow ng par agr aph) . rame- buf fer

control l er 56 det é?uﬁeﬁbgldﬂhﬁéhpléis alsregenerated tqdlmvﬁmlom 5250 to behieldeopen in
dat a-franme buf fer r Qr port-B
recei ve-non- da{% ftggev h?ffeﬁ%lxﬁ ﬁg{ﬁtgg%gbgr%}gﬁs‘eg}%g% s?gt 5" "Bnhe

resources of d@é\imﬁlb,tdd 1bdﬁﬁ€ﬂ‘ardélﬂuffdrf55€hnﬂ/bi'hfﬂ-éh1p Buffer 111).
| oop- |n|t|aI|zat|on state andthat port recei ve- non-dat a-frane
buffer 53 (i.e., 53 or Baaframe @meycom blask$51 counts the number of frames

currently in data-frame-buffer RAM 555 using input signals FRAME _QUT
~ 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 feceived 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 OUTPUT 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



10 initialization franme is given highest priority, so that |oop
initialization can progress. The data transfer is given the )

next - hi gh_e% -'g?m#ty, and will continue as | ong as t hepCT/NS98/24558
recei ve-nonr Jata. frame buffers 53 do not fill up. If one of the

recei ve-non-data-frame buffers 53 no | ongerzgas roomfor a frame, that
parti cul ar recei ve-non-data-frame buffer 53 will be granted access to’
the off-chip buffer 15 111 to drain sone franmes, and then the data
transfer will be pQEWISSs ysed to determine hov uchidafal shoiRINBR feithe® frohPfhie 088 OF
53" ) that requires thé off-chip buffer resources wll be granted
access to the of fchiphyffesiil defotelpausing foreongolen SGiotraevaluate whichdrame buffer a
frane at the sane,tine, Port A.wl e.glye cess first. C the

f r ane- buf f er - contsPB‘I‘lHEI&eBWe@é" &qut-cﬁpfbggﬁééploﬁ%pé?cegg gﬁsé’g‘bf‘g]nt tﬁg RJlqwizg; ,
20 buffer 111, idardfppph)nues to service that frame buffer unless the
alternate port's recei ve-non-data-frame buffer 53 fills, or
initializatiorfis starKreme-buffecaninoler 56 determinesfwhich of thedhnee franerbuffess on a

iven port will Qe transferred.to_the off-chi buf f.er.. 1 i n
glr \d/er - 8f - de\IN: ver 1'?'0‘1%]"\%'%1!“%“ 55, port-& receweT’ﬁoé"‘Ht%\'ﬁ@F’é:rbuﬁer éé\‘t’ T Betken
frame-buffer contpqlivehomrfatd Fande ¥afel 53'0Rheuld be ghintddPiccdshto Mrebsurbasted by

the buffer-control-interface logic 58 in the event that the data rate
fromthe fibre crdfckip buffienbtl.Jéapogtisineelgop-initislizatinn state dridethat pottf's
Figure 11 is a bl Qck di agram.of conpop,r.eceiyve h circuit 59, which :
takes the frame & I%e@n%'g'{jaa%?ﬁ e r??}g‘ef’ra?nﬁrgibflse?cg‘eW’tg%lo,(’pbr 55) and
30 prepares {ge jhit@nBationr isQivenHighestpHdriRy, sb tat 1dd}p Hitlalightiordéan

recogni zes the SCF and captures 1nformation fromthe received header
for validation clwegiessy. Therdata transfer is given the next-highest priority, and will continue

37 - CRC is checked,and the fr IS tomted.to t appLep! i buf fer
area of off-chip asqong asodtﬁffeé’wa'Pf.n'ﬁ%ﬁame Bu#ers%gé@il\?g-ﬁgt}g’?%fgﬁea%tﬁg bl ock
591 decodes the seddive-abn-tatafRmi WufAI5Dho longer habk ro6TR foted frink cthat fa@alNed
frominput data signal FRM BUFFER DATA 9570 and 5 enable signal VALREAD
9571), and gener Feeaivesnerranta-framejenffes &3 will begeanted accesstorthe offshiphufieat h 59
for frame-valjgit | M TR¥n . r status
(frame-| engt hi%Fr%irlctgsﬂrﬁﬁﬁ%%%g- %’ﬁg;&ilt*éyﬂ&elfg?%tr) e%g%‘glc}le%p Wﬁ‘?‘%ﬁai S -
converted for the recelhefiptfiimbdbofféey(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
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 receivé 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



Recei ve-fram ng state machine 592 nonitors the input streamto 1 0O
determ ne frame boundaries. Wien an SOF is detected, signals are generated

to al \Q@e6368, Wor d of the header to be captured and to PCINISISRESE CRC
checker g96, header-val i dation controls 595, and buffer controls 598
(along with 5991, 5992, and 5993). Stage machi ne 592 checks for
invalid primtives received during the header and for transfers that

vi‘ol ate the maxi mum frane Iengft'h 15 al l oned. Since the comon recei ve
path 59 can be pereed chéskedlaad ihe/frarhd B dhiRlo the appPopriatt Buffdr abda?dfRFABIGPI Ne
592 are pulses that go active and then inactive in order that the

f r ame- capt ur e- anbufferilildat i on bl ocks are enabl ed properly.

Recei ve-fram ng | engt 5931 t 932) i s | oad
ot the begi nni g of aReraNE DT aRee Rk 30K aprlt: e Tt hte PR ER 0 00
command, ot her, ﬂ&n@@%ﬁnﬁkﬁs"ﬁeﬁi'ém&xﬁiiﬁﬁlﬁ'dﬁtal‘é‘?gﬁaﬁFm BYRFER PATA 95Tpard

on the R CTh field fromthe header of the received franme. If the counter

reaches Ser endbls sigeal (VAL IRIEADS9574),cnd @enerates signals tehguseddintbe i s
detected and the frane is. Lk i nval i.d. ;Thi s .fu Lan.. hel ps event
overrunni ng t he g?rpglggtrg%flgeppda&g? ﬁ'oreigam v aé 1&“?}’9%' ;Sﬁf?[}?(ﬁgﬁglff‘ieﬁgﬁgbﬁ‘ée
frame. 25 error A8k Wearhé r&:ﬂﬁﬁ%ﬂ%p&li@(é‘ﬁ&%méd Whechsisgnal s
fromthe receive-fram ng state nachine 592" to capture the various

fiel ds of a recerewgrted for theraseive-patfeblocks. ur ed val ues are used by the
frame-validation |logig.,_ . . Wien. a 1S receive CRC- checker
bl ock 596 checks the BlsﬁelgfﬁtaﬁgngState%??&lrbe#%ng?lkoz{ﬁ&e.IPPutaf‘gr&ﬂ&tgrror. S
det ect ed (i ndioc atigigmbine HRmeHothiridk> When ADSORGs 8éta¢red, i signaly d¢€ Gereiitad tdl-
The CRC checker 596 is enabl ed by the receive-

?8 y 1; r am ngaleweachwerd ¢fdhe beadeiorheeaptured andiie enehlgdhe CRE] C;Jhecm}/l cégg
ield, CRC . L4l . Usi i br e-
for Data | ntegri P9oiRegr aREQE G595, and blitopnRbHiSop!@ohs WBIRY. o

the present invesvdRnandioesE Statkntichine!50 checks foeivalidplimitivdsécived
fi bre-channel franes allow franes to be received at the maxi mum

fi bre- channel - i ndufingthe header and fortranstarsthat vipipte theqnaximip fame lopgth
transferred g obiiskbs Psibe iUondhortrettitd'Bhth SPaR EHAALABMBolaRly the @htkOUS

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 fs 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. If a CRC error is detected (indicated by CRC STATUS 9596),
30 the frame is marked invalid. The CRC checker 596 is enabled by the receive-



mechani sms, such as parity, CRC, or other redundancy functions, are
optionally 10 wused to protect the data while they are being stored in the

frame buffer.. I n one enbodi nent, data-integrity @CIOISIAZ4358
enhanced bywﬁ)a?gﬂ‘?& t he recei ved fibre-channel cyclic-redundancy code
("CRC'") through the frane buffers withsghe data (i.e., the CRCis
stored into the franme buffer wwth the frane, and then read out with

the frame at a later tine), extra parity bits that would 15 nake the RAM

wi der may be el r?r&ﬁingf&taté hAcHAE 591SCERERS bR hRaddrTRld, paglad field, bid ORC i s
dat a-frane buffer 55 and/or receive-non-data-franme buffer 53 or 53').

The CRC i s checkewonlfdreprachssedlat a are read fromthe RAM and before they are
transferred off-chip (i.e., to off-chip buffer 111). Extra parity bits on

t he i nbound data paths can-also be elimnated fromthe interface to
the inbound side g [ R P ¢RE forDatal TnfiBridy dn OH-Chep W&oy Of the
frame buffer to tﬁ(ia ?ﬁgﬁﬁﬁe t he CROC chgckgérErStga gip! Si nce

the interface fo the oAfeatling t6on¢ sspact of sheppresend inyentiom Stame buffegs that ¢ me
and is slower than the gn-chip RAMs and sl ower than the fibreszchannel

transfer rates, ti¢EPO ﬁmF“e@@FKFgg‘iﬁF%aWSﬁ\fl‘ﬁmﬁ ﬁtt%gegqggxrvgga{; ween t he
non- 25 data-fr Gibfe-chanAdldnfefface dislttaAdfeiaied- THAMEN O Hal ThenBo Onl y

one CRC checker 596 1s necessary, since the CRC is checked just before

the frame goes transférfeddthiofif-¢liip etorage ot a slowsf,anoredndnageablewaternVarioys buf f er

53, 53", or 55 to the.off-chi . fer 111). Ln centrast, if th

were not stored iﬁ‘efwlﬁsaﬁé"h@gfpﬁﬂfys C%L&{’ 97 PYhEr rgdunéw&%émgﬁaé’taﬁ%ﬂp%@ied

on the way to jpheygkifto phdtect iy datd whild tHegakd ®ing f8fedi il hedRamé bafféiRC t hr ough

the on-chip frame bufférs”), two CRC checkers woul d be needed &l .e.,
c

pl aced within the pre- buétesmbndimentsdatarintegity phecking is eplsared by passing

39 . .| ne .embqdi nt ., this j ' for the
opposi te regpivsd A Rc AR Y ecupdingy SR CERUD rolipfhc thiite |-

of f-chip buffer ljdffers with the dath€iR0tha OR(Y isStored thtb thedfrdrhebufferubitiethe fedife,
transmtted at the maxi nrum dat a- transfer rate on_th

fibre-channel i ntand thea read out with the frame gha luteg ﬁm@n@‘qaquﬁ&ﬁbm/ﬁ’é? wopld RCTL
determ ne. t he 1BypBiasF S RRN pider may be oFBHaEL, @FCRAGs Entelinehls hframe
used to route thebhffanie data-frdite byffsr $Srandfoe raeive-moh-date frafnk-bufep53 or 53').
fram, 7 " ime CxG s dherked anteribeicat el tous tirinyoud bl dhat it o of
the receive-frane,,sfered 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.
Sincé the interface to the off-chip RAM handles only one transfer at-a-
. time and is slower than the on-chjp RAMs 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").




10 header. Based on the R CTL field of the frame, various fields are

verified. If any of the validity checks fail on a ngn- ne,
the franmg we%aes2dered invalid. If a validity checﬁ&@g{‘@%%@a
data frane when a data-wite transfer is active, m croprocessor
112 is notified. Recei ve-fr 3fte- st at us bl ock 597 gathers
I nformati on about the received 15 frame and bl ocks invalid data franes

from goi ng of f-chip, and generates sjgnal FRAME STATUS 9580. If a
frame is not valid, i#npsge w?e@megrqﬂysm@%ﬁ@am(laﬁlseg@ed for the opposite|at a
“transfer is acti d to track
how many conmand %“rfé%wmndatammﬁer% al ngﬂ I'n t eﬁg%%a exglflga of the
of f-chip buffer ord¥i stéred i & frame buffer, andrametitie at @eemusichunt Gata- count er
5992 is increnented. \When m croprocessor 112 has finished with a
command, it nust %@@P@%?HM@@WM HBerAcer 5992 (usi ng signal
MPU DECREMENTS 9574 fr out put s

i nterrupt reqdest m%ﬁ%&%ﬁ%ﬁﬁ@&,é&@ Cﬁﬁaﬁls@c&dﬁdw?spage count er
5991 is used to ichatedl-deevdeblobk SP3E dstémlﬁsﬂienypeofﬂﬁneb&ﬁgré&ehw Theea of
the off-chip buffer 111 (u5| si gnal, MPU | NCREMENTS 9575 from

ni cr opr ocessor 1R CTIs Geldgs Wﬁ\%g}oéﬁ‘t‘te&ﬁﬁ'@ﬂﬁ‘bw&?f@%% of thg off-chip
counter 5991 is %ﬁ&é‘fi‘ﬁ“aﬁﬂ th"&é’tQm?iné{gl}ﬁ& %W ch@él&s drét(ﬁ&:lf B8 of e IR
nor a data frarfe I's recel rane i s received

when the off-chip Header-balidation 1dgic 595 ﬁndlyzesmecbmms oftheeeeberfrdrhe has
finished with a franme, it pust 30 increnent the "other" space_ counter

5991 to indi 4t e hepder. Basqdoon the i LI figld of the frame, vasigus fieldsaggrerifinge If
th
a0 PR gy B Vol hedks B 62 ABRln R e Srme iy ponsidersd. o

of - fr arres wiihivalidi [If a i/altidltymhehle fdilstdmex data frameothdnredand-fwritd trandferf ik er
111. Wien g frane |séﬂ§ce| ve recei ve-frane-buffer control 598
(whi ch geneP&F?é"s’%‘Fﬁ)ﬁ’é‘P@sq"N BERIUARET3 t 0 decrenent ot her counter

gggé Sggergtel ncrem:in;%%?s Sﬂ%&%@P@ﬁﬁ?&%ﬁ to t?}e%a: ggi C

of off-chip 15 fiaidand Hlibdkstmvahd data fraives froangoing offrehip rand @enertea signal
s Puiich i RACAMELSEARTIYseB. of £ e 1t R yaUite RS ety ieed (RS ons
of the logic. 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.
“Other” 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



10 Transfer-control circuit 60 includes transfer controls and

Buf fer-to-Buffer Credit control 603.

Dat a- avai'| 9l simps2ce- count er bl ock 604 provi des an indicati 050{/55;‘8&4558
AVAI LABLE 6019) of how nmuch off-chip space or data is avail abl e, depending
on whether the operation is a data-wite o#0a data-read. On a data-wite
transfer, 15 data-avail abl e/ space-counter block 604 is used to indicate
how nmuch space is available (in ternms of frames) in the data portion

of the of f-chi p GAUNEr 95761 apdinterrupt zequesy FBIERREV: 95 2B (theinurgherof
data-read transfer, data: Ll abl e/ e- n k 604 is used to
i ndi cate how na ‘%{‘iﬁmi“g‘g‘s gélgﬁagﬁaf%f*ﬁoﬁg%“ﬁ%ﬁgﬂo f=chip buffer

111. The difference iwheha flidiskedeBied] RESve-FrafRIRETR oR@sl T8t (whikh

m croprocessor-| oadable (i.e., programmble) values which indicate the
nunber of mnqr@tqmgnalsah@g})li R 9573 to decrement,pther cquatqg Pt andr edi t
control |ogic.6Q3 issues buffer credi signal P B DI T

AVAI LABLE TO SI'MR@WFE{%M&WE?ébP?\)éandqa&"té%ﬁﬁé%].o@%%E’?%eréﬁr?tgw
frames to be seniignald{CONTROLS FORICERIEHIP BIHFFER 7198930 B ¥gi of BiLcKipOUNt
of credit given to any port is determ ned by: 1) how nuch

recei ve space i sblﬁfmilﬁ/hlfﬁ direqy ther frange fopthp proper atead for di sc
dri 100 ' . s i ' i 0. .
r rei:\e/iGV& non-dat a-fr an%lgﬁ%ff %gawg& Jlaegcr%voefa%%g'%h%?é%f%g%ozﬁfo F%’ﬁ%“%‘?’f er

55 for disc dri wehitRncludes control logic for the receive and transmit portions of the logic. 41
3) whet her, (IZ]I ven the credit, the port with which drive 100 is opened

coul d pot ent T | Transfaricontepheicyit 6@ nchides transfenspnimls and Buffasite-Buffer Credit
space 5 paﬁ ffer-to-Buffer Credit is determined on a per-port
basis. The Birter 2t o-Buffer Credit control block 603 generates signals
to-the | oop-Port A/ B Data-available/spce@ouitepblock 404 prodrides'an (indicationJDATA) to

i ndi cate when credit is avail able. The | oop-control, block 40 will then
control the tranmdVAIEARLERO1kpfhaw much off-chip spaceiqs datif aygilable, depending

transfer-control .l ' | 1 t er.
e o0 i PR A O£ RS OFN kv AR
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



R RDY's of credit have been received on each port frominputs PORT RRDY
RECEI VED 6010 (one each for Port A and Port B) and PORT FF\’AI\/EP 08/24558
TRANSM TTERwv6®%26152ne each for Port A and Port B), and out put ngaﬁaq

PORT CREDI T AVAI LABLE TO TRANSM T A FRAME 6020. Transmitted- 15 RRDY
counters 601 determi ne how many R RDY's of dledit have been

transmtted on each port frominputs PORT RRDY TRANSM TTED 6001 (one

each for Port A and Port B) and PORT FRAME RECEI VED 6002 (one each for

Port A and Port B). Sejudhethercgiven e cogiit, ithe posewithwhieh drive 19Qistopamest ers to

"check that received frames arrkive in.order.and i,s.uU n _data-re
transfers to 20 generate t‘f*f’éﬁ %\%@%M&%‘Fﬁ@ﬁé’%ﬂyﬁeﬁmfﬁ%

headers of data franesgpaliel ative-of fset counter 608 is used on
data-read transfers to generate the RELATI VE- OFFSET COUNT 6023
transmtted in the headers of data frames. Transfer-1length counter 609
I's used to determ ne W h d t g transfer and, .. rovides .an

i ndi cation ( TRANSFER E@ﬁéﬁﬁ%%ﬂ%fd&ﬁe% ?rﬂgn?clr%gpg?p%ba%%s © _

conpl et ed. _ Buffd?2bBffer Tiedit aoio] biddkid03 Gehérdick sigfals to the loop-PortABHT €
13 is a block diagramof single-frane-transmt-path circuit 70 for a

fibre channel . Owepenontphiplacksot2 andeAd)(ses Figure Ay torindisateyhen atedit is availabde. 30

burror - " 75'"t b Bap PR UpyOAd Wil B0 REutnR B Rbi0n RERCRERYS O
dedi cated transmit-fr afie remaindeY\6F &@stérlévhtrol circuit 60 contains counters used
42 buffer 73 all ows _one port of a dual ]-GBO” node to be

transnitting lthi tdusingadeansfero Received-R_RIXY poyers 6P determitielhovamaeher port

is transmtting L\ L8 . "c%m' | hQ" ﬁ?% I S.
If a | oop experi &%@ﬁ%@&gﬁm lé“;‘/‘ﬁecbec? &) ehveerd one Qﬁgﬁ’%pg’#l}ss, Zl{—t@%? 1250
must be re-initi RECEIVEDGD10encleth dat Pott Arand<Port BY 4&PORT FRRPAMBIf fer 73
allows this function to occur wthout disrupting a_data transfer or_other

function that collRANSMHTHI)EPLLonseaehfordioet and Bprtdnmtowtputisignche ot her
gio:rfjl ?;neousl y i ﬁn | g@%@?g?mm \;\Tg ?ﬁgﬁmﬁ%ﬁ% e&??g‘?%sémtted-
transmt-franks bR fRDY7¢hbuatdro68] detepmins Bew many R_RD&Ckofukdit hawertieen ofr
other non-data transl ol sd o eath porcom e PORT 8 RBYTRANSMITTED 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- - it-Path Circuit 70
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



10 while the other port is in use. Thus, single-frame-transmt-path

circuit 70 in conjunction with m croprocessor 112 operates to

provi de I oww 9or6ts2al i zati on and response functions fBFTN§HRR4558
interface 1220. Transmt-frame buffer 73 accepts i nputs MPU
LOADABLE 7002 (data from microprocessor 1142 RECElIVE PATH DATA
7003 and RECEI VE PATH CONTROLS 7004 (franes fromthe 15 recei ve path
50). Transmt-frame buffer 73 generates outputs MPU READ DATA 3095,

and, through bl duiffer 73 allows P8¢ podvipOR HHalEROIANGdEOR be transmittipg initigligation oanes
i ncl uding CRC which are to be.transmitted). e .. .The

gl e f Pao-t 1 SSPREE Fabes I AROLPOE SRS URE &L Feeei ik {iFne | oop-
control circuit <4Qniudit gjr datd FraARS. Wi 166p bRSdritcesTodEY-FnB Gt Betkf ane

transmt- 20 frane buf 73. This circuit 70 (genera} es the proper
frame del i m ter,problets, thedoop 1250 mustdwdernitinlizgslaghdthe dedisatetd iransmitrfeame

buffer, and ith . : 76. Thi
cirout 70 arSo BEiEr2ewB R Finctpy « hict sipopbyisTiptipg g gl taitef of o o,
transm tting thefmbtidiPihat éduld b¥R{ ﬁro?fb@s bR tHe ¥th&absp ¥hiiRcicl %o BRbtRdrporadre

("EOF") is being transferred, to alllow the encoder to generate the second

25 charact er oftheidsalnget hededdtenface.nBoth partsiean be sinhwltpndoushpinitialized as

Si ngl e-franme-trans ate. hi 72 accepts.r t vi a si gnal
SENFRAVE T001) W Futhet Bif AR fsRICERNE bR 7T il pefodist o .
When a frame is idkabeladghtets, bhdthesioht @atiBERNIER td Be Bafithittes obbRsHeSotd - €.

sel ect signal s) for each portion of the frane sent to the transmt
nul ti pl exer ¥, whilpthgather pogs in wsea| Thuw singlefframestrapsmitrpathcircuih@dder , and

payl oad to be tr Ied .at [ r (] a. 10l s . machi ne
72 al so generat eg&i';\ng%'logg“ omgcggp%?éggrelnlgr%eBartesfg.Pr{g‘%de loop inftaflbftidH anQi
43- Cont r oespénsa fiaetiph9fordode iferfite 12201 TtasRiLHshe BaffeSERadtepdr € 4)

to deternm ne . when to transmt the EOF signal. Wen a frame has been
transnitted, sig¥Rpts MPULQAPAR S 780%(Hatafomdnicrapsesessas 118h REGHMI |
circuit 40 to al ' ' {1l EOWI‘R '

Si ngl e-frame-t rahgmbéﬁgngqqgeér%;@%%mg%ﬁ 'S usg&§t7gogl<lﬁgvrflletsr§é)mthe
har dwar e t o @&t ereceive pathv30).0 yatdmsit-fraarechuffer 78 gendraes ottpuss! MBYW RBAIX i nal

((::ZC CLIOat' ed olrolg":‘-"'\?bﬁt&]é?gésstag& ﬁ%@%%t@éﬁé} %ﬁﬁ%ﬁ&%ﬁhggwl on of
the fram is out Qiilouidlindddhg CRC wHaAE B widifubiey) i ng of the

frame froma transmt-frane-|en regi ster an
: 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
(“EOF”) 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.



10 enabled while the frame is being transmtted. Counter 71 is enabl ed by
si ngl e- frame-transmt state machine 72 and provides status (i.e.

stat us i nfomwed/zens2 back to state machine 72 to determ né’c\l‘ﬂ&qs’?‘ﬁss
enabl e CRC generator 76. The output of single-frame-transmt
out put multiplexer 74 is. an input to t 3 CRC generator 76 to determ ne.
the CRC residual word included before the 15 ECF, which feeds through '
mul tipl exer 79 to |loop-port circuit 20 (see Figure 3). The

si ngl e- f r anme- t r anSomtrolds alse praxididito tae 8BAOEr encedert37e(sexFigutesd)fto detemine

mul tiplexer 74 to_all the .fra el im S, header,.an ayl. 1o be
transferred at thgﬁfﬂ %p%nqql%gﬁ)ﬂslgnam t\ﬁflenaﬁfame%as beenfjltré)ns}{nt?eaac,I signals
Singl e-transmit-figl eﬁé}afeacaharseﬁ%ekemb?moﬁ&& ciruftf0Rb RIBRS Y&L%ﬁgu&- 20
character, current-fill-word, and ECF delimters are transmtting fromthe
si ngl e- franeperatiomsnit circuit 70. The output signals XM T CONTROLS
7010 go to the transm t.- path nmultipl exer .79 whi ch.determ nes which

| oop has a_ccesg to the' mglig'hg‘\%ﬁﬁaé@‘ﬁtﬁf&‘ﬁ%&ﬁgﬁﬁ%ﬁég E _1%?‘?3(5&? 9y the
Figure 14 is a bl pghwaicad'RBrRinchdv hg R aamelis, if 8RRAtd ﬂaﬁfﬁémqﬁc to3-

25 In this enbodinent, a single-frame transmt-franme buffer 73 includes
si ngl e- f r anke oupateat the appropriate tivle (MBI REiingpeatedlyroalavlatédone-wari-at-

contrel T34, 21 S it ooy shd FOR T e AL LBV B 7

| oop-initializatiRpadéd AtRe beglthing ofthe foafe ol d Rhhspdt-Hahe-1 fr%&as nd
out bound single franes. Fort%ﬂﬁmrgds of transmt buffer RXMCI%E ¢ a?nga

reserved for PBrtenabladowhide the frame isdbeingiteasiittedPCaunBr 71ris emablethiyosinglent .

44 i ngl.e-f - buf f it e- |_bl pck 733 .gener at
address (werr DBt REal e fihe 77 i prtf et O bR REeRas) ¢ or
si ngl e- f r ame- buf f Back to statéAVEHiS 72 Thaetbimiink Wheh &b biihlOORE SdnehidifeE! VE PATH

1401, PORT A FRAME 1403, PORT B FRAME 1404, registered MPU DATA 9533,
and 5 registered MPU Abprutpgt obsinglesfipare-transsnpontpit multiplexer 3 is ansinput to

received, t hg f | ' fored i f..r | ve- non-dat.a-franme

buffers (53 or 53 e(tfjlﬁ(?‘iﬁleh&a{o'r r7|§{t° §5n""rr't')l\7§pet ﬁggfgﬂd?ﬁés%ﬁﬁ?gﬁgﬁ&g?’\%ﬂepat h
59 for val i dat5onEORawhich febdithrough nivltiplekér 79 todobpiBodt cirbwit DO (S8 Figir 33.ni p-
buffer 111, the f,lrrgrre Is witten into single- rane transmt-frane

buffer 73. This alB%singlestiame-tranynit stan maching 22 ganeratewthgselects fonsthis
dedi d d f he |
ool oat o4, 19,3, SRR B A Aol Bt SR AcObbaacd M BB 9 o 17

port are translate rom si xt ee e and the
starting 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 In this embodiment, a single-frame transmit-frame buffer 73 includes single-
frame-buffer write coﬁtrol 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 are reserved for Port A and forty are reserved for Port B, in one embodiment.



address of the frane is determ ned on the basis of the port with which the

frame I S associ at ed. M cr oprocessor 112 al so mag wite to
single-frawgdonsmanit-frame buffer 15 73 to nodify a | oop-FEiPP% %4338t i on
frame or to set up an outbound frame. Parity is generated to protect the

data in single-frane transmt-franme buffer443.
Single-franme-transmt-buffer read-control block 734 generates a read
address (RPTR 1414) for the single-frame-transmit buffer RAM 735 and
captures data (RDAT Sirgl-ffamsrhuffer weitticagsol bleghu?33 generatesadSrespD(WRARE 20

enabl 65 a frams 140D. 4RAAURALT4A0) nd wafle Grablei TV 1312 5Pt SREE Pine fer
buf fer RAM RN 753, oRithsfs bRURIIATACISONRECERANE AFUMEY, PORFFER

DATA 1415). Mcroprocessor 112 may also read this frame buffer to
access a recei vERAME 14030ORAI B FRAME!1406, egistered NMEFE DATA 9533 rante

transmt-fra buf.f er 7 C ured into. a reqgister.and. ity
i s checked ( ené?%ﬁtfﬁsw&%sﬁy' %@9"1‘3%@?’.2%0% fFamme is‘receiVed,

Si ngl e-frane-tr apsfiarhe B ifseétordath 688 of RckiveMdnatiiftehe Baes (FAM 53' ) unfind,
in one enbodinent, a built-in self-test controller. The RAMis thirty-six

bits wide (a thitraap-nqysthrough shesconpmen peagivernath SHfaryabidation: iRatherghan ei ghty

| ocations 30 |gng..TIh eader .and fra re.placed into
{ransm oot rame SERERLE Be B 826 RPELR Ry 171, bERRRRE AR Tilo bieR-
exam ne or for iagRStRns/HitRa8S buffer 73. This also allows the off-chip buffer 111 to be
45 the I oop 1250. In one enbodinent, all inputs (except the clock)

goi ng i nto tife more dedicated toje datp dansfepop thealigmatgipert aTle dasa from the loop

Figure 15 is a bl ' ] NSl e '
accepts request 2’ oﬁfagemﬂ%%ge{ t?%%gfnc%gﬁe%éf’{%g@c&ﬁ@% rc}“{a rt%{r%;ur"nh? g&? gh\rgelg&g@ rcuit
80- 5 gener at es atithespoOhe frahiedsderdfthingt oarthe basid sfthé pert hethdehich Gfrihe

m Ccr opr ocessor - |l oadabl e registers, and generates the CRC. Circuit 80
al so generat es 4% &sagiatedo the loop port circuit 20 for transnmtting

transferred, [0 al | ow Eoased 19 may vl BLi e salle el fiflne uffer
t he EOF based . 0/73tth enalifyrelobp-initinlizegiodifene ortty sethip an outbound frame. Parity is
PRANE 8001 | rolfPRFTBIGE 30 ogest itatt BLpiplgaroces FHAmLRETS SHHERE: vhen a
L gfgﬁoinsog ransm t t ed,gih by SradhRirEndMe-BiftEr R34d-BoME1 Yok UG cherate’’a £RF N
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 self-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 frame to transmt nultiplexer 86 to allow the frane delimters, header,
and payload to be transferred at the proper tinmes. State machi ng 81
al so genengpesndsz enabl €s to the CRC generator 87. Wien a FRCHESIB285Feen
transmtted, signals are generated back to the | oop-control |ogic 40
to allowit to continue. Dat a- t4%ansnit frame-length counter 82
is used to allow the hardware to determ ne how long the franme is, to
allow the CRC to be generated at the appropriate tine., Data-transmt
frame- | engt h couhe &opsl250s Ih onelembadimdng, atloinputs (e¢xeaptthe clockhgoing inte thie om

the transmt-fr engf h-reqi ster.,.and enall whil e the frame is

bei ng transni ttZ@g%ﬁ%ﬁﬁ%ﬁiwovfiﬁﬁ&e-quéﬁgioﬁéjegﬁnter 82 is enabl ed by
the transmt-fram ng pigatee1 IREBIOEK ShgRitof ddty trit@inif bath ¢irchie 86, WRichhe state
machine to determ ne when to enabl e the CRC generator 87. o The
out put of dat a- facaepts requestsiftonnthedaop-sontral Jogiz 40 t@ Fangmig fraingpuCircait 80e 25
CRC generator_87 which feeds the d transmo.t th tiplexer 79. The
data o o T orgeorateh ik et FE e g B Hepad o ueCh ot peston 1
nul tiplexer 86 ti@adable redidtéry) dnidzchemr tBeCRO. LCikcuit SEASS encrdies figndioad t o
be transferred at the proper tinmes, The inputs _include FRAVE BUFFER

DATA 8004, HEADERe loop peicireyitdsfoy tppsmittingdermrenfilisvadgsd taindicate
TRANSFER- READY 30, PAY! . 8007 he o ut.s i ncl ude, STATES TO,FRAME BUFFER
READ  GONTROVRb R B et veterti Rt R SRR B et e
whi ch character of the EOF based on the current running disparity?6

start-of-frame (SCOF) and end-of-frame (ECF) primtive to use when

transmttingl0 f r aPeta-transmit-framing sty mashing &1 aseenptpeequests (signal SEND-

dat a-franme-transg ﬁ]&” ' e | S. [ f rough the
CRC gener at or 8%?@% ne %é;io‘éééopggll Iggglmm%réc?nggﬁaﬁ%ﬁ%dg@wgéfore t he
ECF. Enabl es forfriiCigenshdtted, thié sehematkiaesl peoviddsaelects for éacBpoftidm dff am ng

state machine 81. Control is also provided to the 8B/ 10B . encoder_ 27
(see Figure 4) thedmams totrnspilgpultiplexenit ta allaw therfrgme;delimiters, header, and

out put of CRC ge ' 0 f

i ncl udi ng CRC M‘?&g}é bt%g“%'%f%rgﬁaﬁagﬁﬁﬁ’%ﬁ“i% %ta{tQH{aQ@Pglfésg%ﬁgl}atﬁ |
Character bl ¢5k émbisttenis ORE geheniter 8% ONhéms fidine has beerctinsaitted, isignalsor d,
and EOF delimters are transmtting fromthe data transm at h

t
circuit 80. The ¥&Esherateddig éomlqowmmei@t‘geﬂ%f&%ﬁ%w& Bath

mul L1 pl exer 79, whi o gkt e el BRua s 18 S68Po' Ao e Btk 815 ¢

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 oufput 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



circuit 80. 15 The output of transmit-path nultiplexer 79 (see
Figure 3) is an input to the Port-A and Port-B arbitrated-loog Iggic
26 within hadeodsass circuit 20. The data and control si ERAUSH¥RAY t he
single-frane path 70 and data path 80 are selected by transmt-path
mul tiplexer 79 to the proper port. Transm t4fath mul tipl exer 79 also
mul tiplexes the RRDY primtive to the ports. This allows 20 both ports to
transmt sinultaneously. | V. Method and Apparatus to Reduce

Arbi trat ed- Loop Sardfefname (SOF) and end-oftfrarae (EQF)pruhitivedo use when tramsgnittingp
design 1200, a nQde interface 1220 of | oop port 116 nust arbitrate for
access to the | o 50. A priority systemis 25 wused to determ ne which

port gains control of fHaguRRRf #eiita-RafhedranSRitl s multiplex&C8ige i s used
to assure that ports are not starved. As a target device, the disc

drive 100 usual | yransfeged through the€iRQ genpratoy 87 toadetermdme the CRC regidual woed
result that .t he, dr.iwe y -ha 0 Lt to W R.arbityation, until
hi gher-priori tsy Hﬁ?@%sbe\fomjfgggﬁgr ﬁlgg]t%ﬁgqrr&g@@gg??t%ﬁgﬁomé%g@q “erface

1220 of 1 oop por ttrai‘xéxﬁitﬁ?drﬂﬁﬁ%ﬁte Mactih®B1.0CoAtA61 is AR Afed folth 8BAPRAS Nany
frames as possible before closing the | oop 1250, in order to avoid

unnecessary ar bi eneadend7 ¢sesFigure B)to dgtenminewhen tetransmit the EOF signal. The

47 no | onger. ayaj e, the Paly 2 | Qo rt 116

cl oses the | oop outp“\llggb?{aog%ﬁef%%%M&ﬁ?ﬁ@@éﬁ&%@ﬁ%@’%@ aA%¥80. This
is the nethod useskliding CRC Whichi dte & Betfraspiitté®l. | er architectures. The
present invention provides a mechani sm f or _enhancing | oop perfornance

by changi ng tie rul es D#a Transfes Fil Chpractsn blork §a dletesmines when atlg-chargster.t he

| oop 1250, based vai | abhhtyi. 1 he .part | C s _r.educes
overall | oop overcﬁgg%?ﬁﬁ'%ra’ an%bééi: ?ﬁ%@ﬁsg{eﬂﬁﬁﬁgﬁ&gmﬁq %’5 ggnsml?
architectures, wpath diftRits0d-THe dutpuiBighalsi XMIE OUTPUTS 8010 g0 Sotrhhsatit pathe
port determ nes whether another frane is available. If data are . no
| onger avai'l abl e mylgplexgrfhwhichdetesmings wiiehyleepihas aesessipthe detp drapgnit path
transm ssion), H&QHQI% | oop 1250 is closed. Data nmay agai n becone
avai l able - shortly afterwards, so the port nust arbitrate again |ater
and wi.n arbitisation The drputiof thaghitpatingultiptexier 29 ¢dee Figuré 3) bian ilipaens as
the last franme of_ the trancffer . . . L

.- 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 simultaneously.

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 whic;h 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



becones avail able, conpletion of the transfer is delayed, which may result
in a del ay before the next command can be processed. 15 The
present i m’%;ﬁhﬁr ovi des"a nechani smfor controller archite®Cui§98/24558
designs which @llTows the |oop 1250 to be held open by a port if data wll

shortly be available to the port. This4pgay reduce the nunber of tines
a node interface 1220 of | oop port 116 nust arbitrate during an
out goi ng data transfer, and may thus allow transfers to conplete

sooner. In one exRqghsmRAvailitls thoasielinferfats 122D off 166! poype 16 closewthe dogpat i on
of 'sufficient further data becom ng avail able to _a port, %t& justify
that port's retail2b0go elbowother pprts hecessiophe lgoprl 2581 ﬁhkﬁflsﬂkfénF pf g5gdig

conditions are net: . - .al ] eas - e ' e

of f-chip, and  certainother mP“SF“Fé%E-F%‘-’%m?sé Jééséégg é’g’g;’é‘ap;‘\%ﬂudﬁgél ein the
dat a-frame buf f er&Hhanidm for BnRARInEU6Ep peisisianed by chdngingathe eules foxtenher e X
represents the nunber of frames which need to be available_ in the

of f-chip buffer Hetision afrwhsthererpetie dese the loop 1258 based,on dataavaitabilitydag t he
value for Y (wherg Y repre S ¢ wor ds whi ch need to be
available in the ‘ﬁﬁpﬁlﬁﬁ ﬁﬁﬁﬁ%rm?g&srggég&ﬂtl%‘ﬂi%vgﬁhﬁaﬁé | oop 1250 hel d
open) are each separ atil driinosthérovatibRer(cltectubss, henir EndsofiErameadebithiter

m croprocessor 112). In_another enbodinment, the |oop 1250 is,&gl d,. open when
a pr edet er rif treusmitisdnthe portgistesmineswhethes anefher fame isgvailable.o If dataariper
of franes) . . . . 48 IS
available in the I%?flf’pg?{i %’a%tle gorf%ﬂn?lfhlfgr%l 1suc el%#%to%'ialr%%?\l? f ort he

pr edet er m ned]@mavdtsmidsicid] theh dgplobp d25@isltosail aDlatdxnay agaih beconid available
buffer 111 i's programmabl e). In another, enbodi nent, the Ig&p,lZSO S
hel d open when a shortly @m@m%@%ﬂﬁ@@@%&%ﬂ@&%@% apign
specified as a n [ . ';E ' ' = Chi 119
(in one such enbtl;t?ﬁm%ﬁxg nct%],;mﬁﬁég?rl% e Zerrm%ﬂéﬁ(f }?a%gns'air%ot%%ﬁsf;?axgg%) g&@gqaaxlgf;eléd to
be avail abl e in theonies abiilable)icbiipletibfl of the transfep dplayedpivhich mayresuitin a
enbodi ment, the loop 1250 is held open if the pr edet er m ned anmount of
data is avail abl-edﬂﬁxb?fé@sﬂle@ﬁétwaﬁdr%@ecﬂﬁg?ﬂﬁfﬁ? and at | east one
frame avail abhf of f - chirpy $€%@9&ﬁ%ﬂﬁ&h&& DtheéhahistFor Wbhtrolt2 architBéthre Nt 1 |
10 an entire Tranme is avgl abl e on-chi p. For exanple, I n one
ermbodi nent, the odesidrispwitdel aldwsithe looy 1250 toDeiteld open Yyar prot Hidatagiillk shorty d
at least six frarrgés a\?Jilagfiettg tl(leI poex’c.’ 'Is)éngyrr%&?cse tﬁé nﬁrggern&)gmngsn; 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
- loop 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 (not necessarily specified as a number of frames)



frame size of 2112 bytes). Data that are being transmtted are first noved
into off-chip buffer 111 (e.g., froma disk platter 134), and then
into on-c‘_hivp?’g%s:is 15 franme buffer 55. Typically, data can PeTUS28/34568 r ed
out of data-frane 7buffer 55 at up to about one-hundred-and- si X

nmegabyt es per second, while, in one eggdi nment, the transfer from
off-chip buffer 111 to on-chip data-franme buffer 55 occurs at a slower’
rate. If less than a full -frane is already noved into on-chip

dat a-frame buf f efs 298ilablé il ¥ oSitdtip bEFePPHISHPbAe sikhehiolinert/ the® transfer
and 20 conplete transfer of the entire frane out at the full fibre-channel

speed of (about )predetermined hmountcef datareguiredodetaveilablp ity the ofbehip buffer bHg as

the |l ast portion. of the ra i S ved i.ntqg e -.Chi at a-frame
buffer 55 bef or e’stpﬁ%?gnmbée)aﬁ’émn&hﬂ eﬁérgéoggaeqtb?‘etlﬁs%ngﬁérlg g‘ﬁlt%.o °n whena
Thus, accordi ng pRdeRanREd afioiBIdf dab(ndt fERMNarilysRbiflcd s ahltbePePwriPis?S
Is held open if at |east one-half a frane of data is contained in on-chip

data-frame 5 #vsilable igthe emehipbuffentld Gnene sugheemafiodiment, theeredstarmingdd i n

of f-chip buffer 111 | on ch_embodi nen i . of data
needed to keep cgﬁ??rgloi}gf“atrﬁ%mfe?c%%eavml %W@Fém% %‘f?%glf?tcl)sop open") is
about one-t housapfbghitiiasblej. Kaine embodiinénl] the loop 1250fi§ Reldopen if the, one- hal f
of a 2,112-byte frane),_ and about two-thousand bytes of 30 data_in

of f-chi p buffer Bredetermined amountofidpta isavailable(n Jeastpnerhalfisame entshinqpd at

progr anmabl e val - 4 L.gent,
307%™ e 1 GolShske Tech Brfblc e Mieh B BE TRARE: o R R CERRGHIE ™ ¢
avai l abl e, ag40 an pntire feh@wcik iabsithbldon-chipe transfer of a franme will start

only after an entire frame is. ., available on-chiﬁl; I n gne such .
enbodi nent, CFW ( cur r ERT example,ip ogs embgdiment,the on-chipdatpramebuffens? is t he

L oop 1250 until g Githiohfo hoRHE 1daS: SERGMER o lila [ ANGK RO BE R Rbxibelif

frane can start. € nu mes avall a
transfer out is fiamdisizechfiR]12 bytes). [Rata duit ard bedng fransafiftedcdve firktuhdwed ifitbl of

one enbodi nment of e present invention, Afir re-.progr bl e count
X-frames (the nuﬂglé{iulbg“&?raﬂés(e-ﬁe}maﬁﬁk&l?ﬁer134)’33 n ?fqg’ra'ﬂ%atﬁb keep
the | oop openk: ﬁ%.?ﬁ: HUPRE S ' Herrbd'6 daBHFRGE S
avai l abl e to transfer, |?1 g’rgg@bgg’ggﬁga%%%%ﬁe{rheru ata are bﬁf‘fe“@&ie
avai | abl e t o't Fanpteabiutbpe-hindrddiaadsixxmegdhytdseer sebond,aehile, iname buffer is
2|n 08\2; mernor ;hl EBnRx%Mditn?e%tt, tLg h‘ggs?‘gr c(J)mto - QIrJ %u’tjexy 11 ttgro%-c a}% aat];-rﬁ(:)arx]%eo‘tmﬁe%hl P
: 55 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.e., 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,



that the data can be transmtted at the full fibre-channel interface rate.
A second conparator is used to conpare the anount of data avail abl e
Wi thin theddbgsedp franme buffer against a firmware programpeiriusoseasss,
Y-words (the nun%er of wor ds needed in on-chip buffer 55 to keep the

| oop open), to determ ne whet her suffigy ent data are already in the
data-franme buffer to hold the |oop 1250 open. The values of X and Y
are firmvare progranmable to allowthis logic to be used with a
variety of off-cli ﬂbc{gm AEKpen TEHP bredeicRMell afitunt bOdkia Aaflébletdsansf er
rat es. e goal of "'the present invention is to hold the | oop
1250 open and avjustddescribeds hutethe transfeinfia fiatne will gtertonlyafterduientivg frame fior t | y

be available to a t 116. The | gop. 1250 not hel,d .open

v 41 ng for  dat A eable Bty ope sreh SOHRER CFW ooy Bl wiref yBha ere

ext ended period @inshiiffed bA10'th&1RENR60 uhGl the BAtifei ffitné RGBS adPtrAmiBgsd Or M
a head switch), since this would prevent other ports on the |oop 1250

. from perform hg ofrthe £fagrescan start.
50 Concl usi on A fi -channsgl.,. oop interface Girqguyit
(110) has been descri 6‘6%?“1“53{&6 n“mb%?t:)il{fg%%%saaé' a@%bc}? g%ﬁ%‘bsr%?rroé‘ﬁésrﬁrf’ g‘ﬁe@#@r
buffer (73) for {heeBnirsllérinlofzetip Bafferd 1 of one AboaIHEE of HiR\iré@nineEntion.
dedicated transmt-frame buffer (73) allows one port 5 (116) of a
dual - port node (AdEgyware-psegr I qouph-frames (thei nuambes of fiames spesied dn off-

Dedi cat od r ocel vENBOPRE L1t @3k oelbhB IR, belfholed Bai 4P Salifistad 7011 )

of a t Weo POAkmBEAT frahredWvaildBl€ td Bansedlindade to de’eminefalisildridat drecei ved
fromthe fibre-channel t%:1.250) al ong wth a frame is stored in one of
the three frame aGilableftodransiesiito 8 daty-framy buffere SEhetatarframe beffer braa anat er

checked to ensurg.| d i . L &¢I r uf f er
(53, 53' or 55). én ro m%%lsgg%ﬁgﬁ%gggmﬁm%g?&ﬁ@a%&?% ’ﬁg%fhﬁ%ﬁ%‘%’ °
connection is hethdt thealaja &m Yearmhsmitted avithy full fitaeghaine] interfaet ratal A, seebnd h

optionally is determ ned_by progranmng (called a .. .-programmbl e anount
of data"), is aveQmpaBlorisised te fempars thramoynt of data aygilable wi g datan e

overal | anou o] ' . j ' f )
over el aouis OfubBESeSlliod ik et im9EEH Gk, Poublt (h8nbirF
comuni cat i ons cierdsaleedydincon-¢Hig Biffed Sdo keep thedesp apén)l Bt detdrarimecwhéthele
(1220) 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.



having a first port (116) and a second port (116). Each port (116) supports

a fi bre-channel arbitrated-Ioop serial comrunications channel (1250).
The syste‘_m‘gg”a[éﬁg includes a dedicated frame buffer (119) wwdiispshsss
first channel” "hode (1220) for loop initialization and responses. The
dedi cated frane buffer (119) includes Y@ri ous specialized conmponent
frame buffers. I n one such enbodi nent, the dedicated frame
buffer (119) is configured as an on-chip buffer and includes: a first
i nbound non- dat aﬂi@ﬁ%ﬁ%ﬂ 53) 25 operatively coupled to a first port (116),
a second i nbound non-data buffer (53") operatively coupled to a second

port (116), a dat a-f r anfibleadHaanel(166p) intgracacirowit (110) has beendesatibed thadt h t he
first port (116).and, the, second port (116),..a ut houn .
transmpt-frgrre%o ydes @deicg r@?ﬁ%f%%é‘bﬁ?&g%)g{géro éﬁ’&’ﬁmnﬁdt he first
and second P&RBﬁseQ.li-ﬁM _ggﬁ%h Qralehilcxtedhlaﬁsnﬁmaﬁm Buttck (P9) a'll?% 'éiﬁﬁﬁoﬂ

| oop-initialization 30 circuit (1nplenmented by bl ocks 70 and

conj unction) tha(l ¥ ofardusl-parv pode (1220) to be transmitting initialization or response

51 initialdzatiqn, subgtanti .Si.nul t.taneousl y.on hoth the first
port (116) and ¢ flames wilecRagier Bt {1 160 e lresptftng i deasiife e S ound

transmt-frame byfhifiatddmeeive buffers (53 and 53) PRS0 PRRRIIATE éach (pdf: (UE6) 3l ed
frame buffer (119) includes a dedi cated transmt-frame buffer (73)

havi ng about ei gkwg-paciisledi22ht Lyclicrredtindansy ivede infonmitionmeceiveddrane thecat ed

operat i vel y coupPeE-reatel (1230} SRRE T fame s o fne SRS R e o
(116) for |ogp i Buttedl (53243 Wt BNITHESRRBSA CRO A ETater Checke@ o iuft the
frame includes information selected fromloop-initialization and response

i nformation). | nigegritydfdhe dasawhilelin therframerbufidr(5353bof $9r Gongpl of aloopiis s
| 10 initializat] .a first t (116 whi |
000 10,001 R RIS ES ol o i s,

transmts or receifdg) which optidhaly is determined by prégrafifing alleggbodi ment , the
system further includes a |oop-initialization circuit (inplemented by

bl ocks 70 and '11Zpragrammiablecmaym} of date”)pisravailable fog dansrission; injaadertat i on

port usi ng s PROsREEEYSenlt o of doiEnent &bisAihk Yool BB 1200 o

transmt-frang buffer Inoag ehbolliidnt) @e pfedemiiivention praidiasn in@edvedns f or
each or . two ports (116) so that loogp initialjzatign and responses can
be sent *  communications channel system (1200) that includes a first channel node (1220)
having a first port (116) and a second port (116). Each port (116) supports a
fibre-channel arbitrated-loop serial communications channel (1250). The system
20 also includes a dedicated frame buffer (119) within the first channel node (1220)

for loop initialization and responses. The dedicated frame buffer (119) includes

various specialized component frame buffers.
In one such embodiment, the dedicated frame buffer (119) is configured
as an on-chip buffer and includes: a first inbound non-data buffer (53)

25 operatively coupled to a first port (116), a second inbound non-data buffer (53"
operatively coupled to a second port (116), a data-frame buffer (55) operatively
coupled to both the first port (116) and the second port (116), and an outbound
transmit-frame buffer (73) operatively coupled to at least one of the first and
second ports (116). Optionally, the system further includes a loop-initialization

30 circuit (implemented by blocks 70 and 112 in conjunction) that performs loop



si mul t aneously. In another such enbodinent, a single transmt-frame buffer
(73) 20 is shared by two ports (116) so that | oop initialization and
responses Cagoenssat sequentially close to one anot her iprCct/ss/anss: he
two ports (116), but not quite si mul t aneousl y.) I n one
enbodi ment, the dedicated frame buffer (119) sis configured as an

on-chip buffer and includes a dedicated transmt-franme buffer (73)
operatively 25 coupled to at |east one of the first and second ports (116)

for |oop initialiZgtiaesation subﬁmlatlg%nﬁm&eﬁoudlyoﬁlbemﬁbﬁlstrﬁ%&t(l16)h£1dstuét em
(1200) reserves about half of the buffer’ s space for "a first port and

anot her hal f of t isecondfpost(136) psiog datarin theseutbound transmjteframe bnffen@33uch
enbodi ment, the dedicated tra uf f 7 ratively
coupled to both ports éﬂ(?n?ﬁﬁﬂg}lmﬁ“&rctﬁ%g%ﬁcﬁe‘féﬂ%‘ %TQIIP%HFE‘&%S& rcuit 30
(I npl ement ed by bldegiated UrangiitIaznd mwvmir@%ohhatghwéﬁé BBdat2Omh

initialization substantially sinultaneously on both the first

port and t he s&cogBother empediment; thad dlﬁiamhbuffﬁe(dé?amc]ﬂldmdwcm (73).

mognet 1 c- U sc. ot o BpAErS bEB TSR Drobleah ek Bt dnBRe e et andh e

node 5 (1220), a&sbnd pb@ﬂﬁl(ﬂl@rfoﬁho‘éb%ﬁhﬂl&‘ﬁ%h aﬁé‘:‘é nses $WREreH BB ABRGatN0de
(1220), wherein the second channel node ( i s operatively coupled

to the first f@nmneludﬁw@rp@ggg)selcﬁeéﬁmblo@panmheaump respouseler t o

{1 bre- channel ar by TP ARSI, B out b Bbaibl, e GREERARE nulEh o brhiiopp

Anot her aspectl100f ihitialitidacn respohs onATirst gott (95),avicubstahtiAl 100) Di sc
drive (100) includes a rotatable disc J? a transducer (150) in

t ransduci ng sengltangpusly p seepnd port ( l@tqqngnmlg@es (3=t transmitsaor réaedies)
channel node (122 havi ng a first port (116) and a second port (116),
each port (116) supporting a fibre- channel arbitrated-|oop serial

communi cati ons channel baéhch &ht&)diméﬁtt tHehpsenl fulther inBlRides 4 PoopARTtAlizMRInY
coupled to the transducer. Disc_drive (100) further includes a

dedi cat ed transni CityihGEpiemenied by blocks 7,ard 1 Heinf onjuncipm)thal performs idugt

"hal ndes. i nf oriaat Fuatedton OB Y s @Rty BB Inb BB I B

i nformation, and \ﬂnanmngddethetrangmmﬁﬁmdbxiﬁ’eam)blﬂrf@fe suéB embbdififemt,t s t he

non- datafrarre on the first port 6), .
_ tran: snnt-t{'ame guirfer ({713)115 )implemented with independent portions for each or

two ports (116) so that loop initialization and responses can be sent
simultaneously. In another such embodiment, a single transmit-frame buffer (73)
20  is shared by two ports (116) so that loop initialization and responses can be sent
sequentially close to one another in time on the two ports (116), but not quite
simultaneously.)
In one embodiment, the dedicated frame buffer (119) is configured as an
on-chip buffer and includes a dedicated transmit-frame buffer (73) operatively
25  coupled to at least one of the first and second ports (116) for loop initialization
and responses. In one embodiment, the system (1200) reserves about half of the
buffer’s space for a first port and another half of the buffer’s space for a second
port. In one such embodiment, the dedicated transmit-frame buffer (73) is
operatively coupled to both ports and further includes a loop-initialization circuit ,
30 (implemented by blocks 70 and 112 in conjunction) that performs loop



20 while substantially simultaneously the second port (116) conmmuni cates

dat a. Yet anot her aspect of the present invention provides a
met hod t ha{yg 99126153 ncl udes: (a) support PEE/U§98/24558

fi bre-channel arbitrated-Ioop serial comuni cati ons channel on
each of a first port and a second port of as525 first channel node;
(b) inplenenting a dedicated franme buffer in the first channel

node; (c) receiving frames to the dedicated frane

buf fer; and initialization substantially&jmultamesusly dh bothfthefiest pbrtand thesedesd cat ed

frame buffer for |oop 30 | initjalization and responses. I n one
embodi ment of t h@orasingxata indhe trapeniiremepudtes 6730b) furt her incl udes:

53 (I)%tionally, any(otf}}(élsé s&s[m}l %mtﬁﬁéﬁxg%&?ﬁlgt?gfdﬁ?fuggs a

transmt-frane buffer I'cat e rane buffer;
and magnetic-disc-storagd drive (1256)nsperdtivelyl coupled pb thedfirshehadnélinode ed
transmt-frame buffer to at . one of the first and

f |
second ports; % (1220)a?ﬂ!1Q?Fénﬁ‘%tﬁfrfé'ﬁ‘imﬂﬂgz)s}faé’ﬁig(%;e%fs’{t&‘? ehannel ppde (1220),
o T a0p: LAl Li bz ot e
#réﬁnl % herﬁpznmsm' It rrétﬁr]rgﬂ%%e?*’%dr ) aﬂq%% (one)é%?‘%?enbg{i‘lg %n@ tgfth? HéSt met hod,

the transm tting chsiel adde (1220)inra fibretchemsel 1ddp in order to transfer data between the
(d)(ii) comrunicating data substantially sinultanegusl

on the second porirstgad secondghannglmodes m&hﬁﬁbqer@amégfbiﬁe@tlow seria]
anot her such enb%gmmicﬁonggmfhgg%t he transmtting step (d) further

I ncl udes )(i1i) transmtting
| oop-initialiation frAnsthersaspedt afithegirksent mvention provides a disc drive (LOMaDisaus! y
on both the first_ port _and the secongi port dat a

"n the transm t. eI 90 gdes a Totatable disg (K43t tanuearA30) in trapsucing: hod,
the inplenmenting §l60ndnR) td #E *MGfing disc (134), and a first channel node (1220) baving a
first port (116) and a second port (116), each port (116) supporting a fibre-
- channel arbitrated-loop serial communications channel (1250). The first channel
15+ node is operatively coupled to the transducer. Disc drive (100) further includes a
- dedicated transmit-frame buffer (73) within the first channel node that operates
to transmit a non-data frame, wherein the non-data frame includes information
selected from loop-initialization and response information, and wherein the
transmit-frame buffer (73) transmits the non-data frame on the first port (116),
20 while substantially simultaneously the second port (116) communicates data.
Yet another aspect of the present invention provides a method that
includes: '
(a) supporting a fibre-channel arbitrated-loop serial
communications channel on each of a first port and a second port of a
25 | first channel node; '
(b) implementing a dedicated frame buffer in the first channel
node;
(c) receiving frames to the dedicated frame buffer; and
(d) transmitting frames from the dedicated frame buffer for loop
30 initialization and responses.

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



I ncl udes: 20 (b)(iii) inplementing a first inbound

non- dat a buffer operatively coupled to the first port,

(b)(iv) inp %g a second i nbound non-data buffer PCT/US98/24558
operatively coupled to the second port, (b) (v)

i npl ementing a data-franme buffer operativel y3coupled to 25 bot h
the first port and the second port, and (b) (vi)

i npl enenting a dedicated transmt-franme buffer; the receiving step
(c) further includes: ®)() mplementﬁxﬁ)a(dehlda%a%ﬂﬂ—ﬂ&ﬂe Baffer ihr anes
to the first inbound non-data fer and the second i nbound
non-data buffer, 30 the dedicated fr@m)e(buft‘;r,;agdm ving data frames to

s oo PUTTENANE ) (AR S Rt e Bl e

transmt-frame efr’i‘tg at least oné bf B ¢irst'#al sectrAPopmt of the
nmethod, the transmtting step ( further includes

(d)(v) performing loop initialization substantially si mul t aneous! y 5

on both the first port and .Lhe ort s ng data in the dedicated
transmt-frame blﬁ‘f‘& dhe transmitti ngl%&@?%ﬁ‘&f dgﬁbodl ment of the nethod, the
i npl enenting step (b) further %l)ﬂﬁ‘&{sﬂﬂ&ﬁxg 1d8}-initialization and resporise iiaes
configuring the dedicated frane er as an on-chip buf f er

t hat includes a ded| cat ed ofnemhhq:)h'anms-ﬁ\amewe buffer, and

(b)(iv) operatively cou he o Ip,tra t-fr buf, 0.

at | east one. of t'A&DE Y IE‘SEB‘#&E ﬁﬁg:}ans tﬁ{l%ét °p ‘iﬁi’ﬁhﬁ‘flﬂb‘dgﬁ ep
(d) further ifgludes 15 d)(ii) commﬂxﬁ'r)a&i\’xg)dafars%Bﬁaﬁﬁilly%nultaneously

| oop-initialization and response rarres from the on-chip

transnit-frame buffer. on thesreonsi poit while ttansmittingfframes oncthe figst porte
| nplementing st eF}.n(mZ:thfell'J £ { tr]1 embodiment of the method, the transmitting step (d) further

includes

(d)(iii) transmitting loop-initialization frames substantially
15 simultaneously on both the first port and the second port using
data in the transmit-frame buffer.

In another embodiment of the method, the implementing step (b) further
includes:
20 | (b)(iii) implementing a first inbound non-data buffer operatively
coupled to the first port,
(b)(iv) implementing a second inbound non-data buffer
operatively coupled to the second port,
(b)(v) implementing a data-frame buffer operatively coupled to
25 both the first port and the second port, and
(b)(vi) implementing a dedicated transmit-frame buffer;
the receiving step (c) further includes:
(c)(i) receiving non-data frames to the first inbound non-data
buffer and the second inbound non-data buffer,
30 (c)(ii) receiving data frames to data-frame buffer; and
the transmitting step (d) further includes



i ncl udes (b)(v) operatively coupling the dedicated

transmt-frame buffer to 20 both ports; and the transmtting
step (d) fuyyébgssisncl udes (d) (vii) transPCTIUSA8 24558
| oop-initialization frames substantially si mul t aneously on

both the first port and the second port uskgfg data in the _
transmt-frame buffer. 25 In sone enbodi nents, the transmtting step (d) of
any of the above nethod enbodi ments optionally includes

(d)(viii) transferring dat(ﬂ)ﬂi\hﬁhﬂﬁlﬁitﬁﬁi@néﬂ-%ﬁffmﬁaﬁﬁimﬁfetti‘irllsﬁﬁteﬁ‘adm@orJ
serial communi cations channel between a magnetic-di sc-storage drive

that is operatively do#f.ed to the first channel node and a conputer 30

system havi ng a,seco C | _no rai ode

5 13 SEe Bl ie s s MARCE e ofrEEREfep (B 0 Rher e
fi bre-channel (@)(®) pérforatng 0P ititializdtioneabitatiallyi sinaltGleane| -
Still another_ aspect of the present invention provides a comruni cations

channel syst ém (1200)on bptl thefinstpratangd the seqond parpsing fintrinthe dedicated i ng a
first 5 port (116) tgd}gm?tfﬁﬁﬁ?%ff&mt (116), each port (116) supporting a
I'trated-

fibre-channel ar 00p Serial communications channel (1250).
This system al so i ncl udes a dedicated franme buffer nmechani smfor
receiving and transmtting frames. Such mechani sns are defined as

t hose descri bed layetanothsr embgdiment of themasthed, the implementing step(b) father s
thereto. 10 inclu st, the present invention provides a significant
per f or mance enhancenent by allow ng transm ssi on of

| oop-initialigation franes(b;(ﬁiﬁy@nﬁguﬁngﬂeslpaﬁnsﬁdffmff&m@oﬂeﬁipcat ed
transmt buffer (73) that is&&?erable to transmt . on either or both
out bound fibers (118)bubfer thagingludss adedicated oprehimansmit-framg duffer, and node

Une. node (1220 i5 s mul 1 SV EiRohaihe e ob o LAl AREagk Rt ™

i nbound fibers (dtleast aeddfahe fiest and sstgndipos}addt a franme on one or both
of the inbound fibers (117). That is, transmtting on one fiber (118)
of a port is optth®Hanymitting ste @m&‘%‘i‘d{?ﬁl t aneously with receiving on the

other fiber {s#7) of the S@§&i) transmitting loop-initialization and response frames from
the on-chip transmit-frame buffer.
In one such embodiment of the method, the implementing step (b) further
includes
(b)(v) operatively coupling the dedicated transmit-frame buffer to
20 both ports; and
the transmitting step (d) further includes
(d)(vii) transmitting loop-initialization frames substantially
simultaneously on both the first port and the second port using data in the
transmit-frame buffer.
25 In some embodiments, the transmitting step (d) of any of the above method
embodiments optionally includes
(d)(viii) transferring data through the fibre-channe) arbitrated-loop
serial communications channel between a magnetic-disc-storage drive
that is operatively coupled to the first channel node and a computer

30 system having a second channel node, wherein the second channel node



port. 20 It is to be understood that the above description is

I ntended to be illustrative, and not restrictive. Al though nunerous
char act er i Sy s9/7152 advant ages of various enbodi ments of PERASPH2ASEH
i nventi on have been set forth in the foregoing description, together
with details of the structure and function 6% vari ous enbodi nents,
many ot her enbodi nents and changes to details will be 25 apparent to those '
of skill in the art upon review ng the above description. The scope of
the invention shoul d, i§ bperefivsle coupteditthe firsoebantiel Modecyethe fibee-tiaanheéie
appended claims, along with the full scope of equivalents to which such

cl ai ns are enti t |askjtrated-loop gqnabgemupications channel.

56 What is cl ?Rm anel
system conpri si ng: S?:ilf%tﬁe?aspectoghegés talﬁ‘r,lﬁtﬁﬁ de ﬂaw ng a ?'??tgé}gport

and a second por TchaﬁMByMﬁKlZOO)ﬂlath&hlﬂm @aﬁnwmdemmoyehavmgaﬁrst
arbitrated-1oop serial conmuni cations channel

dedi cated frarfe Port@i6)yands secondport (L16).cashnert (H&aéwmm%ﬁbre-channel

initialization a e I'm
1, wherein the déq'g? ca%aggéf gerlflealﬁu e claﬁons Wé%@g%ﬁ%ﬂﬁa%&o%&@eg
buffer and i ncl udadedicated frame buffer mechahistsfor fd@b'ﬂh{ghﬁdmmﬁmn@ﬁaﬁfeﬁ Such
operatively coupled_to the first port; second i nhound
non-data buffer c;mqhamﬁmayeé@fuﬁﬂ@eﬂmefiﬁ@r@%meﬁeﬁlgmslthrough 15,and 4
data-franme buffer coupled to both the first port and the
second port; and qﬁf}éfeiﬂtﬁ&lel’o an outbound transmt-franme buffer

operatively cropl ed t dIlais, thegeésentiaverdtion provided dsighificait ppAfdnasgend ports.

3. The system according to_claim?2, further conprisin
y enh: ancemenig by allowing transmission of loop-lguptxahzatmgn frames and/or

response frames from a dedicated transmit buffer (73) that is operable to transmit
on either or both outbound fibers (118) of a dual-port fibre-channel interface
node (1220). In some embodiments, such transmission is performed even while

15 the node (1220) is simultaneously receiving a data frame on one of the inbound
fibers (117) and/or receiving a non-data frame on one or both of the inbound
fibers (117). That is, transmitting on one fiber (118) of a port is optionally
performed simultaneously with receiving on the other fiber (117) of the same
port.

20 It 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
various embodiments, many other embodiments and changes to details will be

25 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.



a loop-initialization circuit that perforns loop initialization

substantial ly 20 sinmultaneously on both the first port and the second
port usi ngoisbshdig t he ' outbound transmt-frame buffePCT/USIS24558 4.
The system according to claim1l, wherein the dedicated frame buffer

I ncl udes: 25 a dedicated transggt-frame buffer within the first
channel node that operates to transmt a non-data frane to at | east’
one of the first and second ports, wherein the non-data frane

i ncl udes i nf or mwhais skiwedrd from | oop- initialization and
response i nformation.

57 - 5. The system according to claim4, wherein the transmt-frane

buf f er transmts, the non-data.fra n the first port, while
substantially siqnultzﬁ 'ﬁ'é”%"'cagons?l}?gnggsg q PEHS ni cates dat a. 5

6.  The system accqfilishéhanfelGlode Mading falfirkt iRt 4dEsecond gort, each port a
| oop-initialization circuit that perforns |oop initialization substantially

si nul t aneouslSy cuppwting alfibré-channelasbitratadelopp serind comenypigationsehagnelaand i n t he
transmt-frame buffer., ..1 . he. sy.s according 4 laim1l, wherein
t he dedicated frane tﬂﬂefdé‘fag‘?dsgme bu&?n%%éﬂﬁlge?lrgg&é glr{g)gﬁi?%rclgﬁ?f er and

@2 @]

i ncl udes: initializatioh d@espahed. transm t-frame buffer operatively
coupled to at | east one of the first and second ports for |oop
initialization and responses. 15 8. The system according to claim7,

wherein the dedicate ransmt-frame . buffer. i ratiye upled to
both ports and fturt hgﬁec%ﬁ%m LrRgne to claim Rl{;vherelg tﬁ%‘%ﬁ%ﬁ%%ﬁ?@%@ﬁ
circuit thatjperdofifigirel @8 Bn bfiichipihiffdah@ hchdest anti al |y

a first inbound non-data buffer operatively coupled to the first port;

a second inbound non-data buffer operatively coupled to the second port;

a data-frame buffer operatively coupled to both the first port and the

second port; and

155 - an outbound transmit-frame buffer operatively coupled to at least one of
~ the first and second ports.
3. The system according to claim 2, further comprising:

a loop-initialization circuit that performs loop initialization substantially
20 simultaneously on both the first port and the second port using data in the
outbound transmit-frame buffer.

4. The system according to claim 1, wherein the dedicated frame buffer
includes: '
25 a dedicated transmit-frame buffer within the first channel node that
operates to transmit a non-data frame to at least one of the first and second ports,
wherein the non-data frame includes information selected from loop-

initialization and response information.
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si mul t aneously on both the first port and the second port using data in the

transmt-frame buffer. 20 9. The system according to claim S8,
further cORpHbSREISE ' a magneti c-di sc-storage dri PETAjSe8/24558 el y
coupled to the first channel node; and a conputer system
having a second-channel node, wherein the gg¢cond 25 channel node is )
operatively coupled to the first channel node in a fibre-channel | oop
in order to transfer data between the first and second channel nodes

t hrough t h% fi brmefdgaﬁﬂﬁdccafdmgmwﬂ 4, e hetrarRRIFPRANE BhffeNS
channel . I sc drive conpr|5|ng a rotatable

di sc; : tra.nsmlts thermsuiodata frame on dnesfirst porg, Wbleasubsﬁaamlb' simultareouslyat i ng
di sc; 58

a first channel thosrsoRdpprigommunicatesdata: onq 2 second port, each port

supporting a fibre-channel arbitrated-loop serial comrunications channel,
t he first channel node operatively coupled to the transducer; and
a dedi cated t¥arsmit Thmtemﬁcberdmmmlmm%éumhmspnmnamgel node that 5

operates to transmt non e non | udes
i nformation selected % &qqqptcfrﬁwﬁg&?}ﬁ O O?Iégﬂb%fﬂ ?’hf F?&PI"‘ , and
wherein the trangfhftaded ﬁ§I9oﬁ%ﬁ?ﬂhsﬁﬁ%ﬁ‘abﬁtlﬁé"&cﬂl?d‘p&@hﬁn&ﬂﬁﬁﬁn% the first
port, - Wwhile substantially simltaneously the second port conmunicates

dat a. 10 11 .transwhitefsamebiffert i ons channel net hod conprising steps of:
(a) supporting a fibre-channel arbitrated-loop serial comrunications
channel on each of a first port and a second port of a first channel node;

(b) inplenenig ngy a defheaisReh ddcarindtéldlfm 1, wHdhdinthe ddicefed Pihe BREE: i s,

(c) receiving franmes to the dedicated frame buffer; and 15 (d)
transm tting freaosfgiredmsahondbif bufferdnd inchudesuf fer for | oop

a dedicated transmit-frame buffer operatively coupled to at least one of

the first and second ports for loop initialization and responses.

15 8. The system according to claim 7, wherein the dedicated transmit-frame
buffer is operatively coupled to both ports and further comprising:

a loop-initialization circuit that performs loop initialization substantially
simultaneously on both the first port and the second port using data in the
transmit-frame buffer.

20
9. The system according to claim 8, 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

25 channel node is operétively coupled to the first éhannel node in a fibre-channel
loop in order to transfer data between the first and second channel nodes through

the fibre-channel arbitrated-loop serial communications channel.
10. A disc drive comprising:

30 a rotatable disc;
a transducer in transducing relationship to the rotating disc;
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initialization and responses. 12. The net hod according to claim

11, wherein the i npl ementing step (b) further conprises steps of; 20
(b)(i) inmplg E{_},? a dedicated transmit-frame buffer in thepcT/Us9sr4558
dedi cat ed frarre fer, and (b)(ii) operatively
coupling the dedicat ed transmt-frame buffegg to . at least one
of the first and second ports; 25 and wherein the transmtting step (d)
further conprises a step of (d)(i) transmtting

| oop-initialization a@ﬁr&i@ﬁaﬁﬂ@?ﬁocferlﬁ fir3fPort and a second port, ¥ach port
transmt-frame buffer. rrethod according to clafm 12,

wher ei n t he tr arsapportingg ﬁ;ln'e-phamjel &(bltfancd-hmp senatpomsmmications phanhel, the

59 muni.c dat substantially
si mul t aneous! y diFst ¢hannel no Q’Pe‘)at“'é@@B\‘R}e‘g c?r mtting frames on

the first port. adécﬁcatedﬁh%xﬁlﬁi‘r%@b%?ﬁPﬁﬂhﬁQhéﬁr&bﬁédﬂeﬂKodeWﬁ&re' n the

transmtting step (d) 5 further conprises a step of
(d) (iii) transmdperates lodtqmsmm a noul-data frame, Wheminshs nog-datatiranid ipcludes

si mul t aneously an both th | ort .and.the second port_.usin da ain the
Cransm t-1rams ooRgeton stgeted Fonf oo alentin 258 GrppRg hfsoed
wherein the i nplgR&etn 186 tahSRit-Fane buffer trehdniey the ABRdadSPantd @:Pﬁle(ﬁrst port,

while substantially simultaneously the second port communicates data.

10 11. A communications channel method comprising steps of:
(a) supporting a fibre-channel arbitrated-loop serial communications
channel on 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 frames to the dedicated frame buffer; and
15~ (d) transmitting frames from the dedicated frame buffer for loop

initialization and responses.

12. The method according to claim 11, wherein the implementing step (b)
further comprises steps of:
20 (b)(i) implementing a dedicated transmit-frame buffer in the
dedicated frame buffer, and
(b)(ii) operatively coupling the dedicated transmit-frame buffer to

at least one of the first and second ports;
25 and wherein the transmitting step (d) further comprises a step of
(d)(i) transmitting loop-initialization and response frames from

the transmit-frame buffer.

13.  The method according to claim 12, wherein the transmitting step (d)
30 further comprises a step of
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(b)(iii) inplenenting a first inbound non-data buffer operatively

coupled to the first port, (b)(iv) inmplenenting a
second i nbo%s"mgiﬂat a buffer 15 operatively coupl egCr@wspéiz4558
second port, (b)(v) inplenmenting a data-franme buffer
operatively coupled to both thg first port and the second
port, and (b)(vi) inmplenmenting a dedicated
transmt-frane buffer; 20 wherein the receiving step (c) further includes
steps of: - Lih AV 5 it RdERs e
first inbound non-data (d)(n)é%h%lﬁ’? gén ts eﬂglg%%f\néﬁi nboulr%&n%ﬁ-data
buffer, second port(while frinsmitting frangsdatthe firshpes. t o dat a-frane
buffer; and 25 wherein the transmtting step (d) further conprises a step
of (d)(iv) transmtting non-data franmes fromthe

transmt-frame : . : s redi ng to
claim 15, wherei A4t he Wea“r%%%gﬁ“%ﬁéd‘%% té)pd?lg} 1%%’ l?eﬁ?‘%{ﬁl'&&ﬁ%{gﬁgﬁnggﬁéq)st ep of
60 5 further comptiges(a/stepef f orming | oop initialization

substantial ly simnul taneousl(}!1 . on ,b,o,tap the first port.,and the
second port using data in t@EXiidenemitting loop-initialization frames SUPSENUAY 11 f er .
5 17. The net hod ag | ' ' ' ' p
(o) ' further compeititeB BBl hist pbEnd ik dcohnd s BATRE A e
configuring the dedi caianemitrfrarme bufférer as an on-chip buf f er
that includes a dedicated on-chip transmt-franme buffer, and

10 15. The method according to claim 11, wherein the implementing step (b)
further comprises steps of:
(b)(iii) implementing a first inbound non-data buffer operatively
coupled to the first port,
(b)(iv) implementing a second inbound non-data buffer
15 operatively coupled to the second port, ]
(b)(v) implementing a data-frame buffer operatively coupled to
both the first port and the second port, and
(b)(vi) implementing a dedicated transmit-frame buffer;

20 wherein the receiving step (c) further includes steps of:
(c)(i) receiving non-data frames to the first inbound non-data
buffer and the second inbound non-data buffer,
(c)(ii) receiving data frames to data-frame buffer; and

25 wherein the transmitting step (d) further comprises a step of
(d)(iv) transmitting non-data frames from the transmit-frame

buffer.

16.  The method according to claim 15, wherein the transmitting step (d)
30 further comprises a step of

RN O A0 O



(b)(iv) operatively coupling the on-chip transmt-franme buffer to 10

at least one of the first.and second ports; and wherein the ;
transm ttingosbemsed) further conprises a step of PCT/US98/24558
(d)(vi) transmtting loop-initialization and response frames from

the on-chip transmt-frame buffer. 15 668. The method according to
claim17, wherein the inplenenting step (b) further conprises a step
of (b)(v) operatively coupling the dedicated

transmit-frame buffer to () performing R nalistionaistARially simiiHe8idly t he
{ranem (11 ng step (a) fur (o4 perorming R nfRAlaton 306statialy s RSty

(d) (vii) transmtti ngon baththefitst port amt thesedondipegt usirigstatanini the dydicated

si mul t aneously on both the irsi_, ort and the second port using data in the
transnit-franme buffertransgit-irame T@‘.’r' The nmethod according to claim 18,
wherein the transmtting step (d) further conprises a step of
(d)(viii) transferring data through the fibre-channel arbitrated-I|oop
serial comuns catd. onsThémethel abexrdingo alaimadhewhereini the irgplemaytingistey )30

that is operativﬂg% coupled to the first channel node and a conputer
system having a TP 5 &¥PH¥de, wherein the second channef node

61 i's operati wsk) f iR deliRafel ThintiARR @k a0dRnlY t he

fi bre-channel arbitrated-l1oop serial-comunications channel .
20. A comuni cat i onbuftérdhatdncledestaaiedicoted onghiptraimit-frame buffgr,fand st

FiTt port and second por  CATBRRTRGIA R BRE LR R il St fafe Pt

seri al 10 at least one of the first and second ports; and

wherein the transmitting step (d) further comprises a step of
(d)(vi) transmitting loop-initialization and response frames from
the on-chip transmit-frame buffer.
15 '
18.  The method according to claim 17, wherein the implementing step (b)
further comprises astepof
(b)(v) operatively coupling the dedicated transmit-frame buffer to
both ports; and
20
wherein the transmitting step (d) further comprises a step of
" (d)(vii) transmitting loop-initialization frames substantially
simultaneously on both the first port and the second port using data in the
transmit-frame buffer.
25
19.  The method according to claim 18, wherein the transmitting step (d)
further comprises a step of
(d)(viii) transferring data through the fibre-channel arbitrated-loop
serial communications channel between a magnetic-disc-storage drive
30 that is operatively coupled to the first channel node and a computer

system having a second channel node, wherein the second channel node
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communi cati ons channel ; and dedi cated frame-buffer neans for
| oop-initialization and responses.

. W(; 99/26152 PCT/US98/24558

61

is operatively coupled to the first channel node by the fibre-channel

arbitrated-loop serial-communications channel.

20. A communications channel system comprising:
5 a first channel-node having a first port and a second port, each one of the
first port and second port supporting a fibre-channel arbitrated-loop serial

communications channel; and

dedicated frame-buffer means for loop-initialization and responses.

A



