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An improved communications channel system and method therefor is described. The communications channel system includes a
channel node (1220) having dual ports (116), each supporting a fibre~channel arbltrated—loop ‘communications channel (1250). A frame
including cyclic-redundancy-code (CRC), received from a fibre—channel Ioop (1250}, is stored in an on—~chip (1 10) buffer (119) and checked
to ensure frame integrity by an integrity apparatus (596) when the frame is read from the buffer (119). In various embodiments, data frames
with their CRC are stored in 2 data—frame buffer (55), and/or non-data frames with their CRC are stored in a non—data—frame buffer (53




The interfweakeisyt ransferring data between the disc drive aPéTh%@X/%&?f of
the 25 ‘conpufer systemis typically a bus or channel. such as the Small
Comput er Syst ens Interface ("SCSI"), or the Fibre Channel. Certain
aspects of such interfaces are of ten standardi zed in order that
various devices fromdifferent manufacturérs can be interchanged and
all can be connected to a common interface. Such standards are
typically specified by sonme standards committee of an organi zation such as
the 30 Anerican National Standards Institute ("ANSI"). One
standardi zed i nterface for exchangi ng data between various storage

2 devi ces and various conputers is the fibre channel. In sone
enbodi ments, the METHODeANE APPARAMTUS FORUISENGERCr at ed 1 oops
.(described further belo |n,.so ' s i bre-channel
standard supports a SCS}V'VZHRPé%gﬁgwmgﬁwgmgﬁtmpwwt.a
transfers. 5 Fi bre channel s represent significant advantages over
Smal | Conput er Standard Interface ("SCSI") designs. Fibre channels
provi de significantly higher Fizhd dfithit Inventiomrent |y up to about 106
nmegabyt es per second, conpared to between two and twenty negabytes
per second for traﬁ'iq{‘?ipé?% tigreptionefaiesdo ths figld Qfl%ﬂ?ﬁ'é?oéﬁage%"‘%ﬁ'r.ogi dg
greater Conneﬁ&é{g lspfagﬁau&rf,hﬁﬁs Hﬁeﬁ@oﬁ%ﬁt%%qggfrﬂ%@tﬂbréJcﬁmﬂﬁY hitfRated-0
(including the host) may be connected, as conpared to a maxi.num of seven or -
fifteen devi cémopi (ffFFCyALCpdppa@aBis advnethndwsing fibférehdnnbk eyclibaedividanan be
attached wi t.h_a si.ngl.e connector d does npot require a switch. A
ibre chatfel chekigformation oy RuAPEPE apTIoE SRR EIRA BIErISH U o BPay

di st ances of mdyihirty nmeters between devices, and up to ten
kilometers using ffbre optics for an entire channel. as '

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

15 Computer systems have many different devices where data can be stored. One
common place for storing massive amounts of data in a computer system is on a
disc drive. The most basic parts of a disc drive are a disc that is rotated, an
actuator that moves a transducer to various locations over the disc. and circuitry

- that is used to write énd read data to and from the disc. The disc drive also -
20 includes circuitry for encoding data so that it can be successfully retrieved from
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

25 computer system is typically a bus or channel, such as the Small Computer Systems
Interface (“SCSI”), or the Fibre Channel. Certain aspects of such interfaces are
often standardized in order that various devices from different manufacturers can

~ be interchanged and all can be connected to a common interface. Such standards
are typically specified by some standards committee of an organization such as the

30 American National Standards Institute (“ANSI”).

One standardized interface for exchanging data between various storage

{



15 conpared to a maxinumtotal length of up to twenty-five neters for SCSI
envi ronmen@9%24133Cs| environments, errors in data transm ssPOTAm9S24571-
detect ed t hrough use of parity, whereas in fibre channels. errors are -
identified by a running disparity and cyclic-redundancy-code check
("CRC check") information. Mre information can be found in U S Pat.
No. 5,802,080 entitled "CRC Checking 20 Using a CRC Cenerator in a

Mul ti-port Design,” and U.S. Pat. No. 5, 663.724 entitled "1 6B/ 20B
Encoder, " bot Heviyestdnd varieaeedmpuresris tie, fibié shdivel. AAGofe BB diments. thaSSi gned
to the presen%gassi ghee Seagat e, Technol he

ology, Inc. T
fi br e- channel TBrepfhangelstandaiincludes ‘KPIWWT%IOQPF Gdﬁfﬂlmeffu?thSSB!?nggm 25‘ _
| oyi b = Q|- - : run- -1 e -
oAt 111 oneq ornopAeay Bt de eRaglS Sodald Shodadl s O ke pflacalrct o ot ook

frequency of ddifira?ngvihta trahsfelsor m of an 8B/ 10B encoder/ decoder is described

in U S Paf. No. 4 .486.739 granted Decenber 4. 1984 for "Byte Oriented DC
Bal anced (5,4) g/ Fife pagnneksirepresentsigaificantadyantegesnaverSowll Gomputenaszek - et

| . [ » itra "FCLAL" | ows, f or
?rul tiple devi %gg@arggﬁl%g%ﬁ@@gpﬁgQ?Jpgxgg%dféﬁge %ho eelg EoHA ec?‘%?f%’fﬁﬁ‘&?ﬂf?ﬂer A node
may be any debincividths, currentlp up b &bout W06 lfdgabytediperRE¢dHdS EompPared 18! bbtveen

, etc. f th uter system . . .
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with a single connector and does not require a switch. A fibre channel using :
coaxial electrical conductors operaies at diStance§ of up to thirty meters between
devices, and up to ten kilometers using fibre optics for an entire channel. as

15 compared to a maximum total length of up to twenty-five meters for SCSI
environments. In SCSI environments, errors in data transmission are detected
through use of parity, whereas in fibre channels. errors are identified by arunning
disparity and cyclic-redundancy-code check (“CRC check”) information. - More
inforfnation can be found in U.S. Pat. No. 5,802,080 entitled “CRC Checking

20 Using a CRC Generator jn a Multi-port Design,” and U.S. Pat. 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-oriénted DC-balanced (0,4) run-length-limited 8B/10B-

25 partitioned block-transmission code scheme. The FC-AL operates at a clock
frequehcy 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.

A fibre-channel arbitrated loop (“FC-AL”) allows for multiple devices,
30  each called “a node,” to be connected together. A node may be any device (a

computer. workstation, printer, disc drive, scanner, etc.) of the computer system

f



Ports are tweosgeiections in a fibre-channel node, though \Ahi,;‘é;r,gggg“gﬁy
pass over the fibre channel to ports of other nodes (the outside world). A
typi cal fi bre-channel drive has two ports packaged within the drive's
node. Each port i ncludes a pair of "fjbers"” - one to carry information
into the port and one to carry 10 information out of the port. Each
"fiber" is a serial data connection, and. in one enbodi rrent each

fiber is actuaglly a ' e (i

used when thee*ﬁ ﬁ‘@sa“dp%rﬁaﬁe%w lgggtre%g)erﬁof‘gg% on%ﬁgno{qifé%l ?ﬁyﬁer
enbodi ments, (definedl jibttRIow)S Bd¥RInBEE RALAL 1845t ofic PO cafled bh bﬂfp&r?(“n%ﬂel east
sone of its path (e.g., when nodes are separated by an appreciable

di stance, sucHoeppersde provids aqcessdniothermodes. sThecomaponesis;thaticonnsct twpfof er ent

buil dings). The pair of fibers tp gac caryying .
data into the 'B%‘r%tp rttsﬁ%geéleeﬁgfe %OQ@F(}JY% %5 da oﬁﬁ?glpggnﬁgrtéwﬁo%rtgaﬁhs"o lled a
"link" and 4s o%ﬁ’frﬁuxﬁf:at@s’iﬁhhta!l%é?%ded-\bvﬁhﬁl B8 providdetf 1BpoMEY 8P1ddp. Si gnal s
packaged in "frames"” between nodes. Each |ink can handle nultiple

types of frames (e.Rprisare the onhectigns ima ifibre-chanal nededthough whichf dasassy. 20

Si h fib da dif ect | t d t
one- anot her  alfBryow b RoRAmarat S B W BB el Cok prBRRoRr AR Gr '
the I oop ﬁﬂ}e&h&wcmaaﬁaﬂ%ap&@ E:E&g‘eﬂaﬁlthmﬁﬁé)dﬂi%% h&de. Bathigest pr ocess

of coordinating the nodes to det ernine which one has control of the
| oop. Fi bre- clinelndés apair of Hikeds™ ~ one tosapy informetionrinte thei portandeendite catry | oop

st abl | s 1D parreORaRarHepac FapLfiferersa iif B chfilohGh PRELRMENS 1O

distributed topshoaimenedch fie is udllyl maudﬁmxﬁt(elgemhxrah@mﬁcdﬁuacmrs
necessary function to establish the circuit. The arbitrated-|oop

topol ogy i s udised whep drmeedes are in closp PreBEY tefons saekeD:in asher ambodiments,

hundr ed ,
cach node. | ncl 0 1R {iriehERed B AR oRBG T for o epetcome SAAMR(GET BRI,

provi de redundsdey are&‘s@pzirhﬁﬁ byfanCippreciadle digiahse. shélﬁaﬁd&ﬁ 1deh€ferent cabinsts

fulfill the loop duties. Dual ports also allow twd hosts (e.g., two host
15  or, especially, different buildings). The pair of fibers connected to each port (one

carrying data into the port. the other carrying data out from the port) is called a
“link™ and is part of each topology. Links carry information or signals packaged in
“frames™ between nodes. Each link can handle multiple types of frames (e.g.,
initialization, data, and control frames). '

20 Since each fiber carries data in one dire.ction only, nodes are connected to
one another along a loop, wherein the nodes must arbitrate for control of the loop
when they have data to transfer. “Arbitration” is the process of coordinating the
nodes to determine which one has control of the loop. Fibre-channel arbitrated
loops attach muttiple nodes in the loop without hubs or switches. The node ports

25 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) node ports.

In some embodiments, each node includes dual ports (each connected to a

30 separate loop) which provide redundancy, so that if one loop fails, the other one

can fulfill the loop duties. Dual ports also allow two hosts (e.g., two host



4 gvon%uter,’s) to share a single drive. In typical
first- and"SeCHE generation FC-AL drives, the two ports shaPE&d/U$98/24571-he
frame-val idation and franme-generation logic. This neant that if one port

was receiving or transmtting a frane, the alternate port was
effectively busy (since it 5 could not synultaneously use the
frame-val i dati on and franme-generation |ogic), and the alternate port

was thus forced to deny its host-bus adapter permission to send

frames. Sone &msputbns}toeshard esinglealsivé. cont i nuousl y have to arbitrate and

at t enpt to annd a “’_arre over and over until the primary port cl osed.
Al so, the drive walhtypical figstapdsgeondrgeneralinn KiG-Adrfrives. thetwo gertgshared. 1n
some cases, Gl R r 0.: ) ave to be
paused in or ?iiglf to sgﬁnlgiaga{lgrsl%grﬁgfee %?éga%nﬁ%éé?fg‘r“%n%gggﬁl}aﬁ%%%??ﬁ?son on

t he ot her (alteeeiniige)r transmitting a frameCR(E dbeerayy porodias effectively busy (Masé it .

dat a-trans 'ssiu?cﬂ 0 erabi?r(l)ns enpl gy error checki ng by which an error 15 .
code, baset off 30%%"9& coHsly Jisg grvalidationpad framesgansation logis). endcked
to verify ' ' eeel 2 A datg. One
such error- chtggkpﬁgh{g&g{g%%tg% ﬁt()aljrarig)[f f:?y(ge(?l ;@ﬁllogp ?‘Seis gﬁgfaégg%%%sgtg\gto%ag)

i nformation. flamypi Sahe hostduis tadapters vesudd cgritigoGEN heve @ arbit@edantbatitinpt

i nclude a CRC che k?r to verF’ié%y the integrity of received data words
and a CRC gen@rS§Rof HameRyes and avesati HF(H‘%%’V(PH”F@RS@OA‘%H’&PQ%WVWMS bei ng
transmtted. t4] ; | r d ‘?Bg] gener at or
nmust be avai l%rgygyﬁcg?txgg%rgnggﬂngﬁygnrﬁ% e'\sigr%:é ?ég%gb?\ﬁg ea%%dart%cei ved

di gi tal wbld wamsfareongegivempat GRGld dfvertahe pawseti dn ordee ko skindid r@bpose dr bei ng

transmtted. |In.many appl.ications, the cjrcuit or |oop-interface nodul e
transmits Pef@?“gﬁf’?/?‘gﬁ%hmf’? Oﬁtth%\"‘?‘Fﬁ@.Ete‘F’éﬂe) &%npl e, a disc-drive
subsystem comruni cating 25 through a nulti-port interface nodule to a
conput er network woul d prepare and transmt data through only a single
port at any Backgrouhidwever, the | oop- i nterface nodul e m ght
attenpt to receive data. through plural ,ports at a given.,tinme. .

One approach to reléfg’& ‘?%’?‘1’“8?5 §§‘8“1°HF’3‘88PF Wﬂlpé’llenﬁgfdﬂ%"ﬂf@ RoWRIChIRFTIOR i bi t

15 code. based on the header and payload data of the transmission, is checked-to verify

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

20 digital words being transmitted. In multi-port designs, a CRC checker and a CRC
generator must be available for each port to handle verification of each received -
digital word and to generate CRC information for each digital word being
transmitted. In many applicationé,‘ the circuit or loop-interface module transmits
on only one port at a time. For example, a disc-drive subsystem communicating

25  through a multi-port interface module to a computer network would prepare and
transmit data through only a single port at any given. time. However, the loop-
interface module might attempt to receive data through plural ports at a given time.

One approach to reception of data through plural ports is to simply inhibit

reception of data through other ports when one port is already receiving data. This

30 approach allows common resources. such as the CRC checker or the frame-

validation logic, to be shared among the several ports. The first port to receive data

/



recepti on oWOPA281F7hr ough ot her ports when one port is alreadpciR98Y4sAE
data. This 30 approach allows commopn resources. such as the CRC checker or

t he frame- validation logic, to be shared anong the several ports. The -
first port to receive data 5

5 sei zes use of the conmmon resourceS to the exclusion of the other
ports, and the other ports are inhibited fromreceiving data. Hence,

i ncom ng data é%?%@?%e p the com &Fl%kg cf)ta tﬁg'gxﬁﬁ{f&{ oftiE toﬁle?ﬁgrt%, q_gher

ports are limte e fun 1 on 0 ransm ssi o "pproach

resul ted in thsthert ports qee intibiteticieoniregeiving datay ‘Henbe, dﬁmﬁmhgﬂatal danh@seonse to
request s to transmt dat a, and neceSS| t at ed repeat In sequence to _

request t r ansnicsaiveshonthepther pasisiand theiothgeports %ﬁilm“egﬁ%ﬂﬁ ﬁ1§§th3b¢*ﬁdata :
conpl eted the Qperat QIaon resource.
Logg Initiali z%tq on 4%3{01 kﬁrug\éﬁgmgg{ Iegﬁl@m tﬁé‘gpe{: g‘ﬁgﬁ I%Qel;’ﬂ‘ }'ﬁ% '

necessary t® "donditica 1h2‘espoﬁsé RaBqudststb tmnsmitrdata, and nedé@sititéd x‘éﬁedtﬁxgﬁlﬁé eCt ed.
as well as when a loop-interface npdule is connected into the channel .

or when the fiJSABENASAR Arqueptdransmissian ofidata agan and again, yntil thedirstipeat i | y
lished b
ié\?\g\r/rgrl > e a é’mﬁﬁ]@{éﬁﬁé %%%?%%#ace n@éﬁ? ‘2’“‘%‘%%&%2’?@%% %’eto%&f'% gesl"é‘“%r r eady

recei vi ng data through a 15 port connected to another |oop, that

| oop-interface nodul e mght not be able to recei ve the
| oop-initial i Zaeenknitiglizati HSIQMNEnder such circunstances the data

in‘other P ﬁi?inﬂpmﬁﬂfm‘%"ff*’%&%hﬁ? ki S

go i nto a contdonditiesris deteyted. as well as when a loop-mterface module is connected into the

channel. or when the fibre channel is powered up. Initialization is ordinarily
accomplished by transmitting loop-initialization data onto the loop. However, if a
loop-interface module connected to the loop is already receiving data through a

15 port connected to another loop, that loop-interface module might not be able to
receive the loop-initiélization data. Normally, under such cirbumstances 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.

20  Moreover. if the loop-interface mbdules can receive only on one loop at a time, the
modules cannot receive data through another port while loop initialization is
occurnng on one channel.

Fiber links have received considerable attention in connection with
transmission of data between various devices of a computer network. More

25 particularly, fibre channels offer significant advantages over Small Computer
System Interface (“SCSI™) buses in terms of higher bandwidth, greater
connectability, greater ease of attachment of modules, greater transmission
distance, and other factors. For example, a typical SCSI bus is able to handle up to
fifteen (15) modules with a total distance of up to about 25 meters, whereas a fibre

30 channel can handle up to one-hundred twenty-six (126) modules with a distance of

about thirty meters between modules using electrical transmission, or up to ten



node unti | er loop (of the dual-1oop node) conpletes receiving data.
20 Nbreovg&?£W§ﬁ he | oop-i nterface nodul es can receive only ERE? bp at
atinme, the nodul es cannot receive data through another port while
loop initialization is occurring on one channel. _ - Fi ber

| i nks have received considerable attentio® in connection with :
transm ssion of data between various devices of a conputer network. Mre 25
particularly, fibre channels offer significant advantages over Snall

Conput er kilometens nsingppptinabtranspgsyion. Bhusdn prider tor aphieye ardagghtransfenrate dt h,

greater cannect abi.l it reat er .ease .of t achment . of dy reater .
r ansm ssi on 0 10F ereghliy abtralin Rt TR e B R s Y SCRT bupes T
bus is able tguhabdidhedd ohly about tehiffbk@6lihnnde) mModules with a total - distance
of up to about 25 neters, whereas a fibre 30 channel can handle up to - '

one- hundred twent yIkisimport@)t thasdushasnelibetbrought up imeperation (i.c.. “ijtiahizedR) rty -
net ers between npdul es ' electrigcal r MesS|,0 0 ta ten -
6 ki’ ofRE%, %astgqsﬁiéieo trF‘i‘%ﬁe tf‘? g’ﬁgr‘# ggﬁgéﬁfﬁﬁ'kﬁgfmﬂg %{ﬁmsﬁ @e achi eve a

dat a-transfer iﬁ;ﬁb&donoth&fohaﬁst.exaﬁm e, a terrabyte/second peak, it would
require up to seventy SCSI buses but woul d need only about ten fibre
channel s. Therq is, thereforgoz nepdifor Am arrangemenhta pesamitynuliigpert lgept o

operation (1. Srerfadethbddied B5fcdive dud Bnd RbnYaliTrRRSUGral Budiidiice the | oad

of data traffi I'mMposSed 'on ot her Channel s.

There is, thesph@lfeodslyl@R o frafisndif frafes 08 OB Gharinel Whiletdceling datpont | oop-
I nterface nodules to receive data and non-data frames on plural channels

si nul t aned®s| ynother, optq franssit mitalizatien and rasponse dismss opnlwal ehanpelsi ng dat a

on simultaneously. There is also a need for better and increased data-checking

capability for data stored in on-chip buffers.

Summary of the Invention
15 A method and apparatus for using CRC for data integrity in on-chip

memory. Cyclic-redundancy-code information that is received along with-a frame
from a fibre channel is stored in an on-chip frame buffer. and later checked to
ensure the integrity of the data while in the frame buffer. In various embodiments,
data frames along with their CRC information are stored into a data-frame buffer,

20 and/or non-data frames along with their CRC information are stored into a receive-
non-data-frame buffer. Described more fully below is an improved _
cgmmunications channel system that includes a dedicated transmit-frame buffer for
loop initialization and responses. Having such a dedicated transmit-frame buffer
allows one port of a dual-port node to be transmitting initialization or response

25 frames while another port is transmitting or receiving data frames. Dedicated
receive buffers are also provided for each port of a two-port node. Cyclic-
redundancy code information received from the fibre-channel along with a frame is
stored in one of the three frame buffers. These data and CRC are la_ter checked to
ensure the integrity of the data while in the frame buffer. Control of a loop is

30 maintained (i.e., the loop connection is held open) as long as a minimum amount of

data. which optionally is determined by programming (called a “programmable

i



10 anothewogsnzé1d7 transmt initialization and response framgRusdlysal
channel s simul taneously. There is also a need for better and increased
dat a- checki ng capability for data stored in on-chip buffers. '
Summary of the Invention 15 A nmethed and apparatus for using CRC for
data integrity in on-chip menory. - Cycl i c-redundancy-code i nformation
that is received along with a frane froma fibre channel is stored in

an on-chip frﬁﬁﬁuﬁf‘% gt?” %eqv&gbgf& RaR&ARRSIbA, in order?H PthiRe mem}e%ﬁfgrl ty of

the data while int mabu I'n vari ous enbodi nents,
frames al ong wirolnt bittime €p¥Et artfivating foocontrad of therledp.i nt o a: dat a- frarre

buffer, 20 and/or _pon-data, frames al with thei.r f or mat .on are
stored into a recelﬂ@ present i BWQS%R’SV'%FQWOFBH}%%HO% g‘e‘ﬁ' é’

bel ow i i i hirdtd
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dedi cated tra loop initiallzation and-“responses.
Havi ng sucls ambmibryaflhe systemsncluddsradfinst chanhielrnode haviagladivst mréamba seavhda

dual -port node to be transmtting.initial tian 25
Whi | & anot hor DB EhPort BRERRHPEIPrE b EL A R EPURBR o DR
recei ve buff ey ﬁclf"&?nﬁlluﬁﬁaﬁérﬁvdhgﬁﬁ’elfnﬁlﬂucﬁﬁgQc?él'fé—re@ n@axfcwo@@whnp@aa Cyclic-

-redundancy coge I nformation received fromt bre-channel along with a
frame is uzhsmisdions on e mlﬁnmhmcattame:hanmlr:equsjm 1nCTMe1ndmt-dnpnd CRC

are |ater checked to i h t.h
frame buffer. T a5 memogf Iog[atp g{ie‘*‘g’ ‘gdi’?rﬁf‘%tch‘?"ﬁ’&gn?‘i htgat ref‘ﬂgeg’l %b’ﬁ"’égﬂﬁegt i on
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determ ned by programm ng (called.a "programrabl e
7 integrity apparatus that uses the received associated CRC for data-integrity

" checking of the received frame that is in the on-chip frame memory.
One version of this system further includes an off-chip memory operatively
~ coupled to the on-chip frame memory and the integrity apparatus and a verification
15  circuit within the integrity apparatus that verifies the cyclic-redundancy code while
moving the received frame from the on-chip memory to the off-chip memory.

One such embodiment further includes a parity-generation circuit that
generates and appends parity to the data as they are moved from the off-chip
memory to the on-chip mémory, wherein the integrity apparatus further checks and

20  strips away the cyclic-redundancy code while moving the frame of data to the off-
chip memory. In another such embodiment, the on-chip frame memory further
receives a data frame frbm the off-chip memory which is devoid of a cyclic-

~ redundancy code, and the system further includes a CRC generator that generates
the cyclic-redundancy code based on the data frame received from the off-chip

25 memory, and a transmitter that transmits the data frame from the off-chip memory.
including the generated cyclic-redundancy code. onto the communications channel.
In yet another embodiment, a data frame that is to be transmitted is transferred to
the on-chip frame memory from .the off-chip memory and is stored in the on-chip
frame memory with parity but devoid of CRC information. In one such _

30 embodiment, a received data frame transferred to the on-chip frame memory from

the communications channel is stored in the on-chip frame memory with CRC but

{



amount of %@9';)6,134 s available for transm ssion, in order to_reduce the
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Theé present invention provides a comruni cati ons channel system for using L
fibre-channel cyclic-redundancy code (CRC) for data integrity in an on-chip
5 nmenory. The systemincludes a first ch&nnel node having a first port and

a second port, each port supporting a fibre-channel arbitrated-I|oop
communi cations channel . each communi cations channel including a
cycl i c- r edunddenmnid ob gariyiinformatien. a transm ssi ons on the conmuni cations

channel . The systemincludes an on-chi frame.menory. | ocated,on-chip
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coupl ed t o3t hBOMHIE YA REREPYR R BoHe Bgroery At Bode” AR o
verification i&onfichantiel n¥dd RidpetalivelytbOplel td/ tHRARSY chathtel nBat to/@4riskdres t he
cyclic-redundancy code while noving the received frame fromthe

on- chi p menor yatagetweenghe ficstiapd aeoepd ghannel nodes througlcthe cogununiedsissis nent
further incl udﬁs a, parity-generation circuit that generates and
appends parit 48 he data as they are moved fromthe of f-chip nenory

to the on-chip memxpstheMaspeRt Bf theréseheiavedtionaRevites 4/8ist dfiveeThe Bkks and
20 strips away the cyclic-redundancy code while noving the frame of data

to the of fl0 drive invlydesarotalable diseadransducsn htransducingegiationship tothe hi p frame

menory further .. receives data frame fr he of f-chi ry which is
devoid of a cfl%?ﬁl%g disc. md??&fﬁﬁﬂ’é‘ﬁ%@ & 88g,gv'gﬁgrﬁr%témg;aﬁdean?efcg?ﬁéﬂ e|‘/’ﬁ%I udes a
CRC gener at or pbﬁ%h%ﬂﬁﬂﬁg aifidfe-channel 41Bitkyéd-obp cBAMM AN SlsiRinBlR |¢hon -t he
data franme received fromthe off-chip 25 nenory, and a transmtter that
transmts thecemmuniations ehasnelineludesa e)mhs-rn@mséw code withiedg@i ng t he

senerated oV MG Slf Bl IR T

yet anot her e a Trane ransm

transferrqg t @RerativeIS' lR6uysled drihg thahedReMRNGdMMhdicat . dhe-acdisddrivemory and
is stored in the on-chip frame nenory with parity but devoid of CRC

i nformation. mfledes aggatehipframsiseemonylecated oreelaipye thedfimstchanagknode shaif er r ed
to the on-chi gecff{v%ggm% t\%?%?e%%ab{kes CRITURL ¢ PR, Rannel is stored

in the on-chi rame menory '
communications channel. and an integrity apparatus that uses the received

associated CRC for data-integrity checking of the received frame that is in the on-

20 chip frame memory. In one embodiment. the disc drive further includes an off-chip
memory operatively coupled to the on-chip frame memory and the integrity
apparatus, and a verification circuit within the integrity apparatus that verifies the
cyclic-redundancy code while moving the received frame from the on-chip memory -
to the off-chip memory.

25 Yet another aspect of the present invention provides a communications
method. The method includes: (a) supporting a fibre-channel arbitrated-loop
communications channel on each of a first port and a second port of a first channel
node; (b) receiving a frame from the communications channel, the received frame
including a cyclic-redundancy code that is based on other data in the received

30 frame; (c) storing the received frame, including the cyclic-redundancy code, into a

frame buffer; (d) moving the received frame to 2 memory that is separate from the



8 . dewoigd26f37pari ty i nformation. I n one ver pEPRIsog &Yt em
I's built according to this invention wherein the system furt her

i ncl udes a nmagnetic-disc-storage drive operatively coupled to the

first channel node, and a conputer system gper atively coupled to a second
channel 5 node (or, equivalently, a conpufer system having a second

channel node). The second channel node is operatively coupled to the

(ot Ehammel A Wt 5 Cneciog 2L RERYRSL o Bty RRERS, |

channel nodes oug o nic

aspect of the pyctisastundanentideQROWVIiRsmavidishe ftceived frafe tditlsdseplrateldr i ve
includes a rotatable disc, a transducer in transducing relationship to the
rotating disc, MgRWI% first channel node having a first port and a second

port. each por \: | - fi?ﬂtﬁ? l... btk -l o .

communi cati ons chan%%ﬁﬂeoﬁg%dlmnetlgéo'p&rgrglﬁlﬁca |(§ersl's - %g%ﬁ@'ggﬁaeﬁ‘g%téséobe _
cycli c- r edufdatraysngiaeé imb tahiion-ohdy frame buffer; (@) gerkatinpsthe BydliRered@indandiy cat i ons
channel . The first channel node is 15 operatively coupled to the

transducer to eerhase¢an éatﬁé’i‘ _éhe frarae & kg wansmyitteds and (h) irapsmigting the feametei p
frame nmenory | 8&&&&%@:@_;5&&1”@@1@ tﬁ@‘g){:{li'cfr@ @g%”é’xﬁg tﬁ@@&mmunn%%ﬁi? f!ves a

frame and the recerve s-ass ate f _ co ations:
channel . and achdnftkgrity apparatus that uses the received - .associ at ed

CRC for data-integritg checking of the received, frane that is in the on- 20
chip franme menbygmie us GH@OQ%‘BSPWWHP@@H@ the placigeistep () further includesides. an

LA EILD. 10, USPACHRE NP QR Ul . AOnil | (AR ™
integrity appatoahadatalufithe/framt it@be trassmitted: andcihieansving sepiid) fuethecinshides
moving the r ecg ist\ég dof f(rd%r)estzfi;g;%rrpg ta\ra]/gy ?hr]e_cgrggigre%gggn%y code while moving the
received frame to the separate memory. In another embodiment of the method, the
. receiving step (b) further includes a step of (b)(i) checking the receivéd frame for
15 accuracy by verifying the cyclic-redundancy code while receiving the received
frame from the communications channel. |
In one embodiment, the method further includes a step of (i) transferring
data through the fibre-channel arbitrated-loop communications channel between a
magnetic-disc-storage drive that is operatively coupled to the first channel node
20 and a computer system having a second channel node. wherein the second channel
node is operatively coupled to the first channel node by the communications
channel.
Still another aspect of the present invention provides a communications
channe] system that includes a channel node having a first port and a second port,
25 each port supporting a fibre-channel arbitrated-loop communications channel, each
communications channel including a cyclic-redundancy code within data
transmissions on the communications channel. The system also includes a buffer
or 55) that receives, from the channel node, a frame that includes a cyclic-
redundancy code, and an off-chip memory separate from the buffer. The system
30 also includes means (as descfibed thrpughout this entire specification) for moving

the received frame from the buffer to the off-chip memory and checking the

i
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net hod i ncl udé‘@e¢k€¢)m¢)nmP¢1§>@epiffa¢lﬁPm¢m0st to be 5 transnitted into an

on-chip franme buff . de based
on data |n§t he fraﬁrllam? %ng%gﬁ@rﬁnpg hp&l&é érgnf‘re'%‘gs@%% §nﬁlﬁéf ame to
be transnitt egheckity alﬂmt@gaytldeepxﬁg thd Rcéieed CRDSHa fade witthe fiafiR as the

conmmuni cati ons channel In one such enbqdi nent of the nethod, the

pl aci ng step (ryneris storreinone o mese dedicated pon-ylatgbyEemand{pr gdediopteddataiat a of
the f t t q th
he 18 B RS g B B sl il

step of (d)(ijo simultapeciglyrecsivé febetidhbaumdatbendofcdual-pdst fidtecRantieyi ng the
received frang tq the separate nenpry. I n another_epbodi nent of the nethod,

t he ABcenjerfapeqiods. (Inypomg Iembefhmms 9ae datg buffepisgroyiged.jandisepxeblg t he

received fr ang lfe%lve on either inbound fiber of a dual-port fibre-channel interface node. In

some embodiments, a single CRC checker is provided (to save cost) that verifies

the cyclic-redundancy code of a frame while moving the frame from the on-chip

- buffer to the off-chip memory. In some embodiments, a single CRC generator is
15 provided on each transmit path (to save cost) that generates the appropriate cyclic-
redundancy code of a frame while moving the frame from the on-chip buffer to the

fibre channel.

Brief Description of the Drawings

20 FIG. 1 is a block diagram of a disc drive 100 with a fibre-channel node interface.
FIG. 2 is a block diagram of an information-handling system 1200 incorpbrating
the present invention.
FIG. 3 is a block diagram of a fibre-channel node-interface chip 110.
FIG. 4 is a block diagram of a fibre-channel loop port circuit 20.
25 FIG. 5 is a block diagram of comparator logic 30 used, in one embodi_m_ent. to hold
a loop open. | '
FIG. 6 is a block diagram of a fibre-channel loop-control circuit 40.
FIG. 7 is a block diagram of a fibre-channel receive path circuit 50.
FIG. 8 is a block diagram of a fibre-channel pre-buffer-receive path circuit 51.
30 FIG. 9 is a block diagram of a fibre-channel receive-frame non-data buffer circuit

33.



15 accyrawo 26187 i fyi ng the cyclic-redundancy code while regaiwvsosgsshe
recei ved frame fromthe conmuni cati ons channel . In one
enbodi ment, the nethod further includes a step of (i) transferring

data through the fibre-channel arbitratedyfoop communications channel

bet ween a magneti c-di sc-storage drive that is operatively coupled to
the first channel node 20 and a conputer system having a second channel
node, wherein e mgTcTol-y [ iFQ5dsed to the
first channel P’?}é&@ﬁsﬁﬁgﬁ@% n?%%PPons élsdagﬁgéﬁglb.ﬁﬁeym 5 Still
anot her - aspecfFIGf 11 iva floeks diagramufa fibrerchanneli cbesnen reoeive pathadifcaitS9.
channel systemthat_ includes a channel node havi a first paort and a
second port. Z¥iG. bhisp blsf E{?Hb??ﬁ‘ ﬁgrea&?ainﬂﬁﬂé!‘ﬁﬁ&g'ﬁ@wr@r%cl‘ &ed- 1 oop

communi cat i ongyehpfIfy blo@l@ﬂﬁﬁraén of & ABFQnRL ERSmE RN GhciRd.udi ng &
cyclic-redundancy code wthi ata {ransm ssi ons on the contruni cati ons
channel . The ISt b4risd block dinptane of a fibre-élmnnel transmit-Hahe bhffer cimnitiABes, from

t he channel nqde, a. frame that ing¢luydes a cyclic- .. _redundapcy code, and
an of f-chi p néker}> %@P‘a’k élam?fﬁggfﬁ]?l}wgl AI%%“’%W‘EPH 6“51‘?‘588':i-'-ncl udes
means (as described throughout this entire specification) for noving

the received frane fromthe buffer to the off-chip nmenory and checking the
10 received frame for accur ddetailed Peseriptiong t he cycl i c-redundancy
code (CRC) while ing the received frape to the off-chip nmenory. In
one enbodi nent , thé"r%‘-’gfo?\s{lo““ng d?té‘lled*f&FF’HB“?'h?{‘ﬁ%P‘qf?fé?%%go‘ﬁ‘é’ﬁﬂté* for
stripping gne ERCmge toflfie L @banding drawfHdE Wiich BAF SEAKCKL i

of f-chip n@no)r‘?/fe@’g ° ?ﬁ%s, t eahglrngsé%‘?ﬁ{énveﬁﬁ on Sr ovi ééd}‘.aﬁﬂ't?m
signi ficant emiticis areshbwnnbyteaof 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. _

15 The invention described in this application is useful for all types of disc
drives. including hard-disc drives, ZIP drives. floppy-disc drives. optical-disc
drives, CDROM (“compact—disc read-only memory”) drives. and any other type of
drives. systems of drives (such as a “redundant array of inexpensive/independent
disc drives,” or RAID. configuration) or other devices. where data are

20 communicated between drives and other devices or information-handling systems.
In some embodiments. the présent invention is useful in node interfaces for non-
disc devices, such as hubs and switches (such as are used to connect plural fibre-
channel loops to one another), workstations, printers, and other devices or
information-handling systems that are connected on a fibre-channel arbitrated loop.

25 Below are four interrelated sections which describe the present invention:

1. Dedicated Frame Buffer for Loop Initialization and Responses; II.
Dedicated Frame Buffers for Receiving Frames; III. Using Fibre-Channel
CRC for Data Integrity in On-Chip Memory; and IV. Method and Apparatus
to Reduce Arbitrated-Loop Overhead. Section IV is the section primarily

30 related to the details of the present invention: however, the other sections provide

relevant information as to the overall environment for the invention.

i
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5
embodiment, fibre-channel loop 1250 is a serial communications channel: in other -

embodiments two or more parallel lines (or “fibers™) are used to implement fibre- -
channel loop 1250. Having such a dedicated transmit-frame buffer 73 allows one
port 116 of a dual-port node 1220 to be transmitting initialization or response -
frames while another port is transmitting or receiving data frames. The ports 116
are serial lines. one line 117 for inbound data, and another line 118 for outbound
data, both lineé 117 and 118 connecting to, and forming part of. communications
channel loop 1250. Dedicated receive buffers (53. 53' and 55) are also provided for
each port 116 of a two-port node. (Note that each block having a reference
numeral with a prime (e.g., 53') provides the same function as the corresponding
block without the prime (e.g., 53), but is used for a separate loop port or
communications channel.) Cyclic-redundancy-code information received from the
fibre channel 1250 along with a frame is stored in one of one or more frame buffers
(53, 53' or 55), and later checked to ensure the integrity of the data while in the
frame buffer (53. 53' or 55). Contro_l of a loop 1250 is maintained (i.e.. the loop
connection is held open) as long as a programmable amount of data is available for
transmission, in order to reduce the overall amount of time spent arbitrating for
control of the loop 1250.

" In some embodiments, disc drive 100 includes a magnetic-storage head-disc

assembly (“HDA™) 114 having one or more disc platters 134, one or more

i
'



11 . ®992@3¥s a bl ock diagram of a fibre-channel data-peposegadabiier
circuit 55. FIG 11 is a block diagramof a fibre-channel conmon
receive path circuit 59. FIG 12 is a block diagram of a fibre-channel
transfer-control circuit 60. - FIG 134y a block diagramof a _
fibre-channel transmt path circuit 70. 5l FIG 14 is a block diagramof a
fibre-channel transmt-franme buffer circuit 73. FIG 15 is a block

di agram of a fiil hanetitd@ha '
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Initialization and Responses; Dedi cated Frane Buffers
Recei ving Fr anlmiferI7B|wh1tl$,|mgn63mbedxﬁtmmah be used simultaneously by both ports (in

- 15 other embodiments, a single buffer is used by only one port at a time), and a shared -
data-frame buffer 55, along with a CRC checker 596 (see Figure 11). In one
embodiment described more fully below. forty words of transmit-frame buffer 73 .
are reserved for Port A and forty words are reserved for Port B, so both ports can
be initialized at the same time. Such an embodiment is equivalent to having two

20 separate forty-word transmit-frame buffers. one for each port. which can be used
simultaneously. In one such embodiment, each of these “words™ is thirty-six bits
wide (thirty-two data bits and four parity bits).

The CRC validity-checking information that is received with data frames
from the fibre-channel loops 1250 is stored with the data in data-frame buffer 53,

25 and then checked when the data are read out of data-frame buffer 55, thus
providing checking for data errors that may arise as the data frames reside in data-
frame buffer 55 or anywhere earlier in the travel of the data frames. Similarly,
CRC validity-checking information that is received with non-data frames from the
fibre-channel loops 1250 is stored with the data in non-data-frame buffer 53 (or

30 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
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| oop 1250) cabelbw. used to conmuni cate data between di sc-storage:devices

100 and conputers 1202 or, ofher |nformation-handling i I

enbodi nent rrp]th i br e- EhaRfHRNbdimEDY Joap-part géw;xp'g%e%33¥g$§]@£h%ee| in
th i t % 1 "o " d
ot her e Ig@g{ﬁ%& t&n@%ég% WERS lﬂeseﬁﬁﬁi’é arfdl desbrifiize dafa %&gﬂg%tgf dughFort!se

to inpl enent _ oop 1250. Having suc
transm t - franA andfHoetr B i@thel fitvechanme] kiops 1250 (st& Figufe 2) chmatetpdtherstodin 1220

to be transmtting inéitialization or, response anes whil e anot her

f
port is tf@nstAmeg ?IH_BO F‘eP§eB‘F‘3ﬁ°E’§e’E§a’t1§ ¥¢ gpplemented aﬁS{“FE“ ffgnscelvers; 4} ¢
serial lines. olﬂglg?rgb&gg%ﬁ%l fhke ﬂrmgéwgrs%?élﬁca@QGnQﬂ@{iﬂ%oél& M. 1A8chRr

out bound Ines 1 17 an 18 connecting to, and formng
part of. commembeditreatssthe right-side interfaces (i.e., right side relative to the transceiver

1150r 115 of Figure 1) are parallel input-output Signals that are ten bits wide; in
other efnbodiments, they are twenty bits wide. Together, blocks 110, 111, 112,

"15  port-A transceiver 115 and port-B transceiver 115' form fibre-channel node-
interface 1220. In some embodiments, port transceivers 115 and 115" arest.
integrated within a single chip 110. In other embodiments, the transceivers 115
and 115', including their serializer/deserializer functions are implemented on
circuits separate from chip 110.

20 In other embodiments, transceivers 115 are merely interfaces between the
serial loop 1250 and chip 110, wherein the serialization/deserialization to ten-bit
wide or twenty-bit-wide data occurs on-chip.

Figure 2 is a schematic view of a computer system 1200. Advantageously,
the present invention is well-suited for use in computer system 1200. Computer

25 system 1200 may also be called ah electronic system or an informatidn—handling
system and includes a central processing unit (“CPU”), a memory and a system
bus. Computer system 1200 includes a CPU information-handling system 1202
having a central processing unit 1204, a random-access memory (“RAM”) 1232,
and a system bus 1230 for communicatively coupling the central processing unit

30 1204 and the random-access memory 1232. The CPU information-handling system

1202 includes the fibre-channel node interface 1220. Each one of the one or more



channel .| o¥® 2225837 Dedi cat ed receive buffers (53. 53' and 55pcansssakesyi
provided for 20 each port 116 of a two-port node. (Note that each bl ock

havi ng a reference nuneral with a prinme (e.g., 53') provides the sane
function as the correspondi ng bl ockisv t hout the prinme (e.g., 53), but
I's used for a separate |oop port or comuni cati ons channel -.)
Cyclic-redundancy-code information received fromthe fi bre channel

- 1250 al ong Wi dkscastbragéhfoindiontiediitg SRenty 100nthrodgh TO0'EnéladeFoktidr Bbfe 25
(53, 53" or 55), and | ater checked to ensure the int e%éalty of the data

while in the dlsc-dn\ferckmceti@ﬁﬁ@ndes’tbre-slsanns}n%is)lntem 0.of a.loep 1250 is

o1 o0r ammab ¢ ampunti apoRgpodimenst SRR P4 dived T256 A8 Bk A3ed R PR o,

to reduce thengueimérfacen2a0] fod bxdrhpie 115BMID?(rréddnﬁﬁitlah&yfoﬂne'{fenswé‘iOnt rol of
the loop 1250, 30 I n sone enbodi nents, disc drive 100 includes a

magnet i c- sPor agleppadant diss drives) copfguration: such-that devicesl Qﬁ)a\ﬁlaﬁﬁl\blﬁ@r@b’ ofor e
di sc platter Sdﬁs%‘hr,\,%g'eg% f’xf?rmatlo handhnglsgatem 1202 F%Hcéx%de WMy an arm

13 “magnetic ransducers per 'S

act uat or asseliguit/output mtéli’ﬁ:e ciicgitdRe9 krit dE e dnhﬁtei-ﬂamgﬁma éﬁ\t bos 121eass”)
and HDA interface 113 transfer - data to and fromthe disc platters

134. Thus, t héeevegalqperipherabdevigessBieh as 1212, 124handni2d 6sthatemgy | be@tteqheértpve

é gﬁs e(r)II [ g ing:” @&‘?“PBQ‘%@?‘ aﬁg'?‘g’n g %'él?&rl}% r e%uc%ag gélcg%énet%ag% éI:'LS% érweg’ d sc '

drives 1256 imagﬁame@;itﬁﬂl divezDflepgyedisaliriveadifonére] keyb6arlls 40d bthep bl t O
connect to | oop or fibre-channel top olog as_shown in Figure 1. In
ot her ‘enbodi rr?ﬁtlﬂhefals Any typejplcdiscrivesor qtbertpyﬁp ¢ralfleicermay usesthe dibrere 100

of Figure 2. anchicNRloNIos Ry BedRas (espediflPEo25Re AARBVEALAYSAEBR Hahflof e

disc drive 12 overa rmve
node interface 1220) described herein. For each devnce, either the A port or the B

port can be used to connect to any given loop 1250.

15 One embodiment of system 1200 optionally includes a second CPU
information-handling system 1202' (which is identical or similar to system 1202)
having central processing unit 1204' (which is identical to central processing unit
1204). a random-access memory (“RAM”) 1232' (which is identical to RAM
1232). and a system bus 1230' (which is identical to system bus 1230) for . -

20 communicatively coupling central processing unit 1204’ and random-access
memory 1232'. CPU information-handling system 1202’ includes its own fibre-
channel node interface 1220' (which is identical to node interface 1220), but is
connected to one or more disc systems 100 (in this illustrated ‘example, it is just .
connected to disc system 100', but in other examples is connected to all devices or

25  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 1202', are connected to both

30 loops 1250 and 1250'.

In one embodiment, the present invention does not support out-of-order



10 enbodi wWahbgsedst @ are in turn transferred fromand to of f r
111. The I nvention provides a dedi cated on-chip buffer pﬁgggﬁ&ﬁ

t he enbodi nent shown, includes a receive-non-data-franme buffer 53
(alternately called an "inbound non; éata buf fer 53") for each port
(i.e.. buffers 53 and 53" ), a transmt- i buffer 73 which, in one
enbodi nment can be used sinul taneously by both ports (in 15 other

enbodi nent s, er n r and a |
shar ed Y?ng!r@ggltaﬂe %gg%%gﬁg% Q‘%lqr?%gﬁﬁﬁec @“ﬁé’fw 5"6 (see F| gure
11). In one embodmémdfﬂﬁrﬁreséﬁsme&ﬁﬂ: BI85 §m Lélrﬂaatﬁebx%cot fr oYgafPsi -
transmt-frame buffer 73 are reserved Port A and for%y vvords are .

reserved for Hetatframessd thaade yords foaransmitting B@d reeeiving purpeseatwhitke sane

Forty-vord ¢ RRORAL g eanietRAE s Pacilb: 335558 AbHe At EEACRIENT .o
si mul t aneogs! PROTOCOL MEMQ@AEMNEQWRNWMHS@UTV@F@{DER thirty-six
bits wide (thirty-two data bits and four parity bits).

The CRC val i dDELIVIERS |h79(3|1nf1€?%t IbﬁFtbia'ﬁhagﬂfﬂ&t?é@lﬁé@hmstlﬁe@m@ﬂﬁnms
f the fib h 125 t d W t dat f
em e 111 6okl eaehe 1o o e AR,

buffer 55, thus provi di ng checking for data errors that may arise as
the data frames_reside in data- frane buffer B85 or anywhere earlier in
t he travellOof Fitlre ChaonelfiCaRHs. Sinmilarly,  X3TCHErojedtiZdSDyRohdéi ng
information that is received with non-data f

fi bre-channel |oops 1250 is stored with the Ysacaf%fﬁgﬂalgggg\tﬁf%ﬁee buffer
53 (or 30 53'), and then checked when the data are read out of .

non-dat a-franme buffer 53 (or 53"), thus providing checking for data
errors that nHibraCheaned&CG-Ab non- dat a frarresXaTll/PrOJect 960D/Rev. 4.5
14 ' Arbitrated Loop
15
Fibre Channel FC-AL2 "X3T11/Project 1133D/Rev. 6.3
Arbitrated Loop ¥
Fibre Channel FCP - - X3T10/ .7 Rev.012 .
Protocol forSCSI - - - -~ - X3.2
20 . ' 69-199X

I. Dedicated Frame Buffer for Loop Initialization and Responses
For one embodiment of the present invention, frame buffers have been
25  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-
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
30 both ports of the nede (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 new commands (or other non-data

frames) on one port during a data transfer on the same port and/or on the other port.

ll.



reside i,n mom9wzdizr frame buffer 53 (or 53') or anywhere earl igfrrsvsiien

travel of the data franes. M croprocessor 112 is any suitable

hi gh- speed processor. and is used to help control the overall data
transfer, routing, signalling, error recovery, etc. wi thin disc
drive 100. In the present invention, f|bre channel |nterface chip 110 5

provi des inproved frame buffers, error checking, and |loop arbitration, as

descri bed . . ‘ﬁ@tﬂﬂu! n rt

transcei ver bl%@fgﬁﬁgm(lm%wmﬁ i %Bﬁ%?%f ng? PMJ aQﬂ,grt{}é)
transceivers vaanﬁhax&grdaﬂidrzmﬂnctodeaafanal appeothes thermasénehﬁrehdiusxouwwfor t

A and Port B to the fibre-channel Ioo s 1250 liﬁga Fi g re 2) connected
thereto. In thecommandstmbrisariediand °|P 2wl t&i’B“ P18 argprogressinsdhys
ext er nal trans | I nts, these transceivers are
| ocat ed on-chi %’%rg‘?‘B? ‘Jk};bfi apceghﬂgsyﬁmq%gﬁbod ments, the right-side"

interfaces gi.e., rmtraﬁdnﬁe—fMﬁieaiuﬁéen(QsdehEsérfmaﬁﬁgme 13) allowslréSpomse 115
of Figure 1) are paral | el input-output signals that are ten bits wide; in
ot her enbodi mefmes totheyiransmutedkon gnepars Witlg @ dategrpnsfes is agtivg ORghe altprnate

%lltz)r ol (5:han n2|0r1% 5(A THhig %%ﬁéihif fﬁar&% %fgé}%ggaggé ?ll%vssr lﬁé‘ﬁ ﬁﬁnir)yl?%tx&& Yo bé éérﬁ}rmed

transcei vers l&hﬁ'ﬁbrﬂ-{kﬁhoﬁpﬁusmg or waitiigfpr diectthnsfer o Gompl‘étd'lgi theofhep 110.
I n ot her enbodi nents, the transceivers 115 and 115", including their

serializer/desdt-alizer functions are inplenented on - circuits
separate f m chip 110 : |- SR ' S
115 are ne de)l y int e&'f a%%aé%(éngcvl\ggﬁe F%amkpargm%sdelrgggﬁg%x%%%Bl%%ﬂ%%%gﬁt%rg 110,
wherein the sehhpbt agdd t@m‘ndﬁgemtﬁiuhaahd oltboand &ﬂmbi;t’l‘he on-chip/RAIM miay be .
twenty-bit-w de data occurs on-chip fure2 'S aschematlc
view of a con‘pﬁf’[négu@ﬁs‘ﬂ@#TIQQ@WaYWHf%B@MeWetweCH Pel’ OfRanGsapd slicon

i nvention is W‘%Lll s?alfé t ?He gﬁ% rﬁ%ﬁe&:ﬂ SRS tﬁé’ &ée%}qa]d%g%ategqm Glffer?®
system 1200 may al S0 be FECroni ¢ system or an

i nf or mati on- han@larialgasmgle-frarﬁty&hmnmapath|7|0ahatdmes_uﬂ:daest_omhncbtrmsassﬁhg-un| t

("CPU'), a menory and a system bus, Foggl?‘t Ii: system 1200 i ncl udes a
CPU i nf or nk i oahBeldeerripitiglizatin frames and sing ﬁg - F esRﬂ"éESeSSi ng '
unit 1204, a randomAc

) 3 raBfhshithi
1230 for conmuni catlve{i&ﬁi)oup E:y‘lg{lhde%% ntrgjﬁ ?)fegglgls %g urslllzilltl éo 1204 and

t he random acosisg nesosfithd ARIC ré'skmdé@ltb haridie thettransfeh aNGiny cguistgstanchstate

1202 i ncl udes the fibre- hannel Oﬂ dnterface 12%0 Each one of the one or
mor e machines may e required to handle this type of multi-frame sequence.

Without duplicating the desngn for each port or pausing the data transfer, in
20 the present invention a limited amount of logic is required to provide functions for
the alternate port to allow it to receive and transmit frames while the primary port
is transferring data. In some embbdiments of the present inveﬁtioh; a dedicated
transmit-frame buffer 73 is provided (shown in Figure 13), along with single-
frame-transmit-path circuit 70, to provide the ability to transmit frames on one port
25  while the other port is transferring data. The logic 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

30 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



15 6 99,8¢19% age i nformati on-handling systens 100 throui,g%r:lr 100
Ane43iéde

I ncl udes one or nore di sc-drive device 1256 and a fibre-

i nterface 1220. I n some enbodi nents, nultiple disc drives 1256 °
are connected to a single node interface 1220, for exanple in a RAID
(redundant array of inexpensive/ 5 indepdBdent disc drives) configuration.
such that device 100" is a RAID array of di sc drives. The CPU

i nformati on-handling system 1202 may. al so i nclude an - I nput / out put

i nterface circA§Fessiote wransmitgirame butfer Thtoallem it to\gxamine apsdimodify areceivedd

several peri | . 10, L \ :
att achedpt o] phﬁem% Rgﬁyén%ﬁ?ggg B‘Etbg?)’l?ég‘ﬁ‘ﬁj"%émﬁ%?é‘% g%‘\i/i E@goaf%&f?ﬁ%l ude
har d- di sc dri ieame af2 stored irethe feapte nefferd(Thestheaddrd ppy fidinedneludiesameh moni t or s,
keyboards and of her such peripherals. Any type of disc drive or other
peri pher al deVP&E“Wﬁ?nﬁ%Q’eﬁ%‘“ﬁ Igestifier. Sequenge {rrint.AadiQriginatarideppfieefus
especi al | hepy | ' - i nterface .
1220y descr oo fiamis THeBEAEITEH Skl 1d i ol BRI o 1o 8430l
port can be usHit dingledranestraristitpath JO(sse Figuap 3}, 4mder control of micrép®cessor

enbodi nent of Séstem 1200, optionally. includes a_second CPU
i nf or mat i on- hakids RIS§MNRS s {ramg and riglidep thestarirefriramg and endsofiframe t 0 syst em

1202) havjid.; £Si L ' N[, 60 cd5s hs lcal. to
central proc esdsﬁIIE %&Sﬁﬁﬂen@fa?&%;@%{gﬂ:g%Pgicd%eﬁwgg%aggggb%%%(f ?ﬁngﬁ%%‘Thz'
(which is identical When @A« frames at®B2)sferfing ol the/ primanypost dndAfe tranéthizkiohs
i dentical o systembus 1230) for 20 communi catively coupling central
processi ngtLniaf aFibre-Channel-Bintenal SiCR)gsponse framgds tequired the dgtgjtransfer is

i nfornation-h ' . S g . i res ... el node

I nterface 1220l \fﬁ?%%x;ﬁsrﬁl:pgéﬁ%émt%# g\’@dg #%Pgr al(f::f eZ'QCW l,cr?ﬁ§&|§§&

connected to dri@ placesthichaldarcanslymlyoad of (e responkdiirame finto she aithiefamel e, it
system 100", . but in other exanples is

i's just onpected. to, dis
Conjne cted to gqq%lza gt\% g‘gg s@g]e—ﬁ'ame-transmlt circuit 70 assembles the frame and includes

the start-of-frame and end-of-frame delimiters and generates the frame CRC
15 information. Some additional loop control logic is also provided to open the loop
1250 for frame transmission.

Referring to Figure 14, transmit-frame buffer 73 requires write and read
pointers (733 and 734, respectively). (Although sometimes denoted as a “'single-
frame transmit-frame buffer” or a “transmit-frame buffer,” buffer 73 is generically

20  a“‘transmit-frame buffer.” and in other embodiments buffer 73 includes one or
more transmit frames for each one of one or more ports; the term “transmit-frame
buffer” is used herein to include all such embodiments.) The single-frame-transmit
circuit 70 (a detailed description of which is shown below in F igure 13) requires a
frame-length counter 71, transmit-framing state machine 72, CRC generator 76,

25 and transmit multiplexer (“mux™) 74.

Fibre-Channel Interface Desct;iption

Figure 3 is a block diagram of a fibre-channel node-interface chip 110. The
fibre-channel node-interface logic 110 in the present invention is responsible for
30 the fibre-channel protocol including the arbitrated loop logic and framing logic.

One embodiment is optimized for a class-3 SCSI implementation (see the FC AL



25 di sc sMAMSIIDO t hrough 100') through a second fi bre- chauTaisosaes

1250' (separate and i ndependent from |l oop 1250). This configuration
allows the two CPU systens 1202 and 1202' to share one or nore of the
di sc systenms 100 using separate fibre- 19 channel |oops for each CPU
system 1202. I n yet other enbodinents, all devices 100 t hrough 100",
and all CPU systens 1202 t hrough 1202', are connected to both 30 | oops 1250.
and 1250’ specifications nbted Q.B@ve.f)fmﬁ@dehe R0 uppesRivEl prowRol defihed®9s not
support out -of - order 16

dﬁL i \éer y of daheaﬁlbneenhasnelpmmmlli ECB’waamardcomaﬁbmeahmggd@rmgfmot her
enbodi nent of the i.nventi,on t $ca ' coI for
organl zing ?"é#?@g lgfont% E SW; g%pt nsﬁl'§gh§fﬁyﬁ) ﬁsséﬂd“
receiving pur Bﬁﬁleﬁortﬁ\’ﬂ:lﬁﬂ'l du Dg(\/%ﬁ\ﬁﬁﬁ&ﬁ' ad wellla§ € Q@dﬂlaﬂvaﬂc - of Balfer NO

5, 260, 933. entitled ACKNOAL PROTOCOL SERI AL "DATA NETV\D?K

W TH OUT- OS- Ohpatiwidths. mLﬂbvenkannyy ngle-intenfapgdegic T8 alSpbmerfmmel

Speci fications .used in one_enbodi of |

i nvention i nclUGPRES) |1%«,Wﬂigh/?&%?"s ﬁ'ﬁ?‘l’&&?c&gs‘omﬁgbo ‘f—“r‘?ﬁ“é@@ﬁ ﬁ%‘l FC- PH
X3T11/ Proj ect ckamidi RSde-iferface logic 110 and to read status information about the present
Physical & Signalling Interface Fi bre Channel FC AL

X3T11/ Pr oj ect cosdibpomef thefjige-channel node-interface logic 110.

Arbitrated Loop

The fibre-channel node-interface logic 110 includes two loop port circuits
10 20 (one for Port A and another for Port B, each pdrt having a data-in interface and
a data-out interface to support loop communications), loop-control circuit 40 (also
called frame-transmit circuit 40). receive-path. logic 50. transfer-control logic 60,
~ single-frame-transmit circuit 70, transmit-path multiplexer (“mux™) 79, data-frame-
transmit-path logic 80. and microprocessor interface 90. These blocks support
15 such functions as receive-frame processing, transmit-data-frame generation, single-
frame-transmit generation. transfer control. and p_récessor interfacing.
Microprocessor interface circuit 90 provides microprocessor 112 access to
the registers and counters in the fibre-channel node-interface logic 110. (When a
“microprocessor” is described, it is to be understood that such term includ_es any
20 suitable programmable logic device.) The interface registers are initialized by an
éxtemal microprocessor 112 prior to responding of the fibre-channel interface.
Output transfers are initialized through this interface and status of received
transfers is available through this interface.
The input signals for Figure 3 include A_IN 3021 which conveys data input
25 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-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
30 transfer control 60. MPU ADDRESS 3091 and MPU DATA 3095 into MPU |

interface 90 provide address and data, respéctively, from microprocessor 112.



15 Fi S odtgsnel FC AL2 X3T11/ Proj ect 1%% D Rev.

Arbitrated Loop Fi bre Channel FCP @%1571-
Rev. 012 Prot ocol for SCSI X3.2 20

69- 199X | . Dedicated Frane Buffer f8r Loop Initialization and
Responses For one enbodi ment & the present invention, frane

buf fers have been 25 added to the third-generation application-specific .
t ted h rf hi

110) o all S'ers%éb@@?é&éoéﬁaﬁtww( BN B KB MY et 1 or st hat

receive ”On'd xHE%H%l h&l@ﬁ%éﬁﬂro"{oﬁﬁfﬁ’m Si al@MPI@'Qb?’GLl b“ffers"

53 and 53’ | gure e provi ow co CP fra
(fibre- channelmmaprohorf lrlﬁrtea¢cdss>tr%mterﬁamdnif&r Vﬁtl Aammmz; &inveys bot h

t f th d I t it full-dupl ti i.e. o
Poteiving on 43 toghe braanasl 1 Thdoogparkeir il Ao PP GRAELOGT 824 | ber
of the sams pQlohleysHafto the fibfl didifie)d 6t 1687 ok ARRiARGr PbAW e 2) to -

recei ve new conmarids (or non- frames) on one port during a
data transfer on the sane port and/or on the other port.

17 rat rLer t.han wartr B? until a pause or the end of the transfer By
havi ng t he ier than in conventional approaches, .the .
present invention 6‘11‘1?9%54 1sabloéll‘&iﬁ%x‘ams P fibre LhRned MopGsbrodfbuftdo. Phired while

data transfers are progressing,
fibre-channel design of one embodiment of the present invention includes two

10 identical loop port circuits 20 to support a dual-ported fibre-channel interface for
direct attachment of peripherals. In one embodiment. fibre-channel loop port
circuit 20 includes receive register 21. 8B/10B decoder logic 22, word-sync state
machine 23, loss-of-receive-clock detector 24. loss-of-sync timer 25. arbitrated-
loop logic 26, and 8B/10B encoder 27.

15 In one embodiment. each of loop port circuits 20 interface to external
transceivers 115 (see Figure 1) using a ten-bit data interface. In such an .
embodiment, the transceivers 115 serialize and deserialize serial data to and from a
parallel interface (e.g.. a ten-bit-wide or a twenty-bit-wide interface). In other -
embodiments, these transceivers 115 are integrated into chip 110. The parallel data

20 (input from the fibre channel) are captured using receive clocks from the receiver

portion of each transceiver 115, and are converted to a twenty-bit-wide format -
before decoding using a parallel 8B/10B decoder. The sixteen-bit data 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-

25 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 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

30 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

f



I mprovi ng W@opmnsor mance of the system 1200. 5 ThepcT/uses24571
transmt-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 transmt-frame puffer 73 also allows |oop
initialization to be perforned on one port w thout pausing or waiting
for the transfer to conplete on the other port. 10 In a

dual -ported fj 5 Lk op Stit QlFcui D ik buffers
may be used t%lggntgcﬁggggg}ﬁ%%ﬂ%har@ cgi&%l touﬁo ? r amagl-.n Th(gmoﬂg?%’ l;ﬁpnfﬁi?AM may be
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are used to Store §0nd eBodiden].iftéichdme] SRR e ARed tibliFhhd 8l 1 ON
frames and single-trane tibre-channel responses. : T'n-a

dual - port el desnwgrted tovenghit paraigl dae byetheitransogiver 11 5.aRsodive registerXla and

usi ng nost of the ASIC resources ndl e .t nsfer. Many cqunters and
state maEAAHES n§>ét &&Mﬂé@?‘% q{ML}ﬁPhS g"’ & trgpsceiver il 19 paing
sequence. clocks ener%t(\.g B@P%trggap%rwg?ﬁdm thdMcdP& 195. Mok c{%ﬁf:ﬁ}e port or

pausi ng the data tTanst present ‘invention a lirmted anmount of
| ogi ¢ is requimmddiatelpcanietted taitvedntybits wide (i.e.. two ben-Bit tlearaaers wide) beforeal | ow

it to receive and tranpsmt fra ile he primar t  om ] -
transferring B?P&Pa’fsﬁf?élgﬁﬁglé% / %@SC%{“ §?re%ﬁgg§éhgﬁieﬂ\?§n_ls%wzs8 a
dedi catedg ge ene B dod! f?‘ﬂﬁn?ﬂé Eﬁ]'bpgi%xéniﬁ%?é@tsd&fé t%x(?)—'%ﬂ;@(i}axt)a&e'? tGUhE H 23) 2

al ong with sing rane-transmt-path circuilt , rovide t
ability to treighwbit characesduingpesehppetatidh; inwithdrentbodimentartwoarimors ten-

transferring data. The | ogic may.be configured dynamcally, .. so t hat
el ¢ her *por t i cRirarisrecre JorueTel iioahe FRureRPORLRE PR e Sidtrts chpgsciers
When data arej LRASHLEMELRY On the primary port and loop initialization is
being performed on the alternate port, the data transfer is allowed to

cont i nue wi t hdbe 8BAt0B degmdenivgic Zbippiitsithe endoded data captursssby(thhi ch are
O e o ek a0y o5 SR St T B B Bk 7
13) . A m cropgigREBR Charhdeérsh aFéJdHirié SispRAY of the input characters is checked and error
' ~ status is passed to word-sync state machine 23, as well as to the arbitrated-loop
logic 26. Negative running disparity is forced on the next ordered set following a
running disparity error. Violations to the coding rules are also checked and code-
20 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” 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,
25 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. _
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
30 Dbyte/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 &



18 the transmt-frame buffer 73 to allowit to exam ne and
modify a rg\ggieg\?égfﬁ, frame before allowing it to be transm ReEYSHRSTIThe

"header" and "payl oad" of the frame are stored in the frame buffer.
(The "header™ of a frame includes such i nformati on as the Source

| dentifier. Sequence Count. and Originator2d dentifier of ‘5 the frame. The
"payl oad" of a frane is the nmain body of data to be transmtted.) The

single-frane-transpit path 70}{{5see Figure 3), under control of )

ni cr opr ocessor Signalling {pterface X3 ] HErojed 755 BiRkeva Aie)istanarde Wheneword-sync is
start-of - f rane, 3ad, NGt hreh ! tes the frane
cycli c-redunda?]cfl-ggagat%%wwﬁf%?rﬁaﬁﬁ%%ﬁgﬁeéfb%pqgagrz en data franes
are transferring onThétspoif-spictinner 25 Bnded keddtérmiiaeivieh 8 Toskdf-vidrd&ync :
Fi br e- Channel - Pr ot ocol (qI;CP) response frame is required, the data fransfer
i s al | owetPRAdHIILRAS BSER PIFSEH Ok MPFR bAR gpe maximywa fiame tige (ndeiigmay 3. -

m cr opr ocesgor I ' . W dyuaf e response
frane into ?heta{(?g gﬂﬁag i ratﬁﬁegﬁ) &&@%E}ﬁ?g?ﬁ% Iﬁg slggﬂg@efl&&ﬁé'mefﬁﬁglﬁ?st
circuit 70 assmidrbpocesser f126sentendpted ohititthe LOSS-OFBYNCahter@pt §igﬁm0251d
end-of -frame del imters and generates the frame CRC 15 infornmation. Sone
addi tional | oo} B8t msW talaclons al so provided to open the |oop’ ' f12.50-
for frame transm ssi : R . | ) E tr 1 t-frane
buffer 73 requires m??rg ltfr;lart%i %oeogc!()glc 2%%%@%&%%?5??%9‘;&&? %4}00"8}91%
respecti vel y) . canédof hogig hr@edaﬁdtmeodidbfgkekbop?tzﬁzamaﬁﬂingic;gfic, cu;lg:ﬂt_ﬂﬁﬂ-word-_
transmt-frame buffer" or a "transmt-franme buffer,"” buffer 1S
ggn_eri Icaldl w 20S°g°°“f’Pé‘?€§?rilPQH‘PgﬂBt {%‘fglég’fer legie; and r@ﬁ%@m@ﬁ@nssmﬁg 1; er

i ncl udes o folastic J . .
13| neT e, Onoflasicty PICTohARS  pABTRSed i SO5F BBl 8 'S
such enbodi merdaa jclddked by i reeéiveniock) withithd transn;xt elbelc UThe [60p FEFdebairdled
description of, which.is shown below in Figure 13) requjres_ a
frame-1ength COEITBERItFS a’(erséaﬁ‘é‘?ﬁét?‘F Péhﬁfﬁ'ﬁgg?%& logieedtip Histeymineordethenamy at or

76, 25 and triaBshht ddidte bbAhRSSE may BB qUired* Ordered sets are decoded by the

15  ordered-set-recognition logic. These ordered sets include FC-PH defined ordered
sets (i.e., FC-PH Physical & Signalling Interface X3T11/Project 755D/Rev. 4.3),

which include frame delimiters and arbitrated-loop ordered sets. The current-fill-

word-selection logic monitors the loop states and decoded ordered sets to -
determine the current-fill-word (“CFW™). When the arbitrated loop is enabled, a

20  hardware state machine uses the ordered-set decodes to perform the loop functions
described in the FC-AL standard (i.e.. F ibre-Chaﬁnel 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

25 6427 provide input to arEitrated-ldop logic 26 from the logic in Figure 6. The
outputs LOOP A STATES AND CONTROL 6422 and LOOP B STATES AND
CONTROL 6432 control the output of the respective loops and provide status to
the loop-control logic, which in turns generates requests to the loop-state machine
(see Figure 6). The outputs LOOP A DATA 4026 and LOOP B DATA 4027

30 provide data to the respective local ports (to blocks 51 and 51' respectively of

Figure 7).



Fi br e- Channa) 9dsssher f ace Descri ption Figure 3 is @eskasn
di agram of a fibre-channel node-interface chip 110. The fi bre-channel

node-interface logic 110 in the present invention is responsible for 30
the fibre-channel protocol including the gﬁbitrated | oop I ogic and fram ng
| ogi c. One enbodinment is optimzed f a class-3 SCSI inplenentation
(see the FC AL 19

speci fications not d abov t he, S r ot,Qc

dof 1 ned by g BT PerA 08 sogacy Ioin 7 BRI HHE sxBipRat Gara
fibre-channel aﬂﬂ@%—hﬁk{r@ét&%$ﬁ>wer k is hR@ys 03 Honi itﬁitwi’é%ﬁloﬁﬁ%gl@ D6C I fnd T AME
buffers (53, 53", 55, and 73) to assist in dual -port™ and full - dupl ex
oper at i ons. asmbekdiment. the lsm@anetenaod@jrmm tyogtenbitfcharactess whishdé, sttrlasatedr he
fi bre-channel ade interface |

m cr opr ocessoP4 PHPHAPE A %J"I'“S&g "ﬁ?%’FB’ﬁF iki &58 ?tlﬁﬂfi ?f &%ﬂh‘f‘?’ﬂﬁpé theflatd | pr -

channel node- ikhhQEAAGHehNIiIR ofhkP eﬁﬂaadmrﬁs%eth&tembuschhﬁf:&imfe' Qﬂeﬁ?%) the
present condition of the fibre-channél node-interface |0gic

The fibre- charamaiiemudparaﬂdéb txaos;:ei\@g il £5.vMgich ponverts $he data tma)perpbstreamr cuits

10 20 f t A. P

i nt er f gggeang anémht;{qglng&xe{ 2{) Gee ?&%’c}fr’ g) 55?) B{ﬂ"fd‘ﬁ% ?%“ ctBMﬁ?tE é(’(qTeb‘ﬁgﬁ ,
| oop-control %hafdflﬁ-arﬁ@g ‘(E@PS’? dehmnemlbleﬁ-@ tieﬁ@t@&-ear@wawthe leh€ddlet 2460 -
recei ve-path |ogic 50 ransfer-control logic 6

si ngl eXfrane- tsclanistﬂmponmtctmet(omﬂa\mr’é)n@ﬁﬂwE@al’tbasﬁd:bnﬂ}ﬂ@mm(unnmg) 79,
dat a- f f 90.
Theoe bl odls SimatiE o wfihthe et iF yAgem e (b B DePERR58) ot BhEH g °

transm t - dat aatbi@aRAA668 Iotid 2Ais BdnsMiitfing a primitivéTRe hirdlidit I\ﬁeﬁﬁﬁﬁ Rfren.
transfer control, and processor interfacing. Croprocessor

interface cirdepezaiyept the strssofeashaondQE pomitive Eheeusputisignals A_OUT
3023 and B_OUT 3024 transmit data to the respective transceivers 115 and 115",

Figure 5 shows comparator logic 30 used. in one embodiment. to hold a
15 loop open. once control is achieved by arbitration. The amounf of OFF-CHIP
. AVAILABLE DATA 5011 is compared to a predetermined value X-FRAMES
| 5013 (which, in one embodiment, is a programmable value, and an optimal value is
determined empirically; in one embodiment. this value is set to one frame) by
comparator 5010. The amount of DATA-FRAME DATA AVAILABLE 5015 is .
20 compared to a predetermined value Y-WORDS 5017 (which. in one embodiment,
is a programmable value, and an op'timal.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 géte 5014 determines when both cqnditions are met, and
25 outputs HOLD LOOP OPEN signal 5019.
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
30 requests to the transmit framing state machines 72 (see Figure 13) and 81 (see

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



the regi st gfsogtdsLounters in the fibre-channel node-interface |oagic 110.

(When a “m croprocessor" is described, it is to be undePSTOSESR4E
such termincludes any 20 suitable programmble |ogic device.) The
interface registers are initialized by an external mcroprocessor 1 12
prior to responding of the fibre-channel 2?terface. Qut put transfers
are initialized through this interface and status of received

transfers is available through this interface. The i nput

si gnal s for Fi gur e Tsansmil-defa-spquemcgdegicdtli ineludesiogipdhatds activatediwikh a f r om
the fib h . 16 into | . t Ci [ for t. A BI N. 3022
o o B4, Tl B e o o2

20 for PétionitBrs thé\irinSTBQMikdinpGHigh AR TRANSNIPT STATUS/ ENP@TS 64 Pihd -
off-chip - buffer 111 to receive path 50. TO OFF-CH P BUFFER 3052

conveys data genesates “enablestfiiep epablesignalsTRANSMITCONIROL QUIPUTRSS4ER
STATUS 306 ovi des stapus.to 30 ty.ansfer ,contrpl 60, M SS ©3091 and
Sheh e Sl OF 82 oy THR ARG uidRen R vt eapapses o - ™

MPU DATA 3095 96

respectively, bé genbrited Wihoat @sefentididof microprocessor 112. -_ -
20 READ ENABLE 3092 and WRI TE ENABLE 3093 into MPU interface 90

provi de enabl e si ghapp-porichiBrorandsontrebsisiermachines 42 dRent A)ad 430(PortaB) ow

m cr opr ocesso t 0. ac mt-fr A 023 c eys
Gat a Lo the { IBRRE HEXaRERRSE e BN ML OpnEEBY abblhirt Plto BhnBp ooR T3 Boun
3024 5 convaydspetiad & frénshiiefrhmbs. €TIB RPi€ fenkfatéy REusEOR dPbitrateCdnddiclose0 f or
Port B. Loop Port Circuits 20 '
10 the loop 1250, and requests to transmit R_RDY's and frames of various sorts, and
can be configured for half-duplex or full-duplex operation.
The following conditions must be met to begin a request to arbitrate: -
- a request from microprocessor 112 to transmit a frame with xmit port

enable, -

15 - the transmifting port is in the Monitoring state,

2

- transfer-length count not zero.
- no request from microprocessor 112 to pause a transfer,and -~ -~
- (non-data transfer, or data-write transfer With transfer-ready not yet
transmitted with data threshold met, or data-read transfer with data threshold met
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-

{



Figure 4 i wasdiaask di agram of a fibre-channel |oop port cir Ggfusisnssie
fi bre-channel design of one enbodi nent of the present invention includes
two 10 identical |oop port circuits 20 to support a dual -ported

fibre-channel interface for direct attsachment of peripherals. In one
enbodi ment. fibre-channel |oop port circuit 20 includes receive
regi ster 21. 8B/ 10B decoder logic 22, word-sync state machi ne 23,

| oss-of -recei vg- tr%g{% 2 Of + LABE il ' - '
| oop |l ogic 26,0%3%31((}@@%%%%%% .ﬁﬁtltgimsda&étltn oheég%ﬁg{%gtﬁgeach of
| oop port cir gt was26pensd & fudlséuplex mrode byahe frame recipiesticei vers 1 15 (see
Figure 1) using a ten-bit data interface. I n such an di nent, the
transcei vers 115 sefirgguestiodrags Fi“ﬂgk’ggﬁl%’(ﬁtegéﬁh&ntag tgggﬁlowﬁsa '
parallel interf - , ten-bit-wide or a twenty-bit-wi de interface).
I n ot her anglglgl rgrea%trg?@t hese transceivers 115 are integrated'into chip
1 10. The paral | el dditafrathe(buffentss haodathlagailable e channel ) are captured

usi ng receive clocks_fromthe_ receiyver of, e%gh t ranscei ver

115, and are convertRuffergtoByutfgr{erpditis 4‘(@‘6@6&@:-#@(%’3”“’3 f-or e “decodi ng
[ |1 el 8B/ ' ' .
characters (use ) '&%Bdggmr’ oﬁ%ﬁ%ﬁgﬁgfgl dqah&eﬁ!aér@%ec gzé (]tnor wor d

characters (used to not e speci a sets) are t

validity bef or e bei bigchb88;esde Figuré &2 pismohszzteed- | oop | ogi ¢ 26. The
output of the arbitrated- 25 loop logic 26 is re-synchronized to the
transmtter clock and may be passed to the receive-framng | ogic or

re-transiig e it haQRudAhE 10 PIoRRARE irfcfudel 1 one enbodi ment,

u :
encoder 27 converts one el g cter to one ten-bit character
during each oper at i-omy BuffestohBuoffen®reditie availablevwehenrentaring the ipendd state

characters are converted into the corre ndi nunber of ten-Dbit

characters in 30 e’a@ﬁrecﬂS‘éf‘%PPQFﬁ"d('geé—%Bg'S @gt% 'RB‘fee@,a reditinavailaple) o

"16B/ 20B Encoder. ") The yhey iiPOPLhiddafd-1 0op 1 ogic 26 includes a loop state
3 _ :

machi ne, an ordered-set decoder, an :
21 - a processor busy request is active when the port is in Opened stat

15 - the transfer has completed
- data-read transfer operation and data are not available _
-aCLS primitivé 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). These state machines will
generate a request to transmit a frame when microprocessor 112 requests-it, and
25  will monitor for the transmission of the EOF. When the transmission is complete,
a transfer-complete is generated to microprocéssor 112.
The inputs to block 40 include PORT BB_CREDIT AVAILABLE TO
 TRANSMIT R_RDY 6017 and PORT CREDIT AVAILABLE TO TRANSMIT A
FRAME 6020 (see Figure 12), LOOP A STATES AND CONTROL 6422 and
30 LOOP B STATES AND CONTROL 6432 (see Figure 4), and DATA
AVAILABLE 6019 (See Fig\_;re 12). The outputs from block 40 include

i



elasticity And del ete functions. Loop-port circuits 2 | enent the
Arbi trated- &oggg{sgrot ocol as defined in the Fibre-Channel Al’bl @Faﬁzﬁabp
ANS| standard (i.e., FC-AL and/or FC-AL2, described above).

In one enbodi nent. fibre-channel data are transmtted serially and 5
converted to ten-bit parallel data by t he?® r anscei ver 115. Recei ve regi ster
21 captures the ten-bit data (A_IN 3021 or B_IN 3022) fromthe

{ranscet ver 1TRANGHTGmTROE CUTPUTY Ehiir Bp & &Mﬁgéﬁr Nkl b1 s
i de (i.e.. d th h
}cheES(B; 10B dewzg &ﬁ’[@gﬁaﬁgg Mﬁsr@ﬁf EPTITI%«%[O decoder ?decodglrjgzz .

i n one enbodi nent, Ruetheeinfarmation regarding thelsingle-framettransmit path is feughbelowt -
character durin each operatlonlin ot her enbod] an. two or nore ten-.

bit char act er & Heseeinn apitled Siny dBber of eight-hit.

characters I n each operation. .. The 8B/ 1 OB decoder logic 22
i nputs the“encoded data captured by the 15 receive register 21. Two
ten-bit char atl.Dalicdted Feamd Bhffers forr Redeiving Framieput t wo eight-bit -

characters. Running dis arlt f the i t ch acters [ h and error
status is passed tg 5 y B%@E‘Hﬂé“@g °°£§ie§6§PI1§8§ "EBEP%%"S m
ar bi trat ed- 1 ogp. chip fr?.\lng%ffenzﬁw M%%& L& tbqgﬂagaxr%ﬁmm Yutbgund fiuhed on the

next ordered set running disparity error. Violations to
t he coding ru[f"eanesrxecat/ed)ammgﬂttahatemubély shgred i olange Qﬁﬁ_-chtpearaa;(a s, passed

detect o 38 qetiece Shfienl (i at  sloures epsferpte. EGmwheD ot HUDOREFELE] Bor 115
have stopped. ¢ ﬁflthmglgn%sf&%emﬁad gat' fporC B8 duaBoftéd design Bt ect ed,

wor d- sync state mac IS reset and a are prevented from goi ng
i nto the FI FObandwidth teqairediwild bp muchigreats, {dding #0itianahcdstr On-¢hap fiamet - out

i et ent spobbtst 19 e &t AYEL {7 Eee Fisl ) 0 Soplauat S305R: ‘hel o

is transm tte@vaggftd St a%balance b&WEEn bérférfianad, @.ﬂﬂ:on real estate. and cosY¥OTHe Sync
state machi ne logic nonitors the I nput streamfor word sync.

Wor d- sync 1i5s  podsentspecification dataits thabscioidedinated framesbuffers éétamitﬂd W th

proper 30 byte/control aracter a I_nt.er veni nval i d
characters ar émmpone{}@t(ggéﬁeeﬁverali 8- §L’d’fg‘¥% b“@?ﬁg 95] R’ S121dd Hg'd'dﬁgrty?ene FC- PH
(i.e., FGPH ?ﬂ)‘rfés%ﬁhul‘?aneously on each port, as well as providing a dedicated large data-

frame buffer 55 (also a component of the overall on-chip frame buffer 119).
In a dual-ported design according to the present invention. frames may be
20 received on both ports 116 simultaneously. The frames are usually moved to and
stored in a larger off-chip memory 111 after they are received. Each frame must be
validated and the frame cyclic-redundancy-codé (“CRC”) information must be
checked before transferring the frame off-chip. To avoid duplicating the receive-
frame-validation and CRC-checker logic, individual receive-non-data-frame
25 buffers 53 and 53' are provided, one at each port 116, to allow frames to be
" received simultaneously at full interface rates, and then read one-at-a-time,
validated, and transferred off-chii). A large common data-frame buffer 55 is also
provided to be shared between the ports so that data may be received or transmitted
on one port while non-data frames are received on the other port simultaneously.
30 Further, since two individual one-way fibers are provided at each port, a single port

can be transmitting and receiving at the same time.
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When word-sync is achi eved, data are input into the FIFO in
arbitrated-1oop | ogic 26. The | oss-of-sync tinmer 25 is used to -
determ ne when a | oss-of -word-sync cgndition has been present for

nore than one maxi numframe time (since it may 5 take up to a frame tine
to detect three valid ordered sets). Wen this tinmer expires,

7 croprocessor 112 jrgy RIS, e Pore ddeivB vk BF7 Qe 8¥ie hoh-Baa tim Iﬁsa
4025, so that it may take action. The arbitrate

| ogi ¢ 26 i ncl uttesdata kenepredivdfer 53 |wiyleFthE®prtI1btrpn$¥mFﬁber 118 1sc(th¢rrtcdnshmgng,
ordered set-decode |o l, 00 z h|ne Io current-fill-word- 10
sel ection Iogl‘ia f gg‘l?f'bﬂﬂtaﬁtﬂ"l‘q er: PhH§Res Mﬂ?’éé@tﬁlfﬁ‘?ﬁé@m
functions. Th euansmu-frmen,u@eaw &idtymﬁhﬁﬁoagwoﬁm chid fecBiEBhidath (rﬂﬁéﬁ ed
to re-synchronize the input data (cl ocked by the receive cloc W th
the transm$ cﬂxmnﬁatafénmﬂedmffe? ISB'OtMnttransmnung nof-dgiadramesi fram $ran$m1tst at us

Gel et'e oper at | MRl IR T ot Sath Datmesings Geredmmts BHE 550t oy YReS erftOB‘O
ordered-set-r %Q%%ﬁﬁtﬁﬁg hQﬂJdﬁta RS, eidler&d daﬁtﬁama shff&esf@r Bht gehined

or der ed sets (1. H Physical & Signalling Interface
X3T11/ Proj ect r2bé&iRefemme mfﬂeﬁ 53 or 53'v\tna§z ﬂpe|snbtnadeo fisecthe rebelvenirame-yalkidagion

bit r at ed- | fi |
o tors. s he. | Bel 0CRC Bhtken Noustial, T pretprbacimeny e pifort iaenBiont. ©
current-filp- V‘Qﬁge(dag-:ﬁ%}le bufrens4 raollaba rAHQdn bABused O GH! 1R 1 1B £4Q

hardware state nachi ne uses the ordered-set decodés to performthe | oop
functi ons timesand ib@sed for eliberr@nsmiging od agagiving at anyfingtimeChiarotedr FC- ALI

érc?k}_rza;fgl ,IE' ?g{,)rghoctl%ﬁs?&% 1p eéatali:ru 34 %Ffecrts %gg%r%%xdedﬁo rémove sucgr e Channel

restriction. Also note that, for one embodiment of the present invention. a single

transmit-frame buffer 73 is provided. and can only used for one port 116 at a time.
15 In other embodiments. multiple transmit-frame buffers 73 are provided to remove
such a restriction, and to allow truly simultaneous loop initialization operations (or
other hon-data 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
20 received on the alternate port. Data frames (which include header, payload. CRC.
and frame delimiters) are placed into a large data-frame buffer 55 while non-data
frames (which also include header, payload, CRC, and frame delimiters) are placed
in smaller receive-frame buffers 53 (6r 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
25 data available, it will be selected to use the receive-validation logic 595 and the
CRC-checker logic 596 (see Figure 11).
When an outbound data transfer is active. data frames are transmitted on the
primary port. At the same time, non-data frames may be received on either port.
The data payload is read from off-chip and written to the data-frame buffer 55 and
30 stored until the interface transfer can begin. (The header, CRC. and frame

delimiters are added after the frame is read from the frame buffer.) At the same



standard X3Jd 345418y ect 1133D/ Rev. 6.3). The inputs LOOP A TRANSM T

CONTROL OUTPUTS 6425 and LOOP B TRANSM T CONTROL OUTPUTS 25 F6A9959B8R248371 de
input to arbitrated-loop logic 26 fromthe logic in Figure 6. The

out puts LOOP A STATES AND CONTROL 6422 and LOOP B STATES AND CONTROL
6432 control the output of the respective?8oops and provide status to
the | oop-control |ogic, which in turns generates requests to the | oop-state.
machi ne (see Figure 6). The outputs LOOP A DATA 4026 and LOOP B DATA
4027 30 pr ovitiBe.diondaty frames may e seqeived ancaithepihepsimary opaliariate portaddes1

respectively - | : e . ) .
23 Hon-q i1 oen o the puopivsiame buffrs 385 £3'49 b el
si xt een-bi t daheframe buffed igikers haessbaherectivvaalidation 1076395 afd R@M

arbitrated-loop logic 26, In one enbodi nent. the inputs are encoded
into two ten- 5iheckexdegief86s whi ch are separated and’out put- one at a -

time to trapsceiver 3.‘%!,- ' . ' X he dat a . to a
seri al str?;m In olt]‘%er g%%@é{‘:'r‘fgﬂ{e?? %?Pﬁg? gﬁ?ﬁﬁmﬁﬁg@?ﬁé? é?vég?fi’.eél.%?a twenty
bi ts) ar aragfer with tha highest perforinasoegssibRl Thknonwhtchatienwil b the data
to a serial stream The transmt multjplexer 79 (see Figure 3) also,

provi des st at Jendied;whenthe datgieansier,pauses or is gamplets. 1 pae of thepegeivreframet er i s
bei ng transfer I _ .. sel . rect type
(or "flavor™) l{)“?gtr#ej)ggk—' s%ﬁ%‘e‘%?(l)og)?’t e 5ut§_réen rrC tﬁ%drlltl lﬁgm?gﬁg%!ag%'ga%et’ € Al'so,
when the port writefreahsperatiomof the datarfranve befferSISavit) besuspdidad to free receive-

arbitrated-]ogp logig 26 is transmtting a primtive. .the running disparity
is forced 10 fp%e g‘éé.%ftﬁp@%ﬁ s thehBuider-tor Buffer et w&hawbﬁavaﬂqbiwgnbm

out put si gnal 1,6 mes may %%éﬁ‘xélaglg i%g%@%ébﬁ%?% aum fhid Bmk"Ence new

respective transceivers
frames may be written to the data-frame RAM 555 while the read was suspended

for a short time. Outbound data frames available for the interface may be reduced
temporarily during this tiine, since frames may be read from the RAM 555 while
- 15  the write was suspended for a short time.

Figure 7 is a block diagram of fibre-channel receive-path and frame:=buffers
block 50 (see Figure 3). Receive-path and frame-buffers block 50 processes
received frame(s) and sends the frame(s) directly off-chip (to off-chip buffer 111)
or to the single-frame-transmit circuit 70 or stores the frame(s) in one of the three

20 frame buffers that receive frames (receive-non-data-frame buffers 53 or 53'. or
data-frame buffer 55). The receive path 50 includes the pre-buffer-receive-frame
processing (blocks 51 and 51"), data-frame-buffer multiplexer 52, port-A and port-
B receive-non-data-frame buffers 53 and 53' respectively, data-frame buffer 55,
data-frame-buffer transfer-length counters 54. frame-buffer controller 56, common

25 receive path 59, and buffer interface 58 blocks.

The inputs to block 51 include LOOP A DATA 4026 from Figure 4. and
LOOP A STATES AND CONTROL 6422 (which also inputs to Figure 6). The
inputs to block 51" include LOOP B DATA 4027 from Figure 4. and LOOP B
STATES AND CONTROL 6432 (which also inputs to Figure 6). The inputs to

30 data-frame buffer 55 include OFF-CHIP BUFFER DATA 3051. Signal DATA
XFER CONTROL 7521 controls data-frame buffer multiplexer 52. Signal
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AVAI LABLE DATA 5011 is conpared to a predeternined val ue X- FRAMES. 5013 -
(which, in one enbodinent, is a progrannagbe val ue, and an optinmal value is
determined enpirically; in one enbodiment™ this value is set to one frane)
by conpar at or 5010. The anmount of DATA- FRAME DATA AVAI LABLE 5015 |s 20 .

conpared to v [ e. enbadi
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one enboghsiny dué bd 5 buﬂtzuﬁat ib8ingabld 1 Kebp up withed traisfordatishandwidih). hal f
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i s about 1.008jgnsyLD_ COQUFFE&Sa % signajs toslats- @mle-byﬁfmtraaf@rrlﬁngfb@m@rs bot h'
condi tions ar %ﬂ{{ﬁi‘?@d}%%%a@?g puts HOLD LOOP OPEN signal 5019.

Figure 6 is a ‘| oop-control circuit 40 (al so cadlled frame

transmt ('5XMT") adiitpin digrel) BXER @WNTOPERO 75202 rifidicated that 8l thefdafdioes -3 and
6) i ncludes control Togic to generate requests to the appropriate

ar 3i tr at ed- | otjensfenisdn the selepted freme ppffer [ Frame dullsr comiollendf providesfreamhr ¢ A
Port B N t
St at e rmch neend5e pighRisifh SR LS 43 1 IROHGT Areblivi:En LBAIRNNY bIAETSTI

transmtting RIAVMIABLERRSY 16 the data-frame buffer 55, and RD_ENABLE 7533 to the

24 ~ Transmnit-data-sequencer |ogic 41 includes |ogic, that i S
acti vat ed whepog B receiverngnsdaia fi @eﬂ’é‘&ﬁéﬂ edBWefrﬁO@FGbmS%f%&s proyides

11 ST G S PRSLSASRL bl bl GO ROE SR L8 g 5y
enabl e si gnal Sorldt ARl BufNTROLOGPIAVAS AF03)FF-CHIP BUFFER 3052 provides
received data frames and non-data frames to off-chip buffer 111.
Data-frame-buffer multiplexer 52 selects the data and the outputs of pre- -
‘buffer-receive state machine 512 from the port which has the DATA XFER CTL
15 7521 bit set. The output of this multiplexer 52 provides the data-frame buffer 55
with data and state signals (8511 and 8512, respectively, in Figure 10) so that data
can be written into data-frame-buffer RAM 555 (see Figure 10).
Figure 8 is a block diagram of a fibre-channel pre-buffer-receive-frame-
processing-path circuit 51. which prepares a frame received from the fibre channel
20 1250 to be inputted into one of the three frame buffers (53. 53'. or 55). Pre-buffer-
receive-path block 51 includes pre-buffer-receive-framing state machine 512, pre-
buffer-receive-frame length counter 515 (and its multiplexer 514), and EOF-
modifier logic 513. This block 51 is duplicated (i.e., implemented once in each
port) for Port A and Port B, since frames may be received on both ports
25 simultaneously.

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

30 the header or payload and for transfers that violate the maximum frame length

(possibly due to a corrupted EOF).
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the port is confjgured for half-duplex node, RRDY's may be transmtted
only when in f@%h‘é@e@tate. When the port is configured for full-

dupl ex node, RRDY' %d’ﬁhhme& 1602 ﬁgin Eg%&an%%daﬁa ﬁ%%r}sqeégﬂ&tﬁe { i< Palla

state. 25 Conditions at ¢ e transmtte |nc
" Buf f er - t o- Buframie. and gerﬁ'amtlzm e(rBEieCt’bedietﬁambmﬂfahl EOfnadodifiestogivlfi3g R RDY' s

| ess t han maxumm r-to-Buffer Credit trol |ogic
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node, franes tyEQE field so Maanera-dkttadhdmhms tfermationtoay igopassesk thtomgh\then .t he
port i's confi ?r%n%clnuft%;s tfo%é common receive path 59.

Input signals LOOP A DATA 4026 and LOOP B DATA 4027 from Figure

15 4 are coupled to EOF-modifier logic 513. LOOP A STATES AND CONTROL-
6422 and LOOP B STATES AND CONTROL 6432 (which also input to Eigure 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.

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

25 frame-buffer write control 533, receive-frame-buffer read control 534, receive-
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 bot_h Port
A and Port B, since frames may be received on both ports simultaneously.

Receive-frame-buffer write-control block 533 generates address (WPTR

30 9537), data (WDAT 9536), and write enables (WE 9539) for the random-access

memory (“RAM?) in receive-frame-buffer RAM 535. When data for a frame are
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transmission i s conp
(e.g.. as they are transferred to the off-chip buffer 111), in order that any errors that -

arise in the data as they reside in the non-data-frame buffer 53 can be detected (of
course. errors that arose in the data in transit on the fibre channel loop 1250 are
also detected). The input signals to block 53 include PRE-BUFFER-RECEIVE

15 DATA 8511 and PRE—BUFFER—RECEI-VE_STA’_I‘ES 8512 (see Figure 8), and
registered (i.e., versions of sign’als" 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
(RPTR 9541) for the receive-frame-buffer RAM 535 and captures data (RDAT

20 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 how much space
is available in the receive-frame buffer RAM 535. The data from the receive-

25 frame-buffer RAM 535 are captured into a register and monitored for the flag bit to
determine the frame's start and end. An enable is developed to be used by the
common receive path 59 (see Figﬁre 7) to indicate when data are valid. The input
signals to block 534 include REGISTERED READ_ENABLE 9535 from
microprocessor 112. The output signals from block 534 include RECEIVE NON-

30 DATA BUFFER DATA 9543, and NON-DATA VALID READ 9546.



a transfer I's generated to m croprocessor 112. The

i nputs to vi‘ggfkﬁgﬁi ncl ude PORT BBCREDI T AVAI LABLE TO TRASH$248by
6017 and PORT CREDI T AVAI LABLE TO TRANSM T A FRAME 6020 (see Figure
12), LOOP A STATES AND CONTROL 6422 and 30 LOOP B STATES AND CONTROL 6432
(see Figure 4), and DATA AVAI LABLE 6829 (See Figure 12). The outputs
from bl ock 40 i ncl ude

26 TRANSM T CONT PUTS 64 LOOP A TRANSM T CONTROL '
OUTPUTS 6425, and LW*MM&M%&!WWWM“M "The RAMUr t her
I nf tionr o Il Js ane, i ) [ l.qw in
Lhe sect i on ey Hifty ket BRs Sidalnidydiobit 88 Hdrd Bt bl SORBGH i biftng "
Dedi cat ed Fr arthreBthundresl andrfoire(3684 W wouls ForggreEEhe SOF,fl}eader, payloady Glualangor ted
fi bre-channel i t.rat ed-1,00 esign 1200, the bu rs in on-chip -
f rane guffe_r BF IR&?“EF&WS’Q&&&%‘#&%%@@%B%’& ﬁBAg‘GtSBéﬁ%Hehﬂém! o
Franes recej vegde IQ% Headt8.8hipt eﬁm-a&gqiédmoﬁ}&rem ath 59 {3 Vaebgé;&%ng@eb area

(e.g., 10 off-chip buffer 111) at a slower transfer rate.
of f-chi p buf f embbiimem, a built-inaspHkest cofitrolber allotvs therrrogvefranetiuffed RAMSi ngl e

G cai er . addi g5 0P UFUHEME e PaEFmE AP pP e pecifcal SGr i Physigallayewor F- AL
ASIC 1 10 ( seqhﬁngﬁfcﬁy_l) may be configured in various ways to strike a
bal ance between performance, silicon real estate. and cost. The 15 present
speci fication det ai Recetvecbuffee-stitusdsioclc 33 ecbrhiparescthb wirfte asd fad poiht&s 'of the
L onaronentfh ©fedeive-Bame butre RAM '35 16 3liErmine whettier the butfor s empty and, if he
buffer is not empty, how many frames of space are available in the receive-frame-
buffer RAM 535. The outputs of this block 536 (AVAILABLE SPACE 9545) are
used by the frame-buffer controller 56 to determine whether receive-frame-buffer . .-
RAM 535 requires access to the common receive path 59. The outputs are also .
15  used by the Buffer-to-Buffer Credit control logic 603 (see Figure 12) to determine
' whether credit is available. . LR
Receive-frame-buffer frame-counter block 531 counts the number of frames
currently in the receive-frame-buffer RAM 535. The counter 531 is incremented
when a frame is written into receive-frame-buffer RAM 535 and decremented -
20  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 adequate hold time.
Figure 10 is a block diagram of a fibre-channel data-frame buffer circuit 55.
25 Data-frame buffer 55 includes data-frame-buffer write control 553, data-frame-
buffer read control 554. data-frame-buffer RAM 555, data-frame-buffer status
block 556, data-frame-buffer frame counter 551. and data-frame-capture block 552.
Only one data transfer is allowed at any given time, so data-frame buffer 55 is
shared by Port A and Port B.
30 Data-frame-buffer write-control block 553 generates address (WPTR 9555),

data (WDAT 9554), and write enables (WE 9557) for the data-frame-buffer RAM

{



frames si MY@8M&3%51y on each port, as well as providing a derCTHS®®RIEHUr ge
dat a- frame buffer 55 (also a conponent of the overall on-chip franme
buffer 119). In a dual -ported design according to the present

i nvention, frames nmay be 20 received on Bgth ports 1 16 sinultaneously.
The franmes are usually noved to and ~ stored in a larger off-chip nmenory
111 after they are received. Each franme nust be val i dated and t he
frame cycli c- rsguFrdanewite operatiofifata td bY wEifeh iu_s)themiga:?,_ Wifen a data SR €0
before transferring the frame off-chip. To avoid duplicating the receive-
frame- val i dat ires¢iveded steR@neghlss fiom prsghufferiraerive sratgimaching SA3-atonseddoa- f r ane

25 buffers 53 and 53' .are_ orouj ope..at  each -per 6, ,to al.lo framé-s'.
to be _ re:cég?' B ag’lmnt% FE‘%@SWSI???%? u?‘? nller'ﬁo e'JrJT3 §§'e%?é%ée§fi 088'8‘“%3#‘? ead
one-at - a-ti e 4o be readiedrhdié &idc). 3iblés RO Rini@Buffér controller 75 Ar8 §&] GOMDN
data-frame buffer 55 is also rovided to be shared between the ports

so that data €gyelpp avitsionable SVE P250r1p thesmemory 53 Barcadsleess isunctementad: dat a

frames are recei,ved on.t 0 .port .sinulta . 1.30~ Furt her i nce
two § ndvi dualrdAarrag e af S50 BTt vh MBEL BT i ep trgme et eafis
can be transniplddkis 60 detedmpne/hdVe niichidagy/spabeistdvaRable in data-frame-buffer

27 For exanple, the Port A receive fiber 1 17 can receive
non-dat a framdAMN%P. For a wate-apgrationethedata fomrleep Bort giicyit29 aes troskated
transmt fiber. 118. 1S 8i. Lotransmtii . s from data-frame
butfer 55 or Mgt its 16 MR BN wige and & hRe bl MRS e drRi o il FO

73: and sirl taasorist EORWelinfite?.2The CRC fonhe rédivd ffanes ;iagsedfthmgh data
receive buffer 53' while transmtting non-data frames fromtransmt-

frame buffer Fataoframetbaifer Ridd 555 sarpiectthe date Bhatrierthe ERG informationds wher e
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. 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
15 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 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 .
20 include PRE-BUFFER-RECEIVE DATA 8511 and PRE-BUFFER-RECEIVE
STATES 8512 (see Figure 8), and DATA FROM OFF-CHIP BUFFER 3051 (see
Figure 3). _ _
Thus, in one embodiment. data in the data-frame-buffer RAM 555 are
protected by CRC information if the data are passing from the fibre-channel loop
25 1250 (see Figure 2) though data-frame-buffer RAM 555 and then to the off-chip
buffer 111, but are protected by parity if they have passed from the off-chip buffer
111 to RAM 555 for transmission to the fibre-channel loop 1250 (in the latter case,
CRC information is added to the data going onto the fibre channel after the data
leave data-frame-buffer RAM 555).
30 Data-frame-buffer read-control block 554 generates a read address (RPTR
9559) for data-frame-buffer RAM 555 and captures data (RDAT 9558) from RAM
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recei ve-frane- v%ﬁ I dation | ogi ¢ and CRC checker. Note tthmeBP’zﬁﬁg
enbodi ment of the present invention, a 10 single data-frane buffer 55 is

provided, and can only used for one port 116 at a time, and is used
for either transmtting or receiving at a?ﬁ/ one tinme. In other
enbodi nents, nmultiple data-franme buffers 55 are provided to renove such a
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28 Data-frame-buffer RAM 555 includes a synchronous RAM and. in one .

15 embodiment, a built-in self-test controller. In one embodiment. the RAM is thirty-
six bits wide (a thirty-two-bit data word plus four SOF/EOF flag bits or parity bits) - -
and 3.232 words long. For a write operation (data to be written to the disc). the
SOF. header, payload. CRC. and EOF of a received data frame are written to the
RAM 555 to be held until access to the off-chip buffer 111 and common receive

20 path 59 is available. For a read operation (data to be read from the disc). the
payload only is written to RAM 555 to be held until the loop 1250 can be opened
and the data transmitted. In one embodiment, An inputs (except the clock) going
into the RAM are de.layed, to provide adequate hold time.

Data-frame-buffer status block 556 compares the write and read pointers of

25 data-frame-buffer RAM 555 to determine whether the buffer is empty and. if the
buffer is not empty, how many frames of data/space are available in the buffer. For
a write operation, the outputs of this block 556 (AVAILABLE SPACE 9561) are
used by the frame-buffer controller 56 to determine that the data-frame buffer 55
requires access to the common receive path 59. The outputs are also used by the

30 Buffer-to-Buffer Credit control 603 (see Figure 12) to determine whether credit is

available. For a read operation (data to be read from the disc). the loop-control
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dat a- f buf f i | f jve- f byf f
space so that oBeh FEIoPh 1250 AXMERERAR A OB b ARSI aisb bentre@ilTa dffon™

data frames naye RopU2ED a6 Be heldidpen G tir-dveanhabaivhele fidmélisoravdibb hith®,
si nce new . frames may be witten to the data-frame RAM 555 while the
read was sudspdmgrasess (is b¢ing agcunmtated in deta-fame bufir S§and/aroffrehip buffer-abl e

for the interfﬁgg may be reduced tenporarily during this tinme, since
franmes may be id fromthe RAM 555 while 15 the wite was suspended for a

short tine. . Data-frantd-Buffér frarhé-courteoslsciel 5 fDecitdthe fnuitRr 6Naames
recei ve-path and frame-buffers bl ock 50 (see Figure 3). Receive-path

and frame- buf fctrrenthy brfatadrapedeufes &AM 555 usieginputisignal s ERAMENQUIIRSI. t he

51 nol e 1 r ame. crouioe 3 blgmchyS ped ol Rk e RM MR o1 e e ce

20 frame lguf fdecenidntdd wikered fiémeigreag ftone RAMESSIOThdabant (sidiel COUNET ©F53 - or
53" , or data-franme buffer 55). The receive path 50 i1ncludes the

pr e- buf f er - r eFRAMES RHYBUFFER 97683 éssused dy(the Bukier-sxrBuffar Gredjt control 603 to -
dat a-frane- buff er | 44 52, -A and port- B
recei ve- non- dgtege!??%n‘%h%lﬁ?%%%cg?éfvgﬁ%&%' respectively, data-frame buffer

55, dat a- f r ameDfraHfFarie-Edpaire fbdckl BIPHhBnieers iiecriebeivdd ddth e Yubihgr
controller 56, commn 25 receive path 59, and buffer interface 58 bl ocks.

The inputs t o iBrWeiensl ENABLEPATRWRIHAPETERE 953 Drivimnhe enable-gapfure

LOOP A STAEES g)g}!ﬁﬁ%ga_ Leh al ' _ '
i nput s toAl-bgFock 1> S'ic u%@%@fé%bw% &1&%%& |g@?g%%§%%v%%3 B
STATES AND CONDATA GAFTUYRBIQUTRUT®365)tiay thén be ad by microphecessypuid. t o 30

data-franme buffer 55 jnclude OFF-CH P BUFEER DATA 3051. Signal DATA
XFER CONTROL 7521 dtpferinesgamty Figurad- deterfmmerhpiferdranstar-legath epuptens 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) is

20  used 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 block
54) is used to determine how much data should be fetched from the off-chip buffer
111 before pausing for controller 56 to reevaluate which frame buffer should get
access to the off-chip buffer 111 (a process described in the following paragraph).

25 Frame-buffer controller 56 determines which of the three frame buffers
(i.e., data-frame buffer 55, port-A receive-non-data-frame buffer 53 , or port-B
receive-non-data-frame buffer 53') should be granted access to the resources of
off-chip buffer 111. If a port is in a loop-initialization state and that port’s receive-
non-data-frame buffer 53 (i.e., 53 or 53') is not empty, the loop-initialization

30 frame is given highest priority, so that loop initialization can progress. The data

transfer is given the next-highest priority, and will continue as long as the receive-



29 BYBPBAEE?77561 signals to frame-buffer controller 56ptPakodhRAUSE
IS required (usually due to a buffer not being able to keep up wth a
transfer-rate bandw dth). Si gnal LDCOUNTERS 7541 signals to
data-frane-buffer transfer-length counters, 54 to |l oad counter val ues.
5 Qut put signal BXFRCNTZERO 7542 3hdi cates that all the data of a
transfer is in the selected frame buffer. Frame buffer controller 56

rovi des read | e, Sd-0N R BLE 7532 t he. port
Pecei ve- non- da %n'ﬁ?tg{%ﬁ%%?&g& gé?io Soth RB: é{mﬁttgggefe{vp-wéﬁ% r ane
buf fer 55, andbutferESABLHoES hat fromifor a fram® Whdt pBricRRR rRivaAni@h A shhAMe -

buffer 53'. Buffer-control-interface 58 provides 10 select, strobe, and/ or
enabl e si gnal sbfeUARovl beomawed aczesptaabepERchip dotfer 111 toalrainfsbme fiamdsyf f er

111. Qutput D F P. BUFFER 3052 ovi des recei ved data frames
Fid heh e i ranaf RSt |

and non-data franes Dat a- f r arre- buf f er’

mul ti pl exer552 sel eThé fitdidracidt Buffet€ss,158 615 Y tiat AlquieSthe off-chi?‘ﬁ%é"ﬁr ecei.ve
state machine 512 fromthe port which has the DATA XFER CIL 1 bi t

set. The out putes@rcesivil beigranigdagesss spthgroffrchip dufftel Hatla-the eveat bothfpets55
wi th data and | ana 511.and, 8512..respectivel I n. Fiqure 10) so
that data - REYE TG Srd 6Bl RO Al SERRR pocBiR frsteOnis e et o
10). buffdricgtitrel Blotie 56 ghled GifraM iR a0¢esitd thR LPE-GHIF BIfEr 111, it

pre-buffer-receive-frame- rocessing-path circuit 51, I ch pfepares a
frame recei vedtontighes fleservien thatiame duffeuniessaboalterndse portisuttedee-noi-datane of

e, 107 T GBS il o B T e R bR mee S e
buf f er - r ecei veorf 4 given lpeROVill KeQrHsRired 16 teAdTLchipulfel 1 | Plrforatr-SiddliveAnd EOF-
the port. ' : :

The transfer of data between frame-buffer controller 56 and the off-chip
buffer 111 may be paused by the buffer-control-interface logic 58 in the event that

I5 the data rate from the fibre chénnel cannot be sustained to off-chip buffer 111. .

Figure 11 is a block diagram of common receive path circuit 59. which
takes the frame coming out of one of the frame buffers (53, 53'. or 55) and
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

20 CRCis checked and the frame is routed to the appropriate buffer area of off-chip
buffer 111.

Receive-buffer-decode block 591 decodes the start-of-frame and end-of-
frame delimiters (derived from input data signal FRM BUFF ER DATA 9570 and
enable signal VAL_READ 9571), and generates sigﬂals to be used by the common

25 receive path 59 for frame-validity checks. The EOF delimiter may have error
status (frame-length error or running-disparity error) embedded which is converted
for the receive-path blocks.

Receive-framing state machine 592 monitors the input stream to determine
frame boundaries. When an SOF is detected, signals are generated to allow each

30  word of the header to be captured and to enable the CRC checker 596. header-
validation controls 593. and buffer controls 598 (along with 5991, 5992, and 5993).



rmdi.f ier |a@eld This block 51 is duplicated (i.e., inpl enp@;,gg%gﬂgﬁ in
on both

each port) for Port A and Port B, since franes may be recelve
ports 25 sinmultaneously. Pre-buffer-receive-fram ng state
machi ne 512 nonitors the input streamto determ ne when frames and
RRDY' s are being received. Wen an SOF i 537 detected, signals are

generated for each word of the header, the payload, and. frane .
delimters. This state hine 512 checks, f.or invali rimtives recejved
duri ng 30t hote RAShIS SoR P dOL ARG PO Y BT Ve HFing e beader RBOFRR: mum
frame |ength transff)lgsgﬁﬁtﬁ\]tipial/e HE Snxiimd ¢ ffdwed. Since the com

30 er-recelve-frame length counter 515 'S 10aded at _
t he begi nni ngredeive path 59 cambe paised terhpomrily, thenstdte antpulssofatdte pechinel 592t ed by

mul ti pl exer 514) of ejther | e command, ofher qgr data-buffer areas of

the frame buf RErPYFRSIRaLEq Jctiyg ai‘ﬂig‘en Inactygdp Pﬁiﬂi%lﬂﬁ%lﬁg?‘%'c?@@é?' & frame,

based of the | f the 5 received frane. If the
roBeneaidatior B art PR Rpe * e

counter efore detected, a length Coerror is
det ected. Thi s funQeceivehfedmingergtle souriterimuni®igndvounter 6832)dd isgledat i n
the frame buffers. . Eigl:_ nodifier l.ogig 51 hecks. an i-nboynd

frame to see WHcbgedRnipg of & frame with the ma’F‘F’&%meﬂ‘?ae’é%ﬁgf the, CommAOG. f or
the frane buf : s LiEer 4o ' rol
field of the ifon eg’uonlﬁar gfgrlgbt(gsﬁle ?%%N%ﬁtsﬁéﬁgg gmgﬁzzr}fﬁf %Ul& Eﬂc}gllzggﬁ'r ane
| engt h count effieldlfromHAhE -headr bf die recgived friiealfSthe coulitén reaches zerd befoteQRef i el d

so that nmore-detailed statys infornatio b sed th h th

e bur 18y o HOF s letessirh irarmss ont it Ggbctod ahd the frame s marked Mvalid
This function helps prevent overrunning the allocated space in the off-chip buffer -
111 for the frame.

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
15 captured values are used by the frame-validation logic. o
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),
the frame is marked invalid. The CRC checker 596 is enabled by the receive-
framing state machine 592. Contents of the header field, payload field. and CRC

20 word are processed.

III. Using Fibre-Channel CRC for Data Integrity in On-Chip Memory
According to one aspect of the present invention, frame buffers that -
temporarily store fibre-channel frames allow frames to be received at the maximum
25  fibre-channel-interface data-transfer rate. The frame may then be transferred to
off-chip storagé_ at a slower, more manageable rate. Various mechanisms. such as
parity, CRC, or other redundancy functions, are optionally used to protect the data'
while they are being stored in the frame buffer. |
In one embodiment, data-integrity checking is enhanced by passing the
30 received fibre-channel cyclic-redundancy code (“CRC”) through the frame buffers
with the data (i.e.. the CRC is stored info the frame buffer with the frame. and then

7
¢



| nput signal s %P A DATA 4026 and LOOP B DATA 4027 from Figure 15 4 are
coupl ed to MO8 i er 1 0gic 513. LOOP A STATES AND CONTROL PCT/U$B285%Mnd
LOOP B STATES AND CONTROL 6432 (which also input to Figure 6) provi de
status information regarding the |oop 1250 to state nachine 512. MAX

FRAME SI ZE 8517 provides information regardgng the maxi num frane size for
data franmes. control frames and other franmes to nultiplexer 514 and counter -

515. 20 Cut put si gnal s PRE- BUFFER- RECEI VE DATA 8511 and

PRE- BUFFER-  readinChiitithSTiaiieat 834ter time),i exeraguarity bincthat wosidinkiketh@RiAM t 0
non-data buffers, 53 and 53" (see Figure 9), and dat a.-.frarrp buffer 55.
Figure 9 is a Bidrrimay bgslumingtedy (§4W@q§ﬁmmérms%éh¢/g%

buffer ci r c Ui t pRfer %ﬁ%&’/&%&é{@e-ﬂ%—dﬁ% ﬁa@% ePS'i foqr53]§$ %R&Eﬁ cﬁ&i(a%

recei ve- f rane- er wite contro ecel ve-
cont r ol 534 r efteri the data are read drom thef RAM E:M/b&aﬁe theyammfdrﬁuﬂ&)fb&ﬁl‘b(i‘fe

status bl ock 536, _a eive-franme er fra counter 531. This =
circuit 53 Ps F‘h%'ifé?ﬁ%li"éfgerdﬁ&b gé‘éﬁpﬁwtﬂﬁt% tLleqbounHE datg pashs capalsoe si nce
Recel ve. 1 ano- b o o RO kitedPiicd bt bl S the frame bufle and fiop i,y
9537), data (V\Mt'ﬁoﬁﬁ:ﬁﬁ)ig ofitiet frarhé buffertol ths irfpdEo PR ehedlee SPGNdoMm access
menory ("RAM') inr celve]‘ra - buf fer n data for a frane are
31 recei ved, %E’H’é"g?%ﬁ‘? éﬁﬂ%°ﬁﬂmgﬁgdbéﬁ‘$%?mﬂ¥@éﬁ@“§?%ﬂt@ -HE€hi ne
512 are used t QQQ% The
address is mcfg%drrgnstl%\g@rvtﬁ&p&e 3\,\6}%\[ ap %QF%E’%S@ %ﬁg‘?gé gl?ag\%@lgﬁagé 0 be
used by red@i veatés: trescomrhbmreceivetpath loglc 5htachke didfed etdetrethrinoa-dacarraimeh
space s avall goae 'S Lef§hY ond i Bia tame butier 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
15 checked on the way to the off-chip buffer 111 (called “passing 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"). |
In one embodiment. this mechanism is also used for the opposite direction, .-
when data are transferred from the slower off-chip buffer 111, temporarily stored in
20 aframe buffer, and transmitted at the maximum data-transfer rate on the fibre-
channel interface. |
When a frame is received, the R_CTL field is decoded by routing-control-
decode block 5933 to determine the type of frame being received. The R_CTL
field is used to route the frame to the appropriate area of the off-chip buffer 111,
25  and to determine which validity checks are to be made on the frame.
Header-validation logic 595 analyzes the 'contenté of the receive-frame
header. Based on the R_CTL field of the frame. various fields are verified. If any
of the validity checks fail on a non-data frame, the frame is considered invalid. Ifa
validity check fails on a data frame when a data-write transfer is active,

30 microprocessor 112 is notified.



5 535. Theodhgshr om loop port circuit 20 are transl ated frgl;]gtﬁr bits
wide to’ Oq?hirty-two bits wide and a flag bit is devel oped to0 |§Jn ?%a'te

an SOF or ECF delimter. The CRC fromthe received frame i s passed

t hr ough non-dat a-frane- buffer RAM 535 to protect the data. That is,

the CRC information as received from?he fibre channel is stored into

the non-data-franme buffer 53 along with the 10 data, and then is checked

as the data are read qut of the non-data-framell;;uffer 53 (e,qg.. as
e

they are transfer r Receive-figmesiatug hlogk 53 reathersjinfjormagiop ahawt the gecelegd error s

t hat ari i ' J - - . fer 53
can be det ect%%nfg? yﬂ?ocs@?:@&??é‘% &%%?%ﬁ?ﬁaé&agggé&% aﬁﬁg@%éar%%g? ransit
on the fibre ERAMEISTIATIPS 9380. Hrzframe is notvalideit éxodseehtially ignored (Unless@nal s
to block 53 include PRE-BUFFER- RECElI VE 15 DATA 8511 and PRE- BUFFER- RECEI VE
STATES 8512 (date trrngfar is agive)and registered (i.e., -versions - of signals

that are cfocked | b0 gL fQ 81 850b% LAk chifhow many EhDBkngRaSaaNT WPU

ADDRESS 9534 from m Croprocesso I've-Tranme- fer
read-control &dmsikedBithgomntdiRisarda 6£he offichip daffer 111.( WhHER aSdillcofraridhe
recei ve-franme-buffer RAM 535 and captures data (RDAT 20 9540) from the RAM
535. Wen fr aiyaessivede this spunten 3992 is gnqremeanterd g YYhenmicgepraegssor 112 haspe
recei ve-non-d butf e re e | Ve . RAM
535 O e CAASpe R Ay ind il BBt Wi kO e OC7)
IS provided tgignal MPUDBEREMENITISOI7dfpori enitrophseebsolr 114 2). SBhick $982 oalpus86 t 0
det erm ne_ how nuch space i s available in the receive-frame buffer RAM
535. The #t ainterpiatremuesteMy BCVB IR Q8. buf f er RAM 535 are captured into
a register and nonk ! N ' t S
start and end. An e?gge?gséagé 8%‘5@%%%% ?cl)lts%&efbutg%cg l-l:??;‘? %ﬁéﬁk%e r?:@%{rrr{osﬁmrajeezei ve
path 59 (see *kither ared) oftthe bffdihipbaffh b @Bing sigral MR INCREMENTS 9575
signals to block 534 include REG STERED READENABLE 9535 from .

mi cr opr ocessoffommicrqprecesseilk2)sioggaving prioRuiierolorButter Grsdity ddisgatpiorE NON

30 DATA BUFFER DG Hecrnttited e MOEIRN fmYAtd: 7 REAfRr 3 28fmand nor a data

15 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 increment

the “other” space counter 5991 to indicate that there is space for another frame.

The “other” space counter 5991 -indicates (signal OTHER COUNT 9576. and

interrupt request OTHER RCVD IRQ 9577) the number of frames with will fit in
20 the “other™ area of the 6ff—chip buffer 111. _

When a frame is received, receive-frame-buffer control 598 (which
génerates signals INCR/DECR 9573 to decrement other counter 5991 and
increment command counter 5992) and last-4-generation logic 5993 generate
signals (CONTROLS FOR OFF-CHIP BUFFER 7589) to the logic of off-éhip

25 buffer 111 to direct the frame to the proper area.

Figure 12 is a block diagram of a fibre-channel transfer-control circuit 60.
which includes control logic for the receive and transmit portions of the logic.
Transfer-control circuit 60 includes transfer controls and Buffer-to-Buffer Credit
control 603.

30 Data-available/space-counter block 604 provides an indication (DATA
AVAILABLE 6019) of how much off-chip space or data is available, depending on

¥
H



32 wo 39126 7R6‘CEI ve-franme-buffer RAM 535 includes a synchronous RAM
The RAM P29 i rty-three bits wide (a thirty-two-bit dat PGRYISEAER an
SOF/ EOF flag bit) and t hree- hundred and four (304) words |ong. The
SOF, header, payload, CRC, and ECF of a received non-data frame are
witten to the RAM 535 to be held until 30 access to the off-chip buffer
111 and common receive path 59 is available. In one enbodi nent, a
built-in self-test controller allows the receive-frame-buffer RAM 535
to be tested whdthaetahaoperatien issa diva-wirisp erla dpaaréd. c@h ladataewritdtramifisrs datal

| ayout of t nory. . Recei.ve- fer-status bl ock 536
compar ea. t he IPRIEPIRRRELIs5 PIAck 604 it U0 1R baP I SHEe MARIRRAM
535 to deternm ﬂf-‘te%@bbﬁ%nfe?ﬁn%aﬁépbﬁlmtueéﬁfbhlﬁﬁuﬂ'éﬁlltoallQerr i's not
enpty, how many franes of space are available in the receive-frame-

buf f er RAM 538BBJbredisuo patssued. Ohiaglakd-reald t&&ﬁfe( Alava-availnbleSpacecc@iér) are-

d by the f - f tr,ol | 56 to det wh . Lo
ocei vo- f 1 dire- e G is sed Ripfigals Hoot et 085 e mian?%a*(ﬁ%gf%mﬁoﬁfmve
path 59. The ajffady$1.ame ﬁif?é?eﬂc'é in WReBL Bt PoltiteBué &ﬁﬁpa{r@d %ﬁﬁr Credit

control logic 603 (see Figure 12) to determ ne her credit is

avai |l abl e. microprocessdreloadabde tlmrmegraﬁﬁmblé)r_\almswdutch mﬂldateothl: nnfiber ofint s
t he nunber of franes urrently in the receive-frane-buffer RAM 535.
The counter 53’1°ra§pF’h%?'8ﬁ§ﬁt ed when a frame is witten into

recei ve-frane-buff %uﬁa%ﬁa&far@eéﬁ%ﬁm% s%@ 1M€§‘b€fférréi‘éa’it Ceht {sfela AFPORT OM
recei ve-frame-buffer RAM 535. The count BUFFER
9544) is uded BE_ GRBDBEW‘@AIE&BBEFITQH'R&MMT&MDISIGO]7) to thﬁeomncctbgltpnrm ne

whet her credit i | abl e od| ment,., al l he
oGk goi ng. IAEDoPHEBERP e ot i PGS FoRs bE-BAR A TDNG df apaount
Figure 10 is Q,fl@}é@;;&ldé@gfﬁ?%@da&h%@r@nnel data-frane buffer circuit
55. 25 Data-frane buffer 55 ncludes data-frane-buffer wite control 553.

dat a- f r ane- buf)fherw maghl ressiversphcesis avaidahle i ofiehiposifesl 1 RAM dissdrive
dat a- frane- buffer status bl ock 556, data-frame-buffer frame counter
551." and dat a-frane-capt hq bl ock 552. Only one data transfer is
al Idoged atBl sany gi vex) Howluck fecdpleaphéciRvhildii€n 2beivé-non-dataShame bubiér Fprt A
an or t
and data-frame buffer 55 for disc drive 100
3) whether, given the credit, the port with which drive 100 is opened could
- potentially send frames that could occupy the available space
20 The Buffer-to-Buffer Credit is determined on a per-port basis. The Buffer-

to-Buffer Credit control block 603 generates signals to the loop-Port A/B open-
control blocks 42 and 42' (see Figure 6) to indicate when credit is available. The
loop-control block 40 will then control the transmission of R_RDY's.
The remainder of transfer-control circuit 60 contains counters used during a
25 transfer. Received-R_RDY counters 606 determine how many R_RDY’s of credit
have been received on each port from inputs PORT R_RDY RECEIVED 6010
(one each for Port A and Port B) and PORT FRAME TRANSMITTED 6011 (one
each for Port A and Port B), and output signal PORT CREDIT AVAILABLE TO
TRANSMIT A FRAME 6020. Transmitted-R_RDY counters 601 determine how
30 many R_RDY’s of credit have been transmitted on each port from inputs PORT
R_RDY TRANSMITTED 6001 (one each for Port A and Port B) and PORT

i



30 . wddsimidr ane-buffer wite-control block 553 gener at pgrRRo4/8651
(WPTR 9555), data (WDAT 9554). and write enables (WE 9557) for the
dat a-franme- buf f er RAM 555. For. a wite operation (data to be
witten to the disc), when a data frane i% recei ved, state enables
from pre-buffer-receive state nachi ne 512 dre used to develop a wite
enable (WE 9557) to the nenory 555. For a read operation (data to be

e o e A O Tl B LR A BEEPO AR Seif Sl 10 °
increnented 607 jAREd dn'dalidwhitd trinvers 19 2REdk that RECived ftmes akeUf fddraniihe

dat a-frane-buffer status bl ock 556 to determ ne how nmuch data/space is
avai | abl e i n imsad onalata-tead transfers to grpprasshe SEQUENGE COWNEOG220n, t he

o T oo oo kg G feafCrs B ol PAREE R Dariugs a3 hnlst BEE T Rt o 2o
or EOF del ism leh.redd@akdférshté pondrite the RELVEIVE-OFFSET COTACTH 6033 fiasinitted

data-frame-butfer RAM 555 to protect the data. That is. the CRC'information
as r ecei uethefheadars o€ déta framesh Irarsfer-lengthorasater 609 is wseddadatermines

buffer 55 alo Wit t he .data, and then i.s .ch are |
read out of tﬁgwd'agglqlarta%trmﬁr %EngV%esa‘(’ér.KBFa,‘no m%%qmmrred to
the of f-chip wﬁﬁ?@bl%whkﬁ't&rﬁﬁ{sférhﬁfs complé&éd.or S that 15 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 fibre channel |oop

1250 are al so_det ect ed) .. e e dinment, for a read operation, the
dat a from_ltgffs_ Ic Fra e’ﬁl 'bnt . ansl ated (or converted) from -
sixteen bits w de tmgiRi1Btyabkiidgam ofsiﬁ%éﬂra?x@tr&ﬁmﬁ-baﬂ&iﬂ:ﬁﬁelﬂafo?d to
protect the data. Thé input signals to block 553 20 include

PRE- BUFFER- RE@ire/ghabagia 51 amboinRREC SARRERERECEEHAOD provi&F ATfitgeghamnelsee
Figure 8), an?oo%ﬁ&&arﬁa@%rgl:i'tzh N inBldaes R d%géz%teG%Fa%smit-fmme_buffer 73 for loop

initialization and responses. Having such a dedicated transmit-frame buffer 73

15 allows one port of a dual-port node to be transmitting initialization or response .
frames while another port is transmitting or receiving (i.e., “communicating™) data
frames. If a loop experiences loss-of-sync or other problems, the loop 1250 must |
be re-initialized, and the dedicated transmit-frame buffer 73 allows this function to
occur without disrupting a data transfer or other function that could be in progress

20 on the other loop connected to the other port of the dual-port node interface. Both
ports can be simultaneously initialized as well. Further, this dedicated transmit-
frame buffer 73 allows responses, acknowledgments, or other non-data transfers to
be transmitted out of one port while the other port is in use. Thus, single-frame- -
transmit-path circuit 70 in conjunction with microprocessor 112 operates to

25 provide loop-iniﬁalization and response functions for node interface 1220.
Transmit-frame buffer 73 accepts inputs MPU LOADABLE 7002 (data from
microprocessor 112), RECEIVE PATH DATA 7003 and RECEIVE PATH
CONTROLS 7004 (frames from the receive path 50). Transmit-frame buffer 73
generates outputs MPU READ DATA 3095, and, through blocks 74 and 76,

30 XMT DPTH DATA 7007 (outbound frames including CRC which are to be

transmitted).



Figure 3). Thus, in one enbodinent. data in the

da?a-fra?re- ?J??%?’BEAM 555 are protected by CRC infornmati BRTAUSYMS7Hat a
are passing fromthe fibre-channel |oop 25 1250 (see Figure 2) though '
dat a-franme-buffer RAM 555 and then to the off-chip buffer 111, but are
protected by parity if they have passed fr4dnthe off-chip buffer 111

to RAM 555 for transnmission to the fibre-channel |oop 1250 (in the latter
case. CRC infornmation is added to the data going onto the fibre

channel after the d'&hasingle-framemansiah@atheirmxiﬂa‘wafoeeptﬁéﬁéqugﬁ’égxao@ﬂle l?o S
Dat a-frane-buffer read-.c rol bl.ogk 554 nergtes. a re addr ess

9559) for dat aqanQFrﬁ’-r‘Bﬂ'f ?(gfo %ﬂ%ﬁﬂ%ﬁﬂ‘"b&&rﬁ?@% ‘W@F&"@?@ﬁ@@ﬁ%}nﬂ% om Rﬁ\M _
34 555. 73. i : W] Hefied Lgc), the

frame buffer frixie ggﬂft&{ ojl Fg@eggreg%?g té lg&t&ﬁgéh%at? gg%%%rﬁeee%ku er’ %‘aag%ﬁﬁ) a read
to the menory heademeatd pagload from Bur frame baffen prd géretates thatprope? GRC?E?QI frg_lm _
the disc), the ansm t -frane .state machi ne 81 (see Figure 15) enables
t he read) of§ t h%ﬁﬁé'ﬁﬁf’ﬂ?}”# e LIBYiFizut 7¢alsq gencratessignaly to;the laompers clytuit zﬁlz\RAP

9560) is provi X z : Slec bl ock 556
to d)et erm ne hfgsv&arr%%%ﬁ?é a/g gﬁgg’é‘t?g vg%g?flg%?gﬁwﬁtﬁwggr{rhfg%d Mﬁ%ﬂf fer. For
a wite oper at("BOF isdeing arfsfarad; teallavathe dnobderito Béidrate ¢he sqebhd ebaracter

into a register..an nitored for the flag,bits to determne the frane's
start and °féﬁ%g9§3?a€ﬁ‘§9n§wmrw‘!}éma@we! oped for the conmon
receive path 59 to sipgieChife-Hansih StdAbanint 92 Yedepth re Qésésa(vrifﬁgmﬂperat lon,
the data from data-frame-buffer RAM 555 are Captured into~a register

and t he pat} t SENDcRBAME 700hefromttheitoopi-apmtrobcifauitd0 to transimickfrand. Wihdnide

I .REAI;) . . .
DATA FRAME BU'ZFf%a%ng) 'ibéT rangsr5n61t4t'éd. %Iéta\t_/eAr_lﬁac ine 72 provides selects (i.e.. select signals)

for each portion of the frame sent to the transmit multiplexer 74. in order 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. Control is
15 also provided to the 8B/10B encoder 27 (see Figure 4) to determine when'to
transmit the EOF signal. When a frame has been transmitted, signals are générated
and sent back to loop-control circuit 40 to allow it to continue operation.:f:" :
Single-frame-transmit frame-length counter 71 is used to allow the’
hardware to determine how long the frame xs in order to allow the final CRC to be
20 output at the appropriate time (the CRC is repeatedly calculated one-word-at-a-
time and accumulated as the data portion of the frame is output). Counter 71 is
loaded at the beginning of the frame from a transmit-frame-length register and
enabled while the frame is being transmitted. Counter 71 is enabled by single-
frame-transmit state machine 72 and provides status (i.e., status information) back
25 to state machine 72 to determine when to enable CRC generator 76.
The output of single-frame-transmit output multiplexer 74 is an input to the
CRC generator 76 to determine the CRC residual word included before the EOF,
which feeds through multiplexer 79 to loop-port circuit 20 (see Figure 3). The
single-frame-transmit state machine 72 generates the selects for this multiplexer 74
30 toallow the frame delimiters, header, and payload to be transferred at the proper

times.



9563, and WBP22aARI TY ERROR 9562. Dat a- f r ame- bufdcau$diusns

I ncl udes a synchronous RAM and, in one 15 enbodinent, a built-in self-test
controller. In one enbodinent. the RAMis thirty- six bits wide (a
thirty-two-bit data word plus four SOF/ EQR flag bits or parity bits)

and 3.232 words long. For a wite operation (data to be witten to the

disc). the SOF. header, payload. CRC. and ECF of a received data frane .
are written to theginole1rdfAMiHR-chardifer Behekatdh bidckFBtSmii _chip
buffer 111 and co it r?tfecellve 20 patr%@SQ ilfbg a\;:ai I ablir.rﬁ@%érﬁger?%g%

?pe rRifV: g 25( dajhgra‘c;erfxgxrrea&tﬁlllf-wom, e EQFsdglimitére are transputtingfdom the/singlewr i t t en
0 to be held until, the_loop 1250 c b d the dat.
transm’htted. fFﬂi“‘E)‘FFé“%ﬁ’éGHFWEh&, @FPEFH\%&@@@%SBW‘EQQL&?@&&H.W&e : a.
into the RAM . ' ' ORI
t?éf'nglrn(?tgéﬁx %l%{)lgx% ‘?é ARnaegGHALE WL lédg‘igar? pecess éo the smgéle-

Dat a- f rame- bu at us c conpares the wit read pointers of
25 dat a- f§ anfearhertraasmitidtib&Gtcuic70det er mi ne whet her the buffer is enpty and.

if th buf f i t. ty, .h f d /
%lvai L Shie in ihe pEiene T4 isgrblodk dingiags pf & e APREL Tt Bats Ees 731 i s
556 ( AVAI
oc ( Sgﬁttgﬁggﬁoﬁm, 2 ﬁgéﬁe-ﬁéﬂg transxPH%?ﬂngﬁ??%% iréleﬂﬁ'ep k'ifrngﬁr-frame-

controll er ermne t t ata-trane quires
access t o t hebuffervaite con®olVis3psinplesPamdibafiertqadiconaok734, and segte-frgmehe 30

Buf fer-to-Buffer Credit _caontrol see Figure 12). to det ' whet h
redit 1o trangt e SULPLRAM Ta S SopRlp A S TRBEOR I 44 1 PP ne
disc). t h?%: %ﬁr’ejﬁé@i&é& loo?-initi lization frames ogtbound loop-initialization frames, and

35 _ nonitofs the anount of data In the frame buffer to
det er nmi ne wheafuboura single fifamese Fortp waeds ofitramsntit bafferRAM Z35 nmmesdyvéd for

ot o fr aime- LR 61 MNP AFLSFOMER Fo IrLB- I e eRimson) | ow
Single-frame-buffer write-control block 733 generates address (WPTR
1411), data (WDAT 1410), and write enables (WE 1412) for single-frame-buffer
15 RAM 735. The inputs include DATA FROM RECEIVE PATH 1401, PORT A -
FRAME 1403, PORT B FRAME 1404, registered MPU DATA 9533, and
registered MPU ADDRESS 9534. When a loop-initialization frame is received,
the frame is first stored in one of receive-non-data-frame buffers (53 or 53' ) until it
can move through the common receive path 59 for validation. Rather than
20 transferring the frame to the off-chip buffer 111. the frame is written into single-
frame transmit-frame buffer 73. This also allows the off-chip buffer 111 to be
more dedicated to a data transfer on the alternate port. The data from the loop port
are translated from sixteen bits wide to thirty-two bits wide and the starting address
of the frame is determined on the basis of the port with which the frame is
25 associated.
Microprocessor 112 also may write to single-frame transmit-frame buffer
73 to modify a loop-initialization frame or to set up an outbound frame. Parity is
genérated to protect the data in single-frame transmit-frame buffer 73.
Single-frame-transmit-buffer read-control block 734 generates a read
30 address (RPTR 1414) for the single-frame-transmit buffer RAM 735 and captures
 data (RDAT 1413) from the RAM 735. Inputs include SEND FRAME 1407 and

¢



the | oop 13RPeds3 1€ hel d open in the event that a whole frame is not
available but is 5 in process (is being accunul ated in dat BFVHES2ETY er

55 and/or off-chip buffer. 111). Dat a- f rame- buf f er
frame-counter block 551 counts the nunber of frames currently in
dat a- frane- buf f er RAM 555 using input si gﬁél s FRAMEQUT 9550. Count er

551 is increnented when a frame is witten into RAM 555 and 10 decrenented .
when a frame | M 555. The count (signal COUNT OF FRAMES
| N BUFFER 956@4{'@%%@&[&3%&;’3@ thersingleiiaming stefemaching A2 emblecsfrane

det er m ne wheghar, GLedE . | ' - -transmi U -capture _
bl ock 552 rmn}ﬁ%}%s t he rné?ZF@égftgg?g@ergmnrge(umrr%t bﬁg?k?‘h%uﬁggf &&HC‘ENABLE _

DATA WRI TE DE{dftputtinp SINGLEN FRAMETERABNSMIT BUFFER DAGUe1415)enabl ed and
captures varigus fields of the franme header. These val ues SDATA

CAPTURE ouUTPUMIgERprycessar 1l gdnayaise eead this frame byffes d@ gecsss 2 reeeived loop-

Ref erri ng &gatfi: ' 7, - B dra - counters 54
control i ngl uggggl?zv?ﬁbg('ﬁ?ﬁ?eé%@% %@r@?g{& rg\‘/\t/ irrréexg%ﬁ%géraﬁg%rlﬁ ¥Fet ched
into the cappthedfintoreregistdrand parity/is dhecketl { aererdtitief Ritput PRRITY ERRWE h

counter (in blggg 54) is 20 wused to determ ne how nmuch data shoul d be
fetched from ¢ )off-chip buffer 111 for .a fibre-channel transfer. A

dat a-frame-buffer tgkansm.t:l te ' 4) | ddto

det erm ne how rruchrsgi’gi gq;}sah‘oeluﬁﬁfg%&eh ?‘gf%hlgé% ?%Bmmtcﬁ@é%fl f Y%%h?%r}%’ﬁw and, 111

bef ore pausi nin érerembodimeht. arbuflé-in self-geveddtailler. Withe RAN asmhifypbikesitssiidy | d
chip buffer 111 (a _process_ described in the

get qcestothe ofcI- S |

fol | owi ng ﬁar é’gﬁhﬁ'ﬁfﬁwo‘bg ata word plus Feu batsiof predty) aadh eigh lopatims denger Fines

which of the phyeeaid ngéﬁ a?ﬂf:if §Fr§me are plﬁ&edeing) A Sl haR Ritt RAM3sREr - A
i 53., or port-

recei ve-non-data-fra b(l),l er recel ve-non-data-frame
buffer 53' ) bé&belddobmigopmwtestont tZasexaminéer forsmmsmasionfon the loopf F250hi p

buffer 111. If a port j.s in a.loop-initialization state and that port's
recei ve- fmﬁ%@%dlwah@ﬁamwgfexssm(t ?é‘.zo,cbs@@g g the RAM are delayed, t he
| oop-initiali gAgro0ide3deqldi@ABIdiingli VEN highest priority, so that |oop ’
initialization can progress. The data transfer is given the

next - hi gh&8t pri or Figure &hds avblock ciagram wf dat tramsmpitgmth biecuiefleiwhieh accepts

requests from the loop-control logic 40 to transmit frames. Circuit 80 generates thé

proper frame delimiter. builds the header from the microprocessor-loadable -
registers, and generates the CRC. Circuit 80 also generates'signals to the loop port
circuit 20 for transmitting the current-fill-word and to indicate when the EOF is
20  being transferred, to allow the encoder to generate the second character of the EOF
based on the current running disparity.
Data-transmit-framing state machine 81 accepts requests (signal SEND-
FRAME 8001) from the loop-control logic 40 to transmit a frame. When a frame
is transmitted, this state machine 81 provides selects for each portion of the frame
25  to transmit multiplexer 86 to allow the frame delimiters, header, and payload to be
transferred at the proper times. State machine 81 also generates enables to the
CRC generator 87. When a frame has been transmitted, signals are generated back
to the loop-control logic 40 to allow it to continue.
Data-transmit frame-length counter 82 is used to allow the hardware to
30 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 beginning

i
!



36 . WeA¥edBa-frame buffers 53 do not fill up. If one ofrcringsesrz4s571

recei ve- non-dat a-frane buffers 53 no | onger has roomfor a frane.

that particul ar receive-non-data-frane buffer 53 will be granted

access to the off-chip buffer 111 to drai ngsone franes, and then the
data transfer will be resuned. 5 The first frame buffer (55, 53
or 53') that requires the off-chip buffer resources wll be granted
access to the @fthe Fae Porhithe traaslmt-haxﬁélengm&eglsé@&im Bbl&] while ther EYE @
frame at the sane tinme, Port A wll gi ven access first. Once the frane-

buf f er-contr ol be;n@unnmtrgdv B@taatranm frgmef-lgngth@gggtgr 82ist¢nabledfbycthep buf f er
111, it conti.nyes .t o _servi that frane buffer, unless the alternate
port's recejver ?ﬂ?ﬁ“gﬁ' ling §R(€ ma %ﬁﬂ{‘progglef Is{ahs_badg et%‘%ﬁ’ 510; s

started. or a g&émnihé Whehes eﬁa‘blé&é@l@djgeEéﬁf&%? on a given port wll
be transferred to the off-chip b 11 in order-of-delivery to* - the
port. 5 The ouwpahef data-fifameatranspyt ontpnt mnhméemsﬁes ammpmmther 56

and the off- ché

buf f er - cont r ol ﬁﬁt%nF’é?é%rLg ‘é’f’{fﬁé‘;éeW? a%tagvuse é'tmfglpl?"r?é T3atthedatd 1 om
the fibre cha%snﬁaﬂmsngoﬁa@wcﬁrw peheblids 6B 'séle&b‘fféﬁlns]ri‘lﬁ}tgﬂexer 86 6 to

Figure 11 is a block diagram of comon receive path circuit 5
t akes the framiloyotlierfoame delirhitenscheafier, aad Paldned tulpef teansfraRl atihe proper 55)

d f f 1 | 59
?20 ogni zes pr ﬁgarrg%s: Jfﬁgmpq‘gmc‘b‘ﬁ%mﬁ é]lf] jrquegocS%‘r %[F’é\%@er \?g:jc header
for validajg orREGESKERS. 806 erﬁﬁNs@%ﬁ‘z COUNES lsﬁds aema TRANSFERRREADYUt €d tO

t he appropriate buffer area of f-chi buffer 111.

Recei ve- buf f er PAY¥ESHEDIR0EZK TBQD“UB'@U@Q de ST ATES TOFRAMEBUIKER READ-
frame delimte fro t dat FRM FER .DATA, 9
enabl e si lgnal é&%é@%) ‘g‘}ﬁ ur?SP%f?g)é' lgﬂmlgx?rﬁcgmaesov 'tc‘gesg)

25 receive padfofrafle (SOF} amhEnd.af- frdthyEdmfaki&mJérﬁs dehwilel trdfishffiingay have

L

error status (frame-length error or running-disparity error) enbedded
whi ch is conveframes. for the receive-path bl ocks.
15 The output of the data-frame-transmit-output multiplexer 86 is transferred

through the CRC generator 87 to determine the CRC residual word included before
the EOF. Enables for CRC génerator 87 come from the data-transmit-framing state
machine 81. Control is also provided to the 8B/10B encoder 27 (see Figure 4) to
determine when to transmit the EOF signal. The output of CRC generator 87 is .

20  XMT_DPTH DATA 8008 (out'bound-frames including CRC which are to be
transmitted). | _

Data Transfer Fill Character block 85 determines when a K-character,
current-fill-word, and EOF delimiters are transmitting from the data transmit path
circuit 80. The output signals XMIT OUTPUTS 8010 go to transmit path

25 multiplexer 79 which determines which loop has access to the data transmit path
circuit 80.
The output of transmit-path multiplexer 79 (see Figure 3) is an input to the
-Port-A and Port-B arbitrated-loop logic 26 within loop-port circuit 20. The data
and control signals from the single-frame path 70 and data path 80 are selected by
30 transmit-path multiplexer 79 to the proper port. Transmit-path multiplexer 79 also



Recei ve- f r gy Bgl2gisAt € machi ne 592 nonitors the input stream tg det er m ne
frame boundaries. Wien an SOF is detected, signals are genera CHUSP 2457w
each 30 word of the header to be captured and to enabl e the CRC checker

596. header - val idation controls 5954 and buffer controls 598 (al ong
with 5991. 5992. and 5993). 6

37 State machine 592 checks for invalid primtives received during

t he header and for r er.s.that violate_{he maxinymfrane | ength

' owed. - Si ncBvliiexss b RBY Sidiskyed the Bhrts o Thid SRS thcRnrsta sarat |y,
the state outgQuffafdousiyat € nmachi ne 592 are pul ses that go active and
then inactive in order "that the franme-capture-and- 5 validation bl ocks ,
are enabl ed properly. Recei ve-fram ng | ength counter (mux 5931

d t 5 ' d at t begi nni f f ith the
o SO R et o SRR Bl HHE T
si gnal s MAX S| ZE | NPAEGr-5ERhel EREEAMob BESBRTR00, a nodeliflestald PIB0 g header

of the received frane. If the counter reachesS zero before the 10 " is
det ect ed, a floappotftdrl§trhust arbitrateforiatcess dhea tabpt 1250f rAaprodity systekoeid used/al i d.

This function hgl ps.preyent overrunnin e all ed,space in, the of.f-chi
Ut Fer o tpHerdif Wi e s conuiol of theiBon 150, B Fedithest cbemrit o

bl ock 594 Use&eﬁh@aﬁu%‘&hﬁyéﬁ%hhﬁstﬁﬁ&ﬁi V¥ a target dEViddIthOdit akiGe TBENI ne 592
to capture the-various fields of a received header. The 15 captured val ues

are used by tuswally ivgivema layeeripsioritpthiap.a CPU 1202, with théheesuls thag theedrive 100

I ved. - check bl.ock 596, checks t.he. t .the . th : :
rane. 1716 e BV it By B rRirton il isreppros riereeoBBeg el © (e
frame i s markgdedsnWhértithe Hdge SiRerfRAETIRN of986p portaN8/3hRA cBitrdINST th€fRpY €-

1250. it sends as many frames as possible before closing the loop 1250. in order to

avoid unnecessary arbitration cycles. But when data are no longer available, the
node interface 1220 of loop port 116 closes the loop 1250 to allow other ports

15 access to the loop 1250. This is the method used in certain other controller
architectures. The present invention provides a mechanism for enhancing loop
performance by changing the rules for the decision of whether or not to close the
ioop 1250, based on data availability to the port. which thus reduces overall loop
overhead. |

20 In certain other controller architectures. when the End-of-Frame delimiter is
transmitted, the port determines whether another frame is available. If data are no
longer available (for example, if a full frame is not available for transmission), then
the loop 1250 is closed. Data may again become available shortly afterwards, so
the port must arbitrate again later and win arbitration before continuing the

25 transfer. If this happens as the last frame of the transfer becomes available,
completion of the transfer is delayed. which may result in a delay before the next
command can be processed.

The present invention provides a mechanism for controller architecture

designs which allows the loop 1250 to be held open by a port if data will shortly be

30 available to the port. This m.ay reduce the number of times a node interface 1220

of loop port 116 must arbitrate during an outgoing data transfer, and may thus



fram ng st XY@ IBT ne 592. Contents of the header field, payl pegdddoghkas7 and

CRC 20 word are processed. Fl11. Using Fibre-Channel CRC for Data
Integrity in On-Chip Menory Accordi ng to one aspect of the
present invention, franme buffers that g7tenporarily store fibre-channel

frames allow frames to be received at the maxi mum 25
fi bre-channel -interface data-transfer rate. The frame may then be

transferred tgllow transfets ©hompléte so@ferain ané biabBdiment the [WPAR3BNY ReldVpRn
Vari ous nechani sms. such as parlt%,éq CRC, or other redundancy

functions, ar i gpicipation of sufficient durshesidata becoming available togpart(te juspifnthat

dat aci nt ogr 1 PO aRaAE FeRtil T e dpop) when both S RS ARG Eu s are met

fibre-channel cycl i gt lcasXdrines 8 8¢ailable6ifxhip)apdigh the frame buffers
with the data (i.e.. the CRCis stored into the frame buffer with"the
frame. andSt hen - at least Y-words of data are available in the data-frame buffer 55. 38

read out with,the fr at,.a_laper ti extra,parity hits that woul d make
Cho ram i i SR Fraaiten vl T X Gl Bbchinth RetoBt ofitpls o
buffer is dat ahidhaieed to be abail it irbthe dFCEIP buLRL] VEiN \Grdetidiidep tReRoBUDEOr 53
or 53'). The CRC is checked after the data are read fromthe RAM and

before they aheldiapgnkand theyaberfoe Xi(where ¥ represents thegrumbeniof wonds whichi 1) .
From the i nt chresc e AREbR IR U o S AR Iy G20 B 0% U ope 4280 PI R
out bound gpdeakfeatheepdrtely ;_fw%ﬁjaﬂ'fméme (18, by fisinwate édie Vildmiciopedcebsor 9?2)_. B
Since the interface to the off-chip RAM handl es only one transfer at-a-tinme
In another embodiment. the loop 1250 is held open when a predetermined amount
of data (not necessarily specified as a number of frames) is available in the off-chip
buffer 111 (in one such embodiment, the predetermined amount of giata réquired to
be available in the off-chip buffer 111 is programmable). In another émb_odiment. :
15 the loop 1250 is held open when a predetermined amount of data (not necessarily
specified as a number of words) is available in the on-chip buffer 119 (in one such ..
embodiment, the predétermined amount of data required to b¢ available in_: .the on-
‘chip buffer 119 is programmable). In one embodiment, the lo'op 1250 is held open
if the predetermined amount of data is available (at least one-half frame on-chip
20 and at least one frame available off-chip), but the transfer of a frame will not start
until an entire frame is available on-chip. |
For example, in one embodiment, the on-chip data-frame buffer 5.5 is large
enough to hold at least six frames of data (i.e., six frames of the maximum frame
size of 2112 bytes). Data that are being transmitted are first moved into off-chip
25 buffer 111 (e.g., from a disk platter 134), and then into on-chip data-frame buffer
55. Typically, data can be transferred out of data-frame buffer 55 at up to about
one-hundred-and-six megabytes per second, while. in one embodiment. the transfer
from off-chip buffer 111 to on-chip data-frame buffer 55 occurs at a slower rate. If
less than a full frame is already moved into on-chip data-frame buffer 55, it may
30 still be possible to start a frame transfer and complete transfer of the entire frame

out at the full fibre-channel speed of (about) one-hundred-and-six megabytes per



and is sl owgyoglldgdy t he on-chip RAME and sl ower than the fi bre,,-(_cll}géyggz!?s"

transfer 10 rates the common receive path |l ogic 59 can be share ween
t he non-data-frame buffers 53 and 53' . and the data-frane buffer 55.
Only one CRC checker 596 is necessaryg since the CRC is checked just
before the frane goes off-chip (i.e., is transferred fromthe on-chip
buffer 53 , 53" , or 55 to the off-chip buffer 111). In - contrast, if

the CRC were not stored in,the frane ffers with d,th 15
checked on ttﬁcﬁ%%’%%? Pa_s&mrﬁga&? ﬂber%iﬁ(%gﬁéekgt&%‘?s%? ip ﬁtg'e?:RC

t hrough dﬁ{lﬁe BREE S PodfbR Mo ddi£ 5% nNeedéd\or GRAsfehewker s. woul d be needed
(i.e., place wthin the pre-buffer paths 51 and 51')

one embodi ment . t hThusyecdeading e one enbodimanttheqresent inygpkien. the lnopd250dn,

when data ar ansferred fro e.sl ower, of.f-chi ffer,11 oraril l.
stored in Zoel?e;& PP abff?fté%n,e%_ﬁa ffﬁlgﬁgﬁ-,d?@éﬁ‘:%’f aﬁ'ﬁgﬂﬁéﬁ?m?n%} aé%{?’%ﬂér ansf e)r/
rate on the fhe55, and atQER0BRE frameFidatare contained in off-ch¥fibifféer finamg i s
received, the R CIL field is decoded by routing-control - decode bl ock

5933 to det erariersuch kmbodimentf this-amennt of datameedgdtodkeerpentrat pf the loopfl280d i s

dt te t f he . ' - chi
25 and to det? ol i fech apse Dif B Res thcuRhl Puh of dal bbbttt nd M
Header - val i dagje0 Ian%-@ﬁl'f%cf:?%@l %Fiém FRtnd) hdMRUERI S tRusAndebytecss daga i eire

header. Based on the R CTL f of the frame. various fields are verified.
1 f any othip bufferl ld{i ey onh cld2-iyd¢ frame).dotibamaunts beingpsograpnable e | s

Cons! et e bl e o it £ 5 b bolndy e 53 nen
39 held open if the predetermined amount of data is available, as just described. but '

the transfer of a frame will start only after an entire frame is available on-chip; in
one such embodiment. CFW (current-fill word) signals are transmitted onto the -
loop 1250 until the entire frame is on-chip and transmission of the frame can start.

15 A count of the number of frames available to transfer out is produced by the
controller in off-chip buffer 111 of one embodiment of the present invention. A
firmware-programmable count X-frames (the number of frames needed in off-chip
-buffer 111 to keep the loop open), is compared against the count of the number of
frames available to transfer, in order to determine whether data are available to

20 transfer into the data-frame buffer. The data-frame buffer is an on-chip RAM that
is used to temporarily store data from off-chip slower memory, so that the data can
be transmitted at the full fibre-channel interface rate. A second comparator is used
to compare the amount of data available within the data-frame buffer against a
firmware programmable count, Y-words (the number of words needed in on-chip

25 buffer 55 to keep the loop open), to determine whether_sufﬁcient data are already in
the data-frame buffer to hold the loop 1250 open. The values of Xand Y are
firmware programmable to allow this logic to be used with a variety of off-chip
random access memory (“RAM?”) solutions and transfer rates.

One goal of the present invention is to hold the loop 1250 open and avoid
30 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

{



Recei ve-{f r ¥22%26331s bl ock 597 gathers informati on about the pe¢Risegfssn
frame and bl ocks invalid data frames from goi ng off-chip, and generates

si gnal FRAME STATUS 9580. If a frame is not valid, it is essentially

i gnored (unless a data transfer is agyive). 5 Conmmand
counter 5992 is used to track how many conmand franes are contained in
the command area of the off-chip buffer 111. Wen a valid command S

recei ved, thi giif8eiih el petibd bf AR (B ex e TortheRIRE 2 has
finished with.a comand. |temij’§t1 decr erre(ﬁfk‘the comand couﬁetagfr}é% 92 (using

si gnal MPU DESmENBNT Beggbswitdh)osings thisowouldgweant mz:)r poBs on itheslodg 1260 firotrs 10

|nterrupt request CND /D | RQ 9578. "Qt her" space counter 5991
is used to trﬁ?ﬁomﬁgffg@iaépace remains in the "other" areaof the '
of f-chip buffer 111 (using signal MPU | NCREMENTS 9575 . from

m croprocessor 112), for giving out Buffer-to-Buffer Credit. Thi's count er
5991 is deﬁreﬁgn.c_m_smhen a valid frame that is neither a command.nor-a data

15 franme is receiy ac recei ved e

of f-chip buffer P‘Tff‘?@“‘?ﬂ?‘fp “@ﬂgﬁ?erﬁ“&}‘ﬁgﬁ@é‘é‘a 9 9esfitee cp'rhmshed with
a frame, it nigludeda'deaRAed transmhtﬁamgbhﬁér (3986550 Ggﬁﬁﬁﬂ'izaﬁgmmao i ndicate
that there is space for another frane. t space counter 5991

i ndi cat es (si tpsponser.HHRvID@IONTh 8 8gdicated dransmit-frame buffer (7Béqllm8$ o piiR RCVD

of 1> chi b buf 16 8] 98a alal-parPhsde (tzofh ' be insibihe Risalifiny’or esponde Blmts ' "
recei ve- f jameoRié bRthEPPSH Of Iw&%&dﬂmlﬁmg or recamgr@taeﬁaxﬁég npedicadlPR/ DECR

9573 to decrenent other counter 599 i nCrenment command count er
5992) and | astecdivgbufiers(53rand 5§) ereze@sgp@m@dafpeeach pork(ld Ahofa (vaRNGROI08e FOR

OFF- CHI P BUFF 8 to the of f-chi uffer 111 to direct the
(T ams 16 the (gt Clolicreuliaandy cSaintRimarfol Rodived Hom Bt fbi-shd) of

fi bre-channel (158)albff WA Y frihme ¢é §ibkd in®fhe of the thikd ﬁﬁn& lﬂ»ﬁfféfiqss copt 4ol

| ogic for the receive and transmt portions of the |ogic.

Tr ansf er - cont P2+ Wiese data a8d GRC predeter chegketlde ensure thel integnity B(nﬂ:fedatat whilzif f er
Credit co 3 vai l.abl e/ s e- Cco r bl ock 604
provi des Aﬂ i@lsgﬁaf’&n '{fgﬂ%’ 53 or %)ARE%%T_@ g@i@? '(§fmﬁ8 c¢11 ﬁ? @HP p

space or dat acdrnediéi IsdHelEoped§ AS tigkd OMinimum amount of data, which optionally is

determined by programming (called a “programmable amount of data™), is

available for transmission. in order to reduce the overall amount of time spent
arbitrating for control of the loop (1250).

20 The present invention provides a communications channel system (1200) .
for using fibre-channel cyclic-redundancy code (CRC) for data integrity in an on-
chip memory. The system (1200) includes a first channel node (1220) having a
first port (116) and a second port (116), each port (116) supporting a fibre-channel
arbitrated-loop communications channel ('1250). each communications channel

25 (1250) including a cyclic-redundancy code within data transmissions on the
communications channel (1250). The system (1200) includes an on-chip frame
memory (53 or 55) located on-chip in the first channel node (1220) that receives a
frame and the received frame’s associated CRC from the communications channel
(1250), and an integrity apparatus (596, 553) that uses the received associated CRC

30 for data-integrity checking of the received frame that is in the on-chip frame

memory (53 or 55).



40 he operation is a data-wite or a data-re
data-wri te%gﬂﬁlgi, dat a- avai | abl e/ space-counter bl oczg%ws?séz"éyed
to indicate how much space is avail abl e (in terns of franes) in the
data portion of the off-chip buffer 111 t? al | ow BBCredit to be

I ssued. On a data-read transfer, data-ava P abl e/ space-counter 5 bl ock 604
is used to indicate how many data frames are avallable in the off-chip

buffer 111. The dif{ference i buf rs_i ar ed i.nst

ni cropr ocessor - | oaddbl & PR Bpth'i)’?yé ﬁﬁ&'ﬁ? FGEQ Wﬁ‘ Zg the
nunber of opafivdly e6upled &f‘ﬁ‘k%}]-c frame memoryggﬁfo?SS} sk ifegbwedi t
control |ogic 603 issues buffer cre It (signal "PORT 10 BB_CREDI VAI LABLE

TO TRANSM T Rﬂﬁmm&@% 653md@)vmﬁqaem piveuit (596) m@mﬁeomegnWMe :
sent. This cr sue sendi n The, anpunt edi t
given to any ﬁB’H’ 'i‘éescfg’t" 8?’%19%& %052 wiile & moving the FRosived ffaé’&eeg'f?@ 'i‘ﬁace

i s avail abke bﬂ-cﬁf;f meioby &13f drey5) %&&ef&f-cﬂpsﬁerﬂéﬂy\(@u . . 100
15 2) how much receive space is availablé inreceive- non: dat a*f r ame
buf fer 53 One such embodimeng furthek inohudes af fasity-génerattondtisamitd 553)tha00

3) wheth h d h,which d d coul d
o oo SRl ol Bl M MR B i
The Buffer- tonﬁu{&ﬂlﬁr)wme drﬁc]ﬁgﬁﬁérﬁbﬁqgspﬂlh%rdﬁ@ﬂreﬁﬁfefgn% phratdd e f er -

to-Buffer Credit control block 3 generates signals-to the | oop-Port A/B
open- coﬂhﬂcbs and sfeips away MWBC-TQMMWG vihiletmpoving |tlmtafr$nm§ datar edi t

![f aﬁ\s/ﬁll lg??é 19 thﬁﬁ&c}gp mergoryclm f) Inglng lér sé%l%hvéﬂnllblodgmhgn ﬁx%ro})tn[(%llp rame

memory (55) further receives a data frame from the off-chip memory (111) which
is devoid of a cyclic-redundancy code. and the system further includes a CRC
generator (87) that generates the cyclic-redundancy code based on the data frame
received from the off-chip memory (111), and a transmitter (a portion of - .-

15 transceiver 115) that transmits the data frame from the off-chip memory (111), -
including the generated cyclic-redundancy code, onto the communications channel
(1250). In yet another embodiment, a data frame that is to be transmitted is"
transferred to the on-chip frame memory (55) frofn the off-chip memory (111) and
is stored in the on-chip frame memory (55) with parity but devoid of CRC

20 information. In one such embodiment, a received data frame transferred to the on-
chip frame (55) memory from the communications channel (1250) is stored in the
on-chip frame memory (55) with CRC but devoid of parity information.

In one version. a system (1200) is built according to this invention wherein
the system (1200) further includes a magnetic-disc-storage drive (1256) operatively

25 coupled to the first channel node (1220), and a computer system (1202) operatively
coupled to a second-channel node (1220) (or, equivalently, a computer system
(1202) having a second channel node (1220)). The second channel node (1220) is
operatively coupled to the first channel node (1220) to transfer data between the
first and second channel nodes (1220) through the fibre-channel arbitrated-loop

30 communications channel (1250).



The remai MIOP23613Fr ansfer-control circuit 60 contai ns count erBCT/ESes/24871 Ng
a 25 transfer. Received-R RDY counters 606 determ ne how nmany R RDY' s of
credit have been received on each port frominputs PORT RRDY RECEl VED
6010 (one each for Port A and Port Bjj and PORT FRAME TRANSM TTED 6011
(one each for Port A and Port B), and output signal PORT CREDI T
AVALLABLE TO TRANSM T A FRAME 6020. Transm tted- RRDY counters 601

det erm ne how 30 ”nﬁutha X'ctSonBe Feenttinbentonlnenides adstidriveq 100), eREh por t

frominputs PORT Y TRANSM TTED 6001 (one- each faor Port A and Port
B) and PORT disk drive (100) mcludes a rotatable disc (134). a transducer (150) in transgycing

FRAVE RECE
607 is useljvg'tﬁ)lag‘ggé‘ &n?‘? faélﬁgt‘%srcp(q?h) aﬁael(g:'f(hF - t)'elélé)§ gg%g’ﬁgg&g"?ﬁ{%e in
order and  pof PL163 8 #RecbREFoHE@Y6], reaasfam §116) suppating @ fithe-chinfld-NCE |

COUNT 6022 ransmtted in the headers of data franmes. Rel ative- offse.t
counter 608 iabitstel-lpop cOmmekntications ¢hanneh £12503. E@clgmyaﬂnes channel

RELATI VE- OFFS 6023 t.r fra
Transfer-| engﬁﬁsﬁl\{r“g?s %6’5’1}0' nag’é‘i?‘ﬁﬁ cqds 3’1“#1 tgggﬁ%\%v%%gc 21? a [ gmes
transfer and &J:&Y:hﬂf%ﬁn@:& dﬂaﬂﬁaquzso) (ﬁB&N&%&BnhEN@BH(lzzo) bl 6dl24) when

the transfer has conpl eted 10 Single-Frame-Transmit-Path Crcuit 70
Figure 13 is @dpldsbtbtli¢a'gn@m:@f(lé()h@lmmumatﬁrd&%rﬂhﬁﬁ)étsﬁdélw&m@ 70 for a

fibr h . nmbodi nent _of th
e channel s i ETSeehERL e TSSSFSh LG ELANLYES dare
transmi t - {§ angodaft H20) that fedivésPPRame and the received frame’s assocxat_ed CRC from

the communications channel (1250). and an integrity apparatus (596. 553) that uses

-

the received associated CRC for data-integrity checking of the received frame that
is in the on-chip frame memory (53 or 55). In one embodiment, the disc drive
(100) further includes an off-chip memory (111) operatively coupled to the on-chip
15 frame memory (53 or 55) and the integrity apparatus (596, 553), and a verification
circuit (596) within the integrity apparatus (596, 553) that verifies the cyclic-
redundancy code while moving the received frame from the on-chip memory (53 or
55) to the off-chip memory (111). -
Yet another aspect of the present invention provides a communications
20 method. The method includes steps of:
(a) supporting a fibre-channel arbitrated-loop communications
channel (1250) on each of a first port (116) and a second port (116) of a
first channel node (1220);
(b) receiving a frame from the communications channel (1250), the
25 received frame including a cyclic-redundancy code that is based on other
data in the received frame;
. (c) storing the received frame. including the cyclic-redundancy
code, into a frame buffer (53 or 55);
(d) moving the received frame to a memory (111) that is separate

30 from the frame buffer (53 OR 55); and



Cinitiali zatw@Roagds r esponses. Having such a dedicated transm t-franme buffer

73 15 allows one port of a dual-port node to be transmitti ngPCTILS98/24571
initialization or response frames while another port is transmtting
or receiving (i.e., "conmmunicating") data frames. If a | oop
experiences | oss-of-sync or other pr obl end2 t he | oop 1250 nust be
re-initialized, and the dedicated transmt-frame buffer 73 allows this
function to occur wi thout, disruptin a data transfer or other function
that could be in progreds) %cmgt%“’@ﬂ’{é asplos aervsraydey vesifying thet ¢ysticpor t

initialized as well urt |cate transmt
al | ows responses, amdnmwﬁ(deﬁl;)nents or other non-data transfers-t.o:.. be

transmtted oyt of ope port while the other port is in use. Thus -
si ngl e-fr ane- In one embodigent. tlﬂfa’t“ﬁ%ﬂr‘@ﬂpflesmeﬁsrp feonj unction with " o

m cr oprocegsor 112 oper gi'anﬁ.r 1| ti a d response
functions for node int eipi fi%% tﬂx{gﬁ%ngﬁ%f r‘gﬁglllegzaﬁf &7 % epts

i nputs MPU LOADABL buifef@sjdat a from m croprocessor 112), RECElI VE PATH
DATA 7003 and RECEI VE PATH CONTROLS 7004 (franes fromthe receive path
50). Transnmit-frame buf f(8}gengrating theeyplicoredundancy gede hased medstainthe 3095,
and, through bl ock TH DATA 7007 (out bound franes

i ncl udi ng CRC whi cEragxl;Ee@% tﬂagsmﬁ%dxgmr{gﬁsm tted).

42 The <hwaresnfittgehe lﬁamermtbeumnbmmerdg ifictudifp tecyplic
requests f omthe |l o control circujt 40 to transmt franmes which

reside i n1Phe si ngr%f)“ﬂf‘mWarmmhecommunwaaw thanped (1250). This circuit 70
generates thej fhﬁ%g | 4 |.oad
fromthe fra no% anh lrggﬁé)r@qgtljtieg@e% e pr(?tpl)er ﬁ&p&&)?ﬁ%ﬁ?mﬁu&sg@f)

(£)(i) generating parity for data of the frame to be transmitted;

of the dual -port naggjuherd E?ﬁR’?BhﬁHlemO Qb bRl Whensausl Y

(£)(ii) adding parity to the data of the frame to be transmitted; and
15 the moving step (d) further includes a step of _ .
(d)(i) stripping away the cyclic-redundancy code while moving the
received frame to the separate memory (111). :
In another embodiment of the method. the receiving step (b) further includes a step
of
20- {b)(i) checking the received frame for accuracy by verifying the °
cyclic-redundancy code while receiving the received frame from the
communications channel (1250). |
In one embodiment, the method further includes a step of
(1) transferring data through the fibre-channel arbitrated-loop
25 communications channel (i250) between a magnetic-disc-storage drive (1256) that
is operatively coupled to the first channel node (1220) and a computer system
(1202) having a second channel node (1220), wherein the second channel node
(1220} is operatively coupled to the first channel node (1220) by the
communications channel (1250).
30 _ Still another aspect of the present invention provides a communications

channel system (1200) that includes a channel node (1220) having a first pbrt (116)



5 CRC gendY@P¥e6138. This circuit 70 al so generates signals tecrhesBaass:

port circuit 20 for transmtting the current-fill-word and to

i ndi cate when the end-of-franme ("EOF") is being transferred, to allow -
the encoder to generate the second characgr of the EOF based on the
current running disparity. Single-frame-transmt state nmachine

72 accepts requests (via signal 10 SENDFRAME 7001) fromthe | oop-control

circuit 40 toahd aRedorid porf (136 cadliprt (116) suppdrtinge fb&-bhaﬁm&harbit%ied-wdﬁ
state machine 72 provides selects sel ect signals) or each

portion of theommupications clﬂ@ﬂ@h@%ébﬁaéﬁ commupicatiensshangel (J%S(Brlaehudms al | ow

the frame deI| e per
ti nes. JhlcieRup R Ehae AAPa BRhBsls b8 BANGRLR Bl cRlod BaBhal"e"
generator 76. (Qw)r Q‘hesystéxﬁa@doﬁﬁcmaewiBeﬁert(mtdnésﬁﬁhﬂtbeemmﬁﬁﬁ the’ (see |
Figure 4) to determ ne when ansmt the EOF _signal. \Wen a franme
has been t Panshennebpode(lg2a), § féﬁ*’ée g@h@ca{d@aa cyclic-redypdansk code@ndiag off- -

| oop- control t

Si ngl e-franme- ? h{?n’gjf’ﬁa‘f) 6%”2?3?# a&Wef- Ergg%@ﬁ% g?ﬁ%@eor%&gh{: sté?rfl(gw ealso
hardwar e to déichidesifedns\(as &H%and‘iﬂhf‘d@hiﬁul this émtirospteifidation) fopwdviag thenal
CRC to be 20 output at the app tprlatetlme (the CRC.is repeatedly

calcul ated o néﬁqm féﬁm%lffom the be setothe offcehipinemary and cb?f‘é‘l%";b& rE‘éﬁ*W‘b n of

]E Pgrrfer ??ng :. ?I’ ansm P % rare-| eﬁ#ﬁ'ﬁrﬁé%%t er ancf‘aﬁ&y Wﬁmﬁgﬁf‘?'&é

frame is hei nehd reasived fran.to Geioffehip/theimdre nhxhimctnmodknagl Ehe means for
franme-transmt state machine 72 and provi des stat uslg

i nf or mat i on) peving Birthep inglydes megas, fQTeStTM”P&aWéY thefFlRe am%fr@@eeﬁamkedﬁc
gener at or of single-frame-transmt out put

mul tipl exer ﬂndmovedtothe Ofggﬁ]tph%gﬂu}y CRC generator 76 to determne the

CRC residual word |’Irmismheqbr&seﬁomeeﬁtm prokides a sngnvﬁuaﬁherﬂﬂﬂdﬁnéxhhﬁldbth-
mul-ti pl exer 79 to Ioopggort circuit 20, (see F[ogure 3).

si ngl e- f r ame- cheaking tbilitydnekerping therqcz“@éﬁ%% 8 mw@& framgasithg s .
mul ti pl exgé 7?5@%15%1’@“ &qpéﬂ’emlcqgeld'ﬂ@nt&lﬁfbuﬂ?&ggﬁ)’anﬁm PR to be

transferr e proper
data buffer (55). In some embodiments, two non-data buffers (53) are provided,

and are operable to simultaneously receive on both inbound fibers (117) of a dua!-
port fibre-channel interface node (1220). In some embodiments, one data buffer
(55) is provided, and is operable to receive on either inbound fiber (117) of a dual-

20 port fibre-channel interface node (1220). In some embodiments. a single CRC

| checker (596) is provided (to save cost) that verifies the cyclic-redundancy code of

a frame while moving the frame from the on-chip buffer (53 or 55) to the off-chip
memory (111). In some embodiments. a single CRC generator (76 for non-data
frames and 87 for data frames) is provi&ed on each transmit path (to save cost) that

25 generates the appropriate cyclic-redundancy code of a frame while moving the
frame from the on-chip buffer (73 or 55) to the fibre channel (1250).

It is to be understood that the above description is intended to be
illustrative, and not restrictive. Although numerous characteristics and advantages
of varidus embodiments of the present invention have been set forth in the

30 foregoing description. together with detailé of the structure and function of various

embodiments, many other embodiments and changes to details will be apparent to



43 ingle-transmtt - f|II-character generator bl

determ nesw\(/\)h%/zaﬁ character, current-fill-word, and E%gTélé?W§7ers
are transmtting fromthe single- frame-transmt circuit 70. The out put
signals XM T CONTROLS 7010 go to the transmt-path multiplexer 79 which
determ nes which | oop has access to the sthgle- 5 franme-transnit-path
circuit 70. ' Figure 14 is a block diagramof a fi.bre-channel .
transmt-frame buffer 73. In this enbodlnent a.single-frane

transmit - f r anthosgef skill msthe grupgaIeYEing:the 2have description,; The seape o theont r ol

733 single-fr RO Ep
transmt-fr an@qg tg#’ Jhgwgﬁf’%g?’% gkte@ﬁgﬁe%tﬁ} ?ﬁ%}‘% rame %enfigd clax/rgs,l S
used to 10 silefgwithGhe Rlscopepf equivalentsrawhich suchriaims ard dmitled. -

loop-initialization frames, and . ~ outbound.single frames, Forty wor ds of
transnit buffer RAM 735 are reserved for " Port A and forty are reserved
for Port B. in one enbodinent. - : -Si.ngl.e-frane-buffer ...
write-control block 733 generat es address (V\PTR ' 1_411) dat'a (V\DAT
1410), and wite enables (WE 1412) for single-frame-buffer:-15* RAM 735. The
i nputs include DATA FROM RECEI VE PATH 1401, PORT A . FRAMVE. 1403, PORT B
FRAME 1404, registered MPU DATA 9533, and " fegi stered MPU "ADDRESS 9534.
When a loop-initialization frane is recei-ved, the frane is first
stored in one of receive-non-data-frame buffers (53 or 53' ) until it

can nove through the comon receive path 59 for validation. Rather than 20
transferring the frame to the off-chip buffer 111. the frane is witten

into single- frame transmt-franme buffer 73. This also allows the

of f-chip buffer 111 to be nore dedicated to a data transfer .on the
alternate port. The data fromthe | oop port are transl ated from
sixteen bits wide to thirty-two bits w de and the starting address of
the frame is determ ned on the basis of the port with which the frane is 25
associ at ed. M croprocessor 112 also ndy wite to single-frane
transmt-franme. buffer 73 to nodify a.loop-initialization frame or to -

set up an outbound frame.” Parity is



gener at ed WO 9926t33ct the data in single-frame transmt-frane gtifi;€98/24871

Si ngle-frane-transmt-buffer read-control block 734 generates a read 30

address (RPTR 1414) for the single-frame-transmt bu

data (RDAT 1413) fromthe R&V 735. | npL ude SEND F I\/E
XM T STATES 1408. When the single-fram ng state nachi n U"‘m“a“ﬁg‘\lm

captures
1407 and

for transm ss\wpdsistldigrd i@®f the single-frame-transmt b

enabl ed

M cr opr ocessor

RAM' 735 i's
(outputting SINGLEFRAME TRANSM T BUFFER DATA 1415).

1 12 may also read this frarre buffer to access a.received

| oop- 5initialization f.r at. g mth ne buf f er
735 are lt ‘capt QPR é°‘}se§i“§‘f gtsys‘ 5P?lf'§ﬁ|i)£se°§:}ﬁa§§§e °?ﬁener ati ng
out put PARI TYehfR{aRcy code (GR¢Plor data integrity in an ¢1-BEip@nérh@yecomipy

RAM

$rig: { buf f-er

RAM 735 incl udes a synchronous RAM and, "~ in one enbodi rrent a built-in
sel f-test Tontrol |eﬁrstﬁw@mﬁshamngafumpormadsawcqadm@rt, qaahlpm'trty two- bit
data word plus_four bi

ypaRting s A7 mBRt i oSp RO RABeT Bhnafl el 1o, mavt 735

to be r@rﬁnﬁﬁfcaﬁbﬁaﬁﬁﬂélﬁﬁ&ﬁﬂmkja%ybﬁc@é‘cﬁmdﬂﬁcﬁo&GWltH:ﬁ ag@n ssion on
the | oop 1250. I n one enbodi nent. “al | inputs (except the ¢lock) going

into the RAM taansmisdienseen the commumcqnmlca@mw&tequate hold tine. 15

header and p

Figure 15 is
accepts

 cqueth S TREFTRE Y AR THuih beotpcharuCaed o

Gircuit 8{fg6Re&@ELS AR and the RiceRRH ffan@d P adiBLiafed!CRC i ks the header
fromthe mcroprocessor-| oadabl e regi sters, and generates the CRC

Circuit 80 al tsmugen@nmwf@ngdamdto t he | oop port

20

25

30

an integrity apparatus that uses the received associated CRC for data-

integrity checkirig of the received frame that is in the on-chip frame memory.

2. The system according to claim 1, further comprising:

an off-chip memory bperafively coupléd to the on-chip frame memory and
the integrity apparatus; and _ e

a verification circuit within the integrity apparatus that veriﬁes the cyclic-
redundancy code while moving the received frame from the on-chip memory to the

off-chip memory.

3. The system according to claim 2, wherein the integrity apparatus checks
and strips away the cyclic-redundancy code while moving the received frame to the
off-chip memory, the system further comprising -

a parity-generation circuit that generates and appends parity to the data as

the data are moved from the off-chip memory to the on-chip memory.

4. The systém according to claim 2, wherein a data frame devoid of a cyclic-
redundancy code is held in the off-chip memory, the system further comprising:
a CRC generator that generates cyclic-redundancy code based on the data

frame from the off-chip memory as the data frame is moved into the data-frame



circuit 20niPgodsimnsm tting the current-fill-word 0 i nd| cate when the
EOF is 20 being transferred, to allow the encode‘r enera

character of the EOF based on the current run[{

Data-transmt-fram ng state nmachi ne 81 accepts req f’m

FRAME 8001) fromthe | oop-control |ogic 486to transnit a fraFFrEs

frame Is transmtted, this state nachine 81 provides selects for each
portion of the frame 25 to transmt multiplexer 86 to allow the frane
delimters, hbuHen and that plasesthg GRC pato the on-chip feame memozy withahpdatger ti nes.
State machi negdlalsp generates enables to the CRC generator 87. \Wen
a frame has been fransmitted, signals are generated back to the

| oop-control |ogic adfansmitodrithat tidnsits denddta frame, including the geh¥rhedicyaliem t -
frame-length counter 82 is used to allow the hardware to 30 det erm ne how

| ong the framieduad a’!qycﬁ’ﬂFtﬂﬂt?H?W%%@'ﬁé’h@%ﬁled at the =~ appr opriat e
time. Datastransmt frame-length counter 82 is |oaded at the beginning =
45 of the frane fromthe transmit-frame | ength-register and enabl ed

whil e the frafe is The systomiaegotdirgwralaite?]. w}mma-atdawﬁ'amb thatdge bengt h
counter 82 is enabJed by the tran fram ng te machi ne 81 and
provi des stat %“%ﬁ@?gt‘%&ﬂﬁge@dawéh?rﬁﬁﬁ }Peﬁ%'ﬁe memoru therpdi-ghermemoBhabl e
the CRC gener gi §fs ddred irthe on-chxgmﬁze‘}ﬂ&@g@ thhgﬁﬁt}ﬂx{t oru{é |t out put

mul tiplexer 86 1s an I nput eeds the
dat a transrﬁtmfatrhatmﬂtlpl exer 79. The data. transmt fram ng. state-
machi ne 81 generates the selects for this nultiplexer 86 to all ow t he

frame deli 91ters header, .and payl oad to be transferred at the proper

times. The inguts 'ﬂ%lsyg‘ém':m SRR Whe300% rebf O Bita frame transferred

to the on-chip frame memory from the communications channel is stored in the on- -

chip frame memory with CRC but without parity information.

15 7. The system according to claim 2. wherein a received frame transferred to. -
the on-chip frame memory from the communications channel is stored in the on-

chip frame memory with CRC but without parity information. -

8. The system according to claim 1, further comprising;:
20 a magnetic-disc-storage drive operatively coupled to the first channel node:
and |
a computer system having a second channel node, wherein the second
channel node is operatively coﬁpled to the first channel node in a fibre-channel
loop in order to transfer data between the first and second channel nodes through

25 the fibre-channel arbitrated-loop communications channel.

9. A disc drive comprising:
a rotatable disc;
a transducer in transducing relationship to the rotating disc:
30 a channel node having a first port and a second port, each port supporting a

fibre-channel arbitrated-loop communications channel, each communications

{



10 REG STWwB9936137, TRANSFER COUNTS 8006. and TRANSFER- READY

8007. The outputs include STATES TO FRAMVE BUFFER READ - A
delimter generator in nultiplexer 86 determ nes which sy m\ ﬁﬁ“\ﬁﬁiﬁ‘“{m
(SOF) and end-of-frame (EOF) primtive to 4ise when trans“m“ W s *
frames. 15 The out put of the dat a-?rarre-transmt-omt ptut nultipl exer

86 is transferred t hrough the CRC generator 87 to determ ne the CRC

resi dual word..incl,uded . .bef ore;. nabl tor 87 .
come fromt he‘:}’(ﬂ‘ﬁf"?ﬁ‘-’f‘agﬂ%atc-y?p%fﬁ?dr'f‘é’tdgf%‘)t;%%e ‘ﬁ%ﬁadg% %%sgﬁgﬁt%n B s al so
provi ded to thenRBhitARoRthanel, Ré chanr] hode bperdlivélp coupled tethetiiinsducshen t o

transmt the EOF signal. The output of CRC generator 87 is 20 XMI_DPTH .
DATA 8008 (owtdmmmnunichtealatas i ncl udi ng CRC which are to be:. .~ transmtted).

Data Transfer Fill Character bl ock 85 determnes v ragter. .
current-fill-word, a‘éﬁﬁ'cﬁ'@:&%ﬁ: PR Ry iocf?%féépﬁﬁ@ﬁn%%e%&ﬁr?n ﬁ@gf‘&g@é"‘*
transmt pathy frame a8l tEdtekeiSd frhhirR’ Paspeihted ORA! flonXMelcomhthitatidiis10 go to

transmt path 25 nmultiplexer 79 which determ nes which | oop has access to
t he dat a transhanhelpand circuit 80. _ The: output of:

transmit-path multiplexer 79 e Fiaures3) i ' _ Port-A
and Port-B arbitra H‘%’%&%a %%?@gélgatg\#ﬁﬁh% rf%egﬁ%r&%{%(}%(? ?(%Cﬂatal'he data -
and control  singaip chécRifigl dTahS idtgived ffarieethanistin the amdhipdran®aicdiy. ar e
selected by 30 transmt-path nultiplexer 79 to the proper port.

Transm t-path nmultiplexer 79 al so _
ggr ts to IIGELL%F)![ ©the dEs@%n’I\R;eRQZc rﬁin@t%ic\’a%nfﬁ ﬁlﬁﬁeroc%ﬂp?isir;g?i s allows both
an off-chip memory operatively coupled to the on-chip frame memory and
the integrity apparatus; and
a verification circuit within the integrity apparatus tht verifies the cyclic-.
redundancy code while moving the received frame from the on-chip memory to the

15 off-chip memory..

1. A communications method comprising steps of:
(a) supporting a fibre-channel arbitrated-loop communications channel on
each of a first port and a second port of a first channel node;

20 (b) receiving a frame from the communications channel, the received frame
including a cyclic-redundancy code that is based on other data in the received
frame;

(c) storing the received frame. including the cyclic-redundancy code, into a
frame buffer; |

25 (d) moving the received frame to a-memory that is separate from the frame
buffer; and

(e) checking. the received frame for accuracy by verifying the cyclic-

redundancy code (CRC) while moving the received frame to the separate memory.

30 12.  The method according to claim 11, further comprising steps of:

(f) placing a frame that is to be transmitted into an on-chip frame buffer;

i
!



si mul taneog,g%m]” | V. Method and Apparatus to Rew%%@#jﬁgp
Over head In a fibre-channel arbitrated-|ogpp design 1200, ode
inferface 1220 of | oop port 116 nust arbitrate fBi’Immﬂf | oop
1250. A priority systemis used to determ ne whi ﬂmmm"‘trol
of the loop 1250, and a "fairness" schemeS8s used to assute Shat 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
10 may have to waig) gemerating shetycliatredundaney ¢odgihgbed omdata in the frame tocke
conplete t hei[l?le irted oSS Wien the node interface 1220 of | oop port. 116
gai ns control STRUHE 13@; 1250. it sends as many frames as possible
before closing the ghpemshifihg thdidees bk ansmittedyidchdinpweegclivcy .
arbitration cycles. But when data are no_|longer available, the - node
interface 122eduhdanpyroderantd e eonypugicatinns|i el250 to all ow other ports
15 access_to the loop 1250. This-is the nmethod used in certain:other
control | er architectures. The present invention provides a nechani sm

for enhanci ng1500p The meth6d AUIRHAE fo EMirk NaNwheird the placirgsstép(f) filtthedleci si on

of whether or not to close the | oop 1250, based on data availability
to the port. winlwdesisteps of:ieduces overall |oop over head. 20 h I n
.certain other controller chitectures. ahen t - Of ~Er mter is
transnitted, the port de(DZ{) ﬁﬂ?@t‘%g?ﬁtgrfora‘ﬁ%? ﬂgﬁ‘eﬁﬁgnr%tfoid;e tg%igﬂq‘g‘%ﬂ’e. | f
data are no | onger @) AditEpdrit9tio theadld 6f th frathef to|be tfansifitads andt

avai l able for transm ssion), then the loop 1250 is closed. Data may
agai n becd@e avail able shortly afterwards, so the port nust arbitrate

again later ang wi.n_arbitratio fare.caontinuj he 25 transfer. If this
happens as t h&" K} ttferrgﬁﬁmgf&etp&g?ﬁfrﬁ"ﬁigfrg:?u%écgt)ytrf&goftavai | abl e,

conpl etion of the transf@y(iy siripisth@uedy theéyelicredundeandyl dodewiilednovinghisd ore
t he next command can be processed. _ The present invention
provi des a mechani geseivad frame fothesepapleHneBeYur e desi-gns whi ch al T ows
the | oop 1250 to be held open by a port if data will shortly be 30 '
available to the port. This may reduce the nunber of tinmes a node interface
1220 16f 120p PiHetméth6d Btdrdiag o thatrhd 1dwherein the receiviog stgpdb) furthennsf er .

and may thus
- includes a step of
(b)(i) checking the received frame for accuracy By verifying the
cyclic-redundancy code while receiving the received frame from the
communications channel.
20
15.  The method according to claim 11, further comprising astep of
(i) transferring data through the fibre-channel arbitrated-loop -
communications channel between a magnetic-disc-storage drive that is operatively
coupled to the first channel node and a computer system having a second channel

25 node, wherein the second channel node is operatively coupled to the first channel

node by the communications channel.

16. A communications channel system comprising:
a channel node having a first port and a second port, each port supporting a

30 fibre-channel arbitrated-loop communications channel, each communications



47 - . MOowreiszansfers to conpl ete sooner. | n one-efbodi-ment;—the T00p
1250 is held open in anticipation of sufficient f

avai lable to a port (to justify that port s ret allfm&“ﬂm;‘“‘ﬁ“ﬂmﬂﬂ

| oop) when both of the followi ng conditiogs a

| east X-franes are avail able off-chip, and 5 - at Ieast Y-mords

of data are available in the data-frane buffer 55. In one such

embodi ment ,  t gkl 1H@luﬁfng>ﬁ &yelieireduhdaf®y SR Withih Batd wiffis@énd drities

whi ch need to be availabl'e i'n the off-chip buffer- 111 in order to keep the

| oop 1250 commltldlca’pemﬁ)cmmelt he vaI ue for Y (where Y represents the -
number of words whi ch buffer

order to keep the . P§3gki§§b“ﬁ ?E& bunfhﬁ. é“@ﬁﬁ%hégfgﬁﬁt fﬁ%ﬁ*ﬁﬁn&ble'
(e.g., by fIfﬂM@ﬁ&mﬁ?@gd&Ia m cropr ocessor 112) In: anotherrj _
enbodi nent. the | oop 1250 i s held open when a predeternlned anmount _ of
data (not ﬁecessaranyffsqiepmmmyaspaaatmirm:ethe&uffqranes) is;availabl'e in the

ff - chi buf f h di d t
o ot el equi oy | Beaddora GRS RRE B vt R St
pr ogr anmabl e)mehﬁorﬁﬂﬁﬁ Bk RIgRE rdeiVed fiame fdiacé\ﬁa@ﬂﬁ%h g8k dyqren \_Ahen a

predeterm ned anmount of data (not necessarily - specified as” a nunber “of
words) is avaredubdancycodtéCRG) whilp mnMing thereaeived ﬁramnéo ﬂmﬁcblp memory.
embodi ment, the predeterm ned anount of data required t.o be available in

t he on- chip buffer 119 is progranmable). In one enbodi ment, the | oop
1250 i s hepd ppen The systémtab&;rarr@cistcmim madvh%maﬂme ﬁéaﬁ%ﬁrﬂo‘inﬁ%/ﬁﬂlﬁfﬂ e (at
| east one-half frame on-chip 20 and at. | éast one frane avail ab

of f - chi p), buincludes means fagstrigfiping swaynthe\§RC ag the frame is checkediand imoyed &nt i r e
frame i s availab f? on- ch|$ For exanple, in one enbodi nent, .
the on-chip d ?lg%mgﬂ Per 55 is large - - enough to hold at |east six
frames of data (i.e., six frames of the nmaximumfrane - size of 2112 .
bytes). Data that are being transmtted are first noved ‘into off ch|p .




25 buffer 111 (e.g., froma disk platter 134), and then into on-chip

dat a- f r ameVBIPREA37 55. Typically, data can be transferr eBCHUSI#R4STY
dat a-frane buffer 55 at up to about 1/1®ne- hundr ed- and- si x megabytes per
second, while, in one enbodiment. the transfer fromoff-chip buffer
111 to on-chip data-franme buffer 55 occurs at a slower rate. If | ess

than a full }ra'ﬁF*S‘?il‘TEziTjV“rrb‘vTad' I Mo~0Q-chip daja=frams-bubfer 55, it
may 30 still be p

a frame™ransjdr djconpl ete&rhnsfer
of the efitire framp W |out t e full fl\tb\l\e q{1 nng] s\oﬁed of - (:‘about)
one- hundr ed- and- si ga)yte N

48 / secon

s @ony gs bﬁfl st portion }gfl he&r

t he on{-chip data—Y o f{ang] 55 ‘before tjjode Hhtlare
transfer out. I Thus Oac ording to ong gnb&i fé#nt t espnt
i nventj on, the |oop 150}is n_ hel d open if dt | e- hadf a frige of

data i contained iin fn- ¢hi p| daga-frame 5 buf flgr {558 a (, at- fMgagh ohe
frame bf data_are ¢onGaihed |n off}chip buffer 11 » Yubh!
enbodi hrent, t# s anoukt of datakneeded to_keep. ldont g
(to "hbld thetd J oop opyn") is abput one-thpusand byt es |of
buf fer! s {d--e.---0one-hal -f--oi--a-.2.-1-1-2--byt |f'r ane) ,

t wo- t hpulsias of data in off- chy p puffer 111 .'II
2, 112-py} B Loth annunts being progra lqle 10 vl ues tThat aHa set
by i cf opi 112. In one enbodiment| the I=0|op 1250 i\s r@d’ pen
i f thel pfe Jaj | apll as justydescri b4,
t he trhansfe nft &P ap‘entwefré‘rre—l“s—arVal, able
on-chip;}in N?’crurrpr}t\flll _word) signaks are
transnjtfed i| {helentire frané—s on-chip and
transm spj o ' A count of tg number of
franmesl apai *qnsfe‘p out |A gmﬁ':iad by{ t he
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controlleﬂwb@w9&57ch|p buffer 111 of one embodi ment of the ppes
firmnare-programmabl e count X-franmes (the nu

i nvention.
frames needed in off-chip

buf fer 2415to0 keep the | oop open),

conpared agai nst the count of the nunber of

transfer, in order to deten
|M0thedMafrmmtheL
is used & tenporarily stor
data can™ be transm tt ¢
second co gt or i s used

within the“data-frane buffg

n@&ﬁs/z#svl

S
frames available to
ailable to 20 transfer
s an on-chip RAl at
wer nenory, so thaj the
interface rafld A

Y-words (the nunber of words needfd [T 0 ip 25 {buffer 55 to keep the
| oop open), to deterninegyet her&uflficjent |data aje already in t he
data-frame buffer to hol @¢/he | oBp 125 pe. The yalues of X and Y are
firmare programmabl e tovalllow thist}lo tq be us¢d with a varrety of _
of f-chip random access mermor @ (' ') 4ol utionps and transfer rates.
One goal of the present inventiong{ﬁagggholc the | dop 1250 open and avoi d
30 an extra arbitration cyqdl e when ¢ ZM | I} shortliy be available to a port
116. The | oop 1250 mudgt not belhel d opgn waitijng for data to becone
available if the wait
49 will be for an extended pqrTod B? time (flor exanple. for the tine
required to perform a d—swit-dH—gHree—t+ht-S woul d prevent ot her
ports on the | oop 1250 from perflgrm nd transfers. 5 Concl usi on
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A fibre-channel |oop interface circuit (1220) has been descri bed that

i ncl udes aW@W%W%ed transnit-frame buffer (73) for |oop ini PCATYSHBRITH and
responses. Having such a dedicated tranggst-frane buffer (73) allows one
port (116) of a dual-port node (1220) to be transmitting
initialization or response frames 10 while anothegport (116) is
transmittingor receiving data frames. Dedicated 2 receivecpuffers (53
and 55) areE%lso provi ded for each port (116) of acﬁmo-port node

(1220). Cyckdc-redundancy code information recei ve@from the Yibre-channel
(1250) alonggwith a frane is stored in one of the three fnagé buffers (53,
53" or 9 P5). These data and CRC are | ater chetkgd to enSure the - :
integrity the data while 15 in the frame buf (53, 53" or 55). _
Control omalloop is maintained (i.e., the:loop ™ connection is held.

open) as | s a mni num anount of data, which nally is
det er m ned| by cql | ed—a " progrannable} arogint of data"), is
avai |l abl e iln _orider to reduce the overall anount of tine
spent the | oop (1p50))] 20 The
present iny c&i ons channgl system (1200) for
using fibre F2ode (CRC) tor data integreesyy in an
on- chip P0) includes & fifs¢e channel wode
(1220) having and a secongl pofteN 116), h port
(116) supp¢rti : ar bi trat ed- foop|conmuni catpgggns -
channel (1250)| each gefmht I @ e | 25 (31250} including a
cyclic-redéindapcy cod | ijlssl ons ¢n t he comuni cati ons
channel (1250)| Th&sys2 ~§% on- ¢hi plfrane menory (53
or 55) | ocqtedjon-cChi | node (122@) that receives a
frame and fhe- fecei ve LICRC frofn#hg communi cations
channel =X 1250), A i dy apparatus ( %ﬁ% 553) that uses the
recei ved assﬁ%iated CRC aintegrity che g of the received
frame that |i & ijRethe—er chi?lfrarm r——n%m&y—(é%a 55) .
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50 . WO099261370ne version of this systemfurther incl udeg.cqﬂ,@yu@hi p

menory (111) operatively coupled to the on-chip frame nenory (53 or
55) and the integrity appar at us (‘é%, 553) and a verification circuit
(596) within the integrity apparatus that verifies the ,
cyclic-redundancy code while noving the ceived frane fromthe 5 on-chip
menory (53 or 55) to the off-chip nenory&l11l). One such

enbodi ment further includes a parity-gen&fationgircuit (&3) that
generates and appends parity to the data@s ti@y&are nmovegsfrom the

of f-chip menory (111) to the on-chi p<nenoky, ), wh@&eein the
integrity apparatus further checks d st way tge = -

cycl i c-redundancy de while noving the ane of a 10 o the off-chip -
nemory (111). In ano&her such enbodiment =t he onaem p fra 7 menory
(55) further recei? a data frane fromthe off-‘h':i p medprdy (-111) which

is devoid of a cyc ?redundancy code, an{l the system f@rtlher includes a
CRC . generator={87) that generatespd hg cyeli ¢-redu y code based on
the data frane eceived fromthe ©f{chi p@mrmry (ML, and a
transmtter (a porNion of 15 transcei &er§ll5)xot hat tramsnjts the data
frame fromthe ofgc ip menory (111), .4 inChudi'ng 't at ed
cyclic-redundancy_cogle, onto the com‘ruﬁc ti org g¢hanne oz (L250). In yet

anot her enbodi nert, a datja frane that @ o] bqgtransrmt@és

transferred to tkeoca—&hip frame nenory ($5) fromt _,nf%I i pfmenory (

111) and s agzdal iln the on-chip franme nengry "('5%) . h parity but

devoi d of CRCW%(ET‘EH on. In one suc a@gei

frame transferred t"fe fon- chip fr
I

comuni cations channel (3250) is stored il the on-f:hi frame nenory
(55) with CRC but ttvo'd of parity informtion : In one
(p

-enbodijment . ed data
me (55)] menoty—troem-1 he

version, a system (j120Q) is built accor difg—t+o—t+Hrs—nventtpn wherein
the system (1200) fjrtheér 1 ncl lides [a maghet i c_gi'sc’-stor age {Iriove (1256)
operatively 25 i NC

upl e,{(1220), afd™Na conput er
system (1202) op ﬁ@; \% a sé:%

t .
W channel -pode (1220) (or,
equivalently, & ﬁ'@-j (1202) heyOng@ a second|channel node
(1220)). The s r@ﬂ ifs

0) i|s" @—opdrativel y|coupled to the
first channel nod datta be en the first and
second channel nodes ibre-channel arhit¥ated-|oop

\
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30 connuqu%&hgﬂinchannel (1250).

51 other aspect of the present invention profFB08§9824575c
drive (100). The di sk drive (100) 5/n&l udes a rotatable disc (134). a
transducer (150) in transducing relationship to the rotating disc
(134), and a first channel node (1220) having a first port (116) and a

second port (1 16), each port (116) supporting a fibre-channel 5
arbitrated-1oop communi cati ons channel (1250). Each conmuni cati ons channel
(1250) includes a cyclic-redundancy code within data transm ssions on the
communi cati ons channel (1250). The first channel node (1220).is operatively
coupled to thenransducer (1) to comunicate data. The a disc drive (100)
i ncl udes an onvxhip frame negbry (53 or 55) located on-chip.in the first
channel 10 nodey(1220) that@eceives a frame and the received frane's
associ ated CRC from t hegcommuni cat i ons channel (1250y;3and an- . _
integrity apparatus (596. 55§§ that uses - the received: associated CRC -
for data-integrity checking t he ‘recei ved frame t hat “is in the '
on-chip frame nenory (53 or 5%). I n one enbodi ment, the diisc drive

(100) further includes an off30hip menory (111) operatively coupled to the
on-chip 15 franme menory (53@r 55) and the integrity apparatus (596, 553),
and a verification circeft (596) within the integrity apparatus (596.
553) that verifies the cyclic r edundancy code while nmoving the
received frame fromthe onggh}{p nenory (53 or 55) to the off-chip
menory (111). anot her aspect of the present invention

provi des a communi cati ons EE t hod. The nethod includes steps of:

(a) supporting a fibre-channe| arbitrated-Ioop conmunications

q.
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channel .( 5260p26m37€ach of a first port (116) and a second poptTaisbgrs®t a

first channel node (1220); (b) receiving a frane from
t he conmuni cati ons channel (1250), t 86125 received frame including a -
cyclic-redundancy code that is based on other data in the
received frane; (c) storing the received frane.
I ncl udi ng the cyclic-redundancy code, into a frane buffer (53
or 55); (d) nmoving the received frane to a nenory (111)
that is separate 30 fromthe frame buffer (53 OR 55); and
52 (e) checking the received frane for accuracy by
verifying the cyclic- redundancy code (CRC) while noving the
received frame to the separate rre_rmry (111).  ~ In one
enmbodi nent, g-hey gt hod incl udes s%p-s_oj ' mt’g placing a
frame that i= be transmtted in g‘u chip frame -,Em buffer.
(55); m._. (g) gen : he.cyclic-redun Ade based-
on data int frame gansmtted and
(h) transmt he frame to be t ed, |nclud|ngth-e' 80: 10
redundancy code onto the conmuni ca{i ons, channel (1250). I n pne such
enbodi nent of tbe nmet hod. the pl %i JyStep (f) further iggl fdegist eps
of : (f) (i) geNweyacy parityforda&; t@ ramato
be transm’ttg_gi; o 31 S g ? A @
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(f)(ii) adg % ity to the data of the frane to be transmtted; and 15

t he movi ng s fi further includes a step of PCTNS”WU)
stripping avvay the cyclic-redundancy c@dts while noving the

received frame to the separate nenory (111). I n anot her enbodi mant of -
the nmethod. the recetving step (b) further includes a step of 20

(b) (i) checking theegceﬁl frame for accuracy by verifying the o
cyclic-redundancy c V\ﬁ'ﬁ receiving the received frame fromthfh

commruni cati ons chann §&_- ). I n one enbodi nent, the net hod ger

I ncludes a step o (i) transferring datathroughthe'i

fi bre-channel ar tr t ed-1 oop 25 communications channel (1250) b&} gk
magneti c-di sc- st§2ayd drive (1&& t hat i s operatively coupl he '
first channel nog¢e (J.AAU) and e uter system (1202) havi nﬁ ond
channel node (124 EI n taai4econd channel node - (1220) V

operati €ly ccﬁpJ- b fi r.— Bannel - node (1220) by the
communi _tions chamm ‘-(-14’50) '

Still another aspect of 'the L
pr esent vent i on 'mm“ das a confrugj cati-ons - channel system (120¢) t-hat
|ncludes a channel node 3

¥hg a first port (116) o

53 and a sefond. pért ) port (-116) supporting a g“'
fibre-channel arbi}jratdgd-loop =g commupications channel (1250), ‘eagh
comuni cati ons chapngj J(1250) igzgﬁ ; cyclic-redundancy codé

within data transn] s€1gns on t ni ations channel (1250). {The
system al so i ncludps a jpuffer ( 55) that receives, fromthe 5
channel node (1220), a g Tnclrudes a cyclic- redund?nrv code _tand an
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chi p merorwO@®224137separate fromthe buffer (53 or 55). The speTas9§/14500)

al so i ncl udes neans (as descri bed gpﬂpughout this entire

speci fication) for noving the received frame fromthe buffer to the
of f-chip menory and checking the received frame for accuracy by
verifying the cyclic-redundancy code (CRC) while noving 10 the received
frame to the off-chip nenory. In one enbodi nent, the neans for novi ng
further includes neans for stripping anay the CRC as the frame is checked:
and noved to the off-chip nmenory. Thus, the present invention
provi des a significantgenhancenept ,in data- checking .ability by
keepi ng t he recelved of af Eﬁ ith the frane as the 15 franme is
stored in one or ¢§atqﬁ ata buffers (53) and/or a dedicated
data buffer (55). |4§§gggg§nb@5§ﬁgt5 two non-data buffers (53). are

provi ded, and are Fperable tF simul taneously receive on both i nbound

fibers (117) of a dual - port# fibre-channel interfag¢e node (1220). In
sonme enbodi ments, one dphta buffer égar'r‘_'""' d} and i‘'s operable to
receive on either inkeuhd fibegeg(L17) o 0 ot fi bre-channe
interface node (1220%a~ n soneagﬁbodlne |l e C .checker (596)
is provided (to save ®o$t) tha®vprifies t c-r ¢dyndancy code of

a frame while noving the frane frpmthE onf i Vuife 53 or 55) to the

of f-chip “memory (1)1). In sofe edPodifEREs, A §inglle CRC generator (76
for non-data {5 ‘frame$ an rd'a'r'a'rra.gs) i sfproyi ded on each
transmt path (tw save 25 genevatps—t hefjappriopri ate
cyclic-redundancy “sode whi | e novi t he frame fromthe
on-chip buffer (73 or 5% fibre chafnel (1250).. ' : It is
to be understood that t pSCri ptiongi |ntemded to be

illustrative, and no ive|l Although npinmeroug chgracteristics and

advant ages of viriouseenbddi frents of theudpresent irventi on have been
set forth in the 30 |foredtifo [defcription, gagetheq witlh details of the
structure and fund@; dus enbodiﬁents, many] ot ¥ enbodi nent s )
and changes to det\Qi | ge apparent to g @
.
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54  thosewgfgomkid7sl in the art upon review ng the above deschiRikl e
scope of the invention should, therefore, be determ ned V\AthE’Fggl'(‘aéraglﬁ%%pto

t he appended clains, along with the fu?“%cope of equivalents to which such

clains are entitl ed. 55
What is clained is: . 1. A communi cati ons channel system for using
fi bre-channel cyclic- redundancy code (CRC)%f or- data integrity in an
on-chip nenory conprising: 5 a first chkannel node having a first
port and a second port, each port - supportind< fibre-cHahnel .

arbi trated-1 ogpz€eomuni cati ons channel, each . g'io | cat s channel
including a c¥e ﬁredundancy code within data <& Fﬁm Qns on the

nel ; an on-chip f hf%ry Efated on-chip

in the first gu | node that 10 receives a fr ang e-regeived frane's

associ ated CRSE @ the communi cati ons charlgg, . an

integrity appara&}us that uses the received assocli ted|‘ f & ldat a-

integrity checkithg of the received franme that lg negt eon-&]ipfra'ma
o

conmuni cati on

menory. - 0
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15 2. - Wed9¢t¥em according to claim1l, further conprisingcr/usesrdsi
an off-chip nenory operatively coupl ed 1%9 éhe on-chip franme nenory and
the integrity apparatus; and <];\ verification circuit within the

integrity apparatus that verifies the cyclic- redundancy code while
moving the received frame fromthe on-chip nmenory to the 20 ofgg-chip
nmenory. 3. The system according to claim?2, whereinghe integrity
appar at us checks and strips away the cyclic- r edundanc cdie whi

noving the received franme to the of f-chi p nmenor yy Ehetdy m f her
conprisin

parity-generation circuit thagﬁner t and- ends

parity to ¢t ta as@Es the data are noved fromt ff=hi g ne to.
t he on-chi ry. <« 4, The system accordi nge i , Wi n a-
data fra i d offg clic- r edundancy codeC% he of f§-chip
menory, the em f r conprising: 30 ?ené?at@r t
generates cyglic- redun§ancy code based on the data -
of f-chip memgry as theldata frame is noved into the datEfr
56 ﬁj_gjfer, artBthat pl aces the CRC into the onpc
with the dg 4 f2ake, and a transnitt@r]
data frane, ifncluding {he generated cyclic-
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r edundancy, 614Nt 0 the communications channel. 5 5. The system
accordi ng a|m2 wherein a data franme that is to be PCH"QH% ted
i's transferred to the on- Chlp frame med¢y5fromthe of f-chip nenory

and is stored in the on ch frame nenory with parity but w thout CRC
mforrratron.\g esystemaccordlngto claim5. wherein a
recei ved dgga ra trans to the on-chip frame nmenory fromthe

comuni cat i red |n t gn chip frame menmory with CRC
but wi t hout |tyd nf orrra <« The systemaccording to claim

2. whergj,o Ca? rcer d fra ransferr the on-chip frane nenory
fromt - ] ons ¢ neI Is stor in the on- chip franme nenory
W th A Vi ho ar| nformati gg. 8. The system according -
to cl ai \"fu t hef? g: 20 & a magnetic-di sc-storage drive
operati veI y cosipl ed ko the I rst chanf®l| node: and a

wherein the second
flrst channel node in a
a between the first and

second &h n r b td€ Fd-,_' annel arbitrated-Ioop _
comuni 8 i C gu : 9. B rive conprising: a
rotatabFe 5, =5 rarf®dueer inktransducing relationship to the
rotating Jli 8B a8 nel a first port and a second

port, eachk-per
comuni cat i n*
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57

~ OManM613F ncl udi ng a cyclic-redundancy code w thin drCcanus9s 24571
transm ssions on the

operatively coupled to the transducer

communi cati on el, the channel node

conmuni cat e dat a;

Sy£78nn

an on-chip frame nmenory |ocated on-chip in the channel node that receives 5
a frame 0—tThe received irane s assocl ated CRC from the comuni cati ofs
channel ;{ and wyadn integrity apparatus that uses the receive
associ at pd CRC for dataw=d integrity ecking of the receivedgrang that
is in thp on-chip frane nory. 10 10 The disc dri accoraeng o
claim9,|further conpristng: Bm of f-chip ne oper @i velly
coupled o the on-chip gue nenory and @ the integrit€@ appar &us; land
a verifigation circuit WEAin the integri apparatus that’ verifigs the
cyclic- redundancy ke04e whil e novin e recggved fr fro he
on-chip penory to the 1%@ff - chi Hrrermryst . A co@l\‘ini catons
met hod cpnprising steps gei. m =2y suppofying a ¥ bre- C'H_Aimel
arbi trat ¢d-1 oop conmuni ons c@nnel oD < each of a 'Brst port arld a
second p¢rt of a first #nnel n@gde; 20 '-'-'.___: (bgrecei ving a fr%re fir om
t he conmyni cati ons chanml€ t he %cei vedggme Z incl ugng a L.
cyclic-r¢dundancy code- th I s based on &@r datgi n theg ecei v@
frame; (14 .:‘.. C
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(c) stori r\g0t92561r390e| ved frame. including the cyclic- rEd“”daP¢§'¥N§9é?ﬁs7|' nt o

frame buffer (d) noving the received fra
that i s separate fromthe frame buRy#%: and (e) checki ng
the received frame for accuracy by verifying the cyclic- redundancy
code (CRC) while noving the received rane to the separate nmenory. 30

12. The met hod accor di ng to claim &F. further conprising steps of:
(f) placing a frane that is to be trdmsnitted into an on-chip frane buffer;

58 (g) generating the (ﬁcl i c-redundancy code based on data in
the frame to be transmtted; and (h) transmtting the frame
to be transmtted, including the cycl |b- redundancy code, onto the
comuni cati Qs channel. 5 he nethod accor di ng to claim12,
wherein thewmgl acing step (f) further > i ncl udes steps of:
(f)(i) genepating parity for data of ghe frame to be%ransm’tted;
(f)(ii) addadg parity to the data he frame to bedransmtted; and 10
wherein the ving step (d) furthere§"| cl udes- a step g
(d)(i) stripping away the cyclic-r dancy code Whi_‘z novi ng theg
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recei ved f Wn@97263% he separate nenory. 15 14. The net hodPGUSISHE4AT t O
claim1l, wherein the receiving step (q)‘ wrt her I ncl udes a step of
(b)(i) checking the received franme for aécuracy by verifying the
cyclic-redundancy code while receiving the received frame fromthe

conmmuni cati ons channel . 20 15. The met hod according to claim 11,
further conprigi ng a step of (i) transferring data through the
fibre-channel ~arbitrated-I|oop comuni cati ons channel between a

magneti c-di scygtorage drive that is operatively .,4 coupl to the first
channel .-node Qd a conputer system having a secon%haﬁ‘nel\ 5 node,

wherein the sggond channel node is operatively co edgg o e first channel

node by the comruni cati ons channel . 16. Al ni Tati ons ~channel
system conpri sing: - a channel node havi ir.g port ‘and a
second port, each port supporting a 30 fi bre-chan@ i t @&t ed- 1 oop
communi cati ons channel, each communi cati ons - D a
59 channel i@gl'uding a cyclic-redundancy code wi fhi n Pat a
transm ssions on t comuni cat i ons channel ; w | o
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a buffer ggagm%aﬁgives, fromthe channel node, a frane that includes a
re

cyclic- undancy code; 5 . an off-chip nenory sefaFHP¥ 24 Om t he
buf f er; means for noving thel5%dBeived frame fromthe buffer to
the off-chip menory and checking the received frame for accuracy by
verifying the cyclic- redundancy code (CRC) while noving the received
frame to the off-chip nenory. 10, 17. The system according to claim 16,
wherein the means for noving furteer i ncl udes neans for gtrippi ng away
the CRC as.}@e frame is checked a& noved to t he off-chgg menory.
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