;i j e3ef c36 TFIPATENT APPLI CATI ON DOCKET NO.:200210139-1 SYSTEM AND METHOD
FOR ESTABLI SHI NG A KNOMWN TI M NG RELATI ONSHI P BETWEEN TWO CLOCK SI GNALS 5

BACKGROUND (0001] Digital electronic systens, e.g., conmputer systens, often
conprise a nunber of circuit domains that need to communi cate with one
anot her using different interfaces, each running at an optim zed speed for
i ncreased performance. to Typically, nmultiple clock signals having rel ated
frequencies are utilized for providing appropriate timng to the
interfaces. For instance, a clock signal wth a partpxmnar abpegtenoy may be
provi ded separately to two circuits that are phypoCkE? Wospacesh Azt ,
wherein one circuit is operable to 15 transmt data to the other.
Accordingly, where data is to be transferred at high rates between a
transmitting circuit and a receiving circuit, a clock signal is also
provided by the transmtting circuit via a separate trace such that data
may be registered accurately at the receiving end using a |local 20 clock
signal that is derived fromthe transmtted cl ock signal (which may al so be
referred to as the transported clock signal). In such applications, it
woul d be necessary that the clock signal used for clocking out data towards
the receiving circuit be disposed in a known relationship wth 25 the
transported cl ock signalsTen AthE%ggefog igRrRELf $f SICRC RN be obt ai ned
Ghont e rana

for capturing the datamiNdeEeARLENIHY KBEVHEETE dress this
requi renent, however. -i PATENT APPLI CATI ON DOCKET NO. 200210139-1

SUMVARY (0002] A system and nethod for establishing a known timng

rel ati onshisp beAGKEROUNMNO cl ock signals are disclosed. In one enbodi nent, a
o clock data 5 transfer operations froma

first clock si is oper bIe

transnitter dogrgi%nl]to aBr? cealllvgere%tor i W85 s Ecdnd EIBEkeEPYAAF T s
operabl e to becftemspomredet @ tihanbeeceifverirdofai ﬂomﬁrﬁi:utﬂia’ty héedreyi ded
for detecting é&mﬁgﬂ%akewﬁxﬂ|9Q§EnEEﬁQ£WQE§% i?%@fé&?ﬁ%t rggstgggh

supplied to the transmtter donain como nmen SI
manuf act ur ed tHEMNS ddr | FedoRtMi€gdt SPAePafer | Fbﬁ%wmﬁpgmaﬂlce A

mul ti pl exan anw;negllsyermzﬂrtrl@mgeMk 5 Sgrler BBV £nd QeOHE St RGeseGANd cl ock
signal in response rrent sglb%nal which is al'so used for

gating the datd 1 rat)C flelz’e%peroét i Bﬁ%" 158k ePHIPAHATE | rStMiPg cFBckthS gnal .
BRI EF DESCRI PHQ¥r@BEcFHE DRAWLNSSance, a clock signal with a particular

frequency may be provided separately to two circuits that are
physically spaced apart, wherein one circuit is operable to
15 transmit data to the other. Accordingly, where data is to be
transferred at high rates between a transmitting circuit and
a receiving circuit, a clock signal is also provided by the
transmitting circuit via a separate trace such that data may
be registered accurately at the receiving end using a local
20 clock signal that is derived from the transmitted clock
signal (which may also be referred to as the transported
clock signal). 1In such applications, it would be necessary
that the clock signal used for clocking out data towards the
receiving circuit be disposed in a known relationship with
25 the transported clock signal so that proper timing reference
may be obtained for capturing the data. There are no known

mechanisms that address this requirement, however.
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(0003) FIG 1 depicts a functional block diagramof a digital electronic
system enbodi nent where nultiple 20 integrated circuit domains di sposed at
different |ocations communicate with each other using clock and data
signals having a known timng relationship: [0004) FIG 2 depicts a
functional block diagramof a generic transmitter and receiver conbination
of the 25 el ectronic system enbodi nrent shown in FIG 1 for clocking data
fromthe transmitter circuit domain to the receiver circuit domain with a
clock signal that is disposed in a known rel ati onshi PATENTh A2PTCIORIKIONI gnal
transported to the receiver circuit; _z_ PATENTOQRFL INCAT R OBR DDCGET

NO. : 200210139-1 [0005] FIG 3 depicts an enbodinent of a circuit systemfor
establishing a known timng rel ati onship between two i ndependent cl ock
signals; [0006] FIG 4 depicts a timng diagramrelating to the 5 various
signal s used i * ¥¥PRBI i shing a known tining relationship between two

i ndependent cl qokogj gnalz shytéhanaysdeddshemest abH Bing; a andwhO0OdhgFl G 5
depicts a flow chaét ofh.thg P era}%i ons invol vgtr:l in one e odciema t of a
method for est ABMPSAPRYE PO KTBIWIEi FHOTS TRt S oRthipSBerttn there

i ndependent cl egkodimertl,s.a BETAF LED BESCRNPT| ON @rerBHEe DRAVE N@X [da@88] | n
the drawi ngs, lirk@sPEr g8 Rk ot SR 8 & fhslm cdesi ghdied W & hd danti-cal
reference nuneral s throughout the several views thereof, and the various
el enents depi cfeB2ife Recd8SHM | Flarawsig82scal 2. 9REFEP+E ndhoRfto FI G
1, depicted thetehsposcer ftuoneheonate bleaCldofla rgr arnicicuanrexespbywidddgi t al
el ectronic system 102 having nultiple 20 int ated circuit, d i (1 CDs)
di sposed at di TfPér gﬁt%ef:g%:ré? i ‘E‘)rrllsevﬁﬁegrJéri1 naagg?gg{)i %r%%vfc’ (r}f ecr%t?ggimra}é;ﬁ?) of the
present inventisegnahythed advsurrddedusd \henptarmitédr sdarainhatA |dGsion
communi cat ¢ wi L b OLIghaYSiNafk L. ARE GRhA 181 ARGV IRt Kkpown

timng relationship. In one aggl ication, the 25 electronic system 102 may
conpri se a dat B2FFarfEPBr War @G nshatdgh- pér fBHFdRLEXeBmERerragistem such
as a mul ti procegsafigaysiteis sfwadldatd ouspef fine satbyd tdlaagnsidreed f£rom one
source to a nunber of rec«%ihvi n% entiti.es on the bgaklg. Si ng slynchr Qnous

C %(Léj)f 1 als

Lesponse to B8 3 HeEBUGhE 19473 et 1% Bt hr ough

signaling. Reférence nunerals
| CD(N) that coffrordataing Whe hlagachransfer operations clocked by the first

15 clock signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 depicts a functional block diagram of a
digital electronic system embodiment where multiple
20 integrated circuit domains disposed at different locations
communicate with each other using clock and data signals
having a known timing relationship;
[0004] FIG. 2 depicts a functional block diagram of a
generic transmitter and receiver combination of the
25 electronic system embodiment shown in FIG. 1 for clocking
data from the transmitter circuit domain to the receiver
circuit domain with a clock signal that is disposed in a
known relationship with a clock signal transported to the

receiver circuit;



-3 PATENT APPLI CATI ON DOCKET NO. :200210139-1 ot her wherein data pul ses
are clocked out froma transmtting domain with a first clock signal, e.g.,
clock signal 106-1, that has a known timng relationship with a second
clock signal, e.g., clock signal 110, that is transported to the 5
receiving domains. In one inplenentation, ICD1 104-1 is operable to receive
data 108 from anot her domain external to the electronic system 102, wherein
the data is clocked out using CLK-1 106-1 on a data path 112 that fans out
to the remaining ICDs. Also, to synchronize data regPBTERT iARPLICABDPRN ati ons
by the receiving ICDs that are di sposed at vari afIQEKETsNAncED240LBOTespect
to the transmtting I CDL 1041, a transported clock signal is provided using
clock path 110 that extends fromICD-1 109-1 to the remaining | CDs. The
transported clock signal _nay be nmanufactured as will _be set 15 forth bel ow
in reference tol®®B1 2. ﬁ%ckgr%ec?éic\'iéra’&i?‘@lﬂdﬁFﬁnFnoﬁa%hc’rrt,fé‘éitvf’ﬁﬁt?’tD uses
t he transport edr&d 08kt &519R3aknk 0 amBelaCtllinend t 8¢ WYL dndhep NaktwéaHCkewd gnal
that provides t] n%n% \éyl tF respect tolt_he vari ous operations of its domain,
e.g., data captifEPARGCreantp. *ddt% Processing by 20 core circuitry, et
cetera. In FIG [d9o&lef er Bhée hudepialts BOBiRibdr dimgratOGeNatiefertd othde

i nternal clck sj l.s Qe e the r WMl Qg t re i ved
fromthe t rgnsp‘gér!?igbglscl %gggé%ng1;%%10?$m?e5§%b;i§g?#’9?%noy\hﬁt°€’?m ﬁgﬂl{é{

rel ati onshi p w ¥htacirnshipebatvperd ther i8PBRKIGRG to Rl oGkt §19251 0RO PFI G 2
depicts a functipnam Bhesk fh agcanmspfarn enbodi ment of a generic
transmtter and receiver | CD conbipation bsyst em 200Q. Ref erence, nuner al
202 refers to a“{ﬁﬂ%j/ cl ofkSt rgngbﬁf’fﬁshgal %%O‘(I E:Efﬁs() Oghéﬁei SPEpRFEBI% with
a clock signal imhaked aa tXeCebiithenA gkobahethaod nfprsastedldshisucha as a

tal (XTAL) 210 i erabl e f idi 11 K_si I
w Uh respoct GRS TRORS off o LonChAY R AR R QB <R S

NO. : 200210139- IsigwBisnat i on subsystem 200. A divider (DV) block 212
operates to reduce the frequency of the raw tim ng signal provided by XTAL

210. A del ay Io[%irc%l oop l[(,DLLﬁ? bl ock 216 provided as part of |ICD TX 202
conditions the AERGPESTRIFFION OF THE DRAWINGS

[0008] In the drawings, like or similar elements are
15 designated with identical reference numerals throughout the
several views thereof, and the various elements depicted are
not necessarily drawn to scale. Referring now to FIG. 1,
depicted therein is a functional block diagram of an
exemplary digital electronic system 102 having multiple
20 integrated circuit domains (ICDs) disposed at different
locations wherein a circuit design embodiment of the present
invention may be advantageously implemented such that ICDs
communicate with each other using clock and data signals
having a known timing relationship. In one application, the
25 electronic system 102 may comprise a data transfer board in
a high-performance computer system such as a multiprocessor
system, where data is efficiently transmitted from one source
to a number of receiving entities on the board using
synchronous signaling. Reference numerals 104-1 through 104-

30 N refer to ICDl through ICD(N) that communicate with each



5 signal output by the DIV block 212. The output of DLL 216 is operable as
the core clock for I1CD-TX 202 which is provided to a nunber of clock
buffers that forma clock tree 218. Reference nunerals 220-1 and 220-2
illustrate two such clock buffers, TX-CLK-BUFF(1) and TX- CLK- BUFF(2),
respectively. to The output of the clock buffers is provided as individual
core clock signals TX-CLK 222 that provide timng wth respect to various
internal operations of the ICD-TX circuitry. [0010] Another divider block
215 is also provided for 15 generating a global franBRB &FBEKCK

signal 214 that is substantially slower than thePEe¥er NbckOe?Nad®dsed by
| CDTX 202. For exanple, XTAL 210 may generate a raw 500 MHz cl ock signal
that can be divided to a 250 MHz cIock for driving the transmtter donain's

clock tree 218. 2Q ot her t he GF 14 such

that it is 32 ﬁt%§ ‘gfeol?%n ﬁ%%ptﬁ SLSFE YT e% ?umxoghe%%;?%%a has a

singl e tick fordogaenywBth td digsbf cidmk @egaabl @cl@) r . checkisignpge X&iqin

greater detail Jik%“ce'hg*%e' OVendhfi® ¢ @ﬁ%g' QQ?altl%%éniﬁ #0th 09! YedisiRd @ncveral |
gna

timng/nonitoring reference si is provided to all |ICDs of t he
system but it signalsocuSed ‘ilr?céf éil%‘%ﬁ tllé’r'rbGHPFreﬁ'ﬁ GrRPeREI L sEhtthe
invention feor effestuali agnaiddnownid i saddinpAletehosnsivy bEIDIEEID4-RO is

i ndependent cl ock sjgnals. [001l] t ransf er er at | ons tuat
by a data 30 Otﬂpeﬁlabgﬁa%fe%?l\’%edatlg?aﬁps%itﬁr erat ot(?nlnli%irng%’hégl]tq1 |e2rt§ Iggc &
PATENT APPL| CAEh@NeDOCKETN iNO. syzccexz1001239-@erxiut4@z:@taDétsacizW%aﬁtutu s to

be transmtted jg e@hﬁlﬁ ?@6-@/ b dabdr QUbate it Rhatt 288s 25 WPSeOUt put
is provided to a |ver/ fer stage 227 coupled to an outgg;jgg data pat h

206. A conmon dergareRy BFBEk 22‘81503 o&?er%)ﬁlcé’rfaﬁéb%ngla% & M n part
t o anot her ;JX- gp@rgtgaﬁg 292 ol G€e Adingf arcoeut prdtt | Bge a dispasedr taed cl ock

(QUAD- CLK) sign rovided. to a r cel via a
cl ock path 208. Valfdfapﬂ%r lStﬁgcﬁ%r‘F‘r’r‘gﬁ slpﬁﬁman ocrkangggpti %Isgé(l (Z)Iper able to
generate a conmpn aalirgnspettegortirgk &g’r@dl ltsharomﬁ%lbnltsliegsclr@ai FE¢R bl ock

225 of the datan%%h?é Gk e84 ﬁ%&hxémt 1gi’~llat'$ayh@ere¥nra§-ﬂ§rfl rmegd . ol when
the control signal Is asserted. Data received via data at gjrgttﬁls staged

through a dri vé’-rr/aBﬁPPé‘Fe‘?ﬁ%ﬁég’tﬁ}t pay ve WFGE‘G“E% agat'a $fati on
circuitry 232 aforthe seaGRi vai deridhcel5tdCoRIGE | @aned/ captadkedrelativenay

thereafter be faorwarded fo the internal cuitry eof . . As wi ||
be seen bel ow, BFY&FFYiHYy §358 &6fmpht ™ i %nm’é’%?s C%Hn rtgagééa%\g Jférioor%kt he GFC
signal and usi nggntlf ap gahmﬁgcttkme dicttsa oot ioysernad} opkocks swedrialashagy

generating the L1ansporiiad gl ook sbonals 30 HeeDepiall bbiya@ndsr ok 1iahi 11ty
of inter-domai 85 ransF unctionality may be ensured
domain, e.g., data capture and cleadnup, data processing by

20 core circuitry, et cetera. In FIG. 1, reference numerals
106-2 through 106-N refer to the internal clock signals
generated by the receiving ICDs that are derived from the
transported clock signal 110, which is in a known timing
relationship with CLK-1 106-~1 used for clocking out data.

25 [0009] FIG. 2 depicts a functional block diagram of an
embodiment of a generic transmitter and receiver ICD
combination subsystem 200. Reference numeral 202 refers to
a data/clock transmitting ICD (ICD-TX) that is operable with
a clock signal labeled as TX-CLK 222. A global timing source

30 such as a crystal (XTAL) 210 is operable for providing all
necessary clock signals with respect to the TX/RX ICD
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[0012] A receiver DLL 236 is operable with reference to the received

QUAD- CLK via clock path 208, whose output is provided to a nunber of clock
buffers that forma clock tree 25 238 of |1 CD-RX 204. By way of exanpl e,
reference nunmerals 240-1 and 240-2 illustrate two such buffers,

RX- CLK- BUFF(1) and RX- CLK-BUFF(2), respectively. The output of the clock
buffers is operable as a clock signal (RX-CLK) 292 internal to the receiver
dormain for timng its operations. Since the 30 receiver' s clock signal is
derived fromthe transported clock signal provided bDFATENT (APRDIOATIMN , it
is necessary that the -6  PATENT APPLI CATI ON DOCREFERNNNQ 2@02202B8%L -1 cl ock
signal used for clocking out data on data path 206 be di sposed in a known
timng relationship with respect to the transported clock signal so that

the incom ng data may be accurately registeyed w thout, [pcurrin
transfer-rel at SPHHPPHAY ?ﬁ’%?’ﬁe‘{oéﬁg] Tal&i g’dvl’—'i%?% (f&gﬁd h21°f:gge2[1hzer, it
shoul d be appargriratesone skihdedlen firequemty tdfatthehgagulidpsrens 2otl
descri bed aboveprlosviggde Ogtﬂar%&'hat‘“ %%igpa%g‘%c’y SRR Uhes) ap s4bpositd on of

the el ectronic 'system 1 ownin FIG Accordingly, data signal path
206 and QUAD- Clg¢or@8eilduperhtafd IFR-T 802 xondatbpes dbrel eRAG§ots™ 4@ t he

data signal spath j112 andh e 8PP bed 1l R&K2 52 gnehe Ik pdepbetmd pne HIsG 1.
[0014] FIG 3 depicts an enbodi nent_ of a circuit tem 15 300 for
est abl i shi ng a HESRRLE| A% ng's EPEE| OHRAY fobet el 248 ‘i"?f&é’péﬁd@ﬁ?" 4e5ck

signals by manwoacd unint@ ra oforIIBAk abb Hferentthaitgifakmt hatleokt todes HA-h dat a
out operati ons e%%é%%lwe*}g‘i‘sf%ios—tl th%lo&bgﬁf‘i&stf}ﬁ@egﬁ@rs%t:hoé‘ldgk a

transported cl ock Si , second cl oc S|[?nal) of a transmtting zo
domai n, e.g., |OILEXs202XsRBAMBYET (R) Gand IXeFBKTBYH 2¢i r AgisPeSySYRM 300 i s

operabl e ag,t henOogRRual beneRat cIACHu228rs hes epfovidetiCuit iAREMSIual
conprising one or nore register sta)ges 302§ or their well known gg%it\éal ents
i s provided forcod&t eekqsty sdnddge, e GK, &% idaty RIS ntiHed i gnal
214 25 that is appkied t® theibubnpiitedhal heogeagitstrs sifagehe ThECIEITK i nput
of the register stage 302 is activated by a first clock signal, e.g.,

TX- CLK 222. Si rich Ciugt%' desirable to establish the tinming relationship

bet ween t he cl d®019ignal Znathetrhaligadeét ebtocipoila Eysebse resetidedi rioyi t

means conprising 39 006, o ABLE: IE3kaLEFk ThAORS (GG QLghlPizn ekl kOWn

substantially slower than the core clock signal used by ICD-
TX 202. For example, XTAL 210 may generate a raw 500 MHz
clock signal that can be divided to a 250 MHz clock for
driving the transmitter domain’s clock tree 218. On the

20 other hand, the GFC 214 may be manufactured such that it is
32 times slower than the core clock (i.e., the GFC signal has
a single tick for every 32 ticks of the core clock). As will
be seen in greater detail hereinbelow, the GFC signal 214 is
not only used an overall timing/monitoring reference signal

25 that is provided to all ICDs of the system, but it is also
used in a circuit embodiment of the present invention for
effectuating a known timing relationship between two
independent clock signals.
[0011] Data transfer operations are effectuated by a data

30 out block 224 of the transmitter domain that is clocked by



PATENT APPLI CATI ON DOCKET NO.:200210139-1 equi valents is provided for

regi stering an active |low reset signal, |abeled as PWR-RST-L 306, that is
applied to the D input of the register stage. Again, the CLK i nput of the
regi ster stage 304 is activated by the first clock signal, 5 TX-CLK 222.
Upon detecting the occurrence of a starting edge in the G-C signal 214, the
detector register 302 outputs a G-C- EDGE- DETECT signal 308 that is coupled
to a two-input OR gate 312. The other input of the OR gate 312 is driven by
a feedback path so that once a common alignnent signBATEYD APSLIOA rat ed
upon the systemreset and occurrence of the GFC HOSKEF tNhg 288480133 1st ays
active. Accordingly, circuit neans conprising a clearable register 314 or
its well known equivalents coupled to OR gate 312 at its Dinput is
provided with a clear (CLR) input term.nal that is driven b h ut put
of register 304I:X1C.L§.?£3_OG F@!"Sal'-zé%‘i}b?t Aick’ %ﬁa‘:ﬂ?ns{“ﬁétg elasr)aéﬁbég‘?%fgeldgt er is
cl ocked by TX- @yKa2d2ta the Qeoldtput sbige P& Scheasalpiugppbgi stpaovided jto
operabl e as the ¢ I'gpm;rg skgn iRat qb&a for
controlling botth gat ag(glé%s er %8%%:%’ g%ldsu%gmttghiﬁt%ﬁ%gﬁih?ti ng omai n as

20 wel | as the féner At¢amons at FenmengnRiRik €48 ctHaPesprBhaITS sy Ve Ate
QUAD- CLK si gnaljedshenal pomt W tdnotaspent-dug shgnalntz 2 aagstec, 21hefor

OAQ ALI GN 320 signal is used as a gating sig o) he dat t..transfer
circuitry 224 t3 &SGRt ﬁattrta%p?i‘g‘teg t‘%&f‘ki g%ﬁéc@é@ o?ftga}}ag ioclrfllaat fllasxed
rel ationship agpdowittbe 26 &l osleiviggadondiat ICB-Rerrdatvdd Borleglnddrt .

[0015] As will }b% set E{]gg}lgrlbelt?gvi iscrgmﬁgg! tgilgag,{lerpcet Bidek @228 is also

mul ti pl exer/regist'er arrangenen provi ded for outputting . the transported
clock signal irPRecapdfAske tIeNeFate A ASAMAR YhiTens; grtolaSHER2 bri @ ave
register CijpCuidofRQbl50PeFOstEANMBLbEK NER A JTAShET di €iBiteb13E6 s out put
is coupled to drive the D ipput of .a slave.register 3 iS .0 to -e
PATENT APPLI CATINGN mwmg.g:%’ffﬁféﬁgf“rlém s‘%"e(r%htehég‘tf&({ilAE? Js S signal
twi ce such thataddeetedt pulataotetdicvedeyistdats, pARIRRG6329 shages- RRGwWip4,

respectively, are supplie t | ogic. | | qgi L odbd NRUt Saffa a 201
mul ti pl exer (I\/Li() dérllgr%fe'tﬁlg%éf% ?@( %ggg?s%gtgggt rlﬁl gégby the QAQ _Al_al GN 320
in the generat immwisftrat MIXSEEi eptittryl  2Bgnalf328&heFureret Ve MUXAZPH Toper at es

in such a mannes, gt ohbg/ SRALLANATa hiPtcHRebsetelt DeayoiwtatiedAtpaite Of 2: 1
MJUXes 330A and 330B are provided, Wno;g cci‘ntrol inputs, are driven by, MJX- SEL
4 thereof. 1l be elow,

328 so as to toddieEnBét e STREHK Y2 s Wi Seen

by deriving the common alignment control signal from the GFC
signal and using it for gating the data out operations as
well as for generating the transported clock signal,
20 repeatability and reliability of inter-domain data transfer
functionality may be ensured.
[{0012] A receiver DLL 236 is operable with reference to
the received QUAD-CLK via clock path 208, whose output is
provided to a number of clock buffers that form a clock tree
25 238 of ICD-RX 204. By way of example, reference numerals
240-1 and 240-2 illustrate two such buffers, RX-CLK~BUFF (1)
and RX-CLK-BUFF(2), respectively. The output of the clock
buffers is operable as a clock signal (RX-CLK) 242 internal
to the receiver domain for timing its operations. Since the
30 receiver’s clock signal is derived from the transported clock

signal provided by the transmitter, it is necessary that the
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1o and its conplement TX-CLK-BAR 223. The "0" or logic |ow input of MJX
330Ais tied to "0" whereas the "0" input of MJX 330B is tied to "1",
whereby the MJXes respectively output a logic |low and a | ogic high before a
clock signal. is generated. Upon the occurrence of MJX-SEL 328, the outputs
15 of the 2:1 MJXes 330A and 330B toggle to their respective active inputs,
i.e., TX-CLK and TX-CLK-BAR signals. Each clock output is buffered by a
correspondi ng clock buffer stage 332A or 332B in order to generate a

QUAD- CLK- LOW 334A or QUAD- CLK- HI GH 334B that are traPATANT 8GPLECATHON
receiving 20 I CD. [0016] Referring nowto FIG 4DOEERT cid2fR&t&IHls a
timng diagram panel 400 relating to the various signals used in
establishing a known timng rel ati onship between two cl ocks by the system

shoun [ F1G 3145, <30,00 LSA0iLY 25,5800, S Qeleell sy gl 0l 0

ri sing edge) i niiGpQsAtl GN BXdows yomematedatimnsdiphel oy stespeirs %‘aktéﬁ out of
reset. As pOInttra ﬁ%r?@&léf%cktgﬁ%n@?eﬁgaﬁﬁﬁg(¥ﬂé qm%%ﬂgﬁgEﬂﬁtdrhéﬁube

circuitry responsi 5 enerating t OA 30 si %&g tains the
| ogi ¢ high |evea1cc@rxeéehyﬂr§|ghgt%ﬁgﬂe PRtRME GREYGRYl | Fécf% tKat
forms the referengaqpekpdrdor -9 PATENT APPLI CATI ON DOCKET

NO. : 200210139- 1estabI|sh|ngt|m%?q | ati.on i pS {;nthegrasrg1 ctjtlr‘l’,g
dormai n. SubsequedflBy, t Rkt eFF&T av P8i s ert g7 FSHgentht SPeETH St &5 the
OAQ ALI GN si gnalpdawese ¥bi 6He r eisilllled iin the aitsitipteddes suhsbREG 2322 and

S-REG 324. In res hereto. a risl e [ L, 328 th,_s
gener ated, whi c‘ﬁa£ ﬁggfi S 5htT ol rsng %Qneft g%fﬁ(e%s%(ggh%or u?st |ang t he
transported cl colopsirgaah afdthe seteptfloaensystere, 10@9@%1(5&34A or

QUADCLK- HI 334R ONBI ds & rgcei Vi dongith [20@! 7ind| GQuaD-tBK a Fdsow
chart of thqg| varli Olfg oggl?atl gns 10 |l%gl vgcp;él one enbodi nent of rret hod

for establishi rigtlasksatpdt ifi AECr ef aﬁ%n%?ﬁ‘ﬁ‘bﬁ@t REBNCIW |tn°de EndSHE ¢l ock
signals. At bl o£igna@2paeh Shiar ihdg radgpottsediet eck ed gnalal lFQGepli otkd singnal
that provides an overall timng reference signal to an electronic system
havi ng one or nore transnmitter I1CDs 15 and one or nore receiver 1CDs. In
one i npl ement atjomi4lt he FiGst3 rdepiings edgeenbedihen'GRE s giaFubpoty ¥ efyst em

reset is det ect Ther f s 0 | gggeltglﬁl gRghid HeFRBLES aGlcur ed
that is derive Peas?eta}al n sg%?g%r glr:rng‘gxhaCllm naIl loﬂf:keSO %R The

common al i gnrrervtnd;ﬁpgndf—‘nt §12§ksft}l9§éé|ﬁéh‘t 1“?“‘%@@&“??1”%% F?fH“"t‘hélﬂ Y ansf er
operations, whel&jfi10dhg0iRGtd8la Ho?chr eg st ehebpsiangons f idlstked ok hsi gnal .

Furt her, the compn al i gnment s al so used for I n
generation of a?sfétFéﬁdcg‘P%’&lflz%r‘ﬁgg (Jn IERF AL gp%]?a .8%%%‘%% eél}i t he

second clock signalali S(i2%.tr anspecdred tlock retmiaier abmai Framheseting

operations are consoli dat ed 4 0 or&Gal ng
Detai | ed DEScrifti6h; Ft9shdl dPJt()gﬂa%pggg%? a?leég%hga§]§%rgﬁ E)tmlgrrrént of the

present inventisysteas I9derispropeirdete | as atlkorerames [FAGRNEPE flpyock 228

thereof. Circuit means comprising one or more register
stages 302 or their well known equivalents is provided for
detecting an edge, e.g., a rising edge, in the GFC signal 214
25 that is applied to the D input of the register stage. The
CLK input of the register stage 302 is activated by a first
clock signal, e.g., TX-CLK 222. Since it is desirable to
establish the timing relationship between the clock signals
at the earliest upon a system reset, circuit means comprising

30 one or more register stages 304 or their well known



30 advant ageously establishing a known timng relationship -10

APPL| CATI ON DOCKET NO.:200210139-1 between tan clocks in g digitarATENT

el ectronic system The known timing relationship nay be used by a receiving
domai n for properly registering the inconm ng data whereby data transfer
errors can be avoi ded, especially in high-speed data 5 transm ssion
applications. [0019] Al though the aforesaid Detailed Description has been
set forth with reference to certain illustrations, it is to be understood
that the forms of the invention shown and described BAENToABBLIGATIOND as
exenpl ary enbodi ments only. to For instance, var POESET dtf-¢2RBEMIEY 1cont rol
signals and their logic levels illustrated in the FI GQURES of the p}esent
pat ent application may be inplenented using a nunber of different

el ectroni c devices and/or gate conbinations, w th any |evel [ ratio
Accordi ngly, vﬁt‘ﬁuéﬁélﬁﬁ%g‘essf’r%l%?f!og?’lrt BE9 BHS TARY ar‘rl}[{)dﬁch'ilggt ?é%s{%:s%% beI "

real i zed ther eisigniat hoLsbeleparatsi RYRFRYIML BE6spthatt iEn@PPédpe F thee D

invention as defined by.the ed I MBaggihl A i AR |
DOGKET 0. - 20095 50o0 KA F R sﬁ%éé"m Phgaiby the gﬁﬁéga e i

rel ationship betemésher wet x93 4sitgnaF i vanssr BYnthe 1St &78ek S giedr (22%)
N i b g el
i s operable to ¥ tthreaﬁgﬁo?"t%da]t 312; Bg? Z‘gee%\r(}g?gdggkilsﬁge%gghf(g% rrpt%r S?ﬁgB)
means (302) forgrdekecti DETEOT edgeal 1308 ghabals EowmimmorR %It@éki(‘ﬂﬂC)ORsi ghal
(214) that is supplied tq,3alg,lrangattd£rndoBRIdhee2822 is driven by a
feedback path so that once a common alignment signal 320 is
10 generated upon the system reset and occurrence of the GFC's
starting edge, it stays active. Accordingly, circuit means
comprising a clearable register 314 or its well known
equivalents coupled to OR gate 312 at its D input is provided
with a clear (CLR) input terminal that is driven by the
15 output of register 304, i.e., LOG-RST-L 310. Once again, the
clearable register is clocked by TX-CLK 222. The Q output of
the clearable register 314 is operable as the common
alignment (OAQ-ALIGN) signal 320 that is used for controlling
both data transfer operations from the transmitting domain as
20 well as the generation of the transported clock signal (e.qg.,
the QUAD-CLK signal) therefrom. With respect to the data
transfer, the OAQ-ALIGN 320 signal is used as a gating signal
for the data out transfer circuitry 224 to ensure that the
data that is clocked out is in a fixed relationship as to the
25 clock signal that is generated for transport.
[0015] As will be set forth below in additional detail, a
multiplexer/register arrangement is provided for outputting
the transported clock signal in response to the common
alignment signal. A master/slave register circuit portion
30 comprising a master register 316 whose Q output is coupled to

drive the D input of a slave register 318 is operable to

-8~



means (314) for manufacturing a comon alignnent signal (320) that is
derived at least in part fromsaid G-C signal (214); and a nultipl exer
arrangenment (326, 330A, 330B) operating to output said second clock signal
(334A or 334B) in response to said common alignment signal (320), wherein
said data transfer operations are gated wth said comon alignnent signal
(320). 2. The system for establishing a known timng rel ationship between
two clocks as set forth in claim1l, wherein said nmeans (302) for detecting
an edge in said GFC signal (214) conprises a reglstePAﬁﬁW%. CLES ‘302)
that is clocked using said first clock signal (229FKET NO.:200RAfF

APPLI CATI ON DOCKET NO. :200210139-1 3. The system for establ relationship
bet ween two cl ocks as claim 2, mherein said nmeans (314) connDn al i gnnent
signal (320) arrangenent (314 ocked (22 ;y ng, & known

t
timng set fort¥I4FtEraither Q'f“‘&?& ctﬁrglng sall(fecorrprl SEE regl ster
using said firsdutgduaek 4f Thie sy:sigemtém. eM-&BFi sB?2hg anknénREE| nd ¢y

rel ationship be,@%%%ratawlgl Ok ABpeela 1Y dhel Boglai 1Bl arid o1 2 mgm ai m
3, further includin ter and slave reﬁ i ster "arran nent 318

coupl ed to saleﬁééﬁE°€3§4? } oRukrRd ALY uff §é?ﬂ?%% n aﬂP tl%ignal
(320), saidsmast¢sitdedl BY - HL QRO ELIGN Ba0gRNENe G3A6rBdiHn oficaating to

provide two out S su ed to.a fi 1 nu 3 of said

mul ti pl exer ar rgﬂg %3921@“?%0#% g)‘ t?r’Tkékgjyzeq(eﬁle%%wr%s%agﬁ%shalf nga:a

known tining rehéﬁne1n$hap tret weeatiow ofl ookt raslseet 1forvdided.cl Ai pa i

wherein said f'éf(s?gé A&%g%gxs%og\?@r@a LT :ﬁop{@éﬂ §8d st Oc&Ho10kn é@@nd and
c

third 2:1 MJXe sal d nul ti1 plexer arrangenent, sai ond
2:1 MIX (330A) opse At VAl ktso MIET PRk 24 aOﬁaﬁdt%%bgFﬁﬁ%‘} T("3§115i\) d said
third 2:1 MJX (330B)t PpednilieRgnt oTdIK+BARaRE3 second tbvct: sleginpl Bavent

(3348). - 13 1nF;£\1-£E bﬁ?)?%ggﬁTllsot\:llmEIO whereggllg‘ge:ggol input of MUX
330B is tied to “1", whereby the MUXes respectively output a
logic low and a logic high before a clock signal 1is
generated. Upon the occurrence of MUX-SEL 328, the outputs

15 of the 2:1 MUXes 330A and 330B toggle to their respective
active inputs, i.e., TX-CLK and TX-CLK-BAR signals. Each
clock output is buffered by a corresponding clock buffer
stage 332A or 332B in order to generate a QUAD-CLK-LOW 334A
or QUAD-CLK-HIGH 334B that are transmitted to the receiving

20 ICD.

[0016] Referring now to FIG. 4, depicted therein is a
timing diagram panel 400 relating to the various signals used
in establishing a known timing relationship between two
clocks by the system shown in FIG. 3. As can be readily

25 seen, upon detection of a starting edge (e.g., a rising edge)
in GFC 214, a corresponding edge (i.e., a rising edge) in
OAQ-ALIGN 320 is generated, once the system is taken out of
reset. As pointed out earlier, the feedback loop arrangement
in the circuitry responsible for generating the OAQ-ALIGN

30 signal maintains the logic high level once a rising edge in

the GFC signal is detected that forms the reference point for

-G~



6. A nethod for establishing a known timng rel ationship between two cl ock
signals, wherein a first clock signal (222) is operable to clock data
transfer operations froma transmtter domain (202) to a receiver domain
(204) and a second clock signal (334A or 334B) is operable to be
transported to said receiver domain (204), conprising: detecting an edge in
a global framework clock (GFC) signal (214) that is supplied to said
transmtter domain (202); manufacturing a comon alignnent signal (320)
that is at least in part derived fromsaid G-C si gnaPATENI4 PPPREECATIENNg sai d
common al i gnnent signal (320) for gating said daPRCKFBF-e208pE?ktddns and
for controlling a multiplexer arrangenent (326, 330A,6 330B) in outputting
sai d second clock signal (334A or 334B). 7. A conputer systen1provided W th
circuitry for establishing a known tlnhﬁg%relatlonsh B bet ween , twg cl ock

signal s, wher eler‘?t&bflilﬁg’fn%Itéekn%lrﬁﬁ%l?l? Psiid 5BRFABPE™M B9 M a
transfer operatdupieqhentny thamastéi ayladensigl st202)r rhogemeec eeysstedsnai n

(204) and a seqondoghofiscl 9nah A%%g ngﬁlc%‘lﬁzsﬁftsoewabé & i52nbdges

transnitted to SAi eceiver dtransmtter an recel ver
domai ns form ngraM-REGs822 st t5-BBEGoB2%ai Frc SRPAPRTS SKISTENP: sdi B iFcuitry

conpri sing: g -%% e iEAIENISpAPRRE CAT | fdNe POXEET WNQ ch 20024038 r LeantyisSt er
(302) operatl n e onS|ve to sajd first cl ock mgnal 222) for %et %Ctl ng

an edge in a gi%®al f]rabﬁ%ﬁﬁk“schoc? T PEPUEF ORI TS 147 PRRTT S ST ed to
sai d transm tte;rlgelenramd (%Z)cpmpbaimt(,Bizk) f@UAwaauKamwmiBmg arcmmmn

al i gnment  si gn:d&g(_gg % 4 .3, 984d ved aL; ‘%ql?%%g}ngélgart fromsaid G-C

signal (214); ‘exer arrangenen A 330B) operating to
out put said sec®ed7gl ocka grdalis( 33ﬁ1ﬁ0"0r01'@3118}>f| hhe egpoiess PREBHII®PNEommDN

algnent ghonal, bicld. swNehe! 4 ﬂeﬁé‘t@ftg aRSIg ORE! BLEOS: Afi6q0al ed
wi th said common alignnent si . PATENT APPLI CATI DOCKET
NO. : 200210139- known timing re atlonshlp between two independent clock

signals. At block 502, a starting edge is detected in a GFC
clock signal that provides an overall timing reference signal
to an electronic system having one or more transmitter ICDs
15 and one or more receiver ICDs. 1In one implementation, the
first rising edge in the GFC signal upon a system reset is
detected. Thereafter, a common alignment signal is
manufactured that is derived at least in part from the GFC
signal (block 504). The common alignment signal 1is
20 subsequently used in gating the data transfer operations,
wherein outgoing data is registered using a first clock
signal. Further, the common alignment signal is also used
for controlling the generation of a second clock signal in a
clock out operation, whereby the second clock signal is
25 transported to a receiver domain. These operations are
consolidated at block 506.
[0018] Based on the foregoing Detailed Description, it
should be appreciated that an embodiment of the present
invention has been provided in accordance herewith for

30 advantageously establishing a known timing relationship
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8. The computer systemprovided with circuitry for establishing a known
timng relationship between two clocks as set forth in claim7, further

i ncluding means (304) for activating said neans (314) for manufacturing
said common alignnment signal (320) upon a systemreset. 9. The conputer
system provided with circuitry for establishing a known timng relationship
between two clocks as set forth in claim7 or claim8, wherein said G-C
signal (214) is generated froma systemclock provided by a timng source
(210). 10. A circuit for establishing a known ti m ngPRAEENT IAGASHCAT 192t ween
two clocks, wherein a first clock signal (222) i $OEKETF M. 2082tPbtk1dat a
transfer operations froma transmtter domain (202) to a receiver donmain
(204) and a second clock signal (334A or 334B) is operable to be
transported to . said receiver domain (204 onpri sing: register 302)
operating respdifei® Ssnt%"%ﬁﬁadﬁ r&t @ q(l@éﬁgéieéﬁgler?‘éﬁ‘i%yfgf*mdeggﬁt’f "an edge
in a global framswogkrelackor(sBEG) meygheal u§&d 4y tdhatedes vinpplomsdint cEzai d
transmtter do (=18 p i i aid
Fror ol ook s GaSroTo0R For oFant are g ur) T ol MALrEBr RIS Yot o

cl earabl e regi STEPTE3123" hdFi ngveideddat SPepiil lgoupn ed“t@'éﬁeai? |dsdriac gat e
(312) and i §s clreabmliesiBhalptoupt RGst.0 an out put fromsaid register (304)
for - PAT PPLI ET NO. : 200210139- egi ster.ing said
system reset sIGRAPI( 306" CATL N X Pt T et oL PRI e At o
(312) is drivemeey sex (fub:phltwﬁtmomsaedceetga seeta{r8G2)uéoratdeinactingssai d
edgelnsaldGF Lan ec, i npuf, of. sai CRIO|C te
(312) is coupl eg ?’o sglljdégﬁ]bleggr gggta?ielfgotnenfe’ gPdEYE% lé‘l}'teﬁg ?ns% "eddback

| oop path, sai deskedbedlare @i @eercrea;t:m» agpexanp haryt ecmpediherturanly .conmon
al'i gnment s} gnal,(32Qkahbat LS Al V%l%t noBf%ls | NeBH do1f F OMPr3akd sHC
signal (214); a master re ister perating resgonswe to said first
clock signal (222}rf%ﬁ‘31§e ereats laSé@eﬁe@r ip s FEFURER Aft tBP REASePS822) by
regi stering sapdtentmappal ¢gnimentmasi gl mp’i%&)entadshayegr aginsinBer ( 3?.8)
operating respusine {0 Sald. bhistaclock Sonal (223, bor generating a

sl ave register "ou pu signal f%124) by regis er| g sai r'egi'ster

out put signal @822Nevalf prfstlnzeqr:mﬁlqru pl ekaror@ifixly el ememus( I2@ngesupl ed to
sai d mast e andypL Ayl RAsSIAIE eIt IAREohd ScbROKE | AUIBRML drdihven by
said master register output signal (322) and its logic input is driven
by said slave Vé@h%%‘érde@@Fﬁﬁ{lgsﬁrQﬁ‘th% FPAY1t ek éFﬁP%aﬂfdthn%fﬁf?“éllPanent
signal (320) operaéetndd byOBhé Gdppaiddd 2:1laiMdX el enent (326) for generating
a MJUX selection control signal (328); a second 2:1 MIJX el enent (330A)
operating responsive to said MJ sel ection control signal (328) for - 17
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PATENT APPLI CATI ON DOCKET NO.:200210139-1 generating a second cl ock signal
(334A) dependent on said first clock signal (222); and a third 2:1 MJX

el enent (330B) operating responsive to said MJX sel ection control signal
(328) for generating said second clock signal's conplenent (334B). - 18

I Nf/NY@/ NP, / NwWG Nw@ Nw4/ Nd4/ NP4/ NPG/' N / Nw, /N N N N Np/ Np/ Np*!'! ) FN
TUzuoj e [ V] ca] ca] ca] ca] caU] ca] ca] cal] ca] cal] ca] caU] ca] ca] ca] cal] ca] caU] ca] ¢
a] cal] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca

UK r TR # ) #F T U\ +,, 0016} wr | gb] X] ] ca] ca] ca] cal] ca] caU] ca]ca] ca] ca

] ca] caU] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] cg;#‘%, %Eﬁ fajca
667C8J8t 82939<<k?r ??kAs ADDf Ent- F3FG-FOFYFFFGE J7JaJgJhJ] wg g% cal ca]ca]c
a] caU] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] caU] ca] calocBET & cakedidabhcla) cal cal ¢
a]J ca] ca] ca] cal] ca

hJIMNNNOPQ St SSUEVFVW XXXZZ[\]/ 9 ¢” é@f‘f‘}xsnl | wql gb] W U] ca] ca] ca] ] ca] ca] ca]

cajcCcalcC
o] Ca oy 1 o1 GO () < P GYEL T - rboe Lo aved (o 5 ko kSR cal cal cal
| 10908 () - ! #f @OUDDSA(H)in{ YRt wed0UBAR (1ocS! #ATAAE (Wrerd 0O 40@irst

100, 8310%x% () olck&lsqoégg)ig‘ ((LZé)f QO%MID(].L to clock data transfer
operations from a transmitter domain (202) to a receiver
domain (204) and a second clock signal (334A or 334B) 1is
operable to be transported to said receiver domain (204),
comprising:

means (302) for detecting an edge in a global
framework clock (GFC) signal (214) that 1is supplied to
said transmitter domain (202);

means (314) for manufacturing a common alignment
signal (320) that is derived at least in part from said
GFC signal (214); and

a multiplexer arrangement (326,330A,330B)
operating to output said second clock signal (334A or
334B) in response to said common alignment signal (320),
wherein said data transfer operations are gated with said

common alignment signal (320).

2. The system for establishing a known timing
relationship between two clocks as set forth in claim 1,
wherein said means (302) for detecting an edge in said GFC
signal (214) comprises a register arrangement (302) that

is clocked using said first clock signal (222).
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3. The system for establishing a known timing

relationship between two clocks as set forth in claim 1 or
claim 2, wherein said means (314) for manufacturing said
common alignment signal (320) comprises a register
arrangement (314) that is clocked using said first clock

signal (222).

4. The system for establishing a known timing
relationship between two clocks as set forth in claim 1,
claim 2 or claim 3, further including a master and slave
register arrangement (316,318) coupled to said means (314)
for manufacturing said common alignment signal (320), said
master and slave register arrangement (316,318) operating
to provide two outputs suppled to a first 2:1 multiplexer
(MUX) (326) of said multiplexer arrangement
(326,330A,330B) .

5. The system for establishing a known timing
relationship between two clocks as set forth in claim 4,
wherein said first 2:1 MUX’s (326) output is provided to
control second and third 2:1 MUXes (330A,330B) of said
multiplexer arrangement, said second 2:1 MUX (330R)
operating to output said second clock signal (334A) and
said third 2:1 MUX (330B) operating to output said second
clock’s complement (334B).

- 13 -
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6. A method for establishing a known timing
relationship between two clock signals, wherein a first
clock signal (222) 1s operable to clock data transfer
operations from a transmitter domain (202) to a receiver
domain (204) and a second clock signal (334A or 334B) is
operable to be transported to said receiver domain (204),
comprising:

detecting an edge in a global framework clock
(GFC) signal (214) that is supplied to said transmitter
domain (202);

manufacturing a icommon alignment signal (320)
that 1is at least in part derived from said GFC signal
(214); and

using said common alignment signal (320) for
gating said data transfer operations and for controlling a
multiplexer arrangement (326,330A,330B) in outputting said
second clock signal (334A or 334B).

7. A computer system provided with circuitry for
establishing a known timing relationship between two clock
signals, wherein a first clock signal (222) is operable to
clock data transfer operations from a transmitter domain
(202) to a receiver domain (204) and a second clock signal
(334A or 334B) is operable to be transmitted to said
receiver domain (204), said transmitter and receiver
domains forming at least a portion of said computer

system, said circuitry comprising:
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PATENT APPLICATION
DOCKET NO.:200210139-1

a register (302) operating responsive to said
first clock signal (222) for detecting an edge in a global
framework clock (GFC) signal (214) that is supplied to
said transmitter domain (202);

means {(314) for manufacturing a common alignment
signal ({320) that is derived at least in part from said
GFC signal (214); and

a multiplexer arrangement (326,330A,330B)
operating to output said second clock signal (334A or
334B) in response to said common alignment signal (320),
wherein said data transfer operations are gated with said

common alignment signal (320).
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8. The computer system provided with circuitry for
establishing a known timing relationship between two
clocks as set forth in claim 7, further including means
(304) for activating said means (314) for manufacturing

said common alignment signal (320) upon a system reset.

9. The computer system provided with circuitry for
establishing a known timing relationship between two
clocks as set forth in claim 7 or claim 8, wherein said
GFC signal (214) is generated from a system clock provided

by a timing source (210).

10. A circuit for establishing a known timing
relationship between two clocks, wherein a first clock
signal (222) is operable to clock data transfer operations
from a transmitter domain (202) to a receiver domain (204)
and a second clock signal (334A or 334B) is operable to be
transported to said receiver domain (204), comprising:

a register (302) operating responsive to said
first clock signal (222) for detecting an edge in a global
framework clock (GFC) signal (214) that is supplied to
said transmitter domain (202);

a register (304) operating responsive to said
first clock signal (222) for registering a system reset
signal (306);

a clearable register (314) having its data input
coupled to an OR logic gate (312) and its clear terminal

coupled to an output from said register (304) for
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registering said system reset signal (306), wherein a
first input of said OR logic gate (312) is driven by an
output from said register (302) for detecting said edge in
said GFC signal (214) and a second input of said OR logic
gate (312) is coupled to said clearable register’s data
output in a feedback loop path, said clearable register
(314) operating to manufacture a common alignment signal
(320) that is derived at 1least in part from said GFC
signal (214);

a master register (316) operating responsive to
said first clock signal (222) for generating a master
register output signal (322) by registering said common
alignment signal (320);

a slave register (318) operating responsive to
said first <clock signal (222) for generating a slave
register output signal (324) Dby registering said master
register output signal (322);

a first 2:1 multiplexer (MUX) element (326)
coupled to said master and slave registers such that its
logic low input is driven by said master register output
signal (322) and its logic high input 1is driven by said
slave register output signal (324), wherein said common
alignment signal (320) operates to control said 2:1 MUX
element (326) for generating a MUX selection control
signal (328);

a second 2:1 MUX element (330A) operating

responsive to said MUX selection control signal (328) for
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generating a second clock signal (334A) dependent on said
first clock signal (222); and

a third 2:1 MUX element (330B) operating
responsive to said MUX selection control signal (328) for

generating said second clock signal’s complement (334B).

- 18 -



