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BACKGROUND
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[0001] This nonprovisional application claims priority
based upon the following prior United States provisional
patent application entitled: “Programmable Clock Synchronizer
and Controller Arrangement Therefor,” Application No.:
60/469,120, filed May 9, 2003, in the name(s) of: Richard W.

Adkisson, which is hereby incorporated by reference.

CROSS~REFERENCE TO RELATED APPLICATION (S)
[0002] This application discloses subject matter related
to the subject matter disclosed in the following commonly

owned co-pending patent applications: (i) “Programmable Clock

Synchronizer,” filed ; Application No.

(Docket No. 200207722-2), in the name(s) of: Richard W.

Adkisson; (ii) “Controller Arrangement for a Programmable

Clock Synchronizer,” filed ; Application No.
(Docket No. 200207723-1), in the name(s) of:
Richard W. Adkisson; (iii) “System and Method for

Synchronizing Multiple Synchronizer Controllers,” filed
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[0003 Digital electronic systens, e.g., conputer systens, often need to
communi cate using different interfaces, each running at an optim zed speed
for increased performance. Typically, multiple clock signals having
different frequencies are utilized for providing appropriate timng to the
interfaces. Further, the frequencies of such clock signals are generally
related to one another in a predeterm ned nmanner. For exanple, a core or
system cl ock running at a particular frequency (F~) may be utilized as a
master clock in a typical conputer systemfor proPATEND APPLICATHESe W t h
respect to a specific portion of its digital DOCKETi H@y: 2AX0REBOPOrii ons of
the conputer systems digital circuitry (such as a bus segnent and the
logic circuitry disposed thereon) may be cl ocked using timng signals
derived fromthe master clock wherein the derived frequencies (FD) follow
the rel ati onship—F—Fp’ FAP1L0ATtiop ANENT APPLI-GATHON-DOCREFKRID, No.
200208010- 12p090#I2Bagause @ﬁethaneassyn@rfrommardadthm:g@sbal ateq) nature of

the constituent, digit recu ons 4 ircyitry is often
used in conpSYerag%§C?&e%bogs%ﬁ% a&ﬁl%ép%ﬁﬁ 3§£?e ’5%€F§PFBH¥ °Bcross a
cl ock donmai Btbbendaray Pyogasmnab lay Gildcki ymgrmoali abed” déitlederrors . Such
synchroni zer C|rc%%gﬁxcé§agﬁqﬁocally required H% ggg§q§§ é&gzogbsgcy (whi ch
necessi tateS preci contr f The asynchronou that respectively
cl ock the ctieui® ?hﬁtq@@ﬁésinofVw?%@hﬁfér@wﬂAdﬁlééRndomnﬁrﬁ@) “Pyptenl |y,
phasel ockedah@opst K& Lfdr @oRpuhidiZRA fc? GRBYEHLEANA] SWIGRLOR) 2K
circuitry arran enen s tg produce clocks of different yet related
frequenci esS1¥hal ﬁaﬁegﬁﬂ% G gt HRdunt fdted nputloutput—LD) fitter
t hat resultsppm1¢&w1&f®muencv Dhase dlffGMﬁﬂ@Q Nl skewgdeet-weenidi fferent

cl ocks of th synchro I zer try. rdingly i S ntlal to

det er mi ne thg sl?eavrxr/letge?we déJf earréjntwcl ggg%s%‘?rgt h%lgyﬁéhr@}ﬁcib 8Efrcuitry.
SUMVARY [ 00@5§0£ppisel b@teefemence teselwsed that provides for detecting
phase in a programmabl e cl ock synchroni zer for effectuating data transfer
between first circuitry disposed in a first clock domain and second
circuitry dP3pBESRUNT a second cl ock domain. The phase detector includes a
series of flbpos] ops ﬂ'g\?.99§eéie'c@r9§{@| P@Lewag §& 'oﬁpLF@r %g%@@gl cl ock
signal with both a rising ed irst clock’ si alling edge
of the f|rstEFBCRe%qdﬁhﬂxmﬂynﬁF@BkﬂﬁEJWMW%ﬁ§ﬁ¥eﬁﬁ1kﬂﬂ@rﬁéczéroeeﬁh

zero-to- Onerhﬁﬂﬂﬁ t kNI BpkhRL SSdPS |f)&ﬂ< §ﬁ<91r@els%dt fhraRcdet ector is
operable to_- ATENT BLICATICN NQ : 200208010 deternlne t he
phase di ffchXﬁ&%aJo]eXMBeﬁ heP ks r sELam sé&%%ll%I oE‘R"éﬁ‘%naldsl IBREEF

DESCRI PTI O\If@éqﬂ'éiﬁ:mA\%NCﬁJ[lﬁQ@G] fé @roiuderpg @tp@rapbi@teé( tdimaagass of an
enbodi nment %L a || raqgable u¥gghronb§ stem.for fectuathag dat a
transfer acroSs a CEr 5% Doundary 1 0067% ﬁf u?“ﬁ@ﬁld? BUSRhE Fc di agr am
of one enbodﬂgeﬂlsofaEﬁ[ﬂﬁﬁﬂ?rdéﬂectoe1ated to one another in

predetermined manner. For example, a core or system clock

running at a particular frequency (F.) may be utilized as a
master clock in a typical computer system for providing a
time base with respect to a specific portion of its digital
circuitry. Other portions of the computer system’s digital
circuitry (such as a bus segment and the logic circuitry
disposed thereon) may be clocked using timing signals derived
from the master clock wherein the derived frequencies (Fp)

follow the relationship: F./F, > 1.



[0008] FIG 3 depicts a timng diagram associated with a portion of the
phase detector enbodinment of FIG 2; and [0009] FIG 4 depicts a flow chart
of one enbodi nent of a phase detection nethod. DETAI LED DESCRI PTI ON OF THE
DRAWNGS [00I0] In the drawings, like or simlar elenments are designated
with identical reference nunerals throughout the several views thereof, and
the various el enents depicted are not necessarily drawn to scale. Referring
nowto FIG 1, therein is depicted an enbodi nent of a programrabl e
synchroni zer system 100 for effectuating data tr atRHEaYT AEFESSABIQN ock
boundary between a first clock domain (i.e., DOFBEY NQ.5cRO§8RBPHOYL havi ng N

clock cycles and a second clock domain (e. g., "slow clock domain") having
M cl ock cycles such that YM> 1. Typically, M- (N - 1), and by way of
exenpl ary inplenmentati on, the synchronizer system 100 nay be provi ded as

part of a cB¥ffler sPeEaWTT Pf tihsnSsopFhRenMR & wditheuaharehated tore cl ock
domai n (e. gnatORer aif NO:HM t heoaseQEgekt OCK: itgnal af-c350 e 8o a sl over
bus cl ock dé)maihn -4 erPATI'EN'I'. tAPPLI CAE'I ON ET NO.: 200208010-1 (e.g.,
operating w{h 8 BdEeEl ek EiGiaroft S0 ) IR ULeS: 3YPFEBRRE Ry ratio.
Accor di ngl ysyddrronirzpodesa of rdarnd ferpopseat igat exttroapphki cabekndomdin t er ns
“first clockl,and. clack' wil L. o] u ith fespect to a
fast cl ock %%unal n;y ICS?JL:aVﬁ stg), lgltvﬁ\g’dt E%ﬁnyﬁggﬁégc%ﬁ" gé%o “bus %‘fsrgck" will
be used wit$yreEEdrerochr stidwychisckyrioirdily. r@0itgd Aopbaseebsckad | oop

(PLL) circuifedQ4 i sanehablidedsgenesat epfe SYC RUEE110 @nd g bus cl ock
(i.e., second clock) signal 108 (designated as bus cl ock) based on a core

cl ock (i.e.2s¥pqhgonopgciglagkgnaihatoer RS EENEE Bd SA9ckortdiec| BERKFUHY ovi ded

t hereto. Aspottioreiseew kiglfGereithe 1S¥NCGiqmdise ) 110rywrixaldes pghasd-erence

poi nt for coordipatin a,.transfer. operations and is driven H GH when the
bus_cl ock ago )f:eo&:g?%ﬁ)%c(%%g‘fsbnaaﬁesu%%ij\t/lezegdgil?lcqoﬁé'ﬁf’g?'?%?ijy@ﬁﬂég?lﬁ%re t wo

cl ock si gnatsrdwif,ryl G&rande®NG pud srcbii@earcéopksvpliedifberent yet

synchroni ze 10 h t t.h l.gc dary between
a first cl ogéf%%grga?r#e?i{l?g%?&%br e%cteo?%l'gloﬁn%?%ﬁ%n gag go%ﬂ&g’i&c}c‘if donai n
(i.e., bus i/ Wéwatn)IfDrjéttecthatirepudssain Aanst maquencysshasre

boundary. Ref ef&ngeenunst al siel03Apapre D3R8 ind O AlL&Y tEy dipposed in
the first and second cl ock domains, respectively, e.g., core clock domain

| ogi ¢ and bEENTHKR ZEEMGIACHOBTE, t REECXH it Idndt s eeisAt it ato

t her ebet weefle @érifia@i | ithat edkewa ByPGIUON AFEerdRBA anekdNS5B £ Whteh Wi | | be
described in greater detail .hterei nbel ow. [0012] Each of the core_clock and
bus_cl ock sfﬁ'ﬁ%ﬁrsonf@g,r T8 5 Pi'rst provided to a respective clock
distribution tree block for generating a distributed clock signal that is
provided to %ﬁs parts of the synchronizer/controller -5 PATENT

APPLI CATI C]\ls NO. : 200208010-1 bl ock 102. Reference nuneral 112 refers
to the cl ockO@RSk ri bét ipbaser deteperrable diisdioshd tbat pkovkdss gfat 106 to
generate thg, disty] care-cl Si-on ' [ Sea£” and
shown with (?% e?%lndc&;%]%r al” 1%689%((# Ggh?[. @E?ggwsgg{:ﬁgfg‘#lg%erﬁcfeoﬁuner al
114 refers ebfedaadiisgkdgtatriapgtronbetwaen] f4roperiatsivd twivt Hishesaslis cl ock
signal 108 (@ generat ellhe dosiid kiHedeBYRd Ct ok itirgnak sp¥béghin s | abel ed
as "b" and shown with referenc nunﬁral d1?8' in ,FIS\ 1. As one skilled in
the art shotfeHIe&ACFY FEEGGni 78 PRR°HiISSEPFBRR dRCIPdRR B°§RAPE oF e
essential | yfihe Saps dfspdeed hputardldel shanalasiplictior dierghyd, cidek core

cl ock signal: i i.StE| oupt r; 6!, ar e d

equi val ent | %/l%ga?le?ﬁgflt %?tkg,&'l g%%ﬂ%%ﬁ?&s%@l%@ﬁ?%?ﬁ%a‘% Ofd%%éﬁagil{téé%&

di stri but edacédahtérpartop PES'ther figisk ooy tyiganrdd asBeqtreeking .

movement in one-to-zero or zero-to-one transitions in the

sampled clock signals, the phase detector is operable to



[0013] A SYNC sanpling logic block 116 is operable responsive to the
distributed clock signals 106', 108 and SYNC pul se signal 110, to generate
a pair of sanpled SYNC pul ses that are forwarded to appropriate

synchroni zer controller circuitry. In one enbodinent, the sanpled SYNC

pul ses are manufactured as follows. The SYNC pul se 110 is sanpled tw ce by
two flip flop (FF) elenents (not shown in FIG 1) that are cl ocked on the
rising edge of the distributed core clock, ¢ 106 eC|ated
sanpling by two FF el ements is effective in elipi %’5% E |ty
associated wth the SYNC pul se 110 (possibly 8?5%% -dué

between the input signal, core clock 106 and the output signal, SYNC 110).
The tw ce-sanpl ed SYNC puI se is designated as "sync" signal 118 in FIG 1,
which is prqvided |rst S hroni zer controller, (or, core clock -6
PATENT APPLIESEATIIE S B5R0A Gt vaahc R ARt 2BHL FEFPR) 124
operating ialédie s‘ngmstlscl ock domai n. (004 Wth respect to the second

cl ock domain (i.e., bus clock domain), the SYNC pulse 110 is sanpled in the
SYNC sanpling logic block 116 by a single FF el enment (not shown in this
FIG) that BRIRF CUIERIBRIOMEOR HENGRAMG:SOf the distributed bus-clock, b

| 08'. To si t ha h -%%Eﬁ' Oyl n h l; e sarrpl ed
SYNC pul se ?gbéj%]m gntaFtIEde%as sﬁ%?z a"ﬂgggnglé%é}g& ?n%ogl?‘%\%dgég to a
second synchr GAPFERTRINLS of YRANIPR2ZBperubtely FArt kELSeEOMHLRI odktalomi n,

al so referred,f 9 as dcheshus ClREKpsyRghF@ni zer controller in FIG 1. (0015]
The bus cl ock _}/nchronl zer controller 122 js oper abl e responsive to the

di stribut ed[B¥7Xk] ockICh 188’ dSP¥fiid sanpPeleB3ic B Pausem™120ft oovenerate a

plurality obtmsydGi¥rNozes SKIHd @letsb88Al S, a portion of which signals are
directed to a first synchronizer circuit neans 105A%c)4)erat| ng.to control

dat a transf &P09%bm fifSr & PREG Sy 2 16BN dEagrap s edoftdFR #ogic) to
second circgbttyorl @IBthie. ﬁhasebl:t&t@bﬁﬁk dymiinehogb£)ETReRer anae nuneral 132
refers to t i gnal th of this tion of cantrol signals nating from
the bus cl oggoégﬁchr ?Ze? {eé’ﬂthSI loi’zﬁha ﬁo%fE@Pep%rﬁchgﬁ“e rrg

synchroni zephasatdedectiignahstigener at ed by the bus clock synchronizer
controller 122 are directed (via signal path 134) to a second synchroni zer
circuit nmeans 105B operating to control data transfer fromsecond circuitry
103B to fir OSETBIRERIDESERIDBION CFhSHEt BRAWIANGSh t he nomencl ature used in the
present pat 9gbagpP! 1 Gaf 10 4B&,fdsst B SEC0NRLSUNCL OMZATS cLigul ts may
al so be refgrredf)to as core- 5[) s’ PATENT APPLI CATI ON DCI:IE T NO. :
200208010- 1dsyhammtad zverthan@ewatlore6¢Eer§5m@nmenak%rtlmqug®pv§ the

respectivel YeybPa ddielisOPhe AT, DHSa HHC K2 SYHENQRIERE C&HHJ&'eBeEréLZZ al so
generates a set of inter- control [ er control_si gnal s that "are grow ded to

the first sPRENPBRPIATIdINCEEIPeFC199258- 6. Ref&?lrénﬁl BER E9nERFontzer

control l er) taee8ih hais bc&el@l@@ear Ohth ErgmpANmURE K ctpg%t hgyrogRahpeBNSE Nuner al
128 refers to the S| ath gh %}ﬁe Eter contr | 1 er control s nal s)
provi ded t oSYREEYT IB% Y SEreREBE taliﬁanf 8F* ?n lar to
the operati anctbckheolbntargl @ekwsgmcétrnrnszeblcontcﬂ@tta{m (122, ,t heasore cl ock
synchroni ze tr " 12 r r V6t S ted core
clock, c 10§;88?ﬂ9§{n£§%mré}ﬁergog%nt@?%fk 3 @pﬁ@: arﬁdd 2 EQ? Igas%%ggul se 118
to gener atedampiﬂr(@l igt-y oflayyAépeoricraint b véng df éjAQFE cyelesy 66l of which
signal s aret@hteqt/fd 3t 01t he ik sh1 synchr ani @er- ci§ cUiahaManswPS54s and

anot her portion of which signals are di rec%ed to the second ?%nchronl zer
circuit meaf¥cTREEY REPFPBALEA Hinter BPS SYES ARRL 2500 SYerer 1 ¥ Pespective
signal pat hpreeiaéd g tparthesea cwiipli@kr S$ PRI foIherm&ﬁIm@kdsyachr oni zer
controller %fZe4 gl So, generates gat iioé]{ao%raﬂ t/recei ve con g al s that
are provide The? cote &1 GRS donRTh 1858 183K vi P ﬁaP pé %36 in
order that cbhe cbrek cigoRldofredd?d Mgl cand IA skrens lvmarpltqckcstnmsénd data to
the bus clock domain logic 103B (i.e., valid TX operations) and when it can
receive data fromthe bus clock domain |ogic 103B (i.e., valid RX
operations). [0017] All control signal & fromthe bus clock synchronizer
controller 122 to the first and second synchroni zers 105A, 105B are staged
t hrough one or nore FF elenents that are



-e PATENT APPLI CATI ON DOCKET NO.: 200208010-1 cl ocked with the
distributed bus clock, b 108'. Likew se, the control signals fromthe core
cl ock synchroni zer controller 124 are staged through a nunber of FF

el ements clocked with the distributed core-clock, c 106" , before being
provided to the various parts of the synchronizer system 100. Accordingly,
as will be seen in greater detail below the various control signals

associated with the synchroni zer system 100 nay be desi %nat ed with a signal
| abel that is concatenated with a " ff" or " PLECAREPR at e t he
registration process by the distributed cor eDE’F{S%T( Rt tﬁ@oapgf’?‘?bht ed bus
clock. [0018] Mbreover, as wll be set forth in detail below, a phase
detector 130 detects phase differences (i.e., skew) between the two cl ock

signal s by ? eratl n res OI’ISI eto theLP ﬁngleged bus_cl ock and core cl ock
si gnal s. | tan t;g‘rB G nadr @Ec? UL MR ncHibRi Zer
controll er 1241 fmchéncqanr@mmensateofdnrngﬂye sieaw purpdatear mMmetappr opri at e

Limes to cogrdlagl ga\é@ﬁ@ 20Be 1S & ocke e%@wﬂ{%{ciggﬁfﬂ% p' 22 10019]

V\heretheb is stabl’e WMth 'réspec urse, the
i nter-contreleer” (‘:'Iléékbe? eIsgel YPoBohY r@thsrgm@ &pea de@rsdr aleck by t he

bus cl ock sMBRALONI ZBlewdQBY I Ohé ef e rki? “Tseaan@r@yaéi@ la%or“g%l elo@g~to the
frequency ratijo of the first and second cl ock S|gna s,. clock sequence

i nf or mat i on"hht RyNEedelayh IHAREFTaFe 3 reehPEPel d9Maife core cl ock

synchr oni zegooony r ol laebhd24-Tdrkesly N66p OMBIZI)NG1kESi €I GlsOkeshgr@l in
accor dance therevm th. On the other hand, where the core clock signal is

stable with ?e%‘f)’e%rcatteoat RENSYRIE $5uI e, apfedj hrerckestt ridl-er spEERA
rel ati onshi preemt rlgnag_108 P%ﬁné??&|£°\'ﬂu@\|cm-lbd\i@d 020820864 0- 1

signals are enera ed by the_cor ck s Zer contro 124 for
transni ssi ong?o t he bug ¢ ocﬁgsyﬁlc%‘:k ni fe¥ IgHo th(zftesﬁgf’ﬁl: gnc?ﬁ‘ oni zer

control | er scany_deodppropridee| yhesatohr omszedllFbet lkeen hetowf i g ati on
interface 13gvcl AbElLd 185 pSYNEILON 4 eBoFLE pdind Sed Aloladngsspar t of the

progranmabl e synchroni zer "system 100 for conflguring the core c
synchr oni zeFiaE%)nttrr@Inlséﬁrlﬁ%ttlﬁa’E iandmaiys bl pvegr alHEH frendi ﬂfl%rent skew

tol erances, phat ensdesanad c@@deél&fk 09 :aetllsonhaw eBenefdat Nenking he
configurati on Tnt erface 1 as a register having a

2
plurality of98f¥s T Ggﬁgﬁ %lr%lé‘&fsn]e% 188n%'?ﬁ)|5;¥885%‘ﬂl%eetltlion§ree g.
EPROM st oreglrseiaecngs;o may lsgnbnmmched/asmrca\dl\d@ conbkgur abponthat erface.

0020] Addi detai |l s..regardin varlous S escri bed
Ler ej ]naboverslrcrglgé1 e ota}‘r?d i % EOOPO?? negtw(?gMnl rS%éiogg 88?}?11'1?19 pat ent
applicationgi-¢i) c@eogxl@ﬁ#aidbream)ocﬂodSyn@hcom zekqck fdomedn; (Apelication
No. (Docket phg. J?&Q?%Z%En?)fof %fth@tGé’{Tﬁ%) d‘af;a 5.252#}] Werbdki él?é’” (' ' )

"Controller Arrangenent for a Progranmmbl roni zer,
Appl i cat i onPRBNAFDbck et RRES TXHG207FPecalls, il@ﬁlt h@nﬁ‘an"b%f}B ofrefREChE® d W

Adki sson; (bhk&ulS%ﬁtdﬂgp%@ddwﬁthgefPiréWFKHHWEHdQancNEER'Hbﬁa§N§Chron'zer
e

Control lers,” fil licati on No
espectlvely, e g., core clock domain logic and bus clock

domain logic, that transmit and receive data therebetween as
facilitated via synchronizers 105A and 105B, which will be
described in greater detail hereinbelow.

[0012] Each of the core_clock and bus_clock signals 106,
108 is first provided to a respective clock distribution tree
block for generating a distributed clock signal that is

provided to various parts of the synchronizer/controller



(Docket No. 200207724-1), in the names) of: Richard W Adkisson; (iv)
"System and Method for Miintaining a Stable Synchronization State in a
Programmabl e C ock Synchronizer,"” filed ; Application No. (Docket No.
200208008-1), in the nanes) of: Richard W Adkisson; and (v) "System and
Met hod for Conpensating for -10 PATENT APPLI CATI ON DOCKET NO. :
200208010-1 Skew Between a First O ock Signal and a Second d ock Signal,™
filed ; Application No. (Docket No. 200208009-1), in the nanes) of: Richard
W Adki sson, all of which are incorporated by ref®ENde ARELECATIINOG21] As
set forth above and in the cross-referenced é@%‘@bé‘l‘bﬁt 23BpPBRY NS, the
synchroni zer system 100 may be programmed for different skew tol erances and
| at enci es, so that data transfer at high speeds can proceed properly even
where there |s a high skew or requirenent of |ow.|latency. Further, the
synchr oni ze]Pi%‘i)%t Ehgloo STt IMGR a2 t FBERTDckOddhs nS1PKi ng a
ratio of N diststilcitdok tyed epetrabM sdcantheldarle eyoetessiguaar eobltd > 1.
[0022] FIG _2 depic one .embodi nent_ of ~a phase detectqr .200_operable to
det ect phas® di f1er %ﬁ%e@l%er?\%élgﬁ t%oereﬂc(%cgﬁg sulgéléqi’ n" ’hcg’ $ ngﬁ?gﬁ?‘ger system
100. Accordangl'y, indi shpuncwiithakk§ereralcogoursriad t196'pHaseF et ekt or bl ock

130 shown ip;REsel. hRrggagsdl nddeaphases detaetar 200 efgpl oygodipe rising
and falling edges of the core-clock ¢ 106' to sanple the bus clock b 108'.

In one inpl ShEMRYEAT thee ddé ePorabls ¥oBM the Buspfierhyignalel®® one
first flip tbopepkErtel atkeddivttibatedsivig edgek okiyhel fomdiehocks ¢ 106" .

As illustrated., flip flpops 204 and 206 sanpl e the bus clack.b 8 wth the
ri sing edgei% éJt%Ae &Eor _cainocl?h8wrid€‘2c% E‘f/g%%\c@yflﬂﬂef%cij%i ptP %38% f or
sanpling, the phasmedekétied i20@hesavpestahlld teadicly ersegmetastels [ity.

Flip flop 204.as: a - Cl . LSl gn as_a gr-ff signal
208 whi ch iglségﬁr%ﬁ%%b;c?t%ﬁg EF%IS%%)%eZOe%%gHgl%gﬁ r?r}a% %Asmea apsd 'Ep)klecr si gnal
210. -11 PMTENTFIAPRLSTARION DOSKERIRGLY, 20320804 0coqk0G28hasi G arly, the

bus clock bad@8' its saygyadub¥dat cbeasdrane secongdeilip fl oprghogked on the
falling edge of the core-clock ¢ 106" . Athird flip flop may be enpl oyed
in conj unct PN VAL NSt NGA5 BT onb L §Rc S ?T?#lﬂcdfps%@%ilﬁ?a?‘ﬁj timng.
As il ustrates, dfdtigiblukepsciiriteapdr2ld @Pheet fitnilis 16! 6ekabed 0 Wi th the
falling edgg 1]qu{‘I,atltg%tcor e clock ¢ 106" (to reduce netastability). Flip flop
212 asserts thie sanpl’'ed bus-clock b 108" signal as a cf-ff signal 216 which
is sanpl ed &ORL3dsser RedSTNC t sempling f logi2ldlagka tief fis2 spgnahle218. A
flip flop 2 lL.es .t h f ff. 2. signal.with the.risi e ,0f the core
clock ¢ 106@?%06}{;%5‘% &% ?%gndgrl%tnrcfbélécggr FLOGk i ahade i’lbggal 9%%2."“{ 024] Upon
det ecti ng cBY¥Ci plekde riiginag édfestbegevesratehe peie ofoskmpléd65YNG gnal and

bus_cl ock by P& signal 1a1.eét%’rwta?§eg’r dd %%gééﬁﬁaéel \r'fgphgmky?eera

one-to-zero transition or the cf signal 2 ude a zero-to-one
transiti on. STHer PHESe cdefottor- 200 @8scrMbedintitte fhgesampiephItNC

di f f er encespersakawdeatanaeact edla@Ckosi gnal s T maRct prisg ang {4 acking
ero-to-one transitions, which in turn

t he novenent of. t Qne-to-zero and [
depends on f?i’&p]rﬁfgz"r‘?’éﬁf ofY 1 c?gilﬂc%%t(FrFi)sFH@m"éHﬁes‘nBF SREWR |tk
signals. I nFite i)l ushaat edteenbbakkrent pont hehephaseinet eclger 360 tises flip
flops, as opposed, f+qd LLs, Ln,arder t 1nim.ze latency. |t should
be appreci at ed,sh,omves%&%éhg?b%%b %hégg det elgst gﬂr\aségbengypgg%%%% a variety
of digital F%}@?Jcl%n%néw?s??wﬂéﬁvﬁﬁ abt lkbghtivee phaséidéprating 200 is
described ifet£dtfHiQnty0apOSE1dteR hadhCtndegdid WR1ls@Th &0 Yo SO Pe
enpl oyed to_determ ne the hphaﬁe dgffer ence. . )

arising due to the skew between the input signal, core_clock

106 and the output signal, SYNC 110). The twice-sampled SYNC

pulse is designated as “sync” signal 118 in FIG. 1, which is

provided to a first synchronizer controller (or, core clock

-6-



-12 PATENT APPLI CATI ON DOCKET NO.: 200208010-1 [0025] The pd b cr signal
210 and the pd b cf signal 222 are forwarded to the core clock synchroni zer
controller 124 and, in particular, a cycle and sequence generator and a
skew state detector of the core clock synchronizer controller 124 in order
to conpensate for skew. The cycle and sequence generator and skew state
detector receive the pd b cr signal 210 and the pd b cf signal 222 by

regi stering the signals several times and detecting a one-to-zero
transition on the pd b-cr registers or a zero-to- NI ARSLLEBRIOM the pd
b-cf registers. The detection may be regi st ePOHKRE NG ned020R818Th, for
exanple, N+l is 5 if 5:4 is the largest ratio detected. Taps are sel ected
off the registers and the "zero tap" is selected fromthese registers
dependi ng on the sync ratio_sijgnal ovi ded by the bus clock synchroni zer
Control or Tobeegitiies fpnteRbign: JU0 oRetrs Hasoh, BHE oG FRE EHEGF o at o

det ector asdamgihz signal. Further information regarding the pd b-cr and pd
b cf signal g4} el atj. re cl y. L oRn| cqQntrol may be
found in thiog %ieneh??gnéé%éigg.Egdﬁ?%ﬁggé%ﬁiégg%koﬁéﬁ%% [ 'gd’"é§%ten1and
Met hod for WNhook adomaiign)a Stheb|SYNSy poisenilzbt iensShpied | in atRe 0§¥Y¥EMabI e

Cl ock Synch j RPNt X i i . 008-1), in

t he nanes) %?Qbéﬁg 5P55Qﬁﬁﬁﬁﬁfggéﬁ%ﬂéﬁﬁﬂﬁﬁ§gFé%?%ﬁ%hﬁgﬁwggq$§gﬁ %pensating
for Skew Betiwen FAGF) r sthat] otk Silgakéd apd &£hSecohsird oedasi @fal thefiled ;
Appl i cat i onghge r {IAGeHub0e1 200208009 1) 1ol i dheynenee)u saRbehagd W

Adki sson. [0026] FIG 3 depicts a timng diagram 300 associated wth a
portion of the IREs&d&CedtSt RibsdChEnt t260 GFPRPE, SYNC. jplseppggNT

APPLI CATI ONabECHat dND. as 26028881 0sdgndieredm ahdkbcksf pequedey tatao of 5:4
is exenplified. A cycle nt 302 refers t he nunber.ing, of core, clock
cycles in asgg???cs %ﬁh¥$ﬁ¥ﬁﬁ g%aﬂgﬁégF ﬂ%gp%??ﬁékﬁﬁ%'}nt getfﬁfﬂﬁddiagram
300 il | ustr atesktdmmaday, patsofreffhered st api shendpusdgeodk igynichgpniker. , the
cr_ff signalkogP8s1ad ik #$E. falling edge flip flop, i.e., the cf_ff signal
216, at the core-to-bus frequency ratio of 5:4. As illustrated, the output
of the cr-ff99t%hal JH8 abes t Ik CEk- fFYNEhgARL 2eM 6 CPREFRHERT ddd bi®cks
conprising GperkiSie %shaﬂﬁ@r RbNeHe ah 981 Doutledt B8s  d1Y%7] b A ar exh@usl y

di scussed, foll ow ng the_coinci dent edges of the Tore clock signal 106" and
the bus cl oER™BIghalSYPEsB, PHEONne#lo- 2r FaNEIALRt | dn RipY@aisYon®the cr-ff
signal 208 egnthefoider tonOHEL tsighaié] GNpappeat Lonhide Kfgrafl sshgaal 216.

In the illu tratgd gnboﬁ;nent t he zero-tQ-one transii&gg is located on the
cf ff signaP 338 TUhdN ¢ He "SECTFILHOBIAFT (HECEDF ME2REN §8S*BF1t%e core

cl ock ¢ 106tcardnthel bdstx| ocaslfetO8romt fLys eci,cudsryndiodat éd. vy, t he
zero-to-one i L1 rs ;" .. el i.on the trapsjtions in
he sanpl ed SF ook S'gAaTLA (Legyie] fop (secol Tt Axesg"y Oln 105 L
therefore, rhdrkadPiainflogicre t Refeverrs dumeradgdd2ofrefprs ctockhsignal s
occur in th%i?h@?'ﬁ:a@iﬁcbﬁ R QUSECE onBE TonitRol Wiynad sd&Rafenly ePohhe phase
di fference befween the clock signals. The phase detector accordingly

provi des antPRAPEILTIAFKOF YPRRI YREARTHEPNLEM lste 1861 e ANIdIRTC PPBBELOANG t he
bus cl ock bot0&hebyymenrboiidry @it rblackighgl  hgen@yeientowf thdiepdo i or

Tl o transitions in the sampled clock sigpals. Further, ,as_explaiped in the
aforenentioﬁgacgo§ %&F|?ﬂ52%259°%%.ég%?raég?i%5 i%ﬁﬁfég: e(aé?eéggﬁaf

transiti onspatk Usdd byot ke serandc| sgkclsyomdlponidercudontmerddser 185Bcuitry to

generate apppepPht AlS t3KEWM AL 89ta 14ansfer from second circuitry 103B
to first circuitry 103A. Consistent with the nomenclature
used in the present patent application, the first and second

synchronizer circuits may also be referred to as core-to-bus



PATENT APPLI CATI ON DOCKET NO.: 200208010-1 based on the novenent of the

coi nci dent edges of the clocks and their ratio. [0028] FIG 4 depicts a

met hod for detecting phase difference between a first clock signal and a
second cl ock signal. At block 400, the second clock signal is sanpled with
a rising edge of the first clock signal. At block 402, the second clock
signal is sanpled with a falling edge of the first clock signal. The
operation of sanpling the second clock signal with a rising edge of said
first clock signal may include sanpling a bus cl oRXIENTgARPLRWERRIN ri si ng
edge of a core clock signal. Sinmilarly, the 8eFEEiNr :0P098RBPIGTL t he
second clock signal with a falling edge of the first clock signal my

i ncl ude sanpl i ng a bus cl ock signal vvith a falling edge of a core clock
signal. It should he ap reCéat d that erations of bl ocks 400 and 402 nay
occur in paP&rf °nl/§terbl oK us3 tBF\%\ di FYBFRFRL 15t weSATFRELSA rst cl ock
signal and téspsscordycl oclInswgimHItlbﬁ dether mmdcbyckr&@hbﬂgoﬁmv’@flmnt Tlhn
one-to-zero Qi t e n in the sa cl ock, sigpal s e
det ect ed pha(g%t%ip%ﬁ er glnégi; %%gé‘agé%%%kes 2 e’fo rwar d’e I §°PhE® gg T cl ock
synchr oni zeforerml (ﬂllgelalastfaatl @gnecps@'ai®0t ltanShel Hirsgn stylnehsanpt@d cl ock
signal thatcbgeiddigative af e thecgggsglégkfgynéh%%g]zegl tc@%?{gli%‘e) i nvention
has been particularly describ erence to certain i Tations, it
is to be unSBrt bBRC t hath t ARPEIALASTEf CBRe WPRYeiPBBRNShownRafidrerexri bed are
to be treat ﬁdm@a&lexemb@ﬂewse}awigns{@rﬁaloabyh o\a‘a?h@ws}t%ﬁa@tgﬁéroﬁ@ét' tug ions
and nodi fications can alize t hout rtin rom esplrl an
scope of th&° |nlent‘°TJb%’a§§ gef’lrﬁ?ébde\fl)%/ t'tchet}%ieppcg)rfd’edf: C&i FYNChIGNIZEATENT
APPLICATIChbﬁﬁl)ﬁiﬂdNOl24L00202127 1 CLAINS 1. A phase detegtor (130) g
operable in gra cl nchr er (1 f ect tlng at a
transfer b 6l\/v(()afe)(gnlofl rs gilLfg:(C:w t?% 3/85) d| slpoonse & g? c? do_mal n
and second sym@mdm;ze(rlm)trdus@r)sédz; nthe seopad cabok.k slq}ﬁﬂsaramw?rm ndsal d
first clock.dopmin r abl a cl ock signa and sai
second cl ock” doni nérlssﬁg;e)e%gb?e&vabtqﬁ arfes?«%gé?lﬁv%l g%ktgl gnaFs ff[ ‘é’j sai d
first and seedhcicdcdek Sififals {n08,-cro8yohkan neortrat i sigfalld fandt cl ock
cycles to Miggennd ek gwekes, 1vherg, N n>er11teCOHDr §h991 st one
first flip fI O?Fﬂ% e%able to sanp Iedgald second b S|gna($fi(108)
wWith a risi ﬁkjn PR F Yy 599&%& aspPohEion fé6‘)’h1‘§hlsdgatallse%1%€t one
first flip @inpcf{eD4)o tiirer emtstnpepathﬂglﬂz@rgeﬂe&aie Re HRE - I@E:IAZeérQ;:]I t
transition |n flrst ck., si 208 edJn coi nci den
rising edged"detVe orsté? wﬁlc ngd ¢¥ % gt%e §I° LEE0BSCAMB) ; and at
| east one sezmidrdduzprftnmt(ﬁlmam@aroalal e Refaaﬁpbenmnilsea?ﬂgagcd ock i at
signal (108 f.al ILing of s |d first. .clac I said a

| east one s%é%mn%j&;% ptaof |t6‘|% fggg Ctolﬁfeerg t%a ghesnerreafaglIq léﬁ"’og-tf Q-éone
transition fanrsesdadasanpled @Wﬁ:I@lspgrﬁa{nC(HZQG}woldommrnglsal W 4&oi nci dent

rising edges)Helgenena6aé dakhl dandnd e pECANGCLOCK- 3 gDgh 514 106 J4A8). - 16

provided to the core clock domain logic 103A via signal path
136 in order that the core clock domain logic 103A knows when
it can send data to the bus clock domain logic 103B (i.e.,
valid TX operations) and when it can receive data from the
bus clock domain logic 103B (i.e., valid RX operations).

[0017] All control signals from the bus clock synchronizer
controller 122 to the first and second synchronizers 105A,

105B are staged through one or more FF elements that are



PATENT APPLI CATI ON DOCKET NO.: 200208010-1 wherein a novenent in one of
said one-to-zero and zero-to-one transitions is operable to track a
novenent in said coincident rising edges corresponding to a phase

di fference between said first and second cl ock signals (106, 108). 2. The
phase detector (130) as set forth in claiml, wherein said at |east one
first flip flop (204) conprises two flip flops (204, 206) operable to
sanpl e said second clock signal (108) with a rising edge of said first
clock signal (106). 3. The phase detector (130) aBAERNT AFPLACARIGNai m 1,
wherein said at | east one second flip flop (PPSKEENDri SE9208810+1p fl ops
(212, 214) operable to sanple said second clock signal (108) with a falling
edge of said first clock signal (106). 4. The phase detector (130) as set
forth in claim3, further conprising a third flip flop (220) operable to

sanpl e an ofitpuked 24dh Fhesdigtiilrtad pusLepeck2k2 10814) ddkayisaid rising
edge of sai dhéiradntdoackssygaied (£10R) . tihe HieephassciletLelcbronhisd) as set

(ot 10 Sl b, S 6l B BELELAL D SynleT SE0 52l ed cf ook
synchr oni zerleokre olikhrtiel 245t r Bouthdecphmsy odét ectldf ' ¢ I3omsbsengforth in
claiml) ¢l g Zuedhal thevaliofd UaTkd o eL el il saPRL AL I 96k s gnal s
(210, 222) are operable to be torwarded to a cycle and sequence generator.
- 17 Accordingly, as will be seen in greater detail below, the

various control signals associated with the synchronizer

system 100 may be designated with a signal label that is

concatenated with a “_ff” or ™ ff B” suffix to indicate the

registration process by the distributed core_clock or the

distributed bus_clock.

[0018] Moreover, as will be set forth in detail below, a

phase detector 130 detects phase differences (i.e., skew)

between the two clock signals by operating responsive to the

sampled bus_clock and core clock signals. This information

is provided to the core clock synchronizer controller 124,

which can compensate for the skew or determine appropriate

times to coordinate with the bus clock synchronizer

controller 122.
[0019] Where the bus clock signal is stable with respect

to the SYNC pulse, the inter-controller clock relationship
control signals are generated by the bus clock synchronizer
controller 122 that provide information as to the frequency
ratio of the first and second clock signals, clock sequence
information and SYNC delay, which are transmitted to the core
clock synchronizer controller 124 for synchronizing its core
clock signal in accordance therewith. On the other hand,
where the core clock signal is stable with respect to the

SYNC pulse, the inter-controller clock relationship control



PATENT APPLI CATI ON DOCKET NO.: 200208010-1 7. The phase detector (130) as
set forthinclaiml, claim2, claim3, or claim4, wherein said sanpl ed
clock signals (210, 222) are operable to be forwarded to a skew state
detector. - 18 PATENT APPLI CATI ON DOCKET NO.: 200208010-1 8. A phase
detection nethod operable in a progranmmabl e cl ock synchronizer (100) for
ef fectuating data transfer between first circuitry (103A) disposed in a
first clock domain and second circuitry (103B) disposed in a second cl ock
domai n, wherein said first clock domain is oper abPAETENT: APELLCABION| ock
signal (106) and said second clock domain i sDEBPEFRBI® witPR2888%@vhd cl ock
signal (108), said first and second cl ock signals (106, 108) having a ratio
of Nfirst clock cycles to Msecond clock cycles, where NM> 1,

conpri si ng: i ng said second c| ock signal (108 with a rising edge of
said first %’r%‘glssl GR8l P9FR%E gRKerldht®e &Orfr s¢lednmpiseachrerizas gnal
]£210) lsar’rEJ:mimgrcSIT'iJe(i sgco-m! €t EniSsgoaltd iﬂ&)buw thock fs?hl:rklagnﬁmie ?1‘2 Zggil d
irst cloc na nerate a second clock signa

and det ectl}gﬁg ﬂasg%)c %rogﬁce WEEREENZSH d ‘F?%e‘lﬂ%ék &f4nalP] 106) and
sai d secondammmtgmal 6 10&) rdni zedacki ngunmdvenenta | roaféghPagbso Or
zero-to-one; franaldd 998, I1hidled 38 PRACEhPRK & 808! St (410pr86Rdea - 19

as part of the programmable synchronizer system 100 for

configuring the core clock synchronizer controller 124 so
that it may be programmed for different skew tolerances,
latencies and modes of operation. In one embodiment, the
configuration interface 126 may be implemented as a register
having a plurality of bits. In another embodiment, a memory-
based setting, e.g., EPROM-stored settings, may be provided
as a SYNC configuration interface.

[0020] Additional details regarding the various sub-
systems described hereinabove may be found in the following
commonly owned co-pending patent applications: (i)
“Programmable Clock Synchronizer,” filed H
Application No. (Docket No. 200207722-2), in the

name (s) of: Richard W. Adkisson; (ii) “Controller Arrangement

for a Programmable Clock Synchronizer,” filed

s Application No. (Docket No. 200207723-1),

in the name(s) of: Richard W. Adkisson; (iii) “System and

Method for Synchronizing Multiple Synchronizer Controllers,”
filed ; Application No.
(Docket No. 200207724-1), in the name(s) of: Richard W.

Adkisson; (iv) “System and Method for Maintaining a Stable
Synchronization State in a Programmable Clock Synchronizer,”

filed ; Application No.

(Docket No. 200208008-1), in the name(s) of: Richard W.

Adkisson; and (v) “System and Method for Compensating for

-10~-



PATENT APPLI CATI ON DOCKET NO.: 200208010-1 9. The nethod as set forth in
claim8, wherein the operation of sanpling said second clock signal (108)
with a rising edge of said first clock signal (106) conprises sanpling a
bus clock signal with a rising edge of a core clock signal. 10. The met hod
as set forth in claim8, wherein the operation of sanpling said second
clock signal (108) with a falling edge of said first clock signal (106)
conprises sanpling a bus clock signal with a fal llijn grd %,Pﬁ&ﬁﬁl‘\ﬁgblre cl ock

[ - N/N/NI/N / P\ g% bns#
fl gnal . 20 /N'N,,/NNNNNN/NNN/ /DOCKE‘.T v o N g
| K{vqgl gb\ W cal] ca] ca] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
cal] ca] ca] caV] ca] caV] ca] cal] ca] ca] ca] ca KR Leay | cal cal caU cal
_Blsz[b"" L,y .- ZUQj €] [(.l;;‘{1 flj};p%] cal] ca] cal] ca] ca ca%}}ca ca] ca] cal] ca
ca] ca] ca] %%ﬁ%&ﬁfﬁ%}%gfkﬁfc lé](‘?% tHdapray csFend) Ceckabienal,
.. ~22-343_3bbbed 7999<<<@___; Application No. (DOCkEtlﬂ I cal
@K@MNABBRFZFEEOI, 7l | f.a\ t}cabﬁ U{o alca c%} a] ccﬁ%ica calcalU] cal cal c
a] ca] ca] cad]ggé]zczz)g égfg\%}lc)d Cal'ta %%If%)a %é]xglaﬁ cal @é]Aca 35%]1" 1
LNQRRFSNSysm@wggzmzzszZEFOrporated by reference herein.

[0021] As set forth above and in the cross-referenced U.S.
patent applications, the synchronizer system 100 may be
programmed for different skew tolerances and latencies, so
that data transfer at high speeds can proceed properly even
where there is a high skew or requirement of low latency.
Further, the synchronizer system 100 can operate with any two
clock domains having a ratio of N first clock cycles to M
second clock cycles, where N/M > 1.

[0022] FIG. 2 depicts one embodiment of a phase detector
200 operable to detect phase differences between the clocks
used in the synchronizer system 100. Accordingly, it is
functionally analogous to the phase detector block 130 shown
in FIG. 1. In general, the phase detector 200 employs the
rising and falling edges of the core clock c 106' to sample
the bus_clock b 108'. 1In one implementation, the bus_clock

b 108' is sampled by at least one first flip flop (FF)

clocked on the rising edge of the core clock c 106'. As
illustrated, flip flops 204 and 206 sample the bus_clock b
108" with the rising edge of the core clock ¢ 106'. By

employing two flip flops for sampling, the phase detector 200
is operable to decrease metastability. Flip flop 204 asserts
the sampled bus_clock b 108' signal as a cr ff signal 208
which is sampled by the flip flop 206 and asserted as a
pd_b_cr signal 210.

~11-



aacef f +f uf gvVghFhh;
I | wmhc”YU] ] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca
] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] cal] ca
s )] _ki kskkk(1LI'VI™ Tl n~pppppgrr Fhh;i|wnmhcrYU]]]ca]ca] ca] ca] ca] ca] ca] cal]
cal] ] ca] ca] ca] ca] caU] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
+ aB&1L0OYB& () - &10%& ()- 109B& ()- 10%& ()-109B& ()-!109BB&' () - "#$%P{Y7!,10
%' ()-!,10%& ()- 10B 10B 10Bl 74109B& () -! 1&10Y8BB& -&)&%O%BB&
uj _=!11098B& ()- 10 10 107F10%& ()-, F10%& () DOC%EOW%T L0 ?2*00 E@ﬁ
" @!'10% & ()-@10% /& ()- 10B 10B
10Bl 74109B&' () - S&109B& () -109B& ()-yK dE @!, 10% & () - z,
10%& ()-z10% & ()- 10% & ()- 10% & ()- 109& () -
[0023] Similarly, the bus clock b 108' is sampled by at
least one second flip flop clocked on the falling edge of the
core _clock ¢ 106'. A third flip flop may be employed in
conjunction with the at least one second flip flop to
maintain timing. As illustrated, flip flops 212 and 214
sample the bus_clock b 108' with the falling edge of the
core_clock ¢ 106' (to reduce metastability). Flip flop 212
asserts the sampled bus_clock b 108' signal as a cf_ff signal
216 which is sampled and asserted by the flip flop 214 as a
ct_ff 2 signal 218. A flip flop 220 samples the cf ff 2
signal with the rising edge of the core clock c 106' to
ensure timing and asserts a pd_b_cf signal 222.
[0024] Upon detecting coincident rising edges between the
core_clock c 106' signal and bus_clock b 108' signal, either
the cr_ff 208 signal will include a one-to-zero transition or
the cf_ff signal 216 will include a zero-to-one transition.
The phase detector 200 described herein detects phase
differences or skew between the clock signals by monitoring
and tracking the movement of the one-to-zero and zero-to-one
transitions, which in turn depends on the movement of the
coincident rising edges of the clock signals. In the
illustrated embodiment, the phase detector 200 uses flip
flops, as opposed to delay units, in order to minimize
latency. It should be appreciated, however, that the phase
detector 200 may comprise a variety of digital logic
components. Moreover, although the phase detector 200 is
described in relation to positive logic, negative logic may

also be employed to determine the phase difference.

~12-
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PATENT APPLICATION
DOCKET NO.: 200208010-1

[0025] The pd b_cr signal 210 and the pd_ b _cf signal 222
are forwarded to the core clock synchronizer controller 124
and, in particular, a cycle and sequence generator and a skew
state detector of the core clock synchronizer controller 124
in order to compensate for skew. The cycle and sequence
generator and skew state detector receive the pd_b cr signal
210 and the pd_b_cf signal 222 by registering the signals
several times and detecting a one-to-zero transition on the
pd_b cr registers or a zero-to-one transition on the pd b cf
registers. The detection may be registered N+1 times,
wherein, for example, N+1 is 5 if 5:4 is the largest ratio
detected. Taps are selected off the registers and the “zero
tap” is selected from these registers depending on the
sync_ratio signal provided by the bus clock synchronizer
controller 122. Typically, the zero point is asserted by the
skew state detector as a pd_z signal. Further information
regarding the pd b cr and pd b cf signals in relation to the
core clock synchronizer controller may be found in the
aforementioned U.S. patent applications entitled “System and
Method for Maintaining a Stable Synchronization State in a
Programmable Clock Synchronizer,” filed ;
Application No. (Docket No. 200208008-1), in
the name(s) of: Richard W. Adkisson; and “System and Method

for Compensating for Skew Between a First Clock Signal and a

Second Clock Signal,” filed ; Application No. __
(Docket No. 200208009-1), in the name{s) of:

Richard W. Adkisson.

[0026] FIG. 3 depicts a timing diagram 300 associated with
a portion of the phase detector embodiment 200 of FIG. 2,

-13-
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PATENT APPLICATION
DOCKET NO.: 200208010-1

wherein a clock frequency ratio of 5:4 is exemplified. A
cycle count 302 refers to the numbering of core_clock cycles
in a particular timing sequence. In particular, the timing
diagram 300 illustrates the output of the first rising edge
flip flop, i.e., the cr_ff signal 208, and first falling edge
flip flop, i.e., the cf ff signal 216, at the core-to-bus
frequency ratio of 5:4. As illustrated, the output of the
cr_ff signal 208 and the cf_ff signal 216 includes data
blocks comprising Os, ls, or indeterminate logic states.

[0027] As previously discussed, following the coincident
edges of the core clock signal 106’ and the bus clock signal
108”7, the one-to-zero transition appears on the cr_ff signal
208 or the zero-to-one transition appears on the cf ff signal
216. In the 1illustrated embodiment, the zero-to-one
transition is located on the cf ff signal 216 upon the
occurrence of the coincident edges of the core clock c 106’
and the bus_clock b 108" at cycle 0, as indicated by the
zero-to-one transition markers “Ty.;.” The location of the
transitions in the sampled clock signals, i.e., pd b_cr 210
and pd_b_cf 222, is, therefore, indicative of where the
coincident edges of the clock signals occur in the clock
cycle sequence, which in turn is dependent on the phase
difference between the clock signals. The phase detector
accordingly provides an indication of the skew between the
core_clock ¢ 106’ and the bus_clock b 108’ by monitoring and
tracking the movement of the T,., or T,.,, transitions in the
sampled clock signals. Further, as explained in the
aforementioned co-pending U.S. patent applications, the
detected transitions are used by the core clock synchronizer

controller circuitry to generate appropriate skew states
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based on the movement of the coincident edges of the clocks
and their ratio.

[0028] FIG. 4 depicts a method for detecting phase
difference between a first clock signal and a second clock
signal. At block 400, the second clock signal is sampled
with a rising edge of the first clock signal. At block 402,
the second clock signal is sampled with a falling edge of the
first clock signal. The operation of sampling the second
clock signal with a rising edge of said first clock signal
may include sampling a bus clock signal with a rising edge of
a core clock signal. Similarly, the operation of sampling
the second clock signal with a falling edge of the first
clock signal may include sampling a bus clock signal with a
falling edge of a core clock signal. It should be
appreciated that operations of blocks 400 and 402 may occur
in parallel. At block 404, a phase difference between the
first clock signal and the second clock signal is determined
by tracking movement in one-to-zerc or zero-to-one
transitions in the sampled clock signals. The detected phase
difference may accordingly be forwarded to the core clock
synchronizer controller as a logic state transition on the
sampled clock signal that is indicative of the phase shift.
[0029] Although the invention has been particularly
described with reference to certain illustrations, it is to
be understood that the forms of the invention shown and
described are to be treated as exemplary embodiments only.
Various changes, substitutions and modifications can be
realized without departing from the spirit and scope of the

invention as defined by the appended claims.
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CLAIMS

1. A phase detector (130) operable in a programmable
clock synchronizer (100) for effectuating data transfer
between first circuitry (103A) disposed in a first clock
domain and second circuitry (103B) disposed in a second clock
domain, wherein said first clock domain is operable with a
first clock signal (106) and said second clock domain is
operable with a second clock signal (108), said first and
second clock signals (106, 108) having a ratio of N first
clock cycles to M second clock cycles, where N/M > 1,
comprising:

at least one first flip flop (204) operable to sample said second clock signal
(108) with a rising edge of said first clock signal (106), said at least one first flip flop
(204) thereby operating to generate a one-to-zero transition in a first sampled clock
signal (208) following coincident rising edges between said first and second clock
signals (106, 108); and

at least one second flip flop (212) operable to sample said second clock
signal (108) with a falling edge of said first clock signal (106), said at least one
second flip flop (212) operating to generate a zero-to-one transition in a second
sampled clock signal (216) following said coincident rising edges between said first
and second clock signals (106, 108},
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wherein a movement in one of said one-to-zero and zero-to-one transitions
is operable to track a movement in said coincident rising edges corresponding to a
phase difference between said first and second clock signals (106, 108).

2. The phase detector (130) as set forth in claim 1, wherein said at
least one first flip flop (204) comprises two flip flops (204, 206) operable to sample
said second clock signal (108) with a rising edge of said first clock signal (106).

3. The phase detector (130) as set forth in claim 1, wherein said at
least one second flip flop (212) comprises two flip flops (212, 214) operable to
sample said second clock signal (108) with a falling edge of said first clock signal
(106).

4, The phase detector (130) as set forth in claim 3, further comprising
a third flip flop (220) operable to sample an output (218) of said two flip flops (212,
214) using said rising edge of said first clock signal (106).

5. The phase detector (130) as set forth in claim 1, claim 2, claim 3, or
claim 4, wherein said sampled clock signals (210, 222) are operable to be
forwarded to a core clock synchronizer controller (124).

6. The phase detector (130) as set forth in claim 1, claim 2, claim 3, or
claim 4, wherein said sampled clock signals (210, 222) are operable to be
forwarded to a cycle and sequence generator.

- 17 -
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7. The phase detector (130) as set forth in claim 1, claim 2, claim 3, or
claim 4, wherein said sampled clock signals (210, 222) are operable to be
forwarded to a skew state detector.
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8. A phase detection method operable in a programmable
clock synchronizer (100) for effectuating data transfer
between first circuitry (103A) disposed in a first clock
domain and second circuitry (103B) disposed in a second clock
domain, wherein said first clock domain is operable with a
first clock signal (106) and said second clock domain is
operable with a second clock signal (108), said first and
second clock signals (106, 108) having a ratio of N first
clock cycles to M second clock cycles, where N/M > 1,
comprising:

sampling said second clock signal (108) with a rising edge of said first clock
signal (106) to generate a first sampled clock signal (210);

sampling said second clock signal (108) with a falling edge of said first clock
signal (106) to generate a second sampled clock signal (222); and

detecting a phase difference between said first clock signal (106) and said
second clock signal (108) by tracking movement in one-to-zero or zero-to-one
transitions in said sampled clock signals (210, 222).



| " #$9& ()*+, -./0123456789: ;
<=>? @G\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_ abcdef ghi j kI

PATENT APPLICATION
DOCKET NO.: 200208010-1

9. The method as set forth in claim 8, wherein the operation of sampling
said second clock signal (108) with a rising edge of said first clock signal (106)
comprises sampling a bus clock signal with a rising edge of a core clock signal.

10. The method as set forth in claim 8, wherein the operation of sampling
said second clock signal (108) with a falling edge of said first clock signal (106)
comprises sampling a bus clock signal with a falling edge of a core clock signal.
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