;e3e\:u\ppgs.Jsft6tT:uv}; ,. METHOD AND APPARATUS FOR DI STRI BUTI NG CLOCKS
Field of the Invention The invention pertains to clock distribution,
particularly within an integrated circuit (1C. Background of the Invention
Most high speed integrated circuits (1Cs) utilize some form d
| oop (DLL) for the creation of internal,_clocks. A DLL rermvemﬂmlmm”m Wmmfon
delay froman IC s internal clocks so that the del ays associ at ed_ly;‘ilst9

clocks received at an 1C s register elenents match the del ays assocl at ed
with an external clock received at the 1C s externs! contacts. Delays which
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conparator and 15 correction unit. Thqgiﬁ:ﬂz nparator and correction unit
receives first and second cl ocks, one . is derived froman input

cl ock, and one of which is derived froma feedback clock. In response to

t hese cl ocks, the delay conparator and correction unit generates a

del ay-corrected clock and the afore-nentioned feedback cl ock. The

del ay-corrected clock is then 20 distributed to an I1C s register elenents
via a clock distribution network, Bieldofdhedawentienc| ock is routed back
into the delay conparator and correction unit via a feedback circuit
conprising a string of invertors. If the feedback circuit is constructed
such that its del ayngq the e RN CALE e d) i a
cl ock signal thr ougnst @e?fﬂ%g kpgﬁglrﬁf lgtét %lgtﬁpcfl%gﬁuw',d%)ﬁ%’?\'gg]ahg}- %ﬁ’(ﬁm a%);;1

i ncurredsin rietegrated cirtuif {1€)i ng and i nputting the input clock into the
del ay conparator and correction unit, and 3) the delay through the del ay
conparator and correction unit, then the del ays associated with cl ocks
received at the IC s register elements wll substantially match the del ays

5 associated wth the input cl Oéléckground of the Invention

Most high speed integrated circuits (ICs) utilize some form of delay-
locked loop (DLL) for the creation of internal clocks. A DLL removes the
insertion delay from an IC'’s internal clocks so that the delays associated with

10 clocks received at an IC's register elements match the delays associated with
an external clock received at the IC’s external contacts. Delays which can be
matched include delays which affect phase alignment, and delays which
affect frequency.

A DLL removes insertion delay using a délay comparator and

15 correction unit. The delay comparator and correction unit receives first and
second clocks, one of which is derived from an input clock, and one of which
is derived from a feedback clock. In response to these clocks, the delay
comparator and correction unit generates a delay-corrected clock and the
afore-mentioned feedback clock. The delay-corrected clock is then

20 distributed to an IC’s register elements via a clock distribution network, and
the feedback clock is routed back into the delay comparator and correction
unit via a feedback circuit comprising a string of invertors. If the feedback
circuit is constructed such that its delay equals the sum of 1) the delay

incurred in routing a clock signal through the clock distribution circuit, 2) the
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Summary of the Invention A first preferred enbodi nent of apparatus for

di stributing clocks conprises first and second differential receivers, a
del ay conparator and correction unit) and apfeedback circuit. The
structures of the first and second 10 differential receivers are

Gi'TTerent tal demuone ek hAabai g #0d bb @b kEu TR 8 dedong
differential d&@@ld@%pér@f&l dhi Corebtibhensint aad Ieedbaelaycitmekghnte delay

outputting a second clock. The first and second cl ocks are recei ved by "t he
del ay conpar awonpanatbrc @ndegorreatiomi unit, athen ithe cdelans c23g9esiaied, Withe cliglkay 15

conpar at or and correct | a a
Feedback i otkoSHRE Folf5¥ kePE0T kBt S gREARNCTh Lo e PEDe o
carryi ng t he fsgedhRask withasl ihp@nalddle del ay conparator and eorrection unit,
2) a converter for converting the feedback clock into the afore-nentioned

differential feedback clock) and 3) a second signal route for coupling the
20 converter to the second differential receiver. A second preferred

enbodi ment of apparatus for distributing c 0 ks cQ prises first and second
differential receivers, a del ay=StBaRaryQl : gction unit, and a
feedback circuit. The structures of the first and second dlfferentlal
receivers are substantially matched, with the first differential 2~
receiver receivin f ' I t ock,
and with the secogbélafég é%tﬁﬁq Z%mﬁgﬁ%rgr efg?:%%?ﬁjgt g&%ld@ﬁPgH@a?bcﬁE

f eedback cl oa:bnapr&asuﬁrpsthtaridwgeaosdzcrbﬂielremlhab kecdilersf ia sielan@osmarabbrcand ks

ived b del. d.
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del ay- q@y r ecigfterehfsK réfeiodfs %ré“ édﬁt@rﬁ‘ﬂiél?‘ rﬁ&@ﬁé@cwﬁ R f%‘ﬂedxfﬁ%?&wk

circuit carries the differenti al - clock fromthe del ay
conpar at or ameiceiger eenemnng|dufferentsalempét@i¢t¢kdamd ougpitting a &iczdi sleck, and

with the second differential receiver receiving a differential feedback clock

and outputting a second clock. The first and second clocks are received by

the delay comparator and correction unit, and in response thereto, the delay
15 comparator and correction unit generates a delay-corrected clock and a

feedback clock. The feedback circuit comprises 1) a first signal route for

carrying the feedback clock from the delay comparator and correction unit, 2)

a converter for converting the feedback clock into the afore-mentioned

differential feedback clock, and 3) a second signal route for coupling the
20 converter to the second differential receiver.

A second preferred embodiment of apparatus for distributing clocks
comprises first and second differential receivers, a delay comparator and
correction unit, and a feedback circuit. The structures of the first and second
differential receivers are substantially matched, with the first differential

25 receiver receiving a differential input clock and outputting a first clock, and
with the second differential receiver receiving a differential feedback clock
and outputting a second clock. The first and second clocks are received by
the delay comparator and correction unit, and in response thereto, the delay
comparator and correction unit generates a differential delay-corrected clock

30 and a differential feedback clock. The feedback circuit carries the differential



A first preferred enbodi nent of a nethod for distributing clocks comences
with providing'first and second differential receivers with 5 substantially
mat ched structures. A differential input clock is then received at the
first differential receiver, and a differential feedback clock is received
at the second, di

feeta e Cl ocks whic t put thefrst
and second diBeaPagki c!kr é@%’i &l@lr\ée%ﬂecqrﬁeﬁr%ﬁﬁlﬁag '%”P%'Pg%ﬁb%

thereto, a de f clock and a feedback clock are generated. The
f eedback 10 c#lﬁ& &ﬁfsa eeﬁ@%onverted to the differential feedback clock. A
second prefen-ed eAbﬁdatnamfenédaenﬂIdd)meMrofdlatmeﬂbmdl ligr cligtcibsticgpnolenkes

with providing first and . second nti gl cei,v %% subst anti a,%l y
mat ched struc‘t’qm&encﬁsd“f'f?br%rﬁf’i 9 ﬁr taeaoéﬁc%d ﬁg%r?'é VEEPI4ErS Hwth

f t digf f d
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at 15 the secon ntiral recerver. ocks are output fromt
first and secthedigt ﬁfffarenhaalaﬁeceé.cmj vadsa difterehtial feedbacktlesidjs receiespahse
thereto, a di ferentlal -corrected.cl ck and the afo ned
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becone apparent from accompanyi ng description, draw ngs and clar s

Brief Descri pdelay-cofrectas Biowki agé a feedback cloe:kamda pepseietly T)lneffeedbalck
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illustrate nethods for distributing clocks; FIG 4 illustrates an
conprising a damstengesef mhf‘neCpreMide nfirst and 36eapndr difieseriial derselvensutvviﬂg
¢l ocks; -4 substantially matched structures. A differential input clock is then received at
the first differential receiver, and a differential feedback clock is received at
15 the second differential receiver. Clocks which are output from the first and
second differential receivers are then compared and, in response thereto, a
differential delay-corrected clock and the afore-mentioned differential
feedback clock are generated.
The advantages of these and other embodiments of the invention will
20 be further explained in, or will become apparent from, the accompanying

description, drawings and claims.

Brief Description of the Drawings

lllustrative and presently preferred embodiments of the invention are
illustrated in the drawings, in which:
25 FIG. 1 illustrates delays between various clocks;
FIG. 2 illustrates a differential input clock comprising components
IN_H and IN_L;
FIGS. 3A & 3B illustrate methods for distributing clocks;
FIG. 4 illustrates an {C 400 comprising a first preferred embodiment of

30 apparatus for distributing clocks;



FIG 5 illustrates an I C QOO0 conprising an alternate enbodi nent of the

del ay conparison and correction unit shown in FIG 4; FIG 6 illustrates a
preferred enbodi nent of a first differentialg.receiver shown in F(G 4; 5
FIG 7 illustrates a preferred enbodi nent of a second differential receiver

shown in FIG 4; a FL i1 ust an 1.C 800 c ri,sing a.secon
preferred enmbodi meEFGO? ﬁ&ﬁi@%ﬁ 88 l{:i’#(ﬁﬁpgmpmm@i %aﬁ%g .e"&%%meﬂ?iogw(%f
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cl ocks. The clocks are drawn in a representative fashion, and are not

i ntended to portrafl@ealiluabrates el prekerred\eottmskiment ofg, firghdiffierential rapsinet t ed
over a signal _|ine, be subjected to edge degradati ons and propagation
del ays such t?mwri’fnnggaeg’rs as clock IN when it arrives at the contacts of
an integsated circpig G Bustbitds ol préfettec atiodiMer®B bS8ecehdidiffeeHiaPd,
Al, and a |l ow period, Bl. Wen copies of clock IN are distributed to the
regi ster el emesewvef shgwn indtiéhek and f1i pfl ops) of an IC, the copies of
clock I'N received the reqister el engnt appear. for _exanpple,.as any
of el ocks LaoaL 1, Pl MBI §nortl G hoPBREME .5/ petRRTCererdted
di stribution ghbeHirhéntbftdpparatus for distriv@ting é@cr&t ched so that the various
| ocal clocks which are received by an 1C s Tegister elenents all appear as
clock LOCAL 1, or all appear as clock LOCAL 2, etc. Thus, attenpts to
remove the insertion delays associated with these |local clocks result in
all local clocks being matched to the ICs input clock, IN Insertion

del ays are those del ays wWHESECTIRUON f the Rraferred i dinenk pei ng received
into and distributed within an IC. In F1G 1, clock LOCAL 1 is associ ated
with an insertion delay | abeled C2. The delay C2 rnay be attributable to,
for ex | e, del aygit nap i 0 tkég;e ; S (o]

el erren'?gq) C ock LOpCIA' 3 {I@Eg'ggéés'ci'ag%aéjg \%i%t anL\farqilsotgr%t ?@r?kgel 5’% g@tgﬁédal&'
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be attributa to, for éexanp el ays in propagating clock L to an
| C s regi st erazFlogdNswhan iarrivesstithe apntrats of @ncietegratas cisepit m)ndyote

bet wee | oc i_nal | clk 4L 4, 1 sqQci-at e i_th an
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ifferences in vol tage ngs between cl ocks n , an
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del ays may be;3aapCkdit 8damipld) AQGRY 6f BRERs 1ANEALNG, Ay R exanpiesl ad qury

merely illustrative of some of the'potential insertion delays. TypiTa
it is desiradl@CAb_denoieeferabdy,t Closk ddistjtionowircuital withioc . 1€ daw Iwell-
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register elements all appear as clock LOCAL_1, or all appear as clock

LOCAI___2, etc. Thus, attempts to remove the insertion delays associated
with these local clocks result in all local clocks being matched to the IC's
input clock, IN. Insertion delays are those delays which result from an input
25 clock being received into and distributed within an IC.

In FIG. 1, clock LOCAL_1 is associated with an insertion delay labeled
C2. The delay C2 may be attributabie to, for example, delays in propagating
clock LOCAL_1 to an IC’s register elements. Clock LOCAL_2 is associated
with an insertion delay labeled C3. The delay C3 may be attributable to, for

30 example, delays in propagating clock LOCAL_2 to an IC's register elements,



15 in every possible way. Thus, delays C2-C5 would be renoved fromthe FIG
1 cl ocks,” and periods A~ and B5 of clock LOCAL 4 would be adjusted to match
periods Al and Bl of clock IN. Unfortunately. the renoval of insertion

del ays can be difficult, especially when an ICis subject to process
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conplicated. Changes in internal and external vol tag(;e] SW ng ge rate and
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phase- al 5gn fﬁl‘ﬁ‘éi'er&!édmsﬁﬂ@@@ sWipglshetveenf dlbsks N el IGCAEr By eRinbNpreibdie
IC s input cl OCC(A( : an exter naI clock), and the second clock i's derived

frgm a feedbak® is associateenwitht an imeertion| dRiry jabeled debay The mplawnCh
S or eoment | ot ARIRRERlE, Tof EkAERE ISaT T SickebaBRE ddk LopAr 4 o

distributed tgnagd Eé%st"e@@ilérh@ht@'cﬁﬁ'@fér&:e‘sl & Poltd e Ewiligst betwedrd lotkisWwi K,
and the feedback clock is routed back into the delay conparator and

correction unafd WQCAL f4anshditferences in. thﬁfdw@W@édﬁaﬁéﬁc*ﬁﬁ Neand LQCAL_4.

Fouting B cl oopve: Reron o ERYRYmERY AshaRale Wkt PrBLEREC R B g "
del ay i ncurr egikarfplegcgevhaly huktrative of aochd oitiietpatentidiensemioh d:él@;zek into
t he del ay conparator and correction unit, and 3) the delay through the

del ay conparator ahwpieaiy.dbis gasitable, tot leanoven insgation selaysooat wgahrlasksocal
| ock
Che. dol ays. acdsem betads and SBbatALs foCieiBg MisrtioRUBEHARDLE tebuiRh e

differential losabtiock¢ely. stlobk Mhbelnmmatchai whamvinput dfbék (ég( Idlotk INN

L), |nsert|on delay is |caII ved from.the I s | ocal ocks b
pl aci ng'@ st r'Pr@VQSY H°ﬁ§®q) glags p@é@ﬁ gaeremeediiepetraifilesi ze

of the invertorgodis, ‘HHE!S enédi’é*hhé %ﬁﬁ Bﬁeofdﬁbﬁa @\%@\Egﬁ \&Qﬁhhﬁe%cghé‘l@dofo

invertors is su stantla mat ¢ to the through the differenti al
recei ver whi cimatecpeneds Afeantl BfledfeniockalN.i hjnjortunateky, thiaremonabokingertion

however, the | ay throu a.strin f inv ert S. LS a_ve oad
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differenti al \Vé?feﬂjlélgbeﬁmﬁ\gsédndiﬁbrﬁ dritves bar S an eCsubpectiedk ia plifesrensal

vari ations, variable ~ gperating conditions, and so on)t FIGS. 3A & 3B
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whi ch distributes different] err‘lf cloc$ The Céq:agolllustrated
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differential d@ﬁ?lldcﬁ(e‘éi IB@)BS'(EE.@UWEVM isaé H\évi@t\ﬁﬁl%ﬁ lﬁers%t&'élﬁ cparafbrt hi s
manner, the delay and other aspects of first and second recel vers

shoul d 28 so tand abgeaﬁmn anltyttham@hgmmﬂfared eacond clogkat D firsiclodksis

received at the.first n ejver 306, and, a fe i al
feedback ol octered fbaf s TG HeBt S IFBl e Ride Btk S e ecends,
and second clfeke i®epived frem &eetivBckididsl enkiRbpbrsLity ehesar SloblE the
conpared, and in response thereto, a del ay-correct ed cl ock and a feedback

clock are gerfiglay s@MPETAtOTIRNG BedBEliaN Lhb Genesaissen delmwertredterntlock rad
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unit are renoved fromthe del ay-corrected cl ock.
the feedback clock is routed back into the delay comparator and correction
unit via a feedback circuit. If the feedback circuit is constructed such that its

delay equals the sum of 1) the delay incurred in routing a clock signal



-7 If the delay-corrected clock is distributed via a clock distribution
circuit (e.g., 'internally to an IC), then one or nore aspects of a feedback
circuit through which the feedback and differential feedback clocks are
routed (and through which the feedback clock is converted into the
differenti al 5 ck) : tigl h n I
aspects of thtié’?@?%@ﬁthgi g@&%bﬁh@éﬁ@fﬁ'{c{ﬁﬂ I% k ?s@ér%’ga ﬁgFéﬁ?gs'@r ?%%ér;iylggl ay
associ at ed Witfodiﬁérh? cart kindutting hibéi diputi ciogkt intoathedl delapecdrapardr famm

t he del ay-corrected clock. The nethod 316 illustrated in FIG 3B is simlar
to that whi chearedispwanit, nd @) thsadelgytataiigh the tpley comparpiord@IhgoEeeliutt ed
clock and fe I : : i & f Nk L al ,
there | no ndla e/ daR bRy RSRIARHTRE e Bdtie BhEPPU R InEI0Y B!
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may sinply be routed to the second differential receiver 318. If it is.
desired to renove YIS BNos BRISiVenSsaitieseriiplippHt gloskowyeh as that which is
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t he 1 C, changeseiver ehgestriagesf§ inmedorsabie/ sabjgcied eorprdgessovariations, varidbler

ot her f%ctors, th{e t wo gi fferential receivers 402, 404 m ght conprise, for
exanpl €° di f {ARRERNG COROHIORSsREY SPLMThe first differential receiver 402

receives a differen@ggl 3Ampes tﬁb%‘hr@ﬂuﬁrb‘t%eﬁ«g&zb%o@@ﬁwHFd?Ht(SﬂrfgeélioEﬁé.

clock (NCK). The second differential receiver receives a renti al

f egdback gl o:irme( Fether 300disylosad indilpuBs eayd Hded lipcrniUREEPN iltteanilCst
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clock (FCK). To reduce the conplexjty of the differential receivers 402,
404 and%el awmewﬁtapaﬁesawﬁe%@éatgm' Gfﬂ°§3406, and to reduce the nunber

of signal routes Whehahgdmrdgfistate # FIQUBR éro"?/td%fsk%n%t&i BtH? difeuft00.
the first and second clocks (NCK, NFB), as well as the delay-correcte
cl ock (OUT) arith fiizeldisnck second differgntiadr eeogiverer hdvipg ssubgtantialiie dnatchbels.

The feedback ¢ircuit , 1416, 422, 424 [ first, sior t
410 for carrytngiiRe Teeakitis dNaanel RO renas PRPe AP S Bt 208and
correction URleboABGrecdiveds GPBURY hRb Kd GubstarfidNyehhichadt ha digetmrk i@(&ck
(FCK) into the afore-nmentioned differential feedback clock (FCK H FCK L),

and 3) 28 sec@rksiigraceivedt at 4he, fizpt differentialpleicatyer n20&.o0aner eedifigremtialt o
th d di = 7 LV - A i ted
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non-inverti ngetbndwibekssodihRt froe thatioadiffetdntiahreduiverdedrayihenDedApared,
t hrough the buffers 418, 420 should be well-matched so that the

h
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feedback clo
30 mentioned differential feedback clock and provided to the second differential

receiver 314. In this manner, insertion delays associated with the first
differential receiver and the delay comparison and correction unit are

removed from the delay-corrected clock.



20 are shown to be generated by different output buffers 412, 414 of the
del ay conparator and correction unit 406. However, the two cl ocks may be
generated in alternate ways. For exanple, in FIG 5, an IC 500 is shown to
conprise a delay conparator and correction unit 502 conprising only a
singl e out put buffer 504. However, the single output buffer 504 drives two

25 di fferent outpulf therga@#@3rredidd clonk iotisthibofedodara ebca distripytionrireciied
clock (QUT), and one of which carries a feedback clock (ECK). The del ay,
through the f&abablerpalitdp tandly)bdaiapneudl {NHEj 2ERYIS AepdrBARBCIHFIRHItch

i ti del . f I | d
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del ay through the first differential receiver 402, and the delay through
the del af conpacksd@teardbeigntially i At t@aosne| Ar tTAPE FRAAIHER the helock
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the feedback gistrintitiorddftuithhly altPbe 48rhovedifromithe eidlaydsometisitibek.t he
del ays which are associated wth the delay-corrected clock
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del ay through the del aK conparison and correction unit 406, and the del ay
t hrough one othentradbegkpelpek dnte giffeseriialclora siathat.itoe difiesential fegdbagls,
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i st ribution With@iAOoBFIIEONGrowb thes the idern} &%k eckgay be
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mat chi ng aspects are preferably tied to structure.
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e 55k TR A B RT3 b O
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del ay-corrected clock (QUT), clean up its edges, and create inverting and
non- i nvert i ngeattodifterential. receierA4{R,CKB) ;ararekadiy mateiled3o However, due to

non- 1 v t 1 ng ETGARs 1T VaIRER e BeS TBAY o erteisahl Bk G uPiass B "
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transistors.

The first differential receiver 402 receives a differential input clock
30 (IN_H, IN_L) and outputs a first clock (NCK). The second differential receiver
404 receives a differential feedback clock (FCK_H, FCK_L) and outputs a
second clock (NFB). The first and second clocks (NCK, NFB) are received

by the delay comparator and correction unit 406. In response thereto, the



inverting and non-inverting buffers 428, 430 for performng sone or all of
its functions. Wth respect to a clock distribution circuit 408, 426, 432.
434 such as that which is showmn in FIG 4, gne or nore aspects of the
converter 416 in 5 the feedback circuit 410, 416, 422, 424 may be
substantial ly tched to, one re aspe of the Ioca cl ock er 428
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toadifferentl c}‘c%%ck(lNH INL) as it is routed froman IC s
ext er nal contsd'agg Qﬂfge $85%Po a differential receiver 402 is nininized by

mnimzing the | emghd fakdbask dircLirr£10,1 216 sugpalsouogpmptidés 1%4§ fﬁéi eHang
bet ween the contacts 440, 442 and the receiver 402. 20 FI GS.
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differential receiver's differential clock. In FIGS. 6 & 7, each

differential anstd)acsecmn smmakoautechde. 424 fon cownlingtheaseaventss 416 to the

630 in each dFPERCRIPLT L cabOLer 40s" Tk SPBuERE: S uial s FopBihusd

recei ver's divdrpienivags, bLp@iteferaifly comptises maireelainpesing aad r&fmwemmg of
the fi rst recei ver 402 shown in FIG 4. The receiver 402, by
'Hﬁ%\bé'ﬁer% he
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recei ver 402 | 8hg! s g gﬂb&”ﬁ%teﬂeanscﬂ‘{ﬁa 'tﬂ | Giffe I'f%gHBaclgz%Q&lgzz

| ogi c. -11 Thé recelver 4 rirses a co current source

first and sed6@K MISFIK fler enmmisepatws sﬂQBdal&BWhncﬂ?@r&Zﬁomlemebtsr obfone
current mrrors 632/ 624, 6341626, 6361638; and an output stage 616, 618. A
first of the 33 i fferential pairs 6281630 is configured to recei ve a 5

differential inputincFiezks, tﬁ@edétbyiwr@&é@ﬂclddv@wu% Qe feedBaLR @fock
conmponent, IN H and a |ow conponent, IN L. The hi gh component of t |n ut

clock i29 r ec@reehonn tm@egﬁ@@ef@te%bmdl‘é‘ETQﬂ-’f@#ﬁﬁWebUﬁWSe‘ﬂ 414 ef the éﬂﬁbaystor
NFET 628 K
éat e of a) secona‘g%(éélrogggo ﬂ'ggfs?%’?)r%ne& glqu H%)IV@S\%?NH’P:% t(Kg\gjg%llés/cg%oupﬁJg) to

drive 10 a figesiersfed incalteroeteyamays. ctwr example, oGO3 126245 560iik eshbiava to

source of t he second NFET 630 is ¢ led to drjve a.s nd of the
recei ver's clHEMtS&id rd@I%V 6’3’@"@@? "I‘?'ﬁ@gdi;%rrﬁddﬁ” éﬁ'ﬁh%h%E?o%‘@@S’r@S@n% a

coupl ed 1ot hengads bRl el 804N FENGYR, DS Rhbit BBHGNSHA Idhvkagcand

configuratio so coupled to the node CURRIL I's the constant curren
sour ce 2820, Ihff&2at oumtdmea 408, 410y ene ofomihich a=urips iss delay-qrarected dMEB&Ts

620, 622 whi Ied i aral.l el their es and drai ns,

bet ween t he ﬁ@&@[ af\yﬂ T BR fee?ﬁ@cggi GFER NFET 620) 622 is
driven by the si gnme RIAS-th Palfghvﬁﬁe%éaw dnr@uﬁ%'a\yesef\ra?mdsnﬁ ;@.ﬁ@a,
SCTEST. SCTEST is a 20 control i gnal which can be uSed to turn off the
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operation of the r S ESTls hel.d | CT isfed 0. an
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of an NBET 6%é’ivﬂbﬁfdél§y§wmér¢€r@%w@§ﬁte@ forgh tRetcRNEY-Bbrrevidd cldBR ( W‘@S

via its source and drain. A 25 second NFET 604 is coupl ed between VBIAS and

ground (GND) ogmprisesthe delay through the first differential receiver 402, and the delay
through the delay comparison and correction unit 406. In this embodiment,

the structure of the second differential receiver 404 is substantially matched



source and drain. The gate of the second NFET 604 is tied high. Thus, when
SCTEST is held low, there is a drive fight between the two NFETs 602, 604.
However, the NFET 602 which receives SCIN i.g_sized |arger than the second
NFET 604 so that it easily wins the drive fight and pulls VBIAS high 30

whi | e SCTEST j s, ow. ri t T ve

Uhat Ct he NeEToeshAwRi e Bkt teret e FR2L B 08 &by cuBlER By
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normal operatinon,). the pul | -up FETs 606-614 have no effect on the receiver

402. 5 Each of the current mrrors 6321624, 634/626 which is driven by the
first MOS differenk athgsaembedEneats elotie Fies daammaratisg thecpserdian gelawseT
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respectivel Y)delé'ilethmgﬂcms)ﬁrs@@ﬂﬁerﬁﬁﬁil Feboivey 3402, he b g dhiough tHedbelly
potential (VDD) rain of each PFET 632, 634 is coupled to its gate, as

well as a resqmpawrbr@domfrﬁétwmt 698, agpthsr delay thrpyghwse or more

differ i al Thus F 3 6 i s ure
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6341 626. The drain of each NFET 624, 626 _in the second MOS pair 6241626 is
coupl ed to t HalbsertigiyRRatchasetontiat of dhe fissilifaiential receivar anf engedrand

configuratio plt{%?% u
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t he secaond air are_respectively coupled to the input and qQutput of a
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The NFET 638 dlﬁr@guahetﬁrcunazms S43®ULER, aaqi sﬂfowmnrbﬂ@/eanc@mbhgasm)tgﬁtsalal
(VDD) and a second NFET 626 of the second MOS pair 6241 626. 30 One of

or di nadP ski |9logk, distebytien vgirauity 488, @equaétciq% bpffer 4#6; eard \aedog2clock
conprises thr eshhr st r

differenti al Og%”rgbgggls%?@q ?2 h§é4a ﬂgg?ﬂ’le%] {li}'([é g?eéél?s é\rrt]%%efrvé EBS'I)XgEer oﬂ\'}?des
hi gh i muni tﬁalay-dofrbetah&:loeid@@lﬂattesa plnchlmy)oﬁmglstedelemémtag% 488(ssgcond

-13 st 1 th d di f t 41 626.
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an output stage conprising a string of invertors : I'n opér
the re@di ver fA0R |Cstoal.i tritvervenyinf FKi;t4 dhevglagal\ﬁbdﬁdtsmmltmrgblrmt da8iial .

At this point, NFET 620 2 .0f the c nt _source b
conduct) and P %E?B'é’dise o@é@?ﬁ? %IaVTCéW }(t(ﬁgﬁlégﬁmoﬁrem&ﬁz&%

and ground. Wddk BOKErCHPHONLR S l\ﬂ;hﬂoolhhsL)oc@f CH&R Bliffdres 2aid BleforEBIY
clock resting at a zero potential, drain currents, |p~ I p2, 10 I p3 and |p4

flow, respectusedlip amplify the delascornateseslonl (ST idean am ital eqbg@s, &NPZETS

dr i ven by e PR REEE AT LobRantig BT e shtA =B Okl dess bkt

recei vidgog t helstid dietrivuitionl cifour 3 143akiy préfeeatsiyiiseatts rbote BrdinvBRINy nd
respectively copied to the drains of the NFETs 624, 626 of the second MOS

di fferenti al NPB-IAERiINGLAPEIsfrom the logal elgek duifer ABE tarihe Ibwalibeaheagistesl v) .

Then, as ar e r 0 6

t he NFETs'62§§¥é%8&%ﬂ%?héﬁ§%cgﬂ%eHbééhﬁgﬁgr@%??éﬁQ%gFPh§§&$%gb?q?ggﬁﬁgaln
current 103 is copied to the drain of the rightnost NFET 638 of the current
mrror 6361638. Thus, currents log, 102, 1D3 loa and | p5 are substantially
equal . This being the case, 20 no current flows to the receiver's output
stage 616, 618, and clock output NCK is held low. Wth the transm ssion of
a first pulse of the differential input clock, input INHTrises high, and
input INL remains low. This, in turn, lowers the resistance of the NFET
628 coupl ed between nodes N1 and CURRL, thereby



25 causing current log to increase and pull a greater share of the constant
current, |. Current |Ip2 therefore decreases. Since current |~~ is copied to
currents 1p3 and log, current 1~4 al so decrgpses. Current |Ip5 therefore
exceeds current I1D4 and) as a result, the rightnost PFET 638 of the third

current mrr I; I Al . I Sr;
causes 30 noﬂév%ﬁ%f?f@ aﬂP!" lg\rll%ﬂhgu%suefg&%?ﬁ @ foo%%%mﬁlﬁgdea toé-rg?l ?fnllgsut
IN_H falls | dunctiores.i nput IN L rises high. The state of the receiver 402

t herefore changes accordingly as 1 ) the resistance of the NFET_630 coupl ed
bet ween nodes N2 aWHhGQRRQgTd%’c?&&%%E“Sgb@W@ circuiy 4pEs b afide. @gtsh’@hl\ﬁT

628 coupl ed hetieaiRASows it FARd OERL ?ﬁé%aégﬁecté)o%;c?ﬂeﬁ]\t%ﬂegfﬁ%

and | 05 decrease, and 4§ﬁcurrents i ce an8+Ie4 I NCT ease.

ther ef or® exahedsedbadlecitcuitdi@ndt 62422 45 mdy, bé ebstaytiiaty shatdREd t6 2fheof
the second MOS pair 6241 626 %;IUI S output node N4 to S-p}?gcl ow Fot ential. This
causes node K M8re ASRECIERf logal glogk 429 4 fthe Icgstbution eigeuih i n

the above pag&;%@'@s 4?% g@@’{e;gepﬁ% ﬂ@ré‘%@%io‘ hﬁﬁﬁvagl QCialiflered AlErers

received. FI iTTu fes & preferre odi ne the second recéiver
404 shown i n 428Gand 430he Sieiarly eond @4 moresadséciatofaheyfirstsignal rfute a0y of

exact | 10 matched to the receiver 402 shown in FIG 6., Structures in FIG
o oh at e Res kb T, 48 448 420 Fbvihe subatanitelly Sateaae Jerahieons
of the fer it o‘h%?d i I B r
refer en@éd b??ﬁg?gjg%gée&ﬁ%&ggé%{% gSEI an ﬂfo gFgg’%sdI&E@fﬁhCﬂwgﬁﬁl
N2, N3, M, S%(KeWisadokBldSmare ddpects of dhewedued signaheodi® 422 udRdrafsthe

f db f ce . 80Q' -638' .. and . CURRY, RR2' ,
B\ lob RS IR T A Y B R AT SR oS i
7 differs f r%%&fh?ﬁsawrﬁatdh% {d URkTH Bdré %s?e@ts @; 't@eiﬁ???e—%ﬁgh?dflggél”p“t

dl
NFETs 628', respectively recelve conponents o ferentia eedback
cl ock (FCK Hclde®diglribuding ditcaitrdS@eidBdr ' s out put 20 inverters 616', 618

respect,vel roduyce.cl ocks, FB,and NEFB., |n.all other r ect the t
Fecoivas 402" a0l BirRte the SRBY AREN i iBParPH &) re SR RHAPLt SIothe
FIG 4 1C 40QN tieINli[fY aseintd abuigddPfrbnt l20C kCanéxteaesibasitattsoaomaabt ihave
the sane voltage swing (e.g 2.5V). In these enbodi nents, the dela

t hr ough t he otials rageiven 402 | isusinkpizadi ByFrusimizings tke7 lenghl a¥bté\e
exact. Howevege, i R.:ot i t f ; I Lhkerenti al
i nput cl ock ?ﬁi&egﬁgté%bg@fzaﬁ%@% %ﬁh%ﬁg\%%lﬁé&ﬁtﬁg}ee&oﬁf&gagﬁ%\%ﬁigé&b, Iég'r%
exanpl e, theandlthagecsivend02f the input clock m ght be 2.5V, whereas the
vol t age .sw ng of feedbgck cl ock m gh e 1.5V. |n these latter
enbod! oht's. it i E13SerbragIEsoRavanulaASs piateriec SRPAREERe At e e
recei vers 402n4404oRaviffardHtia ré dBREKsA0A Aot SN M FIGECH &@@fe?é;%‘blﬁnd
common node voltages. Such immunity is largely achieved by the receivers
each differential receiver 402, 404 comprises at least one metal-oxide
semiconductor (MOS) differential pair 628, 630 for receiving the differential
receiver's differential ciock. In FIGS. 6 & 7, each differential receiver 402,
25 404 comprises plural cascaded MOS differential pairs 628/630, 624/626, with
one MOS differential pair 628, 630 in each differential receiver 402, 404
receiving the differential receiver's differential clock.
FIG. 6 illustrates a preferred embodiment of the first receiver 402
shown in FIG. 4. The receiver 402, by way of example, is implemented in
30 complimentary MOS (CMOS) iogic. However, the receiver 402 could also be

implemented in PMOS logic, NMOS logic, or other logic.



402, 404 illustrated in FIGS. 6 & 7. -15 F1G 8 illustrates an |1 C 800
conprising a second preferred enbodi nent of apparatus for distributing
cl ocks. \Wereas the 1C 400 shown in FIG 4.qqutes many internal clocks as
singl e-ended cl ocks (e.g., NCK, NFB, QUT, FCK), the I1C 800 shown in FIG 8

routes many internal clock er.ent t.he
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circuit 812, s8¢dnd 8NJBET8330 182éowleﬁetroat1hyeca)rmlcoaesofltﬁe tedaivets Sugrank
route 812, 814 for carr the differentjal feedback clock (FCK H FCK L)
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del ay-correc fSEng H QUT L). In one enbodi nent -16 of the FIG 8
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del ay- correct ed cl ock (OUT) conprise the del ay rou h the first
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gl obal clock distribution circuit 808, 810, a |ocal



25 clock buffer 826, and a local clock distribution circuit 832, 834.
Toget her, thesé elenents serve to route the differential delay-corrected
clock (QUT) to a plurality of register elengpts 836, 838. The functions of

the gl obal clock distribution circuit 808, iO) | ocal clock buffer 82B, and
| ocal clock distribuytion ¢gircuit 8

2, 834 f I ,
in FIG 8, tHsSqy ied oo Eie 5%k réiedﬁf?loaaﬁ‘lu\lﬁgb%/qhaér Ol5§m,l F%t%(ggﬁgfogﬁéglry
used to rout emtzp.e g&%sf,%wmgt@lst C{ﬁé?iﬂlotﬁ;ﬁ ertrdsobak CORHLE oD LaribGs BRe

cl’oc uf fer 848 |

or nore | ocal 826, of an I C 800; the local clock buffer
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non-inverting | oc ocks fromthe local clock buffer 826 to the plurality
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exanpl e, a paj f._non-inv j ffers f performng spnme_or
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mat ched to one or nore aspects of the afore-nentioned gl obal cloc

di stri buti on psiir cUhus,8em;h efithe PFESW 832, GitkisoeonfRured s pliede-connented
second si gnal ute 822, 824 of the feedback circuit 812, 814, 816, 822,
824 may be sJﬁgﬁantially mat ched to one or nore aspects of the

af ore-menti oned | gzalecohaCkIOR diffélamtinPPafi 62UIE2E8R2 fordddd fRIRTtRealiFETd! he
delay which is inparted to a differential input clock (INH INL) as it is

rout ed r om £24. 626 afthe Eiene-mentianed cgnent BArrorH632/6844i6BH&G 2t ThE drain
. 800 | <3 16) oI a0 . i’
Conal 1 out o SRACTEHEET B 67b Thihé MbanieMatd 854 ) SoGhEH hthe

r eceijvfe][ 802.ndai@cFCUHF$mr enThal NFREES varedB?bstaﬁﬁaltgfynmwd Sin asizéeasid one
MOS differential pair for recejvi [ i,al receiver'

i Trerenti ol congaRiEtss. praeaiass, CORRE anvr PRI 4 et npsrodBosuch gaat
conpri se pl U&@é o?réﬁw%a@l?%e'\/%dﬁdc oS itrateriil Tobir BRAB2BNS MR AL HSIEANGI &
pair in each differential receiver 802, 804 receiving the differenti al

recei ved0 s dithé epsstanbicuoeot aoueedi2(Hit2Ze r Bhe isaureascef therNBBEZs &4 626 in

Pogi o o vt SEERhEdETS SearedsPhaiNin TRUsHE o Mo UPUCgRe fllph el B -
Wi le i1l ust raird \ceren riresesB8/§38r eTiee Itaidd esdrastitnter odmbtiees wenFETS
have been described in detail herein, it is to be understood_that the

i nventive cofS¥pPsBnulicharsiapepiiceaipaioreaisr yTeabiceifdal dna BBl 5, ThRd
L ks, SR ROBIEoEbR T TP SR o BenRRUSHH oA V) ot
25 and a first NFET 624 of the second MOS pair 624/626. The drain and gate of
the PFET 636 are coupled so that the PFET 636 is configured as a diode-
connected FET. The second FET of the current mirror is an NFET 638. The
NFET 638 is coupled via its source and drain between a high potential (VDD)
and a second NFET 626 of the second MOS pair 624/626.
30 One of ordinary skill in the art will realize that the FIG. 4 receiver 402
comprises three stages. The first stage 1) comprises the first MOS
differential pair 628/630, 2) has a high input resistance, and 3) provides high

immunity to different edge rates and common mode voltages. The second



-19 WHAT 1S CLAIMED I'S: 1. Apparatus for distributing clocks, conprising:

a. first and sécond differential receivers, the structures of said first
and second differential receivers being subsgantially matched, said first
differential receiver receivi ng a differential input clock 5 and outputting

a first clock, and said seco diffe rec Lver. |\ a
differential $€880RCBPIRES S%QRWLM‘&)%@J' el ah%a'eﬁggﬁd?\go%&oaé?%me
conpar at or an&';fﬁ;e%ﬁt%.qt.heut Wk toS%' gingf- SHOEQTIER ! A &) e QdeRCEigARicERt t
receiving said first and second clockS and 10 generating, in response

thereto, a deaegsorgaict ed e dbkd astahg& b dittieacécaiverc kO2ais] an cutpele dbagk

circuit, said feedback cj rcw @ gq,%fl rst signal route for carrying
sai d feedbackC¥NBERNES r%?ﬂ '83? "Sc )h% or and correction unit, a

convertes for convg{ bb@%tﬁfﬁ GIhéEreEé%Pal@@ |§| é’@dvattéd %@f'ﬂsﬁdﬁf/ﬁ@e\%l@ to a

f eedback cl ock, and a second signal route for coupling said converter to
sai d second dhighepetential. wéctéla/amntzboﬂmblfﬁlfm&f)oﬁzal@ftTrhebmJnﬁgnt:pamast as

conpr i Ses bt FOHGP BRBNES GGt oRTaP BUTETof PRaES, gt keeh’ e

differential é htseé @uﬂﬁﬁ/emm %'ndcb?ﬁlﬁnd?’ WiR BRtREEfpofenty gNr HOUY| ng

clocks as in alm wherei n each of said first and second différentta
recei vers concpfrthsemffptamal inpal chubkcresieg ak Afzare motentigladinag) camentshérelo, one
MOS di fferent| al n each differ Lver. recei id ... .

Nt or el ol Ipaskuler oWy EEEe Ghief Pl ArSCEhY AshREET ghRifuialnak i ng
clocks as in QFgT® 628 WMeB0CI8D4, h@2§t rAgtalrr@%u@foﬁméi cLirepit ranebrs es22624,
differential receivers are exactly matched. aratus for

di stributing &34/6RE drivambytae firgt, Mﬂfeldeffefegaaldpalr r6§18 (I BidMOS pair
di ff | f .
Gi str but 1 ng "eeerad e Bifarpiet b8 fiobEE She Shfrends, bR B #e B ipoctvaback

circuit conprégifiedRartakl @aindyeeid mamemnseevmﬂher@eduﬁdf MGS diflérdntial
paral | el buffers having well-matched del a 7. Apparatus_for distributing

cl ocks Hs i n RABORAO2Gi@- cRB Coisiemtsl &fs imecqwc@vam dmens @se frestibatk

cl ock are si ngles apdadel ok s APATELUSLICA bl MUNPETEIORKASof "

claim1, furt conprising a C€ t1on CII‘CUIt
di stri buti on thiersegdnd M@Snﬁjﬁemrdxad@la&yewsﬁeptml dedincdurtentadbs isaspiegni»

register el e ﬁa‘?@'féc?fttb emoors’c IWIEETagfse %%S{hgfcusr%ncg r%ﬁreoqbggglsgy Cjﬂwt ar €

subst anti al I
currents Ip4, Ip2, Ips, Ips and Ips are substantially equal. This being the case,

20 no current flows to the receiver's output stage 616, 618, and clock output
NCK is held low. ‘

With the transmission of a first pulse of the differential input clock,
input IN_H rises high, and input IN_L remains low. This, in turn, lowers the
resistance of the NFET 628 coupled between nodes N1 and CURR1, thereby

25 causing current lpy to increase and pull a greater share of the constant
current, 1. Current Ip, therefore decreases. Since current Ips is copied to
currents Ips and Ips, current Ips also decreases. Current Ips therefore
exceeds current Ips and, as a result, the rightmost PFET 638 of the third
current mirror 636/638 pulls output node N4 to a high potential. This causes

30 node CK to fall, and causes node NCK to rise.

Thereafter, input IN_H falls low, and input IN_L rises high. The state
of the receiver 402 therefore changes accordingly as 1) the resistance of the
NFET 630 coupled between nodes N2 and CURR1 decreases, 2) the



5 or nore aspects of said clock distribution circuit. 9. Apparatus for
distributing clocks as in claim8, wherein: a. said clock distribution
circuit conprises a local clock buffer and.q.gl obal clock distribution
circuit, said global clock distribution circuit routing said

del ay-corrected. ¢l ock t.o.sai cal,qCl fer: . QN r

aspects of sdrd' SR erottreﬁ% r{gggﬁd%fzgegg@élgsdc%Wﬁ?naﬁggggbgﬂaaﬁalwhﬁ1
mat ched to ongcRasEBS 8) @@ﬂ%ﬁﬁwl[ﬁf 15288d 195 dlecedarek dnd BeicurkBts ApPar@tipls
for distributing clocks as in claim9, wherein one or nore aspects of said

first signal inoweseof Caurantflpedbaror exgeedarariRlisibarandl 8y amseswbdtheo

one or nore aspects ' l.obal LSt ' Clyr.CUl.L .

Appar atus f or”%%éntolsf Bﬁgﬁﬁﬁéﬁl@ I%(gﬁ"k% sg&nﬁ K/gﬁgl Qﬁ”ig?y\ﬁgg rpel‘luﬁ :odtbgfzv%c}c(ﬁf NsA’aHOd
clock distributdwpotdrtalli tTHisiebhess pBHRICEES risd, atal calaakndds NCRUbifan
circuit, said local clock distribution circuit routing at |east one clock

bet ween sai d Thegyclel srikioptif inetheagliovRiR@ragraphgsis thesnepeaipd esradditapal ;
and b. one or ; i d second signal route of said feedback
circuit are sq.'fg@{ §H$§§%1%%r§%"c’%@d to one or nore aspects of said |ocal

cl ock distributiorFid reiidstraisd aAnretdreddienisdihesit of Bivé isegost aeksiver 404
conprising: a. first _and second differential receivers, the structures of

said first arshowecénhl!@i fif efbatreegiverdoivisrsbséaniiplyulandaprafanably sxasted,

said fifgst dif tJ |: Vi i Tf er | i NP8t~ C . 5 and
out put t10g a PRECESCPous FemvELA B ottt bt Res b bler cablihng s
differential rhgefbarksglLotkeg it RIGL BIEré NefatefesdWitie IPithed Werglods|dYthe
conparator and correction unit, said delay conparator _and correction unit

recei vi ng sair@ferenee AWMbeEr ANA A& NAIAES 18se@n8r HPnd- | MheeKiviseres

thereto, a ditferentdal, deliays @l Hifthss 600-638 and node names CURRI,

CURR2, N1, N2, N3, N4, SCTN and VBIAS are therefore matched to the

15 structures referenced by reference numbers 600'-638' and node names

CURR1', CURRZ’, N1', N2', N3', N4, SCTN’ and VBIAS'. The receiver 404

illustrated in FIG. 7 differs from that which is illustrated in FIG. 6 in that the

FIG. 7 input NFETs 628', 630" respectively receive components of a

differential feedback clock (FCK_H, FCK_L), and the receiver's output

20 inverters 616°', 618’ respectively produce clocks FB and NFB. In all other
respects, the two receivers 402, 404 operate in the same manner.

In some embodiments of the FIG. 4 IC 400, the differential input clock
and feedback clock might have the same voltage swing (e.g., 2.5V). In these
embodiments, the delays through the receivers 402, 404 illustrated in FIGS.

25 6 & 7 should be exact. However, in other embodiments of the FIG. 4 IC 400,
the differential input clock and feedback clock might have differing voltage
swings. For example, the voltage swing of the input clock might be 2.5V,
whereas the voltage swing of the feedback clock might be 1.5V. In these
latter embodiments, it is preferable that the first and second differential

30 receivers 402, 404 have a high immunity to different clock edge rates and
common mode voltages. Such immunity is largely achieved by the receivers
402, 404 illustrated in FIGS. 6 & 7.



clock and a differential feedback clock; and c. a feedback circuit, said
feedback circuit carrying said differential feedback clock from said del ay
conparator and correction unit to said secojwl differential receiver. 13.
Apparatus for distributing clocks as in claim12) wherein each of said

first and second different ceLyer, ri east

differential pai rdf:‘:](%gr' régc&lius*rﬁgeessa%% Cllléf fe enPﬁ&\%rgL@ei %le,seggﬁij%?fﬁ{ﬁdm
cl ock. 14. Appabedivseritaf agjpﬁramwo'r igstebotks cRoken WhatdBslthe Mh20eighoRach
of said first and second differential receivers conprises plural cascaded

MOS di f f er entindf!Gaft rroutem daime irieinanelosks af singledndar parks i(8-RadiCk,

. ; ] \ . o ; ; , .y )
Clock 1 L 55 NESPQUSE, EEREHEICHRE sHbriRaRS 2 rAREE iy Puftral SR
the str gt ur eliffedensial didckest Aand BlEondirl FiGr @nbpphrates eonisrised firstaet | y

mat ched. 16. Apparatus for distributi ng clocks as in claim12, wherein said
first and sedgsandidiffeieatial mceivars8Per §04y 8 dalmscomgiacatpe aapaaresction, unit

of bok ai st 1 9 3 A iRk RHsCk BRI RT 2 B A IR, H22, B2 T The (Rl St e

differential filst aye csaonet diffetboitd texehlerbe8G2, 804 dregs$hstantaiBmemdtched,
wherein one or nore aspects of said feedback circuit are substantially 5

mat ched to o@daArenpreterabpeexactlyrmatgh®de] ock distribution circuit. 18.

ar at for distyd butiing:-cl bk -Ch a4 ; r &k a: ' k
Aot T o ci v oS EE IO, Rbeivbr s Tebbivele! Sifredtial Sibl SRR
di stributi on (N reuilN, Lpaint giuibats al diest dicekr (NGK 6h NOKUD e i sezosai d

del ay-corrected clock to said |ocal clock 5 buffer, b. said feedback
circuit corrprdi'fg@?rlﬁaré%%'é{@k %d"ocrﬁcsmeﬁe@, diffgreptial deegrack GlREK f(ELkedhyl ng

iddiff hal | i |
Thit to sai d kR EREUIE Eotdeon dbER (NEEE HANES DR AR ST R S 0
said 10 feedisacknd|amdksbaref shown ts dieddifecential diddley, ¢néy abuidealebvies singihel C,

o one r moRECRepElEkSor e dFoBl SPBSRIDHPPET ATPorSIRiEed devdhoRely
[ 24 o o PRREIELS o8 SREmER, upeBer ong RGNS, mBecife e
one or nore gopwArstasfanchicargctvalund 8e& atrsratasuaidifiersintialidelay-corrected
clock (OUT_H, OUT_L) and a differential feedback clock (FCK_H, FCK_L).
Although the feedback circuit could consist of a simple differential wire
20 route between the delay comparator and correction unit 806 and the second
differential receiver 804, the feedback circuit 812, 814, 816, 822, 824
preferably comprises 1) a first signal route 812, 814 for carrying the
differential feedback clock (FCK_H, FCK_L) from the delay comparator and
correction unit 806, 2) a feedback clock buffer 816, and 3) a second signal
25 route 822, 824 for coupling the feedback clock buffer 816 to the second
differential receiver 804. The feedback clock buffer 816 may be implemented
in various ways, but preferably comprises parallel non-inverting buffers 818,
820 having well-matched delays. Delays through the buffers 818, 820 should
be well-matched so that the differential feedback clock (FCK_H, FCK_L)
30 maintains two signals which are complements of one another.
As in FIG. 4, the delay through the feedback circuit may be variously
adjusted, depending on which insertion delays need to be accounted for in
the differential delay-corrected clock (OUT_H, OUT_L). In one embodiment



-23 20. Apparatus for distributing clocks as in claim19, wherein said
clock distribution circuit further conprises a |local clock distribution
circuit, said local clock distribution cirewg-t routing at | east one cl ock
bet ween said | ocal clock buffer and said at | east one register el enent;

wherein 5 Oneofqrnermpﬁaqﬂ?gs%u%{e 1121 PRSP BB Nt S16! Secduntéts th! perRAack

circuit are substan mat c 0 one or e aspects of said loca
cl ock di stri Wifféremiial delsaytcor?dcted crech¢@UTgrcatnstise bhe idetpycthockgh the first

conprising: a. _providing first _and second differential receivers with
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at said 111 stodiddighelhiiabo. I eFPHHR! enhodifRhl Y Aritilie®dinind!sdoagdback
cl ock at sai d secon ITferential receiver; d. ‘conparing clocks output from
said first anfifferectiabretieiVerr8iy isasubsartialgrmatoigd fonthatspiireskrst Hdferential

generating a delaylQ corrected, ¢l ock an f.,eedback cl ack; .apd, e
converting séﬁﬁe'f’é%ggécﬁngltgepeﬁﬁy gl'éﬁoél’g itg?ef?@ag? CF%‘@HEQ@kggﬁj”o@l@' &2, A
met hod for digsiyri il ocC Srdey]iC lyiad i o hSEAGitE -

di stributing P M’aﬂ@:’-‘é*&; CEY, Eoresil IR Betdys WO HreCaERiaiAel ot the :
b. subst ant i diffgremtiactiélay-coreecied whock @EXpects OMT d faredhbskariiatly meadchetio

id cl k di i buti ' it d c. j ' .said f | k
sai d ol ock disifibuLon ST e L 200 f, iertermien sad serkagk gl pek
sai d feedback cirqyidthefddmbodpidiad chOt'hedFRE._rBbé'ébé}%tﬁ,%lésinséﬂﬁﬁrfiéla%3 a,

providing first and second differential receivers wth substantial
mat ched st rucsthiclkesare ac@iuriedrioc dnviheg difedentia r éeleyadoriacied oidakc kORKT $hi d

fi diff | 5 ' . | Vi di ff. j al feedb k
bt sai d secomD it} SpbiTe T dbieb ihitual the’ st e el seREE 20 thom
sai d first a%néﬁﬂ%ﬁgﬂiﬁnteewgyi@dmﬁsﬁ@w@ha cHbction iSiEBEBS BnkNPEelOby

generating a differential 10 délay-corrected clock and said differential
f eedback cl odkrough phaeemopre gpordpses rafbaitalerk distidikgticns cireuit 1I888m8A®, §2f.t her

conpri s|i5ng: 832, 834. In these embodiments, the structure of the second differential
receiver 804 is substantially matched to that of the first differential receiver

802, and one or more aspects of the feedback circuit 812, 814, 816, 822, 824

are substantially matched to one or more aspects of the clock distribution

circuit 808, 810, 826, 832, 834. One aspect which can be substantially

20 matched is delay. However, at least some of the substantially matching
aspects are preferably tied to structure. Thus, not only are delays
substantially matched but, when possible, structures are also substantially
matched. For example, the clock distribution circuit 808, 810, 826, 832, 834

shown in FIG. 8 comprises a global clock distribution circuit 808, 810, a local

25 clock buffer 826, and a local clock distribution circuit 832, 834. Together,
these elements serve to route the differential delay-corrected clock (OUT) to

a plurality of register elements 836, 838. The functions of the global ciock
distribution circuit 808, 810, local clock buffer 826, and local clock distribution

circuit 832, 834 may vary from IC to IC. However, in FIG. 8, the global clock

30 distribution circuit 808, 810 is preferably used to route the differential delay-
corrected clock (OUT_H, OUT_L) to one or more local clock buffers 826, 848

of an IC 800; the local clock buffer 826 is preferably used to amplify the
differential delay-corrected clock (OUT_H, OUT_L), clean up its edges, and



a. distributing said differential delay-corrected clock via a clock
distribution circuit; b. substantially matching one or nore aspects of a
feedback 5 circuit to said clock distri butl.f)fl circuit; and c. routing said
differential feedback clock via said feedback circuit.

.AS3R. A L. Af[sl.Af[ Y. Ayn E. AS Y. A5. Al YA@ @1
. ALY. ASns?2. ASH@EteAmvemg WNOM@@GWQ@AO&@ clackade .o, CKAs and OKByicand the-
i5
Gzupkf a\ V\]ca]|8C lcgoccg] 833 %% Ucoa ccar 82] gg ta 3c4a]'8 efe abl ca] C f)ca]Utg] E (] cal
ca] ca] ca] ca] Qa]le:r‘ha];cm]cbadm-’rmlm'ha]; docal clocks from the local clock buffer 826 to the
a] c<a! $r QUOD/ oly#nNv(Q a ca] ca] ca] cagca cal calca]ca]calc

a] c*a] ca] ca] dHy@dPea] E?ﬂ'%tﬁj ekﬂnaa]‘% ]%%QC ]"@alpéa h eapk guider may comprise,

c§]$c§]ca cg] céf ?%%#ca} ca c$ H]@H% c %]g’g]fg)g% gﬁ@]@%@@]{@] gg]

ca! 91 | KOOP R’lé\M)@fflté[ﬂuhc]xé‘nsBadD] lj Uko" p3pqsssu|\/Uhuu}xsn| d Z] ]]1ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca ca] ca ca] ca cal calcalca] calca cal cal ca] ca
a] ca] ca] ca! ubvv/ xy3fth |re|s §1ﬂﬂ %M@qqrz:&]reaqt%% U}‘@ﬁ] @é*b] cslaa"ca] c
S s Ca]ca e ey
a] ca] ca] ca] cajaxk baffenjd 8] m]hfa]feec]lhxac]lca:]rca]tcm.'a’/v 814y B1EZ@Res 821 Ady &zl ca]
e e L
STIONE, (), B G550 SRy £ 196 o310 (Simpeny qpor o
103" <109%&’' () =Bpkotdrb] )hesfmstmg’eﬁal( joute 812, 814 of the feedback circuit 812, 814,
816, 822, 824 may be substantially matched to one or more aspects of the
afore-mentioned global clock distribution circuit 808, 810. Likewise, one or
15 more aspects of the second signal route 822, 824 of the feedback circuit 812,
814, 816, 822, 824 may be substantially matched to one or more aspects of
the afore-mentioned local clock distribution circuit 832, 834.
Preferably, the delay which is imparted to a differential input clock
(IN_H, IN_L) as it is routed from an IC’s external contacts 840, 842 to a
20 differential receiver 802 is minimized by minimizing the length of the
differential signal route 844, 846 extiending between the contacts 840, 842
and the receiver 802.
Each differential receiver 802, 804 may comprise at least one MOS
differential pair for receiving the differential receiver's differential clock.
25 Preferably, the differential receivers 802, 804 comprise plural cascaded MOS
differential pairs, with one MOS differential pair in each differential receiver
802, 804 receiving the differential receiver's differential clock. Each
differential receiver 802, 804 is preferably implemented in CMOS logic, but
may also be implemented in PMOS logic or NMOS logic, and may be
30 implemented dynamically or statically.
While illustrative and presently preferred embodiments of the invention
have been described in detail herein, it is to be understood that the inventive

concepts may be otherwise variously embodied and employed, and that the
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a. first and second differential recelvers, the structures of said first

10

15

and second differential receivers being substantially matched,
said first differential receiver receiving a differential input clock
and outputting a first clock, and said second differential receiver
receiving a differential feedback clock and outputting a second

clock;

. a delay comparator and cormrection unit, said delay comparator

and correction unit receiving said first and second clocks and
generating, in response thereto, a delay-comrected clock and a
feedback clock; and

. a feedback circuit, said feedback circuit comprising a first signal

route for carrying said feedback clock from said delay
comparator and correction unit, a converter for converting said
feedback clock to said differential feedback clock, and a second
signal route for coupling said converter to said second
differential receiver.

2. Apparatus for distributing clocks as in claim 1, wherein each of said
first and second differential receivers comprises at least one MOS

differential pair for receiving said differential receivers differential

clock.

3. Apparatus for distributing clocks as in claim 1, wherein each of said
first and second differential receivers comprises plural cascaded MOS
differential pairs, and wherein one MOS differential palr in each
differential receiver receives said differential receivers differential

clock.

4. Apparatus for distributing clocks as in claim 1, wherein the structures
of sald first and second differential receivers are exactly matched.
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8. Apparatus for distributing clocks as in claim 1, further comprising a

clock distribution circuit, said clock distribution circuit routing said

delay-corrected clock to at least one register element; wherein one or

more aspects of said feedback circuit are substantially matched to one
5 or more aspects of said clock distribution circuit.

9. Apparatus for distributing clocks as in claim 8, wherein;

a. said clock distribution circuit comprises a local clock buffer and
a global clock distribution circuit, said global clock distribution
circuit routing said delay-corrected clock to said local clock

5 buffer; and

b. one or more aspects of said converter in said feedback circuit
are substantially matched to one or more aspects of said local
clock buffer.

10.  Apparatus for distributing clocks as in claim 9, wherein one or more
aspects of said first signal route of said feedback circuit are
substantially matched to one or more aspects of said global clock
distribution circuit.

11.  Apparatus for distributing clocks as in claim 10, wherein:
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aspects of said local clock distribution circuit.

12.  Apparatus for distributing clocks, comprising:

a. first and second differential receivers, the structures of said first
and second differential receivers being substantially matched,
said first differential receiver receiving a differential input clock

5 and outputting a first clock, and said second differential receiver
receiving a differential feedback clock and outputting a second
clock;

b. a delay comparator and correction unit, said delay comparator
and correction unit receiving said first and second clocks and

10 generating, in response thereto, a differential delay-corrected
clock and a differential feedback clock; and

c. afeedback circuit, said feedback circuit carrying said differential
feedback clock from said delay comparator and correction unit
to said second differential receiver.

13. Apparatus for distributing clocks as in claim 12, wherein each of said
first and second differential receivers comprises at least one MOS
differential pair for recelving said differential receivers differential

clock.

14.  Apparatus for distributing clocks as in claim 12, wherein each of said
first and second differential receivers comprises plural cascaded MOS
differential pairs, and wherein one MOS differential pair in each
differential receiver receives said differential receiver's differential

5 clock.
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17.  Apparatus for distributing clocks as in claim 12, further comprising a
clock distribution circuit, said clock distribution circuit routing said
differential delay-corrected clock to at least one register element;
wherein one or more aspects of said feedback circuit are substantially
5 matched to one or more aspects of said clock distribution circuit.

18.  Apparatus for distributing clocks as in claim 17, wherein:

a. said clock distribution circuit comprises a local clock buffer and
a global clock distribution circuit, said global clock distribution
circuit routing said delay-corrected clock to said local clock

5 buffer;

b. said feedback circuit comprises a feedback clock buffer, a first
signal route for carrying said differential feedback clock from
said delay comparator and comrection unit to said feedback
clock buffer, and a second signal route for coupling said

10 feedback clock buffer to said second differential receiver; and

c. one or more aspects of said feedback clock buffer are
substantially matched to one or more aspects of said local clock
buffer.

19.  Apparatus for distributing clocks as in claim 18, wherein one or more

. aspects of said first signal route of said feedback circuit are

substantially matched to one or more aspects of said global clock
distribution circuit.
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clock distribution circuit.

21. A method for distributing clocks, comprising:
a. providing first and second differential receivers with
substantially matched structures; '
b. receiving a differential input clock at said first differential
5 receiver,
c. receiving a differential feedback clock at said second differential
receiver,
d. comparing clocks output from said first and second differential
receivers and, in response thereto, generating a delay-
10 corrected clock and a feedback clock; and
e. converting said feedback clock to said differential feedback

clock.

22. A method for distributing clocks as in claim 21, further comprising:
a. distributing said delay-corrected clock via a clock distribution
circuit;
b. substantially matching one or more aspects of a feedback
5 circuit to said clock distribution circuit; and
c. performing said feedback clock conversion, and routing said
feedback and differential feedback clocks, via said feedback

circuit.

23. A method for distributing clocks, comprising:
a. providing first and second differential receivers with
substantially matched structures;
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10 delay-corrected clock and said differential feedback clock.

24. A method for distributing clocks as in claim 23, further comprising:
a. distributing said differential delay-corrected clock via a clock
distribution circult;
b. substantially matching one or more aspects of a feedback
5 circuit to said clock distribution circuit; and
¢. roufing said differential feedback clock via said feedback circuit.



