WO 03/ 069461 PCT/ US03/ 01944 METHODS AND APPARATUS FOR ADAPTI VELY ADJUSTI NG
A DATA RECEIVER 5 TECHNI CAL FI ELD OF THE | NVENTION This invention rel ates
gener al | ywooosioav4sgr at ed circuit devices such as a nenory REVISH8/019Dr e
particularly, the present invention relates to a system and process for

adj usting paraneters of data receivers used in integrated circuit devices.
10 BACKGROUND OF THE I NVENTION Integrated circuit devices have | ong been
the building blocks for a wide variety of applications. One of the |argest

applications for integrated circuits the field of digital
conputers, where the devel 8 %&&“P@f@‘% sizes for the
i ntegrated circui tpfas Ay dIPMRA OTA TGS ING PDACA RIEOAIVERX  bi 1ty in 15

operating a di gltal conmputer. in particu [he developnents in integrated
circuitg have provided for increased rrermry capacity and different types of
menory devi ces. One such nenory device is the Doubl ta Rate Dynam c
Random Access I\/Ermry MMMMM&N transfers data at

both the risi %moﬁl !ala{ég g§9ﬁ9§11)8‘{%) iﬁ%glla‘t)e(&i&rc%q dé'lllg&agu]ph 'AE'EFAS:& drjyadi ti onal

SDRAM whi ch transt ers a~on rrsin signal. In

oper ati on, DR/ dise PattRilanB e pretent inesitioh lrélatzeto aliyfstenn emt prakessi gnal i ng
for clock signals at clock pins of a device package.  Diff rentl al
si gnal i ng f orfor pdiyating Wé%néqe@rﬂf@tarfé%‘@é%u§éh%lnct?g?ﬁtte9 CHEUE SRS node

vol t ag to enable the p %‘t‘ﬁf} Ni) GFslt}fﬁ”Iﬁ i uat timng reference. 25
Typically, a differenti a%n%ﬁvm—crvrdvs—gtmatﬂ—g?gﬁ integrity fromwhich
a bal anced receiivggrafedrtilgit evités Hahalongrieai tenmildopcblotksyfory wide
performance internally. However, DDR and sinmilar nenory devices utilize

non- di f f er efvegigtly of sm@watwrntﬁg Qrsrofdhe krgssapaiisations fer IBF?gf%%d HEite Baat a pi ns.

The ecel vet ot e HLANRL R SoRIMAL P RO AR SELSTPSael L age

recei ved dats@eﬁcﬂrﬂ@é BitdgfitE DG RchaS QNSWEd \forl drédier da@ad&‘iﬁ}t amdtﬂrmmbmn dee
signal voltage and reference voltage | evels. As result, the received

data silfnal spetingi ﬂlgiﬁamqmplékre\i&l pattigilaydhe ‘éﬁvle]f?@meéléselp\}@ég@ﬁgc k signals,
when the si %Prgllu tBve %J\E/o%lléeddfe P %%%eagedogeﬁg&%apacny and different types of

memory devices. One such memory device is the Double Data Rate Dynamic
Random Access Memory, referred to as DDR DRAM.
DDR DRAM transfers data at both the rising and falling edge of a clock

20 signal, unlike traditional SDRAM, which transfers data only on the rising edge
of a clock signal. In operation, DDR and similar memory devices utilize
differential signaling for clock signals at clock pins of a device package.
Differential signaling for these clock signals reduces sensitivity to common
mode voltages to enable the production of a stable internal timing reference.

25  Typically, a differential signal provides good signal integrity from which a
balanced receiver can be built that maintains good duty cycle performance
internally. However, DDR and similar memory devices utilize non-differential
signaling for data signals input on the device data pins. The received data
signals are compared to a voltage reference voltage supplied by the system. The

30 lack of differential signaling for the received data signals introduces sensitivities
to both the common mode signal voltage and reference voltage levels. Asa
result, the received data signals (exhibit timing skew relative to the received clock

signals, when the signaling levels depart from ideal.



WO 03/ 069461 PCT/ US03/ 01944 The non-differential signals and their
sensitivity to the systemvoltage reference, VREF, may result in data

si gnal of Weed3ae94sii ch requires some conpromnm se in buil di mErwse3nedei vers
used in applications such as nenory devices. As a result of these design
conpromi ses, the Tlfétlﬁhftﬁffel%hﬂﬂ%hg%aﬁfJnﬁrthér é%ﬁﬁiftl'éftf tcgﬁ]@%&#% Yoflggd10t have the
sane duty cycle|ntegr|ty as the system cl oc na I's reduction in
duty cycl e irafeegpce,tYREBUNaY tesultlinedatosigeal effabts, r\elasbm}ulred;sﬂiﬁéances in the

menory buffers can. OCCll)JI‘ urin vvaf er roce ing due to wvariations between
p-type chanrf8PEEYSEE Y gﬁtth le ]icéfé%nslsﬁcﬁﬁﬁmémoﬂrength t hat

can vary fromwaf essi s ength 10
rati os are not as b%l aﬁ?@fggglseséf E%@@a% )}}i-dnﬁ£§ ihe Heefal?%g arl z{:}on fromthe
design i3 acapiaoet gmenatig dogvotihavei thgsaﬂn@dutycmwﬁdegapas tegRetbmictdckt i ve to

VREF. The data nal is.examned relative to a trip point of a data
recei ver. dedpetin ‘Qégé’@hﬂcéﬁ infeerifecaquidbes s t@ﬁemalrmasogs transition

threshol d, %bﬁ,‘ﬂahéé@ 4 BR e.to a zero,
that is, the poi nt ét V\hrflégﬁ& ugfrélgl%éﬁtoﬁ%ﬁrladri:lﬁh% I‘X&E&ﬁ& 6&%?%%&%?% | evel to
anot her, t headatignabeimreangetypé clommelndevicey edd ﬁ-@rpe&h@ﬁﬁb@ﬂewbééﬁﬂ'dkﬁ(re t he trip

poi nt should be exactly equal to VREF. As the received data SI%{;
transitions S’Erﬁ‘?‘%]&éﬁt ?%V%frpavgwaﬁeé%waﬁeépm@wbﬂsedhmtwéme strangthout put  of

the recgj ve I e he t he data
signal s ar el%%telsriage %d}%?nﬁ%le 9&‘1 Sl élﬁh @E{%ﬁgfjgﬁo ErOW Fﬁgéség}]éw try of
t he data 20 arfected wmsemlmgg pahd mmvamhtms@ﬂaeeld@w toeVREENENts. Wth

i mbal ances fromthe design in the p to n drive strength ratio, the trip
poi nt may be sorrér\l%ﬁéﬁtaﬁﬁnﬁlf is@xampnsehrelpgye tomstnﬁpplﬁ@lfﬂ dafarrbestivancds in a duty

;}’ggfamﬁ)‘ﬁf ?gr(rfﬁjér&npirs egs@g’cl{ﬂh\;@ %gsm&ﬂ)é) n{g Io?gr Sit tzlrﬁsggfq??ts\%@gﬁ@eta? 21 ;gat of

skews rel at iduta ré@ﬁehﬁ’aﬂi@@@ts\&ﬁdn@oﬁéko 8 @0 athatBythe pol€ G hic NPRen general ly,
as dat %él s sent fromthe data receivers to data |atches, any kind of

ti m ng lSkewtieriapitchanges fiorporslesc]te arother theoutps thangss finmcorsdevalio and hol d
timng probgl%{ﬁ?r %d&ﬁga%%’é}?afﬁﬁfs‘h&ﬂ eréaxfag enc b%/%gg F%é(éflgas one-hal f the

power suppl S'sSWn rom houl d be

(VDD- VSS) / 2recﬂ='1h'ed dae sigelbtransitionk tHrotigMBERoitsetiovdd eeRgchRatyweent ered in
the signal swing. If VREF is not centered in the signal swng, the output
duty cycle hedwgﬁumgf thgreceives avil} drangitien from one state to another. Thus, the data

signals are being examined relative to the VREF level in the circuitry of the data

20 receivers using p-type and n-type device elements. With imbalances from the
design in the p to n drive strength ratio, the trip point may be somewhat shifted
from VREF. As aresult, imbalances in a duty cycle may occur, or the rise and
fall times of the data signal and that of a data buffer may not be matched as
desired. As aresult, some timing skews relative to the received clock signal may

25 occur. Then, generally, as data is sent from the data receivers to data latches, any
kind of timing skew incurred in the data receivers translates into set-up and hold
timing problems.

Generally, VREF is a reference voltage set as one-half the power supply.
If data signals swing from VSS to VDD, VREF should be (VDD-VSS)/2. The

30 ideal level for VREF is to be perfectly centered in the signal swing. If VREF is

not centered in the signal swing, the output duty cycle from the data receiver can

be affected. Further, any noise on the VREF input to the receiver could

2



be affected. Further, any noise on the VREF input to the receiver could 2
WO 03/069461 PCT/ US03/ 01944 potentially affect the timng of the output
si gnal i nwa dsiogiwespeed device. In a high speed device, t/IrETHeBHP4iHNt ent
is to guarantee certain set up and hold tines, such that neasured from

wh h | ock,. mak itikon, e i . ' i
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5 transiti 0gRaGeiRe, the dbdighitent 1s06 e@NGHRS certdif s@@p aup halikihed, dudhi me i s
smal ler, thus any errors or deviations from demgn created on the chip die

wi |l negati el peafifred fromseherehegtarkitles pitrapsitiontherddl a ¢atpin et ki ng

i nt ted ci it. i..bl { i d t t
for - Pribar anbie et AL lachS T P RRTRRp el S e BrPrellRE CiokRy“Cor rect
for DC &f f s@hgsifidh b&t&rsYREhighed Rdbuentits Bis6alp ahd HONTCEmE ResrhAllegdhad ed

circuit has been made, data signal offsets and tim r)g skews are not
correct ed dany emorspedeniatooms difont fesigy acaed enl therhimdiaal negatively atfecih pr obl em

deal i i th adj usting.tim ffsets of a digital signal | ative t
Cornci dent - SaBEd gLt don fomelnednEris S o Rid B heowafil, © 1 °
6, 029, 250, ﬁaéshﬁlé,%ﬂefél}éeéﬂ&qt@e%ir&t@@&riﬁibuﬁn{;&ﬁnﬁmﬂsmryirﬁ%usti ng the 15

Timng Ofset Between a O ock gnal and Digital Signals Transmtted
Coi nci dent itegratel airo@l, aoé cSirgph fdr, DE odifséie iihg MREF signalnd Syst em Usi ng t he

Same, " _and assigned. to the assignee .of th resent, i nyentign...ln the above
pat ent ,1%a nume?%ﬁlcaﬁﬁiqlﬁqt i“&%%rlatfd\fﬁmfwt %@begﬁtn?a&%’l cﬁ{ lﬁlﬁﬁ&fﬁsgtét s are Y
stored and ain&@g 8cwsWRELR cOREctaf dirhe dpefiiiod ogftﬁe%ﬁ‘&a%sgédlﬁi qunber  of

digital signals 20 stored 1s selected to be used to adjust the timng
of f set s f or cirtigt. dA pirétdem slegivgl with adusmgaimiagpiisets bf addigitahggndlul | y addr ess

t he problens previously.di scussed.  There remains eed for correcting
data si gnal Il Wc?ftf’éépé‘%}iﬁa'f "ECIP 'ﬁ%naélléégxge‘?nﬁdares : 1%@@@@?%@% “f t operates.
The present gidyeRhi RHNIONEES dRbiHkaO A daBlively RURRIiE 25 SUMVARY OF

opY I-iﬁd
THE | NVENTI 8\1 Asolution to the probl ens as di Scussed above is addressed in
t he prds$ent TimimgeDififscd Betwearn adtiocldSigoal antl IhigitdleSignadsBransmitiednt i on, an

el ectroni c devic¢ i ncl ude ata carrector_that provides adjustnent
i nformati onCPH}C1C§§f Wétgiﬂﬁ?é Cj‘?fg Sq_g?aﬁflﬁ(h&ﬁmoﬁ?])ﬁ‘ﬁ?% y@}%ﬁgmgﬁféq uded in the
el ectroni c deykeendRosio s BleSistiPndd ¥ the present invention. In the above

patent, a number of digital signals with respective timing offsets are stored and

evaluated, where one of the timing offsets from the number of digital signals

20 stored is selected to be used to adjust the timing offsets for the digital signals.
Such an approach will not fully address the problems previously discussed.
There remains a need for correcting data signaling offsets and timing skews in a
data receiver as it operates. The present invention provides a solution to this
problem. !

25 SUMMARY OF THE INVENTION

A solution to the problems as discussed above is addressed in the present

invention. In accordance with the present invention, an electronic device
includes a data corrector that provides adjustment information for adjusting the
trip point of data receivers included in the electronic device. For offsets in the

30 trip point from a reference voltage, VREF, the data corrector provides

adjustment signals that shift the trip point of the data receivers in the electronic



30 trip point froma reference voltage, VREF, the data corrector provides
adj ustnment signals that shift the trip point of the data receivers in the
el ect roni w0 B/0¢603/ 069461 PCT/ US03/ 01944 devi ce rel ati vedTouSdRER44 The

data corrector uses differential clock signals, and VREF to generate the

st of -ad] usLument. &1 Onal Rue! Ty 2004 15k ARG BRRke Rl LB RESAELa) nvent | on

a data rec Ravin oint,-and a trip point

adj ust or. W‘R‘EF% gerié%teftheaéétuﬁé@ﬁstm&ltls'@alsr ecei ved adj ust ment vectors to
provi de signals to the receiver for adjusting. the recei Ver@%}léﬁsl p point.

I n anot her enbodinrnthepmbedimsniaidhe Pﬁeﬁﬁﬁém"ieé'ﬁon & data Teceiye i ncl udes

a pair of ancillary data receivers and t hat provi des
the ancil I"’a’i“'(]‘el&%i‘t1%/\a VI FPoL i atggjpﬁg}tcréetuts%\%e?{lorg M]'ﬁ'! Ad@’(‘)r&rrect or

control ber absfdiQed 4@Rbfat %Htét§ tmBYidy eiphels o tie rdediverifecefjusting ext er nal
to the data corrector.” A voltage reference, VREF, is coupled to the

ancil | ary dht secebeels vEp poingl ong with coupling di fferentl al clock signals

at the data por to the data receivers T gnhal s of
the ancillary daﬁ’zfnpg{%Fngéi g %8?78%?6&5 lb‘ﬂfngo%ﬁadsaé &ST?%%%?&&M% det er mi ne
If they cr O§€\? QP%‘HMWHELX réleiRrZAHQ Pakiior E@ftrollesi@nplovides theansi tion (hi gh
to | ow or these out put signals do not cross concurrently,

adj ust nent aredtany data rrex:egeméwah e@ustmnt‘(ﬁqmr% dThocaripstagcentroligr glsgat a

receivers to adjusf their tri r.el ati lve ust ment

vect or 40ar eSUPBBF # %%‘PFV‘?&?S’B%O tatISC?Yleés?%mg tgl?gq'/%éa?@gﬂrecel vers,

adj usting thaiabe LLERNBONVIEFR, Ybddplddh8 e LitIRY dath %&éiv%rsCﬁEﬁgw@thncur rently.
The adj ust nent “vector s 't hat resul t 20 in the output signals fromthe

anci | | ary detupling défferentil clodk signgjs etdhe data @arts 90 the encilatyalataageisers.he

adj ust nrent vectors thaﬁs&thg corrector control %ngi) 50 dat a

recei vers ekR&PHRAN g the aucillay fj%télr?ﬂewefshargﬁmﬂ © Pf‘&?é‘l Went of the
present i nvention, fidRARSS %%HSQEonchHEﬁtﬁdﬁsa #kd potht foy afsnaibal anci ng two

signals and conparing a zero Crossin he 25 two signals. The phase

det ect s conmﬁttﬁm(ﬂl@ltbllswmglmnigehlglﬁ) dfithesd @dkutﬁglatsldwwqtﬁrqsﬁe falling edge
of the other clock S|8nal | n anot her rr%ﬁ nt 0 &’Faﬁ ﬁ |nvent| on,
a processi ngPnSYEeEH, NSRS ¥eclors arg genpTa 8?‘9'} ihie Y24 ural ity of

merory devi &%&v&%‘{b B8jut their trip point relative to (VCC/2). Adjustment vectors are
continually supplied to the two ancillary data receivers, adjusting their tﬁp point
until their output signals cross concurrently. The adjustment vectors that result
20 in the output signals from the ancillary data receivers crossing concurrently are
selected as the adjustment vectors that the corrector controller supplies to data
receivers external to the data corrector.
In another embodiment of the present invention, a phase detector
includes circuitry for balancing two signals and comparing a zero crossing of the
25  two signals. The phase detector compares the rising edge of one clock signal
with the falling edge of the other clock signal.
In another embodiment of the present invention, a processing system
includes a central processing unit, and a plurality of memory devices having a
data corrector for supplying adjustment vectors to the data receivers included in
30  each memory device. The memory device receives differential system clocks,
and a voltage reference, VREF, to generate the adjustment vectors for the data

receivers in the memory devices.



data corrector for supplying adjustnent vectors to the data receivers

i ncluded in 30 each nenory device. The nenory device receives differential
syst em cl veka3/o694snd a vol t age reference, VREF, to generat edimesoadjiadst nent
vectors for the data receivers in the nenory devices. 4 WD 03/ 069461

PCT/ US03/ 01944 | : i S ' el met hod of
operating a data%gﬁé}g%{kﬁboﬁ%?%@% p‘?rg%ﬁn}j%ﬁgaﬁgo\%bg@{l%%@/%ﬁa gg{ﬁ 0 a pair
of anci | | ar ya¢iedodrectoe tieludes provitih@two slocigsignals {of epsincfaretitanpdatat he out put
signals of the ancillary, data receivers, and generating adjustment vectors
correl ated treceiteas, detepingigedifierence hetwsen htouliug signals of %ker?élc’éml lary data
recei vers. S| I t gne.ancillary
data recei vga}a ?a r%%]"g&%%eang%%erﬁt?:ﬁ%ﬁﬂéﬁg‘%ﬁ Ctloésh%g%%ttégddt%%%dﬁ%éenggtng port of
the othey angé bliphnsigalsoitRe ficrliry BRI IESCRIFIb RN Sl THEoupRaWL NGS Fi gur e
1 is a block diagramof a nenory device depicting elenents of the 10
nmenory devi dbe f#e pordichencansdiay den receivsr, and thecabersderkesigial ks qomplepr esent
invention. Figure. 2 i bl gck di.agram of a data receiver having a trip

poi nt - adj ustBI® Sk RrEe S AT Ay Rdladrelishe | nvention. Figure 3 depicts
a receiver portion of BRIBFDESCRIFEIONOINTHE PRAWINGE Nt 15 adj ustor.
Figure 4 depicts an exenpl arlyé schematic of a data receiver having a trip
poi nt adj ust or i Figwedivahlekdiagem hba preawendeviepdapidtiog. clemants ef tBei s a

bl ock djagram depict.in | enmen of the .data corrector in ccordance with
Che.prelEnt RN CeYR mefroiE ple fomet i & dridick ivdhe PRsrlinac ¢ of
phase det ectig¥entibat provi des signal bal ancing and detection of a zero
crossing of signals in accordance with the present invention. Figure 7
depicts a bl ock diigge ans ablogk dingrame pHa date meceniet kavihpa tyiy puintidigstoradj ust ment

vectors in accordance wth the present invention. 25 Figure 8 depicts a
bl ock di agré%a%clor(%ﬁmw\gdﬂéh%?ref PRt s of a data corrector used to

adj ust trip poi ntESeRE 3 Aeidts DecdPMrdobRiFdMTaPa receiver without a trip point
15 adjustor.

Figure 4 depicts an exemplary schematic of a data receiver having a trip
point adjustor in accordance with the present invention.

Figure 5 is a block diagram depicting elements of the data corrector in
accordance with the present invention.

20 Figure 6 depicts an exemplary schematic of a phase detector that provides
signal balancing and detection of a zero crbssing of signals in accordance with
the present invention.

Figure 7 depicts a block diagram of a corrector controller for providing
adjustment vectors in accordance with the present invention.

25 Figure 8 depicts a block diagram of portions of the elements of a data
corrector used to adjust trip points of a set of data receivers.

Figure 9 depicts timing diagrams for a data corrector operating without
adjustment vector correction.
Figure 10 depicts timing diagrams for a data receiver operating with

30 adjustment vector correction in accordance with the present invention.

Figure 11 depicts a processing system having memory devices in

accordance with the present invention.



Figure 9 depicts timng diagrans for a data corrector operating wthout

adj ust nent vector correction. Figure 10 depicts timng diagrans for a data
recei ver woemsabdssy With 30 adj ustnment vector correction iRCTacsventamce with
the present invention. Figure 11 depicts a processing system having nmenory

devices in accord nv.ent i on 9461
PCT/ US03/ 01944 B gl‘sﬁuﬁ—)ﬁ ' W.Q%agt he fol | owi ng

detai | ed descri ptr, e Bllowhe Rifke eRLipaIRBHIHRRRfErred ERb&TiRRAR, | S Made to
t he acconpanyi ng drawi ngs which forma part héreof, and in ich is shown

by way of i Irbfgsnraisiroadesipdind dccemprrgfing drevirgshyddélnfmns: pant Kered] ol t he
invention may be _practiced. These enbodi nents are described in sufficient
detall to enbBREHigEensRY peEal T ERB R PG Pistced SOOIt  on, and |
is to be undgrisd &Qq?xpéﬂﬁgn BlhBE Ip%ﬁ@éﬂ h”ﬁ%@ eﬂBMdiH‘gen’cétdr% b&eAbangh that

| ogical, mechanical and el éctrical changes nay be nade w thout departing
from t he spisnfficienhdetad copeabtef thodesskdieds tlte arhtogmhdtaadhe Mentfon] hwdvitng
detail ed description is, 10 therefore, not to be.tagken_.in a.limting sense,
and the scoﬁ%to_ e‘m@fs élstéﬂt"thqrﬁ’(?%ﬁ@’inéﬁﬁ‘tﬁ@% ?F‘F\]éﬁ%&ﬁiii‘zhaﬁ;lf’gﬂ appended
claims and bRehinieduhyalenict challS /88 m¥bLith&fi iy FoditRBLyirr Ol 208
that is used to provide operating voltages for the electronic el enents used
i n accor danaed wedpe of tiee prpseasmmentioms e fihe followihg detetledsdesMigidicanis, VSS, refer to
vol t ages. supplying the 15 necessary voltages to a drain and a source,
respectiQel ﬁerg%‘r’e’ Rot e taley 1 2 pptngeepse.d thagsops Qf@%’f‘ﬁfz%t needed for

oper ati on of : i r 14 . S r, its VDD
and/ or VSS F%‘;e@%%?}steﬁ?g%%@ bgﬂ\llo%{pggeed roﬁpﬂscagg?%esléé@gﬁ%é{t%ad, as shoul d be
under st ood by t hd%e tedki, M@ refertthe sapply vioitagy thatlis sbaive protilock di agram of a

portion of a menory device 10Q 20 depicting elenments of nenory device 100
i ncl udi ng aOH%HH%B?IF@@?g?fﬂiﬂeciﬁf?m‘h@%?lﬁéﬁﬁeél ipjaeeprianse BrittBat i nventi on.

Dat a si gnal zirééfzﬁ’c iﬁ@&l?i'ﬁﬁ?q‘hQYen'ﬁE PHY anq%g%épfbe‘g}lgagéstdg?g@;&éggé14a- 114n.

The data signals at ese data ports are ’coup Irvers

102a- 103n f ercdssury heltages acedminmgd alyopr@atdsyectivbigsor daype ag-speay be data

pins on an integrated circuit. The data signals may incl ude
FETsand MOS ftransistors needed for operation of these transistors. For a

Pl |

particular transistor, its VDD and/or VSS is VCC reduced by a voltage drop
across some load, as should be understood by those skilled in the art.
Figure 1 shows a block diagram of a portion of a memory device 100
20 depicting elements of memory device 100 including a data corrector 101 in
accordance with the preselit invention. Data signals are received by memory
device 100 at data ports 114a-114n. The data signals at these data ports are
coupled to data receivers 102a-102n for further processing. Typically, these data
ports may be data pins on an integrated circuit. The data signals may include
25 data to be stored in memory array 107, commands, or address signals. Various
other system signals are received by memory device 100 at a system signals port
113 for operating memory device 100 in conjunction with external systems.
System signals port 113 provides system signals to internal signals unit 115 used
to generate internal system signals for operating memory device 100 including a
30  BIAS signal, an enable signal EN, a RESET signal, and VCC.
Transferring data throughout a memory device is accomplished in

conjunction with stable timing signals. For instance, as data is distributed from
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25 data to be stored in menory array 107, conmands, or address signals.
Various other systemsignals are received by nenory device 100 at a system
signal s pat03/084481f or operating nenory devi ce 100 in conj (RCIYUSHB/OW4E h
external systens. Systemsignals port 113 provides systemsignals to

operat | ng niRarSF<HE e Hggu et S a0 B RLcer gn AP R BRLE S < gna

EN. a RESET oRic@ifinto &4l 1a¥¢Hes such ANalaabchedi 0321 66. DEQUSHERL 108, T09TOry devi ce
is acconplished in conjunction with stable timng signals. For instance,

as data is dndothebdate tht¢hes neogivaOl@B/stppokad nRET/daw0s/a0d onkof that a r ecei vers
to other functiongl s i ons, of I ic j is first..clocked into
data | at chegat%}t?é'h%&’é’ %%’ﬁ%af)g]f %gE;@gOﬁgém%éﬁgg@g@ih@g pi‘bvé‘?edlk@% and
other dafa lfigh 1'2;&|feﬁlu?(ﬁﬁ 10b 5 Kinfh N Bl SintReriBNledRE 2 00 N ERAGvaYtheo! t he

| atches. Two stable clock signals, CLKOUTO and CLKOUT1, are provided by 5
t he i nt er nalklock sighalsniGLKIOOTO and CAKEWIE], fuse internakedtockyurdel§%ae 100. However ,

th | ock si l's,. CL 0. Ki |, f i |..cl ock it 109
gener at ed 1 EGHRPY PO ERIE) SRRt SRBIbe TREPD SRy QHHRC6e 108 r ecei ve
from an exaﬁgﬁ%aﬁgﬁfﬁ@%&wg FERbh¥ i Om aarlnHﬂfeI=bo‘afH ¢ shal RaAish of a

systemto whi eévice is coupled. The differential system
cl ock si gnaltiss m&hktyNBvi@ iswehipGid<I Tk, differentiad spitomatlerk segrBlsKICIEINSY t 110 and

CLKI N1 t 111 ti ly, |.ed i.nt | | k it
2GHK N Port K sbect el v iy counleg ko A uer gl of ok un
adj ust Ment _YagLar sy Sl BIGORRSkilina loclch it 1801 HBEIdGerkig Likdin PO Nt S O

the data recervers -1 I'n addition to being coupled to the CLKINO
port 110 andlockeigGhislaMlalpondedtd Fenevate edjestuent hectdS bytidafacmoeetionl Olsyst em

clock signals, data corrector 1 i.s coupled to VREF r.t 12 for

recei ving afenadiusting QTWEW@W?/BP%S&%@ IRARIErS %Q’?é‘flaqz&}r a‘g‘ﬁB%F % the
operation of GEIRI 10k Ay el : rrector 101 is
to gener ateCg‘gf}%ﬁocrrtgélttivectog’}%llltohagtaﬂggsde: useic]ﬁl&ltnt e}ﬁgaféét@lg@é%?a corrector
101 i n B f edifaeikiareyuiat cloakdiganle, @ sueptor 401 iocalpted toaCERBRpsrtext ernal to

data corrector 101, once operating paraneters %gl n daﬁt}a_ corrector 101
are neet. TH&2 J6T Ipseiving 2 visterpreerancs valtpge, VREAD that dormsa basisfetthen two 4 bit

pairs. The gl ustitGPiaty E6tQkst fofat are supplied

The main function of data corrector 101 is to generate adjustment vectors
that are used internal to data corrector 101 in a feedback manner, and are
20  supplied to data receivers external to data corrector 101, once operating
parameters within data corrector 101 are meet. The adjustment vectors are 8 bit
vectors configured in two 4 bit pairs. The adjustment vectors that are supplied
externally by data corrector 101 are held in an adjustment vector latch 108 that is
coupled via 8 lines between data corrector 101 and the data receivers 102a-102n.
25  The control logic for sending adjustment vectors to the data receivers is
maintained within data corrector 101. Alternately, adjustment vector latch 108
can be incorporated into data corrector 101.
In determining the adjustment vectors, the received differential clock
signals, CLKINO and CLKIN1, are used to determine the corrections to be made
30  inthe data receivers 102a-102n. CLKINO and CLKINT1 are free running clock
signals, that is, continuously cycling signals with definite transitions. Data

corrector 101 examines CLKINO and CLKINT relative to VREF. Using



externally by data corrector 101 are held in an adjustnent vector |latch 108
that is coupled via 8 |ines between data corrector 101 and the data

recei ver swidB#6d462n. 25 The control |ogic for sendi ng adj itmEses/ovadet ors to
the data receivers is nmintained within data corrector 101. Alternately,

dj ust ment | af.ch.108 . be. i 0t g - 101.
" dot or mi r b R andhE BT Ra 05 g8l REPRARGRY 301 WG Bnf R RATRIEF PG o
signals, CLKENGROA f&lds)iMing 858 obEas, dob teladjes lreREREna e bgatticens to be

made 30 in the data receivers 102a-102n. KINO and CLKINL are free
runni ng cl omkdiy gippaints ofidata receiveont Omealasd sorisgior lAhhay dapterminéd.t h definite

transitions.  Dat correc 01 exam.nes CLKINO .a KILNL .relative to
VREF. Usi nng;tE\%\daaéasfi%@@%w{D BEeSH oLl S“%E’k??\?&e‘gﬂod%&%aﬂ\’ﬁfp Poll 5
signal s5 d /9, which HedQNYishes R05095 bomNGS a d4th e7chEL iton for

adj usti?\g g%tavgg%% set gj,’ not 1to ad}gntist for VREF, but to_aggmﬁjst or nodify
trip point spoiddairfometiensignsls tOadjesidhe tripointeof data reeeiveas1Mater mi ned,
within data corrector 101, the anount, o dj ust t needed adjust a trip
point 5 tohas defal SYPLOR R éﬁtai@rrieﬁf@élh)@a@:‘fs @5&%@%‘6&%@% of a data

signal, it i i i | s to adjust the tri oints of data
9 m@fvgf_éﬁf#ﬁ&mle@{ %é&&%floﬁ?tosfoﬂﬂ@, ju ip poi

receivers talled description of data corrector 101 and its
functi onal uni t sTtwhould be ungerstebdiby those tkitlederthel pg thet $heoslsmenss pdtheow. | t
shoul d be under st ood by those ski Ilgg ir}u{lhe a][jiﬁ, thrgt fhe el emrents of the
10 bl odR di@@ﬂéﬁia&m?éf}g@ell Hp &00p AL thsriunghongh Fiepeinal 4 BieBitht s of a
menory devj TP Yhisey ] ifdaRiest ed.
Figure 1 in%%%?égﬂg?ﬁ%gle%%%rg% ?%gﬂ%ﬁlgﬁeﬁ%ts tﬁ%i%lgg(\frep%iéegsﬂairy to practice
t he present thosy fnitciiom! elemenarkatandnaicssant togiadine therpessent inventemt ilon, t he
menory device 100 i.s an _integrated circuit wherein tt& .ports represented
as 110- 114a°% ¢pkodimaat QfﬁhftPfésel%ll}vﬁ?%‘&bélﬁ%@e@PWc‘fﬁvlc.e l ﬁlg?fbt her embodi ment,
menory devi [ | e i INEPIES 0-114a-n are
t he cont act ﬁlg%%%g? glr%%e&td‘gilu%e%gé g{)ﬂgs regﬁgerﬂﬁgesslflgﬁgﬁi%gﬁéal%%glnsiaot?éﬂ%f t he menory
devi ce1are fradurhte@techii. Mntahethei @nbielimgnts renmay devidealilli is atdiowhereithods as i s
known to those skilled in the art. Advantageously, in_ac ordancg with the

present i nvEWHOHH regresepigd 29 _1 é‘?rtlilﬂ:"i‘ﬁeﬁ{eet@}e eopctpads formed iy eitF 87 renor y
buffers wit me%ﬁctﬁgﬂfrﬂm %?ﬁieciﬁel)ﬁ'brlyl device are fabricated in the die using standard

fabrication methods as is known to those skilled in the art.

Advantageously, in accordance with the present invention, it is
20 anticipated that the functioning of memory buffers within a memory device will
be enhanced. Adaptively adjusting the trip point of data receivers to correct for
offsets and timing skews in a data signal will extend the range and timing
accuracy of input buffers of the memory device that use these data receivers.
Figure 2 depicts a block diagram for a data receiver 102 including a
25 receiver 202 and a trip point adjustor 203. Receiver 202 has a trip point, which
is a reference level, or transition point, such that as the input changes from one
level to another, the output changes from one level to another. The trip point is
essentially that transition point for judging an input as high or low, depending on
the type logic used. Ideally, the trip point is set at the level of (VCC/2).
30 The structural details of data receiver 102 are used for fabricating the
data receivers 102a-102n of Figure 1. Data is received by receiver 202 from one

of the data ports 114a-114n of memory device 100 of Figure 1. Receiver 202
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be enhanced. Adaptively adjusting the trip point of data receivers to
correct for offsets and timng skews in a data signal wll extend the
range andww esioageel accur acy of i nput buffers of the nenory mEAvVISIe/nidaat use
these data receivers. Fi gure 2 depicts a block diagramfor a data receiver

102 i ncl udin va?esSa‘,%gg‘%dl[?fs‘ glt?aqatgh ts }L, cﬂtlogq;f ré:?({lzﬁefherg? eiver 202

has a tr|p erence ortra i'on porn such

that as t henbpbt i6HRO@RS irf febdVEaO2, ﬂhe\m&TA@mnﬁgmmutemn@anymathehanges
fromone level to another. The trip point is essentially that transition

poi nt for j dd’@llmg* TQWIYQWQQ age ﬁmghoxmpﬁrmmmm@ﬁw&qﬂ@ o copwenspie | ogi c

used. Ideal 0| nt is, set at v o The
struct ural élef 20% &aﬁeé%é?d\%? ariyo(?ffse?setoﬁg %ﬂt?o ﬁ tg& |Stn18 the data
recei verss 103ardRRs Q&Juﬁhﬂi‘ﬂf feclors BahAddt s coreefirMed B ¥i El Tﬂp 3R fromone
of the data ports 114a-114n of nenory device 100 of Figure 1. Rece| ver 202
8 WD 03/ 0694@usu@aﬂbmmplrg4a1recpwav2<éet9 aaplymggrralspgiharreqewed | at ch, such
as |atch 105, of Fl data.in receiver

202, the DA?‘%!@FJ’F‘ ‘g?rsﬁ? Fﬁcelggrs%(ﬁt ‘iﬁ’ﬂqvngéhetsﬁ%na scféttttﬁe 1S58 ecei ver 202.

The functi ogdbtnidnk Ped?&'s’ibhllﬁﬁieliﬁ% 86ine R3el FoviPorGARENSRIpSevd] G Bad@r 202 to
elimnate or reduce an fsets to the data. Trip point adjustor 5 203

recei ves adpustlnemhustment\mcs)rst thetithd &impa@iot @ctmstmrremiesofEss&r@aﬂn the Trip point

dj t 203. i | d 202 t | f
o orval 2 S eRR e S e et o Rk RPRRR LS of ¢ e
received aébyﬁia@%mdlﬂe%%maﬁng%ﬂ 28 DR ik Yy There 8N ord¥pRagihgPUl | s the

trip |l evel up based on the adjustnent vectors'that the trip p0| nt adj ust or
recei ves. Edisenbsing volfagehe 10 si gnal s of the adjustnent vectors turn on a

set of transistors.in tri us 203 that .nodifies a biasing
vol tage in recei V&f2 t?é?e‘& E&cnlé?a@fisi%‘ IIBFre&@é’F‘é% %&betaﬁéanﬂﬁIZ‘m ng vol t age.
I'n data receidfler HAvn td@ostekiini if e £ECBANE bn 2024&HA HF8e&Rivkt apslar d

recei ver known to those skilled in the art. Based on the design of receiver
202, 15 tr igp panhidiestpridoroddBe wHabesigrethof wauldedlogrthe batplmgwif tipl | ow t he

coupling of tri oi n djustor 2 Wi t. recei ver 202 ich would result
o hod Fyi ngorhBaBRep20DBhhEecGtver b mish HESER G HBs ISR ren
vectors _FEC?bI\ﬁ?Qf MGIR/QIBZGZrBaBGCp&i {hb adﬁlgin'ﬁﬁltt QkctorbREivddts tHeRipHbidf the trip

poi nt adjustor woul d be dependent upon
adjustor. Thus the design of the trip point adjustor would be dependent upon

the topology of receiver 202 used in forming data receiver 102. A differential

20  pair receiver can be used as receiver 202. In an embodiment for a data receiver
102, a modified Bazes receiver is used as is discussed in the following detailed
description of data receiver 102.

The term Bazes receiver is used to describe a receiver using the basic

topology as disclosed by M. Bazes, IEEE Journal of Solid-State Circuits, vol. 26:
25  mno.2,pp. 165-168 (1991). This receiver could also be referred to as a self-biased
receiver. The Bazes receiver does not have a means for adjusting its trip point.
Figure 3 depicts a receiver 202 that does not have a trip point adjustor,
which is a portion of receiver 102 of Figure 2. Receiver 202 utilizes the basic
elements of a self-biased amplifier discussed in the aforementioned article. It
30  usestwo input signals, a DATA signal received from a data port such as data
port 114 of Figure 1, and VREF received from VREF port 112 of Figure 1. The

EN signal is an enable signal that essentially turns the receiver to an active state.
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t he topol ogy of receiver 202 used in formng data receiver 102. A
differential 20 pair receiver can be used as receiver 202. In an enbodi nent
for a datwaeomedsser 102, a nodified Bazes receiver is usatTassodsidiscussed
inthe followng detailed description of data receiver 102. The term Bazes
recei ver is used to.descrihe.a recei.ye I: t e - as

di scl osed byﬂﬁPn%ﬁﬁésgﬂwﬁéE%ﬁﬁﬂ#ﬁE'“%?f%éﬁﬂﬁgg%aﬁégﬁg?ﬁﬁﬂig?P%‘ . 26: 25
no. 2, pp. 16ThiEBACLERHN) is alddi frovide®witBin tBO tlotlp lf Signkie fiopd Bitéresl to as a

sel f-bi ased receiver. The Bazes receiver does_not have a neans for
adj usti ng i signelsiupitpdf of Figurs fuTee BIAR pigetlds aDeveliagedevebapnlisd o does not

have a trip point [ ustor ich. i tLaon_ pof ceiver 2 of Figure
2. Recei ver teb?ﬁﬂ{a 2‘3&1’%%9 gt}ststorzlgﬁ.gﬁosfh&ga% oget g'b?%gsl\g %arrpl i fi gr
di scussed i RrahifoPS O, SRNH isQBEM ta ToCloSic 1éve] BRniuE @StybMOS REfsigognal s, a

DATA signal received froma data port such as data port 114 of Figure 1,
and VREF re@20 vednd ndypoHES ppasistar 212 off. FVghreceiver 28 engbileds thgrdAS) s an

enabl e signal that essentially tur the recejver to an active,state. 9 WD
03/ 069461 E%P’Pbéd%? _%‘iégflﬁtt ﬂ}f’tp'f/@e SACS grenipiar éﬁolﬁ ﬁo‘_a?n%"u“glﬁ(a‘111§r%‘f18\9igded from
internal signals3oNbhd t2rSindidiviRislor 210 e BEAFIRnARG eckiveris $ObOT OVi ded
within the group of signals frominternal signals unit 115 of Figure 1.

The BI AS si guatd o, the BUAS d¢chipeset vbe highpodie Evebluming offdragsistor 2He p- t ype
MOS transi stor 210 and to th te of the n-type 5 transi.stor 212. BI AS
is set tﬁBdelgBBit@nfléWEﬁlft}rﬂP%d%‘9;9%%1 %/%ofl\{%ﬁg?iet@' ’gjfo on and
n-type MXS ty Q?ig?%ﬂindzéﬁ sffaht ar¥bob&rafcB $GIMRE 12 fn-BIGBESebr 20De BI AS | evel

is set such tha e p-type MOS transistor 210 is continuously on providing
a bias | oad, andThhéagc elencttsgot 2 Bazisstwive iedi for ictivenP¥hare heypecei ver i s

to b t d of f, .the BILA j t hi gh | j |t i
of f transi S0dPS spbsisAid. 2U Mo omd T-ime DS reBsSbro LB dlmdtine o gnal at
an out put n@(ﬂ?} @lﬁé%%r-zghﬁgr%gf (‘%g'tﬁfcﬂ&fi‘lwitﬁr}@@ SledhdlinfhRrOPe ghesh4 oget her to

turn-of f receiver Ic elenents for a Bazes receiver used for
recei velrs 2020 arogide-DAPA O DS thtiangiopérgrodarizt. 1 The p-4ymentd OB1i8ansetvat 240t ype MOS

transi stors 213, 215, and 17,. whjch are used in conjunction.with NAND 246
and i nverterl%usfq\’g",%‘eaﬁ‘émwf ?C?lﬁefp#(@v%]énﬁm‘?ﬂ&éé]wlf el 2o W58 Spol ari ty.

The p-type MXy rg%]ﬁj ' d when turning off receiver 202, as is
n-type MOS trantg)i stor(ﬁ%%gl,n%\%ﬁ?té}ﬁa?g?ﬁ

As mentioned, the Bazes receiver is basically a self-biasing differential

amplifier. The DATA signal is applied to the gates of the transistors 216 and

20 217, where transistors 216 and 217 form inverter 255 with an output at node 271.
The VREEF signal is applied to the coupled gates of transistors 214 and 215,
where transistors 214 and 215 form inverter 256 with an output at node 270.
The output signal from inverter 265 at node 270 is coupled to the gates of
transistors 211 and 213. The transistors 211 and 213 are coupled to inverter 255.

25 Thus, the output of inverter 265 bias the inverter 255 by adjusting the VDD and
VSS for the transistor pair 216-217. With the inverter 255 coupled to the
inverter 265, feedback is provided to the inverter 265, whose output is controlled
by the VREF signal, which in turn adjusts the bias to inverter 255, which is
controlled by the DATA signal. An output is taken at node 271, where

30  transistors 216 and 217 are coupled together, for feeding data out receiver 102
through inverter 243, NAND gate 246, and inverter 244, The DATAOUT signal
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used to ground the output at node 271. As nentioned, the Bazes receiver is
basically a self-biasing differential anplifier. The DATA signal is

appl i ed twadsewegmt es of the transistors 216 and 20 217, wraTaUS0BAME# St or s
216 and 217 forminverter 255 with an output at node 271. The VREF signal

L7 anet st or sTIRR G TR r AT RO Bl ke BTRL R Ehp R Fon, SHIERS 6 e

out put si gnahta fdten 03 wEriE@e 1265 at node 270 is coupled to the gates of
transistors 211 and 213. The transistors 211 and 213 are coupled to

i nverter 255. 2Fhahimspointas reneiveu03is thatin peint gfgpvestendS s Hehibhiser t er 255 by
adj usting the .VvDD.an VSS for the transistor ir 2 1 / t he
inverter '255'% |1%V&?Pfow@§1§’%}tf ﬂ\}t@}’lﬁé?’nsgb%’,s %F e"'&ﬁi"&a’%@%&rﬁo@a\ﬁéﬂ _e t he
invertes 26%,,08309¢ i9stndiled & (BOPAEOLE Bdertdd 255 B¢ DAREK, whighak, which in turn
adjusts the bras to inverter 255 7 which is controlled by the DATA signal.

An out put i mentémd teforn dckdfered byvthe pepBitet mpdn 27 elonyerier 864 sentpaliedar e
coupl ed together,_ far feeding data out.receiv 102 ugh, _i,nverter 243,
NAND gat e ol VRER: There iamans orpratiopR Y dlegh atmods ¢ s HBEG 61
PCT/ USO3/ 01944F e PR A sichhiewRRARAR v epDotiabas dopesitdar Th@g to be coupl ed
to a latch, such as data l[atch 105 of Figure 1. The trip point of receiver

202 is the tackiyepihdoesioi mvemtragang Sbadjwhitistirip goint, iegher thpmtvardgng| at  whi ch
its out BUt mhii tions between | ow and high. The voltage 5 at node 271 is
cont r ol!Ped e gates of inverter 255 by DATA, which as nentioned before

Is affected by thge quifibrsdh rd28R8r 20 cRlbel ANl ateus# R proQiitdsdnbd by VREF.
There is no neans for controlling the voltage at node 271 other than VREF

and t he DAT#H thbgmskiilledahitlohart. elpgiavtisul 202 typedd Of dransistor 2b4 andriviigpe  r ecei ver

202 does no ve a ne tg. adjust i i oi nt, other varying 10

VREF. The t m@@%ﬂgr 8 %@P\‘i&eg Eﬁ)ﬁmﬁé 6’%“55‘8?’ i3 aEeéH%@S M@g processes

known to thosé«s5KI1d £/ d-Rot MO@Etnsididr PRFticul ar, p-type MOS transistor
MOS

214 and n-type transrstor 215 are fabricated as a CMOS transi stor, as

are p-tigpe MOS Figunsi demcts Aetbaaivclemdnypor NS receaves 182 ocl®ling the5 Fi gure 4
depicts t hecct))l%sliin% O%L'(ie(lgﬁfrellt 502]: g,ll:ld ’(cjrla];;[ I?oiﬂtee{:d?lis\{c%r%% (%gfe}err}gé i%i Iplgurte i}e The
trip point adjustor, in an exémplary embodiment of the present invention,
includes a set of eight p-type MOS transistors 220-227, and a set of eight n-type
MOS transistors 230-237. The two sets of eight transistors are coupled at node
20 270, which is also a node common to transistors 211, 213-215 of receiver 202.
Thus, driving the transistors of the trip point adjustor with signals received
externally from data receiver 102, the voltage at node 270 of receiver 202 can be
pulled up or pulled down affecting the trip point of data receiver 102.
The set of p-type MOS transistors, 220-227, of the trip point adjustor are
25 coupled between node 270 and VCC. This set of eight transistors is configured
as four transistor pairs in parallel, where the transistors in each transistor pair are
coupled together in series. One of the two transistors acts as a switch transistor.
The second of the two transistors is used as a load. These transistor pairs are
designed to raise the voltage level at node 270 by an offset. Those skilled in the
30  art will readily recognize that a resistor or other load circuit could be used in

place of the second transistor. Raising the voltage level at node 270 by an offset

lowers the trip point defined by inverter 255 of the receiver. The switch
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coupling of receiver 202, and trip point adjustor 203 referenced in Figure
2. The trip point adjustor, in an exenplary enbodi nent of the present

i nventi onwo o3nedaetles a set of eight p-type MOS transi st or PQA2AKB02AH44and a
set of eight n-type MOS transistors 230-237. The two sets of eight

transistors are co od 270 | Chad o] comon to
transistor stfa?ilfforf‘zggi’%%’aéjzfs?%{ﬁaﬁ C%‘B%\?@{%%ISQ,%@ ?’\3??12966’[ gget ransi stors of
the trip poybwashysoeh chinphscifanahsus % ebceelng 841! SKEWD heas dat a
receiver 102, the voltage at node O of receiver 202 can be pulled up or

pul | ed down<@s*.eEnémigptthie coupled fpohngatebf dia ef the fairswitch Gransistpis iBat  of

p-type MOS transistors, 220-227, of the trd i adj.ustor_ar 25 coupl ed
bet ween nod®@e29 EMERHIYRECHC Fhiag ouggompongat ttﬁ)et Slg.ﬁg\?]gtvg{;tgr }S_sapefi%(ﬁogur ed as
four transigtpk, StbPpdif P& idthiRl, sm@m@i@?s 4gpHeg kS Heatd dT 2286 transi stor

pair are coupled tog er in series. One of the two transistors acts as a
swi tch tranke 820221 pahe The SEMWDfvettoristamst of adisitaenrsgials weplyings a | oad.

These transistor _pajirs are desjgned.to rais vol tage | evel at node 270
by an of f seYoltags lavelsdpy ¢quiglime 41%66?36”%‘?3(1“9?&126&25& |y recogni ze that a

resistor or ot h%hé&%@fﬁir%ﬁﬂgg)%'sﬂto%zgé%ﬂdrth@{rﬁﬁﬁ"oiﬁtfa hersesond

transistor. Raising the v e level at node 270 by an offset |owers the
trip point eepledadtigenmderiean®gdund. Thie setefeight ransisterssacendiguted WO

03/ 069461 PCT/ US03/ 01944  transjstors 221, 223, 225,. and .§27 are coupled to
a SKEWHOporas fowntransporgrixgen papie =2‘B]€Fr€§ﬁ6 qngistors g g2 bﬁ‘ﬁﬂ? O R #&cei ving a

4-bit SKE\ADcot\ﬁﬁfetdqgéeitﬁQ‘:ié ﬁ%ﬂga@heio@%ttwio%ra‘ﬁ%fbl&&ﬁ ﬁ’shz{ Qﬁit&ﬁt?ﬁlsﬂforpne of the

four switch ansrstors one to one manner such that one conponent of
t he SKEWD VEied @condofippltive thahstbrséanded tas atsdds t Hresgpaamsistfigrairs ast ance, SKEWD

<0> is applied to the gate of 221 in he 220-22 aiy. T K vector is
a set of ad‘jlflﬁﬁnﬁéﬁﬂI%Yeémfl‘éol@ﬂ‘b}fl"?]i%aoca%%?(}%@l ‘Pé%?gl Jgﬁ?ﬁﬁﬁﬂﬁ]&ﬁfﬁ?ﬁ% ing the
set of transjst - . f lgg)gl- i 230- 237, of
the trip po%n?'hg%ﬁsaggoercg r%e?;%gﬁ%%fest gé?ﬂv\%g%%%o e %E?;%nglrt\)ghgérdgﬁnd. This set

of ei ght tr@gasd sitthe sedosd eandiston riedverih@ thsvéltage ldvehatsicsle @70 pgpians i n
paral lel, ere the transistors in each transi stor pai r(ﬁée coupl ed

t oget her i nofékst rasses tieniapgroigtilelinglobyt imersrdpg 08 hecieecrsd- d e fieh transistor.
e SCoond gl o4P 155 309567 1B 9L, SRR pobmmeri st stor pair
skilled in $KBWU port 261 comprises four inputs for receiving a 4-bit SKEWU vector
<0:3>. Each input of SKEWU port 261 is coupled to the gate of one of the four
20  switch transistors in a one to one manner such that one component of the
SKEWU vector is applied to each transistor pair. For instance, SKEWU <0> is
applied to the gate of 231 in the 230-231 pair. The SKEWU vector is a set of
adjustment signals supplying voltage levels for controlling the set of transistors
230-237.
25 Each transistor pair is designed to apply a different amount of offset
called a weighted offset. The weighting factor is determined by the ratio of a
width, W, of the transistor to a transistor length, L, where the ratio is related to
the resistance of the transistor, when the transistor is on. The resistance for each
transistor pair is the sum of the resistance of the switching transistor and the load
30  transistor. The four pairs of transistors, both for the set of p-type MOS
transistors and for the set of n-type MOS transistors, act as four resistors in

parallel, where the resistance of a pair that is turned off acts as an infinite
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art will readily recognize that a resistor or other load circuit could be
used in 15 place of the second transistor. Lowering the voltage |evel at
node 270 W @meowifset raises the trip point defined by i martwesoked of the
receiver. The switch transistors 231, 233, 235, and 237 are coupled to a

SKEWJ port 261. The ris fourcli receiving a

4-bit SKEWISSEENGE anéga%%" e%%éﬁn%ﬁepﬂﬁ?g? %?{H%%S&gigl}}pl ed to the

gate of Oneld%freréblerafs@wres%@ct%gw t pdeatst ors in a one to one manner such
vect or

t hat one conponent of is applied to each transistor pair.
For instance, SKEwWjthe@et qfﬁoulagﬂmswéd)-tmeﬂ\ﬁ@s gansistors, e Eviligh t19esign- 231 pair.

The SKEWJ v ust Si g al Sns tage | evels
for control ﬁﬁréth’hgzsagi?h? ¢5ﬁ?11%f38g§mc% %@I‘ ﬁg(rzg(ééll for pair is
desi gneg t OT%QEBaYl t?an&i'st%fﬁiﬁ)”92@@H”ﬁZ@ﬁav@faf(ﬁﬂérenﬁ@IahQéiW@ dgmhg iigd of f set .
The weighting factor is detérmned by the ratio of of the

transi stor tapectto theiiletgth, L, emgle}h,avtl,g thiheamee widéh, Vit iT(helr@aﬁi‘éq \é{tdél@l to the

resi stance nSI st or, . whe ran resi stance for
each transi =th8¥ S‘ﬁg? tFRDSISHRES 187 %fzoktﬁ fl?eergfé %@5{}’81‘(’?{&}? ‘&n t chi ng
transistor %}?ﬂét&% k028 1301004 BA8distb0I26, g'@)efd(r%b{d tﬂﬁisfs%r@@ﬂ 1@0gstors, both

for the set of p-type MX transistors and for the set of n-type M35
t ransi st or s Joaddtansistof 222, and SR g for k)admranpstpam(bIWIWSacleamm@gl stance of a

pair that is turned off .acts s an. e 12 .3/ 0694 [ US03/ 01944
resi st difce, PaARHES WS EP%@?:TE OIS “iﬁltﬂs L[ﬁ‘ﬂf“'}ﬂ }:ﬁ?l?lpgdg%ﬁ ecﬁe dle 270,

whi ch | ower L BodROhBkhridi@be Flogoregt of four
pairs of p-t %n hsl%&tg;ﬁgrﬁélgittg%%fn\é ibe{nss(\i/aetg%&e t]&anm stors %%21 1r223 225, 227
have t he saml& masifathaiigeprotese. The hieowveanietiw dinreasions (&de Galmule)gsd fors The | oad

transi stors 220, 222, 224, 226_have a dj r.el at hting with
respect to PFRSESS WheigPhwas sebjip 2y é*rﬂa?\‘}}dﬁb {eﬁgt 8%16\/“’%4 siv;gor gel ative

Wi dt h, I | 8LB For 19 BhnsBord2491 6 ﬁgrql)@&l ve | engths of
t he Ioad t g{nfsoitrzkt%grt%ﬁ%rs{gg%ﬁg ?}SL I oa atrarISS|c§t or’ 22 8.0 for |oad
t ransi sitsor 224sistd6222, fuad 3. 2Imcﬂoﬁloah1$arﬁ:isdm 2202 By&nﬂn@oﬁ)vd@usl oad transistor

220. Wth such a weighting attern, the weightin an _be considered as a
bi nary wei gRPmRigationsed o-tyae M(?é;ganql%ﬂbﬁ%@’ chags d&lﬂéfdetg tlé(ﬁf‘?f’éﬂtlvapﬂrsnsi ons

dependent upQn.t b, 8RE NIK3HnkidOHBetREen node 270 and voltage supply VCC can -
be implemented. With the set of p-type MOS transistors turned off, the voltage

level at node 270 is set by receiver 202 of Figure 3. With one or more of the set

20  of p-type MOS transistors on, the voltage at node 270 is raised by an offset
depending on the combination of p-type MOS transistors turned on, lowering the
trip point. With only transistor pair 220-221 on, the voltage at node 270 is raised
in offset for a VCC of 1.8V. The offset, raising the voltage of node 270, pulls up
node 270 resulting in a lowering of the trip point defined by inverter 255 by

25 about 10 mV. Thus, this offset due to the set of p-type MOS transistors being on
is a pull down of the trip point. The pull down offset provided from the set of p-
type MOS transistors ranges from 0 to about 200 mV. The 0 mV offset occurs
for the set of p-type MOS transistors turned off, which occurs when the gates of
the switch transistors 221, 223, 225, 227 are set to a high level by a SKEWD

30 vector <1,1,1,1>.

For the above discussion, the set of n-type MOS transistors also coupled

at node 270 have not been considered. The adjustments provided to the n-type
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t he manuf acturing process. The above rel ative di nensions were cal cul at ed
for a process where Wwas set to 2.0 m and the I engths of the | oad
transi st ow® @re9464 mfor |oad transistor 226,.8 mfor |oadwusseigior 224,
1.6 mfor load 15 transistor 222, and 3.2 mfor Ioad transi stor 220. By

turning on v us i nations of 8L 3t s, changes in
t he effectlel?éfl?gﬁesb(@&gb Is1tQT Ao gt g?p%eﬁ%?/%e ﬁtt%etlgl?jsg bet ween node
270 and vol £308SHRRL ¥n, Y tR@A-tyRardniRt@eRm B@lofMﬂdM&éneerszetB@th p-type MOS
transistors turned off, the voltage |evel at node 270 is set by receiver

202 of Fi gusas &nwwmedme,butﬂmmwresﬁélrs@@ewedfuﬂsn& ype MOS transistors

on, the voltage nod 27 b endi t he

conbi nati on of pﬁ?f ?arc?;ﬁ{%? ‘?%etpﬁ?ﬁ@%?wtf%ﬁ’? @ﬁ%rm rip point.
Wth 0n§y t HAASASH-BFpeEOR t?a%ast%?slsﬁee tﬂe%v\é@.{réﬁ%E 1@&1ff6@ﬂ6fo¥391—ﬂy§efal sed in
of fset for a VCC of 1.8V. The offset, raising the vol tage of node 270,

pull's up ndHeS gansistesublafivtoiap- a/plefM@SlmgSl@ﬁ)rtE@r the bgd opSvumaredf ned by

i t 255 b t of t
NCS t r ans: store B gsisiorsheelh Fiastbrap S rat R It e Bei el 1 "aonn
of fset pr OVfééﬁ‘E’aﬁEéqf@ thesapRI WAL rdtio (1 2P9). l\fﬁ@foa@ﬂﬁhﬁstws%oamemrom 0 to

about 200 mv of fset occurs for the set of p-typ ‘transistors
turned of f, 2¥hhate adifferest whetive weeghyag edthofespachte their langth, Lawdilst ors 221,

223, 225, 27_ar set taq ' Ie ] by 30 vector, <1,1,1,1>. For
the abdfe d %Vdﬁ% e&ﬁmetvﬁét%sg% Yﬁ’?’ﬁé@‘y ﬂ&&f?m op gcfagei?nﬁlﬁ?f)s iS5t ed  at

node 270 hag Rl (@ he 1008 AR MSITROL D fOF 1BYA Heskidier the n-type
13 WO 03/ 069461 PCT/ US03 44 and p-type MOS transisitors are only

applied to 23& SS(etforllohduhmqmertgaaelmrlbaétrsmssstolr%&aami3)210 fortHead t he n-type
transistors will be o i ce-versa, Bo S can be turned on, but

this woul d Haagster 33@ eWEBé‘é‘g’\PeY @@PP%Paﬁeﬂﬁé}thF g ER DR GFIderEr the set
of n-type MX, bi.ansy &gﬁtgn%a efla%%@é@éd}@ecaﬁémoacaﬁpanmoﬁg ansi stors,

since the diive Stren erent for a n-type MOS transistors

rel atiué todepepdéntppoivids mm&’acﬂm offthe ntahefasmhngprdcassr Twiabeveof n-type
MOS transistors, the switch trft g}i{ts({)tors 231, 2 é2635 237 have the sane
resi st ance, r§letie dimgpsiansnpvergyoalonlatedsior g psocess w. e\fﬁ 58 8ettP drfsi®t or s 230,

fgﬁgt ﬁ34L ﬁ@ HI3UERs SHthd RLEBhndifbRLHY & MR IGbiDGat¥ididt 728SREGH tO their

for load transistor 224, 1.3 pm for load transistor 222, and 3.1 pm for load
transistor 220. By turning on various combinations of n-type MOS transistor

20 pairs, changes in the effective resistive of the set of n-type MOS transistors
between node 270 and ground can be implemented. With the set of n-type MOS
transistors turned off, the voltage level at node 270 is set by receiver 202 of
Figure 3. With one of more of the set of n-type MOS transistors on, the voltage
at node 270 is lowered by an offset depending on the combination of n-type

25 MOS transistors turned on. With only transistor pair 230-231 on, the voltage at
node 270 is lowered in offset for a VCC of 1.8V. This offset, lowering the
voltage of node 270, pulls down node 270, which raises the trip point of inverter
255 by about 10 mV. Thus, this offset due to the activated set of n-type MOS
transistors is a pull up of the trip point. The pull up offset provided from the set

30  of n-type MOS transistors ranges from 0 to about 200 mV. The 0 mV offset
occurs for the set of n-type MOS transistors turned off, which occurs when the
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10 having the sane width, W The relative wwdth, W for the | oad
transistors is set at 12.0. The relative lengths of the |load transistors
are 4.0 fwo d3paghetr ansi stor 236, 8.0 for | oad transi stor PEIAS0261494f or

| oad transistor 232, and 32.0 for load transistor 230. Wth such a

wei ghting pata{es Fth sixﬁthagggfo to agt’l Cfgggeef({jo aftﬁvﬁ%}@my wei ghti ng.

These rel ative engt s are 'sca I Mensi ons pendent upon

t he shri nkaggkHwet wict@f<gid)eosmnuf act uri ng process. The above relative

di mensi ons were cal cul ated for a process where Wwas set to 1.2 m and the
| engt hs of the | dodtheabege dtsgwloarr@ar@nmhecﬁet olontypeMQSitensiptopspthe . 9 m for

IoadtranS|sto ad tra 31mfor | oad >
transi stor f%@?&%ﬂ?#&n o aaﬁ)ocagplgg gt%@ﬁasav% eteg}pe MOS transi stor
20 pairss CQ@M@&ed NEdiger Sit isaﬁidbl\é%oawtﬁqw&e@tﬁr k@@(ﬁ@tc@fesﬁbﬁdme MOS

transi stors between node 270 and ground can be ierrent ed. Wth the set

of n-type MaSet afflawsiodtagessior twrmiag agétfol nttupe VKPS @rg@slst@mevrff mhllﬁ@diléglmo is set

by receiver 202 o ure 3. Wth he. set e MOS
t?/ansi st or s V81T <Lé lvioT(J?%'éeép()lbqs “%88"3 021? Vn?‘iaé?/aeﬁf% g&r‘f’e psté’P gependi ng
on the conbivigtit@RsiQlordloffy P, INPSKEVADSiesiof hisd the[SKEOWe el takt onl y

transistor pair 230-231 on, the voltage at node 270 is lowered in of fset
for a VCC ofinput 8\vrecTives1 @, fsslehthatwhmonequcm aCW’EQSe@éea@T onedui@sis®O, pul | s

down node 270, ich raises . the tri oint .o rter b bout 10 nV.
Thus, Ui s ak dbtecseo bR vl ul ulio R aer et e Saflotor s s a
pul | up of tiieirdrislsRord % Hhich TRl & beg@ppmat provided fromthe set 30 of

n-type MOS transistors ranges fromO t out 200 nmV. The 0 nV of f set
occurs for the sethoBKAEW ped ¥KEWUansbistsupplytsigmalsdo dfifve thetsimtichoccur s when

the 14 WO /06946 CT/ US 944, ates of .the s transi stors 221,
223, 225, 22POYFELEHTR OI%%&%H“O%P o s T, 0>, For the
above di Scu?ﬁiré)@esr %&?«F nghlfs B&ivaRLs oAf oPthboRer WPB el thANSls i PamsistbRe  set of

p-type MOS transistors also coupled at node 270 have not been 5 consi der ed.
Furt herl5 it in g setrpdéesitadpoting dte withgvatviechate 290, Cri, Iﬂ»ntmdyus&sﬁﬁadﬁ to a set

ofy | ow voltages for turni a set of n- tranS| .off, while a
hi gh vect or''&¥¢ 1ﬂ°%@n861?>?@§ﬁ@ﬁé§ket“6a uéglpntgf OHEHHY oA 0& Lurets tur ni ng a
set of p-tYRgsedMdSnt (RBRES bfuStfhf veckdtt.t 1%fata &%Véﬁ%%f%@ﬁ jand the SKEWJ

vector are
operating at or approximately at (VCC/2) at startup, the adjustment vectors being

supplied should be such that the two set of skew transistors are not providing any
20 pull up or pull down, that is, adjustment vector SKEWD has the voltage levels
for a vector <1,1,1,1>, and adjustment vector SKEWU has the voltage levels for
a vector <0,0,0,0>,
The weighting factors for the two sets of eight skew transistors of Figure
4 are chosen so that an approximate range of % 200 millivolts of trip point
25  adjustment can be applied. Two sets of four transistor pairs, each transistor pair
having a gate controlled by one of the components of the SKEWD and SKEWU
adjustment vectors, are used to provide this offset. However, the number of
transistor pairs in each set, which is als6 the number for the components of a
corresponding adjustment vector, can range from one to a number appropriate
30  for a particular application. Increasing the number of transistor pairs in a set
increases the granularity of the offset for adjusting the trip point of the receiver.

Associated with the increase number of skew transistors is an increase in the
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i nput to receiver 102, such that when one vector activates at |east one
transistor 10 pair in the set of transistors to which it is coupled, the
ot her vecwarostogeqss of f all the transistors to which its sia@masosiom4bei ng
applied. The SKEWD and SKEWJ vectors supply signals to drive the switch

transi stor - ipLSt B AXRE TR ASAHRER PRk E AMMIEREIEBR ¢ e 1o

t ransi st or parrs, respec 1 vel Ivates one or

sets of trangjustosr ShdweightiAg &Rtorfaluhdenobeimidhemy fortke udjuitagat at the node
270. Trip point adjustor 203 of Figure 2 is continual Igtpr ovij ded skew
¥

adj ust nent s veglers; anseothesrfestpre chpracicgigties for theggmpeneis hed#aswrivell adj ust nent

. 1f d ' 102 .of Fi 1S ' [ |
(Voo 2) o b arpneE ot Rusen B 66 st n RATRA 8 ey SPOLPG Do

such that tReniMGors@btheds, Sk avkdokans itedseskilled éh thetrtpr ovi di ng any 20 pul I up
or pull down, that is, adjustment vector SKEW has the voltage |levels for

a vector <1,1,1, Inmemoty deijiestGoofiFigeetlonll dkEwyelvas arpmadeit age | evel s for
a vector <0,0,0,0> The weighting f.actors f.or, the tw) set f. ei ght skew
transistors 38‘?“%?‘66 Wéf%%he glfegerg Hb‘%&ﬁog g° %3@6&1‘105%6? o et Zof NG of 200
mllivolts @f addilibh,ReiatorrdSofdd UBICARBS a AR oPMcaARPY H&d recEivRrs3Is of four
transi stor pairs, each transistor pair having a gate controlled by one of

t he conponer8, asfshotie ISKIEWD & it sikEsaentially ideniesito theatat roceivgre used to

provi de t hi f t..However, .t n er o transi,stor.pairs in each set,
which i al 388?%@?1}1%%@0@0‘{6"{%2680#bnglr%]fﬁgsﬂbefusﬁo g&r%ﬁ%@ﬁ%ﬁﬁg adj ust nment
vector, can (@nrass J01980PRE1 bO dRcNEPRIthSBRAIMA deBrfptRf JfWatafoP@Edok CUl ar

application. Increasing the nunber of transistor pairs in a set increases
t he granul aliof provfidedrielof.f set for adjusting the trip point of the receiver.

Associ ated with the increase nber of ew. tr.ansi stor.s i.5 an, i ncrease in
the 15 WO 03/ 06941%@I§%1€;68§3%? B?Lii‘éﬁﬂ“efg%ﬁﬁ_tm?}?&{lﬁéP&}fé’f&%@a $P abr i cat i ng
a data recei¥Qfvet0301NSHL AR 3¥6Re@ot 6dn|@fog_9ﬂ 35 cofFlicd 3 B4ch ahBBIaWRAANt | Ng

factors, nunber of conponents for the adjustnment vectors, and other feature
char actlér i streasvefs0i01t B2 foopponding sdjestnzenti neckors éxidicvip poimésnoflike det er mi ned i n

accordance L NgRLESRIL HUGH Lo ) 40, sLandardl oyl bl on et hods,
all data recgl-uRfSinat&rABRAE with the present invention as described above. The data
corrector 101 is used to correct offsets and timing skews in a data signal.
However, a data signal is non-repetitive, making it a poor reference for data
20  corrector 101. Advantageously, the data corrector uses received differential
clock signals in conjunction with VREF to provide adjustment vectors. One
received clock signal, CLKINO, is coupled to ancillary data receiver 301 at its
data input, referred to as DATA in Figure 2. The other received clock signal,
CLKINI1, is coupled to ancillary data receiver 302 at its data input, referred to as
25  DATA in Figure 2. As shown in Figure 5, both ancillary data receivers 301, 302
are coupled to the reference voltage, VREF. The outputs, CLKO and CLK1, of
the two ancillary data receivers 301, 302, respectively, are coupled to phase
detector 303. Phase detector 303 is enabled along with the ancillary data
receivers by an EN signal. Phase detector 303 examines a crossing point of the
30  two output signals, CLKO and CLK1. If CLKO and CLK1 do not cross
concurrently at a signal transition from high to low for one signal, and low to

high for the other signal, phase detector 303 generates an UP pulse or a DOWN
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accordance with the present invention as described for data receiver 102
above. In addition, data corrector 101 includes a pair of ancillary data
recei ver sweliB/0694802, as shown in Figure 5, that are essentrcal/Uspsiotamt i cal
to the data receivers 10 102a-102n of nenory device 100. In Figure 5, the

use of the ancillary.data receive 30 302 wi.| | in the

det ai | ed de%‘ﬁ?% ﬁ?%ﬂln&“pﬂﬁtvﬁn%oﬁlgr@if‘?) a%%atloﬂ%rwft%%%%sg%%@gur e5
depicts a dﬁéfﬂﬁerT@é}fliﬁés, R4 fr A6 UG #hdnsierfod DEWNI puddey cildléther ecei ver s
301, 302, and a corrector controller 305 coupled to each ancillary data 15

recei vers 3@itput3@phaserdeproctori33 hya ftprdtdndne spepledime frameHae Phass poi nts of
the ancilla data receivers 30 2.. Ancil ] ar ecel ¥ers 301, 302
are data r‘i%%‘itﬂ’fré?‘gs ?Iﬂleé&BBfS‘a%glE @}QPHIS? ﬁge 8?%%%%2‘%3@?%#%5 descri bed
above. ghe data pf 56U maOrty fterSPlich & £10bp Slier Bhf &b Sotmdké i N ng skews
in a data signal. However, "a data signal is non-repetitive, making it a

poor ref er emmyechbngesdart @n2tiaes wsil fioecd 0. 2 Muwkanoaswerls UP, pulses ogat a

corrector uses, received di renti cl.ock signals i.n_cQnjunction with
VREF to pr oWHBRES F%P#?Qé%‘ﬁ%ﬁss?ﬂhé%ghq ﬁ@éﬁ&@%’ gk Bl Sano, s
coupl ed to anel fﬁ'fﬁ{«ﬁﬁeddcﬁﬁ wh%%y&ﬁpél%g@?(w g;éw%g?m ué{iﬁrvvathraeﬁigﬁr ed to as

DATA in Figure e other received clock sig , N1, is coupled to
anci | | ary datmbaredeanples,30Pvedd loos rafaces theghility ofefatrqosctop 185t@5 DATA in

Figure 2. As shown in Figure oth apcill.ary da recei ver 01, 302 are
cogpl ed0to ¥ %@Fte‘faé‘ﬁe_@g%tﬂ“f M’ Wﬂi@fﬁ@a%%lsdw@?{aV@%@“&ﬂ%e K1, of the
two ancil| i fgﬁ} BUSKELLIEL ® 18 con@éor EGRRTSE BYE! Withd Sa0HRhRY to phase

detector 30 ase ctor 303 is enabled along with the ancillary data
recei vers byf samplaN thé ited can Phidve fadtzt eratotiorB) Buighemihe ddteamey o3& ng poi nt  of

the 30 two output signals, CLKO an KL, If O.and CLK1 do not cross
concurrentI?P%Ct-éféﬁg‘?ﬂﬂglﬁré%%qfqoo%s %Q?nﬁeWiSQW%eé’lt OPRMAYYE si gnal, and
low to hi t i 4 e UP pul se
or 2 pom TS SRR BB st o AR S R ol

si gnal 1has eéightrafissst irmddition teippgyviding pixalB pdbst @nd dre IBOYN pnke fo heo | i nes,
one for an UP pul se and ane

or a DOWN pul se, couple. t ut. of phase
det ect or 30<30rfe§t05 cppirelise 3@@#&“‘# ﬁozéaggﬁﬁq%édqsi%o%sgw}, éﬁﬁﬁi@e%"rd et gct or
puts either;a PUSRAPSRBIHPRY BR ENPRLOTKOR el RPAnPiHe 38 1’6 Ne.

and CLK1 from the ancillary data receivers 301,302. Filter 304 can be set to an

initial condition using a RESET signal to zero the count of filter 304.

20 The UP and DOWN pulses from pﬁase detector 303 are coupled to
corrector controller 305 having passed the sample requirement of filter 304. An

- UP pulse to corrector controller 305 is a request for a skew up, or pull up, of the

trip point of the ancillary data receivers 301, 302. Similarly, a DOWN pulse to
corrector controller 305 is a request for a skew down, or pull down, of the trip

25  point of the ancillary data receivers 301, 302. Corrector controller 305 counts
the UP and DOWN pulses from filter 304 using a control clock signal,
CNTRLCLK, provided by filter 304. Based on its count, corrector controller -
305 provides adjustment vectors, SKEWU<0:3> and SKEWD<(:3>, that are
coupled backed to ancillary data receivers 301, 302.

30 Once the adjustment vectors are coupled back to the ancillary data
receivers 301, 302, the trip points of the ancillary data receivers 301, 302 are

adjusted with their outputs modified relative to each other. The modified
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5 Filter 304 is a majority filter, which is a loop filter that does not
make any changes, or corrections, until it receives a nunber of sanple UP
pul ses orwa® o3rvdasdser of sanpl e DOMN pul ses. The hi gher the ramsos/omdmber ,
the more noise is filtered out with an acconmpanyi ng sl ow down of the | oop.

cor et or 1018 S5t Faus Akl U PARRTECYRERoL 45 BE Y 2 o

will have ogeibtoedoPpfoRides alnd® TP bi BOVANIreys afdibGreedier doaf6ier@osr ect or
controller 305 Wth a small nunber of sanples the filter can follow

faster transipilions nepuset ofrsiiustmentrvieptorsrto ihgansilary detarecsisters 361, 80 | oop

filter is s t oo |.es he Ioo b stabl e. The
sanpl e for ﬁthfstcé’f;le:fﬁﬂ . esfu&gielb gggctor %q HATES hgﬁg @g%f%e can be 15
ei ght pu segg; ugtﬂle@a@sdalrteh@ébsﬁé?%ﬁhﬁ\{é (g1 <) :iﬂZﬂGCMEl RYltsg 18véls tfves DO pul se to
the <corrector controller I'ter 304 al so provides a clock signal,

CNTRLCLK, f epncunsetlpyt thetraegition otibatisiokledge ahme signal apdriediarsitien géner at ed
fromthe CLKO the ancilla ata receiyv 02. Filter
304 can be gﬁfaﬁ’élg £e Pﬂ{htel er&%qg]i ?LPBWC{%‘? t??ﬁ CEOSRESETNY p&ﬁ%&f‘y{ zero the
count of fi ki&f 304 th@leIQeoﬁéﬁmeydAmdwbﬁ@&xh&@amm@aﬁl getepeddor 303 are
coupled to corrector controller 305 having passed the sanple requi r ement

of filter 3@14ch that whii thalcsmsing ocorrs withiora moddtensiined d3B50 i ECE/2%s equest for a

Kk t of
301, 30 ”selipetpt PRl el B8 b el porSBEm VA 865 15 a request
for a skew qgcvﬂiaxa/?atéjﬂélzéwggml 0, WhRh WdiRa@ ROt 6f thef@ri P@ﬁ&ihis' ary data

receivers 301 Corrector controller 305 counts the U DOMWN pul ses
fromfilter tliiiMesuktédlgl the pbaserdetectol oe kongegregligsting TR pulks opa B(iNﬂHd by filter

304. Based on cou corrector controller ust ment

vect ors, SKEWBQ‘O E‘HI @ﬁé\ﬂ@aﬁl"§90m{rﬁé’fm§?t8r C%%{?ﬁfgég%%‘g? o ancillary
data recei vens3he valars apR 9%%@&%}%@9%%?@&%&@&&%&1 t%rcﬁtaCOUpl ed back to
the ancillary data recei vePs 301, 302,"the trip points of the ancillary
dat a retxei veoseo?oﬁﬂlOlBOZ are adj usted with their outputs nodified relative
to each other. nmodi fi eg;% 0 461 .PCT/ US03/ 01944 ut puts, CLKO
and CLK1, are agé’ AS VRO EAT Woip Moz Setadin Kigurefat ect or 303

provides a pew B d8picRPMbLS @éﬂé@@il&% %ngg QlenfmntOfor 6204 &iR% ifTeralial

clock signals and for detecting a zero crossing of the balanced differential clock
signals. Two signals are balanced when corresponding characteristics of the two
20  signals have the same or equivalent values or ranges, such as signal voltage
swings or duty cycles. Two clock signals can also be balanced by adjusting the
two signals so that the rise and fall times of the two clock signals are
approximately equal. A zero crossing for two signals having defined transitions
from a low to a high corrésponds to the two signals crossing at the transition
25  point from a low to a high (a high to a low) of each signal at the same time. A
zero crossing also occurs when the low to high transition in a rising edge of one
signal occurs at the same time as the high to low transition in a falling edge of
the second signal.
In Figure 6, phase detector 303 receives an output clock signal, CLKO,
30 from ancillary data receiver 301, and an output clock signal, CLK1, from
ancillary data receiver 302, as shown in Figure 5. Phase Detector 303 then

balances the rise and fall times of these two clock signals as they propagate
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supplies a new set of adjustnent vectors to the ancillary data receivers

301, 302. This cycle continues until phase detector 303 determ nes that no
further Swadj3uwstasent s are necessary, that is, CLKO and CLHCIVudoBaga4! evel s
cross concurrently at the transition of the rising edge of one signal and

wamm%ﬁM%w'%@%%m%mw@my%mmy
conpl exity gathdnde zéoRIGER C%tdf@a swcdiganat Thaher drbesies dsBisigstageur s Wit hin
a predeterm ned delta of Vi 10 correct or controller 305 can send the

same set of ocujushenethe trosition ef a Bsing edgeafene clock sigagkogcetei ver s 301, 302,

whi ch mai ntai ns t sta of ..t hei.r pQi nt t hat d{kn the phase
det ect or no®TSHYES ?yr @@%f%&tlgngﬁttﬁﬁgi&g eage O%\Rﬁl “bb Oglgg gﬁ@sofwhen this
condi tign ogEyys 1cl&ﬁrsfgg1§1%‘€l6 P RiveD] 286 cRSnQUhdthS trahétiomdforshdrent vectors
at a port 306 for use data receivers external to data 15 corrector 101.

Phase det ectlock $igBalofill F@agdh@trwaltsoneslfgw\ihe iotherrploek signali [Phiage ‘ﬂﬁt@mre 6. Figure

6 depicts p e .det 303 avin ment | anci n renti al
clock si g_nag@fgr’rﬁ'qu utg %Scat P‘ﬂ@e‘épg’@q‘? %gtslfﬁgra%?l??lﬁgc%%?gﬁt ffc
differenti ab_Lfdo%al %h@ Bb&s a Ji1Be &t SRIDGWAN Sutpad i A EREsIIBE BcaiRs ﬁmpondl ng
characteristics mn 20 signal s have the same or equival ent values or

ranges, suchlths@ﬂ@rmgna\llol tage swi ngs or duty cycles. Two clock signals

5 b bal b t t hat, t d
Falt 2 Thesor t nibs heat gkt B GRS ploo sigtpceltindd Bfot B mb 1ANE? "
crossing fOéa%téé"ﬂh(ﬁBgﬁ%v%ﬂé?sv?dﬂlg3@?%‘118%%50&81@%‘156‘205 ThEc@pacols®¥6t 0 @ high

correspondsto thé tWwo signals crossing at the transition 25 point froma
low to a hi @w émnkﬂygthcapacmrk maph Gbrieateth as i grigie teansishoe vathndgs soumee. A zero

crossing als curs Low to high transition.in a rising edge of
one signal 2%t %ﬁ}ns“’&?ectt ngg]ﬁé 81%P§5§°et%83%ﬁobﬁabpﬁatleg\ﬂf P tion in a
falling edgﬁ'a&flStOII\k}l% REGRREL SdAR - cohﬁbc’t:édgufh%s@ca RAgsS colatiget or 303
recei ves an output clock signal, CLKG, from anC| | lary data receiver

301, and anfabutged ircdthakvasisgsad kno@trm thcﬁsetslmlleémcthlelaair ylhgzenzouneoti-ver 302,
as shown in Figure. 5. Phgse Det ect.or 303 t.hen al ances th(g ri se and faII

Limes of t hEEECHRiEics AR BrpRIAPaCingr, 8l B ShaRsis e SevBEPD60a61
PCT/ US03/ Oll%%échmg n-type capacitance and p-type capacitance at the given node including

the input gate capacitance with the result that the rise and fall times of the two
signals, CLKO and CLK1, match as they propagate through the circuit. Through

20 simulation of the circuit depicted in Figure 6, the drive strengths for the circuit
elements can be determined. Standard methods of simulation can be used that
are known to those skilled in the art.

Typically, phase detectors compare either a rising edge of a signal to a

rising edge of another signal, or a falling edge of a signal to a falling edge of

25 another signal. Significantly, phase detector 303 in accordance with the present
invention, compares a rising edge of a clock signal to a falling edge of another
clock signal. This comparison is performed using a NAND gate 312 and a NOR
gate 313 with CLKO coupled through the balancing circuit of phase detector 303
to the NAND gate 312, and CLK1 coupled through the balancing circuit to the

30  NOR gate 313. Further, the output of the NAND gate 312 is coupled though
inverter 330 to the input of the NOR gate 313, while, similarly, the output of the
NOR gate 313 is coupled through inverter 331 to the input of NAND gate 312.
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t hrough phase detector 303. The bal anced cl ock signals are conpared to
determ ne a zero crossing of the two signals. The zero crossing in this

i nst ance waoc@wesienhen the transition of a rising edge of @mua/wdosoko4si gnal
occurs concurrently with the transition of the falling edge of the other
cl ock signalp,.l ANYS - Sl ra .crossing, then
t he trangi tiTgﬁgﬁl%pgl}Egﬁe clggég(l?qgllsaénogl??év(\iﬁp&g?’gg{ e?r@]eé%tg’?h%?it?iaons for the

ot her cl ock tshgnakion Batesermiel gctransistazd 33 5838.t Thoowtputof N@R gateB 18l se on t he

UP output if a transition occurs first in the ignal, and places a

CLKQ.s
pul se on t héowplithsogghinverter 33¢ fon FpRsngission giie omeddy angistoRe’ rk1 si gnal .
10 The bal angkn . I I (= g I h wo NAND
gates 310, gtﬁ q‘f%gﬁc{}gggyg’%z,a%g%@le%gb2%%%8@%@51%9%%8g%ﬁé§%%paci tors
316- 319 ar erantypeMOSHedisisis , Tieaetulf, foni datmdniag whethek yperot ransi stor with

its source and drain connected, while 320 is a p-type capacitor fabricated
as a p-type crassiagsf gicgmwasignals ¢1KQ and EEKdhes geaifedeiseaurledqut These

capacitors f.aRrai ' t.her ys as is known to those
skilled in glﬁghgl} {?&e%[grg 32%3?1?}1&(;&"'%&6[?3%2 3gg{gaci tance and p-type
capaci tance at a Rhasedeistdsie30amas ted eitpiiscUP hyid DOWD) I Witha-pujdegacapaci t ance
and p-type capacitance at the given node_includi n% the input gate

|nag

capaci t ance high signaheon exhertUR pplp OPRY, the phasgigtactarihas detpgniged thakt
i | s, CL - [ t L t i it.
10l CAGLONE . L A5 e BLOOREN R MO BERLERl

strengt hs f @LK hkaweino€ tidssed@boftBenfly C The bighdeinal Wilhbélset Stndiag €b met hods of
simul ati on can be used that are known to those skilled in the art.

Typi cal |y, phdgeveraidhe bresigeppalEOgnd (i hmeakes ifspignagwangition Bisgnal to a
ri sing edgeof ot i o] fallin dge, of .a .si.gnal .to a falling
edge of 25 gg%l?ﬁgarsegls%ﬁ%ﬁ%g}mgeﬁil?figtgr?ﬂrﬁc,mlgh(gls dcfgicé%dt% %351?1 accordance
Wi th the preaséifor tHelVRBhipatts aGefTHRa! 06 a Shifft ), Rl AgRstOfor theaDOWRN'Si gnal to a
falling edge of another clock signal. This conparison is performed using a
NAND gaie 30Rtpahts arefioRt fogatshifbdavin The cHrGtcwe pravidedtie eogéctethe bal anci ng
circuit of phase, d ctor. 303.. to the NAND gat 12 . and CLK1l coupl ed

t hr ough thee%%@lneé?’hg’_%@?%‘d T ﬂ%eore@‘ﬁegfgoogwgegaa(ﬁ ¥ T@.Veﬁﬁfsfhe_r, t he out put
of the NAND gat e F@dute 79s £B1oBk BRdgtldO6BRe bhaly BlchRhtsd3Qotrbotbi@ntrBRet of the
NOR gate 313, while, simlarly, the output of the NOR gate 313 is coupled
t hr ough i nvép?.elpeBrorcerredter ¢onpratlercfOSNppidgyataguest2UP, for pulling up the

trip point of the ancillary data receivers 301, 302 of Figure 5, and a request,

20 DOWN, for pulling down the trip point of the ancillary data receivers 301, 302.
Corrector controller 305 counts the requests in an UP counter circuit 501 and a
DOWN counter circuit 502, using a CNTRLCLK clock signal to clock the
counters in the UP counter circuit 501 and the DOWN counter circuit 502. Each
time a UP or DOWN request occurs, the UP counter circuit 501 or the DOWN

25 counter circuit 502 increase their count accordingly. Only one counter counts at
a time. A LOCKOUT is provided between the UP counter circuit 501 and the
DOWN counter circuit 502, sot that only one counts. Both counter circuits 501,
502 include four counters which provide the outputs of corrector controller 305
as determined by control logic 510. The four counters of the UP counter circuit

30 501 provide the 4-bit SKEWU <0:3> vector at output 508. The four counters of
the DOWN counter circuit 502 provide the 4-bit SKEWD <0:3> vector at output
5009.
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19 WO 03/069461 PCT/ US03/01944 The output of NAND gate 312 is coupled
through inverters 332, 333 to a transm ssion gate fornmed by transistors
335-338. Woen3dmdeqgeut of NOR gate 313 is coupl ed through i racartses/oBd4 to a
transm ssion gate forned by transistors 335 338. Transistors 335, 337 are
p-type MOS transi,stor e t E{]gr d oo, Aol Bebdtge MOS
transistors. Themeglufa%%megﬁqr&b?g?ﬁl ni n§lswﬁ 0%?6 u;’pé crossing of the

two signal s 16l Ketadta @dﬂiﬂdﬁﬁ@c@ﬁwﬂtHeeiﬂltput§oﬁihelpb1ﬁde1mﬂcu1tt5IOil a0gh inverters
340- 341 and inverters 342-343. Phase detector 303 has t wo o% putg UP and
DOMN. W t h arqymege) gffset pdigsimentiodhy apeillaiyidata recpvers 3PN Oc se

d d h dth
Fal [ ing edgdbp et Hantuecer gharEierRe) Atk iR e bl de"‘?’ge e e

concurrent | yhe mmrqﬁtsngthahmmldon&aoﬁahe RESTITi @@l bas th&h:loﬁﬂitens@f of the
two signals CLKO and CLK1 nmakes its signal transition first, @ Wth phase

det ect or 30%haeoudter pireltitsa 0d of ¢eletzsro. 1Gus &O%Qf@le&?upﬁfﬁegﬂﬁén the 3 high

for the UP output |s hi f r the DOMNN 15
output is a ]rgBalﬁ th f@?ﬁ@wmchr bggﬁnauslﬁLWé&lrdejﬂheessf\{ﬂsah%P Ee%h@rsg\lgl ed to
corrector GeabrMineall ﬁ%ﬁ s%seqhemgeﬁnltsmhé geviRstl dap reeenas@l, adp ust nent
vectors. Figure 7 is a block diagramof the basic el enents of corrector

control | er ameratmgm@oulbama’f@@ffmts withtaspeqt &g (BE6/2)rptlageidetectplequest , UP,

for pul I i ng oi nt. of the ancil.l.ax at 01, 302 of
Fi gure , ﬁﬁgﬁ%flé&ﬁeéwﬁlg BRI st %?fhﬁg%gragﬁﬁwwg\?%%ﬁhgt of the
ancillary dat@psigGRired smclily d38 ZeceivedBOEGDRr AGQThINGlah@IP #abest@unt s the
requests in an UP counter cirtcuit 501 and a DOW counter circuit 502,

usi ng a CNTRicelvikd by cokregpryermitrotler 3050tk requsst widleawes B1eilP eorataupirgdtint er

circuit 501 t he L reul a, UpP_or

request occéﬁg?‘”ﬂlﬁ’éeaﬁﬁ%%ﬁ? o%?cﬁ%rtﬁofl ]&)ef%)?“flﬂ m%sgn%nter circuit
502 i ncr easgedihRithatGOMEY: H1ROGRF&HuBE! Yhe NN OPEAGBREWU 6OsiAHE 588 a tine. A
LOCKQUT is provided between the UP counter circuit 501 and the DOMW

counterl&kir caudtheEﬂIQEmveqtcbrat ouﬁpmySWrmﬂ@@mlmtéhe Rbusimeniun skegwediframi t s 501,

502 i ncl ude four counter V|de 0 corr.ect.or controller
205 | ne dor SR RESSEO R oY Bro chrdtiEnt S Kt gatling Rh HB o Cop
counter ci I‘%Hinﬁ;oﬁ@le%géﬂlafy(ﬁélt%célbﬁséoplgtozSKEV\U <0: 3> vector at output 508.
The four counters of

When the trip point is so adjusted, the duty cycle of the differential clock
signals, CLKINO and CLKIN1, (input as data signals to the ancillary data

20  receivers 301, 302 of Figure 5) is changed. The output signals of the ancillary
data receivers, CLKO and CLK1, are again compared by phase detector 303 of
Figure 5. If the previous pull up adjustment is too much , corrector controller
305 receives a DOWN request, and if the previous pull up adjustment is not
enough, corrector controller 305 receives a UP request. This cycle continues

25 tracking any offsets in the ancillary data receivers 301, 302 until a zero crossing
of CLKO and CLK1 occurs. Once CLK0 and CLK1 transitions cross
concurrently, corrector controller 305 continues to supply the same adjustment
vectors according to the UP or DOWN request received. The adaptive
adjustment of the ancillary data receivers 301, 302 occurs in data corrector 101

30  inthe configuration shown in Figure 5. The data receivers 102a-102n of Figure
1 are not adjusted in the same manner as the ancillary data receivers 301, 302.

Corrector controller 305 supplies adjustment vectors to the data receivers 102a-
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the DOMN counter circuit 502 provide the 4-bit SKEW <0: 3> vector at output
509. 20 WO 03/069461 PCT/ US03/ 01944 \Wen data corrector 101 of Figure 5 is
first powaoess/aapieidata corrector 101 starts in a conditiorrcauedespivat t he
outputs of the counter circuit 501, 502 provide no offset adj ustnent to

th Il da 301, 302 of, Ei. Th that pl
it a cor r ool e Ot whit GeteeorRracRrongagh i Bh Eodrop sif a0 ' he PEeET
input. In the.tHhdd tﬁht tﬁ@ﬁkﬂhéthféﬁt vdchits RigEd n ia8didbnA Sdisnifibat eRatipeer s of  the

counter circuits 501 to zero. This zeroing of the counters results in
the signals in Fﬂg&rmtyp@tlons withe gleniehts| o datagameetpel & @frﬁlE@Tel n the

SKEWD t b || h. .Sub I th dat

recei ve\rlg(:Sg!rlPreg%l?g t‘gT'h@ %&F%?Y%@T%Jﬁ%@ﬁ%ﬂﬁiﬁf Qﬂefaéan %%iyr egpgct to
(VCT 2) ph@ﬁ%cﬁ??ﬁ&%&& v’égﬁ 11 prédeftinfemioN. |A niéfHodrdTloperading @@uast for a
shift UE’ he “trip points of the ancillary data receives

301, 302. AsstueiondOaimchides pmyechng differantiobéloedsipnalsiora pait of ancdlary ol | er 305,

the request will cause. th P Counter i rcui 501 to . ncrea ts count.
Cor r ec;q or cHHE FSFIVERs 3@@)@0&» ‘i.‘%terﬂjé‘i‘iﬁg adi e&a‘fctﬁé’te%q’?f‘jfh‘?/%‘bti"étr e a(ffl reflect the

UP request. thy&ﬁcﬂl%g}gﬁa{a' 1Vé?§§ f 3@5% FheHhPaljufRRnilvecasrdl the SKEWD

vector at output ct t he adj ust rrent is skewed from the
previ ous cowrmtzttecbn) thydifﬁreme 1mﬂ1ew$ttpuesmgna:1yof the ancillarydiitprectivers. up the trip

t of th [ 1 301, . 302 t he .t t i
Do st 20 1 fee Biitgertbleiadt e écermcﬁ%@ewpéad f ﬂfercvéﬁa?”g%ﬁs?éc'ﬂ? R
CLKINL, (i n?&f&re%% VIR §ﬁ(?_ﬂ1%lo§hérglotcﬂglgﬂ ]]g%eplg@tmeaaﬁé opt 301, 302

of Figure 5) TS ¢h anged out put signal’s e ancillary at a
receivers, &dﬁ&l&mﬁdﬂt@belvw mmgmandmmern@dctbgs geherseddettectator 303 of

Figure 5. If the previous pull up adjustnent 00 much, rrector
control | er catmllepdRy %@50@1@5319%1(%&1%?? Ofélﬁﬁuﬁlﬁ’ ‘{aﬁereﬁerl@?rﬁéﬁg’ 1% up

adj ustment | gufohe n SHANec RLRERLOTGARLECLL 61,305, Tecel ves a UP request.

This cycle ¢ rac ing a sets in’the ancillary data

recei vegs 301, 3S£1celﬂielﬂlethockﬁﬁ’eec6mtﬁﬁlsuﬂg cyaing Cld¢R sipme1sCivith definite s. Once
CLKO and CLK1 transitions cross. concurrentl orrect or controller 305
conti nues t GanifisEisydaineoreesiag 1QBPWFFEH%HY%E iy 98t o the UP or

DOV 1 eques}ec&g&%l%id} 02-5{;1‘31 %%Heﬁ@vectors. In practlcal terms, phase detector

303 will not detect a perfect zero crossing of the output signals, CLKO and
CLK1, from the ancillary data receivers 301, 302. Therefore, phase detector 303
20 continually provides an UP or DOWN request. The combination of the count in
the filter 304 and the control logic of the corrector controller 305 determines
when that there is no appreciable offset in the ancillary data receivers 301, 302.
The final set of adjustment vectors determined to have provided the adjustment
to ancillary data receivers 301, 302 can be provided to data receivers 102a-102n.
25 The data receivers 102a-102n function in a system as data receivers, as opposed
to the ancillary data receivers 301, 302 of data corrector 101, which receive
clock signals as data for the process of determining the set of adjustment vectors
that will correct for data signal offsets.
Data corrector 101 will maintain the final adjustment vectors in a latch
30 108, and control the transfer of the adjustment vectors from the latch to data
receivers external to the adjustment process, such as data receivers 102a-102n.

Data corrector 101 determines whether the data receivers 102a-102n to receive
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adjustnment of the ancillary data receivers 301, 302 occurs in data
corrector 101 30 in the configuration shown in Figure 5. The data receivers
102a- 102nwaf o3ficguen e 1 are not adjusted in the same mannerpcagusobeiamci | | ary
data receivers 301, 302. Corrector controller 305 supplies adjustnent
vectors to the data receivers, 102a- 21 03/069461 PCT/ US 44 102n
only when t ga@]g{s@e%wcg%nts AHRABIG 8% 5 ?rnexwgﬁcgﬂp}eapeqo%ééf%ﬁglo has

det erm ned édﬁ@ﬁtugwﬁﬁé'@eﬁsmtﬁxﬁ 68 dERGHhEtDeR tBifcicanab or signi f i cant
changes. Figure depi Cts portions of the elenments of data corrector 101 of

Figure 5 ioftheHaniremivers. t He adfitstment vedtorsrage raRsdertdida tof datd tpgeiderd f or

operating the data 5 corrector in accordance with.th resent invention. A
met hod of ol¥atY2Rde &gJé}éftt e1r fr RIS g}mﬁ%)%eﬁ%@flﬁtd%oéntﬁf%&o AY differential

clock sk gna%lﬁcﬂé% tﬁ‘att éfbé)eiss@cri‘o@céd &/ﬁﬁ?éhal%?ﬁgaa fRaRiN&nSind AdtadRdsesslgg.er m ning a

di fference Detween out put signals the ‘ancillary data receivers 301,
302, and gener at Asg sgsipmdtmimgtdataerededress emarated, sheedhta eceiversgiuch@s ence in the

output signals of the ancillary data recei.vers,. One.di fferential clock
si gﬁal , CI?P@@(@?@Cﬂé’e&gol&ﬁﬁ“é&z’&dn%/wpa%?%eQBP?‘%Bﬁatér?%qusasi}megﬁttaa recei ver
301, and t gy A 0¢ EOGRL AN opefddiEMlew beuubRHRl dufd s URichapor t - of
ancillary data receiver ) hep adj ust nent vectors generated in corrector

control | er &A5offkats dodel ediatiamskin (VRER) evip dic dewtted yidatasnoyreckat &0Y.ecei ver s
301, 302 to _adjust the trip poi g{s of the ancill ar%?rcaia a receivers 301,

302. 130si nebichyallrepRBie HEecesy At $HEHHLE PRI YCRS e R YHEFOT wi t h
definite tyansiii: | | Sasoplé ng the
ancillary dg(?iaaipﬁﬂelg%ié\c/%r?%rt%oa??f S@ﬁ%{t\%&%t%p%%?lﬁcsoﬁengh% &bhglto{l%rr s. | r/][ practi cal
terms, phaséatsedceseny1023082ii dnke daih coetwat 1 (H lpsdbeonineéd thmt diossi ng of the

out put signals, CLKO and CLK1l, fromthe anci)|lary data receivers 301, 302.
Therefore, gHestedpsiustment veeiar bas aébﬁfqdrfﬂh‘i%F f%‘? \’r‘%/ theengtHappslaly  pown

request . The. COmRIMA Mo fard BeCBH 1| tnfsiGarkibet s BREcBPFOL e contr ol

| ogi c of the corréctor contro erm nes en that there is no
appr eciigbl ea@pfisely préviddsarippoink hdingn@atsao depetostvess BiZh; 102020 whithe final set
of adjustnment vectors determ ned to have provided the adjustnment to

anci | | ary déddscquplasi vers 301, 302 can be provided to data receivers

1028, 1020, 25 Toe Pl GP TIPS AIRRRCABEIILNOT g el o o2
corrector 1fteivaRilOnatl62@in/lis method of the present invention have been previously
described above. The data receivers 301, 302 and the ancillary data receivers
20 102a-102n have the same design. The data receivers 102a-102n and the ancillary
data receivers 301, 302 differ in use, where the data to the data receivers 102a-
102n is an actual data signal, while the data to each ancillary data receiver 301,
302 is a clock signal. This method in accordance with the present invention
allows commands and data to be received in data receivers that have been
25  corrected for any data offsets relative to VREF or any imbalances in the data
receivers themselves.

A method for operating an electronic device, data receiver, memory
device, or other system that requires adjustments to correct for offsets in a data
signal has its best results when the data signal and the clock signals used to

30  generate adjustment signals are derived from the same source. Typically, data
signals and clock signals from a common source have the same levels of voltage

swing. Using clock signals as inputs to a data corrector circuit, the clock signals
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clock signals as data for the process of determ ning the set of adjustnent
vectors that will correct for data signal offsets. Data corrector 101 will
mai nt ai n Wwoeosfoesual adj ust ment vectors in a latch 30 108, ramdusnemiael the

transfer of the adjustnment vectors fromthe latch to data receivers

external 0 NG AGLIR!IRAL pBLRCT AR 2B BIAR 93I8al fEPhU St 05 02 Data

corrector erm nes ata Tecelvers nto receive 22

WO 03/ 069461 Padih LSRR8 Bfiftthat Reo BehdjattodnPrefeatly)the data sighabar@ui et peri od.
For exanple, a quiet period would constitute a tinme period. in which system

data is not closk signels speedione theisping chipsgutiogrever eherresent BVERNRSY 1§ NotThe
adj ust ment :fie%eﬁggtp%:éﬁx{ te'iegaf)gl? gi[gﬁ%s 5 &a@gh taat:o'hﬁ‘g&% ¥&tlkce 102a-102n to

adj ust t hei i'hg ese quiet ‘poin 0 avoid any 5 glitches

that mays be assoqhahffhod flcedian@eRdthatht bieferl @hvEntidh cimbe deddopr ocessi ng.
As a system having data receivers operates, the data receivers, such as
dat a recei vepplications inpolningrrapfassse sizank eithss greatnied yemally peettemally nce dat a
corrector 101 is continuously oper.at.i.n ew occurren o] ta offsets,
such as da %mb‘?ﬁ?%tﬁqn_éc %Vé?ef 8¥s\98]13%3t‘71§’n§g1?a m%ﬁgfil?e%\{/ﬁdﬁ? %%le‘die: ected by data
corrector 1Qds adfiiMbritGRc dathe fah MuStal §iSndé AEES Jowvoligneleadlin@urd] ust ment
vectors. Data corrector 101 supplies a corrected adjustnent vector from
corrector cenmposd aal@o®ntrol vdlegesifor adipsig the frip ngnt o1 theesholhce dat a

tor 101 has determiped that this t di ust nent, vector h
i ust o of pHEoT P a8 E B HE ScOPTap e PR WEPERRI MBS 00 o Gat o

corrector 1QdsridulingRhSlopRIpALK mAAkdtiRe &i@ftﬂ%%%l@ﬁcﬂﬁlbrel&iv%ﬁﬁgédd@! y provides
trip point adjustnents to data receivers 2a-102n to which it is coupled.

Data corrector 10dFiguteed shrovd tinaing diegrams B eidatarcorRotbr op@atingwihetie dat a
receivers 102a-102n in this nethod of th resent invention.have, been
previ ously aé]@gtg}qngg%ftgbcggggtmﬁﬁo%&sgnplgﬁg?9@?@ °§6rf,1°%6‘?a g‘??bgq ?i@h%nci Ilary
data recei vepg cgﬁeétggﬁl‘a%g@lﬂaﬁl%\(ﬁtﬁ #e pPakR iHRHeN. %?Jaemﬁﬁ AidePRei vers

102a- 102n and the anci ry ata receivers 301, 2 differ in use, where
t he datlé t o depietsdiat systeecdiffesmsiallock sigiedn CLETNG 9493 tand ICIJERNE ¥2gnal , whi |l e

e N e IR
to be recei wgehibdatdRE Bath Bk VPER IR HatR R6BIvEBLSM . CLKINI is coupled at
the data input to ancillary data receiver 302. Both ancillary data receivers are
coupled to VREF 903, which has a voltage level of 0.825 mV. CLKINO and
20 CLKIN1 range from about 0.225 mV to about 1.025 mV. A second timing
diagram shows the clock signals, CLKOUT1 904 and CLKOUTO 905, which are
generated from CLKIN1 and CLKINO in the internal clock unit 109 used in
memory device 100 of Figure 1. CLKOUTO0 and CLKOUT1 range from about
0.0 mV to about 1.60 mV. The third timing diagram shows the clock signal,
25 CLK1 906, at the output of ancillary data receiver 302 having CLKINT1 as its
data input. Also shown in the third timing diagram is the clock signal, CLKO
907, at the output of ancillary data receiver 301 having CLKINO as its data input.
CLKO0 and CLK1 also range from about 0.0 mV to about 1.60 mV. With no
appreciable data offsets or timing skews, the CLK1 / CLKO pattern should
30  resemble the CLKOUT1 / CLKOUTO pattern. The pattern shown in Figure 9

indicates the presence of data offsets and timing skews, as the outputs of the
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25 corrected for any data offsets relative to VREF or any inbal ances in the
data receivers thenselves. A nethod for operating an el ectronic device,
dat a recemoensjoemenory device, or other systemthat requi reEI/Esbpastdments to
correct for offsets in adata signal has its best results when the data

I dth I
derived 11 ot gy Saa SRR D1 368 ol A BEATLACE, AN SHIRGCR Ve P e s

froma ComTQIlK@qialtt@ﬁlsIhamachensmd@szpbw of voltage sw ng. Using clock
signals as inputs to a data corrector circuit, the clock . signals 23 WO

03/ 069461 PCT/ USBigue Yyshows tisniag giagtaaes foéaMaﬁQHS@PV\%@ﬁatﬂfewglérre vol t age

I I h | s b
) usted. prarepin it Reterty g ot Ah6h EARERNAR I abloe ) 01 0% o

chi pset 5 HowgY @brredtbi€in REQE@dHce WthERE bRBertSnvedtion.! OfE hﬁﬁng Blagtage Where cl ock
signals and data have a common source. 5 The nethod in accordance wth the

present i nvéeptiéts thecastemediffersatiglelockzasignalse GLEING 90 hvnd GLEINA %085 er ence

signal, eith e erna erna ectroni c device,
associ at ed mﬁ?ﬁgg' ?@ﬁ%ﬁﬁ %ﬁﬁggggﬁ @%ass “@Jnéh¥¥% @9§@ %djustnent
vectors rat pgfpldd'anhdlids i@ht i £1BMaSy 1k BReivkOIOY thnel is@vapisd acoul d

conpri se analog control voltages for adjusting the tri p0|nt or t hreshol d

10 transiti te dagfinpwt telangtlanyiats IEQGIVQIEBOZOQ}L |apd

d b he d | h
e A R SR TR L e o ™
operati ng wWiRlgU$03, %idﬁ%faﬁra%u ERd1 0F 01N GHY O JebOHB @mBigMihdiinon of the

operation and desi gn of the a corrector in accordance with the present
i nvention. Eht@vstthem}mgk siigaals, @hﬂ@lﬂdrﬁ%tagdtﬂié(@vgﬂéﬁﬁdwhmbra@wtl al cl ock
signal s, CLKINO?_(g) 0 t'll}Ch are(i%g o data corrector
101 as showdSHerAt éﬂ Fohp gk clo ety YSPM to ancillary

dat a recei Va0l dedidd Nlofiss Lﬁeqplc%k@UTotah@ci@éwrnpa{getﬁ%naafdukI ary data
receiver 302. Both ancillary data receivers are coupled to VREF 903, which

has a 16l t af® th¥vekbaft 10508@3 riide tlﬁtd(tlrxl@l@dldg@@l sbpws Mie ¢lagigsigial.om about
0.225 vV to ny. A _sec. imn t he, cl ock
si gnal s, Q% 0@%&@%@%&?@9 &%ﬁﬁeﬁﬂvgﬁﬁq@ S(g%lf R cLKI N1 and
CLKINO i n t hg, kel R shbRf fn #ithird BfhidtS@&dgrlath is the clock signal, CLKO

1001, at the output of ancillary data receiver 301 having CLKINO as its data

input. CLKO and CLK1 also range from about 0.0 mV to about 1.60 mV. With

20 no appreciable data offsets or timing skews, the CLK1 / CLKO pattern should
resemble the CLKOUT1 / CLKOUTO pattern. The pattern shown indicates that
the data corrector is adjusting the trip point of the ancillary data receivers 301,
302, since the CLK 1 / CLKO pattern crosses near (VCC/2) 909. The crossing
points do not occur at exactly the same level in each time frame, as the trip

25 points are being adaptively adjusted over several cycles. However, the crossing
point has been moved to near (VCC/2) 909.

Figure 11 depicts a processing system 600 including, among other

elements, a processor 601, a data bus 602, and set of memory devices 100(a)-
100(n), in accordance with the present invention. The processor 601 and

30 memory bus 602 are designed, made, and operated in accordance with standard
practices as known to those skilled in the art. The set of memory device 100(a)-

100(n) are made and operated in accordance with the present invention. The
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menory device 100 of Figure 1. CLKOUTO and CLKOQUT1 range from about 0.0 nV
to about 1.60 nV. The third timng diagram shows the clock signal, 25 CLK1l
906, at tWwe® @uwspwst of ancillary data receiver 302 havi ng GdUDsh3am4itt s

data input. Al so shown in the third timng diagramis the clock signal

CLKO 907, at the,out ' ry..d Y I CLKI NO as
its data ih%ﬁ?*ﬁy%T@fgghgg%ﬂ@%ﬁgﬁé%(%gH%ggyégﬁﬁggﬁhgsgﬁﬁgﬁ%h?%yabout 1. 60
V. W th noydigfed Rcdoafebeo fiRtsanatiias skeWs ihithe dvga sigeas to thee dakal /| CLKO
pattern should 30 resenble the CLKOUT1 / CLKOUTO pattern. The pattern shown
in Figure greceimefisc Iheprachesing wslemcadlonayalsainstudsother emary ApYigesskews, as

t he outputs o{ t he

98 w5l PR ey A b (R PITO 21 T siou o

receivers 3
cross near {3606, Dro8fer 601aH4yEI ins AV el fridenpindb@ipans for a data
corrector operdating with adjustment vector correction froma simulation of
t he operation an@hedbisgaicdembpdimestsaaaybecdhengest srodifiedagadeidance with the

present invention. e tim.ng di agramdepicts the s e { fof. ntial clock
si gnal s, Cﬂﬁﬂﬁﬁmﬁﬁﬁggﬂﬁg&Eﬂﬂ%fugwggme ‘gﬂxﬁﬁﬁnﬁgﬁpﬁggwg%ﬁggfgﬁ%%rrector
101 as showg iy Eéaﬂié{?ec’é%ni%tﬁat\ﬁchsmo&iﬁé@ioﬁgaﬁd chagedtahypbd MRA tdd 0 ancil lary

data receiver 301. KINI is coupled at the data input to ancillary data
recei ver 30the pBiskhiNOvemitneyikion strigthg®lowdns the eaerplaroergrslingnts endbout 1. 025

nv. Bo ancillary data recei,vers.,are coupled.to  VREE 903 [ has a
vol tagﬁ:gl ev@?pht‘i?tl‘é?séggsa%mﬁ aqd degegibgd 5Fﬁ%%5n‘§w&§?‘étrﬁep%‘ﬁ‘8ﬁgf°%‘h@@c %ck

signal s, CLW&&Q@@G%%M%%%M Wikl s 86t&FortB 8l d@é1&svihgom CLKINL and
CLKINO in the 1nternal clock unit 109 used in nenory device 100 of Figure
1. CLKQUTO eamhsCL KOUT1 range from about 15 0.0 nV to about 1.60 nV. The
third timng diagram shows the clock signal, CLKl1 1002, at the output of
ancillary data receiver 302 having CLKINL as its data input. Also shown in
the third timng diagramis the clock signal, CLKO 1001, at the output of
ancillary data receiver 301 having CLKINO as its data input. CLKO and CM
al so range fromabout 0.0 mV to about 1.60 nV. Wth 20 no appreci able data
of fsets or timng skews, the CM/ CLKO pattern should
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resenbl e the CLKOUTI / CLKOUTO pattern. The pattern shown indicates that
the data corrector is adjusting the trip point of the ancillary data

recei ver sweliB/0694802, since the CM/ CLKO pattern crosses rarv{ose@42) 909.
The crossing points do not occur at exactly the sane |level in each tine
frame, as tri '25d' oints are being adaptively adjusted over several
cycl es. Ho 1S ClefRe clg'ossi ng point has been noved to near (VCC/ 2) 909.
Figure 11 depicts a processing system 600 including, anong other elenents,
a processor 601, a data bus 602, and set of nenory devices 100(a)- 100(n),
i n accordarice wiArheletteone desaer COMBIE on. The processor 601 and 30 nenory

bus 602 are designed, nad and operated. in_. ordance with standard
practices as kn&&ﬂltat{?c?lﬁ V%qﬁng’d)ofntﬁ%&ﬁgﬁga@a The set of menmory device

100(a) -5 100( n) %rc%te['@&?ecﬁﬂ@ogﬂéd &) 186 dita reeber dandeptivelyplohiliny teipent
invention. The 25 WO 03/069461 PCT/ US03/01944 nmenory devi ces 100(a)-100(n)
have data reieiadissnant itformitipngoithe t5ip 2aEp edivsioy  adj usted to correct
offsets and timng skews in the data signals to these data receivers. The
processi ng system 600 may al so i nclude other nenory devices that are not

made or opes at edrj b1t O nRAIR i JFRITORIM AS ANBBPEMMSIeHce BitdDdupled 5 100(n).
Processor 601 may al so include the present invention. The .i|lustrated

enbodi nent etwgehahe Haingedectomatidfthe data saseiver for copsdibormydaovidingd R ar i ous
circuit types and arrangenents. Those skill.ed in w |l readily
recogni@e’ tRoAH D@W%d‘%ﬁ%&lqn&ﬂlheatﬁa p@%ﬁ%gtoﬁﬁg{hgga%ém%g t he present

invention without strictly followi ng the exenplary enbodi nents and 10
applications illustrated and described herein, and wi thout departing from
the true piri tTlndegmnpedayicetdielapmds whereimthe iip poinhwdBHMest set forth in
the follow n clains. 26 WO PS/ 0694161 PCT/ US03/ 01944 What is clained is:
1. An el ect FEPHRRLIGE\FPEBTSE ARG RGTOIYOURER r ecei ver having a trip poi nt
adjustor; and 5 a data corrector coupled to the data receiver for
adaptively providing trip

15 4 An electronic device comprising:

a plurality of data receivers, each data receiver having a trip point
adjustor; and
a data corrector coupled to each data receiver for adaptively providing
trip point adjustment information to the trip point adjustor of each data receiver,
20  the data corrector comprising:
a first ancillary data receiver having a first trip point adjustor;
a second ancillary data receiver having a second trip point
adjustor;
a corrector controller coupled to the first trip point adjustor of the
25 first ancillary data receiver and coupled to the second trip point adjustor of the
second ancillary data receiver for adaptively providing trip point adjustment

vectors.

5. The electronic device of claim 4, further comprising a latch coupled
30 between the data corrector and each data receiver of the plurality of data
receivers for conditionally providing trip point adjustment information to the trip

point adjustor of each data receiver of the plurality of data receivers.
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poi nt adjustnment information to the trip point adjustor. 2. The electronic
device of claiml1, further conprising a |latch coupled between the data

correct orwanmb/obdws1 dat a recei ver for conditionally providi mErwsopo19s® poi nt
adjustnment information to the trip point adjustor of the data receiver. 3.

The el ectragnic vice of. clai rein.; WeRTatols jrust ment
informatio 'con&ﬁ\egﬁgug%lgﬁgglcggﬁflﬁ ig@gv\ﬁé{}g%lg% Hfsﬁb imgﬂisgﬁ g%:tt roni c device
conpri si ng: inforRlatb@bohprifh te@paint &djeitmenisvecoachaviag beenqrevidet totthyi ng a trip
point adjustor; and a data corrector coupled to_each data.receiver for
adapt i vel y fstomil deanyd aneillpryplitaneceivprs Saihent chrngoforami et 8f t he trip point
adj ustor of .each data receiver, 20 the data corrector conprising: a first
ancillary Justrpes 8}'@@ having a first trip point adjustor; a second
ancillayy data receiver having a second trip point adjustor; a corrector
controller coupled to the first trip point adjustor of the 25 first
ancillary data recitegatedoidcigiowpluting t he second trip point adjustor of

the second ancil]|ary data receiyver for adaptively providing trip point
adj ust ment vectaéi%%%ge.w VHSS TP @ u\gltl%gc)’ean}éf claim4, further

comprising a | at hLopRled c?éfge@&;maatatré&h@ar@ adaptieby ploviiet #pch dat a

receiver of the plurality o ata receivers for conditionally providing
trip point mmditudiusemnt sighals hathednp point AGustel. p  poi nt adjustor of each data
receiver of the plurality of data receivers. 27 WO 03/069461 PCT/ US03/ 01944
6. Thel®l ectronic device of claimb5, wherein the tri p poi nt adjustnent

i nformati oy conmpij §RSrhikd Birfat m@shiist ment vectors havi ng been provided to
the first ;Bhd secondqugnci Illrary daIffgdl?chei vers w thout change for a nunber

of adjustnent cyfiisesansistat paisrhavimgegfitst etype MQSitransisiop epwtlethto & dat a
recel ver ha%#stﬂ%ty%eﬁ\&bﬁ txg(r)lis,igttor gtdi Hf%s% rcl)(gcie, g E%e of the first p-type MOS
transistor coupled to a gate of the first n-type MOS transistor;
15 a second transistor pair having a second p-type MOS transistor coupled
to a second n-type MOS transistor at a second node, a gaté of the second p-type
MOS transistor coupled to a gate of the second n-type MOS transistor, the
second p-type MOS transistor of the second transistor pair coupled to the first p-
type MOS transistor of the first transistor pair at a third node, the second n-type
20  MOS transistor of the second transistor pair coupled to the first n-type MOS
transistor of the first transistor pair at a fourth node;
a third p-type MOS transistor coupled to the third node;
a third n-type MOS transistor coupled between the fourth node and
ground having a gate coupled to a gate of the third p-type MOS transistor at the
25 first node;
a plurality of series configured n-type MOS transistor pairs coupled
between the first node and ground; and
a plurality of series configured p-type MOS transistor pairs coupled
between a first voltage and the first node, wherein activating the plurality of
30  series configured n-type MOS transistor pairs and the plurality of series
configured p-type MOS transistor pairs adjusts a voltage at the first node.
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a data corrector coupled to the data receiver for adaptively providing trip
poi nt adjustnent signals to the trip point adjustor. 10 8. An integrated
circuit copiosdgey. a first transistor pair having a firstpqyusope1ioS
transistor coupled to a first n-type MOS transistor at a first node, a
gate of the fir p-.t ew%- S| gt G Edink0 @ gate of the first
n-type I\/Dsstran i tugPéf{erfgch s%é%%%ﬂ ?’a@%?sto?lpgla}n%’ havi ng a second p-type

MOS transi stor GaRh&Srefdéhcd poReotsledtd thegalvlos the fmtp-typerMOS a second node,
a gate of the second p-type MOS transistor coupled to a_gate of the second

. up
n-type MOStmnsistst of the firstirensigerpaiticapablené PrElng 8 veltagedeidFicehe second
transistor pair coupled to the first p- type MOS transistor of the first
transi stor S%Efl# a’é‘t? a third node, the second n-type 20 MOS transi stor of the
second st ransi st Qrdpapdrt SRPRURE thedoatd6f the sdond pitypeMKISratsisiorsifghor of t he
first transistor pair at a fourth node; a third p-type MOS transistor
coupl ed t o stdvadtthansigtonpaiecapablerifpioviding pelatastznat ansi st or  coupl ed bet ween
the fourth node and ground having a gate coupled to a gate of the third
p-type MOS transistor at the 25 first node; a plurality of series
confi gured 19- t ype MR 880 ®hnffrisRi s coupl ed between the first node and
gr ound; anc} a plurality of series configured p-type MOS transistor pairs
coupl ed bet ween dutd iergvenbeyinggaripmdint keiusiorgdnode, wherein activating the

| [t f 30 i fi -t MXS -t i i and th
Dl araitty of sor&l tiriogarudeh g s Rk AR Ao BR80T N
vol tage at ptoﬂﬁ aﬁju’éﬁﬁen@ﬁﬁ&mati%ﬁ 1Y@ A3p P64 adjuled 6480 A4 18kdverS. The

integratedcircult of claim8, further conprising; a voltage reference port
coupled to the gate of the first p-type MOS transistor of the first

transi stor pair capable of proyidin vol t age refer ipgnal; and 5 a
data port clé_upl e:@"ettﬁ‘?n@?fé{dﬁgfgo)é?la%go’?r@gﬁqacogmglg al\}%ﬁt%%@g‘?stor of the
second trangliabal tRdUats SALAB! SndPhe RAQVESHINA fét BAdidioRAIBNGoViding trip

15 point adjustment information to the trip point adjustor of the data receiver.

12. A memory device comprising:
a plurality of data receivers, each data receiver having a trip point
adjﬁstor; and
20 a data corrector coupled to each data receiver for adaptively providing
trip point adjustment information to the trip point adjustor of each data receiver,
the data corrector comprising:
a first ancillary data receiver having a first trip point adjustor;
a second ancillary data receiver having a second trip point
25 adjustor;

a phase detector coupled to an output of the first ancillary data
receiver and coupled to an output of the second ancillary data receiver, wherein
the phase detector compares an output signal of the first ancillary data receiver
with an output signal from the second ancillary data receiver; and

30 a corrector controller coupled to the phase detector for receiving
comparison information, the corrector controller coupled to the first trip point

adjustor of the first ancillary data receiver and coupled to the second trip point
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10. A menory device conprising: a data receiver having a trip point
adj ustor; and 10 a data corrector coupled to the data receiver for
adapti vel wopmsasdging trip point adjustnment information t@edimesoBoiga4 poi nt
adjustor of the data receiver. 11. The nenory device of claim 10, further

conprisin | at ch.coupl ed . n : iR e ata
re(r:rgi ver 19 8‘%“ 'She ?Heéﬁ‘%“ﬁ?n%ﬁ%}ﬁ%?anrgeg{@?%% %‘?5%3%12? }%(jllﬁggj r‘ge tmidnf ormation
to the tri pgRinn: dehtsigt or of the data receiver. 12. A nenory device

conprising: ‘a plurality of data receivers, each data receiver having a trip
point adjustor; and 20 a data corrector coupled to each data receiver for

adaptivel y providi tri oi nt_adjustnent information to the trip point
adj ust or oflgeacléﬁaggéeclmé’ggf(g@rfsmg'he data corrector conprising: a first

anci |l ary data r,geeiiVehaliay i@ foint;f8ll trip point adjustor; a second
ancillary data receiver having a second trip point 25 adjustor; a phase

det ect or  coupl ed ttip paint edjugior canpladte the veseiverer pdaptiyely admstingtsi ver and
coupled to an oig}) fé{eof t he second ancillary data receiver, wherein the
phase det ed#RPO ﬁ% L out put signal of the first ancillary data
receiver wth an output signal fromthe second ancillary data receiver;
and 30 a corrector controller coupled to the phase detector for receiving
conpar i son 1énf orfetdatarecdivee of ol dBowhereimt the F4ceIVeE APEESt 0 the first trip

point adjustor of the first. ancill dat a Y% l,Led to the
second® rip poi RISYGPIHSBPAEESNES a%‘/%%@%%@%i%ngétafus gér&gfa t he second
ancillary 131%%-{ € QI8 rahQEoAStaNtk VRIS, PEAY bHHRGII-HpPMOS  adj ust nent

vect ors. ta recelver conprising: 5 a receiver having a trip point;
and a tri p tpakistor aciplet tra gaouel thel firs nrtiipe M&deirorsistdior adapt i vel y adj usting

E Eg r g(r;ie}ovg?i 2; n%;qctggg _trrar?s(isecgrv f)aarir' ha%filrig a-lr she(?:or(;cijl éf%yﬂeeﬁgsvt?arns%{or%gﬂﬁlga 13, wherein

to a second n-type MOS transistor at a second node, a gate of the second p-type

15 MOS transistor coupled to a gate of the second n-type MOS transistor, the
second p-type MOS transistor of the second transistor pair coupled to the first p-
type MOS transistor of the first transistor pair at a third node, the second n-type
MOS transistor of the second transistor pair coupled to the first n-type MOS
transistor of the first transistor pair at a fourth node;

20 a third p-type MOS transistor coupled to the third node; and

a third n-type MOS transistor coupled between the fourth node and

ground having a gate coupled to a gate of the third p-type MOS transistor at the

first node.

25 15. The data receiver of claim 13, wherein the receiver comprises a

differential pair receiver.

16.  The data receiver of claim 13, wherein the receiver comprises:

a differential amplifier;

30 a voltage reference port coupled to an input of the differential amplifier;

and

a data port coupled to another input of the differential amplifier.
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10 a first transistor pair having a first p-type MOS transistor coupled to
a first n-type MOS transistor at a first node, a gate of the first p-type
MOS tranwicsimeoswoupl ed to a gate of the first n-type MOS RATAP®BS1GH; a

second transistor pair having a second p-type MOS transistor coupled to a

second n-t ﬁ??s L\/([ﬁlet(fa@anﬁ%!é%Q% of%iaél‘ﬁ 1%%?8?]612@1% gn(':poﬁoiﬂﬁé ufdbr %rﬁ@s@ ond p-type

15 MXS tra coup a gate' o d n-type transi stor,
the second p-typgMafty sfaeteséafignled tiveyps OB dransiatos psirocoupkedito eoupl ed t o
the first p- type MOS transistor of the first transistor pair at a third
node, the swedondihe-diffrentialmmplifishandt or of the second transistor pair

coupl e 1o the et i (48 MR colieABolyal RIoSlahdSolbhistcobsign bor pair a

a fourth node; nsi s coupled to the third node;

and a t4i r ey NpRfler aNEE 860, wheiehl adivatiyume phiraktyfofurtype Mafe and
ground having a gate coupled to a gate of the third, p-type N[g)g transi stor

- YR
at the fi rtsmsisodeairesdibe pimelity af BrtyreddOPdFansiste PaithRdigsts gieltagen t he
receiver conprises a differential pair receiver. 16. The data receiver of
claim13, \ﬁltnng'}ee‘? ®the receiver conprises: a differential anplifier; 30 a
vol tage reference port coupled to an input of the differential anplifier;
and a data port coupled to another input of the differential anplifier. 30
WD 03/ 069468. PCTTI¢S0®1 Beeidr ofmimﬂﬁewgalteal the éép peint aduPBIUENYS,  wherein t he

tri i nt .adj yst npr | , I | i - [ i -t MOS
L anst Wor pEPS TR abwmaygerh foldnd] pREPLER, SR BibRaD- RS T
plurality qfg ?ﬁ%@#g?io]f?égfeisgtyﬁ &t htpse MO tramigdrgias ipaionstocsiepl ed to the

5 differentia r the node, wherein activating the 8Iurality of
n-type MOS mimrenghs biher seaicoupledhid thtplupality af serigs eenfigurgdirtyped PP ansi st or

Wher oi n 1 e PP 2eRU e TR eREPoEy e qeny S gTh ey eay
adj ust ment ,pQr9168Hngidfo? PaikdlediiR (RSN ISralieN6r Sefibs 6aifftedd g-ype MOS
15  transistor pairs, the two sets of adjustment poﬁs capable of providing signals to
activate the plurality of n-type MOS transistor pairs and the plurality of p-type
MOS transistor pairs.

19. The data receiver of claim 17, wherein the plurality of series configured
20  n-type MOS transistor pairs is four, and the plurality of series configured p-type

MOS transistor pairs is four.

20. The data receiver of claim 17, wherein the voltage at the node is adjusted
in a range from about minus 200 mV to about positive 200 mV.

25

21. The data receiver of claim 17, wherein the plurality of series configured
n-type MOS transistor pairs comprise a weighted set of series configured n-type
MOS transistor pairs, and the plurality of series configured p-type MOS
transistor pairs comprise a weighted set of series configured p-type MOS

30  transistor pairs.
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the plurality of series configured n-type MOS transistor pairs in a one to
one nmanner, the other set coupled to the plurality of series configured
p-type MOFO @roasusi stor pairs in a one to one manner, wher eaar/wsva/opl4ural ity
of series configured n-type MOS transistor pairs equals the plurality of
series confjgur 7 : 1 r-ANS} I sets of

adj ust nent ortgﬂbeg%a;% ege (I‘\ﬁlgr)sopf:cga\}%ld?hg\}hgllteg{ntg]gg&e}ti%m%%%g\%eét he plurality of
n-type MOS dohfiBsied hofyp®RIOS tramsdstodieninp and teivweiglatbd pettof periesMoBfiguradisi st or
pairs. 19. The data receiver of claim17, wherein the plural.ity of series
confi gur ed p-DOeMOF pnuor prizRIF Steightediased orsa fadh to éﬁ%@ﬂh@tlﬁlf rality of
series configured p: ) tr: i [ 1 data

recei ver ofeagﬁaﬁ?ﬁ’f%‘ffdﬂﬁ%l}%ﬁ h atcﬁgg %%)ﬁogggagﬁj}gttg %félsﬂr%%géeﬁelssc ggf ugtt?%d ina
range f5om ghoNtOSTiBMst@OshiidMnt Goradacup-tyRVIOSVeandBtbr mbting?4s Libad The dat a
receiver of "claim17, wherein the plurality of series configured n-type
MOS t ransi stransispaiin shecsorips ¢andiguradat-tyae MPOS BenBHosRA Ses confi gured n-type
MOS transistor pairs, and the plurality of series configured p-type MOS
transi stor pairs conprise a weighted set of series configured p-type MOS 30
transi stor pairsa @ Wil BaPHethgPCT/ US03/ 01944 22. The data receiver of
claim 21, wherein the weighted set of series configured n-type MOS

transi stor pai r sa firstl trehsistaepaghbasinsefisbp-taeYIOS Eawsigyereried B3 ype MOS

transi stor pairs ar i ght ed based on a w d I atio for each

n-typelft\)/DS ﬁ‘?sﬁﬂ'éml\gp\ggtﬁ SK rggairﬁqgg%’?rg\é\%r?soltfgl?%ﬁrs?ﬂ' ﬁge ses{i es confi gured

n S type N%aﬁs{s?&%oﬁélﬁﬂt&ﬁkﬁt%_o@%fﬁl@trn-%éM(DSftﬁéﬁﬁsth@S transi stor acting as
I

a load transistor the series configured p-ty&eolvos transi stor pairs.
23. A data recei ueecandrpmisistongair da¥ing ¢ second pstype MOpERRsiHersgled fir st

p-type MOS transisfor c led to a 10 first. n-type Lstor at a
first node, o ij’&?@f%ﬁyﬂeﬁg&ﬁiq@lﬂs@!%ﬁ)gc 4% &8 esotfclt;f}tess 8%%’%? 'ctﬁ){eo a gate of
the f1rst NuoPg %ol dRARIT AatcdrARAOAGHI:T4RE OB IaRSIor/thYi g 2 second
p-type MOS transistor coupled to a second n-type MOS transistor at a

second 150desecandjpitgpedfIQShiearsistwred ths-segquel transistor pair coupled to the first p-
type MOS transistor of the first transistor pair at a third node, the second n-type

MOS transistor of the second transistor pair coupled to the first n-type MOS
transistor of the first transistor pair at a fourth node;
a third p-type MOS transistor coupled to the third node;

20 a third n-type MOS transistor coupled between the fourth node and
ground having a gate coupled to a gate of the third p-type MOS transistor at the
first node;

a plurality of series configured n-type MOS transistor pairs coupled
between the first node and ground; and

25 a plurality of series configured p-type MOS transistor pairs coupled
between a first voltage and the first node, wherein activating the plurality of
series configured n-type MOS transistor pairs and the plurality of series
configured p-type MOS transistor pairs adjusts a voltage at the first node.

30 24. The data receiver of claim 23, wherein the plurality of series configured
n-type MOS transistor pairs comprise a weighted set of series configured n-type
MOS transistor pairs, and the plurality of series configured p-type MOS
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MOS transi stor coupled to a gate of the second n-type MOS transistor, the
15 second p-type MOS transistor of the second transistor pair coupled to
the firstwoodtogpw1 MOS transi stor of the first transistor pawusas/om4shird
node, the second n-type MOS transistor of the second transistor pair

coupled to the first n-type MXS .t Si I i nsi stor pair at
a fourth ncfEPé‘?lS@rPf‘r‘ffsrﬁorﬁﬁsg‘fﬁeW%eé?%r?g?és ecs)r08{é%%% %h t%%ét esat hird node; 20

a third n-typeMX3.tg ansi stor coupled between the fourth node and ground
having a gate coupled to a gate of the third p-type MOS transistor at the
first node; a plurality of series configured n-type MOS transistor pairs

coupled between the first n .a ound; a ity of series
configured Pty Q\&a]EeF%i‘HEIi Qi}%iarn%’% ergglu%ragv%gglﬁgc% g%gk%r?elfi rst vol tage and
the fir m%ﬂﬁ SLSHONEDSS i dtBihalid Andtreradiplited 8ét of Seidsaesnfigntd gur ed -

n-type transistof pairs and the plurality of series configured p-type
MOS tr ansi sg-type PAOB sraasiptos pairsare oleightps besed ¢rea piidiho pdength BYOSA  The dat a

recei ver of cJaim23 erein the plurality.of sef]es. | n-type
VOB 1 1 ans stk misps MO et st Pahiog vt oy By PSR, 11 VP
MOS transi ' Q0 diRen @ ks ath b Yy RIMERr thasiseeatittaedopd t ype MOS 32
WO 03/ 06942%8(%’%@%%8}0%4 transi st%)rm%ai rs conprise a weighted set of
seri es confirgisisad iptieyercdMomiignedp-ypoMPRiragsistospairfhe dat a recei ver of
claim 24, wherein the weighted set of series 5 configured n-type MOS
transi $Por pairs and the weighted set of series configured p-type MOS

transi stor irsAQ{iﬁpﬁﬁlitgﬁjhﬁgré@ﬁﬁ%i@ awidth to a length ratio for each
S

n-type MOS Transi acti'ng as a load transistor in the series configured
n- type MOS transphitality pAsearss aondiguoed retyph MOS yraasiMospairseesipldor acting as a
|l oad transjistor in the series configured p-type MOS transistor pairs. 10
26. A trip POVAT aBpdrangi2redihAidi ng: a plurality of series configured

n-type MOS transj sf oD8f Edies O fifed RBHURANS drafoider pAitk @upad; and
15  between a first voltage and the node, wherein activating the plurality of series
configured n-type MOS transistor pairs and the plurality of series configured p-
type MOS transistor pairs adjusts a voltage at the node.

27.  The trip point adjustor of claim 26, wherein the plurality of series
20 configured — type MOS transistor pairs is four, and the plurality of series
configured p-type MOS transistor pairs is four.

28.  The trip point adjustor of claim 26, wherein the plurality of series
configured — type MOS transistor pairs comprise a weighted set of series
25  configured n-type MOS transistor pairs, and the plurality of series configured p-
type MOS transistor pairs comprise a weighted set of series configured p-type
MOS transistor pairs.

29.  The trip point adjustor of claim 28, wherein the weighted set of series
30  configured n-type MOS transistor pairs and the weighted set of series configured
p-type MOS transistor pairs are weighted based on a width to a length ratio for

each n-type MOS transistor acting as a load transistor in the series configured n-
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a plurality of series configured p-type MOS transistor pairs coupled 15
between a first voltage and the node, wherein activating the plurality of
series cwrodgdyed n-type MOS transistor pairs and the pl walusogooisdsseri es
configured p- type MOS transistor pairs adjusts a voltage at the node. 27.

The trip pC{I},II;l?t v@feg ﬁ%f’s{tc?,rwairg lafllél Fr2feh @@;&%%58%8@%&' Letidd % Plageries 20

configured nsistor parr our, and the plurality of series

confi gur ed pmkikie iMMES stfi@n@nsigared patypsMQS fransistordirsThe trip point adj ustor
of claim 26, wherein the plurality of series configured - type MOS
transi stor pairs conprise a weighted set of series 25 configured n-type MOS

t ransi st or irs, .and th lurali-ty of series configured p- type MOS
transi stor :’B)gi r&gﬁwppggtogccﬁ%%%#l%d set of series configured p-type MOS
transi syor pair s, figPanclity UbiaRed@®iert adj ustor of claim 28, wherein the

wei ghted set of series 30 configured n-type MOS transistor pairs and the
wei ght ed set of &mb@tawd&ﬁryéﬁtﬁé@el‘ﬁrzt%ﬁée MOS transi stor pairs are weighted

based on a width to a |ength.rati r : i stor acting
as a |l oad transi&tBFCtR cf’ﬁ%&?&;?@ge%%nt ?ggs?g%a %%%t%%%@g%l

PCT/ US03/ 0%?1edtta BR MShd HRRkE8Qk rqaivesioaadapivelyeqaoviding adpestvas
transistor acting as a load transistor in the series_configured p-type MOS
transi stor yamiarsto tBefirsh adeitlaryciata rsetiver 286 iptheseerpd ansillary dat&t anci | lary

dat a rg ei ver;. a second ancillary data receiver; and a corrector controller
coupl ed’t o ¥ABV¥irst ancillary data receiver and coupled to the second
ancillary data receiver for adaptively providing adjustnent vectors to the
first ancillary data receiver and to the second ancillary data 10 receiver.
31. The dat3l.cor Flexdata catectdraifielad®, 30vbereinrihe h@r@cé@rr@@tr@ﬁerclaﬁﬂﬁi%ﬂ | er

includes contr logic for sending the adjus nt _vect ta
receivers e‘i&n&oﬁiﬂglct I Fpdng 3‘%35'%}68&%?01%?% cia&gaeé:te l\élr%%l e%'ie%réﬁlﬁ %Eai% the
adj ust ment  yectorstaver faemiRihe\thaesk dfush@edtheclors Bdvedaen pifed ancil | ary
data receivers wthout change for a nunber of adjustnment cycles.

15 to the first and second ancillary data receivers without change for a number of

adjustment cycles.

32.  The data corrector of claim 30, wherein the adjustment vectors to the first
ancillary data receiver and to the second ancillary data receiver provide signals to
20 adjust trip points of the first ancillary data receiver and the second ancillary data

receiver.

33.  The data corrector of claim 30, wherein the first ancillary data receiver
includes a data port configured for receiving a first clock signal, the second

25 ancillary data receiver includes a data port configured for receiving a second
clock signal, the first ancillary data receiver coupled to the second ancillary data

receiver at a voltage reference port capable of receiving a reference voltage.
34, The data corrector of claim 30, wherein the data corrector further

30 includes a phase detector coupled to an output of the first ancillary data receiver

and coupled to an output of the second ancillary data receiver,'\wherein the phase
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32. The data corrector of claim30, wherein the adjustnent vectors to the
first ancillary data receiver and to the second ancillary data receiver
provi de swgnalmwso46o0 20 adjust trip points of the first anamdi/esvgodasa

recei ver and the second ancillary data receiver. 33. The data corrector of

eosi ver ‘and ¢f | ! o33 or rect or.
Cont | gur bd PP SebPliehob ey Bphel BT Bk A8 HAE reck Rt W30S CT1 Fary

data recei \Riipt Biphtidesn Shdscondaicillap dita geoeddr.f or recei ving a second cl ock
signal, the first ancillary data receiver coupled to the second ancillary
data receiver at a voltage reference port capable of receiving a reference

vol tage. 34,. The.data corrector | @4, M. t&ieideridat @ corrector
further 304%5ncl u es&aga%%ﬁélegg& ggg@%é?"?&%@gﬁe%gan out put of the first

ancill a3y datiadéecEiiarebupleddew@dptiadtase decattapdithotortdvtorsenolitranci | | ary
data receiver, wherein t%e hase 34 WO 03/069461 PCI/ USQ3/ 01944 det ect or
conpar es arwhareipdbe Sltegreanirols sending pp eptpurignal ey hgphasesetscidio e h an

out put signal fromthe second anci . receiver. 35. The data
corrector oPHEPRF RHPIChREFP iOHatﬂ%éedelcriéa%{n‘axneggs%%ggt or further 5 includes a

filter coupled between the phase detector and the corrector controller,
wherein the filter controls sendi n%éan out put signal fromthe phase
I

det ect or t B& he Tlheotateeartactarefcleami3sr whersiadho filter weludet 2FHEdO%et ti ng. 36.

The data correctar o | aj,m 3 rempn.t Il Enc Lpunter for
10 det i&m n‘geltnwgg Wgﬁﬁﬁ}eﬁ@eoo uﬁ\tg,?glfﬁ%tlhﬁsee %ﬁeggdé h%ggn eail:lg%lrn H‘ﬂggo}?rsaiﬁﬁt ai ned a
const ant |1%V§|f01fél?1u@a1i@}lrgf@b&ﬁw1§€s, cl ock pul ses. 37. The data corrector of
claim 36, wherein the plurality of clock pulses is four. 15 38. A data

corrector conprising: a first ancillary data receiver having a first trip

B ustor - phasIERERBENE i PoMBReBaRR N RO S EOeRpIRERRC, | [P, PGt

receiver 2@,ghd coupled to an output of the second ancillary data
receiver, wherein the phase detector conpares an output signal of the
first afcillary data receiver wth an

38. A data corrector comprising:
a ﬁrst ancillary data receiver having a first trip point adjustor;
a second ancillary data receiver having a second trip point adjustor;
a phase detector coupled to an output of the first ancillary data receiver
20 and coupled to an output of the second ancillary data receiver, wherein the phase
detector compares an output signal of the first ancillary data receiver with an
output signal from the second ancillary data receiver; and
a corrector controller coupled to the phase detector for receiving
comparison information, the corrector controller coupled to the first and second
25 trip point adjustors for adaptively providing trip point adjustment vectors to the
first trip point adjustor and to the second trip point adjustor.

39.  The data corrector of claim 38, wherein the first ancillary data receiver
includes a data port configured for receiving a first clock signal, the second

30 ancillary data receiver includes a data port configured for receiving a second
clock signal, the first ancillary data receiver coupled to the second ancillary data

receiver at a voltage reference port capable of receiving a reference voltage.
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out put signal fromthe second ancillary data receiver; and a corrector
controller coupled to the phase detector for receiving conparison

i nf or mat i W, o3toagtecor rect or controller coupled to the firstecamBosecamd 25
trip point adjustors for adaptively providing trip point adjustnent vectors
tothe fir tri I | 3 i i nt adj ustor.

39. The dat 'cor?@%#%%&%Fﬁg#g?%gégéganéggﬁﬂﬁ?ﬁggg??g?&%%gpgiary dat a
receiver i peihwides fdtefedupldidsdtweanhe ghasedefeotor pt thievcorrgctar éantisile| ock

signal, the second 30 ancil|lary data receiver includes a dat ort

confi gured Wb¢reméb@ﬁliﬁrrf@n30§é66<¥lagéFBE@“E?‘&??iifﬁomc'ii‘@ P?‘Wes etegﬁgﬁ? ﬁﬁr y data
recei ver coupled t he sec I .data receiver at a voltage

ref erence p‘%&?’c%ﬁggrltbg&o O%rag el(ié}lglﬁllélhg&%éef?lg'ence vol tage. 35 WD 03/069461
PCT/ USO8/ 01944 40. The data corrector of claim 38, wherein the data

corrector further includes a filter coupled between the ﬁhas get ector and
the correctékr. coFeedits eorrectepnd claim 3Bnwhenem tBe cogeriorAoLtg ?deﬁﬁ %@n out put

signal fromthe phase detec t PR fe

pr edet er m ngan‘%@ﬁ%lﬁ T Sgncgféﬂﬂehae(& 5&?%@%%%&?@%%&%%?% A Wherein the
corrector cgihtoréctdr AfREHERENInEARitRd adje@inentivectoseilierbget pviadtdust ment
vectors to data receivers external to the data corrector after determ ning

that the adfoube fisstend sssond impeint ashestorp malipehangstor g@umbeset and second
trip p hnt a(ght{%téors %\:/ithout change for a nunber of 10 adjustnent cycles.
42. Ag as A HBIBEI S E8npri si ng: a neans for bal ancing two signals: and a
nmeans for conparing a zero crossing of the two signals, the neans for 15
bal ancing two signals coupled to the means for conparing a zero crossing of
the two siddal sA ph@se Gtectprepswrgaigect or of claim 42, wherein conparing a

zero crossing of the i gnal s conprises determning when a transition
of a rising edgeag}?aﬁ%\{\gﬁﬁagﬁga%h’flo Flgnn@%n%grrent with a transition of a
falling edge of §he.Q!fetomb@nd a zerd4rosdifg opttR IR0 dnak] the ntdans Fai m 42,

wherein the nmeans for bal ancing two signals conprises: _
15 balancing two signals coupled to the means for comparing a zero crossing of the

two signals.

43.  The phase detector of claim 42, wherein comparing a zero crossing of the
two signals comprises determining when a transition of a rising edge on one

20  signal is concurrent with a transition of a falling edge of the other signal.

44.  The phase detector of claim 42, wherein the means for balancing two
signals comprises:
a first NAND gate having an output;
25 a second NAND gate having an output;
a first n-type capacitor coupled between ground and the output of the first
NAND gate;
a second n-type capacitor coupled between ground and the output of the
second NAND gate;
30 a first inverter coupled to the output of the first NAND gate;
a second inverter coupled to the output of the second NAND gate;
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a first NAND gate having an output; 25 a second NAND gate having an
output; a first n-type capacitor coupled between ground and the output of
the firstwaNaevgat e; a second n-type capacitor coupl ed betowesesgraund and
the output of the second NAND gate; 30 a first inverter coupled to the

output of the 114 aiaNANR 6ahey BBy SFuRl af@uPbesut o thbereut put of
t he second NAND agtz]{rg; %86%/%82@3%? PCefT/ %%03/01944 ﬁ% third n-type
capaci tor ggugeed between ground and an output of the first inverter; a

fourth n-type capacitor coupled bet round and an out put.of the second
inverter; and 5 aafopﬁhyﬁﬁpq;%ya@iqr&pu}\g@gBPtg’&elbg&O\l,}}éaﬁn‘ga%B}“{PﬁG%ﬁﬁﬁd t he out put
of the first inverter, wherein the n-type and p-type capacitors have
capaci t ance§°YE 1n¥%r£e§, antdhat, for a first clock signal at an input to the
first NAND gate ppgpe capeidfcaiptakbetwegrivolage aml ihaputput of thedirsiecond NAND
gate, arise tinme and a fall tinme for the first clqock at an output of the

first inverinesrtarswhapindhe ariyrel Apd PiyRe C3RGCHPTE NAYE PPABIAREESATHSUS Nt al | tine for
t he second ¢l ock a ut - JAXES se

det ect or oftﬁﬁtl> gcfrr?\aftifﬁt,Cq%f(es%%%ﬁlaf%elhﬁgéﬁ?%‘o%&?tI(L:Iorrpa%iﬁ%lan dalggeec;ggg C([yrﬁé gssi ng of
the two si gigla3 aCAIRpIISE Hic RCHANDADED gathamiiseginanamis falittimefiplteed to a first
inverter; and 15 a gate having an output coup]Jed to a second inverter,
the second fiisheleel aranteatnuh gf e fEsiipyATter SLAPPETECPIUADGE 1 e NAND gat e,
an input of the. NOR gat.e coupl St i nverter. 46.
The phgée el i i%{:Fha?i S %@, Ceféi%ktea?(giﬁ ﬁuﬁ)ﬁ{e%g%cobg?l{%{ﬁ%ari ng a zero 20
crossing of the two signals further conprises: a third inverter coupled to
the output of the NAND gate; a fourth inverter coupled in series to the
out put of t4fe thTh@phaaw&t@@m: of cdaify 42, phierpite e dneags 93] COIPAHNE A&STHUt put  of
the NOR gate; a fifrﬁttvg)-t.égq MOS transistor coupled in series with the

out put of t(ﬂrgssmgote o signals comprises:

a NAND gate having an output coupled to a first inverter; and

15 a NOR gate having an output coupled to a second inverter, the second
inverter having an output coupled to an input of the NAND gate, an input of the
NOR gate coupled to an output of the first inverter.

46.  The phase detector of claim 45, wherein the means for comparing a zero
20  crossing of the two signals further comprises:

a third inverter coupled to the output of the NAND gate;

a fourth inverter céupled in series to the output of the third inverter;

a fifth inverter coupled to the output of the NOR gate;

a first p-type MOS transistor coupled in series with the output of the

25 fourth inverter;

a first n-type MOS transistor coupled between the first p-type MOS
transistor and a node, a gate of the first p-type MOS transistor coupled to a gate
of the first n-type MOS transistor, the gate of the first p-type MOS transistor
coupled to an output of the fifth inverter;

30 a second p-type MOS transistor coupled in series with the output of the
ﬁfth inverter; and
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25 fourth inverter; a first n-type MOS transi stor coupled between the first
p-type MOS transistor and a node, a gate of the first p-type MOS

transi st owocasipd4sd to a gate of the first n-type MOS tramkisuses/oidshe gate
of the first p-type MOS transistor coupled to an output of the fifth

nverter; 30 2 Se0o0th PbYREOVENEANSHHOIAOURIRd.na A pOMBI N ¢ he

output of the f 03/ 069461 PCT/ US03/ 01944 a second
n-type MOS ahgissi shdthe 20tkglacmtdet the sstohd p-tyeddO$ tpansispe cviiged taasi st or and

the node, a gate of the secaond p-type transi stor coupl 0 a gate of

t he second gﬁt%t afle saoend p-Hyps; Mpﬁﬁa%%@rg?‘g gatSP?ﬁWée%%@cﬁig%ﬁ ﬂQSe NDSg

t ransi st or trcaﬁgiﬁégﬁgmﬁp%f@ Hofvial oPhhetMerh ELd i nverter. 5 47. A bal anci ng
I'ng

circuit for Wwo sl gnal's conprising: a first NAND gate having an
out put ;5 a second NAND gate having an output; a first n-type capacitor

coupl ed between ground and the output of the first, 10 NAND gate; a second
n-type capddit orA belaptiegciatifes halgrEid v asignalhedBRASRE of the second NAND

gate; a first invegrter un! . tput of the first NAND gate; a
second inverter %@ﬁtﬁéﬁ%ﬁ?ﬁg\%gt&%gﬁt@# the second NAND gate; 15 a third
n-type capacit ory &esd RANTREMEBRvVigE anbgtpatid an out put of the first
inverter; a fourth n-type capacitor coupl ed between ground%ﬁtﬁg an out put of

the second i nvesfiestn-tynedapagor gipledheavpenogrowmt FIddhe pRPHE 591 t age and
t he oui ut Me first 20 inverter, wherein the n-type and p-type
capacitors %aéffacitances set such that, for a first clock signal at an

input to the firsfechHNRtGRIEp@MSr Sopdaigwednagbundsirgirtht oatputef thaput to t he
second NAND gate, a rise tine and a fall tinme for the first clock at an

out put of tdeeorfd N&IND gateirter is approximately equal to a rise tine
a first inverter coupled to the output of the first NAND gate;

a second inverter coupled to the output of the second NAND gate;
15 a third n-type capacitor coupled between ground and an output of the first
inverter;
a fourth n-type capacitor coupled between ground and an output of the
second inverter; and
a p-type capacitor coupled between a voltage and the output of the first
20  inverter, wherein the n-type and p-type capacitors have capacitances set such
that, for a first clock signal at an input to the first NAND gate and a second clock
signal at an input to the second NAND gate, a rise time and a fall time for the
first clock at an output of the first inverter is approximately equal to a rise time
and a fall time for the second clock at an output of the second inverter.
25
48. A phase detection circuit for comparing a zero crossing of two signals
comprising:
a NAND gate having an output coupled to a first inverter; and
a NOR gate having an output coupled to a second inverter, the second
30  inverter having an output coupled to an input of the NAND gate, an mput of the
NOR gate coupled to an output of the first inverter.
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and a fall tinme for the second clock at an output of the second inverter.
25 48. A phase detection circuit for conparing a zero crossing of two
signal s wansriesiong: a NAND gat e havi ng an out put coupl ed RGI/ES0BOTSY
inverter; and a NOR gate having an output coupled to a second inverter, the

second 30 |4gvert@l\gglggsginggyﬁg}n%hﬁ%m%oupl ed to an input of the NAND gate
an i nput of the ate coupled'to an output of the first inverter. 38 WD

03/ 069461 PCT/ US@&JT@&@&M, and9. A proceSS| ng system conprising: a processor;
and a menory device coupled to ocessor, the nmeno devi ce
conprising: 5 a ﬁlrﬁ‘?r%‘?rb’ VIS?C%PIE‘?’%OJE}%PW@P?OI HFCReID; éﬁ?’(]é(i?EI ver having a
trip point C?ﬁikb g and a data corrector coupled to each data receiver
for adaptively” providing trip point adjustnent information to the trip
poi nt adj ustor of each phatkty ofdairesiverd @ad0datdravetvholthvirig @ pgr @dining a dat a
recei ver having a data offset adjustnent conprising: providing a data
signal to th JugiREnfece] ver; providing clock signals to a data corrector;

15 generating adj ust ”%%taé&k%t%? @Tedti%etabl?déjt t@efRR f&gggﬁlqeﬁ)eat ed to the

recei ved cl ock signals; conditronally sen I ng t
i nf or mat i on ptevidihg triiep@Ent Rifestvent infobrhatidit thetrhnpbmtfadg;mmrmf&@ch ddterei n t he
clock signals are differential clock 20 signals. 52. The nethod of claim
50, further I¢€6§HSFi sing providing a reference voltage to the data receiver
and th ata corrector to provide a reference level for generating a first
trip point in the data receiver and a plurality of trips points in

50. A method of operating a data receiver having a data offset adjustment

comprising:
providing a data signal to the data receiver;
providing clock signals to a data corrector;
15 generating adjustment information in the data corrector related to the
received clock signals; and

conditionally sending the adjustment information to the data receiver.

51. The method of claim 50, wherein the clock signals are differential clock
20 signals.

52. The method of claim 50, further comprising providing a reference voltage
to the data receiver and the data corrector to provide a reference level for
generating a first trip point in the data receiver and a plurality of trips points in

25 the data corrector.

53.  The method of claim 50, wherein the clock signals and the data signal

originate from a common source.

30 54, The method of claim 53, wherein the common source comprises a

common chipset.
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25 the data corrector. 53. The nethod of claim 50, wherein the clock
signals and the data signal originate froma comon source. 30 54. The
nmet hod of wal @ioev468, wherein the comDn source conprises a PCIoUSWMNIWNI pset .
39 WD 03/069461 PCT/ US03/01944 55. A nmethod of operating a data corrector

conpri si ng: sgr ovigiighg offb?é;r%tiﬁé £8Ka SHOORbr dotnRispt @ port of a first

ancillary data recelver, first ancillary data receiver providing an
out put signal relpatvadinge firktelodki sigtal ol oddta pornhd firsh apeillatydiateg a second

clock signal tp a dafa port of a second ancillary data .receiver, the
second anci F@Cg}‘gﬁr,dg? é’{rs,t g%‘é]}l%fiatﬁrr@?ﬁl%ﬁr REP VA n%ﬁlﬂﬁﬁt@’“ﬁl%‘i‘?élre P@fii? é’& to the
second cl ocls sigdlsioAetermning a difference between the output signals of
the first and secor% dncillary data receivers; and 10 generati ng

adj ust msnt vect ompsovdding alsadoad claktsignatliof £ datepare obesaverd andiBarydataput si gnal s
of the first and second ancillary data receiyvers. 56. The nethqd of claim

55, furt her I%SERYsE: 1¢ sryond ansitlary datadpqerver @FViding ap orRutTgrlrdatisd iQ he first

cl ock signa cond cl ock signal; and providing a voltage
reference t(lt)héta%eoé@?g%lég cll1lary data receiver and to the second ancillary

data receiver to dsgiminged differanee betwekn fleroutputisigablsof the fosi arid in the first
ancillary data recejver_and a second trip point in the second ancillary
data recei vesondzapciary dafprep@iveisdadd | clai m 55, wherein determining a

diff b J j i R ill
at o 1 ot vors. o Po Sy oaRR SrRlubdth 4 [lerdPE BRI onal s

of the anci bhgpuysigailaof e girstans secdnd 28cilldelatmicbgderaf cl ai m 55, further
conprising providing the adjustnment vectors to the first ancillary data
receiver and to the second ancillary data receiver.

56. The method of claim 55, further comprising:
providing differential clock signals as the first clock signal and the
15 second clock signal; and
* providing a voltage reference to the first ancillary data receiver and to the

second ancillary data receiver to set a reference level for a first trip point in the
first ancillary data receiver and a second trip point in the second ancillary data
receiver.

20
57. The method of claim 55, wherein determining a difference between the
output signals of the first and second ancillary data receivers comprises detecting

a zero crossing of the output signals of the ancillary data receivers.
25 58. The method of claim 55, further comprising providing the adjustment
vectors to the first ancillary data receiver and to the second ancillary data

receiver.

59. The method of claim 58, further comprising conditionally making

30 available the adjustment vectors to data receivers external to the data corrector.
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59. The nethod of claim58, further conprising conditionally making 30
avai l abl e the adjustnent vectors to data receivers external to the data
correct orwo ¢sde¥¥1 03/ 069461 PCT/ US03/ 01944 60. The net hodafusoBaias 59,
wherein conditionally maki ng avail abl e the adjustnent vectors to data

recei vers exber nathetrethdtbofthidim S0 WIRE® Eorkitigialls askideivallmlatrg t hat the
adj ust nent vectors provided to the first ancillary ata receiver and to

the second adpistonent yedensdo dafe ssopbiersrniantldodiodath eosrestorspmpgpes: 5 a
predet erm ned nu rof adiustnment cycles: and. i val | abl e the

D st nent | vect oreerpung bt Al Lr un PEMAGR 1 % BEMIRS correct or
61. A met hodafaGecdiRglaall tdihe BedBRHRNYi1IEE M 2€LreBEVérHav € Adndhih QC&In¥@ASIoM t h dat a
10 offset adjustnment conprising: providing a data signal to a data

recei vers, preveditergisediiumher of ajustwieniracles;and data port of a first
ancillary data receiver, the first ancillary data receiver having a first
Trip point, the Fige Saattp e rmatSepor A oo Bt BRRYSERERLY & gna
rel ated to fheddih estectdrock signal; 15 providing a second clock signal to a

data port of a second ancillary data receiver, the second ancillary data
recei ver having a second trip point, the second ancillary data receiver

provi di ng an,out put si | related to the second ¢lock .signal;., determ ning
DY G111 er anc@lbet abintoRdonrep e uiely G F Ravine ud FeheirerTn b detin

anci | | ary dakRet'RpRIMEtSomPaAREAt i Ng adj ust ment vectors correlated to the
di fference between the output signals of the first and second ancillary

data receivers; proudigagatasegratijomsdatersceivect ors to the first and second

ancillary data receivers. to adjust. the. tri ints of..the first and second
e 1oy data ¢ ersrobE e Bt s b PEs BT i sl st mont

vectors to thgiARlRe [RE SRy datiecel e h%hé‘g%ré%ftﬁﬁgéihfptﬁéﬁrsi urther
conprising: providing differential clock signals as the first clock signal
and the 30asalanydlatd mcdivaipgovadinganautput signal related to the first clock signal;

15 providing a second clock signal to a data port of a second ancillary data
receiver, the second ancillary data receiver having a second trip point, the second
ancillary data receiver providing an output signal related to the second clock
signal;

determining a difference between the output signals of the first and
20  second ancillary data receivers;
generating adjustment vectors correlated to the difference between the
output signals of the first and second ancillary data receivers;
providing the adjustment vectors to the first and second ancillary data
receivers to adjust the trip points of the first and second ancillary data receivers;

25 and

conditionally sending the adjustment vectors to the data receiver.

62.  The method of claim 61, further comprising:
providing differential clock signals as the first clock signal and the
30 second clock signal; and
providing a voltage reference to the first ancillary data receiver and to the

second ancillary data receiver to set a reference level for the first trip point in the
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providing a voltage reference to the first ancillary data receiver and to
the second ancillary data receiver to set a reference level for the first
trip poi nwaos/obtwsl 41 WO 03/ 069461 PCT/ US03/01944 first awcaivdoanyw4ddat a
receiver and a second trip point in the second ancillary data receiver.

63. The net hnd edilelyaiath Bdeiverid eistconandh bbinal thy scvendengllbdyelasd] ust ment 5
vectors to the data receiver conprises: determning that the adjustnent

vectors prowdcddr.to the first ancillary data receiver and to the second
ancillary data receiver have remai ned constant for a predeterm ned nunber
of adjustnment cycles; determining if the data receiver is in a quiet

period; andg30 Py Jretim@l UeheRM corRiodally Senilie tHabdusterat ver if the
data receiver has been determned to be in a quiet period. 64. The nethod

of cl ai M 63,vevloes teithe d4te regaiver cqueprisest for a data receiver includes a tinme
period during whiyglh, LHS A8l%nd SHEINEh VeltdiOhrold %S Bl drltiftfdy 42
data receiver and to the second ancillary data receiver have remained constant for
a predetermined number of adjustment cycles;
determining if the data receiver is in a quiet period; and
10 providing the adjustment vector to the data receiver if the data receiver

has been determined to be in a quiet period.

64. The method of claim 63, wherein the quiet period for a data receiver

includes a time period during which the data receiver is not transferring data.
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