1 3 NOv 2006 WO 03/069461 PCT/1JS03/01944 METHODS AND APPARATUS FOR
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This invention relates generally to integrated circuit devices such as a
menory devi we.o3Marex particularly, the present invention rrelTaisesoibea a system
and process for adjusting paranmeters 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 largest applications for integrated circuits has been in the field
of digital conputers, where t ngjﬁ?égmﬁe |l er feature sizes for
the integrated circuit has aI%we or grlgglz%fi[xgggaci ty and flexibility in
15 operating a digit#@ORADAREBVELMAPITSTING AMATARIEEEVBRents i n
integrated _ circuits have provided for increased nenory capacity and

di fferent tsypes of nmenory devices. One such nenory device is the Double
Data Rate Dynam ¢ RandomptasRECANSIRLE o ehennsEN ¢ DDR DRAM DDR DRAM
transfers data at both the rising and fallTing edge of a clock 20 signal,

unl i ke traditi oheib nSBRIsNeldhs edmerats insihispgted girauilglievigeniich Aea FREIPHg edge  of a
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integrity from whi ghiegrated3l:ANCREEEERE YRE beRAM DB Hlodih &y amilat ai ns good
duty cycle performance internall However, DDR and simlar nmenory devices

utilize non- di YaisherieprlicationsgRae m&@e tasgesiciaplecadongdan gtograpagtcisWisting devi ce
data pins. Th oy S| f
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circuits have provided for increased memory capacity 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 builf 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 Iexhibit timing skew relative to the received clock

signals, when the signaling levels depart from ideal.



signals, when the signaling | evels depart fromideal. 13 NOV 2006 WO
03/ 069461 PCT/ US03/01944 The non-differential signals and their sensi tNU\'Ui i
to the systemvoltage reference, VREF, may result in data signal offsets,

whi ch requi r\ﬁ?osﬁ)ﬁﬁﬁl conpromi se in building the receiver Sptssebidaq
applications such as nenory devices. As a result of these design

conprom ses, the infernal..si |ls after.5 capt.ure nerally,do not have the
same duty cycle i nﬁi‘&fl?nc'glllf%rs&ﬁ%es%@gﬁ %C{r’rtlh% oc 1%%&){ té)%g S.yséﬁ]i%gh?%educti on in
duty cycl e i ntiegfdnty VREH thabeesaltid daty si@wlastRbts,vaadoRguireslselaal ances in the
menory buffers can occur during wafer pracessing due to variations between
p-type channel ORI RHRAAS Iy Bere R AR 10 ARRACRIERS SHPhAS IFBI0rS t r engt h t hat

can vary from wafer Asoar\éaﬁteff-t1lés@a@fgnl@|9ﬁ1¥zgﬁga§, i ikl SehM€arsd r engt h 10

ratios are not as balanced as initially designed. This variation fromthe
design is Sa faptwrsewhaly daathmicibe e dnceily idegisit 2 1B gtam deskat i ve to
VREF.' The dat asig%lagnl%lis bducBEEH dX C})’C liﬁ%%rh\fgc tu?dl‘?e& el th s&%{'aﬂea%gls.a dat a -
receiver. A tTTp point 1s essentially ransition polnt, or transition

t hreshol d, at Iwihlahcet mahe chamaryrteciers\cat odctiiadising wafts pfacesting doee to a zero,
that is, the point at which, when 15 the input changes fromone level to
anot her, the oGRS WH%W?WéQEY1W@d {1)'(53’136:9 ngﬁeﬂoﬁﬁ@mvy, the trip
poi nt shoul d hgeexagbd ¥n %a?q%mﬁ QB RvardS rlvb1y, 8% #8diA_tRerpignal
transitions through the voltage level represent'ed by VREF, the output of

t he recei ver witids aterehsd talaned ssoniisihedesigadde This varietidnefrom THeulssign ise dat a
signal s are beij exam ned. relative to t E.ley in the circuitry of
the data 20 reacfg(l“q?/rev)rﬁ]senﬁ}s{?lﬁlam -“%/rﬁ{ée“éeﬁlglatﬁg %&}%@5 até\{/eﬁgé&ééflqgnent s. Wth

i nbal ances from t h@he dessigml isextienep rdloiva tod iy @oBit bENdthrecetdro A the trip
point may be saomewhat shifted from VREF. As a result, inmbal ances in a duty
cycl e may occuf'P PYR! ﬁséerﬁag}éﬂ?ﬁ@nm?% PPOHiti Friransion feeshpldt gfﬁgﬁg}e and that of
a data buffer gmBYeddftr R sHBAERAH 2386 1021, 8: isAlle oihi€R Wiich, ¥B&E tining skews
relative to the received clock signal may 25 occur. Then, generally, as data

is sent fiom tiheinpichangesclem enslovey telanctiel, drochasy clanges komenapvaliari ng skew

incurred int t Y I t‘?l[%'ﬁFa old timng
probl ens. Gentegg gﬁ%’ ?de%}%é@eitgﬁgoéﬁe?@rﬁﬂgﬁggﬁygﬁﬁge&se asﬂgtrlllg- hal f the power
supply. |If dat=ived gnatign=d whmgfichs dnvigB e wlthdeDeveVRipkessitedibydVREE,( VDD- VSS) / 2.
The

the output of the receiver will transition 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 aresulf, 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 a result, 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
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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 fromggﬁ 5
data receiver can be affected. Further, any noise on the VREF input' M@

recei ver could, 2ol NOV 2006 WD 03/ 069461 PCT/ US03/ 01944 hald y affect
the timng okﬂbt he out put signal in a high speed devi ce. Inﬂglt/ﬁagh@hspeed

device, the design intent is to guarantee certain set up and hold tines,
such that neageiFeillyaHestfivdiang dhe peew sinrlds 2 igh spasd devien, npdighe i s a

certain set up s;%eteh A&l %@idEﬁéH%ern’e’YQ & ﬁlaﬁﬁ%ﬁ@ c&%% §eﬁ1|1]8ﬁ1dtl{0m&., apgd and

settled before the cloék 5 tfansition occurs. er frequencies, the set
up and hol d ti fet nsassredlftosr wherdilis cloglnynakasradragsition, theved iak icertein §at opn desi gn
created on the,.chip die will n tively affec e nd. ho times. In
addition to namnﬁégquﬁte@ﬁrwgfhgrﬁ d%%?‘é%ﬁf”ﬁ‘%ﬁé%hﬁﬁ%&%g%31??6%%1F Bioglf there is a
need to corsr ectrads@foni o¥bak aRCeshet RedRfcits] BB SSHARS 1A titR8s sthalleg Gt ed
circuit, and correct for DC offsets in the VREF signal. 10 Typically, once

the integrat ed® o ¥ deastios Snmyfieaign owalied on fhgship dsrwidlavgativaliafiestni ng skews
are not corr eCEé%\%Qﬁdhcﬁ@ﬁ&Q@lﬁta&d?@orpﬁ) nﬁ%&gﬁﬁt@@%@é@iﬁgﬁt%@&%ﬁ%ﬁ% circurt. A
th a ets of a I

probl em deal i ng justing timng o irgital signal relative
t o a coi nci denpossibeg thesi ig nated hasoriveehor suldlapss duthi tratgisBors pathent nunber

6, 029, 250, entitled ;! Method,and ratus, fo tively Adjusting the 15
Ti ming O f set @i?%?g%%’l%?%aB%&“‘ﬁ@ﬁgﬁc}ﬁgetﬁfb‘iﬁngg%%%Hg‘rs Transni tt ed
Coi nci dentigwi t h t hatyKda0¢kn& @0 RkeerAaCtiVEIRIbBEMbGRL dANEi BN SERM Usi ng the

Same," and assigned to the assignee of the present invention. In the above
patent, a nunmb®i tEringskivsare wot efiteried digng onssbee of therrrssrigniserdt s are

stored and eVé’iH%g.t %dpro%g%ﬂTd@ali‘ﬂg%«itﬂfad@&?gtgghggfé“%isfo?ﬁtd ifaf 8&1&%“9 number  of

digital signals stor is sélecte to adjust“the timng
of fsets for theladivgicadoimidgnadiek sigBeidhs beenappesatin B gatemdturbbedr| y addr ess

Si'anal i ng-of f SBOL2HTE e i ERdnd APRASs BB Re8 U8Rk B “Oper at eo. The
present i mgent TinPOevd @REvean & Oldék Samal Md Diitl SRhAbTemmdRd SUMVARY OF THE
| NVENTI ON A solution to the problens as di scussed above is addressed in the
present Coincident with that Clock Signal, and Memory Device and System Using the
Same,” and assigned to the assignee of 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



invention. In accordance with the present invention, an el ectronic device
i ncludes a data corrector that provides adjustnent information for a jléuiﬁé\} fﬁﬁ’ﬁ
the trip point of data receivers included in the el ectronic device. 'Fo

of fsets in theo &essei p point froma reference voltage, VRERfh8faha
corrector provides adjustnent signals that shift the trip pornt of the data

receivers in the. el ectraqni 3.11 NOV 2006 MO 03/.069461 PCT/ US03/ 01944
devi ce rel ati v&'t r%ﬁﬁ'ﬁ, °%Fd#‘5d%%?%ﬁtt%?seﬁgﬁgm&g?lfcz?cgﬁ{@ﬁf’ ®fock signals,
and VREF to gQREF & @nbhe Eetct of adpdintat §BOGEs. si gnal s. In anot her enbodi nent
of the present invention, a data receiver includes a receiver having a trip

point, and a trip pBErtthegrbedisient offhe prospl IpGRHL, Adplagecsiver Bclydss recei ved
adj ust ment vec i i l.$..t O . I { : jmsting the
receiver's trigfol%%%ﬁlr?léﬁp%xmoﬁgg&gﬁgnoﬁd&%%tﬁjug E?ﬁ%&{ﬁpégfghﬁsﬁenti on, a
dat a cor r eét orusenebeideisadjwtnpat vectifrs mpoivideaignald & the reesevior aimhidga correct or
controller tha% Erovi des. the ancillary data receivers wth adjustnent
vectors. The c'OF [S6E¥Tr TBREYGI 1 er al so 10 supplies adjustment vectors to
data receivers extesadthdrenbb8ndMANRF:ER LD entid, 2 Bk Lag&drafamence, VREF,
is coupled to the ancillary data receivers, along wwth coupling
differential cdrinofangHay sagrecetyers gt acogseiescangoligrdhaipeavideay dat a

receivers.  The gutiul, SLANA SicPlyldepigidl apk dataql SaghieLs,ar e compar ed

by a phase detector to mne'1t they cross concurrently at a zero point
for a sigriél ISpplreardjustinent (ehiogho tiga teovivas exdtemaltto thei dgta)corrkdiort Bese out put

signals do not_c¢ross, con nt | dj,ust ment vectors ar enerated and
coupl ed to thevog%e’lrFfeﬁwe’Wlsrcgﬁgf‘@tg&e @gﬁﬁﬁj d&gatm?eﬁve?ﬁ alt%’flﬁ?%ﬂ]goi nt relative
to;(VCC 2). Adjpusitiyeifrcr¥@al 068 AFRls 2600 HitYadd o sl lafiatQedeR@rst WO
ancillary data receivers, adjusting their trip point until their output
MCW%@%{VGV@&W%%M 28861t 20 in the

a
signal s cross CEREwHF dEtasoLt .
out put si gnal Suclb@Pd erAREi S o dRbREEREIY LS GEASRIAGANCUT Tent | y are

feb '
sel ected as the e&}%j ustnent vectors that ?ﬁg correg)t or controller supplies to
data recébverisnaitretied otlov thiewdahigh)e df thesstontput $ignadandst toe croenbodi ment of t he
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receivers to adjust their trip point relative to (VCC/2). Adjustment vectors are
contimually supplied to the two ancillary data receivers, adjusting their irip point
until their output signals cross concurrently. The adjustment vectors thalt result

20 inthe 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 mit, and a plurality of memory devices having a
data corrector for supplying adjustment vectors fo the data receivers inchided in

30  each memory device, The memory device receives differential system clocks,

and a voltage reference, VREE, to generate the adjustment vectors for the data

receivers in the memory devices.



25 two signals. The phase detector conpares the rising edge of one clock
signal with the falling edge of the other clock signal. In another 47 nNQy 2008
enbodi rent of the present invention, a processing system includes a central
processi ng URidosndddg; @ plurality of menory devices havi ng gor@RsdofOr rect or
for supplying adjustnent vectors to the data receivers included in 30 each
menory device, The no device receives differenti tem.cl ocks, and a
vol t age reference, ?}%{%ﬁ éjﬁjé?]éf)gt RE5Y ]nagﬁ%ﬁmgtggc?ﬁ%pe*ﬁgpgghe dat a

receivers in thRt BByt eevdes ffvidngkdo NaVk AR 1o Woah 3f eIrbt dRET[ USO3/ 01944
I n anot her enbodi nent of the present invention, a_nethod of gperating a

data corrector FlcHdederpining HilifgrenRP by SR F(hes‘ai‘@’ﬁh‘-ii@aﬂ%ﬁféhep%"ﬂaa’f anci |l lary
data  recelver suulelRill Blaidnda e ALANGE/ RRINBEALDE AllRiaREaNal S Of the
ancillary data receilvefrs, an ggner at1 ng adjustnent vectors correlated to
t he dif f er efice theobpit kignadsisfghe asilgnadas efeitee Goacldck aigyaldaic@pledd®i vers. One

clock signal is, coupled.to t data port of ,one anci,|l.ary.dat ecei ver,
ond the other dretathitprie il BplB et P oRaRenliu ook el ror
anci |l ary dat a t eeeiMebst 0Bk BhePESOR PRt LRkr. THE DRAWNGS Figure 1 is a

bl ock di agram of a rrermrﬁ devi ce depicting el enents of the 10 nmenory device
i ncl udi ng a data correct BRIEE DI PAROR HEDBAMWINGHt jnvention. Figure

2 is a block diagra : LV ryﬂgy' i NI jagstor in
accordance with theﬁ1 T gslgi%?ﬁlfogl\igﬁgﬁgn&a [ g@%&g%agéélgt%@oﬂ%%lgéﬁ%r portion
of a data teceimnvaorywid¢vivsutchalingd grtpminatior ihBc@djanstwith theipgasere 4 depi cts an
exenplary schenati¢c of a data receiver having a trip point adjustor in
accordance wi t 'A% hr esent invention. Figure 5 is a bl ock di agram depicting

el enents of the dat §ig‘§fér2ri§§bﬂabkHﬁgra@;%f@ﬁ@t@@é‘e@iv&ﬁa@ingﬂ%ﬁb% ustgdvention. 20

Fi dure 6 depicts an exenplary schematic of a phase detector that provides
si gnal bal anci igagpderevedihoresn BYeaEpy crossing of signals in accordance

W th

Figure 3 depicts a receiver portion of a data receiver without a trip point

15 adjustor.

Figure 4 depicts an exemplary schematic of a data receiver having a irip
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.



the present invention. Figure 7 depicts a block diagramof a corrector
controller for providing adjustnment vectors in accordance with the bdeS&nils
invention. 25 Figure 8 depicts a block diagram of portions of the el enents
of a data c@iF@RsEaE used to adjust trip points of a set agicgabsomwece vers.
Figure 9 depicts timng diagrans for a data corrector operating wthout

o ustrent vect o cop el ool VSRt Ek ek BBl gR e T o 2 date

recei ver operating =130 adf uStmert—vee CorFoct et

the present inventiffine dHo@uleRlchilcRBEGion Bf BE PRESRH BEILSYSERE) havi ng menory
devices in accordance with the present invention. 5 13 NOV 2006 WO

03/ 069461 PCT/ usosr@ionydOpdericrmmenyicEdrpMnspREFERRED FVEBEDEES In the

foll ow ng detai,l ed. des i - e.. i . reference is
made to the acé%‘ﬁ"r%&ﬁ% Sﬁé‘k’g%\%}%g@h\%ﬁ%ﬁ{ﬁg@% gggeﬁgﬁg%% I?ts and in which is
shown by way ofwhidhlthssinwatiion mag pepriafticed.priefse embdiieabogt dewntisedin 5 whi ch t he

i nvention maybe practjced. These e dinents are described.in sufficient
detail to enabls%t%PWB t@pp@ag%tﬁ%eﬁge q':%hetaéﬂﬁrpéaé’ 1??:‘_ © e for et on, and it
is to be under s§@aduhdadiodtthe bierbesbidiRsm hiizet dnlditgR et that | ogical,
mechani cal and el ectrical changes nmay be nmade wi thout departing fromthe

spirit and scopehagical #d ehcBisalshangayaay Pomade wWiout gpbine Agrudbe #ivied

description is I8 : . oI by oL .sense, and the
scope of the prmé%%ﬁ%@%tﬁ% ﬁ%?%ﬁ%tsl&%éﬁﬁ ﬁgﬂﬁgﬁ?w&%@leé H%Ebﬁa tg}gr]i%ed cl aims and
t hei r equi 1al etitesafore, Thve tdt tertajen YCCimitiaE eerse.tand thesugplof thegkdsage t hat is used

to provide operating.voltage of. the electronic. el enments used in accordance
with the presérﬁrtentfoﬁ\}%ﬁﬁn(gg?lﬁaf&%ﬁ?épﬂ%ge%“ﬁﬂﬂ&%?qw Bt 0 vol t ages

suppl ying the 15 neeessaryCy ottngessipplydrolligi thatandedioSAeNigse, respectively,
for-n-type and p-type FETs and MOS transistors needed for operation of these
transistors. FEPeraingyafteges frshe olsclipdy slewents pycd mpoomarse 8¢ is VCC reduced
by a vol tage dpQp.: AGEARS. FATRALIHD 4R vEQWE B MREEaPRAY iy those

skilled in the art.
15 necessary voltages to a drain and a source, respectively, for n-type and p-type

FETs and MOS transistors needed for operation of these transistors. Fora
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 presen’t 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 cnable signal EN, a RESET signal, and VCC.
Transferring data throughout a memory device is accomplished in

conjunction with stable fiming signals. For instance, as data is distributed from

6



Figure 1 shows a bl ock diagramof a portion of a nenory device 100 20
depicting el enents of nmenory device 100 including a data corrector lﬂ?NB@Z%ﬁ
accordance with the present invention. Data signals are received by neno
devi ce 100 atw@esii@oq@orts 114a-114n. The data signals at thﬁ@ﬁuggm@mports are
coupled to data receivers 102a-102n for further processing. Typically, these

dat t be_dat t d t..The data signal
et ude 25 dar Asegueeih B R RS Ry gl 48 "adoress.

signals. Vari ougckédt iR daf)SERRsSdh0R Ahts ladhes T05¢ eda/ aohtblatdneamysy 1gevi ce 100 at
a systemsignals port 113 for operating nenory device 100 _in conjunction
with external $pdp@edatalgghssapreioghosk gepdyte mors dafr vt 8{ %t em signal s to

i nternal signal i oate al s for
operating nenn#%d%gv?gé;%%%%?g%m%%?%gmg'30 éhggggggggfxﬁgﬁgtﬁggﬁe signal EN
a RESET si ghal thendm¥Qdock uhitdii§ fermtomg! idamametherg dghiout00a Hraveserythdevi ce i s
acconplished in

data is dlstrlﬁﬁ?g H&%@@Uﬁkﬁﬂ%é%@Bi@Q;%é% %%ﬁé%ﬂ%%§?%§®%¥%2322nggtaas

receivers to otgb@iatéwmhldgfwdnusm@dm@ﬁawﬂmﬁanw deevé o vesifiord s first

cl ocked into data | atches such as data | atches 105, 106. Data | atches 105,
106 and ot her *B&fETRkTEFRsPEUE fan ¢ IgER smghaberdof psvatery R ®ish and out of
the latches. Tﬂ&néﬁ&gh@msélge&pﬁdgwbaffe&ws%ﬁeﬂc&g% lgr syk@ provided by
5 the internal clock unit for internal use In nmeno devi ce 100.

However, tHe @htbﬁkI(Eﬂfgm@Irsqen@ﬁK&ﬁmoaﬂiMdaCLK@ﬁPmtétlr;al cl ock unit
109 are genera i nt,i I S| S+t h ne devi ce 100
receives from %as tl(’%igrnlgIcgltsp%dﬁgtrtnbe%t?%flgcgﬁ{ﬁm??gém Taheu(ﬁff i {lg?a%’ ot her boar d of
a systemto V\hlolbbkmgrlﬂﬂs a’rEdeiysedwg@aatead}n@tu@he&ctoﬂ@cﬂaltzfdceﬂ’eaﬂi1(HI system

cl ock signals, NO 10 and CLKIR%3 are recejved at a CLKINO port 110 and a
CLKI NL por't 11i01~" adJPé%l}:%éE? frp&ipts ofier dgRpscieTs H2e1820. dpeddigen E’l‘-‘@@ﬁ unit 109.

The differenti @J)up?éﬂstg@f@CLmiﬁoﬁ'lgﬁ'ﬁﬂcﬁh@-flﬁ(ﬁhﬁ]}?‘mﬂﬁqq‘aE&e%rﬂfér ate adj ust nent
vectors by data corrector 101 for adjustin tri olnts of the data

recei vers 102adipemtialsysteddlock @ﬁnalhdﬁepwctocé%m@dum@i ﬁoraeV]@EE@wo port 110
and the CLKJNL i d r | ock signals,
e LRI Dbl £ BEGI VRIS he R BN ks SYBLIN L

operation of data corrector 101.

The main fimction of data corrector 101 is to generate adjustment vectors
that are used internal to data corrector 101 in a feedback mannmer, 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 § bit
vectors conilgured in two 4 bit pairs. The adjustment vectors that are supplied
exterally 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.
I determining the adjustment vectors, the received differential clock
signals, CLXINO and CLKINI, are used to determine the corrections to be made
30  inthe data receivers 102a-102n. CLKINO and CLKIN] are free running clock
signals, that is, continuously cycling signals with definite transitions, Data

corrector 101 examines CLKINO and CLKINT relative to VREF. Using

7



112 for receiving a systemreference voltage, VREF, that forns a basis for
the operation of data corrector 101. The main function of data cory &¢Qprils
101 is to generate adjustnment vectors that are used internal to data
corrector 1@lpbapsdusi eedback manner, and are 20 supplied tg-fad@fBeei vers
external to data corrector 101, once operating paraneters wthin data
corrector 101 are rreet The adj ustnent. vectors 8 hit .vectors configured
in two 4 bit PO el Iu"§gﬁ%ﬁ@ﬁ%é@%?@“‘f%tﬂgﬁ@e@ﬂﬂﬁald%]ﬁ MWt ernal Iy by
data correct Oﬁafaa{aﬂauaﬁ 8r Q@hﬁngﬁata@ff@éﬂa WSt iadhst YRONOHF, Ibat ©hdi@Sxst hat is
coupled via 8 |ines between data corrector 101 and the data receivers

102a- 102n.  28&0tHetripmeiniorf desgeeeivesr Openditnepraairuttinadeiperinet.s to the data
receivers is nt I adj ust nment
vector latch hl ﬁ]?%% %%%rr}@g’?%%f% ?915 dﬁﬁﬁgﬁ%&éﬁ@eﬁg on?ti%fx i

det er m ni rig thﬁva&&j(ummmmmdnaﬂysdt hnﬁhes 8%e pyiethfcl dafacdigmat, iital  cl ock

signal s, CLKINO nd,%ﬂl}(l N1, ar ﬁfds&&fg detertm t he corrlﬁitl ons to be nade
30 in the dat BOVEEEY %“%092@& IR ARG © %Nﬁmﬁ‘?‘% &k running clock
signal s, that Th$getfRAULIRHPRE Of de Chird¥ebrIDORA if Mhdibndl@bitdivtiepd ransi ti ons.
Data corrector 101 exam nes CLKINO and CLKINI relative to VREF. Using 7 13
NOV 2006 WO @@I@@@WMWSU@@@P@@SfMVCLKJNO and CLKINI as data signals,

data corrector My f i ng dat a

of fsets, not to a us{uﬁlf Q@%EEQQW%Q;%&% ?ﬁlstgé%?{hh%a%%&e?tgwﬁ%m nts of
dat a receiover Bloclamagauﬁaatfmguarlraaekmadf@ﬂsﬂuacslodﬂtemmmm@dammwyu n data

corrector 101 the adj ust nrent .needed.t o, adj ust p_point 5
towards (VCC %"weﬁﬁ el?rﬂﬁﬁ ‘II“};‘%E@?O%?B‘?W@I%%@%% r‘fu ki ?éF hJéIF% signal, it
priovi des i nf ofasd ﬂlﬁélioﬁﬁlgfbﬁieﬁtstt@at ajndsdssat e phdctise ﬂﬁ@gﬂék@n Qfvestafa i ecei vers 101
a-n. The detailed descrlfptl on of data corrector 1 and its functional

units will beongsmdpitieat oiihe pretenbinvaitisn dkepeneydevipol (06%an | t shoul d be
under st ood bymté;%%& bt lvﬁé?lelhf%?etﬁt Feshaf asih6- 1?113@5.'% nQfr i€ 10 bl ock
di agram of Fi e 1 are sone o e unctl onal enents of "a nenory devi ce,
and not dbl einmgmmds:mmt annresbenendedinest, armogeievict &6 iski dwkerdini ncl udes
those fractiopal.,el SHemtRLh o HA8E0RR Sk b ARk G\ 1SRy esen!

the fiunctional units of the memory device are fabricated in the die using siandard
fabrication methods as is known to those skilled in the art.
Advantageously, in accordance with the present invention, itis
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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one enbodi nent of the present invention, the nenory device 100 is an
integrated circuit wherein the ports represented as 110-114a-n are @iznm @DE
the 15 integrated circuit. In another enbodiment, menory device 100 is a die
wherei n thewapidgesepr esented as 110-1 14a-n are the cont@etydpads orned in
the die, and the functional units of the nenory device are fabricated in

the di e using standar i.cati.on hod i n t se.skilled in
the art. Advantpé%}’é%ﬁ§%{‘$§ﬁ;5@8‘?@%ﬁg§é‘vﬁu§ﬁaﬁaﬁt@hjpég%eﬁviﬂﬁ?rf)ﬁ, it is 20
anti ci pated thab Jih& ik B Glhia GGy DOTERED X T ROUITas ghaWivil hisenBaliEygany  devi ce
wi Il be enhanced. Adaptively adjusti n% the trip point of data receivers to
correct for ofdriduis regmiyerdlm Ao Steeve ol rRPAdrA Usiog AR 15 §f fompeREind t he range
and timng aC%Ulg%k’zd%ft%'e%‘rgﬂfate%“}efdﬁ%esans?i)ffééﬁsetoH’%E%Fs).’rﬂgyv Gf alii@by USe these

data receivers. Figure picts a block diagramtfo ata ‘recei ver 102

i ncl udi ng & 25 202 cebiveradpB@nahvkctrt frim dgecomtecdjl 0k bOFig®©3. TReppeinver 202 has
atrip point, ich is a reference | I r.transition point, such that as
t he i nput chan\é\géwtf)lf%%lﬁ)ﬁ@p%ﬁg‘i’/?ﬁ?%2§%§’t‘€fﬁ’8f,m€fﬂ@a§lﬁf&ﬁre '&figes from one

| evel to anot hgpjusihies: ebiof thedcBlverd 2. ApHIOMEIIR sighalshthetré@RBAt T On point for
judging an input as high or |ow, depending on the type Iggl c used. Ildeally,
the trip point afigstgent wetorsiallp Sy dip print lgrelionm orpollyhe tdp key@ tpbated det ai | s of
data receiver i cat] he r ' 02a- 102n of
Frgare 1. Dat alh e Rt Eelke 2 GBbhATu Mo RA BSER T 0 1
114a-114n of neigoaly ofiby hdjesthOO veftorFingupea et oReoeistees in20@ p@ntddtijiBtoNOV 2006 WO
03/ 069461 PCTI ¥§§) /0194f4lgsprovi.des a DATAQUT zﬁg%nal to. a latch,. such as latch
105 of Figure f0° PRippdfies g Rasingvolipgedn fecpien J)d Dy mereasing ppdesiegding 202, t he
DATAQUT si gnal {wididsieS@RiMel al |y be the data into receiver 202. The function
of trip point adjustor 203 is to conpensate  receiver 202 to elimnate or
reduce any of fsets Iglafaveceirer 402, theidgsipoiontecaitprifde o b po@dpdcei ves .

adj ustment vect LR et dts SRNIcR bl AL ark OBuct of HBWeGeddor Lk PRI N - adj ustor
203 is coupled to receiver b2 to apply the signals the recerved

adj ust ment 15 ectrgr gittadueioe? (ero1202: ofAgieiyn gt whad silgntk sowgfing hétripecei ved

adj ust nent vector ul | he, tri| Lnt. .l evel ~down.or L1s the trip | evel
up based on tﬁ%m]g lﬁtqég%fvg{}ée&ilg?@%?h‘gfw}fW%UI? Feis\é\fgﬁbl?lﬂ(ﬁggﬂﬁtﬁ%%@r recei ves.

Essential l'y, tpeintof receiver 202 based on the adjustment vectors received by the trip point

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 recetver 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  no. 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 depicis 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
clements of a self-biased amplifier discussed in the aforementioned article. Tt
30 uses two input signais, 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 tums the receiver to an active state.
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10 signals of the adjustnent vectors turn on a set of transistors in trip
poi nt adjustor 203 that nodifies a biasing voltage in receiver 202 by

i ncreasing or decreasing the biasing voltage. In data receiver 102} 3tid& 7006
design for receiver 202 can be a standard receiver known to those skilled
in the art. Basgdoon the design of receiver 202, 15 tri prpoivstsaduustor 203
woul d be of a design that would allow the coupling of trip point adjustor

203 with receiye i &gﬂ! i if.yl . i poi nt of
recei ver 202 biéésreoélggﬁﬂ? }g’@ugt(}jfu rlréépr{%’ ﬁg‘%écl%oglrl %t%%gﬁ%%g%gbﬁh%ﬁ%% ep poi nt
adj ust or. Thus]. ThBld8sigurl ioblst hevided pithioitnt grad) afstapels Wwoul idiebml dependent

upon the topol.o of .receiver .2 dn.formng, data receiver 102. A

di fferential Zﬂ@%gﬁ‘?ﬂtrléggf reéa%ﬁﬁ%@%ﬁna};\? @gﬁwﬁ?ﬁ%ppﬁ%&gn enbodi nent
for a data rec@ky&t of theg-ty MOEinkhedorBas esd teeevesf thén-upedi@s is di scussed
inthe follow ng detailed description of data receiver 102. The term Bazes

recei ver i § uskasiier dbk BIASEs gt pidbelopdpeip valdumig miass MOS Hpeisehy as

di scl osed by } - ! i 26: 25
o 2. pp. 165 1 1 By VoA AR A1 o8P o kAl @ o6 NI KIS %06 o

sel f - bi ased r eleeidl weet suththaBhz egyredd OB wensitod$ 0 moonthawesia ompanslifgor adj usti ng
its trip point

point ) st oré PbTE RS B FRbALE bR P Biolor B3 A RTGH B %, Recei ver

202 utilizes tfimehasgi e BRASIRALSsHIo tBe Bigh oghilasethranpbifihesisieizsgussed in the
af orenenti oned article. It 30 uses two | nput signals, a DATA signal received
from a datlf pod tyiies o dragagter 218 & roqddhesizml ghaneuput aedg 27REFS ecei ved from
VREF port 112 Fi : ' |t S )| « .S | that

cosent i al 1y tubas SRl iy S pE Bk el b FABANAS Y 2006 wo

03/ 069461 PCT/ US03/10 dsdc ¢lemerss fone Bafes tdveivgnoerdpfoofecsivgril srqyr-gype ded from

i nternal signal nit 11 f, . Fi e . The S sign i s .al so provided
within the gr%@sg’fan%?t&%?ﬂlnglﬁﬁﬁéjé]ﬁt %r?arfﬁp’pe@ n IS@Fﬁaﬂtl?’i%é’ B Figure 1. The
Bl AS signal i s21a, ¥l @kuadiein ke edctiappith BUND244 £i@ igakiersQl3 the 2p4 t ype MOS
transi stor 210 and. tQ the gate of the n-type MOS 5 transistor 212. BIAS is

set at theé’| owePEyide HelRPUL ok thgrre ppllivodhe parsiMpeirangsior J8 and n-type
MOS transi st oris gdd @bk turithf Bt &ERENRD, £02n-8RB RAGS radsiforB ASvhich is

used to ground the output at node 271.
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 VREF 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 2635, 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

10



| evel is set such that the p-type MOS transistor 210 is continuously on
providing a bias |oad, and the grounding transistor 212 is off. Wen the
receiver is to be turned off, the BIAS |evel is set to the high IogrpN@@ymﬁ
turning off transistor 210 10 and tuning on transistor 212 to ground the
signal at anwutytisnode 271. The BIAS signal and EN si gnett/esoeomper at ed
together to turn-off receiver 202. The basic elenents for a Bazes receiver
used for recei ! oddfke 6, and

e Type VOB £ Ao B o R ot on
with NAND 246 datd ldtehvEStoéFgu@43, and 244 15 to provi de DATAOUT with the
proper polarity. Th transi.s 0 rning off
receiver 202, as is?ﬁPF§é N@gs ‘gﬁgig’hwu?iénmﬁﬁ%n%ﬁSQEﬁgggﬁﬁ#b ground the
out put at node tididput sl vhich ﬁt@@utpﬁﬂt&nﬁﬁ@rﬁfbemeeﬁlomdlmglb dRteqaltdge a

self-biasing differential lifirer. The DATA_ si pplied to the
gates of tﬁg tﬁ@ﬁ@P§?b$§m§¥@ﬁgﬁﬂh?@m?ffHwﬁﬁgﬁésP?gggwgﬁiﬁga?16 and 217 form
I nverter 255 w r%eﬁﬁﬁﬁd%%fé% a@cteﬁ%?@he%@put atﬂ%@e I i9le8B@) 65l iRl €d to the

coupl ed gates of transistors 214 and where transistors 214 and 215
forminverter RSEFREFt Them i 1motrpws &r cmwélmzme voltage Bupgrd’ Isttemaiant rom

inverter 265 a R?@d cou 0] tors 211 and
213. The trans&‘ aﬂd%iglgﬁ% 'gg%ﬁ%%%nggféﬁgﬁﬁgﬁ?ﬁ 25 Thus, the
out put of i nverdceie2B8 dbésant hdve ainteany bheadju25h tlypdd othed than wtdnﬁ‘ng/DD and VSS

for the transistor pair 216-217. Wth the inverter 255 coupled to the
i nverter 2 back is provided to the inverter 265, whose output is

controlled by the VIREEnSSOR3 rec¥i&i02 bih Tlimicakh UShS plobsssRi@swho i nverter
255, which is controlled by the DATA signal, An output is taken at node

271, where 30 tothessiskillod & thagt. dn@amﬁvlwpmms&dﬂﬁfé‘g&lﬁéﬂdﬂw f eedi ng data

O A o R IR DB B MRR B, B w7 200 The

DATAQUT of datammaﬁﬁmweamﬁﬁapéDKhEﬁnﬁmmkEufto a latch, such as data latch

105 of Figure 1. The trip t receiv 02 is t ri i nt of
i nverter 255, whic Iﬁ§e4@ﬁg Hﬁ&?ﬂFgvgﬁﬁégﬁﬂﬁﬁgﬁmﬁﬁ§ﬂﬁd‘Bﬂ¥n§$ﬁnsitions
bet ween | ow anghplighor rfb@y odt @dPtrip point adjustor 203 referenced in Figure 2. The

trip point adjustor, in an exemplary 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 cormmon to transistors 211, 213-215 of recetver 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 ransistors is configured
as four transistor pairs in parallel, where the transistors in each transistor paiy 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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5 at node 271 is controlled at the gates of inverter 255 by DATA, which as
mentioned before is affected by the output at node 270 of inverter 26§NDV 2008
contralled by VREF. There is no neans for controlling the voltage at” node
271 ot her tham o:3¥RE: and t he DATA signal, which receiver 22 r9§1§1§1999t
control. Thus, receiver 202 does not have a means to adjust 1ts trip point,

ot her than varying 10 VREE. The transistor iver.202 can be
fabri cat ed usi %@51}5}05%%7515%%3 @%\H’F& zzt%(?wt‘}%}g]@g&ar @%ﬁ% ?’@ gth
particul ar, b APdSIpRER o HthuB TSk @c&%ﬂ%l@%&%@t&@r 215 are

fabri cat ed as transi stor, as are p-t transi stor 216 and
n-type MOS traﬁ‘s3%t5¢0h211pm isoeuRedia e gﬂltffdéﬁil%?fsth@fwf peisihdraapisimsing for data

oo 205 1R St sl AP LGk ALY BKE R vo AR, Bt B! 1!

adj ustor 203 r&Féd? 8t ur e p poI nt I'n an
exenpl ary enbogdilienisisdr phiiIEF@ﬁﬁﬁﬂiﬁé SKIBWED t<i0D g apphﬂbﬂollhkﬁ@.t@ofﬁéﬂ iof ei ght
p-type MOS transistors 22 i

0-2 and a set of e e transi stors
230-237. The tHhRe2edbts! o J%ﬁ@t@ﬁ%‘iﬁg%ﬁ%ﬂta%il‘g‘%e&lté‘@%@fS‘ﬁ’g%gzo 270, which

is also a nodeyQIRy:i Qo bbARMSHRS Bt Alhnsiddd28d.000f receiver 202.  Thus,
driving the transistors of the trip point adjustor wth signals received

external |y from datBesecdinvgpe MO3 tra:nsaﬁéors/,(ﬂ?’@ééé atherigppoRyiestorpecei ver 202

can be pulled u ull e t receiver
Can e, oPUL! ChProRheBll Sk AN ALLGE! g 08 bl PBRIL Ol T ecel ver
are 25 coypl egd featmadnongde ﬁﬁ@aiﬁh@h&@@e tfdmisisto&eh earh teangibibr pairadsi stors is
configured as four transjstor @alrs in | el, where . the transistors in

each transi st o plaf Fozsiher inserfs! &8° ?Gb“e’f“WéFanﬁlﬁtO’égéﬂF fsé8 2 s el THSiERE t wo

tranS| stors achy s@&m@ Wkt h bl RRRe R as 2 I0R. TRERMInQfiof NG b0 transistors
is used as a load. These transistor pairs are designed to raise the voltage

| evel at node @WWG&W@ﬁlﬁﬁs\éﬁtageﬁh\@té ngty P10y anreifstie T30seaskdlledint the r eadi | y
recogni.ze thatmawﬁem tor Oﬁuhth rer %r he Hh&?& lcgul %eg d_in place of
at’ node

t he second transi ]’[m1 lyﬁaco g e vo eve 11lloy an of f set

| ower s thQStI‘IgJacﬁ@lfﬂiesdt&)fndmﬁhldﬁgt LﬂWﬁTﬂg&heﬂ:ﬁﬁg@]fevilhénchQ&DVﬁEn The switch 11
13 NOV 2006 03/069461, PCTI USD3/ 01944 transjstors 22 22 225, and 227
are coupl ed tV\?getg@Eth%mptpogvég fo gyl%verter 2%5 01L tie receiver. :]The swgch

transistors 231, 233, 235, and 237 are coupled to a SKEWU port 261. The
SKEWU port 261 comprises four inputs for receiving a 4-bit SKEWU vector
<0:3>. BEach 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
adjustmerit signals supplying voltage levels for controlling the set of transistors
230-237.

25 Each transistor pair is designed fo 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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SKEWD port 260 conprises four inputs for receiving a 4-bit SKEWD vect or
<0:3>. Each input is coupled to the gate of one of the four switch
transi.stors in a one to one manner such that one conponent of the SKI%\/MV 2006

vector is appld&deds@ © €ach transistor pair. For instance, <0> is
applied to the ggte 1of 221 in the 220-221 pair. The SKEV\[FW?”%S a set

of adjustnent signals supplying voltage levels for controlling the set of
transi stors 220:sBnce, Firhes ap cBect An thpmall vosr pulkdesinstfapde 2739h®B7, of the trip

poi nt adj ustor are orggwgg%fgtgggg?%ﬁgggn@m and ground. This set of eight

transistors is CONfi gure ransistor pairs in parallel, where
the transi stors i n Badle dt @difsirgtaos opaitypedi@S canspies thogeatdhémniisiorseri es. One

of the two transj r as. a swtch transistor. he.s of the two
transi stors iszzgétéggzsés%33W.thel"?f"é‘?ere“°tl‘?‘t%§’il§t Sﬁ‘ﬁ?@é?téo &ﬁ‘g@&aned to | ower
the vol tage | evel 10ad tARAR2YM, By, atu, 0b 88k TROSR rakideRietiAg g art will

readily recogni ze that a resistor or other load circuit could be used in 15
pl ace of the sewpstiotthansigh.dr Whilowshingige sdae widihs ¥gelheavleiiveawidipde 270 by an

of fset raises 1] i £ Lnverter receiver. The
switch transi é@g?rsfﬁé@i?é?@ggfoqg@ga%g%(gy?@} rglra Eé’*‘%clf:a)%?i ecgfﬁtléoﬁgd SKEWJ port 261.
The SKEWJ por trad&lorcgapitifselsad wansision pea, $.0f for 10aé censistorg22d, Y.bick SKEWUJ vect or
<0: 3>. Each input of  SK por 61 is couple the gate of one of the

f our 20'svvitchp%?gmsé%r%a?&goé?éo? a&ﬁéﬁ’h@ﬂnwﬂ_&ﬂi‘,’hgt@l‘%e conmponent of
the SKEW (vechfferd teaRBIE cdilcRdE0ddEARSIbRRS whdhiing. MBksdrAgi@nce, SKEWJ
<0>is applied to the gate of 231 in the 230-231 pair. The SKEWJ vector is

a set of adj ukhabnire siaipddd ectual gpngpisiays depbadagiappe thelsbrinigee geitr pbl | i ng t he

set of transistar - 237 C [ | St Or ir ] J to apply a
di fferent armu{nht% noafm%%&%pm%egglg%agoq\;/\eeri%fgaﬁefeeé&ﬁ%%s?oglgtWérgﬁ%%?gﬁg iang factor
i s determ ned pigcdshehsratW oaofet & 2.0Muat lmd (¥ lendthd dfehd oadshsisars 478 .42 t r ansi st or

l ength, L, where the ratio i glated to  the resjstance of the transistor,
when the t ransPERrOsUTaGRSONERE, Sip Phﬁ&%ﬁwtoégi‘#a%' Ha %rﬁ%"’(dor pair is the

sum of t hesr esigl:anee20htnd e #M& Al RendstRnso. SEPhr@Rdod haiduoad 30
transistor. The four pairs of transistors, both for the set of p-type MOS

transi st ors anePritpatipheol 9y pofOF-trappalonm@schatiess B tbe sifecgize registiveqdr resi stors

inparallel, whererhRe. iR BLANGS: iRl 2Rk voRad iR RIccgot s as an

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 iransistor 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 frip 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 ocours
for the set of p-type MOS transistors turned off, which occurs when the gates of
the switch iransistors 221, 223, 225, 227 are set to 2 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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13 NOV 2006 WD 03/069461 PCT/US03/01944 resistance, and has no effect on
the pull up or pull down of node 270, which |owers or raises, respaci &@F e
the trip point. For the set of four pairs of p-type MOS transistors

swi tch transytQhsee22l, 223, 225, 227 have the same resi Jana8sobau€  » the
same WL ratio (20. 0/1 0) 5 The load transistors 220, 222 224, 226 have a

different relative weighting with respect to their | engt Wmle havi ng
the same wi dt hand WWE&%@@W%SWHWWP}WW g Thdf e R h&bsgi stors is set

at 20.0. The riﬂna'fs%)‘fsfeag% %{i‘,oae%%eq{ tybOBarlsRBs whi B, %ﬁcp'%@e-@ér% Bdnfor load

transi stor 226, 8. transi stor 224, 16.0 for |oad transistor 222,
and 32.0 for Iw&d:mbahsh@twrb@ﬂ@w@\!ldrﬁsslﬂmxaemﬁgmenhg 10 pattern, the

wei ghting can be caqgsi der S ar ht| r | engt hs
are scaled to actua wd’i’er‘r%ﬁlgggaﬁ%’r cfb’io ﬁéér#g@% ’cransE: ?%f(a(gg 1%act or of the

manuf act ur sng PSS PSypelMOSHRBNRors,lrt thealrEt BRagihdnsiflaenefocahauleaat ed for a
process where Wwas set to 2.0 m and the lengths of the_load transistors

are. 4 pm for MOSdrasiang slre 1o 8- 1ypegQhiaptistpr Aar e s7of QBPa5% 1.6 m for
load 15 tr ans'rﬂ)@& l\@gu?@sﬁ%ﬁﬂ% sWitbIPfrar R 3910959, §§.’>OQ3’?13297€ fYsahid" Ni NG on

vari ous conbinations o MOS transistof pairs, changes in the
ef fective resirmstistgascoie., thmméﬁ’/l@ﬁﬂqo(ltzjéb Tedoadrtensistesgpe, 158t Wden node 270

and voltage s d. _Wth.t typelVDS
transistors tumﬂﬁg’év %ﬁ%feﬁtmg %}%ml“’eve e ecﬁoglgp%?%ﬁi’% ® by receiver

202 of Figore h?mnwmehsam&em@m WDFIBGEﬂlativh@1&3tw2ﬂ)rﬂfel¢kdtmaﬁﬁsth@$s tetansi stors
on, the voltage at node 270 is_ rajsed b% of fset dependi ng on the

conbi nati on ofatp2 Ly rissive feapls aiths load ?W@EPIG)We‘llochelP?%ansﬁ " trip point.

Wih only transist 8 oPRLA naRlicl 2, 900 NBatIkBELIAL a0HE Bf Qg rai sed  in
of fset for a VCC o . fset, raising the voltage of node 270, pulls
up node 270 rtems:bilorﬁi}p |W1thsucbmwrelghgn@raﬁteh:e therwoiehpiog mhﬂ:e:bnmé&iﬁby i nverter
255 by 25 about Thus hi s et .due t Lai ype MOS
Cranststor e barag i vrghys thite Tty % el Bl et T aomn of f set
provi ded fi§ omdcpendefitupoh tp-shiinkpg: Mr dNthn@bsifansinganges. fTheabdet 0 about 200
nV. The O nV offset occurs for the set of p-type MOS transistors turned
of f, which ocdBrevEHBKRITME e edcubiicd fonaPiogrs eftar“éﬁi"él? §H& §229%, 223, 225,

227 are set tOga gk Lorele 10V PBnER39 |\ Meet REd Tanskidr 2289 pm

for load transistor 224, 1.3 pm for load transistor 222, and 3.1 um for load

fransistor 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 tuned off, the voltage level at node 270 is set by receiver 202 of
Figore 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 tuwrned 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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For the above discussion, the set of n-type MOS transistors al so coupled at
node 270 have not been conS|dered The adjustnents provided to the n-type
13 1 3 NOV 2006 WD 03/069461 PCT/US03/ 01944 and p-type MOS transisit ai§Vahié
only applied to one set. If the p-type MOS transistors are on, then the
n-type transysikhsqd || be off, and vice-versa. Both set @@m@mﬁur ned on,
but this would result in excessive current. The wei ghting factors for the

ransi stor o, sERR T RESHRP ot pag o coni Pt arartorar ok Bine

transi stors relsmgw[gvtgaoﬂqg},@ype MOS transi stor. For the set of four pairs
of n-type MOS transistors, the switch transistors 231, 233, 235, 237 have
the same resi st ancBor the @ove disenssianieeyding thesplef nitypy MBS trapsigors Jhg

transi stors 23 y f ) wei ghting with
respect to thelg?m?éﬁ%pte 6\%“5;72&?@%& v?fﬁ ﬁdﬁe?%g%lg%\%\}yd&ﬁ W The relative
width, W for bdﬁtﬁideﬂﬂdme,stfsumd@stocsitb@a lovawcl@@()ﬂ,'h%cm&lsmnﬂsfe | engt hs of
t he Ioadtran5|stor 4. 0. for .l oad, transi r. 236 0,.for ad
transistor 234254§f g’“ﬂﬁ tges AT PP E%Iﬁwbgﬁﬁngﬁmff &%P’V}ql%gﬁlggt ransi st or
230. Wth suchvatweiight,i-ngorRasdngs ta stethﬂ“hygalvghﬁge@garm@@ seifpitglered as a
bi nary wei ghti Mg@}%These rel ative | engt are scal ed to actual dinensions 15

dependent upon traispstonk el e i de @WéeWé@WWW@E%S The above
rel ative di ”engﬂpg?ét %%{vl% '%Hél?th?c@vh%x?!ﬁn@ve%?& é"@ﬁfa%t HNegsiggat to 1.2 m

and the |l ength transistors are . oad transistor 226,.9
m for |oadt rgaiisinsthmet Qﬂtﬂqnsmtog tmwihach 1tlls)ad1pte|daths pehtoyecRP RyrnsanfthlB. 1 m f or

| oad tran3|st 220., By turning on, ari ous onbi nati ons of n-type MOS
transi st or tﬁagsmtﬁliﬁi%ﬂﬁlgﬂiltﬁgﬁaém&?lééw V@ resistive of the set of n-type
MOS transi stors betrwe sREMAS enPIOE WL 60 R 4Ash1 ¢ ABnddetol ik aFRRted. Wth the

set™of n- type MOS transistors tamed off, the voltage |evel at node 270 is
set by recei veruBpPrpp! hepgredlgs CQPSiSHPT B Béi‘f“h‘?d}’@P%MQ%@@’éWof n-type MOS

transistors on autshl%s 69{1‘$6%g el“hl@'ﬁoho&gs%ng Blothla %thlepgﬁﬁ@gvﬁém% trgés s?d?g dependi ng

on t he conbi naFl onh o type 2 transistors turne only
transi st orlipai ma&@ﬂp@@m e@mstmgléevdt@aqéhfamodeﬁ%@ieﬁﬁ?@om@djwtm%@doﬂ n of f set

for a VCC of 1.8V. This offs he  yolt de 270, pul|
down node 270, FiRtecr P SuIBER A ErL B E FReR R 1RSI Ul

based on the received adjustment vectors. If data receiver 102 of Figure 4 is

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 SKEWUJ has the voltage levels for
a vector <0,0,0,0>.

The weighting factors for the two sets of eight skew fransistors 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 fransistor 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
iransistor pairs in each set, which is als;) the number for the components of a
corresponding adjustment vector, can range from one to a number appropriate

30 for aparticular 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 ig an increase in the
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255 by about 10 nV. Thus, this offset due to the activated set of n-type MOS
transistors is a pull up of the trip point. The pull tip offset provi V_2008
fromthe set 30 of n-type MOS transistors ranges fromO to about 200'fV. 'IZIQe
0 nV of f set sfor the set of n-type MOXS transistors ff, which
oottt o wmen MERHERE 0T 2006 “Wo 0] beodes o) uso3/019§1¢1¥’g%t9’3§4%f t he
switch transistors 221, 223, %S, 227 are set to a lowlevel by ,a SKEW
vector <0,0,0, @oupl e wise f@r@@%}%déﬁr?@&ﬁ@ilﬁﬁu SFEC R PG t ype MOS
transistors, tQ@jusi%ﬁf[Tfi%fwd?ﬁlﬁﬁﬁg?ac%nﬁﬁﬁé}_%ﬁ%zﬁﬁo%eﬁé%t&%ﬁfs&%ﬂ@t node 270
have not been 5 considered. Further, it is understood that a | ow vector

<0, 0, 0, 0> cor r essgondsdtogher Falies chofaclensiioy 81 thegerreuphtstod Aidalg receyet  of n-type

MOS transistors off. while. i.gh t <1.1.1 1> g%g?lds to a set of
hi gh vol t ages fcéur"{) %eel ﬁdﬁgéﬁ‘%&g%ﬂo Cﬁyﬁffﬁggmﬁ%ﬁépﬁéﬁﬁgﬁﬁég off. Further, the
SKEWD vect 05 anduiliiendiiids \se ¢d lalowanethosdyitiled iothe @¢.ei ver 102, such that when

one vector activates at |east, one transistor 10 pair in the set of
transistors to whi cH PEPE dgvesl Wt Fgve blaﬁéi‘ta\‘?é@f"?fﬁmfed?%%ff all the
transistors to highed §fh BkPRALnt i chRInY d8RAbdAGH: dald 18R, Afe SKEW
vectors supply signals to drive the swtch transistors of the p-type MOXS
transi st or pai s additdbnt fesa eprtepive IMOBCdesagieis pbmcilloni dat reeadepedili vel y. Thi s
activates one ar,the ot her.. of e.two sets of trapsistaors 15 in a set
pattern adj usti%gzg’ atsﬁ%{}\’\’\r/no1 He” %i?hatt 'S "o neai%‘I{fnﬁcla?f%ﬁh%%ﬁ%fec%?ﬁstor 203 of k
Figure 2 i s) conognu@dnloy npmowi dieidte $E®Wnatjunss, maniss of e afi@itel yas 202 of Figure
2, based on the received adjustnment vectors, |If data receiver 102 of Figure
4 is operating®sveBr0hpHE B‘S%]{l hafisfugsedin thydetpidad dgseription pigsta COFECEN] ust ment
vegtors being sypplisdpshpul d be such that the two set of skew transistors
are- not providing any 20 pull up or pull down, that is, adjustnent vector
SKEWD has t he vol t agegrevadpicts 4 data eorieetot i1 indpdind a paiy ofediliagjdakt ment vect or

SKEWJ has the volta | s . for vect or .0 > The i ing factors
for the two setr@scela’leggpijﬁtﬁisal? wTangi“gton ser@fo)cle%l%%ér)tg e Eg’t’:ﬁﬁ@ﬁ%éaen so that

an appr oxi rat e récaiRge 301, 302 28Qraviditg MphstiBerdiedidrs @ tROirptpodis adheist ment can be

applied. Two sets_of four transjistor pairs, each transistor pair
anctllary data receivers 301, 302, Ancillary data receivers 301, 302 are data

receivers in accordance with the present invention as described above, The data
corrector 101 is used to correct offseis 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
receiyed 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,
CLKIN1, is coupled to ancillary data recetver 302 at its data input, referred to as

25  DATA inFigure 2. As shown in Figure 5, both ancillary data receivers 301, 302
are coupled to the reference voltage, VREF, The outputs, CLK0 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, CLK0 and CLK1. If CLK0 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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having a gate controlled by one of the conponents of the SKEW and SKEV' TU
adj ust nent vectors, are used to provide this offset. However, the nurrgy afe
transistor pairs in each set, which is also the nunber for the conponents of
a correspong‘;(p 0%‘9116 stment vector, can range fromone to g. 6044
appropriate 0 a particular appI i cation. Increasing the nunber of
transistor pairs |n a set increases the granularity of the offset for

adj usting the P¥lspdpending wrontHch egel e p rnaaGeErdeed IPCHCERET i ncr ease

nunber of ske ' 8 L R85 &nd Shelhie, BOWEBpIKY 8 Qbime VO
03/ 069461 PCT/ USO %1@125%%u?\t 0 e die useed for fabricating a data

recei ver to inottpdefsirshdasdioridp3 pod ﬁﬂtter 384j lnstsemnple Tive fesicgteivhesef act or s,
nunmber of . COW@Q%@%%{; %Et%% Egjgﬁ%h? ém@iﬁﬁpuls&;ltnc Eno $the %%ﬁt lilﬁé BL:? ature

characteristic recerver e determned in
accordancesw th th%‘x}b&r@@&iﬂamﬁjuﬁyﬂt@mw&hmE)blaﬁﬂﬁ-rthhtﬁo&mﬂmhwks on net hods,
as is known to those skilled,in the art. In nmenory device JIOO of Figure 1,
al | data recei ¥&r&amges oFEIECons, ‘@@cﬁF@&WE%aWh‘?r?%@mﬁ]ﬁéi%W{ S QU&ntion as

described for gata, [eSe) AR9V e il Ak Ry 63! R ect or 101

i ncludes a pair of anci rary a receivers 30 302, as shown in Figure 5,
that are essentdig 1bﬁ1terd@nutlvumlantag:0tﬁpenﬁdlaﬁ5éow é@@u vishe lovp. ¥0@ee-ligon of menmory
device 100. In_Fi ure 5 1the us % é b &&L ata Ieq vers 301, 302
will be di scus¥EYT A ¥AR ea’ef‘tsé‘i"fe &00(']) Tt %ﬁ 3iF LOEsHF & 101

provi ded hel ovwao&%iaghmearﬁndamcmt yREFobatcaﬂwmamn@muﬁbbeuoaamtedba@ma pair of

ancillary data_ receivers 30 and a corrector_controJler 305 coupl ed
to each anci| | e {iligrzlgws ?LB“}F%‘@é??\‘iEF%‘T@@ICO@@QWW pfigva aguEshehist nent

vectors to the ﬁs&h&epﬁk@iﬁt&d&ﬁf&lﬂ% ﬁﬁ&&ahﬁﬁ&nsdﬁit%eb%%%ﬁ 30k, 302
Anci | | ary data recei vers 30 are data receivers in accordance with the

pr esent |nvent¢camcta§ﬂcbdsmﬁ1bﬂa@ E@bfovéast Cmvefea‘aaraple@oﬂlﬁ Boporaybel is used to
correct offsets m.n e g ver, a data signal
& Q% }%e Sa; 1 %1 ﬁﬁer 304 ISI? Is%é rnag1 ):(_Qleﬁamg Oercraggcor 101,

i s non-repetitive, THG It & poor Brence

Advant ageessl| yelo}ttlpmsekathaactcﬁxﬁdhecpﬂmm@aﬁe URpelsy aidl tHé Dbtme@msato thel ock signal s

in conjunction wiwth VREF tq Vi justpent vectors, recei ved cl ock
308 et Foelioyt

signal , CLKI NGOTeEoR 9 e5 2 Flogle pigadl, %F‘ima‘tjuﬁ@r

use by corrector controller 305. The CNTRLCILK is generated from the CLKO
and CLK1 from the ancillary data receivers 301,302. Filter 304 can be set to an
initial condition using a RESET signal to zero thelcount of filter 304.

20 The UP and DOWN pulses from pﬂase 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 1s a request for a skew down, or pull down, of the frip

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<(:3> and SKEWD<0:3>, that are
coupled backed to ancillary daia 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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data input, referred to as DATA in Figure 2. The other received cl ock
signal, CLKINL, is coupled to ancillary data receiver 302 at its dataygy 2005
input, referred to as 25 DATA in Figure 2. As shown in Figure 5, both

ancil l ary dag ¢;g6akvers 301, 302 are coupled to the ref gignhagsyold age,
VREF. The outputs, CLKO and CLK1, of the two ancillary data receivers 301,

302, respectively, hase ector 3 detector 303 is
enabl ed al ong \RPTW%@@?RF‘D ({:ﬁglr ?13001?1%35 &EF?S%%%Q?IEE? fal . Phase
detector 303 e&a@at&%3a&ﬁ&§@n@® mOdrrrﬂowNréciiestB&dteaee@bktm&orﬁdrgoal s, CLKO
and CLK1. If CLKO and do not cross concurrently at a signal transition

from high to | ewphiexa WS%DWSW%WGFW@@ angillgry Cl‘a@rr‘??eh‘éﬂf%iodéozsr gnal ,
phase det ectoraéggy%ﬁgﬁﬁﬁggsmﬁpplggﬂg t%FB@rde@enQth cl.ﬁ 1NC)\/ 2008 WO

03/ 069461 PCT/ ul'se epen I'ng upon w Sl gna has a transition
arriving ats pha@estﬁlemtemteareces%ﬁ tifait s€LK Taml ChKksgltagnevélocrosn UP pul se and

one for a DOM pul se,. couple the ased or 303 tq a filter
304. In a sanpPECHFFRlRE Rigdrangiion ci}“ﬁlgsrgrmgggg @?8? Slﬁﬁ ‘gﬁjteﬁ@f‘méonp | se on the
UP pul se line @f miling 88cROM oliel Sendl i M@racBedihé b0EsuR0d nbispeifedBia0r ity filter,
which is a |oop f||ter t hat does not make any changes, or_ corrections,

until it recei Vé&/A an@:thﬁebflcem@awl dddjfopsh pereplowity uldherimelemshted anpl e DOWN
put ses. The Nl dGlud BFeS ATRLR.RY srswl%%qurermnﬁhasua ydpered out with
ovvn of L H

an accomnpanyi ng R er of’ sanmples, a
sl owed | oo r edireetr therodibi 305tcyn @ﬁlddatsmlemt Dﬁmi_]lmtmélﬁi(edtm‘s idiherack a fast

variation about V since the variations will have curred. before the
filter allows &Y @at"l”f?c‘?le%{?:ﬁ&eéﬁié@{ h@%ﬁ??@?ﬁ@@sﬁgglmwfiwq Ssmal | number
of sanples theyhj xleglﬁtred?@@reﬁoﬁzlslaQWeétﬁ%%ngEﬁ%ﬁlﬁz‘sﬁﬁgOﬁ@ pma& otd0Owpe filter may
over correct. If the loop'filter is set too fast (too few sanples), the

| oop maybe ungtishlAdso Fhen @§r¢p1l@l¢fmccﬂfﬁ Icowpctg@antraller Yt oypiiishs. Al ternatel y,
the sarrpl € can «?ﬁ’sﬁ%%nt%&&ts ap&'%ﬁ??% %%s@ﬁf%&#&%@g&% Q}ftgﬁﬁhﬂé(@% the UP pulse and

t he DOMWN pul se corrector cont ter al so provides a
clock signal, GMERLEIK,. for use by correct or controller 305. The CNTRLCLK

is generated fromt KO the ancillary data receivers
301, 302. Filter ﬁ@é%%eét@ﬁg?@' fS Py %%diﬂﬂﬁ&}n/ %g a RESET si gnal
to zero the COFl@{rre@fdefaic{stpﬁﬁseaﬂt%ctor 303 having elements for balancing differential

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 corresponds 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, CLKI, 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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20 The UP and DOM pul ses from phase detector 303 are coupled to corrector
controll er 305 having passed the sanple requirenent of filter 304. ,Q\rg (#FZD
pul se to corrector controller 305 is a request for a skew up, or pul'l f& , gﬁf

the trip poiv‘;go3?0f694t6pe ancillary data receivers 301, 302. ﬁﬁﬁgo%lsﬂd a DOMN
pul se 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 cont Awpuchph@egetedert(s. Thpbalpped HackoNKIs SR €823 fi | ter 304

using a cont 1 ok Glack, Sid0aling SNHRCHall! M ARErRNink A IR indlibe Based on

its count, corrector contro 05 provi des justment vectors, SKEWXkO: 3>
and SKEWD<O: 3>pcdutratheartie trapsitiph elth tiduga@lge oionantork bignal odats recei vers 301,

302. 30 Once the adjust t vectors.ar oupl e ack t he ancil|ary data
recei vers 301, C%wyéﬁﬁg%%%w%gﬁ?gf@??@%e@g.ecn%ltﬁ%@ger&i?c Sf‘%@éi&%ers 301, 302
are adj ustsed Welio tREk é’i%léﬂ@%hm@diz&io&ﬂosﬁiﬁgaﬁén\t@a frahskRebfpbher . The

nodi fied 17 3 NOV 2006 03/ 069461 PCTI US03/ 01944 out puts, CLKO and CLK1,
are agai n conpéledasigipl pRbe Hefawsitims Sudic ofiaslack getabcbise 465 ovi des a new

UP or DOMN req ; &4 £ 18lohBht 18D RansRIRRICEES figkt AR Set of
adj ust nent vectgl(g})gf%t lttsg w%%%i ﬁgl geré;ptgat aorgéeli vgafmss 301,(3 3021. ' This cycle

conti nues unti CLERagealdetiebeer 2 30$ ddébebRiiésuipitat a monsitiontoers Brsadj ust ment s
are necessary, . tt‘ba{: jéf : CITKO and CLK1l voltage levels cross concurrently at
the transitionof° tHS! P ng edge of one signal and the transition of the

falling edge of theretiaRncitd gitat twd dloghrsimbls GepetthenddineiiihgvioNAND perfectly
at VCC/ 2, and the cylce contin Addi ti onal | exity c¢oul d be

i npl emented  s&EH 3tlﬁa3cl1v3ﬁ%‘?¥tef3n@ﬂ§$f(§s%W@F@P%?gﬁré%g“aﬁ?hﬁ‘? Pt mi ned del t a

of VCOT 2, 10 c9id £Ch e ALK |8En BORakANs 8 8RHeRBsiSWitS 8 sodfcead] ust nent
vectors to the ancitTary data receivers 301, 302, which maintains the

status of thei #mdidriip cpraiedies Whilnd20 sedulypetpiaior fabrigsirisrs adelypet or no | onger
ti .0F ) t hi Lti :
requesting a U pul £6, 0t & PR opith Ssinc AL Ghene s godi i on occurs

corrector contr ustnment vectors at a port 306 for
use by datid r efabiisasdsn ethtierayalas tsdundath & thisechifledimttos arl Olhe Phaseofdet ect or 303
of Figure 5 | Styggl gg?)@cigagce?ﬁé %-tgpef:tcggnellcitgnr};e EJ[ 29 glil{feen n%'de are determined by
matching 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 ¢ither 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 & 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 CLX1 coupled through the balancing circuit to the
30  NOR gate 313. Further, the oniput of the NAND gate 312 is coupled though
inverter 330 fo 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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Figure 6 depicts phase detector 303 having el enents for bal ancing
differential clock signals and for detecting a zero crossing of the 3 Ngy 2008
bal anced differential clock signals. Two signals are bal anced when
correspondi ngoGhadeaqt eristics of the two 20 signal s have tersesmoar

equi val ent val ues or ranges, such as signal voltage swi ngs or duty cycles.

Two cl ock si gn?l“? "ﬁ%ﬂ Wgﬂpg ﬁg&ﬁ%lﬁ%}ém g SibdRgs 4386333t signal s so that

the rise and f s are appr oxi mately equal, A
Zero crossing frensnﬁmnga@rmhmdﬁ)awwwiiﬁéiﬁ tPrgouipnt ofMNOR grtodlaisl ow to a

hi gh corresponds (if%ﬁfuhe t]xglx‘)]g qrg%%fhcrgﬁ&&g%a% oﬁwgdl:{yrt?arﬁE %s%@525 poi nt from

a lowto a hi g™ e time. A zero

crossing al so 9@83111‘1-§n5\ﬂ4’1‘|&@313$1637 QWpttepd MON tiahansdstwidRk tiaRsigtorsi336,38edge of one
signal occurs at the same tinme as the high to lowtransition in a falling

edge of tHe seesnPeMgaransiFsFlures ﬁoﬁh‘?é@“&’é‘ﬂ?e@%}?‘er%@or ecei ves an
out putcl ock si.quals GO oA 1 RWARCLKIARY dakay, LoBBLNEESOL  and an

out put cl ock signa m ancillary data receiver 302, as shown in
Figure S. Phasélrm&lemtedarsgga—%hmdmﬂb@@&rﬁé%% he rise and fall tines of these

two cl ock signals th 461

PCT/ US03/ 01944 t hr 3%%6 gﬁ%cg%r%@?gec orglgégsugﬁ%{i%al anc%h%ﬁ%lgg i gnal s are
conpared to dngﬁ@ﬂ@hﬂ}?oxa eﬁﬁwrmmrmwwgtmﬁahishﬁeﬁemIﬂsgaa:hxﬁned'ﬁhﬁ ther o crossi ng
o1 gnal ~occllr o GeHBG ORE PR SEHEC CTLLHRTE OHOB e RBP4 edge of fhe
other clock signgh havefno‘%cﬁo@&dkmuﬁé@@kmg@ﬁ%ﬁw%ﬂ% s a%@rdin @M O Cr0Ssi ng,
then the transitions for one clock Signa | ead the transitions for the

ot her clock si ‘th&heVGPhﬁhehmilmtS&Llim_(H{lill In%ke@lts pienal pPusdtion fastpul se on the
UP out put if a an %tde ecto?g&%%s%d {nlczfa atco.lrrgct&hﬁ)l ag{d %t?d i%:%?%uit%?r}id p| aces a

pul se on the ransition occurs € CLK1 signal.
10 The bal anci]‘mghﬁcfrtlﬁdrltéPb\nputnbaﬁflquai:@malshifti@,‘pmﬁa‘a)}mgleﬂ)rﬂ&i}]@wmhe two NAND

ates 310,. 311, inverters 5 a acitors 6-320. The capacitors
96 310 e noTUBE EBHE LoF SN aRn T AP Sl S A CBE' Y ans St or i ¢ h

its source anghngbRk 306 ONMEE LiRshhe Yynbe to’ﬂgegeﬂa@ adjuldePRceapaci tor fabricated
as a p-type Figure 7 is a block diagram of the basic elements of corrector controller
305. Inputs to corrector controiler 305 include a request, UP, 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
atime. 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

509.
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transistor with its source and drain connected. These capacitors could be 15
fabricated in other ways as is known to those skilled in the art. The anpunt
of n- type capacitance and p-type capacitance at a given node are det‘ﬂeﬁwmﬁd
by matching n-type capacitance and p-type capacitance at the given ro

i ncludi ng t ke isnpak: gate capacitance with the result thatpdhesishoe and fall
times of the two signals, CLKO and CLK1, match as they propagate through

the circult. Througl, g0 s Iihatd:981 8fribles &l Gohel8Rh Chditlodndebl ur e 6. the

drive strengths for e clrrcul ts can etefm ne t andar d
met hods of si mibattmeninaandigouseld ttahét outprieoithovwinteo ctrctws%)lsmﬂ led in the

art. Typically, ph tors conpare.eit a.rising signal to

a rising edge?PH d% tcﬁéf’taiuét?ﬁfmoé ﬁncflgﬁcrﬁagrec‘éeéﬁés o(ﬂ %\8%?@ a falling

edge of 25 anotrhl@élgm%@blaceﬁldgtalcf)ﬂr@o@d}t1bymtmaslandiebﬁ@meﬂi 193;@caudeab§tccor dance

with the present 1nvention, n%;l)@ es_.a risin ge of a clock signal to a
U1 1

falling edge ofhediddifieinpute Ihb’@lﬁl apditionpthe R@g%é’r&n%ﬁtsl@a WERESPfed using a
NAND gate 312 q:aet %cuf@@gog %o\éﬁghﬁ%gﬁ%ﬁ Hﬂh@%&ﬁér@i’&ﬁ'lts heebal anci ng

circuit of phase ector 30 to t ND gate 312, and CLK1 coupl ed
t hrough the bals@n:dsnngh@SKBWUvetctorfohlag@@Iomct;ﬁieelg‘aajmnﬁarSWD t he out put of

the NAND gate 312 th the NOR
gate 313, wini 1 S EATTYE SHERHEE e TP bR R DS o i o

through invert efs o3htihOwithent kiliita di‘fset&\%\ﬁdﬁ)r@péoeto&mwz)l@ha%d@d@terOOG WO
03/ 069461 PCTI US03/ 01944 The output of NAND gate 312 |sS cml ed t hrough
inverters 532, 3@%@31@1'55“tlpéﬁéfﬁl%%?’é?ﬂueé%t“{méa ‘fl’éﬁﬁ%d”ﬁ)ﬁmtﬁi'%ﬁ pighs 335- 338

The output of NeR Gat S’ftﬁé—%c'ﬂﬁary @a%'ﬁl:&%s%bf %UQ hAbd%%é &1 UB AMudsPisd

transm ssion gate for by transistors . Transistors 335, 337 are
p-type MOS tr amskisedscormspint @ntrp]éfrrs’%pétthfrrsql@@@vﬂisa@eshdﬂﬁ Countey piecuiiOS

ransistors. The bbbl O SSRLML UBLES BT (R RR! By fh@nsi ng of the

two signals CL HaS - oceur e otgh inverters
340- 341 and i nvetdrethat 342t BR3P Ehaﬁemeteaﬁmﬁgvﬁtbasmw\ammpnpws UP and

COIK, V12 PULEE, (Rpa 5B EaL) 00 SLTE (P or, DO U iphace detector
edge of the tWhephdnak Sorkdelibh &R, or adjustment cycle, towards pulling up the trip
point of the ancillary data receivers 301, 302,
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 rece1vers, CLKO and CLK1, are again compared by phase detector 303 of
Figure 5. If the previous pull up adjustment is too much , corrector coniroller
305 receives a DOWN request, and if the previous pull up adjustment is not
enough, corrector controller 305 receives a UP request. This cycle c;onﬁnues
25  tracking any offsets in the ancillary data receivers 301, 302 until a zero crossing
of CLKO and CLK1 occurs, Once CLKO and CLK 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 recefvers 301, 302.

Corrector coniroller 305 supplies adjustment vectors to the data receivers 102a-
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CLK1 have not crossed concurrently. The high signal will be set according to
whi chever of the two signals CLKO and CLKI makes its signal transitipg NOV 2006
first.. Wth phase detector 303 used in data corrector 101 as depicted I'n

Figure 5, a whj@hedsor the UP output is a request for a shigdygazoithil e a
high for the DOAWN 15 output is a request for a shift down. The requests are

provided to corrector _ caontyroller 305 whjch uses the r St to generate
adj ust ment vect@FonLYEYRsH e G{f‘taicé’rra‘"’tﬁ?%ﬂ(lerd@;d‘? gﬁ?%’FO %’cgggg?? el enents of

corrector contilingled 11390 alijfiBtest VeBoSbJuRe he haG@tal, HehHicatQRarighs | ude a
request, UP, for pullin the trip point of the ancillary data receivers

. up .
301, 302 of Fi gurelﬁguragdemctﬁE@m@@toﬁt@@mﬁofﬂﬁaccmﬂctqrﬁel €he trip
poi nt of the iLd t LVENS. sctorsmcgnirol ler 305
counts the re%@sr?%%%og%%gtg%ﬁxﬁsglr@%?%u?f%@%%ell gﬁgﬁ a%%\il@c%unt er circuit
502, usings5a GNIREHGHK actcpdeswiintie ptesent rvekticnh & metberhofarpsrating ¢ Hga UP count er

circuit 501 and the AN _count er,.ci r.guit.502. Eac tine UP or DOMWN
request occur sSOTHE" @/l%l% BFOV&IIfgC‘{ﬁﬁ?IeIgﬁig?ﬁk %Wﬂwlﬁgﬁ%ﬁlﬁper circuit
502 increase t{g] kchRyd01200 OlttrRging a @FbYnRBEHeOLRE StpaDuahs At  a time. A
LOCKQUT is provided between the UP counter circuit 501 and the DOM counter

circuit 502, sibeanciily &t ipoeives dHu s andEpnpraiee A skt vedles s 501, 502
include four ¢ [ j p : wgontroller 305
as determ ned %g‘gfca%ﬁ??%@d oé@%gﬁ{fg&&trﬁg S%g%}r chtg%%{cg%g;% Q%eﬁ%v%% count er
circuit 3005010my dffedetid blecldsipial, COREMWY, iYe@pBa tvthetlair patt obertcilsry 508. The four

counters of t DOVWN nt ci,rcyit 502 i.de the 4-bjpt ,SK <0: 3>
vector at outp are%eé@?.rg%aﬁ‘g{ 812%6%51%@%%@4%‘1&%%@6%%%4 When dat a
corrector 101 @fan&iilgyiea Seckisef 300S ThoQpRhReht wentorsl gbRrabllin @6k &@for 101 starts in

a condition such that the outputs of the counter circuit 501, 502 provide
no of fset adj SRR 3Poare Keupkildary terthe Rk spbay den wegpas 38630%#0 Fi gure 5.

The si gnal thafy R} &6 1806588 hRAS dadQlodih O3 Mep i ni tial condition is
provi ded by 5 t%e RESET input. In the initial condition, the RESET signal

sets the dbunters &fincetlivendibinisey cogiimueusly sydhod clog02enats, withdefifilsi s zer oi ng of
:E EZ g?;ﬂgfgsi rnt at%lﬁlg'g)% o%cto% .ﬁ(glnizé‘?'l()(?ﬂtfnl@&lf}’%%pp%}'é%&%%&h% dgt%i ng all low and
recervers 301, 302 with adjustment vectors. In practical terms, phase detecior
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 Thedatareceivers 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 offscts.
Data corrector 101 will maintain the final adjustment vectors in a latch
30 108, and contro] the transfer of the adjustment vectors from the latch to data

receivers exiernal to the adjustment process, such as data receivers 102a-102n.

Data corrector 101 determines whether the data receivers 102a-102n to receive

22



vector being all high. Subsequently, unless the ancillary data receivers
301, 302 are operating wthout any data offsets with respect to (VCQZT@ 6
phase detector 10 303 of Figure 5 will determi ne a request for a shi 1‘1‘7’ 7(9@
a shift DQ/\N‘ 03203% trip points of the ancillary data recejives 301, 302.
Assumi ng an PR4U8Lt is received by corrector control | efFCEBEYPRE request
wi || cause the UP counter circuit 501 to increase its count. Corrector
control | er 305theiatiustgenercatoss adinnsmimeperiody ot ormplehaguictgftiet worlde UP

request. The resul.ting.vector .S af _out put 508 15 d t.he SK vect or at
out put 509 ref ?%?t“%ef?gqm?%%wgé‘} %ﬁ{e (gat“’glﬁ c\/’\%ﬁmlgr Wﬁglf#én%roé\?}lous
correction cychfhe Bta dbiset "ER adfi Gt vdcoirLe FaRiirlel BYthd@ataheelveisp  poi nt  of
the ancillary data receivers 301, 302. Wen the trip point is so adjusted,

the duty cycl el&r-10Ra tasdise sk iAo @Biélgt%qsaﬁ%ﬁtéﬁm’%fmaf{@dé‘% CLKI NL, (input
as data si gnal itEl%sttﬁ?H@lgigb hésmead@ﬁ@cr%ﬁ%iﬁgg%ﬁp@ﬁ d30ra daBPro0ssi paur e 5) is

i ,
changed. T%e out put signals of 1t he ancilTary ta receivers, CLKO and CLK1,
are agai n conpar ed bya phsehatsgdats 0vce303 opfratefitpuiats réceivets, sied apr evi ous pul |

up adjustnment s toa nu rrector contraller, 3 receiv a DOMN
request, and i a%"f ‘%?86%‘?‘&\?7%@%&?% eﬁﬁergafeﬁepﬁ%lﬁfmﬁgg%ﬁ' escnécf?odg‘%h, corrector
control | er 305cdrReRE YE&Sis@oRub@GUPstatind Rie® oeyElcfees ONddtNoBEts2ch Backi ng any
offsets in the_ ancillary data receivers 301, until a zero crossing of

302
CLKO and CLK1 $teeffssts sdevaiafeysahdReFrilkhegkicried Brdata pgesstor é@ncurrent 1y,

corrector 1gont&,alh &fin 3ABinGORM hBMESoHlen S MPRI Mk lien SRIRAB HSIAMRML: Vectors
according to the UP or request Treceived. The adaptive adjustnent of

the ancillary Hdtmppleseicveeded30snBODvegtoe s dorredertcancaler 8¢itorthel 01 30 in the

configuration shown.in Figure 5. The data r i.vers 102a-102n of Figure |

ar2~-not adj ust%ﬁéfﬂi IR r%ﬁ%%gr#éﬁﬁé)ﬁﬁeera W n{eatgr gﬁ?‘la %?rilrmofé{%%ajtr Cei vers 301,

302. Corr ect oforomll adihtitent30&oshap pljuesd fejhe StfbeEnin tieakilsy data t he dat a

receivers 102a- 21 13 NOV. 2006 WD 03/ E)Gg_ﬁ%}s PCT/ US03/ 01944 0102n only when
T oty Y

the data cor r e ¥Edht PoPPert dgiesoprir 4a pFCRR Y det er m ned

that the adj usifapiierVReliatsSuip ?Sﬁﬁi ddfustRenRddighih ARBlvers 08P dnd@Rhicghanges.
Figure 8 depicts portions of the elenents of data corrector 101 of Figure 5

inrelation totistveupiad-a recei vers 102a-102n of Figure 1 for operating the

dat a Data cormrector 101, the ancillary data receivers 301, 302, and the data

receivers 102a-102n in this 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 vse, where the data to the data receivers 102a-
1021 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  comrected 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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5 corrector in accordance wth the present invention. A nmethod of operating
a data corrector 101 includes providing differential clock signals to a
pair of ancillary data receivers 301,302, determning a di fferenceqﬁeimm%
the output signals of the ancillary data receivers 301, 302, and génerating
adj ust ment vegi@msssicorrel ated to the difference in the outqauisoshgmal s of
the ancillary data receivers. 10 One differential clock signal, CLKINO is

coupled to the data rt of i r j . : ot her
cl ock signal, ﬁ?ﬁr‘#’\ﬁ‘}%ait%s‘glélé%?féwég‘{ %5 %(%qugt?%e lg‘ge?étéﬁ% &Jﬁggn% Fggs?){]/&gat a
recei ver 302. FThedadjetsting nhit etk or s agined. abrettribly, derdeectigmnl andont r ol | er 305

are coupl ed back tq the pair of ancill ar ata receivers 301, .302 to adjust
the trip poi nt §lo§fSIERE %H@ii{qnéﬂ’ﬁ Syat %PW’%%@?‘W@V%T %ffes%ﬂve’i@néfﬂ e the

met hod uses COMBURNSbwENS bbbtk ElaRGKd SitARaL S, colintdh se@té.ni te transitions,
data corrector 101 is continuall suppléléng the ancillary data receivers
301, 302 with adj usThrenethediataseosdanpgwish Be presant invertias caphageddet ect or 303

will not detect a i LSh98 KO and
CLKI, fromt hegﬁgﬁﬁﬁgﬁi& aeg;aorffeégeg]?%% sl’g%hie?gggg#é#ge%;lgrg%ﬁ%ﬁa e detector
303 20 conti nu@l dnyelqetronit dedcanssbifated wEOHEhalieg vastectedver toenbimiat,i on of t he
count in the filter 304 and the cont.rol .|ogic.of. the.corrector controller
305 det erni nes o Ffmlﬂﬁfa‘feqoﬁseﬁa@?‘i tg‘a %glgﬁf)f)‘%agﬁ (_glbq%elog‘ﬁ“foétége e?ﬁe(iﬁt)f‘f%“]gnci Ilary
dat a recei ver s 3Qdisc 3dog cohltBl $d1Bads rsrtjuaineasy wptpdaMtor ieedhels determned to
have provided the adjustnment to ancillary data receivers 301, 302 can be

provi ded t¥ datransitvaeifiectectoiadivien Obpiusihaois prblcasdapspeiated ¥a%a- 102n
function in a ] i SioitdS: SEGe ahQnt ncillary data
receivers 301, @%ﬁ%ﬂgﬁg@%&;@g@?%ﬂ%@éllgﬁ% p%?%h rgge‘%\?gggog?'ock signal s as
datia for the procesks Fofurel@ tlerwsitiniing ditgrems ot a ditagdjresstrwperatingseitlons that wil |

correct for dat i gnal offsets. ta.correct 101 will intai.n the final
adj ust ment vec?%?szm\%r‘i VECt?raCtOE[ﬁcu%d%b%?lmgﬁémb%ﬁf‘? Fereiog apd g%@é’?hlgf t he

adj ust ment  vecHQk sorfob @I REortidtcs brith ®heRdsant ihv@EBb QDS @ e EAglant O t he

adj ust ment process, such as data receivers 102a-102n Data corrector 101

det er ni neslwhefiféts brasinm & llrsain viorssigoraCHAN0 Pl #¢did1 992 11 3 Nov 2006
WO 03/069461 PCILSFA3LAHOf %ﬁclog%a%m%&mwﬁ%pfgﬁm%t g ;Ui et peri od.

For exanple, a quiet perio
coupled at the daia input to ancillary data receiver 301. CLKIN1 is coupled at

the data input to ancillary data receiver 302, Both ancillary data receivers are
coupled to VREF 203, which has a voltage level of 0.825 mV, CLKINO and

20 CLKINI 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 CLKINT and CLKING in the internal clock unit 109 used in
memory device 100 of Figure 1. CLKOUT0 and CLKOUT1 range from about
0.0 mV to about 1.60 mV. The third timing diagram shows the clock signal,

25  CLKI1 906, at the output of ancillary data receiver 302 having CLKIN1 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 iis data input.
CLX0 and CLK1 also range from aboutEO.O mV to about 1.60 mV. With no
appreciable data offsets or timing skews, the CLK 1 / CLKO pattern should

30 resemble the CLXOUT1 / 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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constitute a tinme period in which systemdata is not being transferred into
or out of the data receivers. The adjustnent vectors are transferre§ o9 ﬂ][ﬁe
data receivers 102a-102n to adjust their trip points during these §liet

points to aveisloaRysp 9litches that nmay be associated wthpehaqi@ongsa trip
poi nt during data processing. As a system having data receivers operates,

the data receivers, such as t ecei vers 102a-102p, erience
periodi c data 8?‘?1@3&’ ata EoRuEs g®P§O£‘&r8?Sr%EQP5?X% Ii @?o#?#&gé |y operating,
new occurrenceg 1@l glata sRfuie@bs nesUwT(Ay 90dat a of fsets due to variations in
VREF, will be detected by data corrector 101, 10 which will continue its

process of generati Rigueed D ghavrehining disgims foragdal oppiturapsrting withsuppl i es a
correct ed ad] UgkaBilnMRELOLHCLM S & ShLOKicE BNE Bhdflon30R dlilad ding dal a

recei vers 102a- once data corrector 101 hqs det er n nec
corrected &dj udstaemtrecitedt acodiase safhulst wesefibnvenhen. oPfistanmgidmgtdre anci |l | ary

data receiversg 301, 302 of..data.correctaqr t hi , data
corrector 101 ¥&PEHESETIRR (i ?eBlg‘i‘l&g’é’ﬁtsﬁgPagS’&i‘l%ﬁwog@} ﬂ&m%g dat a
recei vers 102awhQ2nrd @upll Ghiatd dork&oCaupk ettbwrnBaraued. reck o 401, the
ancillary data receivers 301, 302, and the data receivers 102a-102n in this

method of the peudehit thenpiadmiubie mellavieiacqsheyi GudlkINgdseurlsedl above. The
dat a recei ver s aQl. 302 ARt .aneidLase, dataNDSAFLYREN 20,4023 1020 have

t he sane design. ta recéivers 102a-102n and the anc ary data
recei vers 1301, al3®R0.aRF fditoiaborn $ €25 wherRoth hecilthay datt wedives dateuplaldei ver s 102a-

102n is an act a_si.gnal , ile th ta,tqQ each.ancil.lary data

recei ver 301, %%ﬁ’éa‘gﬁ%@?%a@ﬁ@ﬁ%ﬂﬁéﬂiﬁ}@% h &e?oﬁgé%%g 35{8% with the
present invent ks thd 4100 @OBNEIMASURN do4aidaCIODR) PES; @ihddrd N data recei vers
t hat -have been 25 corrected for an% data offsets relative to VREF or any

i nbal ances in ereraRem CEEBI L IHEgR My duempl drek HBd 1Pdpsedier at i ng an
el ectroni ¢ deviygfondal 8 1APEINER, | TBIRDNTOdRNCEROIAN BidiSFors R ¢ hat

requires adjustnment's to correct for offsets in a da signal has its best
resul ts whén t fé mfdt@abeigh@l mEndhe Herddingok disrgmahewvaigedlotiosi8dilgener at e

adj ustnent sig g Frive f.romthe sane s e. Tyhi.cally data
signals and cl gg §sl ?gfﬁé* @e P ?%%1053%0?1 r’ra'r%ﬁat%lgﬁ?l‘é%%ﬁggaéw?%%ﬂggﬁeasﬁgveI s of
vol tage sw ngdatimiptig Albotkws irgihakigrdaBnih@plapamtioiha cldak sighfy CEICOOr circuit,
t he cl ock sign%s 23 . . . .
01, 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 / CLK0 pattern should

resemble the CLKOUTL / CLKOUTO pattern. The pattern shown indicates that

the data corrector is adjusting the trip point of the ancillary data receivers 301,
302, since the CLK1 / CLKO pattern crosses near (VCC/2) 909. The crossing
points do not occur at exactly the same level in each time frame, as the {rip

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

Figure 11 depiets 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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11 3 NOV 2006 WD 03/069461 PCTI US03101944 are expected to swi ng between the
same voltage |levels as the data signals swng in a data receiving emityhaes
is to be adjusted. Preferably, the data signal and clock signals conme from

t he sanme chi pagfsosddgever, the present invention is not |jmited for use
where cl ock signals and data have a common source. 5 The rre%o% In

accordance wth the present. i tion.can he used for . appli.cations

i nvol ving a refEPERC V@Fsg{bgﬁ)'qéﬁ?@% Ve S%tﬁéefcgftvgﬁ“ilﬁthé? H‘?i?tﬁf}gww Xternally to
an el ectroni ¢ gfvdo cas&o6ifatedd ity SNl iLopnead adsd a bus. Further,
t he adjustnent vectors rather than digital signals_ (high, |ow voltage

| evel s) coul d TEHHFF E@Iﬁﬂ@ﬁ%@%ﬁmrﬁeﬁ mgy plsg Hiekide glhopgrmayidagceshe trip
point, or thre i td f i i .CE4 Vi ousl y, noise
pr obl ens assoc?lg%ergn%t\ngﬁﬁig%glééseﬁtﬁ}ﬁtﬂ%n%ﬁgna ogrags?lgirxllg S X%%@Oto di gi tal
approach ndre HiN@nPagesosotlmayRlgundeds tehpwent iomemign.di agrans for a data
corrector operatin vvith%u d ag{)cﬁst nt ve t or cor(riisccrli 0@ froma sinmulation
of the operation ant°dB&igid sFopqRenyREy beEippest: BPAiARd 2848t dance with the
present i nventin@lemdand singivagod icBeliegpek andapingbfclif eTIvySd@midh fker ent i al

cl ock signals, | INQ 901 and CLKIN1 902, which are coupled to data
corrector 101 #&Wihsahlirpcognigeihat sich mpifisghonsandbapgesmanbe pade lat a i nput to
ancil l ary dat i - I ] ARE W t to

ancil l ary dat Zthé %g%n\\gg{ve%%%m%ﬁh%ﬁg??%% @g?%pé%g%ers %ﬂrtée]%coupl ed to
VREF 903, (i cdpphieasions Nloitataglent desetibagfheing 251 withouCletaNDgdmwdth BOr@L K] N1 r ange
from about 0.225.nV.to abput 1.025 . A.second .t m i.agram shows the

cl ock si gnal s,Sp&mpgaﬁtggﬁ{?S%ﬁﬁ'g%@%lﬁ lﬁ\ﬁﬁgg}#hd?g%f@lg%ﬁ%t ed from CLKI N1
and CLKINO i n dlfigsi nternal clock runt 109 used in menory device 100 of
Figure 1. CLKOUTO and CLKQUTI range fromabout 0.0 nV to about 1.60 nV. The
third timng diagram shows the clock signal, 25 CLKI 906, at the output of
ancillary data receiver 302 having CLKINL as its data input. Al so shown in
the third timng diagramis the clock signal, CLKO 907, at the output of
ancillary data receiver 301 having CLKINO as its data input. CLKO and CLKI
al so range fromabout 0.0 nV to about 1.60 nV. Wth no appreciable data

of fsets or timng skews, the CLKI / CLKO pattern should 30 resenble the
CLKOUT1 / CLKOQUTO pattern. The pattern shown in Figure 9
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i ndi cates the presence of data offsets and tim ng skews, as the outputs of
the 24 13 NOV 2006 WD 03/069461 PCTI US03/01944 ancillary data req%&{®®
301, 302 cross at approxinmately O nV. The CLKI / CLKO pattern shoul E%
near (VCC/2) 909. Figure 10 shows timng diagrans for a data corrector
operating with adjustnment vector correction froma sinulation of the
operation and design of the 5 data corrector in accordance wth the present
invention. One timng diagramdepicts the systemdifferential clock signals,
CLKI NO 901 and CLKINL 902, which are coupled to data corrector 101 as shown
in Figure 5. CLKINOis coupled at the data input to ancillary data receiver
301. CLKI ths %ou Jae_d at the data input to ancillary data receiver 302.
CLKI NO and "eLRFRM™M¥%SRge from 10 about 0.225 mV to about 1.025 nV. Both

anci | | ary].dat aah eRetirotfit Sevideeoa@uipingd to VREF 903, which has a vol tage |evel
of 0.825 nV. A second timng diagram shows the clock signals, CLKOUT1 904
and CLKOUTO 9oxdatisceinerdiayinggdia Pabbadinsiof®LKi Nl and CLK NO in the inter nal

clock unit 109, &h”‘taﬁgoriée'agr E@ﬂ?é&' todBY Hﬁ&%%g%qlg a_l_e.}ﬂi%ﬁi p%%vi%tﬁl%géan d CLKCUTI

range from about 0 about 1. et i agram shows
t he cl ock si grafjystmeit kiford0didn tathetthp point plinstef thadaialcbaegtomiasfmnsigetsi ver 302

havi ng CLKI NI its ata.input. A_so shown i he third timng diagramis
the clock si gn‘gff?reﬁlﬁﬁgoc&@@fglgﬂ‘d?ﬁggr%“te ﬁlgelﬁé}ﬁh@iaﬂlﬁh?enaéﬁf%ag%‘i ver 301
having CLKINO as its data input. CLKO and CLKI al so range from about 0.0 nmV

to about 1.60 nV. Wth 20 no appreci able data offsets or timng skews, the
CLK1 / CLKO pafr elepirafiodevdce qogysisisee t he CLKOUTI / CLKOUTO pattern. The

pattern shown A@ﬂ&?e%&i%rﬁa@ﬁl atéB%%’f‘B@[gﬁ@{reCtor is adjusting the trip point

of the ancillary data receiver since the CLKI / CLICO pattern
crosses near (a4 29rrR00 codiel wrthsddtagceipai todapdioelygiroadeuip pintexact |y t he

sanme level in each tine frame, as the trip 25 pojnts are being adaptively
adj ust ed over @RFEpEH “E:f%?aé?.nt?—ﬁ\ﬁé‘{}%??m‘t Ui o ng  point has been noved to

near (VCC 2) 90QichicbaMEEbdkeSPil Ahi cBrrRiSIoRa hd WhtS¥84i 08P 16 Cohditslaldi ng, anmong
other elenents, a processor 601, a data bus 602, and set of nenory devices
100( a) - provide trip point adjustment information to the trip point adjustor of the data

receiver.

3. The electronic device of claim 1, wherein the trip point adjustment

information comprises analog control voltages.

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, 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 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
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100(n), in accordance with the present invention. The processor 601 and 30
menory bus 602 are designed, made, and operated in accordance with standard
practices as known to those skilled in the art. The set of menory devi §&V 2008
100(a)- 100(n) are nade and operated in accordance with the present
invention. The 25 1 3 NOV 2006 WO 03/069461 PCT/ US03/ 01944 nenory devi ces
100(a)-100(n) have data receivers with trip points adaptively adjusted to
correct offsets and timng skews in the data signals to these data
receivers. The processing system 600 may al so i nclude other nenory devices
that are not rrbd:weemthaplataaioaﬂctbmndmaséatmawimmftmplmﬂimtyfdaWi ces 100(a) -

100(n). Processor. | s include, the se ent| .on

i |lustrated en’ﬁﬁ?ﬂ?’% 5‘70@6 Y PRAYGRY Ut d‘?"faﬁ%'ﬁ& gmation g éﬁgrrlﬂ ed usi ng
various circui foiftHRfStor dfeth GARTEITRRE 6F th&’bﬁﬁaﬂnﬁ ki ddtetbckWedshe art will
readily recogni ze that such nodifications and changes may be nmade to the

present invention without strictly follow ng the exenplary enbodi nents and

10 appl i cgL1 onfyd LLUSHIAEH, APLARSUALEH WL LB Aatchnout departing from

the true “spi Tesen Ion is set forth in
the follow ng nrﬂ:»mmm caﬁpﬁ%@ﬁﬁ@ﬁt adyifserhient seatbraihaeidg bsen p’rowéed kaltbm:t ronic

device conpri sj a data r, cel havi n i nt ngl% and a data
corrector couplré “t':‘oge‘f%’é1 angilary, e?féYerf it ‘&}ﬁﬁb&é% Nl tr| p poi nt
adj ust ment i nf gpi@hénRytigs the trip point adjustor, the data corrector
responsive to dlfferentl al clock signals and a ref erence to generate the
adj ustment information. 2. An electronic device conprising: a data receiver
having a trip dj ta corrector coupled to the data receiver
to adapti ?/el y nr}e%gt {Wu“bmt domﬁ%nsglgdj ustnent information to the trip point
adj ustor; and gaddtatséblvemapir@hthptpmmjhﬁer ged a corrector and the data
receiver to conditionally

a data corrector coupled to the data receiver to adaptively provide trip point

adjustment signals to the trip point adjustor, the data corrector responsive to

differential clock signals and a reference to generate the adjustment information.

8. An integrated circuit comprising:
a first fransistor 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 transistor coupled to
a gate of the first n-type MOS transistor;

a second transistor pair having a second p-type MOS transistor coupled to a
second n-type MOS transistor at a second node, a gate 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 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 first node;

a plurality of series configured n-type MOS transistor pairs coupled between the

first node and ground; and
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provide trip point adjustnent information to the trip point adjustor of the
data receiver. 3. The electronic device of claim1l, wherein the trij p§ B@%?@S
adjustnent information conprises analog control voltages. 4. An el el
device conprising: a plurality of data receivers, each data receiver having
atrip point adjustor; and a data corrector coupled to each data receiver
for adaptively providing trip point adjustnent information to the trip

poi nt adjustor of each data receiver, the data corrector conprising: a
first ancillary data receiver having a first trip point adjustor; a second
ancillary dat aaple@éty\ﬁélseﬂi%ﬁvdon@glae@Qﬁmd\/IOSitpnﬁieibhpaiada’Ouglﬂd)betwaelt@)r rector

controller | ed.to t flrst tri Qi n eflrst ancillary
data recei ver ﬁtvocl,tg%ep?"reaﬁh? grsf%ﬁ%&esvevg%[ﬁﬁatcb}'%"]ﬁgﬁen@ aﬂ ustsg? of the second
ancillary dato@nﬁ?ﬁedi ueypd MO Saekapikioy pzms ARk i }ﬂhﬂaﬁty’[d’ﬂs&lmmﬁg@ddl pst ment
vectors. 5. The electronjc device of claim4 further conprising a |atch
coupl ed 27 13vrMOSmEsisiss paseaivshes wltege aidhs Gt Bedcand each data recei ver

of the plurality of data receivers for conditionally providing trip point
adjustnment information to the trip point adjustor of each data receiver of
the plura.ity Bfe idegatededeiivef daints, fiﬂnlmrebmplﬁsimg;i c device of claimb5,

wherein the trip, point. adjustnent infor rise i in

adj ust nent ve(f’tYﬂJ"]g1 ﬁfgéets’é,?éﬂ?%l?‘S@F’&B‘agi‘ ?ﬁé%oﬁglg é’?e%é&@%ﬁ)& 0igxmci Il ary
dat a recei ver shykitdd @usiERAGeapsble & prviBiaL a%lta%ikfé%n@@@f&gnély&ﬂdes 7. An
integrated circuit conp r|5|ngrt a data receiver havin atrlfg poi nt adj ustor;

and a data cor%@éﬁmﬂwlﬂdé@l e@aterréﬂmvmeaonddz:méﬁowaaﬂam & seepndovi de trip
poi nt  adj ust WF%%’P?’%E@E}HSP gﬁﬁ({lﬁ%na égﬁgnﬂdj ustor, the data corrector

responsive to a reference to generate the
adj ustment information. S An integrated circuit conprising: a first
transisto pal having a first type MOS transi stor coupled to a first
n-type Y eva\?e%{mmﬂrs ‘node, a gate of the first p-type MOS

transistor CO%a@QreﬁQver having a trip point adjustor; and
a data corrector coupled to the data receiver to adaptively provide trip point
adjustment information to the trip point adjustor of the data receiver, the data
corrector responsive to differential clock signals and a reference to generate the

adjustment information.

11. A memory device comprising:
a data receiver having a trip point adjustor;
a data corrector coupled to the data receiver to adaptively provide trip point
adjustment information to the trip point adjustor of the data receiver; and
a latch coupled between the data corrector and the data receiver to conditionally
provide trip point adjustment information to the trip point adjustor of the data

receiver.

12. A memory device comprising:
a plurality of data receivers, cach 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, the data

corrector comprising:
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a gate of the first n-type MOS transistor; a second transistor pair having a
second p-type MOS transistor coupled to a second n-type MOS transi gta?‘o \{i@%’i
second node, a gate of the second p-type MOS transistor coupled to'! @%
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; a third p-type MOS transistor
coupl ed to the fidsi andillanddgta eeceiver lhvimgtayfpet thifpBoint adjsstet, or coupl ed bet ween t he

fourth node and ground. havin a te. coupled.to a gate of the third p-type
MOS transi st or® Séf?(_’rtdl"f’é“”fl{éf:ys at%@&%‘;vg aﬁﬁ“&ﬁé?‘?"_ﬂ’s 3R p%‘@??‘ﬁgm&)nfi gured n-type
MOS transi st ora flabd Get€totiotpled &f Meqiipdt BetheffiritahciNagalatndcaveung; and 28 11 3
NOV 2006 a plurality of series configure MOS transistor pairs

red p-type
coupl ed bet weesduple ¢ &t ouppitiod e Sﬁ?ﬂ!ldtaﬁ@lllﬁlm‘ig‘éa raesder. wheseiaithe R8s vati ng t he
plurality of ser] i - i j t he
Dl ural ity of it coffitet BEARNidRE FEsl LRNBFIAL RBMSWRR 12
vol t age at t heoufput signasideten tHe.seddne anditleyrdataedceivercamdt of claim 8, further

conprising; a voltage reference port coupled to.the gate of the first p-type
MOS transi st or® gY¥ree ﬁgorftqoflgrcco[upgﬁg@ é?(?ﬁa%éjﬂec@éﬁﬁﬁ?@%d‘?g HBRAS?Thg a vol t age

reference si gngformaiish, thedbdtRctBPEntePetRbBsled B thberIaiep&h ddiRictecmRrd p-type
MOS transi stor of the second transistor pair capable of providing a data

signal . 10. A firsreseiflageddizesceiverpini spunjed @ thinsegondeitipippatt afiastonefthe t ri p poi nt
adjustor; and a data t . s ta . i adaptively
rovi de trip pordit AelRbLERLRbiTRHE et an oI b PR KBk el or ot Yt ne
dat a receiver,vetfoes.data corrector responsive to differential clock signals
and a reference to generate the adjustnent information. 11. A nenory device
conprising: a data receiver having a trip point adjustor;

13. A data receiver comprising:
a receiver having a trip point; and
a trip point adjustor coupled to the receiver to adaptively adjust the trip point of
the receiver with trip point adjustment information based on differential clock

signals and a reference.

14.  The data receiver of claim 13, wherein the receiver comprises:
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 transistor coupled to
a gate of the first n-type MOS transistor;

a second transistor pair having a second p-type MOS transistor coupled to a
second n-type MOS transistor at a second node, a gate 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 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; and
a third n-type MOS transistor coupled between the fourth node and ground
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a data corrector coupled to the data receiver to adaptively provide trip
point adjustnent information to the trip point adjustor of the data NOV 2006
receiver; and a |l atch coupl ed between the data corrector and the dat‘aS
receiver to conditionally provide trip point adjustnent information to the
trip point adjustor of the data receiver. 12. A nenory device conprising: 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 adjustnent information to the trip point adjustor of
each data recehaming a pite cogial toagatead thyr thd ppypesMOy: trid@istbd aNOWiB006 a fir st
ancillary data_receiver having a first trip point adjustor; a second

ancil l ary dat a"f%cei ver havi ng a second trip point 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 detléct ol hedupErceiyengf daimphd: waptgidhe BECIVECOMPIISEs anci | | ary dat a

r%_l fromthe second ancillary data receiver; and

recei ver with gie QuLpi: Sk
a corrector contro ﬁeﬂ}écoupeﬁ\é to the phase detector for receiving

conparison information, the corrector controller coupled to the first trip
poi nt adjystor of the first ancillary, data receiver. and coupled to the
second trilfg' poit ?dﬁﬁfelfg'tvfjrrogﬁal%’ WEQ%B’SF C BV AMPYGEY a recei ver for
adaptivel y proyigftenghifal ABplpRi-nt adj ust ment  vectors. 13. A data receiver
conprising: a receiver having a trip point; and a trip point adjustor

coupl ed to theapeltagevelerenes parhpupled|ty am iipusef thvdiferanpalggntifiesfand t he recei ver

with trip poin just i nf i diff tial clock signals
and a refer encéégtgjggﬁf@%da{oa%nrgglg@bg%@?@ 3@%@?&@&%& n the receiver
conprises: a first transistor pair having a first p-type MOS transi stor

TR R s e R A S LR
transistor; a plurality of series configured n-type MOS transistor pairs coupled to a node of
the differential amplifier; and
a plurality of series configured p-type MOS transistor pairs coupled to the
differential amplifier at the node, wherein activating the plurality of n-type MOS
transistor pairs and the plurality of p-type MOS transistor pairs adjusts a voltage

at the node.

18.  The data receiver of claim 17, wherein the trip point adjustor further
includes a plurality of adjustment ports configured in two sets, one set coupled to
the plurality of series configured n-type MOS transistor pairs in a one to one
manner, the other set coupled to the plurality of series configured p-type MOS
transistor pairs in a one to one manner, wherein the plurality of series configured
n-type MOS transistor pairs equals the plurality of series configured p-type MOS
transistor pairs, the two sets of adjustment ports 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 n-type

MOS transistor pairs is four, and the plurality of series configured p-type MOS
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a second transistor pair having a second p-type MOS transistor coupled to a
second n-type MOS transistor at a second node, a gate of the second ﬁ-téﬁe
MOS transistor coupled to a gate of the second n-type MOS transi st &NV ¢l
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; a third p-type MOS transistor coupled to the third node; and a third
n-type MOS t rizamsistir gaircisdpired bet ween the fourth node and ground 30 13 NOV
2006 having a gate coupled to a gate of the third p-type MOS transistor at
the first node. 15. The data receiver of claim 13, wherein the receiver

conprisego.a id dfd RB¢IVEl of PRI 17eRRViRthe tagd Meheadd is adjedwer of clai m 13,
wherein the receiver_conprises: a differentral anplifier; a voltage

ref erence por i ad@ugs &m aboud minysAd %Vt‘%ﬂ@uﬂpqsﬂtéieé’%inéy anplifier; and a
data port coupled to another input of the differential anplifier. 17. The
data receiver of claim 16, wherein the trip point adjustor conprises: a
pluralitgl.of lerdatsreceiménofutaid 1, whgyein D ltrakitysifsenes qaliggedoupl ed to a node

of the differenti lifier, and a plurality of series configured p-type
MOS transi sjtor“"t_ﬁ]%ﬁ ﬁ?sgtg%‘ﬁﬁgﬁ PRg® ‘f%rlsﬁg?j‘feé&éeﬁltsf\éh?ffsﬁﬂﬁ ‘iqpﬁglrlreg_f]'t e node,
wher ei n act i Vefo9@arksRedr phitd, ahd i phfrality by ReicMeSnfigdufediSiypt MOPahissstand t he
plurality of p-type MOS transistor pairs adjusts a voltage at the node. 18.

The data recepajiscomprizd appighted soitnd serias comegured pytypeiMPOS S@ptigpoRaisur t her
includes a plurality of adjustnment ports configured in two sets, one set
coupled to the plurality of series configured n-type MOS transistor pairs
in a one2l.0 Ofle daterenaver dfickrinhewhaein ticowgbketed ta of kariepl urality of series

configured p-type transjstor pairs in a one to one manner, erein the
i ur a1ty of StMeuosgnps BRLER il P medhd RGeSl sei P SOLGRITE ¢ pe
plurality of sefai0SdahiigF Srshrd ¥OightMP Based on a width to a length ratio for

each n-type MOS transistor acting as a load transistor in the series configured n-

type MOS transistor pairs and for each p-type MOS transistor acting as a load

transistor in the series configured p-type MOS transistor pairs.

23. A data receiver comprising:
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 transistor coupled to
a gate of the first n-type MOS transistor;

a second transistor pair having a second p-type MOS transistor coupled to a
second n-type MOS transistor at a second node, a gate 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 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 first node;
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transistor pairs, the two sets of adjustnment ports capable of providing
signals to activate the plurality of n-type MOS transi stor palrs an NQF?%B
plurality of p-type MOS transistor pairs. 19. The data receiver

17, wherein the plurality of series configured n-type MOS tranS|stor pairs
is four, and the plurality of series configured p-type MOS 31 3 NOV 2006
transistor pairs is four. 20. The data receiver of claim17, wherein the
voltage at the node is adjusted in a range from about m nus 200 nV to about
positive 200 nmV. 21. The data receiver of claim17, wherein the plurality of
seri es confi gurmarahtytofjseridstoBnfigured nsyperMp8itmgsistonpriisseuplediestyheretieset  of
series configure transistor pairs, and the plurality of series
configured p-t %ﬁﬂgmaﬁg&fggﬁa$§% pairs conprise a weighted set of series
configured p- taylcﬂ@raMﬁ)ftsélﬁ’é%SdoﬁﬁQIrecDﬁthV}ﬁ MO8 tratiéigtofigdin coesled baweafa cl ai m 21,
wherein the melghted set of series configured n-type MOS transistor pairs

and the wei ghtfdt vobageanddhe figs ED%nWh@Gmé’&tW%mE)}lﬁ@m@éthq RSt or pairs are
wel gnt ed_based pRededh il MBstrahGt Raifsahl r@ﬁrahgaog@e&stowﬁg@t ransi stor

acting as a load trans int Ies co transi st or
pai rs and for tegcMQs-transstol/piirs adjusss $v(ﬂnagmttthmgrsaso® |l oad transistor in the
series configured p-type MOS transistor pairs. 23. A data receiver
conprising: a first transistor pair having a first p-type MOS transistor

coupl ed tm a fiHeatanesiRe of MeXen b3 afferdiA ﬂfe pdrakieyfolf k&tes ROfRaura@l gat e of the
first p-type MOS transistor coupled to é]ate of the first n-type MOS

transi stor; asEeoMOY rramﬁgﬂt@rtr@rrs pamprisgaaighted sk ebyeaiepcenfigar ¥P? ansi st or

coupl ed to a %@E‘%ﬁgm&& e{eﬂﬁbﬁﬁﬁhé Bﬁlgagftf&%erl@st%o%ﬁgﬁx%?ﬁqygelg@r? dt"i’arllﬁf&o? of the

second p-type ransi stor cou ype MOS
transi st or, thrirseaamdserrwéiylpted MUGT farizn sarfigoredgitypb R GRaaibtdrpainsi st or 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

pai 1 coupyed Ueldigs bt o2 NIRrdif BRNCHUREY scPbr ey 11 7St transi st or
pair at a fourth node; a d p-type MOS transistor coupled to the third
node: 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-

type MOS transistor pairs and for each p-type MOS transistor acting as a load

transistor in the series configured p-type MOS transistor pairs.

26. A trip point adjustor comprising:
a plurality of series configured n-type MOS transistor pairs coupled between a
node and ground; and
a plurality of series configured p-type MOS transistor pairs coupled between a
first voltage and the node, wherein the plurality of series configured n-type MOS
transistor pairs and the plurality of series configured p-type MOS transistor pairs
are adapted to adjust a voltage at the node upon activation with trip point

adjustment information based on differential clock signals and a reference.
27.  The trip point adjustor of claim 26, wherein the plurality of series

configured — type MOS transistor pairs is four, and the plurality of series
configured p-type MOS transistor pairs is four.
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athird 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; 32 1 3 NOV 2006 a plurality of series configured n-type ?@?ﬁl%ﬁ
transi stor pairs coupled between the first node and ground; and a pIu Ity
of series configured p-type MOS transistor pairs coupled between a first
vol tage and the first node, wherein activating the plurality of series
configured n-type MOS transistor pairs and the plurality of series
configured p- type M3XS transistor pairs adjusts a voltage at the first node.

24. The data receiver of claim23, wherein the plurality of series
conf i gur e n- t Thserippaing pdingpselsiain 20y whersinthe plaralityelisgfited set of series

cont | 9ur od. - L YRR MES AP LisBB b colfilsd DGt abidikcls ser es

configured p-typ ansi st or rs conprise set of series
configured p- toppﬁgwﬁlsn{tymm‘()ﬂtwnsqs@r pairs, ﬁ’rﬁith&“pmrajay af seeleecmﬁ'rguwﬁ:lpcl ai m 24,

wherein the wei gh et.of series confi n- e tr nS|stor pairs
Bnd the wer gl MLES Gsisty odE tinga et el e R B pai Fo are
wei ght ed basedvoR ifindk@t faitd @ I ength ratio for each n-type MXS transistor

acting as a load transistor in the series configured n- type MOS transistor
pairs and for each p-type MOS transistor acting as a load transistor in the

series corfig i3t i t rel oi nt adj ustor
conpri si n%g auﬂfeqnglpg%%tgw eéflrcgdgl%c%h ﬁ%rg}?let we‘t%@%celéﬁ}dgs?rregny stor pairs
coupl ed bet \Neecmnﬁgurad)dey}amM(@rtﬁamﬂtor paick and pheweikhtey safof seids esnfigundd gur ed
p-type MOS transisto alrs oupl ed het ween fir, e and the node,
wherein the plRiREMYS Pn%%?q@%Péﬁﬁfﬂgﬂwgﬁmﬂ?P?ﬁ@”%%ﬁ? b §%§?§? pairs and
the plurality gfp ﬁ%&ﬁe%o@;%fn‘sﬁﬂé‘} eding agxm@ad%m&tb@ﬂlsthé&&fes B&ifictredai-€ adapt ed

to adjust a voltage at the node upon activation with trip point adjustnent
i nformati on baspaM§H warfsistar pairs ald fot erck pypmBIQS twandistor aetingrasradead 27. The

s B AR S NN R s o S S Con s
p-type MOS transistor pairs is four.
30. A data corrector comprising:
a first ancillary data receiver;
a second ancillary data receiver; and
a corrector controller coupled to the first ancillary data receiver and coupled to the
second ancillary data receiver for adaptively providing adjustment vectors to the

first ancillary data receiver and to the second ancillary data receiver.

31, The data corrector of claim 30, wherein the corrector controller includes
control logic for sending the adjustment vectors to data receivers external to the
data corrector after determining that the adjustment vectors have been provided 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
adjust trip points of the first ancillary data receiver and the second ancillary data

receiver.
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1 3 NOV 2006 28, The trip point adjustor of claim26, wherein the plurality
of series configured - type MOS transistor pairs conprise a weight egzj@& 2@@
series configured n-type MOS transistor pairs, and the plurality of i
configured p- type MOS transistor pairs conprise 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 configured n-type MOS

transi stor pairs and the wei ghted set of series configured p-type MOS
transi stor pairs are weighted based on a wwdth to a length ratio for each
n-type M3B.t r aitsi dteosorzetor nfjclaisn 30, mdackint thafisit eshatarydlatareceseri es confi gur ed

n- type MOS tr.ansi sto airs and faor each p- e trrapnsi stor acting as a
| oad transi stIB{?qu]?‘? atc!?éao%oé{?o lga%ﬂ??fdﬁ?eé‘ang?5‘%8“’%@%{‘@&1}&5&"8? pairs. 30. A
data correct oranmeDEpy d84 RGéiverdntlndsta RBGIdr @dnligead sorireedlings secangecond

ancillary data receiver; and a_corrector, controller coupled to the first
anci | | ary dat aclpecsgnabthehigt asiliaredata gpeeing coupled frithg sesond ansillgxdatar ecei ver

for adaptivel yre@eriﬁéfiagil Q&t%%%‘%%e%oﬁ%&&ﬁé of lteQei;/ilﬂE a réfffeﬁfr%g&gi'gél ary data

recei ver and to the secon ta recelve ta corrector
of claim 30, wherein the corrector controller includes <control logic for

sendi ng t adjustment vectors. to data.receivers external to the data
corrector?‘gfte heo‘%’fae‘f‘ot’ﬁeﬁ'ioﬁﬁpflf’fgf QQ’H’&“:?&]‘ %sﬁtéﬁf’rr%?:‘jtfﬂeﬁtgerhave been provi ded
to the first apdideesphdie aBGtibl Supledad an HRBR OfeleSHirdd nldIaty ehanggivéor a
nunber of adjustnment cycles. 32. The data corrector of claim 30, wherein

the adj ust mentandeotpied toran qutgnt of thetsecoad endillery daaecsiveacrtiorin therhaseo t he
second anci || a&e\(%?'cﬁtc%‘m@%%%ﬁ’ Sﬁtgﬁzf?%ﬁhpgftﬁé ﬂﬁ?&r?ciﬂa%( pﬁgk&gﬁe}i Gl a0 Nts of the
ata r n e se Cl ary fa

first ancillary ceiver cond an a receiver. 34 11
3 NOV 2006 33outfineigtalt feorn titersecdndrancillag! dataneSdverwher ein the first ancillary
data receiver includes a data port configured for receiving a first clock

signal, the second ancillary data receiver includes a data port configured
for receiysng omeSEEOQHrector of claim 34, wherein the data corrector further

includes a filter coupled between the phase detector and the corrector controller,
wherein the filter controls sending an output signal from the phase detector to the

corrector controller based on a predetermined setting.

36. The data corrector of claim 35, wherein the filter includes a counter for
determining whether the output of the phase detector has maintained a constant

level for a plurality of clock pulses.
37.  The data cotrector of claim 36, wherein the plurality of clock pulses is four.

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 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

35



clock signal, the first ancillary data receiver coupled to the second
ancillary data receiver at a voltage reference port capabl e of receiyﬁmzuﬂﬁ
ref erence voltage. 34. The data corrector of claim 30, wherein the dat a
corrector further 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 detector conpares an out put
signal of the first ancillary data receiver with an output signal fromthe
second ancillary data receiver. 35. The data corrector of claim 34, wherein
t he data cor r emfomafion tthesorienor sdewllar ¢duptedto deujpstedd betond &ip pdiet phase
detector and th orrector.controller,. wherein the filter contr.ols sending
an out put si gn%\cﬁ" ?rBrt;?rtalqutB’ﬁ sl%,\m‘éllg]tn@&l%Pomga(ﬁlf'?gnelﬂgf?tg@tt%Fhect%ﬁtttpgI | er based
on a predet er npsifchdmtitdriaidto B6 sechbh@ trifApointGdjus@et or of claim 35, wherein the
filter includes a counter for determ ning whether the output of the phase
detector has naintained a constant Ilevel for a plurality of clock pul ses.
37. The daba Cord &l Odnddor Gk it 36 wihéih HelnbMRCIhR! ld fe¥ei0l, ©f 0ck pul ses s
four. 38.7 A data corrector conprising: a first ancillary data receiver

havi ng a fi r st inchidgs pditmporadpnishomd; foarcs@ciopd fasicidck argpalddteaecomdei ver havi ng

a second trip point adjustor;. hase detectar c | ed .t.0 an output of the
first ancillar céi@ﬂégf?téé‘)é?ie\)@’im% ©s %‘l’fp‘?%c gﬁﬁgg&rﬁfﬁmag atHE" S econd

anci |l ary dat aclp@Eaby the MREARIMry Bfta BRBSEr ciPledtd Be seHBANEHadHaRUL put
signal of the first ancillary data receiver wth an output signal fromthe

second anci | | arepeivena avebedgevelerengnporhcapable of taseivingriebireree veltagsl ed to the
phase detector for receiving conparison 35 11 3 NOV 2006 information, the
corrector controller coupled to the first and second trip point adjustors
for adapt ugel yThe data chrregtdr ol plajao B 8\twiaekin ierdatif covectbofisthelo the first trip
poi nt adjustor ,and to fhe segq%rl)g trip point, adjust 39. The da}a corrector

r.
of claim 38, wh ‘éqeﬁ afth@r FquPsC bahveen iy _aﬁf‘a‘{e‘éecf%éég@}?rw“ieﬁelf e I¢f, dat a port
configured foryheemiMé RlerohirbR seddiCdh oty dlgnaltiien BRGARL defRfh kd MEY data

receiver includes a data port configured for ‘receiving a second clock
signal, the fidat cemasidribased caat predatarminedrsettiogpl ed to the second ancillary
dat a

41. The data corrector of claim 38, wherein the corrector controller includes
control logic for sending the adjustment vectors to data receivers external to the
data corrector after determining that the adjustment vectors have been provided to
the first and second trip point adjustors without change for a number of

adjustment cycles.

42. A phase detector comprising:
a means for balancing two signals; and
a means for comparing a zero crossing of high/low transitions of the two signals,
the means for 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

signal is concurrent with a transition of a falling edge of the other signal.
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receiver at a voltage reference port capable of receiving a reference

vol tage. 40. The data corrector of claim 38, wherein the data corrector
further includes a filter coupled between the phase detector and theSNUVZ%ﬁ
corrector controller, wherein the filter controls sending an out put “si gnal
fromthe phase detector to the data corrector based on a predeterm ned
setting. 41. The data corrector of claim 38, wherein the corrector
controller includes control logic for sending the adjustnent vectors to
data receivers external to the data corrector after determ ning that the
adj ustnment vectors have been provided to_ the first and second tri oi nt
ad} ust or s*wi t hidtPhasealslfstor of C]gl%ﬁ%»ﬂé‘}er%‘ﬁth&d?%f ﬁ?ﬁi}@laeg}es B¥ 42, A Bhgse
det ector conpriishfddcon@yri¥e@ns for bal ancing two signals; and a means for
conparing a zero crossing of high/low transitions of the two signals, the
means for bal afostigAiibbzasé pvangancamuplted to the nmeans for conparing a zero

crossing of the t I |s., 43. The phase detector of claim42, wherein
conparing a Zearsgc%mﬁﬁéﬂﬁggag?hatv%gaq ol gnal s conprises determ ni ng when a

transition of Hrst h$jpRGapslger ouplidebetvided Redunt Snd R GUtpue ot theiikst NAANDansi tion
of a falling edge of the other signal. 36 13 NOV 2006 44. The phase
det ector of cl&#% 42, wherein the neans for bal ancing two signals conprises:

2 first NAND Galceolafiiynd oAl Bbicd BerieaORG N BbRphAY REkcBEPL UL

first n-type capacito etween gro utput of the first
NAND gate; a N&NDght:-type capacitor coupl ed between ground and the out put

O X AR T R R T T A S
gate; a third dsetodEnearashiphid ©okpdeshtRetheseibndNAND garg an out put of the
first invert ear t'hird 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 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.

45.  The phase detector of claim 42, wherein the means for comparing a zero
crossing of the two signals comprises:
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 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

crossing of the two signals further comprises:

a third inverter coupled to the output of the NAND gate;
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a fourth n-type capacitor coupled between ground and an out put of the second
inverter; and a p-type capacitor coupled between a voltage and the‘DFNBV§%€f
the first inverter, wherein the n-type and p-type capacitors have '

capaci tances 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, arisetine and a fall tinme for the first clock at an output of the
first inverter is approximately equal to arise tine and a fall time for

t he second clock at an output of the second inverter. 45. The phase detector
of claim42, vhSughpinverer ¢aspled 1 garics inhapntabt of thethid igedssi ng of the two

signal s corrpriaSﬁﬁ]{1 iﬁe%uﬂ@&%ﬂﬂ@‘éh%ﬁteﬁqhé)lqbﬁuégt&oum ed to a first inverter;

and a NOR gate having an output cou to a second inverter, the second
i nverter haviafyrsaprtyetNOS teosipoechuptedam sériep withake outputhMND fgaittle, an i nput of
the NOR gate coupled to an output of the first inverter. 46. The phase -
detector of cl@'t%5, wherein the neans for conmparing a zero crossing of

the two si gnal $fifsth 4 IRIMOSHRINEISES couplddbetvrbeh e rkes- }?@mgﬂaﬁﬁst&ﬂ'&dom put of
the NAND gate; 37 13NOV2006 a fourth inverter coupled in series to the

out put of the &mdeda p#¢ ef thedirstp-typg MOS wansistos couplefblodzaterfithefigti®put of the
NOR gate; a fi MBS HEE [ 0 i i 1 he out put of
the fourth inﬂ\’yé‘% m%%g&h réhgﬁﬁég@%ﬁ%%wgégﬁ)s g?&%gddgﬁlé@%{){ebt%\leen t he
first p-type Mofputodteifdfthonvated, a node, a gate of the first p-type MOS
transi stor coupled fo a of .the first n-.t MOS transi stgr, the gate
of the first p?i% Wegﬁégéﬁ%ﬁlé}w%ﬂkﬁé‘ﬂswsﬁtﬁﬂ%‘f%‘{tOg&etftff@fifth

inverter; a sepofbrPaidype MOS transistor coupled in series with the output
of the fifth inverter; and a second n-type MOS transistor coupled between
the second p-t§frsonBtypedMAsitrengstonenipled betiede thegeepda-pe MRS second p-type

VDS ¢ ranst stor e SRURL et R e 4%:6 Gnd DEoRRERRY MOS HRRIIERALpRAR 1o he

gate of the secon
gate of the second n-type MOS transistor, the gate of the second p-type MOS

transistor coupled to an output of the fourth inverter.

47. A balancing circuit for balancing two signals comprising:
a first NAND gate having an output;
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;
a first inverter coupled to the output of the first NAND gate;
a second inverter coupled to the output of the second NAND gate;
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 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
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transi stor coupled to an output of the fourth inverter. 47. A bal ancing
circuit for balancing two signals conprising: a first NAND gate hw“?%hﬁﬂ%
out put; a second NAND gate having an output; a first n-type capacitdr
coupl ed between ground and the output of the first NAND gate; a second
n-type capacitor coupl ed between ground and the output of the second NAND
gate; a first inverter coupled to the output of the first NAND gate; a
second inverter coupled to the output of the second NAND gate; a third
n-type capacitor coupled between ground and an output of the first

inverter; a fcurinmtio thysecond DHENP gatecwiisn wae prst el iingg o e fupielesk abut put  of
the second ' %%Ep%i of ﬂ’l@ﬁ‘irsﬁ‘ 1rgleh¥ﬂ§ amggigia%e@# %cgﬂpt%l Sk RFNGRN @1 Yiglet age and

the output of the tfirst inver pe and p-type capacitors
have capaci tarfoemesmonéubhkwfmltc)utﬁlmmwe sédondﬁnvrettack si gnal at an input to

the first NAND gate and a second clock signal at 38 11 3 NOV 2006 an i nput
to the second NAND gate, a rise tinme and a fall tinme for the first clock at

an out put4gf t}b?hzfsbH@t%ctﬁd?lV&{chﬁ&brlc%n@ﬁ@ﬁg)a(td?@h%lsé{n%%ﬁlosii ghals rise time and a
fall time for the second clock at an output of the second inverter. 48. A

phase detecti cAMiEBEIt for conparing a zero crossing of two signals

conprising:. a MA’R&%&W&%@@&H@%&&%%1§9erﬁe9 Aqfirst inverter; and a

NOR gat e having an o to a second 1 nverter, the second i nverter
havi ng an out pﬁEIOR(gamltmdlﬁgmnmntpunmlmladftohhecommegeﬁ, me sacnnldnmwrtenf t he NOR

gate coupled to an out ut OIf the first.jny r. system
conpri si ng: aﬁ%é‘&é’%’ L coypipd g0 ﬁ’éf?é’PE/Ofc}l%‘?/Ngi.\hggﬂﬁl aé‘d“ﬁ?‘ﬁ ﬁ'@ﬁﬁ%é” sor, the
nenory devi ce &@pRA tSidWitpd Opmérfg:gtllﬁ%r@f data receivers, each data receiver
having a trip poi nt adj usl?
49, A processing system comprising:

a processor; and

a memory device coupled to the processor, the memory device comprising:

a plurality of data receivers, each data receiver having a trip point adjustor; and

a data corrector coupled to each data receiver to adaptively provide trip point

adjustment information to the trip point adjustor of each data receiver, the data

corrector responsive to differential clock signals and a reference to generate the

adjustment information.

50. A method of operating a data receiver having a data offset adjustment
comptrising:
providing a data signal to the data receiver;
providing differential clock signals and a reference signal to a data corrector;
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 differential clock signals are are provided
externally to the data receiver.

52.  The method of claim 50, further comprising providing a reference voltage
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a data corrector coupled to each data receiver to adaptively provide trip
point adjustnent information to the trip point adjustor of each da;? 0 ;
receiver, the data corrector responsive to differential clock signa § g&@
reference to generate the adjustment information. 50. A nmethod of operating
a data receiver having a data offset adjustnent conprising: providing a
data signal to the data receiver; providing differential clock signals and a
reference signal to a data corrector; generating adjustnment information in
the data corrector related to the received clock signals; and conditionally
sendi ng the adpﬁi@tdmﬁmﬁr@ndﬂtqcbtﬂWGGHQEtOdE@‘adfF etaferorge lewd forThe met hod of

cxternal |yt o SREHAFa Ll G Rins Sofiitodled AR pFE bRl BB

conpri si ng pr alatdion@ctar.r ef erence vol tage 39 11 3 NOV 2006 to the data
receiver and the data corrector to provide a reference |evel for generating
a first trip point in the data receiver and a plurality of trips points in

the datasgor raehRlihodor cldes0TRhBRth Bé cl%uag@a'ié)and/mgaﬁh@lgt%me clock signals
and the data signal originaté froma commpnh source he nmet hod of claim

53, wherein thﬁu@mmmﬁwn§6@Hm@Mdowwﬁqses a common chipset. 55. A nethod of
operating a data corrector conprising: providing a first clock signal to a
data port of a first ancillary data receiver, the first ancillary data
recei ver $F. oviTlerntetAdd odlgnt 535 nge@in thebah@dn saurédeniprissd a cl ock  si gnal ;
providing a second clock signal to a data port of a second ancillary data
recei ver, SOPREN&BIPsAd ancil lary data receiver providing an output signal
related to the second clock signal; determning a difference between the
out put signals of the first and second ancillary data receivers; and

55. A method of operating a data corrector comprising:

providing a first clock signal to a data port of a first ancillary data receiver, the
first ancillary data receiver providing an output signal related to the first clock
signal,

providing a second clock signal to a data port of a second ancillary data receiver,
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 second
ancillary data receivers; and

generating adjustment vectors correlated to the difference between the output

signals of the first and second ancillary data receivers.

56.  The method of claim 55, further comprising:
providing differential clock signals as the first clock signal and the 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.

57.  The method of claim 55, wherein determining a difference between the
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generating adjustnment vectors correlated to the difference between the
output signals of the first and second ancillary data receivers. 56. The
nmet hod of claimb55, further conprising: providing differential cloc Mde®|S
as the first clock signal and the second clock signal; and providing a

vol tage 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. 57. The nethod of claim55, wherein determining a
di ff erence betonta sighas ofiide fisst polsezoabancllirpdata sicgivals somprisdsaleferting  and
second ancil |l gr . i i ti . 0 crossing of the
out put signal%’oggéh%"gﬁgﬁb%gﬁéﬂggﬁg&PZ?%F@@?%&(hggﬁa?ﬁggnethod of claimb55,
further conprising providing the adjustnment vectors to the first ancillary

data recejyver gnd to secqn ncillary data.receiver. 59. The nethod of
clai m58,°%urt rm‘?f%?f{ft‘]fie ‘Wﬁe%ﬂ‘f%ﬁ@%‘ﬂ@ﬁét TYSHBFE t he adj ust ment

vectors to dat@cloRasinefiSt iRl ddta fleitnd 3 MeGOEdn8 Gh& lary dfd reddier Mt hod Of
claim59, wherein conditionally nmaking avail able the adjusStnment vectors to

data receivers external to the data corrector conprises: determning that

t he adj us NtV LoVvige Q. th S I .data receiver and to
t he secon%(fgncrlmeﬁ‘gért@(gd(sj(éf!toc(llalrrneécggé?u\ﬁé1 r %Oﬁéisingﬁépﬁggh%gﬁé%éﬁ for a

predet er m ned availdbdy the tidjastinieat veetrs ©ydatasscivndlextaialng tigvdikd alpteetot.he

adj ustment vectors to each data receiver external to the data corrector.

61. A nethod for operating a nenory device having data receivers with data

of fset  aglj USURNEERIPI SIS, wRERMW Ghii%oRaldahakisd SRAhbIE ?neaadﬂﬁfrﬁ’en'% ecei ver;

providing a first clock signafl to a data port of a first ancillary data

recei ver, the veflorsstp datagedeieryextinal to theelataaorthetot ognpgists:r st trip point, the
first ancillar%hdatar l.ated to the

ceiver. rovi di ng _an out put ~.sign f
first clock si egin}m%%' B tithf A ugglggtcvg ﬁ%(?“gﬁ%‘élﬁe‘i;‘i"gﬁ%f“s% Cillla&%ﬁ %{a port of a
second anci | | agyeivbatad foafi€katend ancillary data receiver have remained constant for a
predetermined number of adjustment cycles; and
making available the adjustment vectors to each data receiver external to the data

corrector.

61. A method for operating a memory device having data receivers with data offset
adjustrhent comprising:
providing a data signal to a data receiver;
providing a first clock signal to a data port of a first ancillary data receiver, the
first ancillary data receiver having a first trip point, the first ancillary data receiver
providing an output signal related to the first clock signal,
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 signai related to the second clock signal;
determining a difference between the output signals of the first and 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
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the second ancillary data receiver having a second trip point, the second
ancillary data receiver providing an output signal related to the'ﬁfﬁﬁﬂgmﬁ
clock signal; determning a difference between the output signals o

first and second ancillary data receivers; generating adjustnent vectors
correlated to the difference between the output signals of the first and
second ancillary data receivers; providing the adjustnent vectors to the
first and second ancillary data receivers to 41 13 NOV 2006 adjust the
trip points of the first and second ancillary data receivers; and

condi ti onal | y algstiihadrin peinadif thetfiretrind yecond prciiayy dhte refwivgrs; eedi ver.  62. The
nmet hod of cl ai . further i.slng. i di differential clock signals
as the first c%%%%“%?éﬁﬁ lg%gggﬁgmﬁ%%gﬁﬁﬂ%gﬁgﬂeH%PS%%P?£and provi ding a

vol tage reference to the first ancillary data receiver and to the second

ancillary data recejver tq set a referepce level for the first trip point in
the fir st ancihemgthodefichimde fupber camprisngecond trip point in the second

anci |l ary dat ?ro&i@%gidYﬁrentﬁﬁclogwﬁ% £Qfe ffst abal ﬁ%l@d:l' andMIEEIAdcRRAI tional 'y
J nt t

sendi ng the adj ust vectors t e data recelVver conprises: determ ning
t hat the adj ustignehtandectors provided to the first ancillary data receiver
and to the second,ancill ar ata recei.ver have remai ned constant for a

ot edet er mi ned MENGER 2op G S ERMER B B eoclly dhimaiens: P BHR Haef f ecei ver
is in a quiet peillaBdat:AReeiPEraY kdliatgfctdnee RUGIUST HE fifst WGCpdlfit ihehd fgr data
receiver if the data receiver has been determned to be in_a quiet period.

64. The net hodnsillag) dataicegyengnd papqond e pRintan thresered angilagy dpig a recei ver
includes a ting.p&kiod during which the data receiver is not transferring
data. 42 '

63.  The method of claim 61, wherein conditionally sending the adjustment
vectors to the data receiver comprises:
determining that the adjustment vectors provided to the first ancillary 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
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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