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signal OUT D FF provided fromthe output of a series of succeeding or
cascading inverter stages 102, 104 and 106. Input buffer 100 is configured
to anplify the difference between the input signal |INPUT and the reference
signal REF into a high or |ow signal.



30 For exanple) with reference to Figure 2) during operation, when input
signal INPUT is at zero or ground, e.g., the output of transistor M is
zero) the inverted output signal OUT DIFF will remain as a19iAugust@RQs:
when i nput signal | NPUT goes above the reference signal REF, the output
signal OUT DIFF will switch to a |low 2 19 August 2004 si gnal; and when
i nput signal I NPUT agai n goes below the reference signal REF, the output
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Figures, and: Figure 1 illustrates a schematic diagramillustrating a prior
art input buffer configured for voltage detection; 20 Figure 2 illustrates
a timing diagram for operation for a prior art input bufferl9Aaus§20ed4 for
vol tage detection; Figure 3 illustrates an exenplary enbodi nent of an input
buffer circuit confi gured for voltage detection in accordance with the
present invention; Figure 4 illustrates a timng diagramof an input buffer
configured for voltage 25 detection in accordance with an exenplary
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30 to at least three output terminals representing a high, low and mid-level state of
operation. In accordance with an exemplary embodiment, the three-state detector

comprises two differential pairs of transistors configured in a back-to-back .




19 August 2004 state voltage detector. In accordance with this exenplary
enbodi ment, the reference generator is configured to generate at |east two
reference vol tages to be provided as input signals to the RIAugust 2004
detector. In addition, while the reference generator can be internally
generated within the input buffer circuit, the reference 5 generator could
be provided by various external circuits coupled to the input buffer
circuit. The nulti-state detector is suitably configured to receive an
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as well be described in nore detail below. 20 Wth reference to Figure 4,
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10 during the md-level range of voltages, the providing of an additional
range of operation can facilitate various advantages in the pi
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addition 25 of command pins t di ngly,
t hr ough usHPBY rle%r%l;egt ?réerﬁe'ﬁg%&o Y®84B%%ﬁg£h§nhgﬁﬂ%? lxéo%%@%ieg‘gut s from
ot her devivegsuseldcitcalcdévices) egs|rgﬂstbrscéran$l§t0w5e§a@%‘doﬁ§y diodgs @A Ptheie nunber

of pins necess to h o p I s 2X Atéidea

synchr onof?”@ﬁﬁ% W?g%dg}% a%cg\sg rrermrabl? %SF@ feg {)&I 2%%5 tv\,hl ch is 30
neededi®t o puempsepade additionntigepresersripuenden @Wt@r@facﬁéﬁﬂ iyany pitearaleft y of
comand i lL.e ) u tlicede KdeAS), row
addr ess s?’?r %?aeéﬁéto@%h%%olﬁféﬁ géteng@o” LE)tI Eé]ﬁs?feﬁéejgg@g% v lto decode all

t he possi lExemplemtbedoresenttisvan§orimay becetieey wibHu@ey QHPB?I%QH TRACEGr at ed
circuit p t | [ESRR Granyetepdi ment s
of input gﬁ%&g?ed Freuit }@Slgggéhg ve%ﬂgﬂgfe\@&ble%t%&%tl&bmg PR v

er circuit re -con |gure_ hree- | evel ﬁ})ector 304
for provi dmtagatadrwreuld)amﬂlﬁﬁtl@ oPiehsge0e/Rl 2PRICAYONS AhR] MeayTes 7 RASPEEALY i ve of a

low  misd- gyl skglgg Jl“tl&g1 t'o@"c’ne bﬂesé’h%’édbs@&aéﬂé ok d@@érﬁﬁdtlﬂﬂai'etannput

buffer circuit gur ed vmtharrultl-sta@g fc,&_lor f or
facilitat |h$gelfad(ﬂ10WeUﬂlafOFrF&1f@§§5@f g tion oieCXBTPIRHY eRRPdiEe ®reference

generat or p?%%n?ﬂ%ﬁ*né?ﬁmpﬂé 'd@b’ér%‘édtﬂeré?ﬁ (Y icEnertien Qvithnan @ mddbty ohnal
reference

tages, for exanple, reference voltages REFS a that are
great er th?@n“qaéﬁleréﬂlf@e(ﬁdf ﬁﬁ@féd IQEF‘ZOtE‘?JS hat hdle; yal “%@mpﬁngﬂgtr%r Scc, to be
provi ded %%ltélﬂ)?’%up?écg&ab&m%@tea ténatHek cérhp@r&enﬁhe\tvmh ekedldry difutsghuconpar i son
of input 10 reterence UT to tvvo addi fl ong{ ref renﬁﬁec\(l Ltg&% REFS and

REF4) 2Qul (CPORRCHPRS R qayPlingss ceAnbgr tRafizhd Y G5t PIURFISTL But ST gnal s
repr esent icBghpbhates, Sdradyeéormfecmradduprng fReoughadimgy| compenemts tandsdeyices vol t age
det ect or 304 canrpag% e alow (QUT,), i.e., INPUT is |ess than REFS) a
| ower i d19%e{Rd the gkwee-,n e., INPUT is greater than 15 REFS and | ess than
REF2) a md- |e)°(§'dns(c§k£53) abdvee currérmbplt ibsiffenseannégurethdor REERe adetedtie’s t han

e’ REFa E0Ra 1050 gForaeuoT peaton.fo st Fodlicgl S bt f ey 1 e

t han :Qgpplvyna/gy (Sagecdffdﬁlonstmt additih, ppeseat inpat bmffera@onﬁguaed ferovoligg® command

pins A an east i t ach, even
addi ti onalde%ﬂﬁ% ergncéanggurg oggﬁéﬁt@sﬁ%gi Otg?érea i ?Q@h \?%%Jtléﬁ%{)&%ﬂ?

circuit 30Miteddyohdi mghyer aircommand ping. arhoweveltinkafcpeianes Milli Yarods be
configured w fe r; [ Luit and B th&put buf f er
cireut)  GPITo A ARE BIPE R Mg imptbEY “ﬁ’e;;ﬁ“@a"g:ﬁ‘é | ral oy of

ref erence cvnﬂgumﬁaforpnotbwajéelect@naarmnr@\ﬂd&ﬂtfé?bcﬁfefaétlﬁ up® obatpdteE plurality
of states r lfgr ERNipEABpEIEFordSrdraved s of

oper a?ﬁbon glia %E@é?%%ﬁaﬁ\ﬁéos%sm%g\}segsas“@t&gl BabeSr tesltpl ngﬂ,) but alrso t he

f unct i onalsemg dmfpad:e integrated circuit devices can be greatly increased

W t hout i ncrealtﬁ $o dd]a[%cgqﬂﬁle n ke FPRRRBRAbBIRBND &N Stangplary. inpst Blifecussed
a

above, three-s ctor 304 can be confi ured in varlous nan ers to
provi de a cireuit doafigured dortvatjese daig@iopfcompatesd Wremgwm U3
accordance wth an exenpl ary enbodi nent of the present |nvent|on W th
reference to Figure 5, an exenplary tgree state detector 500 is
illustrated. Three-state detector 5007is suitably configured to provide an
out put signal representing a mdlevel range of operation. In this

enbodi ment, three-state detector 500 suitably 9 19 August 2004 conpri ses
a pair of differential input buffers configured for receiving two reference
vol tages REFS and REFZ and for conparing to input reference I NPUT. Wile
the pair of differential input buffers can be configured in various

manner s, |n accordance W th thls exenplary enbodlnent the palr of

I L O T  r r r r o " Y M T




10 share a common connection to the source of transistor M, all of which
can be coupled to ground. In addition, transistor M- has a Bate couBI ed to
reference f voltage REFS, transistor MZ has a gate coupl ed1 04
reference voltage INPUT, and transistor M3 has a gate coupled to reference
vol tage REF2. In accordance with the exenplary enbodi nent, transistors M,
M2 and MB conpri se n-channel devices 15 in an n-channel differential pair
desi gn; however, in accordance with ot her exenpl ary enbodi nents,
three-state detector 500 cou|d als fl qur

di f f er ent i Hftep¥PtagE eLRIGHO - v aﬁcqgﬁ eﬁ’qrg tb CSQQ'F%? y?regﬁgla@%gr sthlel, M2 and
Ma, i.e., refdréhcergenbrater is Sopfretd deddratalat labstywo eglesanesd vgitagespgo @Bannel

devi ces and hav sour.c Ly, cgach i nput
pal 1502 AEMEReT EPE g § B LS ety KA Moo el |
508) res peg‘dnlemérycan% frterhaliyi germrated mdthint the BMIBH antlesgulr Bedsiretred to
provi de. out put . si corr [ lighut BD#dr vol t age
nd et 9ot oPURcRe BEMIEREY VeR, el GIEERE LRI lo B D e

p- channel dnmnsﬂsé oukti-dWteadete did, is kaitablycroptigused toiaseive &8 ”ﬂ@&jé@fﬁf@f‘ce-and
current mrro cuit 50 i i s dfp@and M,

al so havi rﬂj1 %‘?{H%%{sgactggﬂét%qgaégom"r%ﬁ&t&ﬁ%ng?g@? E/%Qrd COpr gured in
a di ode- Ilskghamacnarmrleast theee o'utp@t tpaminalsrrapresentcs aleast 8riRWce 8 tﬁ Bher.

Thus, to CO§R S %‘?&? %Ht%nSOZ and 504 to current mrror circuits 506 and
508, the dPains S1%6T0T s M-, MZ and M3 are connecte?l to the drains of
transiftors I\MForMsxaimMel\m aacoedence Witk lap. exefpiandiemberimant o thaprestor 30
LAt ot 0" Bydffon, A rd¥en Al o CALCd, BA xenalyy pol haarer (o) 300ut put

S|gnals fr air o fere tral’ input buffers n be

provi ded tcmnﬁgdredr\/fqre»fOéawdetemﬂpiﬁt'”L(sm 'ﬁcﬁféorgﬁﬂcq Wﬁ %fHF&H‘ng'P??P nce

83% Bﬂz ggﬁ%%%%ﬁsr cnfc%xﬁ%téu‘ﬂgﬂgg cog%néé%ea ?éf@r’éﬁbéibyné?ﬁiwtﬁomti a thoae-r ef er ence

is confi % the dra é
transi storstm‘(ﬁ @t@tmrh@%ouﬁai@eme OeRARtos 307 | %/8’? ¢S 1 iTEF S ?esiug e out put
node \%kg&é‘%cgéﬁo% Ginetdle agfeﬁbﬂwgfretbfeﬁheé ivtages MRERNdnd REF5dabee of

transi st or fee-state detector 500 a ri ses loqi vi.ces

confi gur ecprwdqﬂwnl@t signaheto tbwer%@t@deteﬁ{oa%&évgpnp erelivE qﬁ“&%t?res\g}gldagut put
signal s. ﬁgé)ré?@”Ei?ch quﬁglgraﬁloﬁXf@mgleaémthbeﬁérmat yoltaigesearst e det ect or
conpri ses amg)

uralrrty of inverters 510 514 , an
excl usi ve iTHudRR @@I@erpﬁ%rpsd%prsdeyfgs cglr%”reodlﬁva@f%]bgmgpgﬂgg@gn an‘pl’l se
any convergnldyypa}, llcﬂ?\{'@r bRBn§HREtGUBRE i2p). niTbereshmpdister emdlor ofapaRiteer t er s

510, 512, 514, 516 520 o o
oL ShF s encane s PR o8y B PL oSy 10 ot e

transi st orgeRicey,i GeBJR GaVidesh Foriinectéferente ggneratnd 302enamme; mkﬂgur% t he

inverter is a a connection to a
Voo power '%téﬁﬁl'&%r'ﬁ?tln t\%ﬁé %Hnef ?q{bmlﬁprfjlv‘géff{gg#‘%\gteen{ag}ﬂrﬂgéa | ogi ¢ | ow.
Meanwhi | e, exciru@exswatm@@&t@r sazsls:amtaalysoormgwpdutgereaﬁgnl&mé’ﬁter:bﬁal circuit
f or providin exclusive OR fu t r dgyred to
recei ve a'%tteg?%d]atﬁr‘?frﬁ" RS JRI%RC 8h%c{}étm£?dlr|]&§é§>l‘h r%l Wc;bgglgdgﬁe an out put
SI gnal250UTccordBhedwitts anreiaemptary/en'bbdm'het kruaﬁ-rs@ueﬂet@ﬁtor ﬁB&S qnfard | NPUT,

.e., less than reference,vol pugster 510
| s coupl e§°tr8°ec"ﬁae R R Vtags, {7 é%E@% ?dqg'roggﬁ Cgh?aﬂ%or?ce){footnt gut of
i nverter Sérencs voltagdse (REFe mhé?EﬁnmeVldﬁ t@)@@lﬂk@ﬂ?élmsdﬁf’g;%’lgi Ranwhi | e,
inverter 5 K€ fgcgb’@lr ompd4 ltethegeence
out put noc‘éﬁjkf)”};\%&?%gp&w&% %r?t@ﬂﬁ %@32%5%3% |cat{o|hs Igd tp the input
of invert estats Héteztod 304 lio napalkie of rleh@ntiUtgp%meJ\‘eV?‘rf@%QQ ghv @tfge \Rﬂ?réﬁonpr ovi des
the hi } erﬁ] &dg@%g RUE of<9BRl rﬁHT Vel Frde 5f%pE||%‘ﬁoh nestingoéoreitiehsisavee OR gat e

516. | i's-connected to the output of excl u ive ??%Ogﬁte 516, and
i s confi guwedudted pyithin de safe oud-jsvel ¥eligaal ra(wﬁz'ﬂﬁt?aﬁ P 3Pep t'8%i ve 25 of
a md-lev t Thi ee 8CfoPra 2REn Ceracedss whide silli t abl y
confi guregjreé/at?ihugged& ab eﬂ?:el ﬂgﬁl toéétrgﬁ@oﬁeﬂgol Lheét n‘lmr? on and "of f' of
t hr ee- st atapetting s artandam HPpubPrYGe: FPoh cHveRtPnaRLW “gP'r’cwt For
exanple, three-state detector 500 can include a tran5| stor M- coupl ed

bet ween the sources of transistors M-, MZ and M3 and ground. 30 Transi stor
M- i ncludes an enabl e signal EN coupl gd to its gate, which can be suitably
enabl ed by any command signal. Moreover) three-state detector 500 coul d be
permanent|ly enabled by tying the gate of transistor M/ to supply voltage
Vcc) to a DC supply Voc or, for exanple, to reference vol tages REFS or
REF2. 11 19 August 2004




While three-state detector 500 is configured with a pair of differential

i nput buffers sharing a comon node) it should be noted that two

i ndependent input buffers, i.e., without a common node, colPAugush26@4
realized in accordance with other exenplary enbodi nents of the present

i nvention. However, it should be 5 noted that such independent differential
i nput buffers absorb a significant amount of current during the sw tching
operation. For exanple, each independent input buffer can consume 600

m cr oanps or : t 's‘?’dF%

current bei ng”gfgoﬁs%{r?e"%% W\F}{ﬂ’La ﬁx@ﬁhﬁ%ﬂapg%ddgsegtgn 28({)”\@['(? (J:)arrtla énlévb ari ng of
transi st or sepi@seating M8 valtshamd with it misideved detestion aﬁ'fdfosoatha@d a:tﬂf¢r§me m rrors
506 and 10 F@?_we r tel 0 gfg% nﬁgﬁ;d

addi tion, agﬁiﬁng S\ ﬁhﬁpﬁmﬁ%bﬁsﬁfs\%{bﬁs%’(}g %I\/S cﬁ/ngggl nput SI gnal

| NPUT i ncr epsexmatety @k volds eiwputabeffedl dircoitr3pd o#n @uH rR§ﬁYId¢ dorr due-plated for a
common god |INPLS i88era@yiar @60 s However,
in an eﬁbogpé}gmd\w,{ﬁ% grsgérg{' ﬁ%ﬁgﬂ?{l\ t%%u%lflféﬂralsJ Iagermchméts five tinmes or
nmore currevaltscan @@Vﬁe@lq zmﬂs 1B Wekyisansitioningh it fween.i 61900t ee- st at e
detector 5 r%ﬁﬁaf&?&lzvﬁﬂb’é&%néﬁsﬁ'h@ tﬁh'tﬁﬁhtfs‘tﬁnaﬁﬁ@m‘?'|§‘Gntltﬂhethénnﬁd|eVe'

voltage ra range 1s used for testing purposes
rather t ha'ﬁVq!llSﬂleFECg%P%[tqd(ﬁﬂ -2-1h& vells fosapy @66@'&%‘06% & Wi Sisprly WitkiB@ect or 500

can be foﬁ&%l t?!arwgr@nzt%uab{ tﬁeeﬁhtbclbw rédiéh, GHhid8Blel bLBIBEIghATOUL) ddar ough Ms

can su ecr easin resp ective transi stor channel width 20

or i nc?&as?@t@fotvlﬁ’édtbb’éh@esﬁt@? Q@?ﬁ&?ﬂﬁ@p“l dhgftanld be peted that; the Bighagndigar v
enbodi nentsu%ﬁﬁ'léb@lsn&neﬁ@%ﬁ‘ig%téoc#l'\IanWﬂ fargEg@sp&idig Mrihcapiieatoncan be
choked off by coupling the gate of transistor M- to one of supply voltage
Vc~, to DAdasg pply Voc or, for exanple, to reference voltages REFS or REFZ)

as well as usi rrare%-sttéter&te&t&rsoalsamaatpéontﬁrfs%taaabqrofMtfehamamgpdtwsferstrength
On the other hand, to confi

ure three-stat ete 0 25 operate nore
li ke an ndPoRASUTBAfardecelying t"g Eeégrengq Y@ﬁg?ﬁgf‘: aﬁagﬁfzﬁé‘f’.f% SCRRP a(rﬁg vari ous
transig ortg fRR feferddet NHUT. WeHiRABE thalt ofoinpel bifees adh Ukt eshfigaiedviel | as
separately Prow di ng an _enabl e si gngk to the g‘%() Si @tor t%v for
control | i NG BB ol EhFYEaNGe WEN 437 TFEIP ‘%%RL/“E'Q dBEEN PR a
exenpl ary c%féwl 3mlr)1=tmt95lya:ogtpge@e~ atoadh Jﬁ?rd&ﬂm(pbms oﬁfb@wsuaorsa@negmgqbtrea o;
operati on w.be provided wi.ith reference to Lt i agram
i IOI ust r at F - E? @?\gerrt‘eﬂt U %’ag&%ﬁﬁP@jﬂoPéPg?e%'Egh gﬁeﬁtaogg'”%@%ggonpr |gses
a 1.0 vol treQJItgnanweV\b.urlfeht refuremocte, \A?thélm;edmwomme detzil helbws vol t .
si gnal,, For an tion, en in [ round,
ang th?t?s | ess Y\htﬁ %B?W‘?eqﬁglg”iegﬂ%%wgt()pﬂ%gﬁ é?’é@;%?\?}é%\lfa%)gsaﬂ%lgsgand
REF2, nor énmisigaat INHUT isf dtczerd br gmghd tausms isignet OV wﬂdrmnm ha@ hgh

resul ti ng t signal
will be reSli ?geé\ﬂg tUt%@th d‘?‘ﬁT Zhce %We”% %VJW %gttth eyl nput to
i nverter Sighal INRLOT idiless tgnan irefetehae SIgualﬁEFwemdat’nelﬁ@readeStaT% Asfnpgh signal ,
and QUTS, } t n i it 5 Gy | ow
signal at S nE{‘ﬁuﬁtb‘t’%&ﬁQO Hé)gdél a@év&eﬂe@e&’ﬁce 555:% REF ]bQ% rté‘t‘nétﬁ bcﬁe M gnal that
is pr@di deefetence sigoalt %EF:BZJOtpUt sigodl tQU winh switehole %ithagnalo@uf%t%ta ref erence
QUT2.  Qut i, \f? I%WEI‘F‘?? Stﬁ:ﬁ’& (T 2nd @Eﬁs%fﬁeﬁ%lhllowe\%ﬂcﬁ lhd%été’@%t states
until i nput Pef erence ﬁ r?creases above the voltage |evel of reference
vol tage RERSt sigoaliNeW Tt isi withire 8 umidyeviebraageuriherealtal, 128 iRpWWwidnal INFHsi st or Mz
t han rﬁﬁpé s f‘BH&é’?@fer‘é’héé s@ﬁ’allf@ﬁ:‘l%ebut'bﬁtsélbﬁaliiuﬂo\ﬂﬁlrlbﬁgn and thus at

OUt put ence remain in a

"hi gh" st fave sigadld Oéﬁﬂybﬁfgn?'@HTeW&leSWFSO\MaFk te griPyignal o5t BTadilh | ow

si gnalzpat sRitcrAac ﬁl&h@lgﬁélO\Y/hl@ﬁlrﬂlcb@éVtﬁé Bpal sighal hehignlsité. of exclusive CR
gate 518, resulting In erence OUT

t 15
Accordi ngly, tAf BeUksigna 'HBBE&@BF‘“W%lté’);BE '?Vﬁglec%tt Bs0PHRg: %hrﬁﬁut

r ef er ence sighPdEtdctor ORRY @bh ?ot‘iﬁé t'lioFte!:dilﬁtdTﬂi'g(?lc»utéttt‘tels,lgl‘t@lﬁ!;l%pﬂa@érﬁtrr’@l hed by
ref erence voltages REFS

reference caon ues to
i ncrease ple: mﬁée‘(ﬁél@ﬁﬁé ard high ﬁT%FéFeérfEBPVBF rhg{%“ﬁ Y, &Leﬁntt hat nore
current flows within transistor M2 than transistor Ma, an output wll no
| onger result at node HRO causing ou} put reference 20 QUTS at the out put
of inverter 512 to becone a high signal at B. As a result, a high signal is
realized at the output of exclusive OR gate 518) thus resultl ng in a low
signal for output reference QUT2. Thus, three-state detector 500 suitably
i ndicates that input reference INPUT is no | onger operating wthin the
m d-| evel range, but is in the high state of operation. 25 Wile the above
exenpl ary enbodinent illustrates an exanple for providing md-Ievel
detecti on, it should be noted that var| ous changes and rmdlfl catl ons can be

I b o .. N .



Li kew se, reference generator 600 includes another resistor divider circuit
20 conprising an input p-channel transistor M coupled through its source
to supply voltage Vcc through a resistor RZ, conprising a 8 August200¢al ue
configurable to provide a desired voltage, and a pair of p-channel

transi stors Mao and M-2 coupled in series to ground. |nput p-channel
transistor MB is also suitably configured with its gate connected to
ground, such that p-channel transistor MB is always turned "on" 25 Through
operation qf th addj.t | di.yi t ef er g t age
REFZ can bghrgﬁl ﬁﬁfffgoé)%eq?g?eaggaéél?%d IBM ﬁﬁélo {’fagﬁshl . dj ?Gﬁby@a{ result,
ref erence giroat mmrrecﬁ@ﬁzesamt pnlg\ai ligh aitlow etede, buhelse @fséatembetW@ﬁm Hi$88 REFS

d REF2 t
esi stor vArBeEIN AR ESHL AT Y OhRR e o dBth B B bBbickien, L1
desired ouﬁmmamhtageétedeumm»pllaaag@s In addition, one or nore additional
resistog divi deﬁ'h?c'aﬁ&#l'&]f %f%arﬂudo‘fvél Bgéﬂéﬁﬁgiréﬂgémaﬂ ffaafu%feeacrﬁorg%%rra&l@r 600 to

provi de addltlon erence v . Moreover,
reference ¢gsting apbton SHCCircdit d&ﬁQHEFS_Q FAU@E@T\P'QOMOLIQ@ tbénfsieg‘?jrsé‘élh iBMighy  manner

resent 1 nomsl Pl SrBfati o365 pTaRS LR e A s
exenpl ary emtﬁm rI@BQ@ snstem/ef/ém SV easidion loreqedgusiy cloge tathe Digh |oPREBg ni ze

that b changfs Qﬁs;ﬁgg]e(/%e%dré’%taﬁﬁ-)/thaﬁ thEdBilifyOtol E¥PdeXEEBIY YoritAgi ment s

wi t hout de scope of present invention. For exan'p t he
vari oudOpr dumgs Mﬁg migd-gye! raﬁgemﬂ yoligges, Hbe Ryidine rifsat gAdkanal\ieRge it t he

processing, gér% on cgi‘?‘YackﬂﬁatbrVéhSﬁ@QB\?éntédés%tt@é Bﬁ\t @qWﬁerﬁQ@@ﬁdﬂrﬁ@oh@on t he
parti cul arvmﬁ rcation or in consideration of ¥ {;%Ei R {)UI’IC'[I ons
associ at edWithinran inteotaied airqull paghagen Sttt (urtpe R migpVE ??8" ca §/° pe of
transi st or cGeuFRS t&%}BVIEHr@ﬂ IbREr RAFERT FaquGeinBAatsi M endied finputtbusies can be
utilized. These and ot her changes or nodifications are intended to be

i ncl uded weeHigratiRB. scope of the present invention, as set forth in the
fol | owgg clai np. accdrdance YithUdtler 280éct 1 tN&@tesleﬁt phentioeg ahsexefplatn | nput

buf f f df det ect | t
bt egr at edineit B ot 407 RPRSCERR ﬁoe'wglia%ﬁﬂﬁvei%ﬁge & SRS er ent a
i ngut pai (rj 8p é{r@t"éds@#érﬂdché bamebinplt- paat baﬁke?mﬁp&élgtamlgh LEJEdOfS@mrea@ta&; conmon
node, said a re u n or
recei vi ng QﬁeFWE)S&'\%}{?aéggv%ﬁag?ﬁ q?gagrepce%é)rf%# ?eraﬁg‘%:cgg-{/@%t ?é%ggr%ﬁ]ncl uding a
fi rs: re; fefoerms cmirrtaaxgepma EhdS?C\Olﬂ‘ldtaf lebsirtoreecstates magte:anehedreahmdefphl tsa| d
i npu erco res i nput vol t age repge age
ang sa?ﬁ sE¥hE QFE‘?'%'?{?BW}'BP (Lol Vy crab%e og(dé 'r%§tf5rg{‘jt% pu?%sA\égr)Ial \?\hen
said input= \D|Q1 ‘trage 0,%; ABSSHOI:]ArB sdiid AB thxrﬁeBa)e&,c@d/b.lBtagé, Wﬁe@éton;:lh t
out put si gna n sai n tha
of Eal d flgfeg{eqeg Se? IR ev\g[;gtggggpgeﬁgtgggm?@égg%tﬁé& ?’ tre(r%(lgé&}vo SP%” \éﬁeeand a
th% rd out pte‘alnfecgmhowaHmneMgihenpmfben/mjlcbag'andsm@r dapther waeds, é%ﬁ'f(tpn@bcond |
ref erence e n sai
tilcgg chﬁéeégggta{e?%&tthrgg It fE JBEE0F g(bd]ﬂlﬂﬁl&ltt \f\%ﬂirlrmfg]the whatis

i nput buff recerving nore eference vol tages
and f o5 geofecrommmgi pins to the aoltagerdetection gistemi gnal s corresponding to a

gomparison of SRl tfdl a%@eafi‘rdtrﬁ@é@t [dutddigen 30U thef Auraseeat ol t ages.
u C

3. The input b ¢ordi to aiml ereln said at Ieast t WO
di f f er ent | edminapditnpptsi frasn otmpde\e@s andfdirewts is pigndrantyredisreiny rad¥i% coupl ed

{ 0 gg: g f 'n{gg{nJ flo ?gﬁ@ nsBLLABPIo dbcBBE HcdniARl Mbots. Fuiergmpleg@dre coupl ed
synchronous dynamxc random access memory (SDRAM) application, which is
30 needed to keep pace with modern computer systems, having a plurality of command
inputs, such as chip select (CS), column address strobe (CAS), row address strobe
(RAS), and WE, the number of pins necessary to decode all the possible command

inputs is significantly reduced from an integrated circuit package.



and a source coupled to a source of said first transistor; a third

transi stor having a gate coupled to said second reference vaoltage, 8
source coupled to said source of said second transistor sudf Auygist QQP t wo
differential input buffers share said common node. 4. The input buffer
according to claim3, wherein said input buffer further conprises two
current mrror circuits coupled to said two differential input pairs to
provi de output signals corresponding to a conparison of said input voltage
and said two reference vol t age

19 August 2 t huffer
according to cl dYhieathepRavei gﬁ%'ﬂyt?ﬂﬂb"@ﬂ?‘?@ﬁto n'PY 'PSqur r(élmttrsgbléborr{)ér| se: a
fourth tr ar@nﬁ%@éd (ijﬁldlgxrée-&%led&éhm| and fprEmvd!rr@I threcfef outpitcsigratn W T,
transistor, and a dra to.a drain LIS nsi ;a
fifth trans@%?@ra“ﬂawjrﬁgf%”@%{’gﬁ IR @'EE?VSF ‘? el ‘i&m § ;'{Oﬁ{d
transi st or Ayath Baindtedr Miab irfplut baff@i S0 B0t czmnise sbmfrgureaﬂ Mtbttawrrmitasisiest or
havi ng gat e coupl e 0 .sa rain_of said Si a drain
coupl edast ‘}&:t?ﬁt%fl % @%"agtﬁﬂdq&?“?'r %F%t%f Va%ggTﬁetg&ﬁO%ut %:tOQ ﬁﬁtgccordl ng
to claimb rei&’?@fc@l derepdtor BoPbuldubd eonffgurddnter pmmprmraesr anq@euadddnona!
I nverters, first i verter Loy t [ aiycLf LSt
transi st or r\éﬁ‘?ﬁe@ﬁl YPREESt 17 (F*aRElCs t rengﬁdp%g%éj ré éc%ﬁ%q{EnF\s‘/‘erﬂSaetrér%oupl ed
to said dr egreaemihaxareiettehce d/oﬁa@ﬁﬁEﬁz chut desk $wEnd sepply hvottegenicst & bewher ei n
said pair of Ic? rter %gct?nf'ﬁgfs%ge ﬁﬁea Pyd@%rﬁbﬂg@ orﬁdaﬂQ@A Ef input

cor r espondifhg” é): gnal . 7. The
i nput mwffeefemenNPUq tbdwolaaldmnﬁel reiﬁeaneervob@ge@, Rﬁﬁu?n@)lﬁ e,rmf-'li'r?t'“hfér

conpri ses gq god'a%doﬂf é?‘f‘ bu%vg(%[ gtoggsal 59@}3@?&@&9erresémnbweny@fe%edf havi ng

an i nput c nverter, said input
correspondiopgrationsai d | ow output signal; a fourth inverter having an input

coupled to an OHéPéQ&rﬁIne Sﬁ'n%lt?%ﬁ%r\%tbgé/ %E{e%{or 3@3"0‘%&5?5%8@ al IB\XIG(UU’J'IE havi ng

an out put correspon | gna an_excl usi \{"P OR gate
havi ng i npues INBUTp'Il?ehESS thasuiRBii, € '@WefsfallddeYerhl(@H z)nlv%r '('\bprUTaﬁchg%fFEi Burth

| nvert g @%%FE EdnhR KB %rmrb%{,ér%eﬁra)' NRUINFROTR! pebtbOnan FEFpHY Of said

excl usive corresponding to said m.d t put
signal . 8. lgus thwp)lIREFlau@m elpp%r m’@d?Ye’ (8K Tdet-eciNFYT & gredter doad) E{égF’l‘E'Qge range
of less than REF,, and a high (OUTs), i.e., INPUT is greater than REF, and less than
supply voltage Vce, states of operation. In addition, for two command pins A and B,
with at least five states that can be realized for each, even additional functions or
20 commands can be realized from input buffer circuit 300.

Accordingly, an exemplary an input buffer circuit can be configured with a
reference generator, whether internal to the input buffer circuit, or from an external
circuit, for generating a plurality of reference voltages provided to a multi-state
detector to output a plurality of states of operation. As a resuit, not only can various

25 levels of operation be used for other purposes, such as testing, but also the
functionality of the integrated circuit devices can be greatly increased without
increasing the number of command pins per circuit.

As discussed above, three-state detector 304 can be configured in various
manners to provide a mid-level voltage range of operation. For example, in

30 accordance with an exemplary embodiment of the present invention, with reference
to Figure 5, an exemplary three-state detector 500 is ilfustrated. Three-state
detector 500 is suitably configured to provide an output signaf representing a mid-
level range of operation. In this embodiment, three-state detector 500 suitably



operation of an integrated circuit, said input buffer circuit conprising: a
ref erence generator configured for receiving a supply voltage and for
generating two reference voltages, said two reference}voltéééﬁ“ﬁéﬁ?@@énting
a first reference voltage and a second reference voltage, said second

ref erence voltage being greater than said first reference voltage; 19
August 2004 18 a nulti-state detector configured for receiving an input
voltage and said two reference voltages and, wherein said multi-state

detector c Q@? iSSs 5?59 df %ﬁ%&en\ﬁgf lkgwgtean@rss@dnﬂguHFH $or rregéﬁ”ﬁ %8 rgﬁé}etnége and

sai d secon des
corres pondlm{jages REF0and Rﬁﬁb asd gmranonmeng dalngut rﬁﬂﬁrﬁn%lN%"é ”IeéB% t han

said first praﬁ'fo%ﬁ’gr(éﬂtl Qﬁﬁgﬁﬁergagﬁﬁgegnf@\i{e@% v§r'1ch§%arﬁ»‘éFsr ?r?@&@FHa'ﬂget 0 a

m d- | evel i'nput I nput has a level of voltage
bet ween t hamthdhisﬂempfary embpdiment rtfaéé p&ip pf éﬂﬁé’ea?@i iRt pUERIE RPATIEE &¥@nce

vol tages a%’ﬁe@?r{tlgf lrpgnrglﬁfpﬁ'éns?ét&eaéorfﬁ ur"eﬁslﬁogdééw-té gaék Hrnghgbmentt asd gnal

when said inpu age is greater than said second reference voltage. 9.
The i nput Ish#ringa edrmoon nodes dussdesigtingin davesr sument\RRIUSIRiC8ai d r ef er ence

generat or i s CORY Gureh, f@%rsgﬁﬁ)gf Bl 202 ApHLANGknd HbQTANERY Yol Lages than

said two reference v multi-state detector is conflgured
for generathPigg é@ldF@SWeddggfﬁb‘Pr Qn‘bﬁéﬁ%"”@d’?‘ﬁ%ﬁ’ﬁ’éﬁe’ﬂ REMPESes EHRISFY son of

sai d i nput WelhbageestthafHdsRrtdsicoanad tdgefher, eeceomqh;m@aﬁs 50Dand’be4 i nput
buffer ci rcwt according to claim8, wherein said rrultlafswgte det ect or

conpri 48s Eh@ed cPEMOAtcoanestivp e Harsource NS Mz 3l R Yack

ar r angemento @il &h@rdua.e a|rf aadmsh, NAtBistor M, Ak & th cdupfedeto Riférendd
according to claim10, wherein said two di fferentl qremg;{;ut bu

ff

conpri se: ¥olaoedRERy Hﬁ%ﬁ'%inMz agiangate cgar'ed KpinpHeE YQitage r”§§ {Jf'ef erence
vol tage; aaS@eandkibr MsdsS gétef&aw:la@tcaregaaé&e%uﬁ@idem laabdoruaqmetw.mol t age,
and a source coupl ed to a source of @ 3\/, %TEEM transi st Oéé | 4
transi st or NERXCAG'2Y §TPRIERNhIEasERrsYdx EICP@P%?%HQC Vi 98\6% and a
source1goupi @d hehasriel @iﬁweﬁﬁalobausaieéugaemwdvérr ansasdodargsechith hathersai d t wo
differential ut uffer e T put_ buffer
circuit acﬁ’fﬁ”ﬁﬁ °9|”éﬁ feeﬁ?@? & cho”ggafpﬁgtalso B2 cdftgutdfi's &

channel differential pair des:gn with p-channel devices for transistors My, Mz and

Ms, i.e., with input pairs 502 and 504 suitably replaced with p-channel devices and

having sources coupled to a supply voltage (Vcc).

20 Each input pair 502 and 504 is suitably coupled to current mirror circuits 506
and 508, respectively. Current mirror circuits 506 and 508 are configured to provide
output signals corresponding to a comparison of said input voltage and said two
reference voltages. Current mirror circuit 506 comprises p-channel transistors My
and Ms, having gates connected together, and current mirror circuit 508 comprises

25 p-channel transistors Mg and Ms, also having gates connected together. Common
transistor Ms is configured in a diode-like manner, i.e., the gate and source are
connected together. Thus, to couple input pairs 5§02 and 504 to current mirror
circuits 506 and 508, the drains of transistors My, Mz and Ms are connected to the
drains of transistors M, Ms and Ms, respectively. In addition, the sources of

30 transistors My, Ms and Ms are coupled to a supply voltage (Vec).

Output signals from the pair of differential input buffers 502 and 504 can be
provided to a low reference output (LRO) node and to a high reference output
(HRO) node, respectively. In the exemplary embodiment, low reference output

10




transi stor, said second transistor and said third transistor conprise
n-channel transistor devices. 13. The input buffer circuit according to
claim1l, wherein said nulti state detector further conprléngﬁ%@ 3894ent
mrror circuits coupled to said two 19 August 2004 19 differential input
buffers to provide output signals corresponding to a conparison of said

I nput voltage and said two reference voltages. 14. The input buffer circuit
according to claim 13, wherein said two current mrror circuits conprise: a

fourth tanRisllo RAvAgE Pk E FANG} Eahldrdy Ui e Gbu28firaRaaah,,

transi stor, ral n® cou transistor; a
fifth tr ansmmlemrghrrafarerg:eaow eode tRCd conﬁg@aaddatgtm @rapsf ofdeangistos ivistend

transi st or goﬁé‘é?ftgér@s'fbrﬁfs said second transistor; a sixth transistor
havi ng a ga cou 0 said drain of said second tranS|stor and a drain

coupled to a dramrne@tatsaietectdmﬁﬂa algoaeesipsises logiczlevipgs qoﬁﬁﬁl-tfecbtﬁ Peyidgi r cui t
accordi rg:,g e Fuit!dMA eﬂ%ud"iﬁ%l e?ﬁh %?dhdle%ll6dtpL§t@%r%|@etlr?“atc96rd£Met PRk teiePri ses

a pair i nverters irst” i nverter to said drains of said
first tr anﬁxsmglenaﬁnb@@mnt dueedstate detertor @ﬁmprzaﬁﬁl anplunglity of dRverers flker t er

coupl ed tosﬁé' 4dée§aﬁd 850, 5 GnldAbiLEvd b@{rljdtééf’e“ Iﬁ{?éhe'iélsﬁio F1gt bn4, Bapsi stor,
wher ei n sai

inverters being conflgured o_provi de output signals
cor r espondiahg 5t28 CERiCcQIPEGE 60Y FORvestierhinvarer @&f@rﬁ?‘ﬁh bR %@f”piﬂ F3&h. " 16.

The input %Pfrfv@fterglmu 542, amorsqle aid 1520 Cdaalc@smbﬁse m@sntr&%ls@orﬂﬂ\lréder state
detector further nprises a urality of i ¢ devi ces co . athird
i nvert &P hétﬁgﬁgcoﬂﬂgqrﬁ%l)’t'thc%ﬁﬂ% MO @”ﬁrP”SLNMQ tFRnsisieng “f‘ieFeéri sléﬁ;%r sai d

i nput corr eapQadt PRvides %aévﬁ'tch RBhmttiBto SrogmPivherah Wu‘t Iro theme\retr@r ishavi ng an
i nput coupl ed to an _out put sai d second inverte fourth inyerter

ai d
havi ng an &@high. mleé%BP/meweﬁ RRVdes Qﬂ“'ﬁﬁ'%{o 2 VgmBPWersvPRY Plisi ve OR
gat e havi Nghbi e iRp@ QY e vérter Gl Rig'(cSO\Qf M?e@hﬁhlt&lekduslve/eRthTe anglcaai d

fourth inverter; and a fifth invert av an i d to an out put
of said also comprise any conventional cnrcuﬂor prov!dpn% an excnxglve OCFQ Hf?xcte jon. P

15 Inverter 510 is configured to receive a signal from low reference output notle
LRO and provide an output signal OUT4, which is indicative of the low level of input
signal INPUT, i.e., less than reference voltage REF4. The output signal of inverter
510 is coupled to the input of inverter 514 and, along with the output of inverter 514,
is coupled to the input of exclusive OR gate 518. Meanwhile, inverter 512 is

20 configured to receive a signal from high reference output node HRO and provide an
output signal which is coupled to the input of inverter 516 and, along with the output
of inverter 516 which provides the high level output signal OUT3, also to the input of
exclusive OR gate 516. Inverter 520 is connected to the output of exclusive OR
gate 516, and is configured to provide an output signal OUT> that is representative

25 of a mid-level voltage range. A

Three-state detector 500 can also be suitably configured with an enable
circuit to control the turning “on” and “off” of three-state detector during operation of
an integrated circuit. For example, three-state detector 500 can include a transistor
M; coupled between the sources of transistors Mi, Mz and Mz and ground.

30 Transistor My includes an enable signal EN coupled to its gate, which can be
suitably enabled by any command signal. Moreover, three-state detector 500 could
be permanently enabled by tying the gate of transistor My to supply voltage Ve, to a
DC supply Voc or, for example, to reference voltages REF or REF..
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exclusive OR gate, and an output corresponding to said md-I|evel output
signal . 17. A nulti-state detector for identifying nultiple |evels of

vol tage during operation of an integrated circuit device, d9iAugust2004t ate
detector conprising: a first differential input buffer configured for
receiving a first reference voltage and an i nput voltage; 19 August 2004
20 a second differential input buffer configured for receiving a second
ref erence voltage and said input voltage, said second differential input

but  er  bei ng. SARbIE St SUBEE: S0 WERMNAUGM b heddicfiestol didl or ont 1 o

buf f er) and wh res sai gut vol t age
to said fi bsffers @henremeecmnﬂnoag@da.ntﬂ sbaild keoootrd thétf e insepersanhdPut and

provi des ap,AULW GiGIAa WaRMhoR Acde! BANY K0 5008108 i okBtEknddl witp! t age

bet ween tha erence tage and sal d second reference
vol t age anéthgf @veruelgryaﬁmbhémeot;t pluthesprgaent inyaatioRaj dowensit it\APEEgRe has a

level of vpbik %t%ct%dé nP&lﬁer@ﬁndl Ripat BJ?%PS §@éd@|b B'sfgﬁﬁcéﬁffé?ﬁ&ﬂ@@fVm tage

and greater t an sal d second reference volta The nulti-state

det ect or ofuregnhduingrtheamiteaing os%naaorrmhnexéma%eea@t BEeRANASPLIPULIEE | east
three statgg, Egnseﬂg(?@b'n%ro%hﬁg oPFRYd Bcueht 'ré&uﬁmbti'rﬁlﬁttbt@ﬂ& 1.2 mfipamgnd pi ns

within an integrated circuit to 1 ncrease capabilities for decodi ng states
wi thin sai®f ¢Lﬁt9é‘§1|bélﬂ§d3065‘#f§9¢t Witpa cprinapunede. carfigeraienc®fosP8rnEPhi m 17,

wher ei n Saﬂréhsfétér§tM20Hri‘dfrﬁ£ Wﬂﬁuh%pm BoYdrs Bo2 faﬁd 500 en8 aLfesaande: SHd 4y ent | al
I nput buffer conprise: first transistor havin gatle co pI ea to said

first 1@f ePWhdOWpYeR é@éroxﬁf"%@bﬁ(ﬁ% MICERRETRSt P (H’Qg'l"ﬁ@ 'BBU PE¥ to said

i nput vol t a@RhindNEF GashstbRe MiOWR! 86t tM& as SiﬁpUtCﬁg@él INELﬂr fioredsekramisi stor; a
third transistor havin e cougl sai d second, ref rlglren ce \é/oltage

and a sourt&Ra5EpI MR gs‘gﬁgﬁ 8¢ 'Z§§f‘ﬁ BCOPUARN POIMHETLYRURNUIR ¢ hat

sai d two deghplesd htﬁé ab rzaotmnbmémésHawém mmbmmmanmdemuependantm ze
current cons&{ i on said first differenti,al put, byffer and said second

di f f er ent i BPUDYHEHS: ?ﬁj €7 as BYe e, Y8 CFHFntcf@{‘é’&'Fﬂ&e Itiple | evels of
vol t ages dur i ng Mypgdvat,iiehat operation of three-state detector 500 may not require fast

operation for detecting the mid-level voltage range, e.g., when the mid-level range is

used for testing purposes rather than full operation, the current consumed by three-

state detector 500 can be further minimized by reducing the current transistors My

through Ms can supply, e.g., by decreasing the respective transistor channel width

20 or increasing the transistor channel length. Further, in an exemplary embodiment

including enable circuit with transistor My, current can be choked off by coupling the

gate of transistor My to one of supply voltage Vec, to DC supply Ve or, for example,

to reference voltages REF or REF,, as well as using a transistor size for transistor

M; having less strength. On the other hand, to configure three-state detector 500 to

25 operate more like an normal buffer, the sizes, strengths, and WI/L ratios of the

various transistors can be suitably increased or otherwise adjusted, as well as

separately providing an enable signal to the gate of transistor M7 for controlling
operation of three-state detector 500.

Having described an exemplary embodiment of a three-state detector 500, an

30 example of operation can now be provided with reference to a simulated timing

diagram illustrated in Figure 7. In this example, reference voltage REF4 comprises

a 1.0 volt signal, while reference voltage REF2 comprisés a 1.5 volt signal. For an

initial condition, when input reference INPUT is at ground, and thus less than both

12



of an integrated circuit device, said nethod conprising the steps of:
receiving an input voltage and a first reference voltage in a first
differential input buffer; receiving said input voltage and9%AY s 7904
reference voltage in a second differenti al i nput buffer, providing a first
out put signal when said 19 August 2004 21 input voltage Is at a voltage
| evel below that of said first reference voltage and said second reference
vol tage; providing a second out put signal corresponding to said voltage

ooy ore Eitdlct DRoet HEd Uhainrt mbRl kAl W98 (6ELn BEhIGEAME DAY, OF 2 d
first referénce vo e? sai d gec erence vo and providing a
third out piMs tbamyival remmngsmamoumpum nodes a@@ angd HROa A@atrayét eB&itPUabove

that sai d (bt wliche'elioe 49ge ragaaiclinecanda &1 Sheeany tidgs 21. The

nmet hod acco |ng to er conpri teps of: ovi di ng at
| east ei ghinveden@éd Atcatdinglbfn ﬂssptacplapwtdefe@@ﬁeé&ﬂgrﬁj? ﬁgpht%GF@éuad' |/ sout put

o1 gnal . 5ol FhdPuokbuOLRMItor AR 510l 381210 Bna i insicagak ont L hout

i ncr easi ng conmman ul rement I n an I nt egrate circult
met hod accexdisiee OB Qﬂt%lﬁih& i, be\m@gl@ signal dkatds revigRE talinverds i resulf ‘?ﬁaut

buffer is ﬁPé‘gMQérEgr%@'fdr% Up%@éﬁ,e,q& &gk arrangenent and sharing a comon
fi

node w th sal st d| erential 1nput buffer. 23. A nulti-state ﬂetector

for detecting rRutputyieferracasi QUES QT apé QhTenikh remainnipdgesa slgtesi ynt

devi ce) Satrﬁbuffﬂé\'érénc%tprtjﬂﬁ&reséééfab%%rwelv%ltél@ ledelfdf Fstbrefté f/@lfa@BtREH1 Input
buffer configured for receiving a first reference vol|tage and an Gp

vol t agdd aWhepdhia ogeurs anenetGuerent wihflew Buiransister derthan Ms $UBh thaber PYiPH

second will no longer result at node LRO, and thus at output reference OUTy, i.e., at A.
Meanwhile, node HRO will remain in a “high” state, and output reference OUT3 will
continue to provide a low signal at B, and thus provide a low signal at the output of
exclusive OR gate 518, resulting in a high signal for output reference OUT..

15 Accordingly, three-state detector 500 suitably indicates that input reference INPUT
is operating within the mid-level range determined by reference voltages REF; and
REF,. As input reference INPUT continues to increase above the voltage level of
reference voltage REF,, such that more current flows within transistor Mz than
transistor M, an output will no longer result at node HRO, causing output reference

20 OUT; at the output of inverter 512 to become a high signal at B. As a result, a high

' signal is realized at the output of exclusive OR gate 518, thus resulting in a low
signal for output reference OUT.. Thus, three-state detector 500 suitably indicates
that input reference INPUT is no longer operating within the mid-level range, but is
in the high state of operation.

25 While the above exemplary embodiment illustrates an example for providing
mid-level detection, it should be noted that various changes and modifications can
be made to three-state detector 500 in accordance with other exemplary
embodiments of the present invention. For example, three-state detector 500 can
be configured with additional input pairs configured to receive additional reference

30 voltages ahd comprising back-to-back pairs of transistors configured to share a
common node. As a result, additional ranges of voltage can be suitably detected.
In addition, three-state detector 500 can be configured with additional or fewer logic
device configurations, including additional or fewer cascading inverter stages, or any
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reference voltage and said i nput voltage, said second differential input
buf fer being configured to share a first conmon node with said fir
differential input buffer; a first current mirror circuit égdﬂﬂEﬁtééoéaid
first differential input buffer to provide an output signal corresponding
to a conparison of said input voltage and said first reference voltage, and
a second current mrror circuit mrror circuit coupled to said second
differential input buffer to provide an output signal corresponding to the

conpari son ﬂier%"dréi cBrﬂ'@HFat%chtachge oﬁzﬁi o & enPanﬁﬁ’gﬁ BLBRESigHakiagr, said

first curren ror circult mrror circuit sharlnga
second com@ 2rangeOUTs.1 Moxeepest thzdm sppplp yoltages ang| ransintelt €8 ViFret B¢dSor

according tp, r‘rﬂéﬁ% 'Qna:?N/L"Vg%seéa{?'\ 8 e'EHrllffg‘ureéf ALBrSR RBhRAsrs GRPBRAIRy @i d 1 nput

vol tage to sai irst reference voltage "and sai d second reference voltage,
and provi désy a¥meertqd diffessngdesiondéarisai d i nput vol tage has a | evel of

vol t ageshet Weer\nté?ﬂtlgﬂf a$ @Isgugéeﬁsatbo(/@féﬂyer@?e?eﬁt@ \Fciﬂgge %%ag%@dsﬁmd

reference volta rovi des anot her out put si when sai d
vol t age ha#ree- stétﬁedet@ﬂowé@q ag"eb@@emrateéaatvaw @P”’Peééysw’f*%%‘ﬁ %ﬂ&? Cf rst

reference yglifadenaed &Etﬁﬁt&rpr%haéd Rlethai GrRM dﬂ%‘reih{%@%-!ed/ Qtrb@&eano% A
menory devi ce having an i nput fer configured for det eﬁ?}#"?‘gPt i iple
c

vol t age | ef@Yieesyi t HirneXAmplat é‘braé?P%fHa%‘ier (‘,"(}Pt an Sexenian; em ri sing:

at |east tysedhéd & malired, al@Mnoeagehérawmbowwﬁgumafobgaiefétmgmmt
arrangenent and sharing a common node, sai d l?]gl[‘ }rwo di ffergntl al input

pairs bei nfpforends ¥eltegs RE andpekoRg r%fﬁ’%”ﬁ?)ﬂ? %Qﬁl YRFURP!YVELASE t wo
reference vgl tRé&mfence géhélﬂtdﬁ@o@sﬁxtdbﬁytmé!@@@a?mé%téﬂdn\ttw&lramdc@nysm@ld

reference v erein sajd input buffer c are

vol t age toa%éﬂﬁﬂ’?fpr‘?h@f‘”?'éfaé\s@?%ﬁ%bﬂ'%@ sa"r‘l‘écesﬁ‘?wleéjg% ‘?’éf@} \chol t age,

anddp][ ovi ?fhﬁou;ghf & Fréilsﬁﬂmubombﬂﬂﬁd; avvrmstmedvalumubnﬂgnmm@eo ioligs @ : han

sai irst reference vo , .8 _Seco en [ u

vol t age hageséfesé@éﬁgeo@ Bl 5@&“‘6@?%@&3%‘%&53‘?“ 3%1 @l’? F?L%pge @fsgf'%pn@e vol t age

and saisl sgeomnd mples-enamelparisager, Maisduitalt cufrm‘gommmth itd ggtakonvestedsai d

i nput voltgﬁ ngrtg5 r teh i y nce gét‘@'ge ﬁ_'@ Ehe menory

devi ce acct(?r%r HBd't o |§'|aﬁ1ng‘a“ﬁ§‘ E@nsp]s F/ld ? %U?ysou¥r¥er Eonpri Seda

t hr ee- st at@wlatoacmfomecmeifstaymwlerf orcujpr weférdnaeg voltageeRBE: pan bsi guiteby

correspondin onpar| id input voltage and said two reference
WS B AR T ol i - i

vol t ages, corresponding to a md-Ievel input
signal s, said leewtseomfpwncs|g§nanatarcﬁ00eisldodeﬁ agother resistar didget cisWnal , and

d Th
o L 1 RSP AR i Bl prs LR, oy
confi gur edvoltage Mec emmum; antesistor Hen comprisieg err@ﬁ@@nv@w@bfge@naaw aP'@rtO

generat | ngprg@?%atcﬁ@n?eé 051286 LK bai? ol B2hsnr ;rsﬁsmeﬁm@hﬁdqwg cRpRari son of

said i nput”vo e and sal erence vol tages The
menory devn @en%sct@cgfmmig lt\l@ﬂt@}-dlanﬂﬂ&an%féf%iﬁ 28 guitably @é‘ﬁ@“rﬁw'tﬂl'tff erenti al

I nput pai rg: £ asl88 10 ground, such that p-channel transistor M is always turned “on.”
25 Through operation of the additional resistor divider circuit, reference voltage REF;
can be suitably generated at the drain of transistor M4o.

As a result, reference generator 600 can provide at least two reference
voltages REF; and REF; to a voltage detection system. It should be noted that the
various resistor values and transistor sizes can be modified depending on the

30 desired output of reference voltages. In addition, one or more additional resistor
divider circuits can be included within reference generator 600 to provide additional
reference voltages, e.g., REFs; and REF4. Moreover, reference generator 600 can

14



19 August 2004 23 a first transistor having a control terminal coupled to
said first reference voltage; a second transistor having a control rm nal
coupled to said input voltage, and an input term nal coupl d8 August 2i0§ﬂut
termnal of said first transistor, a third transistor having a control

term nal coupled to said second ref erence voltage, and an input term nal
coupled to said an input termnal of said second transistor such that said
two differential input buffers share said comon node. 29. The nenory
device accpy ity G U BEhnabRRe ok ol HeRMtineP b fir Gbgramenpr | ses
two current mrror circurts coupled to said two differential input pairs to
provi de oufsfrrenes yphages.correspondi ng to a conpari son of said input vol tage

and said two reereacs: Ndnfdepas 80en §85rBBARbYvE Rith G@fe%iﬁ@rtdlvﬁgmtso claim
29, wherein said two current mrror circuits co ransi st or

having a c@fﬁmnﬁryt@ﬁbﬁd’fﬁﬁméouﬁi)‘é@vqrothé’ﬁeoﬁfft”ﬁﬁt‘”?g? rﬁrhaw”?é?coga'ﬁa tb @cond

transisg Orcha"ﬁPE’s %Hd %Bd?ﬁttatnér%r Fafde PEYPISthe &@xﬁbléwté?hﬁooﬁrﬁém wathootf sai d
first transis transi stor having a coptrol term nal coupl ed to

sai d cont r@ﬁpaﬁmgnff@ﬁﬁl th@f S@éﬁedOff Ber P'Iﬁ’s?"rta'ﬁﬁ?”é‘%r fld eXameiea N YERIE t er mi nal

of said S%e%stnbas'ﬂédssfaerwenaas&héb&nbér@ass f@i@éc?h&’g/btﬁtghﬁpmﬁsm@ steps,mi nal
coupled to said OGutput terminal of said ansi st an_out put

termnal caEpPedTRIBMEAted i alﬁern@tsrvvﬁyﬁéﬁp%ﬂd*%wntt ﬁP&“‘FP'&hé‘?@F%@“ %1. The

nmenory devih ¢Bna&&raich o¥anyufiibat 6f 638t fuMbtions assctkitel wittptie dmyefa‘tlen of thet her
conprises a Pal rH]of inverters irst inverte u d out put

o)
ternm ndl s YEESh Fpﬁj‘g?”'ﬁ”é(ntgp%m%ﬁraﬁﬂﬂo Q?WQSOMHWFP?H' B%rfo&n gl with a
second i nvigteh@é&d ﬁmuﬁ&r%dcérpbéamde@unhsge ted bihaablsang'ess:almbdlﬂwhmhst aransi st or

gp gvfgledojlp% Eeé LAt wihis snco?)glogﬂ'%adrése%ft VYRt 65 SeBbfin GPME! gured to

following claims.
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signals corresponding to said | ow out put signal and said high output

signal . 32. The nmenory device according to claim31, wherein said ti n lit
buffer further conprises a plurality of logic device conpr i K Aggus

August 2004 24 a third inverter having an input coupled to an output of
said first inverter, said input corresigondl ng to said | ow output signal; a
fourth i rter having an input coupled to an output of said second
inverter%ﬁi@qlﬁm?‘ﬂg‘i nverter having an output corresponding to said high
out put signal; an exclusive OR gate having inputs coupled to outputs of
said third inverterpang ﬁf"bg EP;UOEH gféﬂef reaéteﬁﬂ&ammtif idl \)ogégétlﬁ(/eﬁaw ng
an i nput cﬂoupl e'd' to-an Bu pl'Jl=f 0 .sag exclusrve gat 8 an n output
Pavi ng an 1 mout burrer for detecting o . evel. vl tage range. af oper ati on
of angi nt egrgt ed cidtclgast W%i%ﬁﬂwgyﬁwtﬁagﬁsr%ﬁf%%ﬁ ﬁﬂga é’%ﬁkﬁpéh%?ﬁl of
command | nput SyrrsildinMPat WAFiR L£Lomidn ABAR SSUNEE leBst RS uRGenggner al or
configured for recelrving a supp 9 voltage and for generating two reference
vol t ages, sai dnputopaies beie eonfiguradefer regeieingnan mpuwt Voltege ard at deast

vol tage and a second reference vol ta9e, sai d second r?f er enrg vol tage bei ng
greater than dWodreferesce voftagesclacluging gdirstrgierens Maltege AN 838eNgy

configured for LY ihput voltage and said two reference voltages
and, wherein srgféjgﬁg%/w@%g%téeﬂuget ector conpares said input voltage to said

first reference volwhegeirasdidsiapdt bufferccordparfsesaid irputolditage, to firgtvi des a

fi i gnal di ng. | oW | gaal, wh ik
(175t output o gual corsespon 10,10 8 LavolapuL Sugnel A" sokd gput

cor respondi ng gt éphmgggﬁtéﬁmbﬁwd ﬁfg&ﬂ%né@@& 1884 tharnBaid fitel kef8renitas a

| evel of voltage at of sard first " reference voltage and said

second r ef er enmitage| aasgronandutaut Isignal evhigousaigi ippat vobage hesnaileeltef a hi gh
i nput signal when said input voltage Ls.greater than said,sec ref.erence
vol tage such ;@?9?2‘&@6@&%}{&% ﬁ%@t érség'@_ﬁﬂ%‘_é%sv 9?0?"? Lﬁ?&(?ln%ﬁogp sai d
menory chip C'r(elf‘é+bﬁce %nagaeaaﬁs@wr&aufblﬁ'éigﬁultwﬁéﬁ%raﬁh bt oiagienis 33,

wherein said multi-state Odetector conprises a three-state detector
confi gured forgrpatevithimgaidesasonduefarenee yad@ge.correspondi ng to a conpari son

of said input yoltage and August 2004 25 said af. t ages,

i ncludi ng sai dmi d-aﬂ?e‘?/g]_pu(w_f"b%f a&?%’ﬁm P°aé‘ﬁ‘80/ 10&%%%?%@&&%@@%@% i nput

vol tage igpnfigtfed fitretdivihd Mdrb m@ﬁ%@ebéﬂcéaﬁﬂtag@@daﬁd forofensiating si gnal

when said input voltage is greater than said second reference voll:tg?‘ge. 35.
e

The nenomorehthancthreai eutpot sighalsy cooespanding4o arrsneparisan of safd

generator_i.s confiqgured f nerating additional reference voltages than
sai d thP&PE?éﬁééq%}%mﬁagé?giﬁa rgfﬁr %Y&ﬁgﬁ%&te detector, is configured
for generating additHefut Biifftitadtoldia oCaaine IPtsbrath aidaat easttiveon of

said input voltage and said additional reference voltages. 36. The nenory
chi p cir ¢liffereatislonpuhpairocemariae33, wherein said nulti-state detector

compri ses <o 91 Sl Bepb A rAUELSHAETEARER | 8o BBt

according to cl ai mdkagsherein said nenory chip circuit conprises a SDRAM

device. 38. The nmenory chip circuit according to claim 36, wherein said two
a second transistor having a gate coupled to said input voltage,

and a source coupled to a source of said first transistor;

a third transistor having a gate coupled to said second reference
voltage, and a source coupled to said source of said second transistor
such that said two differential input buffers share said common node.

4, The input buffer according to claim 3, wherein said input buffer
further comprises two current mirror circuits coupled to said two differential
input pairs to provide output signals corresponding to a comparison of said

input voltage and said two reference voltages.



differential input buffers conprise: a first transistor having a control
termnal coupled to said first reference voltage; a second transistar
having a control term nal coupled to said input voltage, arl® Awgyst
term nal coupled to an input terminal of said first transistor; a third
transi stor having a control term nal ca:]gupl ed to said second reference
vol tage, and an input term nal couple '

to sajd jnput term pal of said
second transi stor suinRubutar AGcREdIngiPcslalm idal hefsin Sﬂ@%@?&%ﬁ%ﬂte sai d

comon n : y chip circuit according to claim 38, wherein
said fi rgﬂﬁrtorrgﬁgtf@%]g?%ggléd second transistor and said third transistor
conpri se n-channel 4 fount isansistdehaving.a date doupled toaydraln of said second
according to claim38, wherein said nulti-staje defector .further conprises
two current mitfansister. @ngia draip gaHelgdite adiain P\E\Ba'gi%\‘"?tetf%'?ﬁ'?tgrv i nput buffers

to provide output SJﬂﬁﬁ?%n%%ﬁéﬁﬁ%ﬁﬁgggga&%@éﬁ%%bﬁpgaféf oSsaid foORN!

vol tage and said two reference v August 2004 26 41. The nenory
chip circuit ararsisiongnd said drian dDsaidisecend traasistarwo current mrror

circuits conprise: a fourth transistor having a coptrol .termnal. coupled to
an output terninal )R HaRdsOhNavVINS Qﬁiﬁ ?COHREed;hocﬁﬁ' uféfa{fb%%ﬁalap

coupl ed 0 an usbRirdricbrahdel dafh €olbiealiold i 5f 85ia tird iahisterans ot or

having a control term nal ¢ou to said control termnal of said fourth
transi stor and.sai drheuinput buffer acgbrdifg dai claise Sorwheneimsaist nput buiext h

oy 0 secduden EPaEER B RATHOLTVBUPR LRI THN Ve dahredP eh b rat e
term nal ffscidiist ftahGisidraitd SeRf fodfth tHMRISIBITING WD aCbéeuid irmeeterdi ng to

cl'ai m 40, ereln sald nulti-state detector further conprises a pair of
i nver t er coupledhtoasdid rdrainisnofesaie thiod traneistarcandhsdidosixiputrangisiornwhsreif sai d

coupl ed R8ILARE IR IOIE arFrhangus Sapivile pRREs Slebelf sPRERESIR %1 S
transi st Qqig MIEHSIPDt SRINGI BAA 'sakf higR\RiAPG gl Ng
7. The input buffer according to claim 6, wherein said input buffer
further comprises a plurality of logic devices comprising:

a third inverter having an input coupled to an output of said first
inverter, said input corresponding to said low output signal,

a fourth inverter having an input coupled to an output of said
second inverter, said fourth inverter having an output corresponding to
said high output signal;

) an exclusive OR gate having inputs coupled to outputs of said
third inverter and said fourth inverter; and

a fifth inverter having an input coupled to an output of said
exclusive OR gate, and an output corresponding to said mid-level output

| signal.
8. An input buffer circuit for detecting a mid-level voltage range of
operation of an integrated circuit, said input buffer circuit comprising:

a reference generator configured for receiving a supply voltage
and for generating two reference voltages, said two reference voltages
representing a first reference voltage and a second reference voltage,
said second reference voltage being greater than said first reference

voltage;



configured to provide output signals corresponding to said | ow output
signal and said high output signal. 43. The nenory chip circuit according
to claim42, wherein said nulti-state detector further conylPiAugusi2004
plurality of | ogi c devices conprising: a third inverter having an input
term nal coupled to an output term nal,gof said first inverter, said input

corresponding to said Iow out put sig &[8 rth inverter I ng_an input
termnal coupled t @ dAUHRIBS d?@r"ﬁ‘?"nﬁ‘l’"ﬁﬂu@gléré'é%wwg ﬁVeWH¥ 0%598 fourth

h
ver terhavi g AR AU LEEMObIARY SEORAERAN LIS MAN U duieBldr

signal ; an exclusive ate aV|n nput's’ co
i nverter and Scm'mlpéreersdndl impet t\@lttagentd) gaid fitdt referentervditagengndnsaidput
coupl ed to an out puyt of sai d ex | usi ve % ate a_nd n out gtjﬂuécorre pondi ng

to said md- Ie‘i?&P” ut"@Lﬁ"e@P@na\fOta@@ An lf%tan d ¥@r educed
nb f t
el B e AT O g RS

mul ti-state detect yi ng I'tiple levels of
an input vol t agd divsti referepee atoltagepf secdrnat egtpat stgnal rconiespdedingeto aai d

lti-state det t f t. di tial t buff
Conf i gur ed 1 orEeleupl, MR 87AowhBar SarinaUt ypLagR asaeal el volipae
vol tage: a seqmtiloghihsy BrbLd risERblerbiid Gonag0 Edtsdd dontiosirehe

second reference voltage and said I nput sald second differenti al
i nput buf fer bmltagepanﬂlagmhmi dutputhsigealacemespondingi¢o \a highs siput fsigral

diff tial fe d wh | ti- te detect d

"nput vol t age Ahertsaid MpvEYOilageds Sfedtel Hianait BetoRd FeLSRestTalE, ence

voitage, and pyovi deg afpQiiferstRedit dbidigl foi Bk BOIWRERIMasaia | evel
at 8 al e

of vol tage between first referenfe voltage and sai d second
refer enceefememmggeaacatpr m/cdlefmgmed dopgeneratimgt ad;cﬂlg@ml nelferenseai woltagpat

Fof er encd ap erGAv pers Ba B soRar e sa s maare AR TS ol gy for "
generating addmonal output signals corresponding to a comparison of said
input voltage and said additional reference voltages.

10.  The input buffer circuit according to claim 8, wherein said multi-
state detector comprises two differential input buffers configured in a back-to-
back arrangement and sharing a common node.

11.  The input buffer circuit according to claim 10, wherein said two
differential input buffers comprise:

a first transistor having a gate coupled to said first reference
voltage;

a second transistor having a gate coupled to said input voltage,
and a source coupled to a source of said first transistor;

a third transistor having a gate coupled to said second reference
voltage, and a source coupled to said source of said second transistor
such that said two differential input buffers share said common node.

12.  The input buffer circuit according to claim 11, wherein said first
transistor, said second transistor and said third transistor comprise n-channel
transistor devices.

13.  The input buffer circuit according to claim 11, wherein said multi-

state detector further comprises two current mirror circuits coupled to said two




45. The nenory device of claim44, wherein said nulti-state detector
provides at | east three states of operation that provide nmultiple functions
to command pins within an integrated circuit to increase calhBHIust2004 o
decoding states within said integrated circuit. 46. The nenory devi ce of
claim44, wherein said nenory device nprises an internal reference
generator for configured for receiving’a su plié vol tage and for .generating

two ref ediffesentiadl inpyds buffers tanoPronider ptRul, 3i8RRSs a "&sggaqpﬂnéga First
o 88 e OGP0 esosecond 1 e

vol t age n sal rence volta 47. A nmethod for
detecting nul 44pl eTheviabst blffepkciregie acoordireg dalickajme d Snaviereinpsaidstwgnal s i n
a menory device, said nethod conprising the steps of: receiving an input
vol t age andent MirFftCirceits CORREIS@sI t age in a first differential input buffer;

receiving said i npggﬁwéﬁ’?&%i%’dm&iﬁ@t%o%szfgggrmea Wpdih A SaidsécsfFond

differential input ugu providing a first output
si gnal when sgadsistoryand @ drafrecospled taavdrbinaafesdic fiedt tiagisiston; hat of said

first reference voltage and said second, reference valtage; providi a
second out put si gnélf‘fgbV?B§'§¥9rﬁdﬁY{:PQ6%?@OVBFQ% esq'g\ﬂﬂqe\ﬁrﬁéﬁ'aslgq nput

vol tage is at trﬁﬁggtdfoérf?a%g'o‘?éﬁ?l'oft%‘aatiq"@@ébﬁd‘ﬁénéi&to?fi! d first reference

vol tage and sard second rererence voltage, and providing a third output
si gnal when sai d i apsixttvdtdrsigtoi hamingaavgateageupledeto sbisl @rainaef ¢rikai d
first reference voltage and said, second, reference voltage, : met hod
according to EPEONH H?,gs'ﬁtm A a&fﬁﬁ}?‘%‘mﬁghﬁ ?'@ﬁgs@f&lgﬂ%@%&?'%@?a | ow
output st gnal yghen gl ifolif1Buffer GrdiIgcdctdib 18 o aaewhrsh & oRultihat of

said first reference voltage and said second reference vol tage; and

provi di ngtate ldietgctoufuptier ciognarisesta pai aif dnvertars, with tafiest invester copplactge

| evel above that of said first reference vol e.a sal.d s L erence
vol t age. lgal (Eaips: @ gat Setdirasistor 4nd W@?&fm BE%}S?%ghp%ﬁ@lqﬂ'éﬁ ﬁje st eps
of : Providedy fvdrief Sou el o 4afid dRsinS ! ot esid ahiraPRardiston ar saripsistti ng t o
said | ow output signal, 'said md-Ievel output S|?nal, and sai d hi gh out put
si gnal wirahsistor| mdverasi sgicc paireofdinvierters deing: eenfigured tmipfovideoPytPHEvi ce.

50. The nethod accordif o cl.aim4y wherein sai. C L enti al

i nput buF’!gé‘PP% COTERRANGY %EP ??\'djo‘ﬁé) ptftos-'@ﬂaaj@%grgéﬂgﬁeﬁwgﬁéfgéﬁgri ng a
common node wyph said ih'taﬁﬁbuﬁ'érf EiREANAESIrdinantat cliiwd 16T whetein/saiGDRAN menor y
device having a nulti-state detector for detecting nmultiple |evels of

vol t age siatéideteciorfugibRARDmMpTises adeluraliyy oklagis drNiees ePRPESHGE ect or
conprising: a firs

first reference voltatfg‘lé'ffgf 'ﬁg{g’qtﬁ}nﬁ%%’bafg&/mq}%g&g’hpge%g@cgﬂﬂP@?é‘? éﬁtﬂ iGFgFt in%pﬁt
buf fer confi gif\Reel 0faid feHit\onsPoREIENE safi Pweoapuysignagie and said i nput
vol tage, said second differential input .
a fourth inverter having an input coupled to an output of said
second inverter, said fourth inverter having an output corresponding to

said high output signal;

an exclusive OR gate having inputs coupled to outputs of said
third inverter and said fourth inverter; and

a fifth inverter having an input coupled to an output of said
exclusive OR gate, and an output corresponding to said mid-level output
signal.

17. A multi-state detector for identifying multiple levels of voltage
during operation of an integrated circuit device, said multi-state detector
comprising:

a first differential input buffer configured for receiving a first

reference voltage and an input voltage;



19 August 2004 29 buffer being configured to share a first common node with
said first differential input buffer; a first current mrror circuit
coupled to said first differential input buffer to provi de18rAl!9HSb390§i gnal
corresponding to a conparison of said input voltage and said first
reference voltage, and a second curreg@ mrror circuit coupled to said

second differential input bl,%i];if}:;r ﬁo pfrovi ge an output iﬂnal cor.resgondi ng
to the conparison && cidi reptigh dRpitaRHffen; Prdigy Ef EFENCRI V8| t age,

said first cur, ] ' i idn ' hfialshari ng
a second coms:le%ghggé felrrglg%§b%éeﬁé85§§\%ﬂarﬁrp\;mp 5"6&? egga é%%%?%?dng"{egéw%i m 51,

wher ei n sai d nmputi bsffert beithgt eonfiguredripasheresaiadnmmpnt nede twithe saidl Setd fir st
ref erence voltage and sajd second reference voltage, and provides an out put
signal when s&iereApakbWi 888 has a I evel of voltage between that of said
first reference volgmggiagicssifli-SeteudeAbCEERPErA ShROMpANGORAGY itges

anot her out put signal en said 1 nput voltage has a | evel of voltiage of at

| east one of szt firstanefesdnte ivoltage edred esaick secbndgreferancgr valtage.t BRE sai d

econd reference \voltage., 53.. A nory device cqanfiqured, for ti,m zation
gf use of a p!qﬂ?‘ﬂ\fé%y"'"g?”tEHﬁﬁﬂﬁéﬁﬁﬁﬂ{?'&ﬁpﬁé@ﬁaplﬁ3’%6? %Ilﬁ\f%m?lt%ylltagécolrrrrand
functions, saiftWBER a8V 558 ﬁ:féfrPéfeféﬁt% vél'ﬂaage?faﬂaf‘@éid rRicehaneserefper at or

configured for receiving a supply voltage an or generating two reference
vol t ages, sai doltage ranidepravidesvanathge sutpaibiséigrehwhen aaitli input veltagehas

vol tage and a second. reference vol tage, .sai d second . refecren e being
greater than Saaﬁedepq)frg(ﬁIa],g@: %f%tn@@s{/gﬁ? Qézﬁssaﬁh‘anasar@|“ﬁ?t-r§f%[{3§8%§’?’b§§§gr
configured forgn bidrifaR Rald$etonlef@afcanditaged two reference vol tages
and, wherein said nulti-state detector conpares said input voltage to said

first referend8.volfthegenulticstatei detastomof raddior ehicewheraingsaidamiltyStaie des a

vol tage. ettt HRuAEE AR PR HIRe: S O, sPBHYEY 78, Al P )
cor r es poghdtbnstodcdhfan@Vsinsi Wil 1 fHiégratéte girgait t iimgrebsy Papabditibes a

| evel of voltage between that of said first reference voltage and said
second r éordegading stedeswifhin saiddategmatediciragé, and a third out put signal

correspondin 0 a-high i.n si . sad-d i t ' ter

t han sgi d sego1 dr MEW&*E%‘F tdgggééﬁ@ﬂ&g”ﬁﬁﬁmgf& : n@gf%%%{gétga?m nal s
ar e neceggsut\butfer afBan secord dlﬁ%ﬁ'&t@'ﬂ?ut bdigher @@mﬁrise:

CAACALLALUAA AU ARAL AU AAL AAL AAL AAL AAL AL ARA2. AL E. A9. AL A2, Ay. AAE. AAL AL AALA
U A . Ah. A . AUy. AU. @afics rangister having a gate coupled to said first reference

" 8#HZ#PSe$gPSHY é ..d_ZU] ca] ca] cal] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] c”a] ca]
ca] cal ca] ca] cfé@ ?%’a] ca] ca] ca] ca] c”a] ca] ca]c”a]lca]ca! Y@&O(U(Z(i ((RT2c2<<<9
@FFGPPP} QTRTWZZZ%g8éCdpd! trahsiReSriaang 2| gafecedwsibd abosdid ahput] vallage] ca] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]c”a]ca] ca] ca]ca]ca!d. edeCef Qy;
h7i n or ooyyyJ ﬁﬂ@b@@?ﬂ?)@hﬁ%‘kﬂ%éﬁ?%ﬂ%@%%‘% begtdensigten) caj ca] caj ca] caj cal ¢

ke ot LA A P R,

] ca] ca] ca] ca] altage cand @l selrea] cripted t@'sajdz S¥uiee3ef} saidi secohdafymsi$toa] ca] cal
ca] ca] ca] ca] ca] ca ca] ca] ca] ca]gca] cal ca] ca] ca] cagc%ca c%&]c\%caéc&%?a] cal ca]
ca] ca] ca] ca! l}SRGhlihﬂ][ saich bendifergntial jaut Duftess shpeeipe cBPLafRal cajca

]QC?EJ Oc/()al\ %ﬂ ig]n ?@hgﬁ%gﬁ@g@g@%ﬁt% @g%ééaz(} gla tﬁ@f’%ﬁ‘ir@a gg‘%‘%z?@; rc%?% ajJ cal ca

] p%gg] %a] ca] ga]zct@e}cmidcm'ﬁeﬁrﬁ'@] it bliffet.ca] ca! Ey
Xsni cal]cal calcalcal calca a] ca] ca] ca] cal cal ca] cal.ca] ca] ca
cal cal cal ca] c4Pea] da NG Gcdaiebiag ) Golpdarels,or voRayS cuiriy GheratG | °%) <

(] cal caP LA (aPulote FREVR AL RE; SRR AR AP GG he sl 6l ool cal cal cal

" DSr RB<{ X} xsni d_Z] ceddiciagcan) drputataitaloeadmdijactijst a¢%a¢rwe} valtagéd dmjectiista] ca] ca
_ IX4| 1 D" &f 1L
] ca] ca] ca] caj cg}eggwaj] ca]&g_}fgeg] ca]ca]ca]ca]ca | [

Yxsnid_Z]ca]] & |'eRY {ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca G : ] - . in a

}xsni d_Z] ca] ] ca] ca}%éﬁ'g'g %'@a ca \gcgiagé] %@?gﬁ%&g]ngaieégiegglec\gtga eca]_ caj cal ca
] ca] ca] ca] ca] setord differehtial] iophtbifarCprovidingsd fivat\aitpyt signal when said
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WA4L) T $109%\ =\ & () -
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reference voltage.

21. The method according to claim 20, further comprising the steps
of:

providing at least eight decoded states of operation
corresponding to said low output signal, said mid-level output signal, and
said high output signal without increasing command pin requirements in
an integrated circuit.

22. The method according to claim 20, where in said second
differential input buffer is configured in a back-to-back arrangement and sharing
a common node with said first differential input buffer.

23. A multi-state detector for detecting multiple levels of voltage
within an integrated circuit device, said multi-state detector comprising:

a first differential input buffer configured for receiving a first
reference voltage and an input voltage;

a second differential input buffer configured or receiving a second
reference voltage and said input voltage, said second differential input
buffer being configured to share a first common node with said first
differential input buffer;

a first current mirror circuit coupled to said first differential input
buffer to provide an output signal corresponding to a comparison of said
input voltage and said first reference voltage, and

a second current mirror circuit mirror circuit coupled to said
second differential input buffer to provide an output signal corresponding
to the comparison of said input voltage and said second reference
voltage, said first current mirror circuit and second current mirror circuit

sharing a second common node.
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25. A memory device having an input buffer configured for detecting
multiple voltage levels within an integrated circuit, said input buffer comprising:

at least two differential input pairs configured in a back-to-back
| arrangement and sharing a common node, said at least two differential
input pairs being configured for receiving an input voltage and at least
two reference voltages, including a first reference voltage and a second
reference voltage; and
wherein said input buffer compares said input voltage to said first

reference voltage and said second reference voltage, and provides a
first output signal when said input voltage is less than said first reference
voltage, a second output signal when said input voltage has a level of
voltage between that of said first reference voltage and said second
reference voltage, and a third output signal when said input voltage is
greater than said second reference voltage.

} 26. The memory device according to claim 25, wherein said input
buffer comprises a three-state detector configured for providing three output
signals corresponding to a comparison of said input voltage and said two
reference voltages, said second output signal corresponding to a mid-level
input signals, said first output signal corresponding to a low input signal, and
said third cutout signal corresponding to a high input signal.

27. The memory device according to claim 25, wherein said input
buffer is configured for receiving more than two reference voltages and for
generating more than three output signals corresponding to a comparison of
said input voltage and said more than two reference voltages.

28. The memory device according to claim 25, wherein said at least

two differential input pairs comprise:
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differential input pairs to provide output signals corresponding to a comparison
of said input voltage and said two reference voltages.
30. The memory device according to claim 29, wherein said two
current mirror circuits comprise:

a fourth transistor having a control terminal coupled to an output
terminal of said second transistor, and an output terminal coupled to an
output terminal of said first transistor;

a fifth transistor having a control terminal coupled to said control
terminal of said fourth transistor and said an output terminal of said
second transistor,

a sixth transistor having a control terminal coupled to said output
terminal of said second transistor, and an output terminal coupled to an
output terminal of said third transistor.

31. The memory device according to claim 30, wherein said input
buffer further comprises a pair of inverters, with a first inverter coupled to said
output terminals of said first transistor and said fourth transistor, and with a
second inverter coupled to said output terminals of said third transistor and said
sixth transistor, wherein said pair of inverters are configured to provide output
signals corresponding to said low output signal and said high output signal.

32. The memory device according to claim 31, wherein said input

buffer further comprises a plurality of logic device comprising:
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an exclusive OR gate having inputs coupled to outputs of said
third inverter and said fourth inverter; and
a fifth inverter having an input coupled to an output of said
exclusive OR gate, and an output corresponding to said mid-level output
signal.

33. A memory chip circuit having an input buffer for detecting a mid-
level voltage range of operation of an integrated circuit, said memory chip
circuit having a plurality of command inputs, said input buffer circuit comprising:

a reference generator configured for receiving a supply voltage
and for generating two reference voltages, said two reference voltages
representing a first reference voltage and a second reference voltage,
said second reference voltage being greater than said first reference
voltage; and

a multi-state detector configured for receiving an input voltage
and said two reference voltages and, wherein said multi-state detector
compares said input voltage to said first reference voltage and said

J second reference voltage, and provides a first output signal

corresponding to a low input signal when said input voltage is less than
said first reference voltage, a second output signal corresponding to a
mid-level input signal when said input voltage has a level of voltage
between that of said first reference voltage and said second reference
voltage, and a third output signal corresponding to a high input signal
when said input voltage is greater than said second reference voltage
such that fewer command inputs are necessary for function of said
memory chip circuit.

34. The memory chip circuit according to claim 33, wherein said
multi-state detector comprises a three-state detector configured for providing

three output signals corresponding to a comparison of said input voltage and
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reference generator is configured for generating additional reference voltages
than said two reference voltages, and said multi-State detector, is configured
for generating additional output signals corresponding to a comparison of said
input voltage and said additional reference voltages.

36. The memory chip circuit according to claim 33, wherein said
multi-state detector comprises two differential input buffers configured in a
back-to-back arrangement and sharing a common node.

37. The memory chip circuit according to claim 33, wherein said
memory chip circuit comprises a SDRAM device.

38. The memory chip circuit according to claim 36, wherein said two
differential input buffers comprise:

a first transistor having a control terminal coupled to said first
reference voltage;

a second transistor having a control terminal coupled to said input
voltage, and an input terminal coupled to an input terminal of said first
transistor;

a third transistor having a control terminal coupled to said second
reference voltage, and an input terminal coupled to said input terminal of
said second transistor such that said two differential input buffers share
said common node.

39. The memory chip circuit according to claim 38, wherein said first
transistor, said second transistor and said third transistor comprise n-channel
transistor devices.

40. The memory chip circuit according to claim 38, wherein said
multi-state detector further comprises two current mirror circuits coupled to said
two differential input buffers to provide output signals corresponding to a

comparison of said input voltage and said two reference voltages.
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a fifth transistor having a control terminal coupled to said control
terminal of said fourth transistor and said output terminal of said second
transistor;

a sixth transistor having a control terminal coupled to said output
terminal of said second transistor, and an output terminal coupled to an
output terminal of said third transistor.

42. The memory chip circuit according to claim 40, wherein said
multi-state detector further comprises a pair of inverters, with a first inverter
coupled to said output terminals of said first transistor and said fourth transistor,
and with a second inverter coupled to said output terminals of said third
transistor and said sixth transistor, wherein said pair of inverters being
configured to provide output signals corresponding to said low output signal
and said high output signal.

43. The memory chip circuit according to claim 42, wherein said
multi-state detector further comprises a plurality of logic devices comprising:

a third inverter having an input terminal coupled to an output

j terminal of said first inverter, said input corresponding to said low output
signal;

a fourth inverter having an input terminal coupled to an output
terminal of said second inverter, said fourth inverter having an output
terminal corresponding to said high output signal,

an exclusive OR gate having inputs coupled to outputs of said
third inverter and said fourth inverter; and

a fifth inverter having an input coupled to an output of said
exclusive OR gate, and an output corresponding to said mid-level output
signal.

44. A memory device configured for reduced number of pins for

decoding command inputs, said memory device having a multi-state detector
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second reference voltage and said input voltage, said second differential
input buffer being configured to share a common node with said first
differential buffer, and

wherein said multi-state detector compares said input voltage to
said first reference voltage and said second reference voltage, and
provides an output signal when said input voltage has a level of voltage
between that of said first reference voltage and said second reference
voltage and provides a second output signal when said input voltage has

a level of voltage of at least one of less than said first reference voltage

and greater than said second reference voltage.

45. The memory device of claim 44, wherein said multi-state detector
provides at least three states of operation that provide multiple functions to
command pins within an integrated circuit to increase capabilities for decoding
states within said integrated circuit.

46. The memory device of claim 44, wherein said memory device
comprises an internal reference generator for configured for receiving a supply

) voltage and for generating two reference voltages, said two reference voltages
representing a first reference voltage and a second reference voltage, said
second reference voltage being greater than said first reference voltage.

47. A method for detecting multiple levels of voltage for decoding
command input signals in a memory device, said method comprising the steps
of:

receiving an input voltage and a first reference voltage in a first
differential input buffer;
receiving said input voltage and a second reference voltage in a

second differential input buffer;
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reference voltage;
providing a second output signal corresponding to said voltage
level when said input voltage is at said voltage level between that of said
first reference voltage and said second reference voltage, and
providing a third output signal when said input voltage is at a
voltage level above that of said first reference voltage and said second
reference voltage.
48. The method according to claim 47, further comprising the steps

of:
providing a low output signal when said input voltage is at a
voltage level below that of said first reference voltage and said second
reference voltage; and
providing a high output signal when said input voltage is at a
voltage level above that of said first reference voltage and said second
reference voltage.
49. The method according to claim 47, further comprising the steps
of:

providing at least eight decoded states of operation
corresponding to said low output signal, said mid-level output signal, and
said high output signal without increasing command pin requirements in
said memory device.

50. The method according to claim 47, wherein said second
differential input buffer is configured in a back-to-back arrangement and sharing
a common node with said first differential input buffer.

51. An SDRAM memory device having a multi-state detector for
detecting multiple levels of voltage within said SDRAM memory device, said
multi-state detector comprising:

a first differential input buffer configured for receiving a first
reference voltage and an input voltage;
a second differential input buffer configured for receiving a second

reference voltage and said input voltage, said second differential input
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' a second current mirror circuit coupled to said second differential
input buffer to provide an output signal corresponding to the comparison
of said input voltage and said second reference voltage, said first current
mirror circuit and second current mirror circuit sharing a second common
node.

} 52. The SDRAM memory device according to claim 51, wherein said
multi-state detector compares said input voltage to said first reference voltage
and said second reference voltage, and provides an output signal when said
input voltage has a level of voltage between that of said first reference voltage
and said second reference voltage and provides another output signal when
said input voltage has a level of voltage of at least one of less than said first
reference voltage and greater than said second reference voltage.

53. A memory device configured for optimization of use of a plurality
of command inputs for decoding a plurality of command functions, said memory
device comprising:

an internal reference generator configured for receiving a supply
voltage and for generating two reference voltages, said two reference
voltages representing a first reference voltage and a second reference
voltage, said second reference voltage being greater than said first
reference voltage; and

a multi-state detector configured for receiving an input voltage
and said two reference voltages and, wherein said multi-state detector
compares said input voltage to said first reference voltage and said
second reference voltage, and provides a first output signal
corresponding to a low input signal when said input voltage is less than

said first reference voltage, a second output signal corresponding to a

mid-level input signal when said input voltage has a level of voltage

between that of said first reference voltage and said second reference
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voltage, and a third output signal corresponding to a high input signal

when said input voltage is greater than said second reference voltage
such that fewer command input terminals are necessary for operation of

said memory device.



