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BACKGROUND This disclosure is related to an output buffer and, nore

parti cul ar\w‘mlgﬁ%?n out put. buffer for an integrated.ci r,c%,lu%gn?e”%hi p

capabl e of acing to either one of a high and:a low Vv us or
bot h. Background I nformation One problemthat presents itself when coupling
integrated circuit chips or ICs together is electrical conpatibility.
Typically, the integrated circuit chips are designed to operate at a
particular input/output (I1/0O voltage |evel or substantially within a
particular restricted range of voltage |evels. However, with advances in
technol ogy, the voltage I|evels at which integrated circuit chips operate,

“including for 1/0 c Yo N 1 , the trend
for reducing vol t?&@“ﬁgﬁm@@@%‘é LRy Y L?f‘%éﬁghf%él c, e.g.,

| ogi ¢ which does not interface to circuits outside the chip, than for. UG
e.g., CircughgeremotNg i marily interface between chips. Consequently,

recent |Cs cally support 1/0 voltage | evels which are higher than the
core logic age levels. This allows for inproved performance of the

cor e i ndependent Thik disbleswe fyrelated o anl egput bufféandpinbregarticulavie) te an dlpst gener al

trend in th Hcar“i. g.%ed - E.!ﬁ:' 24 i

desi gni ng o?ufger%g um'ﬁtg an %m@%%@#%@%ﬁwﬁc |p@éo$ﬁexaﬁp#§#%g\#ﬂgg

i nt egrat ed low valtagebps or bolly be designed to operate with relatively high
voltage sig ignhi s situation, the integrated circuit chip may

Bidkgrating Ifforrhition
pover . and or. bople PRIt nafiapeetts FRIE Bnaetitinfoe AR eRAICH itk iF G
t ol erant trtogethenis electricalicompatibility. Bypi¢adlygthe integmited circuit chips gre designedta bl e
with | teg aﬁ Y opetits ﬂf@ﬁﬂﬁbzﬂér'htfﬂdil&ftpl%‘t /OFvol l%bél%li- %ﬁﬂaiaxﬁalbhafrﬁﬂ pafiaRd
Cher of or o, EEASaR=R a0 v Re HrOteVer, Wi ad mesin fectalbis e Vplfteear
i nt egr at ed leivels af which intggratedcitcuitehips operite, incladingfor IO hastieen generally Wi t h
| egacy | nt Caidiahel Unfbthinately, i 1reh® for rEdiRiHR! oltagel hEAUEN Yonshidhably falle'0 | 0SS
of generality, vci tage | evel's qf  a prqquqg_a ely 1., volts tQ ﬁ{fox gatel y
3.3 volts n’%ﬁ)/’ °ge logias-Brelogis W‘B‘Fihqqegéwn 8FF, IORHPYIE optsidethr.chip, O{Jié " to
approxi mat eeg., ciritstwhiely privaariip irerfhee between eliips: Sonselqouently] decend ICckypieally
desirabl e i gyl ¥0 WiEgd leltl Fhichafehig iy ttfan 44E core logic voltage levels. This allows
for improved performance of the core independent of the support of legacy /O voltage
levels. ' _
This general trend in the reduction of the /O voltage levels may be an issue when
designing or producing an integrated circuit chip. For example, an integrated circuit chip
may be designed to operate with relatively high voltage signal levels. In this situation, the
integrated circuit chip may not reach state-of-the-art performance levels, as measured by
speed, power, and or both, for example, if designed to utilize high voltage tolerant
transistors exclusively, although it will likely be compatible with legacy integrated circuit
. chips. Altematively, the integrated circuit chip may operate at relatively low voltage fevels
. and, therefore, be compatible with the voltage levels for state-of-the art integrated ciréuit .~
chips, but may not be amenable to interfacing with legacy integrated circuit chips. For
example, currently, but with no loss of generality, voltage levels of approximately 1.8
volts to aPproximately 3.3 volts may be considered relatively high, while voltage levels up
to approximately I volt may be considered relatively low. It would be desirable if an
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WD 01/ 18967 PCT/ US00/ 22794 approach or technique for producing or
“designing an integrated circuit chip provided the capability to address
this issue RY Briefly, in accordance with one enboﬂ%ﬁﬁ t he
|nvent|on"w31p§1]bJ egrated circuit includes: an output buf .a#ﬁ%%gutput
buffer includes sem conductor devices coupled to provide alternately
activateable circuit configurations. The output buffer is adapted to
couple to separate voltage supply voltage | evel ports and is further
adapted to switch between the alternately activateable circuit
configurations. The respective alternately activateable circuit
configurations are respectively specifically adapt ed for intenperating

wi th ot her |nte .Cireuit ch| the.res ctive .threshol d age

| evel s of “@é’ﬁ}%g‘n ME‘W 5‘5“‘8513’?8&'@5? Qi °?‘m é‘?‘t‘h circuit
chi ps bei ngapkbﬂit)etoaﬁdresﬂlnsasmy., in accordance Wit h anot her enbodl ment of
the invention, an output buffer includes: a plurality of thick gate

nmet al - oxi d e conductor (M3XS) transistors coupled in a circuit

confi gurat M plurality includes, as pull-up transistors, at |east a

thick gate PNEBﬁbﬂymmaa:bﬂianamﬁﬂaoﬁemmHodWeoNﬂiavéﬁM$msh

wgratémirb
Lﬁf?icéhéeﬁc e i ofipbltty. PSS bARIRANES ‘&Hfﬁﬂfugﬁoura% Vc%l@?%e' eve
i ncl udes, terpairly activatenblercireuit configuzations. {The Iadwccbto

transi st or%o e&tagueﬁppl)bwmgemuwoﬁ@lmhﬁ%m do awitch he out put

[ ansi st or Sofveen e Bampt) et Pyl SRt S R, 0

and to del iactivateablp bmﬂmnﬁag&mmgespeﬁﬁnlwmmﬁnauy adaptdddosintetoperatifg t he
pul | -up tr%ﬂ&'oﬂie?in’ieﬁﬂ&éifbﬁu‘&fup&hﬁeﬂbﬂ&ﬁ%ﬁ&l@@&h@&%@ls'&&ew“p' ed in the

circuit configuration to iven,on |less hard andto delilver a reduced
vol t age SWIsﬂ‘Bi% M%Wﬂm %E"meat ter
regarded as t he Brieflpin acmrdancqomth anoﬂmemyod:memdmmmmod ancbutgut bufféry

| ai med i N jidigie&Q %[ﬂ,ﬁ#, %ﬂ“ﬂﬁﬁ trangd
ﬁc\?/le\r/rgr, | nbot;h .as ' to o Bﬁnmr tho perdstjl on, &m‘s% rﬂ\r/]m h
obj ect s, fé&!"ﬁ‘l“& &@PP“M“EE%M@‘M FB(Bateby

reference mosluaxisistdrmnd agudegm NMOS wasisiorBotlorespdetively beitlg eoupledt he
e o gl By e o i o aSLFER i 1
urality further includes, as p -down transistors, at least two more thick gate
NMOS transistors, both respectively being coupled between ground and the output port.
At least one of the pull-up transistors and one of the pull-down transistors is coupled in the
circuit configuration to be driven on hard and to deliver a high voltage swing.
Furthermore, at least one of the pull-up transistors and one of the pull-down transistors is
coupled in the circuit configuration to be driven on less hard and to deliver a reduced

voltage swing.

'I'he subject matter regarded as the invention is particularly pointed out and
distinctly claimed in the concluding portion of the specification. The invention, however,
both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed
description when read with the accompanying drawings in which:

Fig.1 is a circuit diagram illustrating one embodiment of an output buffer in
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SUBSTI TUTE SHEET (RULE 26) WO 01118967 PCT/US00122794 accordance with the
present invention; Fig. 2 is a first and a second circuit diagram

i 11 ustr awonsdse enbodlnent of Fig.1 as inplenented onperisowamac Vol t age
device and a high core voltage device, respectively; Fig. 3 is acircuit
diagramillustrating an enbodi nent of a prior art output buffer, Fig. 41is
a plot of waveforns that nay be produced by an enbodi nent of an out put
buffer in accordance. with the present invention, such as the one shown in
Fig. 1, based on a sinulation of the operation of the circuitry in both

hi gh and | ow voltage nodes. Fig. 5is a plot of a waveformthat nay be
produced by an enbodi nent of an output buffer in accordance with the

present i géerdhncewithahEprestnt indéhtioRe shown in Fig. 1, based on a sinulation

cupport Zé’efﬁtlﬁ&%ﬁfﬁ% i tbon ol oo bR nE U SRR it 1 ot el

t he enbodasimplemshtediop a lqw cwe\valtagg dswcmdmdmghmm dewvice, respectivslya

schenati ¢ di aggam islalcheti ,g,m;%%; , enpl oy
an enbodi nent gf an uffe cor dan e WItB Ehgﬁpnventl on; and

Fig. 12 is a dngctisd ?”ém Y of an QUL shi f t i ng
buf f er t hiiffer ﬂragcchﬂammhdylhdprémtxmﬂimﬂ, suchlamhe(bna showat indtg. 1} bdsedon

enbodi nmen f ion, such as
i ustrat%a@ﬁﬂng%gw&@%&*“?%%%%#ﬁm 26) VD

01/ 18967 PCT/ Jéecﬁpzz Mmﬁm@nﬁ pmembodimentiofan det ai | ed
descri pti ajtputruaffefmuaccﬁmeivimﬂchqiresehﬁnmoﬁ,ehcﬁsrthélonﬂhowﬂdﬁn tn provide a

t hor ough EE “R derstood by
t hose sklﬁgg‘g %Qﬁﬂhﬁgngftp% %%ngg:}c‘f'&?nven I on nay %e pra |ced

wi t hout %W@Q&W?ﬁﬂ@gﬁm’l s. In other instances, well-known nethods, '
procedures, mgemmgecmcﬁagmwmﬁsdwdahmdaﬂmtdmgn thegdriows detail so

as not to Obﬁ ure the present ‘i nvention. As previously discussed, an issue

i n connec esigni ng _and/ or producin an integrated circuit chip
is the i nput/o&gpmxsew@av@mmgmmmmmmgbwg@mfmmtmy whi ch the.

i nt egr at egmgloy s:ueﬁxbsdiln&:tlos atl@tpt BeflerGh adcobdanébowit Me BvekthandAS One

particul ar exaﬁ% f2is a circuit diagram illustrating an embodiment of a level-shifting buffer that
may be employed, for example, in conjunction with an embodiment of an output buffer in
accordance with the invention, such as illustrated, for example, in Fig. 2.
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.hot intended to limt the scope of the present invention in any way, an
“integrated circuit chip may be designed to operate at an input/out put

vol t age I%y@blqtsb@,t falls within the range of from approxpé&piSoa2desd VoI ts
to approxinmately 3.3 volts. In this situation, without sone form of

adaptation at least, it isinot likely the integrated circuit chip will also
be conmpatible with or able to satisfactorily interoperate wi th another -
integrated circuit chip designed or intended to operate at an 1/0O voltage
| evel falling within the range of from approximtely less than 1.0 volts
to approximately 1.0 volt. Specifically, as transistor geonetries are

scal ed by approximately 0.7 linearly each process generation, |ower supply
voltages are desired to support substantially constant electric field
scal i ng enpl oyed for tranS|stor reliability. These | ower supply voltages
are rel atiBElAlUlge Ut for core or non -1/0 CIrCUItS as they

typically only qanﬂaent RS eRUTICR ahdNLRIRIR ]
circui n S S C, ro er or, ren es
ARSI R T T A T e P‘§°‘f°6*r‘8§)L‘f§m ¢ andom
access nenmyle(sﬁmwmwgduﬂddenmlmgsmmmmmnbnmbdmcumdwmt in
part, to t efig&xﬁ@détﬂlss ‘llPPﬂéltlnEtﬁlll&E 'Wﬁi-%o@r&ﬂﬁﬁb? gx%f&qu@é com

menories lag | o rt, to e to suppart very

hi gh (>10v) GGt Raveaot iheglia 159 510t to abgeue the presertiBysnBe® s sor s

EQMSRAM typi c%émhomydkc&wdmkswmmmm&mngmwmmmg andh
roces Vel s than

t he gforenéﬁ |5ltr?%ghflé% éew M%Wﬁ@h‘gﬁé‘é gm%g%ﬂ“eﬁo#mace

This may .mmm PéMPUﬂW%@Ws@éP@W mxempleow power

consunpt i onpgdt $ntétied tortlihi€ theStispe padentifvektiiein b way, sfine@glated circlie | 0gi C

ﬂ?éhéf%ihé@éﬁfy%?“#&?ﬂ%&% ﬁﬁ%@éw&@a@sm sl i g ranee” ¢

speci fi cal | 9f foam approximatelip b volts tegaprpxnmmyaé volts., I thistsituation, without3 and
described i gpnmiE¥ofin Bfidaplatidifdt Séabt, R fis it likelP thie ihtBprad CREW! chiphi l?ﬂﬁﬁﬁa the

Vol t ages. t ERBSRP S sP a@b%e%hf%ﬁ%@ﬁwfvﬁ%é%b”ﬂgﬁ%%ﬁnﬁ%% PGP pover
consunpt i ondesignedor intenidedite opkrate atr-and/Q wpltage lavel fallidg wiithin the fange of foame | ogi ¢
'O the povdPrmuthyat s 16 b sppfiblely L OV fe 2t the core-volage
evel of 1V, The%F’gfgéiY’ nP"B %“PS"&PPWW?EI‘!@@%&F“&' Bhher
vol t age on probess gengration, lower snpply voltages are desired to support substantially constant
electric field scaling employed for transistor reliability. These lower supply voitages are
relatively easy to support for core or non-I/O circuits, as they typically only communicate
among like transistors on an integrated circuit. However, transistor scaling roadmaps
differ for different types of chips in a system. For example, the voltage levels for dynamic
random access memory (DRAM) lags the voltage levels for logic due, at least in part, to
~ the desire to support relatively high charge levels. Flash memories lag logic due, at least in
part, to the desire to support very high (>10V) programming levels. However, logic, such
as microprocessors and SRAM, typically benefit fully from voltage scaling. Thus, logic
and SRAM processes, for example, typically have lower core supply voltages than the
aforementioned memory devices with which they frequently interface.
This may introduce a power consumption issue for systems in which low power
consumption is desirable, such as hand-held devices. Typically, the logic devices support

4
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reduce power consunption. However, it would also be desirable to do so in a
manner that is amenable to inplenmentation on seni conductor processes which =
are not euﬁ%sﬁ;e- of -the- art |ogic processes targeted %T,b%ng rating

vol t ages. I# I's were acconplished such a technique or approach may then
al so be inpl enentabl e on processes which have | ess aggressive voltage

scal ing, such as DRAM and non-vol atile nenory processes. Furthernore, it

is desirable to have the techni que or approach, such as a circuit, be
tolerant and useable with | egacy voltages, so that the sanme silicon or

sem conductor chips may be wused in either |ow or high voltage (legacy) 1/0
systens. Additionally this lower voltage swing bus is desirable froma

ol oot r omalRE %t@%&éﬁﬁw oy Vininy é%‘ﬁ %‘%esem a

met hod  of SUPPOR legRey/Qrasiilis wmm herein afigle Thisdn  under
various o hdtess@ahivolage wmpahbmeyrpreus:nm&eve& aaﬁag of &pplyinghightry al | ow

| nt egr ot cIPBERIRE HHiE eﬂ%fﬁ: Y i il s BB 0T vl o

to an |/ Ghewisidgsjred, Eorexanhple, ce ysing a cerp dagid valtagelevelof § Viapd wIIIOange

Ther ef or eygl{ad€of’3!3'V the PO &Y approxitRdtlp 10x uﬂ?awem& vﬁdhld)ﬁ‘én?l Syediif de &
defi ned pﬁ{)forma ce for oni‘= ff range of operating conditions while it
My suppo corg voliage levelof 1Yy aded speeds. This may be done, for

exanpl e; by: (Tl)ercfessgmamgeﬂmablbtdﬂkxw&euwnftalowmgmbm@essf ul ly
under wor gy ﬁb&dsﬁxﬁgncﬁ‘f Wvﬁoﬁ ﬂ&ﬁfﬁﬁé%o%ﬁﬁﬁﬂﬁﬁn&% t aki ng
at ext erna

steps to ensur ment var OVGI’ speC| fied

S onl
or restri $@BKN3 @émp mmﬁmﬂ hﬁ‘i"
oper ati ngaxtln@ccprbc;wses bangekedrat law dspermgaoltéges:alfﬂmwedeycmﬁﬂlsl;edmgclwnpensat ing

t echni que ﬂpﬁ% g t he out put
buf f er toégprg g@g%ﬁ&e@%aﬁﬁeﬂgﬁﬁp Qf)k’%Eem §| th%‘;ee ut accepting
some degr mwavwgsﬁ@hﬂ& a0d apn-vglatile mamposy PrOGISSSSHEET ( RULE 26)

tr LAl KEG Butiieifivbde it is-desitdbleltdlid\e\the Gchmquedﬁmﬁﬁdcw&ﬁh BEH éikduitDbetslethht Whi ch .

the chi [JeTy ks as wll
be appreci awéé%tﬁ%&% %na?@tgtgﬁ#k gﬁ%@%nﬁ%@@g can be
utilized Pgedimeith eﬂi’é"fﬁr&'gh Qsystems; pdditienally, thi Vﬁl‘,‘a@ppr eci at ed
- that thi sswingbbs deiuabmmﬁi hoiserarﬂtstgnstsldmﬁte pepspettive gapwelias ligdtingthal | owi ng

gﬂwe? m ag%%"%e“ ywmﬁww%%ﬂf vol tages over which such a

: At present, a method of producing an integrated circuit chip intended to operate
under various operating scenarios or at various J/O voltages is to simply allow the chip
specifications to degrade. More specifically, such devices or integrated circuit chips are
typically limited to one 1/O voltage level or to an J/O voltage level falling with one specific
or restricted range. Therefore, the output buffer is normally designed to operate with a
defined performance for one set or range of operating conditions while it may support
lower voltages at degraded speeds. This may be done, for example, by: (1) designing the
buffer so that it operates successfully under worst case silicon or semiconductor -
processing extremes and taking steps to ensure that the external embodiment varies only
over a specified or restricted range; (2) applying the previous techniques and then
operating the output buffer within specifications by employing compensating techniques
on the silicon or semiconductor die; or (3) allowing the output buffer to operate over a less
restricted or specified range, but accepting some degradation in the performance level to

5
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.In contrast, an enbodinent of an output buffer in accordance with the
present invention would permt the output buffer to operate effectlvely
over a w dg of potential external environnents and/ "ﬁﬁﬁﬂh
variety of 8| erent voltage, | evel ranges, including voltages are
bel ow the transistor fabrication process threshold-voltage (Vt). In this
context, the termthreshold voltage is applied with respect to different
transi stor fabrication processes and refers to the gate-to-source voltage

| evel below which a transistor fabricated substantially in accordance with
that process is "off," or, at least to a first order, no current flow wl|
occur through the transistor. Al though the invention is not restricted in

scope in thi rti r ,embo Qt.enti al range
oper at | BC #@efﬁlgmﬂﬁmﬁ%@? pafl aiprety Dafpooadee§ PR, ) )
power hand apptedlatedéyme ondmaamhlbmthamla;glmbuffgtmbemhmmﬂnaw:mal of
Lﬁ?gczalrmc gfrb enbo menlgé'lgﬁma ;ggnqgrﬁ;tﬂaﬁthmftﬁ;ﬁl n Whl cr}_ gﬂi‘:%g-ulpn
transi stor fg}“’%‘ ‘“Wéféﬂ/‘?'@ WR&?EI @ij‘?ﬂ%ﬁ r, where
t he pul | - upover whichstchra buffed ey de ethployed satisfadierilyapr oved performance for an
| /O vol tage | evey, cLﬁtHsf F%E&]#En H{uﬁf Sradce! | evel s.
However, a _ di fferen paﬁ -up ratralosl stg{ipﬁa sor%‘;{/&gopercgvgm%?hésaﬁ sfactory

perfor rainc einVention wosle i to eperate %VQXQMW@#@HBEP i ng Wi t hin
a particul apotéxmauawﬁal bnﬁhmmemlahwewimalv&nayef&mfenwﬂl 1e9é1 riniy

conj unction, transi.st e spe for this
parti cul ar %@Eﬁﬁ%ﬁaﬁfh%sw‘ﬁ&m&%%f ﬁf’“ﬁaplo E&“P%f@ﬁ‘ﬂhﬂﬁﬁ"%‘” for
exanpl e, an(M®- lonQamwmhmngmmkhmgumemwmm over
driven gat errinRisték FdbkidRfbn protelses nd fefis @eﬁe mmoa&e%h@etlé@mm%dﬁ ers

to a transistor. t eor 0 er ] rial for its
gate that c%fps mk&gﬁﬁgﬂ’%ﬁ%ﬁ% t@ﬁ'& ?‘PW??O%%‘T“W%{PH to
gate and viirstorder, ngcmaﬂowmllmdhbygmﬂlptrmbﬂ Adthaugh the fivention is not
fabricated gifieldit mu!m@e& ﬁxb@dxﬂéﬁttﬂxebbéﬁnéﬁﬁ@ébﬁtor

fabrication process re s aI ahricatlon callng S
enpl oyed td BM’P&H&‘PA"W‘%P "YIB? %‘B# qu;g appl i ed
and, | i kew davices,te apgroxiknatedys3. vaohénmlnolamsypmboflmmmfms eAlsishall be 6

ot oo pr SECT B G s S M S e

appl i cat i onST@ployed Lup feansister °H?EF device s inFladadidn theowaug at i on
of a hi gherbun'fee,avharg:thefpumwn-anslstbnsldeggieﬂtcprwmelmpmdedber&ﬁmmfotm this
context, a pELpullRR fMidykithth a BhrtitiBl Gfle of low voltage levels. However, a

different pull-up transistor also may operate with satisfactory performance in the output
buffer even at /O voltage levels falling within a particular range of higher voltage levels,
either solely or in conjunction with the first pull-up transistor. More specifically, for this
particular embodiment, such as the embodiment illustrated in Fig. 1, for example, an N-
channel thick gate transistor pull-up 110 with an over driven gate is utilized. In this
context, a thick gate transistor refers to a transistor that has an oxide or other insulating
material for its gate that can withstand a higher electric field from source or drain to gate’
and vice-versa, than is typically employed for a transistor fabricated substantially in
accordance with the particular transistor fabrication process. More specifically, as
fabrication process scaling is employed to improve transistor speeds, for example, the
voltages applied and, likewise, the thickness of the transistor gates are reduced.
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thi ckness for the particular process may be referred to as a thin gate. The
approach enployed such as, for exanple, by the enbodi ment in accordance
with theyhlyseess on of Fig. 1, is in contrast to state-ofg “ﬁ
tradltlonal approaches that m ght be enpl oyed here, such as énploying a
P-channel transistor or a P-channel transistor with an N-channel source
foll ower. One such approach is illustrated, for exanple, in Fig. 3. As
illustrated, transistors 310 and 320 couple to pad 340. It is noted that
Vccpad is a higher voltage | evel than the voltage | evel enployed for the
core logic, such as, for exanple, 350, 360, and 370. Therefore, |evel
shifter buffer 330 is enpl oyed between, for exanple, PMOS transistor 310

and NAND tspﬂéq art.e It is noted
that |eve -s | hn circu é;ii/}‘é ﬂ{ﬁgp%B&g%Pé@Qa%pﬁ%b Cael | - known,

Al t hough %R “Pﬁ'&@frﬂ igher vel %M‘hﬁ‘t erg. Withstand the applieation of abigherielecttic exanpl e
of |evel ﬁﬂlu,h&lnaggmrs@tﬂpldyhd.l Ek%ﬁallﬁlﬂﬁhddi\tebéﬁa IatetabingiaRothal ok §pica’ | al No.

09/ 272, 7 AY/s) Tol er L ve Push-Pul |
Buffer/quPl\?%E’g ﬁg‘r‘%“&f&‘%‘?’? %medgﬂaﬁ% inga¥®9 " (attorney docket:
04239026723), mammhgmpmmﬂaﬁxpmemymmwmmunmmw on. As
previ 0US|MthB€|hﬁr€ﬁmfbeF 1 is th coftradt to!stafclbtith %m&&iﬂ héddha"

enbodi ne%gé&&m?fl?waagx% @Fégsb%&ﬁrg accordance wt e present

nventio : T Lon an

: n;/egret etthn&ismwitthrqhanMBMWcﬂgﬂnllbm Oneeu:thapproashi‘sdlludmamﬂlibﬁ in scope in
;[Mhils rgfs lf?ei %S&lmﬂm Tat d‘ﬁ“ @ig{ouﬁi%t It%e | nt egrat ed
circuit éh?tgy ?%E‘gg%"?ﬁ@e@iﬂ thap SU?WFIWSFW@RE@‘HW%W@B‘% number or
variety cshcﬁaw,fm-eanﬂplbmsmmmdm IThetefdre, 1evelshifer buffe? 380R ent

parti cul Cf‘di-é){a?ﬁ?lf%/lﬁmsﬁx 310 EPRBRD Sk 530, 56 thaPe pgfm Phtegrat ed

circuit chip na rrse_a mcroprocessor m Croco a digital
si gnal p‘f%@s'é%?s sy, Itds noted that ﬁmefhrtscm@mycwhmaféo forexapplecal | y
L)rrﬂ :;rentxed/elb-ﬂmam Ammgh ﬂieﬁdvehudrstﬁismbt lhitdd inAcopelin this regpe€lan ékafripe 1, out put
110, 120, DAl eEesing sﬁ&ﬁﬁw&ﬁ i %‘#ﬂ%ﬁﬁf‘vﬂ@“ﬁ%ﬂ# N%%nm se
seni condu&%y%&?‘% it uifesiRriver;”dw L. Clark, filed pmMarcht18ansi st or ,
when 7 9989 Khttddidy dBdE&TO:(m.Eﬁm), :M@a&ién%& tthe Rﬁéid@@ﬂh@ predént | s:

invention.

As previously indicated, Fig. 1 is a circuit diagram illustrating an embodiment 100

of an output buffer in accordance with the present invention. Fig. 1 illustrates embodiment

100 as implemented on an integrated circuit chip, although the invention is not limited in

scope in this respect, such as a multiple drive voltage level output buffer. It will, of

course, be appreciated that the other circuitry on the integrated circuit chip coupled to the

output buffer may take any one of a number or variety of forms and the invention is not

limited in scope to any particular circuitry. For example, the other circuitry of the

integrated circuit chip may comprise a microprocessor, a microcontroller, a digital signal

processor, or any one of a number of devices that are typically implemented on an

integrated circuit chip. o

As illustrated in Fig.1, output buffer 100 includes semiconductor devices, such as
transistors 110, 120, 130, and 140. Likewise, it will be noted that, although these
semiconductor devices are illustrated schematically as a single transistor, when
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_inplenented or manufactured, these nmay conprise nore than one transistor,

‘depending for exanple, upon the application or the particular integrated
circuit ChWBotll'lz exarrpl e, as is well-known, some form Och‘}h?yoﬁ/ﬂ[wﬁndlor
anal og circui conpensatlon may be included to address the potential

variation is circuit parameters known to occur as:a:result of the

fabrication process. Although the invention is not limted in scope in this
respect, such conpensation techni ques are described in the textbook,

Dabral and Mal oney, Basic ESD and I/O Design, available fromWIey

I nter-science, pp 151-171, 1998. Therefore, the sinplified circuit diagram
in Fig. 1 is provided primarily for purposes of illustration and, as one

of ordinary_skill in the art reC|ate actuaIJ i ol e nting a
particul ar ‘“!?E‘f"ﬁ?f’dtﬂﬁ PFWE;NEW %&M

operati on, ﬁme:tnmpie upen thp epplication ordhaspamdawmtegrmdelrdmtcmﬂ Forexample, asar may

?§8eggllogfedlsl"lve ar or emant I Ol'leéfidlgiﬁ aﬁﬁﬁiagg%cﬁe | mg‘h&?h@mﬂes

restricted lopddressfhe potential varjagion iscircuis pRramEteYsgwR 10 9CCRT ASiaFPRRLOT they i ng
si zes that abﬂcdﬁbﬁgfopessmtmbﬁgdhmeﬁmnq@mmteaon kdopé ircthisitespict] ahneh

coi | ect | on ePibnibEey teh R off e tibel iy e SRR RAERY st Moy %t’t i ° " 7!

i rpedance  oanddiQ Pesign avaifable-from iley Interrscience, m(hﬂplkl, 1998. Jherefora the be
expl ai ned Ianmﬁaiamldtagmtmm fmrpmﬁuad to? o fllubtefion ahe,

Coupl ed 15 %?“tpﬁﬁtﬁfﬂmwtgﬁwﬁ@m%%wr V' b hmeToE e, cos
are coupl edo@w@&nmmﬁemmmlpMQeamd@eMbHsuchMebwmm
confi gur at i gagrhaiHRfore ddthif Herd QH;IEIB ¢%¥g%&¥éﬁﬁﬁﬁe&e&%ﬂﬂd upon

t he si tuat e} envi.ronne cul ar odi t he _out put
buf fer rmy SSHilpstratedin peges T%%*Q?ﬁt\g Bl RBioed A APRE e fveRpRds Hot
confi gur at [ msm;:wdsnsdopéinthxsmhpemaﬁaﬂhtyofmsmoﬂd:hungsmmatmﬁhm al t hough

Dn

the i ”Ve.“t' hpi&d'sd tﬂat%ﬁ&?@f:@é’rrﬂts&t’drgmbfw@’cm& and 618
alternati ve actl tea e clrcuit confrgurations ew se, as shall be
descri bed ﬂaé?éwe '11he everalk qallectionjof binazy yeeigh %ﬂm@maﬁemyvea 3

acti vat eabl parﬁctﬂﬁunipem&ogﬂeeﬁvmmmdmw&thpkl y specifically adapt ed

for interoperati t c

t hreshol d vol taggg'%yfu altikﬁgkseén con%%@w cygh"&&ﬁfbmtwlﬁﬂ%g

i nt egr at ed Previovdly describecsplpmlitypf gemicendustor dewcss) 1104pA4Q.cqupled ta ig a circuit
this parti cué:mguﬁﬁbmdlmtambbmmt,uteeédew&s aREpipledso o pi%vﬁiaamhuvety

transi ot or syBsaE RS olagiRRn BiReh %ﬂ?ﬁﬁ?kﬂtt 2l 3pto hereiog rmor e

t he transi stpanghe situatiprorenvironment. In this particular embodxment, the output buffer may
switch between two alternatively activateable circuit configurations, as shall be described
in more detail hereinafter, although the invention is not limited in scope to providing only
two such alternatively activateable circuit configurations. Likewise, as shall be described
in more detail hereinafter, the respective alternately activateable circuit configurations are
respectively specifically adapted for interoperating with other integrated circuit chips, the
respective threshold voltages of the semiconductor devices of different other integrated
circuit chips being different.

As illustrated in Fig. 1, in this particular embodxment, transistor 110 comprises an

N-channel transistor, transistor 120 comprises a P-channel transistor, and transistors 130
and 140 each comprise N-channel transistors. Furthermore, the transistors in this
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SUBSTI TUTE SHEET (RULE 26) WO 01/18967 PCT/ USQOQ 22794 parti cul ar

enbodi mrent of the output buffer all conprise transistors having a thick
gat e, ate thickness which supports voltage |eygg} are
typlcalﬁvﬂgﬁggﬁﬂtered in legacy I/QO as previously desgrﬂgéﬁah or t he
enbodi ment” described here, this voltage |evel is approximtely 3.3V, but
this should not be construed as |imting. Just to provide other exanples,
2.5V or 5V are |legacy voltage levels that m ght be supported. Likew se an
alternative enbodi mrent may include both thick and thin gate transistors,
depending wupon the particular application and configuration of the output
buffer. The operation of this particular enbodi nent of an output buffer in

erbod monPepyiak egtoBisRiaf SERE ol SRl copngRfe s uirgashick g} |

vol t agel p8de ganetthlolmess wbwh mpsaavol@se lenelewbich ;ane typically endeymteset] ing :Jpo ndt he
t alegBY O enbodirhént tdestni oye

![Dﬁre Ir;ﬁgeleof vol t age {f V, é hi a T‘Wg bﬁ%ﬁégfe&ﬁg\?v&\t/aoﬁeggeymde

nay varyl Bljs 2pmp fy[f ‘Zﬂﬂﬁﬁﬁﬁg‘g&d {’eg’[?F ﬁmftm;g TRFEPIO¥de ' s not

Llalmt ;eg : ntherexamples, 2.51V9rSVwﬂ@cyvﬁhghlwdbﬂmgmlgmuesumm@knvaalag {/{)|Ot .

e o ot A bt P s oo s o

ap)}:/)r o;< irrprrat el y Whe'opeedtion ofmmmwmmmwmvmmbaffmﬂmﬁmmm t Lhe

i nvention }n&gﬁ e

out put buﬂer erh)o‘%fn {%@sﬁhug@ ?re(hﬂ %%ﬁépg{’&én |ne{'ﬁ£ey hi gh

vol t age nBPRIatg R (i WH@I\%@%‘UYQ“E%) m?@néﬂ‘gﬂbpf@l‘!ﬁeﬁm ynderstog thet.e- dr i ver

160 |1 | dependiag upérthé particylarseinidohdctor GP@slisisRoR fabrichtivn crﬁmm Y e- drlvert160
2t ur at o oy e alde B Suibg vt for prEonaiiSipBle AP W PBEEbOImaY, | 2, o

t hr ough ndaw- Epr@lﬁ@amalawgmmeﬁhbpwﬁhemvwmonmqwmtedmgmrstﬂys 120 is
turned of fespéct, dighOioltsge racdeltiiay bomipriSar WO voltige Hveﬂtﬁﬂfil&vﬁﬂnnthh e of 0gi C

Ievel, whi su Iled
by the hlh'% %?%f‘fége @um #%% “W%r gﬁgﬂbﬁ&e{gﬁrsg!ﬁ) t he
invéntionWWémﬁy&VqlmlﬂY@M pwit n@megﬁ&onbr hi gh _
vol t age rraﬁﬁoﬂﬂﬁfethnomwspﬁmhlm DWoIdﬂﬂhﬁtgiﬁgmﬂfﬁﬁénhﬁeﬁﬁﬁis\m ed by

i vi ng. ¢ BB el n o mebket, Thefies, /87 Byl b ot s ie i 0 1 g1y
vol t age s Hijgollyopermtion in the high aoltage annde gacurs; via FMOS mll-npltrmmdge diivent hi s
respect, by presdriveP160] It isa.btea,rxﬁﬂds patBuldriinboditment, ithd® Whe prebRivestgdi €d " hi gh”
when appl 'asesgmtcp‘lt 0e ngns1§or0120 is active or on and operating in its saturated or linear region

of operation. For example, it may be saturated through most of the pad signal transition.

Furthermore, transistor 120 is turned off or deactivated by driving pre-driver 160 to a.

“high” logic level, which, for this particular embodiment, is the voltage level supplied by

the high voltage supply illustrated in Fig. 1, although, of course, the invention is not

limited in scope in this respect. Likewise, for high voltage mode operation, NMOS pull-

down transistor 130 is activated by asserting pre-driver 180 “high” and, again, in this

particular embodiment, driving to a voltage level corresponding to the voitage level of the

high voitage supply. Although the invention is not limited in scope in this respect, it is

noted that pre-driver 190 may, likewise, be asserted “high” when applied to the gate of

transistor 140 to successfuily activate the pull-down operation of the output buffer in high
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transistor 140 to successfully activate the pull-down operation of the

"output buffer in high 9 SUBSTI TUTE SHEET (RULE 26) WO 01/ 18967

PCT/ US00/ Itage node. O course, the invention S Loi.ted in

scope to éﬁ@'i@ﬂ%ar conventions regarding a |logic "high" ‘Qﬁ%§%P%§?
“low. "' Likew se, although i.,n this particular enbodinent, the pre-drivers

are illustrated and descri'bed as separate circuit elenents these may

alternatively be inplenmented with fewer pre-drivers that i ncl ude

| evel -shifting circuitry. A though the invention is not limted in scope
in this respect, an exanple of such pre- drivers Is provided in the

af orenent i oned US Pat ent Application Seri al : 091272 766 titled "A
5- Vol t ToIer Drive_ Push Pul | Bffer .Driver, L Clark. In
contrast, iHN éﬁ‘é°%d@°b'b"§?‘é?’1'5ﬂ° P&@qu [ CRVENYARY i ses an

NMOS transi segaxdmgalbgwé‘hlgh’bothlngnf‘lovo’pdnkﬂmse,akhmgbmttusg:rtlcuhms| stor.

Li kew se, Lol

driving pre-grl er ?ﬁo tqQ a | ogl G ﬁ E hégmvergwggh%g? &%ﬂl}?ar

embodi nent , ¥ ‘?}'PWé]rYbf “‘P‘Pg mwhm@!dqlﬁ\@l'%%ge | evel
across the dhanwt.&lﬂmhdelwmﬁaeismfhﬁﬂwmﬁals&éﬁmiﬁ@mﬁ :t, @f BRdMle bPsuble | ow

| t fically, f
Vbt s e oq PRl proiel ﬁaﬂt%ﬁ?* W@%&?S Wi vars 160
and 180 dri O%27%66. nﬂp@s@éc‘{qlvﬁo erant 3 Ve tm Buffer@river; diyrulClarkng” an
out put i ”pedancehﬂéonﬁﬂstﬁhﬂ@n%ltagbeﬂxﬁyo?ﬁﬁa&ﬁ dRhadby1102VhichRBMmphl& aR" | Nt ed

circuit boa n e.charac stic ed.ance I n, I ow vol t age
mode oper at WE)%%% sirggodéwan 1 Qfé'qqqé*pr%é'é cHkgwise nghis i st or s
on "less hapa‘ncmelfmbddmmmnummgflmsmpudbydpmmdNWudmtmﬁbgmmgat es
the board however)if ii®parliculs ehibBARHRAE S fw@ éx&&m[%ﬁég& gige rode
the pre-dri V%?@F{d” ves bat h t he pglmllmg an ?f evi ces,
provi di ng b&P ei\%é‘ﬁﬁ?b %@smsb@ehw t he

| i near nndevohampmraﬂmrﬂmntlmlggtemlmge suppbe Moére spevificallg)fot thisvi ng, whi ch

| mproves t hembBdidht) o g&m&

dggcri bed later in detall mr;& hisp rtlg | nbocfe&el@%nwlhédg& ?.Iué at

| east in pafsPeqiye frpnst %Q’be‘l’?&v&gm% ulating” ﬂ’?é’“ﬂ?“&w 2§19Bms PRNsi st or s
driven by pbelow; consideratilyesa tirin Hi(primteal circeit boand eansntissi@linelchavactefitic

&LZESASL?QEWS.gnal ‘?é %W?%ansﬁﬂﬁﬂ%tm%fgf?%

is "de- ass FS)glan‘Pl% anogtputimpedan h‘@ﬂmtﬁsr@hm st or
120 acti vat bdardmnsmssldnmehmpemeedamany,gm&& ea&gehoheﬂﬁvtahﬁ%e node

operati on Obyliivel BbihAHE piiPaSwn and puli-up NMOS devices, providing better drive than
otherwise and keeping these devices in the linear mode of operation for a greater range of
pad signal swing, which improves the matching with the board transmission line as will be
described later in detail. In this particular embodiment, this is due, at least in part, to the
respective sizes of the transistors. The transistors driven by pre-drivers 160 and 180 are
relatively larger than the transistors driven by pre-drivers 170 and 190. Likewise, it is
noted that when a high logic signal is applied to NMOS transistor 110, pre-driver 160 is

asserted” at a high logic level, therefore, leaving PMOS transistor 120 activated. It is

further noted that regardiess of high voltage mode operation or low voltage mode
operation, a full swing from the particular voltage supply level for a logic high to ground is
provided by the output buffer. However, the voltage swing in low voltage mode is
reduced relative to the swing in high voltage mode. As shall be described in more detail
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operation, a full swng fromthe particular voltage supply level for a
logic high to ground is provided by the output buffer. However, the )

vol t age | ow voltage node is reduced relative %ﬁE@#ﬁ?@#@ng i n high
voltaeeﬁwﬁﬂﬂwgg shal | be described in nore detail 10 SHEET
(RULE 26) WD 01/18967 PCT/ US00/ 22794 hereinafter, this particular

enbodi nent permts overdrive operation with sem conductor devices produced

or fabricated using processes that produce a high or relatively high
threshol d voltage due, at least in part, to thick gate transistors that

tolerate high voltage |evels being applied across the transistors . Fig.
2 includes circuit di agrams illustrating the enbodi rrent of Fig. |

i mpl et nt P@Xlﬁ? gﬁﬂ R E!QF eV|ce
respectlw eﬁ]ese prow re y as & r%'?es and t he

i nvent i orﬂquewllqedm’@hﬂ?w high oxrelativebichighent s.

Embodi menthregiidid vdliags thicd hfieast ih ngab&hsmfsmt@mt@m volfgea | ow came

vol t age ?ng' Ce.. Theilgéore §ttéeh| s _en od| ment supports both high "and | ow
vol t age isly described. This enbodi nent of an

out put buffer Hg@lndmmmllhmmnzmemmofmums wel | as pad

150. Lik fiﬁmn S Volth f 270,
260, 2;3063\Ai e efi¥lolc &vﬁéﬁn&’d’ﬁxgﬁ&r@ (:aJtNihéét~| C p(lmteﬂ's| {)ortshese

respecii ve The di
el o qae these AR TEVIGRA MOl SyaREPRlen 450 thejpvensifp s nob g for
exanpl e, theserpattieulat erhiodiments: E:nbddﬁgmt&ﬂﬂhJstnlappmadmmhan Vccpad in

Fig. 2 &Yfﬁ? ?‘t}a‘i"P pect, one
enbodi m%‘hﬁﬂiﬁ?vel shi l{agé' E‘%esﬁg; Eo(ﬁ{ﬁ@& g E |sp$hﬁﬁstrat ed
in Fig. 13ndlow; d’Fm er is
descri bedoutp.nrmffer idcludes trmstobselmf, 0203 1180\{and 140, ale/euliarpmlsmapikm;aé i on

Sﬁ“‘glr/ Dr| ver %to&ﬁa@e@#érﬂ(@qevég-sﬁ%&fg ore Qﬁféﬁﬁom&gp ciségccdD ﬁﬂdprlnl
detai| hefedi mceﬁhatcenpem esedovpl qlm/bpifam

shifting maﬂtzennfmkdmﬂu.fépeﬁ&awgicomoaagaevasﬁmaﬂislmmﬁ:efcaﬁa@ possi bl e
I npl enment atqh. One advantage of using this enbodi nent, although other
i

enbodi ment’s' al so provide a sinmi]ar advantage, is that the |evel
shifter have axlgh@sbéwmmpwsmmawxmqvgmﬁ&m@&m tof®e swing .
of the olevélshifer/biffer tRe mag b enployed is illusefed in#ig.12) Mhisqaitieular buf f er

oper ates Lo Lot ¥ab\ 508 FiErmndl SR bl orblaBlats U1 €7

transi sto I'ven pernr
Patent Application Serial No. 09/272,766, ntled “A 5-Volt Tolerant 3-Volt Drive Push-Pull

Buffer/Driver,” by L. Clark, and, therefore, shall not be described in detail here.
However, any circuitry that provides the desired level shifting operation will suffice and
this is just one example of a possible implementation. One advantage of using this
embodiment, although other embodiments may also provide a similar advantage, is that the
level shifter have a greater output voltage swing than the output voltage swing of the
output buffer being driven, at least when the output buffer operates in low voltage mode.
This allows the gates of the output buffer transistors to be overdriven permitting use of
transistors having a relatively high threshold voltage with a low voltage bus. Likewise,
although, again, the invention is not limited in scope in this respect, where appropriate, a
vertical drain NMOS (VDNMOS), such as described in US Patent Application Serial No.
09/109,231, titled “Transistor Device Configurations for High Voltage Applications and
Improved Device Performance,” by Adam Brand, filed on June 30, 1998, (attorney
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_transistors having a rel at i vel y high t hr eshol d vol tage with a | ow vol t age
“bus. Likew se, although, again, thevinvention is not l[imted in scope in

this resp 1@3@,% appropriate, a vertical drain NMOS ( )@N\@fz -syuch as
descri bede‘igéln/ atent Application Serial No. 09/109,231, tit e&

“Transi stor Device Configurations for H gh Voltage Applications and

| nproved Device Performance,” by Adam Brand, filed on June 30, 1998,
(attorney 11 SUBSTI TUTE SHEET (RULE 26) WO 01/ 18967 PCT/ US00/ 22794
docket: 04230.P5591), and assigned to the assignee of the present

I nvention, may be enployed. Therefore, for the enbodi nrent shown in Fig.
12, transistors 1210 1220, 1230, and 1240 conprise thick gate MOS

t i st VDNMOS
tr ansi ot o s SodiEF DR a&i MW#%%&&%%@@%@RH‘%@? £ an

appr oach t hempleygd. pEherefers, foy ent ghowwindFigol 2, rgesistomsi1220, 1280 i s, one
i n which thezjwand/mﬁ;phwmickagaé MOS transisors) WhéaCramisiirs 250 01260 ar e at

| east appr oxi nat el v. e efore. this enbodi nent supports high

vol t age rmdg t%ng%ﬁﬁé)@qg)?wof an out put buffer includes
transistors 110, Rmmmmmmmmmwnlmmm@pmammw S
particul ar  emglged f9p R highek Jﬁ%’%he I;ﬂﬂﬂbue%mgum ldnhél&

noted that sone &afferlﬂm_gnl%i\ ngppgég %ta 0|gmL rives
these transFUFyPLagedoyelars equahpee atlegst § smbediment, 4 np| e,
oper at es at supperts high voitdgeanmie! Ageain, tlwamﬁbdjmempbarmutpmbaffyrmdaml to Vccp
in Fig. 2. I I an

enbodi nment :ﬁ’rﬁﬂslgérgé?(grglz@ Bo. ?‘Eudpﬁié/ eseanﬁlgﬁepéﬁcWe one shown
inFig. 1, smmswq?eswm&ﬂ%l ﬂqunseal@sbslattulbwmsmmhu&emsrpaYn bot h
hi gh and | obe emploges Theigital Wgid thatdrives dideatansibiors| fith@d NAND lgheg223, evel

Vol Zyiﬁd“ﬁ%&%ﬁ%g’?? el SR e e g V‘Vﬁkwhd?w’sm%fveo ’

pl ot illust egabte Yerp inXig 2i nput wavef or m and both out put waveforns produced
for high voltagslmibaaﬁa@bﬂmw:mﬂ Béprofiaea By af emBOdiHieif inSi MUl at i on

For the ent r%ﬁ“@g‘éﬁﬁns'“qﬁmﬁ%“ o Mo el 0PSO

pul | - down t simationof thesperationsof theyeizauityy lorboﬂﬂugh and lowe@ltageegodm Fof thimer at i on
up to one Vmﬁu@home cofe voRdge 1ével éhiployddwds ICHGits, B NERHgEBEVe] ofdh@loRA. 1N | ow
vol tage m)de ltage bas' was 6 Q volts and the voltage level of the high voltage bus was 3.0 volts. The
plot illustrates the data input waveform and both output waveforms produced for high
voltage mode and low voltage mode.
Based on computer simulation results, the pull-up transistor operates in the linear
region of operation for the entire voltage range in the low voltage mode. Conversely, the
pull-down transistor operates linearly or in its linear region of operation up to one Vi, r
above Vg or, in this particular embodiment, ground, in low voltage mode. Because the
transistors operate in their linear region of operation, this provides the capability for the
output buffer, at least in low voltage mode operation, to be "source terminated” and,
therefore, effectively absorb, or at least partially absorb, voltage reflections returning from
the far end of an effective transmission line that is created or produced when the integrated
circuit chip is coupled to another integrated circuit chip via a bus. Therefore, the use of a
source terminated bus scheme may be employed to dampen overshoot voitages and
reflections, for example.
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transistors operate in their linear region of operation, this provides the
capability for the output buffer, at least in |ow voltage node operation,

to be "sS@iydifisded’ M nated" and, therefore, effectively E@f@g&m%r at | east
partially absorb, voltage reflections returning from t ar ena of an

effective transmssion fine that is created or produced when the integrated
circuit chip is coupled to another integrated circuit chip via a bus.
Therefore, the use of a source term nated bus schene nay be enpl oyed to
danpen overshoot voltages and reflections, for exanple. 12 SUBSTI TUTE
SHEET (RULE 26) WO 01/18967 PCTIUSOQ 22794 Fig. 5is a plot illustrating a
waveform that may be produced by an enbodinent of an output buffer in

accordance wit ﬁlggnﬁ

schene is enpl ig)}teg?sﬁ;e&% ﬁﬂ%%‘g% ansm ne c ar a‘;c&p*eurﬁ"l(ills{%‘|

i rrpedance"i‘gmmbt 34’!&?@‘5“‘@99% Wﬂmm? dbuhi ng t he
ef f ect i ve sitieflielis aﬁplbyua. Hedesthe uﬁxaaﬂﬁmsmnlmédhmnemw iglsgecr i bed

fahi on, " DS aid e Bl gp SMoncd v 1 %Y%mﬁr@tfeéhev%&r@t%ﬁgs%v& oped 10
mat herat i yokagp prayided, asipeevigusly-desasibed hereinewhike the pulbdowa is tumeskovehitss
si mul atloutneartég@ommmwmﬂroﬁ Figisi88 Rii! hé”& offipReel Siftflatibn €2CH

theter mi HetaipRd Fspigmse e@a‘rmﬂwﬁrfpgﬁa aﬁgtté%%%‘&ie#uaﬂ%@ﬁgﬁ“ Gorne | 0
behaved amwm&mmmNQmmdcbuSMewhmmamﬂde Wi II be
10 o 50 Sk WA Yol Rahdidins> Ahougi i iBn ﬁﬁ’%?ﬁ% e ke 10
transisto 8 ei@&ﬁ 88%&@%@ h@"sr é’PnN“‘$ e, noted
t hat when talerpble faranasnapplications. tﬁmnapsrquoedmabeqhkhsmalbng 4 mcmgb ohin

conpensat lng&ng S Wﬁm
descri bed, I'n (g)srlé e]?ﬁt gﬁéﬂ{é%i‘éﬂgg lﬁuﬁb’f source term nat Wﬁheme t hat
mat ches t KBe IPRIaRFsn &tds. of coure, Botgd Srmploxgeionian 16, R GRAYREDEO! o

out put bukéme mmngtommmquMhmmmstmenm pravionglgd. Act ual

conponent 4ol Edem ffect the '
remoect i on nitude %t_gar n, a?%logg%ﬁu%ent | gﬁﬁwgﬁ%é%@stﬁgd inits
scope in P'H’P%dg“!‘ therenvizpnment in whigh an embgdiment. of anoutput byffer in acegrdance hi ck
gate MOS twithnhe mmnsn izao pé adployedaAcmﬂcuoutponmptacmabn the cirQuitboards

: Icl)lml‘JlSE;trJ(ri;t [ gn pr OVI ﬁ‘;y‘?ét %ﬁ%%m tsefﬁ;t : \Sg:;/:r agt |r \Sgt teabl e circuit

conf i gur at i onsAgain, although the invention is not limited in its scope in this respect, output
buffer 100 includes a plurality of thick gate MOS transistors coupled in a circuit
configuration, such as illustrated in Fig. 1. As noted above, this particular circuit
configuration provides two alternate or alternatively activateable circuit configurations,
although the invention is not limited in scope in this respect. Nonetheless, the plurality
includes, as pull-up transistors, at least a thick gate PMOS transistor and a thick gate
NMOS transistor, such as transistors 110 and 120, both respectively being coupled
between the separate voltage supply ports and an output port of the buffer, such as output
pad 150 illustrated in Fig. 1. Likewise, as illustrated in Fig. 1, the separate voltage supply
ports are intended to provide supply voltages that have different voltage levels, such as a
high voltage level and a low voltage level, as previously described. The plurality of
transistors, further includes, as pull-down transistors, at least two more thick gate NMOS
transistors, such as transistors 130 and 140, both respectively being coupled between
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~although the invention is not limted in scope in this respect.
"Nonet hel ess, the plurality includes,~ as pull-up transistors, at least a

t hi ck gat ewBNDEBIET ansi storr and a thick gate NMOS transi SPOT/USSUEIIAS
transistors 110 and 120, both respectively being coupled between the
separate voltage supply ports and an output port of the buffer, such as
output pad 150 illustrated in Fig. 1. Likewise, as illustrated in Fig. 1,
the separate vol tage supply-: ports are intended to.provide supply voltages
t hat have different voltage Ievels such as a high voltage |evel and a | ow
voltage | evel, as previously described The plurality of transistors,
further includes, as pull-down transistors at least two nDre thick gate

NVOS  t r ansjzsuund Snd the OltpBSpdrt 6F1ths Gutpii % Rewiag fekdt\oak bf Dei ng
1/1

o7 ound and HRZOD o&iﬂ%%@%ﬁﬁaﬁ%{oﬁ%ﬁ% et

K0S, spCh o se,
at | east on@smstohé:"(bl!ﬁ¢Wﬂ!9dunMMX§pmﬁgslmﬁon&mecamﬂmmﬁmdemdr one

of the pul | a Hiphr g VolGEOSWing, %éi'eas%leﬁit%ﬂéb%@.gﬁ @ﬁuahs‘ist&@”iﬁltﬁﬁ inthis

circuit configu atr t be driven, on lLver or |arge
vol tage swi F@&W‘ﬁ% ¢t pullup trangistor 4 &I?B W%Om'rlﬂﬂtl-hr s

enmbodi ment  ¢inkodimbmttheothér-pull-dovwanrtsinsistor 1403 i coapled imtiseirciibconfighdati

transi stors ge; oTall 4 i's
coupled in P%F@Végrmrn?asrs?' con¥1 %m‘:étt‘ﬁr‘ﬁ%&;%‘%gy %idm gen on ‘?&?s&%&?b&& @8

del i ver a r GOS8 BEYIPURlE ?g?& ers alsp mayheadditignal ppll-yp end puli-dewnr se, as
previously trakisters ﬂrhltemeveembﬁimemy Mpﬂdﬁuﬂyﬂéﬁhbwmtdiﬁ)waﬁtf@qg | - down

v e i i S

transi st or samd'fféﬁe& tages tg driyg\ibe {ranfistors inthe mmcuugdm Qt‘raltematl\rely
t ransi st or sadtivatelible ciecuReohfi taahﬁﬁrtniamﬂemaﬁéxﬁrﬁrdrmh.vel y activateable

circuit configur odr 6- 10, are

circuit diagr amsﬁ%l ugﬁwgt . j‘?‘ﬁ%"‘%’%ﬁm %ﬂ#ﬁ%émm@w

oper ati ng nBpRE&tin s,asyclpamugmlyd@esm led:ouse these aramerclyqrevidedforer el y

provi ded fOpurpmapmearﬁbnahd&sﬁmhu@nsam%xh tdﬂese'pifﬂ%t t oBést €d i n
strate

to th t hi gh
Vol t Sgeomd? ‘?Pew Bl 4R e BT ot abuscre Joy yohege " ©
assum ng a ISL@pssjﬂmngQVQl&g:supmsoﬂ voits, asilestrated, transistorad20520 i S
active or oasuvalaelon,tahe,rtﬁérefo?e lﬂliﬁ%hﬁ”gthé'poltiggsfi{ﬁ Q&s%n?ﬂ.% 50 to 3

bul | up. casebufeat, TeRmtors 4030 gpd )0 aroft o hispl Beeawer fmi Bed 150

is pull ed upnalternatiye amu'bacagmwrlmh@ad 150 isipuled up in high voltage mode. In this
approach, both transistors 120 and 110 are active. Therefore, 3 volts, in this embodiment,
are applied to the gate of transistor 110, whereas in Fig. 6, zero volts had been applied to
the gate. Fig. 8 illustrates the high voltage pull down situation. Therefore, transistors 130
and 140 are active, whereas transistors 110 and 120 are off or inactive. In this situation,
pad 150 is pulled to ground. It is also noted that for this situation and embodiment,
applying 3 volts to the gate of transistor 120 tumns it off.

Figs. 9 and 10 illustrate low voltage mode for this particular embodiment. In Fig.

9, only transistor 110 is active, and, therefore, pad 150 is pulled up to 0.7 voits, which, in
this embodiment, is the voltage level of a low voltage bus. In contrast, in Fig. 10, only
transistor 130 is active, pulling pad 150 to ground. As previously described, these
transistors are designed so that improved performance may be obtained in a low voltage
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approach, both transistors 120 and 110 are active. Therefore, 3 volts, in
this enbodinent, are applied to the gate of transistor 110, whereas in

Fig. 6, @3, ,lyggj{ts had been applied to the gate. ‘Fig. %@%&ﬁ&ﬁgt es the

hi gh vol down situation. Therefore, transistor 140 are
active, mhereas transistors 110 and 120 are off or inactive. In this
situation, pad 150 is pulled to ground. It is also noted that for this
situation and enbodi nent, applying 3 volts to the gate of transistor 120
turns it off. Figs. 9 and 10 illustrate | ow voltage node for this
particular enbodinent. In Fig. 9, only transistor 110 is active, and,
therefore, pad 150 is pulled up to 0.7 volts, which, in this enbodi nent,

is the vo of a low voltage bus. In contrast, in Fig. 10, only
transi stoﬂ@gfl’ée\‘gopl ve, pulling pad 150 to ground. As previously
described, t heFig. 11 isaschemasicsliagram tlustrating en cwbediment of grsyster 1100, Swshrance nmay
be obt ai ngg| foexdmpiett o Sysléin o UBPT BrSiEiat ok} bepigpim VO 01/ 18967

PCT/ US00/ 22 ‘rP%e 0 tion. Fi SC. ema.tlc di.agr a

T ustrati SRt St i ity w18 ghe e myiton s UBSFRRL

conput er sxyﬁusasmlmdlmmwengxppbanfmmdudaaalnghylol;agallagel,esnchmwaﬁnt of an
out put bufvhRf ahdla fFw i gjﬁrﬂdcﬁaw&oﬁrl% trated, in

this enbodi t de oIt such as
"%, o280 i io all Evete et b i g 0 v el bt 1105 v
this enbodmmﬁotuﬂmualtfasucﬁiﬂﬁteﬂmemlm,%diinclndequgxctandboth the hi gh -
and | ow vgls “ﬁﬁm?" for such a
system Dev%@g%%%\tf\lﬁ I nc u§ Q?eg | C anch@nﬂ%a@%xg%%@@gr in this
enbodi mn@wm%mﬂﬁmmlmorsf %1 loworpltaga leyel is applied for thecoredance wit h
t he lnventlogawhifmméhmvoltmléaMs\apbliemgferllevnhsnaecamadahd:\f tue core

| wh ted that
2 Pow vol Co5HE ﬂ%t%‘eu D470 a8 Flag; Fadf. Wkbus Blughind 120 ol i °¢ | 12
bus coupl i dM% aﬁeﬁ ’m@@ew@@sybemshva!iasmﬂ@\pwal;a,sekamard

etc., may 16w vboiay dppliedl 10 DRAM 1480 aritffash T140 in hiivenibddimat id @idyedpp! i ed to

\?Ef\l\ﬂaéésgl@}ﬂ [&?&%&éﬁ?& cour ggf%ﬁgg%lﬁ&gﬁﬁ%a’w%ﬁoﬂé‘% aI ﬁ\lljvnber of
ot her sy stOHheE SYsteynsangy) esp wmméumtw safoumtb‘efqumaqsm%mewnwtb@cor dance .
with the ihventiod.i Forexdrple, e tepideed' By SRAM, SDRCANK etdy Likedide, H4RAM et c.
) o Rl @mge&.es&&:@ T, B A f TR OM L 1
many other system architectures may be employed other than the one illustrated.
As previously alluded to, although the invention is not limited in the scope in this
respect, in another embodiment, the same pre-driver circuitry, or at least portions of the
same pre-driver circuitry, may be employed for both the transistors to be driven on hard
and the transistors to be driven on less hard by employing pre-drivers that have the
capability to shift voitage levels from a relatively low voltage level, such as in the range of
from approximately 0.7 to approximately 1.0 volts, to a relatively high voltage level, such
as in the range of from approximately 1.8 to approximately 3.3 volts. Thus, the same or
essentially the same pre-drivers circuitry may be used in a level shifted mode for the
interfaces for both the transistors intended to provide the low voltage mode operation and
the transistors intended to provide high voltage mode operation. This provides an
advantage in terms of utilizing less silicon or semiconductor area of the chip.
Although the invention is not limited in scope in this respect, one advantage of this
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_many other systemarchitectures may be enpl oyed other than the one
illustrated. As previously alluded to, although the invention is not

limted i Ryplogeope in this respect, in another enbodi mpairyusbhiz7IeQ e
pre-driver circuitry, or at |least portions of the sane pre-driver

circuitry, may be enployed for both the transistors to be driven on hard
and the transistors to be driven on |l ess hard by enploying pre-drivers that
have the capability to shift voltage levels froma relatively |ow voltage
| evel , such as in the range of from approxi matel’y 0.7 to approximately 1.0
volts, to a relatively high voltage level, such as in the range of from
approximately 1.8 to approximately 3.3 volts Thus the sane or

essenti al | ypaiﬂmasaﬁsocﬂﬁ:sn:déihmf GideStH EADAbINEY/ @néﬁcmkﬂ? fted

node for the |nt aces for hthetran3|stors e the

| ow vol t age®® gﬁ'é ’2& Hﬁ"‘&ﬂh‘?""’f%*!‘?'h ghipnou PM@Z@SMM they, gh

vol t age rmckapdpbt(yao support TimitipleFOwioltage lavels fad opemtingcori intetoperatiom fwitht i | i zi ng

I I nis
ess Sili CofyRs &ﬁmﬁeﬂ&laeﬁxe&ed%@wwsga Gég%/ that @b&e b&pm#gga w@%

not Ilmted [ nthis res | TUTE
SHEET (RULE’Q’%} \'/!&M nml%,lr@moawcm@nﬂleﬁt i s that

i t provi desmichacontagitels. ISmrylaﬂy; smlﬂﬁgidrvdlﬁgeﬂe\@lsw dldobeNdesiraabforel | as

Capabi 111y W@?&aﬂ?t oot Rl ol S Ve R A 1t

i nt er oper atWiFTESPRFL h  devi ces that have not achi eved the | ow voltage | evels
that have been a&ﬁmﬂ,\aﬁﬁoﬁgmhﬁnwbﬁisndﬁhm’b@ﬂfsc $herevi

circuits, { an/or B?:%a&wgllers
Simlarly, %Wﬁm er vo@%pg‘%:j gv%ﬁgyoelg??g ggs“}éscp “S?

mteroperatﬂlﬂ'ga‘ﬁﬂ,tmnﬂﬁaéhl%ﬂ ynﬂ@ﬁnmm!éﬁlen&gdlmmtmﬂmmiﬂwbmb not
limted i n g@isr) plovilidsicartt paseities thaf\Grdintore StablB Biafl Rndp d:ﬁa I s nOt

has. LeﬁuhBe?Sﬁ%@%?@hﬁ‘?gBmaﬁv%x?ség@ s i e wﬁmﬂ?&%ﬁﬁ 58 st or

110, which Sﬂu&mbmmmm&cmmlmmmmmngm:ahlmrmgmmﬁbperanon
transi st or oﬂh@ﬁﬂmrwﬁnﬂ{m%ﬁﬁgn R ggglggﬁ %?a&cﬁﬂw oyi ng
escrl e

e N Al S nllhton SErfibin = FFEREAER I e N, Channel
tr aEs i s: ﬁ; empployed in dow voltage modafornangmbndmfenmfenampurbuffnf int deeortiance witht ?Ir o
ond 111 ust ”“‘?‘*'g“““?ﬁ;”‘;ﬁ‘;gm%%ﬁﬁ; g ol Mak e Sl MY W6
t er mi nat i ond v1a abus. Yet another advantage of employing an
N-channel transistor, such as 110, msﬁead of a P-channel transistor, such as illustrated in
Fig. 3, for example, is that N-channel transistors typically do not suffer from drain current
saturation degradation at low voltages, as may typically occur for a P-channel transistor.
Specifically, use of an NMOS device allows the gate to be overdriven. Accomplishing
similar overdrive with a PMOS pull-up would be problematic as it may entail the use and
generation of negative voltages on chip. This effectively means that, by employing an N-
channel transistor instead of a P-channel transistor, the need for a larger transistor has been
avoided while accomplishing the same or substantially the same level of performance.
Another advantage of employing an N-channel transistor rather than a P-channel transistor
is that, due to the availability of a relatively high voltage supply to drive the transistors,
this approach is amenable to implementation on a much broader variety of silicon or
semiconductor fabrication processes. More specifically, for silicon or semiconductor
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enpl oyed in | ow voltage node for an enbodi nent of an output buffer in
accordance with the invention, which addresses some of the inpedance

mat chi n that may typi cal | y arise for integrat epcﬂé Chl ps
coupl edgb\vn a a bus. Yet another advantage of enploying an (ﬁ%ann

transi stor, such as 110, instead of a P-channel transistor, such as
iIIustrated in Fig. 3, for exanple, is that N channel transistors
typically do not suffer fromdrain current saturation degradation at |ow
vol tages, as may typically occur for a P-channel transistor. Specifically,
use of an NMOS device allows the gate to be overdriven. Acconplishing
simlar overdrive with a PMOS puII-up woul d be problematic as it nmay.

tail ' | h
of 2Lt.v£*?ﬂ&ﬁgt§$fﬁﬁ%’*ﬁ%§“gﬂ Sk égifta%% aif0at AR g TPl yolieS o of o
P- channe|wwéhgﬂﬁﬁ@ﬂttopm happel aranastg@m disuppett; these pracasses dusito they oi ded
while ac df%l smaewsamae aésuaubs:t @a&ﬂtahhve th8 ©-chant] trsftor &f active

fﬁ;fnoéngf'% Jiwg t"Fa hefetEm Nl Gl tading A POty BRI PO oy o
rel ati veIWﬂjshsmpbﬁqbﬂvuplpu\;ellhghwolmmsmlymbggum egi!’mﬂdmgproach s

e condLs a6 B Bl ofipe hightt a‘“@t‘&éﬁ?‘f‘tm P SR o
seni condut¢sp E’WI‘MM@%M\!&? @3@@&2794

f abri cat i innuglrmades and; thehaforepproviding atwideimngd ofrI!D hdmgegaval doﬁipﬁhﬂiqL forhi gh

t hr eshol chuej gB*PSM nel transistor
and suppgm%é%ese prIl)scréﬂsag*éus{;s‘gﬁl ﬁé@lﬁcﬂlgtﬁ vo?{ es hat vvoul d be
desi r abl eSSPHCORARRIOT arga copsumed; m W%@’@bﬁmb taRede.
However, dmambﬁmeuaﬁdmwesmmmptdyedforhmmuadmmge@sn)pp05| te the P

channel , & ut| lized,
e.g., prOV| I'ng Q%‘%é %Eli‘éc%,ﬁél%ﬂ i) i%@&&g?@a %%’ﬂan the drain
t o sour cesuchas wansistars i \%tacanwmalhertﬁMa tpsge BMOSandt he

penal ty owmmwnmmmmhoﬂuﬁameyaamahlmaaéfoﬁpenabmgmnbﬁmﬁual nodes -

or EE?L%%%‘F&“M%"! e fﬂ'ﬁ"%g’ﬂgﬁn&ﬁ@tﬁr%‘ﬁg@c.Ph??eﬁc'ﬁtﬂﬁ?éﬁéhhiyaf

silicon Inw-yeltage mode ofeneration wete provided. Thus, thefagga t hi s

parlticu:j uppotting Bdlﬁmoﬂéklbﬁel meﬂ&m&m&m&&nﬁo@wﬁs to be
enpl oye iEE t | s these
consi dera |ons resu &#1;3%3 gn)%{ﬁre |velleh|wa#%é&ﬁg d"é 0 such as
t ransi st oflexibility te havertwo magespipperati °n qrﬁ&?mbﬁfqudﬁmlammw the |arge

PMOS and LiXiMse %@muﬂsws&taed,mtﬁoﬁgu el ihventioRisGhot MBitedia sb&edn thidrer ef or e,
where thi fes f el te' o%?put Buffer may, in an altemative embodiment, also share pre-driver -
cxrcmtry, so that effectively two separate buffers are provided in a single circuit
configuration, where the separate or alternative buffers are enabled or disabled dependmg
upon the voltage environment in which they are to be used. Furthermore, providing the
* capability to have an output buffer operating in alternative voltage modes, one voltage
mode being high relative to the other voltage mode, results in an integrated circuit
amenable to implementation on nearly any commonly used complementary metal-oxide
semiconductor (MOS) fabrication process, including pt'ocessés employed to produce
DRAM, flash memory, and logic circuits.
While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents will now occur to those
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desired, these transistors would still be enployed (and would substantially
'occupy the sane area) if only the Iomfvoltage node of operation were

provi ded. Whegsekie area -penal ty of “supporting both nodegpdrfusofbabi Vel y
small. In contrast, the additional silicon or sem conductor area enpl oyed
to provide transistors 110 and 140, which provide the flexibility to have
two nodes of operation for the output buffer, is relatively small

Li kewi se, as previously described, although t he i.nvention is not limted in
scope in this respect, tHe“output buffer may, in-dn alternative

enbodi ment, al so share pre-driver <circuitry, so that effectively two
separate buffers are provided in a single circuit configuration, mhere t he

separate Orsﬁh&ﬂmﬁéﬂe%@:ﬁx%ﬁf tﬁ&tt@ﬁ@%@ﬁcﬁﬁﬂ?&@' n the

vol tage environnent in ey are to use er nor e

the capabi F?‘f"}?ﬁ tignsa9d changes as, a’éﬂ@hﬁlﬂ‘ﬁﬁ"‘? wnmfélmavmenvm tage
nodes, one voltage node being high relative to the other vol tage node,
results in an integrated circuit anenable to inplenmentation on nearly any
commonl y used conpl ementary netal - oxi de sem conductor (MOS) fabrication
process, including processes enployed to produce DRAM flash nenory, and
logic circuits. Wiile certain features of the invention have been
illustrated and described herein, many nodifications, substitutions,
changes, and equivalents will now occur to those 17 SUBSTI TUTE SHEET ( RULE
26) WD 01/18967 PCTIUSOQO 22794 skilled in the art. It is, therefore, to be
under st ood that the appended clains are intended to cover all such

nodi fications and changes as fall within the true spirit of the invention.
18 SUBSTI TUTE SHEET (RULE 26) WO 01/18967 PCT/ US00/ 22794 Clains: 1. An
integrated circuit conprising: an output buffer, said output buffer

i ncl udi ng sem conductor devices; wherein said output buffer is adapted to
couple to separate voltage supply voltage |evel ports and is further
adapted to switch between alternately activateable circuit configurations;
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the respective alternately activateable circuit configurations being _
respectively specifically adapted for interoperating with other integrated

circuit glodAsesy he respective threshold voltage |evel spginbipare
sem conductor devices of different other integrated ci rcw t ﬁl ps bei ng

different. 2. The integrated circuit of claim1l, wherein the alternately
activateable circuit configurations conprise two circuit configurations,
both coupled to an output pad of said integrated circuit; wherein the two
circuit configurations each include at least a pull-up and a pull- down
transi stor coupled to said pad. 3. The integrated circuit of claim 2,
wherein at | east one of the pull-up and pull-down transistors conprise a
plurality, ransi stors coupled so as to enmulate a transistor having

appr oxi ne "a particular transistor width. 4. The integrated circuit of
claim 3, hher eAmintgeated GircRit eQmprisingsnf i gur ati ons are each specifically
adapted to proandupubbiffery el ectrical performance than the other circuit

configuration de of |on t hat depends, at least in
part, on the v%*‘{oé@ﬁg'g%%ﬁﬁ %conﬁxg% VIESS: The i nt egrated circuit of
claim4, Merewhﬂr@nemdpuw@ﬂmm@dmmmmmmggesupmdmw to

provi de bridl poresanAGs further 10/SWAREIS Betwéen dR@mhtefy i vadablelcirdit 2r Vol tage
supply olh IeveI said particular voltage Supply voltage |level falling
at or bel 5%? rmately 1 volt. 6. The integrated circuit of claimb5,

wher ei n sai d dhemuvmmmmmbmbmgmnﬁgmbmgmwchwlycoupl ed to

provi de s Rbd r@%e&ﬁr!e

parti cul a vo e 5#{3 g eve cu‘égi@g g I S upled to said
out put patres E'ﬁ ‘g&"m:?‘ gmw%mm%mmer of the
two ci rcud:lhpm#gdgﬁemu ons 19 1111111 111111 FEEED T (NN

SUBSTI TUTE SH ,gyagd Bfhei /a}@? pted to

provi de bgtterEﬁ‘ell{éc ri ca?éuﬁt\gpfc%y‘nénce a{?&F eas Q%li par?l CL)?lar vol t age
suppl y vﬁ“ﬁ&@@“m@nﬁwﬁcﬁs\“ﬁ tigns, bothy 9“96‘!"(1 tpgdofaad| falling
i n the rainggrandd cirtnditn  appr oxi mately 1.8 volts to approximately 3.3 volts.

8. The int egra\‘lﬁ'&mﬁ'tl{eWbtcuaIltM&Mm%rﬂl&esﬁiegst'a'ﬂlﬁ%%&gpﬂrcu't

i ncl udes core
down transnstor coupled to said pad.

3. The integrated circuit of claim 2, wherein at least one of the pull-up and pull-down
transistors comprise a plurality of transistors coupled so as to emulate a transistor having
approximately a particular transistor width. :

4. The integrated circuit of claim 3, wherein the two circuit configurations are each
specifically adapted to provide better electrical performance than the other circuit
configuration for a specific mode of operation that depends, at least in part, on the voltage
supply voltage level.

5. The integrated circuit of claim 4, wherein one of the two circuit configurations is
adapted to provide better electrical performance at least for a particular voltage supply
voltage level, said particular voltage supply voltage level falling at or below approximately
1 voit.

6. The integrated circuit of claim 5, wherein said one of the two circuit configurations
is further coupled to provide source termination for a bus capable of operating at said
particular voltage supply voltage level, when said bus is coupled to said output pad.

7. The integrated circuit of claim 5, wherein the other of the two circuit configurations
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_capabl e of operating at a voltage supply voltage |evel of approximately 1
volt or less, the pull-up and pull-down transistors of the two circuit
confi gur atwonwis®se coupl ed to be driven by |evel-shiftingchasbezzse4 hat
shift the voltage | evel applied to the gates of the pull-up and pull-down
transi stors above the voltage supply voltage |evel of the core logic. 9.
The integrated circuit of claim8, wherein the |evel shifting buffers have
the capability to overdrive the pull-up and pull-down transistors of the
one circuit configuration adapted to provide better electrical performance
for a voltage supply voltage level falling at or bel ow approxi mately I
volt. 10. The integrated circuit of claima8, wherein the core logic of said

[ Pt elgrat eilis vmelwda-selea f trichlQeffofmames atdéast ot a pdr h Bty C rﬁui t

of claim 0. swtc t ween t he
circuit co %uralT yéﬁ;agg%le%? ‘&%ﬁ vog??t}eﬂéglapﬂnetw% es to drive
transi st ormmlerb%p@&tﬂﬂmﬂua Bivpltsict i vat eabl e circuit
configuratgons. Tﬂe%nteﬁa&d'cﬁ&ﬁ&if%lﬁﬂ ﬁWﬁ&Hintsaﬁfxn@WBﬁcmﬁmﬁ&s@oégéCI Ceuits

L PO A OO aIE A Sorsing ALK et REBlyPLEp o1 b AR Vo i
syst em of pmt-qgmntmﬁl—dnwmrmmamfﬂmmmm tanfiguratioms arelcaupledito be twend. 14.
Th t uffels f ot her
g at by RIEIShiniid b r‘ﬁ*‘m‘“ﬁ%‘%‘ € et ipplift & i Pl plliubiind 0%
circuit ofPl-dg "ﬁi'ﬂ‘s‘%ﬁgﬁ@f’ YVB]tS#E"é‘?VCI%f QERse lagic. 0 sai d
non-vol ati9e nmlntegta&d&uhumﬂmhnmwhmﬁimamelf‘shﬁﬁﬂ uffersiagetecvel at

b

appr oxi mat _ d I‘CUI t _aof claim 15,
wherein sa &thﬁgthQ*&gﬁfeﬁﬁéﬁlu g’doét(gﬁquv@{ % rf?é';rory and EEPROM
17. The i ntea§jgumtiep adapted tq prayide letric @m@rfethwltam supplycvolteger al ity
of ot her Jlepdldgll ﬂd:rbelbw xmyuseﬁ, a volatile nenory, said output

sUpsT! TUTE Gt et o Tl el ot st i 38 it WSt ot e
circuit ofmeludmmmromwn said volatile nmenory conprises random
11.  The integrated circuit of claim 1, wherein the output buffer is coupled to switch
between the circuit configurations by respectively applying different voltages to drive
transistors in the respective alternately activateable circuit configurations.
12.  The integrated circuit of claim 1, wherein said integrated circuit is coupled to a
plurality of other integrated circuits to form a system.
13.  The integrated circuit of claim 12, wherein said system of integrated circuits is
attached to a printed circuit board.
14.  The integrated circuit of claim 12, wherein one of said plurality of other integrated
circuits comprises a non-volatile memory.
15.  The integrated circuit of claim 14, wherein said output buffer is coupled to said
non-volatile memory via a bus having a voltage supply voltage level at approximately 1
volt or less.
16.  The integrated circuit of claim 15, wherein said non-volatile memory comprises
one of flash memory and EEPROM.
17.  The integrated circuit of claim 15, wherein another of said plurality of other
integrated circuits comprises a volatile memory, said output buffer being coupled to said
volatile memory via said bus.
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access nmenory (RAM. 19.The integrated circuit of claim 18, wherein said
RAM conpri ses one of a DRAM and an SDRAM 20. A nultiple drive voltage

| evel o fer conprising: a plurality of thick g nsi stors
coupledu%ﬁggu%$icuit configuration; said plurality inclu /ﬁ%ﬁg%kgull-up
transistors, at least a thick gate P-channel MOS (PMOS) transistor and a
thick gate N-channel MOS (NMOS) transistor, both respectively coupled

bet ween separate voltage supply voltage | evel ports and an out put port of
said output buffer, said plurality further including as pull-down
transistors, at least two nore thick gate NMOS transistors, both
respectively coupl ed between ground and said output port; wherein at |east

f ' | ] - [ ' .Of id | l-d ' bei
Coupl el n TR gk SEAEoT A 17 o P KIS OBt R BRPED: ovi o o

hi gh vol t ag&cessi ng; and wherein at | east one of said pull-up transistors

and onqnaﬁﬁ ' ul | -down transistors being coupled in said circuit
configu 1on to be driven on | ess, har d provide ed vol tage
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coupled between separate voltage supply voltage level ports and an output port of said
output buffer;
said plurality further including as pull-down transistors, at least two more thick
gate NMOS transistors, both respectively coupled between ground and said output port;
wherein at least one of said pull-up transistors and one of said pull-down
transistors being coupled in said circuit configuration to be driven on hard and provide a
high voltage swing; and -
wherein at least one of said pull-up transistors and one of said pull-down
transistors being coupled in said circuit configuration to be driven on less hard and provide
a reduced voltage swing. :
21. A method of operating an output buffer on an integrated circuit chip, said output
buffer being coupled to separate voltage supply voltage levels, comprising:
switching between respective alternately activateable circuit configurations, the
respective alternately activateable circuit configurations being respectively specifically
adapted for interoperating with other integrated circuit chips, the respective threshold
voltage levels of the transistors of different other integrated circuit chips being different. -
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