WD 02/ 19525 PCT/ US01/ 10001 PROTECTI ON FOR | NPUT BUFFERS OF FLASH MEMORI ES
Techni cal Field The present invention relates generally to sem conductor

i ntegr at 80 ov195eli ts. More particularly, it pertains to deet/@wss/mnd nmet hods
to protect input buffers of |lowvoltage flash nmenory devices. Background
A transistor is a device that controls the flow of electrons. This ability
to control the flowis inportant in that information, in the form of
electricity, may be processed or stored by the transistor. To process or
store greater amounts of information, transistors can be collected

t oget her to form RROTHEEHIQN EORCINRUIT BUFFER SeQB dplASIMEMORIESgr at ed
circuit that processes information is a central processing unit (CPU),

whi ch can be |ikened to the conmputing aspect of the hunman brain. Another
exanpl e of an integrated circuit, wakghcgapide |ikened to the nenorizing
aspect of the human brain, is a nenory device for storing information. A
conmput er conpri sedhempsesent inwerdioneelpiss gepreaalbyolo semingntdect@rutegeatedl menory .

consi ter abl o poer WRRIHRETER, HIURBEA AR e R Tisety W uPREBIPERe morory.

to present @embgeslowiolheafl@himmordasiicabl e because of their frugal use
of power. Presently, nenory devices include | owvoltage transistors. These

| ow-voltage transistors use a voltﬁgékgglﬂﬂy that is about 1.8 volts.

Suppl yi ng too great . . ] S-St Of: i ther by
acci dent or desi g%tr\%]osﬁ%{% Jsggit%}’lltcgnteﬁr?? gﬁ?’@ﬁ??@%@%ﬁ“ﬁﬁ%ﬁ%%@ ts{ﬁese
transi st ors. c¥etiol thofloageimpyrtint @sthitdnpemnatidiain theGornobf Seexitisf, mdy menory

devi ces that . incl uds\I | ow vol t%ge transi stors. Menory devi ces need these
vol t age supplPP@&o9s5eed @& stogitl yothp Sarsision: nkmiiegess & Fiatd FFRater aptaal r eadi ng,

programm ng, @Rt Rnsisthid chiBe @c‘/l_f‘e@%edttSQett}héi‘ t MV ih?%?atéd &f&%ﬁst or

receives by accident an electrostatic discharge, voltages on the order of
sever al t hougerekample of anaptegradessiircaliltyat pricesses afdrmpation it Meerttrabinsi st or.  Such
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the memorizing aspect of the human brain, is a memory device for storing
information. A computer comprises these two core integrated circuits—CPU
and memory.

Memory devices have progressed from early designs, which consumed
considerable power because of the need to continuously refresh the memory, to
present devices, which are more desirable because of their frugal use of power.
Presently, memory devices include low-voltage transistors. These low-voltage
transistors use a voltage supply that is about 1.8 volts. Supplying too great a
voltage to these low-voltage transistors, either by accident or design, would
detrimentally affect the lifetime of these transistors.

Yet, voltage supplies larger than 1.8 volts exist in memory devices that
include low-voltage transistors. Memory devices need these voltage supplies by
design to perform memory operations, such as reading, programming, or erasing.

In the event that a low-voltage transistor receives by accident an electrostatic
discharge, voltages on the order of several thousand volts may undesirably enter
and ruin the transistor. Such a lack of resistance by low-voltage transistors to
higher voltages may lead to an eventual lack of acceptance in the marketplace for

products based on memory devices that include such low-voltage transistors.



Thus, what is needed are devices and nethods to inhibit the sem conductor
breakdown that affects the lifetinme of |owvoltage transistors. Sunmary of
t he I nvew®on19se above nentioned problens w th | ow vol t apeTUS@IEL or s and
other 5 problens are addressed by the present invention and will be

understood by reading and st ug%i ng the foll ow ng specification. Devices
and nethods are desierwindds nasieharsdevices adanethedsiefiphibit they one il lustrative

enbodi nent ' ' 2] I ; age flash
memory. The SRR EITEURTER R ERIAE e BY iy bR (MR 202, (1 ors
and an input buffer. The input $uthfrery ¢fShe¢ Bvepfionve to an enabling signal,
an i nput signal, and an inhibiting_ signal, The |nput buffer _further

i ncludes a corrpone—'g&e apﬁ‘é?mfﬂi‘ﬂ'ﬂrﬁiiﬁ’%o %W&h&%‘ﬁ’%hagﬁ@n@ﬁ%% _ ‘_’tﬂﬁtr eakdown of
the pluralg ty,ofiehbbfl MatsseltydRe bleddltimltion MeRil hepidafiiiddyng  signal is
at a low voltage level. 15 In“another illustrative enbodi nent,” an i nput
buffer for arbalingaidsgtying thaddllavang syecificatioe DsvidésadssettiodsTre i nput

buffer includes an.i t st and n out put stage. The input buffer
optionally i gigfﬂﬁ’égng?lj’oarcf)%rglgﬁ%s&l?gﬁ‘?f%&nd an inhibiting circuit. The input
stage has a transimgbgs iltRehtivoNgisbdased, HRkstm & dicakdd to afithngde sour ce. The
gate is receptive to an inhibiting signal. The drain is recegtlve 20 to an

i nput si gnal .buffsdng temselagsdlashhiepiorys Thesystgpuinchidghamuliderobdiimg present ed
at the s ce n.the inhibitin i | t il [ termned | evel.
The out pil - SpRGeAt QSal i G oo R ahe Bluhidt RS EES

connecti ons. ehhislidg diglal, a@ QiR Sighaln ahd arc Bk digndl hEhs bypucBuidr t he

transi stor. The second connection presents the input_ signal to the

| owvol t age AR pelndssyr camppaent that enhbits segiconquetanail/ongXidiyer s when t he

i nput signal 4 er N | . Sensor i s
receptive tobg&é‘g%gfg%ﬁg‘?ﬁ‘é’ﬁ’gﬂﬁlﬁﬁe%# @%&gﬁéﬂrg%ﬁ%mﬁﬁﬁ%} ing circuit
sel ectively pigndlsesaidvevolidgeiével.ng signal. The inhibiting circuit is
receptive to a punped signal and a sensed si.gnal._Another il|ustrative
enbodi ment® i ncl udgg_aﬁ"tﬁﬁrtlﬂlﬁﬁmi“éf? cphP E@h@nﬁﬂ%&ﬁﬁgﬁg% ‘i"&ﬂ@lt?geash menory
devi ce. The Qﬁkﬂ%rﬂo?fhé&q@éistdk%ﬂs%%&r ThOGpach A4 R dek 38 inpul B8 g@&kd of
transferring is executed by an 1 nput stage having a gate, a drain, and a

source. The gatoatf stepe Thepoputdtudige oponaly épslides atvoltage densdrigindiang si gnal .
The drain of. t.P.in ut.. s e is. receptive .to an input signal. The input
stage i nhi bi tl]%hl ﬁlélg cPrcmt. ’E’ﬁegmput stage agatranswtor at 1ncHl'des a ggce, a drain,

and a source. The gate is receptive to an inhibiting signal. The drain is receptive

20 to an input signal. The transistor inhibits the input signal from being presented
at the source when the inhibiting signal is at a first predetermined level. The
output stage has an inverter that includes first and second connections. The first
connection is coupled to the source of the transistor. The second connection
presents the input signal to the low-voltage flash memory device. The voltage

25  sensor triggers when the input signal is at a second predetermined level. The
voltage sensor is receptive to a pumped signal and the input signal. The
inhibiting circuit selectively produces the inhibiting signal. The inhibiting
circuit is receptive to a pumped signal and a sensed signal.

Another illustrative embodiment includes a method for buffering a low-

30 voltage flash memory device. The method includes transferring and outputting.
The act of transferring is executed by an input stage having a gate, a drain, and a
source. The gate of the input stage is receptive to an inhibiting signal. The drain
of the input stage is receptive to an input signal. The input stage inhibits the
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2 WD 02/19525 PCT/US01/10001 input signal from being presented at the
source when the inhibiting signal is at a predetermned |evel. The act of
out put ti MmO bF1%2ecut ed by an output stage by inverting bPCEUSOWVMEIt er. The
inverter includes a first connection and a second connection. The first

connection is coupled to. the source of the input stage.,. The 5 second
connecti on piE%E sigraliffom bring prespyiad pt the seiee W W%Il’(ﬂﬁb]émglsb%lﬁ“ﬁ@%ry
devi ce. Thes i atures of
the present Pl S o B Sy S L A ST on whi o
fol I ows, andinvertingt anuinvertdre fominvappaimeluties ofitshosenestiaon drelh senonche art by

reference to the oII 10 descr.i n,of .the in tion nd r.ef erenced
dr awi ngs or @]éeﬁ t pqpmect; Orl?vlél‘% Iﬁﬁdtofhgs%{gﬁ%‘&“ﬁ elfﬁ’&vaﬁ%f‘ag > and

features of Eé&nﬁ'w%ch@ﬁ‘p%rsﬁlﬁ gBlihFf dignaing thd Io@u-u&&g@naéfpﬁa@ﬁogf the
instrumentalities, procedures, and conbinations particularly pointed out
in the appende‘dC@I ains. Brief Descripti on of the Drawings 15 Figure 1 is a
bl ock di agram of St ccor irent o sent
i nvention. Figur e%ﬁél sangrgél t SUl g&%gen{ts 8 csgg(;ér%%mﬁéest g a%aé’ﬁ??o"g nt of the

present i nvepdse@invdnitigh il Be k& fartle i p‘aﬂmtﬁb d@cﬁmlﬁﬁﬁﬁfcﬁlfﬂm\bg afdin
enbodi nent of them%r esent 20 inventign. gure is acircuit diagram

accor di ng t oPaih valSsenmerrpagsnt ﬁoﬁéoi?r%slkeﬁitm ﬂilerﬁréba: Federenge;tg trefobowanga bl ock
di 25 Det ai | ed
lagram %Coﬁgéc?i%tl&go e‘?ﬁ%ﬂﬂlgg{%g% ﬁe@éée%:laﬁ dPJvﬁﬁ 6rb fﬁ%{ﬁfge'o?% aile

Description Int oW ng escrip i nvention,
ref erence i sinvedion.t Bhd :lmeefas,cadnmmgpsr@ddeameagﬁﬂmhnmmubmamIaalpz@dt hereof

and in which | |IIustrat|on ecifj nbodlnents in
aheh he ¢ g ey metns S e e et 80 R i o ey s
descri be subﬁgﬁeﬁ]aﬁg,lpﬁnﬁé(mdﬁ{ﬂégpﬁgmg@@paﬂﬁ t hroughout the several views.
These enbodi nents aré described in suffl ci ent det ail to enabl e those

skilled in the art to practiBoeflhe

15 Figure 1 is a block diagram of a system according to an embodiment of
the present invention.
Figure 2 is a circuit diagram according to an embodiment of the present
invention.
Figure 3 is a circuit diagram according to an embodiment of the present
20 invention.
Figure 4 is a circuit diagram according to an embodiment of the present
invention.
Figure 5 is a block diagram according to an embodiment of the present
invention.
25 Detailed Description
In the following detailed description of the invention, reference is made
to the accompanying drawings which form a part hereof, and in which is shown,
by way of illustration, specific embodiments in which the invention may be
practiced. In the drawings, like numerals describe substantially similar
30 components throughout the several views. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention. Other
embodiments may be utilized and structural, logical, and electrical changes may

be made without departing from the scope of the present invention.
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enbodi nrents may be utilized and structural, |ogical, and electrical changes
may be nmade wi thout departing fromthe scope of the present invention. 3
WO 02/ 19596 0POF23S01/ 10001 The transi stors descri bed her BCTUSOICIo0we

transi stors from bi pol ar-junction technology (BJT), field-effect technol ogy
(FET), or conplenentary netal -oxide- sem conductor (CM3S) technol ogy. A
net al - oxi de- seni ca“haltr@nmtm(smnbeﬂha%}@@blﬁieitrﬁ@alﬂ@éﬁoangmbrmnoﬁmst node

(drain), and, hﬁ&ggyﬁmdﬁ’\elé% & éﬂ?ﬁ?{’) solrc ]'ﬁﬁle tép};ﬁlg{r al n “i's only

synmmetri cal VI ce true SI gnat |
possi bl e onceemzbidgeori(EMOP)rtesswibayn AMtdexﬂemMoniﬁhxﬂor @é6Bynat i ons of

source and drain hereln shoul d be i erpr ted, ther in.t br oadest
sense. The t dpRgstoningldesygt e,|aot€ys %%fe h@}de'ﬂl %’?C?lgf%q‘{et(ﬁo EPWE vol t age
10 supplys agd g5qu lcarlﬁaggﬁfﬂe&fdaycievmetﬁe% Oﬁ%ﬁ?s‘idﬁ‘?&f sypeLYias used

her ei n ref ers to Vi tage suppl I'n enbodi nment , the vol t age
supply suppl“dmm”as vnib/tpa@blenntmeoltagamnqﬁesﬁe@&lt}mt@nrﬁﬁalvoﬂ“he; unl ess

ot herw se indi cat e term."ene :S or' devi ce" ribe hereln
i ncl udes any “gfB&t E‘SO S&B?Slagdgfalgbg’%?"r%% Jaerrreifd, %rle e.dh 1%y - st ori ng
devi ce” incl yggedt sdRecapaci tor. The capaci tor descri bed herein can be any

capacitor fabricated on an integrated circuit using any fabrication
t echni que. The endhgyersss “hligh apbViowe as gesidrargip defpieioel af, theowdioes , may be

fabri cat elq} f‘ggp%gihagj Iggcpun Hvelyt T30 ?en%t‘or ’Ee%l&ﬂ tglgyéy&’cﬁ%n 10§ hert 2ns I stor;

the transis rarn-are connec her orm one

conductive pket® to Mc8, tﬁaifﬁtafg@rsﬁﬁplyhﬁl @ﬁd’@ﬁbdﬂ@rﬁ&upﬂlbwelwgeﬁ,@plyand the 20
oxi de layer forms the dielectric. The term" pre-char gi ng .devi ce" descri bed

herein i ncl udedlighy V@I]é%ﬁedééhe rghgratf LODIo HLHVolH HYlesrpiheadsa pdicaledt ai n a
predeterm ned | evel el G %%?%tdrﬂlgacﬁmc@nﬁéﬂﬁbafﬁr%lﬂg?gﬁd’df%ﬁymll:& a system

that includes the energy-s ing device 1s turne he” reason for
pr e- char gi ngcambidufstoringehenzes. gVhesteani“agrggviotag deyic@bhntlades £ 0 store a

| ar ge ano nt of charges to.enable a char u circuit to rovi de a
hi gh- vol tiage *&1agH ﬁWCPHWPr g?SQHE?ﬁa?ﬁFlﬁgangﬁnﬁhﬁeé’é?lf %"Fﬁffﬁt time may
have to be t%@g}a@a%ﬁcﬁlhﬁslﬁg/%ﬂabhéaﬁowtmq% e eﬁ@gg&&hg defige gy- storing

devi ce. The pre-chargi ng devi ce descri bed herein can be a Square-|aw
devi ce. The pgewsribbdhgrmghaiesvicsanajelyriabhendechas athar aamchannghiyansistorsirst or

a p-channel transistor; the transistor’s source and drain are connected together to
form one conductive plate, its gate forms the other conductive plate, and the
20 oxide layer forms the dielectric.

The term “pre-charging device” described herein includes any devices
capable of providing charges to maintain a predetermined level of charges in an
energy-storing device while a system that includes the energy-storing device is
turned off. The reason for pre-charging is thus: the energy-storing device may

25  have to store a large amount of charges to enable a charge pump circuit to
provide a high-voltage signal. Without pre-charging, an undesired amount of
time may have to be taken once the system is turned on to charge the energy-
storing device. The pre-charging device described herein can be a square-law
device. The pre-charging device described herein can be any transistor

30 fabricated on an integrated circuit using any fabrication technique. The pre-
charging device described herein, however, may be fabricated as an n-channel
transistor with its drain and gate connected together; the drain is connected to an

external supply.



30 fabricated on an integrated circuit using any fabrication technique. The
pre- chargi ng device descri bed herein, however, may be fabricated as an

n- channelwOvz/a9%83 stor with its drain and gate connected tBgRURErt00dthe drain
is connected to an external supply. 4 WO 02/19525 PCT/ US01/ 10001 The term
“charging device" described herein includes any devices capable of charging
an ener gy- st or i ng T#e§rak charging device dgwribed hergin inglpdesamy degisgpl y. The

pur pose of -t he, AALAAGAEH] &%aéﬁstsﬁngﬁg{i%éagh@&%mhﬁé {bAg device to

conpensate for any egradation ccur fromthe pre 5 charged
process. The sohdy.gThgpapuscd thesltarging devies mito chape the caasgytstamg st or

fabricated on an integrated_.circuit.using._.any fabrication technique. The
char gi ng. . deViFaEe LB B IEvehiRsytion fagy MBS oFab T EREP s an
n-channel 41 aA%i8d flocess ThScHab @RS 4SHE d&&&bé&%e@&ﬂ%hﬁw%ﬂ\m{sﬂtdrt s drain
connected to an external supply. The term"netal option™ described herein

i ncl udes a cdulticetedrontanantegrared ciguib@sing sny fabricatoncedwique. ciheshptging r enoved
to open a cirguit. Such conduct or ma .inserted or r ved at any

appr opr | at o (ete® detHRoLEer Ry e AR B ek B s Pt a1 o
desired circuhis eRRRWr May bel@naghed wWiBitsdreih cohfechidas @Rlextemv@Bipgpdt f ocus on
the problemof inhibiting sem conductor breakdown of | ow voltage

transi stors that Hagérmhimetalpniione deseribedhergindneledana congpeionibeiceanr

br eakdown;! - i Si:0n: ' g i Qi t [ i.fs, such
as fl as\rllmere gg)r%yrﬁ? Se’%‘tg’;]f\f/}tc?r(ﬁgrétgtLél a‘%nf&g&t?%é%és‘%%t% ggﬁﬁ%ﬂo& i%cg-a é;? #I%I%Itt&?# 1 nsi stors
(MOSFET) becdgsmseriéd binvenmdived htednyrappropeiaeftimd, bedeastaf@npiosdtops. MOSFETs are

either on or off to synbolize the digits. Q or 1 depending on the voltage
that is presdrirEation spgelophtan aslesige Cl%!tgéb@”?fel ps to 20 create an

electric field th ikt ak conmponent
of “the NOSFET that ™y gﬁg&g@ﬁi} %‘Fﬁ?g?&%@gﬁvﬁiﬁg&fﬁgﬁ%  Molomidt CPoPPne

gat e- oxi de. Tidebigjag semicbudicirtbsedkidken af tiveleltigeitansistory that Iava thoar r i er

bet ween el ectrjcal . ch S with.opposit.e | arj,ty so.as to.nmintain the
ol eotric Y1 GroNsS TR Sk pomcantisior edkdpn” jkels B PRl AOLORS o
dielectric stiQR@swn. bigibcitdigtsSduckAgHRshaherhb§, BlvBEiktat-okigel d created by
the voltage at the gate is greater than the dielectric strength, the

gat e- oxi de wisthicppduska diall-ciderd transistorsf(MQHEE brbecause of therdipidal apturgof
compr om sed. these transistors. MOSFETs are either on or off to symbolize the digits 0 or 1
depending on the voltage that is presented at the gate. Such a voltage helps to

20 create an electric field that controls the digital state of a MOSFET.

One component of the MOSFET that is essential for creating the electric
field is the gate-oxide. The gate-oxide acts like a dielectric to create a barrier
between electrical charges with opposite polarity so as to maintain the electric
field. As with most dielectrics, the gate-oxide has a certain dielectric strength. If

25 the strength of the electric field created by the voltage at the gate is greater than
the dielectric strength, the gate-oxide will breakdown, and the lifetime of the
transistor is compromised.

The marketplace prefers handheld products that are based on low-voltage
integrated circuits, such as flash memory, because such products use less power

30 and therefore last longer. Handheld products need to store information, and low-
voltage flash memory is chosen as a storage medium. Low-voltage flash

memory uses a voltage supply of about 1.8 volts. To obtain the same speed as

previous generations of transistors, which use a voltage supply of about 3.3
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The mar ket pl ace prefers handhel d products that are based on | ow vol t age
integrated circuits, such as flash nenory, because such products use |ess
power 3Wanui4skerefore | ast | onger. Handhel d products neRPdTAIS01EI0001e
information, and |l ow voltage flash nenory is chosen as a storage mnmedi um
Low vol tage flash nenory uses a voltage supply of about 1.8 volts. To

obt ai n t he sawls dhelkei-usltagorfeh mgmogemehaes wansistdrs hrengigsteernsdeswiii ch use a

vol t age supply of, about 3.3 02/[,19525 / SOl/ 1 | t the
o vor t age. FPABHOFBRIIRS PiriBes: Sirics 3igp & oehErn Ml o8br * apout
40 angst r ons oxftiek B SH6PRSS geritstibng oftralidistrs ahdisheiefdrd albré mcwtm&toof gate-
oxi des of previous generations of transistors and is therefore nore

suscepti bl e thégh Yalighesyol tages 5 Lowvol tage flash nenory that includes

thin gate-oxide th %Q?bc?ﬂi a?ﬂlﬁl%mo tﬁ?ﬁcfﬁ% grggﬁé fg?lﬁstraﬂ%% /Ayt ng

requirenents in vl tage um Vol age, and super

hi gh vol t age.uséd @Bbdt tramsigtoys W&Bdﬁryﬁﬂmqmretﬁms ingronagd a@@hssjmﬂdmﬁ |d n order
to operate the nenpry cells, such as_in_readin programmi_ng, and erasing.
In one aspectVobpgs hig ﬁvm%gﬁa.aaﬁsu%eré@hw&ﬂtﬁg%%ﬁs F@S@’enefés%ﬁﬁ be applied to

the fl ash t de.
e rlash ne i \gfblﬁ%ggﬁ 125 §if GYagt %'o%)@(rlagé]ﬁpr 1eAn] REMD GYcH 1ﬁ‘r?ahir?1§, oae

As di scussed I nner gate- S a pro
transitioni ngprcbgmnfnllr@ landrermsiny. fwore abpsitof thetivgdntivngecerfuohigkvopagebl em i s

the presence of el ec st t| c .di schar El e trosta di schar eis a
tranotor B avicBBhe oDt BT eRE B o eaTa the ek ROt &

el ectrostati QesPﬁIoﬁ@tA§|d$scﬁ£k%& ab&&%%&ﬂn&yga% 6,868 pee&itas broblent p&uced by an
el ectrostatic field. Electrostatic di scharge may ?rans fer a voltage on the

order of se\t@natlomh@ﬂxafﬂﬁﬁhlmmwlt@Bdﬁfbredt%@moalgl tage transi stor havi ng a

thin gate-oxide. If _.such volta the t - oXi de,
the transistor ha\ﬂnr%}1 §8£ eénmtgf regxch %?%529[} é%rgezgilﬁ Stél odi nents
of the presewischitgentd t@ihs&@|o\felebﬂﬂ@§ﬁlo&ihdrg@%|@ﬁﬁeenibbﬂﬁk angiffeddae enbodi nents
of the present invention are now discussed below. Figure 1 is a block

di agram of> a elgEpesicaRUetiHnigatis cawe@hﬁéaquf@mﬂa@ﬂrortm@csd 8¥@At invention.
et o 100 LR B RS 0 ARRROORpokle 3tem
C 102 acts t eevandlithousaisdsrafcoitsl tocd - bdil%kdiﬁﬂﬂstof having a thin gate-oxide. If
such a voltage is presented to the thin gate-oxide, the transistor having such a
gate-oxide may be ruined.
20 The embodiments of the present invention solve these and other
problems. The embodiments of the present invention are now discussed below.
Figure 1 is a block diagram of a system according to an embodiment of
the present invention. System 100 includes an input buffer C102. In one
embodiment, the system 100 enhances the buffering of low-voltage flash
25 memory. The input buffer C102 acts to inhibit semiconductor breakdown of
transistors having thin gate-oxides. Such an inhibition occurs when certain
voltages are presented to the input buffer C102. In one embodiment, these
certain voltages include voltages having an undesired high voltage level. The
input buffer C102 is receptive to an enabling signal S102, an input signal S104,
30 and an inhibiting signal S110.
The enabling signal S102 is connected to ground via a resistor R102. In
one embodiment, the resistor R102 is about 2.4 x 10° ohms. The input signal

S104 is a signal presented at an input pin of an integrated circuit that embodies
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transi stors having thin gate-oxides. Such an inhibition occurs when certain
vol tages are presented to the input buffer CL02. In one enbodi nent, these
certain wodbvaYSes i ncl ude vol tages havi ng an undesi red hi ghCv@Re1z2I9001l evel .
The input buffer C 102 is receptive to an enabling signal S 102, an i nput

signal S 104, 30 and an inhibiting signal 5110. The enabling signal S 102
i s connect ed thesygieauhep- \ﬁ)‘élelémFC@étF:s‘%BP h wilhbe desgribeshaerginplier sesrat e%ﬁ

resi stor R10 I si gnal
bresent ed at TLiTHAESEhats 0K THARD SEG SRS B Abu iR P2
02/ 19525 PCT nlisoit tA@3aad vblh@es; ﬁstreante’tﬁig th&byseam ¢00 wuiuirstranstsiar hawihg be

descri bed herei nafter. nerate t i nhclthd The.inhibiting

hi t nal
signal S110 ffépgel crides g onptib el Bicpnibiihesie P ieg thedan SghPstEages from
entering tshe pustemMoLoa: 4 Rw Wikt 1&esi stors having thin gate-oxides. In
one enbodi ment’, such inhibiting occurs when the inhibiting 5 signal S 110
is at a | ow vol t adéeligws buffaHel 02yresentsuhé mpuCsignd S0 sesigraltié2i nput  si gnal
S 104 as sig The si gnal ters. a vert er 1102. The
Cnver tor 1103 TBFEOET 2R oh P Bter 107 T BV 8 T MR i 5, 1o
ot her circui &gnhiddl1oWeAIRds@aBIFI4ET0 dié cilchits R weRDRGisPREh, 1oeumﬂn ot her
circuits include circuitry of a flash nenmory device. 10 The system 100
i ncl udes a vene Q@bo@ﬁi@bﬁu@l@hﬂ cfsity icludg lrewiy of 2 feslpmemeory desdet i ve to
the input;si gnal circuit (not
shown) ger(l)Zr ates ﬁgéﬁﬁ%é 0% (fe]g g}%%l Seﬁnqg)%nlg% %E%Ogﬁ%%egsté,gpotrhe punped
signal S 1060104 hsmd:esptare\mltlteagp;tczignab@m4 dnd\aunsped kignal/ 91 d6age chapsor C 104

nonitors the input sjgnal_ S 104. \Wen the input 15 signal S 104 reaches a
desired hi ghpwtcgg"@t R} showpgengigies ppwmnedaisrel 2606 Fianggers. The

triggering OfemﬁaB@mYéi’llt ttﬁ&?urﬁs&?é? %9ds Hc%@&&%oﬁ%&%%bédt%t S108 at a

certain voltage |evel efw se the sensed signal S 108 is produced at
anot her voI t age Ié“\helvolta'gﬁesesmﬁ@%mcgnﬁatstﬁemt mgﬁzik&i@é Whemhike inphe vol t age

4 h r er.ed h n e S108 esented to an
50 ohi b0 g 2R e RS e i B ERe b8l PR s a Pl ey
produces theyj k@%ls‘&‘élgg%‘nﬂ@%kth% vbkBse s?EHﬁ’or'(l“lméltﬁrBdld%gs Eénrsé‘dJéléna@S:l@@ i's

receptive to the sensed signal S 108 and the punped signal 'S 106. Wen the
sensed si gnakt S1aBin slagetevel;waherwise tlwﬂenwglemgnal S108 is produced at

another voltage level. The sensed signal S108 reflects whether the voltage

sensor C104 has been triggered. The sensed signal S108 is presented to an
20 inhibiting circuit C106.
The inhibiting circuit C106 selectively produces the inhibiting signal
S110. The inhibiting circuit C106 is receptive to the sensed signal S108 and the
pumped signal S106. When the sensed signal S108 reflects that the voltage
sensor C106 has been triggered, the inhibiting circuit C106 produces the
25 inhibiting signal S110 at a level that causes the input buffer C102 to inhibit the
transfer of the input signal S104. Such an inhibition prevents the input signal
from entering the system 100.
Figure 2 is a circuit diagram according to an embodiment of the present
invention. The input buffer 200 represents an implementation of the input buffer
30 C102 as discussed in Figure 1 above. The input buffer 200 is receptive to an
input signal S204; this input signal S204 is similar to the input signal S104 as
discussed hereinbefore. The input signal S204 is presented to node A.



sensor Cl106 has been triggered, the inhibiting circuit ClL06 produces the 25
inhibiting signal S110 at a | evel that causes the input buffer C 102 to

i nhi bit wWeo2195ahsfer of the input signal S 104. Such an PERHUBII000T
prevents the input signal fromentering the system 100. Figure 2 is a
circuit diagramaccaording to an enbodi ment of the present. invention. The

i nput buffer 200 refrdslmpingeirauiiZOdeatrles Brihepodne. Thsfestslamming 30 C102
as discussed g%gbap%sla}npﬁ ﬁgut“@ai tolHd B&Ea%%%m{lg &@8&% Ab\éﬁt to an

i nput si gnal F SRR pUt 4°1s sim nput si gnal
S104 as di sdifedt. bﬁes@jonbefaﬁmmg analtlcmﬂtalssnognplles 204 nbde Ar ésexcdvmdl t 0 node
A. 7 WD 02/ 19525 PCT/ USé 0001 A first cI Ci réugrﬁ? 0202 couples to
the node A PHEWING GHE) ﬂgmeﬂhemnuté@e% SPRE: THBRI™I gnal S204 to

the voltage suppliy, cl\PéﬂlﬁhCQ@Z akaeios, kel tcy %ér@om@‘a1§@l%9c%jstﬁicacf@hﬁ eCircuit
C202 al so coupl es %o the’ node A A Second clanping circuit C204 clanps the

i nput si gnal tS2tht ismpplieditochn itegrded: cisuB, sichap? tgv-oplegs memogai@ricand C204,

hel p to over n electro char tes S plied to an

i nt egr at ed cfﬁ?%ﬂﬁ ud §ﬁ%%n3§%§1?f65&9(€orltoé’§§ Jh@?@%ﬂos}aﬁﬁ i ncl udes the
i nput buffer d?s@ﬁargé fesPiRe testhed ichRplies MﬂeEﬁAﬁEDE@gtaa{dams dihsgharge test is a
test that conplies wth El A/ JEDEC standards. These standards incl ude

El A/ JEDEC, Te®ndavds insthdal EIMIERE G Test Method i 1d 4Bh sElaetrastaticdicdsrye
Toot et iy RESRLSRTTRCTGRRY riAR ulRHd RRRBTOLE 19 e roci g

Machi ne I\/bdeIEIANIEIDHCQCIe@erethbaQVDls A Flest stabic MIgbqﬂsmSeﬁ@tl‘fllt}e node A
The resistor R202 acts to urrent that acconpanies the input signal

S204 havi ng eﬁﬂ@M@%@flﬁé@d%@\éM)é@“"h@ WHéh the input signal S204 is from
an el ectrostatic @{rﬁeﬁf’cﬁ@oz cBu gefﬁpﬁgde%mfh tRdr88 0Bt g{s tg‘rﬁgﬁ%' s about

1.106 x 103 ohmns. resi stor SO coup es to a no e i nput
signal S204 hkenentghgiassenpanivsdhginpttegnal S’s’@éshmngfaﬁghfvrodiage)m& is

presented at node B. The in fer 200 inclu ut stage T202
v ng. 11 Fot Whea dumizpt SerNa4 et e Ascies it odi ment, the
first connecih®Bddhthfe ré&%%b’i'l@@?‘%éjaﬁoﬂ@lg@éﬁ 10t Bﬁn§%ﬁ’@f£sfé€b?@@§' on

consi dered the source, and hird connection considered the drain.
Thus, the inpls cguﬁg@towmie(ﬁnm@mp@mméﬁé% having passed through the

resistor R202 from node A is presented at node B.
The input buffer 200 includes an input stage T202 having first, second,

20 and third connections. In one embodiment, the first connection can be
considered the gate, the second connection considered the source, and the third
connection considered the drain. Thus, the input stage T202 can be considered a
transistor having a gate, source, and drain. In one embodiment, the input stage
T202 is an n-channel transistor.

25 The source of the input stage T202 couples to node B and therefore is
receptive to the input signal S204 that is presented at node B. The drain of the
iput stage T202 presents the signal S204 at node C depending on the voltage
level of the inhibiting signal S206 presented at node E. Thus, the input buffer
200 1s receptive to the inhibiting signal S206; this inhibiting signal S206 is

30 similar to the inhibiting signal S106 as discussed hereinbefore. The gate of the
input stage T202 couples to node E.

In the embodiment in which the input stage T202 is an n-channel

transistor, the input stage T202 transfers the input signal S204 from the source at

8



transi stor having a gate, source, and drain. In one enbodi nent, the input
stage T202 is an n-channel transistor. 25 The source of the input stage
T202 coupves2/1291iode B and therefore is receptive to thePCHpst/®dgnal S204
that is presented at node B. The drain of the input stage T202 presents

the signal S204 at node C dependi n%_ on the voltage |level of the inhibiting
si gnal S206 pPeéeBrie g dreinfbaedeC. Fhisocowsavlicn tha nbibiting sigd820& recepti ve

to the inhibit] [ ; S . bt i I [ jymlar to
the inhibiti h%éSE’?ta%a 1°6§§g§" n&???ﬁé‘é@"ﬁ? T%%ﬁréel hotidCH, th‘%h%g&ééttaégggé% he

i nput stage T20Ritcthe phpes sigoalri20¢ filom the sbinee endiwidiBriertie transfidnicd o thee i nput
stage T202 is an n-channg]. transjstor, the input stage T202 transfers the
i nput si gnal dsazmtl?cr%#tﬁﬁlsgwwhaﬂ c “JV%U@E/S%@‘S@(%@W%B@EIWOM node B
to the draingk,0de G gThis occurs when the inhibiting signal S206

presents a high voltage at node E. In the sanme enbodi nent, the input stage
T202 inhibits th&hinpdaviei githb iBR04age 202 drabks ifrtoéntabit nodteir@lt o be

transferred to . the_. drain.at node C..This occurs en the i.nhibiting signal
S206 present YOHAFF OB GYPTREE gfegﬁg%mgmtﬂc aﬁéﬁt?@? BIFSFY fR4°S fput st age

T202 enabl es rijh 16W-voltBEPirinsisFe ghvigg thiyy hitb 3 RRs f SN ShBILiNG RRulsnt egr at ed
circuit, such as a flash nenory device, to ruin |owvoltage transistors

havi ng thi n gagtdewskiwe sircupydncan Fipbi wien annisewmtadscircuil ininattiés thet wo
ci rcunst ances.. . &i.r st i cifcyit 1S | tiv e 10
i nhi biti ?\@ s?nélﬁlgllltln%{ﬁo’gwp}?@g Z)E?slseﬂtté%ﬁé‘?vtv@g %ealﬁgéilaéglg Iga!ée{]%%ﬁiéerg% {éllgand t her eby

the input siggesthgdZ20Dhihibitsshd iput signal SS04pMmahe S Rdémibeihgsour ce from
being transferred to the drain. Sufglgose_ that during handling of, a flash

menory devi c&ansfgmediodhe fiat a3unposh Watdirge hepdingefiaflash npgeery devisecause t he

flash menory g glé'cﬁ statjicgdiﬁf%%ei a\é&deﬁtgﬁgy bé}@i’% h%éc?l?sg Stl’-{lgﬁgsh' ABLB Rvide

el ectrostatic discharge enterin nenory vi ce. Second,
when an i nt egriatd@drecthednpnit stage 4202 inhjbitstiee éladtidstatic nipchargea filonS2AGingray

pr esent | ow voltage | evel. at the gate and thereby the input stage T202

i nhi bits the %Fgﬁmg‘?fﬁ%d%ﬁm at the source frombeing transferred to the

drain. Suppose t RaborfdlivhBYa®RRERAtb@Birdfit & Rstivd, BRMnABAREKIARVES® @ | arge
voltage is 20 presented by design via input signal S204to transition the
i ntegrated chrayyiresehia lpw voltage level at the gate and thereby the input stage T202
inhibits the input signal S204 at the source from being transferred to the drain.
Suppose that during operation of the flash memory device, a large voltage is
20 presented by design via input signal S204 to transition the integrated circuit into
a test mode. Other circuitry, which will be discussed hereinafter, brings the
inhibiting signal S206 to a low voltage level and thereby inhibits the signal S204
from entering the integrated circuit, such as a flash memory device.
What has been shown hereinbefore is that the input stage T202 operates
25 to selectively inhibit a voltage from entering an integrated circuit whether the
integrated circuit is active or inactive. As discussed, such a behavior is useful to
resist certain voltages that may ruin low-voltage transistors having thin gate-
oxides.
The mput buffer 200 includes a transistor T206 having a gate, a drain, a
30 source, and a bias. In one embodiment, the transistor T206 includes a p-channel

transistor. The term “bias” means the inclusion of a substrate bias that is used to

inhibit undesired body effects. The gate of the transistor T206 couples to the



a test node. Qther circuitry, which will be discussed hereinafter, brings
the inhibiting signal S206 to a |ow voltage |evel and thereby inhibits the
si gnal SX0d02/i950 entering the integrated circuit, such aBCHUROIZ®POINMENDrY
devi ce. What has been shown hereinbefore is that the input stage T202

operates 25 to selectively inhibit a voltage fromentering an integrated
circuit whet Befe Epad is thersirareariayetodhs inhubiting sigral 20¢.n4be 3%1 anggthe

di scussed, sygh o?tlﬁet%\éjs%;;z%g%ﬁlgkoﬁ?nofl@@i. st certain voltages that may

ruin | owvol tage transis aving thin gate- oxides. The input buffer 200
i ncl udes a transi gtherinpl2 66ffearcRliOrigeladepat teansitost TRI0A hawing AQatpadcdn, aand a

bias. I n one enbodi t, the trapsi.stor .T206 jnc S - channel
transi stor. “Fﬂ‘ém@eaPH]%" ‘?sa;[“ OH%E}HEOCPH@HFH}ﬂ%ﬁslﬂ?fﬁgglr&iﬁg‘fﬂﬁg‘aﬂ{lﬁs that is

used to isnhihlisiP desd %ﬁgomg!'raﬁgiit@f;i"%ﬁl dp1:838 teQfodt Bemlariameb st or T206
couples to the 9 WO 02/719525 PCT/ USO01/ 10001 node E and is therefore

receptive t o thdreforamerdgtive tythsiigribiting2(aal 3206. dihgidnaiand theteansisicsis of t he
transistor T couple to t.he C. The.input, buffer 2 i, ncl.udes a
{rans stor Tt fauNRod tgaer RA0R one Aod it e sy RAph 8 ERET oo
enbodi ment,  tol3ty BHiShiisOThd d64n btk ¥EaS stBr P20 R8s to thel draiRofshedr . The
gate of the transistor T204 couples to the node E and is also therefore

receptive t o trepsistonh2ef.t Thegbiay efrihe trapagor T copplies tothesparce oAlSi stor  T204

couples to a I 5294. . ggﬁ i e jstor R204 is about
0. 203 x 103 3]£1afgrssfi.gt%£rﬁgodr alenreélgtofﬁgo%ra g'%sg?%}m]lté%efl%gi&}pl es to the drain of
the transistor T2®e.puilpdee bf s trahsifthes TAtARMH JRO6 islBPiecntiieandt € t he source

of the 10 transistor T204. The resistor R204 couples to_a.voltage supply.
The purpose dfon Heatinga ndicss Brostrapsisiprs g tymed on evhep thy ighibiing $83hode C  from

floating. Th t ' : r L phibbiting signal
S206 is at a%?ggvﬁé\,/%latlgggl% lst? egsg .aﬁNgggygqﬁmﬁlq%%tt)e g%h%ﬁﬁ?%%gﬂlgge | evel
when these these twarsisitars sreaueetonribeclpnpiehentmgyhenaledd fiongflodtmgnode C

fromfloating. 15 A.third clanpin LI cui 6 cqu to. the node C. The
third cl i ng ci‘%gﬁgtcrlaé%éggﬁ lﬁg&g%]l‘pﬁ'?sg%g’r‘?ﬁ’é’ eﬁ' gﬁ?ﬂ&éﬁ% having a
gate, a drai Rirc@Pd266 iRAMES S n-tHSRBHERol THRISEhaN\Bke, bI@MA] Sldor T208
couples to a resistor R206. In one enbodi nent, the resistor R206 i s about

0.249 x 103 oburse. Thegatesf @@cmrcham@@ansietpt €208 epugles (v @ resdier REQH. Anof t he
n-channel tr ane %%%851111@%8 %ecr%lsjigtlo? ﬁZbg isabout 0.249 x 10° ohms. The resistor

R206 couples to ground. The drain of the n-channel transistor T208 couples to a
20 metal option M202. The metal option M202 couples to the voltage supply. In
one embodiment, the metal option M202 can be removed so as to inactivate the
third clamping circuit C206. The source of the n-channel transistor T208
couples to the node C.
A fourth clamping circuit C208 also couples to the node C. The fourth
25  clamping circuit C208 includes an n-channel transistor T216 having a gate, a
drain, and a source. The gate of the n-channel transistor T216 couples to the
source, the drain couples to the node C, and the source couples to ground.
These two clamping circuits, C206 and C208, help to enhance a charge-
device-model test that is applied to an integrated circuit, such as a low-voltage
30 memory device that includes the input buffer 200. In one embodiment, the
charge-device-model test is a test that complies with EIA/JEDEC standards.
One of these standards includes EIA/JEDEC, Test Method C101: Field-Induced

10



20 nmetal option M202. The netal option M202 couples to the voltage supply.
In one enbodi nent, the netal option M202 can be renoved so as to

i nacti vatveoon®s2s hird clanping circuit C206. The source oPCTN8ImHedannel
transi stor T208 couples to the node C. A fourth clanping circuit C208 al so
couples to the node C.. The fourth 25 clanpi circuit C208 includes an

in

n- channel tr&i@?&e@ﬂ?eﬁﬁ]@oﬁﬁﬁ%%t@étf%{ Elggtr@?%ﬁcrplsm%wé (8. The gate

of the n- Chag[rh?ésthdQBﬂ\/ﬁEr%leI@Jﬁc @%H@Bﬁ@nﬁ §Mgh§995‘:}ource, t he drain coupl es
: e ound.

to the node and the source coupl to g hese two cl anping
circuits, C206 andh€ifydit bhfbp2(lanemiesmeowput smggE202dewinges fistiel test that
is applied to an i.nt

egrated circuit, such.as a | owvolt 3 ry
dovi oo 1 hat | CRBTSHES S SERpaEoBP i "HB0iS sriora e BB EOTe g
char ge- devy cepdpdehd Eqskctich @ubRs o hORID CORPKide §01ﬁie%ﬂﬂ?jﬂeééﬁ%§irﬁiu@ndar ds.

One of these standards includes El A JEDEC, Test Method Cl101: Field-Induced
10 WO 02/ 195 2&nplC§70430¢sentd Gl nodsh@ rgé thedevinseconhehsion Peesentyvian iagrted r

El ectrostatic.Di rge. W Thr ds of M croel ectronjc,Conponents
(Vo 1605 FHBA Sl A PLRZ A0 e B2 rh RSt es BREL 8RS8 sy g o

first conneghb®h) éfitle tERaoMBir€Of) B ds@TowNuttafé fladh OMBACAdvse. coupl es to
node C and 5 the second connection couples to node D. The first connection

recei ves the i nputin engpmbodipwat, Hreadpitstreg{2Hos an varar 1208 hawias iee
connecti oy pr. [ t S : - ' : .mhe signal
S212 pr og{rbesgggtec{a %ﬁ%?i Eréra Heélﬁ{ecsgl nrdydc’?ﬁ%ltmééggl\ﬁna%s%# g%}%éb%g’%grg%t ed circuit,
such as a | oviawoplet BX§R ihdladds ameneitayinelaxansietor TR1oher g gatien® diain, tida out put

stage 1202 is an ipnverter 1202 having the _10 first caonnection and the
second connedPVigh ABC 8?t§85é@é]d°1}i‘€?"e‘itﬁﬁélﬁf8¥E.Z?"r?félpi?sﬁ%‘ﬁl&de 209 i ncl udes an

n-channel trafgh 8b@fles'® e AL D % tﬂé‘écﬁwceacoq?ﬁk B g2 source. The gate

of the n-channel transistor T214 couples to the node C, the drain couples
to the node D, andhehevesioui2d fohgliedudes agr-chandel tineisionT@12 brvit@02 f urt her

i ncl udes p-channel. transistor,JT212 haying.a ate rain, .and a
sour ce. - The" giteen drin b8 B Seishnone eg AL e rar et 1217 5 lieeS node ¢
The drain of ihgdR-Chan@hid 5fARSHThinel #dmditOuR 18%oliplet REtHBEEe D. '
Therefore, the gate of the n-channel transistor T214 and the gate of the

p-channel t ridwiferecthe gatef thefn-plannpldranisistor Tedh et theate affthe grechimmebf t he
n-channel tr %r%ﬁé@t%? 212 define the first connection. The drain of the n-channel transistor

T214 and the drain of the p-channel transistor T212 define the second
20  connection.

The input buffer includes an enabling transistor T210. The enabling
transistor T210 is a p-channel transistor having a gate, a drain, and a source. The
gate of the enabling transistor T210 couples to an enabling signal S202. In one
embodiment, the enabling signal S202 is low. Therefore, the enabling transistor

25 T210is turned on. The source of the enabling transistor T210 couples to the
voltage supply. The drain of the enabling transistor T210 couples to the drain of
the p-channel transistor T212 of the inverter 1202.

The enabling transistor, being turned on, keeps the inverter 1202 active

because current can flow from the voltage supply to the drain of the enabling

30 transistor T210 and to the inverter 1202. The inverter 1202 produces the signal
S212 at a low level at node D when the input signal S204 is at a high level at the
node C. This is the result because the n-channel transistor T214 is turned on

while the p-channel transistor T212 is turned off when the input signal S204 is at
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T214 and the drain of the p-channel transistor T212 define the second 20
connection. The input buffer includes an enabling transistor T210. The
enabl i ngwopamsestor T2 10 is a p-channel transistor havi POT/ASYANE)1 a
drain, and a source. The gate of the enabling transistor T210 couples to
an enabling signal S202. In one enbpodinent, the enabling signal S202 is

| ow. Ther ef oradiigh kack ndsin-elpnneldrsistos T233 bpingguined off; disgomnscts thee source of
th bl i i t . dr ai f
€ enabi i ng 1 tries Qﬁo%gu@gggk@gea{i %etﬁge?r’&in&l@&g t& ?‘%@h% viafigpdrain o

the enabling transisto aln o - Channel

transi stor TzZhanmed trivhedstorVEI4, ehichZe firnehen. eBwinhd defitigsarisgistiow leviegi ng t ur ned
on, keeps the inverter 1202 active  because current can flow fromthe

vol t age supp|aydﬂlén%q$§eﬂ|ga?1r$2&? 1§ Mt laWdBYSlng 30 transistor T210 and to the

inverter 1202. Theyi : : i | evel at
node D whe% t he i%%ﬁlg%gﬁ%ﬁt %@éﬁ(@qgﬁk’wgﬁ %\Q/gkp%%ﬁlgﬁen%oggwc Thi s

i s the resul tn-timoneidmntisier A2t4h satneled offaasd e prechi@del tiagsistor 22 8N whil e t he
p- channel transistor, 212 is rne en the jnput signal S is at 11
Do 051 19525 Reetain M6 ashetngt Hrgiebus: b il 8 fanecfOfenaded 1515,

bei ng turned tgtHe volliags >t Bhd MRtag@ ORIt BB oIOhiohd8vel PR h¥ncel NSt ead

t he node D connects tgoggﬁr@g}ﬁnd vi a tghgq)?e}{:hchannelg{t rlg%si stor Tzri(f, which is

turned on. Gibasignal&RilAesata highyleyel ow | evel, and hence the signal S212 is

at a low]evel. 5 n,t:he in .siagnal S204 i t. a-low lL.evel , the

opposite d:ippens. %@e 3r%§%ﬁgﬁﬁgiﬁlagﬁa&n&%ﬁ%%bnrg%?fﬁf%}bs?%%ernﬁgﬁ efpfr‘,éseléltnd t he

p- channel tr anensiber ATblidge SensdBOVEHcIOMes aligltiptecdTatupes: o ¢ 'Fgérh@twgeﬁlz
Y.

bei ng turned on, connects the node D to the voltage supply. The voltage
supply defi né92qa fisshinyeringrstageor, a daley Hagecto0, anvka sqegpdInvedting stageat a hi gh

| evel . 10 Fi e L.Sq; I j i : k I of the
present i nvek: orpedtif i EEldnfl RO PR S RO P e
triggering st3@@enay3fizgera Thierisputisipuelr$30dds sitrigeta3bd input dighalyS 19dage 306, and
a second jnvertin ta 308.. Dependi ng_ on the voltage |evel of the input
si gnal S304, ‘{‘W_Iésggilfi%_ eg%ﬁsérsen%%élg?ﬁgsgtq%i 835111.15 ’Hg%f’ W&Qi"ﬁiﬂ%ﬁe 5304 is
simlar to thg,donpud, réﬂ&%khéﬁ%h@?fol@a%egél%%%@(%@a{'ﬁ{g%b%@?f ore. A sensed
signal S308, which iI's produced by the voltage sensor 300, reflects whether

the vol t age sensorTh@00ggwmimgtstagg GO antludes a first portion 302,. The first portion
302, is receptive to the input signal S304. The input signal S304 passes through
a metal option M302. The metal option M302 may be removed to inactivate the
20  voltage sensor 300. The input signal S304, having passed through the metal
option M302, is presented at node A.
The first portion 302, includes a p-channel transistor T302 having a gate,
a drain, a source, and a bias. The gate of the p-channel transistor T302 couples
to a resistor R302. In one embodiment, the resistor R302 is about 1.024 x 10°
25 ohms. The source of the p-channel transistor T302 couples to the node A and is
receptive to the input signal S304. The drain of the p-channel transistor T302
couples to the resistor R302 and a node B. The bias of the of the p-channel
transistor T302 couples to the node A. A metal option M304 couples to the
drain and the source of the p-channel transistor T302. Current will flow through
30 the metal option M304 instead of through the transistor T302 when the metal
option M304 is inserted. This is the case because current seeks a path that has

the least resistance.

12



The triggering stage 302 includes a first portion 3021. The first portion
3021 is receptive to the input signal S304. The input signal S304 passes

t hrough veoB1®ks opti on MB02. The netal option M302 nay bRCT/@RovEBO01 O

i nactivate the 20 voltage sensor 300. The input signal S304, having passed
through the nmetal option MB02, is presented at node A The first portion
3021 includes a p-lhkdnstglortioned (¥ stobuded 3 Pchianmal rtt@nsistga'lfé% having agate, a

source, and a |as e, of nnel si st or 2 couples to a
el Stor R0 B s R i, TRE gle PE BRI SRR TA IO Bt 105 20
ohnms. The soys R r8distbPR3 4. Clhdiheembot R &h@fesﬂs'ﬁﬂ&mu@h&mtl@znlstqoﬁode A and
is receptlve to the input signal S304. The drain of the p- channel

transi stor T31(b215 dbaprwse pbibe pechensd] srapsistrebI04emples i e iRde Phelllsi as of t he
of the p-ghanppg oﬁ{heeﬂ)@a{aﬁﬁa agg’gtér FF%'PL 1dsQ0 § ereﬂ?tg RA04 rﬁhn??%@clie @ption
0 thé “drain

MB04 couples e sou r of anne ransi stor T302.
Current will Thebwmstcbtupisgto tBE)nbdtreArreSI ﬂlletabﬁptidmrl\/lméoupll&tteaﬂe @hintdidough t he
transi stor T302 when the net option M304 is inserted. This is the case

because cur r dift sosEssiaf the Iﬁrﬁhfﬁmﬁhfé%nskﬁgg T30he Quagat wilkidow thypugh the mejgh 02/ 19525
PCT/ US01/ 100%t1oﬂ- gﬁ 0%'1ﬁs?éad99*ﬂ'i1'oﬁé‘h ﬁa@ﬁﬁanblg& 446. wﬁe@ﬂﬁ%ﬁ?&qﬁoh%ﬁ@t or T304

havi ng a gate sour ce; he ate o e p-channel
transi stor T3@ms«zrmdpl es to the resistor R304. In one enbodi ment, the

resi stor 04 is 0 1.024 103 hns. .The our ce channel
Tanai ot ol Ta04" o di e Hogtan A0z Gndst Epicbhmie) BapiS ey %%%Vlﬁ%ﬁﬂa
transi stor T%Qﬁalﬁoéléﬁu%& h&i&’ﬂﬁsr?ﬁé 8410 bf IRBQAcIARRe1aransigRr F306 I&\ﬁal&' as

coupl es to the node A A netal tion MB06 couples to the drain and t he
source of thdo prestteni06t Manse smbediT@oy thegesistonR306 isi abbliol024x d0Ggh t he

metal option,M3O nst ea h,the.transis 304 n_the netal
opt on N804 SPE) TberRbR e dolb @t Ot 3B B3, The EREa ALEE 5 Channe
transi stor T3nhfhehanmsigoral Waldupledtdihanbde @, O drdecowéh 13 thé Asde Dhe gate of
t he p-channel transistor T306 couples to a resistor R306. In one

enbodi nent5, 2hé theddassqogplertoBodesAabout 1. 024 x 103 ohns. The resistor R306
couples to the vol e nsi stor T306
couples to the no&rgig%,Cht% (5% aflz?f‘%gg%@f{s ?&Bltl%{e?ﬁ%%&doeﬁggﬁﬂ%sﬁg the bi as
coupl es t o nedeplés through the resistor to the Voltage supply, which is a logic high level.

To turn on the p-channel transistor T306, the voltage at node C must be greater
than the sum of the threshold voltage (V) of the p-channel transistor T306 and
20 the voltage presented at the gate of the p-channel transistor T306 (Vec). Thus, a
voltage at node C that turns on the p-channel transistor T306 is defined as the
triggering voltage. This triggering voltage can be considered as the voltage that
triggers the voltage sensor 300.
The voltage at node C is derived from the voltage at node A. The voltage
25 atmnode A is derived from the input signal S304. Thus, the input signal S304 can
provide the triggering voltage if the input signal S304 is sufficiently high, such
as the sum of Vcc and V. The triggering voltage can be increased by an
additional Vg if the metal option M306 is removed. When the metal option
M306 is removed, the current must flow through the p-channel transistor T304.
30 A voltage drop across the source and the drain is created by the flow of current
across the p-channel transistor T304. This voltage is about one V. The

triggering voltage can be further increased to an additional Vi by removing the

13



The p-channel transistor T306 is generally turned off because its gate
coupl es through the resistor to the voltage supply, which is a logic high
| evel . TPoODuLIS2HN t he p-channel transistor T306, the vol pap@satiopade C
must be greater than the sumof the threshold voltage (VIR) of the

p- channel transistor T306 and 20 the volta resent ed at the gate of the
p- channel tr dadplapgionPE. (1has fhe meigkoptipns &a@’é thderetleri 48t turns on

the b channely,Laos et el fulage o bngH) %tcgﬁgtﬁlfee ggeting vol tage. This

triggering voltage can ere ast e voltage t triggers the
vol t age sensor SOQ?heThggemigtsa@e 340 imdatizs € secondgottwe3 (2, oThe beeond! t age at

node A. The voltage 25 at node Ais deriy d fr the i pput signal S304.
Thus, the i nRFFI rsrsewveé%apbmwfeelql éO@r?g%evma %@ 0% the

| nput si gnal s%@ﬁtb%héﬁlﬁﬁﬁé&'s?éﬂalgld% :%*Hlscﬁk'&ﬁhef’e‘%nﬂe?@res‘iﬁb Emg&i: and VTR

The triggering voltage can be increased by an additional 1 f the netal
option M306 |sgnab&fmﬁeldpra:§hﬁndtmmmahmnebtpanststpr’J]B@G@xavmgragam;edrain,he current

nmust flowthro h the nsi stor .T30 ] t drop across
The sourte ardfRabs. Bre BALRE Ind L ARSI sl d2 08 s et W nob T
p- channel tr gngipst Qigndi3Bbe, i @aiM @bhFEEtoitBe ARRUEL, MASh/IdRrceldbiplel td 9g9eri ng

vol tage can be urther increased to an additional VIR by rem)V| ng the 13 WO
02/ 19525 PCT/tys0ade®001 netal option MB04. Thus, the met al options M304

and MBO6, 1(i/_rget her. hes 0o n%rlc)ena§(e2[ érbcew% ggen rn%fer\g_ gle%t oIS he sum of Vcc

and three g er|ng st rnclu ot'ti on 3022.

The second pE31D] Dn230224|ts31r6¢@1epr31\@e Ea@hafﬂmﬁa?@dh&u@n&hnsﬁﬂ&@mcﬂﬂ%s punped
Si gnal S306 is 5 simlar to theé(%19 nped signal S 106 as di scussed
&

her ei nbef or e.? 8pffe 2 SRS SoHERE- ateof fregsehanpel tasispri3dAdnnel
transi stor TE}Q& H@é’ o'l %gﬂglt@v%athgrd?dlﬂ COIgﬁé}d[o%egl?dHe% anart?l?e é@) of the

n- channel trans stor I's reteptive t he ~punped si gha 06, the
drai n coupl es:oupies tmencrded*“e KLmetal dptibeVEO8 coeplevtophe draimand the smrdeoE 10 The

second portio 2 i a nu hannel nsi st or.s T310

Toio ook Pk ehamal Faih Thelall Orfe pebamid tmmer TR ererbraotiti udes
gate, a drai @1%@@3(% BRUER-colpIEs #AhenOde 1,84 MEARouble@RSARIAE. T3 10 i's
receptive to the signal S306, the drain couples to the hode E, and the

sour ce couplﬁemetad)onwel\/félommﬂﬁ%ﬂo tb@dnamwandﬁb&@membfe@en@hamla%ln and the

source of The gate of the n-channel transistor T314 is receptive to the signal S306, the

drain couples to the node G, the source couples to node H. A metal option M312

20 couples to the drain and the source of the n-channel T314. The gate of the n-
channel transistor T316 is receptive to the signal S306, the drain couples to the
node H, and the source couples to node I. A metal option M316 couples to the
drain and the source of the n-channel T318. The gate of the n-channel transistor
T318 is receptive to the signal S306, the drain couples to the node I, and the

25 source couples to node J. A metal option M316 couples to the drain and the
source of the n-channel T318.

Each of the metal options, M308 to M316, can be removed to decrease
the tripping voltage by 50 millivolts, or can be inserted to increase the tripping
voltage by the same amount, which is 50 millivolts. A logic high signal is

30 presented to the node D to progress through subsequent stages 304 to 308 if the
input signal S304 is sufficiently high to trigger the trigger stage 302. Otherwise,

a logic low signal is presented to the node D.
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15 the n-channel T310. The gate of the n-channel transistor T312 is
receptive to the signal S306, the drain couples to the node F, and the
source cov@bzsed node G A netal option M310 coupl es torPCh®Ser@di and t he
source of the n-channel T312. The gate of the n-channel transistor T314 is
receptive to the signal S306, the drain couples to the node G_ the source

coupl es to node HTH& pdiage sesen YN ingudesthe GstpvedingstagsdOdr dhafissid t he
source of 't h‘?n%‘rﬁﬁg&ggé 3Jﬁ3ﬂ1é%18g%ﬂ'§{iﬁgfn§eﬂér Igbfaﬁcf s&RE pﬁ)eertg{] %Qﬁ-' ﬁn@r T316

is receptive tot gha rarn coup 2850 and the
sour ce coupl dgsttinvertedé302 indludet ad n-ojpminelrirdvBiktor J8AP) lewitem gdie a ddsiaj n and t he

source of the n-channel T318. The gate e n-channel _transistor T318 is
S oterti v b AN A e e oE 130 B e G Kt TS ( he 25

source coupl 3 dta®id0dtekatehiMRE AlchARl PihsMRhor LOWRLERs Iht R8dihHaihg and the
source of the n-channel T318. Each of the netal options, M308 to M316, can

be renoved t clrdecreplseto a mwletl,iapgditimsounietcagelehio Foumd. | Thevgrte of thep- can be
inserted to increase t.he | Ppin vol t age by the sane anmpunt ich is 50
i vol s, AN e LAREBRs 0 Ge sPEERh e oSS R RURdnt ey ogr s

t hrough subs %%d;ﬁg,t th8 dAdR Sodflés toehadMteK, anbehe HiBPLSupisdo e vodade i S _
sufficiently hi to trigger the trigger stage 302. Oherwise, a logic |ow

signal is préspyedhescqond invsatsr 1304 1uelyges op nidwuel pErsisisoT32G bgving The
vol t age sgnsqr_.300Q d.ncl udes [ 4.5t A ' 4. The first
inverti ngfds]t %g%lg%gii@ﬁ’c Siaaess?hgc(%f :lgrirdsafﬁ Ffﬁ%]}élrg{%rng%gg;@%d@ ag’ms‘ge% aﬁ%ai nverter
1304. The fidisih, 4 svvecd, end 4 Bag. The batelesiham-chaahelnidbistor IB36 sduples 322,

having a gate, a drain, @and a_source, and a p-channel transistor T320,
having a gat dhe Boders; the dipin eqppiss to thegiode & ppdithe sopise gaynlestp &eHdn- channel
transistor T AU BSp 1 ;F}%qis@ : i !ﬂé’ke node K, and
the source coalﬁlglggs tg% Ocﬁl%rg{'%?tf e gcg'tqg’zgl;&%}tl%lggg{tﬂgﬁgnnelﬁlfﬁsgtrlllg?stor T320
coupl es to t leuplesi® the vbhizzesopplysthe degih esupias to tiee naaletlgged tieygl vy, the drain

couples tg the node d the bias couples to the voltage supply. The
second in erf@FE@%BWEFHSRﬁﬁﬁﬁpEW‘n-channel transi stor T326, having 10 a

gate, a drain, andiR igRiHds 83023 dhe iRt RN lstab 808 kil Hvek3Béioghavi ng a
gate, a drain, a source, and a bias. The gatée of the n-channel transistor

T326 coupl es stamal, thechis peesented hienafiedd. nTeologicessgtab wilh be imydded agaambly t he
zgﬂg)fgs C?gp![ ﬁlze 1%12&13&&?6‘% Rté th-g!—%ﬁ%tgrg‘}e%inogf stattg%eS o (;Itfl%QHEé 10tg§cas'}§rilaitv%ic}-{%24
presented at node D, will be presented in the same logic level at node L.

20 The voltage sensor 300 includes the delay stage 306 having a number of
energy-storing devices: D302, D304, D306, and D308. Each of the energy-
storing devices, D302 to D308, is fabricated as a transistor having a gate, a drain,
and a source. The energy-storing device D302 includes a p-channel transistor
T328 that couples its gate to a node M and its drain and source to the voltage

25 supply. A metal option M318 couples to the node M as well as to the voltage
supply. Another metal option M320 couples to the node M and the node L. The
energy-storing device D304 includes a p-channel transistor T330 that couples its
gate to anode N and its drain and source to the voltage supply. A metal option
M326 couples to the node N as well as to the voltage supply. Another metal

30 option M328 couples to the node N and the node L. The energy-storing device
D306 includes an n-channel transistor T332 that couples its gate to a node O and

its drain and source to ground. A metal option M324 couples to the node O as

well as to ground. Another metal option M322 couples to the node O and to the
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couples to the voltage supply, the drain couples to the node L, and the

bi as 15 couples to the voltage supply. The inverter 1302 of the first

i nverti ngveozys2804 will invert the logic signal, which PeT/ps@s®miled at
node D. The logic signal will be inverted again by the inverter 1304 of
the first inverting stage 304. Thus, the logic signal, which is presented
at node D, winbile be Theenegystbring detiee NS incbayles ah evabhnmz] transigot T330 The

ener ay- st or i N GONIECE SHE5A Nosdhe gk i3nd Buttlo Bheft K RIE ener gy-
storing devi ¢gien M302 cbeprlaﬁﬁl&hehmélaagwe@wd) @oul. t ARRtRérsh&hl dpvhng a gate,
a drain, and a source. The energy-storing device D302 includes a p-channel

transi stor 3% qomates tothsinede Pragd ghgenoded-a node M and its drain and source

25 0. the vor tags "5 ughr g et Rty e et HRAEE B e At dBvRET O Doaa

and the node dklay Hage 366.eThy delhpsthgod (eseies tdafekt unddsite®soise frtad fphel
transi stor T330 that couples jts_ gate to a node N and its drain and source
to the vol t ag€nalpihieydurationgidne dalay is deprangon Aitip NBRLEIPHAREVHIWESIN as wel |

as to the volta : t [ G to the node
N and the noggﬁgg d%ﬁ%%%%?é&%%i% @%@lﬁéﬁﬂwoﬁégﬁ’ﬁg%ﬁﬁ%-channel
transi st or T38BGdaatbegampl ek td ingctyateg ot oe msertadetotaciimete, the snatgyi n and sour ce
to ground., A netal, opti C es he node .0 | as to ground.
Another it aFRBBEIGHEREIAS G el e kB oRBdETrodraYs it el erioz) Jog2s
PCT/ US01/ 1008431 sn a2 6L M3DREaRINGB BY el Y reR@vELW Fsut BRARB L N AT San@n _
n-channel transistor 1334 that couples its %ate to a node P and its drain

and source t &, tpspestigelyA Thetnagtal appionoMBIR2E32@UB 2k andMI3 canle P as wel | as
to ground. Anothe tal ,opti 30 Les to the node P and the node L.
5 The logic érfsﬁﬁ%cﬁor%ﬂgctﬁeggaep e]s\]gﬁt 3131& gﬁP ode L2 A P ® %"‘%é‘?%yeftar by the

del ay stage 36Rerefbionel ay stage 306 serves to reject undesired noise in
the logic signal. The duration of the delay is dependent on the nunber of
active enérgy- st dbpygltegsscaes 3pRorludss psewnd theriing drgeaidsi 5s M320, MB28,

522, s CSBTRRe SIR TS, BT BRI, T, 20 L

met al opti onsveNBABOS WBR6nts WR2dked aigdal\dBRB. dter being elelayedby thefdetagt t he node

M N0, and stage 306, the logic signal is Iinverted by the inverter I306 and inverted again by

the inverter I308. Hence, the logic signal, which is presented at node L, is at the

20 same logic level after it passes through inverter I308. The logic signal, having
passed through inverter 1308, is also known as a sensed signal S308. The sensed
signal S308 is similar to the sensed signal S108, which is discussed hereinbefore.
The sensed signal is at a high logic level when the voltage sensor 300 is
triggered. Otherwise, the sensed signal is at a low logic level.

25 Figure 4 is a circuit diagram according to an embodiment of the present
invention. An inhibiting circuit 400 selectively produces an inhibiting signal
S410. The inhibiting signal S410 is similar to the inhibiting signal S110 as
discussed hereinbefore. The inhibiting circuit 400 is receptive to a sensed signal
S408. The sensed signal S408 is presented to a node D.

30 An inverter 1402 couples to the node D to receive the sensed signal S408.
The inverter 1402 inverts the sensed signal S408 and presents the sensed signal

S408, which is now inverted, to an n-channel transistor T406. The n-channel

transistor T406 includes a gate, a drain, and a source. The gate of the n-channel
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P, respectively. The netal options M318, M326, M324, and MB30 can be
inserted to bring the node M N, 0, and P high so as to allow a shorter
del ay fowonwi®sesrejection. 15 The voltage sensor 300 i ncPOUO®S01A108@CONd
inverting stage 308. The second inverting stage 308 includes an inverter
1306 and the inverter 1308. The inverter 1308 presents a sensed signal
S308. After Hapsigtondragegeiygs thysensed at;%nalsi@éewmb is mNertedodfiecdraingnal i s

i nverted by y the inverter 1308.
Hence, the It(ggﬁ’:léés%e[hgﬁgde\}wéﬁ agrqE{HQSdu?ée/esJeoﬁllﬁ ﬂ’é g Oﬁ%(?ie L, is at the 20 sane

| ogic level after mfenpaﬁmﬂatﬁahmugm@mmeﬁmed o 388n tHehavdarc@li sensedgnal , having
passed through inverter 1308, is also known as a sensed SI nal S308. The
sensed  si gné}gngb’GStﬁglgéﬁlﬁglPéer"e]c olhyseths spassd S@lgln%ﬂo 5}11@)‘8” toWefi ch is

di scussed NeLRA0E], 9L & 2 10FBRIARETA délgnamgs N 80w, MiGlebgve! when
the vol tage sensor Is tr ggered O herw g sense Signal is at a

| ow | ogic | eve‘llect%aﬂ%hguol@g& seisoacic¢ui bt stobivangyrvelncia prooedis e ihhibiting

enbodi ment of . th g4(§)(§e invention. An inhibiting circuit 400 selectively
produces an CHAH r@fgﬁ’t&ﬂ%er S410. The inhibiting signal S410 is simlar
to the inhibiting ﬁfeman&ﬂﬂaﬁs@@rTmo@f@ta%%ecqln@%ﬁwﬁﬁfﬂ%@chéma i nhi biting
circuit 400 is receptive to a sensed signal S408. The sensed signal S408

i s present ed transiston 546 [StU@@dAn ﬂ“h@pﬁh@lmeltr@lzsl&t@uﬂ@smludetsrvegam)de Dto
receive t zensed Si t he, sensed

si gnal gt 035‘% %n({"h 1a§eﬂ§ %l gﬁgﬁt" ra&ﬂf H@l ?‘P&Weisﬁ?/erted to

an n- channel thed BRI tthe soldéouplee tdthe haanal, thetdmﬁ%bﬁm@gtom@ﬁodertgl udes a
gate, a drain, and a source. The gate of t he n-channel 16 WD 02/19525

PCT/ US01/ 100@11 therbipssqouplss trthegode deiTheqodnd @ém@& RYreRRsl sigeb840Ghi ch i s

i nverted, I ouples to
ground. The ﬁhgh%e?gﬁgn@gﬁﬁ?l%%qﬂgp.u ne% on Wﬁg’;{{/}%ﬁg?l nverted sensed
signal is at dmcbnsghhénambefdreVElhereﬂ'dehe phhamehﬁad;méw iS40fed qarisor to the
5 i nversi is at _a | ic |level. The sense gnal 08, at a |l ow
logic le " begaust oty %q%aﬁesf%wlae&éu@éﬁgw s dge ?ﬁfgﬁ P<haWAl, whi ch

precedes t he tlaARBE m@gat rfoldE g%ggr&ﬁfa whlcdl lpgﬁovf]rdr%ggﬁgm ThRe Roil@npel

transistor T404 is al so turned when the n- transi stor T406 is
turned on. Thsopulbdhgblto thedewil of the plidp4d isipnhliSHE}S aa thatseyrca and drain

of the p-channel transistor T404. Because the node C presents the inhibiting

signal, when the node C is at a high logic level, the inhibiting signal is at a high
20 logic level.

Returning to node D, the inhibiting circuit includes an n-channel
transistor T408 having a gate, a drain, and a source. The gate of the n-channel
transistor T408 couples to the node D, the drain couples to the node C, and the
source couples to ground. When the node D presents the sensed signal S408 at a

25 low logic level, the n-channel transistor T406 is turned on as discussed
hereinbefore, but the n-channel transistor T408 is turned off.

When the node D presents the sensed signal S408 at a high logic level,
the n-channel transistor T408 is turned on, but the n-channel transistor T406 is
now turned off. The node C is pulled low by the n-channel transistor T408. The

30 p-channel transistor T404 is turned off because the node C presents a low logic
level to the p-channel transistor T402, which turns on the p-channel transistor
T402. The p-channel transistor T402 includes a gate, a drain, a source, and a

bias. The gate of the p-channel transistor T402 couples to the node C, the source
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10 drain, a source, and a bias. The gate of the p-channel transistor T404

couples to the node B, the source couples to the node A the drain couples
to the nodeoZj9s2and t he bias couples to the node A The npdEUSIIpHO@EENt S a

punped signal S406. The punped signal S406 is simlar to the punped signal
S 106, which is discussed hereinbefore. The reason_ the p-channel

transi stor TAOUPlEgtY Pﬁ@&eén &2 copnles 1o 4hg weder, And fhrdhiag soiplgsde or . when

turned on, pyhlS,dche @ﬁ]% Soule éxﬂ%r@ip%@%k%ag%&ﬁ?ﬁsﬁ&ﬁ‘46§%§}lﬁh§e)g£'§de B to

ground, which i1s a low logic signa Cis also igh to the
| evel of t he hginfoete kivghallthSadtpad agnadh §468@where therpdclaina¢lnransitor Ad0p- channel
transi stor T404. Beca t he de C.presents the inhihjitin signal, when
the node C i 45 BTG T g BPOHTE | VAL HEih DR T b Fg RS YRS ROt i gh' 20
logic levy . Returyhfigak SedhQdi8wkis iALHeHMibiihk BEnel SAW depbitisloadgs _an
n-channel transistor T408 having a gate, a drain, and a source. The gate
of the n-charmsmaded signah$408t dihe THOBiting gignekS41H is hicthaydkage, levdhef theai n coupl es

Lhe. sensed s PRRET S0 SR BEnTEHRMES bR QURHTE: s RRR S Bty oor

T406 i s turnagwespiasevdl. SESERMitinasiGiaDBefMist a W 1dgieletelGiiannpe t r ansi st or
T408 is turned off., When the node D presents the sensed signal S408 at a

hi gh | ogic | s¢esed signpkeS4Q8dp afiaieh {ogin kavel ofhepanwdisignal $48ds eha hight t he

n- channel {4 r i i r . Ih e Cis pulled | ow by
t he n- chalnotnel%‘cgi ‘lrz zér}%f gﬁ%?%lggéé%&g6&3;[%%?2%%)&5?&%%%i stor T404 is turned
of f because the ndaie (sepf éraniiibitimglsitial S4cat allewabgit tevehmclrdehannel

transi stor T402, which turns on the p-channel, transisto T402. The
p-channel t r &HRRSYGF apRepRlimAON{AgRYIng Ia‘afiee,Tq& iphigiRe Szagné{)%‘ilé)e?t 2l a  bias.

The gate of uhGeRechanasl ulianailiohish4Bia s Re st din MinitlenGa. L Ne source
17 WO 02/ 19525 PCT/ US01/ 10001 couplées to The node A "the drain couples to

t he node B, dradsistoss lesidmgdeymidete input bhifembldwerer, Fithe same tmeagudhdr ai n of

t he p-ch el .t,ransi stor ,T402 pul |. node hi gh.to the |evel t he punped
i gnal - Sab6 W RESRRE R TP A CEeried i e TR R node B | s
at a hi gh | ogh# theyRbial inhAiTadtatins mbddsk gugp(gﬁgdned off. 5 What has been
shown is that the inhibiti nlg si gnal $41 depends on the sensed signal

0§

S408. The i nhi bi t igrrsidgnablosk deigram agcording (oonesagebadinent ofthe presenpunped
signal 3406, il\{%in 1(r)]n.i A xgi?qusts d%vi\cl:g ISb@ inc‘M'c%Q atdlf]s%lair%%,e 9 plsolcgsnsgll 50%,l ggd iaS at a
low-voltage flash memory device 506. The display 502 provides a user interface
20 that can be navigated by a user to control the wireless device 500. The processor
504 processes data and control provided by the user or a remote server (not
shown). The low-voltage flash memory device 506 provides storage to store
data and controls. In one embodiment, the low-voltage flash memory device 506
includes a multiple of thin gate-oxide transistors, and an input buffer as
25  discussed hereinbefore. The wireless device 500 is selected from a group
consisting of a cellular phone, a personal appliance, and an Internet appliance.
Conclusion
Systems, devices, and methods have been discussed to inhibit
semiconductor breakdown of thin gate-oxide transistors. These thin gate-oxide
30 transistors may be used in 32-megabit integrated circuits, such as flash memory.
Previous generations of integrated circuits use a power supply in the range of 2.7
to 5 volts. The embodiments of the present invention focus on integrated circuits

that use a power supply in the range of 1.65 volts to 2.22 volts. To guarantee the
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low logic level. The inhibiting signal S41 0 is at a low logic | evel when
the sensed signal S408 is at a high logic |l evel. The sensed signal S408 is
at a hi giwa02/iwegi c | evel when the voltage sensor (not shoh@}/US&l/10p41gger ed.
One use of the inhibiting signal S410 at a low logic | evel includes

support for a special manufacturing node. The inhibiting signal S410, at a
low | ogic | &gk imiagbeavips@s PreyiqusIgeherations oh infegrated sucwiis MY PERES ng t hi n
gat e- oxi de t. L Sit : ol eV 28 ) at the
sane tine, sdc%g%@hcglgﬁﬂégﬁ%ttg%% tégg%laggmitl%%%ﬂts’rﬁggftl Spt@ &/Ee@}g'nfAL gr apggyci rcuit
housi ng t he iexpstx thbif $edtags greateln diant?h2? ggisangt benmirodwet tio thege thirdgates
supported. Figure 5 js a ock di agr.am accor dj t 0..one .enbodi nent of the
present invé)rg%‘ﬂ‘{e&’ﬁﬁns’;&t%'r I %éu%eﬂ/?‘ﬂ@ggwr?“ﬁ?{’ E}%eléfgﬁmﬂiog %Y 502, a
processor $04,,,3R¢rémal B¥cHBhioalEd | ash menmory device 506. The display 502
provi des a user interface 20 that can be navigated by a user to control the

W rel ess devi ce 500he entiwdpnedeetibe preseat iprenties sdubitisanaicemdiictosnt r ol provi ded

by the user qr r eno rver (nqgt. shown).. .The | ow voltage flash nenory
devi ce 506 pr 5%%8@?&&638@ 3a6e'§2f1§? gansdsg?rg 1, fog PSSP eo(ff(s)".orlﬁagesogﬁgﬁgrrbodi ment ,
the | ow vol t afgh 3 basbitd® maythe B¥dte 86t cogprog@sda nultiple of thin
gate-oxide transistors, and an input buffer as 25 discussed herei nbefore.

The wirel ess devi cdliBoghihe speridiecabofingmishaye bogn ilpsrded enddeseribed cel | ul ar.
phone, a r . i . k usi on

Syst ens, g(gvﬁl%gegﬁ 12&51 %ﬁg%éﬁﬁgez%égéﬁ%ggﬁ@ghf{c%‘%?ﬁtﬁiﬁgﬁ% sem conduct or
br eakdown of driahgergait evhiot id @alcukateslits ticisve thbesre pinposegatebe xibdatubdl

transi stors nmay be used i 2-megabit ntegrated circuits, such as flash
menory.  Pr evPbilE SHEH s bosigeBr oHbe #1&3@%51&4@8&? téended tCRHARY supply in
the range of a%la%tati& a? v4RhtiGhs oghn&;tﬁe&ﬁﬂin%mo%. ¥ istEBe Bh&2606d VAt | on

focus on integrated circuits use a power supply In e range of 1.65
volts to 2.22bewt descriffitorgiy dmtemtedeo bhdlusi8tiaDaPndtIeR6ctRET/Csiindde1 sane

timng behavi gr, ag previous ner.atjons._of. integrated circuits, |ow voltage
i ntegrat eﬂ‘l’aci"%&]ﬁﬁ %?Bﬁglglb?ﬁin?’?%%aﬁng- R FEOPHim: Ss‘?%lr ,apgarceﬁgg)s&gﬁ&%_ A
possibility ¢&xistife bi@porRre¢RiAgB1cHb8R fdsclift@n. ey dSthaBWeREon _
introduced to these thin gate- oxide transistors. Wen such a voltage is

present, the ih¢lpdasians offer epilirations inavksslsibe Bovresjrupiressing riabricatien
methods are used. Accordingly, the scope of the invention should only be
determined with reference to the appended claims, along with the full scope of

20 equivalents to which such claims are entitled.
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The enbodi nents of the present invention inhibit sem conductor breakdown
of the thin gate-oxide transistors in the presence of voltages greater

than 2. 22ve 021952350 that the lifetinme is not conprom sed. PCT/NSugtodihe

speci fic enbodi ments have been illustrated and described 10 herein, it

wi || be appreciated by those of ordinary skill in the art that any
arrangenment wWYhetis Fleiged isul at ed to achi eve the same purpose may be
substituted for the specific enbodi nent shown. This application is

i ntended to clbver Arystemdapimhcobsfamglawivaltagngasbfmeherypcaspiding:nvent i on.
It is to be understood. that. the abqve description is intended to be
illustrative, and %Pﬁ?&ﬁtpﬁg%glgﬁﬁﬁsﬁ?rﬁbgﬁ@ 15 of the above enbodiments
and ot her ermbodi meptigpwbhkfePRcaRRANE Bh chblind @%8al0kn irt biknAlNardd art upon
reviewi ng the above description. The scope of the invention includes any
ot her appl i canhibingisignahivdisrainéheabpuidusier mclidess canpprfcabihiatimhibiia  net hods
are used. Accgrdi co | hvent i houl d.an be
det er ni ned wit lcrogg g%{%rn%rggid%wlﬁogtg%)rﬁlﬂelﬁl é%Of\étﬁng %?g‘%loglp%ﬁr&n S\‘/l\nsqf) ﬁxytheélt Ul scope

of 20 equi valighibRinkGighal Bht 8 Uk voltgdetever e entitled. 19 WO 02/ 19525
PCT/ USO1/ 10001 What 1s clained is: 1. A systemto enhance buffering
| ow-vol tage flash nenory, conprising: a multiple of thin gate-oxide

transi stoys; Aand %}g@y;&tﬁ%t{gcwﬁlfﬁ%}fsﬁegf&lre%glpgﬂe&. Shghli gtbsi gnal , an

i nput sighal, and ‘an iting si ern the 1npu uf fer includes
a conponent tdoatectinhj dsecend smmicctomgl aiet othiddroeakabtion, whertinghetitsti pl e of thin

gate-oxi de transistors when the . jnhibitin ignal. is at, a | ow val tage
level . 10 2. CPHBSCHPR{LIAYS eqéP g‘f‘%“iill,?’lwge?%}aﬂ “fsfﬁgﬂ‘é Sieosrt canettionds a fir st
connection, &caFed ishheHIMNE Sidndn) whaRth fe tiitd hrnRRGIrbRRts thOBIp8t Aghdie first
connection is coupled to the inhibiting signal, wherein the second
connection i SNhea:lquz)iné-ﬂJiting sigealiih i firsi graddtermanestlevel. t he t hird connection
presentsniﬂe i nput signal when the inhibiting signal is at a first

pr edet er ed level. 15 3. The systemof claim2, wherein the third

connection of3 t he UREPSBANS cldif7, aihRfeid HRANRT es@Bttidotthecdhipstensi gnal when
the inhibiting signal is at a second predetermned |level so as to inhibit

sem conduct orciisafammessating thefnputisignal when the inhibiting signal is at a second
predetermined level so as to inhibit semiconductor breakdown of the multiple of
thin gate-oxide transistors when the input signal is at an undesired high voltage

20 level.

4. The system of claim 1, further comprising a voltage sensor receptive to

the input signal and a pumped signal, wherein the voltage sensor produces a

sensed signal at a third predetermined level when the input signal is at a desired
25  high voltage level, otherwise the voltage sensor produces the sensed signal at a

fourth predetermined level.
5. The system of claim 4, further comprising an inhibiting circuit receptive

to the pumped signal and the sensed signal, wherein the inhibiting circuit

30 produces the inhibiting signal.
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thin gate-oxide transistors when the input signal is at an undesired high
voltage 20 level. 4. The systemof claim1, further conprising a voltage
sensor reveprissesto the input signal and a punped si gnhal PCWO801€i0001t he
vol t age sensor produces a sensed signal at a third predeterm ned |evel
when the input signal is at a desired 25 high voltage |evel, otherw se the
vol t age sensdr pr duuiwst binerdens loov-voltpgaflasit mgmofyodevite, peropdsieg:ni ned | evel .

5. The systemof claim.4, further risi.ng an inhibiting cirfcyit
Ceceptive Lo the PAWBLAEeJRYRE 2SR HRE T e gietiEy e thig
i nhi biting cicoamkctioROnidreiduBe first behmettidnd kécagtivd 9@l inhiBRind@idhdl, 19525

PCT/ US01/ 10001 6. An input buffer for a |owvoltage flash nenory device,
conpri si ng: avheripthe sseerfbcaragsting iarqepptive te an iy pignal, whewinthe intdhnect i on,
and a thir g | . i | I i jve to an
i nhi bi ti ngfg si%%gﬁ*,ﬂﬁﬁ* ereél%ﬁﬁﬁ%%g&s%%% R%‘h% ﬁ?ﬁg@?@ﬁhu& ?H@e%’é%g‘u&g’g‘w{%e%an i nput
si gnal , wher ehsinhibétinggighal 3s sitaageddterhiiisdisvdljwndi nput si gnal from bei ng
presented at the third connection en the inhjbiting signal is at a

pr edet er m ned | evé;OUHRY S38C SHHpE R %%téa%neﬁ‘éﬁ’ﬁﬁﬁi%sq@?‘g?o%ﬁ%ti on and a

second conneGyoly thNARE Eddheldifh it %glﬁ}\}\%(PBQH@ﬁﬁﬂﬁQﬂnﬁéctﬁg%@lﬂfeqn L&.sia%@, third

connection of the input stage, an erein the second connecti on presents

the input si gndwherin the secardointengion piGerits dshinpwsignal thethe dew-v@ltaghe i nput
buf fer of &I?dr%]& further conprising a resistor coupled to the second
connect i oh’ of P HEEIY €Y% ge, wherein the resistor linits a current when
the i nput signal conprises a signal generated froman electrostatic

di scharge. 15 8. The input buffer of claim7, further conprising a first
clanpi ng cirduit Theuppwduiier ehaaimesifuttiesr compibiagp resigior epipledspdiral to a
vol t age suppl [ el f.prst. clapping.circult .enhances an

el ectrostati c§¥c I }sq%ﬁglr%gcgloﬁgg%hetﬂﬁ%% Sfa?e’a‘% r?lgéﬁ rgglgioktlal%flgvav-c\i‘ © g 1éenrrem)r y

device. 20 9.thelinpui signill cOmpfiess adigral géndtated frothtah@lccaonmiic istlgrge. second
clanping circuit coupled to the resistor to clanp the input signal to
ground, wherein the second

8. The input buffer of claim 7, further comprising a first clamping circuit
coupled to the resistor to clamp the input signal to a voltage supply, wherein the
first clamping circuit enhances an electrostatic-discharge test that is applied to
the low-voltage memory device.

20
9. The input buffer of claim 7, further comprising a second clamping circuit
coupled to the resistor to clamp the input signal to ground, wherein the second
clamping circuit enhances an electrostatic-discharge test that is applied to the
low-voltage memory device.

25
10.  The input buffer of claim 7, further comprising a third clamping circuit
coupled to the third connection of the input stage to clamp the input signal being
presented at the third connection of the input stage to a voltage supply, wherein
the third clamping circuit enhances a charge-device-model test that is applied to

30 the low-voltage memory device.

11.  The input buffer of claim 7, further comprising a fourth clamping circuit

coupled to the third connection of the input stage to clamp the input signal being
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clanping circuit enhances an el ectrostatic-discharge test that is applied
to the |owvoltage nenory device. 25 10. The input buffer of claim7,
further ovoprisefhg a third clanping circuit coupled to tPeTURIVIHOO1
connection of the input stage to clanp the input signal being presented at
the third connection of the input stage to a voltage supply, wherein the
third cl anpi r@e&@meé@ttheéhﬁéﬁ%@cfaorbﬁ yErybYrasomBpd, vdstem fgdoyth appl i ed

to 30 the Iq I%{glgggg% TR sdaec‘ﬁhf?% :devike-nldtfel | teQup tlglA{;%l?éthfth b@lm 7,

further conpr|S| clanpinng circuirt co |rd
connect i on ofvolthge mamoty d¢vagee to cl anp the input signal being 21 WO
02/ 19525 PCT/ US01/ 10001 presented at the third connection of the input
stage to ground, wherein the fourth clanping circuit enhances a

char ge- dev4 cepomodedy it bﬁﬂi‘é}tfof §1oaxp%1ta%6 ﬂtaﬁh ﬁl@ﬁxob%éwé/é) béapasip@nory device.
5 12. An input buffer for a |owvoltagé flash menory device, conpri si ng:

an input stage havannngplst stpgedaviag drgaiena deaird and 9(§Qlﬂr@é, Whﬁiielnéhmgatthié gate is
receptive to an b|t1 er.ein rain.is receptive to an

i nput signal " Pﬁ%’ fl?l?%ﬂ%n%’t‘é%éelp s Arfaltn IS FRREPHYRQ PRI 51858 om bei ng
presented at \ifﬁk@em?el‘iwﬂh@@t W inhiBRs thHehhdiit bigngl Bddveing fresrhted apthedet er m ned

| evel ; and 10 an output stage having a first connection and a second

connection, SpREseavhendhemhinting ughm scitppredeteraineg levely adt he source of the

i nput stage, and nput si gnal
to the IOMFvoItageWhﬁéﬁk@u%éﬁaaﬁ §$¥§§B§§§&3§91@565§QE§F{Eu er of claim
12, further 0;dmwm$lnen@rsacdnnlesmoms couieddo the scamsd csﬁthe 11’fpavstage, andate, a
drain, a source, .and a bi Wherelnthe gate i.s %ﬁtlveto hﬁ

i nhi bi ting sivgEen thhrseen Sqrectig rEsiSd %@abﬁ%@%laot dowoltege B5h he i nput
stage, and bias is coupled to the source of the first p-

channel tram}?irtﬁor?éeg%e'm. The i nput buffer of claim 13, further conprising
a second p channel transi stor having a gate, a drain, a source, and a

D e sy PR . Kk SRS LRl vherein e
transistor having a gate, a drain, a source, and a bias, wherein the gate is
receptive to the inhibiting signal, wherein the source is coupled to the source of
the input stage, and wherein the bias is coupled to the source of the first p-
channel transistor.
20
14.  The input buffer of claim 13, further comprising a second p-channel
transistor having a gate, a drain, a source, and a bias, wherein the gate is
receptive to the inhibiting signal, wherein the source is coupled to the drain of

the first p-channel transistor, wherein the bias is coupled to the drain of the

25 second p-channel transistor.

15. The input buffer of claim 14, further comprising a resistor having a first
connection and a second connection, wherein the first connection is coupled to
the drain of the second p-chahnel transistor, wherein the second connection is

30 coupled to a voltage supply.

16.  The input buffer of claim 15, wherein the coupling between the source of

the first p-channel transistor and the drain of the input stage defines a node,
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the first p-channel transistor, wherein the bias is coupled to the drain of
the 25 second p-channel transistor. 15. The input buffer of claim 14,
further ovoprIsefhg a resistor having a first connecti on pOTUSIEWo@Nd
connection, wherein the first connection is coupled to the drain of the
second p-channel transistor, wherein the second connection is 30 coupled
to a vol t age végpph fhe 6t p-Themehipansistrfahé theofecendap-ahanbel twgnsiseiractthe coupl i ng

bet ween the source.,of .the first p-channel. transistor and t dr.aiin of the
oot o hoe GoeREwRont fEn! b uSh MBSk Hdl Mas BBt ot
first p-channgleltransi stor and the second p-channel transistor act to

prevent the node fromfloating when the inhibiting signal is at the
predetermined level. 5 17. An input buffer for a |l owvoltage flash nmenory

device, c r-Si Ngy .. - ' S i .drain, . a source,
wheretn o ddt e o b bOR S BUR AR, BfndBbS, dficd Bl 7 2001 2F,
IS receptive to anmniinputtstage aahg a gafees élain, ahé aisoynué, viieage thedatdist s t he

i nput signal from being. presented at the_ source when the inhibjiting signal
is at a preddtEPHYHEY ipbibitingsigneh ovheiets heirendt ERGEPIHSVP A I SI80%)y ter t hat

i ncl udes a fiv&lﬁ}eiﬁ%ﬁ?ﬁﬂ PkcaMbRs the %ﬁﬁ?ﬁgﬁﬁfﬁ’cﬁﬁ%ﬁggé’é’@ﬁ%hﬂh&he first

connection is coupled to the source of the 1nput stage, and wherein the
second connectitos whee sleninbibitie signaliis o o gredeterminteddevel;amdvol t age fl ash
menory deyj ce. 15 18. The, input. buffer of. cl.aim 17, erein. the.inverter
el udes Hh°n cha it FigRg Petes Siayrri tftgahiines 2 G teRSedioh M Sour co.
wher ei n the gadddiconféiidhe@hdreintthefirst €ne&idH is theplbdRthe 5613886 ther ei n t he
source is coupled to ground, and wherein the drain presents an inverted

i nput si gnal inpQ stege, apdevhenginthepgednsrcopnectiogipresests theapel signehte thaver t er
further inc'?9$§mﬁw§§ﬂ%§ﬂﬂgﬁ$ Qﬁgggistor having a gate, a drain, and a
gZgate TS dSupl

source, wherein t oupl’éd to the source of the input stage,
wherein the source is coupled to the drain of the n-channel transistor. 25
20. The input buffer of claim 19, further conprising, an enabling
transi stor® Havi nghs igeitdufisr ofrcdaim 17 Hderein thgipwrtehshudenan prshymek i s
receptive to tﬁﬂsi?tﬁiiﬁéx}iﬁ a ﬁfe,gyatlain, whes %Lﬂcé, hefli b dabe i %Hlﬂ:ll@cgtottﬂe a voltage
supply, wherein the sou EES

source of the input stage, wherein the source is coupled to ground, and wherein

the drain presents an inverted input signal.

20 19.  The input buffer of claim 18, wherein the inverter further includes a p-
channel transistor having a gate, a drain, and a source, wherein the gate is
coupled to the source of the input stage, wherein the source is coupled to the

drain of the n-channel transistor.,

25 20. The input buffer of claim 19, further comprising an enabling transistor
having a gate, a drain, and a source, wherein the gate is receptive to an enabling
signal, wherein the drain is coupled to a voltage supply, wherein the source is

coupled to the drain of the p-channel transistor.

30 21.  The input buffer of claim 20, wherein the enabling transistor includes a

p-channel transistor.
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coupled to the drain of the p-channel transistor. 30 21. The input buffer
of claim 20, wherein the enabling transistor includes a p-channel

transi st 3v0 02590 02/ 19525 PCT/ USO01/ 10001 22. An input bee€T@s01001a

| ow- vol tage flash nenory device, conprising: an input stage having a

transi stor that includes a gate, a drain, and a source, wherein the gate
is receptiveZo arﬁnWﬁPUMffeﬁﬁo@il@Wa‘leta%ﬂP@Iﬁelilﬁ’é’ HVIFeNCqmRPTISIZ ept i ve to an
i nput signal, whergei: | Lnhi b ; i ti.Si.gnal, from 5
bei ng presented afﬁf gﬁE§ﬁ§Eéﬁﬁ%iﬁgé%%3¢%ﬁPﬁﬁﬁ?%§i%#gﬁg?éﬁgﬁgfla first

pr edet er m nedolrev,elherain tioiggpeis redepyee toean inhibéting sigred, tvérer¢ih dte dramlisdes a

first connection.and a. second connecti on, wherei n@ttﬁe. first nnection is
W?l‘ét? i

coupl ed to t REFeRBYR OATdRP Y sgnal PRSI the rangisigr 1isithe Rt & Mtonnecti on

presents tshepps Lﬂres%h&ﬂ%{ the QotrBe whdP tHeQUhi¥RlnadRf 1sa8 h fegmory device; and a
vol tage sensor to trigger when the input signal is at a second

pr edet er m ne@rddetesiinedtieredi n t he vol tage sensor is receptive to a punped
signal and the input, signal. 15 23. The inpu uf fer of claim 22, wherein
The ol t age sensotiiaTh A8 bevivk fyguri g Pkt B BonsiBh RS npu
signal, wher géddntikBnidctioferhdidn HicA@iSt cdnfeEias cdudléd BithPSukt«dT thoat has a
set of p-channel transistors that includes: a first p-channel transistor

havi ng a gat &angistar, #nd whareiipthe second ggnuzechipn presenth tednpiitsignaliattee i s coupl ed
toa fir resi, rei is coupled to the 20 input signal,
wherein tsl‘:?e ?ﬁ%ﬁé%esﬂ% ﬁé@%&régﬁg%%%dto a voltage supply; a second

p- channel transi staofliagy/sengordo Gadeer whedl tieiinputdighalisaea seodda bi as, wherein
the gate is coupled tqg aeiecond resistor, wherein the drain is, coupled to
the second r @&detegmingddevichavhssrin the VOitagheensor 18 fecsPRYRIR Rdned signet or |
wherein the PiasihsuGoyRl ed to the input signal; 25 a third p-channel
transi st or havi ng laﬁga’?%h, a drain, a source, and a bias, wherein the gate
is coupled to a third resistor, wherein the source is coupled to the input

RN MR AT R NS S
i nput  si gnakrgahiddg stage receptive to the input signal, wherein the triggering stage
includes a first portion that has a set of p-channel transistors that includes:

a first p-channel transistor having a gate, a drain, a source, and a bias,
wherein the gate is coupled to a first resistor, wherein the bias is coupled to the

20 input signal, wherein the first resistor is coupled to a voltage supply;

a second p-channel transistor having a gate, a drain, a source, and a bias,
wherein the gate is coupled to a second resistor, wherein the drain is coupled to
the second resistor and the source of the first p-channel transistor, wherein the
bias is coupled to the input signal,

25 a third p-channel transistor having a gate, a drain, a source, and a bias,
wherein the gate is coupled to a third resistor, wherein the source is coupled to
the input signal, wherein the drain is coupled to the third resistor and the source
of the second p-channel transistor, and wherein the bias is coupled to the input
signal; and

30 wherein the triggering stage includes a second portion that has a set of n-

channel transistors that includes:

24



30 wherein the triggering stage includes a second portion that has a set of
re- channel transistors that includes: 24 WD 02/19525 PCT/ US01/10001 a
first n-ovaeneds2iransi stor having a gate, a drain, and a BODUS&/1001er ei n
the gate is coupled to the punped signal, wherein the source is coupled to
ground; a second n-channel transistor having a gate, a drain, and a source,

5 wherein the gate is AdUp)Eehangckirmsistarharng agate a die gl seREesource i s
coupled to i . ! - t i : i - channel
ransi stor - ho g SdRis bRl feohe R Rl KRR OLonl bTobAR 7]

coupl ed to thegmmped signal, wherein the source is coupled to the drain

of the second n-channel transistor; 10 a fourth n-chagnel taansistor havi ng
a gate, a drain, and a?% -chanarldransision dayiag a epte: & 8iRHh @84 25°VNe punped

signal , Wher &{rdiR eheSOM BRokSe® RIMRL $dmbed 5i3Bal, Whékm tBE sduse Ishtblifled- channel
transistor; a fifth n-channel transistor having a gate, a drain, and a

source, wherteihe drhis of thedfinsisn-champkkidartsistarhe punped signal, wherein the
source is coupled 15 tq,the drain, of .the fourth n-channel.transistor; and
a sixth n-channel tran&g@fcgp'oﬂlg eﬂgﬁ%“ﬂ%’iel&‘”% ad%%?’ﬁ,é}ﬁlﬂdargl%i)oﬁlf%ee, wher ei n
the gate is GeHEpiRthd fatd BRoVMBPROANS paMPkd sighfll RhéteintBe hidbdlisicoupledpl ed to
the source of the first p-channel transistor, and wherein the source is

coupl ed to tihéediaineldre sependy-channal e¥aisisl transistor. 20 24. The input
buffer ofyflaim 23, fo{ull’lﬁ hf?:ﬁ%rm%?{}ﬁriéis%rrﬂvﬁ%saeéatté),fa A8 na%PLL RS whbid!
al option I

includes: a first ne aving a connettion and’a second

connection, thhesteiscoupledtd thetpuapedeiphhipwhein the epircy & doapletigo theput si gnal ,
and wherein the %5 second, connection is coupled to the source of the third
p- channel t r 4&dn of Bie:thigd achams! H@Rsi%pt i on having a first connection and a

second connection, —whergif bhfinti akifAMOGEQd 8 dERHAAG dirdhe source
p-channel transistor, and ereinm the second connection is
coupl ed to t hvhetkinihe gate isleeuplbd fodthe pumpedsighals whersinghesqurce is coupled
15 to the drain of the fourth n-channel transistor; and
a sixth n-channel transistor having a gate, a drain, and a source,
wherein the gate is coupled to the pumped signal, wherein the drain is coupled to
the source of the first p-channel transistor, and wherein the source is coupled to
the drain of the fifth n-channel transistor.
20
24,  The input buffer of claim 23, further comprising a set of metal options
that includes:

a first metal option having a first connection and a second connection,

wherein the first connection is receptive to the input signal, and wherein the
25 second connection is coupled to the source of the third p-channel transistor;

a second metal option having a first connection and a second connection,
wherein the first connection is coupled to the source of the third p-channel
transistor, and wherein the second connection is coupled to the drain of the third
p-channel transistor;

30 a third metal option having a first connection and a second connection,
wherein the first connection is coupled to the source of the second p-channel
transistor, and wherein the second connection is coupled to the drain of the

second p-channel transistor;

25



30 athird nmetal option having a first connection and a second connecti on,
wherein the first connection is coupled to the source of the second

p- channelwO92/&9%23 st or, and wherein the second connecti on PeT/@sUploed to t he
drain of the second p-channel transistor; 25 WO 02/19525 PCT/US01/ 10001 a
fourth nmetal option having a first connection and a second connecti on,
wherein the first adonrieoteiadpiien bowips edirst gonrgetielr aide secondeorieétidn, n- channel

transistor, and wherein the second conpection.is..co ed.to t.he source of
the fircn  n b gre i Rebit GG Rk i BRHRER sHrdlg a1 ot
connecti on anghngis®eGAndvieesin afidebihd comiestiviis Edipldd tb e SRBRAIUHhOARDS
coupled to the drain of the fourth n-channel transistor, and wherein the

second connedt¢hsaneldraggisiored to the source of the fourth n-channel

transi storg a sixt i 1AV ] i i . @ second
connect i ons, 10 maﬁfg?%l%tahgﬁqnﬂgﬁ énﬁ%(t:??%nﬁ&?ésn agiglr]%ﬁ% g‘%{cf%)ngﬁgw tain of the
t hi rd n- channéiereih tleanissécmnectnds wherlal to théérageefdhe faothnectidnasl | s coupl ed

to the source of, the third n-channel transistor; a seventh netal option
having a fi rgfanélaﬁ‘?ﬁea@fiwgwr% SN ES AR EUBle o PRARITE QRS f 1 ot

connection i g RIEshHPhdig&tg ai n of the second n-channel 15 transistor,
and wherein the second conneqtfon_is coupled to the source of the second
n- channel transi stamixthamtalaptien Havihg adirsticompciion atvhy sevgnéd cobinestiogonnect i on

and a secgnd connection, wherei.n th irst connection is coupled to the
drain of Lhe Fieran b CRtsmarcioniapaslede fe At dRe M mehaeBEbng connect i on
i's coupl ed t Qrankigto Yl GeheRin tiSetddddonnd@ion i€ Sl to tliPddek sl fFithe 25. The

i nput buffer of claim 23, further conprising an inverting stage that

includes: a fthirén-chpivst trhnsiste age that includes: 25 a first inverter that
nchudes: o Sove s MR 1R R Bl 186 R s Bn AR o
transi stor, wiekéh thd firet S@MEstRDNIis cogigl ©dhé drafit ¢fihel second n-channel
15 transistor, and wherein the second connection is coupled to the source of the
second n-channel transistor; and
| an eighth metal option having a first connection and a second connection,
wherein the first connection is coupled to the drain of the first n-channel

transistor, and wherein the second connection is coupled to the source of the first

20 n-channel transistor.

25.  The input buffer of claim 23, further comprising an inverting stage that
includes:
a first inverting stage that includes:
25 a first inverter that includes:
a seventh n-channel transistor having a gate, a drain, and
a source, wherein the gate is coupled to the drain of the sixth n-channel
transistor, wherein the source is coupled to ground;
a fourth p-channel transistor having a gate, a drain, a
30 source, and a bias, wherein the gate is coupled to the gate of the seventh n-
channel transistor, wherein the source is coupled to the voltage supply, wherein
the drain is coupled to the drain of the seventh n-channel transistor, and wherein

the bias is coupled to the voltage supply;
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a fourth p-channel transistor having a gate, a drain, a 30 source, and a
bi as, wherein the gate is coupled to the gate of the seventh re- channel
transi st ovQ omkseei n t he source is coupled to the voltage BOPPpRYL/100ter ei n
the drain is coupled to the drain of the seventh n-channel transistor, and
wherein the bias is coupled to the voltage supply; 26 WO 02/ 19525

PCT/ US01/ 10001 a secorsetondenverterthpgtindludskudes: an ei ght h n-channel

transi stor having a gate, a drai and sourc wherein the gate is
coupled to the drain of the agee\]i%ﬁ?ﬂ'c a sz 10 %ag%as%ag?,1ac&ﬂ8r?é}cﬁ t he
source is coupogfte! Whé&tAUNE zats igcduplddio hetdta@indEthd setbrih st hankdvi Ng a gate,
a drain, a source, and a bias, wherein the gate is coupled to the gate of

t he ei ght h n-teangipieswherein s spusge is ppupled te gromdsource is coupled to the
vol t age supply, wherein the [N gl . t he i 0,..0f ei ghth
U adﬁf?ﬁﬁ cP@eEﬁ%&s?oq' htagmgg] %tgé', t% Cgﬁ]z%l ,a stolaf e

n- channel ‘transistor, and wherei as 1s 0 e Vol tage

supply; 10 a ap¢adngd, wherelilthagaistiageiplddab the@lteicise egghthnkharinever t er havi ng
a first connectioon and a second connectjon, wherein_the first connection
i s coupl ed t drapfigton vecrelp £he sp8resi iy AeuPlel toibmyriage synphsi vehegein thgdraid f ourth

nverter haviggeidiih e GAHAHE ERnAMoAnAAGRNG.bE FANIRELH AR pisiher i n the

first connection’Is coup second connection of f
i nverter. 26.colipled tonhatvolbadefsspplyf cl ai m 25, further conprising a del ay

stage to yreject undesir.ed poise t a{j. iﬂlﬁl udes: 20 a first delay circuit
that inclifles: a fSPeIIHBYHIS BPeoHahLGiUAt a first connection and a second

connection, wherein the third SivefONReid PHrst SormBMRInOMdta bR Hnbdtionf the
ei ghth re- channel transistor; a second netal option having a first

connect i on ardhegeis thedirgt corBeddiomnrie ceunded towhedreinrpfitheeighthst-clieonelect i on i s
coupled to the voltage supply, wherein the second connection is coupled to
trans19tpr (#gof the first netal option;

t he second connectl
a fourth inverter having a first connection and a second
15 connection, wherein the first connection is coupled to the second connection of

the third inverter.

26.  The input buffer of claim 25, further comprising a delay stage to reject
undesired noise that includes: |
20 a first delay circuit that includes:
a first metal option having a first connection and a second
connection, wherein the first connection is coupled to the drain of the eighth n-
channel transistor; .
a second metal option having a first connection and a second
25  connection, wherein the first connection is coupled to the voltage supply,
wherein the second connection is coupled to the second connection of the first
metal option;
a sixth p-channel fransistor having a gate, a drain, and a source,
wherein the gate is coupled to the second connection of the first metal option,
30 wherein the drain is coupled to the source, wherein the source is coupled to the
voltage supply;

a second delay circuit that includes:
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a sixth p-channel transistor having a gate, a drain, and a source, wherein
the gate is coupled to the second connection of the first nmetal option, 30
wherei n Weoziteefh is coupled to the source, wherein the spOT/E8I/®o@oupl ed
to the voltage supply; a second delay circuit that includes: 27 WO

02/ 19525 PCT/ USO1/ 10001 a third netal option having a first connection and
a second connection, whrethedmattleption baviega fies comrection ealipbeednd o t he drai n
of the eighth re- .channel. trapnsistor;.a fourth al, optjon haying a first
connect | on afamicigRanir s (8 e S srichin s FbEpraRot Bl fon i <

coupl ed to grpuil trwfredtel:n the second connection is coupled to the second
connection of the third nmetal option; a ninth n-channel transistor having a
gate, a drain, and a sdufoseh mejepEpmhavies ghis corneghomprda 9ohthe second

connecti ong of 1 hi t i . i (e upled to the
sour ce, vvzser éﬁogﬁﬁ%ﬁéﬂs‘gﬂﬁ%@ t?ésﬁ%gg%rﬁ{éatlcfn\é@%@glg%ﬁ)%?%&t |e%%n g%l ay circuit

t hat i ncl udessecandfdohhdrtiontistouppdd tothesdvortipcoanédtiontof clogthéd thedai optidn;a second
connection, wherein the first connection Ls .coupled to . the _drain of the

ei ghth re- channel trarfsfi8thgy-changeliragsizion hadpgp 2alst # Greith 20 AGOUCEi r st

connection a %e@elﬁ %1&%‘8?@@8 R(\&Aﬁg seddng %ﬁfg&cﬁgﬁ? of ieShir& RRE Sf)ﬂl&f" i's

coupled to the vo reirnt second connection is coupled to
t he second coviredt ilendrein is heuifled toithe smired, whpteiothe sause vesuupledtichanne
transistog)havin ~a gate, a drain, and a source, 20 wherein the gate is
coupl ed to’ t ¥E°8¥eond connection of the fifth metal option, wherein the

drain is coupled third@eR9 W68t thAhRERIdRs:t he source is coupled to the
vol tage supply; a fourth delay circuit that includes: a seventh netal

option having a first cdfifesriadaperhayingsristicorRgctéarmgdot seoend wher ei n t he
I :, ;rsltsi g?gp?thiogﬁ]eckign,Cv%lé%!ﬁ%qhé Bk Qc%m%crzt?c;n% %uﬁl@c? toerhg B}ari]n 5fhe %pg%ﬂlnﬁa-l
channel transistor; ‘

15 a sixth metal option having a first connection and a second
connection, wherein the first connection is coupled to the voltage supply,
wherein the second connection is coupled to the second connection of the fifth
metal option;

a seventh p-channel transistor having a gate, a drain, and a source,

20 wherein the gate is coupled to the second connection of the fifth metal option,
wherein the drain is coupled to the source, wherein the source is coupled to the
voltage supply;

a fourth delay circuit that includes:
a seventh metal option having a first connection and a second

25  connection, wherein the first connection is coupled to the drain of the eighth n-
channel transistor;

an eighth metal option having a first connection and a second
connection, wherein the first connection is coupled to ground, wherein the
second connection is coupled to the second connection of the seventh metal

30 option; and

a tenth n-channel transistor having a gate, a drain, and a source,

wherein the gate is coupled to the second connection of the seventh metal option,
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an eighth netal option having a first connection and a second connecti on,
wherein the first connection is coupled to ground, wherein the second
connect i oo 0z15eupl ed to the second connection of the sevhat/Asemtadl 30
option; and a tenth n-channel transistor having a gate, a drain, and a
source, wherein the gaie is coupled to the second connection of the
sevent h net aVhspin 8¢ draings ggynder te dapsourseyr wbersiny thg gource igforeleA t he drain is
coupled to t urce, wherein the source is coupled to ground. 27. An

i nput buffer for a | owvoltage flash menory device, conprising: 5 an input
stage having a transistor that includes a gate, a drain, and a source,
wherein the te is receptive to an inhihiting signal, wherein the drain is
receptive to%gn i APLEPYS @#&f%’fm\g}”@‘f%@% a%“r%%@f’@? V1R HRTBPIEE he i nput
signal fram be'ngnRﬁﬁﬁﬁ&%@ﬂwﬁ%%hhﬁnﬁﬁ&?ﬂﬁﬁﬂMﬂ%ﬁai@éﬂhﬂﬁ&ﬁhﬁh&@hS'gnal I's at

a first predetermned |evel; an out put stage having an’inverter that

i ncl udes a f isowre,comreintthogataisdeeeptive troadnbibitivect gron, Wikhieindhadreings f i r st
connection is coupled t.o the source.of the . transi.stor, and rein the
cecond conned B ekl Fard® WHir egrfrisch HLE B nedbRel e Ao
nmenory devi Cc®ginghtesaitel AbinRisbirdg which eidiihhibRingeli @l isweh Yirgtr oduce the
inhibiting signal, wherein 15 the inhibiting circuit is receptive to a
punped si gnalPregstpraingddevsd si gnal . 28. The input buffer of claim 27,

wherein the inhi bt ﬁ»u?'k{agé‘hévi%&l M@&%x%atfiﬁ&ﬁes%'fﬁ Bﬁéct%ohaﬂé%l.ﬁ or

havi ng a gate, a drain, and a sdurce, erein e gate 1I's Teceptive to the

sensed si gnakecontiepandetibheviibrain thepfivsemisctidnds colpléad tol thgsairgnafthe 20 wher ei n

the source is cqupled to ground. 29. The .input buffer of,clfli %28, wherein
r

the i nhi bi ti HgneftPeand Whersiy Hesecpndserpstion Pessghtn die P signst Brihhavi ng a
gate, a draimﬂyg@gagsﬁgﬂ&ﬁgnmﬁnﬁ5@gthhe gate is coupled to an inverted
sensed signal, whergin the source i’s coupled to ground. 25 30. The i nput
buf fer of cl ai m 29n imhbitipg wirtiétol sehectivdly npdoce theitbhibitiolgsies], svhefeiin st
p- channel, transi st or havi a gate, a drain,. a.soyrce nd bi as, wherein
the  gat &5 s Cgupibdins Grvtds Gedityess 2piwbedtighe ad ensissd M eihnsi of or
wherein the

28.  The input buffer of claim 27, wherein the inhibiting circuit includes a

first n-channel transistor having a gate, a drain, and a source, wherein the gate is

receptive to the sensed signal, wherein the drain presents the inhibiting signal,

20  wherein the source is coupled to ground.

29.  The input buffer of claim 28, wherein the inhibiting circuit includes a
second n-channel transistor having a gate, a drain, and a source, wherein the gate
is coupled to an inverted sensed signal, wherein the source is coupled to ground.
25
30.  The input buffer of claim 29, wherein the inhibiting circuit includes a
first p-channel transistor having a gate, a drain, a source, and a bias, wherein the
gate is coupled to the drain of the second n-channel transistor, wherein the
source is receptive to the pumped signal, wherein the drain is coupled to the
30  drain of the first n-channel transistor, and wherein the bias is receptive to the

pumped signal.
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source is receptive to the punped signal, wherein the drain is coupled to
the 30 drain of the first n-channel transistor, and wherein the bias is
recepti vavoe214ses punped signal. 29 WO 02/19525 PCT/ USO01/ 2OD0%01/1001 The

i nput buffer of claim30, wherein the inhibiting circuit includes a second
p- channel transistor having a gate, a drain, a source, and a bias, wherein
the gate i s Gdupl dhetioputibatidr af aaimf3Q, hefein tte inhibitagratuit mmhsliesaor, wherei n
the source is receptive to the, punped signal, wherein.the drain.is coupled
o the s dr abreolt ErREg et R Ra e Ry SR pdP oS aare P ReRiik b as i <
receptive to thd@ite RUTRBRAT BRarain 32 theMist MBkHnBIUEd8Tstdr OFhékein@Me Vol t age
flash menory device, conprising: an input stage having a first n-channel
transi stor t lsaurce ircleoeidiyedo dwtpampad sipgaldwhenein &ﬂdraan soeupled toer ei n t he
gate is recepti.ve .0 an inhibiti signal r.el,n. .t-he draip i eceptive
Po an oot - OrAtEr I Rl b S U ey R U TR BBt B el T rom
bei ng presentpaﬂlp@asighgl.source when the inhibiting signal is at a | ow

| evel ; an output stage to present the input signal to the | owvoltage flash
15 nmenory device, wherein the output stage includes: a second n-channel
transi stor hayi ng | P el é$$%] ate is
coupled to tﬁg' soﬁglgg?bl%tﬁeéq{)@rlgw @%ﬁgﬂ%%%?@gﬁ,s@s@%ﬁ&n er%i n the
source i s coupl ed anangrictagd havingla finet meihantdl éradsistonthpt mskbdesa gap, a nvert ed

i nput signal;, 20 a first p-channel transistor having.a gate, a drain, and a
source,  WheWith ¢ Bl VETEBURY &l fo ot ve 4o ngiieg s epdl §peTHB nannel
transistor, RN WMIRT&IPTI® ANANNA slghal MhBlRHthe il 8tads BiNbiRfths RBusecond
n-channel transistor; and a second p-channel transistor having a gate, a
drain, and asimelten beiy wheentsidnat thesoyme svhics thesnbibitingssigmal Hatedews! i ng
signal, wherein the source is coupled to a voltage supply, wherein the
drainis coug?vgb to the source of the first p-channel transistor. 33. An
input buffer for anloawu slaf@geprédeasihe MAPEYnEaY iElowcRiTRkE gbglg: 30 an

i nput stagse having a first n-channel transistor that includes a gate, a
I5 memory device, wherein the output stage includes:

a second n-channel transistor having a gate, a drain, and a source,
wherein the gate is coupled to the source of the first n-channel transistor,
wherein the source is coupled to ground, and wherein the drain presents
an inverted input signal;

20 a first p-channel transistor having a gate, a drain, and a source,
wherein the gate is coupled to the source of the first n-channel transistor,
and wherein the drain is coupled to the drain of the second n-channel
transistor; and

a second p-channel transistor having a gate, a drain, and a source,

25 wherein the gate is receptive to an enabling signal, wherein the source is
coupled to a voltage supply, wherein the drain is coupled to the source of

the first p-channel transistor.

33.  An input buffer for a low-voltage flash memory device, comprising:
30 an input stage having a first n-channel transistor that includes a gate, a
drain, and a source, wherein the gate is receptive to an inhibiting signal, wherein

the drain is receptive to an input signal, wherein the input stage inhibits the input
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drain, and a source, wherein the gate is receptive to an inhibiting signal,
wherein the drain is receptive to an input signal, wherein the input stage
i nhi bi tswae2ispiit 30 WO 02/ 19525 PCT/ US01/ 10001 signal PCDUSEE0NG
presented at the source when the inhibiting signal is at a low level; an
out put stage to {)resent the input signal to the |owvoltage flash nenory
devi ce, wher signat fiemdwinguressnigget ihashbuge svhes the ishibging wratellowr ansi st or
havi ng a gat zéV? drain, and a source, wherein the gate is coupled to the
source of the*frrst n-channel transistor, wherein the source is coupled to

ground, and wher eiaf dubft Siagd 10 REREEME Snpud BighMMe HiEdwi-niltake Slagnal ; a first
p- channel transistor having a gate, a drain, and a source, 10 wherein the

gate is coupMemqry deviee.suhareia thsouipid stage daclifdeshannel transistor, and
wherein the drainis C%éb@!:cﬁﬂh&-& 5‘1tgrn@fs{?)r?Lvihgg\gﬁﬁce?&girp'aﬁ@g@
p- channe or having a gate,

transistor; and a secon transi s a rc%i n, and a
source, wherein tWergatle gase is eowitd toetht eowrte efab [fird @-chiagind transikter,ei n t he

source is 15 coupled.to a voltage pply, erein the drain is coupled to
the source of théher§R fhepspewahwupfeﬁéﬂgmnﬁ? ?11daW€‘%§Flﬂlé]§‘édr§é1ﬁf8ﬁ‘enfso trigger

when the input sighalyvdfid¥pudsichfiSt high level, wherein the vol tage sensor
is receptive to a punped si'gnal” and the input signal to 20 produce a
sensed signal; and an iafirsty-thangeldiansigior hoong elgett  deliry apd edowee,t he

i nhi biti signal, wherein the inhipiting circuit. is receptive to the
punped sin]g)nal and l}?ée”%glﬁsgé‘&ff @l"ﬁ‘l’?ﬂ?‘.ﬁgt%ﬁfgﬂc‘?rﬁ’ftﬁ8§rsft6‘f°hﬁﬁl?$éﬁaPﬂ§tO’é _

| ow-vol tage fl ash A8 BcidSidean iCQMPIdTb A dréia JftRNRESId h-BBarl¥] an i nput
stage having a gate, a drain, and a source, Wwherein the gate is receptive

to an inhibiting $iagsalor agerein the drain is receptive to an input

signal, wherein the in t Lnhihi L . SJ i ng
presented at the sourc%%&%%g%?ﬁjeﬁﬁ%ﬁﬁgggﬁokggg%%ﬁgFtei%gﬂa}@’g{%g%e %rn‘i ned
| evel ; and 30 out peHekdin thelpatein revepidid toHihapebling sighatrticign ihe Rarderver t er
that includes a first _ connection and a second connection, wherein the
first confection iogu@g@,‘ﬁg aypltage supply, wherein the drain 1s coupled to the source of

the first p-channel transistor;

a voltage sensor to trigger when the input signal is at a first high level,
wherein the voltage sensor is receptive to a pumped signal and the input signal to
20 produce a sensed signal; and
an inhibiting circuit to selectively produce the inhibiting signal, wherein

the inhibiting circuit is receptive to the pumped signal and the sensed signal.

34. A method for buffering a low-voltage flash memory device, comprising:

25 transferring by an input stage having a gate, a drain, and a source,
wherein the gate is receptive to an inhibiting signal, wherein the drain is
receptive to an input signal, wherein the input stage inhibits the input signal from
being presented at the source when the inhibiting signal is at a predetermined
level; and

30 outputting by an output stage by inverting by an inverter that includes a
first connection and a second connection, wherein the first connection is coupled
to the source of the input stage, and wherein the second connection presents the

input signal to the low-voltage flash memory device.
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to the source of the input stage, and wherein the second connection
presents the input signal to the | owvoltage flash nenory device. 31 WO
02/ 19525 WRCZ/Bes/ 10001 35. The method of claim 34, wher BEUSOWI®NGL ng

i ncludes the inverter that includes an n-channel transistor having a gate,
a drain, and a source, wherein the gate is coupled to the source of the

i nput st age, her eifis efBod i flaim 34 véistsin &yertis 1¢ladesdhe HvertaHEaei n t he
drai n presentg.jaflsiQ é l't%g’slgtéh% a tg%ta ?drfa tﬁ]ﬁ(ﬁ@%\ﬂg Q{Pe%ﬁ"tﬂ@ 35,

wherein invert) ng inc Inverte I nc es a p-channel
transi st or haatanig cam]ai@thascdnea of, thangpuastsge) mderein thespeica it tvaplpdtte i s
coupled to the sour%cﬁﬁ r}g ut stasg V\/nerelnthe rain is coupled to
the drain of ZfEdnaRdWhsrein ?Q RiESFIls arpinyertediRput S IRhd of cl ai m 36,
further cogrprising enabling the inverter by an enabling transistor having
a gate, a drain, and a source, wherein the gate is receptive to an

enabl i ng si gr¥é} , v%@rre@thoct @%cl@mﬁfcgvhesemuwprtm ingJudes\ib¢ invgeer thaippl vy,

wherein the oupI t he. ino channel transistor. 15
sherel n'the duahd ih,fRUBL A LG LG AL, o L, fachangel, eans! o
transistor t Wﬂierélﬂﬂidlgiﬁéls%o ledenihe lsolirc@B5ihs iffut stafe, whendh iecirhiaris buf f eri ng
a lowvoltage flash nenory device, conprising: 20 transferri ng by an i nput

st age havi ng Cauﬁlie@ﬁqthﬁﬂ%ﬁfﬂ@lentc‘r]f@ﬁ@fﬂétaéiﬂsmhat includes a gate, a drain,
and a SOU{] fe, wherein the gate is receptive to an inhibiting signal,
wherein the drain is receptive to an input signal, wherein transferring
i ncl udes inhidyi ti r‘i@etﬂﬂ&hdd’kﬁﬂﬁlalﬁi @ﬂj&hrtﬁdr@ﬁmbﬁhﬁg ebeing Mieidvatertyen source
when t he inhi bltln L1 i.s at a low, level; 25 out uttlng by an out put
stage to pre$BARINS éanﬁlﬁm a§pg A grtey d diae aP‘éWso%rﬁ?’thgeéemF&‘s%?t%rmry devi ce,

wher ei nout pytddhige id i &g s&g&a@wvné}anttﬁﬂ@sdum%c Jg&% Doigsecond

n-channel transistor having a gate, drain, and sour ce, erein the
gat e i s couplsepplyovhdreinsadam lsfcouplbrétofthc Qtalmeﬁihaprréﬂanmﬂananslstbnr, wherein
the sourcg is coupled to ground, 30 and wherein the drain presents the

i nput si gﬁal at a low | evel when the

38.  The method of claim 37, wherein enabling includes the enabling

transistor that includes a p-channel transistor.

39. A method for buffering a low-voltage flash memory device, comprising:
20 transferring by an input stage having a first n-channel transistor that
includes a gate, a drain, and a source, wherein the gate is receptive to an
inhibiting signal, wherein the drain is receptive to an input signal, wherein
transferring includes inhibiting the input signal from being presented at the
source when the inhibiting signal is at a low level,
25 outputting by an output stage to present the input signal to the low-
voltage flash memory device, wherein outputting includes:
receiving the input signal by a second n-channel transistor having
a gate, a drain, and a source, wherein the gate is coupled to the source of
the first n-channel transistor, wherein the source is coupled to ground,
30 and wherein the drain presents the input signal at a low level when the
gate receives the input signal at a high level;
receiving the input signal by a first p-channel transistor having a

gate, a drain, and a source, wherein the gate is coupled to the source of
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gate receives the input signal at a high level; receiving the input signa
by a first p-channel transistor having a gate, a drain, and a source,
wherein Wweozatsesi s coupled to the source of 32 WO 02/ 19BQBURGTIOWE01/ 10001
the first n-channel transistor, and wherein the drain presents the input
signal at a high level when the gate receives the input signal at a | ow

| evel ; and enabl i rie fitsenfchastel frandizion, end whenesi the draippreserdethenapys- channel 5

transi stor having a gate,.. rajin d source,, wherei.n the gate is
receptive to a |oﬁ%‘%§?§ﬁ1ﬁ§h Eqvgt‘gbe,na\%ﬁggt&rﬁcef‘f?@t e&ﬁp%télg%atl gtiBied to a
vol tage supply, whefeidndthe drain is coupled to the source of the first p-

channel transistor. 10 40. The nethod of claim 39, wherein _the act of
i nhi biting occurs when enplling thodiys prhgandl trassistprbing yecqad pcdapeel | nact i vat ed.

41. A nethod for ff.eri . v Vi Ge. conprising:
transferrihérjlg by aﬁﬂ‘.n%lg{? ng?g é%ﬁ%v?ﬁ%ﬁg%?ﬁ?g?ﬁﬁ%ﬁ%?ﬁ%%@ﬁ% stor that 15
inﬁ!gdes a gate,lae QV@u>@nﬁ/@ﬁﬁﬁugggnﬂmhﬁmemnhéhﬁugﬁk&omﬂedenaptiYe to an
i nhi biting signal, erein the drain js receptive to an input_signal,
wherein the i nputVolBgmBIPEE PARTFN Wdiﬁalilﬂs(aw@firt?%ewﬁéceiq?&ﬁﬁrét@-nm from
bei ng presented atgthe;sQuiGe when the inhibiting signal is at a | ow

| evel ; outputting gy an output stage to present the input signal to the

| ow- 20 voltage flash nenory device, wherein the output stage includes: a

second n-ghanpel transistor.havi at a drajn,..and a sour wher ei n
the gate f@ coupl et%etﬁ?\QgO%@ﬁ‘Fbg&?a?%f‘?%’émﬁ arcg?{ : t%%‘:lcujfsr@heéﬁg? or,

wherei n the Sg@lkRapSE&AUREREIRVIBEQMEctivaRd. Wher ei n the drain presents an
inverted input signal; 25 a first p-channel transistor having a gate, a

drain, and a source, wherein the gate is coupled to the source of the

first n-channgl tr ﬁf? Sotd%l;%ﬁ?r}g%g\é%ﬁ?ﬂrwgiotatgft:]ﬁa&rrﬁéaqgﬁyz%e%?c%g{:c?rg}?rtis?n :he drain

of phe second 'h-c . Secon ann ansi'st or
having a gate, a draakRmimit & BPW S hadhgwhiasei-thdnnel @aisitdrshateceptive to

an enabling signal, wherein the source is . i .

15 includes a gate, a drain, and a source, wherein the gate is receptive to an
inhibiting signal, wherein the drain is receptive to an input signal, wherein the
input stage refrains from transferring the input signal from being presented at the
source when the inhibiting signal is at a low level;

outputting by an output stage to present the input signal to the low-

20 voltage flash memory device, wherein the output stage includes:

a second n-channel transistor having a gate, a drain, and a source,
wherein the gate is coupled to the source of the first n-channel transistor,
wherein the source is coupled to ground, and wherein the drain presents
an inverted input signal;

25 a first p-channel transistor having a gate, a drain, and a source,
wherein the gate is coupled to the source of the first n-channel transistor,
and wherein the drain is coupled to the drain of the second n-channel
transistor; and

a second p-channel transistor having a gate, a drain, and a source,

30 wherein the gate is receptive to an enabling signal, wherein the source is

coupled to a voltage supply, wherein the drain is coupled to the source of

the first p-channel transistor;
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coupled to a voltage supply, wherein the drain is coupled to the source of
the first p-channel transistor; 33 WO 02/19525 PCT/ US01/ 10001 sensing by a
vol t age 3e@8DI952H trigger when the input signal is at a fPewpUSh/YI evel
wherein the voltage sensor is receptive to a punped signal and the input
signal to produce a sensed signal; and producing by an inhibiting circuit
that sel ectively peotiuglesatvhiagersendor to tiggeswhéngtha inpuhvkignaliimat trst nhi bi ti ng
circuit is rec ive to th upped signal and the sensed signal. 42. A
wirel ess devitd exgmpnreine Yolhg siut deo e o GPUBPE SEafld™d i vol t age
flash nenory igguisiRal ddhodiiteladRsed siinAlibad pl € of thin gate-oxide

transi stors; and an input buffer receptive to an enabling signal, an input
signal, and an i mEediciighy i ghbitinggiensithat splectivieplproguges e inhbitites a
conponent . 15.th i_nhi hits, sem c Ct f liti pl e of thin
gat e- oxi de5 ts%gélr%git‘% For's Bl\/%élﬁl%ﬁ ﬂ}g C?Ilr%ﬁ#gsi rt(gléeﬁjtgi'}1 gg?%%g\lﬁﬂlmg’e%%%g‘alga}ﬁ ggfé{)er m ned

| evel . 43. AsthswdRigienory device conprising: 20 means for transferring an

i nput signal; and neans for outputting the input signal. 44. The flash
menory devi ce of claim43 wherein: the nmeans for transferring an input

signal furthep, co I SR ridRoSt age having a gate, a drain, and a
sour ce, Wnergll n t%%%f%s ?é;VlrécepPFveg'to an inhibiting signal, wherein the

drain is receptiveprocdsém; i nput signal, wherein the input stage inhibits
t he inputlijgnal gégn1bein presented at the source when the inhibiting
signal isl%t a prédBiRIRPAEd | evel ; and the means for outputting the input

signal further conppivSRadd MhiVBEMSEy de3RelilAindiddsudes a first connection
and a second connection, wherein the first connection is coupled to the

source of the input stageyltiptdofithiergaieroxietrastters andonnecti on presents the

I nput signal to the fl aa%r{nglﬁ%lﬁ%r %%gﬁtﬁf% to g’ﬁlenabling signal, an input signal,

and an inhibiting signal, wherein the input buffer includes a component
15 that inhibits semiconductor breakdown of the multiple of thin gate-oxide

transistors when the inhibiting signal is at a predetermined level.

43, A flash memory device comprising:
20 means for transferring an input signal; and

means for outputting the input signal.

44,  The flash memory device of claim 43 wherein:
the means for transferring an input signal further comprises an input
25 stage having a gate, a drain, and a source, wherein the gate is receptive to an
inhibiting signal, wherein the drain is receptive to the input signal, wherein the
input stage inhibits the input signal from being presented at the source when the
inhibiting signal is at a predetermined level; and
the means for outputting the input signal further comprises an inverter
30 thatincludes a first connection and a second connection, wherein the first
connection is coupled to the source of the input stage, and wherein the second

connection presents the input signal to the flash memory device.
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WO 02/ 19525 PCT/ US01/ 10001 45. A wireless device, conprising: a processor;
a display; and a | owvoltage flash nenory device conprising: 5 a plurality
of thin ge®exomsedle transistors; and nmeans for inhibiting BCBERICONDUCt Or
breakdown of the thin gate- oxide transistors when an inhibiting signal is
at a predetermned level. 46. The wreless device of claim45 wherein the
means for i nHidbit ikyizlesddeand, comgugingr br eakdown conprises an input buffer
receptive to an enabling signal, an input signal, and an inhibiting
signal, wherein tAPP7HPpUt buffer includes a conponent that inhibits

sem conduct or br eakfigy; safi the multiple of thin gate-oxide transistors

when the inhibiting signal is at a predeterm ned |evel. 35
a low-voltage flash memory device comprising:

5 a plurality of thin gate-oxide transistors; and
means for inhibiting a semiconductor breakdown of the thin gate-

oxide transistors when an inhibiting signal isata predetermined level.

46.  The wireless device of claim 45 wherein the means for inhibiting a
10 semiconductor breakdown comprises an input buffer receptive to an
enabling signal, an input signal, and an inhibiting signal, wherein the
input buffer includes a component that inhibits semiconductor breakdown
of the multiple of thin gate-oxide transistors when the inhibiting signal is

at a predetermined level.
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