WD 02/ 19112 PCT/ US01/ 09997 FUSE CONFI GURATI ONS FOR LOW VOLTAGE FLASH
MEMORI ES Technical Field The present invention relates generally to

sem condwoor19im egrated circuits. Mre particularly, itPOEUS@IMSI7TtO fuse
configurations that are used in redundancy circuits in |owvoltage flash
menory devi ces. Background Menory devices are integrated circuits in which
information may be stored and fromwhich information may be extracted when
desired. Each nenory device is built froma plurality of nenory cells.
Each nenory cell nenorizes a bit of data. Although a bit of data seens

i nsi gni ficant, AUSERYNEERATIENIROREOW-VOISE AGEETI A MEVICGKIESS correct,

such as an anount in a bank account. A nenory cell nay becone defective
because of inperfect manufacturing practices or degradation over tine.

Such defects render the nenory deﬁ %ﬁ J gﬁgﬁati ve or unreliable. Instead
of ridding nenory devices wth de ry cells, the sem conduct or

i ndustry turns to Mafpreddst invativnirgldRs gbiersiay) wagmiddndasontmapistedevi ces. One
t echni que enpl oys redundancy circuits. Redundancy circuits include a
number of norfd&RibetMpEe 3l df negtaing &g fusg gontagiiraiions dlaxt akg wsgd I nenor y

cells in mnqgéhnq%(}}fcg&gg%?ﬁﬂﬁgv?@%e ‘ﬁ%}ﬁ‘lﬂisﬁl%rﬁﬁevﬁ'&g. physically replace the

defective nenory ce y replace them Redundancy circuits
detect whether defective nenory cel [Backxiostd configure nenory devices to

avoid the defectiive nenpry cell.s, and redjrect, neno accesses fromthe
defective nenory M@‘PP%YN(%H}/CFE%IG&BWS@? HHCYis Wnsl‘gjé%?%t?onfﬂ@’ B%t of

configuring uagsq hMPRomIWIGEL hﬁ@nﬂ!ﬁbﬁﬁhdy%' Hl8ctbd$8en UBateac@cpe bl own to
support the act of configuring. Previous generations of fuse circuits are

i nconpat i bl e mgmérytdewicaeniprily fivava phsalty of mdunpry edlisc Aibagls menwiry agje suppl i es
as lowas 1.65 volts.. tain.previo nerations. of.fuse circuits al so
T antly 5 nt sbsud e BoucTnh ARoREl 8 SR G ROR RS IR D St o6 e b1 ity
that is undegidhable8vhefer @ sk&bd 2nBalitida0d cOHIQY GucH BY'gn athbait ih & bageded are

devi ces and nmet hods to enhance fuse circuit
account.

A memory cell may become defective because of imperfect
manufacturing practices or degradation over time. Such defects render the
memory device inoperative or unreliable. Instead of ridding memory devices
with defective memory cells, the semiconductor industry turns to various
techniques to salvage these memory devices.

One technique employs redundancy circuits. Redundancy circuits
include a number of nondefective memory cells that can replace defective
memory cells in memory devices. Redundancy circuits do not physically replace
the defective memory cells but logically replace them. Redundancy circuits
detect whether defective memory cells exist, configure memory devices to avoid
the defective memory cells, and redirect memory accesses from the defective
memory cells to the nondefective memory cells.

The act of configuring uses fuse circuits, which include fuses that can be
blown to support the act of configuring. Previous generations of fuse circuits are
incompatible with the memory devices of today, which use voltage supplies as
low as 1.65 volts. Certain previous generations of fuse circuits also tightly
integrate fuses and latches. Such integration causes inflexibility that is

undesirable.



configurations in | owvoltage integrated circuits, such as flash nenory
devices. Summary of the Invention The above nentioned problens with fuse
ci rcuitsvaodzotiner problens are 5 addressed by the preserCT/URMeP970n and
wi |l be understood by reading and studying the follow ng specification.
Devi ces and net hods are descri bed which accord these benefits. In one
illustrative enbodihweywhatas ficeded aierdevices drsl éthodstoedhantedufeuseuitci r cui t

Vol tage suppy B EBIRI BB UG SR Gk e dio bty TSR B at o

desired time to a predeterm ne predet erm ned duration so
that the nonvolatile fuse transfers’its data to the volatile latch. In
anot her il ustr at iths abapouienterned paolflﬁrs%wahrf@a@i aircigs @ti(k@ih@rsmdblefﬁh@rd use

circuit i | u ut st e an ol at V|n afirst, a
second, and %greﬁs gi tl?ng %‘ﬁ?@?&- ﬁ eslfndglﬁ?ﬁ%oéthy 157 1?%8‘&1 ves an

enabl i ng si graldyinktBe ﬁﬂﬁhhh@@pe‘éifgﬁﬁd)n C]aémb@ aesdesssee ddratibddwhizanvol atil e
fuse sel ective transfers its data. The input stage is receptlve to an

enabl i ng si grigfordthesgRendids i || ustrative enmbodiment, a fuse circuit is
di scussed. The fugg ongil L%Hhﬁ\rzéoéﬁgrlo‘dﬂﬁélﬁg@ﬁ{sgQHEulﬁs%%%uQ%ﬁ‘t Tﬂéﬂgs‘gnts an

i nverted enabl ing signa age receptrve to a boosting
signal, and airooinitehals heofatikelatchhed anonwdhtit ifise thatgerdogsiva thiar st, a
second, and a third connection, The first_ connection receives the i nverted
enabl i ng ¥l graltageTeplyiRiabewd - ehudlis: rdesolasa supaly ipbeettetrtindeshied hoost i ng

stage so that;fhg a\r}gggﬁ%ﬂgﬁé@le{ﬂ%ﬁd $&! g&e%f Z ndd (ﬁﬂétﬁ ﬂlratsthﬁdat a. 25 1In

another illustrati I ment, a I scusse anci ng a
fuse circuit nnonvdaﬂﬂ@\zﬁdsadtana@s utsrdaegtoahedolamedatch (I C) The met hod i ncl udes

presenting by an put_stage an in erted enabl i.n by a
boosting stage t ?f@%rr’flgﬁraé?{ﬁﬁ OAGIENg GApise Citg ltt1§ %‘fsé‘?(f ﬁbe@é?gecti vel y
by a nonvol atcidgit ﬁcms arl BHuDSRYOIRLd A RvbIBR ﬂage%h@ﬂﬁghﬁ fikst, BsetGfQAAd and a
third connection. The first 30 connection receives the inverted enabling

signal thit iaghisdosnnedtien Thrafirst ¢rameeiimveteitdsian malﬁmgmr@bt Thely transfers
RSV LA e S MR
foll ows, anddafa. The input stage is receptive to an enabling signal.
In another illustrative embodiment, a fuse circuit is discussed. The fuse
circuit includes an input stage that presents an inverted enabling signal, a
20 boosting stage receptive to a boosting signal, and a nonvolatile fuse. The
nonvolatile fuse has a first, a second, and a third connection. The first
connection receives the inverted enabling signal. The inverted enabling signal is
boosted by the boosting stage so that the nonvolatile fuse selectively transfers its
data.
25 In another illustrative embodiment, a method is discussed for enhancing a
fuse circuit in a low-voltage integrated circuit (IC). The method includes
presenting by an input stage an inverted enabling signal, boosting by a boosting
stage the inverted enabling signal, and transferring selectively by a nonvolatile
fuse. The nonvolatile fuse has a first, a second, and a third connection. The first
30 connection receives the inverted enabling signal that is boosted so that the
nonvolatile fuse selectively transfers its data.
These and other embodiments, aspects, advantages, and features of the

present invention will be set forth in part in the description which follows, and in
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WO 02/19112 PCT/ US01/ 09997 part will becone apparent to those skilled in
the art by reference to the following description of the invention and

ref erencadodrvamings or by practice of the invention. The BEPE6€1#09997

advant ages, and features of the invention are realized and attained by
means of the instrunmentalities, procedures, and conbinations 5

parti cul arl y pegiwillédcamt apparertido topesidiel il the a by BefershcOesibe fgdtavong of t he
Drawings Figure 1.is bl.ock .di agram accardi ng to an enpodi ent of the
Cvent ton.  ©Hegaibgod of wheyRistuich 38 A aArel P then g PO pERRE R rent of the
invention.  FhedAki6n.3ThS agpebls! £dvhhtaglsa s PRAGGOTEhdBvERicArepdagdiqrent of the
10 invention. Figures 4A-4E are timng diagrans according to an enbodi nent
of the i nvernnieHaing hymeass ¢idhaingiraerntglites arecadies, dhé gombingtiomsnbodi ment
of the inventj Det a| ripti In the foll ow ng detailed
descripti osﬁ gfaﬁ{lﬁleaﬂly \?Zlﬁ%(;?g%gﬁrﬁg g}rl\cci:)egcl}agmrsmde to the acconpanyi ng

drawi ngs that forma part heBzif Degdibtion ofktedbra
illustration, specific enbodinents in which the invention nmay be.

practiced. |In the Fdgugiligs blackidiagrymascording fosan pehodipisst efihe Hivieptia. i | ar
conponents throug r i . | ribed in
20 sufficient detlz}? thqgﬁgﬁégdt oésﬂégs F?lﬁggé%}]&gﬁgag{rgﬁ%ﬁothgingg |((§:tg t he
invention. O her Rghediiserirsuitdiyglam accoldized aarthtaditaitwfdle, | ogi cal , and
el ectrical changes may be nade wi thout departing fromthe scope of the
present i er®YHHOYThe transistors described herein include transistors

f r om bi pol ar - j unClgiiftes 4 RCNGL Aing Bk doelitlinelib 66 rkBalAGk B8 FET) . or
conpl ement ary net al =oxi de- 25 sem tctonductor (CM3S) technology. A

met al - oxi de- sevendiomduct or (MOS) transistor includes a gate, a first node
(drain) and a secqnd nqde ource). Sinc MOXS js.typically a symmetri cal
device, the true g:né%‘fraﬁdf ?gf?cgldla %F%Cé)r‘%ﬁﬁgo aﬂﬂpﬁ?q-]m%ﬁéoﬁh? é“’ﬁ’&% ‘bl e once
voltage is inpressed on the term : i gnations of source and

drain herein should be interpreted, therefore, in the 30 broadest sense.
The ternsld hi gh" dnthe fodowingsdetailed dasarigtian péfherinyentive crefearénse vomedg e

supply, and gr gl . SSRRE! kSl ATl Pt RALEE T84 i WRRLY, B herei n

way of illustration, specific embodiments in which the invention may be

dbragnghown, by way of

practiced. In the drawings, like numerals describe substantially similar
components throughout the several views. These embodiments are described in
20 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.
The transistors described herein include transistors from bipolar-junction
technology (BJT), field-effect technology (FET), or complementary metal-oxide-
25 semiconductor (CMOS) technology. A metal-oxide-semiconductor (MOS)
transistor includes a gate, a first node (drain) and a second node (source). Since
a MOS is typically a symmetrical device, the true designation of “source” and
“drain” is only possible once voltage is impressed on the terminals. The
designations of source and drain herein should be interpreted, therefore, in the
30 broadest sense.
The terms “high” and “low” as used herein refer to Vcc, the voltage

supply, and ground, respectively. The term “external supply” as used herein



3 WO 02/19112 PCT/US01/09997 refers to Vcc, the voltage supply. In one
enbodi nent, the voltage supply supplies a voltage in the range of 1.65 to
2. 22 vol w0 ourdiess ot herwi se i ndicated. The term "ener gy- BCDUSOIgIEVi ce”
descri bed herein includes any devices capable of storing charges. The term
"energy-storing device" includes a 5 capacitor. The capacitor descri bed
her ei n can berefry tc¥pache voltagalupmpt bromrenadwdimentete abBageciupplyi t usi ng any
fabrication techni que.. The energy-storin vice described .herein,

novever .y DPHENR FelAEsqn T Taree i o 2 iR b et bordics g eied
p-channel transistgpg te&q’ﬂe‘ehé@ﬁto?ﬁl?rdeﬁicé’@&'és@ﬁbﬂl&%réiﬁ%d}u@és%n? aevigsst ed _
together to formone conductive plate, its gate forns the other conductive
pl ate, and t heapable@fisthaingphanges. of msterth Eengirgy-sloting deviRieineladen @ pr e- char gi ng
devi ce" degcrjbed. herein_ineludes .any, devices _capabl.e of, prowi di ng charges
Lo e ntai b aCprcid ani B RpLOGR R GaH SHER: AR AR ety RaRl Pl dev oo
whil e a syst eifitddh@td tinelitekese idyefaBRerioN tshaigued THE ¥hd gy sring devied of f. The
reason for pre-charging is thus: the energy-storing device nay 15 have to
store a lar ged%sﬁﬁb?ﬁ( heéﬁlncwqyég a3y Renfabuieated asjsithey an R-shamelirasistorfir gh-
vol t age signa ’¥¥§H =, i » i i y have
to be taken %L)P]é:e }gﬂé@és?%tgﬁl?@%ﬂé%’&fasgﬁ%t@ %ﬁgﬁ%ﬁ%%égﬁgﬂ%cﬁertﬁgétg%gg?ng

devi ce. The fre-abkaogdigiveelits étsderdbimethc baiee condiativdplate, slithee- | aw

devi ce. Thg pre- charging d%éice,described herein can be any transistor
fabri cat edOono¥fle efﬁ?@ﬁﬂ&t #leelfifcui t using any fabrication technique. The
pre-charging devi cepe des0HtbatrBRE Bbice MRUGYIRK heBY iRfideabh} §aligd as an

n- channel transi store%hﬁ);rts %ir%i n gend gate cgnne%:t eélfeto et elr; the drain
i s connect ed tapable of prandiak charged tp. maififam 4 predetémhiaedylemgl afevhbged indescri bed

h in includes any devi.ces capabl e of char an enerqgy-storing device u
to the |evel BITOHUCHRE SPViaT Wb SYRGT (Il pIaIdS s osrayrsIome QRS ng devi ce

is to charge fReJITeréTeieh iiPredBMLER it BuSORPeASRY StdhkRE RP¥ehiyel
degradation that may occur fromthe prée- charging process. The charging

devi ce dedéribag theioes mlasgmarbeurd oy chargessp snarle atubuit warediden hagh-i nt egr at ed

i rcui i fabrjcation t i que, The chargi i i bed
her el n, howev i b apis PibPR e el BT B ah Bergp 08k i s
transi stor maye faRecomidel tBelERenist thriel 9nds sharg s MRAEIGLtdrIgadbvaet Ehal

supply. The enbodinents of the invention focus on a fuse circuit that is
pre-charging device described herein can be a square-law device. The pre-

charging device described herein can be any transistor fabricated on an
20 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.
The term “charging device” described herein includes any devices
capable of charging an energy-storing device up to the level of the external
25 supply. The purpose of the charging device is to charge the energy-storing
device to compensate for any level degradation that may occur from the pre-
charging process. The charging device described herein can be any transistor
fabricated on an integrated circuit using any fabrication technique. The charging
device described herein, however, may be fabricated as an n-channel transistor.
30 This transistor may be configured with its drain connected to an external supply.
The embodiments of the invention focus on a fuse circuit that is
employed in redundancy circuits. The fuse circuit of the embodiments of the

invention uses memory cells as fuses. This is advantageous because memory

4



enpl oyed in redundancy circuits. The fuse circuit of the enbodi nents of the
i nvention uses nenory cells as fuses. This is advantageous because nenory

4 WO 02/ M0 a21ROa/ US01/ 09997 cells are basically transi sporgseimpdican be
controlled. This ability to control the nenory cells as fuses to set or to
unset the fusing state is not possible with traditional fuses. Once a
state of a trcal$ ticdasicaltyuigasistors tiaf catshcoagoligd. bTlonabidjtoto coneblthag, t he

tate of the traditional_f t b d. .5 Additionally, th
merory cel |'s REBELSEE ' SFrHRm IS HiRIGE Sai i AR g lSahoht s 11 ne-t une

a confi gur at itRQitRfal MEGIGIRE sEdté 684 traditions fusdSs §dtakibh a8BYBIoWiREY! Ces.
Again, the process of fine-tuning an integrated circuit can be "reversed
wi th the nenowsities|thestats of thefradigone] Bwe pamot bewtesrgised-ed circuits, such as
flash menoyy devicgs,...h rogressed.fro 10, bei.ng i ncluded in personal
conput ergmb{o handh‘lgcfd&tl%n%‘ggm?s, Ot%ﬁgéssca%@l‘;éﬁs%ds%s SRR s?;kemﬁ’i’ “mar ket pl ace
val ues handhairthpimptdehentt fat-take ddaggeation bOitegyRtd cigkiitsHueh hatlagh
circuits, such as flash nenory_ devices, because such products use |ess
power and thérengyderises. perpehe Posesiodfigevyag er ntegalgd chcwt epnde

i nformation, ATl d v sen as a storage nedium 15
Low vol t age fr?‘;z}g%eld%ﬁnﬁéﬁlﬁuse%rg’\?oﬁ{]zgggﬂglﬁj%%lefeggeg%é | ow as 1.65 volts.

Previ ous gener at ilntegrapdd direaits,cuctcas flash mednyorg deviots, Age: o pekied Sronhat

provi de hjgh vol tages. . Thus, they are inc tible with | owvoltage
integrate cibFE’@ilP%‘.ﬁ?ddntﬂ%gon i COBIPYETDIR }HQ&%&EP’_E%C@WGBPWHF?SU the

i nvention solygndnege ﬁ&ﬁaﬁh@@%@mhﬁé@r@%ﬂ {5 ke ﬂaseéo&kmpck di agram
of a system &ccor di ng to ohe enbodi nent of the invention. An integrated
circuit 100 ivioltegst inteigessedacipmiits, suph af flashimemeyl desges, betast suwamuoductkevi ce

102. The lowvoltage fla menor evice 102 includes a. voltage supply 104
and ground 11%° L:’f’% OV %“agléefgﬁgep@q%%ﬁfﬁﬁw%afé@f@fwéé to §019 ow as about
1.65 vol ts aRgfoasatig Bin@pvabeged1adh Moy is UhbSen' ARGLrREe Mokihages 25 is

| ess than voltages used in previous generations of flash nenory devices.

The vol tye [owppriiese dispmeviotessep yabrgetsuppliasagilew apdl 0Aivielts.nBrepus i on of
the low voltage flash nenory. device 2. The. | gw-vol tage flash nmenory
tovi co 1071 AeraaeRT{RRTRENIRY SRyats shifie BB e ees

si gnal s frommangtther are MiepatiBR vEitl owWi-toltag Glie@sted circuits. In the

discussion below, the embodiments of the invention solve these and other

problems.

20 Figure 1 is a block diagram of a system according to one embodiment of
the invention. An integrated circuit 100 illustrates a portion of a low-voltage
flash memory device 102. The low-voltage flash memory device 102 includes a
voltage supply 104 and ground 112. The voltage supply 104 provides voltages
as low as about 1.65 volts and as high as about 2.2 volts. This range of voltages

25 s less than voltages used in previous generations of flash memory devices. The
voltage supply 104 provides power to circuits within the portion of the low-
voltage flash memory device 102.

The low-voltage flash memory device 102 includes a decoder 106. The
decoder 106 receives address signals from another integrated circuit, such as a

30 central processing unit, that wants to access the low-voltage flash memory
device 102. The decoder 106 decodes the address signals into an access signal
that can select a memory cell or a group of memory cells so as to retrieve or store

desired information.



30 central processing unit, that wants to access the | owvoltage flash
menory device 102. The decoder 106 decodes the address signals into an
access siwoat/191that can select a nmenory cell or a group oPCTEREIWOPITEl | S SO
as to retrieve or store desired information. 5 WD 02/19112 PCT/ US01/ 09997
The | owvoltage flash nenory device 102 includes an array 110. The array
110 houses a pl ur dlbetlgwefoltageriash erhory. deRiwe A 02 indlindes pharray 11§, ‘Bhe nenory

CoL1 ool SELPIT B ISR Finc TS ARt Bl Pt oS

array 110, 5 ceheisdere@ble Hyrtay telRdedl (P eticldr@y oW tAnehlE sRasgésfthe col um. In
the idions of conputer architecture, the rowis called a word |ine and the

colum is calmerory csily infe rave antiselunyis- Vol sekegea measy pelhisrthe away EE), 103_ e
I ncl udes & %ﬁé‘@élgg%?r%ﬁ%‘% épegﬁlgfio\fgﬁﬁ arsggégﬂgé&@ﬁn? 'Th ! i}i%o%r?ﬁgsof S modltle

by at | east one e I me I nv ron 10 Work vi ow vol t ages

provi ded by tchapurt battecuepihy rdW4s calleé arvedd idaasdy theicolumhd isk@Beds Biti des
redundant menory el enents that can logically replace defective nenory
elements in tW& array 110. Figure 2 is a block diagram of a redundancy

Ci r cui t accor di ng 110 1000 EEPAIHIEIhoR a8 1DYRINALY redbiBRIGRNGY C1  Cui t
q ?lgse anB ang u

200 includes a portion of a row a co use bank
216. The row1D8s&hbacthkin2&®ypirovit déSisimadified by efdeast eneambddimetdedBhe i ve
menory ceJls.along a row of an array. The row _fuse bank 208 includes a’
fuse circtlt I%Yf&?lg%rfw_fbﬂ%we ?%M?l%é%%aww&ﬁ%a&e YPIEReP SURR)Y {6 her

el enents t hated@MaRiyQHicHR 10R BréRdds rEih@hhi MRS SRndifds ﬂhggéa&l%gcixalgr epl ace
menory cells along a row of an array. The fuse’circuit 204 includes 20
vari ous nodi frepladel defisctive owenthey clsyneats ih gwsarrayrid Oenbodi nent of the invention.

The row fuse bank 208 i,ncludes @ match ciycuit 206.. The tch circuit 206
i ncl udes a group ofefd ilﬁaggiﬂ%géa@.m“fﬂ %re&%gﬁl%ﬁrp&b?@%ﬁg‘% e¥Cct toget her

to enul ate ach@ifndndO€tHeGivdnish. Are@uEaRcPCIFRW J0BtiEdudsHRrtion §f £ T OW
match signal reflects whether a rowin the array shoul d be repl aced

because i} caopwdisedank308and aselumarfaseeang by dhasers fysedank 208 heovidsw f use

pank 208 |l AR B 4L pATo AUBSERL R ot an A TR
fuse bank 208 includes a fuse circuit 204. The fuse circuit 204 includes the fuses
and other elements that may provide the configuration needed to logically
replace memory cells along a row of an array. The fuse circuit 204 includes
20  various modifications provided by at least one embodiment of the invention.

The row fuse bank 208 includes a match circuit 206. The match circuit
206 includes a group of logic devices. This group of logic devices act together
to emulate a logic function that produces a row match signal. This row match
signal reflects whether a row in the array should be replaced because it contains

25  atleast one defective memory cell.

The row fuse bank 208 includes a disable circuit 202. A possibility
exists that the fuse circuit 204 may include fuses that are defective. The disable
circuit 202 disables the fuse circuit 204 if it detects that the fuse circuit 204 is
unreliable.

30 The redundancy circuit 200 includes the column fuse bank 216. The
column fuse bank 216 includes circuitry that is common to circuitry in the row
fuse bark 208. The column fuse bank 216 provides logical replacement for

defective memory cells along a column of an array. The column fuse bank 216
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circuit 202 disables the fuse circuit 204 if it detects that the fuse
circuit 204 is wunreliable. 30 The redundancy circuit 200 includes the
colum f weobmk2 216. The colum fuse bank 216 includes BCT@WRIMYIT hat is
common to circuitry in the row fuse bank 208. The colum fuse bank 216

provi des | ogical replacenment for defective nmenory cells along a colum of
an array. ThendedegmfusagecuaiR. The fiese\aldeoi 213 inchudecieS8ees/ap998%r i ncl udes a
fuse circuit 1’212. tTtﬁ]le fuse ci({ Qfﬁit 2 itncl ud(is tge f lhses ]zé}nd ot her

el ements t hat Ry HaVREEPIaYE'e %??’é%?ﬂléat 18RS % G IPIEPRET TY™PBhI ace
menory  cel | seBd 8168g @ c6RNGT safardf. The ke clbEit DUBMichides Warioud12 1 ncl udes
various nodifications provided by at |east one enbodi nent of the

i nvention. 5 miieasionpnrovided byt keastimneiombiodient of tetiavendioncui t 214, The
mtch cirgeuit 21 He%%klﬂﬂ?ﬁls pEOMR Bl fha ﬁvcﬁrgﬁiEZ%IhTﬁe&ra&Hp of logic
e a on at 'p

devices act together to emula ogi c functi roduces a col um
mat ch si gnal cirdhit 814 awrludena geduplofdogiadevicaf ITdd sroupef hogic d&evivek deém i n the
array should be replaced because it contains at | east ope, defective nenory

celI. 10 The gt FRukiamiagioaciondhadiedusesp salymn mptch signalp lgus A
possibility | hrCui i hat are
defective. Tﬁgﬁ%}?{s%gfcg%}gg%?%gi%ﬁ g’fgfhgfgg(gfl@%{l @ﬁ@gﬁlrﬁc%ﬂtgﬁ g‘i ifoit

det ect s t hat betemsé itsenimsatidastih? defectivememoaptadl. Figure 3 is a circuit

di agram accordi ng to one epbodi t of the 15 . invention. fuse.circuit 300
i ncl gdesa]ap t ransf é[fhreicﬂgmﬂ %ggﬁl%@“éﬁﬁ"p&@%?m‘%@ﬁ réﬁ%?sg?miy_ng st age
330 i ncl udes kisangiiahé (R6 clrb@t S128y RiclidiGulddsat R FTAUREN ThElilsabkt - This
serves to partially decouple the fuse fromanother circuit. The

t ransf er ri ng corei@l BdvahlecibicViess circnit 3h2 tfat détegys thatythelfuS30RudAd2 pr esent s t he
transferring_si %”Qﬂf S302 at node A. The transferring stage 330 includes an
20 inverter '"4%he inverter 1304 receives the transferri ng signal S302,

produces an invergi@de BriaR skt didgrafi A0aldingidbnRaHR0nSerk BEtHeNVer t ed
transferring signal to a node B. The transfterring stage 330 includes a

p- channel 1% r aninenrA fiseimal paQingludgas dandemingistage 300 @ns purpose offhe gat e
o e B I5L PR PR PR SRR gy BRI a0V 0@ o
circuit. This serves to partially decouple the fuse from another circuit. The
transferring stage 330 receives a transferring signal S302 and presents the
transferring signal S302 at node A. The transferring stage 330 includes an
20 inverter I304. The inverter 1304 receives the transferring signal S302, produces
an inverted transferring signal, and presents the inverted transferring signal to a
node B.
The transferring stage 330 includes a p-channel transistor T306 having a
gate, a drain, and a source. The gate of the p-channel transistor T306 couples to
25 thenode B. The source of the p-channel transistor T306 couples to a supply
voltage. The drain of the p-channel transistor T306 couples to a node C.
The transferring stage 330 includes an n-channel transistor T318 having a
gate, a drain, and a source. The gate of the n-channel transistor T318 couples to
the node B. The drain of the n-channel transistor T318 couples to the node C.
30 The source of the n-channel transistor T318 couples to the nonvolatile fuse 334,
which will be discussed.
The fuse circuit 300 includes a latch 1.312. One purpose of the latch is to

memorize the state of the fuse until the latch is notified otherwise. In one
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voltage. The drain of the p-channel transistor T306 couples to a node C
The transferring stage 330 includes an n-channel transistor T318 having a
gate, a avabmpviand a source. The gate of the n-channel trROBUSIONMIN318
couples to the node B. The drain of the n-channel transistor T318 coupl es
to the node C. 30 The source of the n-channel transistor T318 couples to

t he nonvol at i éebédiseng Bk latchili3d A isw volable laick.clsmwther Tmbodinzmt,dhe lataht 300

includes a la L312. One r of. the.latch is.to .nenorize the state
of the Tuse ulo 1 TENEer S ENEHETIOE piaemd e oGl SFRNp 02/ 19112
PCT/ US01/ Ogggzon&&t@ﬁlT@lhgut_tdaﬁnécﬁbﬁBf 3 %dvdreer B08Uoaplel ® 4 AbED, ddl anot her
enbodi nent, the latch L312 includes an inverter 1308 havi ng an i nput

connect i on antheamipil cpyiecionpbibe iniertemiosicaprles odhaaeds GnThe lathel.3 ¥/ er t er
1308 coupl gs , h t connection..of inverter 1308
coupl es to§t h%lg%glﬁguq%? an[r)(?%@rlqg}/ecrﬁr @%g&agﬁjga%%s%pﬁﬁg Ut ggnél%\éc:?’ﬁgﬁtplﬁ{nver ter

| 310 havi ng aornegtidn. CIHeiapit cofneiidn af theUhydter T3NDAPIed o thEmedé apsrd
connection of the inverter 1310 couples to the node C, and the output
connection of theistaus genestion efihe dyisprrl 10 souMes Wdhenesle Bhe fuse circuit 300

produces the si gnairy,58Ld A0M: BiE tﬁczes?ﬁl?sigﬁﬁ@?Ldééxﬁdugﬁeg&té‘fﬁggi[gﬁglo%hi 510 The

signal S314 reflects the state o use o e clrcul

fuse circuit 8e@Godad. dbessignd@334 ireftpctstthg eta®3F thelfuse bbihs tfusegirstim§e0.336
boosts the voltage_supply. at, desjred fine to a predeterm ned | evel and
for a prgaet erm n@ge gﬁ?ﬁ%r?"&}h?ooﬂ’?ﬁ{“ﬂ%% ‘P??&ngtsﬁg%g%§6%]iler1]%‘?%8’é%5t_§&ei nvert er
1316 having ggt; batiin QOREREIEy A0H dahel b (GREMRGHTIRAR TGl MY
connection of the inverter 13 couples to the 'node A, and therefore, is
receptive to piedet¢Snineddefaton.i Hge boagting st8g0236 MhkdevapmyenariAbEti on of the

et RS GT R PoBRRLR )  dbBET BR RAERe O

connection. | {he@irRFPN@I d5BPles td e 0ES AY arkd BEdchTe, 1§ bpBvdRBI 1S a
capacitor with a value of about 10 picofarads. The first 20 connection of

t he ener gy3st Gansiyring vigoal 38920 The euipyé sonnsetidroefshe yegergdab presenis at he
i nverter 1316b00TE% glecolnd connection of the energy-storing device C330
couples to a Adde & Sthe fuse circuit 300 includes a nonvol atile fuse 334

having a first, a The boosting stage 336 includes an energy-storing device C330 having a
first connection and a second connection. In one embodiment the energy-storing
device C330 is a capacitor with a value of about 10 picofarads. The first

20 connection of the energy-storing device C330 receives the boosting signal from
the inverter 1316. The second connection of the energy-storing device C330
couples to a node G.

The fuse circuit 300 includes a nonvolatile fuse 334 having a first, a
second, and a third connection. The first connection of the nonvolatile fuse 334

25 couples to the node G. The second connection of the nonvolatile fuse 334
couples to the source of the n-channel transistor T318 of the transferring stage
330. The third connection of the nonvolatile fuse 334 couples to ground.

In one embodiment, the nonvolatile fuse 334 is a flash cell T332 having a
gate, a drain, and a source. The gate of the flash cell T332 couples to the node

30 G. The drain of the flash cell T332 couples to the source of the n-channel
transistor T318 of the transferring stage 330. The source of the flash cell T332
couples to ground. In one embodiment, the threshold voltage of the flash cell is

greater than about 2.5 volts and less than about 3.5 volts. In one embodiment,
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second, and a third connection. The first connection of the nonvolatile
fuse 334 25 couples to the node G The second connection of the

nonvol at we ot/tae2 334 couples to the source of the n-channeCTUS@N®PEt or T318
of the transferring stage 330. The third connection of the nonvolatile
fuse 334 couples to ground. In one enbodi nent, the nonvolatile fuse 334 is
a flash cel | tT88&hhaliTi§lacligat Bomdradsfinmg itndhtatodbe tateh LIVewhat theof t he

flash cell T C . t.o the node G, The drai f, the flash cell T332
Couples ot HESL Bl RaSDie'S arer BRI it FeaGre  eras s enet B ancr er r1 ng
stage 330. THRskedl keusiciddly Higlasih ®ether dRbeimeny HcaFash@ecmagmnd. I n one
enbodi nent, the threshold voltage of the flash cell is greater than about

2.5 vol ts andrangisss itsdgte whenuthe dogvalafile fuseliningmecrased siiand e g@ngD 02/ 19112
PCT/ US01/ 099 f h Id. 4T rajips.fromtransferring its data to
fongh e RS B AR s 1P 4505 Ry By,

the latch L3 ;lﬁograrmed state if the

gating signal at the fgat@reaft 300énclidedsh ik btaps3 B Thinpid tagedzgh. | n
anot her enbodi nent, the flash cell T332 transfers its data when the

nonvol ati | e FERsEVes gnicRabiingsignabdd 2 anépicreninie gaahling ssznal §iell tog the gate
of the flash 11?\%%%5@2 ThS i efs ?Zggﬁ%g%ég'arg%cpu-mgnﬂega& &ﬁc{) Ié)ﬁtplf’(.oo i ncl udes

an i nput stage he I'npu a ecel ves an ena ng  signal S320,
and present s cohlmecdnabTheimpat gmakctBHXF thoinaearteriIB¥2receives B2 2nabling | nverter

1322 incl ydes. an, j hput nnection and an_ out put nnection. The input
connectio oﬁlgtnﬁ]eéyﬁ%é‘? &e OIS ConueEl g‘ﬁﬁ@“’@ﬂ%ﬁﬂ%?%@”f@“% P§AAIS S320, and
the output cepagrit.Qhdels. the inverter 1322 presents a gating signal at a

node E. Al so coupled to the node E is an n-channel transistor T328 having a
gate, a drain, ardsacepledie.thdmodsiRisembodianeelttrantister 328 havieg agat@nsi st or

T328 includes, a threshold voltage, that js |ess than 1. vol The gate of

t he n-channeladf:%mt?nélr?swgfci‘}r \i‘fﬁﬁ%gléB%%fn&{?f& I{"E}éanﬂg@?“ﬁl.smfﬁézérai n of the
n-channel tr qiehdds Arthrb3insd veRAR! RS 1§ Rsd hen NQER. Fhe FHR oTMY G.6h&het e

n- channel transistor T328 couples to the node G The n-channel transistor

T328 r eceldvedrapfigtogdd2heouplegria theatode e Thel desimof the d-qbeersd trassistheTRA i ng
ool e Unsgage, el e Py DAMELr b BIRABL bt BB RuRS, T,
t he pre-char ghewpdday.i The A-3RMriestranikislorCIBR3edeitck ANSEAinglsidhaVatiBe a
drain, and presents the gating signal at the node G if the n-channel transistor is
turned on.
20 The input stage 338 includes a pre-charging device T326. In one
embodiment, the pre-charging device T326 is an n-channel transistor having a
gate, a drain, and a source. The gate of the pre-charging device T326 couples to
the drain and the drain of the pre-charging device T326 couples to the voltage
supply. The source of the pre-charging device T326 couples to the node F.
25 The input stage 338 includes an energy-storing device C324 having a
first connection and a second connection. In one embodiment, the energy-
storing device C324 includes a capacitor with a value of about 0.1 picofarad.
The first connection of the energy-storing device C324 couples to the node E.
The second connection of the energy-storing device C324 couples to the node F.
30 The pre-charging device T326 pre-charges the energy-storing device
C324. Current flows from the voltage supply, through the drain of the pre-
charging device T326, through the source of the pre-charging device T326, and

enters the energy-storing device C324 at the node F. Because a certain amount
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gate, a drain, and a source. The gate of the pre-charging device T326
couples to the drain and the drain of the pre-chargi ng device T326 coupl es
to the vovoage1isupply. The source of the pre-chargi ng depCT@®STIRTCOUp| es
to the node F. 25 The input stage 338 includes an energy-storing device
C324 having a first connection and a second connection. |In one enbodi nent,
the energy- 9f ohirpgisdbvirted (CBRAgdtnel thelprs-chacgipadétior TG to tarnverd the of about

0.1 picofarad. .The first tion, of ener storin |ce C324

couples t o ¢+ RiEFEHEnE Vikp d 320 36 ikttt iRt s S ShePRy b fefiFng devi ce
C324 coupl es (304theedi@eert to 8 dliTeidetetiendhe doléisGFply 88 thy e- charges the
energy-storing device C324. Current flows fromthe voltage supply, through

the drain of thrgghoyt woltage of fiangegbygte dpsize I32Ar ough t he source of the

node - Betause. a asidine BBl RiRh S Bl S b B TR R Char ge 1 <
diverted to thesigailah&fis pfbeeméceatqhaﬁ@ierm sdelvit ¢lee -3RMnkDiringisforars28he

pre-chargi ng device T326 pre-charged charges_at the energy-storing
devi ce C324 PHisenteifi ) %ﬁ&th?m%@ veithoug degredativat Keeeranpde.sgppasgéhas uppl y

and the thr %%J%?ﬂeﬂm‘é@ tré’s%ﬁts%f % RBha a‘fﬁféﬂ%gg%: %Y[%l&lﬁ tﬁéé}%—chﬁ%gae pur pose

of pre-charging t erg -st evl ce signal that
is present ed eatrgysorimgdievice C§a411hah-dhbmah{mimmeT328msan$§ﬁhe gddfS presents

t he sign at the node G without d a For ex se the
i nverter 32 sigpkat i odg (g‘& ta@?i%’&f%ﬁ ?‘F?é thagdhe n%etlﬁ\é?i?? HW
pre-charged o epes ﬂgﬁaﬁg)? s'eﬁ‘tgdg?%'e%@d@z%heﬁﬁ?eréhc%hﬁﬁﬁe\loltra ?eveﬁ%or 1328

presents the gating gnhal at the node G at a voltage that is |ess
than the vol tapJQ;BXirmzelbf tbefthtﬂboldg@ﬂtag@oghgnahalpméuem@dr H32& he node E. The

difference in the olta | is .a imtely the thr vol t age of

the n-channel tra 8‘%1 gﬁw‘#ﬂs@ Cbrﬁﬁi?g%l}??gfﬁss‘%sﬁgef sk asg%hrﬁ‘hp 45890

progresses OY@fheéﬁrsﬂIﬁﬁ% at haRafansfelrihg dighal KBG4 arﬂh@qe%natﬁfngpower up,

the transferring S|2% 832an "the enabling 15 signal S320 is at a high
rig Ak

| evel . Bddausignahys 4 kighilewgl. sBepause thg tansierriag signal 5302 is@vehight he node A
Is at a hi ghlév%i"?ﬂ@[nﬂ%e ‘sna}f%rhageﬁ’le%gioafhenv%’i’t%rSPtOth\ﬁg?Qnoﬁ‘ séenq ZI gnal 5302

and presents a Swi oW | eve
swi t chi ng si gigahl SR amh@)résemslaeweﬂchmgurgﬁalazralbmem@ht@eﬁueﬂe Br amgi stor T306

and turns off _the n-channel transjstor T318. The turned-on p-channel
transi st or TS®@ching signal, at the low level, turns on the p-channel transistor T30 and
turns off the n-channel transistor T318. The turned-on p-channel transistor T306
20  switches the node C to the voltage supply, so that the node C is at a high level.
The inverter I310 inverts the voltage at the node C, which is at a high level, to
produce the signal S314 at a low level.
Returning to node A, which is at a high level, the inverter I316 inverts the
voltage at the node A and presents a boosting signal at a low level. Turning now
25 tonode E, the inverter 1322 inverts the enabling signal S320, which is at a high
level, to present a gating signal at a low level to the node E. The n-channel
transistor T328 presents the gating signal at the low level to the node G.
Because both the boosting signal and the voltage at the node G is low, the
energy-storing device C330 does not charge up. Additionally, the voltage at the
30 node G is too low to turn on the nonvolatile fuse 334.
In the second phase, the transferring signal S302 remains at a high level,
but the enabling signal S320 changes to a low level. With the transferring signal
S302 at a high level, the transferring stage and the latch L312 maintain the same
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20 switches the node Cto the voltage supply, so that the node Cis at a
high I evel. The inverter 1310 inverts the voltage at the node C, which is
at a higwoewelij2to produce the signal 5314 at a | ow | evRCT/URE09997i Ng t O
node A, which is at a high level, the inverter 1316 inverts the voltage at
the node A and presents a boosting signal at a low level. Turning now 25
to node E, t Istat¢ asvdistussediiB2dnbaforsr (Thus, Hbe mm31ﬂ@09p1§HMth83®ﬁagwmi ch is at

o channel o PERY S coraiesdp bl hPREray R St S VL, I BeoR | vl to-

the node G sBeePts&iRoith 16WeRPOSti ng signal and the voltage at the node G
is low, the -energy-stori n% devi ce C330 does not charge up. Additionally,
the vol tage at theVgb thoenabling signd $3LBRowat e lew loyel theinmererdB22 i | e fuse

|32je| a H}te tijﬁ%%g%a g%glgsstl ra%gglbia faaﬁg S '%fc])aéa ﬁOZ eé%%’efl n]@% ?th ?hgl on

transferri ng deviga @324 $304s dte gauhg gilanhlewveh highbe THeanshamel tidhsitorga28nd t he
latch L312 maintain the sane 10 WO 02/19112 PCT/ US01/ 09997 state as
di scussed hemEssapisftiy gatingisignal gtpgproxasiclyholevel ofi the V@léaaewep% ot Bige

supply, and %a]e@%éu%ﬂfsﬁﬁggaﬁr{g%@agﬁws ﬁléeﬁ%r S ggc?awf*ée The

boosting signal renalns at si gnal S320 now
at a | ow | evel330f fel over eintearharkd@ the energyesaitgsdevive @EBOiupgoshgleatl it a hi gh

| evel at fhe node. E. The ener sto v ce C324 hoosts the gating
si gnal ev{aon ﬁﬂ giing ?W}Bﬂh r?@Puttt{l%ng'P]s‘td ¢ Yatage shelEnt ef"ﬁléaﬂj i ng

si gnal at ap@ﬁ@gm@tsﬁgw Bthcﬁe h&y@d; anh1§1§lﬁ QAR IRuBHRBI: Yo ﬁ%;ébﬁ'?ne node G The

current of the gating signal flows he energy-storing vice C330, and
over tinme chaogedatiledugrrigy- st or i ng device C330 up to the level of 10 the

gating signal, whic bou evel of t Ita S e vol tage
of the gating sid 2111 tifratpﬁgsen@]ﬁg P“’tgrﬁl%nagg?%f ﬁotiﬁgl%é{ﬁ"gl cient to
turn on the wpRURS atdbliggh }%ﬁﬁl @%reﬂnam% B@thte m\xzq’ev@ha% trﬁlﬁ?erﬁﬁ@ﬁﬁﬁﬁr ring
signal S302 changes to t ow | evel while the enabling signal "S32

remai ns atS t S0 expreespgdd at Thpenadeaghslfthe kimipvel gjlﬁwlqu&rmnmtqihesent ed at
t he node A attr

si gnal 5302 and> pW&Sn%naYgg%\g]{he I %\é S;a} S gﬁ}l%%fm%n% g%ﬁ’lgiig%‘feﬁ tftﬂ?;lgr r Ingge B.
The swi t chi ngodé Bnalhe swhichihgistenal, w'a*uéh g1t b BisBllevdl, WS off the phianghannel
transistor T306 and turns on the n-channel transistor T318. The turned-off p-
channel transistor switches the node C from the voltage supply. The turned-on
20 n-channel transistor T318 switches the node C to the nonvolatile fuse 334.
Returning to the node A, the inverter 1316 receives the transferring
signal, which is at a high level, and presents the boosting signal at a high level to
the energy-storing device C330. Recall that the energy-storing device C330 is
already charged to a high level. The presence of the boosting signal at the high
25 level boosts the amount of charges stored in the energy-storing device C330 to
an even higher level. This boosted amount of charges is equivalent to twice the
level of the gating signal at the node G. This level of the gating signal is greater
than the threshold voltage of the nonvolatile fuse 334 and is sufficient to turn on
the nonvolatile fuse 334. In one embodiment, the threshold voltage of the
30 nonvolatile fuse 334 is greater than about 2.5 volts and less than about 3.5 volts.
The boosted gating signal at the node G will decay over time. The
charges that are stored in the energy-storing device C330 escape through the

source of the n-channel transistor T328 to enter the substrate of the n-channel
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transi stor T306 and turns on the n-channel transistor T318. The turned-off
p- channel transistor switches the node C fromthe voltage supply. The

t ur ned- ow@02/m1channel transistor T318 swi tches the node ECT/@Sti®997

nonvol atile fuse 334. Returning to the node A the inverter 1316 receives
the transferring signal, which is at a high level, and presents the
boosti ng si griehsistor 383.gHoweves] the gatinghegmaléx gpostetidor ngpftieleniodirg880. Recal |

t hat the energy-storin ice 0.i alre .ch ed, t igh | evel.
The presence S%ﬁi&hee W&%ggﬁxegﬁﬁ gﬁﬁeleziﬁv?lﬁgaﬂgd@% I%Eﬁj%?agt\?g?e %@sliryslgt he anmount
of charges stored [ fthd §8bRMAEM YN SHH Y nd@M1LBe 3834 & a ARHRANHRI gher

| evel . This boosted ampunt of charges is equivalent to twice the |evel of

the gating singneelatde fusesd3auds the moe § foereundof themengelatilegusd igmabn i s gr eat er
than the thr vol of e nyo ile f 334 .and. | ufficient to
turn on tshhe%?lag%\h/%fnaet i\{(]ggﬁﬂesvé) ltég%thﬁ%n%dﬁgé %ﬁ%%?&‘fj %g%lt ﬁletlﬂ‘éeljfeﬁfselghol d voltage

of the 30 nomysbatk ithesifng 83884t 4 lsighl@al. €f tHhamvahald fude 334wlid s and | ess
t han about 3.5 volts. The boosted ggti,ng si%na,l at. the node G w Il decay
over tine. TRECSAREEYStte Mg bogsied galipgeieial 1y il wadifigipnktodrmen Bevi ce C330

escape thro : r N i r the
subslto rate o1l‘J 91![8 ﬂ%aﬁt}lgag%n%?' ?*fu%ﬁ%@c%gtﬂgg% ﬁéé%%g{ff%gggggg%g Pgﬂg:%g%dgr T328.
However, t he ggatidndlsiayeslthd mtchd3d D ednémbera tisyfrtvioneniltagaiak] inhso t hat t he

nonvol ati] e fuse 334.selectively transfers its data_to the latch L312. In
the. enboditredPds f WHIEHYAHEEH GRY SPHImUSs ORTedios s gng] %3%4 gishlowdevel: ¢ he

modt fref v Gt . % the
nonvolatile fuse 3dubbhsst e ingfesad b abiheld ohbEmBORKRhA I he fuse IS

in an 5 erased state. Wth the vol at the evel , the
i nverter | 3l@nveptiesehhssetingng dggems58fldct abltagesiofjmatiasesignalsf nades, andnvol ati | e

fuse 334 isin a_ pro d sta t he boosted.gating.sigpal is.still

i nsuf fici ent Cf’lgp%%ﬁs ‘gﬁltﬁ%e CHS‘H\%S‘P%?% 1§J°uls§f§ eﬁeé‘g?efe]fﬁug?legﬂ%ns%ﬂg Cis not
coupled to t Q@ch\/@ﬁth@ﬂ&iﬁg'@iﬁéﬁn@rreﬁr@sengsrtﬁh'é!dEadﬂQif&gﬁ{ajortaﬁg miRd:§ B 312
remenbers the previous voltage |evel at the 10 node C, which was high, and

cont i nues!5t o apicissa despacet YnadnogBondsapay. (Theordinek of ewhgpdtestinihgdE ar e

timng diagrans_accordi ng tq one i t of the inv ion. These timng
di agrans ref f?hea(’g{ arr\}ae[pir%sgegg V8ﬁag/e§r Fgé}gg& %trrﬁtg? gr,(f”ﬁ%%l}égss??%leﬁﬁ%&%ﬂbvﬁﬁé nts of the
fuse circuit 2B Bbe GhikcnIIRSindRRRNBNETRY enitshiked BbHE absms@bnd #ach of the
timng diagrans represents tine. Each tick (mgjor and mnor) of the 15

absci ssa i s SpHeaearsfopHhsEdiEsrepaerly—they dobldnatbedntemseied & t he tini ng

limitations upon the embodiments of the invention. The transitions of the
20 waveforms of the timing diagrams are also for illustrative purposes only—they
should not be interpreted as limitations upon the embodiments of the invention.
In various embodiments discussed above, the boosting stage is used to
boost the gating signal to a level to turn on the nonvolatile fuse 334. In anothet
embodiment, the boosting stage is replaced with a signal elsewhere to boost the
25  gating signal; that signal may come from a charge-pump circuit, for example.
Figure 4A illustrates a timing diagram for the transferring signal S302.
At 0 nanoseconds (at power up), the transferring signal S302 is high. The
transferring signal S302 remains high until 300 nanoseconds elapse at which
time the transferring signal S302 changes to low. The transferring signal S302
30 then remains low.
Figure 4B illustrates a timing diagram for the enabling signal S320. The
enabling signal S320 is initially high at 0 nanoseconds (at power up). The

enabling signal S320 remains high until 100 nanoseconds elapse at which
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di agram represents vol tages. Each tick of the ordinate is spaced 500
mllivolts apart. The units and the increnents of the units used in the
absci ssaveod21he2 ordinate are for illustrative purposes parysei®y9rshoul d
not be interpreted as limtations upon the enbodi ments of the invention.
The transitions of the 20 waveforms of the tim ng diagrans are also for

i |lustrative tpoe hosesblong ygrahehangetiodp . Abe chablingtsignt 83X thais rdniaiis at i ons
upon the enbqdi ments of the invention. In various enbodi nents discussed
above, the boB%ting stage is used to boost the gating signal to a level to

turn on the nonvol@gidead iUsSrateh% tithhgahigirh@rfor @eagh®bhal ot ihe aest i ng
Te

stage is replaced wth a signal el sewhere to boost t 25 gating signal;
that signal e gebna® sipalis af &lesr lgeclginm O sirpesgrends e L 0@ renesteendsi gur e 4A

1] ustrat e M&'E}Qe ARG AP LA ACAIANS L8 018 0NBher iR 2y O

nanosecon power ransterring Si

transferri ng si?grghSI&Z(BﬁQﬂgés&ﬁ’%W&t ro(mnnumcbhd@ﬂ& gating sigeandsheaices® at whi ch
time the transferring signal_ S302 changes to |low . The transferring signal
S302 30 t herPegibsdg Hee bwseﬁh@m%gwﬁomg devipateéd) i novhehageiae wer ke for t he

enabl i ng si gng 1n§§1§ga1 cEHﬁ?an?‘@@HEée ﬁg fz}t%@@'nm?t%%? ﬂg%,z%é‘ gﬂﬁ% ér%naﬁ' gh at 0

nanoseconds (-at igh until 100
nanoseconds erbzaqhsea at¢rtanhivclingt 2eWaD ARb hgiﬂ@nﬁﬁiéddSGihﬁ)Q@zﬁﬁfemhgrﬁghhe

enabl i ng changes .to | ow. Th nabli ignal $S320 then renmains | ow
i gur e 40 | 102 ABI6 S 16 o Rekedrts Snipi A st G togHAT 18 T he mode G
The gating sifgfiak vbRagliefel! PHe L8RS anHeQ ré}ﬁﬁ%sﬁﬁ@ﬁ%hépvoh@ge mepseconds 5
because the energy-storing device 0 has not char en the

enabling si gnal %g@eéﬁalﬂgasattscﬁ timingatiagr@@ fnaﬁhoyett@gajsyeltahélegmdeﬂg si gnal

char gi ng.up. AEgReed G Gt Earbr Hobecin o ke bidd ¢ Bulifimfme™° 1 "oV
nanoseconds, vbh@gcg@ﬁop%ssmﬂ:ﬂ@dedh@l%ﬁhﬁﬁ)r@ weh%éltrmkérﬁﬁgm Me&302A so at 300
nanoseconds, the transferring signal 10 S302 drops to ow vol tage | evel .

In turn, the changendp aiqynkivel a abes 308 danesegonds; hapltags! 1@@3@ thewefle CThe
11 ustr at as. S eRR G SARN: B AR o5e 438 95 Gt Frince B2 0 o
nanoseconds (th nqm\@[s luw) t he vol t age | evel at the node C pulls up to the
Figure 4E illustrates a timing diagram for the voltage level at the node D.
The timing diagram also reflects the voltage level of the signal S314. The
20 waveform of the timing diagram of the Figure 4E is an inversion of the
waveform of the timing diagram of the Figure 4D due to the inverter I1310. Thus,
from 0 nanoseconds to 300 nanoseconds, the voltage level of the signal S314 is
low. Afterward, the timing diagram shows the voltage level of the signal S314 is
high.
25 Figure 5 is a block diagram according to one embodiment of the present
invention. A wireless device 500 includes a display 502, an antenna 504, a
processor 506, and a low-voltage flash memory device 508. The display 502
provides a user interface that can be navigated by a user to control the wireless
device 500. The processor 506 processes data and controls provided by the user
30 or aremote server (not shown). The low-voltage flash memory device 508
provides storage to store data and controls. In one embodiment, the low-voltage
flash memory device 508 includes at least one embodiment of the invention as

discussed hereinbefore. The wireless device 500 includes digital cameras, audio

13



vol tage supply as di scussed herei nbefore. When the transferring signal S302
15 changes to a |low | evel at about 300 nanoseconds, the voltage |evel at

t he node W oxwiiizhes to ground if the nonvolatile fuse 33BCTwStuMpEd on.
Hence, the voltage at the node Cis low. Figure 4E illustrates a timng
diagram for the voltage |level at the node D. The timing diagram also

refl ects the rewirdeagepetsonel digital abmstaitgmatl t&8 dquipmbet. hedawefoltnge Béisht he
timng diagramof the. Figure 4E . is an.inversion of th vef oni _of the
i ng. di agr APTOPYERER TR s e BTN TRy Br PP B e TRl o o
nanoseconds t%QdRQAPiphaneise eaRsks, add® opl tage I evel of the signal S314 is

| ow. Afterward, the timng diagram shows the voltage |evel of the signal
5314 is high. 25 Figure 5 is a bl ockomilasemm accordi ng to one enbodi nent
of the present i | ORL.; Wy eyi 5 i.ocl.ud i splay 502, an
antenna 504, a pr gfe?%ds? b@evéééﬂng%&géﬁi%ﬁw\?%??na%gc‘#l[?eglst er%rﬁéarp%F gu Yevi ce 508.
The di spl ay %@2uityihdnieg@sedeciteans, such & flabendohat dedided) Oneldn@dit efkhby a user
to control the wire|less device 500. The processor 506 processes data and
control s provisgsdrcifs ehibe gabpdinengsy ofihe wyysationsis thas the fyes isersmayed ofhe

| ow-vol t age f.| I & Vi des & data and
controls. In aéﬁgo%lgﬁiggf%%ﬁ{ ?ﬁlg%%nv&@%% 11zfilge a?r %ﬁ%&r@%@ég‘%@ i ce 508

i ncl udes at Icaasits weeuserthohitepeated cif-citifsard ganerllyanarafactued othsidlions

her ei nbefore. .The wirel ess device 500_inc]udes digital caneras, .audio 13 WO
02/ 19112 %P@%Ii%lﬁ@@@#ewfyec&%fﬁ?rézens%fr%fdﬁ%mmfgmaqs_oéélsq IBVERI08 IS and t est
equi prent. Thex Ok AGE 14biA3R nol BB Ao fRe B ulcSalif Elutie St o €
firmvare, fonts, forms, data, faxes, digital audio clips, digital inmages,
and so on. Cdogsthesiforn d&ir8y dumtien salthal thediseamnd traetfhoitissthtawatdibe tatch. scussed

to enhance fuyse irguits in integrated circuits, .such as flash nmenory

devi cea. - one herafipy TR sehE e Stpls B HR et et ment o of the
invention is that AIRuENER dpscifie BRBSEEhALs hate BEVRSEdtb®atd @RSfidOr - This
econom zes manufacturing of 'the integrated circuits because the integrated

ci rcuits Iar e bgwireitavilybeappudciasedibrethoss efordinaty dhild im e aft thatamgi st or s
al ready. Another benefit . of t.h odi,nent.s of the inventjon.i that the
fuse and ¢ he et et cHPSaBEE TR ReBe Giond Mo BB AP S Tovss e

for the specific embodiments shown. This application is intended to cover any

adaptations or variations of the present invention. It is to be understood that the
above description is intended to be illustrative, and not restrictive. Combinations
20  of the above embodiments and other embodiments will be apparent to those of
skill in the art upon reviewing the above description. The scope of the invention
includes any other applications in which the above structures and fabrication
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

25 equivalents to which such claims are entitled.
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together for a desired duration so that the fuse can transfer its state
onto the latch. Thereafter, the latch renenbers and outputs the state of

t he fusew@b2/mauygh t he specific enbodi ments have been il | peT/USIIENIENd
described 15 herein, it will be appreciated by those of ordinary skill in
the art that any arrangement which is calculated to achieve the sane

pur pose may B¥haubskhimedisd for the specific enbodi nents shown. This
application is intended to cover any adaptations or variations of the
present invention. It is to be understood that the above description is
intended to he illagiseatbyie coppeisiigt restrictive. Conbinations 20 of the
above enbodi nents and ot her enbodi nents will be apparent to those of skill
in the art upon r@NCéwlﬁbatQ}héllébove description. The scope of the invention

i ncl udes y other n |ch he abov strugt ure n
fabrrcatrgﬂ met hdds (EgP%ﬁ g%%aakg Oﬂmﬁefmph%v%gﬁﬁgu%ﬁyﬁﬁ%érﬁvght|on
shoul d only hBoutdieEvelts) @themirt iheﬁ/eft@geedﬂ@plytl@bbéb@edadlﬁ@&@l@ai ®hakd®, al ong
with the full scope, of 25 eqU| valents to which such clains are_entitl ed.

14 WO 02/ 191 predetermisdlerd 99 forywpiedgteymined drsstiqnso that the nepyelaile Bpt

conpri sing a nonvol atile fuse adapted to operate
with a vol tat%ngﬂsqfslda?a Oa[hg%l ﬁﬁqaé%bout 1.65 volts, wherein the voltage
supply is boosted at a deS| red time to a predeterni ned | evel and for a

predet erm ned duration sq that e nonvolatile fuse _transfers |ts data to
the vol aniq e atcﬁfhelfesezclrcrﬁ@fptree lepeisit thpogyolsie fuseypdpdssis Hash

nonvol atile fy ‘ﬁatnﬁ Yeheshdld bb ‘Féate h@a\fﬂ SuPQ BQBESSM stVtﬂéﬁ Qngﬁlto
greater than about volts an I an out 5 volts e fuse

circuit of cl3aﬁvro1ﬂs, wherern t he vol atrle Iatch includes a pair of 15
inverters. 4. The fuse circuit of claim1, wherein the nonvolatile fuse
refrains from transferring its data when the nonvolatile fuse is in a

programed state. 3@ fse ckRAitfoteRiIMI1] %bﬁen%e‘ébﬁhl@ 1hich WREEEs D Jalteor
nonvol atile fuse transfers its data when the nonvolatile fuse is in an

erased stk ein@rteys. f use circuit, conprising:

4, The fuse circuit of claim 1, wherein the nonvolatile fuse refrains from

transferring its data when the nonvolatile fuse is in a programmed state.

20 5. The fuse circuit of claim 1, wherein the nonvolatile fuse transfers its data

when the nonvolatile fuse is in an erased state.

6. A fuse circuit, comprising:
an input stage produces a gating signal; and
25 a nonvolatile fuse having a first, a second, and a third connection,
wherein the first connection receives the gating signal, and wherein the gating

signal is boosted so that the nonvolatile fuse selectively transfers its data.

7. The fuse circuit of claim 6, wherein the input stage includes a transistor
30 having a gate, a drain, and a source, wherein the gate receives a voltage supply
that is greater than about 1.65 volts, wherein the drain receives an enabling

signal, and wherein the source presents the gating signal.

15



an input stage produces a gating signal; and 25 a nonvol atile fuse having a
first, a second, and a third connection, wherein the first connection
recei ves whe2/gatiz ng signal, and wherein the gating signhaPCT@Stowsd7ed so
that the nonvolatile fuse selectively transfers its data. 7. The fuse
circuit of claim6, wherein the input stage includes a transistor 30
havi ng a gaté a diheifnse critaf shimdeyhelesr the mpuhetagaineludes &i ingsrter vol t age
supply that ter than out 65 yolts rein t.he ain receives
an enabl §ng. eraisCind bR ierdicBoute pe LT FEtrboRal g s gnal | 15
WO 02/ 19112 ?ﬁﬂrﬂéﬁ%ﬂ%@ﬂ% enSblinkt &%ﬁay%ﬁd Gihefdith the@bcdild@ohdotiopedseits t he

i nput stage includes an inverter aving a first and a second connecti on,
wherein the faigangeighmlecti on of the . inverter receives the enabling S|gnal
and whereiyr the second connection presents a gating signal. 5 9. The fuse
circuit of” claim6, wherein the nonvolatile fuse includes a threshold

vol t age, wherei n tThe fgad dirgitif ghatrh 6, Wheeh the nborgitdd filse iaclhd@xal greater
than the threshol d voltage, turns on the nonvol atile fuse_if_ the
nonvol atil e ft%@@lqlévolﬁ%eawh@ﬁwstba gafing signal, gvhien isheested éxa lvekgiFdteht ¢l ai m

6, wherein thg, ngovgLtalid @oltaﬁéerufn% o thd Afof@ld fuse flf]the é?ﬁ%ﬁll&furbg Wt

conprising: an input stage t resents a gating oostlng
stage that producesedstioosti ng S|gnal and a nonvolatlle fuse having a
first, a second, and a third connection, wherein the first connection
recei ves the gating signal, and wherein the gating signal is boosted by

the boosting (gt agesGuidiatculiie PR OBl ANE HE HAUERIL e Vo dcRST er s TS
data. 20 12. The fuse circuit of claim 11, wherein the boosting stage

includes an energy-storing device having a first connection and a second

connecti on, 1 ere| tge SF%ngnggnnectlon of the energy-storing device
recei ves the atlﬁb Siﬁﬁﬁ prising

an input stage that presents a gating signal,
15 a boosting stage that produces a boosting signal; and
a nonvolatile fuse having a first, a second, and a third connection,
wherein the first connection receives the gating signal, and wherein the gating
signal is boosted by the boosting stage so that the nonvolatile fuse selectively
transfers its data.
20
12.  The fuse circuit of claim 11, wherein the boosting stage includes an
energy-storing device having a first connection and a second connection,
wherein the second connection of the energy-storing device receives the gating
signal.
25
13.  The fuse circuit of claim 12, wherein the boosting stage includes an
mverter having a first and a second connection, wherein the first connection of
the boosting stage receives a transferring signal, and wherein the second
connection presents the boosting signal to the first connection of the energy-

30 storing device.

14.  The fuse circuit of claim 13, wherein the energy-storing device stores a

first level of energy when the boosting signal is low and the gating signal is high.

16



25 13. The fuse circuit of claim 12, wherein the boosting stage includes an
inverter having a first and a second connection, wherein the first
connect i omo 0f/1911he boosting stage receives a transferringPeT/gralooend
wherein the second connection presents the boosting signal to the first
connection of the energy- 30 storing device. 14. The fuse circuit of claim
13, wherein tlhe e%egfysesqmmtwécmemléewmr@méhe alergy-sfsmngdmbe bdostsibe gy when
t he boosting ) |0Ml d t he 16 WO 02/19112
T Uso1) 00087 B ok FacrBYieARE b P9k Bl Ben' G Bpelitpe el

ener gy- storlQqﬁaﬁmnﬁ@gagg§ﬁgmﬂnﬁn ﬁlrst | evel of energy to the second |eve
of energy when the boosting S|gna% hi gh and the gating signal is high.
5 16. A fuse circuit, conprising: an |nput stage that presents a gating

si gnal ; anOQ%t'”gkﬁ%@gﬁcﬁﬁ?%1 hgﬂgces a boosting signal; a transfer stage
receptiveto transterring S|g and a nonvol atile fuse having a first,
a second, and a t hnfinpwetugediat preserita phtargesignal;ne first connection receives
the gating signal, .and wherein the gating sigpal_ is boosted by the

boosti ng stage soatbr?é’ﬁtlf%%a%erthﬁé?‘é‘?m@% apeostipgfignaks the data of the

nonvol atil e fuse. énwébﬁﬂ y&g k%QHbﬁr gﬁfﬁﬂglggép%n&hereln the transfer

stage includes an 1 I nver V|n |rs d second connecti on,
wherein the f| rst aamme]ratlle(fnsa lmvmgeecﬁ];st iasecdnd, and a thivelff ;comnéatignsi gnal , and
wherein t cond _connection. presents a switchjng.signal. 18. The fuse
Circui t o cINHER 16 GiRGGRBRAF ioRESRa Vi LI ating e gad MHErcRits Bafine 20

channel trangjshok bB@é'tbd‘gy ﬁle%'bﬁmgastéﬁ'e%b@hat@l@tréhs?é?‘dfa%@tra%@ﬂ's%@da{t@e gate
receives the switching signal, wierein the drain rec€ives a voltage supply

that is greatéthe nonzplatilsdyse. 1. 65 volts. 19. The fuse circuit of claim 18,
wherein the transferring stage includes an n- 25 channel transistor having
a gate, a drain, and a source, wherein the gate of the re- channel

transi stor regeivahetie® cwuitehtRin $69MMreinwhet isferlsh@edicdhdes@h the re

channel transistor couples to the source of the p-channel transistor,

wher ei n tlRe 1nverter having a first and a second connection, wherein the first connection is
receptive to a transferring signal, and wherein the second connection presents a

switching signal.

18.  The fuse circuit of claim 17, wherein the transferring stage includes a p-
20  channel transistor having a gate, a drain, and a source, wherein the gate receives
the switching signal, wherein the drain receives a voltage supply that is greater

than about 1.65 volts.

19.  The fuse circuit of claim 18, wherein the transferring stage includes an n-
25 channel transistor having a gate, a drain, and a source, wherein the gate of the n-
channel transistor receives the switching signal, wherein the drain of the n-
channel transistor couples to the source of the p-channel transistor, wherein the
source of the n-channel transistor couples to the second connection of the
nonvolatile fuse.
30
20. The fuse circuit of claim 19, wherein the nonvolatile fuse includes a flash
cell having a gate, a drain, and a source, wherein the gate of the flash cell

couples to the boosting stage, wherein the drain of the flash cell couples to the

17



source of the n-channel transistor couples to the second connection of the
nonvol atile fuse. 30 20. The fuse circuit of claim19, wherein the

nonvol at weof/uae2 i ncl udes a flash cell having a gate, a BECBHUR)I/@M a
source, wherein the gate of the flash cell couples to the boosting stage,
wherein the drain of the flash cell couples to the 17 WO 02/19112

PCT/ US01/ 0998gurce ofitheen-dfannéldransistenrand iwherein hestogrce cditles thtsbreelln t he source
of the flash ceH] fe%@ i to ground. 21. A fuse circuit, conprising: 5 an
i nput stage {CRERC a gating signal; a boosting stage t hat produces a
boosting signal; a transfer stage receptive to a transferring signal; a

| atch receptive to data that is transferred by the transfer stage; and a
nonvol atil e fldse thiscicHeribdeBPasSBash cel | having a gate, a drain, and a
10 source,s wherei I i hg signal, wherein the drain
coupl es to t he t9ga§§g§@%§ﬂﬁﬁﬁggﬁﬁgaﬁgﬁgﬁﬁb¥ﬂ@ source couples to ground.

22. The fuse circuioosfingdtagenthIprodves eboodting sighpljt st age recei ves an
enabling signal and presents the gati ngg.{séi gnal,. 15 23. The fuse circuit of

claim 22, mherelnaﬂﬁ%mﬁ%é@g?ﬁﬁﬂ§9§ g AIEEYPFHE 988 gating signal and stores
a first Ievel of %ﬂ&(cﬁ%aeﬁg@ﬁ 1%*&%11&&9% Pheihad rsthéi’%h& the first

| evel of energy to a seco evel energ €n the ost i signal is

hi gh. 20 24. The faumvo]atltﬂﬁl!;e thht 1nbladm @2Bashwiel hevingtahpatd, aalreﬁﬁ emdst age

switches the |atch volta e supply.that is reat r .than about 1.65
Vol ts whehd t REUEAHATER e gpte S GHE TeHipg HensinttelRa BF AIPREGHS o ot age

swi tches t hetﬂl@ﬁmfér%ta{g@eandlx@%?elﬁ%é someeRubRe1d gANsd.erring signal is |ow
25 25. The fuse circuit of claim24, wherein the flash cell transfers its
data to the transfer stage for transferring to the latch when the flash

cel | receive§2

F he ﬂ%cfﬁg]edcircuit of claim 21, wherein the input stage receives an enabling
signal and presents the gating signal.

15
23.  The fuse circuit of claim 22, wherein the boosting stage receives the
gating signal and stores a first level of energy, and wherein the boosting stage
boosts the first level of energy to a second level of energy when the boosting
signal is high.

20
24.  The fuse circuit of claim 23, wherein thé transfer stage switches the latch
to a voltage supply that is greater than about 1.65 volts when the transferring
signal is high, and wherein the transfer stage switches the latch to the flash cell
when the transferring signal is low.

25
25. The fuse circuit of claim 24, wherein the flash cell transfers its data to the
transfer stage for transferring to the latch when the flash cell receives the second
level of energy from the boosting stage at a level that is greater than a threshold
voltage.

30
26. A method for enhancing a fuse circuit in a low-voltage IC, comprising:

presenting by an input stage a gating signal;

boosting by a boosting stage the gating signal; and

18



| evel of energy fromthe boosting stage at a level that is greater than a
threshold voltage. 30 26. A nethod for enhancing a fuse circuit in a

| ow- vol t ageor/®rizonpri sing: presenting by an input stagerPar/gaeioavgersi gnal ;
boosting by a boosting stage the gating signal; and 18 WD 02/19112

PCT/ US01/ 09997 transferring selectively by a nonvolatile fuse having a
first, a second, dradsfarming setbctivelpbytzinonyolahlerfeserhaving o firsgta ssaomdeatd on

recei ves the ting signal .that .is oosted so that. t he. nonvol atjl e fuse
el oot 1 vel y g Fameflos wieah tis st RRE T et Resv gL P S RHGei n
boosting i nclyagdesd 8¢ Mat e nBYvARL1E Fee¥lecE¥ddY tritkfolg Vs @8tahavi ng a first
connection and a second connection, wherein the second connection of the

energy-storing device receives the gating signal. 28. The nethod of claim

27, wherei ost i inel Tnyvertin n 10.inverter .havin first
and a sec oﬂd%bnne%i%%ﬁowicﬁ%wnyé Pf‘téhef | rrlg%go co ﬁlgcé??egg’{ogfn 5 thél eﬁlgr ting
stage recei vesrigtdeditshevihp adirsi cgiddctionndd whejoat Rohme2tis e cotitgein gynnect i on
presents the boosting signal to the first connection of the energy- storing
devi ce. 15 29CCOPHEORRGgH obthesngigrsd@ingdraicsirpceites thagatingsigngks storing a
first level of energy when the boosting signal is |ow and the gating
signal is high. 30. The nethod of claim?29, wherein boosting includes
boosti ng t he 2Bi r stThelmatkdd of clane2 Yywiteeeih heosiag amdudesviedertdiig Bnar gy when t he

boosting signal is high 20 and the gating signal. is high. 31, A nmethod for
enhanci ngisoa fesateg NFRE B T 230 ﬁ59&0@6%%&@3%)3%%Fh%ﬁﬁﬁ?onnsﬁwaﬁi ng by an
i nput stage 30fldsNg $a88RkceivBOPELIRGIRY sBROR WhGteRBgSedlE gati ng

signal; 25 transfser%i ﬁg ?;elg transsfniﬁg-lr’1 %'{S%Se’a dat a;e and e[})rovi di ng the data
t o t he transfeennsstiagprdsyntathedwesting sigrel faithe finst\wongecéion bf tleteneysecond, and
a third connection, wherein the first connection receives the gating

signal that PPESEYES. 30 32. The method of claim 31, wherein transferring

i ncludes inverting by an inverter having a first and a second connecti on,

wherein the first connection is .
15 29.  The method of claim 28, wherein storing includes storing a first level of

energy when the boosting signal is low and the gating signal is high.

30.  The method of claim 29, wherein boosting includes boosting the first
level of energy to the second level of energy when the boosting signal is high

20  and the gating signal is high.

31. A method for enhancing a fuse circuit in a low-voltage IC, comprising:
presenting by an input stage a gating signal;
boosting by a boosting stage the gating signal,
25 transferring by a transfer stage a data; and
providing the data to the transfer stage by a nonvolatile fuse having a
first, a second, and a third connection, wherein the first connection receives the

gating signal that is boosted.

30 32. The method of claim 31, wherein transferring includes inverting by an
inverter having a first and a second connection, wherein the first connection is
receptive to a transferring signal, and wherein the second connection presents a

switching signal.
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receptive to a transferring signal, and wherein the second connection
presents a swtching signal. 19 WO 02/19112 PCT/US01/ 09997 33. The net hod
of clai mw@p2whezrein transferring includes sw tching by arPQ¥/uUstirnel

transi stor having a gate, a drain, and a source, wherein the gate receives
the switching signal, wherein the drain receives a voltage supply that is
greater thard3abouthem@bod of dlaim 32, 3vherci transdeiniogd infludss aivmcBag byhagr-ei n
transferring includes.swtchin an re- channel transjistor having a gate,
a drain, and® a@jﬁg&w@%@}gﬂg@% agd;?lg’ %Wé‘rcrﬁewilﬁrﬁﬁh 8Iga{err3‘??§\’e§t or

recei ves the thawiedhinsighNdhereWBE @iath feb&vel B¥diagé sigpy it ischanael

transi stor couples to the source of the p-channel transistor, wherein the
10 source of th¥eabquehamielts.t r ansi st or couples to the second connection of
the nonvadatile fuse. 35. The nethod of claim 34, wherein providing
includes providing by a flash cell having a gate, a drain, and a source,
wherein the gate dfhetohehdd asdlaiaeld, wiferddo ttahdsTihg iidhalds e@&thiAg bytaage,

wherein the drain_of the flash cell couples to the source of the n-channel
transistor, &AEAFhERRIHOTMYINEREHS agfraiphundra sgFcee Bhereiniha gpte L ihe iyr ound.

36. A nethod § nangi i el o ; _conpri sing:
20 presenti né; %?/neg{r% i npﬁljtlg%e?%ggsgﬁ‘gs‘g%{}:ﬁﬁn%&%{l%n‘gﬁ“%r%}ég{hfa%ggfb@gg boosti ng

st age t he gatchagpesirgmsadior complkr$d thersomge bftha ptehansd] eransittegavierelatlsg | at chi ng
by a latch, the data transferred by the transfer stage; and rovi ding the
data by althorBFaET it T HRBICHEESITHE PRI 18 U SEEprcammenaR g 25 gate, a
drain, and a gaiiis8e fideerein the gate receives the gating signal, wherein
the drain couples to the transfer stage, and wherein the source couples to
ground. 37. The nmethod of claim36, further conprising receiving an

bl i i gnal the, i st 1d_whey. e t. of iving th
onabl i ng o ondl pribecnsied B R0 SRRt A Eisk Rl By idte iSRG So°
The nethod ofcelt havifiy 3 GateV 8Fa01, And A QGhcH Gy dAsih HEtESatd SCBE YiafiOcdihe gating

signal and storing a first |evel of e.nerga/,_ and wherein the act of boosting
boosts 15 couplesto the boosting stage, wherein the drain of the flash cell couples to the

source of the n-channel transistor, and wherein the source of the flash cell

couples to ground.

36. A method for enhancing a fuse circuit in a low-voltage IC, comprising:
20 presenting by an input stage a gating signal;
boosting by a boosting stage the gating signal;
transferring by a transfer stage a data;
latching by a latch the data transferred by the transfer stage; and
providing the data by a nonvolatile fuse that includes a flash cell having a
25 gate, a drain, and a source, wherein the gate receives the gating signal, wherein

the drain couples to the transfer stage, and wherein the source couples to ground.

37.  The method of claim 36, further comprising receiving an enabling signal
by the input stage, and wherein the act of receiving the enabling signal precedes

30 the act of presenting the gating signal.

38.  The method of claim 37, wherein boosting includes receiving the gating

signal and storing a first level of energy, and wherein the act of boosting boosts

20



20 WO 02/19112 PCT/ US01/ 09997 the first level of energy to a second |evel
of energy when a boosting signal, which is produced by the boosting stage,
i s high. v3902/The2 met hod of cl aim 38, wherein transferringPChobud®s9coupl i ng
the latch 5 to a voltage supply that is greater than about 1.65 volts when
a transferring signal, which is presented to the transfer stage, is high,
and wherein tthafisst vel efgneigydb ageeonddensl phepergiewhen ehoesinglsigngl, ash cel |
when the trangf.erring,signal, i.s |low. . 40. -The nethod of claim 39, wherein
provi di ng inﬁﬂﬁblﬁpﬁﬁ?%‘%ﬂeg?gxg‘%‘gﬁfﬁ%g%g% I“Salggﬁcell its data to the transfer
stage for transferring to the latch when the flash cell receives the
second |l evel of energy fromthe boosting stage at a |level that is greater

than a thresi§ d Vidletragfbod aficlaim 3§, seherein krapgieming auglydastcauelingfbe dgtelt ed
circuit, c LSing; i L.t 1.nC 11hg; i .St age t hat
presents asgnireél\lc}zflf) p%a s&ﬁéﬁﬂ?&ﬁ g?%*r?gﬁ%éh agoﬁgoésés?dr%%qgl%%}e&%ﬁgm% oduces a
boosti ng si gniédnal, avHiclal phesentst agthenaspi stvgs, isthigh,tahd vefeedin tragsfeiriggal ; a

| atch receptiive to data that is transferred by the transfer stage; 20 a
nonvol atil e ﬂ%@éqswavplﬂ%qhaieé%hfg the gath csHFheRbs Hgostergagaienal igde¥n, and a
source, wherein the gate receives the gating signal, wherein the drain
couples to the transfer stage, and wherein the source couples to ground; a
mat chi ng circli t riheeptthodof dainh?d,deteaeih pomidihg inchtdeh ptayigingtuce a

mat chi n i | d 25 a fuse djsabli circuit t i sabl.e the_ fuse
Tt out 10 0 O o308, Fta B 18R Entes S DfluSassitint i Mo S S Hiichash®
conprising: gy déeRledhe s3Corfl Eﬁ&%@%ﬁé}gy RRcha b_Bbﬁan sf%@%f ¥ 1deVihgeist hat

i ncl udes a redundancy circuit having a fuse circui't, the fuse circuit
i ncl udes: an gregtartthat ageeshnldtvollegsent s a gating signal; 21 WD 02/19112
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41. A fuse bank in a low-voltage integrated circuit, comprising:
15 a fuse circuit, including:
an input stage that presents an inverted enabling signal;
a boosting stage that produces a boosting signal;
a transfer stage receptive to a transferring signal;
a latch receptive to data that is transferred by the transfer stage;
20 a nonvolatile fuse that includes a flash cell having a gate, a drain,
and a source, wherein the gate receives the gating signal, wherein the drain
couples to the transfer stage, and wherein the source couples to ground;
a matching circuit receptive to the data from the latch to produce a

matching signal; and

25 a fuse disabling circuit to disable the fuse circuit if the fuse circuit is
impaired.
42. A wireless device, comprising:
a display;
30 a processor; and

a flash memory device that includes a redundancy circuit having a fuse
circuit, the fuse circuit includes:

an input stage that presents a gating signal,
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a boosting stage that produces a boosting signal; a transfer stage
receptive to a transferring signal; a latch receptive to data that is
transfervedobywithe transfer stage; and 5 a nonvol atil e fREeEUSHAMIINCI udes
a flash cell having a gate, a drain, and a source, wherein the gate
receives the gating signal, wherein the drain couples to the transfer
stage, and wherein t he &apstng slagpibatproducss 8leastingzignalif use circuit

conprising: 10 an i nputaé%_rggeer\g{a e%c%ﬁt%tto%tgazlgteg%}%%i | ; a boosting stage

to boost the gating signal; ranster sta ansfer a data; and neans
for providing the data 4latchireceptiatisf @ita hheigeransféed By thd tfansfer staggui t

conprising: an _input stage to present a gating signal; a boosting stage to
boost the gatainﬁg signal; and neans for transferring data in response to the

gating sigpal. 22 a nonvolatile fuse that includes a flash cell having a gate, a drain,

and a source, wherein the gate receives the gating signal, wherein the drain

couples to the transfer stage, and wherein the source couples to ground.

43. A fuse circuit comprising:
10 an input stage to present a gating signal;
| a boosting stage to boost the gating signal,
a transfer stage to transfer a data; and

means for providing the data to the transfer stage.

15 44. A fuse circuit comprising:
an input stage to present a gating signal;
a boosting stage to boost the gating signal; and

means for transferring data in response to the gating signal.
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