; e3e$gbbcDd@~f 6f TSghr ? WO 02/ UGS. | 7G PROGRAMVABLE FUSE AND ANTI FUSE AN@
METHOD THEREFOR Fi el d of the Invention PCT/LJ 5112/ (1-L323 The present

i nventi oY, l/u%ﬁﬁ% to sem conductor integrated circuits. MomUpaniizsul arly,

t he present i nvention relates to MOSFET ol ogy for progranmabl e address
decode and correction. 10 Backgrmmwmﬁmgctroni c products use nenory
devices to store data. Non-vol at , 'such as electrically
programuabl e read-only nenory (EPROMco®®d el ectrically-erasable

programuabl e read-only nmenory (EEPROM), are extensively used for storing
data in, for exanple, conpuUPROGRAMNABEPHUWSHANINI EEPROM typically
conprise a | arge nunber of nenor . cally isolated gates,
referred to as floating ¢NEBEFUSKAL ~ e>tenory cells in the
formof charge on the floating gates. Charge is transported to or renoved
fromthe floating gates by program and erase operations, respectively. 20
Anot her type of non-vol atil e nengieM ¢f3hé Iimedntiopnory. Fl ash nenory is a

derivative of EPROM and EEPROM Al t hough flash nenory shares
characteristics withe pRERONN¥NIOEFBIER 0 %GH%C(E’EP?teﬁt“teéﬂgcr‘é‘f‘f%tﬁ'w&F | ash

menory differs in th . at i i ks. Fl ash
Tonor | es. haveatisalesy: bREFAETFRAEH RS MACEFETRRRIS B CEke . F e

conput er Sysﬁﬁf&?am%ﬁbﬁ%dﬁﬂyawoag@m vétdetloe repl acing a conpl ex and
del i cate mechanfcal systemw th a rugged and easily portable small

sol i d-stat® non-volatile menory sysBagkgroMbBfe i s also the possibility that,
given their very high potential .densiti] fi.a i i feuUsed to
repl ace DRAMB i f Bg??yaﬁﬁct{o%q%rgg%gsn s r%lﬁﬁ% SF g‘?lpsndg%?gégg@ Z‘iog.hfc)hihn t he
erase operati oy, §’e§&hra§%iek%dl-l PR gAniniabl€ fdadfonhsthempri(BPRIBM) el conpri ses
a nmenory array t% f I ncludes a large nunber of menor e|ls arranged in row
and col um f adédtdenllyEaasablegmogrgmmable readconly aymery (%%%Rﬁ@l)ggf’e field-effect

transi stor capabl e of holding.a chargg. e I uped into
bl ocks. Each WGYFW@?YC‘@F&?WSngH‘gtf!'aEac‘R’ for 6%1% JQ}‘%(] &%&H%I tﬁ%gg/ 0-t323
can be el ??trén%aéémégf;@pﬁamﬁéorﬁ&is% J1aRd atmbasméosheighagng he fl1 oating

gate. The Tharge can enoved fromthe floati ngegate by a bl ock erase
operation. Theeetetalyiisolated ghtes,ireferted toy asi flnating gateh Dpip dsEPREE iBCapsence of

the charge in the floating gate, ,$ Progra bl e dr, kicuits and
buffers are NEECHOH ?‘“flllsé‘bﬁletfﬁ'@ﬂ PE?F%WQ‘E‘H@ %énrﬁnf%aygar@gf/geﬁ gﬁg gﬁvb?aul ty
rows and/or Cal yiasoRd 5 R NaMink GaleS by BRIAGR dndyrabeinatima) - redundant

cOo n e

rows and/ or ums. exanp of "a redundancy repair schene is shown in
U.S. Patent Ngsp&tiseW, 681, issued to Lowey on June 28, 1994. Another is

provided in U S. Patent No. 4,051,354, 10 |iSSuMe (o] enber 27,
1 997. AnotXer is plA@QThGéB’pPH?{'J?‘SYM?% TR\ asg‘i&}'&ggg %lﬁag}slgre% toqsﬁersh 111

on July 5, 199%erivative of EPROM and EEPROM. Although flash memory shares many
characteristics with EPROM and EEPROM, the current generation of flash

memory differs in that erase operations are performed in blocks. Flash memories
have the potential of replacing hard storage disk drives in computer systems.

25 The advantages would be replacing a complex and delicate mechanical system
with a rugged and easily portable small solid-state non-volatile memory system.
There is also the possibility that, given their very high potential densities, flash
memories might be used to replace DRAMs if certain improvements in operating
speed, e.g., in the erase operation, were realized.

30 A typical flash memory device comprises a memory array that includes a
large number of memory cells arranged in row and column fashion. Each
memory cell includes a floating gate field-effect transistor capable of holding a

charge. The cells are usually grouped into blocks. Each of the cells in a block
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Wth the increasing array density of successive generations of flash nmenory
devices, the desirability of incorporating other functions, such as
progranna&h% Rd@dress decode logic, into the chip also i neCTaAspS/04328Y
successf ul g I ncor porated technol ogy, however, nust be cost conpetitive
with the existing alternative of conbining separate chips.at. the card or
package | eveban madéctties!lyprograninsd @i rerdqny Bepehuer giys H%tﬂ‘?ﬁ“?% gate.

t echnol ogi es,_ A si gni,fi cant ditjo s exi stin
(1 ach menory The okiet oPe Ry s FomeheaflngBhRiRRbpLERAS AR oL D
speed | ogi ¢, TR @hiGn b RAIRMAGHARY UYRADPEsetle 6SMAMIce dfithdEiARVn thecomes

rapidly cost prohibitive due to thé added process conplexity cost and
decreased yi dbatinggter di ngly, there is a need to provide additional

functions on a flash neno chi ith little [ fhcation of the
optim zed Spr ocessPf?%wmb%ﬁgﬁgﬁ%gfcgd%ﬂ&‘rué@Smgé%@%gggeﬁ{reg% gs1 conventional |y
enpl oy one ticg}ﬁuﬁéiogs]rm; HITRGh Gy GEAP Lo A Ww ﬁﬁlﬂg rovdiERSorantlnaitdffises,

present in peri‘pher circults, "are” one nmethod for constructing address
decode | ogi C.arfkj bassplaced By funtiisral redundanatdws andrsicolnnsh A exddtlons of a

swi tching el enment, which nmakes the interc i r.QQr i ng
el enent, whi o agediingdanayiepals %‘?“ém'c’)fs W&“é%@%ﬁ%&eﬁ?&%ﬁéglt",%gﬂl%gl.e?@ t her

"off ' (a bl %’Gvréféﬁlla%rzs 9664, (RRbtHeral fmideseL.S. 3tdnuNobs 8sERSATENt S ar e

enployed in iftegtated cifcuits to permt changes in the configuration of

t he int egr@t qekued tcOhéBe af Beptembdard7c 42970 Mndtaer ieprivisied in Hus iRetaat Bloenent s
can be used to replace defective circuits wth redundant circuits. 2 WO
1) 2/ (1 GS. t 7G 521,180spsnqditofarsh WE‘HbJr‘“S?/y é’e\sﬁ%es are typically fabricated with
redundant nenory | - . d id8 ofNadd ed with
fusible elenents ;\&tltkérﬁh?;ag %F%g :al[g toSl?%g?%ugg&glgkgg@%te menory cells found
during a testymghofyaleviceatirddssaamitiyy efdndorparating @her fupgteonsfsuchigs bl e 1 nk t hat

can be used is a standard polysilicon fuse. The fuse conpdéﬁl)ses A

pol ysi | i con congaommblasisressidaeadelgen inig thichiR alspaRcreases nY Wepe™n ¢ he
integrated_circuit h.that in i EQvithSthé e&i ete

el ectri caﬁ15 papﬁorpmag%lglﬁcl}nﬁg)gy u‘g"é%%d?‘g{sgg% %%1{ t@%[gpéftﬁr:ve, a hi Sh@%%gwer | aser
is used to opQRMidiee ok eshbinta sepahte chips avipeaaltdrmpgckage devel, cactobeingie 10

polysilicon. The | aser can be used to open selected polysilicon.fuses in an
i ntegrated ciprodicedivaticinderpadently %WIF%PQNOW“TW&’&@X%@%Bﬁ?‘{)lg?rf i con

fuses, however, is attended Dy .. i 8 ordeptd/sloligeon fuses
must be spacedf RSt SEPHIR VR Stlﬁgﬁgéﬁ#ﬁggﬁﬁt?ﬁtﬂ@gr ted ci rcﬁﬂiot such t hat

when one of theifndighf GuaPetash eed Idgis 8tatic rdndont dveesspodmyay| | con f uses
are not damaged. A bank of 15 polysilicon fuses, theref orle1 0 pies a
substanti a0 atSiAMY, arEERRQME heeswics irppidly cost asobitivg Aue N AT t s conti nue
to be fabricated with high densit ireuitry fusi bl e
links al so i nBEES&LEm ?‘?%‘%5&8? taingrc]l?cr%%s%?/gile?c{.C%%Jofcgggg?@gr%%? I?‘géedet(g)pened once
an i nt egr at ed y&jvideidditicnalPluR&eshs ol adffash Aeawiratisg vailrlitle or package, or is
encapsul at ed Pn any manner. 20 Another type of fusible Iink that has been
used in i nt egmadiitatipn ofitheoptimized@regess #ee. An antifuse conprises two
conductive term nals separated.h N.J : ' b tig@d 1S
fabricated as an o%é‘?gr?:rg}n@ etagd'iegs ?%Wég?%%ﬂs“g‘ég?‘?‘%‘ Hgnaghti fiuéébri%smﬁ@

el ectricaldsy opposhingbRiOrPeshisgRs. Fesepungueifusdseprasunt fnpseipherahi gh vol t age
is applied across its termnals to rupture the insulator_and forman 25

el ectrical patircliet weamenithadsfontenstryctingraddrapp decore Jomé 1 % is

commonly used in_integrated cgi.rcuits i s an L it LG8 aeNO)
antifuse. A typiifuse "’g&’)gl&h‘fqr?cmg%ﬂh‘éiungﬁ?lgyoﬁ Xso %R?l relﬁéélg"gl écaurfllgglm? ched bet ween
two |ayers of A@gin@&mn\f{e&?&l, betea P&Tg}dﬁ%in@éﬁm@i, vihitldlstores thenstatonof tet Wi t h

‘polysilicon and the top layer o xide I's also in contact w tgugl ysi licon.
The ONO sandwissfitchimgalahak,get, rither30fiE (e blomnafiise) 98 “ofh aB §RRANS tifuse

functions as a capacitor. To programthe ONO i , : ntial is
rappl i ed acthss the Fdiséﬂ?%?;l?‘?’%tgg{f%ﬁ“ép%ep p P‘lréte%{lgtg{lgﬁﬁﬁéog’ghﬁﬁg%&?g%ﬁand t he
two pol ysili S 3 gaa\ffé;t Satfh & f MOhtcgrhtddgRUNE hfter Fabricdfio) BarleXample? fusible

nti

PCT/ US02/ 0- 43 uses have several advantages that are not avail able
with fuses. A diantntotarch istd semplaak defectjyerpirehity wish reduadand Cirgts; nt egr at ed
circuit because they are programmed by a voltage difference that can be
supplied on wires connected to the terniaals of each of the antifuses. The
antifuses may be placed close 5 together in the bank, and adjacent
antifuses are not at risk when one is being programed. Antifuses can al so
be progranmed after an integrated circuit is placed in an integrated
circuit package, or encapsul ated, by applying appropriate signals to pins
of the package. This is a significant advantage for several reasons. First,
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drawbacks that limt their useful ness. One such significant drawback is
that neither fuses nor antifuses are reprogrammable. Rather, they are one
time 25 ool g[mgbl e devices, making themdifficult to tagtr/eswosmsuitabl e
for a |arge class of applications where reprogrammability is desirable or
required. Fuses and antifuses suffer fromthe further dis dv?,ﬁé age of not

bei ng fabri cMeawradedeaiangtypisatinfabricaish wikrsdyndapigaeraeniqely. i% cron
Technol ogy, Inc. taught in. U S Pate 4 L G rrQiibgsued to
Low ey et al redaﬂday&ﬁ%w Ceﬂggﬁéy?%g}ag%ﬁem i i?r‘%%%r%grﬁénrﬁra ‘l%rg@? OtP) " nenory
cells for ”Edtcffe M@Eﬁ!&i&%&ﬂo@%%ﬂﬂm&i@uﬁﬁ@ba@eoﬁ fabecated memopr ogr ammabl e
menory cells oP applications sSuch as OTP repair of DRAMS 4 WO

02/ OGS- 4711 B&htddS(12/ 0- 4323 usi ng redundant rows and col ums of DRAM

| d QIP sel ecti. ti , : t d
(B o et ended ot oy i w57 o047 P 4Bl a0 ey poe oce
capabi 11ty igyf l?\?se%mrlg\&itsé/s 4 I RSl RRoAbBromiBtely €6 ticladhueis t he DRAM

menory chip i's packag a deci ded 5 advantage over previous sol utions.
However, the fibricartionnhé mtéghaed cineeysuohthanin &3 pqrmahgiateth@e s advant age of
single time programmability. Another approach to solyin e gr anmabl e
swi t chi ng pr ¢bmalpte @leﬁegﬁrﬁaﬁ'etarqwn@%&‘sga QRO a?,ﬁfl%ezl,g&gggl,po&%e?ch i ssued
to Lipp et al, on J | o paltilyBiVapOtinda pOdioR 6 s ovi des a
general - pur pd%sgr{r%ouﬁg&(;ﬁ)a&lepg?@%sc#gptpggr am*raBI e s%/svi ch, but does not achieve
the same Ysi R@lyshRosOMHO AL dayt berust dpasiscle@RMWIyslitorsfusesin@ne. Thus, the
Li pp patent does not achieve the desired resylt of%}grovi.di Senonvol atile
mermory funct iipegratag GrcpRMMVFRINER IHLPMIFH e 10 UiHO AYPHENPES of the DRAM
process flow, Still. i KBnlaBes? IR sATETR FuRs mlisEbE gpabart s,
e.g., logic l@wse\‘/\nert’ b%qﬁégﬁ?ﬁfpgépﬁéédégnagﬁetw oxi de sem conductor field
ef fect transighAtfron\Veihoteras ah heegred chéuigsueh ¢t nthen TheofiheBET beigg

controlled by the stored nenory bit  of programin I nt. Most

commonl y, t hiepepedly &mﬂrméﬂe@t@?é’ﬁiyslhé:o&?‘%ﬂ?ﬁ%r 'f&?{%ﬂ&?ﬁ] ébnﬁaé'i‘s(’frrermry ( DRAM)
cell. Such_DRAM based. field bro nabl : : e@@@&j} iRuR.
reprogramlrﬁbl%oésﬁlbmﬁ‘gfgseg?mez%rcg%ggssgos g‘\%\/‘,ﬁ {Jgﬁ%{;&g a di%advant age in
that the progpaigae@tiréhie conihwtbg febrivardtveith ligh detsitylogneusy thpover i s

turned off. A separate, nonvolatile nenory cel], rrustl be used t O?HS-Péore t he
programmed pat¢edifor marefosible linkssalso dngteaspe Inpdditignspol il @pﬁ%?@rcﬁ d each

time the device is powered back 1hj EBraled iR Backhpe or
fabrication cB‘?r?ﬂeé‘ﬁng}cea nggrqqﬁ?dﬁcggcugﬁégﬁ%a?%gﬁ?ggﬁrg(fgi ti ongl chip surface
space. Accor disnghypsuRdtedafdngaRhhdtues to exist for fuse and antifuse

el ements that can be reprogranmmed and that are cq ET

ed a npati bl e wi th NOSE
menory t e@inol ogy. Asather wpeabfisiblehafthat bas hegp ussddn gitegated STl F B ed on a

MOSFET nenory chi ith little or i of LAt gag@ﬁFng menory
process 30 fI8& %ge-%'e‘é‘i ?e(%,_m%eg%%%ggliti\%%@ggﬁgsaé rty of the Invention
The above nentjgRes RAWiQEN, Hetd beatids arapeaditews siadhismespba, thel | owi ng

detail ed description. According to various inplenentati Oiﬂxs,s@Of .t.he present
i nvention, p- ahéfsels cMoskalty dppasiteof theduses dip RroZiaBpihe griitsaBINed use 5 or
antifuse elenents i.n a nenor ecode circul hhic% b8 f@hogel ous hol e
generation. AVel3asi1gp ’crgﬁfcﬁoé§ 8% eﬁ‘gbngfsl teg%%ﬁegxﬁﬁgglab%laﬁgg@&i s applied to

cause tunf‘g el RichPiith bowaah theaBiPtakls C0aE Gypetod artkfueediat iveoamalygap ener gy
of the oxide. As a result, energetic hole-electron (Bairs are E’Ene[ated in

the silicon substindhegraideitsvitets aaoxideritiideryxide QNP Iifksce ARl ate into

t he oxide, where 10 fhey remain trapped. I i i eshol d
vol tage of t h@ﬁ@&ﬁﬁhﬁ@%%&ﬁ%ﬁfﬁ&‘ﬁF&n_d“@%ﬂga&’gﬁ%g t%%#@ﬁ%ﬁé&%\t ly be
reset by appl yj &eggﬁbﬁ]il}{fergﬁbﬁd_@iiﬁ% cealabiagith pAgsiticati agl the tapelaydrcul ar
-benefits are realize or dpplications in which reprogr,?a})e‘mgabl lity is

desired or reqfioxid.is Heo irhemtacs with polysdicon. The ONE sandpache! @@i%ea‘ﬁ%%e
i npl emented readily in the context FET r | ow.
Accordi ng 3® oweh tibbgiunBrngran e H?t&fg%%@'%qpéﬁ ?g |c}s{méi51;02@§t8gg tttl)jfea

progranmabl e sy NGl IRk ReriB] BlappiédiRres Mhedpueicanct thel theef f ect
transi stor (I\/%E%}m;ﬁ%%hysu%gptrate. 'Igg MOSFET has first and second

source/ drai n rdgectris is mptinaharel the ego polybbicewlasers pee shprted togafes econd
source/drain
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20 regions, and a gate separated fromthe channel region by a gate oxide. A
wordline is coupled to the gate. A first transmssion line is coupled to
the firstsomcesLdrain region. A second transnission |inedsusiongized to the
second source/drain region. The MOSFET is a programed MOSFET having a
positive charge trapped in the gate oxi de such that.

t hreshol d,vol t age of
the MOSFET is 25 Angfises baverseyera) qdé?@ageééh%éFee‘b"‘taéSa‘k?%{%‘F’ﬁgﬁ‘ﬁf’% Yol tagg of
t he MOSFET i n_unpro E B8 eecbvas a fuse
or an antifu 8‘%‘ ?@@%@%%ﬁ%@g?ﬁmﬁﬁ% gﬂagogérmo%]féabrﬁ%f‘g& ét\?\ﬁa?% ingl udes a
p- channel MOGRE ol &uiisd vatage diffegerOBfECarhassuppEedio wincegirowsted drai n

regi on, a channel "regi on between the source rig%i on a%dgs he,drai n region,
and a gate 300 Sepemznas of easmof He ankifsee| Theitidisepipay bgplasedglode. A wordi i ne

is coupled to the gate. souyrcel i ne i - eegion. A
bitline i s cé‘aﬁﬂq&gﬂ @‘ctbﬁ@"d"‘ﬁ’giaﬁla%‘g‘?%‘h&‘s%ﬁ“g%%%ﬁ@‘ ?"?@%53‘%’%3"?3{%@ MOSFET
having a posyé,gf%nﬁlaar A tiBuses Mih R Pro@andndd 4PET anBidrdted 4B3@8t isr apped i n

t he gate oxi de such that a threshold voltage of the l\/[)%F,ET i S si.%ni ficantly
altered conpaleddinamintdgrashorauitpsckaggeoromcnsalatadsPrapp Hing APRARBFEEr anmed

state. The switch may be enbodi ed.as .a_f i serkpt her

enbodi nents StgMa éoaﬁ&ogme RaTS2aTt i'@hs llgr%csi’%g%&lhtn eSﬁ%&%?%ﬁ%ui ts, 5

progr anmabl e defiset. ANdieatR&d dit@RmSH Rt tediEd e aripon apackggd, laed

pr ogr ammabl e rg%%%qch.l SS’ti |1 eglhot her enbodi nment is directed to a pethod for

progranni ngy amgy thombe edpalviabbETRplasing defastive siravitsptith rgdwrdspbef A abl e switch.
First and second voltag ofentials,are applie i n
regions, respEeERPEN)E SéFg?%@thseﬁ/DéFﬁ?ﬁ‘?ngﬁ’ﬁee%%?é g‘é&gtéf‘ %ﬁtﬁé’;{égtﬁ?%a is
applied to a n@@é 4 ih ﬁ%ga%eheﬁ%t_%%ﬁ@mmmﬂge tiffdatishs émd second
vol t age pote 4l s and t e negative gate potential causes hot hole

i nj ection frogastdneers Thistreditoes thetdelay bgtweasn @xcustemst ordgeandabipment) fhenot her

met hod enbodi nent_ for progranm ng a p-channe] . FET i trate into a
r epr ogr anmab| esedfiand sy I8 CHSOBIACEEN MY t?ﬁj ?‘@85&%‘9*’@@ gS MOSFET ar e

coupl ed to.gr A ¥ i h@de th@sand@dnerit ageg@medf the
MOSFET, cgasiﬁ%aﬁ%{ﬁﬂg‘?g%ﬂﬁ}ﬂggfﬁ?égﬁcllgﬁgﬁﬁdﬁgdesubst r_a%ge into% gat e oxi de of
t he MOSFET. Yegitcuattahbepr&ibedliomaext thesnedils efts widletvorigtyrdd CABAMESr per f or mi ng
address decoding in a nepory, includjng cqupling .a.plurality .of address
lines and a 20 pl uPgsniteythese aglﬁ%ﬁﬁes’lt}“’rl\gg"{Sﬁéhﬁ%dﬁﬂ’gtﬁ%%lde&%‘é@% er having a
plurality of t.0 n j 0f - gp'yptt IfWMridSeddigel ect ed by
usi ng hot hol ém:{f‘i? ggtgil%crlfp({%ﬁ%wggér/%%tlgﬁﬁrgggr am%%?}é@;%l\ﬁncr%masspci ated with
the row. The pfe@hatfimél. dnadditioh, dnothendisadvanteBSHill QNOantifisez isshas. The
MOSFET has a first source/drain regi on, a seﬁond lsi_l?ur theé d.rﬁ{itnlsr egion, a
channel ré§i otheyarcabricatesd WHB senaral, exHa SR WA EHIPETHT 81" 8gi ons, and a
gate separate frg‘%}it he channel region by a gate oxide. The MOSFET is a

pr ogr ammed aving a positive charge trapped in the gate oxide such
that a threshol d vashagtionhl fubs AnDaREDséssalwi parefa momber pf signidica’t conpared to

a threshold voltage of the MOSFET_.in an_unprogranped, state., 3 not her
met hod enbodi mleqwbapbsrthpbhmﬁﬁbﬁ*h@@&&%és@ag‘&g ‘%n}‘r?eaﬁt 4 ﬁ%l?‘?%l]ér?cl udes

witing Lo 2 NORCET,ASOETIGL U ptarale LRtk dapder . Lnercby

causi ng a posifi In a gate oxi de of the WD

U2/ U( S. t 7QPCHrdrrhidblelRRed/nHkig thamatifimbie tb tost dndiunsuitable fovelargeg to the
MOSFET associated with the row causes the row to.be uncoupled_froma row
driver. A MOSRiEPs abapplicationg WherreRrQRMERINIY 1F 5Pl et e ES Fecoder | s

erased by remoying, 8 pOSik K5 SRRRHReL I3RRAHkRo Pl Beodbriaial the NOSFET

associ ated wi 3 F OW. Erasing e MOSFET associated with the
r edundant row&mg@@h@ﬂ@ﬂmpr@%stﬂb\he coupled to a redundant row

-driver. The above summary of the present invention.is i ntended to
descri be each il | usvicer e‘é\ﬁ*ﬁ@&’r@ﬁtta‘tﬁht &E@P?Wﬁ?@%%{égnwﬁf&‘[ he present
invention. The fiqgures and the ' Lhoti S habnfaslel (@FpyOr €
‘particul ar P e‘ﬁ%lr?giﬂ? ﬁ?wi%qﬁgggggﬁrﬁ?ioéd?%ﬁﬁﬁ oh®lifdrd dihndaBlel OTPY©

| memory cells formed as MOSFETSs could be used to replace laser/ fuse

programmable memory cells for applications such as OTP repair of DRAMs
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Brief Description of the Drawi ngs These and ot her aspects and advant ages of

the present invention will become apparent upon reading the follow ng
det ai | edydesicieki on and upon reference to the draw ngs, ROT/vdWR0MGE231$
Figure 1 I's a bl ock diagram of a conventional netal oxide sem conductor

field effect transistor (MOSFET). Fi B illustrat e FET of
gl gu[e ﬁ iA opEparedyndant EOW OO W%‘gﬁﬁﬁé&d g‘ﬁgw)hﬁetllécﬁlﬂg%(}g]ﬁe&eg%%gradat i on
ue to holes bpei RieA b thade ORIV W &1 [ use. 20
Figure 2A i SOEO%P%(S:ER% agr lgf‘nﬁg?h %Sh(%%ﬂj\'? %t iof)ingllt s%m’ éco%rgiaﬁgidg‘rawc?gvi ce having
a bipol ar traEBOst @nd dfitke Béy advhntages oFitigu capadBity id the abidityets progradevi ce of
Figure 2A operated in a forward direction show.n Eg“a gevi ce, degradation
&

'g_ue to 20! esﬂtﬁg?ﬁbmqﬂméﬂlsrﬁ%ﬁﬂ{em%mm%? 1y ‘WSaCF) nt A55AeS Use. 25
igure IS a,diagram of a relonnt) ' i t

cireuit svaS t @ﬂ\,/ang eé)v%ropl{sgpg{ %q{le régirogvgeygsﬁrﬁrgg g&g%ﬁ&ﬂ{&i;:gﬁ*‘%%}ﬁrguf gdoﬁz :
enbodi ment  ofif) Ags e @gABYantdpe@Tkingte tifhe progeandmateliiyct s t he device of Figure

3 after application of a |arge negative gate bias voltage. 30 Figure 5
depicts a shift i dnother appreadidiodo (iﬂ&@@@f‘tﬂmﬁmﬁbléﬁgﬁﬁ}éipgB@i‘i’:*’rlsdgvi ce

resulting fromtrappe 0Sj t] Lk L de: '
crbodi mont | ofetepreUShpaeh S, £ a5 Wiy SR Py B ERRA IR0 1 3,
Figure 6 is g9bkOowcdidntentRBi 57641006 praRidesd gaerslirgpaembneplitie, devi ce of

Figure 3, according to another embodi nent of the present inventjon. Figure
7 depi ct s1Gn repragphendbhe switck bt dsies vet achieve Siepamgtusing the samaye Bt e fgse,

- oxampie | GG DBAN AN FtHEor DA P BshURTRLORRIFLIE D Jor e o1 ¢
accor di ng t0 @lirdd re@NPbHRbvIRIAMNTERLcherhbg MicEmARbN o DRRAM diip with
little or no modification of the DRAM process flow.

Still another alternative to programmable interconnects, e.g., logic

15  switching circuits, uses a metal oxide semiconductor field effect tranststor
(MOSFET) as the switching element. The MOSFET is controlled by the stored
memory bit of a programming element. Most commonly, this programming
element is a dynamic random access memory (DRAM) cell. Such DRAM based
field programmable gate arrays (FPGAs) are reprogrammable and use a DRAM

20 process flow, but have a disadvantage in that the programming of the switching
elements is lost whenever power is turned off. A separate, nonvolatile memory
cell must be used to store the programmed pattern on power down, and the
FPGA must be reprogrammed each time the device is powered back up. This
need again increases the fabrication complexity and requires significant

25 additional chip surface space.

Accordingly, a need continues to exist for fuse and antifuse elements that
can be reprogrammed and that are compatible with MOSFET memory
technology. Such elements should be capable of being fabricated on a MOSFET
memory chip with little or no modification of the MOSFET memory process

30 flow.



Figure 9 is a block diagramillustrating an exanple el ectronic system
according to anot her enbodi nent of the present invention. 10 The invention

i's anenaglfl@sMari ous nodifications and al ternative for rET/So2e4302E Cs
t her eof have been shown by way of exanple in the drawings and wll be

described in detail. It shoul d be unde tciod however, that the intention
is not to lint the invention Q@-@ﬁéy—ﬂéiﬁi—@mmod! ments described. On
the contrary, therhDhgRkdioled @& deAtindROrkladdietedm tequl val ents, - and
15 alternatives falling within the spirit and scope of the invention as

defined by t halcanmedelsitdcdeséripionDetcaoider tbestipugpimpbementaticne of 1€l owi ng
detailed description of the invention, reference js made to the. .
acconpanyi ngpusentiirkpstiomti-grnad MOSFES deviges ggpse FARRERAIAY B¢ own, 20
by way of _illustration ecifi gn&q HyLtieinbR@1dus veRrt i on may be
practiced? | ff ?qtﬁseﬁmnﬁg&d%f”&g nurrgdriéﬁggugeg)(}ri ben%sSbst antial y similar

conponent s t Beouahauta tificraNelage ndgatiee galdibiae veltdpo s apphied tacauselescri bed in
sufficient detail to enable those skilled in the art to racftt%lce t he

i nvention. Otlrmel eaditadis tegais eneghiracipyite Feegd @gﬁﬁ%FQﬁe’éX? Bgi cal, and
el ectrical changes ma be v ' ope of the
present inveffl n?*ﬁfésﬁglepgﬁqﬁyoé%m?fg?ﬁ?%pagggﬁér %@%&%}J??é?ﬁgﬁfore, not to
be taken in g,bdnid T RERSLe thenéhjédial ieranke afbstrite into eleonidé, whent i on i s
defined only By the appended clains, along with the fuhj% scope, of
equi val ent(s ttheyweinain tsapphd.c Adings shiftan dha thrasbeld vpHage Qfit P'\E;g? Iand

substrate used | he fol |l owi,ng descripti j / weture havin

an exposed SLMP§E§IF\XF§ tsv\hﬁgﬂe\fi%e ‘faSrSH]B{) %gr?l t%gjf%'?g §]8;|)1?1§)éla§}o%1:t'lgs structurg

of the invent .a%ias-r%ﬁta?&r Kh@d%@ﬁ?fy@bﬁib@m%@ﬁ&tmﬁéaﬁmdifnchmﬂiieats’xmsi conduct or
t

wafers. The t®rm substrate is also used to refer to senj onduct% 9 W
% i ncl ude

02/ | 1( >5- t 7G iRGHidIS@RroPraBAsbibityris desited or trauitad Prdhessyich fuse 9pant
ot her | ayers that have been fabrjcat.ed the substrate
i ncl ude dopeoel%ﬁ‘tﬂ?ﬂib?féﬁlpé@?ﬁ’g?ﬁinr&ﬁ%fyowﬁe éog‘?&éffgm%ﬁﬁ“ngu& ors

supportedI?y ﬁo?g§ﬂo§,§m conductor or insulator, as well as other
sem conductor  structures well known to one skilled in 5 the art. The term
conduct or i s underataoding to dmodnizhelimenti e prrsentdpentign ép digsteddp & i nsul at or

is defined to include any naterial that, is |ess el EGal conducti ve
than the mat eprogagmpRierwitghintlafngadpetel pxide ngﬂ‘éoungﬁ gtblrsh%l?) etf%%tse skil | ed

transistor (MOSFET) in a substrate. The MOSFET has first and second
source/drain regions, a channel region between the first and second source/drain
20 regions, and a gate separated from the channel region by a gate oxide. A
wordline is coupled to the gate. A first transmission line is coupled to the first
source/drain region. A second transmission line is coupled to the second
source/drain region. The MOSFET is a programmed MOSFET having a positive
charge trapped in the gate oxide such that a threshold voltage of the MOSFET is
25 significantly altered compared to a threshold voltage of the MOSFET in an
unprogrammed state. The switch may be embodied as a fuse or an antifuse.
In another embodiment, a programmable switch includes a p-channel
MOSFET in a substrate. The MOSFET has a source region, a drain region, a
channel region between the source region and the drain region, and a gate
30 separated from the channel region by a gate oxide. A wordline is coupled to the
gate. A sourceline fs coupled to the source region. A bitline is coupled to the

drain region. The MOSFET is a programmed MOSFET having a positive charge

6



in the art. The term"horizontal" as used in this application is defined as
a plane 10 substantially parallel to the conventional plane or surface of a
waf er or“w%akg_ﬁt()e, regardl ess of the orientation of the pEieso2on323
substrate. e term"vertical" refers to a direction substantially

perpendi cular to the horizontal as defined above. Pr iLtions, such as
"on, " "upper {rappediiethe gatesoxide sushdata)threshold poliags of "heﬁﬁ%ﬁ, S over, " and
"under" are define h.ye i MOISFRT i@ransur face 15

f}lry l%aéed(r) o%?q%géd V\t/a%% thi¥Ehdi@ Qgﬁz{kte

Wi

bei ng on thes‘lgB‘;g‘an P4 er or substrate, regardl ess of the
orientation gf &Eﬁnﬂ@é&d’tat@f TRe Psitétainey bPembpdied enafise ovan gntifeseconduct i vity
associ ated wi t}l)'u oles in a sem conductor material, and n-{eﬁpe c?nducti vity

i s conductivity a€teiembedimgntholdhe presetdnyentign melyde dntaeratel SN

erial .
Throughout_this specificatjon t i j oLy Rable

seni conduct oPTHEATRMALE dFﬁQéierﬁ’ gnﬁgg\g}gfg%g%%g%Hr?@t:b%dgglgggﬁnggﬁ%ct or
material, e.gggonocrystalline silicon or polycrystalline silicon.
Simlarly, the designation "p+" refers to sem condyctor material that is
heavi |y doped p- t ypidl anethiec embodiment isdireeted o a method 4y RJAFRIMIHREAR-" and "p-"

refer to lightly doped - and p-type semc ri resprctivel y.
25 In this déﬁ‘é@‘leg[‘f%ﬂflzgmﬁ?&ﬁéﬁ%"?b’?toiasfelag C?xﬁ%agge %@ég‘éil:?f?gts?vat ed or
Swi tChef‘ on ‘ya%%é ﬁot&nﬁia!sei}éﬁﬁ;lsﬂféd(t@@&u@é hndEdram ragions) respeetiyelyeofikt age t hat
is greater than

t's source voltage by at |east its threshol ge. The
transi st oro i MOSFENI enegatvbgitagoientialns pprdied ity @ g%‘?ei?@mb?th'gﬁhdgtéeoff when
the control gate voltage is greater than th € nB¥nligss than
the threshol ARRYPEE fgrﬁﬁa"(dh%c‘f’]%a‘f?éﬁag? B? e?téa?%%\%#gggggaggé %%n-p conduct i ve. A
di gital sign ¥ iAb&RnlFort ald @fstatdingda ghtgvaldeat theaMASFETal si gnal
of 0 may al sgéaggefséléf ed"ﬁ ?ovr\]/ signal. Al enbodinents of the rgﬂsnt
i nventi on descri belg anether methay ebéwoqumlt@m@gra@mg/@PéhWbW%F age 10
WO 02/ (11S~47C PCT/ USO02/ 11~323 VCC, ich, i,s W thin approxi -5
vol ts. VCC isl_ngﬂeﬁﬁ‘é?‘téﬁt%ﬂ‘“b?/T%Pr‘&grf“&mapi%{]sl‘f’é?"hi %0“?58‘%“%%%‘5\“/'1&?@?!3%3‘&%‘!6%2% of
brevity, Rgt @mek&ﬁlg@ﬁ)eggiﬁd.|Eﬂe§d?iv%!@9te§fotentihlﬁo$1(gﬁ&e fegipa®f of
conventi onal ash nenori'es, erasure is achieved using a positive_source
bi as vol t age @@ed10OSBBT] cvasiaghbridle ggeation dtonathesubstigiesinto e g¥i€8f has been
enpl oyed to all ow | arge erase voltage differences between the control gate
and sour ce whthleM@SBEdi ng hot hole injection fromthe substrate into the
tunnel oxide. Hot {i, & el?ieﬂxgogi'?r?ernws)difé@ﬂeﬁ td RhReHdddBr p@forimixspaddréss trapped
hol es in the tunnel ~oxXi dhe and, consequently, erratic over-erasure and
anomal ous chaggdlpss amadmsry, ih6lu@mgtcauplingmploralitopbaddrasainesadddr i es, e. g.,

sone types that are based on p-channel FETs, use ho fnj.ection as a
nmenory t edni glusality af aufept IW?BQngg@FﬁCQ?ﬁ‘éhasvi“ﬁ %@Hgglbg%ﬁ%e are

generated by |ight on.byelnl et fivd FORWIPRIselected BPasiag RotHolke structures.
Figure 1 A deBP‘g?gluéalggﬁ\f/{ee%ﬁ%g%nit a?a oxXl deS s_(ém' cgndu%t or field effect
transi stor ( 'E&i‘Bhtbpr@mhﬁaghmmea.swmbaiSCMMﬁihﬁé‘l)‘éid’e@ea sour ce

region 102, a drain region 104, and_a nel region. 106 .4 bstrate
100 bet ween tm@gm@eﬁé’gfpbﬁﬂwsa%ogﬁﬁm %F‘PPSP‘Q‘& 3??6?695“?8‘3 17708 i s
separated from the chann : egl te@idw h dRanhélregidndotweze | i ne
112 i s coupl eg}r§t&omg/%§a6§#egéﬁggggcgiﬁ%@ée/gr%?teg} ne 114 iscg'gupl ed to the
drain region IRdfirsPanibicdbidsuiceirhin regiopd, end & gatelsepagated fromghe oipnpgl es are

generated within the device by a photoelectric eff ] tional
operation, a degipmby e geigpride. \ﬂBletl\égéFE%t‘%ﬁPfogfa%%‘gﬂc?%ﬂé;reﬁa%ﬁ%geget ween t he

drain region 104. .and, th [ eqi : N29RdekNGId veolkdee @€ theot ent i al i's
t hen appli ed tHS’S'lIWScggggt@%ds?éﬁet%@%é%ﬁcggh 116. Once théganegati ve

vol tage pot entysa)SFamas kigsificantlyetepal enepacakids thieshalfapkageafitha i ¢ vol t age
threshold (V,) of 25 the MOSFET, the channel 106 fornms in the substrate 100
bet ween t he drMiOSFEdgnen vapwesammehda§our ce regi on 102. Formation of the
channel 106 _permts, copductio I i dn@ich t he source
T egi on 102,30and a cﬁ??tgﬂtm?thgg?:rgﬁ&%%%ﬁ'éﬁogg%@éﬁdéﬁg taﬁgésg;agi n rgggi on 104. The
negative vol t agenBRlRBLES wARR lcedMOSHETassatiated with@gowalf e addrase 30
injected into the dgate oxide 110. During norgal 0 r.atiog of tgﬁ

conventi onal MBSBES, tereby gausingla positiverabargsp be trapRpddn At XL }éﬁly occurs
for MOSFETs operated in the forward direction due to holes being trapped in
t he 7



11 W 1)2/11GS-47C PCT/ LI SO02/ (1-4323 gate oxide 110 near the drain region
104. This effect is depicted in Figure 1 B. Since the holes are trapped
near theﬂ@imlaq{ﬁgi on 104, however, they are not very ef fpeayusoe/nidnschangi ng
the characteéeristics of the MOSFET. Figure 2A depicts a conventi onal

sem conduct or devi ce having a bipolar 5 (pnp) tr istor-like.structure.
The devi ce | MOSKEE amogated cathrtberon %Ql“géoggeahﬂﬁ)%isaéﬁo%%fwgﬁg fck gate
regi on 206, and a channel region ' tr G0 bebmmen t he

source regi oFP"QG"‘ZJSS%@etr‘?]‘@t‘ﬂs‘g}”ﬁco}lé%g?r?ﬂ‘é%g&ngeZi é@rﬁ)o i's gs)bgpar ated from

the channel (egi HR4ABNO%HWITIRS SiddedsdecclibRis ofassd by cemdvinga pdsitives coupl ed to
the source region 202 and to ground. A bitline 216 is couI%I ed. to the drain

10 regi on 204harfe wopmdiime g2e@xids SUpMABRES asperigjed Wit fop fedujdaihy nal 220 is
coupled to the bggm%ghgmaégga&em& (e AQSddrY Sow BhisBOe Veb | s appl ied

to the back §We ern na and a negative voltage is

applied to t & 1ok Qo Bé Bodrl&l t6Qrrdiindantkd@, drhet.es are injected fromthe
pn junction Pﬁdu?lﬂé tgack0 gateﬂrp?gi on to the gate 15 oxi dée 21%@%&}? s effect
[

i s depicted in Fi Jiheab®® swmmargofithepreseniinyeiiogds nef 1RIGR fir eshol d

voltage. It is also well-known in the.ar - Li| e
generated i n <géh ﬁlué%t?f{e?“g?fﬁ%?t q{cﬁvgwi’ﬁﬁpéegéﬁ%ga&]‘ohggﬂ%gﬁg%egbs/@éag@hgval anche
el ectron i nj @&l AflredaAd WA ED Ao ptioR st Bliownmanshaeti@tirtyomxempliéct i on, t he
el ectrons just over the 20 barrier at the silicon surface, i.e., 3.2
eV, and bpgorhedeeathodimsanget i ¢ and are trapped once they reach the oxide.
Sonme of these el ectrons can be,lt appe atf heD an?iin Lve charge centers,

t hereby eradicating them Th#gE 5 sed as the basis for a

nmenory devi ce bas it OhRCAdvaitag ol of thesprasant mvbstiongwvitichi eved by
hot el ectron inj egﬁ?egﬁé&g‘gth%ssﬁdﬁt i nj ectlgon,_ he?wever_, i s but one
mechani sm t ha§ec6m@ appsetttupon readBigtthe ollowangydetajiedaieasrintion 8A¢ UP9hppi ng i n
tunnel oxides. According to the teachings of the present invention,

p- channel MOSEEeTerfe9 Hedrayieydd W r epr ogr anmabl e fuse or antifuse

elenents ip a Menog G0 ' hiraRYofildohl&itiddalafi@ndxddes hol e generati on.
Speci fi ca:1 y, a su?%?cﬁ&%ﬁdy&f)g{%ieérﬁegoati \?e 30 gate bias voltage is applied

to CauseftUEnﬂmi@dgﬁﬁl&fo@ﬂsldtdffegtlatiransistwLQMOSﬁfégg%/ toI exceed the band gap
energy of the oxide. As a result, i ol e: el ectran i re
generated in the sFigueoB BM?@"P%&“@%@EEE’ES?&@&? E’Etoﬁ%rﬁ{e?ﬁ?ggé@r romthe 12
Urapped. A | PO SPEMNg SPAE GRS Lo ddbliaRe LR e B csrET
results. The davi&gimantschsiegetn y be reset by applying a positive gate

bi as voltage. Accordingly, particular benefits. are realized .
applicati@fs in mfmrqé%ﬁ%gplgﬁlﬁﬁ@gmni ?/fe 3 gonventiona semidonda&dr iQice

having a bipolar transistor-like structure.

Figure 2B illustrates the device of Figure 2A operated in a forward

direction showing some device degradation due to holes being trapped near the

drain region with continued use.

25 Figure 3 is a diagram of a programmable MOSFET device that can be
used as a circuit switch, or a nonvolatile, reprogrammable switch, according to

one embodiment of the present invention.

Figure 4 depicts the device of Figure 3 after application of a large

negative gate bias voltage.
30 Figure 5 depicts a shift in the threshold voltage of a p-channel MOSFET

device resulting from trapped positive charge in the oxide, according to an

embodiment of the present invention.



5 desired or required. Further, such fuse or antifuse el enents can be

i npl emented readily in the context of a MOSFET nenory process flow.

Referri ngyp@alcy0 the drawi ngs, Figure 3 depicts a p-chagelsod¥RET device
300. The MOSFET device 300 is formed on a substrate 302 and includes a

first source/drain region 304, a second source/drain region 306, and a
channel 10 regi onFEUEe ¢ 1 & flpveyggdepisting Bﬁ“ft&l%it‘?/té’é?\grf"ﬁ@‘ deYigs &t n regi ons

304 and 306. i L SRR r trate 302 by a
gat e oxi de 3E§@Rﬁ%%%§§gg Q%%%ﬁ%%?ﬁ thgﬁgﬁﬁgpﬁggg%égﬁéég?ﬁ'region 304

incl udes a sour CeFfgagd Paeficts ah bearhflehitdgraed dirtieinseporatingaur ce/ drai n r egi on
30G includes a drain region for the MOSFET. 15 In the device 300 of Figure
3, both the pweranemablaifiser asgpushing oouothaembrslinert of Spprssent HVEREAINd. A lar ge
negative gate bias. vol e | ' - l.on 310 via a wordline
314. This%gias vo?ﬁ%ﬁ%éggﬂg§§ gg£h%$2%£éﬁ%g?gggggméﬁ%hgﬁgaiunp to the gate
oxi de 312. Vox aenahsis ahfifasyakéagivgdd sdipailes eabodmsent bftheprasent oxi de. | f
Vox exceeds a critical value, e.g., 8 V, during Fow er 20 Nordhi em
tunnel i ng, tirventiemel el ectrons can gai n enough energy to exceed the band

gap energy of the_oxidg, i ch.is approximtel - t al drops are
large, and the el g&gt‘ﬂr%ﬁés %@Pca( fjl'él%rémfou;&ﬁeﬁwglagﬁ%ﬁggte?%rgﬁgﬁgg%]mce t he

el ectrons ar gedohdihp o Atk enfbB8imenk 6f e pedseritahastiby. the high electric
fields and potential drops. They can then gain the 8 eV required to

gener at e ¥her get | Thadhwentien is|asenable tpwsrioss modificationy angedtegativeie si| i con
substrate 302. The, hales are_.then inject into-.the oxi 2n t he
substrate 302°7%: | gflf:%ﬁ),eregﬁfﬁ%\fegb&eplisl&owq SRt ot %a&pgﬂnqﬁ%d%{al@gﬁ%i l'i con
substrate 302,43 bk QEscRBLER dedil. LISHbURPLE MiRER R, howelet,NRatabst rat e 302
into the gate oxide 312. The holes remain trapped in the oxide 312 in the p

30 channel MiBEHEbdewbte 1300 thedsveaitipn ¢a td partichlagembodiments dgseribsd! t | a net
positive trapcﬁ)e(?_l charge |s. generat ed. T?ﬁ‘iff E&.%itive tra Eeg oxj de charge
results in aqminggontsdry, b teeds A COVBCT) DRISFT B AT "0 n the

t hreshol d15/0|aitglglgtiyég flink RRthR &E@Bf?ﬁhﬁ%ﬁ%fﬂﬁ%&&ﬁ@@% défmedBo\We i N Figure

5. The devi ce can be reset by applying a positive gate bias. Figure 5
is a graph deppatdedglaimgurrent signal |1BS detected at the second

source/drain region 304 of Fi gurg 3 ,EI f(ﬁteol aaai nst a gate voltage VAS with
a 5 drain voltage applied betwee . second source/drain regions
304 and 306. |n ong oA i tetail¥d dedcRBhES 81N ifVeRtiNE réREAOR R 2l

applied to the gapgtreglﬂonnglo.all n Iefi ggrle 5, trlle curve plotted as A depicts

t he conduct i ao theeteavpinyidg drawingsy wijch fomeda parthaeefeind\iDSAET isThewrur ves

plotted as B, C, and D depict the conductijan hehayior of the sanme p-channel
MOSFET at 29 ariyoray ¢fdiipgtetion ﬁpﬁ‘”af’ ﬁ’é‘gﬁ ‘F@PtSde‘fqi‘MF 8 eB‘FOIhmF'%lE%e negati ve
gate bias vol Thei I]]-!ﬂg%ﬁgﬁp bG6e IBXKahidis MARard Programmubl e
and vari abl e éﬁ@%g%opﬁﬂ{\%oﬁ?g@g?’ I gure a6 (?ésl,s af ovvchélrltgy suitable for

expl ai ni ng a doatpoaehts Miolphouhihe kevens vidBSFHhestearnlomliments bee desadednmed t o
achi eve enbodi nents of _the present inventjon, rogramthe p annel

) . To -
MOSFET 15 devivticigdetaiiie endls epaskiiied ip do ghio B M Buntiant e
grounded, as érﬁﬂoﬁ%éxﬁgﬁgy‘% uiliAddOal s@@gturajﬂqzséical?ﬁncﬁelwtl‘?@df cBilpes Mal ar ge

negati ve gate potentl
25 be made without departing from the scope of the present invention. The

following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended claims,
along with the full scope of equivalents to which such claims are entitled.
The terms wafer and substrate used in the following description include
30 any structure having an exposed surface with which to form the integrated circuit
(IC) structure of the invention. The term substrate is understood to include

semiconductor wafers. The term substrate is also used to refer to semiconductor



VAS is applied to the gate region 310 via the wordline 314. As shown in
Figure 6, applying the gate potential Vbs causes energetic hole-electron
pai rs towkpnggeesated in the substrate 302. At a block 6G@&T/¢de0imbes are
then injected from20 the substrate 302 into the gate oxide 312, where they

remai n trapped. In one enbodinent of th re'f.lenlita invrﬁlnhi og% the nethod is
continued at StaicireTRIBEDTRSEsHNS S8g MAY IR udhengr BYgS RLDaYEEEhnel  MOSFET

device 300 ip,a di ' | Do : QA RAREd shdlfiop@gcordingly, the
met hod i ncl ugaggc;ctg%}pﬁf%a' gogg&?%gﬁ&rlsedb%i%@?[gﬁ% herm;?our cel/ drogi n region 306. A
bitline 316 i&midbndiRtind, efitidaltsbaicdaduaekdupionted byiadns8hicsndyatoeopot ent i al

is then applied to the gate region 310 via the V\qLdI i ne 314, .?uah that a
conducti on chanlatr, sogell as qtegrremicopdygesturarssvs tgrarsePneskiflsdd 304 and

306. Accor.di t 0 odi i i e ice 300 is
used to ir?*pl g%eaﬁ't ﬁ;&ggn%ﬁd?l E)@togrnstl bse Ogﬁgpr%h%dg%?ﬁﬁdr?g?rgﬁtéﬁé%ﬂsggs decode 30

circuits for (RMRMKING: fsQefnad folindladd dny mseiisdekatankdsselbaticdllyt i ng i nst ead
redundant rows in the array, as depicted in Figures 7 arlg, g )

Advant ageous kgndugtivethan theanataridp generally refegied 4naeranductes Gydhossskilled in the
enbodi nents of .Fiqures 7 and 8. 14 WO 02/ (1G .17G PCT/U S02/0. 1323

Furt her, the"}aﬁhr‘e genent depicted in Figure 8 can be inplenented using only
pchannel MOSFET de¥i¢&f ‘HoribHialt ipasdd ih st appirdtiant dégiaed adeplaadove in
connection with Figure 3 and can thus be fabricated in a single well.

Fi gure 7 10 | ushstaitieBy parabsdderphecconmensipnal pdenecarsutfpee ofoovafguner SUbEBsor at es a
5 programmabl e fyse, .according to an odi t 2] b envention.

I n one embodi essif L ‘19{{‘3&&‘@{‘8@“%?1‘?’%&1‘? rs?gﬁpaftehc lhedtéqgna?lé-gg%rreésfégdecoder
portion for g, R{REdon NBstERANR pie?)eﬁé.ligwﬁﬁtoﬂhe héezonedl @@ detired abbvecui t 700

i ncludes a progranmabl e decodéer 702. According to this enbodinent, the
decoder 702 iPnegosiions,anckaas ‘op, cfuphs sides s int sidewalbd, ‘drgheigelPwes,'a matri x

of rows and 10 cqJumms. ,Agcordi.ng . to this odi ment.. of r

i nvention, th&ver r“é{?‘m Hf‘d‘f(ll\/ﬂﬁ‘f ‘3%%?”&16?3?“}89, ercgn&f%ggglégdgget&tsﬁg%g
intersect{on b%fnzﬁao ntggﬁﬁf subthcd b thE walfcr 08 Hib3&hierebhrdRSs ofthe WHiemalidrest i vel y at
ref erence nuner n‘7 6, and a nunber of second transm ssion |ines, shown

col l ectivel y th¢ watet er suteeatauneral 708. The 1 S first transm ssion |lines 706

coupl e an address driver 710 to. the,array of N transistors 704 in the
pr ogr anmabl e decocPeFYP?GQI.‘J”ICHV’&h’é C@H%%V}%HTSPC‘P%%@QCS[‘P%Sm' ssion lines

706 i ncl ude g AUORAL B mAALEER AR cohditeRity I @nI3BERAY abiokiused wih on | i nes
708 couple at Teast one row driver 712 and al | east one redundant row
driver 714 t celéduensin asenttordvidSr tratamizi. sThosghomd thigspepdicaorpthegr ammabl e

decoder 702. Wiile Figure 7 depicts only one.row driver 712 an e

r edundant 29 ovfiegigngiegn 7’1’4,"31;1{5 twswwsag%b%r'%@?%%‘@ba‘bi/het%%80%‘-1%'1 {jygggl n the
art that the jgf fehiglliel, HRhodBXtaliite!sHABn 3P Nirefsilicew, dri vers
712 and redung(?% Pgévtgg?lﬁt/eggge%ﬂ. ’n "one er?bodinne%sgl,wm !s.econc;l

transm ssi on $infikasly788 desigiatide “p+-"hrefidye to seinicandpetor Mmiatesis! thatis Aeedhydi ng to a

particul ar enbodi nent of the present. jnyention, .a pragrammeble fuse 716 is
used to renpveONcHRtYRR %W‘F%{Iﬁil“f’@ﬂ’é‘fﬁ”@lsgfhee.eﬁ!g,“atf%ml fy 'trregcﬁé?stors 704.

I n particul ary i W It?‘yggq OBy fatekinl, R8ydcEody. it is renoved by
applying a Ial}1 Héyn%gg?i \?géga e prcl)'{léebrlllti alrto t he ggqg of.yt he programmabl e
fuse 716, 25her eby prthigrdesaripngn; 4 trarRistbrnsldescribalves teing ®tivatader switehed i n

pl ace of the renpoved rows. In a nethod enbodi nent  of e presept i.nvention,
addr ess decodPhyhemitperenderad gondyciveRnaranti sl yp1tags &i‘? E’EeatteF Qﬁgrﬁsssi on
lines 706, e.g. i ola g CTh ISR F832BedciiB&Sas 1O a
nunber of NI\/[%W?eg\gog{agg é‘%ﬁ%ﬁi&ﬁe prooggamrabl e dsecode(? 702. Second
transm ssi on béingm ADiBactiveState orkwitched offeghenahecaltrobgato vpltags is greatee NVOS
“transistors 704. At | east one programuab] e foxée 716 i g . used to replace a

faulty row wi thanghe segtreatess xessthan Bigthiesh Velfagerpd e ARESISOr s cy i bed
above in connect i i |, QUK &: i fel ﬁé&{pci at ed
R he AAG {%5‘% rg%%?‘éwﬁf‘i@i’égg&i }r%%éébarl §§§%‘é¥é§ﬂ@’t%§’%?‘° %ﬂ%sél%se 716
associ at ed W hiid adipitar §5R0 600 Ry abdbedanéd & bw signgdl adleembodimentsinfthegr anmed
state. The fuse 716 associated with the redundant row is placed in the
unpr ogr amred presens inxentiendescribed hesein maayde qof’aﬁﬁéé‘lirqcﬁ“’?ﬁéug%h’@o‘&&ede regi on
adj acent to the source region of the fuse
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10 716. Figure 8 depicts an exanple integrated circuit 800 that

i ncor porates a programabl e antifuse, according to another enbodi nent of
the presgfoldysption. In one enbodinent, the integrated mimessnn+B0

i ncl udes an address decoder portion for a nenory. As shown in Figure 8, the

thi - enbodi nYRC, Wik IaCBI PRSI TG0 an ais By Bra gy dansabi a1 1
ant i fuses 804 arr ' iof bRdvityONG ieREhvaPloURBR skilfed iRfHeidiuses are

i mpl enent ed ﬂ‘é?{ﬁé‘%nﬁgﬁlﬁ&@@%@ dgs c?llétgi ct eld in Figure 3. According to this
embodi ment of t hepdoaseRpes dfcentdntionaltflush areneyiesfer@0repis aghiavadaising ant i f uses

804 are disposed at the Intersection of a nunber oflfi rsghtransm'ussi on
lines, shownapofitieesaures Bianyoltage apdneasting ROl 2aisaoltagss TBIRERIMNUYSt second

transm ssion_lines, showy. col ' BUHYBS, Oftrol The first
t ransni ssi‘on N P&8 eg@@o y\(,:élgtﬁ%?l(la&gﬁatrg%ﬁ%%es\gélﬁgiggfg{e?%%gs to t h@hgrgr a;o of

pr ogr anmabl e yaRtihd Ysese Bfe bvoiling hot gt ajeaiondrabe tedebstBOintd theone 25
enmbodi nent , ghe first transm ssion |ines 806, include a nunbgr ?f .addr ess
i nput | nes. tofimel sxdondot (.anbrehsspsy) holgdnjedivn @paPY mirapReddPIesAR 1 o\

driver 812 and at least one r n i A dBmhid®s ahdrgy of

anti f uses soghﬁ 'Hm?':ﬂQxﬁicoaélaa%‘gqlﬁe@g%%gég‘gvog%%&{?\h%e F rg?ureSS cﬁgép;i cts only
one row drivegeShteg and one redundant row driver 814, it will be

appr eci at ed bysst h(e)se skilled i nchr;g art 30 that th%aggéiggéa%gﬁ%ﬂ&br cuit 800
may inclute any niiestem esinvemondr jlasaerganesah g, PR rs 814. In
out put 11 nos P DS EBT 68 Hol ik keiph AT rfey REhA: uriBRET ©
particul ar efﬁ?&ﬁéﬁ@%{' 018§ intthe sifE&S Qbkstrite e ddnertedabydight ohbBibfection used to
remove rows wth faulty devices. In particular, if arowis foundq to have
faulty devi cefsom bipola traesistoetike poseteres sFiguret Ifedenifts 8 gomveatignd Medisi ng t he

gat e-source vol tage VAS for c tifuse i.ncr i itude. If

the 5 anti fus‘é“‘itlesseﬁﬁf‘“éPB‘QF Qgﬁ@ ec qﬁa@sﬁgqrég@gstﬁégg "?/gfg‘?gsggtel\)?g W @I exceed

the threshpl dl%I&IF fcldes AMrdeegidf DL & Mainlre€i6f 404, tand aestmieh gegidne row. | f
as bee

the antifuse n programmed with a positive charge trapped in the
gate, it wil|10%ah tioosubseate 100 beteen thooursa regons B9Z%anddhe drain kegio My t he

antifuses 804 are used to se] ect redundant .ro repl figulaty rows. As
ment i oned abode&ater 108 19 EPIF4L ‘é‘ﬁ'él?ﬁg?ﬁ?) eg1ﬂn\‘|:\|§69§faeg§882§ﬁt}é@i rj?pl enent ed

usi ng only p-ghannfle \YoSEEd Wb@ﬁés&icetregohyog Al Bitkak a4 eccoapléddescr i bed
above in connection with Figure 3. Thus, the integrated circuit 800 can be
fabricated i nthe dedinedgiomidd. . A Riogdlire 19 6iis cenpldddekheigaig?@m i | | ustrating an
exanpl e el ectronic system 900 accar.di.ng, t o _anot he di ty.of the
present i Afenti on. HAEs aFogaResate W@UP@‘%@VQC%P'%D é’Foéa’cet%Bgcn%’tg&gylgt em i ncl udes
a menory 310 ?é)}gr f’i‘ti&{ai)Sﬁéﬁt%,%%Paiﬁwmue& JotaldBotERD (Y, Pit Qethyp tetwsest em bus
930. In one e oglnent, the processor and nmenory are |ocated on a single
sem conduct or thehirgin rdgien i4rard/the sQurcarsigioteld)2a Aoneggtivpieltace Paesbald? t hat has

at | east one progannmabl e fuse antifusg a xphai . ibed in
detail in con t%PBIFF‘\/thhe ﬁtﬁﬁﬁ%%‘a'ﬂt‘%}qﬂr 1_nejbg.cgﬁg?cﬁggggébilggg?%%ﬁg| Y,
techni ques fop, s %Bmtgﬁtaﬁgﬂ% ERScASthR CRhGEIRHR @ thastransld aupiof use

el enents has bBeen sh resent invention. Advantages of the present
i nvent i on %snc kiwdMOSEBTO Greatramis [| 06 formis in He shbgwmtaHY kotveemtbedeitnent s, as

well as conpatibility with existin ET menory, t echnagl .25 NMoreover,
the fuse and a¢gioH nd thersoiree W#‘Hﬁ?@%ﬁfmﬁ(?f\}lé%@]aﬁgég&g%ﬁ%%?sabri cat ed

on a flash nenory chi B Wickhle diki 104 BROinG 6@bé R 1 02Ngnd@IOry process
flow The vari© E%’ucﬁ%%t}%ﬁ%ﬂ%ﬂse Zgé?? r(‘ad above are pfbg:/i ded by way of

i lustration Qui¥ntd)dasbeutiectabat thedmimegionedd4to |init the invention. Those
‘30 skilled in the art will readily recogni.ze various nodifi fons and
changes that can bdhdggativs WH@%@%%@E%@@%"&]W&? augqshoie%?é&?ol | owi ng
the exanpl & enbadbiTh etk SRR | FR DART: hdrrPbydhihsh e eisenddmarl herein,

‘and wi t hou

MOSFET of Figure 1A, some device degradation gradually occurs for
MOSFETs operated in the forward direction due to holes being trapped in the

11



17 WO 02/ 0G ~7G PCT/ US02/ 0. 1323 departing fromthe true spirit and scope
of the present invention, which is set forth in the followng clains. 18

VWO (12/1{Jd srfadfes\What is claimed is: PCT/US(12/(1~323 1. pempwsignasrsabl e
switch el'enent, conprising: a metal oxide sem conductor field effect
tran5|stor_(NDSFE"Qq ina ( 5 substrate, the FET having a first
sour ce/ dr ai ngategkisi,1 18 neerdbe dragoieetos) [@fai TS & bﬁ,deawEOHaﬁﬁégur? £€1 on bet ween

the first . d ' ' :
channel 1 egi SifBeyaae it nelr GERH Repi L0 hERLrREPER BT

transni ssi on o} 4R eGP URInBshel the bRRadiéristics 50OME 04OSFETN region; and 10 a second
transm ssion line coupléd to the second source/drain region, wherein the

(I\)/)E)iSSETS :Ji hat E ; ;)gr éfgr:mejZNEBFg@B meﬁgi?abﬁgmi%qlﬁéc@hé?‘@@ Rl ebIPP t he gate
a thres volta .t he FET ] L-ARishh C alt d
conpared to &M F@Eﬂﬁtf’ﬁngﬁfm&gﬂeogﬁ? ﬁ%"'%ﬁlﬁwﬁ %gbéfﬁéeu%%@gépg’nﬁ%l%t at e.er 55
2. The progr b6y 9 WatiE Fat@fregﬁérfil(m, ind ¥ORIn@EITelioa 20RGHRE substatg2itannel
MOSFET. 3. The programmable swtch of claim 1, wherein the programable

TN Sy fu i Py o S e D
T RIS R UL
o "t e NoFE T S 2 A e o v Lo of el aim 1o
wherein the fregish 204.ansmirdlino?l 8 is ceuded tahpeits 83 0a Astoumiaal 328ds and t he ’
second t ransngoigfegrso tlhle%?lcl?ggep;ég?o%szo%. bitline. 19
When a positive voltage V,, is applied to the back gate region 206 via the
terminal 220 and a negative voltage is applied to the gate 210 via the wordline
218, holes are injected from the pn junction in the back gate region to the gate
15 oxide 212. This effect is depicted in Figure 2B and results in a change in the
device threshold voltage.
It is also well-known in the art that the positive charge generated in gate
oxides by hot hole injection can be erased by avalanche electron injection. In
avalanche multiplication and electron injection, the electrons just jump over the
20 barrier at the silicon surface, i.e., 3.2 €V, and become less energetic and are
trapped once they reach the oxide. Some of these electrons can be trapped at the
positive charge centers, thereby eradicating them. This phenomenon has been
used as the basis for a memory device based on hot hole injection, with erasure
being achieved by hot electron injection.
25 Hot hole injection, however, is but one mechanism that can result in
positive charge generation and trapping in tunnel oxides. According to the
teachings of the present invention, p-channel MOSFET devices are used as
reprogrammable fuse or antifuse elements in a memory decode circuit by
utilizing anomalous hole generation. Specifically, a sufficiently large negative
30 gate bias voltage is applied to cause tunnel electrons to gain enough energy to

exceed the band gap energy of the oxide. As a result, energetic hole-electron

pairs are generated in the silicon substrate. The holes are then injected from the

12



WO 02/ OGS-47G PCT/ U S02/0323 7. A nethod for programm ng a p-channel MOSFET
In a substrate into a reprogranmable switch, the nethod conprising:

appl yi ngwa dliss76 Vol tage potential to a source regi on of AOTRUNVDBRET,
appl ying a second vol tage potentlal to a drain region of the MOSFEET;, 5 and

applying a negative e te re n_of he MOSFET, wherein
apfl y![ ngI t heSYasprale “é‘gah’;%fg {hﬁﬁée"bad APRsh %‘ gn%ﬁ ihﬁemntgaat ive gate
potentia Bt & EHh%ﬁ&élMOéFFmré bRs.STRSd@deahNt 0 a gate oxide
of the I\/DSFEtIiﬁgs% e rrefkod of claim 27S \/\%er ein app|ayl ng thg first

vol t age pot e@ﬁbsad]umdybbeessmyaml)nega posiove ganebnmmﬁmgecdrmndméy »groundi ng
the source region of the MOSF m 27, .wherein

appl yi ng t hepé@éblﬁﬂb%ﬁf%@%reﬁgﬁ%‘%’ir éPpl{CBt‘?’?fé“d‘B’éah ep@%r%wngl?lhwg MOSFET
conpri ses g qUiding réc{ﬂl efT Bhithdr Ech Fusdlor LRGRMBERInts toh bgfﬂﬁpléfﬁ&ﬁ't@&j of claim

27, wherei'n applying € negative gate potentlal to 20 the gate regi on of
the MOSFET C agrily sretheapmleyi ofg MOSFET memotyl prodeas fewnegat i ve gate potenti al

to forma conducti on channel between the.sourc¢e .and drain.r of the
MOSFET. 11. The niXefRsangpgan iy the srawings, P%‘Feéa?ﬂi?’tﬁélpnﬂla “ér@@%ﬁgﬁ he MOSFET

in a 25 forwap %cgbé@%eololqﬁﬁ P RIS hrtle@ bR a%ﬁbstﬁ%ﬂ 44 iRc1addyr cel i ne

to the source région; cou a brtline to the drain region; and applying

a gate potentaifght %Qr&ﬂ@mg@é@oﬁﬂm anecndBottee/drain mgmim%l, ami ctlonnell s
formed between the source region _and the drain yegion.
CAL. A9&?. ) | region30finghe substrate 302 between the source/c{ram regions 304 and 306. A

AGOR. AL ALO7 ALLLZ. ASL?: ALOR AR, HUGAKARA R Bhbofkdst ALLARAL . ALL &C

Zn( +60
embodiment, the first source/drain region 304 includes a source region for the

MOSFET, and the second source/drain region 306 includes a drain region for the
MOSFET.

15 In the device 300 of Figure 3, both the source/drain regions 304 and 306
are coupled to ground. A large negative gate bias voltage is applied to the gate
region 310 via a wordline 314. This bias voltage generates holes and causes
them to jump to the gate oxide 312. V4 denotes the voltage difference across
the tunnel oxide. If V exceeds a critical value, e.g., 8 V, during Fowler-

20 Nordhiem tunneling, the tunnel electrons can gain enough energy to exceed the
band gap energy of the oxide, which is approximately 8-9 eV. Potential drops
are large, and the electrons only have to tunnel a short distance. Once the
electrons are in the oxide, they are accelerated by the high electric fields and
potential drops. They can then gain the 8 eV required to generate energetic hole-

25 electron pairs at the surface of the silicon substrate 302. The holes are then
injected into the oxide.

When the substrate 302 is inverted, an electric field is present in the
silicon substrate 302, and the holes can then be injected from the substrate 302
into the gate oxide 312. The holes remain trapped in the oxide 312 in the p-
30 channel MOSFET device 300, as depicted in Figure 4. As a result, a net positive

trapped charge is generated. This positive trapped oxide charge results in a large

13
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15  device 300, the source/drain regions 304 and 306 are both grounded, as
illustrated at a block 602. Next, at a block 604, a large negative gate potential
V,, is applied to the gate region 310 via the wordline 314. As shown in Figure 6,
applying the gate potential V,, causes energetic hole-electron pairs to be
generated in the substrate 302. At a block 606, the holes are then injected from
20 the substrate 302 into the gate oxide 312, where they remain trapped.
In one embodiment of the present invention, the method is continued at a
block 608 by subsequently operating the p-channel MOSFET device 300 in a
forward direction in its programmed state. Accordingly, the method includes
coupling a sourceline 318 to the source/drain region 306. A bitline 316 is
25  coupled to the source/drain region 304. A gate potential is then applied to the
gate region 310 via the wordline 314, such that a conduction channel 308 is
formed between the source/drain regions 304 and 306.
According to embodiments of the present invention, the device 3001s
used to implement fuse and/or antifuse elements in memory address decode
30 circuits for removing rows with faulty devices and substituting instead redundant
rows in the array, as depicted in Figures 7 and 8. Advantageously, a separate

latch circuit arrangement is not needed in the embodiments of Figures 7 and 8.
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programmable decoder 702. According to this embodiment, the decoder 702
includes an array of NMOS transistors 704 arranged in a matrix of rows and
10 columns.
According to this embodiment of the present invention, the array of
NMOS transistors 704 are disposed at the intersection of a number of first
transmission lines, shown collectively at reference numeral 706, and a number of
second transmission lines, shown collectively at reference numeral 708. The
15 first transmission lines 706 couple an address driver 710 to the array of NMOS
transistors 704 in the programmable decoder 702. In one embodiment, the first
transmission lines 706 include a number of address input lines. The second
transmission lines 708 couple at least one row driver 712 and at least one
redundant row driver 714 to the array of NMOS transistors 704 in the
20 programmable decoder 702. While Figure 7 depicts only one row driver 712 and
one redundant row driver 714, it will be appreciated by those skilled in the art
that the integrated circuit 700 may include any number of row drivers 712 and
redundant row drivers 714. In one embodiment, the second transmission lines
708 include a number of output lines.
25 According to a particular embodiment of the present invention, a
programmabie fuse 716 is used to remove rows with faulty devices, e.g., faulty
NMOS transistors 704. In particular, if a row is found to have faulty devices, it
is removed by applying a large negative gate potential to the gate of the
programmable fuse 716, thereby programming it. Redundant rows are
30 substituted in place of the removed rows.
In a method embodiment of the present invention, address decoding is

performed in a memory by coupling first transmission lines 706, e.g., address
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redundant row is placed in an unprogrammed state. The fuse 716 associated

with the redundant row is placed in the unprogrammed state by removing the
charge trapped in the gate oxide region adjacent to the source region of the fuse
10 716.

Figure 8 depicts an example integrated circuit 800 that incorporates a
programmable antifuse, according to another embodiment of the present
invention. In one embodiment, the integrated circuit 800 includes an address
decoder portion for a memory. As shown in Figure 8, the integrated circuit 800

15 includes a programmable decoder 802. According to this embodiment, the
decoder 802 includes an array of programmable antifuses 804 arranged in a
matrix of rows and columns. The antifuses are implemented using MOSFET
devices as depicted in Figure 3.

According to this embodiment of the present invention, the array of

20 programmable antifuses 804 are disposed at the intersection of a number of first
transmission lines, shown collectively at reference numeral 806, and a number of
second transmission lines, shown collectively at reference numeral 808. The
first transmission lines 806 couple an address driver 810 to the array of
programmable antifuses 804 in the programmable decoder 802. In one

25  embodiment, the first transmission lines 806 include a number of address input
lines. The second transmission lines 808 couple at least one row driver 812 and
at least one redundant row driver 814 to the array of antifuses 804 in the
programmable decoder 802. While Figure 8 depicts only one row driver 812 and
one redundant row driver 814, it will be appreciated by those skilled in the art

30 that the integrated circuit 800 may include any number of row drivers 812 and
redundant row drivers 814. In one embodiment, the second transmission lines

808 include a number of output lines.
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5 antifuse is not programmed, the gate-source voltage Vs will exceed the
threshold voltage V, and the device will conduct, removing the row. [fthe
antifuse has been programmed with a positive charge trapped in the gate, it will
not conduct, and the row can be sclected. In this way, the antifuses 804 are used
to select redundant rows to replace faulty rows. As mentioned above, the
10  arrangement shown in Figure 8 can be implemented using only p-channel
MOSFET devices of the type illustrated and described above in connection with
Figure 3. Thus, the integrated circuit 800 can be fabricated in a single well.
Figure 9 is a block diagram illustrating an example electronic system 900
according to another embodiment of the present invention. As shown in Figure
15 9, the electronic system includes a memory 910 and a processor 920 coupled to
the memory 910 by a system bus 930. In one embodiment, the processor and
memory are located on a single semiconductor chip. The memory 910 includes a
programmable decoder that has at least one programmable fuse or antifuse as
explained and described in detail in connection with Figures 7 and 8.
20 _ Conclusion
Accordingly, techniques for using MOSFET devices as programmable
fuse and antifuse elements has been shown by the present invention. Advantages
of the present invention include reprogrammability of the fuse and antifuse
elements, as well as compatibility with existing MOSFET memory technology.
25 Moreover, the fuse and antifuse elements of the present invention can be
fabricated on a flash memory chip with little or no modification of the memory
process flow.
The various embodiments described above are provided by way of
illustration only and should not be construed to limit the invention. Those
30 skilled in the art will readily recognize various modifications and changes that

can be made to these embodiments without strictly following the example

embodiments and applications illustrated and described herein, and without
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5 substrate, the MOSFET having a first source/drain fegion, a secon ource/drain
region, a channel region between the first and second source/drain regions, and a
gate separated from the channel region by a gate oxide;
a wordline coupled to the gate;
a first transmission line coupled to the first source/drain region; and
10 a second transmission line coupled to the second source/drain region,
wherein the MOSFET is a programmed MOSFET having a positive
charge trapped in the gate oxide such that a threshold voltage of the MOSFET is
significantly altered compared to a threshold voltage of the MOSFET in an

unprogrammed state.

15
2. The programmable switch of claim 1, wherein the MOSFET is a p-
channel MOSFET.
3. The programmable switch of claim 1, wherein the programmable switch

20 comprises a programmable fuse.

4. The programmable switch of claim 1, wherein the programmable switch

comprises a programmable antifuse.
25 5. The programmable switch of claim 1, wherein the first source/drain
region of the MOSFET is a source region and the second source/drain region of

the MOSFET is a drain region.

6. The programmable switch of claim 1, wherein the first transmission line

30 comprises a sourceline and the second transmission line comprises a bitline.

19



‘15%/0%&' ()E) “&10% & ()- " aB2NC8! U9410% u&' () - F&l 110% u& ()-! -

EU=U ()-* 10% u& ()- (10% u& ()- Fu@l0% u&' () -

<? @ABP_b(Q) i@ p%& ()-! 10%& ()-Lsl0%& ()- 10-u 10-u PCT/US02/04323

10- u99<10% u& () -39610% u& () - G cORaBbCB! Us109%&' () - f SLO%&' ()- 1 f S1096$& () -1
0% ()-, -109%& ()-,910%& ()- R2dBbC8! Ul 1s# 10%& % Zy 10%& ()- @

}0(1/«32%(5 )E &ylo%é (1 ) A(nmm foy prpgEoUging)a-PeiEn el EOSF xm@wbqn)a:@mma 10% ' & ()-3

- ' 0%&

10%& () - ZGb}rf@rsg;rglm:%bl‘)lw%ﬂ h%’ﬁ% ‘fﬁ‘%P"P‘E“E% 31-10%EE& ()- @ 10%& ()-) 10%&
()-!<109%& ()- NorgmBlying hﬁ%@lvaga @?b?ent:al"t'@%@bﬁ‘r@e 2edlién of e MOOBER3] ¢ " Headi ng
43] c" "Headi ng 53]’ "%—|eadi ng §3 "Headi ng 73] c" "Headi ng 83] c" "Headi ng
93] c A "Default PRpphingpbecbohtolthgd poEhidde kdrdimi¢gBH ohthy MQSBEEN
! FlI(QZV%t&* g&gﬂ%{ir}p@(gEFHl—U I\/NE@EVYd[ ;\_Celh\éjo’ nuo"r Kévfﬁ tnmv
* rstuv ~6Ti nmes w RomanAri a urier "h Root
Ent r yWr dDocunent U8 L )21 ootch@3343668%ibn of the MOSFET
<=>? @\BCDEFGHI JKL %/V\XY%T foeﬁ dee?th ?%ém?rﬁoglars?gv}vxzuyz{|}~

wherein applymg the first and second voltage potentials and the negative

gate potential causes a hot hole injection from the substrate into a gate oxide of

the MOSFET.

10
8. The method of claim 27, wherein applying the first voltage potential to
the source region of the MOSFET comprises grounding the source region of the
MOSFET.

15 9. The method of claim 27, wherein applying the second voltage potential to

the drain region of the MOSFET comprises grounding the drain region of the
MOSFET.

10.  The method of claim 27, wherein applying the negative gate potential to
20 the gate region of the MOSFET comprises applying a sufficiently large negative
gate potential to form a conduction channel between the source and drain regions

of the MOSFET.

11.  The method of claim 27, further comprising operating the MOSFET in a
25 forward direction in a programmed state by:
coupling a sourceline to the source region;
coupling a bitline to the drain region; and
applying a gate potential to the gate region such that a conduction

channel is formed between the source region and the drain region.

20



