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U.S. Patent No. 3,634,929 disclosed an inter-metal semiconductor anti-fuse array, the
structure of the anti-fuse consisting of a thin dielectric capacitor (AlO2, SiO2 or Si3N4)
utilizing two (Al) conductors located above and connected to the semiconductor diode.

A programmable dielectric ROM memory structure using a MOS capacitor and a
MOS switching element was shown in U.S. Patent No. 4,322,822 (McPherson). This cell was
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-2



bel i eved that silicon fromthe substrate or silicon
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U.S. Patent No. 6,515,344 proposed a range of P+/N+ anti-fuse configurations,
implemented using a minimum size gate between two opposite type diffusion regions.
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regions renoved to create an asymetri cal

("unbal anced") high voltage access transistor using
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array g%iﬁ%ﬁtﬁg{ggstrétrﬁig{& StriRtHRBORGAe PRPBE Rhbry cBRMEng eliminates the
LDD diffusion from a regular NMOS transistor. A cross-point array structure is formed of
horizontal active area (S/D) stripes crossing vertical poly gate stripes. Drain contacts are
shared between neighbouring cells and connected to horizontal wordlines. Source regions
are also shared and left floating. Peng assumes that if the LDD diffusion is omitted, the gate
oxide breakdown location will be far enough from the drain area and a local N+ region will be
created rather than D-G (drain-gate) short. If such a region was created, the programmed
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cross-point array structure is forned of horizontal
waaebisvedsasea (S/ D) stripes crossing vertical peaCyc@a0s/000701
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and special inter-metal materials. All these anti-fuse technologies require additional
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Application No. 2003/0206467. The hi gh bl ocking

vol tage on wordlines and bitlines is now replaced with
woORbwanynig” wordlines and bitlines, and restri eCTAA003000701

the distance fromthe channel to the source and drain
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vercore eve ri nk |n%
suffer fnbmllnlgle vd;lta‘ge eXpeiEs ofd%@S@@yﬁghlrag]@IpyleMSslieﬁ@ng k panu acturability

and relgle &ﬁ?&ﬂ&ﬁus X r%g%fe al;@ﬁrﬁlﬁ Bﬁ’oﬁ B8Ry Irienidty éWl@étﬁfh% \Mﬂﬁlﬁe

i abl e anti-fuse struct
exceptian pf Pengwysingle iransistoratioviieibindu hag very daubgil; regn clurabilty.

Al indrbRfe, %%& La%léi@%ré\fldeaé’ §rr?let A reli @) ihigh ePsiG), ahti-fuse array
prdcessing steps or  suf ol t age. osur e

architegjreNORaRIR; qramplﬁg\eetaé%mséan dpgh 5 Sgfrology MittotPSy

addltlog@gg&@%lhﬁ{ 88ps vy wathBhniter] dv@bvénaw eppmke@feswutaheg elements. It

is also degirapleda M&?ﬂg %ﬁels%{gg gé fo% 879 qﬁ rfﬁ?]egg Cto %Ig Fgctlw%ﬁ/ tt%ted
prior to s‘hmﬁﬂ&rﬂﬂ ah@ﬁeM@n}énﬂQb@hﬁMmgﬁam fhedd or Gilblnb |rmqnufacturms process. It

s futogy Gorengs ePa e rerete SiTgS rf B f Sk R g -

fuse arf4¥6 dufliRg eamOfeiuionpiobesst andar d CMOS 't echnol ogy,
wi t hout any additional processing steps and with

SUMMﬁdvéFq'H%VI E\(ﬁ-ll(t)@ge exposure of swi tching el enents.

al so eS|ra le to provide a testing nethod for

I |§ aﬂ rE)tb ecf fe Gfe"s@at’tsfn\;eﬁtlclﬁmeto%fofn@fet dr\{'ﬁihg’até Qﬁlb@ﬂ obE idRBd¥antage

per manent pro 9 |’?
of the mwpnsgamtawge areyf Phrjoyiding ég’égh densifys ‘%YQ Rare HB%E‘PF 561 e
struct%%cilétgﬁl%g&ystﬂﬂgadt OROSMRafisdturir@Proceas. pr ogr anm ng
i fuse ar urin t
s ESPeRNRRRIESER MAECTNIEKIFPORD ALt LBe SAngHPb ol on a
semlc%r{‘j@cﬂél‘ ﬁ%&&'ﬂ’bl TRY @ﬁﬁ-m@e trafsistbivinalli@esod pdilyélllc@atgeteaa difieaist
ne di sadva

t age eV| qus. ant
Y e
regionSh & 8Gb3IFES tl‘ieJd:Haahélmaf/mg a&ireaed bngthCMiEdlffaﬂqrﬂ eegianris prpximate to

one erB{ Qj‘ghed%l?nlagl rgﬂlfpp r'l?l{?s grl &Hé(fk‘ﬁhgs %tg % Bé |sI IB(Ya%H b&een the
polysﬂS:@l‘ﬂgG@rW(th@ subrstriater; sadh. thathiee mrtableftulsbnetss @ﬁtﬂ @qct@rhas an oxide

breakca})nc udez {\HQ gcknes g' C%R{ihecggt%( ghdanﬂe%eft\x/é@i 8 Bﬁgh&ﬁ gafshdthe

y3| rcon gate is
channbloegied. /mmkeap@hamfehe v&“@btﬁihphﬁ%w@tﬁswc&i is adJ@P@“ to the

dlfoSl&l;] g{gﬁl having a preset |ength. The diffusion region
roximate to
Accordlng to an embodiment of the present aspect, the variable thickness gate oxide

can include a thick gate oxide between the substrate and the polysilicon gate, and a thin gate
oxide between the substrate and the polysilicon gate. The thick gate oxide extends from the
one end of the channel region to a predetermined distance of the preset length, and the thin
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one end of the channel region. The variabl e thickness
gate oxide is |located between the polysilicon gate and
woherssidmtrat e, such that the variabl e thi ckneBeTgaRes/000701

oxi de has an oxi de breakdown zone fusible to forma
conductive channel between the polysilicon gate and
t he channel region. A thicker portion of the variable
t hi ckness gate oxide is adjacent to the diffusion
regi on. According to an enbodi nent of the present

gate oﬁ@@é&éndstﬂ%@n mrerai&@nﬁdyd@mm tgatsecani ahel of ére ¢chaohel degion,

where i fiaiop ey R kSee e o4or Rien e che: T B fiae Hpgr con
mcludeSéJﬂ(SdtlhgtjEfuelbd rédﬁ@n prokiyrsid todionthiyegate oFitie, emldﬂb&ﬂ@mg diffusion
r,am t e end of th h I
reglonfzgn g ﬁ&@ gcf fedn QSFS g%ce of the p?ege?nlnzng[ ﬁgl ggd
tih éurthe erghodiments dé thexiresedtaspeoirtherbingetaieide panaddentical to

at Ieas%i e I?)ngﬁlt%gget t?an%%?ogggte cﬂ{#d érsrﬁ : m@@@%‘coﬁ%‘c&%atw BRd the

e OXl e oxi de breakdown zone. -
thick g@leenxiietdanbeddenticalne pilieast ope highveltaggdransisias geierRyide formed on

the segkgﬁw&%ét%l Oﬂ}e%le% Hért@to%db Qah B8 alddhibird@be o0 iHRrmaediste

atin usi on region can be adjacent to the
gﬁeomﬁéﬁn@ﬁpémﬁﬂQQPMQ%lfurther embodi ments of the present

%&%F&m ttona%pécﬂé Bf B8 bresemt difbodtRers thelfdting alffut;len atea the
I'east. Ohe | ow vol tage trans Q oxi de, f
second gad gldhe e@ameb&e@ton@@fié’rqaéq éﬂ’?oo t”?“r‘epc{]ﬁ"@f?n 83‘?@a¥§?§8mm°n
edge dARedBy htdlesst edlind 2 iﬁents&%‘&"tg #na ahplgho eadh ather, where the angle
can b%é{ar%?heié % %st tg}ﬁ%(dg I}B((? faLgsrl]o&‘ut rFTSlB% %gn i3 %Ig%h?_DD |mg1[ant
identicaNtol thé EDDB#blAhECfPAL ©f a]md‘mltagle:itrarhmstd)maﬂnlg@a&oéagm’urmlstor ora

comt PSRRI TR Dbl e8P A i o
a portibR @f the parydmeolmecadgefreé oftdaticigatiopsi | | con gat e have a

ST B SO S 8 ey e

anti-fuse neintdme arrayeﬁcldé@ @ pluiratity @@nw@@ﬁé“@s's’fwﬁeﬂéﬁr\gﬁ rqWs and
columES %tﬁﬂ? Caz?'@ WdHGind geE%rlln e{n% | RIneRtor cAeMEeak pr/sM‘kfh deid) a

one o ow vo tage transistor
dn‘fusmm ragiaye and ansiialethickpesseate the Rabsiligengzate, @tltppattqpe&ebalchannel

reglonaiﬂ% J?J‘ogtpaté( %ﬁéf‘@ﬁwetd'héﬂﬁél 595 %reséﬂleﬁ?fﬁ ety difflorthiebiolsd on

gi on and f
proxintatado gto Gl o dualdnAnDR ropian..T e REATIe HSKRYS AR gXdf Bddsated

betwéeﬂ\fﬁenﬁdly%rhcgﬁ g¥iedRd tRsidRtrate] the Raf@@ihjckasssayate dXige having an
nti-fuse memor

| yd
ot Bkt s B8 S LS e e s anc
the crtanhéu r@@ésn anhicker sHriidrest theariblenhitkricss gateroxiveiis bdjacenato the
dlffus{pgﬁegitm él%e E)Q%éég%egﬂt %e ELg Il{ﬂ;r%al'og% H{ & gélgrgn Oﬁa‘ql fdse
transibiefR bhed theisrdlihes laentwipledag therpolysiliaors gdiss Dha oW offesti-duse

t he channel has a preset |ength. The diffusion region
tra“S'P@E‘proxmate to one end of the channel region. The

vam alabmeodlhlenkdifelssprgaerﬁ aspactidhé garlabledhickndse wateegxiderran
inclu<f %w:l% g oxie %e‘?w&%dth% Igﬁbﬁlléteséﬂ'd%g polySfcohdakPBha thin gate

e OXI
oxide between the substrate and the polysnllcon gate The thick gate oxide extends from the

one end of the channel region to a predetermined distance of the preset length, while the thin
gate oxide extends from the predetermined distance to a second end of the channel region.
The thin gate oxide includes the oxide breakdown zone. The anti-fuse memory array can
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oxi de breakdown zone fusible to forma conductive
channel between the polysilicon gate and the channel
woegisa9siA t hi cker portion of the variabl e thi e&ED&Ea2005/000701

gate oxide is adjacent to the diffusion region. The
bitlines are coupled to the diffusion regions of a

columm of anti-fuse transistors, and the wordlines are
coupled to the polysilicon gates of a row of anti-fuse
transistors. In an enbodi nent of the present aspect,

furthertih@udesa sarisk entplifiericoesied ged painsfi hitinasghrougl Isotatiom devigaskand

wordlnge {!ecoai)rﬁllg %ﬁcﬁtﬁ% ﬁ%g %?Ihn\% s%ga%?é)é's@ %te@rbgplthg\?e Eg%@ésdxkdeq?%} is the

ate oxl rate an
same ahthetiutlygateiogide. gate. The thick gate oxide extends

f Irn%metag[? od? B]etgg gpesgﬁt érﬂ@ooﬁh@rﬁ NRL WoRGhe Be&&n@ C|rcu1trP/ selectlvely

redeterm ne I stance o reset en

accessem anecpatiduseransistox ceurded orasmof He R & E'[“@ﬁﬁf%@cﬁmg'e ended
sensw@' opefHieR, 4nd s@le%ﬁfé‘ﬂﬁétc@?é@s%fnoihaﬁarﬂmgé‘ﬁbné' 061 pled i®the other

hi'n ate oxi de 1 ncl udes the oxi de breﬁB own zone.

The
of the ﬁﬁ'f pt e freadiffprent addressaHt aNothee espest PLAe PreSef abodiment,
the w?@fﬁle?%b%n@&%It@%ete@tl\ﬂalypéﬂcglséé% dﬁétahtl-lél%‘é tiangiete boupled to one of
[ devi cés wor dl i ne odi . n rc

the payioé bilipeaARd era %@t—fua%ygnsg%?refsoue'sﬂ S Qﬁ’&hs Higcftines for a
dual-ehbéd sén%mfbh@eﬁaume as t herthIdCK gate oxide. In one

aspect of t resent enbodi ment | | .

Bk gonsch Su rEs el BRR APy i s ol A ol aripue
thlcknéﬁﬁgm &xios for anphibéustdransistoofTht mestipad inclodesgrowvinges iftermediate

oxide glc%éélgaglggl rgé:lgedf tﬁegﬁ{ ﬂ% %%ﬁg P qahoﬁ?e}fth@%tgr% éjY%% Xxnﬂe from a

Rer* &h use
thin oxididnegionfof tHeechpamel regiomiant ig lmmng‘ athimoxide @@f & thiaduidegsgion

and theqntgﬁt?ém& 088 fFCthe %arlir'ré?regroﬁsent enmbodi nent, the

codi ng rcult sel ectively accesses one
aht émiagireents aftbe Qtasenmpmewlemtmveca@fmqlwte thasteps pf forming a

comnﬁln:?lafe r @1@%9 AfRd ﬁ'ﬁ% fdféﬁaeoﬁd’%éioﬁ& %rnﬁﬁﬁ@'dﬁqs%@ rddih

pair 't nes for a dual-ended sensing
adjaceyp él'pean’qeaﬁedlq:tﬁ oaldphar}dd‘oggp@gﬁloattqgéllfgp@géﬁglon adigepnt f1e thin

oxide Péd?dﬁ FRe ntHFRtBAGuRfer frieludb Bk fQepsdtisalRbivel S\ng%%ag@lﬂéilon
oXl de for an anti-fuse tranS|stor The net d jnclu

protech xlp AYPTARE PINEPHESIOR: ECSAIGING}F PRrGRA e PO ioBh ogF hd the
f|oat,nbrhanf@|a,h|reé,@q$e transistor; r ermV| ng t he | nt ernedi ate

oXi oma,t

O OIS B e LS8 9L L DSl S on o
semlo@ﬁ@hdtdienatéﬁeﬂé rmrecingi{f@ésecixand@tor Itnctddes eh aaﬁmlarea‘;‘@l pmtysmbam gate, a
vick SR BT SB35 oBRES B D Sq R T mec over
the adtiié Brearnd defirtecs fimithlcaddge@xil e aceggs@dge. Therthick gafg oxide is adjacent
fo the?ag%ﬁ%sé g a}n? g1aocp ﬁL%‘fjénar%g %F} Qfaceﬂ{ e c@@f e t' ﬁ'ge Ecrﬁripgate

Ioni7egi on  a acen
oxide dxadjigcent i tlwfusibtaeedmt ﬂn@dhm aﬁtefaxmﬁlawmg @dD\M@ré)reMOWﬂ &plage

than tﬂfe tiﬁ&{qﬁa‘t"é lgf}{% for ﬂ{rﬂmlgg%ccﬁndﬁalvb ghéir?rfe!l P& Qér‘?ih%%l)@?ﬁb&?gate and

usion ion I Ci |ng a portion of
the dlffhm?rpl@Dy)Ql licon gate and the floating diffusion

I 959 8mbodiment of the present aspect, the fusible edge is longer than the access
edge, where a length of the fusible edge is defined by at least two line segments of the
polysilicon gate being at an angle to each other or the length of the fusible edge is defined by
a width of the active area. In another embodiment of the present aspect, the polysilicon gate
defines a channel region between the fusible edge and the access edge, and the thick gate
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In a fourth aspect, the present invention provides an
anti-fuse transistor formed on a sem conduct or
worb@sriogdie The anti-fuse transi stor includes aRCa&NARIS/000701
area, a polysilicon gate, a thick gate oxide, a
di ffusion region and a thin gate oxide. The
polysilicon gate is fornmed over the active area to
define a fusible edge and an access edge. The thick
gate oxide is adjacent to the access edge and the
oxide gingl thesthivroetegiidmare slispapertiesivesrpthe ishannst rgipnaahgdhe Flgsilicon

gate. tI'Fié thidaate &?fdéj@ar{fxté}%l fﬂf’ﬁfﬁ% atceest)s s g&lt@é Bl e ‘mﬁ']’edﬁ({@th of the

hin_gate oxide havin down vo
Chanrteﬁ Eegion; 2nd ha thin grtexideganfeyient frgmdhe Bredatermined tangtivefithe

chann@ﬁé@ﬁfﬁﬂo tH’éﬂ‘uQQIb)é%lbé I THthigRbSe dR[e cBR b afoHbir2hon 8PN
ment. of the present aspect, the fusible
'ntem&ﬁjdfze pidg %’?Agt@f’" thim9dene access edge, where a |ength of
t Ivea furiebérabanitgents of m@}‘prés@dt éapteatt tbhle_Qﬁﬁ fga{émdei & be |dent|cal to
se silicon gate bejng at, an
= low JRRB Pl et B Kt B e B Re Mgl i ik ot
oxide deh ba&dntigal & avhigh holefgettizasiaot yate oaide formed oanind B&hiconductor

ot Bl U P26 SRS R pBEISEF W GBS o
the aaches edgecsasd thddiwck gatd okide andiltftenhlg@mowdiaecamrhé dispsedbetween

o 8 B34 05,748 LSRRI RS, 41 SRS RSN
themﬁV%m1@E@naﬁt@%sdéﬁgemﬂ@na predetern1ned |l ength of the
m%lfuﬁl’%g'e odlﬁ%‘ﬂt ttlgae?rﬁlmé\?]ﬂé’#s?st o oM aeﬁgaﬁﬁ%dlfftjswn

romt e Fl) term ne e channel reg
region gfiagentios fL@tH’@?eedQPhEhQ mwhcgatgéte@@n@eve; affirsbgordion disposed
over tAE fKRkd &Ud@éncﬁﬁcét@& Scﬂjﬁg‘éﬁ{ﬂ & Be G?Ff'uglgn ?ébqjoﬁ BLqd NIy a channel

oxide.  In a further enbodiments of present aspect
region, {26 395E$5 eplgedeing dpinec By afirst aertien e%ﬂe taad a SEeRRchRertoRglisposed
over thé &S &té okidgahe c@)ﬁléiﬁtoftﬁ’é fitpdfior. MRe ﬁﬁalﬂlééﬂ&qﬁane deflned by a

material, the oxi de can be identi cal
secorfiiop e o e 68 GHTgR0 el o HeHSROSSG RS pigan the usibl
edge ardrihe @hanred EUgldmat erl al, and the polysilicon gate can

d bet the f bl d
R I L S .
ordinayiyt skilled irdihe @arupba reiueypofsteel fdiletving elesdriptiore bisgpeeific Ee@odiments of

e I ion of the polysilicon
the m\%}Fan] é’%@”}f@é“@ 15 %ﬁéo‘?na‘)%yﬁg'ﬂéwe?egl on are free of
saI|C|dat|on et a further enbodi nent, the
BREERESQRBE'QN@ﬁgﬂé/QBAWGSnCI ude a floating diffusion
reglon adjacent to the fusible edge. The polysilicon
g &Pogigienisaf dhespresend inveatian wilk new bp dsewtibed.dry waveofienample only,

with r@‘@ﬁeﬂc@f@tﬂ@aﬂé&eb%&dmg#&ﬁem to the diffusion
region_for definjng a channel region, the access edge

bei ng Big 1 W&C'W'tg'aﬂf%t’f%Qﬁﬁ%wp%a@éfusﬁﬁﬁ” 'a second

por t i oRigd? &@ae@brwt @rﬂgﬁe blRiam- gp& antPiisé @elaaphg@énl ed
rtion. e

to the_fi 0 ef i ned
by o <EEoRE HOPT-bran vewisline hEATH G FRkar pelaiie 2
r elphgtinecar,; be di sposed between the fusible edge and

the Ch?l E Isa crgss séctional view of an anti-fuse transistor according to an
embodiment of the present invention;

Fig. 5 is a planar layout of the anti-fuse transistor of Figure 4;



O her aspects and features of the present invention

W || becone apparent to those ordinarily skilled in
woheosanesiepon revi ew of the foll owi ng descri pt POWCaR005/000701

speci fic enbodi nents of the invention in conjunction

with the acconpanying figures. BRI EF DESCRI PTI ON COF

THE DRAW NGS Enbodi nents of the present invention wll

now be described, by way of exanple only, with

reference to the attached Figures, wherein: Fig. 1is

a cir Eiy. Badhagb ars pénax [d)RAMNsHf pp eltemalie-antidesedednsistariagcording

ana f DRAM t ype anti-fuse cell

i? a%e“g"BBE' {?’—ftﬁé/&%gerg ma};ecaﬁooés sectional view of the

DRAM Fjgp@&aant i7b faussrdamﬂlayogfs afiag @iternategdngriyse transisiargccording

FJ) n eﬁﬁbbaln%n%fqﬁéi)r%@&h iRRftionyi €w of an anti-fuse

ransi stor accord an enbodi nent of the pr esent
| nventfig$;is g,p@nau:,lay@t af an altpinate apiiise drengisiar %‘?ﬁiofd"?%@@“

tern?d'bﬁln%rﬁ?fmg pFésQlelﬁvéHtlghg 6a and 6b are planar

l'ayouts of an alternate anti-fuse tran
Yy ansi tt%r accor nge

t o an Fégni9deliafenchet ot ;oepiodJerfprming & e @ess'/gé‘

£5r @6 %nﬁ’k@@@ﬁan!ﬂ@tbpéﬁtﬁe Qlfesérﬁt idldhesiiat e ant i -fuse
transi stor. acco t he

e e 3B B8 o e B ey P 588§
%bbrdéh@é‘l\mtlfﬁéﬁd @ftﬂ@éﬂmemmfwggar@gan enbodi ment of the

present inventi d
Do F it 15 6 b%R% afinEqrilptrp But T B BRGLbr o B B
adohfigired eorsinglesingito sertding dneopiirgste an eimbedimeanbof thepresent
10a .Oc illustrate the formati on of the vari abl e

cﬂy Rss gate oxide in accordance with steps of the
f I ow dfigurtibad a BiogsHpeinbgorfiggred antifise trgnsipios mepwnnharray

{;&85 &4 d?faén’uglus%ﬁsﬁg E‘&Jr&ihgfo éWémﬁé’dlrﬁéﬁt%Y the present

con? ar ed ded sensing according to an
enhnﬁpnent of the present invention; Fig. 1lb is a

Cross- Fﬁg.i ‘PI[ is & é;fghgéi‘rtﬁéjaﬁmube fan%FstBrrsQﬁ' HeSh&horfRABY ¥hown in

array configur or differential sensing according to
angenedddi ment of the present invention;, Fig. 12 is a

| ayout Flgfﬁ; iBg f&ﬂéd blfllHé %oﬁffg%Fb‘d &HiGuSe t@énstslttﬁ‘ nigRaHy Yrray
array shown in Fig 13.is a folded bitline

cwrdgmf@@naﬁwhodm% ot ﬁhﬁrﬁ’éf?S?gUPverf@%r y array

Fig. 14 is a layout of anti-fuse transistors employing wordline segments
according to an embodiment of the present invention; and,
Fig. 15 is a circuit diagram of a combined sense and programming circuit

according to an embodiment of the present invention.

DETAILED DESCRIPTION

Generally, the present invention provides a variable thickness gate oxide anti-fuse
transistor device that can be employed in a non-volatile, one-time-programmable (OTP)
memory array application. The anti-fuse transistor can be fabricated with standard CMOS
technology, and is configured as a standard transistor element having a source diffusion,
gate oxide, polysilicon gate and optional drain diffusion. The variable gate oxide underneath
the polysilicon gate consists of a thick gate oxide region and a thin gate oxide region, where
the thin gate oxide region acts as a localized breakdown voltage zone. A conductive channel
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according to an enbodi ment of the present invention;
Fig. 14 is a layout of anti-fuse transistors enpl oying
woowliosse segment s accordi ng to an enbodi nent 8€THA2005/000701
present invention; and, Fig. 15 is a circuit diagram
of a conbi ned sense and progranm ng circuit according
to an enbodi nent of the present invention. DETAILED
DESCRI PTI ON General ly, the present invention provides
a variable thickness gate oxide anti-fuse transistor
betweelethepolysitioen gaie abe therphroya cedian eanrhsrfornegddn itheclocalized

break% Jgﬁtg% g&@@&@ggggr&qr&%ﬁog JFRRRDY, |ﬁr rrﬁé!m%@%ﬂag abpiRAtion, a

use t or can be fabricat

wordling rgad sHettpeliedde Hiropdylicon aateican g sengadrtaipugls aitline

conneétbaW%%ohfc@ra&ru%roﬁrv.gtr@mﬁahnéw@Whe@nﬂuf@@ufaﬁ&s@r fifietei on,
gat e oxi de ysilicon gate%e optional drain

specifigab (e pa?ﬁenfrweéem)t@n.pm'®8@9t SHNE dRBtteRIDF Hilzng spifehannel MOS

structLﬁé’édé@élﬁ !aﬁtﬂﬂm@@blﬁs&t@ﬁl%lfért@'r PhefnokiBs.Ck gate oxide region
an

ol tnE e eatilon B rORER s I P detinans Fo g

transiﬁ@mﬁalﬁwarﬁsﬁﬁmtwtcawmtsfrmmn&wgt ween the polysilicon gate

a t he channel re n be formed in th

RS mielBuY BE st S BRANERPe A st g dethd §5hB Phrdls os an
anti-fuba irgtee od By aa;tdrage cgpptitar & aleady Bnavor, db damonsededtio . 8ritatent
o GEEME ke L DRS00 6005 el SRS lseL
show thieatamet and crobe-sestiohal fviews respeativelt, of thelpwn anti-fuse memory cell

of Figﬁ’?qcﬁ'ﬁé Fr%lrﬂd‘){ ﬁél{}ﬁ fg{u ﬁ%luidgé’ § %éﬁo By Q&cﬁ%é 931‘?31@15‘( 10 for coupling

N fective |Z|g§ annel MOS
a bitlinst Bluletalpattomaplaterpf anti- fUSﬁ gswce 2. |A wgrdll%Wé is gpuptsrHo the gate of

accesggrgpélétésw fouinl€or, %Jj Q%IT‘ Sla@%ﬁégﬂéﬁ@ chiifled & tHe MaDI4te of

denot e any M'S transistor,
anti-fugg [dpviee A%éqrmgraramlr@a?@aéwecﬁevwﬂact ure. As previously

djt 264 56 88en RorRRrd/PENITB tHRE theddyoRY oftitc8dd thanBistn 40 and anti-
capacitors as an .anti-fuse blgs%_ead of as a st
S

0
fuse d@&'ﬁ%é? forery slraightdenyprdandaimplss Thgrind ¢ PR ptegSs frarikior 10 and
the to;l?éfa&ﬂ'le bhantlﬁuﬁﬁc?evﬁﬁaz dré gotistrudted Yith titd $amue Iayéﬁ cﬁ@bl&m@fn

whioh sz Bofhet Sese L nche A g TPACRRCeR0 05T POFcRa aver
is forr#ém/m"agjﬁte okide 20 nasmoknowaedsl a gete Hielpotrie, fbr efEbieicatiyrianiating the

polys@%)n @EIL?S \h(%r%glua%rﬁ?%@ (%Lg fh ?’SIdg gtgelﬁsar(% Ehﬁ‘ﬂ?%r? Fe%rons
22 andnd| wiars difitision cegidr224 is conpled foreebitfihe| lﬁtmogiphet@hbwn tthese of skill

in the %ﬁ\/ﬁll 8 ﬁ%}gﬁds t?\%%g‘l?d?rg b qslg( %gssirﬁéglfdhtasqslrhev\%ﬂ q]pgce‘? fI?dr}natlon

cou
llghﬂyaiwped ﬂlﬂgsonba(\hﬂfb ang dlﬁosmlp ao@g%tmﬂlln@am parf b epplied While the

class@ﬁ smSFe tF&?ﬁlst‘? ang %de‘cﬁ&"@eﬁ'cgmlg%?aéﬁa Wldél%lhgéa d tAfsistor-only

access transi stor anti fuse device 12
anti-fysg 0@% Ieyf udher @leglrﬁblef datartiop %ﬁﬁﬂ!c@‘l%‘loéafr%@ cg gengsthglcan be

obtan%@ Qﬁgﬂ-ﬂé\%ﬁy %bﬂfcaﬂ&saglﬁicﬁt%sfsﬁ)?-oﬁ'yaatnﬁ—f%s %us@ﬁé telibibie vhile
ce 12 are constructed wth the sane |ayer of
S|mpleb’@| Wgan@(g@,rﬁ with a low cost CMOS process.

According to an embodiment of the present invention, Figure 4 shows a cross-
sectional view of an anti-fuse transistor that can be manufactured with any standard CMOS
process. In the presently shown example, the anti-fuse transistor is almost identical to a
simple thick gate oxide, or input/output MOS transistor with one floating diffusion terminal.
The disclosed anti-fuse transistor, also termed a split-channel capacitor or a half-transistor,
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whi ch extend across active area 18. In the active area
18 underneath each polysilicon layer, is fornmed a thin
wqgavws/10sd1de 20, al so known as a gate di el ect ri eCTAAR005/000701

electrically isolating the polysilicon fromthe active
area underneath. On either side of gate 14 are
di ffusion regions 22 and 24, where diffusion region 24
is coupled to a bitline. Al though not shown, those of
skill in the art will understand that standard CMOS

can bePeRsBS So§mridtEsuchShat ititkefosd Imksh%n@ah the poigsilicom, gate g’utthy

SRS A B, AR5 AR o st
view 08 angdee4 ”snmlmr@rthanlmbrmalpamtm of the dbvice ovifichgo ttaet prosently
descrl?ciff ?rﬂ%? 'H%'% lis %BFcrg%nﬁel %{5\9&? Mbde &b &l indidistand that the

sem conductor array area
presers drwienti dametie lmtenmtmsaarmedﬂeﬁmel devigh- densi ty

aRHl fu%?‘irbl\?\ﬂsctf)r ﬁb%ﬂclf;ée%rbsva%% Tl‘ﬁ&irﬁés@@étb oﬁdél%el%z MRtedRA the

to manufacture wth a | ow cost
substr@la@samebm@ 1%emowﬂhgort9ﬁt%ﬁ0% sslewRiBRRCcest 148, first and second

dlffu3|m Pe%%rﬁ% 1‘16\éﬁ5‘t1'19$bsp5ét9léﬁlearﬂj Iﬁfﬁ’%@l(ﬁs%ﬁﬁﬁéﬁﬂdﬂf&hﬁusmn

an anti Se transi stor hat can

rogonaA RS 112.cnowar FPIBAYCHKSESs AT B/ ERIRE pTSBLS) @ ik prige and a

thin gﬁé 82i885hoh tﬁﬁpﬂ\ﬁorﬁmﬁﬂhé chdringl Iéﬁljth Tsf ddﬁ@reﬁfb@mﬁe fhidkIgatesoxide
I most i1 dentical to a sinp

and e BRSO PARes STBH OV S TS s oxe. General,
the th:ﬂ'dafé@dl@bdg@frﬁééliﬁb difflisien ek PiRadbfined a fdsitﬂ;@edge where oxide

stk LIS ST o TR PP ABE IO B e
hand, Hbmésmdclaiﬁ(edgetwmﬂd ghthexide bpesakdclbwmls Pg@veatesirandtderent

redi c ar
B 06 8 BB e BRI BBy EA M o
transigtoi. $V Hllatﬂmdlaﬂaocrgthehtdae dhiclnmdde postingt dxterids tinfe theeshapeel region

depen\é]h oﬁ @Pglpgra% GRE %ékyoxﬁjo%sp%ﬁigﬂqg pfé'fg?Qtﬂi/ fB?’H’IEd \'ﬁc‘b@at least as

e art
long asnbl@mranm lerigdin otanblgb veltagatransisteniorraed emthetame chip.

| Pl E{é‘s?%}{)e?i%fg& it tﬁ@ﬁﬁ‘l{]ﬁbn FL-%deOﬁlo i&Bdrnetiddgo a bltllne through

tran es a variable thickness q
a bitliesx¢atéact (Bt slagwrddorarhartige &sersing %Cltffﬁi\t] frem the.ge bjﬂ"oi’wate 108,

and ch g@ b¥Sdd tb%@@orgf%gatéQﬁ)graﬁhrqﬁ%bhag%ﬁ%@@uﬁerﬁ@& higf diffdsion region

second fusion re res ectivel

110 lSafﬁﬂmﬂ:tDO}('é’@F%‘i%h‘ﬁWki %'dgéeﬁloafof {fﬁevaa?%? ﬁ@‘?‘%‘ﬁ $ 43P 8ﬁ'Q¥ 102,
while dpEbrandfdsien re§lon MarichaBE et ki) E‘SSurgﬂ' erobedt ¢ e’k@% of anti-fuse

consists of a thick oxide and a] at e, ox d[ ¢
rens E RO oD MAaS4E SARPn S B ERIEER € B raaPiRy e
(RPOY, RIgokkn@ @ &is @xdafleid@ pebtdd exm@ reah bk irgrodocdd duning fthd fabrication

S 558 Rl R o P10 oo
prefetfabg'l usBd ﬂillr%gilﬁé Isemﬁdlalﬁwdebefoedgﬁemﬁr@rwlm pgmon of dlftfusmn
. in
reg'o%l f‘?ﬁ'%ﬂo% RO'? orﬁo ﬂﬁogﬁ h@b g'{éﬁgféi@a%b'gges i ggs ngﬁ °
adioeesll &olgyen ﬂvh’esaéicgad gansistore aby wkddanaye highesieaiegel and

there%%)loﬁlg,: {)r%Q%cli \¥§t§§e thGs gé\’l%%%g%}fél ?I'fffjélb’ﬁ fé@fbnrﬁg's‘éfblded

progra use transi stor.
will enffence oxite bcﬁ%dméunﬂgatrogrﬂr@ﬁmﬁ ¥&t hexing @ newradiged diffusion

reglor‘? 3 @Wﬁﬁeﬂﬁgeqﬁéﬁg &1 reb 81190 oF8 BSM'%I SfudibreregRh 12 can be

OXI portion is preferably forned to
dope@fprmw yaltage tragsistors or hlgh voltage transistors or a combination of the two

resulting in same or different diffusion profiles.
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long as the mninmum | ength of a high voltage

transistor fornmed on the sane chip. In a preferred
wenhsdioysant , the diffusion region 110 i s conneeCeaAR@SA00701

bitline through a bitline contact (not shown), or

other line for sensing a current fromthe polysilicon

gate 106, and can be doped to acconmodat e progranm ng

vol tages or currents. This diffusion region 110 is

formed proximate to the thick oxide portion of the

Vesimplified didn véw etthe gatidusexiasistb0 200 istshben gpfigened. Bitline

contacg ‘L({ cgaia{b%{‘#g I 2 nvns1 1?re‘f: ar‘gﬁcf%fpolinﬁor or résnpf’sl)]% g%l%%ﬁ %I\frltlc") Fﬁ«{: er oh
correswidtr@gmomaea@mal wewoﬂ Figoret4.[Tbaleaiiye, area 1 tisdberegion of the
devncer\)/\;h%i’ & % cRQn fe%ﬁ)nq@e nd rﬁ%@a?@%&% P10 eﬁ‘1d5ﬁ|2'a‘?é ¥med, which is

can uri
defmecu By ain O8 m@$k duriog @%mamfa@umnwoe%a@er%saﬁd pulfing $2Qdefines

the ardds whn@ﬁ tHedARK ggtgsdxﬁfé‘@@ d bSRBEE (/laJan&DDir RiaSk BGAd the

prefera use urin he sal i cidiation process for

manUfmtefmﬂrP(Fﬂdeﬁlp>$lfﬁothﬂf?rﬁ Emanexids f9fidion ﬁ"%%éh%ﬂ? 4spg difipo the
CMOS%rQéHs"s 'fé’r(rjheﬁlf'nn@ ﬂ'leyrﬁblbh§ @ﬁ‘tr@aiuﬁstﬂé@@wﬁét@ﬁhé)ﬁklﬂgls to be formed, and

we| | t
0D refees te 'ﬁ&ﬁ;ﬁprtdooxr%faeﬂmt'@% gsk Q'ER@QL“‘QH &' mae@?@ﬁ@ﬁhﬁé%
proceé?,rs@éﬁédmbﬁ(ﬁl:lﬁ@gﬁi-fu%—@ trénshaw 19 Wlln be distissedlateli ftsbaildhe

sal 1 cide enha
notect g DR PO iR, 7 “h GBI URGRS CE P Sl stor 100 that
can beliidedus entiance gieoproBaddlityvod thlnrmthmﬁid lradiagen, & Willlei dseussed
\ater region 110 and optional diffusion region 112 can be
" doped for | ow voltage transistors or high voltage
t Pagsingrhing of anti-fase tamsisiart 100ris bdsedive galgoxidsbreakdayn ta form a

permweéﬁ} g;: @h eR A e&tte gllu]j Sc'hgﬂ'\e? Lﬁéérﬁ%aéh.}%sa?% %%Bfeﬁﬂd&b@n

€ an use ransi st _ _ n
condltiéng (wottada orBiurmentrendding)alepeniBineaily arei) oatedliskectric ickpgss and

compcgs‘ﬁ oﬁr P&’éd&h LRI %@tareg%a@/cﬁl@us‘i'dn%rm'ﬂetté} Tllﬂt?comblned
Rt RSty a1

ctional” view of Figure 4.
thick aandtthlv ea@r@@lem gnii-fusefanpistgr §0P epuliste adwﬂxs @"“Kﬁﬁ%’r Qﬁt? he
breakWhgé G?,g bé’rﬂc&%n%%e%réél@%bvﬁ Qoﬁ@ﬁh ﬂh@&hlﬂ! b@te%%ihelﬂo?tlon of

I s defined
the ceigaungthenvirel the Glsegse R SIRAPSURY 1 B 40 B LS mied
totheﬁl’ﬂﬁné‘@ﬁ@soxidé r)&’—“&]h the thick gate oxi de |s to be grown

& Pegnaeiar 47t 8 HB e BT BHPRAGROPHEETE" (R
advarﬁég’el dia t?d@ll@%ﬂﬁeam f’r@hufdemnmg ﬂ\@lgrhelerfeggaiasmde design
e Where t

substr at I b D2
vt SRR B oot Sk oSy bk et
procesdiggisteeinftodayts. CNZIBB&prd)c&seés ddsem€ENDS apr autieszedsfoepwsfofrogate
T s
devicésigiodhe &thAdard CMOS ﬂOerwituosalrdaﬁacta@dfebectm field disturbances are

createé{%nlieog'qu?\{ja&qgtv%%%tth& ﬂfckba%d Ll!lgﬁ ggtre%xE%Q aﬂ%%e tdE%CtS maby include,

e OxXiI rea
but ardinstiirsitasido] adderthinpinggplastma eighing obsilidonfaythe hquaﬁ@'r/sreefiues from

cleanl}ug?)rdcﬁs? Qll B r93ds€ 0¥ &cﬂ&ﬁ@rﬁﬁﬁkgﬁ%oilé’atfoﬁ lrBled between

be tween t and the channe
unmagkgqjeqndmﬂelly wglgecbr)eg@@s bAU_:glrege_,@ﬁﬁpcts increase trap and defect density at

the thin oxide boundary, leading to increased leakage and locally lowered breakdown
voltage. Therefore, a low voltage, compact anti-fuse structure can be created without any
process modification.
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conditions (voltage or current and tinme) depend

primarily on i) gate dielectric thickness and
woangasdsison, ii) defect density, and iii) gatecaaagos/00701

gate/ di ffusion perinmeter. The conbined thick and thin

gate oxide of anti-fuse transistor 100 results in a

| ocally | owered gate breakdown voltage, in particular

an oxi de breakdown zone, in the thin gate oxide

portion of the device. In otherwords, the disclosed
AlHile tHelri-fasstuireitdr lascribbe abaede sbitabiekido@Pinserhdnyiatrey]

applcatigieidup g 65 PraRst 6 A RHRSRRTEIEEre P bb AR ) fnt-hie8
transistbMOBI ifarthet mksaael thimbxidpebreakdowinyroloability Aprrmntlbnecb@bove gate
area, g%mﬁ%&ﬁ%&ﬁ%ﬁlﬁté}f&& ffhgpc n%&‘egéer thgﬁro%agﬂﬂy%trﬁlﬁ%étgrémde

1 On te oxi de break
breakdqnm fTorinmmoeate Ahib b@ak@omme@qmrm élge;prﬁgogqhéygowmﬂoatmg

dn‘fusror]I ﬁ oday e%‘&%& ?oslﬁ ﬁ PR ABE R EFuRRE] AHd2RE ﬂf)é?ifng

orm'gate oxil ness wthin the actiyve
diffusionlgete. peBynetarts prefmtrlrgmm@s%w lamréor@PPQ:WH@e@ "@afs%g'a%ta gnd

angles gﬁ?ﬁb%ﬁ@sbﬂ Qtetgb%néér?rﬁﬁ{h@r SERI FwrCthaAskhhdrit 8a@be achieved by

electrical field disturbances

heavily siopin dopingrrifisipnsegiaR dH2 o cqnepRiRAUOA G RIRY 1P ﬂﬁ‘e%m R4f3hs of
the h,gwblga%gltragg?%ps def ect s may i n;:l Ede but are not limted
: I nni e

i el CMOSSTaGRRS. 1B SRepa ot ppB s shafi itargon ar

differerit gﬁgﬁ gatéeoxide tEialnfs%&irsééﬁd thiee rgamd oxinel tekmbistons. rAetasling to an
en unnas ar

B L T
channél hh;ﬁlaﬁtéucdﬁofmwardanye trarestedors gan be ieitimar dypee thel I@\akdmeém

correswdtngdé the t W{?%g 0] cﬁakd% e(%s ol u@eetdpg Q&rr@sfpgﬁ(ﬁr&? # ﬁw@‘ﬁ’rick gate
oxide (wotdxmeo cﬁlbythppmmded;thabtﬂefreslﬁttngdhln\ﬂhtel axidebreghelf VP'&%J@ is not

ransj st for OTP
greater Cin rné%gnﬁ %e g Othlgﬁgat%%?\ﬂ% tlirrésrzdg’dl b %;@SI ot add Imt‘v‘lngLZ”
rérdbddiraents ofite caa’nrfttse traneistor emaleving fnsseased Aoaingisfusipggegion

perimeﬁarfygﬁg‘ﬁln F'E&{)@saég thin oxi de breakdown probability.

ned ?at e area, gate/diffusi gn
gagurabashows aaanfa&,[sg rapgigtor %@rf‘qvﬁ@r%‘agesh%ﬁ’é gate/diffusion

perlme?é obab referrré/d t9 ttll?é fisBR! &ig@xétQI@e ﬂ’éﬁiﬂ!}dﬁw@ion €Ad of the dewce

cor por at br eakdown mnec rl P ¥
Antl-fugwanswtpb%&q Iﬁ@%ﬁ@l@'lﬁh%ﬂ%@? BW"E*fQ trangistpt @o%‘é’?ﬂ’” i, Figures 4
and 5./4Ma@M tegidhs2tHa8 Bdiffsh réglbhl GAth bRlineastat hz04f Iamhia ipolysilicon

aete 2Dt ouer misv AP e LGS LA oTRESpE gy 208

deflneg gvfggrgsrh@ Migkedete bﬂwﬁa@ryneldl%mﬁemeathmwfalhd@mete ﬁh&ﬂn drenresent
e e T T e
commbr di"@Rsps eddeeTid @igemh*sla’ge)f twaedgestegments|anieated g are angle

with re(s:ﬁwéﬁégeg@] %tﬁéra%q%ﬂ}e; 3 rrlmtﬂ{? § &rﬂi %rﬂﬁodn]naq sﬂe\gs ﬁ%@% to be

ate oxid
about D0 @Bgiess ahs anglel carnbe ketdatl 85 degreles if d@h@ﬁ stors.

GBI Aot BAd o hbifing ¢ “EnREon,
Aﬁrgur@ B °|W§ re%r gﬁ Os%s Hﬁ%%fgr 9k o hAGnd& gﬁ&gbﬁqfat eé/rge{(bl 4o
gate/diffusion perimeter, also referred to as the fu3|ble edge at the Tloating diffusion end of
the device. Anti-fuse transistor 210 is essentially the same as anti-fuse transistor 200 shown
in Figure 6a. An active region 202 has a diffusion region with bitline contact 204, and a

polysilicon gate 206 formed over a variable thickness gate oxide layer (not shown). The OD2
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channel inplantation of the anti-fuse transistors can
be either type; the | ow voltage type corresponding to
woOheostlodsie gat e oxi de, or the high voltage typePCT/CA2005/000701

corresponding to the thick gate oxide (I/0O oxide), or
both, provided that the resulting thin gate oxide
threshold voltage is not greater in magnitude than the
thick gate oxide threshold voltage. Enbodi nments of the
anti-fuse transi stor enploying increased floating

mask 208 &&fneh Wherethb Eickrté oxdels fanedsindemetth Helyglicesgde 806. In

SO0 A T R T e
share aaﬁn’lhim dtrathbl' S shappl edae. Tm&eedgeozwnsmfg ocﬂtffrewedgmseen@n@f
onentec{ /20, e\é:ggee%ngant\bltr% rgg'rgect [ARh3RE 200 is essentially

S ransi stor 100 shown i n Fi gqures
Bigares 68, andrbbdlsirate axegiplen Where the obysilicanrasie ean peg)apRd to

increas%"itﬁehﬂo%itiﬁé/ bifBisi6® %ﬁ)‘ﬁ 6%91% er "’\ﬂ&Jr@s PRLYS i7h iIEShat8 8ksmpESwhere

er a va |c nhess gate oxide | ayer (not
the dlﬁlﬁlmmgalon?hélocib,@ mah@mcmt@ gan %ghame teingrease fediealing e

dlﬁusmﬁﬁéegqj&] Stinf&red underneat h pol ysilicon gate 206. In
resent enbodi nent, the floatin gﬁé§u5|on r 'Oﬂe
gl 75 apti-Bige tra?ﬁdstﬁrowmsuac%'ﬁ'%‘w% i9h HOHBRIEDAL
floatlng dﬁfusﬁﬁtaéh%d)f ﬁ@cﬁat vg@hftﬁ sR&lee e@:lﬁmﬂegtoﬁ 302 htas\létdﬁ?gbn region with
nents oriented a e . ec
it Sehey i & ehiePiath a0 Resolh E STRRE ! BrofEbeg g
region MHﬂe iohbRasbsg dfifesiapsre éise thichgatenglide is formed upderneath
Poly&hqqrhque S 30€ D Itfe tr??e\sﬂ'r{?g\%g i : ;r:égﬁg Bpgﬁoé\ﬁ-t c?r{‘cg% fysilidtSgate 306
will forrg @helceddsfddge 310 et isrepbstantially smallerfie perﬁdeteldha@ fustpte edge 312
ctna A S b B0 400, S0 o
gate is SHewtivaly diiddd-ifitoseo poranm thiaioare 200piedh tovgach QtEr. ngeélrwortlon

forms eg\q'{e]%%él |X%1e (? Qrfé%%tw%g the giﬁ{lgl&?ie%%nrvﬁ@\' @mné’\bérﬁact 304, while

con Icon gate 2 f or ned
the seapne podion &g pcashtloeed hdjeflmé%thg a@@tms@fa@qnaye@n (Tﬂ?@tf'rst portion is

formeds&gymck %r e % %Q&n@%l’tf&ﬁ% Wé@o@eﬁ%lﬁ Bét@"bx@i@t e

erneat h polysilicon gate

tih Elqyree‘é,le pntidugsdtangisior 314 hrs 3 pEaleht 98ty Qﬁﬁ'”}eéed %H‘e

ﬂoatlnd:&\ﬁgél? er‘ic?&‘l'ltﬁé‘de\ﬁ&d Apéﬁlab!&i édtlﬂ?@ﬁe :mzs’ca%reemﬂusmm@an with

" shaped e consi sts, of
ptine gontect 9B GG APURI20 9915 MBJPERSCHBY 56 ShRps SELVe region
302. Tﬁ@@@?%aék\?smoﬁ%h?éhg\bﬂre tHel tlﬂlblk géteﬁﬁld@nsifcﬁhed bharl]BMam polysilicon
exanpl es where the an he s
geto 390 SNES £19 FET MU ZEINRoHDP LG TRETP LY GRS h e g0 Wit form
an accEésge'dgéSMbahétﬂQ sﬂH%tdrihbll;&rﬁedbEm@‘&ﬁmpteeﬁwaM‘faslleje Elige 312 defined

ffusjon_regi.on an s the polysilicon gate can be
by an%ﬁ@ﬁ"’f‘&f P‘ﬁg§'|538§é’a€ 6| oating diffusion region

pﬁferéfetee Bs snwwﬁngmgwesm 6hyitd arfdide ther patisieterdusiio @dgrmenn be

al / i .
mcrea%ed? W'J]s? g?]mgl log1f I&%ﬁ@é rbgpeeé%ﬁé a%%as@?ﬁvé f@g{lagﬁe thin
oxide ¥@2kdvasm cmrldgfpfogsairmnlng@@ewﬂow th bitline contact 304,

gur% 805%0\(@1@ d éaqpcﬁ afRtRe 3RRsiEBFTBANMEN Bnly bhe MMaRRIRYRIed as

sha
both are substantlally symmetrical to each other. Anti-fuse transistor 400 has an active

region 402 with a diffusion region with bitline contact 404. A polysilicon gate 406 formed over
a variable thickness gate oxide layer (not shown). The OD2 mask 408 defines where the
thick gate oxide is formed underneath polysilicon gate 406. In the present embodiment, the
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region 302. The OD2 mask 308 defines where the thick
gate oxide is forned underneath polysilicon gate 306.
woueostio9tihe narrowed active region 302, a port POWCaR005/000701

pol ysilicon gate 306 will form an access edge 310 t hat

IS substantially smaller in perinmeter than fusible

edge 312 defined by another portion of polysilicon

gate 306. In this particular exanple, the polysilicon

gate is effectively divided into two portions that are
ﬂoatlng(‘(ﬁm,&hcedeglm edahna trégion, ant polf/siien gate shaoma comnmenatraight “U”

eon TRl BT 40,150, PS8 G907 o
wordlineoTite dxfiusuen @gmntqootaarmgatdp atﬂ@ﬁtconf@chsr@4far@am¢rﬁ@i as shown to
allow f?r kit l%'np{barcﬁ\ | PRPOTAE ffdits & r g:ﬂfgt:ﬁ\%rbdn%cfsold??héM licability of

de and the sec portion 1s formed over

the paltehi| amtljmeetransIStbrés showrFndiguee § will kendescribralater Wik regagds to
folded ?,ﬁ‘}‘efggﬁsﬁg §Jc?i@écg]}g s gate/ di ffusion perimeter at the

usi on end of the device. A shaped activ

Neilegret QUQNm'asF'Qi"%ﬁ 62,65 Ghand 6A RKQ Fambbe Peesdo easirg dhat

the dlﬁagén re%ﬁ%s@vlﬁnttﬁ@bllfhb cBRtaX SNk iaGsRticdhadf ehe3lydillRbgetedy f&e from
shaped active region 302. The OD2 nask 308 defines

Sdm”ﬂﬁ@re the thick gate oxide is forned underneath
OhEtHol i0f BfRafid] £vaitble thde gét@ dxhie filvdrt 4 eteadard @N1O® process

3 f
o8 o S ook LGSR P
oxidatibf pipeessTBifidiv dhagtoutlinighthie predess i8 sRowiein Rigute lﬁ)ywbjiadf ip@es 10a-

10c shBﬁrﬂtﬁ! gzilrhpgg s%gl,eg é{)tbe %%rﬁ]aabgeathggﬁe%?ﬁa@e rlc?ef nfg) atio %:oﬁ'E?ﬂMﬂdmg o
spemﬂed@$swahebamem£reased with a conblnatlon of

S' llﬁtél%peooga% gat%r& a%% {J%@/n% 9%&”@%@%@ defer@IMRaDS Ehe OD

rea ng operation
mask |ﬁ|sgapr®08lns‘hg1ws 18a,thisris $iTOWarﬂS|th¢ awmfsntgrtnaﬁd@te gate oxide

600 onv‘(ﬂ% %Pbé?r%lté/ o%ﬁh%hénr@?reg ﬁ%bﬁ QR%II@%@%&) B0L the intermediate

antrally symetric each other. Anti-fuse
gate oxide AP §tr@m0\4@t)fr¢fa§" e @étgmféd thiypale oxigle afpasHsing an OD2 mask.

Flguredl'OF)f Othe r@&bﬁﬁhg‘}idrtkbnmfmtérﬁ%d%%ai@ bxid@600 &nd the future thin
|con ate formed over vari ahl e thi ckness

oxide @fﬁﬂ @°6>JP e |P§ﬁ§te PR fogﬂgwﬁ)stepﬁpé PPN AYLR IS4V agRin 2l
active \élﬂa%E %s}‘o'ﬁ@mhl'ﬂ) d&ﬁng@b?tr@@@ ﬁ1a|s|$ 1h 9(9@&?1 o) ey tﬁmégaha oxide 606 is
i con g present, e

arownonel e g o seie P5ie PR PRR BT AER oo
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cant act ..
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oxide 606. Ths !séMerpgcgJelereﬁxantbalelxtenged foe rrokd thian éwe oxitlztionsstep@dor other
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creating a split-channel anti-fuse structure that features thicker gate oxide on the drain (i.e.
diffusion contact) side and thinner gate oxide on the opposite side (either channel or non-
connected source side). In principle, this technology requires that the gate length (polysilicon
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A nmethod of creating a variable thick gate oxide from
a standard CMOS process according to an enbodi nent of
woOheospwesent i nvention, is to utilize a well KROWMTCA2005/000701
two-step oxidation process. A flow chart outlining
this process is shown in Figure 9, while Figures 10a-
10c show the various stages of the variable thickness
gate oxide fornmation corresponding to specific steps
in the process. First, an internmedi ate gate oxide is
line widfH) @M&uld Be I%\Iréer@@ri tHe pﬁfc@@ésmiﬂu&mﬁﬁ Bihdh delpdmgs toheactobl GR8 knaSh

t ep . 500.
eranisy BTG ofor b bR cey Bseet e AV geg R e ho minimu
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mlnlmumgﬁ% %pgth f?{gﬁ%@c%kga:@q a%%% og&teeTl%ge%@ 8O the aHWHﬁﬁ%crl]ate

in gate oxl e et ng
that accﬁlaile calsatidFisgan be hiislestases on esk inipianfies garsine oate lgsigth can

and the future thin oxide
em'n'ﬁ'ljze bggght%h%ggﬁjf %gatqggom de formation ste A
Oinie thexiadabli mgmemg@tg akide hes bean i9EYeY, adaie S‘%@dard CMOS
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dlscus%%iz‘ég (lelriesd [y hE c&né&é&%s '(W{hg' etﬁ Eﬁtl £JR tr@ﬁ§¥tor

e ‘ar eas artlcul %% not have
makesir soitatslé tmsne‘mnry atray anticatiosr, anddnerg SRpe e\Hy,t%D HemoRearray

a hcaql%{ area. According to the present invention, the OD2
PP ends within the active gate area creati ngga .
Spgure 184 Hnsieatesnpluralinses agtifusetiangsionmemoBselis ggranged in a

basic &rgés%‘ﬁ{t agf‘a% %c@&‘d% t98n bh@o&kﬁ%hﬂof(the ﬁres&htﬁﬁmtl@rn Sensing is

hi nner gat e oxi d

single @h@ﬁ@l I(l é1et mresen RERAdMent The Arhise HPB%!St%mFE@W $ Eaé(%to ppludes

antl-qué {rAsishdrs 702 Bbgpld Lo nlipey WieawiLs ead biiaés BbE Rl IL2 and BL3.
th siliconline w

Ant-fug ESpRB 85 P PR SREM LR ASY O P s BioBiaed B use
tranms&&k e RAGRENe iB dbnritfichiaitviagectZand isutdtion aqnslster 704 whichdresn is

mask grade cha h
M I T T N TR
transisiGrs 04 WA thick gi;ﬂ@i dﬁﬂmtgﬂslstok$ nhete thie rthICIhgatle IQP(ldR cambe the same

.gaf e | It } .
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receivg I]ﬂ%@a&em g?e% %ﬁgthteﬁg?é' %ﬂﬁlﬁél}g % J-R& 200! 768 I7‘?0 and 712

oxl de addi t | onal
recewstcaludmrs&tle&)\@uals Y0, Y1,Y2and Y3 respectlvely The column select signals

perform a one of four bitline selection to couple one of the bitlines to cross- point sense
amplifier 714. Cross-point sense amplifier 714 can be a current sense amplifier that
compares the current of the bitline to a reference current IREF, and generally denotes single-
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processi ng steps can be enployed at step 506 to
conplete the anti-fuse transistor structure as shown
wonodsiigesie 4. This can include formation of theCcT/CA2005/000701

pol ysilicon gate, LDD regions, sidewall spacers, RPQ
and diffusion regions, and salicidation, for exanple.
According to a preferred enbodi nent of the presently
di scussed process, a salicidiation step is included to
salicide the polysilicon gate and the floating

endedgienping isefenasgn 81 rRiesant despriptior;, whereg bitliep yelage oasurgbis

compér@dft&é F@é’reﬁé’eeélgﬁé@arqbéBH%h&HeFIﬁﬁ' on before hand to
protect it fromthe saljcidation process

pFigyreo!lyptrias:a layru configeradian Pﬁ:fpare%ﬂﬂrfv%%&r@wgst%rﬁ P gheyp in

Figurd £@. SBcanhtl-fusahamsidtorf 'Fﬁb@]r@ﬂ@ﬁm\@yéu’t strfiRr Ecﬁzﬁ!‘moﬂ]se iNsrWistor
|ca ion of the above-descri bed
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seme SleFS S 14 % sriebRacriey Sap ey e SRRt o 13,%ch
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on allbﬂﬁe?%él%t ‘Then%%e dNBé ‘é"beﬁ*rﬂarﬁéﬂﬁ Boﬁdﬁcﬁﬁémhg‘l“éi?gnéd) a current applied
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to therpgtyéwcqr}%te w&'é\oytthreﬁgte F@H@F@P% e cpganel fthe f&i%logé?@on which
can b@&é.@hédtby@eﬁwaﬁu@.ﬁas seNdeedreplifiel Grclifd. ck gate oxi de can be

L VR eay pavts0a ool Rt P b e P irEadmod By

applymgfaovhgmtmlt@je 1\VRP fr weerhd apositite wottagd REO$AbeVDD) to BLO,

f all l.atd '
white k&R B oor Aoy Vs Aod RIS bl B By REREAIGH ol
signifigatlysmélér, thel 8P OB1Thiamdll akpase theaell & moprogrampeddatota voltage

diﬁer%'éiﬁgc@'tvig/l}ég@s Y\]/PPY@?I?e”éi'l tﬁg’o{hgﬁé’??l%yu}’t?é %Xpog o s?irlfﬁgé{\tly lower

I ne s
voltageo No@dpat@ msélvabrqgrmnmmglvom YROE hes to- sohpplied tontbe cell to be

progrm bf B bndelfto [t g'cﬁﬁ wER$EaPAPh |o(n)§ te7é1ﬂ1e?ﬁﬂlv% | cell
2eanp

urrent sens Ier that conpares e current
or muttiwb,e gsils Bhatiagihe %ameewelidéwe@ae bf PEqIramRE: simuH{anepislyr /éllthqwgh

progrgﬁﬁ\mgec?’rcﬁlt &lrﬁ)?gl’i’cﬁ% R38R SkiP MNBEBS Wil urldBRtaR& R uch circuits
escrl(gtlon where a bitline vol tage or current is

can be sppRipel e biginpwfand dnrorrasptgs it ﬁ@rwqr@we&ﬁ“@r@pw&

| ioMRe afdelliH £rolhds! He‘éﬁtphﬁjr&ﬁméd I @Aé@utmé:thefﬂegaﬁ\@woﬂég&%
four anti-fuse transistors

applieede i of BograTana Fae R ool ¥ ?c?'gcm Faeoetipdverd i |"a%r¢ﬂ the bit
line oﬁ’dhﬁlphéy’rammeaﬁéll will @&@thp’uﬂlﬁgtrﬁé Bk bit0Re B3NS the nEhgive @oltage.
Accorﬁéwéﬁghwe:%g%eé\ m\g%n% the ?hlck ga%e omge iSO ailgne trgﬁéﬁgtgrg 782 are used to
isolate the bit lines from the rest of the chip, including the sense amplifiers. These devices
can be un-decoded or Y-decoded. Keeping the isolation devices at ground or at the VB level

allows the bit lines to float towards a negative voltage, thus having no effect on the
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overall area of each cell. Accordingly, the sane
reference nunerals are used to denote the sane
wWe@b@sromsse i n Figure 12. For the nenory array PCT/CA2005/000701
configuration shown in Figure 12, each bitline contact
116 and active area 118 is shared by two anti-fuse
transistors, and the OD2 mask 120 is extended al ong
the wordline direction for all the anti-fuse
transi stors aligned along the same row. The anti-fuse
programmrgsommrosl ineevaitagey Wéﬂﬁdfmg%réuﬂﬁml\j/l)ﬂ%dtriw Girations gre
Iy at one of the thin/thick gate oxide
Summag%hggjary anggBl e thin gate oxide/source diffusion
edge. This is acconplished by applying a high enough
obi2pe differential between the gate and the channe
the cells to be programmed and a substantially
erential, if anyWlon all ot her
UBpe a pert fﬁ*uunuuu1 vi}'Vf
applied to tthe polysilicpn qgte wll
IR@M and the dNoehgess t o t PBOAKS f usi on
g I Al U) ) ona
Eﬁpl ?}bl’a@g %‘T?gﬁﬁl t sw T%:krggf ef %oc'%gl %lé Fi guf B?fgfgsst he
cel | Prechabeth VRO WBDHAMBLO i l\{@r/kr@emrrred bREAPpPI yi ng
a negatTve vottage = VPPto —“W-Oand—=a posittve—votrtage
VPGS (or VDD) to BLO while keeping the other
wordl i nes at VDD and the other bitlines at OV or
%@Uﬁ%ro@{r@*nh%@%eﬁé QéHat/é ﬁl@é‘éd/lbéh@ 45 né—fa% éonjshiﬁgtu g?@e Y Rakage

w || expose the cel pr o

currentgrythe #%(’1081306?33%@)\% afl tb@wor ieb ¥Vlagre keplat iR rat the same
level a€ el backiblas f&&h@a@@ﬁ afl tHebiling8ipl a‘F@Qfsb bréc%vgbd ‘l’d)‘{/lb@%d

E that a positive prqgrann1ng vol t age
therefofg, hﬁﬁﬁr% afeakpopied pgiche ﬂsw'qs&@gwamthemaygﬁ%'f some of

the ceu@rvmgé gnﬂ&dnméu sro@led:utévauééh ds;fb?@hoaSmm rhéMorglaptg 706 otnBQﬁ the
vi du ceIIs sharlnﬂ9the sa

word iy e, B 4 <SFmel Siaanany, sparerhgtEgyetace
sufficiept fogindaeingg cbarrngumﬁdemdaﬂ] ﬂh@tpoﬁ'blmri]m gatd10itRe 0811 wHd hdt i N
nde ch circults

t il |
procrai el otune Wi EB e eesed Hop FHlE ol K Freded leakage,
On thewetred Ihand; iftthé vk was progriatrenedOa celativetydbiv resﬁstmdeqwdw -
500k0mﬂgf\}ltiﬂﬁ Pr%r&mgst?r? %@%ﬁaré hg@ watﬁﬁ% b aatlrﬁ% gli,(])\éﬁcli E\S%Qhe grgunded
WLO. Téisatifferpraevad dahavinus cambel Semsed uging a\taaeﬂyldf sénseangdifiertesigns
known mtﬂlr E‘n&@géluﬂ’&n id td %Lg cuidht éé}geg\mrﬁ)ﬁﬁérhﬁi ﬁ 15 vJell rﬂ(ﬁown

negative vo tage. Acc

sense ?fﬁlv'élﬁf 71)‘hthat iR é"ctellﬁ @@dg@F@Sbmeﬂ@rlesoﬂmﬂ% the BHM@nBIB cpmpared
to a reféfhc@E@rréhieds H% érﬁn%@ @Ntrgﬁstgh&‘e éei r\%?yeé éﬁmﬁ;{?ﬁr&ﬂ%@l & cell,

the chip, including t sense a
the abqygymeniignedpurpast %ﬁﬂsw@@@h@ae &qweﬁad@wmec'mweﬁgsqum of

about 1URQ Uﬂfdrt@ﬁat@@%déﬂ%nﬁil cOrOMREnGRg BlsidWiendBisk&)Ble t8hbRYS
the bit |ines | oat towards a negative voltage,

{gdsHmiqusdo H’&P"@Y‘? f@etce%ﬁurf%ﬁvwhaaﬁﬁoa@%wrfw isPie
multlple/pﬂo@%mﬁlngﬁﬁfioélﬂﬁg nh@Fwogmn(rﬁ’éaV&euacdu EQAFhgQP Ry IPB®n and

used in non-voVa%amemory CJESIgn eki

her &smg e>8ernal-rprogrgm%mng equipment or an on-
chip state machine.

All these complications can however be avoided by using a differential, or twin cell
arrangement, where two memory cells are accessed at the same time with only one cell

programmed. Accordingly, data mapping would be required to ensure that each memory cell
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The un-progranmmed cells behave |ike sw tched
capacitors, featuring very |low | eakage current. In the
WO cdos/1¢9500- accessed) state, all the word |i nesP@¥/Carm®s/000701
kept at VDD, at the sane |evel as the back-bias for
the array. Al the bit Iines BL are al so precharged to
VDD and therefore, there is no | eakage and no current
fl ow ng anywhere in the array even if sonme of the
cells were programed. To execute a read operation
is paired with avewenmoyy calimagreddiing treecondpldrhentawp ideltd. Artgsical SRAM or SRAM

sense Qﬁ%él f\é%)?s(?em %Xn gé'u é(ﬂ%r %@ a'iw 1%4 Lment H%lrﬁibrglgﬁtrgt%s another
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configlf8fonPhe BEABHA %ureI T‘fb e %ﬁécérnggl QWQL %arﬁg @s %sl&\?ﬁﬁ@rﬁeﬂ a,

capacl tance an m ni ma
with th@ﬂmptlﬁaﬁfoﬂlfferenttahéer@elalm 7ﬂﬁ@¢1lcénmelacesmr¢@kmmt\$én§p

amplifi éroi”f 4 85 Ble2BRRecia? BFUL: yafRF667Ds, WI(S Qr‘wd"ﬂf' ggsebéteé’\’?d)é and

start discharging the bit Iine towards ground vfa
708 noyrhsyA dhalr SREeTMiRlS canpeciadtia . whileases\galrsr719anddd2 have their
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| ut
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during \é\t}?e%cggﬁeraetﬁgL?’lﬁ(gsreﬁlspll i:nffgeg gg%_?l[ @gqeﬁgﬁctgg{silhﬁg zﬁeg}se amplifier is
a type of gral-Endsaideinging l'sdmma‘;‘ Isince eitieglohe of the bithmseonBattédioaite
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are all SREKNEHgB \‘/'|§Sdoﬁébf'ﬁ%1blm%§\§vﬂl b8 b p'TﬁrréeH;{o%a %Jogﬁb thﬁdugh &

usi ng externa progranmm ng equip
progragmedeeligericr reag|operaier whem afg werinoisactwieh Sresieg dafa from

a pair ARIIfREaRYing ¥D1ary buﬁ@ﬁ&ﬁﬁe@lstralsﬁtfd%ﬂ. cel |
arrangenent, where two nenor s are accessed at

hboudlh e sirtrle eteniilisgnaneseneme seBMaiilied for read
operat|6ﬁ§ erteé Bgrngamlﬁéﬁ arrﬁyiﬁtmoﬁéb M&ﬁé@oﬂ@ tds® Hitdblefid He@a@ééscHé fn-
each s pa
prograingat SRR oY HE B SRRAE B Uiptl e Tmag et U ifiprgptia

cell arrSﬁ@QdW@'ﬁ: as€s &m@ird:\ifdeﬁﬁe@}éﬁbﬁﬁb@&ﬂad}lﬁtMQdeeﬁégsaW@hpraQram
strates an

ther .
verty QtER P BR0 Seh e EreiS e FReAtevS Bfog sensing archipetures
can befnitigated byl bmployiag gdddedbitline atohitectoel withcadddl gndeat dedsing

h I sentlallythe sanme as
schem h%ss%omﬁggre%rr b%u?i%rgtlr?hgg)?c‘éip“ on of
diigiren dishows a&ﬁcédﬂdemthlwbnchlit@:turé’ &6 pllyinghhe preliaudyg described anti-

i T o R T T
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| - 7 i '
CHer AR drl Rimihdy S CHRRNor 8 B f 6 vy
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driven to ground. Since the top cell is not programmed, BLO will remain at the precharge
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where one pair of conplenentary bitlines is coupled to
the differential sense anplifier 716 during a read
wWop@saeisoh. Those of skill in the art will undeewCan®s/000701

that such a sense anplifier is a type of dual -ended
sensing schene, since either one of the bitlines
connected to the differential sense anplifier 716 w |
typically carry a reference voltage while the other
will carry data of the accessed nenory cell. In the
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of the dmgl@emdmtsehhlag @eanitbdadscavadiater.- f use transi stor
O access

haeding i HR Aot Qbepieabityur i PEERE aias T oden oo
incorpsatag avitb lﬂhqsét‘@mgld rduibef tick diffeentiab sgiselamaplifier ckctit. \Fiduee 15 is a
circuit @Qﬁ?’% dr;f %ﬂtsél Joc grnieeng ggsugﬁ,%l ch?& t %Pg_{@%u#hg"ssg L%n%é%crq‘i‘é)rln r:,];ircuit
900 indlusles artighwdlage ndes-sounhet p-tyat lattiecicoit 902 ase hdaww vaiagaabsse

circuit y@b?) %éld %{ﬂ &R%a?ec&lc}éqg Qlo"ﬂttra‘?\s@{oﬁéjs&e& rgﬁ%i l%)/ \ﬁ?o VISO is

I'nes are r ven, lve t
preferaplyrgevarigblgi votiags gjenal.csugh that Yiseicam be jess e dPR égeiatae&eeﬂcatlon

after programming to limit current draw. The cross-coupled latch circuit 902 receives VPP or

another program blocking voltage, and each branch of the latch circuit 902 is connected to a
complementary pair of biltines BLi/BLi*, while the sense circuit 904 receives a 1.2V supply
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preferably to ground to provide the | argest sensing
margin. Figure 14 illustrates an alternate
wdizbdsawensi al cell arrangenent accordi ng to anBCin&n2005/000701
enbodi nent of the present invention. The anti-fuse
transi stor cells shown are identical to those shown in
Figure 12, but are now arranged such that the
pol ysilicon wordlines are broken into segments 820,
where each segnment 820 is coupled to two different
voltage Wik isfisferablyaes tesd Maxierin ®ltadé leeelrtd bbod MDD \ie1.8V to isolate

the morggstgb&{l]g%ntaé%Céﬁlts‘l;a%%ﬁ fré S oWﬂDF5 \r/]olt% gure 8 can be

ts can e connected to
red pﬂogk&fﬁrﬁhg ﬁﬁeratldm tsegste chouit D0hreceiver wiite AR which is coupled

to IatchchCLfl{]@a vig a? & 24 |?]oéat|8n Sandst Fseﬂ)'é' I;.ﬁgh ci r{un'eﬁggﬁééﬁvblﬁ)om

onsMmali%on o I nes’
perforneanies BRIt of theplo2y dateite ¥RPwohidh isrtbersdiesronto thagperpedate

bitline. Elérﬁe?mlorep Gl g;:rgg@ 8§Er8{|ont 1ﬂ8 b%éé’ cdHnE&Yon id BPeferably maintained

al-ara Figure 14 enab
at a high vajage,evhile dhessmpimg)lta@e l@dfaptaé ﬁa@a% Y~ ‘ﬁ’dur@fof&th% high

voltageqilﬁbért]r%ﬁs@%rscél%ﬁl'tl%%' ng the wordline decoders. In

dline drivers can b ntr L
dpreasiroatipged eartien e RSAT gt sRBSINbMGTERR Al " Rii3b16 SEnsing of
the antp)@méj Hgﬂ%?y ShAdcBReRMS the ;breséﬂt fvbtion Bsthégiing obthishe-

ecoder 'shown in |ssue
prograB A 1B 5. CompraBd A BRINGIANG OBF T 917 HEVpneg f ificut
Thereféte l'ﬁlﬁﬂrté |see{‘ﬁ@11 fg'ﬂ&@lmpﬁom%ﬂmgfnﬁrrre acf)rnpamt ‘senhﬂ’ng ared testirgrrgethod.
ce es n ram and veri 0
(e tnpionHaE P ESer ST DN RED T P Sy sPahe Eheme.
as it wélUM e aSipliell t@ngypehirtictseotransistapwsmbbdimenntsd lesnpresent invention. In

addltIOP g%%?f?%@é)tq ﬁ”%tgio&/nar?%pr ovegh?%zg\k?m%g |fvr%reh%one or more

columrbedf DRAM cdfer'eh@a sille gleadredcthese gsisrye Mﬁ@l@aﬁ\/ﬁmqr’f tgen DRAM
memog“?%rctgﬁi%sdr%w %E? omé%%%%gdé?g i Qdcﬂlrbnemé%m%lléjéaﬁ e

amm ng Ci fcuits can
prechargumo paugameubmuotlem vcﬁfegs éeﬁberr@tefnal@uirltereallytw@erated) and

actuvatg«!i f:pearsfé dwﬁA tREEE cAI-ithéd B th& trl& BY én th%lch{p%rrJe'ixtaw bianne

I'agram of an enbodi nent of such a cir
auowmg foryysey anetmse geRirol gbardiiopplsgiame '@P‘P’feféj fathe &8 “P?ﬁ:‘ﬁ‘ﬁlﬂ‘@éheasense

operat'%'n d& Rl Qﬁﬁ{\/f:&ﬁér%nﬁép 4ohRdedimiquB s usIéHChonCéxéﬁiplé; tl"&(lﬂhnes are
| ow volta sense circuit 30 S %ﬁr at e

prechaggclodfARIand eILIRAW Gels aih sresheoed s bFbrdtede Iy bﬁve‘ sk as

vsS. &S, QWo W&@nﬁe% 26 aéREaRR ¥neOYRWoRDIMR anal dnagmwng line.
such that Viso can be |e s than VDD f

Assumyes tne bikies GHe 1B atednR DESEINRPRAO? & TIEFED i 156 Pe AR gl o the
compléMEntSfydiiines QHE ItPﬁ%jOTIabélhlszmﬁHd:tdd 90 treckflinedt PR TH cell was

not prgqrx}%rtn{mggictﬁ grg? g{ﬂme yg}ierl'n In\é)glﬁlh\é%)(e I'&?arlgnéjd aenadc\plll %F %Qﬁ&adoe]‘s such
by theR@hse @hplliiet. Bub i sheBisilMBisipfogravhinkd, thégus émme wullrb@mlachgmd

towarc{s§rguq_£§nd?ﬁfn§%%?§’ fégp b?érétgoél n%Q& Mb&lfl OV%&‘?%fnetﬁ@@RW\ﬁ@éll and

the t.mesfof witliee bhaﬂuatmneallswa firprecisedentise otihe celptiver reaipigneg ofithe cell,
whethg lg é)r%?r nie gbétageshodllﬁl b& nBted %&ﬁ‘g{g ﬁ‘]gth‘ae %‘éﬁbb @8ed for single

celves wi IS
endedc@T Feed, oot margmm theudual @y0id ATR raed. |T\h§tf@t«9ni'<§b¢f&iﬁfﬁ\ﬁ celis is

not es‘séﬁ{é?fo? (R s%qg?d b@é ?ﬁbn@'aﬁ& %héul@ﬁ& aﬁe&ﬁﬁémw lgiéld The DRAM

data to VPP WBLFE’h
referen@e cale racmfdmerfp @”ﬁﬁ@‘tﬂﬂ‘v@n%ﬁf@ squ%rﬁ@y included within'the

memory array for enhanced testing capability.

-22.



bitline. Furthernore, during read operation the back

bi as connection is preferably nmaintained at a high
woabisagesiowhi | e the supply voltage is kept at scTialeasn00701

VDD to turn off the high voltage PMOS transistors at

all times. As was nentioned earlier, the prior art

sensing nethods allow for reliable sensing of the

anti-fuse nmenory array according to the present

i nvention, but testing of the unprogramred array is

CAltERi=ts1y, Sede st usitgtDRV oéllst the tméFbltllramtchp@sltms iceanhace

mcreaﬁsergp?hl%fé:lar? lﬁtao%f}errfe efeo lrnea %rggg %htsar eétgFe \ﬁﬁere tthe Y-
decoddittan coBnent pshp bmglbebaﬂmmtottmeedltﬁereet@htsemafa\ﬁ@mhfl@rn ngstablﬂévthe
other |1(g5te oPﬁAMeﬁg@éﬁ‘@ﬁlef ShSPe @o?mle&teWé ng\‘?cé’;i%BltbreEialFeQ a stability

ransi st or enbodi nent pr esent
capacutow“étm stebility capagaitdt isipsefenablychesanayah et tb’ﬂvﬁ fFPélrﬁo pyt programmed,

the sefrg% ﬂnﬂlﬁgp\?lll%’_}%ﬁ b8 skOWSd todfiifliniohe RRESIRH. RBR\, IfPE el is

reference cells are added. Th ? ?
progragmeed ansithe bitlisteds gisehargediravienaindeye! g S%’@%ﬁ"ﬂ’g ierom) %‘HH&P the

Opposﬁér)g,(%]&]aogego?ers tI n alddl ti otn Itlhe DRAM cel I s can be
rged to a ti
CRReTRMPU d?ﬁw'e?%ammg geRePLEA: 458 SaREplpL Py fpbrioated
using Qt@lé@’érb evos b%tcb%scmﬁbré @b bﬁeoﬁlcténﬁbtums dah ®etforweddry stmple

co rren r
mask EBPHGIOT AR BV o8 2o HETET T Sieger o sh ik arey
can beghlhhtﬁfgcth{ee aﬁi%@s@éﬂfea‘ﬁs pHypefornytppe antifBRAM

erential . se

by B LS BIRPR Giho EaRR t bltor

polysnwoacghw artidusetransistdreets) dee afoletrgtiorededchingsisan appp® metal

gate (%Ie ﬁg%age ki d]?ﬁ?t?re?é ﬁ]}@q} ltﬁ/a@gﬁa%n mrﬁ%ﬂ{; % ‘gﬁg rgelh's'ﬂ@n an
embotiiaieat) techata1 4 egaldibedonsresrayer & §nqqueéec@>@@e Poriion. tidle tRapate 16

wouldco% fl)rnlie%ec;cylafa étgr&ﬂgg)ro}fﬁoﬁ (t)JqHé‘ Sre%l&%v&rhi@ em)ifrllc‘é@ lithroligh the

ect true was not
prewqyslagilsama@d teqhmtﬂuw weicihpg high N@'taﬂelqiﬁqswoﬁmﬁ@é‘ﬁtsﬁkféq%?m with

RPO E)hﬁ{:t%ﬁdAé&% b, |th@ﬁxsr°bfé"§%@ v@%loﬁb@lkicéwd tahtﬂe 30N edgo of the
I er the cell was prgz?7 true

thick ggite oxilg éncwrltcrp Meted‘ﬁsamé’f' enresinh d??da%’ﬁﬁs edtiedgyld be

Iocatéélsat kﬂé%onﬁ%}t édzzjel df 'ﬂae thl?\%xﬂié‘llrhﬂér ga‘te ¢Jn andg eiffusion FegyidoRzMl
val uation a

el
oberle at o rerrend e B sl g B a otner

bulk M@tsl thmvrmﬁtah@ SOl tedhaolpguegrnamd DRAM\EPROM, EEBROW drel Flash,
n e

iR o T R BE L HLGRr
adopthe plegioasly destribbd PrRAMhetbédcdsdo n@ham devicen, eitlmar usihg isolated
r ope ions nd t affect nenor

p-welﬁ?rér@gaﬁ\f?g)iﬁ&wtﬁlgpgrpg e M?*ﬁ arﬁzordi ng to presgnt

i Mhe rahtl-ﬁrseatrectpresfoé pedsent mthmmlmm b utttized infed ogFtime
oo Sl RIS LA ca e o
moretahesptange ubihellmdmetrmmutadh iresatesn SQS@""tYn'EE?'@@Q@dIOQ'WﬁSS and
mﬂﬁa%?&é@?ﬁﬁé e&ﬂﬁplgr ?he si llé} n@%ﬁl’@ﬁb@tcoﬂ{ﬁaﬁbﬁhty of the presently

Al ere e Y ec er can connect
descrified ginti-fusiettranaistor mvﬁﬁfémoﬁ“ﬁ‘fvéfoé APPligptiaeefde Bﬁﬂb t?Q gcept fo

integfaf®yd RE&Pbhbt4etufiftPand testing process. Therefore, IC manufacturing
productivity can be increased by utilizing the spiit-channel anti-fuse tag in combination with

an RF communication interface on every wafer and/or every die on the wafer allowing for
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ot her node of the sense anplifier should be connected
to a small capacitor, called a stability capacitor.
wohos/19¢abi | ity capacitor is preferably chosenrewaia2005/000701

that if the cell is not programmed, the sense

amplifier wll always be skewed to flip in one

direction. However, if the cell is programed and the

bitline is discharged to a certain |evel, the sense

anplifier wll flip in the opposite direction. The
contagiriess piogrRymirgG and tseding ghip ¢pedifin & waferspecifia inforfatien during IC
manufdcBRRg Sh@ bad\;‘lﬁamg Ead ﬁ&fé&ﬁﬁgg pHSted SirdUiARA] Sks

processes eclfic structures can be ’f or med

byhe ahweed%aﬁmedrmmqgunmw githe peeseRidnveglion atetlatended to be

examgta@my dﬂﬁ%tn&%d m%ﬁfﬂbatfo% 8nd Va15bSd PR bé‘@ﬂeéthMe aérlhaMar
nu acture%‘ﬁ | ow cost either as p-ty

embOﬁ Wbsebygﬁ?%ef Q[SkY in {ig;arivithaut GapaEiRe font the éﬁoqeh%f tﬁaﬁ 'eg%ﬁlpn

whichii§\d€fiNet @BIeh/ 1y tHE SRImMEShentiddhdreepect to single
pol ysilicon gate anti-fuse transistor cells, the

af orenenti oned teachings can apply to netal gate

devi ces, and dual -gate structures simlar to that
shown in Figures 2 and 3. In such an enbodi nent, the
gate 14 would be formed over a thick gate oxide
portion, while top plate 16 woul d be forned over a
thin gate oxide portion. Oxide breakdown is enhanced
t hrough the previously discussed techniques, such as
hi gh vol tage diffusion doping and salicidation with
RPO formation. Accordingly, the fusible edge woul d be
| ocated at the common edge of the thick gate oxide
under top plate 16 and diffusion region 22, while the
access edge would be | ocated at the conmon edge of the
thin oxide under gate 14 and diffusion region 24.
Those skilled in the art will understand that the
invention equally applies to all other bulk MOS, thin
filmand SO technol ogies including DRAM EPROM
EEPROM and Fl ash, using either SiQ2 or other gate

di el ectrics. Furthernore, persons of skill in the art
can easily adopt the previously described p-channe
devi ces to n-channel devices, either using isolated
p-well and negative bias, or utilizing positive

vol tages only. The anti-fuse structures of present

i nvention can be utilized in all one time progranmbl e
applications, including RF-1D tags. RF-I1D tagging
applications are gaining nore acceptance in the

i ndustry, particularly in sales, security, transport,
| ogistics, and mlitary applications for exanple. The
sinmplicity and full CMOS conpatibility of the
presently described anti-fuse transistor invention
allows for application of the RF-1D tag concept to
integrated circuit manufacturing and testing process.
Therefore, 1 C manufacturing productivity can be

i ncreased by utilizing the split-channel anti-fuse tag
in conbination with an RF conmuni cation interface on
every wafer and/or every die on the wafer allow ng
forcontact-1ess progranm ng and reading chip specific
or wafer specific information during IC
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manuf act uri ng and packagi ng, as well as during printed
circuit board assenbly. The above-descri bed
wenhsdoysant s of the present invention are inteRdeaAR@5/000701
be exanples only. Alterations, nodifications and
variations may be effected to the particular
CLAIIggbOd' ments by those of skill in the art wthout
eéparting fromthe scope of the invention, which is
defined solely by the cl ainms appended hereto CLAI MVE:
1, 1ﬁtdbé{htigpeé kSl RREY 51 QlselrioNBlct métchEr LGS OF
rising: a polysilicon gate over 'a channe
r egoomslllmn ga@ub@t aghannel regiarHamrfeiostialei tg chappel Hiaying a
orese %ﬂﬁ a diffusion region proximate to one end of the
hel region; and, a variable thickness gate oxide
betdiffusiont legiopairgdmateiorng #ne o4 e ehaenelupgionans, t he
V%r\}{ighlg thi Eﬂ(l&l%g?g%?e %ﬁ%eebém%gﬁtﬂe%lﬁﬁ]m@ﬁ‘ el A the substrate,

OWn zone orm a conducti ve channel
the varisbleetbickndrs gaté pxite havng gaoride heakdews ganm Bisiblels farm ag

condl%&\/& %ﬁénﬁﬁjéé&%@{‘ He ;::151% d%?P g@@ &d b ehasss réhi’rksr? aQkKick& portion

st on region.
of thea:anabieumeknesam@tas@me being pejpeent fo m&*féialprt negiopar i abl e

t hi ckness gate oxide includes a thick gate oxide

bet ween the substrate and the polysilicon gate, the
2.t hilelangduse tbamalﬁtorewtcéﬁmﬁnglhﬁrﬁmﬁhﬁh/é\“%l@ thigkness gpigeoxide
mclucg%annel region to a predeterm ned di stance of the

preset length, and a thin gate oxide between t

s U?O@tckﬂaE a@ride betwepoltyssubsirate agdithe p@lmellffqﬁn gat@athethlck gate

oxide B ﬁﬁ%ﬂ‘ﬂ#é‘%e c fthe Iﬁ’érﬁm@? ﬁrdﬁ‘tﬁ ﬁdﬂétéﬁﬁ]ﬁ@d ngtaﬂce of

secon Annel regl o in gate oxid
the presetladgthgamdwe oxi de breakdown zone. 3. The anti -fuse

t reﬁj%ﬁwl §§t8 boxidk. b% v@ééh‘ e s[ll%trtalibeéndhf%lp‘éﬁkﬂ@or@gét&e%@'tﬁg Z(Eate

on reg pr oxi mat e oxi d
oxideTéxteraing frcbmgree pneaeterrgtn@d distanck 49 msecomwe?de@fﬁh@ gleannel region,

thetH‘nlu g%%'o@(gieqh%ﬂd’iﬁ% ﬁ&’é SRakdowiicieent to the thin gate

use transistor of claim4, wherein
the thin gate oxi de is identical to at |east one | ow

\ j ; i
o LA ARSI BRI ST S48 dien i
proxiglate tmtbe thilgateiaxidehe t hi ck gate oxide is identical to

at | east one high voltage transistor gate oxide forned
on the semconductor material. 7. The anti-fuse
4.t rHmsardiiose thngbtar of daimihavherein thedflaating Riffyaios regiewis adjacent

els conbi nation of an internedi ate gate oxide
toth%%h@ é’%g%{?ﬁeh gate oxide.8. The anti-fuse transistor of

claim 3, wherein the floating diffusion area, the
5. Se\;r?@&ti-fuse transistor of claim 4, wherein the thin gate oxide is identical to at

least one low voltage transistor gate oxide formed on the semiconductor material.

6. The anti-fuse transistor of claim 5, wherein the thick gate oxide is identical to at
least one high voltage transistor gate oxide formed on the semiconductor material.

7. The anti-fuse transistor of claim 6, wherein the thick gate oxide includes a
combination of an intermediate gate oxide and the thin gate oxide.
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end of the channel region and a gate edge of the

pol ysilicon gate have a commobn edge defined by at
woOeeast1093e | i ne segnents being at an angl e to eatitA2005/000701

other. 9. The anti-fuse transistor of claim8, wherein

the angle is one of 135 degrees and 90 degrees. 10.

TH?F%B-fuééJt?‘gns‘igt&rb?'c%‘irﬂ %L%Der“ekr?ﬂh@ﬂ%atlﬁ({lﬁ‘ﬁﬁﬁél&w élré% the second

usion region has an tical
end of th® dhaphelitegion aned @ gate adgwt%p@la@@anm hateo? coram@n@eilge
h the | ow
defindkPh} B1E0ct 189 S EmerRE ofig BEARHAAL 10 et o e
transi stor of claim11, wherein an edge of the
0. diqlsd RARRoAN im0 LhbRe B dibfe iBhY 3 ki adyad énd
sal 1 crdation. antr-fuse nmenory array
90 degoagsr i sing: a plurality of antl -fuse transistors
arranged in rows and col unms, each anti-fuse

transistor including a polysilicon gate over a channel
10.  r diecmtirfusetrangisor eftaaimtdhwhereimitel di nggignhes £6tL.DD

implahﬁl'agﬁtﬁal f b L DSt 89%@0@%8@/‘ \}r@ége trandi&6r, %gﬁgmolttaaé

regron; a varia gat e oxi
transister vanstha ccmablpeﬂlqmﬂ bofothedew end hightvelagr tiensidiers; t he
vari abl e thi ckness gate oxi de having an oxi de
br eakdown zone fusible to forma conductive channel
11.  békhgeanti-fuse trppgistor ¢f daim g aheraiman efge ehihna rﬁié‘fUSiO@gPQJﬁ” apd a

poﬂi@&fﬁ%@@&?&f&dn%t@fs fLé%eoé\é? di@RbR. thi ckness gate oxide

acen u3|on region; bitlines
coupled to the diffusion regions of a colum of

12. ar}&ﬁ aﬁtf‘ﬁﬁe%&ﬁ%%@?%@m?ﬁgn mordlines coupled to the

pol'ysSilicon f anti-fuse transistors.
13a plmradatyamftanilffmtrmmry agepgad ipfrows andrcalrmngheachanti-fuse
rdidp! e thickness gate oxide includes a thick
transtTtﬁ n¥c,21§(| bet ween the substrate and the polysilicon
gate, the thaprlyglican gai¢ deeraahendeliggipn ihe sHestir tehannel

of the gl to a predeterm ned distance of
t he pr ese?ﬁl eé Eﬁt%'%ﬂgl’a thin gate oxi de between the

substrate and dtfﬂulelopdﬂ%glw priogiprate ta ene emoftthe ghapekregion;
oxi de ext endl? ognétﬂ@ﬁ\&hs gﬁa%’ BBk %ﬂv@&nqhébagg.ﬁcmage and

second end o he ¢ egi on, e thin gate oxi
i ncl udithg sub@rath@var@m;@mem oxide haviag anoxideuse

MEory AELANowH 2dhkahdbid & ol &E{dt Ftﬂfe' dh@p d Rt Re

anpl i fier coupled °(0 a pair o I nes rou
i sol ati rmhyaﬂmn gete and the channel region, a thicker portion of the variable

thickness gate oxide being adjacent to the diffusion region;
bitlines coupled to the diffusion regions of a column of anti-fuse transistors; and,
wordlines coupled to the polysilicon gates of a row of anti-fuse transistors.

13. The anti-fuse memory array of claim 12, wherein the variable thickness gate oxide
includes

a thick gate oxide between the substrate and the polysilicon gate, the thick gate
oxide extending from the one end of the channel region to a predetermined distance of
the preset length, and
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15. The anti-fuse nenory array of claim 14, further
i ncl udi ng wordl i ne decoding circuitry for selectively
waeessedTlg one anti-fuse transi stor coupl ed t oPOMAEAR2005/000701
the pair of bitlines for a single-ended sensing
operation, and for selectively accessing another
agty, 951 gt 18,16 B Gat
of il by BBl HEUBLE e g pBl Eorlotd e R Gate
oxide ertending franathedafreddterminedidistapes toed seqapd edid e theogh@nnelgegion,
ecod ol i KaElhyBhy accessing one
theth%ﬁ%}ﬁggﬁéw t@%ég%ﬂ%gﬁ% ed toso%e of the pair of
bitlines and one anti-fuse transistor coupled to the
0L g | e Suk B Aol enade BRRAY
14. oggggtnﬁglﬁ.%smh}{% gnf?icﬁ ugg’ #emn%?ﬁcarrgy 0 %I ai mI 13,
coupledter 2 pair phiitlioes thieughdselglionpigyicegat es have a gate oxi de
that is the same as the thick gate oxide. 18. A nethod
of form ng a variable thickness gate oxide for an
15. affhe-antidesa mamonsarey, of staimpridsfusiger inelugingpeordine depoding
ircui, fp ! ' 2 sEGranBisfir BaNEG o &ifBbRe Phir of
orof} R HcA | AAGEROA S 0Kkt chapele o ot
bitlines)forie singlerensedisensiog Ppryatien i2od fefselasdvell aperssing @gpiw! anti-
fuse t%ist&)cogél‘%@"t@ thetthdH & g@(bé#reofcbytgﬁest 3R ieherSbid@ss.
region and the internmedi ate oxide 1 n the channel
region. 19. The nethod of claim 18, further including
t A TR i HiHeeB6
16. [ ﬁﬁgﬁ?@glua% ré]eof?%gelrgar}g%i ons %O%%E%?@?ng@%f claim Tg
circuifry fartsetectivaly actiasging hae sniéfuseftransistar egurled iq engsefdhe pair of
itlind <S4 M Mot ' ' it of HithRed R} Bofal-
oSO o CLEATIBL il o e e
endefl beaginghgpefafidrusi on regi on adj acent the thin oxide
region. 22. The nethod of claim19, further including
the steps of selectively growing a salicidation
17. pritecrtti-fose temprearahel daiin 13 wbareaie fieseluramaelect pass gates
have%ag{)étcgbﬁhé‘gqeﬁs"t%%bﬂ@ Aftnd RroRphy skibscon gate and the
I0at rng di

usi on region. . An anti-fuse transistor
formed on a sem conductor material conprising: an

18. 2% héfhdif Somn AL AR BRRANEE Garl AR G0 M Pinti i€ BEALIMST,
area to define usi bl e edge and an access edge; a
comprisingkhgateps oki de adj acent to the access edge; a

di e()fglﬂg\l/iﬂa G Aeth 37BN § {nbihrR ASHi&S6F tRE 9Rt-rd8Yransistor;
b) removing the intermediate oxide from a thin oxide region of the channel region;
and,
c) growing a thin oxide over the thin oxide region and the intermediate oxide in the
channel region.

19. The method of claim 18, further including the step of forming a common gate over
the thin and intermediate oxide regions

20. The method of claim 18, further including the step of forming a diffusion region

adjacent the intermediate oxide.
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a thin gate oxide adjacent to the fusible edge, the

thin gate oxide having a | ower breakdown voltage than
woheostiladak gate oxide for form ng a conducti vePchaaals/000701

bet ween the polysilicon gate and the diffusion region.

24. The anti-fuse transistor of claim23, wherein the

21. T UBimetRE & clafm h9TtRRertiRAihd thePi&E SS0RRES a f%@tm%ﬁiﬁusnon
antj-fuse transjstor of claim 24, wherein a | engt

regiop agiacqut ipe dhie @Yde radigef i ned by at least two Iline
segnent s of the poI ysilicon gate being at an angle to
each ot her. anti-fuse transistor of claim 24,

22. V\h-g?eemﬁthé’dloéﬁ'@trW%’fofﬂP% including theesiops ¢fs defined by a

Wi é@]ébtl\?élyghﬁm b'séﬁbn@dti@ﬁ pr&act okt Vet tef disidr RGNS,
of claim ereln ilicon gate defines a

C h%?ﬂfﬁ'@l”grae@?%?ﬂ Bféf‘%@'bfs'{"l"%‘ 9%3% ?B‘F‘ @eefbﬁ'@n%ﬁ@’ UBIRRB reiefes s
edge, and the thick gate oxide and the thin gate oxide
are dis osed bet ween the channel region and the
23. pofyaniussiragaisior fomed PR saicoRdystor maieril sprHPTiYRY:
clai setké.aradpierein the thick gate oxide extends from
t he access ed e to a predeterm ned |length of the
c h%\Hﬂ'é‘F"'?oé‘gGaé‘?lfO”@ﬁ@ Ot’?féh? ﬁPWegadF% taefne afkpiblecrdoerasmhan
accew@d%é’ edeterm ned | ength of the channel region to the
fusibl e edge.29. The anti-fuse tranS|stor of claim 28,

m%'&s’c}t%ex'éﬁ@é)ﬁcwﬂ%ﬂ&@%SS Qdee: conbi nati on of an
| n4 giffsieh @égeo@éajg&rﬁ&sithb%cééy gq@Xéﬁ’& 30. The

anti-fuse transistor of claim?2 wherein the thin
gad dhip gaieeoxide agiasant dafha ysikla edgey d1e ke gateaxideshaying a lower

breallffnih Potizde thad FRGhRR g{a‘ﬂ@ oﬁn@@f@ﬁfbﬂﬂ% gog comiRliV@khanhel between

The_anti-fuse transistor of claim?2 wherein the
the pplysitigorygate apdithediffysionieagianeal to a hi gh vol t age
transi stor gate oxide fornmed on the sem conductor
material, 32. The anti-fuse transistor of cla
24. phEheant-iuse tr&ﬂ?'?@f of g FatberRin Fh‘?ef§3'9|ecq¢5ﬁrh%|°n9@dh%the
acce%g@%en the fusi ble edge and the access edge, and the
thick gate oxide and the thin gate oxi de are disposed
between the channel region and the polysilicon gate.

25. 33Thd Afi-RBk 'traﬁéi§t%r o @Fé]ﬁi ﬂ Whefdin liéHgih 8Bthe Fusitid %ng is defined
including a floatin fusion regjon adjacent th

by atflgast fwe liggisramenis of‘rtﬁ@ palysilican gate Peing At ap @F‘9|6ft0 éﬁ%h ther.

33, wherein the polysilicon gate has a first portion

di sposed over the thick gate oxide and | ocated ) .
26. adm&@ﬂt-fwsef&aﬂ@sfer of gaimosth mbgreim aflenathy et tha ffysiple edge is defined

by a GAtANBRIhe RAVOReat he access edge being defined by a
first portion edge, and a second portion disposed over

the thin gate oxide and coupled to the first portion,
27. thend si-RkE 1R8PT A8mIE], WHRFIR hePhshRARBA gBR ddfifBs a channel

edge, the floating diffusion region
region between the fusible edge and the access edge, and the thick gate oxide and the

thin gate oxide are disposed between the channel region and the polysilicon gate.
28. The anti-fuse transistor of claim 27, wherein the thick gate oxide extends from the

access edge to a predetermined length of the channel region, and the thin gate oxide
extends from the predetermined length of the channel region to the fusible edge.
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bei ng di sposed between the fusible edge and the

channel region. 35. The anti-fuse transistor of claim
wa3posnwaetiei n a portion of the polysilicon gateramnAaoms/000701

edge of the diffusion region is free of salicidation.

29. The anti-fuse transistor of claim 28, wherein the thick gate oxide is a combination
of an intermediate oxide and the thin oxide,

30. The anti-fuse transistor of claim 23, wherein the thin gate oxide is identical to a

low voltage transistor gate oxide formed on the semiconductor material.

31. The anti-fuse transistor of claim 23, wherein the thick gate oxide is identical to a

high voltage transistor gate oxide formed on the semiconductor material.

32. The anti-fuse transistor of claim 23, wherein the polysilicon gate defines a channel
region between the fusible edge and the access edge, and the thick gate oxide and the
thin gate oxide are disposed between the channel region and the polysilicon gate.

33. The anti-fuse transistor of claim 23, further including a floating diffusion region
adjacent the fusible edge.

34. The anti-fuse transistor of claim 33, wherein the polysilicon gate has

a first portion disposed over the thick gate oxide and located adjacent to the
diffusion region for defining a channel region, the access edge being defined by a first
portion edge, and

a second portion disposed over the thin gate oxide and coupled to the first portion,
the fusible edge being defined by a second portion edge, the floating diffusion region
being disposed between the fusible edge and the channel region.

35. The anti-fuse transistor of claim 23, wherein a portion of the polysilicon gate and
an edge of the diffusion region is free of salicidation.

-29-



