SPLI T- CHANNEL ANTI FUSE ARRAY ARCHI TECTURE CROSS
REFERENCE TO RELATED APPLI CATI ONS Thi s appli cation
clainms the benefit of priority of U S. Provisiona

Pat ent Application No. 60/568,315 filed May 6, 2004,
which is incorporated herein by reference. FIELD CF
THE | NVENTI ON The present invention relates generally
to non-volatile nmenory cells. In particular, the
present invention relates to split-channel anti-fuse
transi stors. BACKGROUND OF THE | NVENTI ON Over the
past 30 years, anti fuse technology has attracted
significant attention of many inventors, IC
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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 (Al02, 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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electrode is used nelts into pin holes in the

I nsul ative layer to provide the conductor, and his -2
test data showed that where the oxide layer is
approxi mately 100A thick and has an area between 10
to 500 un®, fusion occurred at a voltage of 12 to 16
volts. The current required to cause this fusion is
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resulting fused |link has a resistance of
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handl e currents of up to 100 mllianps at room
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regions renoved to create an asynmmetrica

("unbal anced") high voltage access transistor wusing

the NNwell as a drain electrode. U S. Patent No.
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configurations, |Inplenented using a mninmmsize

gate between two opposite type diffusion regions. -3

U.S. Patent No. proposed an nnos anti-fuse built in

an isolated P-well using a standard Deep N Vel

process. Another variant of Deep N Wl based

anti-fuses is disclosed in U S Patent

6, 040, t ent cation 2002, 0074, 616
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array using a single transistor structure. In the
proposed nenory cell, Peng elimnates the LDD
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oxi de breakdown because of defects and electric field
concentration around sharp edges. Peng attenpts to
sol ve sone of the high voltage switching problens in
U. S. Patent Application No. 2003/0206467. The high
bl ocki ng voltage on wordlines and bitlines is now
replaced with "floating" wordlines and bitlines, and
restrictions on the distance fromthe channel to the
source and drain regions has been changed. Al though
floating wordlines and bitlines may ease problens
wi th high voltage switching, they do not solve any of
the above nentioned fundanental problens. .
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1 hll?f:s el%%réfor@ rhe@%?@ rtc?&&vn&%esgnp‘enanh I?éﬁaﬂl@ fidh Hér)élt\f Qrftl-f@se array

ant i use Sstruc re
archigtes T EReeKmPBoTRtRLIn Badpi GRS lepbrolopha il
additonplpyessing lsteps areopith firited peac-ialipgpexpestieesdf pyjichingplements. it
is al%ﬁeﬁl%leftcf Q&h&é‘ DBstin@inbiAGFortdNGfUse afdys MBB effudtivenitesngl

pnorq%F‘l?u}ﬂ)eni5 érid lpgl%‘tan%r?g n@arﬂ@iﬂgﬁw%%trﬂéﬁgr’&wnﬁ I}ﬁraﬁuf?% ring proc;ss It
is fupilaar desirgolerie: ﬁﬁWV a'deP’Pfe‘é&ﬁUWQS‘ afg RreerREINg aseRs it ‘SB A"
fusel%&agdﬁn@meg\bﬁctnmlpmsbor cell, which in turn has very
doubt f ul manufacturability. It is, therefore,
SUMMARY 0B ireE INVERTION de a sinple and reliable, hi gh

density, anti-fuse array architecture swta&}e lof(g
i n’;ﬁlséﬁéﬂ?‘éf’i thrpresendivaRion o PbYRIBRr TIEGAtR RS <3 Saiiy)
of tha pyevioackohtifuse a@dys py powding atighsieesits. lmltwetahtl-fusmeﬂ ed

stru&al'yrg% su\{éﬂslél BB @Ws%&&;&ﬁh% g@f&s elenents. It s
an {"I glr %VgsTﬁnﬁgtl vnd s an pglfﬁ%ﬂ@lglgr fWed Lrh% o
sen@hnqyntemat%mh Theoanfidyse mnsggtougﬂw ﬁ@}yﬁ"'ﬁ”t%ée # P'E‘rsa’" or
regibi] bhd vaiatila thidkrety gartbxidé.aae pdysilitdn gategs fbometi loear a channel
reglgr€”§ Slrkte e chgﬁm&llt\y a GBSt leRgRY. QH@alﬁkéibh rég?oﬁﬁ Cﬁd}%ate to

% anm ng access antl - U. flrra ur

one r‘i”ﬁ% ﬁ'?f(ﬂhﬁ'?"PHﬁg'?ﬂ 5'?%"?%3"'3 SURRPS geiee 3‘?4

polyaificoo lgpte @bd thé subbteatqy swwh that thé yayiabie fhigknespoaihexidg has anroxnde
bre&Ed&Wa%h@fuélBie koé?arﬁia RRductle SRANE BbtRedh thaddolysilicdn pate sndihis

cha(}rgﬁ rtegag %qlﬁc?cer on oyth%) \faggdle%lag\e%rdegge%gﬁ? t?sagjkéél\% to khQW

use struct
diffusioa rRgiePd CMOS manuf acturing process. In a fir st
as pegvtding!téian nitadimett of thy pradenioaspet, thel vadablediickaersigate ogde
cantir{cﬁ'lgé 4 ﬁ\‘cQ 5at£ %Jé%étu%@n Re 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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sem conductor material. The and-fuse transistor
i ncludes a polysilicon gate, a diffusion region, and
a variabl e thickness gate oxide. The polysilicon gate
is formed over a channel region in a substrate, the
channel having a preset |length. The diffusion region
is proximate to one end of the channel region. The
vari abl e thickness gate oxide is |ocated between the
pol ysilicon gate and the substrate, such that the
vari abl e thi ckness gate oxi de has an oxi de breakdown
zone fusible to forma conductive channel between the
pol ysilicon gate and the channel region. A thicker
gategmd? pends from e piedeteratsied distapce K‘?'?e%GQO@@Pé oighe ehenrekregion,
whegt(thetbia gbte bridd ildudeslihé bxid bogakdoag izare. THRCEIBFUEE fighsisor &N
mchﬁ@@ ‘ﬂ&huﬂ@ﬁ]ﬁusf% rdgldf px&fqﬁél@ s thé?{%ﬂ%% oxifid) gﬁy iﬁi héxBlBuifusion

can 1 nclude a't gate oxl| de

'eg'%“laﬂg ’?"ﬁ'gt%tﬂ?ag’l"rgé?é’x‘%d the polysilicon gate, and a
t hinrﬂurgt}arte@bo@memofw”@mmem asplagt, thebintoptatoxideea befiientical to

at IeBQ ohiSlow vaiRge teaiStor ghld@xitidtofed @A tHR seriiceHauGN tnRdal ahd men

_ thucl{#é% ox%g ganq%qc{eﬁ{lca tlg gt lg{;pt{;,n ﬁilah k&géfq% % %or gta ero%gg Fogne

the S5RIIBILERE BRterEl FheCk Sre 9ide Gt berafiomiipation ot et

gatezide amtl thitlinghtebkide. channel regi on, where the thin
g aA&ofamb dﬁasb&:fs' dHehe §re5éa@erﬁ%h.ﬂfamb rueeads% G areal {hE

seodilpbd e St BI5ch oPl o 55 page B el 998 etk sompen
edg%ﬂ!ﬂﬁnqdrry a Ipgshtorige WWPQ&%‘M\Q at ancapple #p qagmother. w;eatbeeamlet 0
can bé€itheii36 deides 0090 digreed. Mhe diffukiberegiontmdnciias bis L0 implat
idenBFS mtmas.na&k of an 6r 4 16 mtggztu%n@esar, gmn;a% 1AL RRY, ggé'

e transi s ate oxi
combigtigh o bl e BB aRLASR FASF S, All ks ol AMhsan reaipp gng
a pogfigh ef tosxpotieiliepn gath can kgdiee pfsalicidatipnat | east one hi gh

V Ointad@éont BEpag thé PresegBilventidl bGiddsein AREfussImerhdiParray. The

antl-ﬁgﬁ]s\grg&? Y cMc uGEJ ae;;lur?dty of Ilg%uéemaggst&é‘grﬁangﬁi ig %wg gquq be a

colupg. Ritiigey %’d a’ﬁfdkf@s ek ytidysh a'tsﬁmég‘%‘é'l"we gPolyslieongatesa nt
diffusinibedipmand & yarialfiethickress gateg Thehi polysilivon gatalis dmated bver a srear@h d

regnf?'nlﬂii a Slbsi4i€ whbre %%haﬁn@%b@i‘pr%dleﬁgﬂg &B@diﬁlﬁ@ﬁ rébfon ‘sh e
e

proxf) 3 IoI é é:n %f tﬂg tchanne?reﬁlfm Tﬁe varla e Yncar%s %a?e] oxudP bs I%%tga
betv@?h@ﬁ po'mé?@atew@d gﬂﬁgvt@trat% e vs@bt?u ﬂm@?sspsts e ravieg amr
oxid8 bredi@igwe ashe fuSible tafoind aicndustiveeannel betven the palditiconigate BhY
the éhgm&t%lon IA%‘H(EII &:ﬂ’on BﬂhJ\B bie%fﬂnggélgaﬁtom@é is Qﬁ]gceﬂlfto the | ow

Sl st or or a
S 5P T A AP AT g B T gLontie
trangisterp.oind the wordlinas ardgepledto thépolydilidon gsteoof arewy bfmh-bmi a
tran§¥§t6rkl on of the polysilicon gate can be free of

S a‘n al 'egn%dn%mlt of It% ep@esgrﬁ %%ggl tﬂ? pa%glgle thkkh%s?é??e o%(% 0511]1

i nvent| on

inclig 1 gelE OHERSIWEeR e aybeiate prslazpolysion e pRd 2 i st

oxida hétivedniiissssubstatesind the ipalystlicanaggatpeTheitiickrgateoxide extendofranmths
one ehd & &rré%ﬁaraadegwulsié bre@e‘ierm.ﬁéd:&?stém& b tie 6ol IBRYES Wil e tRAN
gate omde € ends frgn? h’%%lredétgmmeg 3 starice ?o 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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di ffusion region, and a variabl e thickness gate. The
polysilicon gate is | ocated over a channel region in
a substrate, where the channel has a preset |ength.
The diffusion region is proximate to one end of the
channel region. The variable thickness gate oxide is
| ocated between the polysilicon gate and the
substrate, the variable thickness gate oxide-having-
an oxi de breakdown zone fusible to forma conductive
channel between the polysilicon gate and the channe
region. A thicker portion of the variable thickness
gate oxide is adjacent to the diffusion region. The
furthbi ibdide @ serae empliberpbetkditoa pdiref biflifids trypugh isoletiinaleycesf and

wordhRd 4603 cir@itly] The 4818mn {diedibabSdalis Tan RVE a GRE oXGY tHAtiSIRS
the polysilicon gates of a row of

are C€'}J§| Qd L
sama At e PiE 8= P%nsi stors. In an enbodi ment of the

pr & searspect pfdket preseptembedimeng (the Wordipgdesedinaciieiiyseiegikelt an
accds$u lohiglgntidusb lrbreslstog edupledidiodeofttiet pate et bitlires fob & bingls-eided and

sensﬁrﬁgpgﬁhx.séjnh L&&ﬂvega{chESQéQQn&hér BhdruSAtaRsistPebiodehyBRe

) bstrate_an e [ysjlicon te. The thjck
of thg il BiPendore i Eratactest nHether sRretat fe Biesent ambstinerte
the wardjin@decodingrirgiitocelectively aroessel ene antbusedfangister qouplaside one of
the gt 3Hithhes WhY dné aktPasd thindistor@adpRad @uthél Bthéof 188 Pair df biinestfbrex

r ' . di stance to a second end of the channel
dua'%@gefé%%%{"g]‘?ﬁggioﬂ‘i n gate oxide includes the oxide

br B2 ApPestothe presgbinyentian prayides 3,pfRRd Pf forming a yasigble 7
thickhessstghte oxidefort ancheti-fuss eansistora il métiadincludesgrandng ap interpediate
oxidg fn aQiaHnie;G@g?ontoh{th H&hué_.reﬁ@hs?s&dirgem@lmg}tmﬁem@aidte oXied febini d1€

. decoding.glrcuitry. col .S S s. can
thin ﬂﬁ%ée%mg’g&g o0t tebion; P g tinod 8‘?’% B o %ﬁdlgg “Yat e
-and thejintrsmediaie @xffle intipeepnehedithe present enbodi nent, the

WOIh @b dtiimehBoDie Psant aspedt ttiemeatisddeat invadejthe sieps etfsreingane
B 3 AT et A stk O
aciager} e Pleaselte A8 AR PR frairo POt AU FAGHY ST
oxide gagjoh.dtie methechean dirtherrincludé the preps il belectivelrawingrsglididgtiony
protébit bideloesttheaitlsiasRgion, Anddamdidigra paRipE 6fttheqdolykilidn pate sraithe

ﬂoatﬁ\ggﬁgsitim%ﬁdn the wordline decoding circuitry
sél'ectively accesses one anti-fuse transistor cgg | ed

t olngriRrip pspegtiBe praTant igfentign providesAn At ushHEAngRIps formd an @
semtcpainstbrataterialc Thepint:tise transister indudes arodctivelpeeapa balysififon gate, a
thick iokd décﬂ@,sa cﬁfﬁtgiorarte igrva%d-aem.dgék &msﬁ&%ama&a@%&a forrthddl oder ;

| I S C e resen | nve 1 0N [,OV es
N
to theeeqess esige andrthadiffusiop regioi§ @dingente theaprept /ASS: The BINgalE an
oxide R adfac8atko &edusibddge thenhitgatd adde dhvingagowsn bebkdowevoltage
hic | : VehBthef favebiih b GH dateQied de
tha"?ﬁ%‘?ﬁcgége?%xfd% ?dg%@g&% ‘é°é’ P%nmocr%ﬁe C r?gn ng F&%glgi og‘rgit;e and
the SN FRF'°% t hi n oxi de over the thin oxide region and
t his ah etnboditemit ofthe prosiet @sriest, théfisible adaedy longegtharmihe #agess

edg8 WRed laERgh Bf té fubibe efYedSRiteddF BAGHst twb R sEBEHRCLS 6N
polylsiﬂc%ln nge betirbgeat §r¥ aer%?e tg L.act: gﬁgpopgle ?ength 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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common gate over the thin and I nternedi ate oxi de
regions, formng a diffusion region adjacent the
Internmedi ate oxide, and formng a floating diffusion
regi on adjacent the thin oxide region. The nethod
can further include the steps of selectively grow ng
a salicidation protect oxide over the diffusion
region, and saliciding a portion of the polysilicon
gate and the floating diffusion region. In a fourth
aspect, the present invention provides an anti-fuse
transi stor formed on a sem conductor material. The
|7 transistqr includes an active area, a _
of8Bohd e cle 3458 3% Goncsi kit 18 Crincleeien aps 1 psieen
93fe fhedhickgate oide panrexigad fonotoe desessTdge toelpreslptiintred lapgth ef ths
chgrmnzh‘egiomwme thin @ata GXide/dan 8X%t6rA fioM tﬁﬁﬂfréo@ﬁarﬁm{diﬂgmo?th@d ge
chatMdi ; X ck. oxide |s acent
ot e os it ith TRl IS i
OPdRiR gfdq M fhedhimexides s edge. The thin gate oxide is
ad] hadynhenembpéimerftuisfitisl ppesent gspect; thethinlyate ogiaé eantsiiddAtical to
a IAVAItag tRndiatkhte BXEAKARMBN VR lstAthdudid Aidte 'Q.tethé thfcl?%%%eg ate
e

' 0L 1. canducti ve channel ween

o} dBhca1b Ehy e Wiekiorofp oS AP gF B somiprayrr
ma@‘ﬁ‘ﬁ%ﬁn"ﬁ'ﬁﬂwﬂ cop gate pangigiingta chameldegiontbigiwebn ibe fisible edggani s
thel avpeye pddehand theltiickaateanite areiiethin Whte bRdercah 8O GERds & betvaen
a0 Mo U S85 0 TR
theo({ifﬁ'tg?" rg?ig? %%gfeeﬂé?q'ﬁid "the fusible edge is defined by

a v ¥et A fstherembodiment.te antiduse trgnsistonean lirsludeariimtingdiffusioro
regld;gdipteleee e fdbR@AGe. ThéSblyBiMoY htb bf-nﬁvaé@ﬁra po.%s{ Jﬁaﬁ@eda

. ' e nd. the

o TR RS ol SR Sl oo 0l i S e Sl e
regfon 30045 8048, KA PEEL B4R TR PRRYPO9% andemend portoaytispased
oveg fhe thigateyeyidg and ¢ogpled todmtfiest poftive. THaifislblegayecan b deinedty a
secdid potibn Bagalarde @Qﬁ@%ﬁuﬁﬁ?i&&aﬁb@&i&g@d%me e hERgt N

fank B chdn region, a the thin gate oxide can
ed
%ﬁ?e gc?rgﬁﬁ%ﬁg predeterm ned | ength of the channel

r et 2P6CtE AR feqliies At dhe@ergent invention Wil beeomyearpareritelthosean
ordiperitnskilledi itheattiupon refievad theifolloingrasdtriptich i ¥pedific asbdieRs of
thoobiioR o6t vin Idabdibari Reliagent s of the present

aspect, the thin gate oxide can be identical to a
BRIEFDECCRIFHIN OF MISbRARINGERL € OXi de formed on [ he

sem conductor material, the thick gate oxide can be

i ddambpdiménts af the preserit inverltibraiit ndw RBESIbEY, bydddyaf BRaivEI8 only,
wittf 1@feRREh 9 the Llkh&ARFQNINFGRT | material, and the

pol ysi ldcon gate can defL ‘a channel region between
t he fus#i'gbﬁésagcéf‘é”étdéﬁqrcfmﬁﬂ@@@é@?"‘é@@eeﬁe";and the thick

gat e 0xXiiH & isARipnaHayoutf fhe PRAM-tyneiagtefusegell biFigliresp0s ed
bet weelFig. 8l cedsasstibnal @ STtheDRAM-R dpftuss bdilocagLrgat €.
A RRRIeRx0f the polysilicon gate and an edge of the
di ffusion region are free of salicidation. In yet a
f ur t her %A ITERTctonahdewqf@p anticfise transigtos penorsing dean
i nembetiment ¢f thepraseny inderftibnysi on

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



region adj acent to the fusible edge. The polysilicon
gate can have a first portion disposed over the
thick gate oxide and | ocated adjacent to the

di ffusion 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

oxi de and coupled to the first portion. The-fusibl-e--
edge can be defined by a second portion edge, and
the floating diffusion region can be di sposed between
the fusible edge and the channel region. O her
aspects and features of the present invention wll
becone Figpfreand Az are glaganpyeuts & eel plipanale apti-8e Iransigior apcerHiao
ar fo ab p@bodinevit & We@feséh @vérmibd, o ng descri ption of
speC|f t n
o [ SO SRR Byt 7 YRR R0 35
TH'Ea nﬁﬁ %ﬁﬁgﬁvg‘ﬂT the present invention
will nﬁw die a dlesar fayb i df anisterpats antiffuse rramsistas acpatding to ag t h

r edrfdoiffeht of e blaSenbihlcrgdied Figures, wherein: Fig. | is
a circyit g.
2 is H I % % a‘ragrr ghn}t %{ a m?t%gﬂ' f%%a%& alblefthlilci?(ﬁesg thL banl:%
off"!:‘?‘gﬁm'éusf t'a'ﬁ'sé"r °f§h‘? B‘e%“*d'i“’G%@"sect i onal view of the
DRAM t Fige10a10¢ ildstiste the @drinatioh ofthgvarigbléthickressgptd axide ink - X ;

Fi Scorflarkcs with &épe%ﬁnéﬁ&tdngwmgweew of an anti-fuse
transi ?180{1aaccor t he present

0
o Pl a7 o gt i i ol | 5 o
t r eanfiquesddor Smleﬂl@d gensing accogfingiqan egigodiment gfshepresept anar
| apeeation; of an alternate anti-fuse transistor

accor dipg ntion;

S %ﬁ“aﬁ ol finfl an HeRbr

an?q“f‘Gf“[?gé°’t"Ffa'ﬁ§tla§%e ingRoEBH 6" e'i“EP e RrREt of -

t hieveptimsent invention; Fig. 8 Is a planar 1ayout of

an al t eghitiea BRdut offieS Rt fe AT BloRIof B6 Fieery Bfay shovirilin

e %epﬁnt of the present invention; Fig. 9 is a flow
cha? a nethod for formng a varlable t hi ckness

gate oXigdt is # tgldeq bilineyppnfigured §é“‘f“?°a‘f?§?'§?’d?e"é9fy e

pr asering toramembodiment Hitigs presBat irik@ntion;| | ustrate the

format gl kZ&n St ﬁ‘:@é f?anE:Elbr% masﬁng@mﬁn@;éﬁ%mg n

accor OM/cgart of Figure 9;

2 oo by Srbe S B e NPT 8 e - use
t r ansi §igotS isre Aitseiydiagrana 9f a combinedignsend piogrgnmigp siresih ded
S easbidigg RcReMEbdiaent 6f s presmadernient of the present

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 undemeath
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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Invention; Fig. 11 b is a cross-point configured

anti-fuse transistor nenory array configured for

di fferential sensing according to an enbodi ment of

the present invention; Fig. 12 is a |layout of the

anti-fuse transistors of the nmenory array shown in

Figure 11; Fig. 13 is a folded bitline configured

anti-fuse transistor nenory array according to an

enbodi nent of the present invention; Fig. 14 is a

| ayout of anti-fuse transistors enploying wordline

segnents according to an enbodi nent of the present

i nvention, and, F.g..15 is.a circuit diagramof a
oo B HoIF Bl g ¥ e SR e e RS e g o
breajigpwa ypitade Aenaduring ategrapymingeneraijonsie atriewnry abETRPECETON, a
wordiESER! dafrbAtpsham@ntial dolysilicoh GatdEADE BénsbdMRDGH Lty Ovi des

confoifolitofirel BirGHNSAindHhtned ol enfIld i s8: Mbans! stor
devi ce that can be enployed in a non-volatile,
specg”ﬁ@ly,ttpwgﬁp{j@vpamwrges(a@ﬁﬁscthWr aylizlgg, split channel MOS
strucped as@aentbiuse cBil euitari¢ for OTRmermor@nsi st or can be
f alakHeGaioRflg Weskiptisr BOEAK oSN ed b RGP BYT 0N 'S

configured as a standard transistor elenent having a
transs',sgod’rh@ g‘?’%’.‘sﬁ?ﬁ & B °r%§$°é"r%x i de, polysilicon gate and

ophs REpvigusiy piggupsed & PRAM-type meThery arzayiuging @plensr eapasiforgas an
anti-fuseliesteeiat bs a $tbragerapatirlis aredtiy gadwd, £aleMmbsstrate®in UBS. PRiehtk

No. 8867209 idiRe 1189 biRklit @8farorlsiinh Hahdy & vie ﬁ?&é gigand\ﬁ’her e

the thin gate oxide region acts as a localiz
shovg {18 s G S SR oY TosRoctB P PR s mempry ol
of Figyuse wJbp memerysell of Eioure ¢ inludrstacpasanor acérss trénsistoe10 foragunting
a bitBIBL iea bodomPrite df aritilfeseldavicdl 1278 ordipe MK EIIPIed BltHeBR of

4 Dro n.. Ln o

accsk RGO Pl S Bl AREIAY) Rounh Sufiiilect |
anti-fuge 4eyice W, fopRIpgrariRg fitfuse daviceJé: sensed t hrough a
"~ bi it ¢anihe seandmamdrigues 2 had 3 that tisdayoutef aickSsiransiatgr 10 arad dntive
fuse @BA3N ks vafy sirhight&Mkdrd SddSfnpld. PRESdafl 1@/of ad¥tNs@ransistor 10 and

o SFREL 14§34 o b0 B0 SR BYGAL P D R 155 e
which pxtendagiogssacie agre 14rin thepetive aea 1§ undameaihpash pelysiliconpayer,

is formerta thiregate dxide 20,@isb @hdwa'ak A gatd disledtiig ol Qéctrichiy idorRing thdoS
polydiiRotisattnd Qctitke 5104 Ghadi¥atl B effer Miedr ghth M5k Hkion regions I'
A
in the arp il Lnderstand thatptandagd EMOS peasessing. tsucicks sidewall spacstt formati,
lightlg agae titGsionk ELDB) arRidkiysibiPidigate Sficidh8TD Enlve ApSlidd. Whild Ans-
ool e e bl onEy it 30 e bl
anti-fuse cell is further desirable due to the semiconductor array area savings that can be
obtained for high-density applications. Such transistor-only anti-fuses must be reliable while
simple to manufacture 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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show t he pl anar and cross-sectional views
respectively, of the known anti-fuse nenory cell of
Figure 1. The nmenory cell of Figure 1 includes a
pass, or access transistor 10 for coupling a bitline
BL to a bottomplate of anti-fuse device 12. A
wordline WL is coupled to the gate of access
transistor 10 to turn it on, and a cell plate-voltage
Vcp is coupled to the top plate of anti-fuse device
12 for programm ng anti-fuse device 12. It can be
seen fromFigures 2 and 3 that the | ayout of access
transi stor 10 and anti- fuse device 12 is very

candé refiabiyhirodramruairstichethal treifusp lik; befileen tya pdysiidordatezand the s

subwa?ereah 6d &5a.&£blﬁ9&gzte§ Eﬁa& ,Jamaumlr@daoa ol fhe QévicdNfHecfodsiSaction

v 8B e 1o PR e B e dedfe SRR R leely |
desgribed efohofimentds @ proteBnal etise ribazerpf sidlim the ert yiliundessiandithel toe |
preseat ifventioe darfbet ilpleméhtddars ax h-diean2d devideso known as a gate -

F\l\tﬁﬁ%é tl'agls.lstérolroo ﬁl:lﬁ&% Ea'v&%lblb ﬁ'udkﬁégg Qété B)gdet ‘R)Q form%']on the

: I con e activ V % ﬁ
S“"gialer‘r’@?"@’ reqlonst04 Aolysilican gzt 196 ?“%‘3’@1 6‘1‘?"?’%5‘? o &t and secand
diffugién regiony H0@hd 112gespectivaly pu-DRYregiensd biipleech of the diffusion
reg.br\shho B&s 1 1£~| 1hB Q&HBIe Bkncab §2M81axideN02 EonBibts K thick oxid ahd1&
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regions 110 and 112. The variabl e thickness gate
oxi de 102 consists of a thick oxide and a thin gate
oxi de such that a portion of the channel length is
covered by the thick gate oxide and the remaining
portion of the channel |ength is covered by the thin
gate oxide. Cenerally, the thin gate oxide edge
neeting diffusion region 112 defines a fusible edge -
where oxi de breakdown can occur. The thick gate
oxi de edge neeting diffusion region 110 on the other
hand, defines an access edge where gate oxide
breakdown is prevented and current between the gate
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the areas in which the thick gate oxide is to be
grown via an OD2 mask during the manufacturing

_ process. OD sinmply refers to an oxide definition mask
that is used during the CMOS process for defining
the regions on the substrate where the oxide is to be
formed, and OD2 refers to a second oxide definition
mask different than the first. Details of the CMOS
process steps for fabricating anti-fuse transistor
100 will be discussed later. It should be noted that
floating diffusion region 112 is an optiona
structure for anti-fuse transistor 100 that can be
used to enhance the probability of thin gate oxide
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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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transi stor 100 to further increase thin oxide

br eakdown probability. As nentioned above, gate
area, gate/diffusion perineter is a factor that can
i ncrease the probability of thin gate oxide
breakdown. To incorporate this breakdown mechani sm
the previously shown floating diffusion region 112
can be added to the anti-fuse transistor structure,
and the floating diffusion/gate perineter is
preferably increased by incorporating multiple Iine
segnents and angles to the diffusion/gate boundary.
Further breakdown enhancement can be achi eved by
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-14 mask 208 defines where the thick gate oxide is
fornmed underneath polysilicon gate 206. In the
present enbodi ment, the floating diffusion region,
channel region, and polysilicon gate share a conmon
straight "S" shaped edge. The edge consists of three
edge segnents oriented at 90 degree angles with
respect to each other. Figures 6a and 6b illustrate
exanpl es where the polysilicon gate can be shaped to
increase the floating diffusion region perineter.
Figures 7a and 7b illustrate exanples where the
di ffusion region and/or the polysilicon gate can be
shaped to increase the floating diffusion region
floating difflusiert region, Ehanfél gegios, gnd polysificpn gatesthateragesimonsiraiddty)’ has
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creating a spht-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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region 402 with a diffusion region with bitline
contact 404. A polysilicon gate 406 fornmed over a
vari abl e thi ckness gate oxide |ayer (not shown). The
OD2 mask 408 defines where the thick gate oxide is
formed underneath polysilicon gate 406. In the
present enbodi nent, the -15 floating diffusion

regi on, channel region, and polysilicon gate share a
conmon straight "U' shaped edge. A polysilcon
contact 410 is used to nmake electrical contact wwth a
nmetal wordline. The diffusion region containing the
bitline contacts 404 are oriented as shown to allow
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mask is used and the design rules require a | arge
mar gi n of the OD2 nask over active gate areas and
particularly, do not have provisions for the OD2 mask
ending within the active gate area. According to the
present invention, the OD2 mask ends within the
active gate area creating a split-channel anti-fuse
structure that features thicker gate oxide on the
drain (i.e. diffusion contact) side and thinner gate
oxi de on the opposite side (either channel or non-
connected source side). In principle, this technol ogy
requires that the gate length (polysilicon -16 line
wi dt h) should be | arger then the process m ni num and
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connected to p-channel pass gates 706, 708, 710 and
712. It is noted that isolation transistors 704 are
thick gate oxide transistors, where this thick gate
oxi de can be the same conbination of the
i nternedi ate oxide and the thin gate oxi de used for
the anti-fuse transistor enbodi nents of the present
invention. The gate termnal of all isolation
transi stors 704 receive isolation voltage VB, while
the gate termnals of pass gates 706, 708, 710 and
712 receive colum select signals YO Y1, Y2 and Y3
respectively The colum select signals performa
our m ine selection to couple one of the
p’°goa'{"f‘"“% 8%9'? 'gn-cTig Lltagssiused feinieasam (iaM)iand esad gredations are
summeagzed imbabiet 1 bebwse anplifier 714 can be a current
sense anplifier that conpares the current of the
bl*é&&? to a reference current | REF, and generally
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on, where a bitW.ne voltage or
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vol tage. Note that a positive programm ng voltage
VPCS has to be applied to the cell to be programed,
but once programed this cell would read as a | ow
state. Either individual cell or nultiple cells
sharing the sanme word |ine can be programed

si mul taneously. . Al though progranmng circuitry Is
not shown, those of skill in the art will understand
that such circuits can be coupled to the bitlines,
and incorporated into the wordline driver circuits.

Once a cell in a row has been programred, every tinme
the negative voltage is applied to this row for
programm ng another cell, a short between this word
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The following is an example of a read operation of programmed data in memory array

800. It is assumed that the two anti-fuse transistors 702 located between BLO and BLO* are
used to store one bit of data, where the cell connected to WLO is not programmed, while the
cell connected to WL2 is programmed. To read these two transistor cells, WL0 and WL2 are
driven to ground. Since the top cell is not programmed, BLO will remain at the precharge
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known in the art. A sinple solution is to use a
current sense anplifier, such as well known sense
anplifier 714 that is widely used in Flash nenories,
where the BL current is conpared to a reference
current. As the anti-fuse ON-resistance can vary
significantly fromcell to cell, the above-nentioned
current sensing schene requires a very precise
current source of about 1 uA. Unfortunately, such
smal|l current sensing is slow and susceptible to
noi se. One technique to inprove the cell current
t hrough a progranned antl fuse is by multiple
soak t he programmed cell. Cel
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Al t hough the sinple differential sensing schene seens
well suited for read operations of the programed
array, it poses trenendous test problens because the
un- programed nmenory array yields random and
unstabl e data. In addition, such differential cel
arrangenent does not provide neans for margin
adj ust mrent necessary for program verify operation.
These and ot her drawbacks of the above descri bed
sensing architectures can be mtigated by enpl oying
a folded bitline architecture with a dual ended
sensing schene, as shown in a preferred enbodlnent
in Figure 13. Figure 13 shows a fold
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menory array. The particul ar arrangenent shown in

Fi gure 14 enabl es singl e-ended sensing or dual -ended
sensing of the bitlines by configuring the wordline
decoders. In other words, the wordline drivers can
be controlled dynamcally to drive only one wordline
or two wordlines sinultaneously in simlar fashion
to the DRAM decoder shown in issued U. S. Patent No.

6, 549,483. In the current application however, the
singl e ended node is used for a non- volatile nmenory
cell test, and program and verify operations, whereas
t he dual ended node is used for normal read

oper ﬁ&én%gez){ ngt!egd of %Hﬁgb@mﬁ Qéﬁp tf[%%é gf?]lnggrp%\%née?cran Pe

i ndepen
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as it would be applied to n-type anti-fuse transi stor
enbodi nents of the present invention. In addition to
the regular OTP nmenory array, one or nore rows, and

i f needed one or nore colums of DRAM reference
cells are added. These cells are used as short term
DRAM nenory for testing row and colum decoders. In
addition, the DRAM cells can be precharged to a
tightly controlled voltage (either external or
internally generated) and activated in parallel wth
the OIP cells either on the true or on the
conplenmentary bit line, allowing for very precise

coq@genusoar%?@;mmgﬁaa SR P 8 bl i Brormitionpupe
magfaofusipgaRd PéF aglbgse Wﬁkéeqﬂ#rlwnﬁe’é citpyib bardasserabbanyl e,

t h@hb alhdve-desriadembpdieritost e drdsent VvEMtiam &eﬁﬂ%d%%
exaﬁféle% §nlﬁrﬁte%f|&%h|%5@fﬁgtl&19ar@ vEn?t Frlf ﬁ'&@%e\éﬁéc‘e%qo th rgcula(s

SUC t WO wor are activa
ool By 5 b i "ok s o scons i ﬁgentme
whigh is Hefinedssolplycbylihe claoeebperletibgetbi ve charge is injected

fromthe DRAM cell to the conplenentary bitline and

the OTP cell is connected to the true bitline. If the
OTP cell was not programmed, the true bit line wll
remai n positively charged and will be sensed as such

by the sense anplifier. But if the cell was
programed, the true bit line will be discharged
towards ground and sensed as |ow. Controlling the
amount of charge in the DRAM cell and the tine for
bitline evaluation allows for precise testing of the
rel ative resistance of the cell, whether it is
programred or not. It should be noted that this

net hod can be used for single ended OTP read, or for
mar gi ni ng the dual ended OTP read. The retention of
DRAM cells is not essential for the basic read
operations and should not affect nenory yield. The
DRAM reference cells according to present invention
are preferably included wthin the OTP nenory array
for enhanced testing capability. -22 Alternately,
instead of using DRAM cells, the true bitline

capaci tance can be increased. This can be done "for
free" in, a cross-point array architecture where the
Y- decoder can connect just a single bitline to the
differential sense anplifier. For stability, the

ot her node of the sense anplifier should be connected
to a small capacitor, called a stability capacitor
This stability capacitor |Is preferably chosen such
‘that if the cell is not programmed, the sense
anplifier will always be skewed to flip in one
direction. However, if the cell is programmed and
the bitline is discharged to a certain |evel, the
sense anplifier wll flip in the opposite direction.
The previously descri bed enbodi ments of the anti-fuse
transi stor can be fabricated using standard CMOS
processes, where its specific structures can be
formed by sinple
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mask mani pul ati on. Accordingly, the above-descri bed
anti-fuse transistors and nenory array can be
manuf actured at | ow cost either as p-type or n-type
antifuses. Wiile the enbodi nents of the present
invention are described with respect to single
polysilicon 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
cigase 14 woul d be forned over a thick gate oxide
portion, while top plate 16 would be formed over a
thin gate oxide portion. Oxide breakdown is enhanced
.t hA9@gtirfuse téansEFOégmwrsﬂ gemicondustal matesialivonaesing: such as
hi gipolysilidon gate dldrfaleharmd) ragieH iR @ sBbstra®dht chaAbiHaAngW t h
ma%?@%%grnatlon Accordi ngly, the fusible edge woul d be
ocat ed at the common edge of the thin gate oxide
un@éiifusigyregion peximgtedp anerneofithp shannglgegien; a0d, whil e t he
' ac aesdabdiyeknesy datk dxile beMean the palisitcde gate BhPMe SEHaRate
" n, r.eqgion
tho i oo b ol Hiting 4 ot Bra BBl e U0 G e
condyclive pharie! Rejuranitie rolysiicon gate@nd the channet reglgrm lathigkerportion
of tietviariabld thiokresdigatd dxideaeing atja@ine® the Wifusidh RghidARAM  EPROM
EEPROM and Fl ash, wusing either SiQ2 or other gate
di el ectrics. FurthernDre persons of skill in the art
2. cahhe2plifysp transiziprof clpig 1o wherpig e Vprighiasthicknsselge eXidmnel
inchleyi ces to n-channel devices, either using isolated
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use res
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RF3 tia éa?eg&i&cfé%e%% {h%%ﬁﬂs%‘é afd ﬁwe%ﬁi&glr atmﬁeethmlgate

o 1 ustr
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the thip ghe ozitié mnisdifigthe exidetpbakdowrzonsi npl i city and ful |

CMOS conpatibility of the presently descri bed
| ows for application

anti-fuse tran ention al
% of %?@H%ﬁeafﬂ‘?s %:'gﬂ@@p'l\‘/’mi‘% inciufing g fletiag i fegion
PKMWEﬁupﬂwﬂUngﬂgouﬂﬂ testing process. Therefore, IC
manuf act uri ng productivity can be increased by
ut I|z he annel, anti-fu tag in .
4 ol lfila et o b ARRessin B ncatnd Bffus s bole acaren
fothetrmqatqmcbr and/or every die on the wafer allow ng
for -23 contact-|ess progranning and readi ng Chlp

s |on dur
5. ¢ Dl PRl br JARALwifert e BB S fgprily o
'eaStrﬂnP Wefeltegert@uswtor tsgterazide tpsperonthe Femeicandester-mixtasiok | bed
enbodi ments of the present invention are intended to
b erati.o fication d
6. oSS Bl b gy SN BT S 1 Sl PR e B o
leastone Bigh Y@ﬁﬁﬂ%trwlsph@ateeome ferrrie fon the semisorguctoninatarialt
departing fromthe scope of the |nvent|on mhlch i's

7. d efhie %Rﬁj-fu%) lr?rls}étop Xf c}iarnn"? 6 Cvllh%l'em the BPC‘?( gate oxnjae mcltuges

combination of an intermediate gate oxide and the thin gate oxide.
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CLAIM5S: 1. An anti-fuse transistor forned on a

sem conductor material conprising: a polysilicon gate
over a channel region in a substrate, the channe
having a preset length; a diffusion region proximte
to one end of the channel region; and, a variable

t hi ckness gate oxi de between the polysilicon gate and
the substrate, the variable thickness gate oxide
.having an oxi de breakdown zone fusible to forma
conductive channel between the polysilicon gate and

8. thermg Iaame% Tr%r%ﬁ;t& gs clagn%hhr%k&f th® ﬁéétlh@&ffus‘?égeatrr]%be the second
endif e SR Tiel P B S oS e SEhe Porlc edte b tmingn ede

defipécliynat leastiive fine segmbrds beind ailbh endidfociacheatiergat e oxi de
includes a thick gate oxide betmeen the substrate and

th con oxi de extendi ng
9. | 1 dP BnEl e i ham b et oMt ond o195 cSarees any
90 grgeeget er m ned di stance of the preset length, and a
thin gate oxi de between the substrate and the
p i oxi de ext endi from
10. 5 2% PtERE et Bhofele RS e euidtioregn LD
lmD@hfaqiﬂ'rmal toethe BPD implamboftoné of ajaw goltage tansistnr| a ighgitadee
tranSistof] Bnd)s BEHHEHIBR SRR thedow Iﬁ@m?«wcmaéé&%s.%éns' stor of
claim?2, further including a oat1 ng diffusion
region proximate to the thin gate oxide. 4. The
11. anifhe énlisfase tranpisiosef glainpt, whierginran®dgewwfdhediffusion eedidnaati ang
portidh bf #18 pOYkillcBY§ABisifBe BHafiGdén. t 0 the thin gate oxide.
5. The anti-fuse transistor of claim4, wherein the
thin gate oxide is identical to at |east one | ow
12. v o aotefuse mpPytagey eppasioki de f ornmed on the
Se%@@ﬂﬁlbghﬂmmfaﬂélhttaﬂﬁ anﬁ]geaﬁﬁoﬁféddcfoumd stéaal'ﬂgrltﬁf%éér |
erein e Ick gate oxide is identica
“angéo %éuqﬁgast one high voltage transi stor gate. oxide
formed on t A@okEliroR B3ielaver 8 chanpeldedien in aBubstrate, the channel
anti - f wadng & prRSétengih; of claim 6, wherein the thick

SBe ot e SopAGRg pORTRE RGNSl BB R ELITRE '
anti-fuse t@ aﬁbgﬂﬂ?"‘éﬁs géteeﬂxﬁ? BetWﬁm&e pelvsilisen gateandi ng
di f f usiteersubsteste, tHelvarabanitkhessagate exidethagng el r egi on

and a g?egaﬁdo‘iﬁkgzgné’fusuhlp % f&% % édn'd{;&.%‘ cifiRhd bQ@XSBtﬂe co mm :

edge I ned segnen
an ang/Palygilicop ﬁétﬁ agd e Fha"ge' regig, %\H‘l’*e"fm@é" Pfrtb?léﬁ'@'?‘@ r
of cl aithickBesswateraxida beihgadptghtao the diffosiorofegid®d> degr ees

aNgltiines 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

-26-



90 degrees. 10. The anti-fuse transistor of claim3,
wherein the diffusion region has an LDD i npl ant
identical to the LDD inplant of one of a | ow voltage
transi stor, a high voltage transistor, and a
conbi nation of- both the | ow and hi gh voltage
transistors. 11. The anti-fuse transistor of claim1,
wherein an edge of the diffusion region and a
portion of the polysilicon gate is free of
salicidation. 12. An anti-fuse nenory array
coahin ghtagxidesbefyean teisulystrafe anb ttie-polysificoh lgaRsthé thitv date
oxid@ bktemER ol thé Br‘éﬁeéél'%eﬁ gls{éﬁ&st’o 28868 %ﬂ{! b thi!SGnnel region,
ransistor I1nclu |ng a polysilicon gate ovéer a
the té’ﬁ SAtxide gudiRg the odebigakdpWe &onet he channel having a

preset length; a diffusion region proximte to one
14. ENFhednilnlt nichRR ey bEGNIAN, AR IroBBhE s NS KRGS 03t ©
xj.de between t'he polysilicon gate a 8 e
°°“p2?93%f’|p8‘f ¢f bitines tWFé"B%EOWqﬁV'GR% ess gate oxide having

an oxi de breakdown zone fys! ble to fprm a conducti ve
15. C AR ARSIARSY g of iR el Bol@hudifhe bhGaRRANNS!
. region, a thicKer portion of the vartable F I'CKness
cirouly o Sglertely Beseto. e AEtfiee Fansiskas coHPler dans:of e gRipe!
bitlings fof & siagle-endegIsensing@perationdard fassetbotiveBGicesssin@anothet gitiu M
fuse Bhnshidricodpitdo the 3het &qg%%i'r gﬁﬂmnesf dlkdei Sudr P! €d to

the polysilicon gates o row of anti-ftuse
transi stors. 13. The anti-fuse nenory array of claim
16. 1 2Thegnttfuse metmhey away ofaizine 14, Hirtheniedsdigavadling detdding
circuitrp €dr delEtivaly hdtkesdn ' V\@rﬁ;? and
bit“nts e pol éstiIi con ',g%?g?m%&égﬁrgg& qga Igh,libg&n?ggﬁgeé?{sﬁdi ng
%5 BhOPR aMikee ENES8F coupied torfasother of thgipginoftbislings for a dual-
ended sensingoperptinnd di st ance of the preset |ength, and -26
a thin gate oxide between the substrate and the

P ilicon gate, the thi ate oxide extending from
17, P Bt BeriP et el 6 et e el e
have aigaierrxide thatis $he, same lae thefthick gpte exidexi de i ncl udi ng t he

oxi de breakdown zone. 14. The anti-fuse nenory array

of ' - furth i.ncl udi ng_a, sense anplifier
16. 0 B iotning Aol wiber o R dan s ibetansiior
COMPE@Ng @é§t.ePsl®‘£ The anti-fuse nenory array of claim 14,
f ay growing anmtendédide tadeth bRRarMBIGEGIbIE theCdnki fldb trhdkistdp™
igéd%ﬁygxg g'rg (i)ngég&g lac‘tlf ﬁgdeg ﬁ:?nr\ g T'r|1 oxi c.=.51'ggi<t3rtr 3 rt}nsél cﬁgr?n%l region;
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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bitlines for a single-ended sensing operation, and
for selectively accessing another anti- fuse
transi stor coupled to the other of the pair of
bitlines for a different address. 16. The anti-fuse
menory array of claim 14, further including wordline
decoding circuitry for selectively accessing one
anti-fuse transistor coupled to one of the pair of
bitlines and one anti-fuse transistor coupled to the
other of the pair of bitlines for a dual - ended
25engiha g-:etma oBd(&iMN8, firther ihEladiRdthe stby! S Y dbafig'dRitsiSh

egt,ﬁtg&}g tth ﬁ‘{%\dgrégfb‘?\ col um sel ect pass gates have

oxl de the sane as the thick gate
OXIde 18. A nethod of formng a variabl e thickness
22jat @hexiethed biiairang,dirthier mumgtmaﬁs;bssdfor cormr i si ng

t he LEr e e OXi
channar ey HoutbodlBitohtyl A HBE e By epif on.”
r errﬁ%'lcﬁ’ﬁ’gtarP@“Ph Pithaastieqn aglel and therfloating diffysion giodle
regi on of the channel region; and, c) growing a thin
xi [ ) Lon and t i nt er medi ate
23o Siﬁ agty %%{r%xsh)monn %n% er'n?c% tor tfﬁ(grl?qg?rﬂgﬁl g5 claim
18 a?é?WﬁéFa1nclud|ng the step of form ng a comon
gat e polysiiicon gite fonhiédovantle bdlive aridB €& ddife HHLIBR BRI
acdlls edfle nMethod of claim 18, further including the

step of forming a diffusion region adjacent the
i nt éF’l‘Fécﬂatgt%'dSﬁ?JB@m to $hp apqess ¥ge; net hod of cl ai m 18,

f ur & Hiffusiorvediotladigeitieths bejesOédgendnii Ng a fl oati ng
The S} e kit B g Bice! o bif e St s r
bregidawy ‘@J,‘?sev‘e?'wg thicki gt @xidedfpr forreing P 6ANduelbe sbannekbeateeen

theqpolysilitdnegatdi dnfl thei diffasioe@gion;, and, saliciding a portion
of the polysilicon gate and t he floating diffusion
reg on. . _ anti-fuse transistor formed on a
4se ’Lecﬁﬁ‘a'&tsﬁ 6’?”%‘?&1’ &F §1aim 28 sreinsthe fisiblepdae isilangerdhasehe a
amp§$yxﬁl|con gate forned over the active area to
define a fusible edge and an access edge' a thick

5gat ggj g acen to_the access qu a diffusion

r eg S§d8 St"{'8 191 24, Wheealn 2lgRath ofthgyfugible Rege igdefised
by @txeﬁétwadpamms of thiapolysilisorixdate itgent ab Ayld thieBchdte?.

oxi de having a | ower

26. The anti-fuse transistor of claim 24, wherein a length of the fusible edge is defined
by a width of the active area.

27. The antl-fuse transistor of claim 23, wherem 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.

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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breakdown vol tage than the thick gate oxide for

form ng a conductive channel between the polysilicon
gate and the diffusion region. 24. The anti-fuse
transi stor of claim 23, wherein the fusible edge is

| onger than the access edge. 25. The anti-fuse
transistor of claim 24, wherein a length of the
fusible edge is defined by at least two line
segnents of the polysilicon gate being at an angle to
each other. 26. The anti-fuse transistor of claim 24,

29.Wheme iahti-Rusé Bargistor 6 cldih @8, fwhsiei the B Bath $xideHh at8Mbinklbn 2
of atwlqugrﬂeg%te oQ%? gﬁcf thgg'n % eda 27. The anti-fuse

or o ®wherein the pol ysilicon gate
defines a channel reglon bet ween the fusible edge
30. andhé Bet-RIEE RS SisRE G Iaina DSl wmb@.nrlthé @nlﬁ g@&tc&melg igniene 4 he

!owt\/mage g@ﬁs%é&?htg %ng% %n'ﬁlmfdS «%Qﬁ e%eéq %c'“ the ¢ hannel

Fon. an I Co Lalant i -f use
tran3|stor of cla|n127 wherein the thi ck gate oxide
31. extTha deti-fisOmankiBer ofaRHR IS WhEIBR théthRk Eét@ eadeiE et to a

h d
o e e S et 87 R B PN P ng Channel

region to the fusible edge. -28 29. The anti-fuse
32. t r Fnsaittifose tinsistbEdf BMaikS23, WReeR it d;sdlsein&dﬂnlg@{é c&ﬁﬁe@ aQKafRl
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thin gate 0¥p® aerispesed hetygerthg ghanaeliregiorornd thecralysitieongatel ow
vol tage transistor gate oxide formed on the
se f [ r.ansi.st or
3. 5 TSRS Bl T ) 20, e R o B 204
adJaF%rémel sile gdgen  hi gh vol tage transistor gate oxide
formed on the sem conductor material. 32. The

34. 30 e St oo Qbinbls, bkt HAh §ate gpble

i con
t h%¥’lsh‘§“lﬂ"é"58?§§’é ougidhartijek gate edde and (psated adiacentlo thei ck
diffugjert @gior fail €efining atdhannet faginn, giad & cessiedge g ddfisda®y Qdirst

pomg$&ﬂgﬂﬂmthe channel region and the polysilicon gate.
-fuse transistor of claim?23, further

i @F%f&%@f%?nﬂ'saaﬁdﬁgefdﬁ'er tingetsipxide gndrpuriagjodbasret poren.
the fisite edge bethgdefir@d by @ kecoad pirtidnusige, ttheffoaiirgtdiffusion regloai M
bemé” disposbe B&WQenttn@qui%)éaéé 4 Gdhf RgRn2 first portion
di sposed over the thick gate oxide and |ocated
adj acent to the diffusion region for defining a
35. chEherrali-fuse dfensistor hdaim@S esiwreiulg portiai ai thecbelysified gty and
an edidd d¥ the difREIbh RIGIOR KdRe oPEfilcidat®RCONd portion di sposed
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
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bei ng di sposed 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 AVENDED CLAI M5 received by the Internationa
Bureau on 10 October 2005 (10.10.05): original clains
1- 35 have been replaced by anended clains 1-29 +
statenment. What is clainmed is: 1. An anti-fuse
transistor formed on a SeNLERBEUMsOr mMateria
conprising: a polysilicon gate over a channel region
i riteivkd GlikRStdnAticsl Birta@ orah Qeebe 200RIEY 10196): originghiaimssdl t35 hagarhero Feplaced by
a di ffusion region presskdrisioe ¥ BPt st end of the
Zﬂlaurn IsON; an isolation region proxinate to a
secon of the channel region; a variable
t hi ckness gate oxi de between the polysilicon gate and

tthe AybRi0L8s ﬁ‘ansﬁsﬂ& fa@rédaial #seiiéanloessmatetial compdsing:
havi ng a thi ck

or.tion
11 519 eaelsen 6pE cvpmamelradp 4 O5ERP e ot il o
dipséseneagwf the preset length, a thin gate oxide

POr U1 O L Rlop bR I 18 S A LgRathgbance L0

the 3¢ e channe re r eak
r esi sareintlationoegion puhyimate tna srsped 9"@5’ ofiie ehangel regianiof

the ¢ J‘?é}féﬁie thlEﬁ@sQ alfeQJngS PBheeh k%ﬂéﬂlb&pbat@ Shaeen

t he po icon e and the diffusion region; and
aubsssata;@weofe@awsmk@%@atﬁ%% WM to the second end

of the Chﬁﬁl‘ﬂ@k gaté@ﬁﬁ@ﬁorﬂbm@d@r}dmbﬁr&ﬁ trelfistvend Dbthe channel
fusible to form da‘ﬁon uc b}? @I@ngﬁﬁtv\een t he
pRAIgioq RedetgminedfiangeLt Mg RIRS lon. 2. The
ant I - f useattiingaiesixize poftiooleaienditg mn@e predetermined distanes
on | nclr\g o?&eoéﬂlgnnénofﬁb field oxide region, a
f

usion reqi "and a combi nation of the
f i el da bmkdjmmeismnteacpemdgn groxinate b the first gpchpfthe channel

%n Sﬁpt:&dh& rt]%rrkm Het@dinghOpdifificos gatéfd &g diffdsitieregion;

I'stor o whereln the thin gate oxide
@Bﬁtl onis identical to at |east one | ow voltage
tr anSér%&He iErahiRiofizdRe bn@&m@b tonhé $ezond end ofthel icanoe!

\rﬁrﬁaégrg P?gl q)qlf@ Qfﬁ%ﬁ‘?"af}?'ée @ﬁlﬁﬁéo g 5:?1 Séo?uﬁuc%/e %I@béﬂvg’en the

polysilicon gate and the channel region.

2. The anti-fuse transistor of claim 1 wherein the isolation region includes one
of a field oxide region, a floating diffusion region and a combination of the field
oxide and the floating diffusion regions proximate to the thin gate oxide.

3. The anti-fuse transistor of claim 1, wherein the thin gate oxide portion is
identical to at least one low voltage transistor gate oxide formed on the

semiconductor material.

4, The anti-fuse transistor of claim 3, wherein the thick gate oxide portion is
identical to at least one high voltage transistor gate oxide formed on the

semiconductor material.
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identical to at |east one high voltage transistor
gate oxide fornmed on the sem conductor nmaterial. 30
5. The anti fuse transistor of claim4, wherein the
thick gate oxide portion includes a conbination of
an internedi ate gate oxide and the thin gate oxide
.portion. 6. The anti-fuse transistor of claim2,
“wherein the floating diffusion region, the second
end of the channel region and a gate edge of the

Iy3| I C at.e have n_ed fined hy at
Bt T ioee Ggien LT PaeTL A4 A6 Gxdd pffon
otnblades d corhbiaationtaf ah irterntedmtesgaté oxide &nd thei thin @ate oxide
V\g%gl In the angle is one of 135 degrees and 90
d

ks. 8. The anti-fuse transistor of cl aim 4,
wherein the diffusion region has an LDD i npl ant

I
: %‘Slm Hhd anll ?us%rlfangﬁo?o# 3%\3: g{hglfgg'tr tﬁ'lE %Bﬁn@:ﬂ%ustomeg{an éhe
csavond and oﬂhefchamehregha angl @wataﬁdgagﬂé therpalysiliserogata heve a

t&?mflbrggd P4diRgE by LABSs &(ne'-s?@rd r e| taﬁ agglg?o gach

use ranS|stor 0 an e
totherdi f f usi on regi on and a portion of the
polysilicon gate is free of salicidation 10. An
anti-fuse nenory array conprising plurality of
aht i - fThe@nti-fusgds a§§'§§°§°faq'q4@r§g wheref tF‘% ﬁéglﬁ ffoonedf 13f degrees
. eadoPdedredsuse transistor including a polysilicon
gate over a channel region in a substrate, the
channel having a preset |length; a diffusion region

8.0Xi MR anti-fuse tianhsistor @rrvriaumf4dWH@rewhaa amfPsnb@ eI halis an LDD

var, e oxi ween ol ysilicon

gat 'ﬁé@ {‘%t'%gm%béqe? §{ 8, lo‘f"h" @BP'@tQ{ 31%553 H'Bé'g"tgé't e

;)XI high Wahagg;trmiuitgnkDQ?E@lanﬁl @hﬂ a [ofribirtioR of ®otH the
r n e .channe

o hvBfiadd fateistbark b Hor ViIA0E bahelol pblimpiants. o

thin gate oxide portion extending fromthe

. ede‘rﬁé g?lt'i‘ﬁge %ﬁ%’&BP& ciﬁ‘ij-a"’} §:ﬁé‘r8iﬂ‘%n%§e ok th%éb%@%ﬂﬁ?%%n

bre own zone
mmwfdhe polysilicon gate is free of sahcudatlon

10.  An anti-fuse memory array comprising:
a plurality of anti-fuse transistors arranged in rows and columns, each anti-fuse
transistor including

a polysilicon gate over a channel region in a substrate, the channel
having a preset length;

a diffusion region proximate to a first end of the channel region;

a variable thickness gate oxide between the polysilicon gate and the
substrate, the variable thickness gate oxide having a thick gate oxide
portlon extending from the first end of the channel region to a
predetermined distance of the preset length, and a thin gate oxide portion
extending from the predetermined distance to a second end of the channel
region,

31



channel region fusible to forma conductive link

bet ween the polysilicon gate and the channel region;
bitlines coupled to the diffusion regions of a colum
of anti-fuse transistors; and, wordlines coupled to
the polysilicon gates of a row of anti-fuse
transistors. 11. The anti-fuse nenory array of claim
10, further including a sense anplifier coupled to a
pair of bitlines through isolation devices. 12. The
anti-fuse nmenpry array of cla|n1% urther leng

wor dl i ne Recifierhyeakdonzone proximate I ‘EEPF%V

acces %h%epfé@mﬂ%énblé S R laddadsdtioe lislobetiveeh the palysilicdn
the pair tlines for a single-ended sensing

oper atgﬁf?r?“dé'i‘l?ic'?a&"egép'@&t i vel y accessing another
ant i - fitirsicoapled &i the diffasiph esbidns of besounineof avfi-fusedrapaisiors;
of cFltl ines for a different address. 13. The

fuse nmenory array of claim 11, further including
vvor dl iweedlides calipfeg! todhe pelydilicpn pates ok oW pfantifuse transistors.
accessing one anti-fuse transistor coupled to one of

the pair of bitlines and one anti-fuse transi stor
cbupl Jitemotifuse rmarmey agpy pheaipeid: fusthepincluding o sepse amplifier

Ie%rlgg:})aﬁ%'f‘ |H|ﬂgs 9‘9&5 tis@ionHévicddle anti -fuse

ry array o clarm I0, further including colum
seI ect pass gates coupled to the bitlines, at |east

0L OfThTer&%tl%eUﬁé}n&?aﬂ% Y oP&aim glafxﬁmer lmamumg Wbrchaé @ecoding
oxl de identical to

t.l
AR Ger SO R PR958% 205 SB-05¢ FPOHRLRILBIRE 48 B5g fdhe pair
f & bithResXot & sihgie@ndbd savssirgt aperdtion; argl far sﬂmmy acaegsiog

and usi.on r f :
f 87 ‘T’fgf“& fysediagsisio 83”@%@ %é‘ﬁ‘% Higw Sa' anne &rfgbal g%lferem
aaddreése diffusion region; b) growing an Internedi ate
oxi de in the channel region; c) renoving the
intermediate oxide froma thin oxide region of the ,
channélhe antidissrmensorydiyray obolpiryT ta furkien '"Gg‘idtﬂ‘é wajdiinedgeeding
t EP&:tﬁ?%%Iécﬁ@él?Qc&@gnb Bfe hlm-ﬁééfﬁ'ghéét@r cd@}ble‘dﬂo 069 of the pair
a conmon gate over %4 E oxi d ¢ bitlines for
| et ineAns anecrdiseraneieis conied ( t s PHner I paif 9f bitines

fgﬁﬂh%dbaeeﬁ’dn‘fg‘cﬁférﬂ@nf egi on adj acent the
i nternmedi ate oxi

14. The anti-fuse memory array of claim 10, further including column select
pass gates coupled to the bitlines, at least one of the column select pass gates
having a gate oxide identical to the thick gate oxide portion.

15. A method of forming a variable thickness gate oxide for an anti-fuse
transistor having a channel region and a diffusion region, comprising the steps of:
a) forming a field oxide surrounding the channel region and the diffusion
region;
b) growing an in{ermediate oxide in the channel region;
c) .removing the intermediate oxide from a thin oxide region of the channel

region;
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16. The nethod of claim 15, wherein the anti-fuse
transi stor and one |low voltage transistor are forned
on a sem conductor material, the | ow voltage

transi stor having a dielectric structure being the
same as the thin oxide. 17. The nmethod of claim 15,
wherein the step of- formng the diffusion region

i ncl udes sinultaneously formng a floating diffusion
regi on adj acent the thin oxide region. 18. The

met hod [ I de.
ext endd 3PS dt GleE R i e RN 1R e
predetemd$med Iength of the channel region, and the
thin g | & §9ii .

fr om ¢ BLCREgE ot dotF ol B e, B8 A ERige and
to a sthedield @ddpsand, t he conmon gate. 19. The met hod
of cl ag%rﬂrﬁng meerfegnn $&dich Rdjssat i rfﬂt@x%dtae@ gkl |

define t hrough a maski ng st ep. . The antl-?use
transi stor of claim 15, wherein the thin oxide is

If ormedlntm H&thtoﬂhﬁ cISﬁt?TES mrsytaaﬁ ﬁtesdgﬂﬂéise&fahﬁs@torfaﬂﬁ Hh8 thwd
OoWwW.VvoO ransi s at e, oxl sane
s SRS TR PP APn d3pmicoRdicir matenl.he o altage

oftrankiaforrhding alieteetric strutthiecheimthe samoas itiss thivgoxide. t he
thin oxide and the internediate oxide is formed with
the sane process steps as for formng a high voltage

t dnsi Sheomethat of daimits, theréinztheatﬂp of dormingnithe cliffusion region

I

mc‘ﬁﬂd |§ ﬁgtl{l%ée%ut-ggﬁ @5%? %ﬂé IOI’t H& EQ&& the thin oxide
s&fgien.dat i on protect oxide over the dlfoSI on regl on;
and, saliciding a port| on of the common gate and the

di ffusion re anti-fuse transistor forned

o8 sHA @6%139 et e!?'rnﬂsﬁ &heéﬁm tedpiemadiale oxide extendsfiom a first
C leagdﬂei thabemmoa gatd dré@élétnﬂiﬁdﬂeﬁgiﬁ Bﬂﬁle %ﬁine‘ fé@lon and the

| ve ch a tag define
Y5t 008 SV iy ogte Eraish exibnh Fagidfe pegeianained fength o
aﬂmetshaneelgegaomtda sexondetijaistthercorgompatad] acent to the
access edge; a second diffusion region adjacent to
the fusible edge; and a thin gate oxi de over the
ad®i veThsrmethed otgleim tdwheesin saidbpretetefmipedlengthdgdefined

t BRoddN I 'maatiss &b de having a | ower breakdown vol tage
tha?] S{Hhe hIlC gbotte oxi de for

20. The anti-fuse transistor of claim 15, wherein the thin oxide is formed with
the same process steps as for forming a low voltage transistor gate oxide on the
same semiconductor material.

21.  The anti-fuse transistor of claim 15, wherein a thick oxide consisting of the
thin oxide and the intermediate oxide is formed with the same process steps as for

forming a high voltage transistor gate oxide on the same semiconductor material.

22. The method of claim 15, further including the steps of
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formng a conductive |ink between the polysilicon
gate and the active channel area. 24. The anti-fuse
transi stor of claim 23, wherein a |l ength of the
fusible edge is defined by at |least two line
segnments of the polysilicon gate being at an angle to
each other. 25. The anti-fuse transistor of claim 23,
wherein a length of the fusible edge is greater than
a wdth of the active channel area. 26. The anti-fuse
transi sior of claim23  wherein the polysiljcon gate .
et | nesehe atviod i reel SEeliet edfbotge
eaggk and the access edge, and the thick gate oxide

channdrighd s BBhEn O bRyl AAF e MR RedOF, o,

gate oxide extending fromthe access edge to a

det Je: i _
PEE T ARSIt Bindlh AtndiRr Rcter] G,
| engt langictivenehaapeliarea,channel area to the fusible
edge. ,aQJol)hsglJ@tS?] Atk foreRitovbf tgg %,btWeQ:rhaﬁlgel Gkl 18)define a fusible

wherein t I'ck gate oxide Is a conbination of an

i plge-InddpmAEresk PE@S.and the thin oxide. 34 28. The

anti - fausek baRbxidela¥aceht t6 i 48céss edfeer ei n the

pol ysi |tj con. gate has ajﬁfl rst FortI on di sposed over

the tH Eﬁtdgﬁj&g@"dﬁg'a'éa gent fthe @°esse98%nt to the

di f f usi seRorcgifesiord gargidiff@mmgg tr;wfuagbi edgecdrannel

area, the access e el.n efine a. first .

por 1] GiMD SR Sl S D BT PPIAIE aedul b5 Bysigi gtoe.
t thierthig gate addedavingc lowertireakdown tvhitadel than thegbick gata oxide for

3313 SRS P e 55100 S BB £00d e

e, ‘the secon usi o egl on I spose
baredeen the fusi bl e edge and the active channe
area. . 29. An anti-fuse transistor formed on a

~ semiconductor material comprising; an active channel
atba; Thegstifuse trapsistog af daimAsnshersing longlh ofdhe Yaible edge is
CHeHinae by at RastitRo U s&finéhts ithpElysilRion Fateibif st@Mmangle to

ed nd an isol ation edge; a thick gate oxide
a%ﬁ'qci’é&‘ﬁ" to the access edge; a diffusion region

adj acent to the access edge; a field oxide adjacent
to. the,isol.atiqn edge:..and & thin. Xi.ge j .
RS L g N R L
greater than a width of the active channel area.

26. The anti-fuse transistor of claim 23, wherein the polysilicon gate defines the
active channel area 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, the thick gate oxide extending from the access edge to a
predetermined length of the active channel area, and the thin gate oxide extending
from the predetermined length of the active channel area to the fusible edge.

27. The anti-fuse transistor of claim 26, wherein the thick gate oxide is a
combination of an intermediate oxide and the thin oxide.
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I sol ation edge, the fusible area having a | ower
breakdown vol tage than the thick gate oxide for
form ng a conductive |ink between the polysilicon
gate and the active channel area. 35

28. The anti-fuse transistor of claim 23, wherein the polysilicon gate has

a first portion disposed over the thick gate oxide and located adjacent to the
diffusion region for defining the active channel area, 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 second
diffusion region being disposed between the fusible edge and the active channel

area.

29.  An anti-fuse transistor formed on a semiconductor material comprising:

an active channel area; _

a polysilicon gate formed over the active channel area to define a fusible
area, an access edge and an isolation edge;

a thick gate oxide adjacent to the access edge;

a diffusion.region adjacent to the access edge;.

“ a field oxide adjacent to the isolation edge; and

a thin gate oxide having a fusible area between the thick gate oxide and the
isolation edge, the fusible area having a lower breakdown voltage than the thick
gate oxide for forming a conductive link between the polysilicon gate and the

active channel area.
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