ANTI - FUSE MEMORY CELL CROSS REFERENCE TO RELATED
APPLI CATI ONS [0001] This application is a continuation
wo poopasts2of U. S. Patent Application No. 10/ 553P@78A2008/001122
filed on Cctober 21, 2005, which is a national stage
entry of PCT Serial No. CA2005/000701 filed on My 6,
2005, which clains priority to U S. Provisional Patent
Application No. 60/568, 315 f| | ed on May 6, 2004, which
i s incorporated heale v Vv its entirety.
FI ELD OF THE | NVENTI ON [0002] The pr esent invention
CRosfsehﬁﬁgﬁeﬁé'Eefé" BLATED'RPPY@AONS nenory. Mre
specitically, the invention is directed to antl-fuse
menory cell structures. BACKGROUND OF THE | NVENTI ON
[0001] 0003] Tl@v @ppligationiss caxtinyationdn pam of Urksfatent ArRtsadgy No-

10/55!?‘ gﬁs Akl RO &b 39 NbAdsC Rlchds b ABfidrN s@ e BREAY of PEE rs;‘eﬂémo

desi gners and manufacturers. An -fuse is
CA20Q5/6Q70d rfteob@rt Mawbl @%walcb&mépm@m Ht% Pr@ws'?rﬁﬂ' Ujeti
RficHEiB aQesorsted herdid ference in
AppiicHiiFiRo, Sl S ERL M, PO0d Nhci T ARaRRr g hercl! Bftefere
its entgetyt es can be either one of high resistance and | ow
resistance in response to electric stress, such as a
progranm ng vol tage or current. There have been many
FIELDROF dit{t INMENTOMNe| op and apply anti-fuses in
m croel ectronic industry, but the nost successf ul
[ooozfjlntl f"t‘ﬁ& ?H 'ﬁ@édt@ﬂ%lé% g@ é—‘raﬁﬂa RA-RERL ﬂn@m%@%lore
I ces acture C and Qui ckl ogi c, and
specificaliy rlmangnt@n ingiréated tpramyffmmnﬁgloasw stiCIORsM devi ces
by Mcron. [0004] A sunmary of the progression of
anti-fuse devel opnent follows as evidenced by issued
BACHGROUNDIDETHE INMENTIGN [ 0005] Anti-fuse technol ogy
devel opment started with U S. Patent No. 3,423, 646,
[00032’”' ch @jvépith)%ghﬁ }QJHrQ dntilriRd @Eﬁ%‘i’ég‘éf ks Qfiea PR Rttt attention
an array zontal and verti conductors wi th
of maay tnemtorsi, &7 designers pad manpiagiwersi @é?ntb%{smfeﬁ strydure alterable to a
d 0
cond A HEIe b Rhos AR, oFxofil ey pt fiht BHARGER TR ot
condustingtoodonthetingr Bgsivalgrtly, ieftimanasiatesdiandee qither anaefhigis resistance
and 16} ¢8R AL S4p bt lb elochio b ot s Bitrod iR RARGE oF Curent.
Thereﬂmvmbegn afany laﬂatelanbtmt) wenelox aod apply antiudes iremicagalectepnic industry,

tnme deV| [/ ' .
but thF gfuctgegsfulm %Ilggt’ﬂ)@% i@éﬁ% céHs%%%)eg}é gggﬁbﬂdo%wces
manufattueed b atel smmﬁorcklldgict and raedumndangg er option programming used in
DRAM devices by Micron.

[0004] A summary of the progression of anti-fuse development follows as evidenced
by issued United States patents.

[0005] Anti-fuse technology development started with U.S. Patent No. 3,423,646,

which disclosed a thin film formable diode PROM built as an array of horizontal and vertical

conductors with a thin dielectric (aluminium oxide) between the conductors, at their

crossings. Such NVM memory was programmed through perforation of the dielectric in some

of the crossings. A formable diode would act as an open circuit until a voltage of sufficient
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array, the structure of the anti-fuse consisting of a
thin dielectric capacitor (AIQ2, SiQ2 or Si 3N4)
waieooBiizi4ey two (Al) conductors | ocated above aPdI/CA2008/001122
connected to the sem conductor diode. [0007] A
programabl e dielectric ROM nmenory structure using a

MOS capacitor and a MJS swi tching el enent s[hovvn in
magnitydg anpgueation ijoarriied 3othg £possigPp SALRSPIMiIRg| |°£B"@eﬁ ymiggE oxide

|ntermE&5f§qg¥e?'%t Fhhantad il en @ sHdR-Pivshel baat e

capacitor having a gate connected to a transi stor

[00061["')SI ng g §3Wa'te]$ﬁ| N%%‘%Q@bZQ H@cl@&é’&én IrferlrA¥@I senfiBoriKic@® anti-fuse

reakdown v ? needed to be smaller for the
array, & structise Of:tap@@ iffiege qu‘l‘éﬁt"ﬂ&b@f g thin @@SC%'WCPW“%(A'OZ Si62 or

S|3N4¥ ﬁ&ﬁ\@‘?ﬁ ‘é@nd!.l'&totré1 focs ?%‘Bb%@én@&@rﬁe‘é@% tB ErPRREonductor

paC| or was forned between the poly gate
diode.and t he grounded p-type substrate, the rupture voltage
had to be applied to the capacitor through an access
[0007] r ansi Atpsegrammableadielecria ROM MeNGAY sirgdureusingryMOSpgapacitor and

a MO$ Q\ﬁ\tégﬁ@a%mteﬁla\pg’énéi@nsiRWQ pAerAE D B2 §739 %Ql%gn)n This cell

er then the gaté oxide in
was forinadaela saretard gateaixidgravat-sybstiate eapaditardiaring-agate connected to a

MOS zii?gs%lﬁ? l%]‘l Vb A é)nia%{)%}% ag ?JlO\II:\)I ﬁﬁ@toxm br ak%%%nﬁlg?age which

9t Opose oweri ng gate ox
neededrte 8k dmafienfot Mawtlﬁmeomagiacmmmamfohwej N@Etswitah, a V-shaped grove

v AP 0 SR S N 89 e
and triérgealﬁmw typth sabstiate, the nmptwevemltagemadlte be rpplieduptthe eapacitor

i 845 SNTRA G B0 eode G s

trans@tﬁi{é%éréﬂtfjca&ideamm% Sedoad aaldloxfdes mutie thickelr tgn:th¢ gateldxade in the
e oxj.de an t

Cha"“%h?fgﬂe\f'h'?%af?a Ko P BEEEF DA P ARl g < Gual gate
ooos e B ke 1 Mk s S Abd B o

oxide 9rdaRd&Wh d&ttdgenhrolh svznémeqwoﬁon Sremuowrs exdthoogls therddigingl
CMCS technol ogi es for "

MCEIro G AVQieeATo i 4130 OBRARIUER & oaal Mirecm glanais Preghdown

wh|ch‘m ﬁfrﬁ | ES GieletRiB FURhR voraHE Efbﬁhdrf@eé@telctrfml&ﬁhnelhng he actually
fusion (Drain) node and all the anti-fuse

introduessh @l SrarpAiesaaT and PeFhapS rao s BBSTATE Sl AR St (efnology

(a) DL%r HABIRITRHNtiansk: %Sééé'sttl%nblgtoﬁ‘gﬁtfé diﬁié&ﬁfck@r&hén shtnfee didectric.
bufied contact is elimnated Limiting resistor

MCEIrps dlealigaieitm PRess $tae~°ear§amé'a!asaﬁie exidation etding aieag fgy thinner
gate oT(YHé éﬂéﬂb@é&ue%ﬂ@étefou@%t@fpﬁ‘rh%epfw&ué@lsw udedan §taﬁﬂ@rﬁ)CMOS

roy concl uded that on two termnals are . n
technolﬁglaﬁfqr ‘Tasentddadeviens. ( @%ﬁamomfﬂéeéelﬁn% Bé\'\’h'gie?a"t'-fuse

connécﬁgljl Wet%%‘é?& Frﬁsns%ﬁdonﬁéb&?to%rﬂ%@@ﬁiﬁﬂgoﬁ'(m%ﬂﬁrnéﬂé @RAd all the
can isolated fromthe active area. The

a1 GRlSEATR GETRASEHOIANRD T hisi ingpRasjte o MeBhersen agzpegspent and
result% B mbERaénsat @QPQ@C&%@ @&Hé’d‘@ont&ﬁ id EfnifMel CR) Lilithd resistor

ted to collecti n% carri
between common anti-fuse gate and external ground (d) Two-terminal anti-fuse MOS device
(a half transistor): McElroy concluded that only two terminals are needed in anti-fuse
capacitor: D and G. The Source is not really needed for anti-fuse programming or operation

and can be fully isolated from the active area. The bulk connection does not play any role
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fromthe aval anche breakdown shoul d the | ocal

substrate potential increase to forward bias the
wepiostigr29f a parasitic n-p-n device fornmed byPCr/CB2@ms/do1122

S. [0009] It wasn't until 1985 when U.S. Patent No.

4,543,594 (Mohsen) proposed an anti-fuse deS| gn

suitabl e for redundanc t{on. .
s S P eperE RGeSl S5 3Rty FRGRLE 2R crirs
from tﬁ%a\fémw b?égkﬁb\Nﬁ‘Lsh&I@ hweVI@J:dl B0BstRHES pSteatial ifcedseNd Wrward bias

e oxl de without actually passing this voltage
the emifier st giparaRiicrasiEvice SIS B3, B R

structure consisted of a thin oxide (50-1 i O2
[0009h0! ysi It wasmt wrih 4885 when et Paten Now 4944984 ( MHBS%BIW%QP@BC’ an
antl-fu"sFI %s@\ ébl fof FH@UEB&\C?/W&SM AsQueh applichficHrelGUREB fbeh lower

ere a polysilicon electrode is used nelts
density thap RRAMhib Wes eapiet wesqpnwxsﬁrna) dighxpliage pegrssaryde rymiwe the

oxide &/Rﬁkgﬂ %fz l6y 8&@ r@ tﬁlstv%ﬁé &ugﬁ tfl?é"’é‘&e%@ ?rbné’\é\%i‘se MoRSen’s anti-fuse

prOX| 0QA thick and has an
structtaee:ansbaeo\/eéa th’lrmoxlde U1 QﬂfQSlqzl)ﬁpUﬁ'"Wé'éPf@Neha doped region.

He be}{éveﬁqgft sﬂlcorr}a'anQhégu ¥tlatSor %—I%ngﬂéﬁ{ fﬁ@teléﬁg%% Wedrd é’polysmcon

on s ess capaci t
electrededa usedhohettd imta pis iotesrin tHelinaudativierkkyein &sp@VIdééh%GWétobfand his

ot RBINTRHF Ut 5 g ok Al DR g s

betwete Mp ¢s 800 v ffosiomperuned rah B eblfagenes @dodﬁd/obeﬂchee:ument required to
couse RS s D e B AR P SR YRE Rl B s

resistahceiof hpprggmmtéljﬁl_gfﬁdo Zmrgmﬁoﬂlmm oradel fysegt, eam bandlé awraﬁsof up to
L ¢
100 nﬁ]gqrf\psh%t&p?rﬁgéraﬂﬁg LP’% fﬂsrlraghp'x@qtgl gﬁgésg nd] Oef?rg |tbhea{snto an open

fuse. T@dn’ﬂg |hQ%H¢b0ml©Iédtrbnmmgdaltlomweanomf thehpreditted veat-ogtylifétime of a
link, o ar eas bﬁ)@[ﬁ ﬁ’ d FPGAs, where constant
f‘?Fs sed.i2 8y a %aﬁ?iafeé WS- fuse healing

robl em was r.esol

[0010h-t o| iTHE POESID! &pﬁﬁ& %qae salf géaojmgg,lf%e%%l{r%qn??té%s(’shaggte?%eg to be

the mé\myoédblédmbr&éméat@nroe kh»@@cﬁnm@gh anombileas ik RO @008 and
anti-fuse el emant usin %IO ruct ur [ ns ad of
FPGAS; WheigPoasiagt e stipssayasye éaﬁ e healingpiplem was
resolve@Mdtachy Rbh&n sHaedtréers fat Act@UﬁtUJBePat@hl ISo Wﬁ&Ziﬁtﬂﬂl @¢etliteaches the
ei t her by using heavily o ed di ffusion
er{% ﬁy usmg an

way te, RIPE T 2eketle PEOOFRTTARE (e mpRdaRFe antyse
ONO %fr'ucﬁur‘é‘?nété‘é( E6iHlicort ARXMBCASESS Meflod ﬁ‘éhtﬁie&%‘hl dhréle B@rﬁlact after

fusion electrode was revised | ate

dielecirig repturevd hisavasoachigysd eitheirky Ysing RRavay feRed ! {"Eﬁ'o’b Pf H\é putting an
ONO Hf@cﬂﬁl Bét\ﬁéerpﬂﬁotrﬁgfaﬁélfaétkb%'eggbrts%cm% I&ye§) Yhél ﬁ@@&;sut)[ 8Qah Arsenic

Sen's anti-fuse

Pat ent . ht that if th
doped kottam giffyaian elertsodmwps tayised fatex 'nig pr o@tﬁgtrmﬁ!’ rfgfiQPg?QS;&"@efe it
was a'llﬁ\géch%r'éﬁﬁ’&%@ﬁol R bborh difuBRA ty 8L highfy dypetihe drain to

source reliably forns a nelt filament across the
[001 1Thannelu S%t@ﬁ‘t N 50stoes 76qh il ehaTwhd ErasiB siligided Cthe application of

a programmlng voltage in the range of ten to fifteen volts from the drain to the source reliably
forms a melt filament across the channel region. A gate voltage may be applied to control the
specific transistors to melt. IBM discovered similar effect by proposing a channel anti-fuse in

U.S. Patent No. 5,672,994. They discovered that with 0.5um technology, the BVDSS for the
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specific transistors to nelt. IBMdiscovered simlar
ef fect by proposing a channel anti-fuse in U S. Patent
WON008A58TR, 994. They di scovered that wi th 0. 5uPCT/CA2008/001122
technol ogy, the BVDSS for thennbs transistor is not
only in the order of 6.5V, but once the S D punch
t hrough occurs it creates pernmanent danmage resulting
nmos{liENPIaT 105 OB b e Bl Br, WEEAGeriee SlbPECTEREPUORTours it

creat<=.dsr p?éru‘?lanérq(?ﬂaﬁ‘]agb’ r&ultl?@tlﬁ Flw R¥dSohnws Igéﬂaqe%N@éHjthé sburce and the

to Mcron, disclosed a DRAM ce based
drain. ant| fuse (trench and stack). In 1996, M cron
i ntroduced a well-to- %:jate capacitor as an anti-fuse_in

[0012))'s. Pk rftatags Nos, 5447486 andjod 107bddn MaEn, EsaRppdRBRAM cell
baseooérﬂplg§@ redeh Bnd\elack ngﬁj MicFbh Trftr‘é@ﬁcél‘)sa @e"‘@dﬁ?é@ capacitor as an

el I m nate undercut defects associ at ed |1 con
anti-fusedm Ungy. Paters N0P§t7éﬂt555\p'1dls Cateand NOI\QLOSD,@@'QPWQ%CBQQ N-Well

coupléd SRPREE a8 oSk tb%rlm%'té uhdbTEut Skfddfd éJerSGaf%Ht\mW ddiysiiiton etching.

regi ons renov create an asynmetr|
U.S. Ratentifwipticatied’ l\)o RD@HOQH $2geropessdsssimilamaitisiues stogdturg, but with n+

regiorhor}.@m%sléql&o! %ygaj‘lte%ncys %IIC%ange Or}cﬂag%ﬂﬁp \HH??e Egéegmransistor

using theniNiwgliresta draim, e|¢¢hplderrent ed using a mninumsize gate
bet ween two opposite type diffusion regions. [0014]
[0013D. S. P&i3rRtatéld NpEddsHdd paopased e range off Rigdl+aotiffiyse n an

. i 50l - I e
conte A i B RL G BB b boBE AR atusion
regiordéi scl osed in U S Patent No. 6,61 1,040. [0015] U.S.

Pat ent Application Nos. 2002, 0074,616 and

[0014P004, 0023, PaténtNcs prapesed ah emobaeti-flse\tiilt inamt isolated éswell using a

T e an fuses c st ed of at
standggd e T Wit ks “BRh B oo PRE R et BiiisRes giscioses
in U.SclaterhNo. Bese4@ppl i cati ons confirmthat anti fuse
performance is generally inproved for thinner gate

[0015)xi de Cap.eRaterdApplicgtipn dios 22002, 007i4¢816i ahdt2004 ©8P3 440 disclose
ransi rs,in 0.1 3um rocess

other RE8F BB achiter Thest Bub LR i bsintd ohS kprarior eafuing dirpet

tunnemﬁ@ burf'qetﬁ :atﬁérr thei EbﬁlegNotdhélml guidlerd] tmbeap@maﬂneﬁs cofirf that anti-

e thi cker gate oxide ar. nnos _(or, pnos ,

fuse R AT EPENC (eN RS et Y BSRAGS (PBRTOR ROA, which

is typi€&@Pectdngistord he0. N8O blocess). P- Vel 1) is used as a bottom
plate of the anti-fuse capacitor. [0017] The idea of

[00161:r eat | NOS. P A INE 6cbael1a5$mwseti Bfr@%herélbﬁ of@tradifidnal anti-fuse
breaklétq%t he S- lectric re

structB g U Gpie eokes Wi i BisRe Gate cxids B aised fas Ahos lor pmos)

accesb trafdistdisland the thinner gate oxide for the capacitor. The N-Well (or P-Well) is
used as a bottom plate of the anti-fuse capacitor.

[0017] The idea of creating a source drain short through the gate by separately
breaking the S-G and D-G dielectric regions of the transistor is disclosed in U.S. Patent No.
6,597,234,

[0018] U.S. Patent Application No. 2004,0004,269 disclosed an anti-fuse built from a
MQOS transistor having gate connected to the gate of a capacitor, degenerated by a thinner
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[0018] U.S. Patent Application No. 2004, 0004, 269

di scl osed an anti-fuse built froma MOS transi stor
whawsngi4gat e connected to the gate of a capaci POF/CA2008/001122

degenerated by a thinnergate oxi de and heavy doping

under the channel through additional |nplantation (a

di ode). The r ure vol tage i t 0 .
gate oxidg@pd 696%@%&%6{% ﬁa@ﬁrwaﬁ ei1&fonsl rEp{RMRASH (a diode).
The n@tﬁé%l@%ﬁ/f E’Fm@h tEamattaint 4t bstheapagitopve a cI assi ¢

pl anar ke anti-fuse array by introducing "row

[0019PT 00T af U isNPatent'Rb C8166REUEFHeny PPEMEattatsts itd mFovnal classic
paral lel to the word |ines, If decoded,. th

planar R A s ST VMR  UGEPgI a0t s BLIER Sonect o the

capacﬂér@%ﬁd $hiPpsralid? t@thai vidtd Mk NfadBbaet, e foRdsroghal Mrfes\vsaninginimize

herw se occur through already p ramed cell s
expoSHiPT PEPRFSHITANEISENS 1o Pigh Pragramping Y%'gg? ﬁNfLPOLSWOwQPH?ﬁ'W'Sg oceur

throug'?palregd PhbgPehinBY cafdpesy and rohgRIBelNifpra@anéipairapin U 8y Patent
N 68 Sranm ng current, which allegedly controls the
0.

4:by,addjng a vasiakie v@pagglggamlmgapqogwnﬁ'@mg &urrent, WhICh allegedly

[ I i 2
°°“"°E§é*a%ﬁ‘9§“é% e e R e o

applicatinsg) shows a menory array using a si ngl e transi stor
structure. In thg{é)ro posed mermrﬁoce |, 9
[0020F| i ni nhoskrecenrslyl BrS. datent dpalicatipn a%%QROgﬁ RAREH9) shows a

memo}i;); 91’?3;‘)9 ﬁéiﬁgf as fért%%ls%?' DctﬁFer fY thetprisdseE endrdorl @ENgbngf
671 20Nt &l Cactive area Q) stripes crossing vertical ,
eliminployhehDB iuslopdom Breg MO BIEESERS A RREEBOBbATRLRTUGUIe s

formeH of g@%@Hfail Q%iv@ ealréasﬁ?ﬁfstﬁ 8&9&8&&9’9 Pé?'nﬁﬁ? I@Eg%&@étrlges{ Drain

ource ons are also s and
contaét‘s aet $heged E@Wgerasslghb@rmg@ells and ernnecipd de hertirointah wogdlines.

Sourcgﬁ%éjér?s ?retark% %%}egjra nlgﬁ ﬂgét?ng gngécal Q! é‘thhlalLdelff?éon is

regron w
omitteiethergate exide bitehkdowrhianationGill de zﬁarrengagrejromﬁbﬁ: grain areg@eH a local

N+ re@g{]e %edcr\égtséggé ?\? @gp @ﬁg@ ngét? eslul:ﬁa‘?é’%!)rqugg created, the
progrérhmg_q aél(ssctdm:délhéeicéerétzctad |by Ipb?ltl‘#eiy buaslle? tr_lengate dnd @emslrmg tBe.ate to
crain e 0 PR 4 0BG RO TP kPGSR i o ok AR PeAS
propogé@ﬁharebblhg ggte owidd thlokaéssmt tref GeD gad 8_Biedigemthrough modification of
o oo T ShheRSre RSN o8, SR BB B rgions

be prés@ht id.thé Memapy clisNesy worum@obdupueunatransstor drdmaneglons and the
nes forne

columpy B RF P S0 BaranSsion e PR ) UBITHSED o aet B very

speCIﬁ/cﬁtb)Pe‘ﬁQ%quégrﬁnﬁTﬂnfaﬁ% r@dglgogetaafan ra@.u?'igia decatieddnigh voltage (8Vin
ecode vol

1.8V Rrpgsd appieg o LA oY i qtS 14 B2 BisruinB itagoded

high VioRade(8W) Rudppnee ¢ théhyatedear tretecblinhg o bepoggamrh8d/)while the other

a i ed he gates of the columm to be programmed,
gates\ﬁﬁg %Ottaﬁé%éft her gates are kept at 3.3V.

[0021] Although Peng achieves a cross-point memory architecture, his array requires
CMOS process modifications (LDD elimination, thicker gate oxide at the edge) and has the
following disadvantages: (a) All row decoders, column decoders and sense amplifiers must

switch a wide range of voltages: 8V/3.3V/0V or 8V/1.8V/0V. (b) During a program operation,
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[0021] Although Peng achieves a cross-point nenory
architecture, his array requires CMOS process

worp@sfisaad i ons (LDD el i m nation, thicker gate PXI/da20@8/001122
the edge) and has the follow ng disadvantages: (a) All
row decoders, colum decoders and sense anplifiers

must switch a w de _raneof v ol e 8V/ 1OV or
the 3.8 paluUIcvers 69 CHERIvAY SROTRUEIHEB AT o0 oivess Btpuon
progré?ﬂhé@’@elgr TS baitsdhanyelfrhiRCdr fh@'a)’ra9 bﬁét @‘fbctsodrﬁ)ér Elﬂévand |mpacts

drivers or OV drivers throu \}O r amed ce} hat all th
reliabiliyie8d \PHAGHVENGS% & PEFOTEMENIng: 6 (G FBEROBTaTT el feglies hat all he

array S4tK8 afdHd (bi?ﬂ%??fo?’ theSproghainrhéd/roV) @reebib&6d a0V a9 104ds to large

progranmin Every program opera uires, t
N++ jiifion eakags wre@étanoégamé%tseéw&&@ (o theise %% gl spotis
assunjedth b@ﬁ@cﬂ@écﬁ%%n&}gh&%m Hal drain@res s thel RINGR trhb‘dgh is not happening

unctlon akage current, andaalnllmts array si ze

at 8v pla); Atitee gamme tlm the t[ﬁnégﬂgr ﬁr@,lsg ngratesco&@gww 8Y) bjgsing —
connecﬁr‘?%foe(ﬂ e bRANMRNAG TS Rt Q@hlgﬁﬁilé‘wﬁlﬁ&ﬁ s@%fﬁc&% L]

I's not happeni ng bi as. he sane tine,
modifichiéon: (eirﬁéﬂngta@sumq%thab%@mt%%@ﬁ wildot 9f e&i( op the/seirge Pherain edge

if the LD?%‘H&‘&#&?& 4 shg\ﬁeﬁ?%?\ﬁh irfdh8 &t th&Y the IS$D Eeées are the most likely

out significant process nodification

Iocatlc(rts)foﬂba @xide dueaksowh Hecause c@ﬁg@cg@r@eelwtmq figighconrestirtigparound

sharp E’S gource or drain edge if the LDD is not present. It
Rowever known in the art that the S/D edges are the

a7, | BT PR TR opo T R EAAEN Bengine s

Paten$ Applizaticigile. 2(030I22PAFR Mhedighehiptking witege va wosdtines aind Rilines is

now f%&lgh Volkl'] gﬁe S 8@ gig%g@lf‘%g%dd}ﬁ%?%f nﬁtme distance from the

channeotottag gourte \and drdim esgianschalsibekn tbangesl. Ainugérﬂoatnijwdtlmes and

t dl
b e L
mentlbl@éﬁ mﬁdarhé\rstatmeblembaﬁnmnbnaw theg urgrodube a¢vang coupliog ipnaidems
bitli roblems with high voltage

betw ?%ﬁwﬁfd‘eg@ﬂ@%@&ﬁ@??%%ﬁ ve any of the above
IS e e TR

structﬁWstéhh%ﬂeélﬁldnﬁehme‘(él oadtériegs. [Alinesse 4rlidasy tetbulaggies require
anti-fuse devel oBﬂent S concen(ﬁ

QU3 PRRES BASI°PE APIVRY 0l 01 TG C0' G 81 ERaR PEphibiing antiuse

applidaflbsy mﬂﬁiléﬁl VI8! gfid ABFC déligns! ese p‘tﬂgnafrfnwétﬁ!hty could help overcome
t echnol ogi es,

require dd|t|onal S te
problos MIAGHS SHnEPAABM G N ey Aot A 8L 3G i veldBment costs.
There@&b'théréﬁ@arﬁﬁﬂidréﬁﬁe@ﬂ$n ihe itgustre &dr a\,ﬂeﬁ?dbleledtl—ASb@tructures utilizing
esnﬁl where programmability could hel p overcone
standgrhbEMUREPTRFESS: ever shrl nki ng device life cycl es and

const antl risi opnent osts
1002450y ¢ A4 i PR BHE UG EGIS ATV UG PQHTPeg el Pocessing
steps'd?IsUfiH fRon Righ vblisde @)Ipbﬁ@’ewf ®10S witdhiriggemiats dleadinghdS
manurf)gc(t)tfrggiﬁfy and reliability problems. They are also limited to low density memory
applications, with the exception of Peng’s single transistor cell, which in turn has very

doubtful manufacturability.



[0024] Al the prior art anti-fuse cells and arrays
either require special processing steps or suffer from
whe@h/15ake age exposure of MOS switching el emenPGT/CA2008/001122
| eading to manufacturability and reliability problens.

They are also limted to | ow density menor y
applications, with the exception of Peng's si

[0025} r ansi & isothesefpre, degifable tpprovidea ﬁ'HEP'Q/%’Pci/reéléQth'f gh density, anti-
fuse aFFQ\']' chﬂﬁéééur@k%'uhéﬁlé( f&r%ﬁl@]‘nehktlbﬁ in §t5ﬁdeﬁ‘8 OMOS €hinbIBEY, Bwithout

rovide a sinple and reliable, high density,
any a@ﬁtqnﬁtmec«%asmwtmm tecture suitable for
i mpl enentation in standard CMOS technol ogy, w t hout

any additional processing steps. SUMVARY OF THE
SUMM Qﬁ‘fh‘lﬁl_“@é@%f is an object of the present

i nvention to obvi ate or mtigate at |east one

[0026€I sadvmg &80t of h‘% PrESaHt Wéntﬂfﬁtb‘ofbw‘éfé & rﬁlﬂgé?tekay least one
rovi ding an antl- use nenory cell havin

disadvastaggtsif the previgusemti-ivse AHgYsPX ProMidigran QJ’BE'%H%G Hegrpeelbhaving
high réﬁ%Fll@bt%ﬁnﬁnﬁlﬁllﬁ %Stﬁln%%ﬁfoﬂé‘é SRalRaVRrab e tME&RsS gate oxide formed

i con gaean e active area of the substrate.
betwe[eﬂ)ez)'b Jysiliporagdte eod thesaelive aresef the sdkstate. nvent i on
provides an anti-fuse transistor formed on _a
[0027K ubst r bt @firstraspeah the prasent inventiersprerides an gati-fusg transistor formed

ona sﬂgét)’aﬁlé1 I"I*h o%tlg@éé;trargabﬁ%rf F\ﬂ a4 hAGIRGN GAtd, 'aednﬂJ_F@H id8ion, a field

ness’ gat e “oxi'de
oxide paglqns ahd aomrighle @wlg\eﬁ@g&féthﬂ@eih%m@lh%ﬂ*ﬂﬁélgaﬁ%@lf@ﬁ“ed overa

channgﬂ)ég vﬁ’n? #‘mélq Q- Th-gb‘?fﬁ% idrf r‘é foﬂ beSlinfie to%a fi Lrst end of the

I Fst “end of 't nne regi on.
channil mlgubnoihejﬁeld egnde megien prm&xmateetome@oe@emlmf tba ghanel Frgion.

e LB 5L IS AT D) SRR S ot

The vé’rfmale/mdkabésegatt@ bmkie eas aglaett ¢hickgate okids sagments & semrtddhlck gate

oo S o B e 67 312 1, 00 5B pBFE0ROts o
the firébendeof mm’mhelemglend@afﬁrsb preideterinined tdistartbeadf theh@hanne| length.
NG M LRI R
exten@@ﬁ&ﬁﬂlﬁe first &tlj efaretharnel fegiontto hrseckncgpnedetennnmd dlstance of the
G o8 BN ST O A T PR 5 At
sized fdr@B0&ng tBEGhdhnel Rgidn. Thé trﬁmgatb o3 ilegontivnCixtereig flnt tharsécond

the second gate oxide se |zed for coverin
predefar@ined digiancerta |%?P°°‘T‘ﬂ§” gfg?ﬁn E¥L portion °

extendsfromthe se termnddl ancet
10028 o o Acker g 6 B SETRAAN P @P&ﬁesepﬁ X anf ipoate
oxide %@gﬁ@ﬁomcﬁﬁa&ﬁ anﬁlrd et PKiES SBYMESt R, trlélhglllar&ﬁ ehabd ddjadent to the

xi de, se

st i GR4P EXPAGUTER. IR SRAFP BERTBRES PBCTRE PP TT B
dlagogé!te%g@g)lf ]ghé tﬁngcg aloxideltegmenn Nanvteelaintsodimend, wiesitsince

ei n efine
predetermlnged dlstlcmce is ytm%en the first end of the channel region and the second end of
the channel region, and the second predetermined distance can be between the first
predetermined distance and the first end of the channel region. Furthermore, the first

predetermined distance can correspond to the second end of the channel region, and the

-7-



di agonal edge of the third gate oxide segnent. In
anot her enbodi nent, the first predeterm ned di stance

w0 g00BesMe®en the first end of the channel regi oPCEHOAN20G08/001122
second end of the channel region, and the second
predet erm ned di stance can be between the flrst
predeterm ned distance and the first end of th

second pratietarminegidistangedis baest the firshrrefgterpingd Sistance nd dap first end

f the dhaiR&Sign@n correspond to the second end of the
of the lHanne\%%'regl on, and thesecond predeterm ned distance

[00291f s bet M‘ﬁ%’i‘ gﬁ&ﬁﬁf érﬁlﬁédlrﬂéﬁqﬁtﬂﬁ! 5%5@51 a@ éétatﬂé @hanietl kdifon has a

annel reqion. et anot her
varying mﬂih ibetweendhe firsbens aadkihe S&%&c@n @fﬁﬁe emmeﬁ'legw@glwe

embocﬂﬁm%nfs‘ Oﬁ’ rgi' fﬂge Whrqélél annlg‘ﬁ'elﬂcl&&l% 4 ééc%hd %ms%ﬂ%élbﬁ spaced from

econ regil on. I n one enbodi nent
the flr:tthhfftamr\l regios & definesd sacond £hAMNebegione B saeendapalysilisag gate over

the se?lérﬁdz H%n?lgl rrgégh OShdP® Hick ggnagé oxud B%vfebm’ﬁe Sifinedh %‘éte and the

he a sec chann region,”a second
seconpcchymdl region, ¢fzt ibick\gate oxide kavitnal thitkarsreidentisgl torthe A thick gate

oxide é%%ﬁ%rgg@% ﬁ?&lsgﬁt %&f‘rﬁ?ntt e flpsq ltl¥§R %étg %&d%%‘éﬁm@ﬂﬁn&lb@es a first

regli on he thi avi n
sub-sédmerk eetending émotri thalflrsﬂ@nd loéthiei qhannal inégien tpea énrdmret@termmed

dlstanag,%%?%!gﬂg tggt?ng%ﬁ r%%rﬁtr%&te%es gg}oﬁ? {htsetflrést%dfdf fd c r[alﬂhglkto the first
predetexininedidisgarfceoting third fredetersvinbdadistane maMthweelgtf@rflrstcﬁnd of

e B A B LB AR e ssvoci o
preseftelimént, ﬂwbeflrétlprédet@nmtéﬂtcnstamafmhdihetsam pr@dﬁeﬂrﬂnnedﬂ
di sta e can be, bet ween. t

predet.erm e §
distargharC HaTHHE 1P GPET APk ORE PrIesTeaf bRt Adara S sciment
extendih n%?r@ﬁ‘ﬁﬁe fikt eAd 8f the chanrddlFddisi toasioath preaktdrinthedrdistande, and a

G s R M E T D N

distane€ cﬂ'@fohﬂh Phd@ﬁatnﬂlr@&'di&arﬁﬁgﬁéﬂ/vebﬁ ‘ﬂiélﬁﬂeﬁerﬁlj dfhlhé channel region
e extending framthe f

and thrsaened preggiegrined distdnsar [he WPEW@P%@W‘H@@ asedien be igfgtical to
the sé%oﬁ@ errd@te?r‘rm’ieﬁm &xthe ﬂﬂ#d’kﬁe(ﬁét@ﬂ%h&ﬁd‘stahﬁé afd CheCé‘econd

hannel he second predeterm ned di stance.
)

predetammeﬁ qﬁt@mcanrﬁ%%nt@abp eserndredetermippd disfanse C@ﬂ Be
betwe%ﬁ tﬁé‘ﬁrs?&@ﬁﬁl%l'mlhgg HREBREANE iR BARN B dRIRFIRTaIdE AR,

I stance first predeterm ned di stance can be

[00303 de”t | Gk filrhel Eﬁubé&’ﬁ%ﬂoﬂh@%ﬁ%@hms‘b@& messle@Bﬁ@thldkfgdtélﬁmde

redeterm ned di stance and t

segmpmte@réw 5 fﬂf@bﬁt@rsﬁgmﬁf\ée@amla@frpmém fl@aﬁnd efrthﬁ fBarngt Ergipen to a
third gre%g%ﬁrn%h%r@e%ﬁdﬂsgem sh‘bBe gh‘éﬁﬁéktérh‘cﬁn frértthe first end of the

eterm di stance and th ourt h predeterm ned
channgil & tha secordumedgtermined ditanrine FFdcrsRelermyred digiance being

betwd%'hQﬁg grtst Qﬁcpﬁﬂhe cﬁ&ﬁ\e‘f’ RigIMhridthe Ke&ﬂfd%r@d@téﬁ%ﬁ&ﬂd‘i@t%hce The

I ncl udes a rst sub-ségnent extending fromthe firs
secongkibefegmest pRApeR thikkgale oxide aegrnwt@emgéa@mw%'% é'aepe adjacent

to theHrStHABE ﬁate%}%easeﬁﬁfeﬂﬂ thesiong PraierMiHeaniitarte’ iy ddied by a
first end of the

diagonal edge of the third gate oxide segment.

[0031] In yet another embodiment, the thin gate oxide portion has at least one

dimension less than a minimum feature size of a process technology. In another
-8-



channel to the second predeterm ned di stance, the
third predeterm ned di stance bei ng between the first
wepasosi4sehe channel region and the second predetBCARN08/M01122
di stance. The second sub-segnent includes a third gate
oxi de segnent being triangular in shape adjacent to
the first thick gate oxi de segnent theﬁsecon
embodimeatetherantirfese HaRssierfurtheriingudasm sReqne Jifiysign 2eqipm praced from

the first @%SBE ré@@n FJwéfﬂe%e%o@d( ERhNSPBGRAL a sé&QﬁldolylsﬂlcNﬁbate over

anot nbodi ment, the thin gate oxide Cﬁortl on has

the sep@%@ha@ﬁ@l reginprafidshthickaate pade Betwern theRdhysilicgp galg 9
secon& hé’nrﬁJ %@W Thé ﬂh&@ééwbmdé Rad B Ahibeica s RrMtIEER fd thetfhlﬁ thick gate

transi stor further includes a secon
oxide sﬁgmem lprihe prgsent egwéﬂemrtbﬁwS?P@dfqlﬁ@%fesméWaé@ variable width,

the chﬁﬁrgél &f ibPn&ed h&?wﬁ!tﬁ@&&%‘ﬂoﬁmﬁ@@é n&®&l 2BctioR &m&ogd diffusion

pol'ysi11con gate over second channel region
reguontandaseguné wigth gerrespondied te Bavigro$saipn ptihe sgaend %iﬁ'éﬁ'?fh eegion.
second channel region. The thick gate oxide has a
[0032} hi cknlsaseaded wispedt, the prasentinyasttiop Rrevidesaa rRoryQlfle memory cell

formetg Sﬁ ui)strét@ 'F \?oﬁgtpé e ‘?Sgi:éTﬁﬂélgd%sf% ﬁrﬁpﬂgg transnstor and an

usi-on reg as a varl a e channel
access &rgnsisioh é’$\ea1ntl1flu®ttra/ms{$¢dt hes ﬁrﬂé@p@%l"ﬂ@ gale HvarRa vajigble

thlckn%?sggte#e) ??6@% thi %a@aeoqg ﬂ}%kﬂbég\l\#aéb BRigk (Fmg{nﬂa aatﬂ‘éh gat%e&(%g)ortlon and

espon sectl
a thin dafefmadembmcﬁg iTha ac{:eﬁiéB@]wsnBtmr bas e@emhdasm@dtcon ghte over a fixed

thlcknE%sr ﬁgtoél:qgvt%nb (f pv?c{kﬂgésriaste ﬁ)élﬁg \%8%‘ ﬂi%gk%%%&% %tﬁ'ﬁé)rk being

substamlellyjdestmnmathrbkne‘sss&cdordmg; tosaroembodimeant efdhepresent aspect, the
ran t

ik e 2 b3 JUR o585 b TP B a3efi i g oxce

segmérheanﬁié trivb§&te loRidelpoetion. Jae Brsbbhldht&gatmm@@sezgméntektegds goma

vt oG S Rl B Rt B el b i o i

segméﬂltﬁfgdmb féldfﬁi;thfvﬁém |t tﬁa@ﬁedﬂhangdﬂ @vuﬂth XEtk $dvool tleclsgajaoride

oxi de an et X t

segm s SARTITAE TPBRK OB oGP SRR AiSh SR ramy it end of

the ch%gﬁt@ﬂé@@ﬁ‘b f’baédbférﬂ;rfé&&it’ﬂt?rﬁﬁﬂﬂ@ie ctign@eltlbhgth. Trat secomd thick gate
ion includes a firs

oxide 5egARt hasiasecgad w'déaﬁbt&t%@héﬁ%&?ﬁ‘&g)é ff’q%%%ﬁ%?%ewﬁa ghannel

width BHE iHeoﬁ?st wige. frhéé %Hm bélb@)’ud@@ioﬂldh@x@eﬁ\dsmmb ;ﬁé’d&é}ﬁﬁned

froma first end a channel |on a se(ﬁond
o}

distange te the sesanthend ?’fetﬁﬁ ghanneheegfqny Hl ?I’?T‘?ﬁ@nb%m@ ehk e non-
oIaUI%%Tﬁ&S/ cB¥irhEr ﬁ‘\cfubés?‘é thf dle bRES sédraentitemgathamgifdr in shape

he second thick gate oxi de segnment is adjacent
adjacenido the fisst thigk grtequdde %saiam@ é%%ﬁw\‘/ﬂ%ﬁhﬁi 98i& @H@és?%?ﬁt

the first end of the channel on to a Tre ?termn
(003341 'St an b8 811 arpech errEPsane YO MATRVIL S, G UER Fekeigat Bmed on

a subQﬁ‘étg eTrResHtERte héﬁsnﬁoﬁl@é‘s%‘ﬁol#ﬂ%h g@t&)&eaatdhahhd r@gmla diffusion
the difference between the channel w

reglorf ﬁfgd QXigR Fegionnand RivariaRie BiRPsR938XI98Nn @P@Mﬁ'&%ﬂ@?ﬁ IS

formetdrb‘?/epfh%%%ﬁﬁéﬂréb?&\ fhithAB§ 8 chanhdl feng@fantra eRshref wfdk‘rﬁ The
channel region.” In the present enbodi ment, the

diffusion region is proximate to a first end of the channel region and the fleld oxnde region is

proximate to a second end of the channel region. The variable thickness gate oxide is formed

between the polysilicon gate and the substrate, and has a thick gate oxide portion and a thin

-9-



volatile menory cell further includes a third gate
oxi de segnent being triangular in shape adjacent to

wao b@sfisyed thick gate oxi de segnment and the sePONGA2008/001122
thick gate oxide segnment. [0033] In a third aspect,
the present invention provides anti-fuse transistor
formed on_a substrate. The anti-fuse tranS@?tor has

gate qysie,erian. She JU Gal6ide PRk hrs ImEGTRRS 155 PR ATBR feature

size ofggy&@ss fochh@bgly.oxi de region, and a variable thickness
gate oxide. The polysilicon gate is fornmed over the

[0034Phannehcé&8inﬁmo Bhibelinteats ¢F tisd pre8ent dspagt! theakid gate oxnde portlon is
channel w dt The di ffusi on re i on chi(g}[#f’,OXI mat

rectangUias i1 SAFe TG HBAEHITRHRE PR SRComida the Eclpgl 278 bound by

the thicRgaMboxide pUrforl 8/ & tHird sieSatPa fbuRA @ldéfofﬁﬁ@re@%@lé%re bound by
regi on. The variable thickness gate oxide is fo

the chigBRRgEgON. HiltegRAtglyi the dim gg@t%'d&rﬂprﬁwsérmyt%t%shaaﬁoeuch that a
first snt}@%na atééb&lfd Qaé Bf P8 indkhghOsrei Bind B tiie dHanRBIGEGIoR%hE@ diagonal

portion. hi n gate "oxi de portion has di nensions

side OIf thedtriangie, ls@bqwﬁubwfm thickigatee0X¥de BOrgPN.a process
t echnol ogy. [0034] According to enbodi nents of the
[0035hr esenina taspeietherpreseghinventionrioyides ¢ Bgthog of forming an anti-

fuse thanSisi? %{n a tlﬁ\cl§ ﬁé‘t@%nd%%?% L@k tn E;bfesﬁxm%' zQSa %H@erﬁﬁath a

second Sl e rectangle are bound by the th
polysitieanegate.i he methed inelugas ahgnommgcarsmt%msﬁlateapw%mm agfiyearea of
the a f—quQﬁa {t&a%? Le‘?ntﬁf iy R YHIEm i agg BxiBO#BREAN 489 icPthe active area

I'n gate oxi portion Is triangular
defunedbm@ede sumonhmskahaMngsa grede] eqlaaido ar Righesibarsa geurge/drain
n
el RS S o O ol oL e s B e
definitiart mask iidempoditrieats. of i@BEentraspedtothe hidasiefiition magk has a grade

corrego:?paﬁgtg%a%vfﬁj onqag'r%ﬁ%'ag? Ang tﬁ&ﬁ{ggd@f{mt Wrﬂéd?k%aﬂdes an openlng

Si st aving a
overlappirlyi an mt/e areal mbenawdenmadthrtheablhsnhcqm\cgqte; id defion tharea. The

The t ho a)_ qr oxi .
operif 5B oL S5 QIR Tl BR8] 2 feeff scve
area ¢cenareicogespoadingtte atiedstawe diferate ahti-tusedranaistss.of t he

active area defined by an oxide definition mask having
[00363 gr addn funthat erhbod]mehisgiﬁme iresent asseni the bridaidefinitipl @ask
oL B PR a0 0 R A ok BBt BhBEping
actlvméfdbmﬂbﬁd@ﬁi&tﬁ mqomcemmbn gapdotdefitdtheaxéal he opening can

mas as.

nition e _correspondi tp a
includ HIBOB 1o e it otie AN BIE SHBR AT ve WRe famere
corre$ﬂvglhlm§€t6 ableaseb ldtf@rém anti-fyepi tmsamrﬁoﬁm_emta%etae ogidaeefinition
under ne con gate to ine the area.
mask F8 R s iAR LB S TAPEY BB oR QURIRE e aclve area
undefhiestBnaeé poIgsllidon Juty & @Ainb tiosiree) the \aesd Ingviracd width edressponding to
ners corresponding to at |least two different

aW'd'g‘rﬂfth?%gk‘!etaf%?ny stors. [0036] In further embodiments
xide definit

f the present a he 0
10037 nc uadEeGiTee RrGAmanT S G pisheRannrt i uFBe omoyipe can
includegighin Wisd bxi€® Befiritioh roaskritpan alignatent machine using a highest
accuracy tolerance, and the step of growing thin oxide can include growing the thin oxide

over the intermediate oxide to form the thick gate oxide area, where the step of growing thin
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active area corner underneath the polysilicon gate to
define the area. The openi ng can include a di anond

wGb@paesdenensi oned to have each edge overl ap ap€T/¢82008/001122
area corners corresponding to at least two different
anti-fuse transistors. Alternately, the oxide

. definition nask can_ jnclu rect.anqul ar e
oxide {161 G0 Tan B A dErRueh e e S UalS GHidB TR 97ig O for an
accesB daVSislor 68jBcéR t@the@ntlgliddwarishtorar ea, the area having a
wi dth corresponding to a wdth of the active area.

[0038 0037] oﬁ@&%ﬁeag ah@ fetles bNeas pfeseht inbigntioh &dleBéconsdasiarent to
renovi ng can. i nclude aljgning. the oxid
those &écf'”ﬁ‘ﬂ'lf %'!?ddw@ it ngrhwvgw ﬁﬁfﬁﬁeﬁ!'owa HeReinyen HES%?C ific

emboﬂlh%?sséf tRE FVERIDN ih ebRLAGIBA withNBe bbddnidRingffigofeawi ng
hi n oxi de can include growing the thin oxide over the
|nterrred| ate oxide to formthe thick gate oxide area,
BRIEFDESTRIPTION OF THE ORAWINGS hi noxi de i ncl udes grow ng
the thin oxide over the internediate oxide to forma
ate oxide for an access transj sto acent

[0039 ¢ j -  &Wodimgids QkIBR PresgOLBYCEPRY! '&%JQEtd&S%{W&g by Way o

examﬁue%w @fth pdrefehBe BY B QIthchdivaglres whndrbih: becone appar ent
those ordinarily skilled. in the artgﬁgon revi ew of

t he f oFi%Wiihg cledirgiama! adPRAMRS prt-sesalinent s of

the i nggnbiiog Eldﬂmaﬁ% bt tHeODRAM P BRti-ARE @EPBNFIHDE 1;
figures. BRIE I PTI ON OF THE DRAW NGS

00
Embodi frishds BicrasamseptiocnabyiewiohinedPROM-tpe nty Lc;le of Figure 2

dermgiiRed.x; by way of exanple onl y with reference to
the attached Figures, wherein: 8#@41 is acircuit
di agr afiof ina pramsegtirnahyiew.of as anf-iyse: tramsigtor aceayding to an

plemeuﬂmg%e%gegehpm%type anti-fuse cell of

IS a cross-sectional view of the
DRAM t yige Sam & plangelageytiof Bt Fritijusetransistony Aiguie 4x- x;

Fig. 4 Qgs 58 i€4 gi%@iarc'lg%dt%'ﬂme ﬁgéé){rar?é%t?ﬂ%f Fidus e showmg an

transi stor acc ng'to an e ment of the present
| aitemaieddD2 Fiagk cBafigusationpl anar | ayout of the anti-fuse

transi ﬁgofﬁ |§’£ flbvAGR o forn@é dpépfdrﬁlr@ szmféﬁre th@“ﬁ’é&% g%fte oxide

the anti=fus ransi s ure W n
arfarethelanteft@zanastor obtheiperseat lnmntlom g. 6is a fI ow

chart ef %a%tllﬂ&ﬂra{eqﬁ?ff&&%&g ﬁhg%hf&é ﬁm%klﬂ%z%@ﬁ@%mde In

gat e oxi ey Gee Oransr s resent
i aceortamoe; wiffi sfeps/af-tie flow ichart phfigutette f or mati on of t he

var| ablFeg t8a |§§B?a§1§r %%lﬁ o‘?éh %ﬁtl ke transistor according to an

embodiment of the present invention;

Fig. 8b is a cross-sectional view of the anti-fuse transistor of Fig. 8a taken
along line A-A;

Fig. 9 is an enlarged planar layout of the anti-fuse transistor of Fig. 8a;

Fig. 10 is a planar layout of a memory array using the anti-fuse transistor of
Fig. 8a according to an embodiment of the present invention;

Fig. 11 is an enlarged planar layout of an anti-fuse transistor, according to
another embodiment of the present invention;
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accordance with steps of the flow chart of Figure 6;

Fig. 8a is a planar layout of an anti-fuse transistor
wa@ewensi4ey t o an enbodi nent of the present i nvRCI/Camo08/001122

Fig. 8b is a cross-sectional view of the anti-fuse

transi stor of Fig. 8a taken along line A-A; Fig. 9 is

an enl arged planar | ayout of the anti-fuse transistor

of Fi gFigd4z2 isa glanaplayaut gf 9I”%ﬁ'i‘é‘?"y REHFY yeing thexantisivse ¥ ansistor of

alrrg%ve P85 LB&Drdihg taa émBH&ﬁ\ehf @frtﬁé §Fééénﬂﬁvéﬂt|8n 8a
according to an enbodi ment the present invention;

Fig. 1fig 43ais 2aRARGRYPYSPER afvo rram}pr it-iype giamay gelkaccording
t 'i@é‘ﬁbﬁb@&meﬂ?&qugf&eﬁﬁnmbher enbodi ment of the

present 1 nvention s a planar layout of a
rrermr y Figr 180 isgs pr@gsw@loaﬁwew akbetwentransilor anl-fuse gograory cell of

\quggliéiaeﬂ%ﬁng IiﬂgBﬁ‘ﬁbOd' ment of the present

ntion als a planar |ayout of a
t wo- t r &igs |1§tl~°oa planel layad of pevamery @gay uaioe é‘?%li\'\f@gtqu@'sém anti-fuse

S HRABATREH of¥ig(rB9 382R8ABb, ARSI B%n dhffbdirheht df thfpresent

. ronal view of the two-transistor ant
minentorcel | of Fig. 13a taken along line B-B; Fig. 14

Is a pl e}g-) |4 5%%“%“ I%&omﬁ of§ W?ér?for? r?\y’ Uglﬁb@% Mbetr |stor anti-fuse

tvvo-tr i Stor use menory ure nd
13temary celt acaogdingtcean aiteate nmbpdmferlt hkthp rpmnt |nvent|on

i nvent IFOg : SFj[Ogaée 35 \ﬂgaf?gﬂ% %Fg‘lgenléﬁg%%-ﬂ?sfe rﬁergg&oc{eﬁ gccording to

array ST'S use meno
aemdmmmtsoftampsdsearlnmrmoemmdi ment of the present

[ nventl 20 aL&

anti-f0&e Qﬁg%re pﬁa@ gyo%égoslge?’ﬁaée%é)gﬁﬁ r%t{ﬁ: ?“e?nory
t leelly) aeseding ltcmembbdlmentsaaidwd:prgserﬂlnvbntum.e pI anar

| ayouts of alternate two-transi stor anti-fuse nenory

cells, according to enbodi nents of the present
i nvention. DETAI LED DESCRI PTI ON [ 0040] Cenerally, the

DETAILEDESCRIPTION' provides a vari abl e thickness gate
oxi de antifuse transistor device that can be enpl oyed
a ngn-volatile, one-tine-pr

[°°4°Ar ray Stsperalyeths ,prespﬁgngeﬂtpnpu%\/géqs%{ag{egg{:g%ﬁge@@ e dxide ant-
fuse tféﬁfst&%elde Wdt Bas bé@ﬁ%‘cﬁe@h@nbﬁ@b@ﬁlboﬁw -tirdBgrdgtammable (OTP)
mem(grg gfrlé\g grgglgopaéq 3’@%ta%ﬂ-fgsre trgnrs%?osrlcga %Ea fgllar%g?e%tmph standgard CMOS
technology, and is configured as a standard transistor element having a source diffusion,
gate oxide and a polysilicon gate. 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 between the
polysilicon gate and the channel region can be formed in the localized breakdown voltage
zone during a programming operation. In a memory array application, a wordline read current
applied to the polysilicon gate can be sensed through a bitline connected to the source
diffusion, via the channel of the anti-fuse transistor. More specifically, the present invention
provides an effective method for utilizing split channel MOS structures as an anti-fuse cell

suitable for OTP memories.
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gate oxide and a polysilicon gate. The variable gate
oxi de underneath the polysilicon gate consists of a
wa hiosksgad e oxi de region and a thin gate oxi dePCEGARINB/001122
where the thin gate oxide region acts as a localized
breakdovvn vol t age zone. A conductive channel betvveen
pol ysilicon gate and the channe

|
[0041] 0y ot 1 el HIPNISLRSCHRIPSP BTV b L EES SRS B FEor MIS

trans@oprh@@-ﬁr@ﬂﬁbtﬁgop&ﬁfa@ﬁdr%ﬂucthl‘é & Hi%@PfOYSMﬁbFf Yne descrlpt|on of the
application, a wordline read current ap

embogiglapts, refeRCemioaia AXigRs LM duis PoiAt @D@?fdéhBP'fjlbieﬁ’é‘defs'tOOd to

mclud%QfEi@&ﬁ@ﬁlmaHPlatsth@@ Wr @eoffitiddioh @hoxidé and BRleehrmstbrifs.
he anti-fuse transistor. More specifically, the

[0042!Pr esenfagi dﬂé’\ﬁ‘éﬂshpd'lscﬁfsgé’d %@Rﬁm 9pd Rehiongai®y) by & @lanar

utilizing ﬁﬁ"t hannel MOS structures as an anti-fuse
capaciters| assaf| anibuse fnsteadipbaa finrage; CanaoiRaris plkeadyknown| @i ng

demo éd Rl @D phfARt ﬁ@r%MZ %g#ﬁ@ql id QCQ&Plcﬁlé‘gr@WofFﬁa_h 2memory

transi stor, -transi stor or CapaCI
cell, vdile lﬁww anh3 Ghaw the plararasdi rgsstpstional d\ewstrewcbvelx [péthe

oouf B30 S48 ARG IRl KhPBFIGGRN e, o
accessutapsistor 40 fandodeljnga bitline B @diatiom plate®t pakefusedglevice 12. A

wordl@le glﬂ;ﬁc{o;tljglggﬁr% m)eir@été of &&Qé@irahﬁst&r ‘ﬁy foQus Yo 'aﬁﬁ $SH 1ate

array anar capacitors
voltagervVemns icofipledta the ttcma[da@fof agtl-ajsgtdwagéz(]‘grpmgguammg antl-fuse
devicghgeady known, as denonstrated in U S. Patent No.

, 067,902, Figure 1 is a circuit diagramof such a

[0043f° O Y GG lbe g@hlfr%nr thfe‘é%ﬁpﬁ@@tﬁ%%uk@ﬁ(o%ﬁéﬂ@énsm 10 and

ross-section Vi ews®res
anti-fusetdevicasi? isreenyrsiraigbt-fonedrd Ring sineplé.. Tﬁléwterﬂmf gcaess trapsistor 10

and t{%@slp?%a1§og?@dfﬁg%gﬁ 32 gpeg%c?}%gﬁ]a%? Wtﬁ'?l’? g&rﬁ Ia%? 6fgirolysmcon
whichdederzieactdss abtiveactai 18 Inthe iastivecarpa dd uhdennlaathmb polysilicon layer,
o oS8 5 oA 21, 29 46l B o) Bl o
polysilléan feem 1tk dclive prezpuraiemeath. Dt eitheu side déyatect4lte d[ﬁﬁ)@léﬁ]reglons
22 a2 BB R RS e o Poublo 6P,y or s
in thesdrf Walll ghaer%ta?wﬁai sﬁa{?ﬂda&i OMDS. probessigl mdhdatsﬁldéwallmcer formation,
transi sto Qqf..a
g ARGt DG e e Moo o e B e

classu%msn{m@tféwowdo@@aaucdrIcwc@ﬁigarahsn id Widely@isa6td trénsiterdonly
18 under neat h each ilicogn layer, is formed a thin
AT B o AR PSSR 368V CPaLE" ey eiep spinos et can be

obtaifdde6t higE-Akehsityl @@h@tnbﬁg Suta tRAabE®-ohig@Rtiffilise@ il bacéliable whie
area under neat h It side of gate 14 are
sumplg,tq F‘agvfaﬁtureemt'bﬁé%%%ﬁ% Prof#i8%-e di ffusi on regi on 24

ro0ady; ' Aecominte anarmodied ok feSa v ER R el B @ cross-
sectidhaPEew of B anB-flse tRmsistod adkhn B an@ufdcuretmivitioBny 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,

can be reliably programmed such that the fuse link between the polysilicon gate and the
-13-



l'ightly doped diffusions (LDD) and diffusion and gate
silicidation, can be applied. Wile the cl assical

W@ Revghe1429 ansi stor and capacitor cell confi guretT/0A2G08/001122
wi dely used, a transistor-only anti-fuse cell is
further desirable due to the sem conductor array area
savi ngs that can be obtained for hjgh-densit

SUbSt'@EﬁJPﬁ%%ﬁ PreAistabyy feeplized isa Q@’@PU'Bfn'IeQ'OQrﬂf the device. Fhe eros-section
view df EF'lgu'?@ l&s WRkh ﬁloﬁgm EhdnBelBARYh BEthe dRvidk Whigh rtte ‘b@éstently

rocess. 44] According to an enbodi nent of
descrppegmpdmﬁm i mharme@g%cm ToHeRe i Gauar o ugarstand that the

r n be
resoHl Bl S0 SO\ ppMSRT A AR g e |

[00452Ir esen‘A'nM RO R0 SnclddR aé\rbtnbbltetiﬁ@kﬁés@@%té&&!e 162 formed

| rost 1dentical to a sinple thick gate oxid
on the syhstrateurheonel vemon 1844 ralysilican gateg®, sidgwal ﬁgacers 108, a field
oxide qé%f)ﬁ’%@@ d?fﬁzrspg'? ion 196 dbSH! LEFPLGRH 114 HI%e diffusion region 110. A

nsi st or erned a split-channel capacitor or a
bitlinereaintact i #isishown to bain electriedl icaptagt wirogjfiasiereteginnc i 0: fipe variable

thicknieggg£%3§}dlgtfg)lﬁcégﬁgl\é\§% @Ek B)gg%( éh({! % grgﬁiggg tidgen%uch that a portion of
the crmneh lemgtms coe'gre@rbydhe thick gite pxide ami éheceowining:portiomof the
chanr{eh qu VIIS gé\%ﬂé\ﬁ bg F}Hesthﬁﬂaqé?@ogéé; e@eirfepaqla @Wﬁﬁ gglee%éqls%freglon
whereeorideibreakdowrscan qocoh éfﬂnaéhncldgatewxde'ﬁdge enagfing Kiffusionmegion 110

I L e

curreirictwdanstae gamwr@rdlﬂmﬂ negiondd$ isaitovfiowi fabh @ragnaroied smti-fuse

v A S, B BB BT g
deperidsednthexiatk gras, te tma oa:ddlpbftlmallsnprefagblgb forib@ to haat ast as

114 A bitl
long e ARABRETEN B ien iaee FrrE BrTes o0 s dam i1

i ffusion r The varl abl e thi ckness
100465} o 163 PEHEL PTBRIMENG e RTGILISOAG D 5 Rp e iaco a biine
througtxh BRIirLEItdch 46, r Pet linfop berisiey & bamereifrohethg toblysiticon gate 106,
the thick gate oxide and the re

covered
and i P AGReS 10 RAMETRSRIei OB GFIGH RS VeIi50 6F BT Y= S son resion
110 nsg@trﬁe@wostmaatmméahubw oxill® Portibh bf Batvariae dﬁcms@gategjxm 102.

To TRy 191810 §OGA F14TGNSE PR 100regh heReoAdkAsmaisy oF curen

leaka§€d REBIAPrAEARH DXREIRPH)EHISO K 45 Qéilchfeegﬁbté@t/‘@adlé can be
prevented and current between the gate 106

introdiped Gaingring &grigaiionriosesse furihglsrase raetakwféw the edge of

sndemél’l"sbacfelﬁ% rAORPEY I8 rprefémﬁbiy%sba' Gum%&é%ﬁclélbﬁ’én broGess for
hi ck oxi de portion extends into the channel region

preveagrpgﬁrdg agertionef fifiriogregien 11¢and aperio:of BQ'YEB‘HW e {146 from
being¥aftigspbl y formed to be at least as long as the
m nimum | ength of a high voltage transistor fornmed on

[0()472he sangs Wall Rnowd e ballciied tRihekRI 8 KBRadb KBV | hlﬁhéﬁeakage

ffusion region 110 is connected to a bitline t

and thergfiore lower E'&?{‘%’t’" Yalgge obhusthaing|a npn-salicided A “ﬁ'@néeg'g” 110 will
reduceYé4KaBk. HiFfa&bA RYYidPA WBddn seddbpaati6r 180 Qoltage transistors or high voltage

transistors or a combination of the two resulting in same or different diffusion profiles.
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and can be doped to accommobdat e progranm ng vol t ages

or currents. This diffusion region 110 is forned
wEe@RitsEre to the thick oxide portion of the veeT/albbws/01122

t hi ckness gate oxide 102. To further protect the edge

of anti-fuse transistor 100 from high voltage damage,

oose]] o SRR B Rl WD 4 il s

Bitlind ¢Untti u¢@dartibé use adie vfsab)lrrefeaéncerpopﬂ tcedeht thee flam viberwith the

corresHRang raseiesBE BPuReFRirS e Blrg {HELTe re3RAT e
dewc@@hél@ teé aharmel ngnem ér@rdmmswa@giongwrﬁ foredanticton defined by

fusion re ortlon 0 l.ico at
an OF gk AU BF prealiooasess. THodeq ettouticReiabidegnfhe dieds i
which¥fAé tHidkdsfle biae tétb@rf§rn@e"oe\/lé< Eﬁ‘@DZ rﬂam&ﬁn‘@l t§é1 ﬁbrlb@tﬂkﬁg@cess
and therefore | ower breakdown voltage,

More gpggifically. dhejarga dinFiosed by theclshed 94tting 129 d?%%ﬂ?&%s 25 the Teglons where

thick &%@Q@ be QrHeHSOQWswhSIQ'r&@rsﬁé%nQﬁmebﬁflﬁmBﬁ thasRthdt Qz)/\used during
vol tage transistors of high voltage transistors or

the CHFoRrRsessdar dfiningdhe mwscm the SpPsirRte Whereghe arife & torhe formed,
and dbf fefists Ra BE&Unk! fxitel dRfifbn Mask Hﬁ’l’efécrit ﬂﬁanﬂhé‘ﬂrs‘t"lﬁ@é@fof the

he anti-fuse transistor 100 is shown in Figure 5
CMO%pqueﬁ@ stepmaidabricatnganti-iyee traesistas 199 vill pgadiscugses '@?%e

AccorB % ah %nﬂoﬁﬁﬁgnt Bf‘fﬁerﬂr ann@ertht {?\ettﬁ‘iﬁ dafy 6)@?@4’%Q'b@9nded by

SS secti o VI ew O gure . he active area
edges o e ectivegirem18 amch@ecr@wre@stmgﬁa ef thﬁ@%&‘ﬁﬁblls mergmt;ﬁd In the

4, .
prseffifstith cthbodthpMri€ered Rar b ntifir UfBFSnifthy R rlohimost D2
mask Edge taeidsitheutaraliebedgroof @stivenv@reatlii@. areas in which the

thick gate oxide is to be fornmed via an OD2 mask
[00493iur i ng Fidwee Bhlsr arcaltaroate plusication, of ppti-fuse i af iFigre Ha. Ip drégure Sa,

the Oﬁ@‘?ﬁas‘ﬁnﬁlo(?sc‘ %Wag E%r@@%ﬁgqhﬁ%éy ?ri'd'z@ c%@éﬂcﬁg %Bﬁr% rﬁ&ﬁory

I ons where isto
array. r/w presiotgly discassied cOD@mnaskt 120 defipeskthe lasgasi is \Aufwdhel Umhr@te

ot . i
one g BR300 W54 el 120 GBS 12 g reas o
no thiclegate oxide iatostm:ﬁmndedxﬂhsieadj défiin gate adidenwifl e giréwreinegthe area defined
th irst,. Detail
oy onpdfs 48F ThgsSneT 13 1 HulrBBer bRl R B Sy Ry Sagouraton
wherd apkirality>sfcanticfusegmiemoancalisiiodianeatrarafedtima rpwmﬂectangular
nvent i t hi t ' o)
oveif 555G Y Fa B 1S P o BB SEE, et s
area O mask, is mnimzed. In the presently shovvn
enbodi ment, this area can be mnimzed by shifting the
[0050]i ght mbgmlmeﬁ@mld‘gse travgstars100He bpsedadn gate edige boéakdown to

o b e 9 e e By B A geeonn
condifiéns (t/hltam comsht aﬁﬂ&me; depenwhprirsarily bar)@tadlemcmbalhlckrmﬁs and
to coyer.the enti

ext. [ rr.a ou
compgp i, 1 B6leCi8B5 i 3pe 19 5P e nBLS Y e e Bl e SFininec
thick &md thih @te exide of anti-fuse transistor 100 results in a locally lowered gate
breakdown voltage, in particular an oxide breakdown zone, in the thin gate oxide portion of
the device. In otherwords, the disclosed structure assures that the oxide breakdown is limited

to the thinner gate oxide portion.
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oxide is to be forned. Fornmed within OD2 mask 120 are
openi ngs 121 defining areas where no thick gate oxide

w0 2008058329 f or med. I nstead, thin gate oxi de w | PCTEA2008/001122
grown in the area defined by openings 121. Those
skilled in the art wll understand that in a nenory

f
[0051%Lg¥y%gal|'u;> ullryg%le%rng léﬁee::tgﬁ{%@ r abé)' }r%e,p?s Bﬁtge présle%te invention take
advarit&fd &'%gtybuaéumsnbm Gﬁ@%@f&a@@n abéu ﬁ Adte rfﬁrgate/omé d&sign layout
to define the t %ate oxi de area uglzch active

and foaméaoqtpsenhﬁnees@?tew srbaeﬁhdﬁyneﬁrfamancﬁ 9qte oxdedyregessing

steps PR dby's OMES pRIteSEstasaing inB apaksitiiBed for LAK ate oxide
permanent |ink between the %ate and t he channe

thickngseiwithi Miehactiea gateareaBipa the yAuRRIS BHekneso 93t guide

devic fiﬂhé %fbtndﬁf'dcblﬁb@ﬁ)omﬂ %B&ﬂ&'nép GbfER{s! dnd éPébtr‘ldal il Qisturbances are
ctric thi ckness and nPosHlon def ect

createsieatéhe bounsiaey hetwvperythedhigk éad '@fa%tﬁdlixfdﬁas hnseiefacisemnay include,
but aryn%t HARGY t'degxla@{rfﬁh\ @glatsmarbt?ﬁnfo@ﬂicgﬁ a@fhe%uhdér'ysteeswues from

transi st or resul In a | ower ed gat
cleanipg @mmnd/ gllhwgr@ces&nWptdlffﬁﬁrarthaimabwdﬁiwbrre@ﬁ detreen

unmagﬁgl‘eearn ar t he kgd Q%Cl&soﬁllqﬁe&oéﬁéc%n%aé@ﬁaﬂﬁl’{c% Siaﬁgtldensity at

osed structure assures t
the thimxaxitie m@amolmdung to ineraased te@kameamdwionaikyrlogmeé besakdewn

volta% rl'n%{gﬂ)ré %glg\%v]voﬁ%gé tcbr?‘@@!:tl anti f tﬂﬂdr? fcgﬁ Seg \ﬁﬁh(bru any

vent age 0

proceas tmpdificatidny pr ohi bi ted CMOS fabrication design rule
for gate oxide design |layout and formation to enhance

[0052)at e o ddypivat EMIS\progesd, thendifigsion wEgiongalt 2D exd ébannel

e

Accortihng taahiewdbogmtent af the. pr&ent mt/erdnhncthegjlffdsé)mmglnahlLeDD and the thin

ot 5 PR LB PP MR S o
voltagé typewchrmesmag & theekin gdte&txndeh er tmemi‘gj*avqrtabetypeenrrekgmndlng to

the trigh el S0 /e Pritlefr 0P, iR YcreT PR WA Frg i B Rt Rgpshole

voltagy‘us abi dregter Mmadretubie thamany thitckegeitel ugige throshald esitaigag
process and silicon recess due to different thernal

[0053pXi dat IAOrﬂethati@Sc@etlmsnamﬂmmm(bawdm@eifrbmd dtyndes IOMDS
S increase tra

procegR AGAIgIna o nEBRIIEOLF B BISTRAIP PRI TzS S Wl known two-

step d)d'd%ithéﬁﬁﬁ&ebﬁakmﬁcﬁ?d”rﬂodtmﬁr&’d {hys proveysas stsvaaidlgure 6, while Figures
vol t a

Th -
7a- 7°§hPde‘E| yglc&xg:e?e{ggs(%f g%[\l@gl\év%\ég LA esglg9t Qf{eéfggrn]gtlonfc%rrespondmg
to spdBiid stésah it prob&4a52] I n a typical CMOS process, the
di ffusion regions, LDD and channel inplantation are

[oos54i f f er g, taﬁnntéﬂmgauag@tgetewkideas Yrowisin 3l @ctverdidas Betekmined by the
00 mk2k 7 eh 8 4 B 781 15 e Al e Fobistapt oxde
300 ohNige sliisfrate, over the channel region 302. In following step 202, the intermediate
gate oxide 300 is removed from all the designated thin gate oxide areas using an OD2 mask.
Figure 7b shows the remaining portion of intermediate gate oxide 300 and the future thin
oxide area 304. In the last gate oxide formation step 204, a thin oxide is grown again in all

active areas as originally defined by the OD mask. In Figure 7c, the thin gate oxide 306 is
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gat e oxi de channel inplantation of the anti-fuse
transi stors can be either type; the | ow vol tage type
weorsespendi ng to the thin gate oxide, or the PCTOA2008/001122
vol tage type corresponding to the thick gate oxide
(1/0O oxide), or both, prOV|ded that the resulting thin
gate oxide threshold volta IS not ?reater

groW’h%\‘@ﬁ theupiermediate; gate pxide B0Q, g?%ﬂ&éhi&@ X{derares a%ﬂo e rrgeent

emboﬁﬂ%@]thﬁﬂ'@(td”a@éj oRbe &'BAhdd 18y é‘c&rﬁbinaﬁ&rﬁoftrbm%kﬂng #térmediate gate
oxi de from a standard CMOS process accqr |ngﬂto an

ox'de@ﬁﬁ@tﬁmth'rbgatﬁw&dsroa%w remaiBing; ipigrmediate gaff PXidee g
known twostep oxidation process. A flow chart

[0055h | nPRg rerls the toreed thick gate AKde Aresi Gpredey thp Q2 mask during

step ﬂZQMF Rave/Agdte oimé%kk‘ﬁes‘é%irfﬁtbsc&ﬁﬁﬂﬁﬁm@f thdiBtermeliakl gate oxide
hi ckness Qgate oxide formation correspondin

300 as@&ﬁ fmatttwt @@i@ oxidet396. Praosame proye@sa]cambe@tx?enaﬂd for more than
two oiggét%rn otﬂ@F é‘quﬁ’%ilé#ﬁ gl‘o%e%r‘é%ah '88 %Elacli ﬁfﬁr’o&@c@&%ao? more gate

term Figure 7a,
oxndettrmcl@ersse%mmﬁ sametd*q@ whighigdetermistedibytad lanstiong bickgate oxide
mask%ﬁje 300 on the substrate, over the channel region

"In followi ng step 202, the internedi ate gate

joosefi 9° 00ch IRBUS sk aretbloei bFa AGSLARA] Aol Bl B

as “usi ng an ure S OWs
resolutnerrmmaﬂkmgumamddhe gesipnrwenteduiae e lajae eangin @éthegdDa mesk over

active, %é‘:f rrététag tpghf%%ﬁ& do% r?r{ﬁ\gve?’ Ql%allslo'ﬂstf&%é 0]07) rgéékeerﬂffr\ﬁithin the

35S rown agal
activeagate aEeaaAeem'dlag t@theg:re@nlt invetionn thet Cbl§)2 nask @deﬁkln thenactive

gate %: ﬁ? gFe%é@ gt én %EH% )?ﬂgtf&st?o%nlugﬁ dg' ﬁﬁt teafllr %é’@)l(ci%é%atg I%‘?(lde on the

drain 8@4 diffusiot bentpcte)esnelatand ok rgate oxidehen tHel apipogjite sade;feutber channel
is f b . t ' ' '
or nof o R Rhe AT R 75 1 EPBIb,F HEF Hotfo ena
(polysilzoniling wmiith ysheukicxdi latger gtehehe)[&nodess @Bﬂﬁ&h afd depemdsudrt actual
002 fng iy, Quahohse et MRLBRTE G BoSssRt etk aemhange.
The nhﬁih’fl@r;]gatf@@éﬁyltmﬂ{r]!tmsphf clidn@el mtuggg@dmame@ah ®e@pbaxindled as a
nd the fin n g, oxi de The_sa ce
sum QRS @ RNl o ibiek S T B R ne T g et wi
appre@tal&ethaemwaaé ealculafishsasnRsmaeddbdsedumatadiCtoletardds cariditbe gate
sses n the same die, which

lengty garu*& : BV egxygﬁﬁetnnneﬁze GRS IETERSSSat e oxi de. mask
. Q056] T
10057500 . (eANe ATaple i ckpesh beiE Pl P heart PRREd ackipgal standard

CMOS$estessiflg bleps @as bernipldyed at s@plzoe te.coraplgt: thakgti-fuseftransistor
the OD2 mask. over acGtive

particul arly,
structyfh 25cARONAYB Hibe frsT 0T 6 BFIOER & ERBoHaLe DA Ngath JpD
regiofd) Sidewhil ¥Fadedd, RFAD,&md difemntedions, antRaliddampafor example.
i nvention, the O)é rrask nds VVI&)?I n the active g tI

Accorging-o arrsgfiegg embogimant gf; ﬂrﬁ’é‘?sea fispypsed BFqCqss: @ s2lipidigfion step
is inclugéd & £ficib it sslyQIRbA gate IRl tA8 flb&tfg diffusion region of the anti-fuse

transistor. An RPO is formed over the diffusion region before hand to protect it from the
salicidation process. As previously mentioned, the salicided floating diffusion region will
enhance oxide breakdown in the region.
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drain (i.e. diffusion contact) side and thinner gate
oxi de on the opposite side (either channel or
waoesgsmeect ed source side). In principle, thiBCT/CA2008/001122
technol ogy requires that the gate I ength (polysilicon
line width) should be |arger then the process m ni nrum
and depends on actual OD2 nmask tol erances, but

[0058bt her wpen@ Igfsiedlo FepsidIden the aRAYE-FEBLQNSS %t'-fﬂ%f*sﬁ(argﬁ'%%ré is the
retenlfd?\aﬁlgl%llaﬂ_ﬁl? oPiHai UNpragarh el %@ﬂH hrhé @esérited %hillf&s&hémaﬁj cell is

anti-fuse Sstructure can be proxi mated as a sum
programeieehiphierating 2 éﬁ@qqﬁ’“Y%?hWQ' Getvesn W Polysilirorygeie %ﬂ.tf&%chame'

throquTPu%thﬁ Ighld S6kd. Thk h@sdnraﬁt Mbér'anﬂi&?fs‘%&tb%ﬁ bleltfte RSN AYe8d

cul at’i ons can be based on mask tol erances, and

operatipr: by aprlying Agead ucat@g@éo themam: ARG SERBIng tgﬁwehtﬁqegof@mblﬂme the

_ I

o BE HOASIRAE e RAERTha U0k 1 5915 PN OO rces

technplogy. eldid yajtage ey meeda@emlrﬁyr@dlo&@ges@l@p/egdw 3 BC bias on the

gate éfgﬁ%!og}u\&ggégtr%%éto; ﬁ?ﬁfg@&?l @rgx%a regﬁﬁg;f&tﬁv ABAVEY). In

other\pmldysthe ireashvalfage maly bl suéfigienty highitel pragram spltscwhish apAQ remain in
f le..

the urﬁgg rghrrtelﬁsﬁtg’tga bﬁg #gb?rf% g(lr?ﬁ gcﬂeﬁfr;llitfg lﬁrg)‘?%grgﬁ@{rﬁal a;?/"m-fuse

cells idits mmsmed tie amang xheathmagate: Dxidabf ibe vatiage thickness$ galedxide.

salicide the polysilicon gate and the floating
[0059(]:I| ffus |Fmgure eg isbowoé ptdnar dewiof boseti-fusartsnsistor ha¥ing BPOnimized

i o 8 97 BE B B 5gBEA B8 S, scorin
to an prnbwdumwt yf the pteseneldyerttlba Barleixamgeq] tHel fahmatlgn diebf wstlioad in
e, 0xi de breakFown in

Flgur? E%@B[t?e[uagg 8]? ig g% sggwg a,CroSssee %Reaﬂ VlFBerf trhe anti-fuse transistor of
Flgurab@\/tekémaIbngmmjAaantﬁfmmunrcﬂrﬁgwe 8a % vesy tinwlar to anti-fuse 100

nt i i abilit r . t.he unprpg [ls
shown it giecié gter et PRue Nl 1) Balt S ABE Pl nimess oate
oxide foeh8atA IhepElgsibon tgakeis ehiAinigd. bet ween the pol ysilicon
gate and the channel through the thin gate oxide. The

[0060]ESUl t amu-fow@air@”@t@fh@hﬂdl@de@@vdﬁ@bmmmm gate @xucuewlz formed

eration b aredvol e to th
on thg Sttty ShaBholgPoat 408 et el Gelscititn sl sfarees . a difusion
reglor"F 1) %H%‘ih [{OD refith 4120h & diff@ash keRidnodi. The Slﬁar’fétﬁlé ﬂm&nQéé gate
endi ng on process technol o

Th I
°X'deé‘>9§é€as'§tﬁ@f AdNEHRATIe BNY adn sﬁ%i@& %Pﬁatt@@qw% afep of the

chanrﬁeh fén@?ht i§ cBVerbd B?/ kHhIER |gbﬁ£k§(lder éﬁbsé sinan rrﬁ}ﬂfri"ty &ealofthe channel
for exa 1V for a 1V devices).

lengtfbtsr@w%ﬂ@y the I Q%aé’x'@ei ASgowRip higure éfaftheut'@?h g3te Qg area 414

coverk Pndat Qgthé'ébﬁ\%' arsa W6 GRd& pRIysich §RteM0BNexddt for a small square thin
unprogramed state. One factor for max|i m zi

gate 1l aBRI418,AE{USR FRBEF BHAMICARS @ PRBwokil Remarycg!, and hence

will halied H'(hﬁ@ chh@ced2Ain @lectrital édnitdtt dath @lfﬂ%loﬂeeélf)n T4|1|@ The formation of
vari abl e thi ckness gate oxide. ure 8a shows

the Shamgl AN o R SRR oA o R-ge GKORBRAAIES dicussed in

furtheldBigilpeRey. t hin gate oxide area that can be
manufactured with any standard CMOS process, according

[0061] Figure 9 is an enlarged planar view of the anti-fuse transistor of Figure 8a to
highlight the planar geometry of the variable thickness gate oxide. Anti-fuse transistor 500

consists of an active area 502 with overlying polysilicon gate 504. In Figure 9, shading from
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to an enbodi nent of the present invention. For

exanple, the fabrication steps outlined in Figure 6
we@anshsi4esed. Figure 8b shows a cross-secti onaPCwCanwosnNo1122

the anti-fuse transistor of Figure 8a, taken al ong

line A-A. Anti-fuse 400 of Fi gure 8a is very S|mlar

to anti-fuse 100 shown in Fi

ce
the polyalizon BaieEsIveR ARt AREIUe Seaips P dBEatH . (R @gable
thlckn§§§ at@oxie iRl BetitRnINg d&tiveifEN5@RARI pSlysiicdh r@azeesm and

ti-fuse transi stor 400 includes a, v
COHS'SEtﬁ PERW%%PW%QF‘%?&%QCCQFSPH%trt&’rPr??F‘é‘t §m9§3mﬂné thick gate

oxide GRESWY cdrisH &hsifdfed @ Akt A FeRth afaﬁs??ﬁen@lﬂ\%‘é@'skllled in the
spacers 408, a diffusion region 41 and an LDD region

art wilggrxdarsiandhhal inerdslineiion ) fneysegmentsrig a issial Bigplsdown of the thick
gate CNHeCéﬂ%Sé $nt8 8bSstiREnt ?ec‘fé?%u%? QﬁépﬂssTﬁé firdt ﬂwmkcdété’é)k@@s@diﬁ’ent 508

ate oxi de such that a Orlt% area of

extendwmmea firstegngt of the:,crwm@lrrellonycqwdmmw& theale®-nenst aég%mfdhe
pons@co?@té SEl 8% de¥orld Qrgdegff thé @ﬁ?}rﬂé@%ﬁn b@gﬂEHtSSé)% c,t%ﬁ‘e{'%rs‘:‘e@n asa

at e OXiI ,
rectangulanshngbarea ihewing e¥vdih lessdbgre the vwd%ltofc%ve ghasnglepige. The

secor%rtﬁﬁ( 63 foud ee%eﬁpr%lny 5441 lsca% gﬁf {6 tﬁj@@f% S?lﬁj,;aen% extends from

ate OX ar ea
the samefirst smd)of th@Ohafmel tegion to @rpredﬂtammn@d w@mﬁ@/ otctbe Icharned length.

oo BEARE iR, Rt 5960688008 e PP LA Pl atrece

betweehdhe hisarmebwidtrsamrbthefwidthiof khegfistesegriedt508. ea 414 and
thin gate oxide area 418 is discussed in further
[0062et ai | BHeehuss thp 866d1d tRicggate &XidessegmephbH0 grds ipltkenetrannel region,

the relq?agjﬁvﬁméj farﬁtah@e H'ag E?cé%rggr%? é@ﬁ@a[sp'rey sg{ is %f g#& glﬁ' Iivg%? §e§ 8y segments 508

and 510] arld@sthe gitier hoasides byttte edges ef theaamﬁvesama 59@0This remaining area

is theg@[qulg ! q)%%qfqaragtsgﬁ \M{ﬁe fﬁﬁe@?g k er.ri] gﬁ ggershé g%gﬁtmﬂtgin which thick

ox1den)©ioyt% ﬂorrﬁ@cl‘] tlgawzhaﬁsktaemasmvﬁdgmlar meming‘s'ltt ihevhich no thick

tur tneath it. The variaple,thi S ,gate .
oxide g5 [t PENFr L CHE I BEo A BTEne 239 g B opening 514
Expreeéy i the anerngrR} thedas anside onthie séctamgular dutlinel519as here thick

ste SHE 515 B S AT oA 0 pER I 0 e

fabrich6@Sprobdds, WAhad Beditned /0B Hata cdites 6f talslobémd 514 blagriaps a
art will understand tha tbé the deli neati

comeg gyiheRctivg areg 502 yndemeria ke BAMSIiRONRLe o4 3@6&%@%@&8&%

openlﬁ ismf chilbe selRbrRtit HeRhy 6ie6 ! ANBHS alpréfbReE et of ARndrisidhs, as will be
ck gate oxi de segment 508 extends froma first

discuged K (EHIFRRA O FIGO 0. BTGP GNP ioh 2t SetarmorsSal a biine

contaBO86 8 forkrle@ fRQAI¥StHEd eofhe@fdretodYitlink onét shewad end of
t he channel region. Segnent 508 can be seen as a

[oosa] ect anggiyafe RN8REMarHr &FohBdfiddemoly dHdy doﬂﬁ@tlrtdW@frthé Beti-fuse
dth of the channel region. The second thick q_
memefy CalboLIgHErR A0S OTG 0T SERIHMET F e PR iegiiah T he memory
array P@8 anfbeRiéRbgTells afaidea is AW drid Sdlurfms] whierd B&ﬁsmcon gates
channel region'to a predeterm ned di stance of
504, f@ﬁ‘gﬂ(ﬁé§ cortipgeys polysilicon lines, extend over the active areas 502 of each anti-
fuse memory cell in a row. Each polysilicon line is associated with a logical wordline WLO,

WL1, WL2 and WL3. In the presently shown embodiment, each active area 502 has two
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The second thick gate oxide segnment 510 has a width
substantially equal to the difference between the
w@eb@sngl42v dt h and the width of the first segneit/CAQBS/001122

[0062] Because the second thick gate oxide segnent 510

ends in the channel region, the remaining area |s al so

rectangular in shape as it i s bound on two sid "
polysilicon-gaiessS0bh dhesehy fommaing Awe aplirfusg drapsiniors %S*sqr%i&e fb%me bitline
Contagtty%eé;l,gea%t,gga,bggogctlve area 502. This renmining area

I's the thin gate oxide area 512. Wile the OD2 mask

[0064213 defrig %ﬁeﬁuhgs swmhé\fdd?l asM% 1Yol BéfringOkk deedsSwiiePe the thin

r med, OD2 mask 513 has a_rectangul ar openin
gate axide i Is .tp tmgwnn@ reqtanguiasin hareandsizsd andmesionedhsyshghgteach of

its fodP)ébﬁ\%ré’\b\}elrlaP?wEﬁ Mdﬁhér@rébst &%lﬂra‘ﬁﬂ—fﬁiﬁé‘ t'l’él'%%t&)écﬂﬂ?ﬁﬂeag 502,
Expressed he alternate, the areas outside

thel’ebyh@fhn@@ttbﬁgm gate@atdpuaﬁ%a%m idealin dhethimgair ogléfe@r%(h%ﬁeat least
one d|rﬁer{<sﬂfn W %Srh‘ﬁﬁ’nlﬁ'g'f% I8 sl bf HH ¥abREHtBA %Pém(:ﬁegw%% can be

during t rlcatlon process,
obtarmghnouglmm aMedap bekieen two mask sggiense Qmpmsfkg'ema is the diffusion

mask,?%gé %%@g Sttl‘?l? Sane %Fee?%a%%%nﬁ?fﬁ é’é}oﬂ& %‘?asﬁqgglb’@ gecfﬁg ﬁ%t}%hgular

Icon Mensi ons
open|5g51¢mthb@|329ﬂneslt 818. Botthmasksyareiof @ nopteritieal width, meaning that they
: ' [ : Wi | ' S
e o g i el Al VRER A 5 o TRl e
masksyrthé afeass theetior gate ekitle aeedsid1Ricas hawe tawins®be approkionately equal
to or %%%%%eerﬁnéhﬁrg lfel%erréns %‘Qrg%élger?fa%'n %ﬂo'ﬂ ré&%éh(?)l{}gmolo
Therett@restlhstdim@\sdﬁnstdﬁ ecchaniguldr lslaaapaibmemmgdaw is séleted lbaeed)on the

or di n odi nen present invention. ..
spacifi it iorshniely SHRSSTER e fieab AT BRY M nec Ry ER R vertcaly
adjaclfalﬁt ercﬁwsar@aﬁi 502)| smﬁﬂ)at\tﬁeacb\eﬂ'ao layes t}»etweén thetoeenerd éf the opening
rmed_as contipuo ol.ysil.icon lines, extend over
514 2pAd U ek GE5ES et ke SO il Hamrar Shyelo the
mininfuPWealRé BizB of iheifhbricalion tedBndlsgyassoci ated with a
| ogi cal wordline W.O1L W.1, W.2 and W.3. In the

[0065pr esentTihg drhéndiorRnii egering 514 arcieldntdd toenmmae E%dmaﬁe or

recanghiar shiae! { LGP SXiGp arean 12 FEeS KGO EL{RE a6 i ppgerstand that he

selecfé@r&rﬁéﬁsw”}%@vlmﬁeaﬁtb'a‘é@o@ﬂ @Wgrﬁ%t efr@ﬂﬁﬁ’d faﬁh@t@ﬁ@ﬁbﬁh@ﬁes such as
3 for defining the areas

k
comenn@ of e ﬁogﬂéséeeoeraagiéé A nghdiesr@egqfé\wf?gy foe &eafﬁamazyPn " phthe thin
gate ?o{}ﬁé’@reQMZ $hF 86 o%fh‘?néﬂooi/ Génr@r‘@ﬁilgﬁ \yedtet Madk. %%éh Qlfadbtrﬁask is

r corners overlaps with'the corner areas f our
providgsk By ysingehigherasipkity slasgcpalpealg apder sask pf'ﬂ‘é}ge%}”pme”t
defining the thin gate oxide areas 512. ldeally, the
[0066] hi n gé{%ér%%?d@edﬁl@e?"'%%f upprqaEarameg qatifseeseds BﬁV'B%VHﬁN

mininfiZ¥ f@btmélyfé g ate dxrie HPePb12 BYré AR i RIVE@NTHY SHaBE Bf the thin
whi ch can _be obtfai ned through the overl ap between two

gate idgcarea il srectanguian Sk sawge oRsyiing e AINmiged arpanfigording to

altern@teSémbaimBks! iRStedd bf Nﬁnﬁg £8ingRTEctard\far ShapsE 6HEHIndB 4k overlap
region is t he rectangul ar

with four anti-fuse active areas 502 as shown in Figure 10, multiple smaller openings can be

used. For example, an opening can be shaped to overlap only two horizontally adjacent

active areas 502. Or, an opening can be shaped to overlap only two vertically adjacent active

areas 502. Furthermore, individual rectangles larger in size than the desired thin gate oxide
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opening 514 in the OD2 mask 513. Both nasks are of a
non-critical width, nmeaning that they are greater than
wo b@strirearum al | owabl e wi dt h. Hence, by positipei/og2ake01122
overlap of the two masks, the area of the thin gate

oxi de areas 512 can have di nensions approxi mately

equal to or below the mnimumfeature size of
area ¥32ah bedisef (aPYSIRPsacR astive gpa sz H&Bfeow Sorfer e & gretangles of
any siz& aredédrsnplara byfthé Eﬁ‘etv@ﬂglykﬁbwﬁ leaedinpe the thibd4dteioxide can be
sel ect ed based on the spacing between horizontally
triangylaf i SbAPe-act i ve areas 502 and the spaci ng bet ween
vertically adjacent active areas 502, s

[0067} er | afiha PRETYSERRSISIs BregsPT@PENGSE DY 1R "(5'}98 q,]tﬁnnsqaie oxide,
preferﬁﬁg gt B tHinfthier gae dxmilbduBbafethisisutcbhpligeld p@ly‘irfgsa high

is smaller than or equal to the m ni num f eat ur

enough voage diTREeniaeneean bR SHIAANMING GHaNTRDBEP Cplibio be programmed
and adLBEARHMY Fovir v@ﬁ’é‘@’é Jlﬂer%ﬂfﬂal af §nyS 8h &ft bfér beysgr Hér@f&@ drie8 a

square or rectangﬂnar sh ape t'hin ate oxi de
permanept consystivediok|is Bamed a ersTent aprlied |t0 thecralysilispgy g@tﬁafv'" flowm

throu%ﬁe h@r%ﬁg #H@E@%hﬁé\% Wd &lﬁﬁs‘?&?rebfbhowﬁi%ﬁ @HAbe %bhmf’éonventlonal

abricati on anomal i eS suc as cornerin
sense amaplfier deayited-aseemplesa NP@hmml@se&vea@ammgpmg 108he

polysifi | 8502 Whikd a idiertBitdyddic d"%E ap Iﬂﬁo ‘R@@orb@spondmg
o PRI

by using a hi grade mask
bnthne Memowc@ibdwobio b@pr@gramrg WllldI?dB me}r @tlla%fsblaﬁ%d torg waltege higher

than @g?ﬁoo rsuﬁ??é(VBP fEFn % i gﬁ% ntﬂrlrl@g'ﬁ@ ?robpaﬁlgrﬁhgq}ﬁunﬁ% g\r/rﬁ:ﬁ sﬁ&ﬁn those
of skilt initee artmvllhmrz@dstaredathat suchi cirguitshéam lpacasipledi td éheablélaes Bnd

mcorpo?%tg(rj ﬁé‘l‘?@s\b&g ere\én ﬂ/e,' Ipc%lé Iﬁ‘&% 'ﬁ ar§ Qr?tl ﬁJQ% ﬁeﬁg&r? ﬁglgé:ﬁ'?be done

gul ar,  or sq res
by premhargmgzthd bitires. to,ganmddandgapplymla lead avkagenbodi aevibp, to the

o G PLbaMeSatt A8k el b 841l IDEHAASE B onain
bitlinesto@anisi VDB @mrmpi@ramnieﬂlantléusymlh an aloseace ngs corduchiee link will

e 5 9B bR B PR Ths B

voltag@wild petHa@ge subsiantialiy pieat ailIona/ﬁﬂtbge charige dantbe sensed by a bitline
vertically adjacent active areas 502. Furthernore,
sensg "f’fBP'{f'ieElual rectangl es larger in size than the desired

d 51 |
LN T -
anothet élﬂb@dlmeﬁ%ﬂtﬁ@pie%bﬁldn%htlblhlekrglﬁfeye twngdusytonsm virtually identical to

e oxi de can be t

anti GRS 09 LS RP TRR L TTomeqeare S0 PbB BT e 04

and bh%nd wa%am 516 Arhla‘u‘a"é‘lgélnmbr%wmai@ differehtly sirlpedatriahie thickness
t hi n/t hi ¢ te oxide |s acco
gate gae, The i S e s Bl CTohd seeh bty ESneRRisE Bllgasy two
rectarﬁdlﬁbrgﬁbmeﬁfs(hrﬁfaemah@nm@egﬁfenf MEflrglﬁhiC? fgtate d)@iepelreggfemtrﬁw extends
ower volt erentia

from gﬂ%t g@ig&ﬁtﬁ %B%r;’;{gl I’%géc{q gomcﬂﬂlgp a@eig 6trm%set§dge of thefpolysmcon

gate 504, to a second end of the channel region. Segment 604 can be seen as a rectangular
shaped area having a width less than the width of the channel region. The second thick gate
oxide segment 606 is adjacent to the first segment 604, and extends from the same first end

of the channel region to a predetermined distance of the channel length. The second thick
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per manent conductive link is fornmed, a current applied
to the polysilicon gate will flow through the Iink and
wao besasiemel to the diffusion region, which camrCheA2008/001122
sensed by conventional sense anplifier circuits. For
exanple a VPP high voltage |evel can be applled to a
ysilicon gate 504 while a | ower v e such
gate cids framest BRI VAN PARSIEYAN TS B CRCREe bR RERIP

chann%?\lvid?n ad thte%@tﬁ dPEHROTrstBEBmMent 604. TAY %lid“g’dté ohdé lsé@rﬂént 608 is
bi ased to a volta e hi gher than %ntoun such

triangylgf inshapppad hag ith 6?@6? slges Rriargntde Fr&ffrﬁtrtv'ck gawoqmde segment
604 and M secbiPifckYats bkitié sédinérh %Oérﬂ‘ae%ﬁéﬂt 606 ¢8h Fichiad sefafent 608,

such circuits can be coupled to t bitlines, and
such fhathe p&d&t@m'n%%st@m@%m hyriae digooral edoe emqgénent 608. The

remalﬁiﬁ@ﬂ?]dﬁ?ufép a@%tHavfnﬁs% JERPEY MdESLolmEPPy R 4288 oPhe active area 502

ging the bi'tlinés to ground and applying a read
lsthe\tmmgatg@mdgmfﬂa §%0VDD to the polysilicon gates. A

rogranmed anti-fuse having a conductive link wll
[0069Bu| | ifbe @lassh@s@@mqnmghmemaw@i%q@ﬂr@g opemngip the OD2 mask

513 n‘WREﬁ’ g{eqmgﬁhéa&lb? S48 Be Yrdwh. ?ﬁgﬁﬁé@@ ﬁmetthalté'rngfén tHeCdrbd€outside

ke a“sw t capaci t or eat uring
of the\dmmondewapee\loatyee 642 patwithmH{ap2 masle 513 fsawhsire thiglegate oxide s

formeY OI:)% o\g?]g\% 6191s ﬁllagdggglgg ?2@1%&5}52 ﬁ'L?ISN ’513§ha"ﬂs L?Qeld dufif§ the

e can
fabrlcathni prbcess arﬁd)w]onéd guctethatian edgmofdhe apgmg @11 %mwlaps a corner

of the e%ﬁ dig ﬁgfsoﬁn Pa&eatfhl{ﬁg Bélg/él nv‘;ti?% 504 Gﬂintfé &gsén‘ﬂy 3RGkber

At -0 res
embotiinmaamt,icpening ®IR is 3 45 |degltealrblyltedd@mwm:aﬂ openirgritid-df rigure 9. The

omer 130T B S LIGGES P Bl BuFBAEs Bl e
dimenr&itins; 43wl berdistaissddowitto@ferbace ta Rigdré deent | y shaped
vari abl e thi ckness gate oxide. The thick gate oxide

[0070%r ea G6FRyuean?2 ea slarar lagoub of mgweummaseyicmfslsmmg Ioétmetantwmse
Iaraje ments .and a .trian

memdrKBE oI N B BB AT S LT ERbEe TSPty TG memory
array ﬁés hhtefush amngredry rcema Srfangediimminai arg osiuning, Mel‘eefﬁdlysfﬂtash gates

504, fp gc{:%?é{glﬁ Lgd%/ llljcégg tp)%gg og%rﬁgﬁgcévggq%g%ssg@d ofo each anti-
fuse rﬁ@rﬁbr’s}'ﬂﬂu ||rtadr§] rém mdaﬁfueaorhi@waﬂGn of thbdioiyglh&ﬁSQitbﬁBO# kuith respect
of e.channe] re thic ate
to thecﬁ??'\ﬁ"ea@é@ o7 i Do Lo 4t RBip T OBt (51 Segmant
, and extends fro fir f th .
l°°71&hanne|ThP@grewn9%6 %mﬁég &1k 1A LRy TGA fargRe fipre the thin gate
oxide @@rﬁéﬁéroWﬁ r&@lbmoﬁ&@hw éliéd@?@ﬁid@lt@hé@l SuGepaEsEchd @s four
has a width substanti a efjﬁaaﬂﬁa} to dlfferen%
edgeq,aYarIBBn WHR e SPIRFIATER OhTHU" vﬁ‘etr ‘P{Qﬁ"’? RE&ap 908, thereby
definif§ EHERAI foxidé1Breabiend. 1984IR, @a’dlﬂﬁanBﬂﬁe Gf 619 is below the
triangular in shape and haS|§_ egr e, si des
minimiygh OUR S8 of 18 Tabiceon RGeS The CYRTHI. BbTHsR B gaRsk agions.

one bbl'h@ tﬁ@@iﬁﬂgoﬁ Riask a&%to%IIéth@%cﬁﬁgéf@Btm&QGancﬁmgﬁéﬁénoGan the
i ncl ude segme

nt thai the et er
OD2 EH‘??J( aht B%V'”%t@&a%V‘Q’H@P&F 856'?\‘395 éb?g &y O@g 'PPér‘Nrn"Bg’%e openings
612 ald'onsidered diamond- shaped relative to the other features, ie. the polysilicon gates
504 and active areas 502 which are defined with lines at 90 degrees to each other.

Therefore, relative to these features, the openings 612 are diamond-shaped and preferably
-22.



remai ning triangul ar area having 90 degree sides
formed by the edges of the active area 502 is the thin
w@2108/15Mee area 610. [0069] The dashed di anonecEhAp®8/001122
area 612 defines openings in the OD2 mask 513 in which
the thin gate oxide is to be grovvn Expressed in the
alternate,_ the ar as ou . of th anmond-.shaped
nas oG gs 43 Sediaae sRRieHoRLOTaCle 15S of LERBRLEORBERs or the
active @pdR 892 de is forned. Dashed outline 612 is the
opening in the OD2 mask 513 that is used during the

[00721 abr | Caht®Bg#ih ass maswdrermal rioincnitidal swidth, inbaningthat tgsy are
eni ng 612 ve orn

greatey thag 130 ZHQIUET AHEH & HEt T GBS Y 688 Ugane scayerpp o fg two

maskd) RS &8h loy tHehRWy a8 606k areat 610e8M hé@a Hieitisatds d@rdﬂ@b&w equal
rotated version of openi ng 514 ure 9.

to or b eI THHET R 3R SIE O Y GIHT BBTCAOB Bt o BEhaRpSY

Thereﬁiré ethe BitterR3Rs 3f thedfigthéRsIfpled @befihgBNS istdtect@bbaded on the
be discussed with reference to

ure 12. lw
spacirg kaiween bonzentzlly pdiagentasie Aress 502 paL'Paye een vertically

adjacérfl ré%il\fet drB8s 562, 1shien At th‘efdlbﬁﬁaﬁlféﬁrdét\ﬁ&éd th@fcoﬁieﬂsUdeQhé dpenings
according to an embodi ment of t eﬁgresent i nventio

612 adh therrliffisian mpskelpr Aefiningaihe activearrawmfZ iscandlier e h sek'?' to the
mlnlm#.lﬂl %Qfgfﬁeaéggo%éw&atlmﬁﬁ&&j yysilicon gates 504,

s continuous polysilicon |Iines, extend over

[0073; he aCtl'hé‘ ﬁm?ér%f‘éﬁls%Qalaﬁfonﬁ%ﬁgp@dqéﬁécrh’rﬁg%‘fmrs)éle%té'd'to Indinifhize the

he l'ayout configuration of pol ysilicon gates
trlangsiamsrwipleﬁ tmlegpmx@eoar@ﬁ%ﬁ&tTh@éelﬁcte&sd"@eQS'mS Vil dats atg account

ahgnn&%ﬁteﬂgé irﬁ%‘@?ﬂ?dgr@n g ﬁeslgn%é(?ﬁabﬁdgga_évﬁgr@,g%‘h BS%S&?—% tighten

ining t
fabricgfiindoleranges.i s to be grown i s di anond- shaped and SI zed

and positioned such that each of its four ed
[0074pver | afbe wravipuslyaslesoritasrerabasiiments of tb\@rnoan@iaﬂ?e\ reemory cell are

dlrect%(g Fogg' Elﬁ{ﬂg anﬁ?ﬁéevt?aé'%[)s?& %’y thelrh%%rlﬁﬁlfe Rk ?9% $id® can

each t gate o
have athéck g6 okide Isabsiantiaty ndenmahmﬂheaatemm@ L@@d d¢r higrevoltage
r [ PEOC RS .
vonsi b 80 SReRERE Sl PTG iR LB Rk 20 B0l v gae
oxide aabstamtiatly enticed kg thargdte dridesassed dordew ivgltadectrapbisteraok the same

. 3 h he .di - , ' \ ' . .
o FaEY i LS AL, 1PRE00 ARS8 aBA atbbad lore s
for thelmemonglasdnaped rel ative to the other features, ie. the

pol ysilicon gates 504 and active areas 502 which are
[00758lef i nedcubdrdimglto hetheaemdOdichegtsed she nreeemihn\@lntieﬂl, an access

vansBE5G) B8 B8 i A BSHERSy  R AR B ansior o
fuse deﬂlnlégurés 1degned8b asd uiunstnasom:noftmbvodteeinsmtcvrgaritufummefnomwlI
accorfifas an pEBRORELES 8 SR ERiaBart £ car wi ath,  moani ng

[0076& hat t rﬁa@/urgﬁga shows a planar view of a two-transistor anti-fuse memory cell 700
having a minimized thin gate oxide area that can be manufactured with any standard CMOS
process, according to an embodiment of the present invention. Figure 13b shows a cross-
sectional view of the memory cell 700 of Figure 13a, taken along line B-B. Two-transistor

anti-fuse memory cell 700 consists of an access transistor in series with an anti-fuse
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greater than the m nimum al |l owabl e wi dt h. Hence, by
positioning the overlap of the two masks, the area of

wWaQ bh@stisi4po gat e oxi de areas 610 can have a si zeP€TI@A2G08/001122
approximately equal to or below the m ninum feature
size of the given fabrication process, or technology
Therefore, the dinensions of the di anond-sh

transigple Tha gtraatyre of taeprituse BARBIAT 6AN bhideatinat fo, tggﬁeeffwéh'" Figures

8a to wrpozw&bé%t@%rﬂs@n& isPdslimed MR a%e éﬁzfua@damgos@a@emm to
between vertically adjacent active areas 502,

Suc
the oneIRIOWIIYR FiSUER Finysndeab BeRaBTs ElRisnes NEraraBdigals the same

prewo%@?@e@&%e@*@at@fé@ MBR: §Befcff|k’,'§lly0fhe@r$ﬁ§tuf'é)6f tﬂ@%f&lﬂ@tl’ﬁ&kﬂess gate
ive areas is smaller 'than or equal to

oxide jfi the sameras shawe ins Figaresdb, @H@emm theadiffigtion (@lsmo"%qpes not have
abltllrﬁé)WnﬂﬁtTJ?ﬁ\eg'oﬂﬁﬁs' ons of di anond-shaped opening 612

are selected to mnimze the triangular shaped thin

[0077? ate Oxjd %c@és%%n@%f%r had'8 poRsREdEghtd! '76§ B%rﬁﬂﬁg Abhte oxide 704.

ake into account a nnent error and f rlcatlon
Formeghioratie) sids, ofah@lgatemxm a@&ermgkedc@?ﬁuw iggiog 419. Another

dlffus@h 9&?5@76@@%0 | mhle%ltrgr %Eféecﬁ thd %‘R% flﬂ(ldf,[ 94 PLISYA WHISHaY/e a

bed e ment s non- ati e nenory
bitlinezoontagt 7@& fosried on i. Bothglifiusiontregipos ean hawesli [P mglcrrt@rﬁwaycent to the

vertlcgleédgﬁs gp@até{ @&lh hbg tﬁl{sé%?ﬂéﬂnQﬁé grt%lli gﬁ(?e‘?égn&‘ﬁl\é?tr% diffusion

e OXiI e Sups ent tot
regiorok06&iean !nse@pefdodermcglly toaliffusipe reglan 4118t samhe ﬁheeQr,@Jﬁerently

deperﬁo}g@m t%'e'gesﬁ’é& ergtmeg \yo%gg?{ antl kness gate oxide can

a thrn gaeox de's Iyldentlcal to the

[oo7sg2! € oz\sgﬁév dJs%Flbéch%%\%{ BBRGELARS r@ie"ﬁﬁdé’ﬂoé RSs a thick

ane ¢ ourse ck a
gate axided@reansda toingateawdadd dree KTeesthisknessi df (gaajmjldﬂs'l% witl betfbe same
[ rl,a 0] [ r diJs
oo R e AR oA 65 0 SR EResE RO tnone
emboﬂmem,dhe access itreasisot bart befabritated usieg artegtsvaitage traosistor process,

B R g N R e s
402. 1Y polysilizon gaienroR caelte facost chinegrrémtlyawithepdiysilicor gateos06.
the present invention. [0076] Figure 13a shows a
[0079p! anar Tvie@pertion of the-tivo-aransistooantafilse niameay elisrsmitalto that of
zed thi i de area.that

the prgyon pSPR? SOl HaToHy “ol4THpicel ERBRrP BB 888 ransistor

requur%ﬁ‘t’ﬁ&ébﬂll@attdh A Hgroasliage i th@f\/GFhﬁoIWllﬁiﬁ)an“h% W iaftaining the
ure ) %?shows Cr.0sss ctlgnal

blt|lne§é Orop € 26 5% ari%%{or is turped gp (tﬁ]%oqq %%Egkgred?ﬂl% region to

grouniiata Bmaé)st or anti-fuse menory cell 700 consists of
an access transistor in series with an

[o0803Nt i - f Wfire aNsd & pRNhar AYsut 8 & unmure afhy tosistingiof theswo-transistor
transi stor c i

o g Lok S P HEEE T bR I b o Y o
inventiéte TABerhory @rrialy ABS ity téllsi ateanyed il rows and columns, where the
polysilicon gates 406, formed as continuous polysilicon lines, extend over the active areas
416 of each anti-fuse memory cell in a row. Each polysilicon line is associated with a logical
cell plate VCPO, VCP1, VCP2 and VCP3. The polysilicon gates 702 are formed as

continuous polysilicon lines which extend over the active areas 416 of each anti-fuse
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t he one shown in Figure 8b, and hence the sane
reference nuneral s indicate the sane previously
waele®snsiaed features. More specifically, the stPCCAR®S/001122
of the variable thickness gate oxide is the sane as
shown in Figure 8b, except that the diffusion region
410 does not have a bitline contact for
memqnp geii7N aTRY- ABRSEJOIYSIIGAR fiRgsAre RESOGAER M wg?qq%wogdéaf'%s WLO.
WL1, WL?,: SNPNLY ! Iﬂgh@%&@éﬁly@hbd/ﬂ efitbbdinTsHt Nttt greqial 6 hab two

he gate oxid iS the shared diffusion regl on

pairs Mwélporag@tﬁa#%o? 5eT6RY fBINgswP ANfilis L ARsLoTS thal rsflﬁafe the

same it ntddd2088h& aSivedfea Bf6. Which will have a bitline
contact 708 formed on it. Both diffusion regions can

pos1fave LBRe 6BGHRGS7 AFINAIBN akk 518 for \Gefihihg #He éﬁ‘gg@ﬁ/h@rfe the thin gate
ate oxide 704, Those skilled in the art wl

oxide iff@eesarawal is nestangwar inishape ot sized adth pw@f@ﬁﬁiuﬁ%”@é pagh of its
four cbﬁw%?sf 6\%‘?\5‘)5 wgl‘? tH éJrHeQr'a(Péhsr 96 @ anfi¥Gse PiHsitebchee SRBS4d16,

er ent ependi ng on the_desired operating
therebydefiagoshe thlrb@atg@é@e Frersr8. Abe paagirelakiveymagiseveripe griteria

descrfbgﬁ dafralﬁé @Pﬁ'b@dlh*é'nphﬁﬁl%sﬁ (gé’ﬁgﬁeé’fﬂ 8 @%nh@rﬁb@dlh@hﬁ kh8@lnSensions

ar ea oxl| de rea he t hi ckness
of rectﬂngglat shapeddpermiogs V0 is a%eotqvebaﬁﬂ@nd%e spacingheiwers Rorizontally

adjact&chivy g%aggﬁgaﬁ?( ik%esr?%ﬂﬁgggv nente}‘tﬁ:ralfg’%{?cérﬁ LefRSsSas 416,

gate
such maatmsuowemp aren bebvefealihé comers af shengpeningsghl Ovaniditag) diffusion mask

for de{‘inﬁiﬁ& { .els’%ﬁ?i(/% B[e%%gﬁ% Ohall J??h q%@p?ﬁ%ﬁﬂﬁrﬁgmtfgatﬁ%r {IZe of the

& oxrde  Ar ea vari a ckness gat e
fabricationdteckritibogyThe pol ysilicon gate 702 can be forrred
concurrently with polysilicon gate 406. [0079] The
[0082pper at iTha eafbodinsertt ubFlguwrm |stconf@md tofhas/mgrsepauayelyc ednitrolled

T e O

unintdmlaﬁalpfsctgﬁamnmgmfrwselbbled api. |In:am albsrnate mﬂ‘udgmnt,o‘vcag evVCP1,

verand Yeed oan B pitesteiiia cobiiathides iR B ihAg o specttc

progr%rﬁwf?@%qﬁehé%g%bédl:&fbrdvérft u&lnwmlbﬁa]Ip@mgrbn;hn@ﬁg)ofnd\sérebad&ells

o B bt Rt BRI AR oSt of

wordl?@é and bﬁlﬁmeﬁm fh}grwdltb ®levél Bllbwed Bpdaving fhdtoatmar céindate to a
0 an enb

sent .invention.
ProgriPiy VAGonRE! LsRE |thesef38?<§waeb°f P o135 it exagp e Tes Would
result"iﬁ‘Ffe@hér@ﬁ\gﬁﬁé Yubioh %g.@aaﬂsto@ﬁgh voratRdeis. THWordIiE® be
licon lLines, extend ?ver he active %af s. 41
P

PfOQF%THWdéﬁf‘r"e?tﬁ% By H%?%?%}'”E &l prihg ofherypraiipgs e ing @‘GW toalow

voltag{?' 1BGe| it exampRl. The thé biflind voRgdecadnneetel tthatseledfddCnemory cell is
VCP2 and VCP3. Th%ci)ol ysili con gates 702 are

dr'VeW@r%W%a%W?'nﬁ%hsa%P for BgMPlEnes V\,hl ch extend

over the active areas 416 ﬁf each anti -

| |
10083+ i BlracieYad ghe riaedy BHa SRR CL i Nprransistor
anti-fleahEémbryvsen dcédtamg 8- 6h alternate embodiment of the present invention. The

memory array of Figure 15 is identical to that of Figure 14, except that a diamond-shaped
opening 712 withing OD2 mask 513 is used for defining the thin gate oxide areas of the
variable thickness gate oxides. The same relative mask overlap criteria described for the

embodiment Figure 12 applies to the present embodiment.
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W1, W2 and W3. In the presently shown enbodi nent,
each active area 416 has two pairs of polysilicon
W@210835406/ 702, thereby form ng two anti-fuse PCT/CA2008/001122
transi stors that share the sanme bitline contact 708
and active area 416. [0081] The openings 710 in OD2
mask 513 for deflnlngfthe areas where the thin gate ,
[0084])x; de irstheprayoushiipriosedramioshipents Pf he iryeaHen. é’ﬁ‘g of fhedhick gate

oxide @Qé’m@ﬁ’é ihb Qﬂ%tﬁ E&BndiRgtro@asite &Md dftise él’@hheﬁ@?i@ﬁ & the other end
overl aps wt he corner areas of four anti

of thetchanrg! &ggien. é’@wr@@gatia analtagte eredimenty e langth of ms thigk gate

omdeg rﬁeﬁ’t)ﬁé d hﬂ{/ ?&ﬁjcé&%chﬂhﬁt |§§<5% Adt ktﬂ&'e&%nﬁ%‘é“os@\fﬁé fuBflength of
criteria escrl bed for the enbodi ment Figure 1

the chappeliregion.d-igure 16riea @iﬁ”aéi@bi@'dquréﬁtam' fyre téﬁfﬁﬁ%a@ﬁ@dlﬁ‘ﬂ to an
alternéﬁ:‘:én%lﬁfl’rhé“t of W@s&ﬁﬁ%ﬂ&% YﬁLﬁgLu% fehREARGruS8 §8RsifBr 800

€ spacl ng bet wee orizont al Lacent active areas

includes @nactive area 0203 Pelysiiconsie wr@mcb@ tipecontast#@6. Jbeiagtve area
802 uﬁ&@rﬁéatﬁl‘% p@gﬁlﬁohgﬁ}e 8416 §%@gﬂr@9e%8§| f%féﬁ‘@ﬁﬂettt%ﬁﬁistfog r800. In

corners ni ngs usi on mas
the preedrit nmbgdmt aca,laz mashﬁ@&ﬁefdlrm the argawithiny whigh thiel oxidgiiglto be

forme ECFL(PIR ogy %%gﬁ?ﬁ%@:& H_@e%dg Fg%:; ﬁi&'\ Qeﬁdeotﬁea 802, within

whichadbinfgatpioyade will Hesgrown. Bepambodimegntio stiir Itcetlhatﬁtdwrph diiguse 9,

excepxgﬁgpg%/ E}P%( %a\(g éﬁ?gg%rl}{% rr?t I%@é a%;(teg{d% 5 flts?hrédggrf?ﬂ/neeg distance

betwe\e)nS?é ehztvrggl meglogaop bdgeaandhd secamdtpeecmtmdmmbdlstanmhe adjacent
. . 2 3 b
rick g5y HoR ek, R TGRRuE, FEDEEAB R U BF TR ppvcen e

first pRRigteemiredidistarsedaniddhe clearsiet regmnrtbpe pligemal te sepoadpredgtermined
cted cell i‘? The programm ng sequence for the

. f |
d'Sta’%Ptag‘BEe ANEHEPIRAP €9% ts with a precharge of all
[008 o|r|d|o| gﬁgvgqu t%cﬁ%f %ﬂg%&oﬂ%%ﬁ éu§eote %nsstor have

chanrwl PfiHETSf @Q:oh@tbhﬁgﬁthVREcoer&g ngfuriher embedlimertst thefchannel region

gure 13b for exa ld resu
can haYE HaiaRe I aCTss Pedentlh PLIGP GHATTED R, Fletgh 1 T iscagjanar
Iayou{ &\Eﬂ antiflse Wﬁtbﬁ@:cb@ﬂ@ﬂo@h%&@@énb@dlﬁ@hﬁﬁttﬁ@ p*b‘sent
deselecting all of the other wordlines, i

inven{Ora i FGUES TTANAAT HYSS reueiion 890 Esiufin an acfie s $a2. o

polysmdri 4416 858 bhad 8 DithER At 856 OTHeRu i@ hRGLET2 di‘fd@ﬂfehtfﬁtﬁb'polysmcon
is driven to a | ow voltage |evel, such as ground

gate B5AIAHIeCINDDTEYIORPh IS lAGSISopBEH AR theyrasAnt gbgient, OD2

mask'ﬁ?)ﬁ‘breﬁné‘sr théﬁré‘a‘lﬂ@rhﬁ%vhfbﬁ tQitk bXi8e 19 ve!fersddS bRY includes a
anti-fuse nenory cell according to an al t er nat e

rectangyiRshABS ORANMAASIR\ESARRING PV ATeTaRZ. WERB WP thin gate

omde%ll Eé @F&Aﬁ\ ¥Re bétivetBh hﬁé"érné&hm@éolﬁhcgh@%\f@%s Lexé}%?bd and
di anond- shaped opening 712 w t hi ng

D2
the reic@nesléaowwnw%‘iq hasngbettam ?ﬁ%th@h?réisa&ao@e%t@%n%q digfgpce the
channel region top edge.
[0086] Figure 17b shows the same anti-fuse transistor 850 without shading of the
polysilicon gate 854 to illustrate the thick gate oxide segments of the channel region. In the
present embodiment, a first thick gate oxide segment 860 extends from the diffusion edge of

the channel region to a first predetermined distance defined by the bottom edge of
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vari abl e thi ckness gate oxides. The sane relative nmask
overlap criteria described for the enbodi nent Figure
wa2o0appl4ees to the present enbodi ment.[0084] |PCT/82008/001122
previously disclosed enbodi nents of the invention, one
of the thick gate oxide segnents has a | ength
extendi ng from one d of the channel
rectarh a6 PPENT BFS.PhSSORA G 9716 IR SoRBEEY I yapes. 2 Moludes two

sub-sédrh&its 862 aﬁ@b@dlmﬁé skﬂlé‘tﬁn'tﬁé@ﬁ Wilpdindefdtand iwaclhegibh@eanon of the
oxi de segnent is sli reduced such that it

sub-segpents 9 3 visya! @ﬁ%ﬁkaewggéthﬁﬁw gfte xikigeament %h?@edW8m8§t'tuent

rectar{g‘?ﬂir QRapdsi SUb %eé{ﬁeht%ﬁ@ dxteMas frohPine Whffufonadige of thef dhafinel region
transi stor according to an alternate enbodi nent of the

to the fir peasietarminaskdigiance;, white suk-segreent 864 exiends framehe diffusion edge
of thetc’h?ySI f dén f%oé)séc%ﬁb ?F&ﬁté’?ﬁur@‘atdléﬁn@ %he §Qt?ond8>redetermmed

Icon gate 8 and 1 ne contact

distange i§ hetwaer thedust piedriemiraddistapceand bie|diffusipngedde ofthe ¢hannel
regior}. e HIA AR oxi dp%&'eﬁf&n%fxdegeg 'frofn”tﬁ@ lesrt ﬁfé?ﬂe%rﬂfne%%taﬂdé drie first

present “enbo defines the are
thick Wte hklde #RODENAG0IddRE Bleb- S@Qnﬂ@t %Zﬁ@manaﬂdeglm tapcRsige.
an "L"-shaped opening 809 overl apping an active area
[0087802, wiFiduren1§hischplandrriaypat ef ajkafdbfﬁﬁ\ﬁ% Irangigogacoprringriei an

alterngfggé&ﬁ%c{ﬁﬂént 02 'hh}' érh%égﬁ Hé/@{\@?ﬁir? glggr\gg grer]e F}Hté %HWSS%}@;&NM 880
includestthzmhme featurés asthope mdlégmerﬂl?n bdthdlpsewnte'nb@dimeeh thehactive area
underﬁ?é’tﬁ QI% %&ﬁgl'ic%{q ta'f’eD dbe ige2 aqw%qﬁg ré&ﬁ%‘?ﬁa‘?r gblrﬁﬁg 859 has a

stanc acent |ck e oXI
bottorfiiedge Bﬁi))ands‘l’ Al prbdetermmhda diskinge @atnethexhallmalvréglorbwp edge. Figure

1o oGS ReRSHUEHR L8 PSR of o BBEURpi e
illustrate Steathiok gatedoxtidhe sedraenie bf theghanmd mggiedge. [ 0085] The
previously described enbodi ments of the anti-fuse

[o088] r anS| $i the phesent emdadigient, ¢ggreissa fidst mlcxkcgam axitle seghhént and a

seco %g@@gat 7 f tr?e{lr\ﬁftgbcg% [&%@ié §t ne ngﬁ ngﬁelzﬂede%%oomcludes two

sub- sé@aémfe I384 egd eae._ TFrexgcend Efacdm gat@oﬁbasegmémy@ Uishapedrand includes
use accor

wo sghrbesmerin 8bb Ad RO SueeRsamerh B XGRS fam Beiirisiarygdoe of the

chanridh ﬂeg"m"ﬁ tb-afﬁi§ﬁ>rédlé:téf$rh|ﬁédw|st%5@e ltlﬁ@ﬁr@d@‘édét@rrﬁmbd distaticea
I CONn

It t
corespRBHiRg (§ 9 E0PB.o885" Hisder RRSHIA QRSB GSPs USRI aBA Sxtends
from lﬂé%lﬂ#‘éloﬁhﬂgé detheedhahRel lrétﬁor@fo #8ddontl lﬂ)ﬁ@ie‘térmdsduabné’é @here the

In the present enbodi me sz (é Jﬁnes t he
SeconskRISOGIPITHNGH URIAGRS PHEKORIE D! & s a5EIneg IR Ceny he diffusion
edge bﬂt‘hb WHESnR rdfisii. FBLIe3ehlzBBBNAIB0I 0f heBSRoRY eHidiogie agude

he active area 852, within which thin gate oxi de .w

seqmegl 2jp (RIICal SORIAT Lo b pegmeBIe B4 AN seRerivel. B¢ thin gate

ox.degeggsn 8Réndsfrorh thefirRPsddetantintd Gistaes aNgil-sdgretRI B8 and 890 to
has a bottom edge that ends at a predeterm ned

the changelyrgien teeddfannel regi on top edge.
[0089] In the previously described embodiments of Figures 17a and 18a, the thin

gate oxide area extends from a bottom edge of the rectangular opening 859 to the channel
region top edge. Because the channel region has a variable width, in which a portion

proximate to the diffusion edge is larger than the portion proximate to the channel region top
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[0086] Figure 17b shows the sanme anti-fuse transistor
850 wi thout shading of the polysilicon gate 854 to
w0 kdosssuad e the thick gate oxi de segnments of tPEI/CA2008/001122
channel region. In the present enbodi nent, a first
thick gate oxi de segnent 860 extends fromthe
di ffusi on edge of the channel regiop tg a first
edge, fepvaral hedin gglesvddrcaeasan H@éﬂ@ﬂe&th@ H&Wﬁv%@a@bod'mem

showPi'E&drd BaUASor@IRG B NBthSBSbAiMmEene NHle thIh ghteddide éNthélanti-fuse
segnent is L-shaped, _and jncludes two sub-segnents 862

transigingerabedmeRis<k Figiras A a9 18aeas further Minive8 by aRRlyngr A OD2
mask hgﬁng fld r@@l@hb&l@r M didEndstape8 YFBAhGs 5Boveh i Figides 9 and 11.

breakdown of "the thick gate oxide Segnment shape into

[0090]e:°ns’t | FI4RRS 16 R RBEAH I8fous BE&Eanti ﬁﬁ@tr%ﬁﬁ%ﬂécc%ﬁd?ng to an alternate
nds fromthe diffusion edge of the channel region

embogdigenhef the peasept iaveition mEwse Tf§ﬂﬁﬁf§é9°%§|ﬁ"@“3§l§%a§% Rfansistor
850 oigleéut%xfﬁ)ng)?cef { B3t gb? RAdk o2 |9&u@é§%0@ﬁgﬁl§@0£ﬁ%"§ﬁ4 shaped and

I on econ redeterm ned di stahce. The “second
positignegider @ehneaum the §I"al@fé axidesea 806 In e presesitly shown embodiment,

the thl%kgg @! rgbgrwmh.a@ th RRiddis gg%hpébsemea eécghaqh.ck gate

hin gate oxi regi on exte
oxide fsegmentHIaVMQrsslb segeentsci6i andBodi §U%rﬁ@@m©'1it3 862 and BG4 are the same

S 0

o i i BB 55 PATPPUs03080% 0y BRI B g
openipd 804and theathianod! regiomrihe fifstithicktgatmexide segraerd @08ionty extends
v 8 858 B T DB e o
gate @@dmse‘gewu Beﬁstsamotténa derigth fRiag lsub-ségmehtrﬂaﬁleo\qnomtgm antl-fuse

.enmbodi ea dernneat h the po i £0n
ansiglay 804 655 ¢ small 18R plo e et R DE otV ort Bl Kb ig, 72" e
appho%ﬁ&n bithe @DBJITnbﬁmJ(w@eh tdvdngelad speiings 904ecket e appliedito anti-fuse

h I t dge. Fi 18b
wansigi? 8D oo e i h7 hae mﬂ's."é‘t or 880 wi thout

toosf e " D e pltol i v A oB Gadhdt Inel i iSE Fariokiors 850
and BB@mtalhéd by appyiag @Iﬁn&ﬂmﬂpﬁ@ﬁpennﬁdﬁh ¢hé OD2 rﬁa§k$hs illustrated

gat e_oxI de segnent and se r}d ate q
cariicg @g‘ﬁ@ﬂﬁ T17higure 2Qi6 aianag '@/8%0 Fha s s fccording to an
alternbtesé]ﬁ&%ineﬁr&' tHéWSrjeb'&ﬂ%\feH@orﬁ Wit SOG PIHs Rt DE0a8 gmﬁgﬁto anti-fuse
he second thick gate oxide segnent is L-shape
ransiPaE BORIGLT WS 150beXeghbat D8 eh Ro2 damices sactanapi begine 954
shapé‘d‘érﬁfﬂo%ntfoh@&‘?&r@%lu%é‘tlﬁg'%\&tﬁlng&@oﬂﬁe bR 99BIHIBk pré@hfishown

first predeterm hed ance, the first

embogimsnbttbe Hiskegpte Psida sempesasEsioRFeReNd tick gair PHds srageents. The

first trﬁf:k éeh@ 05(@8fs@&%hﬂﬁcl@d&@%%e%ﬁ%nt%éﬂ%%ﬂvh%ﬁ‘lare the same as in
extends fromt di ff usi on edge of the channel region

the eft"bo%l”@@b‘éfrﬁiglﬁ? éé@t'@'ﬁﬁ%@@ﬂ Hiidk st @X'd%\/ﬁ%g@erl‘th’@"!@écﬁﬁ'a segments

958 aRH9Eet er m ned di stance is between the first
predeterm ned di stance and the di ffusion edge of the

[0092? han n elpyead 'tt%noveﬁ'éﬁ of BRFRALSHESEY St r%%&pénd the cﬁ@r@r@ﬂ Fbglon

ate oxi de segnent are i denti ca confi gure

the S@‘@nd éf@ ¢ §xigg $ub§89m8et W%@%twswon'rﬂ@ q'wsflprg%ﬁg@ oa

predetermined distance of the channel length, the predetermined distance being defined by
the diagonal edge of the diamond-shaped opening 954. Accordingly, anti-fuse transistor 950

can have a smaller thin gate oxide area than the embodiment of Figure 19. The application of
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oxi de region extends fromthe first predeterm ned
di stance of sub-segnents 886 and 890 to the channel
WO e@sosi4eop edge. [0089] In the previously deseei/bazhos/ 001122
enbodi nents of Figures 17a and 18a, the thin gate
oxi de area extends froma bottom edge of the
rect an%ul ar _opening 859 to the channel region to

the ORAgask BB b &liamenccsharRe ioPpRigY 8 & b apRIcd8 Bty transistor

850 of Bigfa! 1B \AtHPRE Shife rBsudXitiPhdted that iR diﬂnfeﬁaéﬂu@é\' s%@%gln%nts 958
| arger than the portion proxinmate to the channel

and 96@9@?@%@@@ thatr{e dipgpral ledge ef @nﬁr\mgg%ﬁ@q%méomr@a with the
chanreft 3% VB8 stuB%ré gt g8 1 - f use enbodi ment shown in
Fi

re 5a. Accordi ng to further enbodi nents, the thin
at e o I [
oosafe L O By A R oA RSOyl
discloagd, Otier waswing shanes aanderused avith wagal effectiveness d-0s Bygaple, the
l Fi
openn‘?g%elﬂ tﬁ?é@@%@y&é&tﬁo@ﬁﬁ& gh%?use PP a FoeR stBstantially

anhar ant | ranS| st or
circularcafier @PSys addech Farthermmie @ reptoghiareshaped operingearslesmotated by

any agﬂ%{@g%ﬁ\gr}o ﬂfglﬁéwsf"t%ﬁ 9% nsistor 900 is simlar to

use tra 0 of Figure 17b, except that

[0094p-7 poib??’geﬁ’édégpo&r&g@?édeﬁwmﬁ Pfﬁ[]}e%%%ar%‘@g%d to single

I nea I'n gate oxi
transistoeantBiée memdrieelfs: #se rtbpdistentancfdigioes A@20 are hpplichble o two-

trans%@%grgpféxsg%glfso IPLh Iﬁn %céésts%anglgf(ﬁ t‘ssfgﬁﬁrédnﬁ%ﬂgs i ﬂ'?enéntl-fuse

eCond
transnstub Fipgeent-24 8Iﬁ§trata d/aﬂms erﬁmdlmelgmha sw@Gansgistdr %Afuae enemory

cell h%i\Uég W@'Tﬁgggl}’ép?tgpoﬁldgoom ment of Figure 17b. However,

gar%%ﬁ'ners of rect angul ar openi ng

04 an the hannel re e f|r t
100950 et 552515 § Pavr At Pl M e sitor 4 e BRbEs PEaBraing o
an enfbodiitsre bfhegresting ineastnof t he channel | engt h. Hence

the thick gate oxide segnent 908 is shorter in length

[0096] han Smbcadmlgﬁﬂfur&ﬁr?embémmhtﬁ omheypreaéﬁtlln\felnﬁm an access
transi stor 900 has eoxd ar.ea

tran3|§tﬂéc% rMmed in :iﬂnrlegl\A@tEr{lge iqthfus?ﬁr@nggﬁg %[{)YI ﬁad\f/o-ttrﬁgsstor anti-
fuse dMFigael 199%nW1BB afeEili g ohasf @W&mt&%tlﬁm rlnemo_ry cell

lired to anti - e transj st 0o 18b with
accord (& aempagiant of BESESeR M RBMAPEG eI OIS Feqrhas &
varlaﬂlé‘wmtrﬂatvﬁ) @a‘dsﬁ&orfﬁrfﬁ&’uﬁ mbh@ryadi&lll 10b0$§3|hﬂéﬂt%|tﬁé W tr8idistor cell
880 i s obtai ned by appl di anon

and shaped .
700 ofgHten. The AHeeseENRISK nodes Artyeres 390% aimchsiicpn gate 1004

and afitihe Sontdet 106U a8-flSe fﬂariﬁns’i@ﬂhclb@éé%ﬂhv@ére%m 002, a polysilicon
anti -fuse transi stor accordi nlgﬂto an al terna

gate WoficRRIRONGTOUIHETBINEYEIFON TRIBADIN IS Kared pahugen the access

trans&tbﬁﬁﬁd feQntiFL fransiton Uﬁﬂerh@atﬂmﬁé pélyﬁlﬁzohfg%[&’lmnd&ﬁﬂenng the
gure 18b, exce mask 952 inclu

channebesaiatya e Vasigbie PigkaRss o2 9§‘Ff’a?9%e g Dk e g area and a thin

gate ¢idd areat ODY midaR 1bh2 MusRdtes thel aiea@h%l&ﬁétmdkrgét@ Bxide is to be
present|y shown enbodi nent, the thick %%;e oxi d

fmmeé’oﬂ'iﬁ ingludes 7 ragtanguiarsberrrorannad Yaivedsrring @@@%Yﬁ area 852,

within MAch thin gate oxide will be grown. Thin gate oxide area 1014 covers the channel
region between the bottom edge of the rectangular opening 1013 and the channel region top
edge.
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first thick gate oxide segnent includes sub-segnents

888 and 890, which are the sane as in the enbodi nent
wo@RooBiigp4e®e 18b. The second thick gate oxi de sepEEOA2008/001122

i ncl udes sub-segnents 958 and 960. [0092] Due to the

overl ap of di anond-shaped openi ng 954 and the channel

the second thick gate oxide, sub- segment
[0097an y e)& EigHee 21 e charnelrediqisefihe @@t@@sgérag& tor has a varlable width.

In the@n%%‘n%ﬁﬂoﬂ? ufl 22 IEEndphel Bgio f&ﬁﬂié@ntﬂ-f@ﬁ@fr&hsdt&ﬁwas a constant
predet erm ned di stance being defined by the dia
%b %@nyel of the

wndthéwge;s Pralleh i Wrkrihar erapaindspeiing gcusLreased iin

accesd rﬂr‘ahs@!é? el\/lér’é%éblﬁéé?l& %Qréﬁﬂ&td?%ﬁﬁ-f@e&ﬁ@ﬂnb? cell h'OBO #diMilar to
oxi de area than the enbodi nent of Figure

memeg) Gell $QA0, except ik ackive ared k0TS siprad wcaﬁwdb% ﬁ%’ﬂ@@”
sourc@@?ﬁrﬁ Hﬂ‘u%éqj}%%h }Pﬂﬁﬁw h&da (/Qnag{ﬁ WndiW%ng"%Hé 'cﬁérﬂ{el l%@%n of

gure the sane re s noted t
the antkfgsel tramgisipoeonstamt, Mbsmg@mwytmmnémgjcl%’oegpglon of the access
trans%t% | ected such that the diagonal edge of opening 954
oes not overlap with the channel region covered by

[00983 |ug S e é 2§ %&/et BRGRSH alwr]r'\étﬁ ang%giﬂ{éW Eﬁhe ane tran?lstg{e %nti-fuse

openings I n are disc ,
memayy leelt. Tmmetmns@pt@mpégsa:mnmbe/ eedldd 0Qiiis $iméefialtwo-transistor anti-fuse

memoﬁgfcglﬁédbe re 59%%%% he tagfvaoaﬂ'gé] 498%is déﬁa%@@sm%hat the anti-

can exa onh-'s on- shape
fuse teamsistoahbs aI ‘T¢staped whannad Fegion m@ad of tlnedbdshaéadtchemnm) region.

FourEph RHARRL R SRBBFHERES T 00s 2R hRBet Bh e dine e
memagry eell 9150 iyascbrsmtiivbaobﬂﬁdcﬁhapeu sucmfthﬁﬁ tgel aet-fusé-tDsistoe has a
directed to s I etﬁ:_r@ny stor anti

channgh PR ol HERIED Ao Sotesi L RERER g ofif 184

shapdd/uichamstiitiagra gottion bfuseroeer Wiith.i n whi ch an access
transistor is formed in series with the anti-fuse

[0099] I ansi Thenwo-friagsisies adtiLfudd mdnharg celhembudimentssof Figures 21-24 can

odinments of a two-tr nsis r anti-fuse nenory cell. .
use CRARAHSHRNA TS e NP LARorik A B4 PREmNGY BGpIeR g rumize the
thin gdteloxide #tedd anpeé ahﬁ-ﬁwéttrahﬁls&)ré wo-transistor anti-fuse
transi stor according to an enbodi nent of the present

[oowogvent iRsholvi @9 fHe phesemtiglidBgeribed fembbbmsemcmhgr@néﬁsngﬁr anti-
resent invention, an_access trapsist og B agg

fuse MeMARESl And & MedraRsIloT eRiusmeT o cel payiay BigBreiabilty can be

manubPdcirbd Bsiflg 5¥PTAIIAMOS! RbcatBbs. fThean sk ifor defifing @%e dctve areas and
b are illustrations of a two-transistor

and 1
the ORRMasks 5an ke RBRIEE In S by dhe BoS ENEH CWRTRRIPRAMAEN specifc areas

can rédift iPh @56 Bkldé %Véykhlltrpél sB 8 thdrethe MdAMRIm f8Ire BiZBaSr the process
vari able width. Two-transistor anti-fuse nenory cell

technolggy i s sim I ar to the two-transistor cell 700 of

Figure 13a. The access transistor includes active area
[00101h02, MasespesiiGaiy ihe stapdard§AMOS process will require a set of masks for

defining the various features of the presently described anti-fuse memory cell embodiments.
Each mask will have different quality grades, depending on the features that are to be
defined. Generally, higher grade masks are used for defining smaller sized features.
Following is an example grading of masks used in the standard CMOS process, where
higher numbers designate higher grade masks.
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and a bitline contact 1006. The anti-fuse transistor
i ncl udes active area 1002, a polysilicon gate 1008. A

w@ eovsnsi4gour ce/ drai n diffusion region 1010 i s BECECA2DH08/001122
bet ween the access transistor and the anti-fuse
transistor. Underneath the pol ysi I icon gate 1008 and

covering the channel region is th VSE gbl e thickness
gat e oXi devalafrwrl. Xtm i i ﬂ‘ag%e&%'idﬁé PEXAsKRY a thin
gate oxide area. OD2 mask 1012 illustrates the areas

in whi @hseureaidraln igRlant Bgslie is to be forned, and

i ncl udes a rectangul ar-shaped opening 1013 overlapping
the actiC¥MeGER BEX within which thin gate oxide will
be grovvn Thin gate oxide area 1014 covers the channel
regi on ApmetabéiaYenmaskt t om edge of the rectangul ar
openi ng 1013 and the channel region to ed e.[0097] In
Fi gur e 22diffusipr thiR ide) qul??ﬁtéﬂd gretalda Bse

transi stor has a variable width. In the enbodi ment of
Fi gur e 6200lvsiligendmasknel region of the anti-fuse

transi stor _has a constant width, but is smaller in

[00107] Gt h Tha AifEFRNCESRBGRAG Nigh S[E TERR Sechasaradnipvelfs over a low

gradecrﬁé’sﬂ(n 8licHds g%rQSe RWEEE S/vlli b kel seltter glaé@ nPateMs bf igeadflbetter printing
two-transi stor anti-fuse nenor 1050 is simlar

eqUIPTENHEHIYSH Semakenib G Terengaik drades Aelisod basase soBan features do
not reﬁh@é’ﬁﬁh %g&naé)h Whité B%e@m c?a‘ﬁ%’e‘%ﬁfp‘?ééi‘ét@d dhé EH&?] 8Rd cost for

now has vari ab | eavi ng
producimgmrmgh grage orassfis whastamailxt mosethan raqsired far adewgrage mask. For

examglggt(@ga%ersz ﬁrdo‘% ﬁ’l‘éﬁ(t({éa dg@b %}g/e&li@ ‘5k WAL A ﬂ?tﬁ é?%rade mask

sl stor ure i's yet ano
can rarigechetwean E100b$3At of the two-transistor anti -fuse
menory cell. Two-transistor anti-fuse nmenory cell 1100

[001035 si nilishoulddetnated thahdgsigrotulesrfor cefrigincfeptvnes 3reset wp to ensure
thata Qg fI(?LT fﬁr“t!\ﬁ f%gtttuBeeééfﬁv% Tb@'%%?éw@ovgfst ﬁo\f%ﬂgrtﬁé?sﬂélc%?c éréa but

ap ed e antrfuse transi st
has sbﬁié whrdqm@htc ladjanent feaigneenlnlaﬁfsctem asfjacehtfeaturessingp edntrol where

the mﬁafrj]a%ﬁ}g)u rog@%%opm &a%ﬁe hr?eﬁotﬁ sﬁ%ﬁ@ mrfuI[yocothletthgf@S%ire\%f& area,

excep ransi Stor an
whichnie definedds/ diffusics0 Hease, dtrdaes triov matiereshelré e adtaglenaskisbhpe ends.

t th Ll { h f
i 58 Gk Y 33 Rl L b R o o
mask/ &gihere |§b543IIDWed Fﬁafgus bbgrest. Burtherinbed, some ladignex npamhiriesrare
capaqiéﬁg%‘gprleg&%ro eorgr?%ﬁ -EF—' L WO t | agsiaé grhlcﬁﬂtésdz_ﬁsoeeemed
sufficigBsios !ohamplagt rlhe&tsa AgiitaBricating tthemmnfdss brapsistospni mgsory arrays
srouR SRS 0SB. bbb LR 3Pt g i i omte e

area.[The %enérht)g raesODR esbkasbo drnypicas CMOS |prcgzleesetsr<mmsb$ﬁseld for
i a two-tr. nS|stor ant |

definiﬁ&.ﬁe‘,tyse rtre}agﬁg%ﬂe@ls:gg}eqeéf:nbfgl r|t| VS%Qﬁ"WQ’ ceIIs However the

margin of error must be taken into account, thereby resulting in a memory cell having a

particular minimum size.

[00104] According to an embodiment of the present invention, the anti-fuse memory
cells of Figures 4-15 are fabricated using an OD2 mask having a grade corresponding to the
mask grade used for source/drain implants (grade level 2) of the same process. The OD2
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manuf act ured usi ng standard CMOS processes. The nmasks

for defining the active areas and the OD2 masks can be
wmoosasided cal in size but the positioned over|BEI/CA2008/001122

bet ween specific areas can result in a thin oxide area

with a size less than the m ninum feature size for the

process technol ogy. [00101] More specifically, the

mask grasiede peefeanbip egpiyaleastothe mapk giadedisad &xdiffsigndaueiantsygrade
level %Q:rf't é Br%cé‘@ foUtRicl€ @ﬁ]‘éﬂ&ssliéﬁ rﬁé}ﬁo@rc%ﬁs? RA ViR hlﬁh rellablllty

anti| -fuse menory C nmbodi nent s.
Therefgre| hlméiea$lfyrréer@ﬁty ajiapi Impr@/iead@é,d imBrAd pﬂaormanpﬂ@nd high

rellab?cllsfgatré‘ 'bﬁf%lrtahacé/ rf?seg Pg é&%&?lﬁ?%asmﬁécﬁkcym IRREr improved by

I nin ler sized
ensurmahatraégnmsnﬂ o v mgsh is dene ekteplighegt peEsiRle agcuryWevel. High

allgnng‘rﬁ%cM}a%J]elgIo%ﬂaiﬁ%%&%gg@ﬁﬁ Sri[.‘é}‘ﬁ/ié-q%lkgihh;,\gﬁelrthography

methd@svamidlor diftepgnt light, wavieleoigthgand differerd nfask2ypesagmscambination thereof
. sour.ce/drain inplant mask 3. contact via mask 4. netal
belngf%g%égr mask 5. diffusion, thin oxide, contact and

[0010§ﬂ ? le ] ﬁﬁg@gg 8 gﬂaﬁgr Srﬁdg 6@' %él?\&@% g&%ﬂa[ rQSﬂ'ggéurJgﬁahgnment
presehis\azlvatiages/for the preserdly aidaeloaad; Rnti-fuse m’eﬂzsmodldeanﬂre 1,
WL t he bett I
speclfaly (R moRarARY PRS0l EPrads Pind Bydordit Oifapesk are
advarga@dafaslyalsed tsmthirize apeaaﬂcﬁeatlmmidoaaﬁwhemlmoxujeaiareas Since the
.. .re r t
anti-fisg s s 00 BE BF FRd Bovs™a BLiols Sk R gHRE o pgar (512
and 6|§IO),idﬁe L!i%sdfd a rﬁgmglﬁéﬁé DDA mhbky allowseahé h&rmwteq:txidgeaieés}ﬂf() bee
.. lL.ow grade ma or e e n
minini a8 e SR et ewpmertidss faBerthAtte s S8hdard
low gfad8 gBmaRsket ween $100k- $300k. [00103] It should be
noted that design rules for certain features are set

[oo1ogpf to g@ﬁﬂfeﬁbr%‘wli(m@nt&‘q\?F@ufé Ba, €nﬁ<|§fé aIcOuratd‘@Ierl]{aﬁaf mee)oz shape
efine a mas covers on e.specC I.C ar.e
end/egge URGRY "%%Héheo%}‘%"é?ﬁ“ &ﬁ%eor%ﬁcﬁ'"é?&’éﬁ?’ i @wﬁlzsg thip ﬂx'de atea under

the pcﬂﬁnl%h gald)h pshiaganthef thRtoxidRarés Hﬁlbrbeﬁ@ﬁfahgblaMh%hﬁpé hfévmg two
I mpl ant'ati on occurs. For exanple, the OD2 shape

oppoSiGISPcIRiBed by e ol e SaiGP SEFHUIOSRAd P EoRBHiFpRgate, and
anothQVt\AQJ {ﬂp%ﬂ Qdﬁé"@é‘fﬁﬁd bylth&l OB Mk SHRbE @hd Wh8ERehthahe ponsullcon

act ua ape ends. This Is one rrmary reason

gate andearcesgerpidire p@yw'qoa\sa@er dhe adgitien ebmg%ats?@iﬂqryallgameatAWY | further
mlnlrrﬁ&'sﬁmﬁ'?ﬁﬁ%md@%rédmfe is an allowed margin of error.
urt

ernore, sone aligner machines are
[00107] For example, an improvement in alignment from +/- 0.1 microns to +/- 0.06

microns for a 0.20 micron thin oxide area dimension, will allow for a 0.04 micron smaller thin
oxide dimension, thereby reducing the dimension to 0.16 microns. This alone will improve the
yield and reliability of the anti-fuse memory cell since both yield and reliability depend directly
upon the total thin gate oxide area. Yield and reliability improvements are seen even when
alignment is improved to +/- 0.08 microns for 90nm and 65nm processes. The high grade
OD2 mask can be used in the process described in Figure 6 for fabricating the thin and thick

gate oxide areas of the anti-fuse transistor.
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capabl e of achieving 0.06 mcron tol erance, but are
only used at 0.1 mcron as it is deened sufficient for
w0 oovsitsmgbant masks. For fabricating the anti-fRGECA2008/001122
transi stors and nmenory arrays shown in Figures 4 to
15 t he mask shape ends are inportant for defining the

hin gate oxide area, The current grade sk use,
o108 "¢ I 3he aresentisaacabed sBbsinenser Heavengon dEprihe R use
transistBRs HaWing tBiRtehdaMick gaterokmies OThdsB&kiles i thb et vamtinddretaad that
menory cells. However, the margin of er

advancgfl sAMicANSuARBaMTactying lephng! %ﬁ?awe&hf?%{ewéﬁﬂ?gﬂwaﬁe”a's

for forhﬁﬂg {hg thinRRld b6dd Sroa8liin aBYiioS toZd-indtEAULEMXIHRC TRESH $Killekan the
enbodi ment of the present invention, the anti-fuse

art W"hé'?ﬁﬁrya@‘émaé”\?fmﬁkdef @%Poélt@s oglg@V\p%ghp@éql%carlqqurh@avgﬁhaped
opemﬁ%pégﬂﬂﬁeg%/ btad 198 B&tRe GPed, ‘?r?fh@%kﬂ&néﬁhér k8 p?@ﬁ&%s 2/ described

de used for source/drain inplants é grade level
for th@ﬁnzﬁéamdm gefingsthe tive gais rgp atiaeiastifuser téarmﬂtqr

equi valent to the nmask grade used for diffusion
[00109hp| antThosegysldlies in dheacart vyl upbetstandsthatedhe QhZgask with openings to
dofin?ffH GHE pRED o AR o BREBA o Sl (Kl ThEEK chopes tled
togethemiy @maym@p@ltern rqacb\h@ump arfulbeprningdefingd thejein, or a portion of an
openuhgldEﬁ%ﬁé&%@i{ﬁ:&?@t%@@gyﬁ Hébgngt\lllg%@g yrgélﬂgﬁ a%closed
openitpat al i gnnent of the mask is done at the hlghest

possi bl e accuracy |evel. Hi gh alignnment accuracy is
[00116bt ai nJdietajaovsdesg;ribecp)eMbodimentsrnfgmapweyemqmq@mtar;e intended to be

examéﬂq% %ﬁ&[ ?@?Vaﬁi?ﬁ%&?&ﬁf c%ﬂglésoénéﬂ/afngg%a Ibg %Ff %@3 ﬁg%tal;}&ular

embobmm ppmsé) beskil] laﬂlﬂé)Sﬂt w'ithmtuisepamhg &roh thhscopy efdbe @@Ention,
p h _accur.acy, alignnent presents
Wh'Chdaaﬁm ée%f @ﬁFﬁéa"BP%BB%’H%\? I}%r%t& osed anti-fuse cell

enbodlnents More specifically, the nore accurately
formed mask shape ends using a high grade OD2 nmask are
advant ageously used to m nim ze specific features such
as the thin oxide areas. Since the anti-fuse

transi stors 500 and 600 should have a mninmally sized
thin gate oxide area (512 and 610), the use of a high
grade OD2 nask allows the thin gate oxide areas to be
mnimzed to inprove reliability over the sane
anti-fuse cell manufactured with a standard | ow grade
OD2 mask. [00106] For the enbodi nent of Figure 5a,
nore accurate overlap of the OD2 shape end/ edge
underneath the polysilicon gate 106 allows for a

m nimzed thin oxide area under the polysilicon gate.
In particular, the thin oxide area will be rectangul ar
i n shape, having two opposite sides defined by the

wi dth of the active area underneath the polysilicon
gate, and
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anot her two opposite sides defined by the OD2 mask
shape end underneath the polysilicon gate and an edge
w@boosh&14pol ysi | i con gate. The addition of hi ghPCT/CA2008/001122
precision alignment will further minimze the thin
oxi de area. [00107] For exanple, an inprovement in
alignment from+/- 0.1 mcrons to +/- 0.06 mcrons for
CLAIMS:0. 20 micron thin oxide area dinmension, will allow
for a 0.04 mcron smaller thin oxide di mensi on,
thereby reducing the dinension to 0.16 mcrons. This
1. aApastifyse transistasiarmedona sHRstraleFomprisigi 1 ity of t he

aé‘bbryglh'% JREBUS é&{dnnél' r@@@n lh@fﬂh )é'cﬂlaﬁnél'l‘éhg‘ttﬁ' iability
depend directly upon ot al |n gate oXi de ar ea.

Ya difigsign degien p@ef|nnate§o 2 ﬂfﬁ‘ S%H%tﬁ%hé?’@ BaiM even when
é'ﬂglﬁr{ﬁme b |oh W)ﬁ'ﬁ@t@ 69 séédnooeergof%&élﬁ)a’iﬁef t‘égloﬂonm and

nm pr OCGS e used

grade can
t Axaggtie éwna@es@ate loxide %ﬁtvme@uh@ palywbqonfw aa%therﬁglbﬂﬁ%te the

xi de areas of the anti-fuse
vanab %ﬁgﬁ@%oia@% g%i%g%\ﬁqsﬁe presently described enbodi nents
of t heaffirsi #ick gate gwide sepmentraxtendingdram tesfirstendsof the chagnel

region V\tnglalnflr?rﬁg &a%r% d&f’ﬁl@ttaﬂéé gaFe cﬁ%ﬁfleﬁ jp.led in the art

érstan advanced sem conduct or
manuf aatsaconuthick ghteodxids sagmenhadigeerd ithef frsthick gate oxide segment

oend Y 4 T5TBFEL b e |GGG 8608 Byl et ot v

channekliehgtagthierirgt iclagate wixide saguientsanarttie sbeandidate axidk s¢égment being
. posi ti Qr_ gr oW na. di el ectric can have shaped
sized g"ﬁ&ﬂY?ﬂ?ﬂﬁ%&Wﬁ‘&ﬁ'&&%ogE@er| ap the active area, in the
sams manmie lgaaSoWeepdrtb@rséverdﬂmg:frd)rhelde §anont IpeedeBmineskdistance to
c? chéﬁ E he thin gate oxide area of the
thesegﬂrtm epq,gidthe COAeLf9ON- 1 00109] Those skilled in the art
Wi II under st and that the OD2 mask with openings to
d i ne h| n an be a

0 S a se I . of
2. o¥he Aol yhe e Ior AAURIM Rapeir e SO A REsa P g8 segment
|nc|udtéﬁ§QﬁiFd dete I@ﬁfﬂb %égrpeﬁt&ﬁh;g”nadhglﬂaran khhpe @d}@cfé(;m tG)htdeffursn d¢ttick gate
erein, or a portion o openin e er ej
oxide SggheHn e SeRaTEHHTENeS ARt eR Dofig debngg By = Hgare sdge of the
third e §16d gégme peni ng. [00110] The above-descri bed

enbodi nents of the present invention are intended to
be exanples only. Alterations, nodifications and

3.  VahbahiiaRe tfﬂh)élspﬁ ofbibReY %ér@mﬁﬁ@ﬁr@ﬁbkdéﬂéhﬁhed dlstance is
enbodi nent s %/?t ose of skill in the art with

betwegaplg tirshend ¢fd P'P@'@b@ﬁ@“cﬂ“dtth% SeGARd ANA St thev\%ﬂaeﬂe' rggion.
defl ned solely by the clains appended hereto. CLAI MV5:
anti-fuse transjistor formed on a substrate

4. ca hp .angnftnsg trapsistarpé Flping rvipseis tB‘%/é?COQd Oregatermineddigiance is

bemé%ﬁ\fhé‘ﬁrsﬁpr%aétﬁﬂﬁlheb ARMNRe afd the fraBdNoftiegEREhner RYioRat e
first end of the channel region;

5. The anti-fuse transistor of claim 1, wherein the first predetermined distance
corresponds to the second end of the channel region, and the second predetermined

distance is between the first predetermined distance and the first end of the channel region.
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a field oxide region proximate to a second end of the

channel region; a variable thickness gate oxide
wheirsesrd2d he pol ysilicon gate and the substratBCT/CAZ008/001122

vari abl e thi ckness gate oxide having a first thick

gate oxide segnent extending fromthe first end of the

channel region to a first predeterm ned di stance of

6.t e anfizfuse traneipigr At olgimb gieEein Hecghagaeldegion Has 8yghng width
betwegﬁitﬁécfﬁ&teﬁd%dfthé sbcdridiehld dleecaxhélaegisanent ext endi ng
omthe first end of the channel region to a second
predeterm ned di stance of the channel |ength, the

7. f Tﬁéénﬁ Ris€ Ifraﬂﬁ&t%r 8ISt @%t@?é]h ttﬂi‘ﬁ*sﬁth%k%ﬁ%%@@ég@nent includes

oxi de segment being sized for coveri ng’ the channel
a first sulysegmentetendingifom tetfiestepd 96 thegthenbel rexier fye Hid r om

predeﬁeﬁrﬁmﬁﬁ CRBhcRr SeiFd gééﬂn@%@ﬁ @'egﬁtéﬂpé(tér%ﬁdqﬁorﬁ Gt éﬂbdonﬁe
anne

reglon nti-fuse transi stor of
channel taithe first pledetermined dl%@@n‘djeﬂwdcweé%tﬁ@!maﬁ@ distaneg heirg between

the firstEraY e cﬁgﬁtnél rg?lgﬁ”aﬁd f? Q?Hleﬁmtzé' angul ar
i n shape adjacent to t |rst gate oxi de
segnent the second pr edet erm ned d| st ance bei ng
def j N . . i
o, S4B ol byt WISV ol folthcoan
secondipeedsterntiiesl distaste greddiattiealm ned di stance i s between
the first end of the channel region and the second end
of the channel region. 4. The anti-fuse transistor of
9. ciThé anfBfusetimineistor bhelaige £, avttbrgin dlkesenond ieck ghte oaide segment

A Y N e

prede@rmitledidigtdncey\bied gifou rﬁ\iwaSegsienpeﬂém"mg from ek fiissérahafdhe

onds, to,the .secand en nnel Lon
channighly (R SSCuR eI ERRE Reen tof bt Be el e o being
betwekh t15d firgt @RRsfanetgthericgionrne thededone prédetérmined diftahdee
channel region.6. The anti-fuse transistor of claima1l,
wherei n the channel region has a varying w dth between

10. t hRefhfi —‘Fﬁse&%s@f@ﬁ' of Bigins @ owteiante st predetefrainee distance is
he anti-fuse transistor of claim 0,

ident'%%?%\erﬁeﬁw prepelerined RislRRCe oxi de segment incl udes a
first sub segnent extending fromthe first end of the
channel 3| on to a third predeterm ned di stance,

11, aTheeolse %@&?@ﬁ?'a@%f’éﬁ'&fﬁ'@ the Wt%%dq*tfﬁg@edeﬁ’iataaﬂ@e and the
secontdm?e&étérrr‘rﬂﬁéd bistahb& afd ifsiticRr edet ermi ned di stance, the

predet erm ned di stance being between the first
end of the channel region and the first predeterm ned

12. d"l’ﬁE A ?u%eelr% y%?or%%lbmﬁ Qsﬁhéréiﬂﬁﬁé §§éUndered?été\4rrfThe7d distance is
wherein t I rst predeterm ned di stance and
between the first predetermined dlstance and the fourth predetermined dlstance

13.  The anti-fuse transistor of claim 6, wherein the second thick gate oxide segment
includes a first sub-segment extending from the first end of the channel region to a third
predetermined distance, and a second sub-segment extending from the first end of the
channel to the second predetermined distance, the third predetermined distance being

between the first end of the channel region and the second predetermined distance.
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second predeterm ned di stance are identical. 9. The
anti-fuse transistor of claim7, wherein the second

wao hiosksgad e oxi de segnent includes a third subPGEQGABI8/001122
extending fromthe first end of the channel region to
a fourth predeterm ned distance, and a fourth
sub-segnment extending fromthe first end of t

4. cFamarli-fuse tr@n@st@éefofr\%mo%afé‘@@wﬁh@éﬁcan%f%%%gm?erﬁ dncludes a third
gate o&ﬂg rsfegm@ﬁleébgﬁgefnﬁhwgf |H's§£|§’e"5ﬁa&¢ﬁ ROthB eirMeaek §dte okide segment,

hannel region and the second predeterm ned
the segor pradetermined vistansh b eENed b FiagaRal Goe OhIG tgird gate oxide
segmémer ein the first predeterm ned distance is identical
to the second predeterm ned di stance. 11. The
anti-fuse transistor of cI aim9, wherein the third
15. p*rﬁ Sﬂt?fdgb'?r%qs%fo?&aa& e'i‘éllﬁ 10 bRdE bBFIBh S at least
ance are rdenti ca e anti-fuse transistor
one dlofensioalleasgharm eriimunt ﬂeetusaee@eu of pprageseieshredWi st ance
is between the first predeterm ned di stance and the
fourth predeterm ned di stance. 13. The anti-fuse
16. tiramahu‘rftme tahsistoaphelaim Wenthdrindutingsecond t hi ck gate
[ ol I
* P SrE R R oo S S ATREorY e, Aecond
channprmgfemerm ned di st ance, and a second sub-segnent

t endi f t h f to th
S LSRR SR G SRR AR Lo, L
dastiengate kmeideg)ebmemetee pblysiliédnr gatte endl thef seiched clemmektegion, the

tick ge¢ PAA B89 ATUPRIEGY TG 1 et TIAcwde AR stdmenf

sub-segnment includes a third gate oxi de segnent being

trl | h t to,the f th
17, oThaantgrdmnseing Saoh G Hecciaii shonbl Susphidudbhfs g
variabkeWide thdshamngl ragien adawﬂg @Gflrﬂfwmthét:otrbsniclhd(r@tte adirdey section of
segnent. 15. The anti - ransi stor o

the sarpBd BTHSIPRESN 71 %.?%C gt ﬁaffﬁﬁreﬂ?dﬂ‘&st°§tw'3%§§%"°8r?é”‘e

secorll JRRINRglbASS than a m nimum feature size of a
process technol ogy. 16. The anti-fuse transistor of
claim11, further including a second diffusion region

18. SAHES tlffl{]amatn@.%td‘r'of §I§m¢6ffﬁﬂﬁérqﬁ‘clucﬁﬂg on to define a

secon nnel region, a secon ysilicon gate over

t Besesersheiffusiomragian snagedfiomdhe ﬂrsgﬂ'ffa%l% regionyte dslipgasfeond
chanrd e ysilicon gate and the second channel region,

the i ck gate oxide having a thickness identical to

t la@er:omct,polywmn agle evepheorecend feainel regionThe anti - f use

LRk §E@rox9fe etRedR the polfBRESH Hatb BRA HRCQANE ichantdl Rfgion, the

r egl on
thick gate oxide having a thickness identical to the first thick gate oxide segment.

19. A non-volatile memory cell formed on a substrate comprising:
an anti-fuse transistor having a first polysilicon gate over a variable thickness gate
oxide, the variable thickness gate oxide having a thick gate oxide portion and a thin gate

oxide portion;
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variable w dth, the channel region having a first

wi dth corresponding to a narrow section of the second
waledoBasi4en regi on and a second w dth corresponeCTIgAL®S/A01122

wi de section of the second diffusion region. 18. The

anti-fuse transistor of claim®6, further i ncI udi ng a

second diffusion region spaced fromthe firs

dan reRsss Hapggiobhaving 4 8e¢qnd p&'@&l&@haater?é{ﬁh%f'X?def&f%ﬂessasate

oxide, IREHRG tﬁi‘ékﬂe%‘slq??eo&@@&?d Pehick HSte DRIRPOrifdHBEIR] substantially
region, gate oxi de between the polysilicon

identicghindhiskiesthe second channel region, the thick gate
oxi de having a thlckness |dentical to the first thick
gat e oxi de segnent. non-vol atil e nenory

20. f Dherpen-yelatie @L%%QW&F'&Ofc%?fﬁ‘ﬂ%Wﬁ‘ﬁre"hﬁ‘eéh'ﬂ‘ gﬁ@ﬁ“de Portlon

|nc|udé§ anS| stor having a first poI ysilicon gate over a
i abl e thickness gate oxide, the variable thickness
gatf'@t thigkdgate avide gegment; extengingerasx b st 8¢ of @shanng! eegion to a

seconfi’¥h of meeﬁh%h%‘?e@% tth? ﬁrsf"f%&%%ﬁ?éxu&é ?5%‘1 % tAavilg % M vdth less

second poly e over Ta ftiIxed ness-gate
than tioe clibnet Widthf, i xed th| ckness gate oxide and the th| ck

O BB B D Ak SUBSIAN AU i ¥ 6 e
extendlﬁg fraimgthefirst ehcot the «:hargwu Eegind tde medetezmnem distahes ohithe channel
e Tt R e e B S
dlffere;neglbetweeghﬁe Eharsiel \Irs]/lhtmr:gtaeﬁrabmclﬂb amigrrent havi ng a

t t
¢ R ogle s raitior AR i TR RiePleihen BtiB R o qegone

end opme@aammyun extending fromthe fi rst end of the
channel region to a predeterm ned di stance of the
channel length, the second thick gate oxide segnent

21. haué penaorele Sy deh ostiliat m]tﬂhlﬂ{der&mu"@ a thirdtgaee oxide segment
di fference between th

being RNGHIET AR CHIAROR dCAtE HBIch SIS QAPeCSRaana ALE IEcieond thick

gate dxitR Jeigfépt.er m ned distance to the second end of the
channel region. 2 1. The non-volatile nmenory cell of
claim 20, further including a third gate oxi de segnent

22. banngilidAPMsistor tbime @08 saskit@tetdmprigidghe first thl ck
gate oxi de segnent and the second thick qat e oxid
s @dgpopmstiicon gate over a channel region having a channellength and a channel width;
a diffusion region proximate to a first end of the channel region;
a field oxide region proximate to a second 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 portion and a thin gate oxide portion,
the thin gate oxide portion having dimensions less than a minimum feature size of a process

technology.

23.  The anti-fuse transistor of claim 22, wherein the thin gate oxide portion is rectangular

in shape.
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22. An anti-fuse transistor formed on a substrate
conprising: a polysilicon gate over a channel region
whawsngi420 channel | ength and a channel w dt h; BCT/CA2008/001122
di ffusion region proximate to a first end of the
channel region; a field oxide region proxinmate to a
second. end, of the an variabl e thickn
2. o Tieauiiue BersREa SRR ShIERNT A5 glPed kil SO8E e
rectang et balifd by fHe thiek gatel idelporhioressl gird sive atel dfpvithgide of the

thi ck oxid ortiagn and a thin gate oxide
rectanglg3re b “”qe%tr\e %ﬁﬁﬁ%{tr%g'B% de portion having di nensions

| ess than a mninmum feature size of a process

technol ogy. 23. The an fuse .t Jst r af c m 22 .
25. w68 e ek e RPIoT BEEaMR4. Do IeRim cats egee RRpEl iamauter in
shapeshape. 24. The anti-fuse transistor of cl aim 23,

wherein a first side and a second side of the

rectangl e are bound by the thick gate oxide portion

26. affle Qnﬁ *USEQraﬁbE%r 6f‘61a|ﬁ1 ﬁ@ WHebei 'adi@st%fdetd?ﬂ 4 §5don8 @Id@ of the
are bound the channel 'regi on. he anti-fu

triangleraaﬁgpmcbtpy chpmnghregion gika élaﬁowélqemfﬁhw@eglm puNd by the

: @8 pbsioh i angul ar in shape. 26. The anti-fuse
thick r%hs'legporloof claim?25, wherein a first side and a

second side of the triangle are bound by the channel

r E\%%}ﬁ EfjfoﬂnQb pRdrus ﬁjé?'ls%f(ortH&@lngra' tﬁﬁﬁ Ig‘éte| Sxidiarad ahY a thin

gat e oxi de portion hod of form ng
gate axmeamea underaeath arpolysilieen aalei eRINRIISING: ck gate oxide area

agf%r%vﬁrly ah lgféﬁ'ﬁegéie)dtﬁad%r iRAnYAIGE Healon e ALNSE trastor;

grow ng an internedi ate oxide in
ab) BEOIGVINg tae @derofedidte oxide fromuarcarea aﬁmesicbve angp defined by an

ons Yl SR, B R bl Rl Hlfons
defmalogmm agljal to or h| gher than a source/drain inpl ant
e _ . : . h
aPLrua hisi g7 fdheafens B RFIR sl mdbic. "
met hod of forming an anti-fuse transistor of claim 27,

28. Er o %q#&?fﬁé’%qlgg arq g% | t & sng%gfyif ﬂ?ﬂg‘n ngékrh%gén thﬁjOdee definition

maskllﬁe*s Aqflady cdrespomingio aamffusmﬁmmmlan“tamaﬂkst or of claim 27,
wherein the oxide definition nmask includes an openi ng
overl apping an active area corner underneath the

20. Pah¥ shdthePsr fomiing e adefisaeardanbistorbbelaim 27, wherein the oxide definition

mask includes an opening overlapping an active area corner underneath the polysilicon gate

to define the area.

30. The method of forming an anti-fuse transistor of claim 29, wherein the opening is
rectangular in shape and dimensioned to have each corner overlap active area corners

corresponding to at least two different anti-fuse transistors.

31. The method of forming an anti-fuse transistor of claim 27, wherein the oxide definition
mask includes an opening having an edge angled relative to the polysilicon gate overlapping

an active area corner underneath the polysilicon gate to define the area.
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30. The nethod of form ng an anti-fuse transistor of
claim 29, wherein the opening is rectangul ar in shape
warpasdswensi oned to have each corner overl ap ap€T/¢82008/001122
area corners corresponding to at least two different
anti-fuse transistors. 3 1. The nethod of formng an
anti-fuse transistor of claim?27, wherein the oxide
definition mask includes an openi ng havi ng an edge
32. aﬂ% fldiroRl A fdrith rg{;t&&lﬂ?fueg r¥ﬁ%£tbﬁ9f"bl£ﬁt§’l QeFdifPR dpenAg
Ive area cor under neat l'icon gate to
lncludelsaé diamadndeshape dingnsionad tqm\feoeﬁcafedge ONENIRP 20hVe Af9a GRYS
tan openi ng i ncl udes
corresé[)@ﬂli@#[gon% I%%glpe rgn%ﬁg%%hmgghgh %t%geeach edge overl ap
active area corners corresponding to at | east two
fer i . e
¢ SPh e e T Rid a8 1RhAEBr of iz WEBHSHpfheao defiition
mask triclwdes adectdmgulan schapem havisg an edge d&'laaplne dheaagjive areasunrgaeneath

hayi n n [ {
the pobloopde;F Aeine R Lt Bieen v & o Bt e lhatn o
the adfidvare@. a wi dth corresponding to a width of the active
area. 34. The nmethod of form ng an anti-fuse
transi stor of claim 27, wherein the step of renoving

34. | :Fﬁé H%‘iodadfif@ﬁlmwarﬁ Beti-fuse dﬁn@iﬁfo'r of ¢Iéaiaf127fm\81erei11 the step of
al i gnnment pachi pe usi a . hi staccuc oeance.
romovdg iNage2IeRG 'BF OKBe APHGITMER Wit QR Bq iert Freegfing 2

h|ghe§}|a%blmag)7to|élpﬁmeel n the step of growi ng thin oxide

i ncl udes growi ng the thin oxide over the internedi ate
oxide to formthe thick gate oxide area. 36. The

35. "ghBabundd (ﬁf%r?ﬂllﬁ@aﬁﬁnt@-ﬂkb'tlfa%l@to? bRSiIE2 D rwhéf'elﬁ kel ste@bf growing
wherein the ste growi ng thin oxide incl

thin oyjde ichiges BEOWInG ﬁ‘edbllﬂd)é'dS\Pé’P' hRdnerRediale gxde o g’i'i“or@e fhick gate

omdefaﬁéram a gate oxide for an access transistor adjacent to
anti -fuse transi stor.

36. The method of forming an anti-fuse transistor of claim 35, wherein the step of growing
thin oxide includes growing the thin oxide over the intermediate oxide to form a gate oxide for

an access transistor adjacent to the anti-fuse transistor.
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